
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Studies of Association Effects in Liquid Adsorption Chromatography with
Ternary Mobile Phases
B. Ościk-Mendyka; J. K. Różłoa; J. A. Jaronieca

a Institute of Chemistry M. Curie-Skłodowska University, Lublin, Poland

To cite this Article Ościk-Mendyk, B. , Różło, J. K. and Jaroniec, J. A.(1987) 'Studies of Association Effects in Liquid
Adsorption Chromatography with Ternary Mobile Phases', Journal of Liquid Chromatography & Related Technologies,
10: 13, 2845 — 2867
To link to this Article: DOI: 10.1080/01483918708066831
URL: http://dx.doi.org/10.1080/01483918708066831

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918708066831
http://www.informaworld.com/terms-and-conditions-of-access.pdf


STUDIES OF ASSOCIATION EFFECTS IN 
LIQUID ADSORPTION CHROMATOGRAPHY 

WITH TERNARY MOBILE PHASES 

B. Okik-Mendyk, J. K. R6iyI0, and J. A. Jaroniec 
Institute of Chemistry 

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

ABSTHACT 

I n  this paper a model o f  chromatographic process, 
which takes i n t o  account molecular assoc ia t ion  i n  
the mobile phase i s  discussed. This model i s  applied 
to study the assoc ia t ion  e f f e c t s  i n  l i q u i d  adsorption 
chromatography with teniary mobile phases. Efec t s  of 
na ture  o f  the e luent  and structure o f  the chroma - 
tographed substance on the type of assoc ia t ion  i s  
a l s o  invest igated.  Association e f f e c t s  i n  the chroma- 
tographic system containing ternary mobile phase can 
be evaluated by means o f  equations descr ibing chroma- 
tographic process with the binary mobile phases. 

I LL’T ti0 wr CTX 014 

I n  the p a s t  twenty years  a considerable develop- 

ment i n  the f i e l d  of adsorption from so lu t ions  on 
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2846 OSCIK-MENDYK, ROZYLO, AND JARONIEC 

s o l i d  surfaces  and l i q u i d  adsorption chromatography 

i s  observed. Pas t  i t ivest igat ions were concentrated 

on s tud ie s  concerning energe t ic  heterogeneity of ad- 

sorbent surface,  nonideal i ty  of surface and bulk 

phases as well as evaluat ion of e f f e c t s  connected 

with d i f fe rences  i n  niolecular s i z e s  o f  chromato - 
graphed substances and solvents  (1-0). h s c r i p t i o r i  

o f  intramolecular  i n t e r a c t i o n s  i n  the mobile  phase 

based on OBcik ( 9 )  conception ind ica t e s  a g rea t  

s ign i f icance  o f  these in t e rac t ions  i n  the l i q u i d  

adsorpt ion chroinatography process, espec ia l ly  i n  the 

reversed phase l i q u i d  chromatography, i n  which the 

adsorbent heterogeneity may be p r a c t i c a l l y  neglected. 

Zhi le  the nonspecific i n t e rac t ions  i n  the mobile phase 

a r e  s a t i  sf actory described, the spec i f i c  i n t e r a c t i o n s  

causing formation of the molecular complexes asso- 

c i a t e s  i n  the phase require  f u r t h e r  s tudies .  

111 this paper a model of chromatographic process, 

which takes  i n t o  account riiolecular assoc ia t ion  i n  the 

mobile phase i s  discussed 69-14). T h i s  niodel i s  

appl iea  t o  study the assoc ia t ion  e f f e c t s  i n  l i q u i d  

aasorp t ion  chromatography with ternary rno b i l e  phases. 

E fec t s  of nature of the e luen t  and s t ruc tu re  o f  the 

chromatographed substance on -the type o f  aSsOCiatiOn 

i s  also invest igsted.  
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ASSOCIATION EFFECTS IN ADSORPTION CHROMATOGRAPHY 2847 

TMOE'l 'ICAL CObi SIDEMYIONS 

Chromatographic process i n  the l iqu id-so l id  s y s t e m  

i s  determined by competitive adsorption of so lu te  and 

so lvent  molecules. T h i s  phenomenon may be represented 

by t he  phase exchange reac t ion  cons is t ing  i n  displace- 

ment of solvent  molecules from the s t a t iona ry  phase 

by so lu te  molecules contained i n  the mobile phase, This 

displacement can be weakened o r  strenghned i n  conse - 
quence of solute-solvent and solvent-solvent i n t e r  = 

ac t ions  occuring i n  the surface and bulk phases,Strong 

s p e c i f i c  i n t e rac t ions  cause formation of molecular 

complexes a s soc ia t e s  i n  both phases. 

I n  the real chroinatograpkic s y s t e m s  a s soc ia t e s  o f  

d i f f e r e n t  dimensions arid s t ruc tu re  can e x i s t  (15 - 21). 

Inves t iga t ions  of many authors  (18-21) have been 

showed t h a t  the s t e r i c  and k i n e t i c  e f f e c t s  l i m i t  

f requent ly  the nurnber of var ious types of complexes 

arid t h e i r  dimensions. I t  appears t h a t  i n  many cases  the 

model assuming exis tence of double a s soc ia t e s  is 

s u f f i c i e n t  f o r  a c o r r e c t  descr ip t ion  of thermodynamic 

p rope r t i e s  of the bulk and surface so lu t ions  (15-17). 

I n  t h E  case of l i q u i d  chromatography with binary and 

te rnary  e luents  th ree  most important types o f  associa- 

t i o n  can be distinguished: 

I) assoc ia t ion  of molecules of the more po la r  solvent  
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2848 OSCIK-MENDYK, ROZYLO, AND JARONIEC 

2) associat ion of the chromatographed substance and 

molecules of the more polar  solvent 

3) associat ion o f  molecules of d i f f e r e n t  solvents. 

Multicomponent e luents  used i n  prac t ice  contain usual ly  

one more polar  solvent,  which can associate ,  whereas 

associat ion of l e s s  po lar  o r  nonpolar solvents  can be 

neglected. Association of the chromatographed substance 

inf luences very s l i g h t l y  on chromatographic process 

because concentration of this substance i s  i n f i n i t e l y  

low. Association of the chromatographed substance with 

molecules of the more po lar  solvent a f f e c t s  s i g n i f i  - 
cant ly  the chromatographic process. FIigration of  the 

chromatographic substance molecules from the bulk phase 

t o  the surface phase i s  then more d i f f i c u l t .  Association 

of molecules of the more polar  solvent showed a lso  

a f f e c t  the chromatographic process because of a g rea t  

concentration of t h i s  solvent. Mechanism of  formation 

of various assoc ia tes  i n  the multicomponent bulk phase 

(mobile phase) i s  described theore t ica l ly  by Jaroniec 

and Jaroniec (22). Theore t i c a l  considerations of these 

authors are u t i l i z e d  t o  analyse the chromatographic 

data. According t o  this treatment, we can assume t h a t  

the molecules of the more polar  solvent  forni double 

pure assoc ia tes  and mixed solute-solvent associates  

i n  the mobile phase. The capacity r a t i o  of the s-th 

solute  may be expressed a s  follows: 
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ASSOCIATION EFFECTS IN ADSORPTION CHROMATOGRAPHY 2849 

Ksl denotes the therodynamic e q u i l i  b r i m  constant 

f o r  the phase exchange reac t ion  between molecules of 

the  s-th so lu te  and solvent  1'11', q i s  the r a t i o  of 

the  t o t a l  number o f  moles of the s - th  so lu te  and 

so lvents  i n  the mobile phase t o  the t o t a l  number of 

moles of these substances i r i  the surface phase. 

Snyder (23)  has showed t h a t  the coe f f i c i en t  q i s  

c h a r a c t e r i s t i c  for a given adsorbent and n o t  depends 

on the nature  of the mobile phase. L2 denotes the 

a s soc ia t e s  of the more po la r  solvent  (J-11, x1 

the t o t a l  mole f r a c t i o n  of the more po la r  solvent  

i n  the mobile phase, n i s  the r a t i o  of the surface 

area occupied by one so lu te  molecule t o  the surface 

a rea  occupied by one solvent  molecule, y1 i s  the mole 

f r a c t i o n  of the rnore po la r  solvent  i n  the surface 

phase. For  smaller values  of L2, n=l and y,=l equation 

assoc ia t ion  constant  descr ibing formation of  double 
0 is  

I can be transformed i n t o  l i n e a r  forni (24-26): 

1/x:ki = a + bxl 0 

where 

Since the therniodynamic constants  Ksl and L 

a lways  non-negative, the  s t r a i g h t  l i n e  slope is nega- 

a re  2 
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Live. Thus, presentat ion of chromatographic data 

according t o  equation 2 perniits t o  conclude about 

assoc ia t ion  of the more polar solvent  i n  the mobile 

phase (22). Fdxcd assoc ia t ion  i .e assoc ia t ion  between 

niolecules of the chromatographed substance and the 

riiore po la r  solvent  molecules plays an inlportant ro l e  

i n  many chromatographic SysteIns.  Formation of these 

types of assoc ia tes  makes d i f f i c u l t ,  as mentioned 

above, migration of the so lu te  molecules from the mo- 

b i l e  phase t o  tne surface phase. The s implest  mixed 

a s soc ia t e s  formed i n  the  mobile phase a re  double 

a s soc ia t e s  cons is t ing  o f  one molecule of the more po- 

l a r  solvent  and one so lu te  molecule. For t h i s  type 

a s soc ia t e s  the capaci ty  coe f f i c i en t  ki qay be 

expre s sed by : 

% = Ksl 

where C denotes 

t e s .  For n=l and 
1 equilibrium constant  for  mixed associa  

y =I this relation can be presented 1 
i n  the linear form (22): 

l/x:k; = a'+ b ' 0  x1 

where 

a'= d K S ,  sl b'= C,q/K 

( 4 )  

It appears that  equation 2 f o r  n=l and y 1 4  derived 

f o r  model assuncing assoc ia t ion  of the more po la r  sol-  
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ASSOCIATION EFFECTS IN ADSORPTION CHROMATOGRAPHY 285 1 

vent  i s  i d e n t i c a l  with equation 4 derived f o r  mixed 

associat ion.  I n  this connection we can wri te  i n  general  

t ha t :  

where 

a > o f o r  assoc ia t ion  of 1-1 type 

a’) 0 f o r  assoc ia t ion  o f  s-I type 
01, = 

b < 0 f o r  assoc ia t ion  of 1-1 type 

b’> 0 f o r  assoc ia t ion  of s-I type 
is, = 

Thus equation 5 c ~ l l  be u t i l i z e d  t o  study the type of  

a s soc ia t ion  i n  the chromatographic systems. 

Using the well-known dependence 

$1 s 
k’= I G  

we can u t i l i z e  the above equation i n  t h i n  l a y e r  chro- 

aatography. Present ing e x p e r i w n t a l  data i n  the 

( k ~ x ~ ~ l  vso x, coordinates w e  can conclude on the basis 0 

of  equation 5 , which type o f  assoc ia t ion  predominates 

i n  the given chromatographic system. I n  r e a l  chromato - 
graphic systems both types of assoc ia t ion  occurs si - 
multaneously. Cepending on the nature  of  solvent  and 

so lu te  one of these types can predominate. Thus, the  

capaci ty  coe f f i c i en t  i s  deterrriined by Ks, o r  C, and 

L values. This f a c t  can be i l l u s t r a t e d  by following 

equation : 
2 
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2852 OSCIK-MENDYK, ROZYLO, AND JARONIEC 

For n=l equation 6 assumes a very useful l inear  form: 

where yl/kLxy is  l i n e a r  function of the mole fraction 

of the more polar solvent, whereas constants 2;and 

are defined as follows: 
/3; 

The constants Ksl, C1 and L2 may be evaluated from the 

s t ra ight  l i n e  parameters. When the C1-value i s  greater 

than 2L the s t ra ight  l i n e  has a posit ive slope and 

then association of solvent and solute molecules predo- 

minates. If C, is  smaller than 2L2 then association of 

solvent molecules is predominating although wea.k associa- 

t ion of $01 type cannot be excluded. 

2 

YGTHGDS 

Chromatographic data are obtained by thin layer  
r 

chromatography measurements. S i l ica  gel 60 H (Merck 

Darmstadt 

vent systems were used as ternary mobile phases: 

- heptane + cyclohexane + chloroform 

- heptane + cyclohexane + ethyl acetate 

- heptane + toluene + acetone 

- heptane + toluene + ethyl acetate 

FKG ) was used as adsorbent. Following sol- 

N + N + A  

N + N + B 

N + N/B + B 

N + N/B + B 
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ASSOCIATION EFFECTS IN ADSORPTION CHROMATOGRAPHY 2853 

Two l e s s  po lar  components of the mobile phase were 

mixed always i n  the ?:I mole f r a c t i o n  r a t i o s  an6 the 

mole f r a c t i o n  of t h i r d  solvent  has changed i n  the ran- 

ge o f  0.1 - 0.9 . Chromatograms w e r e  developed a t  the  

dis tance o f  16 cm a t  temperature of 293K. %-values 

obtained f o r  given substance have d i f f e red  between them 

by 0.02 5 uni t .  The measurenents were ca r r i ed  out  f o r  

substances presented i n  Table I. 

RESULTS AND DISCUSSION 

I n  the theo re t i ca l  p a r t  of t h i s  paper i t  has 

showed tha t  i n  the case of molecular assoc ia t ion  i n  the 

mobile phase it should take i n t o  account formation of 

mixed double assoc ia tes  formed by so lu t e  and solvent  

molecules and a l so  formation o f  a s soc ia t e s  of the more 

po la r  solvent.  Since the mobile phases used consis ted 

of one more po la r  solvent  of A o r  B c l a s s  accurding t o  

Fimentel - RcClellan (24) clasr i f ic : :  i iorr ,  and two 

so lvents  of I\I c l a s s  i t  should t o  assume t h a t  assoc ia t ion  

i n  these te rnary  mobile phases may be described by 

equation derived f o r  the model assuming formation of 

a s soc ia t e s  i n  the binary mobile phase.For s implif ica-  

t i o n  of  our considerat ion we have assumed tha t  i n  

equation 7 y,=l. Thus 
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2854 OSCIK-MENDYK, ROZYLO, A N D  JARONIEC 

Table I 

Solute 

2.3-dichlorophenol 

2.5-dichlorophenol 

3.4-dichlorophenol 

2.4,6-trichlorophenol 

o-ni trophenol 

2-naphthol 

4-ni tro-o-toluidine 

o-ni t r o a n i l i n e  

p-ni t roar i i l ine 

2.3-  d i  h y drox ynaphthal ene 

2.7-dihydroxynaphthalene 

8-hydroxyquinoline 

i soquinoline 

0-dini trobenzene 

p-ciini trobenzene 

anthracene 

pyrene  

Class according to 

Pimefitel and McClellan 

AB 

AB 

AB 

AE 

AI3Y 

AB 

kB 

kE 

A13 

P. B 

k B  

AU 

B 

B 

I3 

iJ 

N 
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Assumption t h a t  y l= l  denotes t h a t  molecules of the  more 

p o l a r  component of the mobile phase f i l l  completely the 

surface phase because concentration o f  the so lu te  is  

very small i n  comparison t o  the concentration of 

solvents.  Such assumption is f u l f i l l e d  i n  the case of 

the Ii!obile phases containing couponents of very 

d i f f e r e n t  adsorption energies;  then y l = l  almost i n  the 

whole concentration range. I n  the region o f  low concen- 

t r a t i o n  of the more po la r  component a small deviat ion 

of  the yl-values from uni ty  a re  observed. khen differen- 

ces  i n  adsorption energ ies  o f  components of the mobile 

ghsse a re  siuall then concentration range i n  which y l = l  

narrows. The above considerat ions prove t h a t  experimen- 

t a l  re la t ionship  l/k’xy VS. xy can show deviat ions 

from the s t r a i k h  l i n e  i n  the range of small concentra- 

t i o n  of the component ”1”. These deviat ions can be due 

among o ther  b y  neglec t  of changes i n  surface phase com- 

pos i t ion ,  

I n  the course of our i nves t iga t ions  the r e l a t i o n  9 

was p lo t t ed  f o r  several  substances i n  the following 

mobile phase systems: heptan + cyclohexane + chloroform 

heptan + cyclohexane + e thy l  ace t a t e ,  heptan + toluene 

+ acetone and heptan + toluene + e thy l  ace ta te .  Because 

of g r e a t  nunber of expeririienlal data only small p a r t  

o f  l i n e a r  re la t ionship  9 i s  prasented on f igu res  1-3. 

I t  should t o  eiliphasise t h a t  i n  a l l  cases  the l i n e a r  
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0.8 7 

Fig. 1 

l/k'xo VS. xo f o r  o -p-nitroaniline,  0 -isoquinoline,  

(3 -2.5-dichlorophenol, @ -pyrene and 0 -anthracene 

i n  heptane + cyclohexane + chloroform system. 

1 1 

course of the  r e l a t i o n  9 i s  observed; small devia - 
t i o n s  of experimental po in t s  from the  s t r a i g h  l i n e  are 

observed f o r  x,=O.I For the systems inves t iga ted  

e i t h e r  assoc ia t ion  e f f e c t s  o f  solute molecules and 

molecules of the polar solvent  s-1 (posit ive slope) 

o r  assoc ia t ions  of molecules of the more p o l a r  compo- 

nent  of the mobile phase 1-1 (negative slope) a r e  

observed. I t  have not iced a l s o  that change of  nature 

of the more polar  component of the mobile phase causes 

the changes i n  assoc ia t ion  type of some substances. "he 

comparison of such systems as heptene + cyclohexane + 

0 
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0.l 0.5 0.9 
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0.1 0.5 0.9 

x,o 
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1 - 
I; X; 

1.4 

1.0 

1.6 

12 

Fig. 2 

l/k'xy vs. xo for 

n i  t roan i l ine  ,@2.5-dichLorophenol and 0 -isoquinoline 

i n  heptane + cyclohexane + e thy l  ace t a t e  system. 

0 -pyrene, 0 -anthracene,@ -para- 1 

chlorofonn and heytane + cyclohexane + e t h y l  ace t a t e  

shows tha t  i n  the first s y s t e m  assoc ia t ion  of the 

solute niolecules and molecules o f  chloroform predooiina- 

te  however replacement of chloroform by e thy l  acetate 

causes change of the assoc ia t ion  type ( F i g .  1,2 and 

t ab le  11) . A predominant e f f e c t  i s  assoc ia t ion  of 

e t h y l  ace t a t e  uolecules.  Association o f  the s-I type 

a l s o  occurs s ince exis tence of 1-1 assoc ia t ion  not 
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Fig .  3 

I/k'xy VS. xy for e d i c h l o r o p h e n o l ,  0 -0-nitrophenol,  

@-isoquinol ine,  0 -2.3-dihydroxynaphthalene and 

-p-ni t roani l ine i n  heptane + toluene + e thy l  ace t a t e  

s y  s tern. 

excluaes of other type o f  assoc ia t ion  i.e S-I. I n  

f u r t h e r  s tage of our inves t iga t ions  the &; and 13; - 
v d u e s  defined by equation 7 were detenniiied from 

these l i n e a r  re la t ionships .  $. ;-values a re  invers ly  pro- 

po r t iona l  to the equilibrium cons-canl Ksl .  d: ;-values 
f o r  the  so lu t e s  chromatographed i n  the system heptane + 

cyclohexane * e thy l  ace t a t e  a r e  siaaller then those f o r  

the systeiri heptane + toluene + etriyl ace ta te .  This 
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means t h a t  equilibrium constant f o r  heptane + cyclo- 

hexane + e thyl  ace ta te  system i s  g rea t e r  than the Ksl- 

value f o r  heptane + toluene + e t h y l  ace ta te  system. I t  

means t h a t  the less polar  component of the mobile phase 

n2" has a s ign i f i can t  influence on A;-value (Table 113. 

Exchange of cyclohexane by toluene i .e f o r  solvent o f  

a g rea t e r  e lu t ion  power causes an increase i n  the d ;- 
values. T h i s  means that  chromatographed substance mo- 

l ecu le s  displace molecules o f  e thyl  ace ta te  from the 

s i l i ca  ge l  surface more e a s i l y  i n  the presence o f  cyclo- 

hexane than i n  the presence of toluene. When the compo- 

nent  "2" of  a grea te r  e lu t ion  power i s  used intramole- 

cular in te rac t ions  i n  the mobile phase are stronger 

and the phase exchange between solute  molecules and mo- 

l ecu le s  of  the solvent 1'1'' is more d i f f i c u l t ,  The ;- 
values  f o r  most so lu tes  i n  the heptane + cyclohexane + 

e thyl  ace t a t e  system a re  grea te r  than those obtained 

f o r  the heptane + cyclohexane + chloroform s y s t e m  (TabII). 

T h i s  means that  f o r  heptane + cyclohexane + e thyl  

ace ta te  system the equilibrium constant values Ksl 

are smaller than for the heptane + cyclohexane 4 

chloroform system. Eecause the logarithm of the 

equilibrium constant Ks, is approximately propor- 

t i ona l  t o  the difference i n  adsorption energies of 

the s-th solute  and solvent "1" the g rea t e r  Ksl=va- 

l u e s  ind ica t e s  on g rea t e r  difference i n  adsorption 
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energ ies  of "s"-th arid ltl''-st components, F o r  the 

h e p t a e  + toluene + acetone and heptane + toluene + 

e t t l y l  a ce t a t e  systems the A ;-values a r e  very simi1.ar. 

It t akes  frcnr this t h a t  the  values  o f  K a r e  a l so  

similar f o r  both systems. 

Uetermined values o f  &; and fi; (Table IV) 

then u t i l i z e d  f o r  ca l cu la t ing  the following expression: 

sl 

were 

c, - 2L2 = ";/?I; 

Equation I 0  permits t o  evzluate  the  predominant 

type of assoc ia t ion  i n  the chromatographic process,  

'lhe 

1-isted i n  Tables I1 i V. Analysing the values  l i s t e d  

i n  these Tables according t o  theo re t i ca l  considerat ions 

i t  can conclude tha t  predominant e f f e c t  i n  the chroma- 

tographic systems considered here was assoc ia t ion  o f  

1-1 type. Difference i n  the values  of  Cl-2L2 f o r  the 

sale group of compounds i n  a given chroniatograpkic 

systec! i nd ica t e s  t h a t  varioue p o s i t i o c  o f  funcional 

groups i n  so lu te  molecule a f f e c t s  s ign i f i can t ly  the 

assoc ia t ion  type. T h i s  i s  due probably t o  intramole- 

cular forces  reducing in t e rac t ion  w i t h  components 

of the mobile phase. Smzller vtilues o f  c -2L2 for 
most solutes i n  the systems containing e thy l  ace t a t e  

suggest tha t  e thy l  ace t a t e  molecules i n t e r a c t  w i t h  

so lu te  niolecules more weakly than with molecules of 

acetone. 

(Cl-2Ld -values f o r  individual  substances are 

1 
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Table IV 

J'; and p ;  -values f o r  several  so lu t e s  i n  heptane 

+ toluene + acetone and hep%ane + toluene + e thy l  

ace t a t e  systems. 

Solute 

o-ni t rophenol 

2.3-dicblorophenol 

2.5-dichlorophenol 

2-naphthol 

i soquinoline 

2-hydroxyquinoline 

d-hydroxyquinoline 

2.3-dihydroxynaphthalene 

2 . 7-dihydroxynaphthalene 

o-ni t roan i l ine  

p -ni t roan i  l i n e  

4-ni tro-o- to lu id ine  

heptane + toluene 

+ acetone 

2; 

3.03 

2.70 

3.36 

2.30 

I .04 

0.04 

1.54 

0.19 

0.16 

1.84 

0.54 

1.10 

60 
' 1  

0.62 

-0.25 

-0.18 

0.26 

0.21 

0.92 

1.42 

2.33 

7.65 

0.73 

1.88 

1.84 

heptane + toluene 

+ e thyl  ace t a t e  

d; 
3.96 

2.50 

3.44 

2.37 

0.57 

0.04 

2.40 

0.51 

0.49 

2.17 

0.69 

1.60 

13; 

-I -25 

-1 -03  

-1.79 

-0.75 

-0.07 

0.29 

-1 .I8 

u .81 
0.95 

0.81 

0.63 

0.36 
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Table V 

(C , -Z>  values  f o r  several  so lu t e s  i n  heptane + 

toluene + acetone and heptane + toluene + 

e t h y l  ace t a t e  systems. 

Solute 

0-ni trophenol 

2.3-dichlorophenol 

2.5-dichlorophenol 

2-naphthol 

i soquinoline 

2-hydroxyquinoline 

8-hydroxyquinoline 

2.3-dihydroxynaphthalene 

2.7-di hydroxynaphthalene 

o-ni t roani l ine 

p-ni t roan i l ine  

4-ni tro-o- t o l u i  dine 

Cl - 2 L2 

heptane + tolue- heptane + to lu-  

ne + acetone ene +e thyl  ace- 

ta t e  

0.20 

-0.09 

-0.03 

0.11 

0.20 

23.00 

0.92 

12.26 

10.31 

0.40 

3.48 

1.67 

-0.31 

-0.41 

-0.52 

-0.32 

-0.12 

7.25 

-0 -49 

1.59 

1.94 

0.37 

0.90 

0.22 
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CON CLU SIGN 5 

For most systems inves t iga ted  the l i n e a r  re la t ion-  

sh ips  

t i o n  of experimental po in t s  a t  l o w  comeritration 

region 

I n  most chronatograp.hic systems assoc ia t ion  between 

so lu te  and po la r  solvent  predominates 

Association e f f e c t s  i n  the chromatographic e y s t m  

containing ternary phase can be evaluated by 

means of equations descr ibing chromatographic 

process  with the binary mobile phases 

Nature of polar component of  the mobile phase 

a f f e c t s  s ign i f i can t ly  the  assoc ia t ion  type 

Association type changes with change of pos i t ion  

of the funct ional  groups i n  the so lu t e  molecule. 

0 l/k;x: VS. xl were observed with a aevia  - 
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