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THE EFFECT OF ALKYL CHAIN LENGTH 
AND CARBON LOADING IN SILICA BASED 

REVERSED PHASE COLUMNS ON THE 
SEPARATION OF BASIC COMPOUNDS 

I. Z. ATAMNA, G. M. MUSCHIK,  
A N D  H. J. ISSAQ' 

Program Resources, Inc. 

P. 0. Box B 
Frederick, Maryland 21701 

NCI-FCRF 

ABSTRACT 

A comparative study of the short range effect of run time (mobile phase volume 
- pH 2.0) on column parameters (k', a ,  R, and peak asymmetry) of three 
different reversed phase columns was undertaken. 
C-18 nucleosil (low density carbon loading), C-18 ultracarb (high density 
carbon loading), and C-30 (medium density carbon loading). 
run time of eleven hours using a buffered mobile phase at pH 2.0 and basic 
solutes, the results showed that the C-30 and C-18 high carbon loading columns 
gave better peak asymmetry than the C-18 nucleosil column, while there was no 
appreciable change in a or R, with run time using the three test columns. 
noticeable change in retention time between the three columns was observed. 

The columns evaluated were 

After an average 

A 

JNTRODUCTION 

Recently we witnessed a continuous development in column technology. 

This includes the emergence o f  new stationary supports (e.g., polymeric, 

coated silica, etc.) and newly derivatized silica. 

raphic columns were recently published (1,Z). 

are the high carbon density and very long C-30, alkyl chain columns. 

*Author to whom correspondence should be addressed. 

Good reviews on chromatog- 

Among the columns introduced 

For 
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864 ATAMNA, MUSCHIK, A N D  ISSAQ 

b a s i c  compounds which a r e  o f t e n  used i n  t h e  pharmaceu t i ca l  i n d u s t r y ,  r e g u l a r  

reve rsed  phases cause t a i l i n g ,  l o w  p l a t e  numbers, v a r y i n g  r e t e n t i o n  t imes ,  and 

undergo d r a m a t i c  change i n  p r o p e r t i e s  w i t h  use. The degree o f  i r r e p r o -  

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

rema in ing  s i l a n o l  groups on t h e  s i l i c a  s u r f a c e  a f t e r  d e r i v a t i z a t i o n .  

number i nc reases  as t h e  a l k y l  c h a i n  l e n g t h  i n c r e a s e s  due t o  s t e r i c  h ind rance .  

To overcome t h i s  problem, s p e c i a l  s y n t h e s i s  p rocedures  and/or e x h a u s t i v e  

endcapping a r e  employed. 

o f  a compet ing base i n  o r d e r  t o  moderate these  e f f e c t s .  

some o f  t h e  r e l a t i v e  changes i n  r e s o l u t i o n ,  s e l e c t i v i t y ,  peak asymmetry and 

t h e  number o f  t h e o r e t i c a l  p l a t e s  as a f u n c t i o n  o f  column use. The g o a l  o f  

t h i s  s tudy  was n o t  t o  measure s t a b i l i t y  o f  bonded RP columns w i t h  t ime ,  s i n c e  

t h i s  has been eva lua ted  (3,4) b u t  t o  observe t h e  changes i n  b a s i c  chromatog-  

r a p h i c  f a c t o r s  t h a t  a f f e c t  t h e  q u a l i t y  o f  s e p a r a t i o n  and r e l i a b i l i t y  o f  t h e  

method. Three r e v e r s e d  phase columns were s e l e c t e d  f o r  t h i s  s tudy ,  a C-18, a 

C-30 and a h i g h  d e n s i t y  C-18 ca rbon  column. 

T h i s  

Another  method i s  t h e  a d d i t i o n  t o  t h e  m o b i l e  phase 

T h i s  paper  d e s c r i b e s  

EXPERIMENTAL 

M a t e r i  a1 s : 

S i l i c a  based C-18 n u c l e o s i l  and h i g h  ca rbon  d e n s i t y  U l t r a c a r b  C-18 columns 

were a g i f t  f r om PHENOMENEX (Ranco Pa los  Verdes,Cal i f o r n i a ) .  

T r i a c o n t y l = D a l  t o s i l  100 (C-30) was purchased f rom SERVA BIOCHEMICALS 

(Westbury,New York). The column d imen t ions ,  s i l i c a  p a r t i c l e  d iamete r ,  po re  

s i z e  and carbon d e n s i t y  a r e  summerized i n  t a b l e  1. The s o l u t e s  s t u d i e d  R -  

(t) -1- ( 1-Naphthy l  )e thy lam ine  (NA) ,p roporano lo l  (P )  and N-methyl ephedr ine(NE) 

were purchased f rom A l d r i c h  and were used w i t h o u t  any f u r t h e r  p u r i f i c a t i o n .  

A c e t o n i t r i l e  was g l a s s - d i s t i l l e d  UV grade.  

t i l l e d .  

f rom F i s h e r  and A l d r i c h ,  r e s p e c t i v e l y .  

Water was d e i o n i z e d  g l a s s  d i s -  

The potass ium phosphate monobasic and t r i e t h y l a m i n e  were purchased 
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866 ATAMNA, MUSCHIK, AND ISSAQ 

I ns t rumen ta l  : 

A Hewlet t -Packard model 1090 l i q u i d  chromatograph equipped w i t h  a pho tod iode  

a r r a y  d e t e c t o r ,  an au tomat i c  i n j e c t o r ,  a s t r i p  c h a r t  r e c o r d e r ,  a H e w l e t t -  

Packard Model 3392A i n t e g r a t o r  and a Hewlet t -Packard Model 85 com- 

p u t e r / c o n t r o l l e r ,  and b u i l t  i n  oven was used. 

Procedures: 

The m o b i l e  phase was made o f  0.02M KH,PO, t 0.02% t r i e thy lammon ium a c e t a t e  

(TEAA) t 20% a c e t o n i t r i l e  (ACN) d i s s o l v e d  i n  1 l i t e r  o f  wa te r .  The pH was 

ad jus ted  t o  2.00 w i t h  phosphor ic  ac id .  

mob i l e  phase s o l v e n t .  

experiments, which were r u n  a t  room temperature.  

es t ima ted  as t h e  f i r s t  n e g a t i v e  peak i n  t h e  chromatogram. 

The t e s t  s o l u t e s  were d i s s o l v e d  i n  t h e  

The f l o w  r a t e  was kep t  cons tan t  a t  1 ml/min f o r  a l l  t h e  

The dead t i m e  (to), was 

RESULTS AND DISCUSSION 

Chanqes i n  k ’  and r e t e n t i o n  t imes  as f u n c t i o n  o f  a n a l y s i s  t ime :  

A s  mentioned e a r l i e r ,  t h e  o b j e c t i v e  o f  t h i s  s tudy  was t o  f i n d  o u t  what e f f e c t  

t h e  con t inuous  f l o w  o f  mob i l e  phase, i . e .  a n a l y s i s  t ime ,  has on c r i t i c a l  

chromatographic  parameters. 

l o n g  te rm e f f e c t s  on column behav io r .  

columns o f  v a r y i n g  degrees o f  a l k y l  c h a i n  l e n g t h  and carbon l o a d i n g  were 

se lec ted .  Bas ic  s o l u t e s  were chosen i n  o r d e r  t o  e v a l u a t e  what e f f e c t  an 

a c i d i c  mob i l e  phase (pH=2) has on r e t e n t i o n ,  peak skewness, s e l e c t i v i t y  and 

r e s o l u t i o n  w i t h  a n a l y s i s  t ime,  up t o  10 h rs .  o f  con t i nuous  f l o w  o f  t h e  m o b i l e  

phase. 

o f  t h e  s o l u t e  NA as a f u n c t i o n  o f  a n a l y s i s  t ime .  Each p o i n t  r e p r e s e n t s  a 

chromatographic  run.  

phase. 

t h e  C-18 n u c l e o s i l  ( l o w  carbon l o a d i n g ) ,  w h i l e  t h e i r  was a moderate change i n  

We s t u d i e d  t h e  s h o r t  range e f f e c t s  r a t h e r  than  

For  t h i s  purpose, t h r e e  reve rsed  phase 

F i g u r e  l a  shows t h e  changes i n  r e t e n t i o n  expressed by c a p a c i t y  r a t i o  

The x - a x i s  g i v e s  t h e  con t inuous  f l o w  t i m e  o f  t h e  m o b i l e  

As can be seen f rom t h e  p l o t ,  t h e r e  was no change i n  r e t e n t i o n  u s i n g  
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ALKYL CHAIN LENGTH EFFECT 
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Figure  1. A p l o t  o f  c a p a c i t y  f a c t o r  versus r u n  t i m e  f o r  t h e  s o l u t e  NA ( a )  
and t h e  s o l u t e  P ( b ) ,  on t h e  t h r e e  t e s t  columns u s i n g  a mobi le  
phase o f  0.02 M KH,PO, +0.02% triethyammonium a c e t a t e  +20% 
a c e t o n i t r i l e  a t  a pH o f  2.0,  a t  a f l o w  r a t e  o f  1 ml/min. 
parameters a r e  l i s t e d  i n  Tab le  1. 

Column 
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868 ATAMNA, MUSCHIK, A N D  ISSAQ 

r e t e n t i o n  u s i n g  t h e  C-18 u l t r a c a r b  column ( h i g h  carbon l o a d i n g )  and t h e  C-30 

column. The same r e s u l t s  were observed f o r  t h e  o t h e r ' t w o  s o l u t e s  P and NE; 

however, t h e  r e l a t i v e  change i n  r e t e n t i o n  and e l u t i o n  o r d e r  d i f f e r s  f rom 

s o l u t e  t o  s o l u t e ,  wh ich  i s  expected.  Fo r  example as seen f rom f i g u r e  l a ,  NA 

e l u t e d  f a s t e r  on t h e  C-18 HC column, w h i l e  P e l u t e d  f a s t e r  on t h e  C-18 column, 

F i g u r e  l b .  A l s o  n o t e  t h a t  w h i l e  t h e  va lues  o f  k '  became c l o s e r  w i t h  t i m e  f o r  

NA ( F i g u r e  l a ) ,  t h e y  d i v e r g e d  f o r  P ( F i g u r e  l b )  u s i n g  t h e  C-18 columns. 

F i g u r e s  2a,2b and 3a,3b show t h e  chromatograms o f  t h e  f i r s t  and t h e  l a s t  r u n s  

u s i n g  t h e  h i g h  d e n s i t y  C-18 column and t h e  C-30 column, r e s p e c t i v e l y .  

c l e a r  t h a t  changes i n  r e t e n t i o n  w i t h  t i m e  have taken  p l a c e .  

r e t e n t i o n  as a f u n c t i o n  o f  a n a l y s i s  t i m e  can be r e l a t e d  t o  t h e  degree o f  

i n t e r a c t i o n  o f  t h e  s o l u t e s  w i th  t h e  i s o l a t e d ,  non-hydrogen b r i d g e d  h i g h l y  

a c i d i c  s i l a n o l  groups (5). I n  t h i s  s tudy,  t h e  degree o f  a l k y l  c h a i n  removal 

by t h e  a c i d i c  m o b i l e  phase w i l l  de te rm ine  t h e  r a t e  o f  i n c r e a s e  i n  r e t e n t i o n  

f o r  t h e  d i f f e r e n t  s o l u t e s .  Changes i n  r e t e n t i o n  u s i n g  t h e  C-18 column were 

a l s o  observed ( r e s u l t s  n o t  shown). 

I t  i s  

T h i s  change i n  

Chanqes i n  s e l e c t i v i t v  and r e s o l u t i o n  as a f u n c t i o n  o f  a n a l y s i s  t ime :  

F i g u r e  4 shows changes i n  s e l e c t i v i t y  f o r  t h e  s o l u t e  p a i r  P and NE. 

a p p r e c i a b l e  change i n  s e l e c t i v i t y  was observed w i t h  t h e  a n a l y s i s  t i m e  u s i n g  

t h e  C-18 n u c l e o s i l  and t h e  C-30 columns. Fo r  t h e  C-18 u l t r a c a r b ,  t h e r e  i s  a 

slow i n c r e a s e  i n  t h e  s e l e c t i v i t y  as a f u n c t i o n  o f  t h e  a n a l y s i s  t ime .  T h i s  

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

v a r i o u s  s o l u t e s  u s i n g  t h e  columns s t u d i e d .  

and NA as a f u n c t i o n  o f  t h e  a n a l y s i s  t ime .  

change i n  r e s o l u t i o n .  

r e t e n t i o n  between t h e  two  s o l u t e s  o f  i n t e r e s t  and on t h e  r e l a t i v e  changes i n  

t h e i r  peak w i d t h s .  

t h a t  compensate f o r  each o t h e r  and as a r e s u l t  t h e  v a l u e s  o f  r e s o l u t i o n  

remained c o n s t a n t .  S i m i l a r  r e s u l t s  were observed f o r  t h e  o t h e r  t e s t  s o l u t e s .  

No 

F i g u r e  5 g i v e s  t h e  r e s o l u t i o n  o f  P 

Again, t h e r e  i s  no p rominen t  

R e s o l u t i o n  depends on t h e  r e l a t i v e  changes o f  t h e  

It seems t h a t  t h e s e  two f a c t o r s  have changed i n  such a way 
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F i g u r e  2. a. Chromatogram o f  t h e  t h r e e  t e s t  s o l u t e s  u s i n g  t h e  h i g h  ca rbon  
d e n s i t y  column f o r  t h e  f i r s t  i n j e c t i o n .  

b. Chromatogram o f  t h e  same s o l u t e s  f o r  t h e  l a s t  i n j e c t i o n .  
Exper imenta l  c o n d i t i o n s  as i n  F i g u r e  1. 
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F igu re  3.  a. Chromatogram o f  t h e  t h r e e  t e s t  s o l u t e s  u s i n g  C-30 column f o r  
t h e  f i r s t  i n j e c t i o n .  

b. Chromatogram o f  t h e  same s o l u t e s  f o r  t h e  l a s t  i n j e c t i o n .  
Exper imenta l  c o n d i t i o n s  as i n  F iugu re  1. 
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44 
0 2 4 6 8 10 12 14 

Run Time ( h )  

Figure 4. Change of the selectivity value ( a )  versus run time for the test 
solutes P and NA. Experimental conditions as in Figure 1. 

0 2 4 6 8 10 12  1 4  

Run Time (h) 

Figure 5. Change o f  the resolution value (R,) versus run time for the test 
solutes P and NA. Experimental conditions as in Figure 1. 
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0 700 
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0.300 4 
0 2 4 6 8 10 1 2  1 4  

Run Time (h) 

Figure 6. Change o f  peak asymmetry at h = 0.1 o f  the peak height for the 
test solute NA as a function of the run time. 
conditions as in Figure 1. 

Experimental 

Chanqes in Deak skewness (Deak asvmmetrv) as function of the analysis time: 

Figure 6 gives the change in peak asymmetry at 1/10 of the peak height for the 

solute NA. 

change in peak asymmetry, while the C-18 nucleosil column showed a slight 

increase until 3 hours o f  use then stabilized. 

For the high density C-18 and the C-30 columns, there was no 

CONCLUSION 

The results o f  this study show that although the columns were con- 

tinuously used for only 11 hours, changes in peak asymmetry and retention 

times were observed. This means that in studies where retention times are 

important a test solution should be used, to check what influence the column 

use has on retention time and peak asymmetry. 
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