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Checked

Tetram te‘cianitride ca.h b.e prepared in goqd y—lelclv byv the method

! a _ deécribed b&' Becke-Gdehring.l _Hmrcver, because of certaln ambiguit}ies and
| ;  N  omicsions n the method, chemista wafemilior with the s;}nthesis woually
obtain‘very poor yikelds of the products In this revision‘of-. t}xé method,

Twe anphasj.ze the pointes whic::h, if z;zegle'cte@ can cause ciif‘ficuity.a | Because
5,5, ie é;:plosivé, and 't\aec\a.ﬁse the J.fa,rge _mnouni.;s oi‘vmterviel inirolyea in the

eaxlier method are umrleldy:," we have scaled down the synthesis;

If high yields of 5N, are desired, the reaction mixture should not be

Lo  cooled. below 20°.? The only purpose served by placing the reaction flask

i _:' S | in a cold~bath is to prevent the temperatufe from rising so high that
_-'e’,ppreciable amounts of solvent vaporize; however, excessive solvent
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t Arno1a’ sugzests operating in the temperature range 20-50°.
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vaporization can be prevented by reducing the flovrate of tixe ammoni.a

or by wsing an embient-temperature water bath. When s71m is the only v
product desired, then it is advafxtwcous to cool the reaction mixture
in an ice bath. The total yiem’ of 8,1 incresses by % end the
total yield of SuNl; decreé.ses by 65% on changing from no cooling to
ice~bath cooling. |

As long as tﬁe reactﬁ.on mixture is at ambient temdpez'aturea or

higher, there is nc harm in passing an excess of armonia gas through

the mixture. The ylelds of shnh end S7NH are weaffected by the passage

of excess ammonia.

It has been pointed out that the passage of ammonia should be

continued until the reaction mixture iz colored "salmon x-ed".l’3 Thi.s

.

‘color may be better described as "golden popyy" (color plate 9L1Z in the

"Dictionary of Color"h), or, very roughly, as "Kodek yellow". The
sequence of colors through vhich the reaction mixture passes preliminary
to turning golden poppy verles with the temperature, the ammonia flourate,

end whether or not the sulfur chloride has been chldriné,tgdf ‘Ino.anuch as

yellow colorvslwhich might be mistaken for the f£inal "golden porny" color
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often appeor before the campletion of the reaction, it'is recamended

thc.t‘ f;he‘comple’cion ‘of" the rcn.ctiqn be conflimed by testing the resction
nlxture i"qr the presencé of crcess Qmionia. A'tes‘t for féhi{; purpose is
deserived in the Procedures

The preliminery chloriné“cion of the 82012 to‘ SCl2 me;sr ba’ omitted,‘ Iif

dezired, but the total yleld of shnu 1s thereby reduced. by a factor of two.

Ie S7NH ia sought, the chlorinatlion rmust be cmitted, because only trace

omownts of szm form in the reaction betwéen 5C1, and ormoniae

The reaction nixture becomes very thick and dfficult to stif. If,
in order to focilitate stirring, the re:;.c"cion nixture ls dllubed with
éaxbon tetra.chléride, an gppreciable »fra.ctio‘n. of tl.le ShHu and practically
all of tho §IH end up in the cexbon tetrachloride phase. It 1o then
necessary to woﬂc up this carbon tef;ra.chloride solution a.s well as the

precipltate.
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A. Tetrasulfur Tetranitride, Sa‘gu

Procecdure
Fifty ml. (8% g., 0.62 mole) of dlsv_'l.fur dichloride '.a,nd 1400 ml. of ,

dxy carbon teura,ch..orldc are added to & 2-L. threcenccked flack. A peddle
| stifrer iz inserted through fhe main neck, ond a gaé inlet tube ic inserted
Lhmug:n cné of ‘R;he vqié.e necks. While stirring the mixbture briskly, =
strean of chlorine ls passed inté th séltrﬁion wntil o dlstinectly green
layer of chlorine ge;s ig observed over the solution. (The color of the
solution changes from yellow to orange-red). The fl?&-f of chloz;ine is
_stopped, and the gas delivery tube 1s co;mected to a wiinder of ormonia.
'.l'he flask is lmmersed to the level of the cerbon tetrachloride solution in

vatcr-ba.th of running tap waler, and emmonla is passed ’chrouzﬁz the
stifred solv.tién-ﬁf}he emmonia 1s passed as rapldly de possible without
censing mnteriel to splash from the flagk or ellowing the ﬁmperz;ture of

the reaction mixture to rise above 50°.

# Cm:‘bon tetrochloride moy be dried by elloving i‘L to s‘cand over anhydrous
caleivm sulfate (Drierite) for several doys.

v}~ #% The heat of reaction will prevent the temperature of the reaction mixture

from f‘,.Lllng below 20° even though the water-bath temperature is less than
- 20° The wabter batk moy be onitied, but then the flow of armonia gas st
be reduced in order to maintain the temperature below 50°.
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Afte'r‘ approximately two hours, ’when the entire reaction' nixture has

‘turned a "golden poppy" color, about 2 ml. of the reaction mixture is
withdrewn into an inverted pipet and then shaken with 10 ml. 'of water.

If the pH of the aqueous extract, as measured with pH-pa.per or & pH-meter,

N

is greater than ‘8., the flow of ammonia is stopped.' Otherwise the flow

is continued until the pH.of an aqueous extract is gr.ea.ter than 8.

The reaction mixture is filtered on a large sintered-glass or Bichner

funnel, and the damp bol_id material 1s vigorously slurried with 1l 1. of

water for 5-10 minutes. The remaining solld is filtered off and allowed

to air-dry thoroughly for a day or two. The dry material is placed in

. : *
an extraction thimble and extracted with 400 ml. of dry dioxe.ne in a
Soxhlet extractor until the eluate is only weakly colored ora.nge-yellow_.*
Upon cooling the eluate $o room temperature, some of thé Sb,NL; will

crysta.ilize out. This material is filtered off and alr-dried, and the

* Dioxane may be dried by refluxing over sodiwn—lead alloy, followed 'by
d.istilla.tion. {

t If the extraction is stopped too soon, S will be left in the thimble,
if the extraction 1s prolonged, the produc will be conta.minated with
sulfur, : .
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filtrate 1s evaporated to dryness at o temperature lower then 60°.
(Eveporation at room temperature ot atrospheric pressure is slow, but
satisfactory.) The residue from ’c;he evaporation is recrystallized from
hot benzene to remove sulm. A.combined yicld of 16 g. of éhmh is

Iy
A

generally obtained.® [
Properties

| Tetrasulfur tetronitride, as prepared by the sbove procedures,
usvally hag a melting péint of 178—1790. However, by repeated recrystallle
zatlon {rom benzene, or by purlfication 'on on &@§ chromatographic
column, ST, with & melting point as high es 187-=187..S° has been obtained.”
It has been é'bserved that the sensitivity of SuI\Tu towrard both shock zm@
terperature increases with its purity. Even the smu.l emount of moterial

- contained in a melting point cepillary cen explode violently.

/‘, b The infrored spectrum of ShNu is given by Lippincott and Tobinsg

prominent ebsorption bands occur at 3UT, 552, 557, 696, 719, ond 925 mn‘l.

p . : o
‘& Avout 4 g. of product is lost in the CCl, filtrate and in the process
of recrystallization.
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" Be Heptasulfurblmide, S

Procedure .

Fifty ml. (8% g., 0.62 mole) of disulfur dichloride and 1400 ml. -

. of dry carbon tetrachloride:are added to a 2-l. three-necked flask. A

faddle stirrer 1s inserted through the mdin neck, gnd 8 ga§ inlet tube
conneéted to an aﬁmonia cyiindef is inserted tthﬁgh oﬁé(of‘the sidelyﬂ
necks. The flask is immersed to.fhe level of the carbon tetrachloride
solution in an ice bath, and, when the soluti§n has reached s fempératuré

of 5° or lower, ammonia 13 passed as rapidly-aé necesséry in order to

maintain the temperature of the reaction mixture at approximately lOo,

The ice bath is removed after gbout 30 minutes, when the reaction mixture

has a dark chocolate éolorf and the ammonia flow rate is then regulated

g0 as to maintain the temperature between 20° and 30°.

The flow of ammonia is continued until a "golden poppy" color is

reached. About 1} hr. are required for the reaction.

* The sequence of colors 1s brown, khaki, chocolate, olive drab, tan, and
golden poppy. 4



The reaction mixture is filtered on o lerge sintered-glass or Buchner
fumael, ond the solid materiel is woshed with gbout 100 ml. of carbon
tetrachlorides The solid moterlal on the fumnel moy be x»:qu:ed up by

a procedure similor to that described in the previocus section if it is
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%o reccover the 51;“1,' Otherwvise 1t 1z dlscarded. The coambined

Filtrate and wagh is evoporated to dryness ot a btezperature lower than 6o°.

The residue from the evﬂéorut*on is shaken or vigorously stizred for an
bour with 250 mi. of peroxidé-f:-:ee ether in a stoppered flask. After
filtering the cther solution, it is evaporated to dme.,._.. The #csidue
from the ether evs poratlon contains sbout seven groms of STNH mixed with
sualler amounts of owlfur end S+ Dy reerystollizing the materisl from
_hot acctone three or four §Mes » opproximately one grem of pure 871‘&1 (vith
a mclting point ohove llO°5 noy be recovered. I qman{:itative recovery
of o purec productr is desired, the residue from the etixer evaporetion moy

be dizzolved in o minlmm volwme of carbon tetrachloride {abous 500 ml.)

# A yield of anpro:«.imtew 5 g. ‘may be expected. Tais yield noy be increased
10 O ge L1f the solid is corbined with the residue from the ethexr c:&mction. .

< .




Absorption bands sccur at 805, 1290, and 3300 cm .

~0 =

~ and separated in sevciaml'bat'chea by elution glmrounatograph:} on o silica '

 gel colwnm. About 150 ml. of the caturated cavbon tetrachloride solution

may be passed through a colum 24 o long and 75 mm. wide in each batch

mmaratioﬁ._ Elution with carbon tetrachlorlde yields a band of sulfur

" followed closely by 2 bend of 5. S/ in the eluste may be debected

by mi;;ing o small volume of the cluate with en cqual volume of methenolic

f

KOH. A red-violet color forms in the presence of Sf&l. When heated,

 the mixture turna yellow, es it also does in the presence of sulfur alone.

~

Pronertles

S 15 a pale yellow, elmost colorless solid of melting point 113.5%

The campound msy be distinguished from sulfur by its infrored spectnm.el

l e

" Thig work was performed wnder vtj.‘_!‘xe ausplees of thé United States Atomie

Energy Carmission.
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