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Table  7. Anisotropic thermal vibration parameters 
The B~j are coefficients in the temperature factor expression: 

exp [ -  (Bllh 2 + B22k2 + B3312 + B I 2hk + B13hl + B23kl)] 
Ull = B11/2n2a*2; U12 = Bl2/4n2a*b* ; etc. 

U11 U22 U33 U12 U13 U23 
Pd(1) 0.0399 0.0489 0.0496 0.000 - 0.0015 - 0.006 
Pd(2) 0.0451 0.0486 0.0503 0.0000 - 0.0047 0.0019 
Pd(3) 0.0402 0.0489 0.0481 0.0003 - 0.0026 - 0.0009 
S(1) 0.0494 0.0474 0-0520 0.0064 - 0-0062 - 0.0031 
S(2) 0.0348 0.0516 0.0523 0.0005 0.0010 0.0001 
S(3) 0.0457 0.0506 0.0563 0.0047 0.0109 0.0026 
S(4) 0.0466 0.0551 0.0494 0.0029 -0.0078 -0.0035 
S(5) 0.0444 0.0560 0.0473 -0-0020 -0.0003 0-0079 
S(6) 0.0459 0.0599 0.0503 -0.0019 0-0000 0.0046 
C(1) 0.0502 0.0841 0.0785 0.0046 0.0174 0.0017 
C(2) 0-0683 0.0857 0.0651 0.0120 0.0176 -0.0072 
C(3) 0.1049 0.1377 0.1272 0.0057 0.0290 0.0041 
C(4) 0.0467 0.0890 0.0536 0-0019 -0.0019 -0.0130 
C(5) 0.0879 0.1300 0.0895 -0.0247 0.0091 -0.0163 
C(6) 0-0638 0-1927 0-1152 0.0340 -0.0090 0.0099 
C(7) 0.0776 0.0691 0.0627 -0.0059 0.0150 -0.0005 
C(8) 0-2111 0.0819 0.1163 0.0313 -0.0545 -0-0428 
C(9) 0-2451 0.1225 0.0999 0.0203 -0.0841 -0-0454 
C(10) 0.0747 0.0621 0-0629 -0.0063 -0.0234 0.0154 
C(l l )  0.0787 0.0839 0.0648 0.0032 -0.0334 -0.0021 
C(12) 0.00469 0.1519 0.1819 0.0334 -0.0334 -0.0142 
C(13) 0.0516 0.0604 0.0842 0.0172 0.0172 0-0082 
C(14) 0.0388 0-0991 0-0570 -0.0072 -0.0015 0.0136 
C(15) 0.0777 0.1553 0.1021 0.0184 -0.0138 0.0190 
C(16) 0.0709 0.0874 0.0998 -0.0600 -0.0099 0.0113 
C(17) 0.0840 0.0939 0.2147 -0.0096 0.0059 0.0131 
C(18) 0.1264 0.1119 0.2526 -0.0426 -0-0343 -0.0337 
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4,4'-Diamino-3,3'-diehlorobiphenyl, C12H10N2C12, crystallizes with cell dimensions a =  12.5, b=3"85, 
e=23 .7 /~ ,  p=108  °, space group P2~/e and Z = 4 .  The structure has been determined from three- 
dimensional X-ray data and refined by the minimum residual method, with isotropic temperature 
factors for individual atoms, to give a final R index of 14%. The two phenyl rings are not coplanar, 
but are twisted around the linkage between them, C(1)-C( I '), so as to be mutually inclined at an angle 
of 21 °; in addition, each phenyl ring is bent through a small angle (approximately 2.2 ° and 3.4 ° respec- 
tively) away from the line C(1)-C(I ') .  The length of the bond C(1)-C(I ')  is 1.515 _+ 0.024/~. 

Introduct ion and exper imenta l  

A pre l iminary  examina t i on  of  one pro jec t ion  of  the 
s t ruc ture  of  4 ,4 ' -d iamino-3 ,3 ' -d ich lo rob ipheny l  by  

* Present address: Physics Department, Rajshahi University, 
Rajshahi, East Pakistan. 

t Present address: Physical Research Division, Central 
Laboratories, P.C.S.I.R., Karachi-32, Pakistan. 

Toussa in t  (1948) gave an  e lec t ron dens i ty  m a p  wi th  
spur ious  s y m m e t r y  in add i t i on  to  the  t rue  s y m m e t r y  
of  the  ac tual  s t ructure.  The  m a p  suggested t ha t  the  
molecules  are p r o b a b l y  p lanar ,  or  very nea r ly  so, wi th  
ch lor ine  a toms  in the  trans posi t ions .  We have  now 
comple ted  the  analys is  o f  the s t ructure ,  us ing  three-  
d imens iona l  X- ray  da t a  k ind ly  suppl ied by D r  Tous-  
saint ,  and  find t ha t  the  pheny l  r ings are m u t u a l l y  in- 
cl ined at  an  angle  of  21 o 
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There is a misprint in Dr Toussaint's paper. With 
a unit cell a=12.5,  b=3.85, c = 2 3 . 7 A  and fl=108 °, 
the space group is P2Ue, not P2Ua as reported; the 
unit cell contains four molecules. 

C(1) 
Dr Toussaint's three-dimensional X-ray data were c(2) 

obtained from Weissenberg photographs with inten- c(3) 
sities estimated visually. A small crystal was used to c(4) 
obtain Okl, lkl  . . .  5kl reflexions and a larger one for C(5) 

C(6) hOl and hll reflexions. No corrections were made for N(1) 
absorption. The dimensions of the smaller specimen CI(1) 
are not recorded but the larger specimen had an irreg- C(l') 
ular cross-section in which linear dimensions through c(2') 

c(3') the centre varied from 0"3 to 0"5 mm. With a linear c(4') 
absorption coefficient/z = 51 cm -z differential absorp- c(5') 
tion in the larger specimen would be substantial, and c(6") 
since data collected from this crystal were used to scale N(I') 
the intensities of the other reflexions it follows that Cl(l') 
absorption errors will have been introduced into all 
the data. 

Determination and refinement of the structure 

The heavy chlorine atoms enabled the structure to be 
determined in its a- and b-axial projections (Hasan, 
1962). It is similar to that proposed by Toussaint 
(1948) but the two phenyl rings are not coplanar and 
the z coordinates differ from Toussaint's by one quarter 
of a lattice translation. 

The structure was refined, using 851 independent 
hkl reflexions, by the minimum residual method of 
Bhuiya & Stanley (1963), with calculated structure fac- 
tors based on the atomic scattering factors of Forsyth 
& Wells (1959) and isotropic temperature factors B. 
In five cycles the agreement index R= Z IIFol-IF~lll 
2; IFol fell from 0.23 to 0.14. A final R value of 0.14 
with isotropic temperature factors appears to be quite 
reasonable in view of the errors due to absorption in 
the experimental data and the omission of the contri- 
butions of the hydrogen atoms from the calculated 
structure factors. 

The final positional and thermal parameters are 
given in Table 1. Standard deviations of the positional 
coordinates were estimated using the formula of 
Cruickshank (1960) and are as follows: 

a(x) a(y) G(z) 
Carbon 0.016 A 0.019 A 0.013 A 
Nitrogen 0.013 0.015 0.011 
Chlorine 0.004 0.006 0.003 

The observed and calculated structure factors are 
given in Table 2. 

Description of the structure 

Fig. 1 gives the dimensions of the molecule deduced 
from the atomic coordinates in Table 1. The estimated 
standard deviations in Fig. 1 (b) and (c) were calculated 
using, respectively, the formulae of Ahmed & Cruick- 
shank (1953) and of Darlow (1960). The dimensions 

Table 1. Final positional coordinates 
and isotropic temperature factors 

x/a y/b z/c B 
0.2111 0.2806 0.4681 1.94/~ 
0.2517 0.3338 0.4203 2-34 
0.1780 0.4572 0.3680 2.39 
0.0686 0.5238 0.3595 2.36 
0.0256 0.4623 0.4073 2.86 
0.1015 0.3398 0.4616 2.31 

-0 .0069 0.6479 0.3052 2.87 
0.2306 0.5245 0.3078 2-63 
0.2919 0.1684 0.5272 1.81 
0.2461 0.0142 0.5697 2.19 
0.3223 -0 .0657 0.6250 2.23 
0.4351 -0.0271 0.6400 2.49 
0.4789 0.1232 0.5975 2.56 
0.4057 0.2197 0.5414 2-42 
0.5105 -0 .1033 0.6973 2-97 
0.2673 -0 .2404  0.6783 2.40 

and estimated standard deviations must be viewed with 
caution because there are three possible sources of 
systematic errors for which no corrections have been 
made and for which no quantitative assessments are 
available. These arise from the absorption errors to 
which reference has already been made, from uncer- 
tainties in the precision of the unit-cell dimensions and 
from the errors caused by libration effects. It is con- 
sidered, nevertheless, that these systematic errors are 
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Fig. 1. Dimensions of the molecule. (a) Numbering of the atoms 
(b) Bond lengths with standard deviations (A) (c) Bond 
angles with standard deviations. 
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T a b l e ~ 2 .  Observed and calculated structure factors 
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probably small because of the excellent agreement be- 
tween the molecular dimensions of 4,4'-diamino-3,3'- 
dichlorobiphenyl and those of a very similar molecule, 
viz. 4,4'-diamino-3,3'-dimethylbiphenyl (Chawdhury, 
Hargreaves & Sullivan, 1968); comparative details of 
the molecular dimensions are given in Fig. 3, which is 
discussed later. 

The least-squares best planes passing through the 
atoms in phenyl ring I [C(1), C(2), . . .  C(6)] and phenyl 
ring II [C(l'), C(2'), . . .  C(6')], respectively, are: 

I 0.2247x+O.9420y+0.2495z=4.1359 A 
II - 0.0993x + 0.9119y + 0.3982z = 4.7712 

The displacements of individual atoms from the two 
planes are shown in Fig. 2 and Table 3. 

Table 3. Displacements from the best planes through the 
atoms in phenyl rings I and II respectively 

I II 
^ ^ 

Displacemeni Displacement 
C ( 1 )  0"010/~ C(I') 0.001/~ 
C(2) -0.010 C(2') -0.014 
C(3) 0.002 C(3') 0.020 
C(4) 0"006 C(4') -0"010 
C(5) - 0.007 C(5') - 0.002 
C(6) -0.001 C(6') 0.006 
N(1) 0.017 N(I') 0"058 
C1(1) - 0"020 C1(1') 0.059 
C(I') 0.090 C(1) 0.057 
C(4') 0"293 C(4) 0"274 
N(I') 0"484 N(1) 0"402 

Both phenyl rings are planar within the accuracy of 
the atomic parameters but the molecule as a whole is 
non-planar since the two rings are mutually inclined 
at an angle (~o) of 21 o. The relative positions of the 
rings may be described by starting with a trans-planar 
configuration and then bringing the tings to their ob- 
served mutual positions by the following operations: 
(i) rotation of one ring with respect to the other about 
the axis C(1)-C(I ')  through an angle Ca, (ii) rotation 
of ring I through an angle ~02 about an axis which is 
in the plane of ring I and passes through C(1) in a 
direction at right angles to the line C(1)-C(I'), (iii) 
rotation of ring II through an angle ~03 about an axis 
which is in the plane of ring II and passes through 
C(I') in a direction at right angles to the line C(1)-C(1 '). 
The angles ~02 and ~03 are small (approximately 3.4 ° 
and 2.2 o respectively) and as a result the angle between 
the rings, ~o=21 o, differs from ~ox by only a few minutes. 
Fig. 2 shows that the angles ¢2 and ~03 represent bends 
in the length of the molecule which are real and may 
not be attributed merely to uncertainties in the atomic 
parameters determined. The molecules of 4,4'-diamino- 
3,3'-dimethylbiphenyl show similar features in the solid 
state (Chawdhury, Hargreaves & Sullivan, 1968); cor- 
responding values of Ca, {o2 and ~03 are 41 o, 2-7 o and 
3.3 ° respectively. It is possible that steric hindrance, 
resonance energy and crystal forces all play a part in 
determining the values of Ca, ¢2 and ¢3 and it may well 

be that in the latter molecule the larger methyl group 
is responsible for enhanced steric effects and an in- 
crease in the value of ~0~. When crystal forces are 
absent (in the vapour phase) the angle ~01 in the di- 
chloro-molecule is reported to be 52 _+ 10 o (Bastiansen, 
1949). Similar variations are observed in molecules of 
biphenyl with values ~oa = 0 o in the solid phase (Robert- 
son, 1961a, b) and {o2=42 ° in the vapour phase (Brock- 

C(5) C(2) C(1) 
Plane of l ,,, - x ,~(6)  ~ ~  
A N(1) C(~,) C~3)- - ' IT-q)  

0'5 I 0"4 C(4 ' )~ ' " -~  
0"3 N(I') 0"2 (a) 
0'1 ~ n ~ j 

1'0 2'0 A C(1') C(2') C(5") 

V .;.) - ' "  --. TT_~3 .f 
Plane ofll 

N(1) 
(b) 

Fig. 2. (a) Displacements from the best plane through atoms in 
phenyl ring I. (b) Displacements from the best plane through 
atoms in phenyl ring II. In both (a) and (b) the best plane 
is viewed end-on and in a direction at right angles to the 
length of the molecule. The best planes are shown by hori- 
zontal lines and the displacements of individual atoms are 
measured by vertical displacements from this line; for 
clarity, vertical displacements are magnified by plotting 
them on a scale which is three times as large as the horizontal 
scale. 

--'~!~,~ 1"389 
(0-017) \ .  /121.5 110-9\ 

~ i ~  ~ " 40.91/40.9) 4 1 . 1 ) \  41-1) 
1"423 '~ 1"515 121"5(119. ! i18"2 

(0"016) ~ .~-~/ 40"024) 118.6\4M ) (11)/11~7 123"9 -~.~/,¢ (1-1)\  0'1) (o.9) / (o.8) 
"~":'k 40"017) ¢ \ 117.3 124-8//117.7 

1.417 1174 k (o.9) 
(a) (o .8 )~  

1'414 
~,,,/.,~ co.oo8~ ~ 1123.0 11,.7\ ~; % co.,~/4°9> 41-o~\ 40.9) 

1'432 ~ ~%~ 1"504 122"7/119-0 
.2/40.013) 113.0\ (o7) -vzz-1 (0.008) . ~ '~ (0 .8) \  (1.0) (0.e)(°"7)// (07)1"21-"9 

(0.009) ~1 !9 "3  120"! / 122"6 

1.418 ,7.4\40.0) 
(b) 40 9) X 

1.387 
40.002) . /12].2 1~0-4\ 

, ~.~',,,~ / 4 0 ] )  40") X 
-'~'X ]'497 ./ 117"4 119"5 \ 

7 (c) 

Fig. 3. Comparison of the molecular dimensions of (a) 4,4'- 
diamino-3,3'-dichlorobiphenyl (b) 4,4'-diamino-3,S'-dime- 
thylbiphenyl (c) biphenyl. 
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way & Karle, 1944; Bastiansen, 1949; Almenningen 
& Bastiansen, 1958). 

There are no significant differences (Cruickshank, 
1949) between the dimensions of equivalent bonds and 
angles in the two halves of the molecule. Assuming 
that the two aromatic rings have identical configura- 
tions, and taking mean values, we obtain the molecular 
dimensions shown in Fig.3(a). For comparison the 
molecular dimensions of 4,4'-diamino-3,3'-dimethyl- 

biphenyl and of biphenyl are shown in Figs. 3(b) and 
3(c) respectively. 

The similarity in the dimensions of the dichloro- 
and dimethyl-molecules is somewhat surprising in view 
of the unexpectedly large variations in the C-C dis- 
tances within the benzenoid rings; the greatest dif- 
ference between equivalent bonds in the two molecules 
is only 0.025 A, yet there are variations of 0.07 A in 
the C-C distances within each benzenoid ring. It is 

\ ~ ". '9 , , , ~ ~ 1 ' ~  "~;--  " \ 

- - 3 "35 .  - - 3 " 3 5 . .  

\ 
\ " \ 
\ cO "rl ., ~ o "-c¢" "<fl \ 

a \ n ~  0 2 4 A  
c • ' ' ~ ~ O C a r b o n ;  • N i t r o g e n ;  0 Ch lo r i ne  

Ca) 

1 I 

I I 

t I I 

I I I i 

I ~ .a  f i 

t I o O  i i 

" C ( ~  ~10(6.j r 
i "  ' r O ( ~  O~, i 

, f  , , )  ~ ~ o . 2  , 

.oo ,,4 i ¢ , ,  
, / ~ .'~ i , , - c , . , . t ' ) ~  ) 

, , .  ; ? ,~ , - , e / ( 1 j  

, c s i n ~ }  I i ] 

(b) 

Fig.4. (a) The structure viewed along [010], showing the shorter intermolecular distances. (b) The structure ,viewed along [100], 
showing the shorter intermolecular distances. 
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difficult to account for these observed variations in 
terms of systematic errors in the two structure deter- 
minations since the cell dimensions, space groups and 
crystal structures of the two materials are completely 
different. 

There appear to be some similarities between cor- 
responding bond angles in the two molecules but the 
agreement is much less obvious than the agreement 
between bond lengths. 

The carbon atoms linking the two aromatic rings, 
C(1) and C(l ') ,  are separated by a distance (1.515 + 
0.024 A) in the dichloro-molecule which is not signi- 
ficantly different from that observed in the dimethyl 
molecul _(1.504 + 0.013 A) and in biphenyl itself (1.497 
+ 0.003 A )  and which probably represents a C(sp2) - 
C(sp 2) single bond. 

The chlorine and nitrogen atoms are attached to the 
aromatic rings by bonds of normal lengths but all four 
atoms are displaced out of the planes of the rings and 
for ring II (Table 3) the displacements appear to be 
significant. 

Fig. 4(a) and (b) show the structure viewed along the 
• directions [010] and [100] respectively and indicate all 
distances of 4.0 A or less between atoms in neighbour- 
ing molecules. The shortest distances are 3.23 and 
3.30 I t  between two pairs of nitrogen atoms, 3.35 and 
3.35 A between two pairs of chlorine atoms, and 3.51 A 
between a pair of carbon atoms. 
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The Structure of cis-Cobalt Diazidobisethylenediamine Nitrate, C o ( C z S z a s ) z ( S 3 ) 2 N O 3  
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The crystal structure of cis-cobalt diazidobisethylenediamine nitrate has been determined from two- 
dimensional X-ray diffraction data. The cell has dimensions a=  12.106, b=23.620, c=8.801 A, space 
group Pnma and Z =  8. The cobalt ion has a distorted octahedral coordination with four N atoms of 
the ethylenediamine group and two N atoms of the azide group. The ethylenediamine molecule is in 
gauche configuration. The azido groups are linear with N-N distances 1.11-1.23/~. The valence angle 
Co-N-N is ~ 120 °. The two nitrate ions are stacked one above the other to form a close packing with 
the complex ions. 

Very few structures of compounds coordinating an 
azide group have been reported in the literature. The 
present note describes the structure of a cobalt com- 
pound coordinating ethylenediamine and azide groups. 

Orthorh0mbic crystals of the cobalt complex were 
obtained from solution by the method described by 
Staples & Tobe (1960). Crystal data were determined 
from various rotation and Weissenberg films using 
Fe Ke radiation, and were as follows: 

a = 12-106 + 0.010, b = 23.620 + 0.010, c = 8.801 + 0.01 A 
Do (flotation method) = 1.60, Z =  8, Dc = 1.58 g.cm -3. 

The space group is Pnma or Pna21. Pnma was con- 
firmed by the structure analysis. 

The intensities of the hkO, Okl and hOl reflexions were 
measured visually from Weissenberg films from crystals 
rotating about the three respective axes. The position 
of the cobalt atom was determined from Patterson 
projection maps, and from a series of four electron- 
density projections the coordinates of all the other 
atoms were determined. The structure was refined by 
least squares on the CDC 3600 computer. The final 
R value for 293 reflexions was 0.10. The atomic co- 


