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BCI,N; was isolated in a low-temperature argon matrix, and its FTIR spectrum was measured. Ab initio
calculations were carried out to support the identification of the IR spectrum, and splitting due to the natural
abundances of°B and !B was observed. The experimental infrared frequencies and assignments are as
follows: 2170 cm?, the Ny asymmetric stretch; 1350 cry the BN stretch; 1053 cm, the Ns symmetric
stretch; 968 cmt, the BClI stretch. Upon UV photolysis, the Bk peaks decreased and new peaks at 2034
and 2087 cm! with relative integrated intensities of 4:1 appeared. Ab initio calculations were carried out
and support the assignment of these features to the BN stretches!'B thied''B isotopomers of CIBNCI.

This intermediate is consistent with the photolytic intermediate generated during the photolysisspf B(N
and the photolytic mechanism is discussed.

Introduction previously isolated. Evidence of BfNl; was observed in the
Recent work in our laboratory has been concerned with the 92S-Phase study of Bl when the B-Cl stretching region

photolysis of group IH-azide molecules in low-temperature inert Was monitored as a function of the HBCl; reagent ratig.A

gas matrixed. These studies are motivated by the fact that PeaK in the B-Cl stretching region of the IR spectrum was

several of these molecules have been shown to be precursoréePorted at 975 cnt for a HNy/BCl; ratio of 1.4:1 that

of group Ill—nitride films23 The ultimate goal of our work is ~ disappeared when the ratio was increased to 3:1.

to identify the intermediates generated during the photolytic _ N @n early study, BGNs was synthesized from Ch\and

decomposition and thereby gain fundamental information re- BCls, and its infrared and Raman spectrum were repdited.
garding film formation. These data indicated that the compound exists as the trimer,

The first group ll-azide molecule reported was Bl (BC|2N2)3, with an aIternating_BN ring in which each boron_
which undergoes a spontaneous gas-phase decomposition Atom is bonded to two chlorine atoms and each N atom is
room temperature to produce BN fild&. The films were  Ponded to ahgroup. In a later study, the crystal structure of
hexagonal when the decomposition proceeded at room temper-BC|2N3 was obtained and confirmed the trimeric ring struch_re.
ature, and a combination of hexagonal and cubic crystal The data presented here sh_ovx_/ that the species isolated in the
structures was produced when the B@Nwas allowed to low-temperature argon matrix is the monomeric BGl UV
decompose with mild heating or upon UV photolysis The matrix Photolysis of the BCI(N)-/Ar matrix produced the new species,
isolation studies showed that the linear molecule NNBN was CIBNCI, a compound that is isoelectronic with dichloroacety-
generated upon broad-band UV photolysis of BENOnN the lene.
basis of the usual photolytic path by which other covalent azides

decomposé;® the initially formed fragment would be the Experimental Section

trigonal fragment, BN The photolysis work showed, however, BCI,N3 is prepared at room temperature in the gas phase by
that if the trigonal BN is formed during the photolysis, it  mixing BClz; and HN; in a 1:1 ratio. The HNwas synthesized
rearranges to the linear NNBN. via the NaN plus excess steric acid reactidmand the BG

It is of interest to probe the photolysis mechanisms of other was obtained from Matheson. It is noted here thatsHNan
trivalent group II-azide molecules. To the extent that similar explosive and toxic substance and must be synthesized and
molecules have analogous decomposition mechanisms, thehandled with care. The same apparatus that was described
results from low-temperature photolysis studies of B¢N previously for the synthesis and deposition of Bfjlin low-
suggest that, for these other systems, linear intermediates mayemperature argon matrixes was used for these experiments to

be generated upon photolysis of the parents.48(I$ synthe- generate low-temperature argon matrixes containingB£|
sized in the gas phase by reacting $ihth BClzina 3to 1 This apparatus consists of a gas-handling manifold coupled to
ratio. The work done in our lab shows that B@ls) and a RMC model 22 cryostat. In the gas-handling manifold, 1%

BCI(N3), can be generated and isolated in a low-temperature mixtures of BCYAr and of HNy/Ar were combined with a larger
matrix by adjusting the HMBCI; ratio to 1:1 and 2:1, than 1:1 flow ratio of BGYNH3; and passed throbiga 5 LPyrex
respectively. This paper reports the low-temperature matrix mixing bulb, providing a 10 min reaction time and good yields
isolation, IR spectrum, and photolysis results for the first of of BCI,N3. Excess BGwas used to ensure that HWould be
these, BGINs. the limiting reagent and thereby avoid BCHN or B(N3)s3

In addition to being an interesting case for comparison to production. The pressure in the synthesis manifold was con-
the B(Ns)s system, BCGIN3 as a monomer has not been trolled by throttling down an on/off valve on the manifold
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2 TABLE 1: Optimized Geometry for BCI ;N3
< - MP2/6-31G(d)
‘ (bond lengths in A,
parameter angles in deg)
0.4] B—N 1.4312
No—Npg 1.2420
Ns—N, 1.1664
0.2] B—Cl, 1.7386
’ B—Clg 1.7500
J WM/J | CI-B—Cl angle 120.9
0.01 N—B—Cl, angle 116.9
’ N—B—Clg angle 122.2
T =T T B—N,—Ng angle 121.6
2000 1500 No—Nz—N, 172.6
Wavenumbers (cm-1 . .
( ) Results and Discussion

Figure 1. The bottom curve is the IR spectrum of a low-temperature

argon matrix prepared with a HMBCl; flow ratio less than 1:1. Infrared Spectrum of BCI2Ns. Figure 1 shows the FTIR
Unreacted BGlis apparent by the large (off scale) peaks at 945 and spectrum of the matrix obtained for these studies (bottom
987 cnTt. The top curve is the IR spectrum of B in a low- spectrum) with a BGIHN3 flow ratio that was higher than 1:1.

temperature argon matrix prepared with a #BCls of greater than  Unreacted BGlis evident in by the appearance of peaks at 945
3:1. The peaks indicated (*) in the top curve at 2136 and 1146'cm and 987 cm! for the 1B and 198 isotopomers of BG|
are from the excess HN respectivelyt! The spectrum of a B(})s/Ar matrix (top curve)

o prepared with excess HNE included in Figure 1 for comparison
vacuum pump attached down stream & L. mixing bulb. A (4N; peaks at 2136 and 1146 c#). The two spectra are similar
metering valve was also located down stream of the mixing general appearance, displaying strong absorbances insthe N
bulb to allow a small percentage of the gas mixture to be asymmetric stretching region, the BN stretching region, and the
admitted to the cold head for deposition. It was necessary to N; symmetric stretching region. A peak between the BCI
passivate the entire synthesis manifold with pure Hior to features in the bottom spectrum is observed that does not have
carrying out the synthesis if the system had been exposed toa counterpart in the B(})s spectrum.
air, and for this purpose, a stainless steel gas bottle of purg BCl  \yith the flow ratio used in this experiment, it was anticipated
(gas, 400 Torr) was also attached to the manifold. Gas flows that the product of the reaction would be BX4. This molecule
were monitored with Tylan 10 sccm flowmeters, and the had been previous|y reported as the trimer, @}G)3_7,8 The
pressure in the gas-handling manifold was measured with a|R spectrum reported for the trimer, however, is very different
0—10 Torr Baratron gauge (MKS). from the spectrum obtained in these experiments, and it is clear

In a typical experiment, the system was passivated, if that the trimer was not deposited in the argon matrix in these
necessary, with a few Torr of pure Bg@is previously described ~ €xperiments. To support the assignment of these features to
and then pumped out, and the synthesis was started by settin CloN3, ab initio calculations were car_rle_d o_ut with Gaussian
the flows of the reagent gases. The pressure in the manifold 94%**The results of the geometry optimization of B} for
was set between 5 and 10 Torr, and the stainless steel meterinéhe '8 and '8 isotopomers at the MP2 level of theory with
valve on the cryostat was opened to admit a small flow of the 1€ 6-31G(d) basis set are included in Table 1. The calculated
product mixture for deposition on the cold (10 K) KCl window structure,_shown in Flgure 2, pred|gts that the molecule is nearly
mounted in the cryostat. The cold head was positioned in the p:anar, with the te][m;]nal N_bent _sllghtfly k(]<0.05°) OUthOf the
sample chamber of the Nicolet 5DXPC FTIR spectrometer Eirée;CBlecaulse of t et orlentalltlor; Odtth% group, tt € kt)wot h
(resolution£2 cnT!) so that the IR beam passed through the angles are not equivaient anc the geometry about the

. . o . boron atom is not precisely trigonal. The calculated and
cold KCl window. A typical deposition was carried out for about - . . )
1 h, after which the matrix was photolyzed with the loosely experimentally observed frequencies are included in Table 2

™ for comparison. There is a difference of a few percentage points
focused output of a Plamp. The progress of the deposition P P gep

d of the photolvsi itored via th between the calculated and observed frequencies, with es-
and of the photolysis was monitored via the IR spectrum.  gepiially the same isotopic shift predicted by the calculation as

Calculations were performed with Gaussian 94 on either an observed in the spectrum. Good agreement between calculated
IBM model 250 RS6000 or a Silicon Graphics Octane work and observed isotopic shifts has been shown to be a reliable
station?0 tool in making vibrational assignments.
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TABLE 2: Observed and Calculated Frequencies for the Observable Infrared Transitions of BGIN3?2

vg (cm™1) B—Cl st vio (M) N3 s st v11(cm1) B—N st vi2(cm™) Nz as st
gas phase 975
Ar matrix (this work)
H1BCI,N; 968 1053 1350 2170
10BCI,N; 1010 1076 1367
difference 42 23 17
calculations [MP2/6-31G(d)]
HBCINg® 1030 (6%) 1097 (4%) 1428 (6%) 2165 (.2%)
10BCI,Nj; (this work) 1073 1123 1445 2165
difference 43 26 17

aThe percent deviation between the matrix and calculated values are indicated in parentheses following the calculatetlmuafigronly
the B—CI region was monitored as a function of the ¥BICl; ratio. This peak appeared as the ratio was varied from 0:1 to 1:1 and disappeared
as the ratios were increasédreference 12.

The 2025-2250 cnt?, 1225-1450 cntl, and 925-1150
cm~! regions of the spectrum of Figure 1 are expanded and °81 A 2170
shown in parts A-C of Figure 3, respectively. The Figure 3A
spectrum displays a strong peak at 2170 tdisplaced 12 cmt 0.6 i
to the blue of the Blasymmetric stretch in B()s. This is very
close to the 2165 cmi value predicted in the calculation for
the Ns asymmetric stretch of B@N; and is assigned as such.
(This assignment is further supported by the photolysis data
discussed in the next section.)

In the BN stretching region of the spectrum (Figure 3B),
peaks at 1350 and 1367 cihave the characteristic intensity 0.2
relationship expected féPB and*'B isotopomers, respectively,
and the separation between them (17 &ragrees with the
calculated value. On the basis of these data and the photolysis
results discussed below, the 1350 énfieature is assigned to
the BN stretch in BGNs. 08! B 1350

Examination of the region between 925 and 1150 &m
(Figure 3C) shows the Bglpeaks at 945 and 987 crhplus
additional features at 968, 1010, 1053, and 1076%rll of 0.6 !
these additional peaks decayed at the same rate as the 2170
and 1350 cm! features during UV photolysis, consistent with
what would be observed if these are assignable to the same
molecule. The intensity ratio of the 968 cipeak to the 1010
cm1peak is 4:1, and the separation between them is consistent
with the calculated boron shift for the BCI stretch of Big4. 0.2
Therefore, these peaks are assigned as such. Visualization of |
this vibrational mode shows it to have significant boron atom
motion, so a boron isotope effect is expected. The peaks at 1053 T
and 1076 cm! have the requisite 4:1 intensity ratio and a 1400 1300
difference in frequency that is very close to that predicted by 0.6 J
the calculations for the ;\symmetric stretches i#BCI,N3 and C ‘ 968~
1IBCI;N3. Thus, the 1053 cmi feature is assigned as thg N ]
symmetric stretch iA’BCI;N3 (and the 1076 cmt peak as the 0.6
N3 symmetric stretch if%BCI,N3).

The chlorine isotope shifts for the BCI stretches in
B35CI3"CIN; and B’Cl,Nj; relative to B°Cl,N3; were calculated
to be 2 and 4 cmt, respectively. These cannot be observed
since the BCI spectral region is dominated by the very large
BCls peaks. 0.2]

Photolysis of BCbN3. When the BCINg/Ar matrix was
irradiated with the loosely focused deuterium lamp, immediate
changes in the infrared spectrum of the matrix were observed. ] : .
Parts A-C of Figure 4 show the 20252250 cnt?, 1225-1450 1100 1000
cm?, and 925-1150 cnT? regions of the infrared spectrum as 3
a function of photolysis time. In the 2022250 cn1? region, Wavenumbers (em-1)
the 2170 cm? peak decreases and new peaks at 2034 and 2087
cm * appear and continue to grow during the photolysis. These Figure 3. Expanded regions of the FTIR spectrum from Figure 1:
new peaks display a 4:1 intensity ratio suggesting that these(Ag)J the azide stmmemg stretching region 2%2250 entt: (B)?he ’
are'°B and B isotopomers of a species containing a single gy stretching region, 12251450 cm; (C) the azide symmetric
boron atom. All of the peaks in the 1228450 cm'* region stretching region, 9251150 cnt™. The arrows indicate the positions
and in the 925-1150 cn1? region decrease with photolysis time.  of the B(Ns)s peaks for comparison.
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1400 1300 peak at 2146 crrt (black diamonds) and for the Bgl; peaks at 2170,
. 1349, 1365, 967, 1011, 1053, and 1077 énAll of the BCIN3 peaks
1.0 C | are seen to decay at the same rate. (B) Normalized peak heights vs
’ } | 968 photolysis time for the two peaks at 2034 and 2087 tihese peaks
N grow in at the same rate at which the B4 peaks disappear.
1053 . .
o) 0 | TABLE 3: Bond Lengths in CIBNCI Obtained from the
é 0.5 A \} Geometry Optimization [B3PW91/6-311G*] (Molecule Was
Predicted To Be Linear
£ : A El“.' )
3 V,vv \N B—Cl bond length (A) B-N bond length (A) N-Cl bond length (A)
L0 w \]
< ] =V 1.6950 12378 16224
.0- 1 Bl
\h/, 'A" fragment is not stable, rearrangement would occur as ig. BN
AN A .k Frequencies were computed for trigonal B\CI linear CIBN,
AT w and the molecules CICIBN and CIBNCI, species that could form
e e ot assuming no rearrangement, additional photolysis, and rear-
1100 . 1000 rangement to straight chain forms, respectively. The BN
g g p y

stretches computed for theB and!'B isotopomers of CIBNCI

) ] o ] have the best agreement with the observed peaks at 2087 and
Figure 4. 'I_'he same regions as shown in Flgure35h0W|ng the changes 5034 cntl, and the optimized geometry and the calculated
that occur in the spectra as the B matrix was photolyzed for 2 h. frequencies for this molecule are listed in Tables 3 and 4. The

Photolysis time increases from top to bottom in each. The average time . .
intervals between the spectra are 2 min for the first three spectra, 5Calculations suggest that the asymmetric BCI stretch should be

min for the next eight spectra, 12 min for the next six spectra, and 26 observable; however, the B{Obeaks dominate this region of
min for the last spectrum. the spectrum. In matrixes prepared with a smaller;BRtess
such that the BGl was not off scale, two things were
Plots of normalized peak height vs photolysis time are shown observed: a mixture of BgIN3z) and BCI(Ns), was deposited
in Figure 5. Clearly, all of the peaks assigned to B&ldecay in the matrix, and upon photolysis, the BQ@leaks showed a
at the same rate. The two peaks that appear at 2087 and 2034mall increase. Since it is very unlikely that BGQlould be
cm~t display the same growth rate that is consistent with the generated via photolysis, this growth was attributed to BCI
assumption that the species associated with these peaks is atretching modes in the photoproducts, one of which is CIBNCI.
product of the BGIN3 photolysis. The HNpeak at 2136 crmt Work is in progress on the BCI@\b system.
decays at a much slower rate and so is not associated with the CIBNCI is isoelectronic with 1,2-dichloroacetylene and,
appearance of the product. similarly, is a linear molecule. Analogous physical and chemical
The photolysis of B(lY)z in low-temperature argon matrixes behavior is expected for these two compoukdsdeed, there
generated the linear species NNBN. In those studies, it wasare similarities between the IR spectra of these two molecules,
proposed that a trigonal BNfragment was formed initially, although, unlike 1,2-dichloroacetylene, stretches involving the
followed by rearrangement to the more stable linear structure. central bond are IR active in CIBNCI. CICCCI reacts spontane-
If BCI2N3 follows a similar photolytic pathway, the initial  ously with Q, (to form phosgene), so CIBNCI is likewise
photofragment would be trigonal BN. To the extent that this  predicted to be unstable in the presence af O

Wavenumbers (cm-1)
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TABLE 4: Comparison of the Observed and Calculated [B3PW91/6-311G*] Infrared Frequencies in CIBNCIP

v1(cm1) B—N st vz (cm™1) CI-BN—CI sym st v3 (cm1) CI-BN—Cl as st

Ar matrix (this work)

CI*BNCI 2034 not observed ~945

CI*BNCI 2087

difference 53
calculations [B3PW91/6-311%

CIMBNC 2089 (345) 458 (4) 962 (44)

CI*BNCI 2146 977

difference 57 15

aThe Calculated Intensities in km/mol are included in parentheses after the calculated freqliétiuies.additional infrared active modes for
10BCI,N;3 (1BCI;N3) were calculated at 313 (325), 311 (323), and 105 (105)'cABCl; features completely dominate this region of the spectrum,
but evidence has been observed to indicate that theBRI-CI asymmetric stretch appears near the 945'cBCl; peak.
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