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ON CONdTRUCTING A QUANTITATIVE TWOBY OF OPBN CAPILLARY 

CHRONAMGRBPKY 

V.L. S i g a l  

I n s t i t u t e  of  oncology Problems of  the Academy 
of  Sciences of the U b . S Y R .  

Vasilkovskaya 45, ~iev -127 ,  USSR. 

Summary. 

E l e c t r i c  double l a y e r s  which occur  a t  the conductive surface-  

e l e c t r o l y t i c  so lu t ion  in t e r f ace  may be used aa v i r t u a l  stationary 

phases f o r  separat ing macromolecules. The quant i ta t ive  es t i -  

metions o f  the e f f i c i ency  of separat ion proceases based on the 

f ea tu res  of  double l a y e r s  a re  e s s e n t i a l l y  dependent not  only 

on the values  of  pH, the c h a r a c t e r i s t i c  s i e e  of a column or 

granules and the flow r a t e ,  but  a lao on the ex te rna l ly  applied 

po ten t i a l  and the cu r ren t  i n  the c i r c u i t .  The s p e c i f i c  models 

advanced here in  are i l l u s t r a t e d  by ana ly t i ca l  formulae which 

determine the e f f e c t  o f  an increase of the  f i e l d  and hence 

the very process of separa t ing  macromolecules as t h a t  of  

pro te ins ,  depending on the c h a r a c t e r i s t i c  airLe thereof ,  the 

space between the e lec t rodes  and the  cur ren t  i n  the c i r c u i t .  

The theo re t i ca l  descr ip t ion  needs no phenomenological cae f f i -  

c i e n t  as i n  theory advanced by K.Li and makes i t  possible  to  

determine the condi t i ons  f o r  open cap i l l a ry  chromatography 

more spec i f i ca l ly ,  according to  any advanced a. 
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1962 SIGAL 

The e f f e c t s  of an e l e c t r i c  double l aye r  appreciable i n  under- 

standing the mechanism of  separat ion procesoes by l i q u i d  chro- 

matography have recent ly  become the subjec t  mat ter  of a number 

of publications. The present  ana ly t i ca l  teUhniqUe o f  separat ing 

pro te ins ,  ferments and o the r  charged macromolecules incorporates  

a var ie ty  of proceaures (such a s  e lec t rophores i s ,  a f f ine  chro- 

matography, i s o e l e c t r i c  focusing e to ) .  A t  the same time, the 

use of proper t ies  of an e l e c t r i c  double l aye r  occurring at  the 

in t e r f ace  o f  phases exhib i tes  some advantages c l ea r ly  discloeed 

i n [  11. In  addi t ion,  a p rac t i ca l  use has been recent ly  gained 

by  methods which may be re fer red  to  open c a p i l l a r y  chromato- 

graphy, U i f f e r b g  only i n  the treatment of subs t an t i a l  quant i t iee  

of l iqu ids .  Thus ,  as shown i n  112-43, the mechanisms of eorpt ive 

pu r i f i ca t ion  of blood w i t h  the use of ac t iva ted  carbon, which 

have gained a wide acceptance in c l i n i c a l  medicine, and the 

mechanisms of e l e c t r o f i l t r a t i o n  for water cleaning 

be explained by s imi l a r  efiects of a double l a y e r  increase 

i n  ex terna l  e l e c t r i c  f i e l d s .  As a r e s u l t  o r  the p rac t i ca l  use 

of such separat ion processes i t  i s  extremely necessary to 

obtain a quant i ta t ive  estimation of the v i r t u a l  s ta t ionary  

phase associated with double l aye r s  [ 1)under spec ia l  conditions. 

However, such est imat ions a re  lacking i n  l i t e r a t u r e ,  s ince 

even the infrequent  t heo re t i ca l  inves t iga t ions  i n  this d i rec-  

t i o n  lead to  formulae with i n d e f i n i t e l y  and problematically 

defined parameters[: 1 ,  33 which na tu ra l ly  involves  some d i f f i -  

c u l t i e s  i n  using these formulae. We guess t h a t  any of the theo- 

r i e s  should be bmught up to  such ana ly t i ca l  expressions which 

might be e a s i l y  calculated with the a&n d t e s t i n g  the same, 

and the main thing here  i s  to  determine the condi t ions su i t ab le  

f o r  per fowing  open cap i l l a ry  chromatogmphy and detec t  

may a l so  
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OPEN CAPILLARY CHROMATOGRAPHY 1963 

spec i f i c  macromleculc%. In some ins tances ,  such a program may 

be real ized.  

The theory of open cap i l l a ry  chromatography disclosed i n  [I] 

i s  based on the e f f e c t  of a double l a y e r  as a v i r t u a l  s t a t iona ry  

phase f o r  separat ing charged macromolecules. The author o f  the 

above-mentioned a r t i c l e  has  managed t o  determine the confinement 

Re / the  designations here inaf te r  re fer red  to  a re  given by the 

author E l ]  / as a funct ion of a c e r t a i n  dimensionlees paramePsr)\ 

f o r  the most r e a l  s i t ua t ion  i n  the form of 

Re = '/A 
( 1 )  

where I) is the d i f fus ion  ooe i f i c i en t  of macromolecules to  be 

separated, 2 is  the number of charges per each of them, e i s  

the elementary charge of  an e lec t ron ,  f? and$ are the r a d i i  

of a metal cap i l l a ry  and a macromolecule whose form i s  taken, 

f o r  s impl ic i ty ,  as spher ica l ,  respect ively,  1 i s  v iscos i ty  of 

a dispers ion medium, K is the Rebye screening radius. A l l  the 

values  are generally knon .  However, i t  i s  not a simple matter 

to  determine the parameter o f  d which to a grea t  extent  cont ro ls  

the o r ig ina l  separat ion e f f e c t  according to  the re la t ionship  

proposed i n  [I] : 

( 3 )  

where 9 i s  the po ten t i a l  of  the o u t e r  Helmholte plane for 

simplici ty  designated a s s  -potent ia l ,  // i s  the ex terna l  vol- 

tage. The p a r a m e t e r d  is not qu i te  de f in i t e  in [  I] and this 

presents  some d i f f i c u l t i e s  i n  using the theory o f  open cap i l l a ry  

chromatography for p r a c t i c a l  calculat ions.  
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1964 S IGAL 

sow l e t  us t r y  to  es t imate  an increase  of the f i e l d  of an 
e l e c r i c  double l a y e r  more s t r i c t l y .  This is par t i cu la r ly  neces- 

sa ry ,  s ince  equation ( 3 )  is not  su i t ab le  for est imat ing the e i se  

of area of the v i r t u a l  s t a t iona ry  phase which increases  when 

an externa l  f i e l d  is applied.  The gain  f a c t o r  may be found 

through a simultaneous so lu t ion  of the lernst-Planck and Poisson 

equations.  Aere should be noted t h a t  the condi t ion for a e lec-  

t r i c  n e u t r a l i t y ,  which can subs tanc ia l ly  s implify such a set  

of equat ions,  i s  unusable therewith. With the use of s ingu la r  

per turba t ion  methods f o r  a set  o f  ordinary d i f f e r e n t i a l  equa- 

t i ons  which disc lose  the passage of an e l e c t r i c  current  through 

a binary e l e c t r o l y t i c  soiuti0n[5] , i t  has  been found that the 

e f f ec t ive  thickness  of  the d i f fuse  l a y e r  & depends on the  

value o f  the c u r r e n t j  passing through the system according 

to  the l a w  

the dimensionless cur ren t  j 
densi ty  o f  the cur ren t  3 by the following re la t ionship  

being r e l a t e d  to the dimensional 

2 J h  - 3 " : -  
"D , (5) 

where h i s  the space between e lec t rodes ,  9 and are diffu- 

coe f f i c i en t  and i on  concentrat ion,  respect ively.  Reference 1 5 3  
a lso  dea l s  w i t h  a model wherein the e lec t rode  surface is posi-  

t i ve ly  charged. Therefore,JC 0 and formula ( 4 )  has no sense 

when J N -2 ( l imi t tng  cur ren t ) .  The last condi t ion may be w r i t t e a  

a s  the following i nequa l i ty  def ining the f i e l d  of appl icat ion:  
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OPEN CAPILLARY CHROMATOGRAPHY 1965 

Formula (4 )  pract ical ly  defines a thickening of the 

e l e c t r i c  double layer by a factor  of 

decrease i n  the electrolyte  concentration i n  the vicini ty  of' 

the electrode. 

diffuse 

as a re su l t  of a 

The e f f ec t  of  an increase of the v i r tua l  f i e l d  may take place 

not only inside a metal capi l lary to  capture macromolecules 

but also at an ion-exchange conductive membrane ( ion i t e ) .  These 

features are character is t ic  r o r  activated carbons uaed, f o r  

example, as hemoaorbents [2] . I n  t h i s  case the counter ions 

of ionize can move not from the membrane t o  the electrolyte  bu t  

i n  the opposite direcr;ion. The charged macromolecules suspendea 

in an e lee t ro ly t i c  solution (with a fixed direction of the f i e l d 1  

whose sign i s  coincident w i t h  that  of counter ions of the mem- 

brane, will mve i n  the same manner. I n  other words, here takes 

place the movement of pa r t i c l e s  onto the membrane surface. 

Therefore, we can make a conclusion that on the membrane surface 

close t o  which the effect of a f i e l d  increase may be observed, 

there takes place a transportation of colloid particles whoee 

sign of charge coincides w i t h  t ha t  of membrane counter ion0 and 

thus is opposite to  the sign of the membrane charge. From this 

i t  follows that with an increase o f  the f i e l d ,  the f i r a t  mono- 

layer o f  pa r t i c l e s  on the membrane surface is formed as 8 

result of  different  charges of p a r t i c l e s  and the membrane. 

gn increase o f  the f i e l d  i s  a l s o  necessary f o r  forming poly- 

layers o f  pa r t i c l e s  observed, f o r  example, by means of  chroma- 

tography. 

To provide a maximum e f fec t  of the f i e l d  increase and a f o r -  

mation o f  the v i r t u a l  stationary phase i t  i s  neceesary t o  use 

the densi t ies  o f  current which comply wi th  the conditions: 
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1966 SIGAL 

The f i e l d  increase i n  the a rea  of the n-manolayer of  p a t i c l e s  

4 h, may be expressed as 

Pomulae ( 7 )  and (8) are  subs t an t i a l ly  based on the model 

proposed in[:5] . For o the r  condi t ions f o r  open cap i l l a ry  chm- 

matagraphy, the formular f o r  an increasa  o f  the f i e l d  may have 

pecul ia r  ana ly t i ca l  representat ions.  

Whenh = 10’2cm, according to formula (81, 9 = 10’5cm and 

!k 300. m y  decrease in h i n t e n s i f i e s  the t ranspor ta t ion  of 

p a r t i c l e s  i n t o  the a rea  of the f i e l d  maximum,but a s  may be seen 

f r o m  ( 8 )  t h i s  i a  followed by a decrease i n  the e f f e c t  o f  the 

f i e l d  increase.  

m 

Thus, the thickness of an e f fec t ive  V i r t u a l  s ta t ionary  phase 

and the coe f f i c i en t  of a f i e l d  increase  f o r  open cap i l l a ry  chm- 

matography have been found. ,The described approach to  the problem 

needs no special treatment o f  & included i n t o  the formula of 

[ I ]  . The ca lcu la t ion  of this parameter may be performed within 

the limits of the pmposed model but  i t  has not been given here. 

The sedimentation ( separa t ion)  of charged macromolecules may 

take place with an increase  of the f i e l d  and an elongation o f  

electric double layers not  only i n  a conductive (metal) cap i l la ry  

a s  has beell Shown by K * L i  [ 11 wt &o i n a  packed bed cdl fonite o r  
ac t iva ted  carbon granules. I n  this case the e f f e c t  i s  dependent 

on the space between the two adjacent granules. An i l l u s t r a t i v e  

p rac t i ca l  example of r ea l i z ing  such a s i t u a t i o n  is the method 

o f  hemocarboperfusion[ 2 1  AS has been recent ly  revealed by 

experiments, the rate o f  soption (eedimentation) on the sorbents  
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OPEN CAPILLARY CHROMATOGRAPHY 1967 

widely used i n  c l i n i c a l  p rac t ice  depends to  a grea t  ex ten t  on 

the ex terna l  po ten t i a l  o f  a c e r t a i n  po la r i ty  and magnitude which 

i s  appl ied to the system[ 63. It i s  not  d i f f i c u l t  to  note t h a t  

under such condi t ions,  which are  genera l ly  speaking analogous 

to a chromatographical column, there  a l so  take place condi t ions 

s imi l a r  to those disclosed i n  Cl] . Under assumption of  the  Bame 

soheme i n  discussing and construct ing quant i ta t ive  formulae 

( l i k e l y  to be permiasable at  this stage of i nves t iga t ions )  

the e f f ic iency  of  the method is a lso  dependent on the re la t ion-  

sip of type (1)-(8) .  However, the mast s ign i f i can t  for such 

models i s  the re la t ionship  between the conduct iv i t ies  of par- 

t i c l e s  (granules)  

of substances t o  be settled. The gain f a c t o r  of the f i e l d  

may be ca lcu la ted  t o  a first approximation i n  consider ing a 

nonconductive medium with particles of  an i n f i n i t e l y  high 

conduct ivi ty  (with an ermr of the  order  of VEE r23. 
A more d e t d l e d  s imi l a r  i nves t iga t ion  i s  given i n  C2J. 

I 
which should be much higher  than those 

I 

Thus, a refinement of the condi t ions f o r  an e f fec t ive  use 

o f  double l aye r s  as a v i r t u a l  s t a t iona ry  phase for charged 

macromolecules, which i s  disclosed in this paper,  makes i t  

possible  to  r e l a t e  the L i  t heo re t i ca l  model[l] with the condi- 

t i o n s  of an experiment or a p r a c t i c a l  use thereof.  
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