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The melting behavior of poly(vinylidene chloride) (PVDC) was studied using dif- 
ferential thermal  analysis (DTA). Crystals were grown isothermally f rom 0.1 ~ and 
0.02 ~ dilute solutions of the polymer in 1.2-dibromoethane and monobromobenzene.  
Both 'solid'  and 'oil '  samples were used for the DTA experiments. 'Solid'  samples are 
defined as dried down crystals and 'oil '  samples are crystals which have been suspension 
exchanged in silicone oil without letting them dry out. Thermal curves of 'solid'  samples 
are similar to those obtained previously with as-polymerized crystals, that  is they show 
two endotherms. The lower temperature peak corresponds to the melting of lamellae 
as formed. The upper peak at a round 200~ may be due to the melting of crystals which 
have reorganized during heating. Thermal curves of 'oil '  samples show two extra small 
peaks in addition to those of the 'solid '  samples. F rom the results of annealing and 
degradation experiments, these two peaks may correspond to a small port ion of the 
crystals which have been partially degraded to form double bonds and thus possess lower 
melting points. An alternative explanation is that  there is an as yet unreported second 
crystal form of PVDC. 

Most melting experiments on PVDC have been performed using DTA although 
X-ray diffraction and hot stage microscopy have also been employed [1 ]. Only one 
melting point at about 200 ~ was obtained by X-ray diffraction and hot stage micro- 
scopy. However, a typical DTA curve of dried down PVDC crystals contains two 
endotherms. The upper peak at about 200 ~ appears independent of crystallization 
conditions. The size and temperature of the lower peak depends on preparation 
conditions (crystallization temperature, solvent, etc.). The temperature of the lower 
peak increases with a decrease in the degree of undercooling, i. e. difference between 
crystallization temperature and dissolution temperature (ATc). The lower peak is 
predicted to merge with the upper peak as A T  c approaches zero. The lower peak 
supposedly represents the melting of lamellae grown at the polymerization or crys- 
tallization temperature. However, the origin of these two peaks is still not fully 
understood. 

The purpose of this paper is twofold: 1) to investigate the melting process of 
PVDC single crystals as it is influenced by crystallization temperature, annealing, 
quenching and heating rates, 2) to try to explain the origin of the multiple endo- 
therms. In this work, 1,2-dibromethane and bromobenzene were found not to 
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degrade the crystals appreciably at crystallization temperatures as high as 95 ~ . 
The crystals were not discolored after crystallization. Crystallization could not be 
carried out isothermally below 80 ~ at 0.1 ~ concentration since at this bath tem- 
perature crystals appeared before the sample reached equilibrium. 

A novel technique has recently been developed by Harrison [2, 3] to obtain a 
much narrower melting range for DTA curves than had previously been reported. 
Using polyethylene, a broad peak was resolved to yield three single sharp peaks. 
This was achieved by exchanging a suspension of polyethylene crystals in xylene to 
silicone oil and never permitting the crystals to dry down. Each of these peaks was 
reported to relate to different reorganizational phenomena. This technique was 
employed in the present study in order to obtain more detailed information on the 
melting process of PVDC crystals. 

Experimental 

PVDC single crystals were crystallized from dilute solution at crystallization 
temperatures of 85, 90, and 95 ~ The melting points were investigated using DTA 
and various annealing, quenching and heating rate conditions. The morphologies 
were examined using transmission electron microscopy. 

1. Material preparation 

All chemicals are reagent grade. PVDC homopolymer was kindly provided by 
Dr. R. A. Wessling of the Dow Chemical Company (Midland, Michigan). 100 ml 
of solvent were heated to about 130 ~ in a 3-neck flask under nitrogen. 0.1 g of poly- 
mer was then added and dissolved in the solvent. Crystallization tubes were pre- 
heated to the desired crystallization temperature (T~) in an oil bath. The 0.1 ~o dilute 
solution was then transferred to the crystallization tubes immediately after the poly- 
mer was completely dissolved. This was normally determined as the point at which 
polymer particles were no longer visible. Previous hot filtration experiments con- 
firmed the reliability of this method, for this system. In most cases, crystals ap- 
peared within one hour. The crystals were left in the tubes for about two hours for 
complete crystallization. The crystals were then washed with fresh solvent at the 
crystallization temperature before the tubes were allowed to cool to room tem- 
perature. Crystals of 0.02 7o concentration were prepared using a similar technique. 
All crystals prepared in this manner show no discoloration after crystallization. 

2. Microscopy 

Transmission electron microscopy was performed using a Philip's EM 300 elec- 
tron microscope. Samples to be examined in the electron microscope were obtained 
directly from the crystallization tube after crystallization and washing. A drop of 
crystal suspension was placed on a carbon-coated copper grid and the solvent was 
allowed to evaporate. In order to facilitate lamellar thickness measurements, a di- 
lute water suspension of 2540/~, latex particles was placed on the grid surface and 
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allow to dry. The sample grid was lightly shadowed with chromium in an evapora- 
tor and then examined directly under the microscope. 

3. Differential thermal analysis 

Transition temperatures were measured using a DuPont  990 DTA instrument, 
Crystals obtained from the crystallization tubes were divided into two parts. One 
part  was washed by centrifugation five times with xylene, exchanged to silicone oil 
and any residual xylene removed under high vacuum. This is the 'oil '  sample. 
The other part  was washed five times with acetone and dried under vacuum. This is 
the 'solid' sample. Both of these samples were placed under a high vacuum of 10 -5 
torr in order to remove residual solvent. The samples were then packed in 2 mm 
diameter DTA capillary tubes to the desired depth (,,~ 4 mm for oil sample and 
2 mm for solid sample). The temperature scale was calibrated from the melting points 
of  a number of  high purity organics. The transition temperatures of  the PVDC 
samples were taken as the peak maxima. 

4. Chemical dehydrochlorination 

Dehydrochlorination of  PVDC crystallized at 90 ~ f rom bromobenzene was car- 
ried out at room temperature and at 45 ~ with pyridine [4]. Crystals obtained f rom 
the crystallization tubes were centrifuged, the supernatant was discarded and the 
crystals were stirred in a nonsolvent of  isopropyl alcohol to which pyridine was 
later added. The crystal suspension was placed in a water bath at the appropriate 
temperature for different periods of  time. 

5. Annealing and quenching 

Annealing and quenching experiments were performed using the duPont 990 
DTA Samples to be annealed were placed in capillary tubes and isothermally heated 
to the desired temperature. They were kept at this temperature for appropriate 
periods of time and then cooled to room temperature. Quenched samples were iso- 
thermally heated to the desired temperature and then immediately cooled to room 
temperature at approximately 90~ For electron microscopic studies, thermally 
treated samples were washed 10 times with xylene to remove silicone oil and then 
examined under the microscope. 

Results 

The thermal curves obtained in this work consist of  two, three or four peaks 
depending on the method of preparation and subsequent conditioning. Both posi- 
tion and area of these peaks change as a function of the various experimental con- 
ditions. Unless specifically mentioned the observations reported are for 'oil '  sam- 
ples of crystals grown from bromobenzene run at 20~ 

Figure 1 shows DTA curves of  'solid' and 'oil' samples. Four peaks were initially 
obtained from the 'oil '  samples as opposed to two for the 'solid' samples. 'Solid'  
samples apparently melt at higher temperatures than 'oil '  samples. This is probably 
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Fig. I. DTA curves of PVDC crystals grown from bromobenzene at the indicated temperature 
and concentration 

due to poor thermal conductivity of the 'solid' samples [3]. For  convenience, the 
four peaks of the 'oil' sample curve are assigned as first, second, third and fourth 
in order of increasing temperature as indicated in Fig. 1. The 2nd and the 4th peak 
of  the 'oil' sample apparently corresponds to the lower and upper peak of the 'solid' 
sample, respectively. One important point concerning the sample packing should 
be noted. Contamination of  the inside wall of the capillary tube by the sample 
should be avoided as it causes an undesirable drift of  the base line. With "solid" 
samples this can readily be achieved by tamping the tube with a small rod of appro- 
priate diameter. "Oil" samples can be directly introduced into the bottom of the 
sample tube using a hypodermic syringe. 

In these studies we will occasionally be concerned with "peak ratios". This is 
defined as the ratio of  the area of  third and fourth peaks to that of  the first and 
second. Baseline construction is always a problem. We have normally joined the 
point at which the trace first deviates from the initial straight horizontal baseline, 
to the point at which it is judged to return to a flat baseline. Peak areas are sepa- 
rated by drawing a vertical line from the minimum between peaks two and three 
to the constructed baseline. Of course, this is subjective. However, we are careful 
to consider only trends and are concerned only with ratios of peak areas and not 
absolute values. 

A. Effects of crystallization temperature 
Table 1 lists the positions of  all melting peaks for 'oil' samples of  PVDC crystal- 

lized at different temperatures. Note that for some preparations, the first peak is 
too small to be identified or does not exist at all. The reason for this will be discus- 
sed later. As shown in Table 1 and Fig. 2, the temperature of the first and second 
peaks increase with increasing crystallization temperature i. e. (T~-T2) decreases 
as T c increases. The positions of peaks T3 and T 4 vary only slightly as a function of 
crystallization conditions. The peak area ratio remains approximately the same 
with different crystallization conditions. In Fig. 3, the positions of the second 
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Table 1 

Effect of crystallization temperature on melting of PVDC single crystals 

I 
Peak I T e position, 1st 2nd 3rd 4th 

~ 

1,2-dibromoethane 

Monobromobenzene 

85 
90 
95 

85 
90 
95 

181.0 
184.0 

180.0 
182.0 
184.5 

185.0 
187.0 
189.5 

185.5 
187.3 
189.5 

I 
195.5 197.0 
194.5 198.0 
195.0 198.5 

194.0 197.0 
194.3 197.5 
195.5 198.0 

- -  peak too small to be identified. 

85 

L~ 

01% 

'~ 3 180 200 

Temperotvre .~ 

Fig. 2. Effect of crystallization temperature on the melting behavior of PVDC. Tile number on 
the left indicate the crystallization temperature in ~ 

peak  for 'o i l '  samples are compared  with those ob ta ined  by Wessl ing et al. with 
as-polymer ized  crystals fo rmed f rom b romobenzene  [1]. The  second peak  of  the  
'o i l '  samples apparen t ly  corresponds  to the lower peak  of  the solid as -po lymer ized  
PVDC crystals r epor ted  previously.  

B. Effects of crystallization concentration 

Figure  4 shows the effects of  changing the concent ra t ion  o f  PVDC,  in the crys- 
ta l l iza t ion stage, on the melt ing behavior  of  the resul t ing crystals.  The pos i t ions  
of  all peaks are unchanged for different concen~ra ' ions  and the area  of  the first and 
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Fig. 3. A comparison of melting temperature versus crystallization temperature for this study 
and that of Wessling et. al. [1 ]. Crystals grown from bromobenzene. �9 -- data of Wessling [1 ], 
solid samples, lower peak. ~ -- this study, "solid" samples, lower peak. /x -- this study, "oil" 
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Fig.  4. The effect o f  crysta l l izat ion concent ra t ion on the mel t ing o f  P V D C  crystals. Crystals 
were grown from bromobenzene at 90% The concentration of polymer in the crystallization 

liquid is given on the figure 

third peak apparently increases with decreasing concentration. These effects of  
concentration on the first peak area seem quite peculiar and no satisfactory expla- 
nation could be found. However, some DTA curves of  the 0.1% samples also show 
the same first peak area as those of  0.02% samples. As previously mentioned, the 
appearance of the first peak is not consistent among different sample preparations. 
I t  was thought that the appearance of  the first peak may be due to incomplete dis- 
solution during sample preparation. In order to enhance dissolution, PVDC/solvent 
slurries, were introduced into the boiling solvent instead of the normal dry powder. 
When this was done the DTA curves of  both concentrations showed no first peak, 
and the third peak became smaller. I t  is therefore assumed that there is no effect of 
PVDC concentration at the crystallization stage, on the melting behavior of  the 
resulting crystals. At this point in the study it was presumed that the first peak arose 
as a result of  incomplete dissolution. It  will become clear later that this is not the case. 
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C. Effects of annealing and quenching 
The effects o f  anneal ing on the melt ing process are shown in Figs 5 and 6. 

It should be noted that because o f  overlap o f  peaks many o f  the observations made 
regarding peak posit ion and size can only  be qualitative. For an anneal ing t ime of  

Anneat ing vs temperature 
167 

o x 172 w 

I 
AT 177 
i N 

I u 

Tc = 90~ 

01 ~ 

i ! 
160 ~80 

J 
j 10min 

L I 
200 

Temperature ~~ 

Fig. 5. The effect of annealing temperature on the melting of PVDC crystals. Crystals were 
initially grown from bromobenzene at 90 ~ 0.1 ~ .  They were then annealed for 10 mins. at the 

indicated temperatures, ~ 

Anneal ing at 177~ 

m 
A 

IP 25 

160 180 20(3 

Temperature ~~ 

Fig. 6. Effect of annealing time on melting of PVDC crystals. Crystals were initially grown 
from brornobenzene at 90~ 0.02 %. They were then annealed at 177 ~ for the indicated times 

in minutes 
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10 minutes, curves show no obvious changes up to 167 ~ As annealing temperature 
increases above 167 ~ , the size and temperature of the first peak increases and shows 
a tendency to merge with the second peak. The temperature of  the second peak is 
apparently unchanged. The third and fourth peaks, however, move to slightly lower 
temperatures. In addition, Table 2 shows that the peak area ratio decreases as an- 
nealing temperature increases. 

Table 2 

(a) Effect of annealing temperature on the peak area ratio with annealing time of 
10 minutes. (Peak area ratios as defined in the text.) 

(b) Effect of annealing time on the peak area ratio with annealing temperature of 177 ~ 

a~ b.  

Temperature, 
~ Ratio 

167 1.32 
172 1.28 
177 0.82 

0.02% 0.1% 

time, rains ratio time, mins ratio 

5 
10 
25 

1.0 
0.72 
0.57 

10 
20 
30 

0.82 
0.68 
0.50 

As shown in Fig. 6, increasing annealing time at a constant temperature of  177 ~ 
shows an effect similar to that of increasing annealing temperature. As annealing 
time increases, the first peak increases both in size and temperature and finally 
merges with the second peak. At the same time, the third and fourth peak move to 
lower temperatures and then merge with each other. The peak area ratio also 
decreases as indicated in Table 2. 

Figures 7 and 7a show the effects of  quenching on melting behavior. Quenching 
does not show any effect up to 172 ~ At a quenching temperature of  177 ~ the size 
and position of  the first peak starts to increase and merge with the second peak 
(~  182 ~ while the upper two peaks show no change. A quench temperature of 188 ~ 
causes this merged second peak to move upward and merge with the third peak 
while the fourth peak still remains unchanged. Finally; as quenching temperature 
is further increased, the new third peak merges with the fourth peak and it moves 
to higher temperatures. 

It  seems that there is a threshold condition in annealing and quenching below 
which no effect is shown. It  has been noted that some curves show no first peak. 
However, when annealing or quenching is applied to such samples the first peak 
appears and behaves in exactly the same way as if it were initially present. 

D. Effects of heating rate. 

The effects o f  heating rate on melting are shown in Fig. 8. There is no apparent 
effect on the positions of  the first and second peaks up to 20~ Their positions 
decrease very slightly at 50~ This may be due to broadening and overlap of 
these peaks. The temperatures and peak ratios decrease as heating rate increases. 
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Figs 7 and 7a. Effect of quenching temperature on the melting of PVDC crystals. Crystals were 
grown from bromobenzene at 90 ~ 0.02 ~.  They were then heated to the indicated temperature 

(~ at 20~ and quenched to room temperature 
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Fig. 8. Effect of heating rate on the melting of PVDC crystals. Crystals were grown from 
bromobenzene at 90 ~ 0.1 ~ .  The heating rates are indicated in ~ 

The apparent temperature decrease is almost  certainly due to broadening and over- 
lap of  these peaks. Table 3 shows the values for the peak area ratios as heating rate 
increases. These results generally agree with those obtained by Wessl ing with solid 
samples [1 ]. 
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Table 3 

Effect of heating rate on peak area ratio as defined in the text 

Ratio 

~ 

5 
10 
20 
50 

Concentration 

0.02% 0.1% 

4.0 3.6 
3.3 3.1 
3.0 2.2 
2.8 1.5 

Table 4 

Effect of chemical dehydrochlorination 
on the peak area ratio. (Crystals were 

grown from bromobenzene at 90~ 

Time, h Peak area ratio 

5 
10 
20 
40 
60 
80 

3.3 
3.2 
2.4 
2.3 
2.0 
1.8 

o 

AT 

u 

E~ 

~ 3.3 

~ 2.4 

~0 .3 

60 0 

180 200 

Temperature  ~oC 

Fig. 9. Effect of time of chemical dehydrochlorination on melting of PVDC crystals. Reaction 
lime in hours is shown on the /eft. The numbers on the right indicate the peak area ratio 
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E. Chemically dehydrochlorinated PVDC crystals 

DTA curves of crystals dehydrochlorinated at room temperature are the same 
as those without dehydrochlorination. Curves of PVDC dehydrochlorinated at 45 ~ 
are shown in Fig. 9. The first peak is not shown in these preparations, but it ap- 
pears when the sample is annealed. No changes occur in the thermal curves for 
dehydrochlorination times up to 10 hours. As the time of dehydrochlorination is 
increased beyond 10 hours, all peak positions are lowered and the third and fourth 
peaks seem to merge with each other. As shown in Table 4, the peak area ratio 
decreases as time of dehydroclorination decreases. These changes are quite similar 
to those observed for annealed samples. 

F. Microscopy 

Figure 10 shows electron micrographs of PVDC crystals grown at 90 ~ The mor- 
phology of these crystals is generally lath-shaped with branches extended out at a 
fixed crystallographic angle. Similar micrographs were obtained from crystals 
grown at different temperatures. The thickness of the crystals, obtained from the 
shadow length, is approximately 75 _+ 10 A. Within the error of the experiment no 
differences in thickness could be measured for crystals with T c at 85, 90 or 95 ~ 
This is presumably due to the poor accuracy of the shadowing technique. The value 
of  75 A~ is however in good agreement with those obtained by Okuda [5] using a 
small angle X-ray technique on solution grown PVDC crystal mats. However, these 
values are somewhat lower than those obtained by Wessling et al. with crystals 
formed from cyclopentanone [6]. 

Micrographs of annealed samples are shown in Fig. 11. The edges of the crys- 
tals are no longer as well defined as in the unannealed samples. This may be due to 
the fact that the edges of neighboring branches fuse together or interpenetrate in 
some way. 

Micrographs of chemically dehydrochlorinated samples are shown in Fig. 12. 
The morphology of these crystals does not differ noticeably from crystals prior to 
dehydrochlorination. 

Discussion 

The thermal curves obtained in this work are similar to those obtained by Wess- 
ling [1 ] in three respects. 

1. As shown in Table 1 and Fig. 2, both the first and second peaks increase in 
temperature with increasing crystallization temperature. The second peak falls on 
a straight line extrapolated from Wessling's data. Thus the second peak observed 
in oil samples corresponds to the lower peak of the curves of as-polymerized solid 
samples. 

2. The positions of  the upper peaks (3 and 4) do not vary appreciably as a func- 
tion of crystallization temperature. 

3. The peak area ratio decreases with an increase in healing rate. 
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Fig. 10. Micro~raphs of PVDC crystallized at 90 ~ chromimn shadowed. Latex particles are 
2540 A. (a) 0.1 ~ in bromobenzene, (b) 0.02.~ in bromobenzene, (c) 0.1 ~ in 1,2-dibromo- 

ethane 

3. Thermal Anal. 23, 1982 



LOUIE, HARRISON: DTA OF POLY,(VtNYLIDENE CHLORIDE) 22t 

Fig. 11, Micrograph of PVDC crystallized from 0.02~ bromobenzene at 90~ chromium 
shadowed, magnification approximately 10,000• Annealed at 177 ~ for 5 minutes 

Wessling [1 ] suggested that the lower peak of the as-polymerized crystals, repre- 
sented melting of  lamellae grown by crystallization from solution during polymer- 
ization. The upper peak represented the melting of PVDC polymerized in the solid 
phase. He also predicted that a DTA curve would show only one endotherm for 
solution crystallized PVDC. However, from the results of this study, curves of solu- 
tion grown PVDC crystals consist of  three or four peaks. 

Multiple peaked endotherms have been explained in terms of partial melting 
followed by partial recrystallization [2, 7 - 9 ]  and in many cases the heating rate 
dependence of these peaks is interpreted as evidence of reorganization [8, 10J. 
The faster the heating rate, the less the material undergoes reorganization. As shown 
in Table 3, the peak area ratio decreases as heating rate increases. 

O11 this basis one can separate out two groups of peaks. The first and second 
peaks remain unchanged in position with increasing heating rate. The third and 
fourth peaks show a decrease in position and intensity relative to the first two peaks 
on increasing tile heating rate. It appears that peaks 3 and 4 are due to the melting 
of  crystals which have already undergone some reorganization. 

Turning to the first two peaks, what are their origins ? An initial suggestion must 
surely be that they represent the melting of lamella grown at the crystallization tem- 
perature. However, there are two peaks, does this imply two lamella thicknesses ? 

One explanation for the first small peak could be that it is due to a low molecular 
weight contaminant. That is, low molecular weight polymer may be left in solution 
after higher molecular weight material crystallizes. On cooling the low molecular 
weight material crystallizes out at lower temperatures. This possibility can be 
ignored as there are no differences in the DTA curves of crystals washed with sol- 
vent after crystallization and those which were not washed. Incomplete crystalliza- 
tion may also be ruled out, the DTA curves are the same for samples crystallized 
for 2 hours or for 24 hours. 
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Fig. 12. Micrographs of PVDC crystals after dehydrochlorination. Latex particles are 2540 A.  
(a) Dehydrochlorinated for 10 hrs. (b) Dehydrochlorinated for 20 hrs. (c) Dehydrochtorinated 

for 80 hrs 
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From the results shown in Fig. 4, it was thought that the size of the first peak 
was a function of the concentration of polymer in the crystallization solution. 
If  the sample is prepared in such a way that complete dissolution is obtained, this 
concentration dependence no longer exists. The first peak appeared to be related 
to incomplete dissolution. However, when the sample is annealed the first peak 
again appears and behaves in the same way as those shown in figs 5, 6, 7, and 
7a. 

It is thought that annealing of polyethylene single crystals in a narrow tempera- 
ture range below the melting point causes reorganization of part of the crystal [11 ]. 
In the early stages of annealing, lamellar thickening occurs only at the edges of the 
crystals [12-  14]. If this is the case in PVDC, one would expect a small peak to 
occur at a higher temperature than the second peak. The small amount of material 
on the edges of an annealed crystal will have a higher lamellar thickness and there- 
fore a higher melting point. This assumes that the second peak which is normally 
the larger of the two represents the melting of  the original as crystallized lameila 
which has not undergone reorganization or degradation. However, degradation 
can also occur during annealing. The lamellar surface and presumably the edges of  
PVDC crystals were found to be more susceptible to chemical degradation than 
the rest of the crystal [4]. An increase in fold period may therefore lead to the in- 
corporation of defects (dehydrochlorinated units) into the crystals. This in turn 
would lead to a decrease in melting point. One could then argue that if the effect due 
to degradation exceeded that due to a fold period increase a peak should be ob- 
served on the low temperature side of the "main peak". This, in fact, is observed. 

With regard to the second peak one observation at least is in line with accepted 
crystallization theory. Namely, the peak temperature increases as crystallization 
temperature increases. However, the annealing behavior is somewhat unusual. 
In the case of  PE, annealing at increasing temperatures or at one temperature for 
increasing times shows an increase in melting point. With PVDC annealing under 
similar relative conditions shows either no change or a decrease of the second peak 
as time increases; Figs 5 and 6. 

Degradation of PVDC begins at about 130 ~ and annealing of PVDC is believed 
to take place in the range 130 ~  160 ~ [15]. Degradation results in a lowering of the 
melting point since it introduces double bonds which may increase surface energy 
or act as defects within the crystal [4]. With annealing temperatures between 130 ~ - 
167 ~ the effect of annealing leading to lamellar thickening may not be observable, 
alternatively it may be offset by degradation. Hence no change of melting tempera- 
ture is observed. As annealing time or temperature increases, the effect of degrada- 
tion may prevail over that of lamella thickening and cause alowering of the melting 
point. 

Assuming that cross-linking, which results from degradation, is not serious at 
this time [16-18] ,  reorganization of polymer chains is possible and the upper 
peaks still exist. However, peaks 3 and 4 become smaller as annealing time increases. 
This implies that partial crosslinking may occur which prevents parts of the 
crystals from undergoing reorganization. Alternatively, one can argue that a copol- 

J. Thermal Anal. 23, 1982 



224 LOUIE, HARRISON: DTA OF POLY(VINYLIDENE CHLORIDE) 

ymer system is produced by the degradation. The defective chains do not crystallize 
as rapidly as homopolymers and the upper peaks decrease in size. 

The third peak seems to be related to the first peak in such a way that changes 
of the first peak are accompanied by a change of the third peak. The third peak may 
therefore represent the melting of crystals of the first peak which have undergone 
reorganization. Annealing can be carried out for short time periods at higher tem- 
peratures. Under these conditions the effects of degradation are minimized and 
one observes an increase in melting point; Figs 7 and 7a. 

The hypothesis that degradation occurs during annealing and causes a lowering 
of the melting point can be supported by the results of chemical dehydrochlorina- 
tion. The melting peaks of the annealed samples move to lower temperatures in the 
same way as those of chemically dehydrochlorinated samples and the peak area 
ratio also decreases with increase of dehydrochlorination time. 

With particular reference to Fig. 6 an alternative explanation suggests itself for 
the annealing behavior. If two different forms of PVDC existed then the first and 
second peaks could represent their melting points. Further, peaks 3 and 4 might 
represent the melting of these forms after reorganization. This idea is entirely con- 
sistent with the thermal behavior seen in Fig 6. Here we envision that annealing 
causes an additional reorganization from one form to another. In the unannealled 
sample we see that the second and fourth peaks are the main peaks. After annealing 
the main peaks are at positions initially occupied by the first and third peaks. 
Unfortunately, there is no evidence in the literature for two different forms. How- 
ever, since there are several proposed structures for PVDC one might argue that 
the existance of two different forms is not unlikely. 

We are sure that the informed reader will be able to propose a number of addi- 
tional experiments which could potentially distinguish between the alternative ex- 
planations given here.We have, in fact, spent a considerable amount of time and effort 
on FTIR and X-ray methods. Unhappily the data obtained from these methods are 
themselves ambiguous. This stems in part from the relative positions and intensities 
of bands associated with unsaturation to those of other bands in the system. Fur- 
ther, X-ray diffraction from polymers is generally quite poorly resolved and is 
particularly difficult with PVDC which has an extremely high election density for 
a polymer, and judging by previous work, a very low symmetry. Redissolving the 
polymers also presents problems since this is a quite thermally sensitive material. 
At this time, we are therefore forced to let the thermal data stand by itself. 

Conclusions 

1. PVDC single crystals can be prepared from a dilute solution of monobromo- 
benzene or 1,2-dibromoethane with T c up to 95 ~ without serious degradation. 

2. Oil suspensions of PVDC crystals have narrower endotherms than those of 
dry solid crystals and the peak maxima of oil samples are at slightly lower tempera- 
tures than those of solid samples. Four endotherms are seen on most oil samples. 
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3. T h e  change  o f  p e a k  a rea  r a t i o  as a f u n c t i o n  o f  h e a t i n g  ra te  suppo r t s  t he  sug- 

ges t ion  o f  r e o r g a n i z a t i o n  o c c u r r i n g  d u r i n g  mel t ing .  
4. T h e  first t w o  peaks  a re  sensi t ive  to  c rys ta l l i za t ion  t e m p e r a t u r e .  

5. T h e  first p e a k  is g rea t ly  e n c h a n c e d  by a n n e a l i n g  a n d  quench ing .  I t  is sugges ted  

tha t  the  first p e a k  m a y  c o r r e s p o n d  to  a smal l  p o r t i o n  o f  the  c rys ta l  wh ich  is loca ted  

a t  the  edges  o f  t he  crystal .  
6. A n  a l t e rna t ive  e x p l a n a t i o n  fo r  a n n e a l i n g  b e h a v i o r  can  be p r o p o s e d  i f  t w o  dif-  

f e ren t  f o r m s  o f  P V D C  can  be  s h o w n  to exist.  

The authors wish to thank the NSF Materials Division for support of this work under grants 
D M R  72-03292 A01 and A02. 
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ZUSAMMENFASSUNG --  Das Schmelzverhalten von Poly/vinylidenchlorid (PVDC) wurde unter 
Einsatz der Differentialthermoanalyse (DTA) untersucht. Die Kristalle wurden unter isother- 
men Bedingungen aus 0.1 ~ und 0 .02~ verdfinnten L6sungen des Polymeren in 1.2-Dibro- 
m/ithan und Monobrombenzol geziichtet. Sowohl *feste<~ als auch >)61ige<~ Proben wurden fiir 
die DTA-Versuche eingesetzt. Als })feste<~ Proben wurden getrocknete Kristalle definiert und 
~>61ige<~ als solche, bei welchen die Suspension im Silicon61 verblieb, ohne sie austrocknen zu 
lassen. Die thermische Kurven der ~festent, Proben sind den bereits friaher mit polymerisierten 
Kristallen erhaltenen iihnlich, d. h. sie zeigen zwei Endotherme. Der Peak bei der niedrigeren 
Temperatur entspricht den Schmelzen der gebildeten Lamellen. Der obere Peak bei etwa 200 ~ 
kann dem Schmelzen yon w/ihrend der Aufheizung reorganisierten Kristallen zugeschrieben 
werden. Die thermische Kurven der }~/)ligen<~ Proben zeigen zwei zusfi_tzliche kleine Peaks auBer 
denen an ~>festent~ Proben. Aus den Ergebnissen der Temper- und Zersetzungsversuche diJrften 
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diese beiden Peaks einen kleinen Anteil der teilweise unter  Bildung von Doppe lb indungen  zer- 
setzten Kristalle entsprechen, welche auf  diese Weise niedrigere Schemlzpunkte haben.  Eine 
alternative Erkltirung ist, dab es eine bisher nicht beschriebene zweite Kris ta l l form yon P V D C  
gibt. 

Pe3~Me - -  C noMoml, ro naqbqbepeaunaab/10ro TepMriqecKoro aaaaH3a (HTA) /13yaeH xapaKTep 
n~aBnenn~ /10~/1Br/1~I~/1~ieaxsIopg.aa. Kprtcra.rr~bI rto~rtMepa 5~r~/1 Br, ipamem, t/130TepM/1~ecrrt 
rt3 pa36aane/1nbix paerBopoa /10n/1Mepa (Ko/1tte/1Tpatu~u 0.1~/o ~t 0.02~o ) a 1.2-~I/16poMara/1e/1 
MOHO6poM6en30fle. ,l~Jm ~ T A  rt3Mepen/1~ 6binvt /1cnonb30Baribi ~TBep~b~e~> • <tMacnflrI~ibie~> 
06pa3ttt,i rtosmMepa. <tTBep~b~e~) 06pa3at, I /1peRcTaenzn~ c060fi BblCyl/IeI-IHbIe Kp/1CTaY[JIbI, a 
MaCnflHHble - -  KpncTanar, b Bl,i~e~eI-iltble cycrte/13IeloI-n-ibiM O6MeHOM II3 CI.U/1IKO/1OBOFO Macna, 
6e3 nocae~lyIo/1Iero fix Bblcyl.ug_aart/1~. HTm-t<p/1a~,te aTBep~blx~) 00pa3tloa rto~o0ribl paHee 
/1Ony*Ie/1rtblM ~n~I IIO~t/~Mep/1blX Kp/1cTaYlnOB /1 noica3an/1 Ha~w4ne ~ByX 3H~OTepM. Boaee 
H/13I~/11~ TeMI/epaTypHbI~ n/1K COOTBeTCTByeT nnaas~ermIO 06pa3y~ott~nxcfl CJ]OeB. l-InK OKO~IO 
200 ~ C Mo)KeT 6blTb o~ycnoBJIeH nJ~aBJieH/1eM Kp/1cTaY[Y[OB, nepeop/1e/1T/1poBaHHblX B/1pottecce 
HarpeBa. Ha  Kp/1BblX ~tMaCY~flnnbIX~> o6pa3tIOB, KpoMe 3T/IX ~ByX /11tKOB, npoflB.rIflO~/1Cb ~IBa 
*tpe3Bbltla~HO MaJI~IX I'IId'KOB. I~3 3Kcr/ep/1Me/1TaYt/,/1bix pe3y0q~bTaTOB /10 OT~K/1Fy /1 pacna~y aTUX 
o6pa3t~OB, OqeB/1~I-IblM ,qB.rl~leTC,q TO, HTO 3T/1 ~Ba n n r a  MOFyT COOTBeTCTBOBaTb He~OYllaIIIO~ 
*IacT/1 Kp/1CTa.r/JIOB, aacT/1qno rIO~BeprltInxcff pacna~y c 06pa30Ba/1/1eM ~BOHHblX CB~t3e~. 
BcJIe~CTB/1J, I 3TOrO On~A ~Me~T 6oaee n/13Kae TOqKt'I nnaBneI-inm ,]~pyr/1M O6~,flcHeHHeM ~3TOTO 
~aKTa Mo)KeT 6I:,IT~ /1asm~ie BTOpOI~ KpI~ICTaJIJ'I/1qeCKO~ (1)OpMbI 3TOFO /1OSmMepa, KOTOpa~t 
Bce eme He ycTarioasterra. 
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