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1llustrated by the analyses of 31lver, lead and palladlum a21des..~The prec1s1onnhfy-.(
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ABSTRACT

Measurement of the hydrogen 1on consumed 1n the nltrlte ox1dat10n of n;ﬂ)”:T:;:P
a21de ds the baS1s for a 31mple and accurate method for determlnlng a21de 1on
in the range from 0. 05 to 1.5 mllllmoles._ The method is appllcable to differ-giﬁl'ffl

ent procedures for obtalnlng soluble a21de from 1nsoluble netal a21des, as ;fffﬁf_“?'

in comparable to that of_other weak_acid—strong base titrationsudxi
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' Azide ion has been ahalymed by a variecy of reactions. Macro methods,
" voth gfavimetric (9) aud volumetric (7,11), are based~upon uhe'low solubility
of silver azide, and upon the duantitative oxidation of azide to nitrogem uith
cerate (1), permanganate (16), iodlne (6) and nitrite (13 15) as titrants.
Semimicro metmods make use of the red complex FeN;+1n a spectrophotometrlc
determination-(lh) and of the Kjeldahl determination of nitrogen after thio-
sulfate reduction (lQ). A gas volumetric method involues the measurement 5:
nitrogen liberated by cerate oxidetion (3). These methods were developed for
apﬁlicationhto sodium azide and to primer comp0nen£s. : L

| . Silver preciﬁitatlon methods usually give low results because of the
'anprec1able solubillty of silver azide. The various redox titrimetric methods
use unstable tltrants which must be standardlzed periodically, and oxygen: mist L'-
be eXcluded in one of these methods (15) The color.of FeN3 15 unstable, -
varles with the pH and is of no use in the presence of thlocyanate, a consti uen£~
-of some primere.' The Kjeldahl method is subject to positive errors;.any'am—
monium ion oriorganic nitrogen present is counted as agide. The nitrogen voluf
metric meﬁcod requifee'eéuipment and skille which may not be available for an
occasional analysis of azlde.' A recent paper reported the_amalysie of palladium}
azide byva thermal decomposition.techuique3in which the nitmogenﬁeVOlued was
measured (é). This method was not very satlsfactory, as some samples were lost

by explosion durlng analysis

The method presented here was developed to overcome most of these dif~
ficulties and is based upon the measurement of the hydrogen ions stoichiometrlcally
consumed in the follow1ng reaction (5) | L |

e o ‘ o .
+ + N = + o i - -

This simple epproach does not appear to have been used before, though 1t
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offers some advanﬁages. Large amoﬁﬁts of chlofide and thiocyanate dobnotf.
interfere ﬁnder the coh@itions specifiéd and tﬁe titrents, perchloric acid and'
sodium hydroxide, are stgble. It is not necessary to standardize theruesteble
nitrite solution, as it is used in .excess. -As in some other methods, the aeide-.
must be in solutiom. and mefal ions which hydrolyze ét pH 8-9 must be absent;
metheds for meetir these conditions in the analyses of three insoluble azides
are used and discussed. The precisién for the final titration is.the same as 

that for other weak acid-strong base titrations.

EXPERIMENTAL

Matefials. Solutions of sodium nitrite, 1.0 M:(fresﬁ,once a‘week),f
sodium thlocyanate, l O M, and sodium chlorrde, 2.0 M, were prepared from reagent.
grade chem}cals (Bakeriand Adamson)i Carbonate-~ free, O 1002 M sodium hydroxide
(Acculute) was checkedAagaiﬁst weighed amounts of N.B.S.~primary standard ,:.
_pota531um acid phthalate, using the phenolphthaLeln end point. Percﬁloric-
acid, 0.1067 g, was obtained by dllutlon_of the 70% ac1d.(G. F. Smlth Chemlcal
Co.) and standardized against the sodium hydroxide, esing phenolphthalein...One
hundredth molar acid and Ease were prepared by diluﬁionrof the 0.1 M.sqlutipns;
Sodium azide (Eaetman;Practical) was‘homogeﬁized by grinding and tumbling; ti-
tration with cerate (1).indicated a purity of 99.2 * o.1%. A 0.1001 M solu-
tion (later 0. lOOO M) made by welghing the a21de,'was also checked by cerate
titration. Shiny, spectroscoplcally pure palladlum metal was dlssolved in
red fumlng nitric ac1d and heated to fumes w1th perchtoric acid to dlsplace.
the nitrate. The_solutlon was diluted to give O.lOOO M'palladlum perchlorate_
in about 0.2 M acid. o .' S " S 4' ’

A Silver azide and lead azide samples Were;@repefea.by adding eodiuﬁb‘
azide solution to stoichiometric quantities oflp.looo M_solﬁtions of ﬁhe ref]-b'

spective metal nitrates (B. and A. reagent). The analytical procedures were
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‘ tested,on-theAresnlting precipitates in the presence. of the supernatant solu-
‘tions because of the unstable nature of the dry metel azldes. Palladium azide
was similarly prepared from the palladium nerchlorate solution and, in Somg‘
cases, Vashed either with water to pH 4.0 or with 0.1 M perchloric acid by
centrifugauion and decantation The precipitate waS~analyzed in the final -
wash.'solution, the palladium grav1metr1cally as the’ dimethylglyoxamate (8)

General Method. Add 3 drops of phenolphthalein indicator to 50 ml.'of solution

free'of all metal ions hydrolyzing at pH'8—9, and containing 0.5-1.5 millimoles .
of azide. Adjnst the initial pH of the solution to the phenolphthalein'end
point with the acid or base, if necessery. While stirring, add 20 mll of OﬂliM
perchloric a01d for every millimole of azide expected plus about 20% excess.
Add 2.5 ml. of l oM sodium nitrite from a graduated pipet and allow the reac’m
tion to proceed with stirring for 5—10 seconds.. Titrate with 0.1 M sodium
hydroxide, wasniné down.the spray caused by gas erolution Just before reaching
the phenolphthalein end point. The titration should be-completed'without nndue
'delay (3-4 min. ) to prevent loss of nltrous acid by decomposition Five hun- -
dred hs to 0.15 millimoles of azide may be determined by using 0.01 M acid and
‘base iJ the solution is stirred for 3 minutes after the addition of 2.5 ml. of
1.0 M sodium nitrite. | '

Silver Azide. Add 5 ml. of 2 M sodium thiocyanate to the sample con-

taining 0.05-1. 5 millimoles of azide in 50 ml of water and stir for - 2 minutes.
Proceed as described in the general method titrating in the presence of the
silver thiocyanate prec1pitate _ ‘ | '
'Lead Azide.A Add 30 ml. of water and one ml of 70% perchloric acid
to the sample’in;e,50 ml. distilling flask. -Stopper 1mmed1ately and dlstlll
tne hydrazoic,acialinto 20 ml. of 0.1 M or 0.01 M sodium hydroride, depending

upon the amount of azide eyoected take normal precautions to avoid excessxve Y

' cyponurc to carbon dioxide in alr., Recovery of hydrazolc acid,is complete vhen
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20 ml. of distillate has been collected. Proceed as described in the éeneral :

method.

Palladium Azide. Add 5 ml. of 2.0 M sodlum chloride and one ml of 70%

perchloric ac’s %o the«sémple in 30 ml. of water; Proceed as with lead a21de

DISCUSSION

For rapid and complete oxidation of azide ion, it is necessary to have

excess acid at a pH of less than 3.0 before addition of sodium nitrite, a lafge o
excess of nitrite ion and soluble azide. Nitrous acid is unstéble in strohgly o

acidic solutions, so it is better to add the sodium nitrite after acidification .

to avoid localized highzacid.concentrations; Hydrazoic acid is modefaﬁely
volatile, boiling at 570 C.; however no losses Wefe encounterea when the initiai
volume was varied from 20 to lOO.ml. or when thé.excess acid was varied fréﬁ' -
0.1 to 3 millimoleé,.in 50 ml., while holding the sodium azide constantiat 1.5
millimoles. In tﬁe case of silver azide an excess of 3 ﬁillimoles of aéidHcaﬁJ

not be tolerated. The thiocyanate, used for the métathesis;of‘the sample,

‘ consumes nitrous acid %o from nitrosylthiocyanate, which decomposes (10), leading

to high results. The presence of 20% excess perchloric- acid in the specified"
volume allows the azide-nitrite'reactibn to prgéeéd without.intefferenceffrom”'
the nitrosylthiocyanate side reaction.

The titration of a 1.5 millimole azide sample‘ﬁas followed potentiﬁgé_

metiically. Upon the addition of sodium nitrite there was an immediate increéSe “:’

from the initial pH of 1.6k, followedfby-a further increase to a constant pH of.
"2.85 after 5-10 seconds, indicating completion of thé réactioﬁ. When all re-

actants except sodium nitrite were diluted tenfol&, a'reaction time of_aboutlA

% minutes was noted, but when the sodium nitrite was. also diluted tenfold, the

reaction was not completed within 3 mlnutes. The interrelated effects of
az1de, nitrite and hydrogén ion concentrations are not known, but the titra- -

Fian af 0.01 M azide appears to be sbout the limit of application of the method.

o -
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The final titration ie'fo: nitrous acid, equivalent in amount to the unreacted
hydrogen ion added; henee, the pH befefe adding staﬂdard.pefehloric ecid'musf
be edjusﬁed fo’the phenolphthalein end point'to avoid low resuite from e¥cess
acid or high results from exeeés basefv

The problem of adapting the general method to heavy ﬁetal azides.such-
as silvef, lead and pallad{um azides, is basicaliy.one'of determining'hydro;
gen ion in £heepreeence of easily hydrolyzable metal iens. The procedufe may
be epplied directly if the insoluble metal azide can be meeathesized.br‘com—
plexed with an anion.which yields a metal ion activity much lowernthan that of
the metal hydroxide, and which does not'undergo.oxidetion or reduction withf
ﬁitrite or‘azide. Thiocyanate rapidly and ebmpletely repiaces{azide from
silver azide in the concentretion applied an@ the product of metathesis;jsilvef
thiocyanate, has a eolubility product about 1o'u that ef silver~hydroxide.
Chloride can besused to metathesize silver a21de, but the reddlsh—gray color,
caused by light, interferes with detectlng the phenolphthaleln eqd.pomnt if
the proper con§1tions for metathesis or complexing cannot be obtained?‘the loné- B
standing method of distillation of hydfazoic:'acid (4) may be used to-sepafete
an interfering metal lon su¢h as lead. Large amounts of chibride, thiocyanate;
niﬁ;ate andvperchlorate do not interfere‘in any of these procedures; iﬂ this o
respeet they are superior‘te the direct acid titration after distillafion of
hydrazoic acid (h) |

The results given in Table I show little difference in precision for

the determinations of sodium, lead ‘and silver azides, though three somewhat

different procedures are used.
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Tavle I. Statistical Suﬁnary
No. of 20 Millimoles of azide Standard ~ Relative
. deviati © std. Fo, %
| Samples Added Ave. found’, Range deviation . td. dev,, %
Sodium Azide
2k 1.502 1.50k 1.502-1.508 0.002 0:1
10 0.500(5) 0.500 0.4%99-0.502 0.001 0.2
10 . 0.1502 0.1503 0.1496-0.1510 0.000k 0.3
- 10 0.0500(5)  0.0302 0.0499-0.0505 ©0.0002 '0.5
Lead Azide
5 1.502 1.499 1.495-1.502 0.003 0.2
5. 0.500(5) 0.500 0.496-0.506, 0.00k 0.6
5 "0.1502 1011500 0.1497-0.1509 0.0005 0.3
5 0.0500(5)  0.0495 0.0486-0.0500"  0.0005 1.0
Silver Azide .
5 1.500 1.500 1.499-1.500 0.001 0.1
5 0.500° 0.500 0.499-0.501 .0.001 0.2
5 0.1500 0.1497 0.1489-0.1504 0.0006 S 0.b
5 ©'0:0500 0.0504 0.0497-0.0512- 0.0006 -
-

woo-

W
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PallédiumAand'azide evidently form strong comple#es, és the ézi@e is .
quantitatively distilled from palladium,only with‘gréat difficulty'uﬁiesé a
large excess of andther strong complexing anion, such as chlori&e,-isAp;esent.
éhloride complexing 1s not sfroﬁg enough, however, to prevent hydrolysis of
palladiﬁm ion at pH 8-9, and so the azide musf still be separatgd by distilla-
tion: ‘Samples were prepared in the distilling flask with a Pd++:N5' ratio of
exactly 1:2 and containing 16.81 mg. of azide. Distillation gave a recoﬁerf
of about 5% when no.ghloridé was added. Whén chlofide was added‘as in tﬁé
recqmmended procedure, 16.78 % 0.16 mg. of azide waé recoverea. .Identification'
of the unétable‘compoﬁnd paliadium azide has’recently been reported (2),'using
analytical methods Vhich gave .a ratio for Pd++:N5f,of'l:lo9 for a‘product‘which.  v
had been washed with water to a pH of 4.0 by centrifugation and decantatibn.

When this product was analyzed for azide by the method given here, and for
palladiuﬁ by the gravimetric‘dimethylglyoxine method, -the Pd++:N5";§£io was
found to be 1;1,76 % 0.04, The precipitate washed wifh‘wa@er had elther de-
composed, with'lo;é‘ofvnitrogen, or hydrolyzed, with loss-of hydrazdic acia'in
the wash.1‘Sim1iar precipitates washed with O.1 M perchloric acid gave a.ratio
Cof l:}.BO‘i O.Cl. Finéily,.éamples washed with either water or O.l‘g'percgloric'

| acid and allowed %o sfénd, sloyly liberated a'gas; presﬁmably nitrogen. 'Tﬁ;f ”
amount of n&trcgen»formed in an hour was enough to floaththe pfecipitate. itv
appears that the low results for azide aré dué, at least in part, to{decomﬁosi—:':
tioh of palladiuﬁ azide{ though :some hydrolysis in'both‘watér‘and O,; M acid’:'

" may be a contributing factor.
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