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AN EXTENSION AND NEW INTERPRETATION 
OF OSCIK'S EQUATION DESCRIBING 
LlQU ID CHROMATOGRAPHY WITH 

MIXED MOBILE PHASES 

D. E. Martire and M. Jaroniec* 
Department of Chemistry 

Georgetown University 
Washington, D.C. 20057 

ABSTRACT 

?+n extension of OBcik's or iq ina l  approach, which was f i r s t  proposed f o r  l iquid-  
so l id  chromatography (LSC) with a multicomponent e luent  i n  the normal-phase 
mode (Przem. Chem. 44, 1965, 129) ,  leads t o  a new equation descr ibing the 
dependence of the d is t r ibu t ion  coef f ic ien t  upon mobile phase composition. This 
cquation is also derived i n  t e r m  of tlie expressions def ining c l a s s i c a l  
par t i t ion ing  (J. Phys. Chem. 87, 1983, 1045). The above der ivat ion provide6 
a new view on the  physical waning of the  parameters and indicates  t h a t  OScik's 
equation is mre s u i t a b l e  for  descr ibing p a r t i t i o n  e f f e c t s  i n  reversed-phase 
l iqu id  chromatography (FPLC) . 

INTRODUCTIOEI 

I n  1965 OAcik (1) derived an equation descr ibing thin- layer  adsorption 

chromatography with multicomponent mabile phases. An extensive discussion 

deal ing w i t h  the theore t ica l  foundations of t h i s  equation and i t s  appl icat ion 

for  analysinq chromatographic data is given i n  two reviews (2,3). In 1978 

Jaroniec a t  a l .  (4) prosented 06cil:'s equation i n  t e r m  of d i s t r i b u t i o n  

* Permanent address I I n s t i t u t e  of Chemistry, H. Curie-sklodcuska University, 
20031 Lublin, Poland. 
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1364 MARTIRE AND JARONIEC 

coeff ic ients  and compared i t  with Snyder's re la t ionship  ( 5 ) .  It follows from 

t h i s  comparison t h a t  the  main t e r m  appearing i n  these equations a r e  qui te  

d i f fe ren t ,  Snyder's appmach (5) implies t h a t  the t o t a l  s o l u t e  re tent ion i n  

a multicomponent s ta t ionary  phase is a l i n e a r  containation of independent 

re tent ion contributions involving successive so lu te  - pure solvent adsorption 

exchanges between the mobile (L) and s ta t ionary  (u) phases. In the case where 

both phases are ideal  t h i s  approach qivesi 

where k and kstiIi) are  the d is t r ibu t ion  coef f ic ien ts  of the  s-th 

so lu te  chromatographed i n  a n-component e luent  and the  i - th  pure solvent ,  

respect ively,  p designates 

i s  the  volume f rac t ion  of  the i-th solvent  i n  the s ta t ionary  (surface)  phase, 

and the  subscr ipt  (;/z) designates compositions of mabile and s ta t ionary  

phases, respectively. Thermodynamical j u s t i f i c a t i o n  of equation 1 made by 

Jaroniec e t  a l .  ( 4 )  and Hart i re  and Boehm (6,7) shows t h a t  the so lu te  and 

solvent competitive adsorption is the main physical bas i s  of  i t s  der ivat ion,  

This competitive adsorption (displacement) m d e l  of the  LSC process was widely 

studied by Snyder (8 ,9 ) .  

s by;) 

a m u l t i c o p n e n t  l i q u i d  mixture (1+2+. ..+n) , 0: 

However, the  main term i n  OBcik's equation has a form considerably 

d i f fe ren t  than equation 1 I it i s  

OBcik's equation, derived in  terms of c l a s s i c a l  themdynamics of d i l u t e  

conformal solut ions (1) , i s  much tm  general and therefore  qives scant  

information about the  physical b a s i s  of LSC process on a molecular level .  

Recently, Jaroniec e t  a l .  (10) pointed o u t  the p o s s i b i l i t y  of a new interpreta-  

t ion  of Odcik's equation i n  t e r m  of a unif ied formulation of t h e  LSC 

process (11). This paper presents  an extension of OBcik's o r i g i n a l  equation 

and i t s  new in te rpre ta t ion  on a m l e c u l a r  level .  
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OSCIKS EOUATION 1365 

EXTENSIaJ OF OSCIK'S EQUATION DESCRIBING LC WITH MLLTICOMPCPIENT ELUENTS 

L e t  u s  consider a chromatographic system consis t ing,  i n  general, of  

a multicomponent m h i l e  phase (solvents  l l Z l . . , l n ~  and a multicomponent 

s ta t ionary  phase of the same components, bu t  under the inf luence of t h e  under- 

lying support surface assumed t o  he a honugeneous one (see l a t e r ) .  We designate 

the composition var iables  (volume f rac t ions)  of the mobile phase components 

by of and those of the  stationary-phase components by 4; , and 

a , a .  ( 3 )  

The surface i s  assumed 

s ta t ionary  phase and, 

to influence the various molecular in te rac t ions  i n  the 

hence, t o  s e t  the composition var iables  i n  t h a t  phase. 

Retention is  taken t o  be governed exclusively by par t i t ion ing  between a mobile 

phase and a s ta t ionary  phase having d i f f e r e n t  composition var iables .  Since 

competitive adsorption (displacement) i s  ignored, t h i s  treatment i s  not  expected 

t o  be applicable t o  normal-phase l iquid-sol id  (adsorption) chromatography. 

Instead, it i s  directed toward a general formulation which should be appl icable  

t o  reversed-phase l iqu id  chmmatogrnphy including, under cer ta in  condi t ions,  

chemically bonded phases. 

Based on c l a s s i c a l  thermodynamics of d i l u t e  conformal solut ions Olcik (1,2) 

expressed the standard chemical p t e n t i a l  of the s-th so lu te  a t  an i n f i n i t e l y  

low concentration i n  a n-component l iqu id  phase a s  follows: 

where ~ ' p s ( ~ )  
pure solvent  forming t h e  p-th phase and 

a n-component l iquid mixture forminq t h e  p-th phase. The function GTLY was m o t  

considered by OBcik (1). Ilowever, it represents  in te rac t ions  between solvent  

molecules i n  the p-th phase and in  many chromatographic sys tem it introduces 

a s ign i f icant  contr ibut ion to the t o t a l  so lu te  re tent ion (11). ?he funct ion 

G e l p  

i s  the standard chemical po ten t ia l  of the  s-th so lu te  i n  the i - t h  

G e f p  i s  the excess f r e e  energy of (3 

may be approximated by a simple exprossion (11) I 
(E) 
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1366 MARTIRE AND JARONIEC 

where BPIj f o r  i , j  - lI2,.. . ,n and j > i  r e f l e c t  the contr ibut ion from aolvent 

nonideality. 

According t o  reference ( 2 )  the  d is t r ibu t ion  coef f ic ien ts  ks(n/n) and k 

of the a-th solute  chromatographed in a n-component e luent  and the i - th  pure 

aolvent, respectively, may be expressed a s  f o l l a r s :  

-- s ( i / i )  

To derive the equation describing the dependence of the d is t r ibu t ion  coef f ic ien t  

kS(,,In) upon mobile phase composition w e  should f i r s t  oalculate  t h e  difference 

of the standard chemical po ten t ia l s  u:(?) and use(,,) (see equation 6). This 

difference,  calculated on tho basis  of equations 4 and 5 , is equal to t  

-- 
- 

Subtracting and adding t o  the right-hand s ide  of equation 8 the  foliating 

expression 

Y - 1! 
i-1 

we obtain 

Combining equations 6, 7 and 10, we have 

where 

and 
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OSCIK'S EQUATION 1367 

Taking i n t o  account i n  equation 11 t h e  following re la t ionship  ( 2 )  I 

we have 

j >i j > i  

We parameter i' , is defined as followsi 
s ( in)  

In the above, 

of the s-th so lu te  between two surface-influenced solvents  "i" and "n" . K z ( i n )  
may be regarded aa a hypothet ical  p a r t i t i o n  coef f ic ien t  

Equation 15 may be rewri t ten i n  o ther  forms. We f i r s t  of them contains 

the term given by equation 2 J it i s  

where 

Cm the bas i s  of equations 7 and 16 it i s  a simple matter t o  s h o w  t h a t  

where K:(in) 

between two bulk solvents  "in and "n" . 
is  a hypothetical p a r t i t i o n  coef f ic ien t  of the s-th so lu te  

The second form of equation 1 5  def ines  t h e  dependence of ks(,,,L) upon 

d i l e  phase composition i n  term8 of new p a r t i t i o n  coef f ic ien ts  of the  s-th so lu te ,  

it i s  
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1368 MARTIRE AND JARONIEC 

where ks(i,n) 

two separate  pure phases1 nobile phase "i" and surface-influenced s ta t ionary  

phase "n". I t  is worth mentioning t h a t  the d is t r ibu t ion  coef f ic ien t  ks(i/i) 

given by equation 7 a lso  defines p a r t i t i o n  of the s-th so lu te  between two 

separate  phases where both phases contain the i - th  solvent. The p a r t i t i o n  

coef f ic ien t  k appearing i n  equation 20 is defined as follows8 

represents the p a r t i t i o n  coef f ic ien t  of  t h e  s-th s o l u t e  between 

s ( i /n)  

Comparing equations 7, 16 and 21 we have1 

An a l te rna t ive  form of equation 15 may be w r i t t e n  i f  we introduce the  p a r t i t i o n  

coef f ic ien ts  ks(nli) for  i - 1f2, . . . fn  defined a8 f o l l m s r  

?he coef f ic ien t  ks(n/i) 

separate  pure phasest mobile phaoe "n" and surface-influenced s ta t ionary  phase 

I, i" 

kS(,,ii) (i - 1,2,...,n) as  f o l h s l  

describes p a r t i t i o n  of the s- th  s o l u t e  between two 

. Returning t o  equation 1 5 ,  we wri te  it i n  t e r m  of the p a r t i t i o n  coef f ic ien ts  

The re la t ion  between ks(i/i) and k is analogous t o  t h a t  given by 

equation 221 it is 
s (n/ i )  

Equation 15 and its other  form (equations 17, 20 and 24) contain four 

terms. In all equations the  t h i r d  and fourth t e r m  a r e  ident ica l  and they def ine 

the contribution t o  the total so lu te  re tent ion resu l t ing  from in te rac t ions  

between solvent nolecules in nubile and surface-influenced s ta t ionary  phases. 
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OSCIKS EQUATION 1369 

The f i r s t  term, giving a grea tes t  contr ibut ion t o  the t o t a l  s o l u t e  re ten t ion ,  

is  expressed by a sum, i n  which each term i s  a simple product of the  volume 

f rac t ion  of the i - th  solvent and logarithm of the  s u i t a b l e  d i s t r i b u t i o n  

coef f ic ien t  of the s-th solu te  between two separate  pure phases. However, the 

second term contains d is t r ibu t ion  coef f ic ien ts  of the s-th so lu te  between two 

pure solvents  contained in  the bulk phase or surface-influenced s ta t ionary  

phase. The mathematical forms of the  f i r s t  and second t e r m  depend upon 

def in i t ion  of the d is t r ibu t ion  coef f ic ien ts  of the s-th solute .  

It i s  worth mentioning another form of equation 15, which may be useful  

to  obtain equations f o r  l iquid/ l iquid chromatography and LC with chemically 

bonded phases. Introducing hypothet ical  p a r t i t i o n  cuef f ic ien ts  of t h e  s-th so lu te  

between the i-th pure solvent  forming t h e  bulk phase and a n-component surface- 

influenced eluent  consis t ing of the equilibrium 

obtain 

where 

mixture (1+2+...+n), we can 

I t  i s  a simple matter to s h m  t h a t  

Equation 26 has a very simple form, which i s  convenient f o r  analysing p a r t i t i o n  

phenomenon of a so lu te  between two separate  phases containing components, which 

are  immiscible with those appearing i n  the neighbouring phase. As an example 

of chromatographic s y s t e m  f u l f i l l i n g  the  above assumption we can ind ica te  

W L C  s y s t e m  w i t h  chemically bonded phases, i n  which solvents  are  excluded from 

the s ta t ionary  phase. Also l iquid/ l iquid chromatographic systems usually contain 

l iquid components in  the stat ionary phaee, which are  v i r t u a l l y  immiscible w i t h  

those appearing in  the nubile phase. 
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1370 MARTIRE AND JARONIEC 

IIITEWPZTATION OF OSCIK'S EXTENDED EQUATION IN TERMS OF REGULAR SOLUTION 

LnTTICE THEORY 

In the previous sect ion we extended OBcik's or ig ina l  expressions for  the  

standard chemical po ten t ia l s  of t h e  s- th  so lu te  a t  an i n f i n i t e l y  low concen- 

t r a t i o n  i n  n-component bulk and surface so lu t ions  (see equation 4 ) .  I t  has been 

shown t h a t  this extension loads t o  a new equation 15 descr ibing t h e  dependence 

of t h e  d is t r ibu t ion  coef f ic ien t  of the  s-th s o l u t e  upon m b i l e  phase composition. 

lhis sect ion shows t h a t  equation 15 and its equivalent  forms (equations 17,  2 0 ,  

24  and 26)  may be j u s t i f i e d  i n  terms of a regular  solut ion theory approach. 

Let us consider the  chromatographic system defined i n  the  beginning of the 

previous section. The mobile and surface-influenced s ta t ionary  phases a re  

assumed to be r e q d a r .  Thus, nonideal i ty  of these phases may be described i n  

t e r m  of regular solut ion l a t t i c e  theory. Prom a st ra ightforward extension of 

this theory, we have 

where are  a c t i v i t y  coef f ic ien ts  of the  s-th s o l u t e  a t  i n f i n i t e  

di lut ion i n  a n-component l iqu id  mixture and t h e  i - th  pure solvent ,  respect ively,  

forming the p-th phase, where the subscr ipts  II and a rofer  to the  mobile and 

surface-influenced s ta t ionary  phases, respectively. The def in i t ion  of the above 

ac t iv i ty  coeff ic ients  is based on the convention t h a t  y: * 1 9: * 1 . The 

parameter x e j  i s  defined as  follwst 

and y:(i) 

as  

where w i j  is a segmental energy for  the  in te rac t ion  between the  i-th and j-th 

components i n  the p-th phase, 

and zp 

coef f ic ien t  is  equal t o t  

AuYj is t h e  corresponding interchange energy 

is the  l a t t i c e  coordination nunher f o r  the p-th phase. Ihe a c t i v i t y  

In Y ; ( ~ )  - (1 - rs/ri) + re xp for  i - 1,2 ,..., n-1 and p = II , a (31) i s  

and 
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rs/rn) + rs x& (32)  

rs/rn) + rs x i s  + bn . (33)  

i s  t h e  well-known in te rac t ion  parameter, which is r e l a t e d  t o  

the segmental interchange energy of t h e  i - th  solvent  and s-th s o l u t e  and is 

defined by an equation analogous t o  equation 30. The parameter 

denotes the  number of segments in  a m l e c u l e  of the i-th component. I n  the 

expression defining the  a c t i v i t y  coef f ic ien t  of  the s-th so lu te  and t h e  n-th 

pure solvent  forming the surface-influenced s ta t ionary  phase we have included 

a correct ion term 

n-th component is  a chemically bonded phase (CBP)! i n  such case, of course, 

0, = 0 and A,, = 0.  lbe  simple correct ion of the form 

shown is s t r i c t l y  va l id  when the CBP i s  "collapsed" or nearly SO, implying 

l i t t l e  uptake of the solvent components by t h e  s ta t ionary  phase, i.e., $: 

small (i  p' n )  (11). In thin collapsed-chain l i m i t  An depends only on the  

surface coverage and i n t r i n s i c  f l e x i b i l i t y  of the  CBP chains, and on the  nature  

of the  solute. 

ri ( i= l f2 , . . , ,n )  

An . ?his i s  t o  permit i n  the theory the  p o s s i b i l i t y  t h a t  

e An f 0. In other  cases 

is 

In  c lass ica l  par t i t ion ing ,  t h e  d is t r ibu t ion  coef f ic ien t  of the  s - th  so lu te  

between two phases: mobile and surface-influenced s t a t i m a r y  phases cons is t ing  

of the  solvents 1 , 2 , . . . , n  , is defined as follows (11,12)1 

Conbining equations 29 and 34 we have 

j > i  j>i 

?he expression l ~ ~ ( y : ( ~ ) / y : ( ~ )  ) 

a nubi le  phase of the i - t h  pure solvent  and a s ta t ionary ,  surface-influenced 

phase containing t h i s  same pure solvent. Taking i n t o  account in  equation 35 t h a t  

denotes the  so lu te  p a r t i t i o n  c o e f f i c i e n t  between 
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1372 MARTIRE AND JARONIEC 

we obtain 

j >i 

?he syrrbol 

the s-th solute  between two pure surface-influenced phases, "i" and "n". 

In(yz ( n ) / y z ( i ) )  represents a h y p t h e t i c a l  p a r t i t i o n  c o e f f i c i e n t  of 

Equation 37 is formally ident ica l  to equation 15 based on an extension 

of  Odcik's treatment. Comparing these equations, we can def ine the  p a r a m t e r s  

appearing in  05cik's equation by mans  of t h e  molecular parameters used i n  the 

regular l a t t i c e  theory. ?his comparison gives, 

For prac t ica l  purposes, it is  useful  t o  recas t  equation 37. men,  we rewri te  

it as f o l l m s i  

j > i  j >i 

where (y: ( i ) /yz(n))  denotes t h e  hypothet ical  partition coef f ic ien t  ks(i,n) 

appearing i n  equation 20 and 

coef f ic ien t  go s(in) 

terms of the parameters of regular  solut ion l a t t i c e  theory, is 

( Y ~ ( ~ ) / Y : ( ~ ) )  is  equal to the P a r t i t i o n  

defined by equation 39. This f i r s t  coef f ic ien t ,  defined in  

Comparison of Obcik's extended formulation of  LC with mixed mobile phases 

t o  t h a t  describing c l a s s i c a l  par t i t ion ing  i n  terms of the  regular  solut ion 

l a t t i c e  theory shows t h a t  both formulations a re  equivalent)  t h i s  means t h a t  
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OSCK'S EQUATION 1373 

Olcik 's  o r ig ina l  and extended equations a re  not  expected t o  be appl icable  t o  

normal-phase LSC but  they a re  more s u i t a b l e  for  descr ibing WLC 

under cer ta in  conditions, chemically bonded phases. Moreover, the regular  

solut ion l a t t i c e  theory makes possible  def in i t ion  of the parameters appearing 

in  O l c i k ' s  o r ig ina l  equation on a molecular level .  

including, 

SIMPLIFIED EQUATIOtlS AND THEIR DISCUSSICN 

I t  follows from discussion presented i n  the previous sect ion t h a t  equation 

1 5  and its other  f o r m  (equations 1 7 ,  20 ,  24 and 26) should be capable of 

describing reversed-phase LSC s y s t e m  ( W  LSC) and, a8 we shall s e e ,  reversed- 

phase l iquid chromatographic sys tem with chemically bonded phases (RPLC-CBP). 

In the  f i r s t  case, t h e  surface inf luence provides the  dr iving force t h a t  

determines the composition of the s ta t ionary  phase, In the second case,  the  

influecce of the underlyinq support surface should be only a secondary e f fec t .  

?he above equations may appear to be formidable, b u t  under cer ta in  rea l izable  

conditions, they simplify considerably. 

Let f i r s t  consider WLSC s y s t e m  with nearly i d e a l  mixing of solvent  

components i n  the mobile phase. Ihen 

I f  the  solvent  mixture is  also nearly i d e a l  i n  the s ta t ionary  phase, i .e . ,  

6:. - rs x ? .  = 0 f o r  i , j  = 1,2 ,..., n and j > i  
11 11 

(44 )  

and, a s  w a s  mentioned e a r l i e r ,  the  competitive adsorption i s  ignored, we observe 

no surface b ias  on the  mmposition of the  s ta t ionary  phase and, hence, 

0: - 4; f o r  i - 1,2 ,..., n . (45 )  

Under above conditions given by equations 43, 44  and 45 ,  equation 15  becomes 

the well-knwn relat ionship expressed by equation 2. Ihe coef f ic ien ts  ks(i,i) 

can be d i f f e r e n t  than unity and d i f f e r e n t  for  d i f f e r e n t  solvents ,  even though 

equations 43 and 44 are  f u l f i l l e d .  This is  because these coef f ic ien ts  r e f l e c t  

solute-solvent in te rac t ions ,  which a r e  perturbed by the  s o l i d  surface. 

Nevertheless, i f  we assume t h a t  these solute-solvent in te rac t ions  a re  not  
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MARTIRE AND JARONIEC 

perturbed by the  so l id  surface,  these coef f ic ien ts  become equal to unity and 

then k - 1 tool t h i s  mans t h a t  i n  the case of s y s t e m  with nearly 

idea l  mixing of solvent components i n  the mobile and s ta t ionary  phases and 

non-perturbed solute-solvent in te rac t ions  i n  the s ta t ionary  phase, the  

d is t r ibu t ion  coef f ic ien t  kscun) 

and solvent  diopladenent e f fec ts  are  included. 

s (nJ&) 

may be d i f f e r e n t  than uni ty  only when so lu te  - 
For binary eluents equation 2 gives a very simple relat ionship:  

9. 
s(l2/12) - a + b 01 In k 

where 

Ihe l inear  re la t ionship given by equation 46 has been discussed theore t ica l ly  

and applied f o r  analysing chromatographic data  by many authors ( e . g . ,  10,13-16). 

I h e  l i n e a r  dependence of the logarithm of ks(12/12) upon $1 given by 

equation 46 i s ,  besides the  Snyder-SoczewiAski equation (91, one of the most 

popular re la t ionships  used for  character iz ing chromatographic systems. On t h e  

other hand, the equations i n  question r e l a t e  t o  very simple mdels of  the LC 

process (2,11,17,18), which do not  r e f l e c t  many important features  of r e a l  

chromatoqraphic sys tem.  ?he source of a good representat ion of  a qrea t  nurrber 

of chromatographic s y s t e m  hy these equations i n  a wide concentration region 

m u s t  l i e  elsewhere. Our s tudies  show t h a t  theore t ica l  dependence of k 

p. 
vs. 0, 

represented by the  equations mentioned above in  a l imited concentration region (18). 

This mans t h a t  the l i n e a r  parameters appearing i n  these equations evaluated 

by f i t t i n g  the experimental data  have d i f f e r e n t  physical meaning than those 

resu l t ing  from the above-mentioned simple models. In other  words, t h e  

in te rpre ta t ion  of  the l i n e a r  parameters i n  question i s  very d i f f i c u l t  because 

they can be discussed i n  terms of d i f f e r e n t  models of the  LC process. 

a 

s(12/12) 
calculated for  d i f f e r e n t  chromatographic models m y  of ten be well 

How, we consider p s s i b i l i t y  of appl icat ion of equation 20 (equation 41 

is its analog i n  the regular-solution l a t t i c e  formulation) f o r  describing 

WLSC and RPLC-CBP systems with nonideal e luents  s a t i s f y i n g  the following 

condition t 
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OSCIK'S EQUATION 1375 

(48) - a  e 
B~~ = 

rs x i j  > 0 for  i , j  = lf2,.. . ,n and j > i  . 
This condition implies t h a t  the  solvent  components a r e  not  exceptionally 

compatible due t o  re la t ive ly  weak unlike ( i j )  in te rac t ions  (e.g., i n  a binary 

mixture: H20 + TIIF). Consider the s i t u a t i o n  where component "n" is p r e f e r e n t i a l l y  

extracted i n t o  the  s ta t ionary phase. Then, (I: 

equation 20 gives 

0 f o r  i = 112,...,n-1 and 

(49 1 

This equation describes the  actual  par t i t ion ing  of the  s-th so lu te  between 

a mobile phase consis t ing of  1+2+...+n and a s ta t ionary  phase of e s e n t i a l l y  

pure "n" . Application of equation 49 suggests a surface inf luence i n  causing 

4:: t o  approach unity (hence, RPLSC s y s t e m )  and requires  t h e  presence of t h e  

n-th solvent  i n  the e n t i r e  system. 

Cme special  case of equation 49 s e e m  t o  be most in te res t ing .  I t  r e f e r s  t o  

the s i t u a t i o n  where $: = 0 1 it can occur i f  the n-th component i s  a CBP near 

the  oollapsed-chain l i m i t  o r  a high molecular weight hydrocarbon in m n t a c t  with 

a polar  solvent  mixture (such t h a t  for  i = lf2,...,n-1). Here, the  

"surface influence" is  incidental  t o  the  formation of the  s ta t ionary  phase. 

Accordingly 

0: = 0 

.. 
j > i  

which is the Plartire-Doehm expression applicable t o  l iqu id / l iqu id  p a r t i t i o n  

chromatography and WLC-CEP in  the above-mentioned l i m i t .  In the case of binary 

eluents  equation 50 becomes (11) t 

irhere 

e e 
a *  = In k s(2/3)  ' b' a h(ks(1 /3) /ks(2 /3) )  - r3 '12 ' '* = 3 XIZ (53) 
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1376 MARTIRE AND JARONIEC 

Ihe re la t ionship given by equation 52, rapresent ing a quadrat ic  dependence of  

logarithm of the  diStributi.cn coef f ic ien t  on the  volume f rac t ion  

frequently used f o r  analysing chromtographic da ta  (U-l j ) ,  par t icu lar ly  in 

reversed-phase system. 

a 
$1 , is 

In the general case of RPLC-CBP systems, i n  which the  s ta t ionary  phase 

9: f 0 for  i = 1,2,. ..,n and on - 0 , a contains solvant  molecules, i.e., 

equation 26 givest 

where 

Equation 55 becoms t h e  expression f o r  the  d is t r ibu t ion  coef f ic ien t  k s ( i / in)  
a t  6' - 0 f o r  j - 1,2 ,... ,n and j f i , and 4; - 0 for j - 1,2,...,n-l and 

j f i  I i t i s  
j 

where 

$z( i )  + +l(n) 1 for  4; = 1 . (57 )  

Expressing In k s(i/i) by means of In  ks(ilin) (see equation 56) and conbining 

it with equation 15 f o r  4: - 0 , we have 

Equation 58 describes RPLC-CBP systems and when the  solvwnts are  excluded 

from the stat ionary phase it reduces t o  equation 49 because ks(i/in) becomes 
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OSCIK'S EQUATION 1377 

and $f = O y ( n )  - 0 for  i - lI2,...,n-1. 
k s ( i / n )  

I t  m u s t  be emphasized t h a t  t h e  equations derived above f o r  WE-CBP and 

c l a s s i c a l  l iqu id j l iqu id  p a r t i t i o n  chromatography do not  take i n t o  account possible  

contr ibut ions a r i s ing  from i n t e r f a c i a l  e f fec ts  . This problem w i l l  be t rea ted  

in fu ture  papers (19,20). 

SUMMARY 

We have extended OBcik's o r i g i n a l  der ivat ion t o  include an of ten important 

contr ibut ion t o  re tent ion a r i s ing  from solvent  nonideal i ty ,  and have described 

a novel, complementary treatment based on a regular-solution l a t t i c e  theory. 

The two approaches a re  seen to y i e l d  equivalent  equations f o r  so lu te  re tent ion,  

Since the l a t e r  approach, which is based on a pure Far t i t ion ing  mdel, leads 

t o  expressions in terms of nulecular  parameters, w e  have provided a molecular 

bas i s  f o r  OBcik's parameters. !:oreover, it i s  now c l e a r  t h a t  Olcik 's  approach 

appl ies  t o  a par t i t ion ing  mode of re ten t ion ,  without "displacement" or 

'competitive adsorption", and, hence, is b e t t e r  s u i t e d  f o r  descr ibing p a r t i t i o n  

e f f e c t s  in  reversed-phase l iqu id  chromtography with so l id ,  l i q u i d  and chemically 

bonded s ta t ionary  phases, as  i s  demonstrated in  the  previous sec t ion ,  

In a forthcoming paper (19), a generalized t r e a t r e n t ,  incorporat ing 

concurrent p a r t i t i o n  and adsorption e f f e c t s ,  and applicable t o  normal- and 

reversed-phase systems , w i l l  be presented. 
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