This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

OURNAL OF Journal of Liquid Chromatography & Related Technologies
LI OU__ 1D : Publication details, including instructions for authors and subscription information:
CHR ‘ A http://www.informaworld.com/smpp/title~content=t713597273

Determination of Polymer Molecular Weight by GPC in the Low
Molecular Weight Region

Constantinos Tsitsilianis®; Anastasios Dondos*
* Department of Chemical Engineering, University of Patras, Patras, Greece

Proparstsa & Anaktical Sap

Exfitess by
dack Cazes, Ph.D.

To cite this Article Tsitsilianis, Constantinos and Dondos, Anastasios(1990) 'Determination of Polymer Molecular Weight

by GPC in the Low Molecular Weight Region', Journal of Liquid Chromatography & Related Technologies, 13: 15, 3027
— 3037

To link to this Article: DOI: 10.1080/01483919008049085
URL: http://dx.doi.org/10.1080/01483919008049085

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483919008049085
http://www.informaworld.com/terms-and-conditions-of-access.pdf

10: 29 25 January 2011

Downl oaded At:

JOURNAL OF LIQUID CHROMATOGRAPHY, 13(15), 3027-3037 (1990)

CONSTANTINOS TSITSILIANIS
AND ANASTASIOS DONDOS
Department of Chemical Engineering
University of Patras
26110, Patras, Greece

ABSTRACT

In order to determine the molecular weight of a polymer
by GPC in the low MW region, a secondary calibration method
can be established when polymer standards of the analysed po-
lymer are not available (1). The efficiency of this method has
been checked for the system poly(methyl methacrylate) (PMMA-
methyl ethyl ketone (MEK) using polystyrene (PS) standards.
When the solvent is poor for one of the polymers, limitations
arise due to the secondary separation effects. Furthermore,

a GPC method is proposed for the determination of the Dondos-
Benoit constants (Aq,A2) which must be known for the above-
mentioned calibration. This method uses either two or at least
one polydisperse polymer sample.

INTRODUCTION
Gel permeation chromatography is one of the most popular
technigues for the determination of average molecular weights
of polymers. When the GPC apparatus is not equipped with a
low-angle laser light scattering detector (LALLS), a primary
calibration curve must be first established using polymer stan-

dards of very narrow molecular weight distribution.
3027
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Limitations to this method arise from the lack of such
polymer standards, which are available only for few common po-
lymers.

To overcome this difficulty an indirect calibration me-
thod has been proposed, based on the universal calibration con-
cept (2) and the Mark-Houwink-Sakurada (MHS) intrinsic visco-
sity molecular weight relation (3,4).

In the low molecular weight range (M<100.000) the log|n]
'vs log M plot has been found (5,6) to deviate from linearity,
leading to erroneous results in the determination of the mole-
cular weight when the standard values of MHS constants are
used (7).

Very recently a new indirect calibration method has been
proposed based on the Dondos-Benoit (DB) equation (1,8) which
provides a very good linearity in the [n]_1 vs M2 plot (9).

In this communication we check the efficiency of our me-
thod by establishing an indirect calibtration curve for the GPC
analysis of poly(methyl methacrylate) (PMMA) in methyl ethyl
ketone (MEK) using polystyrene standards. This system is in-
teresting because the solvent is good for PMMA (MHS exponent
o is 0.72) and poor for PS (oa=0.63).

As the DB constants are not available for a great number
of polymer-solvent systems, a GPC method using one or two po-
lydisperse polymer samples is proposed for the determination

of these constants.

CALIBRATION METHOD

According to the universal calibration concept all poly-

mers eluting at a given VR have the same hydrodynamic volume
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[n}M, provided that all secondary separation effects (e.g. ad-

sorption or partition) are absent. Consequently, we may write

[n]pMP = [n]SMs (1
where [n] is the intrinsic viscosity and M is the molecular
weight of the polymer; the subscripts p and s refer to the po-
lymer under analysis and to a standard polymer respectively.
Using the Dondos~Benoit relation which is linear in the

low MW region (9)
1
1/[n] = -a, + & /M" (2)

(where A, and A, are constants characterizing the polymer-sol-

2
vent system at a given temperature) and substituting [n] from

eq. (2) for the polymer (p) and standard (s) into eq. (1), we

obtain
3/2 1/2 _ / 1/2
M A, -A, M A -A M
o P1p~P2p"p / 3
or
3/2 3/2 _ 1/2 1/2_ 3/2 - 1/2_
Mp +(A2PMS /Ay mB, M )Mp A1PMS /BygmRy M T=0 (4)
By putting
/ /By =By M 2 I
eq. (4) can be rewritten as
1/2,3 1/2 _ -
(Mp 1T+ A2szMp A1sz =0 (5)
which has one real solution
_i1 1,3 3 1,2 ;2 1/2 2/3
Mp —[; A1sz+( 57 A2sz T Aij '] +
1 L 3 23,12 5241/2] 2/3_ 2
+ [é A1pJ ( A2pJ *t 7 A1sz ] 3 A2sz (6)

Eq. (6) can be used to establish a secondary calibration curve

for the analysed polymer by converting the experimental cali-~
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bration curve obtained by standards of another polymer. It is
obvious that the DB constants (A1p'A2p’A1s’A25) for both poly-
mers must be known.

DETERMINATION OF A1 AND A2

Contrary to the MHS constants, A, and A, have been deter-

1 2

mined for a few polymer-solvent systems only (9). A GPC method
for the determination of these constants has been already re-
ported by Ito et al. who use the least-squares method in which
more than two polydisperse samples must be available (8,10). In
the following we shall show that A1 and A2 can be found from
two or at least one polydisperse polymer sample.

the weight-average and number-average molecular weights

and the intrinsic viscosity of a polymer may be written as

Z wiMi (7)

M =
\
i
M o= 1/iZ ,wi/Mi (8)
[n] = 1Z w,J, /My (wi=hi/2i h; ) (9)

where Wi hi' Ji and Mi are in turn the weight fraction, the

chromatogram height, the hydrodynamic volume and the molecular
weight of the i~th species.

M.l may be given as a function of Ji' A1 and Az from
eq. (6) which can be rewritten as

-1 1 ,3.3,1 .2_2.1/2]2/3
Mi [; A1Ji+( 37 ASJT + i A1 Ji ) i} +

2 i
1 o1 .3.3 .1 .2_2.1/212/3_ 2
+ \iz_ Adg~C g Ay 0y + g A0y ] 3 AJ; (10)
Using equations (7), (8) and (9) combined with eq.(10),

we can determine A1 and A2, since Wy and Ji can be obtained
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from a GPC chromatogram of a polydisperse sample and the uni-

versal calibration curve (Fig.1).

RESULTS AND DISCUSSION

Calibration method for PMMA/MEK system

To avoid a contraction of the packing (uStyragel) in MEK
(a2 poor solvent for PS),silica modified by ether groups
(uBondagel) was used as the packing. Figure 2 shows the cali-
bration plot (i.e. log M versus retention volume Vp) for the
system fMMA, PS/MEK/uBondagel at 25%. a primary calibration
curve was first obtained using PS standards (dashed line). a
secondary calibration curve was then established by converting
the PS experimental curve by means of eq. (6) (full line). The

for the polymer (p) and the standard (s)
3)*.

values of A1 and A2
were respectively (12.2, 8.8x10_3) and (20.4, 14.3%10°
The experimental results obtained by PMMA monodisperse
samples are seen to fit approximately the secondary calibration
curve in the low molecular weight region. The universal cali-
bration plot (i.e. log([n]M) versus VR) is presented in Figure
3. It is apparent that the experimental points related to PS
samples tend to shift towards higher retention volumes, demon-
strating that secondary separation effects are operative. The-
se effects are due to polymer-sorbent interaction which beco-
mes significant in a poor solvent (for PS/MEK system oa=0.63)
{(11,12). This poses some limitatjions on the efficiency of
the method, suggesting that the solvent must be good for both

polymers (a>0.65 approximately). Of course other possible

* The values of [n] are in ml/g.
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wl=hi/ % hi

log [I’]] M

Vi

FIGURE 1. Schematic determination of the weéight fraction w;y
and hydrodynamic volume Ji of the ith species from a GPC
chromatogram and the universal calibration plot.
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11 12 13 14 15 16 17
\k/ml
FIGURE 2. Calibration plot for PMMA in MEK at 25°C obtained
on pBondagel columns: (---) PS/experimental, (-) PMMA/calcu-
lated through eq. (6), (e) PMMA experimental results.

effects which could disturb pure SEC mechanism have to be

avoided.

Determination of Al and A2
To examine the efficiency of the GPC method for the de-
termination of the DB constants,we have calculated A1 and A2

for PS in THF at 259 using uStyragel columns.
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FIGURE 3. Universal calibration plot in MEK at

on uBondagel columns:

(@) PMMA, (A) PS.

25°C obtained
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TABLE 1. Determination of A1 and A2
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Samples . 3
required Egquations data A1 A2x10
1 (8), (9) [n)=20.8 12.35  19.50
Mn=24,500
1 (8), (9) [n]=41.3 12.30 15.05
Mn=60,450
1 (7), (9) [n]=41.3 11.96  17.29
Mw=81,100
1 (1), (8) Mw=81,100 12.30  15.05
Mn=60, 450
From viscometry, ref. (1) 12.30 18.00
TABLE 2. Calculation of MW of PMMA using eq. (6)
PS PMMA
Mw A A x103 A A x103 Mw
1 2 1 2
2,500 12.302 18.00% 12.10% 8.77% 2540
12.35° 19.50° 2540
12.30° 15.05P 2520
11.96° 17.29P 2580

a. viscometric data (ref.1)

b. data from table 1
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The values of A1 and A, have been calculated using one
polydisperse sample and a system of two equations which have
been solved on a computer. The calculated values are in good
agreement with those obtained by viscometry (table 1). However
it is worthy to check if the deviations of the calculated A1
and A2 from the viscometric values could affect the PMMA ca-
libration established by the proposed procedure. The molecular

weight of PMMA having the same hydrodynamic volume of a PS

standard with Mw=2,500 has being calculated using eqg. (6).

Table 2 shows that the calculated values of the molecu-
lar weight of PMMA using various wvalues of A1 and A2 for the
PS-THF system obtained from table 1 are in excellent agreement
with that calculated through direct viscometric data. It is
obvious that the uncertainties in A1 and A2 resulted from the
proposed GPC method have not any remarkable effect on the pro-

posed calibration method. Further work is in progress in which

corrections for axial dispersion will be applied.
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