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HIGH PERFORMANCE LIQUIO CHROMATOGRAPHY SEPARATIONS USING 

SHORT COLUMNS PACKED WITH SPHERICAL ODS PARTICLES - I1 
EFFECT OF MOBILE PHASE COMPOSITION ON RESOLUTION 

Haleem J. Issaq 
NCI-Frederick Cancer Research F a c i l i t y  

Frederick,MD 21701 

ABSTRACT 

The e f f e c t  o f  instrumental  parameters, mobile phase composition, and 

f low r a t e  on h igh  performance l i q u i d  chromatography separations us ing  

3 cm, 5 cm, and 10 cm columns packed w i t h  3u spher ica l  ODS mater ia ls  

i s  discussed. 

were optimized, t he  10 cm column gave b e t t e r  separat ion than t h e  shor te r  

columns under t h e  same experimental condi t ions.  However, when t h e  mobile 

phase composition was adjusted so t h a t  t h e  so lu te  residence t ime  was 

comparable i n  t h e  th ree  columns, short  and long  columns gave comparable 

resu I t s .  

The r e s u l t s  i nd i ca te  t h a t  when instrumental  parameters 

INTRODUCTION 

I n  a previous study (1) a comparison was made o f  t h e  separat ion o f  a 

mix tu re  on 5 cm and 10 cm columns packed wi th  311 and 5u spher isorb ODS 

spher ica l  p a r t i c l e s  us ing  standard h igh  performance l i q u i d  chromatography 

(HPLC) equipment w i thout  any mod i f i ca t ion .  The r e s u l t s  i nd i ca ted  t h a t  

This work was supported by Contract NO. N01-CO-23910, w i t h  the  Nat ional  
Cancer I n s t i t u t e ,  NIH, Bethesda, MD 20205. 
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t h e  separa t i ons  achieved on t h e  10 cm column were n o t  s i g n i f i c a n t l y  

b e t t e r  t han  those  on 5 cm columns packed w i t h  suppor t s  o f  t h e  same s i z e  

and p h y s i c a l  p r o p e r t i e s .  

I n  t h e  p resen t  s tudy,  which i s  an e x t e n s i o n  o f  t h e  p rev ious  one, 

m o d i f i c a t i o n s  were made on t h e  i ns t rumen t  t o  accommodate t h e  requi rements 

o f  3 cm, 5 cm, and 10 cm columns packed w i t h  3u ODs s p h e r i c a l  p a r t i c l e s .  

The r e s u l t s  i n d i c a t e  t h a t  t h e  10 cm columns would g i v e  much b e t t e r  r e s o l u t i o n  

t h a n  t h e  5 cm and 3 cm columns under  t h e  same exper imen ta l  c o n d i t i o n s ,  

i.e., m o b i l e  phase composi t ions and f l o w  ra te .  

t h a t  t h e  5 cm and 3 cm columns can be made t o  g i v e  r e s o l u t i o n s  comparable 

t o  those  o f  t h e  10 cm column i f  t h e  compos i t i on  o f  t h e  m o b i l e  phase i s  

a d j u s t e d  t o  meet t h e  requi rements o f  s o l u t e  res idence  t i m e  i n  t h e  s h o r t e r  

columns. 

The r e s u l t s  a l s o  show 

EXPERIMENTAL 

M a t e r i a l s :  Pery lene,  benz(a)anthracene,  and coronene were rece ived  

f rom t h e  Chemical Carc inogenes is  Reference Standard Repos i to ry ,  f u n c t i o n  

o f  t h e  D i v i s i o n  o f  Cancer Cause and Preven t ion ,  NCI/NIH, Bethesda, MD 20205. 

A c e t o n i t r i l e  (ACN) was g lass  d i s t i l l e d  (Bu rd i ck  and Jackson) .  

Apparatus: A modular HPLC system c o n s i s t i n g  of L a b o r a t o r y  Data C o n t r o l  

(LDC) cons tamet r i c  I and I1 pumps a t tached  t o  an LDC Grad ien t  Master ,  a 

Chromatronix  dual -channel  UV absorbance d e t e c t o r  (254 and 280 nm), a 

Rheodyne i n j e c t o r ,  and a s t r i p - c h a r t  r e c o r d e r  ope ra ted  a t  0.2 i n / m i n  was 

used. 

Three s e t s  o f  columns were used (30 mm x 4 mm, 50 mm x 4 mm, and 

100 mm x 4 mm) and were each packed w i t h  31i Spher i so rb  ODS packings 

ob ta ined  f rom Phase Separat ions,  I n c .  (see reference 1 f o r  pack ing  p h y s i c a l  

p r o p e r t i e s )  . 
The exper iments were run  a t  room temperature u s i n g  a mob i l e  phase o f  

a c e t o n i t r i l e / w a t e r  (ACN/H20). 

The mob i l e  phase was degassed b e f o r e  use. 

One m i c r o l i t e r  of sample s o l u t i o n  was i n j e c t e d .  

The m o d i f i c a t i o n s  made on t h e  
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i ns t rumen t  t o  accommodate t h e  requi rements o f  t h e  s h o r t  columns were as 

f o l l o w s :  a 1Ou1 s o l v e n t  l oop  was used i n  p l a c e  o f  t h e  lOOul loop.  The 

column was a t t a c h e d  as c l o s e l y  as p o s s i b l e  t o  t h e  d e t e c t o r ,  and s t a i n l e s s  

s t e e l  t u b i n g  o f  t h e  narrowest  bo re  p o s s i b l e  was used. 

Column Packing: Supports were s l u r r y  packed i n t o  columns w i t h  acetone: 

ACN ( 1 : l )  a t  8000 p s i  by t h e  upward techn ique  u s i n g  a Haskel pneumatic 

pump. 

RESULTS AND DISCUSSION 

The e f f e c t  o f  column l e n g t h  u s i n g  5u and 3u 00s s p h e r i c a l  and i r r e g u l a r  

ODS m a t e r i a l s  on r e s o l u t i o n  was s t u d i e d  (1) u s i n g  an unmod i f i ed  HPLC system. 

U s i n g  10 cm and 5 cm columns, t h e  r e s u l t s  i n d i c a t e d  t h a t  it was p o s s i b l e  

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

r e s o l u t i o n .  

meters (such as sample loop, d e t e c t o r  c e l l  volume, i n t e r n a l  d iameter  o f  

t ub ing ,  d i s t a n c e  between column and d e t e c t o r )  t h a t  a r e  accep tab le  when 

25 t o  30 cm columns a r e  used a r e  inadequate when used w i t h  t h e  s h o r t  

columns. 

d i f f e r e n t  r e s u l t s .  I n  t h e  p resen t  s tudy,  i n s t r u m e n t  parameters were 

o p t i m i z e d  and t h e  sample i n j e c t e d  was sca led  down f rom l O u l  t o  1111. 

The r e s u l t s  ( F i g  1 )  show t h a t  t h e  l o n g e r  t h e  column t h e  b e t t e r  t h e  r e s o l u t i o n ,  

i n  t h i s  case t h e  10 cm column i s  s u p e r i o r  t o  t h e  3 cm column. 

f l o w  r a t e  was changed f r o m  2 ml /min t o  1 ml /min ( F i g  2 )  and t o  0.5 ml/min 

( F i g  3 )  r e s o l u t i o n  improved. 

b a s e l i n e  separa t i on ,  which means t h a t  i n c r e a s i n g  s o l u t e  res idence  t i m e  

i n  t h e  column by dec reas ing  t h e  f l o w  r a t e  i s  n o t  t h e  bes t  p o s s i b l e  approach, 

as w i l l  be d iscussed l a t e r .  

T h i s  was a t t r i b u t e d  t o  t h e  f a c t  t h a t  t h e  i n s t r u m e n t ' s  pa ra -  

As a r e s u l t ,  s h o r t  and l o n g  columns d i d  n o t  g i v e  a p p r e c i a b l y  

If t h e  

However, t h e  3 cm column d i d  no t  g i v e  

Based on a p r e v i o u s  s tudy  (2 )  i n  which t h e  mob i l e  phase was a d j u s t e d  

t o  meet t h e  hydrophobic  p r o p e r t i e s  o f  t h e  columns, and o u r  knowledge of 

reve rsed  phase HPLC, we dec ided t o  i n c r e a s e  t h e  res idence  t i m e  of 

t h e  s o l u t e  m i x t u r e  i n  t h e  column by changing t h e  compos i t i on  o f  t h e  m o b i l e  
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Figure  1. Separat ion o f  a t e s t  mix tu re  on 3 cm, 5 cm, and 10 cm l o n g  

columns packed w i t h  311 Spherisorb OOS mater ia l  us ing  a mobi le 

phase o f  85% a c e t o n i t r i l e / w a t e r  a t  a f l o w  r a t e  o f  2 ml/min. 

85% ACN 
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F i g u r e  2. Same as F igure  1, except a f low r a t e  o f  1 ml/min. 
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Q) v) 

P v) 
al 

s 
a 

85% ACN 
0.5 mllrnin 

3 cm 5 cm 
500 psi 710 psi 

4 
0 I+ 5 0 

l ime  (min) 

10 cm 
1670 psi 

- 
5 10 

F i g u r e  3. Same as F i g u r e  1, except  a f l o w  r a t e  o f  0.5 ml/min. 

al 
u) 
C 
0 

al 
K 
:: 

3 cm 5 cm 10 cm 

2 mllrnin 2 rnllrnin 2 rnllmin 
68% ACN 75% ACN aw0 ACN 

Time (min) 

F i g u r e  4. Separa t i on  o f  t h e  t e s t  m i x t u r e  on 3 cm, 5 cm, and 10 cm 

columns packed w i t h  3!-1 Spher i so rb  ODs m a t e r i a l  u s i n g  d i f f e r e n t  

r a t i o s  o f  a c e t o n i t r i l e / w a t e r  a t  a f l o w  r a t e  o f  2 ml/min. 
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Q) 
v) 
C 
0 

v) 
n 

d 

4 
0 

68% ACN 
3 cm 

0.5 mllmin 1 mllmin 
550 psi 360 psi 

L 
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F i g u r e  5. Separa t i on  o f  t h e  t e s t  m i x t u r e  on 3 cm column u s i n g  a mob i l e  

phase o f  68% a c e t o n i t r i l e / w a t e r  and a mob i l e  phase f l o w  r a t e  

o f  0.5, 1.0, and 2.0 ml/min. 

phase. 

as t h e  column l e n g t h  decreased. F i g  4 shows t h a t  t h e  same r e s o l u t i o n  

o f  t h e  t e s t  m i x t u r e  was o b t a i n e d  on columns o f  t h e  t h r e e  d i f f e r e n t  l e n g t h s  

when t h e  m o b i l e  phase compos i t i on  was changed. 

ACN/H20 m o b i l e  phase gave t h e  same s e p a r a t i o n  as t h e  5 cm column w i t h  75% ACN/H20 

and t h e  10 cm column w i t h  85% ACN/H20 a t  a f l o w  r a t e  o f  2 ml/min. 

separa t i on  was achieved i n  each case i n  l e s s  t h a n  3 minutes. F i g  5 shows 

t h a t  when an opt i rmm m o b i l e  phase i s  found, dec reas ing  t h e  f l o w  r a t e  w i l l  

g i v e  b e t t e r  separa t i on .  

T h i s  was achieved by making t h e  b i n a r y  mob i l e  phase r i c h e r  i n  w a t e r  

The 3 cm column and a 68% 

The 

M o b i l e  phases o f  t h e  same composi t ion,  e.g., ACN/H20, methanol /water ,  

etc., t h a t  c o n t a i n  a h i g h e r  percentage of wa te r  r e s u l t  i n  h i g h e r  back 
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TABLE 1 

E f f e c t  o f  Column Length on Back Pressure 

a t  a M o b i l e  Phase F low Ra te  o f  ‘2 ml /min 

Column Length Mob i l e  Phase Back Pressure 
(cm) (% ACN) ( p s i  1 
3 68 1650 

5 75 1960 

10 85 4500 

pressure.  

a h i g h e r  percentage o f  wa te r  as t h e  column l e n g t h  decreased, i t  was 

necessary t o  compare t h e  back p ressu re  r e s u l t i n g  f rom t h e  use o f  each of 

t h e  columns under  optimum mob i le  phase c o n d i t i o n s .  

t h e  3 cm column w i t h  a mob i l e  phase o f  68% ACN/H20 gave a much lower  

back p ressu re  than  t h e  10 cm column w i th  a m o b i l e  phase o f  85% ACN/ H20 

and t h e  5 cm column w i t h  75% ACN/H20. 

S ince t h e  mob i l e  phase had t o  be a d j u s t e d  .so t h a t  i t  con ta ined  

Tab le  1 shows t h a t  

CONCLUSION 

T h i s  s tudy shows t h a t  i m p r o v i n g  t h e  i n s t r u m e n t a l  parameters w i l l  

l e a d  t o  b e t t e r  r e s u l t s  when columns o f  d i f f e r e n t  l e n g t h s  packed w i t h  t h e  

same m a t e r i a l  a r e  used: t h e  l o n g e r  t h e  column, t h e  b e t t e r  t h e  r e s o l u t i o n .  

A 3 cm column can be made t o  g i v e  t h e  same r e s u l t s  as a 10 cm column, 

packed w i t h  t h e  same m a t e r i a l ,  i f  t h e  res idence  t imes  o f  t h e  s o l u t e s  i n  

t h e  column a r e  comparable. T h i s  i s  ach ieved  by dec reas ing  t h e  percentage 

o f  o r g a n i c  m o d i f i e r s  as t h e  column l e n g t h  decreases. A l though  s l o w i n g  

t h e  f l o w  r a t e  f rom 2 ml /min t o  0.5 ml /min improves t h e  r e s o l u t i o n ,  i t  may 

n o t  r e s u l t  i n  b a s e l i n e  separa t i on .  
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