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ABSTRACT 

High speed c o u n t e r c u r r e n t  chromatography (CCC) and i t s  use  as 
a n  i n t e r f a c e  t o  a F o u r i e r  t r a n s f o r m  i n f r a r e d  (FT-IR) s p e c t r o m e t e r  
a r e  d e s c r i b e d .  I n  t h i s  p r e l i m i n a r y  s t u d y  t h e  h i g h  s o l u t e - t o -  
s o l v e n t  r a t i o s  a t t a i n a b l e  w i t h  CCC a r e  i n v e s t i g a t e d ,  and i n f r a r e d  
s p e c t r a  a r e  r e c o r d e d  o f  CCC f r a c t i o n s  o f  a r o m a t i c  components .  The 
r e s u l t i n g  i n f r a r e d  s p e c t r a  o f  mg/mL c o n c e n t r a t  i o n  CCC f r a c t i o n s  
have v e r y  h i g h  s i g n a l - t o - n o i s e  r a t i o s ,  and no i n t e r f e r e n c e  bands 
from t h e  s t a t i o n a r y  phase ( w a t e r / m e t h a n o l )  can  be  s e e n .  Chloro-  
form was used as t h e  m o b i l e  phase .  T h i s  s t u d y  c l e a r l y  demonstra-  
t e s  t h a t  a CCC/FT-IR s p e c t r o m e t r y  i n t e r f a c e  is f e a s i b l e .  
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2210 ROMANACH, DE HASETH, AND IT0 

INTRODUCTION 

The development o f  LC/FT-IR s p e c t r o m e t r y  h a s  lagged  behind  

t h a t  o f  GC/FT-IR s p e c t r o m e t r y  b e c a u s e  i n f r a r e d  a b s o r p t i o n  o f  t h e  

l i q u i d  chromatographic  m o b i l e  phase is s i g n i f i c a n t .  This problem 

h a s  encouraged t h e  development  o f  m e c h a n i c a l l y  complex s o l v e n t  

removal methods (1-6) , b u t  sys tems employing f low- through c e l l s  

have a l s o  been d e v e l o p e d  (7-14) .  

G r i f f i t h s  and coworkers  have  developed  sys tems t h a t  o b t a i n  

d i f f u s e  r e f l e c t a n c e  s p e c t r a  of  l i q u i d  c h r o m a t o g r a p h i c  e l u a t e s  

a f t e r  s o l v e n t  removal .  T h e i r  f i r s t  sys tem ( 1 , 2 )  d e s i g n e d  €or 

normal phase  HPLC used d i f f e r e n t i a l  e v a p o r a t i o n  t o  i n c r e a s e  t h e  

c o n c e n t r a t i o n  of e a c h  peak by a f a c t o r  o f  10 b e f o r e  t a k i n g  d i f f u s e  

r e f l e c t a n c e  s p e c t r a .  The d e t e c t i o n  l i m i t s  o b t a i n e d  w i t h  t h i s  

sys tem (100 ng) a re  a d e q u a t e  f o r  c o n v e n t i o n a l  HPLC where t h e  

column c a p a c i t i e s  are  two o r d e r s  of  magni tude  h i g h e r  t h a n  t h e s e  

d e t e c t i o n  l i m i t s .  The same r e s e a r c h  group h a s  r e c e n t l y  deve loped  

a s o l v e n t  removal t e c h n i q u e  f o r  r e v e r s e  phase  HPLC/FT-IR spectrom- 

e t r y  ( 3 ) .  

c u l t  t a s k ,  t h e  e l u e n t s  are c o n t i n u o u s l y  e x t r a c t e d  i n t o  CH2C12. 

The d e t e c t i o n  l i m i t  f o r  t h i s  sys tem i s  a b o u t  1 lJg. The main 

problems a s s o c i a t e d  w i t h  b o t h  t h e  r e v e r s e  and normal phase s o l v e n t  

removal sys tems a r e  t h e  l a r g e  number o f  sample c e l l s  t h a t  must b e  

loaded  and t h e  cumbersome i n s t r u m e n t a t  i o n  needed t o  d e p o s i t  t h e  

e l u e n t  on t h e  d i f f u s e  r e f l e c t a n c e  sample cups  c o n t i n u o u s l y .  

S i n c e  removing aqueous m o b i l e  p h a s e s  h a s  been a d i f f i -  

J i n n o  and coworkers  have  developed  a second s o l v e n t  removal 

sys tem u s i n g  m i c r o b o r e  LC columns (4-6) , c a l l e d  t h e  " b u f f e r  

memory" method. I n  t h i s  sys tem t h e  s o l v e n t  e v a p o r a t e s  when i t  

c o n t a c t s  a r o t a t i n g  s a l t  p l a t e ,  l e a v i n g  t h e  so lu tes  on t h e  

c r y s t a l .  A b s o r p t i o n  s p e c t r a  o f  t h e  s o l u t e s  are r e c o r d e d .  T h i s  

t e c h n i q u e  is not  as complex as t h o s e  deve loped  by G r i f f i t h s  and 

coworkers;  b u t  i t s  d e t e c t i o n  l i m i t s  a r e  two o r d e r s  o f  magni tude  

h i g h e r  t h a n  t h o s e  o b t a i n e d  by d i f f u s e  r e f l e c t a n c e .  
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CCC INTERFACE WITH FT-IR 221 1 

Due t o  t h e  c o m p l e x i t y  o f  s o l v e n t  removal methods ,  some work 

h a s  a l s o  been done w i t h  f low- through LC/FT-IR s p e c t r o m e t r y .  

V i d r i n e  and Mat t son  ( 7 )  have  shown t h a t  s ize  e x c l u s i o n  chromatog- 

raphy (SEC) i s  c o m p a t i b l e  w i t h  FT-IR s p e c t r o m e t r y  d e t e c t i o n .  

S i n c e  i n  SEC t h e  m o b i l e  phase  is o n l y  used a s  a s o l v e n t  €or t h e  

m i x t u r e  t o  be  s e p a r a t e d ,  s o l v e n t s  w i t h  l a r g e  I R  windows, such  as 

c h l o r o f o r m  and carbon t e t r a c h l o r i d e ,  c a n  be  used.  These workers  

( 7 )  even  had some s u c c e s s  u s i n g  t e t r a h y d r o f u r a n  (THF) as t h e  

mobi le  phase by u s i n g  r e l a L i v e l y  t h i n  f low c e l l s  ( 0 . 1  - 0 . 3  mm) 

and h i g h  s o l u t e - t o - s o l v e n t  r a t i o s  (0 .2% p o l y b u t y l  a c r y l a t e  and 

0.8% p o l y s t y r e n e  i n  0 .5  mL o f  i n j e c t e d  THF) .  

T a y l o r  and coworkers  have developed  m i c r o b o r e  HPLC/FT-IR 

s p e c t r o m e t r y  (9-13) .  The most impor tan t  a d v a n t a g e  o f  t h i s  sys tem 

is  t h a t  microbore  columns o f f e r  e l u e n t  c o n c e n t r a t i o n s  up t o  20 

t i m e s  t h o s e  o €  c o n v e n t i o n a l  HPLC. T h i s  i n c r e a s e  i n  e l u e n t  concen- 

t r a t i o n  i s  n e c e s s a r y  f o r  I R  d e t e c t i o n ,  where t h e  s e n s i t i v i t y  i s  

lower t h a n  i n  UV d e t e c t i o n .  One d i s a d v a n t a g e  is  t h a t  even  w i t h  

t h e  h i g h e r  s o l u t e  c o n c e n t r a t i o n s  p o s s i b l e  w i t h  m i c r o b o r e  HPLC i t  

i s  n e c e s s a r y  t o  s a c r i f i c e  chromatographic  r e s o l u t i o n  i n  o r d e r  t o  

a c h i e v e  I R  d e t e c t i o n  i n  some c a s e s .  The d e t e c t i o n  l i m i t  f o r  t h i s  

t e c h n i q u e  i s  about  1 ug. 

An LC/FT-IR s p e c t r o m e t r y  sys tem t h a t  employs h i g h  speed  coun- 

t e r c u r r e n t  chromatography (CCC) h a s  been  d e v e l o p e d  i n  t h i s  l a b o r a -  

t o r y .  With t h i s  sys tem much h i g h e r  s o l u t e - t o - s o l v e n t  r a t i o s  are 

a c h i e v e d  t h a n  w i t h  c o n v e n t i o n a l  HPLC o r  m i c r o b o r e  HPLC. The 

o b j e c t i v e  o f  t h i s  s t u d y  is t o  i n v e s t i g a t e  t h e  a c t u a l  s o l u t e - t o -  

s o l v e n t  r a t i o s  produced by CCC and t h e n  t o  s t u d y  t h e  f e a s i b i l i t y  

o f  i n t e r f a c i n g  CCC w i t h  FT-IR S p e c t r o m e t r y .  

MATERIALS AND METHODS 

Mat e r  ia 1 s 

Acetophenone was o b t a i n e d  from F i s h e r  S c i e n t i f i c  Co. , 
F a i r l a w n ,  New J e r s e y ,  phenol  f rom Baker and  Adamson, Morristown, 
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2212 ROMANACH, DE HASETH, AND I T 0  

New J e r s e y ,  and 2 - n i t r o p h e n o l  from Eastman Kodak Co., R o c h e s t e r ,  

N e w  York. Doubly d i s t i l l e d  water was used.  Chloroform,  UV 

s p e c t r a l  g r a d e ,  was o b t a i n e d  from J .T.  Baker Chemical Company. 

High Speed CCC 

C o u n t e r c u r r e n t  Chromatography (CCC) h a s  been d e s c r i b e d  ex ten-  

s i v e l y  i n  t h e  l i t e r a t u r e  (15-201, and a rev iew w i l l  not  b e  g i v e n  

h e r e .  The h i g h  speed  CCC used h a s  a 125 meter column w i t h  an i . d .  

o f  1 .68  mm and a t o t a l  c a p a c i t y  o f  270 mL. The column is  m u l t i -  

l a y e r  and h a s  a t o t a l  of  10 l a y e r s  o f  t u b i n g .  The column r o t a -  

t i o n a l  speed (0-1000 rpm) i s  c o n t r o l l e d  by a speed c o n t r o l  u n i t  

(Rodine E l e c t r i c  C o . ) .  A model 1lA Beckman r e c i p r o c a t i n g  pump was 

used fo r  t h e  m o b i l e  p h a s e ,  a l t h o u g h  less e x p e n s i v e  and s i m p l e r  

m e t e r i n g  pumps c a n  be used s i n c e  it  u s u a l l y  t a k e s  less t h a n  200 

p . s . i .  t o  push t h e  m o b i l e  phase through t h e  column. A VALCO s i x  

p o r t  i n j e c t o r  was used.  The i n j e c t o r  was d e s i g n e d  f o r  1/16" 0 .d .  

t u b i n g ,  so i t  was n e c e s s a r y  t o  f u s e  t h e  wider  column t u b i n g  t o  i t .  

1JV d e t e c t i o n  was a c h i e v e d  w i t h  an ISCO Model 11140 ( L i n c o l n ,  

Nebraska)  v a r i a b l e  wavelength  UV-VIS a b s o r b a n c e  moniLor w i t h  a 

b u i l t - i n  c h a r t  r e c o r d e r .  The o u t l e t  t u b i n g  was f u s e d  t o  t u b i n g  o f  

about  0 . 3  mm i . d . ,  and a s t a i n l e s s  s tee l  f i t t i n g  was used t o  a v o i d  

f o r m a t i o n  o f  a i r  b u b b l e s  due t o  t h e  p r e s s u r e  d r o p  a c r o s s  t h e  

d e t e c t o r  c e l l .  A 5-mm a n a l y t i c a l  f low c e l l  f rom ISCO w i t h  a 9 . 5 - p L  

i l l u m i n a t e d  volume was used .  F r a c t i o n s  were c o l l e c t e d  w i t h  an ISCO 

1800 f r a c t i o n  c o l l e c t o r .  

The two-phase s o l v e n t  sys tem c o n s i s t e d  o f  c h l o r o f o r m ,  water  

and methanol  i n  a combina t ion  o f  3 :3 :1 ,  r e s p e c t i v e l y .  The two 

p h a s e s  were e q u i l i b r a t e d  i n  a o n e - l i t e r  s e p a r a t o r y  f u n n e l  b e f o r e  

b e i n g  i n t r o d u c e d  i n t o  t h e  column. The sample soluiions were 

prepared  from s a t u r a t e d  s o l u t i o n s  o f  ace tophenone ,  phenol ,  ,-nitro- 

phenol  and E - n i t r o p h e n o l .  A l l  were d i s s o l v e d  i n  chl .oroform,  e x c e p t  

f o r  t h e  p - n i t r o p h e n o l  which was d i s s o l v e d  i n  a 4 : l  m i x t u r e  o f  

c h l o r o f o r m  and methanol .  A 5O-uL sample l o o p  was u s e d ,  and 3-4 mg 
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CCC INTERFACE WITH FT-IR 2213 

of e a c h  o f  t h e  m i x t u r e  components were i n j e c t e d  e x c e p t  f o r  e - n i t r o -  

phenol ( 8  mg were i n j e c t e d ) .  

The column was f i r s t  f i l l e d  wi th  t h e  s t a t i o n a r y  phase .  The 

mobi le  phase was t h e n  pumped t h r o u g h  w h i l e  t h e  column was spun a t  

600 rpm. The sample s o l u t i o n  was i n j e c t e d ,  t h e  e l u a t e  was moni- 

t o r e d  a t  270 nm, and f r a c t i o n s  were c o l l e c t e d  e v e r y  0.6 m i n u t e .  

Through t h e  head-end o f  t h e  column c h l o r o f o r m  ( h e a v i e r  phase)  was 

pumped. The t a i l - e n d  of t h e  column was c o n n e c t e d  t o  t h e  d e t e c t o r .  

I n f r a r e d  I n s t r u m e n t a t i o n  

The FT-IK s p e c t r a  were o b t a i n e d  w i t h  a D i g i l a b  FTS-20/E/D 

s p e c t r o m e t e r  ( D i g i l a b  D i v i s i o n  o f  Bio-Rad, Cambridge, M A ) .  A 

Mercury-Cadmium T e l l u r i d e  (MCT) d e t e c t o r  ( I n f r a r e d  A s s o c i a t e s ,  New 

Brunswick,  New J e r s e y )  was used .  

r e s o l u t i o n .  A K B r  c e l l  w i t h  a 0.05-mn p a t h l e n g t h  was used ( B a r n e s  

A n a l y t i c a l  Spec t ra -Tech ,  S tamford ,  CT). 

S p e c t r a  were measured a t  8 cm-1 

RESULTS AND DISCUSSION 

Ccc S e p a r a t i o n  

Chloroform was chosen as  t h e  mobi le  phase because  o f  i t s  l a r g e  

I R  s p e c t r a l  windows. The f low r a t e  used f o r  t h e  s e p a r a t i o n s  de- 

s c r i b e d  in  t h i s  s t u d y  was 4.0 mL/min, and t h e  h i g h  speed  CCC was 

r u n  a t  600 rpm. Under t h e s e  c o n d i t i o n s  a p p r o x i m a t e l y  79% o f  t h e  

TABLE 1 

P a r t i t i o n  C o e f f i c i e n t s  f o r  CCC 

P a r t  i t i o n  
Compound C o e f f i c i e n t  

Acetophenone 0.030 

2 - N  i t ropheno 1 0.26 
Phenol  0.40 

- o-Ni t rophenol  0.022 
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2214 ROMANACH, DE HASETH, AND IT0  

s t a t i o n a r y  phase was r e t a i n e d .  S e v e r a l  CCC s e p a r a t i o n s  were run 

u s i n g  t h e  d e s c r i b e d  c o n d i t i o n s .  Simple three-component m i x t u r e s  

were s e p a r a t e d ,  and t h e  o v e r a l l  r e s u l t s  o f  t h e  s e p a r a t i o n s  are pre-  

s e n t e d  i n  Table  1. 

t h e  same s e p a r a t i o n  b e c a u s e  t h e y  c o e l u t e ,  as c a n  be  seen  from t h e  

p a r t i t i o n  c o e f f i c i e n t s  i n  T a b l e  1.  The column produced a b o u t  950 

t h e o r e t i c a l  p l a t e s .  

Acetophenone and E - n i t r o p h e n o l  wero- not  r u n  i n  

I R  D e t e c t i o n  

As mentioned above,  t h e  development o f  LC/FT-IR s p e c t r o m e t r y  

h a s  been plagued by t h e  f a c t  t h a t  s o l v e n t s  n e c e s a r y  f o r  chromato-  

g r a p h i c  s e p a r a t i o n s  u s u a l l y  e x i s t  in c o n c e n t r a t i o n s  t o o  g r e a t  t o  

permi t  i d e n t i f i c a t i o n  o f  t h e  s o l u t e  i n  f low-ce l l  s y s t e m s .  Resu l t s  

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

r a t i o s  c a n  be o b t a i n e d  from h i g h  speed CCC f r a c t i o n s ,  w i t h o u t  

removing t h e  s o l v e n t .  

f r a c t i o n s  o f  ace tophenone  and i - n i t r o p h e n o l .  

r e a d i l y  be compared w i t h  s t a n d a r d  r e f e r e n c e  s p e c t r a ,  and t h e  

comparison i n d i c a t e s  t h e  q u a l i t y  o f  t h e  s p e c t r a  is  v e r y  h i g h .  

h i g h  s i g n a l - t o - n o i s e  r a t i o  i n  F i g u r e s  1 and 2 i n d i c a t e s  t h a t  t h e  

d e t e c t i o n  l i m i t  is a t  least t e n  t i m e s  lower t h a n  t h e  c o n c e n t r a -  

t i o n s  used t o  r e c o r d  t h e s e  s p e c t r a .  

F i g u r e s  1 and 2 show s p e c t r a  of 1 mg/mL 

These s p e c t r a  c a n  

The 

The s i n g l e  beam s p e c t r a  o f  f r a c t i o n s  from h i g h  speed CCC peaks  

were r a t i o e d  a g a i n s t  f r a c t i o n s  t h a t  c o n t a i n e d  o n l y  t h e  m o b i l e  

phase .  

t e d ,  so t h e  spe,ctrum o f  t h e  pure  e l u a t e  was o b t a i n e d .  Nevrr the-  

l e s s ,  d i s c o n t i n u i t i e s  i n  t h e  s p e c t r a  o f  t h e  e l u a t e s  o c c u r r e d  where 

s t r o n g  bands  o f  c h l o r o f o r m  were r a t i o e d .  In t h e  ace tophenone  

spec t rum t h e s e  d i s c o n t i n u i t i e s  can be  s e e n  a t  2400, 1200,  and 800 

cm-1. I n  t h e s e  r e g i o n s  t h e  s o l v e n t  is  opaque,  and no e l u a t e  

s p e c t r a l  r e s p o n s e  can  be  measured.  

I n  t h i s  manner c h l o r o f o r m  and methanol  bands  were e l i m i n a -  

It is obvious  t h a t  t h e s e  s p e c t r a  a r e  not  a d v e r s e l y  a f f e c t e d  by 

t h e  use o f  water and methanol  i n  t h e  s o l v e n t  sys tem.  Even though 
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w a t e r  is  s l i g h t l y  s o l u b l e  i n  c h l o r o f o r m  and t h e  use o f  methanol  

i n c r e a s e s  i t s  s o l u b i l i t y ,  t h e  water bands are v e r y  weak. The con- 

c e n t r a t i o n s  o f  w a t e r  and methanol  i n  t h e  m o b i l e  phase are s u f f i -  

c i e n t l y  low t h a t  t h e y  c a n  be e l i m i n a t e d  w i t h o u t  c a u s i n g  any 

d i s t o r t i o n s  i n  t h e  spec t rum.  The c e l l  paLhlength  o f  o n l y  0.05 mm 

c o u l d  b e  i n c r e a s e d  t o  improve t h e  a d s o r p t i o n  o f  t h e  e l u a t e s .  It 

should  be p o s s i b l e  t h e n  t o  o b t a i n  s p e c t r a  o f  lower c o n c e n t r a t i o n  

e l u a t e s  and s t i l l  a c h i e v e  good s i g n a l - t o - n o i s e  r a t i o  s p e c t r a .  The 

d i s a d v a n t a g e  o f  i n c r e a s i n g  t h e  p a t h l e n g t h  i s  t h e  d e c r e a s e  i n  t h e  

w i d t h  o f  s o l v e n t  windows, hence  more o f  t h e  s o l u t e  is  masked. 

N o n e t h e l e s s ,  t h i s  i s  a r a t h e r  small  e f f e c t .  

CONCLUSION 

High-speed CCC can  b e  used as a l i q u i d  c h r o m a t o g r a p h i c  sepa-  

r a t  ion  t e c h n i q u e  f o r  i n t e r f a c i n g  t o  a n  FT-IR s p e c t r o m e t e r .  

Although t h i s  s t u d y  d i d  n o t  show s p e c t r a  r e c o r d e d  o n - l i n e ,  h i g h  

s i g n a l - t o - n o i s e  r a t i o  s p e c t r a  were o b t a i n e d  from CCC f r a c t i o n s .  

Only small r e g i o n s  of t h e  s p e c t r a  were e l i m i n a t e d  due t o  t h e  

i n f r a r e d  o p a c i t y  of t h e  mobi le  phase .  The CCC sys tem p r e s e n t e d  was 

c a p a b l e  o f  s e p a r a t i n g  v e r y  h i g h  sample c o n c e n t r a t i o n s ,  b u t  i t  may 

n o t  be n e c e s s a r y  t o  use such  a h i g h  sample l o a d i n g  to  produce qual-  

i t y  FT-IR s p e c t r a .  The r e s u l t s  c l e a r l y  d e m o n s t r a t e  t h e  f e a s i b i l i t y  

o f  i n t e r f a c i n g  high-speed CCC w i t h  an FT-IR s p e c t r o m e t e r .  F u t u r e  

s t u d i e s  w i l l  i n v o l v e  t h e  o p t i m i z a t i o n s  o f  CCC c o n d i t i o n s  and f l o w  

c e l l  d e s i g n  f o r  an i n t e r f a c e d  h i g h  speed  CCC/FT-IR s p e c t r o m e t r y  

system. 
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