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hk~ l_Vlo _v~ 
28,4,2 22 19 
30,4,2 7 9 

062 84 87 
262 37 43 
462 27 29 
662 26 22 
862 89 88 

10,6,2 52 44 
12,6,2 58 52 
14,6,2 18 22 
16,6,2 41 42 
18,6,2 31 30 
20,6,2 73 65 
22,6,2 15 11 
24,6,2 53 44 

Table  (cont.) 

h~Z Ylo -~c 
26,6,2 12 10 
28,6,2 52 49 

282 41 49 
482 83 89 
682 124 135 
882 30 35 

10,8,2 27 30 
12,8,2 17 21 
14,8,2 72 71 
16,8,2 60 61 
18,8,2 32 28 
20,8,2 12 13 
22,8,2 58 53 
24,8,2 43 38 
26,8,2 33 30 

0,10,2 89 92 
2,10,2 23 17 
4,10,2 28 30 
6,10,2 46 44 
8,10,2 37 36 

10,10,2 32 33 
12,10,2 38 36 
14,10,2 9 5 
16,10,2 10 13 
18,10,2 35 34 
20,10,2 59 50 
22,10,2 43 41 

2,12,2 30 26 
4,12,2 53 57 

0"4058X+0"4593 Y+0"7901Z = 2-344.  

A t o m  01 dev ia tes  +0 .085 ~ f rom this  p lane  (on t he  
side a w a y  f rom the  origin), a n d  a t o m  02 dev ia t e s  
- 0 . 0 6 5  A f rom t h e  p lane  (on t he  side towards  the  
origin). The  angle  01-N1-N2 is 129 °, more  t h a n  10 ° 
larger  t h a n  any  o the r  b o n d  angle. This also suggests  
t h a t  steric effects occur  here.  

Table  2 lists d is tances  of t he  po ta s s ium ions to  t he  
su r round ing  a toms.  These  are genera l ly  in a g r e e m e n t  
w i th  t h e  d is tances  found  in o the r  s imilar  po ta s s ium 
salts such as po tass ium dini t rososul f i te  (Cox, J e f f r ey  
& Stadler ,  1949) and  d ipo ta s s ium n i t roace t a t e  (Sutor, 
L lewel lyn  & Maslen, 1954). 

I wish to  t h a n k  Miss J o a n  R e i n h a r t  for supply ing  

h~ IFIo Fc 
6,12,2 51 50 
8,12,2 80 78 

10,12,2 12 15 
12,12,2 43 42 
14,12,2 49 48 
16,12,2 41 38 
18,12,2 36 35 

0,14,2 31 39 
2,14,2 31 33 
4,14,2 25 28 
6,14,2 22 24 
8,14,2 15 15 

10,14,2 28 32 
12,14,2 27 33 

t h e  c o m p o u n d s  used  in th is  i nves t iga t ion  a n d  for m a n y  
discussions on t h e  chemis t ry  of these  in t e re s t ing  
substances .  
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The Crystal Structures of the Dibromide and Di- iodide of 
5:10-dihydro-  5:10- dimethylarsanthren 

BY D. JUNE SUTOR ~ D  F~A~CES R.  HA~PER 
Crystallographic Laboratory, Cavendish Laboratory, Cambridge, England 

(Received 23 December 1958) 

The dibromide of 5 :10-dihydro-5:10-dimethylarsanthren  crystallises in the  or thorhombic space 
group P212121 with unit-cell dimensions a ---- 11.27, b ---- 9.70, c ---- 14.87 /~, while the  di-iodide crys- 
tallises in the  monoclinic space group P21/c with a ---- 10-63, b = 9.94, c ---- 17.02 A, fl ---- 108.6 °. 
The coordinates of the heavy  atoms were determined from the hO1 and 0kl sharpened Pat terson 
projections and refined by  Fourier  syntheses;  coordinates for the carbon atoms of the arsanthren 
ring and probable coordinates for the methy l  groups in the  dibromide were obtained from difference 
syntheses. The stereochemistry is similar for the two molecules; they  are folded about  the  As-As 
axis and the two halogen atoms are disposed one on each side of one arsenic atom, the  line joining 
the  halogen atoms being at r ight angles to the  plane which contains the  three As-C bonds of this 
arsenic atom. The valencies of the other arsenic a tom are probably non-planar,  as in other 3-covalent 
arsenic compounds,  though  a planar configuration cannot  be definitely excluded. The As-Br  and 
As - I  bonds are significantly longer than  covalent bonds and may  be either ionic or in termediate  
between ionic and covalent.  

1. Introduct ion  

The  crystal  s t ruc tures  of t he  d ib romide  and  di - iodide  
of 5 : 1 0 - d i h y d r o - 5 : 1 0 - d i m e t h y l a r s a n t h r e n  (see Fig. 1) 
h a v e  been  inves t iga t ed  in order  to  d e t e r m i n e  the  n a t u r e  
of t he  A s - B r  and  A s - I  bonds,  a n d  if possible t he  
s t e r eochemis t ry  of t he  molecule.  

I n  a chemica l  i nves t iga t ion  of these  c o m p o u n d s  
Jones  & M a n n  (1955) found  t h a t  all t he  b romine  in  
an  aqueous -me thano l i e  so lu t ion  of t he  d ib romide  is 
ionic and  hence  can be e s t i m a t e d  volumet r ica l ly .  I n  
solut ion,  t he  proper t ies  of t he  di - iodide ind ica te  t h a t  
i t  m a y  exist  as an  equ i l ib r ium m i x t u r e  of t he  ionic 
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16 

CH8 
H I H 

x-J 7 6 X-Jl3 5 12 x-j 4 3 x-~x~- 

I s I1~ nil el 

H ] H 2 Br 
CH3 (17 a n d  18) 
15 

Fig. 1. The dibromide of 5:10-dihydro-5:10-dimethyl- 
arsanthren, showing the numbering system. 

and covalent forms, bu t  it was deduced, from the deep 
orange colour of the crystals, tha t  in the crystalline 
state the di-iodide assumes solely the covalent form, 
for te r t ia ry  arsine di-iodides are normal ly  orange to 
brown. 

The stereochemistry of 3-covalent arsenic was 
determined by  Bradley (1924) who showed tha t  in 
crystall ine arsenic the valencies are non-planar,  the 
in tervaleney angle being 97 °. The isolation of geometric 
isomers of an organic molecule containing 3-covalent 
arsenic,  5:10 - di - p - tolyl - 5:10-  dihydroarsanthren,* 
(Chatt & Mann, 1940) demonstra ted  the non-planar i ty  
of the arsenic valencies in this type  of compound, 
the in tervalency angle being probably  ca. 97 °. In  a 
s tudy  of the dibromide of 5:10-dihydro-5:10-dime- 
thy la rsan thren  Jones & Mann (1955) have said tha t  
if in solution the bromine is ionic then  the cation will 
exist as a resonance hybr id  of the anthracene type  
and will be uniplanar .  

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

Crystals of the dibromide and di-iodide were supplied 
by  Dr F. G. Mann, Univers i ty  Chemical Laboratory,  
Cambridge who suggested the problem to us. The 
dibromide crystals are colourless, of equal dimensions, 
and exhibi t  symmet ry  222 ; while the di-iodide crystals 
are deep orange needles of hexagonal  cross-section and 
show s y m m e t r y  2/m. 

Unit-cell  dimensions and space groups obtained 
from rotat ion and Weissenberg photographs are listed 
in Table 1. The densities, measured by flotation using 

Table 1. Unit-cell dimensions and space groups 

a b o ~ ~p~co 
(A) (A) (A) (°) group 

Dibromide 11.27 9.70 14.87 - -  P2~2121 
Di-iodido 10.63 9-94 1 7 . 0 2  1 0 8 . 6  P21/c 

a mixture  of t r iehtorethylene and  bromoform, are 
1-97±0.02 g.cm. -a for the dibromide and 2.31±0.02 
g.cm. -3 for the di-iodide; the values calculated for 
four molecules per cell are 2.00 g.cm. -a and 2.28 
g.cm. -a respectively. 

* In modern nomenclature this compound would be called 
5:10-dihydro-5 : 10-di-p-tolylarsanthren. 

For in tens i ty  data,  the hO1 and 0kl layer  lines of 
both compounds were recorded on Weissenberg photo- 
graphs with Cu K a  radiation,  using the mult iple-f i lm 
technique. Scaling factors between films were deter- 
mined from the common reflexions and the result ing 
intensit ies were converted to IF] ~ values using Lorentz- 
Polarization Factors calculated on EDSAC I. No 
corrections were made for absorption. 

3. Determinat ion  of the s tructures  

The coordinates of the heavy  atoms in both structures 
were determined from the hO1 and Okl sharpened 
Pat terson projections. In  both the hO1 projections, 
there are lines of three large peaks, suggesting tha t  
in projection three of the four heavy  atoms are in a 
l inear array. These coordinates were refined by Fourier  
syntheses till  only small  shifts were observed; at this  
stage, the R factors for the hO1 and Okl projections 
of both compounds were all 24%. The calculations of 
Fourier  series and structure factors were carried out 
on EDSAC I and EDSAC II. In  the calculation of 
structure factors, the analyt ical  expressions of the 
atomic scattering factors for the heavy atoms and 
later for the carbon atoms (Vand, Ei land & Pepinsky,  
1957) were used on EDSAC II.  

a 

,-" ,,,, , 

',. , . . , 

j ' . = i  " "  ' 

- ' r - ' o  ' 

. ,  , 

i ~" • I • 

- ½ a  

Fig. 2. First h01 difference synthesis of the dibromide using 
the Fc values calculated from the coordinates of the heavy 
atoms. The positions of the carbon atoms of the arsanthren 
ring are readily seen. Contours are at arbitrary but equal 
intervals with the zero contour broken. 



D. JUNE SUTOR AND FRANCES R. I-IARPER 587 

3-1. Refinement of the dibromide structure using undergoing anisotropic vibrations similar to those in 
difference syntheses anthracene (Cruickshank, 1956). 
The first hO1 and Okl difference syntheses of the The final R factors are 11% for the hO1 projection 

dibromide, calculated from the F~ values for the and 14% for the Old projection. The smooth curves 
heavy atoms, showed maxima corresponding to the for scaling Fc to Fo cannot be represented in Gaussian 
carbon atoms of the arsanthren ring (see Fig. 2). The 
positions of the methyl groups were not so certain, 
but subsequent difference syntheses indicated the Dibromide 
position of C16 attached to As 5 and the probable ci 
position of C~5, but the coordinates of this latter atom c~ 
were not used in any structure factor calculations, c~ 
The heavy atoms were given additional isotropic or c4 

As s 
anisotropic temperature factors, listed in Table 2, c6 
where Bx, B~, and B z are the temperature factors C~ 
along the axes of the vibration ellipsoid, By is parallel cs 
to b*, B x and Bz lie in the a'c* plane and V is the C. 
angle between B x and a*. As~° Cn 

C~2 
Cla 
Ci~ Table 2. Additional temperature factors for the dibromide 

BI By Bz y) (o) 
As s 0-1 0-I 0-1 0 
As~0 0.3 0.3 0-3 0 
B r ~  0.8 0.3 0.3 60 
Br18 1-0 0.5 0.4 40 

The later hO1 difference syntheses indicated that 
most of the carbon atoms in the arsanthren ring are 

Table 3. The fractional coordinates 
x y z 

0.393 0.080 0.356 
0.480 0-028 0.294 
0.470 0.047 0.203 
0.352 0-098 0.166 
0.1227 0.2500 0.1954 

- -0 .114  0-292 0.265 
- -0 .198  0.297 0-338 
- -0 .182 0.297 0.421 
- -0 .066  0.264 0.440 

0.1922 0.2172 0-4293 
0-284 0.144 0.332 
0.263 0.148 0.231 
0-013 0.263 0.281 
0.036 0.260 0-379 

0.180 0.563 
0.138 0.099 
0.4711 0.3922 

0.1344 - -0 .0430 0.4664 

C15 (?) 0.227 
C16 0.069 
Bq7 0.2438 
Br18 

Di-iodide 

As 5 
As10 

0.3773 0.8848 0.2792 
0.2391 0.8492 0.0602 
0.1766 0.1164 0.0844 
0.2750 0-5634 0.0198 

Table 4. Observed and calculated structure factors for the dibromide 
These values should be doubled for F(000) = 936 

The 001 and hOl terms are referred to an origin displaced by --¼c from the origin for the 0/cl terms 

~Fo Fo ~ Po Pc ~" Fo Pc ~" Fo ¥o ~ Fo Fc ~ Fo Pc t, F ° F c S. F ° F ° ~" ~'o Yo 

00~ 20~ 506 80~ 11,0,~ 01~ 056 06~ 09~ 

2 16 -19 18 ( 5 9 5 13 15 0 90 87 1 8 -I0 2+ 112 127 21 35 3 ~. 0 69 -63 I I0 3 
A 51 -57 19 6 -4 6 75 71 1 8 -I/~ 2 12 IA 5 91 -9~ 12 59 60 1 A9 ~7 2 <10 -~ 
6 55 57 

? 
- 30 20 

I0 ~.7 -50 9 21 -ii ~ 22 19 5 ( 9 3 8 23 -16 15 23 17 2+ 28 -2~ 5 2~ 25 
12 36 "3~ 1 95 -98 9 6 5 31 -)0 < 8 
i~ 16 17 2117 151 ~ 62 66 6 ,8 -4+6 6 15 ~ 190 ~ 79 16 
16 11 8 3 72 76 12 37 37 7 9 15 8 15 15 Ii ~5 A2 18 I0 -16 7 ( i0 -5 8 15 -13 
18 19 12 A 15 12 13 lb. -IA 8 22 20 9 9 -8 12 68 --79 8 59 58 9 ( 9 2 

~ ~ ~ ~ ~ ~ ~ _ .~o 106 
-I ~.~ -12 - (~ ~ 0 185 208 11 55 91 12 Ii -1 8~. 16 - 12 22 

1 95 83 8 97 I00 12 2+1 -~3 16 < 9 -7 1 ~7 20 12 22 16 i~ 17 -IA 
2 105 -II~ 9 ~9 51 606 13 17 9 12,0,& 17 21 20 2 18 i~ 13 28 39 

87 -65 I0 AO -&A ~ 33 56 18 26 25 3 115 120 i~ 19 -16 0,i0,~ 
199 199 1~ <69 IA O <116 -8 15 <5 .~ 029 -27 19 11 12 , <7 -6 15 15 -17 
97 93 -3~ -3A 16 1 < 8 1 5 61 68 16 17 -16 0 56 -51 

9 -~5 2 10 -L~ 19 90 86 10 5~ 5~ 2 ~ 53 5 ( 9 -12 
3-1 ~I -51 18 ( 5 3 7 77 -82 3 26 20 "~ 8 -12 ~ 21+ 26 Ii < i0 22 5 15 23 6 18 -16 
12 9 8 6A -62 A 25 31 8 ~0 26 2+ ~3 -19 12 ~5 -56 A 6A -67 7 I~ -~/~ 

- 20 ~5 ~ , o ~  o n 9  m6 ~6 ~9 53 -60 113 89 9~ 
17 1]. I0 2 ( 5 I0 ~3 8 ~ 9 ~0 -~6 9 &l 38 17 ~ 7 -I 9 12 -5 
18 6 -~ 3 ~.6 -2~0 IA 224. -25 I0 45 -48 1 27 -21 I0 27 -i0 18 ILl. -12 I0 22 -2~ 0,Ii,~ 
1~ 7 5 A 111 -1~ 15 A7 &l 11 31 -28 2 20 -18 11 ~0 ~8 ~ <~0 -1 

5 91 -~6 16 < 6 ~ 12 25 25 ~ ( 7 -I 12 35 -37 056 12 29 37 1 20 18 
20~ 6 91 9~ 13 8 5 k IA -1~ I~ 10 14 13 8 9 2 ~0 39 

7 78 73 706 i% 9 -9 5 9 -9 i% 65 -60 1 18 -IA I~ 20 --19 3 21 20 
0 I08 -123 8 8~ 76 6 5 9 15 ~I0 -12 2 25 35 15 (6 7 k <8 -6 

8 19 -17 17 15 -6 ~. 62 69 084, 
151 151 11 < 9 1 3 A6 50 0 12 -7 18 19 19 5 IA -17 7 ( 6 -5 

A 90 8.3 12 33 29 /~ 36 -36 1 12 -i~ 14,0,¢ 19 5 -6 6 9~. -I13 0 3~ 29 8 25 -2A 
5 62 61 13 16 ]l+ 5 12 i~ 2 i0 9 7 35 57 1 28 25 9 13 -18 
6 7~ -82 ~ 6 -~ 6 77 -77 3 A3 ~9 0 18 -13 0~ 8 6A -69 2 ~7 -50 
7 7 18 15 I)4- -12 7 67 -61 A ~ 12 1 < 9 3 9 59 A~ 3 86 91 0,12,6 
8 I0 -4 16 < 7 -I 8 21 -25 5 29 29 2 ( 5 -5 1 18 12 I0 16 -I0 ~. I0 -I0 
9 ~8 36 17 (6 5 9 22 2, 6 <9 5 ~ 26 -25 i ~ -20 ~1~ (10 ,~ 5 55 27 0 9 -17 

~I -2+5 Ii 39 ";41 8 26 -51 5 18 -i~ b. 120 -l&D I~ 21 -16 7 (i0 0 2 5} - 29 
12 2~ -26 506 12 22+ -2/,- 9 I0 -ii 5 92 -92 lb.. 20 22 8 17 -21 3 16 16 
i~ 1% -15 13 ( 8  3 I0 5 11 01, 6 39 -~8 15 20 -19 9 <i0 -i 4-(5 
i~ 9 -7 1 2K -26 3/+ 26 20 II I~ -12 7 22 -17 16 15 - -16 10 4.3 5 
15 22 -27 2 72 -71 15 ~ 7 12 20 15 1 57 -19 8 A7 -A~ 17 ( 5 A Ii 9 

17 47 -I ~ 8~ -89 ~ 85 -97 I0 10 4 1} ( 
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form. Coordinates are listed in Table 3, and s t ructure  
factors in Table 4. 

3.2. Refinement of the di-iodide structure using difference 
syntheses 
Although peaks corresponding to most  of the  carbon 

a toms in the  a r san thren  ring of the di-iodide could 
be seen in the  first hO1 difference projection, these 
carbon atoms could not  be located in the  0/el projec- 
tion. The scattering power of iodine is ve ry  much 
greater  t h a n  tha t  of bromine and it is unlikely t ha t  
the  paramete rs  of the  carbon atoms can be determined 
with  any  certainty.  Ref inement  of this s t ructure  was 
therefore not  t aken  beyond the  correction of the  
positions of the  heavy  atoms for series te rminat ion  
effects by  the  use of difference syntheses, and these 
corrections did not  great ly  reduce the  R factors. The 
coordinates of the arsenic and iodine a toms are given 
in Table 3. 

3"3. Bond lengths a~wl bond angles and their accuracy 
Bond lengths and bond angles between the  arsenic 

and carbon atoms in the dibromide are given in Fig. 3, 
and those corresponding to the  heavy  atoms in the  
dibromide and  di-iodide in Fig. 4. 

The s t anda rd  deviations ax, (~y and az of the  x, y 
and z coordinates, calculated by the  method  of 
Cruickshank (1949), are listed in Table 5. 

Table 5. Standard deviations of the coordinates 
ax (A) ay (A) az (A) 

Dibromide As 0.0035 0 . 0 0 5 2  0.0035 
Br 0.0035 0 . 0 0 5 2  0.0035 
C 0.076 0-090 0.076 

Di-iodide As 0.0123 0.0123 0-0123 
I 0.0076 0 " 0 0 7 6  0.0076 

The s t anda rd  deviations of the  bond angles were 
calculated from the equat ion of Cruickshank & Robert -  
son (1953), and are given in Table 6 together  with the  
s t andard  deviations of the bond lengths. 

4. D i s c u s s i o n  of the  s t r u c t u r e s  

No features of special interest  are seen in the  inter- 
molecular contacts.  The following discussion is there- 
fore devoted to the s tereochemistry of the  molecule 
and the nature 0f the bonding of the halogens. Since 
the  spatial  a r rangement  of the heavy  atoms is similar 
for the dibromide and the  di-iodide, it m a y  reasonably 

16 
CH3 

1"91 

1"26 1'47 1"53 11"38 
i 

I 

Co. .Cu . C~- C2 
1.~"~C9~.46 1.96~....As,o 1.~.90 1"4Z~.C,~1"43 

2"05 

CH3 
15 
16 

CH3 

111 ,~s 99 

~7131 109"13126 114:1~123 118 "--, ~ 

! 1311112 IZZ l C 109 119 .- 123 " C 
8 ~1~ "1~ 127 2 ~j~9 Ji~s ~ 1 0 6 ~ 7 ~ c  ',-9 ~ _  ~ I 

125 iS1°124 

CH3 
15 

Fig. 3. Bond lengths (A) and bond angles (o) between 
the arsenic and carbon atoms in the dibromide. 

Br17 

2-59 

u% \ ~ 3-56 Ass 3.58 Aslo co. Ass 

"66 

Br18 
(a) (b) 

J17 

2.80 

98 

118 

Fig. 4. Bond lengths (A) and bond angles (o) between 
the heavy atoms in (a) the dibromide and (b) the di-iodide. 

be assumed t h a t  the  a r rangement  of the carbon a toms 
is also similar for the two compounds. Nevertheless,  
it should not be forgotten that the positions of the 
carbon atoms have  been directly determined only for 
the dibromide. 

Table 6. Standard deviations of bond lengths and bond angles 

Bond lengths As-X As-As As-C 
Standard deviation (A) X ---- Br 0.006 0.006 0.08 

X ---- I 0.014 0.017 

C-C 
0.14 

Bond angles X-As-X As-As-X X-As-C C-As-C 
Standard deviation (o) X ---- Br 0.3 0.3 2.4 3-4 

X = I 1.0 1.0 - -  - -  

C-C-C 
7.0 
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(i) The molecule is folded along the Ass-As~0 axis. 
The direct evidence for this, in the dibromide, is 
shown in Fig. 5 which is a projection of the molecule 

C6 C7 C8 

j.c  
C2 

Fig. 5. :Projection of the arsenic and carbon atoms down a, 
showing the folding along the As-As axis. (C15 is omitted.) 

on (100), and a simple calculation shows that the two 
halves of the molecule lie nearly in planes inclined at 
an angle of about 157 °. Indirect supporting evidence 
is seen in the tilt (Fig. 4) of the nearly linear array of 
atoms Br~-As10-Brls, with respect to the axis of 
folding Ass-As10, by as much as 14 ° and in the direction 
to be expected since Brls is cis with respect to the 
carbon rings of the folded molecule. The greater length* 
of the As~0-Brls contact (2.66 ~ against 2.59 /~ for 
As10-Brlv ) is also consistent with this configuration of 
the molecule. 

The indirect evidence for folding of the molecule, 
derived from the stereochemistry of the heavy atoms, 
is exactly comparable in the case of the di-iodide: 
the greater lengths of the As-I bonds correspond to 
the greater size of the iodine atoms. 

(ii) The three As-C bonds around As10 are probably 
planar. Even in the dibromide the uncertainty in the 
position of CIs precludes a definite decision, but for 
this compound the indirect supporting evidence is 
strong. Thus the Bray and Br18 atoms are 2.59 ~ and 
2.66 /~ above and below As10 respectively; the angle 
Br17-As~0-Br~s of 178"4 ° is probably not significantly 
different from 180°; and the C-As-Br angles quoted 
in Table 7 are not significantly different from 90 °. 

Table 7. C-As-Br  angles in the dibromide 

Angle (°) Angle (°) 
Cla-Asl0-Bh7 85 Cll-As10-Br17 94 
Cla-Asl0-Bhs 94 Cll-As10-Brls 86 

These facts suggest strongly that C~s lies in the plane 
of C11As10C~4; in this case the coordination group 
around As10 is similar to that about the antimony 
atom in the trimethylstibnine dihalides, in which the 

* Appl icat ion of the  tests of Cruickshank & Rober tson  
(1953) shows tha t  the difference between the  two bond lengths 
As10-Br17 and As10-Br18 is significant. (Similarly for As10-I17 
and  Asl0-Ils). 

halogen atoms are symmetr ica l ly  disposed on opposite 
sides of a p lanar  Sb(CHs) 3 group (Wells, 1938). 

Such evidence as is avai lable suggests a similar  
configuration for the di-iodide. 

(iii) In  the group about  As10 the As-Br  and As- I  
bonds are probably  either ionic or in termedia te  be- 
tween ionic and covalent. The evidence lies in a 
comparison of the contact  distances in the dibromide 
(2.59 and 2.66 A) and  di-iodide (2.80 and  2.98 /~) 
with those for the covalent  bonds in AsBr 3 (2.31- 
2.36 ~)  and  AsI 3 (2.51-2.58 ~)  (Allen & Sutton, 1950). 
The differences are far greater t han  might  arise from 
inaccuracies in bond length determinat ions.  

(iv) In  the dibromide structure,  as described, the 
valencies of As 5 are non-planar  as in other 3-covalent 
arsenic compounds. As 5 is s i tuated at the apex of a 
py ramid  with the valencies directed along the edges; 
the average inter-valency angle (Fig. 3) is 108 °, some- 
what  larger than  might  be expected for purely covalent 
bonds. I t  must  be emphasised tha t  this description 
of the bond-configuration depends upon the correct 
location of the single a tom C16 , so tha t  a p lanar  
disposition of the As 5 valencies cannot be entirely 
ruled out on the avai lable  evidence. :No evidence on 
the As s valencies is avai lable for the di-iodide. 

(v) In  the dibromide structure the l imit  of error in 
fixing the As-C and C-C distances is too great to 
permit  any  decision on whether  these correspond to 
single or double bonds, i.e. whether  the carbon rings 
are benzenoid or ortho-quinonoid. 
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