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ANALYSIS OF CHROMATOGRAPHIC 
PARAMETERS IN THE SYSTEMS 

WITH TERNARY MOBILE PHASES. 
II. T W O  POLAR SOLVENTS IN 

MOBILE PHASE 

B. OSCIK-MENDYK 
Iiistitute of Chemistry 

M. Curie-SWodowska University 
20-031 Lublirt, Poland 

The exper imenta l  data a r e  presented on t i ibbs 
t r i a n g l e s  i n  t h e  form o f  i s o l i n q s .  The e f f e c t  

o f  change o f  t h e  type o f  two p o l a r  mobi le  phase 
componcnts on the  chromatographic parameters o f  
model substances has been i n v e s t i g a t e d .  The presence 

o f  a l c o h o l  i n  t e r n a r y  mobi le  phase leads  t o  forma- 
t i o n  double o r  "c losed"  i s o l i n e s  on Gibbs t r i a n g l e s .  
Such p r e s e n t a t i o n  o f  t he  exper imenta l  data a l l owed  
t o  complex a n a l y s i s  o f  t h e  chromatographic process 

i n  systems w i t h  t e r n a r y  mobi le  phase, The measure- 
ments were made by a d s o r p t i o n  t h i n  l a y e r  chromatogra- 
phy on s i l i c a  g e l  a t  temperature 293 K. 
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INTiZODUCTI ON 

OSCIK-MENDY K 

The compos i t i on  o f  t h e  m o b i l e  phase i s  one 

among b a s i c  f a c t o r s  i n f l u e n c i n g  t h e  cou rse  o f  t h e  

chromatographic p rocess  (1). A t  p r e s e n t  t h e  m u l t i -  

component mob i l e  phases a r e  more and more f r e q u e n t l y  

used. I n  many cases t h i s  p e r m i t s  t o  choose t h e  o p t i -  

mal c o n d i t i o n s  f o r  t h e  chromatograph ic  s e p a r a t i o n  

o f  t h e  components o f  a g i v e n  m ix tu re .  F o r  t h i s  reason 

th'e examinat ion  o f  e f f e c t  o f  t h e  n a t u r e  and concen- 

t r a t i o n  o f  i n d i v i d u a l  components o f  mult icomponent 

m o b i l e  phase on t h e  p r o p e r t i e s  o f  i n v e s t i g a t e d  chro-  

matographic systems appears t o  be v e r y  i n t e r e s t i n g .  

I n  p r e v i o u s  paper (2) t h e  v a l u e s  o f  chroma t o g r o p h i c  

parameters o f  a d s o r p t i o n  l i q u i d  chromatography have 

been considered. The e f f e c t  o f  change o f  t h e  t y p e  

(or c l a s s  acco rd ing  t o  P i m e n t e l  and P lcC le l l an  c l a s -  

s i f i c a t i o n  (3)) o f  one m o b i l e  phase Component on 

chromatographic parameters  o f  model substances has 

been i n v e s t i g a t e d .  Two s o l v e n t s  wh ich  were n o t  chan- 

god belonged t o  N c l a s s  

benzene) . T h i r d  component belonged s u c c e s s i v e l y  t o  

H ( t r i c h l o r o e t h y l e n e )  , 8 (acetone) 

p a n o l )  c l a s s e s  (2). I n  t h i s  way t h r e e  t ypes  o f  t e r -  

n a r y  mob i l e  phases c h a r a c t e r i z e d  by i n c r e a s i n g  e l u t i o n  

power o f  t h i r d  component have been ob ta ined.  E x p e r i -  

(carbon t e t r a c h l o r i d e  and 

o r  k B  (n-pro- 
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SYSTEMS WITH TERNARY MOBILE PHASES. I1 893 

m e n t a l  d a t a  (ti,) d e t e r m i n e d  f o r  s u c h  chrov . , :  t o g r a p h i c  

s y s t e m s  were marked on G i b b s  t r i a n g l e ,  f o r m i n g  t h e  

s y s t e m s  of  t h e  i s o l i n e s  c o n n e c t i n g  t h e  p o i n t s  corres- 

p o n d i n g  t o  e q u a l  v a l u e s  of i n v e s t i g a t e d  p a r a m e t e r s  (2). 

Such p r e s e n t a t i o n  of  t h e  e x p e r i m e n t a l  d a t a  a l l o w e d  to  

t h e  a n a l y s i s  o f  t h e  c h r o m a t o g r a p h i c  p r o c e s s  i n  s y s t e m s  

w i t h  t e r n a r y  m o b i l e  p h a s e .  

The c h a n g e  of t h e  t y p e  o f  o n l y  o n e  m o b i l e  p h a s e  

component limits t h e  r a n g e  of  c h r o m a t o g r a p h i c  paraine- 

t e rs  chanGes of  t h e  c h r o m a t o g r a p h e d  s u b s t a n c e s .  For 

t h i s  r e a s o n  i t  was d e c i d e d  t o  i n v e s t i g a t e  t h e  c h a n g e s  

i n  t h e  c o u r s e  of i s o l i n e s  of  c h r o m a t o g r a p h i c  parame- 

t e r s  RF on G i b b s  t r i a n g l e  w i t h  t h e  c h a n g e s  o f  t h e  

t y p e  of two components  of  m o b i l e  p h a s e .  I n  t h i s  way 

t h e  e x t e n d e d  p i c t u r e ,  c o m p a r i n g  t o  p r e v i o u s  i n v e s t i g a -  

t i o n s  (2) of  t h e  e f f e c t  of m o b i l e  p h a s e  c o m p o s i t i o n  

on t h e  c o u r s e  of t h e  c h r o m a t o g r a p h i c  p r o c e s s  c a n  be 

r e c e i v e d .  

EXPERIMENTAL 

The measurements  were c a r r i e d  ou t  by t h i n  l a y e r  

c h r o m a t o g r a p h y  method u s i n g  s a t u r a t e d  S t a h l  c h a m b e r s  

a t  293 K. S i l i c a  g e l  60H (Merck, D a r m s t a d t ,  FdG) was 

u s e d  a s  a d s o r b e n t .  The c h r o m a t o g r a m s  were d e v e l o p e d  

a t  t h e  d i s t a n c e  of  16 cm; t h e  t es t  s u b s t a n c e s  were 
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894 OSCIK-MENDY K 

v i s u a l i z e d  i n  i o d i n e  vapours. S i x  model substances 

i.e. naphthalene (N), f luorenone (El), o - n i t r o t o l u e n e  

(B), o-nitrobromobenzene (8). o - n i t r d a n i l i n e  (HE) 

and o -n i t ropheno l  ( A 3 9  were used. F o l l o w i n g  s o l v e n t s  

and t h e i r  m ix tu res  were used as  mobi le  phases: 

- pure so l ven ts :  benzene, t r i c h l o r o e t h y l e n e ,  acetone 

and n-propanol, 

- b i n a r y  m ix tu res  o f  above s o l v e n t s  c o n t a i n i n g  0.1, 

0.3, 0.5, 0.7 and 0.9 molar f r a c t i o n  o f  more p o l a r  

so l ven t ,  

- t e r n a r y  m ix tu res  o f  above so lvents .  

B ina ry  mixtures:  acetone + n-propanol, t r i c h l o r o e t h y -  

l e n e  + n-propanol and t r i c h l o r o e t h y l e n e  + acetone 

were used a s  bas i c  s o l u t i o n s  t o  t e r n a r y  mobi le  phases 

preparat ion.  I n  these m ix tu res  t h e  r a t i o s  o f  molar 

f r a c t i o n s  o f  n-propanol t o  acetone, t r i c h l o r o e t h y l e -  

ne t o  acetone and t h i c h l o r o e t h y l e n e  t o  n-propanol  

were 1:3, 1:l and 3: l .  To bas i c  s o l u t i o n s  a t h i r d  non- 

p o l a r  component, benzene, was added i n  such amounts 

t h a t  i t s  concen t ra t i ons  were equa l  t o  0.1, 0.3, 0.5. 

0.7 and 0.9 molar f r a c t i o n .  

2ESULTS AND DISCUSSION 

Three systems o f  t e r n a r y  mobi le  phases have been 

prepared. One component belonged t o  N c l a s s  (benzene) 
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SYSTEMS WITH TERNARY MOBILE PHASES. 11 895 

was a l w a y s  t h e  same, a n d  two o t h e r s  h a v e  b e l o n g e d  

t o  A. H o r  c\O classes. The c o m p o s i t i o n s  of  t h e s e  s y s -  

tems were a s  f o l l o w s :  

- b e n z e n e  + t r i c h l o r o e t h y l e n e  + a c e t o n e  (E:+;-r+o) 

- b e n z e n e  + t r i c h l o r o e t h y l e n e  + n - p r o p a n o l  (IJ+;i+,id) 

- b e n z e n e  + a c e t o n e  + n - p r o p a n o l  (N+D+AG) 

The r e s u l t s  o b t a i n e d  i n  t h i s  p a p e r  t o g e t h e r  

w i t h  our e a l i e r  i n v e s t i s a t i o n s  (2)  p e r m i t  t o  complex  

s t u d y  of a d s o r p t i o n  l i q u i d  c h r o m a t o g r a p h y  p r o c e s s  i n  

t h e  s y s t e m s  w i t h  t e r n a r y  m o b i l e  p h a s e s .  

The r e s u l t s  of c h r o m a t o g r a p h i c  m e a s u r e m e n t s  fo r  

model s u b s t a n c e s  were p r e s e n t e d  on G i k t s  t r i a n g l e  

formhng t h e  s y s t e m s  of  i s o l i n e s  i . e .  l i n e s  c o n n e c t i n g  

t h e  p o i n t s  c o r r e s p o n d i n g  t o  t h e  same I?,= v a l u e s .  T h e  

e x a m p l e s  of s u c h  p r o c e d u r e  a r e  i l l u s t r a t e d  i n  F i c u r e s  

1-9 i n  which  t h e  e x p e r i m e n t a l  d a t a  o b t a i n e d  f o r  t h r e e  

c h r o n a t o g r a p h e d  s u b s t a n c e s  ( n a p h t h a l e n e ,  o - n i t r o t o -  

l u e n o ,  o - n i t r o a n i l i n e )  a r e  Civen .  A n a l y s i s  o f  t h e  

r e s u l t s  and  t h e  c o n c l u s i o n s  r e s u l t i n g  from t h i s  a n a -  

l y s i s  a r e  b a s e d ,  hoviever,  o n  c o m p l e t e  e x p e r i m e n t a l  

m a t e r i a l .  The e x p e r i m e n t a l  d a t a  o b t a i n e d  for  t h r e e  

t e r n a r y  m o b i l e  p h a s e s  c o n t a i n i n g  o n e  p o l a r  component  

were u t i l i z e d  a s  b a s i c  d a t a  ( F i g s  1,2,3 f i r s t  t r i a n g l e s  

on l e f t ) .  The F i g u r e s  1,2,3 (second a n d  t h i r d  t r i a n g l e s )  

show t h e  c h a n g e s  o f  HF v a l u e s  i e o l i n e s  d u e  t o  i n t r o -  

d u c t i o n  of  s e c o n d  p o l a r  component  t o  t e r n a r y  m o b i l e  
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896 OSCIK-MENDYK 

OG3 0.68 053 068 
c2Hc'3 

CCII, 
0 5 3  

077 068 
ICH3I2CO GH6 

CClL 
0.53 

073 0.68 

077 am 077 068 

F i g . 1  The H F  v a l u e s  i s o l i n e s  s y s t e m s  p l o t t e d  f o r  

n a p h t h a l e n e  i n  t h e  t e r n a r y  m o b i l e  phases con- 

t a i n i n g  one o r  two polar  s o l v e n t s  
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SYSTEMS WITH TERNARY MOBILE PHASES. 11 

cc14 
an 

5 

(u1 0% 
C2HCl3 %% 

FH3 

0.41 
C2HC13 %% 

A 7 7  

0.41 a58 
‘ZHC‘3 ‘6% 

F i g . 2  The RF values i s o l o n e s  systems p l o t t e d  f o r  

o - n i t r o t o l u e n e  i n  t h e  t e r n a r y  mobi le  phases 

c o n t a i n i n g  one o r  two p o l a r  s o l v e n t s  
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898 OSCIK-MENDY K 

F i g . 3  T h e  RF v a l u e s  i s o l i n e s  systems p l o t t e d  f o r  

o - n i t r o a n i l i n e  i n  t h e  t ernary  mobi le  phases  

conta in ing  one  o r  two p o l a r  s o l v e n t s  
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SYSTEMS WITH TERNARY MOBILE PHASES. 11 899 

Fig.4 I s o l i n e s  o f  I ? ~  v a l u e s  f o r  naphtha lene in t r i -  

c h l o r o e t h y l e n e  + benzene + ace tone system 

phase. T r i c h l o r o e t h y l e n e ,  ace tone o r  n -propano l  were 

added t o  these phase i n s t e a d  o f  ca rbon  t e t r a c h l o r i d e .  

For  i n i t i a l  systems t h e  l o c a l i z a t i o n  o f  ZF v a l u e s  i s o -  

l i n e s  o f  t h e  chrometographed substances depends on 

t h e  power o f  m o b i l e  phase p o l a r  component. For a l l  

systems t h e  l s o l i n e s  ore l e s s  o r  more p a r a l l e l  t o  
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900 OSCIK-MENDY K 

c6H6 
(1270 

a1 3 Q 7.4 
0.38 0.57 0.64 0.70 0.76 

GH CL3 (c H3&0 

Fig .5  I s o l i n e s  o f  I ? ~  v a l u e s  f o r  o - n i t r o a n i l i n e  i n  

t r i c h l o r o e t h y l e n c  + b e n z e n e  + a c e t o n e  s y s t e m  

t h i s  side o f  G i b b s  t r i a n g l e  w h i c h  l i e s  o p p o s i t e  t o  

v e r t e x  c o r r e s p o n d i n g  t o  iiF v a l u e s  o f  t h e  s u b s t a n c e  

c h r o m a t o g r a p h e d  i n  p u r e  p Q l a r  s o l v e n t  ( F i g s  4 .5 )  . 
I f  a l l  t h r e e  m o b i l e  p h a s e  c o m p o n e n t s  h a v e  s imi l a r  e l u -  

t i o n  p o w e r s  t h e  i s o l i n e s  systems p r e f e r  no s o l v e n t s  

( F i g s  1,2,3 t h e  f i r s t  t r i a n g l e  o n  t h e  l e f t  s i d e ) .  
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SYSTEMS WITH TERNARY MOBILE PHASES. I1 90 1 

Fig.6 I s o l i n e s  o f  dF v a l u e s  f o r  n a p h t h a l e n e  i n  t r i -  

c h l o r o e t h y l e n e  + b e n z e n e  + n - p r o p a n o l  s y s t e m  

T h e  i n t r o d u c t i o n  o f  s e c o n d  p o l a r  c o m p o n e n t  t o  mobile 

p h a s e  c a n  c h a n g e  n o t  o n l y  l iF  v a l u e s  b u t  a l s o  t h e  

l o c a l i z a t i o n  o f  t h e  i s o l i n e s  o n  t h e  G i b b s  t r i a n g l e .  

T h e  c h a n g e  i n  t h e  c o u r s e  o f  aF i s o l i n e s  takes p l a c e  

when e l u t i o n  p o w e r  o f  i n t r o d u c e d  s o l v e n t  is h i g h e r  

t h a n  e l u t i o n  power  o f  p o l a r  c o m p o n e n t  o f  i n i t i a l  mo- 
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902 OSCIK-MENDY K 

C6H6 

F i g . 7  I s o l i n e s  of RF v a l u e s  f o r  o - n i t r o a n i l i n e  i n  

t r i c h l o r o e t h y l e n e  + benzene + n-propanol system 

b i l e  phase (F ig .  1.2.3) . The changes i n  the  RF i s o -  

l i n e s  l o c a l i z a t i o n  w i l l  become e v i d e n t  a f t e r  a d d i t i o n  

o f  ace tone  o r  n-propanol t o  t h e  system c o n t a i n i n g  t r i -  

c h l o r o e t h y l e n e  o r  a f t e r  a d d i t i o n  o f  n-propanol t o  t h e  

system c o n t a i n i n g  acetone.  The  presence of a l c o h o l  

i n  t e r n a r y  mobile phase l e a d s  t o  fo rma t ion  double  
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SYSTEMS WITH TERNARY MOBILE PHASES. I1 903 

f i g .8  I s o l i n e s  o f  8F va lues  f o r  naphthalene i n  acetone 

+ benzene + n-propanol  system 

o r  "c losed"  ,ZF i s o l i n e s  on Gibbs t r i a n g l e  ( F i g s  6-9). 

T h i s  is s c r i c t l y  connected w i t h  the  presence o f  t he  

maxima on the  graph o f  HF=f  (mobile phase composition) 

func t i on .  L o c a l i z a t i o n  o f  dF i s o l i n e s  on Gibbs t r i a n s l e  

depends i n  l i t t l e  p o r t  on the  n a t u r e  (class) o f  t e s t  

substances. Thus i t  can be concluded t h a t  i n  t h e  case 
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904 OSCIK-MENDY K 

Fig.9 I s o l i n e s  of i i F  v a l u e s  f o r  o - n i t r o a n i l i n e  i n  

ace tone  + benzene + n-propanol system 

of considered systems t h e  most important  e f f e c t s  

i n f l u e n c i n g  on a d s o r p t i o n  l i q u i d  chromatography pro- 

c e s s ,  f o r  a g i v e n  a d s o r b e n t ,  a r e  t h e  n a t u r e  and com- 

p o s i t i o n  of mobile phase. T h i s  f a c t  be tokes  t o  a pre-  

dominant r o l e  of molecular ,  mainly s p e c i f i c ,  in te r -  

a c t i o n s  i n  t h e  mobile phase on t h i s  procese.  Any lys i s  
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o f  t h e  r e s u l t s  p r e s e n t e d  i n  t h i s  a n d  p r e v i o u s  p a p e r  (2) 

l e a d  t o  t h e  f o l l o w i n g  c o n c l u s i o n s :  

- p r e s e n t a t i o n  o f  . iF,  a l s o  d,,,, o r  k; v a l u e s  o f  t h e  c h r o -  

n a t o g r a p h e d  s u b s t a n c e s  i n  t h e  f o r m  of i s o l i n e s  

p l o t t e d  o n  G i b b s  t r i a n g i e  makes p o s s i b l e  a c o m p l e x  

a n a l y s i s  o f  t h e  m o b i l e  p h a s e  c o m p o s i t i o n  e f f e c t  o n  

c h r o m a t o g r a p h i c  p r o c e s s ,  

- t h e  course o f  s < F  i s o l i n e s  d e p e n d s  m a i n l y  on t h e  

m o b i l e  p h a s e  c o m p o s i t i o n  a n d  i n  l i t t l e  p a r t  o n  

t h e  n a t u r e  o f  t h e  t e s t  s u b s t a n c e .  I n  t h i s  case t h e  

s p e c i f i c  m o l e c u l a r  i n t e r a c t i o n s  b e t w e e n  m o b i l e  pha -  

se c o m p o n e n t s  p l a y  a n  i m p o r t a n t  r o l e ,  

- t h e  p r e s e n c e  o f  t h e  e x t r e m e  i n  t h e  c o u r s e  o f  XF=f(mo- 

b i l e  p h a s e  c o m p o s i t i o n )  f u n c t i o n  d e t e r m i n e s  t h e  

e x i s t e n c e  o f  trio i s o l i n e s  c h a r a c t e r i z e d  b y  t h e  

same fiF v a l u e s .  Sometimes a s i n g l e  i s o l i n e  c h a -  

r a c t e r i z e d  by e x t r e m a l  ;iF v a l u e  i s  a l s o  o b s e r v e d .  

d i f f e r e n c e s  i n  p o l a r i t i e s  ( i n  e l u t i o n  power)  

o f  i n d i v i d u a l  m o b i l e  p h a s e  c o m p o n e n t s  d e t e r m i n e  

a s h a p e  o f  t h e  RF v a l u e s  i s o l i n e s ,  

a n a l y s i s  o f  t h e  c o u r s e  o f  HF1/ZF2 v a l u e s  i s o l i n e s  

(2) p e r m i t s  t o  t h e  c h o i c e  o f  s u c h  m o b i l e  p h a s e  

c o m p o s i t i o n  w h i c h  a s s u r e s  o p t i m a l  s e p a r a t i o n  o f  

o f  t es t  m i x t u r e .  

- 

- 
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