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RECYCLING TECHNIQUE 

I N  

PREPARATIVE L I Q U I D  CHROMATOGRAPHY 

B. COQ, G. CRETIER, J. L. ROCCA, Labora to i re  de  Chimie Analyt ique 111, 

(E.R.A.  474, M.PORTHAULT), Uriiversit6 Claude Bernard, Lyon I ,  43 Bd 

du 11 Novembre 1918, 69622 Vil leurbanne cedex - France 

and J. VIALLE,  Serv ice  C e n t r a l  d 'Analyse,  Echangeur de S o l a i z e ,  

69390 Vernaison, France. 

ABSTRACT 

A t h e o r e t i c a l  and p r a c t i c a l  s tudy  of r e c y c l i n g  technique i s  
developped f o r  p r e p a r a t i v e  l i q u i d  chromatography. The opt imal  cy- 
c l e  number, nopt ,  i s  determined f o r  t h e  s e p a r a t i o n  of  t w o  s o l u t e s  
i n  such  a way t h a t  t h e  r e s o l u t i o n  between t h e  second peak o f  c y c l e  
(n-1) and t h e  f i r s t  one of c y c l e  n i s  equal  t o  t h e  r e s o l u t i o n  be t -  
ween t h e  peaks of  cyc le  n. A simple r e l a t i o n s h i p  i s  propounded to  
determine nopt which only  depends on r e t e n t i o n  volumes and e x t e r n a l  
volume, bu t  it does n o t  depend on band spreading.  With t h i s  recy-  
c l i n g  technique it i s  shown t h a t  t h e  maximum i n j e c t i o n  volume under 
opt imal  r e c y c l i n g  condi t ions  i s  g r e a t e r  than  nopt t i m e s  t h e  maximum 
i n j e c t i o n  volume f o r  one cyc le .  So t h e  use of  r e c y c l i n g  can be op- 
por tune  and b e n e f i c i a l  t o  i n c r e a s e  t h e  throughput  i n  p r e p a r a t i v e  
l i q u i d  chromatography. 

INTRODUCTION 

P r e p a r a t i v e  l i q u i d  chromatography i s  probably one o f  t h e  se- 

p a r a t i o n  methods t h a t  r e q u i r e s  much e f f o r t  i n  o r d e r  t o  opt imize i t s  
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238 COQ ET AL. 

p e c u l i a r  parameters  such as recovery ra t io ,  throughput ,  costs ..._ 
For the  s e p a r a t i o n  and c o l l e c t i o n  of  a component by l i q u i d  chroma- 

tography, t h e  method t o  be used must f i t  t h e  purpose of  t h e  work, 

t h e  a v a i l a b l e  apparatus  and s t a f f .  For r o u t i n e  work, it i s  neces- 

s a r y  to  opt imize the  method. On t h e  o t h e r  hand, f o r  an o c c a s i o n a l  

p r e p a r a t i v e  work, t h e  chosen method w i l l  be t h e  f a s t e r  one and w i l l  

use an a v a i l a b l e  device.  For t h e  r e c y c l i n g  t h e  column e l u e n t  (mobi- 

le  phase and sample) is flowed through t h e  column head u n t i l  t h e  r e -  

s o l u t i o n  between t h e  components i s  s u f f i c i e n t .  From an i n d u s t r i a l  

p o i n t  of view, such a s e p a r a t i o n  has  t h e  advantage t o  be more eco- 

nomical, with r e s p e c t  t o  the consumption of  s o l v e n t  and s t a t i o n a -  

r y  phase,  than an i d e n t i c a l  one obta ined  wi th  a s i n g l e  e l u t i o n .  For 

an occas iona l  o p e r a t i o n ,  r e c y c l i n g  may a l low an immediate work w i t h  

t h e  a v a i l a b l e  column even i f  i ts  dimensions seem n o t  t o  be appro- 

p r i a t e  f o r  t h e  p r e p a r a t i v e  problem wi thout  recyc l ing .  However recy-  

c l i n g  i s  c h i e f l y  l i m i t e d  by two f a c t o r s  : f i r s t l y ,  t h e  sample i s  

n o t  always a pure  b i n a r y  mixture  b u t  it o f t e n  i s  a much more com- 

p l e x  s o l u t i o n  f o r  which i n t e r f e r e n c e s  may occur  between t h e  v a r i o u s  

compounds. In t h i s  case  a pre t rea tment  of  sample makes it p o s s i b l e  

t o  i s o l a t e  t h e  two compounds of  i n t e r e s t  and t o  e l i m i n a t e  t h e  o t h e r  

s o l u t e s .  Secondly, t h e  i n c r e a s e  of t h e  d i f f e r e n c e  between t h e  reten-  

t i o n  volumes r e s u l t i n g  from t h e  n passages of  t h e  compounds through 

t h e  column is  counterbalanced by t h e  bandspreading o r i g i n a t i n g  i n  

t h e  e x t e r n a l  volume. So t h e  r e c y c l i n g  technique i s  n o t  always p o s s i -  

b l e  and, i n  this work, w e  t r y  t o  emphasize t h e  c o n d i t i o n s  underwhich 

i t  can be used f o r  a p r e p a r a t i v e  work and its advantages i n  compari- 

son with success ive  i n j e c t i o n s  on t h e  same column. 

up t o  now, many i n v e s t i g a t i o n s  d e a l t  with t h e  advantages of 

t h i s  technique i n  a n a l y t i c a l  chromatography and i n  p r e p a r a t i v e  chro- 

matography a s  w e l l .  

Martin (1) made an exhaus t ive  s tudy  of  t h e  parameters  t h a t  af-  

f e c t  t h e  q u a l i t y  of r e c y c l i n g  and p a r t i c u l a r l y  t h e  bandspreading 
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RECYCLING TECHNIQUE 239 

i n  connect ing tubes and pump. This  l a t t e r  phenomenon had not  been 

taken i n t o  account  by Lesec ( 2 , 3 )  and Kalash ( 4 )  because it w a s  

probably n e g l i g i b l e  i n  t h e i r  cases .  This  i n t e r e s t i n g  s i m p l i f i c a t i o n  

i s  q u i t e  j u s t i f i e d  by us ing  columns packed with l a r g e  p a r t i c l e s , b u t  

it is  no longer  v a l i d  i n  modern p r e p a r a t i v e  l i q u i d  chromatography, 

with t h e  use of m i c r o p a r t i c l e s  f o r  which chromatographic d ispers ion  

decreases .  

THEORY 

I f  the  column i s  volume overloaded and t h e  phase system opera-  

tes i n  t h e  l i n e a r  p a r t  of  t h e  s o l u t e  p a r t i t i o n  i so therm,  t h e  maxi- 

m a l  sample load,  Q i , m a x ,  depends on two terms : t h e  maximal i n j e c -  

t i o n  volume, V i , m a x ,  and t h e  maximal i n j e c t i o n  concent ra t ion ,Cjmax.  

The maximal i n j e c t i o n  volume, V i , m a x .  i s  g iven  by t h e  n e x t  r e l a t i o n -  

s h i p  (5)  : 

where Vo is  t h e  column dead volume, N i s  t h e  t h e o r e t i c a l  p l a t e  nun- 

b e r  of  t h e  column, k; is t h e  c a p a c i t y  f a c t o r  of  t h e  f i r s t  e l u t e d  

s o l u t e ,  a i s  t h e  s e l e c t i v i t y  f a c t o r  between t h e  t w o  s o l u t e s ,  and 

i s  t h e  minimal r e s o l u t i o n  a t  p r e p a r a t i v e  scale t o  o b t a i n  Rs, mini 
t h e  recovery r a t i o  and t h e  p u r i t y  d e s i r e d .  To a f i r s t  approximation 

s ,mini V. can be e s t i m a t e d  wi th  R = 1. 
1 ,max 

The purpose of r e c y c l i n g  i s ,  on t h e  one hand, t h e  i n c r e a s e  of  

t h e  apparent  dead volume Vo, on t h e  o t h e r  hand, t h e  i n c r e a s e  o f  t h e  

apparent  p l a t e  number, N .  

Equation 1 shows t h a t  t h e  maximal i n j e c t i o n  volume, V .  as 

w e l l  i n c r e a s e s  under t h e s e  condi t ions .  I n  o r d e r  t o  examine how such 

a i m s  can be reached,  it is necessary  t o  d e s c r i b e  t h e  r e c y c l i n g  pro- 

1, max ' 
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240 COQ ET AL. 

blem i n  terms of  chromatographic parameters  and appara tus .  For 

t h i s  s tudy the  sample i s  assumed t o  c o n t a i n  two s o l u t e s  and t h e  

flow rate is k e p t  cons tan t .  The r e s o l u t i o n  between peaks 1 and 2 

a f t e r  a s i n g l e  passage,  R1, can be w r i t t e n  : 

where VR1 and VR2 a r e  t h e  r e t e n t i o n  volumes of peaks 1 and 2 a f t e r  

a s i n g l e  passage i . e .  t h e  volumes of  mobile phase f lowing through 

the  d e t e c t o r  between sample i n j e c t i o n  and passage of  t h e  maxima of 

the  peaks 1 and 2 i n  t h e  d e t e c t o r  r e s p e c t i v e l y .  u 2  and u2 a r e  

the  volume var iances  of t h e s e  peaks a f t e r  it s i n g l e  passage.  Le t  VA 

be the " r e c y c l i n g  volume" i .e.  t h e  volume of t h e  l i q u i d  phase i n  

the apparatus  between t h e  o u t l e t  of  t h e  d e t e c t o r  ce l l  and t h e  i n l e t  
2 of t h e  i n j e c t i o n  device ,  and uA 

broadening o r i g i n a t i n g  i n  t h i s  volume VA. The "pseudo r e t e n t i o n  vo- 

lumes" a f t e r  n c y c l e s  f o r  peaks 1 and 2 a r e  r e s p e c t i v e l y  : 

c ,  1 c , 2  

t h e  volume var iance  of t h e  peak 

A 
V = n VR1 + (n  - 1) V 

1 ,n 

= n V  + ( n - l ) V A  R2 
V 

2,n  

( 3 )  

(4)  

and t h e  volume var iances  are : 

These preceeding parameters  are summarized i n  F i g u r e  1 ( f o r  

n = 2 ) .  

I f  we assume t h a t ,  f o r  t w o  a d j a c e n t  peaks ,  t h e  c o n t r i b u t i o n  

of the  column t o  t h e  volume var iance  does n o t  depend on t h e  r e t e n -  

t i o n  : 
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RECYCLINC TECHNIQUE 24  1 

L .- 

! i  

Figure  1 : P r i n c i p a l  parameters  of i n t e r e s t  i n  r e c y c l i n g  technique.  

0 = o  = 5  
c , l  c,2 c ( 7 )  

and t h e r e f o r e  : 

u = u  = u  ( 8 )  1,n  2,n n 

w i t h  A = 0 2 / 0 2  

c l e s  is given hy : 

Martin (1)  showed t h a t  the r e s o l u t i o n  a f t e r  n cy- A c '  

R 

t h e  r e c y c l i n g  technique becomes p r o f i t a b l e .  

i s  l a r g e r  than R1 i f  n i s  l a r g e r  than A;  under such c o n d i t i o n s  
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24 2 COQ ET AL. 

The r e s o l u t i o n  between t h e  peak 2 of cyc le  ( n - I )  and t h e  peak 1 

of cyc le  n ,  R , decreases  while  the  c y c l e  number n i n c r e a s e s  becau- 

se the  t o t a l  volume of t h e  system is l i m i t e d  and t h e  second peak o f  

cyc le  (n - 1) tends t o  over take  the  f i r s t  peak of c y c l e  n .  In  t h e  

same way a s  Equation 1 ,  R can be w r i t t e n  ( f o r  n 1) : 

m 

m 

o r  : 

For a value of n g r e a t e r  than  5,  Equation 11 can be s i m p l i f i e d  by 

us ing  the  n e x t  approximation : 

and Equation 11 becomes : 

(13 )  

1 
1 

2 n  

m 

The opt imal  cyc le  number, n can be  d e f i n e d  from a given va- o p t '  
lue  of R (1) o r  by t h e  c y c l e  number f o r  which R i s  e q u a l  t o  R 

( 4 ) .  For a p r e p a r a t i v e  purpose,  t h e  l a t t e r  c r i t e r i o n  i s  b e t t e r  t o  

d e f i n e  n and Equat ions 2 ,  11 and 13 g i v e  : 

m m 

op t '  

The value of  n d i f f e r s  from t h e  one proposed by Kalash ( 4 ) .  
OP t 

This  d i f f e r e n c e  o r i g i n a t e s  i n  t h e  f a c t  t h a t  w e  t a k e  i n t o  account  

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



RECYCLING TECHNIQUE 24 3 

t h e  volume and t h e  band broadening i n  e x t e r n a l  reg ion  o u t  of t h e  co- 

lumn. n can be  expressed i n  t e r m s  of  t h e  chromatographic para-  
o p t  

meters  ( k '  and a )  and = V /V : 1 A 0  

4 ( 1  + p) + ( 5 ~ .  - 1) k l  
n =  

o p t  8 k;  (a - 1) 

When t h e  c a p a c i t y  f a c t o r ,  k l ,  i n c r e a s e s  t h e  opt imal  c y c l e  number, 

decreases  down t o  a minimal va lue ,  ( 5 a  - 1 ) / 8 ( a  - l ) ,  which n o p t '  
only depends on t h e  s e l e c t i v i t y  f a c t o r ,  a .n  i n c r e a s e s  while  a 

decreases .  Futhermore n i n c r e a s e s  with p i . e ,  , f o r  a given column, 

t h e  e x t e r n a l  volume, VA, acts as a r e s e r v o i r  f o r  t h e  peaks.  But, 

from Equation 9 ,  it is d i f f i c u l t  t o  know t h e  v a r i a t i o n  of t h e  f i n a l  

r e s o l u t i o n ,  %opt, with V because VA and aA ( i . e . h  and u )  are each 

o t h e r  dependent ; t h e  r e l a t i o n s h i p  between VA and o2 depends on t h e  

geometr ica l  c h a r a c t e r i s t i c s  of t h e  e x t e r n a l  h y d r a u l i c  c i r c u i t .  Re- 

c y c l i n g  i s  i n t e r e s t i n g  only i f  : 

o p t  

o p t  

2 
A 

A 

n > A  (16) 

For  the  c a l c u l a t i o n  of  t h e  maximum i n j e c t i o n  volume i n  recy-  

c l i n g  technique ,  (n  V ) and N are s u b s t i t u t e d  for V and N 

r e s p e c t i v e l y  i n  Equation 1 : 

o p t  

o p t  0 o p t  

wi th  : 

opt  n 
N = N  

o p t  n - 1  
1 + Opt h 

noPt 

(18) 

(n V ) and N a r e  t h e  apparent  dead volume of  t h e  column and 

t h e  apparent  p l a t e  number r e s p e c t i v e l y  a f t e r  t h e  opt imal  c y c l e  num- 

b e r ,  n I f  I n e q u a l i t y  16 i s  v e r i f i e d ,  t h e  combination of Equa- 

o p t  0 o p t  

o p t '  
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24 4 COQ ET AL. 

t i o n s  1,  17 and 18 enables  t o  deduce : 

> n  (19) ("i,max) n o p t  "i,max 
o p t  

The r e s u l t  i s  very i n t e r e s t i n g  : t h e  maximal i n j e c t i o n  volume 

with t h e  r e c y c l i n g  technique under opt imal  c o n d i t i o n s  is l a r g e r  than  

n t imes the  maximal i n j e c t i o n  volume wi th  a s i n g l e  passage ; more- 

over ,  the  opera t ion  t i m e s  for n c y c l e s  and fo r  n success ive  i n -  

j e c t i o n s  a r e  roughly e q u i v a l e n t ,  so t h e  r e c y c l i n g  technique a l lows  

t h e  i n c r e a s e  of throughput i n  comparison wi th  s u c c e s s i v e  i n j e c t i o n s .  

OP t 
OP t opt 

EXPERIMENTAL 

The l i q u i d  chromatograph c o n s i s t s  of t h e  fo l lowing  components : 

. a Waters M 6000 A r e c i p r o c a t i n g  pump (Waters, P a r i s ,  France)  

as e l u t i o n  pump which a l lows  r e c y c l i n g  o p e r a t i o n  by means of 

a s p e c i a l  manifold. 

. An O r l i t a  AE 10 - 4 diaphragm pump (Touzart  e t  Matignon, V i -  

t r y ,  France)  t o  supply t h e  sample s o l u t i o n .  

. A Rheodyne 7010 va lve  (Touzart  e t  Matignon) as commutation 

valve between t h e  two pumps. 

. A s t a i n l e s s  s teel  column, 100 cm x 0.47 i . d . ,  s l u r r y  packed 

with s i l i c a  g e l  P a r t i s i l  2 0  (Whatmann, F e r r i G r e s ,  F r a n c e ) ,  

19 pm mean p a r t i c l e  s i z e .  

. A Pye Unicam LC 55 spectrophotomcter  (Pye Unicam, Pa r i s ,  

France) o r  an Altex model 153 a n a l y t i c a l  UV photometer (Touzart  

e t  Matignon) o p e r a t i n g  a t  254 nni. 

The scheme of chromatograph i s  g iven  i n  F igure  2 .  The s o l v e n t s  

and chemicals are of h igh  p u r i t y  and w e r e  purchased from v a r i o u s  

s u p p l i e r s .  
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RECYCLING TECHNIQUE 2 4 5  

Y -- .t --I C 

Figure  2 : Scheme of t h e  chromatograph. 
- a : e l u t i o n  pump ; - b : i n j e c t i o n  pump ; 5 : p r e c i s i o n  
b u r e t t e  ; g : 6 way va lve  ; e : column ; 2 : d e t e c t o r  ; 
CJ : r e c y c l i n g  manifold. 

- 

RESULTS AND DISCUSSION 

The v a l i d i t y  of  Equation 15 i s  examined f o r  d i f f e r e n t  v a l u e s  o f  

t h e  parameters  k;, a! and u .  For t h i s  s t u d y  t h e  samples a r e  equimolar 

mixtures  of b u t y l  p h t a l a t e  and i s o b u t y l  p h t a l a t e  a t  about  10 m g / m l  

d i s s o l v e d  i n  t h e  mobile phase.  The mobile phases  are b i n a r y  mixtures 

of  i sooc tane  and e t h y l  acetate (from 98/2 v/v up t o  90/10 v/v)  i n  

o r d e r  t o  vary t h e  capac i ty  r a t i o  va lues  of s o l u t e s .  The flow r a t e  

was 2.5  m l / m n .  Experimental de te rmina t ions  g i v e  p v a l u e s  o f  0 .40  and 

0 . 2 3  when t h e  experiments  a r e  performed w i t h  t h e  Al tex  photometer 

and t h e  Pye Unicam spectrophotometer  r e s p e c t i v e l y .  The n v a l u e s  

a r e  exper imenta l ly  determined by checking t h e  v a r i a t i o n  o f  R and 

R, versus  n. F igure  3 exampl i f ies  such a de termina t ion .  W e  can no- 

t ice  t h e  r a p i d  decrease  of R, dur ing  t h e  f i r s t  cycles; .  On t h e  o t h e r  

-4 

o p t  

n 
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Figure 3 : Resolut ions Rn and R versus  t h e  c y c l e  number n. m X = 2.09 
p = 0.23 
k i  = 1.23  
01 = 1.08 

hand, Rn s lowly i n c r e a s e s  dur ing  the  same t i m e ,  and even keeps cons- 

t a n t  u n t i l  t h e  t h i r d  passage ; it i s  q u i t e  l o g i c a l  because X i s  s b i -  

g h t l y  l a r g e r  than  2 and so Rn must become l a r g e r  than HI  only a f t e r  

t h e  second passage.  The opt imal  cyc le  number determined experimen- 

t a l l y  i n  t h i s  way i s  13.6 ; i t  i s  i n  good agreement wi th  the one 

c a l c u l a t e d  from Equation 15 i . e .  13.9. 

Experimental and t h e o r e t i c a l  va lues  of n and Rn f o r  d i f -  
opt OP t 

f e r e n t  va lues  of a , k;, !J and h are summarized i n  Table  1. 
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TABLE 1 

Optimal cyc le  number under d i f f e r e n t  experimental  condi t ions .  

Experiment N o  1 2 3 4 5 6 
~~ - 

1.08 1.10 1.07 1.11 1.08 1.47 

4.39 2.88 1.22 5.05 1.25 0.88 

0 .40  0.23 0.23 0.40 0.23 0.23 

0.41 0.36 0.40 0.21 2.09 2.06 

1.28 0.95 0.60 1.21 0.65 1.78 

Experimental Value 8.6 7.6 15 5.9 13.6 4.4 

T h e o r e t i c a l  Value 8.8 7.8 16 6.4 13.9 3.2 

1 Experimental Value 2.9 2.2 2.5 1.4 2.2 

Rnopt I T h e o r e t i c a l  Value 2.7 2.0 2.6 1.4 2.3 

Experimental measurements g e n e r a l l y  agree  very w e l l  wi th  theo- 

r e t i c a l  va lues ,  t h e  l a t t e r  a r e  always l a r g e r  than t h e  former e x c e p t  

f o r  t h e  experiment N O 6  i n  which t h e  opt imal  cyc le  number i s  s m a l l e r  

than 5 ; i n  t h i s  case t h e  approximations o f  Equation 12 is  no longer  

v a l i d .  

So Equation 15 al lows t h e  de te rmina t ion  of  t h e  opt imal  c y c l e  

number, noptt and consequent ly  t h e  c a l c u l a t i o n  o f  r e s o l u t i o n ,  Rnopt, 

and s tandard  d e v i a t i o n  on f o r  t h i s  cyc le  number. o p t '  

In  t h e  second p a r t  of t h i s  work, the v a l i d i t y  OF Equation 17 

which g ives  t h e  maximal i n j e c t i o n  volume a f t e r  nopt c y c l e s ,  i s  il- 

l u s t r a t e d  with an example of  s e p a r a t i o n  : t h e  two s o l u t e s  a r e  n i -  

t r a t e d  isomers of o- terphenyl  : x - n i t r o  o- terphenyl  and 4-n i t ro  

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



248 COQ ET AL.  

o-terphenyl  (ponderal  r a t i o  : 1 / 4 ) ,  e l u t e d  wi th  a b i n a r y  mixture  

of i sooc tane  and dichloromethane (80/20 v/v)  a t  a flow rate of  

2 . 1  ml/mn. The concent ra t ion  of t h e  i n j e c t e d  samples d i s s o l v e d  i n  

the  mobile phase i s  1.1 mg/ml. The o p e r a t i n g  c o n d i t i o n s  determined 

a f t e r  two passages a r e  : x - n i t r o  o- terphenyl  re ten t j -on  volume V - R1- 
30.5 m l ,  4 -n i t ro  o- terphenyl  r e t e n t i o n  volume VR2= 32.9 ml, column 

s tandard  d e v i a t i o n  u = 0.57 ml, e x t e r n a l  volume V = 3.48 ml, e x t e r -  

n a l  s tandard  d e v i a t i o n  a = 0 . 4 7  ml, r e s o l u t i o n  a f t e r  a s i n g l e  pas- 

sage R = 1.05. Under these  condi t ions  t h e  c a l c u l a t e d  opt imal  cyc le  

number i s  equal  t o  7.7 ; p r a c t i c a l l y  we chose t h e  n e a r e s t  s m a l l e r  

i n t e g e r .  Af te r  7 cyc les  and f o r  a s m a l l  i n j e c t e d  volume, t h e  reso-  

l u t i o n ,  R7, and t h e  s tandard  d e v i a t i o n ,  a 7 ,  are r e s p e c t i v e l y  e q u a l  

t o  2 . 2  and 1.83 ml. The maximum i n j e c t i o n  volume c a l c u l a t e d  from 

Equation 17 with Rs,mini = 1 , i s  (Vi. ) = 12 .3  m l  i . e .  6.7 

07. This  sample volume i s  i n j e c t e d  on t h e  column and t h e  s o l u t e s  

a r e  c o l l e c t e d  : t h e  end of  the c o l l e c t i o n  of t h e  f i r s t  peak and t h e  

beginning of the  c o l l e c t i o n  of  t h e  second one i s  performed a t  t h e  

v a l l e y  between t h e  two peaks. Analysis  o f  t h e  second c o l l e c t e d  f rac-  

t i o n  shows a 98 ‘b p u r i t y  f o r  the  4-n i t ro  o- terphenyl  and demons- 

t r a t e s  the  v a l i d i t y  of  t h e  maximum feed  volume i n  r e c y c l i n g  calcu-  

l a t e d  according t o  Equation 17. 

A 

A 

1 

,max nopt 

For t h e  comparison between r e c y c l i n g  technique and success ive  

i n j e c t i o n  technique ,  sample volumes vary ing  from V i  = 0.5 o up to 

Vi = 3.08 0 a r e  i n j e c t e d  on t h e  column and s o l u t e  c o l l e c t i o n  a t  

t h e  v a l l e y  i s  performed a f t e r  a s i n g l e  passage.  The 98 % p u r i t y  

f o r  the  4 - n i t r o  o- terphenyl  i s  obta ined  f o r  Vi = 1.2 oc which cor-  

responds t o  v .  = 0.68 ml. 7 success ive  i n j e c t i o n s  of  t h e  l a t t e r  vo- 

lume g ive  an o v e r a l l  i n j e c t e d  volume of  4.75 m l  i . e .  2 .6  t i m e s  smal- 

l e r  than t h e  maximum i n j e c t e d  volume with t h e  r e c y c l i n g  o p e r a t i o n .  

The recyc l ing  technique ( 7  c y c l e s )  and t h e  success ive  technique ( 7  

i n j e c t i o n s )  r e q u i r e  266 m l  and 240 m l  r e s p e c t i v e l y  f o r  t h e  comple- 

t e  e l u t i o n  of t h e  two s o l u t e s .  So, i n  t h i s  case and under i d e n t i -  

c a l  f l o w  r a t e  c o n d i t i o n s ,  t h e  throughput  reached i n  r e c y c l i n g  i s  

2.3 t i m e s  l a r g e r  than i n  usua l  e l u t i o n .  
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For an o c c a s i o n a l  p r e p a r a t i v e  work, t h e  r e c y c l i n g  technique can 

be used under volume over load  c o n d i t i o n s .  There is a n  opt imal  c y c l e  

number, nopt, f o r  which t h e  i n j e c t i o n  volume i s  maximum. This  o p t i -  

m a l  cyc le  number only depends on t h e  r e t e n t i o n  volumes o f  t h e  two 

s o l u t e s  and on t h e  e x t e r n a l  volume o u t  o f  t h e  column. Furthermore 

t h e  r e c y c l i n g  technique under opt imal  c o n d i t i o n s  ( a f t e r  n cyc les )  

a l lows  t h e  i n c r e a s e  of the  throughput  i n  comparison wi th  n succes-  

s i v e  i n j e c t i o n s .  

OP t 

o p t  
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