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FOAM COUNTERCURRENT CHROMATO- 
GRAPHY ON VARIOUS TEST SAMPLES AND 

THE EFFECTS OF ADDITIVES ON FOAM 
AF FI N ITY 

M. Bhatnagar and Y. Ito 
Laboratory of Teh cnical Development 

National Heart, Lung, and Blood Institute 
9000 Rockville Pike 

Bethesda, Maryland 20892 

ABSTRACT 

Foam c o u n t e r c u r r e n t  chromatography has  been a p p l i e d  t o  v a r i o u s  
samples  u s i n g  sodium dodecyl  s u l f a t e  (SDS), c e t y l  pyridinium 
c h l o r i d e  (CPC)  , and polyoxyethylene-23-lauryl ether (POELE) as 
foaming r e a g e n t s .  Overa l l  r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  t he  
p o s i t i v e l y  charged samples  c o l l e c t e d  w i t h  SDS foam and t h e  
n e g a t i v e l y  charged samples  w i t h  CPC. None o f  t he  a p p l i e d  samples  
showed a f f i n i t y  t o  POELE. Addit ion Of h y d r o c h l o r i c  acid o r  sodium 
hydroxide (each a t  0.01 N c o n c e n t r a t i o n )  t o  t h e  s u r f a c t a n t  s o l u t i o n  
e f f e c t i v e l y  reduced t h e  foam a f f i n i t y  of  CPC or SDS, r e s p e c t i v e l y ,  
w h i l e  N a C l  at  a h i g h  c o n c e n t r a t i o n  of 0.1M showed similar 
i n h i b i t o r y  a c t i o n  t o  both s u r f a c t a n t s .  Among b i o l o g i c a l  t es t  
samples ,  indole-3-ace t ic  a c i d  and abscisic a c i d  were c o l l e c t e d  w i t h  
CPC and bovine i n s u l i n  w i t h  SDS foam. 
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INTRODUCTION:  

BHATNAGAR AND IT0 

A r e c e n t l y  developed countercur ren t  chromatography method 

u t i l i z e s  a combination of t h e  c o i l  o r i e n t a t i o n  and t h e  p l a n e t a r y  

motion of the  a p p a r a t u s  ( 1. Both produce a countercur ren t  flow of 

two s o l v e n t  phases. Two phases  can be s imul taneous ly  e l u t e d  through 

t h e  column i n  o p p o s i t e  d i r e c t i o n s  w h i l e  t h e  sample s o l u t i o n  i s  

cont inuous ly  f ed  through a t  t h e  middle p o r t i o n  of t h e  column. A s  a 

r e s u l t ,  a cont inuous s e p a r a t i o n  of a sample i s  poss ib le  (2 ) .  

Unlike o t h e r  methods of Chromatography, t h e  c o u n t e r c u r r e n t  

chromatography system does not  u t i l i z e  a s o l i d  suppor t  ( 3 ) .  Thus, 

c o u n t e r c u r r e n t  chromatography i s  free from a l l  compl ica t ions  

a r i s i n g  from s o l i d  s u p p o r t s .  Adsorpt ive l o s s ,  d e n a t u r a t i o n ,  and 

contaminat ion of samples are minimized. This  method and i t s  

a p p a r a t u s  form the  b a s i s  of a r e l a t i v e l y  new s e p a r a t i o n  technique  

c a l l e d  foam c o u n t e r c u r r e n t  chromatography. 

Foam c o u n t e r c u r r e n t  chromatography re la tes  t o  the system of 

d u a l  c o u n t e r c u r r e n t  chromatography ( 2 ) .  The foam c o u n t e r c u r r e n t  

chromatography method can be a p p l i e d  t o  numerous samples having 

foam a f f i n i t y .  Foam a f f i n i t y  can be c l a s s i f i e d  i n t o  two c a t e g o r i e s .  

One, t h e  direct  a f f i n i t y  t o  t h e  g a s - l i q u i d  i n t e r f a c e ,  and two, the  

a f f i n i t y  t o  t h e  foam producing carrier. Samples, such  as d e t e r g e n t s  

and o t h e r  foam producing s u b s t a n c e s ,  can be in t roduced  through t h e  

sample feed l i n e  wi thout  s p e c i a l  t rea tment  because t h e y  have a f f i n -  

i t y  t o  t h e  g a s - l i q u i d  i n t e r f a c e .  Samples which lack d i r e c t  a f f i n i t y  

t o  t h e  gas- l iqu id  i n t e r f a c e  can be i n d i r e c t l y  adsorbed t o  the  foam 

if they  have an a f f i n i t y  t o  t h e  foam producing a g e n t s .  
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FOAM COUNTERCURRENT CHROMATOGRAPHY 23 

Although t h e  foam s e p a r a t i o n  method has been widely used over  

the pas t  s i x t y  years  (41,  t h e  method has remained r a t h e r  p r i m i t i v e  

and i n e f f i c i e n t .  I n  t h e  p a s t ,  v a r i o u s  devices  have been developed 

f o r  performing foam s e p a r a t i o n .  These devices  u t i l i z e d  t u b u l a r  

columns where t h e  foam was genera ted  by i n t r o d u c i n g  t h e  gas phase 

a t  t h e  bottom of the  column. Under t h e  u n i t  g r a v i t a t i o n a l  f i e l d ,  

t h e  foam moved spontaneously upwards toward t h e  t o p  of t h e  column. 

Although var ious  mixing devices  such  as baff lers ,  s o l i d  beads,  and 

r o t a r y  mixers  are used f o r  improving t h e  r e s u l t s ,  t h e  use of t he  

short  column under t h e  weak g r a v i t a t i o n a l  f i e l d  l i m i t s  t h e  

e f f i c i e n c y  of these systems.  The r e s u l t s  of foam c o u n t e r c u r r e n t  

chromatography sugges t  t h a t  t h i s  method would d r a s t i c a l l y  improve 

the  s e p a r a t i o n  time and e f f i c i e n c y  of convent ional  methods t o  

become an e s s e n t i a l  t o o l  f o r  s c i e n t i f i c  research i n  l a b o r a t o r i e s  i n  

the near  f u t u r e .  

Recent ly ,  t h e  p o t e n t i a l  c a p a b i l i t y  of foam c o u n t e r c u r r e n t  

Chromatography has been s u c c e s s f u l l y  demonstrated on the s e p a r a t i o n  

of rhodamine B and Evans b lue  w i t h  sodium dodecyl sulfate as a 

s u r f a c t a n t  and also on p r o t e i n  s e p a r a t i o n  w i t h  a phosphate buffer 

s o l u t i o n  ( 1 ) .  The p r e s e n t  paper deals w i t h  t h e  foam a f f i n i t y  of 

v a r i o u s  compounds t o  three t y p i c a l  s u r f a c t a n t s  ( c a t i o n i c ,  a n i o n i c ,  

and nonionic)  and t h e  effects  of var ious  a d d i t i v e s  to  t h e  

surf act ant s o l u t i o n .  

APPARATUS: 

The apparatus used f o r  t h i s  s e p a r a t i o n  method is a m u l t i l a y e r  

flow-through coil p l a n e t  c e n t r i f u g e  which produces a synchronous 
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24 BHATNAGAR AND IT0 

p l a n e t a r y  motion of t h e  gear dr iven  column holder  (Figure 1 ) .  The 

gear d r i v e n  column holder r e v o l v e s  around the  c e n t r a l  a x i s  of  t h e  

apparatus and s i m u l t a n e o u s l y  rotates about  i ts own a x i s  a t  the  same 

angular  v e l o c i t y .  The p l a n e t a r y  motion induces  a c o u n t e r c u r r e n t  

f low of gas and l i q u i d  through a c o i l e d  column c o a x i a l l y  mounted 

about  the holder. The column d e s i g n  i n  foam s e p a r a t i o n  i s  

s c h e m a t i c a l l y  i l l u s t r a t e d  i n  f i g u r e  2. The c o i l e d  column, 

c o n s i s t i n g  of a t e n  meter l o n g  piece of 2.6 mm i . d .  PTFE 

(polytetrafluoroethylene) t u b i n g  w i t h  a f i f t y  mi l l i l i t e r  c a p a c i t y ,  

is equipped w i t h  f i v e  f low channels :  a g a s  f e e d  l i n e  and a l i q u i d  

c o l l e c t i o n  l i n e  a t  one end which is called t h e  head,  a l i q u i d  feed 

l i n e  and a gas or foam c o l l e c t i o n  l i n e  a t  t h e  o t h e r  end (cal led the  

t a i l ) ,  and a sample feed l i n e  a t  t h e  midd le  p o r t i o n  of  the column. 

Foam s e p a r a t i o n  begins  by t h e  s imultaneous i n t r o d u c t i o n  of the  

s u r f a c t a n t  s o l u t i o n  through t h e  t a i l  (pump rate i s  214 m l / h r )  and 

n i t r o g e n  gas  (from a gas c y l i n d e r  a t  80 p .s . i .1  through the  head 

i n t o  t h e  r o t a t i n g  c o i l  which establishes a s t e a d y  s t a t e  

hydrodynamic e q u i l i b r i u m .  T h i s  e q u i l i b r i u m  moves t h e  l i q u i d  stream 

toward the head and the  gas or foaming stream towards the t a i l .  The 

sample mixture  which i s  i n t r o d u c e d  through the sample feed l i n e  by 

a s y r i n g e  is separated accord ing  t o  its a f f i n i t y  t o  t he  foam. Any 

compound having foam a f f i n i t y  is carried w i t h  t h e  foaming stream 

toward t h e  t a i l  and d ispensed  through the  foam o u t l e t  (foam 

c o l l e c t i o n  l i n e ) .  Other materials are carried w i t h  the l i q u i d  

stream i n  the  opposite d i r e c t i o n  toward the  head and e l u t e d  through 

t h e  l i q u i d  o u t l e t .  The l i q u i d  flow through the l i q u i d  c o l l e c t i o n  
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FOAM COUNTERCURRENT CHROMATOGRAPHY 25 
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Figure 1 :  Cross sectional view of apparatus 
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26 BHATNAGAR AND I T 0  
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Figure  2: CcJumn design of foam countercu-rent  chromatography 

l i n e  is  r e g u l a t e d  by a needle  va lve  (Model SS-1%; Potomac Valve 

and F i t t i n g  Company, R o c k v i l l e ,  MD) while t he  foam is l e f t  

undis turbed ,  d i r e c t l y  open t o  t h e  a i r .  

EXPERIMENTAL: 

Reagents: 

I n  t h e  p r e s e n t  s t u d i e s ,  sodium dodecyl s u l f a t e  (Sigma Chemical 

Company, S t .  Louis ,  MO) which is a n i o n i c ,  polyoxyethylene-23-lauryl 

e t h e r  (Sigma Chemical Company) which i s  non-ionic ,  and c e t y l  

pyridinium c h l o r i d e  (Sigma Chemical Company) which is c a t i o n i c  were 

used as foaming r e a g e n t s .  Each s u r f a c t a n t  was used w i t h  t h e  optimum 

c o n c e n t r a t i o n  p r e v i o u s l y  determined.  Methanol (Burdick and Jackson 
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FOAM COUNTERCURRENT CHROMATOGRAPHY 27 

L a b o r a t o r i e s ,  Muskegon, MI) , sodium c h l o r i d e  ( J . T .  B a k e r  Chemical 

Company, P h i l l i p s b u r g ,  N. J . ) ,  hydrochlor ic  a c i d  ( J . T .  Baker 

Chemica l  Company), and sodium hydroxide ( J . T .  Baker Chemical 

Company) were added t o  t h e s e  s u r f a c t a n t s  to  observe  t h e i r  e f f e c t s  

upon t h e  s e p a r a t i o n  of var ious  colored samples. The above chemicals  

are a l l  r e a g e n t  grade.  Colored samples were chosen as t e s t  samples ,  

i n c l u d i n g  var ious  DNP amino acids l i k e  DNP-leucine, acidic  dyes 

such as  methyl orange ,  and b a s i c  samples i n c l u d i n g  methylene b lue  

c h l o r i d e  ( a l l  s u p p l i e d  by Sigma Chemical Company). P ignents  were of 

t e c h n i c a l  grade and DNP amino a c i d s  were of  reagent  grade.  

Noncolored samples  inc luded  ones such  as ATP, bovine i n s u l i n ,  and 

indole-3-ace t ic  a c i d .  A l l  of these samples are of reagent  grade 

( a l l  s u p p l i e d  by Sigma Chemical Company). 

Procedures: 

P r e l i m i n a r y  test  runs  were performed w i t h  t h e  co lored  samples  

of methylene blue and DNP-leucine. The i n t r o d u c t i o n  of 0.5 m l  of 

sample through t h e  sample f e e d  l i n e  was immediately fol lowed by 1 .0  

ml of s u r f a c t a n t  s o l u t i o n .  Foam from t h e  foam c o l l e c t i o n  l i n e  and 

t h e  e f f l u e n t  from t h e  l i q u i d  o u t l e t  were collected i n  s e p a r a t e  10 

ml-capaci ty  graduated c y l i n d e r s .  Results were recorded by observ ing  

t h e  color of t h e  a l u a t e s .  These procedures  were cont inued f o r  each 

c o l o r e d  sample t e s t e d .  Addi t ives ,  such  as methanol and oodiun 

c h l o r i d e  , were s imply  i n c o r p o r a t e d  i n t o  t h e  s u r f a c t a n t  s o l u t i o n .  
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28 BHATNAGAR AND IT0  

Noncolored samples  such  as n u c l e o t i d e s  , p r o t e i n s  , and p l a n t  

hormones were i n t r o d u c e d  i n t o  t h e  system i n  a similar manner. 

One-half mill i l i ter  (0.5 m l )  of sample s o l u t i o n  was injected i n t o  

t h e  midd le  p o r t i o n  of t h e  coil  fol lowed by 1.0 ml of s u r f a c t a n t  

s o l u t i o n .  The e l u a t e  from the o u t l e t  of each c o l l s c t i o n  l i n e  was 

manually f r a c t i o n a t e d  i n t o  test tubes  a t  30 second i n t e r v a l s .  

Absorbance was measured a t  s u i t a b l e  wavelengths for  each sample 

w i t h  a Zeiss spec t rophotometer .  

RESULTS AND DISCUSSION: 

Sodium dodecyl sulfate ,  polyoxyethylene-23-lauryl ether, and 

c e t y l  pyridinium chloride were used as s u r f a c t a n t s  i n  i n v e s t i g a t i n g  

t h e  effects  of e lec t r ica l  charges  on the foam a f f i n i t y  of var ious  

compounds. 

Figure 3 I l lus t ra tes  two sets of chromatograms o b t a i n e d  by 

foam s e p a r a t i o n  of a methylene b lue  and DNP-leucine mixture  w i t h  

sodium dodecyl su l fa te  (SDS) ( t o p )  and c e t y l  p y r i d i n i u n  

c h l o r i d e  (CPC) (bot tom).  I n  each chromatogram, t h e  o r d i n a t e  

i n d i c a t e s  absorbance va lues  measured at  two wavelengths ,  430 m for 

DNP-leucine (0 -0)  and 620 nm f o r  methylene b lue  &-A), and the 

abscissa e l u t i o n  time i n  minutes  as i n d i c a t e d .  When the sample 

mixture  was i n t r o d u c e d  wi th  the  a n i o n i c  SDS s u r f a c t a n t ,  the 

p o s i t i v e l y  charged methylene b lue  adsorbed t o  t h e  foam and quick ly  

e l u t e d  through t h e  foam c o l l e c t i o n  l i n e  ( t o p ,  r i g h t )  while t he  

n e g a t i v e l y  charged DNP-leucine was carried w i t h  t he  l i q u i d  s t ream 
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0.5 

0.4 

0.3 
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LLOUlO COLLECTION LINE FOAM COLLECTION LINE 

1mM so5 
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Methylenu Blue 
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0.3 

0.2 
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Separation o f  methylene blue and DNP-leucine w i t h  sodium 
dodecyl s u l f a t e  (SDS) ( t o p )  and c e t y l  pyridiniun ch lor ide  (CPC) 
(bottom): absorbance values measured a t  two d i f f e r e n t  
wavelengths-430 nm f o r  DNP-leucine and 620 nm f o r  methylene blue 
( loca ted  on o r d i n a t e ) .  Time measured a long  abscissa. With SDS a s  
t h e  s u r f a c t a n t ,  p o s i t i v e l y  charged methylene blue e lu t ed  through 
foam l i n e  whi le  nega t ive ly  charged DNP-leucine carried w i t h  l i q u i d  
stream. DNP-leucine e lu t ed  through foam l i n e  and  methylene blue 
carried wi th  l i q u i d  l i n e  when CPC was used as t h e  s u r f a c t a n t .  
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i n  t h e  o p p o s i t e  

l i n e  ( t o p ,  l e f t  

e l u t e d  w i t h  t h e  

DNP-leucine was 

(bottom, r i g h t )  

BHATNAGAR AND IT0 

d i r e c t i o n  and e l u t e d  through t h e  l i q u i d  c o l l e c t i o n  

. S i m i l a r l y ,  when t h e  same sample mixture w a s  

c a t i o n i c  CPC s u r f a c t a n t ,  t he  n e g a t i v e l y  charged 

e n t i r e l y  e l u t e d  through t h e  foam c o l l e c t i o n  l i n e  

and t h e  p o s i t i v e l y  charged methylene b lue  through 

t h e  l i q u i d  c o l l e c t i o n  l i n e  (bottom, l e f t ) .  (NOTE: The minor 

absorbance observed below t h e  major peak i n d i c a t e s  t h e  absorbance 

of t h e  same compound a t  t h e  cor responding  wavelengths . )  

R e p r o d u c i b i l i t y  of  t h e  above foam s e p a r a t i o n  was examined by 

e l u t i n g  each dye s e p a r a t e l y  which y i e l d e d  a similar peak a t  t h e  

corresponding l o c a t i o n s .  

Figures  4 I-IV diagrammat ica l ly  i l l u s t r a t e  four t y p i c a l  

e l u t i o n  p a t t e r n s  o b t a i n e d  from v a r i o u s  c o l o r e d  samples. I n  each set 

of chromatograms, c o l o r e d  bands e l u t e d  through t h e  l i q u i d  

c o l l e c t i o n  l i n e  are drawn a s  a bar on t h e  l e f t  s i d e  w i t h  a time 

scale  recorded  a t  t he  bottom; t h e  co lored  foam f r a c t i o n s  are 

s i m i l a r l y  drawn on t h e  r i g h t  s i d e .  I n  t h i s  way, e a r l y  e l u t e d  

f r a c t i o n s  either from l i q u i d  or foam c o l l e c t i o n  l i n e s  are seen  near  

t h e  r e s p e c t i v e  margin of t h e  diagram w h i l e  la ter  e l u t e d  f r a c t i o n s  

are located n e a r  t h e  c e n t e r  of the  diagram. 

Chromatogram I shows a t y p i c a l  e l u t i o n  p a t t e r n  of a s t r o n g l y  

foam a c t i v e  compound which is quickly  e l u t e d  o u t  through t h e  foam 

c o l l e c t i o n  l i n e .  Chromatogram I1 is a t y p i c a l  e l u t i o n  p r o f i l e  of a 

compound which lacks foam a f f i n i t y  and t h e r e f o r e  is quickly  e l u t e d  

through t h e  l i q u i d  c o l l e c t i o n  l i n e .  When the compound has  a 

moderate  degree of foam a f f i n i t y ,  i t  w i l l  remain i n  t h e  column f o r  

a l o n g e r  per iod  of time and is s u b j e c t e d  t o  a d d i t i o n a l  mixing which 
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LIQUID 

111. 

IV I::B . 0 10 20 

FOAM 

20 10 0 

TIME (Mid 

Figures 4 I - I V :  I l l u s t r a t i o n  of f o u r  t y p i c a l  e l u t i o n  p r o f i l e s .  
Colored bands e l u t e d  through l i q u i d  c o l l e c t i o n  l i n e  are drawn as a 
bar on t h e  l e f t  s ide.  S i m i l a r l y ,  material i n  foam l i n e  drawn on 
t h e  r i g h t  s i d e  of the  diagram. Time scale is  l o c a t e d  a t  the  bottom 
of the figure.  Ear ly  e l u t e d  f r a c t i o n s  appear  near  t h e i r  r e s p e c t i v e  
margins  of t he  f igu re  while  la ter  f r a c t i o n s  are seen  near  t he  
c e n t e r .  

causes  e x t e n s i v e  broadening of the  sample band. T h i s  results i n  

e l u t i o n  of t h e  sample through both foam and l i q u i d  c o l l e c t i o n  l i n e s  

as shown i n  chromatogram III. Some samples  produce e l u t i o n  p a t t e r n s  

as shown i n  chromatogram I V .  T h i s  may i n d i c a t e  t h a t  t h e  sample 

c o n t a i n s  two d i f f e r e n t  compounds; one is foam a c t i v e  and t h e  other 

is i n a c t i v e ,  each separately e l u t e d  through t h e i r  r e s p e c t i v e  

c o l l e c t i o n  l i n e .  

Screening  tes t s  for  foam a f f i n i t y  were performed on v a r i o u s  

samples such  as DNP amino acids, and acidic and basic dyes u s i n g  

sodium dodecyl sulfate (SDS), c e t y l  p y r i d i n i m  chloride (CPC), and 

polyoxyethylene-23-lauryl ether (POELE) as foam producing r e a g e n t s  

w i t h  or wi thout  a d d i t i v e s  i n  the s u r f a c t a n t  s o l u t i o n .  F igure  5 

s m a r i z e s  t h e  results o b t a i n e d  wi th  SDS and CPC as s u r f a c t a n t s  
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1 rnM SDS 

Fractions 
Liquid Foam 

10 20 20 10 0 

1 rnM CPC 

Fractions 
Liquid Foam 

10 20 20 10 0 

DNP-asp 
u) .- U DNP-glu 
0 < DNP-pro 
0 
.E DNP-Val 

5 DNP-trp 

$ DNP-thr 

DNP-leu 

E 

Methyl Orange 

Phenol Red 

Orange G 

Amaranth 

Tropaeolin 0 x 
2 Orange IV 

Violamine R 

Crocein Scarlet 7B 

Manius Yellow Sodium 

Nile Blue A 

Crystal Violet 

Methyl Violet 
al 0” Basic Blue 

.$ Neutral Red 

Methyl Green 

Methylene Blue 

Rhodamine 6G 

Retention Volume Measured by Liquid Fraction (ml) 

0: no additive; I: 0.1M NaCI; m: 0.01N HCI; e3: 0.01N NaOH 

Figure  5: Shows t h e  s e p a r a t i o n  of t e s t  samples and t h e  e f f e c t s  of 
v a r i o u s  a d d i t i v e s  on foam a f f i n i t y .  Clear b a r s  r e p r e s e n t  results 
wi thout  a d d i t i v e s  i n  s u r f a c t a n t  so lu t ion .  The e f f e c t s  of 0.1M NaCl 
( n e u t r a l  s a l t )  are shown by s o l i d  bars .  S o d i m  c h l o r i d e  i n h i b i t e d  
CPC foam a f f i n i t y  of  DNP amino a c i d s  and a c i d  dyes and also 
i n h i b i t e d  SDS foam a f f i n i t y  of b a s i c  dyes.  Hydrochlor ic  a c i d  (shown 
as s t r i p e d  b a r s )  (0.01N) suppressed  CPC foam a f f i n i t y  of a c i d  dyes;  
it s l i g h t l y  i n h i b i t e d  SDS foam a f f i n i t y  of b a s i c  dyes as well. 
Sodium hydroxide (checked b a r s )  (O.OlN) produced i n c o n s i s t e n t  
r e s u l t s :  it e f f e c t e d  SDS foam a f f i n i t y  of b a s i c  dyes  l i k e  neut ra l  
r e d  and methyl  green  and i t  e f f e c t e d  CPC foam a f f i n i t y  of DNP amino 
a c i d s  and a c i d  dyes.  Methanol is not  p i c t u r e d  because no 
significant e f f e c t  observed.  
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FOAM COUNTERCURRENT CHROMATOGRAPHY 33 

a c c o r d i n g  t o  t h e  format  illustrated i n  F i g u r e s  4 I - I V .  POELE was 

o m i t t e d  from t h e  f i g u r e  because none of t h e  samples  tes ted showed 

foam a f f i n i t y .  Among a l l  samples t e s t e d ,  DNP amino a c i d s  ( r e a g e n t  

grade) produced a clear c u t  behavior  w h i l e  both a c i d i c  and basic 

dyes ( t e c h n i c a l  g r a d e )  gave some i r r e g u l a r  r e s p o n s e s ,  p robably  due 

t o  t h e  h e t e r o g e n e i t y  of the  sample.  

Results o b t a i n e d  w i t h  a s u r f a c t a n t  s o l u t i o n  c o n t a i n i n g  no 

a d d i t i v e s  (shown as clear bars i n  F i g u r e  5)  were e s s e n t i a l l y  t he  

same as those o b t a i n e d  w i t h  methylene blue and DNP-leucine 

p r e v i o u s l y  d e s c r i b e d .  Both DNP amino a c i d s  and a c i d  dyes showed 

foam a f f i n i t y  t o  CPC w h i l e  b a s i c  dyes showed a f f i n i t y  t o  SDS. Some 

e x c e p t i o n s  were observed i n  both  a c i d i c  and b a s i c  dyes:  phenol r e d  

and violamine R ( a c i d  d y e s )  were p a r t l y  c a r r i e d  w i t h  t h e  SDS foam 

and Nile b lue  A ( b a s i c  dye)  w i t h  t h e  CPC foam. None of  t he  samples  

showed foam a f f i n i t y  t o  POELE as mentioned above. 

The effects of v a r i o u s  a d d i t i v e s  on t h e  foam a f f i n i t y  of t h e  

above samples  ( F i g u r e  5) were s t u d i e d  by u s i n g  v a r i o u s  chemicals  

s u c h  as sodiun  chloride ( n e u t r a l  s a l t ) ,  h y d r o c h l o r i c  a c i d  ( a c i d ) ,  

sodium hydroxide ( a lka l i ) ,  and methanol ( o r g a n i c  s o l v e n t ) .  Among 

these, 0.01M N a C l  and 10% methanol f a i l e d  t o  produce any 

s i g n i f i c a n t  change i n  t h e  foam a f f i n i t y  f o r  t h e  above samples  and 

t h e r e f o r e  were e l i m i n a t e d  from the f i g u r e .  When N a C l  was used i n  a 

h i g h e r  c o n c e n t r a t i o n  a t  0.1 M ,  i t  produced h i g h l y  s i g n i f i c a n t  

e f f e c t s  o n  t h e  foam a f f i n i t y  of both s u r f a c t a n t s  as i n d i c a t e d  by 

the so l id  b a r s  i n  F i g u r e  5 (i.e.,  s t r o n g  i n h i b i t o r y  effects on CPC 

foam a f f i n i t y  of DNP amino a c i d s  and acid dyes and on SDS foam 

a f f i n i t y  of b a s i c  dyes were observed) .  It  a l s o  produced a m i l d  
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34 BHATNAGAR AND IT0  

enhancement of  SDS foam a f f i n i t y  of a c i d  dyes as evidenced by a 

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

S t r o n g  effects were observed i n  0.01N HC1 and 0.01N NaOH. 

Hydrochlor ic  acid (shown as s t r i p e d  bars i n  Figure 5) s t r o n g l y  

s u p p r e s s e d  CPC a f f i n i t y  of acid dyes as did 0.1M NaCl w h i l e  it also 

showed a moderate  degree of i n h i b i t o r y  a c t i o n  on SDS foam a f f i n i t y  

of basic dyes. On t h e  other hand, 0.01N NaOH (shown as checked bars 

i n  F i g u r e  5) gave somewhat i r r e g u l a r  effects. As expec ted ,  i t  

produced s i g n i f i c a n t  e f f e c t s  on SDS foam a f f i n i t y  of basic dyes 

s u c h  as n e u t r a l  red and methyl green ,  whi le  i t  gave l i t t l e  effect 

t o  some other basic dyes s u c h  as Nile b lue  A and c r y s t a l  v i o l e t .  

Sodium hydroxide a l s o  modera te ly  i n h i b i t e d  CPC foam a f f i n i t y  of  DNP 

amino acids and acid dyes.  

Overa l l  results of the  above experiments  c l e a r l y  i n d i c a t e  tha t  

t he  p o s i t i v e l y  charged i o n s  are c o l l e c t e d  by SDS and the  n e g a t i v e l y  

charged i o n s  by CPC. C a t i o n s  such  as s o d i m  i o n s ,  i f  added t o  t h e  

s u r f a c t a n t  s o l u t i o n ,  c o m p e t i t i v e l y  i n h i b i t  i o n i c  b inding  of 

p o s i t i v e l y  charged samples  ( such  as basic d y e s )  t o  t h e  SDS molecule 

t o  r e d u c e  t h e i r  foam a f f i n i t y .  S i m i l a r l y ,  an ions  s u c h  as chloride 

ions i n h i b i t  CPC foam a f f i n i t y  of n e g a t i v e l y  charged samples ( such  

as DNP amino acids and acid dyes) .  Accordingly,  sodim chloride,  i f  

added i n  a h i g h  c o n c e n t r a t i o n ,  can affect  b inding  of both acidic  

and basic compounds t o  the cor responding  s u r f a c t a n t s .  Irregular 

a c t i o n  of s o d i m  hydroxide t o  basic dyes,  however, remains f o r  

f u r t h e r  i n v e s t i g a t i o n .  

The s e p a r a t i o n  of noncolored samples was then  observed.  The 

e l u a t e s  from each c o l l e c t i o n  l i n e  were f r a c t i o n a t e d  i n  separate 
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FOAM COUNTERCURRENT CHROMATOGRAPHY 35 

Samples 
Nucleotides and Adenine 

Related Compounds Adenosine 
AMP 
ADP 
ATP 
Poly A 
DNA (Calf Thymus) 

Peptides and Gramicidins 
Proteins Mellitin 

Insulin (Bovine) 
Hemoglobin (Human) 
Histone (Calf Thymus) 
Serum Albumin (Bovine) 
(I Globulin (Human) 

Miscellaneous Dinitrobenzene 
Abscisic Acid 
lndole-3-Acetic Acid 
Epinephrine 

Surfactant 
SDS CPC 

L L  
L L  
L L  
L L  
L L  
L L  
L L  

L L  
L L  
F L  
L L  
L L  
L L  
L L  

L L  
L F  
L F  
L L  

L: Collected From Liquid Line; F: Collected From Foam Line 

F igure  6: S e p a r a t i o n  of noncolored samples: absorbance measured a t  
280 nm f o r  each  sample. ffLff r e p r e s e n t s  e l u a t e  observed from l i q u i d  
c o l l e c t i o n  l i n e  and ffFvf d e s i g n a t e s  eluate from foam o u t l e t .  
Abscisic a c i d  and indole-3-ace t ic  acid c o l l e c t e d  w i t h  CPC. Wi th  SDS 
as t h e  s u r f a c t a n t ,  o n l y  i n s u l i n  c a r r i e d  w i t h  foam. 

test  tubes  a t  t h i r t y  second i n t e r v a l s  and t h e  absorbance of each 

f r a c t i o n  was measured a t  280 run w i t h  a Zeiss s p e c t r o p h o t m e t e r .  

Figure 6 shows t h e  results of the experiments  performed. The 

letter ffLtf d e s i g n a t e s  t h e  l i q u i d  c o l l e c t i o n  l i n e  e l u a t e  w h i l e  t h e  

l e t t e r  ffFff r e p r e s e n t s  t h e  eluate from t h e  foam c o l l e c t i o n  l i n e .  

Among a l l  samples  examined, o n l y  abscisic acid and indole-3-ace t ic  

a c i d  were c o l l e c t e d  w i t h  CPC. Bovine i n s u l i n  was t h e  o n l y  

noncolored sample c o l l e c t e d  w i t h  SDS. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
4
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



36 BHATNAGAR AND IT0 

The above results c l e a r l y  i n d i c a t e  t h a t  t h e  p r e s e n t  method may 

be e f f e c t i v e l y  u t i l i z e d  f o r  enrichment and s e p a r a t i o n  of t h e s e  

compounds by s e l e c t i n g  t h e  proper  s u r f a c t a n t .  Because of r a p i d  and 

e f f i c i e n t  s e p a r a t i o n ,  foam c o u n t e r c u r r e n t  chromatography has  great 

p o t e n t i a l  i n  t h e  s e p a r a t i o n  and p u r i f i c a t i o n  o f  samples i n  r e s e a r c h  

1 abor a t  or i es , 
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