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2-Azidoacetone (BCH,COCH;) has been synthesized and characterized by a variety of spectroscopic
techniques, and the thermal decomposition of this molecule at temperatures in the regidi 30K has

been studied by matrix isolation infrared spectroscopy and real-time ultraviolet photoelectron spectroscopy.
The results show the effectively simultaneous production of six prominent decomposition produgh$d,CH
CH,CO, HCN, CO, N, and CHCHO, and several reaction pathways are proposed to account for their
formation. Results of ab initio molecular orbital calculations indicate that the primary reaction intermediate
is the imine HNCHCOCH| with the nitrene NCHCOCH; being a transition state. No experimental evidence

was found for the presence of the imine HNCHCQCbUt mechanistic considerations, and the existence of
several weak unassigned IR bands point to the presence of a further decomposition product, which may be
CH;NCH.

Introduction (from the position of known calibrant bands in the spectrum).
This error was corrected in a later pap&on the basis of results
obtained in this present work, where only the first two vertical
ionization energies are reported.

In a recent study? we reported the thermal decomposition
of 2-azidoacetic acid (BCH,CO,H) by matrix isolation infrared
spectroscopy and real time ultraviolet photoelectron spectros-
copy. The results were shown to be consistent with a decom-
position pathway involving the ejection of;Nind the simul-
taneous formation of C£and methanimine (CH#NH). At higher
temperatures, HCN was produced.

In this present paper, we report parallel studies on the
pyrolysis of azidoacetone gE€H,COCH;), where the mode of
decomposition is similarly explored using photoelectron and
matrix isolation infrared spectroscopic measurements. These
studies are also supported by ab initio molecular orbital
calculations of different degrees of sophistication in order to
compute the electronic structures and valence ionization energies
of the parent azide and its possible decomposition products.

Organic azides are important industrially because they have
applications in a number of areas, notably in the manufacture
of seismic explosive,semiconductord,and photoresistors.
They are also a possible rapid source of gas for air bags in
vehicles and they have biochemical applicatibiecause of
the intrinsic instability of many organic azides, their properties
are difficult to measure. The mechanisms of their decomposition
and the intermediates formed are largely unknown although there
is general agreement in the literature that the initial step involves
loss of molecular nitrogen. As a consequence, control of their
decompositions is difficult to achieve and there is a need to
characterize such decomposition in detail. Pyrolyses of alkyl
azides in the gas phase have been studied by Bock and
Damme?~8 using the technique of UV photoelectron spectros-
copy (pes). The effect of substituent groups on the photoelectron
spectra of the parent molecules and their decomposition
pathways was studied. However, no studies on azidocarbonyl
compounds were reported. From the results of the work of Bock
and Dammel, it was suggested that the decomposition of alkyl
azides is driven by the loss of nitrogen to form an imingGR
NH), which may be formed via a nitrene intermediate or by ~ Sample Preparation. Azidoacetone was prepared from
simultaneous loss of nitrogen and a 1,2 hydrogen shift. Further chloroacetone (95% Aldrich) and NaX99% Aldrich) mixed
heating may produce simple hydrocarbons, molecular hydrogen,in a molecular ratio of 1:2. Typical quantities used érg of
and hydrogen cyanide. NaNs; and 3.1 mL of CICHCOCH; (d = 1.15 g.cm?). A

The UV photoelectron spectrum of azidoacetone has beensolvent (Analar acetone) (10 mL) was added to homogenate
published previously, and spectral band assignments were the mixture, and sufficient distilled water was then added to
achieved by ab initio molecular orbital calculations using a dissolve the Najl(about 10 mL). The reaction was carried out
4-31G basis set. However, inspection of this work shows the in a round-bottom flask with a Cagbrying tube fitted. The
ionization energy scale to be approximately 0.3 eV too high mixture was stirred for 72 h in an ice bath. After 48 h, the
acetone was removed from the mixture by rotary evaporation.
* To whom correspondence should be addressed. The product NCH,COCH; was then extracted with diethyl ether
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and dried over anhydrous magnesium sulfate. Final purification TABLE 1: Significant IR Bands (cm %) Observed in Matrix

to remove the volatile solvents and unreacted GICBICH; Isolation Studies on the Pyrolysis of Azidoacetorfe
required prolonged pumping under high vacuum-€Lthbar) N2 matrix previous
at room temperature. Sample purity was estimated to be greater (letter in Figure 1) studies assignment
than 97% on the basis 8H NMR and electron impact mass 2117 (A), 1740 (B) NCH,COCH;
spectrometric results, a summary of which is included in the 1419 (C), 1360 (D)
Results section. 1282 (E), 1170 (F)
K - he eff f ibl losi 2138 (1) 2138 CO (ref 20)

Care was t'a ento m|n|m|.Ze the effect O possi .e exp OSIQHS 3033, 2920 3033, 2930 GNH (ref 11)
at all stages in the preparation and handling of azide materials, 1637, 1450 1637, 1450
but no untoward occurrences were experienced during this work. (1352) (K), (1128) (S) 1353, 1128

: : - o L - 1065 (L) 1065

Ma_trlx Isolation Studies. Matrix |solat.|or_1 infrared studle_s 3287 (), 747/727 (M)  3287,747/737 HCN (ref 11)
on this system followed a pattern very similar to that described 3159 3065 3155, 3062 GHO (ref 21a)
in our previous account of the azidoacetic acid systeifhe 2142 (H), 1382 (0) 2142, 1381
inlet and pyrolysis parts of the apparatus were identical, as were (1125), 978 1125, 978
the low temperature Displex and IR spectrometers. The only 2845, 2735 2845, 2735 GBHO (ref 22)

P : 1735 (J), 1431, (N) 1735, 1431

significant difference was that the lower vapor pressure of

4 . . . . (1352), 1122 (T) 1352, 1122
azidoacetone (compared with azidoacetic acid) removed the 1663 1360 (P), unassigned features
necessity to precool the sample prior to deposition. Spectra of 1305 (Q), 1210 (R) unassigned features
the parent azide and its decomposition products were obtained appearing on pyrolysis

in nitrogen matrices, and supporting experiments were also aFrequency accuracyt 1 cn. P Overlap between CHIH and
carried out on C':;CHO/NQ mixtures to aid Spectral identifica- CH3;CHO bands¢ Overlap between CH#IH and CHCO bands.
tion. Deposition times were typically 38660 min at a particular
superheater temperature, and any changes occurring during thiResults
period were monitored by spectral subtraction. Matrix ratios
were estimated to be well in excess of 1000:1. Characterization of NsCH,COCHs3. Purified samples of

Photoelectron SpectroscopyAll of the photoelectron spectra ~ 2Zidoacetone were characterized in the vapor phase by mass
recorded in this work were obtained using He(l) (21.22 eV) spectrometry and ultraviolet photoelectrqn spectroscopy and in
radiation. A single detector photoelectron spectrometer designedthe liquid phasg byH NMR, Raman, and ir spectroscopy. The
for high-temperature studies and described elsewh&treas 70 eV electron impact mass spectrum showed a parent ion peak
employed. at 99 amu (10%) and fragment peaks at 28 amu (45%b),N

. 43 amu (100%, COC¥t), and 71 amu (5%, NC¥COCH;™).

The vapor pressure of the parent materiadGN,COCH;) Two signals were observed in the 300 MH£ NMR spectrum
was sufficient at room temperature to allow photoelectron ¢ o, iqoacetone in CDglsolution. These were at 2.1 and 3.1
spectra with good signal-to-noise ratio to be obtained by direct o0, rejative to TMS, and their relative positions and integrated

pumping on a liquid sample via the inlet system of the jyensities are consistent with their assignment as methyl and
spectrometer. In thermal decomposition experiments the az'demethylene protons, respectively.

vapor was p_assed in a continuously flowing _effuswe beam The most intense absorption in the (liquid) ir spectrum was
through a stainless steel furnace, heated by radio frequency (rf)found at 2109 cmt and is assianed Sl

. . o1z T gned to a vibration of thes N
induction heating?*2in the ionization chamber of the spec- group. Other prominent bands were present at 17283Gtr.)
trometer. The furnace was heated to approximately 1200 K (as 1421 .1360 1285, and 1189 ci The liquid Raman spectﬁjm
estlmated from chrome!alumel thermocouple measurements, o, hiited counterparts to all of the above bands, with notably
with the thermocouple in contact with the furnace) and the rf intense bands at 2108 1728. 1421. and 1285'ci addition
supply switched off. Photoelectron spectra were then recorded,[he Raman spectrum ’showe,d sigr{ificant features in thde
as the furnace cooled, removing the need for gated detectionStretching region (at 2968, 2924 cH) compared with a weak
ele_ctronics, resulting' in spectra with improved signal-tp-noise feature at 2904 cmt in the i'nfrared. The ir bands in a nitrogen
ratlcl)_s. Thﬁ thermal |solat|ofn oLthe furnacebreSllJ)Ite'd '3 SIOW 1 atrix were shifted only slightly from the liquid-phase values.
cooling, allowing spectra of $CH,COCHs to be obtained at e positions and relative intensities appear in Figure 1a and

varying degrees Of,Per'VSiS' over a period~e80 min. The Table 1 below and are discussed in the context of the pyrolysis
onset of decomposition was clearly marked by the appearance

results.
of characteristic bands of Nand CO.

. . The Hel PES of azidoacetone is shown in Figure 2a, and our
The operating resolution of the photoelectron spectrometer 5ggignment of this spectrum is made with reference to the results
(typically 30-35 meV as measured for argon (3p)fwhm

" . . . of ab initio molecular orbital calculations. An estimate of the
ionized with He}, radiation) was found to be unaffected by this equilibrium geometry was obtained at the MP2/6-31G* level

heating system even at the highest temperatures used (ca 120sjng the Gaussian 94 co#feThe geometrical parameters listed
K). in Table 2 from the MP2/6-31G* calculations correspond to a
Spectral calibration was achieved by reference to the known stationary point on the potential energy surface with all real
ionization energies of molecular nitrogen, methyl iodide, and vibrational frequencies. Other conformers were found to be
traces of water present in the syst&® He(l) photoelectron  higher in energy. The three highest occupied molecular orbitals
spectra were also obtained for CIgEDCH;, used in the in the ground state (orbitals 26, 25, and 24) are essentially non
preparation of NCH,COCH;, and were in good agreement with  bonding or weakly antibonding, whereas orbital 23 is essentially
that reported previousBf. The second and third bands of this a z(C—O) bonding orbital. Deeper orbitals are less easily
molecule at 11.43 and 11.91 eV ionization energy were the mostdescribed in such terms because they are more delocalized. Table
intense. Photoelectron spectra of purified samples 463Hy- 3 compares our experimental vertical ionization energies (VIES)
COCH; showed no evidence of CIGBOCH;. with calculations resulting from the application of Koopmans’
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Figure 1. Nitrogen matrix IR bands observed during pyrolysis studies on azidoacetone. Band identification is shown in Table 1. (a) Spectrum with
no superheating (effectively azidoacetone subliming at 300 K). (b) Spectrum obtained after passage through superheater at 870 K. (c) Series of
spectra obtained with superheater temperatures in the range830K. Bands in the region 146A000 cn! are shown with enhanced intensity

in comparison with those between 2200 and 2000%cm

theorem to the SCF/6-31G* molecular orbital energies. Values eV) with a spacing, as averaged over 11 spectra, of (2600
computed at this level were, as expected, higher than the50) cnTl. As the second highest occupied molecular orbital is
experimental values because of the use of the Koopmans' weakly N-N—N antibonding in nature and the experimental
approximation, but scaling by a factor of 8#9°afforded much N3 stretching mode in the neutral molecule has been measured
better agreement with the experimental VIEs, as was also theas 2108 cm? in this work, an increase of vibrational frequency
case for azidoacetic acid. of ~400 cnT! on ionization is reasonable.

Inspection of Table 3 shows that the four-band maxima  Matrix Isolation Studies: Thermal Decomposition and
observed in the 9:011.0 eV ionization energy region cannot Spectral AssignmentFigure 1a shows a typical nitrogen matrix
be assigned to four one-electron ionization processes on the basig spectrum obtained from a sample of®H,COCH; deposited
of Koopmans’ theorem and must be assigned to only three one-from the vapor phase without superheating. The absorptions
electron ionizations, with the second band of azidoacetone denoted by the asterisk (*) indicate the two most intense ir
consisting of two vibrational components (at 10.34 and 10.65 absorptions of matrix isolated,® and arise from minute traces
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N, ) m TABLE 2: Computed Structural Parameters of
(a) O @ Azidoacetone at the Hartree-Fock MP2/6-31G* Level
g Atom Numbering Scheme for Azidoacetone
z H9\ = H8S H6
P AT C—— CY—HS
s 1
8 /N 10 / 1 3[
N- 11 (0] 4
T T T T T 5 12 2
' Tonization Energy (ev) Structural Parameters of Azidoacetone (MP2/6-31G*)
b N, bond lengths angstroms bond angles degrees
( ) W N.CH.COCH. C1-02 1.224 02-C1-C3 123.24
e C1-C3 1.510 C+C3-H4 109.36
cHco C3-H4 1.090 C+C3-H5 111.08
2 C3—H5 1.095 H4-C3—H5 110.05
§ C3—-H6 1.095 C+C3-H6 109.50
s Ci1-Cc7 1.528 02-Cl1-C7 120.85
£ C7-H8 1.102 C3-C1-C7 115.90
o] C7—H9 1.094 CEC7—-H8 108.15
C7—-N10 1.460 C+C7-H9 110.24
N10—N11 1.249 C+C7-N10 113.54
N11-N12 1.162 C#N10-N11 115.84
16 ' 10 N10—N11-N12 170.81
Tonization Energy (eV)
© TABLE 3: Comparison of Experimental and Computed
(c) if Vertical lonization Energies of Azidoacetone
band exptl Koopmans' Koopmans’
M. O. IE (eV) theorem (e\A theoremx 0.9 (eV)
(1) 26 9.59 10.12 9.11
E (2) 25 10.34 11.50 10.35
2 (2) 25 10.65
3 (3)24 11.53 12.46 11.21
| (4) 23 13.03 13.69 12.32
c (5) 22 14.04 15.49 13.94
(6) 21 14.42 15.74 14.16
(7) 20 15.13 16.60 14.94
(8) 19 15.84 17.19 15.47

Tonization Energy (ev)

@ Obtained from a single point calculation at the HF/6-31G* level
Figure 2. Hel photoelectron spectra recorded for azidoacetone at at the MP2/6-31G* geometry specified in Table 2.
different stages of pyrolysis. (a) PE spectrum of the unpyrolyzed
azidoacetone. Numbered bands identified in Table 3. (b) PE spectrum Despite the complexity of these matrix ir spectra, many of
obtained on pyrolysis at a temperature of 700 K. (c) PE spectum the features which appear as a result of superheating can readily
obtained for Complete perIySiS at 800 K. Bands are identified as be assigned from previous Studi‘égands G and M indicate
fﬁc":?uv-vsié)(léb(-:gi% (82))’ gbﬁﬁi?d (g?_&gg'\é'g") E\i)(fo")b'\(‘:'ibé% the formation of HCN, and CHNH is similarly unequivocally
A ' B ’ ' identified by at least five characteristic peaks, including L (Table
of water in the system. The most intense parent absorption1). The bands at 2138 and 2142 ©h{H, 1) showed parallel
consists of a central peak at 2117 Tnflanked by weaker growth patterns over a wide range of conditions and were
shoulders, and this structure is shown more clearly in the initially assigned to the same (unknown) species. However, the
uppermost trace of Figure 1c. This absorption arises from the PES studies indicated the possible presence of botCOHand
N3 unit, and its triplet appearance could perhaps be attributed CO as decomposition products, with the result that bands H
to different conformers trapped in the matrix. Other prominent and | could then be assigned to these different species with
features may be noted at 1740, 1419, 1360, 1282, and 1170considerable confidence. CO in a nitrogen matrix has a
cm! (bands B-F), all of which are very similar in position to  characteristic absorption at 2138 chi° and although ketene
those found in the neat liquid. (CH,CO) has not apparently been studied in a nitrogen matrix,
Figure 1b shows the spectrum obtained at a superheatemprominent ir bands have been repoffeith argon and oxygen
temperature of 870 K. An intense feature is still present near matrices at 3062, 2142, and 1381 dnfargon), and 3060, 2142,
2100 cn, but closer examination shows that this now appears and 1382 cm?* (oxygen), in excellent agreement with the bands
as a doublet centered at ca. 2140 ¢érand that all of the other  assigned in this work.
features B-F have disappeared. Figure 1c shows the spectral A fifth pyrolysis product is identified as C}HO as a result
changes observed over a range of superheater temperatures, ard PES evidence and supporting matrix experim@nts the
in particular, the growth of a doublet at 2142/2138@rat the pure material (Table 1), but it is evident from Figure 1c that at
expense of the parent azide band at 2117%cfhese dramatic  least three new bands P, Q, and R still remain to be assigned.
intensity changes near 2100 cthare matched by equally  As with all of the features produced on pyrolysis, the intensities
significant changes at lower frequencies, notably in the range of these bands are found to correlate well, and at this stage they
1400-1000 cn1?, and all of the significant bands identified in  must provisionally be assigned to the same species. The identity
Figure 1 are listed in Table 1. of this pyrolysis product remains unknown at the present time,
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TABLE 4: Assignment of Bands Observed in the Hel HNCHCOCH; were observed experimentally. Furthermore, the
Photoelectron Spectrum Recorded for Fully Pyrolyzed bands associated with GNH, CH;CHO, CH,CO, HCN, CO,
Azidoacetone and N all retained the same intensity ratios as the furnace
band vertical |IE (eV) assignment temperature was changed.
(1) 9.63,9.73,9.91, 10.05 . ketene firstt band Possible Mechanisms of Gas-Phase Thermal Decomposi-
components | tion of Azidoacetone.Single-Step Processd&om the results
2) 10.23,10.38 2%%?;?3‘;2%?5 first band of the earlier study on azidoacetic aéidt was anticipated that
©) 10.62 methanimine first band N2, CH,CO, and CHNH would be observed on pyrolysis, and
(4) 12.49 methanimine second band these were indeed found, but the observation o§CHO and
(5) 13.62 hydrogen cyanide firstband ~ CO was not anticipated. In addition, HCN was formed in much
©® 14.01 carbon monoxide first band greater abundance, relative to the other decomposition products,
(7,8) ca. 14.7 ketene second band - .
methanimine third band anpl at onver 'temper_atures compared with the pyrolysis o_f
(unresolved) azidoacetic acid, and its appearance was found to correlate with
9) 15.58 nitrogen first band that of the other decomposition products. This suggests that this
(10) ca 161 ketene third band is a primary decomposition product, whereas in the pyrolysis
aThe experimental error on the vertical ionization energiesd<€?2 of azidoacetic acid we have presented evidérbat HCN was
ev. observed only at higher temperature860 K) as a decomposi-

tion product of methanimine (GINH). If the initial fragmenta-
and further experimental and theoretical work is in progress in tion of azidoacetone to produce N2 and HCN is considered, it
an attempt to account for these bands. However, on the basiss clear, from mass balance, that acetaldehyde could also be
of mechanistic arguments (see below), we suggest that theyformed, and two overall reactions may therefore be taking place:
could arise from the imine CHCHs.

Photoelectron Studies: Thermal Decomposition and Spec- CH;COCH,N; — H,C=C=0 + HN=CH, + N, (1)
tral Assignment. The He(l) photoelectron spectrum obtained
for azidoacetone is shown in Figure 2a and the PE spectrum — CH,CHO+ HCN + N, (2)

obtained upon partial pyrolysis is shown in Figure 2b. The

temperature of the furnace under the conditions used for Figure  |f HCN were produced primarily as a decomposition product
2b was approximately 700 K, as estimated from chremel of CH,NH and not via reaction 2, molecular hydrogen should
alumel thermocouple measurements. Figure 2¢ shows a He(l)also be produced. No hydrogen was observed during these
photoelectron spectrum recorded for complete pyrolysis at & experiments, but it is known thatz+has a relatively low
furnace temperature of approximately 800 K. Tabulated vertical photoelectron cross-section at the He(l) photon energy and it
ionization energies for the photoelectron bands in Figure 2c aréyoyld not be observed in the ir. Failure to detect its presence
shown in Table 4. Spectral calibration was achieved using the guring these experiments is not therefore completely conclusive.

known ionization energies of nitrogen and carbon monokide. .
h ) | He() ph I h . In an attempt to demonstrate that these two separate reaction
e experimental He(l) photoelectron spectrum, shown in o 5nnejg exist, experiments were carried out to try and favor

F_|tgure 2¢, is qu(;t_le qgm?_lfgxblBang]s asts_ocllz_ateq V\t’_'th molec_ular one channel over the other. Two variables were altered, namely
n:‘ Tg%r; aredreleé ;g)él %‘rl]A;a eW'h ver .'C? |on|zba 'O(;] etnizfg:)els the pyrolysis time and the pyrolysis temperature. In the PES
Of Jo.of an 20 €V, IS0, a sharp, Intense band at 14. studies, the reaction time scale was extended by moving the

eV VIE is assigned to the first pand of carbon mon@éﬂ@he furnace higher above the photon beam (from approximately 1
second band of carbon monoxide, not shown in Figure 2c, was . .

o . . to 4 cm). This had the effect of reducing the overall photoelec-
visible in the experimental spectra but was partially overlapped . S "

. tron signal, but the relative intensities of the ketene and
by the second band of nitrogen. Two sharp features at 13'64acetaldeh de first photoelectron bands remained constant within
and 13.82 eV VIE in this figure are assigned to the first two . yt | pAI higher f " i d
components of the first band of hydrogen cyaniti&he most ei(fsegrl:e? at errora ¢ S0, a higher L:_rnaci emplera ur?hwast#se
interesting part of the spectrum is between 9.0 and 11.0 eV( ) (')t ry a? ac;’?rr] Otntﬁ reaf It(')n ¢ annet OV?L te 0 er(.j
where six sharp features and one broad band are seen. The foulfiowever, It was found that the relative amounts ol ketene an

acetaldehyde were not altered on increasing the furnace tem-

lowest ionization energy components are part of two vibrational . . o )
progressions and are assigned to the first band of ketene at g.gperature to 1150 K. Pargllel experiments in the.matrlx. ir studies
led to the same conclusion. Hence, the branching ratio between

eV VIE.» The sharp feature at 10.62 eV and the weaker feature )
at 10.44 eV are assigned to the first band of acetaldeffyde. the two reaction channels 1 and 2 could not be altered by
The broad band at 10.62 eV VIE is associated with the changing the experimental conditions.
vibrationally resolved band at 12.49 eV (VIE) (vibrational One final observation that was difficult to rationalize was
separation 1300 cm). These bands are the first two bands of that the photoelectron intensity and ir band intensity of the CO
methanimine (CkINH).5824 Spectra recorded at temperatures formed were both high, and that CO and Hoth appear,
between 300 and 800 K showed partial degrees of pyrolysis, together with the other decomposition products, at the onset of
but all spectra could be assigned to unpyrolyzg@NoCOCH; pyrolysis. If CO were formed as a decomposition product of
or to CH,CO, CHCHO, CHNH, CO, HCN, and N. either acetaldehyde or ketene, it would be expected that as the
The minimum energy geometry of the possible imine CO photoelectron intensity increases, the intensity of bands due
intermediate HNCHCOCHkwas computed at the MP2/6-31G*  to acetaldehyde or ketene would decrease. Wais not found
level, and VIEs were obtained by applying Koopmans' theorem to be the caselhe relative intensities of the carbon monoxide,
to the orbital energies obtained at the 6-31G* level at the MP2/ acetaldehyde, and ketene photoelectron bands remained ap-
6-31G* optimized geometry. These calculations formed a basis proximately constant as the experimental conditions changed,
for the prediction of the positions of the PES bands in this and precisely the same conclusion was evident from the matrix
compound, but no bands that could possibly be associated withir studies. The only way in which these observations can be
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rationalized is to postulate a third reaction channel in which  Reaction 2:
CO is a primary product. From mass balance considerations,

) d . CH; H H
this can be achieved in a number of ways, e.g., N <L
cC—C M —_—> CH;CHO + HCN + N;
CH,COCHN; — CO+ N, + “C,NH;" (3a) 0/ AN 1? A
\@
with one possibility being N\\
N

— CO+ N, + HCN+ CH, (3b) Here, the product species @EHO and HCN can be realized
by single-stage hydrogen atom transfer to generate all of the
As already described, HCN, CO, and ldre observed as  reaction products simultaneously.

decomposition products with constant relative band intensities. Reaction 3:
Methane is known to have a broad photoelectron spectrum in o
the ionization energy region 12345 e\* and would
therefore be difficult to detect as it would be masked by other
more structured bands (see Figures 2b and 2c). However, if </

C— \(—:;12 > CO + CH:NCHs + N,
reaction 3b were a significant pathway, one would expect to CHs ’ N
find evidence for matrix isolated CHn the ir experiments. \/‘O \1@
The ir spectrum of methane in a nitrogen matrix has been .
studied relatively recently by Neland&rThe two ir allowed \
T, modes each appear as prominent doublets, accompanied by N
weaker features, and these doublets lie at 3027.4/3031:4 cm Carbon monoxide could be generated by a concerted route
(C—H stretch) and 1306.3/1307.3 ci(H—C—H bend). Careful directly from the azide.
examination of our ir spectra in light of this possible product Multistep Processes Radical Pathwaysin addition to the
showed that there were no prominent bands at either of thesesingle-step mechanisms discussed above, one may also envisage
positions, although a weak feature was present at 1308 cm multistep processes in which the initial step is rate-determining.
which grew on pyrolysis in parallel with the product bands Previous work! has indicated that nitrene formation is a feasible
discussed above. Its intensity was always considerably less tharinitial reaction:

that of the CO band at 2138 crh
Reaction 3 therefore remains most probable, but confirmation CH,COCH,N; — CH;COCHN + N,

would be dependent on supporting PES and matrix ir spectraThis could then either decompose via a (strained) cyclic

on an authentic sample of the second produeiNs". Work intermediate into ketene and methanimine or rearrange to form
is currently in progress to explore the various geometries and the imine CHCOCHNH

energies expected for molecules of this stoichiometry in an

attempt to justify reaction 3. One probable candidate would be (l)
the substituted imine CIICHs, and although the PES studies C
found no evidence for this product, there remain several v AN
unassigned ir bands from the pyrolyzed product which might HZ\ /CHZ - CH.CO + CH:NH
be assigned to such a species. N

On the basis of the experimental evidence provided by PES |
and matrix isolation infrared experiments, together with the H
results of ab initio calculations on both this system and on CH:COCH.N
azidoacetic acid [11], we conclude that if single-step processes
are operating, then the decomposition of azidoacetone must
proceed via at least three separate reaction channels. (CH:COCH = NHY

Reaction 1:

This imine could then act as the source of a sequence of radical
CHs CH; chain reactions which produce all of the remaining observed
e _cn Ne_cn products:
— 2 _—S — 2
o// N N o/f N N Initiation: (CH;COCHNH)*— CH,CO + HCNH
NN AN AN .
N H ¥ Propagation CH,CO—CH;+ CO
® x \
N i N HCNH — HCN + H
CH,COCHNH+ H — CH,CHO + HCNH
CH:CO + CH:NH + N; . CHZNH + CH3CO

After an initial keto-enol transformation, this reaction is Termination: (e.gH+H—H,
precisely analogous to the formation of €&nhd CHNH (and
N,) proposed previously for the azidoacetic acid system. CH;+H—CH,

Molecular N is evolved at the same time as a hydrogen atom
is transferred from the other end of the molecule to the
remaining nitrogen atom, giving rise to a simultaneous genera- Azidoacetone has been synthesized and characterized by a
tion of the three products. range of techniques, including UV photoelectron spectroscopy

Summary and Conclusions
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and matrix isolation infrared spectroscopy. The He(l) photo- (2) (a) Ishihara, R.; Kanoh, H.; Suguira, O.; Matsumara,Jgn. J.
electron spectrum of azidoacetone consists of nine bands in the®\PP!: Phys 1992 31, L74. (b) Bridges, A. S.; Greef, R.; Jonathan, N. B.
. .; Morris, A.; Parker, G. JSurf. Re. Lett 1994 1, 573. (c) Bu, Y.; Chu,
9.0-21.0 eV ionization energy range. The. second band.showsl C. S. Lin, M. C.Surface Sci. Lettl992 264 L15111.
two resolved vibrational _components with a separation of (3) Ban, H.; Tanaka, A.; Kawai, Y.; Degushi, Kpn. J. Appl. Phys.,
(2500 + 50) cntl. Inspection of the character of the second Part 21989 10, 1863P
highest occupied molecular orbital suggests that it is weakly  (4) (@) Marumoto, K.; Kamiya HAgric. Biol. Chem 1988 52, 547.
N3 antibonding in character. The experimental value for tge N (?) J@sson, B. M.; Hakanson, K.; Lijlas, A-EBS Lett 1993 322, 186.
. . . (5) Dammel, R., Ph.D. Thesis, University of Frankfurt, 1983

stretching mode in neutral azidoacetone has been measured as ) )

1 . DR . . (6) Bock, H.; Dammel, R.; Aygen, S.. Am. Chem. Sod 983 105,
2109 cntin this work. Hence, ionization from an antibonding  7gg1.
orbital results in an increase in vibrational frequency in the ionic (7) Bock, H.; Dammel, RJ. Am. Chem. S0d 988 110, 5261.
state as expected. Ab initio molecular orbital calculations have  (8) Bock, H.; Dammel, R.; Horner, LChem. Ber1981, 114, 220.
been performed on azidoacetone, and application of Koopmans’  (9) Costa, M. L.; Almoster Ferreira, M. A. Mol. Struct. (THEOCHEM
theorem to the computed orbital energies yields vertical ioniza- 1988 175 417. . .
tion energies which show adequate correlation with the experi- (TélEO%CC:S\;')”fég'\;"?:é;'?cg;ga Cabral, B. J.; Costa, M.1..Mol. Struct.
mental values_. Th_e chfaracters of the four uppermost occupied (11) (a) Dyke, J. M.; Groves, A. P.. Morris, A.; Ogden, J. S.; Dias, A.
molecular orbitals in this molecule are essentiallyridnbond- A.; Oliveira, A. M. S.; Costa, M. L.; Barros, M. T.; Cabral, M. H.; Moutinho,
ing, N3 weakly antibonding, O2p (lone pair), angCO) bonding A. M. C. J. Am. Chem. S0d.997, 119, 6883. (b) Warschkow, O.; Dyke,

in nature, as derived from the SCF molecular orbitals at the J- M- unpublished work. , ,
HFE/6-31G* level. (12) Morris, A.; Dyke, J. M.; Josland, G. D.; Hastings, M. P.; Francis,

] o . . P. D.High Temp. Scil1986 22, 95.

Two experimental methods, matrix isolation infrared spec- (13 Bulgin, D.; Dyke, J. M.; Goodfellow, F.; Jonathan, N. B. H.; Lee,
troscopy and real-time ultraviolet photoelectron spectroscopy, E.; Morris, A. J. Electron Spectrosc. Relat. Phenat897, 12, 67.
together with the results of ab initio molecular orbital calcula- _ (14) Turner, D. W.; Baker, C.; Baker, A. D.; Brundle, C. Rolecular
tions, have been used to explore the thermal decomposition OfPhotoeIetI:tron Spec""chwl’"ey"”tersc'ence: New Yorkh 1971.
azidoacetone over a range of pyrolysis temperatures. Although 19%15) Eland, J. H. DPhotoelectron Spectroscagutterworths: London,
the imine CHCOCH=NH Was_ th detected, the reactive speqes (16) Olivato, R.; Guerro, S. A.; Modelli, A.; Granozzi, S.; Jones, G.;
ketene (CHCO) and methanimine (CMH) were observed in Di Stefano, G.J. Chem. Soc., Perkin Trans.1®84 1505.
high yield, in addition to the more stable molecules nitrogen,  (17) Gaussian 94, Résion C3 Frisch, M. J.; Trucks, G. W.; Schegel,
carbon monoxide, acetaldehyde, and hydrogen cyanide. The!l: B-; Gill, P. M. W.; Johnson, B. G.; Robb, M. A.; Cheeseman, J. R.;

h . lati band i Y - fy h 9 yd Keith, T.; Petersen, G. A.; Montgomery, J. A.; Ragavachari, K.; Al-Laham,
c anges in re a.t'Ve an 'nter‘.S't'eS of t esg pro ucts as ay A.; Zakrzowski, V. G.; Ortiz, J. V.; Foresman, J. B.; Ciolowski, J.;
function both of time and pyrolysis temperature indicate several Stefanov, B. B.; Nanayakkara, A.; Challacombe, M.; Peng, C. Y.; Ayala,
simultaneous decomposition routes, possibly involving radical E- YM Ct,heg {V-:FWOHE?'JM-BWﬁIAn%feS& %- '; Re%Jnge,BE-kS-:fOSn:pe“fty
. . . ., Martin, R. L.; FOX, D. J.; Binkley, J. 5.; Delrees, D. J.; baker, J.; Stewart,
mtermgdlates. However, the laCk. of an.y evidence for .the J. P.; Head-Gordon, M.; Pople, J. A. Gaussian Inc.: Pittsburgh, PA 1995.
formation of CH, or the r'nethyll radlcal,.ralses the possibility (18) (a) Robin, M. B.; Brundle, C. R.; Kuebler, N. A.; Ellison, G. B.:
that a seventh, as yet unidentified reaction product may also bewiberg, W. B.J. Chem. Physl1972 57, 1758. (b) Basch, H.; Robin, M.
present. Further experimental and theoretical work is in progressB.; Kuebler, N. A.; Baker, C.; Turner, D. W. Chem. Phys1969 51, 52.
in an attempt to confirm this and to estimate the activation (&) iberg, K. B.; Eliison, G. B.; Wendolski, J. J.; Brundle, C. R.; Kuebler,

. . . . N. A. J. Am. Chem. Sod976 98, 7179.
energies associated with these proposed reaction schemes. (19) Rabalais, J. WPrinciples of Ultraviolet Photoelectron Spectros-
) copy, John Wiley and Sons: New York, 1977.
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