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GRAM QUANTITY SEPARATION OF DNP (DINITROPHENYL) AMINO ACIDS WITH 
MULTI-LAYER COIL COUNTERCURRENT CHROMATOGRAPHY (CCC) 

Jesse L. Sandl in and Yo ich i ro  I t o  
Laboratory o f  Technical Development 

Nat ional  Heart, Lung, and Blood I n s t i t u t e  
Bethesda, Maryland 20205 

ABSTRACT 

The e f f o r t s  have been success fu l l y  made t o  extend t h e  
prepara t ive  c a p a b i l i t y  o f  the  high-speed CCC scheme w i t h  a 
m u l t i - l a y e r  l a rge  capaci ty c o i l e d  column. The apparatus i s  a t a b l e  
t o p  model o f  a hor izon ta l  f low-through c o i l  p lanet cen t r i f uge  which 
produces a synchronous p lanetary  motion o f  the column holder. The 
separat ion column was prepared from a s ing le  piece o f  70 m long, 
2.6 inn i.d., PTFE tub ing  c o i l e d  around the  spool-shaped holder t o  
form m u l t i p l e  layers  o f  the c o i l  w i t h  a t o t a l  capaci ty o f  about 400 
m l .  The performance o f  t he  apparatus was assessed w i th  a standard 
se t  o f  DNP amino ac id  samples and a two-phase solvent system 
composed o f  chloroform, ace t i c  ac id  and 0.1N HC1 (2:2:1). 
Prepara t ive  c a p a b i l i t y  o f  the  method was evaluated i n  terms o f  the 
r e t e n t i o n  l eve l  o f  the  s ta t i ona ry  phase and peak reso lu t i on  fo r  
var ious sample s i z e  ranging from 0.059 t o  29. 
sample volume, sample concent ra t ion  and the choice o f  the  sample 
d i l u e n t  on the  separat ion were studied. 
both the  r e t e n t i o n  l eve l  and the  peak reso lu t i on  tend t o  decrease 
w i t h  the  increase o f  the sample volume app l ied  a t  a given 
concentrat ion. For separat ion of  1 gram quant i t y ,  best r e s u l t s  
were obtained by apply ing the  sample d isso lved i n  a small volume 
(10 ml) cons is t ing  o f  equal amounts o f  t he  two phases. Overal l  
r e s u l t s  i nd i ca te  t h a t  the  present scheme i s  capable o f  e f f i c i e n t  
separat ion f o r  gram quan t i t y  of samples i n  a short  per iod of time. 
The prepara t ive  c a p a b i l i t y  may be f u r t h e r  increased by the  use o f  a 
larger-diameter and/or longer c o i l .  

The e f f e c t s  o f  

The r e s u l t s  ind ica ted  t h a t  
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INTRODUCTION 

SANDLIN AND IT0 

Countercurrent chromatography ( C C C )  has a great potential  i n  
performing preparative-scale separations ( 1 ) .  
el iminates a l l  complications a r i s i n g  f r m  the use of so l id  supports 
and r e t a ins  a la rge  volume of the  s t a t iona ry  phase in the f r e e  
space in the column t o  provide a la rge  sample-loading capacity. 
The prepara t ive  CCC schemes developed in  the pas t ,  however, 
requi res  r e l a t ive ly  long separation times ranging f ran  an overnight 
t o  a few days f o r  completing a s i zab le  separation (2-5) .  Recently, 
we have developed a new CCC scheme which produces highly e f f i c i e n t  
separations in shor t  periods of time ( 6 , 7 ) .  
separation column cons is t ing  of multiple layers  of t he  co i l  around 
a spool-shaped holder which i s  subjected to  a synchronous planetary 
motion by the use of a co i l  planet centrifuge.  W i t h  the use of 1.6 
mm i . d .  tubing, the scheme has produced separation of various 
biological samples i n  t he  order of 100 mg q u a n t i t i e s  within 3 
hours. Ef for t s  have been successfu l ly  made t o  sca le  u p  t he  sample 
1 oadi ng capacity of the present scheme by u s i n g  larger-di ameter 
tubing. This paper describes the r e s u l t s  of 1-g quantity 
separa t ions  of dinitrophenyl (DNP) amino acid mixture w i t h  a 2.6 mm 
i.d. multi- layer co i l .  Ef fec ts  of sample dose, sample volume and 
sample d i luents  on the re ten t ion  of t he  s ta t ionary  phase and t h e  
pa r t i t i on  e f f ic iency  a re  studied t o  optimize the  operational 
conditions. 

The method 

The scheme uses a 

PRINCIPLE 

As described e a r l i e r  ( 1  ), t he  mechanism o f  countercurrent 
chromatography ( C C C )  i s  based on the  complex hydrodynamic motion of 
two immiscible solvent phases i n  a coiled tube. When a 
water - f i l l ed  co i l  i s  held horizontal and ro ta ted  around i t s  own 
axis ,  anything tha t  i s  heavier than water (g l a s s  bead) o r  l i g h t e r  
than water ( a i r  bubble) wi l l  tend t o  rave towards the  head end of 
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GRAM QUANTITY SEPARATION OF DNP AMINO A C I D S  325 

the coil .  This is i n  accordance w i t h  the Archimedean screw 
principle. 
co i l ,  a hydrodynamic equilibrium i s  established whereby a certain 
volume of each phase occupies each he1 ical turn (equilibrium volume 
ra t io )  and any excess of e i ther  phase remains a t  the t a i l  end of 
the coi l .  
solvent phases can be eff ic ient ly  used for solute partitioning. 
The column i s  f i r s t  f i l l e d  ent i re ly  w i t h  the stationary phase and 
the mobile phase i s  then pumped through the head of the coil. As 

the mobile phase occupies the f i r s t  he1 ical t u r n ,  hydrodynamic 
equi 1 i brium (above) i s establ i shed , thus producing a large 
retention of the stationary phase in the f i r s t  helical t u r n .  This 
process repeats until the mobile phase reaches the t a i l  end of the 
coil a f te r  which only the mobile phase i s  displaced. 

The amount of stationary phase retained i n  the coil i s  
dependent upon two factors.  The f i r s t  i s  the in i t i a l  equilibrium 
volume ra t io  before the elution is started.  This ra t io  determines 
the maximum attainable retention level of the stationary phase. 
When the mobile phase i s  introduced into the in le t  of the coil some 
of the stationary phase i s  displaced thus altering the equilibrium 
rat io .  The  other factor t h a t  determines retention of the 
stationary phase i s  the returning rate  of the stationary phase. 
The higher the rate  of the returning stationary phase, the higher 
the percent o f  retention, b u t  always w i t h i n  the maximal attainable 
equilibrium volume ratio. 
retention level o f  the stationary phase, a large in i t i a l  
equilibrium volume r a t i o  must be obtained i n  addition to  a h i g h  
ra te  of flow of the returning stationary phase. 
simple scheme described, the in i t i a l  equilibrium volume ra t io  meets 
the c r i t e r i a  to  obtain a high level of retention; however, the 
returning rate  of the stationary phase i s  insufficient i f  a high 
elution rate  i s  t o  be applied. 

that  both requirements are sat isf ied (8). 
holder coaxially mounted w i t h  a planetary gear is  coupled t o  an  

When two immiscible sol vents are introduced into the 

This hydrodynamic equilibrium behavior of the two 

I n  order to achieve a satisfactory 

In  the above 

Recently modifications have been made to  the above scheme SO 
I n  Figure 1 cylindrical 
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326 SANDLIN AND I T 0  

Rotation 

Revolution 

w 

Figure 1. Synchronous planetary motion of the co i l  holder. 

ident ica l  s ta t ionary  sun gear (shaded) tha t  is  mounted along t h e  
cent ra l  ax i s  of the apparatus. T h i s  type o f  arrangement produces a 
beneficial  planetary motion of the coil  holder. The holder revolves 
around the cent ra l  ax i s  of the apparatus and simultaneously ro t a t e s  
about i t s  own ax i s  a t  the same angular ve loc i ty  i n  the same 
d i rec t ion .  The holder always maintains i t s  ax is  para l le l  t o  and a t  
a d i s tance  R from the  cent ra l  ax is  of the apparatus. 

This synchronous planetary motion produces a type o f  

centrifugal force  f i e l d  tha t  e s t ab l i shes  a favorable hydrodynamic 
equilibrium t h a t  produces higher re ten t ion  of the s t a t iona ry  phase. 
Experimental observations revealed t h a t  the magnitude and acting 
pa t te rn  of t h i s  cent r i fuga l  force  f ie ld  favor the heavier phase t o  
remain i n  the peripheral l ayers  of the coi l  ( t a i l )  and the  l i g h t e r  
phase t o  remain i n  the in te rna l  layers  o f  the co i l  (head). The 
cent r i fuga l  force  f i e l d  produced by this planetary motion i s  highly 
dependent upon the location o f  point P on the holder. Location of 
point P,  expressed a s  6 ,  i s  the  r a t i o  between the  r ad i i  of ro t a t ion  
and revolution (r/R). When B i s  grea te r  than 0.25, t he  cent r i fuga l  
force  vector i s  always d i rec ted  outwardly from the co i l  (9) .  In 
addition t o  the beneficial  hydrodynamic s i t u a t i o n  produced by th i s  
planetary motion, physical f ac to r s  pertaining t o  the solvent system 
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GRAM QUANTITY SEPARATION OF DNP AMINO ACIDS 327 

a l s o  p l a y  a c r i t i c a l  r o l e  i n  t h e  r e t e n t i o n  of t h e  s t a t i o n a r y  phase. 

These p h y s i c a l  parameters i n c l u d e  r e l a t i v e  d e n s i t y ,  v i s c o s i t y ,  and 
t u b e  w a l l  a f f i n i t y .  

When t h e  upper phase i s  much l i g h t e r ,  has a g r e a t e r  t ube  w a l l  

a f f i n i t y  and i s  l e s s  v i scous  t h a n  t h e  l ower  phase, t hen  complete 

s e p a r a t i o n  o f  t h e  two phases i s  achieved a long  t h e  e n t i r e  l e n g t h  o f  

t h e  c o i l .  The upper phase comp le te l y  occupies t h e  head o f  t h e  c o i l  

w h i l e  t h e  l ower  phase occupies t h e  t a i l  side. I n  t h i s  s i t u a t i o 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, be it t h e  l ower  phase ( t a i l  t o  

head e l u t i o n )  o r  t h e  upper phase (head t o  t a i l  e l u t i o n ) ,  i s  

maximized. However, if t h e  upper phase i s  m r e  v iscous o r  has l e s s  

tube -wa l l  a f f i n i t y  t h a n  t h e  l ower  phase, t h e  above s a i d  s e p a r a t i o n  

of phases may no t  t a k e  place. Instead,  a hydrodynamic e q u i l i b r i u m  

i s  e s t a b l i s h e d  whereby t h e  upper phase dominates t h e  head s i d e  o f  

t h e  c o i l .  

m o b i l e  phase i s  l i m i t e d .  Due t o  t h e  hydrodynamic e q u i l i b r i u m  a 

smal l  p o r t i o n  o f  t h e  s t a t i o n a r y  phase w i l l  remain i n  t h e  head end o f  

t h e  c o i l .  Therefore,  i f  t h e  upper phase i s  used as t h e  mob i l e  phase 

( t a i l  t o  head e l u t i o n )  t h e r e  would be a con t inuous  c a r r y o v e r  o f  t h e  

s t a t i o n a r y  phase ( l o w e r  phase) f rom t h e  head end s i n c e  a smal l  

p o r t i o n  o f  t h e  s t a t i o n a r y  phase always remains i n  t h e  head s i d e  due 

t o  t h e  e q u i l i b r i u m  s ta te .  With c o n t i n u a l  l o s s  o f  t h e  s t a t i o n a r y  

phase, s o l u t e  r e s o l u t i o n  would d r a s t i c a l l y  d im in i sh .  I n  t h i s  

s i t u a t i o n  one i s  l i m i t e d  t o  t h e  l ower  phase as t h e  mob i l e  phase 

s i n c e  t h e  t a i l  end i s  comp le te l y  occupied by t h e  l ower  phase. 

To s o l v e  t h e  dilemma o f  l i m i t e d  mob i l e  phase a v a i l a b i l i t y  a 

I n  t h i s  s i t u a t i o n  t h e  cho ice  o f  which phase i s  t o  be t h e  

r e c e n t  m o d i f i c a t i o n  has produced a s i t u a t i o n  where e i t h e r  phase can 

be used as t h e  mob i l e  phase w i t h  r e l a t i v e l y  t h e  same percentage o f  

s t a t i o n a r y  phase remain ing i n  t h e  column. 

by w ind ing  a s i n g l e  p iece  o f  PTFE t u b i n g  on to  a spool-shaped h o l d e r  

w i t h  a p a i r  o f  l a r g e  f l a n g e s  (6,7). 
h o l d e r  i n  a con t inuous  f a s h i o n  i n  which m u l t i p l e  l a y e r s  a r e  formed. 
T h i s  m u l t i - l a y e r  c o n f i g u r a t i o n  produces a c e n t r i f u g a l  f o r c e  f i e l d  

g r a d i e n t  c r e a t e d  from t h e  i n t e r n a l  l a y e r  of t h e  c o i l  (head end) 

toward t h e  e x t e r n a l  l a y e r  o f  t h e  c o i l  ( t a i l  end). T h i s  g r a d i e n t  

The improved c o i l  i s  made 

The t u b i n g  i s  wound around t h e  
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32 8 SANDLIN 

fo rces  the upper phase t o  move toward the  head and the  lower 

toward the  t a i l .  Due t o  t h i s  gradient the  hydrodynamic equi 

i s  a l t e red  i n  such a way t h a t  t he re  i s  more complete separat 

AND IT0 

phase 

ib r i um 

on o f  

t he  two phases along the  e n t i r e  length  o f  t he  c o i l .  When there  i s  

complete separation o f  t he  phases, e i t h e r  phase can be used as the  

mobile phase without carryover o f  the s ta t i ona ry  phase. 

EXPERIMENTAL 

Apparatus 

The apparatus i s  a t a b l e  top  model o f  a ho r i zon ta l  

f low-through c o i l  p lanet  cen t r i f uge  w i t h  a m u l t i - l a y e r  c o i l  as 

p rev ious ly  described (7) .  F igure  2 i l l u s t r a t e s  a cross-sect ional  

view o f  our prototype. The motor d r ives  a r o t a r y  frame about a 

s ta t i ona ry  cen t ra l  sha f t  by means o f  a p a i r  o f  toothed pu l l eys  and 

a toothed b e l t .  The r o t a r y  frame holds a f r e e l y  r o t a t i n g  

m u l t i - l a y e r  c o i l  column and a counterbalance equ id is tan t  from the  

cent ra l  s ta t i ona ry  shaf t .  The c o i l  holder i s  coupled t o  the  

s ta t i ona ry  shaf t  by means of a s ta t i ona ry  sun gear, attached t o  the  

cent ra l  shaft ,  and a planetary gear attached t o  the  column holder. 

This arrangement produces the  desired synchronous planetary motion, 

one r o t a t i o n  per one revo lu t i on  i n  the  same d i rec t i on .  Both holder 

and counterbalance are  removable from the  ro ta ry  frame by means o f  

loosening a p a i r  o f  screws. 

w i t h  tub ing  o f  d i f f e r e n t  i.d. The c o i l  i t s e l f  i s  comprised o f  a 

spool equipped w i th  two la rge  f langes, around which a s ing le  piece 

o f  70 m long, 2.6 mm i.d. PTFE tub ing  i s  wound, thus producing a 

mu l t i - l aye r  arrangement. Each terminal  o f  the  c o i l  i s  attached t o  

an appropr iate diameter f l o w  tube. 
through a s ide hole lead ing  t o  the  lumen o f  the  cent ra l  sha f t  o f  

t he  column holder and emerge a t  the  most proximal end o f  t h i s  
shaft. 

shor t  coupl ing pipe t h a t  leads t o  the  lumen o f  the  cen t ra l  

s ta t i ona ry  shaft .  The f l o w  tubes are pro tec ted  from metal contact  

This e a s i l y  f a c i l i t a t e s  changing c o i l s  

These f l o w  tubes are passed 

The f l ow  tubes are then passed through a s ide hole o f  t h e  
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Flow 

r 

n Flange Coiled column I ,̂  m 

Figure 2. Cross-sectional view through the central  ax i s  o f  the  
apparatus. 
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3 30 S A N D L I N  AND IT0 

by a piece of lubricated Tygon tubing along the e n t i r e  l e n g t h  of 
t he  flow tubes t o  the  point where they emerge from the  lumen of t h e  
central  s t a t iona ry  sha f t .  Revolutional speed (0-1000 rpm) i s  
cont ro l led  with h i g h  accuracy and s t a b i l i t y  by the  use of a speed 
control u n i t  (E lec t ro  Craf t  or Bodine E lec t r i c  Co.). The solvent 
i s  pumped through the  column by means of a Beckman Accu Flow Pump 
o r  Milton Roy Mini Pump, while t he  e f f luen t  i s  monitored with an 
L K B  Uvicord S a t  280 nm and f rac t iona ted  in to  tes t  tubes with an 
LKB f r ac t ion  co l l ec to r  f o r  f u r t h e r  analysis.  

t u b i n g ,  2.6 mn i.d. and 70 in long. The tubing i s  t i g h t l y  wound 
onto a spool equipped w i t h  two la rge  f langes ,  thus providing 
boundaries f o r  which the multi- layer configuration can be obtained. 
To prevent movement of the  multi- layer coil  column with respect t o  
the column holder, each layer of coil  i s  attached to  the flanges 
with a piece of f ibe rg la s s  enforced tape across the  width of the 
co i l .  To f u r t h e r  enhance grea te r  s t a b i l i t y  a t  higher revolutional 
speeds, t he  same f ibe rg la s s  tape i s  wrapped (one continuous l aye r )  
around the  circumference of the co i l .  Around th i s  layer of tape i s  
wound a s ing le  piece of wire in which the ends were anchored to  
each flange. 
wrapped in e f f e c t ,  sandwiching the  wire between the  two layers  of 
tape. This arrangement firmly anchors the  multi- layer coil  t o  the 
holder. 

The multi- layer co i l  i s  prepared from a single piece of PTFE 

Around the  wire another s ing le  layer of tape is  

Reagents 

The DNP amino acid samples used in t h i s  study include 
N-2,4-DNP-L-val i ne, N-2,4-DNP-L-alani ne, N,N-di (2,4-DNP)-L-cystine, 
N-2,4-DNP-DL-glutamic ac id ,  and N-P,4-DNP-L-aspartic acid and they 
were obtained from Sigma Chemical Co., Sa in t  Louis, MO. Organic 
solvents used in the  two-phase solvent system were mostly of 
chromatographic grade. Chloroform was obtained from J. T. Baker 
Chernical Co., Phi l l ipsburg ,  NJ and Burdick and Jackson 
Laboratories,  Inc., Muskegon, MI, g lac ia l  ace t i c  acid from MCN 
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GRAM QUANTITY SEPARATION OF DNP AMINO ACIDS 331 

Manufacturing Chemists, Inc. , Cinc innat i  , Ohio, and F isher  

S c i e n t i f i c  Co., Fair lawn, NJ, and hydroch lo r ic  ac id  from F ishe r  

S c i e n t i f i c  Co. , Fair lawn, NJ. 

Preparat ion o f  Solvent System and Sample So lu t i on  

The two-phase sol  vent system was prepared by m i  x i  ng 

chloroform, ace t i c  ac id  and 0.1N hydroch lo r ic  ac id  a t  a 2:2:1 

volume r a t i o .  The mix tu re  was e q u i l i b r a t e d  i n  a separatory funnel 
a t  room temperature and separated before use. 

The sample so lu t i ons  were prepared by d i sso l v ing  a mix tu re  o f  
t h e  5 DNP amino acids i n  the  upper and/or lower phase and stored i n  
the  dark a t  4 O C .  For the  f i r s t  se t  o f  experiments where the  sample 

concent ra t ion  remained constant a t  59% (Figures 3 and 4), the  
sample s o l u t i o n  was prepared by d i sso l v ing  l g  each o f  DNP-valine, 

DNP-alanine, DNP-glutamic acid, DNP-aspartic acid, and 200 mg o f  

diDNP-cystine (because o f  lower s o l u b i l i t y )  i n  84 m l  o f  t he  
s ta t i ona ry  phase. For the  second set o f  experiments where the  

sample dose was f i x e d  a t  about l g  f o r  each run (F igure  5), t h e  

sample s o l u t i o n  was prepared by d i sso l v ing  250 mg each o f  
DNP-valine, DNP-alanine, DNP-glutamic acid, DNP-aspartic acid, and 
50 rng o f  diONP-cystine i n  10 m l  , 20 m l  o r  40 m l  o f  the  mobile 
and/or t he  s ta t i ona ry  phase. 

Separation Procedure 

The column was f i r s t  f i l l e d  w i t h  the  s ta t i ona ry  phase fo l lowed 
by the  i n t roduc t i on  o f  the  sample s o l u t i o n  through the  i n j e c t i o n  
port .  The mobile phase was then pumped through the  column wh i le  
t h e  apparatus was run a t  a revo lu t i ona l  speed o f  800 rpm. The 
e lua te  through the  o u t l e t  o f  the  column was cont inuously monitored 
w i t h  an LKB Uvicord S a t  280 nm and f rac t i ona ted  i n t o  t e s t  tubes 
w i t h  an LKB f r a c t i o n  co l l ec to r .  

s o l u t i o n  and solvent phases i s  dependent upon which phase i s  chosen 
t o  be the  mobile phase. 

I n t roduc t i on  o f  the  sample 

When the  mobile phase i s  the  lower phase, 
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- 
0 800 RPM 

I I I I 1 

A 
LOWER PHASE MOBILE 

B 
UPPER PHASE MOBILE 

I I I I I 
0 10 20 30 40 50 

SAMPLE VOLUME (mll 

Figure 3. Effects of sample volume on retention level o f  the 
stationary phase. 
( A )  Lower Phase Mobile 
( B )  Upper Phase Mobile. 
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MOBILE 

LOWER PHASE UPPER PHASE 

"r 1 P "  i 

Effec ts  o f  sample s i z e  on separation of a set o f  
DNP amino acids. 
Order o f  Elution: 
Lower Phase Mobile ( l e f t  column): DNP-valine, 
DNP-alanine, diDNP-cystine, DNP-glutamic ac id ,  
DNP -a s par t  i c ac i d . 
Upper Phase Mobile ( r i g h t  column): DNP-aspartic ac id ,  
DNP-glutamic ac id ,  diDNP-cystine, DNP-alanine, 
DNP-val ine. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
1
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



334 SANDLIN AND I T 0  

TIME lhwrrl TIME Ihunsl TIME Ihounl 

F i g u r e  5. E f f e c t s  o f  sample volume and sample d i l u e n t  on 
s e p a r a t i o n  o f  a se t  o f  DNP amino acids. 
e l u t i o n  see F i g u r e  4. 
s t a t i o n a r y  phase f o r  t hese  separa t i ons  a r e  l i s t e d  i n  
TABLE 11. 

Order o f  
The r e t e n t i o n  l e v e l s  o f  t h e  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
1
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



GRAM QUANTITY SEPARATION OF DNP AMINO ACIDS 335 

b o t h  sample s o l u t i o n  and mob i l e  phase a r e  i n t r o d u c e d  a t  t h e  head 

end o f  t h e  c o i l  ( i n t e r n a l  t e r m i n a l ) .  When t h e  mob i l e  phase i s  t h e  

upper phase, t hey  a r e  i n t r o d u c e d  th rough  t h e  t a i l  t e r m i n a l  o f  t h e  

c o i l  ( e x t e r n a l  t e r m i n a l ) .  Upon comp le t i on  o f  t h e  separa t i on ,  

n i t r o g e n  gas a t  100 p s i  was a p p l i e d  t o  t h e  i n l e t  o f  t h e  column. 

Column con ten ts  were c o l l e c t e d  i n  a graduated c y l i n d e r  and p e r c e n t  

r e t e n t i o n  o f  t h e  s t a t i o n a r y  phase rema in ing  i n  t h e  column was 

c a l c u l a t e d .  

s e p a r a t i o n  were mixed wi th  3 m l  o f  methanol and analyzed t h e  

absorbance a t  430 nm w i t h  a Beckman DU spectrophotometer. 

A l i q u o t s  o f  each f r a c t i o n  c o l l e c t e d  d u r i n g  t h e  

RESULTS AND DISCUSSION 

Ef fects  of t h e  sample s i z e  on t h e  r e t e n t i o n  o f  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  have been i n v e s t i g a t e d  on s e p a r a t i o n  

o f  5 DNP amino a c i d s  w i t h  a two-phase s o l v e n t  system composed o f  
ch loroform,  a c e t i c  ac id ,  and 0.1N h y d r o c h l o r i c  a c i d  a t  a 2:2:1 
volume r a t i o .  

used as t h e  mob i l e  phase a t  500 m l / h  under 800 rpm un less  o the rw ise  

i n d i c a t e d .  

Both l ower  nonaqueous and upper aqueous phases were 

The sample was d i s s o l v e d  i n  t h e  s t a t i o n a r y  phase a t  5 9%. 

F i g u r e  3 shows e f f e c t s  o f  t h e  sample dose on t h e  r e t e n t i o n  o f  

t h e  s t a t i o n a r y  phase where t h e  r e t e n t i o n  volume expressed i n  

percentages r e l a t i v e  t o  t h e  t o t a l  column c a p a c i t y  i s  p l o t t e d  

a g a i n s t  t h e  a p p l i e d  sample volume. 

genera l  t r e n d  t h a t  t h e  r e t e n t i o n  o f  t h e  s t a t i o n a r y  phase decreases 

w i t h  t h e  i nc reased  sample s i z e  f o r  b o t h  mob i l e  phase groups. 

r e s u l t s  a l s o  show t h a t  t h e  r e t e n t i o n  l e v e l  o f  t h e  nonaqueous phase 

(B) i s  s u b s t a n t i a l l y  l ower  than  t h a t  o f  t h e  aqueous phase (A) .  

However, t h i s  l ow  r e t e n t i o n  l e v e l  o f  t h e  nonaqueous phase i s  

improved by a p p l y i n g  a h i g h e r  r e v o l u t i o n a l  speed a t  1000 rpm as  

i n d i c a t e d  by t h e  d o t t e d  l i n e  (6). 

i n  F i g u r e  4 where i n d i v i d u a l  c h a r t s  a re  ar ranged acco rd ing  t o  t h e  

sample dose and t h e  mob i l e  phase. 

g r a d u a l l y  decreases w i t h  t h e  i nc reased  sample dose, t h e  i n t e g r i t y  

The r e s u l t s  c l e a r l y  i n d i c a t e s  a 

The 

Chromatograms ob ta ined  from these exper iments a re  ill u s t r a t e d  

Al though t h e  peak r e s o l u t i o n  
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TABLE I 

SANDLIN AND I T 0  

Comparison of S t a t i o n a r y  Phase R e t e n t i o n  w i t h  Inc reased  Sample 

Volume (Sample Concen t ra t i on  Constant )  

Sample Volume (rnl ) Sample W t  (mg) UP (%) LP (%) 

1 .o 
5.0 

10.0 

20.0 

40.0 

50.0 73.3 57.9 

250.0 70.3 53.8 

500.0 60.8 46.6 

1000.0 56.4 39.5 

2000.0 51.3 28.1 

TABLE I 1  

Comparison o f  S t a t i o n a r y  Phase R e t e n t i o n  w i t h  Sample D i s s o l v e d  in 
I n c r e a s i n g  Volumes o f  UP, LP, ULP (Sample Dose Constant l g )  

A. Lower Nonaqueous Phase Mob i l e  

ULP Sampl e Sol ven t  Up - 
10 m l  50.6 54.4 

20 rnl 53.8 48.7 
40 m l  64.1 60.8 

B. Upper Aqueous Pha 

ULP - Sample Sol ven t  - UP 

10 m l  39.2 44.2 

20 m l  45.6 39.5 

40 m l  46.4 46.8 

LP 

48.8 

56.4 

57.3 

- 

e M o b i l e  

LP 

33.2 

41.0 

40.0 

- 

UP = Upper Phase, LP = Lower Phase, and ULP = Upper and Lower Phases 
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GRAM QUANTITY SEPARATION OF DNP AMINO ACIDS 337 

of t h e  i n d i v i d u a l  peaks i s  w e l l  preserved i n  a l l  c h a r t s  except f o r  
t h e  2 g r u n  wi th  t h e  mob i l e  upper phase. 

r e s o l u t i o n  c o i n c i d e s  w i t h  t h e  lowest  r e t e n t i o n  l e v e l  of t h e  

s t a t i o n a r y  phase a t  28% (See F i g u r e  38 and TABLE I ) .  

t h e  s t a t i o n a r y  phase p l a y s  a c r i t i c a l  r o l e  i n  p a r t i t i o n  e f f i c i e n c y  
i n  t h e  p resen t  method. Among a number o f  f a c t o r s  i n v o l v e d  i n  t h e  
r e t e n t i o n  o f  t h e  s t a t i o n a r y  phase, we cons ide r  t h e  d e n s i t y  

d i f f e r e n c e  between t h e  two phases most impor tan t .  The g r e a t e r  i s  
t h e  d e n s i t y  d i f f e r e n c e ,  t h e  h i g h e r  r e t e n t i o n  l e v e l  i s  expected. I n  
t h e  s o l v e n t  system u t i l i z e d  i n  t h e  p resen t  study, t h e  s p e c i f i c  

g r a v i t y  f o r  t h e  upper aqueous and t h e  l ower  nonaqueous phases 

measured 1.11 and 1.34, r e s p e c t i v e l y .  I n t r o d u c t i o n  o f  t h e  sample 

m i x t u r e  i n t o  t h e  s o l v e n t  system reduces n o t  o n l y  t h e  o r i g i n a l  
d e n s i t y  o f  each phase b u t  a l s o  t h e  d e n s i t y  d i f f e r e n c e  between t h e  

two phases. Th is  e x p l a i n s  t h e  f a c t  t h a t  t h e  a p p l i c a t i o n  o f  t h e  
l a r g e  sample dose tends  t o  l ower  t h e  r e t e n t i o n  l e v e l  e s p e c i a l l y  
when t h e  sample i s  d i s s o l v e d  i n  t h e  nonaqueous s t a t i o n a r y  phase. 

A l t e r a t i o n  o f  o t h e r  f a c t o r s  such as i n t e r f a c i a l  t e n s i o n ,  v i s c o s i t y ,  
e t c .  may a l s o  c o n t r i b u t e  t o  t h e  l o s s  o f  t h e  s t a t i o n a r y  phase. 

example, lowered i n t e r f a c i a l  t e n s i o n  tends  t o  produce 
emu1 s i f i c a t i o n  o f  t h e  phases which h i n d e r s  c o u n t e r c u r r e n t  movement 

o f  t h e  two phases and r e s u l t s  i n  c a r r y o v e r  o f  t h e  s t a t i o n a r y  

phase. 

d i l u e n t s  on t h e  peak r e s o l u t i o n  were s t u d i e d  on separa t i ons  o f  l g  

q u a n t i t y  o f  t h e  DNP amino a c i d  m ix tu re .  The r e s u l t s  a r e  shown i n  

F i g u r e  5 and TABLE I1 where b o t h  t h e  l ower  nonaqueous phase (A) and 
t h e  upper aqueous phase (B) a r e  used as t h e  mob i l e  phase. 

These chromatograms c l e a r l y  show t h a t  t h e  cho ice  o f  t h e  sample 
d i l u e n t  makes l i t t l e  d i f f e r e n c e  i n  r e s o l u t i o n  f o r  b o t h  e a r l y  and 
l a t e  appear ing peaks u n t i l  t h e  sample volume i s  i nc reased  t o  40 m l .  

W i th  a l a r g e  sample volume a s i g n i f i c a n t  decrease i n  peak 
r e s o l u t i o n  i s  observed i n  e a r l y  appear ing peaks e s p e c i a l l y  when t h e  
sample i s  d i s s o l v e d  e n t i r e l y  i n  t h e  mob i l e  phase ( F i g u r e  5, i and 

T h i s  l owes t  peak 

The above r e s u l t s  s t r o n g l y  suggest t h a t  t h e  r e t e n t i o n  l e v e l  o f  

F o r  

E f f e c t s  o f  t h e  sample volume and t h e  cho ice  o f  t h e  sample 
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338 S A N D L I N  AND IT0 

p ) .  The loss of peak resolution becomes minimized i f  the sample i s  
dissolved in the stationary phase (Figure 5, g and  r ) .  
observation reveals that  chromatograms i and p (Figure 5)  with the 

lowest resolution in the early peaks show the best resolved l a t e  
peaks among a l l  40 ml sample groups.  This peculiar elution prof i le  
of the early and l a t e  peaks can not be attr ibuted t o  the loss of 
the stationary phase since a l l  these separations yielded 
satisfactory retention levels as shown in TABLE 11. Instead, th i s  
phenomenon may be clearly understood on the basis of the two-phase 
interaction within the sample compartment a t  the beginning of the 
parti t ion process. 

phase, the eluting mobile phase will pick up each individual 
component a t  a different ra te  according to  the parti t ion 
coefficient.  The components which favor the parti t ion i n  the 
mobile phase, hence producing the early appearing peaks, are 
quickly depleted from the sample compartment of the stationary 
phase and concentrated i n  a small volume of the mobile phase, 
resulting in a sharp sample band. Therefore, a large volume of 
sample can be injected into the column without causing significant 
peak broadening of early appearing peaks. A1 t h o u g h  the components 
favoring the par t i t ion in the stationary phase are not concentrated 
by the mobile phase, they are subjected t o  the par t i t ion process in 
the column for  longer periods of time t o  produce broader bu t  better 
resolved peaks. Therefore, the in i t i a l  band width for  these 
components becomes less  significant for  separation. 
effects  become reversed when the sample mixture i s  introduced with 
a large volume of the mobile phase. 
favoring the par t i t ion in the stationary phase, thus producing the  
l a t e  appearing peaks, are concentrated in the stationary phase a t  
the beginning o f  the column, while other components tend to  produce 
broader peaks affected by the sample volume. Because these early 
appearing peaks are eluted close together, the loss of resolution 
among those peaks becomes serious compared with the l a t e  eluted 
peaks. 

Further 

When the sample mixture i s  introduced with the stationary 

The above 

I n  t h i s  case the components 

By dissolving the sample in equal volumes of the upper and 
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GRAM QUANTITY SEPARATION OF DNP AMINO ACIDS 339 

lower phases, resolution can be relat ively maintained for  both 
early and l a t e  appearing peaks. 
when the sample i s  dissolved in a large volume of the upper and 
lower phase mixture b u t  no t  t o  the degree seen when the sample i s  
dissolved' in a large quantity of the mobile phase. 

As discussed above, in large-scale separations the best 
resu l t s  are usually attained by dissolving the sample mixture 
ent i re ly  in the stationary phase. However, in some instances the 
sample mixture contains a component or components having low 
solubi l i ty  in the stationary phase and, therefore, an  enormously 
large volume of the stationary phase i s  required t o  dissolve the 
sample. 
sample solution will give beneficial effects  in reducing the sample 
volume and a t  the same time securing the formation of two phases in 
the sample compartment upon introduction into the column. 

indicate that  the present scheme produces eff ic ient  separations for  
gram quantity of samples in a s h o r t  period of time. Sample-loading 
capacity of the scheme may be increased by the use of a 
larger-diameter and/or  longer coi l .  
countercurrent chromatographic scheme will be useful in separation 
and purification of natural products and synthetic drugs. 

There i s  a decrease in resolution 

In t h i s  s i tuat ion the addition of the mobile phase to  the 

The overall resul ts  of the experiments described above 

We believe that the present 
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