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C. S .  WU AND L. SENAK 
GAF Chemicals Corporation 

1361 Alps  Road 
Wayne, New Jersey 07470 

~n 0.1~ tris. p~ 7 buffer containing 0 . 5 ~  LiNO,, - ( w h i c h  exists as a cationic polyelectrolyte) was 
found to elute based on hydrdymm 'c volume on Waters 
ultrahydrcgel columns. Within the exclusion limit of the 
column set an accurate weight average mlecular weight of 
PVPCMAEMA can be obtained by universal calibration which is in 
very good agreement with the S E C / W  result. 

m m m m  
In a recent work (1) Nasy and Terwilliger showed that 

universal calibration can be used successfully for a cationic 
polymer, poly(2-vinyl pyridine) I on synchrcan Catset columns 
which are specially treated silica gels in an aqueous mobile 
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8 5 2  WU AND SENAK 

phase of 0.1% trifluomacetic acid/0.2M NaN03 a t  35’C. 
andl-hshmo to (2) showed that TSK-Ew columns are suitable for 
s i z e  exclusion ChraaMtOgraphy (SEC) of cationic polymers in a 
mobile phase of 0.5M aqueous acetic acid w i t h  0.3M sodium 
sulfate (@-I = 2.9).  

that universal calibration can be used w i t h  the TSK-FW columns 
for a water soluble polymer, polyvinylpyrrolidone, in a mobile 

phase of water/methanol (50:50) with 0.lM l i t h i u m  n i t ra te  ( 3 ) .  

W e  also showed that universal calibration can be used with 
Waters U l t r a h y d r o g e l  columns (which are equivalent to the TSK-Ew 

columns) for an anionic polymer, poly(methy1 vinyl 
e t h e r e m l e i c  anhydride) copolymer, i n  a mobile phase of 0 . N  

tris. pH 9 buffer with 0.24 l i t h i u m  nitrate ( 4 ) .  

&to 

Our laboratory has previously demonstrated 

W e  wculd like to report the results of m t  work on the 
SEC/IALW ( s i ze  exclusion chmmatography w i t h  lw angle laser 
light scattering detector) and universal calibration behavior of 
a cationic polymer using Waters ultrahydrcgel columns. 
cationic polymers used in this study w e r e  qua temized  poly(viny1 
p l i d o n e d h t h y l  amin0 ethyl methacrylate) copolymers 

(PVpcMAEMA). The ccanposition and synthesis of these copolymers 
have been discussed in detail in two earlier GAF patents (5,6) . 
The detennination of &lute molecular w e i g h t s  and molecu la r  
w e i g h t  distributions of PVpcMAEMA polymers by SEC/L?US and 
universal calibration methods w i l l  be presented. 

The 

EXPERZMENTAL 

1. polvmers 
The samples employed w e r e  the Gafquat@ 734 (low 

molecular weight grade), 755 (high molecular  w e i g h t  grade), and 
755N (neutralized high m o l e c h a r  weight grade) samples obtained 

fram GAF memicais corporation. 
oxide (PEO) standards w e r e  used i n  the universal calibration 
portion of this work whose MW’s ranged from 860000 to  12600 amu 

wen ~ a y o  soda polyethylene 
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SEC OF PVPDMAEMA 853 

with polydispersities ranging fmn 1.02 to 1.10. 
concentrations of the PED standard solutions used in SEC 

calibration were 0.05% (w/v) . 
?he 

2. ChmaMtoCrraph 

?he chrcanatogrph employed in the SEC/LALLS work was a 
Waters Mcdel GFC-1 with a Rh- model 7125 injector (100 1.11 

loop). 
with a 4X detector setting. The mobile phase used in the 
S E C / W  work is 0.M tris. pH 7 buffer with 0.3M LiN03. 

The chmmatograph used in the universal calibration work was 
a Waters Model 15OC GPC. 
mobile phase used in universal calibration work was identical to 
that used for SEC/IAL,LS. 

The FU detector used was a Waters model 410 FU detector 

The injection volume was 100 pl. ?he 

3. LALu 
The LALu detector was an E/Milton Roy (Chnmntix) Model 

CMX-100 whose He-Ne Laser operates at a wavelength of 632.8 nm. 
The IALZS incident p e r  settings were 150 mV and 100 mV for the 
Gafquat 734 and 755 samples respectively. A 0.45 pm Millipore 
filter was installed before the LALLS detector. Very little or 
no spiking was noticed in any of the rn curves. 

The laser differential refractmeter, an E/Milton Roy 
(ChranatiX) Mcdel KMX-16 (used to determine dn/dc) also operated 
at 632.8 nm and was thermostatted at 25°C. 

4. Viscosity 
Viscosities were determined at 25°C using a 0.64 m i.d. 

Four dilutions were made for each sample in the 
Ubbelohde v i m t e r  and a Schott model AVS autamated 
viscumeter. 
intrinsic viscosity determination. 
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854 WU A N D  SENAK 

5. DataAcuLl i s i t ion  
'Ihe data acquisition system consisted of a D i g i t d l  EquiFpnent 

corporation Wc-11 axputer and an LDc/Milton Roy (auPmatix) 
Model CMX-10 interface box. The Chmmath KIWI3 and GFC3 

progranrs were used to perform sEc/LALIs and S E C / d v d  

calibration calculations respectively. For universal 
calibration work, the data collection w i n d m  was 3 1  minutes and 
600 data pints w e r e  recorded per drmatcqram for universal 
calibration. 

6. Chemicals 

Tris(hyd.roq methyl) amhomethane, HNo3, and LiNO, used 
w e r e  reagent grade frurn Aldrich. 

7. Sarmle Premration 
'Ihe concentrations of the sample used i n  this work w e r e  

The tris-buffer solutions w e r e  prepared from 0.m 

listed i n  Table 1. 

tris(hydroxymethy1) aminamethane w i t h  0 . 3  or 0.34 LiNO, and 
adjust& to pH 7 w i t h  €NO3. ?he various PVpcMAEMA sample 

Table 1 

Sample Concentrations i n  the Experiments 

!zB?!ds viscosity - SEC - -  dc 
intr insic  - dn 

734 1% 0.25 % 0.5 % 

755 €i 0.5 % 0.25 % 0.1 % 0.319% 
75% 0.408% 

0.474% 
0.618% 
0.845% 
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SEC OF PVPDMAEMA 855 

solutions w e r e  placed on a slowly rotating wheel unt i l  the 
solutions were  hcmxpmxs (about 4 hours). 

8. Calculation of Molecular W e i c f h t s  

For the SEC/LALzs expriment, MX"3 calculates the 
instantaneous timeslices of mlecular weight, M i ,  from the 
corresponding instantaneous concentration, ci and the excess 
Rayleigh scattering factor, %,i, according to a modified form 
of the Debye equation: 

Kc 1 

+ 2Az, iCi  
- - 

R e , i  M i  

where,  
constant, K, is proportional to the squares of both the 
refractive irdex, n, and (dn/dc). 

in this work. 
4 because the ci term is extremely s m a l l  in a SEC/LALLS 

e>cperiment (about 5~lO-~%). 
calculates M i  according to  

equals the second vi r ia l  coefficient and the optical 

The %,i term is neglected 
This intmduces only about 2% error to the final 

For universal calibration, GFC3 

where K and a are the Mark-Howink constants for PW"A in 
the SEC mbile phase and [ n s,i] and Q, i are the 
instantanems values of the PEO standards' intrinsic viscosities 
and mlecular weights respectively. The l a t t e r  are taken from a 
previously cmputed calibration m e  for [ n s,i]Q,i versus 
Ve, i (the elution volume) constructed from the individual PM) 
standazds' [QS] and M, values. 
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856 WU AND SENAK 

RFSJTXS AND DISCUSSION 

A. Refractive Index Increments 

The refractive index increment (dq/dc) of the 755 sample in 
the pH 7 mabile phase with 0.3M LiNO, at 25"C, which is need& 

for the calculation of the Raleigh optical constants (K), was 
found to be 0.151 ml/g. 

sample due to the fact that no molecular weight dependence was 
noticed for polymers with molecular weight higher than 50,000 in 
this laboratory in two previous studies ( 3 , 4 ) .  

is a 50% solution in anhydrous ethanol (SDA-40). It is 
extremely diffidt, if not impossible, to ccanpletely rentme 
SDA-40 f m  the vexy polar FVPDWW4 polymer and to determine 
dn/dc accurately. 

?he same value w a s  used for the 734 

The 734 sample 

B. Viscosity Data 
?he intrinsic viscosity data of the PM) stan%rds and the 

FVPDWW4 samples are ccanpiled in Table 2. 

Table 2 

Intrinsic Viscosity Data of the PVPDWWi 

at Different Salt Concentrations 
samples and PEO standards in pH 7 Buffer 

Smle 

734 
755 
755N 

pM)-860000 
570000 
270000 
160000 
85000 
45000 
21000 
12600 

r n l  in 0 . 3 ~  LiNo, r n i  in 0.5~ LiN03 

0.646 
2.14 
2.22 

5.280 
4.001 
2.341 
1.603 
0.957 
0.595 ----- 

0.647 
2.15 
2.22 

5.353 

2.418 
1.568 
0.970 
0.592 
0.374 
0.265 

---- 
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Table 3 

857 

Mark-Houwink constants and Coefficients of 
Linear Regression of pE0 Standard and 
PVPCMAEMA in pH 7 Buffer 0.m LiNo3 

Smle K a r 

m 2.8 x 0.72 0.9994 
PVPCMAEMA 1.42 x 10-4 0.67 0.9975 

It shculd be noticed that for the nonionic polyethylene 
oxide samples and the cationic samples the intrinsic 
viscosities are virtually the same in both 0.3M LiNO, and 0.m 

LiNO, pH 7 buffer solutions. This indicates that the 0.3M 
LiNO, concentration is adequate to neutralize the electric 
repulsion forces between the cationic mncaner units in the 
polymer chain. 

Fram the data in Table 2 and Table 4, the Mark-Houwink 
wnstants, K and a, for PEO and rmpcMAEMA in the pH 7 buffer at 
25°C can be obtained by linear regression analysis of Leg[ r13 vs 
w. m e  results along with the coefficients of linear 
regression (r) are shm in Table 3 .  

The values of the exponent of the Mark-Houwink constants for 
PVPCMAEMA and PEO in the pH 7 buffer are typical of polymers in 
a good solvent. 
0.lM tris. pH 7 buffer with 0.3M W, is strong enough to 
neutralize the electrostatic repulsion of the cationic units of 
PVPCMAEMA in this buffer. In other words both the PEO and 
PJpCMAEMA behave like randan coils in the pH 7 buffer solution. 

This indicates that the ionic strength of the 

c. Li&t Scatterins Data 
Virtually no spiking and very stable RI and LALW baselines 

were obtained in SEC/rALLS experiments. 
highly branched high molecular weight CCBnponent was noticed for 

No indication of a 
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8 5 8  WU AND SENAK 

Table 4 

Absolute Molecular Weights and Molecular Weight 
Distributions of HvlVEMA Samples fman SEC/LAL,T-S 

M .  -&- 
734 3.00~105 1. 15x105 2.61 
755 1.63~10~ 7. O4x1O5 2.32 
755N 2. 02X1O6 8.89~10~ 2.27 

this sample f m  the S E C / W  chroanatogram. 
molecular weights and molecular weight distributions of the 
IlvpcMAEMA samples cbtained from SEC/LAL,T-S are shown in Table 4 .  

As indicated in an earlier paper (1) the number average 
molecular weight may be over estimated and the plydispersity 
may be under estimated by S E C / W .  

m e  absolute 

D. Rewvery of PVPCMAEMA from Ultrahvdmu el Columns 
in RH 7 Buffer with 0.M -0, 

PVPCMAEMA samples were found to elute fmn the Ultrahydmgel 
columns with 100% recovexy in the pH 7 buffer with 0.W -0,. 

The peak ar- (determined by the cut and weigh technique) of a 
755 sample SEC peak (0.25%) were found to increase linearly with 
injection volume (Table 5) and can be linearly extrapolated to 
an intercept coincident with the origin and possesses a linear 
regression coefficient of 0.9999. 
partially retained by adsor@tion on the columns, the 
relationship would not be linear and there would be a positive 
intercept on the ordinate. 

If the PW3VGMA samples were 

E. Universal Calibration 
In the early stage of this study the "MMA samples were 

found to elute quantitatively frcan ultrahydrcgel columns in the 
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Table 5 

859 

SEC peak Areas of a 0.25% 755 Sample 
Solution at Various Injection Volumes 

Iniection Volumes hl) peak- 

40 
80 

120 

0.0647 
0.1304 
0.1928 

Table 6 

Absolute Molecular Weights and Molecular 
Weight Distributions of the PVPIWBW 
Samples by U n i v d  Calibration 

a!!E!k M., M ,  MJM,- 

755 1. 72x106 4 .  83x105 3.55 
734 3. 3 U 0 5  1 .10~105  3.01 

755N 2.02x106 5 . 2 3 ~ ~ 1 ~  3.51 

pH 7 buffer with 0.3M LiN03 as in the SEC/rrrrsS work. 
it was found later the PVpcMAEMA samples w e r e  partially retained 
by the columns in this mobile phase, probably due to the aging 
of the columns and to the fact that these columns were used for 
other water soluble polymers and polyelectrolytes during this 
period. 

However 

Therefore the salt content was raised to 0.m LiNo3 

remined the only separation mode in this phase of the work. 
The absolute molecular weights and molecular weight 

distributions of the PVpcMAEMA samples in pH 7 buffer with 0.5M 
LiNo3 by universal calibration using PEX) standards are sham 

in Table 6.  A least squares linear fit was used in calibration 
since the column set was found to be linear (Icg M = 10.77 - 
0.17 V) with a coefficient of linear regression equal to 0.9990 

for the 
and retention volume of each s-). 

to ensure 100% recavery and that size exclusion mecharu ‘gn 

standards (where M and V are the molecular weight 
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3.50 4.50 5.50 6.50 7.50 
LOG MOLECULAR WEIGHT 

Overlay of Weight Fraction Distributions of 
734, 755, and 755N 

FIGURE 1 

The agreement in i$ data between SEC/W and 
sEC/universal calibration is very good for the GafquaP 

polymers. 
nonionic polymer PM) and the F'VP- polymer (as a cationic 
polyelectrolyte) in the pH 7 buffer with 0.5M LiN03 is based 

on hydrodyMrm 'c volume [ n ]  M, where [ o ]  is the intrinsic 
viscosity and M is the molecular weight. 
confirms an earlier finding (3) that the Mark-Houwink constants 
may be obtained f m  broad distribution polymers without 
fractionation for the prpcse  of calculating molecular weights 
by the universal calibration method. ?he overlay of the 
chromatograms of the rmpcMAEMA polymers is shown in Fig. 1. 
indicated in an earlier paper (1) the number average molecular 
weight may be under estimated and the polydispersity may be over 
esthted by SEC with universal calibration. 

?his indicates that the separation mechanism of the 

?he results also 

As 
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rnNrnSI0NS 

In the 0.M tris. pM 7 buffer containing 0.5~ W3 the 
nonionic PEO and the PVpcMAEMA (which exists as cationic 
polyelectrolyte) w e r e  found to elute based on hydmdymn 'C 
volume on Waters Ultrahydrogel column. 
limit of the column set absolute weight average molecular 
weighb of mTpcMAEMA can be obtained by u n i v d  calibration 
which are in very good agreement with the SEC/LALTS result. 
refractive index increment of the in the pH 7 tris. 
buffer 0.3M LiN03 was faund to be 0.151 ml/g. 'Ihe 

Mark-Houwink constants of the in the pH 7 tris. 
buffers with 0.3 or 0.5M LiNO, were faund to be 1.42~lO-~ 
and 0.67 for K and a respectively, wh ich  are typical of a 
polymer in a good solvent. 

Within the exclusion 

The 
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