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ABSTRACT

The usual directionsl for preparing sulfur nitrogen chlorides call
for the starting material SﬁNh -~ a compound that is neither readily avail-
" able commercially nor easily prepared.2 It has recently been discovered-

that S3N2012 may be conveniently prepared from the readily avallable materi-

als ammonium chloride and disulfur dichloride, and that 83N2012 may be

Cc1, 83N2Cl, or S_N_C1 .3 The following

.easlly converted tq elther ShN 3N5C1g

3

~ procedures are based on the latter reactions.

N4



A. S3Né012

L 82012 + 2 NHhCl _— SSNéClQ +8HL+5S8

Procedure

One hundred grams (1.87 m;l?s) of granular ammonium chloride, 100 ml. (168 g.
or 1.24 moles)of disulfur'dichloriae, and 20 g. (0.63 mole) of powdered sulfur
are placed.in a short-necked 500-ml. round-tottomed flask with.a 2k/ko 2 joint.
An air condenser (25 mm. 0.d., 50 cm. long),‘ the top of which is fitted with a
drying tute filled wifh‘anhydrous calcium sulfate, is attaghed to the flask (Fig. i.A).
vThe ground join@s %hquld be lubricated with a grease inert to disulfur dichloride
(e.g., Kel-F halocarbon grease*) to prevent '"freezing" of}the joints. The assembly
 .is placed inra well venti;ated hood, and the sld?ry is ﬁeated with an eleciric
heating mantle until éhe disulfur dichlbfide tegins to voil. The heating is then
.l.lgdjusted so0 that the upper level of the conaensing disulfur dichloride iiesvgust

'vithiﬁ the bottom Joint of the air condenser. During the heating)orange crystals

of S3Né012.collect in the ai} condenser. It is important that the neating bve

" adjusted so that the S3Né012 collects at the lower end of the air condenser =

* Manufactured by Minnesota Mining & Manufacturing Co., St. Paul, Minnesotz.



-3
close to thé-flask, but not actually 1nsidé tQ? flask. The hea;ing is continged
'luntil the disulfur dichloride is almost completélyfconsumed (atout 10-12 hrs. ).
‘The %lask must not be aliowed to run compleﬁely dry, or ammonium chloride will
 sublime ;nd contaminate thg'prbduct. The air condenser is separated from the

.

reaction flask, and the bottom of the condenser is immediately closed off with

a small stopper. The top of the air condenser is connected to a vacuum puwm via

a liquid nitrogen trép. (See Fig. 1 B) The entire overation of replacing the

reaction flask with a stopper and making the vacuum connection should take less

than 10 seconds. Pumping is continued for 30 minutes at room temperature to

-remove the volatile impurities, hydrogen chloride and sulfur dichlqride. Dry
air is admitted to the air condenser, and the condenser is transferred to a dry
3272

bag* where the S_N,_.Cl, is removed from the air condenser by scraping with a metal

N'QC.'L2 should be stored in a glass container with an air-tight

 spatula. The S3

% A thin polyethylene bag, flushed with dry nitrogen, serves as an effective ary

bag. Very convenient and inexpensive dry bags with gloves may Le obtained

from Instruments for Industry and Research, Cheltenham, Penna.
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polyethylene stopper. The yield is 12-1k g. (20-23% based on the disulfur

dichloride). Anal. Calcd. for S3Né012: 'S, 49.29; W, 14.36; Cl, 36.36. TFound:

'
i

s, 49.0; N, 14.6; C1, 36.81.

Analzsis

- An accurately méasured amount (abouﬁ 0.2.g.) of S3Né012 is placed in a 250-ml.
Erlenmeyer flask containing 5 g. of potassium hydroxide pellets, 50 ml. of‘ f
distilled water and 20 ml. of 3% Kydrogen pefoxide. A small short-stermed
funnel is placed in the mouth‘of the flask to prevent loss by spatiering, and
the flask is boiiéd-gently'on a hot plate fgf oné hour. The solution is cqoled;
andlthe chloridg determined by a Volhard Titration in the usual manner.

vSulfur is determined gravimetrically by precipitation of barium suifate after
Qxidation of an approximatély 90-mg. sample by fusion with a sodium pe?oxide-
sodium carbonate nixture inva nickel crucibvle.

Nitrogen is determined by heating an approximately 100-z;. samplc with 1 g.
of all:l copper-copper oxidé nixture in an evacuated sealed tube at SOOO for
wo hgufs. A suitable tube‘consisﬁs of g piece of 30 mm. Pyrex tubing, 15 cm.

long, provided at one end with an opening for introducing the sample (later
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sealed after evaéuating), and at the other end with a break-scal and vacuun

line connection. ' After heating, the tube is cooled, transferred to the

vacuum line, and oﬁened; the nigrogen gas is measured by Toepler-pumping it

into a calibrated gas collection system. Traces of sulfur dioxide are re-

moved by passing the nitrogen through an efficient liquid nitrogen trap.

Progerties

Pure S3N2Cl2 is an orange crystalline solid that is very sensitive

toward moisture, and all manipulations of the compound should be carried

out in a suitable dry bag. In the presence of traces of moisture it turns

‘dark red. S_N.Cl. is insoluble in anhydrous organic solvents. It reacts

32772

- instantly with vwater yielding sulfur dioxide, ammonium chloride, and sulfur.

5.N,C1, melts (with decomposition) at 90-92° in a sealed capillary.

3 2

Although S3N2012 has never veen observed to decompose explosively, it is

‘recommended that the material be handled with reasonable caution, inasmuch as

it is probably thermodynamically unstable. .

N
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B. ShN3Cl

N,Cl, + S.C1

3-83N,Cl, + 5,C1,

—_— 2 SHNECl + 3 SC12

Procedure

N’2012 is carried out as described in Procedure A

The preparation of S3

as far as the removal‘of volatile impurities by pumping. After the pumping, *

the vacuuﬁ is broken witﬁ dry air, aﬁdvthe top of the air condenser is fitted
' ;ith a drying tube filled with anhydrous calcium sulfate. The bottom of the

air condenser is attached to a 250-ml. round-bottomed flask conﬁaining SO ml.

of dry carbon 1'.e‘t.ra.chlor:ide.r and 50 ml. of disulfur dichloride. 'The assembly

to* If the sulfur dichloride and dissolved hydrogen chlorine are not removed
avproduct'contaminafed with ammonium chloride will result. An alternative
procedure'éo pumping off thg voiatile impurities is t; allow the asscmbly

to stand 48 hours so that the'adhering liquids dra;n into the reaction

flask. This procedure is not as effigient as pumping 6ff the impurifies,‘

bﬁt has the advan?ggé of minimizing'éxposure of the proauct to the atmos;£crc.

t Freshly distilled from anhydrous calcium sulfate after being alloved %o

stand 48 hours over anhydrous calcium sulfate.
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is placed in a well ventilated hood, and the solvent mixture is refluxed gently

s0 that ihe con&ensing.liquid washes down the solid material. The orange
S3NéClé turns dark green, and then'slowly, upon continued refluxing, it

becdmés Pright yellow as the SuNéCl is produced. The solid tends to stick to
fhe wails of the air condenser,»theéeby consi&erably retarding the rate of con-

version. If considerable solid remains in the condenser afiter about 30 minutes

of refiuxing; the drying tube is removed, énd the solid is pushed down into the

flask with a long glass rod. The refluxing is continued until the flask contains

a bright canary-yellow solid that is completely free of dark green material.
This.usually requires 4 - & hours. ‘The p£oduct is filtered while still warm
on a medium-porosity sintered glass funne;, washéd three times with dry carton
tetrachloride and finally dried in a vacuum desiccator. The yield (7 - 9 g.)

corresponds to a quantitative conversion of S3Né012 to ShN3Cl. Anal. Calcd.

3

for §,N.Cl: N, 20.38; S, 62.3k4; Cl, 17.2k Touwsd: N, 21.0; S, 62.09; Cl, 17.50.

Analyses may be performed asAdescribed under Section A.

Properties

ShN3Cl is a tright canary yellow soiid that is stable in dry air but is

attacked slowly by moist air. The compound dissolves in ice-cold water to form

an unstable solution from which the brick red iodide, SAN3I may be precipitated



by the addition of cold agqueous KI. Sthcl is insoluble in most organic solvents,

§

but appreciable amgunts dissolve in énhydrpgs formic acid.' The infrared specf
: truﬁ (KC1 disc.) has peaks at 8+6, 9°9, and 147 microns. éhN3Cl has been
observed to melt with decomposition in the range 180-200°.

Although S3Né012lhas never beenlpbse#v§d to decompose exp}osively, it is

recommended that the material be handled with reasonable caution, inasmuch as

it'is'probably thermodynamically unstable.

c. SSN3CI3

3 8,N,CL, + 3 CL, ——> 2 §_N.C1, + 3 SC1

3272 3373 2

Procedure

The S3Né012 is prepared accordipg‘to Procedure A. After removing the volati;c
impurities, dry air is allowed to enter the aif’condenser. The bottom of the
condehser is then connected to a 150-ml. round-bottomed three-neck flask fittéd
Vith én inlet tube for chlorine and a_vacuum'connection (Pig. 2). The vacuum
connection on top of the air éondenser is réplaced with a drying tube containing

anhydrous calcium sulfate. The assembly is placed in a nood, the inlet tube ic

connected to a chlorine cylinder and a slow stream of chlorine is passedé through

Y
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the air condeﬁser over the S3Né012‘ Soon after the start oI the chlorine

flow, the S NéCl turns into a dark red-brown slury which falls into the

3 2

flask. The chlorine is passed.for 30 minutes with occasional shaking. At:5
the end of this time the chlorine stream is stopped, stopcock 1 is closed; _
and the top of ;he drying tuve is closed with a stopper. Thg flask is then

evacuated (to less than 1 m&) via the wvacuun connéction, and the pumping is

pontinued for 15 minutes. The sulfur dichloride produced in the reaction

is thuS-removed.quite quickly and is conveniently collected in a trap cooled

with liquid nitrogen. The vacuum is closed off (stopcock 2) and dry air is

allowed to enter the apparatus via the drying tube on top of the air condenser.

The chlorination is repeated for a further 30-minute period, and the sulfur

“.dichloride is again removed by evacuating the flask. The chlorination

procédure is repeated until there.is no darkening of the »ale yellow prodg¢t
when chlérine is passed over it for 5 minutes. Two chlorinations are usually
sufficient, vut the.size ofxthe piéces of S3Né012 in the flask governs the
?ate of chlorination. When the chlorinat?dn is complete, the flask is cvacu-
ated and the pumping is ﬁaintained for one hour at room temperaturc. Dry air

is admitted to the appardtus via the»drying tube, the asseniply is placed in

a dry bag, and the S3DBG§'15 removed from the flask with a spatula. The
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product is a pale yellow crystalline solid. The yield (9-5 - 11 g.) corresponds

to a quantitative conversion of S3Né012 to SéNéCl3. The product can be re-

crystallized from dry carbon tetrachloride in a dry atmosphere if a slightly

-
1
!

purer material is required. Anal. Caled. for S3N3C‘l3: N, 17.81; Ci, 43.L9.
Found (crude product): N; 17.14; C1, 43.62. Mol. wt. {cryoscopic in benzene)

2k, Calcd;vfor>s3N3Cl3 24L,6. Analyses may be performed as described under

vSection'A.

Properties

’ 331\1'301-3 is a pale yellow crystalline solid that is soluble in solvents

such as carvon tetrachloride and venzene. The crude product melts at 75°

- (with decomposition), the recrystallized product at 91° (with decomposition).

S.N Cl3 is decomposed by moist air, yielding'sulfur'dioxide and ammonium

33

; chloride; liquid water causes a similar decomposition very fapidly. S3N3Cl3

- should be stored in a glass container with an air-tight polyethylene stopper.

Although S3N'3Cl3 has nevexr been observed to decompose ciplosively, it is

recommended that the material be handled with reasonable caution, inasmuch as

it is probably thermodynamically unstable.
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' to the vacuum line. All the joints and stopcocks should be lubricated with
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D. S3NéC;

80-90° ’ .
3 S3N'2012 > 2 S3NéCl + NSCl -« 3012

Procedure

The pyxolysis of S3NéC12 is carried out in a chemical vacuuwa line. A

suitable reaction vessel is shown in Fig. 3. The tared reaction vessel is

e

charged with 5 g. of S3Né012 in an atmosphere of dry nitrogzen in a dry bag.

The reaction vessel is weighed, evacuated, reweighed, and then connected

'>fa grease inert to sulfur chloride (e.g., Kel-F halocarvon grease). While

continuously pumping on the reaction vessel, the bottom of the vessel is

immersed 5 cm. deep in an oil bath and the oil bath is heated over a period

" of 30 - 40 minutes from room temperature to 80 - 900. The temperature should

not be allowed to exceed 900. The o0il bath is maintained at 80 - 90°_fpr",-

two hours, and during this period sulfur dichloride and NSCL arc evolved,

~ and the solid residue turns dark green. The 8012 and NSCl are collected in a-

. .liquid nitrogen trep between the reaction vessel and the vacuwa pump. The

\
reaction vessel is allowed to cool to room temperature, the stopcock is closed,

Lt e i r— vpom= nvph v 3 pvam o ormers

MV e e o o v s <o - e e
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and the reaction vessel is femoved from the vacuum line and weighed. The
heating';g vacuo is repeated for 15-minute periods until fhe welght of the
reaétion vessel and.contepts.is constant. Thg wéight of_prodﬁct should b?
1 0.545 tifnes the weight of the original S3N2C12.‘ Q_}g}_ Caled. for S3N20‘l.:‘_'_ )

N, 17.54; C1, 22.2k. Found: N, 17.8; Cl, 22.0.
Properties

S.N.CL is dark green and has a metallic luster; it is insoluble in

32

- organic solvents and insoluble in water, by which it is hydrolysed slowly.

It is stable in dry air. S3NéCl does not have a sharp melting point. When

heated in vacuo to 120 - 1ho°, it decomposes, yielding sulfur dichloride;
NSCl, and ShN Cl. Althouzh S3N Cl has never been observed to decompose

3 2

: ekplosively, it is recommended that the material be handled with reasbnable‘

- caution, inasmuch as it is probably thermodynamically unstatle.
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Figure Captions

‘Apparatus for the Preparation of S

3

N.C1
b

~ Apparatus for the Preparation of 83N2C12.

3°

Reaction Vessel for the Preparation of S3N,CL. .
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