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The Crystal Structure of Flavanthrone 
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The crystal structure of flavanthrone, CgsH120~N~, has been def~rmined from {h0/} and {hk0} 
intensities by molecular transforms and refined by Fourier methods. The spacegroup is P21/a 
with a = 27.92, b = 3.80, c = 8.10 A (4 = 1.542 A) and fl = 95 °, z = 2. Molecules were assumed 
planar;  the best fit was obtained with the plane given by 0.272x--O.907y+O.298z* = 0. This 
makes the interplanar distance 3.44 A, in good agreement with similar structures. Interatomic 
distances were calculated from a table of coor.dinates with standard deviations of 0-03 A. 

In  their  invest igat ion on the  coking properties of 
various organic compounds, Blayden,  Gibson & Ri ley  
(1945) examined the var ia t ion of line broadening with 
carbonizat ion tempera ture  and  found tha t  certain va t  
dyes gave carbonizat ion characteristics similar  to 
coking-coal bi tumens.  

I t  was decided to continue their  work using single 
crystals in order to get more detailed informat ion 
about  the the rmal  decomposit ion processes, and, after 
a p re l iminary  investigation,  f lavanthrone  and pyran-  
throne (see diagram) were chosen as suitable working 
substances. F i r s t  of all the  crystal  s tructure of these 
compounds had  to be determined,  and tha t  of f lavan- 
throne is the subject  of this  paper. 
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Flavanthrone, C2sH~202Nz. Pyranthrone, CsoH1402. 

Crystals of f lavanthrone  can be obtained by  subl ima-  
t ion in vacuo, and al though most of the_crystals  so 
produced were found to be twins on (401), or (100), 
or intergrowths of various orientations which could not  
easily be dist inguished from single crystals optically, 
it  was eventua l ly  possible by  X- ray  methods to sort 

out a few single crystals suitable for s tructure deter- 
minat ion.  The cell dimensions were found to be 

a = 27.92, b = 3.80, c = 8.10 A, ~ = 95 ° , 

(Cu K ~  = 1.542 A), space group P2x/a; bobs. = 1.62, 
whence z = 2. {h0/} and {hk0} intensit ies were esti- 
ma ted  from Weissenberg photographs about  [b] and [c]. 

Since the molecule can be assumed to be f lat  with its 
centre of s y m m e t r y  coincident with tha t  of the uni t  
cell, the  most  promising approach to the solution of the 

structure appeared to be the use of molecular  s t ructure  
factors (Knott ,  1940). A bond length of 1-40 A was 
assumed throughout  and the difference between C, N 
and 0 was neglected to s impl i fy  the  calculation of the  
Fourier  t ransform of the molecule. The t ransform cast 
in a suitable form for evaluat ion by  Beevers-Lipson 
strips was 

T = (cos 4x+cos  2x) (cos 5y+cos  3 y + 2  cos y) 
+ (cos  5x+cos  x) (cos 4y+cos  2y+1)  
+ (cos 7x+cos  x) cos 2 y - ( s i n  4 x + s i n  2x) 
× (sin 5 y + s i n  3 y ) - ( s i n  5 x + s i n  x) sin 4y 
-(sin 7x+s in  5x) sin 2y 

and gave contours as shown in Fig. 1. A p rehmina ry  
report  of this work has been given at the  1950 X-R.A.G. 
conference (Wilson, 1951). 

(a) . 

Fig. 1. (a) Molecular transform of flavanthrone. For the 
calculation of the transform all atoms were assumed to 
have equal scattering power and all bonds were taken as 
1.40 A long. The transform repeats at 2.2 and 1-27 reci- 
procal-lattice units respectively (for Cu Ka). It is calculated 
for a molecule oriented as in (b). 

The orientation of the t ransform in its own p lane  
with respect to the reciprocal latt ice can most  easi ly 
be determined from the correspondence of intense 
regions in high orders, if these occur, since the  agree- 
ment  there is very  sensitive to rotation. In  the case of 
f lavanthrone  the approximate  sixfold s y m m e t r y  due 
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to the  cons t i tuent  benzene rings gave rise to several 
a l ternat ives ,  which had  to be e l iminated by packing 
considerat ions and  by  compar i son  of the  agreement  
for the  low orders. Once the  posi t ion of best fit  had  
been determined the  signs of the s t ructure  factors 
could be read off directly,  thus  obviat ing the  need 
for a complete set of s t ructure-factor  calculations. The 
phases for 67 (hOl.) planes were thus  determined and 
gave a Fourier  project ion of excellent resolut ion 
(Fig. 2). The incl inat ion of the  molecule to the  plane 

Fig. 2. {h0/} projection of flavanthrone using signs obtained 
from the transform. Contours are drawn at arbitrary inter- 
vals. The outlines of half a unit cell are indicated but 
shifted from its normal origin, C.S., the centre of symmetry 
of the molecule. 

of projection,  as es t imated from the  foreshortening of 
the  bonds, was about  25 °, with a direction of max imum 
slope perpendicular  to the  line joining the  a toms 
2-2 in Fig. 3. This value agrees well with t h a t  obta ined 

5 4 1  

from packing  considerations assuming a benzene ring 
' thickness '  of 3-4 /~, which seems to hold in similar 
cases (Table 1). 

Table 1. Interplanar distances 
Distance 

Compound (A) 
Coronene 3"38 
Pyrene 3.52 
Ovalene 3.4 

1 : 12 Benzperylene 3.38 
Indanthrone 3.4 

Triphenylene 3" 38 

Reference 
Robertson & White, 1945 
Robertson & White, 1947 
Donaldson & Robertson, 

1949 
White, 1948 
Bailey & Wells, private 

communication 
Klug, 1950 

For  the  eva lua t ion  of s t ructure  factors in the  {hk0} 
zone the  t ransform was less exact,  since i t  consists 
there  of two different molecular  contr ibut ions  which 
have  to be added or subtracted,  and because the 
approximat ions  used in its eva lua t ion  tend  to produce 
the  same distort ions as the  incl inat ion of the  molecule. 
The F(hkO) values were therefore calculated by con- 
vent iona l  methods,  using the  informat ion  obta ined for 
the  {h0/} projection.  

The resolut ion of the  (hkO} project ion is inheren t ly  
poor and does not  lend itself, therefore, to  a successive 
ref inement  of the atomic positions. I t  was possible, 
however, to  adjus t  the  y coordinates by vary ing  the 
incl inat ion of the  molecule within narrow limits unt i l  
the  best s t ructure-factor  agreement  was obtained.  The 
plane of the  molecule at  the  origin was f inal ly given 
by the  equat ion  

C 

\ \ 
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; l \ ~  I ~  ~ ,4. I I ~ "~. 
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Fig. 3. Diagrammatic representation of the projection of the structure along [010]. Half a unit cell is enclosed in broken lines, 
the other half being related to it by the centres of symmetry marked by black circles. The positions of the screw axes 
are also indicated. The broken lines AB and CD are the intersections of the molecular planes with the planes y = 0 and 
y ---- ½, respectively, and the parts of the molecules above these levels are in heavy outline. The numbering of the atoms 
is that in Table 2. The shortest distances between atoms of neighbouring molecules are given. Those in successive layers 
lie between 3.53 and 3.62 /~. 
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0.272x-O.907y+O'298z* = 0 ,  

where x, y, z* are measured along the  orthogonal  axes 
[a], [b] and [c*]. This fixes the  in terp lanar  distance 
a t  3-44 h .  

The {h0l} projection was refined by  two successive 
syntheses and recalculation of s t ructure  factors,  and 
two difference syntheses. For  the  calculation of struc- 
ture  factors only the  a toms C, ]~7 and  0 were t aken  
into account.  The effect of the  six hydrogens in the 
asymmetr ic  uni t  CI~H6ON was neglected. The geome- 
tr ical  pa r t  of the  last  set of s t ructure  factors was 
calculated on the  Holleri th equipment  in the  Chemistry  
Depa r tmen t  of the  Univers i ty  of Leeds, and it is a 
great  pleasure to acknowledge m y  indebtedness to 
Prof.  E. G. Cox and his s taff  for these calculations. 

The ~o values were pu t  on an absolute scale by  
plott ing log FJFo v. sin 2 0 and using the  scale factor  
determined by  the  intercept  a t  sin 2 0 = 0. The slope 
of this plot gave a value of the t empera tu re  factor  
B = 6.26 × 10 -~s cm. 9 and this was used, together  with 
McWeeny's  scat ter ing factors (1951), to calculate the  
agreement  factor  R = X]]Fol-]F~I]-XIFo[ = 16 % for 
the  final x and z coordinates. These are given in 
Table 2. 

Table 2. Fractional coordinates 

Atom x/a y/b z/c 

O 1 0.179 0-273 --0.171 
C9 0.086 0.004 ~ 0.277 
C a 0-149 0.275 -- 0.072 
C a 0-204 0.541 0.153 
C s 0.042 -- 0" 128 -- 0.333 
C s 0.099 0.138 --0.116 
C~ 0" 158 0.411 0"107 
C a 0.215 0.668 0.309 
C 9 0-005 -- 0" 134 -- 0"220 
Cxo 0"066 0" 137 --.0.007 
C n 0.121 0.401 0.213 
Cir. 0.180 0" 674 0.433 
Cla 0.019 0.003 --0-058 
C14 0-073 0.266 0.164 
C15 0.135 0.535 0.371 
N16 0-040 0.263 0.268 

To assess the  accuracy of the  results, the procedure 
recommended by  Cruickshank (1949) was followed. 

B y  a three-point  parabola  method,  analogous to 
t ha t  described by  Booth (1948) for the  location of 
maxima,  the  curvature  of the  peaks is found to be 

~2~/~r2 = (~)1-- 252 + ~03)/r2 

with a mean  value of - 3 3  e.J~ -4 for the  {h0/} projec- 
tion. 

Since fl is not  ve ry  different from 90 °, the  s t anda rd  
deviat ion of the  coordinates can be wri t ten  as 

(r(x) = ( r ( @ l ~ x ) / ( ~ / ~ x 2 ) ,  
where 

a c  h l 

with the  summat ion  extending over all the  planes in 
the  zone, which gave a value of 1-07 e.• -3. Therefore, 
a(x) = 1.07/33 = 0.032 J~. The same value was ob- 
ta ined  for (r(z). 

This accuracy does not  allow great  emphasis  to be 
placed on the  bond lengths given in Fig. 3, nor  was 
this s t ruc ture  de terminat ion  under taken  with  this aim 
in view. The intermolecular  distances, however,  are of 
great  interest  in connection with the  the rmal  de- 
composition react ion and for comparison with the  
chemically very  similar bu t  s t ruc tura l ly  different 
pyran th rone  on which work is still in progress. 

This invest igat ion forms pa r t  of the  fundamen ta l  
research p rogramme of the  Brit ish Coke Research 
Association and I am indebted to the  Council of the  
Association for permission to publish this paper.  I am 
grateful  to Prof. W. F. K.  Wynne-Jones  for his en- 
couragement  and to Mr H. E. Blayden  for some 
helpful discussions. My special t hanks  are due to Prof.  
E. G. Cox for his continued suppor t  and interest  and 
to Dr  C. M. Thomson for her assistance in the  final 
stages of this investigation. 
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