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ABSTRACT

This report summarizes progress during the first quarterly period
of the .subject contract. Task 1, a technical review of the azide literature,
has essentially been completed. A number of interesting reactions of

azides which potentially lead to electronic excitation have been identified.

' However, uncertainties in state ;specific mechanisms, branching ratios,
! : and rate constants do exist. To evaluate the potential of azide cherhistry
for a short wavelength laser, an experiment is being designed to determine

|
|
! some of the critical, but unknown, information and data.
I
|
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Introduction

The following report summarizes technical progress during the first
quarterly period of ERDA Contract No. E(11-1)-2920, "Investigation.of Induced
Molecular Decomposition for Develépment of Visible Chemical Lasers'. It
‘has been clearly established that a long term need exists for -efficient,‘ short
wavelength laser devices for laser fusion applicaﬁén. It is the goal of the
_ research program described herein to investigate a class of compounds, azides,
whichin principle, could provide a source of excitation for a short wavelength
chemical laser. Azides are a class of energy-rich moleéules which can be
decomposed via a variety of means, i.e., thermally, photolytically, and
chemically,into a number of possible exothermic reaction channels. There
is substantial evidence that for many azides certain reéction channels lead
"to excited electronic state products. However, much of the state-specific
kinetics, branching ratios, spectroscopy, energeticé, ‘etc. are not known
in sufficient detail. It is the initial goal of this program to investigate enough
of the fundamental issues to provide the data necessary to evaluate the utiliza-
tion of azides in a visible chemical laser.. l

This research effort is divided into several tasks. Taskl inx}olves a
thorough review of the extensive techﬁical literature concerning azides, empha-
sizing reaction mechanisms and kinetics. This survey is necessary because
there is no recent review which discusses the reaction meéhanisms of azides
emphasizing the state-specific mechanisms. Furthermore, this survey is
important in order to provide the necessary background upoﬁ which to
_efficiently plan an experirrienfal program (Task 2). The'results of this
experimental program together with all other availalbe information will be
evaiuated to determine the possible utilization of azide.s or azide-like molecules
in a short wavelength chemical laser (Task 3). Finally since the fundamental
data obtained in this study can provide more complete understanding of reaction
- mechanisms for induced dec omposition, it is planned to interact with theoreticai

efforts in this area (Task 4).
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During this quarterly period, Task 1 has essentially been completed,
and the results of this survey are summarized in this progress report It
is planned subsequently to provide a more complete and detailed descnphon
of this literature survey and evaluation in a separate report. Task 1 has in-

dicated several important questions which require further experirrrental study.

During the next quarterly period, an experimental program will be developed

and undertaken which addresses some of these technical issues.

Summary of Task 1

1. General

‘The azides are a class of compounds which contain a terminal substituent
consisting of three nitrogen atoms linked together; this group is called the . -
azide or azido group. Azide compounds exhibit a number of chemical a.nd'
physical properties which are similar to those of halogen containing compounds,
especially bromine compounds.1 This similarity piaces the azides in a group
of compounds known as pseudohalides, other members being compounds of
CN, CNO, NCO, SCN, etc, There are, of course, important differences
between bromides and azides, primarily because of the polyatomic nature of the -
azido substituent. ' As in the case of halides, there are azide compounds which

are ionic in nature, and others containing covalent bonds. This bonding nature

is reflected not only in the bond between the N3 group and the rest of the

molecule, but also within the azide group itself. Thq azide ion is linear and
symmetric with a bond length~ 1 .186 A?.Z In contrast, the azide group in
the covalent azides is asymmetric.(although linear in the ground electronic
state); the bond between the central nitrogen atom and the nitrogen connected
to the remainder of the molecule is somewhat longer (~ 1.24 A) and much
weaker (D ~ 0.4 - 1.3 eV) than the other N-N bond (length ~1.12 A,

D~ 6 - 9 eV) in the group.1 The bond between the azide group and the rest
of the molecule is intermediate in character between these two extremes

(D ~ 3.5eV). Figurel and Table I summarize these characteristics of
azide structure and thermodynamlcs. It is the weakness of the RN- NZ bond

with respect to the other bonds in the molecule which determines the primary
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Fig. 1 ' Geometry of the azide ion, the azide radical,
and selected azide compounds. :
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Table I. Bond Dissociation Energies of Selected Azides (eV)

" Cornpound ' D(R-N3)a ' _D(RN-NZ)
'HN3' | 3.9 % 0.35 - 0.39 1 o.Q9b
CH,N, o | 3.7 + 0.35°
NCN, E 4.5 £ 0.10° 0.30 £ 0.09”
C,H,N, (pheny azide) '3.75 + 0,22
c- C5 N3(cyclopéntyl'azide) 3.2 O.'3
c-C

6H9N3(cyclohexyl azide) 3.45 + 0.3

a. H., Okabe and M. Lenzi, J. Chem. Phys. 47, 5241 (1967)

b. J.L, Franklin, V,H, Dibeler, R. M., Reese andMKrauss, J. Am,
Chem. Soc. 80, 298 (1958)

c. M. .Chiang and R. Wheeler, Can, J. Chem. 46, 3785 (1968)



modes of decomposition of the covalent azides. . We will discuss the mechanisms

-

for decomposition of the covalent and ionic azides below.

The heats of formation of a number of azides have been determined from.
their heats of éombustion or heats Aof decomposition. The values are tabulated
in Refs. 3 and 4, The formation of the organlc azides is a moderately endoerglc

" process with the heats of formation in the region 1.3 - 3.5 eV. The heats of
formation of ionic azides and heavy-metal azides range from shgh_tly exo-
S0 H®=-0.22 eV, CsN_A H(; = - 0.0l eV) to highly endothermic

(Hg(N AHO = 6,15 eV). Most of the azide compounds have positive heats
S1N3728 % ¢ ~ P P

of formation (endothermic).

thermic (Ba(N

The heat of formation of the azide radical has been determined by com-
bining the heat of formation of the negative ion with values of the electron
affinity of the azide radical (ionization potential of the ilon) .4’ > Consideration
of the thermody'namlc properties of ionic crystals has led to values of 1. 514:’5

and 1, 4:76 eV for the heat of format:.on of the azide 1on; The electron aff1mty'
of the azide radical is commonly accepted to be 3.03 eV4’ 5.a1though a more
, . recent study has placed it at 3,47 eV..7 Based upon these values, the heat ‘
| of formation of the azide radical becomes about 4,54 or 4.98 eV depen‘dinl«; ,
upon the value chosen for the electron affinity of the azide radical.

. Subsequent to these studies, Clark and Clyne observed chemiluminescence

from NO and N, produced in the reactions between O and N atoms and the N

2 3
ra.dical.8
3 * 2 : 1_ -
O( P.) + N (Zm,) -» NO (A22+ and BZH) + N_(X"Z +) - (1)
J 3 g : 2 g
1
3 1 +
N(S)+N (n)—)N (BH) +N x g) (2)

Based upon the maximum observed excitation in the two spectra, they suggested
a value of 4.3 eV for the heat of formation of the gaseous azide radical, in
relatively good agreement with the value deduced above based upon the lower

-electron affinity. Actually, the experiments of Clark and Clyne give a lower

_"5 z



limit to the heat of formation, but their results are not expected to be in

. error by more than about 0.1 eV. A | '
Most organic azides of low molecular weight, and a large number of

inorganic azides are quite unstable , indeed many are explosive.g’ 10. The

physical properties of azides have been inve-stigated to determine potential

" utility as .explosives or an explosive initilétors. Hydrazoic acid, HN3 , and

_ its salts are highly toxic, so that extra precautions must be taken in handling

f Hydrazoic acid is equivalent to hydrogen cyarﬁde in

these compounds,
terms of foxicity. Inhalation of small concentrations of its vapor produces
headaches and dizziness and clogging of the mucous membranes. Injection
of small amounts of sodium azide into mammals produces. spasfns and the
symptoms of heart and luﬁg paralysis. Fortunately, the effects of small
doses of azides seem to be reversible, and there does not seem to be evidence
of cumulative damage to the physiological system.g’10 |
. A number of reviews have been written on the physics and chemistry

, 3-5 -15
of azides, 1, 3 - 10-1

although none are particularly current. Much of the
recent work on azides has focused upon ti'le induced decomposition of organic
azides to provide intermediates which can be explqited for novel syntheses..
This work is not, in general, germane to the concerns of the present study

and,thus ,will be substantially ignored.

2., Covalent Azides

The covalent azides are most easily discussed when divided into three
groups: aromatic, non-aromatic including non-metallic inorganic azides,
and organometallic azides. The non-aromatic azides share a common spectrum
and pattern of decomposition, while the aromatic aziées exhibit variations in
these properties. 12 The organometallic azides have not been studied in
sufficient detail.to allow more than cursory speculations.

The non-aromatic azides exhibit a spectrum which is determined
primarily by the azide group itself. Thus, there is a fairly weak. absorption
at around 285 nm with an absorption coefficient € ~ 25-301 mol—lcm-l,and‘

- -1
" a much stronger absorption band peaking around 215 nm (e ~ 500 1 mol lcm ).



In azides containing a carbonyl group, and in HN3 and ClN3, the weaker
- 12,:16,1

band is slightly blue shifted:and slightly stronger:than indicated’;1 2T 7

However, the basic spectrum is essentially the same. Theoretical consid-

erations indicate that these transitions involve electrons localized in the

‘azide group.

The decompositions of these compounds are governed primarily

by the extreme weakness of the RN-N, bond (~0.4-1.3 eV) compared to

o 2
the R-N3 bond (~ 3.5 eV). Thus the primary products of decomposition are

molecular nitrogen and the RN radical, known as a nitrene:
hy

RN, 2 RN + N, : | : (3)

' The ground-electronic state of the nitrene is a triplet, but decomposition to

a triplet nitrene a.ﬁd the singlet ground-state nitrogen molecule is spin for-
bidden. Thus, decomposition to the eleétronically- excited, singlet nitrene
is expeé_ted in both photolytic and thermal decompositions. Table II sum-
marizes these ‘rlelationships. | '

A number of experiments have shown that formation of singlet nitrene

. -is the primary product in covalent azide decomposition. Emission has been

observed from singlet NH produced in the gas-phase photolysis of HZN3 by

21-23

vacuum ultraviolet radiation. Herzberg has apparently observed absorption

by the lowest singlet state of NH following the photolysis of HN Kroto

3 L ]
showed that,whereas the absorption of the lowest singlet state of NCN, pro-
duced in the photolysis of NCN3 , was at a2 maximum immediately after the

photolytic flash, absorption from the triplet ground state of NCN augmented

25 . : .
- with time after the flash.”” Schoen observed the primary formation of singlet

NCN produéed by photolysis of NCN3 in a nitrogen matrix at 20.4°K with
subsequent decay to the 1:rip1et.2 Nitrenes produced from the thermal
decomposition of ethyl azidbformafe (N3 -c*o - CZHS) haye been shown to
add stereospecifically to double bonds in unsaturated hydrocarbons. This

behavior is expected of a singlet radical, but not a triplet.



Table II. Pathways for Decomposition of Govalent Azides

Reaction Enthalpy Change

I. Specific Case: H'N3
1. Forbidden H'N3 (1A‘) -» NH (-X3Z-) + NZ( X1‘2g+) L 0.39a
2, Allowed H:N3 (IA') - NH ( al‘A) + N2 ( )412g+) ' 1.96 éVb
.2 2 ' : -
! .
3. Allowed HN3 (]'A) - H{( Sl/Z) + N3(X1’Ig) 3.55 eV
II. General Case: RN3
. 1 3 1.+ |

4. Forbidden RN, ("A}) » RN (CA)) + N, (X2 0.4 -1.3 eV

S| 1 1_+ o C
5. Allowed RN3 ( Al) -» RN ( Al) + N2 (X Z’g) 1.5-2.0eV
6. Allowed RN, (lAl) > R(ZAI) + N, (xzng) ~ 3.5 eV

a. There is some uncertainty over this bond energy. The value of 0.39 eV
has been derived experiinentally. 18 However, if the currently accepted value
for AH? (NH) = 3.9 eV 9 is valid, then the bond energy would be 0.78 eV.

b. Recent experiments have established that the singlet-to-triplet term energy

of NHis 1.57 eV.20 . 1f the HN-N2 bond energy is 0.78 eV then the enthalpy

change for this process would be 2.35 eV.

c. This range of values is based upon the activation energies found in the:
thermal decomposition of organic azides (see Ref. 13).



The results of experiments proposing alternative mechanisms to the
one given above are inconclusive,since most studies on azide decomposition

have been done in the liquid phase and have involved analysis of final products

resulting from the decomposition. Thus, the inference of intermediates or

lack thereof is largely a speculative process. The products from the photo-

lytic decomposii:ion28 of methyl azide, CH3N3, are apparently different from
the products resulting from thermal decomposition. It was suggested that
this difference could be rationalized in terms of formation of triplet methyl
nitrene in the thermal dec ompo sii:ion.z,9 In fact, there is a body of opinion

which holds that the thermal decomposition of alkyl azides does not result

in the formation of a nitrene intermediate; rather that the elirnir;a.’cioﬁ of

. . 13 .
nitrogen is a concerted process. These ideas are based upon the observa-
tion that most organic azide decompositions in solution result in migration

of a substituent from the parent group in the compound to the nitrene nitrogen. 1

Rl . N . R!
N 7 3 _ N
/C e C=N-R”‘-!-N2
p .
Rll \ Rll
Rlll

Product analysis from the photolytic decomposition of ethyl azidoformate
indicated that 30% of the primary nitrene products were in the triplet state.
This is in contrast to the results of the thermal decomposition study of ethyl:
azidoformate mentioned above, but it does indicate that intersystem crossing
in the excited singlet state of the azide is a relatively efficient process.

Evidence for the formation of excited N, in the decomposiﬁoh of

2
covalent azides is secondary in nature. Okabe observed ill-defined emissions
in the region between 500 and 1000 nm and, in addition, NH (A3Ui) which he

21
showed was produced by secondary reactions. The infra-red emissions

could occur from the nitrogen(B3l“lg)e1ectron state, while the triplet NH

- could be produced by energy transfer from NZ(A32:) either to NH or to

30. 23
HN3. Welge ~ also'studied the photolysis of I—].'N3 and observed, in addition

-9-



to NH (A3F1i), NO y-band emission and emission from Hg at 253.7 nm when
these latter two species were added to the gaseous mixture. It is well known
that N (A 2 ) readily excites both of these latter em1551ons.3o Okabe and

Mele observed emission from NCN (A n) in a photolysis study of NCN3 and

showed that ’che most likely precursor of this triplet emission was the inter-

31
acuen of NZ(A zu) with NCN3

N, (A) + NCN, - NCN (A%7) + 2N, (X) (5)

3
If triplet states of nitrogen are formed, itis not clear whether they are formed

in the direct photolysis, or indirectly from the recombination of two azide

radicals, a process which is both spin allowed and ener:getically feasible.

) % 3=+ 3
2Ny - N, (AT 3 or B + 2N, + AE A (6)

One final mechanistic aspect of the decoAn‘ipositi.on of covalent azides is

that the N_ radical has been observed directly (by its characteristic absorp-

3
tion spectrum around 272 nm) in the gas-phase photolyses of HN332 33, CIN333,

and NCN325. In addition, the N3 radical has been inferred to have been formed

in the photolytic decomposition of (i) CH,:,‘N3 in the gas pha.se34, (ii) tertiary
organic azides in solution13, and (iii) the azides of the halogens F,Cl, and Br
in low-temperature inert ma.tr:.ces.35 Some comroversy still exists, however,
;:vhethelj the N3 radical is formed in a primary photolytic step,or whether it is
the product of secondary reactions. Further studies with good time resolution
are need to resolve this point. ‘ ‘

In summary, the primary species resultmg from the induced decomposi-
tion of non-aromatic, covalent azides is a singlet nitrene and molecular nitrogen.
In some cases there appears to be a minor channel to produce the N3 radical.

In only the simplest cases (NH36 and NCN ) has this nitrene been characterized
spectroscopically and only in the case of NH is the excitation energy of the
singlet nitrene known., The 51ng1et/tr1p1et sphttlng in NH 1s 1.57 eV20 In

26

the NCN radical, Schoen suggests a value between 4.1 and 5.2 eV™", Clearly,

~10-



further studies would be fruitful to unravel the énergetics and stafe—specific
mechanism of the primary decomposition process.

Unlike the alkyl azides, the aromatic azides have an absorption
spectrum characteristic of the parent aromatic group. 12 Thus the photélytic .
‘decomposition of the aromatic azides involves essentially a flow of energy
from the main molecule into the side' chain where the weak RN-—N2 bond resides.
It is therefore a sub-class of the phenomenon known as aromatic side-chain
A decomposition38, a type of unimolecular decomposition of a photolytically
acvti‘vated mblecule. Studies on the photo-induced decomposition of aromatic
azides at low temperétures in inert matrices indicate that there is a mixture
of singlet and triplet nifrene produced in the primary decomposition.38 Studies
in solution at temperatures between 10°¢ - 50°C give the same product quantum
yields as were obtained in the low temperature matrices .38 Thus, as in the
case of non-aromatic photolysis, aromatic photolysis does .not.'involve thermal
dissc;ciqtion of an éxcited state. _

One final class of covalent azides are the organometallic¢ . a,zides.14
These azides may be further subdivided into two classes, those organometéllic
azides which upon decomposing give up all nitrogen in the azide group, and
those which give up only 2/3 of the azido nitrogen (i.e., decompose to RN + N )
The latter group comprises the derivatives of B, Sl, Ge, P and As, while the
‘former group consists of the remaining organome’calhc az1des. There is no
information on the photolysis or pyrolysis of these compounds to yield detailed
information on the state-specific primary produéts of decomposition.

The data presently available on the decomposition of covalent azides
suggests that the formation of electronically excited states in good yield may |
be realized in the decomposition of the non-aromatic azides. In contrast, the
aromatic azides may not Be so fruitful a class of corﬁpounds for study, since
large yields of grdund-state triplet nitrenes appear to be formed in the de-

: éomposi’cion of these species. For thé organometallic azides, only that group
which decompose to give up ali azido nitrogen are likely to produce good

yields of electroniwcally excited states,.and then only if the primary decomposi-

-11-



' earth groups as well as the azides of Ag, Cu, PB, T1 (I); and NH

tion step produces large quantities of the N3 radical, and if the subseciuent
recoAmbination of the N3 radical is shown to be an efficient source of
electronically excited nitrogen molecules (reaction 6). |

~ 3. Ionic Azides

The ionic azides are generally non-volatile and thermally and

. mechanically unstable solids comprised of metals from the alkali and alkaline

+ 3, 39
- 4.
azide ion in these solids is generally symmetric, although recent studies have

The

shown small asymmetrical structures in heav;}—metal azides.40 The thermal
Aand photolytic decompositions of many of these azides have been studied in |
some detail over a number of years and several facts are well established:3
(i) these azides decorhpose to liberate all of the nitrogen as the azide ion‘N;;
(ii) decomposition appears to take place at the surface of the crystals or |
along dislocations in the crystal planes; (iii) the thermal stability of these
azides appears to correlate inversely with the ionization potential of the ca.t;.i'o'n

{(e.g., KN_> TIN3 >AgN3), and (iv) ultraviolet emission (200 - 250 nm) may

3
be observed which is proportional to the rate of decomposition.

’

In some .
decompositions;, metal nitrides have been found, but these nitrides are thought
to be formed in secondary reactions. . |

The basic mode of decomposition is thought to involve the dissociation

of the azide ion into the azide radical and a free elect:ron.3 This may be-

" effected either thermally or photolytically. The electrons then recombine

with the cations, or more readily with a cation which is associated with a
cluster of free metal atoms; and the azide radicals recombine to form free

nitrogen with the evolution of large amounts of energy.

N N. ¥ e | - | 7
3 or hvy 3 - © B )
Mt 4 (M) + e (M) (8)
n E - n+1 R

2N, = 3N, + 8.8 eV ‘ A9

3 2

-12-



The great amounts of energy liberated in the- azide radical recombination is
surely a factor involved in their explosive de'composition. The correlation
of the thermal ‘stability of the azides with respect to the‘ ionization potential
of the cation is consistent with the proposed mechanism, because metals with
a higher ionization potential will more readily attach electl;ons, thus reducing
‘the probability of recombination between the azide radicals and the free elec-
trons. | .

The observation of ultraviolet emission accompanying the decomposition
of the azides is also in accord with the large amounts of energy liberated in
azide radical recombination, since the recombination to produce an excited
nitrogen molecule in either the A3Z: or B3[[g state is both energetically
feasible aﬁd spin allowed. Indeed, the luminescence studies indicate-an
augmentation in emission at about 255 nm when Hg vapor was introduced into
~ the system.42 This is probably due to the efficient excitation of Hg 253.7 nm
radiation by N2 (A3 )Sj;).3Q Unfortu.nately,.only a crude spectrum of this
emission has been determined,and it is not possible to decide with any degree
of certainty what states are responsible for the emission, nor what the pre-
cursor(s) of the excitation might be.41 ~ The observed spectrum is independent
of azide cation and has also been observed in anodic oxidation of several azide
salts and of HN3 in solution, |

In a few cases, the decompositions have been studied with mass spectro-
metric detection under conditions of ultra-high vacuum. Studies on the de-

composition of KN3 did find mass peaks correéponding to K and N_, but the

3
experimentors were unable to discuss these findings quantitatively.43 Studies
with NaN3, on the other hand, showed no Na nor N3 given off under normal
‘s 4,45

conditions, ‘

The production of electronically excited states from the ionic azides
depeﬁds primarily upon the ease with which N3 radicals may be liberated into
the gas phase in the decomposition of these solids and on the subsequent kinetics
of N3 radical reactions. Clark and Clyne have observed chemiluminescence

from the species CIN, BrN, NO and N_ when Cl, Br, O, or N atoms respectively

2
were added to a flow system containing N3 radicals.8 Unfortunately, they were

-13-



unable to extract quantitative information on the kinetics of these reactions.

They felt that the reaction between Cl and N3 was fairly slow T e

- -1 -1
(k < 10 13 cm3 molec = s ) while the reaction between N, and N or O

atoms was somewhat faster (k > 10-'12 cm3 molec—1 s-l). ’ Thrush observed
_the bimolecular decay of N3 radicals in the gas phase but was not able to

describe the kinetics quantitatively. He observed that the reaction proceeded
with a "low collision efficiency".32 Hayon and co-workers have observed the
in solutlon and have inferred that the decay proceeds

A 3 A
at a nearly diffusion-limited rate (2k = 9 x 109 1 mol~ -1 s l) 46,47 The fairly

bimolecular decay of N

rapid reaction between azide radicals in solution compared to their apﬁarent

behavior in the gas phase may be rationalized in terms of stereochemistry.

electrolysis, using center-labeled azide, (14N -—15 ) .14N),'y—ie1ds

48

In a study of N_
14 13 15 15 .
of .N2 and N-=-N were obtained in a 1:2 ratio but no NZ was observed.

From this observation, it may be inferred that the intermediate would be’

cyclic or linear in nature.

N

g o
P N 14 15 14 14 15. 14
14 | 15! or M—"N~ "N.... N—"N— N
N N

P

14,

In solution, of course, f:he effective collision time is much longer than in the
gas phase, so that geometrical requirements will be less stringent,

Task 2: Experimental Program

The information discussed above indicates that there are three potential
sources of electronic excitation following the induced decomposition of azides:
(i) the bimolecular recombination of azide ra.dlcals (i1) the chemiluminescent
reaction between reactive species, e.g., atoms and az1de radicals; and (iii) the
direct formation of the metastable singlet nitrene in the decomposition of organic
azides. Table III summé.rizes these findings. The first two sources of excita-

tion require a good source of N3 radicals, and a better knowledge of the kinetics

~-14-



Table III.

Reactions occurring in azide systems which may

produce electronic excitation in one of the products

Reaction

*
ZN3 - N2 + N2

5 NC1I° + N

Cl + N 3 ‘ 5

Br + N 3 - NBr + NZ

O + N3 » NO + N2

N + N3 - NZ + N2
h\) %

RN RN + N

3orA 2

Poss1b1e or Known
'Products - .

or

3+
N, (AT )

3
N, (B H)

NC1 (b12+)b

Br (alghP

NO (a2 )P
3 b
N2 (B I'Ig)
NH (2’ 4)°
NH (cln)d
NCN (a'2)®

RN (a.1 A)

Excitation Energya‘, eV

No (B%)°

6.3

7.4

1.86

1.83
5.45, 5.7

7.4

1.57

5.45

4.1 - 5:2

1.3 -2.6

a. The energies of excitation représ ent the energies of the 0,0 transition,
i.e.,the minimum excitation in the molecule.

b, T. C. Clark and M, A;A. Clyne, Trans. Faraday Soc. 66, 877 (1970)

¢c. G. Herzberg, private communication to H. W. Kroto, Ref. 22

d. H. Okabe, J. Chem. Phys, 49, 2726 (1968),and K. H. Welge,J Chem.

Phys. 45, 4373 (1966)

e. H., W, Kroto, J, Chem. Phys. 44, 831 (1966), and L.J. Schoen, J. Chem.

Phys. 45, 2773 (1966)

~-15-



of this species. N3 radicals may apparently be produced in unknown yields
in the thermal or photolytic decomp051t10n of the solid ionic a.z1des, in small
yields from the photolytic decomposition of covalent azides of low molecular

weight, e.g., HN3, NCN,_, CH,N_, but perhaps in good yields from the

3’ 3737

. photolytic decomposition of the halogen azides or carbonyl azide,(there is no -

direct quantitative information in the case of these latter compounds), and
‘ 17

by certain chemical reactions such as that between Cl atoms and ClN3

Cl + CIN, - ClL, + N,,k 210 -12 cm’molec™!s™? (10)

The azide radical may be observed directly by resdnance absorption at 272 nm3,2',’33
so that in principle there is no reason why quantitative studies on azide radical
kinetics may not be'pursued’. The studies could be undertaken either in a flow
or static system designed to achieve good time resolution.

A study of the production of singlet nitrene. will first require a better
charaqigerizé.tion of the energy content of these species, and for all nitrenes
save NH and NCN, fhe spectroscopy. Experiments also need to be done to’
determine the iifetime and energy-transfer characteristic's of these nitrene
species. These studies would be most conveniently done in a ﬂa'sh-photolysis
system.

The induced decomposition of azides appears to be a favorable route
for the production of electronically excited states in good yields. However,
most of the available information is rather superficial in nature,so.that much
work will be required before assessment may be made of these systems as
possible sources of energy for a visible or short Wavelength laser.

Summary o

- Task 1 has essentially been completed. As pAreviousl-y suggested, the
results of this review show that azide compounds and their reactions provide a
rich source of possibilities as an energy source for a visible laser. Of course,
the formation of an excited electronic state or the occurrence of light emission

are not alone sufficient to produce a chemical laser device. Much work remains

to be done to provide specific rate constants, spectroscopic data, branching

N

-16-



ratios, etc. in'order to evaluate the expecta',tions of a laser device based on
azide chemistry.

During the next quarterly period, the important technical questions

indicated by the survey will be evaluated and a logical, cost effective experi-

. mental program planned., The experiment(s) will most probably injvolve time

and wavelength resolved photodecomposition of selected azides in the gas
phase with identification of reaction products, branching ratios, and ‘rafe

constants. Some spectrdscopic studies may also be neces'sa‘ry to provide

" diagnostic interpretation and thermochemical data.. An experiment involving

condensed phase decomposition may also be considered, as obvious practical

"advantages accrue to a laser device based on a condensed phase fuel.
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