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contact  dans les autres directions est de 3,47 /~ entre 
un groupe CH benz6nique ct l 'oxygbne cdtonique de 
la mol6cule translatde de la premiere. 

Nous rdservons pour une publicat ion ultdrieure la 
comparaison entre l 'indigo, l 'oxindigo et le thioindigo. 

Nous tenons £ remercier ici Mademoiselle C. Stora 
qui dirige le laboratoire de Chimie Cristallographique 
du C.N.R.S .  off ce t ravai l  a 6t6 entrepris;  le Prof. 
W. Li i t tke de l 'Universit6 de Freiburg i. Br. qui a mis 
• ~ notre disposition un 5chanti l lon d 'oxindigo ; l ' Ins t i tu t  
Europden de Calcul Scientifique patronnd par I. B. M.- 
France (Place VendSme, Paris) qui nous a gracieuse- 

merit accord6 le temps machine requis pour les calculs 
effectu6s sur ordinateur  I.B.M. 704. 
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Nickel(II), (Red Crystals) 
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(Received 9 February 1962) 

Crystals of red bis-thiosemicarbazidato-nickel(II), Ni(CH4NzS),, , are lnonoclinic, P21/c: 

a=7"68, b=4.32, c=12.23 A, fl=93.8 ° , Z = 2 .  

The structure has been (tctermined by means of three-dimensional Fourier methods and refined by 
several cycles of Booth's differential synthesis. 

The Ni atom coordinates trans-planarly two S and two N atoms at the distances: Ni-S = 2.155 
+ 0-003, Ni-N = 1.91 + 0.01 A. Bond distances indicate the following molecular configuration 

N--NH~ 

H2N--C Ni C---NH z 

~ s /  \ / 
H2N--N 

The planes of the organic ligands are slightly tilted out of the coordination plane. No Ni-Ni bonding 
interaction is observed, nor does the Ni atom show any t eIl(tcncy to assume an octahedral coordina- 
tion. 

Introduction 

bis-Thiosemicarbazidato-nickel(II) ,  Ni(CH4N3S)2, can 
be obtained as a grey powder by direct mixing of the 
components  in aqueous ammonia  solution (Jensen & 
Ranckc-Madsen, 1934) or as small, red-brown crystals 
I)y slow action of ammonia  gas on the neutral  aqueous 
solution of the components  (Nardelli & Boldrini, 1961). 
The products  formed by these two methods have the 
same chemical formula, but  give different X-ray 
diffract ion patterns.  

The diamagnet ic  behaviour  of both compounds 
indict~tes t ha t  the complex molecules are planar.  I t  is 
probable tha t  in these two forms the same complex 
molecular entit ies are present with different packings, 

as the radial dis t r ibut ion function curves and the 
colours of their  powders are very similar. 

A complete X-ray s tructural  analysis was possible 
only for the red crystals, since crystals of sufficient 
size for diffraction work could not  be obtained from 
the grey powder. 

Experimental 

Red crystals of bis-thiosemicarbazidato-nickel(II) are 
very small monoclinic plates showing the three fun- 
damental  pinacoids. In  polarized light the crystals 
exhibit  pleochroism: observed nol'mal to the plates, 
the colour is yellow when the electric vector is parallel 
to the longer edge, [010], and red when perpendicular.  
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Crys ta l  d a t a  were der ived  from r o t a t i n g  crys ta l ,  
Weissenberg  and  precession p h o t o g r a p h s  using [()10] 
as ro t a t i on  axis" t h e y  were improved  by  powder  da ta  
(Cu K x  r ad i a t i on  m o n o c h r o m a t i z e d  on a curved  quar tz  
plate).  

Ni(CH4N3S)2, M =  238.94. 
a =  7.68 + 0.01, b =4 .32  + 0-01, c =  12.23 + 0.01 ~ ,  
fl = ! )3 .8  + 0.  l o. 

V=404"7  A ~, Z = 2 ,  D ~ =  1"96, Do= 1"99 g.cm. -a. 
/~=79.2  cm. -1 (Cu K~).  
F(000) = 244. 
Space g roup :  C:.',.t,-P2,/c (from sys t ema t i c  absences).  

The  in tens i t ies  were d e t e r m i n e d  p h o t o m e t r i c a l l y  on 
mul t ip lc - f ihn  i n t e g r a t e d  a n d  n o n - i n t e g r a t e d  cqui- 
inc l ina t ion  Wcissenberg  pho tog raphs  (Cu Kx) ,  t a k e n  
by  ro t a t i on  a round  [010]. Discon t inuous  a})sorption 
effects were corrected g raph ica l ly  by  Albrcch t ' s  (1939) 
me thod ,  the  size of the  sample  being:  0.10 ram. a long 
[100J, ().30 ram. a long [010], 0.06 ram. a long [001]. 

Tab le  1. Xumber oJ' observed and possible independent 
reflections with f inal  R and R' indices 

()bserved Possible R R' 

bOl 79 116 .().8% 11.3% 
bll 152 231 11.2 14-2 
h21 130 208 16.1 2(}.7 
h31 38 169 14.5 30.6 

Overall 399 724 12"6 17"0 

The n u m b e r s  of observed and  possible i n d e p e n d e n t  
ref lect ions are g iven in Table  1. The  in tens i t ies  of 
on ly  a small  n u m b e r  of h31 ref lect ions were measured,  
as the  corresponding p h o t o g r a p h  was fa in t  in spi te  
of the  long exposure  used (300 hr. for non - in t eg ra t ed  
pho tograph) .  

The s t ruc tu re  ampl i tudes  were der ived  by  the  usual  
formulae ,  the  abso lu te  scale for each layer  being 
es tab l i shed  f i rs t  by  Wi lson ' s  method ,  t hen  b y  correla- 
t ion  wi th  the  ca lcula ted  values.  

S t r u c t u r e  a n a l y s i s  and r e f i n e m e n t  

As two molecules are con ta ined  in a un i t  cell, the  Ni 
a tom mus t  be located on a s y m m e t r y  centre.  Con- 

s idering this  and  the lack of over lapp ing  in the (010) 
project ion,  ind ica ted  by  the  shor t  b edge, it  was 
possible to foresee t h a t  nea r ly  all the  signs of hO1 
s t ruc tu re  factors  could be as sumed  posi t ive.  W i t h  
this  assumpt ion ,  a 0(X, Z) p ro jec t ion  was ca lcula ted  
which showed all the  a toms  well resolved. This  
pro jec t ion  was v e r y  s imi lar  to the  f inal  one:  a t  the  
end of the  r e f inement  on ly  six of the  weakes t  observed 
h0l s t ruc tu re  factor's were nega t ive .  

For  the d e t e r m i n a t i o n  of the  y coordinate  of the  
S a tom,  which domina te s  the  F(hkl) s t ruc tu re  factors  
wi th  k + l  odd, a P,(U,  W) f i r s t - layer  genera l ized 
P a t t e r s o n  pro jec t ion  was calculated.  The set of coor- 
d ina tes  of all a toms  was then  comple ted  using the  
cosine, CI(X, Z), and  sine, St (X ,  Z), componen t s  of 
the  or(X, Z) f i r s t - layer  general ized project ion.  At  this  
s tage the  complete  i n fo rma t ion  was ava i lab le  to 
ca lcula te  the  th ree -d imens iona l  d i s t r i bu t ion  of the  
e lec t ron dens i ty .  

The re f inement  was accompl i shed  by four' cycles of 
Boo th ' s  d i f ferent ia l  synthes is ,  two of them wi th  
isotropic and  two with  anisot ropic  t h e r m a l  pa ramete rs .  
The  r e f inement  was considered at  an  end when the  
coordina te  shif ts  were less t h a n  one half  of the cor- 
r esponding  s t a n d a r d  dev ia t ions  for the  l ight a toms.  

Table  3. Thermal parameters (.~"-) 

B11 B22 B3a B12 B13 B2a 
Ni 2.42 2.30 2.65 - 04)5 -- (}. 14 - 0-05 
S 2.11 2.23 3.08 -0.14 --0.4(,) --[).05 
N~ 3-64 2.(.)3 3-73 0.26 (}.62 0.1 i 
N 2 1.22 1.49 1.57 --0.35 -- 1.01 0.24 
N 3 2.12 2.35 3.58 0.02 --(}.46 -(}.08 
C 1.81 2.21 3.4(.) [)-14 0.19 o.25 

The final coordinates  with  the i r  e s t ima ted  s t a n d a r d  
dev ia t ions  (Cruickshank,  1949) are repor ted  in TaMe "2. 
The anisot ropic  t he rma l  pa rame te r s  ob ta ined  at  the  
end of the  re f inement  by  Cru ickshank ' s  (1956) m e t h o d  
are l is ted in Table  3. T h e y  mus t  be considered only  as 
add i t iona l  pa rame te r s  for improv ing  the  ag reemen t  
be tween the  observed  and  ca lcula ted  quan t i t i e s ,  
corre la t ion  of the  di f ferent  layers  and  ref lect ions wi th  
k "~: 4 being neglected.  Observed  and  ca lcu la ted  struc- 
tm'e factor's are compared  in Table  4, the  cor responding  
R (()})served reflect ions only) and  R'  values ( including 

Table  2. Final  atomic coordinates and their e.s.d.' s 

a(x) (A) 
x/~, y/b z/c x" (A) y' (A) z" (A) • 

Ni 0 0.5000 0.5000 0 2-160 6.115 - -  
S 0.2663 0.6587 0.5030 2.041 2-846 6-016 3 
N 1 0.4354 0-9505 0.3362 3.337 4.106 3.890 11 
N 2 0.1409 0.8758 0.3143 1.080 3.784 3.772 10 
N a --0.017l 0.7376 0-3679 --0.131 3.186 4.508 11 
C 0.2742 0.8490 0.3775 2.101 3.668 4.477 l 1 

Transformation matrix from monoclinic x, y, z to orthogonal x', y', z' coordinates: 

\cos fl 0 

a(y) (A) 
( × 103) 

5 
22 
16 
2o 
18 

~(-~ (A) 

3 
10 
9 

I0 
11 
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Table  4. Observed and calculated structure factors 
A m i n u s  s ign for  Fo m e a n s  ' less  t h a n '  

0 6  i 10 8 -  4 5 17 20 2 25 -25 ~ 1 1 11 15 - t 4  ~ 2 1 ~ 15- -1 2 12-  12 
2 3 75 12 7 -  1C ~ 27 -25  3 ~:{ 4~ 0 16 12 12 15 !~ 1 21 - ~  9 13- 3 3 ~ -  6 
4 55 41 7 38 ~9 4 14 -.~4 1 1~ 13 13 7 -  1 2 i£. 18 !0  12-  ~ 4 13-  -5 
6 87 93 6 0 1 8 26 -19  5 47 50 2 q -  3 3 23 -18  11 1 : -  2 5 13-  -8  
8 52 54 0 8 -  5 9 17 17 6 13 12 3 14 17 ~ 2 1 4 25 27 12 9 -  -3 6 13-  -2 

10 32 37 2 18 -16 10 22 -19  7 ZC 2C 4 11 t l  1 =- 1 ~ 23 -19  13 6 -  3 7 12-  1 
12 28 25 4 9 12 11 15 15 ~ 11 -7  5 15 16 2 41 44 ~ 20 20 ~ ! 2 -  7 
14 17 16 6 8 -  7 !2 13 - ! 0  9 22 22 ~ 1! ~' 3 6 -  -5  q ~ -  -6  ! 3 1 9 11 -  5 

8 8 -  -~ 13 17 16 10 ~-  - ! 4  ~ 10 13 4 33 39 ~ 9 -  !0  0 6 11 1C 9 -  0 
' 0 1 10 10 5 14 6 -  -2 11 25 24 5 16 14 £ 9 -  -8 1 28 }6 11 6 -  -3 

0 '53 60 15 4- 5 12 7- 3 ~ I i 6 39 37 10 10 12 2 8- 8 
2 78 76 6 0 1 !3 8 10 I 21 22 ? G_ 2 !I 13 -13 ~ 23 24 ~ 3 1 
4 5- 7 2 17 17 2 1 1 14 4-- 0 2 12 -11 8 26 24 4 10- -2 I 12- -2 
6 20 24 4 8- -5 0 7 -6 ) 15 18 9 9- -3 6 2 i 5 25 26 2 12- 3 
8 23 24 6 9- -2 I I~ 20 5 1 1 4 7- -5 10 19 18 0 19 18 6 12- -I 3 12- -I 

10 11 15 8 8 -  4 2 29 -22  0 t5 15 5 12 12 11 9 -  0 1 10 -6 7 18 19 4 13-  -6  
12 8 -  10 10 7 -  3 3 27 25 I 3J 27 ~ 13-  3 5 13-  -1 15 17 6 6- -5 12 20 I ~ 2 
14 6 -  3 12 5 -  2 4 5 -  1 2 24 20 7 13 14 13 7 -  -2 5 27 -23 9 13-  13 6 13-  2 

5 6 -  6 3 13 9 ~ 5 -  -3 14 ~ 4 29 27 10 12-  6 7 13-  4 
7 0 l 7 0 1 6 6 -  1 4 19 !7 9 4 -  9 5 9 -  -5 11 11-  19 8 12-  -3  

2 4- 3 0 48 48 ~ 8 8 5 17 15 3 2 i 6 13 13 12 9- -2 9 12- I 
4 47 53 2 19 18 8 19 -19  6 20 14 9 1 1 0 10 12 7 8 -  -5 10 10 -  --2 
6 34 34 4 20 19 9 20 20 7 12 15 0 5-  7 1 40 -35  8 13 14 [ 3 1 11 8 -  -1 
8 37 27 6 37 37 10 8 -  -3 8 13 14 1 5 -  3 2 45 37 9 7 -  -13 1 14 20 

10 23 26 8 20 19 11 8 -  4 9 7 -  5 2 5 -  4 3 24 -14 !0  13 16 2 8 -  10 5 3 1 
12 8 -  6 10 12 17 12 7 -  - I  10 7 -  5 3 5 -  5 4 32 26 3 14 16 0 13 -  4 

13 7 -  2 11 6 -  2 4 4 -  7 5 36 -26  6 2 l 4 10-  -1 1 18 18 
14 13 14 ~ 0 1 14 5 -  -6  ~2 7 9 6 10 ~ 1 9 -  4 5 31 29 2 13-  8 

2 0 1 2 23 27 9 1 1 7 33 -24  2 25 23 6 17 -15  3 20 ]2  
0 16 11 4 14 15 2 I 1 5 I 1 I 5- 8 q~ 9- 13 3 14 13 7 20 16 4 13- -3 
2 28 -14  6 18 23 1 14 20 1 21 21 2 5 -  -4 9 9 -  -2  4 22 23 8 13-  3 5 13 -  24 
4 21 -17 8 18 16 2 5 5 2 26 -25 3 5- 4 10 9- 15 5 10 7 9 13 10 6 12- -3 
6 21 23 10 18 15 3 11 14 3 14 21 4 5- -6 11 15 -14 6 19 18 10 12- 0 7 11- 11 
8 8- -I 4 5- 0 4 15 -15 5 4- 2 12 7- 9 7 10 7 11 11- 9 8 10- 6 

!0 12 -10 8 0 1 5 13 13 5 8- 10 6 4- -6 13 11 -9 8 17 15 12 8 -7 9 8- 20 
12 8- 9 0 27 29 6 6- 3 6 9 -9 9 8- I 13 6- 7 
14 6- 0 2 28 25 7 I~ 14 7 10 11 0 2 1 ~ 2 1 10 10 10 ~ 3 1 

4 18 15 8 •- 5 8 20 -17 I 18 27 I 15 17 11 5- I 2 3 1 I 22 23 
0 1 6 19 23 9 8- 10 9 17 17 2 11 16 2 16 15 0 8- 2 2 13- 2 

2 4 -  -1 8 11 14 10 8 -  -4 10 8 -  -8  3 5 -  3 3 27 22 7 2 1 1 43 45 3 24 22 
4 14 -3 11 8- 9 11 7- 7 4 24 26 4 37 38 0 9 8 2 9- 2 4 13- 2 
6 9 -3  8 0 1 12 7 -  1 12 6 -  -5 5 11 -11 5 33 33 1 9 -  -1 3 55 49 5 19 19 
8 7 -  6 2 20 18 13 7 -  3 13 5 -  5 6 17 19 6 20 20 2 9 13 4 1 1 -  0 6 1 3 -  - 4  

10 8 -  0 4 21 21 14 6 -  1 7 8 -  10 7 9 -  8 3 9 -11 5 37 37 7 22 19 
12 8 -  -2 6 18 18 15 4 -  3 6 1 1 8 9 -  4 8 9 -  8 4 8 11 6 12-  -5  8 11-  -5  
14 6- 6 8 18 17 0 25 -24 9 9- -I 9 17 12 5 8- -14 7 28 ]4 9 I0- 8 

3 1 1 I 25 21 10 9- 9 10 16 ~5 6 7- 5 8 13- -5 10 8- 3 
3 0 1 9 0 i 0 44 -35 2 12 -11 11 9- 4 11 ~9 ~3 7 7- -3 9 12- 21 

0 53 5] 0 6- 0 I 37 36 3 8- 8 12 13 12 12 14 12 8 5- 4 10 12- 5 6 3 1 
2 65 64 2 6- 0 2 50 -43 4 8- -I 13 7- 4 13 7- 6 11 10- 20 0 12- -5 
4" 14 17 4 5- -4 3 38 33 5 8- I 14 6- 4 14 4- 6 ~ 2 1 12 8- -2 I 13 21 
6 47 42 4 29 -24  6 13 -14  1 21 18 2 12 -  4 
8 54 53 9 0 1 5 56 50 7 13 15 1 2 1 4 2 1 2 9- 5 2 3 1 3 12- 22 
10 12 10 2 6- 0 6 7- -2 8 15 -10 0 8 13 0 8- 5 3 15 11 I 26 32 4 12- -2 
12 12 16 4 6- 5 7 18 18 9 6- 5 19 18 8- 13 12 2 1 1 5 4 9 9 5 1 1 -  27 
14 18 20 6 5- I 8 27 -26 10 7 -8 2 44 42 2 13 13 5 9- 5 3 48 54 6 10- -9 

9 21 21 11 4 -  4 3 49 42 3 20 12 6 14 13 4 11 -  1 7 9 -  16 
0 1 10 20 - 2 0  4 47 43 4 30 24 7 0 1 1 12 10 5 44 43 8 7 -  4 

2 58 58 I 43 50 11 21 25 6 I i 5 31 24 5 22 18 8 7- 3 6 12- -6 
4 41 43 2 5~ - 5 0  12 7 -  - I  1 8 -  5 6 2 ]  20  6 9 -  9 9 6 -  4 7 23 22 6 3 1 
6 15 13 3 100 101 13 8 9 2 8 -  3 7 22 22 7 9 -  -1 10 4 -  4 8 13-  2 1 24 27 
8 34 34 4 21 21 14 4 -  - 7  3 8 -  7 8 19 20 8 9 -  3 9 30 27 2 12 -  3 

10 2~ 25 5 44 44 4 8 -  3 9 10 11 9 9 -  9 8 2 1 10 12-  1 3 26 .23  
~2 8 -  7 6 18 15 ~ 1 1 5 8 -  12 10 16 19 10 8 -  11 0 8 -  ] 11 22 20 4 12 -  1 
!4  6 -  9 7 32 37 1 64 58 6 8 -  9 11 10 10 11 7 -  9 1 8 -  7 12 9 -  1 5 30 24 

8 7 -  -2  2 24 24 7 8 -  8 12 9 13 12 6 -  8 2 7 9 6 11 -  0 
4 O 1 9 35 38 3 18 22 8 7- 6 13 15 13 3 9 14 3 3 1 7 19 16 

O 76 71 10 8- 0 4 11 10 9 7- 7 14 7 9 4 2 1 4 6- 9 0 11- 5 8 9- -I 
2 57 57 11 23 19 5 29 33 10 7- 4 I 15 -15 5 6- 6 I 11 10 9 7- 11 
4 58 52 12 8 -  0 6 31 30 11 6 -  4 [ 2 1 2 18 18 6 4 -  3 2 11-  3 
6 40 38 13 ~9 ~9 7 36 35 12 4- 0 ~ ~4 -~9 3 8- 2 3 12- 11 7 3 1 
8 50 47 14 7 6 8 27 24 2 29 38 4 17 17 8 2 1 4 12- -12 0 11- I 

10 24 27 15 13 12 9 11 13 7 1 i 3 43 -52 5 9- -11 I 8- -2 5 12- 9 I 11- 4 
12 10 15 10 8 -  4 0 17 -17  4 43 47 6 9 -  10 2 8 -  6 6 1 ] -  2 2 1 0 -  -4  

1 1 1 11 12 13 1 19 18 5 24 -19  7 9 -  -11 3 9 -13  7 13-  13 3 10 -  --2 
0 1 0 96 68 12 9 9 2 24 -22  6 15 16 8 9 -  8 4 7 10 8 12 -  -2  4 9 -  1 

2 86 82 1 24 25 13 15 12 3 33 31 7 16 -15 9 13 6 5 7- -6 9 12- 5 5 8- 4 
4 23 27 2 11 10 14 7 8 4 7- 0 8 13 14 10 13 6 6 6- 5 10 11- -3 6 6- -4 
6 41 43 3 23 25 5 19 17 9 25 -21 11 5- -4 7 5- -3 11 9- 2 
8 59 57 4 35 29 4 I 1 6 7- -7 10 21 20 12 7- 7 ~ 3 1 

10 20 19 5 43 39 0 6- 3 7 16 16 11 12 -7 13 5- -4 9 2 1 ~ 3 1 I 11- 6 
12 16 16 6 39 36 1 61 55 8 13 -12  12 13 12 0 7 12 1 15 18 2 11-  -1 

7 23 25 2 7 6 9 16 17 13 14 -11 5 2 1 I 4- 2 2 14 17 3 11- 2 
5 0 1 8 18 17 3 38 34 14 6- 6 0 24 22 3 17 21 4 10- 6 

0 21 16 9 14 17 4 11 7 ~ 1 1 1 17 12 9 2 1 4 12 -  -1 5 9 -  3 
2 8 10 10 13 15 5 46 39 1 1~ 17 2 2 1 2 35 30 1 5 -  -5  5 12 -  6 6 8 -  -2  
4 11 11 11 12 10 6 23 19 2 7 -  0 0 44 44 3 20 12 2 7 9 6 13 -  -5  7 7 -  3 
6 8 -  3 12 11 8 7 38 35 3 27 28 1 18 -14  4 30 23 3 4 -  - 1 0  7 13 -  12 
8 8- 9 13 10 11 8 8 10 4 11 11 2 42 40 5 30 25 8 13- 7 8 3 1 

10 8 -  4 14 8 8 9 18 18 5 12 15 3 8 -8  6 18 18 0 3 1 9 15 14 0 7 -  6 
12 5- -2 15 4- 8 10 7- -1 6 14 12 4 63 47 7 9- 8 I 5- 3 10 11- 2 I 7- 8 

11 14 20 7 13 14 5 14 -13 8 15 17 2 7- -4 -11 10- 6 2 6- I 
0 1 T I 1 12 8 9 8 7- 9 6 38 33 9 8- 6 3 8- 5 12 8- 0 

2 14 12 1 67 75 13 14 13 9 13 14 7 9 -  2 10 15 14 4 9 -  9 8 3 1 
4 8 -  6 2 50 - 5 0  10 5 -  4 8 16 20 11 6 -  ~0 5 11-  0 4 3 1 1 7 -  -1 
6 18 21 3 22 33 4 1 1 11 4 -  6 9 9 -  -5 6 12 -  -6 0 12-  -1 2 7 -  1 
8 9 -  10 4 15 -16  1 38 38 10 18 23 7 12 -  2 1 12 -  4 3 6 -  -2  
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T a b l e  5. Atomic peak heights (e.X -8) and curvatures (e.A -5) 

9 --Ann --Akk --Art Ah~: Ant Akt 
Ni obs. 56.10 564. l 343.8 519.2 -- 10.5 17.1 --4-3 

calc. 57.09 571.8 350.3 526.4 --6.3 [4.0 --3.3 

S obs. 34-00 345-l 209.0 321.0 -- 4.6 3.3 7.2 
talc. 31.98 329.6 200-2 3t)5.8 -- 2.0 0.1 6.2 

N t obs. ,(t.92 93-6 45.2 97.8 - 3-2 6.8 0-5 
cah.. 9.23 87.9 45.1 92.1 -- 4.(I 7.9 -- 1-1 

N., obs. 11-37 110-2 62-7 101.4 0"2 3"2 1.3 
talc. 11.65 113.7 64-4 102.9 1.1 - 1-I --0-1 

N:3 obs. 10.73 94-(,) 49.0 94.0 3"9 -- 10.7 -- 1.2 
talc. 9.56 87.3 44.7 85.7 2.6 -- 8.2 - 2.1 

C obs. 9.88 97-2 54.7 88.2 1.6 5.2 - 5.4 
calc. 9-15 91.0 50"5 80"2 1.7 3.2 -- 6"9 

Fo-- ½Fmin. w h e n  F~ > Fmin. for  u n o b s e r v e d  ref lec-  
t ions)  a re  s h o w n  in  T a b l e  1. T h e  e . s .d . ' s  of t h e  e l e c t r o n  

d e n s i t y  a n d  of i ts  f i r s t  d e r i v a t i v e s  are"  

a(~) = 0 . 3 9  e.~-:3 ; 
( l ( A h ) = l ' 0 6 ,  a ( A k ) = 0 . 9 9 ,  (~(Az)=0"96 e . A  -a. 

T h e  c o m p a r i s o n  b e t w e e n  o b s e r v e d  a n d  c a l c u l a t e d  
p e a k  h e i g h t s  a n d  c u r v a t u r e s  is g i v e n  in  T a b l e  5. 

T h e  a t o m i c  s c a t t e r i n g  f a c t o r s  u s e d  were  t hose  of 
T h o m a s  & U m e d a  (1957) for  Ni 2+, of D a w s o n  (1960) 

for  S a n d  of B e r g h u i s  et al. (1955) for  0 ,  N a n d  C. 
T h e  c a l c u l a t i o n s  w e r e  p e r f o r m e d  on  an  I B M  650 

c o m p u t e r  us ing  t h e  p r o g r a m m e s  of B r o w n ,  L i n g a f e l t e r ,  

S t e w a r t  & J e n s e n  (1959) for  s t r u c t u r e  f a c t o r s  a n d  
F o u r i e r  s y n t h e s e s ,  a n d  t h o s e  of S h i o n o  (1957, 1959) 

for  d i f f e r e n t i a l  s y n t h e s i s  a n d  r e f i n e m e n t  of t h e r m a l  
p a r a m e t e r s .  

.c. 

0 0 

/ i 5Y : Q/ : 

¼ 

Fig. I. Projection of the structure on (010). The electron-density contours are from the map calculated with all the 
signs positive. First line at 3 e.A -2, 1 e.A -2 interwds for light atoms, arbitrary for Ni and S. 
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Discuss ion  

Fig. 1 shows the projection of the s t ructure  on (010). 
Each complex molecule is formed by two thiosemi- 
carbazide molecules planar ly  coordinated by a Ni 
atom. This could also be inferred from the diamagnet ic  
behaviour ( Z M = - - 7 9 . 1 0  -6 c .g . s . e .m .u .mol .  -1) and 
from the crystal  data .  The coordination occurs in a 
trans form through the sulphur and the hydrazinic 
nitrogen. Bond distances and angles with their e.s.d. 
(Ahmed & Cruickshank, 1953; Darlow, 1960) are 
shown in Table 6. 

The Ni-S distance is considerably shorter  than  the 
sum of the covalent  radii (2.25 A, Pauling,  1945) but 
is fa i r ly  close to the value (2.18 A) found in NiS 
(millerite) by Kolkmeijer  & Moesveld (1931). The 
distances Ni-S  in tetra-thiourea-nickel(II) chloride 
(2.45 A, Cavalca, Nardelli  & Braibant i ,  1956) and in 
bis-thiourea-nickel(II) th iocyanate  (2.51 and 2.57 J~, 
Nardelli,  Bra ibant i  & Fava ,  1957) are much longer, 
but  the diffcrence must  be related to the different 
na ture  of these bonds. 

Table 6. Bond lengths and angles 
xi - s  2.155 + 0.003" A Na-Ni- S 81.7 +_0.4 ° 
Ni-N a 1.911 +_ 0.014 Ni-S-C 102.9+_0.4 
S-C 1.746_+ 0.013 S-C-N 2 120.9+ ].0 
C-N 1 1-436_+ 0.017 C-N2-N 3 109.8+- 1.0 
C-Ng. 1.247 + 0-015 N2-Na-Ni 123.8+- 0.8 
N2-N a 1.537 +- 0.017 S-C-N 1 122.3_+0-9 

N2-C-N 1 116.4 +- I. 1 

* The e.s.d.'s for the bond lengths do not include the effects 
of errors in cell parameters. If these effects are accounted for, 
using the formula of Darlow & Cochran (1961), the starred 
value must be encreased by 0.001 A. 

The Ni-N3 distance is a little longer than  those 
reported for other  square Ni(II) -complexes:  1.83 A 
in phtha locyanina to  (Robertson & Woodward,  1937); 
] "90 and 1-98 A in phtha locyanina to  analogue (Speak- 
man,  1953); 1.86 J~ in bis-salicylaldoximato (Merritt, 

Guare & Lessor, 1956); 1.85 A in bis-dimethylglyoxi- 
mato (Williams, Wohlauer  & Rundle,  1959); 1.84 A 
in bis-salicylaldiminato (Stewart  & Lingafelter,  1959) ; 
1"84 A in e t ioporphyrinato  (Crute, 1959); 1.90 /~ in 
bis-N-methylsalicylaldiminato (Frasson, Pana t ton i  & 
Sacconi, 1959); 1.88 and 1.83 J~ in bis-methylethyl- 
glyoximato (Frasson & Panat toni ,  1960). 

The angle on Ni in the chelate ring is close to tha t  
found in bis-dimethylglyoximato-nickel (83.0 °) and in 
bis.methylethylglyoximato-nickel (82°). 

The bond distances in the organic molecule indicate 
a nearly complete localization of a double bond be- 
tween C and N2, so the complex can be formulated 
in the following way:  

N--NH2 ., / "a / s ~  
H~N--C Ni C--NH~ 

~ s /  \ / 
H~N--N 

This was suggested by Jensen (1934) for the grey 
powder phase, support ing the hypothesis tha t  the 
difference between red crystals and grey powder  
concerns only the molecular packing (Nardel]i & 
Boldrini, 1961). The distances C-S and C-N1 show 
only a littlc double-bond character.  The N2-N3 dis- 
tance is r emarkab ly  longer than  tha t  usually accepted 
(1.48 J~) for the N(sp'~)-N(sp 2) single bond. The cause 
of this difference m a y  be that ,  according to the above 
formula,  N3 is in a sp 3 state. 

The angles in the organic ligands are not very  
different from those found in mono-thiosemicarbazide- 
zinc chloride (Cavalca, Nardelli  & Branchi,  1960), 
except tha t  a t  N2, which decreases from 133 to l l0 °. 
Unfor tuna te ly  information on the s t ructure  of thio- 
semicarbazide itself is lacking, but  if the angle on N2 
is assumed to be the theoretical sp" one the variat ion 
observed in the Zn- and in the Ni-complex can be 
explained by packing considerations. The tendency 
of the angle on Zn to assume the te t rahedra l  value 

. s Na  " ,' L ' \  _~  . . . . . . . . . .  ~ . _  

I l ' N 1 ~ X " " / a } I "~ y /  - -  ' 1' 

' " . ~ /  /7  \ ~,2o-o,' / ............... ; "  

" _ _ 1  / '  , l l ~  I ' N ~ - -  ;'I 

\ /',\ ,,/ 

I¢ig. 2. Deformation of tile CN2N a angle caused by the coordination. The molecules supposed undeformed are dotted. 
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t ends  to increase it. For  the  Ni-complex,  if it  is 
a s sumed  t h a t  no bond ing  in te rac t ion  occurs be tween  
N~ and  S' of two ad j acen t  th iosemicarbaz ide  mole- 
cules, the  angle on N,, mus t  decrease to m a i n t a i n  the  
Ni-Na and  Ni -S  dis tances  at  the  values found  and  
the  Na-S'  con tac t  (3-08 ,~) consis tent  wi th  the  sum 
of the  Van der  ~Vaals radi i  ( r s = l ' 6 0 ,  r N = l . 5  ,~) 
(Fig. 2). 

The analysis  of the  p l ana r i ty  of the  th iosemi-  
cart)azide molecule,  s h o ~  in Table  7, indicates  t h a t  
the  N~ a tom is a l i t t le  out  of the  p lane  of the  o ther  
lltoms, but  the  d is tance  has l i t t le s ta t is t ical  signif- 
icance. The d ihedra l  angle SCN1-SCNeNa is 174.8°; 

Table 7. Analysis of the planarity of the 
th iosemicarbazide molecule 

Equation of the plane referred to orthogonal axes: 
mix"+ m2Y' + m az'=d 

Best plane* 
through SN1N2NaC SN2NaC 

m I 0" 16  ()9 0 . 1 7 9 2  
m 2 - -  0'8838 - -  0.8756 
m a -- 0.4393 -- 0.4485 
d --4.8300 --4.8248 

Atom a'. j . t  (A) A (A) .(11o'± A (A) A/o'± 

S 0" 004 0 0 0.001 0" 25 
N 1 0.020 0.029 1.45 0.083 (4.15) 
N 2 0.015 0.003 0-20 0-014 0.93 
N:~ 0.019 0.012 0.63 --0.011 --0.58 
C 0.017 --0.040 -2.35 - 0.018 - 1.06 

~(A/~±) 2 8.06 2.39 
Z295 <~o 5.99 3.84 

* Least squares planes calcuhttcd following S(,hoemaker 
et ~d. (1959) using a diagonal weight matrix. 

¢ a± = {mi2a2(x) + m22a2(y) + m ~ ( z ) }  1/2. 

this  lack of i) lanari ty,  if real, can be considered  as a 
packing  dis tor t ion.  

The whole complex  molecule  is no t  planar ,  as the  
l igands are s l ight ly  t i l t ed  wi th  respect  to the  p lane  of 
coord ina t ion ;  the  d is tance  of the  Ni a t o m  from the  
phme SCN2N3 is 0.19 .~ aud  to this  corresponds a 
d ihedra l  angle NiN3S-SCN2N3 of 172.6 °. This distor-  
t ion  is much  smaller  t h a n  t h a t  observed  in ph tha lo-  
c y a n i n a t o - n i c k e l  analogue (Speakman,  1953) in which 
the  iso-indole residues tire t i l t ed  out  of the  coordina-  
t ion  plane by 25 °. 

There  is no ind ica t ion  of N i - N i  bond ing  as there  
is in the  bis-dimethylglyoximato-nickel  crystals  
(Godycki  & Rundle ,  1953), nor  can the  coord ina t ion  
a round  Ni be considered oc tahedra l ,  as the  neares t  
a tom to Ni ,  outs ide  the  bonded  S and  N3, is 
N3(x, y -  1, z) at  3.67 A, which  is much  too far to be 
considered  bonded.  

The shor tes t  pack ing  d is tances  are l is ted in Table 8. 

Table  8. Packing. distancest 

Ni-Na(x, y -  l, z) 3.667± 0.019" .~ 
S -S ( l - x ,  l - y ,  l--z) 3.848±0.007* 
S -Nl( l - -x ,  2 - y ,  l - z )  3"372±0.015 
S -Nl( l - -x ,  l--y, l - z )  3.930±0.017" 
S -N:l(x, l--y,  l--z) 3"080±0.015 
S -N3(2, 2-! t ,  l--z) 3.655±0.016" 
S - N.,(x, ~--y, ½+z) 3'.992±0.0l() 
N3-N3(J', ½ + y, ~ --z) 3.627 ± 0.029 
N2 N..l(Y ~, ~+y, ½ - - z )  2.834+_0.018 
N2-N3(~c, y-- ½, _t --z) 3.632 ± 0"021" 
N2-N2(2, ~ + y, ½ - -  z) 3.372 ± 0.025 
N1-Nl(l--x, ½+y, ½--z) 3.221±0.033 

When the coordinates are not indicated the atom is at 
.?', y ,  Z. 

* See remark for starred value in Table 6. 
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Fig. 3. Clinographic view of the packing of the complex molecules. 
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/ T . . . . . . . . . . . . . .  . . . . . . . . . . .  

='14 ~ "~\, 
/ 27 

/ [ \ / ~1iN3(2,1/2+y,1/2-z)(2"83)/ '~N~(1-x,y*V~,'/~-z)(3"22) 
,." \ /  .. 
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Fig. 4. Stereographic projections of the environments of: (a) N3, (b) N 2, (c) N 1. 

Fig. 3 shows d iagrammat ica l ly  the relative positions 
of the complex molecules in half  a uni t  cell. The pack- 
ing is determined chiefly by the N2-N3(~, ½ + y, ½ - z) = 
2.83 _~ contact, which can be interpreted as a hydrogen 
I)ond; this links together the complex molecules with 
their Ni atoms lying in planes of x=cons t .  The 
shortest distance between molecules belonging to two 
of these adjacent  planes is N 1 -  N I ( 1 - x ,  ½ + y ,  ½-z)  = 
3.22 J~. 

No a t t empt  was made to locate direct ly the H atoms. 
Neverthclcss, their  probable dis t r ibut ion around the 
N atoms was considered in order to confirm the 
formula proposed on the basis of observed bond 
distances. Fig. 4(a), which shows the envi ronment  
of N3, indicates tha t  this atom is surrounded tetra- 
hedral ly  by  Ni, S(~, 2 - y ,  1 - z ) ,  N2, N.,(~, y - ½ ,  21-z), 
so it is in favoural)le condition to direct the lone pair 
towards Ni and two H's  towards N.~(~, y - ½ ,  ½-z)  
(2-83 A) and S(~, 2 - y ,  l - z )  (3.65 A). The N2 atom 
can act as a proton acceptor in hydrogen bonding, 
the N3 donor not being far (0.55 z~) from the plane 
of the organic molecule (Fig. 4(b)). The angle formed 
1)y N..,-N3(~, l + y ,  l _ z )  and the SCN2N3 plane is 
l l . 3  °. A te t rahedral  envi ronment  can be considered 
for Nt as well, but  there are some differences between 
the calculated and theoretical angles (Fig. 4(c)). 

The authors are indel)tcd to the Consiglio Nazionale 
delle Riccrche for financial  support,  to the Centro 
Calcoli e Scrvomcccanismi della Universit'£ di Bologna 
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