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TECHNIQUE FOR I N  SITU COATING OF Ag+ ONTO SILICA GEL I N  
HPLC COLUMNS FOR THE SEPARATION OF GEOMETRICAL ISOMERS 

R. R. Heath and P. E. Sonnet 
Insect A t t r a c t a n t s ,  Behavior and Basic Biology Research Labora tory  
A g r i c u l t u r a l  Research,  Sc ience  and Educat ion Adminis t ra t ion .  USDA 

Gainesville. F l o r i d a  32604 

ABSTRACT 

A method is d e s c r i b e d  f o r  t h e  i n  s i t u  c o a t i n g  of  s i lver  
n i t r a t e  o n t o  s i l i c a  g e l  i n  h i g h  performance l i q u i d  chromatography 
columns. The columns e f f e c t i v e l y  s e p a r a t e d  a series o f  geometr i -  
cal  isomers .  

INTRODUCTION 

+ The use of Ag complexes t o  s e p a r a t e  t h e  g e o m e t r i c a l  isomers  

of o l e f i n i c  compounds is w e l l  known (1-3). Heath e t  al .  ( 4 )  showed 

t h a t  many o l e f i n i c  isomers  could  be r a p i d l y  analyzed and p u r i f i e d ,  

u s i n g  HPLC columns packed w i t h  s i lver  n i t r a t e - c o a t e d  s i l i c a  g e l .  

Although such columns a r e  h i g h l y  e f f i c i e n t ,  t h e i r  use  h a s  been 

l i m i t e d ,  f o r  they  are not  commercially a v a i l a b l e  and few labora-  

t o r i e s  are equipped wi th  a packing a p p a r a t u s  r e q u i r e d  t o  pack HPLC 

columns. Because t h e  HPLC technique  w i t h  s i l v e r  n i t r a t e - c o a t e d  

s i l i c a  g e l  is p o t e n t i a l l y  u s e f u l  i n  our  work on i n s e c t  pheromones, 

many of  which a r e  i somer ic  o l e f i n s  t h a t  are d i f f i c u l t  t o  s e p a r a t e ,  

w e  sought  a s imple  method of p r e p a r i n g  t h e  r e q u i r e d  columns. 

We now r e p o r t  an in s i t u  method of c o a t i n g  A g N 0 3  o n t o  s i l i c a  g e l ,  

prepacked i n t o  HPLC columns. We a p p l i e d  t h e  method both  t o  
columns w e  had prepared  and t o  commercial columns; t h e n  we compared 

t h e  coa ted  columns in t h e i r  a b i l i t y  t o  s e p a r a t e  t h e  p o s i t i o n a l  and 

g e o m e t r i c a l  isomers  of decenes,  oc tadecenes ,  and te t radecen-1-01 

1129 

Copyright 6 1980 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1130 HEATH AND SONNET 

acetates. All t h e  10-cm long  columns we  t e s t e d  comple te ly  r e s o l v e d  

most of t h e  g e o m e t r i c a l  isomers wi th  r e t e n t i o n  times of less t h a n  6 

minutes .  

MATERIALS 

We packed 1.25-cm (OD) x 10-cm columns and 0.63-cm (OD) x 25- 

cm columns with 5 u i r r e g u l a r  s i l i c a  (Lichrosorb@ S i 6 0  - E. N. 

Merck), us ing  a high-flow a i r - d r i v e n  pump (Haskel  Engineer ing)  at 

ca. 9000 p s i  as p r e v i o u s l y  d e s c r i b e d  (4). The commercial columns 

(Waters Associates RM-lOC@, 1.25 cm (OD) x 1 0  c m ,  were packed w i t h  

10 u s p h e r i c a l  s i l i c a  by r a d i a l  compression. A r e c i p r o c a t i n g  pump 

(Labora tory  Data C o n t r o l  Constametric II@) w a s  used f o r  s o l v e n t  

d e l i v e r y .  Samples were i n j e c t e d  wi th  a modif ied P r e c i s i o n  Sampling 

In jec tor@ ( 4 )  and sample components were d e t e c t e d  w i t h  a L'V d e t e c t o r  

( S c h o e f f e l  1/7122@) a t  254h o r  w i t h  a r e f r a c t i v e  index  (RI) d e t e c t o r  

(Waters A s s o c i a t e s  401@). When r e q u i r e d ,  d a t a  were recorded t.- 
computer ( Y i c o l e t  lli30@ .at  a ra te  i n  e x c e s s  of 10 d a t a  p o i n t s  ? e r  

second. The r e s e r v o i r  used f o r  t h e  i n  s i t u  c o a t i n g  procedure 

c o n s i s t e d  of a 1/2-in. (OD) x 30-in. l e n g t h  of S.S. t u b i n g  f i t t e d  

w i t h  1/2-in. t o  1/4- in .  reducing unions (Swagelom) a t  each end .  

W e  p laced  a 0.5 u f r i t  a t  t h e  o u t l e t  end ,  u s i n g  a p r e v i o u s l y  

d e s c r i b e d  column t e r m i n a t o r  ( 5 ) .  The s o l v e n t s  -- hexane,  benzene,  

and a c e t o n i t r i l e  (J. T. Baker)  -- were used w i t h o u t  p u r i f i c a t l o n .  

S i l v e r  n i t r a t e  w a s  r e a g e n t  grade  ( F i s h e r  S c i e n t i f i c  Co.). The 

p o s i t i o n a l  and g e o m e t r i c a l  isomers  of decene were purchased from 

Chemical Samples Co. Octadecenes and t h e  te t radecen-1-01 a c e t a t e  

isomers  were prepared  i n  our  l a b o r a t o r y  as part of a n o t h e r  p r o j e c t ,  

and t h e i r  s t r u c t u r e s  confirmed w i t h  I 3 C  n u c l e a r  magnet ic  resonance 

spec t roscopy.  

METHODS 

Prior t o  t h e  in  s i t u  c o a t i n g  t h e  a c t i v i t y  and e f f i c i e n c y  of 

each  s i l ica  column were de tennined  w i t h  a mixture  o f  benzene and 

naphtha lene  us ing  hexane as t h e  mobile phase.  The HETP v a l u e s  were 
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determined and p l o t t e d  a g a i n s t  s o l v e n t  f l o w  rate; and t h e  s l o p e  of 

t h e  p l o t  c a l c u l a t e d .  A f t e r  the i n i t i a l  series of chromatograms had 

been o b t a i n e d ,  t h e  i n j e c t o r  w a s  removed, t h e  column d i s c o n n e c t e d  

from t h e  UV d e t e c t o r ,  and t h e  reservoir a t t a c h e d  t o  t h e  column i n  

a v e r t i c a l  p o s i t i o n .  With t h e  top  f i t t i n g  of  t h e  r e s e r v o i r  removed. 

a s o l u t i o n  of 15 m l  of a c e t o n i t r i l e  and 0.35 g of AgN03 w a s  poured 

i n t o  t h e  r e s e r v o i r ;  t h e  remaining void  w a s  f i l l e d  w i t h  hexane. The 

r e s e r v o i r  top  w a s  connected t o  t h e  s o l v e n t  d e l i v e r y  sys tem,  and ca. 

30 m l  of hexane w a s  pumped through t h e  column a t  1 mlfmin.  

r e s e r v o i r  w a s  removed, t h e  i n j e c t o r  reconnec ted  t o  t h e  column, and 

t h e  s o l v e n t  changed t o  benzene. The column was e q u i l i b r a t e d  w i t h  

30 m l  of  benzene at a flow rate of  3 mlfmin, and t h e n  connected t o  

t h e  R I  d e t e c t o r .  A series of chromatograms f o r  t h e  s e p a r a t i o n  of  

t h e  (2)- and (&)-9-tetradecen-l-o1 acetates by t h e  c o a t e d  column, 

w i t h  benzene a t  d i f f e r e n t  f low rates, were t h e n  o b t a i n e d ;  t h e  HETP 

v a l u e s  and s l o p e s  were determined.  The a b i l i t y  of t h e  column t o  

r e s o l v e  g e o m e t r i c a l  isomers  w a s  determined u s i n g  t h e  analogous 

series of decene,  oc tadecene  and te t radecen-1-01 acetates. 

The 

RESULTS 

Table  1 shows t h e  HETP v a l u e s  f o r  a commercially o b t a i n e d  

column and a 10-cm column we prepared.  The r e s p e c t i v e  s l o p e s  f o r  

t h e  uncoated columns u s i n g  naptha lene  were 0 .48  and 0.38. The 

s l o p e s  f o r  t h e  i n  s i t u - c o a t e d  commercial columns i n  s e p a r a t i n g  t h e  

( E ) -  and (Z)-g- te t radecen-l-ol  a c e t a t e s  were 9.38 and 11.48,  

r e s p e c t i v e l y ;  and t h e  cor responding  s l o p e s  f o r  t h e  c o a t e d  l a b o r a -  

tory-packed columns were 9.88 and 11.42. Because t h e  m a j o r i t y  of 

commercial columns now i n  use are 25-cm x 0.63-cm ( O D ) ,  we i n c l u d e  

d a t a  o b t a i n e d  from such a column t h a t  w e  p repared  and t h e n  c o a t e d  

w i t h  Ag : t h e  s l o p e  f o r  t h e  column was 0.57 as determined w i t h  

n a p t h a l e n e ,  and t h e  s l o p e  f o r  t h e  coa ted  column w a s  9 . 2  and 1 3 . 4 ,  

as determined r e s p e c t i v e l y  w i t h  t h e  (&)- and (2)- i somers  of 9- 

te t radecen-1-01 acetate.  
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TABLE 1 

HEATH AND SONNET 

Comparison of column e f f i c i e n c i e s  b e f o r e  and a f t e r  i n  s i t u  c o a t i n g  
8s determined w i t h  naphtha lene  and t h e  isomers  of ( g ) -  and (z1-9- 
t e t rade  cen- 1-01 acetate . 

HETP i n  microns 
LFV Before i n  s i t u  A f t e r  i n  s i t u  

E isomers  - Z i somers  mmlsec Naphthalene - 

Commercial column 10 cm x 1.25 (10 U) 

0.72 20.1 
1.45 19.2 
2.90 20.2 
5. ao 22.1 

Laboratory column 10 cm x 1.25 (5 u) 

0.69 

2 .76  
5.52 

1 .38  
17.0 
16.4 
1 5 . 9  
18 .6  

40.6 48.0 
54.6 69.6 
66.6 83 .3  
90.9 111.1 

36.0 4 2  * JJ 
47.0  58. 3 
60.1 3 0 .  1 
83. 4 99. Y 

Table  2 shows t h e  chromatographic  d a t a  fo r  a l l  rhe i s o w r s  

t e s t e d .  As it  i n d i c a t e s ,  t h e  10-cm commercial and laborator::- 

packed column d i d  n o t  d i f f e r  a p p r e c i a b l y  i n  r e s o l v i n g  a b i l i t y .  

F igure  1 i l l u s t r a t e s  t h e  speed  and r e s o l u t i o n  of t h e  in s i c u  

coa ted  columns i n  r e s o l v i n g  t h e  isomers  of 9-cetradecen-1-01 

acetate. 

DISCUSSION 

Two types  of columns were t e s t e d  (commercial and l a b o r a t o r y -  

packed) because they d i f f e r e d  c o n s i d e r a b l y  i n  p a r t i c l e  s i z e  of  

t h e  s i l i ca  and i n  t h e  packing procedure.  The r e s u l t s  showed, how- 

e v e r ,  t h a t  t h e  d e f i c i e n c i e s  of t h e  2 t y p e s  of columns were similar  

b o t h  b e f o r e  and a f t e r  i n  s i t u  c o a t i n g  w i t h  Ag . The coae ing  

decreased  column e f f i c i e n c y  by ca. 50%. S i m i l a r l y ,  Heath e t  a l .  ( 4 )  

r e p o r t e d  t h a t  HPLG columns packed w i t h  s i l ica  t h a t  had been c o a t e d  
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TABLE 2 

1133 

Chromatographic p r o p e r t i e s  of g e o m e t r i c a l  isomers f o r  s e p a r a t i o n s  
by s i lver  n i t r a t e - c o a t e d  s i l i c a  columns e l u t e d  w i t h  benzene a t  2 
mllrnin. 

10 c m  x 1.25 columns (10 6 5 PI' 25 cm x 0.63 columns (5 P) 

k q b  (z i somer)  uc Rd k' (z isomer)  u R 

Decene 
A2 0.50 
A3 0.46 
A4 0.39 
A5 0.39 

Octadecene 
A2 0.26 
A 5  0.19 
A 7  0.15 
A9 0.14 

C-14 Acetates 
63  1.22 
A5 2.36 
A 7  2.53 
A9 2.20 
A 1 1  2.35 

2.9 3.8 
3.1 3.2 
2.6 2.7 
2.6 2.6 

2.6 2 . 6  
1 . 9  1.8 
1 . 5  1 . 6  
1 . 4  1.1 

1.8 3.4 
2.: 4.5 
2.4 4.9 
2 . 1  5 . 4  
2.2 5 .6  

0 . 3 1  
0.27 
0.24 
0.24 

0.20 
0.17 
0.12 
0.12 

1 . 6  
2 .8  
2 .9  
2 .7  
2 .8 

3.5 6 . 1  
3.0 5 . 7  
2 . 8  4.6 
2 . 8  4.6 

2 .0  2 . 2  
1 . 7  1.5 
1 . 2  1 . 3  
1 . 2  1 . 2  

1 . 6  5 .7  
2 . 1  7 . 2  
2 .2  7 . 1  
1 .8  6 . 8  
2.9 7.0 

%o s i g n i f i c a n t  d i f f e r e n c e s  i n  chromatographic  p r o p e r t i e s  n o t e d  
between 10-cm columns packed w i t h  5 and 10 P s i l i c a .  

b k '  = ( T s  - To)/To,  where Ts = e l u t i o n  t i m e  of sample and To = 
e l u t i o n  t ime of an u n r e t a i n e d  s o l u t e .  

'9 = k ' 2 / k ' l ,  where k 1 2  = second isomer 2 and k I l  = f i r s t  isomer 
E. 

dR - 2AT/(Wbl + Wb2), where AT = d i s t a n c e  between isomers  
and Wb = width  a t  b a s e  of peak.  
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1134 HEATH AND SONNET 

I, 

, I  2 3 
M I NUTES 

FIGURE 1 

S e p a r a t i o n  of  ( g ) -  and (Z)-9- te t radecen-l-o1 acetate on a Waters 
RM-100 10-cm column coa ted  i n  s i t u  w i t h  Xg+. 
f low,  4.0 mllmin; d e t e c t o r ,  r e f r a c t i v e  index .  

Mobile phase ,  benzene;  

w i t h  Ag were less  e f f i c i e n t  than those  packed wi th  uncoated s i l i c a .  

They a t t r i b u t e d  t h e  loss in e f f i c i e n c y  t o  t h e  format ion  of t h e  

Ag i o n  complex wi th  t h e  p i  e l e c t r o n s  o f  t h e  double  bond i n  t h e  

o l e f i n .  I n  t h e  p l o t s  of HETP vs .  flow ra te  f o r  geometr ic  i s o m e r s ,  

t h e  i n c r e a s e d  s l o p e  ( loss  i n  e f f i c i e n c y )  f o r  t h e  cis isomer i n d i -  

c a t e d  t h a t  i t  formed a s t r o n g e r  complex w i t h  bg 

isomer. We employed benzene as t h e  s o l v e n t  t o  demonst ra te  t h a t  t h e  

s t r e n g t h  of t h e  Ag / o l e f i n i c  bond complex d e c r e a s e s  w i t h  i n c r e a s i n g  

c h a i n  length .  A d d i t i o n a l  t rea tment  of t h e  columns w i t h  Xg 

s o l u t i o n  d i d  n o t  r e s u l t  i n  an i n c r e a s e  i n  p a r t i t i o n  r a t i o  (k’?, 

s e p a r a t i o n  f a c t o r  ( a ) ,  o r  r e s o l u t i o n  (R). A less c o m p e t i t i v e  s o l -  

v e n t  ( f - e . ,  benzene-hexane) could be  used t o  f n c r e a s e  t h e  capacit!: , 

f a c t o r s  and r e s o l u t i o n  of the  o l e f i n i c  p a r a f f i n s .  Although we have 

been able t o  c o a t  and pack 25-cm x 0.94-cm ( I D )  Ag i o n  columns 

r e s u l t i n g  I n  t h e o r e t i c a l  p l a t e s  >10,000 and a r e s u l t a n t  r e s o l u t i o n  

of >10 f o r  t h e  te t radecen-1-01 acetates, most s e p a r a t i o n s  do not 

warrant  t h i s  type of column. 

hg complexes with t h e  s h o r t  e f f i c i e n t  s i l i c a  columns t h a t  are now 

+ 

+ 
t h a n  t h e  tran~ 

+ 
+ 

+ 

By combining t h e  r e s o l v i n g  power of 
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a v a i l a b l e ,  r e s e a r c h e r s  should  be  a b l e  t o  s e p a r a t e  many g e o m e t r i c a l  

i somers  w i t h  minimal e f f o r t .  
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