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Abstract-The yield factor of resonance fluorescence, Y, of the Sr resonance line (‘P, + ‘S,, transition) 
4607,33 A was measured in hydrogen flames at atmospheric pressure as a function of gas composition (ar 
temperature). From these data, the specific quenching cross sections, cq,,, for Ar, H,O, H,, N2, and O2 we 
derived; under the assumption that u,JAr) < 1 A’, the following values were found: upu(N2) = (21+2)A 
cg.(HzO) = (67 f6) AZ; c4”(H2) = (22+5) A* and u,.(Oz) = (400+80) A’. 

Remarkably the u,,-value for Hz0 appeared to be much higher than for N, and H, in contrast to the resul 
with alkali atoms reported in the literature. Also the high cross section for 0, should be noted. 

INTRODUCTION 

OUR INTEREST in determining yield factors for resonance fluorescence stems from our wor 
on line broadening processes in flames. (14) We are particularly interested in the productio 
of two different flames, one of which is a very poor quenching milieu, whereas the secon 
one is a very effective one.(5) 

By critical comparison of line profiles measured in these highly differing flames w 
hope to solve a number of problems concerning the role and relative importance of elastl 
and inelastic collisions on the line-broadening processes.(5*6) 

In order to make the difference in Y-value (Y = yield factor ofresonance fluorescence, se 
definition in equation 1) as large as possible, we started out with flames with Ar as mai 
diluent gas, as opposed to flames with N, as main diluent. Argon is known to be a pot 
quencher, (7-9) whereas diatomic molecules like N, are much more effective. Stoichiometr 
hydrogen-oxygen flames were taken, since a further demand for our line profile measure 
ments is that the flames studied should have as few flame-gas components as possibl 
because the interpretation of the collision-broadening processes is more complicated th 
more different flame-gas molecules and atoms are present. This demand is met in stoichic 
metric flames.‘7~10*11’ 

The choice of hydrogen flames was based on the speculation that, since H,O ha 
proven to be a poor quencher for the alkali resonance lines,(7*10,11) it may be suitable fc 
producing flames with relatively high Y-values for the Sr resonance line. This line is suitabl 
for line broadening studies as discussed in detail in Refs. (4) and (5). 

Before discussing the cross section values found for Sr, it should be pointed out that n 
data on Sr and on Ca quenching are available. Only the cross section of Ar for the green B 
resonance line has been measured in a shock tube.ti2’ 
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EXPERIMENTAL 

The apparatus used has been described in Ref. (10). The flames were of the usual type, 
i.e. laminar, premixed, shielded, cylindrical flames produced on a water-cooled Meker 
burner top and surrounded by a sheath of flowing Ar. In order to get optimal signal-to- 
noise ratio for the fluorescence signals, the detection frequency of the synchronous rectifier 
was chosen in the region from 1000 to 4000 Hz (cf. Ref. 13). A Sr high-intensity lamp 
(Perkin, Elmer, Intensitron lamp, 25 mA max) was used as irradiating source. 

The values of the yield factor, Y, for the Sr line (iP1 -+ iSo transition) at 4607,33 A were 
obtained by measuring the ratio of fluorescence power, E,, of the line emerging from the 
flame through a solid angle, o, to the absorbed primary radiation power, E,, as a function 
of alkaline-earth concentration (see Fig. 1). 

In order to check the absence of unknown systematical errors of instrumental origin, 
Y-values in some flames were also measured with a somewhat different setup’14’ (labeled No. 
2) described in detail in Ref. (15). A medium Hilger monochromator is used here, whereas in 
setup No. 1 an interference filter is used for wavelength selection. The detection frequency 
was again 1000 Hz (see above). After accounting for the fact that the flame volume emitting 
the fluorescent emission is only a fraction of the irradiated volume (cf. Ref. 16), the Y-values 
were found. 

The temperature of the flames investigated (near-stoichiometric Hz/O, flames with Ar 
and N, as main diluent gases) ranged from about 1700 to about 2400 K. The relevant 
characteristics are presented in Table 1. 
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FIG. 1. The yield factor of resonance fluorescence, Y, is given as a function of metal solution 
concentration for the Sr resonance line in the hydrogen-oxygen-argon flame No. 1. The linear 
dependence of 4nE,/oE, on alkaline-earth concentration found in the low metal content range can 
be explained by self-absorption. (lo) The value of Y obtained by linear extrapolation to zero 
concentration is the actual Y-value sought and this value is listed in Table 2. This Y-plot was 
measured with setup No. 1. 
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TABLE 1. CHARACTERISTICS OF THE FLAMES STUDIED 

Flame, 
No. 

1 
2 
3 
4 
5 
6 
7 
8 

Composition of burnt gases* (atm.) 
Fuel, oxidant and Temperature 

diluent gas (R) N, Ar I&Q H2 0, 

WWAr 1765 - 0.818 0.182 - - 
WWAr 1865 - 0.580 0.312 0.108 - 
WWAr 1950 0.705 0.247 0.048 - 
WQJAr 1965 - 0.723 0.253 0.024 - 
WWAr 2000 0.739 0.256 0.003 0.001 
WWNZ 2000 0.662 - 0.338 - - 
WWN, 2000 0.614 - 0.327 0.059 - 
WQ,/Ar 2365 - 0.490 0.450 - 0.060 

* In this calculation of the equilibrium composition the amount of water sprayed is accounted for. 

RESULTS AND DISCUSSION 

The Y-values for the Sr line in the various flames were found from the corresponding Y 
versus solution concentration plots as usual. (lo) One of the plots is presented in Fig. 1. 

The Y-values derived from the measurements in flames l-8 are presented in Table 2. 
From the Y-values found in the set offlames with different composition and temperature, 

the specific quenching cross sections, 04” u) for each of the major flame species were calculated 
by solving the set of equations”” 

Y = &4+/C)-‘, (1) 

where A = transition probability [for the Sr line : A = (1.57+ 0.05) x 10’ set- ‘1 ;(17) 
k = collisional rate constant, given by 

112 
ti) . 04” 3 

pj = partial pressure of the jth flame gas component (in atm), pj = reduced mass, k = 
Boltzmann’s constant. 

In the derivation of crj-values, it was assumed that these values do not show a marked 
temperature dependence in the range considered. This point has not yet been settled, how- 
ever [cf. Refs. (7), (lo), (18) and (19) for more detailed discussion]. 

It should be noted that the a,,-values were first derived from Y-values found in flames 2-7 (which flames 
have about the same temperature) and that these values appeared to agree with those derived from flames 1 and 8 
within the experimental scatter. This observation corroborates our assumption about the temperature dependence 
of l7$ 

The following specific o$-values were derived from our experimental Y-values in the 
various flames, under the supposition that o&r) < 1 A2 : 

cqu(N2) = (21+ 2) A2 ; bPU(H20) = (67 + 6) A2 ; oJHz) = (22 & 5) A2 

and 

OJO,) = (400 + 80) A2. 
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TABLE 2. Y-VALUES MEASURED IN THE VARIOUS FLAMFS (CORRECTED FOR SELF- 

ABSORPTION) 

Flame, Y-value, measured with setup Y-value, measured with setup 
No. No. 1 No. 2 

1 0.16+0.01 
2 0.084 f 0.005 
3 0.09 f 0.01 0.092*0.015* 
4 0.10+0.01 0.11 f 0.02* 
5 0.13*0.01 0.14 * 0.02* 
6 0.070 +0.005 - 

7 0.07 f 0.01 
8 0.050 +0.005 - 

* Errors mainly due to inaccuracies in flame dimensional factors. 

We conclude that these cross sections found for N, and H, are comparable with the 
corresponding values found for the alkali metals (cf. Ref. 11). The values for Hz0 and, 
especially, for 0, are unexpectedly high when compared to alkali results. An explanation 
for this behavior cannot be given. 

It might be interesting to draw some tentative conclusions as to the importance of 
quenching collisions for the Sr line profile in flames No. 1 and No. 8, showing the largest 
difference in measured Y-value (see Table 2). If we assume that natural and quenching 
broadening are additive’ ’ v4* 1 ‘) and, further, that the relative contributions of elastic and 
inelastic broadening can be derived from their respective half-intensity widths, we find for 
flame No. 1 that Y = 0.16 -+ Avo = [A(1 - Y)/2aY] = 1.3 x 10s see-’ ; from line-broaden- 
ing experiments, (4) the total collisional half-width Av,* ‘v 3.9 x 10’ set- ’ (in the same flame). 
Here A$ is the “combined” half-width for both inelastic and elastic collisions (Avo, AvE, 
respectively). For flame No. 8, Y = 0.05 -+ Avc = 4.8 x IO* set- ’ ; heret4’ we find for the 
total half-width A$ Y 3.4 x 10’ set- ‘. 

From these approximate calculations, it appears that flame No. 1 provides for the Sr 
line studied a milieu with practically negligible influence of quenching on the line profile. In 
flame No. 8, the relative contribution of quenching is roughly 15 per cent. In order to 
produce a flame in which the contribution of quenching collisions is at least equal to that of 
the elastic ones, we must search for more efficient quenching species as diluent gas to 
replace (partially) N2. The production of flames with less Nz and relatively higher H,O 
concentrations, i.e. Hz/N20 flames, is in progress. Furthermore, we will try out flames with 
H,O and/or COz and CO as main diluent gases, i.e. CO/Hz/O, and CO/N,0/C02 flames, 
since it is expected that COz is an efficient quencher.‘7,‘0’ 

Although O2 appears to be highly efficient in quenching the Sr line, it is not feasible to 
produce flames with 0, as main quenching molecule. First of all, it is practically impossible 
to burn flames with such a high partial pressure of molecular oxygen that the contribution 
of oxygen to the quenching is greater than that of water molecules. Furthermore, the content 
of atomic Sr in this flame would be too low (due to molecule formation) to allow line-profile 
measurements.(20*2’) This objection against the use of 0, as main diluent holds also for 
the use of undiluted O,-rich hydrogen-oxygen flames. 
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