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The absolute cross sections for different electronic exit channels for the reactions Mg*(3P), 
Ca*(3P) + SOCI2 were measured in a beam-gas experiment. The chemiluminescence and chemi-
ionization yields measured are low (total 2%) but equal or are even higher for some channels than 
those calculated from a statistical model. 

Introduction 

A method developed b y Dagdig ian [1], and inde-
pendently b y Telle and B r i n k m a n n [2], enables the 
measurement of chemiluminescence yields in excited 
atomic beam reactions. T h e method appl ied for all 
chemiluminescence channels a n d combined with 
chemiionization y ie ld measurements [3, 4] gives a 
complete information on t h e electronic branching 
ratios. 

T h e reactions of ground state Mg a n d Ca-atoms 
wi th SOCI2 are dark and g ive no measurable ion 
signal while exc i tat ion of the metal a t o m s leads to 
production of l ight and chemiions. I n this report 
we give absolute cross sections for the product elec-
tronic channels 

M * ( 3 P ) + R C 1 ^ - ° ^ M C 1 ( X 2 2;) - f R , (1) 

MCI (A277. B 2 S , C277) + R , 

(2) 

— ^ M C 1 + + R - , (3) 

where M = Mg, C a ; R stands for SOC1, and o f o t , 
or*L(i) and a1*! are absolute cross sections for ground 
state, exci ted i - th state, and ion formation, respec-
t ive ly . T o expla in part of the results w e postulate 
certain limits on the electron af f in i ty of the S0C1-
molecule. 

A comparison of the experimental electronic 
branching w i t h the statist ical model [5, 6] shows 
t h a t energetical ly lower electronic ex i t channels are 
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statistically populated whereas channels for which 
almost the whole avai lable energy is transferred into 
electronic exci tat ion are highly overpopulated. 
Similar surprisals were also observed for some other 
reactions reported previously [4, 7]. 

Experiment 

The excited metal beam source and v a c u u m 
chamber have been described in details elsewhere 
[8]. T o measure absolute cross sections we fol lowed 
k n o w n methods [1, 2, 4]. W e assumed t h a t 2 0 % of 
the metal atoms in the beam are in the metastable 
3 P j states (after B r i n k m a n n et al. [9]). Pressures of 
SOCI2 were measured wi th a capacitance manom-
eter (sensitivity 1 0 - 4 Torr) in the range 10 4 = 
3 • IO-3 Torr. 

T h e excited beam of Ca contained also a small 
fract ion of atoms in the metastable XD2 state, how-
ever the role of these atoms in the reaction h a v e 
been neglected since t h e y a m o u n t e d to o n l y one 
hundreth of the exci ted reactants . Nevertheless, we 
took the opportuni ty to measure the at tenuat ion 
cross section for 1D2-atoms also. 

Results and Discussion 

T h e total cross sections measured are g iven irj 
Table 1. The values obtained from the 3 P i - m e t a -
stable decay and from the chemiluminescence agree 
v e r y well for both metal reactants . In the case of 
C a * the agreement confirms t h a t the main part of 
the chemiluminescence arises f rom the react ive col-
lision in which C a * ( 3 P ) takes place, while C a * ( ! D ) 
gives a possible small contribution to the l ight ob-
served. 
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Table 1. Total attenuation cross sections ert*t [in A2]. 

a b c 

Mg* ± SOCI2 58 ± 9 58 ± 12 
Ca* + SOCI2 43 ± 6 tin • ti 47 ± 6 

Results obtained: a from the attenuation of the 3 P i — xSo 
spectral line, b from the attenuation of the XD2—1So 
spectral line, c from chemiluminescence. 

A comparison of the values of the attenuation 
cross sections shows that 

a * t ( M g * ( 3 P ) ) ^ a f o t ( C a * ( 3 P ) ) . 

It disagrees with the electron-jump model ("har-
pooning"), usually applied for this type of reaction. 
According to the model, the Ca*(3P)-atom with its 
ionization potential I .P. (Ca* (3P)) = 97 kcal/mole 
should be more strongly attenuated than the 
Mg*(3P)-atom which has I.P.(Mg*/3P) = 113 kcal/ 
mole. A quantitative comparison of our data with 
the electron-jump model is impossible, because the 
value of the vertical electron affinity of the SOCI2 
molecule is not available in literature, so we can 
not calculate the total cross sections for "harpoon-
ing". 

Absolute cross sections for chemiluminescence 
from an electronic state i, o*L(i), and for chemi-
ionization o*j , together with corresponding photon 
yields defined as = (T*L(i)/ofot and = 
a*ilofot, are collected in Table 2. The photon yields 
for chemiluminescence and chemiionization total 
2 % for both metals, despite the fact that electronic 
excitation consumes rather different amounts of 
energy released in the reactions (an 90% for Mg and 
«ü50% for Ca, respectively). Compared to the effi-
cient reaction Ca* + Cl2 , w h e r e = (39.0 ± 6.3)% 
[2], the photon yields for chemiluminescence in the 
SOCI2 reactions can be considered as low. 

A close look at Table 2 reveals an interesting 
situation in the CI- and CL-photon yields. For 
magnesium (Mg) is higher than (Mg) by an 

Mg** RCI 
20 r Reactants Products 

? 
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Cat^bRCI 

CaCI*iB)'R CaCI+'R~ 

Mg * RCI CaCI*tAl'R 

MgCKXI.R 

Fig. 1. Energy diagram for the reactions studied (R stands 
for SOC1). Zero on the energy scale corresponds to dissocia-
tion into M -f- R + CI. Solid lines represent well known ener-
gy levels of the reactants and products, dashed lines mark 
the postulated energies of chemiionization levels. 

order of magnitude; on the contrary 0 * T ( C a ) < 
0^L(Ca), and moreover (Mg) > 0 ^ ( C a ) . These 
results can be explained as due to specific energetics 
of the chemiluminescence and chemiionization chan-
nels. A schematic energy diagram is given in Fig-
ure 1. It is based on dissociation energies taken from 
Rosen [10], excitation energies from Moore [11], 
and ionization potentials 

I.P. (MgCl) = (154 ± 7) kcal/mole, 

I.P.(CaCl) = (128 ± 7) kcal/mole 

after Wren [12]. Because of the lack of literature 
data on the electron affinity of the SOC1 molecule, 
E.A. (SOC1), we can not place definitely the chemi-
ionization levels for both reactions. Howrever, ruling 
chemiionization levels like in Fig. 1 (dashed lines) 
clears the situation in Table 2, if we remember 
that in all know-n reactions the photon yield of 
a lower electronic state is higher than that of an 

Table 2. Absolute cross sections for chemiluminescence1 cr*L(i) and chemiionization15 cr*r [in Ä2 ] and corresponding photon 
yields 0 c\(i) and ®*cl [in % ] . 

MCI* (A state) MCI* (B state) MCI* (C state) MC1+ formation 

< (A) <Z>c\(A) < (B) ^CL(B) Orl (C) <Z>c\(C) Cci 

Mg* ± SOCI2 0.10 0.18 0.86 1.5 
Ca* + SOCI2 0.86 1.9 0.10 0.23 0.010 0.023 0.20 0.47 

a Experimental error: ± 3 0 % . b Experimental error: ± 5 0 % . 
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fi 
Fig. 2. Surprisal plot of electronic product state distribu-
tions (explanation see in text). The points found using the 
postulated energies of chemiionization channels are drawn 
with dashed lines. 

upper one. Thereby we postulate certain limits on 
the value of the E.A.(SOCl). These limits, that can 
be written in the form 

E . A . (SOC1) = (80.2 ± 8.8) kcal/mole, 

are calculated as the differences between ionization 
potentials of the product radical (MgCl or CaCl) 
and the postulated energy of a given chemiioniza-
tion channel from Figure 1. The upper limit is 
probably overestimated, since we can expect 

E.A.(SOCl) to be lower than the electron affinity 
of the CI atom, i.e. (83.3 ± 0 . 2 ) kcal/mole [13]. 

T o compare the obtained branching ratios with 
the statistical model [5, 6] the negative surprisal 
plot is presented in Figure 2. Assuming reactive 
collisions only, we can write the negative surprisal 
as — I = In of/cr°, with RRHO-pr ior a® & gt • 
(E'tot — E'I)7 for the i-th electronic state with 
energy E\ and degeneracy gi, where E'tot is the 
total energy available to products (of above stands 
for both and (j*j). The negative surprisal is 

plotted against ft = E i IE ' t o t , i .e. the fraction of 
available energy present as product electronic ex-
citation. As shown in Fig. 2, the production of the 
A and B excited states of CaCl agrees with that 
from the statistical model, while the production of 
CaCl* (C) and MgCl*(A) is faster than expected by 
a factor of 103. The dashed points on the surprisal 
plot were calculated for chemiionization channels 
in order to check the value of E.A.(SOCl) sug-
gested above. As one can see from Fig. 2, they fit 
well to the solid points obtained from chemi-
luminescence. 

A t present wre can not explain Avhy the channels 
with higher fi-values are overpopulated relative to 
the statistical model. The effect is probably due to 
reaction dynamics. A similar non-statistical "reso-
nance" in electronic energy transfer wras also ob-
served in analogous reactions of Mg* and Ca* with 
hexafluorides [7] and some halogens [4]. 
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