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CONTRIBUTIOII FROM THE LAWRENCE RADIATION LAPOPJTO AND DEPARTiNT OF CHEMISTRY, 

UNIVE.SITY OF CAL1FOPNIA, BER1LEY, CALIFOR' 11A 

The Ql 

flY ALLAN ZALKIN, TED E. HOPKINS, AND DAVID H. TPLETON 

S3 N2 C 2  crystallizes in the moroclinic space group P2 1  with cell 

- (.,6 r,  o - 8.600 , = cr 1, and C = 102.37° , 

there ar to 1 o r  la i. -its oer im c ccli. Tne - teral s a salt 

consisting of a chloride anion, and a S-N-S-N-S-Ci cation, The 

suJlur and nitrogen atoms form a puckered five memoered ring. 

Introduction 

2 
S3N2C&2  was first identified by E. Deoiarcay who preDared it by 

reacting sc 2  or s2c4 with SN)4o  A. Ileuwsen3  prepared S3  i' 2C&2  by 

reacting (NSct) 3  with 	More recently Jolly, Maguire and Rabinovich 

produced the material by refludng a suspension of. annoniuin chloride in 

S2C&2 , An X-ray crystl structure analysis was undertaken to determine 

the molecular structure of this comound, 	 . . 

S 3N2C- 2  is a yellow crystalline salt which decomposes in the air0 
/ 

The salt was removed from its container in a nitrogen filled dry box, 

or - shed, and sieved. Several crystal fragments of about 0.3 mm were 

introduced into tapered quartz capillaries of about the same size and 

eca0 Jith patient use of a microscope and a file, a single crystal 

'ra'opt was isolatea and wedged in the capillary, the capillary was 

fire sealed to a final length of about one cm. The crystal fragment 
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was an irregular plate with dimensions approdrnately 0.3 x 0.4 x 0.2 mm. 

some decomposition of the crystal surface aid occur as the crystal lost 

its yellow color and took on a blackish tinge; however, the crystal 

diffracted X-rays well and no further decomposition was encountered. 

The crysl was oriened with the monoclinic bads parallel to the 

length of the capillary0 

A. fleneral Electric D- apparatus equipped with a quarter circle 

Eulerian cradle type koniostat,, a scintiilatión counter, a pulse height 

discriminator, and a molodenum X-ray tube was used to measure the ce 

dimensions and the intensities. The X-ray tube was operated at 20 ma 

and 40 kv, The primary X-ray beam was filtered with a Zr filter. 

The measured monocliniô cell dimensions based on ) 	0,70926 KaI 

are: 	a = 6.146 1 0.007 A, b = 8.600 	0.0024 A, c 	 0OO5 A, 

and = l0237 0uj °  The observed density was 2.0 g/mi, suggesting two 

foula units per unit cell; the calculated X-ray density is 2.124 ± 0.01 

g/rril 0  The obserred extinctions are 00, k = 2n + 1, and the space group 

is P210 

1022 independent reflections were each counted for 10 seconds using 

a stationarycrystal stationarycounter technique0 These are all of 

the data in a quarter of the sphere of reflection where 29 < 62 ° , or 

sinO / X < 0726 Background was plotted as a functicn of 20 and 

applied routinely to the reflections with the e.eption of. a minority 

of intensities where very intense reflections would spill over on 

weaker ones in the same row; 

individually0 Typical backgr 

- 	 0 	0 	 0 
second a 20 , 0 axia 60 of 

(102)was about 56,000 counts 

these backgrounds were then measured 

und counts were 20, 10, and 6 counts per 

26 respectively0 The most intense reflection 

per second. 
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All 0± the c omputations were performed with ar IBM 7044 conputer 

w th a 32 :nerr 	The least squarr program used minimizes the function 

I - 	 /.-_ i 	tore t 1 	 "r - ng iacLor, 	and ' are 
0 	C 	 •0 	 0 	C 

the observed end calculated structure factors0 All of the reflections 

were. given unit weights with the exception of the six most intense reflections 

wh±co torerd the end of the c omputations were given zero weight0 

Anisotropic temperature factors have the form b - ('n2 11  + k2 	± 	+ 

2h1 :. 	+ 2hB1 . 	2  + 2k&p ), however, for our convenience the program .. - 3 

	

- 	.92, 
converts these nerxa± parameters to b. in i wncrc D.. = 	./a.a. anu 

Ij 

is the ith recinrocal axis length. 

Atomic scattering factors 5  for neutral 5 1  C, and N were uscd S 

and C were both corrected for the anomalous dispersion effect, with 

fTC.1 and 1r'"=0,2 electrons0 0  The reel component 6fS was added to 

the scattering factors, the imaginary componentelf" was incorporated 

into the actual least scuares calculation 

The "unreliability index" repor Led throughout this paper is 

= 

Determination of Structure 

The structure was deduced from the three-dimensional Patterson 

function. A careful investigation of the function gave us trial positions 

for the three sulfur, two chlorine and one nitrogen atoms a Fourier based 

on the phases of the six atom' structure then gave the last nitrogen atom. 

As the atomic positions were deduced their parameters were introduced 

into a least-squares refinement using isotropic tenperature factors. 

Starting with three atoms (ce, S, N) the structure refined to Il  

with four atoms(2C, S, N) R 0.37, with five atoms (2C, 25, N) 

= 0.29,. with six atoms (2C, 3S, •N) R 0.13, and finally all seven 
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atoms R 0.09. At the five-atom stage a non-existent atom was introduced, 

but was rejected by the least squares via a large temperature parameter. 

The final identification of the sulfur and chlorine atoms was determined 

by studng the structure georrtry and the interatomic distances. 

Anisotropic temperature factors were applied to all of the atoms and ? 	Lf 

radi.ced to 0.0118. Jtfew blunders in the data were detected, and these 

reflections were remeasured and corrected. Large discrepancies were 

present in the six most intense reflections which could be attributed to 

extinction effects and to the non-linearity of the scintillation counter 

at high counting rates. These six reflections, all those with counting 

rates greater than 20,000 counts per second, were assigned zero. weight. 

The R decreased to 0.0292. The introduction of the imaginary dispersion 

correction increased:R to 0.0293; the yparameters were all reversed 

and F. became 0.0291. This difference is so small that there may be soir 

doubt concerning which structure is correct, but we report the one which 

gave the best agreement. The other structure is almost identical except 

that the two nitrogen atoms are shifted 0. 0li A toward zero along the 

y axis. The only bond lengths which are significantly different are 

and s(l)-N(2), which are respectively longer and shorter by 

about 0.010 in the other structure. This relative shift of light and 

heavy atome along a polar direction when refined in this manner, or 

UpQlar dispersion shift", is an effect which has also been observed in 

thorium nitrate pentahydrate 7  and in a diiodocyclobutene 8  and which is 

elained in more detail elsewhere.t  In the present case the amb±ty 
V 

is of trivial importance to the chemical interpretation. 
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Results 

A list of the atomic and thermal parameters of S 3N2C 2  is shown in 

ane following Table 1 

TABLI I. 

P0S1TI0N.tL. AI) TL?1JAL. 	J 	T 	S I I 

Atom 	x 	y z Nil 	1322 13331312  1313 1323 

r.(j) 	0.1037 0.4844 3.32 	.33 3.63 	1.18 1.1 1,24 

c(2) 	0197.-0.343. 0.1028 2.86 	2.83 3 .08 	0.11 0.O -0.09 

i) 	0.609 	0.1671 0.235 2 ,37 	3,48 2.81 	.0.37. 0.37 -0.11 

3(2) 	0,2303 	c.0264 0.l52 2069. 	2,1)4 2.32 	0.13 0.88 0.11 

3(3) 	. 	0.2161 	0,273)4 0.1146 2,6 	2.10 3.61 	0,±1 0.06 0.13 

N(l) 	0.4-76 	0,010 00211436 2,5L. 	2.88 3.60 	0.3 1.02 O,)46 

N(2) 	o,)455.6 	0.3039 0.2)49 2.9w 	2.68 3.5 	-0.10 0.30 0.89 

•-iriacd stardard aeviatons of tic po 	Uiorij paraiieters for S and 

C 	are loss tan 0,0003, and for N are less than 0.0008. 

.simatd standard Odviations of the thermal parameters for S and C 

are dCO 	 and for d they are about 002. 

Uoits of Bij are A2, 

space giou 	?2i requires one y pa'aietor to be fixed, 

Table LL prese'its a list of Lic ooservca and calculated structure 
0 .. 

factors, 	., 	 . 	... . . . 
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n 	c. 	a iteresr 	restit of t - is 	iorc 	s the anparent ionic 

aa:;re of 	he material, 	The material consists of a S N C Z 	ion and 
32. 

• a Cin. 	The chloride ion is C(2) and its closest approachs are to 

t 2.90 A, s(3) at 2.93 A, and 5(2) at 3,OLL A. 	Figure 1 shows 

a sketch of the SN2 Ce 	ion. lblled with distances and angles0 

The three sulfurs and two nitrogens form a slightly puckered 

ze r e'iocred rr'ig with a ce ato'n, c 	a) attached to the thio sulfur, 

io 	C--i-S-i-S 	The puckering can be aoscribed as a chair form 

n t o follcing sense. 	If a plane is arawri trrough the three sulfur 

tor, the r'e(i) atolln is 209 A above the plane, 	(l) is 0.188 A 

below the 	and the opposing N(2) atom is 0,110 A above the 

nlane0  

The five iveberee ring in S 3 N2 C 2  is the smillest such ring system 

in i sercs of cyclic azyl systoris. 	Sx meribercd rings are present in 

(Ns0c)
30

9  (NSC&)
32

10anQ (NS) 3 ; 	a seven meinbered ring is present in 

and an eight mriembcred ring in N 	 ifl all these cases 

2 the nitrogens are separated by suJ.fur 	and halogen ) when present)  is bonded 

to sulfur0 	Table III shows a comparison of the cosmion bonds in these 

compounds 0  

• 	 '• 	 4, 

• 	 ( 	 .. . 	 . 	 . 	 . 	 . 	 . 	 ., 
a. 



TASL' III 

SElECTED BOND LENGTHS IN SOME AZYL RING SYSTEMS 

Foniu1a s-s 	s- S-(,j fleference 

CS-N-S-N-SC2 2.136 A 	1.3-1617 A 2.168 A Thiss work 

C 	C& 	C 

• 	 1 
10600-1061LL A 2000b-2.i5O A 	(10) 

ç 	c.e 	c 
• 	 -'I-N-3-N 1 0546-1078 1991-1999 A 	(9) 

O 

• 	 F 	F 	F 
S--N-S-N-S-N 

I 	: 

1,o-166o A • Cu). 

S-N-S-N-S-N-SNO • 	 2O6 	A 	1493-1,82 A 02) 

i6 (3) 
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iare 2 shows the oacking in the crystal as seen in projection 

down the c axis. 

Aoodcnont. --We thank Professor Willioin Jolly who first brought 

the. c substances to our attention, Dr. I'brrran Logan and Dr. Keith Naguirc 

who both stionilated oux interest and prepared the material for the 

investigation, and Dr. Kenneth Wynne who measured the density for our 

prdilminary study of the crystal. 
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