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The Crystal Structure of bis-Thiourea-Lead(II) Chloride 
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The X-ray analysis of the crystal structure of bis-thiourea-lead(II) chloride, Pb[SC(NH2)2]2C12, has 
shown that  the rather uncommon coordination number of seven for lead occurs in this compound. 
The lead atom is bonded to four sulphur and two chlorine atoms at the corners of a distorted trigonal 
prism, and to a chlorine atom near the centre of a lateral face. The coordination polyhedra, sharing 
their bases, form polymeric chains running along the shortest axis, [010]. The study of the two- 
dimensional Fourier projection on (010) and of the three-dimensional Fourier lines parallel to [010] 
gave the following mean values of bond lengths: 

Pb-S = 3.02 +_ 0.05 J~, Pb-CII = 2.75 _ 0.04/~, Pb-CIII = 3.22 _ 0 .06/~.  

1. I n t r o d u c t i o n  

I n  a previous paper  (Nardelli & Fava,  1958) an 
a t t empt  was made  to in terpret  the Pat terson projec- 
t ions P(U, W) and P(U, V) for crystals of bis- 
th iourea- lead(I I )  chloride. This compound has an 
or thorhombic  cell (space group C~v-Pna21) with 

a=21.20+_0-04, b=4-06_+0.01, c=12 .02  +_ 0.02 J~. 

The uni t  cell contains four molecules of 

Pb[SC(NH2)2]~C12. 

In  addi t ion to the  coordinates of the lead atom, the  
coordinates of the sulphur  and chlorine atoms were 
obtained,  indicat ing an octahedral  coordination around 
the  heavy  atom. The coordination polyhedra  formed 
polymeric  chains running  paral lel  to [010]. 

The present  invest igat ion is concerned with the 
s tudy  of the electron-density distr ibution,  and  this 
made  us modify  our previous views on the dis t r ibut ion 
of l igands around the meta l  atom. 

2.  I n t e n s i t y  d a t a  

Multiple-fi lm integrated Weissenberg photographs 
(Kodak-Crystallex,  Cu K s  radiation) were used to 
record the  hO1, hll, h21 and hk0 reflexions, and  their  
intensit ies were de termined photometr ical ly .  The in- 
dependent  reflexions observed were 151 hO1 (possible 
171), 171 hll (possible 329), 172 h21 (possible 293), 
59 h/c0 (possible 106). The crysta l -habi t  was acicular  
along [010]; for the photographs t aken  using this  
direction as a rotat ion axis a very  slender needle was 
employed,  and the specimen was t reated as a cylinder 
( # r=2 .0 )  in applying the absorpt ion correction. The 
hk0 reflexions were recorded using a small  f ragment  
of mean  diameter  of 0.015 cm.;  for this  case the 
absorpt ion correction for a spherical  sample (# r=3 .0 )  
was used. Corrections for Lorentz and  polarization 
factors were de termined with the aid of a Cochran chart.  

The s tructure factors of the  hOl reflexions were 
scaled by  Wilson 's  (1942) method;  those of the  other 
reflexions were correlated wi th  the previous ones on 
the basis of those spots which were observed in more 
t han  one photograph.  The absolute scale was improved 
successively by  comparison with the calculated values. 
Isotropic tempera ture  and  scaling factors were deter- 
mined  by  plot t ing log (Fc/Fo) against  sin e 0 for the  
reflexions of each photograph;  the f inal  mean  value  
of B was 2-7 tk 2. 

3. D e t e r m i n a t i o n  of the  x,  z p a r a m e t e r s  

The Pat te rson  P(U,  W) projection m a y  be in terpreted 
on the basis of the C~v-Pna21 space group (the D ~  
space group is also compatible  with the sys temat ic  
extinctions).  The largest peak at  U = 0 . 2 0 8  and  W= 
0-500 is due to the (2xvb, 2zvb ) interaction.  The small  
difference in the atomic number  between S and C1 
atoms did not  allow us to dist inguish P b - S  and Pb-C1 
peaks, and  therefore at  this  first stage we will label  
these atoms MI, MII, MHI, Miv. Their  coordinates, 
deduced from peaks of lower weight, are: 

x/a z/c 
MI 0.15 0.08 
MH 0.10 0.44 
-MIII 0.24 0.27 
Miv -- 0.01 0.25 

A first Fourier  project ion ~(X, Z) was calculated 
using the  ~(hO1) values given by  these coordinates. 

The ref inement  of this  project ion was r a the r  cum- 
bersome because of the  absence of the s y m m e t r y  
centre. At  the  first  stage the x and  z coordinates of 
the heavy  atoms were improved and  the  peaks from 
the l ight  atoms were then  recognized. F rom their  
relat ive positions it  was possible to dist inguish MI 
and  M ~  as sulphur  atoms, M n i  and  Miv as chlorine 
atoms. 
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Fig. 1. Final projections of (a) ~(X, Z) and (b) ~(X, Y); 

contour interval 5 e.A-~'; zero contour omitted. 

Fur the r  ref inements  were obtained by projections 
wi thout  the  heavy-a toms (Pb, S, C1) contr ibutions,  and 
f inal ly with (Fo-2"~) syntheses. The final project ion 
of ~(X, Z) is represented in Fig. l(a));  this corresponds 
to the  x/a and z/c coordinates reported in Table 1. 

The rel iabil i ty index at  the final stage of ref inement  
was ]~(hO1)=ZII2"ol--]2"cli/ZJ2"o[=O.114 (considering 
only the  observed 2'0). 

4. Determination of the y parameters  
For the  de te rmina t ion  of the  y parameters  we used 
a t  first the  rough coordinates of the  heavy  atoms 
obta ined from the  P(U,  V) project ion:  

ypb/b = ycii/b = ycln/b = 0.228 

ysi/b = 0.278, ysn/b = - 0.272.  

Considering only one formula  unit ,  these coordinates 
correspond to a p lanar  dis t r ibut ion of the  heavy  atoms, 
as previously suggested by Cox et al. (1937). 

A first ~(X, Y) project ion was calculated for the  
coordinates given, but  it  was of no use for fur ther  
refinements,  except for the  lead atom, because of the  
numerous superpositions. I t  was therefore necessary 
to consider the  three-dimensionM dis t r ibut ion of the  
electron density.  :Because of the  enormous amoun t  of 
work required due to the  lack of a symmet ry  centre, 
we considered only the  three-dimensionM dis t r ibut ion 
of ~(Xs, Y, Zs) along the  line running  th rough  the  
centre of the s a tom and parallel  to [010]. These 
electron densities were calculated from the  Fo(hO1), 
2"o(hll) and Fo(h21) structure ampli tudes  and the  phase 
angles obta ined from the  previous coordinates. Most 
surprisingly the result ing coordinate y/b of Cln was 
increased by near ly  ½, while we had  used about  the  
same coordinate y/b for Pb, Cli and Cln. This re- 
sult was confirmed by successive calculations of 
~(X~, Y, Zs) functions,  tak ing  into account  also the  
contr ibut ions of the  l ight atoms. The final ~(X, Y) 
project ion is represented in Fig. l(b), in which the  
points  indicat ing the  posit ion of the  ]ight a toms 
correspond to the  coordinates obtained from examina-  
t ion of the three-dimensional  Fourier  lines. 

The final coordinates are reported in Table 1; thei r  
s tandard  deviat ions were es t imated using the  ex- 
pression (Cruickshank, 1949) 

j / c x  o 

Table 1. Final  atomic coordinates with their standard deviations 

x]a y/b z]c 
Pb 0.105 + 0.0002 0.229 + 0-001 0.250 + 0.0002 
C11 0.232 + 0.002 0.268 + 0.004 0.294 + 0.002 
CIIz -- 0.013 + 0.002 0.708 + 0.006 0.238 + 0.002 
S t 0" 154 + 0"002 0.725 ± 0.009 0.084 + 0.002 
SII 0.095 + 0.002 0-697 ± 0.007 0.434 ± 0.002 
C1 0.106 ± 0-004 0.883 _ 0.010 -- 0-013 ± 0.007 
CII 0.160 + 0"009 0-661 ± 0.025 0.527 ± 0.008 
Ni 0.042 + 0.004 0.963 ± 0.019 -- 0.007 ± 0-008 
NH 0.124± 0-007 0.894_+ 0.026 --0.121 ± 0.009 
Niiz 0.207 + 0.009 0.872 + 0.017 0.519 + 0.006 
Niv 0.150 + 0.005 0.542 4- 0-030 0.629 ± 0.012 
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Fig.  2. P r o j e c t i o n  on  (010). I n t e r a t o m i c  d i s t a nce s  i n d i c a t e d  b y  d o t t e d  l ines ;  one  a r r o w - h e a d  i n d i c a t e s  t h a t  t h e  d i s t a n c e  

is to  t h e  a t o m  i m m e d i a t e l y  a b o v e  of t h a t  of w h i c h  c o o r d i n a t e s  a re  r e p o r t e d .  

an analogous one for (~(z=) and 

½(l(Y=) = 2~ ~ '  V ( 3 ~Y~ 

The two-dimensional and three-dimensional electron- 
density standard deviations were [a(~)]s--1-31 e./~ -2 
and [a(~)] v-- 0.59 e./~ -a respectively. 

The factor ½ introduced in these formulae arises 
from the lack of symmetry-centre (Cruickshank, 1950). 
The curvature ~2Q/~r2 was calculated assuming that  
the electron density near the centre of an atom can 
be expressed as 

~(r)= ~(0) exp [--pr~], 

and the constant p was evaluated from graphical plots 
of log ~(r) versus r 2 for each atom. 

The reliability indices (including only the observed 
Fo) corresponding to the final coordinates are: 

R(hkO)=O.180, R(hll)=O.149, R(h21)=O.160. 

In Table 2 are listed the Fo, Fc and a values for 
the reflexions considered. 

5. D i scuss ion  

The most interesting feature of the structure is that  
each lead atom coordinates four sulphur and three 
chlorine atoms and the resulting coordination poly- 
hedron is a distorted trigonal prism in which a seventh 
coordination position exists beyond one lateral face. 

This distribution arises from the fact that  the SI, SII 
and Clzi are nearly equidistant from two Pb atoms 
belonging to a row parallel to [010]; the coordination 
polyhedra are linked through their bases to form poly- 
meric chains. The lack of crystallographic equivalence 
of SI and SII is insufficient to give a corresponding 
chemical difference ; on the other hand, the Cli and Clli 
atoms are both crystallographically and chemically 
distinct. The CII atom is located approximately over 
the centre of a lateral face of the trigonal prism and 
therefore is bonded only to one lead atom. The ob- 
served coordination is rather infrequent; it is likely 
that  the coordination bonds can be described by hybrid 
wave-functions involving the 5f orbitals of lead. Fig. 2 
shows, diagrammatically, the projection on the (010) 
plane. In Fig. 3 is represented a clinographic projec- 
tion of the polymeric chain described. Bond distances 
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T a b l e  2. Observed and calculated structure factors with their phase angles 

0 0 2 282 257 182 1::' 0 0 49 25 0 26 0 4 29 29 132 5 1 14- - 12 0 11 1 10 - 8 197 18 1 2 74 67 182 
1 133 145 193 (3 1 1 199 25B 182 6 1 0 85 86 0 11 - 19 8 5 '79 83 3 4 307 326 5 

6 277 266 187 2 - 15 106 3 264 506 13 
8 175 174 359 3 139 137 346 5 155 157 189 

10 103 113 175 ~ - 2 200 7 150 152 164 
12 86 102 0 5 151 144 167 9 156 157 197 
14 45 59 149 6 59 40 204 11 - 45 340 

2 0 0 106 68 0 7 120 111 10 15 60 66 188 
1 211 307 181 8 - 27 198 1 1 0 51 28 0 
2 104 82 188 9 111 128 173 1 49 55 114 
5 222 230 0 10 - 12 112 2 39 23 278 
4 152 157 ~16 11 85 81 358 5 55 54 345 
5 268 272 185 12 - 4 50 4 55 59 6 
6 98 88 160 15 59 54 20~ 5 - 21 108 
7 187 186 5 14 0 0 133 152 180 6 - 13 46 
8 80 85 553 1 68 60 206 7 - 20 17 

1 20~ 255 352 12 - 2 292 
2 152 147 174 13 - 8 146 
3 211 207 185 12 1 0 137 175 180 
4 154 154 557 
5 174 161 20 
6 81 97 169 
7 153 145 165 
8 109 114 2 
9 84 76 11 
10 70 84 177 
11 61 58 182 
12 54 59 4 
1~ 59 62 336 
14 46 51 195 

4 50 45 348 
5 81 78 183 
6 37 52 152 

1 - 17 18 7 62 57 9 
2 144 185 342 8 64 58 
5 - 54 16 9 54 50 184 
4 142 152 18¢ 10 42 41 190 
5 37 19 336 11 32 ~5 ~59 
6 150 164 347 19 I 0 - 12 0 
7 - 12 129 1 - 5 256 
8 135 139 167 2 - 12 191 
9 - 15 255 3 - 4 277 

10 86 97 o 4 - 22 1 
11 - lO 199 5 - 12 174 

9 82 82 166 
10 68 68 162 
11 108 139 10 
12 41 47 346 
13 57 70 176 
14 26 25 192 
15 40 48 353 

4 0 0 213 285 180 
1 123 110 170 
2 120 114 551 
3 104 95 13 

2 13~ 145 13 8 32 28 358 ? I 0 37 33 180 12 84 85 174 6 - 4 199 

3 - 25 150 9 - 18 162 1 55 13 316 15 - 6 268 7 - 4 225 
4 155 154 171 10 - 16 272 2 39 57 259 15 1 0 47 55 180 8 - 12 0 
5 67 48 319 11 - 12 530 5 69 38 172 I - 24 151 9 - I 75 
6 117 110 5 12 - 11 537 4 - 18 21~ 2 - 5 288 10 - 5 195 
7 - 22 67 13 - 5 210 5 )5 23 51 5 40 28 27 20 I 0 47 54 180 
8 90 94 183 14 - 7 214 6 - 3 179 4 - 18 190 I 57 57 175 
9 34 27334  1~ : ~ 31 7 - 2o1~o  5 - ~ 6 1 5 2  2 ~ ~ 4 

10 84 85 1 2 1 ~ 1)~ 15~ 180 8 - 14 172 6 - 7 25 3 100 89 357 
11 35 22 71 1 38 28 24 9 - 14 21 7 - 17 534 4 62 63 154 
12 50 59 182 2 259 ~54 1 10 - 10 28~ 8 - 22 179 5 58 55 169 

4 107 126 166 13 - 5 22 
5 137 152 147 16 0 0 112 128 180 
6 175 194 559 1 142 172 557 
7 89 87 36 2 25 51 3 
8 104 125 173 3 157 157 187 
9 81 92 164 4 69 62 185 

10 91 110 5 5 136 124 0 
11 46 55 3 6 80 76 17 
12 71 90 192 7 120 106 201 
13 50 56 204 8 - 12 166 
14 54 52 7 9 81 76 553 
15 56 34 5 10 28 25 0 

6 0 0 169 162 180 11 56 56 173 

3 55 57 268 11 - 12 185 9 - 17 188 6 57 59 555 
4 220 248 181 12 - 4 159 10 - 2 10 7 58 55 354 
5 - 10 257 13 - 13 4 11 - 4 27 8 49 46 168 
6 161 157 359 14 - 2 558 12 - 6 7 9 70 64 181 
7 50 56 519 8 1 0 156 198 0 13 - 11 157 21 1 0 - 3 180 
8 147 168 184 1 95 119 192 14 1 0 55 37 180 1 - 23 185 
9 - 27 201 2 172 199 168 1 125 159 357 2 - 5 152 

10 94 116 0 3 108 102 10 2 92 93 11 3 - 14 354 
11 - 33 25 4 176 165 31 3 129 152 179 4 - 10 15 
12 55 71 168 5 85 75 199 4 74 61 193 5 - 8 176 
15 - 27 199 6 150 133 185 5 131 133 6 6 - ~ 54 
14 71 71 8 7 71 ~7 15 6 - 9 357 7 - 12 5 
15 56 21 54 8 114 101 1 7 126 120 171 8 - 4 323 

1 161 184 353 
2 170 201 34 18 0 0 95 97 0 
3 178 162 171 
4 198 166 169 
5 196 199 355 
6 155 114 27 
7 134 129 171 
8 95 75 212 

9 89 99 545 
I0 74 68 0 
11 92 102 180 
12 45 41 539 
15 54 67 0 

12 42 58 197 3 1 0 . 2 0 9 106 51 204 8 63 42 196 9 - 10 179 
1 78 67 117 10 76 64 212 9 90 85 4 22 1 0 56 81 180 

1 96 98 242 2 53 45 40 11 - 30 15 10 25 8 10 1 - 20 29 
2 94 74 180 5 66 60 26 12 59 58 355 11 67 68 180 2 116 97 4 
5 58 52 164 4 25 25 167 13 28 24 187 12 - 16 85 3 - 17 162 
4 102 86 9 5 37 20 164 14 39 45 175 15 1 0 - 12 18o 4 54 84 182 
5 108 94 349 6 - 28 305 9 1 0 46 38 0 1 - 6 254 5 35 35 325 
6 73 63 182 7 61 25 31 1 - 17 90 2 - 24 345 6 67 59 356 

7 95 86 166 8 - 11 175 2 54 16 135 5 - 11 2~3 7 - 13 209 
8 70 56 2 9 - 20 162 3 - 14 192 4 45 21 175 8 86 61 184 
9 46 42 339 10 - 10 12 4 - 14 40 5 - 12 341 25 1 0 - 1 180 

10 44 38 188 11 - 9 4 5 - 10 97 6 - 10 5 1 - 9 152 
11 70 66 186 12 - 6 156 6 - 15 148 7 - 6 267 2 - 9 25 

13 - 10 159 7 20 19 115 8 - 20 153 3 - 7 7 
14 - 9 328 8 - 22 8 9 - 7 209 4 - 10 163 

14 25 29 14 20 0 0 107 113 0 
15 50 34 180 1 34 32 163 

8 0 0 197 208 0 
1 212 286 14 
2 152 187 186 4 75 75 354 
3 222 238 178 5 - 29 198 
4 148 122 2 6 96 84 183 
5 212 195 357 7 45 48 340 
6 152 125 183 8 53 56 349 
7 164 140 204 9 21 30 194 
8 87 87 358 10 49 51 173 
9 128 117 354 22 0 0 - 10 180 

10 66 60 182 1 87 81 174 
11 81 84 164 2 24 32 315 
12 42 42 542 3 56 55 14 
13 41 40 14 4 - 27 203 
14 30 35 161 5 75 68 187 

10 0 0 181 206 0 6 - 32 326 

2 58 57 165 15 - 8 29 
3 27 40 345 4 1 0 139 141 180 

1 189 219 559 
2 142 152 ~30 
3 229 264 174 15 - 4 529 
4 107 113 198 14 - 9 176 
5 161 177 343 10 1 0 89 120 180 
6 105 106 340 1 129 165 164 
7 181 177 167 2 91 96 2 
8 85 96 169 3 139 149 0 
9 159 172 358 4 86 85 191 
10 44 55 ¢ 5 137 134 191 
11 77 94 165 6 90 78 15 
12 55 54 175 7 134 138 344 
13 74 80 358 8 34 26 189 
14 72 59 352 9 90 93 189 

9 - 14 97 10 - 9 18 5 - 3 144 
10 - 10 196 11 - 10 216 6 - 9 0 
11 - 4 265 12 - 14 147 7 - 9 333 
12 - 5 10 16 1 0 92 122 0 24 1 0 - 0 180 

1 49 49 352 1 84 68 5 
2 105 122 183 2 21 19 259 
3 99 95 185 3 106 72 182 
4 97 98 17 4 - 109 288 
5 50 35 555 5 62 53 15 
6 94 84 193 6 - 12 272 
7 45 35 187 25 1 0 - 1 180 
8 69 61 17 I - 5 515 
9 73 54 8 2 - 8 331 
10 55 46 194 3 - 1 192 
11 - 17 132 4 - 6 218 
12 39 36 9 5 - 4 320 

10 - 28 346 17 1 0 - 12 0 26 I 0 41 49 0 

1 - 16 513 1 - 16 252 
2 - 0 - 2 57 42 182 
3 - 17 223 3 - 7 15 
4 - 11 211 0 2 2 225 233 2 
5 - 8 290 4 229 209 187 
6 - 10 204 6 203 216 5 
7 - 13 207 8 140 127 177 
8 - 2 297 10 75 93 358 
9 - 10 2 12 80 80 182 

10 - 4 176 14 32 49 536 
11 - 5 217  1 2 0 37 29 180 

8 - 9 9 18 1 0 - 0 - 1 104 81 204 
9 - 2 110 1 71 93 185 2 51 27 ~28 

1 68 5G 167 7 61 53 346 5 1 0 64 42 180 
2 170 212 195 8 26 34 164 1 20 12 335 11 70 73 13 
3 100 92 20 9 24 32 192 2 73 56 3 12 - 21 171 
4 223 232 341 24 0 0 91 85 180 3 25 19 86 13 71 72 175 
5 69 73 205 1 - 26 327 4 58 28 190 11 1 0 - 3 180 
6 175 166 176 2 84 83 359 5 - 16 83 I - 17 175 
7 33 38 62 3 - 2~ 188 6 56 27 345 2 30 30 148 
8 135 126 2 ~ 68 67 185 7 - 15 299 3 37 59 179 
9 29 19 225 5 - 18 46 8 47 35 167 4 - 13 79 

10 126 126 173 6 61 66 13 9 - 10 I 5 35 22 169 
11 - 8 34 26 O- 0 - 16 180 10 - 16 35 6 - 10 226 
12 73 73 4 1 72 64 357 11 - 10 62 7 - 22 342 
13 - 9 206 2 - 6 234 12 - 14 132 
14 49 57 178 5 65 61 183 15 - 8 94 
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Table 2 (cont.) 
~ ~ i~ol lF=l  ~ h k ~ IFol iFol  ~ h k Z I F o I I F I  O~ h k Z tFollFol OC h k Z IFollFo] ,~ h k ~ IFot F¢I  ~ 

1 2 3 73 33 336 4 2 13 - 31 26 8 2 9 82 83 175 12 2 8 - 11 39 17 2 1 - 10 114 23 2 0 - 9 180 
4 37 16 152 14 31 41 184 10 - 43 2 9 76 86 4 2 40 29 180 I 28 14 346 
5 89 62 175 5 2 0 51 39 0 11 61 63 353 10 - 6 353 3 - 10 24 2 - 6 100 
6 54 45 10 1 87 67 39 12 29 37 170 11 64 70 181 4 - 21 350 3 24 15 169 

2 21 24 101 13 31 36 183 12 - 4 182 5 - 7 78 4 - 5 99 
3 59 20 153 9 2 0 28 28 0 13 2 0 30 33 180 6 44 36 171 5 - 14 15 

7 51 40 347 
8 - 6 132 
9 34 26 168 4 31 27 39 1 66 57 187 

10 - 24 342 5 81 40 5 2 31 57 222 
11 - 28 14 6 - 9 212 3 59 31 359 
12 - 18 215 7 41 29 201 4 34 25 310 
13 - 15 193 8 - 7 358 5 76 54 156 
14 - 7 4 9 - 15 21 6 32 26 186 

2 2 0 40 58 180 10 - 4 255 7 42 29 8 
1 166 223 1 11 - 19 191 8 - 8 309 
2 68 61 0 12 - 5 184 9 41 40 169 
3 146 132 173 13 - 9 50 10 - 7 155 
4 78 69 134 14 - 4 253 11 - 17 352 
5 186 181 9 6 2 0 123 127 0 12 - 5 347 

1 - 26 16 7 - 13 322 24 2 0 94 70 0 
2 - 5 279 8 - 15 358 1 24 23 149 
3 - 19 195 9 - 12 201 2 76 60 185 
4 - 15 198 10 - 21 161 3 - 14 6 
5 - 14 4 18 2 0 71 79 180 4 56 44 6 
6 - 18 359 1 70 63 177 25 2 0 - !3 0 
7 - 10 215 2 69 76 358 0 2 0 360 300 180 
8 - 12 242 3 42 42 327 1 3 0 
9 - 15 31 4 67 67 188 2 

10 - 13 339 5 73 70 177 3 
11 - 3 62 6 57 56 4 4 

12 - 13 303 7 61 60 346 5 

6 58 66 337 I 143 146 173 
7 148 140 182 2 134 131 200 10 2 0 132 162 180 
8 43 53 161 3 107 103 353 I 39 51 12 
9 69 83 356 4 136 104 351 2 122 149 7 

10 44 60 336 5 140 125 172 3 48 56 200 
11 76 89 186 6 138 84 208 4 157 155 162 
12 - 30 175 7 112 113 355 5 37 34 41 
13 55 54 0 8 77 64 31 6 120 114 1 
14 23 23 I 9 68 80 166 7 - 24 135 

3 2 0 96 65 180 10 54 55 171 8 97 107 181 
1 26 12 30 11 60 7 4  2 9 - 25 47 
2 70 44 21 12 - 2S 26 10 88 97 345 
3 - 16 323 13 47 47 175 11 - 
4 65 43 178 7 2 0 79 48 0 12 54 57 180 
5 - 4 354 I - 13 209 13 - 8 15 
6 78 51 14 2 77 48 186 11 2 0 - R 0 
7 - 12 192 3 - 15 18 I 45 39 198 
8 - 12 245 4 84 56 538 2 46 34 13 
9 - 5 109 5 - 11 247 3 32 25 341 

10 - 27 351 6 72 50 185 4 - 17 151 
11 - 13 240 7 - 23 309 5 48 35 179 
12 - 19 220 8 - 16 355 6 - 15 11 
13 - 5 351 9 - 10 321 7 - 19 47 
14 8 323 10 33 37 158 8 - 4 232 

13 - 15 174 14 2 0 $5 109 0 8 46 48 183 6 
1 49 49 2 9 32 41 159 7 
2 91 116 185 19 2 0 - 1 0 8 
3 - 12 299 1 40 26 185 9 
4 98 99 353 2 - 8 222 10 
5 - 36 50 3 30 19 351 11 
6 78 88 185 4 - 7 264 12 
7 - 23 252 5 37 27 165 13 
8 65 73 8 6 - 14 191 14 
9 - 17 168 7 - 13 0 15 

10 57 68 175 8 - 2 258 16 
11 22 15 242 9 - 9 177 17 

3 243 15 2 0 8 0 20 2 0 86 68 180 18 

- 7 180 
98 117 0 
- 30 0 

56 61 o 
73 56 0 
69 60 180 

- 12  0 

85 101 180 
- 36 180 
- 53 180 

. 11 180 
68 71 0 
39 44 0 

- 0 - 

- 11  0 

49 71 180 
- 12 180 
- 29  180  

- 22  180  

- 20 0 

1 29 28 36 1 - 29 335 19 
2 29 28 176 2 48 46 355 20 
3 29 23 127 3 22 28 177 21 - 3 0 
4 - 51 0 4 54 49 175 0 4 0 81 104 0 
5 - 25 13 5 - 26 1 1 - 36 0 
6 - 11 158 6 69 65 355 2 - 14 0 
7 - 17 177 7 29 35 166 3 59 62 0 
8 - 16 357 8 59 36 167 4 - 56 180 
9 - 11 42 21 2 0 32 19 180 5 - 20 1~0 

10 - 12 157 1 - 7 239 6 - 42 180 
11 - 20 180 2 - 13 356 7 - 48 180 

4 2 0 13; 158 0 11 - 3 155 9 - 13 133 16 2 0 70 71 0 3 - 5 255 8 46 46 0 
1 83 78 31 12 - 23 12 10 - 14 352 1 95 124 186 4 - 9 225 9 - 26 180 
2 91 101 168 13 - 11 109 11 - 16 347 2 - 28 185 5 - 11 174 10 41 44 0 
3 83 78 170 8 2 0 116 132 180 12 - 10 212 3 103 118 3 6 - 15 351 11 - 22 0 
4 98 121 354 1 148 175 184 12 2 0 40 3~ 180 4 37 33 11 7 - 3 77 12 - 12 0 
5 90 84 342 2 113 116 2 I 77 99 15 5 96 97 185 22 2 0 - 22 0 13 - 26 0 
6 133 138 177 3 186 172 6 2 - 16 166 6 57 55 186 I 65 64 358 14 - 47 180 
7 48 48 192 4 128 113 185 3 94 110 174 7 75 71 4 2 - 25 141 15 - 16 180 
8 58 83 350 5 168 146 171 4 - 3 188 8 - 11 193 5 44 45 185 1 5 0 - 5 0 
9 52 60 357 6 98 84 5 5 105 112 343 9 54 57 182 4 - 20 10 2 - 33 180 

10 68 82 185 7 108 96 24 6 - 12 13 10 21 21 191 5 65 53 13 3 - 7 180 
11 40 44 173 8 60 59 179 7 65 83 185 17 2 0 41 44 0 6 - 25 156 4 - 22 180 

12 6 4  79 12 

in these chains, with their standard deviations, are" 

Pb-Cl~ -- 2-75 ± 0 .04 /~  
Pb-Cln--  3.17 _+ 0.03 
Pb-Cl~  = 3"28 Jr 0.03 
Pb-SI  = 3.02 _+ 0.03 
Pb-S'I -- 3-04 ± 0.03 
P b - S n  -- 2-92 ± 0.03 

t P b - S n  - - 3 . 1 0  Jr 0.03 

The atoms marked with a prime have coordinates 
(x, y - 1 ,  z); the others have coordinates (x, y, z). 

The standard deviations reported, a(d), were cal- 
culated by means of the formula" 

a2(d) = [a2(Xl) + a2(x2)] cos ~" a 

+ [~(y~) + ~(y2)] cos~ ~ + [~(z~) + ~(z2)] cos ~. r 

SI -Pb-Sn  = 95"2 ° 
S~-Pb-S~z -- 91.3 
C l n - P b - S i  = 80-4 
C I ~ P b - S ~  -- 78.3 

C l n - P b - S n  = 65.1 
Cl~r-Pb-S~i  = 61.9 
S z - P b - S ~  = 84-1 
S n - P b - S ~ I  = 84-7 

C l n - P b - C l ~ i  = 78.0 
C 4 - P b - S I  = 75-6 
CI~-Pb-S~ -- 80.2 
C l i - P b - S n  -- 83.6 
CII-Pb-S~I = 88-3 

The standard deviations of these angles, calculated 
by means of the formula given by Ahmed & Cruick- 
shank (1953), are about 1 ° 

The Pb-Cln bond is remarkably longer than Pb-Clz 
in which a(xl), a(x2) etc. are the standard deviations and this is explained by considering that Cln forms 
(in •) of the coordinates of the atoms 1 and 2 and two coordinative bonds and Cli only one. 
cos c¢, cos fl, cos ? are the direction cosines of the line Reliable information on bond distances, involving 
joining the atoms, divalent lead and chlorine in crystalline chlorides, is 

The angles between the coordination bonds are: not available in the chemical literature. The value 
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Fig. 3. Clinographic projection of a polymeric chain. 

generally repor ted  is about  3.1 J~ (as a mean  value);  
the  distances Pb-Cl~,  found in this work are fairly 
close to this. The value found for Pb-Cli  is inter- 
mediate  between the  value for Pb-Cl~  and t h a t  ob- 
served in PbCl~ vapours  (2-47 /~, Lister & Sut ton,  
1941). The mean value of the  distance P b - S  is 
3.02_+0-05 ~_, which is not  far  from t h a t  found in 
galena (2.97 /~, Wasserstein,  1951). 

The presence of the  very  heavy  lead a tom did not  
allow us to locate the  light a toms with accuracy.  The 
bond distances found in the  molecules of th iourea 
roughly agree with those (given in brackets)  repor ted 
by  Kunchu r  & Tru te r  (1958) for th iourea:  

S~-C~ = 1.68_+ 0.09 A (1.71 A) 
SII-CiI -- 1"78±0.17 
Cr-NI = 1.40 ± 0.12 (1"33) 
CI-NII -- 1 .35±0 .14  
C~r-Nm = 1.32 ± 0.20 
C~-NIV --- 1.34 ± 0.17 

The bond angles on the Clm SI and SH atoms are:  
t ! 

P b - C l i ~ P b  = 78.0 ° 
Pb -S~-Pb '  = 84-1 

Pb-S~-C~ = 89.5 
Pb-SI -CI  -- 120-4 t ! 
P b - S I I - P b  = 84.7 t t 
Pb-SIr-CII  = 116.9 
Pb-SIr-CII  = l l  1-5 

The s t anda rd  deviat ions of bond angles involving 
heavy  a toms are approx imate ly  the  same as those 
a l ready repor ted;  the  s t anda rd  deviat ions of bond 
angles involving carbon atoms are quite large because 
of the large error in the  es t imated  coordinates of the  
light atoms. Thus it is not  possible to give a significant 
comparison of the  angles on the  sulphur  a tom with  
the  analogous ones found in bis-thiourea-nickel(II)  
th iocyanate  (Nardelli, Bra ibant i  & Fava ,  1957), in 
which there are also sulphur a toms of th iourea  mole- 
cules bonded coordinatively by  two adjacent  meta l  
atoms.  The in tera tomic  non-bonded distances shorter  
than 4 A and in the same polymeric chain are: 

NIH • • • Cli --- 3"69 ± 0"08 A 
N m  • • • Cl~(x, 1 + y ,  z) -- 3-19+0-08 
N~ • • • Cl~i = 3"33 ± 0.10 

Between atoms in different chains the distances are:  

N I ' - "  C1H(~, l - y ,  z - ½ )  = 3 .29±0-10  A 
NH • • • C1H(~, l - y ,  z - ½ )  = 3.79_+0.12 
N i v " "  C1H(~, l - y ,  ½+z) = 3 " 2 6 i 0 . 1 2  
N ~ v ' ' ' C l ~ ( ½ - x ,  ½+Y, ½+z) -- 3.32 _+0-13 
N i H ' " C l i ( ½ - x ,  ½+Y, ½+z) = 3 " 5 8 i 0 . 1 0  
N ~ . . . C l ~ ( ½ - x ,  ½ + y , z - ½ )  = 3 - 2 6 i 0 - 1 4  
NI"  • • SH(~, 2 - y, z-- ½) = 3.29 _+ 0.09 
N n i ' ' ' S i ( ½ - x ,  ½+Y, ½+z) = 3-37±0-17 

The packing of chains and  the  orientat ion of 
th iourea molecules are probably  determined by  the  
hydrogen bonds between NHe groups and C1 atoms.  

The authors wish to thank Prof. Luigi Cavalca for 
his interest in this work. 
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