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VERSATILE COIL PLANET CENTRIFUGE 
FOR PERFORMING COUNTERCURRENT 
CHROMATOGRAPHY: COMPARATIVE 

STUDIES ON PERFORMANCE ON THREE 
TYPES OF COLUMNS 

Jesse L. Sandlin and Yoichiro Ito 
Laboratory of Technical Development 

National Heart, Lung, and Blood Institute 
9000 Rockville Pike 

Bethesda, Maryland 20892 

ABSTRACT 

A compact t ab l e  t o p  model of a coil  p lane t  c e n t r i f u g e  has a 
c a p a b i l i t y  of u t i l i z i n g  var ious  types  of s e p a r a t i o n  columns t o  
y i e l d  a n a l y t i c a l  t o  p r e p a r a t i v e  s e p a r a t i o n s  a t  high p a r t i t i o n  
e f f i c i e n c y  of t he  h e l i c a l  c o l m n  on t h e  holder .  Three t y p e s  of 
helical  s e p a r a t i o n  colwnns were examined t o  e v a l u a t e  t h e i r  
performance i n  r e t e n t i o n  of t h e  s t a t i o n a r y  phase and p a r t i t i o n  
e f f i c i e n c y  u s i n g  t h e  same set of pept ide  samples and butanol  
two-phase s o l v e n t  systems. The e c c e n t r i c  h e l i c a l  column 
c o n s i s t e d  of e i g h t  c o i l  units each prepared by winding two l a y e r s  
of a 1 .6  mm i . d .  PTFE (poly te t ra f luoroe thylene)  t u b i n g  o n t o  a 
1.25 cm diameter  p ipe  t o  y i e l d  a t o t a l  volume c a p a c i t y  of about 
12  m l .  These column u n i t s  were i n t e r c o n n e c t e d  i n  series w i t h  
narrow-bore PTFE t u b i n g  and symmetr ica l ly  mounted around the 
holder  a t  a d i s t a n c e  approximately 4 cm frun the  holder  a x i s .  
The t o r o i d a l  column was prepared by winding similar t u b i n g  o n t o  a 
1.25 cm diameter ( p l a s t i c  f l e x i b l e )  core  which was a g a i n  c o i l e d  
around t h e  h o l d e r .  The m u l t i l a y e r  column was prepared by winding 
similar t u b i n g  d i r e c t l y  around t h e  holder  making m u l t i p l e  layers 
wi th  a t o t a l  c a p a c i t y  of approximately 240 ml. Overa l l  results 

5s 

Copyright 0 1988 by Marcel Dekker, Inc. 

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



56 SANDLIN AND IT0 

i n d i c a t e d  t h a t  t h e  e c c e n t r i c  h e l i c a l  column y ie lded  higher  peak 
r e s o l u t i o n  t h a n  t h e  toroidal column w h i l e  t h e  m u l t i l a y e r  coil 
produced t h e  h i g h e s t  peak r e s o l u t i o n  among a l l  columns. The 
problem of i n s u f f i c i e n t  r e t e n t i o n  of viscous sec-butanol /aqueous 
phase s y s t e m s  i n  t h e  m u l t i l a y e r  column was so lved  by h e a t i n g  t h e  
c e n t r i f u g e  u n i t  a t  45-5OoC. The t o r o i d a l  column y i e l d e d  t h e  
lowes t  e f f i c i e n c y  but  i s  most s u i t e d  f o r  smal l - sca le  s e p a r a t i o n s  
w i t h  a narrow-bore coil. 

INTRODUCTION 

Countercurrent  chromatography ( C C C )  is a unique 

l i q u i d - l i q u i d  s e p a r a t i o n  technique  t h a t  does not r e q u i r e  t h e  use 

of a s o l i d  suppor t  m a t r i x .  T h i s  f o r g o e s  t h e  a s s o c i a t e d  problems 

of peak t a i l i n g ,  sample l o s s ,  and sample contaminat ion from t h e  

column m a t r i x .  I n  a d d i t i o n ,  CCC does not r e q u i r e  the  use of 

r o t a t i n g  seals [1,21. T h i s  d ra s t i ca l ly  reduces  t h e  maintenance 

requi rements  of t h e  appara tus .  The e f f i c i e n c y  and performance of 

CCC i s  a c u t e l y  s e n s i t i v e  t o  t h e  o r i e n t a t i o n  of t h e  column w i t h i n  

the  p lanes  of r o t a t i o n  and r e v o l u t i o n .  Three columns were 

t e s t e d ,  e a c h  d i f f e r i n g  wi th  r e s p e c t  t o  t h i s  o r i e n t a t i o n .  The 

performance of each c o l m n  was a s s e s s e d  by t he  s e p a r a t i o n  of a 

p a i r  of s t a n d a r d i z e d  pept ides  (Val-typ, t r p - l e u )  i n  a two-phase 

s o l v e n t  m i x t u r e  of n-butanol ,  acet ic  acid, and water (4:1:5) and 

by t h e  s e p a r a t i o n  of bovine i n s u l i n  i n  a s o l v e n t  system composed 

of sec-butanol ,  d i c h l o r o a c e t i c  acid ( D C A )  and water  (1OO:l : l o o )  

a t  5 O O C .  

Countercur ren t  chromatography i s  a system based on the  

hydrodynamic e q u i l i b r i m  e s t a b l i s h e d  w i t h i n  a column s u b j e c t e d  t o  
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COIL PLANET CENTRIFUGE PERFORMANCE STUDIES 57 

a p a r t i c u l a r  a c c e l e r a t i o n  f i e l d  C31. 

the r e t e n t i o n  of one phase ( s t a t i o n a r y  phase)  of a two-phase 

s o l v e n t  system w i t h i n  t h e  column. T h i s  e q u i l i b r i u m  is maintained 

a g a i n s t  t h e  f low of t h e  compliment phase (mobile phase)  

in t roduced  a t  t h e  inlet  of t h e  column. Samples in t roduced  a t  t h e  

i n l e t  of the  colunn a l o n g  w i t h  t h e  mobile phase are p a r t i t i o n e d  

between t h e  two phases and s e p a r a t e d  chromatographica l ly  

a c c o r d i n g  t o  t h e i r  p a r t i t i o n  c o e f f i c i e n t s .  The format ion  of such  

a hydrodynamic e q u i l i b r i u m  i s  dependent upon v a r i a b l e s  i n h e r e n t  

t o  both t h e  s o l v e n t  system used: i n t e r f a c i a l  t e n s i o n ,  t u b e  wall 

a f f i n i t y ,  d e n s i t y  d i f f e r e n c e s  , v i s c o s i t y  and i n h e r e n t  t o  t he  

appara tus :  r e v o l u t i o n s  per  minute (rpm), i n t e r n a l  diameter of 

t u b i n g  used ,  f low ra te ,  r e v o l u t i o n a l  d i r e c t i o n  and t h e  r a t i o  of 

t h e  r o t a t i o n a l  diameter of the  column holder to  t h e  r e v o l u t i o n a l  

diameter of the a p p a r a t u s .  T h i s  r a t i o  is termed t h e  beta va lue  

of t h e  appara tus .  The format ion  of t h i s  e q u i l i b r i u m  i s  secondary 

t o  t h e  a c c e l e r a t i o n  f i e l d  t h e  c o l m n  is s u b j e c t e d  t o .  Th i s  

c e n t r i p e t a l  f i e l d  is produced by a synchronous p l a n e t a r y  motion 

whereby the  c o l m n  r e v o l v e s  once w i t h  respect t h e  t h e  c e n t r a l  

h o r i z o n t a l  a x i s  of t h e  a p p a r a t u s  and twice w i t h  r e s p e c t  t o  

g r a v i t y  i n  t he  same d i r e c t i o n  and angular  v e l o c i t y  [41. 

T h i s  e q u i l i b r i u m  results i n  

T h i s  synchronous p l a n e t a r y  motion y i e l d s  a high percentage 

of one phase remaining i n  t h e  c o l m n .  T h i s  h igh  s t a t i o n a r y  phase 

r e t e n t i o n  i s  of cr i t ica l  importance t o  sample peak r e s o l u t i o n ,  

i ,e . ,  peak r e s o l u t i o n  i s  i n c r e a s e d  w i t h  h igher  s t a t i o n a r y  phase 

r e t e n t i o n .  The p a r t i t i o n i n g  process  of t h e  sample between t h e  
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58 SANDLIN AND IT0 

s o l v e n t  pa i r s  a t  t he  i n l e t  of t he  column r e p r e s e n t s  t h e  basic 

p r i n c i p l e  behind CCC; however, d i f f e r e n t  hydrodynamic e q u i l i b r i u m  

c o n d i t i o n s  arise w i t h  t h e  use  of d i f f e r e n t  c o l m n  o r i e n t a t i o n s  

w i t h  r e s p e c t  t o  the  c e n t r a l  a x i s  of the  appara tus .  Th i s  

p a r t i t i o n i n g  process  i s  dependent upon t h e  s t a t i o n a r y  phase 

r e t e n t i o n  which i s  i n  t u r n  dependent upon t h e  hydrodynamic 

e qul 1 i br  i a es t a b l  i s  hed . 
Three c o l m n s  wi th  d i f f e r e n t  o r i e n t a t i o n s  were tested i n  o r d e r  t o  

e l u c i d a t e  their r e s p e c t i v e  s t a t i o n a r y  phase r e t e n t i o n  and peak 

r e s o l u t i o n  c a p a b i l i t i e s  (F ig .  1 1. I n  t h e  m u l t i l a y e r  o r i e n t a t i o n  of 

t h e  column ( F i g .  1 ,  r i g h t ) ,  t h e  c e n t r i f u g a l  f o r c e  f i e l d  

induced by r o t a t i o n  establishes an equi l ibr ium whereby a 

u n i l a t e r a l  d i s t r i b u t i o n  of t h e  two phases occurs .  Depending on 

which type  of s o l v e n t  system i s  used and a t  what temperature, one 

phase w i l l  t o t a l l y  occupy t h e  head end of the  column w h i l e  t h e  

o t h e r  phase occupies  t h e  t a i l  end. (The h e a d - t a i l  r e l a t i o n s h i p  

i s  c o n v e n t i o n a l l y  d e f i n e d  on the  basis of a n  Archimedean screw 

effect where a l l  o b j e c t s  of d i f f e r e n t  d e n s i t y  move from t h e  t a i l  

toward t h e  head of t he  r o t a t i n g  coi l . )  

dependent upon t h e  beta va lue  of t h e  appara tus .  When t h e  beta 

va lue  exceeds 0.5, t h e  c e n t r i f u g a l  f o r c e  f i e l d  p a t t e r n  i s  such  

t h a t  t h e  c e n t r i f u g a l  f o r c e  v e c t o r s  are always p o i n t i n g  outwardly  

from t h e  column and f l u c t u a t e s  i n  both magnitude and d i r e c t i o n  

dur ing  each r e v o l u t i o n a l  c y c l e  C31. During r o t a t i o n  t h e  

format ion  of a mixing zone (area of i n t e n s e  a g i t a t i o n )  o c c u r s  i n  

a p o r t i o n  of t u b i n g  i n  each h e l i c a l  t u r n  c l o s e s t  t o  t h e  c e n t r a l  

This  e q u i l i b r i u m  i s  
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COIL PLANET CENTRIFUGE PERFORMANCE STUDIES 

Fig. 1 : Column conf lgura t ion :  e c c e n t r i c  ( l e f t ) ,  toroidal 
( c e n t e r ) ,  m u l t i l a y e r  ( r i g h t ) .  

a x i s  of r e v o l u t i o n .  The remainder of each h e l i c a l  t u r n  

r e p r e s e n t s  a s e t t l i n g  zone (formaticm of two l a y e r s )  i n  which t h e  

lower phase occupies  the  p e r i p h e r a l  h a l f  of each hel ical  t u r n  

whi le  t he  upper phase occupies  t h e  innermost ha l f .  The mixing 

zone propagates  a long  t h e  c o i l  and e n s u r e s  good mixing and mass 

t r a n s f e r  between t h e  two phases .  The  r e v o l u t i o n a l  r a t e  

de termines  how q u i c k l y  per unit time t h e  mixing zone is formed. 

I n  t h e  t o r o i d a l  column (Fig .  1 ,  center) the hydrodynamic 

e q u i l i b r i u m  d i f fe rs  from tha t  of t he  m u l t i l a y e r  colunn. Upon 
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60 SANDLIN AND IT0 

r o t a t i o n ,  t h e  column is s u b j e c t e d  t o  t h e  same a c c e l e r a t i o n  f i e l d  

i n  t h a t  t h e  a c c e l e r a t i o n  v e c t o r s  po in t  outwardly from t h e  c o l m n  

and undula tes  i n  both magnitude and d i r e c t i o n .  This  results i n  

t he  s e p a r a t i o n  of t h e  two phases whereby t h e  heavier  phase 

occupies  t h e  o u t e r  h a l f  and t h e  l i g h t e r  phase t h e  i n n e r  h a l f  of 

each coi l  u n i t .  The e q u i l i b r i u m  p a t t e r n  seen  w i t h  t h e  toroidal  

column is a l s o  t r u e  of t h e  e c c e n t r i c  o r i e n t a t i o n  of t h e  c o l m n  

(Fig .  1 ,  l e f t ) .  This  s e p a r a t i o n  of t h e  two phases r e p r e s e n t s  an 

equal  d i s t r i b u t i o n  of t h e  two phases a long  t h e  e n t i r e  l e n g t h  of 

t h e  column. This  i m p l i e s  t h a t  t h e  maximal s t a t i o n a r y  phase 

r e t e n t i o n  v a l u e s  i n  both t h e  t o r o i d a l  and e c c e n t r i c a l  columns 

would n o t  exceed 50% whereas va lues  greater than  50% and 

e x p e r i m e n t a l l y  observed va lues  of up t o  90% have been 

demonstrated w i t h  t h e  m u l t i l a y e r  c o n f i g u r a t i o n .  Although 

r e t e n t i o n  va lues  of over  30% are u s u a l l y  adequate  f o r  

s a t i s f a c t o r y  s e p a r a t i o n ,  h igher  r e t e n t i o n  va lues  w i l l  

s u b s t a n t i a l l y  improve t h e  peak r e s o l u t i o n ,  e s p e c i a l l y  i n  e a r l y  

e l u t i n g  peaks.  

APPARATUS 

A hor izonta l - f low through c o i l  p l a n e t  c e n t r i f u g e  equipped 

w i t h  a tempera ture  c o n t r o l  system was u t i l i z e d  i n  t h e  p r e s e n t  

s t u d y  ( F i g .  2 ) .  The r o t a r y  frame of t h e  a p p a r a t u s  was coupled t o  

t h e  c e n t r a l  s h a f t  by a p a i r  of too thed  p u l l e y s  and too thed  b e l t  

and r e v o l v e s  around t h e  s t a t i o n a r y  c e n t r a l  sha f t  of t h e  a p p a r a t u s .  

The r o t a r y  frame c o n s i s t s  of two symmetrically r o t a t i n g  holders 

each  with t h e i r  c e n t r a l  s h a f t s  p a r a l l e l  t o  t h e  c e n t r a l  a x i s  Of 
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COIL PLANET CENTRIFUGE PERFORMANCE STUDIES 61 

Fig .  2: C r o s s - s e c t i o n a l  view th rough  t h e  c e n t r a l  a x i s  of t he  
a p p a r a t u s .  

t h e  a p p a r a t u s .  One h o l d e r  s e r v e s  as t h e  expe r imen ta l  c o l m n  and 

is h e l d  t o  t h e  r o t a r y  frame by a p a i r  of  removable sealed b a l l  

b e a r i n g  assemblies a t  a f i x e d  d i s t a n c e  of  four i n c h e s  from t h e  

c e n t r a l  a x i s  of t h e  a p p a r a t u s .  The o t h e r  h o l d e r  s e r v e s  as a 

c o u n t e r b a l a n c e .  The s h a f t  of each c o l m n  h o l d e r  is equipped w i t h  

a metal p l a n e t a r y  gea r  which is coup led  t o  a n  i d e n t i c a l  
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62 SANDLIN AND I T 0  

s t a t i o n a r y  metal  sun gear  a f f i x e d  t o  t h e  c e n t r a l  s h a f t  of t h e  

appara tus .  T h i s  gear  arrangement produces a synchronous 

p l a n e t a r y  motion t h a t  a l lows  f o r  a system t h a t  does not r e q u i r e  

r o t a t i n g  sea ls .  

The appara tus  w a s  modif ied i n  o r d e r  t o  main ta in  desirable 

o p e r a t i n g  tempera tures  (F ig .3) .  The o u t s i d e  of t h e  appara tus  was 

i n s u l a t e d  w i t h  s h e e t s  of polyurethane foam glued t o  t h e  outer 

s u r f a c e  of t h e  aluminun walls of t h e  appara tus .  Four electric 

h e a t i n g  pads a long  w i t h  a h e a t  s e n s o r  were glued t o  t he  three 

i n s i d e  w a l l s  of t h e  a p p a r a t u s ,  t h e  f o u r t h  w a l l  is of t r a n s p a r e n t  

p l e x i g l a s s .  k thermometer was taped  t o  t he  s i d e  of the  

p l e x i g l a s s  s h i e l d  i n  order  t o  observe t h e  o p e r a t i n g  tempera ture  

of t h e  appara tus .  Temperature was r e g u l a t e d  by a tempera ture  

c o n t r o l l e r  o b t a i n e d  from FHL I n d u s t r i e s ,  Inc . ,  Bocnton, New 

J e r s e y .  

Revolu t iona l  speed was r e g u l a t e d  by a n  Electro-Craf  t E-652-M 

c o n t r o l  u n i t .  Solvent  was pumped through t h e  column w i t h  e i t h e r  

a Beckman Accu-Flow pump o r  a Chromatronix Cheminert meter ing  

pump. 

and c o l l e c t e d  i n t o  f r a c t i o n s  w i t h  an LKR U l t r o r a c  f r a c t i o n  

collector.  

The e f f l u e n t  was monitored by an LKB Uvicord S a t  280 nm 

The columns were prepared by winding cont inuous l e n g t h s  of 

PTFE t u b i n g  around the  column holder .  A p a i r  of f low t u b e s  from 

the  column was f i rs t  passed through a c e n t r a l  h o l e  i n  t h e  holder 

s h a f t  and t h e n  through a s i d e  opening of a hollow c e n t r a l  

s t a t i o n a r y  s h a f t  of t h e  appara tus .  To prevent  direct  metal 
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COIL PLANET CENTRIFUGE PERFORMANCE STUDIES 63 

Fig .  3: Horizontal flow-through c o i l  planet cen t r i fuge  modified 
w i t h  a temperature control system. 
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64 SANDLIN AND I T 0  

Contact  of t h e  f low t u b e s  t o  t h e  a p p a r a t u s ,  t h e  f low t u b e s  were 

l u b r i c a t e d  w i t h  s i l i c o n e  grease and su r rounded  by a p i e c e  of 

P l a s t i c  t ub ing .  The m u t i l a y e r  column was p repa red  by winding a 

p i e c e  of 1 . 6  mm i . d . ,  PTFE t u b i n g  (Zeus I n d u s t r i a l  P r o d u c t s ,  

R a r i t a n ,  NJ) o n t o  a spool-shaped holder 1.5" i n  diameter. T h i s  

co r re sponded  t o  a beta va lue  r a n g e  of 0.19-0.42. The column 

c a p a c i t y  was 260 m l .  A second  m u l t i l a y e r  c o i l  c o n s i s t e d  of a 

p i e c e  of 1.6 mm i . d . ,  PTFE t u b i n g  wound i n  m u l t i p l e  l a y e r s  upon a 

s p o o l  h o l d e r  5" i n  diameter, t h u s  c o r r e s p o n d i n g  t o  a beta v a l u e  

of 0.56-0.75. The column c a p a c i t y  was 240 m l .  The t o r o i d a l  

column was p repa red  by wind ing  PTFE t u b i n g  o n t o  a f l e x i b l e  core 

of r u b b e r  t u b i n g  which w a s  t h e n  wound o n t o  the spool-shaped 

h o l d e r .  The t u b i n g  was 1.6 mm i . d .  and 91 m l  i n  c a p a c i t y .  The 

colrrrmn h o l d e r  f o r  the  e c c e n t r i c a l  coils consisted of e i g h t  e v e n l y  

spaced  aluminum r o d s  r a d i a l l y  a r r a n g e d  around t h e  c e n t r a l  s h a f t  

of the ho lde r .  A t  t h e  ends of each r o d  is an aluminum f i t t i n g  

which fits s n u g l y  o n t o  t h e  h o l d e r .  Each r o d  was a t t a c h e d  t o  t h e  

holder v i a  a s i n g l e  A l l e n  screw i n  each aluminum f i t t i n g .  

each  r o d  was wound a s i n g l e  l a y e r  of 1.6 mm i . d . ,  PTFE t u b i n g ,  5 

meters l o n g  and 1 2  m l  i n  c a p a c i t y .  Each c o i l e d  u n i t  was 

connec ted  i n  series by a l O c m  l o n g  p i e c e  of t u b i n g ,  0.46 mm i . d .  

t o  make a t o t a l  colunn c a p a c i t y  o f  96 m l .  

On 

EXPERIMENTAL 

S o l v e n t  System and Sample S o l u t i o n  

I n  t h e  p r e s e n t  s t u d y ,  two phase sys t ems  were used. The 

first C o n s i s t e d  o f  n-butanol  (Burd ick  & Jackson  L a b o r a t o r i e s ,  
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COIL PLANET CENTRIFUGE PERFORMANCE STUDIES 65 

I n c . ,  Muskegon, M I ) ,  g l a c i a l  acet ic  a c i d  (J. T. Baker Chemical 

Co., P h i l l i p s b u r g ,  N J ) ,  and d i s t i l l e d  w a t e r  a t  a volume r a t i o  of 

4:1:5. 

(Burd ick  & Jackson  Labor*a to r i e s ,  I n c . ,  Muskegon. M I ) ,  

d i c h l o r o a c e t i c  a c i d  ( A l d r i c h  Chemical Co., Milwaukee, WI) and 

d i s t i l l e d  water a t  v a r y i n g  volume r a t i o s .  The n-butanol  s o l v e n t  

sys t em was e q u i l i b r a t e d  i n  a s e p a r a t o r y  f u n n e l  a t  room 

t e m p e r a t u r e  and s e p a r a t e d  b e f o r e  use. The sec -bu tano l  s o l v e n t  

system w a s  e q u i l i b r a t e d  i n  a water ba th  a t  50% and s e p a r a t e d  

b e f o r e  use .  

The second phase  sys t em was composed of sec -bu tano l  

A sample s o l u t i o n  of  L-tryptophyl-L-leucine ( t r p - l e u )  and 

L-valyl-L-tyrosine ( V a l - t y r f  , o b t a i n e d  from Sigma Chemical Co., 

S a i n t  Lou i s ,  MO, was used i n  c o n j u n c t i o n  w i t h  t h e  n -bu tano l ,  

acet ic  a c i d ,  and water system ( B A W ) ,  w h i l e  a sample s o l u t i o n  of 

bovine i n s u l i n ,  a lso from Sigma Chemical Co., was used w i t h  t h e  

sec -bu tano l  system. Twenty-five m i l l i g r a m s  of  e a c h  p e p t i d e  were 

d i s s o l v e d  i n  equa l  volunes of upper and lower  phases  a t  room 

t e m p e r a t u r e  for  a f i n a l  sample volume of 2 m l .  One hundred 

milligrams of i n s u l i n  were d i s s o l v e d  i n  equa l  volunes of upper 

and lower phases  a t  50°C f o r  a t o t a l  sample volume of 3 m l .  

S e p a r a t i o n  P rocedure  

I n  t h e  s e p a r a t i o n  o f  t h e  d i p e p t i d e s ,  t h e  colunn was first 

f i l l e d  e n t i r e l y  w i t h  t h e  s t a t i o n a r y  phase a t  roan t e m p e r a t u r e  and  

t h e n  fo l lowed  by t h e  i n j e c t i o n  of t h e  sample s o l u t i o n  th rough  t h e  

sample p o r t .  Fol lowing sample i n j e c t l o n  t h e  a p p a r a t u s  was 

r o t a t e d  a t  t h e  d e s i g n a t e d  speed  (600 o r  800 rpm) w h i l e  t he  mob i l e  
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66 SANDLIN AND I T 0  

phase was pumped i n t o  t h e  column a t  the  d e s i r e d  flow rate of 

50 m l / h r .  For t h e  s e p a r a t i o n  of i n s u l i n ,  t h e  appara tus  was f i r s t  

e q u i l i b r a t e d  to  5 O O C .  This  was fol lowed by i n t r o d u c t i o n  of t h e  

hea t  e q u i l i b r a t e d  mobile  phase. The sample s o l u t i o n  was 

i n t r o d u c e d  i n t o  t h e  r o t a t i n g  a p p a r a t u s  f o l l o w i n g  the  appearance 

of t h e  s o l v e n t  f r o n t .  

The e f f l u e n t  was cont inuous ly  monitored a t  280 nm w i t h  an 

LKB 2138 Uvicord S d e t e c t o r  and c o l l e c t e d  w i t h  a n  LKB U l t r o r a c  

f r a c t i o n  c o l l e c t o r .  An a l i q u o t  of each f r a c t i o n  (200 ul) was 

d i l u t e d  w i t h  3 m l  methanol and analyzed wi th  a Beckman model 35 

spec t rophotometer  a t  280 nm. Following t h e  s e p a r a t i o n ,  t h e  

colunn c o n t e n t s  were voided i n t o  a graduated c y l i n d e r  w i t h  

n i t r o g e n  gas at 80 p s i  t o  measure t h e  percent  r e t e n t i o n  of t h e  

s t a t i o n a r y  phase. 

RESULTS AND DISCUSSION 

The e f f i c i e n c y  and sample peak r e s o l v i n g  c a p a c i t y  of each 

c o l m n  was eva lua ted  by the  use  of a s t a n d a r d i z e d  pair of 

d i p e p t i d e s  and a pure sample of bovine i n s u l i n .  

Twenty-five milligrams (25 me;)  of each d i p e p t i d e  ( t r p - l e u  

and V a l - t y r )  were d i s s o l v e d  i n  1 m l  of upper phase and 1 ml of 

lower phase from an e q u i l i b r a t e d  s o l v e n t  system composed of 

n-butanol /g lac ia l  a c e t i c  a c i d l w a t e r  a t  a volume r a t i o  of 4 : l  :5, 

r e s p e c t i v e l y .  A t o t a l  of 50 mg d i s s o l v e d  i n  2 m l  (2.5 g % )  was 

in t roduced  as t h e  t e s t  sample s o l u t i o n  f o r  each colunn. The f low 

ra te  remained a t  50 ml/hr a t  room tempera ture  ( 2 4 O C ) .  
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Fig .  4 :  S e p a r a t i o n s  of V a l - t y r  and t r p - l e u  a t  an rpm s e t t i n g  of 
600. 

Experimental  v a r i a b l e s  inc luded  choice of mobile phase and 

r e v o l u t i o n a l  speed (600 or 800 rpm). Figure 4 depicts 

chromatograms obta ined  from t he  s e p a r a t i o n  of the  d ipept ides  at 

an  rpn s e t t i n g  of 600. The abscissa i n d i c a t e s  time i n  hours  

whi le  t h e  o r d i n a t e  i n d i c a t e s  absorbance l e v e l  monitored a t  280 nm. 

The r i g h t  hand column i n d i c a t e s  a lower mobile  phase w h i l e  t he  
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LOWER PHASE 
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VAL-NR 

3 4 6 6 

TIME (hn) 

F i g .  5: S e p a r a t i o n  of Val-typ and t r p - l e u  a t  an rpm s e t t i n g  of 
800. 

l e f t  hand c o l m n  i n d i c a t e s  an upper mobile phase. The far l e f t  

hand c o l m n  i n d i c a t e s  column o r i e n t a t i o n .  F igure  5 r e p r e s e n t s  

chromatograms obta ined  under i d e n t i c a l  experimental  c o n d i t i o n s  as 

seen  i n  Figure 4 a t  an rpm va lue  of 800. 

From Table 1 i t  may be s e e n  t h a t  o v e r a l l ,  s t a t i o n a r y  phase 

r e t e n t i o n  percentages  were not  s i g n i f i c a n t l y  a l t e r e d  by 
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Table 1 

S t a t i o n a r y  Phase Retent ion  Values 

Coi led  Upper Phase Mobile Lower Phase Mobile 
Column 600 rpm 800 rpm 600 rpm 800 rpm 

Pe p t  i d e s  

E c c e n t r i c  3 9% 2 9% 40% 30% 
Toroi d a l  41 42 41 39 
Mu1 t il ayer  
B=. 19-.42 53 64 25 23 
B=. 56- .75 38 36 14  14 

I n s u l i n  

E c c e n t r i c  40 
Toroida l  42 
Mu1 t i l a y e r  
B=.56-.?5 33 

38 
39 

4% 

i n c r e a s i n g  t h e  rpm v a l u e  from 600 t o  800 wi th  r e s p e c t  t o  t h e  

e c c e n t r i c  and t o r o i d a l  columns. T h i s  might be expected s i n c e  t h e  

r a n g e  i n  r e t e n t i o n  va lues  of 39-412 are a l r e a d y  approaching t h e  

maximal r e t e n t i o n  va lues  of 50%. I n c r e a s i n g  t h e  r e v o l u t i o n a l  

speed  may in fact  produce t o o  much phase mixing and result i n  

l o s s  of s t a t i o n a r y  phase from the  c o l m n  v i a  e m u l s i f i c a t i o n  and 

car ryover  of t h e  s t a t i o n a r y  phase w i t h  t h e  e l u t i n g  mobile phase. 

T h i s  i s  e v i d e n t  more i n  t h e  e c c e n t r i c  c o n f i g u r a t i o n  t h a n  t h e  

t o r o i d a l  a t  t h e  h igher  rpm s e t t i n g  ( T a b l e  1).  However, t h e  

i n c r e a s e d  phase mixing a s s o c i a t e d  w i t h  t h e  e c c e n t r i c  

c o n f i g u r a t i o n  may account fo r  t h e  improved p a r t i t i o n  e f f i c i e n c y  

i n  terms of t h e o r e t i c a l  p l a t e s  at both rpn s e t t i n g s  when compared 

t o  t h e  toroidal o r i e n t a t i o n  ( F i g s .  4,5). 

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



70 SANDLIN AND IT0 

With r e s p e c t  t o  t h e  m u l t i l a y e r  column, s t a t i o n a r y  phase  

r e t e n t i o n  is more dependen t  upon t h e  6 v a l u e  of t he  a p p a r a t u s .  

From p r e v i o u s  s t u d i e s  t h e  phase  d i s t r i b u t i o n  of t h e  

c h l o r o f o r m / a c e t i c  acid/water (2:2:1) s y s t e m  is s u c h  t h a t  a t  a 

small v a l u e  of 0.25. t h e  upper  phase  d i s t r i b u t e s  t o  t h e  t a i l  of 

t h e  column w h i l e  t h e  lower phase d i s t r i b u t e s  t o  the head. An 

i n t e r m e d i a t e  8 v a l u e  of 0.25 p roduced  a t r a n s i t i o n a l  hydrodynamic 

s t a t e  s u c h  t h a t  d i s t r i b u t i o n  t r e n d s  d i d  n o t  e x i s t .  However, a t  B 

v a l u e s  g r e a t e r  t h a n  0.5,  a r e v e r s a l  i n  t h e  d i s t r i b u t i o n  p a t t e r n  

e x i s t s .  The upper  phase  now d i s t r i b u t e s  t o  t h e  head w h i l e  t h e  

lower phase  d i s t r i b u t e s  t o  t h e  t a i l  (5) .  Similar o b s e r v a t i o n s  

have been made w i t h  t h e  n - b u t a n o l / a c e t i c  acidlwater sys t em 

(4 :1 .5 ) ,  ( 5 ) .  A t  t h e  lower 8 v a l u e s  t h e  phase  d i s t r i b u t i o n  is 

similar t o  t h a t  s e e n  w i t h  t h e  chloroform/acetic a c i d / w a t e r  s y s t e m .  

As t h e  f3 v a l u e s  i n c r e a s e .  t h e  d i s t r i b u t i o n  p a t t e r n s  b e g i n  t o  

change b u t  a comple t e  r e v e r s a l  of these t r e n d s  were n o t  o b s e r v e d  

a t  t h e  f3 v a l u e s  tested.  T a b l e  1 i n d i c a t e s  a decrease i n  t h e  

s t a t i o n a r y  phase  r e t e n t i o n  v a l u e s  a t  t h e  h i g h e r  v a l u e  r a n g e  of 

0.56-0.75. This  a l so  c o r r e s p o n d s  t o  a decrease i n  t h e  peak 

r e s o l u t i o n  of t h e  d i p e p t i d e s  ( F i g s .  4 , 5 )  a t  t h i s  same B v a l u e .  

D u r i n g  t h e  s t u d i e s ,  b o t h  m u l t i l a y e r  columns ( 6  = 0.19-0.42 and  

0.5-0.75) were tested under i d e n t i c a l  e x p e r i m e n t a l  c o n d i t i o n s  

s u c h  t h a t  t h e  e l u t i o n  mode w i t h  t h e  upper  phase  m o b i l e  was from 

head  t o  t a i l  and  w i t h  t h e  lower phase  mobile t a i l  t o  head. 

Accord ing  t o  t h e s e  hydrodynamic o b s e r v a t i o n s ,  a p o s s i b l e  way t o  

i n c r e a s e  s t a t i o n a r y  phase r e t e n t i o n  and peak r e s o l u t i o n  i n  t h e  

m u l t i l a y e r  column would be t a  d e c r e a s e  t h e  B v a l u e  w i t h  t h e  same 
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COIL PLANET CENTRIFUGE PERFORMANCE STUDIES 71 

e l u t i o n  mode p r o f i l e  o r  to  r e v e r s e  t he  e l u t i o n  mode w h i l e  

i n c r e a s i n g  t h e  6 value  u n t i l  a f a v o r a b l e  phase d i s t r i b u t i o n  

r e v e r s a l  is obta ined .  The b a s e l i n e  s e p a r a t i o n  is i n c r e a s e d  w i t h  

t h e  m u l t i l a y e r  columns when compared t o  both t o r o i d a l  and 

e c c e n t r i c  c o n f i g u r a t i o n s  but e f f i c i e n c y  is decreased. T h i s  loss 

i n  e f f i c i e n c y  may be r e l a t e d  t o  t h e  i n c r e a s e d  s t a t i o n a r y  phase 

r e t e n t i o n .  

s u b j e c t e d  t o  t h e  p a r t i t i o n i n g  processes  w i t h i n  t he  column f o r  

longer  per iod  of time. Subsequent ly ,  whi le  peak r e s o l u t i o n  is  

enhanced e f f i c i e n c y  drops  due t o  band broadening of the  sample 

peaks. Manipulat ion of  f low rate  and e l u t i o n  mode may h e l p  t o  

r e s o l v e  t h i s  l o s s  of e f f i c i e n c y .  

With i n c r e a s e d  r e t e n t i o n  t h e  sample s o l u t i o n  is 

Figure  6 i l lus t ra tes  chromatograms o b t a i n e d  from t h e  

p u r i f i c a t i o n  of bovine i n s u l i n  a t  an rpn s e t t i n g  of 600. 

a b s c i s s a  and o r d i n a t e  r e p r e s e n t  time and absorbance l e v e l  

r e s p e c t i v e l y  w h i l e  t h e  r i g h t  and l e f t  hand c o l m n s  i n d i c a t e  lower 

and upper mobile  phases ,  r e s p e c t i v e l y .  A l l  procedures  were 

conducted a t  5OoC t o  reduce  s o l v e n t  v i s c o s i t y  and s e t t l i n g  time 

( 6 )  and DCA was added t o  t h e  s o l v e n t  system t o  adjust t h e  

p a r t i t i o n  c o e f f i c i e n t s .  A t  a c o n c e n t r a t i o n  of 0.5% D C A ,  t h e  

p a r t i t i o n  c o e f f i c i e n t  (UP/LP) equaled  0.57 w h i l e  a t  a 

c o n c e n t r a t i o n  of 2.0% DCA y i e l d e d  a p a r t i t i o n  c o e f f i c i e n t  of 1.52. 

The 

DCA c o n c e n t r a t i o n s  of 0.5% and 2.0% were used w i t h  upper and 

lower  mobile  phases ,  r e s p e c t i v e l y .  One hundred milligrams (100 

mg) of i n s u l i n  were added t o  equal  volunes (1.5 m l )  of  upper and 

lower phases  f o r  a f i n a l  sample volume of 3 m l  ( -  39 %). A t  t he  

h igher  rpn s e t t i n g  o f  800 a w h i t e  p r e c i p i t a t e  would form wi th  a l l  
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TOROIDAL 
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Fig. 6. Separa t ion  of bovine i n s u l i n  a t  an rpm s e t t i n g  of 600 
a t  5 O O C .  

columns t e s t e d .  P o s s i b l e  d e n a t u r a t i o n  of t h e  p r o t e i n  due t o  

excess  mixing n e c e s s i t a t e d  t h e  use of o n l y  t h e  lower rpm s e t t i n g  

a t  600. From t a b l e  1 ,  s t a t i o n a r y  phase r e t e n t i o n  va lues  f o r  a l l  

column c o n f i g u r a t i o n s  were similar.  Upon comparing the  three 

column c o n f i g u r a t i o n s  i n  t h e  s e p a r a t i o n  of  i n s u l i n  i t  appears  

t h a t  t h e  multilayer o r i e n t a t i o n  was b e s t  s u i t e d  f o r  r e s o l v i n g  the  
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i m p u r i t i e s  from t h e  o r i g i n a l  sample. T h i s  may be secondary t o  

t h e  greater l e n g t h  and volune c a p a c i t y  of t h i s  colunn. 

While both t h e  e c c e n t r i c  and t o r o i d a l  columns had similar 

volume c a p a c i t i e s  of 100 r n l  and t u b i n g  l e n g t h  of 4 meters, t he  

m u l t i l a y e r  column had approximately 3 times t h e  volume c a p a c i t y  

and l e n g t h .  By i n c r e a s i n g  t h e  l e n g t h  and volume of t h e  e c c e n t r i c  

and t o r o i d a l  columns, i n  a d d i t i o n  t o  the i r  i n c r e a s e d  phase 

mixing a b i l i t y ,  these two c o n f i g u r a t i o n s  may produce results 

s u p e r i o r  t o  t h a t  of t h e  m u l t i l a y e r  c o i l  but t h e  t r a d e o f f  would be 

t h e  i n c r e a s e d  time expendi ture .  
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