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SIZE EXCLUSION CHROMATOGRAPHY OF POLY (VINYLPYRROLIDONE): 
I . THE CHROMATOGRAPH I C  METHOD 

E. G. Malawer, J. K. DeVasto, 
S. P. Frankoski,  and A. J. Montana* 

GAF Corporat ion 
1361 Alps Road 

Wayne, NJ 07470 

*Present Address: Diamond Shamrock Corporat ion 
350 M t .  Kembl e Avenue 
Morristown, New Jersey 07960 

ABSTRACT 

The optimum s i z e  exclusion chromatographic (SEC) method f o r  poly-  
( v iny lpy r ro l i done)  (PVP) was found t o  be based upon a s ta t i ona ry  
phase o f  d i o l  de r i va t i zed  s i l i c a  o f  pore s izes 3000, 500, and 758 

3' and a mobi le phase o f  50:50 ( /v) MeOH/H20 conta in ing  O.1M-LiNO 
Sample recovery under i den t i ca l  cond i t ions  var ied  f o r  t he  
commercial packings inves t iga ted  and was found t o  be inverse ly  
r e l a t e d  t o  molecular weight. The l a t t e r  phenomenon was 
r a t i o n a l i z e d  on the  basis o f  a l im i ted  number of a c t i v e  subs t ra te  
s i t e s  ava i l ab le  f o r  binding. Methanol was found t o  be a more 
e f f e c t i v e  mobi le phase mod i f i e r  than e i t h e r  dimethyl formamide o r  
a c e t o n i t r i l e  apparently due t o  i t s  a b i l i t y  t o  func t i on  as a proton 
donor i n  hydrogen bonding w i t h  PVP. Chromatographic evidence f o r  
t h e  existence o f  semipolyampholyte character i n  PVP i s  presented. 
A procedure f o r  t h e  cons t ruc t i on  o f  a column s e t  log- l inear  i n  
c a l i b r a t i o n  and o f  extended dynamic range i s  described and i s  
based upon hydrodynamic volume theory. 

I NTRODUCT I ON 

T r a d i t i o n a l l y ,  t he  molecular weight o f  PVP has been 

character ized i n d i r e c t l y  by means o f  t he  Fikentscher K-value, K, 
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MALAMER ET AL. 442 

(1,3) which i s  def 

and t h e  concentrat 

ned i n  terms 

on c ( i n  g/d 

o f  t h e  r e l a t i v e  v i scos i t y ,  nrel, 
), of a given solut-ion: 

and K = 1000 KO 

A t  present, PVP i s  produced i n  four basic K-value grades i n  

t h e  Uni ted States; namely, 15, 30,  60, and 90 which correspond t o  

nominal v iscosi ty-average molecular weights of 7,700, 38,000, 

216,000, and 630,000 amu, respec t ive ly .  These amounts a r e  based 

upon a Mark-Houwink c o e f f i c i e n t  o f  1.4 x d l / g  and an 

exponent of 0.7 f o r  water a t  25°C as described by Scholtan and 

coworkers (4,5). 

Knowledge o f  t h e  absolute molecular weight d i s t r i b u t i o n  o f  a 

polymeric mater ia l  a l lows one t o  p r e d i c t  end-use p roper t i es  which 

a re  no t  dependent upon and thus  cannot be pred ic ted  by v i s c o s i t y  

parameters such as K-value. The product ion of a molecular weight 

d i s t r i b u t i o n  by gel  permeation chromatography (genera l l y  known as 

s i z e  exclusion chromatography) i s  inherent ly  a two-part process: 

t h e  development o f  a s u i t a b l e  chromatographic method and t h e  

establ ishment o f  an absolute means o f  c a l i b r a t i o n .  The present 

paper w i l l  concern i t s e l f  w i t h  t h e  former aspect on ly  f o r  t h e  case 

o f  PVP. 

Chromatographic supports o f  c ross l inked agarose ( 6 )  and 

dextran ge ls  (7,91 have both been repor ted  t o  success fu l l y  e l u t e  

po ly  ( v iny lpy r ro l i done) .  As a r e s u l t  o f  t h e  poor mechanical 

s t rength  o f  these gels, they cannot t o l e r a t e  t h e  normal f low r a t e s  

(1-2 ml/rnin.) des i rab le  f o r  h igh  performance l i q u i d  chromatography 

and, consequently, run  t imes a re  long. They a re  also prone t o  

i r r e v e r s i b l e  swel I i ng  and deswel I i ng  phenomena which are  

tantamount t o  loss o f  r e s o l u t i o n  and e f f i c i e n c y .  To overcome t h e  

d i f f i c u l t i e s  associated w i t h  s o f t  ge ls  researches have resor ted  t o  

t h e  use of semi - r ig id  ge ls  such as c ross l inked po ly (s ty rene/  

d i v i n y l  benzene) i n  con junc t ion  w i th  a mobi le phase 
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SEC OF PVP. I 443 

o f  N,N-dimethyl formamide (DMF) ( 1 0 , l l )  o r  N-methyl py r ro l i done  

(NMP) (12) w i t h  or wi thout  t h e  a d d i t i o n  o f  0.1M - L iBr .  

T h i s  method has been found t o  be imprac t ica l  by t h i s  

labora tory  from two standpoints. F i r s t ,  column e f f i c i e n c i e s  were 

observed t o  drop by more than 75% over several months o f  

continuous use. T h i s  was a t t r i b u t e d  t o  i r r e v e r s i b l e  swe l l ing  i n  

e i t h e r  DMF o r  NMP as has been c i t e d  by one manufacturer o f  such 

gels, Waters Associates (M i l f o rd ,  MA). Second, as d i f f e r e n t i a l  

re f rac tomet ry  is t h e  de tec t i on  system most commonly employed and 

as PVP i s p a r t i  cu I a r  I y hygroscopic, a I arge negat i ve I y-or i ented 

peak a t  t h e  t o t a l  permeation volume (V+) i s  observed due t o  

water. Because PVP i s  so s i m i l a r  i n  s t r u c t u r e  and thus i n  

r e f r a c t i v e  index t o  e i t h e r  NMP o r  DMF, t h e  res idua l  water has a 

much higher response fac to r  than t h e  polymer I n  these solvents. 

These la rge  water peaks have been noted t o  o b l i t e r a t e  t h e  low 

molecular weight t a i l s  o f  low K-value grades o f  PVP molecular 

weight d i s t r i b u t i o n s  making q u a n t i t a t i o n  extremely d i f f i c u l t .  

R i g i d  packings based upon porous s i l i c a  a re  n o t  sub jec t  t o  

t h e  i r r e v e r s i b l e  swel l ing/deswel l ing phenomena exh ib i ted  by both 

t h e  s o f t  and seml-r ig id gels. 

hydrophobical ly modif ied s i l i c a  was inves t iga ted  by t h i s  

laboratory.  T h i s  mater ia l  (produced by E. 1. DuPont de Nemours & 

Co., Inc., and cons is t i ng  o f  porous s i l i c a  deact ivated by 

ch lo ro t r ime thy l s i l ane )  was u t i l i z e d  w i t h  a mobi le phase o f  DMF 

conta in ing  O.1M - LiBr.  

reproduc ib le  chromatograms, h igh  reso lu t ion ,  and h igh  sample 

recovery, it a lso  su f fe red  from t h e  in te r fe rence  o f  res idua l  water 

peaks. I n  add i t ion ,  it d i d  n o t  o f f e r  r e s o l u t i o n  of ma te r ia l  

g rea ter  than 1.5 m i  I1 ion  amu due t o  t h e  inadequacy o f  t h e  l a rges t  

pore s i z e  used, 1000 R .  

A method f o r  PVP invo lv ing  a 

While t h i s  method was found t o  p rov ide  

Recently, several groups of workers have reported on a 

v a r i e t y  o f  SEC methods app l i cab le  t o  PVP based upon an aqueous 

mobi le phase. A novel hyd roph i l i c  semi - r ig id  polymeric gel 

con ta in ing  t h e  group +CH2CHOHCH20) was introduced under t h e  name 

TSK-GEL type-PW (Toya Soda Co., Japan). The f r a c t i o n a t i o n  o f  pvp 
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444 MALAWER ET AL. 

using an aqueous mob i le  phase i n  con junc t ion  w i t h  t h i s  packing 

mater ia l  has been reported (13). While t h e  water peak was 

el iminated here, column e f f i c i e n c y  appeared t o  dec l i ne  markedly 

over several months o f  use (14). 

Engelhardt and Mathes described a bonded ( p r o t i c )  amide 

s ta t i ona ry  phase and a mobi le phase o f  0.1M - TrisHCl b u f f e r  

(pH = 8.0) w i th  10% '/v) ethylene g l yco l  adjusted t o  an i o n i c  

s t rength  o f  0.5 w i t h  L i 2  so4(15). 

g l yco l  was t o  e l im ina te  p a r t i t i o n  due t o  a hydrophobic i n t e r a c t i o n  

between t h e  s ta t i ona ry  phase and PVP. T h i s  packing mater ia l  i s  

no t  commercially ava i lab le .  An i n t e r e s t i n g  mater ia l  which was 

found t o  be incapable o f  e l u t i n g  PVP was PVP-coated s i l i c a  (16). 

While t h e  mobi le phase was no t  spec i f ied ,  t h e  adsorpt ion o f  PVP 

was said t o  be a r e s u l t  o f  t h e  d i p o l a r  i n t e r a c t i o n  between t h e  two 

PVP phases. As PVP i s  an a p r o t i c  amide i t s  f a i l u r e  as a 

s ta t i ona ry  phase i s  a t  odds w i th  t h e  work o f  Engelhardt  and 

Mathes. 

The purpose o f  t h e  ethylene 

The primary purpose o f  t h i s  work was t o  descr ibe a successful 

method f o r  t he  aqueous s i z e  exclusion chromatography o f  PVP based 

upon a diol-bonded s i  I i ca  packing ( a l s o  re fe r red  t o  as possessing 

g lycery l ,  g l yco l  o r  carbohydrate f u n c t i o n a l i t y ) .  T h i s  work was 

produced independently w i t h  respec t  t o  t h a t  o f  Herman, F i e l d  and 

Abbott who r e p o r t  a s i m i l a r  separat ion (17). The two methods a re  

contrasted i n  t h e  body o f  t h i s  repor t .  

EWE2 I MEFiTAL 

The chromatograph employed i n  t h i s  study was a Waters Model 

150C GPC operated a t  ambient temperature. Data c o l l e c t i o n  was 

achieved w i t h  a Perkin-Elmer Sigma 10 data s ta t ion .  SEC 
s ta t i ona ry  phases inves t iga ted  included commercial d i o l  columns 

(250 x 4.6 mm I D )  obtained from E. Metck (LiChrospher-DIOL) and 

Synchrom, Inc. (Syn Chropak GPC) as wel l  as bu lk  packing from 

Electro-Nucleonics, Inc., (Glyceryl-CPG). The former ma te r ia l s  

a re  based upon nominal lOym diameter spher ical  s i l i c a  wh i l e  
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SEC OF PVP. I 445 

t h e  l a t t e r  cons i s t s  o f  crushed i r r e g u l a r  glass p a r t i c l e s  i n  t h e  

37-74pm range. The Glyceryl-CPG mater ia l  was dry-packed i n t o  

Waters 300 x 7.8 mm ID S.S. columns by t h e  " tap - f i  1111 method o f  

Snyder and K i r k land  (18). 

The po ly (v iny lpyr ro1 idone)  samples studied represent t y p i c a l  

batches o f  t h e  four major grades produced by GAF Corporat ion.  

narrow polystyrene c a l i b r a t i o n  standards were obtained from 

Pressure Chemical Co. The methanol, water, tetrahydrofuran, and 

a c e t o n i t r i l e  used were distilled-in-glass solvents obtained from 

Burdick 8, Jackson, Inc. L iBr,  LiN03, and KH2P04 were reagent 

grade mater ia ls  obtained from J.T. Baker Co. The Glyceryl-CPG 

column bank was operated a t  a f low r a t e  o f  2.0 ml/min. which 

corresponds t o  a nominal ana lys i s  t ime  o f  30 minutes. Unless 

ind ica ted  otherwise i n  t h e  f i g u r e  captions, t h e  i n j e c t i o n s  

consisted o f  1601.11 volumes o f  0.25% cw/v) so lu t i ons  f o r  a l l  

molecular weight grades. 

'/v concentrat ion as we1 I .  

f i n g e r i n g  was detected.) The development o f  t he  mobi le phase 

composit ion i s  presented i n  t h e  Results/Discussion sect ion.  

The 

(K-90 grade PVP was s tud ied  a t  a 0.1% 

No peak s h i f t  ascr ibab le  t o  viscous 

RESULTS AND D I SCUSS I ON 

A. Glyceryl-CPG Column Bank Desiqn 

Apart  from increasing r e s o l u t i o n  and minimizing adsorp t ive  

e f fec ts ,  t h e r e  a re  two main cons idera t ions  I n  cons t ruc t i ng  a we l l -  

designed SEC column set. 

range ( s e l e c t i v e  permeation) t o  inc lude a l l  molecular weight 

components o f  i n t e r e s t  and t h e  op t im iza t i on  o f  t h e  shape o f  t h e  

c a l i b r a t i o n  curve t o  be log- l inear  i n  character over a broad range 

w i t h  respect t o  t h e  dependence o f  molecular weight upon e l u t i o n  

volume ( V e ) .  

weight d i s t r i b u t i o n  p l o t  t o  be d iv ided i n t o  equal increments 

corresponding t o  decades o f  molecular weight and f a c i  I i t a t e s  t h e  

use o f  polydisperse (broad) standard c a l i b r a t i o n .  A non-log- 

l i nea r  column bank can cause a symmetric, Gaussian peak shape t o  

These a r e  t h e  maximization o f  dynamic 

The l a t t e r  a l lows t h e  abscissa o f  a molecular 
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446 MALAWER ET AL. 

appear skewed and r e s o l u t i o n  t o  be a func t i on  of e l u t i o n  volume i n  

t h e  s e l e c t i v e  permeation range. 

I n  t h i s  study t h e  column bank was requ i red  t o  possess a 

s e l e c t i v e  permeation range extending from several hundred t o  ten  

m i  I I ion amu (or  f i v e  decades). I t  has been demonstrated t h a t  a 

column s e t  constructed from on ly  two pore s izes  can span a l i nea r  

dynamic range o f  four bu t  no t  f i v e  decades and t h a t  t h e  pore 

volumes of  each s i z e  should be equal for h ighes t  l i n e a r i t y  (19) .  

The l a t t e r  stems from t h e  dependence o f  c a l i b r a t i o n  s lope upon 

pore volume i n  t h e  range covered by a p a r t i c u l a r  pore s ize.  

Therefore t o  span f i v e  decades, a t  l eas t  t h ree  pore s izes  are  

requ i red. 

The Glyceryl-CPG mate r ia l  pore s i zes  chosen were nominal ly 

75, 500, and 3000 8 .  The 7 5 a  mater ia l  i s  t h e  smal les t  

commercial ly a v a i l a b l e  pore s i z e  and i s  capable o f  reso lv ing  

components i n  t h e  several hundred amu range. The remaining s izes  

were chosen so t h a t  t h e i r  i nd i v idua l  se lec t i on  permeation ranges 

bare ly  overlapped. 

insure  maximum l i n e a r i t y  was d i c ta ted  by t h e  fo l l ow ing  

considerat ion.  

The spacing between t h e  t h r e e  pore s izes  t o  

The diameter o f  an i nd i v idua l  pore can be thought o f  as 

equ iva len t  t o  tw ice  t h e  Stoke's rad ius  o f  t h e  l a rges t  random 

c o i l e d  polymer molecule (Gaussian chain) which can penet ra te  it. 

(The SEC mechanism operates upon t h e  molecular hydrodynamic 

volume.) According t o  t h e  Flory-Fox equation t h e  hydrodynamic 

volume, I771 M, of such a molecule can be expressed by 

where, [ n l  = 

o =  
2 i r  > = 

t h e  i n t r i n s i c  v i s c o s i t y  

a un iversa l  constant 

t h e  mean square end-to-end d i stance 

(equal t o  s i x  t imes t h e  mean square rad ius  o f  

gy ra t i on  1 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
1
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SEC OF PVP. I 447 

U t i l i z i n g  t h e  Mark-Houwink equation which emp i r i ca l l y  r e l a t e s  

1171 t o  M by 

where K i  and a a re  t h e  Mark-Houwink c o e f f i c i e n t  and exponent 

respec t ive ly ,  one may s u b s t i t u t e  f o r  1171 i n  t h e  Flory-Fox equation 

t o  y i e l d  

Assuming t h a t  K ' ,  a, and @ a r e  e s s e n t i a l l y  independent o f  

molecular weight and tak ing  t h e  logar i thm o f  both s ides of t h i s  

equation, t he  fo l l ow ing  c o r o l l a r y  i s  obtained, viz.. 

log M a log r 

o r  any other l i nea r  dimension o f  such a Gaussian chain. 

Thus, t h e  d i f f e r e n c e  i n  t h e  logarithms o 

s izes  must be equal i n  order f o r  t h e  log M va 

t h e i r  respec t ive  exclusion l i m i t s  t o  be equal 

log- l inear  c a l i b r a t i o n  curve. I n  t h i s  case, 

t h e  th ree  pore 

ues correspond i ng t o  

y spaced y i e l d i n g  a 

log 3000 - log 500 = 0.778 

log 500 - log 7 5  = 0.824 

i .e., t h e  d i f f e rences  a re  near ly  equivalent,  i n d i c a t i n g  proper 

sel  e c t  ion. 

Because t h e  pore volume o f  t h e  7513 mater ia l  was reported t o  

be approximately h a l f  t h a t  o f  t h e  500 and 3000 8 mate r ia l s  by 

t h e i r  manufacturer, t h e  bed volume o f  t h e  former was doubled. The 

Glyceryl-CPG column s e t  consisted o f  two columns o f  t h e  758 and 

one each o f  t h e  5008 and 30008 mater ia ls .  

corresponding t o  t h i s  column s e t  as def ined by a narrow 

The c a l i b r a t i o n  curve 
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448 MALAWEK ET AL. 

po lys ty rene standards i n  a THF mobi le phase i s  depicted i n  

F igu re  1. A c o r r e l a t i o n  c o e f f i c i e n t  o f  0.9981 was achieved, 

i n d i c a t i v e  o f  h igh l i n e a r i t y  (n=13). 

B. Mobi l e  Phase Development 

The f i r s t  mobi le phase attempted i n  con junc t ion  w i t h  t h e  

Glyceryl-CPG column s e t  consisted o f  5% DMF ('/v), 95% H20 

('/v) and 0.1 M - L i b .  The purpose of t h e  s a l t  was t o  

counteract  any res idua l  i o n i c  e l e c t r o l y t e  character o f  t h e  PVP as 

wel l  as t o  screen any rema 

support. DMF was included 

s i t e s  v i a  hydrogen bonding 

Wh i I e commerci a I K-90, -60 

n ing  an ion ic  

t o  i n t e r a c t  w i th  t h e  remaining s i l a n o  

i n  order t o  e l im ina te  PVP absorption. 

-30, and -15 samples were found t o  

- S i O -  s i t e s  on t h e  

e l u t e  under these cond i t ions  i n  c o r r e c t  SEC order, t h e  K-90 and 

K-60 peak shapes were h igh l y  skewed t o  low molecular weight. 

apparent adsorp t ive  e f f e c t  could no t  be overcome by e i t h e r  

increasing t h e  DMF concent ra t ion  o r  by s u b s t i t u t i o n  o f  t h e  DMF by 

NMP . 

Th is  

I n  order t o  overcome t h i s  e f fec t ,  a d i f f e r e n t  approach was 

taken. Methanol was subs t i t u ted  f o r  t he  DMF. The former was 

expected t o  i n t e r a c t  v i a  hydrogen-bond i ng w i t h  t h e  carbony I groups 

o f  PVP leaving t h e  unreac t ive  methanol methyl group exposed t o  t h e  

support surface. What was n o t  known a p r i o r i  was what 

concentrat ion o f  methanol was requ i red  f o r  optimum e f f i c i e n c y  i n  

s h i f t i n g  t h e  equ i l i b r i um between methanol and water t o  t h e  l e f t :  

C = 0 . . *  HOH + HCCH3 
A \ \ 

/ / 
C = 0 . * *  H E H 3  + HOH 

A se r ies  o f  aqueous O.1M-LiBr rnobi l e  phases were prepared 

conta in ing  10, 25, 40, and 50% ('/v) o f  methanol (MeOH) i n  

water. (The pH o f  these mixtures was normally i n  t h e  range o f  6 

and was no t  adjusted.) The 10% composit ion resu l ted  i n  t o t a l  

r e t e n t i o n  o f  a l  I PVP samples in jec ted .  The chromatography 

observed f o r  t h e  composit ions 25, 40 and 50% ('/v) MeOH i s  

depicted i n  F igu re  2 and t h e  peak c r e s t  t imes are  reported i n  
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FIGURE 1. C a l i b r a t i o n  curve f o r  t h e  Glyceryl-CPG column s e t  
cons i s t i ng  o f  2x758, 500a, and 3000a, (300 x 7.8mm) 
col  umns usi  ng narrow polystyrene standards i n  THF. 
Condi t ions:  f l ow  r a t e  o f  2.0 ml/min., i n j e c t i o n  volume 
o f  80 p l ,  concent ra t ion  o f  0.1% w/v. 

Tab le  1. 

found t o  improve as t h e  methanol concentrat ion was increased w h i l e  

t h e  peak c r e s t  r e t e n t i o n  t imes monotonical ly decreased (al though 

min ima l ly  from 40 t o  50%). 

minimized a t  t h e  50% methanol level ,  t h i s  composit ion was 

subsequently maintained. A t  t h i s  p o i n t  i n  t h e  development o f  t h e  

method, LiN03 was subs t i t u ted  f o r  L iBr  because o f  t h e  po ten t i a l  

of cor ros ion  of s t a i n l e s s  s tee l  t ub ing  i n  t h e  prolonged presence 

o f  bromide ions. Equimolar replacement was found t o  have no 

e f f e c t  upon t h e  observed chromatography as shown i n  F igu re  3. 

2000 8 column u t i  I ized i n i t i a l  l y  t o  perform t h e  chromatography 

The peak symmetry o f  t h e  K-90 and -60 ma te r ia l s  was 

As adsorpt ion appears t o  have been 

The 
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1 

FIGURE 2. The e f f e c t  o f  methanol concent ra t ion  i n  t h e  mobi le 
phase o f  PVP peak shape and pos i t i on .  Condi t ions:  
MeOH/H20 mob i le  phases conta in ing  0.1 M-Liar, column 
bank o f  Glyceryl-CPG 2x758, 5008, and ZOOOR 
(300 x 7.8mm), flow rat-e o f  2.0 rnl/min., i n j e c t i o n  
volume of SO ul, concent ra t ion  o f  0.25% w/v. 

TABLE 1 

Peak Cres t  Times ( i n  min.) of Various Grades of PVP 
as Observed on a Glyceryl-CPG Column Bank 

Samp I e 
5 Methanol ("1") i n  Mobi le Phase 

50 % - 40% - - 25% 

K-90 14.6 14.2 14.1 

K-60 17.5 16.7 16.4 

K -30 18.4 17.7 17.4 

K-15 - 19.7 19.7 

NMP 23.4 22.7 22.5 
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FIGURE 3. S ize  exc lus ion  chromatography o f  PVP under t h e  f i n a l  
chromatographic cond i t ions :  a mobi le phase o f  50:50 
v/v MeOH/H20 con ta in ing  O.1M-LiNO3, a column bank 
o f  Glyceryl-CPG 2x758, 5008, and 30008 (300 x 7.8mm), 
f l ow  r a t e  o f  2.0 ml/min., i n j e c t i o n  volume o f  160 P I ,  
concentrat ion o f  0.25% w/v. 

depicted i n  F igu re  2 was replaced by a 30008 column i n  F igu re  3 as 

per p a r t  A o f  t h i s  Discussion. 

Column e f f i c i e n c y  was measured using an analogous t o t a l l y  

permeating species, NMP, and performing t h e  t e s t  a t  normal 

opera t ing  cond i t ions  (i.e., 2.0 ml/min f low ra te ,  a l l  four  

columns, 50% MeOH/50% H20 conta in ing  O.1M-LiNO3, ambient 

temperature). Using t h e  5amethod (peak width measured a t  4.48 o f  

peak he igh t  from basel ine) t h e  column bank e f f i c i e n c y  was found t o  

be 720 plates.  T h i s  r e s u l t  i s  no t  s u r p r i s i n g  consider ing t h e  

p a r t i c l e  s i z e  and p a r t i c l e  i r r e g u l a r i t y  o f  t h e  packing mater ia l .  

C. Comparison t o  Other Systems 

Herman, F i e l d  and Abbott have demonstrated t h e  use o f  a 

mob i le  phase cons is t i ng  o f  40% CH $N / 60$  H20 i n  0.01 

M-KH2P04 adjusted t o  pH = 2.5 i n  con junc t ion  w i th  a 1008 d i o l  

column t o  success fu l l y  perform SEC on a K-15 grade PVP(17). 

Sample recovery was reported t o  be 100%. The func t i on  of t h e  
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a c i d i t y  ( low pH) was t o  suppress t h e  i o n i z a t i o n  o f  PVP which was 

sa id  t o  be an a c i d i c  po l ye lec t ro l y te .  Our laboratory has t o  da te  

found no v iscomet r ic  evidence t o  support t h e  existence o f  

p o l y e l e c t r o l y t e  character i n  unmodified PVP as would be revealed 

by t h e  nonl inear dependence o f  inherent or reduced v i s c o s i t y  upon 

concent ra t ion  i n  water (3 ) .  A minimal e lec t rophore t i c  m o b i l i t y  

has been observed f o r  PVP and ascribed t o  carboxyl end groups 

(20) .  

The e f f e c t  o f  removing s a l t  from a 50:50 ‘/v MeOH/H20 

mobi le phase was inves t iga ted  f o r  K-90, K-30, K-60, K-15, and NMP 

on Glyceryl-CPG columns as depicted i n  F igu re  4. These 

chromatograms should be compared t o  t h e  50% MeOH chromatograms o f  

F igu re  2. The d i s t r i b u t i o n  o f  t h e  K-90 mater ia l  e x h i b i t s  a 

d i s t i n c t  shoulder whereas t h e  K-60, K-30, and K-15 grade samples 

possess bimodal d i s t r i b u t i o n s :  one peak a t  t h e  t o t a l  exclusion 

volume and one corresponding t o  t h e  expected SEC peak. 

phenomenon i s  cons is ten t  w i th  a p o l y e l e c t r o l y t e  e f f e c t  desp i te  t h e  

lack o f  support ing v iscomet r ic  evidence. 

reported t o  be a semi-polyampholyte on t h e  basis o f  conductometric 

t i t r a t i o n  (21,22) and 13C-NMR data ( 2 3 ) .  

opening reac t i on  r e s u l t s  i n  a Z w i t t e r i o n i c  (amino ac id )  form whose 

p o s i t  i ve charges on t h e  n i  trogens a re  screened by concomitant 

negat ive ly  charged carboxyl groups which a re  f u r t h e s t  from t h e  

backbone. Mutual repu ls ion  between such negat ive charges and w i t h  

respect t o  res idua l  

r e s u l t  i n  increased hydrodynamic volume i n  t h e  absence o f  f r e e  

c a t i o n i c  counter ions and i s  cons is ten t  w i th  a p o r t i o n  o f  t h e  PVP 

e l u t i n g  a t  t h e  t o t a l  exclusion volume. The bimodal na ture  o f  

these chromatograms i s  no t  completely understood, however, and i s  

under f u r t h e r  inves t iga t ion .  The frequency o f  t h e  Z w i t t e r i o n i c  

form has been reported t o  increase dramatical l y  a t  both high and 

low pH values (211. 

T h i s  

However, PVP has been 

A hyd ro l ys i s / r i ng -  

- S i O -  groups on t h e  s i l i c a  subs t ra te  would 

Thus, t h e  adjustment o f  t h e  mobi le phase t o  low pH i s  

unwarranted and can be as de t r imenta l  t o  t h e  s tab i  I i t y  o f  t h e  
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F\GURE 4. The e t f e c t  o f  t h e  removal of s a i t  from t h e  mobile phase 
upon PVP peak shape and pos i t ion .  Condi t ions:  a mobi le 
phase o f  50:50 v/  
Glyceryl-CPG 2x75$, 500h, and 30008 (300 x 7.8 mm), 
f l ow  r a t e  o f  2.0 ml/min., i n j e c t i o n  volume o f  160 1.11, 
concent ra t ion  o f  0.25% w/v. 

MeOH H20, column bank o f  

bonded phase as high pH i s  t o  t h e  s i l i c a  subs t ra te  (24). Residual 

i on i c  e f f e c t s  exh ib i ted  by e i t h e r  t h e  polymer o r  chromatographic 

support  a re  be t te r  counteracted by t h e  add i t i on  o f  an adequate 

q u a n t i t y  of a neut ra l  s a l t .  The a c e t o n i t r i l e  incorporated i n t o  

t h e  mobi le phase 9f Herman et. a l .  can p a r t i c i p a t e  i n  hydrogen- 

bonding although, u n l i k e  methanol, s t r i c t l y  as a proton acceptor. 

To assess t h e  r e l a t i v e  e f f i c a c y  o f  t h e  two mobi le phases, a 

d i r e c t  comparison o f  sample recovery was performed using t h e  same 

d i o l  column bank, t h a t  o f  t h e  Glyceryl-CPG. Peak areas o f  1 6 0 ~ 1  

i n j e c t i o n s  made on these columns were compared t o  1 0 ~ 1  i n j e c t i o n s  

made on a f low r e s t r i c t o r  c o i l  ( i n  t h e  absence o f  t h e  columns) 
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w i t h  compensation f o r  d i f f e rences  i n  i n j e c t i o n  volume, c h a r t  

speed, f low ra te ,  and de tec tor  s e n s i t i v i t y .  The de tec tor  response 

f o r  t he  case o f  t h e  f low r e s t r i c t o r  alone i s  taken t o  represent 

100% recovery. 

2. 

recovery as molecular weight i s  decreased. A t  every molecular 

weight studied, t h e  methanol based mobi le phase resu l ted  i n  a 

s u b s t a n t i a l l y  h igher recovery than t h a t  based upon a c e t o n i t r i l e .  

T h i s  i s  p a r t i c u l a r l y  ev ident  f o r  t h e  K-90 grade mater ia l .  The 

grea ter  e f f i c a c y  o f  t h e  former mobi le phase mod i f i e r  i s  evidence 

f o r  t h e  r o l e  o f  proton donat ion i n  overcoming adsorpt ion i n  t h i s  

system. 

The r e s u l t s  o f  t h i s  study a re  summarized i n  Tab le  

In  both cases a genera l l y  monotonic increase i s  observed f o r  % 

The i nverse dependence of  percent recovery upon mol ecu I a r  

weight i s  n o t  surpr is ing .  An ind i v idua l  rner segment on a low 

molecular weight PVP molecule has an equal probabi I i t y  o f  

i n t e r a c t i n g  w i t h  an a c t i v e  subs t ra te  s i t e  as does a mer segment on 

a high molecular weight molecule. However, once such an 

i n t e r a c t i o n  occurs, t h e  mass o f  PVP re ta ined  i s  g rea ter  f o r  t h e  

high molecular weight case. (Th is  argument presumes a l i m i t e d  

number o f  a c t i v e  subs t ra te  s i t e s .  I n  t h e  event t h a t  t h e  number o f  

s i t e s  i s  very high, as i n  unmodified s i l i c a ,  a l l  PVP molecules are  

re ta ined e l im ina t i ng  t h e  molecular weight dependence.) T h i s  

molecular weight dependence i s  cont ra ry  t o  what would be expected 

from end-group e f f e c t s  alone. The high recovery o f  K-15 mater ia l  

i n  t h e  study o f  Herman et. a l .  i s  cons is ten t  w i th  the  se lec t i on  o f  

a low molecular weight t e s t  sample and a lesser amount o f  packing 

mater ia l  than i n  t h e  present study. 

An e f f o r t  was made t o  i nves t i ga te  t h e  c h a r a c t e r i s t i c s  o f  

commercially a v a i l a b l e  10um p a r t i c l e  s i z e  d i o l  columns such as 

SynChropak-GF'C and LiChrospher-DIOL i n  order t o  improve e f f i c i e n c y  

wh i l e  r e t a i n i n g  t h e  good fea tures  o f  t h e  Glyceryl-CPG columns: 

log- l inear  c a l i b r a t i o n  and high sample recovery. A 250 x 4.6 mm 

I D  column conta in ing  500 8 pore s i z e  SynChrom mater ia l  was 

compared chromatographical ly t o  a s i m i l a r  column o f  t h e  

LiChrospher mater ia l .  These comparative chromatograms appear i n  
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TABLE 2 

4s.5 

% PVP Sample Recovery as Af fec ted  by 
Mob i l e  Phase Composition 

Mobi l e  Phase pf 
Samp I e Present Study 

K-90 87.1 

K-60 93.3 

K-30 92.8 

K-15 98.1 

NMP 100 

Mobi I e Phase20f 
Herman e t  a l  

37.3 

60.7 

59.7 

75.1 

62.2 

( 1 ) 50% MeOH/50% H20 (‘/v) con ta i  n i ng 0 lM-LiNOj (pH 6 ) .  

( 2 )  40% CH3CN/60$ H20 (‘/v) con ta in ing  0.01M-KH2P04, pti = 2.1. 

F igu re  5. While recovery o f  K-30 and K-15 ma te r ia l s  appeared t o  

be adequate and comparable fo r  t h e  two columns, K-90 e lu ted  we l l  

from t h e  LiChrospher column bu t  was almost completely re ta ined  by 

t h e  Synchrom column. T h i s  r e s u l t  ind ica tes  t h a t  t h e  d i o l  

d e r i v a t i z a t i o n  of t h e  GIyceryI-CPG and LiChrospher ma te r ia l s  i s  

more complete than t h a t  o f  t h e  SynChrom mater ia l .  

o f  K-90, -60, -30, -15 and NMP was determined t o  b e  100% for a 

LiChrospher-DIOL column bank cons is t i ng  of one 100 8, one 500 8, 
and one 4000 8 column. 

determined t o  be 2060 t h e o r e t i c a l  p la tes  by t h e  50method a t  a 0.8 

ml/min f low ra te .  

The 100 a packing represents t h e  smallest, commercial l y  

Sample recovery 

The e f f i c i e n c y  o f  t h i s  column bank was 

a v a i l a b l e  pore s i z e  LiChrospher-DIOL. According t o  t h e  pore s l z e  

se lec t i on  scheme developed i n  p a r t  A of t h i s  section, t h e  c o r r e c t  
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I I I I I I I I I  
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GPC 500 

K-15 
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K-30, 
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I I I , I  I I I 1  I 

LiChrospher 
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FIGURE 5. Comparison o f  two commercial ly-avai lable 10 Urn p a r t i c l e  
s i z e  5008 (250 x 4.6mm) d i o l  columns w i th  regard t o  PVP 
recovery. Condi t ions:  a mobi le phase o f  40:60 "/v 
MeOH/H20 conta in ing  O.lM-LiN03, f low r a t e  
o f  1.0 ml/min., i n j e c t i o n  volume o f  20 1.11, 
concent ra t ion  o f  0.25% w/v. 

pore s i z e  t o  mate w i th  4000 8 and 500 8 pore s izes  would be 60 a 
(assuming equal pore volumes.) A c a l i b r a t i o n  curve f o r  t h e  

LiChrospher column s e t  used was constructed from narrow 

polystyrene standards i n  a THF mobi le phase and i s  depicted i n  

F igu re  6. 

t o  be comprised o f  t h r e e  d i s t i n c t  l i n e a r  segments o f  d i f f e r e n t  

s lope) i s  i n d i c a t i v e  o f  both poor ly  matched pore volumes and the  

absence o f  a s u f f i c i e n t l y  small pore s ize.  That  a 60 a s i z e  would 

be a c lea r  improvement i s  seen by t h e  lack o f  s e l e c t i v e  permeation 

below 500 amu. 

The non- l i nea r i t y  of t h i s  c a l i b r a t i o n  curve ( i t  appears 

Chromatograms o f  a l l  four grades o f  PVP as wel l  as NMP 

obtained f o r  t h e  LiChrospher column bank recovery study a re  

presented i n  F igu re  7. The h igh l y  skewed appearance and sharp high 

molecular weight c u t o f f  o f  t h e  K-60 and K-90 peaks appeared 

unusual i n  l i g h t  o f  t h e  peak shapes observed f o r  these ma te r ia l s  
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FIGURE 6. C a l i b r a t i o n  curve f o r  t he  LiChrospher D l O L  column s e t  
cons i s t i ng  o f  1008, 5008, and 40008, (250 x 4.6mm) 
columns using narrow polystyrene standards i n  THF. 
Condi t ions:  f l ow  r a t e  o f  1.0 ml/min., i n j e c t i o n  volume 
o f  20 pi, concent ra t ion  of 0.1% w/v. 

i n  con junc t ion  w i th  t h e  Glyceryl-CPG column. 

8 column would be expected t o  show good s e l e c t i v i t y  f o r  t h e  high 

molecular weight t a i l  of  PVP K-90 whose weight average molecular 

weight has been reported t o  be i n  t h e  range of 1.5 m i l l i o n  amu 

(25 ) .  According t o  t h e  polystyrene c a l i b r a t i o n  curve given i n  

F igu re  6, t o t a l  exclusion appears t o  occur p r i o r  t o  4.1 m i l l i o n  

amu (6.03 mi). The peak c r e s t  r e t e n t i o n  volume of 7.1 m l  (and 

leading edge r e t e n t i o n  volume o f  6.4 m l )  f o r  t h e  K-90 peak 

represent ing 201-11 o f  a 0.25% s o l u t i o n  was s i g n i f i c a n t l y  l a t e r  than 

t h e  estimated lower l i m i t  o f  t h e  t o t a l  exclusion volume. For a 

2 0 0 ~ 1  i n j e c t i o n  volume o f  a 0.15% s o l u t i o n  of t h e  same mater ia l  

I n  add i t ion ,  a 4000 
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FIGURE 7. S ize  exclusion chromatography o f  PVP using t h e  
LiChrospher column bank o f  1008, and 5008, and 40008 
(250 x 4.6mm). Condi t ions:  a mobi le phase o f  50:50 
"/v MeOH/H20 conta in ing  O.1M-LiN03, f low r a t e  o f  
0.8 ml/min., i n j e c t i o n  volume o f  20 1.11, concent ra t ion  
o f  0.25% w/v. 

t h e  peak c r e s t  r e t e n t i o n  volume o f  7.6 m l  (and leading edge 

r e t e n t i o n  volume o f  7.0 m l )  r e f l e c t s  even f u r t h e r  r e t a r d a t i o n  and 

a dependence upon concentrat ion.  These f a c t s  imply an undesirable 

mixed mode separat ion o f  SEC and p a r t i t i o n  o r  adsorpt ion o f  PVP 

f o r  t h e  LiChrospher mater ia l .  

By comparison t h e  po lys ty rene c a l i b r a t i o n  curve  shown i n  

F igu re  1 f o r  t h e  Glyceryl-CPG column bank ind ica tes  t h a t  t o t a l  

exclusion i s  no t  expected be fore  28.7 m l  (corresponding t o  t h e  4.1 

m i l l i o n  amu standard). The K-90 peak c r e s t  r e t e n t i o n  volume was 

31.2 m l  bu t  t h e  leading edge r e t e n t i o n  volume was 25.1 m l  o r  less 

than t h e  estimated t o t a l  exclusion volume. T h i s  r e s u l t  conf i rms 

t h e  presence of a very h igh  molecular weight component i n  K-90 

grade PVP (and ind ica tes  a x i a l  d ispers ion  i n  t h i s  column se t )  

which i s  cons is ten t  w i th  a predominantly SEC mechanism. 
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CONCLUS IONS 

The o p t i m m  s i z e  oxclusion chromatographic mettiod f w  

p o l y ( v i ~ y 1 p y r r o l i d o n e )  #as found t o  be m e  based upon a s t j t i m a r y  

phase o f  d i o l  de r i va t i zed  s i l i c a  and a n o b i l e  phase o f  N : 5 0  

('/v) t4eOH/H20 w i t h  O.1'4-LiNO3. 

i d e n t i c a l  cond i t ions  var ied  for t n e  commercial packings 

i n w s t i g a t d  bu t  was found t o  be acceptable for two. 

v a r i a t i o n  underscores t h e  requirement of compI?te sur face  

d e a c t i v a t i m  of t n o  s i l i c a  substrats.  

found t o  be inverse ly  r e l a t e d  t o  moIecuI3r weight. 

phenomonon was r a t i o n a l i z e d  on tCle bas is  o f  .3 l i i n i t d  nunbw o f  

a c t i v e  subs t ra te  s i t e s  a v s i l a b l o  for b i n d i i g .  Methanol w3s found 

t o  be a more o f  fect i v e  rnobi I e phaso mod i f i e r  than e i  ther  Di4F or 

a c e t o n i t r i l e  which appears due to i t s  a b i l i t y  t o  a c t  as a p ro ton  

donor i n  hydrogen bonding w i t h  PVP. Chromatographic evidence for 

t h e  existence o f  sumipolyjmpholyte character i n  PVP has been 

reported. A procedure f o r  t h e  cons t ruc t i on  o f  a log- l inear  ( i n  

c a l i b r a t i o n )  a l u m  s 3 t  o f  extsndsd dynamic range has been 

descr i bed and i s based upon hydrodynamic vol une t ' iaory . 

5srnpIe racovsry under 

T h i s  

Tbe percent recovery was 

Th is  

The primary drawback t o  t h e  method descr i  bed 1 i t's i n  t he  

r e l a t i v e l y  l o w  column e f f i c i e n c y  exh ib i t ed  by 37-74 m p a c k i i g  

m a t x i a l .  dn for tunate ly ,  t h e  commercial ly avai Iable,  prepacked 

10m (n igh  e f f i c i e n c y )  colunn mate r ia l s  were found t o  be i n f x i o r  

ta t h o  above w i th  regard t o  PVP recovery, mixed-mode separat ion 

charactat-, mismatched pore volumes and lack of dvai I 3b i  I i t y  of .3 

c r u c i a l  pore s i r e  (60 8) .  
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