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The crystal structures of two modifications of naphthazarin (formally 5,8,dihydroxy-l,4-naphthaquin- 
one) have been further refined, using three-dimensional X-ray countel data in one case, and previously 
reported photographic data in the other. The carbon skeleton of the molecule is shown to possess 
Dah symmetry within the standard deviation in carbon--carbon bond length, which was 0.006 A in the 
more accurate study. The phenolic hydrogen atom, which is involved in an intramolecular hydrogen 
bond between the phenolic and quinonoid oxygen atoms, appea, s to be non-symmetrically placed 
between them. This structure can be interpreted in terms of resonance between the zwitterion con- 
tributors" 0 H%0 ~ ' ~  

,0,,,. H 0 - 0~., H 0 . 

Introduction one, there has b_ee.n some doubt as to its true structure. 
There is little difference in nuclear arrangement between 

Although the compound known as naphtbazarin is the equivalent structures (I) and (III), and it seemed 
commonly describedas5,8-dihydroxy-l,4-naphthaquin- possible that these may have been canonicals of a sym- 
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metrical structure such as iV). 
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An infrared study (Josien, Fuson, Lebas & Gregory, 
1953) failed to detect any O-H streching band, whence 
it was deduced that each hydrogen atom must indeed 
be equidistant from the two oxygen atoms, and that 
structure (V) was correct. Subsequently (Hadzi & Shep- 
pard, 1953) a broad band with Vm:~x2920 cm -1 was 
identified with the O-H stretching vibration; it was 

considered that a symmetrical O - H - O  system should 
show a frequency of ca. 1800 cm -I, and thus conversely 
(V) was incorrect. It is not obvious that the well known 
relationship involving bond length and frequency in 
hydrogen-bonding systems (Nakamato, Margoshes & 
Rundle, 1955) can in fact be so applied to a rigid intra- 
molecular system, but the conclusion that in this com- 
pound the hydrogen atom is asymmetrically placed has 
been supported by other studies. For instance, in the 
structure determination of 1,5-dihydroxyanthraquinone 
(Hall & Nobbs, 1966) for which v (O-H) is similar 
(2950 cm-1), the molecule clearly has the expected 
asymmetric structure. 

Naphthazarin exists in three crystalline modifications, 
which have been the subject of numerous studies (Pa- 
lacios & Silva, 1938; Billy, 1955, 1958; Borgen, 1956; 
Watase, Osaki & Nitta, 1957; Srivastava, 1958, 1959, 
1961; Golder & Zhdanov, 1958; Pascard-Billy, 1961, 
1962a, b, c, d). The structures of all three are in space 
group P 2 J c  (or equivalent), and are such that the mol- 
ecules are required to be centrosymmetric. At first sight 
this appears to eliminate the 1,4-quinone structure, 
(I), but the centrosymmetry could be only apparent; 
such a near-symmetrical molecule, for which all avail- 
able hydrogen bonds would presumably be intramolec- 
ular, might well be disordered in the crystalline state. 
The most significant of the above investigations were 
those of Pascard-Billy, in which the results for all 
modifications were interpreted in terms of the 1,5- 
quinone structure (II). This interpretation appears to 
be based more on the fact that the pattern of bond 
lengths deviates from D2~ , symmetry than that it actually 
fits structure (II); indeed it is questionable whether any 
of the analyses were sufficiently precise to permit such 
a deduction. A further argument in support of (II) was 
that the phenolic hydrogen atoms, which were located 
from projection studies only, do appear to be asymme- 
trically placed between the oxygen atoms, but again 
the accuracy of these observations is uncertain. 

It may further be noted that Watase et al. (1957) 
reported that a few weak reflexions which contravene 
the space-group extinctions were observed on very long 
exposure photographs of crystals of modification A 
(using Pascard-Billy's nomenclature), but their signifi- 
cance was not further investigated. 

Recently the nuclear magnetic resonance spectra, in 
chloroform solution, have been reported (Moore & 
Scheuer, 1966) for naphthazarin and various related 
compounds. Unsymmetrical derivatives show the num- 
ber and pattern of signals expected from the supposed 
formula, but naphthazarin itself shows one signal only 
for the carbon-bound hydrogen atoms, and thus on 

a 

3"81 A 
3"74 
3"75 
3"743 + 0"004 

Table 1. Cell parameters for  modification A 

b 
7-63 A 
7"63 
7"66 
7"622 + 0"008 

C 

14.55 A 
14.55 
14.50 
14.549_+0"015 

fl Reference 
97.2 ° Borgen (1956) 
97-4 Watase et al. (1957) 
97-0 Pascard-Billy (1962b) 
97-7 + 0.1 This work 
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this time scale the molecule is apparently symmetrical. 
These observations were interpreted in terms of a rapid 
tautomerism involving structures (I)-(IV). 

It was apparent that a further crystallographic invest- 
igation of this compound was warranted, and in view 
of the observation by Watase et al., new data were 
collected for modification A. It was noted that the pre- 
vious refinement of modification C (Pascard-Billy, 
1962d), which was based on three-dimensional photo- 
graphic data, had not proceeded beyond the assump- 
tion of isotropic thermal motion, and in the belief that 
the full potential of these data had not been realized, 
this refinement was further continued. 

Experimental 

Naphthazarin was prepared according to Zahn & 
Ochwat (1928), and crystallized from glacial acetic 
acid as dark green needles of modification A. Cell par- 
ameters were obtained from precession photographs 
(Patterson & Love, 1960), and are listed in Table 1, 
together with values previously reported. The space 
group was confirmed as apparently P21/n, with two 
molecules per unit cell. A crystal of dimensions 0.57 × 
0.095 × 0-07 ram. was mounted about a, and intensity 
data for the layers Okl-2kl were collected using a PAIL- 
RED automated linear diffractometer. Crystal mono- 
chromatized Cu K~ radiation was used; l~he linear ab- 
sorption coefficient was 10.3 cm -~, and no correc- 
tions for absorption were made. The co-scan procedure 
was used, and background counted before and after 
each reflexion scan. A reflexion was regarded as un- 
observed if a(1)/I > 0.5, where [= T -  tB, aI= (T+ 
t2B) ~/~, for T= scan count, B= total background count 
and t= ratio of scan time to total background count 
time. All data were collected at the normal scan speed 
of 1 °min-L The hOl terms for which h + l is odd were 
then rescanned at 0.1 °min -~. Of the 48 reflexions studied, 
only 3 gave a positive intensity such that a(I)/I was 
less than 0.5, and none gave a(I)/I less than 0.3. None 
of the forbidden reflexions reported to have been ob- 
served by Watase et al. gave aI/I less than 0.8. It was 
considered that this investigation gave no evidence for 
supposing that the space group was other than P21/n. 
A data set of 355 observed reflexions was obtained. 

Refinement of modification A. 

The carbon and oxygen atom coordinates listed by Pas- 
card-Billy (1962b) were assumed, and were refined 
using the program ORFLS (Basing, Martin & Levy, 
1962). Scattering factors were assumed as in Internatio- 
nal Tables for X-ray Crystallography (1962), and weights 
were calculated as w=a2/[aa+(F-b)2], with a=3.1,  
b=3.6 A, these values being chosen so that (wAF a) 
was invariant with F. On the assumption of anisotropic 
thermal motion and with the removal of 8 terms appar- 
ently suffering from secondary extinction, R converged 
at 0.071. 
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A difference synthesis was then calculated through 
the mean plane of the molecule, using the program 
FORDAP (provided by Dr A. Zalkin), and the hydro- 

Table 3. Observed and calculated structure 
factors ( x  10), modification A 
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gen atoms were readily located, as may be seen in Fig. 
1. These atoms were given isotropic temperature fac- 
tors equal to the mean equivalent value of the atom 
to which they are attached, and refinement of  all par- 
ameters was then continued. The scattering curve for 
hydrogen was that given by Mason & Robertson 
(1966). Refinement converged with conventional R at 
0.0514, and with Rw (as defined by Hamilton, 1965). 
at 0.0481. Finally the hydrogen thermal parameters 
were permitted to be anisotropic, when the statistics 
were R=0.048 ,  Rw=0.046.  According to Hamilton's 
(1965) criterion this decrease in Rw is not significant 
at the 0.05 probability level, and the final parameters 
were taken as those at R=0.0514.  These are listed in 
Table 2, and the observed and calculated structure 
factors in Table 3. The bond lengths and angles corre- 
sponding to the coordinates of  Table 2 are shown in the 
upper half of  Fig. 2. Tb.e thermal motions were anal- 
ysed in terms of rigid-body movements by Cruickshank's 
(1956) procedure, as outlined in Table 4. The bond 
lengths corrected for libration effects (Busing & Levy, 
1964) are shown in the lower half of Fig. 2. 

Refinement of modification C 

Cell parameters as listed by Pascard-Billy (1962d) are 
a = 7.906, b = 7.324, c = 14.05 A, fl = 96°35 ', space group 
P21/n, 4 molecules per unit cell. There are two inde- 
pendent molecules in the cell, centred on 0,0,0 and 
½,0,0. The data and positional parameters of  Pascard- 
Billy (1962d) were assumed, and the structure refined 
as above.* On the assumption of anisotropic thermal 
parameters R decreased from the previous 0.19 to 0.134. 
Ten reflexions which appeared to be affected by extinc- 
tion were removed from the data set, and the hydrogen 

* In order to  conver t  the F ( o b s )  va lues  g iven in Tab le  3 o f  
Pascard-Bi l ly  to  an a b s o l u t e  scale,  we  f o u n d  it necessary  to  
mul t ip ly  t h e m  by 0 .465.  

+ %.<.> I °̀ ,> 
II//S/ ~ i# 

"""'/ 

, , "  .... - . . " ,  1 i t / /  ) ," 
i / X 'k / ./' / 

f <,.. 0 " , , ' )  " - - . - - . .  . . . .  . . - "  

Fig.  1. D i f f erence  synthes i s  in the p lane  o f  m o l e c u l e ,  m o d i f i c a t i o n  A, s h o w i n g  the h y d r o g e n  a t o m s .  C o n t o u r s  are at intervals  o f  
0 .07  e . A - 3 ,  w h i c h  equa l s  the s tandard  dev ia t ion  in e lectron densi ty .  
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atoms were located from a difference synthesis. Fur- 
ther refinement, which assumed isotropic thermal mo- 
tion for the  hydrogen atoms, converged at R=0.095.  
Atom coordinates and thermal parameters are listed 
in Table  5, and bond lengths and a,agles shown in Fig. 
3. The thermal motions of the carbon atoms were inter- 
preted in terms of rigid-body motions by Cruick- 
shank's (1956) procedure,  leading to a discrepancy 
index • between observed and calculated U of 6.9 % for 
molecule 1 and 5 . 4 %  for molecule 2. The relatively 
high value for molecule 1 suggests that the anisotropic 
parameters are correcting for more than just thermal 
motion, and: no attempt was made to correct the bond 
lengths for librational effects. 

.. : 

Results 
• . ~ . .  

The most obvious feature of Fig. 2 is that; apart from 
the hydrogen atom, the molecular symmetry is indeed 
very close to D2h, and the suggestion that  the mol- 
ecule is a 1,5-quinone is clearly incorrect. Surprisingly, 
however, the hydrogen  atom is not symmetrically 
placed between the oxygen atoms, as might be expected 
from structure (V), n o r  does it appear as two half- 
atoms, corresponding to a disordered situation. It was 
considered desirable to test these possibilities specifi- 
cally. 

First, the hydrogen atom was  moved 0.3 A from 
i t s  refined position, within the plane o f  the molecule, 
such that the two O , H  separations were equal at 1.33 
A. The agreement indices R and Rw increased to 0.0555 
a n d  0.0535 respectively, a significant increase at the 
0'005 probability level, assuming the hypothesis to be 

of dimension 4 with 256 degrees of freedom. On re- 
finement, allowing all parameters to vary but maintain- 
ing the hydrogen in a symmetrical position, Rw de- 
creased to 0-0504, which is still significantly higher than 
0.0481 at the 0.005 level. When the hydrogen param- 
eters were permitted to vary, the atom immediately 
returned to the non-symmetric position and all par- 
ameters converged on their previous values. 

Second, the hydrogen atom was replaced by two 
half-weight hydrogen atoms, one in the same position 
as H(3) and the other, H(3'), symmetrically placed and 
making a bond of 1.07/~ with O(1). R and Rw then 
increased to 0.0549 and 0.0541 respectively. On refine- 
ment, R and Rw decreased to 0-0501 and 0-0472 re- 
spectively, lower figures than for the single non-sym- 
metric hydrogen atom model, although assuming a 
hypothesis of dimension 5 the difference narrowly fails 
to be significant at the 0.05 probability level. However, 
after the first refinement cycle the temperature factors 
for H(3) and H(3'), initially 7.5/~2, were 2-1 (a 1.5) and 
13.9 (a ~2.3)/k z respectively, and after three cycles were 
2.0 and 16.0A z. The refinement was repeated,*imaintain- 
ing the temperature factors of the half-weight hy- 
drogen atoms at 7-5 A 2 but permitting their site-occu- 
pancy factors to vary. After the first cycle the occu- 
pancy factors for H(3) and H(Y) changed from 0.5 to 
0.86 (a 0.13) and 0.19 (or 0"18) respectively, avd after 
three further cycles were 0.97 and 0.13, with R and Rw 
at 0.0502 and 0.0483 respectively. The fact that H(Y) 
assumed either a very high temperature factor or a very 
low occupancy factor could only be interpreted as indi- 

C(5) obs 0.103 " 0.051 
calc 0.108 ......... 0-052• 

Molecular axes are with x and y in the plane 
with z perpendicular to the molecule. 

* On suggestion by the referee. 

Table 4. Rigid-body thermal analysis of the naphthalene nucleus, modification A 
T=0.041 (2) 0.004 (2) 0.001 (2) in A2 

0.047 (2) 0.007 (2) 
0"035 (4) 

R.m.s. vibrations along molecular axes are 0.20, 0-22, 0.19 A respectively. 
09=0.0028 (7) -0.0002 (5) -0.0012 (5) in rad. 2 

0.0018 (23)  -0.0010 (9) 
0.0110 (5) 

R.m.s. vibrations about molecular axes are 3.1, 2.4, 6.0 ° respectively. 

Observed and calculated Uij with respect to molecular axes. 

U l l  U 2 2  U 3 3  : U 1 2  U I 3  U 2 3  

c(1) obs 0.111 0.050 0.053 - 0.014 0.012 0.006 
calc 0.108 0.052 0.053 =0.014 0.013 0.003 

C(2) obs 0.060 0.069 0-044 - 0.018 0.009 - 0.005 
calc 0.058 0.069 0.044 - 0-016 0.008 - 0.002 

C(3) obs 0.042 0-047 • 0.036 0-007 - 0.001 0.002 
calc 0.041 0.052 0.036 0.004 0.001 0.005 

C(4) obs 0.057 0-077 0.042 0.022 - 0.00l 0.003 
calc 0.058 0.069 0.042 0.023 - 0-003 0.002 

0.053 0.022 0.003 0.010 
.- 0.052 0,022 . . . . . .  0..003 _ 0.007 

of themolecule, parallel and perpendicular resPectively to bond C(3)-C(3'), and 
.. 
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eating that the half-atom model  is not supported by the 
experiment,  and that the slightly lower agreement in- 
dices should be interpreted as a consequence of  the 
increased number  of  parameters. 

.'0004 "~1.301 -'0004 
~ ~ 0 ~ I  1431 "0006 H(1) 

...... V °' 

? 
V V °'' 

Fig. 2. Bond lengths and angles, before and after correction 
for thermal motion, modification A. 

For  both molecules of  modification C the pattern of  
ca rbon-carbon  and carbon-oxygen bond lengths is, 
within error, identical to that observed for modification 
A, and the heavy-atom skeleton again shows, at least 
very nearly, Dzh symmetry.  The hydrogen atoms H(13) 
and H(23) again appear  to be non-symmetr ical ly  posi- 
tioned between the two oxygen atoms, but the accuracy 
of their location is too low for this observation to be 
considered meaningful.  Nonetheless the molecular  
structure in modification C is, within error, identical 
with that observed in the more precise study of modifica- 
tion A. 

Discussion 

This result, that the heavier-atom structure is symmet- 
rical but the phenolic hydrogen is not symmetrical ly 
disposed, was unexpected, and the possibility that 
systematic errors may have influenced the apparent  
position of the hydrogen atom cannot  be ignored. The 
difference synthesis, Fig. 1, supports the least-squares 
result, but not so clearly with respect to background 
noise as to eliminate suspicion completely. Neverthe- 
less, a molecular  structure as in Fig. 2 could be de- 
scribed in terms of  a resonance system to which the prin- 
cipal contributors are (VI) and (VII). These are in effect 
zwitterions corresponding to the expected 1,4-quinone 
(I) and its equivalent (III). It can be argued that  as the 
hydrogen bond is not sufficiently strong for the proton 
to be more or less equally disposed between the two 
oxygen atoms, structures (I) and (III) are not equivalent 
and resonance between them is then not possible. For 
the zwitterions this is not so; structures (VI) and (VII) 
are equivalent  and the resonance stabilization that 
results presumably more than compensates the energy 
required for ionization. Obviously structure (IV) could 
also be a canonical,  but there is little evidence in the 
bond-length pattern of  a significant contribution.  Ca- 
nonicals such as (VIII) would seem to be more impor- 
tant. It is notable that this structure is consistent with 

Table 5. A t o m  coordinates and thermal parameters  (A2), modification C 

x/a y/b z/c U t l 
C(ll) -0.0537 (7) 0.1664 (7) -0.1601 (4) 0.045 (3) 
C(12) 0.0430 (6) 0-2119 (6) -0.0705 (3) 0.035 (3) 
C(13) 0.0452 (6) 0.0862 (6) 0.0072 (3) 0.033 (2) 
C(14) 0.1379 (6) 0.1250 (7) 0.0985 (3) 0.036 (3) 
C(15) 0-1381 (7) -0.0084 (7) 0-1737 (3) 0.046 (3) 
O(11) 0.1246 (5) 0.3668 (5) -0.0627 (3) 0.058 (3) 
O(12) 0.2231 (5) 0.2762 (5) 0.1154 (3) 0.052 (2) 
C(21) 0"6845 (7) 0-2358 (7) 0"0989 (4) 0-037 (3) 
C(22) 0.6068 (6) 0.2311 (7) 0.0013 (4) 0.036 (3) 
C(23) 0"5093 (6) 0"0746 (6) -0.0324 (3) 0.029 (2) 
C(24) 0.4310 (6) 0.0641 (7) -0.1280 (3) 0.033 (2) 
C(25) 0.3326 (6) -0.0943 (8) -0.1593 (3) 0.034 (3) 
O(21) 0.6288 (6) 0.3681 (5) -0.0553 (3) 0.070 (3) 
0(22) 0.4450 (5) 0.1962 (6) -0.1898 (3) 0.055 (2) 
H(ll)  -0.056 (9) 0.248 (10) -0.215 (5) 
H(15) 0.210 (8) 0.021 (8) 0.237 (4) 
H(13) 0.211 (12) 0.370 (14) 0-039 (7) 
H(25) 0.271 (9) -0.127 (9) -0.223 (5) 
H(21) 0.761 (8) 0.327 (9) 0.117 (4) 
H(23) 0.541 (9) 0.297 (9) -0.137 (5) 

U22 U33 UI 
0.041 (3) 0-040 (3) 0.003 
0.032 (2) 0.937 (2) -0.001 
0.031 (2) 0.028 (2) 0.001 
0.036 (3) 0.034 (2) -0.004 
0.048 (3) 0-031 (2) -0.002 
0-039 (2) 0.058 (2) -0.010 
0-041 (2) 0"051 (2) --0"015 
0"043 (3) 0"048 (3) -0"013 
0"031 (2) 0"043 (2) --0"002 
0.026 (2) 0-031 (2) 0"001 
0"042 (3) 0"027 (2) 0"004 
0"055 (3) 0"035 (2) -0"002 
0.030 (2) 0"064 (2) -0"013 
0.061 (3) 0.040 (2) 0.002 
Isotropic B= 7 (2) 

5 (1) 
I0 (2) 
6(1) 
5(1) 
6(I) 

2 UI3 U23 
(2) 0"008 (2) 0"013 (2) 
(2) 0.003 (2) 0-004 (2) 
(2) 0.002 (2) O.OO1 (2) 
(2) 0.006 (2) -0.005 (2) 
(2) 0.000 (2) 0.003 (2) 
(2) 0.002 (2) 0.013 (2) 
(2) -0"007 (2) --0"006 (2) 
(2) 0-005 (2) -0"004 (2) 
(2) 0-006 (2) -0.004 (2) 
(2) 0.001 (2) -0.001 (2) 
(2) 0.001 (2) 0.001 (2) 
(2) -0.004 (2) -0.010 (2) 
(2) 0.011 (2) 0-010 (2) 
(2) -0.005 (2) 0.021 (2) 
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the infrared spectrum, in that the hydrogen atom is 
non-symmetrically positioned, and also with the single 
observed C-H n.m.r, signal, as the environment of all 
carbon-bound hydrogens is identical, other than for 
the phenolic hydrogen. 

The mean plane through the carbon atoms of modi- 
fication A, and the displacements of individual atoms 
from this plane, are given in Table 6. The phenolic 
oxygen O(2) is significantly displaced, and to a lesser 
extent so is the phenolic hydrogen H(3), but otherwise 
the molecule is accurately planar. A similar distortion 
of the phenol group was observed in 1,5-dihydroxy- 
anthraquinone (Hall & Nobbs, 1966) and also in the 
rather similar intramolecular hydrogen-bonding system 
in chloranilic acid (Anderson, 1967a) and chloranilic 
acid dihydrate (Anderson, 1967b), and thus it appears 
to be a common result of such intramolecular strain, 

Table 6. Displacement from mean molecular 
plane, modification A 

Mean plane: - 0-9162x + 0.3620y- 0.1719z = 0 with respect to 
axes abc*. 

Displacement Displacement 
C(1) 0"002 (5) O(1) -0"009 (4) 
C(2) 0.000 (4) 0(2) -0.018 (3) 
C(3) 0.001 (3) H(1) -0.06 (5) 
C(4) 0.001 (4) H(5) -0.03 (5) 
C(5) 0.001 (4) H(3) -0.12 (5) 

As described previously (Pascard-Billy, 1962b,d), 
the molecules pack in a herring-bone pattern in both 
modifications, similar to that characteristic of aromatic 
hydrocarbon atoms. In A, successive molecules along a 
are parallel, with perpendicular separation of 3.42/~, 
and the molecular normal is inclined to a at 23.6 °. In 
C, the two distinct molecules are very nearly parallel 
(making an angle of 1 o), and thus there are also succes- 
sive parallel molecules along e, with perpendicular 
separation of 3.4/~, and with molecular normals in- 
dined at a mean of 31 °. The shorter intermolecular 
contacts for A are listed in Table 7. 

oxygen atoms do in fact show a much larger out-of- 
plane vibration than do the carbon atoms. 

Grateful acknowledgement is made of financial sup- 
port from the National Research Coucnil of Canada. 
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Table 7. Intermolecular contacts, modification A 
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as measured by a Z2-test, resulting from the fact that the 
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Die Kristallstmktur yon Hexaehlorborazol 

WON ULRICH MLILLER* 

lnstitut f i ir Anorganische Chemie der Universitiit Karlsruhe, 75 Karlsruhe, Englerstrasse 11, Deutschland 

(Eingegangen am 22. Juni 1970 und wiedereingereicht am 25. August 1970) 

Hexachloroborazine crystallizes with rhombohedral symmetry with one formula unit per rhombohedral 
unit cell; the lattice parameters are a=6.151/~ and e=91"8 ° (rhombohedral cell) or a=8.835, c= 
10"313/~ (trigonal cell), space group R3. The crystal structure was deduced from stereochemical con- 
siderations and refined by the method of least-squares to a reliability index of R=4.5% for the 153 
crystallographically independent observed reflexions. The structure is built up from planar layers of 
(BN)3C16 molecules lying perpendicular to the trigonal c axis and can be derived from a cubic closest 
packing of C1 atoms by substituting the cube corner atoms by (BN)3 rings. Owing to positional disorders 
in the layer sequence all crystals are polysynthetic twins with microdomains oriented in such a way 
that the formal description with the terms obverse and reverse for rhombohedral cells is possible. The 
shape and dimensions of the hexachloroborazine molecule are almost identical with those of hexachloro- 
benzene, which crystallizes in a related structure. 

Einleitung 

Im Rahmen von Strukturuntersuchungen an Aziden 
ergab sich bei Versuchen, ffir kristallographische Un- 
tersuchungen geeignete Einkristalle vom trimeren Bor- 
dichloridazid zu gewinnen, dass sich dieses in L6sung 
unter bestimmten Umst~inden zu Hexachlorborazol, 
(BN)3CI6, zersetzt (Mtiller, 1971). Durch die entspre- 
chende thermische Zersetzung des Bordichloridazids 
war das Hexachlorborazol erstmals von Paetzold (1963) 
erhalten worden. Weitere Darstellungsm~Sglichkeiten 
sind yon Haasnot & Groeneveld (1967) und yon Wi- 
berg, Raschig & Schmid (1967) beschrieben worden. 
Da orientierende RiSntgenbeugungsdiagramme erken- 
nen liessen, dass die Kristallstruktur von Hexachlor- 
borazol einige Besonderheiten aufweist, erschien dessen 
Strukturaufkl~irung lohnend. 

* Gegenw~irtige Anschrift: Institut ftir Anorganische Chemie 
der Universit~t Marburg, 355 Marburg/Lahn, Lahnberge, 
Dentschland. 

Experimentelles und Kristalldaten 

Ftir die r/Sntgenographische Untersuchung geeignete 
Einkristalle von Hexachlorborazol wurden aus einer 
L6sung in CC14 gewonnen, indem das L~Ssungsmittel 
unter vermindertem Druck partiell verdunstet wurde. 
Die dabei ausgeschiedenen Kristallnadeln haben die 
Gestalt von hexagonalen Prismen, auf deren Seiten 
sich hS.ufig kleine Stufen zu Treppen aneinanderreihen; 
als Begrenzungsfl~ichen scheinen nur die Fl~ichen mit 
den trigonalen Indices {10T0} und {0001} vorzukom- 
men. Von den Kristallen wurden einige isoliert und 
unter Feuchtigkeitsausschluss in je eine diinnwandige 
Kapillare aus Quarzglas abgeffillt. 

Ein Drehkristalldiagramm und mehrere Weissen- 
berg-Aufnahmen, die mit Cu Ke-Strahlung bei Dre- 
hung um die Nadelachse (trigonale c-Achse) zuniichst 
angefertigt wurden, ergaben eine trigonale Elementar- 
zelle (Laue-Symmetrie 5). Im weiteren Verlauf der 
Strukturbestimmung zeigte sich, dass das Hexachlor- 
borazol rhomboedrisch kristallisiert. Eine Guinier- 


