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exothermicity is expected to be found as vibrational excitation
energy. Taking into account the excitation up to v = 7, Bour-
guignon et al.?! determined a lower limit for {f,;,) of 0.18 while
the fraction stored into rotational excitation (f,,) amounts at [east
to 0.22. This contrasts with the Ca('S) + Cl, reaction where 70%
of the reaction energy goes to vibrational excitation of the CaCl
molecule.* In view of the presence of an energy barrier of 3.6
% 0.3 kJ mol™ and the energy distribution in the MgCl product
molecule which is quite different from that in CaCl, the original
concept of “harpooning” might not be applicable to reaction 3.
A more appropriate terminology would be a “close-range”
charge-transfer mechanism.

Concerning the possibility of a second electron transfer it has
been pointed out by Bourguignon et al.® that the distance to form
the double ionic species lies at 2.3 A which is in the range of the
r. values derived in this work. In this respect a distinction between
a single and double electron-transfer model would be meaningless.
However, in analogy with Ca('S) + Cl,, the reaction to form Mg+
+ CI?~ should proceed according to C,, symmetry path. In that
case the reaction shows a barrier at the entrance channel so that
the occurrence of a second electron transfer becomes less probable.

In conclusion, it can be stated that, from the magnitude of the
rate constant k; of the Mg('S) + Cl, reaction, direct experimental
proof is obtained for a “close-range” interaction involving a charge
transfer at distances of less than 3 A. Measurements are now
under way to determine the rate constant of the Cu(?S) + Cl,
reaction. With an ionization energy of copper of 7.72 eV close
to the value of 7.64 eV for magnesium atoms, it will be interesting
to see whether this mechanism can also be extended to transition
metal/halogen reactions.
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Kinetic Study of the OH + H, Reaction from 800 to 1550 K
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Direct measurements of the rate constant for the bimolecular reaction OH + H, — H + H,0 have been completed in the
temperature range 800—1550 K. In these experiments, small amounts of water vapor were photolyzed with an excimer laser
to “instantaneously” create OH radicals and H atoms. The subsequent time history of the OH radicals was monitored by
using laser-induced fluorescence. Analysis of the OH removal rate as a function of added hydrogen yielded the rate constant
for the above reaction. The temperature range of our measurements bridges the gap between the recent shock tube data
(1246-2581 K) of Michael and Sutherland; Frank and Just; Davidson, Chang, and Hanson and the quartz cell flash photolysis
data (250-1050 K) of Tully, Ravishankara, and co-workers. Qur data are in very good agreement with these previous data
sets in the overlap region. By combining our data with these four data sets, we derive a new rate constant expression, k
= (3.56 X 107'6)7"52 exp[-1736/T] cm® molecule™! 57, that is applicable in the temperature range 250-2581 K.

Introduction
The bimolecular reaction of hydroxyl radicals with molecular
hydrogen
OH + H, — H + H,0 (€))]

is a critical chain-propagating reaction in hydrogen combustion
and, together with the reverse reaction, contributes significantly
to the establishment of partial equilibrium in postcombustion gases.
This reaction is also the main source of water in typical hydro-
carbon/air flames at atmospheric pressure. Because of its im-

portance in combustion, this reaction has been the subject of
numerous indirect measurements and critical reviews.! This re-
action is also of more fundamental interest because of the distinct
non-Arrhenius behavior of its rate constant, consistent with many
atomic hydrogen abstraction reactions involving the OH radical.

The rate constant for this reaction was reinvestigated by Tully,
Ravishankara, and co-workers using a flash photolysis/resonance
fluorescence technique in a heated quartz cell.>* Their data
spanned the temperature range from 250 to 1050 K and clearly
demonstrated the non-Arrhenius behavior of the reaction in a
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single experiment. Erank and Just® used a shock tube/resonance
fluorescence technique to study reaction ! in the range 1693-2574
K. While the data in this temperature range could be represented
in a simple Arrhenius form, it was fairly consistent with the
curvature shown previously. Recently, Michael and Sutherland®
studied the reverse of reaction 1, namely

in the temperature range 1246-2297 K using a flash photoly-
sis/shock tube technique. Using their shock tube data and the
JANAF thermochemical tables to calculate equilibrium constant
for the reverse reaction,” they calculated a temperature-dependent
rate constant for reaction 1. They combined these values with
those of Frank and Just and the flash photolysis data of Tully,
Ravishankara, and co-workers and derived the expression

ky = (3.59 X 10716)T!5! exp[-1726 /T] cm?® molecule™! s
@I

which is applicable in the temperature range 250-2581 K.
Davidson et al.® used a laser photolysis/shock tube technique to
measure the rate of reaction -1 by monitoring the production of
the OH radical with dye laser absorption. Using these data, they
derived rate constants for reaction 1 in the temperature range
1647-2493 K that are slightly higher than predicted by the
Michael and Sutherland expression noted above.

We report here direct measurements of k; over the temperature
range 800~1550 K using a laser photolysis/heated flow cell
technique and using laser induced fluorescence to monitor the OH
radicals. These new measurements bridge the gap between the
shock tube data (1246-2581 K) and the quartz cell data
(250-1050 K) and are in good agreement with these previous data
sets in the overlap region, with a slightly smaller value in the higher
temperature region than predicted by eq I. This new data set was
combined with the data used to obtain eq I and the data of
Davidson et al. to obtain a new expression. The new expression
for the temperature dependence of the rate constant for reaction
1 has an improved statistical precision and accuracy resulting from
more data taken by different techniques used in the fit.

Experimental Design

Our approach to measuring the temperature dependence of &,
was to use a heated alumina ceramic tubular cell through which
a premixed gas of H,O in Ar was flowed along with H, reactant
and Ar buffer gases. The H,O was photolyzed by using an ArF
excimer laser at 193 nm and the OH number density was mon-
itored at various delay times after the photolysis pulse by using
a pulsed Nd:YAG laser-pumped dye laser with gated detection
of the OH fluorescence.

The details of the alumina ceramic cell construction have been
given previously.® Briefly, it consists of an inner alumina tube
that is wrapped with Pt:Rh wire, which has a melting point of
1920 K and is oxidation resistant. The ceramic tube has two sets
of holes in the sides, one to allow the photolysis and probe laser
beams through and one to allow fluorescence collection. This
wire-wrapped cell is surrounded with Zircar insulation and is
contained in a water-cooled brass can with windows on the sides
for the laser beams and fluorescence collection. The windows were
purged by using an argon flow of 25 sccm that filled the volume
between the outer cooled can and the inner ceramic cell and flowed
into the cell after purging the windows.

The temperature inside the cell was regulated by using Pt
sheathed, Pt:Rh thermocouples located several centimeters above
and below the laser photolysis/LIF region that were in a feedback
circuit with the heater wires at the top and bottom of the cell.
These thermocouples did not give an accurate measure of the gas
temperature in the laser photolysis/LIF viewing zone. Rather,
to measure the gas temperature in this zone, a movable, Pt-
sheathed, Pt:Rh thermocouple was lowered into place to accurately
measure the temperature and then retracted during laser photo-
lysis/LIF data acquisition. By moving the thermocouple up or
down in 1-mm increments, a rough estimate of the temperature
gradient of the gas in the region of the laser photolysis/LIF zone
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was found to be about 2 deg/mm.

The accuracy of this thermocouple reading was checked by
comparing it to a rotationai temperature of the OH radicals
produced by photolysis of H,O. This was measured by using
observed rotational LIF line intensities and known OH rotational
line strengths.!%!! It was found that double-thermal shields'? were
needed to prevent radiative coupling of the thermocouple with
the holes in the cell, which would have otherwise given a low
reading for the gas temperature in the observation region. Once
properly shielded the thermocouple readings were estimated to
have an accuracy of £2° and were far more precise than the LIF
rotational temperature measurements. The temperature was
regulated by using the heater feedback thermocouples to £1°.

A premixed gas was used to introduce the H,O into the cell,
which consisted of 1% H,O vapor in Ar that was allowed to mix
for several days in a large tank (approximately 20 L) before using.
This mixture was flowed into a final mixing manifold, where it
was allowed to mix with the H, reactant and Ar diluent gases,
and then flowed into the cell where it was heated before reaching
the laser photolysis region. The total pressure in the cell was
controlled to 200 Torr by using a needle valve between the cell
and the vacuum pump. The partial pressures of the gases were
controlled by using flow metering valves. The 1% H,O in Ar mix
was flowed at a rate of 10 sccm, while the Ar diluent gas was
flowed at 500 sccm, which along with the 25 sccm flow rate of
the window purge gas gave a total flow rate of 535 sccm and a
H,0 partial pressure of 37 mTorr. The only exceptions to this
were three data sets taken at the lowest temperatures, where the
1% H,0O in Ar mix was flowed at 100 sccm to give a higher H,0
partial pressure to offset the reduced photolysis cross-section used
to produce the OH radicals. The Hj reactant gas was also metered
into the manifold by using a 10-sccm flow-controlled value at
various rates to allow the OH removal rate to be measured for
various H, partial pressures. The flow metering values used for
all the gases were calibrated for the gas used by measuring the
rate of pressure rise in a known collection volume.

The ArF excimer laser used was equipped with unstable res-
onator optics and was focused by using a cylindrical lens with a
spherical lens to give a 3 mm X 3 mm spot at the focus in the
center of the cell. This was checked by using a beam splitter
located immediately in front of the cell window to allow viewing
the focus outside the cell with a diode array. Typically 2-5 mJ
of energy entered the cell.

The dye laser beam was made collinear with the photolysis laser
beam by using a dichroic mirror that transmitted near-UV and
reflected 193 nm. It was focused by using a spherical lens to give
a spot size of 1 mm and was centered on the excimer beam to
reduce the effects of OH diffusion out of the LIF beam so the
OH removal rate would be dominated by reaction with H,. The
overlap of the two beams was checked by using the beam splitter
and diode array setup.

The dye laser wavelength was tuned to the 0~0 vibrational band
of the OH 'Z*-II transition in the region 308-312 nm. For the
OH decay time profiles the wavelength was tuned to the P,(5)
rotational line at 310.85 nm, which was one of the stronger fully
resolved lines in the temperature range used.!! In most experi-
ments the dye laser had sufficient fluence to partially saturate
the stronger OH rotational absorption lines, which was checked
by using ND filters in the beam and observing the LIF line
intensity. For typical laser powers used, the stronger rotational
lines of the OH absorption were seen to be saturated both by
smaller peak heights relative to the weaker lines and by a
broadening of the laser linewidth of 0.5 ¢cm™ to observed linewidths
of about 0.7 cm™. For the decay histories this was not a problem
and actually helped to reduce noise due to laser fluctuations.
However, to measure gas temperatures using rotational line in-
tensities, saturation had to be completely avoided. This was done
by using an attenuator of ND = 1.0 in the dye laser beam.

The LIF was collected with a 10-cm focal length lens and
filtered by using a 0.25-m monochromator with 2-mm slits at 307
nm with a bandwidth of 3.3 nm to discriminate against scattered
laser light. Rotational relaxation of the ground-state OH formed



8428 The Journal of Physical Chemistry, Vol. 96, No. 21, 1992

0.12

7 0107

2

~  0.081

€

-]
- @ 4
5 5 0.06
60
-2 0041
eg
[
6T 0.021
‘gg ® 1413K
[ 0 1212K
w2 0,007
o A 101K

-0.02 T T
0 1 2 3

Hydrogen Pressure (torr)
Figure 1. Pseudo-first-order OH decay rate, obtained as a linear re-
gression fit to the logarithm of the OH signal as a function of the delay
time after formation by photolysis, is plotted as a function of the H,
partial pressure. Only a few representative temperatures are shown. The
results for all temperatures are listed in Table I. The error bars are
smaller than the symbols. The straight line is the linear regression fit.

by photolysis was accomplished by using about 200 Torr of Ar
buffer gas. Emission from the excited state OH was also de-
termined to be rotationally relaxed within the fluorescence lifetime
by scanning the 0.25-m monochromator.

The fluorescence was detected by using a PMT and was con-
verted to a voltage signal by using a preamp. This was put into
a boxcar averager that was triggered at the same time as the dye
laser. The gate width used was 200 ns and was delayed 200 ns
after the dye laser pulse to reduce scattered laser light. The boxcar
was used in the linear averaging mode. Typically ten pulses were
taken at each delay time with the LIF signal averaged, then the
boxcar was cleared by the computer.

To obtain decay histories of OH, the dye laser pulse and boxcar
gates were delayed by a variable time after the excimer laser pulse
with a computer-controlled delay generator. Ten percent of the
delay time scale included a negative delay time to allow deter-
mination of the baseline signal due to scattered dye laser light
before the excimer laser formed OH. The delay time between
the photolysis laser and the probe laser pulses was varied randomly
to avoid systematic errors. This was repeated until the entire OH
decay history was obtained with less than 10% difference in LIF
amplitude between adjacent acquired data points.

Results and Discussion

The OH decay profiles were fit to an exponential decay by
taking the logarithm of the LIF signal, assuming pseudo-first-order
rate constant conditions from an excess of H,. Before taking the
logarithm of the OH LIF signal as a function of delay time, the
baseline signal was subtracted. The logarithm of the baseline-
corrected LIF signal vs time was then fit by using a linear re-
gression. All of the results fit the exponential decay to greater
than three lifetimes. The slope of the regression gave the pseu-
do-first-order rate constant for a constant H, pressure. The
pseudo-first-order rate constant was obtained for several H,
pressures and plotted as a function of H, pressure to allow de-
termination of the rate constant k, from the slope of the plot by
using a second linear regression analysis. A typical plot for three
representative temperatures is illustrated in Figure 1. This
procedure was then repeated for several temperatures to obtain
the rate constant as a function of temperature. The results are
presented in Table I with one standard deviation of the fit.

It can be seen from Table I and Figure 1 that nearly all the
fits have negative intercepts, which tend to get more noticeable
at higher temperature. This is most likely due to population in
the higher vibrational levels of ground-state OH formed by
photolysis being relaxed to the lowest vibrational level, which is
the only level probed by LIF.

A kinetic model that includes vibrational level relaxation of OH
to the zero vibrational level as well as reaction with H, was used
to determine its effect on the OH removal rate as a function of
H, partial pressure. Vibrationally excited OH has been shown

Oldenborg et al.
TABLE I°
temp, K rate constant, 10'? cm® 57! intercept, 1073 57!
809 1.068 £ 0.027 -1.2 £ 0.6
858 1.335 = 0.058 02x14
908 1.640 x 0.029 -1.4 £ 0.7
977 2.143 £ 0.107 -0.5%22
1011 2.326  0.063 -1.9£ 1.1
1077 3.020 £ 0.066 -1.7%£ 1.1
1080 3.055 £ 0.122 -1.2 %22
1086 3.162 + 0.082 -40% 1.3
1111 3.131 £ 0.035 -3.5%x06
1181 4.166 = 0.155 -13 %25
1212 4.080 = 0.078 -52%1.1
1213 4.249 £ 0.244 -2.7£3.9
1281 5.159 + 0.132 -14£20
1282 5.104 £ 0.166 -1.8+ 2.6
1312 4952 £ 0.120 -82%x1.6
1343 5.767 £ 0.102 -38+14
1397 6.487 = 0.097 -7.0%£1.2
1413 6.110 £ 0.148 -83x19
1513 7.261 £ 0.238 =75+ 3.0
1548 7.875 = 0.608 -11.3 £ 6.6

9 All of the rate constants obtained at various temperatures are listed
with one standard deviation of the linear regression fit and the inter-
cept of the fit.

to react with H, at nearly the same rate as zero vibrational level
OH,"? which simplifies the kinetic model. Using this model, the
rate of exchange of vibrationally excited and ground-state OH
can be written as

d[OH]*/dr = ~k,[H,][OH]* - k,.[M][OH}*  (II)
d[OH]/dt = -k,[H,][OH] + k,[M][OH]*  (III)

where [OH]* is vibrationally excited OH and k,, is the rate
constant for vibrational relaxation by collision with a partner, M.
In this simplified treatment all the OH in vibrationally excited
states is grouped together as OH*. Clearly, a more comprehensive
model would treat each excited vibrational state separately, each
with a distinct relaxation rate constant. However, the limited scope
of the data presented here does not justify this additional com-
plexity.

Solution of eqs II and III for [OH] by integration, assuming
constant [H,)], gives [OH] = {{OH], + [OH);*} exp(-k,[H,]?),
where [OH];* = [OH],*[1 - exp(—k,.[M]#)]. When the natural
logarithms of [OH] is plotted as a function of time, the predicted
slope is
—d(Iln [OH))/d: =

ki [H;] - ku[MI{[OH],* - [OH]*}/{[OH], + [OH]*) (IV)

where —d(In[OH])/dt is the pseudo-first-order rate constant. Since
the actual plots of the natural logarithm of {[OH] as a function
of time are linear to greater than three lifetimes, one of two
limiting cases of the vibrational relaxation rate must be occurring.
For slow vibrational relaxation (k,.[M]t <« 1), eq IV becomes

~d(in [OH])/d¢ = k,{H,] - k,[M][OH],*/[OH], (V)
For fast vibrational relaxation (k,.[M] > 1), eq IV becomes
~d(In [OH]) /dt = k,[H,] (VD)

In both cases the slope is predicted to be a linear function of [H,],
giving k,[H,] unambiguously, but eq V also predicts a nonzero
value when [H,] is zero. As can be seen from Figure 1, which
plots the removal rate constant as a function of [H,], there is a
negative intercept as predicted by eq V. For very low or zero
pressures of H,, eq V also predicts that the observed removal rate
constant would be negative, i.e., that the rate of OH formation
through vibrational relaxation would exceed the rate of removal
by reaction 1. Consistent with this prediction, the OH time
histories under these conditions show a small exponential rise,
followed at much longer times by a decay due to diffusion of OH
out of the laser beam viewing zone. In principle, an analysis of
the small exponential rise could be incorporated in our reaction
rate determination. In practice, however, the rates obtained from
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Figure 2. The intercepts of the data, as seen in Figure 1 and listed in
Table I, are converted to the ratio of the rate of OH vibrational relaxation
over the hard-sphere collision rate times the nascent ratio of vibrational
excited OH to ground-state OH, assuming the kinetic model discussed
in the text. The logarithm of these values is plotted as a function of the
cube root of the temperature in a Landau-Teller plot. Points that had
a standard deviation larger than their magnitude are omitted.

the rise were of much poorer precision. Consequently, only data
at H, pressures for which the first term in equation V dominated
the kinetics and well exceeded the latter vibrational relaxation
term were used in the determination of the reaction rate constants,
k.

As can be seen in Table I, the observed intercept gets larger
at higher temperature, within the experimental error. This is aiso
consistent with eq V since the rate constant for vibrational re-
laxation, which is part of the intercept predicted by eq V, is
expected to increase with temperature if the process does not
involve an attractive (i.e., polar) intermolecular potential,'* which
seems reasonable for OH- -Ar collisions. This has been reported
for the similar system of vibrational relaxation of 2v, in H,0 by
Ar.% Also, the ratio of vibrationally excited OH to ground-state
OH formed by photolysis most likely would increase slightly for
higher temperatures of the parent H,O molecule, because more
vibrational energy would be available to the OH fragment. Thus,
the observed trend of increasingly negative intercepts with in-
creasing temperature is consistent with the slow vibrational re-
laxation mechanism.

Some attempts to obtain estimates for the vibrational relaxation
rate constant and the nascent ratio of vibrationally excited OH
to ground-state OH were made to ascertain that they were rea-
sonable, giving a check on the validity of this model to explain
the negative intercepts. This was done by assuming that
[OH],*/[OH], < 1. Using this along with the observed intercept
of the -d(In[OH])/dt vs [H,] linear regression fits allows a lower
limit for the vibrational relaxation rate constant to be obtained
from the intercept, within the rather large uncertainty of the
numbers. At 900 K this is about >107'¢ cm*/s. This is consistent
with the previously reported upper limit of <1074 cm?/s for the
vibrational relaxation rate constant of OH(’ = 2) by Ar at 300
K.'617 Using a larger upper limit for [OH]4*/[OH], would have
given a smaller lower limit for the relaxation rate constant, but
the value of >107'¢ cm?®/s is consistent with the assumption of
slow vibrational relaxation compared to the reaction rate.

As a second check on the validity of the vibrational model to
explain the negative intercepts, the temperature dependence was
compared to the expected temperature dependence for vibrational
relaxation involving a nonattractive potential by using the simple
Landau-Teller model. This was performed by assuming
[OH],*/[OH], formed by photolysis of H,O does not change with
temperature. Therefore, the intercept divided by the hard-sphere
collision rate is proportional to the probability of a hard-sphere
collision causing vibrational relaxation. The logarithm of this
quantity is plotted vs the inverse cube root of temperature in a
Landau-Teller plot (Figure 2). This is expected to be a straight
line for a nonattractive potential interaction and is within the error.
The slope of Figure 2 is consistent with the expected temperature
dependence for a repulsive potential of ¥ = V; exp[-17(A~)r],
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is shown as the solid line. The data are shown in an Arrhenius plot that
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which is reasonable for an Ar--OH intermolecular potential.

If H, is causing any vibrational relaxation of OH, it would add
to the [H,] dependence in eq V and give a larger slope to plots
like Figure 1, making the slope larger than k, by k,[OH],*/
[OH],. This additional term should be several orders of magnitude
less than k&, if H, gives a relaxation rate comparable to that of
Ar. Consequently, using the slope of plots like Figure 1 should
not introduce any significant systematic error in k, obtained in
this manner.

The rate constants obtained for k, in the temperature range
800-1550 K as listed in the table were combined with previous
data to obtain an overall best expression for the temperature
dependence of the rate constant from a linear least-squares fit
to a modified Arrhenius expression. The rate constant mea-
surements shown in the table are the result of typically nine
measurements of the OH decay rate for different H, pressures
(see Figure 1). Consequently, these data are included with the
number of measurements as a weighting factor in the linear
least-squares fit to the temperature dependence of the rate con-
stant. The shock tube data of Michael and Sutherland; Frank
and Just; and Davidson, Chang, and Hanson were included with
a weighting of unity for the rate constant at each temperature
because each data point represented the rate measurement for
only one H, pressure. The quartz cell flash photolysis data
(250-1050 K) of Tully, Ravishankara, and co-workers were in-
cluded with a weighting factor six, taken as the number of
measurements of the rate constant at each temperature for various
amounts of H,, as done in the present experiments. It should be
noted, however, that because all the data are fairly consistent, the
selection of weighting factors does not significantly alter the final
expression.

The linear least-squares fit obtained by using this procedure
is shown in Figure 3. The fitted expression is

k) = (3.56 X 10719 T"-52 exp[-1736 / T] cm® molecule™! s7!
(VI

and is applicable in the temperature range 250-2581 K. This
expression is remarkably similar to the expression in eq I obtained
by Michael and Sutherland. It should be noted that the new
expression would not have been so similar to the previous one if
the data of Davidson et al. had not been included. The rate
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constants obtained from that work are in general higher than the
previous shock tube data, which are all in the higher temperature
range. However, the differences all give rate constants that differ
by no more than about 10% in any temperature range.

Conclusions

We have extended the technique of Tully and Ravishankara
to directly measure the rate constant for the reaction

at temperatures up to 1550 K. The results are compared to the
previous data, including shock tube data obtained for the reverse
reaction

H + H,0 — OH + H,

and were found to give excellent agreement. The rate constant
expression gives rate constants that are within 10% of accurately
measured values, which we feel is the accuracy of the expression
within the temperature range of the measurements. We suggest
that this expression be adopted as the preferred rate constant for
reaction 1, as has already been done in some cases.'®
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We have studied the solvent dependence of the steady-state absorption, emission, and time-resolved emission of 7-azaindole
(7AI1) and two nonreactive analogues, N-methyl-7-azaindole (NMAI) and 7-methyl-7H-pyrrolo[2,3-b]pyridine (TMPP),
in an effort to understand the apparently anomalous behavior of 7Al in water. We find that 7AI undergoes the same
tautomerization reaction via solvent-catalyzed double proton transfer in water as it does in alcohol solvents. Kinetic modeling
shows that the unusual features of the 7AI emission in water arise mainly from quantitative changes in two key rate parameters.
In water the rate constant for tautomerization (H,;O 1.2 X 10° s and D,0 0.35 X 10° s”! at 24 °C) is much slower and
simultaneously the nonradiative decay rate of the product is much faster (5 X 10° s™ in both H,O and D,0) than in most
alcohols, making observation of the reaction difficult. The reason the reaction rate in water is unusually slow appears to
result from differences in the hydrogen bonding structure and dynamics of water compared to monoalcohols.

I. Introduction

The excited-state tautomerization of 7-azaindole (7Al, Scheme
I) has been studied for many years from a number of perspec-
tives."!? In the ground electronic state the “normal” form of 7Al
is energetically favored and to such an extent that it is the only
form thermally accessible.® In S, the relative stabilities of the
normal (N) and tautomeric (T) forms of 7AI are reversed and
interconversion can occur through a hydrogen transfer. While
the direct process requires too much activation energy for it to
proceed in the isolated molecule, the excited-state reaction is
efficiently catalyzed by appropriate intermolecular hydrogen
bonds. For example, in nonpolar solvents'~” and in supersonic
expansions®® 7AI readily forms cyclically hydrogen-bonded dimers,
and in these dimers tautomerization can take place through a
double proton switching mechanism, which is extremely facile.
Recent measurements’ place the reaction time at ~1 ps in room
temperature solutions. Early interest in the 7AI reaction involved
using the dimer reaction as a model for studying photoinduced
mutations in DNA base pairs.'? The excited-state tautomerization
also proceeds efficiently in many alcohol solvents. But in bulk
alcohols the reaction is 2 orders of magnitude slower than in the
dimer, typically requiring several hundred picoseconds. Several

SCHEME 1
7-Azaindole (7Al)
7 | D\ excited-state l\ N
> N N proton transfer =N
\ |
H H
normal, "N" tautomer, "T*
Analogues
= | A\ | N
NMAI 7MPP

groups have investigated the tautomerization of 7Al in a variety
of alcohol solvents'®” in an effort to understand the origin of the
difference from the dimer reaction. From these studies, especially
the detailed temperature and isotope effect experiments recently
completed,'” our current understanding of the reaction is that it
involves a two-step mechanism.!*!'4!” The final step in the reaction
proceeds via a double proton transfer between 7AI and a single,
cyclically hydrogen-bonded solvent molecule. This step is anal-
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