~RD-A186 530 THE MECHANISN OF STEREOD REGULRTION OURING ANIONIC
POLYMERIZATION OF POLAR <U) EIGN TECHNOLOGY DIV
WRIGHT-PATTERSON RFB OH V N KRRSULINR ET RL 10 OCT 87

FTD-ID(RS)T-8848-87

UNCLRASSIFIED




4
a

o

Ffr\l\n

.

==

I

N
O

1

I

=

EE

s
>

e
r
re

flas n

vl 24

i
¥

= 28]

“\“ 18




ONIC FILE COPY

FID-ID(RS)T~-0848-87

FOREIGN TECHNOLOGY DIVISION

AD-A186 530

THE MECHANISM OF STEREO REGULATION DURING ANIONIC POLYMERIZATION OF
POLAR MONOMERS

by

V.N. Krasulina, A.S. Khachaturov, et al.

DTIC

ELECTE
DEC 0 21987

Cra
H g

S Approved for public release;
9¢C 1a -7 I Distribution unlimited,




FTD- 1D(RS)T-0848-87

HUMAN TRANSLATION

FTD-ID(RS)T-0848-87 30 October 1987

MICROFICHE NR: FTD-87-C-00095h4

THE MECHANISM OF STEREO REGULATION DURING
ANIONIC POLYMERIZATION OF POLAR MONOMERS

By: V.N. Krasulina, A.S. Khachaturov, et al.
English pages: 8

Vysokomolekulyarnyye Soyedineniya, Seriya B,
Kratkiye Soobshcheniya, Vol. 12, Nr. 4,

Source:

USSR
Inc.

Country of origin:
Translated by: FLS,

Requester: FTD/TQTR

April 1970, pp. 303-306

F33657-85-D-2079

Approved for public release; Distribution unlimited.

sion For P
GRARI 4
TAB O
»unced O
Jlecation |
By
Distribution/

Availability Codes

Avail and/or
Special

fi-] {

zblst

THIS TRANSLATION IS A RENDITION OF THE ORIGI-
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAL COMMENT. STATEMENTS OR THEORIES
ADVOCATED OR IMPLIEC ARE THOSE OF THE SOURCE
AND DO NOT NECESSARILY REFLECT THE POSITION
OR OPINION OF THE FOREIGN TECHNOLOGY DIVISION.

PREPARED 8Y:

TRANSLATION DIVISION
FOREIGN TECHNOLOGY DIVISION
" WPAFB, OHIO.

FTD- 1p(RS)T-0848-87

Date 30 october 19387




T -

».

¥

I

Fy

‘v

‘c

f

U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM :

o

Block Italic Transliteration Block Italic Transliteration ;

. A a A a A, a Fp P »p R, r y

— ‘l

> 6 B 6 B, b Cc C ¢ S, s )

. 3 s B Vv, v Tt T m T, \

i

Fr r G, g Yy Y y U, u :

4 u g 9 D, d ® ¢ ® @ ¥, f ;

Ee E e Ye, ye; E, e¥ X x X «x Kh, kh i

H oM X = Zh, zh L ou U w Ts, ts ::

3 3 3 Z, z H 4 Y Ch, ch 3

A u H u I, 1 U w U w Sh, sh ‘

e A a Y,y Ww & w  Shch, shch 3

K on K «x K, k b 5 " ::.

»

Son n o a L, 1 bl b & w Y, y K

b

M M « M, m b s b ' 3

t

H H H « N, n 33 3 E, e \

3

_ 0 0 o 0, o Mo 0 »  Yu, yu 3

©on n n P, p Aa A a Ya, ya 3

*ye initially, after vowels, and after®b, bje elsewhere. v

When written as & in Russian, transliterate as y& or &. :[

W

RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS ::

5!

Russian English Russian English Russian English :

N

sin sin sh sinh arc sh sinh:l ::

cos cos ch cosh arc ch cosh__1 ;:a

tg tan th tanh arc th t:anh_1 W
ctg cot cth coth arc cth coth_}

sec sec sch sech arc sch sech_1 .

cosec esc csch csch arc csch csch™} ]

R

3

Russian English )

rot curl €,

lg log ':

d

GRAPHICS DISCLAIMER .::

v

All figures, graphics, tables, equations, etc. ke

merged into this translation were extracted 5

from the best quality copy available. '

(4

o




THE MECHANISM OF STEREO REGULATION DURING ANIONIC POLYMERIZATION OF
POLAR MONCMERS

V. H. Krasulina, A. S. Khachaturov, N. V. Mikhaylova, B. L.
Yerusalimskiy

\;Formulation of the problem of the relative role of specific
factors, which are basically capable of causing the corresponding
effects, is justified in connection with the essential relationship of
the micro structure of polymers, wmhich are formed due to the action of
anionic initiators, to the nature of the reaction medium. One of them
iz the change of overall polarity of the medium during the transition
from one sclvent tc anctrer, and the second is a formation of complexes
of ac*ive reaction centers of growth with components of the medium,
uhic» have electron donor properties. In this report we shall limit
i;ilexaminatlon to the particular but very interesting case,
specifically the system of the metal alcyl-polar monomer -non-polar
solvent with the inclusion of data obtained in studying the
microtactics of polymethylmethacrylic (PMMA), which is formed due to

g the action of lithium butyl with various ratios of monomer to solvent,.
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W The affect of medium polarity, developed by the monomer itself, on
-*& the structure of polvmers Was not studied until recently; the
W
i) ¢
f i overnhelming majority of information on relationship of the structure
'
K
'J3 of macromolecules to nature of the reaction medium was obtained for
:v ] systems uwith different hydrocarbon and polar solvents. An exception is
ey
D)
_:a': data of Abbe and Smets [1] and the brief publication of Amer ik and
o
fh, others (2] which appeared after completion of this wmork, where an
;ﬁ; increase of the isatactic consequences in PMMA was noted with a
Lt
1N
¢ : reduction of coricentration of monomer during anionic polymerization in
Lro
h% hydrocarbon mediums the mechanism of this phenomenon swas not examined
L
F;{ in particular. Similar results, which were derived by us for systems
‘.‘.
-:E methylmethacrylic (MMA)> - lithium butyl (LB> - toluene (interval of
-
;* concertrations of monomers from 0.1 to 8.45 mole/l), were the bases for
i
f the system of stereo regulation in processes of anionic polymerization
!xl
of the polar monomer.
.*E
o

The synthesized polymers were studied by infrared and NMR

SRt

spectroscopy methods. The infrared spectra uwere used to determine

Z' stereo regularity of polymers for the value of the J factor, whose

?g' calculation is given in [31 <in accoraance with (3] for isotactic

|

g polymer J=235-33, and for the syndiotactic polymer J=100-1135). The NMR

fn’ spectra were taken in the JNM-4N-100 spectrometer with working ‘
; frequency of 100 MHz 100-110°, and also at room temperature. The

.:S samples were dissolved in tetrachloroethylene (concentration about 7,

;: as a standard we used tetramethylsilane. The table gives conditions of
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polymerization and spectro characteristics (the J factor for data of
the infrared spectra in fractions of the iso-hetero and syndiotactic
triads (ii, si, ss), which are der ived from areas of NMR lines of

absorption of the alpha-methylene groups) for all polymers.

The Affect of Concentration of Monomer on the Micro Structure of
Polymers . L ich are Formed in the System MMA-LB-Toluene

. ’ o NOHTICHTPAUMA, 14 ’C‘ ( o
h‘}m_ & MoAsit %éﬂzm- ( ) \ 7 ) 41;9':3{’"- d PR
Mep, N| 7 7( s }* TYpa, °C DLarrop J 7 =7 T
MOHOMeDp i Top b 130- rerepo- CITHINO-
1 8.45 0.045 —30 66 52 25 23
2 .86 0.040 —50 33 75 16 9
3 0.1 0,012 —50 — 7 17 12
4 0.3 0.020 —60 35 80 13 7
5 4.7 0,020 —70 62 45 25 30
6 0.21 0,020 —70 35 77 14 9

Key: ¢(1> Pxlymer , No,? (2) Concentration, moles/1; (3) Monomers; <(4)
Initiators; (%) Temperature, °C; (6> J factors: (7> Triads, % (8>
1s0-7 (9) Hetero-; (108> Syndio.

The figure presents NMR spectra for samples 5 and 6 (range of
absorption of methylene and alpha-methylprotons). The lines with
8.78, 8.95 and 9.83 pertain to alpha-methyl groups in the triads ii, is
and £33 resgpectively., The absorption lines of the methylene groups.,
calculated for 100 MHz, are located respectively in the following
tetrads: sss (the singlet with T 8.1%5); isi (singlet with T 8.82)>;
1ii and sis (quartet with T ?7.71: 7.86; 8.40; 8.55); iis (quartet with
T 7.81: 7.96; B8.47; 8.62); iss (the quartet with T 7.92; 8.07: 8.10;
8.23). Couplation of the establ ished quantities leads to a conclusion
on the greatest uniformity of the chain for the case of polymers, which

are produced with louw concentration of monomers; macromolecules, which
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are formed under these conditions, differ in maximal content of

icotactic sequences;s the specific weight of the hetero-triad (that is

departures from regularity) is quite small, which is indicative of the

large length:s of the dominating isotactic stereo blocks. The distinct

quartet of the absorption line of the methylene protons is indicative

of this (see the figure),. The increase concentration of monomer

encourages an increase of the relative content of syndiotactic

sequences , but the isotactic lengths remain dominate: this is evidenced

by the great intenzity of the peak of the alpha-methyl group in the

izotactic triads, as well as by preservation of the quartet for the

methyvlene group.

Analyvsis of the ratio of intensities of components of methylene

and methyl lines [4] for polymers, wWwhich are given in the figure,

allouws one toc establish that the average length of the isoctactic

sequence in the polymer 6 is 10 monomer lengths, and for the

eyndiotactic it is 2 lengths. For polymer No. S similar average

lengths are 4 and 2 lengths respectively.
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NMR screctra of samples of PMMA: a js 5 and b is 6 (see tﬁe table),
o0 taken at a frequency of 188 MHz at 107 and -112° respectively.
O
® The NMR spectra at 108 MHz allow one to discover an even more
remote interaction, absorption lines of the methylene groups are
sensitive not only to structures of dyads, but also of tetrads [35).
Thus , for the sample 6 presented in the figure the overwhelming part of
the methylene lines pertains to tetrads iii (above 88X). Of the
remaining fraction approximately 40X are for tetrads iss and 390X each
for tetrads sss and isi. In sample 5 the fraction of tetrads, which

include the syndiotactic configuraticons, increases greatly (up to about

X 457%)>. Among them the greater part is for the sss tetrads, they are
o above 4@). <or approximately 187 of the total number). 38X is for the

tetrads iss, and the remaining for the tetrads isi (approximately 13%)
A and iis <approximately 17%). A portion of the syndioconfigurations is
i . attributed to the tetrads sis, the quartet of which is

indistinguishable from the quartet for iii.
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Thus , the general nature of the relationship of the structure of
macromolecules to concentration of monomer is in accordance with the
well Known data on the predominate formation of isotactic PMMA in
hydrocarbon solvents and syndiotactic in the polar solvents [6-81.
Never the less, interpretation of the revealed relationship as a
function of polarity of the medium is not the uniquely possible one.
Another view point is possible, which is based on the representation of
the progresce of the reaction of growth through the stage of complex
formation of monomer with active center approximately Mx, A (uwhere A is

a anti ion) according to the tvype

~ M, AT M A M ~ M A~ MM, A
M,
I I 111 IV

It i most probable that the formation of isotactic sequences is caused
b specific crientation of the monomer Within the complex Il. On the
cther hand. the syndiotactic construction of specific segments of the
polvmer chairn can be represented as a result of the growth according to
the scheme

111V,
that is in addition to the stage of the formation of complex II. An
exception or reduction of relative role of this stage can be cause by
different factors. Within in our examination the basic possibility of

the competition of the acts of the transition ll-plIll and interaction

T
T RS @ Sa g

of the complex Il with the new molecule of the monomer <Ma) with

preservation of the proceeding one (Ml) in the coordination sphere of

.0
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the anti ion is deserving of attentiont

M, A M M I A= M——~ MM, AM,
‘Nﬂ
Il 111, a IV,a
The parallel course of the growth reaction for both paths is formulated

by the following scheme, in which the directions (1) and (2) symbolize

the formation of the iso- and syndiotactic sequences respectively:

11 — IV
7

/
I—ill M
.\\
IIl,a——1V,a

In cantrast to direction (1), for which the formation stage of the
complex Il can not be kinetically determining for the grouth reaction,
direction (2% should depend on the concentration of monomer. This can
be explained by the affect of concentration of monomer on the micro
structure of a polymer, if ocne considers the direction (1) optimal for

the isatactic construction of the chain.

These considerations are in agreement with the high sensitivity of
structure of polvmers, which are formed in anion systems, to the

presence of negligible quantities of Leuis bases (see, for example

(13>, The introduction of =small portions of these agents practically
has ro affect on the overall polarity of the reaction medium, therefore
the observed effecte should be attributed to blocking of the anti ion
by these compounds, that is to the partial or complete elimination of
the formation of complexes Jl1. This hypothesis, evidently, uwas first

formulated by Bywater [9] and some what developed in a review article
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[(181. of course it does not eliminate the generally accepted
conciderations of the affect of the nature of the medium on parameters
of the active bond of the growing chain. In the general case it is
difficult to separate both factors, but with respect to systems with
low concentration of additional polar agents a critical role of the
elimination of the formation stage of complex Il is completely

Justified.

Conclusions

1. The content of isotactic sequences in polymers, which are
formed in the system methylmethacrylate-lithium butyl-toluene at lowm

temperature, increaczes with reduction of monomer concentration.

2. It is suggested that this phenomenon is caused by competition
of the reactions of growth, which occur through the stage of formation

of the monomer cocmplex with the anti ion and along side it.
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RO GOO0O80000 ANAAA MY X
ATy ,n‘,ﬁv“v O l"v,‘,;l,!ir Dagdlip ey ’:.‘.’t'e‘a.e’i'g'i’,?e',,*e‘&f,’a“ ».I!l"i b Doihatn bf!,‘i"'l‘:’a.';“ :



ORCANIZATION

a203 DMANTC

A210 DMAAC

8J%4 DIA/RTS-2C

COGt) USAMIIA

€500 TRADOC

€509 BALLISTIC RES LAB
€510 R&T LABS/AVRADCOM
CS1) ARRADCOM

€515 AVRADCOM/TSARCOM
C3)9 TRASANA

€591 FSIC

C619 MIA REDSTONE
D008 NISC

E0S) BQ USAF/INET
E4O4 AEDC/DOF

408 AFWVL

E410 AD/IND

E429 SD/IND

POOS DOE/1ISA/DDI
POSO CIA/OCR/ADD/SD
AF1T/LDE

| 3 o]

ol o]

WIA/PHS

LLNL/Code L=389%
NASA/NST=bé
NSA/1213/7TDL
ASD/FTD/ QLA

DISTRIBUTION L1ST

DISTRISUTION DIRECT Tu RECIPIENT

" OO0 OO
Yol e a Ot ey

o s !
OGN ¢
KX RIOANY

\

MICROFICHUE

0= 0D P 02 2 Pt Pt 00 §O b JN 0= PO P P P po 0~ D P P

e 0 0w g PP e

Ly e 2N
OO O GRS h O 4
Q;":’.“};‘é‘!%":‘.‘!h‘ ‘ _“'.". 3‘@‘.1‘ 3-"‘.}2‘%1 :“.h

1%
#y

TR
AR

bl UM




Fr T 8r kLAY BYeRve B SV. BT b i gl o o P . . ¢l gra ge

-
L4

N T

. - -

A

YIRS R T R T R T OO v/ SL NN i
WL ' BRI N “t"l"’l"o"’o 'l‘.’l '0"0‘.".'0‘ by A " mw:} m




