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ABSTRACT: The crystal structure of form I1 of poly(viny1idene fluoride) was analyzed in detail by using 
new intensity data measured by a drum scanner, where the sample was pIepared by annealing at 175 "C after 
stretching at 150 "C. The molecular conformation is essential!y TGTG a_n_d the space group is P21/c-C$,. 
In the unit cell, four molecules with different orientations, AC, AC, AC, and AC, were found to occupy a crystal 
site with the different existence probabilities WAC = 0.54, wAc = 0.29, WAC = 0.10, and ~ g ~ c  = 0.07. Here, A 
and A denote molecular orientations of opposite polarity along the a axis, and C and C correspond to the 
up and down molecules along the c axis, respectively. On the other hand, the previously reported intensity 
data did not give significantialues for WAC and WAC-. 
on the conditions of sample preparation. 

The structure analysis of form I1 of poly(viny1idene 
fluoride) has been carried out by two groups, Lando et 
and ~ 9 . ~ .  The structure analyses gave essentially the same 
molecular conformation (TGTG), and the same rectan- 
gular unit cell with parameters a = 4.96 A, b = 9.64 A, and 
c (fiber period) = 4.62 A but different molecular packings. 
Doll and Lando3 proposed two possible structures, 
"parallel" and "antiparallel". In the parallel structure, two 
molecular chains in the unit cell point in the same direction 
and the space group is P21-C& and in the antiparallel 
structure, the molecules are antiparallel to each other in 
the unit cell with space group PI-C:. We independently 
analyzed the crystal structure of form 11,2 in which two 
molecules pack antiparallel in the unit cell with space 
group P2,/c-Cih. Recently, Bachmann and Lando4 reex- 
amined the crystal structure by using our intensity data 
reported in the previous paper2 and reported that form I1 
is the statistical structure with the orthorhombic space 
group P2cm-C&, where up and down molecules statisti- 
cally locate a t  the same crystal site with equal probabilities. 
However, this structure is in conflict with the tilting 
p h e n ~ m e n a . ~  The X-ray diffraction pattern of the tilt 
sample, on which hkl and hk1 reflections are observed to 
have different intensities, obviously suggests that  the 
crystal structure should belong to the monoclinic or tri- 
clinic system and not to the orthorhombic system. 
Therefore, the crystal structure needs to be reexamined 
in greater detail. 

In the previous  paper^,^-^ we reported that conforma- 
tional disorders, Le., kink bands, exist in the crystallites 
of form I and streak I1 and that the conformational dis- 
order plays an important role in crystal transformations 
of poly(viny1idene fluoride). Recently, Lovinger reported 
that the reflections 011 and 031 of form I1 change their 
intensities depending upon the annealing temperature.'O 
This suggests that  some kind of packing disorder occurs 
in the crystallite of form 11. 

The purpose of the present study is to settle the con- 
troversy by analyzing the crystal structure in detail and 
to clarify what kind of disorder is contained in the crys- 
tallite of form 11. 

Experimental Section 
Sample. The poly(viny1idene fluoride) sample used for this 

study was KF-1100 (Kureha Chemical Industry Co., Ltd.). A 
uniaxially oriented sample of form I1 was prepared by stretching 
at 150 "C and annealing at 175 "C for 24 h. A cubic sample with 
size 0.2 X 0.2 X 0.2 mm3 was cut and used for the X-ray mea- 
surements. A tilt sample was prepared by annealing a fiber 
specimen at about 170 "C with the ends free, where the fiber 
specimen was prepared by stretching and crystallizing the melt 
at room temperature. 
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This suggests that the existence probabilities depend 

X-ray Measurements. X-ray measurements were made with 
Cu K a  radiation monochromatized by a graphite monochromator. 
Fiber photographs were taken in vacuo or in a He gas atmosphere 
by cylindrical cameras with 5- and 10-cm radii. The fiber diagram 
of form 11, which was taken by a vacuum camera with a 10-cm 
radius, is shown in Figure 1. The integrated intensities of the 
strong five reflections were measured by a position-sensitive 
proportional counter. A drum scanner (Optronics), which is 
installed in the Crystallographic Research Center of this university, 
was applied to measurements of the integrated intensities of the 
other reflections. After the photographs were taken by the 
multiple-film method, the optical density of a 100-pm square was 
measured over the whole film and was digitally recorded on a 
magnetic tape. The digital data were summed along each re- 
flection arc after the density was converted to the intensity in 
reference to a standard intensity scale. The intensities thus 
obtained were plotted along layer lines and were graphically 
integrated. The intensity data were corrected by the Lorentz- 
polarization factor and the oblique effect. Finally, the integrated 
intensities of 53 independent reflections were measured. These 
intensity data are considered to be far better than the data used 
previously,2 which were visually estimated. 

Structural Analysis 
Tilting Phenomena and Space Group. The X-ray 

diffraction pattern of a tilt sample of form I1 is shown in 
Figure 2 along with a schematic representation. The in- 
terpretation of this X-ray diffraction pattern was described 
in a previous paper5 along with that of form 111. All the 
reflections on the diffraction pattern could be indexed by 
the unit cell of form 11. Indexing shows that the c axis of 
the crystallite tilts about 20" around the b axis from the 
fiber direction of the sample, and the crystallites are 
equally distributed over all angles around the fiber di- 
rection. Several pairs of hkl and hkl reflections, which can 
be observed independently on the diffraction pattern, have 
different intensities. Furthermore, there are no observed 
reflections contrary to the systematic absences of the space 
group P21/c-c&, and the calculated structure factors based 
on the reported structure2 agree well with the observed 
structure  factor^.^ Therefore, it is concluded that the space 
group is P21Ic-cih. 

Model Free from Disorder. Constrained least-squares 
refinement11J2 was first carried out starting from the re- 
ported structure,2 in which two molecules having up- and 
down-pointing directions locate on definite sites of the unit 
cell. During the refinement, the following parameters were 
fixed: bond lengths C-C = 1.54 A, C-F = 1.34 A, and C-H 
= 1.09 A, bond angle C-C-H = l l O o ,  and the isotropic 
temperature parameter for the hydrogen atoms BH = 5.0 
A2. Furthermore, two interatomic distances C(l)-C(2) and 
C(l).-H(l) between neighboring monomeric units were 
fixed by using Lagrange's undertermined multipliers. The 
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Table I 
Structure Models for Form I1 of Poly(viny1idene fluoride) and Existence Probabilities of 

Molecules with Different Orientation" 
no. of 

- _ _  variable R factor, existence probability, 9% 
model AC Ai7 AC AC parametersb 9% 

1 100 1 5 - 2  28.5 
2 64 36 (3)e 1 6 - 2  17.6 

18 -  2 11.7 
1 8 - 2  16.2 
1 9 - 2  11.1 
2 0 - 2  11.0 
1 7 - 2  18.9 
17 - 2 21.9 
1 8 - 2  18.0 
1 8 - 2  11.8 
18 -  2 11.7 
1 6 -  2 13.2 

3-1 54 29 (4) 10 ( 5 )  7 (5) 
3-2 61 33 (3)  3 (4)  3 (3)  
3-3 56 27 (3) 9 (2) 8 (3) 
3-4 54 29 (5)  11 (4) 6 (4) 

5 77 23 (4) 
6 75 5 (5) 20 (4) 
7 54 30 (2)  16 ( 2 )  

26 76 24 ( 8 )  

4 77 23 ( 2 )  

8 61 24 ( 2 )  15 (2)  

Molecular orientation is shown in Figure 3. 7he number of the constraining conditions is denoted by .2". 
e Parentheses show slandard deviations. Result for the intensity data in the previous paper.' 

Figure 1. Fiber diagram of form I1 of poly(viny1idene fluoride). 
The sample was prepared by annealing a t  170 "C for 24 h after 
stretching at 150 "C. 

Figure 2. X-ray diffraction pattern of a tilt sample of form I1 
and its schematic representation. 

variable parameters were two Eulerian angles, 8 and 4, the 
Cartesian coordinates of the F(1) atom chosen as the origin, 
X,, Yo. and Zo, two bond angles, F(l)-C(l)W(2) and F- 
(l)-C(l)-F(2), two internal rotation angles, Y,-F(l)-C- 
(l)C(2) and F(l)W(l)W(2)-H(l), the difference between 
the internal rotation angles Ym-F(l)W(l)-C(2) and Y,- 
F(l)-C(l)-F(2), four isotropic temperature parameters, 
Bq,), B,(,), and BF(,), and BF(,), and the scale factor. The 

number of parameters t o  be refined was 15 - 2. The re- 
finement converged to the discrepancy factor R = 28.5% 
for 53 observed reflections (model 1 in Table I). This 
insufficient R value suggests that the reported structure' 
is not necessarily correct for the sample used in the present 
study. 

Model Containing Disorder between Up and Down. 
On the fiber diagram (Figure l), the reflections 011 and 
031 are streaky and the half-widths are broader than those 
of the other reflections on the first layer line. Although 
the previous analysis2 gave, on the whole, fairly good 
agreement between the observed and calculated structure 
factors (R = 17%), the reflections 011 and 031 gave rather 
poor agreement, and the observed values are less than the 
calculated ones. Furthermore, the reflection intensities 
of 011 and 031 change, depending upon the conditions of 
sample preparation. Lovinger pointed out these features 
and the behavior of the 011 and 031 reflections.1° 

These facts are consistent with the disorder that the up 
(or down) molecule occupied the crystal site of the down 
(or up) molecule with a certain probability. The reflections 
011 and 031, i.e., Okl reflections with k = odd, would be- 
come weaker with increasing disorder, and, in an extreme 
state, the systematic absences Okl, k = odd, for the b-glide 
symmetry perpendicular to the Q axis would appear in 
addition to the symmetries of the space group P2,/c, where 
the up and down molecules statistically occupy the same 
crystal site with equal probabilities. The statistical 
structure presumed in the extreme state would have space 
group symmetry Pbcrn-D:. 

Constrained least-squares refinement for the ahove- 
mentioned model converged to R = 17.6% (model 2 in 
Table I). In the-refinement, two molecules with orienta- 
tions AC and AC (Figure 3) at the same crystal site were 
assumed to have the same conformation, and the existence 
probability of the down molecule at the site of an up 
molecule, wAc, was taken into account in the parameters 
used in the refinement of model 1. Here, the existence 
probability of the up molecule, ww. a t  the up molecular 
crystal site is given by 1 - wAc. In this model, the atomic 
coordinates and the temperature parameters are related 
by space group Pbcm, but the existence probabilities are 
not. Therefore, the real space group is P2,/c. The number 
of variable parameters to be refined was 16 - 2. The value 
R = 17.6% seems to be insufficient, judging from the ac- 
curacy of the intensity data measured in the present work, 
although the value, generally speaking, suggests that the 
structure is essentially correct. Further refinement was 
tried by releasing the mirror symmetry and twofold rota- 
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Table I1 
Final Parameters Obtained for Form I1 of 

Poly(viny1idene fluoride) (Model 3-1) by the 
Constrained Least-Squ ares Method aid 

( C )  ( d l  

Figure 3. Molecular orientation in form I!. (a), (b), (c), and (d) 
are denoted by the synlbols A, A,-C, and C, respectively, whose 
combinations AC, AC, AC, and AC denote the orientation of the 
molecule. 

tion axis relating the atomic coordinates of two molecules 
at  the same crystal site, but the R factor did not improve. 

On the other hand, the same structure model was refined 
by using the reported intensity data2 and improved to R 
= 13.2% (Table I). 

Model Containing Disorder among Four Different 
Orientations. On the equator (Figure l ) ,  the reflections 
120 and 140 are observed to be broader than the reflection 
130. This suggests that, on the c projection, the structure 
also contains some disorder with a short-range order, be- 
cause this relation in half-widths among a series of re- 
flections 1kO cannot be interpreted by the anisotropy in 
the crystallite size and disorder of the second kind.13 The 
disorder between two opposite orientations along the a axis 
(orientations A and A in Figure 3) was considered to be 
the most probable for this disorder. 

Four models, models 3-1, 3-2, 3-3, and 3-4, containing 
disordg among four -molecules with different orientations, 
AC, AC, AC, and AC (Figure 3), were built and refined. 
In the refinements, the existence probabilities W A C ,  W A C ,  
and WAC were independently refiied as variable parameters 
and wAC was given by 1 - wAc - WAC - WAC. Accordingly, 
the real space groups of all the models are the same, P2,/c, 
although each model has the apparent space group holding 
only for the atomic and temperature parameters. In model 
3-1, the coordinates of two molecules with orientations AC 
and AC were generated by introducing the apparent mirror 
symmetry prependicular to the a axis in addition to the 
apparent space group symmetry Pbcm for model 2. The 
apparent space group of model 3-1 is Cmcm-of;. In model 
3-2, the apparent space group is Cccm-Di! and the_coor- 
dinates of the molecules with orientations AC and AC yere 
related to the molecules with orientations AC and AC by 
the apparent c-glide symmetry perpendicular to the a axis. 
In model 3-3, the z coordinate of the molecules with ori- 
entations AC and AC was refined independently-against 
that of the molecules with orientations AC and AC under 
the apparent space group symmetry Pbcm. In model 3-4, 
the z-coordinates of two molecules with orientations AC 
and AC were independently refined by releasing the ap- 
parent mirror symmetry relating these two molecules. 

Models 3-1, 3-2, 3-3, and 3-4 converged to R = 11.7%, 
16.2%, 11.1%, and 11.0%, respectively. In these models, 
the packing of the molecules with orientations AC and AC 

parameter value std dev 

weights of molecules 
WAC 
W A C  
W A C  

Eulerian angles, deg 
e 
@ 

Cartesian coordinates of 
the origin atom in the 
molecular coordinate system, A 
XO 
YO 
zo 

bond angles, deg 
F( 1 )-C( 1 )-C( 2 ) 
F(1)-C( 1)-F(2) 

Y,-F( 1)-C( 1 )-C( 2)  
F( 1 )-C( 1)-C(2)-H( 1) 
Ym-F(1)-C(1)-F(2)' 

internal rotation angles, deg 

temperature parameters, .Az 
BC(1) 
BC(2) 
BF(l)  
BF(2) 

0.29 
0.10 
0.07 

191.2 
-9.8 

2.936 
1.638 
0.717 

97.0 
106.3 

96.4 
167.9 
107.7 

4.3 
3.3 
6.0 
11.0 

0.04 
0.05 
0.05 

2.8 
1.6 

0.02 
0.02 
0.04 

2.9 
3.0 

2.4 
2.3 
4.1 

0.9 
0.8 
0.6 
1 .o 

(I The following parameters were fixed during the 
refinement: XM = 0.5, Y M  = 0.0, ZM = 0.0, x = O.O", 
wAc = 1 - w A c  - w z c  - w ; i ~  , bond lengths C-C = 1.54 
A ,  C-F = 1.34 A ,  and C-H = 1.09 A ,  bond angle C-C-H = 
110.0", and temperature parameters of the hydrogen 
atoms BH = 5.0 A2.  Y, is they axis of the Cartesian 
coordinate system fixed on the origin atom F( 1 ) of the 
molecule. This value denotes the difference between 
the internal rotation an les Y,-F(l)-C(l)-C(2) and 
Ym-F(l)-C(l)-F(2). f Atoms numbered as 

F(2) H(2) 

is the almost same, although the molecules with orienta- 
tions AC and AC are different in packing among the 
models. The R value of model 3-1 is a little larger than 
those of models 3-3 and 3-4, but the difference of R factor, 
0.6% or 0.7%, is not physically significant, and, moreover, 
the apparent symmetry of model 3-1, Cmcm, is higher than 
those of models 3-3 (Pbcm) and 3-4 (P2,lc). Therefore, 
model 3-1 with higher apparent symmetry is considered 
to be more probable. On the other hand, the antiphase 
domain structure in form I1 (Figure 6), the details of which 
will be given in the following paper,I4 strongly support 
model 3-1. The molecules with orientation A in the an- 
tiphase domain prefer to have the same molecular packing 
as the molecules with orientation A in the regular structure 
from an energetic viewpoint. Models 3-1 and 3-2 satisfy 
this requirement because, in these models, the molecules 
with orientation A assume relatively the same molecular 
packing as the molecules with orientation A. Conse- 
quently, model 3-1 is the case because model 3-2 is ex- 
cluded from the poor agreement between the observed and 
calculated structure factors ( R  = 16.2%). 

The parameters obtained by the constrained least- 
squares method and the fractional coordinates for model 
3-1 are given in Tables I1 and 111, respectively. Table IV 
gives a comparison between the observed and calculated 
structure factors. The crystal structure of model 3-1 is 
shown in Figure 4. 
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Table IV 
Observed and Calculated Structure Factors for Form I1 

of Poly(viny1idene fluoride) (Model 3-1)" 

hkl IC1/' hkl Io ' / z  

J 

l/4- :-\ i - 0  : A l / 4  

/47 0- 

b = 9.648. 
Figure 4. Crystal structure of form I1 (model 3-1). The_ egstence 
probabilities of four molecules with orientations AC, AC, AC, and 
AC are 54, 29, 10, and 7%, respectively. 

Table I11 
Fractional Coordinates of Form I1 of 
Poly(viny1idene fluoride) (Model 3-1) 

molecule atom x Y 2 

AC, C(l) 0.331 0.193 0.211 
W A C  ~0.54 C(2) 0.230 0.184 -0.103 

F( l )  0.592 0.170 0.155 
F(2) 0.237 0.078 0.339 
H(l) 0.010 0.181 -0.107 
H(2) 0.309 0.091 -0.207 

AE, C(1) 0.331 0.193 0.289 

F(1) 0.592 0.170 0.345 
F(2) 0.237 0.078 0.162 
H(1) 0.010 0.181 0.607 
H(2) 0.309 0.091 0.707 

KC, C(1) 0.169 0.193 0.211 

WAC = 0.29 C(2) 0.230 0.184 0.603 

W A C  = 0.10 C(2) 0.270 0.184 -0.103 
F(1) -0.092 0.170 0.155 

H(l) 0.490 0.181 -0.107 
H(2) 0.191 0.091 -0.207 

F(2) 0.263 0.078 0.339 

KC, C(1) 0.169 0.193 0.289 
w x ~  = 0.07 C(2) 0.270 0.184 0.603 

F(2)  0.263 0.078 0.162 
H(1) 0.490 0.181 0.607 
H(2) 0.191 0.091 0.707 

F ( l )  -0.092 0.170 0.345 

Refinement was also carried out for models 3-1,3-3, and 
3-4 by using the reported intensity data: but R factors did 
not improve significantly and the ex_istence Probabilities 
of the molecules with orientations AC and AC, WAC and 
WAC, converged to the physically insignificant minus values. 
This suggests that  the existence probabilities of the 
molecules with orientation A cannot be significantly es- 
timated in the range of the accuracy of the reported in- 
tensity data because of the small probabilities. 

Other Models. Models 4-8, in which two or three 
molecules with different orientations occupy a crystal site, 
were also refined. Models 4-6, which do not contain the 
moledule with orientation AC, gave rather poor agreement 
between the observed and calculated structure factor, R 
= 18.@21.9% (Table I). Models 7 and 8, which are of the 
molecules with orientations AC, AC, and AC and of the 
molecules with orientations AC, AC, and AC, respectively, 
gave R = 11.8% and R = 11.7%, respectively. However, 
these models are less probable because they do not obvi- 
ously satisfy the apparent b-glide symmetry presumed 
from the feature of the 011 and 021 reflections. 

100 29.5 
020 43.5 
110 65.9 
120 20.8 
130 21.4 
200 36.0 

28.7 
220 4.4 
140 7.9 
230 4.6 
150 17.4 
240 4.6 
310 
3001 39'6 
060 
320 6.8 
160 
2501 12" 
330 
340 
260 5.3 
170 7.3 
410 
350) 9.8 
400 
420 
27,) 19.7 
0 80 
180 
430 
3 60 
440 
280 13.6 
370 15.3 
4 lgO\ 50 13.7 
011 3.5 
021 48.5 
111 17.8 
121 19.6 
031 12.0 
131 21.0 

13.1 

26.7 
0 51 
2311 8'9 

26.9 
41.0 
66.0 
21.0 
22.8 
38.1 
26.3 
3.0 
7.1 
4.2 
13.7 
2.4 
40.6 
19.4 
6.5 
15.1 
5.2 
0.6 
3.3 
7 .O 

12.4 

19.5 

4.5 
1.9 
2.4 
0.3 
9.5 
11.9 
12.1 
1.6 
49.9 
21.3 
23.7 
11.0 
18.1 
11.4 

23.4 

8.2 

151 
241 
311 
061 
321 

l6I1 251 

07'1 34 1 

331 

261 
171 
351 
411 
081 
27 l} 
421 

361 
441 
191 
4511 

0221 102 
112 
122 
032 
132 
202 

042 21 2 1 

052 232 1 
152 
242 

062 
322 
162 
252 \ 
332 

262 
172 

12.6 
18.4 
10.8 
7.9 

3.4 
6.7 
9.8 
6.2 
10.3 

10.3 

7.9 
6.6 

15.8 
10.9 
6.5 

4.9 
6.5 

2.1 

7.4 

7.7 

2.3 

3.3 

12.2 
18.7 
13.8 
6.2 
6.5 
6.3 
7.1 
10.4 
0.9 
9.5 
1.6 
3.3 

8.4 

9.5 

11.7 
6.8 

15.7 
11.4 
7.9 
3.7 
5.1 
4.1 
I .8 

4.9 

3.5 
6.0 
1.3 

7.1 

4.8 
4.8 
2.8 

4.1 

a On the first and second layer lines, indices_hkl 
denote the overlapped reflections of hkl and hkl. The 
intensity cannot be estimated because the reflection due 
to form I overlaps. 

Discussion 
In the present study, it was clarified that in form 11, four 

molecules with different orientations, AC, AC, AC, and AC, 
were found to occupy a crystal site with the existence 
probabilities wAC = 0.56, W,C = 0.27, WAC = 0.10, and WAC 
= 0.07. On the other hand, the reported intensity data2 
did not give the physically significant existence proba- 
bilities for the molecules with orientations AC and AC 
because of the small probability and the insufficient ac- 
curacy of the reported data. This suggests that different 
existence probabilities may be alloted to the samples in 
the present and previous studies, which were prepared by 
annealing a t  175 and 150 "C, respectively. 

The space group is P2,/c-Cih, although the only ap- 
parent space group that holds, for the atomic and tem- 
perature parameters is Cmcm-D:;. Even if the statistical 
structure in which up and down molecules occupy a crystal 
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I 

I9 0 
Figure 5. Schematic representation of disorder of form I1 on the 
c projection. Only the molecules with the same orientation align 
along the a axis and the disorder occurs along the 6 axis. 

Table V 
Bond Angles and Internal Rotation Angles (Deg) of 
Form I1 of Poly(viny1idene fluoride) (Model 3-1)' 

Bond Angles 
C( 2)-C( l)-C(2') 117.5 C( 2')-C( 1)-F( 1) 123.4 
C( 1 )-C( 2)-C( 1") 112.1 C( l')-C(l)-F(2) 106.1 
C( 2)-C( 1 )-F( 1) 97.0 F( 1)-C( 1)-F( 2) 106.3 
C( 2)-C( 1 )-F( 2) 

Internal Rotation Angles 
C(1' )-C( 2')-C(l)-C( 2) 176.2 
C(2')-C(1)-C(2)-C(l") 65.3 

104.8 

a Atom numbered as 

r'" i'" 
-C(l )-C(2 )-- C ~ l ~ - - C ~ 2 ~ - C ~ l ' ~ - -  

I I  
F(2) H ( 2 1  

site with equal probabilities exists, the space group would 
be Pbcm-Dii, which is different from the space group 
P2cm proposed by Bachmann and Lando.* 

The bond angles and internal rotation angles of model 
3-1 are listed in Table V. The bond angle C(2)-C(l)-F(l) 
= 97.0' is smaller than the generally accepted value, while 
the bond angle C(2')-C(l)-F(l) = 123.4O is larger. This 
may be attributed to the assumption adopted in the 
analysis that  the molecules with different orientations 
assume the same molecular conformation. This assump- 
tion is not necessarily the case, since molecules with dif- 
ferent orientations have different surroundings in the 
crystal lattice. 

Short intermolecular distances- were found between 
molecules with orientations A and A neighboring along the 
a axis. The intermolecular distances F(l)-F(l) and -C- 
(l).-F(l) between molecules with orientations AC and AC 
are 1.568 and 2.844 A, respectively, and the distances 
F(l)-F(l)_and C(l).-F( 1) between molecules with orien- 
tations AC and AC are 1.796 and 2.937 A, respectively. 
These values are much less than the sums of the van der 
Waals radii. No short intermolecular distances were found 
between molecules neighboring in the other directions. 
This suggests that, on the c projection, both of the mole- 

domain 
w a l l  

A I 1  I -  A I 1 1 1  
A A A A I B  B B B B " A  A A 

AAL 
' W  

Figure 6. Antiphase domain structure on the c projection. The 
domain wall is the dislocation line, at which the origin of the unit 
cell is shifted by 1/2a and 1/2b.  

cules with orientations A and A do not align in the a di- 
rection; Le.,-only the molecule with the same orientation, 
either A or A, aligns regularly along the a axis and disorder 
occurs only along the b axis (Figure 5 ) .  This manner of 
packing disorder is very similar to that in cis-1,4-poly- 
isoprene proposed by Natta and Carradini,15 where the 
molecule aligns regularly in the b direction and disorder 
occurs only along the a axis. On the other hand, from the 
viewpoint of unequal existence probabilities, disorder in 
form I1 of poly(viny1idene fluoride) is similar to the sta- 
tistical structure of p~lypropylene. '~~ '~ Furthermore, the 
disorder on the c projection was clarified to be the anti- 
phase domain structure (Figure 6), which will be published 
soon. 
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