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SIZE EXCLUSION CHROMATOGRAPHY 
OF NONlONlC AND ANIONIC COPOLYMERS 

OF VINYLPYRROLIDONE 

CHI-SAN WU, JAMES F. CURRY, 
AND LARRY SENAK 

GAF Chemicals Corporation 
1361 Alps Road 

Wayne, New Jersey 07470 

Size exclusion chranatography (SEC) of poly(vinylpyrro1 idone- 
co-vinylacetate), PVPVA, and pol y(v iny lpyrro 1 idone-co- 
dimethyl mincethy lmthacrylate~-vinylcaprolactan), PVWMPP1AVC, is 
evaluated in terms of resolution between polymer and solvent peaks 
using aqueous and nonaqubous mobile phases. A 1 : l  (v/v) 
water/methanol, 0.1M Liw mobile phase is used with four Waters 
Ultrahydrogel colurns with pore sizes of 120A, SOOA, lOoOA, and 
2000A. DF, 0.1M LiNO, mobile phase is used with three different 
two colum sets. Two of the c o l m  sets are canprised of a mixed 
bed packing of poly(styrene-co-divinylbenzene), obtained fran Shodex 
(KDBOM), followed by either M Ultrahydrogel 12OA a- a PLgel 1OOA. 
The third two colurn set is a PLgel 1 d A  followad by a PLgel 500A. 
Any of the second colurns in these sets inprove s w a t i o n  between 
the trailing end of the polymer peak and the leading snd of the 
solvent peak but the colum set using an Ultrahychgol 12OA yields 
a separation of these peaks whose valley is closer to the baseline. 
The aqueous mobile phase with the four colum set yields a 
ssparation between the trailing end of the polymer peak and the 
leading end of the solvent peak whose valley is closest to the 
baseline. Recovery of PVPVA and PVPDMAEMAVC fran the colurns 
evaluated is 1ooRI. Vinylpyrrolidone carpositions of PVPVA ranging 
fran 30 to 70mle %were studied using both mobile phases. SEC of 
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3332 WU, CURRY, AND SENAK 

poly(vinylpyrro1 idone-co-acryl i c  acid), PVPM, i s  reported using the 
four Waters Ultrahybogel colums above with 0.1M TRlS buffer, pH 9, 
0.2MLiq.  VinylpyrrolidonecaFpositions of PVPMranging frm 25 
to 90 m l e  k were studied. Polymer recovery i s  100!%. 

In a previous study, weight average molecular weights of 

cationic copolymss, quaternized poly(vinylpyrro1 idone-oo- 

dimthylminoethylmthacrylate), PvpDMAp(A, determined by both 

universal calibration and size exclusion chranatography/law angle 

laser light scattering, SEC/WLS, were found to be in good 
agreamnt.' The SEC conditions using a 0.1M TRIS, pH 7 buffer, 0.W 
L i q  rmbile phase on Waters ultrahybogel colums were found to 
cause elution of  PvpoMAptA based on hybodynanic volum. Also 

report& by th is  laboratory was the separation by hydrodynanic 

volune~ of nonionic hampolymers of poly(vinylpyrrolidone), PVP, on 
Toyo Soda TSK-PW colums (equivalent to Waters Ultrahyboge1 

colums) using a mobile phase o f  1 : l  water/mthanol containing 0.1M 

L i q .  This mobile phase, previously reported, was used to yield 

a log-~inear m~ecu~ar weight separatiod of PVP spming over ~lree 
decades (Id to Id g/mol). 

In the present work, SEC for nonionic copolymrs 

po ly (v  i n y l p y r r o l  idone-co-v iny l  ace ta te ) ,  PVPVA, and 

po 1 y (v iny lpyrrol idone-co-DMApIA-co-viny lcapro 1 actun), P-K, 

i s  evaluated using different colums with a q u a s  and ~ e c u s  

mobile phases. SEC i s  also investigated for M anionic uxmlynor, 

poly(v inylpyrro1ib-co-acry l  i c  acid), PVPAA, using M aqueous 

mobile phase. 

PVPVA, PvpoMAEMAvc, and PVPAA, a1 1 synthesized by frw radical 

polymsization, were procluced by OAF bwmicaln c#-poration. PVPVA 

saples w e  obtained in  the follaving form: a 50% solution in 
ethanol, E series; a 50% solution in  isopropMo1, I series; a 50% 
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COPOLYMERS OF VINYLPYRROLIDONE 3333 

solution in water, W series; and a free flawing powder, S series. 
Vinylpyrrolidone ccnpositions of PVPVA ware expressed by the first 
digit of the saple wade label. For exaple, PVPVA sarple grade 
1535, is 50 m l e  % vinylpyrrolidone, in isopropanol, and PVPVA 
saple grade €735 is 70 m l e  X vinylpyrrolih, in ethanol. 
Vinylpyrrolidonecarpositions of PVPVA ranging f n m  30 to 70mle f 
were studied. PVPAA saples ware obtained as a free flawing powder. 

PVPAA saples grades studied, 1005, 1004, 1001, and 1030, had 25, 
50, 75, and 90 m l e  X vinylpyrrolih, respectively. WWMAEMAVC 

saples were obtained as a 37% solution in ethanol. The amposition 
and synthesis of this polymer has been discussed in an earlier W 
patent.' Single lots of each grade of the three polymers were used 
in the present work. 

Polyms saples were prepared as 0.1% (w/v) solutions in their 
respactive mobile phases by dissolution for 1/2 day on a slawly 
rotating wheel. For PVPVA, SEC conditions wore investigated using 
both aqueous and mweous mobile phases. A 1: l  water/methanol 
(v/v), 0.1M LiNO, solution (to be referred to as water/methanol 
mobile phase), or a dimethylfmide (DM), 0.1M LiNO, solution (to 
be referred to as IPF mobile phase) was used. For the 
water/methanol mobile phase, four Waters Ultrahydrogel colums of 
pore sizes 120A, W A ,  low, and 2OOOA were e e d  in saries. 

This four colum set will be referred to as W. For the OW mobile 
phase, three different two colum sets were used. These three 
colum sets, shodex KDBOM plus Ultrahydrogel 12OA, Shodex KD8OM plus 
PLgel lOOA, and PLgel 10'A plus PLgel 500A will be referred to as 
SU2, 9 2 ,  and PP2, respectively. The procedure of adding a Waters 
Ultrahybogel colum in series after a PLgel colum was recently 
reported.' FW PVWMAD'~AVC, SEC conditions were evaluated also 
using the sane colums and corresponding mobile phase used for 
PVPVA. For PVPAA, 1% (w/v) solutions in 0.25N NeQH were first 
prepared since the polymer dissolves readily in this alkaline 
solution. The alkaline PVPAA solutions ware then diluted 1:9 (v/v) 
using 0.1M tris(hyhxymsthy1)minanothana (TRIS), 0.2M L i q ,  
adjusted to pH 9 with w. This TRIS solution (to be referred to 
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3334 WU, CURRY, AND SENAK 

as pH 9 mbile phase) was used in conjunction with the W colum set 
for SEC of the PVPAA senples. 

Intrinsic viscosity, [q], for the polymsrs was determined at 
25'C using a 0.63 mn Ubbelohde v i s m t e r  with the solvents aployed 
as mbile phases for the SEC experiments. For PVPVA, PVPAA, and 
PVPVAOMAEMAVC in aqueous solution, concentrations between 1.0 and 
0 .2  g/dl were used to determine [q] fran a multi-point 
extrapolation. In order to determine [q] for PVPVA in nonaq~~eous 

solution, a single concentration was used. [q] was calculated using 

where q,, is specific viscosity, lq, is inherent viscosity, and c is 
concentration. Equation 1 was derived by subtracting 

Equation 2, reported by Kraawr', fran 

Equation 3, reported by tluggins', and substituting k' - k" - 1/2. 

Single point [q] was found to be the s u m  as [q] determined fran 
nulti-point extrapolation for two PVPVA copolymer ccnpositions. 

The SEC apparatus included a Waters model 715 or 7108 WISP 
auto injector, a Waters model 590 pwp, and a Waters dl 410 
differential refractanster. Colum oven terperatures were 
controlled at 3O.c for the aqueous SEC experiments and at 4O.C for 
the nonaqueous SEC experimts. Injection volums were typically 
100 ~ 1 .  Detector siwals w e  collected on a DEC MINC-11 carputer. 
Molecular weight information was obtained fran the acquired data 
using -3 software fran Chrcmatix, Inc. Eight polyethylene oxide 
(PEO) standards fran Toyo Soda and Polymsr Laboratories, with 
mlecular weights between 860,000 and 7,100 g/ml, were used in all 
SEC experiments. These standards had polydispersities, C M h ) ,  
between 1.02 and 1.10. 
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The depmdmce of retention volune with molecular weight for 
PEO standards in #rlF using the SU2 colum set is s h  by curve a in 
Figure 1. A good linear correlation w a s  obtained. Elution of the 
PEO standards on the SP2 and the PP2 colum sets also yielded a 
similar dewdence of retention v o l m  with molecular weight. Curve 
b in Figure 1 shows the dependence of retention volune with 
molecular weight for K O  standards in water/mthanol using the W 

colum set. A good linear correlation was obtained. It is 
inportant to note that the elution of PEO standards fran the two 
colum sets occurred at earlier tims and at faster rates as 
carpclred to the elution of standards on the U4 set. Figure 2 shows 

6.0 

n 

$ 5.0 
W 

(r 
0 - 

4.c 

1 I I I I 

I I I I I 
! 16 20 24 20 32 

retention volume (mi) 

FIGURE 1 Linear fitted data of log(W) versus retention v o l m  for 
PM) standards using: a) sU2 c o l m  set with Dfl? solvent. b) U4 
c o l m  set with water/methanol solvent. 
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1.301 1 
i " ' l " ' l " ' l " ' I ' ~  
0.0 0.2 0.4 0.6 0.8 

con cent ra tio n (g /d I )  

FIGURE 2 Linear f i t t ed  data of reduced viscosity versus 
concentration for WPAA 1001, pH 9, 0.W LiNO,. 

a typical graph of fitted viscosity data obtained for the polynmrs 
studied in aqueous solution. Figure 2 is a ~ a p h  of q,,/c versus 
omcentration for PWAA 1001, pH 9, 0.W L i q .  

Table 1 shaws might average mlearlar weights, h, obtained 
by SEC for PvwMApIAvc and PVPVA with various oopolynmr carpositions 
studied using the four different colum sets with aquews and 
mmqueour mbile phases. PWVA and PVPVADMAEMAVC recovery wore 

100% fran all of the colums sets. There is not necessarily my 
correlation between h and oopolynmr carporition. Also sharn in 
Table 1 are [q] values for these polynmrs which show the generally 
expected increase in [q] with an increase i n k .  

Figure 3 shws SEC traces, overlayed, of PWVA I series 
obtained using the SU2 colum set with OMF mobile phase. Tho s W  

of these chronatogsnr are typical of the chranntogrsnr obtained 
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Table 1 

Weight average mlacular weight. determined by SEC using aqueous and 
nonaqueous solvents for PvwMAplAvc and various copolymer 
carpositions of PVPVA (see Experimental section for descriptions of 
copolymer carpositions, solvents and colums). Intrinsic viscosity 
of these polymers determined using the corresponding solvents used 
for SEC. 

Aaueous solvent Nonacweous solvent 

COlUrn 
set colurn set 

w 

E335 
E535 
E635 
E735 
I335 
I535 
1735 
w735 
S630 

28,800 0.265 37 , 900 
36,700 0.363 38,700 
38,200 0.330 37,600 
56,700 0.429 52 , 200 
12,700 0.176 15,000 
19,500 0.222 20,300 
22,300 0.261 21,500 
27,300 0.265 25 , 000 
51,000 0.424 48 , 600 

36,700 
38,300 
37 , 500 
52 , 200 
16,700 
22 , 200 
24 , 000 
27 , 800 
49 , 300 

73 , 500 

45,000 
4,500 
45,100 
53 , 800 
16,000 
21,600 
21,400 
30 , 600 
56 , 000 

101,000 

0.261 
0.241 
0.253 
0.310 
0.162 
0.174 
0.182 
0.238 
0.321 .------ 
0.480 

' hu relative to PEO standards. 

f m t h e  various carpositions of PVPVA and PVmM4EMAX studied using 
the SU2 colum set. Of the three alum sets investigated for the 
polyners, SU2, sP2, and PP2, the SU2 colum set yielded a separation 
between the trailing end of the polymer peak and the leading end of 
the solvent peak whose valley was closest to the baseline. Because 
none of thesecolum sets achieved a satisfactory resolution in the 
law mleu~lar weight range, valws of i;h were not reproducible, 
usually with wr0t-s weator than 5%. For the polymers studied, the 
three colum sets all yielded chrCmat0g.m~ with law mleu~lar 
might shoulckrs, which w e  evidmt in Figure 3. 

Figure 4 show9 SEC traces of the PVPVA I series obtained wing 
the U4 colum set with wator/mothanol mobile phase and these 
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3338 WU, CURRY, AND SENAK 

retention volume---, 
+ mol ecul ar weight 

FIGURE 3 SEX traces of WPVA, I ser ies ,  using the SU2 c o l m  set 
with J3-F solvent. 

retention volume --j 
rnol ecul ar weight 

FIGURE 4 SEX traces of W A ,  I ser ies ,  using the U4 c o l m  set 
dith water/methanol solvent.  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
4
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



COPOLYMERS OF VINYLPYRROLIDONE 3339 

chrcmatogrmm are typical of the chranatogrmm obtained frm the 
various carpositions of P W A  and PvpDMAo.1Aw: studied. In 
CarQarison of the chranatogrmm obtained using water/methanol mobile 
phase with chranatogransobtained using W m obile phase (Figure 3) 
with the coresponding c o l m  sets, the W c o l m  set using 
water/methanol mobile phase yields a separation betweem the polymer 
and solvent peak whose valley is closer to the baseline. Therefore, 
in carparison of SEC results achieved using either the 
water/methanol or CPF M i l e  phase with the corresponding colum 
set, the W c o l m  set with the water/mthanol mobile phase yielded 
the best separation between polymer and solvent peaks. The 
water/methanol mobile phase with the U4 colm set also yielded 
chranatograrr with law mlaarlar weight shoulders similar to the 
chranatogrmm obtained using W mobile phase with the three two 
c o l m  sets. 

Table 2 shows I% obtained by SEC for PVPAA with various 
copolymer carpositions studied using the W c o l m  set with pH 9 
M i l e  phase. Figure 5 shows SEC traces, overlayed, of four 
copolymers. The chrcmatogrm are reasonable but a baseline 
separation between the low molecular weight end of the polymer peak 

T 
x 
3 
r( 
u) 
C 
aJ 
3 
C 
u4 

FIGURE 5 
with pH 9 solvent. 

SEC traces of WPAA copolymers using the U4 c o l m  set 
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3340 WU, CURRY, AND SENAK 

Table 2 

Weight average mlecular weight' determined by SEC using 0.1M TRlS 
buffer, pH 9, 0.2M L i q ,  for various carpositions of WPM (see 
Experimental section for descriptions of oopolymr carpositions and 
colums). Intrinsic viscosity of these polymers using the solvent 
used for SEC. 

WPAA El!!! Lnl (dl/s) 

1005 1 35,000 1.04 
1004 256,000 1.37 
1001 318,000 1.33 
1030 277,000 ---- 
hv relative to PEO standards. 

and the solvent peak could not be achieved. Also shown in Table 2 
are [q] values hich show the generally expected increase in [q] 
with an increase in hv. The determination of intrinsic viscosity 
for PVPAA 1030 was hatpared by the apparent insolubility of this 
polymer in 0.2W NaCH at a cancentration greater than 4 g/dl. 

It was found that the most satisfactory size exclusion 
cht-amtography results for various carpositions of  

pol y(v iny lpyrrol i dane-co- iny 1 eetate) a d  pol y (v m y  lpyrro 1 i dole-co- 
dimthyluninoethylmthacrylate-co-vinylcaprolactan) were achieved 
using a Waters Ultrahydrogel four colum set with a 1 : l  

water/mothanol, 0.1M Liw mobi 1e phase. SEC results were evaluated 
in tam, of resolution between polymer and solvent peaks using 
colums fran Waters, Polymer Laboratories, and Shodex with aqueous 
and nmaqu~ws mobile phases. SEC results are also reported for 
carpositions of poly(vinylpyrro1idone-co-acrylic acid) using the 
four Waters Ultrahydrogel colums with 0.1M TRlS buffer, pH 9, 0.1M 

LiNO,. 
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