
---

INTRODUCTION TO THE SERIES ON
SOLUBILITY OF SOLIDS IN LIQUIDS:
SUBSERIES ON PHARMACEUTICALS

Nature of the Project

The Solub1lity Data Project (SDP) has as its a1m a comprehens1ve search
of the literature for solubilit1es of gases, llquids, and SOllds 1n
liquids or solids. Data of sU1table prec1sion are compiled on data sheets
in a uniform format. The data for each system are evaluated, and where
data from d1fferent sources agree suffic1ently, recommended values are
proposed. The evaluation sheets, recommended values, and compiled data
sheets are publ1shed on consecut1ve pages.

For phamaceut1cals, the def1n1tions, thermodynamics and methods of
analysis are the same as those for the study of solub1lity of solids 1n
liquids 1n general. ~or this subseries, spec1al sect10ns deal with
matters of 1nterest for pharmaceuticals, including d1Scussions of
polymorphism, factors influencing the rate of d1SSolution of drugs, and
methods used to 1nhibit or enhance the rate of d1SSolut1on.

Definltions

A mixture (1, 2) describes a gaseous, liquid, or SOlld phase containing
more than one substance, when the substances are all treated 1n the same
way.

A solution (1, 2) describes a liquid or solid phase containing more than
one substance, when for convenience one of the SUbstances, which is called
the solvent, and may itself be a mixture, is treated differently than the
other substances, which are called solutes. If the sum of the mole
fractions of the solutes 1S small compared to un1ty, the Solut1on 1S
called a dilute solution.

The solubllity of a substance B 1S the relative proport1on of B (or a
SUbstance related chem1cally to B) in a mixture which is saturated w1th
respect to solid B at a specif1ed temperature and pressure. Saturated
implies the eX1stence of equilibrium with respect to the processes of
dissolut1on and prec1pitat1on1 the equil1br1um may be stable or meta­
stable. The solub1l1ty of a substance in metastable equ1librium 1S
usually greater than that of the correspond1ng substance 1n stable
equil1br1um. (Str1ctly speak1ng, it is the act1v1ty of the substance in
metastable equ1librium that is greater.) Care must be taken to
dist1ngu1sh true metastability from supersaturat1on, where equ1l1brium
does not exist.

E1ther point of view, mixture or solution, may be taken in descr1b1ng
solUbility. The two p01nts of V1ew find their express10n in the
quant1ties used as measures of solub1lity and 1n the reference states
used for def1nition of act1v1ties, act1v1ty coeffic1ents and osmot1c
coeffic1ents.

The qualifying phrase "substance related chemically to B" requires
comment. The composit1on of the saturated mixture (or Solut1on) can be
described in terms of any suitable set of thermodynam1c components. Thus,
the solubility of a salt hydrate in water is usually given as the relat1ve
proport1on of anhydrous salt in Solut1on, rather than the relative
proport1ons of hydrated salt and water.

For pharmaceutlcals, the solubility of a drug substance in a glven
med1um is of spec1al importance in designing a suitable dosage form for a
drug or 1n determination of a reg1men for its administration. The
solub1lity and rate of dissolution w1ll determine the rate of appearance
of the drug in various body flu1ds and at var10US sltes of action.
Therefore, the b10availability of a drug is often determ1ned by its
solUb1lity and rate of d1ssolution.

The solubility lS a constant for a glven substance 1n a glven med1um at
constant temperature and pressure. Frequently it is possible to alter the
solUb1l1ty and rate of d1SSolut1on dramatically through changes in
structure, degree of crystallinity or morphology, or by the add1t1on of
a solubil1z1ng agent (cosolvent) to the d1SSolution med1um. The
appearance of a drug 1n adequate concentration at 1tS slte of act10n 1S a
requ1rement for testing cl1n1cal eff1c1ency; thus, enhancement of
solUb1lity may be requ1red to render a substance clin1cally useful.

Por reviews of recent Ilterature on solubil1ty and solubil1zat1on of
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drug substances, see (3, 4).

Quantities Used as Measures of Solubility
1. Mole fract10n of substance B, xB:

c
xB '" nBI r. ns

S"'l
[1]

where ns is the amount of substance of s, and c 1S the number of distinct
substances present (often the number of thermodynamic components in the
system). Mole per cent of B is 100 xB.

2. Mass fraction of substance a, wB:

• c ,
wB ,., mB I I: ms

S"'l
[2]

where ms' is the mass of substance s. Mass per cent is 100 wB. The
equivalent terms weight fraction and weight per cent are not used.

3. Solute mole (mass) fract10n of solute B (5, 6):

X 8 ,B
c'

nal I: n s
8-=1

[3 ]

. c' ,
ws , B ,., rna I I: ms

8-=1

c·
wBI I.: Ws

S-=l
[3a]

[5 ]

The terms molarity

where the summation is over the solutes only. For the solvent ~, xS,A
xA/(l - xA), wS,A ~ wA/(l - wA). These quantities are called Janecke
mole (mass) fract10ns in many papers.

4. Molality of solute B (1, 2) in a solvent A:

mB ~ na/nA MA SI base units: mol kg- 1 [4]
where MA is the molar mass of the solvent.

5. Concentration of solute a (1, 2) in a solution of volume V:

cB ~ [B] ~ nBIV SI base units: mol m- 3

The sYmbol cB is preferred to [B), but both are used.
and molar are not used.

Mole and mass fractlons are appropriate to either the mixture or the
solution point of view. The other quantities are appropriate to the
solution point of view only. Conversions among these quantities can be
carried out using the equations given in Table 1-1 followlng this
Introductlon. Other useful quantities will be defined in the prefaces to
indlv1dual volumes or on specific data sheets.

In addition to the quantities defined above, the following are useful
in conversions between concentrations and other quantities.

6. Demllty: P .. m/V 51 base units: kg m- 3 [6]

7. Relative density: d; the ratio of the density of a mixture to the
density of a reference substance undef conditions which must be
specif ied for both (1). 'rhs symbol d t ,wl11 be used for the density of a
mixture at toc, 1 bar divided by the aensity of water at t'OC, 1 bar. (In
some cases, 1 atm ~ 101.325 kPa is used instead of 1 bar ~ 100 kPa.)

8. A note on nomenclature. The above definitions use the nomenclature
of the IUPAC Green Book (1), in which a solute is called B and a solvent A
In compllations and evaluations, the first-named component (component 1)
is the solute, and the second (component 2 for a two-component system) is
the solvent. The reader should bear these distlnctions in nomenclature in
mlnd when comparing nomenclature and theoretical equatlons glven in this
Introduction wlth equations and nomenclature used on the evaluation and
compllatlon sheets.

Thermodynamics of Solubil1ty

The principal alms of the Solubility Data ProJect are the tabulation
and evaluation of: (a) solubilities as deflned above; (b) the nature of
the saturating phase. Thermodynamic analysis of solUbility phenomena
has two alms: (a) to provide a rational basis for the construction of
functions to represent solUbility data; (b) to enable thermodynamic
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quantit1es to be extracted from solub1lity data. Both these are
difficult to achieve in many cases because of a lack of experimental or
theoretical information concerning activity coefficients. Where
thermodynam1c quantit1es can be found, they are not evaluated cr1tically,
since this task would involve cr1tical evaluation of a large body of
data that is not d1rectly relevant to solubility. The following
is an outline of the princ1pal thermodynamic relat10ns encountered in
discussions of solub1lity. For more extensive discussions and references,
see books on thermodynamics, e.g., (7-14).

Activity CoeffIcients (1)
(a) Mixtures. The act1vity coefficient fa of a substance B is given

by
[ 7]

where ~B* is the chemical potent1al of pure B at the same temperature and
pressure. Por any substance B in the mixture,

1 [8 ]

(b) SolutIons.

(i) Solute B. The molal activity coefficient ~B is given by

RT 1n(~BmB) ~ ~B - (~B - RT 1n mB)~ [9]

where the superscript ~ 1ndicates an infinitely dilute solution. For any
solute B,

1 [10)

Activity coefficients Ya connected with concentrations ca, and fx,a
(called the rational activity coefficient) connected with mole fract10ns
xa, are defined in analogous ways. 'I'he relations among them (1, 9) are,
where p* is the density of the pure solvent:

[13)

[12)

[ 11]

+ LMsms)~B/p
s

B e Cv~v-, the activIty on the molality

[p + L(MA - Ms)Cs]YB/P*
s

(p - I:MsCs)YB/P*
s

l)Xa)/p -' p*(lYa

fB

(1 - EXs)fx, a
s

p*fx a[1 + I:(Ms/MA -, B

For an electrolyte solute
scale is replaced by (11):

~BmB -' ~tVmBvQv [14)

where v -' v+ + V_, Q ~ (v+v+V_V_)l/V, and ~t is the mean ionic activity
coefficient on the molality scale. A similar relation holds for the
concentration act1vity, YBcB. For the mole fractional activity,

fx,aXB Q vf±vx±v [15)

where x± = (x+X_)l/V. The quantities x+ and x_ are the 10nic mole
fractions (11), which are:

Where Vs is the sum of the stoichiometric coefficients for the ions in a
salt w1th mole fraction xs. Note that the mole fraction of solvent is now

[17)

so that
I

+ I:vsxs -" 1 [18)xA s
The relations among the various mean ionic activity coefficients are:

ft '" (1 .. MALvsms)~:1: [p .. >:( vsMA - Ms)cs]ytlp* [19 ]
s s

(1 - I:xs) f±
EMscs) Y±/p*

[20)
~± -" s (p -1 + }:(vs - l)xs s

B

p*[l + I;(Ms/MA - l)xs)f±
p*(l ..Y± -" B

l)xsJ EMsms)~±/p [ 21]
pll + 1:(vs - S

B
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[22]
a solvent A is defined as (1):

- JLA) /RT MA r.rns
s

where JLA* is the chemical potent1al of the pure solvent.

The rational osmotic coeff1c1ent, ¢x' is defined as (1):

(ii) Solvent, A:

The osmotic coefficient, ¢ , of

¢ (JLA*

¢x -, (JLA - JLA*)/RTlnxA:' ¢MA I:ms/ln(l + MA I)ns) [23]
s s

The activity, aA, or the act1v1ty coeffic1ent, fA, is sometimes used
for the solvent rather than the osmot1c coeff1c1ent. The activity
coefficient is defined relative to pure A, just as for a m1xture.

For a mixed solvent, the molar mass in the above equat10ns is replaced
by the average molar mass; i.e., for a two-component solvent w1th
components J, X, MA becomes

MA ~ MJ + (MK - MJ)Xv,K [24]
where xv,K is the solvent mole fraction of component x.

The osmotic coeff1cient is related directly to the vapor pressure, p,
of a solution in equilibrium with vapor containing A only by (14, p.306):

¢MACvsms ~ - In(p/PA*) + (V~ A - BAA)(P - PA*)/RT [25]
s '

where PA* is the vapor pressure of pure solvent A, V~,A is the molar
volume of pure A 1n the liquid phase, and BAA 1S the second virial
coefficient of the vapor.

The Liquid Phase

A general thermodyn~\ic different1al equation which glves solubility
as a funct10n of temper.lture, pressure and composition can be derived.
The approach 1S sim1lar to that of Kirkwood and Oppenhe1m (9); see also
(13, 14). Consider a solid mixture conta1ning c thermodynam1c components
1. The Gibbs-Duhem equat10n for this m1xture is:

c ,
~ Xj'(S1'dT - V1'dp + dJL1 ) ~ 0 [26J
l~ 1

A liquid mixture in equilibrium with this solid phase contains c' thermo­
dynamic components 1, where c' ) c. 'I'he Gibbs-Duhem equation for the
liqU1d mixture is:

o [27]

Subtract [26] from [27] and use the equation

dJLi = (dJLi)T,p - SidT + Vidp [28]
and the Gibbs-Duhem equat10n at constant temperature and pressure:

The resulting equat10n 1S:
C I C I

RT r: Xl (dlnaOT p -- I: Xi (Hi
1~ 1 '1--1

[30]

where
[31]

is the enthalpy of transfer of component 1 from the solid to the liqU1d
phase at a given temperature, pressure and composition, with Hl and Si
the partial molar enthalpy and entropy of component 1.

Use of the equat10ns

and
-RT2(alnai/aT)X,p

RT( alna dap) x, T

[32]

[33]

where superscr1pt D 1nd1cates an arb1trary reference state gives:

c. c. • C. I

RT L Xi dlnai -- I: Xi (HiD - Hi )dT/T - L Xi (Vi D - Vi )dp [34]
1=1 1=1 1=1
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where

dlnai = (dlnai)T,p + (alna1/aT)x,p + (alna1/ap)x,T [35)

xvii

The terms 1nvolv1ng enthalp1es and volumes in the solid phase can be
written as:

[35)

W1th eqn [3&), the final general solub1l1ty equation may then be written:

Note that those components which are not present in both phases do not
appear in the solubility equation. However, they do affect the solubility
through the1r effect on the act1vit1es of the solutes.

Several applicat10ns of eqn [37) (all w1th pressure held constant) w1ll
be d1scussed below. Other cases will be d1scussed 1n 1ndiv1dual
evaluations.

(a) Solubility as a function of temperature.

Consider a b1nary SOlld compound AnB 1n a slngle solvent A. There 1S
no fundamental thermodynam1c distinct10n between a binary compound of A
and B which dissoc1ates completely or part1ally on melt1ng and a so11d
mixture of A and B: the binary compound can be regarded as a solid m1xture
of constant composition. Thus, with c = 2, XA' = n/(n + 1),

XB' = l/(n + 1), eqn [37) becomes:

dln(aAnaB) = -AHABOd(l/RT) [38)
where

[39)

1S the molar enthalpy of melt1ng and dissociation of pure solid AnB to
form A and B In thelr reference states. Integration between T and To,
the melt1ng pOlnt of the pure binary compound AnB, gives:

l'

In(aAnaa) = In(aAnaBh:'=-To - Jt.HABOd(l/R'f)
7'0

[40]

(i) Non-electrolytes

In eqn [32], introduce the pure liqulds as reference states. Then,
using a simple flrst-order dependence of AHAB* on temperature, and
assuming that the actlvitity coefficients conform to those for a simple
m1xture (8):

[ 41]

then, if w is independent of temperature, eqn [32] and [33] give:

where

[42]

[43]

+ A~p* In(T/T*) - i{ XA
2

T+ nXB
2

- en +n1)T*}

where ACp * is the change in molar heat capacity accompanying fusion plus
d~composition of the pure compound to pure llquid A and B at temperature
T , 1assumed here to be independent of temperature and composition), and
AHAB 1S the corresponding change in enthalpy at l' = 1'*. Equation [42)
has the general form:

If the SOlld conta1ns only component a, then n ~ 0 in eqn (42) to [44).

If the 1nfin1te d1lution reference state 1S used, then:
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RT lnfx,S = W(XA 2 - 1) [45]

and [39] becomes

AHAam = nHA* + HSm -en ~ l)Hs * [46]

where AHAam is the enthalpy of melting and d1ssoc1at1on of solid compound
Ana to the infinitely dilute reference state of solute a in solvent A; HA*
and Ham are the partial molar enthalp1es of the solute and solvent at
infinite dilut1on. Clearly, the integral of eqn [32] will have the same
form as eqn [35], with AHABm replacing AHAB*' ACp

m replacing ACP*, and
XA 2 - 1 replacing xA2 in the last term.

See (7) and (13) for applicat10ns of these equat10ns to experimental
data.

(ii) Electrolytes
(a) Mole fraction scale

If the liquid phase is an aqueous electrolyte solution, and the
solid is a salt hydrate, the above treatment needs Sllght modif1cat1on.
Using rational mean activity coefficients, eqn [34] becomes:

[47]

[48]

where superscript * indicates the pure salt hydrate. If it 1S assumed
that the act1vity coefficients follow the same temperature dependence as
the right-hand side of eqn [47] (15-17), the thermochem1cal quantities on
the right-hand side of eqn [47] are not rigorous thermodynamic enthalp1es
and heat capacities, but are apparent quantities only. Data on act1vity
coefficients (11) in concentrated Solut1ons 1ndicate that the terms
involving these quantities are not negl1gible, and the1r dependence on
temperature and composition along the solubility-temperature curve is a
subject of current research.

A similar equation (With v = 2 and without the heat capacity terms) or
activity coefficients) has been used to f1t solubility data for some
MOH-H20 systems, where M 1S an alkali metal (15); enthalpy values obta1ned
agreed well w1th known values. The full equation has been deduced by
another method in (16) and applied to MC1 2 -H 20 systems in (16) and (17).
For a summary of the use of equation [47] and similar equat1ons, see (18).

(2) Molality scale
Substitution of the mean activ1ties on the molality scale 1n eqn [40]

gives:

Vln{ ~:i~~*} - v(ms/ms* - 1) - v{ms(~ - l)/ms* - ~* f 1)

., 0 (T)

where OCT) is the same as in eqn [47], mS* = l/nMA is the molality of the
anhydrous salt in the pllr~ fialt. hydrat.~ and ~t and ~ are the mean activity
coefficient and the osmotic coefficient, respectively. Use of the osmot1c
coefficient for the activity of the solvent leads, therefore, to an
equation that has a different appearance to [47]; the content is
identical. However, While eqn [47] can be used over the whole range of
composition (0 ( xs ( 1), the molal1ty in eqn [48] becomes infinite at
xB =1; use of eqn [48] lS therefore confined to Solut1ons suff1ciently
dilute that the molality is a useful measure of composit1on. The
essentials of eqn [48] were deduced by Williamson (19); however, the
form used here appears first 1n the Solubility Data Series. For typical
applications (where activity and osmotic coefficients are not cons1dered
explic1tly, so that the enthalp1es and heat capacities are apparent
values, as explained above), see (20).

The above analysis shows clearly that a rational thermodynamic basis
eXists for functional representat10n of solub1l1ty-temperature curves 1n
two-component systems, but may be d1fficult to apply because of lack of
exper1mental or theoretical knOWledge of act1vity coeff1cients and part1al
molar enthalpies. Other phenomena Wh1Ch are related ult1mately to the
sto1ch1ometric act1vity coeff1c1ents and which compl1cate interpretation
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include ion pairing, formation of complex lons, and hydrolysis. Similar
considerations hold for the variation of solubility with pressure, except
that the effects are relatively smaller at the pressures used in many
investigations of solubillty (7).

(b) SolUbility as a function of composition.
At constant temperature and pressure, the chemical potential of a

saturating solid phase is constant:

#AnB* #AnB(sln) = n#A + #B (49)

(n#A* + Vt#tm + v_#_m) + nRT lnfAxA

+ vRT In('Y:l:mtQ)
for a salt hydrate AnB WhlCh dlssoclates to water (A), and a salt (B), one
mole of WhlCh ionizes to give Vt catlons and v_ anlons in a solution in
which other substances (lonlzed or not) may be present. If the saturated
solution is sufflclently dilute, fA = xA 1, and the quantlty Ks in

A~ (Vt#tm + v_#_m + n#A* - #AB*)

-RT ln Ks
-vRT In(Q'Y:l:mB) [50]

is called the solubility product of the salt. (It should be noted that lt
is not customary to extend this deflnition to hydrated salts, but there lS
no reason why they should be excluded.) Values of the solublllty product
are often given on mole fraction or concentration scales. In dllute
solutions, the theoretlcal behavior of the activity coefficients as a
function of ionic strength is often sUfficiently well known that reliable
extrapolations to inflnite dilution can be made, and values of Ks can be
determlned. In more concentrated Solutlons, the sarne problems with
activlty coefficlents that were outlined in the section on variation of
solubillty wlth temperature stlll occur. If these compllcations do not
arise, the solUbility of a hydrate salt CvAv'nH20 in the presence of
other solutes is given by eqn [50] as

v In{mB/mB(O)} = -vln{'Y±/'Y±(O)} - n In{aA/aA(O)} [51]
where aA is the activity of water in the saturated solution, mB is the
molality of the salt in the saturated solution, and (0) indlcates
absence of other solutes. Slmilar considerations hold for non­
electrolytes.

Consideratlon of complex mixed ligand eqUilibria in the Solutlon phase
is also frequently of importance in the interpretatlon of solUbility
eqUilibria. For nomenclature connected with these equilibrla (and
solubillty equillbria as well) see (21, 22).

(c) Alteration of the dissolution medium for pharmaceuticals

Many substances which are only slightly soluble in water may be made
more soluble by the addition of a cosolvent, surface-active agents, or
complexing agents.

(i) Additlon of a cosolvent. It is frequently necessary to dissolve
a quantity of drug ln a small volume of liqUid so that it may be adminis­
tered parenterally by lnJectlon. If the drug is not SUfficiently soluble
in water because of its hydrophoblclty, the addition of a quantity of
water-miscible, but less polar solvent may render the drug soluble in a
small quantity of the mixed solvent. Solvents used for this purpose have
included propylene glycol, glycerol, ethanol, polyethylene glycol and '
glycofural. Solubilities of many drug substances in water-organic solvent
mixtures have been tabulated by Yalkowsky and Roseman (23).

(ii) Surface-actlve agents. Another approach to increaslng the
solUbility and rate of dissolution of drug substances is to add a surface­
active agent. There is an extensive llterature on the application of
surfactants and micellar dissolution, which has been surnmarlzed recently
by Florence (24). Cationic, anionic or neutral surfactants are avallable.
In choosing a surfactant, the posslblllty of charge-charge interactlons
between the drug and the surfactant must be considered, as well as the
degree of ionlzation of each species as a functlon of pH. Micellar
dlssolution of drugs or addltives may protect the dissolved species from
hYdrolytlc degradatlon by the aqueous solvent. The stability of drugs may
therefore be enhanced conslderably by the addition of a surfactant.
Surfactants may also facllltate the transport of drugs across blological
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membranes. ~xamples of substantlally lmproved bloavallabillty of drugs
under the lnfluence of micellar dlSSolution have been reported (24).

(ili) Other modlflcatlons of the dlSSolutlon medium. The solublllty
of weak aCld and weak base drugs wlll usually depend on the pH of the
medium. Within reasonable limlts for pharmaceutlcal preparatlons, pH may
be adJusted to obtain the drug ln the charged (and usually more soluble)
form. The addition of complexlng agents such as chelating agents, organic
salts, cyclodextrins, or lon-palrlng agents may be used to enhance
solubillty and rate of dlSSolutlon. ~xamples are glven ln the chapter by
A.J. Repta in (3).

:C'he Solid Phase

The definitlon of solubllity permlts the occurrence of a slngle SOlld
phase WhlCh may be a pure anhydrous compound, a salt hydrate, a non­
stolchiometrlc compound, or a SOlld mixture (or SOlld solution, or
"mlxed crystals"), and may be stable or metastable. As well, any
number of solid phases conslstent with the requirements of the phase
rule may be present. Metastable solid phases are of wldespread
occurrence, and may appear as polymorphlc (or allotroplc) forms or
crystal solvates whose rate of transitlon to more stable forms is very
slow. Surface heterogeneity may also give rlse to metastablllty, either
when one SOlld precipltates on the surface of another, or lf the size of
the solid particles is sufficlently small that surface effects become
important. In elther case, the SOlld lS not ln stable equillbrlum
with the solution. See (2~) for the modern formulatlon of the effect of
particle size on solublllty. The stabllity of a SOlld may also be
affected by the atmosphere ln which the system lS equllibrated.

Many of these phenomena require very careful, and often prolonged,
equilibration for their investlgation and ellminatlon. A very general
analytlcal method, the "wet resldues" method of Schreinemakers (26),
is often used to investigate the composltion of SOlld phases ln
equllibrium with salt Solutlons. ThlS method has been revlewed in (27),
where [see also (28») least-squares methods for evaluating the composltlon
of the SOlld phase from wet residue data (or lnitial composltlon data)
and solubllltles are descrlbed. In prlnclple, the same method can be used
with systems of other types. Many other technlques for examlnation of
SOllds, ln particular X-ray, optlcal, and thermal analysls methods, are
used in conJunction with chemlcal analyses (includlng the wet resldues
method) .

Solid State Man1pulation 1n Pharmaceuticals

(i) Polymorphlsm. Many drug substances may crystallize ln more than
one form, a phenomenon called polyrnorph1sm. The different modlficatlons
(polymorphs) arise because of the relative posltions and bonding of the
molecules ln thelr crystal lattlces; true polymorphs do not differ in
chemical composltlon. Polymorphs of the same substance frequently have
different physical properties such as solublllty and rate of dlSSolutlon.
Ultlmately, the solubillty of all forms wlll revert to that of the form
with the lowest Glbbs energy: the solubillty of a less-stable form will
thus be an lnltial solubility. 1'he rate of reverSlon to the most stable
form is often very slow, and a form with hlgher Gibbs energy may exhlblt
its higher solubility for hours. ThlS phenomenon may be used to advantage
by choosing the polymorph wlth the deslred solubility or rate of
dissolut10n. ~xamples of polymorphism and methods of characterizatlon
have been reviewed by Haleblian (29) and Hurger (30).

(ii) Crystallinity. In many cases, drug substances may occur in the
solid state as amorphous or partly crystalllne forms. ThlS lS a speclal
case of polymorphism, and may result from rapld preclpitatlon or from
freeze-drying. 1'hese amorphous or partly crystalline mater lals are
unstable relative to the crystalline form. However, reversion to the
crystalline form may be slow, and the less stable forms may be used to
enhance solubillty and rate of dlSSolutlon (31).

(i1l) Cholce of salt form. Many drug substances are organlc salto. In
most cases the drug mOlety lS the organlc catlon or anlon, such as a
quaternary ammonlum cation or a carboxylate or sulfonate anlon. The
counter ion lS frequently an lnorganlc ion such as sodlum or chlorlde. It
lS posslble to obtaln large varlatlons ln lnltlal solublllty dependlng on
the cholce of the salt form of the drug.

COMPILATIONS AND EVALUATIONS

The formats for the compllatlons and crltical evaluatlons have been
standardlzed for all volumes. A brief descrlptlon of the data sheets
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has been glven ln the FOREWORD: addltlonal explanatlon lS glven below.
GUlde to the Compilatlons

The format used for the compllatlons is, for the most part, self­
explanatory. The detalls presented below are those WhlCh are not found
ln the FOREWORD or WhlCh are not self-evldent.

Components. Each component lS llsted according to IUPAC or Chemical
Abstracts (CA) name and CA Reglstry Number. The formula is glven elther
ln terms of the IUPAC or Hlll (32) system and the cholce of formula is
governed by what is usual for most current users: l.e., IUPAC for
lnorganlc compounds, and Hlll system for organlc compounds. Components
are ordered accordlng to:

(a) saturatlng components:
(b) non-saturatlng components ln alphanumerlcal order:
(c) solvents ln alphanumerlcal order.
The saturatlng components are arranged ln order according to a

18-column periodlC table with two addltlonal rows:
Columns 1 and 2: H, alkall elements, ammonlum, alkaline earth elements

3 to 12: transitlon elements
13 to 17: boron, carbon, nltrogen groups: chalcogenides, halogens

18: noble gases
Row 1: Ce to Lu
Row 2: Th to the end of the known elements, ln order of

atomlc number.

Salt hydrates are generally not consldered to be saturating components
Slnce most solubllltles are expressed ln terms of the anhydrous salt. The
eXlstence of hydrates or solvates is carefully noted ln the text, and CA
Reglstry Numbers are glven where avallable, usually ln the crlt1cal
evaluat1on. M1neraloglcal names are also quoted, along with the1r CA
Registry Numbers, aga1n usually in the cr1tlcal evaluatlon.

Origlnal Measurements. References are abbrev1ated 1n the forms given
by Chemlcal Abstracts Service Source Index (CASSI). Names or1ginally 1n
other than Roman alphabets are glven as transl1terated by Chemlcal
Abstracts.

Experlmental Values. Data are reported 1n the un1ts used 1n the
orlg1nal publ1cat1on, with the exception that modern names for units
and quant1ties are used: e.g., mass per cent for we1ght per cent:
mol dm- a for molar: etc. Both mass and molar values are glven. Usually,
only one type of value (e.g., mass per cent) is found 1n the original
paper, and the comp1ler has added the other type of value (e.g., mole
per cent) from computer calculatlons based on 1983 atomic we1ghts (33).

Errors in calculations and fltt1ng equat10ns 1n orlginal papers have
been noted and corrected, by computer calculatlons where necessary.

Method. Source and Purlty of Materlals. Abbrevlations used in
Chemlcal Abstracts are often used here to save space.

Estlmated Error. If these data were om1tted by the origlnal authors,
and lf relevant lnformatlon lS avallable, the compllers have attempted
to estlmate errors from the lnternal conslstency of data and type of
apparatus used. Methods used by the compllers for estlmatlng and
and reportlng errors are based on the papers by Ku and Eisenhart (34).

Comments and/or Additlonal Data. Many compilations include this
sectlon WhlCh provldes short comments relevant to the general nature of
the work or addltlonal experlmental and thermodynamlc data which are
Judged by the compller to be of value to the reader.

References. See the above descrlptlon for Orlglnal Measurements.

GUide to the Evaluatlons

The evaluator's task lS to check whether the compiled data are correct,
to assess the rellablllty and quallty of the data, to estimate errors
Where necessary, and to recommend "best" values. The evaluatlon takes
the form of a summary ln WhlCh all the data supplied by the compller
have been crltlcally revlewed. A brlef descrlptlon of the evaluation
sheets lS glven below.

Components. See the descrlptlon for the Compllatlons.

Evaluator. Name and date up to WhlCh the llterature was checked.
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Critical Evaluation
(a) Critical text. The evaluator produces text evaluating all the

publlshed data for each glven system. Thus, ln thlS section the
evaluator reVlews the merits or shortcomings of the varlOUS data. Only
publlshed data are considered; even published data can be considered only
if the experlmental data permit an assessment of rellablllty.

(b) Fltting equatlons. If the use of a smoothing equatlon lS
Justifiable the evaluator may prOVide an equatlon representing the
solublllty as a functlon of the variables reported on all the
compilatlon sheets.

(c) Graphlcal summary. In additlon to (b) above, graphical summaries
are often given.

(d) Recommended values. Data are recommended if the results of at
least two lndependent groups are available and they are in good
agreement, and if the evaluator has no doubt as to the adequacy and
rellabillty of the applied experlmenta1 and computational procedures.
Data are consldered as tentative if only one set of measurements is
available, or lf the evaluator considers some aspect of the computatlonal
or experimental method as mlldly undesirable but estlmates that it should
cause only mlnor errors. Data are considered as doubtful lf the
evaluator conslders some aspect of the computatlonal or experlmental
method as undeslrable but stlll conslders the data to have some value
ln those instances where the order of magnltude of the solublllty is
needed. Data determined by an lnadequate method or under lll-defined
condltlons are rejected. However references to these data are included
in the evaluatlon together wlth a comment by the evaluator as to the
reason for their reJectlon.

(e) References. All pertlnent references are glven here. References
to those data WhlCh, by vlrtue of thelr poor preclsion, have been
reJected and not complled are also llsted ln thlS section.

(f) Unlts. Whlle the origlnal data may be reported in the units
used by the lnvestlgators, the final recommended values are reported in
S.I. units (1, 35) when the data can be accurately converted.
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Table 1-1

Quantities Used as Measures of Solubillty
ConverSlon Table for 2-Component Systems

Contalnlng Solvent A and Solute B

mole fractlon
xa :=

mass fractlon
wa '"

molallty
ma :=

concentration
ca '"

1 1 PxB XB 1 - MA(l - l/xa)/Ma MA(l/xa -1) Ma + MA(l/xa - 1)

1 1 pWB/MBWB 1 + MB( l/WB - 1) WB MB(1/WB - 1)

1 1 pma 1 + l/maMA r-:tI/Mama ma Ma + l/mB

CB 1 MBCB/P 1
1 + (P/CB - Ma)/MA P/CB - MB CB

p ~ density of solutlon
MA, MB ~ molar masses of solvent, solute
Formulas are glven in forms sUltable for rapld computatlon; all
calculations should be made uSlng 81 base unlts.


