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EFFECT OF MODIFIER ON THE RETENTION 
OF SOLUTES IN REVERSED-PHASE 
THIN-LAYER CHROMATOGRAPHY 

M. Bieganowska, E. Soczewihki, and 
M. Waksmundzka-Hajnos 

Staszica 6 St. 
20-081 Lublin, P o h d  

Department of Inorganic and Analytical Chemistry 

ABSTRACT 

E f f e c t  o f  c o n c e n t r a t i o n  o f  m o d i f i e r  /methanol ,  
i sop ropano l ,  a c e t o n i t r i l e  o r  dioxane/ on the  r e t e n t i o n  
o f  37 aromat ic  compounds w i t h  v a r i o u s  s u b s t i t u e n t s  
was i n v e s t i g a t e d  f o r  systems o f  the t ype :  s i l a n i z e d  
s i l i c a  /RP-2/ - water + o rgan ic  m o d i f i e r .  C o r r e l a t i o n s  
between the  r e t e n t i o n  behaviour  o f  t he  f o u r  m o d i f i e r s  
a r e  discussed. 

INTRODUCTION 

I n  s p i t e  o f  numerous i n v e s t i g a t i o i i s  which have 

been c a r r i e d  o u t ,  t he  e f f e c t  o f  q u a l i t a t i v e  and quan-. 

t i t a t i v e  e luen t  compoeit ion on r e t e n t i o n  i s  s t i l l  an 

a c t u a l  problem owing t o  t h e  use o f  mixed s o l v e n t s  t o  

c o n t r o l  t h e  e luen t  s t r e n g t h  and s e l e c t i v i t y  For  mixed 

phases composed o f  water and an o rgan ic  m o d i f i e r  i t  

was repo r ted  as e a r l y  as 1962 / f o r  hydroxydibenzofurans 

chromatographed i n  the  eyetern water + d i m e t h y l  s u l f o x i -  

de - d i - n - b u t y l  e the r /  /1.2/ t h a t  
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1208 BIEGANOWSKA, SOCZEWINSKI, AND WAKSMUNDZKA-HAJNOS 

where is t h e  vo luno  f r a c t i o n  and  t h e  s u b s c r i p t s  w ,  

nod d a n o t e  w t e r  and  n o d i f i o r ,  r o s p o c t i v e l y  Tho r c l a -  
t i o n s h i p  h a s  been  usod  c x t o n s i v o l y  i n  i n v e s t i g a t i o n s  
o f  q u a n t i t a t i v e  s t r u c t u r a  - b i o i o g i c a l  a c t i v i t y  r c l a -  
t i o n s h i p s  /JSAR/ by t h e  I-lansch method/3-5/.  T h e  same 
r c l a t i o n s h i p  was found t o  be  v a l i d  f o r  r e v e r s e d - p h a s e  
sys toms  w i t h  nortpolar o d s o r b e n t s  and  a i juoorgan ic  
o l u a n t s / 5 , 6 /  whoro a n o t h e r  fo rm o f  t h e  e q u a t i o n  bacamo 
p o p u l a r  : 

l o g  Ic:', ,mod .I iog IC; - sYrnod / 2/ 

ivhero S = logic,; - l o g k h o d .  
Sopending  on t h e  q u a l i t a t i v o  cor i ipos i t ion  or  the 

ol.uent a s  n o l l  a s  on t h e  m o l e c u l a r  s t r u c t u r e  of t h o  
s o l u t o s ,  s n a l i o r  o r  l a r g e r  d o v i a t i o n s  from l i n e a r i t y  
a r e  somotimes obscrrvad SO t h a t  q u a d r a t i c  c q u a t i o n s  f o r  
l o g  I< ' v s  , o l u o n t  co i l ipos i t ion  r u l a t  i o n s h i p s  havo been 
proposed  ;7,3/. I t  s h o u l d  bo n o t e d  t h a t  s t r o n g  c u r v a t u -  
r e  of l o g  k a v s . Y l i l o d  p l o t s  o c c u r s  f rc l . luei i t ly  o n l y  i n  
t h e  r ange  o f  l o w  k - v a l u e s  /!c'<l/ W i l D r Q  t h e  e x a c t  d o t o r - .  
mi : ia t ion  of k ' v a l u a s  i s  d o u b t f u l  /9/ .  rlie r a i a t i o n s h i p  
has been ox tendad  f o r  t o r n a r y  n i x t u r a s  / i . o . ,  conposod 
o f  w a t e r  and two o r g a n i c  n o d i f i o r s j  wharo the s i n p l c  
/ p l a n a r /  form of  l o g  I< ' v s .  54 r e l a t i o n s h i p s ,  repor tc td  
e a r l i e r  f o r  l i q u i d - l i q u i d  p a r t i t o n  s y s t e m s  / l o /  h a s  
been u t i i z o d  f o r  t h e  d a s c r i p t i o n  o f  the o l u e n t  s t r o n g t h  
o f  throe-component  o h e n t s  /11/ Uwing t o  h e t e r o y c n o o u s  
s u r f a c e  s t r u c t u r e  of s i l a n i z o d  s i l i c a s  and t h e  p r e s c n c o  
o f  r o s i d u a l  hydroxy l  g r o u p s ,  Plakun and t t o rva th  /12/ 
o n a i y s e d  t h o  r e t e n t  i o n  mechanism a s s u n i n g ' m i x e d ,  so lvo - .  
phob ic  - s i l a n o p h i l i c  i n t e r a c t i o n s .  

T h e  e f f e c t  of  modifier on s o l e c t i v i t y  has  been  
d e m o n s t r e t s d  b o t h  i n  I-IPLC 1 0 . 9 .  , r e f s .  13, l r f /as  w a l l  a s  , 
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RETENTION OF SOLUTES 1209 

' i l l  . i -C  /'15-17/ w i t h  nonpolar s t a t b n a r y  phases 

a l s o  bucn i n v u s t i g a t o d  f o r  sorbants  ob ta ined  by  imprc-  

g n a t i o n  o f  Ctt iLuloso u i t i i  p a r a f  f i # i  oil, o l u t o d  w i t h  

a:;uoorganic o luon ts  ,'13,': a l though  these systems a r e  

f o r m l 1 . y  o f  t i l o  l i q u i d - l i q u i d  typu,  t l i a i r  r a t a n t i o n  
nechnnisi;i m y  ba largely analogous t o  t h a t  o c c u r r i n g  

f o r  ,;P odsorbcnts oviing t o  l o ~ r  s o l u b i l i t y  o f  numsrouo 

so.l.utcs i i1  h i g h o r  kydrocsrbons /i c .  , hydrophobic 
n d s o r 9 t i o n  O i l  t h a  l a r g a  i n t e r f c c G  bztwcen p a r a f f i n  o i l  

and atiuoorganic phaso/ . T h i s  hypothes is  v ~ o u l d  e x p l a i n  

a n a l o g l o s  i n  r e t e n t i o n  - e l u e n t  composi t ion r a l a t i o n -  

s h i p s  bctYiocn " l iyu id- l i . : . lu id"  and l i q u i d - s o l i d  ;?P 

systons /conpore, f o r  i n s t z n c o ,  r c f s .  13,ZO w i t h  r e f .  

2 1  aiiJ r o f s .  22,23 r r i t h  r o f .  24 - f o r  b u f f o r e d  aqueous 
phaso/ . 
acisorbonts j l u /  r o q u i r n s  bet:sr r o c o g n i t i o n  o f  s o l u t e  

n o l a c u l o r  s t  r u c t u r a  anJ a luon t  compositon c f  f e c t s ,  t h o  
l a t t o r  bc iny  i > s p c c i o l l y  s s s o n t i a l  f o r  b i -d imens iona l  
u l u t  ion o f  conplox samples  /25/. 

I t  has 

';he p o p u l a r i z a t i o n  o f  W - i i C  with nonpolar  /,:Pi 

:;( p Ei; 1' 3 qqT;\!- -- --A%.- -.- 

100 x 200 cr.1 g l a s s  p l a t e s  i 1 . S  film/ were covcred 

y t i t h  suspension o f  209 o f  s i l a n i z a d  s i l i c a  Si 60 !il~~154 

/ 2 .  i icrclc, d a r a s t a d t ,  ;z.i,.S ,I  i n  GO m l  o f  1:2 mothanoi 

- ~ ~ ~ t e r  m i x t u r e .  The 0 . 2 5  nn l a y o r s  uoro d r i c d  i n  a i r .  
2 5 m i  o f  0 . 0 5 , ;  c o t h n n o l i c  s o l u t i o n s  o f  samples wOro 

s p o t t a d  and t h o  chronatograms davcloped i n  h o r i z o n t a l  
sanciriicl; chanbars u i t h  g l a s s  d i s t r i b u t n r s  /26/. .;Ptor 
ovepora t i on  o f  t ho  c:?lucnt t ho  spo ts  w o r e  i o c a l i s o a  

undcr a'; l i g h t  o r  by sp ray ing  w i t h  Dragendor i f ' s  
ruagan t .  ' f l io data g i v c n  i n  Tables 1 and 2 a r e  ovoragcs 

from t h r o e  exper iments :;rith :iF valuos w i t h i n  2 0 .02  

p n i t s  
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1210 BIEGANOWSKA, SOCZEWINSKI, AND WAKSMUNDZKA-HAJNOS 

TABLE 1. RM Valuer A RM Valuer Relat ive t o  Phonol 

No Solute Abbr. 50% MeOH 

RM hM 5 

1. Phenol P -0.18 0.00 1.9 
2. Orcinol  
3. Thynol 

0 -0.36 -0.18 1.5 
T 0.62 0.80 3.3 

4. 2-Nitrophenol 2NP 0.10 0.15 2.8 

5. 3-Nit rophenol 3N P 0.01 0.19 2.4 
6. 4-Nitrophenol 4NP 0.10 0.28 2.4 

7. 2-Chlorophonol 2CP 0.00 0.18 2.7 

8. 3-Chlorophenol 3CP 0.13 0.31 2.6 
9. 4-Chlorophonol 4CP 0.07 0.25 2.6 

10. 2,6-Dichlorophenol 26CP 0.32 0.50 3.5 

11. 3.4-Dichlorophenol 34CP 0.44 0.62 3.3 
12. 5,5-Dichlorophenol 35CP 0.55 0.73 3.3 

13. 2-Methylphmol 2MP 0.00 0.18 2.1 

14. 3-Mothylphonol 3MP -0.05 0.13 2.2 

15. 4-Methylphonol 4MP -0.03 0.15 2.1 
16. 2,5-Dimethylphonol 25MP 0.21 0.39 2.7 
17. 3,4-Diaethylphenol 34MP 0.17 0.35 2.8 

18. 3.5-Dimothylphenol 3WP 0.17 0.35 2.8 
19. 4-Chloro-3-aathylphe- 

no1 4C3MP 0.30 0.48 3.3 

20. 1-Hydroxynaphthalene 1HN 0.31 0.49 2.8 
21. 2-Hydroxynaphthalone 2HN 0.27 0.45 3 0 
22. 1,3-Dihydroxynaphtha- 

lono 13HN 0.06 0.24 2.8 
23. 2,7-Dihydroxynrphtha- 

lane 27HN -0.09 -0.09 2.5 

nrphthrlone lNO2HN 0.36 0.54 2.7 
24. l l - N i t t 0 ~ 0 - 2 - h y d r o ~ y -  

(continued) 
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RETENTION OF SOLUTES 

TABLE 1 (continued) 

1211 

and Slop08 of  RM v8 9 Plotr 

50% MoCN 5 a  IPrOH 5046 Dioxano 

'M ARM S 'M b M  RM &I 

-0.40 

-0.44 

0 -20 

-1.02 
-0.17 

-0.23 

-0.14 

-0.19 

-0.22 

0.03 

-0 -05 

0.07 

-0.28 

-0.37 

-0.37 

-0 -06 
-0.20 

-0.20 

0 .oo 
-0.04 

0.60 

0.38 
0.23 

0.27 

0.26 

0.21 

0.18 

0.43 

0.35 

0.47 

0.12 

0 a03 

0.03 
0.34 

0.20 

0.20 

2 .o 
1.8 
3.3 
2.2 

2 - 3  

2.3 

3 . 1  

3 . O  
3 -0 
3 . 2  

3.4 

3.4 

2.3 
2 . 4  

2 .4  

3.2 

3 .O 
3 .O 

-0.13 0.27 3.0 
-0.03 0.37 3.2 
-0.12 0.28 3.3 

-0.36 0.04 3.0 

-0.48 -0.08 2 .9  

-0 .21 0.19 3.0 

-0.40 0.00 

-0 50 -0 - 10 
0.09 0.40 

-0.20 0 .20  

-0.30 0.10 

-0.35 0.95 

-0.38 0.02 
-0.27 0.13 

-0.45 -0.05 

-0.17 0.23 

-0.83 0.37 

0.00 0.40 

-0.33 0 .07  

-0.37 0.09 

-0.33 0.07 

-0.18 0.22 
-0.26 0.14 

-0.26 0.14 

2 .o 
1.7  

3.8 
2 - 4  

2 - 6  

2 .5  

3 .6  

3 . 4  

3.6 

3.6 

4 .O 
4 .0  
2.8 

2 .8  

2.8 

3 .O 

3 . 1  

3 .1  

-0.17 0.23 3.0 
-0.22 0.18 3.1 
-0.18 0.22 3.4 

-0.44 -0.04 3 .2  

-0.53 -0.13 2.8 

-0.14 0.26 3.4 

-0.33 

-0 - 50 
0.33 

-0.08 

-0.18 
-0.26 

-0.13 

-0.02 
-0.09 

0.09 

0.15 

0.23 
-0.21 

-0.07 

-0.10 
-0.03 

-0.15 

-0.15 

0.00 2 .0  

-0.17 2 .3  

0.66 3 .0  

0.25 2 -35  

0.15 2.35 

0 .07  2 .3  

0 . 2 0  2.8 

0 .31  2 . 7  

0.24 3 . 2  

0.42 3 .6  

0.48 2.6 

0.56 2.6 
0.12 3 .4  

0.26 2 .5  

0.23 2 . 3  

0.30 2.45 

0.18 2 . 4  

0.18 2.4 

0.07 0 .40  3 . 1  

0.05 0.38 3 . 0  
0.00 0.33 2 . 8  

-0.21 0.12 2 . 7  

-0.40 -0.07 2.4 

-0.03 0.30 2 . 3  
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1212 BIECANOWSKA, SOCZEWINSKI, AND WAKSMUNDZKA-HAJNOS 

TABLE 2 .  RM and A R; 

Ex t rapo la ted  t o  

No Abbr 50WeOH 5 m  MeCN 50% iPrOH 50% Dioxane 

v a l u e s  R e l a t i v e  t o  Phenol 

mod 0 ,  i . e . ,  Pure Water 

1 .P 0.69 

2 -0  0.34 - 
3 .T 2.35 

4.2NP 1 . 4 7  

5.3NP 1.33 

6.4NP 1.14 

7.2CP 1.38 

8.3CP 1.45 

9.4CP 1.47 

10.25CP 2.15 

11.34CP 2.07 

12.35CP 2.22 

13.2MP 1.10 

14.3MP 1.07 

15.4MP 1.10 

16.25MP 1.67 

17.34MP 1.60 

18.35MP 1.60 

19 .4C3MP 2 .03 

2O.lHN 1.70 

21.2HN 1.27 

22.13HN 1.47 

23.27HN 1.10 

24.1N02W 1.67 

0 .oo 
~ 0 . 3 5  

1.66 

0.78 

0.64 

0.45 

0.67 

0.76 

0.78 

1.46 

1.38 

1.53 

0 .41  

0.38 

0 .41  

0 -98 

0.91 

0 .91  

1 .34  

1 . O l  

1-08 
0.78 
0.41 

0.98 

0.58 

0.42 

1.83 

1-00 

0 -95 

0.82 

1.44 

1.33 

1.26 

1.62 

1.55 

1.86 

0.87 

0.82 

0.82 

1.51 
1-23  

1.23 

1.34 

1.66 

1.55 

1.16 

0.95 

1.34 

0 .oo 
-0 16 

1.25 

0 .42  

0.37 

0.26 

0.86 

0.75 

0.68 

1.04 

0.97 

1.28 

0.29 

0.24 

0.24 

0.93 

0 .65  

0 .65  

0.76 

1.08 
0 -97 

0.58 

0.37 

0.76 

0.62 

0.35 

2.02 

1.08 

1.04 

0 . 9 1  

1 .41  

1 .36  

1.22 

1.66 

2 .01  

2.10 

1.09 

1 .ll 

1.09 

1 . 4 5  

1.40 

1.40 

1.50 

1.62 

1.40 

1 *04 
0.82 

1.28 

0 .oo 
-0.27 

1.40 

0.46 

0.42 

0 .29  

0.79 

0.74 

0.60 

1 04 

1.39 

1.48 

0 .47  

0 .49  

0 .47  

0.83 

0.78 

0.78 

0.88 

1 .oo 
0.78 

0.42 

0.20 

0.66 

0 *83 
0.79 

1.80 
1.27 

0.98 

0.87 

1.30 

1.40 

1.52 

1.90 

1 .52  

1.61 

1 .oo 
1.16 

0.95 

1.20 
1.10 

1 10 

1 .67  

1 .53  
1.44 

1-15  
0.87 

1.16 

0 .oo 
-0.04 

0.97 

0.44 

0 . 1 5  

0 .04  

0 .47  

0 .57  

0 69 

1.07 

0.69 . 
0.78 

0.17 

0.33 

0 . 1 2  

0 37 

0 .27  

0.27 

0 84 

0 .70  

0 .61  

0 .32  

0.04 

0.33 
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RESULTS AND DISCUSSION 

Examples o f  RM vs .  eluont compor i t ion p l o t s  a re  
presented i n  f i g s  1-4 f o r  four  mod i f ie rs  i nves t i ga ted  
- methanol, a c e t o n i t r i l e ,  isopropanol  and dioxane 
Since l i n e a r  p l o t s  were obtained i n  the l i m i t e d  compo- 
s i t i o n  ranges, the f u l l  data f o r  37 compounds are given 

i n  Table 1 /phenols/ and Table 3 /azearenes/ f o r  50% 

concentrat ion o f  the mod i f ie rs ,  i n c l u d i n g  ARM values 

r e l a t i v e  t o  the reference compound - phenol f o r  hydroxy 
compounds and qu ino l ine  f o r  azaarenes I n  Table 2 the 

ext rapolated R,,, and ARM values o f  the phenols a re  
given /for:f mod = 0, i a ,pure water aa the e luent /  

i n  accordance w i t h  the concept o f  hyd roph i l i c  and 
hydrophobic eubet i tuents .  Some except ions are observed 
i n  the case o f  aminoquinolines where t h e  amino group 
seems t o  have a p o s i t i v e  ARM value which could be 
explained by adsorpt ion on residue1 s i l a n o l  groups; 
on the other  hand, a l k y l ,  halogen end n i t r o  subs t i t u -  
ents  as w e l l  as condensed aromatic r i n g s  increase the 
re ten t i on  i n  accordance w i t h  expected behaviour The 

subst i tuent  increments ARM ere more o r  less d i f f e r e n -  
t i e t e d  f o r  the four  mod i f ie rs  i nves t i ga ted  Tho e f f e c t  
i s  i l l u s t r a t e d  by RM vs RM c o r r e l a t i o n s  tak ing  methanol 
ad the reference mod i f ie r  /Figs.S - 7/ Owing t o  t h e  
d i v e r s i t y  o f  s t ruc tu res  o f  the so lu tes  the spread o f  
po in ts  i s  q u i t e  s i g n i f i c a n t ,  and al though some c o n t r i -  
bu t ion  o f  experimental e r r o r  inherent i n  TLC can be 
expected. the d i f fe rences  i n  s e l e c t i v i t y  a re  obvious 
Needless t o  say,points l y i n g  on the same h o r i z o n t a l  

l i n e  correspond t o  mixtures which do not separate when 
methanol is u8ed a8 the mod i f ie r  but show good e e l e c t i -  
v i t y  f o r  the other  mod i f i e r :  p o i n t s  l y i n g  on the same 

l e v e l  represent mixtures which a re  w e l l  separated by 
the water - methanol e luent .  

The ARM values f o r  RP-2 systoms are  on the whole 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



RETENTION OF SOLUTES 1215 

RP 
1. c 

0. 

- 0.5 

1 
30 
'z 

\A\ I \, I 

\\ 60 n @ %MeOU 

T 

FIGURE 1. % values plotted against the concentrations of methanol 
in the eluent. For notation of solutes see Table 1. 

The s c a t t e r  and the s lopes  of  the  c o r r e l a t i o n s  

show tha t  a c e t o n i t r i l e  /F ig .5 /  has a genera l  s e l e c t i -  

v i t y  s i m i l a r  t o  methanol but g r e a t e r  d i f f e r e n c e s  f o r  

i n d i v i d u a l  sets o f  so lu tes  Isopropanol  /F ig  6/ rhows 
a g r a e t e r  analogy t o  methanol. Dioxane /F ig  7/ shows 
e b e t t e r  s e l e c t i v i t y  to i n d i v i d u a l  sets o f  so lu tes  
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\ o  

i LNP 

FIGUM 2. As in Fig. 1, modifier - acetonitrile. 
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MeCN 

0.8 
RM 

06 

1219 

- 

- 

0.4 

0.2 

a31 

035 

29 a 3  

FIGURE 5 .  C o r r e l a t i o n s  :>f RM v a l u e s  obta ined  f o r  50% c o n c e n t r a t i o n s  
of a c e t o n i t r i l e  and methanol. For n o t a t i o n  of s o l u t e s  
s e e  Tables  1 and 3.  
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- 
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035 
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FIGURE 6. As in Fig. 5, comparison of isopropanol and methanol 
as modifiers. 
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FIGURE 7. As in Fig. 5, comparison of dioxane and methanol as 
modifiers. 
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but  lower genera l  s e l e c t i v i t y  / s lope  o f  t he  c o r r e l a -  

t i o n  p l o t /  

f u n c t i o n a l  groups the  change o f  t he  m o d i f i e r  may r e s u l t  
i n  s i g n i f i c a n t  v a r i a t i o n s  o f  s e l e c t i v i t y  A f t e r  p r e l i -  

minary o p t i m i z a t i o n  o f  t h e  e l u e n t  composi t ion w i t h  a 
g i ven  m o d i f i e r  /e .g . .  methanol/ i t  i s  thus w o r t h w i l e  

t o  t e s t  e q u i e l u o t r o p i c  m ix tu res  //7,8,11/ o f  o t h e r  

m o d i f i e r s  w i t h  water. 

The r e s u l t s  i n d i c a t e  t h a t  f o r  s o l u t e  o f  d i f f e r e n t  

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

8 .  
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11. 

REFERENCES 

Soczewihoki, E.and Wachtmeister, C.A., 3 .Chromatogr. 

- 3, 511, 1962. 
Soczewihski ,  E., J .Liq.Chronetogr. 3, 1781, 1980. 
Tomlinron,E., 3.Chromatogr. 113, 1, 1975. 
Kaliszan,R., 3.Chronstogr. 220, 71, 1981. 
Biegmowska,M. and Soczawihski,E., i n  " Q u a n t i t a t i v e  

S t r u c t u r e - A c t i v i t y  A n a l y s i s "  /R.Franke and P.Oehme, 

Eds/.Akedemie-Verlag, B e r l i n  1978, p.29. 

Snyder,L.R., Do1an.J.W. and Gent ,J.R., J.Chromatogr. 

- 165, 3, 1975. 

Schoenmakers,P.J., B i l l i e t  , H . A . H . ,  Ti jssen,R.  and 

DeGalen,R., 3.Chromatogr. 149, 519, 1978. 
Schoenmakers , P . J . ,  B i l l i e t  ,H .A.H.  and DeGalan , R . ,  

J.Chromatogr. 185, 179, 1979. 
S l a a t s  ,E., Markowski,W., Fekete ,J. and Poppe,H., 

J.Chromatogr. 207. 299, 1981. 
Soczewihski,E., Chem.Analit./Warsaw/, 8, 337. 1963. 
Schoenmakers ,P .J . , B i l l i e t  ,H .A .H. and OeGalan ,R. , 

J .Chromatoar. 218. 261, 1981. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



RETENTION OF SOLUTES 1223 

12. Nehum,A. and Horveth,Ce., 3.Chrometogr. 203, 
53, 1981. 

13. Tenaka,N., Goodel1,H. and Kerger,B.L., 

3.Chroaetogr. 158, 233, 1978. 

14. Melander,W.R.@nd Horveth,Ca., i n  "High-Performence 

L i q u i d  Chromatogrephy , Advences and Pemapoctivea" 

/Ce.Horveth, Ed./, V01.2, p.113, Acedeaic Press, 

N.Y. 1980. 

15. Gonnot ,C., Merichy,M., 3.Liq.Chronetogr. 3,  
1901, 1980. 

16. Sender,L.C., Sturgeon,R.L. and Field,L.R., 

J.Liq.Chromatogr. /Suppl.l/, 63,  1981. 

17. Brinkman,U.A.Th. end DeVries,G., 3.Chromatogr. 

- 265, 105, 1983. 

18. Soczewihski,E. and Wek8nundzke-Hejnos,M. J .L iq .  

Chronetogr. 3, 1625, 1980. 

19. Boyce,C.B.C. and Milborrow,B.V., Nature 9, 
537, 1965. 

20. Guerra,M.C., Berbero,A.M., C a n t a l l i  Fort i ,G.,  

P i e t  rogrende ,M .C. , Bores, P .A. and B i e g i  ,G .L . , 
J.Liq.Chrometogr., L, 1495, 1904. 

21. GoLkiew1cr.W.. Werkhovon-Goovio,C.E., Brinknen, 

U.A.Th., Froi,R.W., C o l i n  H. and Guiochon, G., 

J.Chromatogr.Sci. 21, 27. 1983. 

22. Vecok.2.. Stota,Z. and 8tanek,J., 3.Chromatogr. 

- 19, 572, 1965. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1224 BIEGANOWSKA, SOCZEWINSKI, AND WAKSMUNDZKA-HAJNOS 

23. Biegmowrka,M., Soczawifhki,E. 8nd Wsk8nundzkm- 

Hajno8 ,M. , Cham.Analit ./Warsaw/ ,s, 263, 1981. 

24. Horvath,Cs., Malander,W. and Molnar , I . ,  Anal. 

Cham. 49, 142, 1977. 

25. Guiochon ,G.  , Be8ver ,L .A. , Gonnord ,M.F. , Slouf f 1 ,  

A.M. and Zakaria,M.,  J.Chroretogr. 255, 415, 1983. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


