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The study of Transition in High Polymers by 

Photoelastic Method 

Motozo KANEKO, Rokuro MURAl, Kei KISHI 

and Dai MORI 

CHeceive:1 October 1, 1954) 

In the present study, it is reporte:1 that the transition point of high-polymers 
can be determinej by observing the dependency of photoelasticity of that materials 
upon temperature, and that the valuedetel'mined by this "method agrees with the 
one by thermal expansion method for P. V. C. but for p::llystyrene it is larger and 
rather near to the value by magnetic resonance metho:L 

§ 1. lntrodution 

The second order transition temperature of high-polymer has 
been investigated by measuring the effect of temperature upon 
the coefficient of thermal expansion, specific heat and elastic con­
stant. Recently it has also been measured by the nuclear magnetic 
resonance method. The present workers investigated it by ob­
serving the connection between temperature and photoelasticity 
of high polymer. 

Nowadays for molecular theoretic explanation of the second 
order transition temperature of high polymer there are two pos­
sible approaches; the one is from the view point of rate process, 
and the other is from the view point of thermodynamical phase 
change. But in view of the dynamical properties of high-polymer. 
the latter may be better, because below the transition point, the 
elasticity is about lOW dyne/cm\ which is solid-like and energetic, 
while above that point, the elasticity becomes about 107 dyne/cm~, 

which seems to be due to entropy. That fact seems to indicate 
that the transition process is due to thermodynamical phase change 
and that above the transition point the micro-Brownian motion is 
reJeased. If the micro-Brownian motion is released, it may be 
directly observed by birefringence, because the birefringenec 
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appears in accordance with the motion of molecule. So at the 
transition point the birefringence may be expected to change from 
solid-like character to rubber-like character, that is, above that 
point the birefringence may decrease proportionally to reciprocal 
absolute temperature, 1 IT. In this study the workers ascertained 
this phenomenon for polystyrene and P. V.C. 

§ 2. Experimental Method 

The strips of polystyrene and P. V. C. were measured off, whose 
size wa3 3.5 cm long, 1.5 cm wide and 0.25 mm thick for P. V. C. and 
0.05 mm thick for polystyrene. There strips were cut out from 
thin films of polystyrene and P. V. C. These films were cast 
from solution, benzene solution for polystyrene and nitrobenzene 
solution for P. V. C. They were carefully dried in drier at 30"C. 
Specimen for observation was hung in furnace which had two 
windows and whose temperature was raised at the rate of 0.50 C/min 
during observation. 

The specimen was put under 

Temperature 

60 '70 go '/0 100 110 120°C 

Tension 150gr1cm" 

Fig. 1. Del)endency of birefringence of 
polystyrene under 150 
tension upon temperature. 

tension by hanging a weight at 
the lower side of it, where 
it was devised that uniform 
tension was maintaine.d in 
specimen. The birefringence 
of those specimen was measur­
ed by the well known Szivessy­
Dierkesmann's compensation 
method through the windows 
of furnace. The source of 
light used here was DNa. 

§ 3. Results and Discussion. 

1) The effect of temperature 
upon birefringence under 
constant tension. 
a) Polystyrene. 
The results with polysty­

rene under 150 gr/cnl" tension 
are plotted in Fig. 1, where 
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the birefringence suddenly increases at about 80"C, and after it 
attains to the maximum at about 100°C, it slightly decreases with 
temperature. At about 120°C it again increases with temperature. 
Fig. 2. shows the results with polystyrene under 100 gr/cm2 tension 
and indicates the same tenden-
cy as Fig. 1. The large biref­
ringence below 90°C in Fig. 2 
seems to take place because 
of inner strain of the specimen. 
It did not seem to appear if 
the specimen was mOre care­
fully annealed. These figures 
indicate that they can be 
divided to four regions; the 
first is solid-like region where 
the birefringence is small, 

o 

2 

the second is the transition 
region where the birefringence 
abruptly increases with tem­
perature, the third is rubber- RAdilJ1 

Tempera.ture 
go 90 100 110 120 130 140 15"0 160 170"1: 

like region where the biref­
ringence slighly decreases with 
temperature, and the last is 
a region of flowing where the 

Fig. 2. Dependency of birefringence of 
polystyrene under 100 gr/cm2 

tension upon temperature. 

birefringence increases larger and larger in accordance with 
temperature. These phenomena agree with the expectation. If 
the transition temperature is assumed to be a inflextion point of 
the second region, it becomes 95DC for 150 gr/cm2 tension and 
103°C for 100 gr/cm2 tension. That indicates that the larger the 
tension is, the lower the transition point is. It agrees with the 
results of experiments of elastic properties.1

) The transition point 
determined by this method seems to become larger than that 
measured by the thermal expansion method, but by the magnetic 
resonance method the transition point becomes about llO°C2) and 
measuring of elastic properties indicate that the transition point 
is about 100D C.l) So the value obtained here seems to be rather 
reasonable for polystyrene. 
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b) P.V.C. 

The same method as for polystyrene is used for P. V.C. The 
results are plotted in Fig. 3 for 200 gr/cm2 tension and in Fig. 4 
for 100 gr/cm2 tension. These figures show the same tendency as 
the case of polystyrene. The transition temperature determined 
in the same way as for polystyrene is 70~C for 200 gr/cm'~ tension 
and 74°C for 100 gr/cm2 tension. In this case the increase of 

1.0 

o 
Te0510n 20U ~t/tlf\' 

40 50 ~o 70 80 90 100 liD ·c 

Telllperl.tuKi 

Fig. 3. Dependency upon temperature of birefringence 
of P. V. C. under 200 gr/ cm2 tension. 

Tells;o" loog';lc"" 

So 60 70 80 90 100 110 120'C 

TempeYl.ture 

Fig. 4. Dependency~upon temperature of birefringence 
of P.V.C. under 100gr/cm2 tension. 
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tension also tends to lower the transion point. In this case, the 
transition point is the same as the value determined by other 
method. 

2) The effect of plasticizer upon transition temperature. 

The i'esults of observations of P. V. C. with slight nitrobenzene 
under 200 gr/cm~ tension are plotted in Fig. 5. In this case the 
nitrobenzene plays the role of plasticizer for P. V. C. and the transi­
tion point is lowered by about 10~C. These phenomena agree with 
the expectation for plasticized materials. 

-Il.G 

-;;- L4 
u t 1.2 

~ 1.0 
;;:; 
~ 0.8 

i O.S 
OJ 0.4 o 

0.2 -O-o~ Tension 200~Vcm' 

30 40 50 60 70 80 90 100 110 120 13O'C 

TempetAiLH€ 

Fig. 5. Dependency upon temperature of birefringence 
of P. V. C. with slight nitrobenzene. 

3) The relation of birefringence to temperature and tensile loads 
above transition point. 

Fig. 6. shows the connection between birefringence and tensile 
loads at constant temperature. The corrected values of the biref­
ringence and tensile load, under the assumption that the volume 
of specimens was constant, are plotted in this figure. It indicates 
that the birefringence is proportional to tensile load. The tangents 
of these curves are plotted against reciprocal absolute tempera­
ture, liT, in Fig. 7. The curve of Fig. 7. is a nearly straight line. 
This agrees with the birefringence expected from rubber elastic 
theory'l) and seems to indicate that polystyrene is rubber-like above 
transition point. E. KLEIN says that polystyrene does not show 
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Fig. 6. The c::mnection between biref­
ringence of polystyrene and 
tensile load. 

24 25 

Fig. 7. The connection of birefringence 
of ~ polystyrene and reciplocal 
absolute temperature. 

rubber elasticity and suddenly flows above the transition point.1
) 

The present results seem to disagree with his result. But the 
present workers think this discrepancy is due to the difference 
of tensile load used. In the present study the rubber-like stage 
may be observed because the effect of the closs linkage due to 
second order bonding effectively appears, as the tension is low. 

The authors wish to express their sincere thanks to Prof. J. 
FURlnCHl for his encouragement and advice. 
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