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The es t ima t ion  of t he  m l u b i l i t y  parameter ( 6 )  valuea for 

pure l i q u i d s  and b i x u v  mixtures  of pharmaceutical  i n t e r e s t  are 
c o r u i d e r d .  It  i. i n i t i a l l y  assuaed t h a t  a previous ly  repor ted  

r e l a t i o n s h i p  between s o l u b i l i t y  parameter a d  d i e l e c t r i c  cons t an t  

for pu re  po la r  so lv tnca  can be extended t o  l l q u i d  mixtures. 

t h i s  express ion  is o p e r a t i v e  f o r  pure l i q u i d s  and b inary  blends,  

t h e r e  remains a need t o  c o r r e l a t e  der ived  va lues  from an independent 

t h e o r e t i c a l  or e x p a r i w n t a l  approach. Thua, i t  is s u b a t t t e d  t h a t  

t h e  w l a l  b o i l i n g  po in t  e l e v a t i o n  aa a c o l l i g a t i v e  proper ty  might be 

uae fu l  in t h i s  regard. It is seen t b t  a good c o r r e l a t i o n  e x i s t s  

f o r  t h e  e s t ima t ion  of s o l u b i l i t y  parameters from b o t h  methods. 

Severa l  s impl i fy ing  and l i m i t i n g  aseumptions are made for the  aecond 

method and arc conaidered. 

I f  

Copy&C 0 1980 by Marcel Dskku.  lac. 
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818 WEON. HAUCER, AND PARLlTA 

The HiIdabraad s o l u b i l i t y  theory has proved KO be q u i t e  

w e f u l  us an a i d  in p r e d i c t i a g  a d  i n c a r p r e t i n g  s o l u b i l i t y  phuno- 

YDS ( 1 .  21,  heats of m i x i n g  (3) and p a r t i t i o n i n g  processes  (4). 
The s o l u b i l i t y  pa rv rece r  is o s i g n i f i c a n t  q u a n t i t y  oince  it d i r e c t l y  

r e f  lactm t h  incermolecular  i nce rac t lona  involved f o r  a pure  s o l v e n t ,  

pure s o l u t e  o r  solveac- lute nystem. A l t h a q h  t h e  t h e o r e t i c a l  juu- 

t i f i c a t i o n  of s o l u b i l i t y  theory  roacs upon d i s p e r s i o n  force. and 

hence non-polar m l e c u l * s  (31,  t t a  uye ha8 been extended t o  eeai- 

polar  and po la r  s y s t e m  (2 ) .  

PAST WORK 

Th. extens ion  of s o l u b i l i t y  paramaters t o  l i q u i d s  where hyd- 

cogur bondiny u r  d i p a l e - d i p a l e  f o r c e s  p r e v a i l  doas no t ,  huwavar, 

lonoen t h i r  i rpo r t anc4  wi th  regard  t o  understanding and i n t e r -  

p ra t ing  in ta rmolecular  i n t s r a c r i w r ~ .  Often. t h e  most d i f f i c u l t  

p roblea  uncountered when ruin0 s o l u b i l i t y  parameters is t h e  ca l cu la -  

t ion of t he  q u a n t i t y  itself becaw of the l ack  of necaosary llcera- 

cure valuen o r  u p e r i m n u l  data. The purpose of t h i s  paper l e  co 

preeua t  w t M a  uhich  a l l o u  for th4 e a c i u t i o n  of s o l u b i l i t y  para- 

-tern for pure so lveacs  o r  misc ib l e  s o l v e n t  blends.  

The s o l u b i l i t y  p a r r u t e r  (3)  is definad as the oquare root 

of thu cohesive energy d u m i t i m  and MY be q u a n t i t a t i v e l y  aca t ed  as 

4 -E 

1 
6 - ( T I  

diere -ti is the  cohes ive  energy of t he  liquid,.V1 

ume Pod 6 in t h e  o o l u b i l l t y  p a r r u t e r  which h s  t h e  units of (cal./ 
el . )  . A widely uaad method of evalua t ing-E is by the r e l a t i o n s h i p  

is t he  wLaP vol- 

4 

vlrare All is the  hea t  of vapor i za t ion  ( c a l o r i e s / w l e ) ,  R is 1.987 

c a l o r l e a / w l a  and T 18 d4grue h l v i n  endEv I s  th4  energy of 

vapor iza t ion .  
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SOWBILITY PARAMETER VALUES 89 

Mean8 of e s t i u t i n g  Ailv include Trouton's and Illldrbrond'u rules 

(5). both of which r e l y  on the b o l l i ~  poin t  of the l l gu ld  a d  are 
general ly  appl icable  only to nowpolar .olvents.  

O t b e r  wrhod~ of e v a l w t f n 8  tbe s o l u b i l i t y  parsmeter heve 

been d i s c u ~ s d  (5) a d  include ea t i r t ioa  f r a  iotemal pres.urea. 

f r a  equatloocu of state .Id critical constants. a d  from surface 

t@!t81-, Optie81.aod w l u b i l i t y  data. A @ptm proposed by S u l r  
(6) a d  recent ly  evalruted (7) involve. molar a t t r a c t i o n  constants 
which a r e  m i d  t o : h  addititre. A general  c r i t i c l r  of each of the 

above methods would be t h a t  they are w u a l l y  lnapptoprlata fo r  

r e l a t i v e l y  polar  l iquids.  

equation: 

For birury a d v e n t  blends, Uf ldebrad  (3) h.8 prapored the 

where 4, and 42 a r e  the r u p o c t i w  wlum fr8ct ione f o r  the pure 

l i qu id8  .ad it 18 a 8 8 4  th8t 6 ,  8 d  6* at0 k-. 
embodies the geometric man a88UDptiw which s t r i c t l y  spujking I s  

only va l id  for 8ymt.u vhere a#mociatlon or m l v a t i o n  a r e  not en- 

Equetion 3 

t i C i p 8 t d  a d  88 such does mt apply t o  polar l iquids .  Further'. it 

is d i f f i c u l t  t o  e r t i u t e  reasonable values fo r  the vulume f r ac t ion  
t e r u  when so lu t ioa  upansion O r  c o n t r a c t i w  occurs subsequent t o  

m i 5 i a  of the pure molvent epecies. 

parameter and d i e l e c t r i c  constmnt (E) is: 
A r e p o r t d  empirical  r e h t i o a s h i p  ( 8 )  between the s o l u b i l i t y  

This expramsion is useful for s u i - p o l a t  and polar l lq i i lde  or 

l i qu id  blendrr, but. deviates  at  the nonpolar end of the po la r i ty  

spectrum. Values of C f o r  pum solvents  and u n y  blnary systems 

a r e  current ly  ava t l ab le  in the l i t e r a t u r e  (9-11). wliicl~ maker 
equation 4 useful  f r a  a p rac t i ca l  standpoint. 
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B R W ,  HAUCU, AND PARUTA 

PROWSU) HETIIM) 

The propoood u c h n d  i n v o l v e s  t h o  mlal boiling p o l n t  q u a -  

tloo (12) wbicli NY b e  s t a t e d  q u a n t i t a t i v e l y  as: 

d u r a  Kb - oolal b o l l l n g  po in t  e l e v a t l o n  v a l u e .  R is 1.987 cal . /  

m l o , n  
u 

l o  bolliny p o i n t  1; and h,, i u  the h e a t  of v a p o r i z a t i o n  

(wl. /p. 1 
Ec(uat1on 5 l a  d e r i v e d  from a R a u u l t ' s  law c o n s i d e r a t i o n  

which l i taces that t h e  vapor  p r e a o u r a  lowering of  a p u r e  s o l v e n t  by 

the a d d i t i o n  of P n o n v o l i c i l e  w l u c e  is relaced t o  tlie mole f r a c t i o n  

ol solute concancrotlon. A c o n a e q w n c a  of t h e  vapor p r e s s u r e  louer- 

iay l m  an i n c r u s e  i n  the b o i l l o g  paint t a r p r r a t u r e .  The clmnge i n  

t c n p a r a t u r v .  AT is aleo r e l a t e d  to thm Kb v a l u e  by 

h r r u  X l o  t h e  mole f r a c t i o n  of s o l u t e  p r e s e n t .  2 
Ttu, llaltlny aumumptions govern ing  b o t h  e q u a t i o n s  5 and 6 ,  are  

that Kb will o n l y  remain c o n s c a n t  for d i l u t e  s o l u t i o n o  and f o r  ideal 

s o l u t i o n  behavior. 

Of iucrrrnst u l t h  r a s p e c c  to eqrucloo 5 is t h e  method o l f e r e d  

for tkia c r l c u l a c i o n  of the heat of  v a p o r i z a t i o n  which was previous-  

ly  rtiown KO be r e l a t e d  t o  t h e  s o l u b i l i t y  paramutar .  XfKb and Tb 

are known or e x p e r l P a n t a l l y  de te rmlnad ,  h,, m y  be c a l c u l a t e d .  

pl lcatloa of I tv  

calorieu/rl. The uquare root of t h i u  q u a n t i t y  then  becomes t h e  

then brrcowm tlir solubility p a r a m t a r .  

Mult i -  

(calorieslyr. ) by thm d e n s i t y  (gm. /ml. ) y i e l d s  

TIM u d u r l y i n n  uosurpclon i n v o l v i n g  t h i n  calculatlon i a  hV or 

A",, ac t l ie  b a i l i n g  p o i o t  I. approximate ly  e q u a l  to (AIIV-PT) at  coop 

r r u p e r a t u r e .  "his r a l s t l o o i h i p  hold* q u i t n  wall f o r  many l i q u i d 8  of 

p h a r m c e u t i c o l  Importance. The s o l u b i l i t y  paramecar  e q u a t i o n  now 

b u c m a :  

Eq. 7 
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SOLUBILITY PARMETER VALUES 

or 

91 

Eq. 7 A  

h e r e  P i m  t h e  denmi-. 

To temt t h e  v a l l d i t y  of t he  re la t ionmhlp  shoun in equat ion  7 ,  

t h e  s o l u b i l i t y  parameters for meveral p o l a r  and non-polar l l q u l d s  

ware ca lcu la t ed  W i n g  heat of vaporization ( b o i l i n g  p o i n t )  values.  

The ca l cu la t ed  va lues ,  am shown in Table 1, collpare very Eavorably 

wi th  l i t e r a t u r e  va lues  as w e l l  ae t h e  s o l u b i l i t y  p a r w t c r s  genera- 

ted  using equat ion  4. b t a n o l  and pentanol va lues  ca l cu ln t ed  from 

equat ion  7 d e v i a t e  most from t b e  l i t e a t t i r e  solubility parameters 

which 8ug8emts that the  assumptions underlying t q u r t i o n a  7 and ? n  a r e  

not un ive r sa l ly  app l i cab le .  

Also mhovn i n  Table I a r e  s o l u b i l i t y  parameters ca l cu la t ed  

from t he  d i e l e c t r i c  cons t an t  r e l a t i o m h i p .  Tlwme calctrlatod va lues  

a p p u r  to c o r r e l a t e  very wll i n  a o m t  caaem with those taken from 

t h e  l i t e r a t u r e .  

The usefulnams of equat ions  5-7A u y  be extended t o  inc lude  

b l aa ry  so lven t  a i x t u r e s  where 

and i t  is a e a d  that Eq. 9 

E v a  (rooa temperature) - Allva ( b o i l i n g  temperature) 

The q u a n t i t i e s  L, Tb, Em, lly, have been previous ly  def ined  

except t h a t  they nav a r e  the  va lues  f o r  t he  mixture r a t h e r  than 

t h e  pure molvent. Equation 9 is ansuaed v a l i d  i f  express ions  5 and 

7 ,  ?A hold for each pure solvant spec ie s .  The s o l u b i l i t y  parometer 

express ion  for t h e  mixture n w  becoaes: 

Eq. 10 

where II is t h e  dens i ty  of t h e  mixture and I tvIR fs ca lcu la t ed  from 
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S O L U B I L I ~  PARMETER VALUES 93 

equat ion  8 giVtn t h e  V d U a 8  of Th. and K h .  
be exper imenta l ly  ova1uat.d. It should be uncful to attempt I t s  

a p p r m i u t i o a  by 

Altliough Kbr might 

h a r e  X 1  .ad 5 are the mole f r a c t i o n s  of t h e  pure w l v e n t s .  Ik- 

cause a is a c o l l i g a t i v e  proper ty ,  i t  vould seem t l u t  tlm addi- 

t i v e  na tu re  a r e a w n a b l e  assumption. TheTbrand dens i ty  P m  
va lues  u y  81.0 be exper imenta l ly  determined, kit f o r t u n a t e l y  are 

usua l ly  a v a i l a b l e  in t he  l i t e r a t u r e .  Chu (13) has documented 

va lues  f o r  many so lven t  b lends  oad Nagata ( 1 4 )  has discusmed equa- 

tions which allov t h e  u l c u l a t i o n  of- w i t h  a very high degree  

of accuracy. 

Therefore, i f  Rbm is approxfmted  and Th i a  knoun, then 

t h e  hvm v a l w  u y  be  calcul.ted. Komrled8e o f h m  and the dens l ty  

of t h e  mixture  BM the c a l c u l a t i o n  of 6 r  f r a  equat ion  LO. 
Q u a t i o n  (4) u y  be rowrittmi t o  inc lude  i ts  use f o r  a mix- 

t u r e  aim, and as such i8 expressed by 611 - 0 .2  Pm + 7.5  Q. 12 

As a t e a t  s i t u a t i o n s ,  equat ions  3, 10 .ad 12 ware used t o  gene ra t e  

v e l u e s  for an etburol-water symtar. The cmlculated v s l u e s  

are s h  i n  Table I1 a d  a high degree of c o r r e l a t i o n  1s w i d c n t  

for  each  method wi th  a11  r i x t u r e s  temted. 

Fror t h e  d a t a  i n  Table 11, t h e r e  is no w i d e n c e  t o  sugges t  

that ona method is most recaannded for b inary  mixture of po la r  

components. I t  vould seem that dmu applying a method, t he  lirLt- 

i n t  f a c t o r  becomes t h e  a v a i l a b i l i t y  of t h e  necessary da ta .  The 

method chosen must also be cormis ten t  wi th  the  governing l fml te -  

t i o n s  regard ing  i ts  use. For t he  ro l a l  b o i l i n g  poin t  equat ion ,  

t h e h v  v a l u e s  a t  the b o i l i n g  po in t  must be approximately equal  t o  

the va lues  a t  t o o m  temperature.  The d i e l e c t r i c  cons tan t  - 001~- 

b i l i t y  parameter r e l a t i o n s h i p  nhould be l imi t ed  t o  so lven t  blends 

i n  tha  d i e l e c t r i c  range of about.10-78. As mentioned pravtous ly ,  

equat ion  (3 )  s u f f e r s  f r o a  t h e  fact t h a t  t he  c a l c u l a t i o n  of t h e  

volume f r a c t i o n s  does not inc lude  t h e  e f f e c t  of s o l u t i o n  expan- 
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94 

TAUE 11 - CALCULATIOU OF SOWEILI?Y PA#AHETERS FOR ETHANOL - 
UATER HIXlVUES 
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35 

40 

45 

50 

55 

60 

65 
70 

75 

80 
85 

YO 

95 

Equs t ibn 

22.5 

21 .8 

21.3 

20.8 

20.3 

19.9 

19.4 

la.  9 

18.4 

17.9 

17.4 

16.9 

16.4 

1SQ 9 

15.4 

14.8 

14.3 

13.7 

13.2 

LO* Equation 12 

22.6 

22.1 

21.5 

21.0 

20.4 

19.8 

19.2 

18.6 

17.9 

17.3 

16.6 

16. I 

15.5 

15.0 

14.4 

14.0 

13.6 

13.3 

12.8 

Equation 3 

22.7 

22.1 

21.4 

20.8 

20.2 

19.6 

19.1 

18.5 

18.0 

14.4 
16.9 

16-4 

15.9 

15.4 

14.9 

14.5 

14.0 

13.6 

13.1 

* 
Ttm values taken from referenca 13. 

Kb vcrluro for water and ethanol taken from refarence 12. 
* 

Density valuus taken from The United S t a t e s  Phamacopeia, 
Sevante*nth Revision. 
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SOLUBILITY PARAMETER VALUES 95 

s i o n  on c o n t r a c t i o n .  

n i f i c a n t  f a c t o r  f o r  alcohol-vater system. ulwre hydrogen bonding 

S o l u t i o n  c o n t r a c t i o n  may become a very  sig- 

occurs. 

P r a  a q u a t i o a  10. i t  is ...I! that error or v a r i a t i o n  

th8t is i n t r o d u c e d  into the o o l u b l l i t y  parameter of t h e  r i x t u r e  

I8 due to the heat of  v s p o r i z a t i o n  value.  T h e r e f o r e ,  I t  s lmuld 

be  of i n t e r e s t  to teat the s c n a i t i v l t y  of br w i t h  r e s p e c t  t o  

c h n g e s  i n  h V m  Equat ion 10 MY be r e w r i t t e n  in g e n e r n l  form aa: 

Eq. 1 4  

where X hvr. a The r a t i o  of d h / d x  t h e n  becomes 

Eq. 14 

If t h e  q u a n t i t y  k i a  a l lowed t o  assune a v a r i a t i o n  o f  52, then 

2 dx - . M . X  - .05 &a 

and 

1 2 d6m - za. ( .05  ' 6m ) 

Eq. 15 

Eq. 16. 

The 6h v a l u e s  c a l c u l a t e d  froa e q w t i o a  10 f o r  the etlionol- 

water mixture. were used t o  g e n e r n t e  v a l u e s  of d6m. l'loese d a t a  

are p r e s e n t e d  i n  Table  111 which ahows L h n t  dfim d e c r e a s e s  w i t h  de- 

c r e a s i n g  v a l u e s  of ow. Aa expec ted ,  the p e r c e n t  e r r o r ,  i n  t h i s  

case d e f i n e d  asf!5m/h)  ant), is c o n s t a n t  f o r  each s o l v e n t  blend.  

Civaa t h e  c o n d i t i o n s  of  e q u a t i o a  16. i t  would seam that a v a r i a -  

t i o n  i n  &a of 2.5% i~ a c c e p t a b l e .  

The d a t a  i n  T a b l e s  I and TI s u g g e s t s  t h a t  bo th  t h e  mole1 
b o i l i n g  p o i n t  and d i e l e c t r i c  c o n s t a n t  e q u a t i o n s  may be uued t o  

reasonably  e a t i m n t e  t h e  s o l u b i l l t y  pclraaetere  of pure  s o l v e i i t s  

uul m i s c i b l e  s o l v e n t  b lends .  N e i t h e r  e q u a t i o n  is proposed as an 

a b 8 o l u t e  a t h o d ,  b u t  each  m y  be  very u s e f u l  depending upon t h e  

l i t a r r t u r e  v a l u e s  and/or  l a b o r a t o r y  equipment a v a i l o b l a .  
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2 E L h ( L O 1  
(U/U) 

5 

10 

15 

20 

25 

30 

3 5  

40 

45 

50 

55 

60 

65 

70 

7 5  

80 

85 

YO 

9 5  

(quat ion  10) 
b.I 

22.5 

21.8 

21.3 

20.8 

20.3 

19.9 

19.4 

18.9 

18.4 

17.9 

17.4 

16.9 

16.4 

15.9 

1 5 . 4  

14.8 

14.3 

13.7 

13.2 

dd.l 
-56  

.54 

. 5 3  

.52  

m 51 

D 49 

.48  

.47 

. 4 6  

.45 

.44 

.42 

,41 

.40 

.38  

.37 

.36 

. 3 4  

.33  

d 6 d d e  100 

2.5 

2 .5  

2.5 

2 .5  

2 . 5  

2 .5 

2.5 

2.5 

2.5 

2 .5  

2.5 

2.5 

2.5 

2 .5  

2 . 5  

2.5 

2.5 

2 .5  

2.5 
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