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The photochemical exchange of borazine with deuterium was studied with 1849-A radiation. Quantum yields for the
initial stages of the reaction were determined. The quantum yield for the production of B-monodeuterated borazine was not
affected by the initial pressure of borazine but increased with increase in Dj pressure, reaching a limiting value of 0.93 &=
0.14. The quantum yield was not affected by the intensity of absorbed radiation but was greatly affected by the addition of

He, Ny, or H,.

For a fixed D, pressure the quantum yield for the production of B;N;H;D increased with addition of He or
N, and reached a limiting value of unity but decreased for addition of Ha.

A radical and an excited-state mechanism are

discussed and the excited-state mechanism is shown to be consistent with the experimental observations.

Introduction

Borazine reacts photochemically in the gas phase
Wlth NHs, 02, HgO,“ CHsOH, and C2H5OH2b to giv-e B-
monosubstitiited derivatives. Thermal reactions of

borazine with H,0% and CH3;O0H* usually lead to B-
trisubstituted addition compounds. The thermal
reaction with D, yields B-mono-, di-, and trisubstituted
deuterioborazines:> Borazine and deuterium also ex-
change photochemically. At present only qualitative
information on the photochemical reaction has been ob-
tained. To extend our understanding of the photo-
chemical mechanisms, experiments were undertaken to
obtain quantum yields. The borazine and D, reaction
was chosen for study since it appeared to be the simplest
for analysis.

. Experimental Section

In preliminary experiments the products of the botazine-
deuterium photolysis Were analyzed using two types of reaction
vessels each equipped with an immersion well to house the Hg
lamp. One was joined to a mass spectrometer through a small
pinhole® and the other was joined to a 10-cm infrared cell.

For the quantum yield determinations the apparatus used is
shown in Figure 1. The source is a Hanovia medium-pressure
Hg lamp which yields about 15% of its total energy in the far-uv
mainly at 2537 and 1849 A. The lamp temperature was con-
trolled by passing precooled dry N; through the lamp housing.
The lens holder assembly and monochromator was also purged
with dry N,. Parallel light entered the reaction cell through a
fused-quartz lens’ capable of transmitting 1849-A radiation.
The reaction cell was equipped with fused-quartz windows” and
was joined by a stopcock to a vacuuni line for transfer of gases.
The monochromator was a 0.25-m Jarrel Ash model equipped
with a grating blazed for 1900 A. Tt wss used to monitor the
1849-A radiation passing through the cell. It should be noted
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Figure 1.—Quantum yield apparatus.

that borazine absorbs only below 2000 A8 and therefore the Hg
lamp is essentially a monochromatic source of the 1849-A line.
The photomultiplier was an EMI 9558 (Q) model with an 8-20
spectral response. The output from the photomultiplier was
amplified with a Cary Model 31 vibrating-reed electrometer from
the Applied Physics Corp. before being displayed on a Varian
G-2000 strip chart recorder.

The general procedure was to measure the initial rate of the
photochemical reaction of BsNs;Hg and D; at a constant intensity
by determining the amount of product produced in a known time.
The relative intesnity of the 1849-A radiation absorbed by BsN;Hg
(Ia) was calibrated to absolute intensity with an N;O actinometer.
The Hg lamp and N, flow were turned on and the 1849-A liné
was monitored with time until a constant intensity was reached:
Then the region from 1800 to 1900 A was scanned several times
so that the initial intensity (Iy) could be determined. Purified?
borazine was expanded into the reaction cell and the intensity
(I) of the 1849-A line passing through the cell was measured.
Finally D, was added to the reaction cell initiating the reaction.
During the course of the reaction the 1849-A line was monitored
to check for any variation in intensity. When the photolysis was
completed, the products were condersed into a U tube, which was
joined to the reaction cell through a ball joint and stopcock.
The stopcock to the U tube was then closed and the HD and D,
were pumped away from the condensed borazines so that the
sample could be analyzed without interference from any thermal
reaction.

The amounts of HD and B;N;H;D produced in the reaction
were determined by mass spectral analysis. The analysis of

(8) J. R. Platt, H. B, Klevens, and G. W. Schaefier, J. Chem, Phys., 18,
598 (1947).
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B3NsH;D was found to be the more reliable, since an appreciable
correction had to be made for an HD impurity in the D;. Equa-
tion 1 was used to determine the pressure of BsNsH;D in the

I/
S LY )

Ppixsmp = [
presence of an excess of B;N3Hg, where Pop,xms is the initial
pressure of borazine. In this equation I's; is the ion intensity for
mfe 82, corrected for the BN contribution from "B3;N;He".
The I’g is the ion intensity of m/e 81, corrected for fragmentation
and B isotopic contributions from B;N;H;D. The pertinent
relationships are I's = Ig — 0.01147g and I'sy = Is1s — 2.031s,
where Iy and Ig are the observed ion intensities at m/e 81 and
82, respectively.

The relative intensity [Ix = Io(1 — (I/Iy)] of the 1849-3
line absorbed by the borazine sample was calibrated to absolute
intensity in einsteins per second by using an N;O actinometer.
The quantum yield for the production of Nz in the N2O photolysis
at 1849 A is 1.44,° so the absolute intensity 7. can be calculated
using

A(N,)/ At

L= =74

2)
The amount of N; produced in the photolysis of N:O was de-
termined mass spectrometrically by isotope dilution of N.O with
a small quantity of ®N,.2* The initial compositions were (¥N;)/
(N;O) = 0.00980 = 0.00029 and (¥N,)/(N;0) = 0.00834 =
0.00025. These mixtures were photolyzed under identical con-
ditions as used in the photochemical reaction of BsN3;Hg and Ds.
The NyO mixture was then frozen at liquid N; temperature and
the intensities of m/e 28 from 4N, and m/e 30 from BN; were
measured with care to correct for the background intensity at
m/e 28. The final pressure of N; produced in the photolysis was
calculated from the expression

I (¥N3)
Pux, = I—at; mPONzO (3)
Then Puy, was converted to moles and the absolute intensity
I, in einsteins per second was calciilated from eq 2. A calibration
curve of relative intensity (7i) vs. absolute intensity (I.) was
plotted with the actinometer results so that 7, could be de-
termined from the relative intensity (I4). Finally

_ ABD)/at
= 25 @

a

$sD

where 8 is used as a symbol for BsN;H; and A(BD) is in moles.

Results

Stoichiometry.—The preliminary mass spectral in-
formation indicated that mono-, di-, and trideuterated
borazines were produced along with HD and H,.
Infrared spectra of the reaction products indicated that
exchange occurred only at the B atoms. Figure 2
shows the results obtained by following the ion intensi-
ties of D.* and HD+* while the reaction proceeded
and the intensity of H,* at the termination of photoly-
sis. These data indicate that over a prolonged period
of irradiation an equilibrium among the partially deu-
terated species in the reaction is approached. It
should be noted (Figure 2) that in the first few minutes
of irradiation the drop in D+ intensity corresponds to
the increase in HD* intensity. Madss spectral analysis
of the products obtained for less than 29, exchange per
boron atom (or about 69, in B;N;H;D) showed that

(89) N. R, Greiner, J, Chem. Phys., 47, 4373 (1967).
(10) Purity: 979, N3, obtained from Bio-Rad Laboratories,
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Figure 2.—Plot of mass spectral intensities zs. time for Ip,
Imp, and Ig, during the photolysis of BsN;Hg and D, POpunims
= 7.7mm; P’p, = 31.3 mm.

B;N;H;D and HD were produced in equimolar quanti-
ties to within 5-15%, experimental error. (See Table
I.) Under these conditions the reaction stoichiom-
etry can be written

hy
B3N3HG + DZ —_—> BaNaHsD + HD (5)

and quantum yields could be obtained without appreci-
able error due to the presence of dideuterated borazines.

TABLE I

STOICHIOMETRIC MEASUREMENTS OF Ppy;E:D AND Pap IN THE
PHOTOCHEMICAL REACTION OF BsN;H; AND D2

Pap, Pp,N,H{D, PBNED, FPOBNH, Pop,, PBsNeHD
mm mm mm mm mm PUp,N,H,
X 100
0.035 0.032 0.000 0.93 6.6 3.4
0.022 0.025 0.000 0.86 4.6 2.9
0.057 0.0583 0.000 1.0 75 5.3
0.049 0.041 0.000 0.80 5.2 5.1
0.020 0.033 0.000 0.40 7.8 8.3
0.25 0.42 0.05 1.0 28.2 42

In the initial stages of this study erratic behavior
in the determination of quantum yields was observed.
It was found that after a series of irradiation experi-
ments, the rate of deuterium exchange increased no-
tably. However, it was also observed that the reaction
cell became conditioned in a way to accelerate thermal
exchange greatly. Mass spectral analysis of products
for the photolysis of pure borazine in a ‘‘fresh” cell
indicated the formation of diborazinyl ether.?® After
several irradiations of pure borazine in the same cell
the ether was no longer observed, nor could any other
product be detected. Since borazine and HyO react
photochemically to yield diborazinyl ether,?® it appears
that during the initial series of irradiations surface H,O
is removed by reaction. The cell then becomes “acti-
vated” in some manner so as greatly to increase the
rate of the thermal exchange. Dahl and Schaeffer®
noted a thermal reaction at about 100° and reported
the products to be mono-, di-, and trideuterated bor-
azines, but they were not able to make any quantita-
tive measurements of the rate except to note that it was
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TABLE

II

QuaNTUuM VIELD DATA FOR THE PHOTOCHEMICAL REACTION OF B;N3;Hs AND Dy

10107 ,,
Run Pogy, Pop,, i, einsteins/
no. mm mm sec 10374 sec
1 0.99 21.1 1000 1.95 5.20
2 0.99 105 1000 2.14 5.72
3 0.99 39.1 1005 2.24 6.00
4 0.99 4.0 2060 1.90 5.10
5 0.70 10.2 1100 1.71 4.55
6 2.0 37.1 830 2.9 7.25
7 10.8 11.3 1050 3.5 9.4
8 3.9 84.0 800 2.5 6.7
9 2.1 68.0 1000 1.5 4.0
10 0.99 27 .4 1242 2.3 6.1
11 0.99 53.6 900 1.7 4.55
12 1.0 56.6 785 2.1 5.6
13 1.0 19.2 1120 2.7 7.15
14 0.99 12.0 1300 1.9 5.1
15 0.99 32.1 1015 2.0 5.4
16 1.0 5.4 1850 1.9 4.8

affected by surface conditions. In the experiments
with an “activated” cell it was necessary to obtain
the thermal contribution to the reaction rate. The
thermal reaction was found to be first order in D, pres-
sure,!! and for P%y = 1.0 mm and a temperature of
25°

[A_@R)

= (1.5 &= 0.2) X 107%P%, (mm/sec) (6)
At thermal

Results of experiments in the “activated” cell were then
corrected by the relationship

221, - [

— po 10~
Al AF Lo Pop,(1.5 £ 0.2) X 10

)

Results of such calculations are shown in Figure 3 and
Table II. It was found that more accurate quantum
yields could be obtained by exposing the cell to the at-
mosphere before each experiment, thereby inhibiting
the thermal reaction (see Figure 3 and Table II). It
should be noted that the photochemical rate was not
notably affected by surface conditions.

When a Vycor plate was placed in front of the reac-
tion cell to filter radiation below 2000 A, the exchange
reaction was not observed, confirming that the excita-
tion was associated with the 1849-A line. In other
experiments the borazine used was distilled at —80° to
reduce the residual Hg concentration by a factor in ex-
cess of 10%. Reaction rates were unaffected by the
reduction in Hg concentration showing that photo-
sensitization by excited Hg atoms was not a major ef-
fect.

Quantum Yields.—Table II summarizes the results
of 16 quantum yield determinations. Figure 3 is a
plot of &1 vs. P'p,; the data (points indicated by O and
e) for P%y = 1.0 mm show a pressure dependetice o1
D,. The curve rises sharply at lower D; pressures and
then levels off with increased D, pressure, resulting
in a limiting quantum yield of 0.93 = 0.14.

(11) Unpublished work by E. Yeung and R. F. Porter at Cornell Univer-
sity agrees with this result.

Pgp, [A(BD)/ Atlphoto, [A(BD) ]/ Atthermal,

mm mol/sec mol/sec 8D
0.032 3.5 X 10-w 0 0.67
0.051 5.0 X 10~ 0 0.87
0.038 3.75 X 10~ 0 0.62
0.024 1.1 X 1071 0 0.22
0.019 1.7 X 107w 0 0.37
0.038 4.5 X 10~ 0 0.62
0.030 2.8 X 10~® 0 0.30
0.047 5.8 X 10~w 0 0.87
0.040 3.9 X 10~ 0 0.97
0.11 4.9 X 10~w 4,0 X 107 0.80
0.11 4.3 X 10710 8.0 X 10~ 0.94
0.11 4.9 X 107 8.4 X 10~ 0.88
0.070 3.3 X 10~ 2.8 X 107 0.46
0.059 2.7 X 107w 1.8 X 1010 0.53
0.080 3.0 X 10w 4.7 X 10— 0.56
0.033 0.97 X 10— 0.80 X 10~ 0.20
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Figure 3.—Plot of quantum yield of 8D vs. Pp,.

The initial borazine pressure varied from 0.70 to
10.8 mm (Table II and Figure 3) and for the experi-
ments with equal P°p,, $4p was the same within 159
experimental error, even though P%yg varied by a
factor of 15.

Figure 4 shows a plot of log I4 vs. log [A(HD)/At]
for PO, = 5 mm and P%y = 1.0 mm. The slope of
the straight line is 1.0 £ 0.3, which indicates that $sp
should not vary with I, from the definition of ®p (eq 4).
We note from the data in Figure 3 and Table II that
®sp does not vary significantly with 7.
write a rate equation of the form

We can now

A(HD) _ A(BD) _ i
= T = KI, 1.0%0.3( Pop)

(8

The results of quantum yield experiments in which
He, N, or H, was added are shown in Figure 5 and
Table III. For conditions of constant D, pressure,
dyp increases with increase in Pue. or Py, and ap-
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Figure 4.—Plot of log [A(HD)/At] vs. log Ia.
Pogg = 1.0 mm. Upper limit of slope 1.30;

Plp, = 5 mm;
lower limit of

slope 0.685.
LN D S S N S D S SR RN E U S NS SRAR AN RN B e
Pﬂ; =1.0mm 0 - X = He
A-X= N
P° =[0.0mm 2
D, m-X = H,
® - |0.0mm 0, + 0.00mm X
12— —
1.Of o -~
A
4
d’/SD 08 -
i
o6 y —
o4 -
Q.24 —
Io) T S WA OO A TN NN TR GHNN GRS NN NN SN TN GRN G SN N |
o] 100 200 300 400
PToml = (I0Omm Da+ mem)

Figure 5.—Plot of quantum yield of 8D vs. Piotal, Where Piota1 =
10 mm of D; 4 Px and X = He, N, or Hy., P%g = 1.0 mm,;
P'p, = 10.0 mm.

proaches unity. We note by comparing Figures 3 and
5 that ®sp is approximately the same when P, =
Px + 10 mm of D.. It should also be noted (Table
I1I) for Pu./Pp, =~ 700 that ®;p =~ 1. The experi-
ments conducted with H, added show that ®szp de-
creased as Pu,/Pp, increased (Figure 5 and Table III).
For a 50:50 mixture of Hy, and D, we note that ®4p is
smaller than for the same total pressure of Dy (Tables
II and III). In the reégion of constant quantum yield
we note ¥gp = 0.54 = 0.05 in 50:50 mixtures of H, +
Dy, while for pure Dy, ®gp = 0.93 = 0.14. Stoichi-
ometric measurements on the amounts of 3D and HD
produced with a 50:50 mixture of Hy + Ds show that
[HD] = [8D]for <59, reaction.

Discussion

The primary purpose of this discussion will be to
propose a reasonable mechanism for the photochemical

Inorganic Chemistry

TABLE 111

EFrFECT OF He, N3, AND H; GASES ON THE QUANTUM YIELD FOR
THE PHOTOCHEMICAL REACTION OoF B3yN:;Hg wiTH Dg

Added gas (X) Px, mm Pp,, mm ®8D
Helium 11.3 10.4 0.45
28.0 9.9 0.56
57.2 9.9 0.73
130 10.0 0.98

297 10.4 1.0

~700 ~1 ~1

Nitrogen 10.2 10.0 0.64
46 10.0 0.72
75 10.0 0.86
316 10.4 0.93
Hydrogen 9.5 10.4 0.36
35.3 10.4 0.22
68.2 10.1 0.12
30.0 32.2 0.56
44 .2 44.2 0.49
133 131 0.57

reaction between borazine and deuterium. A radical
and an excited-state mechanism will be discussed, and
then, based on the experimental evidence, the latter
will be shown to be more plausible.

A. Radical Mechanism.—The primary step could
be of the form

fH —> 5 + H ©)

where the H atoms come from a boron in borazine, The
direct reaction between 8 and D, can be eliminated
first of all because it is thermodynamically unfavor-
able,'?13 and secondly because such a simple mechanism
does not give the kinetic dependences found experi-
mentally. The most likely source of D atoms is

H+D: TZHD+ D (10)

with an activation energy E, = 7.3 = 1.0 kcal/
mol.*4®  Dissociation of D; by a third body or at the
walls would not produce a steady-state concentration
of D atoms in the time of the photochemical reaction.!?
Deuterated borazine must be produced by steps such as

8+ D—> 8D (11)

or
BH + D—> gD + H (12)

It is difficult to write a mechanism including eq 9, 10,
11, and/or 12 that agrees with the experimental results.
With a mixture of H, + D, another reaction is possible

D+ H,ZZHD+ H (13)

This reaction has about the same rate as reaction 10.'3
Thus, in a 50:50 mixture of Hy 4+ D,, 8 and/or SH
would have to compete with H; for D atoms resulting
in a decrease in the amount of gD produced and an

(12) V.I. Vedeneyev, L. V. Gurnich, V. M. Kondrat'yev, V. A. Medvedev,
and Ye. L. Frankevich, “Bond Energies, Ionization Potentials, and Elec-
tron Affinities,”” Edward Arnold Ltd., London, 1966 [bond strength of g-H
taken from data on BH, B:Hs, BsHe, and HBO].

(13) G. Boato, G. Careri, A, Cimino, Z. Molivari, and G, G. Volpi, J.
Chem. Phys., 24, 783 (1956).

(14) A. Farkas and L, Farkas, Proc. Roy. Soc. (London), A152, 124 (1935),

(15) W, R. Schuitz and D, J. LeRoy, Can. J. Chem., 42, 2480 (1964).
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increase in the amount of HD. However, the experi-
mental results show that [8D] = [HD] under these
conditions for short periods of irradiation. The high-
pressure He experiments also indicate that reaction 10
is not probable. The exciting wavelength of 1849 A is
equivalent to 170 kcal/mol and the 8-H bond strength
is about 85 kcal/mol'? leaving 85 kcal/mol excess.
Assuming most of the excess energy is taken up by H
atoms in the form of kinetic energy, it can be calcu-
lated how many He collisions would bring the ‘“‘hot”
H atom below the activation energy of reaction 10.
It is found that less than 20 collisions between ‘“‘hot”
H atoms and He should be sufficient. This would indi-
cate that the quantum yield should start decreasing
after Pue/Pp, > 20, but Figure 5 shows that the quan-
tum yield levels off at unity even when Py./Pp, = 30
and is still unity for Pye/Pp, = 700 (Table III).

The above information and the observation that upon
radiation of pure borazine no 8; or H; was formed in
notable quantities seem to be inconsistent with a radical
mechanism. It is quite possible that, even though
1849 A is more energy than necessary to break a §-H
bond in borazine, the molecule could remain stable in an
excited state for a sufficient time to react with D,. In
the photolysis of benzene at 1849 A an excited-state
mechanism is proposed even though 1849 A is suf-
ficient to break a C~H bond in benzene.6

B. Excited-State Mechanism.—We can write a
primary step as

hy
fH —> gH* (14)

A knowledge of the electronic states and uv spectrum
of borazine is now necessary. Figure 6B shows an
absorption spectrum of gaseous borazine from 1800 to
2100 AY and Figure 6A shows an emission spectrum of
the source in the same region. Rector, et al.,'® found
that the structureless band peaked at 1710 A. This
band is assigned to a !'A;" — E’ tramnsition which is
strongly allowed.®!® The band having vibrational
structure from 1840 to 2000 A is assigned to a 1A," —
1A," transition which is electronically forbidden but
weakly allowed through coupling with an E’ vibra-
tion.®1® The 'A," — A/’ transition is said to be hidden
near 1850 A.2® Molecular orbital theory predicts that
borazine has only three low-lying singlets.!® Note that
the 1849-A line lies at the edge of the vibrational struc-
ture superimposed on the strongly allowed band (see
Figure 6).

A radiative lifetime can be calculated for the 1E’
state using

) _ 3.5 X 108

T =
PmlemAvt/e

where 7, is the mean frequency for the absorption

(18) K. Shindo and S. Lipsky, J. Chem. Phys., 48, 2292 (1966).

(17) Thanks are due to Andrew Kaldor for running the spectrum of
borazine.

(18) C. W. Rector, G. W. Schaeffer, and J. R. Platt, J. Chem. Phys., 11,
460 (1949).

(19) C.C.J.Roothaan and R. S. Milliken, £bid., 16, 118 (1948).
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Figure 6.—A. Ultraviolet emission spectrum of the medium-
pressure Hg lamp used for photolysis. B. TUltraviolet ab-
sorption spectrum of gaseous borazine. Ppyvg, =~ 1 mm;
2 1800-2100 A,

band (cm™), en is the maximum molar extinction coef-
ficient (! cm~), and A7, is the half-width (cm—?).

Using the data from the paper by Rector, ¢t al.,'8 7, =
58,400 em™!, e = 1.3 X 10* M~ em~?, and, assuming
that the band is symmetric with A%, = 7400 em™!,
m = 1.1 X 107? sec. The lifetimes of the 'A,’ and
1A’ states are much longer since transitions to these
states are electronically forbidden. A lower limit on
the lifetime of the reacting state can be set by cal-
culating the collision frequency at the lowest pressure
required for maximum quantum yield. Using Z;,, =
Nawo,2(8RT /M) [where subscripts 1 and 2 refer
to BH* and D, respectively], oy = 5.2 X 108 cm?®
and g = 1.5 X 1078 cm,?! and using 76 mm for the
lowest pressure required to reach maximum quantum
yield, we find Zy,s = 1.2 X 10° collisions/sec. This
means that, to a rough order of magnitude, the reacting
species must live for 1079 sec to have 1 collision with a
D, molecule. The 'E’ state cannot have many colli-
sions with Dy molecules at Pp, = 76 mm and is most
likely not the reacting state. Figure 3 shows that at
low pressures some deactivation is taking place or not
enough reacting states are formed. Figure 5 shows
that it is the total pressure of gases other than borazine
which affects $yp.

Using the above information, it is possible to write a
mechanism which satisfies the experimental data [{v)
indicates vibrational excitation ]

hy fast
BH —> BH*) —> gH* (I)

(20) W, Harshbarger, G. Lee, R, F. Porter, and S. H. Bauer, submitted for
publication,

(21) “Handbook of Chemistry and Physics,” 48th ed, The Chemical
Rubber Co., Cleveland, Ohio, 1967-1968, p F-16.
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hy fast
8H —> gH'(™M —— gH' (1)
slow fast
BH* —> gH'™ —> gH’ (111)
BH* + M —>gH' + M (IV)
BH* —> fH + h» (V)

fast
SH' + D; —> gD + HD® — gD + HD  (VI)
BH' —> BH + kv (VII)

where M = He, Ns, Hs, Dy, etc.

The reacting states can be assumed to be Ay’ and/or
tA,’ since these states live long enough to have many
collisions with D, molecules. The SIH* state could be
the 'E’ state since the 'A;'(gr) — 'E’ transition is
strongly allowed and 1849 A falls within the transition.
Step II is neglected since the transition involved is
only weakly allowed. Step VII can also be neglected
since the transition involved is electronically forbidden.
If we assume that step III is much slower than IV
and can be neglected as a source of SH’, then d[gD]/d¢
can be calculated as

d[gtD] = kyi[fH'] [D;]
QBT . pavlsH M) ~ kuilgH'I[D] = 0
n o Rv[BHY][M]
[sH] = kyvr{Dq]
‘?%I-ﬂ =0 = I — Eiy[BH*[M] — ky[SH*]
I
[BH*] = 7500 + B
Finally
d{gD] _ _kivIM]L <
= Fo[M] F By (1)
and
_ ky[M]
B0 = pIM] + By (16)

If [M]— 0, then $35p — kiy[M]/kv and if [M] —
o, then $gp — 1. These results are consistent with
data in Figure 3 where [M] = [D.] and Figure 5
where [M] = [D; + He] or [D; + Ni]. Note that in
step VI the 8D formed is in the ground electronic state.

Inorganic Chemistry

If this were not the case, the mechanism would not
agree with the H, 4+ D, experiments. It was observed
that in a 50:50 mixture of Hy + D, $zp was decreased
by almost a factor of 2. If the following step is added
to the mechanism

34441
BH' + Hy —> gH + H, (VIII)

then

d[sD] _ kivkvi[M][D:] 1, an

dt  {kvi[D4] + kvit[Hal} (kv (M) F kv
Note: [M] = [Hy; + D;] = 2[H,] = 2[D,] fora 50:50
mixture of Hy + Dy, If A1v is the same for H; and D,
and we also assune that &vr = Ay, then

d[sD] _ 2k1vkvi[Do] . _ _ Fiy[Ds)l, (18)
d¢ {2k1v[D,] + kv}2ka[D2] 2ky[D,] + by
and
= Fwv[Do]
B0 = SEDi + hv (19)

If [Dy] — 0, then &sp —> krv[Da]/kv and if [D;]— o,
then <I>ﬁD —_ 1/2.

These results agree with the experimental observa-
tions, and it can be concluded from the Hy + D, experi-
ments that the reaction of 8H’ with either Dy or H,
deactivates the excited borazine. At present it is un-
certain how the electronic energy is dissipated in these
reactions. Molecular orbital calculations??~2¢ agree
that the Ay’ state is about 6.5 eV above the ground
state which is equivalent to 150 kcal/mol. Borazine
is a large molecule so part of the energy could be redis-
tributed into vibrational and rotational degrees of
freedom. Some of the energy is undoubtedly lost as
kinetic energy in SH and kinetic and/or vibrational
energy in HD.

From the foregoing analysis it is not possible to rule
out a mechanism involving a triplet intermediate for
BH’. The energy of the lowest triplet state of borazine
has been established by analogy with benzene,!® but as
yet there are no experimental data locating the posi-
tion of this state.
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