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INTERPRETATION OF THE 180 nm EMISSION BAND 

OBSERVED IN THE SPECTRA OF DISCHARGE PLASMA 

OF Kr + IODINE DONOR COMPOSITION 

I. S. Lakoba, S. P. Chemov, and P. B. Essel'hakh 

A continuum band with the intensity maximum at 180 nm was detected in the 
emission spectrum of a discharge plasma of krypton with an admixture of iodine­
containing compounds. An analysis of the experimental data allows the band to 
be explained by a quasi-intersection of the potential curves of excited states of 
the Krl molecule, not observed earlier in monohalides of inert gases. 

During the study of the emission spectra of plasmas created by short (-10 ns) pulses repeated at a 
frequency of 50 Hz in krypton-based gas mixtures with additions of atomic iodine donors (12 and CF3I), 
we have detected a well reproducible continuum signal with the intensity maximum near A "' 180 nm. The 
contour of the continuum extends over the wings of the atomic iodine emission· at 1783, 1799, and 1830 A, 
and its apparent spectral width at half maximum is about 4 nm (Fig. 1). Much less often, and only in 
mixtures containing CF 3I, the spectra exhibit a band with the intensity maximum at A "' 190 nm, which 
was earlier attributed [1] to the transition B ..... X (Q = 1/2 ..... n = 1/2, where n is the orbital spin quantum 
number) in the exciplex (KrI)*. 

Casassa et al. [l] also detected bands of other, less intensive transitions in the Krl molecule (C-+ A 
and B -+ A), which were shifted to longer wavelengths relative to the B ..... X transition. The radiative 
states B('2 = 1/2) and C(Q = 3/2) are the Coulomb states, i.e., the ones with the dissociation limits 
Kr+(2 P312) and I-(1 So). The group of lower Coulomb states also includes the state D(Q = 1/2) that 
correlates with the combination of atomic terms Kr+(2 P112) + J-(1So). The radiative transition D ..... X has 
been experimentally observed in some molecules of inert gas monohalides (see, e.g., [2, 3]). However, the 
continuum band at 180 nm detected in our experiment cannot be attributed to the transition D ..... X of 
the KrI molecule, because the difference between the energies of the transitions D ..... X and B ..... X usually 
exceeds [2, 3] the energy of the spin-orbit splitting of the ground term of the inert gas (for Kr+ this value is 
- 0.67 eV). 

The continuum emission at 180 nm (and 190 nm) was not observed in excited media containing helium, 
argon, and xenon instead of krypton. This implies that the observed phenomenon cannot be explained by 
emission from (Krl)* molecules of the bound molecular states correlating, at an infinitely large distance, 
with the excited levels of the iodine atom. Indeed, if this were the case, the spectra of the xenon-iodine 
donor mixtures would exhibit a similar continuum signal shifted to longer wavelengths and, probably, more 
intensive (due to higher polarizability of the Xe atom). This trend was observed, in particular, for signals of 
(ArOH)*, (KrOH)*, and (XeOH)* exciplexes correlating with the lower excited state of hydroxyl [4]. 

In the studied media, the most probable uncontrolled impurities are air components, including the 
water vapor, and volatile hydrocarbons that can be formed, e.g., upon destruction of the materials of glued 
joints and sealing spacers (used in the discharge cell) during their contact with the plasma. Earlier [5] 
it was established that the effect of hydrocarbons on the spectra of the discharge plasma is restricted to 
the appearance of lines due to the atomic carbon. Intentional admission of atmospheric ·air ( - l % ) to 
the Kr + iodine donor mixtures produced quenching of the continuum at 180 nm. Estimates based on the 
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Fragments of the emission spectra of krypton-iodine plasmas: (1) Kr+ CF al mixture (200 : 
1, pressure 0.7 atm, monochromator slit width 0.35 mm); (2) a mixture of krypton with 
saturated vapors of molecular iodine (pressure 0.8 atm, monochromator slit width 0.3 mm). 

analysis of published data [2, 3, 6] suggested (by analogy with [5]) that the new signal could also be due 
to the transition of the (KrOH)* exciplex from a lower Coulomb state Kr+ OH- to the unbound ground 
state. However, adding vapors of hydroxyl donors, such as water and formic acid, to krypton-iodine mixtures 
was only accompanied by decreasing intensity of the continuum emission under consideration. Therefore, it 
is hardly probable that this emission can be due to the formation of radiative electron-excited compounds 
between krypton and molecular fragments of the aforementioned uncontrolled impurities. 

It is not inconceivable, in principle, that the signal at 180 nm can arise from 12 molecules or their van 
der Waals complexes with krypton atoms (although no such data were found in the literature). For this 
mechanism to occur, we must assume that the excited atoms or dimers of krypton can selectively occupy 
some bound state of the 12 molecule. However, the fact that the continuum at 180 nm is also observed in 
Kr + CF sl mixtures casts doubts as to the validity of this hypothesis. 

Apparently, the only consistent explanation is still that considering the (Krl)* molecules as the source 
of the new signal detected in the emission spectrum, assuming that the radiative state responsible for this 
continuum emission is due to the interaction of one of the lower Coulomb states ( B or C) with a repulsive 
state of I*Kr (correlating with an excited level of the iodine atom). These states have the same spin-orbit 
symmetry, according to the rule of nonintersecting terms. Figure 2 shows a schematic diagram of the 
potential curves illustrating the origination of this radiative state. Probably, such interactions can be the 
reason for unobservability of the B - X (and the other) transitions in the molecules of neon monohalides 
(except for NeF) and argon monoiodide. According to estimates, the wavelength of the B - X transition 
in the (Ari)* exciplex must be about 150 nm, but we failed to detect a signal that could be attributed to 
this transition. An additional result of the work was the observation of rather intensive continuum emission 
due to B - X transitions of KrF and ArF molecules in the Kr+ CFsl and Ar+ CFsl mixtures. 
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Fig. 2 

Proposed scheme of interaction between the excited states of the Kr I molecule. The potential 
energy curves refer to the state D (1), unperturbed Coulomb state B or C (2), unperturbed 
repulsive state correlating with the excited iodine atom (3), and the states appearing during 
the interaction and responsible for the continuum emission at 180 and 190 nm (4, 5); R is 
the internuclear distance and E is the energy. 

The experimental conditions and the experimental setup were essentially the same as described earlier 
[5, 7). The inert gases were of a special purity grade. The 12 vapor pressure in the discharge cell did not 
exceed 0.15 Torr. In the mixtures of Kr+ CFsI (and also of He, Ar, Xe+ CF3I and Kr+ OH donor), the 
molar ratio of components ranged from 100 : l to 200 : 1. The gas pressure in the cell varied from 0.05 to 
0.8 atm. 
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