INTERNATIONAL UNION OF PURE AND APPLIED CHEMISTRY

ANALYTICAL CHEMISTRY DIVISION
COMMISSION ON SOLUBILITY DATA

SOLUBILITY DATA SERIES

Volume 5/6

HYDROGEN AND DEUTERIUM



SOLUBILITY DATA SERIES

Volume 1 H. L. Clever, Helium and Neon
Volume 2 H. L. Clever, Krypton, Xenon and Radon

Volume 3 M. Salomon, Silver Azide, Cyanide, Cyanamides, Cyanate, Selenocyanate
and Thiocyanate

Volume 4 H. L. Clever, Argon
Volume 5/6 C. L. Young, Hydrogen and Deuterium

Volume 11 B. Scrosati and C. A. Vincent, Alkali Metal, Alkaline-Earth Metal and
Ammonium Halides. Amide Solvents

Volume 18 O. Popovych, Tetraphenylborates

Volumes in preparation

C. L. Young, Oxides of Nitrogen

C. L. Young, Oxides of Sulfur

R. Battino, Oxygen and Ozone

R. Battino, Nitrogen

H. L. Clever and W. Gerrard, Hydrogen Halides in Non-Aqueous Solvents

E. M. Woolley, Silver Halides

Z. Galus, C. Guminski and M. S. Shuman, Metals and Intermetallic Compounds in Mercury
J. W. Lorimer, Alkaline-Earth Metal Sulfates

A. L. Horvath and F. W. Getzen, Halogenated Benzenes, Toluenes, Xylenes and Phenols
with Water

H. L. Clever, D. M. Mason and C. L. Young, Carbon Dioxide
W. Gerrard and C. L. Young, Hydrides and Methylamines

H. L. Clever and C. L. Young, Methane

W. Hayduk, Ethane

D. G. Shaw, Hydrocarbons in Seawater

NOTICE TO READERS

Dear Reader

If your library is not already a standing-order customer or subscriber to the Solubility Data Series,
may we recommend that you place a standing order or subscription order to receive immediately
upon publication all new volumes published in this valuable series. Should you find that these
volumes no longer serve your needs, your order can be cancelled at any time without notice.

Robert Maxwell
Publisher at Pergamon Press



=S N -

<. WIETYORAL Burrxy

- OF STANTARLS
LIBRARY

SOLUBILITY DATA SERIES o

Volume 5/6

BT
-~

%é\s
Max
\agl

HYDROGEN AND DEUTERIUM

[ ]

RUBIN BATTINO

Wright State University
Dayton, Ohio, USA

R. W. CARGILL

Dundee College of Technology
Dundee, UK

J. CHR. GJALDBAEK

Royal Danish School of Pharmacy
Copenhagen, Denmark

E. S. THOMSEN

Royal Danish School of Pharmacy
Copenhagen, Denmark

Volume Editor

COLIN L. YOUNG

University of Melbourne
Parkville, Victoria, Australia

Evaluators

H. LAWRENCE CLEVER

Emory University
Atlanta, Georgia, USA

Compilers

ARDIS L. CRAMER

Emory University
Atlanta, Georgia, USA

SUSAN A. JOHNSON

Emory University
Atlanta, Georgia, USA

D. G. T. THORNHILL

Leicester Polytechnic
Leicester, UK

®

PERGAMON PRESS

DENIS A. WIESENBURG

Texas A & M University
College Station, Texas, USA

M. ELIZABETH DERRICK

Valdosta State University
Valdosta, Georgia, USA

PATRICK L. LONG

Emory University
Atlanta, Georgia, USA

E. WILHELM

University of Vienna
Austria

OXFORD - NEW YORK * TORONTO * SYDNEY * PARIS * FRANKFURT



U.K.

U.S.A.

CANADA

AUSTRALIA

FRANCE

FEDERAL REPUBLIC
OF GERMANY

Pergamon Press Ltd., Headington Hill Hall,
Oxford OX3 0BW, England

Pergamon Press Inc., Maxwell House, Fairview Park,
Eimsford, New York 10523, U.S.A.

Pergamon Press Canada Ltd., Suite 104,
150 Consumers Rd., Willowdale, Ontario M2J 1P9, Canada

Pergamon Press (Aust.) Pty. Ltd., P.O. Box 544,
Potts Point, N.S.W. 2011, Australia

Pergamon Press SARL, 24 rue des Ecoles,
75240 Paris, Cedex 05, France

Pergamon Press GmbH, 6242 Kronberg-Taunus,
Hammerweg 6, Federal Republic of Germany

Copyright © 1981 International Union of Pure and
Applied Chemistry

All Rights Reserved. No part of this publication may be
reproduced, stored in a retrieval system or transmitted in
any form or by any means: electronic, electrostatic,
magnetic tape, mechanical, photocopying, recording or
otherwise, without permission in writing from the
copyright holders.

First edition 1981

British Library Cataloguing in Publication Data
Hydrogen and deuterium. - (Solubility data

series)

1. Hydrogen - Solubility - Tables

2. Deuterium - Solubility - Tables

I. Young, Colin L.

546'.2'0212 QD181.H1

ISBN 0-08-023927-7
ISSN 0191-5622

Library of Congress Catalog Card no.: 81-82103

In arder to make this volume available as economically and
as rapidly as possible the author’s typescript has been
reproduced in its original form. This method unfortunately
has its typographical hmitations but it is hoped that they in
no way distract the reader.

Printed in Great Britain by A. Wheaton & Co. Ltd., Exeter



Foreword
Preface

CONTENTS

Introduction

1. Hydrogen Solubilities up to 200 kPa

JENE I NPT N |
CTHWN -

1.6
1.7
1.8
1.8
1.1

Water
Seawater
Salt solutions {aqueous)
Organic solvents and water
Hydrocarbons

Aliphatic

Aromatic
Organic compounds containing oxygen
Organic compounds containing halogen
Organic compounds containing sulfur or nitrogen
Miscellaneous and biological fluids

0 Deuterium solubilities up to 200 kPa

2. Hydrogen and Deuterium Solubilities above 200 kPa

2.1
2.2
2.3

Water
Aqueous’solutions
Hydrocarbons
Saturated
Cyclic
Unsaturated
Aromatic
Organic compounds containing oxygen
Organic compounds containing nitrogen
Miscellaneous organic fluids
Inorganic compounds

System Index

Registry Number Index

vii
Xi
xiii

17
25
90

119

186
237
255
266
278

297

303
314

321
380
395
406
435

513
571

635
643



SOLUBILITY DATA SERIES
Editor-in-Chief

A. S. Kertes

The Hebrew University
Jerusalem, Israel

EDITORIAL BOARD

H. Akaiwa {(Japan) C. Kalidas (india)

A. F. M. Barton (Australia) J. W. Lorimer (Canada)

R. Battino (USA) A. Maczynski (Poland)

A. Bylicki {Poland) J. D. Navratil (USA)

H. L. Clever {USA) M. Salomon (USA)

R. Cohen-Adad (France) P. W. Schindier (Switzerland)
W. Gerrard (UK) D. G. Shaw (USA)

F. W. Getzen (USA) C. E. Vanderzee (USA)

L. H. Gevantman (USA) A. Vesala (Finland)

m

M. C. Haulait-Pirson {Belgium) . Wilhelm (Australia)

W. Hayduk (Canada) E. M. Woolley (USA)

A. L. Horvath (UK) S. H. Yalkowsky (USA)
o

P. Huyskens (Belgium) . L. Young (Australia)

INTERNATIONAL UNION OF PURE AND APPLIED CHEMISTRY

IUPAC Secretariat: Bank Court Chambers, 2-3 Pound Way,
Cowley Centre, Oxford OX4 3YF, UK



FOREWORD

If the knowledge is
undigested or simply wrong,
more is not better.

How to communicate and disseminate numerical data effectively in chemi-
cal science and technology has been a problem of serious and growing concern
to IUPAC, the International Union of Pure and Applied Chemistry, for the
last two decades. The steadily expanding volume of numerical information,
the formulation of new interdisciplinary areas in which chemistry is a part-
ner, and the links between these and existing traditional subdisciplines in
chemistry, along with an increasing number of users, have been considered as
urgent aspects of the information problem in general, and of the numerical
data problem in particular.

Among the several numerical data projects initiated and operated by
various IUPAC commissions, the Solubility Data Project is probably one of
the most ambitious ones. It is concerned with preparing a comprehensive
critical compilation of data on solubilities in all physical systems, of
gases, liquids and solids. Both the basic and applied branches of almost
all scientific disciplines require a knowledge of solubilities as a function
of solvent, temperature and pressure. Solubility data are basic to the
fundamental understanding of processes relevant to agronomy, biology, chem-
istry, geology and oceanography, medicine and pharmacology, and metallurgy
and materials science. Knowledge of solubility is very frequently of great
importance to such diverse practical applications as drug dosage and drug
solubility in biological fluids, anesthesiology, corrosion by dissolution
of metals, properties of glasses, ceramics, concretes and coatings, phase
relations in the formation of minerals and alloys, the deposits of minerals
and radioactive fission products from ocean waters, the composition of
ground waters, and the requirements of oxygen and other gases in life
Support systems.

The widespread relevance of solubility data to many branches and dis-
ciplines of science, medicine, technology and engineering, and the difficulty
of recovering solubility data from the literature, lead to the proliferation
of published data in an ever increasing number of scientific and technical
primary sources. The sheer volume of data has overcome the capacity of the
classical secondary and tertiary services to respond effectively.

While the proportion of secondary services of the review article type
is generally increasing due to the rapid growth of all forms of primary
literature, the review articles become more limited in scope, more
specialized. The disturbing phenomenon is that in some disciplines,
certainly in chemistry, authors are reluctant to treat even those limited-in-
scope reviews exhaustively. There is a trend to preselect the literature,
sometimes under the pretext of reducing it to manageable size. The crucial
pbroblem with such preselection - as far as numerical data are concerned - is
that there is no indication as to whether the material was excluded by
design or by a less than thorough literature search. We are equally
concerned that most current secondary sources, critical in character as they
may be, give scant attention to numerical data.

On the other hand, tertiary sources - handbocks, reference books, and
other tabulated and graphical compilations - as they exist today, are com-
prehensive but, as a rule, uncritical. They usually attempt to cover whole
disciplines, thus obviously are superficial in treatment. Since they
command a wide market, we believe that their service to advancement of
science is at least questionable. Additionally, the change which is taking
place in the generation of new and diversified numerical data, and the rate
at which this is done, is not reflected in an increased third-level service.
The emergence of new tertiary literature sources does not parallel the shift
that has occurred in the primary literature.

With the status of current secondary and tertiary services being as
briefly stated above, the innovative approach of the Solubility Data Project
is that its compilation and critical evaluation work involve consclidation
land reprocessing services when both activities are based on intellectual and
scholarly reworking of information from primary sources. It comprises com-
pact compilation, rationalization and simplification, and the fitting of
isolated numerical data into a critically evaluated general framework.
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The Solubility Data Project has developed a mechanism which involves a
number of innovations in exploiting the literature fully, and which contains
new elements of a more imaginative approach for transfer of reliable infor-
mation from primary to secondary/tertiary sources. The fundamental trend of
the Solubility Data Project is toward integration of secondary and tertiary
services with the objective of producing in-depth critical analysie and
evaluation which are characteristic to secondary services, in a scope as
broad as conventional tertiary services.

Fundamental to the philosophy of the project is the recognition that
the basic element of strength is the active participation of career
scientists in it. Consolidating primary data, producing a truly critically-
evaluated set of numerical data, and synthesizing data in a meaningful
relationship are demands considered worthy of the efforts of top scientists.
Career scientists, who themselves contribute to science by their involvement
in active scientific research, are the backbone of the project. The
scholarly work is commissioned to recognized authorities, involving a process
of careful selection in the best tradition of IUPAC. This selection in turn
is the key to the guality of the output. These top experts are expected to
view their specific topics dispassionately, paying equal attention to their
own contributions and to those of their peers. They digest literature data
into a coherent story by weeding out what is wrong from what is believed to
be right. To fulfill this task, the evaluator must cover qll relevant open
literature. No reference is excluded by design and every effort is made to
detect every bit of relevant primary source. Poor guality or wrong data
are mentioned and explicitly disqualified as such. In fact, it is only when
the reliable data are presented alongside the unreliable data that proper
justice can be done. The user is bound to have incomparably more confidence
in a sufficient evaluative commentary and a comprehensive review with a
complete bibliography to both good and poor data.

It is the standard practice that any given solute-solvent system
consists of two essential parts: I. Critical Evaluation and Recommended
Values, and II. Compiled Data Sheets.

The Critical Evaluation part gives the following information:

(i) a verbal text of evaluation which discusses the numerical solubil-~
ity information appearing in the primary sources located in the literature.
The evaluation text concerns primarily the quality of data after considerat-
ion of the purity of the materials and their characterization, the
experimental method employed and the uncertainties in control of physical
parameters, the reproducibility of the data, the agreement of the worker's
results on accepted test systems with standard values, and finally, the
fitting of data, with suitable statistical tests, to mathematical functions;

(ii) a set of recommended numerical data. Whenever possible, the set
of recommended data includes weighted average and standard deviations, and
a set of smoothing equations derived from the experimental data endorsed by
the evaluator;

(iii) a graphical plot of recommended data.

The compilation part consists of data sheets of the best experimental
data in the primary literature. Generally speaking, such independent data
sheets are given only to the best and endorsed data covering the known range
of experimental parameters. Data sheets based on primary sources where the
data are of a lower precision are given only when no better data are
available. Experimental data with a precision poorer than considered
acceptable are reproduced in the form of data sheets when they are the only
known data for a particular system. Such data are considered to be still
suitable for some applications, and their presence in the compilation should
alert researchers to areas that need more work.

The typical data sheet carries the following information:
(i) components - definition of the system - their names, formulas and
Chemical Abstracts registry numbers;

(ii) reference to the primary source where the numerical information
is reported. 1In cases when the primary source is a less common periodical
or a report document, published though of limited availability, abstract
references are also given;

(1ii) experimental variables;

(iv) identification of the compiler;

(v) experimental values as they appear in the primary source. Whenever
available, the data may be given both in tabular and graphical form. If
auxiliary information is available, the experimental data are converted
also to SI units by the compiler.
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Under the general heading of Auxiliary Information, the essential
experimental details are summarized:

(vi) experimental method used for the generation of data;

(vii) type of apparatus and procedure employed;

(viii) source and purity of materials;

(ix) estimated error;

(x) references relevant to the generation of experimental data as
cited in the primary source.

This new approach to numerical data presentation, developed during our
four years of existence, has been strongly influenced by the diversity of
background of those whom we are supposed to serve. We thus deemed it right
to preface the evaluation/compilation sheets in each volume with a detailed
discussion of the principles of the accurate determination of relevant
solubility data and related thermodynamic information.

Finally, the role of education is more than corollary to the efforts
we are seeking. The scientific standards advocated here are necessary to
strengthen science and technology, and should be regarded as a major effort
in the training and formation of the next generation of scientists and
engineers. Specifically, we believe that there is going to be an impact of
our project on scientific-~communication practices. The quality of consoli-
dation adopted by this program offers down-to-earth guidelines, concrete
examples which are bound to make primary publication services more respon-
sive than ever before to the needs of users. The self-regulatory message

to scientists of 15 years ago to refrain from unnecessary publication has
not achieved much. The literature is still, in 1980, cluttered with poor-
quality articles. The Weinberg report (in "Reader in Science Information",
Eds. J. Sherrod and A. Hodina, Microcard Editions Books, Indian Head, Inc.,
1973, p.292) states that "admonition to authors to restrain themselves from
premature, unnecessary publication can have little effect unless the climate
of the entire technical and scholarly community encourages restraint...”.

We think that projects of this kind translate the climate into operational
terms by exerting pressure on authors to avoid submitting low-grade material.
The type of our output, we hope, will encourage attention to quality as
authors will increasingly realize that their work will not be suited for
permanent retrievability unless it meets the standards adopted in this
project. It should help to dispel confusion in the minds of many authors of
what represents a permanently useful bit of information of an archival
value, and what does not.

If we succeed in that aim, even partially, we have then done our share
in protecting the scientific community from unwanted and irrelevant, wrong
numerical information.

A. S. Kertes




PREFACE

The users of this volume will find (1) the experimental solubility
data of hydrogen, hydrogen deuteride and deuterium gas in liquids as reported
in the scientific literature (2) evaluations and tables of tentative or
recommended solubility data when two or more laboratories have reported
consistent solubility data over the same range of temperature and pressure
for a system. (3) general evaluations of groups of related systems when
more detailed comments on individual systems are not possible. In some
instances users have the option of using the experimental values, either
directly, or in their own smoothing equations, or of using the smoothed
values prepared by the compilers and evaluators.

A fairly liberal interpretation of the terms, "gas", "ligquid" and
"solubility" has been taken. In particular virtually all two phase
equilibria have been considered as "solubility" when one component is
hydrogen even at high pressures. The "gas" being the less dense phase
and the "liquid" being the more dense phase. The two phase equilibria
between isotopes of hydrogen has been excluded. The helium and hydrogen
mixtures are considered in the volume on helium.

The literature has been, in general, covered up until the end of 1979
although some papers published during 1979 in journals not readily available
may have been omitted. Some 1980 papers are cited.

Some words of explanation are required with respect to units, smooth-
ing equations, auxiliary data and data sources, and other points. In
general the experimental data are presented in the units found in the
original paper. In addition, the original dataare often converted to
other units.

Only in the past 15 years have experimental methods for the determin-
ation of the solubility of gases in liquids developed to the point where
0.5 per cent or better accuracy is attained. For hydrogen the corrections
for non-ideal behaviour and for expansion of the liquid phase on dissolut-
ion of the gas are small for pressures below 200 kPa and well within the
normal experimental error, Thus such corrections were not made for the
gas solubility of hydrogen at low pressures.

Most gas solubility measurements carried out near armospheric condit-
ions are measured at a total pressure near one atmosphere with the gas
saturated with the solvent vapor. Usually the actual partial pressure
of the gas is not known. In most cases the Ostwald coefficient is the
directly measured coefficient. The Bunsen coefficient and the mole
fraction gas solubility at one atmosphere gas partial pressure are calculat-
ed from the Ostwald coefficient assuming the Ostwald coefficient is
independent of pressure. The assumption may not be true, especially if

the gas is at a partial pressure well below atmospheric, if the solvent
has a high vapor pressure or if the gas is soluble enough to change the

solvent properties measureably from their pure liquid properties. 'This
problem, which becomes important for more soluble gases, is one which o
evaluators will need to pay more attention to as the precision of solubility
measurements increases in the future. The Bunsen coefficients and mqle
fraction solubility values calculated from Ostwald coefficients in this
volume need to be used with the above caution in mind.

The lack of high accuracy is also the reason that only a two-constant
equation is used to smooth and evaluate most of the gas solubility data.
A Gibbs energy of solution equation linear in temperature is used

26%/3 mol™! = -RrT 1n @, = A + BT

or in alternative form
in @, = -AG®/RT = -A/RT - B/R
where A is AHO, B is -AS°9, =z, is the mole fraction solubility at a gas

partial pressure of 101.325 kPa (1 atm) and R is 8.31441 J K 1 mol l.
The constants A and B require five digits to reproduce the mole fraction
solubility to three significant figures. Although the constants are
given to five digits it is not intended to imply that the values of the
changes in enthalpy and entropy of solution are significant to more than
two or three digits.
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An inconsistency, which we believe is justified, is found with
respect to the solubility data in water. A recommended equation and
table of values is given for the solubility of hydrogen in water. How~
ever, for systems which contain water and other solvent compounds such as
electrolytes or water miscible polar organic compounds, the experimental
gas solubility in water from the paper is given, even when it is at
variance with the recommended values. These data are presented because
the author's ratio of gas solubility in water to the solubility in the
agqueous solution may be more accurate than the solubility itself,

Solvent density data were often required in making conversions from
Ostwald coefficients to mole fraction solubilities. Where the density
data were not referenced, as in other volumes in this series, the main
sources of density data were:

Circular 461 of the U.S. National Bureau of Standards
American Petroleum Research Project 44 Publications
The International Critical Tables, Volume III
(E.W. Washburn, Editor) McGraw-Hill Co., 1931
Smow Table, Pure and Applied Chemistry, 1976, 45, 1-9.
Thermodynamic Properties of Aliphatic Alcohols,
R.C. Wilhoit and B.J. 2wolinski, J. Phys. Chem. Ref. Data,
1972, 2, Supplement No.l.
Organic Solvents, J.A. Riddick and W.B. Bunger, Technique
of Chemistry, Volume II, A. Weissberger, Editor,
Wiley~Interscience, New York, 1970, 3rd Edn,

Chemical Abstracts recommended names and registry numbers were used
throughout. Common names are cross referenced to Chemical Abstracts
recommended names in the Index. There is a registry number index.

The Editor would appreciate users calling errors and omissions to his
attention.

The Editor gratefully acknowledges the advice and comments of members

of the IUPAC Commission on Solubility Data, the help and hard work of
Professor Larry Clever and the efforts of the typist, Carolyn Dowie,
Lesley Flanagan, Peggy Tyler and Joy VWall. The help of Kerri Hubbard
in obtaining copies of papers not available in Melbourne was appreciated.

Acknowledgement is made to the University of Melbourne for a Travel Grant
for Research which considerably aided the completion of this volume.

Colin L. Young

Melbourne, Victoria
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THE SOLUBILITY OF GASES IN LIQUIDS

R. Battino, H. L. Clever and C. L. Young

INTRODUCTION

The Solubility Data Project aims to make a comprehensive search of the lit-
erature for data on the solubility of gases, liguids and solids in liguids.
Data of suitable accuracy are compiled into data sheets set out in a uni-
form format. The data for each system are evaluated and where data of suf-
ficient accuracy are available values recommended and in some cases a
smoothing equation suggested to represent the variation of solubility with
pressure and/or temperature, A text giving an evaluation and recommended
values and the compiled data sheets are published on consecutive pages.

DEFINITION OF GAS SOLUBILITY

The distinction between vapor-liquid eauilibria and the solubility of gases
in liquids is arbitrary. It is generally accepted that the equilibrium

set up at 300K between a typical gas such as argon and a liquid such as
water is gas liquid solubility whereas the ecuilibrium set up between hexane
and cyvclohexane at 350K is an example of vapor-licuid equilibrium. However,
the distinction between gas-liquid solubility and vapor~liquid equilibrium
is often not so clear. The equilibria set up between methane and propane
above the critical temperature of methane and below the critical temperature
of propane may be classed as vapor-liquid equilibrium or as gas-liquid solu-
bility depending on the particular range of pressure considered and the var-
ticular worker concerned.

The difficulty partly stems from our inability to rigorously distinguish
between a gas, a vapor, and a liquid, which has been discussed in numerous
textbooks. We have taken a fairly liberal view in these volumes and have
included systems which mav be regarded, by some workers, as vapor-licuid
equilibria.

UNITS AND QUANTITIES

The solubility of gases in liquids is of interest to a wide range of scien~
tific and technological disciplines and not solely to chemistry. Therefore
a variety of ways for reporting gas solubility have been used in the pri-
mary literature and inevitably sometimes, because of insufficient available
information, it has been necessary to use several quantities in the compiled
tables. Vhere possible, the gas solubility has been quoted as a mole frac-
tion of the gaseous component in the liquid phase. The units of pressure
used are bar, pascal, millimeters of mercury and atmosphere. Temperatures
are reported in Kelvin.

.EVALUATION AND COMPILATION

The solubility of comparatively few systems is known with sufficient accur-
acy to enable a set of recommended values to be presented. This is true
both of the measurement near atmospheric pressure and at high opressures.
Although a considerable number of systems have been studied by at least
two workers, the range of pressures and/or temperatures is often suffi-
ciently different to make meaningful comparison impossible.

Occasionally, it is not clear why two groups of workers obtained very dif-
ferent sets of results at the same temperature and oressure, although both
sets of results were obtained by reliable methods and are internally con-
sistent. In such cases, sometimes an incorrect assessment has been given.
There are several examples where two or more sets of data have been classi-
fied as tentative although the sets are mutually inconsistent.

Many high pressure solubility data have been published in a smoothed form.
Such data are particularly difficult to evaluate, and unless specifically
discussed by the authors, the estimated error on such values can only be
regarded as an "informed guess".
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Many of the high pressure solubility data have been obtained in a more gen-
eral study of high pressure vapor-liquid equilibrium. In such cases a note
is included to indicate that additional vapor-liquid equilibrium data are
given in the source. Since the evaluation is for the compiled data, it is
possible that the solubility data are given a classification which is bet-
ter than that which would be given for the complete vapor-licguid data (or
vice versa). For example, it is difficult to determine coexisting liquid
and vapor compositions near the critical point of a mixture using some
widely used experimental techniques which yield accurate high pressure solu-
bility data. For example, conventional methods of analysis may give re-
sults with an expected error which would be regarded as sufficiently small
for vapor-liquid equilibrium data but an order of magnitude too large for
acceptable high pressure gas-liquid solubility.

It is occasionally possible to evaluate data on mixtures of a given sub-
stance with a member of a homologous series by considering all the avail-
able data for the given substance with other members of the homologous

series. In this study the use of such a technique has been very limited.

The estimated error is often omitted in the original article and sometimes
the errors quoted do not cover all the variables. In order to increase the
usefulness of the compiled tables estimated errors have been included even
when absent from the original article. If the error on any variable has
been inserted by the compiler this has been noted.

PURITY OF MATERIALS

The purity of materials has been guoted in the compiled tables where given
in the original publication. The solubility is usually more sensitive to
impurities in the gaseous component than to liquid impurities in the liguid
component. However, the most important impurities are traces of a gas dis-
solved in the liquid. 1Inadequate degassing of the absorbing liquid is
probably the most often overlooked serious source of error in gas solu-
bility measurements.

APPARATUS AND PROCEDURES

In the compiled tables brief mention is made of the apparatus and procedure.
There are several reviews on experimental methods of determining gas solu-
bilities and these are given in References 1-7.

METHODS OF EXPRESSING GAS SOLUBILITIES

Because gas solubilities are important for many different scientific and
engineering problems, they have been expressed in a great many ways:

The Mole Fraction, x(g)

The mole fraction solubility for a binary system is given by:
2(g) = —2(D
n(g) + n(1)

W(g) /M(qg)
[W{g) /M(g)] + [W(1)/M(1)]

here n is the number of moles of a substance (an amount of substance),
W is the mass of a substance, and M is the molecular mass. To be un-

ambiguous, the vartial pressure of the gas (or the total pressure) and
the temperature of measurement must be specified.

The Weight Per Cent Solubility, wt%

For a binary system this is given by

wt% = 100 W(g)/[(W(g) + W{1)]
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where W is the weight of substance. As in the case of mole fraction,
the pressure (partial or total) and the temperature must be specified.
The weight per cent solubility is related to the mole fraction solu-
bility by

{wt3/M(qg)])
[wts/M(g)] + [(l00 - wtg)/M(1)]

x(g) =

The Weight Solubility, C.,

The weight solubility is the number of moles of dissolved gas per
gram of solvent when the partial pressure of gas is 1 atmosphere.
The weight solubility is related to the mole fraction solubility at
one atmosphere partial pressure by
CwM(l)
z(g) (partial pressure 1 atm) = -—————-
1+ CWM(l)

where M(l) is the molecular weight of the solvent.

The Moles Per Unit Volume Solubility, n

Often for multicomponent svstems the density of the liquid mixture is
not known and the solubility is guoted as moles of gas per unit vol-
ume of liquid mixture. This is related to the mole fraction solubi-
lity by

n v(1)

l1+n vo(l)

X =

where v°(1) is the molar volume of the liquid component.

The Bunsen Coefficient,o

The Bunsen coefficient is defined as the volume of gas reduced to
273.15K and 1 atmosphere pressure which is absorbed by unit volume of
solvent (at the temperature of measurement) under a partial pressure
of 1 atmosphere. If ideal gas behavior and Henry's law is assumed

to be obeyed,

o = V{g) 273.15
V(1) T
where V{(g) is the volume of gas absorbed and V(1) is the original
(starting) volume of absorbing solvent. The mole fraction solu-
bility = is related to the Bunsen coefficient by
a
273.15 v°(q)

T vo (1)

x (1l atm) =
o 4+

where vo(g) and v°(1) are the molar volumes of gas and solvent at a
pressure of one atmosphere. If the gas is ideal,

e
273.15R
vo (1)

X =

o +

Real gases do not follow the ideal gas law and it is important to es-
tablish the real gas law used for calculating ¢ in the original publi-
cation and to make the necessary adjustments when calculating the
mole fraction solubility.

The Kuenen Coefficient, S

This is the volume of gas, reduced to 273.15K and 1 atmosphere pres-
sure, dissolved at a partial pressure of gas of 1 atmosphere by 1
gram of solvent.
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The Ostwald Coefficient, L

The Ostwald coefficient, L, is defined at the ratio of the volume of
gas absorbed to the volume of the absorbing liquid, all measured at
the same temperature:

) V(1)

If the gas is ideal and Henry's Law is applicable, the Ostwald coef-
ficient is independent of the partial pressure of the gas. It is
necessary, in practice, to state the temperature and total pressure
for which the Ostwald coefficient is measured. The mole fraction
solubility, ©, is related to the Ostwald coefficient by

-1
T = [.__.__R_T.._.______. + l
P(g) L vo(1)

where P is the partial pressure of gas. The mole fraction solubility
will be at a partial pressure of P(qg).

The Absorption Coefficient, B

There are several "absorption coefficients", the most commonly used
one being defined as the volume of gas, reduced to 273.15K and 1 at-
mosphere, absorbed per unit volume of liquid when the total pres-
sure is 1 atmosphere. B is related to the Bunsen coefficient by

B = a(l-P(1))
where P(l) is the partial pressure of the liquid in atmosphere.

The Henry's Law Contant

A generally used formulation of Henry's Law may be expressed as

P(g) = KHx

where K, is the Henry's Law constant and x the mole fraction solubili-
ty. Otger formulations are

P(g) = KyC(1)

or

C(g) ch(l)

where K, and K_ are constants, C the concentration, and (1) and (g)
refer t6 the liquid and gas phases. Unfortunately, KH’ K, and K,
are all sometimes referred to as Henry's Law constants. ﬁenry’s

Law is a limiting law but can sometimes be used for converting solu-
bility data from the experimental pressure to a partial gas pressure
of 1 atmosphere, provided the mole fraction of the gas in the liquid
is small, and that the difference in pressures is small. Great cau-
tion must be exercised in using Henry's Law.

The Mole Ratio, N

The mole ratio, N, is defined by
N = n(g)/n(l)

Table 1 contains a presentation of the most commonly used inter-con-
versions not already discussed.

For gas solubilities greater than about 0.01 mole fraction at a partial
pressure of 1 atmosphere there are several additional factors which must
be taken into account to unambiguously report gas solubilities. Solution
densities or the partial molar volume of gases must be known. Corrections
should be made for the possible non-ideality of the gas or the non-ap-
plicability of Henry's Law.
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TABLE 1 Interconversion of parameters used for reporting solubility

L = a(T/273.15)

cw = u/vop

Ky - 17.033 x 10%(oln) | .0
a M(1)

L = Cy Vi, gas?

where v is the molal volume of the gas in cm3m01"l at 0°c, p the den-
sity of the solvent at the temperature of the measurement,p (soln)the
density of the solution at the temperafure of the measurement, and

v the molal volume of the gas (cm™mol ~) at the temperature of
tﬁégﬁgasurement.

SALT EFFECTS

The effect of a dissolved salt in the solvent on the solubility of a gas is
often studied. The activity coefficient of a dissolved gas is a function
of the concentration of all solute species (see ref. 8). At a given tem-
perature and pressure the logarithm of the dissolved gas activity coef-
ficient can be represented by a power series in C_, the electrolyte concen-
tration, and Ci, the nonelectrolyte solute gas concentration
_ n
log fi = mZn kmn Cs Ci
4

It is usually assumed that only the linear terms are important for low C
and C; values when there is negligible chemical interaction between solute
speciés.

m

log £; = kCq + k;Cy

where k_ is the salt effect parameter and k., is the solute-solute gas inter-
action Sarameter. The dissolved gas activi%y is the same in the pure sol-
vent and a salt solution in that solvent for a given partial pressure and
temperature

a, = fiS. = fi Si and fi = fi g——
i
where S, and S,° are the gas solubility in the salt solution and in the pure
solvent; respectively, and the f's are ths corresponding activigy coeffici-
ents. If follows that log fi/fo = log Si /Si = kSCs + ki(Si—Si ). When the

quantity (S, - s.°) is small the second term is negligible even though k
and k, may be of similar magnitude. This is generally the case for gas
solubilities and the equation reduces to

£, si°
log - = log —— = kscs
i Sy

which is the form of the empirical Setschenow equation in use since the
1880's. A salt that increases the activity coefficient of the dissolved
gas is said to salt-out and a salt that decreases the activity coefficient
of the dissolved gas is said to salt-in.

Although salt effect studies have been carried out for many years, there
appears to be no common agreement of the units for eigger the gas solu-
bility of the salt concentration. Both molar (mol dm ~) and molal

(mpl kg ) are used for the salt concentration. The gas solubility ratio
8 /Si is given as Bunsen coefficient ratio and Ostwald coefficient ratio,
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which would be the same as a molar ratio; Kueunen coefficient ratio, vol-
ume dissolved in 1 g or 1 kg of solvent which would be a molal ratio; and
mole fraction ratio. Recent theoretical treatments use salt concentration
in mol dm~? and Si °/Si ratio as mole fraction ratio with each salt ion

acting as a mole. Evaluations which compare the results of several work-
ers are made in the units most compatible with present theory.

TEMPERATURE DEPENDENCE OF GAS SOLUBILITY

In a few cases it has been found possible to fit the mole fraction solu-
bility at various temperatures using an equation of the form.

Inz=2aA+B / (T/100K) + C 1n (T/100K) + DT/100K

It is then possible to write the thermodynamic functions A8Y, af1, ASY ana
AC p1 for the transfer of the gas from the vapor phase at 101.325 Pa

partial pressure to the (hypothetical) solution phase of unit mole fraction
as:

AG! = -RAT - 100 RB - RCT 1ln (7/100)
8% = RA + RC ln (T/100) + RC

AH} = -100 RB + RCT

A6°pl= RC

In cases where there are solubilities at only a few temperatures it is
convenient to use the simpler equations.

AG! = - RT ln z = A + BT

in which case A = AH! and -B = ABY.
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Water

COMPONENTS : EVALUATOR:
Rubin Battino and Emmerich Wilhelm
(1) Hydrogen; Hy; [1333-74-01] Department of Chemistry
Wright State University
(2) Water; H,0; [7732-18-5] Dayton, OH 45435 USA

July 1977, revised May 1980

CRITICAL EVALUATION:
The solubility of hydrogen in water has been studied by many workers.

We found the experimental work of ten to be of sufficient reliability to
use in the smoothing equation. In the process of fitting the data to

the smoothing equation any data points which differed from thé smooth
equation by about two standard deviations or more were rejected. The

75 points used for the final smoothing were obtained as follows

(reference number - number of data points taken from that reference):
1-11; 2-2; 3-1; 4-3; 5-5; 6-2; 7-3; 8-1; 9-41; 10-6. The fitting equation

used was

in X; = A+ B/(T/100K) + C 1In (T/100K) + D(T/100K) + E(T/lOOK)2 (1)

Using T/100K as the variable rather than T/K gives coefficients of
approximately equal magnitude. The best fit for the 75 data points was

in X, = -48.1611 + 55.2845/(T/100K) + 16.88931n (T/100K) (2)

where X4 is the mole fraction solubility at 101.325 Pa partial pressure
of gas. The fit in 1n x; gave a standard deviation of 0.52% taken at the
middle of the temperature range. Table 1 gives smoothed values of the
mole fraction solubility and the Ostwald coefficient at 5K intervals.
Table 1 also gives the thermodynamic functions AGS, Aﬁf, Agz, and

AE; for the transfer of gas from the vapor phase at 101.325 Pa partial
1

gas pressure to the (hypothetical) solution phase of unit mole fraction.

These thermodynamic properties were calculated from the smoothing equation
1 -1

according to the following equations with R = 8,3144 J K ~ mol ":
AE{/RT = - 1lnx ‘ (3)
AR3/RT = - B(LOOK/T) + C + D(T/L00K) + 2E (T/100K)° (4)
AS3/R = A + C(In (T/100K) + 1) + 2D(T/L00K) + 3E(T/100K)> (5)
AE;l/R = C + 2D(T/100K) + 6E(T/100K)° (6)

The experimental work of ten other workers was not compiled or used
for the smoothing equation for a variety of reasons. Miiller's two data
points (1ll) were about 2% high. Symons (12) measured solubility by gas
chromatography and his duplicate values at 25°C were 3% high. Braun's
measurements (13) were 12% high at his lower temperatures and came down
to reasonable values at 25°C. Bunsen's measurements (l4) were erratically
high and low indicating a poor precision. Christoff's single value (15)
was 7% high; and Drucker's single value (16) was 2% high. Findlay's
measurement at 25°C was 3% high (17). Just's two measurements (18) were
3-4% high. KXnopp's (19) single value at 20°C was 4% high. Milligan's
(20) single value at 25°C was about 3% low. Gereche and Bittrich's (21)
value at 25°C is 1% high. A data sheet is included.

The curve obtained from the smoothing equation shows a distinct
minimum at 327 K.
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2 Hydrogen Solubilities up to 200kPa

COMPONENTS: EVALUATOR;

(1) Hydrogen; H2; [1333~74-0] Rubin Battino and Emmerich Wilhelm
Department of Chemistry

(2) Water; H,O; [7732-18-5] Wright State University

2 Dayton, OH 45435 Usa

July 1977, revised May 1980

CRITICAL EVALUATION:
Table 1. Recommended values of the solubility and thermodynamic
functions’’? at 5K intervals for hydrogen in water at
a hydrogen partial pressure of 101.325 kPa (1 atm).
Calculations based on equations 2 to 6.

T/K Mol Fraction Ostwa}d — b “1 = -1 = -1 -1
<. x lO5 Coefficient AGi /k J mol AHi/k J mol AS;/J K “mol
1 L x 102
273.15 1.755 2.184 24.87 -7.61 -118.9
278.15 1.657 2.010 25.46 -6.91 -116.4
283,15 1.576 2.032 26.03 -6.20 -113.8
288.15 1.510 1.980 26.60 -5.50 -111.4
293,15 1.455 1.940 27.15 -4.80 ~109.0
298.15 1.411 1.911 27.69 -4.10 -106.6
303.15 1.377 1.893 28.21 -3.40 -104.3
308.15 1.350 1.883 28.73 -2.69 -102.0
313.15 1.330 1.883 29.23 -1.99 -99.7
318.15 1.317 1.890 29.73 -1.290 -97.5
323.15 1.310 1.905 30.21 -0.588 -95.3
328.15 1.308 1.927 30.68 +0.114 -93.1
333.15 1.312 1.957 31.14 0.816 -91.0
338.15 1.320 1.993 31.59 1.518 -88.9
343.15 1.333 2.037 32.03 2.22 -86.9
348,15 1.350 2.087 32.46 2.92 -84.8
353.15 1.371 2.144 32.88 3.62 -82.8

1. The heat capacity change, ACE , is independent of temperature and

-1t
has a value of 140.4 J K mol ~.

2. calth = 4,184 Joules




Water

(1) Hydrogen; H

(2) Water; H

COMPONENTS ¢ EVALUATOR:
[1333-74-0] Rubin Battino and Emmerich Wilhelm

2 Department of Chemistry
50 [7732-18~5] Wright State University
Dayton, OH 45435 USA

July 1977, revised May 1980

CRITICAL EVALUATION:
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4 Hydrogen Solubilities up to 200kPa

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; H2; [1333-74-0] Timofejew, W.
(2) Water; H,0; [7732-18-3] Z. Physik. Chem. 1890, 6, 141-152.
VARIABLES : PREPARED BY:
T/K: 274.55 - 298.85 .
H, P/kPa: 101.325 (1 atm) R. Battino

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen
5 Coefficient
xy x 10 2
o x 10
274.55 1.712! 2.1295
281.50 l.611! 2.0044
286.15 1.542! 1.9174
291.60 1.500 1.8629
298.85 1.434 1.7789

The Bunsen coefficients are average values of several measurements.

The mole fraction solubility values were calculated by the compiler.

! Mole fraction values which were used in the final smoothing equation
for the recommended solubility equation given in the critical evaluation

AUXTLIARY INFORMATION

METHOD/APPARATUS /PROCEDURE : 3 SOURCE AND PURITY OF MATERIALS:

An absorption vessel of 110 cm” or (1) Hydrogen. No comment by author.
3.

300 cm™ is used for the measurements.

The volume of gas absorbed is mea- (2) Water. No comment by author.

sured on a gas buret. Also measured
the solubility of hydrogen in
alcohol (ethanol).

ESTIMATED ERROR:

REFERENCES;




Water

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hyj {1333-74-0] Winkler, L. W.
(2) Water; H20; [7732-18-5] Ber. 1891, 24, 89-101.
VARIABLES: PREPARED BY:
T/K: 273.65 ~ 323.15 :
H, P/kPa: 101.325 (1 atm) R. Battino
EXPERIMENTAL VALUES:
T/K Bunsen T/K Bunsen
Coefficient Coefficient
o x 102 o X 102
273.65 2.141 303.15 1.706
273.73 2.134 313.11 1.649
273.77 2.132 313.04 1.639
283.22 1.956 313.03 1.636
283.00 1.961 313.15 1l.644
283.15 1.948 313.15 1l.645
293.15 1.828 313.15 1l.648
293.18 1.815 323.17 1.603
293.15 1.815 323.00 1.609
303.16 1.692 323.13 1.609
303.15 1.696 323.25 l.616
303.12 1.671 323.18 1.607
303.15 1.712 323.05 1.606
303.15 1.714
Average values calculated by the compiler.
T/K Mol Fraction Bunsen
z) x lo5 Coeff1c1§nt
o X 10
273.72 1.714 2.131
283.12 1.5721 1.955
293.16 1.465!? 1.819
303.15 1.372} 1.699
313.11 1.332! 1.644
323.13 1.308! 1.608 .
AUXILIARY INFORMATION
METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS:
Gas is introduced over degassed water|(l) Hydrogen. Made from zinc and
in an absorption vessel in a thermo- dilute sulfuric acid.

stat. The volume of gas absorbed is
measured on a thermostated gas buret. |(2) Water. Distilled.

1

Mole fraction solubility values ESTIMATED ERROR:
which were used to obtain thefinal )
smoothing equation given in the
critical evaluation.

REFERENCES :




6 Hydrogen Solubilities up to 200kPa

COMPONENTS ; ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hyj [21333-74~0] Geffcken, G.
(2) Water; H,0; [7732-18-5) Z. Physik. Chem. 1904, 49, 257-302.
VARIABLES: PREPARED BY:
T/K: 288.15 - 298.15 .
H, P/kPa: 101.325 (1 atm) R. Battino
EXPERIMENTAL VALUES: T/R Ostwald
Coefficient
L x 102
288.15 1.973
288.15 1.979
288.15 1.992
288.15 1.984
298.15 1.935
298.15 1.911
298.15 1.932
298.15 1.936
298.15 1.922
298.15 1.921
298.15 1.924

Average values calculated by the compiler.

T/K Mol Fraction Ostwald
5 Coefficient
zy X 10 5
L x 10
288.15 1.511° 1.982
298.15 1.422° 1.926

! Mole fraction values which were used to obtain the recommended
smoothing equation which was given in the critical evaluation.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

Amount of gas dissolved is determined{(l) Hydrogen. No comment by author.
in a thermostated gas buret system.
Details given in original paper. (2) Water. No comment by author.
Solubilities also determined in
aqueous solutions of acetic acid,
monochloracetic acid, nitric acid,
hydrochloric acid, sulfuric acid,
sodium hydroxide, and potassium
hydroxide.

ESTIMATED ERROR:

REFERENCES :




Water

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hyi [1333-74-0] Hufner, G.
(2) Water; H,0; [7732-18-5] Z. Physik. Chem. 1907, 57, 611-624.
VARIABLES: PREPARED BY:
T/K: 293.15 - 293.34 :
H, P/kPa: 101.325 (1 atm) R. Battino
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen
5 Coefficient
%1 x 10 o X 102
293.34 1.812
293.26 1.805
293,15 1.812
293.25 1.457} 1.810 Av.

The mole fraction value was

calculated by the compiler.

! Mole fraction value which was used to obtain the recommended smoothing
equation which was given in the critical evaluation.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Apparatus described in reference 1.
An absorption type using gas burets
and an absorption flask. Solu-
bilities also determined in several
other solvents and solutions.

SOURCE AND PURITY OF MATERIALS:
(1) Hydrogen. No comment by author.

(2) Water. Pure.

ESTIMATED ERROR:

REFERENCES :
1. Hifner, G.
Archiv. F. Anatomie und

Physiologie, Physiolog. Abtly.
1894, 5, 191.




8 Hydrogen Solubilities up to 200kPa

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hz; [1333-74-0] Morrison, T. J.; Billett, F.
(2) Water; H,0; [7732-18-5] J. Chem. Soc. 1952, 3819-3822.
VARIABLES: PREPARED BY:
T/K: 285.45 - 344.85 ,
H, P/kPa: 101.325 (1 atm) R. Battino
EXPERIMENTAL VALUES:
T/K Mol Fraction Solubility
5 3
x X 10 cm (STP)H2
1.0000 kg™t H,0
285.45 1.546° 19.23
289.25 1.505? 18.71
290.45 1.492! 18.54
296.15 1.439° 17.86
298.15 1.427 17.70
306. 35 1.372! 16.98
318.15 1.329!¢ 16.37
320.45 1.324} 16.29
327.55 1.319! 16.18
333.45 1.314! 16.07
338.65 1.323! 16.14
344.85 1.328!? 16.14
The authors smoothing equation is log,, S, = -36.250 + 1847/ (T/K)

+ 12.65 logy, (T/K)

The compiler calculated the mole fraction solubility values.

! Mole fraction values which were used to obtain the recommended smoothing
equation which is given in the critical evaluation.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

Used the apparatus of Morrison and (1) Hydrogen. Prepared from pure
Billett (1) but with improvements zinc and hydrochloric acid.
described in the current paper in the

degassing procedure and the absorp- (2) Water. No comment by authors.

tion spirals. Degassed liquid is
flowed slowly down a spiral contain-
ing the gas. The amount of gas
absorbed is determined by using the
liquid as its own gas buret. Volumes
are determined in the burets and/or
by weighing.

ESTIMATED ERROR:

REFERENCES :
l. Morrison, T. J.; Billett, F.
J. Chem. Soe. 1948, 2033.




Water

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hz; [1333-74-0] de Wet, W. J.
(2) water; HZO; [7732-18-5] J. S. Afr. Chem. Inst. 1964, 17,
9-17.
VARIABLES : PREPARED BY:
T/K: 291.65 - 304.55 .
H, P/kPa: 101.325 (1 atm) R. Battino
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen
z, % 105 Coeff1c1§nt
a x 10
291.65 1.497 1.86
298.85 1.4111! 1.75
304.55 1.365° 1.69

The mole fraction solubility values were calculated by the compiler.

! Mole fraction values which were used to obtain the recommended smoothing
equation which is given in the critical evaluation.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE ; SOURCE AND PURITY OF MATERIALS:
Degassed liquid is flowed in a thin (1) Hydrogen. From commercial
film through a spiral containing the cylinders. Purified over
gas. Volumes are determined via activated charcoal at liquid
calibrated burets. nitrogen temperatures. Less

than 0.3% impurities.
Used modification of Morrison and
Billett apparatus (l1). Degassing (2) Water. Distilled.
as modified by Clever, et al. (2).

ESTIMATED ERROR:

REFERENCES:

1. Morrison, T. J.; Billett, F.
J. Chem. Soe. 1948, 2033; ibid.,
1952, 3819.

2. Clever, H. L.; Battino, R.;
Saylor, J. H.; Gross, P. M.
J. Phys. Chem. 1957, 61, 1078.




10 Hydrogen Solubilities up to 200kPa
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hz; [1333~74~0] Ruetschi, P.; Amlie, R. F.
(2) Water; H,0; [7732-18-5] J. Phys. Chem. 1966, 70, 718-723.
VARIABLES: PREPARED BY:
T/K: 303.15 ,
H, P/kPa: 101.325 (1 atm) R. Battino
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen
z % 105 Coeff1c1§nt
a x 10
303.15 1.375? 1.703
303.15 1.365, 1.690
303.15 1.381; 1.710
303.15 1.367 1.693

which is given in

The mole fraction solubility values were
calculated by the compiler.

! Mole fraction values which were used to
obtain the recommended smoothing equation

the critical evaluation.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

They used the apparatus of Ben-Naim
and Baer (l1). A calibrated dissolu-
tion vessel contains degassed water.
Gas 1is introduced wet from a cali-
brated gas buret system. Stirring
the liquid forces it up sidearms
attached to the top of the flask and
the liquid returns via a central
tube. The amount of gas dissolved
is determined via the gas burets.

The gas burets and dissolution ves-
sel are thermostated in a water bath.
The original paper contains a diagram
and a description of operation. The
solubility of H, was also determined

in KOH and HZSO
303.15K.

4 solutions at

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Matheson Prepurified
grade (99.5% min purity).

(2) wWwater. No comment by author.

ESTIMATED ERROR:

§a/o. = 0.005

REFERENCES :

1. Ben-Naim, A.; Baer, S.
Trans. Faraday Soe. 1963, 59,
2735.
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Water
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hy; {1333~74~01 shoor, S. K.; Walker, R. D.;

Gubbins, K. E.
(2) wWater; H,0; [7732-18~5]
J. Phys. Chem. 1969, 73, 312-317.

VARTABLES : PREPARED BY:
T/K: 298.15 - 333.15

H, P/kPa: 101.325 (1 atm) R. Battino

EXPERIMENTAL VALUES:

T/K Mol Fraction Cp /mol am 3

5 2
@ x 10 c x 103
298.15 1.431 0.792
313.15 1.295 0.713
333.15 1.305! 0.712

The mole fraction solubility values were calculated by the compiler.

! Mole fraction values which was used to obtain the recommended smoothing
equation which is given in the critical evaluation.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
Solutions are saturated by bubbling. | (1) Hydrogen. Source not given.
After equilibration, samples are Purity 99.9 per cent.

removed and analyzed by gas

chromatography. Details are given (2) Water. Distilled from an all-
by Gubbins, et al. (1). glass and teflon still.

ESTIMATED ERROR:

" REFERENCES

1. Gubbins, K. E.; Carden, S. N.;
Walker, R. D.
J. Gas Chromatog. 1965, 3, 98.
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Hydrogen Solubilities up to 200kPa

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; H2; [1333-74-0] Gerecke, J.; Bittrich, H. J.
(2) Water; H,0; [7732-18-5] Wiss. Zeitsechrift (Leuna-Merseburg)
1971, 13, 115-122.
Chem. Abstr. 1972, 76, 77239m.
VARTABLES : PREPARED BY:
T/K: 298.15 :
H, P/kPa: 101.325 (1 atm) R. Battino
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen
) % lo5 Coefflclgnt
o x 10
298.15 1.427 1.77

The mole fraction solubility value was calculated by the compiler.

AUXTLIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

Absorbed gas is measured in a gas
buret using mercury manometers.

Only written description of apparatus
given. Also measured solubilities

in many aqueous salt solutions.

SOURCE AND PURLITY OF MATERIALS;
(1) Hydrogen. No comment by authors.

(2) Water. No comment by authors.

ESTIMATED ERROR:

REFERENCES:




Water
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COMPONENTS :
(1) Hydrogen; Hyi [1333-74-0]

ORIGINAL MEASUREMENTS:
Crozier, T. E.; Yamamoto, S.

(2) Water; HZO; [7732-18-5] J. Chem. Eng. Data 1974, 19, 242-244.
VARIABLES: PREPARED BY:
T/K: 274.60 - 302.47 R. Battino
P/kPa: 101.325 (1 atm)
EXPERIMENTAL VALUES:
T/K Mol Fraction! Bunsen T/K Mol Fractiont Bunsen
5 Coefficient 5 Coefficient

zy X 10 o x 102 xy X 10 o x 102

274.60 1.728 2.150 287.85 1.505 1.871
274.63 1.727 2.148 287.91 1.514 1.882
274,64 1.730 2.152 287.92 1.503 1.869
277.54 1.672 2.080 287.94 1.505 1.871
277.70 1.667 2.074 287.94 1.520 1.890
277.70 1.661 2.067 287.94 1.516 1.885
277.73 1.665 2.072 287.95 1.512 1.880
277.74 1.671 2.079 293.01 1.454 1.806
282.98 1.571 1.954 293.01 1.459 1.812
282.99 1.579 1.964 293.02 1.458 1.811
282.99 1.567 1.949 293.03 1.453 1.804
283.00 1.565 1.947 293.03 1.453 1.805
283.00 1.567 1.949 297.85 1.403 1.740
283.00 1.572 1.955 297.85 1.414 1.754
283.01 1.576 1.960 297.88 1.408 1.747
283.01 1.573 1.957 297.88 1.403 1.741
283.02 1.573 1.957 297.92 1.404 1.742
283.03 1.576 1.960 301.99 1.369 1.696
287.77 1.514 1.882 302.17 1.379 1.709
287.80 1.509 1.876 302.31 1.377 1.706
287.82 1.507 1.873 302.47 1.382 1.712

All of the mole fraction values above except the one at 301.99 K
were used in the computer fit to obtain the recommended smoothing
equation which is given in the critical evaluation.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

Solubility measurements were made by
the Scholander micro-gasometric tech-
nique (1) as modified by Douglas (2).
Equilibration is with 6cm3 of gas-
free water. All volumes are read on
a micrometer which adjusts the amount
of mercury in the system.

The authors also report the solu-
bility of hydrogen in seawater and
NaCl solutions.

The authors smoothing equation for
their data is

ln o= =39.9611 + 5393.81/(T/K)

+ 16.3135 1n (T/100K)

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Linde Specialty Gas.
99.9995% purity.

(2) Water. Glass distilled water.

ESTIMATED ERROR:

§T/K = 0.01
So/a = 0.003
REFERENCES:
1. Scholander, P. F.
J. Biol. Chem. 1947, 167, 235.
2. Douglas, E.
J. Phys. Chem. 1964, 68, 169.
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Hydrogen Solubilities up to 200kPa

COMPONENTS :
(1) Hydrogen; Hy; [1333-74-0]

(2) Water; H,0; [7732-18-5]

ORIGINAL MEASUREMENTS:

Gordon, L. I.; Cohen, Y.;
Standley, D. R.

Deep-Sea Res. 1977, 24, 937 - 941.
VARIABLES : PREPARED BY:
T/K: 273.29 - 302.40
P/kPa: 101.325 (1 atm)
EXPERIMENTAL VALUES:
Temperature Mol Fraction Bunsen Ostwald
Coefficient Coefficient
t/'c T/K xy x 10° o x 10° L x 10°
0.14 273.29 1.7821 22.17 22.18
5.04 278.19 1.658} 20.63 21.01
10.00 283.15 1.581! 19.66 20.38
16.67 289.82 1.501! 18.66 19.80
23.63 296.78 1.420! 17.62 19.14
29.25 302.40 1.387! 17.18 19.02

The mole fraction and Ostwald
values were calculated by the

! Mole fraction solubility values which were used to
obtain the recommended smoothing equation which is
given in the critical evaluation.

coefficient solubility
compiler.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The method of Ben-Naim and Baer (1)
as modified by Murray, Riley, and
Wilson (2) was used with slightly
further modifications.

The Bunsen coefficients were
corrected for the change in volume of
the solution upon dissolution of the
hydrogen using a partial molal vol-
ume of 26 cm® mol~'. The correction
increased the Bunsen coefficient
about 0,12 per cent.

The results above average approxi-
mately 0.5 per cent higher than the
results of Crozier and Yamamoto (3).

SOURCE AND PURITY OF MATERIALS:
(1) Hydrogen. Ultra-pure electro-
lytically yenerated gas
(Elhygen R generator).

(2) Water. Doubly distilled.

ESTIMATED ERROR:

Root mean square deviation from
authors fitted equation is 0.7 per
cent. Equation fitted to water and
sea water data above and ref 3.

REFERENCES :

1. Ben-Naim, A.; Baer, S.
Trans. Faraday Soe. 1963, 69,2735,

3. Crozier, T. E.; Yamamoto, S.

J. Chem. Eng. Data 1974, 19, 242.

2. Murray, C. N.; Riley, J. P.;
Wilson, T. R. S.

Deep-Sea Res. 1969, 16, 297.
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COMPONENTS ; ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Longo, L. D.; Delivoria-
2. Water; H;0; [7732-18-5] Papadopoulos, M.; Power, G. G.;

Hill, E. P.; Forster, R. E.,
Am., J. Physiology, 1970, 219,

561-569.
VARIABLES: PREPARED BY:
+
C. L. Young
EXPERIMENTAL VALUES:
*
T/K Bunsen coefficient, o S.D.
310.15 0.01625 0.0001

*
standard deviation

+ added by editor. Bunsen coefficient is about 1.5% lower

than that derived from recommended smoothing equation

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

Liguid samples were equilibrated

with gas and then the dissolved gas
was stripped out under vacuum and No details given.
measured in a manometric Van Slyke

apparatus. Some details in ref. 1.

ESTIMATED ERROR:

§T/K = +0.03.

REFERENCES:;

1. Power, G. G.,
J. Appl. Physiology, 1968, 24,
468.

HAD -~ C



16 Hydrogen Solubilities up to 200kPa
COMPONENTS : ORIGINAL MEASUREMENTS:

1. Hydrogen; H,; [1333~74-0] Power, G.G.; Stegall, H.

2. Water; H,0; [7732-18-5] J. Appl. Physiology, 1970, 29,145-9
VARIABLES: PREPARED BY:

C.L. Young +
EXPERIMENTAL VALUES:
*
T/K Bunsen coefficient, S.D. No. of measurements
a
310.15 0.01629 0.00011 3

* Standard deviation.

+ added by editor. Bunsen coe

fficient is about 1.5%

lower than that derived from recommended smoothing equation

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

5 to 12 cm~? samples placed in a
stirrer cell and gas, saturated
with water vapor passed through
water for 30-60 mins, Samples of
saturated liquid withdrawn and
transferred to Van Slyke apparatus.
Dissolved gas removed under reduced
pressure.

SOURCE AND PURITY OF MATERIALS:

Matheson sample, purity
better than 99.7 mole per cent.

1.

ESTIMATED ERROR:

ST/K 0.1

REFERENCES :
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COMPONENTS ; EVALUATOR:
1. Hydrogen; Hy; 1333-74-0 Denis A. Wiesenburg
Department of Oceanography
2. Sea Water Texas A&M University
College Station, Texas 77843
UsA
June 1980

CRITICAL EVALUATION:

There are two reports of the solubility of hydrogen in sea water
(1, 2). 1It is fortunate that these two reports cover both a wide range
of temperatures and salinities, use different experimental techniques,
and obtain results in good agreement. Crozier and Yamamoto (1) report
222 solubility measurements for distilled water and three salinities
(27.665, 33.680, 39.927°%,) for many different temperatures between
274.60 and 303.48°K. Their solubility measurements are estimated to have
an accuracy of 0.5%. Gordon et al. (2) report 39 solubility values over
the temperature range 272.80 To 302.41°K for distilled water and sea water
to 39.096%.,. The data of Gordon et al. (2) average about 0.5% higher
than those of Crozier and Yamamoto (I}, but differences are never greater
than 1%. Both of these studies measured Bunsen solubility coefficients
by equilibrating sea water with pure hydrogen at 1 atm total pressure.
The volumes of sea water equilibrated in each study were quite different,
however, 6 ml (1) vs. 1000 ml (2).

The solubility data of Crozier and Yamamoto (1) and Gordon et al.
(2) are similar in precision and thus are combined to form the data base
for this evaluation. Gordon et al. (2) also combined the two data sets
and determined a smoothing eqUation, but they weighted each data set
equally. Since the data of Crozier and Yamamoto (1) are not statistically
d}fferent from those of Gordon et al. (2), the data used here are combined
without weighting. The combined data sets have been fitted (3) by the
method of least squares to an equation developed by Weiss (4) which
expresses solubility as the natural logarithm of the Bunsen coefficient,
@, and is consistent with both the integrated form of the van't Hoff
equation and the Setchenow salt effect relation. The equation for
hydrogen is valid from 273.15 to 303.15°K and a salinity range, S, of
0_to 40%.. The smooth equation reproduced the combined hydrogen data
With a root-mean-square deviation of 7.8 x 10=3 units (~ 0.46%). The
€quation is

In o = -47.9848 + 65.0368 (100/T) + 20.1709 1ln (T/100)
+ S({-0.082225 + 0.049564 (T/100) - 0.0078689 (T/100)2]

where 5 is the salinity in parts per thousand. Wiesenburg and Guinasso
(3) give an extensive table of hydrogen Bunsen coefficients calculated
from the above equation.

Although the Bunsen solubility coefficients are well defined by the
above equation, for practical purposes, oceanographers require the
atmospheric equilibrium solubility values in their work. Weiss (4) has
Proposed an equation similar to the above which expresses the atmospheric
equilibrium solubility from moist air at 1 atm total pressure, in units of
Volume (STP) dm~3, as a function of salinity and temperature. In working
With samples from the depths of the ocean, it is also advantageous to
express atmospheric solubilities in terms of mol kg~l, which are
Pressure and temperature independent (4, 5). Weiss' atmospheric solu-
bility equation is based on the assumption of a constant atmospheric
Concentration of hydrogen. Since hydrogen is variable in the atmosphere,
Weiss' (4) equation has been modified (3) to include the atmospheric
Concentration as a variable, The combined data sets for hydrogen (1, 2)
have been fitted (3) to the equations

ln ¢/nl ém~3 = fg - 314.3572 + 455.8526 (100/T)
+ 297.5313 1n (T/100) -~ 49.2778 (T/100)
+ S [ -0.070143 + 0.041069 (T/100) - 0.0063763(T/100)2]

S




18 Hydrogen Solubilities up to 200kPa

COMPONENTS : EVALUATOR:
1. Hydrogen; Hy; 1333-74-0 Denis A. Wiesenburg
Department of Oceanography
2. Sea Water Texas A&M University
College Station, Texas 77843
USA
June 1980

CRITICAL EVALUATION:

1n m/nmol kg_l = fg - 320.3079 + 459.7398 (100/T)
+ 299.2600 1n (T/100) - 49.3946 (T/100)

+ S [ -0.074474 + 0.043363 (T/100) -0.0067420(T/100F]

where f, is the mole fraction of hydrogen in dry air. In these calcu-
lations " hydrogen was assumed to be an ideal gas. Vapor pressure for pure
water was calculated using the equation of Bridgeman and Aldrich (6) and
corrected for salinity effects using the expression of Robinson (7).
Knudsen's (8) formula was used to calculate densities. These two
equations can be used to calculate the atmospheric equilibrium solubility
of hydrogen under any given conditions of temperature, salinity, and
atmospheric concentration. Using an atmospheric hydrogen mole fraction
of 0.58 x 10-6 (9), the equations reproduce the individual calculated
atmospheric solubilities with a root-mean-square deviation of 0.45%.

In making calculations of atmospheric equilibrium solubilities from
Bunsen solubilities measured at 1 atm of pure hydrogen, there is a
question of whether Henry's law can be extrapolated accurately through
six orders of magnitude (10, 11). Schmidt (12) considered this problem
by making atmospheric solubility measurements of hydrogen at partial
pressures of hydrogen of about 10-5 atm. He measured solubilities for
pure water and sea water (24 values) at 31.6%., salinity over the
temperature range 273.15 to 303.15°K by equilibrating sea water with air
containing 21.5 ppmv hydrogen. The standard error of Schmidt's data
(7%) is higher than that of the other data evaluated here (1, 2), but
within the standard error of his data, Schmidt's data are consistent
with the Bunsen coefficients measured at 1 atm.

References
1. Crozier, T. E.; Yamamoto, S. J. Chem. Eng. Data 1974, 19, 242.
2. Gordon, L. I.; Cohen, Y.; Standley, D. R. Deep-Sea Res. 1977, 24,
937.
3. Wiesenburg, D. A.; Guinasso, N. L., Jr. J. Chem. Eng. Data 1979, 24,
356.
4. Weiss, R. F. Deep-Sea Res. 1970, 17, 721.
5. Kester, D. in "Chemical Oceanography" v. 1 2nd Edition, J. P. Riley
and G. Skirrow, eds. Academic Press, New York, 1975, pp. 497-556.
6. Bridgeman, O. C.; Aldrich, E. W. J. Heat Transfer 1964,86, 279.
7. Robinson, R. A. J. Mar. Biol. Assoe. U.XK. 1954, 33, 449.
8. [Knudsen, M. Hydrographical Tables, G. E. Gad, Copenhagen, 1901.
9. Schmidt, U. J. Geophys. Res. 1978, 83, 941.
10. Bieri, R. H. in "The Sea', v. 5, E. D. Goldberg, ed., Wiley
Interscience, New York, 1974, pp. 199-218.
11 Meadows, R. W.; Spedding, D. J. Tellus 1974,26, 143.
12. Schmidt, U. Tellus 1979,31, 68,
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COMPONENTS ;

1.
2.

Hydrogen; H2;l333—74-0
Sea Water

ORIGINAL MEASUREMENTS:
Crozier, T. E.; Yamamoto, S.

J. Chem. Eng Data 1974, 19,
242 - 244.

VARIABLES:
T/K:
Hp P/kPa:
Salinity/%.:

274.60 - 303.49
101.325 (1 atm)
0 - 39.927

PREPARED BY:

Denis A. Wiesenburg

EXPERIMENTAL VALUES:

Salinity Temp/K Bunsen Salinity Temp/K Bunsen
Yoo Coefficient Yoo Coefficient
a o

0.0 274.60 0.02150 0.0 287.85 0.01871
274.63 0.02148 287.91 0.01882

274.64 0.02152 287.92 0.01869

277.54 0.02081 287.94 0.01871

277.70 0.02074 287.94 0.01890

277.70 0.02067 287.94 0.01885

277.73 0.02072 287.95 0.01880

277.74 0.02079 290.01 0.01806

282.98 0.01954 290.01 0.01812

282.99 0.01964 290.02 0.01811

282.99 0.01949 290.03 0.01804

283.00 0.01947 290.03 0.01805

283.00 0.01949 297.85 0.01740

283.00 0.01955 297.85 0.01754

283,01 0.01960 297.88 0.01747

283.01 0.01957 297.88 0.01741

283.02 0.01957 297.92 0.01742

283.03 0.01960 301.99 0.01696

287.77 0.01882 302.17 0.01709

287.80 0.01876 302.31 0.01706

287.82 0.01873 302.47 0.01712

Continued on next page.
AUXILIARY INFORMATION

[

METHOD ‘APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
Solubility determinations were made 1. Hydrogen. Linde Specialty Gas,
using the Scholander microgasometric specified 99.9995% purity.
technique (1) as modified by Douglas
(2). Pure hydrogen and degassed sea 2. Sea Water. Passed through
water were introduced into a reaction 0.45-pum millipore filter and
vessel in a constant temperature poisoned with 1 mg/l1 of MgClj.
room. The vessel was shaken vigor- Sea water was boiled or diluted
ously to allow equilibration between with glass distilled water
the hydrogen and sea water. The (used for 0 %,) to obtain
amount of gas absorbed and the desired salinities.
volume of sea water were measured
Volumetrically with a microburet.

Bunsen solubility coefficients were |ESTIMATED ERROR:

Calculated from the observed volumes.

§T/K = 0.01
55/0/00 = 0.003
REFERENCES ;
1. Braun, L.
Z. Phys., Chem. 1900,33, 721.
2, Douglas, E.
J. Phys. Chem. 1964,68, 169.
ibid. 1965,69, 2608.
HE




20 Hydrogen Solubilities up to 200kPa

COMPONENTS : ORIGINAL MEASUREMENTS:

1. Hydrogen; H2;1333-74—0 Crozier, T. E.; Yamamoto, S.

2. Sea Water J. Chem. Eng. Data 1974, 19,

242 - 244.
VARIABLES: PREPARED BY:
T/K: 274.60 - 303.49 RED B
Hy P/kPa: 101.325 (1 atm) Denis A. Wiesenburg

Salinity/°/fe: 0 - 39.927

EXPERIMENTAL VALUES:

Salinity Temp/K Bunsen Salinity Temp/K Bunsen
Yoo Coefficient %o o Coefficient
o Q
27.665 274.78 0.01856 27.665 285.23 0.01680
274.81 0.01859 285.23 0.01681
274.83 0.01847 285.23 0.01681
274,83 0.01850 285.24 0.01678
274.83 0.01853 285.24 0.01684
274.83 0.01851 285.25 0.01680
274.84 0.01851 285.25 0.01684
274.84 0.01845 292.23 0.01599
274.84 0.01860 292,23 0.01598
274.85 0.01861 292,23 0.01606
280.17 0.01754 292.24 0.01595
280.18 0.01751 292.24 0.01596
280.18 0.01756 292.24 0.01597
280.18 0.01754 292,24 0.01598
280.19 0.01751 292,24 0.01599
280.19 0.01755 292,24 0.016C1
280.19 0.01752 292.25 0.01602
280.19 0.01747 298.35 0.01541
280.19 0.01752 298.35 0.01549
280.19 0.01754 298.35 0.01551
285.21 0.01679 298.36 0.01546
285.21 0.01680 298,36 0.01541
285.22 0.01682 298.36 0.01547

Continued on next page.

AUXILIARY INFORMATION

METHOD ‘APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

See previous page. See previous page.

ESTIMATED ERROR:

See previous page.

REFERENCES :

See previous page.




Seawater

COMPONENTS ORIGINAL MEASUREMENTS:

1. Hydrogen; H2;l333—74-0 Crozier, T. E.; Yamamoto, S.

2, s
ea Water J. Chem. Eng. Data 1974, 19,

242 - 244.
VARIABLES: PREPARED BY:
T/K: 274.60 - 303.49
H, P/kPa: 101.325 (1 atm) Denis A. Wiesenburg
Salinityffo: 0 - 39.927
EXPERIMENTAL VALUES:
Salinity Temp/K Bunsen Salinity Temp/K Bunsen
Yoo Coefficient Yoo Coefficient
o a
27.665 298,37 0.01548 33.680 275.15 0.01783
298.37 0.01550 275.16 0.01783
298.38 0.01540 281.42 0.01679
298.40 0.01549 281.44 0.01682
303.41 0.01511 281.44 0.01684
303.41 0.01508 281.44 0.01678
303.42 0.01503 281.45 0.01686
303.43 0.01507 281.46 0.01684
303.43 0.01511 281.46 0.01690
303.44 0.01501 281.47 0.01682
303.47 0.01510 281.47 0.01682
303.47 0.01512 281,48 0.01679
303.47 0.01513 286.63 0.01618
303.48 0.01516 286.63 0.016l6
286.63 0.01609
33.680 275.10 0.01778 286.63 0.01606
275.12 0.01789 286.63 0.01608
275,12 0.01782 286,63 0.01619
275,13 0.01783 286.63 0.01621
275,13 0.01784 286.63 0.01618
275,14 0.01787 286.63 0.01617
275.14 0.01795 286.64 0.01619
275.14 0.01778 292,33 0.01559
Continued on next page.
AUXILIARY INFORMATION
———
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
See previous page. See previous page.

ESTIMATED ERROR:

See previous page.

REFERENCES ;

See previous page.
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Hydrogen Solubilities up to 200kPa

COMPONENTS :

2. Sea Water

1. Hydrogen; H2;1333-74-0

ORIGINAL MEASUREMENTS:

Crozier, T. E.; Yamamoto, S.

J. Chem. Eng. Data 1977, 19,
242 - 244.

VARIABLES : PREPARED BY:
T/K: 274.60 - 303.49
Hy P/kPa: 101.325 (1 atm) Denis A. Wiesenburg
Salinity/°/ke: 0 - 39,927
EXPERIMENTAL VALUES:
Salinity Temp/K Bunsen Salinity Temp/K Bunsen
Yo o Coefficient Yoo Coefficient
o o

33.680 292.36 0.01555 33.680 303.11 0.01472
292.37 0.01554 303.11 0.01477
292.38 0.01557 303.11 0.01482
292.38 0.01545 303.12 0.01486
292.40 0.01550 303.13 0.01473
292.41 0.01555 303.14 0.01491

292.43 0.01547
292.44 0.01554 39.927 274,65 0.01730
292.46 0.01555 274.65 0.01730
298.10 0.01519 274.65 0.01734
298.13 0.01502 274.65 0.01729
298.13 0.01502 274.65 0.01744
298.14 0.01515 274.66 0.01728
298.14 0.01507 274.66 0.01739
298.15 0.01506 274.66 0.01723
298.16 0.01513 274.66 0.01734
298.16 0.01515 274.67 0.01723
298.16 0.01504 279.63 0.01658
298.17 0.01517 279.63 0.01655
303.08 0.01480 279.65 0.01655
303.11 0.01486 279.66 0.01658
303.11 0.01477 279.67 0.01656
303.11 0.01469 279.68 0.01652

Continued on next page.

AUXTLIARY INFORMATION

METHOD /APPARATUS /PROCEDURE ;

See previous page.

SOURCE AND PURITY OF MATERIALS:

See previous page.

ESTIMATED ERROR:

See previous page.

REFERENCES:

See previous page.
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; 1333-74-0 Crozier, T. E.; Yamamoto, S.
2. 8§ Water
ea nate J. Chem. Eng. Data 1974, 19,
242 - 244.
VARIABLES: PREPARED BY:
T/K: 274.60 - 303.49 . .
H, P/kPa: 101.325 (1 atm) Denis A. Wiesenburg
Salinity/°foe: 0 - 39.927
EXPERIMENTAL VALUES:
Salinity Temp/K Bunsen Salinity Temp/K Bunsen
Yoo Coefficient Yoo Coefficient
o o
39.927 279.68 0.01649 39,927 291.79 0.01519
279.68 0.01654 291.83 0.01517
279.68 0.01658 297.52 0.01469
279.69 0.01653 297.52 0.01466
285.63 0.01573 297.53 0.01465
285.63 0.01573 297.53 0.01467
285.63 0.01573 297.53 0.01471
285.63 0.01575 297.54 0.01466
285.63 0.01574 297.54 0.01461
285.63 0.01569 297.54 0.01466
285.65 0.01577 297.55 0.01465
285.65 0.01574 297.55 0.01470
285.66 0.01573 303.40 0.01446
285.68 0.01571 303.41 0.01431
291,73 0.01515 303.41 0.01441
291.75 0.01516 303.41 0.01449
291.75 0.01516 303.41 0.01439
291.76 0.01514 303.42 0.01432
291.76 0.01526 303.43 0.01444
291.79 0.01519 303.44 0.01434
291.79 0.01517 303.44 0.01440
291.79 0.01525 303.44 0.01431

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

See previous page.

SOURCE AND PURITY OF MATERIALS:

See previous page.

ESTIMATED ERROR:

See previous page.

REFERENCES ¢

See previous page.




24 Hydrogen Solubilities up to 200kPa
COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; Hz; 1333~74-0 Gordon, L. I.; Cohen, Y.;
2. Sea Water Standley, D. R.
Deep-Sea Res. 1977, 24, 937 - 941.
VARIABLES: PREPARED BY:
T/K: 272.80 - 302.41
Hy P/kPa: 101.325 (1 atm) Denis A. Wiesenburg
Salinity/%.: 0 - 39.096
EXPERIMENTAL VALUES:
Temp/K Salinity Bunsen Temp/K Salinity Bunsen
%o 0 Coefficient Yoo Coefficient
o x 103 o X 103
272,80 29.931 18.75 296.78 0.000 17.62
273.29 0.000 22.17 296.78 4.919 17.50
296.77 10.385 17.02
273.18 10.626 21.00
296.77 17.115 16.53
273.21 20.396 19.90 296.78 19.675 16.20
273.17 35.109 18.44 : : *
296.77 34.728 15.13
278.19 0.000 20.63 296.77 39.096 14.88
278.20 9.470 19.55
278.20 19.757 18.94 297.91 32.901 15.39
278.19 30.060 17.68 302.40 0.000 17.18
278.21 37.810 17.03 302.40 7.946 16.68
283.15 0.000 19.66 302.41 12.260 16.28
302.40 17.154 16.02
283.17 0.000 19.67
302.40 21.898 15.68
283.11 10.063 18.80
302.41 25.171 15.31
283.17 19.694 17.68
302.40 25.325 15.23
283.19 19.736 17.75
283.12  38.079 16.26 302.41  32.022 14.97
302.40 32.570 14.82
289.82 0.000 18.66 302.41 38.981 14.39
289.92 10.524 17.72
289.83 20.156 16.94
289,83 32,284 15.93
289.79 37.317 15.50
AUXILIARY INFORMATION
METHOD APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Solubility determinations were made 1. Hydrogen. Ultra-pure
using the methoq of Ben-Naim and electrolytically generated
Baer (1) as modified by Murray et al. hydrogen was used.
(2), with slight further modifica-
tions. Pure hydrogen which had been 2. Sea Water. Aged surface sea

saturated with sea water was placed
in contact with a known volume of sea
water in a thermostated dissolution
flask. The sea water was mechani-
cally stirred and the total gas
pressure was maintained at 1 atm,
using a gas manometer and a mercury
leveling bulb. Solubility was cal-
culated from the difference in buret
readings, before and after solubility
equilibrium had been maintained
(about 7 hours duration), and the
known volume of sea water.

water filtered and adjusted to
pPH < 3.2 with 4N HCl. Sea waters
of various salinities were made
by addition of distilled water
or by evaporation.

ESTIMATED ERROCR:

REFERENCES :
1. Ben-Naim, A.; Baer, S.

Trans. Faraday Soe. 1963,69, 2735.
Murray, C.N.; Riley, J.P.;
Wilson, T.R.S.

Deep-Sea Res. 1969,16, 297.
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CRITICAL EVALUATION:

An Evaluation of the Solubility of Hydrogen in Agueous
Electrolyte Solutions at a Hydrogen Partial
Pressure of 101.325 kPa.

Not enough workers have measured the solubility of hydrogen in any one
agueous electrolyte system over common ranges of concentration and
temperature to recommend solubility values. Most of the available
data are classed as tentative.

In order to have a common basis for comparison, the solubility data
have been converted to Sechenow salt effect parameters in the form

kcsa/dm3 mol-'l = (1/(c/mol dm—3))log(a°/a)

where ¢ is the electrolyte concentration in mol dm 3 and a°® and o are the
Bunsen coefficients in pure water and electrolyte solution, respectively.
The Ostwald coefficient ratio, L°/L, will give the same value, but the

salt effect parameter is symbolized, k L’ Both ratios are eguivalent to
a molar gas solubility ratio. sc

Other forms of the salt effect parameter will be found on the data sheets
that follow this discussion. They include

k_ o/kg mol™t = (1/(m/mol kg™1))log(s°/s)

kscx/dm3 mol™l = (1/(c/mol dm™3))log (x°/z)

K /K9 mol ™t = (1/(m/mol kg™ ))log(x°/z)

where m is the electrolyte molality, s°/s is the Kuenen coefficient ratio,
and x°/x is the mole fraction gas solubility ratio usually calculated with
respect to all ions in the solution. The Kuenen coefficient, s, is
referenced to 1l gof water whether it is for pure water or the electrolyte
solution. Thus the s°/s ratio is proportional to a gas molality ratio
m°/m. The density data reguired to convert the salt effect parameter

from one form to another were taken from the International Critical Tables,
McGraw-Hill, 1928, v. III.

The salt effect parameter is often assumed to be independent of electrolyte
concentration. Thigs is definitely not true of aqueous sulfuric acid
solutions. It is probably true only as an approximation for many other
solutions. There are indications through out the literature that the

salt effect parameter values are larger in dilute solutions than at higher
concentrations but there are no definitive studies on the point.

The effect of the electrolyte concentration on the salt effect parameter
was checked by one of two ways. A graph was prepared either of log(a®/a)

vs. ¢ or of ksca ve. c. A linear log(a®/a) vs. ¢ plot shows no concentra-
tion dependence to the salt effect parameter and the slope is kKeco®
A linear ksca vs. ¢ plot of zero slope

shows no concentration dependence to the salt effect parameter. The
second type of graph is more sensitive to small changes in ksca with

concentration than the first type.
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The solubility of hydrogen in water has usually been taken from the paper
under evaluation for the calculation of the salt effect parameter. The
reason for using the water solubility of the author, instead of the
recommended solubility of hydrogen in water, is that systematic errors in
a given authors work may cancel in the a°/a ratio.

The use of a salt effect parameter of the Sechenow type should not be
taken to mean that it is necessarily the best way to represent salt
effect results. It is used here as a convenient parameter for the
comparison of data from several sources.

Studies of the solubility of hydrogen in aqueous electrolyte solutions
appear in about fifteen papers. Some specific comments on several of
the papers follow.

Geffcken (1) measured the solubility of hydrogen in five aqueous systems
over an extended electrolyte range of concentration. His average value
of the Ostwald coefficient of hydrogen in water of 0.01926 at 298.15 K is
0.78 per cent higher than the recommended value. His salt effect
parameters usually show a small decrease in value as the electrolyte
concentration increases.

Morrison and Billett (4) measured the solubility of hydrogen at four
temperatures in four aqueous systems. Their values of the solubility
of hydrogen in water agree well with the recommended values. A weakness
of their work is that they report only the salt effect parameter, which
is based on a solubility measurement at Jjust one electrolyte concentra-
tion. They have reported what is equivalent to a molal gas solubility
ratio.

Bruhn, Gerlach, and Pawlek (7) measured the solubility of hydrogen in
eight aqueous systems at temperatures up to 523 K in a high pressure
apparatus. Their solubilities are given as Bunsen coefficients which

are treated here as 1f they apply at a hydrogen partial pressure of
101.325 kPa. They did not measure the solubility of hydrogen in water,
but they did their own evaluation of the solubility of hydrogen in water
from literature data. Their data table includes both the solubility,

o, and the corresponding ratio a/a®. From the a/0° values one can deduce
the solubility values of hydrogen in water used by them are

T/K 298.15 323.15 348.15 373.15
ae/em> cm™> atm™t 0.01744 0.01629 0.01637 0.01835
T/K 398.15 423.15 473.15 523.15
ac/em® em™ 3 atm”t 0.02031 0.02328 0.03149 0.04456

The salt effect parameters, ksca’ at the electrolyte concentrations of 0.5,

1.0, and 1.5 mol dm—3 were calculated directly from the inverse of the
a/a® ratio tabulated in the paper. The values, which scatter widely, do
not appear to show a correlation with either electrolyte concentration

or temperature. The tabulated values of ksca are average values of the

three values measured at the three electrolyte concentrations. Although
the data are classed as tentative they do not appear to be quite as
reliable as the data from most of the other papers. 1In general the salt
effect parameters calculated from the data in their paper are greater
than the values obtained by other workers. This is probably due in part
to the difficulties in making measurements at high pressure.

Deckwer (14) measured the solubility of hydrogen in aqueous manganese (II)
sulfate solution at several temperatures between 293.15 and 353.15 K. He
did not measure the solubility of hydrogen in water, but he took literature
values from the Seidell Linke Handbook. A more consistent set of salt
effect parameters was obtained when the recommended water solubility values
from this volume were used. They are the salt effect parameters presented.
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Shoor, Walker, and Gubbins (9) measured the solubility of hydrogen in
aqueous KOH solutions. They calculated their salt effect parameters from
the hydrogen mole fraction solubility ratio, «%/x. Their salt effect
pParameters were not converted from the kggy to the kg, form because (1)

reliable density data for aqueous KOH was not readily available, and (2)
the authors did not define whether their mole fraction values were based
on the KOH ion pairs or on the Xt and OH™ ions.

Hydrogen solubility measurements have been reported in over 20 agqueous
electrolyte systems. Each system is discussed briefly on the following
pages. Unless otherwise stated, the salt effect parameters are for a one
mole dm~3 solution at a hydrogen partial pressure of 101.325 kPa. Tentative
Yalues of the salt effect parameters are given as calculated from the var-
lous papers. The systems are given in the order of the standard arrangement
for electrolytes used in U.S. National Bureau of Standards publications.

l. Hydrogen + water + Hydrochloric acid [7647-01-0]

Geffcken (1) measured the solubility of hydrogen in aqueous hydrochloric
acid at nine concentrations up to 2.836 mol dm~3 at 298.15 K. The salt
effect parameter decreases with increasing HCl concentration

1

3 mo1™t = 0.0297 - 2.20 x 10‘4(c3/mol am™3)

kSC(!/cm

3

At 298.15 K and one mole dm ~ HCl the tentative value of kgoq 1S 0.0295.

ca

2. Hydrogen + water + Sulfuric acid [7664-93-9]

Although the solubility of hydrogen in aqueous sulfuric acid has been
measured in four laboratories, no two laboratories report data at a common
temperature. Christoff (2) measured the solubility at 293.15 K and three
concentrations between 35.8 and 95.6 weight per cent sulfuric acid. There
is not enough data to identify the acid concentration of minimum hydrogen
solubility, but it is probably near 80 weight percent. Salt effect
parameters of 0.0729 and 0.0490 were calculated from the Christoff data

at 4.63 and 9.53 mol dm~3 H,804. Assuming a linear change of ksca with
concentration gives

1 3

3 -1 _ - -3 -
ksca/dm mol = 0.0955 4.88 x 10 c3/mol dm

Geffcken (1) measured the solubility at 298.15 K at eleven sulfuric acid
concentrations up to 2 mol dm~3. The salt effect parameter decreases
with increasing acid concentration

4 3

1

3. -1 _ - - .
kgoq/dm” mol™™ = 0.0718 - 7.16 x 107 "cy/mol d&m

Ruetschi and Amlie (8) measured the solubility of hydrogen at ten concen-
trations up to 7.6 mol dm=3 sulfuric acid. The salt effect parameter
decreases with increasing acid concentration

1 3

3 -1 _ _ -3 -
ksca/dm mol = 0.0932 6.68 x 10 c3/mol dm

The data of Christoff and of Ruetschi and Amlie roughly parallel each
other as a function of concentration, but the data of Christoff is too
limited for the agreement to be meaningful.

Bruhn, Gerlach and Pawlek (7) measured the solubility of hydrogen at
sulfuric acid concentrations of 0.5, 1.0, and 1.5 mol dm~3 at five
temperatures between 323.15 and 523.15 K. As discussed earlier in the
section their salt effect parameter values show considerable scatter and
poor correlation with both acid concentration and temperature. The
average of their ksca values at each temperature show little change with
temperature.
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Tentative values of the salt effect parameters at a sulfuric acid concen-
tration of one mole dm~3 from the four papers are:

T/K 293.15 298.15 303.15 323.15
ksca/de mol”t 0.0906 0.0711 0.0865 0.075
ot - - - 0.014
T/K 373.15 423.15 473.15 523.15
K, go/dn’ mol™h 0.074 0.080 0.074 0.074
ot 0.023 0.001 0.003 0.026

3. Hydrogen + water + Nitric acid [7697-37-2]

Geffcken (2) made ten measurements of the hydrogen solubility at 298.15 K
up to a concentration of 4.23 mol dm=3 nitric acid. The salt effect
parameters show some scatter but there is a tendency to a decrease in the
parameters as the acid concentration increases.

3 -1 _ _ -4 -3
ksca/dm mol = 0.0220 5.3 x 10 c3/mol dm

The tentative value of the salt effect parameter at 298.15 K and one mol
dm=-3 nitric acid is 0.0215 dm3 mol~l.

4. Hydrogen + water + Ammonium hydroxide [1336-21-6]

Bruhn, Gerlach, and Pawlek (7) measured the solubility of hydrogen in
aqueous solutions of ammonium hydroxide at concentrations of 2.87, 3.63,
and 8.28 mol dm~3 at temperatures up to 423 K. Ammonium hydroxide shows
only a small salt effect. There is no discernable trend with either
concentration or temperature. The tentative values are the average of
the three salt effect parameters at each temperature.

T/K 298.15 323.15 348.15 373.15 423.15
ksca/dm3 mol—l 0.0043 0.0064 0.0025 0.0040 0.0042
d 0.0016 0.0012 0.0015 0.0012 0.0014

5. Hydrogen + water + Ammonium chloride [12125-02-9]

Gerecke and Bittrich (12) measured the solubility of hydrogen in several
ammonium chloride solutions at temperatures of 288.15 and 323.15 K.

They cite a salt effect parameter value at 298.15 K from the thesis of
Gerecke (10). The hydrogen solubility is reported as a Kuenen coefficient
and the salt concentration is reported as molality (mol kg-1l). Their

salt effect parameter, ksms’ was converted to a ksca value. The tentative

values for a one mol dm~3 solution are

T/K 288.15 298.15 323.15
-1
ksms/kg mol 0.055 0.057 0.044
k /dm3 xnol—1 0.057 0.059 0.046
sca

6. Hydrogen + water + Ammonium sulfate ([7783-20-2]

Bruhn, Gerlach, and Pawlek (7) measured the solubility of hgdrogen in
agueous ammonium sulfate at 0.25, 0.75, 1.5 and 3.0 mol dm™> at tempera-

tures up to 523 K. The individual kscu values show considerable scatter,

The four values at each temperature were averaged for the tentative salt
effect parameter values. They are

! standard deviation
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T/K 298.15 323.15 373.15 423.15 473.15 523.15
ksca/dm3 molm1 0.148 0.145 0.152 0.140 0.156 0.151
c 0.022 0.046 0.025 0.024 -= --

7. Hydrogen + water + Ammonium nitrate [6684-52-2]

Knopp (15) made measurements on this system for six different concentrations
at 293,15K. The;results show some scatter. The tentative value of ksc

is 0.033 dm3 mol o

8. Hydrogen + water + Zinc sulfate [7732-02-0]

$teiner (16) made measurements on this system for four different concentrat-
ions at temperatures near 288K and "adjusted" values to 288.2K. The
tentative ' value of ks o is 0.237 dm” mol™* at a salt concentration of 1 mol
ém3, There appears £8 be a slight decrease of k with increasing
concentration.
9. Hydrogen + water + Copper (II) sulfate [7758-98-7]

sca

Bruhn, Gerlach, and Pawlek (7) measured the solubility of hydrogen in
agueous copper sulfate of 0.5, 1.0, and 1.5 mol dm~3 and temperatures up
to 398,15 K. There is no definite trend in the salt effect parameter
with either copper sulfate concentration or temperature. The three
values of ksca at each temperature were averaged to give the tentative

salt effect parameters below.

T/K 208.15 323.15 348.15 373.15 398.15
ksca/dm3 mo1™t 0.169 0.170 0.156 0.158 0.176
o 0.021 0.037 0.015 0.023 0.018

10. Hydrogen + water + Nickel sulfate [7786-81-4]

Bruhn, Gerlach, and Pawlek (7) measured the solubility of hydrogen in
agueous nickel sulfate at 0.5, 1.0, and 1.5 mol dm~3 and temperatures up
to 398.15 K. There is no definite trend in the salt effect parameter
with either nickel sulfate concentration or temperature. The three values

of ksca at each temperature were averaged to obtain the tentative salt

effect parameters below.

T/K 298.15 323.15 348.15 373.15 398.15
kscu/de mo1™t 0.174 0.184 0.164 0.177 0.173
o 0.021 0.036 0.018 0.033 0.015

11. Hydrogen + water + Cobalt (II) sulfate [10124-43-3]

Bruhn, Gerlach, and Pawlek (7) measured the solubility of hydrogen in
aqueous cobalt sulfate at 0.5, 1.0, and 1.5 mol dm~3 and temperatures up
to 398.15 K. There is no definite trend in the salt effect parameter
with either cobalt sulfate concentration or temperature. The three

values of ksca at each temperature were averaged to obtain the tentative

salt effect parameters below.

T/K 298.15 323.15 348.15 373.15 398.15
ksca/dm3 mo1™1 0.157 0.156 0.157 0.159 0.155
o 0.019 0.036 0.006 0.012 0.027

12. Hydrogen + water + Hydrate iron (III) oxide [12259-21-1]

The data of Shkol'nikova (6) are classed as tentative. She made no
solubility measurements in pure water. HNo salt effect parameters were
calculated for the colloidal solutions.
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13, Hydrogen + water + Manganese (II) sulfate [7785-87-7]

Deckwer (14) measured the solubility of hydrogen in aqueous manganese (II)
sulfate up to a concentration of 3.5 mol dm~3 at six temperatures between
293.15 and 353.15 K. He did not measure the solubility of hydrogen in
water. The salt effect parameters were calculated using the recommended
hydrogen in water values of this volume, rather than the literature
values picked by Deckwer.

The salt effect parameters appear to be a function of the electrolyte
concentration at each temperature. An equation for the salt effect '
parameter as a linear function of the lManganese (II) sulfate concentration

and the ksca values at concentrations of one and three mol dm-3 are given
kelow.
T/K ksca =a+b C3 - ksca I
1 mol dm 3 mol dm

293.15 0.111 + 0.037 C3 0.148 0.222
303.15 0.133 + 0.025 C3 0.158 0.208
313.15 0.155 + 0.013 C3 0.168 0.194
323.15 0.154 + 0.010 C3 0.164 0.184
333.15 0.175 + 0.003 C3 0.178 0.184
353.15 0.160 + 0.007 C3 0.167 0.181

14. Hydrogen + water + Hydrated aluminum oxide [1333-84-6]

The data of Shkol'nikova (6) are classed as tentative. She made no pure
water hydrogen solubility measurements. No salt effect parameters were
calculated for the colloidal solutions.

15. Hydrogen + water + Aluminium Chloride [7446~70-0}

This system has been studied by Steiner (16) at four different salt
concentrations at temperatures near 288K. Values "adjusted” to 288.2K
were reported and give a tentative value of kgoa ©f 0.197 dm3 mol-1l at

a salt concentration of 1 mol dm-—3. There appears to be a slight decrease
of kgca with increasing concentration.

16. Hydrogen + water + Lanthanum chloride [10099-58-8]

Morrison and Billett (4) measured the solubility of hydrogen in 0.333
mol kg-1l LaCly at four temperatures. Their salt effect parameter, k

1]
was recalculated as a k value at 1 mol dm~3. The values are sms

classed as tentative., =~c%

T/K 285.75 303.15 322.55 344.85
kg /kg mol”t 0.237 0.234 0.228 0.225
K py/dm> mo1”t 0.240 0.247 0.252 0.265

17. Hydrogen + water + Uranyl sulfate [1314-64-3]

Stephan, Hatfield, Peoples and Pray (5) measured the solubility of
hydrogen in aqueous uranyl sulfate of 40, 100, and 243 g dm~3 uranium at
temperatures of 373.15, 408.15, and 435.93 K. Salt effect parameters
were not calculated. The data are classed as tentative.
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18. Hydrogen + water + Magnesium sulfate [7487-88-9]

This system has also been studied by Steiner (16) at four different salt
concentrations at temperatures near 288K. vValues "adjusted" to 288.2K
were reported and give a tentative value of kggy Of 0.233 dm3 mol-l at

a salt concentration of 1 mol dm—3, There appears to be a slight increase
of kKgeoq With increasing concentration.

19. Hydrogen + water + Calcium chloride [10043~52-4]

This system has been studied by Steiner (16) at six different salt
concentrations at temperatures near 288K. Values "adjusted" to 288.2K
were reported and give a tentative value of kg, ©f 0.194 dm3 mol-l at a
salt concentration of 1 mol dm~3. The salt eg%ect parameters show some
Scatter but there is a tendency to a decrease in kgoy as the salt concen-
tration increases:

1

3 -1 _ _ -3 -3
ksca/dm mol = 0.1976 3.2 x 10 c3/mol dm

where cy is the salt concentration.

20. Hydrogen + water + Barium chloride [10361-37-2]

This system has been investigated by Braun (17). The salt effect
parameters are as below at a concentration of 70g/kg {solution). The
values calculated from Braun's data decrease with an increase in concen-
tration. The Bunsen coefficients at the lowest temperature are thought
to be considerably in error but the salting out parameters are probably
more reliable, however the data are classified as doubtful.

T/K 278.2 283.2 288.2 293.2 298.2
ksca/dm3 mol~!? 0.245 0.229 0.224 0.223 0.225

21, Hydrogen + water + Lithium chloride [7447-41-8]

Morrison and Billett (4) measured the solubility of hydrogen in one mol
kg~l 1lithium chloride at four temperatures. Gerecke and Bittrich (12)
and Gerecke (10) reported salt effect parameters at 288.15 and 298.15 K
respectively. All of the salt effect parameters were converted to k

values which are classed as tentative. The values for one mol sco
dm~~ solutions are: )

T/K 285.75 288.15 298.15 303.15 322.55 344.85
ksca/dm3 molm1 0.074 0.070 0.073 0.076 0.076 0.075
3

Steiners data (16) for this system give a value of ksca of 0.078 mol dm ~.

22. Hydrogen + water + Sodium hydroxide [1310-73-2]

Geffcken (1) and Bruhn, Gexlach, and Pawlek (7) measured the solubility
of hydrogen in aqueous sodium hydroxide. Geffcken made measurements at
ten NaOH concentrations up to 4.687 mol dm~3 at 298.15 K. Bruhn et al.
made measurements at 0.5, 1.0, and 1.5 mol ém=3 NaOH up to a temperatgre
of 523 K. The salt effect parameter calculated from Geffcken's data is
about 30 per cent lower than the values of Bruhn et al. at the higher
temperatures.

The tentative salt effect parameters for a NaOH concentration of one mol
dm=3 are

T/K 298.15 323.15 373.15 423.15 473.15 523.15
ksca/dm3 molml 0.137 0.181 0.190 0.179 ) 0.173 0.189
g 0.006 0.013 0.028 0.045 0.005 0.009

HAD « D
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23. Hydrogen + water + Sodium chloride [7647-14-5]

The solubility of hydrogen in aqueous sodium chloride was measured by
Morrison and Billett (4) at four temperatures, by Gerecke and Bittrich
(12) at two temperatures, by Gerecke (10) at one temperature, and by
Crozier and Yamamoto (13) at five temperatures.

All measurements were converted to salt effect parameters, k Morrison

sca
and Billett's measured the hydrogen solubility at one mol kg-l NacCl, _
while Crozier and Yamamoto made measurements at 0.1895 and 0.4815 mol kg
NaCl. Gerecke and Bittrich made measurements over a range of 0.50 to
4.30 mol kg~l Nacl. Both Morrison and Billett and Gerecke and Bittrich
reported leog (S°/S) values and not the original solubility data. 1In the
Morrison and Billett paper the ratio, $°/S, was identified as the hydrogen
solubility ratio per kg of water. Gerecke and Bittrich identified the
S°/S ratio as a ratio of Kuenen coefficients, which was taken to mean the
solubility of hydrogen per g of water in both pure water and solution.
Conversions to k values were made consistent with the authors
definitions. sca

1

The salt effect parameters scatter, but there is a general trend of a
decrease of salt effect parameter magnitude as the temperature increases.
A linear regression, over the 273-345 I temperature interval gave

1

3 -1 _ _ -4
ksca/dm mol = 0.2256 4.09 x 10

T/K

The salt effect parameters calculated from the papers and the smoothed
values are given below. The smoothed values have an uncertainty of about
10 per cent.

T/K Braun Morrison, Gerecke Gereqke, Crozier, Steiner z;i;:
Billett Bittrich Yamamoto Equation
274.04 0.127! 0.113
278.2 0.103 0.111
283.2 0.095 0.109
283.97 0.1012 0.109
285.75 0.107 0.109
288.15 0.093 0.107 0.106 0.108
289.55 0.115! 0.107
293.2  0.090 0.105
295.34 0.1062 0.105
298.15 0.096 0.106 0.103
301.50 0.088, 0.091? 0.102
303.15 0.103 0.102
322,55 0.099 0.094
323.15 0.100 0.093
344.85 0.088 0.085

measurements at ca. 0.2 mol dm™?

measurements at ca. 0.5 mol dm™?®

The Bunsen coefficient data of Braun at the lowest temperatures are
thought to be considerably in error but the salting and parameters are
probably more reliable. The values quoted in the table are for a
concentration of 1 mol dm™3. Braun's data gives larger values for more
dilute solution and are classified as doubtful.

24. Hydrogen + water + Sodium sulfate [7757-82-6]

This system has been studied by Steiner (16) at three different concentra-

tions. The average value of k_ . is 0.279 dm?® mol~?! at 288.2 K.
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25, Hydrogen + water + Sulfuric acid [7664~-93-9]
+ Sodium sulfate [7757-82-6]

Kobg and Kenton (3) made two measurements of the solubility of hydrogen in
a mixture that was 1.76 mol kg~! Na,SO, and 0.90 mol kg~! H,SO,. Using
the sum of the component molalities gives the salt effect parameter,

ksma = 0,157. The value indicates the Na,SO, contributes more to the

§a1ting out effect than does the H,SO4. The value appears reasonable and
1s classed as tentative.

26. Hydrogen + water + Sodium nitrite [7632-00-0]

Longo, Delivoria~Papadopoulas, Power, Hill, and Forster (1l) measured the
solubility of hydrogen in water and in 0.14 mol dm™® NaNO,. The salt
effect parameter calculated from their data is ksca 0.154 at 298.15 K.

The value is greater than for other 1l-1 electrolytes. It is classed as
tentative.

27. Hydrogen + water + Sodium nitrate [7631-99~4]

Gerecke (10) measured the solubility of hydrogen in aqueous NaNOj. He
reported one value of the salt effect parameter, kgmg, of 0.081l at 298.15 X.

This was converted to a salt effect parameter value, ksca’ of 0.098.
The value is classed as tentative.

This system has also been studied by Steiner (16) at five concentrations at
temperatures near 288 K. Values "adjusted" to 288.2 K were reported and

give a tentative value of kg, OFf 0-0986 dm® mol~! at a salt concentration

of 1 mol dm™3. The salt effect parameters show some scatter but there is
a tendency to a decrease in ksca as the salt concentration increases

ksca/dm3 mol~! = 0.1007 - 2.1 x 10~* ¢3/mol dm™?

where c; is the salt concentration.
The data of Knopp (15) give salt effect parameters, ksca which scatter
considerably with an average value of 0.094 dm® mol™! at 293.15 K.

28. Hydrogen + water + Sodium carbonate {497-19-8]

Steiner (16) studied this system at four concentrations at temperatures
hear 288 K. Values "adjusted" to 288.2 K were reported and give a
tentative value of ksca of 0.294 dm® mol-!.

29. Hydrogen + water + Potassium hydroxide [1310-58-3]

The solubility of hydrogen in aqueous potassium hydroxide was measured by
Geffcken (1), Knaster and Apel'baum (15), Bruhn, Gerlach, and Pawlek (7),
Ruetschi and Amlie (8), and Shoor, Walker, and Gubbins (9).

The authors' results were converted to a Sechenow salt effect parameter of
the form ksca = (1/c3) log{a®/a), except for the results of Shoor, Walker,

and Gubbins which were left in the original form of kscx = (1/c)log(x°/x).
The value of ksca was taken as the slope of a linear regression of
log(a®/a) ve. c;, except for the data of Bruhn et al. for which Keco
Values were averaged.
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The results are given in the table below.

T/K Geffcken Kaster, Bruhn, Reutschi, Shoor,
Apel 'baum Gerlach, Anlie Walker,
Pawlek Gubbins

294.15 0.123

298.15 0.137! 0.127°

303.15 0.133

313.15 0.130°%

318.15 0.132

323.15 0.1692

333.15 0.129°

348.15 0.137

353.15 0.128°

373.15 0.1562 0.127°

423.15 0.1642

473.15 0.1512

" Average of four values at KOH concentrations between 0.715 and 1.480
mol dm~3. Standard deviation 0.002.

? Average of three values at KOH concentrations 0.5, 1.0, and 1.5 mol am”
The standard deviations are 0.025, 0.024, 0.024 and 0.015 from top

3

to bottom.
! The salt effect parameters are given as kscx values. Conversion to
ksca values will make them smaller by about 0.01.

30, Hydrogen + water + Potassium chloride [7747-40-7]

Gerecke and Bittrich (12) measured the solubility of hydrogen at two
concentrations of potassium chloride at 288.15 K. They quote a salt
effect parameter of Gerecke (10) at 298.15. They worked with electrolyte
molality and gas Kuenen coefficients. Their values are classed as tenta-

tive. Values of both ksms and ksca are given.
T/K 288.15 298.15
-1
ksms/kg mol 0.085 0.078

1

3 -
ksca/dm mol 0.100 0.094

Steiner (16) also studied this system and the salt effect parameter k
at 288.2K is given by sc

Kgoo/dm mo1™1 = 0.1016 - 0.00295 x cy/mol dm

o
3

where C3 is the concentration of the salt.

Knopp's data (15) yield salt effect parameters which show no concentration
dependence. The average value of ksca is 0.096 mol=l gm3,

31. Hydrogen + water + Potassium iodide [7681-11-0])

The solubility of hydrogen in agueous potassium iodide was measured at
four temperatures by Morrison and Billett (4) and at one temperature by

Gerecke (10). Their values of kSms were converted to ksca values. The

salt effect parameters in both forms are given below.

T/K 285.75 298.15 303.15 322.55 344.85

ksms/kg mol—l 0.088 0.083 0.081 0.066 0.043

1

ksca/dm3 mol” 0.113 0.110 0.108 0.097 0.07&
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32. Hydrogen + water + Potassium nitrate {7757-79-1]

This system has been studied by Steiner (16), Gerecke (10) and Knopp (15).
Values of the salt effect parameter derived from Knopp's data at 293.15K
show considerable variation but no_clear correlation with concentration
the average value is 0.07 mol-l dm3, Steiner's data give values of k
which decrease with increasing concentration but show considerable

scatter. The value of ksca/mol“l dm3 are given below

sScCo

- 3
ksca/mOl 1 dm 0.1012 0.1121 0.0853 0.0864 0.0835
3

Conc, of salt /mol dm

Gerecke (10) reports a salt effect parameter for aqueous potassium nitrate
at 298.15 K., The value is classed as tentative. It is 0.061 as ksm

and
0.083 as ksca'

0.482 0.879 1.541 1.820 2.430
s

33. Hydrogen + water + Potassium carbonate [584-08-7]

This system has been studied by Steiner (16) at seven different salt
Concentrations at temperatures near 288K. Values "adjusted" to 288,2K
were reported and give a tentative value of kggy ©f 0.290 mol=1l dm3 at

a salt concentration of 1 mol dm->. Their values decrease slightly with
increasing concentration.
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COMPONENTS :
1. Hydrogen; H,; [1333-74-0]

2, Water; H,0; [7732-18-5]

3. Hydrochloric acid; HC1;

ORIGINAL MEASUREMENTS:
Geffcken, G.Z. Phys.Chem,

1904,49,257-302

[7647-01-0]
VARIABLES: PREPARED BY:
Concentration C.L, Young
EXPERIMENTAL VALUES:
T/K Conc of acid/mol dm?® (soln) Ostwald coefficient, L
298,15 0.426 0.01875
0.432 0.01868
1.063 0.01789
1.062 0.01732
1.802 0.01699
1.928 0.01688
2.338 0.01652
2,438 0.01627
2.836 0.01606

AUXILIARY INFORMATION

METHOD /APPARATUS/PROCEDURE:

Volumetric method using simple
adsorption pipet and buret.
Diagram and detailed description
given in original paper.

SOURCE AND PURITY OF MATERIALS:

1. Prepared by the action of dilute
hydrochloric acid on aluminium
in the presence of mercury
chloride. Washed in potassium
hydroxide solution and potassium
permanganate solution. Dried.

2. Degassed.

ESTIMATED ERROR:

ST/K = +0.1; 8L = 1%,
(estimated by compiler).

REFERENCES :
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COMPONENTS :

1. Hydrogen; H;; [1333-74-0]

2. Water; H,0; [7732-18-5]

ORIGINAL MEASUREMENTS:
Geffcken, G. Z. Phys. Chemn.

1904,49,257-302

|

3. Sulfuric acid; H,80,; [7664-93-9]

VARIABLES: PREPARED BY:

Concentration C.L. Young

EXPERIMENTAL VALUES:

T/K Conc of acid/mol dm?® (soln) Ostwald coefficient,rl
298.15 0.2635 0.01869
0.2344 0.01838
0.4925 0.01780
0.5610 0.01768
0.9330 0.01642
0.9525 0.01632
1.3025 0.01575
1.5225 0.01496
1.5870 0.01456
1.9810 0.01422
1.9945 0.01402
AUXILIARY INFORMATION

given in original paper.

METHOD /APPARATUS/PROCEDURE:

Volumetric method using simple
adsorption pipet and buret.
Diagram and detailed description

SOURCE AND PURITY OF MATERIALS:

1. Prepared by the action of dilute
hydrochloric acid on aluminium
in the presence of mercury
chloride, Washed in potassium
hydroxide solution and pctassium
permanganate solution. Dried.

2. Degassed.

ESTIMATED ERROR:

§T/K = x0.1; 6L= *1%
(estimated by compiler).

REFERENCES :
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COMPONENTS :

(1) Hydrogen; Hy; [1333-74-01

ORIGINAL MEASUREMENTS:

Christoff, A.

(2) Water; H20; [7732-18-5] Z. Physik. Chem. 1906, 55, 622-634.
(3) Sulfuric acid; H,S04;
[7664-93-9]
VARIABLES : PREPARED BY:
T/K: 293.15 ]
P: Atmospheric M. E. Derrick
H,S0,/wt %: 0 - 95.6 H. L. Clever
EXPERIMENTAL VALUES:
T/K  HS04/wt 8 my _go, /mol kg™l  oOstwald
2574 Coefficient
L x 10
293.15 0.0 0.0 2.077
35.82 5.690 0.9544
61.62 16.37 0.7081
95.6 222. 1.097
AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The apparatus was an Ostwald type (1)
with a lead capillary tube through
which the gas flows to the absorption
flask, the gas buret, and the gaso-
meter.,

The solvent was degassed by boiling
under reflux. The author estimates
a one per cent change in the acid
concentration due to the degassing
procedure. The absorption flask was
filled with solvent, the gas was
introduced, and the system shaken
until equilibrium was reached.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Prepared from the
reaction of zinc and dilute
sulfuric acid.

(2) Distilled.

(3)

Water.

Sulfuric acid. Merck (Darmstadt).
Specific gravity 1.271, 1.523,
and 1.839 for 35.82, 61.62, and
95.6 wt per cent, respectively.

ESTIMATED ERROR:

§T/K 0.02 for acid
0.5 for gas
Barometric fluctuation stated to be

negligible.

nu

REFERENCES:

1. Ostwald, W.
Lehrbuch der allgem.
(2 Aufl.), 1, 615.

Chemie
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; Ha; [1333-74-0] Bruhn, G.; Gerlach, J.; Pawlek, F.
2, Water; H,0; [7732-18-5] Zeit. Anorg. Allg. Chem.
3. Sulfuric acid; H;S04;([7664-93-9] 1965, 337, 68-79
VARIABLES: PREPARED BY:
Temperature, concentration C.L. Young

EXPERIMENTAL VALUES:

T/K Conc of acid/mol 1!

Bunsen coefficient,a

323.15

373.15

423.15

473.15

. .

523.15

HO HO HHO HIHO HHO

ol oul LoV Loyl LMo W

0.01521
0.01348
0.01220

0.01733
0.01475
0.01398

0.02125
0.01935
0.01770

0.02900
0.02645

0.04180
0.03600

AUXILIARY INFORMATION

METHOD /APPARATUS/PROCEDURE :

Static equilibrium cell. Similar
to that described by Pray and
Stephan (l). Composition of
liquid determined by stripping
solution of gas and estimating
volumetrically.

SOURCE AND PURITY OF MATERIALS:

No details given,

ESTIMATED ERROR:

§T/K = 22; 8a = +2%.
(estimated by compiler)

REFERENCES :
l. Pray, H.A.; Stephan, E.L.
Battelle Memorial Institute
Report BMI-840, 1953.
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COMPONENTS :
(1)
(2)
(3)

Hydrogen; H,; [1333-74-0]
Water; H,0; [7732-18-5]

Sulfuric acid; H,50,;

ORIGINAL MEASUREMENTS:

Ruetschi, P.; Amlie, R. F.

J. Phys. Chem. 1966, 70, 718 - 723.

[7664~93-9]
VARIABLES : PREPARED BY:
T/K: 303.15
Hjy P/kga: 101.325 (1 atm) H. L. Clever
Hy804/eq dm™ "¢ 0 - 15.2
EXPERIMENTAL VALUES:
Temperature Normality Molarity Solubility o1
€%H,50 c log 89/s (1l/c)log s/s
£0c  a/x 2S04 THaS04/ 13 (srp) a3
mol dm mol dm
30 303.15 0.0 0.0 17.03
16.90
17.10
16.93
16.99 £ 0.08 Av., - -
0.0011 0.00055 17.09 0 0
0.100 0.050 16.66 0.0083 0.166
0.502 0.251 16.15 0.0221 0.088
1.02 0.51 15.17 0.0495 0.097
3.04 1.52 12.76 0.1243 0.082
5.05 2,525 10.83 0.195 0.077
6.95 3.475 10.01 0.230 0.066
, 9,67 4.835 8.87 0.283 0.059
12.4 6.2 8.11 0.322 0.052
15.2 7.6 7.68 0.345 0.045

1 s ~3
The ¢ is the molar ¢, CHZSO4/m°l dm™2,

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

They used the apparatus of Ben-Naim
and Baer (l). A calibrated dissolu-
tion vessel contains degassed water.
Gas is introduced wet from a cali-
brated gas buret system. Stirring
the liquid forces it up sidearms
attached to the top of the flask and
the liquid returns via a central
tube. The amount of gas dissolved
is determined via the gas burets.

The gas burets and dissolution ves-
sel are thermostated in a water bath.
The original paper contains a diagram
and a description of operation.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Matheson Prepurified
grade (99.5% min purity).

No comment by author.

(2) Water.

(3)

Sulfuric acid.
Reagent grade.

Source not given.

ESTIMATED ERROR:

REFERENCES:
l. Ben-Naim, A.; Baer, S.
Trans. Faraday Soc. 1963, 59,

2735.
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ORIGINAL MEASUREMENTS:
Geffcken, G.Z. Phys.Chem.

1904,49,257-302

COMPONENTS :
1. Hydrogen; H,; [1333-74-0]
2. Water; H,0; [7732-18-5]
3. Nitric acid; HNO;; [7697-37-2]
VARIABLES:
Concentration

PREPARED BY:
C.L. Young

EXPERIMENTAL VALUES:

T/K Conc of acid/mol dm® (soln) Ostwald Coefficient,rl

298,15 0.741 0.01851
0.753 0.01868
1.22 0.01812
1.45 0.01782
2.09 0.01739
2.96 0.01690
3.18 0.01667
3.22 0.01633
4,13 0.01611
4,23 0.01589

AUXILIARY INFORMATION

METHOD /APPARATUS/PROCEDURE:

Volumetric method using simple
adsorption pipet and buret.
Diagram and detailed description
given in original paper.

SOURCE AND PURITY OF MATERIALS:

1. Prepared by the action of dilute
hydrochloric acid on aluminium
in the presence of mercury
chloride. Washed in potassium
hydroxide solution and potassium
permanganate solution. Dried.

2, Degassed.

ESTIMATED ERROR:

§T/K = x0.1; 8L = 1%,
(estimated by compiler.)

REFERENCES :
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COMPONENTS ¢

1. Hydrogen, H;; [1333-74-01

ORIGINAL MEASUREMENTS:
Bruhn, G.; Gerlach, J.; Pawlek, F.

Zeit. Anorg. Allg. Chem,

2. Water, H;0; [7732-18-5]
3. Ammonium hydroxide; NH,OH; 1965, 337,68-79.
[1336-21-6]
VARIABLES: PREPARED BY:
Temperature, concentration C.L. Young

EXPERIMENTAL VALUES:

T/K Conc of salt/mol 1-! Bunsen coefficient, o
298.15 2.87 0.01745
5.63 0.01659
8.28 0.01603
323.15 2.87 0.01571
5.63 0.01473
8.28 0.01460
348.15 2.87 0.01629
5.63 0.01569
8.28 0.01530
373.15 2.87 0.01791
5.63 0.01762
8.28 0.01656
423,15 2.87 0.02285
5.63 0.02175
8,28 0.02140

AUXILIARY INFORMATION

METHOD /APPARATUS/PROCEDURE:

Static equilibrium cell.

Similar to that described by

Pray and Stephan (1) Composition
of liquid determined by stripping
solution of gas and estimating
volumetrically.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

§T/K +2; Soa=+2%,
(estimated by compiler).

REFERENCES:

1. Pray, H.A.; Stephan, E.J.
Battelle Memorial Institute

Report BMI-840, 1953.
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hz; {1333-74-0] Gerecke, J.; Bittrich, H. J.
(2) water; H,0; [7732-18-5] Wiss. 2. Tech. Hocsch. Chem. "Carl

2
(3) Ammonium chloride; NH

[12125-02-9]

Schorlemmer"” Leuna-Merseburg 1971,
115 - 122, 313 - 231.

Chem. Abstr. 1972, 76, 77239, 77,
66741.

4Cl;

VARIABLES: PREPARED BY:
T/K: 288, 323

P/kPa: 101.325 (1 atm) H. L. Clever
Mgy o1/m0l kg™l: 0.50 - 5.00
4

EXPERIMENTAL VALUES:

-1 o
T/K mNH4Cl/m°l kg log (5°/8)
288 0.50 0.029
1.00 0.058
2.00 0.112
5.00 0.262
323 0.50 0.021
1.00 0.045
2.00 0.093
5.00 0.213

Values were taken from a graph in the
paper by the compiler.

The solubility ratio, S°/S, is a ratio
of Kuenen coefficients.

The authors value of the solubility of
hydrogen in water at 298.15 K and one
atm partial pressure is a Bunsen
coefficient of 0.0177.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The hydrogen solubilities appear to (1) Hydrogen.
have been determined by the method
of Morrison and Billett (1). (2) Water.
(3) Ammonium chloride.

No information on the materials.

ESTIMATED ERROR:

§log (s°/s) = +0.003 from graph.

REFERENCES;

1. Morrison, T. J.; Billett, F.
J. Chem. Soe. 1948, 2033.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hy; [1333-74-0] Gerecke, J.
Dissertation (Dr. rer. nat.) 1969
(2) Water; Hy0; [7732-18-5] THC "Carl Schorlemmer"
Leuna-Merseburg, DDR
(3) Electrolyte
VARIABLES: PREPARED BY:
T/K: 298.15
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K ks = (1/m) log (8°/S)
Ammonium chloride; NH4Cl; [12125-02-9]
298.15 0.055
Lithium chloride; LiCl; [7447-41-8]
298.15 0.062
Sodium chloride; NaCl; [7647-14-5]
298.15 0.095
Potassium chloride; KCl; [7447-40-7]
298.15 0.078
Potassium iodide; KI; [7681~11-0]
298.15 0.083
Sodium nitrate; NaNO3; [7631-99-4]
298.15 0.081
Potassium nitrate; KNO3; [7757-79-1]
298.15 0.061
AUXILIARY INFORMATION
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The values above were quoted in a No information on the source and
paper by Gerecke and Bittrich (1). purity of materials.
The solubility ratio, S°/S, is ratio
of Kuenen coefficients. The salt
concentration is m/mol kg~
ESTIMATED ERROR:
REFERENCES :
1. Gerecke, J.; Bittrich, H.-J.
Wiss. Z. Tech. Hochseh. Chem.
"Carl Sehorlemmer" Leuna-
Merseburg 1971, 13, 313 - 321.
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COMPONENTS ¢
1. Hydrogen; H,; [1333-74-0]
2. Water; H,0; [7732-18-5]

ORIGINAL MEASUREMENTS:
Bruhn, G.; Gerlach, J.; Pawlek, F.

Zett., Anorg., Allg. Chem,

3+ Ammonium sulfate; (NH4) 2SO0, ; 1965, 337, 68-79.
[7783-20-2]
VARIABLES: PREPARED BY:
Temperature, concentration C.L. Young
EXPERIMENTAL VALUES:
T/K Conc of salt/mol 1-! Bunsen coefficient, o

298.15 0.25
0.75
1.5
3.0
323.15 0.25
0.75
1.5
3.0
373.15 0.25
0.75
1.5
3.0
423.15 0.25
0.75
1.5
3.0
473.15 1.5
3.0
523.15 1.5
3.0

0.01638
0.01358
0.00953
0.00766

0.01540
0.01191
0.00854
0.00747

0.01657
0.01449
0.01029
0.00759

0.02175
0.01798
0.01300
0.01030

0.01703
0.01250

0.02305
0.02055

AUXILIARY INFORMATION

METHOD /APPARATUS/PROCEDURE:

Static equilibrium cell. Similar
to that described by Pray and
Stephan (1). Composition of
liquid determined by stripping
solution of gas and estimating
volumetrically.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:
ST/K = +2; Sa = *2%,
(estimated by compiler)

REFERENCES :

l. Pray, H.A.; Stephan, E.L.
Battelle Memorial Institute
Report BMI-840, 1953.
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Knopp, W.
2, Watér; H,0; [7732-18-5]
3. Anmonium nitrate; NH,NOj; Z. Phys. Chenm.
[6484-52-2] 1904, 48, 97-108.
VARIABLES: PREPARED BY:
Concentration of salt C. L. Young
EXPERIMENTAL VALUES:
Bunsen 10" mole
Conc. of salt Density of absorption fraction
Wt. of salt /mol dm™? soln, coefficient, of hydrogen,
T/K in 100 g soln. (soln.) /g9 cm™? o 10"xH2
293,15 0 0 0.99823 0.01883 0.1511
1.037 0.1308 1.00267 0.01872 0.1508
2.167 0.2765 1.00722 0.01845 0.1492
3.378 0.4363 1.01216 0.01823 0.1481
4,823 0.6333 1.01815 0.01773 0.1450
6.773 0.9069 1.02620 0.01744 0.1436
11.550 1.6308 1.04652 0.01647 0.1384

AUXTLIARY INFORMATION

METHOD APPARATUS /PROCEDURE:

Manometric method with absorption
pipet and gas buret being used.
Densities were determined using a

Sprengel pyknometer.

SOURCE AND PURITY OF MATERIALS:

1. Prepared from pure zinc and
dil. sulfuric acid in a Kipp's
apparatus, passed through
silver nitrate, votassium
hydroxide and permanganate
solutions.

2 and 3. No details given.

ESTIMATED ERROR:

Sa/a +3% (estimated by compiler).

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Steiner, P.
2. Water; H,0; [7732-18-5] Ann., der Phys. Chem.
3. Zinc sulfate; 2nS0,; 1894, 52, 275-299.
[7733-02-0]
VARIABLES: PREPARED BY:
Concentration of salt C. L. Young
EXPERIMENTAL VALUES:
Density of soln. Bunsen Bunsen
T/K Conc. of salt at 288.2 X coefficient, coefficient
/ mol dm™?3 /g cm™? o at 288.2 K
288.2 0 0.999 0.01883 0.01883
290.94 0.397 1.0620 0.01495 0.01525
291.10 0.899 1.1394 0.01151 0.01175
291.37 1.277 1.1961 0.00940 0.00961
291.71 2.180 1.3265 0.00590 0.00605
#

given in original, met
Bunsen coefficient at
not clear.

hod of calculation from
experimental temperature

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

Volumetric method using an Ostwald
type gas buret and pipet. Solvent
was degassed before being admitted

to the pipet. Details in source.

SOURCE AND PURITY OF MATERIALS:

3. Recrystallized.

ESTIMATED ERROR:

So/a +0.02.

REFERENCES ;

HAD - E
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COMPONENTS :

1. Hydrogen; Hy; [1333-74-0]
2. Water; H,0; [7732~18-5]

3. Copper (2+) sulfate; CuSO,;

ORIGINAL MEASUREMENTS:
Bruhn, G.; Gerlach, J.; Pawlek, F.
Zeit. Anorg. Allg. Chem.

1965, 337, 68-79

[7758~98~7]
VARIABLES: PREPARED BY:
Temperature, concentration C.L. Young
EXPERIMENTAL VALUES:
T/K Conc of salt/mol 1-! Bunsen coefficient,a

298.15 0.5
1.0
1.5
323.15 0.5
1.0
1.5
348.15 0.5
1.0
1.5
373.15 0.5
1.0
1.5
398.15 0.5
1.0
1.5

0.01422
0.01222
0.01050

0.01280
0.01189
0.00935

0.01372
0.01102
0.01001

0.01490
0.01275
0.01149

0.01619
0.01384
0.01153

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE :

Static equilibrium cell. Similar
to that described by Pray and
Stephan (1). Composition of
liquid determined by stripping
solution of gas and estimating
volumetrically.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:
S§T/K = +2; So = +2%.
(estimated by compiler).

REFERENCES ;

1. Pray, H.A.; Stephan, E.L.
Battelle Memorial Institute
Report BMI-840, 1953.
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COMPONENTS :

1. Hydrogen; H,; [1333~74-0]

ORIGINAL MEASUREMENTS:

Bruhn, G.; Gerlach, J.; Pawlek, F.

2. Water; H,0; [7732-18-5] Zeit, Anorg. Allg. Chem.
3. Nickel (2+) sulfate; NiSO4; 1965,337, 68-79,
[7786-81-4]
VARIABLES : PREPARED BY:
Temperature, concentration C.L. Young

EXPERIMENTAL VALUES:

to that described by Pray and
Stephan (1). Composition of ligquid
determined by stripping solution

of gas and estimating volumetrically.

T/K Conc of salt/mol 1-! Bunsen coefficient,a

298,15 0.5 0.01412
1.0 0.01205

1.5 0.01031

323,15 0.5 0.01260
1.0 0.01143

1.5 0.00897

348.15 0.5 0.01356
1.0 0.01076

1.5 0.00985

373.15 0.5 0.01425
1.0 0.01233

1.5 0.01135

398.15 0.5 0.01630
1.0 0.01390

1.5 0.01155

AUXILIARY INFORMATION
ME
THOD /APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Static equilibrium cell. Similar

No details given.

ESTIMATED ERROR:
ST/K = #2; Sa= *2%.
(estimated by compiler).

REFERENCES;

l. Pray, H.A,; Stephan, E.L.
Battelle Memorial Institute
Report BMI-840, 1953.
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COMPONENTS:
1. Hydrogen; H,; [1333-74-0]
2. Water; H,0; [7732-18~5]

3. Cobalt (2+) sulfate;
[10124-43~3}

CoS0y4 ;

ORIGINAL MEASUREMENTS:
Bruhn, G,; Gerlach, J.; Pawlek, F.

Zeit. Anorg. Allg. Chem.
1965,337, 68-79

VARIABLES ¢

Temperature, concentration

PREPARED BY:

C.L. Young

EXPERIMENTAL VALUES:

T/K Conc of salt/mol 1-!

Bunsen coefficient,a

298.15

323.15

348.15

373.15

398.15

HFHO HHO HIHO HIHO HHO

UouUtt MouUrT Mot oyt Lrto un

0.01446
0.01250
0.01085

0.01297
0.01183
0.01038

0.01364
0.01125
0.00971

0.01506
0.01270
0.01105

0.01641
0.01455
0.01275

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE:

Static equililirium cell.,

Similar to that described by Pray
and Stephan (l). Composition of
liquid determined by stripping
solution of gas and estimating
volumetrically.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:
ST/K = +2; Sa = *2%.
(estimated by compiler).

REFERENCES ;

l. Pray, H.A.; Stephan, E.L.
Battelle Memorial Institute
Report, BMI-840, 1953.
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COMPONENTS « ORIGINAL MEASUREMENTS:
(1) Hydrogen; H,; [1333-74-0] Shkol'nikova, R. I.
(2) Water; Hy0; [7732-18-5] Ueh. Zap. Leningr. Gos. Univ., Ser.

Khim. Nauk. 1959, Nr. 18, 64 - 86.
(3) Hydrated iron oxide;

Fe,05+xH,0; [12259-21-1] Chem. Abstr. 1961, 55, 25443b.
VARIABLES: PREPARED BY:
T/K: 293.15 - 313.15 A. L. Cramer
P/kPa: 101.325 (1 atm) H. L. Clever

Fey,03/Wt %: 0 - 0.8

EXPERIMENTAL VALUES:

T/K Hydrated Bunsen
Fe,0,/Wt % Coefficient

2¥3 3

o x 10

17.4
16.1
15.3

15.7
15.1
13.4

14.1
12.6
10.9

293.15

o o= ol -+

303.15

313.15

OO0 OO0 OOO

The enthalpy of solution of hydrogen was calculated from
the temperature coefficient of the Bunsen coefficient. It
is 1590, 1980, 2240, and 3090 cal mol-1l in water, and 0.1,
0.5, and 0.8 wt % Fe,04, respectively.

The values for the solubility of hydrogen in water were not
given in the paper.

The hydrated iron oxide is described as a sol (colloidal).

AUXILIARY INFORMATION

[ ———

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

The apparatus and procedure of (1) Hydrogen. Source not given.
Lannung were modified (1). Stated to be 99.99 per cent.

(2) Water. No information.

(3) Iron oxide. No information.

ESTIMATED ERROR:

REFERENCES ;

1. Lannung, A.
J. Am. Chem. Soe. 1930, 52, 68.
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Hydrogen Solubilities up to 200kPa

COMPONENTS :

(1) Hydrogen; Hy; [1333-74-0]

ORLGINAL MEASUREMENTS:

Deckwer, W.-D.

(20 - 80 ‘C)
P/kPa:, 101.325 él atm)
cMnS04 /mol dm~ ¢ 0.5 - 3.

(2) Water; H20; [7732-18-51
J. Chem. Eng. Data 1980, 25, 75 - 76.
(3) Manganese (II) sulfate; MnSOy;
[7785-87-71]
VARIABLES: .
T/K: 293.15 - 353.15 PREPARED BY:

H. L. Clever

EXPERIMENTAL VALUES:

=3
cMnSO4/m°l dm

Bunsen coefficient, o x 102

293.15K 303.15K 313.15K 323.15K 333.15K 353.15K
0! 1.820 1.700 1.640 1.610 1.600 1.600
0.5 1.672 1.508 1.429 1.342 1.302 1.236
1.0 1.339 1.212 1.141 1.141 1.072 1.108
1.5 1.002 0.945 0.867 0.856 0.835 0.920
2.0 0.725 0.696 0.690 0.686 0.690 0.782
2.5 0.515 0.524 0.573 0.585 0.592 0.631
3.0 0.375 0.399 0.427 0.464 0.462 0.477
3.5 0.304 0.312 0.330 0.352 0.339 0.352

! water values not measured by author, but taken from reference 1.

Bunsen coefficients are the average of five determinations. The
reproducibility was usually better than 1 per cent.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

A gas chromatograph technique was
used.

The gas was presaturated by passing
through a MnSO, solution, then passed
through the solution, equilibrium was
established in one hour.

A known volume (about 10 cm?®) was
transferred to an evacuated, heated
column. Most of the H, desorbed from
the saturated solution under these
conditions, but any remaining was
stripped by passage of argon gas.

The gas flow was dried on silica gel,
and introduced to the gas chromato-
graph (Perkin-Elmer F1l1l6E). Peaks
without tailing were obtained on a
2=-cm column at 50 C filled with 5A
molecular sieve and a heat conductiv-
ity detector.

The instrument was calibrated with Hjp
and Hp/Ar mixtures.

The paper also reports solution den-
sities, viscosities, & vapor pressure

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Source not given.
Commercial sample of 99.9 per
cent purity.

(2) No information.

(3)

Water.

Manganese (II) sulfate. No

information

ESTIMATED ERROR: Mean relative error
is about 2 per cent at MnSO4 concen-
tration of 1 mol dm—®, increases to
about 4 per cent at 3.5 mol dm™?
(author) .

REFERENCES :

1. Seidell, A.; Linke, W. F.
Solubilities of Inorganic and
Metalorganic Compounds, Van
Nostrand, Princeton, NJ, 1958,
Vol. I.

lowering.
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COMPONENTS :
(1)
(2)

Hydrogen; Hp; [1333-74-0]
Water; H,0; [7732-18-5]

(3) Hydrated aluminium oxide;

Al,04°xH,0% [1333-84~2]

ORIGINAL MEASUREMENTS:

Shkol'nikova, R. I.

Ueh. Zap. Leningr. Goe. Univ., Ser.
Khim. Nauk. 1959, Nr. 18, 64 ~ 86.

Chem. Abstr. 1961, 55, 25443b.

VARIABLES :

PREPARED BY:
T/K: 293.15 - 313.15 A. L. Cramer
P/kPa: 101.325 (1 atm) H. L. Clever
Al,03/Wt %: 0 - 0.35
EXPERIMENTAL VALUES:
T/K Hydrated Bunsen
Al,03/Wt % Coefficient
o x 10°
293,15 0.1 17.7
0.35 15.0
303.15 0.1 16.7
0.35 11.1
313.15 0.1 15.6
0.35 9.2

wt % Al,03, respectively.

given in the paper.

The enthalpy of solution of hydrogen was calculated from
the temperature coefficient of the Bunsen coefficient. It
is 1590, 1150, and 3920 cal mol™

in water, 0.1 and 0.35

The values for the solubility of hydrogen in water were not

The hydrated aluminium oxide is described as a sol (colloidal).

AUXILIARY INFORMATION -

METHOD /APPARATUS /PROCEDURE :

The apparatus and procedure of
Lannung (1) were modified.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Source not given.
Stated to be 99.99 per cent.

(2) Water. No information.

(3) Aluminium oxide. No information.

ESTIMATED ERROR:

REFERENCES ;

1. Lannung, A.

J. Am. Chem. Soe. 1930, 52, 68.
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0) Steiner, P.
2. Water; H,0; [7732-18-5] Ann, der Phys. Chem.
3. Aluminium chloride; AlCl; 1894, 52, 275-299.
[7446~-70-0]
VARIABLES : PREPARED BY:
Concentration of salt C. L. Young

EXPERIMENTAL VALUES:

Density of soln. Bunsen Bunsen

T/K Conc. of salt at 288.2 K coefficient, coefficient

/mol dm~? /g cm™? o at 288.2 K
288.2 0 0.999 0.01883 0.01883
290.61 0.541 1.0488 0.01460 0.01486
290.45 1.019 1.0914 0.01190 0.01210
290.43 1.802 1.1589 0.00860 0.00874
290.29 3.080 1.2647 0.00525 0.00533

#

given in original, method of calculation from
Bunsen coefficient at experimental temperature
not clear.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE ; SOURCE AND PURITY OF MATERIALS:
Volumetric method using an Ostwald 3. Chlorine, hydrogen chloride and
type gas buret and pipet. Solvent iron removed from sample by

was degassed before being admitted heating.

to the pipet. Details in source.

ESTIMATED ERROR:

Sa/a = *0.02.

REFERENCES :
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COMPONENTS :
(1) Hydrogen; H,; [1333-74-01
(2) Water; H,0; [7732-18-5]

(3) Lanthanum chloride; LaCly;
[10099-58-8]

ORIGINAL MEASUREMENTS:
Morrison, T. J.; Billett, F.

J. Chem. Soe. 1952, 3819 - 3822,

VARIABLES :
T/K: 285.75 - 344.85

PREPARED BY:

P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
Temperature Salt Effect Parameters
1/(T/K
eoe ox T (/0)10g(s°/)1 (1/mlog(st/s)  (1/m) log (2 /)
12.6 285.75 0.0035 0.079 0.237 0.267
30.0 303.15 0.0033 0.078 0.234 0.264
49.4 322.55 0.0031 0.076 0.228 0.258
71.7 344.85 0.0029 0.075 0.225 0.255

! In the authors notation ¢ represented g eq LaCl3 per 1.000 kg water.

The salt effect parameters were calculated from two solubility measure-
ments. The solubility in 1.000 kg water, S°, and the solubility in a

1 equivalent of salt per 1.000 kg of water, S. Values of the solubility
of hydrogen in water are given in the paper, but not the solubility in

the salt solution.

The compiler calculated the salt effect parameter on a salt molal basis,and
on a salt molal and gas mole fraction basis.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE ;

The degassed solvent flows in a thin
film down an absorption helix
containing the hydrogen gas plus
solvent vapor at a total pressure of
one atmosphere. The volume of gas
absorbed is measured in an attached
buret system (1).

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Prepared from pure

zinc and dilute hydrochloric
acid.
(2)

(3)

Water. No information given.

Lanthanum chloride. "AnalaR"

material.

ESTIMATED ERROR:

§k = 0.010

REFERENCES:

1. Morrison, T. J.; Billett, F.
J. Chem. Soe. 1948, 2033.
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
1. Hydrogen; Hj,; [1333-74-0] Stephan, E. L.; Hatfield, N, S.;
2. Water; H,0; [7732-18-5] Peoples, R. S.; Pray, H. A. H.
battelle Memorial Institute Report
3. Uranyl sulfate; UO4S; [1314-64-3]| BMI-1067, 1956.
VARIABLES : PREPARED BY:

Temperature, pressure, composition

C. L. Young

EXPERIMENTAL VALUES:

*
T/K g Uranium P'?bar Solubility T/K g Uranium PT/bar Solubility*
per liter per liter

373.15 40 26.4 0.375 373.15 100 30.5 0.35
27.6 0.395 34.1 0.396

29.1 0.392 54.8 0.63
30.2 0.41 55.8 0.645
46 .4 0.62 57.3 0.662
47.6 0.64 58.4 0.648

48.7 0.675 70.3 0.83
50.1 0.69 72.2 0.867

68.2 0.97 73.4 0.84

69.3 0.98 76.5 0.84

70.7 0.91 97.8 1.20

71.6 1.08 99.8 1.24

72.1 1.01 100.3 1.25

98.7 1.44 101.7 1.27

101.1 1.48 104.8 1.27

102.4 1.50 104.9 1.27

106.2 1.49 243 23.6 0.20
100 26.3 0.305 24.8 0.207
27.4 0.31 26.8 0.23

27.6 0.325 43.5 0.372

29.3 0.34 44,6 0.40

(cont.)

*
ml of hydrogen at S.T.P./g of solution

f partial pressure of hydrogen

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Gas and liquid equilibrated for 18
hours. Pressure measured with
Bourdon gauge and temperature measu-
red with thermocouple. Composition
of liquid estimated by volumetric
method. Details in source. Partial
pressure estimated by subtracting
vapor pressure from total pressure.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

§T/K = $0.6; 6P/bar = *0,3;

§(Solubility) = #3% (estimated by

compiler) .

REFERENCES :
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COMPONENTS &

1. Hydrogen; Hz;

2. Water; H,0; [7732-18-5]

3. Uranyl sulfate;

[1333-74-0]

UO0sS;{1314-64-3]

ORIGINAL MEASUREMENTS:

Stephan, E. L.; Hatfield, N. S.;
Peoples, R. S.; Pray, H. A. H.
Battelle Memorial Institute Report
BMI-1067, 1956.

EXPERIMENTAL VALUES

) *
PY/bar solubility

. *
g Uranium P+/bar Solubility

g Uranium
T/K per liter T/K per liter
373.15 243 46.2 0.392 408.15 243 93.5 0.895
73.6 0.62 95.0 0.95
77.3 0.668 435,93 40 14.2 0.324
78.5 0.65 15.4 0.330
101.8 0.92 16.5 0.294
103.1 0.93 37.9 0.705
105.8 0.91 40.0 0.753
106.8 0.95 41.4 0.782
108.6 0.96 43.1 0.805
408.15 40 27.4 0.40 56.9 1.20
29.0 0.40 61.4 1.112
30.1 0.44 66.0 1.22
46.0 0.676 93.4 1.71
47.4 0.71 94.1 1.715
47.6 0.702 96.5 1.77
48.4 0.718 100 18,1 0.321
49.5 0.77 18.6 0.316
67.6 0.99 18.8 0.333
68.5 1.04 19.2 0.358
70.1 1.07 35.9 0.585
71.4 1.05 35.9 0.617
98.9 1.47 39.3 0.595
102.1 1.59 40,0 0.663
104.8 1.56 41.0 0.683
100 18.8 0.270 43.4 0.745
19.8 0.251 43.5 0.73
21.4 0.272 46.5 0.77
44.3 0.55 58.6 0.97
45.9 0.613 60.7 1.03
47.3 0.63 ” 64,2 1.05
69.2 0.855 66.0 1.09
70.1 0.887 71.7 1.14
71.4 0.95 84.0 1.41
99.2 1.27 88.0 1.43
100.3 1.265 243 32.3 0.391
101.3 1.325 33.4 0.384
102.9 1.30 34.1 0.395
243 2z2.4 0.219 34.5 0.42
23.9 0.236 71.0 0.82
56.4 0.561 74.2 0.83
57.6 0.558 78.3 0.91
58.7 0.588 102.4 1.24
60.7 0.625 105.1 1.27
92.3 0.875

*
ml of hydrogen at S.T.P./g of solution ¥ partial pressure of hydrogen
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Hydrogen Solubilities up to 200kPa

COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; Ha; [1333-74-0] Steiner, P.
2. Water; H,0; [7732-18-5] Ann. der Phys. Chem.
3. Magnesium sulfate; MgSOy; 1894, 52, 275-299.
[7487-88-9]
VARIABLES: PREPARED BY:
Concentration of salt C. L. Young
EXPERIMENTAL VALUES:
Conc. of salt Density of soln. Bunsen Bunsen 3
T/K /mol dm™3 at 288.2 K coefficient, coefficient
/g cm™? a at 288.2 K
288.2 0 0.999 0.01883 0.01883
290.25 0.433 1.0503 0.01479 0.01501
290.45 0.936 1.1064 0.01140 0.01159
290.70 1.631 1.1805 0.00783 0.00797
291.41 2.501 1.2679 0.00487 0.00499

# given in original, method of calculation from
Bunsen coefficient at experimental temperature

not clear.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Volumetric method using an Ostwald
type gas buret and pipet. Solvent
was degassed before being admitted

to the pipet. Details in source.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

Sa/a +0.02.

REFERENCES :
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COMPONENTS ¢
1. Hydrogen; Hz; [1333-74-0]
2, Water; H,0; [7732-18-5]

3. Calcium chloride; CaCl,;

[10043-52-4]

ORIGINAL MEASUREMENTS:

Steiner, P.
Ann. der Phys. Chem.
1894, 52, 275-299.

VARIABLES:

Concentration of salt

PREPARED BY:

C. L. Young

EXPERIMENTAL VALUES:

Density of soln.

Bunsen Bunsen

——

T/K Conc. of salt at 288.2 K coefficient, coefficient#
/mol dm~3 /g9 cm™? a at 288.2 K
288.2 0 0.999 0.01883 0.01883
291.67 0.321 1.0285 0.01579 0.01619
291.19 0.578 1.0513 0.01419 0.01450
291.55 1.122 1.0981 0.01112 0.01138
291.24 1.827 1.1568 0.00821 0.00839
290.99 2.556 1.2150 0.00606 0.00619
290.83 2.962 1.2470 0.00510 0.00519
# given in original, method of calculation from
Bunsen coefficient at experimental temperature
not clear.
|
AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Volumetric method using an Ostwalt
type gas buret and pipet. Solvent
was degassed before being admitted

to the pipet. Details in source.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

Sa/o +0.02.

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Braun, L.
2, Water; H,0; [7732-18-5] Z. phys. Chemn.
3. Barium chloride; BaCl,; 1900, 33, 721-741.
[10361-37~-2]
VARIABLES: PREPARED BY:
Temperature, concentration of salt C. L. Young
EXPERIMENTAL VALUES:
Wt. of salt Bunsen Wt. of salt Bunsen
T/K per 100 g soln. coefficient, T/K per 100 g soln. coefficient,
/9 a /g o
278.2 0 0.02366 288.2 6.453 0.01734
3.291 0.02110 7.002 0.01715
3.600 0.02089 293.2 0 0.01905
6.453 0.01957 3.291 0.01719
7.002 0.01937 3.600 0.01700
283.2 0 0.02213 6.453 0.01605
3.291 0.01983 7.002 0.01591
3.600 0.01971 298.2 0 0.01750
6.453 0.01857 3.291 0.01570
7.002 0.01833 3.600 0.01562
288.2 0 0.02059 6.453 0.01474
3.291 0.01847 7.002 0.01455
3.600 0.01839
N.B. The Bunsen coefficients at the lowest temperature are

thought to be considerably in error but the salting
out parameters at the lowest temperatures are probably
more reliable (see water evaluation).

AUXTLIARY INFORMATION

METHOD 'APPARATUS /PROCEDURE :

Ostwald method, using gas buret and
vipet. Measurement of volume of
gas before and after absorption.
Vapor pressure of water was allowed
for by assuming Raoult's law.
Solution was degassed. Concentra-
tion of salt solution estimated

by titration with silver nitrate

solution.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

da/o = £0.03

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:

1. Hydrogen; Ha; [1333-74-0] Steiner, P.

2. Water; H,0; [7732-18-5] Ann. der Phye. Chem,

3. Lithium chloride; LiCl; 1894, 52, 275-299.

[7447-41-8]
VARIABLES: PREPARED BY:
Concentration of salt C. L. Young
EXPERIMENTAL VALUES:
Bunsen Bunsen #
T/K Conc. of salt Density of soln. coefficient, coefficient
/mol dm™? at 288.2 K a at 288.2 K
/g cm”®

288.2 0 0.999 0.01883 0.01883

283.62 0.835 1.0192 0.01676 0.01619

285.55 1.800 1.0416 0.01396 0.01370

285492 3.734 1.0843 0.01006 0.00990

# given in original, method of calculation from
Bunsen coefficient at experimental temperature
not clear.

P—————

————

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Volumetric method using an Ostwald
type gas buret and pipet. Solvent
was degassed before being admitted

to the pipet. Details in source.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

Sa/a = £0.02.

REFERENCES:
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hz; {1333-74-0] Morrison, T. J.; Billett, F.
(2) Water; H20; [7732-18-5] J. Chem. Soec. 1952, 3819 - 3822.
(3) Lithium Chloride; LiCl;
[7447-41-8]
VARIABLES: PREPARED BY:

T/K: 285.75 - 344.85

P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VATNES:

Temperature Salt Effect Parameters

t/ C /K 1/(1/K) (1/m)log(s°/s)t  (1/m)iog(2°/z)
12.6 285.75 0.0035 0.064 0.079
30.0 303.15 0.0033 0.065 0.080
49.4 322.55 0.0031 0.061 0.076
71.7 344.85 0.0029 0.054 0.069

lThe authors used (l/c)log(so/s) with ¢ defined as g eq salt per kg of
water. For the 1-1 electrolyte the compiler changed the ¢ to an m for

my,c1/mol kg_l. The hydrogen solubility S is cm> (STP) kg_l.

The salt effect parameters were calculated from two measurements. The
solubility of hydrogen in water, $°, and in the one molal salt solution,
S. Only the solubility of the hydrogen in water, and the value of the
salt effect parameter are given in the paper. The solubility values in
the salt solution are not given.

The compiler calculated the values of the salt effect parameter using the
mole fraction gas solubility ratio.

AUXILTARY INFORMATION

ME THOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

The degassed solvent flows in a thin |(l1) Hydrogen. Prepared from pure

film down an absorption helix zinc and dilute hydrochloric

containing the hydrogen gas plus acid.

solvent vapor at a total pressure of

one atmosphere. The volume of gas (2) Water. ©No information given.

absorbed is measured in an attached

buret system (1). (3) Lithium Chloride. "AnalaR"
material.

ESTIMATED ERROR:

sk = 0.010

REFERENCES:

1. Morrison, T. J.; Billett, F.
J. Chem., Soe. 1948, 2033.
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hy; [1333-74-0} Gerecke, J.; Bittrich, H. J.
(2) Water; H,0; [7732-18-5] Wiss. Z. Tech. Hocsch. Chem. "Carl
n
(3) Lithium chloride; LiCl; Sehorlomner | Leung Merseburg 1971,
[7447-41-8] ! *
Chem. Abstr. 1972, 76, 77239, 77,
66741.
VARIABLES: T/K: 288 PREPARED BY:
P/kPa: 101.325 (1 atm) H. L. Clever
-1
mLicl/mol kg 7: 0.43 - 3.75
EXPERIMENTAL VALUES:
-1
T/K mLiCl/mol kg log (5°/8)
288 0.43 0.026
0.75 0.046
1.43 0.089
3.75 0.225

Values were taken from a graph in
the paper by the compiler.

The solubility ratio, 8°/S, is a
ratio of Kuenen coefficients.

The authors value of the solubility
of hydrogen in water at 298.15 K
and one atm partial pressure is a
Bunsen coefficient of 0.0177.

_——

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The hydrogen solubilities appear to
have been determined by the method
of Morrison and Billett (1).

SOURCE AND PURITY OF MATERIALS:
(1) Hydrogen.

(2) Water.
(3) Lithium chloride.

No information on the materials.

ESTIMATED ERROR:

8log (S°/S) = +0.003 from graph.

REFERENCES:

1. Morrison, T. J.; Billett, F.
J. Chem. Soe. 1948, 2033.

HAD . ¢
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COMPONENTS ¢
1. Hydrogen; H,; [1333-74-0]
2. Water; H,0; [7732~18-5]

3. Sodium hydroxide; NaOH;

ORIGINAL MEASUREMENTS:
Geffcken, G.Z. Phys.Chem.

1904,49,257-302

[1310~73-2]
VARIABLES: PREPARED BY:
Concentration C.L. Young
EXPERIMENTAL VALUES:
T/K Conc. of Kydroxide/mol dmi® (soln) Ostwald
coefficient,
L
298,15 0.543 0.01632
0.571 0.01608
0.962 0.01442
0.974 0.01409
1.059 0.01372
1.137 0.01348
1.850 0.01018
3.400 0.00648
3.430 0.00639
4,687 0.00483

AUXILIARY INFORMATION

METHOD /APPARATUS/PROCEDURE:

Volumetric method using simple
adsorption pipet and buret.
Diagram and detailed description
given in original paper.

SOURCE AND PURITY OF MATERIALS:

1. Prepared by the action of dilute
hydrochloric acid on aluminium in
the presence of mercury chloride.
Washed in potassium hydroxide
solution and potassium permangan-
ate.

2. Degassed.

ESTIMATED ERROR:

§T/K = +£0.1; 6L = +1%.
(estimated by compiler)

REFERENCES:
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COMPONENTS ;
1. Hydrogen; H,; [1333-74-0]
2, Water; Hzo; [7732-18-5]

3. Sodium hydroxide; NaOH;

ORIGINAL MEASUREMENTS:
Bruhn, G.; Gerlach, J.; Pawlek, F.

Zett. Anorg. Allg. Chem,
1965 337, 68~79

[1310~73-2]
VARIABLES: PREPARED BY:
Temperature, concentration C.L. Young

EXPERIMENTAL VALUES:

T/K Conc of salt/mol 17!

Bunsen coefficient, o

323.15

373.15

423,15

473,15

523.15

HHO HHO HHO HHO RHEHO

s e .

o o o
ol Mot LToOLtT LTowtl LTown

0.01306
0.0108
0.00868

0.01433
0.01270
0.00933

0.01790
0.01682
0.01308

0.02597
0.02115
0.01710

0.03535
0.02930
0.02350

r\

AUXILIARY INFORMATION

e
MEHmD/APPARATUS/PROCEDURE=

Static equilibrium cell. Similar
to that described by Pray and
Stephan (1). Composition of
liquid determined by stripping
Solution of gas and estimating
Volumetrically.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:
§T/K = +2; 8o = +2%.
(estimated by compiler).

REFERENCES :

l. Pray, H.A.; Stephan, E.L,
Battelle Memorial Institute
Report BMI-840, 1953.
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Bunsen coefficient at
not clear.

COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Steiner, P.
2. Water; H,0; [7732-18-5] Ann. der Phys. Chemn.
3. Sodium chloride; NaCl; 1894, 52, 275-299.
[7647-14~5]
VARTABLES : PREPARED BY:
Concentration of salt C. L. YOung
EXPERIMENTAL VALUES:
Density of soln. Bunsen Bunsen
T/K Conc. of salt at 288.2 K coefficient, coefficient”
/mol dm~3 /g cm™? a at 288.2 K
288.2 0 0.999 0.01883 0.01883
286.71 0.825 1.0315 0.01565 0.01548
286.95 2.049 1.0807 0.01140 0.01130
286.32 2.801 1.1088 0.00938 0.00925
286.63 4,815 1.1817 0.00602 0.00595
#

given in original, method of calculation from

experimental temperature

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Volumetric method using an Ostwald
type gas buret and pipet. Solvent
was degassed before being admitted

to the pipet. Details in source.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

Sa/a = +0.02.

REFERENCES:
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N

COMPONENTS ; ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Braun, L.
2. Water; H,0; [7732-18-5] Z. phye. Chem,
3. Sodium chloride; NaCl; 1900, 33, 721-741
[7647-14-5]
VARIABLES : PREPARED BY:
Temperature, concentration of salt C. L. Young
EXPERIMENTAL VALUES:
Wt. of salt Bunsen Wt. of salt Bunsen
T/K per 100 g soln. coefficient, T/K per 100 g soln. coefficient,
/g o /g o
278.2 0 0.02366 288.2 4,496 0.01714
1.250 0.02180 5.506 0.01665
1.523 0.02155 5.999 0.01640
3.798 0.01977 293.2 0 0.01905
4,496 0.01920 1.250 0.01771
5.506 0.01861 1.523 0.01754
5.999 0.01839 3.798 0.01623
283.2 0 0.02213 4,496 0.01587
1.250 0.02052 5.506 0.01532
1.523 0.02030 5.999 0.01528
3.798 0.01876 298.2 0 0.01750
4,496 0.01817 1.250 0.01621
5.506 0.01769 . 1.523 0.01603
5.999 0.01749 3.798 0.01476
288.2 0 0.02059 4.496 0.01429
1.250 0.01914 5.506 0.01395
1.523 0.01896 5.999 0.01383
3.798 0.01760
N.B. The Bunsen coefficients at the lowest tempmeratures are thought
to be considerably in error but the salting out parameters
are probably more reliable (see water evaluation).
P

AUXILIARY INFORMATION

\
METHOD /APPARATUS / PROCEDURE ¢

Ostwald method, using gas buret and
Pipet. Measurement of volume Of
9as before and after absorption.
Vapor pressure of water was allowed
for by assuming Raoult's law.
Solution was degassed.
tion of salt solution estimated
by titration with silver nitrate
Solution,

Concentra-

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

da/a = +0.03.

REFERENCES:;
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hyi [1333-74-0] Morrison, T. J.; Billett, F.
(2) Water; H20; [7732-18-5] J. Chem. Soe. 1952, 3819 - 3822.

(3) Sodium Chloride; NaCl;

[7647-14-5]
VARIABLES: PREPARED BY:
T/K: 285.75 - 344.85
P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

Temperature Salt Effect Parameters
t/0c /K /(MK (M/mleg(s%/s)t  (1/m)log(=°/)
12.6 285.75 0.0035 0.097 0.112
30.0 303.15 0.0033 0.092 0.107
49.4 322.55 0.0031 0.082 0.097
71.7 344.85 0.0029 0.066 0.081

1The authors used (l/c)log(so/s) with ¢ defined as g eq salt per kg of

water. For the 1l-1 electrolyte the compiler changed the ¢ to an m for

/mol kg~ l. The hydrogen solubility S is cm> (STP) kg_l.
Myacl

The salt effect parameters were calculated from two measurements. The

solubility of hydrogen in water, So, and in the one molal salt solution, S.
Only the solubility of the hydrogen in water, and the value of the salt
effect parameter are given in the paper. The solubility values in the
salt solution are not given.

The compiler calculated the values of the salt effect parameter using the
mole fraction gas solubility ratio.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

The degassed solvent flows in a thin |[(l1) Hydrogen. Prepared from pure

film down an absorption helix con- zinc and dilute hydrochloric

taining the hydrogen gas plus solvent acid.

vapor at a total pressure of one

atmosphere. The volume of gas (2) Water. No information given.

absorbed is measured in an attached

buret system (1). (3) Sodium Chloride. "AnalaR"
material.

ESTIMATED ERROR:

¢k = 0.010

REFERENCES:;

1. Morrison, T. J.; Billett, F.
J. Chem. Soe. 1948, 2033.




Salt Solutions (Aqueous) 69

COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Hydrogen; Hyi [1333-74-0] Gerecke, J.; Bittrich, H. J.

(2) wWater; HZO; [7732-18-5] Wiss. Z. Tech. Hocsch. Chem. "Carl

"
(3) Sodium chloride; NaCl; iEQOfZigger3lgegn§5¥erseburg 1971,
[7647-14-5] ! :

Chem. Abstr. 1972, 76, 77239, 77,
66741,

VARIABLES: PREPARED BY:

T/K: 288, 323
P/kPa: 101.325 (1 atm) H. L. Clever

-1
mNaCl/m°l kg 7: 0.50 - 4.30

EXPERIMENTAL VALUES:

-1
T/K mNaCl/m°l kg log (S°/S)

288 0.50 0.051
1.00 0.097
2.00 0.164
4.30 0.388
323 0.50 0.042
1.00 0.083
2.00 0.190
4.30 0.325

Values were taken from a graph in
the paper by the compiler.

The solubility ratio, S°/S, is a
ratio of Kuenen coefficients.

The authors value of the solubility
of hydrogen in water at 298.15 K
and one atm partial pressure is a
Bunsen coefficient of 0.0177.

P————
AUXILIARY INFORMATION
—_—— .
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The hydrogen solubilities appear to (1) Hydrogen.
have been determined by the method
Of Morrison and Billett (1). (2) Water.

(3) Sodium chloride.

No information on the materials.

ESTIMATED ERROR:

§log (s°/S) = +0.003 from graph.

| REFERENCES ;

1. Morrison, T. J.; Billett, F.
J. Chem., Soec. 1948, 2033.
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COMPONENTS :

(1) Hydrogen; Hy; [1333-74-0]

ORIGINAL MEASUREMENTS:

Crozier, T. E.; Yamamoto, S.

(2) Water; H,0; [7732-18-5] J. Chem. Eng. Data 1974, 19, 242-244.
(3) Sodium chloride; NacCl;
[7647-14-5]
VARIABLES : PREPARED BY:
T/K: 274.03 - 301.51 RED P. L. Long
P/kPa: 101.325 (1 atm) H. L. Clever
WNacl/%/4,¢ 10.950, 27.376
EXPERIMENTAL VALUES:
T/K Bunsen Ostwald
Coefficient Coefficient
o L
10.950 parts NaCl per 1000
283.97 0.01852 0.01925
289.55 0.01770 0.01876
0.01770 0.01876
301.48 0.01650 0.01821
301.51 0.01651 0.01822
27.376 parts NaCl per 1000
274.03 0.01877 0.01883
274.04 0.01881 0.01887
295.34 0.01586 0.01715
295,37 0.01585 0.01714
301.47 0.01552 0.01713

respectively.

coeffcients.

The authors report 42 values of the solubility of hydrogen in pure water
at temperatures between 274.60 and 302.47 K. See page 18.

The sodium chloride concentrations of 10.950_and 27.376 parts per 1000
are equivalent to molalities , myac1/mol kg~l, of 0.1895 and 0.4815,

The compiler calculated the Ostwald coefficients from the authors Bunsen

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The solubility measurements were
made by the Scholander (1) micro-
gasometric technique as modified by
Douglas (2). Equilibration is with

6 cm® of gas-free water. All volumes
are read on a micrometer which adjust]
the amount of mercury in the system.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Linde Specialty Gas.
Research grade, 99.9995 per

cent pure.

(2) Water. Distilled from glass
apparatus.
(3) Sodium chloride. No information.

ESTIMATED ERROR:

§T/K = 0.01
§ (Parts per 1000/ %,) = 0.003
REFERENCES:
1. Scholander, P. F.
J. Biol. Chem. 1947, 167, 235.
2. Douglas, E.
J. Phys. Chem. 1964, 68, 169.
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H;; [1333-74-0] Steiner, P.
2. Water; H,0; [7732-18-5] Ann. der Phys. Chem.
3. Sodium sulfate; Na,SO04; 1894, 52, 275-299.
[7757-82-6]
VARIABLES: PREPARED BY:
Concentration of salt C. L. Young
EXPERIMENTAL VALUES:
Density of soln. Bunsen Bunsen #
T/K Conc. of salt at 288.2 K coefficient, coefficient
/mol dm™? /g cm™? o at 288.2 K
288.2 0 0.999 0.01883 0.01883
291.66 0.335 1.0412 0.01482 0.01519
291.72 0.638 1.0768 0.01223 0.01254
291.56 1.364 1.1608* 0.00757 0.00775
#

Bunsen coefficient at
not clear.

at 291.15 K.

given in original, method of calculation from

experimental temperature

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Volumetric method using an Ostwald
type gas buret and pipet. Solvent
was degassed before being admitted

to the pipet. Details in source.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

Sa/a +0.02.

REFERENCES;
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COMPONENTS : . ORIGINAL MEASUREMENTS:

(1) Hydrogen; Hy; [1333-74-0] Kobe, K. A.; Kenton, F. H.

(2) Water; H,O; [7732-18-51 Ind. Eng. Chem., Anal. Ed. 1938,

10, 76 - 77.
(3) Sodium sulfate; NaySOy;
[7757-82-6]

(4) Sulfuric acid; HSO4; [7664-93-9]

VARIABLES : P :
T/K: 298.15 REPARED BY P. L. Long
Hy, P/kPa: 101.325 (760 mmHg) H. L. Clever

EXPERIMENTAL VALUES:

Temperature Solvent Hydrogen Bunsen Ostwald
t/% T/K Volume Volume Coefficient Coefficient
cm3 Absorbed a L
cm

25 298.15 49.54 0.37
99.54 0.72 0.0067 0.0073

The solvent was a mixture of 800 g H3O,
200 g NayS0O4 (anhydrous),
40 ml H, S04 (conc., 36 N).
Thus the molality of the solution was
mNa2504/mol kg~l = 1.76

mHZSO4/m°1 kg'l = 0.90

AUXTLTARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
. . . (1) Hydrogen. Source not given.
?he apparaFus was described in detail Purity stated to be 997 percent.
in an earlier paper (1). The appara-
tus consists of a gas buret, a_pres- (2) Water. Distilled.

sure compensator, and a 200 cm
absorption bulb and mercury leveling
bulb. The absorption bulb is
attached to a shaking mechanism.

(3, 4) Sodium sulfate and sulfuric
acid. Sources not given.
Analytical grades.

The solvent and the gas are placed in
the adsorption bulb. The bulb was
shaken until equilibrium was reached.

The remaining gas was returned to the

buret. The difference in final and ESTIMATED ERROR:
;EégiiédVOlumes was taken as the gas 6a/cm3 = 0.001 (authors)
REFERENCES ;

1. Kobe, K. A.; Williams, J. S.
Ind. Eng. Chem., Anal. Ed.
1935, 7, 37.
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Longo, L. D.; Delivoria-
2, Water; H,0; [7732-18-5] Papadopoulas, M.; Power, G. G.;
3. Sodium nitrite; NaNO0,: Hill, E. P.; Forster, R. E.,
. P ,
[7632-00-0] Am. J. Physiology, 1970, 2139,
561-569.
VARIABLES : PREPARED BY:
C. L. Young
EXPERIMENTAL VALUES:
Conc. of_salt .. *
T/K /mol dm~ Bunsen coefficient, o S.D.
310.15 0.14 0.0155 0.0003
* (3 ]
standard deviation
AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Liquid samples were equilibrated
with gas,and then the dissolved gas
was stripped out under vacuum and
measured in a manometric Van Slyke

apparatus. Some details in ref. 1.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

§T/K = £0.03.

REFERENCES :
1. Power, G. G.,
J. Appl. Physiology, 1968,

468.

24,
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Concentration of salt

COMPONENTS : ORIGINAL MEASUREMENTS:

1. Hydrogen; H;; [1333-74-0] Steiner, P.

2. Water; H,0; [7732-18-5] Ann. der Phys. Chem.

3. Sodium nitrate; NaNOj; 1894, 52, 275-299.
[7631-99-4]

VARIABLES: PREPARED BY:

C. L. Young

EXPERIMENTAL VALUES:

not clear.

given in original, method of calculation from
Bunsen coefficient at experimental temperature

Density of soln. Bunsen Bunsen n

T/K Conc. of salt at 288.2 K coefficient, coefficient”
/mol dm™? /g cm™?® o at 288.2 K
288.2 0 0.999 0.01883 0.01883
290.95 0.679 1.0367 0.01572 0.01603
290.80 1.413 1.0765 0.01345 0.01370
290.55 2.656 1.1417 0.01034 0.01052
290.51 3.980 1.2099 0.00797 0.00810
290.42 5.711 1.2963 0.00568 0.00578
#

AUXTLIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

Volumetric method using an Ostwald
type gas buret and pipet. Solvent
was degassed before being admitted

to the pipet. Details in source.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

Sa/o +0.02.

REFERENCES:
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COMPONENTS : ORIGINAL MEASUREMENTS:

1. Hydrogen; H,; [1333-74-0] Knopp, W.

2, Water; H,0; [7732-18-5] Z, Phys. Chem,

3. Sodium nitrate; NaNOj; 5293, 48, 97-108.
[7631~99-4]

VARIABLES : PREPARED BY:

Concentration of salt

C. L. Young

EXPERIMENTAL VALUES:

Conc. of salt

10* mole
fraction

Bunsen
Density of absorption

Wt. of salt /mol dm soln. coefficient, of hydrogen,
T/K in 100 g soln. (soln.) /g cm™? o 10“xHz
293.15 0 0 0.99823 0.01883 0.1511
1.041 0.1236 1.00524 0.01839 0.1476
2,192 0.2634 1.01303 0.01774 0.1428
4,405 0.5416 1.02820 0.01694 0.1367
6.702 0.8442 1.04411 0.01518 0.1229
12.637 1.7394 1.08667 0.01300 0.1064

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Manometric method with absorption
pipet and gas buret were used.
Densities were determined using a
Sprengel pyknometer. ¢

SOURCE AND PURITY OF MATERIALS:

1. Prepared from pure zinc and
dil. sulfuric acid in a Kipp's
apparatus, passed through
silver nitrate, votassium
hydroxide and permanganate
solutions.

2 and 3. No details given.

ESTIMATED ERROR:
S§a/a = +3% (estimated by compiler).

REFERENCES:
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1. Hydrogen; H,; [1333-74-0]

2. Water; H,0; [7732-18-5]

3. Sodium carbonate; Na,COj;;
[497-19-8]

COMPONENTS : ORIGINAL MEASUREMENTS:

Steiner, P.

Ann., der Phys. Chem.
1894, 52, 275-299.

Concentration of salt

VARIABLES: PREPARED BY:

C. L. Young

EXPERIMENTAL VALUES:

Density of

soln. Bunsen

Bunsen

T/K Conc. of salt at 288.2 K coefficient, coefficient#
/mol dm™? /g em™?3 o at 288.2 K
288.2 0 0.999 0.01883 0.01883
285.09 0.207 1.0217 0.01677 0.01639
284.76 0.438 1.0457 0.01420 0.01385
285.23 0.819 1.0835 0.01106 0.01082
286.22 1.218 1.1213 0.00851 0.00839

#

not clear.

given in original, method of calculation from
Bunsen coefficient at experimental temperature

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Volumetric method using an Ostwald
type gas buret and pipet. Solvent
was degassed before being admitted
to the pipet. Details in source.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

Sa/a = +0.02.

REFERENCES:
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COMPONENTS :
1. Hydrogen; Ha; [1333-74-0]
2. Water; H,0; [7732-18-5]

3. Potassium hydroxide; KOH;

ORIGINAL MEASUREMENTS:

Geffcken, G.Z.Phys.Chem.

1904,49,257-302

[1310-58-3]
VARIABLES: PREPARED BY:
Concentration C.L. Young

EXPERIMENTAL VALUES:

T/K Conc of hydroxide/mol dm® (soln) Ostwald
coefficient,
L

298.15 0.536 0.01658
0.715 0.01539

1.059 0.01378

1.056 0.01389

1.480 0.01195

e —

AUXILIARY INFORMATION

METHOD /APPARATUS/PROCEDURE :

Volumetric method using simple
adsorption pipet and buret.
Diagram and detailed description
given in original paper.

SOURCE AND PURITY OF MATERIALS:

1. Prepared by the action of dilute
hydrochloric acid on aluminium
in the presence of mercury
chloride. Washed in potassium
hydroxide solution and potassium
permanganate solution, Dried.

2. Degassed.

ESTIMATED ERROR:

§T/K = $0.1;8L = #1%.
(estimated by compiler).

REFERENCES :
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COMPONENTS :
(1)
(2)

Hydrogen; Hp; [1333-74-01

Water; H,0; [7732-18-5]

ORIGINAL MEASUREMENTS:
Knaster, M. B.; Apel'baum, L. A.

Zh. Fiz. Khim. 1964, 38, 223 - 225,

(3) Potassium hydroxide; KOH Russ. J. Phys. Chem. 1964, 38,
[1310-58~3] 120 - 122,
VARIABLES: 1 /g. 294,15, 318.15, 348.15 |PREPARED BY:
P/kPa: 101.325 (760 mmHg)
c3/mol am=3: 0 - 10 H. L. Clever
EXPERTMENTAL VALUES:
Temperature Potassium Bunsen Salt Effect
Hydroxide Coefficient Parameter
o - -
t/ec T/K ¢ /mol am™3 1030 k,_/dn’ mo1”t
21 294.15 0 18.10 -
1 14.15 0.107
4 6.11 0.118
7 2.51 0.123
10 1.11 0.121
45 318.15 0 16.30 -
1 12.75 0.107
4 5.35 0.121
7 2.13 0.126
10 0.809 0.130
75 348.15 0 16.10 -
1 12.14 0.123
4 5.21 0.122
7 1.98 0.130
10 0.736 0.134

! salt effect parameter, kggq/dm3 mol~™l =

(1/(c3/mol dm3)) log (&°/a).

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The KOH solution was introduced into
the saturating vessel. The solution
was saturated with gas, which was
bubbled through the solution at a
rate of 15 dm3 h-l for 5 h. The gas
stream was turned off and the solu-
tion was allowed to stand for one h
to allow suspended gas bubbles to
escape. A known amount of the gas-
saturated solution was transferred
to an evacuated flask. The gas
evolved from the solution was with-
drawn, together with water vapor,
into an evacuated and calibrated
portion of the apparatus. The water
vapor was frozen out in a liquid
oxygen trap. The pressure (ca.

1 mmHg) of the residual gas at a
known temperature and volume was
measured on a McLeod gage.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. The gas was produced
by electrolysis and subjected
to a standard purification
process.

Water. No information.

(2)

(3) Potassium hydroxide. No

information.

ESTIMATED ERROR:

ST/K
Sa/a

0.1
0.007 (authors)

REFERENCES :
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COMPONENTS :
1. Hydrogen; Hz; [1333-~74-0]
2, Water; H20; {7732-18-5]

3. Potassium hydroxide, KOH;

ORIGINAL MEASUREMENTS:

Bruhn, G.; Gerlach, J.; Pawlek, F.

Zett. Anorg. Allg. Chem.
1965, 337, 68<79

[1310-58-3]
VARIABLES : PREPARED BY:
Temperature, concent;ation C.L. Young

EXPERIMENTAL VALUES:

T/K Conc of salt/mol 1-!

Bunsen coefficient,a

323.15

373.15

ot MTowyi LToutt Lo w

423.15

473.15

HHO HEO HHRO HHO

0.01299
0.01146
0.00947

0.01528
0.01360
0.00992

0.01880
0.01620
0.01404

0.02650
0.02298
0.01313

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE :

Static equilibrium cell. Similar

to that described by Pray and Stephan
(1) . Composition of liquid determin-
ed by stripping solution of gas and
estimating volumetrically.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:
§T/K = +2; So= 12%.
(estimated by compiler).

REFERENCES :

l. Pray, H.A.; Stephan, E.L.
Battelle Memorial Institute
Report, BMI-840, 1953.

HAD - G
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COMPONENTS ¢
(1) Hydrogen; HZ; [1333~74-0]

(2) Water; HZO; [7732-18-5]

(3) Potassium hydroxide; KOH;

ORIGINAL MEASUREMENTS:
Ruetschi, P.; Amlie, R. F.

J. Phys. Chem. 1966, 70, 718 - 723.

[1310-58-3]
VARIABLES : PREPARED BY:
T/K: 303.15
Hp P/kPa: 101.325 (1 atm) H. L. Clever
Cyop/mOL dm~3: 0 - 10.23
EXPERIMENTAL VALUES:
Temperature Molarity? Solubility log(s°/s) (1/¢)log(s°/8)
£/°%  T/K Cppp/mol dn 3 cm®(STP)dm
30 303.15 0.0 17.03
16.90
17.10
16.93
16.99 + 0.08 Av. - -
0.0091 16.68 0.003 0.33
0.102 16.29 0.018 0.18
0.510 14.13 0.080 0.16
1.03 12.13 0.146 0.141
1.98 9.27 0.264 0.133
3.04 6.71 0.404 0.133
5.00 3.65 0.666 0.133
7.61 1.59 1.029 0.135
10.23 0.77 1.344 0.131

! The authors labeled the concentration as equivalents per liter.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE ;

They used the apparatus of Ben-Naim
and Baer (l). A calibrated dissolu-
tion vessel contains degassed water.
Gas is introduced wet from a cali-
brated gas buret system. Stirring
the liquid forces it up sidearms
attached to the top of the flask and
the liquid returns via a central
tube. The amount of gas dissolved
is determined via the gas burets.

The gas burets and dissolution ves-
sel are thermostated in a water bath.
The original paper contains a diagram
and a description of operation.

(2) water.

given.

(1) Hydrogen.
grade (99.5% min purity).

SOURCE AND PURITY OF MATERIALS:

Matheson Prepurified

No comment by author.

(3) Potassium hydroxide. Source not

Reagent grade.

ESTIMATED ERROR:

REFERENCES :

1. Ben-Naim,

2735.

A.; Baer, S.

Trans. Faraday Soec. 1963, 59,
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COMPONENTS :

(1) Hydrogen; Hy; [1333-74-0]
(2) Water; H,0; [7732-18-5]

(3) Potassium hydroxide; KOH;
[1310-58-3]

ORIGINAL MEASUREMENTS:

Gubbins, K. E.

shoor, S. K.; Walker, R. D. Jr.;

J. Phys. Chem. 1969, 73, 312 - 317.

EXPERIMENTAL VALUES:

T/K

298,15

313.15

333.15

353.15

373.15

Potassium Hydroxide Mol Fraction Solubility Ratio Salt Effect

- 5 Parameter
KOH/wt % Ckom/Mol dm ? Hp/zy x 10 vy = 2%z kg=log(z'/zx) /c
0.0 0.0 1.43 1.00 -
5.00 0.92 1.36 0.145
9.00 1.70 1.71 0.137
19.50 4.12 3.50 0.132
41.40 10.37 20.1 0.127
52.40 14.35 72.0 0.129
0.129 (authors)
0.0 0.0 1.29 1.00 -
5.00 0.92 1.28 0.117
9.00 1.70 1.64 0.126
19.50 4.12 3.29 0.125
32.40 7.60 8.70 0.124
41.40 10.37 20.4 0.126
52.40 14.35 73.7 0.130
0.129 (authors)
0.0 0.0 1.30 1.00 -
5.00 0.92 1.32 0.131
9.00 1.70 1.74 0.141
19.50 4.12 3.58 0.134
32.40 7.60 9.16 0.127
41.40 10.37 21.4 0.128
52.40 14.35 76.7 0.131
0.129 (authors)
0.0 0.0 1.322 1.00 -
5.00 0.92 1.33 0.135
9.00 1.70 1.81 0.152
19.50 4.12 3.65 0.136
32.40 7.60 9.04 0.126
41.40 10.37 21.8 0.129
52.40 14.35 75.4 0.131
0.129 (authors)
0.0 0.0 1.342 1.00 -
38.00 9.27 15.3 0.128
41.40 10.37 21.9 0.129
52.40 14.35 82.6 0.134
56.50 16.20 108. 0.126

The compiler calculated the salt effect parameters, kg = (l/c)log(z’/x),
at the individual KOH concentrations. The authors values are noted.

Contj
\___Eipued on next page..
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COMPONENTS ¢

(1) Hydrogen; H,; [1333-74-0]

ORIGINAL MEASUREMENTS:

Shoor, S. K.; Walker,
Gubbins, K. E.

R. D., Jr.;

(2) Water; H,0; [7732-18-5]
J. Phys. Chem. 1969, 73, 312 - 317.
(3) Potassium hydroxide; KOH;
[1310-58-3]
VARIABLES: PREPARED BY:
T/K: 298.15 - 373.15 P. L. Long
P/kPa: 101.325 (1 atm) H. L. Clever
KOH/wt %: 0 - 56.50

EXPERIMENTAL VALUES:

See preceding page.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: A gas chromat-

ographic method was used (1). The
hydrogen saturated solutions were
prepared by bubbling the gas through
presaturators and then through the
KOH solution. Samples were drawn from
the solution over a 48 hour period to
determine whether or not equilibrium
was established. Samples were trans-
ferred from the saturator to the gas
chromatograph in gas tight Hamilton
syrlnges. All analyses were made with
a2 thermal conductivity detector, and
with nitrogen as the carrier gas.

The, results are reported as activity
coeff1c1ents, which are the mole

fraction solubility ratio, x=°/x, where
z? is the gas mol fraction solubility

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Source not given.
Minimum purity stated to be 99.9
per cent.

(2) Water. Specially distilled and
degassed from an all glass-

Teflon still.

(3) Potassium hydroxide. Baker Anal-
yzed Reagent Grade. Contained a
maximum of 1 per cent K,CO5.The
KOH solutions were protected from

atmospheric CO» with Ascarite.

ESTIMATED ERROR:
0.05

0.01

8T/K
Sy/vy

in water, and x is the gas mol frac-
tion solubility in the aqueous KOH
solution, both at a gas partial
pressure of one atm. Solubility valueg
were corrected to one atm assuming
Henry's law is obeyed. The activity
coefficients are the average of at
least four measurements.

REFERENCES:

1. Gubbins, K. E.; Carden,
Walker, R. D. Jr.
J. Gas Chromatog. 1965,

S. N.;

3, 98.
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COMPONENTS

ORIGINAL MEASUREMENTS:

1. Hydrogen; Hz; [1333-74-0] Steiner, P.
2. Water; H,0; [7732-18-5] Ann. der Phys. Chem.
3. Potassium chloride; KCIl; 1894, 52, 275-299.
[7747-40-7]
VARTABLES : PREPARED BY:
Concentration of salt C. L. Young
EXPERIMENTAL VALUES:
Density of soln. Bunsen Bunsen "
T/K Conc. of salt at 288.2 K coefficient, coefficient
/mol dm™? /g cm™? o at 288.2 K
288.2 0 0.999 0.01883 0.01883
292,38 0.526 1.0240 0.01618 0.01667
292,15 1.051 1.0480 0.01447 0.01489
291.86 1.755 1.0794 0.01246 0.01279
291.97 2.909 1.1294 0.00985 0.01012
291.77 3.554 1.1565 0.00869 0.00892
pe—— e
# given in original, method of calculation from
Bunsen coefficient at experimental temperature
not clear.
\

AUXILIARY INFORMATION

ME
THOD/APPARATUS/PROCEDURE:

Volumetric method using an Ostwald
type gas buret and pipet. Solvent
Wwas degassed before being admitted

to the pipet. Details in source.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

Sda/a 10.02.

REFERENCES :
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Knopp, W.
2. Water; Hp0; [7732-18-5] Z. Phys. Chem.
3. Potassium chloride; KC1; 1904, 48, 97-108.
[7447-40-7]
VARIABLES: PREPARED BY:
Concentration of salt C. L. Young
EXPERIMENTAL VALUES:
Bunsen 10* mole
Conc. of salt Density of absorption fraction
Wt. of salt /mol dm~3 soln. coefficient, of hydrogen,
T/K in 100 g soln. (soln.) /g cm™?3 a 10":::Hz
293.15 0 0 0.99823 0.01883 0.1511
1.089 0.1475 1.00520 0.01823 0.1464
2.123 0.2907 1.01182 0.01757 0.1413
4.070 0.5687 1.02431 0.01661 0.1339
6.375 0.9127 1.03936 0.01531 0.1239
7.380 1.0682 1.04600 0.01472 0.1194
13.612 2.1222 1.08754 0.01255 0.1030

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Manometric method with absorption
pipet and gas buret were used.
Densities were determined using a
Sprengel pyknometer.

SOURCE AND PURITY OF MATERIALS:

1. Prepared from pure zinc and
dil. sulfuric acid in a Kipp's
apparatus, passed through
silver nitrate, potassium
hydroxide and permanganate
solutions.

2 and 3. No details given.

ESTIMATED ERROR:

§a/a = *+3% (estimated by compiler).

REFERENCES:
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COMPONENTS : ) ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hy; [1333-74-01 Gerecke, J.; Bittrich, H.-J.
(2) Water; H,0; [7732-18-5] Wiss. Z. Tech. Hoeseh. Chem. "Carl
Schorlemmer"” Leuna-Merseburg 1971,
(3) Potassium chloride; KC1; 115 - 122, 313 - 321. .
[7747-40-7]
L_¥ Chem. Abstr, 1972, 76,77239 ,77,6674]
VARIABLES : PREPARED BY:
T/K: 288 H. L. Clever
P/kPa: 101.325 (1 atm)
ch]_/mol kg"]-: 0.50, 1.0

EXPERIMENTAL VALUES:

T/K mgc1/mol kg™t log (87/8)

288 0.50 0.043
1.00 0.084

Values were taken from a graph in the paper
by the compiler.

The solubility ratio, $%/S, is a ratio of
Kuenen coefficients.

The authors value of the solubility of hydrogen
in water at 298.15 K and one atm partial pressure
is a Bunsen coefficient of 0,0177.

[ ——

AUXILIARY INFORMATION
—— v R
METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS;

The hydrogen solubilities appear to (1) Hydrogen.
have been determined by the method
of Morrison and Billett (1). (2) Water.

(3) Potassium chloride.

No information on the materials.

ESTIMATED ERROR:

S§log (8%/8) = +0.003 from graph.

REFERENCES:;

1. Morrison, T. J.; Billett, F.
J. Chem. Soe. 1948, 2033.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hy: [1333-74-0]) Morrison, T. J.; Billett, F.
(2) wWater; H20; [7732-18-5] J. Chem. Soe. 1952, 3819 - 3822.

(3) Potassium Iodide; KI; [7681-11-0]

VARIABLES: PREPARED BY:
T/K: 285.75 - 344.85
P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

Temperature Salt Effect Parameters
t/°c _ T/K_ 1/(1/K) (1/m)1log(s°/s)} (1/m)log(z°/x)
12.6 285.75 0.0035 0.088 0.103
30.0 303.15 0.0033 0.081 0.096
49.4 322.55 0.0031 0.066 0.081
71.7 344.85 0.0029 0.043 0.058

lThe authors used (l/c)log(So/S) with ¢ defined as g eq salt per kg of

water. For the 1-1 electrolyte the compiler changed the ¢ to an m for

Myac1/MoL kg~l. The hydrogen solubility S is cmS(STP) kg .

The salt effect parameters were calculated from two measurements. The
solubility of hydrogen in water, S©, and in the one molal salt solution,
S. Only the solubility of the hydrogen in water, and the value of the
salt effect parameter are given in the paper. The solubility values in
the salt solution are not given.

The compiler calculated the values of the salt effect parameter using the
mole fraction gas solubility ratio.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

The degassed solvent flows in a thin {(1) Hydrogen. Prepared from pure

film down an absorption helix zinc and dilute hydrochloric

containing the hydrogen gas plus acid.

solvent vapor at a total pressure of

one atmosphere. The volume of gas (2) Water. No information given.

absorbed is measured in an attached

buret system (1). (3) Potassium Iodide. "AnalaR"
material.

ESTIMATED ERROR:

§k = 0.010

REFERENCES:

1. Morrison, T. J.; Billett, F.
J. Chem. Soe. 1948, 2033.
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COMPONENTS : ORIGINAL MEASUREMENTS:

1. Hydrogen; Hz; [1333-74-0] Steiner, P.

2. Water; H,0; [7732-18-~5] Ann. der Phys. Chem.

3. Potassium nitrate; KNO3j; 1894, 52, 275-299.

[7757-79-1]
VARIABLES: PREPARED BY:
Concentration of salt C. L. Young
EXPERIMENTAL VALUES:
Density of soln. Bunsen Bunsen #
T/K Conc. of salt at 288.2 K coefficient, coefficient”
/mol dm™? /g cm™? o at 288.2 K

288.2 0 0.999 0.01883 0.01883
290.97 0.482 1.0295 0.01650 0.01683
290,73 0.879 1.0539 0.01530 0.01501
289.96 1.541 1.0936 0.01373 0.01391
290.42 1.820 1.1101 0.01290 0.01311
290.96 2.430 1.1460 0.01157 0.01180

¥ given in original, met
Bunsen coefficient at
not clear.

hod of calculation from
experimental temperature

AUXILIARY

|

INFORMATION

METHOD /APPARATUS /PROCEDURE :

Volumetric method using an Ostwald
type gas buret and pipet. Solvent
was degassed before being admitted

to the pipet. Details in source.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

sa/a +0.02.

REFERENCES :




88 Hydrogen Solubilities up to 200kPa
COMPONENTS ¢ ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Knopp, W.
2. Water; H.0; [7732~18-5] Z. Phys., Chem.
3. Potassium nitrate; KNOj;; 1904, 48, 97-108.
[7757-79-1]
VARIABLES : PREPARED BY:

Concentration of salt

C. L. Young

EXPERIMENTAL VALUES:

Bunsen 10* mole
Conc. of salt Density of absorption fraction
Wt. of salt /mol dm™? soln. coefficient, of hydrogen,

T/K in 100 g soln. (soln.) /g cm™? o 10"xHz
293.15 0 0 0.99823 0.01883 0.1511
1.244 0.1245 1.00593 0.01835 0.1475
2.094 0.2114 1.01133 0.01818 0.1464
4.010 0.4127 1.02362 0.01785 0.1443
5.925 0.6225 1.03592 0.01743 0.1415
7.742 0.8293 1.04768 0.01667 0.1358
13.510 1.5436 1.08646 0.01436 0.1198

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Manometric method with absorption
pipet and gas buret being used.
Densities were determined using a
Sprengel pyknometer.

SOURCE AND PURITY OF MATERIALS:

1. Prepared from pure zinc and
dil. sulfuric acid in a Kipp's
apparatus, passed through
silver nitrate, potassium
hydroxide and permanganate
solutions.

2 and 3. No details given.

ESTIMATED ERROR:

Sa/o +3% (estimated by compiler).

REFERENCES :
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Concentration of salt

COMPONENTS ; ORIGINAL MEASUREMENTS:

1. Hydrogen; Hz; [1333-74-0] Steiner, P.

2, Water; H,0; [7732-18-5] Ann. der Phye. Chem.

3. Potassium carbonate; K;COj;; 1894, 52, 275-299.
[584~08-7]

VARIABLES: PREPARED BY:

C. L. Young

EXPERIMENTAL VALUES:

not clear.

Bunsen coefficient at experimental temperature

Density of soln. Bunsen Bunsen n

T/K Conc. of salt at 288.2 K coefficient, coefficient
/mol dm™? /g cm™3 o at 288.2 K
288.2 0 0.999 0.01883 0.01883
284.38 0.209 1.0248 0.01675 0.01628
285,44 0.341 1.0405 0.01532 0.01501
284.47 0.690 1.0807 0.01216 0.01183
285.66 1.376 1.1555 0.00775 0.00761
285,77 2.156 1.2353 0.00470 0.00462
285,92 2,939 1.3112 0.00290 0.00285
286.32 4,352 1.4395 0.00162 0.00160
# given in original, method of calculation from

S

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Volumetric method using an Ostwald
type gas buret and pipet. Solvent
was degassed before being admitted

to the pipet. Details in source.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

so/o +0.02.

REFERENCES:
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Hydrogen Solubilities up to 200kPa

COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hyi [1333-74~0] Hufner, G.
(2) Water; H20; [7732-18-5] Z. Physik. Chem. 1907, 57, 611-624.
(3) Urea; CH4N20 or (NH2)2CO;
[57-13-6]
VARIABLES: PREPARED BY:
T/K: 293.29, 293.36
H, P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
Temperature curea/ mol cm“3 Gas Absorbed Bunsen
° Pressure/ Gas Coefficient
t/°¢c T/K mmH Volume'® 2
g o x 10
20.11 293.26 0.0 -— - 1.810%
20.21 293.36 1.0 668.4 6.13 1.700
20.14 293.29 1.0 699.3 6.39 1.706

490.94 cm3

'yolume of gas reduced to 273.15 K and 760 mmHg absorbed in
solution at stated pressure.

‘Average of three runs, see Hiifner's H2 + HZO data sheet.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The apparatus, described in reference
(1), was the Bunsen absorption type.
It consisted of an absorption flask,

which holds 409.94 cm’> of solvent,
and gas burets.

The final partial pressure of the gas
ranged between 662.5 and 694.3 mmHg.
The author reported both the volume
of gas absorbed at the final pressure

in 409.94 cm3 of solvent reduced to
273.15 K and 760 mmHg, and the Bunsen
coefficient, which was calculated
assuming Henry's law.

Urea name Harnstoff in paper.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Formed by the reaction
of dilute sulfuric acid on zinc.
The gas was washed with per-
manganate and caustic solutions
and stored over mercury.

(2) Water. Pure.

(3) Urea. Source not given.

ESTIMATED ERROR:

§T/K = 0.01
REFERENCES:
1. Hufner, G.
Archiv. F. Anatomie und

Physiologie, Physiolog. Abtly.
1894, 5, 191.
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Geffcken, G.Z.Phys.Chem.
2. Water; H,0; [7732-18-5] 1904, 49, 257-302
3. Chloroacetic acid; C2H3C10,
[79-11-8]
VARIABLES: PREPARED BY:
Temperature C.L. Young

EXPERIMENTAL VALUES:

T/K Conc of acid/mol dm?® (soln) Ostwald coefficient, L
288.15 0.527 0.01905
0.990 0.01852
1.773 0.01783
AUXILIARY INFORMATION

METHOD /APPARATUS/PROCEDURE :

Volumetric method using simple
adsorption pipet and buret.
Diagram and detailed description
given in original paper.

SOURCE AND PURITY OF MATERIALS:

1. Prepared by the action of dilute
hydrochloric acid on aluminium
in the presence of mercury chlor-
ide. Washed in potassium
hydroxide solution and potassium

permanganate solution. Dried.

Degassed.

ESTIMATED ERROR:

ST/K = x0.1; 8L +1%.
(estimated by compiler).

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Knopp, W.
2. Water; H,0; [7732~18-5] Z. Phys. Chem.
3. 2,2,2-Trichloro~1l,1 -Ethanediol 1904, 48, 97-108.
(Chloralhydrate); C,H3Cl130;2;
[302-17-0]
VARIABLES: PREPARED BY:

Concentration of salt

C. L. Young

EXPERIMENTAL VALUES:

Bunsen 10* x Mole
Wt. of salt Conc. of salt Density absorption fraction of
in 100 g soln. /mol dm™? of soln. coefficient hydrogen

T/K /g (soln.) /g cm™? a lO"xHz
293,15 0 0 0.99823 0.01883 0.1511
4,911 0.310 1.02017 0.01839 0.1509
7.69 0.504 1.03199 0.01802 0.1501
14.56 1.030 1.06687 0.01712 0.1476
18.77 1.397 1.08844 0.01653 0.1460
29.50 2.530 1.14659 0.01542 0.1461
32.00 2.845 1.16175 0.01518 0.1463
38.42 3.770 1.19817 0.01440 0.1463
49.79 6.000 1.27242 0.01353 0.1530
60.12 9.120 1.34522 0.01324 0.1697
63.90 10.700 1.37426 0.01307 0.1768

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE ;

Manometric method with absorption
pipet and gas buret were used.
Densities were determined using a
Sprengel pyknometer.

SOURCE AND PURITY OF MATERIALS:

1. Prepared from pure zinc and
dil. sulfuric acid in a Kipp's
apparatus, passed through silver
nitrate, potassium hydroxide
and permanganate solutions.

2 and 3. No details given.

ESTIMATED ERROR:

Sa/a +3% (estimated by compiler).

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:

l. Hydrogen; H,; [1333-74-0] Muller, C.

2. Water; H,0; [7732-18-5] Z. Phye. Chem. 1912-13, 81,

3. 2,2,2-Trichloro-1,1,~Ethanediol 483-503.
(Chloralhydrate); CzH3Cl30;;
[302-17-0]

VARIABLES: PREPARED BY:

Concentration of component 3 C. L. Young
EXPERIMENTAL VALUES:

Conc. of Bunsen# Density
comp. (3) Bunsen coefficient of soln.
T/K (wt-%) coefficient at 288.2 K at t/°cC t/°C
First set of experimental data
288,15 10 0.01740 0.01740 1.045 4
289,55 16.1 0.01719 0.01737 1.0772 16
288,95 33.35 0.01475 0.01484 1.1734 15
288,15 39.4 0.01470 0.01470 1.2144 15
288.75 51 0.01300 0.01306 1.2848 16
289,35 60.8 0.01281 0.01230 1.3585 16
288.65 70.7 0.01282 0.01287 1.44 16
288,15 79 0.01320 0.01320 1.5105 15
Second set of experimental data
292.55 15.5 0.01732 0.01724 1.0728 19
290.55 28.3 0.01569 0.01540 1.1444 17.4
291.85 46.56 0.01388 0.01375 1.2527 18.7
289.65 52 0.01314 0.01280 1.2899 17
290.15 63 0.01270 0.01243 1.3735 17
290.35 66 0.01285 0.01260 1.398 17.5
291.05 68 0.01286 0.01270 1.4121 18
291.45 78.4 0.01398 0.01380 1.4997 18
——
#

given in original, method of calculation from Bunsen
coefficient at experimental temperature not clear.

P——

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Volumetric method in which pressure
was determined using a mercury
manometer. Solution was de-
gassed by boiling under reduced
Pressure. A considerable amount
of water was removed by this
Process. Gas was saturated with
water vapor before being admitted

to absorption buret.

SOURCE AND PURITY OF MATERIALS:

1. Prepared by reaction of acid on
zinc, washed with caustic potash
solution.

2 and 3, No details given.

ESTIMATED ERROR:
§T/K = +0.1; &P/P = +0,001;
Sa/a = 3% (estimated by compiler).

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Geffcken, G.Z. Phys. Chem.
2. Water; H,0; [7732-18-5] 1904,49,257-302
3. Acetic acid; C2H40z; [64-19-7]
VARIABLES: PREPARED BY:
Concentration C.L. Young
EXPERIMENTAL VALUES:
T/K Conc of acid/mol dm® (soln) Ostwald coefficient,
L
298.15 0.517 0.01925
0.528 0.01923
1.160 0.01903
1.20 0.01895
1.963 0.01885
1.980 0.01882
3.178 0.01862
3.220 0.01858
4,157 0.01849

AUXILIARY INFORMATION

METHOD /APPARATUS/PROCEDURE:

Volumetric method using simple
adsorption pipet and buret.
Diagram and detailed description
given in original paper.

SOURCE AND PURITY OF MATERIALS:

1. Prepared by the action of dilute
hydrochloric acid on aluminium
in the presence of mercury
chloride. Washed in potassium
hydroxide solution and potassium
permanganate solution. Dried.

2. Degassed.

ESTIMATED ERROR:

ST/K = $0.1; 8L = *1%.
(estimated by compiler).

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Hydrogen; Hz; [1333-74-0] Hufner, G.

(2) wWater; HZO: [7732-18-5] Z. Phyeik. Chem. 1907, 57, 611-624
(3) Acetamide; C2H5NO or CH3CONH2;

[60~35~5]
VARIABLES : PREPARED BY:
T/K: 293.10, 293.43
H, P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

Temperature CC H NO/mol dm_3 Gas Absorbed Bunsen
£/°C /K 275 Pressure/ Gas . Coefficient
mmHg Volume o x 102
20.11 293.26 0.0 -— - 1.8102
20.28 293.43 1.0 662.5 6.42 1.796
19.95 293.10 1.0 682.0 6.60 1.794

'Volume of gas reduced to 273.15 K and 760 mmHg absorbed in 490.94 cm3

solution at the stated pressure.

average of three runs, see Hiifner's H2 + H20 data sheet.

Per———

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

The apparatus, described in reference [{1) Hydrogen. Formed by the reaction
(1), was the Bunsen absorption type. of dilute sulfuric acid on zinc.
It consisted of an absorption flask, The gas was washed with per-

manganate and caustic solutions

. 3
w
hich holds 409.94 cm~ of solvent, and stored OVer mercury.

and gas burets.

The final partial pressure of the gas (2) Water. Pure.
ranged between 662.5 and 694.3 mmHg.
The author reported both the volume
0f gas absorbed at the final pressure

in 409.94 cm® of solvent reduced to

(3) Acetamide. Source not given.

273,15 K and 760 mmHg, and the Bunsen

ey )y ESTIMA H
coefficient, which was calculated TMATED ERROR
assuming Henry's law. §T/K = 0.01

REFERENCES:;

1. Hifner, G.
Archiv. F. Anatomie und
Physiologie, Physiolog. Abtly.
1894, 5, 1l91l.

HAD . i
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hyi [1333-74-0] Hufner, G.
(2) Water; HZO; [7732-18~5] Z. Physik. Chem. 1907, 57, 611-624.
(3) Glycine; CZHSNO2 or CHZ(NHZ)COOH;
[56~40-6]
VARIABLES: PREPARED BY:
T/K: 293.26, 293.31
H, P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
Temperature Co y_no. /Mol am™3 Gas Absorbed Bunsen
t/°C T/K 27572 Pressure Gas Coefficient
mmHg Volume o x lo2
20.11 293.26 0.0 -—- - 1.810%
20.16 293.31 1.0 666.7 5.67 1.577

490.94 cm’

Zaverage of three runs, see Hifner's H2 + H

'volume of gas reduced to 273.15 K and 760 mmHg absorbed in
solution of the stated pressure.

20 data sheet.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

which holds 409.94 cm> of solvent,
and gas burets.

273.15 K and 760 mmHg,
coefficient, which was calculated
assuming Henry's law.

Glycine name glykoholl (aminoessig-
saure) in the paper.

The apparatus, described in reference
(1), was the Bunsen absorption type.
It consisted of an absorption flask,

The final partial pressure of the gas
ranged between 662.5 and 688.1 mmHg.
The author reported both the volume
of gas absorbed at the final pressure

in 409.94 cm3 of solvent reduced to

(3)

(2) Water.

SOURCE AND PURITY OF MATERIALS:
(1) Hydrogen.

Formed by the reaction
of dilute sulfuric acid on zinc.
The gas was washed with perman-
ganate and caustic solutions and
stored over mercury.

Pure.

Glycine. Merck.

and the Bunsen

ESTIMATED ERROR:

§T/K = 0.01

1.

REFERENCES:

Hufner, G.

Arcehiv. F. Anatomie und
Physiologie, Phyeiolog. Abtly.
1894, 5, 191.
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COMPONENTS ; ORIGINAL MEASUREMENTS:
1. Hydrogen; Hp; 1333-74-0 ;
2. Bthanol or Ethyl Alcohol; CoHeOH; 64-17es| o oiit! Xo¥
L3 o ; - -
Y conoti 285 J Chem. Soe., Faraday Trans. I
3. Water; Hy0; 7732-18-5 1978, 74, 1444-1456
VARIABLES : PREPARED BY:
T/K & 277.4 - 335.2
P/kPa : 101,325 (1 atm) R.W, Cargill
CoHgOH/X2: 0.0 -~ 1.0
EXPERIMENTAL VALUES:
Mol Fraction - 3, -1
Ethanol/x, T/K 1o 77! log (S /em’kg™!) S,/cm’kg
—
0.98 278.9 35.87 1.962 91.6
0.98 289.2 34.59 1.984 96.4
0.98 299,2 33.43 2.000 100
0.98 309.2 32.35 2.025 106
0.98 320.2 31.24 2.045 111
0.98 333.2 30.02 2.061 115

a
Values from reference 3.

The Solubility, S_, calculated as cm? gas
of 101,325 kpa (1 atm) per kg of solvent,

at 273.15 K and Ar partial pressure

AUXILIARY INFORMATION

\
“ﬁ;gg?/APPARATUS/PROCEDURE:

11 gD: Absorption of gas by a thin f£ilm of
megﬁ d. The Morrison and Billett (1)
withOd was modified by replacing valve A
th & constant flow pump and by measuring
abe Mass of the solvent leaving the
a :grption.tube (instead of the volume) on

P-pan balance.

2§§§§ATUS/PROCEDURE: The solvent is

Fach ;ed using the vapor pump principlg (1.

gas inEtermlnation gbsorbs about 20 cm® of

recyol Up to 500 cm® of solvent, which was
Ycled, fThe density of the solvent was

SOURCE AND PURITY OF MATERIALS:
1. Hydrogen. British Oxygen Co.

Gas 99.9 percent pure, stored over
saturated brine.

Ethanol. Absolute alcohol.

Water. Distilled then deionized,

N

c
heckeq after each run, so that the exact

g°mP°Sition of the solution could be
etermineq (2).

ESTIMATED ERROR:
§T/K = 0.1
SP/mmHg = 0,5
Solubilities reproducible within 0.5 percent.

REFERENCES;

1. Morrison, T. J.,; Billett, F.

J. Chem. Soc., 1948, 2033; 1952, 3819

International Critical Tables,
Volume III, pp 112-118.

Morrison, T. J.; Billett, F.
J. Chem. Soe. 1952, 3819.

2.

3.
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COMPONENTS : ORIGINAL MEASUREMENTS:

1. Hydrogen; Hp; 1333-74-0 Cargill, R.W.

2. Ethanol or Ethyl Alcohol; CyHgOH; 64-17-5 J. Chem. Soe., Faraday Trans I

3. Water; HpO; 7732-18-5 1218, 74, 14a4-14s6.

EXPERIMENTAL VALUES:
Mol Fraction ) 31 3, .71
Fthanol/X, T/K 10" T log(So/cm kg ) So/cm kg

0.18 279,1 35.84 1.296 19.8
0.18 289.3 34.58 1.325 21,1
0.18 298.,9 33.47 1.330 21.4
0.18 309.8 32.29 1.354 22.6
0.18 321.2 31.24 1.403 25.3
0.18 332.9 30.05 1.433 27.1
0.22 278.4 35,93 1.327 21.2
0.22 286.6 34.91 1.348 22.3
0.22 295.9 33.81 1.365 23,2
0.22 304.7 32.83 1.400 25.1
0.22 315.4 31.72 1.422 26.4
0.22 324.7 30.80 1,457 28.6
0.22 333.5 29.99 1.487 30.7
0.22 335.1 29.85 1.506 32.1
0.31 279.1 35.84 1.433 27.1
0.31 289.5 34.55 1.475 29.9
0.31 298.8 33.48 1.496 31.3
0.31 309.8 32.29 1.536 34.4
0.31 321.9 31.07 1.573 37.4
0.31 333.4 30.00 1.600 39.8
0.41 278.4 35.95 1.542 34.8
0.41 286.7 34.90 1.561 36.3
0.41 305.2 32.78 1.649 44,6
0.41 315.0 31.76 1.679 47.8
0.41 324.7 30.80 1.709 51.2
0.41 335.,2 29.84 1,735 54.3
0.59 278.6 35.90 1.699 50.0
0.59 288.8 34.64 1.729 53.6
0.59 297.7 33.60 1.753 56.6
0.59 310.9 32.18 1.795 62,4
0.59 321.3 31.13 1.827 67.1
0.59 332.9 30.05 1.865 73.3
0.68 279.7 35.76 1.786 61.1
0.68 288.8 34,80 1.802 63.4
0.68 309.7 32.30 1.865 73.3
0.68 320.6 31.20 1.889 77.5
0.68 332.7 30.07 1.919 83.0
0.89 278.6 35.90 1.904 80.2
0.89 294.9 33.92 1.944 87.9
0.89 314.3 31.83 1.996 99.1
0.89 328.8 30.42 2,046 111
0.89 332.2 30.11 2,036 108
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COMPONENTS :

3. Water; H,0;

1. Hydrogen; H,; 1333-74~0

7732-18-5

2. Ethanol or Ethyl Alcohol; C;H;OH; 64-17-5

ORIGINAL MEASUREMENTS:

Cargill, R.W.
J. Chem. Soe., Faraday Trans.I
1978, 74, 1444-1456

EXPERIMENTAL VALUES:

Ethanol/X,

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.008
0.008
0.008
0.008
0.008
0.008
0.008
0.008

0.021
0.021
0.021
0.021
0.021
0.021
0.021

0.048
0.048
0.048
0.048
0.048
0.048
0.048

0.075
0.075
0.075
0.075

0.10
0.10
0.10
0.1o0
0.10
0.10
0.10

S

Mol Fraction

e e,

T/K 10% 77! 1og(So/cm’kg_‘) So/cm3kg-1
277.8 36.01 1.319 20.8
278.4 35.93 1.320 20.9
284.1 35.21 1.289 19,5
285.5 35.04 1.28% 19,28
289.3 34.58 1,272 18.7a@
290.5 34.42 1.268 18.52
294.,5 33.97 1.257 18.1
296.2 33,77 1.252 17.98
297.0 33.68 1.251 17.8
298.2 33.55 1.248 17.728
305.3 32.77 1.233 17.1
306.4 32.63 1.230 17.02
318.2 31.44 1.214 16.42
320.5 31.20 1.212 16.32
327.6 30.53 1.206 16.28
332.4 30.09 1.212 16.3
333.5 29.99 1.206 16.128
338.7 29,54 1.208 16.12
344.9 .29,00 1.208 16.12a
277.4 36.06 1.330 21.4
278.8 35.88 1.326 21.2
285.5 35.04 1.295 19.7
294.2 34,00 1.267 18.5
304.0 32.90 1.244 17.5
314.3 31.83 1.222 16.7
324.6 30.81 1.222 16.7
332.8 30.06 1.218 16.5
277.9 36.00 1.327 21.2
285.3 35.07 1.312 20.5
294.,3 33.99 1,269 18.6
303.5 32.96 1.253 17.9
313.2 31.94 1,232 17.1
323.0 30.95 1,231 17.0
332.7 30.07 1.228 16.9
277.4 36.06 1.338 21.8
285.8 35.01 1.307 20.3
295.4 33.87 1.272 18.7
303.8 32.93 1,257 18.0
314.3 31.83 1.245 17.6
323.9 30.88 1,238 17.3
334.5 29.90 1.251 17.8
281.6 35.53 1.296 19.8
285.5 35,04 1.286 19.3
298.8 33.48 1.262 18.3
313.7 31.89 1.264 18.4
277.9 36.00 1.290 19.5
285.4 35,05 1.278 19.0
293,2 34.00 1,278 19,0
304.1 32.89 1.259 18.2
312.6 32.00 1.264 18.4
323.6 30.94 1.296 19.8
333.5 29,99 1.325 21.1
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; H,; [1333-74-0]
(2) Water; Hy0; [7732-~18-5] Symons, E. A.

(3) Sulfinylbismethane or dimethyl
sulfoxide; CpHg0S; [67-68~-5]

(4) N,N,N-Trimethylmethanaminium
hydroxide; C4Hy5N.HO; [75-59-2]
VARIABLES: T/K: 298.15 - 353.15 PREPARED BY:
P/kPa: 101.325 (1 atm) H. L. Clever
CoHgSO/mol %: 0 - 100
Csait/mol dm=3: 0.0 ~ 0.42
EXPERIMENTAL VALUES:

Can. J. Chem.1971, 49,
3940 - 3947.

See preceding page.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Matheson Co., Inc. Lecture bottle, extra dry, used as
received.

(2) Water. Deionized distilled water.

(3) Dimethylsulfoxide. Fisher Co. Certified Reagent grade. Dried at least
48 h over Linde type 4A molecular sieves, then vacuum distilled with
nitrogen bled through a 16 in Vegreux column. The central fraction,
38-40°C (ca. 1 mmHg), was retained for use under a nitrogen atmosphere
at ambient temperature.

(4) N,N,N-Trimethylmethanaminium hydroxide or tetramethyl ammonium hydroxide.
Matheson, Coleman and Bell Co., Inc., A 25 per cent aqueous solution
in a polyethylene bottle, titrated against standard sulfuric acid
solution.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE: SOURCE AND PURITY OF MATERIALS:

Gas chromatographic method (1).

The gas-liquid equilibrium cell was a See above.

modified 100 cm3 round bottom flask
equipped with magnetic stirrer,
syringe sampling portal, and vacuum/
gas line. The solvent was added, the
flask evacuated several minutes to
remove dissolved gases. Then the gas
was introduced to a partial pressure
of one atm. The solution was stirred
for five minutes, then sampled.

Three to four successive samples were

taken. ESTIMATED ERROR:
The 5.0 cm> samples were taken by gas ST/K = 0.05
tight syringe. The sample was intro- sc/c = 0'02 (author's

duced to a stripping cell, stripped

out over a period of 1-2 minutes by estimate)

the nitrogen carrier gas and then REFERENCES:

passed into a Varian Aerograph (No. . . .
1420) equipped with an injection 1. Gubbins, K. E. Carden, S. N.j
portal, column (10' %" stainless J. Gas Céroéaté » .1965 98
steel, packed with 40-60 mesh 13X : gr. -202, *
molecular sieve) at ambient tempera-

: i 2. Symons, E. A.; Buncel, E.
ot atng g3 hemmal conductivity Can. J. Chem. 1973, 51, 1673.
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COMPONENTS :
(1) Hydrogen; Hyi [1333-74-0]
(2) Water; H,0; [7732~18-5}

ORIGINAL MEASUREMENTS :

Symons, E. A.

Can. J. Chem. 1971, 439,
(3) Sulfinylbismethane or dimethyl 3940 - 3947.
sulfoxide; CZHSOS; [67~68-5]
(4) N,N,N-Trimethylmethanaminium
hydroxide; C4HqoN.HO; [75-59-2]
EXPERIMENTAL VALUES:
Temperature Dimethylsulfoxide Cpage’  Solubility

t/°c  T/K mol % ¢y /mol dm >
2
c x 103
25.0 298.15 100 0 1.05,1.08
35.0 308.15 1.18
50.0 323.15 1.37
65.0 338.15 1.54
80.0 353.15 1.73
35.0 308.15 96.9 0.022 1.13,1.15
50.0 323.15 1.33
65.0 338.15 1.50,1.52,1.53
80.0 353.15 1.71
35.0 308.15 87.5 0.096 1.07
50.0 323.15 1.27
65.0 338.15 1.44,1.45,1.48
80.0 353.15 1.64
25.0 298.15 77.9 0.13 0.93
35.0 308.15 1.03
50.0 323.15 1.20
65.0 338.15 1.35,1.39,1.40
80.0 353.15 1.49
25.0 298.15 59.0 0.42 0.78
35.0 308.15 0.87
50.0 323.15 0.98
65.0 338.15 1.16,1.18
80.0 353.15 1.31
25.0 298.15 ° 40.1 0.36 0.61
35.0 308.15 0.66
'50.0- 323.15 0.77
65.0 338.15 0.92,0.95
80.0 353.15 1.10
25.0 298.15 20.2 0 0.58
35.0 308.15 0.60
50.0 323.15 0.69
65.0 338.15 0.80
25.0 298.15 0 0 0.80,0.80%2

1 = -
Cpase = ©C4H;,N.on/mOLl dm™".

? see reference 2. Equivalent to a mole fraction of 1.45 x 107°.

3
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water evaluation).

COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; Ha; [1333-74-0] Braun, L.
2. Water; H20; [7732-18-5] Z, phys. Chen.
3. Propanoic acid; C3HgO3z; 1900, 33, 721-741
[79-09-4]
VARIABLES: PREPARED BY:
Temperature, concentration of acid C. L. Young
EXPERIMENTAL VALUES:
Wt. of acid Bunsen Wt. of acid Bunsen
T/K per 100 g soln. coefficient, T/K per 100 g soln. coefficient,
/9 a /9 a
278.2 0 0.02366 288.2 6.500 0.01925
2.634 0.02245 9.763 0.01929
3.373 0.02221 9.910 0.01908
5.267 0.02239 293,2 0 0.01905
6.500 0.02181 2.634 0.01876
9.763 0.02120 3.373 0.01866
9.910 0.02129 5.267 0.01842
283.,2 0 0.02213 6.500 0.01829
2.634 0.02142 9.763 0.01788
3.373 0.02120 9.910 0.01782
5.267 0.02117 298.2 0 0.01750
6.500 0.02093 2.634 0.01722
9.763 0.02042 3.373 0.01706
9.910 0.02029 5.267 0.01705
288.2 0 0.02059 6.500 0.01690
2.634 0.02003 9.763 0.01638
3.373 0.01987 9.910 0.01602
5.267 0.01983
N.B. The Bunsen coefficients at the lowest temveratures are thought

to be considerably in error but the salting out parameters
at the lower temperatures are probably more reliable (see

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Ostwald method, using gas buret and
pipet. Measurement of volume of
gas befcre and after absorption.
Vapor pressure of water was allowed
for by assuming Raoult's law.
Solution was degassed. Concentra-
tion of acid was estimated by

titration with base.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

Sa/a = +0.03

REFERENCES :
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COMPONENTS ; ORIGINAL MEASUREMENTS:
(1) Hydrogen; H,: [1333-74~0] Hiifner, G.
(2) Water; H,O0; [7732~18-5] Z. Physik. Chem. 1907, 57, 611-624.
(3) D-Alanine; C3H7NO2 or

CH3CH(NH2)COOH; [338-69-2]

VARIABLES : PREPARED BY:
T/K: 293.23
H, P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
Temperature  C, y yo /mol am™~3 Gas Absorbed Bunsen
° 377772 Pressure/ Gas Coefficient
t/ec T/K mmH Volume'® 2
g o x 10
20.11 293.26 0.0 -— -- 1.8102
20.08 293.23 1.0 664.2 5.57 1.555
lyolume of gas reduced to 273.15 K and 760 mmHg absorbed in
490.94 cm3 solution at the stated pressure.

Average of three runs, see Hufner's H2 + HZO data sheet.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

The apparatus, described in reference (1) Hydrogen. Formed by the reaction
(1), was the Bunsen absorption type. of dilute sulfuric acid on zinc.
It consisted of an absorption flask, The gas was washed with per-

manganate and caustic solutions

which holds 409.94 cm> of solvent,
and stored over mercury.

and gas burets.
The final partial pressure of the gas (2) Water. Pure.
ranged between 662.5 and 688.1 mmHg.
The author reported both the volume
of gas absorbed at the final pressure

(3) D~Alanine. Merck.

in 409.94 cm3 of solvent reduced to
273.15 K and 760 mmHg, and the Bunsen
coefficient, which was calculated
assuming Henry's law.

ESTIMATED ERROR:

§T/K = 0.01

REFERENCES:

1. Hufner, G.
Arehiv. F. Anatomie und
Physiologie, Physiolog. Abtly.
1894, 5, 191.
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; Hy; [1333-74-0] Muller, C.
2. Water; H,0; [7732-18-5] Z. Phys. Chem. 1912-13, 81,
3. 1,2,3-Propanetriol (Glycerol,
Glycerine); C3HgO3; 483-503.
[56-81-5]
VARIABLES: PREPARED BY:
Concentration of component 3 C. L. Young
EXPERIMENTAL VALUES:
Conc. of Bunsen # Density
comp. (3) Bunsen coefficient of soln.
T/K (wt-%) coefficient at 288.2 K at t/°C t/°C
287.65 14.9 0.01654 0.01647 1.0366 14
286.15 22,8 0.01532 0.01510 1.0536 12.5
286.95 38 0.0L226 0.01216 1.0966 14
287.65 43.5 0.01117 0.01110 1.1115 15
286.85 49.15 0.01019 0.01010 1.1268 14.5
288.05 51.5 0.01026 0.01025 1.1333 14.5
285.45 68 0.00822 0.00806 1.181 12.5
291.15 90.7 0.00853 0.00870 1.2386 18

# given 1in original, method of calculation from Bunsen

coefficient at experimental temperature not clear.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Volumetric method in which pressure
was determined using a mercury
manometer, Solution was de-
gassed by boiling under reduced
pressure. A considerable amount

of water was removed by this process.
Gas was saturated with water vapor
before being admitted to absorption

buret.

SOURCE AND PURITY OF MATERIALS:

1. Prepared by reaction of acid
on zinc, washed with caustic
potash solution.

2 and 3. No details given.

ESTIMATED ERROR:
§T/K = £0.1; &6P/P = 10.,001;
sa/a +3% (estimated by compiler).

]

REFERENCES:
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COMPONENTS : ORIGINAL MEASUREMENTS:

1, Hydrogen; H,; [1333-74-0] Druker, K; Moles, E.

2. Water; H,0; [7732-18-5] Z., Physik. Chem.

3. 1,2,3-Propanetriol (Glycerol, 1910, 75, 405-436.

Glycerin); C3H503;
[56~81-5]

VARIABLES: PREPARED BY:

Wt. fraction of 1,2,3-~Propanetriol C. L. Young

EXPERIMENTAL VALUES:

Ratio
Wt. fraction Ostwald density H,0/
T/K of 1,2,3-Propanetriol p/mmHg p/kPa coefficient, density soln.
L

298.2 0.0 760 10l 0.01962 1.0
0.040 716.3 95.50 0.0186 1.0101
0.105 736.1 98.14 0.0178 1.0260
0.220 684.3 91.23 0.0154 1.0542
0.498 709.9 94.65 0.0099 1.1290
0.505 730.1 97.34 0.0097 1.1300
0.526 672.2 89.62 0.0090 1.1365
0.670 741.1 98.81 0.0067 1.1752
0.800 708.0 94.39 0.0051 1.2113
0.820 665.5 88.73 0.0051 1.2159
0.880 662.3 88.30 0.0044 1.2307
0.950 741.8 98.90 0.0034 1.2502

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE ;

Volumetric method using an Ostwald
type gas buret and pipet. Solvent
degassed before being admitted to
Pipet.
determined using a Sprengel pykno-

meter,

Density of solution

SOURCE AND PURITY OF MATERIALS:

1. Electrolytically prepared from
aqueous potassium hydroxide soln.
Passed over hot platinum-asbestos
to remove oxygen.

2. Distilled.

3. "Pure" sample, purity about 98
mole per cent.

ESTIMATED ERROR:
SL/L = *1-3% for dil.

+5-7% in concentrated soln.

soln.;

REFERENCES:;
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COMPONENTS : ORIGINAL MEASUREMENTS:

1. Hyd ; ; 1333-74-
ydrogen; Hp; 1333-74-0 Cargill, R.W.

2. 2-Methyl-2-propanocl or t-Butanol;
CyHgOH; 75~65-0

3. Water; Hp0; 7732-18-5

J. Chem. Soc., Faraday Trans. I
1978, 74, 1444-1456

VARIABLES: PREPARED BY:
T/K : 277.5-334.6
P/kPa : 101,325 (1 atm) R.W.Cargill
CquOH/Xz : 0.0-0,.85

EXPERIMENTAL VALUES:

MITRUO  ax 10T leglsgeti™)  sp/enis”
0.85 281.4 35.55 1,910 81.3
0.85 289.2 34.59 1,932 85.5
0.85 298.7 33.49 1.968 92.9
0.85 309.2 32.35 1.997 99,3
0.85 320.3 31.23 2.026 106
0.85 332.8 30.06 2.054 113

avalues from reference 3.

The Solubility, S_, calculated as cmd gas at 273.15 K and Ar partial pressure
of 101.325 kPa (1 atm) per kg of solvent.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

METHOD: Absorption of gas by a thin film of |1. Hydrogen. British Oxygen Co Gas 99.9
ligquid., The Morrison and Billett (1) method per cent pure, stored over saturated

was modified by replacing valve A with a brine.

constant flow pump, and by measuring the mass|2. 2-Methyl-2-propanol. Reagent grade,

of the solvent leaving the absorption tube (98 percent boils 82-83°C).

(instead of the volume) on a top-pan balance.{3. Water. Distilled then deionized.

APPARATUS/PROCEDURE: The solvent is
degassed using the vapor pump principle (1).
Each determination absorbs about 20 em® of
gas in up to 500 emd of solvent, which was

recycled. The density of the solvent was ESTIMATED ERROR:

checked after each run, so that the exact ' §T/K = 0.1
composition of the solution could be 8p/mmHg = 0.5
determined (2). Solubility values reproducible within 0.5

percent (authors).

REFERENCES
1, Morrison, T. J.; Billett, F.
J. Chem. Soc. 1948, 2033; 1952, 3819,

2. International Critical Tables,
Volume III, pp 112-118.

3. Morrison, T. J.; Billett, F.
J. Chem. Soe. 1952, 3819
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COMPONENTS : ORIGINAL MEASUREMENTS:

1. Hydrogen; Hp; 1333-74-0 Cargill, R.W

2. 2~Methyl-2-propanol or t-Butanol;

- J. Chem. Soc., Faraday Trans. I

CyHgOH; 75-65-0 1978, 74, 1444-1456

3. Water; HpO; 7732-18-5

EXPERIMENTAL VALUES:

Mol Fraction T Y 3.1 3,.."1

Alcohol/X: T/K 0% T log(So/cm kg ) So/cm kg
0.072 278.2 35.96 1.271 18.7
0.072 286.7 34,90 1.265 18.4
0.072 296.8 33.70 1.282 19.1
0.072 306.1 32.68 1.301 20.0
0.072 320.7 31.19 1.333 21.5
0.072 331.7 30.16 1.374 23.7
0.10 280.7 35.64 1.300 20.0
0.10 285.7 35.02 1.316 20.7
0.10 298.3 33.54 1.342 22,0
0.10 299.6 33.38 1.336 21.7
0.10 308.2 32.46 1.359 22,9
0.10 318.4 31.42 1.387 24.4
0.10 319.7 31.29 1.391 24.6
0.10 332.8 30.06 1.459 28.8
0.14 278.0 35.98 1.373 23.6
0.14 286.9 34.87 1.408 25.6
0.14 299.5 33.40 1.444 27.8
0.14 307.5 32.53 1.475 29.9
0.14 322.1 31.06 1.520 33.1
0.14 333.9 29,96 1.559 36.2
0.31 278.1 35.97 1.625 42.2
0.31 287.3 34.82 1.657 45.4
0.31 296.6 33.72 1.677 47.5
0.31 308.4 32.44 1.715 51.9
0.31 321.8 31.08 1.755 56.9
0.31 333.9 29,96 1.803 63.5
0.53 277.5 36.05 1.786 61.1
0.53 287.3 34.82 1.808 64.3
0.53 297.2 33.66 1.836 68.6
0.53 308.7 32.41 1.867 73.6
0.53 320.7 31.19 1.903 80.0
0.53 334.6 29,90 1.954 90.0
0.71 279.2 35.83 1.849 70.6
0.71 289.8 34.52 1.870 74.1
0.71 303.2 33.01 1.930 85.1
0.71 319.5 31.30 1.977 94.8
0.71 332.8 30.06 2.023 105
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; Hp; 1333-74-0 Cargill, R.W.
J. Chem. Soc., Faraday Trans. I

2, 2-Methyl-2-propanol or t-Butanol; y
CyHoOH; 75-65-0 = 1978, 74, 1444-1456

3. Water; Hp0; 7732-18-5

EXPERIMENTAL VALUES:

Mel Fraction 4 m=1 31 "1 371

Alcohol/X2 T/K 10* T log(s /em’kg °) §o/cm kg

0.00 277.8 36.01 1.319 20.8
0.00 278.4 35.93 1.320 20.9
0.00 284,1 35,21 1.289 19.5
0.00 285.5 35.04 1.284 19.22
0.00 289.3 34.58 1.272 18,72
0.00 290.5 34,42 1,268 18,52
0.00 294.5 33.97 1.257 18.1
0.00 296,2 33.77 1.252 17.92
0.00 297.0 33.68 1.251 17.8
0.00 298.2 33.55 1.248 17.78
0.00 305.3 32,77 1.233 17.1
0.00 306.4 32.63 1,230 17.08
0.00 318.2 31.44 1.214 16.42
0.00 320.5 31.20 1.212 16,32
0.00 327.6 30.53 1.206 16,22
0.00 332.4 30.09 1,212 16,3
0.00 333.5 29.99 1.206 16,12
0.00 338.7 29,54 1.208 16.12
0.00 344.9 29,00 1.208 16.1a
0.006 277.8 36.01 1,331 21.4
0.006 286.1 34.97 1.288 19.4
0.006 293.8 34.05 1,265 18.4
0.006 304.8 32.82 1.243 17.5
0.006 314.4 31.82 1,227 16.9
0.006 323.6 30.91 1,212 16.3
0.006 333.5 29.99 1.208 16.1
0.011 277.9 36.00 1.323 21.0
0.011 285.2 35.08 1,201 19.5
0.011 294.8 33.93 1.259 18.2
0.011 304.7 32.83 1.236 17.2
0.011 313.2 31.94 1.226 16.8
0.011 324.1 30.86 1.218 16.5
0.011 333.9 29.97 1,223 16.7
0.029 278.3 35.94 1.291 19.5
0.029 285.8 35.01 1.275 18.8
0.029 294.9 33.92 1.246 17.6
0.029 303.2 32.99 1.236 17.2
0.029 319.0 31.36 1.229 16.9
0.029 333.4 30.00 1.240 17.4
0.046 279.2 35.83 1.250 17.8
0.046 285,2 35.08 1.244 17.5
0.046 294.9 33.92 1.236 17.2
0.046 303.7 32.96 1.231 17.0
0.046 313.9 31.87 1.256 18.0
0.046 324.1 30.86 1.273 18.8
0.046 333.4 30.00 1.290 19.5
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Muller, C.
2. Water; H,0; [7732-18-5] 2. Phys. Chem. 1912-13, 81,
3. D-glucose (Grape sugar); 483-503.
CeH1206; [50-99-7]
VARIABLES: PREPARED BY:
Concentration of component 3 C. L. Young
EXPERIMENTAL VALUES:
Conc. of Bunsen # Density
comp. (3) Bunsen coefficient of soln.
T/K (wt-%) coefficient at 293.2 X at t/°C t/°C
293.7 12,2 0.01595 0.01600 1.048 20.5
293.7 20.7 0.01445 0.01450 1.083 20.5
294.3 32.56 0.01243 0.01250 1.129 21
295.0 45.8 0.01000 0.01015 1.198 21.8
294.7 59.0 0.00775 0.00775 1.265 21
# given in original, method of calculation from Bunsen
coefficient at experimental temperature not clear.
AUXILIARY INFORMATION
[ ———

METHOD /APPARATUS /PROCEDURE ;

Volumetric method in which pressure
Was determined using a mercury
Manometer. Solution was de-
gassed by boiling under reduced
Pressure, A considerable amount

of water was removed by this process.
Gas was saturated with water vapor
before being admitted to absorption
buret,

SOURCE AND PURITY OF MATERIALS:

1. Prepared by reaction of acid
on zinc, washed with caustic
potash solution.

2 and 3. No details given.
ESTIMATED ERROR:

§T/K = £0.1; 6&P/P = %0,001;

sa/a = *3% (estimated by compiler).

REFERENCES:
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hy: [1333-74-0] Hufner, G.
(2) Water; HZO; [7732-18-5] 2. Physik. Chem. 1907, 57, 611-624.
(3) D-Glucose:; C6H1206; [50-99-7]
VARIABLES: PREPARED BY:
T/K: 293.15 - 293.50
H, P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
Temperature D-Glucose Gas Absorbed Bunsen
-3 -3 Pressure Gas Coefficient
t/°C T/K g dm mol dm
mmHg Volume o x lo2
20.11 293.26 0 0 -— - 1.810%
20.0 293.15 41.45 0.230 670.4 6.36 1.759
20.16 293.31 80.8 0.448 688.1 6.12 1.649
20.25 293.40 87.3 0.485 682.2 6.02 1.664°%
20.35 293.50 166.2 0.923 670.6 5.60 1.514"
20.28 293.43 174.0 0.966 670.2 5.48 1.516

!'Volume of gas reduced

cm3 solution.
’average of three, see
Scompiler calculated a

*Compiler calculated a

value of 1.636 x 10—2

value of 1.54 x 10~

to 273.15 K and 760 mmHg absorbed in 490.94

Hufner's HZ + H20 data sheet.

from data in the paper.

2 from data in the paper.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The apparatus, described in reference
(1), was the Bunsen absorption type.
It consisted of an absorption flask,

which holds 409.94 cm3 of solvent,
and gas burets.

The final partial pressure of the gas
ranged between 662.5 and 688.1 mmHg.
The author reported both the volume
of gas absorbed at the final pressure

in 409.94 cm3 of solvent reduced to
273.15 K and 760 mmHg, and the Bunsen
coefficient, which was calculated
assuming Henry's law.

D-Glucose name Traubenzucker (grape
sugar) in the paper.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Formed by the reaction
of dilute sulfuric acid on zinc.
The gas was washed with per-
manganate and caustic solutions
and stored over mercury.

(2) Water. Pure.

(3) D-Glucose. Source not given.

ESTIMATED ERROR:

§T/K = 0.01
REFERENCES :
1. Hifner, G.
Archiv. F. Anatomie und

Physiologie, Physiolog. Abtly.
1894, 5, 191.
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COMPONENTS
1. Hydrogen; H,; [1333-74-0]
2. Water; H,0; [7732-18-5]
3. B-D-Fructofuranosyl-a-D-gluco-
pyranoside (Sucrose); C;2H220:1:1;

ORIGINAL MEASUREMENTS:
Steiner, P.
Ann. der Phys. Chem.
1894, 52, 275-299.

[57-50-1]
VARIABLES: PREPARED BY:
Concentration of salt C. L. Young
EXPERIMENTAL VALUES:
Density of soln. Bunsen Bunsen
T/K Conc., of salt at 288.2 K coefficient, coefficient
/mol dm™? /g cm™? a at 288.2 K

288.2 0 0.999 0.01883 0.01883
287.31 0.520 1.0672 0.01571 0.01561
287.34 0.993 1.1286 0.01292 0.01284
286.95 1.699 1.2184 0.00900 0.00892

#

not clear.

given in original, method of calculation from
Bunsen coefficient at experimental temperature

AUXILIARY INFORMATION

P ——
METHOD /APPARATUS /PROCEDURE ;

Volumetric method using an Ostwald
type gas buret and pipet. Solvent
Was degassed before being admitted
to the pipet. Details in source.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

so/a = £0.02,

REFERENCES:

HAD .
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COMPONENTS : ORIGINAL MEASUREMENTS:

1. Hydrogen; H,; [1333-74-0]

2. Water; H,0; [7732-18-5] Muller, C.

3. B-D-Fructofuranosyl , _
o~-D-Glucopyranoside (Sucrose); 4. Phys. Chem. 1912-13, 61,
C12H2203; [57-50~1] 483-503.

VARIABLES : PREPARED BY:
Concentration of component 3 C. L. Young
EXPERIMENTAL VALUES:
Conc. of Bunsen # Density
comp. (3) Bunsen coefficient of soln.

T/K (wt-%) coefficient at 288.2 K at t/°cC t/°cC

288.4 5.04 0.01723 0.01726 1.019 15

284.8 14.70 0.01547 0.01510 1.060 11.6

285.2 20.26 0.01500 0.01462 1.084 11.8

285.9 29.86 0.01290 0.01257 1.128 13

285.0 31.74 0.01220 0.01185 1.138 12

286.5 39.65 0.01047 0.01033 1.175 13.5

285.8 42,94 0.00956 0.00939 1.195 12.5

# given in original, method of calculation from Bunsen

coefficient at experimental temperature not clear.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

Volumetric method in which pressure
was determined using a mercury
manometer, Solution was de-
gassed by boiling under reduced
pressure. A considerable amount

of water was removed by this process.
Gas was saturated with water vapor
before being admitted to absorption

buret.

SOURCE AND PURITY OF MATERIALS:

1. Prepared by reaction of acid
on zinc, washed with caustic
potash solution.

2 and 3. No details given.

ESTIMATED
§T/K =
sa/a =

ERROR:
+0.1; 6P/P = 30,001;

+3% (estimated by compiler).

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; H,: [1333-74-0] Shkol'nikova, R. I.
(2) water; H,0; [7732-18-5] Uch. Zp. Leningr. Gos. Univ., Ser.
Xhim. Nauk. 1959, Nr. 18, 64 - 86.
(3) serum albumin
Chem. Abstr. 1961, 55, 25443b.
_—
VARIABLES : PREPARED BY:
T/K: 283.15 - 313.15
P/kPa: 101,325 (1 atm) B L Gramer
serum albumin/Wt %: 0.575 - 1.99 i
EXPERIMENTAL VALUES:
T/K serum albumin/Wt %
0.575 1.15
Bunsen Ostwald Bunsen Ostwald
Coefficient Coefficient Coefficient Coefficient
a x 103 L x 10° @ x 103 L x 10°
283.15 18.9 19.6 16.1 16.7
288.15 18.3 19.3 15.4 16.2
293,15 17.1 18.3 14.4 15.4
298.15 16.7 18.2 13.9 15.2
303.15 15.3 17.0 11.9 13.2
308.15 14.5 16.4 11.6 13.1
313.15 14.1 16.1 11.3 12.9
T/K serum albumin/Wt $
1.68 1.99
Bunsen Ostwald Bunsen Ostwald
Coefficient Coefficient Coefficient Coefficient
e x 103 L x 10° o x 10° L x 103
283.15 15.9 16.5 l4.6 15.1
288.15 15.2 16.0 13.9 14.6
293.15 13.1 14.0 12.1 13.0
298.15 12.8 14.0 11.6 12.7
303.15 10.7 11.9 9.9 11.0
308.15 10.5 11.8 9.6 10.8
313.15 10.1 11.6 9.4 10.8
\
AUXILIARY INFORMATION

| METHOD T2
*{ "ETHOD /APPARATUS /PROCEDURE :

Ehe apparatus and procedure of
annung were modified (1).

gge author calculated the enthalpy

Coeig%UFlon from the temperature

fioi icient of the Bunsen coef-

237Oent. It is 1590, 1760, 2210,

and ¢+ and 2360 cal mol-l in water,

ot in 0.575, 1.15, 1.68, and 1.99
% serum albumin respectively.

ghg values of the solubility of
lydrogen in water were not given
in the paper.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Source not given.
Stated to be 99.99 per cent.

(2) No information.

(3)

Water.

serum albumin. No information.

ESTIMATED ERROR:

REFERENCES ;

1. Lannung, A.

J. Am. Chem. Soec. 1930, 52, 68.
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Solubility, S, given as

concentration of gas

COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Findlay, A.; Shen, B.
2. Water; H,0; [7732-18-5] J. Chem. Soec. 1912, 101,1459-68.
3. Dextrin (colloidal)
VARIABLES: PREPARED BY:

Concentration C.L. Young
EXPERIMENTAL VALUES:

T/K = 298.15

in liquid phase

concentration of gas in gaseous phase.
Conc of dextrin Density of solution s*
/10-%g cm-3
3.98 1.012 0.0194
5.59 1.019 0.0191
8,12 1.028 0.0188
19.20 1.066 0.0174
st solubility independent of pressure over range 1-2 atm.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Gas buret and absorption pipet.
Manometer tube was of such a length
as to allow measurements up to

2 x 10° Pa (2 atm).

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

8T/K = #0.1; &S $1.5%.
(estimated by compiler).

REFERENCES :
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COMPONENTS ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Findlay, A.; Shen, B.
2. Water; H,0; [7732-18-5] J. Chem. Soe. 1912, 101, 1459-68,
3. Gelatin (colloidal)
VARTABLES : PREPARED BY:

Pressure, concentration C.L. Young.
EXPERIMENTAL VALUES:

U T/K = 298,15

concentration of gas in liquid phase

Solubility, § , given as

concentration of gas 1n gaseous phase

COnC-_gf gel§tin Density of p+H2 s p+H2 s
/107%g cm solution /105pPa /10°Pa
-

1.53 1.002 1.004 0.0194 1.149 0.0188
1.336 0.0193 1.471 0.0195
1.664 0.0195 1.845 0.0194

2.69 1.005 0.995 0.0189 1,157 0.0185
1.316 0.0189 1l.468 0.0190
1.660 0.0189 1.840 0.0191

4.72 1.011 1.004 0.0185 1.152 0.0181 |
1.332 0.0186 1.483 0.0186
1.673 0.0186 1.860 0.0185

5.71 1.015 1.000 0.0182 1.155 0.0173
1.300 0.0183 1.464 0.0184
1.659 0.0181 1.844 0.0183

+ partial pressure of hydrogen.

AUXILIARY INFORMATION

\
METHOD/APPARATUS/PROCEDURE:

g:s buret ang absorption pipet.
asnometer tube was of such a length
3 to allow measurements up to

X 10°Pa (2 atm)

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:
8T/K = %0,1;685 = £1.5%
(estimated by compiler)

REFERENCES:
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(3) Gelatin

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; H,; [1333-74~0] Shkol'nikova, R. I.
(2) Water; H,0; [7732-18-5] Ueh. Zp. Leningr. Gos. Univ., Ser.

Khim. Nauk. 1959, Nr. 18, 64 - 86.

Chem. Abstr. 1961, 55, 25443b.

VARIABLES : PREPARED BY:
T/K: 283.15 - 313.15
P/kPa: 101.325 (1 atm) 2' o Graner
Gelatin/wWt %: 1, 5, 10 v
EXPERIMENTAL VALUES:
T/K Gelatin/Wt % 1 Gelatin/Wt & 5
Bunsen Ostwald Bunsen Ostwald
Coefficient Coefficient Coefficient Coefficient
o x 10° L x 10° o x 10° L x 103
283.15 17.9 18.5 15.2 15.8
288.15 16.1 16.9 14.3 14.8
293.15 14.4 15.5 13.0 14.0
298.15 13.1 14.3 11.0 12.9
303.15 11.6 12.9 10.5 11.6
308.15 10.6 12.3 9.8 11.6
313.15 10.2 11.7 9.3 10.7
T/K Gelatin/Wt % 10
Bunsen Ostwald
Coefficient Coefficient
o X 103 I, X 103
283.15 14.2 14.8
288.15 13.2 13.8
293.15 12.1 13.0
298.15 11.0 12.1
303.15 10.0 11.1
308.15 9.1 10.3
313.15 8.2 9.1

The author calculated the enthalpy of solution of hydrogen from the
temperature coefficient of the Bunsen coefficients. It is 1590, 3260,
3060, and 3240 cal mol-l in water, and 1, 5, and 10 wt % gelatin,
respectively.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

The apparatus and procedure of (1)

Lannung were modified (1).

Hydrogen. Source not given.
Stated to be 99.99% per cent.
No information.

(2)
(3)

Water.

Gelatin. No information.

The values of the solubility of

hydrogen in water were not given
in the paper.

ESTIMATED ERROR:

REFERENCES:

1. Lannung, A.
J. Am. Chem. Soe. 1930, 52, 68.
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ORIGINAL MEASUREMENTS:

COMPONENTS :
l. Hydrogen; H,; [1333-74-0] Findlay, A.; Shen, B.
2. Water; H,0; [7732-18-5] J. Chem. Soe. 1912, 101, 1459-68.
3. Starch (colloidal)
VARIABLES : PREPARED BY:
Concentration C.L. Young

EXPERIMENTAL VALUES:

concentration of gas

T/K = 298.15

in liquid phase

Solubility, S, given as

concentration of gas

in gaseous phase

Conc. of starch Density of solution st
/10~%g cm-?
2,01 1.005 0.0194
3.56 l.011 0.0189
7.13 1.024 0.0181
9.29 1.032 0.0182

st Solubility independent of pressure over range l-2 atm.

(\‘

AUXILIARY INFORMATION

M
METHOD/APPARATUS/PROCEDURE:

gas buret and absorption pipet.
aanometer tube was of such a length
25 to allow measurements up to

X 10°Pa (2 atm).

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

8T/K = #0.1;85 = *1.5% (estimated
by compiler).

REFERENCES:
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Power, G.G.; Stegall, H.
2, Phosphate buffer and human red J. Appl. Physiolegy, 1970, 29, 145-9
cell ghosts in phosphate buffer.
VARIABLES : PREPARED BY:
C.L. Young
EXPERIMENTAL VALUES:
T/K Bunsen coefficient S.D.* No. of measurements
Qo
Phosphate Buffer
310.15 0.01588 0.00007 4
Ghosts suspension in phosphate buffer
310.15 0.01602 0.00006 5

* Standard deviation.

-o buffer)/g ghosts cm~?

a® ghost = (a ghosts suspension
= 0.024 = 0.008
AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

5 to 12 cm™® samples placed in a
stirrer cell and gas, saturated with
water vapor passed through liquid

for 30-60 mins. Samples of saturated
liquid withdrawn and transferred to
Van Slyke apparatus. Dissolved gas
removed under reduced pressure.

Red cell ghosts prepared by
centrifugation of human blood and
lysing the cells using phosphate
buffer of pH 7.4. Ghost separated

by high speed centrifugation.

VJashed with phosphate buffer contain-
ing 0.01 M sodium nitrite.

SOURCE AND PURITY OF MATERIALS:

1. Matheson sample, purity better
than 99.7 mole per cent.
2. See method.

ESTIMATED ERROR:

8T/K 0.1

REFERENCES:
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COMPONENTS : EVALUATOR:
(1) Hydrogen; Hy; [1333-74-01] H. L. Clever
Chemistry Department
(2) Alkanes Emory University

Atlanta, GA 30322 UsA

1980, September

CRITICAL EVALUATION:
The solubility of hydrogen at a partial pressure of 101.325 kPa (1 atm)
in alkanes.

The data on the solubility of hydrogen in alkanes at hydrogen partial
pressures less than 200 kPa are evaluated in this section. The hydrogen
solubility data at hydrogen partial pressures greater than 200 kPa are
compiled and evaluated in another part of the volumg, which should be
consulted along with this section. 1In general, a simple Henry's law
treatment, uncorrected for non-idealality in either gas or liquid phase,
of the solubility data measured at hydrogen partial pressures greater than
200 kPa, usually results in a mole fraction solubility at a hydrogen
partial pressure of 101.325 kPa (1 atm) that is 50 to 100 per cent higher
than the value actually measured at atmospheric pressure.

Most of the hydrogen solubility values at pressures less than 200 kPa were
measured at a hydrogen partial pressure near 101.325 kPa (1 atm). The
mole fraction solubility is calculated for a hydrogen partial pressure of
101.325 kPa (1 atm) from the experimental measurement, assuming that the
gas is ideal, Henry's law is obeyed, and in some cases, that the Ostwald
coefficient is independent of pressure. For most systems these assumptions
are justified for the less than 200 kPa solubility experiments.

Hydrogen + Pentane [109-66-01]

Makranczy, Megyery-Balog, Rusz, and Patyi (1) report an Ostwald coefficient
at 298.15 K which is equivalent to a mole fraction solubility of

6.7 x 10-4. Frolich, Tauch, Hogan, and Peer (2) measured the hydrogen
solubility in pentane at 298.15 K and pressures of 10 MPa and greater. A
simple Henry's law treatment of the Frolich et al. data gives a mole
fraction solubility that is 50 - 70 per cent greater than the Makranczy

et al. value. The Makranczy et al. values at 298.15 K have proven to be
reliable for other systems. Thus their value is accepted as a tentative

value.

Hydrogen + Hexane [110-54-3]

Four laboratories have reported values of the solubility of hydrogen in
hexane at or near 101.325 kPa partial pressure of hydrogen. Guerry (3)
reported values at 293.15 and 298.15 K, Waters, Mortimer, and Clements

(4) reported solubility values at four temperatures between 263.15 and
293.15 K, Makranczy et al. (1) reported a value at 298.15 K, and Katayama
and Nitta (5) reported values at five temperatures between 213,15 and
298.15 K.

The Waters et al. data was extrapolated to obtain a solubility value at
298.15 K. That value, along with the 298.15 K values from the other three
papers, has an arithmetic mean of 6.61 x 10-4 and has a standard deviation
of 0.13. The values range from 6.43 to 6.99 x 10-4.

It is the judgement of the evaluator that Katayama and Nitta used the most
reliable method. The data from all four papers was treated by a linear
regression with the Katayama and Nitta data given a weight of two. The
263.15 K value of Waters et al. deviated over two standard deivations from
the regression line. Both the 263.15 and 273.15 K values of Waters et aZ.
were discarded, and the following equation obtained on a linear regression
of the remaining data with a weight of two to the Katayama and Nitta data
and a weight of one to the data of the others.

The tentative equation for the temperature interval of 213.15 to
298.15 K is
In z; = -5.8952 - 4.2455/(T/100K)

with a standard error about the regression line of 2.34 x 10_5.
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From the equation, the temperature independent thermodynamic quantities are

Mg /KT mol™! 3.53 and 253/3 k™ mo1™! -49.0.

Table 1. Solubility of hydrogen in hexane at a hydrogen
partial pressure of 101.325 kPa (1 atm).
Tentative mole fraction solubility and partial
molal Gibbs energy of solution as a function
of temperature.

T/K Mol Fraction Aai/kJ mo1™t
10%z,
213.15 3.76 13.977
223.15 4.11 14.467
233.15 4.46 14.957
243.15 4.80 15.447
253.15 5.15 15.937
263.15 5.48 16.428
273.15 5.82 16.918
283.15 6.15 17.408
288.15 6.31 17.653
293.15 6.47 17.898
298.15 6.63 18.144

Hydrogen + Heptane [142-82-5]

Four laboratories have reported solubility measurements near a partial
pressure of 101.325 kPa of hydrogen in heptane. The work of Cook, Hanson
and Alder (7) is one of the first successful attempts to measure high
accuracy, high precision gas solubility values. They report eleven
measurements between temperatures of 243.15 and 328.15 K, which the
evaluator believes to be of good accuracy.

The early value of Ijams (6) at 298.15 K is 14 per cent lower than the value
of Cook et al. The solubility values reported at 298.15 K by Makranczy

et al. (1) and by Guerry (3) agree well, but they are 4 per cent lower than
the Cook et al. value.

The temperature of one solubility measurement made by Cook, Hanson and
Alder is in question. In their paper (7) they give a temperature of
238.15 K (-35°C), but in Cook's thesis (8) the temperature is given as
243.15 K (-30°C). The latter value smooths the data better and appears
to be the correct temperature.

The tentative equation for the temperature interval of 243.15 to 328.15 K
is based entirely on the data of Cook et al. (7). The equation is

ln zy = -5.6689 - 4.8099/(T/100K)

with a standard error about the regression line of 4.60 x 10-6.

From the equation the temperature independent thermodynamic gquantities are

1 1 -1

Aﬁi/kJ mol - 4.00 and A§;/J K - mol ~ - 47.1,

Smoothed values of the mole fraction solubility and partial molar Gibbs
energy of solution are in the following table.
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Table 2. Solubility of hydrogen in heptane at a hydrogen
partial pressure of 101.325 kPa (1 atm).
Tentative mole fraction solubility and partial
molal Gibbs energy of solution are a function
of temperature.

T/K Mol Fraction AG$/kJ mo1~t
4
10 zy
243.15 4,77 15.460
253.15 5.16 15.931
263.15 5.55 16.402
273.15 5.93 16.873
283.15 6.31 17.345 *
288.15 6.50 17.580
293.15 6.69 17.816
298.15 6.88 18.051
303.15 7.06 18.287
313.15 7.43 18.759
323.15 7.79 19.230

Hydrogen + Octane [111-65-9]

Cook, Hanson and Alder (7) report four solubility measurements between
temperatures of 248.15 and 308.15 K. Makranczy, Megyery-Balog, Rusz, and
atyi (1) report one measurement of 298.15 K which is 6.3 per cent lower
thén the Cook et aql. value, and Ijams (6) reports one value of 298.15 K
which is 1.4 per cent greater than the Cook et al. value.

AS discussed in connection with the hydrogen + heptane system, the Cook
et al. data are considered the most reliable for this system. The tentative
Squation and smooth values are based entirely on their data.

Although a three constant equation will fit the Cook et al. data almost
©xactly, we are justified in using only a two constant equation. The
leEa; regression of the data gives the tentative equation for the mole
Taction solubility over the temperature interval of 248.15 to 308.15 X as

1n zq = -5.6624 - 4.8438/(T/100K)

W“ith a standard error about the regression line of 3.08 x 1076,

From the equation the temperature independent thermodynamic quantities are

AH$/kT mol™l 4.03 ana AS3/a k1 mor~?t

-47.1,
PMoothed values of the mole fraction solubility and partial molal Gibbs
[Fhergy of solution are in Table 3.

Table 3. Solubility of hydrogen in octane at a hydrogen
partial pressure of 101.325 kPa (1 atm).
Tentative mole fraction solubility and partial
molal Gibbs energy of solution as a function
of temperature.

T/K Mol Fraction AEE/kJ mol ™t
4
10 xq
253.15 5.13 15.945
263.15 5.51 16.416
273.15 5.90 16.887
283.15 6.28 17.358
288.15 6.47 17.593
293.15 6.66 17.828
298.15 6.84 18.064
303.15 7.03 18.299
308.15 7.21 18.535
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Hydrogen + 2,2,4-Trimethylpentane [540-84-1]

Cook, Hanson, and Alder (7) have reported data at a hydrogen partial
pressure of 101.325 kPa (1 atm) on the system. Their data were carefully
obtained, and are classed as tentative, Ijams (6) reports one solubility
value of 298.15 K which is 4.3 per cent smaller than the Cook et al.
value.

A linear regression of the data of Cook et al. gives the equation for the
mole fraction solubility over the temperature interval of 248.15 to
308.15 K

ln zy = -5.6469 - 4.4889/(T/100K)

with a standard error about the regression line of 4.34 x 10—6.

The enthalpy and entropy changes for transfer of one mole of gas from the
gas phase at 101.325 kPa (1 atm) to the infinitely dilute solution are

AH3/kI mol™l 3.73 and 483/ k! mo1™! -46.9,
The smoothed values of mole fraction solubility and partial molal Gibbs

energy of solution are given in Table 4.

Table 4. Solubility of hydrogen in 2,2,4-trimethylpentane
at a hydrogen partial pressure of 101.325 kPa
(1 atm). Tentative mole fraction solubility and
partial molar Gibbs energy of solution as a
function of temperature.

T/K Mol Fraction AEi/kJ mo1™t

104xl
253.15 5.99 15.618
263.15 6.41 16.087
273.15 6.82 16.557
283.15 7.23 17.026
293.15 7.63 17.496
298.15 7.83 17.730
303.15 8.03 17.965
308.15 8.22 18.200

Hydrogen + Nonane [111-84-2]

Thomsen and Gjaldbaek (9) report three solubility measurements at
temperatures between 298.05 and 308.05 K. Makranczy et al.(l) report one
value at 298.15 K. Both data sets are classed as tentative, but the
Thomsen and Gjaldbaek data at three temperatures were measured with
higher precision. Thus the Thomsen and Gjaldbaek data are preferred. An
equation and smoothed data table appears on their data sheet. The
equation corresponds to temperature independent enthalpy and entropy
changes for the transfer of hydrogen from the gas at 101.325 kPa (1 atm)
to the infinitely dilute solution of

1 -1

A3 /ka mol™t 3.74 ana A53/3 K™ mol™t -47.9.

Hydrogen + Decane [124-18-5]

Both Ijams (6) and Makranczy et al. (1) report a single value at 298.15 K.
The values differ by nearly 20 per cent. The Makranczy value is classed
as tentative and the Ijams value as doubtful.

Hydrogen + Undecane [1120-21-4]
Dodecane [112-40-3]
Tridecane [629-50-5]
Tetradecane [629-59-4]
Pentadecane [629~62-9]

Makranczy, Megyery-Balog, Rusz, and Patyi (1) report one solubility value
at 298.15 K for each of the above five systems. The data are classed as
tentative.

+ o+
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Hydrogen + Hexadecane [544-76-3]

Makranczy et al. (1) report one solubility value at 298.15 K. Cukor and
Prausnitz (10) report eight values between the temperatures of 300 and
475 K. The Cukor and Prausnitz value at 300 K is 20 per cent greater
than the Makranczy et al. value at 298.15 K. Although both results are
classed as tentative, the Cukor and Prausnitz value is preferred.

The Cukor and Prausnitz data were fitted to a three constant equation by
a linear regression. The equation for the mole fraction solubility at a
hydrogen partial pressure of 101.325 kPa (1 atm) over the 300 to 475 K
temperature interval is

in ®y = -11.01165 + 3.8183/(T/100K) + 2.4811 1ln (T/100K)
with a standard error around the regression line of 2.36 x 10—6. The
equation reproduces the Cukor and Prausnitz mole fraction values to
within almost one part per thousand.

The equation results in the following values of the enthalpy, entropy,

and heat capacity change for the transfer of one mole of hydrogen from

the gas phase at 101.325 kPa hydrogen pressure to the infinitely dilute
solution.

Table 5. Hydrogen + Hexadecane thermodynamics of transfer
of one mole of hydrogen from gas at 101.325 kPa
to infinitely dilute solution.

T/K AH3/k3 mol™t ABe/3 kL mo1”t Sz k1 mo1™t
1

325 3.53 -46.6 20.6

200 5.08 -42.3 20.6

475 6.62 -38.8 20.6

Hydrogen + 2,6,10,15,19,23-Hexamethyltetracosane or Squalane [111-01-3]

Chappelow and Prausnitz (11) report eight values of the solubility of
hydrogen in squalane over the temperature interval of 300 to 475 K which
are classed as tentative. The mole fraction values at 101.325 kPa
hydrogen partial pressure were fitted to a three constant equation by a
linear regression. The equation is

1n zy = -8.1089 + 0.07805/(T/100K) + 1.3623 1n (T/100K)
With a standard error about the regression line of 3.15 x 1078, The
€quation reproduces the mole fraction values (see data sheet) to within
two parts per thousand.

The equation results in the following values of the thermodynamic changes.

Table 6. Hydrogen + Squalane. Thermodynamic changes
on transfer of one mole of hydrogen from
the gas phase at 101.325 kPa (1 atm) to the
infinitely dilute solution.

T/K AH/kI mol”l AB:/3 k! mo1”t aTg /3 k! mo17t
1

325 3.33 -43.6 11.3

400 4.47 -40.4 11.3

475 5.32 -38.4 11.3




124

Hydrogen Solubilities up to 200kPa

1.

10.

11.

References:

Makranczy, J.; Megyery-Balog, K.; Rusz, L.; Patyi, L.
Hung. J. Ind. Chem. 1976, 4, 269.

Frolich, P. K.; Tauch, E. J.; Hogan, J. J.; Peer, A. A.
Ind. Eng. Chem. 1931, 23, 548.

Guerry, D. Jr. Ph.D. Thesis,Vanderbilt University, Nashville, TN
1944.

Waters, J. A.; Mortimer, G. A.; Clements, H. E.
J. Chem. Eng. Data 1970, 15, 174, 462.

Katayama, T.; Nitta, T.
J. Chem. Eng. Data 1976, 21, 194.

Ijams, C. C. Ph.D. Thesis, Vanderbilt University, Nashville, TN
1941.

Cook, M. W.; Hanson, D. N.; Alder, B. J.
J. Chem. Phys. 1957, 26, 748.

Cook, M. W. University of California Radiation Lab,
Report UCRL-2459, 1954.

Thomsen, E. S.; Gjaldbaek, J. C.
Acta Chem. Scand. 1963, 17, 127.

Cukor, P. M.; Prausnitz, J. M.
J. Phys. Chem. 1972, 76, 598.

Chappelow, C. C.; Prausnitz, J. M.
Am. Inst. Chem. Eng. J. 1974, 20, 1097.




Aliphatic Hydrocarbons

COMPONENTS :

125

(1) Hydrogen; Hy; [1333-74-0]

(2) Pentane; CgHy5; [109-66-01

VARIABLES :

ORIGINAL MEASUREMENTS:

Makranczy, J.; Megyery-Balog, X.;
Rusz, L.; Patyi, L.

Hung. J. Ind. Chem. 1976, 4, 269-280.

-

T/K: 298.15

P/kPa: 101.325 (1 atm)

EXPERIMENTAL VALUES:

PREPARED BY:

S. A. Johnson
H. L. Clever

T/K Mol Fraction Bunsen Ostwald N
4 Coefficient Coefficient
x, x 10
1 o L
298,15 6.7 0.130 0.142

*original datum

\
METHOD /APPARATUS /PROCEDURE :

AUXILIARY INFORMATION

Volumetric method.

Bodor,
Useq,

Bor, Mohai, and Sipos (1) was

SOURCE AND PURITY OF MATERIALS:

The apparatus of Both

grade reagents of either Hungarian
or foreign origin.

components were analytical

ESTIMATED ERROR:

8zy/x7 = 0.03 (authors)

1.

REFERENCES :

Bodor, E.; Bor, Gy.; Mohai, B.;
Sipos, G.

Veszpremi Vegyip. Egy. Koal.
1957, 1, 55.

Chem. Abetr. 1961, 55, 3175h.
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Hydrogen; Hz; [1333-74-0] Guerry, D. Jr.

(2) Alkanes; C6H14 and C7H16 Ph.D. thesis, 1944
Vanderbilt University
Nashville, TN
Thesis Director, L. J. Bircher

VARIABLES: y PREPARED BY:

T/K: 293.15, 298.15
P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
x, x 10
1 o L
Hexane; C6H14; [110-54-3]
293.15 6.41 0.110 0.118
298.15 6.51 0.111 0.121
Heptane; C7H16; [142-82~5]
293.15 6.37 0.0975 0.105
298.15 6.63 0.101 0.110

compiler.

The Ostwald coefficients were calculated by the

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

A Van Slyke-Neill Manometric Appara-
tus manufactured by the Eimer and
Amend Co. was used.

The procedure of Van Slyke (1) for
pure liquids was modified (2) so
that small solvent samples (2 cm3)
could be used with almost complete
recovery of the sample.

An improved temperature control
system was used.

SOURCE AND PURITY OF MATERIALS:
Hexane. Eastman Kodak Co.
B.p. (760.3 mmHg) t/°C 68.85 - 68.90.

Heptane. B.p. (753.9 mmHg) t/°C
98.27 - 98.28 (corr.).

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Air Reduction Co.
Purity 99.5 per cent.

Alkanes. Distilled from sodium
in air. 1In addition to the
solubility data the thesis con-
tains data of the refractive
index, density, vapor pressure,
and b.p.

(2)

ESTIMATED ERROR:

§T/K 0.05

REFERENCES ;
1. van Slyke, D. D.
J. Biol. Chem. 1939, 130,

Ijams, C. C.
Ph.D. thesis, 1941
Vanderbilt University

545.
2.
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COMPONENTS :

(1) Hydrogen; H2; [1333-74-0])

(2) Hexane; 06H14; [{110-54-3]

ORIGINAL MEASUREMENTS:

Waters, J. A.; Mortimer, G. A.;
Clements, H. E.

J. Chem. Eng. Data 1970, 15, 174-

176 and 462 (correction).

VARTABLES : PREPARED BY:
T/K: 263.15 - 293.15 P. L. Long
H2 P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
Temperature Cq /mol dm—3 Mol Fraction Bunsen Ostwald
t/oc T/K 2X 103 ) x 104 Coef§1c1ent COeffiClent
-10 263.15 3.801 4.77 0.0852 0.0821
0 273.15 4.131 5.26 0.0926 0.0926
10 283.15 4.471 5.70 0.0991 0.1027
20 293.15 4.640 6.09 0.104 0.112

the authors data by the compiler.

The mole fraction and Ostwald coefficient values were calculated from

AUXILIARY
—

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The authors reported two methods of
S0lubility measurement. The hydrogen
Solubilities were measured by their
method a.

The apparatus consisted of two glass
bul?s connected by %" stainless steel
tublpg fitted with Hoke valves and a
Strain gage. The strain gage signal
Was measured by a potentiometer.

The bulbs were immersed in an oil
béth. The temperature was measured
With a Pt resistance thermometer and
Mueller bridge.

The solvent was degassed three times
at liquid N, temperature. The
Solvent vapor pressure was measured
in the apparatus. Gas in the second
bulb at a known P and T was allowed
1nto the bulb containing the solvent.
The change in P was followed until
EQulllbrium was reached. The gas
1Ptake was calculated using Charles
a&w. A correction was made for H,
adsorption on the walls.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Air Reduction Co.
Minimum purity 99.50 per cent.

(2) Hexane. Phillips Petroleum Co.
Maximum impurities 0.5% benzene
and 0.5% methyleyclopentane.

ESTIMATED ERROR:

8P /mmHg
§T/K

REFERENCES ;

HAD .
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
1., Hydrogen; Hp; [1333-74-0] Katayama, T.; Nitta, T.
2. Hexane; C¢Hjy; [110-54-3] J. Chem. Engng. Data. 1976, 21,194-6
VARIABLES : PREPARED BY:
Temperature C.L. Young
EXPERIMENTAL VALUES:
T/K Ostwald Henry's Constant Mole fraction* of
coefficient, L /atm hydrogen in liquid,
tz
298,15 0.130 1430 0.000699
273.15 0.105 1670 0.000599
253,15 0.0873 1920 0.000521
233,15 0.0710 2230 0.000448
213,15 0.0550 2690 0.000372

* at a partial pressure of 1 atmosphere

AUXILIARY INFORMATION

METHOD /APPARATUS/PROCEDURE:

Volumetric apparatus with equilibrium
cell of approximately 0.08 litres.
Magnetic stirrer. Solvent carefully
degassed. Equilibrium established

in 1-1.5 hours. Details in ref. (l).

SOURCE AND PURITY OF MATERIALS:
1. Takachiho Chemical Industry Co.

sample, purity 99.99 mole per cent.

2. Merck Uvasol spectral grade sample.

ESTIMATED ERROR:
§T/K = %0,12 at T = 213,15K, %0.05
at other temperatures; &xH2= + 1.5%

REFERENCES :

1. Nitta, T.; Tatsuishi. A.;
Katayama, T. J. Chem,
1973, 6, 475.

Eng. Jpn.
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COMPONENTS ; ORIGINAL MEASUREMENTS:

Makranczy, J.; Megyery-Balog, K.;
Rusz, L.; Patyi, L.

(1) Hydrogen; Hy: [1333-74-0]
2 . . -S54
(2) Hexane; Celyyi [110-54-3]

Hung. J. Ind. Chem., 1976, 4, 269-280.

VARIABLES :

PREPARED BY:
T/K: 298.15

P/kPa: 101.325 (1 atm) S. A, Johnson

H. L. Clever

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
% 104 Coefficient Coefficient*
%1 o) L
298.15 6.5 0.110 0.120

*original datum

Mol fractions and Bunsen coefficients were calculated by the compiler.

N

F“‘—————— AUXILIARY INFORMATION
o .
VCE?OD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
odgmetrlc method. The apparatus of Both components were analytical grade
usedr' Bor, Mohai, and Sipos (1) was | reagents of either Hungarian or
. foreign origin.

ESTIMATED ERROR:

dxl/xl = 0.03 (authors)

REFERENCES :
1. Bodor, E.; Bor, Gy.; Mohai, B.;
Sipos, G.

Veszpremi Begyip. Egy. Koszl.
1957, 1, 55.

Chem. Abstr. 1961, 55, 3175h.




130 Hydrogen Solubilities up to 200kPa

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; H2; [1333-74-0] Ijams, C. C.
(2) Alkanes; C7H16’ C8H18' and Ph.D. thesis, 1941
C. H Vanderbilt University
10722 Nashville, TN
Thesis Director: L. J. Bircher
VARIABLES : PREPARED BY:
T/K: 298.15
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
. x 104 Coefficient Coefficient
1 o L
Heptane; C7H16; [142-82~5]
298.15 5.90 0.0897 0.0979
Octane; C8H187 [111-65-9]
298.15 6.93 0.0950 0.1037
2,2,4-Trimethylpentane or isooctane;
C,H,q: [540-84-1]
8718
298.15 7.48 0.1010 0.1102
Decane; C10H22; [124-18-5]
298.15 5.37 0.0615 0.0671

The mole fraction and Ostwald coefficient values
were calculated by the compiler.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE ;

A Van Slyke-Neill Manometric
Apparatus manufactured by the Eimer
and Amend Co. was used.

The procedure of Van Slyke (1) for
pure liquids was modified so that
small solvent sample (2 em3) could
be used with almost 100 per cent
recovery of the solvent.

An improved temperature control
system was used.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Air Reduction Co.
Purity 99.5 per cent.

(2) Alkanes. Purified. Vapor
pressure and boiling point
also reported in the thesis.

ESTIMATED ERROR:

§T/K = 0.05

REFERENCES ;

1. van Slyke, D. D.
J. Biol. Chem. 1939, 130, 545.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; H2; {1333-74-0] Cook, M. W.; Hanson, D. N.;
(2) Heptane; C,H, ; [l42-82-5] Alder, B. J.
J. Chem. Phys. 1957, 26, 748 - 751.
——
EXPERIMENTAL VALUES:
T/K Solubility! Mol Fraction Bunsen Ostwald
mol g—l % 106 z < 104 Coeff1c1§nt Coeff1c1gnt
o x 10 L x 10

238.15% 4.797 4.7} 4.804 7.80 6.94
248.15 4.978 4.976! 4.985 8.04 7.31
263.15 5.514 5,513! 5.522 8.76 8.43
273.15 5.895 5,894? 5.903 9.25 9.25
283.15 6.282 6.2811 6.290 9.74 10.09
285,25 6,354 6.363° 9.82 10.26
288.15 6.466 6.465" 6.475°% 9.96 10.51
298.15 6.865 ¢.866!

6.871

6.875 6.874}

6.872 6.871!

6.871 av. 6.879 10.43 11.39
308.15 7.281

7.278

7.280 7.281% 7.2812

7.273 7.274' 7.274%

7.276

7.283 7,282' 7.283%

7.282 7.281' 7.2822

7.279 av. 7.288 10.94 12. 34
318.15 7,70 7.71° 11.43 13.31
328.15 7,91 7.92°% 11.59 13.92

1
D
ata from (1). * The paper gives the temperature as -35 °C

(238.15 K), but reference (1) gives the
temperature as -30 °C (243.15 K). The
higher temperature smooths the data
better.

2
Data from (2).
*val

ues calculated by the compiler.

The Bunsen and Ostwald coefficients were calculated by the compiler.

Smootheg Data:

1n X = -5.6689 ~ 4.8099/(T/100K}

Standard error about the regression line = 4.60 x 10"'6

See the hydrogen + heptane evaluation for the recommended equation.
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Hydrogen Solubilities up to 200kPa

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; H2; [1333-74-0] Cook, M. W.; Hanson, D. N.;
Alder, B. J.
(2) Heptane; C7H16; {142-82-5]
J. Chem., Phye. 1957, 26, 748 - 751.
VARIABLES: PREPARED BY:
T/K: 243.15 - 328.15 P. L. Long
P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

See preceeding page.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The apparatus, designed especially
for the determination of the solubil-
ity of hydrogen in liquids, consists
of a gas bulb, a gas buret, a solvent
bulb, and a manometer system. All
are attached to a mounting plate, and
the assembly is shaken in an air bath.
The solvent is degassed in the solv-
ent bulb by heat and evacuation. The
gas is placed in the gas bulb, after
temperature equilibrium is reached,
the gas is contacted with the de-
gassed solvent. The system is shaken
until solubility equilibrium is
attained. Mercury is used as the
displacement fluid.

The solubility is calculated from the
initial and final quantities of gas,
the pressure measurements, the vapor
pressure of the solvent, and the
solvent volume.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Matheson Co. Mass
spectrographic analysis showed
gas 99.75 per cent pure.
Impurity mostly N,.

(2) Heptane. Phillips Petroleum

Co. Pure grade, 99+ mol per cent.

Distilled, center portion used,

b.p. 371.45K. Other solvent

properties given in reference (1).

ESTIMATED ERROR:

le/xl = 0.001 (authors)

REFERENCES:

1. Cook, M. W.
University of California Radiation
Lab, Report UCRL-2459, 1954.

2. Cook, M. W.; Hanson, D. N.

Rev. Sei. Instr. 1957, 28, 370.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hys [1333-74~0] Makranczy, J.; Megyery-Balog, K.;

Rusz, L.; Patyi, L.
(2) Heptane; CoHygi [142-82~5]

Hung. J. Ind. Chem. 1976, 4, 269-280.
VARIABLES ; PREPARED BY:
T/K: 298.15
P/kPa: 101.325 (1 atm) S. A. Johnson
H., L. Clever

EXPERTIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient¥*
x, X 10
1 o L
298.15 6.6 0.100 0.109

*original datum

Mol fractions and bunsen coefficients were calculated by the compiler.

[\

AUXILIARY INFORMATION

r————
ME
THOD/APPARATUS / PROCEDURE ; SOURCE AND PURITY OF MATERIALS:
ggéUmetric method. The apparatus of | Both components were analytical
uSegr, Bor, Mohai, and Sipos (1) was | grade reagents of either Hungarian
* or foreign origin.

ESTIMATED ERROR:

le/xl = 0.03 {(authors)

REFERENCES ;

1. Bodor, E.; Bor, Gy.; Mohai, B.;
Sipos, G.
Veszpremi Vegyip. Egy. Koal.
1957, 1, 55.
Chem., Abstr. 1961, 55, 3175h.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; H2; [1333-74-0]) Cook, M. W.; Hanson, D. N.:;
Alder, B. J.
(2) Octane; C8Hl8; {l111-65-9]
J. Chem. Phys. 1957, 26, 748 - 751.
VARIABLES: PREPARED BY:
T/K: 248.15 - 308.15 P. L. Long
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Solubility! Mol Fraction Bunsen Ostwald
mol g-l % lo6 z 104 cOeff1c1§nt Coeff1c1§nt
a x 10 L x 10
248.15 4.331 4.947 7.17 6.52
273.15 5.139 5.869 8.28 8.28
298.15 5.984 6.832 9.37 10.22
308.15 6.343 7.241 9.81 11.07

!pata from (1).

Smoothed Data:

Standard error about the regression line

The Bunsen and Ostwald coefficients were calculated by the compiler.

1ln X = -8.5728 - 0.8677/(T/100K) + 1.4425 1n (T/100K)

5.97 x 107/

For the recommended equation see the hydrogen + octane evaluation.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE ;

The apparatus, designed especially
for the determination of the solubil-
ity of hydrogen in liquids, consists
of a gas bulb, a gas buret, a solvent
bulb, and a manometer system. All
are attached to a mounting plate, and
the assembly is shaken in an air bath.

The solvent is degassed in the solv-
ent bulb by heat and evacuation. The
gas is placed in the gas bulb, after
temperature equilibrium is reached,
the gas is contacted with the de-
gassed solvent. The system is shaken
until solubility equilibrium is at
attained. Mercury is used as the
displacement fluid.

The solubility is calculated from the
initial and final quantities of gas,
the pressure measurements, the vapor
pressure of the solvent, and the
solvent volume.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Matheson Co. Mass
spectrographic analysis showed
gas 99.75 per cent pure.
Impurity mostly N,-

Octane. Eastman Kodak Co.
Distilled, center portion used,
b.p. 398.65K. Other solvent
properties given in reference

(1).

(2)

ESTIMATED ERROR:

Gml/xl = 0.001 (authors)

REFERENCES ;

1. Cook, M. W.
University of California Radiation
Lab, Report UCRL-2459, 1954.

Cook, M. W.; Hanson, D. N.
Rev. Sei. Instr. 1957, 28, 370.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hz; [1333-74-0] Makranczy, J.; Megyery—Balog, K.;
Rusz, L.; Patyi, L.
(2) oOctane; CgHygi [111-65-9]
Hung. J. Ind. Chem. 1976, 4, 269-280.

VARIABLES : PREPARED BY:

T/K: 298.15 S. A. Johnson

P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
- 104 Coefficient Coefficient¥*
T1 o L
298.15 6.4 0.088 0.096

*original datum

Mol fractions and bunsen coefficients were calculated by the compiler.

_
AUXILIARY INFORMATION

\ -

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

golumetric method. The apparatus of Both components were analytical
odor, Bor, Mohai, and Sipos (1) was grade reagents of either Hungarian
used. or foreign origin.

ESTIMATED ERROR:

le/xl = 0.03 (authors)

REFERENCES :

1. Bodor, E.; Bor, Gy.; Mohai, B.;
Sipos, G.
Vesapremi Vegyip. Egy. Kozl.
1957, 1, 55.
Chem. Abstr. 1961, 55, 3175h.




136 Hydrogen Solubilities up to 200kPa
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hyi [1333~-74-0] Cook, M. W.; Hanson, D. N.;
Alder, B. J.
(2) 2,2,4-Trimethylpentane or
isooctane; C8H18; [540-84~1] J. Chem. Phys. 1957, 26, 748-751.
VARIABLES: PREPARED BY:
T/K: 283.15 - 318.15 P. L. Long
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Solubility® Mol Fraction Bunsen Ostwald
mol g—l % 106 . 104 Coeff1c1§nt Coeff1c1§nt
*1 o x 10 L x 10
248.15 5.080 5.801 8.29 7.53
273.15 5.937 6.779 9.42 9.42
298.15 6.845 7.815 10.54 11.51
308.15 7.234 8.258 11.01 12.42

!pata from (1).

1 ~9.2505 + 0.4

Smoothed Data: 1ln x

Standard error around the regression line

The Bunsen and Ostwald coefficients were calculated by the compiler.

341/(T/100K) + 1.7861 1n (T/100K)

5.79 x 10~/

T/K Mol Fraction

z, x 107
253.15 5.991
263.15 6.379
273.15 6.777
283.15 7.186
293,15 7.605
298.15 7.820
303.15 8.036
308.15 8.255
AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The apparatus, designed especially
for the determination of the solubil-
ity of hydrogen in liquids, consists
of a gas bulb, a gas buret, a solvent

gas is placed in the gas bulb, after
temperature equilibrium is reached,
the gas is contacted with the de~
gassed solvent. The system is shaken
until solubility equilibrium is
attained. Mercury is used as the
displacement fluid.

The solubility is calculated from the
initial and final quantities of gas,
the pressure measurements, the vapor
pressure of the solvent, and the
solvent volume.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Matheson Co. Mass
spectrographic analysis showed
gas 99.75 per cent pure.
Impurity mostly N,

bulb, and a manometer system. All

are attached to a mounting plate, and|(2) 2,2,4-Trimethylpentane. Phillips

the assembly is shaken in an air bath, Petroleum Co. Pure Grade, 99+ mol
per cent. Distilled, center

The solvent is degassed in the solv- portion used, b.p. 372.35 K.

ent bulb by heat and evacuation. The Other solvent properties given

in reference (1).

ESTIMATED ERROR:

le/xl = 0.001 (authors)

REFERENCES ;

l. Cook, M. W.
University of California Radiation
Lab, Report UCRL~2459, 1954.

Cook, M. W.; Hanson, D. N.
Rev. Sei. Instr. 1957, 28, 370.

2.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hz; [1333-74~0] Thomsen, E. S.; Gjaldbaek, J. C.
(2) Nonane; C9H20; [111-84-2] Acta Chem. Scand. 1963, 17, 127-133.
VARIABLES: PREPARED BY:
T/K: 298.05 - 308.05 E. S. Thomsen
Total P/kPa: 101.325 (1 atm)
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
x X 10 2 2
o x 10 L x 10
298.05 6.87 8.58 9.36
298.15 6.98 8.71 9.51
308.05 7.27 8.98 10.1
The mole fraction and Ostwald solubility values were calculated by the
compiler. Solubility values are for 101.325 (1 atm) partial pressure
hydrogen assuming Henry's law is obeyed.
Smoothed Data: 1ln X, = ~5.7654 - 4.5010/(T/100K)
Standard error about the regression line = 7.53 x 10_6
T/K Mol Fraction
T X 104
298.15 6.93
308.15 7.10
308.15 7.27
AUXILIARY INFORMATION
METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
A calibrated all-glass combined man- (1) Hydrogen. Source not given.
ometer and bulb was enclosed in an Contained 0.02 per cent 02 and

air thermostat and shaken until
equilibrium. Mercury was used for
calibration and as the confining
liquid. The solvents were degassed
in the apparatus. Details are in
references 1 and 2.

0.03 per cent N2.

(2) Nonane. Fluka "purum." Frac-
tionated, distillation range
0.08 K.

The absorped volume of gas was cal-
culated from the initial and final
amounts, both saturated with solvent

vapor. The amount of solvent was
determined by the weight of displaced |ESTIMATED ERROR:

mercury. §T/K
le/xl

0.05
0.015

nn

The saturation of the liquid with the
gas was carried out close to atmos-

Pheric pressure. The solubility REFERENCES :
Values were reported for one atmos-
. 1. Lannung, A.
bPhere gas pressure assuming Henry's p
law is obeyed. J. Am. Chem. Soe. 1930, 52, 68.
2. Gjaldbaek, J. C.
Acta Chem. Secand. 1952, 6, 623.
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Hydrogen; H2; [1333-74-0] Makranczy, J.; Megyery-Balog, K.:
Rusz, L.; Patyi, L.

(2) Nonane; C9H20; [111-84-2]

Hung. J. Ind. Chem. 1976, 4, 269-280.

VARIABLES: PREPARED BY:
T/K: 298.15 S. A. Johnson
P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient*
r, X 10
1 o L
298.15 6.5 0.081 0.088

*original datum

Mol fractions and bunsen coefficients were calculated by the compiler.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

Volumetric method. The apparatus of Both components were analytical
Bodor, Bor, Mohai, and Sipos (1) was grade reagents of either Hungarian
used, or foreign origin.

ESTIMATED ERROR:

le/ml = 0.03 (authors)

REFERENCES :

1. Bodor, E.; Bor, Gy.; Mohai, B.;
Sipos, G.
Veszpremi Vegyip. Egy. Kozl.
1957, 1, 55.
Chem. Abstr. 1961, 55, 3175h.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hy: [1333-74-0] Makranczy, J.; Megyery-Balog, K.;
Rusz, L.; Patyi, L.
(2) Decane; CyoHoot [124-18-5]
Hung. J. Ind. Chem. 1976, 4, 269-280.
-
VARIABLES: PREPARED BY:
T/K: 298.15 S. A. Johnson
P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

T/K Mol Fraction

Bunsen Ostwald
4 Coefficient Coefficient*
zy X 10
o L
298.15 6.5 0.074 0.081

*original datum

Mol fractions and bunsen coefficients were calculated by the compiler.

AUXILIARY INFORMATION
P———
METHOD /APPARATUS /PROCEDURE :

SOURCE AND PURITY OF MATERIALS;
Volumetric method. The apparatus of Both components were analytical
Bodor, Bor, Mohai, and Sipos (1) was grade reagents of either Hungarian
used, or foreign origin.

ESTIMATED ERROR:

le/xl = 0.03 (authors)

REFERENCES ;

1. Bodor, E.; Bor, Gy.; Mohai, B.;
Sipos, G.
Veszpremi Vegyip. Egy. Xozl.
1957, 1, 55.

Chem. Abstr. 1961, 55, 3175h.
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Hydrogen Solubilities up to 200kPa
COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen; H27 [1333~74~0] Makranczy, J.; Megyery-Balog, K.;
Rusz, L.; Patyi, L.
(2) Undecane; C11H24; [1120-21-4]
Hung. J. Ind. Chem. 1976, 4, 269-280.
VARIABLES: PREPARED BY:
T/K: 298.15 S. A. Johnson
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient*
x, x 10
1 o L
298.15 6.8 0.072 0.079

*original datum

Mol fractions and bunsen coefficients were calculated by the compiler.

METHROD/APPARATUS /PROCEDURE :

AUXILIARY INFORMATION

Volumetric method.

Bodor, Bor, Mohai, and Sipos (1) was
used.

The apparatus of

SOURCE AND PURITY OF MATERIALS:

Both components were analytical

grade reagents of either Hungarian
or foreign origin.

ESTIMATED ERROR:

le/xl = 0,03 (authors)

REFERENCES :

1. Bodor, E.; Bor, Gy.; Mohai, B.:;
Sipos, G.
Veszpremi Vegyip. Egy. Kozl.
1957, 1, 55.

Chem. Abstr. 1961, 55, 3175h.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hyi [1333-74~0] Makranczy, J.; Megyery-Balog, K.;
Rusz, L.; Patyi, L.
(2) Dodecane; C12H26; [112-40-3]
Hung. J. Ind. Chem. 1976, 4, 269-280.
VARIABLES: PREPARED BY:
T/K: 298.15 S. A. Johnson
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient*
x, X 10
[¢] L
298.15 7.3 0.071 0.078

*original datum

Mol fractions and bunsen coefficients were calculated by the compiler.

—_———
AUXILIARY INFORMATION

e

METHOD JAPPARATUS /PROCEDURE ¢ SOURCE AND PURITY OF MATERIALS:

Volumetric method. The apparatus of Both components were analytical
odor, Bor, Mohai, and Sipos (1) was grade reagents of either Hungarian
used, or foreign origin.

ESTIMATED ERROR:

le/xl = 0.03 (authors)

REFERENCES:

1. Bodor, E.; Bor, Gy.; Mohai, B.;
Sipos, G.
Veszpremi Vegyip. Egy. Kozl.
1957, 1, 55.
Chem. Abstr. 1961, 55, 3175h.




142 Hydrogen Solubilities up to 200kPa

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hz; [1333-74-0] Makranczy, J.; Megyery-Balog, K.;
Rusz, L.; Patyi, L.
(2) Tridecane; C13H28; [629~50-5]
Hung. J. Ind. Chem. 1976, 4, 269-280.
VARIABLES: PREPARED BY:
T/K: 298.15 S. A. Johnson
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient*
x, ¥ 10
1 o L
298.15 7.4 0.068 0.074

*original datum

Mol fractions and bunsen coefficients were calculated by the compiler.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

Volumetric method. The apparatus of Both components were analytical
Bodor, Bor, Mohai, and Sipos (1) was grade reagents of either Hungarian
used. or foreign origin.

ESTIMATED ERROR:

le/xl = 0.03 (authors)

REFERENCES ;

1. Bodor, E.; Bor, Gy.; Mohai, B.;
Sipos, G.
Veszpremi Vegyip. Egy. Koal.
1957, 1, 55.
Chem. Abstr. 1961, 55, 3175h.
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COMPONENTS :
(1) Hydrogen; Hy: [1333-74-0]

(2) Tetradecane; Cl4H30; [629~59-4]

ORLGINAL MEASUREMENTS:

Makranczy, J.; Megyery-Balog, K.;
Rusz, L.; Patyi, L.

Hung. J. Ind. Chem. 1976, 4, 269-280.

VARIABLES: PREPARED BY:
T/K: 298.15 , S. A. Johnson
P/kPa: 101.325 {1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient#*
z, X 10
1 o L
298.15 6.8 0.059 0.064

*original datum

Mol fractions and bunsen coefficients were calculated by the compiler.

e ————

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Volumetric method. The apparatus of
Bodor, Bor, Mohai, and Sipos (1) was
used.

SOURCE AND PURITY OF MATERIALS:

Both components were analytical
grade reagents of either Hungarian
or foreign origin.

ESTIMATED ERROR:

le/xl = 0.03 (authors)
REFERENCES ;
1. Bodor, E.; Bor, Gy.; Mohai, B.:;
Sipos, G.

Veszpremi Vegyip. Egy. Kozl.
1957, 1, 55.
Chem. Abstr. 1961, 55, 3175h.

HAD.K
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; H2; [1333-74-0] Makranczy, J.; Megyery-Balog, K.;
Rusz, L.; Patyi, L.
(2) Pentadecane; C15H32; [629~-62-9]
Hung. J. Ind. Chem. 1976, 4, 269-280.
VARIABLES: PREPARED BY:
T/K: 298.15 S. A. Johnson
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient*
xy x 10
o L
298.15 7.0 0.057 0.062

*original datum

Mol fractions and busnen coefficients were calculated by the compiler.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

Volumetric method. The apparatus of Both components were analytical
Bodor, Bor, Mohai, and Sipos (1) was grade reagents of either Hungarian
used. or foreign origin.

ESTIMATED ERROR:

le/xl = 0.03 (authors)

REFERENCES ;

1. Bodor, E.; Bor, Gy.; Mohai, B.;
Sipos, G.
Vesazpremi Vegyip. Egy. Kozl.
1957, 1, 55.
Chem. Abstr. 1961, 55, 3175h.
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paper.

of 1 atmosphere.

COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; Hp; [1333-74-0] Cukor, P.M.; Prausnitz, J.M.
2. Hexadecane; CisHis; J. Phys. Chem. 1972, 76,598-601.
[544-76~3]
-
VARIABLES : PREPARED BY:
Temperature C.L. Young
EXPERIMENTAL VALUES:
T/K Henry's Constant 2 Mole fraction of P
/atn hydrogen in liquid,
eof
Hy
300 1111 0.000900
325 1004 0.000996
350 909 0.00110
375 825 0.00121
400 749 0.00134
425 681 0.00147
450 621 0.00161
475 . 567 0.00176

a. Quoted in supplementary material for original

b. Calculated by compiler for a partial pressure

—

AUXILIARY INFORMATION

——————
METHOD/APPARATUS /PROCEDURE :

Volumetric apparatus similar to

Hiit described by Dymond and

wit}c}lebrand (l). Pressure measured

ga & null detector and precision
Uge. Dpetails in ref. (2).

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

§T/K = £0.,05; dxH = *2%.
2

REFERENCES ;

l. Dymond, J.; Hildebrand, J.H.
Ind. Eng. Chem. Fundam. 1967,
6, 130.

2. Cukor, P.M.; Prausnitz, J.M.
Ind. Eng. Chem. Fundam. 1971,
10,638,
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Hydrogen; H27 [1333-74-0] Makranczy, J.; Megyery-Balog, K.;
Rusz, L.; Patyi, L.

(2) Hexadecane; C16H34; [544-76-3]
Hung. J. Ind. Chem. 1976, 4, 269-280.

VARIABLES: PREPARED BY:

T/K: 298.15 S. A. Johnson
P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient*
xz, x 10
1 a L
298.15 7.2 0.055 0.060

*original datum

Mol fractions and bunsen coefficients were calculated by the compiler.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

Volumetric method. The apparatus of Both components were analytical
Bodor, Bor, Mohai, and Sipos (1) was grade reagents of either Hungarian
used. or foreign origin.

ESTIMATED ERROR:

6xl/x1 = 0.03 (authors)

REFERENCES :

1. Bodor, E.; Bor, Gy.; Mohai, B.;
Sipos, G.
Veszpremi Vegyip. Egy. Kozl.
1957, 1, 55.
Chem. Abstr. 1961, §5, 3175h.
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COMPONENTS ; ORIGINAL MEASUREMENTS:
1. Hydrogen; Hp; [1333-74-0] Chappelow, C.C.; Prausnitz, J.M.
2. 2, 6, 10, 15, 19, 23 - . Am,Inet.Chem,Engnre.J.1974,20,1097~
hexamethyltetracosane, (Squalane)
CsoHg2; [111-01-3] 1104.
VARIABLES: PREPARED BY:
Temperature C.L. Young
EXPERIMENTAL VALUES:
T/K Henry's Constant? Mole fractionP of
/atm hydrogen at 1 atm
partial pressure,
tz
300 726 0.001377
325 650 0.001538
350 589 0.001698
375 538 0.001859
400 494 0.002024
425 455 0.002198
450 421 0.002375
475 391 0.002558
a. Authors stated measurements were made at several
pressures and values of solubility used were all
within the Henry's~Law region.
b. Calculated by compiler assuming linear relationship
between mole fraction and pressure.
P —

AUXILIARY INFORMATION

e ————
METHOD/APPARATUS,/PROCEDURE .,
Olumetric apparatus similar to that
described by Dymond and Hildebrand
+ Pressure measured with a null

@etector and precision gauge. Details
in ref, (2).

SOURCE AND PURITY OF MATERIALS:

Solvent degassed, no other details
given.

ESTIMATED ERROR:
§T/K = +0.1: 6xH

2
by compiler).

+1%. (estimated

REFERENCES ;

1. Dymond, J.; Hildebrand, J.H.
Ind.Eng.Chem. Fundam.1967,6,130.
2, Cukor, P.M.; Prausnitz, J.M.
Ind.Eng.Chem. Fundam.1971,10,638.
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COMPONENTS : EVALUATOR:
(1) Hydrogen; H,; [1333-74-0] H. L. Clever
Department of Chemistry
(2) Cyclohexane; CeHyoi [110-82-7] Emory University

Atlanta, GA 30322 USA

1980, September

CRITICAL EVALUATION:

Four laboratories have reported values of the solubility of hydrogen in
cyclohexane at atmospheric pressure. Guerry (1) reported measurements

at 293.15 and 298.15 K, Kruyer and Nobel (2) reported a value at 298.15 K,
Dymond (3) reported four values over the 293.95 to 309.53 K temperature
range, and Kraus and Gestrich (4) reported four values over the 283.15

to 313.15 K temperature range, which were presented on a graph.

It is the judgement of the evaluator that Dymond's measurements were car-
ried out with more care and on better designed apparatus than the measure-
ments of the others. Kruyer and Nobel's single value is 1.2 per cent

less than Dymond's value, and the other data ranges 6 to 8 per cent below
the values of Dymond.

A linear regression was applied to the data of Dymond to obtain the
tentative equation

1n xq = -5.6962 -~ 6.2403/(T/100K)

with a standard error about the regression line of 4.73 x 10—7.

The temperature independent values of the thermodynamic changes in
enthalpy and entropy for transfer of one mole of hydrogen from the gas at
101.325 kPa (1 atm) to the infinitely dilute solution are

AF3/kT mol™! 5,19, and A53/0 K7 mo1™h -47.4.
Smoothed values of the mole fraction solubility and Gibbs energy of
solution are in the table.

Table 1. Solubility of hydrogen in cyclohexane at a hydrogen
partial pressure of 101.325 kPa (1 atm). Tentative
mole fraction solubility and partial molal Gibbs
energy of solution as a function of temperature.

T/K Mol Fraction AEi/kJ mol~1
4
10 zy
293.15 4.00 19.07
298.15 4.14 19.31
303.15 4,29 19.54
308.15 4.43 19.78

References:

1. Guerry, D. J Ph.D. thesis, Vanderbilt University, Nashville, TN 1944.
2. Kruyer, S.; Nobel, A. P. P. Reec. Trav. Chim. 1961, 80, 1145.

3. Dymond, J. H. J. Phys. Chem. 1967, 71, 1829.

4. Krauss, W.; Gestrich, W. Chem. Tech. (Heidelberg) 1977, 6, 35.

ADDED NOTE:

Puri and Ruether (5) measured the solubility of hydrogen in mixtures_of
acetone and cyclohexane at 298.15 K and a total pressure of about 10° Pa.
Their Ostwald coefficient value, measured for hydrogen + cyclohexane,
converts to a mole fraction solubility of 4.24 x 10~4 at a hydrogen partial
pressure of 101.325 kPa. The value is classed as tentative. The values of
Dymond are still preferred.

5. Puri, P. S.; Ruether, J. A. Can. J. Chem. Eng. 1974, 52, 636.
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xq X lO4

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hyi {1333-74-0] Guerry, D. Jr.
(2) cyclic hydrocarbons; CcH,, Ph.D. thesis, 1944
and C.H Vanderbilt University
612 Nashville, TN
Thesis Director: L. J. Bircher
VARLABLES /K: 293.15, 298.15 PREPARED BY:
T/K: . ’ .
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald

Coefficient Coefficient

o L

Cyclohexene; C6H10; [110-83~8]

293.15 3.35 0.0742 0.0796

298.15 3.42 0.0753 0.0822
Cyclohexane; CGle; {110-82-7]

293,15 3.79 0.0787 0.0845

298.15 3.80 0.0785 0.0857

The Ostwald coefficients were calculated by the

compiler.

[ ——

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Us manufactured by the Eimer and
end Co. was used.

The procedure of Van Slyke (1) for
Pure liquids was modified (2) so

at small solvent samples (2 cm3)
Could be used with almost complete
Tecovery of the sample.

An improved temperature control
SYstem was used.

A Van slyke-Neill Manometric Appara-

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Air Reduction Co.
Purity 99.5 per cent.

(2) Hydrocarbons. Both were

Eastman Kodak Co. products.

They were purified by standard

methods, and distilled from Na

in a nitrogen atm.

SOURCE AND PURITY OF MATERIALS:

Cyclohexene. B.p. (756.6 mmHg)
t/°C 82.35 - 82.50 (corr.).

Cyclohexane. B.p. (760.7 mmHg)
t/°C 80.90 (corr.).

Data on density, refractive index
and vapor pressure are in the
thesis.

ESTIMATED ERROR:

8T/K = 0.05

REFERENCES ;

1. van Slyke, D. D.
J. Biol, Chem. 1939, 130, 545.

2, Ijams, C. C.
Ph.D. thesisg, 1941
Vanderbilt University
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Kruyer, S.; Nobel, A.P.P.
2. Cyclohexane; C.H, ,; [110-82-7] Ree. Trav. Chim, 1961, 80, 1145-56

VARIABLES:

PREPARED BY:

C. L. Young

EXPERIMENTAL VALUES:

[a]

T/K Ostwald coefficient, L Mole fraction of
hydrogen, =z
HZ
298.15 0.092 0.000409

[a)

Calculated by compiler for a partial pressure of 101.325 kPa

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

Technique consisted of saturating
liquid with hydrogen in a spiral
adsorption tube and then stripping
out the hydrogen with argon. The
resulting argon-hydrogen mixture was
analysed with a katharometer.

SOURCE AND PURITY OF MATERIALS:

1. Hydrogen and argon passed through
molecular sieve 4A in liquid oxygen
and nitrogen trap respectively.

2. Distilled.

ESTIMATED ERROR:

ST/R = X0.2; 61, = 3%

REFERENCES:
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hyj [1333-74-0] Dymond, J. H.
(2) Cyclohexane; C6H12; [110-82-7] J. Phys. Chem. 1967, 71, 1829-1831.
VARIABLES: PREPARED BY:
T/K: 293.95 - 309.53 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient

T X 10 2 2
o x 10 L x 10
293,95 4,02 8.33 8.96
298.16 4.14 8.54 9.32
304.77 4.34 8.88 9.91

309.53 4.47 9.09 10.3

The Bunsen and Ostwald coefficients were calculated by the compiler.

Smoothed Data: 1ln X, = -5.6962 - 6.2403/(T/100K)

Standard error about the regression line = 4.73 x 10_7
T/K Mol Fraction
4
xy X 10
293.15 4.00
298.15- 4.14
303.15 4.29
308.15 4.43
AUXILIARY INFORMATION
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The liquid is saturated with the (1) Hydrogen. Stuart Oxygen Co.
gas at a gas partial pressure of Dried.
1 atm.
(2) Cyclohexane. Matheson, Coleman
The apparatus is that described by and Bell chromatoguality
Dymond and Hildebrand (l). The reagent. Dried and fractionally

apparatus uses an all-glass pumping
system to spray slugs of degassed
solvent into the gas. The amount of
gas dissolved is calculated from the
initial and final gas pressure.

frozen. m.p. 6.45°¢C.

ESTIMATED ERROR:

REFERENCES:

1. Dymond, J.; Hildebrand, J. H.
Ind. Eng. Chem. Fundam. 1967, 6,
130.
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COMPONENTS

ORIGINAL MEASUREMENTS:

1. Hydrogen; H,; [1333-74-0] Krauss, W.; Gestrich, W.
2. Cyclohexane; CgH;2; [110-82-7] Chem. Tech (Heidelberg), 1977,
6, 35-37.
VARIABLES: PREPARED BY:
Temperature, C.L. Young

EXPERIMENTAL VALUES:

T/K Solubility*/ mol dm~? bar~! Mole fraction® of
hydrogen in liquid,
tz
283.15 0.0032 0.00035
293.15 0.0034 0.00037
303.15 0.0036 0.00040
313.15 0.0038 0.00042

* read off graph, the equations given in the original paper
appear to be in error.

§ calculated by compiler for a partial pressure of 101.325 kPa.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

Stirred equilibrium cell.

Details in source.

Volumetric apparatus in which

a known volume of gas was added to
a known volume of liguid and the
equilibrium pressure measured.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:
8T/K = 20.05; Gtz = +10-°%
(estimated by compiler)

REFERENCES ;
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COMPONENTS ORIGINAL MEASUREMENTS:

1. Hydrogen; H,; [1333-74-0] Puri, P.S.; Ruether, J.A.
2. %E?fgﬁfg?ne’ (Acetone); CsHeOi | npy 7. Chem. Eng. 1974 52, 636-640.

3. Cyclohexane; CgH;,; [110-82-7]

VARIABLES: PREPARED BY:
Liguid phase composition C.L. Young.

EXPERIMENTAL VALUES:

*

T/K Mole fraction of Ostwald

acetone in liquid, coefficient,
L

298.15 1.000 0.0943
0.8285 0.0929

0.7769 0.0900

0.5406 0.1028

0.3914 0.1058

0.2466 0.1030

0.0000 0.0953

*  total pressure approximately 10°Pa.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

Volumetric apparatus similar to 1. Liquid Carbonic Canadian Corp.,

that described in ref, (1). sample purity 99.97 mole per
cent.

Degassed solution placed in
calibrated dissolution vessel, gas 2 & 3 Baker Reagent grade.
saturated with solvent vapor

introduced from a calibrated gas )
buret. Amount of gas dissolved
determined from pressure and volume
changes.

ESTIMATED ERROR:
§T/K = *#0.01; 8L = +0.5%

(estimated by compiler)

REFERENCES ;

1. Ben-Naim, A.; Baer, S.
Trans. Faraday. Soe. 1963, 59,
2735.
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COMPONENTS :
1. Hydrogen; H

,5 [1333-74-0]
2. Benzene; C,H_; [71-43-2]

3. Cyclohexane; C.H ,; [110-82~7]

ORIGINAL MEASUREMENTS:
Kruyer, S.; Nobel, A.P.P.

Ree. Traqv. Chim. 1961, 60, 1145-56

VARIABLES:

PREPARED BY:
C. L. Young
EXPERIMENTAL VALUES:
T/K Ostwald coefficient, L Mole fraction of

hydrogen, Ty
2

299.05 0.088 0.00036

312.75 0.095 0.00037

323.15 0.104 0.00040

333.15 0.110 0.00042

Liquid was an equimolar mixture of benzene and cyclohexane

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

out the hydrogen with argon.

analysed with a katharometer.

Technique consisted of saturating
liquid with hydrogen in a spiral
adsorption tube and then stripping

The

resulting argon-hydrogen mixture was

SOURCE AND PURITY OF MATERIALS:

1. Hydrogen and argon psssed through
molecular sieve 4A in liquid nitrogen
and oxygen trap respectively.

2. and 3. Distilled.

ESTIMATED ERROR:
ST/K = 10.2; 6L= *3%

REFERENCES :
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Kruyer, S.; Nobel, A.P.P.
2. Decahydronaphthalene (al Ree. Trav. Chim. 1961, 80, 1145-56
[Decalin]; C,,H, ; [91-17-8]
VARTABLES :

PREPARED BY:

C. L. Young

EXPERIMENTAL VALUES:

T/K

[b]

Ostwald coefficient, L Mole fraction of

hydrogen, Ty
2

298.15

0.065

0.000422

[a]
[b]

mixture) of 0.87 g cm

Probably contained about 15% cis~isomer

Calculated by compileg assuming a density of decalin (eis,trans
. Partial pressure of 101.325 kPa

f——

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

Technique consisted of saturating
liquid with hydrogen in a spiral
adsorption tube and then stripping
out the hydrogen with argon. The
resulting argon-hydrogen mixture was
analysed with a katharometer.

SOURCE AND PURITY OF MATERIALS:

1. Hydrogen and argon passed through
molecular sieve 4A in liquid oxygen
and nitrogen trap respectively.

2. "Chemically pure”.

ESTIMATED ERROR:
sT/K =10.2;

REFERENCES:




156
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Krauss, W.; Gestrich, W.
Chem,-Tech. (Heidelberg) 1977, 6,
2., Cis-decahydronaphthalene 35-37
(Decalin) H clOHIG; [493"01-6]
VARIABLES: PREPARED BY:
Temperature C. L. Young

EXPERIMENTAL VALUES:

Mole fraction§of hydrogen in liquid,

*
T/K Solubility S/mol dm™?® bar™! Ty,
283.15 0.0021 0.000325
293.15 0.00225 0.000352
303.15 0.00235 0.000370
313.15 0.00250 0.000397

appear to be in error.

§

*
Read off graph, the equations given in the original paper

Calculated by compiler for a partial pressure of 101.325 kPa.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

Stirred equilibrium cell.
Volumetric apparatus in which a
known volume of gas was added to a
known volume of liquid and the
equilibrium pressure measured.
Details in source.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:
§T/K = +0.05;

(estimated by compiler).

REFERENCES ;
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COMPONENTS :

1. Hydrogen; H,; [1333-74-0]

2. Trans-decahydronaphthalene

(Decalin); C,0H1s:; [493-02~7]

ORIGINAL MEASUREMENTS:
Krauss, W.; Gestrich, W.;
Chem.-Tech. (Heidelberg) 1977, 6,
35-37.

VARIABLES:

Temperature

PREPARED BY:

C. L. Young

EXPERIMENTAL VALUES:

* - -
T/K Solubility S/mol dm~® bar™?

Mole fraction§of hydrogen in liquid,
x

Hy
283.15 0.0022 0.00035
293.15 0.0023 0.00037
303.15 0.0025 0.00041
313.15 0.0026 0.00043

appear to be in error.

§

*
Read off graph, the equations given in the original paper

Calculated by compiler for a partial pressure of 101.325 kPa.

AUXILIARY INFORMATION

\
METHOD /APPARATUS /PROCEDURE :

Stirred equilibrium cell.
Volumetric apparatus in which a
known volume of gas was added to a
known volume of liquid and the
€quilibrium pressure measured.
Details in source.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:
§T/K = #0.05; &z, = #1075

(estimated by compiler).

REFERENCES:
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; Hp; [1333-74-0] Cukor, P.M.; Prausnitz, J.M.
2. 1,1~ Bicyclohexyl; Cy Hz3: J. Phys. Chem. 1972,76,598-601.
[92-51~3]
VARIABLES: PREPARED BY:
Temperature C.L. Young

EXPERIMENTAL VALUES:

paper.

of 1 atmosphere.

T/K Henry's Constant 2 Mole fraction of >
/atnm hydrogen in liquid,

x
H»

300 2252 0.000444

325 2060 0.000485

350 1864 0.000536

375 1669 0.000599

400 1479 0.000676

425 1296 0.000772

450 1124 0.000890

475 964 0.001037

a. Quoted in supplementary material for original

Calculated by compiler for a partial pressure

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Volumetric apparatus similar to
that described by Dymond and
Hildebrand (l1). Pressure measured
with a null detector and precision
gauge. Details in ref. (2).

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

§T/K = +0.05; dxH = +2%,
2

REFERENCES :

1. Dymond, J.; Hildebrand, J.H.
Ind. Eng. Chem. Fundam. 1967, 6,
130.

2. Cukor, P.M.; Prausnitz, J.M.;

Ind. Eng. Chem. Fundam. 1971, 10,
638.
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COMPONENTS : EVALUATOR:
(1) Hydrogen; H,; [1333-74-0] H. L. Clever
Chemistry Department
(2) Benzene; C6H6; [71-43-2] Emory University

Atlanta, GA 30322 USA

1980, September

CRITICAL EVALUATION:

The solubility of hydrogen in benzene at a hydrogen partial pressure of
101.325 kPa (1 atm) over the temperature interval of 283.15 to 338.15 K.

Eight laboratories have reported solubility values on the hydrogen +
benzene system at hydrogen partial pressures near 101.325 kPa (1 atm).
Another six laboratories have reported solubility values of hydrogen
partial pressures greater than 200 kPa which are compiled and evaluated
in another part of the volume.

The atmospheric pressure measurements were:

Just (1) values of 293.15 and 298.15 K, Horiuti (2) four values between
280.15 and 335.95 K, Maxted and Moon (3) five values between 273.65 [sic]
and 313.15 K, Cook et al. (4) five values between 283.15 and 318.15 K,
Kruyer and Nobel (5) a value of 298.15 K, deWet (6) three values between
291.65 and 304.55 K, and Krauss and Gestrich (7) four values between
283.15 and 313.15 K, and Puri and Ruether (8) one value at 298.15 K.

It is generally accepted by workers in gas solubility that the measurements
of Horiuti (2), and of Cook, Hanson, and Alder (4) were carried out with
exXceptional care and accuracy.

Linear regressions were made of two arrangements of the mole fraction
Solubility data from the papers above. Both data sets were fitted to
two and to three constant equations.

The first data arrangement was to use all of the data except the mole
fraction solubility at 273.65 K of Maxted and Moon (3). Benzene freezes
near 278.7 K, thus that temperature appears to be in error. The second
data arrangement was to use just the nine data points of Horiuti (2)

and Cook et al. (4).

The three constant equations could not be justified for either of the two
data arrangements. There was no significant change in the standard error
about the regression line between the two and three constant equations.

When all of the data were used, only the 298.15 K value of Just (1) fell
More than two standard deviations from the regression line. It was
Omitted and all of the remaining data were fitted by a linear regression
to a two constant equation.

The two constant equations obtained from the two data arrangements were
@Ssentially identical except that the equation from all of the data had a
Standard error about the regression line of 8.10 x 10~6 and the Horiuti
and the Cook et ql. data had a standard deviation of 2.89 x 106, The
two equations gave the same values of smoothed mole fraction solubilities
at 5 degree intervals from 283.15 to 338.15 K to three digits.

The recommended equation for the mole fraction solubility over the
temperature interval of 283.15 to 338.15 K is

ln zy = -5.5284 - 8.1390/(T/100K)

With a standard error about the regression line of 2.89 x 10—6.

The temperature independent thermodynamic changes from the equation for
the transfer of one mole of hydrogen gas from the gas phase at 101.325
Pa to the infinitely dilute solution are

ARS/k3 mol™h 6.767, and 483/7 k! mol™t -45.96,

Value§ of the mole fraction solubility and partial molal Gibbs energy of
Solution are in Table 1.

HaD .



160 Hydrogen Solubilities up to 200kPa

Table 1. Solubility of hydrogen in benzene at a hydrogen
partial pressure of 101.325 kPa (1 atm).
Recommended mole fraction solubility and
partial molal Gibbs energy of solution as a
function of temperature.

T/K Mol Fraction AEi/kJ mo1~t
4
10 xq
283.15 2.242 19.782
288.15 2.357 20.012
293.15 2.473 20.242
298.15 2.591 20.471
303.15 2.710 20.701
308.15 2.831 20.931
313.15 2.953 21.161
318.15 3.076 21.391
323.15 3.200 21.621
328.15 3.326 21.850
333.15 3.452 22.080
338.15 3.579 22.310

References:

1. Just, G. Z. Phys. Chem. 1901, 37, 342.

2. Horiuti, J. Seci. Pap. Inet. Phys. Chem. Res. (Jpn) 1931/32, 17, 125.
3. Maxted, E. B.; Moon, C. H. Trans. Faraday Soe. 1936, 32, 769.

5. Kruyer, S.; Nobel, A. P. P. Ree. Trav. Chim. 1961, 80, 1145.
6. deWet, W. J. J. 8. Afr. Chem. Inst. 1964, 17, 9.
7. Krauss, W.; Gestrich, W. Chem. Tech. (Heidelberg) 1977, 6, 35.

8. Puri, P. S.; Ruether, J. A. Can. J. Chem. Eng. 1974 , 52, 636.

4, Cook, M. W.; Hanson, D. M.; Alder, B. J. J. Chem. Phys. 1957, 26, 748.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen: Hy; [1333-74-0] Just, G.
(2) Benzene; CgHgi [71-43-2] Z. Phys. Chem. 1901, 37, 342 - 367.
VARIABLES : PREPARED BY:
T/K: 293,15 - 298.15 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever
P —

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
z. x 10% Coefficient Coefficient
1 @ x 10° L x 10°
293.15 2.61 6.589 7.071
298.15 2.76 6.926 7.560

The author measured the Ostwald coefficient at a
pressure of about 746 mmHg. The compiler assumed
the Ostwald coefficient to be independent of
pressure, and calculated the mole fraction and
Bunsen coefficient values at 101.325 kPa (1 atm)
partial pressure of the gas.

\
AUXILIARY INFORMATION
\ .
ME .
A THOD /APPARATUS /PROCEDURE | SOURCE AND PURITY OF MATERIALS:
T?mOStWald apparatus as modified by (1) Hydrogen. Prepared by the
uSeofejeW (1), and Steiner (2) is reaction of water with aluminum
gas 1, The apparatus consists of a amalgam accelerated with mercury
me uret, an absorption flask, and (II) chloride.
thep.oUrY manometer. The system is
Imostated with a water jacket. (2) Benzene. No information.
Th S s .
gazsgas 1s introduced into the de-
absoed liquid. The gas volume

rbed is determined by th

a y the

ge:ebu?et. The solvent volume is
Imined at the end of the experi-

Ment :
Y po {
raduateq g1eng, Che Solvent into a  [YSTINATED ERROR:

§L/L = 0.03 (compiler)

REFERENCES ;

1. Timofejew, W.
Z. Physik. Chem. 1890, 6, 141.

2. Steiner,
Ann. Phye. (Leipaig) 1894, 52,

g 275.
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COMPONENTS :
(1) Hydrogen; Hyi [1333~74-0]

C._H_;

(2) Benzene; 6

6 [71-43-2]

ORIGINAL MEASUREMENTS:

Horiuti, J.

Sei. pap. Inst. Res.

(Jpn) 1931/32,

Phys. Chem.
17, 125-256.

VARIABLES: PREPARED BY:
T/K: 280.15 - 335.95 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
xy X 10 2 5
a x 10 L x 10
280.15 2.170 5.56 5.85
296.05 2.570 6.46 7.00
314.45 2.982 7.33 8.44
335.95 3.570 8.545 10.51

compiler.

Smoothed Data:

See hydrogen + benzene evaluation for

Standard error about the regression line

The mole fraction and Bunsen coefficient values were calculated by the

in Xy = -5.4671 - 8.3096/(T/100K)

6

2.32 x 10~

the recommended egquation.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE ;

The apparatus consists of a gas buret,
a solvent reservoir, and an absorp-
tion pipet. The volume of the pipet
is determined at various meniscus
heights by weighing a quantity of
water. The meniscus height is read
with a cathetometer.

The dry gas is introduced into the
degassed solvent. The gas and
solvent are mixed with a magnetic
stirrer until saturation. Care is

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Prepared by
electrolysis.

(2) Benzene. Merck. Extra pure,

free from sulfur sample refluxed

with sodium amalgam. Boiling

point 80.18°C (760 mmHg).

taken to prevent solvent vapor from
mixing with the solute gas in the gas
buret. The volume of gas is deter-
mined from the gas buret readings,
the volume of solvent is determined

ESTIMATED ERROR:

0.05
0.005

§T/K
le/ml

from the meniscus height in the
absorption pipet.

REFERENCES ;
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COMPONENTS :
1. Hydrogen; Hz; [1333-74-0])
2. Benzene, Ce¢Hg; [71-43-2]

a—

ORIGINAL MEASUREMENTS:
Maxted, E.B., Moon, C.H.,

Trane. Faraday Soc. 1936, 32,769-~75.

VARIABLES: PREPARED BY:
Temperature C.L. Young
EXPERIMENTAL VALUES:
T/K Bunsen Mole fraction of
coefficient, hydrogen, Ty,
o
273.65 0.0526 0.000204
281.45 0.0572 0.000224
294.35 0.0625 0.000248
303.75 0.0672 0.000270
313.15 0.0727 0.000296

Partial pressure of hydrogen = 1 atm = 101,325 kPa.

AUXILIARY INFORMATION |

[ ———————
METHOD: /APPARATUS /PROCEDURE :

absorption cell. Details in

Volumetric apparatus with rocking 1.

SOURCE AND PURITY OF MATERIALS;

Electrolytic grade.
source.

no other details given.

2. Degassed, high purity sample,

ESTIMATED ERROR:
ST/K = 20.2; st =+1%,

(estimated by compiler)

REFERENCES ;
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Hydrogen Solubilities up to 200kPa

COMPONENTS ¢

(1) Hydrogen; H,; [1333-74-0]

(2) Benzene; CgHg: [71-43-2]

ORIGINAL MEASUREMENTS:

Cook, M. W.; Hanson, D. N.;

Alder, B. J.

J. Chem. Phys. 1957, 26, 748 - 751.

VARIABLES :

T/K: 283.15 - 318.15
P/kPa: 101.325 (1 atm)

PREPARED BY:

P. L. Long
H. L. Clever

EXPERIMENTAL VALUES:

T/K Solubility1 Mol Fraction Bunsen Ostwald
mol g-1 x 106 4 Coefficient Coefficisnt
) x 10 o x 102 L x 10
283.15 2.884 2.253 5.75 5.96
288.25 3.030
3.024
3.027 av. 2.364%2 6.00 6.33
298.15 3.306
3.301
3.303
3.303 av. 2.578 6.46 7.05
308.15 3.595
3.582
3.596
3.591 2.805 6.95 7.84
318.15 3.89
3.88
3.88gav. 3.0342 7.42 8.64

'pata from (1).

Smoothed Data:

See the hydrogen + benzene evaluation

*values calculated by compiler from data in (1).
The Bunsen and Ostwald coefficients were calculated by the compiler.
In %, = -5.6949 - 7.6547/(T/100K)

Standard error about the regression line

1.86 x 10/

for the recommended eguation.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The apparatus, designed especially
for the determination of the solubil-
ity of hydrogen in liquids, consists
of a gas bulb, a gas buret, a solvent
bulb, and a manometer system. All are
attached to a mounting plate, and the
assembly is shaken in an air bath.

The solvent is degassed in the solv-
ent bulb by heat and evacuation. The
gas 1s placed in the gas bulb, after

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Matheson Co. Mass
spectrographic analysis showed
gas 99.75 per cent pure. Impurity
mostly Nj.

Benzene. Baker and Adamson Reagent
Grade. Distilled, used center cut,
boiling point 353.15 K. Other
solvent properties given in
reference 1.

(2)

temperature equilibrium is reached,
the gas is contacted with the degasseq
solvent. The system is shaken until
solubility equilibrium is attained.
Mercury is used as the displacement
fluid.

The solubility is calculated from the
initial and final quantities of gas,
the pressure measurements, the vapor
pressure of the solvent, and the
solvent volume.

HESTIMATED ERROR:

8x1/x7 = 0.001 (authors)

REFERENCES:

1. Cook, M. W.
University of California Radiation
Lab, Report UCRL-2459, 1954.

2. Cook, M. W.; Hanson, D. N.

Rev. Sei. Instr. 1957, 28, 370.
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COMPONENTS : ORIGINAL MEASUREMENTS:
l. Hydrogen:; H,; [1333-74-0] Kruyer, S.; Nobel, A.P.P.
2. Benzene; C Hg; [71-43-2] Ree, Trav. Chim. 1961, 80, 1145-56
VARIABLES: PREPARED BY:
C. L. Young

EXPERIMENTAL VALUES:
(a]
T/K Ostwald coefficient, L Mole fraction of

hydrogen, =z
HZ

298.15 0.071 0.000258

fal Calculated by compiler for a partial pressure of 101.325 kPa

P ——

AUXILIARY INFORMATION
METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
T?Chnique consisted of saturating 1. Hydrogen and argon passed through
liquid with hydrogen in a spiral molecular sieve 4A in liquid oxygen
adsorption tube and then stripping and nitrogen trap respectively.

Out the hydrogen with argon. The
Tesulting argon-hydrogen mixture was [2. Distilled.
8nalysed with a katharometer.

ESTIMATED ERROR:
8T/K = 30.2; 6L = *3g

REFERENCES ;
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COMPONENTS : ORIGINAIL MEASUREMENTS:
(1) Hydrogen; Hy: [1333-74-0] de Wet, W. J.
(2) Benzene; C6H6; [71-43=2]} J. 8. Afr. Chem. Inst. 1964, 17,
9 - 13.
VARIABLES: PREPARED BY:
T/K: 291.65 - 304.55 P. L. Long
P/kPa: 101. 325 (l atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
z, X 10 2 2
o x 10 L x 10
291.65 2.52 6.36 6.79
298.15 2.65 6.65 7.26
304.55 2.86 7.11 7.93

the compiler.

Smoothed Data:

equation.

Standard error about the regression line

The mole fraction and Ostwald coefficient values were calculated by

in X = -5.3098 - 8.6944/(T/100K)

3.24 x 10°°

See the evaluation of the hydrogen + benzene system for the recommended

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The apparatus is a modification of
that used by Morrison and Billett (1)
and others (2). The degassed solvent
is saturated with gas as it flows
down a glass helix containing the
gas. The amount of solvent passed
down the helix was such that 10 to

25 cm3 of gas was absorbed.

Degassing. The solvent is placed in
a large continuously evacuated bulb
until the solvent boils freely with-
out further release of dissolved
gases.

Saturation. The solvent is flowed in
a thin film down the glass helix
containing the gas. The volume of
gas absorbed is measured on an
attached buret system.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Source not given.
Gas from commercial cylinders
purified over activated char-
coal at liquid air temperature.
Impurities estimated to be less
than 0.3 per cent.

(2) Benzene. Source not given.

Distilled immediately before

use.

ESTIMATED ERROR:

6T/K = 0.05

REFERENCES:

1. Morrison, T. J.;
J. Chem. Soe. 1948,
Ibid. 1952, 3819.

H. L.; Battino, R.;
J. H.; Gross, P. M.
Chem. 1957, 61, 1078.

Billett, F.

2033;

2. Clever,
Saylor,

J. Phys.
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
1. Hydrogen; Hp; [1333-74-0] Krauss, W.; Gestrich, W.
2. Benzene; CgHg; [71-43-2] Chem,-Tech. (Heidelberg), 1977, 6,
35-37.
VARIABLES: PREPARED BY:
Temperature C.L. Young

EXPERIMENTAL VALUES:

T/K Solubility*S/ mol dm~? bar-! Mole fraction® of
hydrogen in liquid,

&
Hp

283.15 0.00235 0.000209

293.15 0.00265 0.000235

303.15 0.00285 0.000260

313.15 0.00310 0.000286

* read off graph, the equations given in the original paper
appear to be in error.

§ calculated by compiler for a partial pressure of 101.325 kPa.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
Stirred equilibrium cell. No details given.

Volumetric apparatus in which a
known volume of gas was added to
a known volume of liguid and the
equilibrium pressure measured.
Details in source.

ESTIMATED ERROR:

8T/K = +0,05; 5xH2 = 5 x 10-°
(estimated by compiler)

REFERENCES:
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Hydrogen Solubilities up to 200kPa

COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Puri, P.S.; Ruether, J.A.
2. 2-Propanone, (Acetone); Can. J. Chem. Eng. 1974, 52,
C3iHeO; [67-64-1] 636-640.
3. Benzene; Cg¢Hg; [71-43-2]
VARIABLES: PREPARED BY:
Liquid phase composition C.L. Young
EXPERIMENTAL VALUES:
*
T/K Mole fraction of Ostwald
acetone in liquid coefficient,
L
298.15 1.000 0.0943
0.8536 0.0919
0.6381 0.0952
0.4255 0.0890
0.2233 0.0847
0.0000 0.0756

* total pressure approximately 10°Pa.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Volumetric apparatus similar to
that described in ref. (1).

Degassed solution placed in
calibrated dissolution vessel, gas
saturated with solvent vapor
introduced from calibrated gas
buret. Amount of gas dissolved
determined from pressure and
volume changes.

SOURCE AND PURITY OF MATERIALS:

1. Liquid Carbonic Canadian Corp.
sample purity 99.97 mole per
cent.

2.& 3.Baker reagent grade.

ESTIMATED ERROR:
§T/K = +0.01; 8L = +0.5%.
(estimated by compiler)

REFERENCES :

1. Ben-Naim, A.; Baer, S.
Trans. Faraday Soc. 1963

2735.

59,
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COMPONENTS : EVALUATOR:
(1) Hydrogen; Hy,; [1333-74-0] H. L. Clever
Department of Chemistry
(2) Methylbenzene or toluene; Emory University
C,Hg; [108-88-3] Atlanta, GA 30322 USsa
1980, September

CRITICAL EVALUATION:

Six laboratories have reported on the solubility of hydrogen in methyl-
benzene at a hydrogen partial pressure near 101.325 kPa. Just (1)
reported two values at 293.15 and 298.15 K, Cook, Hanson, and Alder (2)
reported four values between temperatures of 258.15 and 308.15 K, Saylor
and Battino (3) reported one value at 298.15 K, deWet (4) reported three
values between temperatures of 291.25 and 305.25 K, Waters, Mortimer and
Clements (5) reported four values between temperatures of 263.15 and
293,15 K, and Krauss and Gestrich (6) reported four values between
temperatures of 283.15 and 313.15 K.

Comparison of the mole fraction solubility values at 101.325 kPa shows
that the data falls into three ranges. The data of Just and of deWet
agree and are greater than the other workers. The results of Cook et al.
and of Saylor and Battino agree within 0.4 per cent and are of inter-
mediate value. The data of Waters et al. and of Krauss and Gestrich
agree within 3 to 5 per cent and are the low set of values.

All of the data are classed as tentative, but the data of Cook et al.
are preferred by the evaluator because of their well designed apparatus,
and self-consistent results. The values below are based on a linear
regression of the Cook et al. mole fraction solubility data.

The equation for use between 258.15 and 308.15 K is
in xy = ~6.0373 - 6.0307/(T/100K)
which has a standard error about the regression line of 7.17 x 10-7.

The changes in enthalpy and entropy for the transfer of one mole of
hydrogen from the gas at 101.325 kPa to the infinitely dilute solution are

AHy/k3 mol™ 5,01 ana 453/ k7' mo1™l -s50.2.
Smoothed values of the mole fraction solubility and Gibbs energy of

Solution are in Table 1.

Table 1. The solubility of hydrogen in methylbenzene
at a hydrogen partial pressure of 101.325
kPa. Mole fraction solubility and the
partial molar Gibbs energy of solution
as a function of temperature.

T/K Mol Fraction AEi/kJ mol™t
104x1
258.15 2.31 17.972
268.15 2.52 18.474
278.15 2.73 18.976
288.15 2.94 19.478
298.15 3.15 19.980
308.15 3.37 20.482

References:

+ Just, G. Z. Phys. Chem. 1901, 37, 342.
+ Cook, M. W.; Hanson, D. N.; Alder, B. J. J, Chem. Phys. 1957, 26, 748.
+ Saylor, J. H.; Battino, R. J. Phys. Chem. 1958, 62, 1334.

Ul W N

deWet, W. J. J. 8. Afr. Chem. Inst. 1964, 17, 9.

Water, J. A.; Mortimer, G. A.; Clements, H. E.

J. Chem., Eng. Data 1970, 15, 174.

Krauss, W.; Gestrich, W. Chem.-Tech.(Heidelberg)l1977, 6, 35.

o
.

——
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hyj [1333-74-0] Just, G.
(2) Methylbenzene or toluene; Z. Phye. Chem. 1901, 37, 342 - 367.

C7H8; [108-88-3]

VARIABLES: PREPARED BY:
T/K: 293.15 - 298.15 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
z. x 10 Coefficient Coefficient
1 o x 102 L x 102
293.15 3.70 7.812 8.384
298.15 3.82 8.010 8. 742

The author measured the Ostwald coefficient at a
pressure of about 746 mmHg. The compiler assumed
the Ostwald coefficient to be independent of
pressure, and calculated the mole fraction and
Bunsen coefficient values at 101.325 kPa (1 atm)
partial pressure of the gas.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

An Ostwald apparatus as modified by (1) Hydrogen. Prepared by the
Timofejew (1), and Steiner (2) is reaction of water with aluminum
used. The apparatus consists of a amalgam accelerated with mercury
gas buret, an absorption flask, and (II) chloride.

a mercury manometer. The system is

thermostated with a water jacket. (2) Methylbenzene. No information.

The gas is introduced into the de-
gassed liquid. The gas volume
absorbed is determined by the gas
buret. The solvent volume is deter-
mined at the end of the experiment

by pouring the solvent into a ESTIMATED ERROR:
graduated flask.

S§L/L = 0.03 (compiler)

REFERENCES:

1. Timofejew, W.
2. Physik. Chem. 1890, 6, l41.

2. Steiner,
Ann. Phys. (Leipzig) 1894, 52,
275.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; H2; {1333-74-0] Cook, M. W.; Hanson, D. N.;
Alder, B. J.
(2) Methylbenzene or toluene; C7H8;
[108-88-3] J. Chem. Phys. 1957, 26, 748-751.
VARIABLES : PREPARED BY:
T/K: 258.15 - 308.15 P. L. Long
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Solubility! Mol Fraction Bunsen Ostwald
mol g-l % lo6 z, x 104 Coeff1c1§nt Coeff1c1§nt
o x 10 L x 10
258.15 2.507 2.311 5.06 4.78
273.15 2.844 2.621 5.65 5.65
298.15 3.438
3.436
.437 av. 3.167 6.64 7.25
308.15 3.685
3.685
3.685 av. 3.369 6.99 7.89

'Data from (1).

Smoothed Data: 1n Xy

Standard error about the regression line

The Bunsen and Ostwald coefficients were calculated by the compiler.

-6.0373 - 6.0307/(T/100K)

7

7.17 x 10~

See the hydrogen + methylbenzene evaluation for the recommended equation.

AUXILIARY

P——

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The apparatus, designed especially
for the determination of the solubil-
1ty of hydrogen in liquids, consists
©°f a gas bulb, a gas buret, a solvent
bulb, "and a manometer system. All
:ie attached to a mounting plate, and

e
The solvent is degassed in the solv-
ent bulb by heat and evacuation. The
gas is placed in the gas bulb, after
temperature equilibrium is reached,
the gas is contacted with the de-
gassed solvent. The system is shaken
until solubility equilibrium is
Attained. Mercury is used as the
displacement fluid.

The solubility is calculated from the
initial and final quantities of gas,
the Pressure measurements, the vapor
Pressure of the solvent, and the
Solvent volume.

assembly is shaken in an air bath.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Matheson Co. Mass
spectrographic analysis showed
gas 99.75 per cent pure.
Impurity mostly N2'

(2) Methylbenzene. Baker and

Adamson Reagent Grade. Dis-

tilled, center portion used,

b.p. 383.65K. Other solvent

properties given in reference (1l).

ESTIMATED ERROR:

le/xl = 0.001 (authors)

REFERENCES ;

1. Cook, M. W.
University of California Radiation
Lab, Report UCRL-2459, 1954.

Cook, M. W.; Hanson, D. N.
Rev. Sei. Instr. 1957, 28, 370.

2.
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Hydrogen Solubilities up to 200kPa

COMPONENTS ¢

(1) Hydrogen; Hp; [1333-74-0]

(2) Methylbenzene or toluene;
CqHg: [108-88-3]

ORIGINAL MEASUREMENTS:

Saylor, J. H.; Battino, R.

J. Phys. Chem. 1958, 62,
1334 - 1337.

VARIABLES: PREPARED BY:
T/K: 298.15
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
x3 x 10 o x 102 L x 102
298.15 3.18 6.67 7.28

The mole fraction and Bunsen coefficient values
were calculated by the compiler.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The solvent was degassed (2) by
evacuating the space above it,
shaking, and then passing it as a
fine mist into another evacuated
container. The degassed solvent was
saturated with gas as it passed

down a glass helix in a thin film.
The glass helix contained the gas
and solvent vapor at a total pressure
of one atm (l). The volume of the
liquid and the volume of the gas
absorbed were determined in a system
of burets.

SOURCE AND PURITY OF MATERIALS:
(1)Hydrogen. No information given.

(2) Methylbenzene. Malinckrodt
reagent grade. Shaken with conc.
H,S04, water washed, dried over
Drierite, distilled. Boiling
point 110.40 - 110.60 °C.

ESTIMATED ERROR:
8T/K
§P/mmHg
éxl/xl

0.03
3
0.04 (authors)

nnn

REFERENCES :

1. Morrison, T. J.; Billett, F.
J. Chem. Soe. 1948, 2033;
ibid, 1952, 3819.

R. R.; Daniel, S. G.
2, 16l

Baldwin,
J. Appl. Chem. 1952,




Aromatic Hydrocarbons 173

COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hp; [1333-74-0] de Wet, W. J.
(2) Methylbenzene or toluene; J. 5. Afr. Chem, Inst. 1964, 17,
C-Hq; [108-88-3] 9 -~ 13.
778
VARIABLES: PREPARED BY:
T/K: 291.25 - 305.25 P. L. Long
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
u Coefficient Coefficient
z1 x 10 a x 102 L x 102
291.25 3.60 7.62 8.12
298.45 3.79 7.95 8.69
305.25 3.98 8.29 9.26

The mole fraction and Ostwald coefficient values were calculated by the
compiler.

Smoothed Data: 1n Xy = ~5.7429 - 6.3694/(T/L00K)
Standard error about regression line = 4.19 x 10_7

See the evaluation of hydrogen + methylbenzene for the recommended equation.

P ————
AUXILIARY INFORMATION
e ———
METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
The apparatus is a modification of (1) Hydrogen. Source not given.
that used by Morrison and Billett (1) Gas from commercial cylinders
and others (2). The degassed solvent purified over activated char-
18 saturated with gas as it flows coal at liquid air temperature.
Own a glass helix containing the gas Impurities estimated to be less
The amount of solvent passed down the than 0.3 per cent.
helix was such that 10 to 25 cm?® of
9as was absorbed. (2) Methylbenzene. Source not given.
Distilled immediately before
Degassing. The solvent is placed in a use.
arge continously evacuated bulb
until the solvent boils freely with-
Out further release of dissolved ESTIMATED ERROR:
gases, §T/K = 0.05

Satugation. The solvent is flowed in
4 thin film down the glass helix
Containing the gas. The volume of gas|REFERENCES:

absorbed is measured on an attached . \
uret system. 1. Morrison, T. J.; Billett, F.

J. Chem. Soec. 1948, 2033;
Ibzd. 1952, 3819.

2, Clever, H. L.; Battino, R.;
Saylor, J. H.; Gross, P. M.
e J. Phys, Chem, 1957, 61, 1078.
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Hydrogen; Hz; [{1333-74~0] Waters, J. A.; Mortimer, G. A.;
Clements, H. E.
(2) Methylbenzene or toluene;

C7H8; [108-88-3] J. Chem. Eng. Data 1970, 15, 174~
176 and 462 (correction).
VARIABLES: PREPARED BY:
T/K: 263.15 - 293.15 P. L. Long
H, P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
Temperature Cy /mol dm-3 Mol Fraction Bunsen Ostwald
o 2 3 4 Coefficient Coefficient
t/ C T/K X 10 xy X 10 o L
-10 263.15 2.164 2.23 0.0485 0.0467
0 273.15 2.396 2.49 0.0537 0.0537
10 283.15 2.538 2.67 0.0569 0.0590
20 293.15 2.708 2.88 0.0607 0.0651

The mole fraction and Ostwald coefficient values were calculated from
the authors data by the compiler.

AUXTLIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

The authors reported two methods of (1) Hydrogen. Air Reduction Co.
solubility measurement. The hydrogen Minimum purity 99.50 per cent.
solubilities were measured by their (2) Methylbenzene. Fisher Co.

method A.

The apparatus consisted of two glass
bulbs connected by %" stainless steel
tubing fitted with Hoke valves and a
strain gage. The strain gage signal
was measured by a potentiometer.

The bulbs were immersed in an oil
bath. The temperature was measured
with a Pt resistance thermometer and

Spectrophotometric grade.

Mueller bridge. ESTIMATED ERROR:
§P/mmHg

The solvent was degassed three times ST/R
at liquid N, temperature. The
solvent vapor pressure was measured
in the apparatus. Gas in the second

nn
o
-

bulb at a known P and T was allowed REFERENCES :
into the bulb containing the solvent.
The change in P was followed until
equilibrium was reached. The gas
uptake was calculated using Charles
law. A correction was made for H,
adsorption on the walls.
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Krauss, W.; Gestrich, W.
2. Methylbenzene (Toluene); Chem.-Tech. (Heidelberg), 1977, 6,
CyHg; [108-88-3] 35-37.
VARIABLES: PREPARED BY:
Temperature, C.L. Young

EXPERIMENTAL VALUES:

appear to be in error.

T/K Solubility ¥ mol dm~? bar-! Mole fraction$ of
hydrogen in liquid,
X
H»
283.15 0.0026 0.00028
293.15 0.00275 0.000295
303.15 0.0029 0.000315
313.15 0.00305 0.000335

* read off graph, the equations given in the original paper

§ calculated by compiler for a partial pressure of 101.325 kPa.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

Stirred equilibrium cell.
Volumetric apparatus in which a
known volume of gas was added to
4 known volume of liquid and the
€quilibrium pressure measured.
Details in source.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:
§T/K +0.05; &z
Ho

£10-5

(estimated by compiler)

REFERENCES ;

HaD |y,
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen: H2; [1333-74-0] de Wet, W. J.
(2) 1,3-Dimethylbenzene (m-Xylene):; J. 8. Afr. Chem. Inst. 1964, 17,
Co,H, .7 [108-38~3] 9 - 13.
8710
VARIABLES: PREPARED BY:
T/K: 291.15 - 305.25 P. L. Long
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
xy X 10 2 2
o x 10 L x 10
291.15 3.96 7.25 7.73
298.45 4.14 7.52 8.22
305.25 4.36 7.87 8.79

compiler.

Smoothed Data:

Standard error about the regression line

The mole fraction and Ostwald coefficient values were calculated by the

1n Xy = ~5.7584 - 6.0492/(T/100K)

6

2.21 x 10°

T/K Mol Fraction
xq b4 104
288.15 3.87
293.15 4.01
298.15 4.15
303.15 4.29
308.15 4.43
AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The apparatus is a modification of
that used by Morrison and Billett (1)
and others (2). The degassed solvent
is saturated with gas as it flows
down a glass helix containing the
gas. The amount of solvent passed
down the helix was such that 10 to

25 cm3 of gas was absorbed.

Degassing. The solvent is placed in
a large continuously evacuated bulb
until the solvent boils freely with-
out further release of dissolved
gases.

Saturation. The solvent is flowed in
a thin film down the glass helix
containing the gas. The volume of
gas absorbed is measured on an
attached buret system.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Source not given.
Gas from commercial cylinders
purified over activated char-
coal at liquid air temperature.
Impurities estimated to be less
than 0.3 per cent.

1,3-Dimethylbenzene (m-Xylene).
Source not given. Distilled
immediately before use.

(2)

ESTIMATED ERROR:

§T/K = 0.05

REFERENCES :

1. Morrison, T. J.; Billett, F.
J. Chem. Soe. 1948, 2033;
Ibid. 1952, 3819.

2. Clever, H. L.; Battino, R.;
Saylor, J. H.; Gross, P. M.

J. Phys. Chem. 1957, 61, 1078.




Aromatic Hydrocarbons

177

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hyi [1333-74-0] Just, G.
(2) Dimethylbenzene or xylene; Z. Phys. Chem. 1901, 37, 342 - 367.
C,H, ~; [1330~20-7]
8710
VARIABLES : PREPARED BY:
T/K: 293.15 - 298.15 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
@y x 10
o x 10? L x 102
293.15 3.99 7.300 7.834
298.15 4.12 7.499 8.185

The compiler assumed the dimethylbenzene was a
mixture of 40 per cent 1l,3-dimethylbenzene,

and 20 per cent each of 1, 2-dimethylbenzene,
1,4-dimethylbenzene, and ethylbenzene. See
Riddick, J. A.; Bunger, W. B. Organic Solvents
3rd Ed., Wiley-Interscience, New York, 1970,

p. 614.

The author measured the Ostwald coefficients at a
pressure of about 746 mmHg. The compiler assumed
the Ostwald coefficient to be indevendent of
pressure, and calculated the mole fraction and
Bunsen coefficient values at 101.325 kPa (1 atm)
partial pressure of the gas.

—

AUXILIARY INFORMATION

,ME\
THOD /APPARATUS / PROCEDURE :

%?mOStWald apparatus as modified by
usEgfejew (1), and Steiner (2) is
gas -+ The apparatus consists of a
am buret, an absorption flask, and
th €rocury manometer. The system is
€rmostated with a water jacket.

Tge gas is.introduced into the
abggSSed liquid. The gas volume
ureibed is determined by tpe gas
min + The solvent volume is deter-
ed at the end of the experiment

Y Pouring the solvent into a
9raduated flask,

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Prepared by the
reaction of water with aluminum
amalgam accelerated with mercury
(II) chloride.

(2) Dimethylbenzene. No information.

ESTIMATED ERROR:

§L./L = 0.03 (compiler)

REFERENCES ;

1. Timofejew, W.
Z. Physik. Chem. 1890, 6, 1l41l.

2. Steiner,
Ann. Phye. (Leipzig) 1894, 52,
275
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COMPONENTS : EVALUATOR:
(1) Hydrogen; Hy; [1333-74-0] H. L. Clever
Department of Chemistry
(2) (l1-Methylethenyl)benzene or Emory University
o-methylstyrene; CgHyq: Atlanta, GA 30322 USA
[98-83-9]
1980, September

CRITICAL EVALUATION:

The system has often been used as a model system in hydrogenation studies.
In spite of the importance of the system, the solubility of hydrogen in
a-methylstyrene is not known with good accuracy. The solubility measure-
ments from three laboratories do not show good agreement.

Polejes (1,2) reports eighteen solubility measurements at atmospheric
pressure over the 286.15 to 315.85 K temperature interval in his thesis,
and he has published a graph showing the hydrogen solubility obeys
Henry's law at 299.8 K (80°F) and hydrogen partial pressures up to 4.83
MPa (700 psia). Ma (3,4) reports eight measurements at atmospheric
pressure over the 303.15 to 333.15 K temperature interval in his thesis
and he has published the data in a graph showing the solubility of
hydrogen in o-methylstyrene and its hydrogenation product cumene and in
a 60 per cent ao-methylstyrene 40 per cent cumene mixture. Herskowitz,
Morita, and Smith (5) report thirty five solubility measurements at
atmospheric pressure over the 287.95 to 346.65 K temperature range.
Polejes' values are the lowest, and Ma's values are the highest. The
range between low and high values as a per cent of the median value of
Herskowitz et al. is 30 per cent at 303 K and is 40 per cent at 333 K.

In addition to the measurements above there are two other sets of
solubility measurements referenced in the literature which were not
available to the solubility series. Ma (3) and Sherwood and Farkas (6)
reference solubility data of Farkas which apparently were never
published. It is probably safe to assume the data of Farkas have been
superseded by those of Ma, since both sets of measurements were made in
the same laboratory. Herskowitz et al. reference unpublished data in the
Ph.D. thesis of Ali (7), which they state shows a solubility maximum at
328 K (58°C). An attempt to obtain a copy of the Ali data for the
sclubility geries was not successful.

In the opinion of the evaluator there is not enough evidence to justify
rejection of any of the three available data sets. The three sets of
data are classed as doubtful, but the data of Herskowitz et al. are
preferred for use. Herskowitz et al. give a smoothing equation for
their data as a function of temperature with the solubility in mole cm™3.
The equation is on their data sheet. If the data of Ali (7) are
published they may settle the uncertainty about the system.

References:

1. Polejes, J. D. Ph.D. Thesis, University of Wisconsin, Madison, WI,
1959,

2. Johnson, D. L.; Saito, H.; Polejes, J. D.; Hougen, O. A,
A. I. Chem. Eng. J. 1957, 3, 411.

3. Ma, Y. H. Sc.D. Thesis, Massachusetts Institute of Technology,
Cambridge, MA, 1967.

4. Satterfield, C. N.; Ma, Y. H.; Sherwood, T. K.
I. Chem. Eng. Symp. Ser. 1968, No. 28, 22.

5. Herskowitz, M.; Morita, S.; Smith, J. M.
J. Chem., Eng. Data 1978, 23, 227.

6. Sherwood, T. K.; Farkas, E. J.
Chem. Eng. Sei. 1966, 21, 573.

7. Ali, J. XK. Ph.D. Thesis, University of Birmingham, Birmingham, UK,
1974.
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COMPONENTS :

(1) Hydrogen; Hz; [1333-74-0]

(2) (l-Methylethenyl)benzene or

a-methylstyrene; CgHjq; [98-83-9]

ORIGINAL MEASUREMENTS:

Polejes, J. D.
Ph, D. thesis, 1959
University of Wisconsin

Distr. Abstr. 1959, 19, 3261.

Thesis Director 0. A. Hougen
VARIABLES: PREPARED BY:
T/K: 286.15 - 315.85
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:

Temperature Mol Fraction CHy/

t/°C T/K zy x 10° mol em~® x 10°¢
13.0 286.15 2.72 2.11

13.9 287.05 2.73 2.12

18.1 291.25 2.80 2.16

19.0 292,15 2.78 2.14

20.4 293.55 2.78 2,14

25.0 298.15 2.89 2,22

28.0 301.15 2.90 2,22

30.5 303.65 2.95 2.25

31.8 304.95 3.03 2.31

34.0 307.15 2.97 2,26

34.2 307.35 3.01 2.29

35.0 308.15 2.94 2,23

37.5 310.65 2.93 2,22

38.0 311.15 3.06 2.32

40.4 313.55 3.14 2.37

42,0 315.15 3.12 2,35

42.5 315.65 3.11 2.34

42.7 315.85 3.03 2.28

in the thesis.

Data read from a large scale figure

AUXILIARY
e —

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The apparatus consisted of a water
Jacketed flask with magnetic stirrer,
& vacuum system, and a gas supply and
gas buret.

The solvent was degassed by pumping
for twice the time for gas bubble
S€volution to cease. A measured volume
Of gas was brought into contact with
€ solvent, the solvent was stirred
Unti) there was no more gas uptake.

There was no mention as to whether or
Mot the gas was presaturated with
SOvent vapor. The amount of solvent
Was determined by weight.

Tbe mole fraction solubility was

SOURCE AND PURITY OF MATERIALS:
1) Hydrogen.

2) a-Methylstyrene.

The compiler had a copy of the gas
solubility part of the thesis, pp
132 - 139. The materials were not
described in that part of the
thesis.

ESTIMATED ERROR:

§zy/z; = 0.05

itted to an equation linear in
emperature.

Reference 1 shows a figure of hydro-
genosolubility in a-methylstyrene at
o °F (299,82 K). The solubility of
ofdrogen (dm® H, (273.15 K, 1 atm)dm”
paeYS Henry's law up to a hydrogen

REFERENCES:

1. Johnson, D. L.; Saito, H.;
Polejes, J. D.; Hougen, O. A.
A, I, Chem. Eng. J. 1957, 3, 41l.

~

€ figure is not in the thesis.

Lthffi} pressure of 700 psia. Data for
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COMPONENTS :
(1) Hydrogen; H,; [1333-74-01

ORIGINAL MEASUREMENTS:

Ma, Y. H.

Sc. D. thesis, 1967

P/kPa: 101.325 (1 atm)

(2) (l1-Methylethenyl)benzene or Massachusetts Institute of Technology

o-methylstyrene; C9H10; .
[98-83-9] Satterfield, C. N.; Ma, Y. H.;
Sherwood, T. K.

I. Chem, E. Symp. Ser. 1968, No. 28,
22 - 29,
VARIABLES: PREPARED BY:

T/K: 303.15 - 333.15

H. L. Clever

EXPERIMENTAL VALUES:

Temperature Henry's Constant CHZ/mol cm™? x 10° Mol Fraction

N

t/°%C T/K cm® atm mol”! H, z3 x 10
30 303.15 3.37 x 10° 2.97 3.89
3.42 x 10° 2.92 3.83
40 313.15 2.97 x 10° 3.37 4.46
3.03 x 10° 3.30 4.37
50 323.15 2.82 x 10° 3.55 4,74
2.83 x 10° 3.53 4.72
2.87 x 10° 3.48 4.65
60 333.15 2.75 x 10° 3.64 4.91

as figure 2.

Henry's law was of the form p/atm

The values of the concentration of

The compiler read the Henry's constant values from a large scale
graph in the thesis. The same graph appears in the cited paper

= 3

K cH2 /mol H, cm™° solvent.

hydrogen and mole fraction hydrogen

at one atm partial pressure were calculated by the compiler.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The apparatus consists of a water-
jacketted flask with a magnetic
stirrer, a vacuum system, a gas supply
and a monometer system to maintain
constant pressure.

Between 150 and 200 cm® of solvent is
degassed in the flask by stirring and
vacuum pumping for three to four
times the time for gas bubble evolu-
tion to cease.

Gas is admitted to 1 atm total pres-

SOURCE AND PURITY OF MATERIALS:
(1) Hydrogen.

' (2) a -Methylstyrene.
The compiler had a copy of the gas
solubility part of the thesis,

pp. 72 - 77, and 99. The materials
were not described on those pages.

sure and maintained at 1 atm while
the gas dissolves.

The saturated liquid is sampled four
times at 15 m intervals with a gas
tight syringe. Twenty microliter

ESTIMATED ERROR:

S§T/K
le/xl

samples of liquid are analyzed for
hydrogen in a gas chromatograph with
a seven foot 5 A molecular sieve
packed column. The column is kept at
100 °C, the carrier gas is nitrogen,
and a thermal conductivity detector
is used. The apparatus is calibrated
with samples of known Hj concentratiol

REFERENCES:

h .
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CCMPONENTS ;
(1) Hydrogen; Hy; [1333~74-0]

(2) (1-Methylethenyl)benzene or

a-methylstyrene; CgHjg; [98-83-9]

S

ORIGINAL MEASUREMENTS:

Herskowitz, M.; Morita, S.;
Smith, J. M.

J. Chem. Eng. Data 1978, 23, 227-228.

VARIABLES:
T/K: 287.95 - 346.65
P/kPa: 101.325 (1 atm)

———

PREPARED BY:
H. L. Clever

EXPERIMENTAL VALUES:

T%mperature Hydrogen Solubility, cHz/mol em~3 x 10°
t/’c T/K Av. Std.Dev.

14.8 287.95 2.39 2.43 2.45 2.43 2.425 0.025
33.8 306.95 2.74 2.74 2.78 2.78 2.70 2.74g 0.033
41.0 314.15 2.79 2.86 2.82 2.83 2.88 2.83¢ 0.035
48,5 321.65 3.08 3.10 3.06 3.06 3.08 3.04 3.07¢ 0.021
58.5 331.65 3.09 3.12 3.09 3.16 3.11 3.09 3.119 0.028
65.5 338.65 3.18 3.17 3.16 3.16 3.16 3.16¢ 0.009
73.5 346.65 3.29 3.26 3.24 3.27 3.265 0.021

equation
cHy/mol em™3 = (2.26

The authors applied a linear regression
+ 0.0145 t/°C) x 1076

for the solubility of hydrogen in a-methyl styrene at a hydrogen partial
Pressure of 101.325 kPa (1 atm) between the temperatures of 15 and 74 tc
with a stanard deviation of 0.064 x 10-6. The compiler calculated the
average solubilities in the table below.

to their data to obtain the

:he Solvent was saturated with H
atmospheric pressure by bubbling

ee gas through the solvent for at
85t 10 hours. Saturation was

8PProached from both under- and over-
Saturation.

The satur

Analyzeq
hirt

Saty

ated solution samples were
.On a gas chromatograph.
¥ microliter samples of Hj
Tated solvent were analyzed for
1gnln 8 gas chromatograph using a 6 m
pacgéd0.§3 cm OD diameter column
Sieve with 20-40 mesh 5A molecular
carcs articles, with nitrogen as ;he
brategr gas. The apparatus was cali-
it With a hydrogen + nitrogen
ure of known composition.
Other Solvent names:
Isopropenylbenzene
2-Phenyl-1-propene

\

T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
27 x 10 : o L
287.95 3.13 0.0544 0.0573
306.95 3.61 0.0616 0.0692
314.15 3.76 0.0636 0.0731
321.65 4.10 0.0688 0.0810
331.65 4.19 0.0697 0.0846
338.65 4.30 0.0710 0.0880
}—_.__; 346.65 4.47 0.0732 0.0929
,\\ AUXILIARY INFORMATION B
ME'I'HOD/API"ARA'I'US/PROC)EJDURE: SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Liquid Carbonic Corp.
Stated purity 99.99 per cent.

(1-Methylethenyl)benzene. Dow
Chemical Co. Stated purity was
99.2 per cent.

(2)

ESTIMATED ERROR:

§T/K
Sc/c

1]

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; H27 [1333-74-0] Ma, Y. H.
Sc. D. thesis, 1967
(2) (1-Methylethyl)-benzene or Massachusetts Institute of Technology
cumene; CgHy,; [98-82-8) satterfield, C. N.; Ma, Y. H.;

Sherwood, T. K.
I. Chem. E. Symp. Ser. 1968, No. 28,
22 - 29,

VARIABLES : PREPARED BY:

T/K: 303.15 ~ 333.15
P/kPa: 101.325 (1 atm)

H. L. Clever

EXPERIMENTAL VALUES:

Temperature Henry's Constant CH /mol em~™® x 10° Mol Fraction
2

t/°C T/K cm® atm mol™} H, zy X lo*
25 298,15 3.12 x 10° 3.21 4.50
3.10 x 10° 3.16 4.43
30 303.15 2.90 x 10° 3.45 4.86
40  313.15 2.65 x 10° 3,77 5.36
2.68 x 105 3.73 5.31
50 323.15 2.53 x 10° 3.95 5.68
2.58 x 10° 3.88 5.58
60  333.15 2.44 x 10° 4.10 5.95

The compiler read the Henry's constant values from a large scale
graph in the thesis. The same graph appears in the cited paper
as figure 2.

Henry's law was of the form p/atm = K €y /mol H2 cm~? solvent.
2

The values of the concentration of hydrogen and mole fraction
hydrogen at one atm partial pressure were calculated by the
compiler.

AUXILIARY INFORMATION

P%EgHOD/APPARAt’:I‘US/PROCEQURE: £ ¢ SOURCE AND PURITY OF MATERIALS:
e apparatus consists of a water-

jacketted flask with a magnetic (1) Hydrogen.
stirrer, a vacuum system, a gas
supply, and a monometer system to

maintain constant pressure. The compiler had a copy of the gas
Between 150 and 200 cm® of solvent is(solubility part of the thesis,
degassed in the flask by stirring and|pp. 72 - 77, and 99. The materials
vacuum pumping for three to four were not described on those pages.
times the time for gas bubble
evolution to cease.

Gas is admitted to 1 atm total pres-

(2) Cumene.

sure and maintained at 1 atm while o
the gas dissolves. ESTIMATED ERROR:

The saturated liquid is sampled four §T/K = 0.1

times at 15 m intervals with a gas éxl/xl = 0.05

tight syringe. Twenty microliter

samples of liquid are analyzed for
hydrogen in a gas chromatograph with
a seven foot 5 A molecular sieve
packed column. The column is kept at
100°C, the carrier gas is nitrogen,
and a thermal conductivity detector
is used. The apparatus is calibrated
with samples of known H2 concentra-
tion.

REFERENCES :
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:

(1) Hydrogen; H2; [1333-74-0] Ma, Y. H.

(2) (1-Methylethenyl)benzene or Sc. D. thesis, 1967
o-methylstyrene; chlO;

[98-83-9]; 60 vol % Ssatterfield, C. N.; Ma, Y. H.;

Sherwood, T. K.

Massachusetts Institute of Technology

(3) (1-Methylethyl)-benzene or cumene;| I. Chem. E. Symp. Ser, 1968, No. 28,

C9H12; [98-82~8]; 40 vol %. 22 - 29.
VARIABLES: PREPARED BY:
T/K: 303.15 - 333.15
P/kPa: 101.325 (1 atm) H. L. Clever

Cumene/vol %: 40

EXPERIMENTAL VALUES:

Temperature Henry's Constant Cy /mol cm ® x 10° Mol Fraction

t/°C T/K cm® atm mol™! H, 2 z X 10*
30 303.15 3.04 x 10° 3.29 4.43
3.07 x 10° 3.26 4.39
40  313.15 2.79 x 108 3.58 4.87
2.84 x 10° 3.52 4.79
50  323.15 2.63 x 10° 3.80 5.23
60  333.15 2.59 x 105 3.86 5.36

The compiler read the Henry's constant values from a large scale
graph in the thesis. The same graph appears in the cited paper
as figure 2.

Henry's law was of the form p/atm = K Cy /mol H2 cm™?
2

solvent.

The values of the concentration of hydrogen and mole fraction
hydrogen at one atm partial pressure were calculated by the
compiler.

The solvent is 60 vol % a-methylystyrene, 40 vol % cumene.

Assuming no volume change on mixing the solution is 0.617 mole
fraction a-methylstyrene.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The apparatus consists of a water-~ (1) Hydrogen.

jacketted flask with a magnetic
Stirrer, a vacuum system, a gas supply)] (2) a-Methylstyrene.
and a monometer system to maintain
constant pressure. (3) Cumene.

Between 150 and 200 cm® of solvent is
degassed in the flask by stirring and
Vacuum pumping for three to four
times the time for gas bubble evolu-
tion to cease.

Gas is admitted to 1 atm total pres-

solubility part of the thesis,

The compiler had a copy of the gas

pp. 72 - 77, and 99. The materials
were not described on those pages.

Sure and maintained at 1 atm while

the gas dissolves. ESTIMATED ERROR:

§T/K
le/xl

nH
o
|

The saturated liquid is sampled four
times at 15 m intervals with a gas
tight syringe. Twenty microliter

Samples of liquid are analyzed for
hydrogen in a gas chromatograph with
a4 seven foot 5 A molecular sieve
Packed column. The column is kept at
1l00°c, the carrier gas is nitrogen,
and a thermal conductivity detector
1S used. The apparatus is calibrated
With samples of known H, concentra-

tion.

REFERENCES ;
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paper.

of 1 atmosphere.

COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H,:; [1333-74-0) Cukor, P.M,; Prausnitz, J.M.
2. Benzene, l,1'-methylenebis-, J. Phys. Chem. 1972, 76,598-601.
(Diphenylmethane); CiiHy2;
[101-81-5]
VARTABLES: PREPARED BY:
Temperature C.L. Young

EXPERIMENTAL VALUES:

T/K Henry's Constant a Mole fraction of b

/atm hydrogen in liquid
x
H2

300 3464 0.0002886

325 3020 0.0003311

350 2644 0.0003782

375 2322 0.0004306

400 2048 0.0004882

425 1813 0.0005515

450 1610 0.0006211

475 1436 0.0006963

a. Quoted in supplementary material for original

b. Calculated by compiler for a partial pressure

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Volumetric apparatus similar to
that described by Dymond and
Hildebrand (1l). Pressure measured
with a null detector and precision
gauge. Details in ref. (2)

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:
§T/K = %0,05; Sz = +2%.
H2

REFERENCES ; .
1. Dymond, J.; Hildebrand, J.H.

Ind. Eng.Chem,Fundam.1967,6,130.

2. Cukor, P.M.; Prausnitz, J.M.
Ind. Eng. Chem. Fundam. 1971,10,
638.
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H; [1333-74-0] Krauss, W.; Gestrich, W.
2. 1,2,3,4~ Tetrahydronaphthalene, Chem. Tech. (Heidelberg), 1977, 6,
(Tetralin); CioHi12; [119-62~2] 35-37.
VARIABLES: PREPARED BY:
Temperature C.L. Young
EXPERIMENTAL VALUES:
T/K Solubility */ mol dm~3 bar-! Mole fraction® of
hydrogen in liquid,
x
H,
283.15 0.0014 0.00019
293.15 0.00165 0.000225
303.15 0.00185 0.000254
313.15 0.00200 0.000277

appear to be in error.

* read off graph, the equations given in the original paper

§ calculated by compiler for a partial pressure of 101.325 kPa.

AUXILIARY
[ ————

INFORMATION

METHOD /APPARATUS /PROCEDURE

Stirred equilibrium cell.
Volumetric apparatus in which

a known volume of gas was added
to a known volume of liquid and
the equilibrium pressure measured.
Details in source.

No details given.

SOURCE AND PURITY OF MATERIALS:

8T/K

ESTIMATED ERROR:

= £0.05; Gtz =

£10-5

(estimated by compiler)

REFERENCES;
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COMPONENTS : EVALUATOR:
(1) Hydrogen; Hp; [1333-74-01] H. L. Clever
Department of Chemistry
(2) Alcohols Emory University

Atlanta, GA 30322 USA

1980, September

CRITICAL EVALUATION:

An Evaluation of the Mole Fraction Solubility of Hydrogen
in Alcohols at a Hydrogen Partial Pressure
of 101.325 kPa (1 atm).

The solubility of hydrogen in alcohols from papers that report the
solubility at 200 kPa pressure or less is evaluated in this section.
For the compilation and evaluation of the solubility of hydrogen in
alcohols from paper that report the solubility at pressures greater
than 200 kPa see a later section of the volume.

Most of the solubility measurements evaluated in this section were made
at a total pressure near 101.325 kPa (1 atm). Mole fraction solubility
values were calculated at a hydrogen partial pressure of 101.325 kPa
assuming the gas to be ideal, Henry's law to be obeyed, and the Ostwald
coefficient to be independent of pressure. The assumptions probably
introduce errors that are less than the experimental error of the
solubility measurement.

Hydrogen + Methanol [67-56-1]

Just (1) reported solubility measurements at 293.15 and 298.15 K and
Katayama and Nitta (2) reported five measurements between the temperatures
of 213,15 and 298.15 K. At 298.15 K Just's mole fraction solubility is

3 per cent greater than Katayama and Nitta's. Although both sets of data
are classed as tentative the thermodynamic changes and smoothed solubility
values below are based on a linear regression of the Katayama and Nitta
data.

The equation for use over the 213.15 to 298.15 K range is

1n z = -7.3644 - 4.0838/(T/100K)

with a standard error about the regression line of 8.45 x 10—7.

The temperature independent thermodynamic changes for the transfer of
one mole of hydrogen from the gas at a hydrogen partial pressure of
101.325 kPa to the infinitely dilute solution are

1 1 -1

AH$/kJ mol™™ 3.395 and AS3/J K~ mol -61.2.
The smoothed solubility values and the Gibbs energy of solution are

given in Table 1.

Table 1. Solubility of hydrogen in methanol at a hydrogen
partial pressure of 101.325 kPa. Tentative values
of mole fraction solubility and partial molal Gibbs
energy of solution as a function of temperature.

T/K Mol Fraction Aai/kJ mol~1
102,
213.15 0.932 16.447
223.15 1.016 17.059
233.15 1.10 17.671
243.15 1.18 18.283
253.15 1.26 18.896
263.15 1.34 19.508
273.15 1.42 20.120
283.15 1.50 20.733
288.15 1.5 21.039
293.15 1.57 21.345

298.15 1.61 21.651
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The single datum of Makranczy et al. (7) is several per cent lower than
the smoothed solubility values and is classified as doubtful.
Hydrogen + Ethanol [64-17-~5]

There are five papers on the solubility of hydrogen in ethanol. The
early work of Carius (3) is mostly of historical interest. Only his
solubility value at 274.15 K agrees with the results of modern day work.
His values at the other temperatures up to 296.85 K are low and show an
incorrect sign of the temperature coefficient of solubility. The data
should be rejected. Just's (l) two values of 293.15 and 298.15 K are
about five per cent greater than modern values and are classed as
doubtful.

The measurements of Maxted and Moon (4), Katayama and Nitta (2), and
Cargill (5) are in good agreement. The total of nineteen solubility
values over the 213.15 to 333.15 K temperature interval from the three
papers were combined in a linear regression to obtain the equation

In x; = ~7.0155 - 4.3918/(T/100K)
with a standard error about the regression line is 2.04 x 107°. A three
constant equation shows no improvement in the standard error.

The temperature independent thermodynamic changes in enthalpy and entropy
for the transfer of one mole of hydrogen from the gas at a partial
pressure of 101.325 to the infinitely dilute solution are

AHS/kJ mol™! 3.65, and AS3/J K ! mol”! -58.3.

The smoothed values of mole fraction solubility and Gibbs energy of
solution are in Table 2.

Table 2. The solubility of hydrogen in ethanol at a
hydrogen partial pressure of 101.325 kPa.
The recommended mole fraction solubility
and partial molar Gibbs energy of solution
as a function of temperature.

T/K  Mole Fraction® AG$/kJ mol™ !

10%z,
213.15 1.14, 16.084
223.15 1.25 16.668
233.15 1.36, 17.251
243.15 1.477 17.834
253.15 1.58; 18.417
263.15 1.69 19.001
273.15 1.80 19.584
283.15 1.90, 20.167
288.15 1.957 20.459
293.15 2.00; 20.751
298,15 2.06 21.042
303.15 2.11 21.334
313.15 2.21 21.917
323.15 2.30, 22.501
333.15 2.40 23.084

"
* Mole fraction values rounded to 0.005 x 10

The single datum of Makranczy et al. (7) is several per cent lower than
the smoothed solubility values and is classified as doubtful.

Hydrogen + 1-Propanol [71-23-8]

Katayama and Nitta (2) have reported solubility measurements on the
hydrogen + l-propanol system. A linear regression of their five measure-
ments over the 213.15 to 298.15 K temperature interval gives the equation

ln z; = ~6.9745 ~ 4.1646/(T/100K)

With a standard deviation about the regression line of 2.17 x 10 °.

The gingle datum of Makranczy et al. (7) is in reasonable agreement with
the data in table 3.
e
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The temperature independent thermodynamic changes in enthalpy and entropy
for the transfer of one mole of hydrogen from the gas at a hydrogen
partial pressure of 101.325 to the infinitely dilute solution are

M /%3 mol™l 3.46, and 253/3 K1 mol™t -58.0.
The smoothed values of mole fraction solubility and Gibbs energy of

solution are in Table 3.

Table 3. The solubility of hydrogen in l-propanol
at a hydrogen partial pressure of 101.325
kPa. Tentative values of the mole fraction
solubility and partial molar Gibbs energy
of solution as a function of temperature.

T/K Mol Fraction Aai/kJ mo1~t
104::0l
213.15 1.33 15.823
223.15 1.45 16.403
233.15 1.57 16.983
243.15 1.69 17.562
253.15 1.81 18.142
263.15 1.92 18.722
273.15 2.04 19.302
283.15 2.15 19.882
288.15 2.20 20.172
293.15 2.26 20.462
298.15 2.31 20.752

Hydrogen + 2-Propanol [67-63-0]

Puri and Ruether (6) measured the solubility of hydrogen in mixtures of
acetone and 2-propanol at 298.15 K and a total pressure of approximately
10°Pa. Their Ostwald coefficient measured for hydrogen and pure
2-propanol converts to a mole fraction solubility at 101.325 kPa of

2.66 x 10-%, The value is classed as tentative.

Hydrogen + l-Butanol [71-36-3]

Katayama and Nitta (2) report five solubility measurements over the

213.15 to 298.15 K temperature interval, and Makranczy, Rusz, and
Balog-Megyery (7) report one measurement at 298.15 K. The two values

at 298.15 K agree within 1.5 per cent. The data are classed as tentative.

The six measurements from the two papers were combined in a linear
regression to obtain the equation for the 213.15 to 298.15 K temperature
interval of

1n xy = -6.9350 ~ 3.8994/(T/100K)
with a standard error about the regression line of 2.65 x 10_6.
The temperature independent thermodynamic changes in enthalpy and
entropy for the transfer of one mole of hydrogen from the gas phase
at a hydrogen partial pressure of 101,325 kPa to the infinitely dilute
solution are

1 -1

1 mol™ Yl -57.7.

AITi/kJ mol T 3.24, and Agi/J K~

The smoothed values of the mole fraction solubility and the partial
molar Gibbs energy of solution are in Table 4.
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Table 4. Solubility of hydrogen in l-butanol at a hydrogen
partial pressure of 101.325 kPa. Tentative values
of the mole fraction solubility and partial molar
Gibbs energy of solution as a function of

temperature.
T/K Mol Fraction AE{/kJ mo1™t
10z,
213.15 1.57 15.528
223.15 1.70 16.104
233.15 1.83 16.681
243.15 1.96 17.258
253.15 2.09 17.834
263.15 2.22 18.411
273.15 2.34 18.987
283.15 2.46 19.564
288.15 2.52 19.852
293.15 2.58 20.141
298.15 2.64 20.429

Hydrogen + 1l-Pentanol [71-41~0]

Just (1) has reported solubility measurements on the hydrogen + l-pentanol
system. On comparison of Just's two values of 293.15 and 298.15 K with
the solubility of hydrogen in alcohols of similar molecular weight, Just's
values appear to be smaller than expected. The values are classed as
doubtful.

The datum of Makranczy et al. (7) appears to be more in line with data on
both lower and higher alcohols and is classified as tentative.

Hydrogen + l-Hexanol [111~27-3]

The value of Makranczy et al. (7) for this system appears to be in line
with data on both lower and higher alcohols and is classified as tentative.

Hydrogen + l-Heptanol [111-70-6]
Hydrogen + 1-Octanol {111-87-5])

The mole fraction solubility data at 298.15 K of Makranczy et al. (7) are
considerably lower than those of Ijams (8). The former are classified
as tentative and the latter as doubtful.

Hydrogen + l1-Nonanol  [143-08-8]
Hydrogen + l-Decanol [112-30-1]
Hydrogen + 1-Undecanol [112-42-5]
Hydrogen + 1-Dodecanol [112-53-8]

Makranczy et al. (7) measured the solubility of hydrogen at 298.15 K in
€ach of the above systems. The results are classified as tentative.

Hydrogen + Cyclohexanol [108-93-0]

Cauquil (9) and Kruyer and Nobel (10) each report one value of the
Solubility of hydrogen in this system. There is a twofold difference

in the two values with the Cauquil value being the higher value. Both
Values are classed as doubtful. However, comparison of the trends in
the solubility of helium and neon in cyclohexanol and aliphatic alcohols
of similar molecular weight definitely indicate the lower value of
Kruyer and Nobel should be preferred.

—
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen; HZ; [1333-74~0] Just, G.
(2) Methanol; CH3OH; [67-56-1] Z. Phys. Chem. 1901, 37, 342 - 367.
VARIABLES: PREPARED BY:
T/K: 293.15 - 298.15 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
z. x 10% Coefficient Coefficient
1 o x 102 L x 102
293.15 1.52 8.401 9.016
298.15 1.57 8.657 9.449

The author measured the Ostwald coefficient at a
pressure of about 746 mmHg. The compiler assumed
the Ostwald coefficient to be independent of
pressure, and calculated the mole fraction and
Bunsen coefficient values at 101.325 kPa (1 atm)
partial pressure of the gas.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE ;

An Ostwald apparatus as modified by
Timofejew (1), and Steiner (2) is
Used. The apparatus consists of a
9as buret, an absorption flask, and
2 mercury manometer. The system is
thermostated with a water jacket.

The gas is introduced into the de-
9assed liquid. The gas volume
absorbed is determined by the gas
bgret, The solvent volume is deter-
Mined at the end of the experiment
Y pouring the solvent into a
9raduated flask.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Prepared by the
reaction of water with aluminum
amalgam accelerated with mercury
(II) chloride.

(2) Methanol. No information.

ESTIMATED ERROR:

SL/L 0.03 (compiler.

REFERENCES ;
1. Timofejew, W.

Z. Physik. Chem. 1890, 6, 141l.
2, Steiner,
Ann, Phys.

(Leipzig) 1894, 52,
275.

Mg _
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74~0] Katayama, T.; Nitta, T.
2. Methanol; CH,0; [67-56~-1] J. Chem,Engng.Data,1976, 21,194-6
VARIABLES: PREPARED BY:
Temperature C.L. Young
EXPERIMENTAL VALUES:
T/K Ostwald Henry's Constant Mole fraction*of
coefficient,L /atm hydrogen in liquid,
Ty,
298,15 0.0975 6160 0.000162
273.15 0.0797 7110 0.000141
253,15 0.0675 7960 0.000126
233.15 0.0557 9090 0.000110
213,15 0.0442 10710 0.0000934

* at a partial pressure of 1 atmosphere.

AUXILIARY INFORMATION

METHOD /APPARATUS/PROCEDURE :

Volumetric apparatus with equilibrium
cell of approximately 0.08 litres.
Magnetic stirrer. Solvent carefully
degassed, Equilibrium established

in 1-1.5 hours. Details in ref. (1).

SOURCE AND PURITY OF MATERIALS:
1. Takachiho Chemical Industry Co.
sample, purity 99.99 mole per cent.

2. Nakarai Chemicals sample, purity
99.9 mole per cent,

ESTIMATED ERROR:

§T/K = +0,12 at 213.15K, 20.05

at other temperatures,&xH2= £ 1,5%

s

REFERENCES :

l. Nitta, T.; Tatsuishi. A.;
Katayama, T. J.Chem.Eng.Jdpn.1973,
6,475.

_
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COMPONENTS : ORIGINAL MEASUREMENTS:

1. Hydrogen; H,; [1333-74-0] Makranczy, J.: Rusz, L.;

Balog-Megyery, K.
2. Methanol; CH,0; [67-56-1]

Hung. J. Ind. Chem. 1979, 7, 41-6

—
VARIABLES : PREPARED BY:
C.L. Young
EXPERIMENTAL VALUES:
T/K P+/kPa Ostwald coefficient Mole fraction of
hydrogen*, =x
H2
298.15 101.3 0.0917 0.000153

* calculated by compiler

+ partial pressure of hydrogen

e

AUXILIARY INFORMATION

\
METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

§°1Umetric method. The apparatus of No details given.
u: gr, Bor, Mohai, and Sipos (1) was -

ESTIMATED ERROR:

REFERENCES ;
l. Bodor, E.; Bor, Gy.; Mohai, B.;
Sipos, G.-

Veszpremi Vegyip. Egy. Kozl.
1957, 1, 55.

L--—___-i Chem. Abstr. 1961, §5, 3175h
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COMPONENTS

(1) Hydrogen; H,; [1333-74-0]

(2) Ethanol; C2H60; [64~17-5]

ORIGINAL MEASUREMENTS:

Carius, L.

Justue Liebigs Ann. Chem. 1855, 94,
129 -~ 166.

Also known as Ann. Chem. Pharm.

VARIABLES : PREPARED BY:
T/K: 274.15- 296.85
P/kPa: 101.325 (1 atm) M. E. Derrick
H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
Coefficient Coefficisnt
zy x 104 o x 102 L x 10
274.15 1.764 6.916 6.941
278.15 1.754 6.847 6.972
284.55 1.752 6.765 7.05
287.55 1.741 6.726 7.08
293.05 1.736 6.668 7.15
296.85 1.734 6.633 7.21

calculated by the compiler.

(See data sheet). The other

The mole fraction and Ostwald coefficient values were

The values above are not recommended. The value at 274.15
K agrees well with the recent work of Katayama and Nitta

values appear to be low and of

the wrong temperature coefficient.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The apparatus and method of Bunsen (1)
were used.

The apparatus consists of an absorp-
tion tube sealed at the low end with
a rubber plate, and a water jacket.

The gas is placed in the absorption
tube, and its pressure, temperature,
and volume determined. The solvent is
added, and the system shaken until

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Prepared from the
reaction of zinc and dilute
sulfuric acid.

(2) Ethanol. Absolute alcohol.
Specific gravity 0.792 at
20 °c.

the volume no longer changes. Final
temperature, pressure and volume
measurements are made.

ESTIMATED ERROR:

REFERENCES :

1. Bunsen, R. W.
Justus Liebigs Ann. Chem. 1855,
93, 1.
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COMPONENTS ; ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hyi [1333-74-0] Just, G.
(2) Ethanol; C,HO; [64-17-5] Z. Phys. Chem, 1901, 37, 342 - 367.
_—
VARIABLES: ~ PREPARED BY:
T/K: 293.15 - 298.15 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
z. x 10" Coefficient Coefficient
1 o x 102 L x 102
293.15 2.09 8.032 8.620
298.15 2.14 8.186 8.935

The author measured the Ostwald coefficient at a
pressure of about 746 mmHg. The compiler assumed
the Ostwald coefficient to be independent of
pressure, and calculated the mole fraction and
Bunsen coefficient values at 101.325 kPa (1 atm)
partial pressure of the gas.

\
AUXILIARY INFORMATION
\
MI':THOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

Aﬁ Ostwald apparatus as modified by (1) Hydrogen. Prepared by the
lmofejew (1), and Steiner (2) is reaction of water with aluminum
used. "The apparatus consists of a amalgam accelerated with mercury

9as buret, an absorption flask, and (II) chloride.
& mercury manometer. The system is
ermostated with a water jacket. (2) Ethanol. No information.

ghe gas is introduced into the

asgaSSed liquid. The gas volume
Sorbed is determined by the gas

m9ret- The solvent volume is deter-
lned at the end of the experiment by

Pourj i
flaskng the solvent into a graduated ([ESTIMATED ERROR:

§L/L = 0.03 (compiler)

REFERENCES ;

1. Timofejew, W.
Z. Physik. Chem. 1890, 6, 141.

2. Steiner,
Ann. Phys. (Leipzig) 1894, 52,
275.
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COMPONENTS :

1. Hydrogen; H;;

(1333-74-(Q]

2. Ethanol; C,H¢O0; [64-17-5]

ORIGINAL MEASUREMENTS:
Maxted, E.B.; Moon, C.H.;
Trans. Faraday Soec. 1936, 32, 769-75.

VARIABLES: PREPARED BY:
Temperature C.L. Young
EXPERIMENTAL VALUES:
T/K Bunsen Mole fraction of
coefficient, hydrogen, tz
o
273.75 0.0718 0.000183
283.15 0.0737 0.000190
293.45 0.0769 0.000200
298.15 0.0784 0.000205
303.15 0.0802 0.000211
313.15 0.0840 0.000223
313.95 0.0839 0.000223
323,15 0.0864 0.000233

Partial pressure of hydrogen = 1 atm = 101.325 kPa.

AUXILIARY INFORMATION

METHOD: /APPARATUS PROCEDURE:

Volumetric apparatus with rocking
absorption cell.

Details in

source.

SOURCE AND PURITY OF MATERIALS:
1, Electrolytic grade.

2, Degassed, high purity sample, no
other details given.

ESTIMATED ERROR:
§T/K = %0,2; GxHZ = 1%,

(estimated by compiler.)

REFERENCES:
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; Hp; [1333-75-0] Katayama, T.; Nitta, T.
2. Ethanol; C;H¢O; [64~17-5] J. Chem. Engng.Data,1976,21,194-6.
VARIABLES : PREPARED BY:
Temperature, Cc.L. Young.
EXPERIMENTAL VALUES:
T/K Ostwald Henry's Constant Mole fraction*of
coefficient, L /atm hydrogen in liquid,
Ty,
293.15 0.0852 4900 0.000204
273.15 0.0696 5640 0.000177
253.15 0.0580 6400 0.000156
233.15 0.0480 7270 0.000138
213.15 0.0372 8750 0.000124
* at a partial pressure of 1 atmosphere.
P —
AUXILIARY INFORMATION
\

METHOD /APPARATUS/PROCEDURE :

Volumetric apparatus with equilibrium
Cell of approximately 0.08 litres.

Magnetic stirrer. Solvent carefully
egassed, Equilibrium established in
~1l.5 hours. Details in ref. (1).

SOURCE AND PURITY OF MATERIALS:
1. Takachiho Chemical Industry Co.

sample, purity 99.99 mole per cent.

2. Nakarai Chemicals sample, purity
99.9 mole per cent.

ESTIMATED ERROR:
8T/K = £0.12 at 213.15K, #
at other temperatures; &xH2=

0.05
+ 1.5%

REFERENCES ;
1.Nitta, T.; Tatsuishi, A.;

Katayama, T. ; J. Chem.Eng.Jpn.1973,
6,475.
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen; H,; [1333-74-0] Cargill, R. W.
(2) Ethanol; CyHgO; [64-17-5] J. Chem. Soe., Faraday Trane. I
1978, 74, 1444 - 1456.
VARIABLES: PREPARED BY:
T/K: 278.9 - 333.2
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K  10* ! Sg/cm’kg™! Mol Fraction Bunsen Ostwald
Coefficient Coefficient
xy % 10* a x 102 L x 10°
278.9 35.87 91.6 1.88 7.34 7.49
289.2 34.59 96.4 1.98 7.64 8.09
299.2 33.43 100 2.055 7.84 8.59
309.2 32.35 106 2.18 8.2 9.3
320.2 31.24 111 2.28 8.5 10.0
333.2 30.02 115 2.36 8.7 10.6

were calculated by the compiler.

hydrogen per kg of solvent.

The mole fraction, Bunsen coefficient, and Ostwald coefficient values

The solubility, Sp, calculated as cm?® (273.15 K, 101.325 kPa (1 atm))

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Absorption of gas by a thin film of
liquid. The Morrison and Billett (1)
method was modified by replacing
valve A with a constant flow pump and
by measuring the mass of the solvent
leaving the absorption tube (instead
of the volume) on a top-pan balance.

The solvent is degassed using the
vapor pump principle (1). Each deter-
mination absorbs about 20 cm® of gas
in up to 500 cm® of solvent.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. British Oxygen Co.
Gas 99.9 per cent pure, stored
over saturated brine.

Ethanol. Absolute alcohol.
Sample was 0.98 mole fraction

(2)

alcohol, 0.02 mole fraction
water. (ca. 0.8 wt per cent
water) .

ESTIMATED ERROR:
T/K 0.1
P/mmHg 0.5
Solubilities reproducible within 0.5
per cent.

REFERENCES:

1. Morrison, T. J.; Billett, F.
J. Chem. Soe. 1948, 2033;
1952, 3819.
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COMPONENTS & ORIGINAL MEASUREMENTS:

1. Hydrogen; H,; [1333-74-0 Makranczy, J.; Rusz, L.;
Balog-Megyery, K.

2. Ethanol; C,HgO; [64-17-5]
Hung. J. Ind. Chem. 1979, 7, 41-6.

VARIABLES: PREPARED BY:
C.L. Young
EXPERIMENTAL VALUES:
T/K P+/kPa Ostwald coefficient Mole fraction of
hydrogen*, Ty
2
298.15 101.3 0.0768 0.000184
* calculated by compiler
+ partial pressure of hydrogen.
AUXILIARY INFORMATION
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
Volumetric method. The apparatus of
Bodor, Bor, Mohai, and Sipos (1) was No details given.
used.
ESTIMATED ERROR:
= =
Gtz +3%
REFERENCES :
1. Bodor, E.; Bor, Gy.; Mohai, B.:;
Sipos, G.
Veszpremi Vegyip. Egy. Kozl.
1957, 1, 55.
Chem. Abstr. 1961, 55,3175h.
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Hydrogen Solubilities up to 200kPa

COMPONENTS ¢ ORIGINAL MEASUREMENTS:
1. Hydrogen; Hp; [1333-74-0] Katayama, T.; Nitta, T.
2. 1-DPropanol; CsHg0; [71-23-8] J. Chem.Engng. Data. 1976,21,194-6
VARIABLES PREPARED BY:
Temperature C.L. Young

EXPERIMENTAL VALUES:

T/K Ostwald Henry's Constant Mole fraction* of
coefficient, L /atm hydrogen in liquid,
.’L‘Hz
298.15 0.0763 4270 0.000234
273.15 0.0615 4970 0.000201
253.15 0.0520 5550 0.000180
233.15 0.0426 6360 0.000157
213.15 0.0336 7510 0.000133

* at a partial pressure of 1 atmosphere

AUXILIARY INFORMATION

METHOD /APPARATUS/PROCEDURE:

Volumetric apparatus with equilibrium
cell of approximately 0.08 litres.
Magnetic stirrer. Solvent carefully
degassed. Equilibrium established

in 1-1.5 hours. Details in ref. (1).

SOURCE AND PURITY OF MATERIALS:
1. Takachiho Chemical Industry Co.
sample, purity 99.99 mole per cent.

2. Nakarai Chemicals sample,
distilled, purity 99.9 mole per
cent.-

ESTIMATED ERROR:
§T/K = £0.12 at 213.15K; *0.05
at other temperatures; §z H,™ +1.5%

REFERENCES ;

1. Nitta, T.; Tatsuishi. A.;
Katayama, T. J.Chem.Eng.Jdpn. 1973,
6,475.
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74~0] Makranczy, J.; Rusz, L.;
Balog-Megyery, K.
2, 1-Propanol; C;HgO; [71-23-8]
Bung. J. Ind. Chem. 1979, 7, 41-6.
VARIABLES: PREPARED BY:
C.L. Young
EXPERIMENTAL VALUES:
T/K P+/kPa Ostwald coefficient Mole fraction of
hydrogen*, x
H,
298.15 101.3 0.0742 0.000228
* calculated by compiler
+ partial pressure of hydrogen
P —
AUXILIARY INFORMATION
————
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
Volumetric method. The apparatus of No details given,
Bodor, Bor, Mohai, and Sipos (1)
was used.
ESTIMATED ERROR:
Gtz = +3%
REFERENCES ;
1. Bodor, E.; Bor, Gy.; Mohai, B.;
Sipos, G.
Veszpremi Vegyip. Egy. Kozl.
1957, 1, 55,
Chem. Abstr. 1961, 55, 3175h
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Hydrogen Solubilities up to 200kPa

COMPONENTS : ORIGINAL MEASUREMENTS:
1., Hydrogen, Hy; [1333-74-0]1] Katayama, T,.; Nitta, T.
2. 1l-Butanol; C,H;,0; [71-36-3] J. Chem.Engng.Data. 1976, 21,194-6
VARTABLES: PREPARED BY:
Temperature C.L. Young
EXPERIMENTAL VALUES:
T/K Ostwald Henry's Constant Mole fraction* of
coefficient,L /atm hydrogen in liquid,
Ty,
298.15 0.0709 3750 0.000267
273.15 0.0577 4320 0.000231
253,15 0.0493 4770 0.000210
233.15 0.0398 5530 0.000181
213.15 0.0324 6340 0.000158

* at a partial pressure of 1 atmosphere

AUXILIARY INFORMATION

METHOD /APPARATUS/PROCEDURE:

Volumetric apparatus with equilibrium
cell of approximately 0.08 litres.
Magnetic stirrer. Solvent carefully
degassed. Equilibrium established in
1-1.5 hours. Details in ref. (1).

SOURCE AND PURITY OF MATERIALS;
1. Takachiho Chemical Industry Co,
sample, purity 99.99 mole per cent.

2. Nakarai Chemicals sample,
distilled, purity 99.9 mole per
cent.

ESTIMATED ERROR:
8T/K = +0.12 at 213.15K; =
at other temperature;6zHz = %

0.05
1.5%

REFERENCES :

1, Nitta, T.; Tatsuishi. A.;
Katayama, T. J. Chem,Eng.
1973,6, 475.

Jpn.
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; Hp; [1333-74-0] Makranczy, J.; Rusz, L.; Balog-
Megyery, K.
2. 1-Butanol; CyH;,0; [71-36-3]
Hung. J. Ind. Chem. 1979, 7, 41-6.
VARIABLES : PREPARED BY:
C.L. Young.
EXPERIMENTAL VALUES:
T/K P+/kPa Ostwald coefficient Mole fraction of
hydrogen*, Ty
2
298.15 101.3 0.0699 0.000263
* calculated by compiler
+ partial pressure of hydrogen
\
h‘ AUXILIARY INFORMATION
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
Volumetric method. The apparatus of
Bodor, Bor, Mohai, and Sipos (1)
was used. No details given.
ESTIMATED ERROR:
GxH2 = %3%
REFERENCES ;
1. Bodor, E.; Bor, Gy.; Mohai, B.;
Sipos, G.
Veszpremi Vegyip. Egy. Kozl.
1957, 1, 55.
Chem, Abstr. 1961, 55, 3175h
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hyi [1333-74-0] Just, G.
(2) l-Pentanol; CSHIZO; [71-41-0] 2. Phys. Chem. 1901, 37, 342 - 367,
VARTABLES: PREPARED BY:
T/K: 293.15 - 298.15 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
zq X 10
o x 102 L x 102
293.15 1.59 3.292 3.533
298.15 1.65 3.397 3.708

The author measured the Ostwald coefficient at a
pressure of about 746 mmHg. The compiler assumed
the Ostwald coefficient to be independent of
pressure, and calculated the mole fraction and
Bunsen coefficient values at 101.325 kPa (1 atm)
partial pressure of the gas.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

An Ostwald apparatus as modified by (1) Hydrogen. Prepared by the
Timofejew (1), and Steiner (2) is reaction of water with aluminum
used. The apparatus consists of a amalgam accelerated with mercury
gas buret, an absorption flask, and (II) chloride.

a mercury manometer. The system is

thermostated with a water jacket. (2) 1l~Pentanol. No information.

The gas is introduced into the de-
gassed ligquid. The gas volume
absorbed is determined by the gas
buret. The solvent volume is deter-
mined at the end of the experiment

by pouring the solvent into a CSTINATED FRmom:
graduated flask. ROR:

SL/L = 0.03 (compiler)

REFERENCES:

1. Timofejew, W.
Z. Physik. Chem. 1890, 6, 141.

2. Steiner,
Ann. Phys. (Leipzig) 1894, 52,
275.
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; Hp; [1333-74-0] Makranczy, J.; Rusz, L.;
Balog~Megyery, K.
2. 1-Pentanol; CsH;20; [71-41-0]
or Hung. J. Ind. Chem. 1979, 7, 41-6.
1-Hexanol; CgH,;,0; [111-27-3]
VARIABLES: PREPARED BY:
C.L. Young
EXPERIMENTAL VALUES:
T/K P+/kPa Ostwald coefficient Mole fraction of
hydrogen*, zy
2
l1-Pentanol
298.15 101.3 0.0604 0.000268
l1-Hexanol
298.15 101.3 0.0589 0.000301

* calculated by compiler

+ partial pressure of hydrogen

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

Volumetric method. The apparatus
of Bodor, Bor, Mohai, and Sipos (1)
Was used.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

dxH2 = +3%
REFERENCES :
l. Bodor, E.; Bor, Gy.; Mohai, B.:;
Sipos, G.

Veszpremi Vegyip. Egy. Kozl.
1957, 1, 55.
Chem, Abstr. 1961, 55, 3175h.
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COMPONENTS :

(1) Hydrogen; Hz; [1333-74-0]
(2) Aliphatic alcohols;
C7H160 and C8Hl80

ORIGINAL MEASUREMENTS:
Ijams, C. C.

Ph.D. thesis, 1941
Vanderbilt University
Nashville, TN

Thesis Director: L. J. Bircher

VARIABLES:
298.15
101.325 (1 atm)

T/K:
P/kPa:

PREPARED BY:
H.L. Clever

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
. x 104 Coefficient Coefficient
1 o L
l-Heptanol; C7H160; [111-70-6]
298.15 3.85 0.0607 0.0663
1-Octanol; C8H180; [111-87-5]
298.15 3.92 0.0555 0.0606

The mole fraction and Ostwald coefficient values
were calculated by the compiler.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

A Van Slyke-Neill Manometric
Apparatus manufactured by the Eimer
and Amend Co. was used.

The procedure of Van Slyke (1) for
pure liquids was modified so that

small solvent sample (2 cm3) could
be used with almost 100 per cent
recovery of the solvent.

An improved temperature control
system was used.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Air Reduction Co.
Purity 99.5 per cent.

(2) Aliphatic alcohols. Purified.

Vapor pressure and boiling

point also reported in the

thesis.

ESTIMATED ERROR:

8T/K = 0.05

REFERENCES:

1. Van Slyke, D. D.

J. Biol. Chem. 1939, 130, 545.
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COMPONENTS : ORIGINAL MEASUREMENTS:
l. Hydrogen; H,; [1333~74-0] Makranczy, J.; Rusz, L.;
Balog-Megyery, K.
2. 1l-Heptanol; CyH,40; [111-70-6]
or Hung. J. Ind. Chem. 1979, 7, 41-6
1-Octanol; CgH;50; [111-87-5]
VARTIABLES : PREPARED BY:
C.L. Young
EXPERIMENTAL VALUES:
T/K P+/kPa Ostwald coefficient Mole fraction of
hydrogen*, x
Hz
1-Heptanol
298.15 101.3 0.0546 0.000316
1-Octanol
298.15 101.3 0.0513 0.000332
* calculated by compiler
+ partial pressure of hydrogen.
P——
AUXILIARY INFORMATION
P —————
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
Volumetric method. The apparatus of No details given.
Bodor, Bor, Mohai, and Sipos (1)
was used.
ESTIMATED ERROR:
= *
6xH2 +3%
REFERENCES ;
1. Bodor, E.; Bor, Gy.; Mohai, B.;
Sipos, G.
Veszpremi Vegyip. Egy. Kozl.
1957, 1, 55.
Chem. Abstr. 1961, 55, 3175h.

Hap . g



208

Hydrogen Solubilities up to 200kPa

COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Makranczy, J.; Rusz, L.;
Balog-Megyery, K.
2. 1-Nonanol; CgH,,0; [143-08-8]
or Hung. J. Ind. Chem. 1979, 7, 41-6
l1-Decanol; C;oH220; [112-30-1]
VARTABLES: PREPARED BY:
C.L. Young
EXPERIMENTAL VALUES:
T/K P+/kPa Ostwald coefficient Mole fraction of
hydrogen*, Ty
2
1-Nonanol
298,15 101.3 0.0480 0.000343
l-Decanol
298.15 101.3 0.0458 0.000358

* calculated by compiler

+ partial pressure of hydrogen

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Volumetric method. The apparatus
of Bodor, Bor, Mohai, and Sipos (1)
was used.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

REFERENCES :

1. Bodor, E.; Bor, Gy.; Mohai, B.;
Sipos, G.
Veszpremi Vegyip. Egy. Kozl.
1957, 1, 55.
Chem. Abstr. 1961, 55, 3175h
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P ——
COMPONENTS : ORIGINAL MEASUREMENTS:
1. . . -7 A=
Hydrogen; H,; [1333-74-0] Makranczy, J.; Rusz, L.;
2. 1l-Undecanol; Cy;H,,0; [112-42-5]| Balog-Megyery, K. ,
or Hung. J. Ind., Chem. 1979, 7, 41-6.
1-Dodecanol; C;,Hpg0; [112-53-8]
P e——
VARIABLES : PREPARED BY:
C.L. Young
P ———
EXPERIMENTAL VALUES:
T/K P+/kPa Ostwald Mole fraction of
coefficient hydrogen*, xH2
l1-Undecanol
298.15 101.3 0.0426 0.000362
1-Dodecanol
298.15 101.3 0.0404 0.000370
* calculated by compiler
+ partial pressure of hydrogen
S .
e
AUXILIARY INFORMATION
Iy

THOD/APPARATUS/PROCEDURE:

volumetric method.
°f Bodor, Bor,
was useq.

The apparatus
Mohai, and Sipos (1)

SOURCE AND PURITY OF MATERIALS:

No details given:

ESTIMATED ERROR:

+3%

REFERENCES:

1. Bodor, E.; Bor, Gy.; Mohai, B.;
Sipos, G.

Veszpremi Vegyip. Egy. Koal.
1957, 1, 55.

Chem. Abstr.1961, 55, 3175h.
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Hydrogen; Hp; [1333-74-0] Cauquil, G.
(2) Cyclohexanol; C6H120; {108-93-0] | J. Chim. Phys. 1927, 24, 53 - 55.

VARIABLES: PREPARED BY:
T/K: 299.15 P. L. Long
P/kPa: 101 - 102 (760-6 H. L. Clever
(760 - 766 mmHqg) .

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
xry1 x 10
o L
299.15 3.5 0.075 0.082
3.6 0.076 0.083

The author reported what the compiler believes is
an Ostwald coefficient. The compiler calculated the
mole fraction and Bunsen coefficient values.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

The apparatus consisted of a flask (1) Hydrogen. No information.

and a mercury leveling bulb to

control the pressure. (2) Cyclohexanol. Source not given.
Distilled.

The solvent volume was measured, the
gas introduced over the solvent, The
gas absorbed was found by differnce
between the initial and final gas
volume.

ESTIMATED ERROR:

SL/L = 0.10 (compiler)

REFERENCES:
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P —————
COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Kruyer, S.; Nobel, A.P.P.
2. Cyclohexanol; C.H ,0; [108-93-0]|Rec. Trav. Chim. 1961, 80, 1145-56
Pre———
VARIABLES : PREPARED BY:
C. L. Young
P —

EXPERIMENTAL VALUES:

{al
T/K Ostwald coefficient, L Mole fraction of
hydrogen, Ty
2
298.15

0.039

0.000168

[a]

————

Calculated by compiler for a partial pressure of 101.325 kPa

AUXILIARY INFORMATION

\
METHOD/APPARATUS/PROCEDURE :

§§Ch§1qu? consisted of saturating

adguld with hydrogen in a spiral

Out°rptlon tube and then stripping

resufh? hydrogen with argon. The

ana) ting argon-hydrogen mixture was
¥Ysed with a katharometer.

SOURCE AND PURITY OF MATERIALS:

1. Hydrogen and argon passed through
molecular sieve 4A in liqgid oxygen
and nitrogen trap respectively.

2. Distilled.

ESTIMATED ERROR:
§T/K = 10.2;

8L = *3%

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] . .
2. 2-Propanone, (Acetone); C3HgO; Puri, P.S.; Ruether, J.A.
[67-64-1] -
3. 2-Propanol; CsHgO; [67-63-0] Can. J. Chem. Eng. 1974, 52, 636-640
VARIABLES: PREPARED BY:
Liguid phase composition C.L. Young
EXPERIMENTAL VALUES:
*
T/K Mole fraction of Ostwald
acetone in liquid, coefficient,

L
298.15 1.000 0.0943
0.736 0.1016
0.655 0.1038
0.486 0.1038
0.351 0.1023
0.122 0.0920
0.000 0.0845

*

total pressure approximately 10°Pa.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Volumetric apparatus similar to that
described in ref. (l1). Degassed
solution placed in calibrated
dissolution vessel, gas saturated with
solvent vapor introduced from
calibrated gas buret. Amount of

gas dissolved determined from pressure
and volume changes.

SOURCE AND PURITY OF MATERIALS:

1. Liguid Carbonic Canadian Corp.
sample purity 99.97 mole per cent.
2.

and 3. Baker Reagent grade.

ESTIMATED ERROR:
8T/K $0.01; &L +0.5%.
(estimated by compiler).

REFERENCES:

l. Ben-Naim, A.; Baer, S.
Trans. Faraday. Soe. 1963, 59,
2735.
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COMPONENTS : EVALUATOR:
(1) Hydrogen; H2; {1333-74-0] H. L. Clever

Department of Chemistry
(2) Ethers Emory University

Atlanta, GA 30322 USA

1980, September

CRITICAL EVALUATION:

An Evaluation of the Mole Fraction Solubility of
Hydrogen in Ethers at a Hydrogen Partial
Pressure of 101.325 kPa (1 atm).

Most of the solubility measurements evaluated in this section were carried
out at a total pressure near 101.325 kPa. The mole fraction solubility
values at a hydrogen partial pressure of 101.325 kPa were calculated on
the assumption that the following statements are true. The gas is ideal,
Henry's law is obeyed, and the Ostwald coefficient is independent of
Pressure. The assumptions introduce errors that are probably smaller

than the experimental errors of the solubility measurements.

Hydrogen + 1,1'~Oxybisethane or diethyl ether [60-29-7]

Christoff (1) made one measurement at 273.15 K, and Horiuti (2) made

S1lx measurements between the temperatures of 192.55 and 294.25 K of the
Solubility of hydrogen in diethyl ether. Horiuti's value of the mole
friction solubility at 273.15 K is 6.1 per cent greater than Christoff's
Value.

§°th authors work is classed as tentative. However, the work of Horiuti
1s preferred. Horiuti's mole fraction solubility values show a definite
Curvature on a log xq v8. 1/T plot.

Although the observed curvature may be due to a systematic error in the
Measurement related to the relatively large vapor pressure of the solvent,
the evaluator choses to believe the effect is real and has treated
Horiuti's data by a linear regression to obtain the three constant-’
tentative equation for use between 193.15 and 298.15 K.

1< ~10.3539 + 1.2545/(T/100K) + 2.3384 1ln (T/1L00K)
With a standard error about the regression line of 4.32 x 10-6.

ln x

The three constant equation gives temperature dependent values of the

€rmodynamic changes of enthalpy and entropy for the transfer of one
Mole of hydrogen from the gas phase at a partial pressure of 101.325
kPa to the infinitely dilute solution. Values of the thermodynamic
Changes at several temperatures are given in Table 1. Smoothed values
©f the mole fraction solubility and the partial molar Gibbs energy of
SOlution as a function of temperature are given in Table 2.

Table 1. Hydrogen + diethyl ether. Changes in enthalpy,
entropy and heat capacity for the transfer of
one mole of hydrogen from the gas at a partial
pressure of 101.325 kPa to the infinitely dilute
solution at several temperatures.

T/K  AHg/Kd mol™T AS3/a Kt mo1™t 8T /3 k1 mo17t
1
223.15 3.30 -51.0 19.4
248.15 3.78 -29.0 19.4
273.15 4.27 -47.1 19.4
298.15 4.75 -45.4 19.4
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Table 2. The solubility of hydrogen in diethyl ether
at a hydrogen partial pressure of 101.325,
Tentative values of the mole fraction
solubility and partial molar Gibbs energy
of solution as a function of temperature.

T/K Mol Fraction AEi/kJ mol ™+
4
10 xq
193.15 2.84 13.112
203.15 3.10 13.646
213.15 3.37 14.170
223.15 3.65 14.685
233.15 3.95 15.191
243,15 4.26 15.688 -
253,15 4.59 16.178
263.15 4,93 16.660
273.15 5.29 17.135
278.15 5.47 17.370
283.15 5.66 17.602
288.15 5.85 17.834
293.15 6.05 18.063
298.15 6.24 18.291

Hydrogen + 1,1'-Oxybispropane or dipropyl ether [111-43-3]

Guerry (3) measured the solubility at temperatures of 293.15 and
298.15 K. The results are classed as tentative.

Hydrogen + 1,4-Dioxane [123-91-1]

Guerry (3) measured the solubility at temperatures of 293.15 and 298.15 K.
Krauss and Gestrich (4) measured the solubility at four temperatures
between 283,15 and 313.15 K. The mole fraction value of Guerry is 6.5
per cent larger than the Krauss and Gestrich value at 293,15 K. Both
sets of data are classed as tentative. However, the tentative equation
and smoothed data below are based on a linear regression of only the

data of Krauss and Gestrich. The equation for use from 283.15 to

313.15 K is

1n xy = ~-5,7347 - 8.6743/(T/100K)

with a standard error about the regression line of 2.96 x 10-6.

The temperature independent values for the thermodynamic changes in
enthalpy and entropy for the transfer of one mole of hydrogen from the
gas at a partial pressure of 101.325 kPa to the infinitely dilute
solution are

1 1 -1

AHS /KT mol™" 7.21 and 483/J3 K~ mol -47.7.
Smoothed values of the solubility and partial molar Gibbs energy of

solution are in Table 3.

Table 3. Solubility of hydrogen in 1,4-dioxane at a
hydrogen partial pressure of 101.325 kPa.
Tentative values of the mole fraction
solubility and partial molar Gibbs energy
of solution as a function of temperature.

T/K Mol Fraction AEi/kJ mol™t
4
10 x4
283.15 1.51 20.713
293.15 1.68 21.190
298.15 1.76 21.428
303.15 1.85 21.666
313.15 2,03 22.143
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Hydrogen + Tetrahydrofuran [109-99-9]
+ 2,3-Dihydropyran [22512-65-6]
+ Tetrahydro-2H-pyran [142-68-7]

Guerry (3) measured the solubility at temperatures of 293.15 and 298.15 K
in each of these systems. The results are classed as tentative.
References:

1. Christoff, A. 2., Phys. Chem. 1912, 79, 456.

2. Horiuti, J. Sei. Pap. Inst. Phys. Chem. Res. (Jpn)
1931/32, 17, 125.

3. Guerry, D. Jr. Ph.D. thesis, Vanderbilt University,
Nashville, TN 1944.

4, Krauss, W.; Gestrich, W. Chem.-Tech. (Heidelberg)
1977, 6, 35.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hy; [1333-74-01] Christoff, A.
(2) 1,1'-Oxybisethane or diethyl Z. Phys. Chem. 1912, 79, 456 - 460.
ether; Cy4Hj;g0; [60-29-7]
VARIABLES : PREPARED BY:
T/K: 273.15 M. E. Derrick
P/kPa: Atmospheric H. L. Clever
EXPERIMENTAL VALUES:
T/K Mole Fraction Bunsen Ostwald
" Coefficient Coefficient
x1 x 10 a x 102 L x 10?2
273.15 5.01 11.15 11.15

total pressure was corre

The compiler calculated
coefficient values.

by Horiuti at 273.15 K.

The author measured the Ostwald coefficient. The

of the solvent at the temperature of the measurement.

The value is 6.2 per cent lower that the value reported

cted for the vapor pressure

the mole fraction and Bunsen

The Horiuti value is preferred.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The apparatus is a modified Ostwald
apparatus described by Just (1), and
modified by Skirrow (2). The apparatug
consists of a thermostated gas buret
and absorption flask.

The modification involves the use of
vapor free gas in the gas buret. A
correction is made for the vapor
pressure of the liquid. A steel
capillary tube with a stopcock, which

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Prepared by the reac-
tion of zinc and dilute sulfuric
acid.

(2) Diethyl ether. Merck (Darmstadt).
Stated to be pure and anhydrous.

prevents the gas and the liquid vapor
mixing in the buret, is used to
connect the absorption flask and the
buret.

ESTIMATED ERROR:
SL/L

0.05

REFERENCES ;

1. Just, G.

Z. Phys. Chem. 1901, 37, 342.
2. Skirrow, F. W.

Z. Phys. Chem., 1902, 41, 139.
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COMPONENTS © ORIGINAL MEASUREMENTS :
(1) Hydrogen; Hy; [1333-74-0] Horiuti, J.
(2) 1,1'-Oxybisethane or diethyl Sei. pap. Inst. Phys. Chem. Res.
ether; C4H100; [60"29_7] (Jpn) 1931/32: 17: 125 - 256,
VARIABLES : PREPARED BY:
T/K: 192.55 - 294.25 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
zy x 10 o x 102 L x 102
192,55 2.84 7.06 4.98
213.25 3.34 8.10 6.32
233.15 3.98 9.37 8.00
252.05 4.53 10.4 9.64
273.15 5.335 11.88 11.88
294.25 6.060 13.08 14.09

The mole fraction and Bunsen coefficient values were calculated by the
compiler.

Smoothed Data: 1n X = -10.3539 + 1.2545/(T/100K) + 2.3384 1ln (T/100K)

Standard error about the regression line = 4.32 x 10'-6
T/K Mol Fraction T/K Mol Fraction

4 4

xq x 10 x X 10
193.15 2.84 253.15 4.59
203.15 3.10 263.15 4.93
213.15 3.37 273.15 5.29
223.15 3.65 283.15 5.66
233.15 3.95 293.15 6.05
243.15 4.26 298.15 6.24

[ ——
AUXILIARY INFORMATION
— .
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

The apparatus consists of a gas buret
4 solvent reservoir, and an absorp-
tion pipet. The volume of the pipet
18 determined at various meniscus

(1) Hydrogen. Prepared by
electrolysis.

degassed solvent. The gas and solvent
are mixed with a magnetic stirrer
until saturation. Care is taken to
Prevent solvent vapor from mixing

heights by weighing a guantity of (2) l,l'-Ogybisethane. Merck's "for
Watgr. Thg mengscug hegght isyread analysis". Stored over sodium
With a cathetometer. amalgam and distilled before

use. Constant boiling within
The dry gas is introduced into the 0.01 degree.

With the solute gas in the gas buret.|ESTIMATED ERROR:
The volume of gas is determined from

the gas buret readings, the volume of ST/K = 0.05
so1Yent is determined from the Sxzq/x, = 0.01
ggnlscus height in the absorption 1771

i

pet. REFERENCES :
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COMPONENTS :
(1) Hydrogen; H2; [1333-74-0]

(2) 1,1'-Oxybispropane or dipropyl

ORIGINAL MEASUREMENTS:
Guerry, D. Jr.

Ph.D. thesis, 1944

ether; CGH14O; [111-43-3] Vanderbilt University
Nashville, TN
Thesis Director: L. J. Bircher
VARIABLES: Y 293.15. 2 PREPARED BY:
T/K: .15, 298.15
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
. x 104 Coefficient Coefficient
1 [¢] L
293.15 6.15 0.101 0.108
298.15 6.43 0.105 0.115

compiler.

The Ostwald coefficients were calculated by the

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

A Van Slyke-Neill Manometric Appara-
tus manufactured by the Eimer and
Amend Co. was used.

The procedure of Van Slyke (1) for
pure liquids was modified (2) so
that small solvent samples (2 cm”)
could be used with almost complete
recovery of the sample.

An improved temperature control
system was used.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Air Reduction Co.
Purity 99.5 per cent.

Eastman Kodak

(2) Dipropyl ether.

Co. Refluxed four hours over
Na, then distilled from Na in a
N2 atm. B.p. (746.2 mmHg) t/°C

89.03 - 89.28 (corr.). Refrac-
tive index, density, and vapor
pressure data are in the thesis.

ESTIMATED ERROR:
§T/K = 0.05

REFERENCES:

1. van Slyke, D. D.

J. Biol. Chem. 1939, 130, 545.
2, Ijams, C. C.
Ph.D. thesis, 1941
Vanderbilt University
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COMPONENTS :
(1) Hydrogen; H,; [1333-74-0]

(2) Cyclic ethers: CyHgO, C4HgOjp;
C5H80, and C5H100

ORIGINAL MEASUREMENTS:
Guerry, D. Jr.
Ph. D. thesis, 1944
Vanderbilt University
Nashville, TN

Thesis Director: L. J. Bircher

VARIABLES :

T/K: 293.15, 298.15
P/kPa: 101.325 (1 atm)

PREPARED BY:
H. L. Clever

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
2. x 10% Coefficient Coefficient
1 o L
Tetrahydrofuran; C4H80; [109-99-9]
293.15 2.60 0.0719 0.0771
298.15 2.74 0.0752 0.0821
1l,4-Dioxane; C4H802; [123-91-1]
293.15 1.79 0.0471 0.0505
298.15 1.93 0.0502 0.0548
2,3-Dihydropyran; C5H80; [25512~-65-6]
293.15 2.68 0.0662 0.0710
298.15 2,64 0.0648 0.0707
Tetrahydro-2H-pyran; CSHloo; [142-68-7]
293.15 3.12 0.0718 0.0770
298.15 3.24 0.0742 0.0810 -

compiler.

The Ostwald coefficients were calculated by the

AUXILIARY INFORMATION

[ ———
HETHOD/APPARATUS/PROCEDURE:

ghe apparatus was a modified Van
lyke-Neill Manometric Apparatus

ggnUfactured by the Eimer and Amend

The procedure of Van Slyke (1) for
zure liquids was modified (2) so
hat small solvent samples (2 cm3)
Could be used with almost 100 per
cent recovery of the sample.

gn improved temperature control
Ystem was used.

Tetrahydrofuran. Eastman Kodak Co.
B.p.(752.7 mmHg) t/°C 65.50 - 65.54.

1,4-Dioxane. Eastman Kodak Co.
B.p.(743.7 mmHg) t/°C 100.81-100.82.

Dihydro-2H-pyran. Prepared from
tetrahydrofurfuryl alcohol. B.p.
(743.6 mmHg) t/°C 84.81 - 84.89.

Tetrahydro~-2H-pyran. Prepared by
catalytic reduction of dihydro-2H-
pyran. B.p.(750.6 mmHg) t/% 87.51 -
87.52. All b. p. are corrected.

219

ESTIMATED ERROR:

SOURCE AND PURITY OF MATERIALS:

(1) ngFOQen. Air Reduction Co.
urity 99.5 per cent.

Cyclig ethers. The ethers were
fra?tlonally distilled from over
& 1n a nitrogen atmosphere. In
addition to the solubility data

he thesis contains measured
valu?S of refractive index,
density, vapor pressure and b.p.
\

(2)

§T/K = 0.05

REFERENCES :

1. Van Slyke, D. D.
J. Biol. Chem. 1939, 130, 545.

2. Ijams, C. C.
Ph. D. thesis, 1941
Vanderbilt University
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; Hz; [1333-74-0] Krauss, W.; Gestrich, W.
2. 1,4-Dioxane; C4HgOz; [123-91-1] Chem. - Tech. (Heidelberg), 1977
6, 35-37.
VARIABLES: PREPARED BY:
Temperature C.L. Young

EXPERIMENTAL VALUES:

Mole fractiongof

paper appear to be in error.

T/K Solubility * mol dm=~® bar—! hydrogen in liquid,
Ty,
283.15 0.00175 0.000150
293.15 0.00195 0.000168
303.15 0.00215 0.000188
313.15 0.0023 0.00020

* read off graph, the equations given in the original

§ calculated by compiler for a partial pressure of 101.325 kPa.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Stirred equilibrium cell.
Volumetric apparatus in which a
known volume of gas was added to a
known volume of liquid and the
equilibrium pressure measured.
Details in source.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:
ST/K = :0.05; Gxnz = +10"°%
(estimated by compiler)

REFERENCES:
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COMPONENTS : EVALUATOR:
(1) Hydrogen; Hp; [1333~74-01] H. L. Clever
Department of Chemistry
(2) 2~Propanone or acetone; Emory University
C3HgO; [67-64-1] Atlanta, GA 30322 USA
1980, September

CRITICAL EVALUATION:
Three laboratories have reported measurements of the solubility of
hydrogen in acetone at pressures near 101.325 kPa. Just (1) measured

the solubility at 293.15 and 298.15 K, Horiuti (2) made seven measurements
over the temperature interval of 191.25 to 313.15 K, and Puri and Ruether
(3) measured the Ostwald coefficient of solubility at 298.15 K and a

total pressure of approximately 10° Pa.

The_Just mole fraction solubility values are about 25 per cent less than
Horiuti's values, and the Puri and Ruether value is 5.3 per cent less
than Horiuti's smoothed value at 298.15 K. The Just values are rejected,
and the Horiuti, and Puri and Ruether values are classed as tentative.
However, the values of Horiuti are preferred.

A linear regression was made of Horiuti's mole fraction solubility values.
A three constant equation appears to be justified, although as with the
hYdrogen + diethyl ether system, this may be due to an error in the
Measurement connected with the relatively large solvent vapor pressure.
The tentative equation for use over the 193.15 to 313.15 K temperature

interval is

1n x, = -9.5956 - 1.1902/(T/100K) + 1.7267 1ln (T/100K)
With a standard error about the regression line of 2.40 x 107 °. .

jsfeveral values of the temperature dependent enthalpy and entropy changes
18r the transfer of one mole of hydrogen gas at a partial pressure of
1.325 xpa to the infinitely dilute solution are given in Table 1.

szOthed values of the mole fraction solubility and partial molar Gibbs
Nergy of solution are given in Table 2.

Table 1. Hydrogen + Acetone. Changes in enthalpy and
entropy on transfer of mole of hydrogen from
the gas at 101.325 kPa to the infinitely
dilute solution.

T/K  AH/k3 mol”l AS3/3 k! mo1”t W KL mo1™?t
1
198.15 3.76 -55.6 14.4
223.15 4.19 -53.9 14.4
248.15 4.55 -52.4 14.4
273.15 4.91 -51.0 14.4
298.15 5.27 -29.7 14.4
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Table 2. The solubility of hydrogen in acetone at a
hydrogen partial pressure of 101.325 kPa.
Tentative values of the mole fraction
solubility and partial molar Gibbs energy
of solution as a function of temperature.
T/K Mol Fraction AEi/kJ mo1™t
104 xy

193.15 1.14 14.574
203.15 1.29 15.130
213.15 1.44 15.679
223.15 1.60 16.221
233.15 1.76 16.757
243.15 1.93 17.287
253.15 2.11 17.811
263.15 2.30 18.329
273.15 2,49 18.841
283.15 2.70 19.349
288.15 2.80 19.600
293,15 2.90 19.851
298.15 3.01 20.100
303.15 3.12 20.348
313.15 3.34 20.841

References:

1. Just, G. 2Z. Phys. Chem. 1901, 37, 342.

2. Horiuti, J. Sei. Pap. Inst. Phys. Chem. Res. (Jpn.)

1931/32, 17, 125.
3. Puri, P. S.; Ruether, J. A. Can. J. Chem. Eng. 1974, §2, 636.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hyi [1333-74-0] Just, G.
(2) 2-Propanone or acetone; C4HO; Z. Phys. Chem. 1901, 37, 342 - 367.
[67-64-1]
VARIABLES: PREPARED BY:
T/K: 293.15 - 298.15 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
. x 10" Coefficient Coefficient
1 a x 102 L x 10?2
293.15 2.14 6.548 7.027
298.15 2.31 7.000 7.641

The author measured the Ostwald coefficient at a
pressure of about 746 mmHg. The compiler assumed
the Ostwald coefficient to be independent of
pressure, and calculated the mole fraction and
Bunsen coefficient values at 101.325 kPa (1 atm)
partial pressure of the gas.

\
AUXILIARY INFORMATION

\ e
METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Ag Ostwald apparatus as modified by (1) Hydrogen. Prepared by the
uSmOfe]ew (1), and Steiner (2) is reaction of water with aluminum
gaed- The apparatus consists of a amalgam accelerated with mercury
z i buret, an absorption flask, and (II) chloride.
th ercury manometer. The system is

ermostated with a water jacket. (2) 2-Propanone. No information.

Tge 93s is introduced into the

a gassed liquid. The gas volume

burorbed is determined by the gas

etet'- The solvent volume is
Srmined at the end of the experi-

Ment by pouring the solvent into a ESTIMATED ERROR: '
draduated flask.

SL/L = 0.03 (compiler)

REFERENCES ;

1. Timofejew, W.
Z. Physik. Chem. 1890, 6, 141.

2. Steiner,
Ann., Phys. (Leipzig) 1894, 52,
275.

HaD L p
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Hydrogen Solubilities up to 200kPa

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hyi [1333-74-0] Horiuti, J.
(2) 2-Propanone or acetone; C3H60; Sei. pap. Inst. Phys. Chem. Res.
[67-64-1] (Jpn) 1931/32, 17, 125 - 256.
VARIABLES: PREPARED BY:
T/K: 191.25 - 313.15 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
zy X 10 2 2
o x 10 L x 10
191.25 1.12 3.90 2.73
212.45 1.42 4.83 3.76
232,55 1.77 5.85 4,98
252.25 2.07 6.69 6.18
273.15 2,50 7.83 7.83
294.05 2.95 8.99 9.68
313.15 3.320 9.865 11.31
The mole fraction and Bunsen coefficient values were calculated by the
compiler.
Smoothed Data: 1n ®) = -9.5956 - 1.1902/(T/100K) + 1.7267 1ln (T/100K)
Standard error about the regression line = 2.40 x 10_6
T/K Mol Fraction T/K Mol Fraction
xy X 104 z X 104
193.15 1.14 263.15 2.30
203.15 1.29 273.15 2.49
213.15 1.44 283.15 2.70
223.15 1.60 293.15 2.90
233.15 1.76 298.15 3.01
243.15 1.93 303.15 3.12
253.15 2.11 313.15 3.34

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE:

SOURCE AND PURITY OF MATERIALS:

The apparatus consists of a gas
buret, a solvent reservoir, and an
absorption pipet. The volume of the

(1) Hydrogen.

(2)

electrolysis.

Prepared by

Nippon Pure Chem.

pipet is determined at various

2-Propanone.

tity of water.

meniscus heights by weighing a quan-

The meniscus height

Co. or Merck. Extra pure grade,
recrystallized with sodium

is read with a cathetometer.

The dry gas is introduced into the
degassed solvent. The gas and
solvent are mixed with a magnetic
stirrer until saturation. Care is
taken to prevent solvent vapor from
mixing with the solute gas in the
gas buret. The volume of gas is
determined from the gas buret
readings, the volume of solvent is
determined from the meniscus height
in the absorption pipet.

sulfite.

Stored over calcium

chloride then fractionated.

Boiling point 56.09°C
(760 mmHg) .

ESTIMATED ERROR:

S§T/K
le/xl

REFERENCES :
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COMPONENTS ; ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hy; [1333-74-0] Guerry, D. Jr.
(2) cyclohexanone; CcHy o0; Ph.D. thesis, 1944
[108-94-1] Vanderbilt University
Nashville, TN
Thesis Director: L. J. Bircher
VARTABLES : , PREPARED BY:
T/K: 293.15, 298.15
P/kPa: 101.325 (1 atm) H. L. Clever
P ——————

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
% 104 Coefficient Coefficient
T a L
293.15 2.16 0.0467 0.0501
298.15 2.23 0.0480 0.0524

The Ostwald coefficients were calculated by the
compiler.

\

AUXILIARY INFORMATION

Pr——
METHOD /APPARATUS /PROCEDURE :

A .
tusag Slyke-Neill Manometric Appara-
endanufactured by the Eimer and

O. was used.
The

pure’ rocedure of Van Slyke (1) for
that slqulds was modified (2) so
coulg Eall solvgnt samples (2 cm3)
recoy © used with almost complete
An s €ry of the sample.

im
syStegrSZ:dugzg?erature control

sou
RCE AND PURITY OF MATERIALS:

(1) ESTIMATED ERROR:
gﬁdFOQGH- Air Reduction Co.
Tity 99.5 per cent.

(2 §T/K = 0.05
) gig%obexanone. Eastman Kodak Co. /
mmnlfledg distilled, b.p. (754.5
indgx té C 155.19. Refractive REFERENCES ;
Sure éatens1ty! and vapor pres- l. van Slyke, D. D.
a are in the thesis. J. Biol. Chem, 1939, 130, 545.

2. Ijams, C. C.
Ph.D. thesis, 1941
Vanderbilt University
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COMPONENTS :

Hydrogen S

olubilities up to 200kPa

1. Hydrogen; H

ORIGINAL MEASUREMENTS:

.3 [1333-74-0] Kruyer, S.; Nobel, A.P.P.
2. Phenol; C_H.O; [108~95-2] Ree. Trav. Chim. 1961, 80, 1145-56
VARIABLES: PREPARED BY:

EXPERIMENTAL VALUES:

C. L. Young

{a)
T/X Ostwald coefficient,L Mole fraction of
hydrogen, Ty
2
298.15

0.033

0.000122

[al

Calculated by compiler for a partial pressure of 101.325 kPa

METHOD /APPARATUS /PROCEDURE :

AUXILIARY

INFORMATION

Technique consisted of saturating
liguid with hydrogen in a spiral

adsorption tube and then stripping
out the hydrogen with argon.
resulting argon-hydrogen mixture was
analysed with a katharometer.

The

SOURCE AND PURITY OF MATERIALS:

1. Hydrogen and argon passed
through molecular sieve 4A in liquid
oxygen and nitrogen trap respectively-

2. "Chemically pure”.

ESTIMATED ERROR:

§T/K = f0.2; &L = *3%

REFERENCES:
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COMPONENTS: EVALUATOR:
(1) Hydrogen; H,; [1333-74-0] H. L. Clever
Department of Chemistry
(2) Acetic acid; CoHy04: Emory University
[64-19-7] Atlanta, GA 30322 USA
1980, September
P——————

CRITICAL EVALUATION:

The solubility of hydrogen in acetic acid was measured at 293.15 and
298.15 K by Just (1) and between 291.75 and 347.95 K by Maxted and Moon
2). The mole fraction solubility values from the two laboratories show
Some scatter, but in general agree within one to two per cent.

ﬁ linea; regression was applied to the total of 14 solubility measurements
°'0bta1n the tentative equation for use between 289.75 (the melting
Point of acetic acid) and 348.15 K.

1n xy = -6.7248 - 6.2238/(T/100K)

with a standard error about the regression line of 1.88 x 1076,

gge temperature independent thermodynamic changes in enthalpy and entropy
lor the transfer of one mole of hydrogen from the gas at a pressure of
1.325 xpa to the infinitely dilute solution are

1 1ol _s5.9.

AH/kJ mol™™ 5.17 and ABS/J K~
Tbe Smoothed values of the mole fraction solubility and partial molal

S energy of solution are in Table 1.

Table 1. The solubility of hydrogen in acetic acid at a
hydrogen partial pressure of 101,325 kPa.
Tentative values of the mole fraction solubility
and partial molal Gibbs energy of solution as a
function of temperature.

T/K Mol Fraction AE{/kJ mol™1
4
10 xq
289.75 (m.p.) 1.40 21.375
293.15 1.44 21.565
298,15 1.49 21.845
303.15 1.54 22.124
308.15 1.59 ~22.404
313.15 1.65 22.684
318.15 1.70 22.963
323.15 1.75 23.242
328.15 1.80 23.522
333.15 1.85 23.801
338.15 1.91 24.081
343.15 1.96 24.361
348.15 2.01 24.640

References:
1.
Just, G. z. Phys. Chem. 1901, 37, 342.

2,
MaXtedr E. B.; Moon, C. H. [Trans. Faraday Soe. 1936, 32, 769.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; H2; [1333-74-0] Just, G.
(2) Acetic Acid; CzH402; [64-19~7] Z. Phye. Chem. 1901, 37, 342 - 367.
VARIABLES: PREPARED BY:
T/K: 293.15 - 298.15 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
xy X 10
a x 10? L x 102
293.15 1.47 5.751 6.172
298.15 1.49 5.799 6.330

the Ostwald coefficient
pressure,

partial pressure of the

The author measured the Ostwald coefficient at a
pressure of about 746 mmHg.

The compiler assumed
to be independent of

and calculated the mole fraction and
Bunsen coefficient values at 101.325 kPa (1 atm)

gas.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

An Ostwald apparatus as modified by
Timofejew (1), and Steiner (2) is
used. The apparatus consists of a
gas buret, an absorption flask, and
a mercury manometer. The system is
thermostated with a water jacket.

The gas is introduced into the de-
gassed liquid. The gas volume
absorbed is determined by the gas
buret. The solvent volume is deter-
mined at the end of the experiment
by pouring the solvent into a
graduated flask.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Prepared by the
reaction of water with aluminum
amalgam accelerated with mercury
(II) chloride.

No information.

(2) Acetic acid.

ESTIMATED ERROR:

8L/L = 0.03 (compiler)

REFERENCES:

1. Timofejew,
Z. Physik.

w.

Chem., 1890, 6, 141.
2, Steiner,
Ann. Phys.
275,

(Leipzig) 1894, 52,
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:

1. Hydrogen; Hp; [1333-74-0] Maxted, E.B.; Moon, C.H.;

2. Acetic acid;C,;H,0,; [64~-19-7] Trans. Faraday, Soec. 1936, 32,769-75.
VARIABLES: PREPARED BY:
Temperature C.L. Young

EXPERIMENTAL VALUES:

T/K Bunsen Mole fraction of
coefficient, hydrogen, Ty,
o
291.75 0.0558 0.000142
300.55 0.0596 0.000154
310.65 0.0620 0.000161
318.15 0.0649 0.000170
328.05 0.0676 0.000179
337.95 0.0714 0.000191
347.95 0.0742 0.000201
293.15%* 0.0566 0.000145
303.15*% 0.0594 0.000153
323.15* 0.0669 0.000176
293.15%%* 0.0547 0.000140
303.15%*% 0.0590 0.000152

*and** minor modification of apparatus used, details in source.

Partial pressure of hydrogen = 1 atm = 101.325 kPa.

AUXILIARY INFORMATION

METHOD:/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Volumetric apparatus with rocking 1. Electrolytic grade.

a . . .

bsorption cell. Details in source. 2. Degassed, high purity sample,

no other details given.

ESTIMATED ERROR:

§T/K = £0,2; GxH = +18%.
2

(estimated by compiler.)

REFERENCES ;
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COMPONENTS : EVALUATOR:
(1) Hydrogen; Hy; [1333-74-0] H. L. Clever
Department of Chemistry
(2) Esters Emory University

Atlanta, GA 30322 USA

1980, September

CRITICAL EVALUATION:

An Evaluation of the Mole Fraction Solubility of
Hydrogen in Esters at a Hydrogen Partial
Pressure of 101.325 kPa (1 atm).

Most of the solubility measurements evaluated in this section were carried
out at a total pressure near 101.325 kPa. The mole fraction solubility
values at a hydrogen partial pressure of 101.325 kPa were calculated on
the assumption that the following statements are true. The gas is ideal,
Henry's law is obeyed, and the Ostwald coefficient is independent of
pressure. The assumptions introduce errors that are probably smaller

than the experimental errors of the solubility measurement.

Hydrogen + Acetic acid, methyl ester or methyl acetate [79~20-9]

Horiuti (2) measured seven values of the solubility over the 194.65 to
313.15 K temperature interval. There are no other measurements. The
work of Horiuti generally has proved to be reliable. The tentative
equation for the 193.15 to 313.15 K temperature range was obtained by a
linear regression of his data.

In z, = ~-6.1832 - 5.7501/(T/100K)

with a standard error about the regression line of 3.00 x 10_6.

The temperature independent values of changes in enthalpy and entropy
for the transfer of one mole of hydrogen from the gas phase at a
pressure of 101.325 kPa to the infinitely dilute solution are

AH3/kT mol™t 4.78 and AB9/3 KT mol™t -51.4.
Smoothed values of the mole fraction solubility at a hydrogen partial

pressure of 101.325 kPa are given on the data sheet.
Hydrogen + Acetic acid,ethyl ester or ethyl acetate [141-78-6]

Just (1) reported solubility values at 293.15 and 298.15 K. Maxted and
Moon (3) reported five values over the 273.65 to 312.95 K temperature
interval.

Several of the solubility values appear to be inaccurate. The most likely
inaccurate values are the 293,15 K value of Just, and either the 273.65

or the 312.95 K value of Maxted and Moon. Linear regressions were made

of several combinations of the data. Thermodynamic values of changes in
enthalpy and entropy were consistent with other hydrogen + solvent systems
when the 293.15 K value of Just and the 273.65 K value of Maxted and

Moon were omitted.

The tentative equation for use between 273.15 and 313.15 K is

1n x, = -5.8144 - 6.4228/(T/100K)

with a standard error about the regression line of 3.77 x 10_6.

The temperature independent changes in enthalpy and entropy for the
transfer of one mole of hydrogen from the gas at a pressure of 101.325
kPa to the infinitely dilute solution are

AHS /KT mol™l 5.34 and AS3/3 Kt mo1”l -48.3.
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are

1.

in Table 1 .

The smoothed solubility data and partial molal Gibbs energy of solution

Table 1 . The solubility of hydrogen in ethyl acetate
at a hydrogen partial pressure of 101.325
kPa. Tentative values of the mole fraction
solubility and partial molal Gibbs energy
of solution as a function of temperature.

T/K Mol Fraction AGi/kJ mol 1
4
10 x4
273.15 2.84 18.545
278.15 2.96 18.787
283.15 3.09 19.028
288.15 3.21 19.270
293.15 3.34 19.512
298.15 3.46 19.754
303.15 3.59 19.995
308.15 3.71 20.237
313.15 3.84 20.479

Hydrogen + Acetic acid, 2-methyl propyl ester or

isobutyl acetate [110-19-0}

acetate [628-63-7]

References:

Just, G. 2. Phys. Chem.

Hydrogen + Acetic acid, pentyl ester or amyl

Only Just (1) has reported solubility measurements on the above systems.
His solubility values at 293.15 and 298.15 K are classed as tentative.

1901, 37, 342.

Horiuti, J. Sci. Pap. Inst. Phys. Chem., Res. (Jpn.)

1931/32, 17, 125.

Maxted, E. B.; Moon, C. H. Trans. Faraday Scc. 1936, 32, 769.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hz; [1333-74-0] Horiuti, J.
(2) Acetic acid methyl ester or Sei. pap. Inst. Phys. Chem. Res.

methyl acetate; C3H602; {79-20-9])| (Jpn) 1931/32, 17, 125 - 256.

VARIABLES: PREPARED BY:
T/K: 194.65 - 313.15 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
xy ¥ 10 2 2
a x 10 L x 10
194.65 1.09 3.49 2.49
212.85 1.39 4.34 3.38
233.05 1.72 5.24 4.47
253.05 2.09 6.24 5.78
273.15 2.52 7.30 7.30
294.05 2.93 8.28 8.91
313.15 3.333 9.168 10.51

The mole fraction and Bunsen coefficient values were calculated by the
compiler.

Smoothed Data: 1n X, = -6.1832 - 5.7501/(T/100K)
Standard error about the regression line = 3.00 x 10_6
T/K Mol Fraction T/K Mol Fraction
4 4
xr % 10 X 10
193.15 1.05 263.15 2.32
203.15 1.22 273.15 2.51
213,15 1.39 283.15 2.71
223,15 1.57 293.15 2.90
233.15 1.75 298.15 3.00
243.15 1.94 303.15 3.10
253.15 2.13 313.15 3.29
AUXILIARY INFORMATION
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The apparatus consists of a gas buret/] (1) Hydrogen. Prepared by
a solvent reservoir, and an absorp- electrolysis.
tion pipet. The volume of the pipet
is determined at various meniscus (2) Acetic acid, methyl ester.
heights by weighing a quantity of Merck. Extra pure grade treated
water. The meniscus height is read with phosphorous pentoxide
with a cathetometer. several times and distilled
several times. Boiling point,
The dry gas is introduced into the o
degassed solvent. The gas and 57.12°C (760 mmHg).
solvent are mixed with a magnetic
stirrer until saturation. Care is
taken to prevent solvent vapor from .
mixing with the solute gas in the ESTIMATED ERROR:
gas buret. The volume of gas is §T/K = 0.05
determined from the gas buret le/xl = 0.015
readings, the volume of solvent is
determined from the meniscus height
in the absorption pipet. REFERENCES ;
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hz; [1333-74-0] Just, G.

(2) Acetic acid ethyl ester or ethyl |Z. Phys. Chem. 1901, 37, 342 - 367.
acetate; C4H802; [141-78-6]

VARIABLES: PREPARED BY:
T/K: 293.15 - 298.15 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
z. x 10% Coefficient Coefficient
1 a x 102 L x 102
293.15 3.20 7.340 7.877
298.15 3.43 7.802 8.516

The author measured the Ostwald coefficient at a
pressure of about 746 mmHg. The compiler assumed
the Ostwald coefficient to be independent of
pressure, and calculated the mole fraction and
Bunsen coefficient values at 101.325 kPa (1 atm)
partial pressure of the gas.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

An Ostwald apparatus as modified by (1) Hydrogen. Prepared by the

Timofejew (1), and Steiner (2) is reaction of water with aluminum

used. The apparatus consists of a amalgam accelerated with mercury

gas buret, an absorption flask, and (II) chloride.

a mercury manometer. The system is

thermostated with a water Jjacket. (2) Acetic Acid ethyl ester. No
information.

The gas is introduced into the
degassed liquid. The gas volume
absorbed is determined by the gas
buret. The solvent volume is deter-
mined at the end of the experiment

by pouring the solvent into a gradu- ESTIMATED ERROR:
ated flask. )

SL/L = 0,03 (compiler)

REFERENCES ;

l. Timofejew, W.
Z. Physik. Chem. 1890, 6, 141l.

2. Steiner,
Ann. Phye. (Leipzig) 1894, 62,
275.
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
1. Hydrogen; Hz; [1333-74-0] Maxted, E.B.; Moon, C.H.;
2. Acetic acid, ethyl ester (Ethyl Trans. Faraday Soc. 1936, 32,769-75
Acetate); CL.Hst; [141"'78-6]
VARIABLES: PREPARED BY:
Temperature C.L. Young
EXPERIMENTAL VALUES:
T/K Bunsen Mole fraction of
coefficient, hydrogen,tz
o
273.65 0.0708 0.000301
283.15 0.0724 0.000312
294,15 0.0761 0.000333
303.15 0.0808 0.000358
312,95 0.0863 0.000387
Partial pressure of hydrogen = 1 atm = 101.325 kPa.

AUXILIARY INFORMATION

METHOD: /APPARATUS/PROCEDURE :

Volumetric apparatus with rocking
absorption cell. Details in source.

SOURCE AND PURITY OF MATERIALS:

1. Electrolytic grade.

2, Degassed, high purity sample,
no other details given.

ESTIMATED ERROR:

§T/K = 20.2; Gtz = $1%.

(estimated by compiler.)

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hyi [1333~74-0] Just, G.
(2) Acetic acid 2-methylpropyl ester |Z. Phys. Chem. 13901, 37, 342 - 367.
or isobutyl acetate; C.H,,O0,;
671172
[110-19-0]
VARIABLES: PREPARED BY:
T/K: 293.15 - 298.15 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
" Coefficient Coefficient
xq x 10
o x 102 L x 102
293.15 5.13 8.653 9.287
298.15 5.33 8.940 9.758

The author measured the Ostwald coefficient at a
pressure of about 746 mmHg. The compiler assumed
the Ostwald coefficient to be independent of
pressure, and calculated the mole fraction and
Bunsen coefficient values at 101.325 kPa (1 atm)
partial pressure of the gas.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

An Ostwald apparatus as modified by
Timofejew (1), and Steiner (2) is
used. The apparatus consists of a
gas buret, an absorption flask, and
a mercury manometer. The system is
thermostated with a water jacket.

The gas is introduced into the de-
gassed liquid. The gas volume
absorbed is determined by the gas

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Prepared by the
reaction of water with aluminum
amalgam accelerated with mercury
(II) chloride.

(2) Acetic acid 2-methylpropyl ester.
No information.

buret.

The solvent volume is deter-

mined at the end of the experiment by

pouring the solvent into a graduated
flask.

ESTIMATED ERROR:

§L/L = 0.03 (compiler)
REFERENCES ;
l. Timofejew, W.
2. Physik. Chem. 1890, 6, 141.
2. Steiner,
Ann, Phys. (Leipzig) 1894, 62,
275.
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen; H2; [1333-74-0] Just, G.
{(2) Acetic acid pentyl ester or Z. Phys. Chem. 1901, 37, 342 - 367.
amyl acetate; C7H1402;
[628-63~7]
VARIABLES: PREPARED BY:
T/K: 293.15 - 298.15 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
zq x 10
o x 102 L x 10?2
293.15 4.60 6.925 7.432
298.15 4.73 7.089 7.738

The author measured the Ostwald coefficient at a
pressure of about 746 mmHg. The compiler assumed
the Ostwald coefficient to be independent of
pressure, and calculated the mole fraction and
Bunsen coefficient values at 101.325 kPa (1 atm)
partial pressure of the gas.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE

An Ostwald apparatus as modified by
Timofejew (1), and Steiner (2) is
used. The apparatus consists of a
gas buret, an absorption flask, and
a mercury manometer. The system is
thermostated with a water jacket.

The gas is introduced into the
degassed liquid. The gas volume
absorbed is determined by the gas
buret. The solvent volume is
determined at the end of the experi-
ment by pouring the solvent into a
graduated flask.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Prepared by the
reaction of water with aluminum
amalgam accelerated with mercury
(IT) chloride.

(2) Acetic acid pentyl ester. No

information.

ESTIMATED ERROR:

SL/L 0.03 (compiler)

REFERENCES:

1. Timofejew, W.

Z. Phyeik. Chem. 1890, 6, 1l41.
2. Steiner,
Ann. Phys.
275.

(Letpzig) 1894, 52,
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COMPONENTS : EVALUATOR:
(1) Hydrogen; Hp; [1333-74-0] H. L. Clever
Department of Chemistry
(2) Halocarbons Emory University

Atlanta, GA 30322 usa
1980, September

CRITICAL EVALUATION:

An Evaluation of the Mole Fraction Solubility
of Hydrogen in Halocarbons at a Hydrogen
Partial Pressure of 101.325 kPa (1 atm).

Most of the solubility measurements evaluated in this section were made
at a total pressure near 101.325 kPa. Mole fraction solubility values
were calculated at a hydrogen partial pressure of 101.325 kPa with at
least two of the following three assumptions. The gas is ideal, Henry's
law is obeyed, and the Ostwald coefficient is independent of pressure.
The assumptions introduce errors that are probably less than the experi-
mental error of the solubility measurement.

Hydrogen + Hexadecafluoroheptane or Perfluorcheptane [335-57-9]

Gjaldbaek (1) reported four solubility measurements between the tempera-
tures of 297.88 and 321.90 K. Cook, Hanson, and Alder (2) reported a
total 14 measurements at six temperatures between 248.15 and 323.15 K.

Both sets of data are classed as tentative. The two data sets accord
well except for Gjaldbaek's values near 321 K which are 8 per cent greater
than the smoothed curve through the Cook et al. data.

The tentative equation for the 248.15 K to 323.15 K temperature interval
was obtained by a linear regression of all of the data of Cook et al.
and the two values near 298 K of Gjaldbaek.

1n z = -4.7741 - 5.3211/(T/100K)

with a standard error about the regression line of 1.98 x 10_5.

The temperature independent values of the changes in enthalpy and entropy
for the transfer of one mole of hydrogen in the gas at 101.325 kPa to
the infinitely dilute solution are

1 1 -1

AHS/kT mol™ ™ 4.42 and A53/3 XK~ mol -39.7.
The smoothed values of solubility and the partial molal Gibbs energy are
given in Table 1. A three constant equation would reproduce the
experimental data more closely, but it does not appear justified because
of the two solubility measurements between 321 and 322 K that were not
used in the linear regression. The evaluator has preferred the data of

Cook et al. because it has generally proven to be reliable.

Table 1. The solubility of hydrogen in perfluoroheptane
at a hydrogen partial pressure of 101.325 kPa.
The tentative mole fraction solubility and the
partial molal Gibbs energy of solution as a
function of temperature.

T/K Mol Fraction AEE/kJ mol™t
10 =)
248.15 9.89 14.274
258.15 10.75 14.671
268.15 11.61 15.068
278.15 12.47 15.465
288.15 13.32 15.862
293.15 13.75 16.060
298.15 14.18 16.259
303.15 14.60 16.457
313.15 15.44 16.854
323.15 16.27 17.251
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Hydrogen + Tetrachloromethane [56-23-5]

The solubility of hydrogen in tetrachloromethane has been measured at
two laboratories. Horiuti (3) made four measurements between 273.15
and 332.15 K. Cook, Hanson, and Alder (2) made three solubility
measurements between the temperatures of 273.15 and 308.15 K. The work
of both laboratories is generally reliable and both data sets are
classed as tentative. The poorest agreement between the two data sets
is at 273.15 K where the experimental values differ by 5.4 per cent
with Horiuti's measurement the greater value.

When the two data sets are smoothed by a Gibbs energy equation linear
in temperature the two laboratories have the same value of solubility
at about 283 K. Above 283 K the Horiuti values are greater by about

2.7 per cent.

A linear regression of all of the data from both laboratories showed
the 273.15 K solubility of Horiuti to deviate the most from the
regression line. Although the deviation was less than 2 standard
deviations an arbitrary decision was made to reject the value. A
second linear regression of the remaining six wvalues gave the tentative
equation for use over the 273.15 to 333.15 K range.

in z, = -5.6661 - 7.0762/(T/100K)

with a standard error about the regression line of 3.95 x 10_6.

The temperature independent values for the changes in enthalpy and

entropy for the transfer of one mole of hydrogen from the gas at a

pressure of 101.325 kPa to the infinitely dilute solution are
AF3/kT mol™! 5.88 and A53/0 k7 mo1™h -47.1.

Smoothed values of the solubility and partial molal Gibbs energy of

solution are in Table 2.

Table 2. The solubility of hydrogen in tetrachloromethane
at a hydrogen partial pressure of 101.325 kPa.
Tentative values of the mole fraction solubility
and partial molal Gibbs energy of solution as a
function of temperature.

T/K Mol Fraction! A@i/kJ mol ™+
104 z
273.15 2.595 18.751
283.15 2.845 19.223
293.15 3.095 19.694
298.15 .3.225 19.929
303.15 3.355 20.165
313.15 3.615 20.636
323.15 3.875 21.107
333.15 4,140 21.578

! Mole fractions rounded to nearest 0.005 x 10_4.

Hydrogen + Trichloromethane [67-66-3]

Only Maxted and Moon (4) have measured the solubility of hydrogen in
trichloromethane. Their values are classed as tentative. A linear
regression of the four solubility values gives the tentative equation
for use over the temperature range of 273.15 to 298.15 K of

1n x, = -7.1710 ~ 3.7486/(T/100K)

with a standard error about the regression line of 3.57 x 10-6.
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The temperature independent values of the changes in enthalpy and entropy

on transfer of one mole of hydrogen from the gas phase at 101.325 kPa

to the infinitely dilute solution are
Aﬁi/kJ mol™* 3.12 and AS3/3 k! mo1™t -s0.6.

Smoothed values of the solubility and the partial molal Gibbs energy

of solution are in Table 3.

Table 3. The solubility of hydrogen in trichloromethane
at a hydrogen partial pressure of 101.325 kPa.
Tentative values of the mole fraction solubility
and partial molal Gibbs energy of solution as a
function of temperature.

T/K Mol Fraction AGS/kJ mol™t
4
10 xl
273.15 1.97 19.374
278.15 1.99 19.708
283.15 2.02 20.025
288.15 2.07 20.324
293.15 2.13 20.606
298.15 2.20 20.872

Hydrogen + 1,2-Dichloroethane [107-06-2]

Only Waters, Mortimer, and Clements (5) have measured the solubility of
hydrogen in 1,2-dichloroethane. Their four solubility values, classed
as tentative, were put through a linear regression to obtain the
equation for use over the 263.15 to 298.15 K temperature range.

1n xqy = ~5.5837 - 9.1168/(T/100K)
with a standard error about the regression line of 1.89 x 10—6.

The temperature independent values of the changes of enthalpy and entropy
for the transfer of one mole hydrogen from the gas phase at a partial
pressure of 101.325 kPa to the infinitely dilute solution are

AH3/kI mol™h 7.58 and AB3/7 K7l mol™t -46.4.
The smoothed values of solubility and the partial molal Gibbs energy

of solution are in Table 4.

Table 4. The solubility of hydrogen in 1,2-dichloroethane
at a hydrogen partial pressure of 101.325 kPa.
Tentative values of the mole fraction solubility
and partial molal Gibbs energy of solution as a
function of temperature.

T/K Mol Fraction AEi/kJ mol™ T
4
10 Ty
263.15 1.18 19.797
273.15 1.335 20.261
283.15 1.50 20.725
288.15 1.59 20.957
293.15 1.68 21.189
298.15 1.77 21.422

HAD . @
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Hydrogen + 1,1,2,2-Tetrachloroethane [79-34-5]

Only deWet (6) has measured the solubility of hydrogen in 1,1,2,2-
tetrachloroethane. A linear regression applied to his three tentative
solubility values gives the equation for the 288.15 to 308.15 K
temperature interval of

In z, = -6.5798 - 3.6640/(T/100K)

with a standard error about the regression line of 3.51 x 10_6.

The values of the temperature independent changes in enthalpy and entropy
for the transfer of one mole of hydrogen from the gas phase at a partial
pressure of 101.325 kPa to the infinitely dilute solution are

AF3/k3 mol™t 3.05 and A8S/3 KT mol™t -54.7.
The smoothed solubility values and partial molal Gibbs energy of

solution are in Table 5.

Table 5. The solubility of hydrogen in 1,1,2,2-tetrachloroethane
at a hydrogen partial pressure of 101.325 kPa, Tentative
values of the mole fraction solubility and partial molal
Gibbs energy of solution as a function of temperature.

T/K Mol Fraction Aai/kJ mol ™t
104 x)
288.15 3.89 18.810
293.15 3.98 19.084
298.15 4.06 19.357
303.15 4.14 19.631
308.15 4.23 19.904

Hydrogen + l1-Chlorohexane [544-10-5]

Guerry (7) has measured the solubility of hydrogen in l-chlorohexane
at the temperatures of 293.15 and 298.15 K. The values are classed
as tentative.

Hydrogen + Chlorobenzene [108-90-7]

Horiuti (3) measured the solubility of hydrogen in chlorobenzene at
seven temperatures between 232.25 and 353.95 K. His values of solubility
are the only ones for the system and they are classed as tentative.

A graph of the data of Horiuti as 1ln x; vs. 1/T shows a systematic
deviation from linearity. Linear regressions for a two constant and a
three constant equation show a four fold improvement in the standard
error. Thus, the tentative equation for use over the 233.15 to 353.15 K
temperature range is the three constant equation

in xy = -10.0240 - 0.7256/(T/100K) + 1.8288 1n (T/100K)

with a standard error about the regression line of 1.44 x 10-6.

The three constant equation gives temperature dependent values of the
changes of enthalpy and entropy for the transfer of one mole of hydrogen
from the gas phase at 101.325 kPa partial pressure to the infinitely
dilute solution. Values of the thermodynamic changes at several
temperatures are given in Table 6.
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Table 6. Thermodynamic changes for the dissolution
of hydrogen in chlorobenzene as a function
of temperature.

T/K  AHZ/kT molt A83/3 k! mo1”t aTs /3 K1 mo17!
1
233.15 4.15 -55.3 15.2
273.15 4.76 -52.9 15.2
298.15 5.14 -51.5 15.2
323.15 5.52 -50.3 15.2
353.15 5.97 -49.0 15.2

Smoothed values of the solubility and partial molal Gibbs energy of
solution are in Table 7.

Table 7. The solubility of hydrogen in chlorobenzene
at a partial pressure of hydrogen of
101.325 kPa. Tentative values of the mole
fraction solubility and partial molal Gibbs
energy of solution as a function of
temperature.

T/K Mol Fraction AEi/kJ mol ™t
lO4 xq
233.15 1.53 17.034
243.15 1.67 17.583
253.15 1.82 18.126
263.15 1.97 18.663
273.15 2.13 19.195
283.15 2.30 19.721
288.15 2.39 19.982
293.15 2.47 20.241
298.15 2.56 20.499
303.15 2.65 20.756
313.15 2.84 21.267
323.15 3.02 21.772
333.15 "3.22 ' 22.273
343.15 3.42 22.769
353.15 3.63 23.2?}

Hydrogen + 1,1,2-Trichloro-1,2,2-trifluoroethane
or Freon 113 [76~13-1]

Linford and Hildebrand (8) report values of the solubility at seven
temperatures between 276.85 and 301.75 K. The data are classed as
tentative. A linear regression of the data gives the equation for use
Over the temperature interval of 273.15 to 303.15 K of

1n ) = -5.3371 ~ 5.9346/(T/100K)
with a standard error about the regression line of 2.88*x 10—6.

The temperature independent values of the changes in enthalpy and entropy
On transfer of one mole of hydrogen from the gas phase at a partial
Pressure of 101.325 kPa to the infinitely dilute solution are

AF/kI mol™h 4,93 and 453/7 k7! mo1™l -44.4.
There is a table of smoothed mole fraction solubility values on the data

sheet.

The authors also report the solubility of hydrogen in several mixtures
°f benzene + 1,1,2-trichloro-1,2,2-trifluoroethane.
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Hydrogen + l-Bromoheptane [629-04-9]

Ijams (9) measured one value of the solubility at a temperature of
298.15 K. The value is classed as tentative.

References:

1. Gjaldbaek, J. C. Adcta Chem. Scand. 1952, 6, 623.

2. Cook, M. W.; Hanson, D. N.; Alder, B. J.
J. Chem. Phys. 1957, 26, 748.

3. Horiuti, J. Set. Pap. Inst. Phys. Chem. Res. (Jpn.)
1931/32, 17, 125.

4. Maxted, E. B.; Moon, C. H. Trans. Faraday Soc.l936, , 769,

5. Waters, J. A.; Mortimer, G. A.; Clements, H. E.
J. Chem, Eng. Data 1970, 15, 174.

6. deWet, W. J. J. S. Afr. Chem. Inst. 1964, 17, 9.

7. Guerry, D. Jr. Ph.D. thesis, vanderbilt University,
Nashville, TN, 1944.

8. Linford, R. G.; Hildebrand, J. H. Trans. Faraday Soe. 1970, 66, 577.

9., Ijams, C. C. Ph.D. thesis, Vanderbilt University,
Nashville, TN, 1941.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hz; [1333-74-0] Cook, M. W.; Hanson, D. N.;
Alder, B. J.
(2) Hexadecafluoroheptane or per-
fluoroheptane; C7F167 J. Chem. Phys. 1957, 26, 748-751.
[335-57-9]
VARIABLES PREPARED BY:
T/K: 248.15 - 323.15 P. L. Long
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Solubility* Mol Fraction Bunsen Ostwald
mol g-l % 106 z) % 104 Coeff1c1§nt Coeff1c1§nt
o x 10 L x 10
248.15 2.589 10.037 10.45 9.49
273.15 3.077 11.927 12.15 12.15
285.25 3.333
3.334
3.3335av. 12.922 13.03 13.60
298,15 3.613
3.616
3.615
3.614
3.6145av. 14.007 13.96 15.24
308.15 3.853
3.849 .
3.849
3.850
3.8503av. 14.920 14.74 16.63
323.15 4.29
4,30
4.29av. 16.64%2 16.21 19.18

'Data from (1).

’Mole fraction value calculated by the compiler.
The Bunsen and Ostwald coefficients were calculated by the compiler.

——

AUXILIARY

fr—

INFORMATION

METHOD/APPARATUS /PROCEDURE :

The apparatus, designed especially
for the determination of the solubil-
1ty of hydrogen in liquids, consists
of a gas bulb, a gas buret, a solvent
bulb, and a manometer system. All
:ie attached to a mounting plate, and
e

The solvent is degassed in the solv-
ent bulb by heat and evacuation. The
gas is placed in the gas bulb, after
temperature equilibrium is reached,
the gas is contacted with the de-
gassed solvent. The system is shaken
until solubility equilibrium is
attained. Mercury is used as the
displacement fluid.

The solubility is calculated from the
initial and final quantities of gas,
the pressure measurements, the vapor
Pressure of the solvent, and the
solvent volume.

assembly is shaken in an air bath.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Matheson Co. Mass
spectrographic analysis showed
gas 99.75 per cent pure.
Impurity mostly N2-

(2) Hexadecafluoroheptane. Source
not given. Distilled, center
portion used, b.p. 355.65K.

Other solvent properties given

in reference (1).
ESTIMATED ERROR:
le/xl = 0.001 (authors)

REFERENCES:

1. Cook, M. W. .
University of California Radiation
Lab, Report UCRL-2459, 1954.

Cook, M. W.; Hanson, D. N.
Rev. Sei. Insetr. 1957, 28, 370.

2.

Smoothed Data: 1n X,

See the
“Squation

Standard error about the regression line = 9.85 x 10°
hydrogen + hexadecafluoroheptane evaluation for the recommended

-12.1850 + 4.9152/(T/100K)} + 3.6328 1ln (T/100)

6
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hyi [1333-74-0] Gjaldbaek, J. C.
(2) Hexadecafluoroheptane or Aeta. Chem. Seand. 1952, 6, 623-633.

Perfluoroheptane; C7F16;

[335-57-9]
VARIABLES: PREPARED BY:

T/K: 297.88 - 321.90 .
P/kPa: 101.325 (1 atm) J. Chr. Gjaldbaek

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
3 Coeffjcient Coeffjcient
10°z; 1070 10°L
297.88 14.2 14.1 15.4
297.95 14.1 14.0 15.3
321.45 17.4 16.6 19.5
321.90 17.4 16.6 19.6

The Ostwald and mole fraction solubility values were calculated by the
compiler at 101.325 kPa ( 1 atm) hydrogen pressure assuming Henry's law is
obeyed.

Smoothed Data: ln %9 = -3.8039 - 8.2063/(T/100K)

Standard error about the regression line is 5.85 x 1076,

See the hydrogen + hexadecafluoroheptane evaluation for the recommended
equation.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

A calibrated all-glass combined man- (1) Hydrogen. Source not given.
ometer and bulb was enclosed in an Freed from oxygen and dried.
air thermostat and shaken until 99.5 per cent Hz, 0.5 per cent
equilibrium. Mercury was used for N,-

calibration and as the confining

liquid. The solvents were degassed (2) Hexadecafluoroheptane. Sample
in the apparatus. Details are in described in earlier paper (2).

reference 1.

The absorped volume of gas is
calculated from the initial and final
amounts, both saturated with solvent

vapor. The amount of solvent is ESTIMATED ERROR:
determined by the weight of displaced
mercury. §T/K = 0.05
le/xl = 0.015
REFERENCES:

1. Lannung, A.
J. Am. Chem. Soe. 1930, 52, 68.

2. Gjaldbaek, J. C.; Hildebrand, J.H.
J. Am. Chem. Soc. 1949, 71, 3147.
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen; H27 f1333-74-0] Horipti, J.
(2) Tetrachloromethane or carbon Sei. pap. Inst. Phys. Chem. Res.
tetrachloride; CC14; [56-23-5] (Jpn) 1931/32,17, 125-256.
VARIABLES: ~ PREPARED BY:
T/K: 273.15 - 332.15 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient

zy x 10 2 P

o x 10 L x 10
273.15 2.73 6.50 6.50
294.05 3.18 7.38 7.94
311.95 3.58 8.13 9.28
332.15 4,128 9.243 11.24

The mole fraction and Bunsen coefficients were calculated by the compiler.

Smoothed Data: 1n Xy = -5.9012 -6.3128/(T/100K)
6

Standard error about the regression line = 4.10 x 10”

See the hydrogen + tetrachloromethane evaluation for the recommended
equation.

AyXILIARY INFORMATION

a—

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

The apparatus consists of a gas buretq (1) Hydrogen. Prepared by

a solvent reservoir, and an absorp- electrolysis.

tion pipet. The volume of the pipet

is determined at various meniscus (2) Tetrachloromethane. Kahlbaum.
heights by weighing a quantity of Dried, and distilled.

water. The meniscus height is read Boiling point 76.74°C (760 mmHg) .

with a cathetometer.

The dry gas is introduced into the
degassed solvent. The gas and
solvent are mixed with a magnetic
stirrer until saturation. Care is
taken to prevent solvent vapor from -
mixing with the solute gas in the ESTIMATED ERROR:
gas buret. The volume of gas is §T/K = 0.05
determined from the gas buret axl/xl =
readings, the volume of golvent is
determined from the meniscus height
in the absorption pipet.

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hy; [1333-74-0] Cook, M. W.; Hanson, D. N.:
Alder, B. J.
(2) Tetrachloromethane or carbon
tetrachloride; CC14; [56-23-5] J. Chem. Phys. 1957, 26, 748 - 751.
VARIABLES : PREPARED BY:
T/K: 273.15 - 308.15 P. L. Long
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Solubility! Mol Fraction Bunsen Ostwald
mol g—l % 106 ) x 104 Coeff1c1§nt Coeff1c1§nt
o x 10 L x 10
273.15 1.688 2.589 6.16 6.16
298.15 2.078 3.193 7.37 8.05
308.15 2.245 3.447 7.86 8.87

'pata from (1).
The Bunsen and Ostwald coefficients were calculated by the compiler.

Smoothed Data: 1ln x, = =-5.7435 - 6.8721/(T/100K)

1

Standard error about the regression line = 4.16 x lO—7
See the hydrogen + tetrachloromethane evaluation for the recommended
equation.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The apparatus, designed especially (1) Hydrogen. Matheson Co. Mass
for the determination of the solubil- spectrographic analysis showed
ity of hydrogen in liquids, consists gas 99.75 per cent pure.
of a gas bulb, a gas buret, a solvent Impurity mostly N,.

bulb, and a manometer system. All
are attached to a mounting plate, and|(2) Tetrachloromethane. Baker and
the assembly is shaken in an air bath. Adamson Reagent Grade. Distilled,
center portion used, b.p. 349.95K.
Other solvent properties given

in reference (1l).

The solvent is degassed in the solv-
ent bulb by heat and evacuation.

The gas is placed in the gas bulb,
after temperature equilibrium is

reached, the gas is contacted with
the degassed solvent. The system is |ESTIMATED ERROR:
shaken until solubility equilibrium
is attained. Mercury is used as the le/xl = 0.001 (authors)
displacement fluid.

The solubility is calculated from the

initial and final quantities of gas, REFERENCES :

the pressure measurements, the vapor |l1. Cook, M. W.

pressure of the solvent, and the University of California Radiation
solvent volume. Lab, Report UCRL-2459, 1954.

2. Cook, M. W.; Hanson, D. N.
Rev. Sei. Instr. 1957, 28, 370.
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
1, Hydrogen; Hy; [1333-74-0] Maxted, E.B., Moon, C.H.
2. Trichloromethane Trane. Faraday Soec. 1936,32,769-75.
(Chloroform); CHCli; [67-66-3]
VARIABLES: PREPARED BY:
Temperature C.L. Young
EXPERIMENTAL VALUES:
T/K Bunsen Mole fraction of
coefficient, hydrogen, Ty,
o
274.15 0.0563 0.000197
283.15 0.0576 0.000204
291.85 0.0584 0.000209
298.45 0.0614 0.000222

Partial pressure of hydrogen =

1 atm = 101.325 kPa.

AUXILIARY INFORMATION

METHOD:/APPARATUS/PROCEDURE :

Volumetric apparatus with rocking
absorption cell. Details in source.

SOURCE AND PURITY OF MATERIALS:

1. Electrolytic grade.

2. Degassed, high purity sample, no
other details given.

ESTIMATED ERROR:

8T/K = +0.2; 6x = *1%.

Hz
(estimated by compiler).

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hp; [1333-74-0] Waters, J. A.; Mortimer, G. A.;
Clements, H. E.
(2) 1,2-Dichloroethane; C3H4Cly;
[107-06-2] J. Chem. Eng. Data 1970, 15, 174 -
176 and 462 (correction).
VARIABLES: PREPARED BY:
T/K; 263.15 - 298.15 P. L. Long
Hy P/KPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
Temperature cHz/mol dm=3 atm™l Mol Fraction Bunsen Ostwald
t/°c T/K 3 104 Coefficient Coefficient
x 10 xy) x 10 o L
-10 263.15 1.557 1.18 0.0349 0.0336
0 273.15 1.739 1.34 0.0390 0.0390
10 283.15 1.890 1.48 0.0425 0.0441
25 298.15 2.239 1.78 0.0502 0.0548

authors data by the compiler.

The authors also reported the vapor pressure of the solvent.

The mole fraction and Ostwald coefficient values were calculated from the

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The authors reported two methods of
solubility measurement. The hydrogen
solubilities were measured by their
method A.

The apparatus consisted of two glass
bulbs connected by %" stainless steel
tubing fitted with Hoke valves and a
strain gage. The strain gage signal
was measured by a potentiometer. The
bulbs were immersed in an oil bath.
The temperature was measured with a
Pt resistance thermometer and Mueller
bridge.

The solvent was degassed three times
at liquid N temperature. The solvent
vapor pressure was measured in the
apparatus. Gas in the second bulb at
a known P and T was allowed into the
bulb containing the solvent. The
change in P was followed until
equilibrium was reached. The gas up-
take was calculated using Charles law
A correction was made for H, adsorp-
tion on the walls.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Air Reduction Co.
Minimum purity 99.50 per cent.

(2) 1,2-Dichloroethane. Monsanto Co.
Purity 99.95 per cent.

ESTIMATED ERROR:

SP/mmHg
§T/K

nn

REFERENCES:
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hz; [1333~74-0] de Wet, W. J.
(2) 1,1,2,2-Tetrachloroethane; J. S. Afr. Chem. Inst. 1964, 17,
c,Cl,H,; [79-34-5] 9 - 13.
277472
VARIABLES: PREPARED BY:
P, .
T/K: 291.45 - 304.85 n L aong
P/kPa: 101.325 (1 atm)

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
zy X 10 2 2
o x 10 L x 10
291.45 3.96 8.42 8.98
299.15 4.05 8.58 9.40
304.85 4.19 8.84 9.87

The mole fraction and Ostwald coefficient values were calculated by the
compiler.

Smoothed Data: 1n X, = -6.5798 - 3.6640/(T/100K)

Standard error about the regression line = 3.51 x 10-'6
T/K Mol Fraction
4
z; X 10

288.15 3.89

293.15 3.98

298.15 4.06

303.15 4.15

308.15 4.23

AUXTLIARY INFORMATION
METHOD/APPARATUS /PROCEDURE; SOURCE AND PURITY OF MATERIALS:
The apparatus is a modification of (1) Hydrogen. Source not given.
that used by Morrison and Billett (1) Gas from commercial cylinders
and others (2). The degassed solvent purified over activated char-
is saturated with gas as it flows coal at liquid air temperature.
down a glass helix containing the Impurities estimated to be less
gas. The amount of solvent passed than 0.3 per cent.
down the helix was such that 10 to

3 (2) 1,1,2,2-Tetrachloroethane.

25 cm” of gas was absorbed. Source not given. Distilled
Degassing. The solvent is placed in immediately before use.
a large continuously evacuated bulb
until the solvent beoils freely with-
out further release of dissolved :
gases. ESTIMATED ERROR:
Saturation. The solvent is flowed 1in §T/K = 0.05

a thin film down the glass helix
containing the gas. The volume of

gas absorbed is measured on an REFERENCES :

attached buret system. X R

l. Morrison, T. J.; Billett, F.
J. Chem. Soe. 1948, 2033;
Ibid, 1952, 38189.

2. Clever, H. L.; Battino, R.;
Saylor, J. H.; Gross, P. M.
J. Phys. Chem. 1957, 61, 1078.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; H2; [1333~74-0] Guerry, D. Jr.
(2) l-Chlorohexane; C6H13C1; Ph.D. thesis, 1944
[544-10-5] Vanderbilt University
Nashville, TN
Thesis Director: L. J. Bircher
VARIABLES : PREPARED BY:
T/K: 293.15, 298.15 H. L. Clever
P/kPa: 101.325 (1 atm) - :
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
rx, x 10
1 ¢ L
293.15 4,38 0.0715 0.0767
298.15 4.46 0.0724 0.0791

compiler.

The Ostwald coefficients were calculated by the

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

A Van Slyke-Neill Manometric Appara-
tus manufactured by the Eimer and
Amend Co. was used.

The procedure of Van Slyke (1) for
pure liquids was modified (2) so
that small solvent samples (2 cm3)
could be used with almost complete
recovery of the sample.

An improved temperature control
system was used.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Air Reduction Co.
Purity 99.5 per cent.

1-Chlorohexane. Eastman Kodak
Co. Purified, distilled from
P05 in a Ny atm. B.p. (746.6
mmHg) t/°C 134.66 (corr.).
Refractive index, density, and
vapor pressure data are in the
thesis.

(2)

ESTIMATED ERROR:

§T/K = 0.05

REFERENCES:

1. van Slyke, D. D.
J. Biol. Chem. 1939, 130, 545.

2, Ijams, C. C.
Ph.D. thesis, 1941
Vanderbilt University
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hy: [1333-40-71 Horiuti, dJ.
(2) Chlorobenzene; CGHSCl; [108~90~7]| Set. pap. Inst. Phys. Chem. Res.
(Jpn) ;gg;/gg, 17, 125 - 256.
VARIABLES: PREPARED BY:
T/K: 232.25 - 353.95 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
z X 10 2 2
a x 10 L x 10
232.25 1.52 3.56 3.03
252.65 1.80 4.13 3.82
273.15 2.13 4.79 4.79
294.35 2.51 5.52 5.95
313.15 2.83 6.12 7.02
333.45 3.24 6.86 8.37
353.95 3.63 7.53 9.76

The mole fraction and Bunsen coefficient values were calculated by the
compiler.

Smoothed Data: 1ln Xy = -10.0240 - 0.7256/(T/100K) + 1.8288 1ln (T/100K)
Standard error about the regression line = 1.44 x 10‘-6

T/K Mol Fraction T/K Mol Fraction
z X 104 z, X 104
233.15 1.53 298.15 2.56
243,15 1.67 303.15 2.65
253.15 1.82 313.15 2.84
263.15 1.97 323.15 3.02
273.15 2.13 333.15 3.22
283.15 2.30 343.15 3.42
293.15 2.47 353.15 3.63

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

The apparatus consists of a gas buret,) (1) Hydrogen. Prepared by

a solvent reservoir, and an absorp- electrolysis.

tion pipet. The volume of the pipet

is determined at various meniscus (2) Chlorobenzene. Kahlbaum.
heights by weighing a quantity of Dried, and distilled. Boiling
water. The meniscus height is read point 131.9600(760 mmig) .

with a cathetometer.

The dry gas is introduced into the
degassed solvent. The gas and
solvent are mixed with a magnetic
stirrer until saturation. Care is
taken to prevent solvent vapor from

mixing with the solute gas in the ESTIMATED ERROR:

gas buret. The volume of gas is ST/K = 0.05
determined from the gas buret s _ 0'01
readings, the volume of solvent is zy/%y = 0.

@etermined from the meniscus height
in the absorption pipet. REFERENCES ;
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:

(1) Hydrogen; H2; [1333-74-0]

Linford, R. G.; Hildeb . H.
(2) 1,1,2-Trichloro-1,2,2-trifluoro- ’ ebrand, J. H

ethane or Freon 113; C,Cl;F,; Trans. Faraday Soc.1970, 66,
[76-13~1] 577 - 581.
VARIABLES: PREPARED BY:
T/K: 276.85 - 301.75 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient

zq x 10 2 2
o x 10 L x 10
276.85 5.64 10.9 11.0
281.65 5.88 11.3 11.7
286.87 6.07 11.5 12.1
288.55 6.11 11.6 12.3
298.15 6.55 12.3 13.4
300.90 6.70 12.5 13.8
301.75 6.76 12.6 13.9

The Bunsen and Ostwald coefficients were calculated by the compiler.

smoothed Data: 1n %) = -5.3371 - 5.9346/(T/100K)
Standard error about the regression line = 2.88 x 10_6
T/K Mol Fraction
4
z X 10

273.15 5.48

278.15 5.70

283.15 5.91

288.15 6.13

293.15 6.35

298.15 6.57

303,15 6,79

AUXILIARY INFORMATION
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The liquid is saturated with the (1) Hydrogen. Stuart Oxygen Co.
gas at a gas partial pressure of Dried.
1 atm.

(2) 1,1,2-Trichloro-1,2,2~trifluoro-

The apparatus is that described by ethane. Matheson, Coleman and
bymond and Hildebrand (1). The Bell. Spectroquality.

apparatus uses an all-glass pumping
system to spray sligs of degassed
solvent into the gas. The amount of
gas dissolved is calculated from the
initial and final gas pressures,

ESTIMATED ERROR:

REFERENCES :

1. Dpymond, J.; Hildebrand, J. H.
Ind. Eng. Chem. Fundam. 1967, 6,
130.
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hy; [1333-74-0] Linford, R. G.; Hildebrand, J. H.
(2) Benzene; CgHg; [71-43-2] J. Phys. Chem. 1969, 73, 4410-4411.
(3) 1,1,2-Trichloro-1,2,2~trifluoro-
ethane or Freon 113; C2013F3;
[76=-13-1]
VARIABLES : PREPARED BY:
T/K: 298.15
P/kPa: 101.325 (1 atm) D. G. T. Thornhill
C.H./x,: 0.341, 0.695
66772
EXPERIMENTAL VALUES:
T/K Benzene Hydrogen
Mol Fraction Mol Fraction
lO4
3}2 X :cl
298.15 0.000 6.552
0.341 3.35
0.695 3.96
1.000 2.58b

a. Linford, R. G.;

Trans. Faraday Soe.1970, 66, 577.

b. Cook, H. W.; Hansen,

Alder, B. J. J.
1957, 26, 748.
The hydrogen solubility is almost a 1i

fraction. The egquation xy

= 6.63 x 10~
hydrogen solubility with an average deviation of 2 per cent.

Hildebrand, J. H.

D. N.:
Chem. Phys.

near function of the benzene mole

4 _ 3,96 x 107¢

Ty reproduces the

AUXILIARY INFORMATION

P ———
METHOD /APPARATUS /PROCEDURE :

Saturation of the liquid mixtures with
dry gas. The gas solubilities were
Calculated from the initial and final
Volumes and pressures of gas. The
Mole fraction solubilities of gas

Were corrected to 101.325 kPa (1 atm)
Partial pressure by Henry's law.

The Dymond-Hildebrand (1) apparatus
Was used. Each_liquid mixture (total
Volume 250 cm3) was degassed by a
freeze-thaw technique and loaded into
the absorption vessel. Dry gas was
en added to this vessel from a

Uret, and the liquid and gas were
Mixed together by means of a

SOURCE AND PURITY OF MATERIALS;

(1) Hydrogen. Stated to be highest
purity commercially obtainable.
Dried before use.

(2) Benzene. Matheson, Coleman and
Bell "Spectroquality". Used as
received.

(3) 1,1,2-Trichloro-1,2,2-trifluoro-

ethane. Matheson, Coleman and
Bell "Spectroquality". Used as
received.

ESTIMATED ERROR:

Temperature control was + 0.05K
(reference 1).

Magnetically-operated all-glass le/xl = + 0.01 (evaluator).
Pump. The pump allowed a thin film
gi liquid mixture to be repeatedly REFERENCES :
POosed to the gas, and thus speeded .
he attainment of equilibri l. Dymond, J. H.; Hildebrand, J. H.
quilibrium (c.a.
minutes). gndi3€ng. Chem. Fundam. 1967,
' .
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COMPONENTS
(1) Hydrogen; Hz; [1333~74~0]

(2) l-Bromocheptane; C7H158r;

ORIGINAL MEASUREMENTS:
Ijams, C. C.

Ph.D. thesis, 1941
Vanderbilt University

[629-04-9] Nashville, TN
VARTABLES : PREPARED BY:
T/K: 298.15
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
z) x 104 Coefficient Coefficient
o L
298.15 3.99 0.0570 0.0622

The mole fraction and Ostwald coefficient values
were calculated by the compiler.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE ¢

A Van Slyke-Neill Manometric
Apparatus manufactured by the Eimer
and Amend Co. was used.

The procedure of Van Slyke (1) for
pure liquids was modified so that
small solvent sample (2 cm3) could
be used with almost 100 per cent
recovery of the solvent.

An improved temperature control
system was used.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Air Reduction Co.
Purity 99.5 per cent.

(2) l-Bromoheptane. Purified.
Vapor pressure and boiling
point also reported in the
thesis.

ESTIMATED ERROR:

§T/K = 0.05

REFERENCES :

1. Van Slyke, D. D.
J. Biol. Chem. 1939, 130, 545.
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COMPONENTS: EVALUATOR:
(1) Hydrogen; Hy; [1333-74-0] H. L. Clever
Department of Chemistry
(2) Carbon disulfide; CSj:; Emory University
[75-15-0] Atlanta, GA 30322 usa
1980, September

CRITICAL EVALUATION:

Three laboratories have reported values of the solubility of hydrogen in
carbon disulfide. Just (1) reported solubility measurements at 293.15
and 298.15 K which are 40 to 45 per cent smaller than more recent values.
The Just data are rejected. Gjaldbaek (2) reported two solubility values
near 298 K and Cook, Hanson and Alder (3) reported values at temperatures
of 248.15, 273,15, and 298.15 K. The Gjaldbaek and the Cook et al. value
agree within 2.5 per cent. Both sets of values are classed as tentative,
however, the difference is greater than the accuracy claimed for the
results of Cook et al. The tentative smoothed values are based entirely
on a linear regression of the Cook et al. data.

The tentative equation for the mole fraction solubility over the 248.15
to 298.15 K temperature range is

in %y = -6.2421 -~ 7.4625/(T/100K)
with a standard error about the regression line of 1.19 x 10_6.
The values of the temperature independent changes in enthalpy and entropy
for the transfer of one mole of hydrogen from the gas at 101.325 kPa to
the infinitely dilute solution are

1 o1t -s1.09.

8H3/k3 mol™! 6.20 and AB3/9 KT
The smoothed values of the mole fraction solubility and partial molal
Gibbs energy of solution are in Table 1.

Table 1, The solubility of hydrogen in carbon disulfide
at a hydrogen partial pressure of 101.325 kPa.
Tentative values of the mole fraction solubility
and partial molal Gibbs energy of solution as a
function of temperature.

T/K Mol Fraction AE{/kJ mol~1

4
10 xy
248.15 0.962 19.083
258.15 1l.081 19.602
268.15 1.204 20.121
278.15 1.330 20.640
288.15 1.460 21.159
298.15 1.593 21.678

References:
1. Just, G. 2. Phye. Chem. 1901, 37, 342.
2. Gjaldbaek, J. C. Adeta Chem. Scand. 1952, 6, 623.

3. Cook, M. W.; Hanson, D. N.; Alder, B. J. J. Chem. Phys. 1957, 26, 748.

HAD - p
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hy; [1333-74-0] Just, G.
(2) Carbon disulfide; CSjy; Z. Phys. Chem. 1901, 37, 342 - 367.
[75~15-01
VARIABLES: PREPARED BY:
T/K: 293.15, 298.15 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
u Coefficient Coefficient

xy % 10 o x 102 L x 102

293.15 0.842 3.128 3.358

298.15 0.931 3.438 3.753

The author measured the Ostwald coefficient at a
pressure of about 746 mmHg. The compiler assumed
the Ostwald coefficient to be independent of
pressure, and calculated the mole fraction and
Bunsen coefficient values at 101.325 kPa (1 atm)
partial pressure of the gas.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE ; SOURCE AND PURITY OF MATERIALS:

An Ostwald apparatus as modified by
Timofejew (1), and Steiner (2) is
used. The apparatus consists of a
gas buret, an absorption flask, and
a mercury manometer. The system is
thermostated with a water jacket.

(1) Hydrogen. Prepared by the
reaction of water with aluminum
amalgam accelerated with mercury
(II) chloride.

(2) Carbon disulfide. No information.

The gas is introduced into the de-
gassed liquid. The gas volume absorb-
ed is determined by the gas buret.

The solvent volume is determined at
the end of the experiment by pouring

the solvent into a graduated flask. ESTIMATED ERROR:

§L/L, = 0.03 (compiler)

REFERENCES :

1. Timofejew, W.
2. Physik. Chem. 18390, 6, 1l41.

2. Steiner,
Ann. Phys. (Leipzig) 1894, 52,
275.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hyi [1333-74-0] Gjaldbaek, J. C.

(2) Carbon disulfide; CS [75-15~-0] lActa Chem. Scand. 1952, 6, 623-633.

27

VARIABLES: PREPARED BY:

T/K: 297.97, 298.01 .
P/kPa: 101.325 (1 atm) J. Chr. Gjaldbaek

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
zqy x 10 b 5
o x 10 L x 10
297.97 1.64 6.06 6.61
298.01 l1.64 6.07 6.62

The Ostwald and mole fraction solubility values were calculated by the
compiler. The solubilities are reported for an hydrogen partial pressure
of 101.325 kPa (1 atm) assuming Henry's law is obeyed.

P ———

AUXILIARY INFORMATION
MU‘:THOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
A calibrated all-glass combined (1) Hydrogen. Source not given.
manometer and bulb was enclosed in Freed from oxygen and dried.
an gir thermostat and shaken until 99.5 per cent H,, 0.5 per cent
€quilibrium. Mercury was used for N, .

Calibration and as the confining
%lquid. The solvents were degassed (2) Carbon disulfide. Merck.

in the apparatus., Details are in Analytical reagent grade. Dis-
Yeference 1. tilled, boiling point 46.21 -
46.26°cC.

The absorped volume of gas is
Calculated from the initial and
final amounts, both saturated with

Solvent vapor. The amount of solvent

i ) . EST .
1s determined by the weight of dis- IMATED ERROR
Placed mercury. §T/K
le/xl

0.05
0.015

REFERENCES :

l. Lannung, A.
J. Am. Chem. Soec. 1930, 52, 68.
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Hydrogen; Hz; [1333-74-0] Cook, M. W.; Hanson, D. N.;

Alder, B. J.
(2) Carbon disulfide; CSz; [75-15-0]
J. Chem. Phys. 1957, 26, 748 - 751.
VARIABLES : PREPARED BY:
T/K: 248.15 - 298.15 P. L. Long
P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

T/K Solubility! Mol Fraction Bunsen Ostwald
mol g-l " 106 z, % 104 Coefficient Coefficient
o L
248.15 1.270 0.965 0.0378 0.0343
273.15 1.656 1.257 0.0478 0.0478
298.15 2.101 1.5991 0.0591 0.0645

!Data from (1).

2Recalculated by compiler from data in (1). Original paper gave 1.589.

The Bunsen and Ostwald coefficients were calculated by the compiler.

Smoothed Data: 1n Xy = -6.2421 - 7.4625/(T/100K)

1.19 x 10°°

Standard error about the regression line

See the evaluation of the hydrogen + carbon disulfide system for the

recommended equation.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The apparatus, designed especially
for the determination of the solubil-
ity of hydrogen in liquids, consists
of a gas bulb, a gas buret, a solvent
bulb, and a manometer system. All
are attached to a mounting plate, and
the assembly is shaken in an air bath.

The solvent is degassed in the solv-
ent bulb by heat and evacuation. The
gas is placed in the gas bulb, after
temperature equilibrium is reached,
the gas is contacted with the
degassed solvent. The system is
shaken until solubility equilibrium
is attained. Mercury is used as the
displacement fluid.

The solubility is calculated from the
initial and final quantities of gas,
the pressure measurements, the
vapor pressure of the solvent,
the solvent volume.

and

SOURCE AND PURITY OF MATERIALS;

(1) Hydrogen. Matheson Co. Mass
spectrographic analysis showed
gas 99.75 per cent pure.
Impurity mostly N,-
Carbon disulfide. Baker and
Adamson Reagent Grade. Distilled,
center portion used, b.p. 319.65K.
Other solvent properties given
in reference (1).

(2)

ESTIMATED ERROR:

le/xl = 0.001 (authors)

REFERENCES :

1. Cook, M. W.
University of California Radiation
Lab, Report UCRL-2459, 1954.

Cook, M. W.; Hanson, D. N.
Rev. Sei. Instr. 1957, 28, 370.
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COMPONENTS: EVALUATOR:
(1) Hydrogen; Hp; [1333-74-0] H. L. Clever
Department of Chemistry
{(2) Sulfinylbismethane or dimethyl- Emory University
sulfoxide; C,HLOS; [67-68-5] Atlanta, GA 30322 Usa
1980, September

CRITICAL EVALUATION:

Two workers have reported solubility measurements on the hydrogen +
dimethylsulfoxide system. Dymond (l) reports one solubility measurement
at 298.15 K and Symons (2) reports six measurements over the 298.15 to
353.15 K temperature interval.

Both sets of data are classed as tentative. Dymond's experimental method
is capable of better precision than Symons' method. The two agree well
at the common temperature of measurement of 298.15 K. The temperature
coefficient of solubility is determined by Symons data. The enthalpy

of solution appears to be greater than expected when compared with the
enthalpy of solution of similar solvents. Thus, there is reason to use
the data with some caution.

A linear regression was applied to the seven mole fraction solubility
values from the two papers to obtain the tentative equation for use
between 298.15 and 353.15 K.

In xy = -6.0383 ~ 10.2726/(T/100K)

with a standard error of about the regression line of 7.25 x 10—6.

The values of the temperature independent changes in enthalpy and entropy
on transfer of one mole of hydrogen from the gas at 101.325 kPa to the
infinitely dilute solution are

1 1 -1

AH/kJ mol™~ 8.54 and AS2/J K~ mol -50.2.
The smoothed values of mole fraction solubility and the partial molal

Gibbs energy are in Table 1.

Table 1. The solubility of hydrogen in dimethylsulfoxide
at a hydrogen partial pressure of 101,325 kPa.
Tentative values of the mole fraction solubility
and partial molal Gibbs energy of solution as a
function of temperature.

T/K Mol Fraction Aﬁi/kaamol_l
10 2,
298.15 0.76 23.51
308.15 0.85 24.01
318.15 0.945 24,51
328.15 1.04 25.02
338.15 1.14 25.52
348.15 1.25 26.02

References:
1. Dpymond, J. H. J. Phys, Chem. 1967, 71, 1829,

2. symons, E. A. Can. J. Chem. 1971, ¢9, 3940.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; H27 [1333-74-0] Dymond, J. H.
(2) Sulfinylbismethane or Dimethyl J. Phys. Chem. 1967, 71, 1829-1831.
Sulfoxide; C,H_0S (CH.SOCH,):
276 3 3
[67-68~-5]
VARIABLES: PREPARED BY:
T/K: 298.15 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
zq X 10 2 2
o x 10 L x 10
298.15 0.761 2.39 2.61

The Bunsen and Ostwald coefficients were calculated by the compiler.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE ;

The liquid is saturated with the
gas at a gas partial pressure of
1 atm.

The apparatus is that described by
Dymond and Hildebrand (1). The
apparatus uses an all-glass pumping
system to spray slugs of degassed
solvent into the gas. The amount of
gas dissolved is calculated from the
initial and final gas pressure.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Stuart Oxygen Co.
Dried.

Dimethyl Sulfoxide. Matheson,
Coleman, and Bell Co. Spectro-
quality reagent, dried, and a
fraction frozen out. Melting

18.37°%.

(2)

pt.:

ESTIMATED ERROR:

REFERENCES :

1. Dymond, J.; Hildebrand, J. H.
Ind. Eng. Chem. Fundam. 1967, 6,
130.
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COMPONENTS ; ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hz; [1333-74-0] Symons, E. A.

(2) Sulfinylbismethane or dimethyl- [Can. J. Chem. 1971, 4§, 3940 - 3947.
sulfoxide; czﬂsos; [67-68-5]

VARIABLES: PREPARED BY:
T/K: 298.15 - 353.15
H, P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
Temperature CH /mol dm—3 Mol Fraction Bun§ep Ostyald
t/°c T/K 2 3 z, % 104 Coeff1c1§nt Coeff101§nt
c x 10 o x 10 L x 10
25.0 298.15 1.05! 0.75 2.35 2.57
1.08!? 0.77 2.42 2.64
35.0 308.15 1.18 0.85 2.64 2.99
50.0 323.15 1.37 1.00 3.07 3.64
65.0 338.15 1.54 1.14 3.45 4.28
80.0 353.15 1.74 1.30 3.90 5.03

'values also quoted in Symons, E. A.; Buncel, E. C(Can. J. Chem. 1973, 51,
1673. The mole fraction, Bunsen coefficient, Ostwald coefficient
solubility values were calculated by the compiler.

SMOOTHED DATA: ln xy; = -6.0375 - 10.2752/(T/100 K) "
Standard error about the regression line = 8.10 x 10-7
T/K Mol Fraction

x1 x 104

298.15 0.76

308.15 0.85

318.15 0.945

328.15 1.04

338.15 1.145

348.15 1.25
—

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND éURITY OF MATERIALS:
Gas chromatographic method (1). (1) Hydrogen. Matheson Prepurified

The gas-liquid equilibrium cell was a grade (99.5% min purity).

modified 100 cm3 round bottom flask . . ;

1 - - : (2) Sulfinybismethane. Fisher.
Squipped with magnetic stirrer, Certif{ed Reagent Grade. Dried
Syringe sampling portal, and vacuum/ 48 h over 4A molecular sieves,
gas line. The solvent was added, the vacuum distilled at eca. 1 mmHg.
flask evacuated several minutes to Fraction boiling 38-40°C was
remove dissolved gases. The the gas stored under nitrogen at ambient
Was introduced to a partial pressure temperature for later use.

Of one atm. The solution was stirred
for five minutes, then sampled. Three
to four successive samples were taken.

Tbe 5.0 cm3 samples were taken by gas
tight syringe. The sample was intro- §T/K
duced to a stripping cell, stripped sc/c
Out over a period of 1-2 minutes by
the nitrogen carrier gas and then
gzssed into a Varian Aerograph (No. REFERENCES :

20) equipped with an injection : .
Portal,qco§§mn (10" 4" stginless 1. Gu&biﬁs, Kk E.; Carden, S. N.;
Steel, packed with 40-60 mesh 13X J alker, R. D. Jr.1965 98
Molecular sieve) at ambient tempera- - Gas Chromatogr. 1965, :
ture, and a thermal conductivity cell
at 65°C.

ESTIMATED ERROR:

0.05
0.02 (author's
estimate)

o

.
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COMPONENTS :
(1) Hydrogen; Hy; [1333-74-0]

(2) Cyclopentanamine or cyclopentyl-
amine; CSH}IN or CgHgNHy;

Symons,

ORIGINAL MEASUREMENTS:

E. A.

private communication

[1003-03-8
VARIABLES:
T/K: 203.15 - 298.15
P/MPa: 0.10 (1 atm)

PREPARED BY:

H. L. Clever

EXPERIMENTAL VALUES:

Temperature Mol Fraction! Bunsen Ostwald
Coefficient Coeffici
t/°C T/K ¢y x 10° o x 1072 Oi xlié‘?m
-70.0 203.15 1.04 = 0.02 (2) 2.58 1.92
-50.0 223.15 1.21 £ 0.03 (4) 2.95 2.41
-35.0 238.15 1.48 £ 0.01 (3) 3.56 3.10
-20.1 253,05 1.68 + 0.02 (5) 3.98 3.69
~-20.0 253.15 1.73 + 0.09 (4) 4.10 3.80
-16.7 256.45 1.76 + 0.01 (4) 4,15 3.90
-15.3 257.85 1.77 £+ 0.03 (5) 4.17 3.94
-10.0 263.15 1.86 + 0.05 (4) 4,37 4.21
- 5.0 268.15 1.97 £ 0.02 (3) 4.59 4.51
+10.0 283.15 2.22 £ 0.03 (4) 5.10 5.29
20.2 293.35 2.50 £ 0.03 (7) 5.68 6.10
25.0 298.15 2.44 £ 0.04 (5) 5.52 6.03
! Mole fraction values are solubility * range (number of samples).

The data were provided by the author.

The Bunsen and Ostwald coefficients were calculated by the compiler.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The gas-liquid equilibrium cell is a
modified 100 cm3 r.b. flask equiped
with a magnetic stirrer, and a samp-
ling portal, and a vacuum/gas line.
The solvent is added, and degassed
by several evacuations. The gas is
introduced to a one atm partial
pressure. The solution is stirred
for five minutes, then sampled. The
stirring is continued while three

to four successive samples are taken

SOURCE AND PURITY OF MATERIALS:

No information.

The samples are taken in gas-tight
syringes and weighed. The sample is
introduced into a stripping cell, ang
stripped out over a 1-2 minute perio
The sample then passes into a Varian

i

S

ESTIMATED ERROR:

See ranges given with the data.

Aerograph GLC by N3 carrier gas. The
column is 10' %" stainless steel,
packed with 40-60 mesh 13X molecular
sieve.aThe column is at ambient
temperature, and the thermal
conductivity cell is at 65 °cC.

REFERENCES:
1. Ssymons, E. A.
Can. J. Chem. 1971, 49, 3940.
2. Symons, E. A.; Powell, M. E.;

Schnittker, J. B.; Clermont, M. J.
J. Am. Chem. Soe. 1979, 101, 6704.




Organic Compounds Containing Sulfur or Nitrogen

263

COMPONENTS ;
(1) Hydrogen; Hgp; [1333-74-01]

(2) Cyclohexanamine or cyclohexyl-
amine; CgHy3N or CgHy NHy;

ORIGINAL MEASUREMENTS:

Symons, E. A.; Powell, M. E.;
Schnittker, J. B.; Clermont, M. J.

J. Am. Chem. Soe. 1979, 101,

[108-91-81] 6704 - 6709.
VARIABLES : PREPARED BY:
T/K: 258.15 -~ 288.15 H. L. Clever
Hy P/kPa: 101.325 (1 atm)
EXPERIMENTAL VALUES:
Temperature Mol Fraction?! Bunsen Ostwa;d
104 Coefficient Coefficient
t/°C T/K xy X o x 102 L x 102
-15.0 258.15 2.00 = 0.09 (4) 4.06 3.84
-13.6 259.55 1.90 £ 0.09 (8) 3.85 3.66
- 5.0 268.15 2.26 + 0.09 (4) 4.54 4.46
- 0.07
+ 5.1 278.25 2.47 + 0.04 (4) 4,91 5.00
- 0.09
15.0 288.15 2.70 £ 0.10 (5) 5.32 5.61
15.2 288.35 2.57 + 0.09 (10) 5.06 5.34
25.0 298.15 2.85%% 0.04 (4) 5.55 6.06
25.0 298.15 2.91 * 0.04 (4) 5.67 6.19

The solubility determined in the
cesium salt; C6H13N.Cs;

The Bunsen and Ostwald coefficients were calculated by the compiler.

The mole fraction solubility values were provided by the author.
Given is the mole fraction solubility

4820-05-7 , c/mol dm™

+

range (number of samples).

presence of cgclohexanamine, mono-
0.0024.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE:

The gas-liquid equilibrium cell is a
modified 100 cm?® round bottom flask
equipped with a magnetic stirrer,
syringe sampling portal, and vacuum/
gas line. The solvent is added, the
flask is evavuated several minutes to
remove dissolved gases. The gas is
introduced to a partial pressure of
one atm. The solution is stirred for
five minutes, then sampled. The
stirring is continued while three to
four successive samples are taken.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Matheson of Canada, Ltd.
Extra dry, 99.9 per cent.
(2) Cyclohexanamine. Eastman Chemical
Co. Original 97 per cent. Frac-
tional distillation onto 4 A
molecular sieves, dry over molten
potassium. Impurity less than 0.02
weight % (gas chromatography),
melting point/°C = -17.8 * 0.1,
p/g em™® = 0.86829,

The samples are taken in a gas tight
syringe and weighed. The sample is
introduced into a stripping cell,
stripped out over a period of 1-2
minutes, and then passed into a

ESTIMATED ERROR:

8§T/K
le/xl

Varian Aerograph (No. 1420) by Nj
carrier gas. The chromatograph is
equiped with an injection portal,
column (10' %" stainless steel, packed
with 40-60 mesh 13X molecular sieve )
at ambient temperature, and a thermal
conductivity cell at 65 °C.

REFERENCES ;

1. Symons, E. A.
Can. J. Chem. 1971, 49, 3940.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen:; Hz; [1333-74-0] Just, G.
(2) Benzenamine or aniline; Z. Phys. Chem. 1901, 37, 342 - 367.

C6H7N; [62-53-3]

VARIABLES : PREPARED BY:
T/K: 293.15 - 298.15 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

T/K Mol Fraction Bunsen Ostwald
z. x 10* Coefficient Coefficient
1 2 2
o x 10 L x 10
293.15 1.15 2.826 3.033
298.15 1.07 2.610 2.849

The author measured the Ostwald coefficient at a
pressure of about 746 mmHg. The compiler assumed
the Ostwald coefficient to be independent of
pressure, and calculated the mole fraction and
Bunsen coefficient values at 101.325 kPa (1 atm)
partial pressure of the gas.

AUXTLTARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

An Ostwald apparatus as modified by (1) Hydrogen. Prepared by the
Timofejew (1), and Steiner (2) is reaction of water with aluminum
used. The apparatus consists of a amalgam accelerated with mercury
gas buret, an absorption flask, and (II) chloride.

a mercury manometer. The system is

thermostated with a water jacket. (2) Benzenamine. No information.

The gas is introduced into the de-
gassed liquid. The gas volume absorb-
ed is determined by the gas buret.

The solvent volume is determined at
the end of the experiment by pouring

the solvent into a graduated flask. ESTIMATED ERROR:

SL/L = 0.03 (compiler)

REFERENCES :

1. Timofejew, W.
Z. Physik. Chem., 1890, 6, 141.

2. Steiner,
Ann. Phys. (Leipzig) 1894, 52,
275
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hgp; [1333-74-0] Guerry, D. Jr.
(2) Cyclic amines; C4HgN, CsHsN, Ph. D. thesis, 1944
and CgHjgN Vanderbilt University
Nashville, TN
Thesis Director: L. J. Bircher
VARIABLES: .
T/K: 293.15, 298.15 PREPARED BY:
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
. x 10" Coefficient Coefficient
1 o L
Pyrrolidine; C4H9N; [123-75-1]
293.15 2.17 0.0586 0.0629
298.15 2.39 0.0642 0.0701
Pyridine; CSHSN; [110-86-1]
293.15 1.48 0.0412 0.0442
298.15 1.62 0.0449 0.0490
Piperidine; C5H11N; [110-89~1]
293.15 2.49 0.0566 0.0607
298.15 2.58 0.0582 0.0635
The Ostwald coefficients were calculated by the
compiler.
AUXILIARY INFORMATION
METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The apparatus was a modified Van Pyrrolidine. Pyrrole was prepared
Slyke=Neill Manometric Apparatus and catalytically reduced to
manufactured by the Eimer and Amend pyrrolidine. B.p. (750 mmHg) t/°C
Co. 88.12 - 88.26 (corr.).
The procedure of Van Slyke (1) for pyridine. Mallincrodt Chemical Co.
P Y ( purified and distilled. B.p. (743.9

pure liquids was modified (2) so
that small solvent samples (2 cm3)
could be used with almost 100 per
cent recovery of the sample.

An improved temperature control
system was used.

mmHg) t/°C 114.96 - 115.06 (corr.).

Piperidine. Part was a commercial
sample (Eastman Kodak Co.z,Part pre-
pared by reduction of pyridine. B.p.
(752.4 mmHg) t/°C 106.00-106.17.
ESTIMATED ERROR:

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Air Reduction Co.
Purity 99.5 per cent.

Cyclic amines. The pyridine and
pyrrolidine were distilled from
BaO under a Ny atmosphere. The
piperidine was distilled from
KOH under a Np atmosphere.
Experimental data on refractive
index, density and vapor pres-
anre are in the thesis.

(2)

§T/K = 0.05

REFERENCES ;

1. Van Slyke, D. D.
J. Biol. Chem. 1939, 130, 545.

2. Ijams, C. C.
Ph. D. thesis, 1941
Vanderbilt University
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; H2; [1333-74-0] Just, G.
(2) Nitrobenzene; C6H5N02; [98-95-3] |Zz. Phys. Chem. 1901, 37, 342 - 367.
VARIABLES: PREPARED BY:
T/K: 293.15 - 298.15 M. E. Derrick
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwald
4 Coefficient Coefficient
x4 X 10
a x 102 L x 102
293.15 1.51 3.292 3.533
298.15 1.56 3.397 3.708

The author measured the Ostwald coefficient at a
pressure of about 746 mmHg. The compiler assumed
the Ostwald coefficient to be independent of
pressure, and calculated the mole fraction and
Bunsen coefficient values at 101.325 kPa (1 atm)
partial pressure of the gas.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE ;

An Ostwald apparatus as modified by
Timofejew (1), and Steiner (2) is
used. The apparatus consists of a

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Prepared by the
reaction of water with aluminum
amalgam accelerated with mercury

gas buret, and

an absorption flask,

a mercury manometer.

The system is

thermostated with a water jacket.

The gas is introduced into the de-
gassed liquid. The gas volume
absorbed is determined by the gas
buret. The solvent volume is deter-
mined at the end of the experiment
by pouring the solvent into a
graduated flask.

(II) chloride.

(2) Nitrobenzene.

No information.

ESTIMATED ERROR:

S§L/L = 0.03 (compiler)

REFERENCES:

Z. Physik.
2. Steiner,
Ann., Phys.
275.

1. Timofejew, W.

Chem. 1890, 6, 141.

(Leipaig) 1894, 52,
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen; H,; [1333-74-0] Powell, R. J.
. . . D -304.
(2) 1,1,2,2,3,3,4,4,4-Nonafluoro-n, |?° ¢Pem- Eng. Data 1972, 17, 302-304
N-bis (nonafluorobutyl)-1-
butanamine or Perfluorotributyla-
mine; C,,F,. N; {311-89-71

VARIABLES: PREPARED BY:

T/K: 288.15 - 318.15

H, P/kPa: 101.325 (1 atm) P. L. Long
EXPERIMENTAL VALUES:
T/K Mol Fraction Bunsen Ostwa}d Alog Xy
Xl % lo4 Coefflclgnt Coeff1c1§nt RKTBE_T_ =N
o x 10 L x 10
298.15 15.52 9.76 10.7 3.28

The author states that solubility measurements were made between 288.15
and 313.15 K, but only the solubility at 298.15 was given in the paper.
The slope R(Alog Xl/A;og T) was given. The smoothed data below were

calculated by the compiler from the slope in the form:

log X = log(15.52 x 10-4) + (3.28/R)1log(T/298.15)

with R = 1.9872 cal K T mo1™ L.

T/K Mol Fraction

. Xl X 104
288.15 14.67
293.15 15.10
298.15 15.52
303.15 15.95
308.15 16.39
313.15 16.83
318.15 17.28

The Bunsen and Ostwald coefficients were calculated by the compiler.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

Dymond and Hildebrand (1) apparatus (1) Hydrogen. Source not given.
which uses an all glass pumping Manufacturers research grade,
system to spray slugs of degassed dried over CaCl, before use.

solvent into the gas. The amount of
gas dissolved is calculated from the |(2) Perfluorotributylamine.

initial and final gas pressures. The Minnesota Mining & Mfg. Co..
solvent is degassed by freezing and Column distilled, used portion
pumping followed by boiling under with b.p. = 447.85 - 448.64 K,
reduced pressure. & single peak GC.

ESTIMATED ERROR:

SN/cal K_l mol'-l
le/x1

nn
(=]
-

REFERENCES ;

1. Dymond, J. H.; Hildebrand, J. H.
Ind. Eng. Chem. Fundam. 1967, 6,
130.
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; Hp; [1333-74-0] Chappelow, C.C.; Prausnitz, J.M.
2. Cyclotetrasiloxane,octamethyl-; Am,Inst,Chem,Engnrs.Jd. 1974,20,
CyH2,0,81i,; [556-67-2]
1098-1104

VARIABLES: PREPARED BY:

Temperature C.L. Young
EXPERIMENTAL VALUES:

T/K Henry's Constant® Mole fractionb of

/atm hydrogen at 1 atm
partial pressure,
X
Ha

300 706 0.00142

325 622 0.00161

350 555 0.00180

375 490 0.00204

400 420 0.00238

425 338 0.00296

Authors stated measurements were made at several
pressures and values of solubility used were all
within the Henry's-Law region.

Calculated by compiler assuming linear relationship
between mole fraction and pressure.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE

Volumetric apparatus similar to that
described by Dymond and Hildebrand
(1) . Pressure measured with a null
detector and precision gauge. Details
in ref. (2).

SOURCE AND PURITY OF MATERIALS:

Solvent degassed, no other
details given.

ESTIMATED ERROR:
§T/K = +0.1; GxH2 =
by compiler).

+1%. (estimated

REFERENCES ; s
1. Dymond, J.; Hildebrand, J.H.

Ind. Eng.Chem. Fundam, 1967.6,130.
2. Cukor, P.M.; Prausnitz, J.M.
Ind.Eng.Chem. Fundam. 1971,10,638.
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COMPONENTS ; ORIGINAL MEASUREMENTS:
(1) Hydrogen; Hy; [1333-74-0] Gniewosz, S.; Walfisz, A.
(2) Petroleum Z. Physik. Chem. 1887, 1, 70 - 72.
VARIABLES : PREPARED BY:
T/K: 283.15, 293.15 M. E. Derrick
Pressure: "atmospheric" H. L. Clever
EXPERIMENTAL VALUES:
T/K Bunsen Ostwald
Coefficient Coefficient
o L
283.15 0.0652 0.0676
293.15 0.0582 0.0625

compiler.

The Ostwald coefficient was calculated by the

f————

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE

The apparatus consisted of an absorp-
tion flask connected to a gas buret
by a flexible lead capillary. The
System was thermostated in a large
water bath.

The volume of gas absorbed in a
volume of the degassed liquid was
measured using the gas buret.

SOURCE AND PURITY OF MATERIALS:
(1)
(2)

Hydrogen. No information.

Petroleum. Russian petroleum.
Cleaned by boiling in a large
copper flask.

ESTIMATED ERROR:

Sa/a = 0.10 (compiler)

REFERENCES :
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COMPONENTS :

(1) Hydrogen; Hp; [1333~74-0]

ORIGINAL MEASUREMENTS:

Baldwin, R. R.; Daniel, S. G.

(2) 0Oils J. Appl. Chem. 1952, 2, 161 - 165.
J. Inst, Petrol., London, 1953, 39,
105 -~ 124.
VARTABLES: PREPARED BY:
T/K: 273.15 - 373.15 P. L. Long
Hp P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Bunsen Ostwald
Coefficient Coefficient
a L

273.15 0.0421
293.15 0.0465
333.15 0.0526
373.15 0.0590

0il A.2, viscosity 268 centistokes at
100 °F, mean mol wt 610.

0il A.5, viscosity 34.9 centistokes
at 100 °F, mean mol wt 400.

0.0421
0.0499
0.0642
0.0806

273.15 0.0452 0.0452
293.15 0.0483 0.0518
333.15 0.0549 0.0669
373.15 0.0658 0.0899
AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

1. Degassing. The liguid was deaer-
ated by passage through a continu-
ously evacuated vessel.The liquid was
saturated with the gas, then degassed
again.

2, Saturation of liquid with gas. The
gas was passed through a liquid air
trap to remove water and carbon di-
oxide, then through a long coil
thermostated at the temperature of
the solubility measurement, and then
bubbled through the liquid up to

five hours.

3. Determination of the amount of gas
liberated under vacuum from a known
volume of the saturated liquid. The
saturated liquid is placed in a ves-
sel attached to a calibrated buret.
The whole apparatus is intially
evacuated. The gas released from the
liquid was transferred to the cali-
brated buret by a Topler pump. Five
operations and transfers recover all

(2 - 5 %) was removed by boiling.

but a trace of the gas. The last tracq

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Commercial cylinders,
source not given. Gas analysis on
a Bone and Wheeler apparatus
shows gas to be at least 99.5 %.

(2) Oils. The oils conform to DTD-472H
specifications. Composition and
physical properties of the oils
are given in the appendix of the
1953 paper. The molecular weights
were determined by freezing point
depression in naphthalene (5 %).

ESTIMATED ERROR:
Sa/o
§P/P

0.01
0.01

REFERENCES:
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COMPONENTS :
(1) Hydrogen; Hy; [1333-74-0]

(2) Paraffin oil

ORIGINAL MEASUREMENTS:

Nasini, A. G.; Corinaldi, G.

Soe. Ital. Prog. Sei. Atti. Riun.

1932, 20, 264 - 266.

VARIABLES: PREPARED BY:
T/K: 305.15 A. L. Cramer
P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:
T/K Bunsen™ Ostwald
Coefficient Coefficient
o] L
305.15 0.0464 0.0518

*Original datum.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The apparatus and procedure were
based on those of Lannung (1).

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Tank gas freed of

oxygen by passage over red-hot
metal.

(2) Paraffin oil. Density, pi: 0.87

ESTIMATED ERROR:

1]

§T/K 0.1

REFERENCES:

1. Lannung, A.
J. Am. Chem. Soe. 1930, 52, 68.

Hap . g
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COMPONENTS :
(1) Hydrogen; Hy; [1333-74-0]

(2) Vegetable oils

ORIGINAL MEASUREMENTS:
Vibrans, F. C.
14 - 15,

01l and Soap 1935, 12,

VARIABLES:

T/K: 296.15 - 318.15

PREPARED BY:

P. L. Lohg
H. L. Clever

EXPERIMENTAL VALUES:

T/K cm3 (273.15 K,1 atm) Hy 100 cm™3
av.

Corn oil

296.15-299.15 4.10 4,04 4,08 4,10 4,08
318.15 4.46 4.46 4.42 4.45 .44
Cottonseed oil

296.15-299.15 4.12 4.32 4.22
318.15 4.28 4,22 4.28 4.38 4.29
Hydrogenated cottonseed oil
318.15 4.24 4.36 4.30

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Van Slyke manometric method used (1).

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. From commercial cylin-

ders, source or purity not stated.
(2) Corn oil. Commercial sample
bought on the market. Represent -
tive of its class.

Cottonseed oil. Commercial sample
bought on the market, representa-
tive of its class.

ESTIMATED ERROR:

§T/K = 3 at room T
= 2 at 318 K
§c/c = 0.04
REFERENCES :
1. Van Slyke, D. D.; et al.
J. Biol. Chem. 1924, 61, 523 and

575.
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen; H,; [1333-74-0] Vibrans, F. C.
(2) Lard 011l and Soap 1935, 12, 14 - 15.
VARIABLES : PREPARED BY:
T/K: 318.15 P. L. Long
P/kPa: 101.325 H. L. Clever
EXPERIMENTAL VALUES:
T/K cm3 (273.15 K, 1 atm) Hp 100 cm™3
318.15 4.16
4.24
4.26
4.43
4,27 av.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The manometric method of Van Slyke
(1) was used.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. From commercial
cylinders, source and purity
not given.

(2) Lard. Made from a mixture of
killing and cutting fats, steam
rendered.

ESTIMATED ERROR:
ST/K
§c/c

REFERENCES :

1. van Slyke, D. D.; et al.
J. Biol. Chem. 1924, 61, 523
and 575.
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COMPONENTS :
(1) Hydrogen; Hp; [1333-74-01]

(2) Animal and vegetable oils

ORIGINAL MEASUREMENTS:
Schaffer, P. S.; Haller, H. S.

01l and Soap 1943, 20, 161 - 162.

VARIABLES: PREPARED BY:
T/K; 313.15, 333.15 P. L. Long
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES;:
T/K em3 (273.15, 1 atm) Hy 100 cm™3

Cottonseed oil
313.15

Butter oil

313.15
333.15

Lard
313.15

4.7

5.4
6.8

coefficient x 100.

The authors solubility unit is the Bunsen

AUXTLIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

The apparatus consists of a reaction
flask connected to a water jacketed
gas buret, a mercury leveling bulb,
and a differential manometer. The
reaction vessel 1is attached to a
shaking mechanism in an air bath.

A 50 cm3 sample of o0il is placed in
the flask. Heat and vacuum are
applied to remove dissolved gases.
The sample is cooled to the temper-
ature of the measurement. Hydrogen
gas 1s admitted, a zero reading
taken. Shaking is continued until the
sample takes up no more gas at a
pressure of 1 atm. Three determinat-
ions were made on each sample.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. From commercial
cylinders, source and purity n
given, used as received.

(2) Cottonseed oil. Good grade
commercial product.

Butter oil. Obtained from butt
prepared in the lab from fresh
cream.

Lard. Good grade commercial
product.

ot

er

ESTIMATED ERROR:

§T/K = 0.5
dc/c = 0.003 (Authors,
error among three determination

s)

R

REFERENCES :
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* Standard deviation.

COMPONENTS : ORIGINAIL MEASUREMENTS:
1. Hydrogen; H,; [1333-74-0] Power, G.G.; Stegall, H.
2. Olive oil. J. Appl. Physiology, 1970, 29,
145-9.
VARIABLES: PREPARED BY:
C.L. Young.
EXPERIMENTAL VALUES:
*
T/K Bunsen coefficient, s.D. No. of measurements
o
310.15 0.0436 0.0003 5

AUXILIARY INFORMATION

—
METHOD /APPARATUS /PROCEDURE :

Ligquid saturated with gas in a
stirred cell. 5.0 cm samples

of liquid removed in a calibrated
Ssyringe and amount of gas extracted
by two extraction in a van Slyke
apparatus determined. Details in
source and ref. (1l).

SOURCE AND PURITY OF MATERIALS:

1. Matheson Co. sample, purity
better than 99.7 mole per
cent.

2. No details given.

ESTIMATED ERROR:
ST/K = +0.1

REFERENCES ;

1. Power, G.G.
J. Appl. Physiology, 1968, 24,
468,
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen; Hjy; [1333-74-0] Longo, L. D.; Delivoria-
2, Sheep placental tissue Papadopoulas, M.; Power, G. G.;

Hill, E. P.; Forster, R. E.,
Am. J, Phyeiology, 1970, 219,

561-569.
VARIABLES : PREPARED BY:
C. L. Young
EXPERIMENTAL VALUES:
*
T/K Bunsen coefficient, o S.D.
310.15 0.0165 0.0004

standard deviation

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

Liquid samples were equilibrated
with gas and then the dissolved gas No details given.
was stripped out under vacuum and
measured in a manometric Van Slyke

appraratus. Some details in ref. 1.

ESTIMATED ERROR:

§T/K = +0.03.

REFERENCES:;

1. Power, G. G.,

J. Appl. Physiology, 1968, 24,
468.
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COMPONENTS :

(1) Hydrogen; Hp; [1333-74-01]

(2) Rat abdominal muscle

ORIGINAL MEASUREMENTS:

Campos Carles, A.; Kawashiro, T.;
Piiper, J.

Pflugers Arch. 1975, 359, 209 - 218.

VARIABLES: PREPARED BY:
T/K: 310.15 A. L. Cramer
H. L. Clever
EXPERIMENTAL VALUES:
T/K  Solubility Corrected?
Coefficient Solubility Bunsen
Coefficient Coefficient
umol dm~3 torr-l ymol dm~3 torr~ o X 10
310.15 1.00 = 0.05!? 1.13 1.92

+

! Mean value

+

constant, K =(1.67

standard error of 1l measurements.

2 Corrected for unextracted gas in the sample, and for gas
lost during transfer of the sample.

Another report from this laboratory gives Krogh's diffusion
0.06) x 10-9 mmol m~lem™
the diffusion coefficient, D = 24.7 x 10-6 cm2
gen in rat abdominal muscle at 310.15 K.

The sample is a non-homogenised solid, not a ligquid.

torr-1l, and
s~1 for hydro- .

AUXILIARY
——

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The hydrogen gas was presaturated
wilith water vapor, then passed through
an equilibration chamber containing
the muscle sample resting on a screen
to expose all sides. The gas was
bPassed through the equilibration
chamber for one hour at a rate of 8
cm3 m‘l.

The muscle was transfered to an
extraction chamber filled with air
for the same length of time as equil-
ibration. The gas in the extraction
chamber was then forced into a gas
chromatograph by mercury entering the
chamber.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen. Source not given.
Stated to be 99.9 per cent pure.

Rat abdominal muscle. Flat abdom-
inal wall muscle layer of about
1.6 g, 1.4 mm_thick, and surface
area of 10 cm“ on one side.
Sample taken from 250 - 430 g
rat.

(2)

ESTIMATED ERROR:

REFERENCES :

1. Kawashiro, T.; Campos Carles, A.;
Perry, S. F.; Piiper, J.
Pflugere Arch. 1975, 359, 219.
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Deuterium; Dy; [7782-39-0] Symons, E. A.; Buncel, E.

(2) Water; H,0; [7732-18-5] Can. J. Chem. 1973, 51,

1673 - 1l681.
VARIABLES: PREPARED BY:
T/K: 298.15
P/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

T/K cD2/mol dm~3 Mol Fraction Ostwald
4 2. X% 105 Coefficient
c x 10 1 L x 103
298.15 8.3 1.50 20.5

J. Solution Chem. 1978, 257

values are preferred.

7

The mole fraction and Ostwald coefficient values
were calculated by the compiler.

The value is 2.7 per cent higher than the value
reported at 298.15 K by Muccitelli, J. and Wen, W.-Y.
. The Muccitelli and Wen

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :
Gas chromatographic method (1, 2).

The gas=-liquid equilibrium cell was a
modified 100 cm3 round bottom flask

sampling portal, and vacuum/gas line.
The solvent was added, the flask
evacuated several minutes to remove
dissolved gases. Then the gas was
introduced to a partial pressure of
one atm. The solution was stirred for
five minutes, then sampled. Three to
four successive samples were taken.

The 5.0 cm3 samples were taken by gas
tight syringe. The sample was intro-
duced to a stripping cell, stripped
out over a period of 1-2 minutes by
the nitrogen carrier gas and then
passed into a Varian Aerograph (No.
1420) equiped with an injection
portal, column (10' %" stainless
steel, packed with 40-60 mesh 13X
molecular sieve) at ambient tempera-
ture, and a thermal conductivity cell
at 65 °C.

equiped with magnetic stirrer, syringg

SOURCE AND PURITY OF MATERIALS:

(1) Deuterium. Matheson Co., Inc.
Technical grade. Traces of
oxygen removed by treatment
with uranium turnings.

(2) Water. Deionized and distilled.

ESTIMATED ERROR:
§c/c

0.02 (author's
estimate)

REFERENCES:

1. E. A.

Chem. 1971, 49, 3940.

Symons,
Can., J.

2. S. N.;

Gubbins, K. E.: Carden,
Walker, R. D. Jr.

J. Gas Chromatogr. 1965, 98.
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COMPONENTS ;
(1) beuterium; D,; [7782-39-0]

(2) Water; Hp0; [7732-18-5]

ORIGINAL MEASUREMENTS:

Muccitelli, J.; Wen, W.-Y.

J. Solution Chem. 1978, 7, 257 - 267.

VARIABLES: PREPARED BY:
T/K: 278.15-303.15
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K mol Fraction Ostwald
x] x 105 Coifilia?nt
278.15 1.7829 22.795
1.7904 22.891
1.7891 22.875
1.7851 22.824
283.15 1.6825 21.970
1.6691 21.795
1.6757 21.882
1.6802 21.940
1.6714 21.825
288.15 1.6028 21.388
1.5936 21.265
1.5948 21.281
1.5892 21.207
293.15 1.5175 20.714 .
1.5118 20.636
1.5187 20.731
1.5016 20.559
298.15 1.4637 20.469
1.4555 20.354
1.4663 20.505
1.4569 20.374
303.15 1.3980 20.069
1.3901 19.956
1.3978 20.066
1.3952 20.029
AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The apparatus and procedure were
similar to that described by Ben-Naim
and Baer (1) as modified by Wen and
Hung (2). It consisted of a mercury
manometer, a gas-~volume measuring
buret, a dissolution cell of 450 cm
capacity, and a mercury reservoir.
The apparatus is immersed in a water
bath. The degassing apparatus was
similar to the one described by
Battino et al. (3). The cell contain-
ing the solvent is degassed, the
system is filled with solvent-satura-
ted gas to a total pressure of 1 atm.
The solvent is stirred, as gas dis-
solves the pressure is maintained at
one atm until equilibrium is reached.

3

The measured Ostwald coefficient was
converted to mole fraction taking in
to account the second virial coeff-
icient of Djy. The authors fitted the
data to the equation

R 1n (x2/p) -360.180 + 14525.6/(T/K)
52.0206 1n (T/K) - 0.0234788 (T/K)

S

SOURCE AND PURITY OF MATERIALS:

(1) Deuterium. Linde Speciality
Gas. Minimum specified purity
99.5 per cent. Used as received.

Water. Distilled, then purified
with the Millipore Corp. Milli-
Q system.

(2)

ESTIMATED ERROR:

8§T/K = 0.005
§P/torr = 3
§L/L = 0.004 (precision,
authors)
REFERENCES ;
1. Ben~Naim, A.; Baer, S.

Trans. Faraday Soe. 1963, §9, 2735.

Wen, W.-Y.; Hung, J. H.
J. Phys. Chem. 1970, 74, 170.

Battino,R.;Banzhof, M. ;Bogan,M.;

Wilhelm,E. Anal.Chem. 1971,43,806.
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COMPONENTS : EVALUATOR:
(1) Deuterium; D2; [7782~39-0] H. L. Clever

Department of Chemistry
(2) Organic solvents Emory University

Atlanta, GA 30322 USa

1980, September

CRITICAL EVALUATION:

An Evaluation of the Deuterium Mole Fraction
Solubility in Various Organic Solvents
at a Deuterium Partial Pressure
of 101.325 kPa (1 atm).

The solubility of deuterium in eleven organic solvents has been reported.
There is only one set of measurements on each system, except for
sulfinylbismethane for which two laboratories reported measurements

at 298.15 K. Most of the solubility measurements were made by
volumetric methods capable of better than average accuracy and precision
(1, 2, 4). One laboratory (3, 5) used a gas chromatographic method,
which may not be capable of as good an accuracy and precision. However,
their work appears to have been carefully executed and all of the data
are classed as tentative.

Tentative equations for the natural logarithm of the mole fraction
solubility as a function of temperature, and a table of smoothed values
of the mole fraction solubility appear on the individual data sheets,
with the exception of the deuterium + cyclopentanamine system which
did not have room on the sheet for the additional information. The
smoothed data on the system is at the end of this section.

The changes in enthalpy, entropy and heat capacity for the transfer of
one mole of deuterium from the gas phase at a deuterium partial

pressure of 101.325 kPa to the infinitely dilute solution are summarized
in Table 1 for the eleven systems.

The mole fraction solubilities of four of the systems studied by Cook,
Hanson, and Alder (1) show a systematic curvature in ln xy as a
function of 1/T. The measurements of Cook et al. were made with great
care, and there is reason to believe the curvature is real. Thus the
mole fraction solubilities of the four systems were fitted to a three
constant equation, and values of the temperature dependent changes in
enthalpy and entropy at 25 degree intervals are given in Table 1.

Both Dymond (2), and Symons and Buncel (3) measured the mole fraction
solubility of deuterium in dimethylsulfoxide at 298.15 K. The two
values agree within 0.6 per cent.
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Table 1. Deuterium + organic solvent. Summary of the
changes in enthalpy, AH?, entropy, ASY, and
heat capacity, Acgl, on~transfer of o%e mole

of deuterium from the gas phase at a partial
pressure of 101.325 kPa to the infinitely
dilute solution.

T/K A3 /KT mol™t ASs/a K1 mo1™t W Kt mo1™t
1
Deuterium + Heptane [142-82-5] (1)}
248.15 3.42 ~49.1 14.8
273.15 3.79 ~47.7 14.8
298,15 4.17 -46.4 14.8
323.15 4.54 ~-45.2 14.8
Deuterium + Octane [111-65-9] (1)
248.15 3.35 -49.4 15.7
273.15 3.74 -47.9 15.7
298.15 4.14 -46.5 15.7

Deuterium + 2,2,4-Trimethylpentane [540-84-11] (1)

248.15 3.14 -49.0 14.6
273.15 3.50 -47.6 14.6
298.15 3.87 -46.3 14.6

Deuterium + Benzene [71-43-2] (1)
283.15-308.15 6.18 -47.7 0
Deuterium + Methylbenzene [108-88-3] (1)
258.15-308.15 4.83 ~50.5 0

Deuterium + Hexadecafluoroheptane [335-57-9] (1)

248.15 3.39 -43.3 20.1
273.15 3.89 -41.4 20.1
298.15 4.39 -39.6 20.1

Deuterium + Tetrachloromethane [56-23-5] (1)
273.15-308.15 5.38 -48.6 T 0

Deuterium + Carbon disulfide [75-15-0]1 (1)
248.15-298.15 5.80 -53.1 0

Deuterium + Sulfinylbismethane?[67-68-5] (2,3)
Only two solubility values at 298.15 K are reported. There is
no temperature coefficient of solubility on which to base
the calculations.

Deuterium + Perfluorotributylamine [311-89-7] (4)
288.15-318.15 3.85 -40.6 0

Deuterium + Cyclopentenamine [1003-03-8] (5)

213.15-298.15 4.93 -51.8 0

Numbers in ( ) are the