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SlLANOPHlLlC INTERACTION IN THE 
RETENTION MECHANISM OF PHARMACEUTICAL 

DRUGS ON A CYANOPROPYL BONDED 
SILICA COLUMN 

G. c. FERN~NDEZ OTERO AND c. N. CARDUCCI 
Departamento de Quimica Adi t ica  

Universrdad de Buenos Aires 
Junin 956 (1113) 

B u e m  Aires, Argentina 

ABSTRACT 

The mechanism of retention of several pharmaceutical drugs with 
basic, neutral and acidic properties have been examined on a cyano 
bonded silica stationary phases (Ultrasphere cyano). Clenbuterol, 
bronhexine, terphenadine, pirenzepine, astenizol, betamethasone, 
acetaminophen, indomethacin, diclofenac and nimesulide were chosen 
fo r  this study. Methanol-phosphate buffer mixtures with low water 
levels were used as mobile phases. Different pH values and ionic 
strengths were considered. Under experimental conditions, the 
chromatographic behavior of basic drugs is more complex than the 
behavior of acidic and neutral ones. The predominant silanophilic 
interactions observed for drugs of basic characteristics may become 
quite useful in optimizing selectivity. 
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1562 FERNANDEZ OTERO AND CARDUCCI 

INTRODUCTION 

The c y a n o p r o p i l  bonded  s i l i c a  column h a s  b e e n  e x t e n s i v e l y  

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

v e r s a t i l i t y  (1-3). 

Its r e v e r s e  o r  n o r m a l  p h a s e  b e h a v i o r ,  a c c o r d i n g  t o  t h e  

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

s e l e c . t i v i t y .  

The r e t e n t i o n  mechanism i n  t h e  r e v e r s e  mode h a s  b e e n  d e s c r i b e d  

i n  a p r e v i o u s  work  ( 4 ) .  

Some i n v e s t i g a t o r s  h a v e  s u g g e s t e d  t h a t  t h e  r e t e n t i o n  b e h a v i . o r  

of a c y a n o p r o p i . 1  co lumn i s  c o m p a r a b l e  w i t h  a s h o r t  c h a i n  a l k y l -  

bonded  s i l ica  columil  (5). 

The r e t e n t i o n  p r o p e r t i e s  i n  normal p h a s e  mode h a v e  also b e e n  

e x a m i n e d .  It. a p p e a r s  t h a t  r e s i d u a l  s i l a n o l s  p r o v i d e  a b e h a v i o r  

similar t o  s i l i c a  phase, b u t  as t h e  p o l a r i t y  of t h e  s o l v e n t  

i n c r e a s e s ,  t he  m a s k i n g  e f fec t  o n  s i l a n o l s  makes  p o s s i b l e  t he  

i n t e r a c t i o n  o n  c y a n o  s i tes  ( 6 ) .  

It is e s t a b l i s h e d  t h a t  b a s i c .  d r u g s  h a v e  s p e c i f i c  i n t e r a c t i o n s  

wi th  r e s i d u a l  s u r f a c e  s i l a n o l s  o f  the  s i l i ca  bonded p h a s e s .  

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

s e l e c t i v i t y  t o  a c h r o m a t o g r a p h i c  s y s t e m  t -han  h y d r o p h o b i c  o n e s  

When h y d r o - o r g a n i c  e l u e n t s  l e a n e d  i n  water are u s e d ,  it h a s  b e e n  

o b s e r v e d  t h a t  i n t e r a c t i o n s  w i t h  s i l i c a  may become t h e  d o m i n a n t  

e f f e c t  a n d  b a s i c  compounds s h o w  normal p h a s e  b e h a v i o r  (7-9) .  Moats 

a n d  L e s k i n e n  ( 9 )  h a v e  s t u d i e d  t h e  r e t e n t i o n  of some p e n i c i l l i n s  on  

p o l y m e r i c ,  sili.ca a n d  c-yano c o l u m n s  e m p l o y i n g  m o b i l e  p h a s e s  w i t h  

low wat.er p r o p o r t i o n s .  

We c o n s i d e r e d  o f  in te res t  t o  i n v e s t i g a t e  t h e  c h r o m a t o g r a p h i c  

b e h a v i o r  of several  b a s i c  d r u g s  f r e q u e n t l y  used i n  p h a r m a c e u t i c a l  
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formulations on a cyano column. So, the influence of different 

parameters as pH, ionic strenzth and organic modifier proportions 

in the mobile phase, specially with low water levels, has been 

evaluated in the present study. 

The experimental conditions have been proposed in order to 

elucidate the main interactional modes between solutes and 

stationary phases. 

MATERIALS 

Chemicals: 

Acetaminophen, diclofenac, indomethacin, nimesulide, 

betamethasone, clenbuterol chlorhidrate, brornhexine chlorhidrate, 

pirenzepine chlorhidrate, terphenadine and astemizol were of 

pharmaceutical purity. Methanol and ammonium dihydrogen phosphate 

were HPLC grade. Sodium dihydrogen phosphate, phosphoric acid and 

ammonium hydroxide were analytical grade. Deionized, doubly 

distilled water was employed. The eluents were filtered through a 

0.2 um membrane before using. 

Chromatographic Conditions: 

A Beckman 332 liquid chromatograph with an Altex 322 model 

integrator was used. The fixed wavelenght detector was set at 254 

nm. and the sensitivity was set at 0.04 aufs. A 150 x 4.6 mm I.D. 

5 nm Ultrasphere Cyano colurm (Beckman Instruments U.S.A.)  was 

employed. Twenty microliters samples were injected. The flow 

rate was 1 mL/min. All determinations were performed at room 

temperature (23*C). 
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S t a n d a r d  p r e p a r a t i o n s :  

S tock  s o l u t i o n s  c o n t a i n i n g  1 mg/mL of d r u g s  were p r e p a r e d  

i n  me thano l .  

Working s o l u t l  ons  were o b t a i n e d  by a p p r o p i a t e  d i l u t i o n  t o  g e t  

C o n c e n t r a t i o n s  o f :  acetaminophen 10 ug/mL, indomethac in  10 ug/mL, 

d i c l o f e n a c  20 ug/mL, n i m e s u l i d e  20  ug/mL, be tame thasone  10 ug/mL, 

t e r p h e n a d i n e  150  ug/mL, bromhexine 20 ug/mL, p i r e n z e p i n e  50 ug/mL, 

c l e n b u t e r o l  20 ug/mL and a s t e m i z o l  20 ug/nL. 

C a p a c i t y  F a c t o r s :  

The c a p a c i t y  f a c t o r s  were c a l c u l a t e d  from t h e  mean r e t e n t i o n  

time of  t r i p l i c a t e  i n j e c t i o n s .  A sample of 10% aqueous  sodium 

n i t r a t e  w a s  u sed  t o  d e t e r m i n e  t h e  column v o i d  volume. 

RESULTS AND DISCUSSION 

It h a s  been r e p o r t e d  (7-9) t h a t  on b o n d e d - s i l i c a  p h a s e s  when 

minor water c o n c e n t r a t i o n s  are used i n  t h e  mob i l e  p h a s e s ,  a 

demasking e f f e c t -  on t h e  r e s i d u a l  s i l a n o l  g roups  is  produced and 

as a consequence ,  a normal  phase  mode p l a y s  t h e  predominant  r o l e  

i n  d e t e r m i n i n g  r e t e n t i o n .  

The e x p e r i m e n t s  d i s c u s s e d  h e r e  were c a r r i e d  o u t  w i t h  o r g a n i c  

aqueous  c l u e n t s  c o n t a i n i n g  70% ( v / v )  of me thano l  o r  more,  

c o n s i d e r i n g  pH v a l u e s  between 3 and 7 .  

N e u t r a l  d r u g s  as  be tame thasone  and acetaminophen were l i t t l e  

r e t a i n e d  ( k '  v a l u e s  minor  t o  o n e )  and n o  s i g n i f i c a n t  v a r i a t i o n s  

were obse rved  when d i f f e r e n t  pHs and o r g a n i c  m o d i f i e r  p r o p o r t i o n s  

were as sayed  ( f i g .  1 and 2 ) .  These o b s e r v a t i o n s  s u g g e s t  t h a t  

s o l v o p h o b i c  c o n t r i b u t i o n  t o  t h e  o v e r a l l  r e t e n t i o n  a p p e a r s  t o  be  

minimal .  
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RETENTION MECHANISM OF PHARMACEUTICAL DRUGS 1565 

F i g u r e  1 P l o t  o f  l o g  k' v e r s u s  volume p e r c e n t a g e  of me thano l  w i t h  
phospha te  b u f f e r  pH 7.0 (p: O . O S ) . X  be tame thasone ,  0 
a c e t a m i n o p h e n , V  n i m e s u l i d e , V d i c L o f e n a c  and indomethac in .  

3.0 5.0 7.0 
PH 

F i g u r e  2 P l o t  o f  l o g  k' v e r s u s  phospha te  b u f f e r  pH w i t h  t h e  mob i l e  
phase  methanol-phosphate  b u f f e r  (95:5) (p: 0.05). Drugs 
as i n  F i g .  1. 
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X Y 

0 

x - - 

/ L 0.0125 0.025 0.05 

U 

F i g u r e  3 P l o t  o f  l o g  k '  v e r s u s  i o n i c  s t r e n g t h  ( p )  of  t h e  b u f f e r  1111 
7.0 w i t h  t h e  m o b i l e  p h a s e  m e t h a n o l - p h o s p h a t e  b u f f e r  
(90:lO). Dru::s as i n  F i g .  1. 

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

showed a marked  d e c r e a s e  i n  t h e  r e t e n t i o n  when pH i n c r e a s e s  ( f i g . 2 )  

T h i s  e f fec t  i s  more  p r o n o u n c e d  y e t  w i t h  h i g h e r  m e t h a n o l  

p r o p o r t i o n s .  R e p u l s i o n  forces b e t w e e n  n e g a t i v e  c h a r g e s  o f  r e s i d u a l  

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

m o l e c u l e s  a r e  b e l i e v e d  t o  b e  r e s p o n s i b l e  o f  t - h i s  b e h a v i o r .  A t  pH 7.0 

o r  h i g h e r ,  when m i n o r  b u f f e r  c o n c e n t r a t i o n s  are  u s e d ,  a d e c r e a s e  i n  

t h e  r e t e n t i o n  is p r o d u c e d  ( f i . g . 3 ) .  Under  these  c o n d i t . i o n s  t h e  

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

g r o u p s  p r o b a b l y  p r o d u c e  a major r e p u l s i o n .  The a b o v e  o b s e r v a t i o n s  

are i n  a c c o r d a n c e  w i t h  r e s u l t s  p r e v i o u s l y  r e p o r t e d  ( 4 ) .  

I o n i c  s t r e n g t h  h a s  l i t t l e  i n f l u e n c e  o n  t h e  r e t e n t i o n  of 

n e u t r a l  d r u g s .  

F i g .  4 s h o w s  t h e  i n f l u e n c e  o f  t h e  v a r i a t i o n  of pH i n  t h e  

r e t e n t i o n  o f  b a s i c  d r u g s  when a m o b i l e  p h a s e  w i t h  70% ( v / v )  of 

m e t h a n o l  is  u s e d .  The i n c r e a s i n g  r e i - e n t i o n  w i t h  pH i s  m a i n l y  t h e  
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3.0 5.0 7.0 
PH 

F i g u r e  4 P l o t  o f  l o g  k '  v e r s u s  phospha te  b u f f e r  pH w i t h  t h e  mob i l e  
phase  methanol-phosphate  b u f f e r  ( 7 0 : 3 0 )  (p: 0.05). 0 
a s t e m i z o l ,  
u c l e n b u t e r o l .  

bromhexine,  A t e r p h e n a d i n e  , A p i r e n z e p i n e ,  

r e s u l t  of a n  ion-exchange i n t e r a c t i o n  between d i s s o c i a t e d  s u r f a c e  

s i l a n o l s  and p r o t o n a t e d  a n a l i t e s ,  a t  t h e  r a n e e  of pH v a l u e s  

exan ined .  However, bromhexine showed a d i f f e r e n t  b e h a v i o r  which 

c o u l d  be  i n t e r p r e t e d  a s  a minor amine p r o t o n a t i o n  g r a d e  a t  h i g h e r  

pH. The same o b s e r v a t i o n s  were r e p o r t e d  by Papp e t  a l .  (10) f o r  

a r o m a t i c  amines i n  C 1 8  a l k y l  s i l i ca  bonded p h a s e s  w i t h  methanol  

r i c h  e l u e n t s .  

When methanol  p r o p o r t i o n  i s  se t  a t  95% ( f i g .  5)  b a s i c  d r u g s  

r e t e n t i o n s  d e c r e a s e  from pH 3 t o  pH 7.  Under t h e s e  c o n d i t i o n s  

hydrogen-bonding i n t e r a c t i o n  between amino g roups  o f  t h e  a n a l i t e s  

and non d i s s o c i a t e d  s i l a n o l  g roups  (11) would be e x p e c t e d  t o  ac t  

as  t h e  p r i n c i p a l  mechanism of r e t e n t i o n .  These o b s e r v a t i o n s  have 

been p o i n t e d  o u t  by o t h e r  a u t h o r s  ( 1 2 ) .  A s  t h e  pH i n c r e a s e s  t h i s  

i n t e r a c t i o n  d i m i n i s h e s .  T h i s  is b e l i e v e d  t o  be  caused  by t h e  

i n c r e a s i n g  of  t h e  s i l a n o l  g roups  d i s s o c i a t i o n  and t h e  p r o g r e s s i v e  
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3.0 5.0 7.0 
PH 

F i g u r e  5 P l o t  of l o g  k' v e r s u s  p h o s p h a t e  b u f f e r  pH w i t h  t h e  m o b i l e  
p h a s e  m e t h a n o l - p h o s p h a t e  b u f f e r  (95: 5 )  (1;: 0.05) a D r u g s  
as F i z .  4 .  

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

r e t e n t i o n  i s  o b s e r v e d .  Under  t h e s e  c o n d i t i o n s ,  t h e  d i e l e c t r i c  

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

s i . l a n o l s  d i s s o c i a t i o n  a n d  a m i n o r  a n a l i t e s  p r o t o n a t i o n  are  p r o d u c e d .  

C o n s e q u e n t l y  t h e  a t t r a c t i v e  e l e c t r o s t a t i c  fo rces  i n  t h e  i o n -  

e x c h a n g e  mechanism d e c r e a s e .  

However ,  a t  pH 7 .0  a n d  a b o v e  90% m e t h a n o l  c o n c e n t r a t i o n  

( f i g . 6 )  d r u g s  r e t e n t i o n  i n c r e a s e s .  T h e s e  o b s e r v a t i o n s  c o u l d  b e  

i n t e r p r e t e d  as t h e  r e s u l t  of a d e m a s k i n g  e f fec t  o v e r  t h e  s i l a n o l  

g r o u p s  p r o d u c e d  by t h e  l o w  water p r o p o r t i o n  i n  t h e  m o b i l e  p h a s e s .  

T h i s  would  s u g g e s t  t h a t  a n  a d s o r p t i o n  i n t e r a c t i o n  becomes  d o m i n a n t .  

F i g .  7 s h o w s  t h e  i n f l u e n c e  o€ m e t h a n o l  c o n c e n t r a t i o n  a t  pH 

3.0.  The p r o n o u n c e d  i n c r e a s e  i n  t h e  r e t e n t i o n  o f  d r u g s  b e t w e e n  

80-95% ( v i v )  of m e t h a n o l  is  p r o b a b l y  d u e  t o  non i o n i c  i n t e r a c t i o n  

of t h e  s o l u t e s  w i t h  s i l a n o l  g r o u p s .  T h i s  has a l r e a d y  b e e n  e x p l a i n e d  

f o r  pH 7.0  when m e t h a n o l  p r o p o r t i o n  a b o v e  90% was u s e d .  However a t  
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1569 

I ,  
70 80 90 95 

% Methanol 

F i g u r e  6 P l o t  of l o g  k' v e r s u s  volume p e r c e n t a g e  of methanol w i t h  
phospha te  b u f f e r  pH 7.0  (p: 0.05). Drugs as  i n  F i g .  4 .  

P 

70 80 90 95 
% Methanol 

F i g u r e  7 P l o t  o f  l o g  k' v e r s u s  volume p e r c e n t a g e  of me thano l  w i t h  
phospha te  b u f f e r  pH 3.0 (p: 0 .05 ) .  Drugs as i n  F i g .  4 .  
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0.0125 0.025 0.05 
li 

F i g u r e  8 P l o t  of l o g  k '  v e r s u s  i o n i c  s t r e n z t h  (11) o f  t h P  buffer pH 
7.0 w i t h  t h e  m o b i l e  phase methanol-phosphet e brif f e r  
(90:lO). Drugs as i n  F i g .  4 .  
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20 40 90 

1 /p 

F i g u r e  9 P l o t  of l o g  k '  v e r s u s  l / i o n i c  s t r e n g t h  of  t h e  b u f f e r  pII 
3.0 1git.h t h e  mob i l e  phase methanol-phosphate  b u f f e r  
(90:lO). Drugs a s  i n  F i g .  4 .  
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pH 3.0 the electrostatic int-eraction contribution to the retention 

is less pronounced, so no preliminar decrease in the plot is 

observed and different curve profiles are obtained respect to pH 

7.0 (fig.6) 

Fig. 8 represents the influence of the ionic strength of the 

buffer on the retention of the basic drugs studied. For all the 

pH values examined the retention of the solutes decreases with the 

increment of the ionic concentration because it is assumed that 

inorganic cations compete with protonated organic molecules for 

the active charged silanol sites. 

The plot of l o g  k' vs. the inverse of ionic strength of the 

buffer employed (fig.9), shows a typical lineal decrease of an ion 

exchange mechanism. But the positive intercept (at infinite buffer 

concentration) reveals that there is an additional non ionic 

retention mechanism though the ion exchange interaction has been 

eliminated. This behavior has a l so  been observed in naked silica 

phases (12). 

In sunary, the investigations on the retention modes for 

basic drugs on a cyano column, when high proportions of methanol 

are used, suggest that the silanophilic interactions play the main 

role and their effects would provide the particular characteristics 

on the chromatographic selectivity. 
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