This article was downloaded by:

On: 25 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

Role of Triad Concentration in Glass Transition Temperatures of
Copolymers

George E. Ham*
* Consultant to the Polymer Industry, Manor, New York

To cite this Article Ham, George E.(1975) 'Role of Triad Concentration in Glass Transition Temperatures of Copolymers',
Journal of Macromolecular Science, Part A, 9: 3, 461 — 467

To link to this Article: DOI: 10.1080/00222337508065868
URL: http://dx.doi.org/10.1080/00222337508065868

PLEASE SCROLL DOWN FOR ARTICLE

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

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan 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
wi |l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary 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/10.1080/00222337508065868
http://www.informaworld.com/terms-and-conditions-of-access.pdf

09: 50 25 January 2011

Downl oaded At:

J. MACROMOL. SCL.—CHEM., A9(3), pp. 461-467 (1975)

Role of Triad Concentration in
Glass Transition Temperatures of Copolymers

GEORGE E. HAM

Consultant to the Polymer Industry
284 Pine Road
Briarcliff Manor, New York 10510

ABSTRACT

Equations are presented weighing the contribution of triad
sequences to copolymer Tg' 8. Improved correlation is

shown for acrylonitrile-methyl methacrylate copolymer and
suggested for certain other systems.
Certain simplified correlations between T _of random

copolymers and Ta and Tab are presented.

a’ Tbb’

The work of several scientists [ 1, 2] has established the desirability
of assessing the individual contributions of the various diad sequences
to the glass transition temperature of copolymers. In most instances
agreement is substantially improved over that obtained with
equations assuming simple additivity of the contribution of the
individual monomer units.

The treatment of binary copolymers with regard to the contribution
of various triad sequences to the glass transition temperature does
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not appear to have received serious consideration. Nevertheless,
there are several binary copolymer systems whose glass transition
behavior cannot be adequately explained by considering diads alone.
This paper reports encouraging results on improving correlation
between Tg behavior and binary copolymer composition by assessing

the contributions of various triad sequences.
Figure 1 includes data on the Tg' 8 of acrylonitrile-methyl

methacrylate copolymers of various compositions as assembled by
Barton [ 1] based on data from Beevers and White [ 3]. The heavy
line indicates the theoretical curve obtained by Barton assuming the
contribution of A-B sequences to Tg of copolymers. The curve is

bp = 105°, and T, = 70°C,

Agreement is only modest, as can be seen. Deviations are particularly
noticeable in the range of 50 to 80 mole % acrylonitrile.

Because of the mathematical complexities involved, the problem
was first approached simplistically by assuming random copolymer
distribution (r,r, = 1, rather than r;r, = 0.18 as observed
experimentally).

Barton's equation was expanded to the form

calculated assuming Taa = 108°, T

T =n' T +n!

1
g aaa aaa bbbTbbb + naabT

t 1
aab * n'baaTbaa + nabbTabb +

n‘;)baTbba + né.baTabal + nl')abTbab (1)

7c A i - A A '} 't 3. A
0 2 4 -6 -8 1.0
ny = Mole fraction methyimethacrylate

FIG. 1. Dependence of Tg on composition for acrylonitrile/methyl

methacrylate copolymers. () Experimental data of Beevers and
White [ 3]. Theory: (—)diad, (—) triad.
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The question was simplified somewhat by assuming that sequence
inversions would not affect Tg and that ~ABA-- and —BAB—

sequences were equivalent in their contribution to Tg: e.g., Tab'

—_ 1 t A
Ty =MaaTaaa * bbb Tobb * (n2ab + Maa'Taab + Mipp *+ "bba'Tans *

(n2ba * "bab'Tap (2)
The following assumptions were made:

1. Taaa and Tbbb’ the glass transition temperatures of homo-~triads

of acrylonitrile and methyl methacrylate, were regarded as distinctive
in contribution from other triads and taken as equal to the Tg’s of

homopolymers, 105 and 105°C,
2. Taab and Tbaa were assumed to be equal and not much lower in

value than Taaa because of interchain hydrogen bonding and dipole
interaction.
T T .  ,and T

3. Ta.bb’ bba’ ~aba bab
on Tg of copolymers. (Two methacrylate units together were not re-

were all taken to be equal in effect

garded as sufficient to increase Tg over that contributed by isolated
units. )

The concentrations of all of the triads were calculated for co-
polymers in the sensitive glass transition temperature region as well
as elsewhere, assuming random placement of units.

Good agreement was obtained for

Taaa = 105°C
Tbbb = 105°C
Taab = Thaa = 89°C
Tanb = Topa = 84°C
Taba = Thap = 84°C

For example, copolymer T 's of 85,5, 80, and 81°C. were obtained
at n = 1/3, 1/2, and 2/3, respectively.
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Of course, acrylonitrile-methyl methacrylate copolymers are not
random (r, r; = 0.18), and, in fact, have a substantial alternating ~
tendency. Accordingly, the following techniques were employed to
calculate triad occurrence probabilities and to estimate more
precisely the contribution of the various triads. Nevertheless, the
above approach is recommended for the numerous copolymer systems
wherein r;r, = 1 (of course, r, and r, can have any values as long as
r,r, = 1)

! Copolymer composition is related to monomer ratio by the
following well-known equation:

a _nx+l (3
b rz/x+1 )

The mole fraction of A and B in copolymer, n_ and n respectively,
are a

a I X+ 1
n, = = (4)
a+b r1x+r2/x+2
b rz/x +1
n = - (5)
a+b £ X +r,/X+2

The mole fraction of A diads, naa’ is

rx+l1 rx r.x

Da ™ MaPaa " = (6)
£ X 4T,/%X +2 r X+l I X+r/x+2

The mole fraction of A triads, N a2 is
r.x r.x
- 2 _ 1 !
Daaa = naPaa - (7)

IX+Ty/Xx+2 1rx41l

r.x 1
PP

n =N =
aab a aa ab

(8)

r1x+r2/x+2 rxa+l
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rX+ 1 1 1
Bab = PaPap = - (9)
T X+ rz/x +2 x4+l rX+ r,/x + 2
P_.P ! ! (10)
n =N =
aba a ab” ba r1x+r2/x+2 rz/x+1
The mole fraction of B diads, e is
r/x+1 r /x r /x
By = WP = 2 = z (11)
bb T X+ r,/x +2 r,/x+1 rX+r,/%4+2
The mole fraction of B triads, Ny 18
9 r,/x rz/x
n =n P . = (12)
bbb~ b bb rX+ r,/x+2 r,/x+1
r,/x
=n P P = (13)
"pba = "b" bb" ba (£x et /x+2) (x /v 1)
Because of the equivalence of reversed sequences,
nab = nba (14)
Maab = "paa (15)
Babb = Ppba (16)

Triad concentrations of all possible types were calculated by the
above techniques throughout the range, from 100 mole % acrylonitrile
to 100 mole % methyl methacrylate. It was found that a good fit of the
experimental curve relating copolymer Tg' s to composition in the

acrylonitrile-methyl methacrylate system was obtained with the
following assignment of triad Tg values on substitution in Eq. (1) (see
Fig. 1):

Taaa = 105°C
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Ty = 105°C

T, = Tyaa = 89°C
Tabb = Tpba = 72°C
T pn = Tpap = 75°C

The importance of taking precise sequence distribution into account
is dramatically shown in this instance. The values of Tabb’ Tbba’
Taba’ and Tbab are all increased by 11°C over those estimated from
the assumption of randomness.

It seems likely that similar analyses of the systems styrene-methyl
methacrylate, vinylidene chloride-methyl acrylate, vinylidene chloride-
ethyl acrylate, and styrene-butyl acrylate would lead to improved
agreement over that obtained by merely weighing the effects of T 2’
Tbb’ and T ab’

Finally, for the numerous systems which obey the simpler Barton
equation (weighing T bb’ and T alone), some further observa-

tions are in order.

1. Where T is less than T and Tbb’

for all copolymers (regardless of r,r, values) must lie at equimolar
copolymer (50 mole %/50 mole %).

2. Where T ab is greater than T and Tbb’ g

maximum for all copolymers (regardless of r r, values) must lie at
equimolar copolymer (50 mole %/50 mole %).

3. For random copolymers exhibiting maxima (and minima), the
gﬁ::)i“r;::m (and minimum) Tg is related to Taa’ Tbb’ and Tab as

the copolymer Tg minimum

the copolymer T

T = %T + 4T
€ max
(min)

1
bb * zTab (17)

In the system vinylidene chloride-methyl acrylate the experimental
value for the maximum Tg of 315°K compares with a predicted value

of 321°K. For the system vinylidene chloride-ethyl acrylate the ex-
perimental value of 300°K compares with a predicted value of 304°K.

4, There is no a priori requirement for alternation to generate a
Tg maximum. However, many alternating systems generate Tg

maxima.,
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5. For random copolymers exhibiting positive and negative devia-
tions the Tg at equimolar copolymer is
+3T

= ;r At i (18)

g(1/1) ab

In the system vinyl chloride-vinyl acetate the experimental
(interpolated) value for Tg (1/1) is 44°C compared with a predicted

value of 42°C.
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