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Crystal  S tructure  of 3 - H y d r a z i n o - 5 - t h i o l - l , 2 , 4 - t r i a z o l e *  
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According to single crystM X-ray diffraction data 3-hydrazino-5-thiol-l,2,4-triazole is monoclinic, 
space group P2t/c, with a ---- 4.76+0.01, b ---- 15.61+0.02, c ---- 7.35+0.02 A, and fl ---- 108 ° 35"+5'. 
The atomic positions were determined by Fourier and least-squares methods using three-dimen- 
sional data. The molecules are planar except for the terminal N of the hydrazino group. Hydrogen 
bonds of length 2.88±0.01 /~ between nitrogens adjacent to hydrazino carbons link the rings into 
nearly flat ribbons. It  is suggested that  the proton of the thiol is transferred to the terminal N of 
the side chain resulting in ionic bonding between adjacent ribbons with S-N ---- 3.24 A. Bond dis- 
tances in ~ within the molecule are (each +0.01 A): C-S = 1.74; N-N = 1.40 (ring), 1-40 (side 
chain); C-N = 1.37 (side chain), 1-32, 1.37, 1.35, 1.28 (arotmd ring in sequence N, C (hydrazino), 
N, C (thiol), N). 

Introduct ion  

Compounds containing unsa tura ted  rings of carbon 
and nitrogen atoms provide interest ing examples of 
the effect of electronic structure on bond distances. 
The compound considered in this  paper  was chosen, 
on the basis of crystallographic sui tabi l i ty,  from among 
several such heterocyclic compounds generously 
provided us by  Dr Ear l  S. Scott. 

Arndt  & Bielich (1923) isolated a compound 
C2HsNsS from a mixture  prepared by  refluxing 
hydrazodicarbothiamide in hydrazine.  I t  was shown 
to be 3-hydrazino-5-thiol-l ,2,4-triazole by F romm & 
Wet tern ik  (1926) and by  Hoggarth  (1952). The struc- 
ture can be represented as: 

1N N ~ ~N N" 
II !1 I t 

HS-~C C r N H N H  2 S-;C C_5-2 NT-N,~ 

H 
chemical numbering crystallographic numbering 

However, the chemical evidence does not  establish 
the location of the hydrogen atom on the  ring, nor 
are the double bonds to be considered localized. 

C r y s t a l l o g r a p h i c  data  

The crystals were prepared by  recrystal l izat ion of a 
sample received from Dr Scott. The crystals melt  at 
240 °C. (Scott & Audrieth,  1954). They are small  thin 
plates having the b axis normal  to the plane of the 
plate. Optical  extinctions are found approximate ly  

* Work done under the auspices of the U.S. Atomic Energy 
Commission. 

t National Science Foundation Predoctoral Fellow, 1953- 
1956. 

parallel  and perpendicular  to the  (102) plane, with 
the  slow ray  parallel  to the (105) plane. 

The unit-cell  dimensions were derived from Weis- 
senberg photographs cal ibrated with a th in  quartz 
fiber (a = 4.913 ~)  and a precession photograph 
(for determinat ion of fl): 

a = 4.76!0.01,  b = 15.61+0-02, c = 7 .35+0.02/~;  
fl = 108 ° 3 5 ' 1 5 ' .  

The systematic  absences, (hO1 absent  if 1 is odd, 0k0 
absent  if k is odd) suggest space group P21/c, and this  
ass ignment  is confirmed by the structure determina-  
tion. The densi ty  measured approximate ly  by  flota- 
tion of very  small  crystals corresponds to 4.06 mole- 
cules per uni t  cell. 

In tens i ty  da ta  were obtained from mult iple-f i lm 
Weissenberg photographs (Cu Ka radiation) by  visual 
comparison with a set of s tandard  spots. Layers  zero 
through four about  the c axis and zero through three 
about  the a axis yie lded 908 independent  reflections, 
including 200 too weak to be observed. These con- 
st i tute approximately  80 per cent of the da ta  avai lable  
in the copper sphere of reflection. 

D e t e r m i n a t i o n  of the s t ruc ture  

The assumption that all atoms are in general positions 
of the space group P21/c 

4(e): +(x,  y, z; x, ½-y ,  ½+z) 

was just if ied by  the subsequent  results. The Harker  
sections P(x, ½, z) and P(0,  y, ½), though poorly re- 
solved, gave an approximate  location for the sulfur 
atom. Signs were calculated for sulfur (at y = 0.055, 
z = 0.25) for half  of the terms for the electron-density 
projection ~(y, z). From this incomplete projection it  
was possible to_pick out a ring system more or less 
parallel to (102), in agreement with the optical bi- 
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Table 1. Final atomic parameters and isotropic temperature factors 

x y z B (A9 
S 0•3213 4- 0.0006 0•0551 4- 0.0002 0.23284- 0.0004 2.2 
C 1 0.104 +0"002 0 14354-0.0005 0•134 4-0.001 1-5 
C9. --0.056 4-0.002 0.27324-0.0006 0•070 4-0.001 1.9 
:N1 --0.154 ±0.002 0.14234-0.0005 0.008 4-0"001 2.1 
N~ --0.268 ±0.002 0"22464-0.0006 --0.041 4-0.001 2.4 
N a 0.179 4-0.002 0.22604-0.0005 0•179 4-0.001 1.6 
Na --0.074 4-0.002 0"36054-0.0006 0.078 4-0.001 2.3 
/~5 0-191 :t:0-002 0.4028±0.0006 0•175 ~:0.001 2.5 

refringence, which gave a satisfactory packing of the 
molecules. This projection was refined by four Fourier 
calculations and by four cycles of least-squares. The 
final projection resolved all eight atoms other than 
hydrogen. 

I t  was deduced that  a projection along [101] would 
also resolve the molecule• A trial structure based on 
the assumption that  the molecule is parallel to (102) 
wa~ refined by least-squares using the hkh data. The 
position of N 5, which was incorrectly placed, was 
determined by a Fourier projection, and the refine- 
ment was continued by least-squares. The final projec- 
tion resolved six atoms, though not as well as in the 
previous case. Atoms C 1 and Ne were not resolved• 

The parameters from these two-dimensional re- 
finements were refined by five cycles of least-squares 
using the three-dimensional data. The final coor- 
dinates, their standard deviations, and the individual 
isotropic temperature factors are listed in Table 1. 

The least-squares refinements were made with an 
I.B.M. 650 computer with a program, referred to as 
'Least-Squares I', which was written for crystal class 
2/m. The same program was used in the final refine- 
ment of the structure of gold chloride (Clark, Temple- 
ton & MacGillavry, 1958)• Some details of the program 
were modified as the work proceeded. Subsequently a 
major revision was made to extend the calculation to 
non-centric space groups and to increase the con- 
venience of use. In this revised form it is now known 
as 'Least-Squares II '  (Senko, 1957). 

At each cycle of the least-squares refinement three 
'unreliability factors' were calculated. In order to 
prevent bias in the scale factors, each Fo, for an un- 
observed reflection, was set equal to the average Fc 
for unobserved reflections from the previous cycle• 
The final values were: 

R1 = .II oI-IFolI/Z'IFol = 0.184, 
R .  = (Z '( IFoI- IF. I )7.Fo2)½ = 0.212, 
R3 = (Zw(IFol-lF~l)=/-rwF~o)½ = 0.218. 

The value of R 1 is 0.158 with the omission of un- 
observed reflections and also the two strongest 
reflections, (102) and (112), which may suffer from 
extinction. Ra is the function which is minimized by 
the least-squares refinement. The weights w were 
taken, in the final refinements, as the lesser of (4F~m.) -~ 
or F j  9, according to Hughes (1941). 

A synthesis of Fo-Fc, projected along [100], Fig. l, 

sin i ( ,', ..:-'" i . . " /  

I ~', ; : ' ~ . " ' ~  i ! \ v /  " ' - ,  ". . . . . . . . . . . . .  . . . . .  

: : ' @ _ ) i ! "  ' + ; : ? , "  ..... , 

o 
o 1 2 3A b/2 
I , I, , I l l 

Fig. 1. Synthesis of Fo--Fc, projected along a. Contours are 
at  intervals of 0"5 e.A -2. The zero contour is omitted. 
Negative contours are dotted• 

suggests considerable anisotropy of the vibrations of 
the sulfur atom. However, all calculations were made 
with the assumption of isotropic vibrations since it 
did not seem feasible with our equipment to consider 

• o i "  
, • 

b 
, " •  • 

[2m] . 

o 5 J ,  

Fig. 2. The crystal s t ructure viewed perpendicular to (102). 
Dashed lines indicate hydrogen bonds. The dot ted lines 
indicate the 3.24 /~ distance between S and N 5 of adjacent 
chains. The rectangle indicates unit  translations in the b 
and [201] directions• Two molecules of the next  layer are 
indicated by lighter lines• 
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the anisotropy.  Hydrogen atoms also were excluded 
from the s t ructure factor  calculations. 

Discuss ion  of the structure 

Nearly  planar  molecules are l inked by hydrogen bonds 
into f lat  chains, or ribbons, running parallel  to [201], 
as shown in Fig. 2. The molecules are t i l ted only about  
3 ° from positions parallel to (105). The ribbons are 
stacked with longi tudinal  displacement on top of 
r ibbons of the same polar i ty  with respect to the chain 
direction. Ribbons  of opposite polar i ty  a l ternate  in 
the b direction. 

A plane was f i t ted by least-squares to the five atoms 
in the ring. The distances of the atoms from this plane 
are listed in Table 2. The primed a tom occurs in the 

Table 2. Distances of atoms from least-squares plane 
through the ring 

S 0.009 A N t 0.002 A N 4 0.055 A 
C 1 0.000 N~. -- 0.005 N 5 -- 0" 194 
C~. 0.006 N 3 -- 0-004 N~ 0.023 

adjacent  molecule in the chain. Since the s tandard  
deviat ion of posit ion is about  0.003 ~ for sulfur and 
0-009 ~ for the other atoms, the ring is planar  well 
wi thin the exper imental  error. Only N 5, the terminal  
a tom of the  side chain, is significantly outside the 
plane of the ring, and the deviat ion of N 4 is of doubtful  
significance. 

The bond distances and angles are given in Fig. 3 
and Fig. 4. The s tandard  deviations are about  0.010/~ 
for the  S-C bond, 0.015 _~ for the hydrogen bond, 
0.013 A for the other bonds, and 0.7 ° for the angles. 
All the  bonds observed in the  molecule are in termediate  

o N ;  
I 

/ 
/ 2"88 

I 
s i 

° '~1 "74 / 

/1.32 
1 " 4 0 ~ . ~ N  ~ 

\ 
\ 
\2.88 
\ 
\ 
\ 

Fig. 3. Bond distances in A. 

o- = o.o~ A 

between the distances expected for pure single and  
double bonds:  1.47 and 1.26/~ for C-N bonds (Done- 
hue, Lavine & Rollet t ,  1956), 1.47 and 1-24 ~ for 
N - N  bonds (Bryden, 1958), and 1.79 and 1-60 /~ for 
C-S bonds (Cox, Gillot & Jeffrey,  1949). At tempts  to 
explain the distances in a simple and plausible way by 
writing resonance forms have failed. Par t icu lar ly  
unpleasing structures are required to in t roduce 
double-bond character  into the N - N  bond of the side 
chain. However, somewhat  similar bonds have been 

Table 3. Observed and calculated structure factors 

The data are grouped according to the value of h. In each 
set of four columns k, l, Fo, and Fc (followed by its sign if nega- 
tive) are listed in order. After completion of the calculations 
it was discovered that three errors had been made in the data 
used in the least-squares refinement and in the calculation of 
R 1, R 2, and Ra: 18, 57, and 19 were used rather than 0,0, 
and 62 for Fo for (551), (333), and (430). Correction of these 
errors reduces the value of R 1 by 0.003 and is expected to have 
a negligible effect on the structure. 

h - 0  

2 0 59 82- 18 2 9 3" 8 3 II 6- :17 h 21 20- I0 6 23 ~9 

L 0 37 34- 0 2 32 2B- 9 3 21 22 3 5 35 40 II 6 I.I 8 

6 0 ILl 88- I 2 117 150- lO 3 21 20 2 5 0 I0- 12 6 17 16 

8 0 28 21 2 2 125 144- 31 3 38 3~ 3 5 17 17- 13 6 Ii i0 

I0 0 120 104- 3 2 56 5 h- 12 3 67 68- 4 5 76 Bg- i 7 0 5- 

12 0 60 51- 4 2 43 31- 13 3 0 6- 5 5 21 20 2 7 21 24 

lh 0 59 60 5 2 12 15 14 3 29 24- 6 5 19 20- 3 7 35 43- 

16 0 0 ii- 6 2 76 73 15 3 Ii 7- 7 5 19 18- 4 7 29 33 

18 0 37 2B ? 2 28 30 16 3 34 29- 8 5 26 2[&- 5 ? 0 3 

20 0 15 ~3 8 ~ 92 98 ~? 3 22 16- 9 5 ~ 8- 6 ? Z7 18 

I I 17 2~ 9 2 35 35- 0 h 62 59 i0 5 33 L9 7 7 28 38 

2 1 45 51- 10 2 31 21 1 4 35 35 11 5 44 54- 8 7 0 1 

3 I 36 LI- II 2 18 13 2 4 41 J,5 12 5 16 16- 9 7 18 21 

I 62 67- 12 2 18 II 3 h 16 12 13 5 19 17 I0 7 8 I0- 

5 i h2 I,o 13 2 32 26 4 h 22 2~ 14 5 37 37 11 7 12 14- 

6 1 86 I08- lh 2 27 22 5 4 56 67 15 5 9 8 12 7 8 6- 

7 I 0 0 15 2 17 17- 6 ~ 27 27- "16 5 12 13 0 8 0 2 

8 i 52 52- 15 2 38 25- ? h 0 6- 0 6 15 17- I 8 0 9 

9 I 0 6- 17 2 0 7 8 h h9 52- 1 6 0 7- 2 8 25 29 

:).o 'I I )  I0 "iB 2 be ~,2- 9 b. 21 23- 2 6 2B 3o-. ) B 0 B 

Ii I 47 38- I 3 0 6 i0 ~ ~2 42- 3 6 23 27- b 8 15 18- 

I~ i 8]. 72 2 3 78 83 1.1 h 0 2- 4 6 19 I?- 5 8 19 25 

13 1 21 17 3 3 22 24- 12 h 23 22- 5 6 31 33- 6 8 12 15 

i~I 61 },7 43 42 40 134 0 3- 66 11 9 78 Ii 13 

15 1 0 7 5 3 38 38- 14 h II 3 7 6 15 12- 8 8 3.1 16- 

16 I 31 20 6 3 82 91 :15 h 9 6- 8 6 31 32 

17 1 0 ]- ? 3 23 23 16 4 23 22. 9 6 0 6 

h - 1  

0 0 1.11 15h 9 I 37 30 ]6 2 28 21 6 b o 31- 3 6 h? L6 

I o ZB 15- ~o I 15 5- 17 2 25 18- ? h h2 h2- h 6 ~5 26- 

20 92116- 111106 93 182 0 6- 84 0 ? 56 15 14 

30119133- 121 15 4- 13 61 59 91, 0 I- 66 19 20 

h 0 66 70- 13 I 19 16- 2 3 37 34 I0 4 0 7 7 6 ~0 41 

50122114- 16112 8- 33 76 71 I14 26 ~4 86 0 6 

6 0 37 28 15 i 17 I0- 4 3 80 76- 12 h 0 3 9 6 8 8 

7 0 L0 30 16 1 12 ii- 5 3 39 36 13 ~ 44 34 I0 6 0 2- 

B 0 97 67 17 1 49 39- 6 3 16 15 I~ 4 0 3- 3.1 6 26 24- 

9 0 h3 35 18 ] 0 J,- 7 3 39 36- 15 ~ 39 33 12 6 ? 6 

~0 0 9 9- 1~ I I? 12- 8 3 0 5- I 5 ~,7 h?- 13 6 ~h 26- 

I10 36 25 02 2h 15- 93 76 75- 2~ ~ I~ 17 h3 h9 

12 o o o 1 2 68 53 lo 3 h9 55 3 5 h2 h2- 2 ? 12 13 

13 0 29 18 2 2 25 30 11 3 0 3- 4 5 23 20- 3 7 o 5- 

lh o 3~ 31 3 2 7o 58 12 3 58 5h- 5 5 19 17 h ? I~ 12 

15 0 ~I 56 4 2 29 27- 13 3 30 30- 6 5 26 28- ~ 7 21 24- 

16 0 31 26- 5 2 106 102 14 3 17 16 7 ~ 53 51 ~ 7 0 0 

17 0 25 19 6 2 52 hh 15 3 2~a 18 8 5 I0 Ii 7 7 0 8 

~8 0 28 20- ? 2 3h 3~ 16 ~ 0 ~ ~ ~ 33 33 8 7 0 5 

I 1 89 9B- 8 2 8 7- 17 3 31 23 I0 5 16 20 9 7 28 30- 

2 i 6], 62 9~2 0 9- 18 3 7 Ii Ii 5 0 } 0 8 12 12- 

3 I 7 9- 102 h8 42- 0 h 23 23 12 5 22 23- i 8 0 5- 

1 60 ~7 3-1 2 35 26- I h 0 2- 13 5 I? 16 2 8 21 23 

1 58 ~2- 12 2 15 IL- 2 h o 2 I~ 5 ? 7 3 8 12 17- 

6 1 26 16 13 2 47 38- 3 h 45 44- 0 6 22 16- ~ 8 9 13- 

? 1 86 B6 lh 2 15 10 h 4 16 1~- 1 6 9 10- 5 8 12 l ? -  

B I 16 16- 15 2 37 28- 5 4 6? 62- 2 6 B 9 
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Table 
h 

1 1 69 86 7 2 33 24 15 3 
2 I 16 18 8 2 12 12- 16 3 

3 1 19 13 9 2 72 60- 17 3 
1, 1 72 72 I0 2 5b h6- 18 3 

5 ~ 41 h3 l~ 2 4~ 36 o h 

6 I 41 31, 22 2 2h 22- I h 

7 1 hO 3h- 13 2 82 72 2 h 
8 I 33 23 14 2 25 21 3 h 

92 79 69- 15 2 13 17- 1, 1, 

I0 z 23 18- 16 2 o 0 5 h 
I/ I 99 81- 17 2 26 23 6 4 

12 I 23 16- 18 2 19 16 7 h 

13] 12 II 13 3~ 33- 81, 

lh 1 41 29- 2 3 h7 48- 9 h 

15 I 32 26 3 3 L~5 56- 10 h 

16 1 17 15- h 3 12 9- Z1 & 

171 35 22 5 3  0 11- 1 2 h  
18 1 0 1, 6 3 52 63- 13 h 

z g z  20 16 7 3  ~ h7 ~1, 

o 2 175 205 B 3 32 35- 15 b 
12196285- 9 3  5h 51 16h 

2 2 0 0 I0 3 0 8- 17 1, 

3 2 58 55- ].3. 3 3b, 29 18 1, 
h 2 13 8- 12 3 67 62 i 5 

5 2  61 52- 133 I0 8 2 5  
6 2  50 43- 143 31 25 3 5  

00114106- 51 81 69- 102 

10 21, 18 61 50 41 112 

2 0 27 20- 7 I 41 28- 12 2 

3 0 71 69 8 I 37 28 13 2 

h 0 31 31- 9 I 79 73- i~  2 
5 o 22 20 1o z 25 20- z5 2 

6 0 67 61 11 1 55 1,9 16 2 
T 0 60 52 12 I 31 21- 1 3 
8 o 1,3 37 13 I 53 h8- 2 3 

9 0  3b 26 i~1 4~ 32- 3 3  

10 0 22 14 15 I 19 12 & 3 
11 0 1,6 32- 16 i 20 14- 5 3 

12 0 18 13 I? 1 20 12 6 3 

13 o 59 1,7- 0 2 1,3 h7 7 3 

lho 0 0 1 2  27 22 8 3  

15 0 32 26- 2 2 52 1,8 9 3 

160 0 i- 32 8 11- 103 

170 0 5 h 2  16 io 113  

IB 0 32 25- 5 2 57 51- 12 3 
1 2 38 32 6 2 24 25- 13 3 

2 1 18 18 7 2 1,6 ~ -  11, 3 

3 I 110 I01 8 2 46 39- 15 3 

b Z  65 55 9 2  0 2 163 

Z 1 57 85- 7 2 55 51, ~h 3 
2 i 3b 32 8 2 27 23- 15 3 

3 1  29 26- 9 2  53 48- 163  

1,1 17 11- 102  16 11- 1 7 3  

53. o o 13.2 25 17- oL~ 

61 87 71, 122 0 2- 11, 

7 I 89 72 ]-3 2 13 6- 2 1, 

8 1  9 1, ~ 2  o 2- 3 h  

9 :i b2 29 15 2 55 5(>- h 1, 
lOl 44 30 162 0 I- 5~ 

11 I 53 bl 17 2 15 12- 6 1, 

12 I 76 64- 18 2 12 ii 7 1, 

]-3 I 16 2 i 3 58 67 8 1, 
lb i 2~ I~- 2 3 35 32- 9 4 

15 I 9 1,- 3 3 31, 30 IO 

16 I 21, 16- 4 3 12 15 11 4 

17 I 33 27- 5 3 0 I- 12 

18 I 15 12 6 3 28 27- 13 1, 

o 2 67 78 7 3 33 28-. 11, 4 

i 2 62 69- 8 3 21, 26- 15 4 

2 2  40 60 9 3  62 61- 164 

3 2 68 72 I0 3 16 13- 17 h 
• b 2 0 13- 11 3 53 52- 1 5 

5 2 IiO i08 12 3 1,9 ~5 2 5 

62 52 hO- 133 0 3- 35 

3 (cont.) 

13 11- h 5 25 29 13 6 ]h 15 

11 6 55 o 1 ~ 6  o 2- 

29 21,- 6 ~ 56 69 15 6 11 15 
o 1 7 5  35 37- 17 0 6- 

12 14- B 5 o B 2 7 25 3b- 
56 57- 9 5 0 1- 3 ? 29 35- 
21 31- 10 5 0 ~. .~ 7 22 27- 
38 ~ 11 5 33 35- 5 7 26 29 

17 21 12 5 1,9 ~- 6 7 26 29- 

61, 70 13 5 0 8 7 7 0 

38 39 11, 5 21 20- 8 7 11 11- 

L1 38 15 5 0 1- 9 7 21, 29 

17 18 16 5 19 21- 10 7 0 2- 

37 36- 0 6 ~8 57 ~i 7 29 3~- 

~1 b l  ] . 6  0 7 12? 23 30 
12 lO- 2 6 21 2~' 12, ~ 16 27 
21 18 3 6 11 X&.- 0 8 10 18- 

0 0 b. 6 19 25 ] .8  0 3- 
16 I~- 5 6 18 19- 2 8 17 2& 

42 37- 6 6  31 1,o- 3 8  o 1 
0 3- 7 6 20 24- 1, 8 13 14" 

9 7- 86 31 38- 58 0 1, 

12 ~.~- 96 0 2- 68 i~ 17 

1,8 52 IO 6 16 16- ? 8 0 11 
11, 15 11 6 13 11 8 8 20 27 

0 6- 126 0 11- 

33- 0 b 3.'/ ~ . -  B 5 32 32 
~2 18 I h zz 16- 9 ~ 0 13- 

25 z~- 2 h 59 ~ "  ~0 5 ~' 8- 
34 25 3 b 55 1,8 1.1 5 13- ZO- 

O i -  I~ h 0 8-" 3.2 5 26 26.- 

31 25 5 h 16 18- 0 6 23 18 

26 21 6 1~ 0 2 1 6 30 26- 
68- ? b. 35 33 2 6 3,h 31 

0 1- 8 1, 1,9 b4 ,3 6 13 9 

26 21 9 ~ 10 12 b. 6 0 3- 

86 ?3- 10,4 1,0 34 5 6 25 23- 
25 22 11 h 26 20- 6 6 0 3 

69 59- 12 1, 19 ~ ? 6 8 8 

9 b 13 b, 3.8 16- 8 6 26 26- 

15 3.o 3.h~ 0 0 9 6  0 2- 
20 15 15 4 12 11- lO 6 25 30- 

28 30 Z 5 20 ~B i ? 0 8 

36 32 2 5 62 62 2 ? 15 1L- 

0 6- 35 o 1 3'7 9 13- 

13 9- 4 5 43 38 1, 7 26 29- 

30 21, 5 5 0 5- 
13 9- 6 5 0 8- 

29 27 7 5 0 2- 

--2 

15 11 1, 5 20 22 12 6 0 6 

2"1 22 5 5 11, 17- 13 6 21 24- 
0 3- 6 5 18 17 14 6 1? 2O- 

29 24 7 5 32 33 15 6 ~0 ~5- 
101, 130- 8 5 0 6- ~ ? 22 33 
111 126 9 5 &5 1,8 2 ? 11 17- 

1,3 b/ ZO 5 ~ ~4- 3 7 Z3 Z8 

~5 51,- n 5 51, 52 h 7 o 5 
0 7 12 5 1~ 12 5 ? 16 13 

52 ~6- 13 5 o 6- 6 7 0 6 

21 17 14 5 0 1,- 7 ? 37 h2- 

0 3- ~5 5 20 18.- 8 7 ~0 3.2 

26 2&- 16 5 I0 11- 9 7 9 17- 

29 27- 0 6 50 6O- 10 7 ].2 ~0- 

32 30 1 6 28 35 11 7 27 35- 
29 29 2 6 26 25 0 8 17 21, 

18 17 3 6 38 53 1 8 0 9- 

51 52 1, 6 11, 17 2 8 0 0 

27 28- 5 6 35 1,6 3 8 11 18- 

0 2- 66 0 1- L8 o 0 

12 12 7 6 14 15 5 8 26 4.1- 

19 2o 8 6 23 25- 6 8 9 12- 
h2 &9- 9 6 0 I 7 8 11 16.- 

21 21- I0 6 11 15 

15 19- II 6 2o 18- 

Table 3 (cont.) 
h - 3  

1 0 26 18 16 0 36 28 15 I 0 6- X~ 2 o 5- 1~ 3 2? 20- 

2 0 56 5& 1 1 15 12- 16 1 17 12 15 2 2? 17 0 ~ 61 52 
3 o 30 25 2 I 81 7o- I 2 18 15 I 3 62 hT- I ~ 18 12- 

b 0 51 ~0 3 I 63 53 2 2 77 66- 2 3 57 47 2 b 0 4 

50 0 9 LI 66 56- 32 18 7- 33 0 9 34 38 32 

6 o 30 23- 5 I 0 3 d4 2 30 2& ~ 3 57 38 1, .4 23 3.5 
? 0 o 3- 6 I 39 28- 5 2 /,8 3.~- 5 3 1,0 28 5 & o 2- 
8 0  6h 61- 7 1  5:5 b.&- 6 2  21 20- 6 3  0 ? 6 &  27 18- 

9 0  0 2 8 1  0 8- 7 2  26 20. 7 3  19' ~ -  7~  3~ 3o 

I0 0 36 37- 9 1 18 1~- 8 2 53 1,2 8 3 27 2h 8 ~ I? ~ -  
110 0 3- i01 0 6 92 18 11 93 33 25 94 0 8 

12 0 32 20- 11 I 21 22 10 2 51 ~9 10 3 17 10- 10 h 32 25- 

13 0 0 6- 12 I 38 29 11 2 0 6 11 3 22 16 11 h 19 17- 

i~ 0 0 ~- 13 I 25 21- 12 2 16 13 12 3 32 23- 12 h 16 15- 

150 0 6- 141 28 21 132 0 6 133 0 1 

h - "3 

Ll102117- 02 78 87- 132 0 8 93 0 14 6h 36 hl- 

5 1 26 22- I 2 35 31 i~ 2 1o 11- lo 3 0 5 7 4 19 20 

6 I 35 30- 2 2 42 47- 15 2 o '7 Ii 3 33 32- 8 4 L8 64- 

7 1  0 h 3 2  0 9-- 162 23 22- 123 ~ LS- 9h  0 6- 

8 1 35 32- ~ 2 0 & 17 2 17 IS- 13 3 2h 19 10 ~ 0 12- 

91 0 6 5 2  30 29 1 3  0 9- 2.}~3 25 22- 11~ 0 2- 

I0 1 62 65 6 2 21 18 2 3 .38 39 15 3 0 0 12 /4 0 5- 

111  25 24 7 2  23 ZI- 3 3  22 22- 163 25 27- 13 h 0 5- 
12 3. 22 21- 8 2 ~0 39 ~ 3 36 1,2 3. ~ 22 2L~- 1~ h 22 19- 
13 1 0 8- 9 2 lb. 16- 5 3 32 31 2 }4 62 7 h 15 ~ 17 15- 

Z~Z 61 ~8 102 &6 5~ 6 3  ?I ?7 3& 0 I 
151 o L- 112 20 8 73 0 3 ~& 15 17 

16 1 22 18 12 2 26 26 8 3 0 3- 5: L 0 16 

n-h 

0 0 26 2h- I0 0 25 2h 6 I 23 22 ~ 2 16 20 h 3 0 9 

I0 31 22 110 3h 26 71 0 0 52 J,0 28 53 0 7- 

2 0 21 II- 12 0 0 6 8 1 I h 9- 6 2 30 2~- 6 3 0 h- 

3 0 62 ~6- 13 0 32 2h 9 I /,'I .]9 7 2 22 22 7 3 35 26- 

h 0 30 27 lh 0 18 12- 10 I 0 2- 8 2 0 6 8 3 0 i- 

5 0 0 14- I I 6h 61- 1/ i 26 22 9 2 10 15 9 3 36 27- 

6 0 0 16- 2 I 0 i h- 0 2 39 27 i0 2 12 9 3 ~ 36 2h- 

7 0 51 50- 3 I 0 3- 2. 2 39 26 ii 2 22 19-" ~ ~ 0 2- 

80 0 3- ~I 0 3 22 29 20- 23 38 9 5~ 19 21- 

9 0 0 ~- 5 I 37 30 3 2 25 23 3 3 37 27 

h o -4 

I I 5~ 52 12 1 32 29- I0 2 0 13- 6 3 0 L- 3 ~ 2h 35 

2 i 52 53 0 2 16 12- ii 2 16 14 ? 3 17 19 ~ h 0 5 

31 2~ 22 12 0 7 122 0 6- 83 0 8- 5~ 23 30 

l 0 3 2 2 18 19 13 2 20 18 9 3 37 53 6 ~ 0 7- 

5 I 23 16.. 3 2 23 27- lh 2 0 2- I0 3 24 27 7 h 0 12 

6 I 0 11- h 2 17 22 15 2 16 28 11 3 0 13- 8 4 22 20 

7 I 35 38- 5 2 53 55- I 3 17 23- 12 3 0 I h- 9 ~ 0 6 

8 I 0 15 6 2 I~ 3- 2 3 0 12- 13 3 27 28 i0 4 0 30 

9 1 28 26- 7 2 29 31- 3 3 L6 51- i~ 3 16 18 II ~ 0 13- 

i0 I 0 12 8 2 25 28- ~ 3 ~I h9 i ~ 22 31 12 h 0 12 

ii I 21 16-- 9 2 0 9- 5 3 21 23 2 I$ 23 29- 13 ~ 20 2h- 

h.5 

0 0 32 29- i 0 31., 29 2 0 37 I h- ~ I 35 32 5 I 0 3 

2 1 "6 22- 8 1 16 22 5 2 0 7- 1 3 3 h h6 8 3 0 5 
2 1 32 38 9 1 ].6 18 6 2 0 5 2 3 0 5- 9 3 0 16.- 
3 2 0 13- 0 2 18 13- 7 2 20 26 3 3 0 6- I0 3 0 8 

h 1 26 26 1 2 0 7 8 2 22 28- 1, 3 15 25- :1.l 3 15 25- 

51 0 3 22 3~ 35 92 16 18 53 0 14- 

6 1 22 8- 3 2 3h 41 I0 2 16 i~- 6 3 15 2O- 

7 I 16 17 & 2 0 I- 11 2 17 20- ? 3 0 8- 
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Fig. 4. Bond angles. 

observed as 1.42/~ in NpHsC1 e (Donohue & Lipscomb, 
1947) and 1.43 A in the 5-aminotetrazole salt of hydra- 
zine (Bryden, 1958). Our value is lower than these 
only by 2 or 3 standard deviations. 

The shortest intermolecular distance is the hydrogen 
bond between N3 and N~, 2.88 /~. This distance is 
one of the shortest which has been reported for an 
N - H . . .  N bond. The location of the hydrogen in 
this bond is uncertain because there are two possible 
tautomeric structures: 

H j" 
s'* 

N _c/N\c  - S - C  / ~ C - N H N H  + -S - N H N H  + 
tl II H I 

N N N N 

H\ H.,,. 
N\ c/N\c_s_ + N H s N H - C  / C---S- + N H s N H -  

II II I N 
N -N N ... . . . . .  N 

/°" / 
/ IH 

¢ 
I I I  

The bond angles at each end of the hydrogen bond are 
reasonable, and the bond is in the plane of one ring 
and within about 1"5 ° of the plane of the other ring. 
The fact that  the C~-N2 bond is slightly shorter than 
the C~-N3 bond tends to make tautomer I, with 
hydrogen on Ns, more likely. Disorder of the hydrogen 
position is also possible. 

The next shortest intermolecular N - N  distance 
(3.30 A) is between atoms N z and N~. A hydrogen 
bond is not plausible in this instance because of the 
rather long distance and because it would require an 
unusually small bond angle, A Nh-N4-Nj = 83 °. All 
other intermolecular N-N distances exceed 3-36 J~. 

The sulfur atom has several nitrogen neighbors. 
The nearest is N 5 at a distance of 3.24 /~, indicated 
by the dotted lines in Fig. 2. In this case the bond 
angles,/_ Cz-S-N~ = 163 ° and/_  N~-N~-S = 155 °, are 
poor for hydrogen bonding. The close proximity of 
these atoms suggests ionic bonding which ties the 
ribbons together in sheets. For this reason the tau- 
tomers above are written as zwitterions. The next 
shortest intermolecular S-N distances are 3.44 Jk to N¢, 
3-52 J to N 1, and 3.56 and 3.62 -~ to other N 5 atoms. 

We thank Dr Scott for providing several compounds 
and for advice concerning their chemical properties, 
Prof. A. Pabst  for help with the precession photo- 
graphy, Dr A. Zalkin for many suggestions concerning 
the computer coding, and Mrs H. W. Ruben and Mrs 
C. H. Dauben for assistance in the experimental work 
and computations. 
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