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Glass Transition Temperature Study 
of React ion Products 
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Faculte des Sciences et de Genie 
Universit; Lava1 
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A B S T R A C T  

A glass transition temperature (T  ) study on poly-a-methyl- 

styrene samples having bimodal molecular weight distributions 
composed of components D + A and B + C, was carr ied out with 
a DSC-2 differential scanning calorimeter. T data were also 
collected on binary blends of poly-a-methylstyrene samples 
prepared from narrowly dispersed low and high molecular 
weight polymers. Extrapolated Tge (at q = l"K/min) data of 
the bimodal polymers showed that the percent proportion, the 
molecular weight Bn, and the steric configuration of component 
D + A play an important role in determining their overall glass 
transition temperatures, these being_lower than those recorded 
for a unimodal polymer of the same M 
poly-a-methylstyrene, the overall glass transition i s  not 
affected by the presence of the low molecular weight component 

g 

g 

In binary blends of n' 
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52 MALHOTRA, MINH, AND BLANCHARD 

either because its steric structure differs with that of D + A 
or because of the fact that in binary blends the chain-end 
segments of the two components a r e  not well packed. 

I N T R O D U C T I O N  

Gel permeation chromatographic (GPC) molecular weight distri- 
butions of poly-a-methylstyrene prepared from reactions initiated 
with potassium in tetrahydrofuran (THF) [ 1, 21, in p-dioxane [ 31, 
and in cyclohexane [ 41 were reported on earlier.  It was shown that 
irrespective of the solvent used, the polymers prepared at  tempera- 
tures above 298°K with high "living-end" concentrations [ LEI have 
bimodal and sometimes even multimodal molecular weight distribu- 
tions. 

Nuclear magnetic resonance (NMR) studies [ 5, 61 of these poly- 
m e r s  showed that the propagation reactions responsible for the 
formation of low D + A and high B + C molecular weight components 
obeyed Bernoullian statistics, the P value being somewhat higher 

for the former component. Based on these studies [ 5, 61 it was 
postulated that the reaction steps leading to the formation of D + A 
and B + C components were of a different nature. 

Thermal decomposition [ 71 studies on these polymers showed 
that poly-a-methylstyrene samples prepared under different solvent 
conditions but having similar proportions of D + A and B + C com- 
ponents obeyed the following order of stability in the three solvents: 
bulk > p-dioxane > THF. Furthermore, a comparison of the 
decomposition results obtained with polymers made up of low and 
high molecular weight components and those made up exclusively 
of high molecular weight component showed that the presence of 
low molecular weight components enhanced the decomposition 
reaction in the former pairs. 

Keeping in mind the resul ts  of these previous studies [ 1-71, it 
was thought of interest to explore the effect of these low molecular 
weight components on the glass transition temperatures (T  ) of their 

higher molecular weight counterparts as well as to compare the T 
values of multimodal and unimodal poly-a-methyls tyme samples [ 81 
having the same number-average molecular weights Mn. The princi- 

pal results of this study a r e  outlined in the present paper. 
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POLYMERIZATION OF @-METHYLSTYRENE. VIII 53 

E X P E R I M E N T A L  

M a t e r i a l s  

Anionically prepared [ 1-41 poly-a-methylstyrene samples showing 
by GPC bimodal o r  even multimodal molecular weight distributions 
and having a values ranging from 2.6 X lo3 to 40 X lo3 were used 
in the present study (see Table 1 for polymerization data). Binary 
blends of polymer samples L- 19, M- 14 and L- 19, L- 15 were made in 
THF. The polymer mixtures were precipitated out with methanol and 
dried at  333°K under vacuum. 

n 

G e l -  P e r m e a t i o n  C h r o m a t o g r a p h y  ( G P C )  

Molecular weight distribution analyses of polymers were carried 
out with a Waters Associates Model 200 GPC operated in a constant 
temperature room (298 f 0.5"K). The separating system consisted 
of five 8 X 1200 mm columns connected in series,  each packed with 
crosslinked polystyrene gel having (by the y a t e r s  method) pore sizes 
of 1 X l o 6 ,  1.5 X lo5 , 3 X lo3,  250, and 60 A, respectively. The flow 
of solvent, tetrahydrofuran degassed with nitrogen, was maintained at  
1 ml/min while the concentration of polymer in the samples was 
limited to 0.25 wt % in order to render negligible "concentration 
effects" on the peak position in the chromatograms. Calibration of 
the instrument was performed with quasi monodispersed poly-a- - 
methylstyrene samples whose weight-average molecular weights M 
were calculated from intrinsic viscosity data at 303°K in toluene 
by using the relation reported in the literature [ 91. Molecular weights 
were then computed by the summation method [ lo]. 

W 

Tm M e a s u r e m e n t s  

The T values were determined with a Perkin-Elmer model DSC-8 
g 

differential scanning calorimeter [ 81. Polymer samples weighing 10 
mg each were heated for a few seconds to a temperature 30°K above 
the estimated T in order to have a homogeneous system. After 

homogenizing, the sample was quenched through the glass transition 
region at a rate  of 320"K/min as suggested in the literature [ 111. 
After quenching, T values of the polymer samples were determined 
by heating these at various ra tes  q ("K/min). To compare the present 
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b 
I/ 

d 

I I 
400 450 

GLASS TRANSITION TEMPERATURE 
Tg fK) 

FIG. 1. Typical DSC-2 thermograms of unannealed poly-a- 
methylstyrene (sample L-5) obtained in the glass transition range 
at various heating rates: (a) 40"K/min; (b) 20"K/min; (c) 10"K/min; 
(d) 5"K/min. (See Table 2 for other data.) 

data with those published earlier [ 81, a standard procedure was 
adopted whereby the Tm values at different heating rates  were 

5 
extrapolated to q values of l"K/min (Tge) by using the plots of log q 
versus l /T [ 121. 

g 

R E S U L T S  AND DISCUSSION 

In Fig. 1 a re  shown typical DSC-2 thermograms of an unannealed 
poly-a-methylstyrene sample L- 5, obtained in the glass transition 
region at different q values. The T values determined at the 

g 
AC /2 point (the change in heat capacity with glass transition) for 

various heating rates  were extrapolated to Tge. The principal results 

on the T values of bimodal poly-a-methylstyrene samples with Mn 
ranging from 2.6 x lo3 to 40 x lo3 are summarizedin Table 2. AS 
might be expected, Tge increased with increasing Mn of the polymer. 
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FIG. 2. Fitting of the extrapolated (q = 1) Tge values of the present 
study on the Tge vs. curve prepared with unimodal poly-a- 
methylstyrene samples [ 81. (See Table 2 for other data.) 

n 

In Fig. 2 i s  shown a fit of the present data on the plot of Tge a s  a 
function of a for low polydispersity (Pd = Mw/@ ) samples of poly- 

a-methylstyrene [ 81. Polymers with high polydispersity do not fall 
on the curve. Furthermore, polymers with identical an but different 

polydispersity showed interesting results, the Tge values in the case 
of higher polydispersity polymers being generally lower and deviating 
more from the curve. These results a r e  similar to those obtained in 
the glass transition temperature studies carried out with polystyrene 
[ 121 and poly(p-isopropyl a-methylstyrene) samples [ 131 of varying 
polydispersity, where it was suggested that the shorter chain segments 
in the dispersed polymers initiate and bring about the transition at  a 
lower temperature. 

In the case of polymers having broad molecular weight distribu- 
tions, Mn and polydispersity values may be reasonably sufficient to 
characterize them for T purposes. This however, may not be so 
with polymers having bimodal molecular weight distributions, where, 
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L - 6  

B + C  

I I I I I  

E L U T I O N  V O L U M E  ( 5 m l  c o u n t s )  

I I I I I 
4 17 45 150 730 - 

D P  

FIG. 3. GPC molecular weight distributions of poly-a-methylstyrene 
samples 65, L-6, B, and M-14. (See Table 1 for other data.) 

for similar overall 3 values, the proportion of low and high molecu- 
lar weight components, their individual molecular weights, and their 
polydispersity may not be the same. A s  a consequence, different T 

g 
values would result. In such cases  a correlation between the glass tran- 
sition data of polymers and their GPC molecular weight distributions 
may yield valuable information. 

In Fig. 3 are shown the GPC molecular weight distributions of 
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POLYMERIZATION OF a-METHYLSTYRENE. VIII 61 

- poly-a-methylstyrene samples 65, L-6, B, and M- 14, whose average 
M values a re  the same ( - 2.9 X lo3) but whose Tge values a r e  differ- n 
- ent. The analyses of these curves, in terms of the proportions and the 
M values of low as well a s  high molecular weight components, a r e  n 
presented in Table 3 which also carr ies  GPC and NMR data for all 
of the polymers listed in Table 2. From Fig. 3 it is evident that a s  
one moves from poly-a-methylstyrene sample 65 to L-6, to B and 
finally to M-14, the peak maxima of component D + A move 
toward a lower elution volume (higher molecular weight) and those of 
component B + C move toward a higher elution volume (lower molecu- 
lar weight) resulting in a decrease of their polydispersity but, keep- 
ing the an constant around 2.9 X lo3.  

The Tge values of polymer samples 65 (310"K), L-6 (328'K), 

B (341"K), and M-14 (361'K) which show regular increases may now 
be related directly to the increasing zn of component D + A and 
decreasing Mn of component B + C. The glass transition value (noted 
- from the curve in Fig. 2) for a narrowly dispersed polymer with an 
Mn of 2 .9x  lo3 is in the vicinity of 350°K. The calculated T values 
(Tgc) for samples 65, L-6, B, and M- 14, based on the propor?ions of 
components D + A and B + C and their individual ;h", data [ 121, were 
353, 352, 348 and 350"K, respectively, which a re  higher than their 
respective Tg values. In the case of polymer samples 65 and L-6 

(both with an Mn of 2.9 X lo3 but one carrying 63% of component D + A 
with an an of 1.9 X lo3 and the other 83% of component D + A with an 
M of 2.6 X lo3, respectively), their overall Tge of 310 and 328°K 

correspond to Tge of narrowly dispersed polymers having an Ii;? of n 
2.1 X lo3 and an an of 2.4 X l o 3 ,  respectively. This would suggest 
that the overall Tge values of polymer samples 65 and L-6, a r e  in 
reality the Tge values of their respective lower molecular weight 
components D + A. 

If it is true that the glass transition temperatures of polymers 
with bimodal molecular weight distributions are controlled by their 
lower molecular weight components D + A, it should also be interest- 
ing to see the role played by the steric configuration of this component 
on the overall Tge. It is well known that poly(methy1 methacrylate) 
samples of identical 
(mm), heterotactic (mr), and syndiotactic (rr) sequences yield different 
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but carrying varying proportions of isotactic n 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



a
 

N
 

T
A

B
L

E
 3

. 
M

ol
ec

ul
ar

 W
ei

gh
t 

C
om

po
ne

nt
s 

(D
ed

uc
ed

 fr
om

 T
he

ir
 M

et
hy

l 
P

ro
to

ns
) 

of
 P

ol
y-

cr
-m

et
hy

ls
ty

re
ne

 b
y 

U
se

 o
f 

N
M

R
 S

pe
ct

ro
sc

op
y 

an
d 

G
PC

 A
na

ly
se

s 
of

 T
he

se
 P

ol
ym

er
s 

In
te

ns
it

ie
s 

A
ss

oc
ia

te
d 

w
ith

 V
ar

io
us

 C
on

fi
gu

ra
ti

on
s 

of
 t

he
 L

ow
 (

D
 +

 A
) 

an
d 

H
ig

h 
(B

 + 
C

) 

G
PC

 d
at

aa
 

N
M

R
 d

at
ab

 

D
+

A
 

B
 +

C
 

D
+

A
 

B
+

C
 

Sa
m

pl
e 

%
 

ii
n

x
 1

0
-
~

 
5% 

L
- 

11
 

65
 

L
- 

12
 

L
-6

 

B
 

M
- 

14
 

M
-2

8 

L
- 3

 

59
 

43
 

64
 

L
- 1

5 

77
 

63
 

64
 

83
 

10
0 

10
0 70
 

50
 

50
 

63
 

45
 

10
0 

2.
1 

23
 

1.
9 

37
 

2.
2 

36
 

2.
6 

17
 

2.
9 

- 

3.
0 

- 

2.
8 

30
 

2.
5 

50
 

2.
3 

50
 

3.
0 

37
 

2.
3 

55
 

4.
7 

- 

M
n

X
 

5% 

19
.5

 
55

 

29
.5

 
52

 

25
.0

 
53

 

14
.6

 
53

 
- 

47
 

- 
49

 

20
.0

 
35

 

10
.0

 
33

 

38
.0

 
38

 

40
.0

 
27

 

31
.0

 
37

 
- 

23
 

m
m

 
m

r 
rr

 
’m 

5% 
P

m
 

0.
14

 

0.
19

 

0.
14

 

0.
13

 

0.
11

 

0.
08

 

0.
11

 

0.
12

 

0.
16

 

0.
11

 

0.
16

 

0.
09

 

0.
51

 

0.
51

 

0.
53

 

0.
51

 

0.
46

 

0.
41

 

0.
48

 

0.
43

 

0.
50

 

0.
46

 

0.
47

 

0.
29

 

0.
35

 

0.
30

 

0.
33

 

0.
36

 

0.
43

 

0.
51

 

0.
42

 

0.
45

 

0.
34

 

0.
43

 

0.
37

 

0.
62

 

0.
39

 
45

 

0.
45

 
48

 

0.
39

 
47

 

0.
38

 
47

 

0.
34

 
53

 

0.
29

 
51

 

0.
35

 
65

 

0.
34

 
67

 

0.
40

 
62

 

0.
33

 
73

 

0.
40

 
63

 

P
 

=
 

77
 

0.
62

 
P

=
 

0.
19

 

m
/r

 

r/
m

 

0.
27

 

0.
28

 

0.
27

 

0.
27

 

0.
26

 
2 > 

0.
26

 
” z 

0.
25

 
2 31
 

0.
26

 
> 

0.
25

 
3 

0.
26

 
m

 
0.

26
 

0.
22

 
s 3 3: > z U

 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



L-
26
 

56
 

L-
 1 

67
 

47
 

60
 

L
- 5

 
60
 

L
-2

7 
44
 

69
 

38
 

58
 

50
 

44
 

60
 

63
 

19
 

57
 

27
 

L
- 4
 

26
 

56
 

22
 

26
 

37
 

L
- 
19
 

6
 

2.
4 

3.
6 

3.
2 

3.
6 

2.
5 

2.
4 

3.
2 

3.
8 

3.
0 

3.
3 

4.
4 

3.
4 

8.
0 

- 

44
 

40
.0
 

33
 

13
.0
 

40
 

24
.0
 

40
 

13
.0
 

56
 

60
.0
 

62
 

58
.0
 

50
 

50
.0
 

40
 

50
.0
 

81
 

41
.0
 

73
 

53
.0
 

74
 

21
.5
 

78
 

40
.0
 

63
 

51
.0
 

94
 

40
.0
 

35
 

30
 

22
 

24
 

33
 

30
 

26
 

21
 

18
 

20
 

13
 

16
 

- 2 

0.
15
 

0.
16
 

0.
10
 

0.
11
 

0.
14
 

0.
16
 

0.
15
 

0.
10
 

0.
14
 

0.
15
 

0.
12
 

0.
15
 

- - 

0.
51
 

0.
34
 

0.
39
 

0.
46
 

0.
38
 

0.
40
 

0.
45
 

0.
45
 

0.
33
 

0.
40
 

0.
49
 

0.
33
 

0.
50
 

0.
36
 

0.
39
 

0.
50
 

0.
34
 

0.
40
 

0.
44
 

0.
41
 

0.
38
 

0.
44
 

0.
46
 

0.
33
 

0.
44
 

0.
42
 

0.
36
 

0.
45
 

0.
40
 

0.
38
 

0.
38
 

0.
50
 

0.
34
 

0.
44
 

0.
41
 

0.
38
 

- 
- 

- 
- 

- 
- 

65
 

70
 

78
 

76
 

67
 

70
 

74
 

79
 

82
 

80
 

87
 

84
 

10
0 98
 

0.
28
 

Oe
21

 
0.
26
 

2 
0.
25
 

0.
30
 

$ 
0.
25
 

.$ 
0.
26
 
0
 

r
 

0.
25
 

0.
25
 

0.
24
 

2 
0.
24
 

3 u1
 

0.
25
 

0.
26
 
: M 

0.
26
 

3 
D

at
a 

of
 L

eo
na

rd
 a

nd
 M

al
ho

tr
a 

[ 1
-4
1.
 

a bD
at

a 
of 

M
al

ho
tr

a 
[ 5
, 
61
. 

Q
) 

w
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



MALHOTRA, MINH, AND BLANCHARD 

1 1 1 1 1 1 1 1 1 l 1 1 1  

E L U T I O N  V O L U M E  ( 5 m l  c o u n t s  1 
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- 

FIG. 4. GPC molecular weight distributions of poly-a-methylstyrene 
samples 69, 44, and 58. (See Table 1 for other data.) 

Tg, values, the value of the syndiotactic polymer being generally 
higher than that of the isotactic polymer [ 141. In Table 3 a r e  listed 
the intensities of mm, mr,  rr triads as well as the Bernoullian propa- 
gation statistics value Pm of various polymers. One notes that the 

increasing order of Tge values and that of the increasing syndiotac- 

ticity (decreasing Pm value) follow the same pattern: M-14 > B > 
L-6 > 65. 
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POLYMERIZATION OF a-METHYLSTYRENE. VIII 6 5  

In Fig. 4 a r e  shown the GPC molecular weight distributions of 
poly-a-methylstyrene samples 69, 44, and 58 having the same an 
( - 6.0  X lo3) but showing Tge values of 345, 372, and 383"K, respec- 

tively. From Fig. 4 it may be noted that as one moves from samples 
69 to 44 and finally to 58 the peak maxima of lower molecular weight 
component D + A shifts towards a lower elution count whereas that 
of component B + C remains stationary at an elution count of about 
28.5 (142.5 ml). 

The increasing Tge values of polymer samples 69, 44, and 58 
may be ascribed to varying proportions of components D + A and 
B + C as well as the increasing M of the former component (see n 
Table 3). The glass transition temperature for a narrowly dispersed 
polymer with an 

about 402°K. The Tgc values of polymer samples 69, 44, and 58, 

computed from the proportions of their components D + A and B + C 
and their individual a values, are 403, 409, and 401"K, respec- 

tively, which a r e  higher than their Tge values but which agree well 

with those noted from the curve in Fig. 2. In the case of polymer 
samples 6 9  and 58 (both with an = 6 . 0  X lo3 but one carrying 38% of 

component D + A with an Mn of 2.4 X lo3 and the other 50% of com- 

ponent D + A with an sn of 3.2 X lo3), the overall respective Tge 

values of 345 and 383°K correspond to Tge of narrowly dispersed 

polymers having an of 2.8 X lo3 and an of 4.5 X lo3. This would 

mean that the overall T values of polymer samples 6 9  and 58 do 

not correspond rigorously to the Tge of their components D + A 

and that the control of component D + A on the overall Tge s tar ts  

to decrease once its a is greater than 2.5 X lo3  and its proportion 

in the mixture is less than 50%. 
In Fig. 5 are shown the GPC molecular weight distributions of 

poly-a-methylstyrene samples 57, L-4, and 6 3  having the same 
Mn ( - 10.5 X lo3) and showing similar Tge values of 397, 402, and 

404°K. The glasLtransition temperature of a narrowly dispersed 
polymer with an Mn of 10.5 X lo3 is about 433°K. The Tge values of 

polymer samples 57, L-4, and 6 3  computed from the proportions of 
components D + A and B + C and their individual %i were 430, 425, 

and 424"K, respectively. One notes that, in spite of the low propor- 
tions ( - 25%) of component D + A as well as the relatively higher 

of 6.0 X lo3 (noted from the curve in Fig. 2)  is n 
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E L U T I O N  VOLUME (5 mi counts)  
I I I I I 1 

4 17 45 150 730 6400 - 
D P  

FIG. 5. GPC molecular weight distributions of poly-a-methyl- 
styrene samples 57, L-4, and 63. (See Table 1 for other data.) 

- 
M (3.0 X lo3 for sample 63, 3.3 X lo3 for sample 57, 4.4 X lo3 for 

sample L-4, see Table 3), t he  effect of component D + A on the 
overall Tge of these polymers i s  still significant. Furthermore, 

it would appear that the T values recorded for polymer samples 57, 

L-4, and 63 are also being affected by the higher molecular weight 
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ELUTION VOLUME ( 5 rnl counts)  
I 

1'7 45 140 730 - 4 
D P  

FIG. 6. GPC molecular weight distribution of poly-a-methylstyrene 
samples L-11, L-12, L-26, and L-27. (See Table 1 for other data.) 

component B + C, whose similar proportions ( - 75%) but different 
individual (21.5 X lo3 for sample L-4, 41.0 X lo3 for sample 6 3  
and 53 X lo3 for sample 57)  contribute to different extents towards 
the overall Tge values. 

Based on the results of these studies, the overall low Tge of poly- 

a-methylstyrene samples may be attributed to the combined effect of 

n 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



68 MALHOTRA, MINH, AND BLANCHARD 

the following variable parameters: (a) proportion, Mn, and steric 

configuration of component D + A; (b) 
In order to study the individual importance of these parameters a 

few other polymer samples were selected where at a given time one 
or two of the above mentioned parameters were kept under control. 

In Fig. 6 a re  shown the GPC molecular weight distributions of 
poly-a-methylstyrene samples L- 11, L- 12, L-26, and L-27 having 
different M values and carrying different proportions of components 

D + A which in turn possess similar M and identical steric configura- 

tions (see Table 3). The overall Tge values of polymer samples L- 11, 

L-12, L-26, and L-27 a r e  310, 319, 328, and 325"K, respectively. The 
glass transition temperature values of component D + A alone for 
polymer samples L-11, L-12, L-26, and L-27 are 310, 316, 326, and 
330"K, respectively, indicating clearly the dominating effect of this 
component on the overall T measurements. 

Based on these results one would have to conclude that the presence 
Qf low molecular weight ( - 2.5 X lo3) component D + A in the bimodal 
polymers initiates the glass transition phenomenon at an earlier 
stage compared to other samples having the same an but with less 
significant proportion of component D + A in them. These results 
agree well with those of Odani e t  al. [ 151, who measured dynamic 
viscoelastic properties of copolymer (styrene-butadiene-styrene) 
samples at low frequencies and reached the conclusion that in each 
polystyrene domain the mobility of two thirds or more segments i s  
enhanced to the level of the res t  of the segments. 

g 
tion (T,, ) of polystyrene binary blends have been reported in the 
literature [ 161. These studies showed that when the molecular weights 
of both components in the binary mixture were below the critical 
molecular weight M (< 2.0 X lo4), T and T,, versus lmn plots 

yielded straight lines, indicating that these transitions depended on 
the total number of chains regardless of the degree of dispersity. 
When the molecular weight (9.6 X lo3) of one of the components is 
less  than Mc and the molecular weight (111 X lo3) of the second 
component is greater than M 

C' 
was observed, although T,, showed a complex behavior. In the T 
versus lm plot, two linear regions were observed which intersected n 
at  an Mn of -5.0 x lo4. 

of component B + C. n 

n 

n 

g 

Studies related to the glass transition (T  ) and liquid-liquid transi- 

C g 

a single glass transition temperature 

g 

With a view to exploring further this glass transition behavior of 
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400 450 
GLASS TRANSITION TEMPERATURE 

Tg ( K )  

FIG. 7. DSC-2 thermograms obtained in the glass transition 
range at  a q value of 20°K/min with binary blends of poly-a- 
methylstyrene samples L- 19 and M- 14. (See Table 4 for other data.) 

binary blends, two sets  of polymer mixtures were prepared: (a) those 
involving poly-a-methylstyrene samples M- 14 (Mn of 3.0 X lo3 and 

L- 19 (an of 39.7 X lo3); (b) those involving poly-a-methylstyrene 
samples L-15 (an of 4.7 X lo') and L-19 (an of 39.7 X lo3). 

for this study i s  that these fall in the molecular weight range (2.5 to 
5.0 X 10') where the effect of component D + A on the overall Tge of 
the polymers studied earlier i s  very significant. 

glass transition range a t  a q value of 20°K/min with various binary 
blends of poly-a-methylstyrene samples L- 19 and M- 14 (Fig. 7) as 
well as samples L-19 and L-15 (Fig. 8). These DSC-2 curves 
resemble those obtained with differential thermal analysis (DTAS 
[ 161 for polystyrene blends of molecular weights Mn = 2.05 X 10 

The primary reason for selecting polymer samples M- 14 and L- 15 

In Figs. 7 and 8 a r e  shown the DSC-2 thermograms obtained in the 
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18 
/----- 

14 ------- 

400 450 
GLASS TRANSITION TEMPERATURE 

Tg ( K )  

FIG. 8. DSC-2 thermograms obtained in the glass transition 
range at  a q value of 20°K/min with binary blends of poly-a-methyl- 
styrene samples L-19 and L-15. (See Table 5 for other data.) 

and ?% = 20.2 X lo3 where T depended solely on the total number 
n g 

of chain ends. They are different, however, from those prepared 
with polystyrene blends of molecular weights an = 9.6 X lo3 and 
Mn = 111 x 10' [ 161. 

From the DSC-2 curves recorded at  different q values with binary 
blends of poly-cr-methylstyrene samples L- 19 and M- 14 as well as 
samples L-19 and L-15, T (at q = 1) data were collected and are 
presented in Tables 4 and 5, respectively. By making use of these 
data, Tge versus  l/@ plots were traced, and these a r e  shown in 

Figs. 9 and 10. One notes that the plots of Tge versus  lmn in Figs. 9 

and 10 do not resemble those prepared for polystyrene blends of an = 

2.05 x lo3 and %% = 20.2 X lo3 but correspond to polystyrene blends 

of @ 9.6 x lo3 and = 111 X lo6 1 161. The two linear regions in 

the Tge versus 1/M plots prepared with poly-a-methylstyrene 
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450 

FIG. 9. Extrapolated Tge values (to q = 1) a s  a function of l/Mn 
for blends of poly-cu-methylstyrene samples L- 19 and M- 14. (See 
Table 4 for other data.) 
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FIG. 10. Extrapolated Tge values (to q = 1) as a function of f/Mn 
for blends of poly-a-methylstyrene samples L- 19 and L- 15. (See 
Table 5 for other data.) 
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samples intersect at  M = 17.9 X lo3  (for L-19 and M-14) and an = 

22.7 X lo3 (for L- 19 and L- 15). It is probable that with other binary 
blends, this point of intersection may be still higher. 

Another observation which is relevant to this study is that in the 
binary blends of polymer samples L- 19 and M- 14 (Mn = 3 X lo3  ) the 

effect of the latter polymer in lowering the Tge is more significant 

than noted with L- 15 (an = 4.7 X lo3) in the L- 19 and L- 15 blends, 

The Tge results of binary blends presented in Tables 4 and 5, 

however, do not correspond to the T 

component M-14 (Table 4) or L-15 (Table 5) and a r e  different from 
those obtained with poly-a-methylstyrene samples (Tables 1 to 3)  
having bimodal o r  multimodal distributions made up of components 
D + A and B + C where component D + A seemed to initiate T at  a 

lower temperature. The Tge resul ts  in Tables 4 and 5 tend to refute 
the concept that the low molecular weight component of a dispersed 
polymer may initiate an ear l ier  transition to glass. 

A plausible explanation for the Tge in binary blends of M- 14 and 

L- 19 a s  well a s  L- 15 and L- 19 not corresponding to those of their 
low molecular weight counterparts may be found in their s ter ic  
structures. The propagation reaction of the NMR-characterized 
[ 5, 61 low molecular weight component D + A in M-14 obeys 
Bernoullian statistics with a P 

ing NMR-characterized B + C component has a Pm of 0.22. The prop- 

agation reaction of the NMR characterized component D + A in L- 15 
follows first-order Markov statist ics with a P 
of 0.19. That of component B + C obeys Bernoullian statist ics with a 
P 

methylstyrene samples L-11, L-12, L-26, L-27, 65, and L-6 where 
the overall Tge values correspond to those of component D + A have 

P values of 0.39 or higher. This would mean that component D + A 

has to have more of the isotactic sequences to be effective in bringing 
down the overall Tge values. 

A s  reported ear l ier  [ 1-61, the character of component D + A, i. e., 
its dormant nature, limiting molecular weight, and different steric 
structure to that of component B + C, may have a specific influence 
on T A comparison of the thermal decomposition [ 71 resul ts  

obtained with polymers built up of low (D + A) and high (B + C )  molecu- 
lar weight components and those made up exclusively of the high 

n 

of the lower molecular weight ge 

g 

value of 0.29. That of the correspond- m 

r /m 
of 0.62 and a P 

of 0.26. The NMR-characterized components D + A in poly-a- 

m/r  

m 

m 

g' 
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molecular weight component also showed that the presence of com- 
ponent D + A enhanced the decomposition reaction. It appears that in 
poly-a-methylstyrene samples, prepared anionically [ 1-41 and made 
up of components D + A and B + C, the presence of the former com- 
ponent improves the total chain packing, reduces the steric hindrance 
and consequently lowers the overall Tge. In binary blends of poly-a- 

methylstyrene samples, the introduction of component D + A to another 
component B + C somehow does not achieve the same goal. It is quite 
probable that the structure of component D + A may not be of much 
significance in the chain packing phenomenon and it is the mode of poly- 
mer  preparation which is responsible for the quality of chain packing 
thus resulting in different T values in the above cases. ge 

C O N C L U S I O N S  

The principal conclusions to be drawn from the present study may 
be summed up as follows. 

In poly-a-methylstyrene samples prepared with potassium a s  
initiator and built up of components D + A and B + C, the overall 
T values a re  influenced by the following factors: (a) proportion, 

Mn value, and steric configuration of component D + A. (b) an of 

component B + C. 
data obtained for binary blends of poly-a- 

methylstyrene samples L- 19 and M- 14 a s  well as L- 19 and L- 15 
with those obtained with anionically prepared bimodal poly-a- 
methylstyrene samples (having D + A and B + C components) showed 
that in the latter polymers the chains a r e  well packed with less steric 
hindrance and consequently lower Tge values. In binary blends of 
poly-a-methylstyrene the chain packing is not adequate to have the 
same effect. 

on the glass transition of polystyrene and will be reported on in due 
course. 

ge - 

A comparison of T ge 

Further work is in progress on the effect of different substituents 
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