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OH radicals emitted from Pt, Pd, Rh, Ir, and Ni during the reaction between HZ and O2 have been 
studied by laser-induced fluorescence. The OH emission yields from the different catalysts were 
determined as a function of total pressure (5 x 10e3-0.2 Torr), temperature of the catalyst 
(950-1300 K), and Hz/O* partial pressure ratio. When varying the total pressure at a constant 
mixing ratio of the reactants, a maximum intensity of OH yield is obtained at 0.7 ? 0.1 Torr for all 
catalysts. The OH production is very sensitive to the mixing ratio of Hz and O,, and shows a 
maximum at a specific ratio, which varies for the different catalysts. The maximum in the OH 
production does not coincide with the maximum in the Hz0 production. The absolute intensity of 
desorbed OH radicals varies strongly with the different catalysts in the order Pt > Pd > Rh > Ir > 
Ni. When the H, gas supply is closed, OH radicals are still detected, indicating that the reaction 
Hz&is + Otis -+ 20Ha,s contributes to the observed OH intensity. The apparent desorption energy 
of OH shows a weak dependence on total pressure but a strong dependence on the mixing 
ratio. 0 1987 Academic Press, Inc. 

1. INTRODUCTION 

Heterogeneous catalytic reactions gener- 
ally consist of a number of consecutive 
steps on the surface of the catalyst, starting 
with the adsorption of reactant molecules 
and ending with the desorption of product 
molecules. The intermediate steps involve 
so-called intermediate reaction species. 
They are usually very short lived; i.e., 
quickly after formation they react to new 
species. Identification of intermediate reac- 
tion species and their properties (number 
density, lifetimes, quantum state, etc.) is a 
key to the mapping and understanding of all 
chemical reactions, including catalytic re- 
actions, but is difficult to achieve because 
of low concentrations and short lifetimes 
(see, e.g., Refs. (1-3)). 

In the case of surface catalytic reactions 
there are at least two types of possible 
approach to this problem. The first is to 
apply surface-sensitive spectroscopies to 
detect intermediate species on the surface. 
This can be done either under dynamic 

conditions or in a “frozen” situation, 
where the reaction does not proceed once 
an intermediate species is formed. For ex- 
ample, OH species have been identified on 
both Pt (d-7), and Pd (8) after low tempera- 
ture coadsorption of Hz0 and OZ. Coad- 
sorptions of H2 and 02 have not produced 
measurable concentrations of OH on Pt 
(68), but they have been found recently on 
Rh (9). 

The second approach, pioneered by Lin 
and co-workers (10, II), is to use laser 
spectroscopic methods to detect interme- 
diate species, which are desorbed from the 
surface during dynamic reaction condi- 
tions, before they react to a new species. 
This method offers unique possibilities to 
simultaneously identify the type of interme- 
diate species, its internal quantum state, 
and its (apparent) desorption energetics. 

We have previously applied laser-in- 
duced fluorescence (LIF) to study the emis- 
sion of OH radicals in the water reaction HZ 
+ 40, + Hz0 on platinum (IZ), and re- 
ported (i) the pressure dependence of the 
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measured OH intensity, (ii) the estimated 
apparent desorption energies for OH, and 
(iii) the internal population distributions 
between rotational levels of desorbed OH. 
In the present study we have extended the 
measurements to several other catalysts, 
namely Pd, Rh, Ir, and Ni. The results 
show that OH emission is a general phe- 
nomenon for the noble metal catalysts, but 
with expected significant differences in the 
details of the radical emission, such as 
dependence on HZ/O2 ratio and desorption 
energies. A more detailed analysis of the 
OH emission from Pt will be given in a 
forthcoming publication (13). 

The motivation for undertaking this 
study is twofold. The first reason is the 
unique possibility discussed above to map 
out surface reaction kinetics and dynamics 
via studies of desorbed, intermediate reac- 
tion species. The second motivation is the 
potential technological importance of radi- 
cal emission from surfaces, e.g., in com- 
bustion engines. OH radicals are the key 
ingredients in many combustion processes. 
The possibility to create OH or other radi- 
cals in a controlled way in a combustion 
environment opens new possibilities to op- 
timize the combustion process. Studies of 
the presence of radicals, such as OH, in 
catalytic reactions are therefore of great 
interest both in basic research, to under- 
stand reaction paths, and in applied re- 
search for potential improvement of com- 
bustion processes. 

2. EXPERIMENTAL 
The experimental setup used for the la- 

ser-induced fluorescence studies of ther- 
mally desorbed OH radicals has been de- 
scribed in the earlier work on Pt (12). The 
catalyst, in the shape of a high purity 
(MRC, 99.995%) rectangular foil (13 x 2 x 
0.1 mm), is mounted horizontally on a 
manipulator in the center of a vacuum 
chamber. The chamber, where the base 
pressure is typically 10m6 Torr, is evacuated 
by a turbo pump. The gas mixture enters 
the vacuum chamber under continuous flow 

through a vertical tube, perpendicular to 
the long direction of the Pt foil. A few 
millimeters below the foil a laser beam 
passes horizontally through the system. 
When the foil is heated to sufficiently high 
temperatures in the reactant gas mixture, 
OH molecules are thermally desorbed and 
detected by LIF. 

The laser wavelengths, produced in an 
excimer pumped dye laser (Lambda Physik 
EMG 102E and FL 2002E), are selected 
suitably for the X*r (u = 0) + A*C (u = 0) 
OH absorption band. The fluorescence light 
is collected by a quartz lens system and 
imaged onto a photomultiplier tube after 
passing a transmission filter centered at 308 
nm with a bandwidth of 20 nm. The output 
signal is then integrated with a boxcar 
averager. On a chart recorder a scan is 
achieved, where each peak represents a 
transition from a specific rotational level in 
the OH molecule. The population of the 
different rotational levels could then be 
calculated from the measured peak intensi- 
ties by normalizing with respect to the 
transition probabilities. 

Before an experiment is run, the catalyst 
surface is cleaned (“activated”) with the 
H2 + O2 gas mixture flowing over the actual 
foil at a total pressure of 0.5 Torr and a 
temperature of 1200 K for a few minutes. 
This activation procedure has been shown, 
by Auger electron spectroscopy, to pro- 
duce a clean surface of Pt free of con- 
taminants (19). The procedure did not work 
for the Ni foil, however, because Ni is 
immediately oxidized. In this case we 
therefore started with pure hydrogen and 
successively increased the oxygen partial 
pressure. Influence of surface oxide on the 
Ni results is likely. 

The total pressure in the system during 
the experiments is measured with a capaci- 
tance manometer with an accuracy of 1%. 
The composition of the gas mixture is moni- 
tored with flow meters before mixing. In 
general the true partial pressures in the 
reaction zone are influenced both by the gas 
flows and by the individual pumping speeds 
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for the gases. However, test runs indicated 
that the effective pumping for the combined 
turbo and rotary pumping unit at 0.1 Torr is 
still predominantly viscous in nature. Fur- 
thermore, the experimental geometry is 
such that the gas composition at the sample 
is predominantly determined by the in- 
coming gas flow and that gradients in the 
gas composition, if any, occur at the outlet. 
The main uncertainty in the gas composi- 
tion at the sample actually derives from the 
surface reaction HZ + f0, + H20, which 
may cause an overestimate of the H2 partial 
pressure at maximum water production. 
The error in the position of the OH maxi- 
mum, which is the main issue here, will be 
much less influenced since the production 
rate of Hz0 is much smaller there. 

The temperature of the catalyst is deter- 
mined with a four-point probe arrangement 
(14), which allows simultaneous heating 
and resistance measurements. The temper- 

ature is then determined from the measured 
room temperature resistance and the tem- 
perature coefficients of resistivity obtained 
from standard tables (15). This arrangement 
can also be used to obtain a measure of the 
water production rate, since the chemical 
power dissipation in the reaction causes a 
measurable temperature increase (14). 

An extension, in comparison with the 
earlier experiments (12) where premixed 
gases were used, is that the system has 
been equipped with a gas-mixing facility, in 
which the flow of gas, and thus the partial 
pressures of the reactants, can be varied. 

3. RESULTS AND DISCUSSION 

Figure 1 shows a typical fluorescence 
scan, obtained with the laser beam passing 
parallel with and 4 mm below a Rh foil 
catalyst. The foil was kept at 1200 K in an 
atmosphere of H2 + O2 at 0.1 Torr (partial 
pressure ratio Hz/O2 = 0.15). The peaks in 
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FIG. 1. A scan of the fluorescence intensity vs laser wavelength from a Rh catalyst at 1200 K in 0.1 
Torr of HZ + 02 (Hz/O2 = 0.15). All peaks with identified transitions are used for a rotational 
temperature determination. Note the different scales on the intensity axes. 
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the spectrum reveal, by comparison with 
known spectroscopic constants for OH 
(16), the presence of OH molecules. Since 
the peaks disappear when the foil tempera- 
ture is decreased below 950 K, and since 
the intensity at a given temperature and 
pressure is strongly dependent on the cata- 
lyst material, it is ascertained that the OH 
in the gas phase originates from the sur- 
face-catalyzed reaction. 

From the heights of the peaks in this type 
of scan, information can be extracted about 
the relative OH production efficiency of 
different catalysts, about “apparent” de- 
sorption energies, and about the pressure 
and temperature dependence of the OH 
production. The word “apparent” is used 
because several factors may prevent ex- 
traction of the true desorption energy (see 
Refs. (12, 13) and the discussion below). 

Normalization of the peak heights with 
respect to the transition probabilities makes 
it possible to determine the population dis- 
tribution between rotational levels of the 
desorbed OH molecules (13). Generally, for 
a complete knowledge and comparison 
between the different catalysts, spectra 
should be taken for various reaction condi- 
tions. In this work we are particularly inter- 
ested in analyzing the conditions for maxi- 
mum yield of OH from different catalysts. 
The experiments have thus been focused on 
the dependence of the yield on pressure and 
mixing ratios of the reactants at a constant 
temperature of the foil. In addition desorp- 
tion energies were measured in order to 
search for a possible correlation between 
the OH yield and desorption energies. 
Complementary results for Pt will be pre- 
sented in a future paper (13). 

3.1. Maximum Yield of OH 

3.1.1. Dependence on total pressure. 
Varying the total pressure, with a constant 
mixing ratio of the reactants, influences the 
fluorescence signal strongly. For all cata- 
lysts a maximum intensity of the OH emis- 
sion is obtained at a pressure of 0.7 + 0.1 
Torr as visualized in Fig. 2. This curve 
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FIG. 2. The OH fluorescence intensity measured for 
one transition (RZ,(2)) as a function of the total pres- 
sure using a Pt catalyst at 1050 K and a premixed gas 
(20% O2 + 3.5% Hz in Ar). 

shows the same pressure dependence for 
different HZ/O2 ratios although the absolute 
yield of OH is changed significantly as a 
function of the ratio (see below). 

The form of the intensity vs pressure 
curve can be qualitatively understood as 
follows (see also Ref. (12)). At low pres- 
sures the number of elementary reactions 
per unit time producing water molecules 
(and intermediate OH radicals) from Hz and 
02 is determined by the impingement rates 
of HZ and O2 on the surface. As the pres- 
sure is increased the coverages of H and 0 
atoms increase until they reach a saturation 
value, and the overall water production rate 
becomes less pressure dependent. The OH 
desorption flux from the surface is thus 
expected to increase linearly with pressure 
at low pressures and then to reach a satura- 
tion value. The position of the transition 
from linear increase in OH production to 
saturation depends on the detailed kinetics. 
The number of detected (i.e., excited and 
fluorescing) OH molecules, however, is in- 
fluenced also by gas-phase processes, when 
the pressure is increased sufficiently. Sev- 
eral mechanisms may contribute to a nega- 
tive pressure dependence: (i) OH molecules 
may react in the gas phase, (ii) collisional 
quenching may change the rotational state 
of desorbed OH molecules, and (iii) laser- 
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excited molecules may undergo collisional 
quenching; i.e., the molecule may return to 
the electronic ground state via a collision- 
induced radiationless transition. Factors (i) 
and (iii) tend to decrease the number of 
detected OH molecules with increasing 
pressure, while (ii) may increase or de- 
crease the number. The increase in OH 
desorption rate with increasing pressure 
combined with the quenching phenomena 
will then produce a maximum in the mea- 
sured fluorescence intensity vs pressure 
curves. (Note that the number of OH mole- 
cules leaving the surface probably contin- 
ues to increase beyond the fluorescence 
maximum). 

The deviation from a linear intensity in- 
crease with pressure occurs in the expected 
pressure range, i.e., when the mean free 
path of emitted molecules becomes smaller 
than the sample to laser beam distance. A 
quantitative description of the intensity vs 
pressure curve will require model calcula- 
tions taking into account the processes de- 
scribed above. (In this discussion we did 
not consider the possibility that a gas-phase 
reaction contributes to the OH production. 
So far no evidence has been found for a 
gas-phase reaction.) 

. 

Partial pressure ratio P+)l P1021 

3.1.2. OH production efjciencies and 
dependence of OH yields on the Hz/O2 par- 
tial pressure ratio. Figure 3 shows the 
fluorescence intensity from an Ir foil as a 
function of Hz/Ox ratio at constant pres- 
sure for three peaks in the wavelength 
scan. The shape of the curves has the same 
characteristic form for all studied catalysts, 
but the absolute intensity level varies 
strongly with different catalysts, and the 
position of the maximum occurs at different 
HZ/O2 ratios. 

Since the curves of the type shown in 
Fig. 3 are taken at constant pressure, they 
are a measure of the desorption flux from 
the surface as a function of HZ/O2 ratio (the 
variation in gas composition is expected to 
have a relatively weak influence on the 
quenching processes discussed in Section 
3.1.1.). 

In order to make possible a comparison 
between the OH production yields for the 
different catalysts, the following procedure 
was adopted. All measurements were per- 
formed at 1200 K and 0.1 Torr. The foil size 
and the geometry were kept constant. For 
each material the HZ/O2 ratio producing 
maximum OH signal intensity was then 
determined. These intensities could then be 

b 
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FIG. 3. The dependence of the relative OH intensity for three transitions (R,(2), R,,(2), and R,(6)) as 
a function of the ratio of the partial pressures of hydrogen and oxygen, for an Ir catalyst at 1200 K and 
0.1 Torr. In (a) the OH production is plotted against p(HJ/p(O,) and in (b) against p(O&(HJ. Note the 
nonzero intercept of the intensity axis at p(H2)/p(Oz) = 0. 
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TABLE 1 

Catalyst p(H~Yp(02) ratio 
producing maxm~um 

OH signal at P,,, 
= (I.1 Torr 

Relative 

OH yxld 

Apparent 

desorption 

energy 
(kcal/mole) 

Ni 0.4s” 0.2 - 

Rh 0.15 I6 25 

Pd 0.25 x0 33 

Ir 0.10 I 29 

PI Q.Q5 360 41 

” Probably influenced by surface oxide formation. lncrearing 0: con- 
centration causes successive increase in oxidation. 

compared and used to rank the catalysts 
with regard to their OH production effi- 
ciency. The results are presented in Table 
1. The intensities from different catalysts 
are markedly different, which reveals dif- 
ferences in reaction kinetics and energetics 
on the different materials. Pt is the most 
efficient OH producer while Ni is the least 
efficient. 

The form of the curves in Figs. 3a and 3b 
is attributed to the changes in the surface 
reaction conditions, particularly the cover- 
ages of H and 0, which occur when the 
Hz/O2 ratio is varied [20]. As the ratio is 
varied from zero (no hydrogen) to infinity 
(no oxygen) the ratio of hydrogen to oxygen 
coverages on the surface varies accord- 
ingly. At some specific surface H/O ratio 
the OH desorption rate is maximum, pro- 
ducing a maximum in the fluorescence in- 
tensity. 

As the gas-phase H2/02 ratio goes to 
infinity or zero, the OH production should 
vanish. This is obviously not true in the 
oxygen-rich end (Fig. 3), since the curve 
intercepts the intensity axis at a nonzero 
value. The explanation for this behavior is 
that, in addition to the H2 + O2 reaction, 
there is also a surface reaction between 
coadsorbed water molecules and oxygen 
atoms, which contributes to the OH pro- 
duction via the reaction 

H2Oads + Oads + 20&d,. 

A liquid N2-cooled shield around the cat- 
alyst foil reduces the OH yield significantly 

at HZ/O2 = 0, which shows that Hz0 ad- 
sorption from the background contributes 
to the OH yield via the reaction above. 
Several investigations have shown, by use 
of vibrational spectroscopies and XPS, that 
this reaction can produce stable OH species 
on Pd and Pt at low temperatures (5, 8). 

The maximum in the OH production does 
not coincide with the maximum in the water 
production yield as illustrated in Fig. 5 for 
Pt. The maximum in the H20 production vs 
HZ/O2 ratio was determined from the maxi- 
mum in chemical power dissipation from 
the exothermic, water-producing reaction. 
At the maximum water production there is 
a minimum in the electrical power required 
to keep the temperature of the foil constant. 
(Actually a correction had to be made for 
variations in the convection cooling at the 
foil as the gas composition was varied, 
since H2 cools more efficiently than OZ.) 
The reason for the noncoincidence of the 
maxima in OH and HI0 production is 
discussed below in Section 3.3 and in 
Ref. (20). 

3.2. Apparent Desorption Energies 

The intensity of a given rotational transi- 
tion was measured as a function of temper- 
ature in order to obtain a measure of the 
OH desorption energy for the different cat- 

2.50 - 
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FIG. 4. An Arrhenius plot of the recorded fluo- 
rescence intensity for OH vs the reciprocal tempera- 
ture of a Pt foil. (Total pressure 50 mTorr, HZ/O2 = 
0.2.) 
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alysts. Somewhat surprisingly (see below) 
Arrhenius plots of such data (logarithm of 
intensity vs inverse temperature) produced 
relatively straight lines (Fig. 4), so that an 
activation energy could be defined. The 
extracted activation energy for a particular 
catalyst shows only weak dependence on 
total pressure (5%) in the range 0.01-0.2 
Torr and on the choice of rotational transi- 
tion (5% variation for three different transi- 
tions), but is strongly dependent on the 
Hz/O2 ratio as previously observed by Fuji- 
moto ef al. (11). For example, as the mixing 
ratio is varied from 0.025 to 0.1 for Pt at 0.1 
Torr, the apparent desorption energy varies 
from 38 to 48 kcal/mole, while at larger 
ratios it stays relatively constant at 48 kcall 
mole. This probably reflects changes in the 
surface reaction conditions with the change 
in Hz/O* ratio. Influence from the Hz0 
+ 0 + 20H reaction is also possible at Hz/ 
02+ 1. 

In order to make possible a comparison 
between apparent desorption energies for 
the different catalysts, in spite of the com- 
plications mentioned above, the tempera- 
ture dependence for a given rotational tran- 
sition was measured for all catalysts at the 
same total pressure and at the Hz/O2 ratio 
producing maximum OH yield. The desorp- 
tion energies obtained from Arrhenius plots 
of such data are presented in Table 1. The 
variation in apparent desorption energy for 
the different catalysts is surprisingly large. 
We wish to stress again, however, that the 
activation energies are “apparent” desorp- 
tion energies rather than “true” activation 
energies for desorption. The reason is that 
the results are influenced not only by how 
strongly the OH molecule is bound to the 
catalyst surface, but also by the details of 
the reaction kinetics. For example, in ap- 
plying a simple Arrhenius type of analysis it 
is implicitly assumed that the OH concen- 
tration on the surface varies slowly with 
temperature, which may not be the case 
(see Section 3.3 below). There is actually 
no reason a priori to expect a straight line in 

more correct desorption energies and to 
explain the variation in apparent activation 
energies with the Hz/02 ratio require model 
calculations of the reaction kinetics. Such 
work is in progress (28). 

3.3. Discussion of Mechanisms 

To simplify the discussion we adopt the 
following commonly accepted reaction 
scheme for the H2 + 402 + Hz0 reaction on 
the Pt group metals: 

Hz + 2* -+ 2H* 
(dissociative hydrogen adsorption) 

02 + 2* + 20* 

[II 

(dissociative oxygen adsorption) 

H* + O* + OH* (OH formation) 

OH* + H* + H20* -+ Hz0 
(water formation step) 

20H* + 0* + H20* -+ 0* + Hz0 
(alternative water formation step) 

OH*-+OH+* 

PI 

131 

[41 

[51 

(desorption process), [61 

where an asterisk denotes a surface ad- 
sorption site. Some reaction steps, unim- 
portant for the present discussion (but not 
for a quantitative modeling), have been 
omitted, e.g., desorption of Hz and Oz (the 
reverse of steps [I] and [2]) and decom- 
position of OH (the reverse of step [3]). 
Two different H20-forming steps are in- 
cluded ([4] and [5]), since both are fre- 
quently suggested in the literature. For 
example, step [5] has been shown to be 
the major mechanism below 300 K on Pd 
[8]. It is likely that the relative importance 
of these two steps vary with catalyst, tem- 
perature, and Hz/O2 ratio. 

Step [6] is the OH desorption step, which 
is the reaction step responsible for the 
production of the gas-phase OH molecules 
detected in the present work. It is probably 
a minority step not influencing the overall 
water-producing reaction. OH molecules 

an Arrhenius plot of the data. To obtain are produced on the surface by recombina- 
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tion of hydrogen and oxygen atoms (step 
[3]). The latter are formed by dissociative 
adsorption of HZ (step [l]) and 02 (step [2]). 
To make the picture more complete we 
must also incorporate the following steps: 

H20 + * -+ H20* [71 

H20* + O* + OH* + OH* PI 

which actually is the reverse of the reaction 
sequence [5]. These two consecutive steps 
followed by step [6] may contribute to the 
OH yield as well, and are most likely to be 
responsible for the nonzero intercept of the 
intensity axis in Fig. 3. The water comes in 
the present experiments from the back- 
ground Hz0 atmosphere in the vacuum 
system produced by the forward reaction. 
The reverse of step [4] (water decompo- 
sition) does not seem to be important since 
no OH is observed in the absence of O2 in 
the gas phase, i.e. in the absence of ad- 
sorbed 0 on the surface. 

The production yield of OH from the 
surface for a particular catalyst, at a given 
Hz/O2 ratio, total pressure, and tempera- 
ture, is proportional to the coverage of OH 
molecules on the surface, and to the rate 
constant for desorption. In simple rate the- 
ory this can be written as 

I- Y - vd exp(-&/kT)&JH, [91 

where Z is the measured fluorescence inten- 
sity, Y is the desorption flux of OH, Vd is the 
preexponential (or frequency) factor for 
desorption, & is the activation energy for 

desorption, T is the temperature, and OoH is 
the coverage of OH molecules on the sur- 
face. By use of the reaction scheme [l]-[8] 
and expression [9] one can qualitatively 
analyze several of the experimental obser- 
vations: Pt seems to produce a compara- 
tively high coverage of OH since Pt has 
both the highest OH yield and the highest 
activation energy. By the same arguments 
Ir produces a low OH coverage, since it has 
both the lowest yield (excluding Ni) and the 
lowest activation energy. 

The OH coverage depends critically [20] 
on the relative magnitudes of the rate con- 

stants for OH formation and OH consump- 
tion, respectively, which may explain the 
somewhat surprising result that Pt with the 
highest desorption energy for OH also 
shows the highest OH yield. 

One can also understand, at least qualita- 
tively, why the maxima in OH desorption 
and H20 production yields do not coincide. 
At maximum Hz0 production, in steady 
state, there is also a maximum in the num- 
ber of produced OH per unit time on the 
surface. However, the coverage of OH is 
determined by the balance between the rate 
constants for formation and consumption, 
i.e., by the lifetime of an OH once it is 
formed. If the OH lifetime has its maximum 
value at a different Hz/O2 ratio than the one 
producing the maximum number of Hz0 
per unit time, the OH and Hz0 maxima will 
generally not coincide. Since the OH life- 
time is dependent on the surface concentra- 
tion of H atoms (step [4]) it seems plausible 
that the OH maximum occurs at a lower 
Hz/O2 ratio than the Hz0 maximum, which 
is also observed (Fig. 5). 

It is not the purpose of this paper to 
pursue a detailed discussion along these 
lines, but we stress that the observed OH 
yields are intimately coupled to the details 
of the surface reaction kinetics, such as 
sticking coefficients for Hz and O2 and 

FIG. 5. OH desorption and HZ0 production on Pt as 
functions of percentage H2 in HZ + O2 at 1100 K and 
0.1 Torr total pressure. The intensities of the curves 
are, respectively, normalized to unity. Note that the 
OH maximum occurs at a different percentage Hz 
value from the H,O maximum. 
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activation energies for OH formation 
and decomposition. Measurements of OH 
yields may therefore be a very rewarding 
tool in establishing correct reaction kinetic 
schemes. More detailed data will be re- 
quired for quantitative analyses in these 
terms. 

3.4. Technological Implications 
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Introduction, namely the fact that the sig- 
nificant amounts of OH radicals produced 
in both the H2 + 02 and the HZ0 + 0* 
reactions may be of considerable practical 
importance. Since OH radicals are impor- 
tant in initiating combustion chain reac- 
tions, catalysts may be used to influence 
such reactions via production of radicals. 
(Note that 02, H20, and H2 are always 
present during combustion of hydro- 
carbons .) 

The observations above may also be of 
relevance in an analysis of ignition points 
for various explosive or combustible gas 
mixtures, which frequently are believed to 
be influenced by wall effects, e.g., catalytic 
wail reactions (17). 

More generally the present results point 
toward the possibility of a coupling be- 
tween surface reactions and homogeneous 
phase reactions, which may be utilized, for 
example, in future combustion engines. 

4. CONCLUSIONS 

Desorption of OH during the H2 + O2 
reaction is a general phenomenon for noble 
metal catalysts at temperatures above 900 
K. Laser-induced fluorescence monitoring 
of desorbed OH and of their internal quan- 
tum states gives new interesting informa- 
tion about reaction kinetics not available 
from other types of measurement. Such 
results will be valuable in the theoretical 
modeling of reaction mechanisms and ki- 
netics. Radical formation and emission by 
catalysts may find technological applica- 
tions in combustion systems. 
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