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1. Introduction

ABSTRACT

Photodissociation of 2-(bromomethyl)hexafluoro-2-propanol (BMHFP) and 3-bromo-1-propanol (BP),
involving o¢_p < ng, transition at 193 nm, has been investigated by measuring laser-induced fluores-
cence spectra of the expected OH product. The OH channel is a minor dissociation pathway with a
quantum yield of 0.174+0.05 in BMHFP, whereas it was not observed in BP. Partitioning of the avail-
able energy into translation, rotation, and vibration of the photoproducts has been measured by state
selective detection of the nascent OH product in BMHFP. OH is produced mostly in the ground vibra-
tional level (v’ =0), with a rotational distribution being characterized by a temperature of 465 +25K.
But, a significant fraction of the available energy of 30.2 kcal mol~! is partitioned into translation of OH
(14.6 kcal mol~1). The OH(v” =0, J") populations in the spin-orbit states as well as in the A-doublet states
are statistical. A plausible mechanism of OH formation on excitation of BMHFP at 193 nm is suggested,
with the primary reaction channel being elimination of Br atom by direct C-Br bond dissociation from
a repulsive surface. The Br radical is detected using (2 + 1) resonance-enhanced multiphoton ionization
(REMPI) at ~234 nm. It is produced in both the ground (?P32) and the excited (?Pyj;) spin-orbit states
with the relative quantum yield of the latter to be 0.36. The co-fragment of Br undergoes secondary C-O
bond dissociation to produce OH and F; C-C(=CH,)-CFs, with the reaction having a barrier located in the
exit channel. In this two-step three-body dissociation process, a major fraction of the available energy is
released into translation ((fr) ~0.75), resulting from an impulsive C-Br bond dissociation in the primary
step and presence of an exit barrier in the secondary process. Experimental results combined with the-
oretical calculations provide a clear picture of the dynamics of OH formation from BMHFP at 193 nm. In
addition, the energetics of another channel, competing with OH, have been calculated from the primary
product F3C-C(CH;)(OH)-CFs. In contrast to BMHFP, the OH product could not be observed from the pho-
tolysis of 3-bromo-1-propanol (another saturated halogenated propanol) at 193 nm under the detection
limit of the present experimental condition, although it has a higher absorption cross-section at 193 nm.

© 2011 Elsevier B.V. All rights reserved.

2-propanol (BTFP) is a suggested fire extinguisher with its cup
burner value of 4.1 and the extinguishing concentration against

Photodissociation dynamics of fluoroalcohols has attracted
considerable attention in the past two decades, following the
suggestion that fluoroalcohols can be potential fire extinguishing
agents as an alternative to Halon 1301. 3-Bromo-1,1,1-trifluoro-
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hydrogen and hydrocarbon flame of 5.7 and 4.0, respectively [1].
Like BTFP, its derivative 2-(bromomethyl)hexafluoro-2-propanol
(BMHFP) with the H atom on C (attached to OH) replaced with a
CF3 group, can be a potential fire extinguishing agent. However,
no reports on photochemistry and kinetics of BMHFP are avail-
able in the literature. The removal pathways of these compounds
from the atmosphere are not known. Several processes, such as
reaction with OH, photolysis, wet deposition and dry deposition,
can remove these compounds. Solar photolysis should not con-
tribute significantly in the troposphere, but expected to be a viable
loss mechanism in the stratosphere, because of the availability
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of shorter wavelengths in the solar spectrum. To understand the
photolytic behavior of BTFP, in our previous work we investigated
its photodissociation dynamics at 193 nm in the gas phase [2],
and detected the OH radical as a transient product among other
products. Combined with experimental and theoretical studies, a
plausible mechanism for this reaction channel was reported. Sim-
ilar to BTFP, BMHFP photodissociation is also expected to be a
potential source of bromine atom and hydroxyl in the atmosphere.
To investigate the nature of photodissociation dynamics of BMHFP,
a study on its photodissociation is necessary.

In photodissociation of saturated alcohols, such as methanol [3],
ethanol [4], 1-propanol and 2-propanol [5], after the GE‘O_H) <~ 1)
excitation, the O-H bond breaking is the predominant pathway,
and this fast dissociation process occurs on the repulsive excited
state potential energy surface (PES) along the O-H coordinate with
a large translational energy release. In general, in all these satu-
rated alcohols the C-OH bond cleavage leading to OH formation is
a minor channel, and many times not observed, even with a sen-
sitive laser-induced fluorescence (LIF) technique, on excitation of
these alcohols at 193 nm. The OH channel is not observed mainly
because of presence of a barrier resulting from an avoided curve
crossing in this dissociation channel. In contrast, photo-excitation
of unsaturated alcohols, such as propargyl [6] and allyl [6,7] alco-
hols at 193 nm, which involves 7* <— 7 electronic transition, leads
to the formation of OH, as detected by LIF. In addition to intro-
duction of unsaturation centre, other structural modifications in
saturated alcohols, such as halogenations, can alter the nature of the
electronic excitation at 193 nm, and this can facilitate operation of
the OH channel from saturated alcohol involving a different reac-
tion mechanism. The photodissociation of halogenated saturated
alcohols, 2-bromoethanol and 2-chloroethanol, at 193 nm has been
studied experimentally [8], and only one primary channel, halo-
gen atom formation after C-X (X=Br, Cl) bond scission, has been
observed. In case of 2-bromoethanol, the co-product C;H4OH was
reported to undergo secondary dissociation to produce C;H,4 and
OH. BTFP [2] is a saturated halogenated alcohol and undergoes pho-
todissociation on excitation at 193 nm, involving U{C—Br)
transition, to produce OH as a secondary product from the primary
product F3C-CH(OH)-CH,, formed by direct C-Br bond scission
from a repulsive surface. Thus, photodissociation of these halo-
genated saturated alcohols at 193 nm involves ¢* <— n transition,
and generates OH in the secondary reaction channel. A question
arises; do all the halogenated alcohols generate OH on excitation at
193 nm? To address this question, we have investigated photodis-
sociation dynamics of BMHFP, and another brominated saturated
alcohol, 3-bromo-1-propanol (BP).

In the present study, we have investigated the photodissociation
dynamics of BMHFP and BP at 193 nm under collision-free condi-
tions, and detected the nascent OH photoproduct only from BMHFP,
by employing the LIF technique. We have also carried out ab initio
theoretical calculations to investigate a probable channel that leads
to formation of OH and to characterize the nature of the transi-
tion state. Partitioning of the available energy among translational,
rotational, and vibrational degrees of freedom of the photoproduct,
the A-doublet distribution, and the spin-orbit population ratio of
the OH fragments have been measured. We have also character-
ized some of the stable photoproducts of BMHFP, employing FTIR
absorption spectroscopy, and proposed mechanisms of their for-
mation with the help of both experimental results and molecular
orbital (MO) calculations.

<~ n(Bl‘)

2. Experimental

To study the photodissociation dynamics of BMHFP, laser
photolysis-laser induced fluorescence (LP-LIF) technique was used,

which is described in detail in a previous paper [9]. Briefly, the
glass reactor had crossed arms at right angles with windows, allow-
ing the photolysis and the probe laser beams to intersect at the
centre of the chamber. The photolysis laser used is an excimer
laser (Lambda Physik, Model Complex-102, Fluorine version) and
the probe laser is a Quantel dye laser with frequency doubling
and mixing modules (TDL90) pumped by a seeded neodymium
doped yttrium aluminium garnet (Nd:YAG) laser (Quantel model
YAG980 E-20). The detector is attached to the bottom window of
the glass reactor to view the intersection volume of the photol-
ysis and probe lasers. It consists of a lens of focal length 50 mm
(diameter=38 mm), to collect the fluorescence, photomultiplier
tube (Hamamatsu, model R-928P) to detect it, and a band pass fil-
ter (Acentre =310 nm, FWHM =10 nm, %T319nm = 10) placed between
the lens and the PMT to cut off the scattering from the photolysis
laser. Both laser beams were unfocused and attenuated to prevent
any saturation effect or multiphoton event. The photomultiplier
output was fed into a boxcar for gate integration and digitization.
The scanning of the dye laser, and data acquisition were controlled
by a Pentium II personal computer.

The OH fragment was probed state selectively by exciting the
A2Y «—X2I1 (0,0) transition of OH (306-309 nm) and monitoring
the subsequent A — X fluorescence. A digital delay generator was
used to vary the time delay between the photolysis and the probe
beams, and all the LIF excitation spectra were measured at the time
delay of ~50ns. The compound in the form of vapor was flowed
through the glass reactor with the static pressure ~50 mTorr at a
flow velocity of ~10cm/s, and it was photolyzed by ArF laser at
193 nm. The sample pressure in the cell was measured with a capac-
itance manometer. The intensities of the photolysis and the probe
lasers were separately measured using photodiodes, and measured
fluorescence excitation spectra were normalized with the mea-
sured lasers intensities. The LIF intensity was found to be linearly
proportional to both the photolysis and probe laser intensities.

Absorption cross-section of BMHFP at 193 nm was measured by
filling a known pressure of the sample into a 51 cm long cylindrical
absorption cell, fitted with MgF, windows for passing the excimer
laser beam. A beam splitter was used for dividing the original laser
beam into two parts, one for passing through the sample and the
other as a reference. Two photodiodes were used for measuring
the intensities of the sample beam, after exit from the sample cell,
and the reference beam. By measuring ratio of the intensities of the
two beams, the fraction of the intensity absorbed by the sample
was determined. This fraction was plotted against the number of
molecules in the cell in a semilog plot.

Br is expected to be a photoproduct on UV photodissociation
of BMHFP, and an experimental arrangement was made to detect
this product. The photodissociation dynamics experiments were
performed in a molecular beam condition by combining resonance
enhanced multiphoton ionization (REMPI) and time of flight (TOF)
mass spectrometer to state-selectively monitor the photoproducts
Br (4P 2P5),) and Br (4P 2Py ) atoms, which are referred to as Brand
Br*, respectively. Experimental details are similar to that employed
in our earlier work [10]. The (2+1) REMPI transitions of Br and
Br* atoms, in the wavelength region of 230-235nm, were used
to probe Br and Br* atoms. The laser pulses were generated from
a Quantel dye laser, TDL 90, using rhodamine 101 (LC 6400) dye
solution in methanol, pumped by a Quantel seeded Nd:YAG laser,
YG-981-C-20. The fundamental dye laser output was frequency-
doubled in a KDP crystal, and mixed with the fundamental output
of the Nd:YAG laser, to obtain an output in the range 230-235 nm.
The above laser output was separated from the rest of laser beams,
using a set of four Pellin-Broca prisms. In all the REMPI experiments,
the same laser beam was employed as a pump and a probe, i.e., for
both photodissociation of the parent molecule and ionization of the
photoproducts Br and Br* atoms. The laser beam was focused by a
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Fig. 1. LIF excitation spectrum of the (0,0) band of the A2X* « X?IT system of the
nascent OH radical formed in photodissociation of BMHFP (50 mTorr) at 193 nm.

lens of 280 mm focal length. The relative quantum yields of Br and
Br* were extracted from the relative integrated signal intensities in
the TOF spectrum at 233.70 nm and 234.04 nm, respectively, cor-
responding to two photon transitions, 6p 4Ps, < 4p 2P3j; and 6p
2512 < 4p 2Py 3.

Fourier transform infra-red (FTIR) spectrophotometer (Bruker,
model IFS 66v/S) and a glass cell fitted with a pair of ZnSe win-
dows, filled with a known amount of BMHFP (~5Torr pressure),
were used to measure the absorption spectra. To identify the sta-
ble photoproducts, FTIR absorption spectra were measured after
irradiation at 193 nm for 500 pulses (energy fluence =40 mJcm~2).

2-(Bromomethyl)hexafluoro-2-propanol (97%, SynQuest Labo-
ratories, Inc.) and 3-bromo-1-propanol (97%, Aldrich) were used
after several freeze-pump-thaw cycles in this work.

3. Theoretical methods

For a better understanding of the dynamics and the energet-
ics of the experimentally observed photodissociation channels
of BMHFP, ab initio molecular orbital (MO) calculations were
performed, using Gaussian 03 program [11]. The structures of
molecular species along with transition states were optimized

employing density functional theory (DFT) at the B3LYP level, using
6-311+G(d,p) basis sets. Besides the B3LYP energy, the energies of
the optimized structures were calculated also at the second-order
Moller-Plesset (MP2) level of theory, using the same basis sets. The
harmonic vibrational frequencies and force constants were calcu-
lated to ensure that the stationary points on the potential energy
surfaces are true local minima. All transition state structures were
characterized by only one imaginary frequency and one negative
eigenvalue of the force constant matrix.

We also carried out the excited electronic state calculations
at the configuration interaction with the single electronic excita-
tion (CIS) level to understand the nature of electronic excitation of
BMHEFP at 193 nm.

4. Results and analysis

4.1. Detection of OH

Photolysis of BMHFP at 193 nm produces the OH radical, which
was detected employing the LP-LIF technique. However, under sim-
ilar experimental conditions, OH could not be detected from BP. We
probed the quantum state distribution of the nascent OH radical by
measuring the fluorescence generated from its A-X system after
exciting the same system by a tunable dye laser. The measured
LIF signal was found to be linearly dependent on the photolysis
and probe laser intensities, indicating that the photodissociation
of BMHFP was a single photon process and that the OH molecular
transition was not saturated. Rotationally resolved lines could be
measured for the (0,0) vibronic band of OH. However, no LIF signal
could be measured for the (1,1) band, indicating that the OH radical
is generated mostly in the ground vibrational level i.e., v =0. The
excitation spectra of OH, with several rotational lines for the (0,0)
transition, were measured. A typical LIF excitation spectrum of OH,
at 50 mTorr pressure and 50 ns time delay between the photolysis
and probe lasers, is shown in Fig. 1. We extracted the information on
the dynamics of OH formation from the profiles of these rotational
lines of the excitation spectrum.

4.1.1. Average rotational energy of OH

The rotational lines of the (0,0) band of the A2X*-X2IT system
of the OH radical were assigned based on its reported spectral data
[12]. Using integrated areas of these measured lines, after normal-
ization with respect to the photolysis and probe laser intensities,
pressure of the sample in the cell, and Einstein’s absorption coef-
ficients Bj; (taken from Ref. [13]), the relative population of each
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Fig. 2. A Boltzmann plot of rotational state population against energy of rotational states of OH (v =0) generated in dissociation of BMHFP at 193 nm laser excitation.
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Fig. 3. Doppler profile of P(2)line of the A2X* « X2I1(0,0) system of the OH radical
produced in dissociation of BMHFP with 193 nm laser. The dotted line represents
the laser spectral profile.

rotational level was calculated. A Boltzmann plot, Fig. 2, was con-
structed by plotting the corrected populations P(J”) of the nascent
OH fragment against energy of the rotational levels (&), using the
equation,
In P(J")  —é¢hc
2]7+1) kTg
The rotational temperature (Tg) corresponding to the rotational
population distribution of OH(v” = 0), produced on photoexcitation
of BMHFP at 193 nm, was calculated from the slope of the plot, to
be 465 + 25K, which implies 0.93 + 0.05 kcal mol~! of the average
rotational energy into the OH fragment.

+ constant. (1)

4.1.2. Average translational energy release in OH

The average translational energy release in the photoproduct
OH can be evaluated using widths of Doppler broadened rotational
lines, since the Doppler broadening of the LIF lines is due to molec-
ular velocity of the fragments. A typical Doppler profile of the Q(6)
line of OH from BMHFP is depicted, after de-convolution, in Fig. 3.
Doppler profiles of ten each of P;(2) and Q;(6) lines were measured,
and after de-convoluting these observed profiles with the instru-
mental functions, the average Doppler width of 0.42 +0.04cm™1 is
obtained. The Doppler width Avp is related to the temperature (Tt)
by the equation [14],

Tr(OH)
Moy

Avp =7.16 x 107w (2)
where vy and moy are the centre frequency of the rotational line and
the mass of OH, respectively. The measured average Doppler width
corresponds to the average translational energy in OH, Er(OH) of
14.6 + 2.8 kcalmol 1.

4.1.3. A-doublets and spin-orbit states distributions

An interaction between the rotation of the nuclei and the elec-
tronic orbital angular momentum is found to produce a splitting
into two components for each J value in the state with A # 0,
which are otherwise doubly degenerate without rotation [15]. The
A doublets in a 21 state differ in the relative orientation of the
7 molecular orbital and the angular momentum J. In the classi-
cal (high J) limit, 2IT*(A’) and 2IT1-(A”) refer to the 7 lobes being
respectively parallel and perpendicular to the rotational plane. The
population in the IT* state is probed by the P or R rotational lines,
and that in the [T~ state by the Q lines of the excitation spectrum.
The ratio of the corrected intensities of P to Q lines was plotted

20
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Fig. 4. A plot of A-doublet population ratio against rotational quantum number N”

for the nascent OH formed in laser-induced photodissociation of BMHFP at 193 nm.
The plot indicates no preference for any particular A-doublet state.

against the corresponding rotational quantum number (N”), shown
in Fig. 4, and these values are close to unity. The observed statistical
distribution in the A-doublet states indicates that the OH product
has no preference for any particular A-doublet state.

The ground electronic state of OH is 2I1, which splits into two
states 2TT5, and 2I1;, due to spin-orbit coupling. The population
of the IT3, level of the OH radical is measured by P1(N”) or Q;(N") or
Rq(N”) lines, and that of the I1;, level by the intensity of P;(N") or
Q2(N”) or Ry(N”) lines. A plot of the ratios of corrected intensities
of P1(N"”) and P(N") against N” shows these values to be almost
unity and invariant up to N”=7 (Fig. 5), implying that the levels
are equally populated for all probed rotational levels, and the X 2T1
spin-orbit components (21'13/2 and 21'[1/2) of the OH product are
in equilibrium. It suggests that BMHFP dissociates to produce OH
from a PES, which does not interact with nearby triplet states, since
the singlet-triplet interaction can contribute to a preference for the
2115, state.

4.1.4. Formation time of OH
Time evolution of OH was measured by scanning the time delay
between the photolysis and the probe lasers to understand how fast

2.04
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5;10- ............. % ....................................
=
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'
0.0 T T . . . r

1 2 3 4 5 6 7 8
Rotational quantum number (N")
Fig. 5. A plot of the spin-orbit state population distribution ratio against rotational

quantum number N” for the OH radical produced in photodissociation of BMHFP
with 193 nm laser. Both the spin-orbit populations are statistically produced.
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or slow this product is produced on excitation of BMHFP at 193 nm.
The formation kinetics of OH (v” =0, J”) was found to be strongly J”
dependent. A plot of LIF intensity against pump-probe time delay,
for OH at different J”, is presented in Fig. 6. The time delay scans
show that OH formation becomes faster with increasingJ” from 2.5
to 6.5. This J” dependence of formation of the OH radical in a partic-
ular level is explained based on rotational relaxation of OH formed
in higher levels. In lower rotational levels, i.e., J"=2.5 or 3.5, apart
from the population formed initially, there is an increasing contri-
bution from the relaxation of the higher rotational levels. Thus, the
relaxation of OH from higher rotational levels to lower levels will
delay its actual formation directly from BMHFP. Thus, the OH (v’ =0,
J'=2.5) shows much slower formation as compared to OH (v’ =0,
J’=5.50r6.5). Temporal evolution of OH (V' =0, J” = 6.5), with high-
est measured value of J”, leads to the correct value of formation
rate of OH, and the value obtained from this line is 8.9 x 106 s~1.
We observed similar J” dependence of formation of the OH radical
in photodissociation of BTFP [2] and butadiene monoxide [16] at
193 nm.

4.2. REMPI detection of Br on photodissociation of BMHFP at
234nm

Photodissociation of BMHFP at ~234 nm generates Br, which
was detected with (2 +1) REMPI scheme as discussed earlier. Br is
produced mostly in the ground spin orbit state (2P; 12) with the rel-
ative quantum yield of 0.64. A strong dependence of time of flight
(TOF) profiles of Br and Br* on different laser polarizations suggests
that the C-Br bond dissociation is very fast,and hence it is a primary
process. The analysis of the profiles reveals 15.4 and 15.1 kcal mol !
of the relative translational energy in the Br and Br* channels,
respectively. It implies the (fr) value of 0.28 (with the available
energy of 55.0 kcalmol~! at 234 nm) for the Br channel. We could
not measure the translational energy release in the Br channel at
193 nm dissociation, due to some experimental constraints. Assum-
ing the same (fr) value at 193 nm dissociation, the average total
translational energy released is 22.6 (0.28 x 80.9) kcal mol~!.

4.3. Stable product analysis by FT-IR absorption

We measured the IR absorption spectrum of BMHFP in the
vapor phase, to the best of our knowledge the same is not avail-
able in the literature and hence, we report the same in Fig. 7.
The major peaks observed in the spectrum are at 3624, 3565,
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Fig. 7. IR spectrum of BMHFP (5Torr) in the vapor phase using Zn-Se windows
for the photolysis cell. In the inset, curve ‘B’ is before irradiation and ‘A’ is after
irradiation with 500 pulses of 40 m] cm~2 of 193 nm laser.

3538, 3056, 3003, 1440, 1381, 1323, 1260 (strong), 1242, 1223,
1193, 1160, 1021, 962, 729 and 677 cm~!. On photodissociation
of BMHFP, at 193 nm, in addition to the transient product OH, we
also detected some stable products employing FT-IR absorption
spectroscopy. New IR features (inset of Fig. 7) in the irradiated mix-
ture can be seen mainly between 1440 and 950cm~! (at 1235,
1206, 1124 and 1090cm~'), between 2000 and 1600cm~! (at
1956, 1944, 1928, 1793, 1775, 1670 and 1653 cm~1), and at 3027,
3016, 2980, 2860, and 770cm!. Some of these IR peaks are due
to photoproducts, such as 1,1,1-trifluoroacetone (F3CC(=0)CH3),
bromotrifluoromethane (CF3Br) and (2-trifluoromethyl)-3,3,3-
trifluoropropene (F3C-C(=CH;)-CF3). The observed IR peaks, along
with an assignment of some of these, are given in Table 1.
1,1,1-Trifluoroacetone and bromotrifluoromethane (CF3Br) were
characterized using their reported IR absorption spectra [17].
Some of the observed peaks have been tentatively assigned to
F3C-C(=CH,)-CF3, based on general features of a C=C bond. The
observed uncharacterized peaks at 1956, 1944, 1928 cm~! also
appeared in the irradiated BTFP [2] at 193 nm. The product analysis
of BMHFP, and not BP, has been performed, since OH was detected
only in the former.

4.4. Absorption cross-section and quantum yield measurements

The absorption cross-sections of BMHFP, BTFP and BP at 193 nm
were measured to be (3.6£0.3)x 10719, (55+0.2) x 10-19 and
6.6 x 10~19 cm?2 molecule~!, respectively. These values were used
for the determination of the quantum yield of OH formation chan-
nel from BMHFP and BTFP on excitation at 193 nm. We calculated

Table 1
FT-IR absorption peaks, along with assignment of some of these, of product mixture
on photolysis of BMHFP at 193 nm.

Peak position, cm~! Assignment of Reference
species

1775 (strong), 1124 F3CC(=0)CH3 [17]

1206, 1124, 1090 CF3Br [17]

3027, 3016, 2980, 1670, 1653
2860, 1956, 1944, 1928, 1793, 1235, 770

F3C-C(=CH;)-CF5? -
Unassigned -

2 Spectra not reported, tentative assignment based on expected C=C and =C-H
stretching frequencies.
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Table 2

Absorption cross-section (o), quantum yield of OH, @(OH), and detection of Br product at 193 nm.
Compound 0193 (cm? molecule™") Br? (detected) @193(0OH) Reference
BMHFP (3.6+0.3)x 10710 Yes 0.17 This work
BP (6.6+0.3)x 10719 - 0.0 This work
BTFP (5.54+0.2)x 1019 Yes 0.75 This work
Acetic acid (1.1£0.2)x 1019 No 0.8 [18]

2 Br not checked in BP.
b Under expt. limit.

the quantum yield of OH generation from BMHFP and BTFP by a
relative method, using the relation,

where @5 and @ are quantum yields of a sample and a reference,
respectively. The symbols I and o stand for the LIF intensity and the
absorption cross-section at 193 nm, respectively. Acetic acid was
taken as a reference compound with the measured values of the
absorption cross-section and the quantum yield of OH generation
channeltobe 1.1 x 10~ cm2 molecule—! and 0.8, respectively [18].
The measured values of the absorption cross-section and the quan-
tum yield of OH at 193 nm are provided in Table 2. All the rotational
lines of OH(v” =0) produced from BMHFP, BTFP and acetic acid at
193 nm were measured in identical experimental conditions, and
the area of each rotational line was evaluated. The sum of the areas
of all the rotational lines of OH from BMHFP or BTFP and acetic
acid were compared, to obtain the quantum yields of OH forma-
tion channel from BMHFP and BTFP to be about 0.17 4+ 0.05 and
0.75 £ 0.08, respectively.

4.5. Theoretical calculations

Molecular orbital (MO) calculations were carried out to inves-
tigate the potential energy surface (PES) for the dissociation
channels, of BMHFP accessible on laser excitation at 193 nm. All
the structures of the stable molecules and the transient species,
including the TS, have been optimized at the B3LYP/6-311+G(d,p)
level of theory and the zero-point energies were calculated at the
same level of theory. Vibrational frequencies for all the species were
calculated at the equilibrium geometry using the same level of the-
ory as the geometry optimization. The calculated frequencies were
positive, except for transition states, indicating that the equilibrium
structures were at a minimum on the potential energy surfaces. All
transition state structures were characterized by only one imagi-
nary frequency and one negative eigenvalue of the force constant
matrix. Besides the B3LYP energy, the energies of the optimized
structures were also calculated at the second-order Moller-Plesset
(MP2) level of theory, using the same basis sets. For all the radical
channels the projected MP2 (PMP2) energies, wherein spin con-
tamination has been taken care of, were calculated, which were
lower as compared to the MP2 energies. All the energies used under
discussion are at MP2/6-311+G(d,p) level of theory.

4.5.1. Ground electronic state

The ground electronic states including transition state struc-
tures involved in photodissociation of BMHFP were optimized and
energy of each optimized molecular species was calculated. The
energy levels are schematically represented in Fig. 8, with the
energy of each species marked in kcal mol-1.

The conformational stability of BMHFP was investigated by den-
sity functional theory at B3LYP/6-311+G(d,p) level and ab initio
MP2/6-311+G(d,p) calculations. The possible conformers of the
molecule are determined by the rotation of the bromomethyl
(BrCCO dihedral angle, ¢»1 ) and hydroxyl (HOCC(Br) dihedral angle,
¢>) group. The calculated potential energy curves of the molecules

with optimized geometry at B3LYP level and MP2 energies are con-
sistent, with three distinct minima that correspond to gauche-syn,
gauche-anti and anti-anti, structures are shown in Fig. 9. In the
gauche-syn, gauche-anti and anti-anti conformers ¢, (¢,) values
are —48.5° (44.6°), —58.0° (—175.5°) and 180° (180°), respec-
tively. Among these three forms, the gauche-syn is calculated to
be more stable by about 1.6 (1.3) and 0.9 (0.3)kcalmol~! than
gauche-anti and anti-anti, respectively at B3LYP (MP2) level. The
higher stability of the gauche-syn conformer can be attributed to
an intramolecular hydrogen bond, and its evidence comes from the
calculated structures. The Br- - -HO distance in the gauche-syn form
is 2.58 A, which is about 0.57 A shorter than the sum of the van der
Waals radii of bromine and hydrogen (3.15 A) [19]. But, the Br- - -HO
distance in the gauche-anti form is much longer (~4.12 A). Even the
Br---OH distance (3.18 A) in the gauche-syn form is shorter than the
sum of the van der Waals radii of bromine and oxygen (3.35A)[19].
Intramolecular hydrogen bond [19,20] has also been observed in
2-bromoethanol and 2-chloroethanol, providing stability of about
2.0kcalmol~1 [20,21]. Similar attractive fluorine-hydrogen inter-
action has been observed in 2-fluoroethanol as well [21,22]. Thus, in
BMHEFP also, an attractive interaction is expected between hydro-
gen of OH and not only bromine, but also fluorine, since the
hydroxyl group and fluorine atoms (like bromine atom) are located
on the adjacent carbon atoms. However, the calculated F---H dis-
tance is 2.58 A, 2.34 A and 2.34A in the gauche-syn, gauche-anti
and anti-anti forms of BMHFP, respectively, in comparison to
the sum of the van der Waals radii of fluorine and hydrogen of
2.55A [22]. Although the calculated F---H distance is the same in
both the anti-anti and gauche-anti conformers, the F.--H inter-
action is greater in the former than the latter, since it has two

OH+Frag3_ gq3
TS-6-CF,
OH+Fragdb 97.6 p %932
cp, + Product-6
M

«, Isomer-5 $1.4 827

193 nm (148 kcal/mol)

BMHFP

Fig. 8. Relative potential energy diagram for formation of OH (solid line) from the
ground electronic state of BMHFP on excitation at 193 nm with two different possible
pathways. This figure also depicts another possible dissociation channel (dotted
line) from the primary dissociation product F;C-C(CH; )(OH)-CF5 of BMHFP. The TS
structures are marked according to the reaction numbers. Details are given in the
text. All energies (in kcal mol-!) are at MP2/6-311+G(d,p) level of theory.



216 Y.N. Indulkar et al. / Journal of Photochemistry and Photobiology A: Chemistry 222 (2011) 210-219

J & iia
J )

Gauche-syn

TS-4b-OH

Gauche-anti

TS-53-Isomer

Anti-anti

TS-6-CF;

Fig. 9. The optimized structures of the ground electronic state of BMHFP (three conformers) and transition states of various reactions (marked according to the reaction
number followed by reaction type). All structures are optimized at the B3LYP/6-311+G(d,p) level of theory.

similar intramolecular hydrogen bonds. Although the F.--H inter-
action is not expected to be present in gauche-syn, this conformer
of BMHFP is more stable than other two conformers, implying that
the intramolecular Br.--H interaction in the gauche-syn form is
stronger than the F...H interaction in the anti-anti form. Similar
results were observed in BTFP [2], where syn form is more stable
than anti form.

4.5.2. Excited electronic state

The photochemistry of BMHFP is not studied well. But, these are
expected to be similar to BTFP, except for some differences arising
from the presence of one more CF3 group in lieu of H in BMHFP.
However, the CF3 group is not expected to produce any significant
effect, since the nonbonding fluorine electrons are strongly bound.
Excitation at 193 nm in BTFP [2] is assigned to o¢_p. < ng; transi-
tion. In BMHFP also, excitation at 193 nm is expected to lead to the
same o_p. < Np; transition. The ¢* < n transition in alkyl halides
(like in halogens and hydrogen halides) is complex because of a
strong spin-orbit coupling of the unpaired electron remaining on
the halogen atom [23,24]. This coupling is responsible for the spin-
orbit splitting of the excited state, which leads to three allowed
transitions known as 1Qq, 3Q; and 3Qy transitions in the Mulliken
notation [25]. Selective excitation of these transitions produces the
halogen atom in either the ground or the excited spin-orbit state.
Excitation of 1Q; and 3Qy transitions produces the ground state
halogen atom, whereas that of 3Qq transition produces the spin-
orbit excited halogen atom. Since both Br and Br* are produced
from BMHFP on UV irradiation, the selective excitation of these
transitions is not taking place.

We carried out population analysis to understand the nature
of the excited states of BMHFP, and found that the excitation at
193 nm in BMHFP is similar to that in BTFP and bromoethanol [8],
and it is assigned to the o’¢_g. < ng; transition.

5. Discussion
5.1. Dissociation channels from BMHFP

The dissociation dynamics is well characterized by studying
the dissociation channel experimentally in combination with the-

oretical calculations. In the photodissociation of BMHFP, the initial
excitation at 193 nm involving o¢_g. < np; transition leads to pop-
ulation of BMHFP in a higher electronic state, which is repulsive
in nature. BMHFP is expected to undergo the C-Br bond cleavage
impulsively from this repulsive state, producing Br and the radi-
cal F3C-C(CH;)(OH)-CFs, the latter can dissociate to produce OH
with the co-product F3C-C(=CH;)-CFjs. In stable product analysis,
F3C-C(=0)-CH3 and CF3Br (on combination of CF3 and Br radicals)
are observed.

5.1.1. OH formation

The formation of the OH radical from BMHFP on the excitation at
193 nm, can be ascribed to two different possible pathways, whose
energetics are shown in Fig. 8. The OH radical can be produced as a
primary product involving the C—-OH bond cleavage (reaction (3))
with the bond dissociation energy of 98.3 kcal mol~1.

F3C-C(CH,Br)(OH)-CF; — F3C-C(CH,Br)-CF; + OH (3)

OH can also be produced as a secondary product (reaction (4b))
from the primary product F3C-C(CH, )(OH)-CF3 (reaction (4a)).

F3C-C(CH,Br)(OH)-CF3 — Br + F3C-C(CH>)(OH)-CF; (4a)
F3C-C(CH5)(OH)-CF3 — F3C-C(=CH,)-CF5 +OH (4b)

The secondary pathway of OH formation is initiated by elim-
ination of Br (reaction (4a)) with bond dissociation energy of
67.1 kcal mol~!, in which the co-fragment subsequently dissociates
via TS (structure is shown in Fig. 9 as TS-4b-OH) with an activation
barrier (Ep,) of 33.8 kcalmol~! to produce OH (reaction (4b)). One
or both of these two mechanisms can be responsible for production
of OH from BMHFP on excitation at 193 nm.

Theoretical studies suggest the lower excited electronic states
of BMHFP are repulsive in nature with respect to the C-Br bond,
and, therefore, the most facile primary event is expected to be the
C-Br bond dissociation leading to Br formation (reaction (4a)). The
REMPI measurements of Br and Br* on irradiation of BMHFP at
234 nm also suggest that the Br and Br* formation channels are
primary processes taking place from a repulsive state. Since the
calculated C-Br bond dissociation energy is 67.1 kcal mol~1, forma-
tion of OH involving the C-OH bond in a primary reaction channel
(reaction (3)) with a higher barrier of 98.3 kcalmol~! appears to
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be less probable. Thus, the mechanism of OH formation on exci-
tation of BMHFP at 193 nm involves first Br elimination, followed
by the C-OH bond scission of the primary radical, to produce OH
and F3C-C(=CH,)-CF;3 (reaction (4)). We could locate the corre-
sponding TS structure (marked as TS-4b-OH in Fig. 9), in which
the C-OH bond is elongated to 2.13 A. The proposed mechanism of
OH formation from BMHFP is similar to that from haloalcohols [8],
2-bromoethanol, wherein OH was proposed to be generated from
a primary product H,C-CH,OH (produced after Br elimination).
In this haloalcohol the product OH and the co-fragment C,H4 are
reported to have an isotropic centre-of-mass angular distribution,
since the precursor H,C-CH,OH is long-lived with respect to period
of its rotation. Similar isotropic angular distribution of products,
OH and its co-fragment, from BMHFP on excitation at 193 nm is
expected, since the proposed mechanism of OH formation is similar
and formation of OH was found to be relatively slow (8.9 x 106 s~1),
To verify this rate of formation of OH, we calculated the uni-
molecular rate of its formation to be 2.1 x 108 s~! from the radical
F3C-C(CH, )(OH)-CF5 (a primary product) with the internal energy
of 58.3 kcal mol~1, which is estimated by subtracting the average
translational energy release from the available energy in reaction
(4a), employing RRKM (Rice-Ramsperger-Kassel-Marcus) uni-
molecular theory [26,27]. Thus, the RRKM rate does predict a low
formation rate of OH, but it underestimates the experimental value
of 8.9 x 106 s~1, This disagreement can originate possibly through
a combined error from calculations of the C-Br bond dissociation
energy in BMHFP and the internal energy of the radical in reaction
(4a). This mechanism of OH formation is in good agreement with
our earlier work on photodissociation of BTFP to produce OH.

5.1.2. Other reaction channels

In a recent theoretical work on OH reaction with propene
[28], possible dissociation channels have been predicted from an
intermediate H3C-CH(OH)-CHs. In the present work, the interme-
diate radical F3C-C(CH,)(OH)-CF;5 in the proposed OH channel is
similar to H3C-CH(OH)-CH,, with H3C and H each in the latter
being replaced by F3C. We have investigated possibility of sim-
ilar low energy channels from F3C-C(CH,)(OH)-CF3, to explain
formation of an observed stable product F3C-C(=0)-CHj3. In addi-
tion to the intermediate radical F3C-C(CH;)(OH)-CF3; undergoing
the C-OH bond scission (reaction (4b)), it can also isomerize to
F3C-C(O)(CH3)-CF;3 (reaction (5)) through a TS (TS-5-isomer in
Fig. 9), with Ey, of 32.1kcalmol-!. This isomer can undergo the
C-CF53 bond cleavage involving a TS, whose structure is shown
in Fig. 9 as TS-6-CF3, to produce the observed stable product
F3C-C(=0)-CH3 (reaction (6), E, =11.8 kcalmol~1).

F3C-C(CH>)(OH)-CF3 — F3C-C(O)(CHs3)-CF5 (5)
F3C-C(0)(CH3)~CF3 — F3C-C(=0)-CHs + CF3 (6)

The energetics of these reactions are given in Fig. 8.

Another stable product, CF3Br is observed in the FTIR spectrum
after irradiation with 193 nm. It means the CF3 radical can react
with Br to produce CF3Br as a stable product (reaction (7)).

CF3+Br + M — CF3Br + M (7)

5.2. Partitioning of the available energy

The dissociation dynamics can be understood by examining
the energy partitioning, which can be predicted by experimental
results, theoretical calculations, and applying some dissociation
models. The energy available (E,,;) to the primary products of the
reaction (4a) is calculated from the photon energy (hv) at 193 nm,

internal energy (E;j,.) of the parent molecule, and endothermicity
(AE) of the reaction (4a), using Eq. (8)

Eav(4a) =hv +Ejy — AE(4a). (8)

The energy change involved in the reaction generating
Br (produced mostly in the ground spin-orbit state) and
radical F3C-C(CH,)(OH)-CF3, AE(4a), is estimated to be
67.1kcalmol~1. At 193nm photodissociation, energy of pho-
ton, hv, being 148kcalmol-!, and after ignoring the small
internal energy of the parent molecule at the room temperature,
E,v(4a)=148 —67.1=80.9 kcalmol~'.

In a similar way, the energy available to the secondary products,
reaction (4b), can be calculated using the relation,

Eavi(4b) =E,y(4a) — AE(4b) — Er(4a), (9)

where AE(4b) and Er(4a) are the endothermicity of reaction
(4b), 30.5kcalmol~!, and the average amount of translation
energy release (22.6kcalmol~1) in reaction (4a), respectively.
Since the primary dissociation process occurs on a repulsive
surface of BMHFP on excitation at 193 nm, the energy parti-
tioning may be estimated employing the impulsive mechanism.
The total translational energy released in reaction (4a) is eval-
uated to be 15.2kcalmol~! (18% of the available energy), using
the soft impulsive model [29] of energy partitioning. Thus, the
impulsive model underestimates the translational energy release
for the C-Br dissociation channel. This implies, E,(4b) is 27.8
(80.9 —30.5 — 22.6) kcal mol . This available energy is partitioned
into translational, rotational, and vibrational degrees of freedom
of the photofragments OH and co-product F3C-C(=CH;)-CF3 as
specified by following expression,

E.vi(4b) =E1(OH + co-product)+ Ej,(OH) + Ejy¢(co-product)
(10)

OH is produced as a secondary product in the reaction (4b)
from the primary product F3C-C(CH;)(OH)-CF5. The OH transla-
tional energy Et(OH) is measured to be 14.6 kcal mol~!. We have
estimated the total translational energy release, Er(Total), in this
case of two-step three-body dissociation of BMHFP, following sim-
ilar methodology as Guest and co-workers [30] for the acetic acid
dissociation, by using the equation:

Ex(Total) = Er(OH) |1+ —OH
mco—product

2

Mco-product | M m

+ET(Rad) P + Rad OH (11)
MRad mpgyr Meo-productMRad

where Moy, Meo-product: MRrad» and mp; are the masses of OH, its
co-product CF3-C(=CH;)-CF3, the radical F3C-C(CH;)(OH)-CFs,
and Br, respectively. Er(Rad) is the translational energy of the
precursor radical to OH. The translational energy released in Br,
E1(Br), is estimated to be 15.4 kcal mol~! employing REMPI. With
Er(Rad) and Ep(OH) of 7.2 (calculated using the measured value
of Er(Br)) and 14.6 kcal mol~! respectively, E(Total) is evaluated
to be 38.8 kcal mol~1, using Eq. (11). The total translational energy
release, Ep(Total) in this case of two-step three-body dissociation
is given as,

Et(Total) = E(Br) + E(OH) + Er(co-product) (12)

Hence, Et(co - product) is evaluated from the above expression to
be 8.8 kcalmol-1.

OH is produced mostly vibrationally cold with an average rota-
tional energy of 0.93 kcal mol~! on photo-excitation of BMHFP at
193 nm. However, an average of 23.4 (14.6+8.8) kcalmol~! of the
available energy (27.8 kcalmol~!) is released into translation of
reaction (4b). This suggests that the remaining part of the available
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energy, 3.5 (27.8 — 23.4 — 0.9) kcal mol~! is partitioned as the inter-
nal energy of F3C-C(=CH;)-CF3, the co-product of OH, in reaction
(4b).

Bond dissociation energies, used for evaluating the amount of
the available energy, are calculated using MO calculations. Simi-
larly, the translational energy release in the primary reaction is not
measured experimentally at 193 nm; rather it is estimated from
the measurements at 234 nm. Therefore, an experimental measure-
ment of the translational energy release directly at 193 nm in the
primary dissociation channel combined with a high level of theoret-
ical calculations for energies are required to improve the accuracy
of an estimate of the available energy, which will result in improved
evaluation of energies in the relative translation and the internal
states of the products.

Since a significant fraction of the available energy is released
in the relative translation of the products, either the OH chan-
nel (reaction (4b)) occurs impulsively from a repulsive state of
F3C-C(CH, )(OH)-CFs, or it has an exit barrier. The impulsive C-OH
bond dissociation should lead to fast formation of OH, within the
photolysis laser pulse of 20 ns. But, we observed relatively slow
formation of OH with a rate coefficient of 8.9 x 10%s~1, which is
also supported by the RRKM unimolecular rate theory. Thus, the
second possibility of the presence of an exit barrier in the C~OH
bond scission, producing OH, can be responsible for a high amount
of energy in the relative translation. This mechanism is validated
through our theoretical calculations, which show the presence of
the expected exit barrier. However, the estimated exit barrier of
1.4 (3.3)kcalmol~! at B3LYP(PMP2)/6-311+G(d,p) level of theory
is quite small to explain quantitatively a large amount of energy
in the relative translation of the products. A higher level of theory
with larger basis sets will produce more accurate value of the bar-
rier. Hence, we do not attach much significance to the calculated
quantitative value of the exit barrier. Thus, a significant fraction of
the available energy in the two-step three-body dissociation pro-
cessisreleased in translation, mainly from the recoil of the products
in the primary channel, which occurs on a repulsive surface, with
some contribution from the exit barrier of the secondary reaction.
Ahigher value of exit barrier for the OH channel can be expected for
the BMHFP dissociation from a triplet surface, which can be pop-
ulated through intersystem crossing due to heavy Br atom effect.
However, it seems intersystem crossing from an initially prepared
repulsive surface in BMHFP does not compete with the rapid impul-
sive dissociation of the C-Br bond.

5.3. Photodissociation of BP

Unlike from BMHFP and BTFP, we could not detect OH from 3-
bromo-1-propanol (BP) on photoexcitation at 193 nm, in spite of its
higher absorption cross-section at 193 nm, which was measured to
be (6.6 +0.3) x 10-19 cm?2 molecule~! as listed in Table 2. Thus, it
implies that the OH formation mechanism in BP, similar to one pro-
posed for BMHFP and BTFP, is not possible energetically, or this OH
pathway does not compete with some other low energy channels.
If a similar mechanism of OH formation operates in BP (reactions
(13a) and (13b)),

BrCH,-CH,-CH,0H — Br + CH,-CH,-CH,OH (13a)

CH,-CH;-CH,;0H — c¢-(CH;-CH,-CH;) + OH (13b)
our calculations suggest that energies required (shown in Fig. 10)
for Br elimination from BP (reaction (13a)) and the subsequent
C-OH bond cleavage (reaction (13b)), with an activation barrier
of 49.0 kcalmol-1, from the primary radical are greater than that
from BMHFP. Thus, it implies that the OH channel may not compete
with other low energy channels in BP.

A TS-13b-OH

.TS-IAa-Isome‘r? 59

Br + CH,CH; CH,0H|

193 nm (148 keal/mol)

BP

Fig. 10. Relative potential energy diagram for formation of OH (solid line) from the
ground electronic state of BP. This figure also depicts another possible dissociation
channel (dotted line) from the primary dissociation product of BP. The TS structures
are marked according to the reaction numbers. Details are given in the text. All
energies (in kcal mol-!) are at MP2/6-311+G(d,p) level of theory.

Other low energy channels of BP are investigated theoretically.
Energies involved in a re-arrangement of the radical formed on Br
atom elimination (reaction (14a)), similar to reaction (5) of BMHFP,
and subsequent dissociation (reaction (14b)) are calculated for BP,
with results shown in Fig. 10.

CH,-CH,~CH,OH — CH3-CHy—CH,0
CHg—CHz—CHzO — CH3—CH2—CHO + H

(14a)
(14b)

This sequence of reactions generating CH;—CH,-CHO and H is ener-
getically preferable with respect to that generating OH in BP. The
energy level diagrams of Fig. 10 reveal that the activation bar-
rier, Ey, of 49.0 kcal mol~! for the expected OH formation is greater
than that of 26.8 kcalmol~! for the radical isomerization reaction
(14a). But in BMHFP both F3C-C(=0)-CH3 + CF3 and the OH chan-
nels are almost equally likely from the radical, formed after Br atom
elimination in the primary step. The schematic energy level dia-
grams (Fig. 8) show that E;, values for the radical isomerization
(32.1 kcal mol~1) and dissociation to produce OH (33.8 kcal mol-1)
are comparable in BMHFP. The isomerized radical subsequently
leads to F3C-C(=0)-CH3 + CF3 channel. Thus, OH could be detected
from BMHFP, but not from BP, on excitation at 193 nm. Even another
expected OH channel from BP, through propene + OH reaction, can-
not compete with other low energy channels [28]. Thus, reaction
energetics is responsible for OH formation in BMHFP, but not in BP.

5.4. Comparisons with saturated alcohols and saturated
halo-alcohols

The small saturated alcohols [3-5] contribute to a common
dissociation mechanism, after the O'Z‘O_H) < Do) excitation, involv-
ing the impulsive O-H bond breaking on the repulsive excited
state PES along the O-H coordinate with large transitional energy
release. The OH channel is either minor or not observed. Unlike
these saturated alcohols, which do not contain halogen, BMHFP
and BTFP (brominated saturated alcohols) produce OH on excita-
tion at 193 nm. However, OH from these bromoalcohols is produced
in a secondary reaction after elimination of bromine. The mecha-
nism of OH formation from BMHFP and BTFP is similar to that from
other saturated halo-alcohol, 2-bromoethanol. Thus, in these sat-
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urated halo-alcohols, the nature of transition at 193 nm changes
from UE*O_H) < Ny in saturated alcohol to O'Z‘C_Br) < Ny, and
OH is produced from the primary product. Since we could not
detect OH from BP, in spite of its higher absorption cross-section
of 6.6 x 10-19 cm? molecule~! at 193 nm, it implies that all satu-
rated halo-alcohols do not produce OH on excitation at 193 nm.
One major structural difference between OH producing and non-
OH producing saturated halo-alcohols is the relative position of
halogen and OH moiety at a, 3 and «, vy, respectively. In the case of
OH producing halo-alcohols, the radical formed on Br elimination,
undergoes the C-OH bond cleavage to produce OH via a stable TS.
The stability in the TS structure arises from double bond charac-
ter, such stability to the corresponding TS is not feasible in non-OH
producing halo-alcohols because of ., y relative positions of Br and
OH. Thus, the OH channel is not energetically competitive to other
low energy channels.

Photodissociation dynamics of BMHFP at 193 nm appears to
be similar as that of BTFP [2] and 2-bromoethanol [8]. OH is
produced as a secondary product; following direct C-Br bond dis-
sociation from a repulsive surface. The translational energy release
in the primary step of BMHFP dissociation is measured to be 28%
of the available energy. This value is measured to be 42% in 2-
bromoethanol [8], and estimated to be about 22% in BTFP [2].
Although the overall mechanisms of OH formation are similar in
both BMHFP and BTFP, the quantum yield of OH formation in the
former is about four and half times lower than that in the latter.

6. Conclusions

The 193 nm photodissociation of saturated halogenated alco-
hols, 2-(bromomethyl)hexafluoro-2-propanol (BMHFP) and 3-
bromo-1-propanol (BP), has been investigated employing laser-
induced fluorescence technique to probe the nascent OH radical.
Saturated bromoalcohols, such as 3-bromo-1,1,1-trifluoro-2-
propanol (BTFP) and BMHFP, on excitation at 193 nm, generate
OH in a secondary reaction. Along with the nascent OH radi-
cal, CH3COCF3 and CF3Br were observed as stable products in
FTIR absorption study. Unlike BMHFP and BTFP, OH was not
detected from 3-bromo-1-propanol (BP) under similar experimen-
tal conditions. With these studies it appears that all saturated
bromopropanols, except for probably those having Br and OH on
adjacent C atom, do not produce OH on excitation at 193 nm.

The dynamics of OH formation in BMHEFP is nearly identical to
that in BTFP. However, the quantum yield of OH formation is rela-
tively lower (by a factor of 4) in BMHFP. Thus, the presence of an
additional CF; group in BMHFP does not play any significant role in
its photochemistry, except for the quantum yield, with respect to
OH formation at 193 nm. OH (v’=0, J”) is produced as a secondary
product from the primary product F3C-C(CH,)(OH)-CFs3, formed
by direct C-Br bond dissociation from a repulsive surface. Measure-
ments on the nascent state population distribution of OH reveal that
itis produced mostly in the vibrational ground state (v’ =0) with its
rotational temperature of 465 + 25 K. However, a significant frac-
tion of the available energy in the two-step three-body dissociation
processis released in the translational ((fr) ~ 0.75), mainly from the

recoil of the products in the primary reaction channel, which occurs
on arepulsive surface, with some contribution from the exit barrier
of the secondary reaction. Our theoretical calculations predict this
barrier to be 1.4 (3.3) kcal mol~! at B3LYP(MP2)/6-311+G(d,p) level
of theory. A higher level of theory with larger basis sets can predict
an accurate value of the exit barrier.
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