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FIG. 2. Graph showing the spin-lattice relaxation time of Co?* in
K,Co(8¢0,), - 6H,0 as a function of temperature when the magnetic field is
parallel to the z axis. T« 77 ', Slope = — 1.8.

relaxation narrowing.” It has been shown that requirements
stated in motional narrowing theory can be met in the case of
Mn?* in cobalt salts,” and Gd** in non-Kramer rare earth
salts,® at ~295 K and ~9.4 GHz. It can be shown that the
requirements stated in motional narrowing theory can be
met in the case of VO**+ doped PCSeH. Thus the observation
of resolved EPR spectra of VO** in PCSeH and its broaden-
ing on lowering the temperature can be attributed to the host
spin-lattice relaxation narrowing.>’

The relaxation time of Co?* at different temperatures
has been estimated from the observed VO?** impurity ion
EPR linewidths when B ||z axis in PCSeH single crystals us-
ing the expression for T,.5-” Figure 2 is logarithmic graph of
the estimated T for the Co?* when B ||z axis as a function of
temperature. It is found from the slope that 7', « 7~ * where
n = 1.8. The T, of Co®* is found to be of the same order as
observed for other cobalt salts. In the calculations, the crys-
tallographic data of K,Mg(SO,), - 6H,O have been used.
The g value is taken from K,Zn(SO,), - 6H,0:Co** data.’
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The reaction between NO and O, to give NO, and O, is
of great atmospheric importance. Much work has been re-
ported recently concerning the effects of collisional and rea-
gent internal energy, as well as reagent orientation on the
chemiluminescent branch of the reaction.’® Two groups
have previously determined the dependence of the reaction
cross section on translational energy. Redpath et al. used a
beam-scattering gas arrangement and obtained a depen-
dence of [(E /E ) — 1]** where E ;,, = 3.2 + 0.3 kcal/mol
over a collision energy range of 3 -6 kcal/mol.' van den
Ende and Stolte used a supersonic-effusive crossed beam
configuration and reported o «< [E/E.;. > where
E ;. = 3.0 1+ 0.3 kcal/mol over a collision energy range of

1946 J. Chem. Phys. 84 (3), 1 February 1986

0021-9606/86/031946-03$02.10

10-28 kcal/mol.> The work described below used a super-
sonic-quasieffusive crossed beam configuration for a well-
defined, low energy determination of the reaction threshold.
In addition, we report a very low resolution chemilumines-
cence spectrum recorded for four collision energies between
4.5 and 8.6 kcal/mol.

The experiments were run on a photon detection
crossed molecular beam machine which has been described
previously.® The beam source parameters are listed in Table
I. A supersonic beam of NO was crossed at 90° by a quasief-
fusive beam of O,, and chemiluminescence from the collision
zone was focused onto a dry ice cooled RCA C31034 PMT.
TOF velocity spectra of the two beams were converted to
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collision energy distributions, taking the finite width of the
two beams into account, and interpolating as necessary to
obtain distributions for nozzle temperatures at which no
TOF spectra were recorded.'®!! The collision energy range
covered was 2 -9 kcal/mol, with AE /E = 0.5. The broad-
band wavelength spectra were recorded using a series of
Bausch and Lomb narrow pass filters.

The experimental data were fit (Fig. 1) using the fol-
lowing functional form o « [1 — (Ey./E)}'® f(E),
where E ;. is the threshold energy and /' (E) is the measured
collision energy distribution. The best fit was obtained using
E . = 2.0 4+ 0.2 kcal/mol. The threshold energy and expo-
nent were varied to obtain the best fit of the data near thresh-
old. As can be seen in Fig. 1, the higher energy data rises
faster than the fit would predict. In fact, we found it neces-
sary to-use a higher E ;. and a larger exponent to fit our high
collision energy data (not shown), demonstrating the diffi-
culty in extrapolating to zero cross section with such a steep
collision energy dependence. Even near threshold, the ap-
parent graphical threshold energy is larger than that ob-
tained from our fit because the strong collision energy de-
pendence skews the cross section weighted mean collision
energy toward the high energy side. All of this emphasizes
the importance of using the appropriate functional depen-
dence of the cross section near threshold. While our thresh-
old is slightly lower than those reported previously, we feel
that the differences can be explained by the high sensitivity
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FIG. 1. Energy dependence of NO + O; — NO? + O, near threshold. The
dots represent data points, the curve is a fit to the data given by
o « {1 —[(2.0 £ 0.3)/E]}"*. The intensity scale is in arbitrary units while
the collision energy scale is a cross section weighted mean collision energy.
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TABLE 1. Beam source parameters.
Ozone source:
Nozzle diameter 0.38 mm
Pressure behind nozzle 13 Torr
T(nozzle), 300K
T(beam) (calculated from TOF spectra) 200K
Nitric oxide source:
Nozzle diameter 0.08 mm
Pressure behind nozzle 250 Torr (pure)
400 Torr (seeded)
T(nozzle) 188411K
T(beam) (calculated from TOF spectra) 7-32K

of our apparatus (reactions with o > 210~ A? are de-
tectable), by the improved collision energy resolution, and
by our use of a low collision energy range eliminating the
need for extrapolation to threshold.

While recent work has shown that rotational energy, in
particular, promotes the reaction,'? the threshold we report
is derived using only the collision energy dependence of the
chemiluminescence. To obtain a better estimate of the pure
translational energy threshold we must account for the inter-
nal energy present. As can be seen from Table I, contribu-
tions from O, vibrational energy and internal energy of NO
should be negligible. Ozone rotational energy is, however,
significant. Assuming an equipartition of energy in the 200
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FIG. 2. Low resolution chemiluminescence spectrum of NO + O, —
NO? + O, as a function of collision energy. The intensity for each spectrum
is normalized to unit maximum. The energies reported correspond to the
most probable collision energies for the energy distributions appropriate to
the temperatures and NO seeding mixture used.
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K beam and accounting for the relative efficiency of ozone
rotational energy,'? we estimate that the pure translational
energy threshold is 2.6 + 0.2 kcal/mol.

The chemiluminescence intensity in five broad wave-
length bands was measured for the reaction at several colli-
sion energies, as shown in Fig. 2. Corrections to the wave-
length spectra were made for the relative transmission of the
interference filters (using measured spectral transmission for
all but the 800 nm filter, for which the manufacturer’s speci-

 fications were used) as well as for the wavelength response of
the photomultiplier tube. We did not, however, attempt to
correct for the variation of NO¥ lifetime with wavelength.
The dependence of the spectrum on collision energy contains
no surprises: the change in the spectral maximum reflects
the change in collision energy. The increase in collision ener-
gy apparently appears as increased internal energy in NOZ.

The authors would like to acknowledge many helpful
discussions with Professor Yuan T. Lee of the University of
California, Berkeley, in addition to the use of his laboratory.

The authors also greatly appreciate valuable comments
made by the referee. This work was supported by the Divi-
sion of Chemical Sciences, Office of Basic Energy Sciences,
U. S. DOE under Contract No. W-7405-ENG-48.
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Fine structure effect on the charge transfer reaction of Ar(2P;,, 1,2)
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Recently, state-specific cross-sectional data for the
charge transfer reaction
Art(%Py) + N(X '3 v =0)

— Ar('S,) + N;¥ (X232} ) (1)

at selected center-of-mass collision energies (E_,, ) have
been obtained by the crossed-beam,'? photoion—-photoelec-
tron coincidence,® and laser induced-fluorescence* methods.
Although no potential energy surfaces (PES) have been re-
ported for the (Ar-N,) * system, the fact that charge trans-
fer is the predominate product channel in Ar* + N, colli-
sions over a wide E_,, range makes it an attractive system
for a detailed theoretical investigation of charge transfer re-
action dynamics. Using estimated PES for the (Ar-N,)™*
system, Spalburg and Gislason® have performed a semi-
classical calculation on reaction (1) and its reverse reaction
atE,, =12, 4.1, 10.3, and 41.2 eV. The calculated ratio
of the charge transfer cross section for Ar™*(®P,,)
+ N,(v =0),0,,,, to that for Ar* (?P;,,) + N,(v=0),
a3/2, When plotted as a function of E_ , shows a broad
minimum at E__, ~4.1 eV. The observation is contrary to
the previous experimental finding that o,,,/05,, is nearly
independent of E,,, .> The value of 0.35 for 7,,,/0;,, at
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E_, =8 eV obtained by the Orsay group,® which was
quoted in Ref. 5, is substantially lower than the value of 0.65
atE_, = 6eV reported by Kato, Tanaka, and Koyano.? In
order to provide an independent set of measurements to
compare with the results of the previous experiments and to
give a more vigorous test of the theoretical predictions, we
have performed a state-selected study of reaction (1) in the
E_, range of 0.41-164.7 eV using the newly developed
crossed ion-neutral beam photoionization apparatus.”®
Similar state-selected studies on the symmetric charge trans-
fer reactions of H;" + H, 7 and Ar* + Ar ® have been re-
ported.

The Ar™ reactant ions in the pure ?P;,, state, or at a
known distribution of the ?P;,, and 2P, ,, states, were pre-
pared by photoionization of an Ar beam produced by super-
sonic expansion through a quartz nozzle [nozzle diameter
(D,) of 60 um, stagnation pressure (P,) of ~80 Torr]. The
pressure in the photoionization chamber was ~5X107¢
Torr. In a study of the charge transfer reaction
Ar*(®P,;,) + H,(v =0),° there was strong evidence that
collisions between Ar* (*P,,,) initially formed by photoion-
ization and background Ar in the photoionization chamber
gave rise to an Ar* beam consisting of a mixture of
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