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HPSEC OF CATIONIC POLYMERS ON A POLYAMINE SUPPORT 

D. L. Gboding, H. N. Shmuck and II. M. Gboding 
mhrom,  Ific., P.O. Ebx 110, Linden, I N  47955 

APSTRPCT 

High perfonnancs s te r ic  exclusion chromatography of polyoinyl- 
pyridines (PW) on s i l i c a  par t ic les  coated with polymerized amine 
(SynChropak CA!l'SEC) is described. 
first on a conventional neutral  support (Synchropak GPC), and 
the results were compared with t h e  mine coated s i l ica .  Cbndi- 
t ions f o r  analysis were then examined fo r  optimization. Linear 
recovery w a s  observed fo r  a PVP standard of M.W. 3,000. 

PVP standards were analyzed 

INTRODUCTION 

Over the past few years, high performance s t e r i c  exclusion 

chromatography (HPSEC) on s i l i c a  based supports has become an 

accepted technique f o r  polymer characterization. 

fo r  analyzing neutral  and anionic polymers have been established 

by numerous research groups; however, the analysis of cationic 

polymers has been a problem. 

i c a l l y  bind t o  negative s i lanols  on s i l i c a  surfaces. 

has a chemically-bound neutral  layer covering the surface, the  

negative character of the s i l i c a  is reduced but not eliminated 

(1-4). 

glywrylpropylsilyl  support (SynChropak GPC) , they found tha t  

Kethodologies 

Posit ively charged molecules ion- 

When si l ica 

When Pfannkoch e t  al. examined t h i s  phenomena f o r  a 
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2260 GOODING, SCHMUCK, AND GOODING 

adjusting the pR o r  the ionic  s t rength of t he  mobile phase would 

allow ce r t a in  cat ionic  proteins such as lysozyme and cytochrome c 

t o  e l u t e  by size (1 ). 

used by Rand e t  al. t o  aid e lu t ion  ( 2 ) .  

analyze cat ionic  polymers on SynChropak GPC columns by precondi- 

t ioning them with a cat ionic  homopolymer ( 3 ) .  

polymers such as  polyvinylpyridhes (PW) exhibited adsorption 

or ,  a t  best ,  t a i l i n g ,  under most conditions on neutral ly  bonded 

cohnns  (4). 

Alternatively, organic solvents have been 

Barth found t h a t  he could 

Highly charged 

One way t o  eliminate the negative s i l a n o l  groups and the  

adsorptive e f f e c t s  of cat ionic  polymers i s  t o  bond an m i n e  t o  

the s i l i c a  surface t o  neutral ize  the s i lanols .  The resul t ing 

support would have a net  posi t ive charge and would exh ib i t  anion 

exchange cha rac t e r i s t i c s  f o r  appropriate molecules. Talley and 

Bowman used such an approach when they reacted control led porosity 

glass  with 3-aminopropyltriethoxysilane which was subsequently 

quaternized (5). 

t a i l i n g  when an acid eluent  was used. 

PVP standards eluted from t h i s  support without 

This paper describes the use of SynChropak Cfl’SEC columns 

which a re  composed of high performance s i l i c a  coated with polymer- 

ized mine. PW standards e lu t e  from these columns according t o  

s i ze ,  and they exhibi t  Gaussian peak shapes when appropriate 

operating conditions are  used. 

EXPERIMENTAL 

Apparatus: 

and SynChropak CPC 100 (250 x lOmm I D )  were obtained from SynChrom. 

SynChropak CATSEC 100 and CATSEC 1000 (250 x 4.6mm ID) 
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HF'SEC OF CATIONIC POLYMERS 2261 

Ihc. (Linden, IN). A ConstaMetric I I G  l i q u i d  chromatograph 

(Laboratory Data Control, Riv iera  Beach, FL) with  a Model 7125 

i n j e c t i o n  valve (Rheodyne, Berkeley, CA) and a Chem Research Model 

2020 mul t ip le  wavelength de tec tor  (Instrumentation Spec ia l t i e s  

Company, Lincoln, NE) were used for t h e  analyses. 

Reapents: 

Chemical Company (Rockford, IL), 

phosphate monobasic were from Mallinkrodt (Pa r i s ,  KY) . 
glycyl-1-tyrosine and cy t id ine  were from Sigma Chemical Company 

(St. Inu is ,  MO) . 
were obtained from Larry Rosen a t  Pressure Chemical Cbmpany 

(Pittsburgh, PA). 

Procedure: 

so lu t ion ,  t h e  I .O$ t r i f l u o r o a c e t i c  acid f0.2M sodium ch lo r ide  

so lu t ion ,  and 0.15 t r i f l uo roace t i c  acid so lu t ion  used f o r  buf fers  

were prepared i n  water. 

ch lor ide  so lu t ion  was adjusted t o  pR'2.0 with hydrochloric acid. 

The g lycyl tyros ine  and cy t id ine  standards and poly (&vinyl- 

pyridine) standards were prepared i n  buf fer  and sonicated where 

necessary t o  e f f e c t  solution. 

i n j ec t ed  i n t o  t h e  l i q u i d  chromatograph with t h e  i s o c r a t i c  bu f fe r  

a t  a flow r a t e  of O.Sml/min. 

was set a t  0.16 and at a wavelength of 254 run. 

Tr i f luoroace t ic  acid (TFA) was  purchased from Pierce  

Sodium ch lo r ide  and sodium 

The 

The poly (2-vinylpyridine) (PVP) standards 

The 0.1 $ t r i f l u o r o a c e t i c  acid/0.2M sodium chlor ide  

The 0.02M sodium phosphatef0.2M sodium 

Lhplicate samples of  2.5-lWl were 

Ful l  s ca l e  absorbance of t h e  de t ec to r  

RESULTS AND DISCUSSION 

Analysis of PVP standards a n e u t r a l  support:  Ih order  t o  

evaluate t h e  chromatography of t h e  ca t ion ic  polymers on t h e  
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2262 GOODING, SCHMUCK, AND GOODING 

polyamine support, it was first necessary t o  run them on s i l i c a  

with a neutral  bonded layer. A SynChropak GPC 100 column which 

has a glycerylpropylsilyl  bonded layer was chosen for t he  study. 

Amobile phase of 0.1% t r i f l uo roace t i c  acid was used t o  supmess 

ionic  effects.  The PVP standards did e l u t e  under these conditions; 

however, some adsorption was occurring. I n i t i a l  i n j ec t ions  of 

the samples seemed t o  coat the react ive sites ht these adsorbed 

polymers appeared t o  leach off  over time. Subsequent samples 

TIME (min) 

FIGURE 1 

Analysis of a W P  standard (MW 20,000) on a SynChropak GPC 100 
colum (25 cm x 1 cm I.D.). 
acid; flowratei 3.0 ml/min. 

Mobile phase: 0.1% t r i f l uo roace t i c  
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did e l u t e  according t o  s ize;  however, some t a i l i n g  of the  peaks 

was present as seen i n  Fig. 1. Although these neutral  supports 

could be used for the  analysis of cat ionic  polymers, the  adsorp- 

t ion,  sample leaching, and t a i l i n g  made them less than ideal for 

this application. 

halysis on a polyamine support: 

SynChropak CATSEC, was developed for the  SEC of cat ionic  polymers. 

This i s  a porous s i l i c a  which has a th in  layer  of polyamine 

polymerized with a neutral  hydrophilic crossl inker  t o  increase 

s tab i l i ty .  When PVP standards were run on these columns, l i n e a r  

recovery of the  PVP was observed as seen i n  Fig. 2. 

A new column packing material, 

With lower 

RECOVERY OF P V P  

0 

0 - 

0 

0 

0 

FIGURE 2 

Recovery of a €" standard (MW 3,000) from a SynChropak 
" S E C  1000 column (250 mm x 4.6 mm I.D.). 
t r l f luoroace t lc  acid, 0.2M eodium chlaride; flowrate: 

Mobile phase: 0.1% 
0.5 ml/min. 
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2264 GOODING, SCHMUCK, AND GOODING 

concentrations, s l i ght  adsorption was observed. Once the 

feasibility of using these columns was determined, conditions for  

analysis were examined for optimization. 

Mobile phase selection: 

acetic acid was used for  analysis, the standards appeared t o  have 

When a mobile phase o f  0.1% trifluoro- 

6 

5 

3 z 
g4 
-1 

3 

0 0.2 0.4 0.6 0.8 1.0 

KO 

FIGURE 3 

Ion-exclusion effect shown by the calibration curves for N P  
standards on SynChropak CATSEC 100 and 1000 columns. 
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HPSEC OF CATIONIC POLYMERS 2265 

lower retention times than would be expected on columns of these 

pore diameters (I 00 1 and l O O d ,  respectively) . TBis phenomenon 

would be symptomatic of  ion-exclusion, which would be expected 

with pores containing a charged surface and an eluent with inc 

adequate ionic strength. 

the pore repel the posit ively charged polymers and prevent them 

from penetrating properly. 

1001 than the l O O O A  column due t o  the much higher surface area of 

the 1001 support. 

on the calibration curves of each support. Amobile phase of 

0.18 tr if luoroacetic acid containing 0.2K sodium chloride was 

used for  comparison. 

The density of posit ive charges within 

me effect  was more severe f o r  the 

Figure 3 i l l u s t r a t e s  the ion-exclusion e f fec t  

Eluents containing 0.2M salt appeared t o  obviate ion exclu- 

Mobile phases of several  sion on columns of a l l  pore diameters. 

different  pH values were used and a l l  gave similar resu l t s  when 

0.2M sodium chloride was added: 

0.2M sodium chloride (pH 1.4), 2) O. l$  tr if luoroacetic acid, 0.2M 

sodium chloride (pH 1.6), and 3) 0.02M sodium phosphate, 0.2M 

sodium chloride (pH 2.0). FPgure 4 shows the analysis of three 

PW standards on a 1001 SynChropak C'ATSEC 100 column using 0.1% 

tr if luoroacetic acid and 0.2FI sodium chloride. figure 5 exhibits 

the analysis of four PVP standards using the 0.02M sodium phos- 

phate (pH 2.0) buffer with 0.2M sodium chloride. No differences 

are seen between the eluents as regards peak shape. When O.5M 

sodium chloride was used, some added retention was seen. This 

was probably due t o  a hydrophobic interaction or a salting-out 
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TIME (m id  

FIGURE 4 

Analysis of WP standards on a SynChropak CATSEC 100 column 
(250 m x 4.6 mm I.D.). 
0.2M sodium chloride, pH 2.0; flowrate: 
standards: 1 .  MW 600,000; 2. MW 11,000; 3. MW 3,000. 

Mobile phase: 0.02M sodium phosphate, 
0.3 ml/lain# WP 

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



HPSEC OF CATIONIC POLYMERS 

I I I 

2267 

i 

TIME (mid  

FIGURE 5 

A M ~ Y S I S  of W P  standards on a SynChropak CATSEX 1000 colunn 
(250 mm x 4.6 mm I.D.). Mobile phase8 0.1% tr l f luoroacet lc  
acid, 0.2M sodium chloride! flowrate: 0.3 ml/mini PVP standards: 
1. MW 600,000~ 2. MW ioo,oool 3. MW 20,000; 4. MW 3,000. 

phenomenon and has been observed elsewhere (3)* Some folding 

and extending of charged polymers occurs with changes i n  salt  

concentrations so it i s  important t o  maintain the same operating 

conditions fo r  all analyses i n  order to get val id  molecular 

weight comparisons and calibration curves. 

-- Choice of t o t a l l y  included solute: 

during these studies concerned the choice of a probe used t o  deter- 

One problem which occurred 
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CALIBRATION CURVES 

I I I I I I I I I I I  
0 0.2 0.4 0.6 0.0 I .o 

I 

FIGURE 6 

Calibration curves for SynChropak CATSEC 100 and 1000 columns 
using cyt ldine as t h e  t o t a l  volume Indicator.  
0.1% t r i f luo roace t l c  acid,  0.2M sodium chloride; flowrate: 
0.5 ml/mln. 

Mobile phase: 
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HPSEC OF CATIONIC POLYMERS 2269 

mine t h e  t o t a l  column volume. Pfannkoch e t  61. stressed the  

importance of finding a molecule which exhibi ts  no in t e rac t ion  

whatsoever with the  column (I). 

successfully used With glycerylpropyl columns, was i n i t i a l l y  used 

f o r  these columns. 

caused it t o  be retained s l i g h t l y  on t h i s  polyamine column i n  a l l  

cases except when the  mobile phase with the  lowest pH (pH 1.4) 

was used. 

ca l ib ra t ion  curves were l inear.  

PVP polymers or the  polyamine coating were blamed f o r  t h e  observed 

changes in KD o r  i n t e r n a l  volume of t he  support. 

su i t ab le  small molecule, cyt idine,  was chosen, parameters such as  

i n t e r n a l  volume and KDwere reproducible f o r  mobile phases with 

different  pH. Figure 6 shows the  ca l ib ra t ion  curve for  t h e  PVP 

standards using cyt idine instead of glycyltyrosine,  which was 

used i n  Fig. 1. 

Glycyltyrosine, which had been 

"Be amphoteric character  of  t h i s  dipeptide 

THis phenomenon was not  immediately obvious since the 

Changes i n  the  s t ruc tu re  of t he  

When a more 

CONCLUSIONS 

Cationic polymers such as polyvinylpyridines can be analyzed 

by s t e r i c  exclusion chromatography on SynChropak CATSEC columns. 

The polyamine coating on these columns neutral izes  negative 

s i l a n o l  groups and prevents adsorption of t h e  polymers. Acidic 

e luents  containing 0.2M salt eliminate ion-exclusion and in t e r -  

action between the  polymers and t he  supports. 

t o  be a good indicator  of the t o t a l  volume of t he  column. 

Cytidine was shown 
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