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INVESTIGATIONS IN HPLC SYSTEM 
CONTAINING SILICA DYNAMICALLY 

MODIFIED BY CAMPHORSULFONIC ACID 

A. L ~ R E ~ ,  zs. B U D V ~ I - B ~ ~ N Y ~ ,  
GY. S&Zl, AND A. SHALABG 

1Imtitute of Pharmaceutical Chemistry 
Semdweis University of Medicine 

Budapest, Hungary 
&partmed of Phurmaceutical Chemistry 

university of ZugaAg 
ZagaTig, Esypt 

A B S T R A C T  

The a d s o r p t i o n  o f  c a m p h o r s u l f o n i c  a c i d  ( C S A )  b y  s i l i c a  

was f o l l o w e d  b y  t h e  b r e a k - t h r o u g h  method  u s i n g  m e t h a n o l - w a t -  

er-CSA and  a c e t o n i t r i l - w a t e r - C S A  m i x t u r e  a s  m o b i l e  phases .  

The b r e a k - t h r o u g h  c u r v e s  c o m p r i s e  t w o  d i s t i n c t  waves, i n d i -  

c a t i n g  t h e  f o r m a t i o n  o f  CSA-double l a y e r  on  t h e  s i l i c a  s u r -  

f a c e .  The amount o f  C S A  bound  i n  t h e  1. and  2 .  l a y e r  i s  a 

f u n c t i o n  of t h e  m e t h a n o l - ,  a c e t o n i t r i l -  and  CSA-con ten t  o f  

t h e  e l u e n t .  F o l l o w i n g  t h e  r e t e n t i o n  o f  a m o d e l  s u b s t a n c e  

a l o n g  t h e  b r e a k - t h r o u g h  c u r v e  f r o m  methano l -wa te r -CSA e l u e n t ,  

t h e  d i f f e r e n t  s o r p t i o n a l  f e a t u r e  o f  t h e  t w o  CSA l a y e r s  was 

r e v e a l e d :  r e t e n t i o n  i n c r e a s e  f o l l o w e d  b y  t h e  d e p r e s s i o n  o f  
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2066 LORE ET AL. 

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

b r e a k - t h r o u g h  p o i n t  r e s p e c t i v e l y .  F u r t h e r  s t u d y  o f  t h e s e  

a p p e a r a n c e s  i s  i n  p r o g r e s s .  

I N T R O D U C T I O N  

I n  a p r e v i o u s  p a p e r  (1) HPLC b e h a v i o u r  o f  i m i d a z o - q u i n a -  

z o l o n e  d e r i v a t i v e s  h a s  been  r e p o r t e d .  U s i n g  s i l i c a  a s  s t a t i o n -  

a r y  phase  an  i n c r e a s e ,  f o l l o w e d  b y  a d e p r e s s i o n  o f  r e t e n -  

t i o n  was o b s e r v e d  when c a r n p h o r s u l p h o n i c  a c i d  ( C S A )  c o n c e n t -  

r a t i o n  o f  t h e  me thano l -wa te r -CSA e l u e n t  was g r a d u a l l y  i n -  

c r e a s e d  (1). A t  f i r s t  i m p r e s s i o n ,  c o n s i d e r i n g  t h e  h i g h l y  

p o l a r  c h a r a c t e r  of t h e  s t a t i o n a r y  p h a s e ,  t h i s  e x p e r i e n c e  

s h o u l d  i n d i c a t e  m o l e c u l a r  comp lex  f o r m a t i o n  b e t w e e n  C S A  and  

t h e  model  compounds. However ,  a s s u m i n g  t h a t  e q u i l i b r a t i o n  o f  

t h e  s y s t e m  i s  accompan ied  b y  t h e  a d s o r p t i o n  o f  C S A  on t h e  

s i l i c a  s u r f a c e ,  t h e  o r g a n i z a t i o n  o f  a d y n a m i c a l l y  m o d i f i e d  

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

i n c r e a s e  c o u l d  b e  a l s o  assumed. The l a c k  of l i t e r a t u r e  d a t a  

i n i t i a t e d  u s  t o  b e g i n  a d e t a i l e d  s t u d y  r e l a t e d  t o  t h e  C S A -  

- a d s o r p t i o n  on  s i l i c a  s u r f a c e .  

C S A  as  HPLC- ion p a i r i n g  a g e n t  was u s e d  on  c y a n o p r o p y l  

s t a t i o n a r y  p h a s e  b y  S z e p e s i  e t  a 1  ( 2 )  on  d i o l  s t a t i o n a r y  

p h a s e  b y  P e t t e r s o n  and  S c h i l l  ( 3 )  f o r  e n a n t i o s e p a r a t i o n  o f  

e b u r n a n e - a l k a l o i d s  and  p - b l o c k i n g  a g e n t  r e s p e c t i v e l y .  L a -  

d 6 n y i  e t  a l .  ( 4 )  s e p a r a t e d  8 -azagonane-12 -one  e n a n t i o m e r s  

by  HPLC o n  s i l i c a  g e l  s t a t i o n a r y  p h a s e ,  w h i l e  Brugman e t  a l .  

( 5 )  h a v e  s t u d i e d  t h e  r e t e n t i o n  b e h a v i o u r  o f  n u c l e o b a s e s  and  

n u c l e o s i d e s  o n  s i l i c a  g e l  u s i n g  C S A  a s  i o n  p a i r i n g  a g e n t .  A 
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SILICA MODIFIED BY CAMPHORSULFONIC ACID 2067 

r e l a t i v e l y  g r e a t  number o f  a u t h o r s  u s e d  CSA i n  RPHPLC s y s -  

tems,  u n l e s s  t h e  mechanism of  C S A - a c t i o n  w o u l d  h a v e  b e e n  

i n v e s t i g a t e d .  

The b i n d i n g  o f  p o t e n t i a l  p a i r i n g  s p e c i e s  i n  n o r m a l -  as  

w e l l  a s  i n  r e v e r s e d  phase  s y s t e m s  is g e n e r a l l y  e x a m i n e d  b y  

t h e  b r e a k - t h r o u g h  method  ( 6 , 7 , 8 ) .  B a s i n g  o n  t h i s  method  t h e  

b i n d i n g  o f  C S A  b y  s i l i c a  g e l  s u r f a c e  c o u l d  h a v e  been  f o l l o w -  

ed.  

EXPERIMENTAL 

M a t e r i a l s  

The mode l  s u b s t a n c e ,  3-methy1-2-(4'-methylphenyl)-imid- 

azo(5,1-b)-quinazol-9-one ( s t r u c t u r e  see  i n  F i g .  4 )  was s y n t -  

h e t i z e d  i n  o u r  l a b o r a t o r y  (9). I t s  q u a l i t y  was c h e c k e d  b y  

c h r o m a t o g r a p h y .  

( + I - 1 0 - c a m p h o r s u l f o n i c  a c i d  m o n o h y d r a t e  ( M e r c k ) .  

C h l o r o f o r m  was p u r c h a s e d  f r o m  I n t e r k e m i a  ( B u d a p e s t ,  Hun- 

g a r y )  and  was u s e d  a f t e r  p u r i f i c a t i o n  b y  t h e  me thod  of  t h e  

H u n g a r i a n  Pharmacopoe ia  ( 1 0 ) .  

M e t h a n o l  ( a n a l y t i c a l  g r a d e )  was o b t a i n e d  f r o m  R e a n a l  

( B u d a p e s t ) .  

A c e t o n i t r i l  ( f o r  HPLC) was a p r o d u c t  o f  Chemolab (Buda-  

p e s t ) .  

Ch romatog raphy  

The HPLC e q u i p m e n t  c o n s i s t e d  o f  t h e  f o l l o w i n g  p a r t s :  

W a t e r s  ( M i l l i p o r e ,  USA), M o d e l  5 0 1  s o l v e n t  d e l i v e r y  s y s t e m ,  

LABOR M I M  ( B u d a p e s t ,  H u n g a r y ) ,  M o d e l  OE 308 v a r i a b l e  wave- 
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2068 LORE ET AL 

l e n g t h  UV p h o t o m e t e r  a s  d e t e c t o r ,  Yokogawa ( T o k y o ,  J a p a n ) ,  

Type 3 0 5 1  r e c o r d e r  was u t i l i z e d .  A s t a i n l e s s - s t e e l  c o l u m n  

( 2 5 0 ~ 4 . 6  mm 1 . 0 . )  p a c k e d  w i t h  5 pm L i C h r o s o r b  S i L 0  ( B S T ,  Bu- 

d a p e s t )  was a p p l i e d .  As m o b i l e  p h a s e  c h l o r o f o r m - m e t h a n o l  

( 9 9 : 1 ,  9 7 : 3 ,  9 5 : 5 )  m i x t u r e s  c o n t a i n i n g  d i f f e r e n t  c o n c e n t r a -  

t i o n s  ( 0 . 0 0 5 - 0 . 0 5  M )  o f  c a m p h o r s u l f o n i c  a c i d  were  used .  

B r e a k - t h r o u g h  c u r v e s  

The schematic d i a g r a m  o f  t h e  a p p a r a t u s  u s e d  f o r  b r e a k -  

- t h r o u g h  c u r v e  d e t e r m i n a t i o n s  i s  shown i n  F i g .  1. 

I n  c o n t r a s t  w i t h  t h e  e q u i p m e n t s  d e s c r i b e d  i n  p r e v i o u s  

p a p e r s  ( 6 , 7 )  t h e  a p p a r a t u s  u s e d  w o r k s  w i t h  o n l y  one pump. 

To b a l a n c e  t h e  p r e s s u r e  ( i . e .  t o  e l i m i n a t e  p r e s s u r e  s u r g e s )  

an a u x i l i a r y  co lumn ( t h e  same s i z e  and  p a c k i n g  a s  t h e  f i r s t  

c o l u m n )  f i t t e d  t o  a s e c o n d  i n j e c t o r ,  was a p p l i e d .  On t h e  b e -  

g i n n i n g  of t h e  e x p e r i m e n t  t h e  c h r o m a t o g r a p h i c  s y s t e m  was 

f l u s h e d  up  w i t h  C S A - f r e e  e l u e n t  and  t h e r e a f t e r  t h e  b r e a k -  

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

o f  C S A  have  b e e n  r e c o r d e d .  S p e c t r o p h o t o m e t r i c  d e t e c t i o n  a t  

2 9 0  nm was a p p l i e d .  F l o w  r a t e :  1 m l / m i n . ,  c h a r t  speed :  2 0  

cm/h. 

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

b r e a k - t h r o u g h  c u r v e .  

F o l l o w i n g  t h e  me thod  o f  b r e a k - t h r o u g h  d e t e r m i n a t i o n  d e s -  

c r i b e d  above ,  c h l o r o f o r m - m e t h a n o l - C S A  9 7 : 3 : 0 . 0 3  M m i x t u r e  a s  

e l u e n t  was used .  From t h e  moment when C S A  c o n t a i n i n g  e l u e n t  

was a l l o w e d  t o  e n t e r  t h e  s y s t e m  and  t h e r e a f t e r  i n  e v e r y  t w o  
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0 

I c i  I 

-L- 
id 

F i g u r e  1 

The c h r o m a t o g r a p h i c  s y s t e m  f o r  b r e a k - t h r o u g h  d e t e r m i n a t i o n  

( s c h e m a t i c  d i a g r a m ) .  

I1 I n j e c t o r  f o r  s a m p l i n g  

I2 
P Pump 

C1 Column for a n a l y t i c a l  p u r p o s e s  

C 2  

A 

6 

I n j e c t o r  f o r  t w o  ways v a l v e  f u n c t i o n  

Column f o r  b a l a n c i n g  o f  p r e s s u r e  s u r g e s  

S w i t c h i n g  p o s i t i o n :  open t o  C1 

S w i t c h i n g  p o s i t i o n :  open  t o  C 2  

m i n u t e s ,  e q u a l  amoun ts  o f  t h e  m o d e l  s u b s t a n c e  have  b e e n  i n -  

j e c t e d .  The l a t t e r  was s o l v e d  i n  a c h l o r o f o r m - m e t h a n o l  9 7 : 3  

m i x t u r e  ( c o n c n .  0 .0169)  and  2 0  p l  a l i q u o t s  were  i n j e c t e d .  

RESULTS, OISCUSSION 

A s e r i e s  o f  b r e a k - t h r o u g h  c u r v e s  a r e  p l o t t e d  i n  F i g u r e  

2 .  On t h e  c u r v e s ,  parallel w i t h  t h e  i n c r e a s e  o f  CSA-concen- 
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C S A  

(p~ 0,05 M 

r- 0,03 M 

I- 40 2 M 

I ~ 0 t 0 0 5 M  

b 10 15 cm 

Figure 2 

Break-through curves f o r  CSA 

Chromatographic system: LiChrosorb Si60/Chloroform-Methanol- 

-CSA 9 7 : 3  : 0.005-0.05 M .  

trations, a second rise may be more and more definitely ob- 

served. This phenomenon is to be interpreted with the f o r -  

mation of CSA double layer on the silica-surface. The total 

bound amount 

that surface 

was taken as 

of C S A  is shown in Table 1. It is to be noted 

area parameter for LiChrosorb Si60 (in bulk) 

550 m2/g,  a data is given by the manufacturer 

( E .  Merck; 11). Considering the fact that this is a data on- 

ly f o r  approximate information and the adsorbed amounts of 

CSA were calculated by using this value, consequently, the 
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P g I m  

20 0 

150 

100 

50 

CHC13 : MeOH 
99 : 1 

MeOH 
3 

MeOH 
5 

0,005 0,Ol 402 903 0:04 0,05 M CSA 

F i g u r e  3 

C S A - a d s o r p t i o n  on s i l i c a  s u r f a c e  as  a f u n c t i o n  o f  t h e  

m e t h a n o l  and  C S A  c o n t e n t  o f  t h e  m o b i l e  phase .  

d a t a  i n  T a b l e  1 s h o w i n g  t h e  e x t e n t  o f  C S A - a d s o r p t i o n  as  f u n c -  

t i o n  o f  t h e  C S A  and  m e t h a n o l  c o n c e n t r a t i o n  o f  t h e  e l u e n t ,  a l -  

so  m u s t  b e  r e g a r d e d  a s  r o u g h  e s t i m a t i o n s .  The i n f l u e n c e  o f  

m e t h a n o l  o n  C S A  b i n d i n g  i s  b a s e d  on  t h e  i n t e r a c t i o n  b e t w e e n  

m e t h a n o l  and  t h e  s i l a n o l  g r o u p s  a s  w e l l  as  m e t h a n o l  and  C S A .  

I t  c a n  b e  seen  i n  T a b l e  1, t h a t  t h e  amount o f  C S A  was b o u n d  

b y  t h e  s e c o n d  l a y e r ,  i s  much more s m a l l e r  t h a n  t h a t  i s  b y  t h e  

f i r s t  one b u t  i t  i s  s t i l l  s i g n i f i c a n t ,  e s p e c i a l l y  i n  t h e  c a s e  
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PEAKN, t R  PEAKN, tR 

1 167 14 37 2 
2 201 15 369 
3 222 16 368 
4 24 4 17 367 

275 ' I '  18 367 
I '  ; 399 19 367 

7 396 20 367 
a 392 21 367 
9 390 22 367 

1 0  386 23 367 
11 382 24 367 
12 3 78 25 367 
13 375 26 367 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18192021 22232425262728 Inj.No. 
0 0 0 O 15 sec 

o ~ z m  m *  t-l 

0 0 
O N  4, U 
* P ,  m z $ ? N L n  N N m 

F i g u r e  4 

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

b r e a k - t h r o u g h  c u r v e  o f  C S A .  

C h r o m a t o g r a p h i c  s y s t e m :  L i C h r o s o r b  Si60/Chloroform-Methanol- 

-CSA 9 7 : 3 : 0 . 0 3  M. 
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401 0,02 0,03 0'04 M C S A  
0,003i 

0,005 

F i g u r e  5 

R e t e n t i o n  o f  t h e  mode l  s u b s t a n c e s  a s  a f u n c t i o n  o f  

t h e  m e t h a n o l  and  C S A  c o n t e n t  o f  t h e  m o b i l e  p h a s e .  

1. 

2. 

R p r o p y l  (see s t r u c t u r e  i n  F ig .  3 )  (LiChrosorb Si60/CHClj-MeOH 95:5) 

R = phenyl (see s t r u c t u r e  i n  F ig.  3) (LiChrosorb Si60/CHC13-MeOH 99:l) 

o f  m e t h a n o l - p o o r  e l u e n t s .  F i g .  3 shows t h e  t o t a l  amount o f  

C S A  was bound  f r o m  t h e  e l u e n t s  w i t h  v a r i o u s  C S A  c o n t e n t .  

Our p r e l i m i n a r y  e x p e r i m e n t s  r e v e a l  d i f f e r e n t  s o r b e n t  pro- 

p e r t i e s  o n  b e h a l f  o f  t h e  two  C S A - l a y e r s .  F i g u r e  4 shows t h e  

r e t e n t i o n  b e h a v i o u r  o f  an  i m i d a z o - q u i n a z o l o n e  m o d e l  s u b s t a n c e  

a l o n g  t h e  b r e a k - t h r o u g h  c u r v e  o f  C S A .  I t  i s  c e r t a i n l y  i n t e r -  

e s t i n g  t h a t  t h e  r e t e n t i o n  g r a d u a l l y  i n c r e a s e s  u n t i l  t h e  " b r e a k -  

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

t h e  c u r v e  ( " b r e a k - t h r o u g h  2 " ) .  
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In a previous work ( 1 0 )  we reported on the retention 

behaviour of several imidazo-quinazolone derivatives in the 

same chromatographic system, when methanol o r  CSA concentra- 

tion was varied. Fig. 5 shows that in eluents with relative- 

ly higher methanol content the retention, after a peaking, 

gently decreases, while in eluents with low methanol content 

a dramatic fall and dropping under the original value may be 

observed. These results, in accordance with the present ob- 

servations, clearly show the influence of the second layer o f  

CSA on the retentions. When double-layer formation is enhanced 

by the experimental conditions (i.e. relatively low methanol 

and high CSA content of the eluent) its retention depressing 

property is manifested (see the curve No 2). In case of the 

chloroform-methanol 9 5 : 5  eluent the chance of double-layer 

formation is reduced ( s e e  data in Table 1) whereby the chro- 

matographic process will be governed by the retention increas- 

ing effect of the first layer. For the interpretation of the 

above phenomenons further experiments are necessary on the 

mechanism of CSA-binding b y  silica surface. 

The adsorption of CSA by the silica gel surface was 

examined also from acetonitril-water eluent; basically the 

same results, i.e. the formation o f  CSA double-layer could 

be observed, but the amount of the bound CSA was found 

significantly higher (Table 11) than in the case of the 

methanol-water eluent. 
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SILICA MODIFIED BY CAMF'HORSULFONIC ACID 2077 
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