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ALKALI ATOM CHEMILUMINESCENCE 

FROM CROSSED BEAMS REACTIONS OF 
3 

Hg (6 P
0

, 2) + ALKALI HALIDES 

1 
Lambert C. -H. Loh and Ronald R. Herm 

Inorganic Materials Research Division, Lawrence Berkeley Laboratory 

and Department of Chemistry, University of California, Berkeley 

and 

Ames Laboratory, USERDA and Department of Chemistry 
.... 

Iowa State University, Ames, Iowa 50011"" 

ABSTRACT 

A beam of 6 
3

P 0 , 2 metastable mercury atoms has been eros sed by 

a velocity-selected beam of Lii, Nai, or NaBr and the resulting fluorescence 

from the Li(2
2
P) or Na (3 2P) levels has been measured. In this manner, 

the cross section for reactive production of these excited alkali atoms has 

been found to decrease rapidly with increasing relative collision speed, g, 

(g = 0 - 1 km/sec) although a secondary rise at high g is also observed 

for Lii. 

* 

i- Present address: Dept. of Microbiology, Univ. of British Columbia, 
Vancouver, British Columbia. 

Correspondence should be addressed to RRH at this address. 
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Many features of exchange reactions of alkali atoms and alkali halides 

have been studied by the molecular beam technique. Miller, Safron, 

and Herschbach 
1 

determined that the exchange reaction involving ground 

state species proceeds via formation of a long-lived complex; a transition 

state theory acccunts for the statistical energy partitioning, but fails to 

account for the observed branching ratio of non-reactive to reactive complex 

decay. A more recent beam study confirmed these results for K + RbCl .... 

KCl + Rb and determined the absolute reaction cross section 
2

. Vibrational 

to electronic (V ... E) energy transfer in collisions of the ground electronic 

state species. is ~trongly allowed for reactive _collisions, inhibite_d for 

t . 11. . 3 
non-reac 1ve co 1s1ons . Although less efficient than the V-... E process, 

this same trend of greater efficiency for the :.·eactive collision has also 

been observed in a recent study of translation to electronic energy (T ... E) 

4 
transfer • This paper reports results of a eros sed beam study of electronic 

to electronic (E .... E)' energy transfer in a related-chemical system, 

collisions of excited mercury atoms with Lii, Nai, and NaBr. 

The apparatus has been described previously 5• Briefly, a bearr1 of 

Hg atoms effused from an oven with an approximately 400°K thermal speed 

distribution and was crossed by an electron beam which excited a small 

fraction to the Hg(6
3

P 0 ) and Hg(6
3

P 2 ) metastable levels (estimated as an 

approximately 1:5 statistical ratio of 
3

P0 !
3

P 
2

). Since the excitation 
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probability was. inversely proportional to velocity, this produced an Hg··· 

number density speed distribution which peaked at vi-r * = 0. 14 km/ sec 
. . g 

and fell to hal£ of peak inten~ity at 0. 05 and 0. 27 k m/sec. This beam was 

crossed at 90 o by an alkali halide (MX) beam which effused from a 

conventional two-chamber oven (beam source pressures and temperatures: 

0.4 torr and 1013°K (Lii); 0. 5 torr and 1093 °K(Nai); 1. 0 torr and 1153° K 

(NaBr)) and traversed a slotted-disk velocity selector (6v/v = 0. 22 FWHM) 

which permitted control of the relative collisions speed, 

.... 

g =(, 2 + 2)1/2 
VHg* VMX . 

The Hg ... and MX fluxes were measured (in arbitrary units) by Auger electron 

ejection from a potassium surface and surface ionization on a hot tungsten 

surf::\ce, respectively. A spherical mirror above and set of quartz 

lenses below the beam intersection region focussed a constant fraction 

(- 1. 27T steradians collected) of the collision induced fluorescence through 

an interference filter onto an EMI-9558-QB photomultiplier tube (operated 

in the pulse counting mode). In this manner, interference filters isolating 

the 6707 A Li line and 5890/5896A Na line were used to measuri the 

cross section for collisional production of alkali atom fluorescence, QF' 

as a function of g. 

In additional to possible collisional dissociation of MX or mixing of 

Hg (6 
3

P J) multiplet levels, the following must be considered (M>:~ denotes 

the lowest excited 
2
P, M** the lowest excited 

2s term): 

f. In principle, the QF(g) measured could be distorted by an anisotropic 

M(
2

P
312

) fluorescence angular distribution if this level were produced 

with a (g dependent) alignment •. In practice, this seems doubtful because 

of the relatively complex three body process studied. In any event, this 

effect could not account for the very strong g-dependence which is measured. 
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... Hg +X+ M* 

... HgX + M** 

_, Hg + x- + M+. 

7 3 

The exoergicities of these processes are given in Table I; those for the 

chemi-ionization process would be somewhat larger if HgM+ + x- or 

- + b HgX + M were formed. Of the eight reactions tabulated in Ta le I, 

only reaction (EP
2

) is exoergic for all three chemical systems. In 

addition; the MX = Lii, Nai, and NaBr reactants studied represent different 

combinations of other exoergic product channels. Indeed, they were 

chosen in order to. see if the behavior o~ QF(g) might correlate with the 

open product channels, e. g. , a qualitative difference between NaBr and 

Na! or Li! due to the differing exoergicities of reaction (D2 ). 

The MX beams actually contained 13%( Li2I2), 'llo/o(Na 2I2}, and 18o/o 

(Na2Br2 ) of (MX) 2 dimer calculated from the data of Ref. 6 assuming 

thermal equilibrium. Owing to their differing thermal speed distributions, 
. 

however, the _(MX) 2 /MX ratio is speed dependent and the measured alkali 

halide beam flux was corrected for the dimer contribution before calculating QF for 

Hg* + MX. The possibility of the observed alkali atom fluorescence 

origi~ating from an Hg* + (MX)
2 

collision was dismissed for two reasons, 

The calculated (MX) 2 /MX ratio becomes very small (;S 10-
3

) at the higher 

MX speeds studied. Using estimated detection efficiencies, the alkali 

atom fluorescence signals measured at these speed settings would irnply 

unreasonably large (> 10
3 .A2 ) reactive cross sections for an Hg* + (MX)

2 

collision. More importantly, the bond energies of (MX)
2
(relative to 2 MX) 

are quite large, -180 kJ /mole. Thus, possible production of M':' 



-.4-

frotn an .Hg::< +(MX) 2 reaction is excluded by energy conservation. 

The 6707A Li or 5890/5896A Na resonance line was observed to 

fluoresce for all three chemical systems studied: Hg::<+ Lii, Nai, and 

NaBr. This agrees with the only previous study 7 of Hg*+ MX where 

Na(
2
P) fluorescence was observed from crossed beams (full speed 

distributions) of Hg* + Nai although no K(4 2P) fluorescence was observed 

from Hg*+ KI. The measured dependences QF on ~-are shown in Fig. 1. 

At low g, QF must be the cross section for reaction (EP
2

) tor NaBr and 

the sums of reactions (EP 2) and (D 2) for Lii and Nai. The data fail to 

show any qualitatively different speed dependences for Nai.and NaBr. 

The data for Lii is of somewhat poorer quality and the apparent 

peak in QF in the intermediate g range is not statistically 

significant. However, the increase (but possibly not the peak) in 

. QF near the Lii EP0 threshold is real since it appeared i.n two 

different experiments. Interestingly, this same feature does not 

appear near the EP 
0 

threshold for Nai. 

The eros s section for the T ... E excitation of Na(3 2P) fluorescence 

from Rb + Nai reported in Ref. 4 increases with increasing collision 

energy up to energies about 150 kJ /mole above threshold. The 

contrasting rapid decrease in QF with increasing g shown in Fi.g. 1 

is more typical of the behavior of a strongly allowed process, suggesting 

that the Hg 1
.: + MX E ... E reactive transfer process studied here is more 

efficient than the M' + MX T ... E reactive transfer process of Ref. 4. 

This is consistent with our estimate of QF ~ 7 A 2 
for NaBr at g = 0. 5km/sec, 

but this number could be in error by as much as a factor of 10 owing to 

uncertain detector sensitivities. These uncertainties cancel out of the 

_, 
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calculation of the QF{NaBr) /QF{Nai) = 0. 04 ratio at g = 0. 5 km/ sec. 

The rate of fall-off of QF with increasing g for Nai and Na_Br is 
-

surprisingly fast, varying approximately as g -s with s = 3. 0 ± 0. 5 

for Nai and 3. 5 ± 0. 5 for NaBr. This type of abrupt drop in a 

reactive eros s section often indicates the opening up of another 

product channel. This could be due to reaction {!2) for Nai. The 

corresponding chemi- ionization channel could also account for the low 

g behavior of QF for NaBr, since i-eaction n 2 ) is made exothermic 

by the average NaBr internal energy. 
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Table I. Exoe:r.gicities of various Hg(63P
1

) + MX reactions. a 

Reaction LU Nai NaBr 

J= 0 J=Z J=O J = z J=O J:: z 

EPJ -38 +38 -13 +64 -52 +24 

DJ -72 + 4. z -47 +30 -120 -44 

ESJ -180 -110 -1ZO -41 -160 -81 

IJ -lZO -42 -44 +32 -89 -lZ 

a Energies in kJ /mole; positive sign indicates ~xothermic reaction. 

Data from: A. G. Gaydon, Dissociation Energies and Spectra of Diatomic 

Molecules, Chapman and Hall, London (1968) for bond dissociation energies; 

C. E. Moore, Nat'1. Bur. Stand. (U.S.) Circ. 465 (1958) for -excitation energies 

and ionization potentials; R. S. Berry and C. W. Remann, J. Chem. Phys. 38, 

1540 {1963) for electron affinities. Entries do not include thermal MX internal 

energy. 
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FIGURE CAPTION 

Fig. 1. Data points show measured cross section (QF is arbitrary units) for 

excitation of Li(2
2
P) or Na(3'

2
P) fluorescence from Hg(6 3 P

0
• 2) + MX 

versus nominal relative collision speed. Error bass indicate 

standard deviations about the mean of many measurements at a given 

speed setting. -s Solid curves show fits of cross sections varying as g 

(s = 3. 0 for Nai, 3. 5 for NaBr) to the data obtained by averaging 

over the beam speed distributions. Arrows indicate thresholds for 

various endoergic reactions listed in Table L 

j 
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