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structure factors are listed in Supplementary Publication 
No. SUP 20460 (11 pp., 1 microfiche).? 

Atomic scattering factors for carbon, nitrogen, and sul- 
phur were taken from ref. 6, and for hydrogen from ref. 7. 

All calculations were performed on the CDC 6600 com- 
puter of the Centro di Calcolo Elettronico Interuniversitario 
dell'Italia Nord-Orientale (Bologna), with the programs 
written by Immirzi.8 

DISCUSSION 

The crystal structure consists of cations, in the cis,cis- 
Both the conformation, with sulphate anions, SO,2-. 

of the angles N-C-N and S-C-N(1) are probably also 
related to steric factors due to the transition from the 
cis,trans- to the cis,&-conformation ; the contraction 
of the C-S bond, apparent in protonated forms, can be 
explained by field effects of the positive charge on the 
electron distribution of the conjugated system S-C<N. N 

The same attractive field effect explains the decreasing 
of the angles C-N-N in protonated groups. The 
possibility of considering N(2)-H(2) - - S(l) and N(4)-- 
H(8) * * * S(1) as intramolecular hydrogen bonds has 
been taken into account; such S - * - N hydrogen bonds 

TABLE 2 
Thermal parameters (A) with their estimated standard deviations * 

103B11 103B2, 103B33 103B1, 1O3Bl3 
158 1 (30) 1733( 29) 948( 27) - 394(23) -314(21) 
898 (25)  1187(27) 826(25) 70(19) -42(18) 

185 I (90) 1726(85) 1744(86) - 161(68) -224(75) 
779(70) 2 144 (82) 161 8( 77) 28(62) - 166(66) 

2 l52( 92) 23 1 7 (96) 1 699 (88) 651 (80) 229(78) 
1 5 1 O( 86) 23 70 (88) 920(77) 138(71) 3 72 (63) 

1 58 2 (98) 1328 ( 9 2) 1332(93) - 339( 77) 13(84) 
1658(10q 1769(94) 1170(88) - 779(81) - 105(76) 

1 3 8 7 (98) 1 6 1 1 (98) 1749( 103) - 61 6(80) - 388(79) 
1600(93) 1553(108) 1727(97) - 374( 77) - 9(82) 
1049( 104) 1 2 66 (96) 1501 (102) 192( 85) 97(91) 

102B 
323(92) 
220( 78) 
226(81) 
340(94) 
463( 117) 
360( 97) 
287(81) 
256(85) 
* Xnisotropic thermal parameters are in the form: exp[-0-25(lz2a*2Bl1 + . . .2klb*c*B,,)j. 

IO~B,, 
17 l (2  1) 

9(19) 
- 532(69) 

31(70) 
894(76) 

68(78) 

355(81) 
84(84) 

- 395(66) 

- 19(76) 

- 184( 84) 

conformation of the cation, typical of the diprotonated 
form, and the analysis of the difference-Fourier map con- 

so:- 

firm this interpretation and exclude the presence of 

monoprotonated cations SC(NH*NH,) (NHoNH,) and of 
hydrogen sulphate anions, HS0,-. 

The distances and angles in the diprotonated cation 
(Figure la, Table 3) agree well with values found for the 
same cation in the crystal structure of thiocarbono- 
hydrazide dihydrochloride d ih~dra t e .~  The diproton- 
ated cation presents an approximate binary axis of 
symmetry along the C-S bond. A comparison of dis- 
stances and angles of molecule (I) in different conform- 
ations and different crystals (Table 4) shows how the 
main variations observed concern the C-S bond and the 
angles N-C-N, S-C-N(l), and C-N-N. The variations 

t For details see Notice to Authors No. 7 in J. Chem. SOC. (A), 
1970, Issue No. 20. 

4- 

however have been excluded, notwithstanding the short 
distances H(2) - . - S(l) [2-32(4)] and H(8) . - S(l) 
[2.62(4) A], because of the small angles H(2) - S(1)-C 
[68.9(10)O and H(8) - - S(1)-C [67.7(9)"] and the short 

FIGURE 1 (a) The diprotonated cis,cis-cation, and (b) the 
sulphate anion, showing the numbering system used in the 
analysis 

distances C . H(2) [2.32(4)] and C H(8) [2.51(4) A]. 
On the whole it seems more likely that the field inter- 
action of H(2) and H(8) is with the electron cloud midway 

6 D. T. Cromer and J. B. Mann, Acta CI<yst., 1968, A ,  24, 321. 
7 R. F. Stewart, E. R. Davidson, and W. T. Simpson, J .  

8 A. Immirzi, Ricerca Sci., 1967, 3'9, 743. 
Chew. Phys., 1965, 42, 3176. 
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between carbon and sulphur rather than with single 
carbon or sulphur atoms. 

The analysis of the planarity of the molecule confirms 
that the thioureide group is practically planar. The 

of the plane has been found in the diprotonated cation 
of the dihydr~chloride.~ The rotation angles around 
the line N-N, of the N-H bonds with respect to  the 
plane defined by C-N-N show (Figure 2) that there is a 

TABLE 3 

Diprotonated thiocarbonohydrazide cation, SC(NH-NH,) 2. 

Main interatomic bond distances and angles estimated 
standard deviations in parentheses a 

+ 

(a) Distances (A) 
c-s ( 1) 1*663(4) N(  2)-H( 3) 0*82( 4) 
C-N(l) 1*338(4) N (2)-H (4) 1.1 5 (5) 
C-N(3) 1*349(4) N(3)-H(5) 0*92(6) 
N(  1)-N(2) 1.411 (4) N (4)-H (6) 0.96( 6) 
N (3)-N (4) 1.4 1 2 (4) N (4)-H (7) 0*84( 4) 
N(1)-H(1) 1-Ol(4) N (4)-H (8) 0.96 (4) 
N( 2)-H (2) 0.96( 4) 

(b) Angles (deg.) 
N( 1)-C-S( 1) 
N ( l)-C-N (3) 
S( 1)-C-N(3) 
C-N( 1)-N(2) 
H( 1)-N( 1)-C 
H( l)-N(l)-N(2) 
N( 1)-N(2)-H(2) 
N ( 1)-N (2)-H (3) 
N( 1)-N( 2)-H (4) 
H( 2)-N( 2)-H (3) 
H(2)-N(2)-H(4) 

123*6(2) 
1 13.1 (3) 
123-3(2) 
118*5(2) 
120*5(26) 
120.1 (26) 
104*5(23) 
116.6(29) 
110*8(22) 
1 04.5 (3 6) 
1 0 8.5 ( 3 4) 

H( 3)-N( 2)-H(4) 1 12.3( 34) 
C-N( 3)-N( 4) 1 18.4 (2) 
C-N (3)-H( 6) 123.8 (32) 
H( 6)-N (3)-N (4) 1 17*7( 32) 
N (  3)-N( 4)-H(6) 107*7( 28) 
N (3)-N (4)-H (7) 11 1.8 (29) 
N ( 3)-N (4)-H( 8) 1 09.5 (25) 
H (6)-N (4)-H (7) 1 10*7( 40) 
H (6)-N (4)-H (8) 1 12*4( 38) 
H (7)-N(4)-H (8) 104*8( 39) 

0 Estimated standard deviations in this and the following 
Tables are given in units of the last digit. 

best plane through N(l),C,S,N(3) has the equation 
0.5283X - 0.7638Y - 0.37092 + 4-2178 = 0 [where 
X ,  Y ,  and 2 are co-ordinates in A, X = x, Y = y, and 
Z L ( X , Y ) ] .  Deviations from the plane with their 

H l 3 ) *  

132.8 
H I41 

H (6) 
281.6' 

/ 

/ 
" )=fN ( 3, H (5 ) 

H3N<2 1 
,N(l)HIl)  

S(l)=C, H3N I G )  

(a  1 t b )  
FIGURE 2 Rotation angles around the line N-N 

cn. 43" rotation from the exact gauche position for 
N(2) and a ca. 18" rotation for N(4). These rotations 
are connected with the short distances H(2) - * - S(l) 
and H(8) - - S(l), already mentioned. 

The diprotonated cation is bound via hydrogen bonds 
to S042- anions and to other cations (Figure 3). The 
whole environment (Table 5) is completed by short inter- 
molecular contacts. One of the sulphur-nitrogen inter- 
molecular contacts, N(3) - * * S(lV1I1) [3.498(4) A], can 
in no way be considered, on the grounds of angles and 
H - On the S distances, as a possible hydrogen bond.9 

TABLE 4 

Distances and angles of the thiocarbonohydrazide (tcaz) molecule (I) in different crystals 
(a) Distances (A) 

c-s C-N ( 1) C-N (3) N(  1)-N(2) N (3)-N (4) 
1 a663 (4) (c) 1.338(4) b (c) 1*349(4) (c) 1*411(4) c (c) 1*412(4) 
1 * 646 (3) (c) 1-363(5) (c) 1*363(5) (c) 1*415(6) (c) 1*418(6) 

tcazH+ 1*694( 2) (t) 1*327(3) (c) 1*349(3) (t) 1*415(3) (c) 1*416(3) 
1.705(2) (t) 1.336(3) (c) 1-333(3) (t) 1*417(2) (c) 1.417(3) 
1 * 72 4 ( 1 0) (t) 1.336(9) (c) 1-316(11) (t) 1*407( 14) (c) 1.404(9) 
1-74(2) (t) 1*28(3) (c) 1.35(2) (t) 1*41(3) (c) 1*39(4) 

(11) O 

(tcaz) H2C1,,2H,O d 

(tcaz) 2HC1 { tcaz 
(1) 
(tcaz),CdC12 g 

( b )  Angles (deg.) 
S-C-N ( 1) S-C-N (3) 

(c) 123.6(2) (c) 123*3(2) 
(c) 124*4(l)  (c) 124*4(1) (tcaz)H2C1,,2H,O 
(t) 120*7(1) (c) 123.4(2) 

(tcaz) ,HC1 e { ::::"' (t) 120*1(1) (c) 122*4(2) 
(t) 118.3(6) (c) 124*2(5) 
(t) 119.2(13) (c) 121.5(17) (tcaz) ,CdCI, p 

a Present work. 

W) 

(1) ' 
b (c) = groups in cis position with respect to S:C:; (t) 

I 

N ( 1 )-C-N (3) C-N ( 1)-N (2) C-N (3)-N (4) 
11 3.1 (3) (c) 118*5(2) (c) 118-4(2) 
1 11.1 (2) (c) 117*8(2) (c) 117-8(2) 
115*8(2) (t) 120*3(1) ( 6 )  118.9(2) 
1 1 7-5 (2) (t) 120*6(2) (c) 121*9(2) 
117.6(7) (t) 118-8(7) (c) 122*4(7) 
1 19*2( 17) (t) 120*4(18) (c) 124.3(17) 

= groups in trans position with respect to S:C:. Fig- 
ures in italics are for protonated groups *NH*NH,. d Ref. 3. * Ref. 4. f Ref. 1. Ref. 2. 

estimated standard deviations are: S(l) -0-0008(13), 
C 0-0086(32), N(1) -04039(28), andN(3) -0-0039(28) A. 
The terminal groups -NH, are again the relatively loose 
part of the molecule. Atoms N(2) and N(4) are in fact 
displaced 0.2851(28) and -0.0902(28) A from the plane 
through N(1),CJS,N(3). The same situation with the 
two terminal groups displaced toward opposite sides 

other hand, the distances N(2) * * - S(lV1I) [3.278(4)] and 
N(4) - - S(lvrI1) [3-423(4) A] cannot absolutely preclude 

Each NH group forms one hydrogen bond N-H - 0 
with the anions. The hH3 group corresponding to N(2) 
forms three N-H - 0 hydrogen bonds. One of these 

9 J.  Donohue, j .  MOZ. Bid., 1969, 45, 231. 

+ the existence of any weak, bent hydrogen bonding. 
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FIGURE 3 Clinographic projection of the structure 

TABLE 6 
Environment of diprotonated thiocarbonohydrazide 

cation 
(a)  Hydrogen bonds 

(i) Distances (A) 
N(l)  * * * O(2VII) 2*788(5) H(5) - - O(4VII) 1*89(6) 
H(l) * * * O(2VII) 1.86(4) N(4) - * - O(2VI) 2*780(4) 
N(2) * * O(1H) 2.813(4) H(6) - * * O(2vI) 1*82(6) 
H(2) * * * O(1X) 2*11(4) N(4) * * * O(3IX) 2*854(6) 
N(2) - * * O(l1) 2*705(4) H(8) * - - O(31X) 1*93(4) 
H(4) * * O(l1) 1*57(5) N(4) * * * O(3XI) 2*910(4) 
N(2) * * O(2) 2*940(4) H(7) * * * O(3XI) 2*33(4) 
H(3) - - O(2) 2 * 23 (4) N(4) - * * O(4XI) 2*904(4) 
N(3) - - - O(4VII) 2-809(4) H(7) - - * O(4XI) 2*29(4) 

(ii) Angles (deg.) 
H(l)-N(l) * * O(2VII) 16*6(25) 
N(l)-H(l) * * O(2VII) 154.5(38) 
H(2)-N(2) * * O(1X) 45-5(23) 
N(2)-H(2) * 0 - O(1X) 129.1 (31) 
H(4)-N(2) * * O(l1) 5 * 9 (24) 
N(2)-H(4) * * * O(l1) 169*8(41) 
H(3)-N(2) * * * O(2) 26*0( 28) 
N(2)-H(3) * * * O(2) 144-8 (37) 
H(5)-N(3) - * * O(4VII) 5*6(32) 
N(3)-H(5) * * * O(4VII) 171-7(47) 
H(6)-N(4) * - - O(2VI) 2.4 (2 7) 
N(4)-H(6) * * * O(2VI) 176.3(41) 
H(8)-N(4) * * * O(31X) 1 2.3 (2 6) 
N(4)-H(8) * * * O(3IX) 16 1.6 (38) 
H(7)-N(4) * * * O(3XJ) 40.2 (29) 
N(4)-H(7) - - * O(3XI) 1 2 6- 3 (3 7) 
H(7)-N(4) - - - O(4X1) 3 7.3 (29) 
N(4)-H(7) * - - O(4XI) 1 2 9.8 (3 7) 

(b) Short intermolecular distances (A) 
N(2) * * * O(4X) 2*852(4) O(3) * * - S(1VJI) 3.468(4) 
N(3) * * * S(1vIII) 3*498(4) O(4) * * S(lI1) 3*166(3) 
N(2) - - S(1VI') 3*278(4) O(2) * * * S(1VII) 3*385(4) 
N(4) - - * S(lVII1) 3*423(4) 

Roman numerals as superscripts refer to the following 
transformations with respect to the reference molecule a t  
x ,  y, 2: 

I1 * + x ,  3 - y, -2 
111 - x ,  Q + y, Q - 
IV  Q - x ,  -y, * + z v - x ,  -y, -z 
VI * - x , * + y , z  

I - - Q + x , 4 - - y , 1 - z  VII  x ,  8 - y. Q + z 
VIII 4 + x,  y ,  3 - z 

I X x , ! i - y , - 4 + z  x - * + x , y , Q - z  
XI 1 - x , g + y , s - z  

deviates only slightly from linearity [N(2)-H(4) - - 0(11) 
169.8'1, but the other two are rather bent [N(2)-H(2) 
0(lx) 129.1 and N(2)-H(3) O(2) 144.8"]. The &Ha 
group corresponding to N(4) forms four hydrogen bonds, 
two single and one bifurcated bond. The single bonds 
present small deviations from linearity as shown by the 
angles N(4)-H(6) 0(2=) 176.3 and N(4)-H(8) 0 

O(3IX) 161.6"; the bifurcated bond deviates strongly from 
linearity, as shown by the angles N(4)-H(7) - 0(3x1) 
126.3 and N(4)-H(7) O(qx1) 129.8". The short 
contact N(2) 0(4=) 2.852 A falls within the range 
expected for hydrogen bonds, but the hydrogen atoms 
deviate too much from the linearity for such a bond 
to exist. 

The sulphate anion (Figure lb, Table 6) has a nearly 
tetrahedral arrangement as shown by the angles 0-S-0. 

TABLE 6 

angles 
Sulphate anion. Main interatomic bond distances and 

(a) Distances (A) 
S(2)-0(1) 1.471(3) S (2)-O( 3) 1.466(3) 
S (2)- (2) 1 -488( 3) S (2)-O( 4) 1*476( 2) 

(b)  Angles (deg.) 
O(1)-S(2)-0(2) 108*5(1) O(2)-S( 2)-O( 3) 1 11-0( 1) 
0 (1)-S (2)-0 (3) 1 10.6 (2) 0 (2)-S (2)- (4) 108-0( 1) 
O(l)-S(2)-0(4) 109*3(1) O( 3)-S(2)-0( 4) 109*2( 1) 

There are some differences in the sulphur-oxygen dis- 
tances, but those are probably related to the number and 
strength of the hydrogen bonds around the oxygen 
atoms (Figure 4). 

I 
I :2-705 t- 

FIGURE 4 Environment of the sulphate anion 

The analysis of the i.r. spectrum of (11) in KBr discs 
shows it to contain the same features as already found in 
the spectra of (I) lo and its compounds. The maxima 
of the simple substance at 3200-3300 cm-l due to N H  
and NH, stretching vibrations are mingled in a broad 

10 G. R. Burns, Inorg. Chew., 1968, 7, 277. 
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band ranging from 2400-3300 cm-1. The group of 
peaks due to bending vibrations of NH and NH, (l!XO- 
1650 cm-l) appear at 1609, 1585, 1549, and 1503 cm-l 
instead of those of the simple molecule at 1635, 1619, 
1539, and 1489 cm-1. The band of the simple molecule 
at 1285 cm-l, attributable to ,,(CS) + v(CN) is split into 
four bands; following the trend of the distances, that 
at 1331 or that at 1370 cm-l could be attributed to the 

stretching vibration v(CS) and those at 1205 and 1241 
attributed to the stretching vibration v(CN) . 
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