
1864 BI S-[ (3 ,6-DIETHYL-4-O CTYN E-3 ,6 -DIOL) ]PLATINU M (0) 

the Fourier map, the presence of four O H . . .  O bonds 
can be inferred from a consideration of interatomic 
distances. Each molecule is hydrogen-bonded to four 
neighbours. 

O(1) . . .O(2 i) 2.99 (3) A [O(2i): x, 1 +y,  z] 
O(1 ' ) . . . 0 (2  it) 2.92 (2) [0(2"): - x ,  1 +y,  ½-z]  
0(2) . . .O(1 m) 2.99 (3) [O(lm): x, - 1 +y,  z] 
O(2') . . .O(1 iv) 2.92 (2) [O(liV): - x ,  - 1 +y,  ) - z ]  

The atoms denoted by a prime are related to the atoms 
listed in Table 2 by the twofold rotation axis. 
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Pentaerythritol Tetranitrate II: Its Crystal Structure and Transformation to PETN I; 
an Algorithm for Refinement of Crystal Structures with Poor Data* 
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The crystal structure of the high-temperature polymorph of pentaerythritol tetranitrate (CsHsN4Ot2) 
has been determined from the intensity data on one rotation photograph. PETN II crystallizes in space 
group Pcnb (a= 13-29, b= 13.49, and c= 6"83/~,) with four molecules per unit cell and a calculated den- 
sity of 1-72 g cm -3 at 136°C. The intensity data are insufficient for a normal structure determination so 
that bond distance and angle information from the structure of PETN I and repulsion terms were 
included as constraints in the least-squares refinement. The geometries of the PETN molecules in PETN 
I and II are nearly identical. A mechanism is proposed for the observed PETN II to PETN I trans- 
formation that accounts for the observed rates of transformation, low activation energy, and correla- 
tion between the structures of the polymorphs. The authors believe that this refinement algorithm has 
~eat potential for the refinement of crystal structures from powder data when the molecular structure is 
known. 

Introduction 

Two polymorphs of the important explosive penta- 
erythritol tetranitrate (CsHsN4012) were first reported 
by Blomquist & Ryan (1944). The common form, 
PETN I, was thought to be stable to the melting point 
(142.9°C) even though no transformation of PETN II 

* This work was performed under the auspices of the U. S. 
Atomic Energy Commission. 

t Present address: 913 Dartmoor Dr., Austin, TX 78746, 
U.S.A. 

to PETN I was observed above 130 °C. Careful meas- 
urement of the melting points of the two polymorphs 
shows that PETN II actually melts 0.2°C higher than 
PETN I and hence PETN II must be the stable poly- 
morph at the melting point. The observation of Blom- 
quist & Ryan (1944) that PETN II transforms rapidly 
to PETN I at temperatures below 130cC is easily con- 
firmed. 

The heat of fusion of PETN I is very dependent on 
the crystallization technique and varies from 38 cal g-1 
for single, well-formed crystals to 32 cal g-1 for rapidly 
precipitated fine crystals. The melting point of the 
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rapidly precipitated PETN I is a function of the heating 
rate, and final liquidus temperatures as low as 137°C 
have been observed at high heating rates. 

Small changes in the X-ray diffraction patterns ac- 
company the changes in heat of fusion, and more 
pronounced changes occur when dipentaerythritol hex- 
anitrate (diPEHN) or tripentaerythritol octanitrate 
(triPEON) is incorporated by solid solution in the 
crystals. An extensive study of the PETN-d iPEHN-  
triPEON system has been made by Cady (1972). These 
changes could not be explained using the known struc- 
ture of PETN I [Booth & Llewellyn (1947), further re- 
fined by Trotter (1963), with the original data]. 

Microscopic hot-stage studies of the PETN II to 
PETN I solid-solid polymorphic transformation 
showed that there is a definite relationship between the 
crystallographic axes of the two polymorphs. This 
transformation is inhibited by impurities trapped in 
the crystal. The high correlation between the structures 
of PETN I and II indicates that an X-ray diffraction 
study of PETN II might provide an insight into the var- 
iations in the thermal stability, heats of fusion, rates of 
annealing, and diffraction patterns of various PETN 
samples. 

Initially it was hoped that a powder pattern of 
PETN Il could be obtained and the line intensities 
would explain the observed intensity changes in vari- 
ous PETN I samples. The powder pattern obtained 
[Fig. l(c)] was closely related to an aligned single 
crystal rotation pattern and comparison with Fig. l(b) 
and (d) confirmed the correlation of the PETN II and 
PETN I unit cells. Eventually Fig. l(c) was indexed and 
the probable space groups determined. The apparent 
space group, trial structure, and possible transforma- 
tion mechanism were assigned simultaneously by con- 
sidering the observed extinctions, the nature of the 
transformation as observed with an optical microscope, 
molecular packing requirements, the known PETN I 
structure, and chemical bonding, and by requiring any 
proposed model to be consistent with the observations. 
Calculated diffraction intensities from the first self- 
consistent model devised matched reasonably with the 
intensities of Fig. l(c) and no further effort was made 
to find alternative models. Concurrently with the work 
on PETN II one of us (A.C.L.) was developing proce- 
dures for incorporating interatomic distance informa- 
tion in crystal-structure refinements by least-squares 
techniques. The refinement of this under-determined 
structure seemed to be an ideal test problem for the 
procedure. 

Experimental 

X-ray diffraction patterns can only be obtained from 
PETN II when the temperature of the sample is main- 
tained above 130°C because of the rapid transforma- 
tion to PETN I at lower temperatures. The temperature 
of the sample must also be substantially less than 
142 °C because of the rapid decomposition of PETN in 

the melt and resulting autocatalytic decomposition of 
the sample by nonvolatile decomposition products that 
depress the melting point. A single-crystal X-ray pre- 
cession camera was modified to obtain powder patterns 
rapidly on fiat-type 57-Polaroid film from samples 
whose temperatures could be controlled within + 2°C. 
A sample of PETN I was placed in a 0.3 mm diameter 
thin-walled glass capillary. After obtaining a room- 
temperature diffraction pattern, the sample was heated 
to 144°C and cooled rapidly to 136°C. An X-ray dif- 
fraction pattern of the PETN I I that recrystallized from 
the melt was obtained, after which the sample was 
cooled at 6°C min -1 to room temperature and another 
diffraction pattern was taken. Diffraction patterns 
taken with Ni-filtered Cu Kc~ radiation (2= 1.5418 A) 
of (a) the PETN sample before heating, (b) a single 
crystal of PETN I, (c) PETN II at 136°C, and (d) 
PETN I obtained by cooling PETN 11 are shown in 
Fig. 1. The orientation effects of recrystallization in a 
capillary (e parallel to the capillary axis) and high cor- 
relation between PETN I! and its PETN I transforma- 
tion product are obvious. The halos at the outer edges 
of Fig. l(a), (c), and (d) are caused by diffraction from 
a nickel foil that was part of the apparatus. 

The pattern reproduced in Fig. l(c) was indexed by 
trial and error. The pattern could almost be indexed 
with a tetragonal cell but the inconsistencies were too 
great to be ignored and eventually an orthorhombic 
cell consistent with all the observed lines was deter- 
mined. Careful measurement of line positions was used 
to assist in determining extinctions as well as cell 
dimensions. Fig. 1 is included to emphasize the poor 
quality and paucity of the data; however, the originals 
are obviously better than these reproductions. Polaroid 
film is not a satisfactory medium for collecting intensity 
information and would not have been used if we had 
been able to repeat the original experiment. The final 
choice of space group Pcnb is reasonable since it only 
requires the insertion of a center of symmetry into 
Pcn2 which is in turn a subgroup of P-421c. This is in 
effect the replacement of the 21 axis in the tetragonal 
space group by a glide plane. 

The unit-cell parameters for PETN I, given in Table 
1, compare favorably with those of Booth & Llewellyn 
(1947) and with the values a=9.380 and c=6.709 ,~, 
determined by conventional powder-pattern techniques 
using a 114.57 mm diameter X-ray powder camera. 

Diffraction intensities for each of the three data sets 
[Fig. l(b), (c), and (d)] were divided visually into ten 
classes. The numerical value for each class from Fig. 
l(d) was determined by averaging the intensities cal- 
culated, from the known PETN I structure, for every 
reflection assigned to that class. The same numerical 
values were assigned to the corresponding intensity 
classes of Fig. l(b) and (c). Intensities of unresolved 
reflection pairs from Fig. l(c) were divided in propor- 
tion to the calculated intensities from the trial PETN II 
structure. Unscaled structure factors were calculated 
by correcting the intensities for Lorentz, polarization. 
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Fig. 1. X-ray diffraction patterns of PETN. (a) Powder before heating (PETN I). (b) Single crystal of PETN I rotated about the 
c axis. (c) PETN II crystals at 136°C (recrystailized from melt). (d) PETN I formed by cooling sample in (c) to room tem- 
perature. 

[To face p. 1865 
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Table 1. Crystal  data f o r  P E T N  f r o m  measurements  

Unit-cell parameters 
a 
b 
c 

z 

Dm (flotation) 
Systematic extinctions 

Space group 
Equivalent positions 

o f  Fig. 1 

P E T N  I (22°C) P E T N  II (136°C) 

9.38 A 13-29/~ 
9-38 13.49 
6.71 6.83 
2 4 
1.778 g cm -3 1.716 g cm -a 
1.778 g cm -a 
hkl, l=2n+ 1 Okl, l=2n+ 1 
hOO, h=2n+ 1 hOl, h+ l=2n+ 1 

hkO,k = 2n + 1 
PT(2tc Pcnb 
x, y, z x, y, z 
.2,p,z 2 , ½ - y , z  
½ - Y , ½ - x , ½ + z  ½-x ,Y ,½+z  
½+Y,½+x,½+z ½+x,½-Y,½+z 
y,x,~ x,½+ y,~. 
.L~, i  .e,p,~ 
½--x,½+y,{--z  ½--x,½+Y,½--z 
½+x,½--Y,½--z ½+x,.f, ½--z 

and multiplicity factors only. The reflections were ar- 
bitrarily assigned weights equal 1 / (2+/ )  where I, the 
observed intensity, runs from 1 for the weakest ob- 
served reflection to 98 for the strongest reflection. 

Structure solution and refinement 

A model for the crystal structure of PETN II was ob- 
tained from the known structure of PETN I, the ob- 
servations that the e unit-cell dimensions of PETN I 
and PETN II are nearly identical and that a and b 
unit-cell dimensions of PETN II are almost equal to 
the length of the [110] unit-cell diagonal of PETN I, 
and the assumption that no intermolecular contacts 
will be less than a normal van der Waals contact dis- 
tance. The space-group symmetry changes between 
PETN I and PETN II require changing half of the 
molecules into their mirror images by bond rotations. 
The PETN II structure no longer requires 4 symmetry 
in the molecule; however, a molecule with 4 symmetry 
fits well, and this symmetry is nearly retained. Van der 
Waals repulsions require alternate layers of molecules 
(perpendicular to b) to translate about I A in a direc- 
tion parallel to c. The atom locations from this model 
structure were used as input positions in the least- 
squares refinement. 

Only 42 unique observed reflections are available to 
determine the 43 positional, 15 isotropic thermal, and 
scale parameters of the structure. The structure would 
be indeterminate with a normal refinement, so the 
least-squares program was modified to include addi- 
tional equations of condition based upon interatomic 
distances. The two types of interatomic distance con- 
straints used were bond-length constraints of the type 
suggested by Waser (1963) and Rollett (1970), and a 
crude form for van der Waals repulsion. 'Bond length' 
constraints force the structure to have reasonable bond 
angles and distances, while atoms not involved in 

covalent bonds are forced apart by the repulsion terms. 
The function minimized was 

Whk,(IFolhk~-- IFcl,,k,) 2 

+ a  ~ w~j(d~.i L 2 -- ij) + b ~ (Dij/dij) 6. 
ij bond ij repel 

The symbols in the sum over hkl  have their conven- 
tional meanings. The formula for estimating W~,k~[= 
1/(2+I~,kZ)] has already been described in the exper- 
imental section. The thermal parameters were con- 
sidered relatively unimportant" they were therefore as- 
signed reasonable but arbitrary values and were held 
fixed during the refinement. Atomic scattering factors 
published by Doyle & Turner (1968) were used for 
nonhydrogen atoms, and the spherical H-atom ap- 
proximation of Stewart, Davidson & Simpson (1965) 
was used for hydrogen atoms. 

In the sum over ij bond, the 46 observed interatomic 
distances, Ltj, that determine bond lengths and angles 
(angles are determined by next-nearest atom distances) 
in the structure were assumed to have the lengths 
found by Trotter (1963) in PETN I except that the 
central carbon was assumed to be tetrahedrally bonded 
and the hydrogen atoms were placed in appropriate 
positions 1.05 A from the other carbon atoms. The 
wij (= 1/a2i) terms were calculated from assumed stan- 

• I . . . .  

dard deviations of these lnteratomlc distances. These 
standard deviations were assumed to be 0.04 A except 
for C-C, C-H,  and H-H distances, which were 0-03, 
0.05, and 0.06 A, respectively. The term d~j is the dis- 
tance from atom i to atom j calculated from the refine- 
ment parameters. 

The sum over ij repel attempts to minimize the over- 
lap of nonbonded atoms. D,j is the assumed contact 
distance and is based on radii of 1-57, 1.50, 1.40, and 
1.20 A for carbon, nitrogen, oxygen, and hydrogen 
atoms, respectively. The computed distance from atom 
i to atom j is again d,j. Nonbonded atom repulsions 
were considered significant if the atoms were within 
1.5 D,j of each other, and the sum adds an additional 
185 'observational equations', 67 of which were intra- 
molecular repulsions. The choice of this function was 
based on the computational ease and has no real 
physical significance. Other reasonable functions could 
have been used. 

The value of the parameter a in the function min- 
imized is normally chosen so as to 'correct' absolute 
weights on distance equations to the scale of the relative 
weights in the hkl  data. Here, however, our goodness 
of fit is imaginary and we set a equal to 6-0. A value of 
6.0 was also chosen for b. These choices were made in 
an effort to make the average of the terms in each sum 
approximately equal• This is done so that the structure 
is determined more or less equally by each of the 'ob- 
servations'. The refinement converged to a conventional 
R value (~]lfol-Ifcll/Ifol) of 0"14 for the hkl  intensity 
data. This value indicates a valid structure when one 
considers the low quality of the data and the restrictions 
placed on the refinement. An independent check of the 
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least-squares re f inement  was ob ta ined  f rom calculated,  
observed,  and  difference Four ier  maps.  These maps  are 
no t  well resolved,  but  do no t  indicate  any systematic  
error  in the structure.  The observed Four ier  map  is 
shown  in Fig. 2. 

Final  values o f  the least-squares pa ramete rs  and  
their  es t imated  s tandard  devia t ions  are given in Table  2. 
The  observed  and calculated structure factors are listed 
in Table  3. 

Table  2. Final least-squares parameters and their 
estimated standard deviations for PETN II 

The standard deviations apply to the last digits of the least- 
squares parameter. Fixed parameters have no stated standard 

deviation. The positional parameters are × 104. 
x y z B (A 2) 

C(1) 0 25 1738 (64) 2"5 
C(2) 921 (9) 2295 (22) 3042 (64) 3"4 
C(3) - 207 (22) 1590 (8) 444 (65) 3"4 
N(1) 1455 (29) 1052 (57) 5366 (117) 3"4 
N(2) -1442 (69) 1089 (30) -1957 (112) 3"4 
O(1) 677 (28) 1471 (40) 4280 (94) 3"6 
O(2) - 1002 (44) 1846 (28) -883 (90) 3"6 
0(3) 1149 (36) 474 (37) 6588 (73) 5"3 
0(4) - 1965 (39) 1404 (34) - 3273 (73) 5"3 
0(5) 2330 (28) 1212 (40) 4880 (79) 5"1 
0(6) - 1244 (54) 224 (29) - 1592 (96) 5" 1 
H(I) 1533 (18) 2108 (56) 2185 (78) 6"0 
H(2) --447 (62) 1001 (20) 1301 (78) 6"0 
H(3) 1077 (42) 2897 (33) 3914 (102) 6"0 
H(4) 419 (32) 1406 (44) -365 (112) 6.0 

Table  3. Observed and calculated structure factors 
for PETN II 

The column headings are k, [Fo[, and [Fcl. If IFol is negative, 
the reflection is unobserved but estimated at 2 x of the observa- 

tion limit. 

h = 0  l=0  h=l l=2  h=3  1=0 h = 4  I=2 
0 0 648 1 54 51 2 - 1 6  3 0 76 62 
2 61 30 2 110 104 4 - 1 9  17 1 57 59 
4 134 129 3 46 51 2 - 6  21 
6 33 38 4 18 24 3 -21  28 

5 21 19 h=3  l= 1 
0 71 77 
I 84 90 
2 - 1 0  11 
3 61 71 
4 42 50 
5 - 1 0  8 

h = 0  l=2  
1 36 37 h=2  l=0  
2 - 4 22 0 47 28 
3 - 2 0  31 2 65 64 
4 113 98 4 82 65 
5 - 2 7  19 6 - 14 25 

h=3  l=2  
h = l  l = 0  h = 2  l=1 1 69 67 

2 - 12 13 1 65 68 2 25 29 
4 37 44 2 152 144 3 27 20 
6 - 2 2  14 3 100 69 4 21 20 

4 - 1 3  3 
5 28 23 h = l  l=1 

0 -11  2 
1 - 1 0  14 
2 39 26 
3 80 94 
4 26 33 
5 - 1 9  6 
6 33 31 

h = 2  /=2  
0 - 1 5  9 
1 23 27 
2 - 1 4  11 
3 - 7  7 
4 - 17 20 

h=4  l=0  
0 130 135 
2 79 63 
4 65 47 

h = 4  /=1 
1 27 27 
2 55 46 
3 - 9  2 
4 66 53 

h=5  I=0 
2 63 51 
4 - 2 2  11 

h=5  /=1 
0 - 2 7  7 
1 - 4  5 
2 - 1 4  2 
3 - 19 20 

h=5  1=2 
1 90 72 

h = 6  /=0  
0 33 36 
2 - 17 25 

h=6  l=1 
1 - 1 0  2 

Table  4. Bond lengths (•) and angles (o) in PETN 
PETN I 

(Trotter, 1963) 
Input to 

least-sq uares 
calculations 

C(1)-C(2) 1.537 
C(1)-C(3) 
C(2)-O(1) 1.462 
C(3)-O(2) 
O(1)-Y(l) 1.404 
O(2)-N(2) 
N(1)-O(3) 1-203 
N(2)-O(4) 
Y(1)-O(5) 1"225 
N(2)-O(6) 
C(2)-H(1) 1.05 
C(3)-H(2) 
C(2)-H(3) 
C(2)-H(4) 

C(2)-C( 1 )-C(2) 109.47 
C(2)-C(1)-C(3) 109.47 
C(2)-C(1)-C(3) 109.47 
C(3)-C( 1 )-C(3) 109.47 
C(1)-C(2)-O(1) 105.6 
C(1)-C(2)-H(1) 109.0 
C(1)-C(2)-H(3) 109.0 
O(1)-C(2)-H(1) 105-0 
O(1)-C(2)-H(3) 105"0 
H(1)-C(E)-H(3) 109"0 
C(1)-C(3)-O(2) 105"6 
C(1)-C(3)-H(2) 109"0 
C(I)-C(3)-H(4) 109"0 
O(2)-C(2)-H(2) 105.0 
O(2)-C(2)-H(4) 105"0 
H(E)-C(2)-H(4) 109-0 
C(2)-O(1)-N(1) 112"5 
C(3)-O(2)-N(2) 112"5 
O(1)-N(1)-O(3) 112"5 
O(1)-N(1)-O(5) 117"1 
O(3)-N(1)-O(5) 130"4 
O(2)-N(2)-O(4) 112"5 
O(2)-N(2)-O(6) 117" 1 
O(4)-N(2)-O(6) 130"4 

PETN I PETN I 
single from 

PETN II crystal PETN II 
1.539 1.536 1.537 
1-537 
1.433 1.434 1.427 
1.433 
1.392 1-397 1-398 
1.386 
1-212 1.207 1.206 
1-203 
1.229 1.222 1.227 
1.222 
1.03 1.03 1.03 
1.04 
1.03 1.03 1-03 
1.03 

109.3 109.9 109.7 
109-4 109.2 109"3 
109.5 109.2 109.3 
109.8 109.9 109.7 
107.5 107.5 107-8 
110.0 110-0 110.1 
110.8 110.5 110.1 
108.9 108.5 109.1 
108.9 108.7 108-5 
111-2 111.6 111.1 
107.7 107.5 107.8 
110-0 110.0 110-1 
110.8 110.5 110.1 
108.4 108.5 109"1 
108.4 108.7 108.5 
111.5 111.6 111.1 
117.4 115.9 116.8 
117.9 115.9 116.8 
112.3 113.3 112.4 
119.2 117.8 118.5 
128.1 128.8 128.9 
112.1 113.3 112.4 
120.3 117.8 118.5 
127.5 128-8 128.9 

The  P E T N  I s t ructure was also refined wi th  the 
l imited intensi ty data  sets f rom Fig. l(b) and  (d) using 
equivalent  constra ints  as a check  of  the me thod .  Both 
da ta  sets refined to R values less than  0.09 and  indicate  
that  the original  P E T N  I data  of  Booth  & Llewellyn 
(1947) may  be of  ra ther  p o o r  quality. The  b o n d  dis- 
tances and  angles found  for P E T N  II and  the two 
P E T N  I ref inements  are c o m p a r e d  with the  results of  
Trot te r ' s  (1963) re f inement  o f  Boo th  & Llewellyn 's  
da ta  ( R = 0 . 1 5 3 )  in Table  4. Surprisingly,  the three  
structures agree wi th  each o ther  more  than  they agree 
with the previously  pub l i shed  structure as far as b o n d  
lengths and  angles are concerned .  This may po in t  to 
surprisingly g o o d  ag reemen t  be tween  our  sets o f  im- 
precise data,  to errors in the Trot te r  structure,  or to an 
unexpec ted  efficiency o f  the repuls ion  terms in normal -  
izing the molecular  structure. 

Only 20 o f  the 185 n o n b o n d i n g  repuls ions  indicate  
molecular  contacts  of  less t han  the van der  Waals  
con tac t  distance,  and  all but  three of  these are intra- 
molecular .  The  wors t  cases involve C(2)-O(5)  and  
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C(3)-O(6) within-chain contacts, but even these are 
longer contacts than occur in Trotter's (1963) PETN I 
structure. 

Fig. 3(a) is a stereo pair illustrating the molecular 
packing in PETN II, and Fig. 3(b) illustrates the pack- 
ing in PETN I. The layer of molecules illustrated on 
the left-hand side of Fig. 3(a) and (b) is essentially iden- 
tical for both structures, while the right-hand layers 
contain the differences in packing between PETN I and 
II. The major differences between the right-hand layers 

are that the CH2ONO2 groups rotate by somewhat less 
than 180 ° about the C-C bond, the entire molecule 
rotates nearly 60 ° about the c axis, and the molecular 
centers translate about 1 A in the c direction. 

The mechanism of the solid-state polymorphic trans- 
formation of PETN II to I can be elucidated by show- 
ing how these rotations and translations could occur. 
Assume a PETN II crystal oriented as in Fig. 3(b) with 
the c axis up and the b axis lying in the plane with 
positive direction to the right. Further assume a micro- 

d 

\ 
% 

Fig. 2. Observed Fourier synthesis of PETN II at the 1.45 e/~-a contour level. View is down the c axis and encloses the volume 
-0-25<x<0-3, 0.0<y<0.538, and -0.435<z<0-783. 

(a) 

(b) 

Fig. 3. (a) Molecular packing in PETN II as viewed down the c axis. (b) Molecular packing in PETN I as viewed down the 
c axis. The a axis runs diagonally. 
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scope with atomic resolution focused on a region like 
Fig. 3(b) with the PETN II to PETN I transformation 
zone moving upward into the region of focus. The layer 
of molecules to the left of the field of view remains 
unchanged as the transformation front climbs. As the 
transformation front moves into focus a 'tunnel' of 
activity would be observed, on the right, that when 
projected on the a,b plane has infinite length parallel 
to a, a width of about 6.7 A parallel to b, and a max- 
imum thickness of about 1 A parallel to c. This tunnel 
is the result of the 1 A translational difference between 
the molecular centers in PETN I and II. The nitrate 
groups of a PETN II molecule adjacent to the tunnel 
move into it, where they have room to rotate into the 
PETN I configuration. As this rotation is completed, 
the tunnel collapses as the transforming molecule 
moves toward the PETN I region. A new tunnel is then 
generated at the opposite end of the molecule, and the 
nitrate groups there have room to rotate, thus trans- 
ferring a molecule from PETN II to PETN I while the 
tunnel moves with the transformation in the e direction. 
This type of transformation would propagate very 
rapidly in the a, c plane, as is observed. 

The described transformation would transfer only 
one molecular layer in a perfect crystal. Crystal defects 
such as a screw axis parallel to b would provide an ob- 

vious mechanism for propagation in the b direction. 
Similarly crystal surfaces also provide a region where 
the transformation can propagate parallel to b. The 
observed rate of transformation parallel to b is much 
slower than in the ac plane as would be expected. The 
PETN II to I transformation has a low activation 
energy because none of the transformation steps in- 
volve strong intermolecular forces or require coopera- 
tive motions of several molecules simultaneously. 
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Structure Cristalline d'un Compos6 N6matog6ne: 
le (M6thoxybenzylid6neamino-4')-4 a-M6thyl Cinnamate de Propyle 
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The crystal structure of a nematogenic compound, propyl 4-(4'-methoxybenzylideneamino)-ct-methyl- 
cinnamate has been solved: it crystallizes in space group Pbca with a=  31.358, b= 15.697, c--7-749/~ 
(Z= 8). The chain is quite linear while the angle between the two phenyl rings is 36 °. Molecules in the 
crystal are associated in pairs of enantiomers through ]" centres of symmetry, the binding energy for an 
isolated pair being as high as 7"8 kcal mo1-1. 

Introduction 

L'existence et les propri6t6s sp6cifiques des phases 
m6somorphes sont directement reli6es b. la nature des 
mol6cules qui les constituent. La composition chimique 
de ces mol6cules d6termine leur conformation, leurs 
interactions, leur mobilit6 et leurs corr61ations orienta- 
tionnelles. La description des m6sophases 5. l'6chelle 
microscopique est complexe et n'a que peu progress6 

jusqu'~ pr6sent. Un premier pas dans ce domaine con- 
siste b. d6terminer les conformations mol6culaires et les 
interactions statiques dans le cristal, pour comprendre 
leurs modifications lors de transitions cr is tal-+ m6so- 
phase. Apr~s les travaux pr61iminaires de Bernal & 
Crowfoot (1933), quelques structures cristallines de 
compos6s n6matog~nes ont 6t6 d6termin6es, notam- 
ment celles de l'anisald6hyde-azine par Galign6 & 
Falgueirettes (1968), du 4,4'-azodiph6n6tole par Ga- 


