
' , • 

HI 

m 

9 r 

^..' 

COPY NO. 
22 

TECHNICAL REPORT 3841 

THE KINETICS OF THE REACTION OF 

LITHIUM CHLORIDE AND LEAD AZ1DE 

EXPOSED TO THE ATMOSPHERE 

HENRY KRAMER 

APRIL 1969 

THIS DOCUMENT HAS BEEN APPROVED FOR PUBLIC 
RELEASE AND SALE; ITS DISTRIBUTION IS UNLIMITED 

PICATINNY   ARSENAL 
DOVER, NEW JERSEY 

Reproduced by (he 
CLEMRINüHOUSE 

(or Federal Scientific & Technical 
Information Springlield Va. 22151 

% 

9t> 



Technical Report 3842 

THE KINETICS OF THE REACTION OF LITHIUM 
CHLORIDE AND LEAD AZIDE EXPOSED 

TO THE ATMOSPHERE 

by 

Henry Kramer 

April 1969 

This document has been approved for public release and 
sale; its distribution is unlimited. 

Explosives Laboratory 
Feltman Research Laboratories 

Picatinny Arsenal 
Dover, New Jersey 



TABLE OF CONTENTS 

Summary 

Introduction 

Procedure 

Results 

Discussion 

Acknowledgement 

References 

Distribution List 

Table 

1     Formation of lead azidochloride 

Figures 

1 Reaction of PbN6 and LiCl 600 mg/200 mg. 
Surface area of LiCl, 107 ram2 

2 Reaction of PbN6 - LiCl 600/100 mg. 
Surface area of LiCl, 70 mm2 

3 Reaction of PbN6 - LiCl 600/400 rag. 
Surface area of LiCl, 348 ram2 

4 A comparison of NT ion in residue for 
mixture PbN6 - LiCl 

5 Reaction of PbN6 600 mg, LiCl 200 mg, 
100 mg NaHCOj 

6 Test of kinetic equation for lead azide 
decomposition 

Page 

1 

2 

2 

3 

6 

8 

8 

15 

9 

10 

11 

12 

13 

14 



SUMMARY 

The importance of this preliminary report is that it 
demonstrates that the lead azide-lithium chloride system 
can be treated kinetically.  The study shows the optimum 
composition of lead azide and lithium chloride, and suggests 
means of accelerating the destruction of the lead azide. 
However, to obtain a comprehensive grasp of the reactions 
involved it is imperative that the interaction of lead 
azide, water, and carbon dioxide be studied in detail.  For 
example, using the data of Feitknecht, it can be calculated 
that the equilibrium constant for the third reaction is 
2.1 x 10"2 mm.  The data which is suspect in the calcula- 
tion appears to be (1) the solubility product of lead azile, 
(2) the solubility product of Pb(OH)N3, and (3) the distrib- 
ution coefficient of hydrazoic acid between air and water as 
a function of temperature.  Accumulation of this fundamental 
data is absolutely necessary because it will answer such 
important questions as how lead azide should be stored and 
how end-items using lead azide should be manufactured and 
stored, especially if water is integral to the system. 



INTRODUCTION 

The kinetics of the reaction of lead azide, lithium 
chloride, water, and carbon dioxide have not been inten- 
sively investigated. One of the reaction products, lead 
azidochloride, has been investigated by both Brickenbach 
(Ref 1) and Pristera (Ref 2). This report concerns the 
formation of other reaction products, tentatively advances 
a reaction mechanism, and briefly discusses the kinetics 
of the reactions involved. 

The reaction between lead azide and lithium chloride 
is complex, heterogeneous, and diffusion-controlled, in- 
volving liquid, solid, and gaseous phases.  Kineticists, 
as a rule, hesitate in dealing with problems of such com- 
plexity; this report is preliminary, as much additional 
work will be required to achieve a complete understanding 
of the details of the reaction.  However, the information 
presented here should provide a useful physical model of 
the reaction.  It must be understood that a real solid 
surface is never uniform in the kinetic and energetic sense 
and that heterogeneous reactions are strongly complicated 
by surface inhomogeneities and impurities. 

PROCEDURE 

Six hundred milligrams of special purpose lead azide 
was weighed into a small polyethylene beaker and distributed 
evenly on the bottom of the beaker.  A weighed pellet of 
lithium chloride was then placed in the center of the dis- 
persed lead azide.  The samples were allowed to stand at 
90oF and 85% RH for various periods of time. Duplicate 
samples were withdrawn and weighed to determine water 
pickup.  Ethyl alcohol was added to quench the reactions 
and the alcohol/water phase was separated from the residue. 
This residue was washed with alcohol until chloride-free 
and the alcohol/water extract was diluted to volume. 

The residue was dried, weighed, dissolved in ammonium 
acetate solution and diluted to volume.  Each solution was 
then analyzed for chloride and azide ions by the modified 
Volhard procedure as described by Ribaudo (Ref 3) . 

Ultraviolet and infrared spectrophotometric measure- 
ments, along with x-ray studies, were made of the alcohol/ 
water insoluble residue to obtain more information on the 



path of the reactions and to help to interpret some of the 
observed phenomena during the kinetic measurements. 

The materials used were:  Special purpose lead azide, 
98.0% pure, based on the azide content, with an average 
particle size of 77 microns; and lithium chloride, pellet- 
ized to facilitate weighing, 99.0% pure. 

RESULTS 

The decomposition of lead azide-lithium chloride mix- 
tures exposed to the atmosphere apparently proceeds in the 
following steps: 

PbN6  + LiCl t  PbN3Cl + LiN3 (1) 

PbN6 + H20 Z    Pb(OH)N3 + HN3 (2) 

2Pb(OH)N3 + H20 + C02 t  PbCOj'Pb(OH)2 + 2HN3 (3) 

3PbN6 + 4H20 + 2C02 t  PbC03'Pb(OH)2 + 6HN3 (4) 

Reaction 1 begins rapidly and reaches a quasi-steady state 
in about 40 hours.  The rate of reaction in relation to 
that of reaction 2 is about 8:1 as determined by the ab- 
sorption of the azide ion in the ultraviolet.  The kinetics 
for the formation of lead azidochloride are a function of 
several parameters:  Weight of the lithium chloride, speci- 
fic surface of the lithium chloride, and particle size"of 
the lead azide.  The data is presented in Table 1 below. 

TABLE 1 

Formation of lead azidochloride 

Ratio of Reactants  Specific Surface 
(mmoles)       of LiCl Pellet,   Conversion of PbNfi 

to PbN3Cl, % 

25 

50 

90 

aA 20% excess of chloride ion is needed to form the meta- 
thetical product, PbNsCl. 

PbN6:LiCl mm2 

2:2.4a 70 

2:4.8 107 

2:7.2 348 



In Figures 1, 2, and 3, the chloride and azide concen- 
tration are presented as a function of time for both the 
liquid phase and the solid phase.  After the initial forma- 
tion of lead azidochloride, little more is formed with time 
except for the mixture in Figure 2, which barely develops 
a liquid phase.  Reducing the particle size of the lead 
azide to the micron range (1-5) resulted in complete con- 
version of lead azide to lead azidochloride within ten 
hours using a 2.4:8 mmolar ratio of lead azide to lithium 
chloride. 

The loss of azide ion, as shown in Figures 1 and 2, 
is independent of the chloride concentration and water 
pickup.  The slope of the decrease in azide concentration 
suggests a zero order, diffusion-controlled reaction ap- 
parently caused by exposure to the atmosphere.  To verify 
this point, samples were examined microscopically; they 
showed a central nodule of lead azide surrounded by a frag- 
mented layer of lead azidochloride.  In addition, samples 
containing 0.600 g lead azide, 0.200 g lithium chloride, 
and 1.00 g water were prepared in vacuum.  No nitrogen was 
found in the gas phase, indicating that no redox reaction 
had occurred.  However, 6.6 * 10  moles of HN3 were found 
in the gas phase on replicate samples. Assuming that all 
the HN3 goes into the gas phase because of the high ionic 
strength of the solution, the equilibrium constant for re- 
action 2 is 5.06 x 10"3 mm.  Two samples with this compo- 
sition were stored in vacuo for 1500 hours, a period long 
enough, according to theory, to completely destroy lead 
azide exposed to the air at 90oF and 85% RH.  Analysis of 
the samples indicated only a 50% conversion to lead azido- 
chloride, and a sharp detonation resulted when the sample 
residues were heated, indicating residual lead azide. 

Evidence for this was shown by preparing several 
samples in vacuum and adding either solid carbon dioxide 
or sodium bicarbonate and connecting the apparatus to an 
evacuated infrared gas cell.  The reaction vessel was heat- 
ed to 40oC to accelerate the reaction. There was an im- 
mediate release of HN3 and a continual buildup with time 
at a wavelength of 4.76 microns in the infrared.  These 
experiments clearly indicated that carbon dioxide plays 
an important part in the atmospheric decomposition of lead 
azide. 

In all the compositions studied, the liquid phase con- 
sisted of lithium chloride and lithium azide.  Lead could 
not be detected.  The pH of this solution goes from 6.4 

  



to 8.8 within 24 hours and then remains constant.  The 
solid phase consists of lead azidochloride, basic lead 
carbonate, and unreacted lead azide. A tentative identi- 
fication of basic lead azide was made by x-ray diffraction. 
No low temperature form of the basic salt has been ob- 
served. 

Physically, after the initial phases of reaction, a 
kernal of lead azide covered with lead azidochloride re- 
mains. Diffusion then controls the reaction as water and 
carbon dioxide diffuse through the shell.  Basic lead salts 
are formed, the first probably being basic lead azide, 
which is the partial hydrolysis product of lead azide, fol- 
lowed by the formation of basic lead carbonate.   Infrared 
spectra using the potassium bromide technique show an in- 
crease of carbonate at a wavelength of 7.14 microns with 
time. From the invariance of chloride and azide concentra- 
tions in the solid phase, it is likely that lead azido- 
chloride is not attacked. The lead azide and basic lead 
azide are attacked as is indicated in reactions 3 and 4. 

Material balance of the weighed alcohol/water insol- 
uble residue is obtained by (a) calculating the quantity 
of lead azidochloride from the chloride in the residue, 
(b) calculating the quantity of basic lead carbonate from 
the HN3 lost, or (c) calculating the quantity of unreacted 
lead azide (or basic lead azide) from the difference be- 
tween the azide content of the residue -«nd that of the 
liquid. The sum of these weights agrees within ±5% with 
the weight of the alcohol-insoluble residue. Thus, we 
may conclude that no significant quantities of other prod- 
ucts are formed. 

The effects of additives on the system were examined 
for two reasons.  The first was to determine the precision 
of the experimental data and the second to accelerate the 
destruction of lead azide, preferably at a controlled rate. 

From Figure 4, it can be seen that the variation in 
azide concentration in the residue, which is of greatest 
interest to us, falls well within the experimental preci- 
sion of a complex heterogeneous reaction on a nonuniform 
surface. Adding a water-soluble surface-active agent did 
not speed up the reaction. Adding fluoride ion did not 
lead to the formation of the more insoluble lead fluoro- 
chloride.  Zinc and aluminum accelerated the decomposition 
of lead azide under the experimental conditions, but it 



was felt that galvanic action might prove hazardous.  As 
has been noted earlier in this report, carbon dioxide ac- 
celerates the decomposition of lead azide.  Therefore, 
sodium bicarbonate was added to the lead azide-lithium 
chloride mixture.  In Figure 5, the data is plotted as be- 
fore.  It is evident that the azide ion concentration in- 
creases much more rapidly in the liquid phase than Figures 
1 and 2 indicate.  Reactions 2, 3, and 4 are accelerated by 
the introduction of an adsorbent for the HN3 which shifts 
the equilibrium to the right and thereby accelerates the 
decomposition of lead azide.  The equilibrium is shifted 
even further by the formation of the more insoluble basic 
lead carbonate. The increase of chloride ion in the resi- 
due is probably not due to an increase in concentration of 
lead azidochloride but rather to the formation of a basic 
lead chloride. The reason for this is that, for each gram 
atom of azide in the liquid, there can be only one gram 
atom of chloride in the residue if the sole product is to 
be lead azidochloride. 

DISCUSSION 

It is useful to summarize some of the known data re- 
garding the effects of water on lead azide.  At room tem- 
perature, lead azide is soluble to the extent of 0.02%. 
From a knowledge of the dissociation constants of lead hy- 
droxide and hydrazoic acid, only 1.5 * 10"5 grams of lead 
hydroxide per 100 grams of water are present at equili- 
brium.  One hundred grams of water at room temperature can 
dissolve 1.5 x 10"2 grams of lead hydroxide, some 1500 
times more than results from hydrolysis; hence, a consider- 
able loss of hydrazoic acid must occur to shift the reac- 
tion far enough to the right for lead hydroxide to be pre- 
cipitated.  This seldom happens in actual practice because 
basic lead azides intervene, as has been noted by the work 
of Feitknecht (Ref 4) and Todd (Ref 5) .  Basic lead azide 
is known to be a hydrolysis product obtained by using 
either base or water at relatively high temperatures, but 
has not been seen at room temperatures.  Although unequivo- 
cal identification has not been possible, it is a likely 
precursor to the basic carbonate in view of the high pH, 
8.8, of the supernatant solution.  It is also likely that 
the basic lead azide may be destroyed in the long x-ray 
exposures required for its identification in the lead azide- 
lead azidochloride matrix. 



Water in equilibrium with carbon dioxide has a pH of 
about 5.5, which drops to 3.9 as the carbon dioxide concen- 
tration increases to 100%.  These pH figures (neglecting 
the bicarbonate ion)  mean that water in contact with nor- 
mal to highly carbon dioxide enriched air may contain 10"6 

to 10" ** gram ions of carbonate per liter.  The lead azide 
content of a saturated solution is 0.02% or 6.4 * ID"1* 
gram ions of lead per liter.  Since the solubility product 
of lead carbonate is 1 x 10"^ it follows that the carbonate 
has to rise only above 10"10 gram ions per liter for lead 
carbonate to be precipitated. 

The sequence of decomposition reactions postulated is: 

PbN6 + LiCl *  PbNaCl + LiNs (1) 

PbN6 + H2O ^ Pb{OH)N3 + HN3 (2) 

2Pb(OH)N3 + H2O + CO2 t  PbC03'Pb(OH)2 + 2HN3 (3) 

3PbN6 + 4H20 + 2CO2 2 2PhC03'  Pb(OH)2 + 6HN3  (4) 

It is interesting to note that lead azidochloride is about 
five times as soluble as lead azide; nevertheless, the re- 
action goes to the right. A possible explanation for this 
phenomenon is the formation of an ion pair which is suffi- 
ciently long lived to be recognizable as a kinetic entity. 
Other evidence is that the lead azidochloride species in 
aqueous media has a different absorption spectra than the 
azide ion in the ultraviolet.  The absence of lead in the 
aqueous phase also suggests that the absorbing species may 
be [PhNa)"1". 

Rigorous kinetic treatment of the data is not yet pos- 
sible. Reaction 1 is homogeneous and first order, but the 
subsequent reactions are diffusion-controlled, as Fijure 6 
shows. A plot of (1- 3i)1/2 versus time gives a straight 
line, where ot is the fraction of unreacted azide.  Crystals 
in condensed media undergoing this type of decomposition 
have been represented by a "contracting sphere" model. 
We should expect diffusion to take place parallel to the 
closely packed planes of the metal atoms, and the inter- 
face to be formed perpendicular to the layers around the 
edge of the crystal.  The kinetics of this model follow the 
equation (Ref 6)1 



{1 - i ) 'Z2 - (1 - kt)/R 

where a is the fraction of unreacted azide 

R is the initial radius of the undecomposed crystal 

t is time. 

The rate constant k is equal to dr/dt, where r is the ra- 
dius of the undecomposed crystal at time t. Thus, a plot 
of (1 - a ) *'2 against t should give a straight line for a 
diffusion-controlled reaction. 
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