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 DETERMINATION OF ABSOLUTE OH AND CH CONCENTRATIONS

IN A LOW PRESSURE FLAME BY LASER-INDUCED .
- SATURATED FLUORESCENCE

K. KOHSE-HOINGHAUS, R. HEIDENREICH,* TH. JUST - .

Institut fiir Physikalische Chemie. der Verbrennung, DFVLR
Pfaffenwa!drmg 38, 7000 Stuttgart 80, West Germany

‘The method of species concentration measurements by laser-induced fluorescence (LIF) in

" flames was further developed. The applicability of the two-level rate-equation model was
V‘exammed for the experimental conditions. Inhomogeneous saturation due to the spatial in-

tensity distribution of the laser light was corrected for using a field of local laser intensities
obtained experimentally. Among other things, the accuracy of the calibration of the optical
detection system was crosschecked:by two methods. Absolute number densities of CH and

"OH could be determined in a 13 mbar C,H,—O, flame from measurements of the average

saturation degree as a function of laser intensity. From these saturation curves approximate
oscillator strengths could be obtained which provided a check of the evaluated number den-

. sities. Temperatures were determined from rotational spectra of the excited molecules. For

the extension of the method to.higher pressure preliminary results obtained W1th a multi-

_level relaxatmn model are presented.

Introduction
Since the saturated LIF method was proposed, 12

ments on flame radlcals such as Co,** CH,*% CN,58

'OH,” and NH® have' been reported. For the in-
vestigation of flames at-atmospheric pressure, dis-

crepancies with factors of two to five®® from ab-
sorption measurements were found, showing that

large errors can be introduced by inappropriate as--

sumptions, as, for example by neglectmg colli-
sional relaxation.

" At low pressures, the influence of collision pro-

cesses is reduced and can be accounted for. Thus,
the most reliable concentration measurements have
been obtained in low-pressure flames with single-
line excitation and time-resolved fluorescence de-
tection.”® However, even for these conditions, the

interpretation of the fluorescence data may be com-

plicated by non-uniform saturation depending on
the s%atlal intensity distribution across the laser
beam.
seribed as Gaussian'®!! or truncated Gaussian.'®

These assumptions need not be valid for the multi-
mode lasers commorly used. -Also, pulse-to-pulse

variations of the spatial, temporal, and spectral laser
~ intensity distributions may influence the saturated
fluorescence signal. Accurate number densities of

radicals in flames can only be obtained, if these ef-

*Present adclress: BAYEB AG; /569'0 Leverl{usen-

_to excite OH in the (A22+
Spatial laser beam profiles have been de-_

- fects are considered correctly. In this work, an im-

provement to the saturated LIF method has been

- attempted. -
several quantitative saturated ﬂuorescence experi-

' _.Experimént - *.

Details of the experimental arrangement can be.
found in Ref. 13. Most: of the experiments have been

' performed in a 13 mbar premixed C;Hy—0, flame

with an equwalence ratio of & = 1.2 and a total
flow. rate of 650 cm® NTP/min. The height of the
porous disk burner with a diameter of 20 mm could
be adjusted. - o

The molecular spec1es in the flame: were exc1ted
by a Nd: YAG laser-pumped dye laser (Quanta Ray).
For CH excitation in the (A*2A — X*[1, 0—O) band
near 431 nm, the dye laser was operated with stil-
bene 3. The frequency-doubled laser light of a mix-
ture of cresyl violet and rhodamine 640 was used
X1, O--——O)' band
near 315 nm.

The laser intensity was momtored with a cah-
brated photodiode. The energy of a laser pulse of
about 5 ns halfwidth amounted to up to 0.25 m]
for the excitation of CH and to up to 1 mJ for OH
excitation. Pulse-to-pulse fluctuations in laser en-
ergy were less than 15%. The laser bandwulth was
about 0.6 cm ™! in the CH and 1.5 e ™! in the OH
experiments.-

. Fluorescence was detected at rlght angles to the
laser beam axis by a photomultiplier (RCA 1P28 or
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Hamamatsu R 928) after bemg spectrally drspersed -
by a 0.6 m monochromator (Jobin Yvon). In our op-:
tical configuration,- the length of the collectlon vol- .
_ume"parallel to the laser beam ‘axis was given. by
-the. slit helght the collection volume dlameter nor-‘

mal to'it 'was determined by the slit. width:

"Fluorescence signals were recorded. with"a: fast'r _
transient digitizer (Tektronix R 7912, m1n1rnal time.
resolution <1 ns) or a boxcar integrator. Data could -
be stored and processed in'a PDP 11/05. laboratory .
computer of transferred to a PDP 11/44 computer i

b * o simplified : ‘réctangular "¢ equlvalent pulse” of width -

for further evaluatlon

E Results and DlSCllSSlOﬂ

#

For' 51mpllc1ty, a strlct two level system connect- -
ing two rovibronic states ‘of'a molecule is.the basis -
. of the: followmg ‘equations. This idealized model is -
a reasonable approximation for slow energy transfer” -
as found in our low-pressure flame (see, below) The . .-

: ber of osc1llat1ng modes in the Nd YAG/dye sys-

tem is high:as observed experimentally, 5 the rate
equation might give a reasonable approximation,'®
Therefote, in this paper,” further evaluations will

‘be based upon the rate equation (1). For a constant
j populatlon wrtlnn the two level model ”

'.;Eq (l) was integrated (usmg/ an averaged experi-

mental -time- dependent laser pulse, as well as a

71, whose height and ared were assumed to be equal -

' to those o s the’ expenmental pulse. - As. the ‘com- ~

putat1onal resultsdid not differ markedly, further =
evaluations were performed with the solution of Eq.

(1 ) for the rectangular equlvalent pulse att = et

s No (82/g1) :
e

time-dependent population of the upper level given TR

]

by the w1dely accepted rate equatlon approach is: o,

«‘...F

dNs.
dt ‘ o

Nj is the number density of molecules in the ground -:
state, N, the number density of the. excited spe- - "

cies. Byp, Bgy, and Ag; are the Einstein coefficients . - .°
for absorption, . “stimulated, and spontaneous' emis-
sion;” respectrvely, and Qzl is the quenchmg ratef

“constant

with high ‘power multi-mode laser pulses whose in-

tensity, phase, and mode distribution undergo fluc- -
tuations. Therefore, on general grounds,- the pop-
ulation of the excited state’of a. quasi two-level
molecule should be  described by stochastic differ-"

ential equations {master equatlons) ‘rather than by
the rate equation (1). = .~

In the simplest approach we have compared the .

and. the rate équation for l
the case when-the laser bandwidth is larger than
the molecular linewidth. For the laser intensity range

phase diffusion” model'*

of our experiment, the results from both ‘models
were the same in this case. Thus,:if our measured
average laser bandwidth could be approximated by
a broad “single” mode, the rate equation might safely

be applied. In the extreme case of a'much smaller - -
bandwidth of the laser line relative to the absorbing *
line, in contrast to the rate equation the phase dif-~

fusion ‘odel exhibits; as’ expected, oscrllatlons in

the' time-dependent populatrons occuring “even-at -

moderate laser intensities. Further calculations

‘modeling a multi-mode laser pulse should show the

limits: of the applicability of the rate equation for

f’expenmental cond;trons Probably, Wheﬂ the num-

—NruuBrz‘Nz(U B21"“’\21“'(.‘221) (1) JHere @

* duces to

= 4, B21 and o= A21 + Q21
For complete saturation at’ b= ‘:’TL, Eq (3) re- .

w1th o << W, grvrng the h1ghest possrble popula—
~tion in the excited Tevel - 1ndependent of laser in-
Fluorescence expenrnents are often performed ;

tensity and collision. processes; ,
As the spatial laser intensity d1str1but1on is not

__ﬂhomogeneous different degre_es of saturation in the '
'collectlon ‘volume‘ have to be con51dered Wlth

B

1(g2/g1)

(gz/gr)]

xly:: dudy; _lﬁ) :

where z is the obsertled length of the collectlon
volume in the axis of the laser beam; f(x,y) is a

local mtensrty factor Whlcl’l has to be determmed
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experlmentally, and Q(x y) isa local 1magmg factor
With V- evaluated from Eq. (6) and the experimen-
“tally obtained *absolute -fluorescence- 1ntens1ty In,
the number densrty No is calculated from L

where v is the ﬂuorescence frequency and Q, the -
collection angle. If the ground state. populatron is

thermal, and if the local temperature is known, the =
total species number densrty Nt can: be‘e aluated”' S

~ N&l?frlff - % exp —’kEl'/knl’_ 6

' The 1ntegral V (Eq 6) was calculated for typrcal

)
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V [m m3] l[%]

’ Uexp
76 § 0 n;
Fie 1. Schematrc dmgram of mtegral v (Eq 6) -

12 lg u T

- and saturation degree’$ vs. laser" ‘intensity u for a

two-level model. Squares example for, the con-
struction of the curve'S from.V (see Eq." 11); a

“ values of @ considering a_two- dimensional -field of - V(0.5 U) b: V(u), c: resulting S.- Circles: S.,;: mea-

at'least 30 X 30 average local intensity factors 1 xy),
which were measured by translating a pin-hole across
the laser beam. f(x,y) displays a slightly, asymmet-

_ ric distribution wrth ‘Voigt proﬁle characteristics.. In '

our calculatrons we. apphed

, :5"9')

" This is perm1551ble in-our case, because the laser
bandwidth i is much larger than the molecular band

w1dth

where f(x,y) is the spatral laser 1ntensrty
tion as above, and f(v) is the spectral profile of the -
laser, both normalized. so-that the maxima ‘of the

distributions are 1'.In Fig. 1, the dependence of -
- - the integral V'on u is. ‘shown schernatrcally for a~
- two-level system.For:low’ laser 1nten51t1es V.in-:

creases linearly with increasing u.: For very hlgh
values of 4, V approaches a saturation limit..In Fig.
1, the saturation degree S is obtained, ‘for example

for a filter of 50% transmlsswn in the laser beam‘ :

~ In this case S is. grven by o

a

as indicated hy the squares in Fig. 1. For linear
conditions, S starts at 50%; for complete saturatron
S approaches 100%. :

The circles in Fig. 1 show for one example that
for each measured saturation degree Sexps . COITE-
- sponding values of Ve, and texp are obtained, us-
ing the theoretrcally constructed curve for S. The

distribu-

-

+7sured, saturation. degree, Vewp:, correspondrng inte- -
gral v from which the’ number densrty is calculated; -

Uorp? correspondmg laser mtensrty u from which the 4 1,"1

approxlmate oscrllator strength 1s determmed

(number den51ty No can’ be calculated from‘Eq (7)

. if the absolute ﬂuorescence intensity is known.” [In
. modification of the ‘strict two- level system for this &
calculation, the overall:decay rate’ o in'Eq. (6)in-
~ cludés allowed spontaneous emission and 'quench-

‘ ing to a set of lower levels as well as contributions = .
of rotational energy transfer.] a was: obtained’ex-
; perimentally from the ‘time- resolved ﬂuorescence o
" décay. Comparison” of the two-level model, using: -."

. an ‘eémpirical &, with-a multi-level model, mcludlng

rotatronal relaxat1on showed _that deviations from

~No = N1 + Ny were less. than:10% under our. ex-
penmental conditions {(see also Lucht'?).” :

To" determme the absolute’ ﬂuorescence 1ntens1— ;

tres “two independent calibration procedires were

- tised: The first method was applied for the CH as - »

well as for the OH experiments. The overall effi-
ciency factor for -the entire optical" detection sys-
“tem," including the imaging:-lens and.mirrors, the _
monochromator ‘'and the photomultiplier’ was ob-

“tained in two steps First,- the ‘transmission- of the .-
~'monochromator and’ the efficiency ‘and gain of-the -

- photomultiplier were measured using a calibration

pulse ‘For_this the laser was tuned to the. ﬂuores- L

- cence wavelength and.scattered’ ‘at the ‘surface of a .
- grounded "quartz disk which: was mounted on the
“top of the burner head. The quartz plate was ad- -
“justed so that the scattered light filled the ﬂuores-
cence collection angle €),; the imaging geometry was
the same as in the fluorescence experiment.. Resid- -

ual polarization of the scattered light was negligi--~

- ble. For different incident laser intensities, the ab-

, solute mtensrty of the scattered hght was measured :

. f -
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with the calibrated photodiode directly behind the
entrance slit of the monochromator. This was re-
lated to the signal obtained by the photomultiplier
at the exit slit corresponding to the same scattered
light intensity. Additionally, the losses of the im-
aging lens and mirrors were measured using the at-
tenuated and enlargened laser beam as light source
and the photodiode as detector.

An alternative calibration was performed for the
OH experiments. A common method uses Rayleigh
scattering to evaiuate the efficiency of the optical
detection system.>®1° This has the disadvantage of
producing the scattered light “at the laser wave-
length, so that a careful discrimination against stray
light is necessary. As in Ref. 20, we deduced the
detection efficiency from a Raman experiment. The
scattered light produced by N; from ambient air in
the Q-branch at 7y + 2331 ¢cm™! was monitored for
different known laser intensities. The absolute”dif-
ferential cross section of the Ny Q-branch has a well
establxshed value of (5.05 = 0.1): 10785, — iy,)*
em®/sr.2! The different efficiencies of the photo-
multiplier and the monochromator at the slightly
displaced Raman wavelength have been taken into
account. The detection efficiency of the entire op-
tical system obtained from the Raman method dif-
fered for all applied laser intensities by less than
20% from that measured by the first calibration
procedure, ' thus showing satisfactory agreement. if
the experimental difficulties are considered. With
Vexp corresponding to the experimentally observed
average saturation degree Sy, and with the abso-
lute fluorescence intensity T, we can finally cal-
culate Ny from Eq. (7) and Nt from Eq. (8).

- Fig. 1 provides additional information on the re-
liability of our determination of absolute radical
concentrations. From the intercept Uexp COTTE-
sponding to a particular experimental value of Sy,
an approximate oscillator strength fi; can be cal-
culated:

4- Mg h €0 v gz
he=———F—"="Ba.. (12)

4 g
where By, is obtained from Eq. (9) with u = tiey,

U, max 18 expressed by experimental parameters (Eq.

(10)). Oscillator strengths for the CH? and OH23:24
bands considered in the experiments are well known.

One of the advantages of our method therefore is,
that we have the possibility to check the validity of
the assumption used for the calculation of absolute
number densities. '

The LIF determination of the local temperatures
necessary for the evaluation of the total species
number density Nt (Eq. (8)) can lead to consider-
able’ errors, if non-thermal populations are
probed:®*% In' this work, CH and OH rotational
temperatures of the excited molecules were deter-
mined after a sufficient time delay with respect to

COMBUSTION ‘DIAGNOSTICS

the laser pulse, so that the population had ther-
malized. This delay was determined to be of the
order of 150-250 ns by recording the ratios of the
fluorescence intensities of different line pairs as a
function of delay time until these ratios remained
constant, within experimental error. The tempera-
tures obtained seem reasonable for a low-pressure
flame with large heat conduction to the burner plate.
Comparison with measurements by a radiation-loss
corrected® thermocouple gave good agreement with
the rotational temperatures. = -

Figures 2.and 3 and Table I display the experi-
mental results. Fig. 2 shows approximately 70 val-
ues of Sexp for CH, measured with a filter with 50%
transmission. The laser intensity was varied by
3-1/2 orders of magnitude by inserting more and
more filters into the laser beam. In this case, a four-
level model had to be used, because Q®° (7) and
Q%! (7) were excited within the laser bandwidth.
Because of the laser being centered on the (0,0)
transition and detuned from the (1,1) Q (7) line, the
latter was saturated at higher laser intensities than
the (0,0), Q ™ lme resultmg in a dlstortlon of the

V[mm?] S [%]

90

010 80

0.051
+30
20

10

0 0

7 8 .9 0.1 12lgu’

Fic. 2. Integral V and saturation degree S vs. laser
intensity u. CH(A’A" — X"II) Q% (7) and Q"' (7) were
excited, R*® (6) and R™! (6) were monitored at h =
2. 6 mm above the burner surface in a 13 mbar, ¢

= 1.2 C,H;—0, flame with a local temperature of
1750 K in the collection volume. ‘
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- CTABLE 1 ~ : -
CH and OH number dens1t1es determmed by saturated ﬂuorescence for a 13 mbar d> = 1 2 Csz 02-” g
' E s r 0t flame S '
‘ Mole_cule;,‘l - & CH . CH v 7 OH .
spectral band'system ¢ . ©AMZXMI . A% = XL 00 . A% - XML, 0—O,
excitation - Q™ (M,,Q" (7 P B Q2(16.5)_, %R,,(16.5)
observation R°° (6),% R“ 6) . R(5) . 1&(}7?)_,' PQ,(17.5) ;
height -above L 26 mm i 2.6 mm S : 75 mm

" burner surface

. temperatire (1750 £80) K (750 £ 80)KT . ¢ (2000 = 100) K
. number denisity L1:10%em® 7 L1:10%/cm® © A 89:10/em’
T C(E25%) 0 (220%) o (215%)
mole fractionv s ; ZOOPPm ‘ L - 200 ppm 18.50'0 ppm

osc1llator strength;‘_;
experlment ‘
hterature s

LV curve and}a plateau in the S curve’
Table: I shows . the’ calculated ‘number* den51t1es
for this experiment in the first column.* ‘For the four-

- level system indicated in'the first line, 200 ppm.of .
- CH were- measured with ‘2 statistical deviation- of =~
+95%. This number density corresponds t6 a height
h of 2.6.mm above the surface of the burner, where -
the CH maximum was found, and a measured local -+ -
% temperature.of (1750 £ 80) K:*As shown in theisec- = =
< ond column of Table 1, an equ1valent experlment sl
+ foria two-level system : resulted in:a very good'j
“agreément for the CH concentration.The approx- =~~~
imate osc1llator strengths determined from both ex-

periments were equal to the value of Ref. 22 within

a factor of two,; corresponding to the. accuracy. which ;.. ’
" ‘may be. expected for. the simultaneous action of dif-
“ferent error ‘sources; which' of course, have differ- "
‘ent degrees of mﬂuence at d1ﬂ‘erent laser intensi-

Fxg 3 shows 48 values of Sexp for OH measured o

by inserting a filter ‘of 30% transmission into the

. laser: beam The laser, was.tuned to the Q, (16 5). :
< transition,” but ‘within "the - laser! bandwidth, t9R;g %

~ (16.5) was also excited,’ although the radiation den-

sity for this transition was much weaker due to the -

Fig, 2).-

" detuning and the lower. Franck-Condon factor. .As-

in Fig- 2, a bend in the saturation curve S is ob-
~served for this reason. e

. As considerable polarization effects have- recentlzy
been found - in* OH. fluorescence - experiments,”

- we examined this for otir experimental conditions.

- For' different incident laser polarizations, only mi-

mor dlfferences in the ﬂuorescence s1gnal could be»

ClEs- 100t cEa-gged
: »*/‘?-'55.2’-‘10'_3 [22] . - -L1-107[2324] 0
T E I Do ozgu”

FIG. 3 Integral V and saturatlon degree S vs. laser, '
_intensity u. OH(A®X" - VX?H_ "0--0)Q4(16.5).and
“QR,4(16.5) were excited, P(17.5). and FQ,(17.5) were

monitored at k = 7.5 mm above the burner surface -

“in a 13 mbar, ¢.= 1.2 C;H;—O; flame with a local -
temperature of 2000 K in the collection volume. = -
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observed which did not need to be corrected.

The absolute number density calculated from the
OH experiment is given in the third column of Ta-
ble I; 18500 ppm of OH were measured with a sta-
tistical deviation of £15%, corresponding to a height
of 7.5 mm above the burner surface, where the OH
maximum was observed, and the measured local
temperature was 2000 £ 100 K. The statistical de-
viation of +15% is not evident from Fig. 3. The
measured fluorescence intensities Ty are shown in
Fig. 4 as a function of laser intensity u. The ratio
Ir1/Veyp is also displayed and is proportional to Ny
(Eq. (7)); V was taken from Fig. 3. The *15% in-
terval given by the standard deviation which is in-
dicated by horizontal lines in Fig. 4 encloses 41 of
the 48 values of Ir)/Veyp.

The mole fraction of 18500 ppm is in good agree-
ment Wlth the results of preliminary OH experi-
ments, '3 where both the saturated fluorescence and
the linear fluorescence method following Ref. 29
were used. Furthermore, very similar OH number

densities have been found in hydrogen’ and
Iy [mv
Vexp mm’
o]
o
L490—"—8—3—g—2
3820 ° o
L J:
I, ImV] .
o
600 °
400
e o
[+
200 o
o ¥
0 .
9 10 1 lgu

F1G. 4. Fluorescence intensity Iy and I5/Vep vs.
laser intensity u for the experiment shown in Fig.
3. The average value of 15/V.,,, and the error limits
of £15% given by the standard deviation are in-
dicated by horizontal lines.

COMBUSTION DIAGNOSTICS -

TK] __
W00 pEtisgo g
000{ e

ol :

0 5 10 15- -20 himm)
.OH S CH
OHmoxr o CHmux R
10 /\ 104 /\ ,

05 05 " V'
,e_O . . -
0 ShMN 0 ShMN

FiG. 5. a) Temperature T vs. helght h above the
burner surface; O: OH rotational temperatures; A:
CH rotational temperatures; b) CH concentration
profile, CH,., see Table I; ¢) OH concentration
profile, OH,,, see Table 1.

propane® low -pressure flames. The approx1mate
oscillator’ strengths determined from the intercepts
in Fig. 3 were equal to the hterature value23 24
within a factor of 3.

The measured rotational temperatures and the
concentration profiles of CH and OH as a function
of the height above the burner surface are shown
in Fig. 5. We did not perform‘a chemical-kinetic
analysis of our profiles. It is doubtful whether a one-
dimensional flame program, which is available to
us,% can adequately predict the radical profiles ob-
tained with our small burner. We suspect that there
may-be a non-negligible amount of radial diffusion.
It was not the primary. intention of this work to
produce data which can be safely evaluated kinet-
ically by comparing them with ‘a‘one-dimensional
flame program. For this purpose, a burner W1th a
larger diameter should be used. - :

The determination of accurate-absolute ‘number
densities in flames at atmospheric and higher pres-
sures will require a proper description of the re-
laxation processes. Several attempts- have been
made'”*"% to model. the'energy transfer.: The ba-
sic idea of our multi-level relaxation model is to de-
scribe state-to-state transfer. probabilities -according
to a combined exponential /power law. Preliminary
results of the model are shown in Fig. 6. Details
of the calculations will be presented in a separate
publication.
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a*® LY

R(3) (A) R(S R(6) R(?) R(8) R(9 R(10) R(H

F16. 6. Schematically dlsp]ayed CH spectra (top)' :'. 8. SALMON, -] T Lucit, R. P.. LAURENDEAU, N.

and their time development (bottom) in a-13 mbar
C;H,—O,-flame, , experlment L. O re-
laxation model; a: t = 10 ns, b: 20 ns, ¢ 50 ns; d:
70 ns, e: 100 ns. The probablhhes R, of downward
state-to-state rotational energy | transfer Were “mod-
eled by R; = R, exp [~(AE/ag)"). The‘parameters
R, and d or R, and a5 were optlmlzéd by -compar-
ison of experiment and computer model. For the
CH expenments we obtained -either: R, = 2.3-10°
s, ar=lem’, d =023 or R,
og = 400 em™!, d = 1. The first set.of:coeﬂiaents
with variation in R, and d seem to predict our data

slightly better than the second set where d was set
~ equal to 1. G e :

Conclusions

An attempt has been made to demonstrate that

the method of laser-induced saturated fluorescence

can be applied for the accurate determination of
radical concentrations in low- -pressure flames, pro-
vided that the validity of some assumptions which
have been discussed in the text can be verified. The
extension of the method to higher pressures implies
the knowledge of state-to-state energy transfer con-
stants for the appropriate flame conditions or the
description of such collision processes by adequate
modeling.

7. -1 ‘
= A0Sy b oW ‘Appl. Opt. 17, 225 (1978).

-11. BLACKBURN, M. B., MERMET, J.-M.,

© 212, PasTERNACK, L., BARONA\S!\I

- 14. See, for example: SARGENT, M.,
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COMMENTS

S. 8. Penner, Unicersity of California, San Diego,
USA. How accuratelv did the absolute intensities
(oscillator strengths) obtained for OH and CH agree
with other meusurements of these parameters?

Authors’ Reply. As displaved in Table 1, the ex-
trapolated oscillator strengths typically deviate from
the literature values of Ref. 22 (CH) and Ref. 23,
24 (OH) bv factors of 2 to 3, which may be ex-
pected for the extrapolation in a logarithmic scale.
Therefore, we do not recommend this as a method
for the determination of oscillator strengths with high
accuracy, but rather as a control for the reliability
of the evaluated number densities.

R. A. Copeland, SRI International, USA.
Quenching rates for OH are found to decrease as
the rotational energy increases in a low pressure flow
cell.' Is there any evidence of this effect in your
experiments and would your experiment be sensi-
tive to such & variation?

REFERENCE

1. R. A. CopELAND aND D. R. CrosLEY, Chem. Phys.
Lett 107, 295 (1984).

Authors’ Reply. The experiments for the deter-
mination of OH and CH concentrations have been
performed using selected line pairs for excitation
and fluorescence. Overall decay rates including
spontaneous and stimulated emission, quenching,
and relaxation for particular excited levels have been
measured under different flame conditions; only this
overall decay rate is needed for our calculations. We
did not perform a study of quenching rate depen-
dence on rotational level for our flame up to now.
The time resolution of our experiment is sufficient
to give differences in overall decay rate on the or-
der of a nanosecond, but the amount of quenching
within the overall decay rate cannot be obtained
directly from the measured time-dependence of the
fluorescence signal.
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OH AND CH CONCENTRATIONS

D. R. Crosley, SRI lnternatzonal USA. You men-"jl
tioned determining temperature from the rotational -
distribution in the excited state, after a time delay.
How long did you need to wait for thermalization
“; radical;

to occur? Were there differences for different ini-

S tally excited rotational levels, or between OH and -
CH? did you make comparison with ground stater

temperatures from excxtatmn scans?

’. Authors Reply The delay times were on the or-

L . der of 150 to 250 ns for the 13 mbar flame and 100
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ns for the 40 mbar {lame, where the thermalization

~occurred slightly faster for CH than for OH. Most
“of the temperature measurements. were performed

exciting one strong rotational transition for each
test measurements with- different excited
lines did not result in different temperatures within

< our. experimental error of £3% ‘to =5%. We did

not take excitation spectra for comparison, consid-

* . ering the agreement between both CH and OH
f‘-temperatures for all the ﬂame conditions investi-
S gated



	Seite 1 
	Seite 2 
	Seite 3 
	Seite 4 
	Seite 5 
	Seite 6 
	Seite 7 
	Seite 8 
	Seite 9 

