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We have applied an infrared-ultraviolet double resonance laser-induced fluorescence (IR-UV LIF) technique to
the measurement of OH concentrations in the troposphere. This OH exists in extremely low concentrations, ca. 108
molecules cm ™, and plays a central role in the atmospheric chemistry. The detection limit of this new technique using our
laser and detection system was experimentally determined to be 1.3x 10° molecules cm™* at 9.2 mTorr in Ar buffer gas.
We have found that the method is free from chemical interferences but less sensitive than the single photon LIF method.
A simple model is formulated and differential equations are numerically solved after the selection and determination of
necessary physical constants. The method leads to the simulated (single photon LIF)/(IR-UV LIF) sensitivity ratio of
1.4x10°, comparable with the experimental value of 2.2 10*. On the basis of the proposed kinetic model, we discuss the
optimum experimental parameters (sample pressure, IR and UV laser powers, and delay time) in this IR-UV LIF method
by taking account of rotational energy transfer, fluorescence quenching, and saturation of absorption.

The HOx radical plays an important role in the atmospheric
chemistry. As the chemical lifetime of OH is about one sec-
ond due to its high reactivity with other atmospheric trace
gases, the concentration of OH, [OH], is less than 1x107
moleculescm ™3, and depends strongly upon the ambient
conditions, including the solar intensity in the ultraviolet
region. Space- and time-resolved “in situ” measurements of
[OH] are required to evaluate the chemical reaction model in
the troposphere and to predict environmental changes in the
near future. The technique is required to measure [OH] at
the 1x10° molecules cm™* level. The highly sensitive laser
induced fluorescence (LIF) is one of the candidate methods
suitable for detecting such a low concentration of OH. In
the stratosphere, [OH] has been measured by LIF employ-
ing the A2Z*(v = 1)« X2II(v = 0) excitation near 282 nm'.
The collision-induced vibrational relaxation from v = 1 to
v = 0 within the AZX* state occurs, and the fluorescence
intensity of the A2Z*(v = 0)—X>I1(v = 0) transition near
310 nm is measured. In the troposphere, there appeared se-
vere problems in measurement of [OH] by the LIF method
based on the same scheme as in the stratosphere’. The
most serious problem arises from the artificial generation
of OH by the laser light to monitor ambient OH. Ozone is
photolyzed by ultraviolet light (< 320 nm) into O('D) and
0,, and converted into artificial OH through the reaction of
O(' D) with water. Rayleigh and Mie scattered light due to
aerosols and fluorescence/chemiluminescence due to other
trace gases also cause serious interference problems. Sev-
eral groups have developed and improved the OH monitoring
instruments using reduced-pressure LIF® originated in fluo-
rescent assay by gas expansion (FAGE)*, differential optical
absorption spectrometry (DOAS)*¢, and ion-assisted mass

spectrometry’. The detection limits of these instruments
are 4x 10* cm—? (reduced-pressure LIF, integration time = 5
min)’, 1.5x106cm™> (DOAS, 6 min)’, and 1x10°cm~>
(ion-assisted mass spectrometry, 5min)’. A special issue
on such recent progress of the measurements of [OH] in the
troposphere and stratosphere was reported in the Journal of
the Atmospheric Science®. An intercomparison of DOAS’®
and LIF'®!" methods was carried out during the field cam-
paign POPCORN"?. Results showed that both instruments
measured [OH] reliably in clean air. Moreover, a model cal-
culation study indicated that the laser-generated interference
in the reduced-pressure LIF accounts for less than 1%".

As another methodology to overcome these interferences
and to offer high selectivity and sensitivity, we have applied
an infrared-ultraviolet double resonance laser-induced fluo-
rescence (IR-UV LIF) technique to the measurement of OH
concentrations in the troposphere. Bradshaw et al. origi-
nally proposed an IR-UV LIF method to measure [OH]".
They reported a theoretical discussion of the detection limit
in the troposphere. Schematic diagrams to excite and de-
tect OH by single photon LIF and IR-UV LIF methods are
shown in Fig. 1. In the single photon LIF, A2Z*(v = 0 or
1)«—X2IT(v = 0) transition is employed to excite OH, and the
OH A2X*(v = 0)—X*TI(v = 0) fluorescence is monitored.
In the IR-UV LIF method, OH is first excited to the vibra-
tionally excited state with the IR light through the X*IT(v =
1)—X?I1(v = 0) transition. Subsequently, OH X2[(v=1)is
further excited with the UV light near 350 nm to the electron-
ically excited state through the A2Z*(v = 0)—X*IT(v = 1)
transition. Then, the OH A23* (v = 0)—X2IT(v = 0) fluores-
cence at 310 nm is measured to determine [OH].

The advantages of IR-UV LIF will be summarized below.
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Fig. 1. Schematic transition diagrams to monitor OH em-
ployed in single photon LIF and IR-UV LIF methods.

(1) The UV laser used in the IR-UV LIF method is around
350 nm. The absorption cross section of ozone at 350 nm
is much smaller than those at 310 nm or 280 nm, as listed
in Table 1. The O('D) quantum yields are not available for
wavelengths longer than 335 nm and no O(' D) was detected
in the photodissociation at 355 nm'’. We therefore estimate
that no O(' D) is generated by the photodissociation of ozone
in the IR-UV LIF method, which results in no artificial OH
generation. The chemical interference by ozone is, therefore,
negligible in principle. (2) The fluorescence wavelength of
310 nm in the IR-UV LIF method is shorter than the UV laser
light of 350 nm. Generally, excited molecules fluoresce in
the wavelength region longer than that of the light absorbed.
Therefore, the fluorescence of other trace gases covers the
spectral region longer than the UV laser light. The light
scattered by aerosol has the same wavelength as the UV laser
light. Consequently, only the OH fluorescence light is located
around 310 nm, while other fluorescence and scattered light
sources are around 350 nm or even longer. Experimentally,
it is rather easy to distinguish the OH fluorescence signal in
the blue side from other signals in the red by using standard
optical elements such as interference filters. (3) The above-
mentioned advantageous features (1) and (2) of the IR-UV
LIF method may allow us to monitor the ambient OH. The in
situ measurement at the atmospheric pressure is important,
because the low-pressure measurements using LIF and mass
spectroscopy have inherent problems due to the OH losses
on the sample inlet wall.

However, we must also mention some disadvantages of
the IR-UV LIF method: (1) Two IR and UV laser systems
are required and the instruments become complex. (2) The
IR absorption bands of OH and water overlap each other

Table 1. Absorption Cross Sections and Quantum Yields
for O(' D) Formation of O; at Three Wavelengths Cor-
responding to OH A2 — X2IT(0-1), (0-0), and (1-0)

Transitions
A’Z*-X*IT Transition ~ (0-1) (0-0) (1-0)
Wavelength/nm 346 310 284
0o, [cm®]  (Ref. 15) 6.41 x 1072 1.02x 107"° 2.712x 10
@oepy  (Ref. 16) =0 0.60 0.92
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in the same spectral region. The concentration of water is
much higher than that of OH. The IR laser may be absorbed
by ambient water and the effective IR laser power may be
much reduced. In this work, we could avoid this optical
interference by water, as mentioned later. (3) The detection
sensitivity of the IR-UV LIF method might be lower than
that of the single photon excitation LIF.

In the present study, we characterized an IR-UV LIF
method to measure [OH]. We determined the detection sensi-
tivity of this method using the instruments in our laboratory,
and compared it with that of a single-photon LIF method.
Employing a master equation approach which took account
of rotational energy transfer, fluorescence quenching, and
saturation of absorption, we estimated the optimum experi-
mental parameters (sample pressure, IR and UV laser pow-
ers, and delay time) in this IR-UV LIF method. It must
be mentioned here that, in this study, we have not tried to
design and construct our instruments for improving the sen-
sitivity and reducing the background noise, because we are
not concerned with the details of instruments at this moment.

Experimental

An overview of experimental setup and the flow chamber part
employed for the IR-UV LIF method are shown in Figs. 2 and 3, re-
spectively. The OH radical in a certain concentration was generated
by a titration method using a reaction, H+NO,;—OH +NO, under
the conditions that a certain concentration of NO, was present with
an excess concentration of H atom produced by a microwave dis-
charge of Hy/Ar or Ho/He. We calculated [OH] using the flow rate of
NO; and the pressure at the measurement zone. The flow chamber
was pumped by a mechanical booster pump (ULVAC, PMB-001B)
and a rotary pump (Alcatel, T2021C). The pressure was measured
by using a capacitance manometer (MKS, Baratron 227HS-1). In
order to obtain the correct pressure at the measurement zone, we
compared the LIF intensity under flow conditions with that in the
static cell containing a certain pressure of standard sample. We used
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Fig. 2. Schematic view of experimental laser and detection setup.
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NO gas as the standard sample, since its fluorescence quenching is
negligibly small under the present experimental pressure conditions
and its fluorescence quantum yield is almost unity. Typical flow
rates of Ar, Hy, and NO, (1% diluted by Ar) were 1300, 27 and 4.2
cm® min~!, respectively, which resulted in the total pressure of 9.2
mTorr at the measuring zone (! Torr ~ 133.322 Pa). We employed
this pressure condition because it was easy to control [OH] in our
vacuum system.

The wur light was generated in LilO3 (Inrad, IR-AutoTracker)
by the difference-frequency mixing of 1.06 um from the Nd: YAG
laser (Lumonics HY750) and 770 nm from one dye laser (Lumonics
HD300). The wv light was generated by the frequency doubling
of 700 nm from another dye laser using a KDP (potassium dihydro-
genphosphate) crystal (Inrad, UV-Autotracker II). Both dye lasers
were pumped by one Nd : YAG laser, which was also used as a 1.06
um light source.

Bull. Chem. Soc. Jpn., 73, No. 12 (2000) 2697

The OH fluorescence was collected by a quartz lens, selected by
an interference filter (Corion, P10-310-F), and detected by a pho-
tomultiplier (Hamamatsu, 1P28). The output signal was averaged
by a boxcar integrator (Stanford Research, SR-250), recorded by a
chart recorder, and stored in a personal computer. The delay time
between the first IR- and second UV-laser pulses was 5 ns.

The line selection of the IR transition is very important, since
most IR absorption lines of OH and water overlap each other, as
shown in Fig. 4. Itis clear that the R and Q branches of OH are not
suitable for the present purpose, and we employed the P1(4.5) line
of OH X*IT(v = 1) — X*IT(v = 0) transition at 3408 cm™', which
is free from the overlapping problem.

In order to estimate the transition probability of OH A2X(v =
0)— X2II(v = 1), we measured the dispersed fluorescence (DF)
spectrum using an imaging spectrograph (Chromex, 2501S) with
a multichannel detector (Hamamatsu, C4563); this system is de-
scribed elsewhere in detail'®. We accumulated 10000 laser shots
to obtain the accurate DF spectrum. The sensitivity of imaging
spectrograph was calibrated by measuring the emission spectrum
of a D,-lamp as standard.

Results and Discussion

Figure 5 shows the IR-UV LIF excitation spectra of OH.
The upper trace of Fig. 5a shows a 1yy-scanned IR-UV LIF
spectrum obtained by fixing vg at 3407.53 cm ™' correspond-
ing to the P(4.5) line of X2IT(v=1,J =3.5«X?II(v =0,
J = 4.5). The two peaks at 28880.05 and 28880.82 cm ™'
correspond to the doublet structure of OH A*3*(v = 0,
N =3)—X*II(v = 1, J = 3.5). The lower trace of Fig. 5a
was obtained under exactly the same experimental condi-
tions except that the IR laser was turned off. Only the
background signal was recorded in the lower trace. It sug-
gests that the concentration of vibrationally excited OH was
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IR absorption spectra based on HITRAN96 data base (http:www.hitran.com) of H,O and OH. The line position of OH

P1(4.5) employed in this IR-UV LIF method is indicated in the enlarged spectra (inset).
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IR-UV LIF excitation spectra of OH. These spectra were obtained under the pressure condition of 9.2 mTorr at the viewing

zone. The zero shift wavenumbers are 28880.6 and 3407.5 cm ™' in the vyv- and vir-scanned spectra, respectively.

negligibly low under the experimental conditions. We also
measured the one photon LIF excitation spectrum of OH
A2ZH(v = 0)—X?I1(v = 0), and estimated the rotational tem-
perature of OH to be 300 K. These facts imply that the
vibrationally- and rotationally-hot OH, produced by the re-
action of NO, and H" was cooled down to room tempera-
ture before it reached the measuring zone of the fluorescence
cell. Figure 5b shows a yg-scanned IR-UV LIF spectrum,
where wyv was fixed at 28880.8 cm™! corresponding to the
01(3.5) line of A2Z*(v = 0, N = 3)«X?TI(v = 1, J = 3.5).
The Wg transition corresponds to a A doublet component
of P(4.5) line of OH X2IT(v = 1, J = 3.5)«X*II(v = 0,
J = 4.5). The overall transition diagram is also shown in
Fig. 5. The linewidths measured in Fig. 5 correspond to the
spectral resolutions of the lasers. We, thus, succeeded to
detect OH in the concentration around 10'® molecules cm—3
using the IR-UV LIF method. We could not observe any
rotational line originating with the rotational levels of J#3.5
in the A23*(v = 0)«—X2IT(v = 1) transition, when ¥g was
fixed at 3408 cm™'. The rotational energy transfer within
X2IT(v = 1) was negligible under the present experimental
conditions.

The IR-UV LIF intensity linearly depends on the radical
concentration, [OH], as shown in Fig. 6. The concentration
of OH was controlled by adjusting the flow rate of the NO,/Ar
gas mixture. The IR and UV laser powers were 100 puJ and
10 wJ, respectively. From the linear relationship between
IR-UV LIF intensity and [OH], the detection sensitivity of
this technique is determined as the OH fluorescence intensity
divided by the OH concentration. The detection sensitivity of
single photon LIF in the A2X*(v = 0)«—X2I1(v = 0) transition
is also determined from the independent experimental results
using the same experimental setup with the UV laser power
of 10 wJ. The ratio of the detection sensitivity of the single
photon LIF method to that of the IR-UV LIF method is
evaluated to be 2.2x 10%.
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Fig. 6. Calibration curve of OH in IR-UV LIF method.

We calculate the detection sensitivity ratio to compare it
with the experimental value of 2.2x10°. The total pres-
sures around 10 mTorr employed in our experiment were
low enough to allow us to neglect the quenching of OH
A23*. The density of OH A3 generated by the IR-UV
LIF method is estimated by solving the following sequential
differential equations (1) and (2), which describe sponta-
neous and induced processes among the ground state (X*17,
v = 0), the vibrationally-excited state (X>77, v = 1), and the
electronically-excited state (A3, v = 0). In the present cal-
culation, we neglect the UV emission processes to the vibra-
tional excited levels (v 2 1) because of small Franck—Condon
factors®.

dN- e _

d_t3 = B3 Wa()N; — Bo W (N3 — A3 V3 m
Ny . — _ _ _

ek BiyWi2(ONy — By Wip(0)N1 + B3 Was(1)Ns — BiaWaaNo (2)
N1+ Nz + N3 = Niowal (3)

Here, the subscript numbers “17, “2”, and “3” denote
X’ IT(v=0), X?IT(v=1), and A23*(v = 0), respectively.
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Ny, N,, and N; are the time-dependent densities of OH
in X2IT(v =0), X>TT(v=1), and A2Z*(v = 0), respectively.
Niotal is the total density of OH. Symbols By, A;, and W;(1)
are the Einstein B coefficient, Einstein A coefficient, and the
time evolution of the laser photon flux, respectively. In the
single photon LIF method, we need to solve a sequential
differential equation:

AN — _
d—: = BisWis(ON) — By Wis(t)N; — A3 N; (4)
Nl +N3 = Ntolal (5)

In order to estimate the transition probability As; for the
A2Z*(v=0)—X?IT(v = 1) band, we measured the DF spec-
trum via the AZ3™*(v = 0) state, as shown in Fig. 7. From the
intensity ratio between the A23*(v = 0)—X>I1(v=0) and
the A23*(v = 0)—X?I1(v = 1) emission bands, the transition
probability ratio A3;/As; is estimated to be (4.440.4)x 1072,
Our value agrees well with the value of 4.8 x 1073 calculated
by using RKR potentials®® and is a bit larger than the experi-
mental value of (3.74+0.8)x 1073 ?'. Einstein A coefficients
used in the Eqs. 1, 2, 3, 4, and 5 are listed in Table 2; the
corresponding B coefficients have been derived by using the
A coefficients. The Egs. 1, 2, 3, 4, and 5 have been solved
on the assumption that the time evolution of the laser pulse,
W(), is described as a Gaussian function with 8§ ns pulse
width. The relative detection sensitivity is evaluated as the
ratio of the density of OH in the A state after the UV laser
pulse excitation in the single photon LIF method to that in
the IR-UV LIF method. The simulated detection sensitivity
ratio is obtained to be 1.4x10°, which is almost two times
smaller than the experimental value of 2.2x 10°. We believe
both values agree reasonably with each other, considering

A’ (v=0) > X’ I{v=0)

2 |
c
=
27
© |
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Fig. 7. Dispersed fluorescence spectrum of OH via the

A2Z*(v = 0) state.
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the lack of uniformity in spatial flux distribution of the laser
beams and the incomplete spatial overlapping of two laser
beams.

From the analysis of the calibration line shown in Fig. 6,
we can determine the detection limit of our IR-UV instru-
ment, which is defined as the minimum detectable concen-
tration corresponding to the signal-to-noise (S/N) ratio of
2. The detection limit of the IR-UV LIF method using our
laser and fluorescence detection systems is thus estimated to
be 1.3x10° molecules cm™> at 9.2 mTorr in Ar buffer gas
with an integration time of 10 s. The poor detection limit
was controlled mainly by intense background noise due to
the scattered light of probe UV laser light. Our instruments
were designed to detect IR-UV LIF signals, but no efforts for
reducing the scattered light were made in the present study
because our purpose is to characterize the various parameters
important in the IR-UV LIF method. The noise level will
be much lowered by improving the fluorescence collecting
optics, such as a fluorescence cell, interference filters, lenses,
and so on. The low repetition frequency of the laser and the
short integration time are other reasons for the poor detec-
tion limit. Measurements using a laser system with higher
repetition frequency and employing a longer integration time
make the S/N ratio higher and improve the detection limit
accordingly.

In general, the detection limit is governed by many ex-
perimental parameters and conditions, such as laser power,
sample pressure, optical design, photo-detector and so on.
For example, if we perform the IR-UV LIF experiment under
the conditions of atmospheric pressure, it is necessary to con-
sider the influence of the collision-induced rotational energy
transfer in the intermediate vibrationally-excited state (X211,
v=1) and the initial ground state (X211, v = 0), and the fluo-
rescence quenching of the electronically-excited state (A3,
v =0). In the following discussion, we optimize the experi-
mental parameters (IR and UV laser powers, sample pressure,
and IR-UV delay time) in the IR-UV LIF method by taking
account of rotational energy transfer, fluorescence quench-
ing, and saturation effect of absorption processes. The vibra-
tional relaxation process is neglected since the rate constant is
less than 10™'* cm?® molecule™! s~' *. The quenching rate
constants of OH A2X* (v =0) by N, and O are 0.19x 1010
and 1.25x107'° cm? molecule ! s~!, respectively?, which
leads to the estimation of the quenching constant for dry
air to be 0.4x 107! ¢cm® molecule ™' s~'. Under the atmo-
spheric pressure conditions, OH radicals in the A2X™* state
are actually quenched and only 0.15% emit fluorescence.
Concerning the rotational energy transfer, we employ an ex-

Table 2. Einstein A Coefficients and the Laser Bandwidths Used in This Work

. Einstein A Coefficient Laser Bandwidth
Transition
g~ ! FWHM/cm ™!
A2Z*(v=0)-X*TT(v=0) P,(4.5) 4.567 % 10° (Ref. 22) 03
A (v=0)-X"TT(v=1) 0i(3.5) 2.5x10° (this work) 0.3
X2 (v=1)-X*I1(yv=0) P,(4.5) 14.176 (Ref. 23) 0.8
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ponential-gap model proposed by Kliner and Farrow* for the
state-to-state rotational energy transfer. A master equation
is used to calculate the IR-UV LIF intensities under the var-
ious conditions, taking account of the optical and physical
processes shown in Fig. 8.

Figure 9 shows the calculated IR-UV LIF intensity un-
der various conditions. In the simulation, the IR and UV
laser powers employed are 100 wJ and 10 pJ, respectively,
which are the same as those in our experiments. The IR-
UV LIF intensity is normalized to the value calculated by
using the pressure condition (9.2 mTorr) we employed in our
experiments. With increasing the pressure, the IR-UV LIF
intensity rises to the peak and gradually decreases, as shown
in Fig. 9a. The rise of the IR-UV LIF intensity in a lower
pressure region is due to the increasing OH concentration.
The decrease in a higher pressure region is caused by the
collisional processes due to the ambient gases: the rotational
energy transfer of the intermediate state (X2 /7, v= 1) and the
quenching of the electronically-excited state (A>Z*, v =0).
The maximum intensity is obtained at the sample pressure
of 4.7 Torr and is 78 times stronger than the IR-UV LIF
intensity at 9.2 mTorr. Figures 9b and 9c show how the IR-
UV LIF intensity depends on the delay time between the two
laser pulses. Under the sample pressure of 760 Torr shown
in Fig. 9b, the relative intensity rises with the delay time
and the intensity is steady at 32. This delay time profile is
due to the fast rotational energy transfer in OH X>11(v = 1).
Under the sample pressure of 4.7 Torr shown in Fig. 9¢, the
relative intensity rises with the delay time and the maximum
intensity of 81 is obtained at the delay time of 7 ns. The ex-
citation process due to the UV laser pulse competes with the
rotational energy transfer. We have shown that the detection
limit is improved by changing the experimental conditions
of sample pressure and delay time, although the laser powers
are kept constant.

Figures 10a and 10b show the laser power dependence of
the relative IR-UV LIF intensities under the sample pres-
sures of (a) 760 Torr and (b) 4.7 Torr, respectively. The solid
lines represent the relative IR-UV LIF intensity, which is
also normalized to the value calculated based on the pres-

A(v=0)

Pum
P Fluorescence

X(v=1,
J=3.5)
Rotational
X(v=0, Energy
J=4.5) Transfer
Fig. 8. Kinetic model employed in our simulation of IR-UV

LIF intensity to optimize the experimental conditions.
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Fig. 9. Relative IR-UV LIF intensities calculated under var-
ious conditions. The IR and UV laser powers are fixed at
100 pJ and 10 pJ, respectively. The intensities are normal-
ized to the IR-UV LIF intensity at 9.2 mTorr. (a) Sample
pressure dependence of relative IR-UV LIF intensity. The
delay time between IR and UV laser pulses is fixed at the
experimental value (5ns). (b) Delay time dependence of
relative IR-UV LIF intensity. The sample pressure is fixed
at 760 Torr. The broken and dotted lines represent the time
profiles of the IR (0 ns) and UV (20 ns) laser pulses, re-
spectively. (c) Delay time dependence of relative IR-UV
LIF intensity. The sample pressure is fixed at 4.7 Torr. The
broken and dotted lines represent the time profiles of the IR
(0 ns) and UV (7 ns) laser pulses, respectively.
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sure (9.2 mTorr) and laser power (IR = 100 uJ and UV =10
uJ) conditions we employed in our experiments. The inter-
vals of contour lines of the relative IR-UV LIF intensities
become wider as the IR or UV laser power increases. The
relative intensities are not proportional to the IR and UV
laser powers, due to the so-called saturation effect of absorp-
tion. The saturation of absorption at 760 Torr is less effective
due to the very fast rotational energy transfer in the interme-
diate X2IT(v = 1) state and the efficient quenching process
of the excited A2X*(v = 0) state. The saturation parameter
(S) is derived using a relation, S = (e /a)-1, where a and
oy are the saturated and unsaturated absorption coefficients,
respectively”. The relative absorption coefficient a for the
present double resonance process is calculated by dividing
the IR-UV LIF intensity by the IR and UV laser powers. The
unsaturated absorption coefficient of ¢ is calculated under
the minimum IR and UV laser power conditions. The bro-
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ken lines in Fig. 10 represent the saturation parameter (S).
Considering the saturation parameters, we conclude that the
sample pressure of 760 Torr is suitable for the IR-UV LIF
measurement, since in the near future we will be able to use
much more powerful lasers and the detection limit will be
much improved. Let us carry out a sample IR-UV LIF ex-
periment under the saturation parameter of 0.1. The relative
intensity of 2823 is obtained by a 280 uJ IR laser and a 340
wl UV laser at 760 Torr, while only the intensity of 386 is
obtained by a 65 wJ IR laser and a 75 nJ UV laser at 4.7
Torr. This clearly indicates that one of the great advantages
in the IR-UV LIF method is that it can be applied to the atmo-
spheric-pressure measurements and the detection limit in the
IR-UV LIF method is much improved in the atmospheric-
pressure measurements. Figure 10 shows that various sets

200
IR Laser Power / nJ

Fig. 10. Laser power dependence of IR-UV LIF intensity. Solid and broken contour lines represent the relative IR-UV LIF intensities
(200—50000) and saturation parameters (0.05—0.70), respectively. The intensities are normalized to the IR-UV LIF intensity at
9.2 mTorr. (a) Sample pressure = 760 Torr and IR-UV delay time = 20 ns and (b) 4.7 Torr and 7 ns.

of IR and UV laser powers give a certain IR-UV LIF inten-
sity with different saturation parameters. The smaller laser
power is better for the quantitative measurements in gen-
eral. One can derive the ideal relation between the IR and
UV laser powers from Fig. 10; {UV laser power] ~ 1.2 x[IR
laser power] at 760 Torr and [UV laser power] ~ 1.1 x[IR
laser power] at 4.7 Torr.

The IR-UV measurement might be carried out under the
extreme conditions in which the IR absorption is completely
saturated and the OH population in the X? JT(v = 1) state is al-
most the same as that in the X2 77(v = 0) state. The possibility
of IR multiphoton absorption is considered. Fortunately, the
absorption line (P,(4.5) tine of X2IT(v = 1)« X*IT(v = 0))
employed in the present experiment does not overlap with
any absorption line in the X>IT(v = 2)«X*IT(v = 1) tran-
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sition. The absorption line nearest to the P;(4.5) line of
X’I(v=1)—X>I(v=0) is the 02(0.5) line of X*[T(v=
2)—X2IT(v=1) at 3403.6 cm~!, which is 4 cm™!' apart
from the P;(4.5) line of X2II(v = 1)—X?IT(v=0). Thus
the possibility of the IR multiphoton absorption is safely ex-
cluded. Such saturation conditions in the IR absorption at
760 Torr will be realized by using a powerful 10 ns-pulsed
IR laser with a pulse energy of about 20 mJ. Another way to
reach the saturation conditions is to use a cw-IR laser and a
Fabry~Perot resonator?®. Under these saturation conditions,
the IR-UV LIF method is regarded as a simple one-photon
LIF method to monitor OH X?I7(v = 1), the concentration
of which is nearly the same as that of OH X IT(v = 0). This
method has something in common with the 282 nm excita-
tion LIF method proposed in the early 1970°s%. In the 282
nm excitation LIF method, OH was excited to AZ3*(v=1)
and relaxed to the A2 3 (v = 0) by the collision with ambient
gases. The fluorescence band detected near 310 nm was due
to A2Z*(v = 0)—X?>I1(v = 0), which was 30 nm red-shifted
from the excitation laser line. This method seemed to be
adequate for measuring [OH] at atmospheric pressure in the
troposphere, except for the serious interference problem due
to the artificial OH generation®. Both in the present IR-UV
LIF method and in the 282 nm excitation LIF method, the OH
fluorescence is detected at 310 nm, which shifts largely from
the excitation wavelengths (350 and 282 nm, respectively).
Both methods can be employed under atmospheric pressure
conditions. In the present method, [OH] can be measured
with the 346 nm laser, the power of which is roughly esti-
mated to be 150 (=2A,p/A01*°) times as intense as that in
the 282 nm excitation LIF method.

In conclusion, the IR-UV LIF method is found to be all-
purpose, highly sensitive, and free from chemical interfer-
ences in combination with a powerful laser system. Although
our goal to measure atmospheric OH concentrations by us-
ing the IR-UV LIF method has not been achieved yet, the
method will be utilized for the OH field measurement in the
near future after the developments in laser technology.
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