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The crystal structure of tris(thiourea)cadmium sulpha- 
te has been determined by an X ray three-dimensional 
analysis. The crystals are triclinic Pi with the fol- 
lowing crystal data: Cd[SC(NH2)JSOI; M = 436.8; 
a = 8.77(2), b = 9.05(2), c = 9.83(Z) A, a= 
91.3(2)“, p = 111.9(l)‘, y = 95.5(2)“, v= 
718.9 A3, Z = 2, D, = 2.02, D, = 2.06 g ~rn-~, 
F(O00) = 432, I_L = 179.5 cm-’ (CuKa). The struc- 
ture was solved by standard Patterson and Fourier 
three-dimensional methods and refined by differential 
synthesis down to R = 8.3%. Coordination around 
cadmium involves three sulphur atoms from three 
thiourea molecules (Cd-S = 2.52(l), 2.&o(l), 2.63(2) 
A) and one oxygen atom (Cd-O(2) = 2.29(2) A) of 
a sulphate group, at the corners of a severely distor- 
ted tetrahedron. Two long contacts Cd-S = 2.85(2) A 
and Cd-O = 2.88(2) A complete the coordination 
around the metal atom to a distorted octahedron. 
The S042- group behaves as a bidentate ligand but 
the bonds it makes with the metal atom have quite dif- 
ferent lengths. The coordination octahedra are joined 
in dimers sharing an S-S edge. Packing is mainly 
due to NH . . . 0 hydrogen bonds. 

Introduction 

The crystal structure of tris(thiourea)cadmium sul- 
phate, Cd[SC(NHr)&SO+ has been determined to 
study the coordination around the metal atom, par- 
ticularly in connection with the behaviour of the 
SO.?- group which could play the role of an uncoor- 
dinated ion, or a monodentate ligand or a chelating 
agent or could be in a bridging situation. 

Experimental Section 

Crystals of tris(thiourea)cadmium sulphate were ob- 
tained as thick triclinic prisms by slow concentra- 
tion of an aqueous solution of the components.’ Cry- 
stal data, determined by rotation and Weissenberg 
methods (CuKa, X = 1.5418 A), are as follows: 

Cd[SC(NH&],SO,, A4 = 436.8 

a = 8.77(2), b = 9.05(2), c = 9.83(l) %, 

a = 91.3(2)“, p = 111.9(1)0, y = 95.5(2)0 

V = 718.9A3, Z = 2, D. = 2.02, D, = 2.06 g cm-’ 

F(OO0) = 432, v = 179.5 cm-’ (CuKa) 

(1) M. Nardelli and 1. Chierici, Rlc. Sci., 5, 1017 (1958). 

Space group: Pi (from the structure analysis, in agree- 
ment with the lack of piezoelectricity). 

Three-dimensional intensity data was collected at 
room temperature from integrated Weissenberg pho- 
tographs (multiple film technique) around [ 1001 and 
[OlO]. The total number of observed independent 
reflections was 2919 from 3226 possible ones. 

Absorption effects were corrected as continuous, 
considering the crystal as a cylinder for the reflections 
taken around [ 1001 (r = 0.08 mm, pr = 1.5) and as 
a sphere for the reflections taken around [OlO] (r = 
0.15 mm, pr = 2.7). Correction for the shape of the 
spots in non-equatorial layers was applied using the 
formula I,,,, = I( 1 f K cos 9) where K is a constant 
determined empirically from the upper and lower 
parts of the photograph. After correction for Lorentz 
and polarization factors the structure amplitudes were 
put first in the same scale following Rollett and 
Sparks? then in absolute scale by Wilson’s3 method, 
the mean isotropic temperature factor being Z3 = 
2.13 A=. 

Structure analysis and refinement. The structure 
was solved using the heavy atom technique starting 
from a three-dimensional Patterson map. The value 
of the conventional reliability index, when all the 
atoms from the Fourier synthesis were considered, was 
17.7%. Refinement was carried out by Booth’s dif- 
ferential synthesis with isotropic thermal parameters 
down to R = 14.8%, then anisotropically down to 
the final R = 8.3% value. At this point an F,-F, 
synthesis was calculated to look for the hydrogen 
atoms, but their direct location was impossible. The 
calculated positions for the hydrogen atoms correspond 
to high positive electron density regions, which ne- 
vertheless were too smeared to be used for a direct 
location of the peaks. Introduction of hydrogen atoms 
contributions did not improve the R value, so they 
were not taken into further consideration. 

In Table I the final positional and thermal para- 
meters, with their standard deviations and ratios 
e.s.d./coordinate shift, are quoted. A comparison of 
observed and calculated values for electron density 
and its second derivatives on the atomic peaks (Ta- 
ble II) gives an idea of the reliability of the analysis. 
No reliable discussion on the anisotropic parameters 
can be made, as the absorption effects were corrected 
only isotropically. In Table III observed and calcula- 
ted structure. factors are compared. The <t less than >> 

(2) J. S. Rollett and R. A. Sparks. Acto Crysf., 13. 273 (1960). 
(3) A. J. C. Wilson, Nature, Land., 150, 151 (1942). 
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Table I. Final atomic fractional coordinates (X 10’). thermal parametersa (X 10 A’) with e.s.d.‘s and ratios (e.s.d.)/(coordinate 
shift) 

z/c(a) B,,(a) Bu(fl) B,,(a) B,,(u) B,,(a) G(u) IrW\ IrWl It(y)I 

& 
w 
S(3) 
S(4) 
O(1) 

:13; 
O(4) 
N(1) 
N(2) 

E13 
N(5) 
N(6) 
C(1) 

:::; 

2210(l) 
1054(4) 
4229(5) 
368(4) 

3543(4) 
-39(20) 
2469( 17) 

161(18) 
1692(22) 
7195(17) 
6527( 12) 
-470(22) 
-837(16) 
6348( 18) 
5366( 17) 
6130(19) 
-386(13) 
5195(15) 

1122(l) 
2733(3) 

-794(4) 
980(3) 

3735(4) 
2755( 10) 
1903( 15) 
1933(15) 
4232( 12) 

lO(22) 
1225( 10) 
3192(14) 
3436(g) 
5321(18) 
3839( 13) 
277( 13) 

2723( 10) 
4351(13) 

1334(l) 
3645i3 j 
2007(5) 

-1449(3) 
963(4) 

2109(17) 
3653(23) 
4475( 12) 
4347( 14) 
3898(20) 
1768(13) 

-3135(17) 
-933(13) 
2407( 17) 
3842( 12) 
2607( 15) 

-1841(11) 
2545( 13) 

16(O) 
15(l) 
16(l) 
17(l) 
18(l) 
25(4) 
19(4) 
38(4) 
29(4) 
23(4) 
16(3) 
34(6) 
25(5) 
44(6) 
32(4) 
15(4) 
13(4) 
22(5) 

24(O) 13(O) 
19(l) 9(l) 
26(l) 30(2) 
18(l) 11(l) 
30(l) 16(l) 
46(5) 15(4) 
31(3) 20(5) 
45(4) 25(5) 
18(2) 29(4) 
55(8) 24(6) 
31(4) 34(8) 
30(4) 14(5) 
28(4) 15(5) 
68(5) 29(8) 
4U3) 17(5) 
33(4) 14(5) 
22(3) 12(5) 
23(2) 2’X6) 

2(O) 
--1(J) 

l(2) 
l(1) 

4W 
5th) 
3(5) 

-3(5) 
l(5) 
4(9) 

-2(6) 
5(7) 
9(7) 

-21(8) 
-18(5) 
-3(6) 
-2(5) 
-7(5) 

O(1) 
J(2) 
J(2) 
l(2) 

-J(2) 
-26) 

5(6) 
1X6) 

436) 
48) 

W-9 
J(8) 
37) 
7(10) 

--4(7) 
3(7) 

-2(6) 
6(8) 

O(O) 
-J(l) 

40) 
O(J) 
31) 
b(6) 
3(5) 
4(5) 

-5(4) 
13(9) 
13(7) 
6(6) 
5(6) 
l(8) 
2(5) 
3(6) 
l(5) 

-5(5) 

2 
41 
24 
5 
7 

: 
5 

17 
5 

17 
10 
6 
6 

10 
2 
7 
6 

5 
3 

3: 
3 

3: 

2: 
17 
14 
3 

13 
12 

; 
133 

f 
48 
15 
18 
5 
1 

41 
14 

: 
16 
44 
15 
6 
2 
4 
3 

a The aniSOtrOPiC temperature factor is: exp -1/4(B,,h2a*~+B~~~2~**+B,,~zc*2+2B,21hk~*b* +2B,,hla*c* +2B&Wc*). 

Table II. Atomic peak heights (e . A-‘), curvatures (e . A-‘) 
and e.s.d.‘s 

P -AI,* -AM -AU AH AM Ahk 

Cd 

S(1) 

S(2) 

S(3) 

S(4) 

O(1) 

O(2) 

O(3) 

O(4) 

N(1) 

N(2) 

N(3) 

N(4) 

N(5) 

N(6) 

C(1) 

C(2) 

C(3) 

obs. 
talc. 
obs. 
talc. 
obs. 
talc. 
ohs. 
talc. 
obs. 
talc. 
obs. 
talc. 
obs. 
talc. 
obs. 
talc. 
obs 
talc. 
obs. 
talc. 
obs. 
talc. 
obs. 
talc. 
obs. 
talc. 
obs. 
talc. 
obs. 
talc. 
obs. 
talc. 
obs. 
talc. 
obs. 
talc. 
e.s.d.‘s 

1263 
1265 
379 
381 
329 
329 
390 
391 
322 
324 

98 

19262 

142.4 
141.5 
42.3 
42.5 
35.6 
35.7 
43.9 
43.8 
37.2 
37.3 
12.8 
12.8 
13.8 
13.7 
11.8 
12.0 
11.8 
12.1 
9.7 

10.1 
14.0 
13.8 
10.7 
11.0 
12.5 
12.5 

99: 
10.4 
10.6 
10.3 
10.2 
12.3 
12.3 
10.9 

1309 
1324 
403 
404 
351 
350 
449 
449 
331 
333 
118 
120 
114 
114 
84 
87 
97 
96 
52 
69 

135 
134 
104 
104 
122 

119 

:: 
68 

;A 
85 

154 
153 

74 
75 

104 
103 

:; 
79 
79 
87 
87 

109 
110 
104 
105 

4 
10.9 
0,3 

46 390 
50 398 
27 130 
26 133 

;: z 
22 121 
20 122 

1577 
1566 

486 
486 
327 
334 
518 
519 
405 
405 
102 
101 
85 

18134 
110 
106 
106 
68 
79 

127 
129 

;; 
124 
125 
76 
77 
99 
97 
94 
93 

134 

119 
56 
57 
75 
77 

:: 
140 
141 

8869 
5 

22 84 
17 87 

-3 40 
4 40 
26 37 
24 35 
-3 25 
4 24 

0 24 
0 24 
7 9 
8 13 

12 41 
9 44 

12 25 
10 26 

-7 42 
-5 41 
-1 16 

0 19 
-1 12 

1 12 
-1 28 

133 
117 
118 

5 

77 
76 

8 
12 

:: 
14 
16 

-10 
-3 
10 
11 

-6 
-7 
12 
12 

i 
6 
5 

16 
18 
8 
8 
7 

-“6 
-5 

-10 
-10 
-12 
-13 

9 
-2 36 
12 25 
10 25 

9’ ;; 
3 3 

1; 
-6 

3 e.s.d.‘s 

values are referred to the reflections which are too 
weak to be observed, taken as equal to Zmin-1. 

Standard deviations have been calculated following 
Cruickshank* for the electron density and its deriva- 
tives, Ahmed and Cruickshank5 for bond lengths, 

(4) D. W. J. Ctulckshank, Acta Crysf., 2, 65 (1949). 

Darlow6 for angles; the effects of the errors in the 
cell parameters were considered following Darlow 
and Cochran.’ 

The atomic factors used throughout the calculations 
were those of Cromer and Mann: 

Table IV gives the more interesting distances and 
angles. 

Calculations were performed on the Olivetti Elea 
6001/S computer of the Cenfro di Calcolo Eleffronico 
dell’llniversifci di Parma. 

Discussion 

Coordination around the metal atom involves three 
sulphur atoms from three thiourea molecules and 
one oxygen atom from a SO,‘- group in a severely 
distorted tetrahedral arrangement (Figure 1). The 
Cd-O(2) distance is a little longer than the sum of 
the Pauling covalent radii (2.22 A) and is in agree- 
ment with those found in bis(acetamide)cadmium 
chloride9 (2.23 A) and in bis(thiourea)cadmium for- 
mate” (2.28 A). The Cd-S distances are of two 
kinds: one shorter (Cd-S(2) = 2.52 A) and two lon- 
ger (Cd-S(3) = 2.60, Cd-S(4) = 2.63 A). The first 
one is equal to the sum of Pauling covalent radii 
(2.52 A) and is in agreement with those found in 
other cadmium tetrahedral complexes: 2.45 A in bis- 
(thiourea)cadmium chloride;” 2.52 A in bis(ethylen- 
thiourea)cadmium chloride.12 The other two distan- 
ces are not significantly different and their values are 
intermediate between the sum of the covalent and the 
sum of the ionic radii (2.87 A). They are in agree- 

(5) F. a. Ahmed and D. W. J. Crulckshank, Acfa Crysf.. 6, 385 
(1953). 

(6) S. F. Darlow, Ado Crysf.. 13, 683 (1960). 
(7) S. F. Darlow and W. Cochran. Acfa Crysf., 14, 1250 (1961). 
(8) D. T. Cramer and J. 8. Mann, ACfa Crysf., A24, 321 (1968). 
(9) L. Cavalca. M. Nardelli, and L. Coghi, Nuovo Clmenfo. 10. 

278 (1957). 
(10) M. Nardelli. G. Fava Gasparri, and P. Bqldrini. Acfo Crysf.. 

18, 618 (1965). 
(11) M. Nardelll, L. Cavalca, and A. Braibanti. f$orz. Chim.. 87, 

137 (1957). 
(12) L. Cavalca. P. Domiano, A. Musatti. and P. Sgarabotto. Chem. 

Comm., P. 1136 (1968). 
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Table Ill. (Continued) 

LOP *or 
0 P 

h L 1 h L 1 

2: -220 -66 

125 a, 
29’ -2’2 
270 202 
529 -514 

b2- -4 
91 lrn 

331 352 
299 -292 

b2- 4 
I59 122 
251 26, 
105 -156 

:: 60 6, 
91 -55 

10a 150 
196 -169 
299 243 
157 ii6 
265 218 

2% -1 
59- 77 

159 125 
66 106 

299 -273 
566 550 
277 -261 
119 68 
196 165 
551 -316 
96 112 
,I- -2 
,I- -a4 

216 -21.9 
194 161 

74 64 
116 -51 
191 215 
257 -245 

57- 
57- :: 

191 161 
m5 201 
6a- -56 
65- -19 

165 -123 
165 -165 
151 -156 
142 -106 

62 64 
262 5w 
102 96 
222 -260 
156 1b6 
259 -26, 
522 517 
551 -561 
205 202 
562 561 
454 -660 
179 206 
217 -216 
268 261 

91 5a 
549 -110 
328 -5P 
b5- 15 

,a5 156 
511 -346 
5b2 m 
416 -472 

b5- -91 
311 290 
291 2b9 
176 155 
299 -302 
11, -95 
z 655 161 

lb2 -155 
6cd -6b6 
2*2 -276 
159 I75 

221 117 % 
206 -202 
I25 151 

a5- 
262 -2z 
b25 655 
259 -221 

97 90 
25, -2cm 
551 -605 
277 229 

I,- -66 
__ ._ 

h t 1 109 101 
0 s h k 1 Lolo ,w s 

b k 1 109 s 109 
s 

bO9 b50 
l’b 1% 
151 lbb 
*:: -266 91 

271 Jo4 
237 -2b1 
202 -557 
119 501 
lb2 -162 
665 bI2 
102 110 
222 196 
525 515 
191 -20, 
b8 -70 
4a -65 

159 -15a 
65 53 

257 209 
62- 6b 
ba- 5, 
9, a5 

602 b2b 
277 2bJ 

77 -b9 
17, -,b, 
242 -250 
ma -179 
15, 160 

b2- 47 
b9, 
29b z: 
I99 195 
162 -149 
I65 -11, 
157 -159 
62- a 
66 72 

102 149 
,,, 16, 

2::‘ 2:: 
99 aa 

I99 201 
111 -l,b 
62- -55 
,e- 25 

111 -91) 
154 -150 
b59 010 
Lo2 75 
ZJ, m 
191 170 
Ib5 -159 

56- 10 
12a -105 
276 -226 

9, -bO 
1% 1&b 

2*- -57 
102 -92 
151 ,a5 
179 ,b, 
11, -157 
194 19, 

u 59 
61 -51 

242 ,5O 
,aa -212 
120 16a 

25- 19 
51- 0 
9, ,I 
:: -19 16 

62 129 
a2 -116 

191 -la6 
,I- 19 

I,, l7b 
177 1,) 
559 -)I 
206 -219 
l9b 15. 
1% 15a 

2E- -s”, 
256 -211 

,e -95 
159 -190 

9, aa 
162 -170 
177 *a5 
1b2 157 

2z ;: 
517 -505 
116 -114 
151 lb, 

hkl 

::: 
7 3 1 
0 3 1 

::: 
9 3 1 

10 5 1 

z:: 
t 4 7 
1 & 7 
1 4 1 
1 2 7 
2 6 , 
2 a , 

:;: 
5 6 , 

::: 
561 
4 6 7 

::: 
4 6 1 
5 4 I 

::; 

::: 

::: 
I 4 1 
661 
6 6 1 

:a: 
0 5 , 
0 5 1 

: : : 

::: 

: ; : 
2 5 1 
2 5 1 

::: 
3 5 1 
3 3 1 

a:: 
b 5 1 

::: 

: : : 

: ; : 

: : : 

: 3 : 
9 5 1 
06 7 
067 
1 6 7 

: : : 
1 6 7 
2 6 7 
* 6 7 

:f: 

::: 

::: 
4 6 7 

:t: 
5 g 7 
5 6 1 
9 r 1 

::: 

:;: 
II 6 7 
a g 1 
0 7 7 
0 7 7 
1 7 7 
I 1 7 

: ; : 

: : : 

101 0 ‘O’s 

279 291 
271 205 

7, -Y 
159 151 
168 -141 
219 -108 

57- -510 
239 -215 
566 -522 
642 -652 
614 -595 
511 -695 
254 -*5b 
111 11, 
557 301 
22a 207 
165 176 
12a 120 
559 521 
I7b 152 

,, 5, 
62- 

226 -2: 
565 -569 
122 -152 
565 -566 
15, -197 

91 -7, 
525 -528 
1b5 156 
274 266 
656 662 
159 155 
25, 244 
162 -153 
177 -174 
171 -1% 

45- -IL%. 
517 -505 
514 -276 
119 -5, 
*a -549 
159 122 
102 -68 
566 574 
1% -60 
425 451 
574 571 

2:: 2z 
142 -,I, 
105 -62 
21, -21, 
202 -,a1 
579 -595 
4,9 -641 
254 -254 

7,- -25 
282 -290 
151 I*6 

5,- 45 
94 74 

602 605 
214 -197 

62- 22 
94 -76 

is2 -191 
105 -71 

a* -61 
265 -256 
411 411 
451 -451 
154 128 

9, 49 
205 192 
*25 210 

b5- -52 
217 2% 
45, -665 
557 538 

16 I2 
125 -ice 
595 -162 
,59 -*oL 

19 
559 -5:: 
220 215 
102 -162 
162 122 
159 147 
162 -140 
151 91 
lb2 -154 
212 219 
151 
b25 -6.E 
15b 110 
597 -bc4 

h t 1 

::: 

: : ; 
3 7 1 
b 1 7 

2:: 
: ; : 
6 I 7 
6 7 7 
717 
77 7 
Ill 
00, 
0 8 7 

::: 
L 8 7 
18 7 
2 0 7 
* 6 7 
2 II 1 
5 8 7 

: ; : 
b 6 1 

::: 
5 I 7 
6 2 7 

:i: 
0 9 7 
1 6 , 

::: 
2 9 7 
5 9 7 
4 9 7 
5 9 7 
0 0 6 

:,“: 
2 0 6 
2 0 B 
5 0 6 
5 0 8 

2:: 

: : ; 

::: 
6 0 8 
9 0 8 

10 0 8 
0 1 a 
0 1 8 
1 1 6 
I I a 
1 1 8 
1 I 8 
2 1 6 
2 I 6 

:;: 

: ; : 
5 I 8 
5 I 8 

::: 

:;: 

: ; : 
5 1 I 
5 I 8 

:;: 

:;: 
a 1 I 

::: 
9 I 8 

10 1 8 

::: 

: ; : 
1 2 8 
1 2 8 
2 2 a 

::; 
_ _ _ 

151 
174 

94 
259 
I97 
-is 

57- 
,,9 
579 

-126 
-lb2 

9* 
-269 

I79 
ill 
-15 
166 
565 

-254 
216 

-232 
46 

b5 
30 

:;: 
5 2 a 

214 
27, 
251 

66 
b6- 
57- 

157 
195 
51, 
159 

b5- 
2,) 
522 

7,- 
194 
l59 
114 
117 
219 
129 
55b 

,I- 
126 
21, 

::: 
6 2 ll 
6 2 B 

110 
165 
309 
-95 

29 
-288 
-565 

-60 
-196 
-142 

-91 
-a0 
209 
14, 
560 
-1.6 

-123 
-291 

-61 
554 
129 

55 
-15 

-15, 

1 7 a 
I 7 a 
1 7 8 
1 7 8 

: : : 
2 1 2 

IQ- 
445 
125 

,I- 
5,- 

160 

2 5 6 

::: 
2 3 B 
5 5 6 

::; 
5 3 8 

2:: 

2;: 

::: 
5 3 8 
6 5 8 

::: 
7 3 8 

::: 
9 5 8 

10 5 n 

-lb0 
562 

429 
451 

-160 
bJ1 
-,O 
bm 
-b1 
262 

-194 
561 

-255 
-20 
152 

-557 
66 

-192 
-514 

15 
-11, 

-2 
59 

248 
-5, 
159 
264 
445 

-324 
155 

0 
-69 

-501 

-b:; 

i i a 
::: 

52 
-22, 

51- -69 
106 129 

59- 59 
502 506 
I&a 159 

5 

17 
-619 
6aO 
*a2 
25b 
233 

:5: 
5 I 8 
5 1 8 

: : : 

: : : 

-446 

121 
-641 

395 

,,- 
139 
502 
122 
614 
605 

62- 
56- 

116 
195 
59c 

b2- 
142 
145 
550 
342 

-19 
* 

125 
-165 
-590 

55 
166 
109 
351 
199 

2 4 8 

::: 
2 6 8 
5 4 6 
5 5 a 

177 
559 
ma 
6*1 
56a 
291 
b37 

se- 
2b2 

3b.5 
3 4 E 

: ; : 

1;: 
::: 
5 2 8 

-1b2 
557 

-170 
as3 

-55, 
-266 
-648 

ba 
251 

-169 
-)85 
-120 

21, 
526 
266 

86 

a 
a9 

-b5 
-254 
-216 

-73 
45 

405 
105 
296 
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Tahla IV lTftancesandanAz~_ 

Cd-O(2) = 2.29(2) A S(2)CdS(4) = 112.9(l) 
Cd-S(2) = 2.52(l) S(3)CdS(4) = 87.5(l) 
Cd-S(3) = 2.60(l) S(2)Cd0(2) = g&3.8(4) 
Cd-S(4) = 2.63(2) S(3)Cd0(2) = 145.7(4) 
S(?)CdS(3) = 113.3(l)’ S(4)Cd0(2) = 91.0(4) 

(6) in the thiourea molecules 

S(2)-C(1) = 1.73(2)A 
N(l)--C(1) z= 1.31(2) 
N(2)-C(1) = 1.31(2) 

S(2)C(l)N(2) = 121.8(1.1)’ 
S(2)C(l)N(l) = 116.3(1.2) 
N(2)C(l)N(l) = 121.7(1.6) 

S(3)-C(2) = 1.76(2) 
N(3)-C(2) = 1.33(2) 
N(4)-C(2) = 1.29(2) 

S(4)-C(3) = 1.72(l) 
N(5)-C(3) = 1.32(2) 
N(6)-C(3) = 1.33(2) 

(c) in the SO? group 

S(l)-O(1) = 1.46(2),A 
S(1)-0(2) = 1.51(2) 
S(l)-O(3) = 1.48(2) 
S(1)-0(4) = 1.47(2) 

(d) hydrogen-bonds 

N(1). . . O(3”) = 2.85(3) A 
N(1). . . O(2”‘) = 2.94(3) 
N(2) . . . O(l’i) = 3.09(3) 
N(3) . . . O(4”) = 2.77(3) 
N(4) . . . O(1) = 2.90(2) 
N(5) = 3.W2) 
N(6) 

0~; 
= 2.89(3) 

N(6) . . . O(P) = 2.91(2) 

(e) contacts less than 3.5 R 

S(2). . , N(4’) = 3.44(2) 8, 

:::i. * 
. O(1’) = 3.39(3) 

. . . O(2’) = 3.49(2) 
S(4). . . N(5”) = 3.47(2) 

i T, 7, i 

ii x+1, Y, 2 

iii i-x, 7, l-z 

iv Y, l-y, T 

S(3)C(2)N(4) = 121.1(8) 
S(3)C(2)N(3) = 114.5(9) 
N(3)C(2)N(4) = 124.4(1.1) 

S(4)C(3)N(5) = 116.8( 1.0) 
S(4)C(3)N(6) = 122.4(1.1) 
N(5)C(3)N(6) = 120.7(1.3) 

O(l)S(1)0(2) = 106.1(1.0)’ 
O(l)S(1)0(3) = 109.9(8) 
O(l)S(1)0(4) = 112.6(7) 
oi2jsiijoi3j = 109.7igj 
0(2)S(1)0(4) = 109.8( 1 .O) 
0(3)S(1)0(4) = 108.8(8) 

N(l)H0(3”) = 158.8 ’ 
N( l)H0(2”‘) = 147.5 
N(2)HO(l”) = 161.5 
N(3)H0(4”) = 167.8 
N(4)HO(l) = 160.7 
N(5)H0(4”) = 141.6 
N(6)HO(2) = 165.0 
N(6)H0(4’) = 147.0 

O(3) . . . N(2”“) = 3.29(2) A 
= 3.48(3) 
= 3.03(3) 
= 3.37(2) 

v l-x, l-y, l-z 

vi l-x, l-y, 4 

vii x-l, y, z 

ment with those generally found in octahedral cad- 
mium complexes: 2.65 A in mono(thiourea)cadmium 
sulphate dihydrate;13 2.60 A in bis(ethylenthiourea)- 
cadmium thiocyanate.” 

Fwthpr analvsin nf the cadmium environment shows 
stant from the metal respectively. The long Cd-S(3’) 
contact corresponds well to the sum of the ionic 
radii, while the Cd-O(l) distance is much longer 
than the sum of their ionic radii (2.43 A). Conside- 
ring these interactions too, the coordination polyhe- 
dron around the metal is a very distorted octahedron. 
The S(3) and S(3’) atoms act as bridges between two 
centrosymmetrical cadmium atoms, giving origin to 
a dimer formed by two octahedra sharing the S(3)- 
S(3’) edge. The sulphate group behaves as a biden- 
tate ligand, the two bonds it forms being quite diffe- 
rent in length. Considering these distances and d” 
configuration of Cd’+ it is impossible to make any 
sound discussion on the nature of the metal-ligands 
interactions. 

Figure 1. Clinographic projection of a dimer. 

Concerning bond distances and angles in the thiou- 
rea molecules it seems interesting to observe that the 
longer S-C distance @(3)-C(2) = 1.76(2) A is found 
in the thiourea molecule whose sulphur is in a brid- 
ging position, while the shorter ones (S(2)-C(1) = 
1.73(2) and S(4)-C(3) = 1.72(1 j ii) are present in 
the monocoordinate molecules, confirming the idea 
that coordination can influence the S-C distance in 
thiourea.i3 In fact the bridging behaviour implies an 
sp3 bond configuration for sulphur and a single bond 

(13) L. Cavalca. P. Domiano, G. Fava Gasparri. and P. Boldrini, 
Acfn Crysf., 22, 878 (1967). 

(14) L. Cavalca, M. Nardelli, and G. Fava Gasparri, Acta Crysl., 
13. 125 (1960). 

Cavalca, Chiesi Villa, Mangia, Palmieri 1 Tris(fhiourea)cadmium Sulphate: Crystal Structure 
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character for S(3)-C(2). This is also confirmed by 
the angles around S(3): CdS(3)C(2)= 107.0”, CdS(3)- 
Cd’ = 97.5”, CdiS(3)C(2) = 109.2”. Nor any n in- 
teraction seems probable as indicated by the dihe- 
dral angles: CdS(3)C(2)AS(3)C(2)N(3)N(4) = 38.6” 

t 

Y 

Figure 2. Clinographic projection of the SO,‘-- environment. 

and CdiS(3)C(2)AS(3)C(2)N(3)N(4) = 24.5” which 
are far from 90”. Also for the other thiourea mole- 
cules coordination to the metal atom occurs through 
interactions concerning pairs of electrons which are 
in molecular orbitals not much different from the sp3 
sulphur hybrids, as indicated by the angles: CdS(2)- 
C(1) = 103.0, CdS(4)C(3) = 109.3. For these mole- 
cules too, no interactions between metal and 7c elec- 
trons of the ligands seem implied as indicated by the 
dihedral angles the molecules of thiourea form with 
the CdSC planes: CdS(2)C( 1) A S(2)C( l)N( l)N(2) = 
54.9”, CdS(4)C(3) A S(4)C(3)N(5)N(6) = 22.6”. 

The thiourea molecules are planar excepting S(2)- 
C(l)N(l)N(2), which shows a small but statistically si- 
gnificant deviation: C(1) is out of the mean plane by 

-0.03 w.* 

Figure 3. Projection of the structure down to [OIO]. 

Bond distances and angles in the SOJ*- group, agree 
well with those generally found in other sulphates. 
It may be pointed out that the longer S-O distance 
(S(l)-O(2) = lSl(2) A) corresponds to the shorter 
Cd-O contact (Cd-O(2) = 2.29(2) A) and this indi- 
cates a reduced double-bond character for the S( l)- 
O(2) bond as a consequence of the binding with the 
metal. The coordinated electronpair is in a Sod*- 
molecular orbital which is essentially an sp3 hybrid 
of oxygen, as indicated by the angle Cd0(2)S( 1) = 
112.4(1.1)“. 

Packing is mainly due to the hydrogen bonds (s. 
Table IV) formed by the NH2 groups and the oxygen 
atoms, as shown in Figure 2 and 3. 

(*) The least-squares planes of the three molecules are: S(2)C(l)- 
N(l)N(Z) 0.5422 X,-O.7413 Y’-O.3957 2’ = 1.7015; S(3)C(Z)N(3)N(4) 
0.8277 X,+0.3552 Y’t0.4344 Z’ = 0.4529; S(4)C(3)N(5)N(6)-0.5934 X’+ 
0.7902 Y’+O.1530 Z’ = 0.9319. The orthogonal X’, Y’, Z’ coordinates 
are expressed in A and are obtained from the x, y. z triclinic ones using 
the matrix: (sin y 0 -sin a cos fi* ( cos y 1 cos (x 1 0 0 sin a 

sin 0’). 
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