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Fig.2. Views of the structure along [100] and [001]. 

The authors are indebted to the Office of Naval 
Research for partial support of this project, and to the 
Tulane Computer Center for running their programs. 
Grateful acknowledgement is made to Dr H. B. Jonas- 
sen for suggesting the problem and valuable discus- 
sions, to Dr J .C.Fanning for providing the crystals, 
to Dr W. H. Bernard for helpful suggestions, and to Dr 
G.J.Palenik for calculating the least-squares planes. 

References 

BUSING, W. R., MARTIN, K. O. & LEW, H. A. (1962). 
ORFLS, a Fortran Crystallographic Least Squares Pro- 
gram. U.S. Atomic Energy Commission Publication 
ORNL-TM-305. 

CHARLES, R. G., FREISER, H., FRIDEL, R., HILLARD, L. E. 
& JOHNSON, W. D. (1956). Spectrochim. Acta, 8, 1. 

GHOSE, S. & FEHLMAYN, M. (1965). Acta Cryst. 18, 777. 
HOERNI, J. A. & IBERS, J. A. (1954). Acta Cryst. 7, 744. 
JONASSEN, H. B. (1962). Private communication: Tulane 

University. 
LINGAFELTER, E. C., SIMMONS, G. L., MOROSIN, B., SCHE- 

RINGER, C. t~ FREIBURG, C. (1961). Acta Cryst. 14, 1222. 
MCWEENY, R. (1951). Acta Cryst. 4, 513. 
MERRITT, L. L. (1953). Anal. Chem. 25, 718. 
MERRn'T, L. L., CADY, R. T. & MtrNDY, B. W. (1954). 

Acta Cryst. 7, 473. 
PALE~K, G. (1964). Acta Cryst. 17, 687. 
SCHOMAKER, V., WASER, J., MARSH, R. E. & BERGMAN, G. 

(1959). Acta Cryst. 12, 600. 
SUITO, E. t~ SEKIDO, E. (1957). Proc. Japan Acad. 33, 196. 
WATSON, R. E. & FREEMAN, A. J. (1961). Acta Cryst. 14, 27. 

Acta Cryst. (1967). 22, 482 
The Crystal Structure of 10,10'-Dianthronyl 
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The crystal structure of 10,10'-dianthronyl has been determined from three-dimensional X-ray data. 
The atomic coordinates and anisotropic temperature factors have been refined by the method of least 
squares. The dimer has twofold symmetry perpendicular to the C(10)-C(10') bond and the planes of 
the two half-molecules make an angle of 145 ° 18' with each other. The thermal vibrations indicate 
libration of the two half-molecules about C(10)-C(10'). 

Introduction 

In the course of studies of the diamagnetic anisotropy 
of organic crystals Lasheen (1963, 1964) crystallized 

anthrone from acetic acid and from ethyl alcohol, and 
in both cases he obtained two types of crystal, which 
he assumed to be two modifications of anthrone. 
Srivastava (1957a, b, 1961) had determined a crystal 
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structure of  an throne  (I) with cell dimensions which 
agreed with those of  one of  Lasheen's types. But what  
is the structure of  Lasheen's second type? 

Search of  the li terature suggested that  this second 
type is 10,10'-dianthronyl ( I I ) ,which is formed from 
anthrone  by oxidat ion in an acid solution. Mass-spec- 
t rometer  traces confirmed that  it is a dimer. 

o 

o 

H H 

0 
(I) (II) 

Experimental 
Crystal data 

10,10'-Dianthronyl,  (C14H90)2 
M.W. 386"452. 
Monocl in ic :  
a= 13.68 + 0.04, b=7.751 + 0.003, c= 17.92 +0.04 A. 
f l=91.1 __0.3 ° . 

(The errors given are three times the s tandard errors 
of  the averages of  a number  of  measurements).  

Dc ( Z - 4 ) =  1.351 g.cm -a 
Dra = 1"353 g.cm -3 
m.p. 254°C. 

Total  number  of  electrons per unit  cell, F (000 )=  816. 

Systematic absences: hkl: h + k  +l=2n+ l 
hOl: h = 2 n + l  ( l = 2 n + l )  
0k0: ( k = 2 n +  1) 

Space group:  I2/a 

Molecular  symmetry:  twofold axis. 

Description of crystals 
The crystals of  d ianthronyl ,  obta ined f rom a warm 

solution of  an throne  in acetic acid, appear  together 
with crystals of  an throne  and  have the same yellow 
colour. They frequently form at the extremes of  an- 
throne  needles as small platelets, the large faces being 
(010). 

The density, equal to 1.353 g.cm -3, was determined 
by means of  a modified density gradient  co lumn (Low 
& Richards,  1952) prepared f rom sodium iodide and 
Water. 

X-ray data 
For  the X-ray work a crystal with dimensions 0.35 

× 0.55 x 0.17 mm 3 was used. 
The unit-ceU dimensions were determined f rom ro- 

tat ion photographs  about  the three principal  axes and 
from an oscillation pho tograph  using a high-order  re- 
flexion. The space-group absences were found f rom 
Weissenberg photographs .  

Multiple-film packs of  equi-inclination Weissenberg 
photographs  were taken for k = 0--~7 and for h = 0 and 
l = 0 ,  using Cu K~ and Cu Kfl radiat ion.  Integrated 
intensities were obtained with the use of  a Joyce-Loebl  
Flying Spot Microdensitometer.  A few very strong re- 
flexions fell outside the range of  this ins t rument  and 

Table 1. Positional and thermal parameters 

The values of U are defined by the temperature factor exponent [-2rr2(h2a*2Ull Jr... q-2klb*c*U23q-...)]. 
x ~ z 

(A) ( ) (A) Ull U22 U33 
C(1) - 1"235 -0.524 3"578 0 " 0 4 2 2  0 " 0 5 0 3  0.0346 
C(2) - 1.433 - 1"755 4.134 0 " 0 4 6 0  0 " 0 6 7 4  0.0313 
C(3) - 1"972 -2"782 3"350 0 " 0 5 9 1  0 " 0 4 5 0  0.0404 
C(4) -2"326 -2"537 2.016 0'0459 0 . 0 3 0 1  0.0388 
C(5) -2"159 0"426 - 1"979 0 " 0 3 5 9  0 " 0 4 2 4  0.0324 
C(6) - 1"801 1"649 -2"540 0 " 0 4 7 1  0 " 0 5 5 4  0-0414 
C(7) - 1"347 2"679 - 1"726 0 " 0 5 2 3  0.0457 0"0607 
C(8) - 1.212 2"473 -0.367 0 " 0 4 3 8  0 " 0 3 2 4  0.0605 
C(9) - 1"350 1"067 1"662 0 . 0 4 6 1  0.0322 0"0464 
C(10)  -2-620 - 1"030 0.033 0 " 0 3 2 2  0 - 0 1 9 9  0.0300 
C(11) -2"082 0"225 -0-596 0 - 0 2 6 2  0.0300 0.0324 
C(12) - 1"576 1.262 0"209 0 - 0 2 9 4  0 . 0 2 6 3  0"0429 
C(13) - 1"571 -0"274 2"234 0 " 0 3 4 4  0 " 0 3 4 6  0.0321 
C(14)  -2"141 - 1.287 1.447 0.0339 0 . 0 2 4 5  0.0318 
O -0"944 1"993 2"385 0 " 1 1 7 0  0 . 0 4 2 3  0.0554 
H(1) -0.811 0"270 4"184 0.0635 
H(2) - 1"175 - 1"930 5.173 0.0350 
H(3) -2"115 -3.763 3"775 0"0282 
H(4) - 2"751 - 3.334 1"416 U(isotropi~ 0.0375 
H(5) -2"499 -0.377 -2.623 0.0253 
H(6) -1.878 1.792 -3.609 0.0658 
H(7) - 1-100 3.637 -2.153 0.0576 
H(8) -0.818 3.264 0.262 0.0244 
H(9) -2"327 - 1.870 -0.574 0.0294 

2U12 2U23 2UIs 
0"0142 -0'0046 -0"0121 
0"0220 0"0139 -0"0112 
0"0220 0"0309 0"0017 
0"0154 0"0081 -0"0070 

-0"0028 0"0043 0"0104 
-0"0107 0"0236 0"0240 
-0'0133 0"0281 0"0250 
-0"0119 0"0035 0"0031 

0"0009 -0'0151 -0"0252 
0"0026 -0"0037 -0"0027 
0"0058 -0"0012 0"0038 

-0"0011 -0'0015 -0"0013 
0"0103 -0"0114 -0"0118 
0"0208 0"0018 -0"0033 

-0"0325 -0"0228 -0"0736 
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Fig. 2. Projection of the dimer along [a]. 

these were estimated by eye using a graduated intensity 
scale. Very weak reflexions were neglected. All data 
were corrected by the appropriate Lorentz-polariza- 
tion factors and the eye-estimated reflexions also by 
Phillips's correction, which makes allowance for the 
extension of spots on upper layer Weissenberg photo- 
graphs. 

Structure analysis 

On a mass spectrometer trace taken from a sample of 
the crystals under investigation a series of peaks ap- 
peared in the region of 386 a.m.u.; these peaks were 
not present when anthrone was used. This indicated 
therefore the presence of a dimer related to anthrone 
and not anthrone itself. Dimroth (1901) observed the 
formation of dianthronyl when anthrone or anthranol 
was oxidized by air or any other oxidizing agent. 

A Patterson projection on (010) located the half- 
molecules in planes perpendicular to [a] separated by 
the spacing of d400 while the (100) Patterson projection 
gave an indication of the tilt of the molecule with re- 
spect to the other two axes. Trial calculations, carried 
out on a limited number of reflexions, unambiguously 
fixed the orientation of the molecule and its origin. 

A series of least-squares refinements of the atomic 
positions of the carbon and oxygen atoms using dia- 
gonal terms only (Milledge, 1960) resulted in a discre- 
pancy index of 16Yo, when contributions of the hydro- 
gen atoms were added (but not refined) and the tem- 
perature factors for carbon and oxygen were changed 
from isotropic to anisotropic values. In order to ex- 
pedite the further refinement process subsequent cycles 
were carried out with a computer program which cal- 
culates block diagonals (Cruickshank et al,. 1960) and 
a weighting scheme in which w oc 1/F. 

A discrepancy index of R = 5.8 Yo was reached when 
the ratio of average coordinate shift to e.s.d, was 0.5. 

Table 1 gives the final positional and thermal par- 
ameters and Table 2 lists Fobs and Feale values using 
these parameters. 

Description of the structure 

Fig. 1 shows the bond lengths and angles of the mol- 
ecule. The standard deviations of the bond lengths 
vary between 0.004 and 0.006 A_ and those of the angles 
between 16 and 22' of arc. All bond lengths and angles 
have normal values within the limits of error, apart 
from the bond between C(10) and C(10'), which is 
longer than a normal single C-C bond. A similar value 
of 1.61 A has been found for the bond between the 
9 and 10 positions in dipara-anthracene (Ehrenberg, 
1966). 

Each molecule has a twofold axis of symmetry per- 
pendicular to the C(10)-C(10') bond, coinciding with 
the twofold axis in the unit cell. C(10) is 0.321 A from 
the best plane through the half-molecule, indicating a 
considerable pull towards the second half of the mol- 
ecule. The normals to the planes of the two parts of the 
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dimer are inclined at 145 ° 18' to each other. The half- 
molecules each have a bend of 10 ° 12' and their rela- 
tive orientation viewed along C(10)-C(10') shows the 
staggered configuration of the atoms in the neighbour- 
hood of C(10) (Fig. 2). The angle between the normals 

to planes through C(9), C(10), C(10') and C(10), C(10'), 
C(9') is 74 ° 12'. 

The intermolecular distances (Fig.3) between the 
oxygen atom at the equivalent point x , y , z  and C(3) 
and C(4) at x, 1 +y ,  z, and C(2) at 2, ½ +y ,  ½ - z  are 

• / / 

! 

i J 

if:? f' 

Fig.3. Projection of the structure along [b]. Contacts x , y , z  to ~,1-y,~:  dotted line; x , y , z  to x, 1 +y,z: chain dotted lines; 
x, 1 + y, z to x, ½- y, ½ + z: dashes and crosses. 
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3"30, 3"52 and 3.38/~ respectively. All other  intermol- 
ecular distances involving the oxygen a tom are greater 
than  3.9 A. These distances are too large to suggesl 
any C - H .  -. O bonds and it must  be inferred that  only 
van der Waals  forces exist in the crystal. 

Table 3. Orientation and magnitudes 
of  the thermal ellipsoids 

The direction cosines/, m, n give the orientation relative to the 
orthogonal axes a*, b and c. 

B l m n 
C(1) 4"42 - 0.5486 - 0.7953 0.2579 

3.22 0.6439 - 0.5987 - 0.4764 
2.42 0.5333 - 0.0953 0.8405 

C(2) 5.72 - 0" 3609 - 0.9270 - 0" 1023 
3.65 0.8364 -0.2733 -0.4751 
2.08 0.4125 - 0.2570 0.8740 

C(3) 5 .33  -0.7423 -0.5814 -0.3332 
4.06 0.6348 - 0.4509 - 0.6274 
2.02 0.2145 - 0.6773 0.7038 

C(4) 3-92 - 0.9200 - 0.3070 0.2435 
3 .18  -0.0949 -0.4284 -0.8986 
1.97 0.3802 - 0.8498 0.3650 

C(5) 3.39 0.0957 -0.9825 -0-1596 
3.07 0.8208 -0.0128 0.5710 
2.27 -0.5631 -0.1857 0.8053 

C(6) 4 .91  -0-0710 -0.8503 -0.5214 
4.30 0.8432 - 0.3304 0.4240 
2.12 -0.5328 -0.4096 0.7405 

C(7) 5.65 0.3635 0.3678 0.8559 
4"44 0.7872 -0.6126 -0.0710 
2 .41  -0.4982 -0.6996 0.5122 

C(8) 4.78 0.0011 0.0617 0.9981 
3.66 0.9197 -0.3919 0.0232 
2.35 -0.3926 -0.9179 0.0572 

C(9) 4.83 -0.6705 -0.1999 0.7145 
2.92 -0.6529 0.6125 -0.4401 
2.14 -0.3525 -0.7615 -0.5439 

C(10) 2.66 -0.8434 -0.1509 0.5157 
2.29 -0.5315 0.0933 -0.8419 
1"54 0.0789 -0.9841 -0.1588 

C(ll) 2.58 0.1841 -0.0202 0.9827 
2.50 0.4602 0.8852 -0.0681 
1 .92  -0.8685 0.4648 0.1723 

C(12) 3.40 -0.1058 -0.0410 0.9935 
2.32 0.9768 -0.1913 0.0961 
2.07 -0.1862 -0.9807 -0.0603 

C(13) 3.59 -0.6083 -0-5788 0.5431 
2.32 -0.6244 0.7714 0.1228 
2.08 0.4900 0.2644 0.8307 

C(14) 3 .23  -0.8381 -0.5225 0.1568 
2.52 -0.0576 -0.2011 -0.9779 
1.39 0.5425 -0.8286 0.1384 

O 10.83 -0.9080 0.1047 0.4056 
4.47 - 0.2020 0.7389 - 0.6429 
1"76 - 0"3670 - 0.6657 - 0.6498 

T h e r m a l  v i b r a t i o n s  

The magnitudes and orientations of  the thermal  ellip- 
soids for each a tom,  derived f rom the U~j values quoted 
in Table 1, are given in Table 3, where l ,m,n, are the 
direction cosines relative to or thogonal  axes a*, b, c. 

The oxygen a tom performs the largest thermal  vibra- 
tion normal  to the plane of  the half-molecule and it 
carries with it C(9) to which it is bonded.  

The max imum thermal  coefficients for all other 
a toms increase with increasing distances f rom the 
centre of  inertia, i.e. those of  C(10), C(11), C(12), C(13) 
and C(14) have max imum values below 3.5/~2, C(1), 
C(4), C(5), C(8) about  4 A 2 and C(2), C(3), C(6) and 
C(7) about  5 A 2. The directions of  these max imum 
vibrations indicate a rota t ion of  the half-molecules 
about  the C(10)--(C10') bond,  i.e. parallel to [a]. 

Analyses of  the thermal  da ta  in terms of  rigid body 
vibrations (Cruickshank,  1956) about  axes parallel and 
perpendicular  to C(10)-C(10')  and about  the inertia 
axes show in both  cases large differences between Uob8 
and Ueale so tha t  the vibrations cannot  be interpreted 
as those of  a rigid body. 
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