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The crystal structure of the hydrocarbon 2:13-benzfluoranthene, ClsH10, has been determined. 
This molecule consists of four six-membered rings linked to form a five-membered ring, and the 
molecule is thus in a state of considerable strain. The structure was solved by a consideration of the 
Patterson projection and by trial-and-error methods. The molecule was found to be flat and to have 
the strains distributed throughout the whole molecule. The interatomic distances show that  all 
the bonds in the five-membered ring are long, whilst in the six-membered rings there is a Kekul@ 
arrangement of alternating long and short bonds. 

In troduc t ion  

The high degree of r ig idi ty  possessed by  aromatic  
molecules is of considerable interest  to chemists. A 
good deal  of s tudy  has  been made of the s train and 
distort ion in aromatic  systems, and much  has been 
said of the  effect of 'steric h indrance '  on molecular 
structure.  Invest igat ions of crystal  s tructure are of 
great  value in  this  subject.  However, structures of this  
type  which have  so far been determined have been 
those in which atoms are forced to be too close to one 
another  according to van  der Waals  distances. One 
of these substances is 3 :4-benzphenanthrene  (Herb- 
stein & Schmidt ,  1954), in which two unbonded  carbon 
a toms in a strainless molecule would be about  2.4 /~ 
apart .  This distance is, of course, considerably less 
t han  the sum of the  van  der Waals  radii,  and it  is also 
much  greater t h a n  a covalent bond distance. The 
purpose of the  present  s tudy  was to determine the 
effect on the molecule of making  this into a covalent 
bond, a process which changes 3 :4-benzphenanthrene  
into the compound 2:13-benzfluoranthene.  A s tudy 
of the structure of acenaphthene  (Kitaigorodski, 1949), 
which is a s imilar ly  s t ra ined molecule, had  indicated 
t ha t  the stress might  be considerable, as the length of 
the al iphat ic  single bond in this  compound was found 
to be 1-64/k instead of the  usual  1-54/~. We now find 
that ,  a l though the equivalent  bond in 2:13-benz- 
f luoranthene  is s ignif icantly longer than  an average 
aromat ic  bond (1-39/k), it  is not  excessively so, and the 
stress is evenly  dis t r ibuted over the whole molecule. 

Crysta l  data  

2:13-Benzfluoranthene,  ClsH10, (m.p. 148 ° C.) is 
monoclinic,  wi th  absent  spectra (hO1) when h is odd, 
and  (0/c0) when b is odd. The space group is P21/a-C5h 
with  Z = 4. The cell dimensions are given in Table 1. 
A comparison of low- and  high- temperature  values 
shows tha t  the the rmal  expansion is not  isotropic. 

The crystals,  which were k ind ly  provided by  Dr 
O. Kruber  of the Gesellschaft fiir Teerverwertung 

Table 1. Crystallographic data 
At --97 ° C. At ~-23 ° C. Accuracy 

a (A) 18.83 19-03 ±0.03 
b (-~) 4.733 4-762 -4-0-005 
e (/~) 15.69 15.81 4-0.03 
fl 129 ° 3' 128 ° 53' 4-3' 
Cell volume (A a) 1086 1115 4-4 
dc (g.cm. -a) 1.384 1-348 4-0.005 
do (g.cm. -3) - -  1 .345 -4-0.013 

m.b.H. ,  Duisburg-Meiderich, were long yellow needles, 
with the needle axis parallel  to the  b axis. P redominan t  
faces are (101}, {001} and (100}. The needles have  no 
clear end face, but  sometimes there is a fracture 
parallel  to {010). 

E x p e r i m e n t a l  

All the in tens i ty  data  were obtained from Weissen- 
berg photographs,  using filtered Cu Kc~ radiation.  The 
mult iple-f i lm technique was used, employing an Ilford 
Indust r ia l  G film in front of three Ilford Indus t r ia l  
B films. Ratios tha t  were thus  obtained between 
successive fi lms were 83 : 6¼: 2½ : 1. The intensit ies were 
est imated visual ly by comparison against  a cal ibrated 
scale. 

Structure  d e t e r m i n a t i o n  

All the early work was done from da ta  obtained at  
room temperature.  The short b axis suggested tha t  the  
structure might  resemble tha t  of other large f lat  
molecules, such ~s c0r0n~nc (Roberts0n & White, 
1945) ovalene (Donaldson & Robertson,  1953) and  
phtha locyanine  (Robertson, 1936), which also have  a 
b axis of about  4.7 J~. The weighted reciprocal lat t ice 
of the hO1 reflexions indicated the  presence of near ly  
parallel  benzene rings. The Pa t te rson  projection down 
the b axis confirmed this. 

When  vectors from two benzene rings to their  centre- 
symmetr ic  par tners  are plotted, i t  is found tha t  a 
concentrat ion of vectors occurs at  three sites, giving 
rise to three large peaks i n a  s t ra ight  line in a Pat terson 
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Fig. 2. (a) The bond lengths and their standard deviations. (b) Mean bond lengths and angles. 

Table  2. Final coordinates 
Deviation of Dmplacement 

Atom x y z B ( A  2) D from2.191 from the plane (A) 

1 0.931 0.428 0.058 3.00 --0.020 0-013 
2 0.858 0.563 0.047 2.85 --0.012 0.008 
3 0-834 0.504 0-113 3.00 --0-031 0.019 
4 0.886 0-313 0.200 2.37 0.062 0.039 
5 0.875 0.206 0.277 3.15 --0.017 0.011 
6 0.930 0.003 0.355 2-85 --0.034 0-021 
7 0.005 0-875 0.362 2.85 --0.018 0.011 
8 0.073 0.662 0.435 3.00 --0-013 0.008 
9 0.138 0.576 0.427 3.15 0.027 0.017 

10 0.140 0.692 0.343 3.00 0.022 0-014 
11 0-201 0.624 0.320 3.75 0.011 0.007 
12 0.189 0.756 0.232 3.50 --0.062 0-039 
13 0.121 0.970 0.167 3.25 0.002 0.001 
14 0-063 0.041 0.187 2-85 0.034 0.021 
15 0.983 0.228 0.143 3.00 0.008 0.005 
16 0.955 0.192 0.207 2.37 0.065 0-041 
17 0.012 0.970 0.287 2.37 --0.032 0.020 
18 0.076 0.888 0-276 2-85 0.007 0.004 

the  b-axis p ro jec t ion  (cont r ibut ions  f rom 200, 002 ,205  
and  204 were  omi t t ed ,  as these  differences are con- 
s idered to  be m a i n l y  due  to  ex t inc t ion  effects). If  t he  
unobse rved  ref lexions are g iven a va lue  of ½~/2 × (mini- 
m u m  observed) ,  this  q u a n t i t y  is r educed  to  11-8%. 

The  re l iabi l i ty  indices,  R, for t he  a- and  c-axis pro- 
jec t ions  are 17.1% and  19.8% respec t ive ly  (differences 
t h a t  are . t hough t  to  be due  to  ex t inc t ions  are again 
omi t t ed ,  t he  ref lexions invo lved  being 002, 012 and  
200). If  t he  unobse rved  ref lexions are corrected for, 
as previously ,  t he  values  become 13.9% and  13.2%. 

Table  4 shows the  a g r e e m e n t  be tween  observed  and  
ca lcula ted  values  of F.  

A t o m i c  c o o r d i n a t e s  and m o l e c u l a r  d i m e n s i o n s  

The final  a tomic  coordina tes  are l is ted in Table  2, 
where  x, y and  z are f ract ions  of t he  monocl in ic  axes 
a, b and  c. The  sca t te r ing  curve for carbon used was 
t h a t  of t I oe rn i  & Ibers  (1954), modi f ied  by  a t em-  
pe ra tu re  fac tor  of exp ( - B  sin ~ 0/~2). The  va lue  of B 
for each a t o m  is also shown in Table  2. 

The  m e a n  p lane  of t he  molecule  was d e t e r m i n e d  
by  t h e  m e t h o d  of least  squares,  af ter  t he  coord ina tes  
of t he  a toms  h a d  been  referred to  o r thogona l  axes. 
The  a toms  can be f i t t ed  on to  a p lane  Ax+By+Cz=D, 
where  A = 8.7599, B = 5.433, C = 7.7587, D =2-191 
and  x, y, z are again  t he  f rac t ional  coordina tes  re fe r red  
to  the  monocl in ic  axes a, b and  c. The  dev ia t ions  of D 
for each a t o m  f rom 2.191 are l is ted in Table  2. 

The  b o n d  leng ths  and  the i r  s t a n d a r d  dev ia t ions  axe 
shown in  Fig. 2(a). Assuming  t h a t  chemical ly  s imilar  

Table  3. Hydrogen coordinates 
Atom 120x 120y 120z 

1 114 56 1 
2 21 36 1 
3 93 72 12 
5 99 36 33 
6 110 112 49 
8 9 70 59 
9 22 52 58 

11 30 56 44 
12 28 86 27 
13 14 l0 12 
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Table 4 
hkO ~fle~tgns 

Fo F o F o F. F° F° Fo F° Fc F° Fc F° Fc Fo Fc Fo 
k--/ 12 5.1 6.4 3 -6 .2  3.4 15 1.7 3.4 8 -9.1 9.9 I 4.0 4.5 13 3.3 <2.5 .4,.I <2.5 
h~ 32*8 54.2 13 0.7 <4.0 4 -9.1 10.2 16 1.5 <3.0 9 6.3 3.4 2 I.i <3.9 14 -4.6 4.5 19 4.1 4.1 

1-11.7 105.0 14 -7.1 7.2 5 2.9 <2.9 17 ml.2 <2.4 10 -6.4 6.8 3 -1.6 <3.9 
88.7 82.9 15 &.4 < 3.7 6 -8./+ 10.4 

0.4 <3 .9  4 -2 .7  3.5 k=5 k=6 
4 21.8 23.0 16 6.8 7.1 7 5.4 5.5 ~ -2.6 <3.8 5 -12.5 13.1 h--J. 6.& ~.3 h~ 3.3 ¢2.0 

-~.9 5.~ 17 8.6 ".,.1 ~ -7 .3  7.0 z~  1o.o 9.6 z~ 0.4 <3.5 6 7.3 5.5 2 -2*7 <3 .6  1 1.7 <2.o 
lO.2 9.6 28 7.6 6.2 9 12.2 32.6 -4 .8  < 3 . 2  3.2 <3.2 7 -8 .9  9.0 3 4.2 <3.6  2 2.5 <1.8  

7 -9.4 9.5 i0 -9.5 i0.I 3 -5.1 4.5 15 7.6 9.2 8 I.i <3.9 4 -2.9 <3.5 3 -1.9 <1.6 
8 2,9 4.2 k-~ 11 4.9 6.0 4 8.9 11.5 16 4.7 3.0 9 2.0 <3,7 5 1.6 ~3.& 
9 13.8 13.2 h=o 19.5 21.2 12 12.5 ii,~ 5 -1/..3 14.0 io -2.8 <3.6 6 -0.3 ~3,2 
I0 10.6 10.6 1 -,16.1 15.1 13 8.3 8.9 6 2.2 4-, 3.7 ~ ii 3.1 <3.3 -2.6 <3.0 
11 10.1 9.2 2 12.3 15.1 14 11.7 9.7 7 -10.7 11.2 h=O 10.7 11.2 12 -i.0 <3.0 87 2.1 <2.8 

h0~- z.oFle.r~.on, 
gc F° Fo F° FO FO Yo Fo Fc Yo Fc F o F c F o F o Fo 

-9 -,28.8 29.9 ~ ~ 4.7 6.2 -9 1,5 <2.8 ~ -I0 0.4 ~3.4 ~ -5.1 3.1 
472.0 - -,10 1.8 3.6 11.2 12.7 -6.3 6.2 -i0 2.7 -<2.9 21.8 20.8 ,11 24.5 ~.8 7.7 5.8 

1 5.8 -4.1 -4.9 4.4 1 -6.7 8.7 I0 2.0 <2.0 -i/ -/2.6 12.3 1 -8.0 6.7 -12 22.3 19.5 3.6 3.6 
2 --M~.3 73"0 -12 -9 .3  9 . 2  2 2,2 • 2.5 ..1 -15.9 16.6 - / 2  -1 .2  < 3.2 2 13.1 22.6 -13 -11.5 8.2 .19 -7 .0  6.0 
3 13.1 12.2 -13 5.7 5.3 3 35.0 36o5 -2  -39,0 h2.2 -13 28.3 26.8 3 2 / .4  22.8 -,l& 3.9 4.4 - / 1  -1 .8  < 3.1 

-4.1.0 12.5 "14 " 28.5 33.9 4 -23.5 26.2 -3 5.8 5.1 .44 6.5 5.3 4 -8.8 8.7 -15 2.4 <3.3 -12 0.3 <3.1 
5 10.7 9.0 -15 5.6 6.0 5 -30.0 32*4 -,4 -20.9 20.7 -15 -5.2 6.2 5 -9.7 9.2 -16 5.6 4.9 -13 5.5 5.3 
6 7.2 7.4 -16 -4.0 <2,0 6 5.4 4.4 -5 -/i.0 10,2 -16 -18.2 16.0 -i -11.9 10.9 -17 7.7 6.9 -14 -2.0 43.0 
7 -3.9 3.4 7 4.3 <3.4 -6 33.1 32.8 -17 -4.2 4.4 -2 -3.4 < 3.4 .-18 -2.9 3.1 -15 -3.5 3.6 
8 -22e6 2.3.9 ~ 8 7°5 7*4 -7 25.7 24.3 .18 4.5 4.0 -3 12.0 12.3 -19 5.8 7.1 -16 0.6 <2.6 
9 -/.9 <3.1 .-60.0 52.7 9 8.5 9.0 -8 -4.4 <2.5 -19 -/.2 <1.9 .-4 0,4 <3.3 -20 -3.5 3.4 -17 -,4.3 42.4 

• -B.7 9.9 I 12,6 8,7 10 2.0 <2,,9 -9 -29.0 17,2 -5  3.2.6 1 / ,7  .18 -7 .4  1 / . 4  
7.7 7 .4  2 .-24.3 24.6 3.% -43.3 16.0 -10 .18.3  17.4 ~ -6 5.4 6.4 ~ 8  -19 1.9 <Z.5 

12 -ii.I 11.2 3 1.8 <2.3 12 -3.7 2.5 Ill 0.6 <3.0 -0.2 <3.4 -7 0.0 <3.2 -1.4 <2.1 
]3 -19.9 20.4 4 2.3 <2.5 -1 Z7.1 24.5 -42 3*9 <3.2 1 -.-2.7 < 3 , 4  -8 -9.9 8.0 1 -0.2 <1.4 

~ 3  ~ . 6  5 -/5.5 ~6.2 -2 . .~.6 ~ .6  -1, -2.5 <~. .~ 8.4 8.~ -9 -/8.4 ~ .8  -1 9.9 8.2 ~ ~.3 ,1.3 
15 -0.3 4,2.1 6 31.4 36.5 -3 -38.5 40.0 .-3.4 8.5 ~ 7.2 6.9 -3.0 -46.2 42.9 -2 -3.5 <2.8 -6 -3.0 2.5 

78 ~ 9  3 ,6  "4 5.5 ~.1 -15 ?*e5 3:8 ~ -21.8 21.2 ~ 22.6 22.7 -3 -14.7 15.1 -7 -6.5 6.0 
-,2.7 <3.3 -5 12.8 13.3 -16 -/~.0 14.8 5 -,12.3 11.3 -12 14.0 13.8 -4 -/5.0 14.3 -8 -2.1 <2.3 

89.8 70.0 9 4*9 ~,9  -6 -0 ,3  <2..0 -47 1.7 < 2 , 8  6 -9.3 7.3  ,43 -37.7 35,5 -5 10.9 9.8 -9 2.0 42.4 
1 -2-1.9 19.5 Iti 11.2 11.1 -7 15.7 15.4 -18 4.7 4.4 7 3.7 2.7 -14 4.9 4.9 -6 6.3 6.4 -i0 -1.7 <2.5 
2 33.7 33.9 ii -6.4 6.5 -8 39.9 &O.2 -,19 -,1.9 <1.3 -4 -5.2 /*.4 -15 5.8 7.1 -7 -5.7 4.9 -11 1.9 <2.6 
3 3.0 11.9 12 -QJ~8 17.6 -9 3.5 <2.7 -2 12.2 12.9 -16 8.3 8.2 -8 6.0 3.8 -12 5.7 7.2 
4 27.9 33.7 13 7.3 i0.7 -i0 -9.4 12.1 ~I0 -3 10.6 11.5 --17 4.3 <3.1 -9 -/0.0 8.1 -13 -0.5 <2.6 
5 23.1 2.2.7 -,i -Yl.3 35.0 -3.1 4.1 3.4 -4.5 5.0 --4 22.0 23.6 -,18 i.i <~2.7 -10 14.2 12.3 .-14 0.3 <2.4 
6 29.2 29.9 -2 6.0 6.9 -12 -3.0 <3.2 i -0 .9  <3.2 -5 -5.4 3.1 -19 -2.3 <2.3 -ii 2-1.0 18.7 -15 -2.0 <2,3 
7 -.4.9 5.3 -3 23.7 22.7 -,13 4*9 5.3 -5.9 6.., -6 3.9 ~2.9 -20 -0.4 <1.5 -12 0.3 <3.~ .16 -10.2 11. 4 
8 -8.9 8.7 -4 -28.8 26.5 -14 -3.6 <3.4 3 -44.8 14.4 -7 3.9 <2.9 -13 -/.8 <3.4 -17 0.9 <1.8 
9 -8.4 9.5 -5 0.4 3.1 -45 -15.9 15.7 4 -10.4 10.7 -8 20.9 20.9 ~ -14 2.9 4.6 -/8 6.3 /*.7 

i0 -6.9 8.2 -6 -36.3 36.1 -16 -3.7 2.6 5 5.2 4.4 -9 11.3 9.2 19.5 18.8 -45 3.0 < 3 . 2  
26.0 29.9 -7 -,18.7 19.0 -,17 3.9 3.5 6 1.2 <3.1 -10 -17.4 16.0 1 -15.9 18.6 -16 -2.1 <3.0 

12 --11.8 1~.1 -8 59.8 60.2 ,IS -0.2 ~1.7 7 4.3 4.0 -11 15.0 12.0 i 0.6 <2.3 -17 -0 .7  <2.8 ~ 6.5 5.6 
23 -14.8 16.3 -9  -5.4 5.3 8 8.7 9.0 -/2 -27.4 25.0 6.7 4.9 .-18 ..,,6.1 4.6 -12 2.5 <1.5 
14 4.1 5.6 -10 ,12.8 11.9 ~ 9 -4.5 2,2 -/3 -7.4 4.4 -1 12.6 11.8 -19 7.1 9.4 -13 -5.9 6.0 
-4 IA.6 13.6 -11 5.8 6.4 1.4 <2.5 -1 -/7.4 18.0 -14 14.9 16.0 -2 -22.0 23.7 -20 0.2 <i.0 -14 -4.1 3.4 
-2 -9~.6 6~.5 -42 13.3 11.3 1 7.6 8.4 -2  -33.4 32,9 -15 -12.6 8.6 -3 -6.8 7.1 -15 4.4 1.8 
-3  -£0.6 17.7 -.13 Z2ol 23,1 i 17.2 ~0.9 -3 36.7 37.9 -16 -10.7 9.2 --4 -3 .1  < 3 . 4  
• -4 -67.7 55.8 -14 5,0 ~.7 ~ 3.6 <3.1 .-4 29.6 28.2 -17 1.0 <3.0 -5 11.4 12.3 0.0 <1.7 
-5  6.0 4.9 -/5 -7°5 4 -9.5 11.7 -5 -47.2 45.2 -18 4.0 <2.7 -6 -6.3 5.6 -3 -1.3 <2.1 
-6 -18.6 20.2 -,16 -,2.3 <2.6 5 1.2 <3.4 -6 15.5 12.3 -19 -2.7 2.2 -7 -6.5 £.9 -4 1.4 <2.4 
-7 16.3 17.2 -17 -2.6 2.5 6 0.6 <3.4 -7 11.3 12.1 -2O 6.4 4.9 -8 -18.2 15.4 -5 5.9 3..~ 
-8 -3.1 <2.7 7 7.8 6.7 -8 2.2 <2.7 * -9 -30.1 27.9 -6 5.2 5.1 

oke rof~ex~ons 
Fo Fo Fc F o F c Y o F¢ F o F c F ° Fc Fo Fc Fo Fc Fo 

~ 9.3 9.8 3 12.9 15.8 13 -5.7 5.1 
13.6 13.5 -15.2 15.2 4 -20.9 22.2 14 -5.4 5.7 7815.82'6 ~4.417.0 32 --12.0"I0"I 14.512"3 12 -1.4 <1.4 -i.61"8 <2.4<1o4 

2 --82.9 66.8 12 3.1 <4.4 5 -12.2 13.0 9 -0.7" <4.4 4 -2.7 <4.5 ~5 
3 ~.6 26.7 13 5.0 <3.9 6 3.8 4.3 ~ i0 -1.3 <4.2 5 0.6 <4.5 -0.7 <4.1 ~_~ 

22.7 21.7 14 7.0 7.2 7 3.4 <4.0 26.~ 25.8 13. 2.9 <3.8 6 4.0 <4.4 ~ 3.7 3.3 -3.2 2.6 
5.4 3.3 15 .-2.2 < 2 . 4  -7 .5  8.3 2 -9 .0  9.3 12 5.3 4.4 7 0.1 < 4 . 3  -5 .2  3.3 i -4.3 4.0 

6 -5 .1  4.0 9 --15.2 17.2 3 1.7 < 3 . 9  13 -6 .7  7.6 5.9 7 .0  4 -1 .3  <3 .8  - / , 3  <1 .9  
--2.3 3.8 ~_ 1110 -0.3 <4,5 5~ 1.9 <3.9 9 0.0 <3.8 65 6.2 6.6 
-8.0 8.1 1~.3 I~.2 7.~ 7.~ -1 .1  < 4 . 3  ~ ~ 0.7 < 3 . 3  1.6 < 3 . 3  

9 7.9 7.0 2 31.5 33.3 12 0.i <4.0 6 -14.8 14.1 - 12.3 13./, 0.0 <2.7 7 -1.4 <3.0 

bonds have equal bond lengths, the final model is as sity become 0.18, 0.41 and 0.37 e.A -2 respectively. 
shown in Fig. 2(b), where the weighted mean is used The values for atomic coordinates are not appreciably 
to obtain final bond lengths. The angles quoted are the affected. 
means of chemically equivalent angles. The standard deviations for the individual bonds are 

Thehydrogen  atom coordinates listed in Table 3 as shown in Fig. 2(a), and in the final model the standard 
are those used for the calculation of F's, and have no deviations are of the order of 0.02 _~, except for the 
value for the calculation of C-H bond lengths The bond Cz4-Cz5 , which has a standard deviation of 
numbering of a hydrogen atom is determined by the 0.03 A. The standard deviation of the mean angles is 
number of the carbon atom to which it is attached, about 1½% 

D i s c u s s i o n  of the s tructure  
E s t i m a t i o n  of accuracy 

The molecule appears to be quite flat, since the 
The standard deviations of the atomic coordinates and deviations from the mean plane average 0.017 _~ 
electron densities were estimated by the method of (maximum 0.041 A), while the standard deviation of 
Cruickshank (1949). The values obtained were the carbon atom position is 0.028 A. Furthermore, 

a(x)  = a(z) = 0-012 A, a(y) = 0.025 A; the molecule is most probably symmetrical about the 
a(e0) = 0-34 e.A -2 for the (010) projection, line joining C v to Cz7 , since, for the most part, the bond 
a(~o ) = 1"07 e.A -9 for the (100)projection and lengths and angles are not significantly different in 
a(Q0) = 0-76 e.A -2 for the (001) projection, the two halves. Only in the case of one pair of bonds 

does the difference fall in the region of 'possibly 
If contributions from reflexions considered to be un- significant' (Cruickshank, 1949). 
reliable because of extinction effects, are omitted, the Hence we consider the molecule to be planar and 
values for the standard deviation of the electron den- symmetrical, and we can take the average bond lengths 
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Fig. 3. The arrangement of the molecules in the (010) projec- 
tion, showing the lengths of the van der Waals contacts in 
./kugstr6m units. 

and angles on the  two sides as being more reliable t han  
the  individual  values. These mean  values are shown 
in Fig. 2(b). 

Al though most  of the  bond lengths are not  signifi- 
cant ly  different from the  average aromat ic  bond 
length of 1.39 A, there are three bonds, namely,  
Cz4-C15 , C4-C 5 and Ce-C 7, which are significantly 

longer. The molecule, as a whole, has  a m a r k e d  ten- 
dency towards  the  s t ruc ture  with the  m a x i m u m  
number  of Kekul~ type  rings 

the  long bonds occurring where single bonds are found 
in the hypothet ical  molecule. The stress seems to be 
mainly  in the bond-angle distortions. 

The plane of the molecule makes  an  angle of 44.2 ° 
with the  (010) plane. The corresponding values for 
coronene, ovalene and phtha locyanine  are 43.7 °, 42.9 ° 
and 44.2 ° respectively. Unlike these substances,  how- 
ever, the plane of the  molecule does no t  pass th rough  
the centre of symmet ry .  

The slope of the  molecule gives the  thickness of a 
molecule as 

b cos 44.2 ° -- 3 - 4 0 / ~ .  

Fig. 3 shows all other  close approaches  between 
different molecules t h a t  are less t h a n  4-10 J~. None of 
these conflicts with our knowledge of van  der Waa ls  
radii. 

In  conclusion, we would like to t h a n k  Dr  0 .  Kruber ,  
who provided the  crystals.  One of us (H. W. E.)  is 
indebted to the  Univers i ty  of Ed inburgh  for an award  
of a Pos t -Gradua te  Studentship ,  and  we are also 
grateful  to the  Moray F u n d  for f inancial  assistance. 

R e f e r e n c e s  

CR~CKSm~NK, D. W. J .  (1949). Acta Cryst. 2, 65. 
DONALDSON, D.M.  & ROBERTSON, J . M .  (1953). Proc. 

Roy. Soc. A, 220, 157. 
HERBSTEIN, F . H .  & SC~M_TDT, G. M. J .  (1954). J .  Chem. 

Soc. p. 3302. 
HOERNI, J .  A. & IBERS, J .  A. (1954). Acta Cryst. 7, 744. 
KZT~GORODSKZ, A . I .  (1949). ~ur f iz .  Khim.  23, 1036. 
ROBERTSON, J . M .  (1936). J .  Chem. Soc. p. 1195. 
ROBERTSON, J .  ~/[. ~5 WHITE, J .  G. (1945). J .  Chem. Soc. 

p. 607. 


