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Convenient Methods for Preparing S3Né012 and ShN3Cl
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June 1943

“When'a suspension of ammonium chloride in 82012'1s refluxed, the

.principal regction prbducts'are NSCl and HCll:

MECL + 25,0, > 3 S + NSCL + 4 HCL .

. Ifa sufficiently large amount of ammonium chloride is used, transparent

orénge crystals of’SBNéClz form in the condénser above the level of the

3.refluxing liquid soon after the beginning of the reflux. When practically‘

~all the 82012 has been cdnsumed, the S3Né012 which has formed in the -

.condenser may bs removed. However, if ShNécl is the desired product, the

reaction'flask is replaced by & flask containing cgrbon tetrachloride, and -
‘;'th§ carbon‘tetrgchlqridé‘is boiled gé that tpe refluxing iiquid washe; ﬁhe
crystals into. the flask.' During ‘this proceés the crystals fifst turn
greeyr; ($3N2c1) a_gd fv:t..naAlvlyv yellpw (sh1§3c1)'. :
/ SR It is bél;e{ved ‘tﬁa‘t’the yapors of 5,01, .gnd.nsc_l react to form the -

-,833é912:

> S.N.Cl, + SCl

Cl 301,

-2 NSCl -+ 82 o 5 o



. ammonium chloride and S.C

-2~ UCRL-10877

This reaction:does not vegin immediately upon refluxing the mixture of

1. because of the presence of chlor_ine2 in-the

272

~effluent gases. Chlorine is knownl to react with S N C12 according to

32

. the equation,

012 + SBN'zCl2 > 2 NSC1 + SCl.2 .

However, when the concentration of sulfur in the 82012 increases sufficiently

to prevent, or almost prevent, the evolution of chlorihe, the S3Né012
deposition begins. Two types of experiments attest to this interpretation

of the delayed deposition of S3Né012' First, when relatively small amounts

of ammonium chloride are used, no S N,Cl, is deposited even when the

322

refluxing is continued until the ammonium chloride is éompletely consumed.

(In such casés, the concentration of sulfur never becomes high enough to

. prevent effectively the evolution of chlorine.) Second, when sﬁlfur‘is

© ‘added to the reaction‘mixture, the time to the first: appearance of S3NéClé
is greatly reducedi3 Indéed'S N.Cl, is producéd when sulfur is added to a

3272

32772

reaction mixture that ordinarily does not produce SN.Cl,.

Woen S.N.CL, is hested to 80-95° in vacuo, greenish-black S4N,C1
iS’formed:l

3 S3Né012 > 2 S3NéCl + 2 NSCl + 8012 .
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chloridé'proceeds via S
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 we believe that this pyrolysis is the best method for preparing S.N.Cl.

When S_N.CL is heated to 130-150o in vacuo, a variety of products, including

32

NSCl and SC12, are evolved, and a residue of pure Sthcl is formed. 1In

view bf these factsAand the fact that a dark green intermediate is observed

during the refluxing of carbon tetrachloride with S_N.Cl., we believe .

3272

_ that the over-all conversion of S_N, 012 to SAN Cl by boiling carbon tetra-

32 3

NéCl. Meuwsenﬂscarried out this same conversion,

3

but he stated that the reaction proceeds smoofhly only in-the presehcg of

8,01y,

and he did not report the intermediate formation of S3NéCl.

Experimental

Preparation of §)N.Cl. —. Fifty grems of NH,Cl and 25 ml. of 5,C1,
N T .

were placed in a 500 ml. round bottomed flask fitted with‘an air cohdenser'

" (75 cm. long-and 22 mn. in diameter) to the top of which a calcium sulfate

dryihg tube was attached. The mixture was refluxed gently using a heating
mantle. The heating was’édjusted so that the level of the refluxing 82C12
was just above the neck of the flask.. During approximately 16 hours of

refluxing, orange.crystalslof S3N2Cl collected in the air condenser. At

- the end of this time the heating was. stopped and the apparatus was allowed
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" . to stand overnight so that most of the ligquid adhering to the crystals
- could drain aﬁéy. (This liquid contained appreciable amounts of dissolved

‘ hydrogen chloride which, if not removed, resulted in a product contaminated.

with ammonium chloride.) The reaction flask was removed and Egpediately

' ‘replaced with a similar flask containing 100 ml. of dry carbon tetra-

chloride (freshly distilled from CaSOu). The carbon tetrachloride was then

refluxed up into the air condenser over the cerystalline deposit. The

" material first turned dark green and partly bright yellow and fell into the

flﬁsk. Shaking the assembly or even inserting a.long glass rod down the

- alr condenser was sometimes necessary in order to assist the sublimate

down into the reflux flask. The carbon tetrachloride was boiled until all

the dark material was converted into a bright yellow solid (approx. 4 hws.).

\'\

3

- The solid ShN Cl was filtered from the carbon tetrachloride while it was

still warm; it was washed with dry carbon tetrachloride, and finally dried
in a vacuum desiccator. Xield:‘:h.s g.

Anal.— Calculated for shN3c1: N, 20.38; S, 62.34; Cl, 17.24.

" Found: N, 21.02; S, 62.09; Cl, 17.58. The infrared spectrum (KBr disc)

showed peaks at 8.55, 10.0, and 14;75 K, end was identical with the infrared

spectrum of a sample of ShNéCl prepared in the usual wayf?
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When 5.;_‘.3;5 g. of ammonium chloride was refluxed wtih 35 ml. of S,Cl,
for 36 hrs.:?n-the manner described above, all the ammoniumvghloxide was
. consumed and a sglution of sulfur in Szclaremained.> No S3N'2Cl2 wa; formed
in the air co;deaser. In & reaction similar to the above, but in which

6.4 g. of elementary sulfur was added to the reactants, crystals of S3NéClg

began to form after 1,5 hrs. refluxing.

Preparation of 83_2__2 The orange S3Néc;2 which formed in the |
‘reaction ‘_oe'cween' S,C1, and NH,C1 (described above ) could be isolated in a
pure state by rapidly reﬁoving the reaction flask, ciosing the open end of
fhg air conden;er and ﬁhen quickly replac;ng the drying tube with a

connection to the vacuuﬁ'line. By evacuating the tube and pumping for

approximateix 30 minutes, the volatile impurities were removed. The

S3N2012 was scraped from the inside of the air condenser‘in'a "dry bag

flushed with dry nitrogen. All operations iavolving 83N2012 should be

- made in a 4dry atmosphére, gince the compoun& is very sensitive to atumspheric .
moisture. Yield: approximately 1k g.

Anal.— Calculated for S,N,Cl,: S, 49.29; N, 1k4.36; Cl, 36.3k.

3272

Found: 8, 1+9 O; N, 1k, 27, Cc1, 36.6k. mp. (sealed tube) 90-92°. ‘The

compound is not stable foxr prolonged periods even in a dry atmosphere, but
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‘may be' kept f&r about 10 days without serious decomposition.

Thermal‘gecomp051tion of S3Eé§l"“ Dark green S382Cl_(l.95 g.)

l(,prepared‘. by thermal decomposition of S.N,Cl,. _A_n_g;——— Cglcd. for SN,CL:
N, 17.5h4; 01,'\22..2,&; Foumii_ N, 17.95; Cl, 21.80) was thermally decomposed
in ggégg at 130-1590. The Qolatilé products.(0.65 g.).were collected in
a -78° trep and were identified by their infrared épectruﬁ as NSCl,7 and

A SCla.s.vBy gllbwihg the trap to stand at roomvtemperature overnight the

‘ ﬁSCl‘formed the non-volatile trime; (NSCl)3 from which 0.145 g. ofNSCla

. was ?eadily separgféd; The soldid non-vo;atile residue from the pjrolysis

.

- was bright yellbw‘ShNSCl (r.03 g.).

Acknowledgment.— This research was supported by the U.S. Atomic

R \\
Energy Commission.



References

(1) X. D. Meguire, J. J. Smith, and W. L. Jolly, to be published.
(2) Most of the chlorine probably arises from the decomposition of

~The S,.Cl.. When S.CL

01, 15,01, is fractionally disvilled at atmospheric pressure,

8012 comprises the first fraction. Because 8012 is knowvm to decompose
appreciably to chlorine3, and because in these syntheseés the more volatile

vapors are being carried away by a stream of hydrogen chloride, it is

reasonable to expect chlorine in the initial off-gases.

(3) J. W. George, Progress in Inorgenic Chemistry, 2, 33 (1950).

. (%) Presumably sulfur reduces the conc'entrations’of‘SCl2 and Cl,

. in the liguid S,C1 by shifting the equilibria S,01, = § + SC1, and
5,01, = 285 + C1,.

(5) A. Meuwsen, Bers, 65, 172k (1932).
(6) M. Goehring, "Ergebnisse und Probleme der Chemie der

- SchwefelstickstoffVerbindungen", Akademie-Vérlag, Berlin, 1957, p. 155.

. (1) 0. Glemser and H. Richert, Z. emorg. allgem. Chem., 307, 313 (1961).

(8) g; M. Barrow, J. Phys. Chem., 59, 987'(1955).



LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: .

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the information con-
tained in this report, or that the use of any information, apparatus, method,
or process disclosed in this report may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method or process dis-
closed in this report.

As used in the above, "person acting on behalf of the Commission "

includes any employee or contractor of the commission, or employee of such
contractor, to the extent that such employee or contractor of the Commission,
or employee of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract with the Commis-
sion, or his employment with such contractor.




Bl




