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FOREWORD 

The photoeiastic properties of poly-vlnyl chloride  (FVC) had been subjected 

TO preli:tir.ary investigation by the principal investigator several years ago1'2'3'4. 

Cr. the basis of this,  soae of these measurements were repeated and extended by 

Mr.  'JtsMC durir.c the past year vhile he was on leave from the Japan Leather Company 

to vorh ir. the laboratories of the  Polymer Research Institute.    These measurements 

confim previous observations and demonstrate the  contribution of both distortional 

ar.i crier.tatior.al  cor.tributior.s to the birefringence.    They also indicate the pos- 

sibility of dichroisr: studies on partly decomposed PV^ which will be described in 

a  future report   .     Measurements  of dynamic birefringence were also conducted indi- 

cating a negative  strain-optical coefficient at room temperature  consistant with a 

dorninent distortional contribution. 

Richard S.  Stein 
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i. ErracrvcrioN 

Sooe observations of -he optical and mechanical properties of polyvinyl 

chloride  (?vr) vere  carried out,  including the birefringence change with stretch- 

ir.g at  various temperatures,  the thermal stress and birefringence cycle within 

the temperature rar.ge between room temperature and about 100 C,  the dynamic stress 

ar.d  cirefrir.cer.ee at  roon terrperature and the preliminary experiment on visible 

arc infrared diehroisn. change with stretching.     Concerning the last two,    unfortu- 

nately,  positive  results  could not be obtained so far. 

2.     2'LAZZ2HALc 

The ~?n used for these studies was a commercial product named "Opalon 66o" 

high exilecular veight P73 honopolyner of Monsanto Company. Some of the typical 

properties of this polyner are listed in Table I. 

TABLE I 

3coe Typical Properties of "Opalon 66o" 

Specific  gravity 1.1*0 
* 

Specific viscosity 0.55 

Bulk density 0.1+7 

Volatility % wt. loss on heating 0.15 

•Solution of O.^Og of polymer in 100 ml of cyclohexanone at 25°C. 

On leave from Japan Leather Institute, Tokyo 1963-64 (Present address) 
•Supported la *»rt by a contract with the Office of Naval Research   and in part by 
grants fron the Petroleum Research Fund, the Air Force Office of Scientific Re- 
search ard the Arrry Research Office  (Durham). 



This FV.T was purified by reprecipitation from tetrahydrofuran solution using 

aethyl alcohol as a precipitant  three  tiaes.    The  solvents used vere purified by 

means 9t fractional distillation at  least  twice.    This  sample  is  the same one as 

vas used for studies of spherulite growth from PV7  solutions  . 

Sample  films vere prepared  from the tetrahydrofuran solution by pouring onto 

a  class plate  floating or. the  surface of mercury.     The  thickness of the  films were 

controlled between L.5 and ** mil.  depending upon the purpose of the experiments. 

The   infrared and ultraviolet   absorption  spectra were investigated to confirm that 

the   ni-.« vert   free   from solvents and  cor. ;ucated double bonds. 

ISS-SCATS',   STRAEI-BIREFrlC.'GZXJZ AT VARIOUS TEMPERATURES 

The  stress-strain relationships vere determined by an "instron" tensile  test- 

ing machine.     Tr.e birefringence  change with stretching was  investigated by a Babi- 

net   Jompensator attached to  "instron" tensile  testing machine using monochromatic 

IK   S o 
light   S5-C1A)J which was polarized at an angle of -=•    to the direction of stretch- 

ing and passed  through the   sample.     The  sample was held   in a  glass-windowed  chamber 

through which air may be  circulated  so as to maintain constant  temperature.    The 

details  of the procedure are described elsewhere  .     The  temperatures investigated 

vere  room temperature   (2o~2"   Z.),   '-0°,  60  ,  and   30  Z.   respectively.     The  stress- 

strain relationships  sfctakiSBfi at various  temperatures are plotted  in Figure 1. 

The elongation is expressed in terms of percentage of unstretched  length.    The 

stress is  in units  of Kg/cm2 of actual (stretched)  cross  sectional area (actually 

determined,. 

In the oases of the experiments under ho  Z.   the  rare of stretching was con- 

trolled at li per minute.     If samples vere stretched  at a rate greater than this, 

almost all of them broke at about 3"£ elongation.    The minimum rate of the cross- 

head  of our "Instron" tensile  tester was 0.02" per minute,  therefore the experiment 

was carried out using the  sample  strip of 2"  in length xlcm width.     In both cases, 



a necking-like pher.ooer.on was observed at  about M- elongation.     At  room temperature 

the sarpie broke at  about Tf elongation.     At  1»0°.\  however,  the sample could be 

stretched without breaking:,  after necking occured up to l'~04 elongation.     Above 60°C. 

the neasureaer.ts were  carried out  at an elongation rate of 2t per minute for which 

the  cross-head speed vas 0.CX2" per minute and the length of sample  films was l". 

The  samples  co-.Ci be  stretched without  breaking up to several hundred percent of 

elongation.     Tr.e Young's moduli obtained are listed in Table  II. 

TABLZ II 

Ycur.g's Moduli  of FVT at  Various Temperatures 

_erroe nature Young's Modulus    dynes/cm2 

?.cor .errperature  (25~2"  2.) 

**o I 

6:3;. 

L £ 

:,0, 

x 10' 

3.7 x 10' 

2.U x 10 

£.9 x 10' 

The birefringence change with stretching up to 2c elongation and birefringence 

charge cr. relaxation process at room temperature are shown in Figure 2. The stress 

and tirefringer.ee change with stretching up to 1504 elongation at ho°z.    are also 

3.  In the case of the observation at room temperature, it is seen •f —    T-t — % r_cttec i 

that a negative birefringence is observed and  its value is kept almost constant dur- 

o 
lng ""^e period  Df a relaxation.    At *-0 Z.  also a negative birefringence is observed 

initially up to about h^Sft elongation, but after that it becomes positive and in- 

creases =onotonically with elongation.     This change in birefringence  coincides well 

with the beginning of a necking-like phenomena in stress-strain curve. 
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ls Figure -,  *he stress, birefringence changes with stretching and relaxation 

at hicher temperatures are plotted.  In those cases, no initial negative birefrin- 

gence is observed. The birefringence decreases during relaxation although the 

absolute values is very snail. This tendency coincides with that of nylon-o . 

The values of (birefringence/stress) at cO and SO 2.  are plotted against elonga- 

tion in Figure 5. A maximum value is observed for each curve at about 8C# elonga- 

tion. This fact suggests that the mechanism of elongation below 80t> elongation is 

different free that above 5»H elongation. 

As a conclusion, the initial negative value of birefringence at lower tempera- 

ture ray "re due to a distortional birefringence, and this negative value is very 

interesting.  In the cases at higher temperatures, the birefringence is always posi- 

tive, which means that a ?VT segment is more polarizable parallel to the chain direc- 

tion than perpendicular to it. 

This behavior is similar to that which has been observed previously for several 

other polymers such as polyethylacrylate4, polymethyl methacrylate '      and poly- 

styrer.e  '"' '" . The differing origin of distortional and orientation birefringence 

'_- 14,17 
have teen discussed '* '*     .  .ne negative birefringence observed at low tempera- 

tures is a conseq.uer.ee of distortion of a glassy polymer and involves such mechan- 

isms as bone 'sending and internal rotation and separating molecules by opposing the 

intermclecular van der Vaals forces. The positive birefringence at higher tempera- 

ture is a consequence of the fact that the increased molecular mobility at these 

temperatures permits orientation of larger molecular segments within the time scale 

of the e.-perloent and that these segments are positively birefringent (having their 

greatest polar!zability in the direction of the polymer chain as might be expected 

froc the structure of PYC). The increasing positive birefringence with increasing 

temperature of stretching nay be a consequence of the greater degree of orientation 

produced but may also result from the welting of crystals of polyvinyl chloride con- 

tributing negatively to the birefringence. Some evidence for this latter explanation 

will be presented ir. the next section. 

i 
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Tr.e maximum ir. the  (A n'stress)   curves of Figure  "  is consistant  with the 

orier.tation of a polymer containing stiff anisotropic elements  such as crystals 

or ""proto-orystals"  consisting of long rigid or associated  sections of chain and 

is  comparable  for example vith the manner in vhich the birefringence and  stress 

change upon stretching crystalline polyolefins.    For a rubber having gaussian be- 

havior,  the  stress ar.d birefringence increase at the  same rate upon stretching    . 

Severer,  for a suspension of crystallites in a rubber-like medium,  the initial 

birefringence increase vill be more rapid  than the  stress giving rise  to an in- 

crease  in the   (A n 'stress)  ratio.    However,  the rate of increase of birefringence 

vill decrease as the crystals approach total orientation while the  stress will 

continue  to increase at an increasing rate,  giving rise to a subsequent decrease 

in the  {JL n'stress)  ratio.    This latter behavior also is found  for rubbers^    at 

1Q 20 21 high extension or stiff chains where non-gaussian behavior is evident •**     > 

-.     IzZ THK3MAL STHISS AIC BIHZFRIKGZKCS  JY3LE 

The  thermal stress and birefringence  cycles for several different elongations 

vere  investigated within the temperature range from room temperature to 105°C. 

The sample vas allowed  to stand  for more than one hour at 50°3.  before measurement 

vas made,  stretched to a  tiver elongation,  and relaxed for two hours at this tem- 

perature.    After that,  both the  stress and birefringence were determined as a func- 

tion of temperature.    The experimental apparatus and condition were the  same as in 

the  case of the measurement of stress-strain and birefringence relationships except 

that aluminum    plates vhlch had a pin hole were used instead of glass plates as 

oven windows.     This was done because the birefringence of the glass windows result- 

ing from thermal strain was found to contribute appreciably.     r.7he  rate of tempera- 

ture  change was controlled to 1 C.  per minute.    A copper-constantan thermocouple 

was used to measure the temperature and it was set as near as possible to the posi- 

tion on the surface of sample where the light beam for birefringence measurement 

vas passed. 
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The thermal stress cycles and birefringence  cycles  for 200,  UOO and  600# 

elongations are shown in Figure c and 7 respectively.     In Figure  6,  the tendencies 

of the  stress change vith temperature agree vith the previous study .     However, 

the  tendencies in theraal birefringence  cycles obtained  slightly differ from the 

22 2FS results previously- reported     »""•'.    An irreversible decrease in birefringence rather 

than an increase is observed when the temperature of relaxation is exceeded in the 

present experiaer.t.     It is seen that the slopes of the birefringence-temperature 

relationships differ above and below the glass transition temperature.    The pre- 

viously observed irreversible increase in the birefringence of unplasticized poly- 

vinyl  chloride has been interpreted as resulting from the production of distor- 

tional strair. during the initial elongation which is then relieved irreversibly up- 

on heating above the elongation temperature by molecular flow producing additional 

orientation accompanied by an irreversible birefringence increase.     Similar observa- 

tions have beer, aai.fi on substituted polyamides and on polyethyl acrylate at low tem- 

peratures     •'""-.    Vi-ch plasticized PVC, however,  the birefringence irreversibly de- 

creases,   rather   :har.  increasing upon heating.     This  is a consequence of the plasti- 

cizer permitting more easy molecular flov vith less distortion in the initial elonga- 

tion.    The  irreversible birefringence decrease observed in the present  studies may 

result  from the molecular weight of tr.e present  sample being somewhat lower permit- 

ting more  relaxation prior to heating. 

7^e present  observation that the birefringence reversibly decreases upon cool- 

ing at  constant length is  consistant with previous observations  >>^.     Presumably 

the degree of crystallinity of the polyvir.yl chloride increases upon cooling.    This 

should res-alt in an increase of birefringence as observed for rubber20'2    and for 

1 2* /   \ substituted polyamides  > •* unless  (a)  the crystals grow with their chain axes oriented 

in z'ze stretching direction but have negative birefringence  (greatest refractive  index 

perpendicular to the  chain direction)  or  (b)  the  crystals are positively birefringent 
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bu:   grov with their chain axes oriented perpendicularly to the chain direction. 

If  [ss  is true,  this must mean, that  the birefringence of a PVC chain in a crystal 

rust "re of opposite  sign t'roe that  in the amorphous polymer,  since the total bire- 

fri-ger.ce of FfZ is obviously positive as  seen from the present and previous data. 

This  could occur as a consequence of the possible appreciable contribution of aniso- 

tropio  internal field to  crystal birefringence-",'2c>27.    The situation (b)  has been 

observed in the  case of the  crystallization of crosslinked polyethylene at low 

extensions,  where  the  crystals are found to grow with their chain axes perpendicular 

tc  the crientation direction ".     However,  such crystallization  should cause an in- 

crease in stress  rather than the  slight decrease  seen in the higher temperature 

regions of Figure  c.     (The increase  observed at lover temperatures is undoubtedly 

a  cor.secuer.ee  of the  the ratal   :or.traccion of the  sample having a modulus which in- 

creases with decreasing terperature  as one passes through the glass temperature as 

has been previously obser.-ed-'-^.    Furthermore,  if perpendicular orientation of the 

crystals  occurs,  the arour.t of this  should decrease with increasing elongation 

vhereas  the positive  slope of the birefringence-temperature curves in Figure 7 is 

seen to increase vlth elor.gat.ion.    X-ray diffraction studies with varying temperature 

vould be desirable to establish whether alternatives  (a)  or (b)  are reasonable. 

Another possibility,   (c),  is that the birefringence of the  statistical segment 

of amorphous FV: say change vlth temperature because of the temperature dependence 

of the populations of its  rotational isomers.    The existance of such rotational 

iscaers actc the dependency of their concentration upon temperature has been demon- 
25-33 

strat-ec  '     ^.     7ne effective  size and anisotropy of the statistical segment is de- 

pendent -upon, the concentration distribution of rotational isomers.    In this vay it 

is conceivable that the birefringence of the amorphous 7V? chains may decrease as 

the terperature is lowered (favoring the more extended and more anisotropic isomers). 
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I*.  is  suggested  that  birefrlnper.ee measurements on crystals of model compounds 

20-12 similar to those used by Krinn for his  infrared  studies 7 J    would be useful for 

testing -his hypothesis. 

A fourth possibility,   (d),  is  that the birefringence changes with temperature 

because of the  increasing negative birefringence distortional contribution as the 

temperature  is iovered.     Trls accompanies the increasing stress on the sample  (seen 

ir. Pig-ore 6)  as the temperature is lowered past the glass temperature which results 

rrom the tendency for thermal   contraction of the  sample accompanied by an increasing 

modulus  as  the  temperature is lowered.     It is not probable that this is the major 

contribution,  hovever,   since the  stress does not begin to increase with decreasing 

temperature until about   ~-C-~03Z.   (Figure 6).     However,  as seen in Figure 7, the 

birefringence decreases at  all temperatures starting at 105°C    where there is not 

likely to be an a-mjreciable distortional contribution,  since this is above T . > g 

There appears to be a slight increase in the rate of decrease at about 80 C. indicat- 

ing perhaps a small distortional contribution. 

Calculated values of birefringence temperature/stress [(An)T/a] for various 

stretching are plotted in Figure 3 as a function of temperature. It can be seen 

that within the temperature range between about 95°C. and 75 C. the values of 

[(lic)T/::] on cooling process are almost independent of temperature. These constant 

values of t(*n)T/c] are listed in Table HI. 

TABLE III 

The ValueB of  [(£n)T/o] for Various Elongation When the 
Sample was Relaxed at 30 C.  and Treated at 105°C. 

5tress/(An)T dynes/cm2 

Elongation relaxed at 80 ?. treated at 105°C. 

2002 2.8 x 107 1.7 x 107 

7 7 
-00* >.2 x 10 3.0 x 10 

£0O*. 7.C x 107 U.l x 107 



-Q- 

As a reference, previously reported this value for polyvinyl chloride and some 

other pelyaers are shown in Table IV. 

TABLE IV 

The Values of Stress/(^n)T for Several Polymers 

Stress/(^n)T    dynes/cm2 

Rub be r 

Pol .-vinyl Priori ie 

Pol .-isobvr! yler.e 

Pol .-styrer -.e 

1 X io7 

3 0 X 107 

2 ? X 107 

-0 5 X 107 

It   :ar. be  seer,  that  the values obtained are quite reasonable comparing 

Table  HI and IV.     It  is very interesting,  however,  that the value of a/AnT are 

dependent upon the degree of elongation and temperature in the case of PVC, namely, 

it  increases with increasing elongation and decreases with increasing treating 

cecrpe nature. 

;.     32 TI5AMI-  3T7ZSS A5D BI3EFHIHGERCE AT ROOM TEMPERATURE 

The iycaelc stress and 'cirefringence on PV3 were investigated at room tempera- 

ture •.-ithin the frequency range between 0.00253 and 8.6 cycles per second. Techni- 

ques  of the  type previously described were used     >J'>3  > 

The purpose of these rjeasurerer.ts was to determine the time dependence of the 

stress and birefringence  change curing the periodic deformation of the FVC samples. 

It  appeared probable  that  the  relaxation times for the distortional and orientational 

contributions would be different,  and that dynamic measurements would  serve to resolve 

these. 

The thic>r.ess of sarple filr- used was about 6 mil.    One of the results obtained 

is shovr. In Figure 5-    The measurement was carried out at a elongation of 2.0U$ for 
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origir.al length.    The Magnitude of vibration amplitude was 0.8$    of elongated 

length.    The general tendencies  in dynamic mechanical properties are reasonable. 

It   is noted  that   the value of  the  real part  of the dynamic  strain-optical coef- 

ficient , K',  is negative and becomes more  so vith increasing frequency.    This 

fact   coincides vith the  fact  that  a negative birefringence is observed when PVC 

is  stretched  statically a;   roor. temperature up to yt elongation.    The negative K' 

is a  cor.seq-uer.ce  of the  short   relaxation time distortional contribution.    At high- 

er frequencies.   there  is less   time  for this  contribution to relax out during the 

vibrational period,  so the negative  contribution is  greater at high frequency. 

It  is experted  that  at  lov enough frequency,  K'  would cross to positive values 

vher. the  orientation  contribution would dominate.    The curves  should be  shifted  to 

the  right  at higher temperatures  (toward higher frequencies)  and the positive K' 

values would then  contribute at  higher frequencies.     Such temperature dependence 

reasurercer.t s would  "re  of interest. 

A aaxjgrjs of the  tan 3  curve   (where  2 is the phase angle between birefringence 

and  strain"   is  seen at   about   .01  cycles per second.     There is  some indication that 

the tar. 2  curve  is  increasing tcvard a second maximum at higher frequencies. 

The  real part  of the modulus,  E',  increases monatonically with increasing 

frequency and tar. 5 (the phase ar.gle between stress and strain)  decreases indica- 

tive  of a loss maximum at  frequencies less than 0.001 cycles per second.     It is 

lively that  this lov frequency loss maximum is associated with a chain orientation 

me char, ism and  it is probable that this  is associated with the high temperature lose 

maximum (~ ~=°2.    at about 0.2 - 15  cps)  found by Schmieder and Wolf57,5    and Kono^ 

associated with the glass temperature.     It is expected that their smaller loss maxi- 

aum at lov temperature  ( 55   Z.)  may correspond to the distortional process.     It 

should be noted  that  this high temperature loss mnyiimim is also probably associated 

with the infection in the  stress relaxation curve found by Shen and Tobolsky    . 
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A very high temperature  inflection is also seen by these latter vorkers and 

associated vith a crystal melting point  at  1"U  C,   (•which might be compared vith 

a microscopically measured melting point of 101° - 20h°z.°). 

6.    mrOEOISM OF VISIBLE LIGHT 

In order to pet  some  information about  the molecular chain orientation with 

Ul u? u^ stretching,  the measurement  on the dichroisn of visible light used    '     ' •*.      In 

the  case of PTC,  hovever,  rwo methods of sample preparation are available  for this 

purpose.     The  first   cne  is   the rjethod using FTC sample  thermally decomposed,   second 

is  the  cne  using FVC sample  suitably d;.n?d as  same as in  the cases of polyethylene 

terephthalate and  ether polymers.     Tonceming the  first one,  as well known,  the 

ther-p."   decomposition reaction of FTC is  assumed as a introducing reaction of con- 

jugated  double bonds  into the polymer main  chair, by successive removing of hydrogen 

chloride" *•'     .     These  conjugated double bonds thermally introduced maybe expected 

to locate  in amorphous  region of the matrix rather than the crystallites and also 

they might be expected as  a  source of a dichroisn change of visible light with 

stretching.     Therefore,  a thermally treated FTC sample film may be used for the 

measurement  of the present purpose.     Tonoeming the  second method, however,  there 

is  no useful information ah out   suitable dyes  for this purpose at present.    Therefore, 

thermally decomposed FTC film was used  for the present investigation. 

The  sample  studied -.-as a F7C film which was treated in a silicone oil bath for 

JC minutes at  1-0 + l":..     The experimental procedures for the determination of 

dichroism vere described elsewhere •L»  z>u^>  ',    The strain rate was 1$ per minute 

ami the  temperature vas 90  Z.. 

The variations  ir. the perpendicular and parallel intensities of light vhich 

passed  through the  sample vere investigated over the period of time including the 

stretching process up to 200? elongation,  relaxation for 90 minutes at 90°C.  and 
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0 o O        / 
the thermal cycle process for -V ;.   to 110 Z,  to ^0 Z.   (the rate of temperature 

o . 
change vas controlled within 1  Z.  per minute),  and are plotted in Figure 11. 

As a result,  it  beccraes clear that   this procedure is not  suitable for the 

present  purpose,  although  sone appreciable  changes in perpendicular and parallel 

intensities  to the direction, of elongation are observed.     Some of the major reasons 

are as follows: 

^sx  The mechanical properties of the  thermally decomposed PVC differed from that 

of the  criminal 7".".".     Some of them are listed  in Table V.     One of the thermal street 

cycles at  200? elongation is  shown in Figure 10 as a reference.    The experimental 

procedure vas  the  same as  that  mentioned above except that film vas conditioned at 

?0 T.  and  stretched at  this temperature.    A thermal stress cycle for original PVC 

is  ,-o-pared with that  of decomposed JVZ using a broken line in the figure. 

{t)   Some more decomposition reaction proceeded during the period of measuring in- 

cluding  stretching,  relaxation,  and thermal cycle at  such a high temperature as 

above  90 Z,• 

TABLE V 

Some Mechanical Properties of Original and Thermally Decomposed 

Polyvinyl TbJLoride Film 

Young's modulus 

Tensile elongation 

Tensile  strength 

T-lass transition temperature 

Original Film 

2.0 x 10 dynes/cm2 

>60Oi 

Z&  500 Kg/cm2 

> 75°C 

Thermally Decomposed Film 
Q 

U.5 x 10 dynes/cm2 

<l*O0# 

Ca 150 Kg/cm2 

Ca 85°C. 

-nis glass transition temperature was determined as a temperature at which a 

inflection on the thermal stress cycle is observed in Figure 10. 



^i-ce '.he   .vl^r erf '"•  ne^Le rezasr   :.p<?pr- 'grin." fclw experiment, it was 

in^possirle  to  calculate a a.-.-.-.rs*e --.ichroisr. ratio.    As a reference,  one of the 

results obtained are plotted ir. Figure 11.     [Recent measurements, by Mr.  Ryo Yamada, 

which vill be described ir. a later report, have been successful in obtaining values 

of dichroism for dehydrohalogenated PVC and PVC-ethylene copolymers.] 

~.     TEE DIJEROISK OF INFRARED AT ELEVATED TEMPERATURE 

In order to get  information of orientation of both crystalline part and amor- 

phous part vith stretching separately,  the preliminary observation on dichroism 

changes of infrared' vas performed on sample films which have been used for the 

measurements of birefringence  changes.    Because  some of the infrared absorption 

bands between the vave length of Ik and Y7\i have been assigned as shown in Table VT U8-57 

The measurements of their change with stretching might be useful for the present purpose. 

TABLE VT 

Infrared  Spectnm and Assignments for FVC 

Between the Vave Length lU and 17u 

<*ave sacsoej 

-15 

665 

•>*ave Length Polarization Phase Assignment 

lc.55u 0* C vCCCljBj. 

16.25 a A v(CCl)Sm(A) 

15.66 0 A v(CCl)syA) 

15.62 a C v(ca)Ax 

1^.60 c A v(cca)sHC(A) 

l^.i-3 * 

I    : perpendicular 

5*  : band shows * dichroism at low draw ratio 

x    : parallel 

A : amorphous 

C : crystalline 

v : stretching 
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A rerkin Elmer 21 double beam spectrophotometer equipped with CsBr prism 

vas used. A silver chloride polarizer vas placed in the spectrometer between the 

light source and detector chambers.  However, the shortest wave length which could 

be resolve-d by this TsBr prism system was l^u. It was found that for the thickness 

of ^he films used, which was about U  mil., was too thick to get accurate absorption 

intensities of each bands within the wave length range between 15 and lj[x.    The 

optir.um thickness of the sample for this purpose should be 1 mil. 

A plan for the major experiment was designed considering the following three 

poir.ts. 

1) The thickness of the sample film should be about 1 mil. 

2) The dichroism change with stretching at elevated temperature should 

be observed.  These results obtained should be compared with the re- 

sults of birefringence measurements. 

JN In order to cover the wave length from lU to 17u, a KBr prism should 

be used and the vir.dov of the oven should be KBr plates. 

According to this plan a new sample extension mechanism in a small oven which 

can be set into the clearance "cetween a AgCO. polarizer and detector chamber of a 

Perkin-ZZLner 21 double beam spectrophotometer, was constructed. Unfortunately, 

the equipment vas not completed in time for the writer to complete his studies 

before leaving. 

l) A negative birefringence vas observed initially when F/C was stretched at a 

temperature lover than -O0:. At higher temperature it showed positive bire- 

fringence, and the birefringence increased monotonically with stretching. 

As a result of the dynamic measurements at room temperature a negative value 

of K' also vas observed and this value decreased with increasing frequency. 
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2N Thermal stress and birefringence cycles vithin the temperature range from 

rooc temperature to 10*» C. were investicated. The general tendencies on 

thermal stress cycle coincided veil vith the results previously reported, 

."or.ceming themal birefringence cycle, however, an irreversible decrease 

ir. birefrir.ger.ee rather than an increase vas observed when the temperature 

cf relaxation vas exceeded. The constant values of AnT/a were obtained 

vithin the temperature range between 75 and 95 C« on the cooling process. 

These values obtained are nearly equal to the value previously reported, 

but they seemed to be dependent upon the degree of elongation and treating 

temjerat ".ire. 

Jv Tichroism change of visible light with stretching, relaxation, and thermal 

cycle vas examined on the thermally decomposed F\T2  vithin the temperature 

range between -0 and 110°2.. As a result it became clear that the thermally 

decomposed F\T vas not suitable and sone suitably dyed PV3 should be used 

for the present "curpose. 

-v Although the measurements or. the dichroisn change of infrared with stretch- 

ing at elevated temperature had 'teen planned, unfortunately they could not 

be carried out. 
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FIGURE CAPTIONS 

Figure 1 - The stress strain relationships up to about 20$ elongation at various 

temperatures. 

Figure 2 - The stress and birefringence change with stretching and relaxation at 

room temperature. 

Figure t    -  The stress and "birefringence change vith stretching at h-0  C. 

Figure -  - Tne stress and "birefringence change with stretching and relaxation at 

60 and S0°J. 

Figure 5  - The variation of the value of birefringence/stress with stretching at 

- o 
oO and 80 2. 

Fig-ore 6 - The thermal stress cycles for various elongations. 

Figure 7  - The thermal birefringence cycles for various elongations. 

Figure 9 - The variation of the values of birefringence x temperature per stress 

with temperature for various elongations. 

Fig-ore 9 - The variation of the dynamic stress and birefringence with frequency 

at rooa temperature. 

Fig-ore 10 - The thermal stress cycles of thermally decomposed and original PVC 

for 2004 elongation. 

Figure U - The variation of the perpendicular and parallel intensity of light which 

passed through the thermally decomposed PVO film with stretching, 

relaxation, and thermal cycle. 
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