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Effect of collisions on one-color polarization spectroscopy
of OH A2%*—X2II
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United Kingdom
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The effect of collisions on the magnitude of polarization spectros¢®% signals from the OH

radical on theA23"—X2II (0,0) band has been studied. OH was produced by the 266-nm
photolysis of HO, and detected by one-color degenerate PS, usibgs pulses from a Nd:YAG
pumped dye laser. Spectra with both circular and linear pump polarizations are reported, together
with signal dependence on OH number density and pump pulse fluence. The relative line intensities
in the spectra and measured square dependence on OH number density are consistent with a
description of PS as a variant of four-wave mixing spectroscopy. The pump pulse fluence
dependence is fitted well by literature saturation curves. The collisional dependence of the PS signal
was investigated by adding increasing pressures of He, Ar, @oNider gases for fixed overlapping

pump and probe pulses. The principal finding is the very rapid loss of the PS signal with increasing
collider pressure. The resulting phenomenological rate constants are in the range 5-9
x 10" ° cm®s™ 1. We discuss these rate constants with reference to the literature rotational energy
transfer and dephasing rate constants. We propose that the very large observed values may be
explained by the effect of elastic velocity changing collisions. 2@03 American Institute of
Physics. [DOI: 10.1063/1.1615515

I. INTRODUCTION tum polarization. Angular momentum polarization in elec-
tronic energy transfer has not received the same level of
attention. Among the very few studies that have been re-
It is a very-well-established fact that molecules may beported, Jacksoet al® measured polarization retention in in-
collisionally removed from electronically excited states. To-g|astic electronic energy transfer in the SiF radical. These
tal rate constants for this “quenching” have been measure@yxperiments were performed using dispersed fluorescence to
on numerous occasions. However, the fate of the quenchegbtect the collisionally transferred population. The method
molecules has been little studied. Dagdigian recently reinyvolved resolving the polarization of the emitted fluores-
viewed the current state of the field for the simplest molecucence with a photoelastic modulator and polarizer combina-
lar systems: diatomic moleculésRotational- or vibra-  tion. These experiments proved extremely challenging within
tional-state product distributions have been measured fahe practical signal-to-noise limits provided by dispersed
only a limited range of molecular species, with state-to-statéjyorescence.
relative rate constants being the most detailed level of infor-  we have recently extended our studies of electronic en-
mation obtained. A quantitative theoretical understanding oérgy transfer to the\ and B states of the CH radical with a
these processes is still lacking, and simple models of energyange of colliders:® This has been shown to be a rapid pro-
disposal have been shown to have generally poor predictiveess with a variety of partners, and vibrationally resolved
ability.? branching ratios have been established. The rotational distri-
In the more developed field of study of reactive colli- bution of the transferred CH has been resolved using one of
sions, the vector propertig$or example, rotational angular the more efficient partners: GO(Ref. 9. However, the
momentum polarizationof the process have been shown to signal-to-noise limits of dispersed fluorescence again prevent
be a sensitive probe of the forces between the moleculesthe practical extension of this work to polarization studies of
For inelastic collisions such properties have also been meahe CH system.
sured, but to a much more limited extent. They have given  CH, typical of many other systems, does not happen to
new insights into the nature of the collisional interactions,provide any suitable higher-lying electronic states through
notably in the very detailed recent work on NO/Ar rotational which to perform an alternative optical—optical double-
energy transfefRET) collisions by Cline and co-workefs:  resonance experiment—for example, by laser-induced fluo-
These studies measured state-to-state differential cross seescenceLIF)—as has been reported for some other limited
tions and scattering angle-resolved product angular momemiasses of moleculdd:*! We have therefore been trying to
develop a method of measuring the influence of collisions on

dAuthor to whom correspondence should be addressed. Electronic mai]‘:he a_ngmar momentum polarization of electronically excited
M.L.Costen@hw.ac.uk species.

A. General background
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The spectroscopic technique we are using is polarizatiogm?®s™* for H,0. This included an assumed contribution of
spectroscopyPS. Wieman and Hasch first developed po- 45x107°cm?s™* to account for the unmeasured
larization spectroscopy as a variant of saturation speca-doublet changing collisions. These rate constants were for

troscopy-® In the simplest implementation of PS the outputhe |owest five or so rotational levels and were essentially
of a single tunable laser is split into two beams. The first ofi\/ariant with N”.

these, the pump beam, is either circularly or linearly polar- A qre sophisticated experiment has been performed by
ized. The second, the probe beam, is linearly polarized bqiﬁcksonet al2425 OH X 21T was produced by photolysis of

fore passing through the sampiiet a 457 angle fo the pump HNO; at 266 nm. A singleA-doublet selected rotational

beam polarization if that is also linearly polarizedfter | . 4 .
L . . evel was prepared in the Obl'=1 vibrational level, using
which it encounters a blocking crossed polarizer. The pump . ) .
: o a pulsed tunable infrared laser. The evolution of the resulting
and probe beams are overlapped in the sample, in either a oo . .
copropagating or counterpropagating geometry. When th opqlatlon in the prepared statg and its transfer into other
pump beam is resonant with a transition in the sample it Caﬁotatlonal levels was then' momtqrgd by LIF on the-X
be considered to produce a polarization-dependent satur@2nd- TheA-doublet changing collision rates were found to
tion. The probe beam “sees” the sample as birefringent, angepend strongly on the |d.ent|ty of the collider. The transfer
consequently the polarization of the transmitted probe bearffit€ constant fod=3.5 with HNO; was found to be 2.4
becomes slightly elliptical, with a change in principal axis. X 10 ° cm*s™*, while that for Ar was only 0.&10 *°
The resulting component of the probe beam normal to th€m’s™ . Total removal rate constants excludingdoublet
initial polarization then leaks through the crossed analyzingransfer ranged from 1010 *°cn®s™* for Ar to 5.0
polarizer and may be detected, typically by a photomultiplierx 10~ *° cm®s™* for HNOs.
tube. These two studies quote rotational energy transfer rate
In recent years PS has undergone something of a revivalonstants for OHX °I1 that agree well with older literature
and has been widely applied in combustion diagnostics as and show that the process is very rapid witfOHand HNQ .
tool to detect radical species, notably &+ NH,'®> C,,'®  Measurements by Andersenal?® indicate that HO, is also
and NO'" These applications are all of degenerate PS, irvery efficient, with total rate constants of the order of
which a single laser is used to generate both pump and probe-10x 107 1° cm3s7 L.
beams. Infrared—ultraviolet double-resonance polarization Both electronic quenching of th& 23" state and RET
spectroscopy of OH and Grhas also very recently been within it have been studied on numerous occasions. Jorg
demonstrated® A number of experiments have been devotedgt 512728 have measured RET rate constants for @RS *

to studying the collisional evolution of the signal as a func-(vrzo) with a variety of combustion-related collision part-

tion of the delay time between pump and probe pulses. Thiers and rare gases. These experiments were performed by

major?ty of these studies have .been performed in atm(,)di persed fluorescence measurements after pumping of
spheric pressure flames, using picosecond lasers and opti gle rotational levels in th&2S* state. With HO as a

i 0acl9,20 ; :
delay lines.”**Only a single study has be_en performed N & lision partner, individual state-to-state rate constants of up
controlled temperature and pressure environment contalnlnt% 4x10-2 cnPs—! were measured. with a total removal
a single collider species, without variation of the pump—rate constant of approximately>910*,1° cnPs L. N, gave

probe delay timé? In related work, Wilson and McCaffery . ° - dual rat fants Up tod10-1° e <1 and a total
have used continuous-wave lasers in a double-resonance B§lividual rate constants up to chrs - anda ola

. _10 —
experiment to measure line shapes and hence infer details Bfmoval rate constant of approximately<30 cm’s ™,

the differential scattering cross sectidAs. while total removal rate constants for Ar and He were 2.5
x10 ¥ and 7.5<10 * cm®s !, respectively.
B. OH collisional energy transfer The majority of the collision partners discussed here

showA 23, * state electronic quenching rates which are much

I . R Yower than the RET rates.,Nhas typical rotational-level-
initial development of_ our experl_ments_ as it is simple to pro'dependent quenching rate constants k};5=2><10‘11
duce and probe. Collisions of this radical have been the sub- 5 : :

) . . L cm’s !, while He and Ar have quenching rates that are
ject of numerous previous experimental studies in both the ~ ~ . 593,

groundX 2IT and excitedA 23 * states, primarily because of negl|g|ple. " H0, on the other_lr:)and, rlals a very large
its importance in combustion and the atmosphere. TherdU€nching rate con;tankb~7x%2() cn’s™, effectively
have been several recent studies of the groxidll state. ndependent of rotational levé?: ,

Kliner and Farro#® measured the evolution of the nascent I this paper, we present phenomenological rate con-
rotational-state distribution produced by the 266-nm photoly-Stants for the collisional suppression of PS signals of OH
sis of H,0, using picosecond LIF. The rotational-state dis- (A—X). PS was performed in a degenergteamp and probe
tributions at different photolysis—probe delays were recordedeams from the same lage@opropagating configuration. We
and a variety of collisional models were used to simulatdnvestigate the pump power, OH number density, and col-
them. Several different colliders were used-cH Ar, N,,  lider pressure dependences of the PS signal. Pump power
and Q—and the data were well fitted by an exponential gapand number density dependences are discussed in light of
law model. Most relevant for the current work were the re-previously published theory. The principal new result, the
ported total depopulation rate constants. These span thaffect of collisions on the PS signal, is discussed in the con-
range from 210 1% cm®s™?! for Ar through to 8.%<1071%  text of other literature OH collisional rate constants.
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Dyelsser | ] NevAG that the probe beam just passed its edge. This ensured that
taser the overlap length was as long as possible. Both beams over-
lapped the photolysis beafoounterpropagating to the pump
and probe beamsn the center of the cell. At the exit of the
cell the pump beam was picked off by another mirror and
passed to an energy monit@vlolectron. The probe beam
passed through an iris and then a second, identical high-
quality polarizer, mounted in a precision rotation stéBer-
nard Halle/Newpoit This polarizer was crossed with respect
to the first. The signal beam that emerged from this analyzing
PMTU || 00 polarizer was passed by a number of mirrors around the op-
L roYum tical table a distance of approximately 2.5 m to a spatial filter
and then through a 308-nm centered interference filter to a

FIG. 1. Schematic of the experimental apparatus used for one color polapphotomultiplier tube(PMT), which was carefully shielded
ization spectroscopy. WPwaveplate, DFR-double Fresnel rhomb, BC from the ambient Iight.
=Berek’s compensator, Skspatial filter, PMT photomultiplier tube, and
M= Molectron energy meter.

%Gas inlet

Flow cell

A second PMT collected LIF from the central portion of
the cell. No collection optics was used. In fact, it was nec-
essary to attenuate the fluorescence using neutral density fil-
Il. EXPERIMENT ters to avoid saturation of the PMT. Signals from both PMTs
and the energy monitor were passed to boxcar averagers
(SRS and thence to a computer on a shot-to-shot basis. The

diamete}, evacuated by a rotary pump. The cell had win- computer also controlled the wavelength scanning of the dye

dows (UV, synthetic fused silicaat each end and one on the laser vi.a pgrposg-writtgn I'_abview SQ“W‘."“e' .

side for LIF detection. Hydrogen peroxid&0% wt/H,0) A significant limitation in the application of PS in sealed
was introduced by bubbling the selected quenching gagnvironments arises from stress-induced birefringence in the
through the solution and the pressure regulated by a needYé—’,\'ndOWS of the cell. The bwefrmgence_cquses the _pola_rlza-
valve; additional quencher was added downstream when rdlon of the prabe beam_ to becom_e elliptical, resulting in a
quired through a secondary needle valve. All of the pipingconstant background signal passing through the analyzing

and valves after the bubbler were made of Teflon to reduc8°|arizer’ independent of whether the probe beam is resonant

dissociation of the hydrogen peroxide. The hydrogen peroX\_/vith a transition in the sample. In these experiments, it was

ide was photodissociated using the fourth-harmonic output Ofpund that applylng a compen;atlng strgss _to the cell was
a Nd:YAG laser(Continuum Surelite l-1pat 266 nm, pro- capable of nulling any stress-induced birefringence to ac-

ducing OH X 2I1 radicals. A Nd:YAG pumped dye laser ceptable levels. The birefringence of the windows was mini-

(Continuum Surelite 11-10, Sirah Cobrastretch, nominal pulsémzed before each experiment, and checked at regular inter-
length 5 ns, R640 dyeprovided tunable narrow-band radia- vals.
tion in the 308-nm range, resonant with the @HX(0,0)
band. A delay of 8us, controlled by an electronic delay
generatoSRS DG535 was introduced between the firing Polarization spectroscopy is a specialized form of four-
of the two laser systems to allow relaxation of the nascenwvave mixing(FWM).3® Like FWM, in the perturbative low-
OH to thermal Boltzmann rotational and translational distri-power limit the signal depends on the square of the pump
butions. beam fluence and linearly on the probe beam. Similarly, the
A central portion of the dye laser outpu2 mm in  signal depends on the square of the number density of the
diameter, was selected by an iris and used in the subsequgmibbed species and quatrtically on the line strength of the
experiments. All beam steering was carried out using broadiransition used? Beyond the perturbative treatment, there
band dielectric mirrorgBalzers. The beam was split into have been a number of papers treating the strong-field limit
two parts using a tunable waveplate and a calcite polarizeusing numerical simulatior$:® Crucial to this study, the
The weaker of these beantthe probe beajnwas passed signal also depends on the collisional processes of both the
to a high quality polarizeBernard—Halle, extinction ratio ground and excited states linked by the probed transition.
<1x10 %) mounted in a precision rotation stag¢ewpord.  Collisions that involve pure dephasing as well as population
The probe beam passed directly through the cell without entransfer out of, or between, time; sublevels of the two reso-
countering any additional optics other than the cell windowsnant states are significant. This results in a dependence on
The more intense bearthenceforth the pump beanwas  both pure rotational population transfer and orientation or
passed through a double Fresnel rhomb and calcite polarizatignment loss.
combination, which acted as a variable attenuator. The pump The detailed contributions of these different processes
beam was passed through a Berek’s compengdtew Fo-  will be addressed fully in future reports. In this paper, we
cus to produce light that could be selected as either circutestrict ourselves to degenerate one-color experiments and
larly polarized or linearly polarized at a 45° angle to theassume a single phenomenological collisional decay rate
polarization of probe beam. The pump beam was then overcontaining contributions from both the ground and excited
lapped with the probe by positioning a final turning mirror so states.

The experimental apparatus is shown in Fig. 1. Experi
ments were conducted in a glass flow ¢80 cm long, 5 cm

lll. THEORY
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Qi JT & 5 pump light at 45° to the probe polarizatioflp) PS with cir-
- cularly polarized pump light, and finallgc) LIF simulation
(LIFBASE).®” The PS spectra were taken under slightly satu-
rating pump laser conditions. Very clear differences are ap-
parent between all three pairs of spectra. It is immediately
1 () obvious that neither PS spectrum resembles the LIF spec-
trum with respect to line intensities. The linearly polarized
pump PS spectrum predominately featut@dbranch lines,
while in the circularly polarized pump spectru and
R-branch lines are most intense. These observations are, as
. expected, consistent with previous descriptions of 'S’
Orientation is not an efficient process with circularly polar-
ized light viaQ-branch transitions and becomes increasingly
l l difficult with increasing rotational quantum number. This ex-
I . i [ L plains the strong preference fé& and R branches in Fig.
T " T " T 2(b). Alignment with linearly polarized light is stronger via
- Pl 2l K Q-branch transitions thaR/R. Additionally, analogous with
degenerate four wave mixin(PFWM), we expect the PS
— 2 R, signal to depend on the line strength of the transition to the
fourth power, which will strongly favor th€ branch ovelP
4 () or R, as seen in Fig. (d. In both PS spectra, the signal
intensity drops off much more rapidly with increasing rota-
tion than in the LIF spectrum. This is also consistent with a
DFWM description, from which we expect the signal to de-
pend on the square of the number density of the probed spe-
cies, as quantified in the next section.

Relative signal intensity

il _ The number density dependence of the PS signal was
- " T determined by varying the OH concentration via the photoly-

. sis fluence. As an example, the probe laser wavelength was

centered on th®4(1) line and the signal-to-noise optimized

at maximum photolysis fluence, as measured immediately

before the cell using an energy met8cientech Data were

1 () acquired in the form of averages of 100 laser shots. The

fluence was then reduced by altering the photolysis laser

flashlamp voltage and the measurement repeated. The mea-

surements were made over the full range of available flu-

ences. The polarization spectroscopy data were corrected for
1 minor variations in probe laser system fluerisee next sec-

l ‘ l B. Number density dependence of signals
! |

tion). The results are shown in Fig. 3, and the PS signal
clearly follows a nonlinear dependence on the OH number
l l density. This shows good agreement with the expected
3075 3080 308.5 309.0
Wavelength / nm

[ OH]?-dependent curve also shown in Fig. 3.

C. Effect of pump laser fluence

FIG. 2. Part of the ORA 23 *—X ?II (0,0) band with partial assignmer() The pump beam fluence was varied by adjusting the tun-
Polarization spectroscopy with 45° linearly polarized pump light of rotation- bl lat ior to th d lcit lari  thi |
ally thermalized OH(b) Polarization spectroscopy with circularly polarized able WaVEp ate prior to he second calcite polarizer, this al-
pump light of rotationally thermalized OHc) LIFease simulation of LIF lows independent control of the pump and probe fluences.
spectrum produced by a 300-K Boltzmann distribution. Spectra recorded’he PS signal and pump fluence after the cell were averaged
Wlt_h 2 Torr of Ar buffer anq 8us photolysis/PS delay under slightly satu- over 50 shots: then, the pump fluence was altered and the
rating pump fluence conditions. .

process repeated. The pump fluence was varied over the de-

sired range several times during a single experiment to en-
IV. RESULTS sure against other possible systematic experimental varia-
tions. A number of different transitions were studied, with
both linear and circular pump polarizations. All of the spec-

Figure 2 shows three spectra of the G+ " —X 21 tra show similar functional forms, with clear evidence of

(0,0 transition for comparisor(a) PS with linearly polarized saturation at the higher fluences.

A. Spectra
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dependence at low fluence is shown in the inset diagram. It is
observed that the signal follows a squared dependence at the
lowest pump fluence. All further experiments were per-
formed in this low-power regime.

D. Effect of varying collider pressure

The primary aim of this wider program of experiments is
to study inelastic collisional processes using polarization
spectroscopy. This first stage is aimed at establishing the
evolution of the PS signals with increasing collision number.
Varying the time between the pump and probe pulses at con-
stant pressure would clearly be a straightforward way of
achieving this. However, in the current one-color degenerate
experiment this can only be realized by introducing an opti-
cal delay line, and while this has been used in several pico-
second PS studies, the path lengths required are clearly not
practical in this nanosecond experiment.

Relative OH number density The alternative approach of varying the collider pressure

FIG. 3. Polarization spectroscopy signal as a function of OH number den?‘t fixed pump-—probe delay was thus applled... The. laser

sity. Open circles are experimental data; the solid line[©®#] simulation. wavelength was centered on the selected transition with the
pump and probe beams essentially coincident in time
through having traversed beam paths of equal length. The PS

Walewskiet al. recently published a paper on the effect signal was then acquired for 100 shots, along with the shot-
of pump fluence on polarization spectroscopy sigi&Ehey  to-shot pulse energy of the pump beam and LIF signal. The
listed several functional forms for the expected dependencegyressure of the selected collider gas was then altered and the
drawing on simple descriptions of the saturation dependencgrocedure repeated. The LIF signal was acquired to allow

Relative polarisation signal

of DFWM experiments, including normalization of the PS signal to the number density of OH
| 2 produced by photolysis. Several difficulties presented them-

|PS:A($"PS) ; ) selves. The concentration of,8, required to produce suf-
Loump™t I sa ficient signal-to-noise was high enough that significant

where | pg is the measured signaly,y, is the pump laser quenching of the OHA 23" qulorescence was observed.j'his
intensity, A is an arbitrary scaling factor, an§Sis a satura- is a side effect of the relatively modest photodissociation
tion intensity. cross section of kD, at 266 nm[5x 10 2% cn? (Ref. 39].

An example of the fit of Eq(1) to the data for linear The addition of extra collider gas was found to alter the flow
polarization on theP;(1) line is shown in Fig. 4. It can be rate of HO,, which could not be controlled using a mass

seen that the functional form fits the data well. The signaflow controller due to the rapid dissociation of the®} on
stainless steel surfaces. Both the OH concentration and

quenching of the OHA 23" fluorescence were affected by
the selected pressure of the collider gas. The integrated OH
LIF signal over a fixed time gate was thus not a simple direct
measure of the OH concentration.

Therefore, the LIF decay trace was acquired using a
digital storage oscilloscop@.eCroy 3900 at each pressure
point. The resulting exponential lifetime from a fit to this
decay trace was used together with the known collision free
fluorescence lifetime of O 23" to correct the LIF signal
for the effects of quenching. The hypothetical magnitude of
the LIF signal without quenching was established at each
pressure. The square of this value was then used to normalize
the measured PS signal with respect to OH concentration.
The PS signal was also normalized with respect to the dye
laser fluence. This should be a squared dependence on the
pump power and linearly on the probe fluence or cubic in the

Relative polarisation signal

ol 0.00 0.05 o10 total. However, the LIF signal is itself linear in the laser
00 02 04 06 08 10 fluence, and dividing by the square of the LIF signal has
Relative pump fluence already introduced a partial normalization for variations in

FIG. 4. Polarization spectroscopy signal as a function of pump laser fluenc laser fluence. The PS Slgnal was accordlngly divided lmearly

Open circles are experimental data; the solid line is a fit of equation 1 to thiy t'he laser fluence, resulting in the correct overall normal-
data. Inset diagram shows an expanded view of the low-fluence region. 1zation.
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rate constants derived are not purely the result of collisions
with the added collider gas, owing to the varying precursor
partial pressure. However, the precursor partial pressure de-
creased as the collider pressure was increased, and we be-
lieve that the derived rate constants are hence primarily de-
termined by the collider gas.

We have subsequently repeated a limited number of
these measurements under different experimental conditions.
These experiments were performed in a steel high-vacuum
chamber, with OH radicals produced by the 193-nm photoly-
sis of HNO;. The much larger cross section for Hi@ho-
todissociation at this wavelengtfl.1x 10 1" cm 2 (Ref.

40)] resulted in excellent signal to noise with a partial pres-
sure of only 10 mTorr of HN@ precursor. The different
chamber and pumping and gas handling systems enabled the
partial pressure of the precursor to be kept much more stable
, : ' : , as the collider gas pressure was increased. The low HNO
0 1 2 3 partial pressure also resulted in no significant quenching of
Total pressure (H,0, + Ar) / Torr the OH LIF. As a result, the LIF signal was a much more
direct measurement of the OH concentration, and a consid-
FIG. 5. Polarization spe_c'troscc.)py ;ignal as afur_mtion of Ar _coIIider pres—erably less severe normalization of the PS signal was re-
sure, for theP,(1) transition with circularly polarized pump light. Open .
circles are experimental data: the solid line is a first-order exponential fit tcgu'red compared to the results reporIEd above. The pump and
the data. probe pulses were provided by separate lasers, the probe
pulse by the same Nd:YAG/dye-laser combination as the
one-color experiments and the pump pulse by a separate

The total pressure of precursor and collider was Vafied\ld:YAG/dye-Iaser systerfLumonics Hyperdyg The pump
over a range 0f=0.5 to~5 Torr. At the lowest total pres- and probe pulses with synchronized temporally using a digi-
sures the observed LIF lifetime indicated that th@pipre-  ta| delay generatofSRS DG535 All other conditions were
cursor partial pressure was80 mTorr, falling to<10 mTorr  jdentical to the previous experiments. These later measure-
at the hlghest total pressures. The colliders used were He, Aﬁqents also found extreme|y rapid phenomeno|ogica] decay
and \,. Additionally, O,, CO;,, and H were also tried, but  rates, confirming the results of the earlier measurements.

produced such rapid quenching of the LIF that normalizationrhis independent verification reinforces our confidence in
to the varying OH concentration became unreliable. For eacthe reported rate constants.

of the collider gases used, both circular and linear polariza-
tions of the pump laser were applied. For the linearly polary. pISCUSSION
ized pump experiments the measured transitions Wefé),

Relative polarisation signal

. : The measured signals have the anticipated dependence
2), andQ,(3) and for the circularly polarized pump the X
Qu(2) Qu(3) yb pump on laser pulse fluence and OH concentration from analogy

P,(1) andP,(3). First-order exponential decays were non-
(1) 1(3) P 4 ith DFWM theory, with a squared dependence on the pump

linear least-squares fitted to the resulting curves of PS sign?iﬁ/ 4 om OH ber densitv. Th -
versus total pressure (collidetr H,0,/H,0). An example aser power and on number ensity. gstrong varlathn
f PS signal with transition branch seen in the spectra is

decay trace and fit are shown in Fig. 5. The resulting deca)(? X : )
constants were converted to second-order rate constants Bgnsstent with a fourth-power line strength dependence. The

assuming a time scale of 5 ns, consistent with theoduared number density dependence and low room-
manufacturer-quoted full width at half maximutFWHM) temperature B_oltzmann rotational populfmons, arising from
pulse width of the Continuum/Sirah laser system. The ratéhe Iarg_ehrotatlongl c:)n_stantl of OH' restr!ct us tho only kiw .
constants derived for the three gases with both pump pola|(~<4) with a practical signal-to-noise ratio in these experi-

izations using the above transitions are listed in Table I. Thenents. o . . ) )
The striking principal finding of these experiments is the

extremely rapid removal of the polarization spectroscopy
TABLE 1. Phenomenological rate constants of PS signal Idks  signal with increasing pressure. The rate constants quoted in
(20°° cm?® moI_eg:uIe’l s H] as a function of pump polarization, collider Taple | assuming a 5-ns pulse length are of the order 5—8
gas, and transition probed. Errors quoted arestitistical uncertainties. %109 cmBs L By analogy with DFWM, we should expect
Linear pump Circular pump the signal detected to depend on the square of the electric
polarization collider polarization collider field generated in the nonlinear process. The phenomenologi-
cal rate constants will hence be twice the rate constants for
the processes removing this signal electric field—for ex-
Py(1) 54*12 88-08 6.2:t10 80:16 80:04 7.6:08  gmple, RET or reorienting collisions. Even so, the implied
gl((:’;)) 66106 B10 6.5 0.8 8'0_i0'6 8'2t_1'2 G'T—to'e collisional rate constants of 2.5-410 ° cn’s ! are still
Qi(3) 53:0.6 8610 8.3-10 ) } ) extraordinarily fast. As discussed in the Introduction, total
collisional removal rates for OH in the ground and excited

Transiton  He Ar N, He Ar N,
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states with Ar, N, or He as collision partners are at most of mated above would be produced by scattering through an
the order of 510 cm®s 1. We thus need to consider angle of only=3°. Such small-angle scattering around the
what other processes could be removing the signal in such f@rward direction is known to typically have very large cross
rapid fashion. sections® In the absence of further evidence, we propose

We can clearly state that whatever process removes tH&at such velocity changing collisions are the primary pro-
signal is collisional in nature. Polarization spectroscopy willCess responsible for the loss of the signal in these experi-
be sensitive to purely elastic dephasing collisions as well agents.
collisional removal or depolarization. The magnitude of In conclusion, these experiments have been the first
these dephasing rates can be estimated from a combinati®de in a program to develop polarization spectroscopy as a
of line broadening measurements, sensitive to both dephagrobe of the dynamics of inelastic collisions. We have man-
ing and total removal rates, and the literature total removafiged to produce high signal-to-noise PS signals in a sealed
rates. The line broadening parameters for %K) with environment at low pressure, overcoming the problems of
Ar, He, and N are consistent with combined dephasingScattering pump light and birefringence introduced by the
and removal rate constants o380 % 2x10°1° and 8 cell windows. The signals behave in the expected fashion
X 10710 cm? s~ 1 respectively?! These are very similar to the With varying pump power or sample number density. The
total collisional removal rate constants measured in othefate of loss of signal as a function of increasing collider
experiments and discussed earlier. This suggests that deph®§€Ssure is unexpectedly extremely rapid, a process we at-
ing collisions are not a dominant influence on the observedfibute to predominately velocity changing collisions.
degradation of our PS signal.
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