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SEPARATION PROPERTIES OF A POLYMERIC 
OCTADECYL SILICA GEL FOR LIQUID 

CHROMATOGRAPHY 

Anders L. Colsmjo and Monica W. Ericsson 
Department of Analytical Chemistry 

University of Stockholm 
106 91 Stockholm 

ABSTRACT. 

The synthesis of a reversed phase material, based 
on polymeric bonding of octadecyltrichlorosilane to 5 
urn silica gel, is described. This phase, which exhibits 
unique properties with respect to the separation of 
polynuclear aromatic hydrocarbons (PAH), was tested and 
evaluated both in an analytical and an upscaled analy- 
tical mode. Effects of use of the phase over a long 
period of time are demonstrated and the material is 
characterized by surface coverage, resolution of 
critical isomers and separation capacity for a mixture 
of P A H S .  

INTRODUCTION, 

Following the introduction of organoalkylsilane 
modified silica g e l  introduced as packing material in 
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2826 COLSMJO AND ERICSSON 

HPLC (1,2), octadecylchlorosilane has been the most 

abundantly used reagent ( 3 ) .  Modification can be 

accomplished with mono-, ai- or trichlorosilane (4). 
The choice of reagent together with variation in type 
of silica (structure, pore volume and surface area) 
will result in packing material having widely differing 
chromatographic properties. This has been well docu- 
mented by several authors (5,6). However, this infor- 
mation can be very useful in the process of controlling 
the reaction in order to obtain column material of de- 
fined specificity. Thus, well defined silica gel and 
reaction conditions can be selected in order to achive 
a desired chromatographic behaviour. 

Methods for synthesis of monomeric material, using 
chiefly a monochlorosilane, have been described in a 
large number of publications and have been reviewed 
(7). Polymeric material has usually been regarded as 
the result of uncontrolled reaction when a trichlororo- 
silane together with unknown amounts of water have been 
utilized in the synthesis. However, the work of Sander 
and Wise has demonstrated the utility of controlled 
polymerisation of octadecyltrichlorosilane on silica, 
especially for the separation of the PAHs (8). For some 
commercial phases, exhibiting excellent properties in 
the separation of PAHs, it was demonstrated that the 
C18-silane was polymeric bonded. In this case, it was 

shown that the pore volume is an important parameter to 
be considered in the chemical modification of silica 
gel with octadecylchlorosilane. If the volumes of the 
unmodified silica pores are too small, compared with 
the space occupied by the C18 chain molecules, the 
pores may become blocked and the separation efficiency 
be decreased (9). It is even more important to take 
into consideration the pore volume when a polymeric 
phase is synthesized. Water is added to a mixture of 
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POLYMERIC OCTADECYL SILICA GEL 2021 

solvent ,  s i l ane  and s i l i c a  ge l ,  leading t o  a polyme- 

r i s a t i o n  of the  s i l a n e ,  p r i o r  t o  binding t o  the  s i l i c a  
g e l  ( 1 0 ) .  Thus, s i l i c a  g e l s  with la rge  pore volume 

(30-50 nrn) a re  considered t o  be the  base mater ia l  bes t  

su i t ed  fo r  polymeric phases (10 ) .  The reproducib i l i ty  

of t h i s  type of phases has been discussed by several  
authors (8,ll-15). In  t h i s  a r t i c l e ,  t he  synthesis  and 

performance of a p a r t i c u l a r  polymeric ODs-phase, with 
pa r t i cu la r  separat ion p rope r t i e s ,  i s  described. 

MATERIALS. --- 

Chemicals 

Octadecyltrichlorosilane (Merck) was used without 
fu ther  treatment.  Carbon t e t r ach lo r ide ,  ana ly t i ca l  

grade (Merck), was d i s t i l l e d  and s tored over molecular 
s ieves  4A. Tetrahydrofurane , methanol and acetone were 

a l l  of ana ly t i ca l  grade (Merck) and used as recieved. 
HPLC-grade a c e t o n i t r i l e  (Rathburn) was used without 

fu r the r  pu r i f i ca t ion .  Water used fo r  HPLC w a s  deionized 
and r e d i s t i l l e d  a t  the  laboratory.  The s i l i c a  g e l  used 

fo r  modification was Nucleosil  5 u ,  300A (Macherey 
Nagel). Acid r e s i s t a n t  s t a i n l e s s  steel tubing and 

f i t t i n g s  (Valco o r  Svagelock) were used throughout the  

whole HPLC-column system. 

Apparatus 

I soc ra t i c  e lu t ions  were pertormed on a Spectra 

Physics HPLC instrument,  model 3500 with a var iab le  
UV-adsorption de tec tor .  Solvent programmed 
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2828 COLSMJO AND ERICSSON 

chromatography was carried out on a Schimadzu Spectro- 

photometric LC-4A with an 8 ul variable UV-adsorption 
detector SPD-2AS. Column packing was effected by use of 
a Haskel pump. The detector signals from both instru- 
ments were A/D converted and registered by an ABC-800 
microcomputer system, by which also all other signal 
treatment and plotting was performed. 

METHODS 

Modification of the silica gel 

Reaction conditions outlined by Sander and Wise 
(8) for polymeric modification have been used with the 
following exceptions: 10 g of Nucleosil 5u, 300A was 
treated with 33.5 ml octadecyltrichlorosilane and 2.5 
ml water. After reaction, the modified silcia was 
washed with carbon tetrachloride followed by tetrahydro- 
furane, methanol, methanol/water (50/50) , methanol and 
tetrahydrofurane. The silica gel was transferred to a 
glass bottle fitted with a teflon seal. The various 
solvents were carefully mixed by shaking the sealed 
bottle by hand and then centrifuged to facilitate the 
removal of solvent. Finally, the material was dried to 
free flow under a stream of nitrogen and with careful 
heating. 

Column packing 

Columns of dimensions, 150 x 3 mm or 100 x 10 mm 
were packed by the slurry method. Modified silica was 
mixed with carbon tetrachloride during 30 seconds by 
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POLYMERIC OCTADECYL SILICA GEL 2829 

u l t r a s o n i f i c a t i o n ,  y i e l d i n g  a uniform and r e l a t i v e l y  

s t ab le  s l u r r y .  500 m l  of a c e t o n e  was pumped th rough  

the  packing  bomb fo l lowed by  500 m l  o f  methanol  ( f o r  

t h e  a n a l y t i c a l  column 250 m l  p o r t i o n s  w e r e  u s e d ) .  Each 

column was mounted i n  the HPLC i n s t r u m e n t  and e q u i l i -  
brated ove r  n i g h t  w i t h  a c e t o n i t r i l e  or methanol .  

RESULTS. 

A number o f  ODs-phases based  on the above o u t l i n e d  

p rocedure  w e r e  s y n t h e s i z e d .  T h e  s y n t h e s e s  were p e r f o r -  
med w i t h  t w o  d i f f e r e n t  'ba tches  o f  b a s e  materials 

( s i l i c a  g e l s ) ,  y i e l d i n g  two se t s  o f  columns w i t h  

s l i g h t l y  d i f f e r e n t  s e p a r a t i o n  c h a r a c t e r i s t i c s .  Compared 
w i t h  o t h e r  ODS mater ia l s  ( 4 ) ,  i n c r e a s e d  s e p a r a t i o n  

e f f i c i e n c i e s  and unique  s e l e c t i v i t i e s  cou ld  be recor- 
d e d ,  e s p e c i a l l y  i n  t h e  e l u t i o n  r e g i o n  for compounds 

c o n t a i n i n g  up t o  f i v e  r i n g s .  I n  f i g u r e  1 i s  shown t h e  

s e p a r a t i o n  of 10 P A H s  on an a n a l y t i c a l  column (approxi- 

m a t e l y  5 ng o f  each compound d i s s o l v e d  i n  m e t h a n o l ) .  
C e r t a i n  isomers, known a s  " c r i t i c a l  isomeres" ( 1 6 )  w e r e  

s u r p r i s i n g l y  w e l l  s e p a r a t e d  (for example b e n z ( a ) a n t h r a -  
cene /ch rysene ,  peaks  4 and 5 ) .  

I n  o r d e r  t o  t e s t  r e p r o d u c i b i l i t y  and b a t c h  t o  
b a t c h  v a r i a t i o n s ,  a second set  of p h a s e s ,  based  on t h e  

same p r o c e d u r e  o f  s y n t h e s i s ,  b u t  w i t h  a n o t h e r  batch of 
s i l i c a  g e l  from the same m a n u f a c t u r e r ,  was s y n t h e s i z e d .  

T h e  s e p a r a t i o n  o f  the same PAH mix tu re  a p p l i e d  on  t h e  
second column i s  shown i n  F i g .  2 .  A t r e n d  o f  d e c r e a s i n g  

c a p a c i t y  f a c t o r s ,  b u t  p r a c t i c a l l y  no change i n  selecti-  
v i t y  f a c t o r s ,  cou ld  be r e g i s t e r e d  when compared to  the 

f i r s t  column m a t e r i a l  a t  t he  same chromatographic  condi -  
t i o n s  ( f i g .  1 ) .  T h i s  d i s c r e p a n c y  between the t w o  ODS 
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0 300 600 308 1200 1500 Tin€ f s - c l  

, I  

FIGURE 1. Separation of 10 PAHs on 150 x 3 mm 
analytical column with polymeric C 
the 10-component mixture was performed by using 
gradient elution, 70-100% acetonitril in water over 30 
min at 0.6 ml/min. Component identification : (1) 
phenanthrene, ( 2 )  anthracene, (3) benz(a)anthracene, 
(4) chrysene, (5) benzo(j)fluoranthene, (6) dibenz- 
(a,c)anthracene, (7) benzo(k)fluoranthene, (8) benzo- 
(a)pyrene, (9) dibenz(a,h)anthracene, (10) indeno- 
(lI2,3-cd)pyrene. 

Separation of 
18 ' 

L 
I '  
B 300 . 600 300 1200 1508 T I B E  I s r c l  

F I G U R E  2. Separation ot 10 PAHs on a second batch of 
polymeric C phase. Chromatographic conditions and 18 
compounds as in figure 1. 
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POLYMERIC OCTADECYL SILICA GEL 283 1 

b a t c h e s  i s  d i s c u s s e d  i n  the  fo l lowing  s e c t i o n s  w i t h  

respect t o  p h y s i c a l  c h a r a c t e r i s t i c s .  
I n  a d d i t i o n  t o  the chromatographic  characteri- 

s a t i o n  of  a phase, e l emen ta ry  a n a l y s i s  and c a l c u l a t i o n s  

of carbon cove rage  g i v e s  i n f o r m a t i o n  o f  t h e  d e g r e e  of 

TABLE 1. 

Carbon c o n t e n t  and s u r f a c e  cove rage  of the polymeric 

C - 1 8  phase. 

1 11.77 6.54 S=O.14 

11.48 

2 11 1 3  6 .23  S=O -033 
11.20 

* A n a l y s i s  w a s  performed a t  NOVO m i c r o a n a l y t i c a l  

l a b o r a t o r y  (Denmark) 
6 %C x 10 

* *  Coverage ( 1 7 )  = 

((1200xN - % C ( M w - l ) ) s B E T  

N = 1 8 ,  M =331 ( f o r  polymeric C s i l a n e  acco rd ing  

t o  Sander  and Wise ( 1 6 ) )  
SBET = 100 

W 18 

2 
/ g  ( a c c o r d i n g  t o  the  m a n u f a c t u r e r ) .  
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2832 COLSMJO AND ERICSSON 

polymerisation of modified silica. In Table 1 are 

presented the percentage of bonded carbon, measured by 
elementary analysis, and a calculation of surface 
coverage of the two batches listed. 

A small difference, of surface coverage values of 
the two phases, can be discerned (significant on a 
95%-level of confidience). However, even this dif- 
ference is manifested in the chromatographic behaviour 
of the two batches of polymeric CI8 phases. 

lles_&gnand use of an upscaled analytical column. 

In order to test the performance of the phase on a 
larger scale, a column of dimensions 100 nun x 10 mm 
was packed and evaluated. Sample capacity was tested by 
injections of up to 500ul of saturated solutions of 
P A H s .  Overloading of the column with a mixture of 
pyrene/fluoranthene of various concentrations is illu- 
strated in figure 3 .  A second column was packed with 
material from batch 2 and in the following discussion 
it is referred to as the new column. This column had a 
min HETP in the van Deemter plot of 18.83 um at a flow 
rate of 2 . 4  ml/min, measured for benz(a)anthracene. 
This is compared with the old column ( HETP after use 
was 5 3  urn ) which has been used for two years and for 
several thousands of injections of crude synthetic 
mixtures. In these separations 100% methanol was prin- 
cipally used as eluent, due to solvent costs. Although 
acetonitrile usually is a better solvent for a poly- 
meric column (with respect to chromatography). From 
time to time during a two year period, the column was 
rinsed with methylene chloride followed by methanol. 
Linear capacity is calculated as the ratio of weights 
of the sample and the stationary phase when the k’- 
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100 ug 

I 

1 

1 - 
0 

0 300 600 TIME [ S O C )  

-1 

0 300  TIME ( c * c I  

F I G U R E  3 .  Separation of various concentrations of 
fluoranthene/pyrene on the "new" upscaled analytical 
column. Mobile phase was 80% acetonitrile in water. 

value has been reduced by 10% (18). The value for the 
upscaled column was 10 g / g ,  which is a rather low 
value for a column used in a semi-preparative mode 

-5 

(19). 
Table 2 is a comparison of the HETP values for the 

analytical columns and the upscaled columns. The higher 
values for the larger columns indicate that it is 
easier to pack a column with larger dimensions. 
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TABLE 2 .  

COLSMJO AND ERICSSON 

HETP values fo r  the  ana ly t i ca l  and upscaled columns 
measured for B(a)A ( k ' =  3.40) 

Batch HETP(analytica1) HETP(upsca1ed column) 
um urn 

1 33 18.83 

* values a f t e r  ageing. 

Comparison of new and o l d  polymeric C mater ia l .  18 I 

Separation of c r i t i c a l  isomers such a s  benz(a) -  

anthracene /chrysene and pyrenelfluoranthene was 

invest igated on new and old mater ia l s ,  f igures  4a,b and 

5a,b.  Separation could s t i l l  be achieved on the  old 

column, although the  p l a t e  numbers had decreased 

considerably.  Resolution between B(a)A/Chy i s  reduced 
on the  old column and the  k '-values a re  a l s o  decresed 

i n  s p i t e  of a heavier  carbon load on t h i s  packing 
mater ia l .  Sander and Weise s t a t e s  t h a t  k '-values for  

PAHs increase with increased carbon load of the  

polymeric phase ( 1 6 ) .  I n  agreement with t h i s ,  k '-values 
a r e  higher on the  ana ly t i ca l  column (batch 1, f i g .  1 )  

which has higher carbon load compared with batch 2 ,  
f i g .  2 .  Futhermore, t he  u s e d  column exh ib i t s  decreasing 
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I 

F 11 

0 300 TIME [cmcl 

F I G U R E  4 .  Separation of fluoranthene/pyrene (5ng/ul) on 
the "old" (a) and the "new" (b) 100 x 10 mm columns. 

Mobile phase was 80% acetonitrile in water. 

( 
BaA 

0 308 TIME I r - c l  

F I G U R E  5a. Separation of benz(a)anthracene/chrysene (10 
ng/ul) on the "old" column. Mobile phase 80% 
acetonitrile in water. R=2.86. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2836 COLSMJO AND ERICSSON 

0 308 680 T I M E  I r . c l  

FIGURE 5b. Same chromatographic conditions as in 5a but 
on the "new" column. R=4.61. 

k'-values, probably depending on a modification or the 
phase based on adsorption and reaction of the solute 
d u r i n g  two years. 

In figure 6 is shown a plot of the number of 
plates versus the concentration of benzo(a)anthracene. 
The shape of the curve indicates that adsorption takes 
place €or lower concentrations of solute for the used 
column. The number of theoretical plates for the used 
column has also decreased considerably. 

The ageing characteristics can further be demon- 
strated by plotting the resolution of two solutes 
versus their concentration. In figure 7, this plot is 
shown for pyrene /fluoranthene, which demonstrates that 
the shapes of the curves are approximately the same, 
but the resolution is significantly lower fo r  the older 
column. 
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0 . 8  1.6 2.4  3 . 2  4 4. 
l g  c 
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FIGURE 6. Resolution of fluoranthene/pyrene plotted 
against lg (conc). O="new" column, A = "old" column 
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DISCUSSION - 

COLSMJO AND ERICSSON 

I t  has been demonstrated t h a t  a 

polymeric octadecyltrichlorosilane 

f a i r l y  reproducible 

phase with p a r t i -  

cu l a r  chromatographic c h a r a t e r i s t i c s  can be synthe- 
s ized.  I f  s i l i c a  ge l s  with b e t t e r  defined surface a rea ,  

pore volume and p a r t i c l e  s i z e  w e r e  obtainable from the  
manufacturers, the  reproducib i l i ty  of the  phase could 

be even more increased. The e f f ic iency  of the  phase 

very much depends on the  physical dimensions and 

homogeneity of the  base mater ia l .  Upscaling of t h e  

column proved t o  g i v e  a b e t t e r  HETP, which can be 

explained by a b e t t e r  and more uniform packing perfor-  

mance of the  l a rge r  column. The pa r t i cu la r  phase, 

decribed i n  t h i s  paper exhibi ted high separat ion 
e f f ic iency  with respect  to PAHs but  a r a the r  poor 

l i n e a r  capaci ty  f ac to r .  
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