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Reactions of Disulfur Dinitride with Antimony Pentachloride

By R. Lyle Patton and William L. Jolly

ABSTRACT
Solutions of S.N. in dichloromethane react with antimony pentachloride

22
(in excess) to form a diadduct SQNQ(SbCl5)2 which can further react with

. 8,N, to form a monocadduct SQNQSbCl The monoadduct can be reconverted

22 5°

to the diadduct by treatment with SbCl The physical and chemical

5°
properties of these compounds indicate that the SQN2 ring structure is

maintained intact. The monoadduct SQNQSbCl reacts irreversibly with S, N. to

5 22

form both the previously characterized SuNthClSIand, in lower yields,
a less reactive material (ShNthC15)x' Antimony pentachloride acts as a

catalyst for the dimerization of SEN .
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Tetrasulfﬁr tetranitride reacts with mahy Lewis acids such'as'
antlmony pentachlorlde,l boron trlchlorlde2 and boron trlfluorlde2 to
form 1: 1 adducts in wh1ch the Lewis ac1d 1s coordlnated to a nltrogen

atom of ShNﬁ Although a change in the c0nf1guratlon of the ShNﬁ results,

3; h Of the dozen or

the basic 8—membered rlng structure remalns intact.
" so known adducts, ‘only two have two molecules of Lewis acid associated

, o s 5
| 3)2 ‘and BC1 Sh )y SbCl
(which may have the ionic structure [BCleéhNﬁ]+ [SbCl6]_). Apparently

with ¢§Ch mo}ecule of §)N). ?hese are ShNh(So

whep one of .the nitrogen atoms of ShNh isicoorQinated, the donor ability
of the‘remaining nitrogens is markedly deéreased. In this investigation,
.we have Studieq the reactions of disulfur dinitride, a planar four-membered
ring with alternating“S-N atoms,6 with_gnﬁimony béntachloride. of
'partlcular interest to us was the ablllty of the S N nitrogens to act as
donor atoms and the effect of thls donatlon on the Stablilty and structure
of the S2N2,r1ng.

Experimental Section

General.- The moisture-sensitivity of the maﬁerials required their
manipulatioﬁ in a vacuum 1ipe or in a polyethylene glove bag flushed with
nitrogen or argon. Infrared spectra were recorded in the 400-L000 em~1
rangé_wittherkin Elmer Infracord spectrometers (Models 137 and 137B).
Solid samples were preparéd as Nﬁjol mulls pressed betweenzKBr'platess
solution spectra were‘run in a O.1-mm KBr cavity ceil.

Melting ﬁoints'were obtained in argon-filled, sealed capillaries.
Analyses for’N, é, and Cl wére‘pefformed in the microanalytical laboratory

’

of this department by V. Tashinian.
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Antimohy pentéchloride (J. T. Baker Co.) wés purified by vacuum-line
fractional condensation and was found to melt at 3° (literature,7 2.8°)«
Dichloromethane wasvrefluxed over P205 for 6-10 hrs., distilled, aﬁd
stored in a nitrogen atmosphere. Disulfur dinitride was prepared by
subliming ShNﬁ'through a plug of silver wool at 300° using a technique
like that described by Becke-Goehring.8 It was found that the best
results were obtained using a O.S-g; plug of silver wool in a 10-nm. i.d.
glass tube. Initiélly almost all the silver reacted with SMNM to form
silver‘éulfide and nitrégen; the silver sulfide then acted as a catalyst
for the conversion of SuNﬁ'to SQNQ and small amounts of (SN)X. The

SQNQ was identified by its infrared spectrum6 and its molecular weight
in dichloromethane (observed, 933 calcd. 92.1). The material was observed
to slowly polymerize to (SN)x and small amounts.of ShNh at room.temperature-9
A sample of S,N, (0.059 g, O;6h6 mmole) was held in a sealed tube at 250°

for 1 hr, whereupon it decomposed to sulfur and 0.646 mmole of nitrogen.

The SbClSVand SQN2 were stéred in tared bulbs equipped with stopcocks
lubricaﬁed with.Kei-F wax. Disulfur dinitride was measured out from its
tared étorage buib by room—teﬁperature vacuum sublimation into a reaction
vessel held at -196°. This method of transfer also servéd as a purification
method for SQNE’ because the common.contaminants, (SN)x and SMNL, are

nonvolatile at room temperature. Enough CH2012 was distilled into the

reaction vessel to dissolve the SQNé when warmed to 20°; then the solution

was transferred to a glove bag. The formation of flocculent blue-black
particles of (SN)x (always less than 1 mg) on dissolution necessitated
filtration of these S N, solutions immediately before use. Because

22
SQNQ polymerizes appreciably in the solid state at 20° and is reportedly
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shock—Sensitive, direct handling of the solid in the glove bag was avoided.
Solutions of knownfamounts of'SbCls‘were prepared‘in a similarbmanner.
Products were normally characterized by their infrared spectra and physical

~ properties.

Formation of Sh§LSbCl .- Antimony pentachloride (4.7 pmoles) in

10: ml of CH Cl, was slowly drlpped into a solution of SN (3 16 mmoles)

2
~in hO_ml of CH2012.:vThe reaction mixture immediately became.red-black

- and epaque, and remained.sp throughout the SbCl5 addition. After 1/2 hour
~at 20°, the suspension slowly cleared and lightened to a deep red solution
ovef a.dark red-brown solid. ~Filtration of this mixture yielded almost
pure crystals- of Sh thCl as identified by its infrared spectrum2 and
melting point (observed, 160°; llterature, 160-2°). Evaporatlon of the _

“solution to dryness also resulted'in ShNthClS' The total yield was 93%.

Formation of SN,(SbC1;) -~ The dropwise addition at 20° of a
solution of SN, (1.72 mmoles) in 25 ml of CH Cl to SbCl5 (7.8 mmoles)

_fin 10 ml of.CH2C12 resulted in the immediete‘formation of fine yellow;white
cr&stals which increased in quantity wiﬁh'coﬁtinued SgNé addltlon Filtration
:Qf the mixture yielded 272 mg of extremely moisture—sensitivé yellqw-white
. crystals whlch qulckly turned yellow, then black in moist air.. éﬂﬂl; Calcd.
_ for SN (SbCl ) N, u.Q6; S, 9.29; C1, 51.37. Found: N, 3.96; S, 9.17;
c1, 51. 36 a -

Cooling the flltrate to -15° yielded a further 522 mg of S (Sb015)2’
‘the total yield was 67%. Evaporation of the final filtrate to dryness in.
vacuo produced only this diadduct; né ShNth015, as observed when the
reactants were mixed in the reverse order, was found. The diadduct is

also formed (in 95-100% yields) when a frozen'mixture of §bCls, SN, and

Q\'

AU
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.crystals appeared which increased in quantity until half of the S
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CH2012 is slowly warmed to and held at 20°, followed by vaéuum removal of

the solvent and excess SbCl.. The glove bag preparation, however, is

5

more convenient.

The sblubility of 82N2(8b015) in dichloromethane is ca. 1.5 g/lOO ml

“at 20°, and it may be readily recrystallized by cooling a saturated solution.

No decomposition on long standing in solubtion was detected; pro?ided moisture
was carefully eﬁcluded. The crystals slowly become opaque and red-black
above 120°, before melting at 130-131° with‘decomposition. The infrared
spectrum of 82N2(8b015)2 shows absorptions (in em™t) at 461 (s), 818 (s),

and 898 (vw).

Formation of SagnSbClS.- Disulfur dinitride (1.95 mmoles) in 30 ml

of CH2012 was slowly dripped into a solution of SbCl5 (2.0 mmoles) in 10 ml
of CHQClQ. After addition of 4 ml of S2N2 solution, fine yellow-white

gNé soluticn

had been added. As the remaining SQNQ was added, the crystals slowly

~dissolved, and the solution changed from light yellow to light orange in

color. Complete addition of the SQN2 resulted in complete disappearance

of the crystals. Concentration of this solution to 10 ml by distilling

off‘CHzCl2 in vacuo followed by cooling to -15° yielded long (up to 1 cm),

clear, light orange needless of S2N2SbCl , of which 100 mg was filtered off.

5

Further concentration and filtration, followed by final evaporation to

dryness, yielded a total of 700 mg of this product which contained slight

SeNé(Sb015)2 contamination. Anal. Calcd. for S,N,SbCl;: N, 7.16; S, 16.39;

22 5
Cl, 45.32; mol wt, 391.2. Found: N, 7.26; S, 16.08; C1, U5.38, mol wt

(by vapor pressure lowering in CHQClE), Lo2.
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5 is very soluble in CH,Cl, at 20°: ca. 10g/100 ml.

These solutions may be heated briefly to L0° with no apparent decomposition.

The monoadductFSQNQSb01

Darkening of solutions is observed, however, even at 20° on long standing.
Iﬁ a sealed capillary, S2N28b015 crystals turn black at 100°, then melﬁ
with decomposition at 108-l5§%. The crystals immediately blacken in moist
air. The infrared spectrum shows the following peaks; 1005 (m), 922 (vw),
800 (s), 723 (mw), 627 (w), and 459 (s) cm 1.

A sample of SzstbCl5 (0.83 mmole) Qas placed in a vacuum sublimator with
a water-cooled cold finger and heated while evacuating through s -196° trap.
with a Toepler pump. Above 55° a white material collected on the cold
finger;. After H hours at 70°, the products were examined. An orange-brown
residue of ShNquCI5 (0.12 mmole) {emained in the sublimator. Nitrogen -
(0.008 mmole) was found in the Toepler pump buret, SbCl5 (0.02 mmole) was
found in the -196° trap, and a yellow-white solid was found on the cold
finger. The infréred absorptions of this material corresponded to ca.

90% SéNQSbCl and 10% SQNQ(Sb015)2. A slower sublimation at 60° produced. -

>

proportionately much less ShNquCl5 and'SQNQ(SbCls)g.

When SeNQ(SbC15)2 (0.25 mmole) was heated

Pyrolysis of SEEQ(SDClS)E'_

at 90° for 1 hour in a vacuum sublimator with a 20° cold finger, SbCl5

(0.22 mmole) was evolved, and yellow-white SQI\TQSbCl5 (with sligh’o-S2N2(SbC15)2

contamination) collected on the cold finger. A slight residue of ShNquCl5

(0.01 mmole) remained in the sublimator.

. . - \ - * . 3
Addition of Sgﬁggto 82§é§bC15*and S2E2(Sb01542' Addltlon‘of SQNé to
-SQNéSbCl5 solutions in equimolar amounts yielded an opaque greenish-black

suspension; precipitation began with the first drops of SQN2 added. On

standing at 20° for 1-2 hours, the-suspension gradually cleared and lightened
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to an orange-red solution above a dark red-orange solid. Examination of this
solid and that left after evaporation of the solvent showed it té be -
ShNquCl5 slightly contaminated with a greenish-yellow substance. The

SuNquCl was identified by its infrared spectrum and melting point of

5
160° (litera,ture,2 160-2°) after recrystallization from CH,Cl,. No S.N,

or SMNM was recovered.

5)2 solutions resulted in an initial
color change corresponding to formation of SQNQSbCl5 which, with further

SeNQ’ again became dark and opaque followed by slow clearing to a red-orange

Addition of SN, to SeNé(Sb01

solution and precipitation of S&NLSbClS. Addition of 82N2 in excess of the
amount required to convert all the 82N28b015 to ShNquCl5 resulted in a

in the relative amournts expected from

5

mixture of N, and S)N, -SbCL
conversion of the excess 82N2 to SMNH' Tetrasulfur tetranitride was

recrystallized from dichloromethane and identified by its infrared spectrumlo

“and melting point of 182°V(literature,ll 187-187.5°). To test the catalytic

2N2, 1.02 mmoles of disulfur

dinitride was slowly added to a solubtion of 0.15 mmole of ShNthCl5' The

effect of SuNthClS'on the dimerization of S

solution remained orange-red. Infrared analysis indicated that after 2 hrs
approximately equal amounts of ShNﬁ and S2N2 were in the solution, and that
after 15 hours only 10% of the original SgNé remained.

A small amount (5-10%) of the greenish-yellow substance was always

‘formed as a by-product of these reactions in which SMNLSbClS was formed.

The characterization of this méteriai is described below.

£§h§L§Egl5lx" The smail amount of greenish-yeliow material forﬁed
in the ébove reactions was found to be insoluble in CH2012 and could be
isolated free of contamination by SuNthCIS and ShNh by using enough sclvent
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to keep all the expected SuNquCls

suspension cleared, as mich as 50 mg of this microcrystalline substance

and.ShNh‘in solution. When the opaque

remained and was filtered,off{ Although the color of different samples
varied from yellow to‘a dull green, each sample melted at 193-19L4° (thé
green samples becoﬁihg yellow at 100-110°) énd exhibited the same infrared
absorptions at 1160 (m), 1115 (m), 975 (vw), 7256~), and 535 (m) cm™t.
In an attempt to prepare a large quantity of this material, 8o, (3.6L

:mmoles) in 45 ml of CH2012 was added with a dropping funnel during 1 hr.
to a rapidly stirred solution of SbCl5 (1.58 mmoles) in 5 ml of CH,C1,
When half of the SQNé had been added, the solution became dark and opagque;
it cleared to a deep red solution above an orange-yellow solid only after
the addition was complete. Several overnight leaéhings'of the solid with
, CH2C12 removed all the SHNASbCl5 and left 200 mg of yellow solid having
only the above infrared absorptions and a 193-193.5° m.p. Anal. Caled.
for (SuNthC15)x: N, 11.6; S, 26.5; C1, 36.7; Sb, 25.2. lFound: N, 11.8;
S, 26.1; C1, 37.0; Sb(by difference), 25.1.

Apprdximately the same amounts of 8 and SbCl_ as above, each in

2o 5
40 ml1 of CH2C12, were mixed during 1 hr in the same manner as above
but with the SbCl5 slowly dripped into the SQNQ solution. In this reaction
only a 1% yield of (ShNﬁSbCi5)i was obtained, in contrast to the 26% yield
resulting from the addition'performed-in the opposite order.

lee ShNquC15, (ShNﬁstIS)x is ;table to short exposure to moist air;
however, its infrared spectrum,melting point, and insolubility in CH2C12v
do not correspond to ShNﬁSbClS or to any other known compound. When heated

in vacuo, no sublimation of (ShNthClS)x occurred; slow decomposition began

» NSC1, and S3NC1,

at 162°, and after several hours at 170° N, ShNh; SbCl3

i

€

et

© s pe s+ s etp.
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were found among the decomposition products. Theiinfrared spectrum of the

" remaining residue showed only (ShNthClS)x’ with no evidence of thermal"

regrrangement to SﬁNﬂSbCl5f (ShNLl_SbClS)x was glso unaffected by tr?atment
with liguid SbCl5 at 20°.

Several attempts were made to filter the opaque suspensions which formedb
immediately after mixing solutions of SeNé and SeﬁéSbCls. In each case,
regardless of order or speed of mixing, a dull green-black powder was

isolated whose infrared spectrum showed only weak bands due to (ShNﬁSbCl5)x'

When heated in vacuo above 100°, this material became orange-yellow and .

'evolved nitrogen and sulfur. In moist air, the green color slowly changed

to yellow. Neither treatment significantly changed the infrared spectrum.
All these properties indicate that the isolated solid was a mixture of

(sANMSbc:LS)x and (SN)X.

'Results and Discussion

Reactions of Séyﬂ,with SbCls.- The addition of disulfur dinitride

to excess antimony pentachloride in dichloromethane results in rapid,

complete formation of the diadduct SeNé(SbCl When SEN2 is added

52

precipitates during the first

to an equimolar amount of SbCl Né(SbCl

5)2
then reacts with the SgNé as it

half of the addition. This 32N2(8b¢15)2
is added during the second half of the addition to form the monoadduct

5° The reactions may be written:
S, + 28bC1 - 52N2(3b015)2 (1)

SgNe + 52N2(8b015)2 o 25N, 5bC1 5 (2)
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Addition of 82N2 to an equimolar amount of SeNeSbC]_5 in dichloronethane

yields the previously-characterized adduct SMNMSb015'

SEN + SENéSbCl

5 5 = SuNth015 (3)

A relatively insoluble greenish-yellow material, having the empirical
formula (ShNthClS)x but posseésing physical properties entirely different
from those of ordinary SHNHSbCIS’ forms as a significant by-product of
reaction 3. This incompletely characterized material is definitely worthy
of further study. During the coursetof‘reaction~3, the formation of a
dark-colored intermediate is apparent. Inasmuch as attempts to isolate
this intermediate yielded only the (ShNﬁSbCIS)x by-product contaminated
with what appeared to bg (SN)x, wve tentatively suggest that the intermediate
is an opén-chain isomer of SHNH or SQNQ, perhaps coordinated to SbClS.
This intermediate may be a precursor of (ShNﬁSbCls)x'

When SgNé is added to SQNQSbCl in greater than a l:lvratio, the

5

exgess ngé is quickly converted_to ShNh' Obviously some species in the

- reaction system catalyzeé the_dimerization of SQN . The adduct SuNquCl5
does catalyze the dimerization, but relatively inefficiently. Possibly

the dark intermediate discussed above is involved in the rapid dimerization.

The adduct ShNberCl5 is inert toward SbCl 2 consequently this adduct

53

is formed whenever SbCl_. is added to a solution of SENQ’ regardless of

5

the flnal SQNQ: SbCl5 ratio. The fact that SENESbClS

solution does not decompose to SuNthCl5 proves that the following equilibria

in dichloromethane

lie far to the left.

SpNoSbCly & SN, + SbClg : _(u)

—
282N28b015 & SN, + sgmé($b015)2 (5)
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Otherwise ShNthC15 would form irreversibly by reaction 3. Thus we

57 and that SgNéSbCl5

is considerably weaker base. The principle reactions observed in

conclude that S2N2 is a strong base toward SbCl

dichloromethane solutions are summarized in the following diagramn.

: SbCl
5,
SQNQ + SbCl5 —_— SQNQSbCl vg;ﬁg— sgNé<SbCI5)2

(1 + x)s2N2

SN, + SvCl; ——> 8N SbCl, +vx/2 5,1,

The inertness of SuNquC15 toward SbCl_, the interconvertibility

5

5 and S2Né(SbC15)2’ and the observed molecular weight of

SeNé(SbClS)2 support the formulation of the latter compounds as adducts

of‘SQNQSbCl

of SQN2

" Thermal Stability of S

s not ShNh'
Adducts.- The adduct SENQSb015‘sublimes

in vacuo at 60-70° with slight decomposition corresponding to reaction 6.

A,

25,501 (s) €0-707 5,1, SCL(s) + Soc1(g) (6)

The sublimed 82N28b015

reaction 7 on the cold finger.

is contaminated with SENQ(SbC15)2 which forms by

20° '
Sb015(g) + s2N28b015(s) = SeNé(SbClS)e(s) (7)

The adduct SgNé(SbCls)2 dissociates in vacuo at 90° via the reaction

SQNé(Sb015)2(s) _— s2N25b015(g) + Sb015(g) . (8)
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The slight impurity of SéNé(SbCls)z found in the condensed SENESbCl5 probably )
resulted from recombination of SQNQSbCl5 and SbClS_on the cold finger .;¥

rather than from direct sublimation of SQN2(SbC15)2-

The low sublimation temperature of SQNQSbC1 supports the formulation e

>
as an SQN2 adduct, because an ShNﬁSbClB)Q adduct wouldvbe expected to be

much less volatile.

Crystals of SQNESbCl5 are stable indefinitely at -15°, but slowly o

darken at 20°, becoming black after 1-2 weeks. Crystals of SzNé(Sb015)2
undergo no change on standing at 20° for several months in sealed ampules u f

after an initial surface yellowing, presumably from reaction with traces of ;fﬁ

moisture present on the glass. The stability of these adducts, compared

;
i
-
|
o
4
V3

to the appreciable polymerizatidn of SéNg above -30°, indicates that the
SeNé'ring is stabilized‘by coordination with Lewis acids. The rapid reaction

of S2NQSbCl with SQNQ, however, shows that this coordination somehow | I

p

increases the reactivity toward attack by SEN . : ?Q?

Infrared Spectra.- The infrared spectrum and chemical properties of
82N2 have led to its formulation as a fquf~membered planar fing with f::
alternating S-N atoms (D2h point group).6 The prediction of three infrared- : . iqf
active modes agrees with the observed absorptions at 795 (s), 663 (w), and ﬁ
bk (s) cmfl. In the adducts; modes due to the donor SbCl5 groups are expected
to lie below 400 cm-l. Therefofe structural changes in the SQN2 caused
by coordihation should be reflected in changes in the spectrum above 400 et
The two strong bands at 818 and 461 em™t in the infrared spectrum of
SQNQ(SbC15)2 correspond closely in shape and positién to.the two strong
SQN2 bands. The very weak band at 898 emt is possibly an overtone of: the f

band at 460 cm-l. The similaiity of the absorptions to those of 82N2 and

the number of modes. (2 or 3) observed indicate that the SN, ring remains
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intact and planar (puckering df fhe ring to C2v symmetry should result

in five observed modes) with symmetric arrangement of the two SbCl5 groups-

S,N,8bC1. exhibits strong absorption at 800 and 459 em™! and a weak

5

. band at 627 cm'l corresponding closely in ihtensity, shape, and position to

the SN, modes. The additional observed bands at 1005 (m), 922 (vw) (possibly

an overtone of the 459 cm~! band), and 723 (mw) em™ ! are expected from the
lowering of syﬁmetry resﬁlting from the non-equivalence of the nitrogen
atoms. Distinction between the possible configuratiens of the 82N2 group: 
planar ring (CEV)’ puckered ring (Cs),»or chain (va, C, or Cl)’ is not
possible inasmuch as five or six infrared-active modes ere predicted for
each configuration. That the ring is broken.<ehain), however, is ﬁnlikely

because of the ease of 1nterconver31on of S N SbCl_ and S N (SbCl

e 5 5)2’

the similarity to the SN modes, ‘and. the lack of higher frequency bands

2 2
expected for terminal N-S groups. The 1005 cm'l band can be reasonably

assigned to an S-N ring system, because bands have been observed2 for the

S-N ring system in SuNquCl5 in the same region (at 1060 and 968 cm™1).

5)2 and 82N2Sb015 are

tetra— and diadducts of SuNh was considered. However, the observed bands

The possibility that the compounds SENQ(SbCl

showed no correlatlon with those of ShNu or S)+ quCl and the forms of
highest symmetry for 8N h(Sbcl5)h (planar ring, th) and SuNu(SbCl5)2
(planar'ring DQh)’ predict four and eight observed modes, respeetively.
The lack of correlation in frequency and number of observed modes makes
these formulations unlikely.

The infrared and chemical evidence support the formulation of

8,N,SbCl. and S2N2(SbC15)2 as adducts of the difunctional Lewis base

5
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82N2 with the structures:

S

VAN

N N-SbC1 (puckered or planar ring)

N7 >
S
S\

C1 Sb-N’/ N-SbC1 (planar ring) .
R N 5 T

S

A recent x-ray diffraction study of SQNE(SbC15)2 confirms the second

of these predicted sﬁructures.12
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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 informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe 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 disclosed in this report.
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such contractor, to the extent that such employee or contractor of the
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