
S -A187 889 POTENTIAL BARRIERS AND INTERNAL ROTATION IN POLYVINYL " 1/t
ACETATE AND POLV-0- (U) FOREIGN TECHNOLOGY DIV
WRIGHT-PATTERSON RFB OH V V GOTLIB ET AL 31 AUG 87

UNCLASSIFIED FTD-ID(RS)T-e769-87 F/G 7/6; NLI llllllllllll

I



LIM,

1113=1 111112
l*31

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU Of STANDARDS 1963-A



00o FOREIGN TECHNOLOGY DIVISION

00

POTENTIAL BARRIERS AND INTERNAL ROTATION IN POLYVINYL ACETATE AND
POLY-o-FLUOROSTYRENE

by

Yu. Ya. Gotlib, A.A. Darinskiy

DTIC

Approved for public release;
Distribution unlimited.

87 92 ]7
-- • , iI I iI I9



FTD-ID(RS)T-0769-87

HUMAN TRANSLATION

FTD-ID(RS)T-0769-87 31 August 1987

MICROFICHE NR: FTD-87-C-00069S

POTENTIAL BARRIERS AND INTERNAL ROTATION IN POLYVINYL
ACETATE AND POLY-o-FLUOROSTYRENE

By: Yu. Ya. Gotlib, A.A. Darinskiy

English pages: 8

Source: Vysokomolekulyarnyye Soyedineniya, Seriya B,
Kratkiye Soobshcheniya, Vol. 9, Nr. 8,
August 1967, pp. 580-582

Accession For
Country of origin: USSR -

Translated by: Charles T. Ostertag, Jr. NTIS GRA&I

Requester: FTD/TQTR DTIC TAB

Approved for public release; Distribution unlimited. Unannounced
Justification

By

Distribution/

Availability C
DTIC Avail and/o

Dist Special

'NS PECTEI)

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

FTD-ID(RS)T-0769-87 Date 31 August 19 87



U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Transliteration

a A a A, a p P p R, r

56 B, b C c C C S, s
S B a V, v T T T N T, t

r r G, g Y y Y y U, u

)4 I 8 D, d 0 F, f

e e E a Ye, ye; E, e* X x X x Kh, kh

'I Hi ' Zh, zh L4 U L u Ts, ts

S3 Z, z C H Ch, ch
H I, i W w W w Sh, sh

-R a Y, y U4 U4 uid Shch, shch

K x K, k -b 7 if

- 17 A L, 1 h. h/ Y, y

lM A M, m b b
HH H N, n 3 3 a E, e

0 0 0 0, o C C 0 1 Yu, yu
n 17 P, p F R R A Ya, ya

*• e initially, after vowels, and after i, b; e elsewhere.
When written as 0 in Russian, transliterate as yd or E.

RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russian English

sin sin sh sinh arc sh sinh -1

Cos cos ch cosh arc ch cosh -1

tg tan th tanh arc th tanh -1

ctg cot cth coth arc cth coth -1

sec sec sch sech arc sch sech -1

cosec csc csch csch arc csch csch 1

Russian English

rot curl
ig log

GRAPHICS DISCLAIMER

All figures, graphics, tables, equations, etc.
merged into this translation were extracted
from the best quality copy available.

i



POTENTIAL BARRIERS AND INTERNAL ROTATION IN
POLYVINYL ACETATE AND POLY-o-LUOROSTYRENE

.Yu. Ya. Gotlib, A.A. Darinskiy

Institute of High-molecular Compounds, AS USSR
Submitted 6 June 1966

-I he present work is devoted to presenting the results of a

calculation of potential barriers of internal rotation in the side

pendant of some polymers, namely polyvinyl acetate (PVAc) and

poly-o-fluorostyrene (POFS), connected namely with the steric repulsion

of atoms of the side radicals and the main chain. Furthermore, for

POFS it as possible to estimate the contribution to the magnitude of

the potential barrier due to the interaction of atoms of neighboring

chains. It is difficult to make such an estimate for PVAc, since the

nearest order in this polymer is unknown. The semiempirical

expressions used for the potentials of interaction of the atoms, the

method and the physical and mathematical hypotheses of calculation

which were used were set forth in our previous article, devoted to the c ,
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calculation of the barriers of internal rotation in the side radicals

of polymethyl acrylate (?

CHCH 3° HH

0.,,

C . C q
*,C

HI H7

Monomer unit of PVAc in a plane syndiotactic conformation.

Polyvinyl acetate. The model of syndiotactic PVAc in a plane

conformation of the chain has the following form: the structural

parameters for the monomer unit of PVAc are obtained from an analysis

of the conformations of low-molecular compounds which are close to

vinyl acetate [2]. We accepted the following magnitudes for the values

of the angles between bonds: O-C-C -1250, H-C-C -1000, C-O-C -1130,

the angle between the C-C bonds is tetrahedral [3].
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We are considering thE- rotation of a side group on the

"background" of a fixed conformation of the main chain (compare [il).

Conformations of the neighboring side groups which are depicted in the

-'.agram were selected for the calculation. As an analysis of works

[3-5) shows, these are the most probable. As is evident from the

drawing, the rotation in the side pendant of PVAc can take place

around the C-O and O-C1 bonds, conforming to angles of rotation i and

T. respectively. The calculations were made for rotation of a side

group for three conformations of polymers: A - plane syndiotactic, B -

convoluted syndiotactic, determined by the angles of internal rotation

(-120, -120o), and C - convoluted isotactic (120.00). All of these, as

shown in work [6], are most stable in polymers of the type

(-CH2-CHR)n.

Rotation around the C-0 bond in conformation A is practically

impossible due to the strong interaction both with the 0' atom of the

neighboring side pendant and with the H' atom (calculated values of the

height of the barrier U,100 kcal/mole). The potential curve for cases

C and B is sharply asymmetric, and the height of the smaller barrier is

, 12 kcal/mole (main interaction with atoms H1 and H2 ), turning to the

side of the greater barrier is impossible due to the strong interaction

with the H' atom and with the continuation of the chain.

Rotation around the O-C 1 (47) bond is considered in the case of

two equilibrium values of 1 : 97,
- 00 and 97,=1800, corresponding to the

cis- and trans-position of the O-Cj bond relative to the CH bond. When
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00° the fL rotation is restrained very strongly: U,60 kcal/mole for

and C. U 150 kcal/mole for A. Strictly speaking, with large

overlapping Van-der-Waals radii of the atoms, when the energy of the

interaction , 100 kcal/mole, the expressions for the potentials which

are used by us become inapplicable. In the case of q9,-1800 in

conformation A the steric contribution to the barrier for rotation

around O-C I turns out to be 6 kcal/mole, and for conformations B and C

it is less than 1 kcal/mole. Naturally it has to be taken into account

that the magnitudes of the barriers, especially in such conformations

cf the side pendant as f,=1800  will be conditioned to a considerable

degree by the interchain interaction, a theoretical evaluation of which

is difficult.

Dependence of U on the effective width of the potential holes.

10 10 0 0 >80
20 20 0 0 ">60

33 30 0 50
20 23 10 10 10
30 30 10 10 7
20 20 2j 20 4
30 30 23 20 2

Key: (1) kcal/mole.
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As calculations show, the magnitudes of the barriers of internal

rotation irn the pendants of PVAc, especially in those cases when they

are great, turn out to be very sensitive to small deviations of

conformation of the chain from equilibrium. The table shows the

dependence of the magnitude of U on the effective width of potential

holes (see the previous work [1]) for rotation when 4 =0 in the

plane syndiotactic conformation of PVAc. As is evident from the table,

turns around the bonds of the main chain by angles ' . 20 c  reduce the

macr.itude of the barrier to 10 kcal/mole, corresponding to the

exFerimentally observed magnitudes of the barriers.

Poly-o-fluorostyrene. For evaluating the contribution of the

interchain interaction to the magnitude of the barrier of internal

rotation in a polymer it is necessary to have information on the method

of mutual packing of chains, i.e., on the near three-dimensional order.

Let us assume that the near interchain order in tightly packed sectors

of an amorphous polymer corresponds to the near order in crystalline

polymers, and as an example let us consider isotactic POFS - one of

many polymers with flexible side groups, for which data on the

three-dimensional crystalline structure are available. Unfortunately

we do not have experimental data available on the dipole-radical losses

for this polymer both in the amorphous and in the crystalline states,

although there are data available concerning the dielectric losses in

amorphous poly-2-fluoro-methylstyrene, the intrachain interaction in

which is close to the intrachain interaction in POFS.

The structure of the monomer unit and the general form of crystal
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;a2kirg of POFS can be found in work [7]. The calculations show that

both the intrachain interaction (between H and F atoms of the ring and

the H atonm of the neighboring monomei unit i arid the interchain:

interaction (between the phenyl groups of neighboring chains), each

individually eliminates the possibility of the transfer of phenyl rings

from one equilibrium position to another for the isotactic crystalline

conformation of the polymer which is being considered (U>100

kcal/mole)

Internal rotation with energies of activation of U -10 kcal/nole

becomes possible when there are torsional vibrations of great amplitude

present in the chain (~ 300) and in the case of development of defects

in the crystal structure, in which the minimal distance in the case of

turnings between the H atoms of the phenyl groups of neighboring chains

turns out to be 2.4 A, while the normal distance between them is 1 A.

Similar defects can hardly exist at ordinary temperatures in the

crystal areas of a polymer, therefore one can expect the absence of

dipole-radical losses in polymers with flexible pendants in the

crystalline state. At the present time only experimental data exist

for crystalline polymers with rigid side groups, and it follows from

these data that dipole-radical and dipole-elastic losses are connected

with movement in amorphous areas. Therefore it would be interesting to

set up an experiment for studying dipole-radical processes in

crystalline polymers with flexible pendants.

It also follows from the results obtained that for polymers with

flexible side groups of the type under consideration the dipole-radical

processes may be conditioned by orientation intersectings, taking place
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in disintegrated sectors of the polymer, or simultaneously with

disintegration. In the vitreous state these processes are probably

separated: the cooperative process of disintegration of structure 1F

manifested in the dipole-elastic relaxation process, and the

dipole-radical relaxation process takes place on a background of a

disintegrated state (compare (8]).

The evaluations obtained in this work and also in work [1] for the

magnitudes of the barriers of internal rotation in flexible side

pendants for polymethyl acrylate [1] and polyvinyl acetate may also be

used with greater foundations in the consideration of the dielectric

relaxation processes in solutions of polymers. The times of dielectric

relaxation in solutions of polymers are determined both by the

magnitude of viscous friction of the moving sectors of the chain with

respect to the solvent, and by the barriers on internal rotation in the

chain and in the side groups.

Conclusions

1. Calculation of the magnitudes of the potential barriers on

internal rotation in the side pendant of polyvinyl acetate shows that

in a plane syndiotactic conformation the magnitude of UAkr ' 10

kcal/mole, corresponding to experimental data, is obtained under the

assumption of the presence of rotations in the main chain by angles of

-20 ° . In other conformations of the chain the magnitude of the

potential barrier, connected with internal interaction, is close to

experimental. In a general case even in a separate chain the rotation

7
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in the pendant should be correlated with other rotations.

2. The calculation made for crystalline isotactic

poly-o-flurostyrene shows, that for obtaining values of activation

* energy U-10 kcal/mole it is necessary to assume the existence of quite

large defects in the crystal structure of the polymer, i.e.,

dipole-radical processes in amorphous polymers may take place only with

a disintegrated near order, conforming to a less dense packing than in

a crystalline polymer.
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