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process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



Submitted to o | UCRL-16683
Inorganic Chemistry : _ Preprint

' UNIVERSITY. OF CALIFORNIA -

Lawrence Radiation szboratofy
Berkeley, California

AEC Contract No. W-7405-eng-L8

ADDUCTS OF SULFUR NITRIDE WITH

BORON TRIHALIDES AND ANTIMONY PENTACHLORIDE

v

Kenneth J. Wynne and William L. Jolly

| July 1966




Contribution from the Department of Chemistry of the
University of California and the
Inorganlc Materials Research Division of the
Lawrénce Radiation Laboratory, '

' Berkeley, California 94720

- Adducts of Sulfur Nitride with

BoroniTrihalides end Antimony Pentachloride

Kenneth J. Wynne and William L. Jolly.

Abstract

SulfUr hitride in methylene chloride reacts with BF3 to form

burgundy-colored crystals of S4N4 BF3 and with BCl3 to form red-orange

needles‘of SaN,-BCls.. The BFx adduct decomposes revers1bly to. S4N4 and

BFs when heated, whereas the BCls adduct subllmes w1th sllght decompo<*-
tion. The propertles of ‘the: adducts are cons1stent with structures

involv1ng'B-N bonds, as in S4N;-SbCls._ The boron trifluoride in SyN,-BFz

;mey,be displaced by BClg.or SbCls. In an attempt to displace BC;; from'

S4N4-BCls with SbCls, the adductAS4N4-BCl3fst15 formed. This reaction»-

-'was‘unexpected'becauSeino di-adducts were found in-the reaction of SzN4
with elther excess BCl3 or SbCls. The conversion of S.N4<BCls to S4N4 SbCls

may be effected by treatlng S4N4 BCl3 with SbCls to give S4N4 BClx: SbCls,

followed by heatlng thls substance in vacuo to 90° to form S4N4-Sb015 and BCls.

ey L A, W




us to a systematic study of the reaction of SyN, with the boron trihalides.

S -2- .

~The folloWingvadducts-of S4Ng with Lewis acids have been-prepared:
S4N4-Sb015,1 2 284Ny - SnCl4,l 2 S4N4-TiCl4,l’2 S4N4'2SO3,3-S4N4-MSO3,3
S4N4'TeBr4,h 4N4'1+SbF5,5 and hS4N4-BF3.6 Only for S4N,*SbCls is definite
' o7

structural information'available. An x-ray study' has shown thls adduct

to have a structure of type I shown. below,

1

N

where A represents the coordinated Lewis acid.
The unusual stoichiometfy reported for the BFs adduct, and the

lack of information regarding the other boron trihalide adducts,'led-

Experimental Section

General : MoistureQSensitive materiels were hendled in a nitrogen-

filled polyethylene glove bag or a standard vacuum line. TAnalyses were

and. F. Ballstrerl._

Infrared spectra were recorded in thev7OO-h0003cm'llrange with a

‘Perkln-Elmer Infracord Model l37B, in the L00- 7OO em -1 range with a

Perkin-Elmer Infracord Model 137 equlpped with a KBr prism, and in the

33-1;00'cm-l range with a Beckman IR-11 grating speotrophotometer. Samples‘ .

.

. performed in the mlcroanalytlcal laboratory of this. department by V. Tashlnlan

Sy L.
N a . .
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-+ While stirring w1th a magnetic stirrer, BF

1058 m-s, 964 m, 933‘m, 882 s, 658 sh on solvent, 623 m, 569 w, and 527 s cm

s ' -3-

- were generally prepared in & nitrogen atmosphere as Nugol mulls, and then

. pressed between elther KBr or polyethylene plates Methylene chloride

solution spectra were run in a O.l.mm. KBr.cav1ty cell.
Methylene chloride was refluxed for 3-L hours overjPEOS, distilled,

and stored in a nitrogen atmosphere. Sulfur nitride was prepared and

K purified accordingvto'the method described by Villena?Blanco and Jolly.

Sulfur Nitride-Boron Trifluoride Adduct. A slurry of 8.&5 g. of

'sulfur nltrlde and 135 ml. CHgClg was prepared in a flask equipped w1th

a gas inlet tube .and an outlet protected with a CaS04 drylng tube
3 was bubbled at ca. L4-6 bubbles/sec.
The solution, initially red-orange, immediately turned dark burgundy..

The BF3 flow was termlnated after 40 min., the gas bubbler was, removed

and the slurry was flltered yleldlng 7. 89 g of dark burgundy S4N4 BFx.

A further yleld of 3. 07 g. of relatively large crystals (ca 3 x 1 x1 mm.)

was obtalnedbby.coollng the filtrate to-l5 H the total yleld was 95%.

On heating, the product became continually lighter in color above 90°

~until melting occurred at 145-7°.

Anal. Calcd. for S,N,-BFs: S, 50.88; N, 22.23. Found: §, 50.22;

N, 22.21.

The Nujol mull infrared spectrum showed the following peaks9 (in om
(1171 m, 1138 m-s, 1117 s, 1070 s, 1040 vs, 101k m, 949 s, 908 m, 888 s,

840 w-m], 72l vw, 697 vw, 682 vw, 658 m-s, 623 m-s, 567 w, 552 w, 527 s,

© 502 m, 490 wsh, 420 m-s. In CHoClo solution'absorptions were at 1121 m,




. 6a

Anal. Caled for S4N4-BC13beC15: S, 21.36; N, 9.33; C1 L7.2.
Found: S, 21#&7? N, 9.58; 01,.u6.8. |
The infrared Spectrum showed the following peak39 (1n cm l):
1317 VW, 1059 VW, 1018 vs, 932 s, 900 vs, 875 w, 840 vs, 811 m, 788 vu,.
. 748 m, 703 w-m, 691 m-s, 677 S, [552 s, 517 m. ], 461 m, (k19 m, 407 m-s],
- 359 vs, 320 s, 294 m-s, 269 m-s, 241.5 m, 208 s, 181 Vs, 78 W, 52 W.

Sulfur Nltrlde-Boron Tr1brom1de A solutlon of 3 ml (31 7 mmoles)

of BBr3 in 25 ml. CH2012 was added slowly to a solutlon of S4N4(2 35 g.,

L 12.75 mmoles) in. 150 ml. CH2C12 " The solution turned a dark burgundy

. -color, with the separatlon of a precipitate.- Filtration yielded a gooeyvf

'orange—brewﬁ mass. . It was washed with 10 ml. Cﬁ?C;?_and held in vacuo’
~ for iS houréjryielding_h‘E g. of brown solid._ Wheh flushing the glove
:bag, a distinct odor of bromine was detected.' The material impefted"
~a faint orange-yeiiow'coioratioh’when mixed with'CHéClz.

Anal. Calcd for S4N4 BBr3 S, 29 u9, N, 12 89, Br, 55:13-
'FQund‘ s, 27. l N, 12.75; Br, 57.7.

The 1nfrared spectrum showed the follow1ng peaks9 (1n em )

[1310 s, 1000 mss, 820 m, 670 w] Inasmuch‘asVS4N;-BBr3 was found to be

finelyfdivided, moiSture-sensitive, and_insoiuble in CH5Cly, it was not

investigated further.

Results and Discussion

S4N,.-BF=. Whereas we found that bubbling BFs into a suspension
of S4N; in CHxCl, gives an almost quantitative yield of a material of -
icompositjon S4N.*BFx, Glemser and Ludemann6 found that a material of

eoverall composition HS4N4-BF3_ermed in a direct reaction of BFg gas

P
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w1th solid S4N4 at room temperature Perhaps incomplete'reaction was"

responsible. for the unusual stoichiometry observed by these 1nvest1gators{

The lability'of the adduct-isvshown by the facts that passage of

nitrosen tnrouch a. CH2012 solutlon for 12- -1k hours, or evaporatvon of

”solvent in vacuo or heatlng the SOlld in vacuo, cause loss of BF3 and

formation of S Ng.- Thejd1ssoc1atlon pressure of the adduct was measured

in an.immersible tensimeter over the temperature range 30-70°C. The

. combined data for'two-runs are presented in Table I, where the observed

presseres may be compared with those calculated from the equatioh

log Pmm = 10.82-3270/T. From this equationvwe‘ealculate the values

AH® = 15.0 keal. mole™ and AS° = 31 e.u. for the reaction

.S4N4'BF3(‘S) "—""'> S4N4(S) + BF3(g)

In the absence of the heats of sublimation for SyN, and S,N,-BF3, we

~ cannot compare the base'strength of S4N4 with that of any'other'Lewis base.

ithH2012vSOluti0n, BFs in the adduct may be replaeed by>BCl3 or

SbCls s shown by the following equations
SeNg'BFs + BCly S2%da> §,m,.BC1; + BFs

B on E |
Sql,+BFs + SbCls CHeCla, S,N,*SbCls + BFs

S4N4BF3'decdmposes at 140° in-a'seeled tube as follows .

S4N,*BF5 ._—, —> )-FS + 2Ns + BFs .

T

By analogy with the structure;of S4N4'Sb015, S4N4 BFx is belleved to

have a structure of; type I, w1th a B-N bond:




BCl, absorption_envelopelp’

4 .10-

S4N4-BC13ESbCl5.' In an attempt to displace the BCls from S4N4-EC13
with SbCls in CHoClp, & yellow precipitate of SN, BCls-SbCls formed. .

Three possible structural formulations were considered for the

di-adduct: A. [8,N,-S0C1s)7[BC1,17, B. [S,N.BC1o]1"[SbC1¢17, and . v

C. Cl3B-S4N;-SbCls (B-N and Sb¥N bonds). For B one can conceive of the

BC:LEI+ group being either monovalent, as in structure ﬁype I, or divalent,

as in structure II, below.

T
-t

‘N | SbClg”

II.

. Formulation A may be eliminated on the_Basis that the_characteristic
11 is not observed in the infrared spectru.

The far-infrared spectra of KSbCle and S;N,-SbCls were obtained

. to determine if significant differences in Sb~Cl frequencies would be

fouhd,'corresponding to the different coordination around antimony.

Potassium hexachorqantimonate(V)vwas prepared by stirring KC1 and . . A

SbCls in CH.Cl, for h? hours. The infrared spectrﬁm, not.previodsly’
reported, showed absorptions at 349, 181, and 72 em™ . By .analogy with
the spectra of other oct'ahedralvspecies,12 and from a knowledge of the

Raman spectrum of the SbClG- ion, ‘these bands are assignéd'to:V3, Va,

and a lattice vibration, respectively.
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_ rhe SqNQ SbClS adduct showed absorptlons at 345. 5 and 177.5 cm_l, and

S N -BC15:SbCls showed absorptlons at 357 and 181 em l. .The cmall

. dlffercnceo in the. respectlve Sb- Cl ffequen01es in all three cases docsr

not allow a choice between formulatrons B and C for thc di- adduct.
Absorptlons in the B-C1 and B-N reglon sllghtly favor formulatwoan, with

structure II. Noth~and Lukaslu have reported B-Cl frequenc1es at 849 and

 8Le cmfl, and a B-N absorption at 925 cm_l, for {UCH;)QNngBC -JC1.

- Possibly the peaks at 840 and 932 et of the d1 adduct correspund to

the B—Cl and B-N frequencies,-respectiVely, expected for tetravalent
voron. - S ' E ‘ ' \

-The,formation of the mixed adduct was snrprising because di-adducts

of 'BClz and SbClg were not formed even though excess 3013 and SbCls were

. present in the preparation of the corresponding'mono-adducts.

Boron trichloride, in tenfold excess, was heated in a sealed tube
w1th S,N4 BCl3 in CH2012 at 3h° for 57 hours in an attempt to form &
dl—adduct. The. pressure released upon opening the flask, presumably
due to nitrogen, and the presence of 82C12 among the products, lndlcated

tnat if a di- adduct formed it was unstable under these condltlons A
. . \

- small amount of light yellOW»solid was ealso produced in the reaction, but : .

was not investigated further.. Under similar conditions S4N4'SBC15 was

_ treated with a tenfold exceés,of SnCls. After 72 hours, a'yellow=solid

which analyzed for S4N4Sbé0112_Waé‘prOduced.‘ In the‘abéence of a sol#entﬂ'.'

this yellow material formed in only 2 hours. . A white volatlle SOlld

-presumably SbCl3, was obtalned from the latter reaction, and its onantlty '

determined. by uptake of Clo The calculated st01chlometry of the reactron

of SbClS with quN4 80015 is shown by the follow1ng equatron.

) S/LNIL'SbClS + ESbClS Bhad S4N4Sb20112 + SbClj



-10.

vThe product (mpA128-9°)‘exhibited infrafed_abéofptioﬁs9 (in cm_l) at
1060 A-S; 1016 s, 619 w, and [L455 m, L26 m]}' It'Qas insolubie'ih

CH-Cls and was not‘investigatea fufther: The data ;ndi;ate'tﬁa a
.simple di-adduct df S4N4iéﬁd SbCls is‘nofzstabie under these éonditidns_l
and that, if it forﬁs,li£ isfrapidiy chlbrinaﬁed.byvthe‘exéess SbCls.

V Wnen S4N4eBCl3-SbCls was heated to 85-93°, With_éonstant removal
of volatileé in a -1966 trap;v84N4-SbQ;5 and BCIg weré'fqrmed, Thus a
conversion of SéNQ-BCi3;#o S4N4Sb015imay Ee effectéd by the following

successive reactions.
, . CHaClol gy men..
S,N,-BCls - SbCls 222990 S4N,+SbCls + BC1s

v
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