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The Structure of Arsenobenzene* 

BY K. HEDEERG,t EDWARD W. HUGHES AND J. WASER 

California Institute of Technology, Pasadena 4, California, U.S.A. 

(Received 6 July 1960) 

An X-ray diffraction study of monoclinic crystals of arsenobenzene has shown that  the molecule 
is not a dimer, as given in many text books, but  is a hexamer, As 8 ~6. The arsenic atoms are arranged 
in a six-membered ring which has the 'chair form'. The As-As distances are 2.456 +_ 0.005 A and the 
As-As-As angles average 91 °. The phenyl groups are attached to arsenic atoms in the 'radial'  
positions. The molecule has only a center of symmetry but does not deviate greatly from the sym- 
metry  32/m. The packing of the molecules in the crystal involves only phenyl to phenyl contacts. 

Most text  books ascribe to arsenobenzene and  its 
impor tan t  pharmaceut ica l  der ivat ive a rsphenamine  
( 'salvarsan')  a s tructure involving doubly bonded 
arsenic atoms. Thus, arsenobenzene itself is usual ly  
wri t ten as 9 -As  = As-~.  Prof. Paul ing pointed out to 
us m a n y  years ago tha t  this s tructure was h ighly  
improbable  because of the reluctance of elements 
outside the first row of the periodic table to form 
double bonds. Molecular weight determinat ions  (Pal- 
mer  & Scott, 1928; Blicke & Smith,  1930) in solution 
have suggested polymerized molecules containing an 
average of from 2.2 to 6.0 arsenic atoms each, but  the 
values are so scattered and contradictory as to be 
inconclusive. Since crystals of arsenobenzene are read- 
i ly  obtainable  it  was decided to carry out a s tructure 
de terminat ion  by X-ray  diffraction. The principal  
exper imenta l  work was completed and a good tr ial  
s tructure obtained by  early 1949, and  pre l iminary  
reports were presented to the American Society for 
X-ray and Electron Diffraction Meeting, Ithaca, N.Y., 
June 1949, and the American Chemical Society Meet- 
ing, San Francisco, Calif., March 1949. The authors 
were then dispersed to various other laboratories and 
only in the past year has it been possible to complete 
the refinement of the structure. 

Arsenobenzene was prepared by the reduction of 
phenylarsonic acid with hypophosphorous acid (Pal- 
mer & Scott, 1928). Crystals were obtained by slowly 
cooling saturated solutions of arsenobenzene in m- 
xylene or chlorobenzene. They were lath shaped, 
elongated along the b axis, about 0.5 ram. long, 0.2 mm. 
wide and 0.1 mm. thick. The predominant forms were 
(010), (011}, {100), {001} and  {102), in the coordinate 
system derived from the X-ray  analysis.  For collec- 
t ion of (hO1) data  a crystal  larger t han  usual  was 
ground into a cylinder about  0.70 mm.  long and  about  
0.30 mm. in diameter ,  with [010] as cylinder axis. 

X- ray  photographs were prepared using Cu Ka 

* Contribution Number 2603 from the Gates and Crellin 
Laboratories. 

t Present address: Chemistry Department, Oregon State 
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rays. Sets of oscillation pictures about  the three 
crystal lographic axes were used to derive latt ice 
constants, measurements  being made  on equatorial  
reflections at high scattering angles. The measure- 
ments  were corrected for f i lm shrinkage. For  in tens i ty  
measurements  mul t iple  f i lm equatorial  Weissenberg 
exposures were prepared about  all three axes, and 
one or more upper layer  Weissenbergs were prepared 
for each axis as a check on the space group assignment.  
The visual ly  es t imated intensit ies were corrected for 
the Lorentz-polarization factor and  absorption. The 
la t ter  correction could be made  for the (hO1) data  with 
some assurance because of the cylindrical  shape of the 
crystal.  For the (hkO) and (0kl) data,  the crystals had  
a square cross section about  0.25 × 0.28 mm. In  ap- 
p lying the absorption correction these were taken to 
be approximate ly  equivalent  to a cylinder of 0.30 ram. 
diameter ,  the same as for the (hO1) data,  which has the 
same cross-sectional area. The observed structure 
factors, adjus ted to the absolute scale of the f inal  cal- 
culated values, are shown in Table 1 as 2 . 5 × F  
absolute, rounded to the nearest  integer. 

The latt ice constants found (Cu Ka, ~= 1.5418 /~) 
are 

a = 1 2 . 1 6 + 0 . 0 4 ,  b=6.22_+0.02, c=24-10_+0.06 A; 
/~=110°14'_+5 '. 

The density,  measured by  f lotat ion in mixtures  of 
ethylene dibromide and  carbon tetrachloride at 26.4 
°C., is 1.81 + 0.03 g.cm.-a. Wi th  12 AsC6H5 per cell the 
calculated densi ty  is 1.77 +_ 0.02 g.cm. -8. Al though it 
is unusual  for the observed densi ty  to be higher than  
the X-ray  density,  the difference does not  seem to be 
significant. 

The extinctions observed, hO1 when 1 is odd and 0k0 
when k is odd, indicate the space group P21/c. 

S t r u c t u r e  d e t e r m i n a t i o n  

The hOl Weissenberg photograph has a str iking and 
significant appearance.  The strong reflections occur 
adjacent  to each other in groups which are fair ly well 
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T a b l e  1. Calculated and observed structure factors, uncorrected for extinction 
C o l u m n s  in o r d e r  a r e :  1 or  h;  2 . 5 F o ;  2"5Fc 

2 ~ z  5o2~ ~ 38 4 
4 9 520 -75~ 
6 315 -359~ 6 183 -177 
8 341 -387~ 8 35 3 

to  119 -117 1o 1o2 lO5 
55 - 32 ]2 153 14o 

149 -lO9 14 1o7 -1o~ 
16 128 -].22 16 285 -241 
18 21 -- 24 18 153 -147 
2O 1 2O 21 8 
22 51 50 22 107 ]-19 
2~ 17 - 21 2~ z4z 133 
26 72 - 55 26 77 58 
28 55 - 39 28 17 21 

30 }k 27 

i; 0 z I 

o 413 5971 

~tO,~ 9~0~ ~ (cont'd) 

54 hl 20 89 - 97 
3~ - 59 22 38 - 34 

6 234 -233 24 -- 5 
8 i19 -132 26 21 - Ii 

1o 81 54 28 38 - 7o 
]2 162 lb8  
14 149 140 lO, Ot~. 
16 51 53 
18 119 120 o iii 123 
20 170 143 2 94 85 
22 98 ~4 4 21 9 
24 34 22 6 -- - ].o 
26 77 - 79 8 38 17 
28 98 - 97 to -- 4 
50 60 - 55 12 72 - 33 

1~ 60 - 68 

2 ]24 133 0 30 20 
4 251 287 I f  2 21 16 
6 l ~  - 36 
8 30 -- 22 

].o 149 ]28 
]2 El. 95 
14 17 8 
16 89 - 97 
18 72 - 66 
_~o 77 - 57 
22 30 - 32 
24 64 - 55 
26 64 - 69 

%o,' 

2 -- 463~ 
4 50 58 
6 354 -354~ 
8 60 - 55 

1o 98 - 79 
]2 102 -121 
14 315 -301 
16 324 -304 
z8 77 - 68 
2O 98 74 
22 149 13o 
24 66 62 
26 17 - 9 
28 77 - 2~ 

2,0t~ 

o 145 l t~  
2 128 -137 0 136 145 

4 354 -331" 2 55 35 
6 47 - 33 4 17 8 
8 179 216 6 ]24 -n9 

lO ~ 3  521 "  8 -- lO 
12 383 h21 lO 89 86 
14 -- 38 ~ 2]. 13 
16 98 -108 14 26 28 
18 187 -195 16 -- 0 
20 94 - 99 18 21 25 
22 34 -- 30 20 89 92 
24 51 - 41 22 68 78 

26 72 - 69 ~,o,' 

~;0;1 

2 132 i01 

h 89 IOO 8 298 -3]-6 
6 i~i ll8 
8 196 -214 l0 72 76 

12 315 319 
io 43 - 28 14 320 285 
]2 -- - 16 

16 89 89 
14 30T-298 18 119 102 
].6 315 -3oo 
18 196 -z91 2o 98 80 

22 I02 92 
20 30 37 24 -- 5 
22 170 162 26 68 - 62 
24 ~J-5 L~5 28 55 - 54 
a6 )) 52 
28 -- 13 50 17 - 15 

~,, 0;'I[ 6; O, J~ 

o lO7 Iio 
o 6o - 20 2 6~ - 62 
2 34 47 4 ~9.4 -225 
4 38 - 43 6 234 -242 
6 2]. - 15 8 3.49 -].74 
8 277 256 lO 47 30 

io 354 391 ].2 72 64 
]2 294 328 14 77 54 
14 -- 15 16 -- 24 
16 136 - 91 18 55 75 
18 l O 2 - n ~ 7  2o 68 79 
2O ~ - 19 
22 - -  - 14 
24 -- - 14 

4,0,' %0~' 

o 119 ioo 
2 132 -149 

4 2z 30 4 3~9 -351 
6 77 lO9 6 366 -361 
8 222 232 8 ].28 -14/~ 

l0 273 261 I0 94 95 
]2 14~ 120 12 43 59 
14 9a - l l 3  14 55 52 
16 55 - 49 16 17 22 
18 21 - 18 18 21 23 
2O 47 51 2O 51 59 
22 64 69 
24 13 2o 7,o,~ 

2 226 24~ 
4 72 70 

2 136 -170 6 ~ 36 
4 494 -638X 8 72 63 
6 ~81 -538~ i o  72 80 
8 294 -299 12 128 109 

i0  158 176 14 55 h3 
12 234 232 16 55 - 49 
14 170 155 18 - -  - 6 
16 43 - 6 2O lO2 107 
18 2 22 98 l lO  
2O 6O 45 24 51 40 
22 98 69 26 60 - 56 
24 ~3 37 28 85 - 83 
26 17 13 30 43 - 69 
28 -- 1 
~0 26 17 810,I 

5 t 0;~ 0 -- i 
2 115 -112. 
4 243 -26A 
6 Z49 -180 
8 -- - 27 

zo 4~ 42 
12. 43 38 
14 5 
16 34 - 33 
18 34 -18 

~;0;! 

2 lhl 139 
4 6~ 65 
6 26 61 
8 187 182 

lO 328 293 
}4 - 37 

~86 -5Z7~ 12 Z92 181 
14 21 - 6 

6 558 -616~ 16 136 -123 

18 162 -151 
20 30 - 30 
22 68 46 
24 55 46 
26 43 - 29 
28 55 - 46 

~; 0~ 

i"O;OzL 

2 77 91 
4 3o - 17 
6 89 -88 
8 21 15 

zo 98 95 
]2  170 156 
].4 72 59 
16 6o - 59 
18 1 6 6 - 1 3 8  
2o 9& - 91 
22 55 - 48 
24 47 - 42 
26 51 - 36 
28 21 - 14 

8 320 -319 
Ii;0~ 9 107 - 92 

!o i15 -lO7 
0 166 181 ll 45 49 
2 98 122 ]2. 77 - 8]. 
4 21 39 13 3 ~ hO 
6 -- - 8 14 50 - 45 
8 -- - 9 15 6 

i0 5 16 ~ - 17 
12 30 - 35 17 41 - 24 

18 -- - 12 
~o~ ~9 95 76 

2O ~1 30 
2 124 ]19 21 88 78 
h -- 0 22 58 52 
6 141 -140 23 58 45 
8 94 -i03 24 71 67 

1o 9 25 57 - 45 
3.2 81 61 26 3$ 38 
14 -- ii 27 65 - 60 
16 55 - 38 28 26 22 
18 77 - 67 
2o 55 - 45 o2~ 
22 - -  - 12 
24 2]. - 14 0 224 232 
26 43 - 40 i 134 114 

Lg, 0,~ 2 29 22 
3 138 143 
4 212 -210 0 128 137 

64 6z 5 79 6Z 
].7 - 8 6 335 -350 

7 93 - 97 6 17 - 19 
217 -225 

9 81 - 58 
"i-2;0/~ i0 33 - 38 

94 iii ll -- - 2 
51 38 12 1oz 1o3 

6 68 - 66 13 53 58 
8 98 - 97 Z4 127 139 

10 68 - 78 15 57 54 
12 43 - 37 16 105 106 
14 6o - 53 17 19 - 32 
16 89 - 76 18 ]26 132 
18 43 - 31 19 65 - 63 
20 17 18 20 134 135 
22 60 54 21 -- - Z3 
24 ~7 33 22 88 75 

23 38 29 

13~ o~I 94 -- i 
25 33 28 

o 72 65 26 64 - 49 
2 6 27 -- 7 
4 34 - 29 28 53 - 58 
6 ].7 - 2O 

o 21 i 

z ~7 - 55 
4 68 - 82 
6 55 - 46 
8 43 31 

i0 43 46 
]2 7 
lh 81 - 67 
16 72 - 74 

i-~, O~ L o.._~_~ 
~; o; L 

2 81 78 ~ 21o 2o0 
2 77 59 4 26 29 2].3 210 
4 21 i 0  6 30 - 41 3 ].03 91 
6 51 59 8 60 - 59 h 261 265 
8 132 141 1o 55 - 53 5 88 - 77 

i0 217 252 12 64 - 56 6 ll~ 117 
]2 247 247 14 55 - 57 7 182 -17o 
14 -- 15 16 85 - 79 8 26 27 
16 153 -145 18 26 - 33 _ 9 105 - 90 
18 192 -187 20 26 24 i0 i0]. i00 

22 55 72 ii 28 - 28 
24 43 65 12 136 137 

t Not  measured because of experimental arrangement. 

0 ~ { (c~mt'd) ~i0 

1 322 29~ 
o 1 13 -- ~ 2 ~82 ~ 8  
2 17 - 19 14 91 9 3 177 188 

y~-ao, l 15 -- - 3 4 74 99 
16 53 32 5 ill ll9 
17 33 31 6 88 - 79 

2 -- 1 "~8 6~ - 63 7 ]13 -129 
4 21 - 17 19 57 47 8 67 - 91 
6 47 - 41 20 89 - 80 9 58 - 69 
8 34 - 32 21 52 46 10 52 - 41 
i0 17 8 22 -- - 26 ii -- 13 
3.2 -- lO 23 26 18 3.2 -- 30 
14 38 - 29 24 -- ~ '13 53 4]. 
16 6~ - 62 25 29 - lh 32 3 ~ 
18 38 - hO 26 --- - 8 

Y~,o,l o~ ~2qo 

1 81 63 
4 43 - 48 o 322 316 2 99 -lO2 
6 47 - 48 1 43 35 3 33 22 
8 17 - 22 2 218 228 4 125 3.28 

lO 17 18 3 3.24 13o 5 452 378 
12 ~5 50 4 112 127 6 460 380 
lh 30 30 5 62 49 -7 17o 213 

~l~ 6 34 2 8 -- 13 
- -  7 65 - 67 9 55 - 56 
30~ 416~ 8 138 -143 I0 -- - 26 

- 15 9 103 - 82 11 47 33 
io 88 -104 12. 43 32 

3 155 113 i]. 29 - 22 13 -- 16 
4 232 -233 ]2 89 -i0]. 14 -- 4 
5 272 -303~ 13 52 53 
6 3C& -317~g 14 69 - 67 430 
7 260 -279 15 57 47 

16 41 - 27 I 47 - 54 
17 34 - 26 2 152 -152 
18 -- 8 3 135 -15~3 
19 52 - 53 4 133 -lhl 
20 - -  4 5 54 - 50 
21 7 6 60 55 
22 6 7 103 i12 
23 29 24 8 132 167 
2h 24 - 21 9 97 99 
25 38 32 lO -- hO 

11 - -  14 
o~ 12 -- 2 

l 41 35 13 7 

2 7z 7z h~e 
3 45 ~0 
h 19 28 i 174 190 
5 26 3 2 -- 3 
6 89 - 65 3 ].20 -138 
7 43 - hl  h 62 - 8/~ 
8 146 -184 5 -- - 23 
9 31 - 23 6 31 48 
l0 101 -ll3 7 -- ~ 7 
11 71 - 82 8 ~-4 - 46 
12 -- - 32 9 -- - 22 
13 - -  - 16 lO - -  26 
14 22 16 Ii 87 69 
15 33 20 ]2  72 54 
16 1 
17 ~3 47 h50 
18 -- - 16 
19 A8 hO 1 92 70 
20 --- 15 2 ll4 127 
21 4o 9 3 72 84 

4 6o 50 
o___~ 5 ~ 28 

6 -- - 15 
o 43 - 45 7 n 
z 53 48 8 -- - 27 
2 33 - 15 9 -- - 21 
3 93 91 zo -- - 19 
4 22 - 15 ii -- 5 
5 50 47 
6 40 - 31 h60 
7 -- - 19 
8 52 - 53 1 61 - 72 
9 46 - 45 2 67 - 87 
lO 4z - 50 ~ 7o - 7) 

Ii --- 9 4 - -  - 23 
12 -- - 15 5 57 56 
13 29 16 6 64 62 
14 52 47 7 -- 28 
15 -- lh 8 -- - 33 
16 67 72 9 51 - 51 
17 57 - 80 

hTo 

1 ii 1 7 
2 ~3 48 2 - -  - 15 
5 -- 22 3 -- - 31 
h 6~ 62 4 -- - 39 
5 -- 27 5 -- - 1~ 
6 55 46 6 -- io 
7 -- 3 
8 -- 12 
9 h3 - ~2 

i0 - -  20 
11 50 47 

* C a l c u l a t e d  e x t i n c t i o n  e x c e e d s  10% of Fo 
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separated from each other by regions containing only 
moderate to weak reflections. This suggested that  
there are small, heavily scattering groups which 
produce a slowly varying absolute contribution to the 
structure factors. Since the twelve arsenic atoms 
contain nearly half of the electrons of the cell and the 
remaining half are scattered over seventy-two carbon 
atoms and sixty hydrogen atoms, one concludes that  
the arsenics must be arranged either in relatively 
small rings about centers of symmetry or in closely 
coiled chains running up the two-fold screw axes. These 
positions are widely separated, and the space in 
between would be occupied by the bulky benzene 
rings. A Patterson projection on (010) (Fig. 1) con- 
firmed this notion. I t  proved possible to interpret the 
diagram in terms of six-membered rings of arsenic 
atoms centered on centers of symmetry. They are in 
the chair form, analogous to that  of cyclohexane, but 
with smaller bond angles. The figure shows one such 
ring superimposed with one atom at the origin; the 
remaining atoms show the positions of corresponding 
As-As peaks. By imagining each atom in turn at the 
origin one can see how, with the aid of the translation 
operations of the diagram, the entire pattern is ex- 
plained. I t  was in fact possible to derive fairly ac- 
curate x and z parameters for the arsenic atoms from 
this projection. Patterson projections along [100] and 
[001] confirmed this arrangement and provided good 
estimates of the y coordinates for arsenic atoms. 
From these results it was clear that  the [001] projec- 
tion would not resolve all arsenic atoms and no further 
use was made of the (hkO) reflections in refining the 
structure. 

planar, hexagonal benzene rings with a distance of 
1.39/~ between adjacent carbons and with each arsenic 
to carbon bond lying in the plane of its benzene ring 
and directed at the center of the ring. Figs. 2 and 3 
show the final Fourier projections, each utilizing all 
but a few of the very small structure factors of the 
corresponding zone. 

Fig. 2. Fourier projection on (010). Arbi trary contour inter- 
vals, zero and first level omitted. For arsenics only every 
fourth level above the second is shown (i.e., 2nd, 6th, 10th, 
etc.). The straight lines outline one complete molecule. 
Portions of neighboring molecules appear. 

Final refinement was by least-squares (Hughes, 
1941) treatment of the hO1 and Okl data. The weights 
used were those proposed by Hughes (1941). Two 
isotropic temperature factors were included in the 
refinement, one for arsenics and one for carbons. The 
carbon parameters were not refined. The scale factor 

ca " was revised after each refinement. At the very start v~j ~ "-'~~~" l~ "~~~" '~ \-'il~~ ~ it was clear that  certain large reflections at small 
- scattering angles were seriously affected by extinction. 

) ~ ~ ~  f ~ These were given zero weight. Others that  later turned 
~'~ ~ "  " ~  ' ~ out to suffer from some extinction were automatically 

given very small weight by the weighting system. The 
x and z coordinates were refined first, using only hO1 

Fig. 1. Pat terson projection on (010). Arbi t rary contour inter- , ~  
val with negative contours omitted. A six-ring of arsenic 
atoms is shown superimposed with one atom at the origin. 

Refinement began by successive Fourier projections ~ ( ~ ~ ~  ~ 
along [010] and [100]. In the very first of these the * 
benzene rings appeared. :Because of lack of resolution ~ - 
of the carbons and because we were primarily con- Fig. 3. Fourier projection along [100]. Arbitrary contour 
cerned with the arsenic arrangement, it seemed in- interval. Zero and first contour omitted. Fifth contour 

dashed. Above the fifth only levels divisible by 5 are shown. 
advisable to refine separate carbon atoms. Accord- The straight lines outline one complete molecule. Portions 
ingly the carbons were put in so as to form regular, of neighboring molecules appear. 
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da ta ,  a n d  y coordinates  were t h e n  ref ined using the  
0/el d a t a  w i t h  z's f ixed.  

The  sca t t e r ing  fac tors  for ca rbon  were those  of 
Berghu i s  et al.  (1955). Fo r  arsenic,  the  factors  g iven  b y  
Hoe rn i  & Ibers  (1954) were corrected for anomalous  
dispers ion b y  s u b t r a c t i n g  1.2 uni ts ,  as sugges ted  b y  
D a u b e n  & T e m p l e t o n  (1955). The  i m a g i n a r y  p a r t  of 
t he  correct ion was ignored  since the re  are p rac t i ca l ly  
no ins tances  where  a large real  arsenic  con t r i bu t ion  
is a lmos t  ba l anced  ou t  b y  the  carbon  cont r ibu t ions .  
As p o i n t e d  ou t  b y  T e m p l e t o n  (1955), th i s  is the  on ly  
case where  the  res idua l  i m a g i n a r y  t e r m  can cause 
smal l  ref lect ions to appea r  s ign i f i can t ly  larger  t h a n  
the  real  s t ruc tu re  fac tor  would  suggest .  

Table  2. P a r a m e t e r s  

x y z 
As 1 + 0.0063 -- 0.0561 + 0.0910 
As~ + 0.1713 -- 0.0095 + 0.0554 
As 3 + 0.0906 -- 0.2515 -- 0.0296 
C 4 + 0-073 + 0.081 + 0.171 
C 5 +0.034 +0.285 +0.180 
C s + 0.081 + 0.384 + 0.235 
C~ + 0-167 + 0.279 + 0.281 
C a + 0-206 + 0.075 + 0.272 
C 9 +0.159 -0.024 +0.217 
C10 + 0.283 - 0-199 + 0.109 
C n + 0.249 - 0.405 + 0.120 
C1~ + 0.331 - 0-542 + 0-160 
C13 + 0.447 - 0.473 + 0.189 
C14 + 0.481 - 0.267 + 0.178 
Ct5 +0.399 -0.130 +0.138 
(316 +0.232 -0.283 -0-051 
C1~ + 0.281 - 0.485 - 0.052 
Cls +0.382 -0.505 -0.067 
C D + 0.434 -- 0"323 -- 0.081 
C2o + 0.385 -- 0-121 -- 0.080 
C21 + 0-284 --  O" I01 - 0"065 

Variances and eovariances of As parameters 
aS(x) = 13x10 -s 
aS(z) ----- 3.3 x 10 -s 

coy (x, z) ---- 2.2 x 10 -s 
aS(y) = 1-2 × 10 -6 

Standard deviations of As positions 
p(a*) ~-- a(x)/a* = 4.1 × 10 -a A 
p(C*) ---- c~(z)/c* -~ 4"1 × 10 -a 
p(b) -- (~(y)b ---- 6"9x 10 -a 

Temperature parameters 
BAs ---- 3"8 A 2 
Be = 6.0 

The errors in the observed structure factors were 
e s t i m a t e d  b y  compar ing  t h e m  wi th  the  ca lcu la ted  
s t ruc tu re  fac tors  (see Tab le  1, which  includes  also 
values  for hkO reflect ions) .  F r o m  the  we igh ted  sum 
of the  res iduals  t he  s t a n d a r d  dev ia t ions  of the  arsenic  
p a r a m e t e r s  were ca lcu la ted  in  the  usua l  way .  

The  f ina l  t e m p e r a t u r e  factors ,  pa ramete r s ,  a n d  
s t a n d a r d  dev ia t ions  are recorded  in  Table  2. 

Ext inct ion  correct ions  

After  the  f ina l  r e f i nemen t  t he  ac tua l  e x t e n t  of the  

ex t inc t ion  was e s t ima ted  b y  consider ing t h e  cal- 
cu la ted  in tens i t i es  to  be reasonab le  a p p r o x i m a t i o n s  of 
the  ac tua l  u n e x t i n g u i s h e d  values.  On ly  seconda ry  ex- 
t i nc t i on  was considered.  I f  # is t he  o r d i n a r y  l inear  
absorp t ion  coefficient,  t h e n  i t  is k n o w n  (Darwin,  1922) 
t h a t  t he  effect of s econdary  ex t inc t ion  is t h a t  to  be 
expec ted  i f /~  were to  be rep laced  b y  a f ic t i t ious  co- 
eff ic ient /~ ' ,  g iven  b y  

t~ '=  # + g l Q + g o , Q ~ +  . . . , 

where  Q is the  u n e x t i n g u i s h e d  i n t e n s i t y  a n d  ffl a n d  go. 
are cons tan ts .  W e  a p p r o x i m a t e  Q b y  kF~,  where  k is 
the  Loren tz -po la r i za t ion  factor .  Mul t i p ly ing  th i s  equa-  
t i on  b y  the  rad ius  r of the  cy l indr ica l  sample  y ie lds  

# '  r = # r  + glrQ + g2rQ 2 + . . . .  

The e x p e r i m e n t a l  d a t a  h a d  a l r e a d y  been  corrected 
for n o r m a l  abso rp t ion  cor responding  to  # r = l - 1 0 ,  
us ing the  tab les  in  the  I n t e r n a t i o n a l e  Tabe l l en  (1935). 
The  values  of / t ' r  were now es t ima ted  for l i ke ly  re- 
f lect ions b y  looking in  p lo ts  of the  same t a b u l a t e d  
d a t a  to see w h a t  va lue  of /z'r would  be requ i red  to  
m a k e  Fo 2 equal  to  F~. The  va lues  o f / t ' r  so ob t a ined  
were p lo t t ed  aga ins t  cor responding  Q's. I n  f i t t i ng  the  
above  equa t ion  to  th i s  plot ,  i t  was found  necessa ry  
to revise s l igh t ly  the  va lue  of #r ,  f rom 1.10 to  1.14. 
This  is no t  surpr i s ing  since our  va lue  of r was an  
a r i t h m e t i c  average  of two r 's  measu red  a t  t he  top  and  
b o t t o m  of the  cy l indr ica l  sample  a n d  /~ was  a cal- 
cu la ted  va lue  ( I n t e r n a t i o n a l e  Tabe l len ,  1935). The  
values  of #r ,  glr  and  get found  in th i s  way ,  us ing  a b o u t  
two dozen p lo t t ed  points ,  were t h e n  used w i t h  t he  
equa t ion  above  to compute  f i r s t / t ' r  a n d  then ,  f rom 
the  tables ,  corrected Fo values  for all  ref lect ions t h a t  
h a d  a correct ion on F g rea te r  t h a n  6%. Correct ions  
smal ler  t h a n  6% are p r o b a b l y  less t h a n  the  s t a n d a r d  
dev ia t ions  of the  observat ions .  

There  were six 0kl ref lect ions (wi th /c  d i f fe rent  f rom 
zero) w i t h  correct ions r a n g i n g  from 8 to  28%.  The  
ex t i nc t i on  correct ion caused the i r  R to  drop  f rom 
0.107 to 0.050. For  the  en t i re  zone (k~:0) R d ropped  
f rom 0.111 to  0.100. For  the  en t i re  hO1 zone the re  were 
s ix teen  ref lect ions  w i th  correct ions r ang ing  from 7 to  
50%. Correc t ing  these  caused the i r  R to  drop  from 
0.181 to  0"055 a n d  caused R for t he  zone to  drop  f rom 
0.136 to 0.110. Consider ing  on ly  ref lect ions  wi th  large 
correct ions,  the re  were t en  f rom bo th  zones w i t h  

corrections greater than 14% and applying the cor- 
rections caused t he i r  R to drop from 0.234 to 0-066. 
No ex t inc t ion  correct ions were appl ied  to  the  less 
re l iable  h/c0 da ta .  T h e y  h a d  R- -0 .150 .  In  all of t he  
above  

R = ZI[Fo] - IFcl] / Z IFo]  , 

no t  inc lud ing  unobse rved  ref lect ions except  when  the  
ca lcu la ted  va lue  exceeded the  m a x i m u m  possible  ob- 
served value.  Fo r  some few reflect ions,  t he  ex t inc t ion  
correct ions a c t u a l l y  m a d e  the  ag reemen t  worse;  t h e y  
are inc luded  in  the  R ca lcula t ions  g iven above.  
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If Q is given in absolute units,  using the equation 
Q = [(1 + cos 2 20)/2 sin 9' 0]. (Ne~/mc2)2/t3. F ~, the values 
found as described above become: # = 7 7 . 0  (cm.)-l,  
gl = 1.18 x 10a and g~ = - 1 . 0 1  x 104 cm. (using 2r = 
0.030 cm., the average value for the cylinder). The 
theory  predicts tha t  ge should be negative. In  prin- 
ciple the new value of # should be used to re-correct 
all  da ta  for absorption. But  the difference is small  
and  the corrections would be only a fract ion of the 
s tandard  deviat ion of the observations. Actual ly  some 
of this  error has probably  been taken  up by  the scale 
factor and tempera ture  factor adjus tments .  

Descr ipt ion  of the s tructure  

The molecule of (AsC6H5)6 is shown in Fig. 4 as it 
appears looking in the posit ive direction along the 
b axis. There is a center of symmet ry  at the center, 
which is the origin of the cell. The underscored num- 
bers adjacent  to the arsenic atoms give their  heights 
in ~ngs t r6m units  above the origin (i.e., these are the 
negatives of their  y coordinates). Atoms designated 
with pr imed numbers  are related by  the center of 
s y m m e t r y  to the atoms with corresponding unpr imed  
numbers.  Interatoiniu distances in /~ngstrSms are 
given for one-half of the molecule and in terbond angles 
are indicated for the other half. Dashed lines indicate 
non-bonded distances. For distances to neighboring 
molecules, the neighbors are indicated by  letters. 

B is the original molecule t ransla ted one repeat  along a. 
C is the original molecule reflected in the glide plane 
and t rans la ted  by  c/2; i t  is centered at  0, ½, ½. D is 
obtained in the same way from B;  it is centered at  
1, ½, ½. Pr imes on the letters indicate  an addi t ional  
t ransla t ion of +b.  Dimensions and  angles inside a 
given benzene ring are not shown since they  were all  
a rb i t ra r i ly  introduced as described above. The intra- 
molecular distances and  angles are summarized  in 
Table 3, which also gives some s tandard  deviations. 

The three As-As distances are almost  identical.  
The mean  value 2.456/~ is s l ightly larger t han  the 
bond-table value, 2.42 (Pauling, 1960), and  differs by  
almost  the same amount  from the value 2.428 A found 
by  Burns & Waser  (1957) in the arsenomethane pen- 
tamer.  On the other hand  it  is smaller  t han  2.51 A, 
the shorter of the two values found in metal l ic  arsenic, 
and is close to the value 2.44/~ reported (Maxwell, 
Hendricks  & Mosley, 1935) for gaseous As4. 

The As-C distances scatter considerably.  If  one 
considers tha t  they  should be equal and takes the 
s tandard  deviat ion from their  mean  value, one obtains 
1.966_+0.021 ~,  the s tandard  deviat ion for a single 
measurement  being _+0-037/~. Since the s tandard  
deviat ion of the arsenic positions is negligibly small  
compared to the la t ter  value, it  mus t  represent ap- 
proximate ly  the uncer ta in ty  in carbon positions. Thus 
the non-bonded C-C distances probably  have a stand- 
ard deviat ion of about  _+0.05/~. The average As-C 
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Fig. 4. The molecule viewed along the b-axis. Large circles are arsenics, small circles carbons. Underscored numbers on arsenics 
are heights in Angstr6ms above the plane of the drawing (i.e., negatives of y coordinates). There is a center of symmetry 
at the origin of coordinates. Solid lines represent chemical bonds; dashed lines represent van der Waals approaches; distances 
greater than 3.80 A are not shown. For the system of identifying neighboring molecules see text. 
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Table 3. Distances and angles in  the molecule 
of  arsenobenzene 

Distances (bonded) 

Asl-As~ 2.457 _+ 0.006 A_ Asl-C 4 2.01 /l 
As~-As a 2.456 _+ 0.008 A%-C10 1.92 
A%-As{ 2.456 + 0.009 Ass-C16 1.97 

Average 2.456+0-005 A Average 1.966+0.021 /l 

Distances (non-bonded, less than 4.00/~) 

C4-Clo 3-80 A C~o-C16 3.72 A 
C9-Clo 3.60 C16-C ~ 3.63 
C9-C n 3"75 

Angles 
As~-Asl-As z 88.7 °_+0.3 ° As~-A%-C a 101.4 ° 
Asl-As2-Asa 94-6 + 0.3 As~-Asl-C 4 100.2 
A%-As3-As{ 89-8 _ + 0 . 3  A%-As2-C10 99"6 

Average 91.0 ° Asa-A%-C,0 99.8 
A%-A%-C16 98.4 
As~-Asa-C16 101-5 

Average 100-1 ° 

distance itself is not  significantly different from the 
value 1 . 9 5 / l  found in arsenomethane  nor the radius- 
table sum of 1 .99 / l .  

Unlike the  distances, the  As -As -As  bond angles all 
differ from their  mean  value, 91.0 ° , by significant 
amounts .  The packing of the large molecules against  
each other  is so complex t h a t  it appears  hopeless to 
f ind any  reason for the bond angle deviations. On the 
other hand  the As-As-C angles are much more near ly  
the same and certainly do not  deviate significantly 
f rom their  mean value, 100.1 °. No a t tent ion  was paid 
to these angles in inserting the benzene rings so the 
value has some exper imental  significance. In  arseno- 
methane  the corresponding mean value is 96.9 ° , with 
considerable deviat ion (94.4 to 102.8°). One would 
expect  tha t ,  as found, this angle is larger in arseno- 
benzene because of repulsion between the benzene 
rings, which are bulkier t h a n  methyl  groups. The 
As -As -As  angles of the pentagon in arsenomethane 
axe not  to be compared with those in arsenobenzene. 
The former are certainly strained,  and they  va ry  from 
97.5 to 105.6 ° with a mean of 101.8 °. 

I t  is not  obvious why  arsenomethane crystallizes as 
a pen tamer  while arsenobenzene crystallizes as a 
hexamer.  Nor  is there any  completely convincing 
explanat ion for the fact  t h a t  the  As-As  distances 
seem significantly larger in the hexamer.  The repul- 
sions between the  phenyl  groups, cited above to 
explain the larger As -As-C  angles, might  tend  to 
stretch the As-As  bonds some. Also, in the  hexamer,  
where the As -As -As  angles are not  s t rained as in the  
pentamer ,  next  nearest  neighbors in the ring become 
closer, resulting in slightly larger across-ring repul- 
sions. In  arsenomethane  these distances range from 
3.66 to 3.87 J~, with a mean  value of 3-77/ l .  In  
arsenobenzene there are two of 3 . 4 5 / l  and one of 
3.61 A, with a mean  of only 3.50 A. 

With  only minor changes in bond lengths and angles, 
and by small rotat ions of four and modera te  rota t ions  
of two benzene rings about  their  bonds to arsenic 
atoms, the molecule could be made  to have  the  ra the r  
high s y m m e t r y  of -32/m instead of only 1. 
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