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I. MERCURY HALIDE RESEARCH

A. HgX* FORMATION KINETICS

A detailed study of the HgCZ and HgBr molecular kinetics

with e-beam excitation has not yet been performed. However, we

will summarize the relative importance of several formation chan-

nels of HgCt* which are consistent with lasing and fluorescence

data. These formation kinetics are summarized in Table 1.

1. Ion-Ion Recombination

The dominant formation channel of HgCX* under our excitation

conditions is the rapid three-body recombination of Hg ions with

Ck ions. The suggested ion-ion kinetic channeling is outlined

in Figure 1. In gas mixtures containing high-pressure xenon,

the high-energy beam electrons deposit most of their energy into

the formation of Xe+ . The xenon ions and neutrals form Xe 2+ with

a three-body rate constant of 3.6 x 10
- 3 1 cm 6/s. ( ) The Xe2

+

+2
can then undergo charge transfer with Hg to form Hg which is

energetically near resonance, AE = 0.8 eV (exothermic). This

reaction may exhibit a comparable rate (2) to an analogous, near

resonant charge transfer reaction involving Ar + and Kr which

forms Kr+ with a rate constant of 7.5 x 10-10 cm3 /s. 3  The

CC ions is formed by rapid dissociative attachment (4 ) of second-

ary electrons to CC£ 4. The HgC£* ionic state is then formed by
+

ion-ion recombination of Hg and CZ- which can have an effective

two body rate constant of 10 cm3 /s at pressure of interest.

In the Ar/Xe gas mixtures, the observed increase in HgCZ* fluo-+
rescence is consistent with an enhanced formation of Hg . This

could occur via additional charge transfer reactions involving

Ar 2+ and Xe which increase Xe2
+ dnesity and the Hg+ as discussed

above.

2. Exchange Reactions and Interception

Fluorescence spectra obtained from Ar/Hg/CC£ 4 and Xe/Hg/

CC£ 4 mixtures clearly indicate the formation of ArCt* and XeCt*.

5i, :WAVC EVERETT



TABLE 1. HgCk* FORMATION KINETICS ACTIVE IN
Ar/Xe/Hg/CCi4 E-BEAM PUMPED MIXTURES

ION- ION REOMBINATION

e + Ar - Ar+ +e + e 1023cm 3 sec 1

$

Ar+ + 2Ar - Ar2 + Ar 2.5 x 10-cmsec-1

Xe+ + 2Xe - Xe2 + Xe 3.6 x 10 3 1 cm6 sec -

Ar2
+ + Xe ArXe+ +Ar " olc~e -

+ArXe+ + Xe - Xe2  + Ar
2 -10 3 -1

Xe2  +Hg Hg +2Xe -3x 10 cm sec

e+ Ar 2
+  4 A** +Ar 6 x 10-Tcmsec - 1

+ Xe2 + Xe*+ Xe 2+x + 7 csec -

Ar* + 2Ar 4 Ar2 * + Ar 10 3 2cm6 se -1

Xe* +2Xe + Xe 2 + Xe 5 x 10 cm sec

e+ CCt 4  * Ci- + CCt3  10-7cu sec-
Hg+ -2 r + Ar 10-6 cm3 sec -1

HgCe * h2 (5576 ) + HgCi 22 nsec

EXCHANGE REACTION
Ar + C +Ar -ArCi* + Ar l- 32 cm6 sec 1

.. l -632e - 1

A 2
+ + CL- * ArCi*+ Ar

ArC * * hv (1750 ) + Ar + c 10 nsec

Xe+ +Cl- + Ar -XeCt* + Ar -106 cm3 sec-1
Ar + ++ Cl-+ Ar Ar~l + Ar106 cm 3sec-

Xe2 + Cl- - XeCl* + Xe

XeCt* - hv (3080 f) + Xe + Ct 16 nsec

Hg + ArCt* - HgCt* + Ar

Hg + XeCX* - HgCt* + Xe

NEUTRAL REACTION

Hg* + CCt4  - Hgct* + CCt 3  
= 34 ()2

6
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Displacement reactions can follow in which mercury exchanges with

these excited molecules to form HgC£* as shown in Figure 2.

The rate constant for an analogous reaction involving Kr and
ArF* has been measured (6 ) to be 6.5 x 10-10 cm3 /sec. It is

expected that XeC£* would be a more efficient precursor since
dissociation to Xe + Ct* should have a smaller rate constant

than the dissociation of ArCk* to Ar + CX*. Although the rela-

tive importance of this HgC£* formation channel has not been

determined, the competing radiative processes of ArCX* and

XeCZ* suggest that displacement reactions will not be dominant.
A preliminary measurement of XeC£* quenching by Hg, performed

in this program, indicates that the branching into HgC£* via
XeC£* + Hg - HgCZ* + Xe is between 10-50%.

The formation of a triatomic species, Kr 2F* in KrF laser
mixtures has been observed. (7 ) In this case, the triatomic

formation is saturable since Kr2F* formation depends on the

density of KrF* which is driven down by the intense laser flux.

Similar processes could be present in mercury halide laser

mixtures. If Hg2C£* is formed, it will probably fluoresce in

the near infrared 7000 R.
3. Neutral Channels

The mercury metastable channel leading to HgCk* through

reaction

Hg*( 3P2 ) + CC 4 - HgC£* + CC£ 3

has been observed( 8 ) to have a reactive cross section of 34 ( )2

and a branching ratio into the upper laser level of near unity.

Since the energies of the mercury metastables Hg*(6 p) are about

5 eV, this reaction suggests the possibility of efficient dis-

charge pumping of HgCt*. However, this is probably not an im-

portant formation process for e-beam pumping. The fluorescence

data from laser mixtures indicates only weak emission from

higher lying mercury levels such as 73S which populate the 63p

8
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metastables. When the CCk 4 density is decreased by an order of

magnitude, to about 1 Torr, the emission from HgCk* shows a

comparable reduction but mercury emission from 73 S1 increases

significantly. Thus, for laser gas mixtures the neutral channel

kinetics do not appear to lead to efficient mercury metastable

production under these excitation conditions. It is interesting

to note that the use of HBr in HgBr lasing mixtures eliminates

the Hg* metastable channel because the 3.8 eV H-Br bond strength

renders the above neutral reaction endothermic by roughly .5 eV.

The absence of lasing in pure Ar mixtures and the observed

weak lasing in pure Xe mixtures suggests the possibility that

absorption by Ar 2 * and Xe2 * may be competing with the HgC£*

and HgBr* stimulated emission as outlined in Figure 3. The

fluorescence from pure Ar and pure Xe mixtures were comparable

for similar e-beam energy deposition. Strong visible absorption

identified with these rare gas excimers has been observed
(9 )

during e-beam excitation in high pressure Ar and also in Xe.

However, in Ar/Xe/Hg/CCZ 4 gas mixtures the strong Ar 2 * absorption

is possibly reduced via the rapid quenching (10,11) of Ar 2* by Xe.

4. HgX* Intrinsic Efficiency

Lasing on the HgC£* and HgBr* band transitions introduces

new high-power laser sources at visible wavelengths. The detailed

molecular kinetics in these gas mixtures have yet to be established

in order to assess the possible efficiency and scalability of these

lasers. The measured intrinsic efficiencies are the result of in-

creased output coupling. The optimization of laser mixtures and

pumping power presently underway should result in higher values.

In pure e-beam pumping, the maximum effective quantum efficiency

of 9% is limited by the 26 eV needed to form an argon ion. Thus,

the observed value of 3.8% indicates efficient HgCZ* formation.

If a discharge were used to pump the Hg* (6 ) metastable levels

directly and form HgX* via neutral reactions such as the effective

quantum efficiency would be roughly 50%.

10
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Figure 3. Suggested Formation Channels for Dominant Species
which Absorb at the Laser Wavelength XL in
Ar/Xe/Hg/CCZ4 Mixtures
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B. MERCURY HALIDE RADIATIVE LIFETIMES

This section will discuss the application of a charge

transfer model to calculate the oscillator strengths and radia-

tive lifetimes for the mercury-monohalide laser transitions
B2Y+ _ X2 +1/2 - /2" To our knowledge, no previous calculations

of the radiative lifetimes of these systems have been attempted.

Dunning and Hay (12 ) have performed ab initio calculations for
KrF, in which they computed both the potential energy curves

and oscillator strengths. Their calculation involved an ex-

tensive configuration-interaction treatment, utilizing between

2000-3000 configurations. Although such calculations are

valuable, they are enormously time consuming and must be applied

individually to each state of each rare gas-halide pair. This
approach is clearly not in a form from which general conclusions

can be drawn and applied to the whole class of rate gas-halide

systems. It would therefore be desirable to have available a

simpler model, from which one can make fairlY' reliable predictions
for a wide range of systems. The simple charge transfer theory

developed originally by Mulliken (1 3 ) and used by Zare and

Herschbach (1 4 ) for the alkali halides, appears to be a scheme
capable of being generalized to a wide variety of systems for
which the "ionic-bonding" model holds, including the alkali

halides, rare gas-halides, and mercury-monohalides. The alkali-

halide analogy has been extremely successful (15) in predicting
the properties of the rare gas-halides, and the use of the charge

transfer model to calculate the transition strengths can be

thought of as simply an extension of the analogy.

The basic idea behind the charge transfer theory is that
the electron initially localized around the halogen center, in

the upper M+ X state, "jumps" or is transferred to the mercury

positive ion, filling the p-state vacancy, and thus ending up

in the MX atomic ground state. This is essentially a "valence

bond" picture, in which the electron is transferred from one
atomic center to the other. For example, in the mercury chloride

12
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B X transition an electron which is initially localized on the

CZ atom, forming CC, is transferred to the Hg+ ion resulting

in the ground state configuration of mercury chloride.

In general, the mercury-halides are closely analogous in

structure to the rare gas-halid.!s. The upper laser level is

"ionic", while the ground state is primarily "atomic". There

are, however, some significant differences between the two

systems. The upper level of the mercury-halides correlates

with the Hg(S 2 ) + X-( 1S) atomic states so that only a single
E 1/2 ionic state is formed. The ground state correlates with

the Hg (I s) + X( 3/2 i/2) atomic limit, so that we obtain
211/2' and E 1/2 molecular states, as in the case of the rare

gas-halides. A more important difference is that the ground

states of the mercury-halides are essentially bound states with
(16)

the binding energy ranging from 0.36 eV for HgI to 1.04 eV for

HgCk. With the exception of XeF, which is slightly bound, all

of the rare gas-halide ground states are repulsive.

Although the upper and lower states are predominantly

ionic and covalent, respectively, it proves to be essential to

allow for mixing between these states in order to obtain reason-

able results from the theory. The mixed X and B state wavefunc-

tions can be expressed as

T B = N B (Yi + T c),

(1)
TX = N X (c _ 1 ),

with c= ((i - S)/(l - (S), and where T4i and T1c are the purely

ionic and covalent wavefunctions, NB and NX are normalization

constants, S is the overlap integral between T4i and Tc , and 8

is the mixing coefficient. Except for very large values of

the internuclear distance, S is non-zero so that S as well as

must appear in the expression for a in order to make the

13
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initial and final wavefunctions orthogonal. A major difficulty

in the theory is the specification of the mixing parameter a.

Given the lack of data on the mercury-monohalides, we have used

the procedure outlined by Coulson (17) to estimate the degree of

ionic character of the ground state from the electronegativities

of the mercury and halogen atoms. The values for the percent

ionic character [i.e., 100 a2/(1 + 2)] obtained in this way

are given in Table 2. The electronegativities can also be used

to determine the so-called covalent-ionic resonance energy, A,

which is simply the ionic contribution to the binding energy.

The values of A (in eV) turn out to be 1.2, 0.81, and 0.36 for

HgCk, HgBr, and HgI, respectively, as compared to the experimental

dissociation energies (in eV) of 1.0, 0.7, and 0.36. It may

thus be inferred that the electronegativity method tends to over-

estimate the mixing parameter.

In order to complete the definition of the wavefunctions

in Eq. (1) it remains to determine the one-electron orbitals

c i
that make up Tc and Ti In keeping with the valence bond picture

we have adopted, Tc and TI are simply taken to be products of

unperturbed atomic (ionic) wavefunctions. The analytic Hartree-

Fock functions of Clementi and Roetti (2 1 ) were used for the atomic

and ionic halogen wavefunctions. Unfortunately, no such func-

tions exist for neutral or singly-ionized mercury. A further

complication arises from the fact that relativistic effects are

non-negligible for the mercury valence orbital. Since the

valence electrons are in an s-state, the most important relativ-

istic effect (22 ) is a contraction of the radial wavefunction

toward the nucleus, due to the absence of a repulsive angular

momentum barrier. We have therefore calculated a non-relativistic

Hartree-Fock-Slater (HFS) wavefunction, utilizing the Herman-

Skillman computer program, (23) and scaled the function according

to the formula

P (r) =y 1/2Pnon-rel. (yr)

14
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so as to reproduce the expectation values < rn > tabulated by Lu

et al, (24 ) from their relativistic HFS program. The calcula-

tion was made for n = -1, 1,2 and in all cases y =1.16 for Hg;
+I

the same value was used for Hg The final function, P (r),

were then represented by a sum of Slater-type orbitals (STOs)

using a nonlinear least squares fitting procedure. The basis

set for the 6s functions of Hg and Hg+ consisted of eight STOs.

With the wavefunctions given in Eq. (1), the transition

dipole moment can be reduced to an expression involving only one-

electron terms. Consider that the ionic and covalent molecular

wavefunctions T1i and Tc are expressed in terms of products of

atomic wavefunctions P for Hg, Hg+ , X and X (X = Ct, Br, I) by

i'i = (qHg+) -
Hg X

(2)
c= Hg X).

These atomic wavefunctions 4 are represented by Hartree-Fock

functions composed of products of one-electron wavefunction, *.

Then, the transition dipole moment V can be shown to be given by

N = NBNX [ < Hg Ir x > (1-ct)x

+ c <4HgjrHHg > -0 <Ox-IrI x->] ,

where X- is the initial wavefunction of the active electron cen-

tered on the negative halogen ion (X), Hg is the final state

one-electron wavefunction, r is the position vector, and X is

an overlap integral involving all of the electron orbitals not

involved in the transition. All two-center integrals were

evaluated from an expansion developed by Sharma (2 5 ) for the

case of one-electron wavefunctions expressed as a sum of STOs.

16

.,IAVCO EVERETT



The calculation of the overlap function S - (i/ c> and the

parameter a for various mercury monohalides are given in Table 2.

All these calculations depend on a choice of molecular inter-

nuclear separation. An experimental value for the equilibrium

internuclear distance exists (26) for the ionic state of HgCt,

but not for the other halides. In order to estimate these

distances, the relative sizes of the alkali halides were used as

a guide. It was found that the internuclear separation of the

alkali bromides are t3% larger than those of the alkali chlorides

while the iodides are ;12% larger. The internuclear distances

of the Hg-halides were scaled accordingly, and are given in

Table 2.

The results of the calculations for the B-X transitions

are summarized in Table 2. The radiative lifetime of the transi-

tion is given, in terms of the quantity p, by T = 3hX3/64r P2

where A is the transition wavelength. The model predicts a de-

crease in lifetime with increasing halogen size due to the A
3

dependence. There is a competing trend caused by a decrease in

the dipole matrix element, but this effect is much weaker. In

Table 2, we also show results of experimental measurements of

the HgX radiative lifetimes. Theory and experiment are in good

agreement for HgC£. The theoretical value is only -30% lower

than the measured value for HgBr and -50% lower for HgI which is

quite satisfactory considering the simplicity of the model.

Further calculations were carried out to test the sensitivity of

the results to the various parameters. When the internuclear

distance was varied by 5%, the lifetime changed by less than 5%

in all cases. As discussed earlier, the mixing coefficients are

the parameters which contain the greatest uncertainty. To give

some idea of the sensitivity of our calculation to the percent

ionic character of the ground state, the radiative lifetime of each

mercury monohalide is plotted as a function of the mixing coef-

ficient in Figure 4. The value of the mixing coefficient inferred

from the electronegativity is indicated for each molecule in

17
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Figure 4. B -~X Radiative Lifetime of HgX* as a Function of
the Ionic Mixing Coefficient,
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Figure 4 by the cross. From our earlier arguments, we expect

these mixing coefficients in Table 2 to be overestimates, so that

from Figure 4 the calculated lifetimes are expected to be some-

what too small. This is consistent with the comparison between

theory and experiment for HgBr and HgI. The sensitivity of the

radiative lifetime to a variation of the mixing coefficient 8 can

be estimated from Figure 4. The 8 values used in the calculation

are observed to be larger than the 8 values inferred by the ex-

perimental measurements consistent with earlier discussion.
Finally, an estimate of the importance of effects such as

HgX* polarization and the broadband emission spectrum were con-

sidered and are included in Ref. 27. It should be pointed out

that spin-orbit effects have been neglected. While this effect

is expected to be small for HgC£, it may become more important

for the heavier halides HgBr and in particular HgI.

19
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C. HgX* QUENCHING BY Hg

Several studies have been undertaken to measure the heavy
particle quenching rate constant relevant to the mercury halide

(B2EI2 + 2 E l/2) laser system. These experiments involved the

measurement of either the steady state fluorescence or the time

resolved decay of HgX* fluorescence obtained from the photolysis

of HgX2 (
2 8'2 9'30 ) or the reaction of photolytically prepared

Hg(6 3p1) with CZ2.(31) However, because of difficulties inherent

in these experiments, there remains considerable uncertainty con-

cerning the rate of relaxation by Hg. A different approach was

taken to obtain an independant measurement of the Hg + HgX* rate

constant.

In the experiments reported in this letter, the HgC£*

(HgBr*) was prepared by reacting Hg + and C£- (Br-). The ionic

species were formed by electron beam excitation of a He/Hg/CCZ 4
(CF3Br) mixture. A schematic of apparatus is shown in Figure 5.

The reaction cell is made of aluminum, and is maintained at 290°C,

along with the quartz windows, by cartridge heaters in the cell

body and window mounts. The e-beam (14 A/cm2 , 250 KeV) enters the

cell through a 2 mil kapton foil. The pressure of mercury in the

cell was adjusted by controlling the temperature of the mercury

reservoir. The He and CCZ 4 (CF3Br) were premixed and preheated

in the filling manifold, and expanded into the reaction cell after

the Hg was added.

The HgCZ (HgBr*) fluorescence was measured using an RCA-
C7164R photomultiplier. An example of the fluorescence data is

shown in the oscillogram in Figure 6. The fluorescence signal is

observed to closely follow the envelope of the current trace
(smaller variations in the current trace result from signal mis-

match). Data used in analysis were taken at the peak signal value.
In order to eliminate x-ray and RF noise, the PMT was contained

in a RF shielded housing inside a lead box. Filters were used to

eliminate excited Hg line emission. In the case of HgBr*, this

filter was broadband and passed the entire HgBr* emission. A

20
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Figure 6. Oscillogram of a Typical HgC2Z* Signal and the
Associated Trace of E-Beai Current Density
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narrow band pass (2.2 nm) filter centered on the HgCi* band maxi-

mum was necessary to eliminate the nearby 246 nm Hg* line.

The principal reactions in the production of HgCt* are the

following.

Hg + ep - Hg+ +ep + e s  (1)

CCe 4 + e s - CCZ 3 + C9- (2)

+ kf
Hg + C- + M HgCk* (B) + M (3)

The primary electrons, ep, from the e-beam interact with

the Hg to form Hg plus secondary electrons, es . These low

energy electrons then interact with the CC£ 4 to form the C9.

The Hg and C£- then react in the presence of a stabilizing species2 +
M to form the B 21/2 state of HgCZ.

HgCk* can then either radiate or be deactivated to the ground

state by some quenching species Q,

HgCZ* T HgCX+ hv (4)

HgC£* + Q - HgC£ + Q (5)

The steady state solution of the corresponding rate equations

yield the following expression for the fluorescence intensity:

1+ (Hg 9,(Hg] (6)
HC, [HgC.*] = r + k2 rr[CCZ4 1 + k3 T r[He] + k1 T [Hgl

where

8 [Hg] = kf [Hg + ][CCI = Seb (7)

Rearranging this expression:

(Hg] kl tr (8)[Hg] = Q T + [Hg] 8

IHgCZ* [Hg

. iwhere

23
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where

Qr =1 + k2 'r[CC 4] + k3 Tr[He]. (9)

The rate constant k 3 for the quenching by Hg can thus be easily

obtained from a plot of [Hg]/IHgCZ* vs. [Hg]. The experimental

results analyzed in this manner are shown in Figure 7. The initial

evaluation of the k1 , Hg relaxation rate constant, from this plot

used the CCZ 4 rate constant k 2 reported in Ref. 28. The deviation

from linearity in the low Hg pressure region observed in Fig. 7

is due to the fact that, at these Hg pressures, a significant

fraction of the incident e-beam energy is absorbed by the He.

This results in an enhanced Hg + formation via a He + channel. As

a check of the experimental procedure, the quenching rate constant

for CCZ 4 was obtained from a plot of 1/IHgCt* vs. [CCZ 4 ]. The

experimental results plotted in this fashion are shown in Figure 8.

In this analysis the above value of k1 was used to determine the

CC 4 quenching rate constant k 2 . Similar experiments were performed

to determine the rate constants for the quenching of HgBr* by Hg

and CF 3 Br.

HgCZ* lasing mixtures are commonly .85/.12/.02/.0l Ar, Xe,

Hg, CCi 4 with a total density of 3 amagats. Under these conditions

the HgCk* is vibrationally relaxed into the lower vibrational levels

of the B 2Y2+ state. This being the case, the relative quenching1/2
rate constant is that associated with the quenching of these lower

vibrational levels. Spectra taken of the HgCZ* emission under

typical conditions, 20 Torr Hg, 5 Torr CC..4 , 200 Torr He showed

the structure characteristic of a vibrationally relaxed HgCZ*(B)

state. In addition, experiments were conducted which observed

HgC£* v' = 0 emission under varying He pressure. In Ref. 28 it was

shown that photolysis of HgCk 2 in 100 torr of He resulted in an

unrelaxed spectrum. However, increasing the He pressure up to 500

torr completely relaxed the spectrum. In the present experiment,

looking primarily at emission from v' = 0, a substantial increase
in fluorescence intensity with increasing He pressure was expected

as relaxation occurred. A significant increase was not observed,
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Hg CB (B) + Hg QUENCHING

1211111

IHe ) 100 torr

10 (C CJ4) 5 torr

kI r :9 xO 9cm3 r - 22.2 nsecjI

8k, 4t2 xI1011cm 3 sei'

(H g)
6

H9 Cj*

FORMATION

02
0 20 40 60 s0 100 120 140 160

H"01 (Hg1) torr

Figure 7. Plot of Experimental Data Showing Best Linear
Fit and the Resulting Quenching Rate Constant k
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Hg C1 *(B) + CC1 4 QUENCHING

(He) t00 torr
(Hg) z30 torr

7 - k2 T a 5x10 -1cm 3 Tr 22.2 n $*C)

k2 z Ix 16'0 cfm3 sec-1

6-

0 20 40 60 80 100 120 140 160

147700 (C C)) torr

Figure 8. Plot of Experimental Data Showing Best Linear
Fit and the Resulting Quenching Rate Constant k2
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D+

as shown in Figure 9, indicating that with the Hg + CC formation

process, and with the relatively high Hg pressures used in these

experiments, vibrational relaxation is complete on the time scale

of these experiments.

In light of recent experiments of XeF* quenching, (32 ) it is

necessary to investigate the possibility of electron quenching of

HgX*. Qualitative experiments to test for the effects of electron

quenching in this system were inconclusive. However, an analysis

of the kinetics show that under the conditions of the present ex-

periment electron quenching should be insignificant.

The electron quenching process adds the additional term

k er Tr es

to Q Tr in Eq. (9). In order for this term to be significant, it

must have a magnitude comparable to the other quenching terms. An

upper limit on the steady state secondary electron density can be

approximated by the expression:

[e [Hk]a (10)[ s  k ka [CCZ 4 ]

The numerator can be estimated from the e-beam characteristics

and the electron stopping power of Hg. Here, ka is the dissociative

attachment rate constant for es with CC 4 . This rate constant was

calculated to be - 1 x 10- 8 cm 3 sec - 1 from the energy dependence

of the cross section (3 3'3 4 ) and a Boltzmann code calculation of

the electron energy distribution. Using Eq. (10), an upper limit
12 -3on the secondary electron density is [es] ~ 2 x 10 cm - . In this

limit, ker would have to be greater than 1 x 10 cm3 sec to

influence the quenching rate constants measured in this experi-

ment. Since this is an unrealistically large rate constant,

corrections for electron quenching effects in this experiment are

not considered necessary.
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Figure 9. HgCt* Fluorescence vs Helium Pressure at Mercury
Densities Corresponding to 45.5 and 22.3 Torr
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The rate constants measured in these experiments are (18)
summarized in Table 3. The radiative lifetime of 22.2 nsec
was used to evaluate the rate constant involving HgCZ* and 23.7

(19,20)nsec for those involving HgBr*. Also included in Table 3
are the corresponding values obtained elsewhere. Note that

there is good agreement on those rate constants not involving Hg.

There is however an order of magnitude disagreement with Eden and

Waynant on the quenching of HgBr* by Hg. At this time there is

no explanation for this difference. However, as was pointed out

in Ref. 29, a rate constant 10- I1 cm3 sec is expected con-

sidering the corresponding quenching rates in the ArF*(3 5 ) and

XeF*( 36 ) excimer systems. In addition, the Eden and Waynant rate

constant for HgC£*(B) quenching by N2 was an order of magnitude

larger than other measurements.( 2 8,3 0 ) This suggests the

possibility that impurity quenching may be dominating their

measurement in some instances.
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TABLE 3. RATE CONSTANTS MEASURED FOR VARIOUS QUENCHING
REACTIONS. RESULTS FROM REFERENCED EXPERIMENTS
ARE SHOWN FOR COMPARISON.

Quenching Rate Constant Rate Constant
Reaction (present experiment) (ref. experiment)

(cm 3 sec- 1 (cm 3 sec- 1

HgCZ* + Hg 4.6 (±1) x 10-1

HgCZ* + CZ42.3 (±.3) x 10-1 1.6 x 10-1 (1)

-10
HgBr* + Hg 1.4 (±1) x 10 ~ 1.3 x 10 (2)

HgBr* + CF 3Br 1.2 (±.4) x 10- 1 8.9 x 10-1 (14)
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