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JOURNAL OF LIQUID CHROMATOGRAPHY, 2 ( 4 ) ,  467-484 ( 1 9 7 9 )  

Tt'E USE OF POLYSTYRENE GELS IN PREPARATIVE RECYCLE-HPLC 

FOR THE SEPARATION OF STRUCTURALLY RELATED MOLECULES'.' 

James Lesec and Claude Quivoron 

Laboratoire de Physico-Chimie Macromoleculaire 

E.S.P.C.I. ,  10, rue Vauquelin - 75231 Paris Cedex 05, France 
de 1 'Univers i te  P ie r re  e t  Marie Curie (Pa r i s  VI) 

ABSTRACT 

This paper dea ls  with the  use of polystyrene ge l s  i n  high 
performance l i qu id  chromatography f o r  preparative separa t ions  of 
small molecules with very s imi la r  s t ruc tu res .  The prepara t ive  
chromatograph, equipped with a recycle device and made i n  our labo- 
ra tory ,  i s  described. The column s e t ,  consisted of th ree  columns 
packed with low porosity polystyrene ge l .  The mobile phase was 
diisopropylether.  Three p a r t i c l e  s i zes  (lop, 2Ou, 5 0 ~ )  were 
studied f o r  improving the preparative performance. We checked the  
very high e f f ic iency  of our recycling system versus sample load. 
High sample loadings(up t o  100 grams) can be in jec ted  when the  
separation does not require a la rge  number of p la tes  b u t  typical 
sample loads a re  10-20 grams fo r  h i g h  performance separa t ions .  
Some examples of separation of diastereoisomers,  configurational 
isomers or  re la ted  s t ruc tu re  molecules a r e  given. The advantages 
of our preparative system are  discussed. 

Presented a t  the 
Chromatography - 

3rd International Symposium on Column Liquid 
Salzburg, September 1977. 
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468 LESEC AND QUIVORON 

INTRODUCTION 

I n i t i a l l y ,  during i t s  ea r ly  developmental period, l i qu id  
chromatography was a preparative technique. A mixture of compounds 
was introduced in to  a chromatographic system, and components were 
recovered separately a f t e r  e lu t ion .  However, the  very important 
technological advances of the  ten pas ts  years  have been focused on 
the ana ly t ica l  aspects of chromatography. High performance l iqu id  
chromatography can now be used t o  perform analyses of milligram 
quan t i t i e s  only in  a few minutes. During t h i s  period, preparative 
aspects were almost completely neglected, except f o r  the spec i f i c  
problem of  polymer f r ac t iona t ion  by gel permeation chromatography. 
A preparative instrument was supplied by Waters Associates ( ) and 
h o t - G P C  preparative f rac t iona t ion  of  polyolefins was performed 

2 by Peyrouset and Panaris ( ) leading t o  the commercialization, by 
S . N . E . A . P .  ( ) ,  o r  narrow f r ac t ions  of polyethylene. 

1 

3 

Suppliers of chromatographic instrumentation only recent ly  
showed serious i n t e r e s t  i n  preparative 1 iquid chromatography. Two 
preparative instruments simultaneously appeared on the market 
about four years ago : 

4 - The Chromatospac-prep 100 of Jobin-Yvon ( ) which uses 

- The prep LC/system 500 of  Waters Associates ( ) ,  using 
s i l i c a  beads under axial  compression. 

radial  compression technology, w i t h  prepacked ca r t r idges  f i l l e d  
with s i l i c a  and, more recent ly ,  w i t h  C 18 - s i l i ca  bonded phase 
packing. 

1 

Both instruments a r e  primarily recommended f o r  chromatography 
with s i l i ca-based  mater ia l s .  A t  the  present time, there  i s  no pos- 
s i b i l  i t y  of preparative chromatography on polymeric mater ia l s  such 
as cross-linked polystyrenes packings. Therefore we have s tudied ,  
in the present work, the  preparative separation of molecules with 
very s imi la r  s t ruc tu res  (isomers, configurational isomers and 
diastereoisomers) previously performed a t  t he  semi -preparative sca le  
with polystyrene packings ( ) .  5-10 
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POLYSTYRENE GELS I N  RECYCLE-HPLC 469 

EXPERIMENTAL 

Polystyrene packings, such a s  Poragel and Styrage l ,  supplied 
by Waters Associates, a r e  porous material f o r  gel permeation 
chromatography. They are  very e f f i c i e n t  packings f o r  polymer 
f rac t iona t ion  by s t e r i c  exclusion, over a very broad range of 
molecular weights. Pa r t i cu la r ly ,  low porosity mater ia l s  a r e  e f f i -  
c i e n t  f o r  species having molecular weights smaller than 2 000. 
They a re  swollen by organic so lvents ,  allowing the  s t e r i c  exclu- 
sion process b u t  there  i s  o f ten  a l so  a pa r t i t i on  mechanism between 
mobile phase and  swollen gel ( ) . 11 

This l a s t  e f f e c t ,  considered as a d i s turb ing  phenomenon in  
C'JC, i s  often used t o  one ' s  i n  l i qu id  chromatography. However, the 
s e l e c t i v i t y  of these mater ia l s  i s  low, s ince  molecules a r e  e lu ted  
between the  dead volume Vo and approximately 2 Vo.  Therefore, 
capacity f ac to r  k' a r e  between 0 and  1, exceptionally 2 when the  
pa r t i t i on  process i s  strong. On the o ther  hand, t h i s  low s e l e c t i -  

8 12 v i t y  can be dramatically enhanced by the recycling method ( ) (  ) 
which cons is t s  i n  e lu t ing  so lu t e s  several times on the  same column 
i n  succession, a r t i f i c i a l l y  increasing the  column l eng th ,  

Selection of the  s t a t iona ry  phase. 

A preliminary study was f i r s t  ca r r i ed  out t o  s e l e c t  the  most 
su i t ab le  s t a t iona ry  phase f o r  preparative work. We have thus 
compared three  styrene-di vi nyl benzene packings whose performances, 
e f f i c i ency  versus sample loading, a r e  p lo t ted  i n  Figure 1. 

- Poragel 60 8 ,  p a r t i c l e  s i ze  37-75p (curve C ) .  This c l a s -  
s i ca l  material was previously used i n  our semi -preparative work 
w i t h  diastereoisomers and configurational isomers (5-10). I t s  low 
ef f ic iency  ( =  400 p la tes  per foo t )  leads t o  very long runs. 

- Microstyragel 100 8 ,  p a r t i c l e  s i z e  lop  (curve A ) ,  which 
i s  a high speed G P C  packing, i s  very e f f i c i e n t .  Unfortunately, i t s  
very h i g h  cos t  makes i t s  use impossible a t  a preparative sca le .  
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470 LESEC AND QUIVORON 

- S ty rage l  100 8,  p a r t i c l e  s i z e  15-2511 ( c u r v e  B ) .  The 

performance o f  t h i s  i n t e r m e d i a t e  m a t e r i a l  i s  l o c a t e d  between 

t h e  two f i r s t  ones. 

F i g u r e  1 shows t h a t  v a r i a t i o n s  o f  pack ing e f f i c i e n c i e s  versus 

t h e i r  p a r t i c l e  s i z e s  a re  i n  a good agreement w i t h  t h e o r y  ; t h e  

h i g h e r  t h e  e f f i c i e n c y ,  t h e  g r e a t e r  i s  t h e  e f f e c t  o f  o v e r l o a d i n g .  

For  these reasons, i t s  seems t h a t  t h e  i n t e r m e d i a t e  m a t e r i a l  

i s  t h e  most a p p r o p r i a t e  one f o r  p r e p a r a t i v e  work. 

S e l e c t i o n  o f  t h e  m o b i l e  phase. 

A commonly used mob i l e  phase f o r  s t y r e n e - d i v i n y l  benzene 

pack ings i s  t e t r a h y d r o f u r a n  (THF) ; i t  i s  a good s o l v e n t  f o r  many 

polymers. For p r e p a r a t i v e  chromatography t h e  two most i m p o r t a n t  

mob i l e  phase p r o p e r t i e s  a re  : 

- V o l a t i l i t y ,  because f o l l o w i n g  chromatographic separa t i on ,  

s o l u t e s  have t o  be recovered f rom v e r y  d i l u t e  s o l u t i o n s  ; s o l v e n t  

evapora t i on  i s  t h e  most commonly used recove ry  method. 

- P u r i t y  and s t a b i l i t y .  I f  n o n - v o l a t i l e  s o l v e n t  i m p u r i t i e s  

a re  present ,  t hey  w i l l  become concen t ra ted  d u r i n g  e v a p o r a t i o n  and 

thus contaminate t h e  prepared sample f r a c t i o n s .  

Te t rahyd ro fu ran  i s  v o l a t i l e  b u t  not s t a b l e .  It forms perox ides 

which l e a d  t o  non v o l a t i l e  compounds and r e s t r i c t  i t s  use i n  p r e -  

p a r a t i v e  chromatography. We r e p l a c e d  i t  w i t h  ano the r  e t h e r ,  d i i s o -  

p r o p y l e t h e r ,  a more s t a b l e  compound which does n o t  have these 

drawbacks. Th is  e t h e r ,  a poo re r  s o l v e n t  f o r  p o l y s t y r e n e  than  THF, 

s w e l l s  t h e  S ty rage l  l e s s  than does THF (abou t  15%). There fo re  

s o l v e n t  exchange i s  imposs ib le  and columns have t o  be packed w i t h  

a diisopropylether-polystyrene s l u r r y .  

On the  o t h e r  hand, s t a t i o n a r y  phase-solute i n t e r a c t i o n s  

i nc rease  i n  t h i s  m o b i l e  phase, p a r t i c u l a r l y  f o r  a romat i c  compounds, 

and p a r t i t i o n  and a d s o r p t i o n  mechanisms occu r  i n  a d d i t i o n  t o  t h e  
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POLYSTYRENE GELS LN RECYCLE-HPLC 471 

A 

N p l a t e s  p e r  f o o t  

1000 -- 

A 

S a m p l e  s i z e  * 
. l  . 5  1. mi 

Figure 1 : Plots  of cross-linked polystyrene packing e f f i c i e n c i e s  
(4 = microstyragel 100 i, IOU - B = styragel 100 i, 
15-25~1 - C = Poragel 60 i, 37-751-1) versus sample s i z e .  
3 columns ( 3 '  length,  3/8" O . D . )  - Mobile phase : 
diisopropylether 2 ml/mn. Solute : pure cyclohexane. 

s t e r i c  exclusion process ; thus the  Styragel -diisopropylether 
system suggests grea t  p o s s i b i l i t i e s  i n  a broad range of separa- 
t ion  problems. 
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472  LESEC AND QUIVORON 

Apparatus. -- 
As commercially ava i lab le  preparative instruments a r e  n o t  

generally su i t ab le  f o r  organic packings, we b u i l t  a n  apparatus 
whose capacity i s  about 15 times higher than the  instrument t h a t  
was used f o r  semi-preparative preliminary separation ( ) .  
The schematic diagram o f  t h i s  apparatus i s  given i n  Figure 2 .  I t  
cons is t s  of : 

5-10 

- a high capacity solvent reservoi r  (1) ( 2  10 l i t e r s ) ,  
with a f i l t e r  ( 2 ) .  

I I237 I 

3fj 1' 1 2  n 

n I 

Q 4 

3 1  

4 

Figure 2 : Schematic diagram of the preparative instrument. 1. 
solvent reservoi r  - 2 .  F i l t e r  - 3. Pumping system - 
4 .  Columns - 5 .  Pressure transducer - 6 .  Valve - 7 .  
Di f fe ren t ia l  refractometer - 8. Waste - 9 .  Fraction 
co l l ec to r  - 10. Recycle 6-port valve - 11. Injection 
6-port valve - 12.  100 ml loop - 13. Sample syringe - 
14. Sol vent syringe. 
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POLYSTYRENE GELS I N  RECYCLE-HPLC 4 7 3  

- a diaphragm pump "Or l i t a "  ( 3 )  w i t h  th ree  heads a t  120". 
This pumping system has a low dead volume su i t ab le  f o r  recycling 
and can operate a t  desired flow ra t e s  (up t o  80 m l / m n )  under high 
pressure ( e  3 000 P .S . I . ) .  

f o r  purging the  de tec tor  reference l i n e .  

I.D..Clamp end f i t t i n g s  are provided with 3 microns porosity porous 
metal d i scs .  

h i g h  concentration t h a t  a r e  usually encountered i n  preparative 
chromatography. 

- a pressure transducer ( 5 ) ,  connected i n  s e r i e s  w i t h  a valve ( 6 )  

- a s e t  of 3 columns ( 4 ) .  Each column i s  150 cm length and 2 . 6  cm 

- a Waters R 404 re f rac tomet r ic  de tec tor  ( 7 )  f i t t e d  f o r  the  

- a 6 port-valve (10) f o r  recycling. In "recycle" pos i t ion ,  
e lua tes  flow towards the pumping system and in  "co l l ec t "  pos i t ion ,  
towards a f rac t ion  co l l ec to r  ( 9 ) .  

loop ( 1 2 ) ,  a sample syringe (13) and a solvent syringe ( 1 4 ) .  The 
loop can be pa r t ly  or  completely f i l l e d .  Recycling permits i n se r t ion  
of t h i s  device i n t o  the recycle l i n e  ahead of the  pumping system, 
where the  pressure i s  low. This posit ion i s  advantageous to  avoid 
usual h i g h  pressure when i n j e c t o r  i s  located between the 
pump and columns and t he  only drawback i s  t h a t  the e lua t e s  
must pass through the pumping system one time more. 

- an in jec t ion  system composed o f  a 6 port-valve (ll), a 100 ml 

The columns were packed by t h e  s l u r r y  packing method. Gel 
i s suspended i n  d i  i sopropyl e the r  a n d  a1 lowed 
column, topped with a 80 cm long precolumn, i s  f i l l e d  w i t h  
the  s lu r ry .  Gel packing i s  achieved a t  a flow r a t e  of 50 ml/mn 
f o r  about 4 hours w i t h  recycling t o  avoid excessive consumption 
of solvent.  

t o  swell . The 

RESULTS AND DISCUSSION 

Performance of preparative columns , 

100 1, p a r t i c l e  s i z e  1 5 - 2 5 ~ .  Efficiency was checked w i t h  in jec-  
Column s e t  was composed of 3 columns packed w i t h  Styragel 
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4 74 LESEC AND QUIVORON 

t i o n s  o f  pure heptane a t  v a r i o u s  f l o w  r a t e s .  F i g u r e  3 shows t h e  
v a r i a t i o n s  o f  the t h e o r e t i c a l  p l a t e  number versus sample s i z e  o f  

heptane a t  4 f l o w  r a t e s .  E f f i c i e n c y  d r a m a t i c a l l y  decreases w i t h  
o v e r l o a d i n g  o r  when f l o w  r a t e  i nc reases .  These c l a s s i c a l  phenomena 

l e a d  t o  the  b e s t  e f f i c i e n c y  a t  l o w  f l o w  r a t e s  and smal l  sample 

l oad ings .  These c r i t e r i a ,  u s e f u l  i n  a n a l y t i c a l  chromatography, a r e  

20,000 

15,000 

10,ooc 

5,001 

N p l a t e s  f o r  t h e  s e t  

Sample  s i z e  m l  
I . *  

2 5 10 3 0  100 

F igu re  3 : P l o t s  o f  p r e p a r a t i v e  column e f f i c i e n c i e s  versus sample 
s i z e .  3 columns (150 cm l e n g t h ,  2.6 cm I . D . )  packed 
wi th  S t y r a g e l  100 A 15-25u. Mob i le  phase : d i i s o p r o p y l -  
e t h e r  ( A  : 5 ml/mn - B : 10 ml /mn  - C : 25 ml/mn - 
D : 40 ml/mn). S o l u t e  : pure heptane. 
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POLYSTYRENE GELS IN RECYCLE-HPLC 475 

not convenient in preparative chromatography where throughput 
per u n i t  time i s  of prime importance. We have, thus, studied both 
of these  f ac to r s  : time and loading. 

In order t o  emphasize the influence of run time, we have 
p lo t t ed ,  in Figure 4 ,  the p l a t e  number per minute versus flow 
rate f o r  various sample 1 oagi ngs , This parameter increases with 
flow ra t e  a n d ,  therefore ,  preparative runs have t o  be performed 
a t  h i g h  flow r a t e s ,  Moreover, these curves show t h a t  bes t  e f f i -  
ciency i s  obtained with the smallest  loading which does not 
lead to  optimization of the amount  of material pur i f ied  per u n i t  
time. Consequently, we have p lo t ted  i n  Figure 5 ,  the  p l a t e  number x 
grams per minute f o r  various loadings versus flow r a t e .  In f a c t ,  

this parameter takes i n t o  account both r u n  time and amount 
of purified material and seems t o  be more convenient f o r  prepa- 
r a t ive  chromatography. I t  i s  obvious t h a t  maximum e f f i c i ency  i s  

f N'mn 

10 20 30 40 

Figure 4 : Plots of the p l a t e  number per minute versus flow r a t e .  
Same conditions than in f igu re  3 w i t h  ( A  : 2 ml - B : 

5 m l  - C : 10 ml - D : 30 ml).  
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476 LESEC AND QUIVORON 

10 20 30 40 

Figure 5 : Plots o f  the p la te  number x gram per minute versus flow 
r a t e .  Same conditions than i n  f i gu re  4 .  

obtained both fo r  highest loadings and flow r a t e s .  However, we 
have t o  consider t h a t  the number of theore t ica l  p l a t e s  strongly 
decreases under these  conditions and t h a t  i t  must be g rea t e r  than 
the minimum pla te  number needful f o r  adequate reso lu t ion .  In 
recycle chromatography, we have es tab l i shed  simple r e l a t ionsh ips  
leading t o  resolution f o r  a couple of compounds ( ) (  ) .  7 8  

16 R2 
T2- 

N %T 32 R2 w i t h  n 6 

where N i s  the p l a t e  number, R the reso lu t ion ,  n the  cycle 
number, 6 = AV/V, the  r e l a t i v e  d i f fe rence  between e lu t ion  volumes. 
The 6 f ac to r  represents separation d i f f i c u l t y  and can be expres- 
sed with c l a s s i ca l  separation f ac to r  a and capacity f ac to r  k '  by : 

& = - - - - *  a - 1  - - - a n d R = k 6 f l  k '  
a k ' t  1 
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POLYSTYRENE GELS I N  RECYCLE-HPLC 477 

We have f i x e d  t h e  r e s o l u t i o n  va lue  R = 1.5, which corresponds 

approx ima te l y  t o  t h e  complete separa t i on  o f  two peaks and c a l c u -  

l a t e d  optimum c o n d i t i o n s  which l e a d  t o  r e s o l u t i o n  versus 6.  The 
number o f  grams p e r  minute separable by  t h e  column s e t  i s  p l o t t e d  

on F i g u r e  6 versus a and 6 f a c t o r s .  The y i e l d  o f  o u r  i n s t r u m e n t  

i s  h i g h  ( few  grams pe r  m inu te )  f o r  easy separa t i ons  (a > Z ) ,  b u t  

q u i c k l y  decreases as d i f f i c u l t y  i nc reases .  It i s  o n l y  1 g/mn f o r  

a = 1.5, 0 .4 g/m f o r  a = 1.25 and becomes v e r y  weak f o r  v e r y  

d i f f i c u l t  separa t i ons  (0.04 g/mn f o r  a = 1.06). 

Exper imenta l  P e r f  orma nce . 
We exper imen ta l y  checked performance desc r ibed  i n  F i g u r e  6 

u s i n g  s imple m i x t u r e s .  These r e s u l t s ,  p resen ted  i n  Tab le  1 a r e  

i n  a good agreement w i t h  t h e  cu rve  o f  F i g u r e  6. 

exper imenta l  c o n d i t i o n s .  T h i s  i n v o l v e s  p u r i f i c a t i o n  o f  p r a c t i c a l  

d i v iny lbenzene .  T h i s  compound, w i d e l y  used i n  polymer chemis t r y ,  i s  

a m i x t u r e  o f  i s o m e r i c  d iv iny lbenzenes(DVB) and e thy l v iny lbenzenes  

(EVB) i n  about  60-40 r a t i o .  F i g u r e  7 shows t h e  chromatogram o b t a i n e d  
w i t h  a sample l o a d i n g  o f  30 grams and F i g u r e  8 w i t h  a sample 

l o a d i n g  o f  5 grams. Exper imenta l  va lues a r e  g i ven  i n  t h e  Table 2. 

a f t e r  o n l y  2 c y c l e s  ( F i g .  8 )  and corresponds t o  .06 g/mn. But, i f  
exper imenta l  c o n d i t i o n s  a re  o p t i m i z e d  acco rd ing  t o  t h e  cu rve  o f  

F i g u r e  6, we can i n j e c t  30 grams ( F i g .  7 ) .  Reso lu t i on  i s  o b t a i n e d  

a f t e r  4 c y c l e s  b u t  y i e l d  i s  now .19 g/mn, t h a t  i s ,  3 t i m e  h i g h e r .  

On t h e  o t h e r  hand, 5 grams l o a d i n g  i s  conven ien t  f o r  t h e  s e p a r a t i o n  

o f  meta and para isomers o f  DVB (a = 1.06). A f t e r  c o l l e c t i o n  i n  

t h e  Znd c y c l e  o f  t h e  peak co r respond ing  t o  e t h y l v i n y l b e n z e n e  

isomers, complete r e s o l u t i o n  i s  ob ta ined  a f t e r  18 c y c l e s ,  p ro -  

v i d i n g  7 m i l l i g r a m s  pe r  minute.  As a genera l  r u l e ,  optimum 

r e c y c l e  c o n d i t i o n s  l e a d  t o  t h e  complete r e s o l u t i o n  o f  a couple 

o f  peaks j u s t  b e f o r e  t h e i r  rem ix ing .  

L e t  us l o o k  a t  another  i n t e r e s t i n g  example o f  o p t i m i z a t i o n  o f  

W i th  a sample s i z e  o f  5 grams, r e s o l u t i o n  i s  r a p i d l y  o b t a i n e d  D
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478 LESEC AND QUIVORON 

Solutes (50ml - 501111) 6 c1 n 

Heptane - Benzene . 2 7  2.2 1 
Heptane - Cyclohexane .13 1.65 2 
Heptane - Hexadecane a l l  1.27 5 
Heptane - Dodecane .05 1.10 10 

$ 1  - _ _ _ - _ - - - - - - - -  
G r a m  / m i n u t e  

.9 

. 8  

.7 

.6  

. 5  

.4 

_ . 3  

. 2  

1.43 a 1.02 1.06 1.1 1.25 

g/mn 

> 3  
1 
.4 
.1 

F i g u r e  6 : Y i e l d  o f  t h e  p r e p a r a t i v e  i n s t r u m e n t  ( i n  gram pe r  m inu te )  
as a f u n c t i o n  o f  t h e  separa t i on  d i f f i c u l t y  b o r  6 f a c t o r s ) .  

TABLE 1 
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4 
RI I 

64 x 

479 

Figure 7 : Recycle chromatogram o f  DVB - EVB mixture, i n  same con- 
dit ions t h a n  in figure 3 with flow rate  : 40 ml/mn. 
Sample size : 30 grams, 

2 5 10 1 8  

Figure 8 : Recycle chromatogram o f  DVB - EVB mixture in same con- 
dit ions t h a n  in figure 3 with f l o w  rate : 40 ml/mn. 
Sample s ize  : 5 grams. 

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



4 80 LESEC AND QUIVORON 

Sol Utes 

EVB - DVB 
EVB - DVB 
meta D V B  - paraDVB 

TABLE 2 

Sample s i z e  6 a n g/mn 

30 9 .1 1.25 4 .19 
5 9  .1 1.25 2 .06 

5 9  .03 1.06 18 .007 

*-_ 

Separation of re la ted  s t ruc tu re  molecules. 

We performed some separa t ions ,  with our instrument, of s t ruc -  
t u r a l l y  re la ted  molecules such a s  diastereoisomers,  configurational 
isomers and posit ional isomers. 

&&egeoisomers 

The model molecules o f  polysaccharides w i t h  the  general for -  
mula shown below : 

p.r, w i t h  R1, R2, R3 = H ,  OH o r  CH20H 

have two o r  more asymetric carbon atoms and a re  consequently 
mixtures o f  diastereoisomers.  We achieved the  preparative sepa- 
ra t ion  o f  a number of these mixtures ( ) .  

R1 R3 

10 

An o ther  example i s  given by the  diastereoisomer mixture o f  the  

H H OH CH H molecules : 

I I:: I:: 1 I * 1  
H - C - C - C - C - C - 0 - E t  

\ /  
C 

f \  
CH3 C H 3  
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POLYSTYRENE GELS I N  RECYCLE-HPLC 481  

The two diastereoisomers (6 z .06, = 1.14) a r e  e a s i l y  sepa- 
rated a f t e r  18 cycles a t  a f low r a t e  o f  40 ml/mn. Sample s i z e  of 
15 grams leads t o  a y ie ld  o f  .05 gram per minute. 

Confi_gurational isomers. -- -_--_----_--____ 
We performed the separation o f  mixtures of configurational 

isomers, representing model compounds of v inyl ic  polymers : 

CH3 - C H  - CH2 - CH - CH3 2 asymetric carbon atoms 
2 isomers (1  i s o ,  1 syndio) I k R 

C H 3  - CH - C H 2  - CH - CH - CH - CH3 2 asymetric carbon atoms 
3 isomers (1 iso, 1 k te ro ,  1 syndio) 2 1  

R 
I 
R 

I 
H 

4 asymetric carbon atoms - 6 isomers (1 i s o ,  4 hetero,  1 syndio) . 

with R = a R = - I I  c a  
0 

/ Br 

An example was described i n  an e a r l i e r  paragraph. T h i s i s  
t he  pur i f ica t ion  o f  practical  divinylbenzene, a mixture of  D . V . B .  and 

E . V . B .  shown in Figures 7 and 8. Separation of DVB from EVB i s  

achieved w i t h  30 grams sample loading and a y i e ld  of 0.19 gram 
per minute. The d i f f i c u l t  separation of meta and para isomers 
of DVB i s  performed w i t h  5 grams sample loading i n  18 cycles 
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which corresponds t o  a p u r i f i e d  m a t e r i a l  amount o f  7 m i l l i g r a m s  
per  m inu te .  

I n t e r p r e t a t i o n ,  

Mechanisms o c c u r i n g  i n  t h e  desc r ibed  separa t i ons  a r e  compli  - 
cated,  I f  s i z e  exc lus ion ,  t y p i c a l  o f  GPC process, s u r e l y  a r i s e s ,  

i t  i s  obvious t h a t  o t h e r  processes as p a r t i t i o n  and a d s o r p t i o n  
phenomena i n  r e l a t i o n  w i t h  s o l u t e - s t a t i o n a r y  phase i n t e r a c t i o n s ,  
a l s o  take  p lace .  Furthermore, these i n t e r a c t i o n s  a r e  s t r o n g e r  than  
i n  r e g u l a r  use o f  po l ys ty rene  g e l s  where t h e  mob i l e  phase i s  a 
good so l  vent  f o r  po l ys ty rene .  D i  i sopropy le the r  i s  a poor  so l  ven t  
for po lys ty rene  and, as a mob i l e  phase, l eads  t o  s t r o n g e r  s o l u t e -  
s t a t i o n a r y  phase i n t e r a c t i o n s .  Fo r  these reasons, a romat i c  compounds 
a r e  e a s i l y  separated. I n t e r a c t i o n s  o c c u r i n g  w i t h  t h e  p o l y s t y r e n i c  

m a t r i x  are p robab ly  o f  an e l e c t r o n i c  n a t u r e .  Fo r  example, DVB, which 
has two v i n y l i c  f u n c t i o n s ,  i s  e l u t e d  a f t e r  EVB which has o n l y  one 
f u n c t i o n .  L ikewise,  t h e  s e p a r a t i o n  of  meta and para isomers o f  DVB 

can be exp la ined  on t h i s  b a s i s .  Meta-DVB, w i t h  two conjugated 
v i n y l i c  f u n c t i o n s ,  i s  e l u t e d  s l i g h t l y  a f t e r  para isomer whose 
v i n y l i c  f u n c t i o n s  a r e  n o t  conjugated.  Thus, aromat ic  c h a r a c t e r  
seems t o  be an i m p o r t a n t  parameter i n  t h e  desc r ibed  s e p a r a t i o n s .  

CONCLUSION 

We have b u i l t  a p r e p a r a t i v e  l i q u i d  chromatograph, d i f f e r e n t  
from commerc ia l ly  a v a i l a b l e  i ns t rumen ts  s i n c e  i t  uses a s p e c i a l  
k i n d  o f  chromatography ( r e v e r s e  phase chromatography on macromo- 
l e c u l a r  s t a t i o n a r y  phase). I t s  advantages a r e  : 

- s t r u c t u r a l l y  v e r y  s i m i l a r  molecules such as d ias te reo isomers ,  

- the  y i e l d  o f  t h i s  apparatus can reach  a few grams p e r  m inu te  

c o n f i g u r a t i o n a l  isomers and p o s i t i o n a l  isomers can be separated,  

and we can e a s i l y  cons ide r  t h a t  i n c r e a s i n g  i n t e r n a l  d iamete r  of 
columns up t o  10 cm would l e a d  t o  few t e n  grams pe r  m inu te  w i t h  
few hundred grams sample l o a d i n g .  
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- s o l v e n t  consumption i s  low because o f  r e c y c l i n g .  So lven t  

consumption o n l y  occurs when c o l l e c t i n g  peaks o r  i m p u r i t i e s .  A 

c l a s s i c a l  separa t i on  would consume about 3 l i t e r s  o f  d i i s o p r o p y l -  

e the r ,  more i f  many i m p u r i t i e s  a re  i n  t h e  m i x t u r e .  
- ins t rumen t  uses o n l y  one s t a t i o n a r y  phase-mobile phase 

p a i r  ; t h e r e f o r e ,  o n l y  one column se t ,  e f f i c i e n t  i n  a broad range 

o f  separa t i ons .  

- column l i f e  i s  v e r y  l o n g .  By c o n t r a s t  t o  chromatography on 
s i l i c a  packings, i r r e v e r s i b l e  a d s o r p t i o n  phenomena wh ich  g radua ly  

mod i f y  s t a t i o n a r y  phase p r o p e r t i e s  do n o t  occur .  A f t e r  more than  

3 yea rs  runn ing ,  we have n o t  n o t i c e d  any a g i n g  o f  o u r  column s e t .  
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