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DETERMINATION OF ACTIVITY COEFF ICIENTS 
OF OXYGENATED HYDROCARBONS BY 

L IQU ID-L IQU ID CHROMATOGRAPHY 

G. M. Janini and L. A.  Qaddora 
Department of Chem &try 

Kuwait University, Kuwait 

ABSTRACT 

A study o f  the thermodynamics o f  so lu t ions  o f  oxygenated a l i p h a t i c  and 
aromatic hydrocarbon solutes i n  water by a method t h a t  combines gas- l iqu id  
and l i q u i d - l i q u i d  chromatography i s  presented. Solute i n f i n i t e  d i l u t i o n  
a c t i v i t y  c o e f f i c i e n t s  i n  water were determined by l i q u i d - l i q u i d  chroma- 
tography using water as mobile phase and squalane as s ta t i ona ry  phase. 
Because o f  the h igh l y  po la r  nature o f  water, t he  poss ib le  c o n t r i b u t i o n  o f  
i n t e r f a c i a l  adsorpt ion t o  the re ten t i on  mechanisms i n  l i q u i d - l i q u i d  chroma- 
tography was assessed. The a c t i v i t y  c o e f f i c i e n t s  are a l l  l a rge  r e f l e c t i n g  
the  poor s o l u b i l i t y  o f  organic compounds i n  water. The grea ter  the  organic 
nature o f  the solute,  the l a rge r  i s  the value o f  i t s  a c t i v i t y  c o e f f i c i e n t .  
While the absolute accuracy o f  the data cannot be predicted, the  reproduci-  
b i l i t y  o f  the r e s u l t s  i s  a t  worse +lo%. Comparison o f  the r e s u l t s  w i t h  
l i t e r a t u r e  data obtained by independent techniques shows reasonably good 
agreement. 

INTRODUCTION 

Re l iab le  l i q u i d  phase a c t i v i t y  c o e f f i c i e n t  data i s  o f  p r a c t i c a l  and 

theo re t i ca l  importance i n  physical chemistry and chemical engineering. It 

i s  useful  i n  es t imat ing  quan t i t i es  such as s o l u b i l i t y  l i m i t s ,  Henry's law 
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40 JANINI AND QADDORA 

constants, octanol-water p a r t i t i o n  c o e f f i c i e n t s  and mu1 ti-component phase 

e q u i l i b r i a .  Solute-mobile phase so lu t i on  thermodynamic data may a lso  he lp  

t o  explain the c r i t i c a l  r o l e  o f  the mobile phase i n  re ten t i on  and selec- 

t i v i t y  i n  high-pressure l i q u i d  chromatography. 

Various s t a t i c  techniques can be used t o  ob ta in  a c t i v i t y  c o e f f i c i e n t  

data (1-4) bu t  they are o f ten  labor ious.  

Gas- l iquid chromatography (GLC) i s  now we l l  es tab l i shed as an extremely 

useful  technique f o r  the study o f  so lu t i on  thermodynamics, p a r t l y  because 

o f  i t s  s i m p l i c i t y  and p a r t l y  due t o  the f a c t  t h a t  comparison o f  s t a t i c  w i th  

GLC-derived so lu te  a c t i v i t y  c o e f f i c i e n t  data was made ear ly  i n  the h i s t o r y  

o f  the development o f  the technique ( 5 , 6 ) .  Unfortunately GLC i s  only 

su i ted  f o r  systems o f  v o l a t i l e  solutes i n  non -vo la t i l e  solvents. 

L i q u i d - l i q u i d  chromatography (LLC) has been known long before the 

incept ion  o f  GLC bu t  i t  has never become as powerful a too l  f o r  physical  

measurements, even though a thermodynamic theory o f  so lu te  re ten t i on  i n  LLC 

has been ava i lab le  f o r  many years (7 ,8) .  LLC have c e r t a i n  advanatages 

over other methods, bu t  l i k e  GLC i t  i s  a lso  r e s t r i c t e d  i n  terms o f  the 

systems t h a t  are amenable f o r  study. A basic requirement i s  t h a t  the  

mobile and s ta t ionary  phases must be completely immiscible and both must 

have s u f f i c i e n t  solvency f o r  the solutes.  Consequently solutes must be o f  

medium p o l a r i t y  and one o f  the two phases must i nva r iab l y  be polar,  thus 

compl icat ing the re ten t i on  mechanism w i t h  i n t e r f a c i a l  adsorpt ion and 

resistance t o  mass t rans fe r  problems. 

Un l ike  the  GLC method, only r a t i o s  o f  t he  a c t i v i t y  c o e f f i c i e n t s  o f  a 

so lu te  a t  i n f i n i t e  d i l u t i o n  i n  the mobile and s ta t ionary  phases can be 

obtained by LLC (7.8). I n  order to ob ta in  so lu te  a c t i v i t y  c o e f f i c i e n t s  i n  

one o f  the phases it i s  necessary t o  use Independent means to determine the 

corresponding quant i t y  i n  the other phase. 

Although the l i t e r a t u r e  has not been extensive, a number o f  repor ts  

have appeared i n  which LLC was used f o r  the measurement o f  thermodynamic 
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OXYGENATED HYDROCARBONS 41 

proper t ies  (9.13). Locke (9) combined GLC w i t h  LLC using squalane as a 

common s ta t ionary  phase t o  measure the a c t i v i t y  c o e f f i c i e n t s  o f  a l i p h a t i c  

and aromatic hydrocarbons i n  a c e t o n i t r i l e .  I n  another experiment Locke 

(10) used the  same technique w i th  g lycero l  as s ta t ionary  phase t o  study the 

thermodynamics o f  a l i p h a t i c  alcohols i n  n-heptane. Comparison w i t h  data 

obtained by s t a t i c  methods showed good agreement f o r  c e r t a i n  so lu tes  and 

no t  so good f o r  others. For solutes w i t h  low s o l u b i l i t y  i n  one or  both 

phases the LLC/GLC der ived a c t i v i t y  c o e f f i c i e n t  data were too  l a rge  

compared w i t h  s t a t i c  values. The discrepancy was a t t r i b u t e d  t o  so lu te  

adsorpt ion a t  the l i q u i d - l i q u i d  i n te r face .  

A less i  and K i k i c  studied the systems ani l ine/squalane and a n i l i n e  or  

ace ton i t r i le /Ap iezon L (11-13) and compared t h e i r  r e s u l t s  w i t h  s t a t i c  and 

GLC-derived values. They a1 so observed d i  screpancy , but  a t t r i b u t e d  i t  t o  

the mutual s o l u b i l i i t y  o f  the two phases used i n  LLC. They argued t h a t  

the  LLC-derived values pe r ta in  t o  the mutual ly saturated phases and 

concluded t h a t  the LLC method w i l l  y i e l d  accurate r e s u l t s  on ly  i f  the 

mobile and s ta t ionary  phases are completely immiscible (9 ) .  Support f o r  

t h i s  view was obtained when r e s u l t s  obtained w i t h  Apiezon L as s ta t ionary  

phase were compared w i t h  s t a t i c  measurements (13). 

It appears t h a t  combined LLC/GLC i s  a promising technique, bu t  addi- 

t i o n a l  studies w i th  d i f f e r e n t  systems are needed t o  b e t t e r  appreciate i t s  

c a p a b i l i t i e s  and l i m i t a t i o n s .  

I n  the present study we sought t o  i nves t i ga te  the f e a s i b i l i t y  o f  using 

the  combined LLC/GLC method f o r  the  measurements o f  a c t i v i t y  c o e f f i c i e n t s  

o f  oxygenated organic compounds i n  water. Squalane was used as the cornon 

s ta t ionary  phase and water was used as the mobile phase i n  LLC. 

represents the f i r s t  use o f  water as mobile phase i n  LLC f o r  t he  purpose o f  

de r i v ing  o f  so lu t i on  thermodynamic quant i t ies .  

This 

Water has been prev ious ly  used as s ta t ionary  phase i n  GLC by P o l l a r d  

and Hardy (14). Pecsar and Mar t in  were however, the f i r s t  t o  r e p o r t  a 
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42 JANINI AND QADDORA 

de ta i l ed  study o f  so lu t i on  thermodynamics with water as a GLC s ta t ionary  

phase (15). More recent ly  Shaffer and Daubert (16) obtained a c t i v i t y  coef- 

f i c i e n t s  o f  oxygenated organic compounds i n  water and compared t h e i r  

r e s u l t s  w i t h  s t a t i c  values. 

EXPERIMENTAL 

Gas-Liquid Chromatography 

A Perkin-Elmer Sigma 1B gas chromatograph equipped w i t h  dual column, 

forced a i r  oven, two flame ion i za t i on  detectors, e lec t ron i c  c a r r i e r  gas 

f low con t ro l l e rs  and a Sigma 10 Data S ta t i on  was employed. Column i n l e t  

pressure was measured w i th  an a u x i l i a r y  instrument pressure gauge accurate 

t o  t0.2 ps i ,  and column o u t l e t  pressure was read o f f  a barometer. Oven 

temperatures were independently ca l i b ra ted  w i t h  a thermocouple. 

Temperature cont ro l  was found accurate t o  w i t h i n  tO.2'C. Retent ion data 

was d i r e c t l y  recorded by the on l i n e  data s ta t ion .  An average o f  three 

measurements was taken fo r  each po in t .  The re ten t i on  time o f  methane was 

used t o  cor rec t  f o r  column dead volume. Flow ra tes  were mesured w i t h  a 

soap bubble flow-meter. A l l  so lu te  peaks except f o r  acetone apppeared t o  be 

symmetric. 10.10% squalane on h igh l y  i n e r t  chromosorb W-HP were used i n  

order t o  minimize any con t r i bu t i on  t o  re ten t i on  from adsorpt ion o f  so lu te  

a t  the gas- l iqu id  or l i q u i d - s o l i d  in te r faces .  

L iqu id -L iqu id  Chromatography 

A simple l i q u i d  chromatographic system was assembled cons is t i ng  o f  a 

1000 m l  solvent b o t t l e ,  a de-bubbler, a l i q u i d  metering pump (Glenco HPLC 

pumping system), a pressure gauge (Pye Unicam LC3), a UV detector w i t h  a 

206 n f i l t e r  (Glenco), and a 10 mV potent iometer ic recorder. Samples 

were admitted w i th  a 10 ~1 Hamilton syringe, through an on-column i n j e c t o r .  
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OXYGENATED HYDROCARBONS 43 

The columns were 4 f t  x 4 mn i .d.  s ta in less  s tee l .  The c h a r a c t e r i s t i c s  o f  

the l i q u i d  chromatography columns are presented i n  Table I .  Percent 

load ing  o f  each packing mater ia l  was determined g rav ime t r i ca l l y .  A pre- 

column ( 4  f t  x 4 mn i.d.1 packed w i t h  the same mater ia l  as the separat ion 

column was used and both columns were c o i l e d  and immersed i n  a temperature 

regu la ted  water bath. No temperature f l uc tua t i ons  greater than + O . l " C  

were detectable over extended per iods o f  operat ion.  Flow ra tes  were 

measured w i th  a ca l i b ra ted  25 m l  volumetr ic f l ask  and the measurements were 

p e r i o d i c a l l y  repeated thoughout the operation. A l l  r e ten t i on  measurements 

were read o f f  the recorded chromatograms. The cha r t  speed was r o u t i n e l y  

checked w i t h  a stop watch. A small amount o f  squalane was i n i t i a l l y  

s t r i pped  o f f  the column by the passage o f  several l i t e r s  o f  water through 

the  column dur ing the i n i t i a l  cond i t ion ing .  A f t e r  t h a t  no f u r t h e r  loss  o f  

squalane was detected over extended periods o f  operat ion.  Percent squalane 

was checked g rav ime t r i ca l l y  a t  the end o f  each se t  o f  measurements. Column 

i n t e r s t i t i a l  (dead) volume was determined by a weight d i f f e rence  procedure 

s i m i l a r  t o  t h a t  o f  Slaats e t  a1 (17). Approximately, 200 m l  o f  water and 

methanol were sequent ia l l y  pumped through the column t o  achieve equ i l i b ra -  

t i o n  w i th  each solvent.  A f t e r  each equ i l i b ra t i on ,  the column and i t s  

content o f  s ta t ionary  phase and so lvent  were weighed t o  the nearest  1 mg. 

The column dead volume was then ca lcu la ted  using the equation: 

..... (1 )  

where 

water 

M H ~ O  and k ~ 3 0 ~  are the weights o f  the columns e q u i l i b r a t e d  w i t h  

and methanol respect ively.  The densi ty ( p )  o f  water and methanol 

were l i t e r a t u r e  values a t  the temperature o f  the experiment. 

ex t ra  column dead volume con t r i bu t i on  from the connecting tub ing  and detec- 

t o r ,  were taken i n t o  account. The magnitude o f  the  dead volume obtained by 

t h i s  measurement represents the maximum volume w i t h i n  the column accessible 

The small 
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44 JANINI AND QADDORA 

TABLE I .  Charac ter is t i cs  o f  the  l i q u i d  chromatography columns. 

Column % Squalaneb Mass Mass Dead VL 

Numbera packing (gm) squal ane vol  umeC 

WL(gm) ( cm3 ( cm3 
- 

I 10.24 7.2755 0.7450 19.91 0.9289 
I 1  14.26 7 .a072 1.1133 18.70 1.388 

111 19.99 7 .a440 1.5682 19.59 1.955 
I V  25.94 8.1250 2 .lo76 18.45 2.628 

a - A l l  columns were 4 f t  x 4 mn i.d. 

b - The only support used was chromosorb W-HP 100/120 mesh. 

c - The small ex t ra  column con t r i bu t i on  i s  included i n  t h i s  number. 

t o  a molecule o f  a s ize  comparable t o  the above solvent molecules. Because 

o f  the non porous nature o f  the coated support used, so lu te  molecules which 

are l a rge r  i n  s ize  than solvent molecules are expected t o  experience the 

same dead volume. 

RESULTS AND DISCUSSION 

F i r s t ,  we present a b r i e f  review o f  the re levant  equations o f  the ther-  

modynamic theory o f  so lu te  re ten t i on  i n  LLC as developed by Mar t i re  and 

Locke (7,8). 

Solute ne t  re ten t i on  volume (VN) i s  given by: 

VN = VR - VM = KVL ...... (2) 
where VR i s  solute re ten t i on  volume; VM i s  the  column i n t e r s t i t i a l  (dead) 

volume, K i s  the so lu te  d i s t r i b u t i o n  c o e f f i c i e n t ,  and VL i s  the  volume o f  

s ta t ionary  phase i n  the  column. 

from chromatographic operat ing parameters, the  spec i f i c  re ten t i on  volume 

( V g )  i s  def ined as: 

I n  order t o  present an expression f r e e  
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OXYGENATEDHYDROCARBONS 

K VN - 
vg = PL 

45 

.... ( 3 )  

where WL i s  the mass o f  s ta t ionary  phase i n  the column and PL i s  the  den- 

s i t y  o f  the s ta t ionary  phase a t  the column temperature. 

Choosing the pure l i q u i d  so lu te  as the standard s ta te  o f  the so lu te  i n  

the  so lu t i on  and se lec t ing  standard atmospheric pressure as the reference 

pressure f o r  the so lu t ion ,  i t  could be shown tha t :  

where Y2m9m and Y2"- are the so lu te  i n f i n i t e - d i l u t i o n  a c t i v i t y  coef- 

f i c i e n t s  a t  the column temperature and standard atmospheric pressure i n  the 

mobile phase ( m )  and the s ta t ionary  phase (s); I$,, and M, are the molar 

masses of the m b i l e  and s ta t ionary  phases respec t ive ly ;  p,,,(T) i s  the 

e luent  densi ty a t  T; i s  the mean column presure and Vzm and V2' a;e 

the  so lu te  p a r t i a l  molar volumes i n  the mobile and s ta t i ona ry  phases 

respec t ive ly .  As ind ica ted  by the above authors, the l a s t  term i n  the 

r.h.s. i s  neg l i g ib l y  small a t  moderate pressures, and since no attempt was 

made i n  t h i s  work to study the pressure dependence o f  Vg, the fo l l ow ing  

s i m p l i f i c a t i n  could be sa fe ly  used. 

.... ( 5 1  

I n  chromatography, we o r d i n a r i l y  want K values i n  the  range from 1 to 

100. For K < 1, solutes e l u t e  very f a s t  and t h e i r  repara t ion  becomes 

d i f f i c u l t .  For K > 100, so lu te  re ten t i on  times are excessively high. These 

cond i t ions  imply t h a t  both the mobi le and s ta t i ona ry  phases be good 

so lvents  f o r  the solute,  bu t  t h a t  the s ta t ionary  phase be a b e t t e r  so lvent  

than the  mobile phase. The f a c t  t h a t  immiscible solvents are requ i red  i n  
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46 JANINI AND QADDORA 

LLC imp l ies  t h a t  the  a c t i v i t y  c o e f f i c i e n t s  o f  the so lu te  w i l l  be d i s t i n c t l y  

d i f f e r e n t  i n  the two phases. Consequently, t h e i r  r a t i o  encountered i n  

eqn.(4) w i l l  d i f f e r  from un i ty ,  and t h i s  i s  why LLC works as a separat ion 

technique. 

The temperature dependence o f  the re ten t i on  volume i s  given as: 

.... (6) 

where AHze i s  the p a r t i a l  molar enthalpy o f  t rans fe r  o f  so lu te  from mobile 

t o  s ta t ionary  phase ( the  d i f fe rence i n  the p a r t i a l  molar excess enthalpies 

o f  mixing o f  so lu te  w i th  the mobile and s ta t i ona ry  phases respec t ive ly ) ;  

and a,,, i s  the c o e f f i c i e n t  o f  thermal expansion o f  the  mobile phase. 

Solute spec i f i c  re ten t i on  volumes (Vg) were obtained f o r  a l l  solutes a t  

th ree  temperatures through eqns. ( 2 )  and (31, u t i l i z i n g  the  apparatus and 

procedures ou t l i ned  under Experimental. The Vg's reported i n  Table I 1  

represent the average o f  three re ten t i on  volume measurements f o r  each 

so lu te  a t  each temperature. To ensure t h a t  the values obtained are unique 

t o  the solute-solvent system and independent o f  the  p a r t i c u l a r  column used 

and the experimental condi t ions,  the  e f f e c t  o f  sample s ize,  f low r a t e  and 

l i q u i d  phase loadings were examined. Several experiments were conducted 

us ing  d i f f e r e n t  f low ra tes  (1-3 ml/min) and d i f f e r e n t  sample s izes (0.2 - 2 

~ 1 )  t o  conf i rm t h a t  the re ten t i on  volumes were independent o f  f low r a t e  and 

sample size. To determine whether l i q u i d  phase load ing  a f f e c t s  re ten t i on  

measurements, Vg values f o r  a se t  o f  solutes were obtained a t  3OoC on four  

d i f f e r e n t  columns. The cha rac te r i s t i cs  o f  the columns are presented i n  

Table I and the Vg data, together w i t h  the average Vg and the  percent re la -  

t i v e  standard dev ia t ion  f o r  each so lu te  are given i n  Table 111. Except f o r  

propionaldehyde which has a small re ten t i on  volume, the agreement among the 

data i s  considered acceptable. Furthermore, the agreement among the  data 

improves w i th  increasing re ten t i on  volume. It i s  t o  be noted, however, 
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OXYGENATEDHYDROCARBONS 47 

TABLE 11. Solute s p e c i f i c  r e t e n t i o n  volume i n  the  system squalane/water. 

So lu te  Vg(m1 g - l )  
25°C 3OoC 35OC 

acetone 1.234 1.241 1.253 
e t h y l  methyl ketone 1.547 1.702 1 A 2 7  
2-pentanone 3.108 2.967 3.179 
3-pentanone 3.277 3.506 4.669 
2-heptanone 19.04 14.02 16.52 
acetaldehyde 1.433 1.243 1.518 
prop iona l  dehyde 1.348 1.134 1.205 
n- bu t y  r a l  de hyde 1.756 1.884 1.756 
e t h y l  ace ta te  3.008 2.757 3.108 
n-propyl acetate 7.881 8.559 9.247 
i so-propyl ace ta te  6.885 6.552 7.672 
n-butyl  ace ta te  29.58 33 .OO 37.11 
phenol 1.338 1.400 1.253 
o-cresol  2.102 2.415 2.434 
m-cresol 1.675 1.789 1.960 
p-cresol  1.841 1.817 1.808 

TABLE 111. Solute Vg values on f o u r  columns with d i f f e r e n t  l i q u i d  phase 

percent  load ings  a t  30°C. 

sol Ute percent l o a d i n g  Average R e l a t i v e  X 
10.24 14.26 19.99 25.94 V9 standard 

d e v i a t i o n  

propionaldehyde 1.295 1.347 1.244 1.134 1.255 7.36 
e t h y l  acetate 2.953 2.864 2.866 2.757 2.860 2.83 
3-pentanone 3.838 3.907 3.720 3.506 3.743 4.69 
n-propyl  acetate 8.831 8.939 8.585 8.559 8.730 2.13 
n-bu ty l  ace ta te  34.11 33.41 33.22 33.00 33.44 0.68 
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t h a t  the deviat ions are higher than cxpected on the basis o f  reproducibi-  

l i t y  o f  Vg values on a s ing le  column. 

The experiment lead ing  t o  the data presented i n  Table 111 was p r i m a r i l y  

conducted i n  order t o  assess the s ign i f i cance o f  the  con t r i bu t i on  o f  i n t e r -  

f a c i a l  adsorption mechanisms t o  so lu te  re ten t ion .  Because o f  the nature o f  

LLC, e i t h e r  the mobile phase or  the Stat ionary phase must be polar.  For 

t h i s  reason, the problem o f  so lu te  adsorpt ion on the surface o f  the po la r  

phase cannot be overlooked. I t i s  c lear,  however, t h a t  the magnitude o f  

t he  i n t e r f a c i a l  e f f e c t s  i s  not always pred ic tab le  and must be inves t iga ted  

on a system by system basis. Thermodynamic in fo rmat ion  nevertheless could 

s t i l l  be re t r i eved  from re ten t i on  data o f  systems e x h i b i t i n g  i n t e r f a c i a l  

adsorption. This i s  usua l ly  accomplished by expanding the re ten t i on  

equation t o  (18):  

VN = KVL t K 'AL  ....... ( 7 )  

where K '  i s  the l i q u i d  surface adsorpt ion p a r t i t i o n  c o e f f i c i e n t ;  AL i s  the 

l i q u i d  phase surface area; and the  other terms are as def ined e a r l i e r .  

Rea l is ing  t h a t  Vg i s  equal t o  the net re ten t i on  volume (V,) per gram of 

s ta t ionary  phase, equation 7 may be rearranged to: 

where PL and WL are the densi ty and mass o f  l i q u i d  phase i n  the column. 

I n  the absence o f  i n t e r f a c i a l  e f fec ts ,  p l o t s  o f  Vg versus 1/WL w i l l  be 

hor izon ta l  t o  the x-axis, wh i le  s lop ing  o r  even curved l i n e s  are ind ica-  

t i v e  o f  i n t e r f a c i a l  adsorption. 

Figure 1 shows Vg versus 1/WL p l o t s  f o r  our systems w i t h  data obtained 

from Tables I and 111. I n  a l l  cases hor izonata l  l i n e s  could be drawn 

through the po in ts  if the experimental e r r o r  i nd i ca ted  i n  Table 111 could 

be tolerated. I t appears, however, t h a t  the  re ten t i on  volumes are s l i g h t l y  

b u t  syrt&t~cal ly  InetCILff ig wi th  decrease of WL. This ind ica tes  t h a t  
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Figure 1 .  Vg versus l /WL p lo ts .  Solutes : 
(1)= propionaldehyde ,. ( 2 ) =  ethyl  acetate ; 
(3)= 3-pentanone;and ( 4 ) =  n-propyl acetate 
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i n t e r f a c i a l  e f f e c t s  become increas ing ly  more s i g n i f i c a n t  w i t h  l i g h t l y  

loaded columns as the surface t o  bulk r a t i o  increase. w i t h  t h i s  i n i t i a l  

check on the r e l i a b i l i t y  o f  the data and the  magnitude o f  the e r ro rs  

invo lved we proceed t o  analysis o f  the LLC thermodynamic data generated on 

the  25.94% column and reported i n  Table 11. 

I n  order t o  Calculate y2msm according t o  eq. ( 5 1 ,  i t  i s  necessary t o  

have y2"- f o r  the  same se t  o f  solutes. This data was obtained by a GLC 

experiment, the d e t a i l s  o f  which are presented elsewhere (19).  The r e s u l t s  

f o r  non-polar and s l i g h t l y  po la r  solutes agree w i t h  l i t e r a t u r e  values t o  

w i t h i n  *l% (20). The po la r  oxygenated hydrocarbons d i d  no t  reproduce as 

we l l  because o f  the  dependence o f  re ten t i on  data on sample s ize .  The 

accuracy i n  the values f o r  acetone and methyl e thy l  ketone, which 

represent the worse sca t te r  o f  our resu l t s ,  was w i t h i n  5%. 

Y z s * -  

y2s9m and Y2msm a t  25OC, 3OoC and 35'C are presented i n  Table I V .  

Solute a c t i v i t y  c o e f f i c i e n t s  i n  water are a l l  l a rge  v e r i f y i n g  the expected 

poor s o l u b i l i t y  o f  organic compounds i n  water. The greater the organic 

character o f  a solute,  the l a r g e r  i s  the value o f  i t s  a c t i v i t y  c o e f f i c i e n t .  

Large LLC der ived a c t i v i t y  c o e f f i c i e n t s  are usua l ly  t rea ted  w i t h  suspic ion 

( 9 )  because o f  the p o s s i b i l i t y  o f  compl icat ions t o  the so lu t i on  process 

from i n t e r f a c i a l  adsorption. While the absolute accuracy o f  our data can- 

no t  be predicted, the  r e p r o d i c i b i l i t y  o f  the Vg data presented i n  Table I 1 1  

suggests t h a t  the e r r o r  i s  no t  greater than the  standard dev ia t ion  given i n  

the  Table. Such percentage e r ro rs  i n  i n f i n i t e  d i l u t i o n  a c t i v i t y  coef- 

f i c i e n t  data can general ly be to le ra ted .  It has been suggested (21). f o r  

example, t h a t  a 210% v a r i a t i o n  i n  a c t i v i t y  c o e f f i c i e n t  data does not a f f e c t  

p red ic t ions  o f  vapor - l iqu id  e q u i l i b r i a .  The data i s  a lso  useful  f o r  the 

est imat ion o f  s o l u b i l i t y  l i m i t s ,  octanol - water p a r t i t i o n  coe f f i c i en ts ,  

and Henry's law constants. 

An estimate o f  the degree o f  accuracy o f  the data i s  provided by com- 

par ing  i n  Table V, volume f r a c t i o n  based a c t i v i t y  c o e f f i c i e n t s  f o r  c e r t a i n  
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OXYGENATEDHYDROCARBONS 5 1  

TABLE I V .  I n f i n i t e  d i l u t i o n  a c t i v i t y  Coe f f i c i en ts  o f  so lu tes  i n  

water and i n  squalane. 

Solute 

acetone 
e thy l  methyl ketone 
2-pentanone 
3-pentanone 
2-heptanone 
acetal  dehydea 
propional  dehydea 
n-butyral  dehydea 
e thy l  acetate 
n-propyl acetate 
i so-propyl acetate 
n-butyl  acetate 
phenol 
o-cresol 
m-cresol 
p-cresol 

ZS"C 

s,m m,- 

2.142 61.86 
1.816 65.74 
1.857 135.1 
1.761 134.8 
1.980 882.2 
0.877 29.40 
1.534 48.67 
1.684 69.2 
1.513 107.1 
1.632 301.6 
1.550 251.2 
1.525 1058 

17.96 551.2 
8.211 403.1 

14.68 574.3 
17.17 738.2 

2.039 59.11 
1.772 72.32 
1.802 125.0 
1.704 139.6 
1.911 626.0 
0.896 26.04 
1.513 40.10 
1.638 72.11 
1.500 96.63 
1.572 314.4 
1.527 233.8 
1.489 1155 

15.14 495.3 
6.722 379.4 

13.26 554.3 
14.40 611.6 

1.945 56.85 
1.733 73.86 
1.749 129.7 
1.653 180.0 
1.850 713.0 
0.9165 32.45 
1.486 41.79 
1.596 65.38 
1.478 107.1 
1.515 326.8 
1.497 268.0 
1.547 1261 

12.84 375.3 
5.536 314.4 

11.98 547.7 
12.09 510.0 

solutes w i t h  independent measurements reported by Wasik e t  a1 (22).  This 

s e t  o f  data was selected from scarce l i t e r a t u r e  sources because o f  i t s  

r e l i a b i l i t y .  The method used f o r  the generation o f  the l i t e r a t u r e  data was 

developed a t  the Nat ional  Bureau o f  Standards over a per iod  o f  f i v e  years 

(23)  and has been va l ida ted  f o r  t h i s  type o f  measurements. I n  order t o  

f a c i l i t a t e  the comparison our ~ 2 ~ ~ " "  data (Table I V )  was converted from 

mole f rac t i on  based a c t i v i t y  c o e f f i c i e n t s  t o  volume-fraction based a c t i v i t y  

c o e f f i c i e n t s  . 
The agreement among the data presented i n  Table V i s  q u i t e  s t a t i s f a c -  

t o r y  consider ing t h a t  we are comparing two independent techniques. The 

coincidence o f  the values f o r  acetaldehyde i s  probably f o r t u i t o u s  and one 

o f  the two values f o r  rn-cresol must be i n  e r ro r .  

Turning our a t t e n t i o n  t o  the e f f e c t  o f  temperature on the  re ten t i on  

volume, we f i n d  t h a t  i n  most systems studied by others w i t h  organic 
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52 JANlNI AND QADDORA 

TABLE V.  Comparison o f  volume-fraction based a c t i v i t y  c o e f f i c i e n t s  

i n  water a t  2 5 O C  by LLC and generator-column methods. 

Solute 

acetaldehyde 9.30 9.33 
e thy l  acetate 19.7 14.1 
3-pentanone 22.9 17.8 
n-propyl acetate 47.2 43.7 
n-butyl  acetate 144 132 
m-cresol 99 .o 331 

psMw 
where + = volume f r a c t i o n  ; a - yo  = yx ----- 

PWMS 

x = mole f r a c t i o n  ; p = densi ty ; M = molar mass ; 

s= so lu te  and w = water. 

solvents (9,101 p l o t s  o f  the logar i thm o f  Vg versus rec ip roca l  temperature 

were 1 i near, thus enabl i ng the determi na t i on  of AHze according t o  

eqn.(6). The e f f e c t  o f  temperature i n  our systems i s  s t r i k i n g l y  d i f f e r e n t  

because o f  the complex nature o f  sol  ubi  1 i ty  o f  organic compounds i n  water. 

No apparent trends are observed and depending on the solute,  Vg may 

increase o r  decrease w i th  increasing temperature, bu t  not necessar i ly  i n  a 

l i n e a r  fashion. It i s  a lso  observed t h a t  some solutes have maxima and 

others have minima i n  Vg and i n  y2m,* values i n  the  temperature range 

studied. This t rend was also observed by Pecsar and Mar t in  (15) w i t h  

i n f i n i t e  d i l u t i o n  a c t i v i t y  c o e f f i c i e n t s  o f  organic solutes i n  water. The 

absolute values o f  the a c t i v i t y  c o e f f i c i e n t s  f o r  some o f  t h e i r  solutes t h a t  

over lap our se t  of solutes are. however, considerably d i f f e r e n t  from our 

data. 
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