This article was downloaded by:

On: 24 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

Journal of Macromolecular Science, Part A

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Formation of Graft Copolymers of Complex Structure: In Tee Interaction
of Acrylonitrile with Polyvinyucetate Activated with n-Butyl Lithium

I. L. Artamonova* I. A. Baranovskaya? S. I. Klenin®; B. L. Erussalimsky?*
* Institute for High Molecular Weight Compounds of the Academy of Sciences of the USSX, Leningrad,
USSR

To cite this Article Artamonova, L. L., Baranovskaya, I. A., Klenin, S. I. and Erussalimsky, B. L.(1991) 'Formation of Graft
Copolymers of Complex Structure: In Tee Interaction of Acrylonitrile with Polyvinyucetate Activated with n-Butyl
Lithium', Journal of Macromolecular Science, Part A, 28: 1, 59 — 65

To link to this Article: DOI: 10.1080/00222339108054384
URL: http://dx.doi.org/10.1080/00222339108054384

PLEASE SCROLL DOWN FOR ARTICLE

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

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan 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 primary sources. The publisher shall not be liable for any |oss,
actions, clainms, 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.



http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222339108054384
http://www.informaworld.com/terms-and-conditions-of-access.pdf

17:29 24 January 2011

Downl oaded At:

MACROMOLECULAR REPORTS, A28(SUPPL. 1), 59-65 (1991)

FORMATION OF GRAFT COPCLYMBRES OF COMPLEX STRUCIURE IN
THE INTRRACTION OF ACRYLONITRILE WITH POLIVINYLACETA-
TE ACTIVATED WITH n~BUTYL LITHIUM

I.L.Artamonova, I.A.Baranovskaya, S.I.Klenin
& B.L.Erussalimsky
Institute for High Molecular Weight Compounds of the
Academy of Sciences of the USSR, Bolshoi Frospect 31,
Leningrad W-4, USSR

ABSTRACT
The polymerigation of acrylonitrile (AN) by polyvinyl-
acetate (PVA) activated with n-Buli results in forma-
tion of complex graft copolymers. Their molecular pa-
raneters suggest the participation of the grafted AN
growing chains formed in the firat stage of the over-
all process in the secondary reactions.

INTRODUCTION
The products of grafting of AN onto PVA have a very
modest place in the vast literature concerning graft
copolymers. The corresponding data are restricted to
our recent results obtained by the use of PVA activa-
ted with n-BuLi as an initiator of AN polymerization?
The conditions used in re£.1 have led to the forma-
tion of comsiderable part of insoluble fraction (up
to 20%) and to a broad MWD of the fraetions soluble
in DMF (Mw/Mn 10-15). These effects could be ascri-
bed to the high Mw—values of the initisl backbone
polymers (5° 40 and 8+10° ). They could favor the
parallel secondary intra- and intermolecular reac%i-
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ons of the growing chains. The existence of the se-
cond type of these reactions is confirmed by the mo-
lecular parameters of the synthetisized copolymersﬁ.

It seemed possible to obtain the products of hi-
gher uniformity and to avoid the formation of inso-
luble fractions by using activated polymers (FPVA*) and
oligomers (OVA*) of lower molecular weights. According-
ly, we carried out similar syntheses using PVA and OVA
with M -values of 4-10% and 2:10°, respectively. In the
former case the content of the soluble fractions incre-
ased to ca 95%. In the latter case completely soluble
copolymers were obtained with the Mw/Mn—value near to 3.
These copolymers were characterized by & sharp discre-
pancy between their composition and the Mw~values. In
particular, for a copolymer containing 25% AN, this va-
lue was near %o 5-ﬂ05, which was ca 100 times higher
than could be foreseen for the gbove mentioned compo-
sition.

In the present work we try to interprete the mecha-
nism of reactions responsible for this non-trivial re-
sult.

MATERIALS
Oligovinylacetate (OVA) was obtained using benzoyl
peroxide as initiator and methyl ethyl ketone as sol-
vent at 70°C. AN and DMF were dried over Call, and di-
stilled directly before use. THF was dried with Na-K-
alloy.

METHODS
The activation of PVA and OVA was carried out in THF
by n-Buli under argon at -=30°C; other conditions see
in Table 4. After activation DMF was added to the re-
action mixture, THF was evaporated and AN was intro-
duced into this system at the same tempersgture. The
resulting solution was deactivated by DMF, acidifi-
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Activation of poly~ and oligovinylacetates

Table 1
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Solvent THF, temperature ~30°C, reaction time 1 h

- PVA (OVA) (n-BuLi] +10%,

o. [rl] ’ MW"‘O-B [VA—unit] , mol/1

N dl/s mol/l
2" 10| 300 0.10 0450
2 1413 40 0415 0.75
3 1.13 40 0.17 0.75
& - 2 0.30 1.50
5 - 2 0.30 1.50

*) Data from rei‘.1
Table 2

Grafting conditions and characteristics of the

copolymers. Solvent DMF, temperature -30°C

Alq . .
Expe AN, | Time, con- | con- gi/g MW_6 AE4*‘f)
N°| mol/l| min :gg;’ t%nt 10 10
%

t) L

1 0.27 | €0 100 6 0.64 1,801 4.0

2 0415 > 40 19 | 0,19 4.60] 6,0

3 0430 5 100 59 | 053 0.631 3.7
4 0430 5 57 25 | 0,09 0.54] 3.5

5 0.60 5 70 46 | 0,199 04761 3.5

')The numeration corresponds to Table 1

*‘)Temperature was -10°C

itt)

A2 is the second virial coefficient
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ed with HCl and filtered. After the evaporation of

the solvent, the residue was dried under vac. The AN
content was estimated by elemental analysis and ref-
ractometrically.

The physical measurements were carried out in DMF at
21°C. Light scattering was measured by a Sofica photo~
goniodiffusometer according to standart method?, ta~
king into account the specificity of the polymers in-
vestigated. The sedimentation analysis was carried out
using the MOM~3180 ultracentrifuge (Budapest) at a
rotation speed of 45000 rpmi the corresponding calcu-
lations were performed by the known methodj.

RESULTS
The reaction conditions and their results are given in
Tables 1 and 2 together with those from one of the ex-
periments related to ref.” (to compare the data obtai-
ned for PVA with various Mw—values). The complete in-
teraction between the reagents in the activation sta-
ge was assured by the long storage of the systems be-
fore the introduction of AN. For the estimation of the
molecular parameters of the graft copolymers, the so-
lutions free of microgels were used. Microgels were
found only in the products obtained by the use of
PVA*. They could be formed because of the coantent of
the -CHéCHQH~ units appearing as a consequence of the
hydrolysis of the LiO-groups of PVA* which did not
partvicipate in the grafting reaction. As shown inq,
the hydrolysated PVA*, ever obtained at a high PVA/
n-Buli ratio is (in contrast to PVA) insoluble in
DMF, This fact suggests that the reaction between
OVA* and AN (not accompanied by microgel formation)
proceeds with complete consumption of the active
sites of OVA* in the grafting reaction.
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DISCUSSION
The marked discréepancy between the composition and
Mw-values of the graft copolymers under considera-
tion (see Table 2) must be ascribed o some secondary
reactions leading to the formation of ,multi-grafth
copolymers. The reactions of the following types seem
possibles

3 3 g
(o fHa Li? oo
?H-O(AN)nLi VA, %H—O(AN)n—?—O—%H —_—
12 CHy
T
%H-O(AN)D-C\C% + QH-OLi
II
S
Li0 &
I+ II ——> %HZ {Hz
%H-ocm)n-?-(m)no-gn @)
III  CH,

Similar repeated acts may lead to high MW-values of
the copolymers with the above mentioned composition.
Besides reaction (1) and (2), the participation of
the ,, twice-grafted" initiator III in the formation of
the AN-growing chains cannot be excluded. 1t seems
clear that interactions (3) become especially real in
the stage of a considerable consumption both of the
active sites of OVA* and gf AN

CH, Li? %Hz

|
III + mAN —— %H-O(m)n-?‘<m)n°‘(33 €]
0

(i), 14



17:29 24 January 2011

Downl oaded At:

64 ARTAMONOVA ET AL.

Phis situation favors the further complication of the
structure of the copolymers because in this stage the
VA-units are present in a great excess in comparison
with ,,free™ AN. Under this condition the reaction bet-
ween IV-living chains and the backbone chains is the

most probable. Its result reflects the simplified
structure Vi

~QVA™~
)
AN
|
\ 0 §
OVA~AN ~— C —~AN ~ QVA v

S ('3H3 5

It must be emphasized that the interaction under con-
sideration is not restricted to the formation of the
structures of this type alome. Tayxing into account
e.g. the data of kxp. 4 and 5 (Table 2) we can see
that they do not correspond to structure V; this
structure could be eharacterized by the Mw-value of

ca 15~1O3. Much higher expreimental Mw-values of the
synthetized copolymers must be a consequence of many
repesated attacks of multigraft copolymers V by grafted
living chains I.

Summarising the results obtained we come back to the
Mw/Mn—ratlos belonging to graft copolymers formed on
high molecular weight backbones (Mw 500-800-10 ) and
on the oligomer chains (MW 2 403) The higher unifor-
mity of the products obtained by the use of OVA* ¢an
be caused by a greater acsessibility of the active si-
tes for AN in comparison with the situation in the ca-
se of PVA* which is a complex thermodynamic sysbem. It
can also be assumed that the lower molecular weight of
the backbone leads to a decrease in the number of the
grafted chains in respect to the individual backbone
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chain; this condition may favor the formation of mac-
romolecules of higher regularity.

The graft copolymers formed on OVA can be considered
as compact coils, which follows from theiI-Dﬂ<-values
(see Table 2). It is a simple conse%pence of the de-
pendence of the molecular structure of the products
under consideration on their branched nature. The 4,
~values given in Table 2 suggest that DMF is a ther-
modynamically ngood" solvent for the copolymers in-
vestigated.

The characteristics of the new systems which have
not yet been studied make it possible to ascribe to
them the structure of three-dimentional gquasi-uniform
network.
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