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MOLECULAR WEIGHT DISTRIBUTIONS AND MONODISPERSE
INTRINSIC VISCOSITY~-MOLECULAR
WEIGHT EQUATION OF SILICONE ELASTOMER*

Lu-Zai-Min
Research Institute
Jilin Chemical Industry Corporation
Jilin City, Jilin, People's Republic of China

ABSTRACT

The experimental curves of Gel Permestion Chro-
matography of methyl vinylsilicome elastomer poly-
merized by a basic catalyst and comtaining a2 small
amount vinyl groups are givem.

They are in consistent with the theoretical cur-
ves calculted from logrrithmic-normal distributionm
function, Thereby, the molecular weight distributiom
of the samples determimed belomg to the logarithmic-
mormal distributiom. With GPC, [7] amd (M}n of the

polydispersed sample the momodispersed []]- M rela-

tiomship of the methyl vimyl silicome elastomer was
established.
This relatiom agrees with the momodispersed [7] -

M relatiom established by Qian Rem-yuan, et al.(1)

e
Presented at the GPC Symposium, Chinese Chemical Soc.,
Guilin, People's Republic of China, June 2-6,1981.
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INTRODUCTION

The Mark-Houwimk equatiom of the intrimsic vie-
cosity-molecular weight relatiomship of high poly-
mer solutiom shows,

(7] = x &% (1)

The molecular weight obtaimed omly from the
parameter K and & im the momodispersed equatiom for
the P7] value of a polydispersed sample is im accor-
dance with the viscoslity average molecular weight
of which the definitiom is well-kmown.

n !
Wdyp = ( 3w, mia )/a (2)

In determininé—{he parameter in the equationm,
mcrnodispersed samples are necessary. Lut they are
difficult to obtain, evem with careful fractiomation
of a polydispersed sample. Therefore, a correction
of dispersed effect must be made on the equetion

. . (2,%,4)
obtainasd experimentally.

The relation oetween intrinsic viscosity [7] and
average molecular weignt, (Ma or <M)n’ for a

polydispersed sample is:
1)y = & (uy = g k(U (3)
W W W W g

or <[7]> Km(m)‘;= qu<M>: (4)

Where q_ and g _are the correction factors poly-
dispersed. Tﬁey are related witn types of distribu-
tiom of tne sample and the distribution breadtn.'<,2,4)
Tnerefore, to obtain monodispersed Mark-rHouwink equa-
tion, a defimite knowledge of the molecular weight
distributiom of the sample must be known.

QYian nen-yuan et al.'l’) established monodispersed
[7] - ® relationship of polydimethylsiloxane after
determining the distributicn of sedimentation coef-
ficients, (M) ,[7]0 and [7]ﬁoluene_

However, tne molecules of the commercial sili-
cone elastomer contain a small amoumt cof vinyl sgroups.
in order to study their influemce on the{?7] - u
relationship, we determined the molecular weight
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distribution of some polydispersed samples of poly-
methyl vimyl siloxame by Gel Permeation Chromatograph,
ag well as the number-average molecular weights and
intrimsic viscosities im toluene solution for each
sample. ‘he monodispersed equation of polymethyl

vinyl siloxane is so obtained. it agrees witn tne

monodispersed equation of polydimetnylsiloxame proposed..

by wian nen-yuen et al. rhus, the existence of a
small amount of vinyl groups has mc onvicus influence
on the solution properties of polysilcxane.

EXPERIMENTAL

SAMPLES

Tr.e silicone elastomer samples used are non-fra-
ctionated polydispersed samples from our laboratory.
They were obtained by polymerizing the dimethylcyc-
losiloxane containing a small amoumt of cyclic vinyl
siloxane at the presence basic catalyst.

VISCOMETRY

The intrinsic viscosity of the polydimethyl vinyl
siloxane was determimed in toluene at 25 °C by uboe-
londe dilution viscometer.

OSMOTIC PRESSURE

The number-average molecular weight of the poly-
methyl vinyl siloxene was determined in toluene at
27 ©C with ANAUZR menbrame osmometer.

GEL PERMEATION CHROMATOGRAPH

The determination of Gel Permeation Chromatograph
was accomplished in an equipment with tne column
length 2.5m, interal diameter 9 mm, syphon volume
3,0 ml and porous silica beadsof 120 - 140 mesh as
the packing ( treated with hexamethyldilazane ).
Whole elution volume of the column was 130 ml. Eluted
solvent was toluene, Operated at room temperature
with a flow rete of 0.7 ml / min. The concentration
of the injected samples of polystyrene and polyme-
thyl vinyl siloxane were 1 mg / ml and 4 mg / ml res-
pectively. Injected volume was 1 ml. The concentra-
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tions of the eluted solution were determined by the
turbidity mothed.

The colusn was caliorated with a series of nar-
rowly distributed polystyrene samples. The viscosity
eguation of the pelystyvrene is

—A . '{
(7] = 1.1 x 107" w077 (5)
Lhe universal calibration relation of thne
coiumn is obtained:
log d = leg[7] K
leg J = 13.08 - 0.079 V (6)

The universal calibration curves is shown in i-
sure 1.

7
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Blutiom volume (ml)

Figure 1. Universal calibration curve
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RESULTS AND DISCUSSION

The GPC curves of 211 the samples are snown in
Figure 2. According tc tne following egquation,

¥ = WV
i= 1 1
2 ol - 2
0 = (Vv =-T)
i= 1

W
0.10
0.05¢ x
1 3 4
. 13
0
70 90 110 80 100 80 100 80 100 80 100

W, .
0.10t °
0.05}
6 7 8 9
0

80 100 100 120 100 120 90 110 70 90 110 80 100
Elution volume (mi}

Figure 2.
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Table 1.

v, 02,[7] (M) (M), / (M), of the samples

sample 7 (ml) o’ (7] Gyp X 107"

(d1/g) (LF) <M>w/(m>n

1 99 .51 91.53 0.84 14,7 2.80

2 97.17 90.83 1.03 20.0 2.72

3 94.85 112.20 1.17 22.5 3.43

4 94.95 102.65 1.24 25.4 3.10

5 93.60 107.32 1.39 30.0 3.18

o 81.83 82.70 1.600 39.2 2.48

average 2.95

7 107.86 50.74 0.42 8.7 1.89

8 10571 54,13 0.45 g.2 1.84

9 102.60 59.5@ 0.98 13.2 1.95

10**  90.93 99.43 111 34.8 1.81
1% 89.52 82.04 1.24 42,2 1.0%
average 1.82

**. The data for 10** amd 11** were determimed by amo-
ther column witn tne umiversal calibration equation as
log J = 11.0b - 0,058 ¥

amd from our experimental curves, calculted the mean

elution volume V and standard deviation 03 as shown

in Taole 1. Imn the equation, wi and V., are tne weight
fraction and elution volume of eacn individual frec-

tion.[7] and <M>n cf each sample ovtained from the

viscosity and osmotic prescure measurements are also
listed in Table 1.

Log[7] values were plotted against log (M)h tor
eacn sample im Figure 3.

Lime a in FPigure 3 is for tne samples 1 to o,
and line b for tne samples 7 to 11. Q = 0.70 amd
Kn = 2.0 X 10‘4 are takem from the slope and tue inter-
cept of tne line a, (= 0.70 amd K_ = 1.51 x 1074
from tne slope and intercept of the Pine .
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Figure 3. Log[7] vs. leg (qu

N
o
I
.

)

In determining the average molecular weight of
polymers vy GPC, the principle of the universal ca-
libration may be used, i.e.

n

(N) =K~ 1*@a .2 _y g ira (7)

w i=1 1 1

1 n 1

() =K~ 1+& W, . TRa (8)

m EE% i i
(M), 2 w4 —"ja CS= g 11+a (9)

=> W 4 i

i=1 i=1
(M)
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Therefore, distribution breadth imdex, (M) / (M),

obtained are independent of tne porameter K, From
the experimental curve of each sample take @ = 0.70
{ the slope of a, b lines in Figure % ). The dis-

tribution breadtn index (M) / <M>_ of the eleven

samples are obtained by the equation (9). See the
results in Table 1., Take the samples 1 to & as one
group and the average value of the distribution breadth
index is 2.95, while another group, tne samples 7
to 11, gives the average valne of tne distribution
breadth index as 1.82 also shown in Table 1.

The experimental curve of each sample shows good
symmetry, so Gauss normal distribution function

/
20t

F (V) = — exp [—

VEr Y

can be used.

The normalized distribution curves calculated
from the average value and the standard deviation
of eacn sample (in Table 1) and with equation (10)
agrees well witn the experimental results, as shown
in Figure 2. As tnhe calibration curve of our GPC
column is linear, tne molecular weight distribution
of the samples studied may be described by log-normal
distrioution function. For the polydispersed sample

(v -V >2] (10)

with log normal distributnon,(2’3’4)
(M) Y @
qw=( W\/ (4‘1) (11)
( iy
q = { m{M)W )g a( a +1 )
= ‘ (12)
iy

Substitute into the equation (12) the average
values of the distribution incex of two groups and
¢ values. lne q, values of two groups so obtained

are 1.907 and 1.428 respectively. From the Kn and
Ay of two groups, we obtain:
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K=1.05 % 10 ~¢ and K= 1.06 ¥ 10 ~%

Therefore,[7] - M relation im the momodispered
solution may be expressed as

[7] = 1.06 x 10 =% y ©:7O (12)
Since
My
(7] = & = x ¢ —2)EA(ET 1)L 7
<MY, o
a
(M)
=K | (—NE (& 1) gy
<y n
then
<M)w 1
My,

The viscosity average molecular weight (M)7 of

each. sample may be obtained by substituting(M)n, a
(K>
W

' wy

Plot log[7] agrinst log (M)vas shown in Figure 4.

and of eleven samples into the equation (14)

1t can be seen that the experimental points of two
sample groups fall on tne line for the monodispersed
(7] - ¥ relaticn (13). It is independsiof the size of
the distribution breadth.

Qian Ren-yuan, Ying Qi-zong et al, obtained the
monodispersed[yj - M relationship for polydimetnyl-
siloxane as

[7] = 9.5% x 107" (15)
shown by dotted line in Figure 4. The solid line and
dotted line overlap each other.

It,can be seen that the presence of a small amount
of the vinyl groups in the molecular chain of poly-
dimethylsiloxane.has shown no evident chnange in the
property of solution and the flexibility of the mo-
lecular chain.

L0.71

2
i
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Log[7]

-0.
-0.4
_005 "
50 he 5.4 5.0 5.8 6.0
Log <M)7
FPigure 4. 105[7] vs. log (M)V
o and x : equation (14)

gsolid line : equation (13)
dotted line : equation (15)
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