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HIGH PERFORMANCE L I Q U I D  CHROMATOGRAPHY SEPARATIONS USING SHORT COLUMNS 

PACKED WITH SPHERICAL AND IRREGULAR SHAPED ODS PARTICLES* 

Haleem J. Issaq**  
NCI-Freder ick Cancer Research F a c i l i t y  

F r e d e r i c k ,  MD 21701 

and 

Rober t  E. Gour ley 
R.E. Gour ley Co., I n c .  

8763 Contee Road 
Laure l ,  MD 20708 

ABSTRACT 

I n  a comparat ive s tudy  o f  t h e  s e p a r a t i o n  o f  a m i x t u r e  o f  p o l y c y c l i c  

a romat i c  hydrocarbrons on 5 cm and 1U cm columns packed w i t h  311 and 5 p  ODS 

s p h e r i c a l  p a r t i c l e s ,  t h e  s e p a r a t i o n s  ach ieved  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 t h e  5 cm column. 

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  gave s l i g h t l y  b e t t e r  r e s o l u t i o n  

t h a n  those  packed w i t h  5~ ODS s p h e r i c a l  p a r t i c l e s  h a v i n g  t h e  same p h y s i c a l  

p r o p e r t i e s ,  d i f f e r e n c e s  were observed when colunins packed w i t h  ODS s p h e r i c a l  

p a r t i c l e s  were compared w i t h  columns packed w i t h  ODS i r r e g u l a r  shaped 

p a r t i c l e s  o f  t h e  same s i ze .  

Although, columns 

The r e s u l t s  show t h a t  s e p a r a t i o n s  on a 5 p  o r  311 packed columns t a k e s  

p l a c e  a t  t h e  f i r s t  few cen t ime te rs .  

*Th is  work was suppor ted  by C o n t r a c t  NO. ND1-CO-23910, w i th  t h e  N a t i o n a l  
Cancer I n s t i t u t e ,  N IH ,  Bethesda, MD 20014 

**Author t o  whom correspondence shou ld  be addressed. 
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INTRODUCTION 

ISSAQ AND GOURLEY 

The l a s t  6ecade w i tnessed  t h e  emergence of h i g h  performance l i q u i d  

chromatography (HPLC) as a power fu l  and i n d i s p e n s a b l e  s e p a r a t i o n  techn ique .  

I n i t i a l l y ,  l o n g  and narrow columns were used (50  cm x 2 mm). 

As t i m e  passed t h e  d imensions o f  t h e  column changed. 

t o  3-5 cm and t h e  i n t e r n a l  d iamete r  t o  4-6 mm. 

i n  p a r t i c l e  s i z e  of t h e  p a c k i n g  m a t e r i a l  ( s t a t i o n a r y  phase) f r o m  3 5 ~  t o  

3~ which r e s u l t e d  i n  h i g h  back p ressu re  and g r e a t e r  e f f i c i e n c y .  The h i g h e r  

e f f i c i e n c y  o f  t h e  sma l l  p a r t i c l e s  p e r m i t t e d  t h e  use of s h o r t e r  columns. 

The l e n g t h  s h r i n k e d  

T h i s  i s  due t o  t h e  change 

The advantage o f  t h e  s h o r t e r  columns ove r  25-30 cm columns packed 

w i t h  511 o r  1 0 ~  p a r t i c l e s  i s  t h e  speed o f  a n a l y s i s  which r e s u l t s  i n  

sav ings o f  m a t e r i a l s  and t ime .  Katz  and S c o t t  ( 1 )  d e s c r i b e d  an HPLC 

system i n  which t h e  a n a l y s i s  was completed i n  l e s s  than  1 minute.  Iiowever, 

t o  achieve such r a p i d  analyses,  s p e c i a l  equipment was requ i red .  

The o b j e c t i v e s  o f  t h i s  s tudy  a r e  ( a )  t o  compare t h e  s e p a r a t i o n  o f  a 

f i v e  component m i x t u r e  on 5 and 10 cm columns packed w i t h  3 and 5,1 

s p h e r i c a l  p a r t i c l e s  u s i n g  s tandard  HPLC equipment w i t h o u t  m o d i f i c a t i o n ,  

(b )  t o  compare a 5 and 10 cm columns packed w i t h  511 

p a r t i c l e s  and 10 and 25 cm columns packed w i t h  i r r e g u l a r  ODs p a r t i c l e s ,  

and f i n a l l y  ( c )  t o  see where s e p a r a t i o n  takes  p l a c e  on t h e  column. 

s p h e r i c a l  ODS 

It must be no ted  t h a t  t o  compare columns, e s p e c i a l l y  f rom d i f f e r e n t  

manufacturers ,  i s  n o t  w i t h o u t  p i t f a l l s .  However, ca re  has been t a k e n  t o  

pack t h e  columns under  t h e  same c o n d i t i o n s ,  and u s i n g  m a t e r i a l s ,  ( r e v e r s e d  

phase s i l i c a )  f rom t h e  same manu fac tu re r  w i t h  t h e  same p h y s i c a l  p r o p e r t i e s ,  

(Table 1) .  

10 cm columns were f rom t h e  same batch. 

The 3 and 5~ Spher i so rb  pack ings used i n  each o f  t h e  5 and 

EXPERIMENTAL 

M a t e r i a l s :  

and coronene were r e c e i v e d  f r o m  t h e  chemical carc inogens re fe rence  s tandard  

Pery lene,  henzo(a)pyrene, benz(a)anthracene,  methy l  cho lan th rene  
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TABLE 1 
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P h y s i c a l  P r o p e r t i e s  o f  3 and 5u S p h e r i s o r b  ODS Packings*  

Mean p a r t i c l e  s i z e  (11) 

S i z e  d i s t r i b u t i o n  ( + l u )  

Pore s i z e  (nm) 

Pore d iamete r  (nm) 

Sur face  area (m2/g) 

ODS c a p a c i t y  (m mol/g)  

5 3 

70% 9 5% 

8 8 

5.5-11 5-5-11 

220 220 

- 0.3 - 0.5 

*Data s u p p l i e d  by Phase Sep., 255 Oser Avenue, Hauppauge, NY 

r e p o s i t o r y ,  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 /N IH ,  

Bethesda, MD 20205. A c e t o n i t r i l e  was g lass  d i s t i l l e d  (Bu rd i ck  & Jackson). 

Apparatus: A modular  HPLC system c o n s i s t i n g  o f  Labora to ry  Data C o n t r o l  

(LDC) c o n s t a m e t r i c  I and I 1  pumps a t t a c h e d  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  operated a t  0.2 i n / m i n  was 

used. 

Three s e t s  o f  columns were used o f  which two s e t s  (50 mm x 4 mm and 

100 nm x 4 mm) were each packed w i t h  3 and 5u Spher i so rb  ODs pack ings  

o b t a i n e d  f rom Phase Sep., (see Tab le  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 t h i r d  s e t  (100 mm x 4 mn and 250 mm x 4 mm) o f  columns were packed 

w i t h  i r r e g u l a r  shaped ODs m a t e r i a l s  h a v i n g  a mean d iamete r  o f  511, a s u r f a c e  

a rea  o f  400m2/g, a po re  d iamete r  o f  80 A " ,  10% t o t a l  carbon and 95% 

s i l a n i z a t i o n ,  o b t a i n e d  f rom Whatman, Inc.  

The exper iments were r u n  a t  room temperature u s i n g  a m o b i l e  phase of 

75% a c e t o n i t r i l e / w a t e r  a t  a f l ow  r a t e  o f  1 ml/min. un less  s p e c i f i e d .  Ten ~1 
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0 

C 

P 
0 a 

10 crn, 5 p ,  RP (Sph) 
75% ACN, 1 rnllrnin 
720 psi 

0 5 10 15 20 

Time (rnin) 

F i g u r e  1. Separa t i on  o f  pe ry lene ,  benzo(a)pyrene, benz(a)anthracene,  

methy l  cho lan th rene  and coronene o f  a 10 cm l o n g  column packed 

w i t h  5 p  Spher i so rb  ODs. 

t h e  m o b i l e  phase. 

75% a c e t o n i t r i l e / w a t e r  was used as  

5 cm, 5 P ,  RP ( S P ~ )  
75% ACN, 1 rnllrnin 

L 10 

Time (min) 

F i g u r e  2. Same as F i g u r e  1, b u t  5 cm column. 
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SPHERICAL AND IRREGULAR SHAPED ODs PARTICLES 1379 

r __ 

10 crn, 3 p ,  RP (Sph) 
75% ACN, 1 mllrnin 
1,920 PSI 

Time (min) 

F i g u r e  3. Same as F i g u r e  1, b u t  10 cm column packed w i t h  3~ 

Spher i so rb  ODs. 

sample s o l u t i o n s  was i n j e c t e d .  

No m o d i f i c a t i o n s  o f  any k i n d  were made on t h e  i ns t rumen t  t o  accommodate 

t h e  requi rements o f  t h e  s h o r t  columns. 

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

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

a c e t o n i t r i l e  ( l : 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 o b j e c t i v e  of t h i s  s tudy  was t o  examine t h e  e f f e c t  and p o s s i b i l i t y  

The r e s u l t s  (F igu res  o f  u s i n g  s h o r t  columns w i t h  s t a n d a r d  HPLC equipment. 
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1380 ISSAQ AND GOURLEY 

75% ACNIH,O 
5 cm, 3 P (Sph) 
1 mllmin 
920 Dsi 

h 10 

Time (min) 

F i g u r e  4. Same as f i g u r e  3, b u t  5 cm cloumn. 

1 -4 )  i n d i c a t e  t h a t ,  o t h e r  t h a n  peak hroadening, due t o  t h e  100 u l  i n j e c t o r  

l oop  and t h e  l o n g  t u b e  connec t ions  t o  t h e  column and t h e  d e t e c t o r ,  t h e  s h o r t  

columns can be adapted t o  s tandard  i n s t r u m e n t s  w i t h  a sma l l  loss o f  r e s o l u t i o n  

which may n o t  a f f e c t  t h e  r e s u l t s  d r a s t i c a l l y .  

F i g u r e s  1 and 2 show t h e  chromatograms f rom 10 and 5 cm colunns 

packed w i t h  5u ODS Spher i so rb  m a t e r i a l .  

t h a t  i n  b o t h  columns t h e  m i x t u r e  was separa ted  i n t o  i t s  f i v e  components. 

However, t h e  peaks were b roader  w i t h  t h e  10 cm column. When back pressure,  

peak h e i g h t s  and r e t e n t i o n  t i m e s  a r e  compared, t h e  r e s u l t  f a v o r  t h e  s h o r t e r  

It i s  c l e a r ,  f r o m  t h e  f i g u r e s ,  
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al e 
0 
U 
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25 cm, 5 u, RP 
75% ACN, 1.5 ml/min 
1,890 psi 

I 9 

I 

I 

F i g u r e  5. Same as F i g u r e  1, b u t  25 cm column packed w i t h  5u 

i r r e g u l a r  shape ODs. 

column by approx ima te l y  2 t o  1. 

column per formed as w e l l  as t h e  1U cm column. 

t h e  same t e s t  m i x t u r e  was i n j e c t e d  i n t o  t h e  10 cm and 5 cm columns packed 

w i t h  3u ODS Spher i so rb  m a t e r i a l  (F igu res  3 and 4) .  However, t h e  peak 

h e i g h t s  d i f f e r e n t i a l ,  i.e., s e n s i t i v i t y ,  observed w i t h  5~ packed columns 

(F igu res  1 and 2 )  was absent here. 

It was q u i t e  s u r p r i s i n g  t h a t  t h e  5 cm 

T h i s  was a l s o  t r u e  when 

When t h e  r e s u l t s  o b t a i n e d  u s i n g  t h e  3u and 5u packed columns were 

compared, no s i g n i f i c a n t  d i f f e r e n c e s  i n  s e p a r a t i o n  was observed. The 

d i f f e r e n c e s  ohserved were i n  r e t e n t i o n  t imes  and back pressures.  

each s e t  o f  columns separa ted  t h e  f i v e  components m ix tu re .  

can p robab ly  double t h e  f l o w  r a t e ,  u s i n g  t h e  10 cm column packed w i t h  5u 

p a r t i c l e s ,  w i t h o u t  any l o s s  o f  r e s o l u t i o n ,  b u t  s h o r t e n i n g  t h e  r e t e n t i o n  t imes ,  

O the rw ise  

The chromatographer 

The r e s u l t s  w i t h  t h e  10 and 25 cm columns packed w i t h  i r r e g u l a r  

5u ODS m a t e r i a l s  (F igu res  5 and 6 )  were d i f f e r e n t  f rom t h o s e  u s i n g  

3 and 5p Spher i so rb  pack ings  ( F i g u r e s  1-4). 

d i d  n o t  g i v e  s i g n i f i c a n t l y  improved r e s o l u t i o n  when t h e  r e s u l t s  a r e  

compared w i t h  those  w i t h  t h e  10 cm column ( F i g u r e  6). 

The 25 cm column ( F i g u r e  5 )  
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1382 ISSAQ AND GOURLEY 

10 cm,  5 p ,  RP 
75% ACN, 1 ml /min 
780 Dsi I 

0 4 8 12 16 

Time (min) 

F i g u r e  6. Same as F i g u r e  5, b u t  10 cm column. 

CONCLUSION 

The r e s u l t s  showed t h a t  when t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  p a r t i c l e s  

a r e  c l o s e l y  r e l a t e d ,  t h e  d i f f e r e n c e s  i n  t h e  r e s u l t s  w i t h  3 and 5 p  p a r t i c l e s  

o r  5 and 10 cm columns i s  min imal .  The r e s u l t s  a l s o  showed t h a t  t h e r e  

was a d i f f e r e n c e ,  under  o u r  exper imen ta l  c o n d i t i o n s ,  between columns packed 

w i t h  s p h e r i c a l  and i r r e g u l a r  p a r t i c l e s .  T h i s  i s  because b o t h  p a r t i c l e s  were 

manufactured under  d i f f e r e n t  c o n d i t i o n s  by d i f f e r e n t  manufacturers .  T h i s  

may be due t o  carbon l o a d i n g , p a r t i c l e  d iamete r  and p a r t i c l e  s i z e  d i s t r i b u t i o n  

and end capping. 
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SPHERICAL AND IRREGULAR SHAPED ODS PARTICLES 1383 

It i s  a l s o  c l e a r  t h a t  s e p a r a t i o n s  t a k e  p l a c e  i n  t h e  f i r s t  few cen t ime te rs  

o f  a column, and i n c r e a s i n g  t h e  l e n g t h  o f  t h e  column does n o t  improve t h e  

r e s o l u t i o n  s i g n i f i c a n t l y ,  a l t h o u y h  t h i s  w i l l  i nc rease  t h e  r e t e n t i o n  t i m e  and 

back pressure.  

molecules.  

Th is  phenomenon has been r e p o r t e d  by Regnier  ( 2 )  f o r  l a r g e  

1. Katz, E .  and Sco t t ,  R.P.W., J. Chromatogr. 253, 159 (1982). 

2. Reynier ,  F.E., P r i v a t e  Communication. 
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