This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 21 February 2013, At: 10:43

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

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Kinetics of the Radiation
Induced Polymerization of
a Diacetylene Studied by
Analysis of the Molecular
Weight Distribution

G. Wenz * & G. Wegner ?

% Institut fiir Makromolekulare Chemie, Universitat
Freiburg, Stefan-Meier-Strafle 31, D-7800, Freiburg,
W. Germany

Version of record first published: 17 Oct 2011.

To cite this article: G. Wenz & G. Wegner (1983): Kinetics of the Radiation Induced
Polymerization of a Diacetylene Studied by Analysis of the Molecular Weight
Distribution, Molecular Crystals and Liquid Crystals, 96:1, 99-108

To link to this article: http://dx.doi.org/10.1080/00268948308074696

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948308074696
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 10:43 21 February 2013

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 10:43 21 February 2013

Mol. Cryst. Lig. Cryst., 1983, Vol. 96, pp. 99-108
0026-8941/83/9604-0099/$18.50/0

© 1983 Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America

KINETICS OF THE RADIATION INDUCED POLYMERIZA-
TION OF A DIACETYLENE STUDIED BY ANALYSIS OF
THE MOLECULAR WEIGHT DISTRIBUTION

G. WENZ, G. WEGNER

Institut fiir Makromolekulare Chemie, Univer-
sitdt Freiburg, Stefan-Meier-StraBe 31,
D-7800 Freiburg, W. Germany

Abstract The molecular weight distribution as
dependent on conversion, has been investigated
for the radiation induced topochemical polyme-
rization of the diacetylene monomer Dodeca-
5,7-diyne-1, 12-ylene~bis (p-toluene sulfonate)
("TS-12"). The kinetic chain length increases
with conversion from about 60 in the early
stages to 2000 at 10 percent conversion and
then stays constant to high (70 percent) con-
version. The rate of chain initiation is con-
stant up to high conversions. A G-value of

1.2 was determined. The chain ends produced in
the course of the reaction are inactive for
further polymerization reactions.

INTRODUCTION

The solid state polymerization of diacetylenes has
grown into an interesting research subject because
it provides the means to produce macroscopic and
nearly defect free single crystals of polymers

with a polyconjugated backbone.1-4 Information on
the chain length of these polymers was lacking,
however, for a long time due to the insolubility

of most of the poly(diacetylenes)? It was only
through the analysis of the elastic behaviour that
limited information on the chain length in partial-

ly polymerized crystals could be obtained, e. g.

99
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through Brillouin-spectroscopy.6'7 In the recent
years poly(diacetylenes) became available which
dissolve readily in the usual organic solvents;
thus molecular weight determinations were possible
by the usual methods such as light scattering (LS),
osmometry, gelpermeation chromatography (GPC)
etc. 810
Dodeca-5,7-diyne-1,12-ylene-bis{p-toluene
sulfonate) (1) ("TS-12") is an example of a di-
acetylene which shows a similar polymerization be-
haviour as the much investigated hexadyne-1,6-
diol bisfp—toluene sulfonate) (PTS) but unlike
this compound gives rise to a polymer soluble in
many different solvents.

N
H,C QJ, Sl 2) 4

In a previous publication we have demonstrated

-0~ —CEC=-CZC- -0O- N\ _
0- (CH,) ,~C=C-C=C- (CH ) ,-0-50,-J-cH, 1
that the polymers derived from 1 exist in the

11 In the

following we want to report on the molecular

form of a random coil when dissolved.
weight distribution as dependent on the parameters
of the reaction, such as the extent of conversion,

radiation dose and temperature.

EXPERIMENTAL

The preparation, purification and crystallization
of the monomer 1 was performed as described pre-
viously.11 The polymerization was carried out ex-
posing single crystals of the typical size of
1x1x0.2 mm to the radiation of a 6OCo—y-—source
(0.3 Mrad h™'). In two sets of experiments the

+

samples were thermostated at O and 30°% I 1 deg.
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FIGURE 16 Conversion é vs, effective dose Deff
at (M) O0°C and (e) 30 °C.

resp. during the irradiation. Once the crystals
had been irradiated, they were usually dissolved
in 1,2-dichlorethane immediately, but not longer
than 3 hours after the irradiation had been fi-
nished. The polymer dissolved in less than one
hour without leaving any insoluble residue. The

concentration was adjusted to a value between
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5 and 50 mg ml_1 and the appropriate amount of
the solution was injected as soon as possible into
a gpc-apparatus. The gpc set-up was the one des-

" The conversion was determined

cribed previously.
spectroscopically measuring the optical density of
a solution in 1,2-dichlorethane with a known total
concentration of monomer plus polymer. From the
extinction in the absorption peak of the polymer
at 470 nm (Emax = 16700 1 (mcl cm)_1) the concen-
tration of the polymer and thus the extent of

conversion could be determined.

0,7 1
0,5 -

0.3 1

FIGURE 2. Molecular weight distribution of the
polymer of TS-12 at various conversions. The
letters correspond to the conversion vs. dose
curve in Fig. 1.
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FIGURE 3. Number average degree of polymeriza-
tion P and weight average P__ vs. conversion
for poTymerization at 30°cC; Yhe small letters
correspond to data on Fig. 1.

RESULTS

Fig. 1 shows the conversion X (in percent) as de-
pending on the effective radiation dose, Deff'
Dofg is defined by equat. l; it is the fraction of
the total does D absorbed by the monomer in a

polymerizing crystal.
D

Degf = / (1-X) db

3}
The radiation-dose (time)-conversion curve shows
features well known from the polymerization be-

haviour of PTS.> > A rapid conversion only takes
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place when the well defined, slow induction
period is over. The length of the induction pe-
riod increases with temperature but, independently
of temperature,quantitative conversion is always
reached.

Fig. 2 shows the molecular weight distribu-
tion of samples obtained at various conversions
as indicated by the small letters a-k in Fig. 1.
These d&istribution curves have been obtained di-
rectly from the gpc-diagrams making use of the ca-
libration described in our previous publicationj1
The results are reported in a semilogarithmic
scale such that W-d(logP) is the weight fraction
of the polymer the degree of polymerization of
which is found between logP and log P+d (logP).
The areas under the curves have been normalized
so that the total area is proportional to the con-
version in each case.

The maximum of the distribution function is
found at P=60 if the conversion is not larger
than 2 percent; in other words the most probable
chain is build up from 60 monomer units. As the
conversion increases the maximum of the distribu-
tion function shifts rapidly to larger values.
The polymer formed initally remains intact howe-
ver. Consequently, the distribution becomes broa-
der. The peak position of the distribution curve
reaches a fixed value, if a conversion of appro-
ximately 10 percent has been reached correspon-
ding to a chain length of ca. 2000 units. It is
very interesting to note that up to ca. 70 percent

conversion the shape of the distribution curves
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FIGURE 4. Number of chains,g,formed Vs. ra-
diation dose, D g at () OC and (@ 30°C.

does not change but only the total amount of
polymer increases. Even at a conversion of 70
percent, the short chains formed in the beginning
of the reaction during the induction period may be
readily identified in the gpc-chromatograms. The
number averade ﬁn and the weight average Ew eva-
luated from the distribution curves are plotted
vs. the conversion X in Fig. 3. Qualitatively the
dependence of ﬁw on conversion agrees very well
with the data reported by Leyrer et al. for the
case of PTS where the chain length dependent
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Youngs-modulus of a partially converted single

crystal had been considered.6’7

DISCUSSION

The following important features are deduced

from the shape and a quantitative evaluation of
the distribution curves:

1) The short chains formed in the initial stages
of the polymerization remain intact up to the
highest conversion investigated. Consequently,
chains cannot grow any further once they have
been formed or, in other words, the chain ends
are "dead" for further polymerization.

2) At high conversion (X> 70 percent) a sudden in-
crease in chain length,as expected for cases
where recombination between reactive chain ends
is possible, does not take place. This is also in
agreement with the first statement.

3) The autocatalytic behaviour of the reaction
rate is due to a conversion dependent kinetic
chain length and not to an increase of initiation
events as the conversion increases.

The latter statement can be proven quantita-
tively from the available data. The number of
independent chains, N, are calculated from the ra-
tio of the conversion X to the number average de-
gree of polymerization: N = X/?n.

The number of chains found in the sample at
conversion X are thus plotted vs. Deff in Fig. 4
giving a straight line over most of the range

investigated. This is the proof that the chains
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are initiated at constant rate and, since the da-
ta at the two temperatures investigated fit

the same line, that the initiation rate is prac-
tically independent of the temperature within the
limited range studied here. From the slope of the
curve the initiation rate kI is calculated to be
6.25-10" 4 chains/Mrad (ppm). The latter value may
12,13 of the
initiation,which is equivalent to the quantum

yield in photochemical reactions, according to13:

5
G = 2;%2;19_ . kI = 1.2 (events per 100 eV).
mon

be used to determine the G-value

Mmon is the molecular weight of a monomer unit.
This G-value compares well with information
available from other radiation induced solid-state

reactions;12’13

a value between 1 and 7 is usually
found.

With the experiments described so far it has
been possible to separate for the first time
effects of the kinetic chain length from effects
related to the chain initiation event. Although
a detailed information on the chemical nature of
the initiation reaction and of the structure of
the chain ends is still lacking, the kinetics of
the solid-state polymerization can now be deve-
loped on much safer grounds than just based on the
knowledge of the time conversion curve and the
change in lattice parameters. It is probably
reasonable to explain the conversion dependence
of the kinetic chain length by a side reaction

leading to "dead" chain ends which itself may
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depend on the small geometrical changes of the
lattice in the course of the reaction. Further

work to elucidate this reaction is in progress.
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