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Abstract. Using temporally, spectrally and spatially resolvedreadily detected by laser induced fluorescence (LIF) follow-
laser induced fluorescence (LIF), collision-induced energyng excitation in the UV. Temperature and concentration data
transfer was studied in the’&A* (v' = 1) level of OH. Meas-  derived from LIF measurements may be used as input for
urements were performed in a laminar premixed flame atodelling of reactive flows for the optimisation of combus-
10 Torrtotal pressure. The low pressure allowed the spatiaion processes. However, specific requirements of quantita-
variation of the effective quenching rate to be determinediveness are placed on these data. To interpret measured LIF
through the flame front. In addition, the dependence of theignals quantitatively, detailed information about quenching
quenching rate on rotational quantum number was measureohd relaxation (rotational, vibrational) effects caused by col-
by exciting a series of rotational lines in the rarigle= 0-16.  lisions with gases in the flame environment is needed. To
The results show that the total quenching rate decreases ordudy such effects, a well-characterised “model” flame is de-
17% through the flame front, in the region whéel can be  sirable; in the past, collisional processes, botlOdhas well
detected. Nevertheless, thbsolutevalue of the quenching as other species, were investigated using a variety of model
rate Q is required if absolute concentrations are to be deburners at atmospheric [1-12] and at low pressures [13—19].
termined from LIF-signals. The variation both f and of However, time constants at atmospheric pressure are on the
the rotational relaxation rate with excited rotational quantunorder of nanoseconds or less, so that their direct measurement
state must be known for quantification of LIF-temperaturerequires excitation by a picosecond laser and ultrafast detec-
measurements via the Boltzmann relation. Finally, the rotion (e.g. streak camera). Also, with the exception of certain
tational and vibrational energy transfer (RET, VET), wastypes of slot burner [3, 8], the flame front region cannot read-
investigated by recording the spectrally and temporally reHly be investigated at atmospheric pressure. In this work a low
solved fluorescence. For all excited rotational lines, efficienpressure, premixed laminar flamel&t Torrwas selected, so
RET to neighbouring rotational states was observed, but onlthat energy transfer processes could be studied with good
very little VET. Total RET rates were determined from the spatial resolution through the flame front and using standard
difference between the time-resolved broadband (total fluosanosecond laser technology.

rescence) and narrowband (fluorescence from the laser ex- The effects of energy transfer on LIF signals following ex-
cited level) curves. The experimental results were comparedtation of OH A2x* have been studied under a variety of
with simulations using a dynamic model, which describesonditions (temperature, pressure, gas composition). Most of
the energy transfer for flame conditions. With the availablehe investigations on quenching so far in flames concerned the
input data (temperature, major species concentrations and= 0 level [1-3,5, 14—17], much less information is avail-
collision-partner specific RET cross sections), good agreeable for other levelsy = 1-3) of OH [1, 4, 10-13]. Com-

ment was obtained. paratively little information is available on vibrational and
rotational relaxation under flame conditions [10, 12, 19-21].
PACS: 34.00 Quenching and relaxation compete in any realistic environ-

ment, and, in addition, relaxation processes lead to redistri-

. . bution of the populations of the laser-coupled levels, which
TheOH radical has often been used as an indicator of chempy, y,rn may affect the effective quenching rates. Therefore

ical kinetics and hence of the progress of combustion. It ig g paramount that quenching be investigated in conjunc-
* Corresponding author tion with rotational- and vibrational energy transfer (RET,
** Present addressnterdisziplinares Zentrum fur Wissenschatftliches Rech-VET)' A Su.ltable m?”.‘Od fqr determm_lng rotational refax-
nen (IWR), Universitat Heidelberg, Im Neuenheimer Feld 368, D-69120atI0N rates in association with quenChm'g rates was reported
Heidelberg, Germany in the work of Lee et al. [15]. Their studies were performed
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onOH (v' = 0) in H2/O,/He-flames at19 Torrand1300K  the quenching rates and the Einstein coefficients for spon-
These authors developed a dynamic kinetic model [15, 18aneous emission, respectively, aBd, Bix are the Einstein
and used collision partner-specific collisional data [21, 22oefficients for absorption and stimulated emissignis the

to simulate the results. Furthermore, the applicability of thidaser intensity an, the spectral overlap integral, which rep-
model to energy transfer in a wide variety of combustionresents the overlap between absorption and laser line profiles.
environments was demonstrated [23] by applying it to simuThe temporal form of the laser pulse is described by the ex-
late spectra from the literature. Very recently, further experipression:

mental and modelling (using the kinetic model of [15, 16])

work was performed [24] to assess the role of vibrational (t) o< t* exp(—bt) . (5)
relaxation inHy/O,-flames containingHe or N», respec-
tively. The quenching and RET-rates are each given by the product

With a view to progressing towards flames of more techsum of the collision partner specific coefﬁciellq‘.% and par-
nical interest, we apply the method of Lee et al. to a mordicle number densitiegy:
complex flameCH,/O,. This flame has a greater number of
collision partners but is well characterised [18] and has beeR;j = Z kj?(M)nM; Q= Z ka(M)nM . (6)
modelled [25], so that species profiles are available for simu- M M
lation of experimental results. We also chose to exCité . i
A2x* (v = 1), since fewer data are available for this level, The number densitigsy required to calculat&; andQ; are
particularly at flame temperatures. themselves calculated from the total flame pressure, the local
The stages of the work can be defined as follows: (1) timel€mperature and the mole fractions of the corresponding col-
resolved, broadband fluorescence was recorded to determii@gon partners. The local temperature was measured for our
the dependence of quenching rate on rotational quantuﬁn;(perlmental conditions anq the species mole fractions were
number and on position in the flame; (2) rotationally resolvedaken from a model calculation [25]. Values ig? were cal-
fluorescence spectra were scanned to gain a qualitative irtlated from the empirical expression
pression of the extent of RET and VET on excitation of
various rotational transitions: (3) time-resolved narrowbandy = k3e” N’ (7)
fluorescence was recorded. From the difference of the two
transients determined in (1) and (3) the corresponding totazilherebyk(? is the quenching rate coefficient fdf' =0 in
RET-rate was derived. the excited state. This expression has been shown [15] to give
a better fit at flame temperatures than that uslihg\N’ + 1) in
the exponent [26]. Quenching data from [21] and those rec-
1 Principles of the dynamic kinetic model ommended therein were used.
The collision partner specifi&l coefficients for RET
The results are interpreted on the basis of a multi-level modavere calculated using data based on those of [22], pa-
for the case of linear LIF, in which the ground state is treatedameterised using the ECS-EP (energy sudden corrected-
as a two-level system (laser-coupled statand bath level exponential power) law [16].
X). The bath level is populated by quenching from the ex- Modelling of the population of a set of energy levels is
cited (A) state and it is assumed that no transfer fogrto ~ performed in two stages: (1) calculation of the energy trans-
the laser-coupled level occurs. Only the upper (excited levelfer rates after parameterisation of the collisional data, as de-
is modelled in detail. The temporal behaviour of the lasescribed above; (2) solution of the differential equation system
excited level, the upper level populated by RET and the to calculate the time-dependence of the level populations. The
ground state levelsandX is described by a set of differential measured fluorescence spectra can also be modelled, using

equations: the known spectral line form.
dn|
ot =(Bxnx — Bxn) G, IL (1) + Z Ry n; 2 Experimental

il

All measurements were performed in laminar premixed
— Z Ri+Q+A |n CH,/0, flames, stabilised on a low pressure burner. The
burner head was home-built and contained a water-cooled,

j#l
7 @ fine-pore stainless steel sinter plate (effective dianfHenm
dn; thickness25 mn). This ensured a homogenous flow of the
T Z Rijni — Z Ri + Qj+ A | n (2)  premixed CHs/Oz-gases into the burner chamber. During
j#l j#l combustion a laminar flame propagated which could be con-
dny sidered one-dimensional. The burner head was mounted so
e Z(Qj + Ajn; (3) that the flame propagated downwards and could be moved
j vertically in steps 0D0.01 mmover a total distance &0 mm
dny using a step-motor. In this way, measurements through the
g = (Bunx— Bam)GulL(®). (4)  flame front and burnt gas were performed.

Gas flows were regulated using mass flow controllers and
Rj(s™1) represent the state specific transfer rates for rotawere set atl I/min CHy and2 I/min O, i.e. in stoichiomet-
tional relaxation from level — j, Q; (s1) and A (sH are ric ratio. The burnt gases were pumped away by a vacuum
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pump. The total pressure in the burner chamber was measured Beamsplitter 0 PLessure bumer
by two calibrated capacitative membrane manometers (for th ;
¥,

regions0—10 Torrand0—1000 Tor). The second manometer | gxcimer laser Dye laser SHG
measured the pressurel®0 Torr;, required during ignition of %
theCH4/02/N2 mixture. (Nitrogen served as buffer gas until ND-Filter
ignition, but was then turned off.) Energy
Measurements were made with an excimer laser pumped monitor
dye laser (Lambda Physik Scanmate 2E) at repetition rates
of 5-10 Hz The dye used was Coumarin 153 in Methanol. @
The narrow band oscillator beam, freed from ASE, then Tooto /
passed a Bthune cell as main amplifier. TheBiune cell en- LN
sures a high quality beam profile with low divergence. The
dye laser was controlled by a LAN (Local Area Network)- =, o
Interface from a laptop. UV-Wavelengths were obtained using @v | cE=3—
a frequency doubling unit with #@-barium borate crystal
(BBO-I) and a beam separator. The energy of the dou-
bled beam was 0.2 t0.8 mJin the region282-283 nm Boxcar integrator
the spectral width wa®.1cnmr?! for this dye. This gave |: T RS 232

Z
Z

Oscilloscope

a spectral power density entering the burner in the range
0.15-0.60 MW/ (cm? cm™1).

Four suprasil-I-quartz windows allowed optical access to
the burner chamber. Fluorescence light was detected withtwo | | .| .
UV-sensitive photomultipliers (PMT), whose quantum yield
was constant in the region of fluorescen@9%-325 nn) Ljalelc]p G
studied. One PMT served for detection of the total (broad- Pulse Generator [EEE-Bus
band) fluorescence, the other for detection of single rotational | Computer =
[aevnilt;snc;t:m?osnﬁ’gglta(l é@fo[gt}glarls Or?q:w;eg% Vr;ars O: tglrg(tai?]gusmﬂg' 1. Experimental set-up for LIF (broad- and narrowband detection)
with 2400 linegmm and a transmission maximum of 68% at
260 nmwas selected. The dispersion wa8 nm/mm. The 3 Results and discussion
desired wavelength region around the central wavelength was
selected using movable slit4 @2000um width at a fixed 3.1 Total quenching rates as a function of position in the
height of20 mm). flame and excited rotational quantum number

The complete set-up is shown in Fig. 1. The beam path of
both the excitation and fluorescence light lay in one plane. AThe effective total lifetimes foOH A?x+ (v’ = 1) following
right angles to this plane, the distance of the beam from thexcitation of the P1, ;3 and Q5 transitions were deter-
burner head and hence of the measurement area in the flaméned at heights 02—30 mmabove the burner head. Longer
could be varied. About 8% of the laser energy was coupletifetimes (~ 40 ng were initially determined without decon-
out and detected by a calibrated pyroelectric detector. volution of the decay curves, but as a check, some measure-

The size of the main laser beam was narrowed by a pinments were deconvolved from the laser pulse using an itera-
hole and made parallel using two lenses of diame@mm  tive procedure (Marquardt-Algorithm). At heights of 2, 3 and
The sampled volume in the burner chamber was imaged on0 mm our own temperature measurements (from excitation
the monochromator slit or PMT2, respectively, using a fo-spectra) were available, while at the other heights, tempera-
cussing lens. A combination of filters (transmissio80%in  tures were taken from the profile of [18]. The temperatures
the range290-410 nn) suppressed laser stray ligh22 nm  from [18] were in good agreement with our temperatures

Each of the signals obtained was sent to a boxcamt the relevant positions in the flame. Using these results,
integrator for integration with the desired time gate. Gatea temperature could be assigned to each height. Then, from
times of 20 nswere chosen to discriminate against the flameeach series of lifetime measurementg (= 1/(An + Qnr)
emission. The integrated signals were then read out to ahe quenching rat€, for N' =0 was calculated by plot-
A/D-converter. The temporal behaviour of the fluorescencéing the quenching rateQy againstN’ and fitting to the law
signal could also be displayed on an oscilloscope and tranQy = Qoe’N'. The deviation of the quenching rates deter-
ferred as an X, y)-diagram to the computer. In this way mined in this way from the directly measured values was less
effective lifetimes of excitedOH radicals were measured. than 1% in all cases. The total error fQg (ca. 8%) consists
For the lifetime measurements, 200 single-shot curves wera the statistical error and an estimated error for the detection
averaged. system. A fit to the measure@q values gave the empiri-

During recording of spectra, the laser energy arriving incal expressiorQg = 150T ~%230995 Errors in the temporal
the measurement volume was recorded simultaneously witturves due to possible saturation effects should be insignif-
the fluorescence signal. Signals from 10 shots were averagézhnt for the following reason: in the case of saturation (or
for each measurement point. If the standard deviation wagartial saturation), stimulated emission makes a certain finite
greater than 10%, the point was repeated. After the measeontribution to the depopulation of the excited state. How-
urement, the signal intensity was normalised with the laseever, this effect only occurs during the laser pulse and all
energy. lifetimes are evaluatedfter the pulse has decayed.

A/D-Converter
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Figure 2 showQ, as a function of temperature; the de- S e e e SR L
crease inQq is only 17% over the entire region (spanning : ]
a temperature range aD23-2285K) and is thus consistent E
with studies on individual collisional partners [20], which — s F
show that the collisional partner specific cross sections in~ s ]
general vary only slightly in this temperature range. The five=, 20 | 3
stable collisional partnetd,0, CO,, CO, Hy, andO», (87.4% o F ]
of all species in the burnt gas region of the flame contribute s ]
about 80% to the total quenching rate in the burnt gases. The 1o £ E
other 20% of the quenching effect has to come from collisions E ]

with radicals H, O, OH). In comparison, at- 1500 K (ac- 0 5 10 15
cording to the model calculation [24]) the radicals make up N'
only 3% of all species. Fig. 3. Total quenching rates fobH A?Z+(v' =1) as a function of ro-

At heights of 3 and30 mm above the burner head, i.€. tational quantum numbeK’ of the excited state® 2234 K, B 1272 K in
at flame temperatures df272 K and 2234 K respectively, aCH,/O; flame atl0 Torrtotal pressure. Transitions from various branches
the collisional rates following excitation of various rotational (Q, P, R) were excited. The full curves are the fifz7 i oc e(0-056£0.000N'
transitions were determined. Figure 3 shows the dependenged Qzzss k o e (016-0.009N
of quenching rate on the rotational quantum numiérnf
the excited state. The full line gives the fit of values to the
empirical equations: peratures is much more efficient, leading to a weaker depen-

dence ofQ on N'.

Q1272 K O ef(0.0SG:I:0.007) N’

Q2234 K O e—(O‘Ol&tO‘OO4) N’

3.2 Vibrational energy transfer (VET)

At 30 mm (2234 K), the total quenching rate decreases onlyFigure 4 shows the fluorescence spectrum for excitation of
19% from N’ = 0 to 15. At3 mm (1272 K), in contrast, the the Q5 transition ofOH A2X* (v = 1) at a height oB0 mm
corresponding decrease is ca. 60%. This large difference caibove the burner. It is seen that the fluorescence of the (0,0)-
hardly be the result of temperature dependencies of the indiransition, compared to that of the (1,1)-transition is very
vidual quenching cross sections (cf. Fig. 3 and [20]). If theweak, i.e.~ 6.8% of the total fluorescence intensity. There-
gradients of the species concentrations in the flame front afere vibrational relaxation was, as a first approximation, neg-
considered [25], then it is seen that the fractiontbO at  lected during simulation of the energy transfer processes.
1272 K (32%) is much smaller than @234 K (44.6%). On  Similarly, Steffens et al. [12], on exciting the;@transition

the other hand, the total fraction &f,0, O,, CO, andCO  of OH A2x*(v' = 3) in a CH,/O,-flame at14 Torr, found

is about 80% for both temperatures. Collision partner spe88% of the fluorescence to be emitted from= 3 with only

cific investigations show [26], that the dependencies of tha few percent in each of the lower vibrational levels. On the
quenching cross sections on excited rotational quantum stat¢her hand, at atmospheric pressure, vibrational transfer was
for O,, COandCO;, are about an order of magnitude strongerfound to be significant, with 47% of the emission appearing
than for H,O. Thus if the fraction ofH,O in the flame is in v =2-0 for N’ =5 excitation. However, the amount of
much smaller, the rotational dependence of the total quencMET decreased with increasing rotational quantum number.
ing effect will become correspondingly stronger. In addition,In H,/O»-flames, which consist largely ¢1,0 in the burnt
thermalization of the excited state populations at higher temgas, VET was even less efficient.

40 r T T T ] R Q P
r 541 R Q P (LD
35| . z | T ow
- C ] § 4
S 30F ]
= C 1 5 3
=) 25 T = g
< . ] £ 24
i o M
15 et ey 0 4 . ;
800 1200 1600 2000 2400 305 310 315 320 325
Temperature [K] Wavelength [nm]

Fig. 2. Total quenching rates fadDH A2x+ (v’ = 1) as a function of flame  Fig. 4. Low resolution fluorescence spectrum following excitation of the
temperature. The full line is the fipy = 150T ~0-23£0.05 Q. 5-rotational transition of th©H A2x+ (v = 1) vibrational level
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significant quantities (this is always the case in flames of tech; Q1 Q13

nical interest with air), then VET is very efficient[12,20,24]. & *[
Hartlieb et al. [24] recently determined VET ratesfgrfrom
measurements in a low-presstig/O,-flame at1600 K for
three different rotational levels. F = 0, kyet was found
to be ~ 1071%cm®s1, about an order of magnitude faster
than the corresponding value fér,O. Further quantitative
studies are needed in this area.
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3.3 Rotational energy transfer (RET)

Rotational energy transfer following excitation of the2P SF
Q:;5, and R11 transitions ofOH A?>+(v' = 1) was inves- | | e Simulation
tigated at30 mmabove the burner head. Fluorescence spec- .| Experiment
tra were recorded in the regid®®5-325 nmunder the same

conditions. The decay curves for the single excited transi-
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mined simultaneously and evaluated as described above fo
the quenching measurements.

N}
T

Rel. fluore:

3.3.1 Fluorescence spectra: measurement and simulation.
From the measured fluorescence spectra the extent of rota-
tional relaxation can be seen (Fig. 5a—c). The spectra were T S L
simulated using the LASKIN-program [15, 16], i.e. the tem- > 34 ﬂgavdcngt;(‘jm)
poral behaviour of the populations of the individual rotational

levels was calculated. The calculated values of the popu|§jg.5a—c. Fluorescence spectrum following excitation of B A2s+
" =1) level of various rotational transitions at a height3& mm above

: : - v

tIOﬂS were then mtegre'lted over the time Spfin set by the e}t%Te burner heada P;2; b Q15; ¢ Ry11. The upper spectrum in each pair is
perimental temporal window of the boxcar integrators. Theane measured spectrum; the lower figure shows the simulation superimposed
result was then multiplied by the fluorescence yield. Theon the experimental spectrum
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discrete fluorescence intensities so obtained were then fit- 6
ted to a Gauss profile, which simulated the monochromator [
resolution. The Gauss form was chosen as a reasonable ap> s [ 4
proximation since at a temperature ©f2000 K, for wave- ' i
lengths aroun®15 nmand effective excited state lifetimes
of ~ 50 ns the Doppler width is calculated to 1€.16 GHz
compared to the collisional width &18 GHz

Figure 5a shows fluorescence spectra following excitation
of the R2-line. The ratio of fluorescence from the (E)-
level (sum of R2 and Q1) to the total fluorescence was
determined to be 0.41. The simulation fluorescence spec
tra reproduces the measured spectral intensity profile well
(Fig. 4b). The fine structure symmetry of the excited state is to
a large extent conserved, i.e. predominaniiHr-transitions
occur. A similar degree of symmetry conservation was ob- 0
served by Stepowski and Cottereau [14] in LIF-specti@ldf
A2X* (v = 0) in a C3Hg/Oy-flame. A distinct preference for
symmetry conservation was also seen in collision partner spe- 100 ——————1+——+——7——7"——"1"—7"——
cific RET-measurements for collisions witO [22]. I xtrapolation

In the case of @ excitation (Fig. 5b), the ratio of the region
measured fluorescence from the(% level (sum of R4,

1

el. fluorescence intens

RS
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was about 45% smaller than the calculated intensity. There:
are two possible reasons for this discrepancy. On the dete I
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excitation side are placed relative to one another. Further:
more, since the laser is linearly polarised and only partiaP_ o
depolarisation will have occurred due to Co”isic)nS, this ma)Flg.Ga,b. a Temporal variation of the laser pulse, total (broadband) flu-

- . - - : . ~orescence N2 + N3), narrowband (single rotational line) fluorescendg
lead to different intensities for rotational lines affected in ;770 Qi5-transition and their differenchis (—), compared to the corre-

this way. Doherty and Crosley [27] investigated such ef-ponding simulated curves-¢+). b Determination of the RET-rate from
fects in CHy/O,-flames diluted withN2, Ar or He. Sig-  the data ofa by back-extrapolation, as described in the text

nificant changes in the ratios of line intensities were ob-
served for excitation ofQ lines with the direction of flu-
orescence polarisation relative to that of the laser excitaexcited rotational transitiofN;), the RET-rates can be de-
tion, while for P lines the effect was much less pronouncedtermined as follows. Using the ratio of the fluorescence
Polarisation effects and depolarising collisions were not infrom the single excited lines to the total fluorescence (as
cluded in the simulation program available to us and therefordetermined above), the two time-resolved curis and
could not be accounted for in the modelling. For recent in{N2 4+ N3) can be calibrated, whereby the ratio of the time-
vestigations on depolarising collisions the reader is referrethtegrated curves has to correspond to this fluorescence ratio.
e.g. to [28-30]. The integration times are determined by the time window
For the R11 transition(Fig. 5c), the RET to neighbouring of the boxcar on recording the fluorescence spectrum. Sub-
levels is considerably weaker than for the other two transitraction of the two curves gives the temporal behaviour of
tions; the ratio of fluorescence from the(E2) level (sum Nz (population of rotational levels in the?A+ state popu-
of Rp11, @12, and R13) to the total fluorescence was 0.63.lated by RET). The corresponding time decays Nor N3
Again, fine structure symmetry of the excited states is prefand (N2 + N3) are shown in Fig. 6a for the case of(b)
erentially conserved and the simulation reproduces the measxcitation, together with those from the simulation using
ured spectra well. the LASKIN-program. The comparison shows that the simu-
lation reproduces the experimental results well. Similarly
3.3.2 RET-ratesThe basis of the simulation model is a three-good agreement was obtained for the other two rotational
level system [14] with the lower and upper laser coupledines.
levels 1 and 2 and a bath “level” 3, that which represents The determination of the total RET-rate of the excited
collectively all levels in the excited state that are popu-evel follows from (4), obtained by integrating the rate equa-
lated by RET. From the measured, time-resolved intensityion for the bath level. The first term on the right describes the
curves of the broadband fluorescence (corresponding to theansfer rate into the bath level 3, the other two terms describe
total populationN, 4+ N3 of the excited state) and narrow the depopulation of the bath level by electronic decay to the
band fluorescence (corresponding to the population of thground state 1 or back transfer to the laser excited level 2.
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the RET-rate, since the quenching rate22384 K vary only
slightly with rotational quantum number. An even stronger
increase in th&) /R ratio can be seen in [28] for @H,/air-
flame @’ = 0)-excitation, wher&)/Rvaries from 0.11 to 0.32

in the rangeN’ = 0-16.

Ta1 Jo Na(t) dt’ | Rez [y Na(t) dt’
SNy dt [ Na(t) dt

N3 (t)
5 Na(t) dt

23 =

8)

Term 1 Term 2 Term 3

For short times, the transfer from the excited level 2 into theé\cknowledgementshis work was supported by the Deutsche Forschungs-

; ; ; emeinschaft (Project No. 4681). We also thank the Institut fir
bath level 3 dominates, while the electronic decay of the batEhysikalische Chemie der Verbrennybg§R (Stuttgart) for making the

Ieve_l only becomes s_|gn|f|cant aft_er some time. If the poPlASKIN-Programm available and Prof. K. Kohse-Hoinghaus and col-
ulation of N3 (normalised by the integrated population for |eagues for making results of their work ([24]) available prior to

N>) is plotted against time and then the curve extrapolated tpublication.

t =0, the RET-rate is obtained (Fig. 6b). However, the elec-
tronic decayTs; = (Az1+ Qs1) has to be accounted for; this

requires a correction of max. 10%. The RET-rate for the backeferences

transfer from the bath level is not known exactly, but for very
short times can be neglected.

The RET-rates determined from the extrapolation can be ,
converted to an effective global RET cross section by calcu-
lating an average relative velocity, whereblgO, CO, and 3.
COare considered as collision partners#. The results for 4
the RET rates and the corresponding cross sections are give
in Table 1. The total error limits are obtained from the errors
in the extrapolation and the errors in recording the temporal 6.
decay of the excited line.

A few other studies have been performed on rotational re- 7-
laxation in flames. In the first, cross sections were measureog'
for N' =1-10,v = 0 excitation in aH,/O,/N,-Flame at 4
30 Torr[19]. Values obtained were in the rangj#0-190A2,

1.

but because of the large error limits, no significant depen-11.

dence orl\’ could be established. In the more recent work of 12:
3. R.J. Cattolica, T.G. Mataga: Chem. Phys. L&82 623 (1991)

Lee et al. orOH(v' =0) in a19 Torr H/O,/He-flame [15], 14'
the efficiency of RET folN’ > 10 decreases significantly. The
values forN’ =1 and 5 are the same within the error lim-
its. The values obtained for the total RET-rates X0 s1)
were F(0): 128+ 32, F(5): 108+ 9, F(12): 654+ 13. These
values are larger than those obtained in @idy/O,-flame,
where bothCO, andH,O are major collision partners, but
the RET efficiencies fo€O, are generally significantly lower
than those oH,0 [22]. In contrast, in hydrogen flamdd,0
is mainly responsible for RET.

Finally, for OH (v = 2) excitation in an atmospheric pres-

19.

sure flame, Bormann et al. [10] calculated an RET rate of22.

2.88x 10° s for excitation of J” = 12.5. This translates to
374x10°st at 10 Torr. Considering the somewhat differ-
ent composition in the two flames (e.g. tHgO-mole fraction

was 13% lower in the atmospheric pressure flame), this re-

sult can be considered fairly comparable with our value of24.

54x 10° s~ for a high value of\'.

With the values reported for the quenching rates in the?®

CH,/0,-flame, the corresponding rati@d/ R can be calcu-
lated (Table 1). The rati®)/R is primarily determined by

26.

Table 1. Total RET rates following excitation ddH (v' = 1) 27.
28.
Excited transition N’ RET-rate ORET Q/R
Ros[10Ps7]  [A?] 29.
P12 1 89+ 10 125+ 14 0.22 30.
Q15 5 777 109+ 11 0.25
Ro11 12 54+8 76+11 0.33 31.
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