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Mono-thiosemicarbazide-zine chloride, Zn[SC(NH2)NHNH2]CL ., is orthorhombic with cell constants 

a=11.92,  b=7.28,  c--15.46 A .  

The eight molecules in a unit  cell lie in two four-fold positions of the Pnma space group. The X-ray 
analysis has been carried out by Fourier methods  using hO1, hll and 0/el reflections. The complex 
is molecular, each Zn a tom being tetrahedral ly coordinated to two C1 atoms and to one thiosemi- 
carbazide molecule, which behaves as a bidentate  ligand. In  the coordination polyhedron the bond 
distances (average of two crystallographically non-equivalent  molecules) are: 

Zn-C1 = 2.24 _+ 0"01, Zn-S = 2-29 + 0"01, Zn -N = 2.09 +__ 0"02 A .  

Introduction 

F r o m  neu t r a l  aqueous  solut ions con ta in ing  ZnCI~. and  
th iosemicarbaz ide ,  two  complex  compounds  can be 
ob ta ined :  

ZnThioC12 a n d  ZnThiosC12 
( Thio = SC(NH~)NHNH2) . 

The  s t ruc tu re  of mono-thiosemicarbazide-zinc chlo- 
r ide has been  inves t iga t ed  as pa r t  of a p r o g r a m m e  for 
s t udy ing  t he  coord ina t ion  by  d iva l en t  m e t a l  a toms  of 
organic molecules  con ta in ing  sulphur.  The  resul ts  
ach ieved  in  t he  p resen t  s t u d y  have  conf i rmed,  in 
accordance  wi th  the  work  of J e n s e n  & R a n c k e - M a d s e n  
(1934) on the  chemical  behav iour  of subs t i t u t ed  thio-  
semicarbazides ,  t h a t  th iosemicarbaz ide  acts as a bi- 
d e n t a t e  l igand.  

Unit cell  and space group 

Mono-thiosemicarbazide-zinc chloride crystal l izes in 
colourless wel l - formed needles  showing only  the  (101} 
prism, l~ota t ion  and  Weissenberg  pho tog raphs  (a round 
[010] and  [100]) ind ica ted  t h a t  the  crystals  are or tho-  
rhombic  wi th  : 

a = 1 1 . 9 2 _ 0 . 0 1 ,  b=7-28+_0-02,  c = 1 5 . 4 6  _+ 0-02 /~ . 

The  X - r a y  axial  ra t io  a/c (0.771) agreed  wi th  t h a t  
d e t e r m i n e d  gon iomet r i ca l ly  (0.774). Sys t ema t i ca l ly  
absen t  ref lect ions were 01d for I t+ l odd  and  h/c0 for 
h odd,  ind ica t ing  space group D~-Pnma or C~-Pn21a. 
The dens i ty ,  d e t e r m i n e d  by  f lo ta t ion,  was 2.18 g.cm.-3,  
whi ls t  t h a t  ca lcula ted  assuming  8 un i t s  of ZnThioC12 
per  cell was 2.25 g.cm.-3. 

Intensity  data 

I n t e n s i t y  d a t a  were o b t a i n e d  p h o t o m e t r i c a l l y  f rom 
hO1, hll and  01d i n t e g r a t e d  and  n o n - i n t e g r a t e d  Weissen-  
berg pho tog raphs  t a k e n  w i t h  Cu K s  rad ia t ion .  A 
mul t ip le - f i lm t e c h n i q u e  was used  and  the  var ious  
pho tog raphs  were r e l a t ed  and  correc ted  for geomet r ica l  
and  polar iza t ion  factors.  The final  set  of da t a  consis ted  
of 167 (h0l), 175 (hll)  and  52 (0kl) (possible 235, 234, 76 
respect ive ly)  measu red  s t ruc tu re  factors.  As the  ttr 
values  were small ,  only  the  cyl indrical  absorp t ion  
correct ion was used. The  first  scale and  t e m p e r a t u r e  
factors  were found  by  Wilson ' s  (1942) me thod .  

Table  1. Final atomic coordinates and their standard deviations 

x/a y/b z/c x 
Zn 0'3830 ¼ 0'1945 4'565 
Zn' 0.3370 ¼ 0.4881 4.017 
C1 0.4383 0-0040 0.1189 5.225 
Cl' 0-3720 0.4960 0.5661 4.434 
S 0.2112 ¼ 0.2603 2.518 
S" 0-3867 ~ 0.3445 4-609 
C 0.261 ¼ 0.365 3.106 
C" 0.250 ~ 0.308 2-980 
NI 0-195 ¼ 0.432 2.324 
NI~ 0-367 ¼ 0-378 4.373 
NIII 0.459 ¼ 0.317 5.475 
N~ 0-229 ~ 0.228 2-726 
N~ 0.172 ¼ 0.364 2.050 
N ~  0-168 ¼ 0.454 2.003 

y z a(x) a(y) a(z) 

1'820 3'007 0'005 - -  0'002 
5"460 7"546 0"004 - -  0"002 
0"029 1"838 0"003 0"016 0"004 
3"611 8"752 0"003 0"015 0"004 
1"820 4"024 0"005 - -  0"003 
5"460 5"326 0"005 - -  0"005 
1"820 5"651 0"031 - -  0"023 
5"460 4"766 0"021 - -  0-035 
1"820 6"680 0"032 - -  0"012 
1"820 5"839 0"029 - -  0"017 
1"820 4"907 0"028 - -  0"018 
5"460 3"519 0"026 - -  0-015 
5"460 5"626 0"019 - -  0"015 
5"460 7"027 0"031 - -  0"028 
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T a b l e  2. Observed and calculated structure factors 

A minus sign after an IFol means 'less than'. Values corrected for extinction are starred 

z 1oi~ I ,o~ i 1oi~ t ,o~ ~ 1oi~ I 1o~ i ,OlFol 1o~ z 1oi~ I 1o~ x ,oi~ I 1o~ ~ ,oi~ I ,o~ 

0 0 I 11 187 -88 15 81- 107 6 375 -367 I 254 244 6 480 -489 10 97 182 

2 190 158 12 110-- -51 16 66- 49 7 57- 106 2 155 228 ? 190 -253 

4 379 -321 13 288 -351 ] 554 419 8 91- -96 14 1 Z 

6 293 316 14 484 -437 9 0 I . 15 0 i 4 1032 1078 9 240 203 0 131 .220 

8 79- 166 15 498 -605 1 209 200 I 56- -148 5 61- -78 10 590 401 1 66- -60 

10 369 292 16 321 -329 2 169 -91 2 54- 146 6 230 223 11 422 -519 2 66- -117 

12 105- .122 17 91 -56 3 465 -453 3 49- 48 7 175 165 12 87- -8 3 63- -32 

14 376 264 18 73-- 15 4 194 -308 8 281 250 13 82. 75 ~ 170 -205 

16 780 920 19 1t9. 2 5 1225 -1~00 0 1 1 9 1115 -1048 14 163 --169 J 57- --34 

18 84- 17 6 522 -530 1 1175 -996 10 504 420 15 117 87 6 168 -244 

5 0 i 7 213 119 3 101~ 984 11 585 533 16 86 -78 7 87 108 

1 0 1 1 293 -237 8 243 199 5 184 -133 12 355 379 

1 402 445 2 395 -347 9 373 --286 ~ 570 459 13 282 -292 9 1 1  15 1 1 
2 39- -21 3 347 -257 10 3~2 369 9 1088 1051 14 ~1. 8 I 158 -123 1 ~4- ~5 

3 1516 1383 4 422 -346 11 590 -612 11 132 -54 15 390 -371 2 ~Ok 532 2 42- 18 

4 101 -16J 5 867 915 12 420 357 13 207 278 16 261 251 3 87- -31 

5 402 356 6 10~0 1056 13 91-  12 15 696 713 17 112 117 4 733 -742 0 2 1 

6 407 -339 7 210 233 14 81- 23 17 212 .228 18 59- -34 5 250 -299 0 2885 -2454 

7 224 177 8 389 -439 15 68- -57 19 234 297 6 281 265 2 1555 1~50 

8 978 966 9 730 732 5 1 1 7 143 167 4 1785 -1735 
9 812 -76~ 10 1148 -1195 10 0 i 1 1 1  1 1012 1128 8 177 -191 6 1760 -1781 

10 685 691 11 668 556 0 209 -342 I 996 -1188 2 574 -68~ 9 91- -14 8 117 -164 

11 100- 153 12 360 -393 1 110. 60 2 554 588 ~ 60- 75 10 226 -267 10 442 -388 

12 105- 1~ 13 774 -718 2 584 -596 3 212 -130 4 848 912 11 135 -117 12 422 -367 

13 962 1012 14 338 -294 3 387 -490 4 637 -655 5 ~110 1088 12 226 -191 14 121- 14 

14 807 756 15 2~0 188 4 194 160 ~ 1356 -1394 6 129 -84 13 74- -40 16 119- 85 

15 111. --I? 16 94- 88 5 651 -666 6 655 673 7 393 363 14 129 -218 18 369 314 

16 105- 60 17 83 -96 6 176 -137 7 790 -712 8 275 -219 15 5~- -29 
17 96- -42 18 66- -88 7 408 417 8 66-  108 9 241 274 0 3 1 

18 84- 37 8 355 -401 9 81 37 10 408 424 10 1 Z  1 636 718 

19 133 12~ 6 0 i 9 237 -265 10 78-  .14 I I  181 196 0 280 467 3 753 -736 

0 77- -19 10 319 --254 11 673 -683 12 208 -202 1 229 -245 5 87- 148 

2 0 ¢ 1 580 -734 11 155 117 12 240 252 13 257 159 2 176 101 7 229 .240 

0 953 -886 2 1095 1260 12 186 161 13 154 226 14 967 391 3 230 191 9 713 -816 

i I 1167 131~ 3 1239 1448 13 153 -43 14 166 122 15 164 132 4 212 307 11 118- -31 

2 47- 13 4 908 986 14 67- -11 15 409 -363 16 229 -154 5 423 -425 13 207 -215 

3 603 -553 5 155 198 16 281 277 17 66- 21 6 301 33~ 15 582 -~72 
* 4 1720 -1560 6 345 360 I I  0 1 17 228 216 18 292 265 7 91-- -118 17 216 162 

I 5 2169 -2057 7 374 .384 1 111- -190 18 67- 38 8 90- -139 
6 105 180 8 174 139 2 111- 20 19 208 -156 6 1 1 9 87- 38 0 4 1 

7 405 517 9 125 -70 3 111- -61 0 582 -439 1o 542 565 0 3808 3958 

8 214 --172 10 109- ~1 4 111- -18 2 1 1 1 191 108 11 191 -190 2 91- 99 

9 269 233 11 2~6 --131 5 111. 197 0 96 3 2 588 443 12 75 -82 4 96- -38 

10 285 298 12 462 404 6 683 -??0 I 1~3 -56 ~ 178 181 13 65 -122 6 171 222 
11 1490 1485 13 3~2 --336 7 311 305 2 1120 -1224 4 448 -399 14 52 56 8 112 99 

12 435 -423 14 294 273 8 103- -82 3 43- -?9 5 216 228 10 228 181 

13 524 504 15 213 -160 9 332 353 ~ 730 -745 6 424 397 11 1 1  12 120- -72 
14 249 -244 16 88- -31 10 247 219 5 185 167 7 313 317 1 176 247 1A 271 158 

15 110- 22 17 74- -9 11 84- 110 6 301 -316 8 275 304 2 92- 13 16 574 ~32 

16 105- 19 18 60- 28 12 ~12 -265 7 689 -672 9 261 316 3 628 709 

17 155 191 13 61- -155 8 1148 IIOS6 I0 ~9~ -327 ~ 91- 100 0 5 1 

18 81-- 119 7 0 1  9 258 181 11 ~60 425 5 90- 16 1 437 -~67 

19 115 -52 I 1117 1255 12 0 Z 10 ~06 416 12 201 193 6 93 -103 3 335 477 

2 271 335 0 502 -471 11 ~78 -/;82 13 201 168 7 92 196 5 113- 20 

3 0 1 3 378 3 TM I 108- 78 12 817 -839 14 168 159 8 84- 105 7 281 2~3 

I I 1360 -1581 4 146 178 2 463 457 13 91- -82 15 80- 130 9 282 295 9 424 483 

2 1320 -1724 5 ~ 9  -558 3 369 -392 1~ 328 -283 16 ~10 -333 10 75- -21 11 119 -79 
t 3 1134 -1127 6 125 ° 1244 4 105- 199 15 149 --104 17 257 273 11 68- -24 13 108-- 132 

4 ~91 -343 7 178 214 5 103- 130 16 241 265 18 1~1 213 12 60-- 82 15 383 369 

5 494 407 8 263 .121 6 342 401 17 77- -72 13 160 205 

6 344 -330 9 456 335 7 262 342 18 199 -267 7 1 1  0 6 1 
7 864 -869 10 214 --221 8 358 510 19 69 -78 1 218 -241 12 I I 0 522 -781 

8 770 731 11 I I1--  .161 9 142 -242 2 73- 86 0 88- 63 2 397 471 

9 414 --368 12 189 218 10 203 188 3 1 1  3 1087 -1.186 1 418 435 4 619 -707 

10 97- --79 13 306 234 11 288 -263 I 603 -614 4 206 -184 2 87- -23 6 706 -758 

11 245 --119 14 133 --113 12 51-- -4 2 442 --564 5 ~03 302 3 185 -160 8 119- -79 

12 202 -191 15 91- 155 ~ 854 886 6 191 192 4 269 214 10 239 -189 

13 440 -501 16 281 313 13 0 i 4 631 608 7 546 -597 5 234 245 12 205 -189 

14 728 782 17 436 ~26 I 98- 40 5 727 -705 8 345 307 6 81- 77 14 76 - 9 

15 270 -230 2 452 512 6 920 -1018 9 447 -J~94 7 78- 198 

16 102- -~6 8 0 I 3 96- 91 7 181 224 10 92- .I00 8 7 ~- -76 0 7 1 

17 232 -248 0 478 458 4 243 263 8 129 -111 11 155 213 9 68-- --20 1 130 241 
18 425 -407 1 96- 26 5 420 466 9 90-- --51 12 394 406 10 177 215 3 22~ -265 
19 186 -163 2 347 -387 6 85- -18 10 90- -52 13 249 -263 11 176 263 5 117- 98 

212 -229 7 81- -39 11 90- 72 14 81-- --12 12 38- -33 7 111-- -69 

4 0 I 4 I0O- 103 8 74- 74 12 368 -393 15 73- 43 9 201 -339 

t 0 2374 -2327 5 516 A87 9 254 241 13 156 -118 16 287 294 13 1 1 11 84- -45 

1 1600 1780 6 105- 95 10 53- 60 14 368 -355 17 151 .125 1 206 -264 13 51- -99 

2 881 -953 7 258 -206 15 88- --53 2 266 -261 

3 460 368 8 1041 -1187 14 0 I 16 328 -285 8 11 ~ 78- -107 0 8 1 

4 211 174 9 4?3 387 0 82-- -51 17 74.  52 0 79-- --186 4 243 276 0 720 1200 
18 241 -253 1 208 -186 5 165 -164 2 104- 38 5 224 -275 10 111- .102 I 258 -227 

6 512 -596 11 111-- 157 2 81- 66 19 46- 32 2 525 -502 6 70- -54 4 99- .14 

7 704 -734 12 106- 137 3 79- 184 3 81- 24 7 66- -98 6 92- 66 
8 867 846 13 ~84 ~78 4 76- -34 4 1 1 4 432 .462 8 59- 27 8 78- 36 

9 95 -  27 14 ~42 320 ~ 462 426 0 979 1015 5 85- 57 9 93 -122 10 53- 6~ 

10 294 -247 
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Fig.  1. F ina l  p ro jec t ion  of: (a) @0, (b) S 1, (c) ½(@0+SJ, (d) ~(@0--Sx) on (010). Contours  a t  in terva ls  
of 5 e .A -2, zero con tours  omi t t ed ,  nega t ive  con tours  do t t ed .  

St ruc tu re  d e t e r m i n a t i o n  

Since the unit cell contains eight molecules of 
ZnYhioC12, they can be arranged for the P n m a  space 
group on either the general eight-fold position (d) or 
on two special four-fold positions. For the Pn2ta  
space group there is only the four-fold general position 
(a) available. 

Projections of the Patterson function along the 
a and b axes were computed first, but their interpreta- 
tion was obtained only a posteriori. To solve the phase 
problem, statistical sign relations were applied, fol- 
lowing Grant, Howells & Rogers (1957). Using this 
method the signs of 56 hO1 reflections with 

U >_ 0.12 (Umax. =0"51) 

were obtained. Subsequent refinement showed these 
signs were correct except for the 407 reflection. 

With these reflections a first @0(X, Z) projection 
was calculated. Four relevant peaks appeared in each 
asymmetric unit (½a, ½c); they were similar in weight 
and appeared close together in pairs. The only possible 
interpretation of this was to admit in each asymmetric 
unit two non-equivalent molecules lying in two four- 
fold positions; the two C1 atoms of each molecule 
overlap in the projection giving peaks of weight similar 
to Zn. A successive @0(X, Z) projection, calculated 
with all the observed reflections and the signs obtained 

approximately by placing a Zn atom at each of the 
four peaks, gave an idea of the region occupied by the 
organic molecules (0 < x < ½a, ¼c < z < ½c). This led us 
to at tr ibute the two adjacent peaks to the Zn atoms; 
in this region two organic molecules overlap and so 
the two Zn atoms must be at different y levels. 

The nearly perfect circular shape of the C1 peaks 
indicated that  their overlapping was probably caused 
by the presence of mirror planes containing the Zn 
atoms and particularly the organic molecules. From 
these considerations the P n m a  space group was 
assumed; the correctness of this assumption was 

Zn' Nl~ Nl' IS' C' N,' 

N I N,C N.lZn S 
~c 

Fig.  2. F ina l  p ro jec t ion  of 00 ( Y, Z) ; con tours  as in Fig.  1. 
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confirmed by the agreement between the observed 
and calculated structure factors. 

The next step was a St(X, Z) generalized projection 
calculated using the signs of the zinc contribution 
alone, putting Zn at y=¼ and Zn' at y=~. The y 
coordinates of the chlorine atoms, deduced from their 
distances from the zinc atoms in the projection, were 
approximately 0 and ½, so that  these atoms give no 
contributions to St(X, Z). The St(X, Z) projection 
showed well-resolved peaks of zinc and sulphur atoms. 
A successive St(X, Z) projection, calculated using the 
signs of the contributions of all the heavy atoms, 
gave well-resolved organic molecules too. A better 
view of these appears on the projection of the func- 
tions ½{~o+S1}(X,Z) and ½{~o-S1}(X,Z), which 
correspond to the contributions of the hO1 and hll 
reflections to the three-dimensional sections of 
~(X, Y, Z) at y={ and y=~ respectively. 

Further refinement of x and z coordinates was car- 
ried out on these last projections and on the corre- 
sponding Fo-Fc syntheses. Fig. 1 shows the final 
~o0, St, ½(~0+S~) and ½(~0-S~) projections on (010). 
The ~0(Y, Z) projection (Fig. 2) was used only to get 
the y coordinates of the chlorine atoms, which were 
very close to the anticipated positions. 

In Table 1 the final atomic coordinates x/a, y/b, z/c 
and coordinates x, y, z (A) with their standard devia- 
tions (/~) are reported. The standard deviations of the 
atomic coordinates were obtained by Cruickshank's 
(1949) method from hO1 and hll data, excepting chlo- 

rine for which hO1 and Okl data were used. The standard 
deviations in electron densities are: 

a{~0(X, Z)}= 1.05, a{St(X, Z)}=0.76, 
(r{~0(Y, Z)}= 1-27 e.A-2. 

In Table 2 the final values of J Fo[ and Fc are given. 
The conventional R indices (observed reflections only) 
are: 

R(hO1) = 0.130, R(hll) = 0-117, R(Okl) = 0.137. 

A correction for secondary extinction was applied to 
the reflections starred in Table 2, following the method 
of Pinnock, Taylor & Lipson (1956); this improved the 
R(hO1) value to 0.114. The final overall isotropic tem- 
perature factor was 1.7 A -~, equal to that  first ob- 
tained from Wilson's method. 

D i s c u s s i o n  

Fig. 3 shows diagrammatically the (010) projection of 
the unit cell. The structure is built up from molecular 
complexes ZnThioC12, in which the Zn atom coor- 
dinates tetrahedrally two chlorine atoms and one 
thiosemiearbazide molecule. This is illustrated by 
Fig. 4, which shows two crystallographically inde- 
pendent molecules. The bond distances and angles 
(Table 3) in these two molecules are in good agreement, 
indicating their chemical equivalence. 

The distance Zn-C1 is equal to that  found (2.25 /~) 
in (NH4)3ZnCls by Klug & Alexander (1944) but a 
little shorter than that  found (2.32 A) in Zn[SC 

I 

' ' - - < - ) .  

,k,_J~ <_# ' , J / ,'~ 

" b . . . . . . . . .  - ; - a 2  . . . . . . . . . . .  r 

/ ~ ,,i \ / ~- Zn'~-,.~°T Cl' %,~-~ ....... N[ ~- - - j  ")~-~AQ_)z~ 
i "~.." , '--, ~ , ) ~ " - b - - - - ~ _ . . ~ - - . : . z ' - ' ~  ...... ~ ~ ~ I 

| ( ) ' (~az)7"-~-(  . ".e i I 

: : ; : II - - . 1  "" 

k . J  ~ ' - , ~  , ,, ' ' 

/ / , ,, ,> 

2 , , ~ ~ - . ~ .  

Fig. 3..Diagrammatic projection of a unit cell on (010). 
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s . . . . .  "" - -  \ 1  "-" ~ y i  

""-., \ ' i  
...... \ \ i  "'-.. \\! 

Fig. 4. Clinographic projection of an asymmetric unit. 

(NH~)~]~C12 by  Kunchu r  & Tru te r  (1958); the Zn-S  
distance (2.35 _~) reported by  Kunchur  & Truter  is a 
little larger t han  our value. The Z n - N  distance agrees 
approximate ly  with t ha t  found in Zn(NHs)2CI~ (2.04 A) 
and Zn(NH3)2Br2 (2.16 J~) by MacGillavry & Bijvoet  
(1936) and with t h a t  found in zinc 8-hydroxyquino-  
l inate d ihydra te  (2.06 _~) by  Merrit, Cady & Mundy 
(1954). 

The p lanar i ty  in the  organic molecule follows from 
s y m m e t r y  conditions and the bond distances are those 
to be expected. 

Table 3. Bond distances and angles with 
standard deviations 

Molecule at 
^ 

(x, ~, z) (x, t, z) 
Z n - C 1  2-238_+0.010 ~ 2.247___0-009 A 
Zn-S 2-286 _ 0.006 2.298 _+ 0.006 
Zn-Niii 2.11 ±0.02 2.08 ±0-03 
S-C 1.73 ±0.02 1.72 ±0.02 
C-NI 1.29 ±0.03 1.27 ±0.04 
C-NII 1.28 __+0.04 1.27 ±0.03 
NII-NIH 1.44 ±0.03 1.40 ±0.03 

C1-Zn-C1 106.3 ± 0-5 ° 110.7 _ 0-5 ° 
C1-Zn-S 115.6 ± 0.2 121.8 _ 0.2 
S-Zn-NIII 89-1 + 0-7 90-5 + 0.8 
C1-Zn-NHt 106.4 ± 0"4 108"3 _ 0"5 
S-C-NI 122.9 _ 1-6 120-5 _ 1.7 
NI-G-NH 118.8 ± 2.3 121.3 _ 1.8 
S-C-NH 118.3_+ 1-5 118.3± 1.8 
C-NH-NHI 131.4± 2-4 134-7 + 2.9 
Zn-S-C 96.6 + 1.0 94.0 ± 1.2 
Zn-Nm-NH 104.6 +_ 1.4 102.5 ± 1.6 

The angle C1-Zn-C1 is pract ical ly  te t rahedra l  bu t  
the  angle S - Z n - N m  is considerably smaller. This fact  
can be justified considering the dimensions of the  
organic molecule in which is observed a re levant  
enlargement  of the angle on NH comparing with the  
expected tr igonal  value. 

The van  der Waals  distances between the over- 
lapping molecules in the (X, Z)-projection are all 
larger t han  ½b=3.64 A;  the  other  most  significant 
distances are:  

N~Cl(x ,  ½ - y ,  z) 

CI ' -NI  
t 1 ½__ Cl(x, ½ - y, z)-Nm(~ + x, ~, z) 

, 1 N n r - C l ( ~ - x ,  l - y ,  ½+z) 

cr-N~(½- x, k, ½ + z) 
C l ' - N m ( 1 - x ,  ~, 1 - z )  

C1-Ndl  + x ,  ~, ½ - z )  

CI(x, ½-y,z)-N~i(½Wx, 3, ½-z) 
N i i - C l ' ( 1 - x ,  l - y ,  1 - z )  

NIH-S(½ + x, ¼, ½- z) 

= 3.53 +_ 0-02 A 

= 3.46 + 0.02 

-- 3-49 +_ 0-03 

= 3.36_+ 0-03 

= 3-30 + 0-02 

-- 3.27 _+ 0.02 

-- 3.63 _+ 0.02 

= 3.35_+ 0.02 

= 3.72 +_ 0.03 

-- 3-23_+ O.03 

The distances between C1 and N atoms do not  seem 
to indicate hydrogen bonding, especially in view of the  
large distance of the C1 a toms from the planes of the  
organic molecule. On the  contrary,  a hydrogen bonding 
m a y  exist between (NH2)In and S(½ + x, 1, l _ z )  which 
are coplanar;  it  is probable t h a t  this bonding is 
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favoured by  the  distort ion of the N H ,  group, caused 
by  its coordination by  Zn. An N - H . . - S  hydrogen 
bond, 3.26 A long, is described by  Penfold (1953) in 
~-thiopyridone.  

The authors  are indebted to Prof. L. H. Jensen for 
the  IBM 650 programmes  used in the  final stages of 
this work, to the Consiglio Nazionale delle Ricerche for 
financial  support  and to the  Centro Calcoli e Servo- 
meccanismi (Univerit~ di Bologna) for its help and 
facilities. 
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The Crystal Structure of a-Pyrazinamide* 
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a-Pyrazinamide, CsHsN30, obtained from alcohol-water solution, is monoclinic, space group P2Ja, 
with four molecules in a unit cell of dimensions 

a=23.07,  b=6.73, c=3.73 •, fl=101-0 °. 

The detailed crystal structure has been determined by two-dimensional difference syntheses and 
least squares based on (h/cO) and (hO1) reflexions. 

The pyrazine ring is completely planar, with mean C - N =  1-348 and C-C = 1.383 /~, and makes 
an angle about 5 ° to the amide group (C-O = 1.24~ and C-N = 1.312/~). The molecules are connected 
by N H - O  hydrogen bonds, 2.90 A, forming dimers, and there are indications of N H - N  hydrogen 
bonds, 3.14 A, linking the dimers into endless chains extended along [011]. 

Anisotropic thermal vibration parameters of each atom were obtained, and they were interpreted 
by dividing into translational and angular oscillation of the rigid molecule. I t  was observed that  
the amide group makes probably a torsional motion. 

In troduct ion  

Struc tura l  invest igat ion of pyraz inamide  (pyrazine-2- 
carboxyamide) ,  a potent ia l  anti tuberculosis  drug, is a 
pa r t  of serial studies, a t t empted  by  us, on crystal  
s t ructures  of carboxyamides  having rings with nitro- 
gen. One of the main  objects of these researches is to 
determine the  accurate  molecular configuration with 
special emphasis on the  steric effects on the  var ia t ion 
of bond lengths and angles. 

Recent ly  it has been reported (Tamura  & Kuwano,  
1959) t ha t  pyraz inamide  has two modifications:  one 
form is obtained from alcoholic solution and the other  

* A preliminary note on this structure has been published 
(Takaki, Sasada & Watanab@ 1959a). 

t Present address: Osaka University of Liberal Arts and 
Education, Tennoji, Osaka, Japan. 

~: Present address: Institute for Protein Research, Osaka 
University, Nakanoshima, Osaka, Japan. 

from melt. We shall call the former  s¢ and  the  la t te r  ft. 
On the other  hand,  crystal  s t ructures  of a number  of 
carboxyamides  a l ready reported can be grouped into 
two types  of molecular a r rangement .  Therefore, it will 
be interest ing to examine whether  each of these two 
modifications has a re lated crystal  s t ructure  to each 
of these types  or not. 

In  the present  paper  will be reported a detailed 
crystal  s t ructure  of the c~-modification of pyrazin-  
amide. An analysis of the anisotropie thermal  motion 
of the  molecule using Cruickshank 's  method  (1956a) 
will also be given. 

E x p e r i m e n t a l  

Crystals were obtained from alcohol-water  solution as 
fine colourless needles elongated along the  c axis, 
sometimes as laths with (010) well developed. Twins 
were found frequently.  


