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Introduction

In the period of support by the I.A.E.A. for the work carried out

under my supervisiontseveral areas have been thoroughly investigated. Bach

of these is based on the utilization of high energy radiation sources in

polymerizations and on polymer characterization. Since the earlier work has

been fully documented in reports 1623/RB and 1623/RI/RB, this report will

concentrate on work carried out during the past year (1.8.1977 to 30 June 1978).

Since further analyses of experimental data are still being carried out, it is

intended that regular reports of work related to the present survey will be

sent to the I.A.E.A.

Summary

The envisaged programme of work contained three areas for investigation:-

(i) studies on the nitrile-styrene system

(ii) studies on the radiation induced polymerization of 2-vinyl
anthra quinone

(iii) the graft polymerization of vinyl monomers onto cellulose in the
DMSO/HCHO/cellulose system.

These will be considered in turn.

Description of Research

1. Studies on thr nitrile-atyrene system

This work has now been completed in terms of experimental procedures

and the results are being evaluated. In the later stages^we have been

concerned with the radiolysis of nitriles especially with reference to the

aliphatic nitriles. Here, information is becoming available which provides

detail of radical locations including the species likely to become involved

in polymerization reactions and the secondary reactions involving nitrilea.

We have concentrated on the polymerization of acetonitrile by radical routes

and analysis of the products by d.g.l.c./m.s. (decomposition gas liquid

chromatography/mass spectrometry). The analytical procedures have been

carried out at the P.C.M.U. at Harwell, whose assistance is acknowledged.
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A complete assembly of number average molecular weights for samples

of polymer acquired from the various styrene-nitrile systems has been obtained.

These are supported by elemental analysis and thermograms/thermographs from

thermal analysis studies. This should provide knowledge of the kinetics of

polymerisation (radiation induced) in a detailed way and also give details of

the thermal properties of the styrene-nitrile polymers and various polynitriles.

The thesis associated with this work is now being prepared. A summary

will be sent to the I.A.E.A. on completion.

2. Studies in the radiation induced polymerization of 2-vin.vl anthraauinone

Our studies of the radiation induced polymerization of 2-vinyl

anthraquinone and the characterization of the homopolymer are at an advanced stage.

The work is now being assembled for thesis presentation. A summary of the

whole programme will be forwarded to the I.A.E.A. in due course. Recent work

has been divided into three major sectionsi-

(a) X-ray diffraction studies

Using a sophisticated computer programme developed by the Department

of Textile Industries at the University of Leeds, X-ray diffraction patterns

of samples of poly(2-vinyl anthraquinone) have been resolved and quantitative

estimates of the degree of crystallinity obtained. For comparison purposes,

samples of poly(2-vinyl anthraquinone) were obtained from various initiation

procedures. By controlling the initiation and the heterogeneity/homogeneity

of the polymerization process, stereoregularity was introduced into the

polymer. This was detected by an order-disorder transition as shown by

differential scanning calorimetric thermographs. Supporting evidence comes

from measurements of the degree of crystallinity which can be interpreted in

terms of the alignment of regular chains. The highest degree of stereo-

regularity was obtained by the bulk polymerization of molten aonomer at 200*C,

a heterogeneous polymerization. The most atactic polymer was prepared by

the Y-ray induced homogeneous polymerization of 2-vinyl anthraquinone carried

out in dimethylsulphoxide. All indications point to a common radical

polymerization mechanism in the polymerization of 2-vinyl anthraquinone.

(b) Kinetics of polymerization of 2-vinyl anthraauinone

Investigations have begun into the K-ray induced solution polymerization

of 2-vinyl anthraquinone in méthylène chloride and dimethylsulphoxide. The

emphasis in this stage of our studies will be on the kinetics and mechanism of

polymerization.
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The polymerization in dimethylsulphoxide shows an order with respect

to monomer of 1.35 which is somewhat unusual but not unprecedented. Unusual

effects on polymerization in méthylène chloride have been observed. This

solvent is rarely used for radical based polymerizations but it is known to

be radiosensitive (G (radical) = 35.0). Consequently, in the radiation

induced polymerization of 2-vinyl anthraquinone the rate of polymerization in

méthylène chloride is 1(r times greater than that obtained using dimethyl

sulphoxide as solvent. This has been interpreted as due to participation in

initiation by the dicbloromethyl radical. This radical has only recently

been confirmed as the major product of the radiolysis of méthylène chloride.

Chlorination of the polymer during polymerization has been observed, another

indication of participation by the di-<:hloromethyl radical. In the near

future, it is hoped that information from nuclear magentic resonance studies

of the polymer will provide some information on the role of the dichloromethyl

radical in the polymerization process. We are currently in the process of

measuring the chain transfer constant for méthylène chloride in our system

and, in addition, the intensity dependence of the polymerization process is

being examined.

The discovery that méthylène chloride is an efficient solvent for

poly (2-vinyl anthraquinone) has enabled us to measure the number average

molecular weights of polymers produced through various initiation routes.

Thus, we can measure the change in M with increasing total dose and this gives

us a further means of examining the kinetics of polymerization. So far, the

evidence suggests that Jf-radiation induced polymerization provides the highest

molecular weight polymer (relative to thermal, chemical, and ionic routes).

However, the average value for M produced by Jf-ray induction is of the order
7

4000-6000 at a total dose of 10 rads, an indication of the radiation stability

of 2-vinyl anthraquinone.

(c) E.s.r. spectroscopy

Samples of 2-vinyl anthraquinone, 2-ethyl anthraquinone and 9»10

anthraquinone are the subject of an e.s.r. examination which is not yet complete.

Glycine is used as a standard in this work. Examinations are made on samples

irradiated in the solid state, under vacuum. Calculations are being performed

on the e.s.r. spectra thus obtained in order to quantify the radical yield of

the monomer after irradiation under controlled, specified conditions. It is

-hoped that e.s.r. measurements will, provide information of the radical decay

patterns. This is of interest, since no solid-state polymerization occurs
n

after a total absorbed dose of 10 rad.



3. The graft polymerization of vinyl monomers onto cellulose in the
DMSO/ÏTOHO/cellulose system

This section forms part of a long term study of non-aqueous solvents

for cellulose. The initial interest lies in the radiation induced grafting

of styrene in the simultaneous, homogeneous mode. A kinetic approach to the

study has been undertaken in the first instance. Co~polymer-product evalua-

tion will follow in due course. We are interested in a comparison between

low energy u.v. initiation and high energy j(-radiation induced processes.

Preliminary work on u.v. initiation is now complete while a detailed examina-

tion of the high energy, lf-ray initiated copolymerization of styrene on

cellulose is in the preparative stages. Despite the anticipated ceasing of

financial support of this work, it is our intention that the I.A.E.A. be kept

fully informed of eny developments that are made.

Solutions of cellulose (in diraethylsulphoxide/formaldehydel as the

methylol cellulose were formulated as shown by Guthrie and Hardcastle. The

solutions, containing 6 g methylol ceUiilose 1~ were treated with a photo-

initiator (2 chlorothioxanthone (0.05?)) and a synergist (0.1!? dimethylamino-

ethanol). Styrene was used as \.he vinyl monomer. Additions of styrene were

such as to permit a study of the monomer dependence of grafting in a non-

-sequential fashion. The range of monomer concentrations was 0.462 to 2.78

mol 1~ of total solution. Complete homogeneity of formulation was achieved

in this way.

Irradiation for various times was achieved using a FRIMARC 125

photochemical lamp, with cooling circulation. The temperature of the grafting

solution was maintained at 30*C. On cessation of irradiation, solutions were

poured into water (ten times excess) and the total polymer precipitated and

filtered. This was then washed with methanol to remove residual styrene and

reagents before drying under vacuum at 50*C to constant weight. The products

were then Soxhlet extracted in tetrahydrofuran to extract polystyrene homopolymer

from the cellulose and its copolymer. The (cellulose + copolymer) fraction was

then washed with methanol before filtering and drying to constant weight under

vacuum. The occluded and bulk homopolymer was obtained after evaporation of

the tetrahydrofuran on a rotary evaporator under reduced pressure. All

quantitative exercises were carried out gravimetrically.

The homopolymerization reaction has been shown to be approximately of

order equal to 1.0 with respect to monomer. However the grafting of styrene

to methylol cellulose under the conditions which have been specified is seen
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to be complex. T M L complexity demonstrates itself in the fact that the

extent of grafting reaches a maximum value at the 1.392 mol of styrene l" of

total solution. An increase in the monomer concentration above this level

results in a decrease in the extent of grafting after irradiation for equivalent

times. Further work must be carried out to examine this experimental observation

in greater detail, since it provides an insight into possible complications when

higher energy initiation is used.

A tentative explanation of the observed maximum in the extent of grafting

with increasing monomer concentration may be put forward. This involves the

change in the physical state of the methylol cellulose solution in dimethyl-

sulphoxide. On increasing the monomer concentration, it is feasible that

preferential adsorption of dimethylsulphoxide takes place and chain contraction

ensues. Thus, access of styrene to the reactive sites on the cellulosic is

reduced relative to the level of access which is available at the lower monomer

concentrations. This possibility must be substantiated. Support for such

an observation comes from the fact that the initial rates of grafting also

achieve a maximum value when 1.392 mol styrene 1~ of solution are used. Thus

the observations are not likely to arise from changes taking place in the

substrate through the grafting process.

It is reasonably obvious that further work will be required before a

clear presentation of the experimental observations can be given. However, we

have a substantial basis from which to work in a comparative study. Work on

the high energy initiation is now being instigated to provide the second part

of this comparison.

Conclusion

In the past year, much information has been acquired which is closely

related to our interests in radiation induced polymerization reactions.

Despite the fact that formal I.A.E.A. support ceases in July 1978, this work

will be carried on. A feature of radiation induced-polymerization studies

is that thorough detailed examinations are required if an understanding of the

complex nature of the reaction processes is to be achieved.
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Costing:- The financial support provided by the I.A.E.A. in this final year

has been devoted to routine costs in consumable items and costs involved in the

setting up of a photochemical/high energy radiation - comparative procedure.

It is hoped that the outstanding fraction of this year's total grant will help

in seeing the present programmes to completion.

Attachment:

Guthrie, J.T. The use of polystyrene in the modification of the properties
and application of cellulosic fibres, membranes and timber composites.
Prog. Polym. Sci., Vol. 6, pp. 31-61, Pergamon Press Ltd., 1978
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