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A SIMPLE LINEAR DEPENDENCE OF THE 
LOGARITHM OF THE CAPACITY RATIO 

UPON MOBILE PHASE COMPOSITION IN THE 

CHROMATOGRAPHY 
REVERSED-PHASE LIQUID 

M. Jaroniec, A. Dawidowicz, and J. A. Jaroniec 
Institute of Chemistry 

M .  Curie-Skfodowska University 
20-031 Lublin, Poland 

ABSTRACT 

The l i n e a r  dependence of t he  logari thm o f  t he  c a p a c i t y  r a t i o  
upon mobile phase composition is considered a8 a s p e c i a l  ca se  
of a more complex equation desc r ib ing  t h e  chromatographic 
process.  Thie dependence g i v e s  R s a t i s t a c t o r y  r e p r e s e n t a t i o n  
of  t h e  chrornatographtc d a t a  for phenol d e r i v a t i v e s  i n  
methanol-water and ethanol-water on LiChrosorb HP-8 a t  20°C. 

INTRODUCTION 

Some t h e o r e t i c a l  t r ea tmen t s  have been proposed tQ 

d e s c r i b e  the l i q u i d  chromatography with mixed mobile phases 

(1-9).  The t r ea tmen t s  presented i n  the  papere (143) were 

d i r e c t e d  toward l i q u i d  adso rp t ion  chromatography w i t h  unmodi- 

f i e d  s u r f a c e s  and i n  t he  normal-phase (NP) mode. Recent ly ,  

Mar t i r e  and Boehm (9 )  gene ra l i zed  t h e i r  ea r l ie r  t reatment  ( 3 . 4 1 ,  
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442 JARONIEC, DAWWWICZ, AND JARONIEC 

so t h a t  i t  may be app l i ed  t o  both normal-phase l i q u i d  

chromatography (RPLC) and reveraed-phase l i q u i d  ahromata- 

eraphy (RPLC). The development of t h e i r  t reatment  i o  a promi- 

s i n g  avenue f o r  f u t u r e  progress  i n  t h e  t h e o r e t i c a l  d e e c r i p t i o n  

of l i q u i d  Chromatography process.  

I n  the  present  paper one of t h e  equa t ions  de r ived  by 

Mart i re  and Boehm (9)  i e  discussed i n  comparison t o  the  Okcik's 

equation ( l a ) ,  which was propoaed i n  1965. This  equution has  

been app l i ed  t o  desc r ibe  the  chromatographic d a t a  f o r  phenol 

d e r i v a t i v e s  chromatographed i n  methanol-water and ethanol- 

water  on LiChronorb RP-8 a t  2OoC. 

"HJiOFtXTICAL 

Marti re  and Boohn (9) derived equat ions for a chromato- 

graphic  syutem, in which the s t a t i o n a r y  phase c o n s i s t s  of 

chemically homogeneous, s emi f l ex ib l e  chains  pennanentlg bonded 

t o  a s o l i d  su r face  plue those so lven t  and s o l u t e  molecules 

reRiding i n  the same l a y e r s  a s  the cha in  segments. Por binary 

mixtures of  the two so lven t s  a n d  completely co l l apsed  

chemically bondod chains  t h e i r  formulat ion g ives  t h e  fol lowing 

expression ( 9 )  : 

In  k' a el I n  k; + e2 I n  ki - A e1e2 ( 1 )  

where k' i s  t h e  capac i ty  r a t i o  of a s o l u t e  chromatographed 

i n  t h e  binary e luen t  "1+2", k; for i = 1.2 i e  t h e  capac i ty  

r a t i o  of t h i s  s o l u t e  i n  the  i-th pure so lven t ,  Oi f o r  i = 1.2 

is t h e  volume f r a c t i o n  o f  t he  i - t h  so lven t  i n  the mobile phase 

and A i s  the conotant connected with the  parameters 

c h a r a c t e r i z i n g  i n t e r a c t i o n 9  between so lven t  molecules and 

the  parameter d e f i n i n g  s t r u c t u r e  of the so lu t e .  Moreover, 
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LQGARITHM OF THE CAPACITY RATIO 443 

equat ion 1 ha6 been der ived by assuming t h e  v i r t u a l  exc lus ion  

of t h e  s o l v e n t s  from t h e  eu r face  phase, i .e . ,  t h e i r  volume 

f r a c t i o n s  i n  the su r face  phase a r e  equal  t o  ze ro ,  and t h e  

reduced f i l m  t h i ckness  of t he  chemically bonded phase (CBP) 

i s  equal  t o  the  f r a c t i o n a l  s u r f a c e  coverage by t he  CBP 

chains.  Equation 1 ,  r e s u l t i n g  from t h e  r igo rous  s t a t i s t i c o -  

thermodynamical t r ea tmen t ,  h a s  the  same form as t h e  co r re s -  

ponding r e l a t i o n  f o r  c l a s s i c a l  p a r t i t i o n i n g  (9) .  

S ince  t h e  s o l u t e  concen t r a t ion  1 6  i n f i n i t e l y  low, t h e  

sum of  t h e  volume f r a c t i o n s  of  t he  s o l v e n t s  i n  t h e  mobile 

phase is equal  t o  u n i t y ,  1.e.. 

e l  + e2 = 1 (2 )  

S u b s t i t u t i o n  of equat ion 2 i n t o  equat ion 1 gives:  

2 I n  k' = el In  k; + e2 In  k; - A 8 ,  + A e l  

or 

I n  k' = I n  k; + (19 k; - I n  k; - A)al + A€+ 

For lower values  of  el and small parameter A 

can be approximated as fol lows:  

In  k' = I n  k; + ( I n  k; - I n  k; - A ) e l  

2 
( 3b) 

equut lon 3 

( 4 )  

Equation 4 p r e d i c t s  the c o r r e c t  value of t he  c a p a c i t y  r a t i o  

a t  = 0 ; then k'n k; . 
I n  1 9 6 5  O h c i k  ( 1 0 )  propoaed an equation f o r  t h i n  l a y e r  

chromatography (TLC) with multicomponnrit mobile phase. His 

equat ion i R  widely diecussed i n  the  review ( 1 )  and VIRB widely 

app l i ed  t o  desc r ibe  the UPTLC data .  It8 mathematical  Porn for 

binary a o b i l e  phaRee, w r i t t e n  by means o f  t h e  c a p a c i t y  r a t i o s ,  

is ( 1 1 ) :  
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444 JARONIEC, DAWIWWICZ, AND JARONIEC 

In  k’ = el I n  k; o e2 In  k; + A‘(87 - e l )  (5 )  

where 07 

su r face  phase and A’ is the  parameter d e s c r i b i n g  molecular 

i n t e r a c t i o n s  i n  t h e  mobile phase (1,101. U d n g  analogous 

assumption as t h a t  l ead ing  t o  equat ion 1,  i .e.,  (3: = 0 , w e  

heve 

is the volume f r a c t i o n  of 1 - s t  so lven t  i n  the  

I n  k’ = el I n  ki + a2 In k; - A’el 

or 

In k‘ = I n  k; + ( I n  ki - I n  k; - A ’ ) g 1  (6b) 

Equations 3 and 6 have t h e  same mothemetical form. The compa- 

rison of equat ions 1 and 5 , g iv lng  t h i s  same l i m i t i n g  

expression,  euggeets t h a t  equat ion 5 may be used fo r  deec r ib lng  

the RPLC da ta ,  Moreover, a d e t a i l e d  comparative utudy of  t he  

t reatment0 proposed by ORcik (10) and Mar t i r e  nnd Bochm (9) 

may be use fu l  f o r  q u a n t i t a t i v e  d e s c r i p t i o n  of adsorpt ion and 

p a r t i t i o n  e f f e c t e  i n  t h e  RPLC with chemically bonded phases. 

The t h e o r e t i c a l  s t u d i e s  of t hese  effects a r e  s t i l l  expected, 

EXPESIMENTAL 

The chromatographic measurements were c a r r i e d  out by 

means of liquid chromatograph Varian Aerograph 4100 equiped 

with O r l i t a  pumpe AF 10-4 (C.P.R.) and 46 K i n j e c t i o n  nyotem 

from Waters. As a d e t e c t o r  U’? - 254 mm spectraphotometer 

(Verian) wa3 employed. The s t a i n l e s s  s teel  colt~mn (250x4 mm) 

was packed with LlChroaorb RP-8 (7  pm) from Merck (Darmetadt) 

by means of a balance dens i ty  s l u r r y  technique. 

Ethanol,  methanol and t h e i r  mixtures wi th  water were 

used ae  the  mobile phases. Flow r a t e  ( 1  ml/min) w a s  meaeured 
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LOGARITHM OF THE CAPACITY RATIO 445 

with accuracy 0.01 ml/mln. The e l u t i o n  volumes 

p-cresol ,  3-amlnophenol, 2-nitrophenol and benzene were 

c a l c u l a t e d  by e x t r a p o l a t i n g  the  experimental  dependences 

Ve = f(v,)  t o  vs = 0 , where vs is t h e  volume of i n j e c t e d  

oubstances I n  the  mobile phase, A l l  measurementri were c a r r i e d  

out a t  20'~. 

Ve of phenol, 

RESULTS AND DISCUSSION 

The RPLC d a t a  discussed i n  the  experimental  s e c t i o n  were 

used t o  examine t h e  l i n e a r  dependence ( equa t ion  1) of t h e  

logari thm of  the capac i ty  r a t i o  upon the  volume f r a c t i o n  o f  

a lcohol .  Figure 1 shows t h i s  dependence f o r  s o l u t e s  chromato- 

graphed i n  methanol-water, whereas, Figure 2 p r e s e n t s  t h i s  

same dependence f o r  s o l u t e s  chromatographed i n  ethanol-water.  

The experimental  p o i n t s  l i e  on t h e  s t r a i g h t  l i n e s  o f  t h e  

fol lowing type : 

In  k'= a + b 8,  (7) 

where el I s  t h e  volume f r a c t i o n  of a lcoho l ,  a and b are 

cons t an t s .  The parameter a is equal  t o  I n  k' a t  el  = 0 , 
whereas, t he  expression (a+b) is equal  t o  I n  k' a t  8 ,  = 1. 

Comparing equat ions 3 and 7 we have: a = I n  k; 

The va lues  of  (a+b) and a , obtained from t h e  s t r a i g h t  l i n e s  

ohown i n  Figures  1 and 2 , a r e  summarized i n  Table 1 i n  

comparison t o  the va lues  of I n  k; and I n  k; obtained from 

experiment. 

The agreement between a and I n  k; , (a+b) and I n  k; is 

s a t i e f a c t o r y .  The observed divergences between these  valuee 

may be cauRed by experimental  e r r o r s  of measurement of very 

low and very high va lues  of  t h e  c a p a c i t y  r a t i o .  The va lues  

and a+b = I n  k;, 
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446 JARONIEC, DAWIDOWICZ, AND JARONIEC 

3 

0 

-3 

0.3 0.6 0 ,  0.9 

FIGURE 1 .  
p-creaol ( ) and 3-aminophenol ( x ) chromatographed In 
methanol ( 1 )  - water ( 2 )  on LiChrosorb RP-8 a t  2OoC. 

Linear dependence In k' v8. el for  phenol ( o ) , 

FIGURE 2. Linear dependence In k' v8. el for phenol ( o ) ,  
p-crosol ( e ) ,  3-aminophenol ( x 1 ,  2-nitrophenol (+) and 
benzene ( 0 )  chromatographed i n  ethanol ( 1 )  - water (2 )  on 
LiChroeorb RP-8 a t  2OoC. 
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LOGARITHM OF THE CAPACITY RATIO 447 

TABLE 1 

Parameters a and (a+b) ca lcu la ted  from the s t r a i g h t  l i n e s  
shown i n  Figures 1 w d  2 i n  comparison t o  the values of In  k; 
and I n  k; , respectively.  

Solute  In k; (a+b) I n  k; a 

mobile phase: methanol - water 

phenol 
~~ ~~ 

-3.7 -3.2 3.0 3.0 

p- cre s o l  -3.4 -3.1’ 3.8 4 .2  

3-aminophenol -3.7 -3.8 2.3 2.3 
~ 

mobile phaoa: e t h m o l  - water 

benzene -2.5 -2.5 3.2 3 . 6  

phenol -5.1 -4 .8 1.8 2.5 

p- c r e  so1 -4.4 -4.0 3.0 3.0 

3-aminophenol - -3.4 1 . 2  1.1 

2-nit rophenol -3. T -3.5 3.3 3. f 

of the capaci ty  r a t i o  of the so lu t e s  given i n  Table 1, measured 

i n  pure alcohol or i n  the mobile phase of grea t  concentration 

of alcohol,  a re  very low. However, the capaci ty  r a t i o s  of 

these so lu tes  i n  pure water a r e  high. Therefore, they are 

measured w i t h  a g rea t e r  error. 

The r e s u l t s  presented i n  Pigures 1 and 2, and ?able 1 chow 

t ha t  equation 4 gives a good representat ion o f  the chromato- 

graphic data discussed i n  the experimental sect ion.  S imi l a r i t y  

of  In k; and (a+b) , In k; and a shows thn t  the term 

A8,e2 i n  equation 1 ie negl ig ib le  f o r  the  sjrRtems i n  quention. 
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448 JARONIEC, DAWIWWICZ. AND JARONIEC 

It meane that the logarithm of the capacity ratio of the 

solute in the mixed mobile phase ia a simple sum of the 

logarithms of the capacity ratios of t h i s  solute in the pure 

solvents multiplied by the volume fractions of the mlvente 

(two first terms of equation 1). This additivity of the 

logarithms of k; and k; , giving the linear dependence of the 
type 7 , is frequently observed f o r  many chromatoflnphlc 

systems (12). Equations 1 and 5 give theoretical foundations 

for the linear dependence in queotian, which is frequently 

treated as a semi-empirical relationship. 
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2. 

3. 

4. 

5 ,  

6. 

7 .  
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