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Charge states and energy convertion in atomic
and molecular cryocrystals

In spite of detailed investigation of electronic excitations in atomic and molecular cryocrystals [1,2]
the properties and dynamics of charge states, accumulation of uncompensated charge in the samples
remained almost unexplored. Our group developed special techniques for investigation of charge states in
cryocrystals. It was applied to rare gas solids and solid nitrogen. The correlated in real time measurements
of spectrally resolved thermally stimulated luminescence, exoelectron emission, and the desorption yield
were performed in combination with cathodoluminescence.

Condensed noble gases as well as solid nitrogen are used as detectors of ionizing radiation and
moderators. Interest in research of solid nitrogen is associated with the prospect of its application as a
high energy-density material. Investigation of radiation effects in solid nitrogen and rare gas solids is of
high interest for astrophysics.
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B.E. Bongbi6en, U.B. XvxHbin, E.B. CaByeHKo
3apapoBbie COCTOAHUA U Npeobpa3oBaHue 3Heprum
B aTOMHbIX U MOJIEKYNAPHbIX KPMOKpUCTannax

HecMoTpA Ha MHOrouncneHHble uccneoBaHWA, CBOMCTBA U AMHAMUKa 3apAA0BbIX COCTOAHMIA OCTa-
loTcA He nccnepoBaHHbIMK. Hala rpynna paspaboTana cneuuanbHylo MeTOAVKY UCCIef0BaHNA 3apAj0-
BbIX COCTOSIHWUIA B KpUoKpucTannax. Hamu 6bina AoCTUrHYTa CBEPXBbICOKAA MIOTHOCTb 3apAA0BbIX LieH-
TpoB - 1015-1016 cm?® B KproKpurcTannax npy 06ay4eHUN 3MEeKTPOHHBIM NMy4yKoM. Mbl MoKasanu, 4To
N306bITOYHbIE 3/IEKTPOHbI JIOKan130BaHbl BONM3M NOBEPXHOCTM 00pa3La, a MoNOXKMUTENbHO 3apsKeHHble
LIeHTPbI - Ha rpaHuLLe Mexay 06pa3LoM 1 MOAN0KKON. TePMUYECKN CTUMYNMPOBAHHOE M3JyYeHne 3K303-
JIeKTPOHOB TBEp/AbIM a30TOM Oblfio 06HapyxeHo BrepBble. Takke HaMu Obin 06Hapy»KeH HOBbIV HeOObIY-
HbIl 3((eKT HU3KOTEeMMNepaTypHOI «nocCT-Aecopbunm» npeBapuTeNbHO 06/y4EHHbIM TBEPABIM a30TOM.
3KcnepuMeHTaNbHO LeMOHCTPUPYeTCA NPONCXOXAeHMe 3Toro addeKTa BCieACTBMNE BAUAHNA TOKaAN30-
BaHHbIX 3apAA0BbIX COCTOAHWUI B KPUOKpUCTaNnax.

KnioueBble cnoBa: 3apAaf0Boe COCTOAHME, KPUOKPUCTa, TBEp/AbIN @30T, N3/y4eHne 3K303/1eKTPOHOB.

B.E. BoHpabi6en, N.B. XvxkHbii, E.B. CaBueHko
ATOMABIK X3He MoeKyJaNblK KpUOKpUCTaNAapAaFbl
3apAATanFaH Kyi XKoHe 3HepruAHbIH TypJieHyi

KenTtereH 3epTTeynepre yprisince fe, 3apagTanfaH KyinephiH KacueTTepi aHe AMHaMUKachbl
ani ae 3epTTenMereH 6osbin Tabbinaabl. bizgiH ToGbIMbI3 KpUOKpUCTanzapaarbl 3apsATanfaH Kynaid
apHalibl 3epTTey ajaicTeMeciH Kacan wWblFapabl. bi3 3n1eKTpoHAbI WOFbIpPMEH cayneneHiipe oTbIpbin,
3apsiATaNfaH LeHTpAiH aca xofapbl Tbifbl3ablfbiHa = 1015-1016 cM3 Kon KeTKi3gik. bis apTbiK 31eKTpoH-
Jap yAriHiH 6eTiHiH MaHalblHAA, an OH 3apsATaNfaH LeHTpAep — Y/Iri MeH TeCeMeHiH apacbiHAafbl WekKa-
pafa LeKTeTiNeTiHiH KepceTTiK. KaTTbl a30TneH 3K303/1eKTPOHAAPAbIH TEPMUANBIK bIHTaNaHAbIpbIIFaH
cayneneHyi anfawkbl peT aHbiKTanabl. CoHbIMeH KaTap, 6i3 anablH ana cayneneHgipinreH KatTbl a3oT-
neH TeMeH TeMnepaTypasbl «nocTaecopbuma» fereH xaHa epekie 3¢ heKTTi aHbIKTaabIK. byn addeKTiH
KpUoOKpUcTanaapiafbl 3apagTanfaH KynnepaiH WeKTeTinreH acephiH HaTvKeciHeH GonaTtbiHbl Taxipube
Xy3iHAe KepceTineai.

TyiiH ce3pep: 3apaaTanfaH Kyi, KPUOKPUCTa, KaTTbl @30T, 3K303/1eKTPOHAAPAbIH CayNeneHyi.
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10 Charge states and energy convertion in atomic and molecular cryocrystals

In spite of detailed investigation of electronic
excitations in atomic and molecular cryocrystals
[1,2] the properties and dynamics of charge states,
accumulation of uncompensated charge in the
samples remained almost unexplored. Our group
developed special techniques for investigation of
charge states in cryocrystals. It was applied to rare
gas solids and solid nitrogen. The correlated in real
time measurements of spectrally resolved thermally
stimulated luminescence, exoelectron emission, and
the desorption yield were performed in combination
with cathodoluminescence.

Condensed noble gases as well as solid nitrogen
are used as detectors of ionizing radiation and
moderators. Interest in research of solid nitrogen
is associated with the prospect of its application
as a high energy-density material. Investigation
of radiation effects in solid nitrogen and rare
gas solids is of high interest for astrophysics. An
overview of phenomena affected by charge states

in atomic and molecular cryocrystals is presented.
We achieved ultrahigh density of charge centers —
1015-1016 cm-3 in cryocrystals under irradiation
with an electron beam. The charge distribution
was found to be inhomogeneous. We have shown
that excess electrons are localized near the surface
of the sample and positively charged centers are
on the boundary between the sample and the
substrate. The thermally stimulated exoelectron
emission from solid nitrogen was detected for the
first time [3]. It was found that the main exothermic
reactions at low temperatures are electron-ion
recombination ones. Energy conversion processes
and nature of charge states involved are discussed.
A new unusual phenomenon was observed — low
temperature «post-desorption» from pre-irradiated
solid nitrogen. Its mechanism is suggested. We
demonstrated experimentally that localized
charge states in cryocrystals are the key species
responsible for the effect.
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