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SUMMNARY

- The reactions of the azotetrazole (5,5'=-azoditetrazole) anion
aith dilute nitric, sulphuric, hydrochloric, phosphoric, , ‘
perchloric, acetic, carbonic acids and acidic ceric ammonium : -
nitrate have been investigated. '

The dagradation of the asotetraszole anion by dilute hydro-
chloric and dilute sulphuric acids has been confirmed to

N give S<hydraginotetrazole as proposed by Thiele. However

N 3 other Ligh nitrogen products have also been isolated; one of

- which is explosive. With dilute ritric acid the degradation

¢ave, as well as gaseous products, 5-azidotetrazole whose
selts, especizlly that of silver, are hypersensitive to
rechenical stimulus. 'An Appendix giving details of the
infrared speotra of 5-agidotatrasole and related compounds is
included. .
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Referencet WAC/214/014

1 INTRODUCTION
11 Object

There i: an established need for a stab-sensitive composition which cannot
segregate and has high thermal and chemical stability. A single-component
composition developed in BRDE, monobasic lead azotetrazole, RD 1355, very
nearly satisfies current UK requirements for such a composition but in the
prasent devices it is not quite sensitive enough. The work described below
arose out of endeavours 40 increase the stab-sensitivity of RD 41355 by
co=-crystallization of it with the much more sensitive allver azotetrazole
salte In the course of this investigation a hypersensitive silver composi~
tion was generated which gave rise to an incident when being filled into
Rotter caps for senaitivenoaa tests. This incident is fully desoribed in
the report of the enquiry.' In the course of this enquiry it beoame obvious
that one of the recommended methoda f'or destruction of azotetrazole salts,
by treating with dilute nitric 20id,? gives rise to solutions which contain
an explosive component and which forms, when reacted with silver nitrate,
the hypersensitive silver salt mentioned above. The obJect of this Note is
to describe the work carried out to establish the nature of the reaction
products from the reaction of the azotetrazole \5,5'-uoditetrazole) anion
with dilute aecids, especisally dilute nitric acid.

1 2 Previous Studies

Although the metallic salts of the azotetraznle anion have received

cousideration from the technical aspect as initiatory compositions®’® there

is very little reported chemistry of this anion other than that of the

original work of Thiele in which he describes the reactions with boiling ,

dilute sulphurio acid, oxalic acid, bromine and its reduction to !
5,5'=hydrazotetrazole.® The reaction of interest is that with boiling '

dilute sulphuric acid which he claims to give 5-hydrarzinotetrazole, nitrogen

and formic acid as belows

r )

N— !u-. N
l - NEN- n H.‘OQ l' = NH=NH2¢2Ng+CH;0;,

- -N

H

S5=-hydrazinotetrazole does not decompose readily in acid solution but will _
decompose at 170°C in hydrochloric acid to carbon dioxide, nitrogen and 1
hydrazine.’ |

This investigation considered the reactions of the azotetrazole anion with
primarily, dilute hydrochivric acid, sulphuric acid and nitric acid.




2 EXPERTMENT AL
2 1 Preparation of Reference Compounds

2 11 S5-Hydrasinotetrazole N

u —NHNH;
N

H

To a solution of disodium azotetrazole pentahydrate (10.0 g) -uspended in
water (100 ml) was added hydrochloric acid (25 ml 5N). The solution was
warmed on a water bath until the gas evolution finished, then was evaporated
to drymess from water three times to remove the hydrochloric acid. The
residue was dissolved in a minimum of hot water and a hot solution of sodium
acetate (10.0 g) in water (10 ml) was added. The apparatus was flushed out
with carbon dioxide and the solution allowed to cool to give 5-hydrazino-
tetrazole as white prisms with a yield of 2.5 g, mp 195 =~ 8°C (1it 1994).

2 12 Se-Hydrazinotetrazole Monohydrochloride MNeam

“"I

Hydrochloric acid gas was passed slomly through a solution of S5<hydrazino-
tetrazole (1.0 g) in water (5.0 ml) for 10 minutes. The water was removed
by evaporating the solution in a desiccator over concentrated sulphuric aecid
to give the monohydrochloride as colourless needles.

213 The Benzal of 5-Hydrazinotetrazolew~—n\
C=NH =N 2CH=~=Ph
Ne=N
|

-

To & suspension of disodium agotetrazole pentahydrate (6.0 g) in water (25 ml)
was added hydrochloric acid (30 ml 5N). When the reaction had apparently
ceased the solution was warmed on a water bath and a solution of benzaldehyde
(2.5 g) in ethanol (10 ml) was added to give a white crystalline precipitate
which when recrystullised from a 1:1 ethanolAater mixture had an mp of

235°C (11t 235°C).
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214 S5=Azidotetrazole N—N‘
N
N e
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]

This compound was prepared by the method of Lieber® in which S~hydrssino=
tetrazole is reacted with nitrous acid.

2 15 Silver 5~Azidotetrazole

Equimolar aqueous solutions of 5~-azidotetrazole and silver nitrate were
mixed to give a white gelatinous precipitate which was not isolated dry,

Its infrared spectra was determined by replacing the water by ethanol to
give a slurry vhich was added to partially milled potassium bromide. The -
ethanol was then evaporated off at 60°C to give a dry mixture which could be
bell milleds The silver salt is extremely sensitive.

2 2 Analysis of Reference Compounds

) 4 T o . o o
Gompound Calec | Found || Cale | Found || Calc | Found

5-Hydrazinotetrazole | 12.0 | 14.8 84.0 | 843 || 4.0 4.0
S5-Hydrazinotetrazole

monohydrochloride 808 9.1‘. ” 6106 6008 307 307
Bonzgl of

Sehydrazinotetrazole| 51.1 | 50.% e 7 | Lha? 4e3 4e3
b5=fzidotetrazole 10.8 | 1141 88.3 | B7.4 JIL0. 97 | 0.91

2 3 Infrared Spectra of Reference Compounds

The rnpeetr: recorded in the literature of these compounds are of low
regsolution and were recorded in Nujol mulls, two peaks of which badly
obscure purts of the spectra. This caused considerable delay in the eluci-
dation of the reaction of the azotetragole anion with dilute nitric acid.
In view of thi: the spectra of these compounds are presented in an Appendix.
The chnrecteristic azide absorption appeared at 2150 em™ for the 5-azido-
tetragole and at 2160 cm™ for the silver salt.

2 4 Reactions of Disodium Azotetrazole Pentahydrete (MNazAT.5H20) with
Acids other than Nitric

2 4 1 Hydrochloric Ac:ﬁ.d

It was shown thot dilute (5N) hydrochloric acid with NazAT.5H20 gave
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S5-hydruginotetrazole by isolation of the tetrazole and by forming its benzal
(see Section 2 1 1). This route vas found to be convenient for the
preparation of S5=hydrazinotetraszole. If the reaction solution was evaporated
to dryness then the residue was sodium chloride (shovrn by X-ray powder
pattern) and S-hydraginotetrasole hydrochloride.

An intermediate reaction produot could be isolated in good yield by the
following procedure. NagAT.5H20 (10 g) suspended in water (20 ml) is

treated with hydrochloric acid (25 ml 5N) and stirred for 1 hour. White
fluffy needles (5 g) are obtained which can be filtered out. After drying
over P20s in vacuo the following analytical results were cbtained:

C, 1643; H, 2,07; N, 56.7T% Required for CaHsNgCl: C, 16443 H, 2.06;

N, 57.4% Treatment of the dry solid with concentrated sulphuric acid gave
rise to hydrochloric acid gas. A solution of the solid in water was titrated
potentiometrically against 0. 10N sodium hydrexide solution. The

resulting curve indicated thet the solution behaved as a dibasic acid. Formic

acid wes shown to be present in the agueocus solution of the solid by the
chromotropic acid test.’

These results can be exploined if the solid has the following structures

s/
L]__? sl
[ |

On treatment with water this decomposes to give S~hydrazinotetragzole, formic
acid and hydrochloric acid.

2 4 2 Sulphuric Acid

With warm 5N sulphuric acid the produst was shown to be S5-hydrazinotetrasole
thus confirming Thiele's worke A solid residue couwld not be obtained dut
S~hydrazinotetrazole wes isoluted practically quantitatively as the benzal.
With cold dilute a2cid, a brown 30lid was obtained from the reaction and
proved to be a sensitive exrlosive. The brown solid gave the following
analytical resultss €, 18.4; N, 68.3; H, 2.45% which corresponds to

C:NsH ratios of 21613« Its infrared spectrum also suggests the presence
of water.

24 3 Acetic Acid

Acetic acid was heated with both NagAT.5H20 and monobasio lead azotetraszols,
POAT.Pb(0H)2 (RD 4335). There was very little reaction and even after
several days a considerable amount of unreacted material was lef't,

2 4 4 (Ceric Ammonium Nitrato

Na2AT.5H20 and PbAT.Pb(OH)2 were heated with 15% w/v ceric ammonium nitrate
solution to give a sonsiderable amount of gas and on evaporation a dark
residue which was not identified but was shown to be non-explosive.

-I.‘-
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24 5 Carbon Dioxide

Carbon dioxide gas was bubbled slowly tarough a solution of NagAT.5H20

(1.0 g) in water (100 ml) for 3 weeks, by which time the solution became
practically colourless. The solution was divided into 2 parts; with 1 part
an attempt to form a benzal was wade which was unsuccessful, the remainder
was evaporated to give a non-explosive residue.

2 4 6 Phosphoric Acid

Treatment of PbAT.Pb(OH)2 with hot 20% w/v phosphoric aoid gave lead
phosphate and a colourless liquor. This liquor when treated with silver
carbonate gave o non-explosive precipitate which gave no peak at 2160 om™

in its infrared spectrum thus indicating that there was n. silver aridotetra=- -

gole present.

2 4 7 Perchloric Acid

‘Preatment of PbAT.Pb(OH)2 with 5N perchloric acid gave a colourless solution

which when treated with silver perchlorate gave an explosive precipitate.
Infrared spectral analysis showed that this precipitate contained the
perchloric acid ralical. Treatment of the liquor with silver carbonate gave
a non-e:ﬂalosive precipitate whose infrared spectrum showed no absorption at
2160 om™' , ie silver azidotetrazole was not present.

25 Reaction of NapAT.5H20 with Nitric Acid and Related Nitric Acid
Reactions

251 TIsolation of 5-Azidotetrazole from Naz AT.5H20 Reaction with Nitric
Acid

To a suspension of NaaAT.5H20 (2.0 g) in water (10.0 ml) was added nitric
acid (40 ml 5N). After the gas evolution hsd finished the solution was
evuporated to dryness to give a residue which was extracted with chloroforum.
The extract was evaporated to dryness to give an oil which erystallised when
toluene was added to it. After reorystallisation from toluene 0.077 g
5=azidotetrazole, as identified by X-ray powder and infrared spectral
methods, was obtained as long white needles. A small amount was converted
to a silver salt (see Section 2 1 5) which was shown to be identical with
that obtained from both 5-azidotetrarole and frem the incident with the
Rotter ce.pa.1

2 52 Action of Nitric Acid on Silver Azotetrezole -
Silver azotetrazole samples, prepared by the method of Taylor et al,? were

allowed to stand under 50X and 25% nitric acid solutions for 4 days. The

X-ray powder pattern of the resulting produet showed that no reaetion had
occurred.

253 An Explosion with Silver Nitrate Solution and Hot Solution of
Na2AT.5H20 and Nitrioc Acid

A mixture of NagAT.5H20 (4.0 g) in water (70 ml) und nitric acid (80.0 ml 5N)
was allowed to react. After atanding.for 1 hour at ambient temperature a

-5-
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solution of silver nitrate (5.0 g) in nitric acid (20 ml 5N) and water
(80 m1) was added slowly to the solution which was now at 55°C A heavy
orystalline precipitate formed as the addition proceeded. After about
5 min a cliok was heard from the reaction solution. The addition was
stopped and about a minute later thers was a loud explosion.

2 6 Reactions of 5-Hydrazinotetrazole in Nitric Aeid Solution

2 6 1 An Explosion from the Reaction of Dilute Nitric Acid and

5-Hydrazinotetrasole

A solution of g-hydrazinotetruole (1.0 g) in water (10,0 ml) and nitric
aoid (20 ml 5N) was evaporated to near dryness on a water bath. As the
solution became werm, gas was evolved. The sticky residue was cooled and

put inte a vacuum desiccator over P20s. After approximately 2 hours there
was a loud explosion.

2 6 2 Silver 5=Azidotetrazole from Silver Nitrate, Nitric Acid and

S«Hydrazinotetrazole

A solution of 5-hydrasinotetraszole (0.10 g) in nitric acid (10 ml 5N) was
heated on a water bath to almost dryness. Gas wos evolved during the
evaporations To the coocled residusl solution was added water (10.0 m1)
followed by a solution of silver nitrate (0.170 g) in water (2.0 ml) to give
a white precipitate. After washing with water, filtering and washing with

ethanol z sample wngs taken for infrered analysis. This showed that the
somple was silver S-azidotetrazole.

26 3 Silver Salt of 5-Hydrazinotetraszole

A solution of silver nitrate (0.170 g) in water (3.0 ml) and 5-hydrazino=-
tetrazole (0,099 g) in nitric acid (5 ml 5N) were mixed at ambient tempera-
ture to give a white precipitate. Infrared spectra of the precipitate

showed that it was not an azide compound and that it contained NOs™ groups.
The anulysis gaves C, 4eG4; H, 1.22; N, 33.00%

2 7 Analysis of Guaeous Products

Samples of NazAT.5H20 were decomposed in a vacuum system by various dilute

ncids. The volume of gas evolved vwas megsured and its constituents analysed
by gzas chromatographic methods. Dilute hydrochloric acid on NagAT.5H20 gave
after 30 min 1.8 moles of Nz per mole Naz AT«5H20. The action of nitrie acid
(5N) is more complex. After 30 min the following results were obtained.

Vol X of total Moles/Mole AT
Gas

Run (1) | Run (2) | Run (1) | Run (2)
€Oz 1143 9.9 0.42 0.45
co 149 1:7 0-06 0008
N2 85.0 85.0 3025 3096
N20 243 3.5 0.68 0. 16

-6-

e A A e 1

Sr it

e et i s ,,‘u-...._uad



R TRt varke SRR T~ g P e M

A solution af'ter treatment with nitric acid was evaporated to dryness to
remove any formic acide The reaidue was dissolved in woter and treated with
15% w/v ceric ammonium nitrate in nitric acid 5N. The gaseous products gave
the following analysiss Nz, 78+2; €02, 5.2; CO, 16.6% 5S-azidotetrazole
gaves N, 77.8; €02(C0), 22.2%&

3 RESULTB

3 1 A Sumary of tho reactions carried out and the results is rresented in
Mg 1 through 3.
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5 2 Hasards of Residues

The residues from many of the experiments were subject to the following

tests: Rotter test, Train test and Prictian.

Table 1,

TABLE 1
SENSITIVENESS OF PRODUCTS

AND EVAPORATION RESIDUES

The results are given in

Sample

tter
Tast Train Test or
R, Hotplate Test
om

Friction

1d [Naval| Al
teel [Brass nge

Silver S5-azidotetraszole

Too sensitive to hahdle.

When dry will explode

if touched with rubber spatula

S5-Azidotetrazole Can be handled when dry but very deatructive
{when explodes

5=-Hydrazinotetrazole 114 ashes and crackles

monohydrochloride on hotplate

Brown product from 2/10 [1/10

NazAT + H2804 (5N) cold | 5> [Flash 0/10

burns [burns

®Naz AT, 5H20 + HNO3

192 [Exploded on hotplate

*Naz AT.5H20 + HCL

not support train

88 Crackles, smokes, does

0/10 [0/10 [0/10

Na2AT, 5H20 + warm

Hygroscopic

H2804 (5K) Not tested

* Out of

'Naz AT. SH20 + Ce Amm NOs range F‘lo ignition 0/10 lo/10 lo/10
*PbAT.Pb(CH),

(RD 1355) + acetic acia [BXPlodes, unreacted PbAT.Pb(OH)2 present
*NagAT., 5Hz 0 out of lN

soln + CO» range o ignition
*PbAT.Pb(OH) 2

(20 1355) + HNOs (5N) 111 [Bxploded on hot plate [0/10 10/10 j0/10
*PbAT. Pb(OH),

(BD 1355) + HCL (5N) 151 [Crackles and smokes  |0/10 [0/10 {0/10
‘n:AT.mgOH)g ( )

RD 1355) + H2804 (SN

érecommended methed of o ignition
destruction)
*Evaporation residue

-1 -
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N DISCUSSION
& 1 Reactions of the Asotetrasole Anion with Acids other than Nitric

In the course of this investigation the reactions of the AT anion with dilute
sulphuric, hydrochloric, phosphoric, perchloric, acetic, carbonic acids and
acidic ceric ammonium nitrate have been looked at mainly from the safety
aspact and not from a mechanistic viewpoint. Thus if complex mixtures were
obtained the main aim was to determine their hazard rather than consider
their constitution in detail. The reaction of both NazAT.5H20 and
POAT.Pb(0H)2 (RD 1355) with acidic (nitric) ceric ammonium nitrate gave
gaseous products and a dark, ill-defined residue which was not analysed dbut
was shown to be non-explosive and non-inflammabls. Similarly the slow
reaction of carbon dioxide in water with the sodium salt gave on evaporation
to dryness, a red-brown residue which agein was non-explosive. The solution
from this reaction did not contain S-hydrazinotetraszole, as benzaldehyde gave
no reaction with it. This reaction of carbon dioxide is of intarest because
it has been shown that the colour fading effect of dilute solutions of
sodium azotetrazole pentahydrate when exposed to the gas is not stopped by
buffering the solution with sodium borate. It appears that destruction by
carbonic acid is due, at least in part, to some eff'ect other than the induced
FH of solution.

Treatment of the Lasic lead salt, PbAT.Pb((H)2 (RD 1355), with phosphoric acid
gave a product which did not contain an explosive radical as shown by the
exanination of material precipitated as the silver salt. However, reaction
with 5N perchloric acid gave acolourless solutionwhioch onreaction with silver
perchlorate gave an explosive precipitate which was most probably a double
salt of silver perchlorate as its infrared spectrum showed the presence of
the perchlorate anion. If the clear solution from the reaction with
perchloric acid was treated with silver carbonate then a non-explosive
precipitate was obtained. The reaction with acetic acid proceeded only
slowly and complete reaction had not been effected after a week at 90°C.

The earlier work of Thiele was confirmed when it was shown that with warm
dilute sulphuric acid the azotetragole anion gave 5-hydrazinotetrazole, as
isolated from solution by the benzal, in practically quantitative yleld.
The acid salt could not be isolated, the reaction ylelding only a sticky
jll-defined solid. A product which was not mentioned in Thiele's paper was
the brown explosive product that was formed under conditions which have not
been fully defiaed but sppeared to be associated with cold reaction
solutions. This product must be avolded when using the sulphuric acid
destruction method for thu azotetrazole anion as it 1s quite sensitive

(RMI! 30). Its structure could not be determined although its elemental
analysis showed that it had a C:H:N ratio of 2:336 and that it contained
another clement which was probably oxygen from an associated water moleocule.
Its infrared spestrum suggested the presence of the tetrazole ring and it
appeared probuble that the substance was either polymeric or a mixture of
products,

The reaction of' dilute hydrochloric acid with the anion was studied in a
littlc more detail. 5-Hydrazinotetrazole was isolated {rom the reaction
solution as the benzel and in this case a solid monohydrochloride was also

-12 -
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isolated. Attempts to make the dihydrochloride as desoribed by Thiele were
unsuccessful as they gave the monohydrochloride.® The monohydrochloride was
identified Ly its infrared spectrum in the avaporated residues from ths

reactions of the salts of NazAT.5H20 and PbA‘].‘.Pb(OH)z. An analysis of the

gases evolved [row the reaction of dilute hydrochlorio acid with the sodiun

salt showed thot two moles of nitrogen were evolved per mole of arotetrazole

anion and that no carbon dioxide was evolved. Thiele showed that the carbon

atom from the broken tetrazole ring appears as formic acid.* The

degradation of the asotetrasole anion by both warm dilute sulphuric acid and

dilute hydrochloric can be represented by the following reaction in i
confirmation of 'I.‘hielo's propouls.‘

N-“%—NSN—< ] e i—“\

;- N =N=g 4 2N+ HCOOM
“l‘°4 Newn

{
™

It 13 interesting that an intermediate product t'rcm the hydrochloric acid
reaction has been isolateds This white, orystalline, hygroscopic material
most probably hasithe following structure:

N—N L
l = NW ~ N :{
N H

N |
4 2 The Reactions of the Azotetrazole Anion with Dilute Nitric Acid '
It must be stated that during the course of this work not only have some very
sensitive compounds been obtained but also seversl spontaneous explosions

have occurrel and thus it has been neceasary to take the maximur precautions
throughoute When most metallic salts of the azotetrazole anion are reacted

with dllute nitric acid there is a vigorous evolution of gas and in the past

this has been taken as a sign of complete destruction such that there is no
explosive radical lef't in solution.!’? However the silver salt and possibly

the copper salt do not undergo this vigorous reaction. X-ray powder

patterns of residues have shown that silver asotetrazole will withstand 50

and 20K nitric acid solutions for periods of at least 4 days and remain

completaly unchanged. This behaviour may be explained by formation of an ]
inert complex between the silver cation and the asotetrazole anion. The =
copper salt is also difficult to destroy with nitric acid and a similar ;
explanation is vossible. The work described in this Note has demonstrated

that the solutions resulting from the destruction of the sodium and mono=

basic lead salts contain explosive end products as shown by an examinetion

of the evaporated residues (see Table 1) and that a hypersensitive silver

salt may be formed when these solutions are treated with silver nitrate.

- 13 -




4 21 Examination of the Residue af'ter Evaporation

When a solution of disodium asotetrasole pentahydrate (NazAT.5Hz0) was
treated with dilute nitric acid and ths solution evaporated to dryness, the
infrared spectrum of the residus in a KBr diso showed the presence of sodium
nitrate and a constituent with a strong pesk at 2150 cx™'; a feature which
suzgested the presence of an azido group, This constituent was extracted
from the inorgenic salts with chloroform to give an oil which when treated
with toluene crystalliged to a white acicular product. This product, which
was obtained in 10 to 15% yield, based on the asotetrazole anion, was shown
to be S5-agidotetrascle by comparison of its infrered spectrum with tkhat of
an authentic sample prepared by the action of nitrous acid on S-hydrasino~
tetrazole.® Its elemental analysis also corresponde® to that required for
S=azidotetrazole. The silver salts of the material obtained fxom thedisodium
asotetrasole pontahydrate destruotion and Se-asidotetrasole were prepared and
shown to be identical by both infrared spectroscopy and by their X-ray
powder pattern photogrephs. The silver salt of 5-asidotetrasols ocould not
be handled when dry as it was so sensitive. A spontanecus explosion
occurred during one preparation of silver S-asidotetrasole. These very
hazardous properties of the salts of S-agidotetirasole have been noted by
previous workers.® The X-rey powder patterns of the ailver salt correspond
to that obtained from the residue which was involved in the incident in the
Rotter machine room at ERDE.'

4 22 Possible lechanism of the Reaction o

Although little has besn done in this respect the oversll mechanism can be
postulated with the help of results of the gas analysis and some experiments
with S=hydrazinotetrasole.

When disodium azotetrazole pentahydrate (NazAT.S5H20) was treated with an
excess of dilute nitric acid, gas was evolved for approximately 30 min

by which time the solution was colourless. The volume of gas corresponded
approximately to four moles rather than the seven expected if complete
destruction ocourred as shown below,

N N 2- |
[!}Nﬂﬂ-i—ﬁ = SNy ¢ 2CO,

It ia important that only one half a mole of carbon dioxide was obtained per
mole of arotetrazole destroyed. If it is assumed that the first step in the
reaction i3 the same as that for hydrochloric and sulphuric acids, ie the
formation of S5-hydrazinotetrasole, nitrogen and formic acid, then it follows
that two molecules of the hydrazine must react to form one of the 5-azido-
tetrazole as shown below.
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& Total gas/mole agsotetragole = 5N + 3C0z

The elements of 5-azidotetrazole were shown to be in the resulting solution
from the nitric acid destruction of azotetraszole by first treating the
solution as above and evaporating to dryness to remove any formic ecid. This
residue vras taken up in water and reacted with acidified ceric ammonium

trate to give a gas mixture whose analysis corresponded to that required
for 5-azidotetratole.

It has alsc been shuwn that S-hydrazinotetrazole will react with warm dilute
nitrie acid to give 5-azidotetrasole which was isolated as the silver salt.
A spontaneous exjlosion oncurred on trying to dehydrate the reaction mixture
over Pp0s.
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The nature of the reaction between the two woles of the hydrasine to give
5=asidotetragole has not been resolved but wo possidle mechanisms are
suggested by the results. The first involves reduction of nitric secid by
some of the hydrasine to give nitrous s04i which then reacts with the
remaining hydrasine to give 5-asidoteirasoles The second mechanism involves
two moles of the hydrasins coupling, possibly via the dissonium salt, to
give a tetrasens which then decomposes to the aside and gaseous produots.

It is not in the soope of this Kote to elucidace the mechanism but it would
bs of interest to do so in the future,
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INFRARED ABSORPTION SPECTRA APPERDIX

Most of the solid products of the reactions described in Section 2 of this
Note have been identified by their infrered spectra. The spectra were
obtained from KBr disos.

Experimental

A vibration mill with a steel capsule and steel balls was used to mix the
samples with the potassium bromide. The spectroscopic grade potassium
bromide was ground to 200 mesh and dried at 120°C for 24 hs A 13 mn
diameter evacusble di® and a hydraulic press were used to form the disc and
a Perkin Rlmer 257 spectrophotometer was used to record the spectra.

Kethod

The samples were weighed (4 to 4 mg) and added to a measured guantity
(about 0.4 g) of KBr contained in the mill oapsule. The capsule was
stoppered and after pre-mixing by hand was vibrsted for 3 minutes. Half of
the mixture was used to make a disc, 10 tonnes pressure being applied for

1 min after evacuating the die for 3 minutes. The remaining mixture was
used if the first disc was faulty or too concentrated,

Hypersensitive materials

The 5-agidotetrazoles wers too sensitive to dry and weigh so the above
proocedure was modified. The water over the precipltate was replaced by
ethanol and a quantity of the ethanol (suapensiong estimated to contain

1 or 2 mg of sample was transferred using a polythene spatula to a capsule
containing the KBr. The capsule wes placed in an oven at 70°C s'or 2 hours,
tiien milled and pressed as above. It was found that the hypersensitive
S5-azidotetrazoles could be milled with KBr and pressed and twenty samples
were processed without inocident.

Infrared Speotra

There was some difficully initially in identifying the 5=azidotetrazole
compounds; the only reference spectra were published in 1951 and were run
as paraffin mulls on a single beam spectrometer. The paraffin peaks mask
two of the three major S-azidotetrazole peaks.

The refersnce compounds described in Section 2 of the report were made and

the infrared spectra recorded. The reference spectra obtained are shown in
Spectra 1 = 9,

.17 =
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g 1 Disodiur S-asotetrascle pentshydrate (NasAT.5s0) .
E 2 Monobasioc lead asotetrazole (PbAT.Pb(CH)2) (RD 1355) .
i 3 Silver ssotetrasole

L 5-Hydrazinotetrasole
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5 . monohydrochloride |
3 LA hydrochloride intermediste

7 » bental

8 S-Agidotetrazole
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1 9 Silver 5-azidotetrasole
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