
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Spherical Versus Irregular-Shaped Silica Gel Particles in HPLC
M. Verzelea; J. Van Dijcka; P. Musschea; C. Dewaelea

a Laboratory for Organic Chemistry, State University of Ghent, GENT, Belgium

To cite this Article Verzele, M. , Van Dijck, J. , Mussche, P. and Dewaele, C.(1982) 'Spherical Versus Irregular-Shaped Silica
Gel Particles in HPLC', Journal of Liquid Chromatography & Related Technologies, 5: 8, 1431 — 1448
To link to this Article: DOI: 10.1080/01483918208062842
URL: http://dx.doi.org/10.1080/01483918208062842

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918208062842
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 5 ~ 3 1 ,  1431-1448 (1982) 

SPHERICAL VERSUS IRREGULAR-SHAPED SILICA GEL PARTICLES 

I N  HPLC 

M. V e r z e l e X ,  J. Van Di j ck ,  P .  Mussche and C .  D e w a e l e  
Laboratory f o r  Organic Chemistry, 

S t a t e  Un ive r s i ty  of Ghent, 
Kr i jg s l aan ,  281 ( s . 4 ) ,  B - 9 0 0 0  GENT (Belgium) 

ABSTRACT 

With opt imised packing procedures ,  s p h e r i c a l  shaped si- 
l i c a  g e l  p a r t i c l e s  produce 1.5 t o  2 t i m e s  more p l a t e s  i n  
HPLC than i r r e g u l a r  shaped s i l i c a  g e l  p a r t i c l e s .  The lo-  
w e s t  reduced p l a t e  h e i g h t  obtained by us so f a r  i s  f o r  
5 pm ROSiL-C18-HL-D and i s  h : 1 . 6 2  f o r  k' : 4.5.  It  
i s  suggested t o  t ransform h i n t o  100/h % and t o  name 
t h i s  t h e  "Chromatographic e f f i c i e n c y " ,  o r  a % of t h e  i- 
d e a l  100 % l i m i t .  This  l i m i t  would be an h va lue  equa l  
to  t h e  mean p a r t i c l e  diameter .  S p h e r i c a l  and i r r e g u l a r  
s i l i c a  g e l  p a r t i c l e s  of 5 and 10 pm p a r t i c l e  diameter  
and w i t h  s i m i l a r  phys i ca l  c h a r a c t e r i s t i c s  have t h e  s a m e  
pe rmeab i l i t y  i n  HPLC columns. 
Whether a c o r r e c t  column packing procedure i s  used can 
be shown by t h e  constancy of p l a t e  number and column 
pe rmeab i l i t y  i n  func t ion  of d i f f e r e n t  packing p r e s s u r e s .  

INTRODUCTION 

I n  t h e  p r e s e n t  s tudy  w e  e v a l u a t e  t h e  chromatogra- 
ph ic  c h a r a c t e r i s t i c s  of s p h e r i c a l  s i l i c a  g e l  par t ic les  
i n  HPLC and compare t h e s e  with i r r egu la r - shaped  s i l i c a  
g e l  p a r t i c l e s .  The case f o r  o r  a g a i n s t  s p h e r i c a l  si- 
l i c a  g e l  i n  HPLC i s  indeed n o t  y e t  s e t t l e d .  Asshauer 
and Halasz o b t a i n  b e t t e r  r e p r o d u c i b i l i t y  i n  packing 

s p h e r i c a l  s i l i c a  g e l  (1). Manius and Tscherne claim 
t h a t  s p h e r i c a l  s i l i c a  g e l  g ives  a t i g h t e r  bed ( 2 ) ,  
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1432 VERZELE ET AL. 

which would sugges t  b e t t e r  column l i f e  expectancy. 
Kirkland ( 3 )  f i n d s  t h a t  s p h e r i c a l  p a r t i c l e s  produce 
more e f f i c i e n t  columns. La i rd  c o n t r a d i c t s  t h i s  ( 4 )  

and s t a t e s  " l i t t l e  i f  any advantage arises from t h e  
u s e  of s p h e r i c a l  p a r t i c l e s  r a t h e r  t han  broken c h i p s " .  
Unger ( 5 , 6 )  and Halasz ( 7 ) ,  a s  r e c e n t l y  as 1 9 8 1 ,  agree 
with t h i s  l a s t  op in ion .  W e  a r e  s u r e  many more c o n t r i -  
bu t ions  t o  t h e s e  c o n t r a d i c t o r y  views can be found i n  
t h e  l i t e r a t u r e  of  t h e  l a s t  y e a r s .  
Today, many commercial brochures  c l a i m  and show by ac- 
t u a l  chromatograms, t h a t  s p h e r i c a l  s i l i c a  g e l  i s  supe- 
r i o r  t o  i r r egu la r - shaped  p a r t i c l e  s i l i c a  g e l .  The ge- 
n e r a l  commercial i n t r o d u c t i o n  of s m a l l  s i z e d  s p h e r i c a l  
p a r t i c l e s  i s  even one of t h e  most important  advances i n  

HPLC of t h e  l a s t  yea r s .  W e  r e p o r t  now on our e f f o r t s  
i n  t h e  f i e l d  us ing  some reve r sed  phase s i l i c a  g e l s ,  t h e  
most used HPLC s t a t i o n a r y  phases today.  

Ma te r i a l s  and instruments  

A l l  i r r egu la r - shaped  s i l i c a  g e l s  t e s t e d  w e r e  of  

t h e  R S i L  series (RSL-Alltech, Eke - B - 9 7 3 1  Belgium). 
This m a t e r i a l  i s  a v a i l a b l e  a s  such and i n  most de r iva -  
t i s e d  forms i n  5 and 10 um mean p a r t i c l e  s i z e .  A s  sphe- 
r i c a l  s i l i c a  g e l ,  w e  used, mainly,  R O S i L  (RSL-Alltech, 
Eke - B-9731 Belgium) and, f o r  a r e s t r i c t e d  number of 
experiments,  Spherisorb (Phase Sen,  Queens fe r ry ,  Clwyd, 
U K )  and Nucleosi l  (Macherey Naqel, Diiren - Germany). 
Most experiments were c a r r i e d  o u t  w i th  5 vm ROSiL-C18- 

HL-D, a s p h e r i c a l  s i l i c a  g e l  with mean p a r t i c l e  diame- 
ter of 5 pm,  d e r i v a t i s e d  wi th  oc t adecy l  cha ins  i n  as 
high a concen t r a t ion  as p o s s i b l e  wi thou t  po lymer i sa t ion ,  
and capped with t r i m e t h y l s i l y l  func t ions .  

For a l l  chromatographic runs ,  a Varian 5020 LC in -  
strument (Varian,  Walnut Creek - C a l i f o r n i a )  w a s  used 
with a Varichrom v a r i a b l e  wave l eng th  d e t e c t o r .  
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SILICA GEL PARTICLES IN HPLC 1433 

Column tubing was Lichroma with ID of 4.6 mm, in- 
jection unless otherwise stated, was with a 7000 psi 
Valco (Houston, Texas) 10 p 1  sample loop injector. The 
recorder was a Varian A 2 5  recorder. A l l  chromatographic 
experiments were carried out isocratically and mostly 
with acetonitrile-water mixtures as eluent. 

Except for the column filling materials, the chro- 
matographic conditions were, therefore, very simple and 
routine in character. 

Chromatographic Efficiency (CE value) 

Important points for comparison of column packing 
materials are the plate number at optimum flow and the 
permeability of the system. Much used in HPLC is the 
concept of reduced plate height or reduced parameters 
in general as introduced by Giddings (8) and in various 
papers by Bristow and Knox (9). Bristow and Knox (9) 
recommend as major comparison properties : the reduced 
plate height (h) , the reduced eluent linear velocity (V) 
and the dimensionless permeability measure (a)  which is 
called the column flow resistance. Some years after 
these recommendations, it turns out that the reduced 
plate height has found acceptance, permeability is also 
mentioned sometimes, but the reduced eluent velocity is 
rarely used. Today, the efficiency of systems is often 
expressed in plate number per meter although this does 
not account for the influence of particle diameter. 
Reduction of the figures seems essential, however, since 
this allows better comparison of the performance of par- 
ticles of different sizes and shapes. Unger, in his ex- 
cellent book on prous silica (6) summarising literature 
data, mentions that the lowest reduced plate height is 
about 2 for an unretained solute but that this is easily 
much higher for retained solutes. This was so in 1979 
when Unger's book was published and still is true for 
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1434 VERZELE ET AL. 

i r r e g u l a r  s i l i c a  g e l ;  b u t  it i s  not  a p p l i c a b l e  anymore 

t o  s p h e r i c a l  s i l i c a  g e l  a s  shown i n  t h e  p r e s e n t  paper .  

Our  lowest reduced p l a t e  va lue  ob ta ined  so f a r  f o r  5 um 
ROSiL-C18-HL-D, i s  only 1.62 and t h a t  i s  f o r  k '  Q 4 . 5  

( t a b l e  1) .  

I n  c a p i l l a r y  GC,  t h e  t h e o r e t i c a l  l i m i t  of t h e  p l a t e  

h e i g h t  can be c a l c u l a t e d  a s  shown by E t t r e  (10) .  In  ou r  

paper on the  s t a t i c  c o a t i n g  technique f o r  g l a s s  c a p i l -  

l a r i e s  (ll), we have c a l l e d  t h i s  y i e l d  a c t u a l l y  obtained 

a t  optimum flow ra te ,  t h e  " c o a t i n g  e f f i c i e n c y " .  Expres- 

s i n g  t h e  q u a l i t y  of a GC c a p i l l a r y  column a s  a pe rcen t  

of t h e  t h e o r e t i c a l l y  o b t a i n a b l e  p l a t e s  has  been adopted 

by t h e  workers i n  t h i s  f i e l d ,  and t h e  no t ion  of c o a t i n g  

e f f i c i e n c y  has  been found q u i t e  u s e f u l  i n  p r a c t i c e .  

E t t r e  ( 1 2 )  has  c r i t i c i s e d  t h i s  " c o a t i n g  e f f i c i e n c y "  no- 

menclature,  mainly on t h e  gromd t h a t  f a c t o r s  o t h e r  than 

TABLE 1 

S i l i c a  g e l  Column P l a t e s  h CE AP 

c m  i n  % ( A t m )  

1. 5 p ROSiL-C18-D 2 5 ~ 0 . 4 6  25.500 1 . 9 6  51 9 6  

2 .  5 p ROSiL-C18-D 24.150 2 . 0 7  48 98 
3.  5 p ROSiL-C18-D 25.800 1 . 9 3  52 9 6  

4 .  5 p Spherisorb ODS " 2 2 . 0 0 0  2 . 2 7  44 75 

5 .  5 I.I RSiL-C18-D 14.000 3 . 5 7  28 96 

6 .  5 p ROSiL-C18-D 30.800 1 . 6 2  6 1  96 

A l l  columns except  no 6 t e s t e d  on a s t anda rd  Varian 
LC 5020  a t  1 ml/min of CH3CN/HzO - 75/25. 
po lycyc l i c  aromatic  hydrocarbons i n j e c t e d  with a 10 ~1 
Valco sample loop i n j e c t o r .  Column 6 coupled t o  a s e l f  
made 1 . 7  p 1  s m a l l  volume d e t e c t o r  c e l l .  P la te  c a l c u l a -  
t i o n  for t he  pyrene peak wi th  k '  Q 4.5. 

Mixture of 
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SILICA GEL PARTICLES IN HPLC 1435 

column q u a l i t i e s  a f f e c t  t h e  p l a t e  number. Th i s  i s ,  of  
cour se ,  c o r r e c t  i n  p r i n c i p l e .  I n  p r a c t i c e  however, it 

i s  obvious t h a t  t h e  column f a r  outweighs a l l  o t h e r  fac-  
t o r s .  S t i l l ,  it would be b e t t e r  t o  avoid such c r i t i c i sm 
and t o  in t roduce  e .g .  a "chromatographic e f f i c i e n c y "  o r  
CE va lue .  Th i s  i s  t h e  same as E t t r e ' s  u t i l i z e d  f r a c t i o n  
of  t h e o r e t i c a l l y  b e s t  performance % ,  b u t  a t  optimum flow 
rate. The CE va lue  can be  used as a measure o f  t h e  sys- 

t e m  q u a l i t y .  
Something s imilar  could be done wi th  HPLC columns. 

Bristow and Knox s t a t e  i n  t h e i r  paper  ( 9 )  t h a t  t h e  " t e s t  
procedure ... should enab le  one t o  see a t  a g l ance  how 

near  t h e  performance of any p a r t i c u l a r  column approaches 
t h e  t h e o r e t i c a l  i d e a l  . . . ' I .  They do no t  mention what t h e  
" t h e o r e t i c a l  i d e a l "  i s .  It  i s ,  indeed,  n o t  clear what 

t h e  l i m i t  of HETP could be i n  HPLC, b u t  t h e  mean p a r t i c l e  
diameter  of  t h e  packing material  s e e m s  t o  be a n  accep- 
t a b l e  l i m i t .  H a l a s z ,  indeed, mentions t h i s  f o r  s m a l l  
p a r t i c l e s  l i k e  t h e  ones mostly used with s p h e r i c a l  s i l i -  

ca g e l  ( 1 3 ) .  I t  i s ,  however, easier t o  measure t h e  in -  
t e r n a l  diameter  of c a p i l l a r y  GC columns than  t o  p i n  p o i n t  
t h e  mean p a r t i c l e  diameter  of a heterogenous mixture  of  

HPLC packing p a r t i c l e s .  S t i l l ,  exp res s ing  t h e  q u a l i t y  
of  a column by a % of  t h e  a t t a i n a b l e  and c a l l i n g  t h i s  
t h e  Chromatographic E f f i c i e n c y  (CE va lue )  would be use- 
f u l .  A name such as "Packing E f f i c i e n c y "  could aga in  be 
c r i t i c i s e d  because it excludes extra-column e f f e c t s .  
This Chromatographic E f f i c i e n c y  then  i s  de f ined  as 

d CE = 100 -$ = 100/h. 
p l a t e  number i n  % of an i d e a l i s e d  l i m i t  enab le s  one t o  
see a t  a glance how c l o s e  t h e  system approaches t h a t  
i d e a l .  A reduced p l a t e  h e i g h t  of 2 i s  e q u i v a l e n t  t o  a 
CE va lue  of 50 %. I n  t h e  above example of h = 1 . 6 2  t h e  
CE va lue  i s  t h e n  of course 6 1  %. The CE concept  has  t h e  

Expressing column p l a t e  h e i g h t  o r  
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1436 VERZELE ET AL. 

advantage t h a t  i t  au tomat i ca l ly  measures t h e  q u a l i t y  of 
an LC s y s t e m  a g a i n s t  a 100 % l i m i t .  I t  i s  a reduced va- 

l u e  a s  recommended by Knox ( 9 )  b u t  t h e n ,  of cour se ,  it 

i s  on ly  100 t i m e s  t h e  i n v e r s e  of h .  

Column pe rmeab i l i t y  

Column pe rmeab i l i t y  i s  r e l a t e d  t o  t h e  mean p a r t i c l e  
diameter (Clp) s o l v e n t  v i s c o s i t y  (11) column l eng th  ( L )  f l o w  
rate of t h e  s o l v e n t  (u f  and t h e  p r e s s u r e  drop ( A P ) .  For 
comparison of d i f f e r e n t  m a t e r i a l s ,  Bristow and Knox ( 9 )  

proposed t h e  column r e s i s t a n c e  f a c t o r  (# )  which i s  s o r t  
of a reduced pe rmeab i l i t y  va lue .  

AP.to 
n 

For a given column, s o l v e n t  and s o l v e n t  ra te ,  # i s  pro- 
p o r t i o n a l  t o  AP. Unger ( 6 )  mentions t h a t  @ i s  about  
t w i c e  a s  high f o r  i r r e g u l a r  s i l i c a  g e l  p a r t i c l e s  t han  
f o r  s p h e r i c a l  s i l i c a  g e l  p a r t i c l e s .  Unger r i g h t l y  s t a -  
tes however t h a t  t h e s e  " d i f f e r e n c e s  cannot  be d i scussed  
i n  terms of p a r t i c l e  shape because bo th  types  of 
packings a l s o  d i f f e r  i n  p o r o s i t y  and mean pore d i ame te r " .  
This p o i n t  of pe rmeab i l i t y  d i f f e r e n c e s  between s p h e r i c a l  
and non-spherical  m a t e r i a l  i s  not  a t  a l l  c l e a r .  
A p o i n t  hardly mentioned i n  t h e  l i t e r a t u r e  i s  t h a t  # o r ,  
t h e r e f o r e ]  AP f o r  o the rwise  f i x e d  c o n d i t i o n s ,  can be 
s t r o n g l y  in f luenced  by t h e  packing p r e s s u r e .  W e  feel  
t h a t  t h i s  should n o t  be s o .  I f  t h e  d e n s e s t  packing i s  
achieved, a d d i t i o n a l  p r e s s u r e  should no t  i n c r e a s e  t h e  
amount of m a t e r i a l  i n  t h e  column o r  should i n c r e a s e  it 
only very s l i g h t l y  and, t h e r e f o r e ,  # and AP should be 
c o n s t a n t  r e g a r d l e s s  of packing p r e s s u r e ;  un le s s  t h e  ma-  
t e r i a l  i s  compressible and t h i s  i s  an undes i r ab le  s i t u -  
a t i o n .  
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SILICA GEL PARTICLES IN HPLC 1437 

This i s ,  indeed, what i s  observed when t h e  m a t e r i a l  i s  
good and/or when t h e  packing method i s  adapted t o  t h e  

m a t e r i a l  ( t a b l e  2 ) .  

Table 2 shows t h a t  200-250 Bar i s  i n s u f f i c i e n t  a s  
packing p r e s s u r e  f o r  a l l  ROSiL mater ia ls .  Bris tow men- 
t i o n s  t h a t  unde r iva t i s ed  Spherisorb can be packed a t  
lower p r e s s u r e  ( 1 4 ) .  Above 2 5 0  Bar, pe rmeab i l i t y  and 
p l a t e  number are p r a c t i c a l l y  c o n s t a n t  f o r  5 and 10 pm 

ROSiL-C18 and f o r  10 pm RSiL-C18. Why t h i s  i s  n o t  s o  
f o r  t h e  o t h e r  m a t e r i a l s  i s  unc lea r .  The 3 p m  expe r i -  
mental  material w a s  probably no t  hard enough and w a s  
crushed under packing p r e s s u r e .  For 5 p RSiL w e  do n o t  
understand y e t  why t h e  back p r e s s u r e  goes up as it does 
with i n c r e a s i n g  packing p r e s s u r e .  The most obvious 

reasons could a l s o  be c rush ing  under p r e s s u r e  (why then 
i s  t h i s  a b s e n t  w i th  10 p R S i L  3 )  o r  o b s t r u c t i o n  of  
l e a d s  o r  f i l t e r s .  Anyway, w e  b e l i e v e  now t h a t  con- 
s t a n c y  of back p r e s s u r e  and p l a t e  number f o r  v a r i o u s  
packing p r e s s u r e s  a r e  i n d i c a t i o n s  t h a t  good procedu- 
res are being used. The i n v e r s e  s i t u a t i o n  proves t h a t  
d i f f e r e n t  approaches should be at tempted f o r  t h a t  par- 
t i c u l a r  packing m a t e r i a l .  
Amazingly enough, a 1 5  x 0.46 c m  column w i t h  3 u m  ir- 
r e g u l a r  s i l i c a  gel phase,  RSiL-C18 packed upwards a t  
600 kg gave on ly  a back p r e s s u r e  of 8 5  kg under t h e  
s t a n d a r d  c o n d i t i o n s  of ou r  t es t .  Th i s  was reprodu- 
c i b l e .  Together with t h e  d a t a  of t a b l e s  2 and 4 ,  t h i s  
i n d i c a t e s  t h a t  t h e  pe rmeab i l i t y  of s p h e r i c a l  s i l i c a  g e l  
can be e i t h e r  h ighe r  o r  lower than t h a t  of  a comparable 
i r r e g u l a r  shaped s i l i c a  g e l .  General ly ,  t h e  d i f f e r e n c e  
i s  minor. The s a m e  3 p RSiL-CL8  mentioned above, 
packed downwards i n  a C C 1 4  s l u r r y  produces very high 
back p r e s s u r e s  o r  even t o t a l l y  impermeable columns. 
W e  f i n d  i t  very s u r p r i s i n g  t h a t  t h e  packing technique 
so s t r o n g l y  i n f l u e n c e s  pe rmeab i l i t y .  
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SILICA GEL PARTICLES IN HPLC 1439 

I n  comparing columns and packings,  t h e  most d i f f i c u l t  

p o i n t  i s  t o  be s u r e  t h a t  t h e  packing procedure i s  t h e  
b e s t  and cannot be f u r t h e r  opt imised.  Comparing per- 
formance (which should be very s i m i l a r )  under d i f f e -  

r e n t  packing p r e s s u r e  i s  one of t h e  few confidence c r i -  
t e r i a  t h a t  w e  know o f  i n  t h i s  r e s p e c t .  

Packing HPLC columns 

Martin and Guiochon ( 1 5 )  have e x t e n s i v e l y  reviewed 
t h e  l i t e r a t u r e  on packing procedures.  A d i s c u s s i o n  on 
gene ra l  t e r m s  of packing procedures i s  a l s o  due t o  Unger 
( 6 )  and more r e c e n t l y  t o  Majors ( 1 6 ) .  W e  t r i e d  most o f  
t h e s e  techniques with i r r e g u l a r  s i l i c a  g e l s  and found 
t h a t  acceptable-to-good r e s u l t s  w e r e  o b t a i n a b l e  wi th  a l l  
of  them. With a v a r i e t y  of  d e r i v a t i s e d  i r r egu la r - shaped  
s i l i c a  g e l s  w e  obtained good r e s u l t s  w i th  a s imple s l u r r y  
i n  d ry  C C 1 4 ,  packing downward a t  600-900 kg/cm 

with a Haskel a i r - d r i v e n  pump. With 5 v RSiL-C18-HL-D, 

f o r  example, ( i r r e g u l a r  shaped oc tadecy la t ed  s i l i c a  g e l  
heavely s u b s t i t u t e d  and end-capped wi th  t r i m e t h y l s i l y l -  
groups) w e  o b t a i n ,  i n  t h i s  way, a m a x i m u m  of  13.600 
p l a t e s  f o r  k '  : 5-8 with p o l y c y c l i c  aromatic  hydrocar- 
bons on a 2 5  x 0 . 4 6  cm column. The reduced p l a t e  h e i g h t  

i s ,  t h e r e f o r e ,  below 4 f o r  r e t a i n e d  s o l u t e s :  t h i s  i s  
good f o r  i r r egu la r - shaped  s i l i ca  g e l .  Packing 5 li ROSiL- 
C18-HL-D with t h e  C C 1 4  s l u r r y  technique gave e s s e n t i a l l y  
t h e  same p l a t e  number. The r e p r o d u c i b i l i t y  i s  a l s o  
accep tab le .  Using a C C 1 4  s l u r r y  and downward packing, 
t h e r e f o r e ,  r e v e a l s  no d i f f e r e n c e  between i r r e g u l a r  and 
s p h e r i c a l  s i l i c a  g e l .  Whether a r e s u l t  i s  "good" o r  no t  
depends on comparison with ear l ie r  f i g u r e s .  I t  suf-  
f i c e s  t o  o b t a i n  a h ighe r  e f f i c i e n c y  once i n  o r d e r  t o  
c l a s s i f y  a l l  e a r l i e r  "good" r e s u l t s  i n  a lower category.  
This happened t o  us  with t h e  ROSiL-C18 packing. 

2 p r e s s u r e  

With 
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1440 VERZELE ET AL. 

the dry acetone upwards packing method of Phase Sep (171, 
we obtain higher plate numbers. Occasionally a column 
has more than 20.000 plates. With 5 um Spherisorb ODS, 
the plate numbers obtained showed exactly the same ten- 
dency : for a 25 x 0.46  cm column, about 12-14.000 with 
a C C 1 4  slurry and downward packing, but above 20.000 
with the dry acetone upward packing technique. Having 
obtained these very high efficiencies a few times, we 
wanted, of course, to achieve this reproducibly. The 
striking points in the dry acetone slurry packing tech- 
nique are the relatively low packing pressure and the 
speed of packing with the low viscosity solvent. As- 
suming that this last point was important, we tried 
systems with even lower viscosity than acetone, such as 
ether or pentane. In the same line of approach, we 
packed at elevated temperatures to reduce viscosity. 
This sometimes leads to a positive effect, but not al- 
ways ! We also packed columns by blowing in the packing 
with a nitrogen gas cylinder at 150 kg/cm . Reasonable 
columns are obtained but liquid slurries produce better 
results. We also tried the latest contributions to the 
field (18) with precolumns, postcolumns, both pre- and 
postcolumns to equalise, regulate pressure. We used 
pressure programmers, different pumps etc. etc. Our 
conclusion is that every different packing material re- 
quires its optimised individualised packing procedure. 
By different we do not only mean different in brand, but 
also differently derivatised and even different in par- 
ticle size. If applicable, forcing the slurry up into 
columns is better than packing downward. With some 
packing materials, upwards packing does not work: the 
columns are only partially filled, and downward packing 
is the only possibility. 
ticles, acetone as slurry solvent gives good results. 

2 

With larger ROSiL-C18 par- 
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SILICA GEL PARTICLES IN HPLC 1441 

TABLE 3 

no ROSiL-C18-D Pla tes  h CE A P ( A t m )  

1 8 urn 1 4 . 3 6 0  2.17 4 6  5 0  

2 1 3 . 6 0 0  2.29 4 3  5 0  

3 1 5 . 3 0 0  2 . 0 4  4 1  5 0  

4 13 .100 2 . 3 8  42 5 0  

5 1 4 . 0 0 0  2 . 2 3  49 50 

6 10 u m  1 3 . 2 4 0  1 . 8 9  53 28  

7 1 3 . 0 0 0  1 . 9 2  5 2  3 0  

I, 

,I 

I I  

0 

I ,  

Performance d a t a  f o r  25 x 0 . 4 6  c m  columns. Acetoni -  
t r i l e - w a t e r  75-25 a t  1 ml/min. Var i an  5 0 2 0  LC w i t h  
Varichrom and 10 111 Valco i n j e c t o r .  C a l c u l a t i o n s  on 
pyrene  w i t h  k '  : 4 . 5 .  

With smaller ROSiL-C18 p a r t i c l e  s i z e s ,  pen tane  i s  a b e t -  
t e r  s l u r r y i n g  s o l v e n t .  With a n  op t imised  packing  pro-  
cedure  t h e  s l u r r y  c o n c e n t r a t i o n  does  n o t  seem t o  b e  v e r y  

impor t an t .  W e  used  mos t ly  2 0  % s l u r r y  c o n c e n t r a t i o n s .  
The d a t a  f o r  some columns packed w i t h  l a r g e r  p a r t i c l e  
s i z e s  w i t h  t h e  upwards a c e t o n e  s l u r r y  packing  t e c h n i q u e  
are shown i n  t ab le  3. The d a t a  are a g a i n  o b t a i n e d  on an  
unmodif ied Var i an  5 0 2 0  LC i n s t r u m e n t .  

Concluding t h i s  s e c t i o n  on column pack ing ,  w e  fee l  t h a t  
t h i s  p a r t  of HPLC l e a v e s  s t i l l  much to  be d e s i r e d .  We 
unders tand  p r a c t i c a l l y  no th ing  of t h e  mechanism of t h e  
p rocedures .  Many methods p r e s e n t e d  as o p t i m a l ,  work 
o n l y  f o r  one p a r t i c u l a r  s t a t i o n a r y  phase .  P o i n t s  t h a t  
are c e r t a i n  a b o u t  column packing  are : 
- s l u r r y  packing  i s  b e t t e r  t han  d r y  packing  f o r  v e r y  

s m a l l  p a r t i c l e s  

- t h e  packing  h a s  t o  be d r i e d  ( f o r  r e v e r s e d  phase  a t  
70-80 '  because  i n  some cases h i g h e r  t empera tu re  may 
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1442 VERZELE ET AL. 

c ause  i g n i t i o n  of t h e  m a t e r i a l s )  e x c e p t ,  of  c o u r s e ,  
when water is  used  i n  t h e  s l u r r y  medium 

- t h e  dimensions and form o f  t h e  packing  v e s s e l  a r e  i m -  
p o r t a n t  and have t o  be adapted  t o  t h e  packing  m a t e r i a l  

- t a k i n g  o f f  t h e  column from t h e  packing  v e s s e l  i s  a 
most impor t an t  and d e l i c a t e  s t e p  i n  t h e  p rocedure  

- packing  upwards i s  b e t t e r  i f  a p p l i c a b l e  ( i n  t h i s  w e  
a g r e e  wi th  t h e  r easons  g iven  by B r i s t o w  ( 1 4 ) )  

- u l t r a s o n i c a t i o n  o f  t h e  s l u r r y  is b e n e f i c i a l .  
P o i n t s  t h a t  maybe a r e  b e n e f i c i a l  b u t  of which w e  are 
n o t  so s u r e  t h a t  t h i s  indeed  i s  so, a r e  : 
- d i l u t e  o r  h igh  ( <  10-25 % < )  c o n c e n t r a t i o n  s l u r r y  

packing  
- t h e  use  of d r i e d  s o l v e n t s  
- t h e  use  of v e r y  low v i s c o s i t y  s o l v e n t s  
- changing from s l u r r y  s o l v e n t  t o  a n o t h e r  s o l v e n t  t o  

fo l low up i n  t h e  packing  procedure  
P o i n t s  which have been c la imed t o  be i m p o r t a n t  b u t  
which are o v e r r a t e d  o r  un impor tan t  : 
- t h e  use of h i g h  v i s c o s i t y  s l u r r i e s  
- t h e  use  of ba l anced  d e n s i t y  s l u r r i e s  
- t h e  use  of ve ry  h igh  p r e s s u r e s  

H-u cu rves  w i t h  R O S i L s  

Graphs o f  t h e  p l a t e  h e i g h t  a g a i n s t  t h e  e l u e n t  ra te  f o r  
v a r i o u s  R O S i L s  i n  C18 f o r m  a r e  shown i n  F i g u r e  1. The 
d a t a  are f o r  pyrene  w i t h  k '  : 4.5 i n  a c e t o n i t r i l e - w a t e r  
75/25 on 2 5  x 0 . 4 6  c m  columns f o r  t h e  5 p m  m a t e r i a l  and 

on 1 5  x 0 . 4 6  c m  columns for t h e  3 pm m a t e r i a l .  Chroma- 
t o g r a p h i c  c o n d i t i o n s  a r e  s t a n d a r d  a s  e x p l a i n e d  else- 
where i n  t h i s  t e x t .  Band wid ths  are measured a t  h a l f -  
peak-he ight  f o r  c h a r t  speeds  of 2 m/h or  w i t h  t h e  V I S T A  

4 0 1  - Chromatography Data System of Var ian  l e a d i n g  t o  
good p r e c i s i o n  o f  t h e  needed measurements. 
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SILICA GEL PARTICLES IN HPLC 1443 

0.03 - 

0.02 - 

0.01 1 3 p m  ROSil - CI8 - HL - D 
- 

0 
0.1 0.20.3 0.5 0.7 1 15 2 virnl/rnin)3 

F I G .  1 
Van D e e m t e r  p l o t s  f o r  oc t adecy la t ed  s p h e r i c a l  s i l i c a  
g e l s  of d i f f e r e n t  mean p a r t i c l e  s i z e .  Varian LC 5020 
chromatograph wi th  Varichrom d e t e c t o r  a t  254 nm. 
Ace ton i t r i l e -wa te r ,  75-25 a t  1 ml/min. Data f o r  py- 
rene peak wi th  k’ : 4.5. 25 x 0.46 c m  columns f o r  
5 and 8 u m ,  1 5  x 0 . 4 6  c m  columns f o r  3 pm mater ia l .  
I n j e c t i o n  through 10 111 Valco sample loop. 

The behaviour o f  t h e  R O S i L s  i n  t h i s  c o n t e x t  i s  clas- 
s i ca l .  With t h e  s m a l l  p a r t i c l e  s i z e s ,  t h e  s o l v e n t  
speed can be inc reased  by a f a c t o r  2 t o  3 above t h e  op- 
t i m u m ,  wi thout  adve r se ly  a f f e c t i n g  column e f f i c i e n c y .  
This i s  a most important  p o i n t  f o r  high speed a n a l y s i s .  
For p l a t e  number measurements of t h e s e  high performance 
columns, it i s  e s s e n t i a l  t o  use f a s t  e l e c t r o n i c  de t ec -  
t i o n .  With an o l d e r  f i x e d  254 nm wave l eng th  d e t e c t o r  
having a t i m e  c o n s t a n t  of 3 sec, p l a t e  numbers were 
halved only because of t h e  slow d e t e c t o r  response.  Even 
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1444 VERZELE ET AL. 

A 
N 

30,000 

25.000- 

20,000 

t h e  " f a s t "  t i m e  c o n s t a n t  of  0 . 5  s e c  of  t h e  Varichrom 
proved t o  be too  s l o w .  Therefore  w e  modified t h e  2 sec 
"slow" t i m e  c o n s t a n t  of t h e  d e t e c t o r  t o  an u l t r a  f a s t  
0 . 2 5  sec t i m e  c o n s t a n t .  Some r e s u l t s  are shown i n  
Figure 2 .  

Figure 2 was reproduced f o r  s e v e r a l  o t h e r  p o l a r  and non- 
p o l a r  compounds w i t h  s i m i l a r  r e s u l t s .  For e a r l y ,  ha rd ly  
r e t a i n e d  peaks, t h e  p l a t e  number can be d r a s t i c a l l y  d i f -  
f e r e n t ,  depending upon t h e  speed of t h e  e l e c t r o n i c s  of 
t h e  d e t e c t o r .  Some c o n t r a d i c t o r y  l i t e r a t u r e  s t a t emen t s  
concerning t h i s  p o i n t  can probably be a s c r i b e d  t o  t h i s  

e f f e c t .  Even a t  h ighe r  k' va lues ,  around k' : 4 . 5 ,  d i f -  
f e r ences  can e a s i l y  be 10-20 % i n  favour  of f a s t e r  de- 
t e c t i o n .  

- 

- 

L , I I t 

0 1 2 3 4 5 k' 

FIG. 2 

E f f i c i e n c i e s  as a func t ion  of d e t e c t o r  t i m e  c o n s t a n t  
f o r  t h e  same 5 p ROSiL-ClB  column, 2 5  x 0 . 4 6  c m  a t  
1 ml/min with v a r i a b l e  mixtures  o f  a c e t o n i t r i l e - w a t e r .  
Open c i r c l e s  : pyrene, shaded c i rc les  : naphtalene o r  
anthracene.  
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SILICA GEL PARTICLES IN HPLC 1445 

Conclusions concerning spherical versus irregular silica 

gel 

A direct comparison of spherical and irregular si- 
lica gel is shown in the next table. 
Table 4 mentions values for the column resistance factor 
@ and the Separation Impedance E of Bristow and Knox (9). 
It is important to note that these values are for k' : 
4.5.  For unretained peaks the literature mentions mostly 
lower h values and therefore more favourable E values. 
We feel that h values for unretained peaks should not be 
used as comparison criteria, if only because of their de- 
pendence of detector electronics speed as shown in the 
present paper. This situation is very similar to what 
has been experienced in GC where it now is customary only 
to calculate efficiencies for decidedly retained peaks 
e.9. k' > 3. 

TABLE 4 

Comparison of spherical and irregular silica gel 

Material N AP h @ E 

1. 5 p ROSiL-C18-D 25.000 98 2.00 818 3.272 

2. 5 p RSiL-C18-D 14.000 96 3.57 815 10.387 
3. 10 1.1 ROSiL-C18-C 13.000 28 1.92 1.022 3.779 
4. 10 1.1 RSiL-CI8-D 8.700 30 2.87 1.029 9.041 

All columns packed upwards at 350-450 kg/cm . 
Data for pyrene with k' : 4.5 in acetonitrile-water 
75/25. A l l  chromatographic conditions standard as ex- 
plained in the text and exactly equal. @ is the column 
resistance factor and E is the Separation Impedance as 
described by Bristow and Knox (9). E = h2.@. The va- 
l u e  2.250 was for optimised conditions using a small 
volume detector cell. 

(2.250) 

.. 
2 
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1446 VERZELE ET AL. 

I t  has been suggested t h a t  f u r t h e r  improvement 
through more e f f i c i e n t  i n j e c t i o n  should be p o s s i b l e .  
W e  f i n d ,  however, t h a t  c o a x i a l  flow i n j e c t i o n ,  stopped- 
flow hand-inject ion o r  small-loop-volume i n j e c t i o n  do n o t  
improve t h e  performance of  a top  q u a l i t y  column. A po- 

s i t i v e  e f f e c t  i s  only found f o r  t h e s e  approaches when 
column performance i s  no t  t h e  b e s t  a t t a i n a b l e  t o  s t a r t  
with.  

I t  should a l s o  be mentioned t h a t  t h e  e f f i c i e n c y  
of t h e s e  high performance columns i s  decidedly lower 

when methanol-water mixtures  a r e  used a s  e l u e n t  and/or 
when r e l a t i v e  l a r g e  molecular weight p o l y f u n c t i o n a l  po- 
l a r  compounds are chromatographed. For hop a- and B -  

a c i d s  (humulone e tc .  ) with methanol-water a s  e l u e n t ,  
t h e  e f f i c i e n c y  can be more than halved.  A chromatogram 
of  a s y n t h e t i c  mixture i s  shown i n  Figure 3 .  

The back p r e s s u r e  of s p h e r i c a l  ve r sus  i r r e g u l a r  s i l i c a  
g e l  columns can be h ighe r  o r  lower wi thou t  obvious rea-  
son. Astonishingly enough, pe rmeab i l i t y  can be s t r o n g l y  
inf luenced by t h e  packing technique.  I n  most cases t h e  

pe rmeab i l i t y  i s  about  t h e  same f o r  comparable phases .  
The h ighe r  e f f i c i e n c y  of s p h e r i c a l  s i l i c a  g e l  a l lows  t o  
use s h o r t e r  columns while  s t i l l  ach iev ing  s u f f i c i e n t  ef-  
f i c i e n c y .  This  i n  t u r n  l e a d s  t o  reduced p r e s s u r e  drops,  
a l lowing t o  use smaller p a r t i c l e  s i z e s  l e a d i n g  aga in  t o  
b e t t e r  e f f i c i e n c y  and f u r t h e r  reduced column l e n g t h .  
Smaller p a r t i c l e  s i z e s  can be e f f e c t i v e l y  used a t  h ighe r  
r e l a t i v e  e l u e n t  rates ( f l a t  H-u c u r v e ) .  Thus w e  come t o  
very f a s t  and very e f f i c i e n t  HPLC. This  i s  t h e  most i m -  
p o r t a n t  a s p e c t  of  s p h e r i c a l  s i l i c a  g e l  as HPLC packing 
m a t e r i a l .  

Because of  t h i s  p o i n t  it i s  p o s s i b l e  t o  r e p l a c e  systema- 
t i c a l l y ,  c l a s s i c  2 5  c m  long 10 Um i r r e g u l a r  s i l i c a  g e l  
columns ( %  5-10.000 p l a t e s )  by 10 t o  15  c m  long 5 u m  
s p h e r i c a l  s i l i ca  g e l  columns (10-15.000 p l a t e s )  with 
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FIG. 3 
Polarity mixture on 5 l~ ROSiL-Cl8-HL-D Varian 5020 LC 
instrument with Varichrom detector and 10 ~1 Valco 
sample loop injector. I ml/min of acetonitrile-water 
6 0 - 4 0  at 120 Bar. 

better resolution, better sensitivity and less than half 
the time of analysis. 
Spherical silica gel will not agglomerate on standing 
for longer periods like can be the case with 3-5 pm ir- 
regular silica gel. 
We have no experimental evidence about lifetime expec- 
tancy differences. Spherical silica gel columns seem to 
loose fairly rapidly (after 20-30 injections) about 10- 
20 % of their efficiency. 

ACKNOWLEDGEMENTS 

We thank the "Ministerie voor Wetenschapsbeleid", 
the "Nationaal Fonds voor Wetenschappelijk Onderzoek - 
NFWO" and the "Instituut voor Wetenschappelijk Onderzoek 
in Nijverheid en Landbouw" for financial help to our la- 
boratories. 

REFERENCES 

1. J. Asshauer and I. Halasz, J. Chromatogr. Sci., 2, 
1 3 9  ( 1 9 7 4 ) .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1448 VERZELE ET AL. 

2. G. Manius and R. Tscherne, International Laboratory, 
vol. 2, ( 2 ) ,  3 8  ( 1 9 8 1 ) .  

3. J. Kirkland, J. Chromatographic Science, 10, 5 9 3  

4. G. Laird, J. Jurand and J. Knox, Proc. SOC. Anal. 
( 1 9 7 2 ) .  

Chem., 2, 311 ( 1 9 7 4 ) .  
5. K. Unqer, W. Messner and K. Krebs, J. Chromatogr., 

1 4 9 ,  1 ( 1 9 7 8 ) .  - 
6 .  X .  Unqer, p. 1 8 4  in Porous Silica, Elsevier, (Amster- 

dam) , 1 9 7 9 .  

7 .  R.  Ohmacht and I. Halasz, Chromatographia, 1 4 ( 4 ) ,  

8. J. Giddinqs, Dynamics of ChromatoqraDhy, Part I, 
2 1 6  ( 1 9 8 1 ) .  

Marcel Dekker, New York, 1965. 
9 .  P. Bristow and J. Knox, Chromatographia, 10, 2 7 9  - 

( 1 9 7 6 )  . 
10. L. Ettre, "Open - Tubular Columns in GC", Plenum Press, 

11. J. Bouche and M. Verzele, J. Chrom. Sci. (J.GC), 5 ,  

12. L. Ettre, in Applications of Glass Capillary Gas 

New York, 1 9 6 5 .  

5 0 1  ( 1 9 6 8 ) .  

Chromatography, p. 3 3 ,  Ed. W. Jenninqs, Marcel Dek- 
ker, New York, 1 9 8 1 .  

13. I. Halasz, R. Endele and J. Asshauer, J. Chromatogr., 

14. P. Bristow, J. Chromatogr., 149, 13 ( 1 9 7 8 ) .  

1 5 .  M. Martin and G. Guiochon, Chromatographia, 10, 1 9 4  

1 6 .  R .  Majors, J. Chrom. Sci., 18 (101, 4 8 8  ( 1 9 8 0 ) .  

1 7 .  Phase Sep., Commercial brochure on Spherisorb - 

- 1 1 2 ,  3 7  ( 1 9 7 5 ) .  

( 1 9 7 7 ) .  

Queensferry, Clwyd, U.K. 
18. I. Halasz, International Symposium on Column Liquid 

Chromatography - Avignon, May 1 9 8 1  (oral presenta- 
tion). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


