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10th International Conference on Cryocrystals and Quantum Crystals
August 31-September 7, Almaty, Kazakhstan

The 10th International Conference on
Cryocrystals and Quantum Crystals(CC2014) is
organized in Almaty (Kazakhstan) by Ministry
of Science and Education of the Republic of
Kazakhstan, National Academy of Science of the
Republic of Kazakhstan, al-Farabi Kazakh National
University, and Scientific Research Institute of
Experimental and Theoretical Physics.

The Conference on Cryocrystals and Quantum
Crystals (CC) dates back to 1979, when the first
national USSR meeting dealing with cryocrystals
and quantum crystals was organized in Viljandi,
Estonia by V.G. Manzhelii (Verkin Institute for
Low Temperature Physics and Engineering NASU)
and A.F. Prikhot’ko (Institute of Physics NASU).
The subsequent biannual meetings were held in
Kharkov (Ukraine), Almaty (Kazakhstan), Donetsk
(Ukraine) and Odessa (Ukraine).

The Almaty meeting of 1995 was organized by
Kazakhstan National University as an international
event. Since then the CC Conference had acquired
international status becoming an important
international forum for presenting new results on
physics and chemistry of atomic and molecular
solids. The great merit in achieving of this goal
belongs toProf. Vadim Manzhelii and Prof. Horst
Meyer, the co-chairs of the first International CC-
1995.

The next two CC conferences were held in
Poland, in Polanica Zdr6j (September 1997) and
in Szklarska Porgba (August 2000). The venues of
the next CC conferences were Freising (Germany)
in 2002, Wroctaw (Poland) in 2004, Kharkov
(Ukraine) in 2006, Wroctaw (Poland) in 2008,
Chernogolovka (Russia) in 2010. The ninth CC2012
conference was held in Odessa (Ukraine).

The scope of CC is wide, including, but not
limited to,

— thermodynamic and mechanical properties of
cryocrystals and quantum crystals;

— order-disorder phenomena

— optical and neutron spectroscopy of cryocrystals

— high-pressure studies of cryocrystals and
quantum crystals

— charged species in cryocrystals and quantum
crystals

— phenomena at the surface of quantum fluids
and solids

— impurity-helium condensates

— matrix isolation in cryocrystals

— ultrafast dynamics in crystals

— crystalline and amorphous films, nanoscale
systems

— supersolid state

— new emerging materials

— technological applications and instrumentation

CC-2014will be a forum where ideas on various
aspects of the physical, chemical and technological
properties of solidified gases and other relevant
materials can be exchanged and where top experts
in the field can meet.

A few Public Lectures are planned to be
presented at CC2014. It is expected that majority
of the attendees will arrive from outside the host
country. In this regard, the Organize Committee is
planning to announce a competition among young
scientists up to 28 years for conference participation
grants (to be announced later).

Please check the Almaty-CC2014.kz home page
regularly for updates on pertaining information.

During the preparatory stages of CC-2014,
former and would-be CC participants voiced a
suggestion to hold the CC-2014 conference as an
event in commemoration of Prof. Vadim Manzhelii,
who was the main force in the organization of all
Cryocrystals meetings.
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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.

Key words: charge state, cryogenic, solid nitrogen, radiation exoelectrons.

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.

References

1 K.S. Song and R.T. Williams, Self-Trapped Excitons, Springer Series in Solid State Science, Vol. 105, Springer-Verlag,

Berlin (1996).

2 Physics and Chemistry at Low Temperatures, Leonid Khriachtchev (ed.), Pan Stanford Publishing (2011), p. 341.
3 L Khyzhniy, E. Savchenko, S. Uyutnov, G. Gumenchuk, A. Ponomaryov, V. Bondybey. Radiation Measurements 45 (2010)

353-355.
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N.S. Mysko®, V.V. Danchuk, A.A. Solodovnik

B. Verkin Institute for Low Temperature Physics and Engineering of National Academy
of Sciences of Ukraine, 47 Lenin ave. Kharkov 61103, Ukraine
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Claster model of N, — Ar, CO — Ar cryoalloys. Comparative analysis

Cryocrystall solutions formed of linear molecules with atomic components are of considerable
interest as convenient model systems. It is known that in some cases Vegard's rule and Prigogine theory
are insufficient and in this connection novel approaches are needed. One of the deviations from an ideal
solution manifests itself through the anomalous behavior of the lattice parameter as a function of the
composition. For explanation of the unusual concentration dependence of the lattice parameter in CO, -
Ar alloys the cluster model was used.

Key words: cluster model, cryogenic, electron diffraction.

H.C. Mucbko, B.B. JaHuyk, A.AA. ConofoBHMK
KnactepHasa mogensb N, - Ar, CO - Ar
KPUOTreHHbIX NpUMeceil, CpaBHUTENbHbIN aHanu3

PacTBOpbl KpOKpKCTannoB, 06pasoBaHHbIe IMHENHBIMY MOJIEKYlaMy C aTOMHbIMU KOMMOHEHTaMu,
NpeACTaBAAOT 0cobbIf MHTEpeC B KayecTBe MOAENbHbIX cucTeM. [inA 06bAcHeHMA HeobblyHOro 3 deKTa
3aBMCMMOCTY NapaMeTpa pelleTKN oT KoHueHTpauum B cniasax CO, - Ar 6bina ncnonb3osaHa KnacTtep-
HaA MoJenb, y4UnTbIBatOLasA He TOJIbKO M30TPOMHOEe B3aUMOoAeNCTBME MeXay YacTMLaMm, HO TaKkxke 1 Ha-
JINYMEe aHM30TPOMHbIX CUJT B MOJIEKYIAPHBIX MaTpuuax. MeTogamMu 3neKTpoHHONM AMGPaKUMM n3MepeHa
3aBMCUMOCTb NapaMeTpa peLlleTKN OT KOHLeHTpaumm B cucteme asoTt-aproH npu 20 K. VzyyeHo BanaHme
MapHbIX 1 TPOVMHBIX KIAaCTepoB Ha NMapaMeTpbl pewweTKy pacTBopa. PaccMoTpeHbl NPUUMHBI CKaXeHUs,
cBA3aHHbIe C Hannunem Knactepos B pacteopax N, - Ar, CO - Ar.

KnioueBble cnoBa: knactepHas MoAesb, KPUOKPUCTA, 3/1eKTPOHHAsA AUdpaKuus.

H.C. Mucbko, B.B. JaHuyk, A.AA. ConofoBHMK
N, - Ar, CO - Ar KpuoreHai KocnanapablH Knactepnik Moaeni,
cajbiCTbipManbi Taagay

ATomgbl KypayLbinapbl 6ap cbi3bIKTbl MONleKynanapiaH Ty3inreH KpMoKpucTanaapablH epiTiHainepi
MozenbAiK XKyie peTiHje epeKLle Kbi3bIFyLbIbIK Tyabipaabl. Top napameTpinii CO, - Ar KyiiManapbiHAafbl
KOHLleHTpaumAFa TayenainiriHiy epeke addekTiciH TyciHaipy ywwiH 6enweKTepAiH apacbiHAafFbl M30TpoOn-
Tbl 9ceprecyii faHa eMec, COHbIMEH KaTap MoJieKynablK MaTpuLanapiafbl aHU30TPONTbI KyWTiH 6ony-
blH eCKepeTiH KiacTepiik MogeNb KonaaHblnabl. SnekTpoHabl audpakuus agicived 20 K temnepaTtypa-
[la a30T-aproH XyneciHae Top napameTpiHiH KOHUeHTpauusFa Tayenginiri enweHai. XynTbiK aHe yWTiK
KnacTepiepaiH epiTiHaiHiH Top napameTpine acepi 3epttengi. N, - Ar, CO - Ar epiTiHginepiHae knacTepain
6onybiHa 6ainaHbICTbl KaTenepaiH cebenTepi KapacTbipblagbl.

TyniH ce3snep: KnacTepnik Mofienb, KPUOKPUCTAN, INEKTPOHAbLI AN PaKLUA.

Cryocrystall solutions formed of linear mol-
ecules with atomic components are of considerable
interest as convenient model systems. It is known
that in some cases Vegard’s rule and Prigogine the-
ory are insufficient and in this connection novel ap-
proaches are needed. One of the deviations from an

ISSN 1563-034X

ideal solution manifests itself through the anoma-
lous behavior of the lattice parameter as a function
of the composition. For explanation of the unusual
concentration dependence of the lattice parameter
in CO, — Ar alloys the cluster model was used. This
semiquantitative theory takes into account not only

KazNU Bulletin. Physics series. Ne3 (50). 2014



12 Claster model of N2 — Ar, CO — Ar cryoalloys. comparative analysis

isotropic interaction between particles, but also
the presence of anisotropic forces in the molecular
matrices [1]. In recent study on the CO, — Kr solu-
tions the theoretical analysis [2, 3] considering three
mechanisms of interaction of Kr cluster with crys-
talline environment of CO, matrix was in a good
agreement with the experiment. The possibility to
study not only molecular matrix but and atomic may
be realized in an investigation of nitrogen — rare gas
alloys. According preliminary results [4] the theory
describes well the behavior concentration depen-
dence of the lattice parameter only for Kr in o — N..
Additional experimental data are needed for N -Ar
system. The comparison with CO-Ar alloy is inter-
esting because this system is nearest analog. N, and
CO have identical crystal structures, however the
barriers which hinder the rotation of the molecules
in an o — N, lattice are almost twice as small as in
o — CO [5]. Observations were carried out in a stan-

dard electron diffractograph equipped with a helium
cryostat. The deposition regime was chosen in or-
der to obtain random distributions of impurity. The
samples were grown in situ by depositing gaseous
mixtures on Al substrate at T=20 K. The error in the
lattice parameter measurements was usually 0.1%.

Detailed electron diffraction studies have been
carried out for the nitrogen-argon system. The con-
centration dependence of the lattice parameter are
measured at T=20 K for low concentrations. Using
this data and obtained earlier [6] the relative lattice
parameter change per unit impurity fraction is de-
termined for investigated systems. The influence of
pair and triple clusters on the lattice parameter of
solutions has been studied. The distortion mecha-
nisms related with the presence of clusters in the
N,-Ar, CO-Ar solutions are examined.

The authors are grateful to M.A.Strzhemechny
for discussion of the problem.
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Do tunneling states and boson peak persist
or disappear in extremely stabilized glasses?

We have investigated how extreme thermal histories in glasses can affect their universal properties
at low temperatures. In particular, we have studied two materials which allow us to access highly-stable
glassy states, as well as their corresponding conventional glasses, in two different ways: (i) amber [1],
the fossilized natural resin, which is a glass which has experienced a hyperaging process for about one
hundred million years; and (ii) ultrastable thin-film glasses of indomethacin [2] (an organic molecule
commonly used in pharmaceuticals), prepared by physical vapor deposition at temperatures around 85%
of its glass-transition femperature.

Key words: indomethacin, ultrastable glass, two-level system, the glass transition.

M.A. Pamoc, T. MNepec-KacTaHeaa, P.[. XumeHes-Proby,
C. Poapures-TuHoko, [. Pogpures-Bueiigxo
CoxpaHAITCA N TYHHE/IbHble COCTOAHUA U 6030HHbIE MUKKU
B CBEpXCTabuanM3npoBaHHbIX cTeKnax?

Hamu ncenepoBaHo BAMAHME HU3KMUX TeMMnepaTyp Ha yHMBepcalibHble CBOWCTBA CTEKOJ, @ UMEHHO,
AHTapb 1 cBepXcTabuibHble TOHKOMIEHOYHbIEe CTeKIa MHAOMEeTaLMHa.

MbI n3yyanu obpa3subl AHTapA, Bo3pacT KoTopbix 110 MunnmoHoB net, obbitbie B 3nb Connao (KaH-
Tabpus, MicnaHus). UsmepeHus yaenbHol TennoeMkoct Cp HETPOHYTbIX, YHaCTUYHO UM NMOSHOCTBIO OMO-
NOXeHHbIX 06pa3L0oB NPoBOAMANCH B TeMnepaTypHoM AnanasoHe 0,07 K<T<30 K, a Takxe npu Temnepa-
Type cteknonepexoga Tg 150C. MyTtem cpaBHeHUs ABYX BUA0B BbICOKOCTaOUIbHBIX CTEKOJ Mbl MPULLIIN
K BbIBOAY, YTO MCYE3HOBEHWE TYHEIMPYIOLLMX ABYXYPOBHEBbLIX CUCTEM B CBEPXCTAOMIBbHBIX TOHKUX NieH-
Kax MHAOMeTaLnHa MOXeT ObiTb BCieAcTBUE KBasn-2D 1 aHM30TPOMHOro NoBefeHNs 3TUX CTeKOJ, YTo
MOXeT, B CBOI 04epe/ib, ObITb NOATBEPKAEHNEM UAen (OHOHHOIO B3aUMOAENCTBUA MeXAy ABYXYPOBHe-
BbIMU cucteMamuy, npegnoxeHHon C.C.HO n A k. JlegxeTToMm.

KnioueBble cnoBa: MHAOMeTaLH, CBEpXCTabuiibHble CTEKNA, ABYXYPOBHEBbIE CUCTEMbI, CTEK/IONEPEXOS,

M.A. Pamoc, T. MNepec-KacTaHeaa, P.[. XumeHes-Prooy,
C. Poapures-TuHoko, [. Pogpures-Bueiigxo
Aca TypaKTaHAbIpbUIFaH WbiHbINApAaFbl TYHHENbAIK XKaFaannap
)9He 6030HAbI WbIHbI cCaKTanaabl Ma?

bi3 TemeH TeMnepaTypa KesiHAe WbIHbINAPAbIH TeMNepaTypacbiHblH ©3repiciHiH 0NapAblH epeKiue
KacueTTepiHe acepiH 3epTTeAik. ATan anTKaHAa, eKi 3aTTbl @) KAPINTacTbl XaHe 3) MHAOMETALMHHIH aca
TYPaKTbl )KyKa KabblKLWabl WhbIHbINAPbIH 3epTTesiK.

biz 110 munnuoH xbin GonfFaH, 3nb Connaoga (KaHtabpus, WcnaHus) TabbinFaH KapinTacTbiH
yariciH 3epTTesik. bypbiH KongaHbiiMaFaH, GesweKTeli HemMece TOJbIFbIMEH KacapTbUIFaH Yarinepain
MeHLWIKTi XblnycblinbiMabbIFbiH Cp enwey 0,07 K<T<30 K TemnepaTtypanbiK Auana3oHfa, COHbIMeH
katap Tg 150C weIHbl aybicy TeMnepaTypacblHAa XKyprisingi. ofapbl TypaKTaHAbIpbINFaH LWbIHbIHbIH
eKi yAriciH canbicTbipy }onbIMeH 6i3 MHAOMEeTaUMHHIH aca TypaKTaHAbIpbIFaH XyKa KabblKlanapbiHaa
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14 Do tunneling states and boson peak persist or disappear in extremely stabilized glasses?

eKi AeHrenni TyHenbaeywi xynenepaiH xofanybl, o3 Keseringe C.C.HO xxaHe AJIx. JlepxeT ycbiHFaH eKi
DeHrenni xynenepai apacbiHfarbl 83apa GOHOHAbIK acepnecy MAEACbIH PaCcTalTbIH, OCbI WbIHbINAPAbIH
kBa3n-2D xaHe aHM30TpoNTbl TAPTiOiHIH acepiHeH 6oaybl MyMKiH AereH KOpPbITbIHAbIFA KeNAiK.

TyWiH ce3aep: nHAOMeTALMH, aca TypaKTaHAbIPbIIFaH LWbIHbLNAP, €Ki AeHreni Xylenep, WbiHblaybICy.

We have investigated how extreme thermal
histories in glasses can affect their universal
properties at low temperatures. In particular,
we have studied two materials which allow us
to access highly-stable glassy states, as well as
their corresponding conventional glasses, in two
different ways: (i) amber [1], the fossilized natural
resin, which is a glass which has experienced a
hyperaging process for about one hundred million
years; and (ii) ultrastable thin-film glasses of
indomethacin [2] (an organic molecule commonly
used in pharmaceuticals), prepared by physical
vapor deposition at temperatures around 85% of its
glass-transition temperature.

Specifically, we have studied 110-million-
year-oldamber samples from El Soplao (Cantabria,
Spain). Specific heat Cmeasurements of pristine,
partially- and fully-rejuvenated samples were con-
ducted in the temperature range 0.07K <7 < 30K,
as well as around its glass-transition temperature
T, = 150°C. A modest increase of the boson-peak

height (in Cp/T?) with increasing rejuvenation was
observed, that can be related to a corresponding in-
crease of the Debye coefficient. The amount of two-
level systems, assessed at the lowest temperatures,
was however found to be exactly the same for the
pristine hyperaged amber as for the subsequently
rejuvenated samples. On the other hand, we have
observed an unexpected suppression of the two-lev-
el systems in the ultrastable glass of indomethacin,
whereas conventionally prepared thin films of the
same material exhibit the usual linear term in the
specific heat below 1 K ascribed to these universal
two-level systems in glasses.

By comparing both highly-stable kinds of
glass, we conclude that the disappearance of the
tunneling two-level systems in ultrastable thin
films of indomethacin may be due to the quasi-2D
and anisotropic behavior of this glass, what could
support the idea of a phonon-mediated interaction
between two-level systems, as suggested by Yu
and Leggett [3].
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Dynamic characteristics of the light emission, accompanying
the cryocondensation of some gases

Processes of thin films cryovacuum condensates of different gases, as well as their properties are the
object of attention of researchers for more than a decade.

Previously, we conducted studies in which it was found interesting behavior of nitrous oxide in the
process of condensation and thermal cycling of the condensed sample.

Key words: Cryovacuum condensates,cryoemissing, phase transformations, nitrous oxide.

A. lpo6ebiwes, A. Anansapos, B. KypHocos, E. Kopwwkos, [I. Cokonos, E. lanuukas, T. Koxxamkynos
AvHaMnyecKue xapaKTepuCTUKU U3JIy4eHUA CBeTa,
CONpOBOXAAOLWEr0 NpoLect KPMOKOHAEHCAL UMM HEKOTOPbIX Fa3o0B

Mpouecchl B TOHKMUX MeHKaxX KPYOBAKYYMHbIX KOHAEHCATOB Pa3fiIiHbIX ra30B U UX CBOMCTBA ABNS-
toTcA 0OBLEKTOM MCCNelo0BaHNA MHOTUX y4eHbix 6onee fecATu net. B npouecce nayyeHns AnHaMmU4ecKmx
XapakTepucTvK ha3oBoro npespalleHuns ras - TBepAoe BelecTBo Obl10 06HapyKeHo, 4T npoLeccy KoH-
JeHcauun 3aK1CK a3oTa Ha MeTaIMiecKon NoAN0XKKe COMyTCTBYeT U3Jly4YeHne CBETa B BUAMMOM Juna-
nasoHe.

KnioueBble cnoBa: KproBaKyyMHble KOHAEHCATbI, Kpruou3nydeHue, ha3oBble NpeBpaLleHns, 3aK1Chb
asora.

A. ipo6ebiwes, A. Anansapos, B. KypHocos, E. Kopwwukos, [I. Cokonos, E. lanuukas, T. Koxxamkynos
Kei16ip razpapabiH KPpMOKOHAEHCALUA NpoueciMeH KaTap XKypeTiH XKapbIKTbIH
cayneneHyiHiH AMHaAMUKanbIK cunartraManapbl

OpTypni rasfapablH KpMOBAKYYMAi KOHAeHcaTTapblHAAFbl XKYKa KabblKLuanapAasbl NpoLecTep XKaHe
OnapAblH KacueTTepi OHAaFaH XblNaM aca yaKbIT 60Vibl KenTereH fanbiMAapAbIH 3epTTey HbicaHbl 6o-
nbin Keneai. a3 — KaTTbl 3aT pa3anblK aybiCybIHbIH AMHAMUKANbIK cMnaTTaManapbliH 3epTTey npoLeciHae
MeTann TeceMese asoT TOTbIFbIHbIH KOHAEHCALUMA npoueciHe KepiHeTiH AMana3oH/a XKapblK cayneneHyi
KaTap »ypeTiHi aHblKTanAbl.

TyniH ce3aep: KpMoBaKyyMAbl KOHAEHCATTap, Kprocayneneny, dhasanblK aybicynap, a3oT TOTbIfblI.

Processes of thin films cryovacuum condensates
of different gases, as well as their properties are the
object of attention of researchers for more than a
decade.

Previously, we conducted studies in which it
was found interesting behavior of nitrous oxide in
the process of condensation and thermal cycling of
the condensed sample. In the course of studying
the dynamic characteristics of the phase transfor-
mations gas-solid, it was found that the conden-
sation of nitrous oxide into the metal substrate is

ISSN 1563-034X

accompanied by the emission of light in the visible
spectrum.

In these studies, we report our new results in the
study cryoradiation accompanying the condensation
of some gas. The main objectives of this research is:
(a) — check a broader range of substances for their
ability to cryoradiation; (b) — the study of the na-
ture of radiation and its relaxation characteristics;
(c) — the study of thermally stimulated processes
in condensed samples. Studies have been carried
on the installation and according to the procedure
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16 Dynamic characteristics of the light emission, accompanying the cryocondensation of some gases

previously described by us in detail. The main unit
of the installation is a cylindrical vacuum chamber
with diameter and height of 450 mm. The ultimate
vacuum in the chamber is reached a value better
than P = 10® Tor. The condensation pressure is ad-
justed to P = (10* -102) Tor. In the center of the
chamber, a cryogenic system of Gifford-Mc Mahon
is mounted, on the top flange of which a metal sub-
strate, which serves as the condensation surface, is
mounted. Diameter of the substrate d=60 mm. The
condensing temperature T = 16 K. The temperature
measurement was carried out with silicon sensor DT
670-1.4 using a temperature controller M335/20s.

Intensity of radiation was measured by photomul-
tiplier tubes P25a-SS-0-100 with a frequency 103
times per second.

When selecting theworking substances, we
proceeded from the assumption ofthe possible
role ofintrinsic dipolemoment of the moleculesto
create the conditionsfor emergence of cryoradia-
tion. Therefore we investigated dipole molecules
(nitrous oxide, water, ethanol), and molecules
with zero intrinsic dipole moment (nitrogen, car-
bon dioxide, argon). The experimental resultsare
subject to detailedanalysis and discussion ofthe
assumptionsand conclusions.

KasYV xabapumicel. Pusnka cepusichl. Ne3 (50). 2014



V.V. Sagan et al.

17

UDC 533.9.004.14; 621.039.6

V.V. Sagan®, V.A. Konstantinov, V.P. Revyakin, A.V. Karachevtseva

B. Verkin Institute for Low Temperature Physics and Engineering of NAS
of Ukraine, 47 Lenin Ave., 61103 Kharkov, Ukraine
“E-mail: zvonaryova@ilt.kharkov.ua

Effect of pseudorotation on isochoric thermal conductivity
of hydrocarbons in disordered phases

Theisochoric thermal conductivity of solid five-membered heterocyclic compounds has been measured
in orientationally ordered and orientationally disordered («plastic») phases on samples of different density
in a wide interval of temperatures and pressures. The objects were: furan - C,H,0, cyclopentane - C.H,,
thiophene - C H,S. The aim of this research was to study the influence of the translation-orientational
motion on the behavior of the isochoric thermal conductivity and to estimate the possible contribution of
pseudorotation to the fotal heat transfer.

Key words: isochoric thermal conductivity, hydrocarbon compounds, franslation-orientation movement.

B.B. CaraH, B.A. KoHcTaHTuHOB, B.I1. PeBakuH, A.B. KapaueBueBa
BauAaHue nceBpoBpalleHUA HA U30XOPHYIO TEMJIONPOBOAHOCTb Yr1€BOAOPOAOB
B HeynopAao4yeHHoM dase

MN3oxopHas TennonpoBofHOCTb TBEPAbIX MATUYNIEHHbIX FeTePOLUKANYHBIX COeAMHEHU Bbina n3me-
peHa B OpMeHTaLMOHHO-YNOPAAOYEHHON U OPUEHTALNOHHO-pa3ynopAL0YeHHON («niacTuyHom») dasax
06pa3LoB pasMYHOM NJOTHOCTU B LWIMPOKOM UHTEpBase TeMnepaTtyp v AaBaeHnin. 06bekTaMu ABNANUCD:
¢ypaH - C,H,0, unknonentan - C,H, , Tnoden - C,H,S. Llenbto gaHHoro nccnegosaHma 6bino nsyyeHue
BJANAHUA TPAHCNALNOHHO-0PUEHTALMOHHOIO ABMXEHUA Ha NOBeeHNe N30XOPHOI TenIoNpoBOAHOCTY U
OLeHKa BO3MOXXHOI0 BKNaja NCeBA0BPaLLeHNs B 00LLyI0 TennooTaauy.

KnioueBbie cioBa: n30xopHas TeNIONpoBOAHOCTb, YrNeBOAOPOHbIE COeMHEHUA, TPaHCAALNOHHO-
OpUVEHTaLMOHHOE JBUXKeHNe,

B.B. CaraH, B.A. KoHcTaHTuHOB, B.I1. PeBsakuH, A.B. KapayeBueBa
¥anfaHn aitHanbiMaapAbiH peTTenmereH pasaparbl
KeMipcynapabiH XbuUly eTKisriwTiriHe acepi

KaTtTbl Gec Myweni retepouuKngbl KOCbIIbICTapAbIH M30X0pablK KbUyeTKi3riwTiri apTypni
TbIFbI3ABIKTBI YArinepain 6afaapibl-peTTenreH xaHe OarAapibi-peTTesIMereH («niacTukanbiky») dasana-
pblHAA TeMnepaTypaHbiH K8He KbICbIMHbIH KeH apasbifblHAa eeHreH. 3epTTey HbicaHbl: ¢pypaH - C,H,0,
umknonentan - C.H, , Tmoden - C,H,S 6onabl. byn 3epTTeyaiH MaKcaTbl TpaHCAAUMANbIK-OaFaapiaHFaH
KO3FaIbICTblH N30X0PaJiblK XblyeTKI3rilUTIKKe acepiH 3epTTey aHe asfaH alHaNbIMHbIH aMbl Xbly
6epyre yneciH 6afanay 6ongbl.

TyiiH ce3aep: M30xopanblK KblIyeTKI3rilTIK, KOMipCybl KOCblibiCTap, TpaHCAAUMANbIK-6aFaap-
NaHfaH Ko3fanbiC.

The isochoric thermal conductivity of solid
five-membered heterocyclic compounds has been
measured in orientationally ordered and orienta-
tionally disordered («plastic») phases on samples of
different density in a wide interval of temperatures
and pressures. The objects were: furan — C,H,0,
cyclopentane — C.H, , thiophene — C,H,S. The aim

10°
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of this research was to study the influence of the
translation-orientational motion on the behavior of
the isochoric thermal conductivity and to estimate
the possible contribution of pseudorotation to the
total heat transfer. Pseudorotation as a large ampli-
tude motion may significantly affect the translation-
orientation (TO) coupling in molecular crystals, and
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18 Effect of pseudorotation on isochoric thermal conductivity of hydrocarbons in disordered phases

therefore on the thermal conductivity, as much as
it is determined by the nature as translational and
orientational motion of molecules).

Long-term studies of the isochoric thermal con-
ductivity established the basic regularities in the
heat transfer of simple molecular crystals at T

D [1]. A strong translational orientational (TO)
coupling contribute significantly to the thermal re-
sistance. This, in turn, leads to large deviations of
the isochoric thermal conductivity from the 1/T law
owing to its approach to a lower limit min. The con-
cept of the lower limit of the thermal conductivity
comes from the idea that min is reached when the
heat transfer occurs as diffusion of thermal energy
between neighboring quantum-mechanical oscilla-
tors the life time of which is assumed close to one-
half the period of the oscillations [2]. In orienta-
tionally ordered phases of molecular crystals large
part of heat is transferred by «diffuse» modes, and
thermal conductivity changes more weakly than
the 1/T dependence. In orientationally disordered
(«plastic») phases of molecular crystals the «rota-

tional» contribution to the total thermal resistance
decreases sharply at gradual transition to weakly
hindered rotation (freely rotatable molecules do not
scatter phonons), so that the isochoric thermal con-
ductivity increases with increasing temperature [1].

It is shown that the experimental data for all
substances can be described in framework of a
modified Debye model of thermal conductivity
with allowance for heat transfer by both low-fre-
quency phonons and «diffuse» modes. In phase 11
of cyclopentane the isochoric thermal conductivity
is practically temperature — independent, but it in-
creases smoothly with temperature in phase I. We
attribute the increase of thermal conductivity to the
translation — orientation interaction which becomes
weaker as the rotational motion of the molecules en-
hances and the phonon scattering at the rotational
exaltations attenuates. Thus, we can conclude that
disinhibition of uniaxial rotation of the molecules in
the cyclic hydrocarbons leads to the increase of the
thermal conductivity with temperature like «plas-
ticy phases of other molecular crystals.
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Energy spectrum of the quantum vortices configurations

A review of various exactly solvable models on the determination of the energy spectra E (k)
of 3D-velocity field, induced by chaotic vortex lines is proposed. This problem is closely related to the
sacramental question whether a chaotic set of vortex filaments can mimic the real hydrodynamic
turbulence [1]. The quantity v(k)v(-k) can be exactly calculated, provided that we know the probability
distribution functional P({s(\xi 1)}) of vortex loops configurations

Key words: energy spectrum, the vortex lines, hydrodynamic turbulence, Kolmogorov spectrum.

C.K. HemupoBckui
JHepreTUyecKUin CNeKTp KBaAHTOBbIX BUXPeBbIX KOHGUrypauumn

B pabote npeanaraetca 0630p pasanyHbIX MOAENEN, UMEIOLLMX TOYHOE pelleHne MO ONpeAeneHnto
3HepreTnyeckoro cnektpa E(k) nons 3D-ckopocTy, BbI3BAHHOMO XaOTUYHBIMW BUXPEBBIMU MHUAMUA. ITa
npo6siemMa TeCHO CBf3aHa C CaKpaMeHTasbHbIM BOMPOCOM, MOXET JIN XaOTUYECKOe MHOXEeCTBO BMXpe-
BbIX JIMHWI VIMUTUPOBATb peaibHyl0 rMApoAMHaMMyecKyto TypbyneHTHOCTb. Mbl BBOAMM 06LWMin MeTog,
pacyeTa 3HepreTMYecKoro crnekTpa no KOHGUrypaumaM BUXPEeBbIX JNHWIA, pacCMaTPpUBaEM HEeCKOJIbKO
MPOCTbIX, HO NOJIe3HbIX MPUMEPOB — NpPAMas JIMHUA U BUXpeBOe KonbLo paanyca R.

KnioueBble cnoBa: 3HepreTM4YecKnin CrneKTp, BUXPEBble JIVHWUW, TMAPOAMHAMMYecKan TypOyneHT-
HoCTb, cnexkTp Konmoroposa.

C.K. HemupoBckui
KBaHTTbIK KyWbIH Tapi3ai KOHpUrypauuanapabliH 3HepreTuKanblK cneKTpi

By )KyMbICTa KyMblH TAPi3Ai XaoCTbl Cbi3bIKTapAblH 8CepiHeH TybIHAANTbIH 3D-XblAaMAbIKTbI 6piCiHiH
3HepreTuKanblk crnekTpi E(k)6onbiHwa HakTbl Wewwimi 6ap apTypni Mofenbaepai KapacTbipy YCbIHbIIAAbI.
Byn Macene KenTereH KylblH ToPi3Ai XaoCTbl CbI3bIKTAP LWbIHAKbI TMAPOAMHAMUKANbIK TYpOyNeHTTiNIKKe
YKcalabl Ma JereH Kuesni cypakneH GannaHbicTbl. bi3 KyibiH Tapi3ai cbi3blKTapablH KOHGUrypauuschbl
OolibIHLLIA 3HEPreTMKabIK CNEKTPiHiH ecenTey agicTeMeciH eHrisemis, bipHelle KapanaibiM, bipak nanga-
Nbl MbICaNAapAbl — Ty3Y Cbi3bIK XaHe paaunychbl R KyiiblH Topi3ai WweHbepAi KapacTbipaMbi3.

TyiiH ce3paep: sHepreTMKanblK CNEKTP, KyibiH ToPi3Ai Cbi3bIKTap, rMAPOANHAMUKANbIK TypOyneHT-

Tinik, Konmoropos cnekTpi.

A review of various exactly solvable models
on the determination of the energy spectra E (k) of
3D-velocity field, induced by chaotic vortex lines
is proposed. This problem is closely related to
the sacramental question whether a chaotic set of
vortex filaments can mimic the real hydrodynamic
turbulence [1]. The quantity v(k)v(-k) can be exactly
calculated, provided that we know the probability
distribution functional P({s(\xi ,f)}) of vortex loops
configurations [2,3]. The knowledge of P({s(\x7 ,¢)})
is identical to the full solution of the problem of
quantum turbulence and, in general, P({s(\xi ,¢)})

ISSN 1563-034X

unknown. In the paper we discuss several models
allowing to evaluate spectra in the explicit
form. These cases include the standard vortex
configurations such as a straight line, vortex array
and ring. Independent chaotic loops of various
fractal dimension as well as interacting loops in
the thermodynamic equilibrium also permit an
analytical solution. We also describe the method
of an obtaining the 3D velocity spectrum induced
by the straight line perturbed with chaotic Kelvin
waves on it. Especial attention will be paid to
the spectrum produced by the collapsing and
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reconnected lines. It is shown that reconnecting
lines generate spectrum £ (k) close to the famous
Kolmogorov spectrum E (k) = k”. These are works,
based on both the vortex filament method and the
Gross-Pitaevskii equation. The quantity v(k)v(-k)
can be exactly calculated, provided that we know
the probability distribution functional P({s(\xi ,t)})
of vortex loops configurations [3,4]. The knowledge
of P({s(\xi ,t)}) is identical to the full solution of
the problem of quantum turbulence and, in general,
P({s(\xi ,t)} ) unknown.

In the work we introduce the general method for
calculation of the energy spectrum via the vortex

line configuration, then we consider the couple of
simple but useful examples -the straight line and
vortex ring of radius R. Then we study uniform
and nonuniform vortex arrays, the straight line
with excited Kelvin wave on it and then we study
the case of the reconnecting vortex filaments. We
demonstrate that the spectra E(k), generated by the
these configurations, is very close to the Kolmogorov
dependence varproptok™?, and discuss the reason
for this as well as the reason for deviation.

The study was performed by grant from the
Russian Science Foundation (project N 14-29-
00093).
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Enhanced desorption from solid deuterium driven
by charging with keVelectrons

Films of solid deuterium at a temperature around 3 K have been irradiated by 1.5 or 2 keV electrons.
The films were deposited on the silver electrode of a quartz crystal microbalance (QCM) suspended below
a pumped liquid helium cryostat [1,2]. The thickness of the films ranged from 10 nm to up to 5 m. The initial
film thickness and the mass loss as result of desorption were monitored by the QCM. The electron beam
current was kept at about or below 100 nA to avoid beam-induced evaporation.

Key words: desorption of solid deuterium, the surface potential of the film cryocrystals.

WopreHcen Ckoy, Bupaxut 3ectpan
YnyyweHHana aecopbunA TBepaoro aenrepus,
obycnoBneHHan 3apAAKON 3JIeKTPOHaMU

MneHKkn TBepaoro fentepua npu Temnepatype okono 3 K obnyyanunce anektponamu 1,5 unm 2 k3B.
MneHKn ocaxpaanucb Ha cepebpAHBIN 31eKTPOA MMKpoBecoB c KpucTamiom keapua (MKK), cBob6ogHo
No/iBeLleHHbIN HUXe OTKa4YnBaeMoro reJimeBoro Kpuocrara. ToslmMHa NieHoK BapbupoBanack B npeje-
nax ot 10 HM A0 5 MKM. [oBepXHOCTHbIV NOTeHLMan Bbi3BaH HaKoMNaeHWeM 3/1eKTPOHHOr0 3apsAja B MieH-
Kax 60MbLIOM TONLWMHBI, OTKYAA 371eKTPOHbI 6osiee He cnocobHbI MUTPUPOBATL K NMPOBOAALLEN NOANOXKKE
C AOCTAaTOYHO BbICOKOW CKOpPOCTbIO. JIMHeliHOe yBennyeHre NOBEPXHOCTHOrO NOTeHLUMana MOXeT bbiTb
06bACHEHO TOIBKO NOBeAEeHNEM KOHAeHcaTopa.

KnioueBble cnoBa: fecopbums, TBepablil AeNTEPUIA, TOBEPXHOCTHbIN NMOTEHLUMA, MIEHKN KPUOKPU-
CTannNoB.

WopreHcen Ckoy, Bupaxut 3ectpan
K3B-3nieKTpoHAapMeH 3apaaTanyfa HerisfenreH KatTbl AeNTepUAAIH
}aKcapTbiiFaH gecopbumnacobl

3K Temnepatypaaa KaTTbl feriTepuinfin KabbiKwaco 1,5 HeMece 2 K3B aneKkTpoHaapMeH cayneneHreH.
KabbiKwanap KBapy Kpuctanabl MUKpocanMakTbl Kymic (KMK) xxmHaKTanaTblH rennii KpyoctaTTaH TeMeH
iniHreH anekTpoaKa oTbipFbi3bliFaH. KabbiKwaHbIH KanbiHabiFbl 10 HM-aeH 5 MKM-Te AeitiH TypneHaipinreH.
beTTik noTeHuMan KabblKWwagaH 31eKTPOHAAP OTKI3rill TeceMere XeTKiNiKTi KofFapbl XblNgaMAbIKNEH eTe
anMaiTbliH KanblH KabOblKLWara 3/M1eKTp 3apAfblHbIH XUHaKTanyblHaH TyblHAafaH. beTTik noTeHumangbiH
CbI3bIKTbIK apTybl TEK KOHAEHCATOPAbIH dpeKeTiMeH TYCiHAIpinyi MyMKiH.

TyitiH ce3pep: aecopbums, KaTTbl AeiTepuin, 6eTTIK NOTeHUManN, KpUOKpUCTanaapAblH KabbiKwanapsl.

Films of solid deuterium at a temperature around
3 K have been irradiated by 1.5 or 2 keV electrons.
The films were deposited on the silver electrode of
a quartz crystal microbalance (QCM) suspended
below a pumped liquid helium cryostat [1,2]. The
thickness of the films ranged from 10 nm to up to 5
um. The initial film thickness and the mass loss as
result of desorption were monitored by the QCM.

ISSN 1563-034X

The electron beam current was kept at about or be-
low 100 nA to avoid beam-induced evaporation.
Secondary electron emission was suppressed
to a value below 0.01-0.03 electrons/electron by a
repeller ring at a bias of — 90 V. However, for films
thicker than 3-4 times the range of the bombarding
electrons, the electron yield suddenly rose to a value
close to 0.40. From this secondary electron yield the
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voltage potential could be determined unambigu-
ously from secondary electron emission curves ob-
tained by short pulse measurements on fresh films.
For the thickest films the charging induced a surface
potential of more than 1.0 kV, i.e. one-half of the
energy of the bombarding electron. For these thick
films the desorption yield increased from the mini-
mum value of 6-10 D2/electron up to 380 D2/elec-
tron at 1.5 keV and 960 D2/electron at 2 ke V.

The surface potential is induced by electron
charge accumulation in the film at large thick-
nesses from where the electrons no longer are able
to migrate to the conductive substrate with a suf-
ficiently high rate. The interesting point is that the
surface potential increases linearly with film thick-
ness and that the increase corresponds to 600 MV/m
for both bombardment by 1. 5 keV electrons and 2
keV electrons. This internal field is very high, even
though one has to consider that solid deuterium is
an extremely bad conductor. The electron-induced
field starts at a thickness of 1.9 um, which should

be compared with an average penetration depth
for 1.5 keV electrons of 350 nm. For 2 keV elec-
trons the field ( as well as the charging) starts at 2.3
um, which reflects the larger penetration depth of
a 2 keV electron. The linear increase of the surface
potential can only be explained by a capacitor be-
havior: the accumulated electrons are located close
to the surface within a limited thickness while the
space between the charges close to the surface and
the metal substrate (the electrode of the QCM) is
essentially free of any charge.

It is not clear how the electrons are trapped.
As discussed by R. L. Brooks and coauthors [3]
the electrons can be trapped in existing vacancies
as «bubbles» or by polarons, which are somewhat
more mobile. The density of these more and less im-
mobile electrons is 1017 electrons/cm3. This den-
sity could actually provide an intrinsic field of the
magnitude that has been measured experimentally,
provided that the accumulated electrons are located
within 0.5 um from the surface.

References

1 J. Schou, H. Tratnik, B. Thestrup and N. Hilleret, Surf. Sci. 602, 3172 (2008);
2 B. Thestrup, W. Svendsen, J. Schou and O. Ellegaard, Phys. Rev. Lett. 73, 1444 (1994).
3 R.L.Brooks, S. K. Bose, J. L. Hunt, Jack R. McDonald, J. D. Poll and J. C. Waddington, Phys. Rev B 52, 2478 (1985).

KasYV xabapumicel. Pusnka cepusichl. Ne3 (50). 2014



Yuichi Okuda

23

UDC 533.9.004.14; 621.039.6

Yuichi Okuda

Tokyo Institute of Technology2-12-1, O-okayama, Meguro-ku,
Tokyo 152-8551, Japan
E-mail: okuda@ap.titech.ac.jp

Equilibrium crystal shape of 4He under microgravity

The growth coefficient of 4He crystal which is grown from the superfluid becomes divergently large
towards T=0, and the crystal relaxes to the equilibrium state in a very short period. We have succeeded in
cooling 4He crystal down to 150 mK by the specially designed dilution refrigerator under microgravity of
parabolic flight for 20 seconds. Using this fridge, we were able to obtain beautiful pictures of the crystal
with 3 facets, c-, a-, and s-, under the equilibrium condition at 150 mK for the first time.

Key words: 4He crystal, microgravity, superfluidity, vicinal surface.

HOwwn Okyza
PaBHoBecHasa Kpuctannuveckasa ¢gopma 4He
B YCJIOBUAX MMKpOrpasuTauum

KoadduuneHT pocta 4He KpucTanna, BbipalleHHOro U3 CBEPXTEKYYel XUAKOCTH, CTaHOBUTCA AnBep-
reHTHo 6onbwnm B6aM3n T=0 K, n KpucTann nepexosnt B paBHOBECHOE COCTOAHME 33 O4YEHb KOPOTKOE
Bpems. Mbl ycnewHo oxnagunu 4He kpuctann go 150 MK cneuuwansHo paspabotaHHbiM pedpuKepaTto-
POM pacTBOPEHWUA B YCI0BUAX MUKPOrpaBUTaLMu B npoLiecce noseTa no napabone 3a 20 cek. Micnonb3ys
3Ty OX/TaXAQI0LLYI0 CUCTEMY, Mbl BNiepBble CMOTJIN MOJy4YUTb NPeKpacHble N3006paX)eHUs KpyucTanna refms
¢ 3-MA rpaHAaMu, c-, a- U s+, B ycnoBusax pasHosecus npu 150 MK. MonyyeHHble n306paxeHns nokasanu,
uTo 4He kpuctann Ha 3emne cunbHO AedopMupyeTca rpaBuTaLmen.

KnioueBble cnoBa: 4He Kprictann, MMKporpaBuTaumsa, cBepxTeKy4ecTb, BULMHaIbHAA MOBEPXHOCTb.

HOwwn Okyza
MukporpaButauua wapTrapbiHja
4He GipkanbinTbl KpucTanablk ¢popmachbl

Aca aKKbIW CYMbIKTbIKTAH anblHaTbiH 4He KpuctanbiHbiH apTy Kosdduumenti T=0 K MaHalbliHAa
OVBEPreHTTi YIKEH MaHre ve 6onafbl XaHe KpUcTann eTe a3 yakbiTra GipkanbinTbl Kafaanfa etedi. bis
4He kpuctanbiH 150 MK peitiH apHalibl )kacanfaH epity pedpukepatopbiHaa 20 cek iwiHae MUKpoOrpaBu-
Tauus )araanbiHga napabona 6onbiHWa ywy npoueciHae caTTi cybITThIK. Ocbl CybITKbIW XYMeHi nanja-
NaHa oTbIpbIn 6i3 eH BipiHwWi peT150 MK Ke3iHge Tene-TeHAiK KaFaalblHAA C-, a- XKaHE S-, 3-KbIpJibl renni
KpYCTanblHbIH aliKblH GelHeciH angbik. AnbiHFaH cypettep 4He Kpuctanel Xepge rpaBuTaumsamMeH eTe
KYLUTi ©3repeTiHiH KepceTTi.

TyniH ce3spep: 4He KpycTani, MUKpOrpaBUTaLMSA, aCKblH aKKbILWTbIK, BULMHAN OeT.

The growth coefficient of 4He crystal which
is grown from the superfluid becomes divergently
large towards T=0, and the crystal relaxes to the
equilibrium state in a very short period. We have
succeeded in cooling 4He crystal down to 150 mK
by the specially designed dilution refrigerator under
microgravity of parabolic flight for 20 seconds.
Using this fridge, we were able to obtain beautiful
pictures of the crystal with 3 facets, c-, a-, and s-,
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under the equilibrium condition at 150 mK for the
first time. The movies revealed that the 4He crystal
on the ground is largely deformed by the gravity.
Thanks to obtaining crystal with three facets in
the probable equilibrium condition, we were able
to determine the Wulff’s origin with a pretty good
accuracy. Once the origin is determined, the surface
energy of each facet is derived, using the known
c-facet surface energy as a reference. At the same
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24 Equilibrium crystal shape of 4He under microgravity

time, the facet size (c-facet) and the functional crystal was very small, and then the flat looking
form of the vicinal surface next to c-facet were plane was found to be the vicinal surface, not the
determined. Surprisingly, the size of c-facet of the facet.

Figure 1 — Left: 4He crystal under 1G. The horizontal flat surface is the rough surface.
T=150 mK. Right: The same crystal under microgravity. There are three facets appearing

This work is done in cooperation with Takuya thank JAXA for the support as «Ground-based
Takahashi and Ryuji Nomura. We would like to Research Announcementy.
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Exciton transport and orientationalglassification point in doped C60

Below 95 K, pristine fullerite C60 is in the state of orientational glass with all molecules performing
rotational oscillatory motion. However not all the mutual orientations of pairs of molecules are
energetically favorable. Saturation of fullerite with gases changes the situation. There were contfroversies
[1.2] concerning what happens with the orientational glass state when C60 is stuffed with, for instance,
with CO or NO.

Key words: glass transition point, excitons, X-ray analysis, luminescence.

M.A. CtpxkemeuHblii, M.B. 3uHoBbeB, B.H. 3opaHckuii
MepeHoC 3KCUTOHOB U NPUGAU3UTENIbHAA TOYKA CTEKJIOBAHUA 3JIEKTPOHOB
B neruposaHHom C60

B HacToswwel paboTe Mbl CMONb30BaNV METOA bl PEHTFEHOCTPYKTYPHOO aHann3a v NlOMUHeCLeHLUN
ANA N3y4eHuns npolecca nHTepkanvposaHua C60 1 Bogopoaa, a3ota, CO, a TakkKe NOCNeaCcTBUA, BbI3BaH-
HbIX UHTepKansALumMen, BO3AeNCTBYOLLEN NpKU BbicoKMX TemnepaTtypax Ao 350C n gaBnenumn 30 atm. Hawm
pe3ynbTaThl MOKa3au, YT0 MeXaHW3M HacbllleHna Ana H, 3HaunTenbHO oTinyaeTcs oT Takosoro ana N,
un CO. Takxke Halwwm 3KcnepuMeHTbl ¢ NtloMmuHecueHumern ¢ N, n CO B ponu uHTepKanupytolei gobasku
MoKasanu, 4To TOYKa cTeknoBaHus Tg cMewaercs B obnactb 6onee HU3KUX TemnepaTyp, npuyem Gonee
AIBHO B C/lyyae OKCuAa yriepoaa.

KnioueBble cnoBa: TOUKa CTEKI0BAHWSA, SKCUTOHbI, PEHTTE@HOCTPYKTYPHbI aHANN3, TIOMUHECLEHLMS.

M.A. CtpxxemeyHbii, M.B. 3uHoBbeB, B.H. 3opaHckuii
JlernpnenreH C60 aneKTpOHAAPbIHbIH WbIHbINAYAbIH,
XYbIK HYKTeCi XXdHe 3KCUTOHAapAbl TacbiManaay

Byn xymbicTa 6i3 C60 xaHe cyTeriHiH, a30TTbiH, CO MHTepKanupoBKanay npoueciH, COHbIMEH KaTap
»ofapbl TemnepaTypaga 350C xaHe KbicbiMaa 30 aT™ acep eTeTiH MHTepKaNALMUAHbBIH HATUXKECIH 3epTTey
YLUiH PeHTreH KypbUIbIMABIK Tanjay XeHe NIOMUHUCLLeHLUUA 9icTepiH nanaananabik. bisaiH HaTxenepimis
H, ywin KanbiFy mexaHnsmi N, xeHe CO KapafaHaa anTap/blKTai epeKiueneHeTiHiH kepceTTi. CoHbiMeH
KaTap 6i3niH uHTepkanuposkanay Kocnachl peTiHge N, xesHe CO KonaaHbinFaH NIOMUHMCLEHLMAMEH
ToXxipnbenepimis Tg WbIHbIIAY HYKTECT KBMIPTEK OKCUAT KONAaHFaH Kafaaifa KapafraHaa antapibiKTam
TeMeH TeMnepaTypa ayMafblHa ayblCaTbIHbIH KOPCETTi.

TyniH ce3paep: WhbIHbINAY HYKTECH, 3KCUTOHAAP, PEHTTeH KypblbIMAbI Tanzay, NIIoMUHeCLEeHLNA.

Below 95 K, pristine fullerite C60 is in the state
of orientational glass with all molecules performing
rotational oscillatory motion. However not all the
mutual orientations of pairs of molecules are ener-
getically favorable. Saturation of fullerite with gas-
es changes the situation. There were controversies
[1,2] concerning what happens with the orientation-
al glass state when C60 is stuffed with, for instance,
with CO or NO. We used XRD and luminescence
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techniques to study the process of intercalation of
C60 with hydrogen [3], nitrogen, and carbon mon-
oxide as well as the consequences brought about
by the intercalation, which was affected at elevated
temperatures up to 350°C (varying with the species
being stuffed to avoid chemisorption) and at a pres-
sure of 30 atm.

Our results [3] showed that the saturation
mechanism for H2 differ essentially from those
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26 Exciton transport and orientationalglassification point in doped C60

for N, and CO. Equally, the consequences dif-
fer as much. Saturation with hydrogen proceeds
in two stages, on the earlier of which octahedral
voids are filled (at 250°C it takes approximately
50 hours). After that double filling of octahedral
voids begins, which has been clearly documented
by the lattice parameter vs, time measurements. At
that time point the integrated luminescence spec-
tra as a function of temperature begin to change
significantly. Unlike in pure C60, in which at the
glassification point of Tg = 95 K the spectra start
to decay with increasing T, the intensity stays vir-
tually constant to a higher temperature the longer
is the saturation time. we came to the following
conclusions. First, the mechanism of luminescence

suppression above Tg consists in the breaking of
exchange paths of mobile excitons that produce
the respective luminescence components, thereby
stopping them and letting to get de-excited with-
out emission. Second, Tg inevitably goes up until
higher temperatures become capable of initiating
molecular rotations.

In the case of N, or CO, the molecules are too
big to occupy a single octahedral cavity with two
intercalant particles. They can only expand slightly
the cage thereby facilitating molecular rotations.
Therefore, as show our luminescence experiments
with these two intercalants the point Tg shifts to
lower temperatures, more pronouncedly in the case
of carbon monoxide.
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Field-emission source of chages based on nanotubes
for low temperature experiments

In this report we present ftwo methods of production of field-emission charge sources based on carbon
nanotubes, that can be used in low-temperature investigation of properties of injected charges in cryogenic
liquids and crystals. The sources were made from metal disks with a diameter of 10 mm and thickness of
about 1 mm. The thermal emission on a source does not exceed E<10-6 W.

Key words: avtoemission charges, nanotubes, cryocrystals.

[.H. Bopucenko, .M. Yonmcnen, A.WN. Tonos, H.H. KonecHukos, H0.B. KoTos,
AA. NleByeHko, M.J. ®eep
UcTOYHUK aBTO3IMMCCUOHHbBIX 3apAA0B Ha OCHOBE HAHOTPY6OK
ANA HU3KOoTeMMepaTypHbIX 3KCNEepUMEHTOB

B HacTosLieM AoKnaje Mbl NpeAcTaBisem Ba cnocoba Npon3BoACTBa aBTO3MUCCHOHHbIX UCTOUHN-
KOB 3apsfia Ha OCHOBE YrNepoAHbIX HAHOTPYOOK, KOTOpble MOTyT BbITb MCMONb30BaHbl B HU3KOTEMMNepa-
TYPHbIX UCCIeA0BAaHNAX CBONCTB MHKEKTUPOBaHHbIX 3apALO0B B KPUOTEHHbIX }XUAKOCTAX U KpUcTaniax.
N3mepeHus |-V (ToK-HanpsaxeHue) 3aBUCHMOCTU MCTOYHNKOB NEepBON Cepuu MoKasann, 4To B CBepxTe-
KyyeM renun He-ll Tok oTpuuaTtenbHbix 3apsAgoB Ha ypoBHe 10-12 A nosABnseTcs nNpu HanpsKeHUM Ha
nctouHuke U = -120 B, n yBenuunsaetcs go 10-9 A c ysennuenunem U go -170 B. Takum obpasom, Ha-
6nt0aaeMan 3aBUCUMOCTb CYLLECTBEHHO CUJIbHEe, YeM KBaApaTuyHas 3aBucmumoctb |(U), uTo MoxeT BbiTb
06bACHeHO Hannunem B 06beMe 0bpa3ua 6onblIoro KonmyecTsa AeeKToB, KOTOpble MOTYT yi1aBNMBaThb
WHXeKTMpyeMble 3apagbl.

KnioueBble cnoBa: aBT03MUCUOHHbIE 3apAJAbl, HAHOTPYOKM, KPUOKPUCTUCTANbI.

[.H. Bopucenko, .M. Yonmcnen, A.WN. Tonos, H.H. KonecHukos, H0.B. KoTos,
AA. JleBueHko, M.[. ®eep
TemeH TeMnepaTtypanbl ToXipubenep ywiH HaHOTYTiKWwenep HerisiHae
aBTO3MMCCUAJbI 3apAATAPAbIH KO3i

byn 6asHpamaga 6i3 Kpuorenii cyiblKTapia XaHe KpucTanzapiafbl VHXKeKTpiK 3apsATapAblH
KacueTiH TeMeH TemnepaTypanbl 3epTTeynepAe KONAaHbUlybl MYMKiH KeMipTeK HerisiHgeri
HaHOTYTiKLWeNepAiH aBTO3MUCCUANDBIK KO3iH anyablH eKi oibl Typanbl antambl3. |-V GipiHwi cepus
Ke34epiHiH TeyenainiktepiH enweynep (TOK-KepHey) acKblH akKbiw renninge He-1110-12 A peHreiingeri
Tepic 3apsaaTapably Torbl Kesge U = -120 B kepHey GonfaH Ke3sge KepiHeTiHi »kaHe U -170 B pgeitin
aptkanga 10-9 A peiiin apTaTbiHbIH KepceTTi. Ocbinaniwa, 6aKbinaHbIn OTbIpFaH ToyenAiNiK KBaapaTTbiK
Toyenginikke KaparaHaa anTapnbiKTan KywTi 6onaabl. byn yariHiH KenemiHge MHXKeKTpAEHreH 3apsATap-
Jbl YCTalTbIH aKayablH Ken 60nybIMeH TyciHaipinesi.

TyniH ce3aep: aBTO3MUCCUOHAbI 3apAATAP, HAHOTYTIKLWenep, KpoKpucTanaap.

In this report we present two methods of temperature investigation of properties of injected
production of field-emission charge sources based charges in cryogenic liquids and crystals. The
on carbon nanotubes, that can be used in low- sources were made from metal disks with a diameter
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28 Field-emission source of chages based on nanotubes for low temperature experiments

of 10 mm and thickness of about 1 mm. The thermal
emission on a source does not exceed E<10-6 W.
The first series of sources was prepared by the
deposition of nanotubes from the arc discharge on
a flat copper substrate, and the second series — by a
mechanical rubbing of nanotubes in porous metal.

v .\
N

Voltage, V

Figure 1 — The dependence of current through the diode in
superfluid helium He-II on voltage applied to the source at T=1.3K.
Curve 1 —negative charges, curve 2 — positive charges. Curve 3 —
current of negative charges in three weeks after first test.

In test experiments the sources were placed on inner

surface of a plate of the diode with gap 0.5 mm.
Measurements of [-V  (current-voltage)

dependence of sources from first series showed

that in the superfluid He-II a current of negative
charges at the level of 10>A occurred when the
voltage applied to the source was U = -120 V, and
it increased to 10°A with raising U up to -170 V.
When the polarity of voltage was changed the
current of positive charges in the diode occurred at
the voltage U>220 V. In a source from the second
series the current of negative charges at the level of
102A in the superfluid He-II was registered at the
voltage U= -260 V.

We applied the source from the first series
to investigate the motion of negative and
positive charges in the samples of solid helium at
temperatures down to 75 mK. Voltage dependence
of negative charges current at voltages above 250V
can be described by a power-law function, I ~ U™,
where nis closed to 7.5. The observed significantly
stronger than quadratic dependence of I(U) can be
associated with the presence in the volume of the
sample of a large number of defects that can trap
injected charges [1].

Authors are grateful to A.V. Lokhov for help
in preparing experimental setup and L.P. Mezhov-
Deglin for useful discussions. The work is partially
supported by RFBR #12-02-00581.
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Glassy crystals of adamantane derivatives induced
by thermal treatment

Observing a first-order transition between the supercooled liquid state and a new amorphous phase,
the “glacial state” has been one of the most interesting focus during the last decades. At present the glacial
state is seen as an interrupted crystallization due to the low crystal growth rate from the glass state. In this
work, we will describe the first glacial state obtained from a plastic crystal for two materials - adamantane
derivatives.

Key words: glassy state, adamantane, first order phase transition, plastic crystal.

[. Wesuyk, A. BExxoBcKun
CreKk/JioBUAHbIE CBOCTBA KPUCTANIOB NPOM3BOJHbIX aAaMaHTaHa,
BbI3BaHHble T€NJI0BOI 06paboTKoOM

Habntoaaemoe B npouecce ¢ha3oBoro nepexoja NepBoro poAa Mexay CBepXnepeoxnaxAeHHON Kua-
KOCTbIO U HOBOV aMop(dHO (ha30i «CTEKI0BUAHOE COCTOAHWNE» ABAAETCA OAHWUM U3 Hanbonee MHTepec-
HbIX ABNEHWIA NocnedHne fecaTunetTns. B HacTosAwen paboTe onvcbiBaeTcA NepBoe CTEKNOBUAHOE CO-
CTOAHWe, MOJly4YeHHOe M3 MIACTUYHOrO KpUCTania ANs ABYX MaTepuanoB — NMPOU3BOAHbIX ajaMaHTaHa.
Pe3ynbTaTbl M13MepeHUii TENNONPOBOAHOCTM BELLECTB NOKa3ann, YTo AaHHbIN METOZ YyBCTBUTENEH K TUMY
pa3yrnopsAA0YeHHOCTH, NPUCYTCTBYIOWEN B UCCNefyeMbIX MONEKYNAPHbIX cucTemax. [onepemeHHoe ox-
naxzaeHue 1 HarpeBaHue o6pasLa B HECKONIbKO pas y/ly4laeT cTeneHb KpUcTanamsaumm paHee 6bicTpo
OX/TaXAEHHOr0 MIacTMYeCcKOro KpucTanna.

KnioueBble cnoBa: cCTeKk10BMAHOE COCTOAHWE, ajamMaHTaH, $ha3oBbIii Nepexos NepBoro poaa, nna-
CTUYECKUI KpUCTanl.

[. WeBuyk, A. ExXoBcKn
OHaipicTik agaMaHTaHHbIH XbINYNbIK 6HAeyAeH naija 6osfaH WbIHbl TEKTEC KacueTTepi

Aca cybITbinFaH CyMbIK JX8He xaHa amMopdTbl (a3aHblH apacbiHAafbl (asanblk aybiCy npoueci
Ke3iHge GaKbinaHaTblH «LWbiHbl TEKTEC Xaffjal» COHFbl OHXbUIABIKTA €H KbI3bIKTbl KyOblibiCTapAbIH
6ipi 6onbin Tabbinagbl. byn )KymbicTa eKi MaTepuman ywWiH NIacTUKanblK KpUCTaNAaH anblHFaH OHAIPICTIK
aaMaHTaHHbIH GipiHwWIi WbIHbI TeKTeC XKaFfaalbl cunatTanagbl. 3aTTapAblH XKblly OTKI3riWTIKTEPiH enwey
HaTXenepi Oyn aAic 3epTTeniHin oTbIpFaH MoNleKynanbIK Xyenepae 6ap petrenmMereHAiK TUniHe cesiMTtan
6onaTbIHAbIFbIH KepceTTi. Aybicnanbl Ke3eKTecin »KYpri3ifeTiH yariHi CybITy »aHe Kbi3ablpy OypbiHAA
CybITbUIFaH NNacTUKanbIK KpUCTanAblH KpUCTanjaHy AspexeciH GipHelle ece xaKcapTajbl.

TyniH ce3pep: WhiHbI TEKTEC XKafAail, agamMaHTaH, BipiHwi TeKTi hasanbik aybicy, NAacTUKanbIK Kpu-
cTann.

Observing a first-order transition between the
supercooled liquid state and a new amorphous
phase, the «glacial state» has been one of the
most interesting focus during the last decades. At
present the glacial state is seen as an interrupted
crystallization due to the low crystal growth rate
from the glass state. In this work, we will describe

ISSN 1563-034X

the first glacial state obtained from a plastic crystal
for two materials — adamantane derivatives.

The thermal conductivity of 2-adamantanone
(C,H,0) and I-cyanoadamantane (C, H CN)
disordered crystals has been measured for
temperatures between 4.2 K and 275 K. Such
a range comprises the signature of a dynamical

KazNU Bulletin. Physics series. Ne3 (50). 2014



30 Glassy crystals of adamantane derivatives induced by thermal treatment

change involving the statistical intrinsic disorder
concerning the site occupancy of the oxygen and
nitride atom for C, H,,0 and C, H ,CN respectively.
The reported results encompass measurements
performed within monoclinic crystal phases attained
by crossing such transition from above, as well as
within the ergodic phases of the materials, where
large-angle molecular reorientations have been
evidenced. The long-range ordered lattices exhibited
by these materials below the transition temperatures
show a significant amount frozen disorder as far as
the molecular orientations are concerned, which
is shown to account for the features observed
in the dynamic and thermodynamic properties
of translationally ordered and orientationally
disordered crystals. The data analysis is carried
out in terms of several phonon scattering channels
contributing to a resistive relaxation rate, which

can be represented by two contributions, one due
to propagating phonons whose mean-free path
exceeds half the phonon wavelength, the additional
one attributed to additional modes as localized short
wavelength or diffusive vibrational modes.

The results of thermal conductivity
measurements showed that the technique is
very sensitive to type of disorder that appears
in investigated molecular systems. Furthermore
thermal treatment given to the sample resulted
in emergence of two completely different states:
one — crystalline, the other one — amorphous.
Additionally alternately cooling and heating the
sample several times improves the crystallinity of
the previously quenched plastic crystal. The so far
obtained results seems to be a very good beginning
for further analyze of glass transition phenomenon
in investigated plastic molecular crystals.
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Heat capacity of fullerite C60

The heat capacity of the fullerite C60 has been investigated in the temperature interval 1-120 K using
an adiabatic calorimeter. The fullerite is 99.99% pure. The sample mass is equal fo about 0.6 g. Analysis of
the obtained results and literature data [1-3] in the temperature range 1-300 K was carried out assuming
that the translational, rotational, and intramolecular degrees of freedom make additive contributions to
the heat capacity of fullerite.

Key words: fullerenes, the specific heat, the crystal lattice, libration.

M.W. baratckuii, M.C. bapabawko, B.B. Cymapokos
TennoemkocTtb pynneputa C60

Tennoemkoctb dynneputa C60 nccneposaHa B TeMnepatypHom nHTepBane 1-120 K ¢ ncnonb3osa-
HveM agmabaTHoro KanopumeTpa. [poBeaeH aHanM3 NONYYEHHbIX AAHHbIX Y IMTEPaTYpPHbIX UCTOYHUKOB,
npeanonaras, 4To nocTynatesbHble, BpallaTe/ibHble U BHYTPUMOJIEKYNAPHbIe cTeneHn cBob6oabl BHOCAT
JOMNOJIHUTENbHBIN BKNaZ B TennoeMKocTb dynneputa. O6HapyxeHo, YTo TeMnepaTypHas 3aBMCUMOCTb Te-
NJ0EMKOCTU MOXET BbITb BbIpaXKeHa Kak CyMMa JIMHENHbIX M KyBUYeCKX TEpMOB NpU TeMMepaType Huxke
3 K. BKnag, BHyTpMMONeKynsapHbIX KonebaHunii CTaHOBMTCA CyLLECTBEHHbIM Npu Temnepatype Bbiwe 50 K.

KnioueBbie ciioBa: Gynneput, TENI0EMKOCTb, KpUCTannyecKas pelleTka, 1mbpaumm.

M.W. baratckuii, M.C. bapabawko, B.B. CymapokoB
C60 pynnepuUTTiH XKblNyCblAbIMAbINbIFbI

C60 dynneputTiH *blaycbinbiMabinblFbl 1-120K nHTepBanbiHAa agmMobaTTbl KanopuMeTpAi nagana-
Ha OTbIpbIN 3epTTeniHAi. YaeMeni, aiHbIManbl XaHe MosieKyna illiHferi epKiHAIK Aapexenepi GynnepuTTiy
KbITYCbIAbIMABIIbIFbIHA KOCBIMLUA YIeC Kocafbl Aen 6omkaM Kacait oTbIpbIn, anbliHFaH ManiMeTTepAiH
oHe afebueT Ke3fepiHiH Tangaybl Xyprisingi. binycblibIMAbINBIKTBIH TeMrepaTypanblK Tayenginiri
3K TemeH TeMnepaTypa KesiHAe Cbi3bIKTbIK XaHe KyOTblK TepMAepAiH KOCbIHABICHI peTiHAe KepceTinyi
MYMKiH eKeHi aHbIKTanabl. Monekyna iwiHgeri Tep6enictepaid yneci 50K xxofapbl TeMnepatypaaa 6iniHe
bacTangbl.

TyiiH ce3nep: dhynnepuT, XbUTyCbINbIMABUIBIK, KpUCTaNAbIK Top, nnbpauusnap.

The heat capacity of the fullerite C60 has been
investigated in the temperature interval 1-120
K using an adiabatic calorimeter. The fullerite is
99.99% pure. The sample mass is equal to about 0.6
g. Analysis of the obtained results and literature data
[1-3] in the temperature range 1 — 300 K was carried
out assuming that the translational, rotational, and
intramolecular degrees of freedom make additive
contributions to the heat capacity of fullerite. It was
found that the temperature dependence of the heat
capacity can be expressed as sum of linear and cubic
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terms below 3 K. The linear term can be explained
by the existence of low energy tunneling levels in
the fulleriteorientational glass. The calculated Debye
temperature is equal to 53 K. The contributions of
optical translational and librational vibrations of
molecules C60 are noticeable with temperature
increasing above 3 K. The contributions of lattice
and intramolecular vibrations to the heat capacity
of fullerite were determined. The experimental heat
capacity, associated to the translational and rotational
vibrations, agrees well with the theory of lattice
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dynamics of the orientational ordered crystal C60 [3]
in the temperature range 1-25 K. The contribution
of the intramolecular vibrations becomes significant
above 50 K. Lattice heat capacity is close to the
SR and has weak temperature dependence on the
temperature range 50-140 K. This value of heat
capacity associated to contribution of translational
vibrations and the orientation vibrations of molecular
in the plane perpendicular to the direction of type .

The contribution of processes of orientational phase
disordering to the heat capacity of C60 is increased
with temperature increasing above 140 K. The peak
observed in the heat capacity near the temperature
of 260 K is associated with the orientational phase
transition. In the high-temperature orientation-
disordered phase of fullerite the heat capacity equaled
to near 4.5R, it corresponds to a case in which the
rotation of molecules C60 is close to free.
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Heat transfer in Ar and N, doped solid CO

Investigations of thermal conductivity of dielectric crystals play a special role in solid state physics.
The obtained information can be interesting both for theory and experiment. Introducing an impurity in
the crystal enables to study influence of the thermal excitations modified by the impurity on the thermal
conductivity or scattering of the heat carrier by the impurities.

In CO-Ar solution the isotopic effect occurs, i.e. effect caused by the difference of the masses of the
impurities and the host atoms. This leads o additional mechanism of phonon scattering.

Key words: thermal conductivity, defects, phonon scattering, impurity.

T. PomanoBa, 1. Ctaxossk, A. Exxoscku, B. LlebsitoBckn
Tennoo6meH B TBepaom CO, nernposaHHoM Aru N,

WccnepoBaHnsa TennonpoBOAHOCTM AN3NEKTPUYECKUX KPUCTAINIOB UrpatoT ocobyto posib B husmke
TBepgoro Tena. B pacteope CO-Ar cyuiecTByloT nsotonmyeckune 3deKTbl, Bbi3BaHHble pasHuLelt Macc
npvMecei 1 aToMoB MaTpuLbl. 3TO NPUBOAMUT K AOMONHUTENBHOMY MeXaHU3My paccesHusA GpoHoHoB. Pac-
t80p CO-N, no3BonseT HanpsAMylo McCneaoBaTh B3anMoAeicTBe GOHOHOB C NpuMecaAMK Ge3 usoTonu-
yecKux 3 HeKToB U3-3a OAUHAKOBbLIX Macc BelyecTB. [MonyyeHHble 3aBUCMMOCTM TEMIONPOBOAHOCTY OT
TemnepaTypbl TUMWYHBI ANA AU3NEKTpUYecknx kpuctannos. O6HapyxeHo, 4To (POHOHHOE paccesHue To-
YyeyHbIMU AedeKTaMu YBEMUYMBAETCA C POCTOM KOHLLEHTPaUuy npuMecy Ans 060Mx TBepAbIX PacTBOPOB.

KnioueBble cnoBa: TenionpoBoAHOCTb, AeeKTbl, HOHOHHOE paccesHye, MPUMeCH.

T. PomanoBa, 1. CtaxoBsk, A. Exxoscku, B. LlebsitoBcKn
Kattbl CO, nerupnenren Ar xsHe N, Kbuyanmacy

[naneKTpnik KpuctangapablH XKbINyeTKI3rilTiriH 3epTTey KaTTbl AeHe dhU3MKacbiHAA 6Te MaHbI3abl
opblH anagbl. CO-Ar epiTiHgiciHie KocnanapiblH MaccacbliHbIH >K8He MaTpuua aToMAApbiHbIH
arblpMalUblblfblHAH TybIHAAWTBIH M30TONTLIK 3ddeKTinep 6ap. byn GpoHOHAAPAbIH KOCbIMILA LWaLLbI-
pay MexaHu3MiHe anbin keneai. CO-N, epiTiHgici 3aTTapabiH MaccacbiHbIH Gipaeit 6oMybiHbIH ecebiHeH
doHOHAApAbIH KocnanapbiMeH TiKenel acepriecyiH 3epTreyre MyMKiHZiK Oepeai. Kon keTkisinreH
KbUTYCbIIbIMABUIBIKTBIH TeMnepaTtypafa TayenainikTepi AM3NEKTpNiK KpucTanjapfa TeH Oonbin Ta-
Obinagbl. HykTenik akaynapMmeH (hOHOHAbIK Liallbipay KaTTbl epiTiHAi KocnanapbiHbiH eKeyi ylWiH ge
KOHLLeHTPaLUMAHbIH apTybIMEH XOFapbliangbl.

TyiiH ce3pep: KblyeTKi3rilTiK, akaynap, GOHOHABIK, WaLlblpay, Kocnanap.

of thermal conductivity of

In CO-Ar solution the isotopic effect occurs,

dielectric crystals play a special role in solid state
physics. The obtained information can be interesting
both for theory and experiment. Introducing an
impurity in the crystal enables to study influence
of the thermal excitations modified by the impurity
on the thermal conductivity or scattering of the heat
carrier by the impurities.

ISSN 1563-034X

i.e. effect caused by the difference of the masses
of the impurities and the host atoms. This leads to
additional mechanism of phonon scattering.

CO-N, solid solution allows to investigate the
interaction of phonons with impurities directly,
without isotopic effect, because carbon monoxide
and nitrogen have the same masses (28 a.u.).
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Measurements of the thermal conductivity
coefficient in solid carbon monoxide with argon
and nitrogen impurities were carried out in the
temperature range from 1.5 to 40 K by steady-state
heat flow method. The samples were grown and
measured in a thin-wall stainless ampoule placed
in a LHe cryostat. In the experiment the crystals
were grown from the gaseous phase at the rate of
approximately 1mm/h. After growth the samples
were cooled down to the region of the measurements
temperature at a rate of 0,2 K/h.

The results of the measurements of the thermal
conductivity coefficient on temperature of pure carbon
monoxide and carbon monoxide doped by nitrogen
and argon at different concentration are presented.

The obtained dependences of the thermal
conductivity on temperature show a typical behavior

for a dielectric crystal. Characteristic maximum is
observed. The magnitude of its maximum decreases
along with increasing concentration of the admixture
and shifts towards higher temperatures.

The contribution of various mechanisms of
phonon scattering to the thermal conductivity
of CO-N, and CO-Ar solid solutions at different
concentrations was estimated using Callaway’s
equation in the framework of the Debye model. It
was found that the scattering of phonons by point
defects increases with increasing concentration
of the admixture for both solid solutions. The
scattering by the disordered molecules for crystals
doped by nitrogen, first increases with increase of
the admixture concentration, then decreases. For
crystals doped by nitrogen, this scattering decreases
with increasing of the admixture concentration.
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Investigation of Al, O, nanoparticle influence
on caloric properties of isopropanol

The aim of this work is the experimental studying the caloric properties of the model nanosystems
- isopropyl alcohol with nanoparticles of alumina oxide (Al,0.) at different nanoparticle concentrations.
Study of thermophysical properties of these model systems is required to assess the of nanoparticle’s
influence on the phase equilibria parameters and heat caloric properties of working fluids and coolants
with nanoparticle additives promising for use in refrigeration systems.

Key words: nanoparticles, isopropanol, specific heat, melting temperature.

H.A. lWumuyk, B.MN. XKenesHbin
UccnepoBaHue BANAHUA HAHOYACTUL, AI203
Ha KanopuyecKue cBOMCTBa usonpomnaHona

Llenbio HacToAwlel paboTbl ABNAETCA IKCMEpMeHTaNbHOE N3YUYeHe KallopuiecKnx CBOMCTB Mogenu
HaHOCKCTeMbl — N30MPONWIOBLIN CMIMPT C HAHOYACTMLLAMM OKCMAA aJIIOMUHUA C Pa3INYHBbIMU KOHLEHTpa-
LMAMU HaHouacTuL,. [onyyeHHble 3KcnepuMeHTabHble JaHHble MOKa3bIBatoT, YTO MPUMeCH HaHoYacTUL,
B/IMAIOT Ha NapamMeTpbl (a30BOro nepexoja TBepAoe TeN0 — XUAKOCTb, @ TaKKe Ha Tena0eMKoCTb U130~
nponunosoro cnupta. Hambonbluee BAMAHME HAHOYACTWL, Ha NapameTpbl NepexoAa HabnpaeTca npu
HU3KNX KOHLeHTpaLMAX OKcuaa anloMnHUA. ABTOpaMm NpejoXKeHa HOBasA MeTOA0NIOMMA onpefeneHns
TemnepaTypbl NAaBJeHUs, OCHOBAHHAsA Ha HaXx0XAeHWM MUHMMYMa NMPOM3BOAHONM (YHKLMUK, ONUCHIBatO-
LLei MOy4YeHHYI0 TepMOrpamMmy.

KnioueBble cnoBa: HaHOYaCTMLbI, U30MPONaHo, TEMI0EMKOCTb, TeMNepaTypa niaBfeHns.

H.A. lWumuyk, B.MN. XKenesHbin
AlO_ HaHOGenweKTepiHiK U3onNponaHonabIx
KanopukablK KacuetTepiHe acepiH 3epTrey

Byn KyMbICTbIH MaKcaTbl KOHLEHTpauusAcbl apTypii HaHOGesleKTepMeH allOMUHWUIA OKCUAIHIH
HaHobesLWeKTepiMeH 30NPONMA CNUPTI — HAHOXKYMECiHIH MoAeNiHiH KaNopuKabIK KacueTTepiH Taxipube
XKy3iHZAe aHblKTay 60/1bIn Tabbinagbl. AnbiHFaH Toxipnbenik ManiMeTTep HaHobesWeKTepAiH Kocnanapbl
KaTTbl AeHe — CYMbIKTbIK (pa3ablK aybiCyblHbIH MapaMeTpiHe, COHbIMEH KaTap M30Mponui CrupTiHiH
bUTyCbIbIMABUIbIFbIHA 8Cep eTeTiHiH KepceTeai. HaHobenweKTepaiH aybicy napameTpiHe aTapbiKTam
Ken acepi antoMMHWI OKCUAIHIH TOMeH KoHLeHTpaumacbiHAa 6aiikanaabl. ABTop/iap anblHFaH TepMorpam-
MaHbl CUNATTaNTbIH PYHKLUMAHBIH TYbIHABICbIHBIH MUHUMYMbIH aHbIKTayFa HerisgenreH 6anKy Temnepary-
pacblH aHbIKTay/AblH XaHa 8AicTeMeciH yCbIHFaH.

TyiiH ce3nep: HaHoOeNWeKTep, M30NPONAHOJ, XbYCbINbIMALLILIK, OanKy TeMnepaTtypachbl.

The aim of this work is the experimental
studying the caloric properties of the model
nanosystems — isopropyl alcohol with nanoparticles
of alumina oxide (ALO,) at different nanoparticle
concentrations. Study of thermophysical properties
of these model systems is required to assess the
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of nanoparticle’s influence on the phase equilibria
parameters and heat caloric properties of working
fluids and coolants with nanoparticle additives
promising for use in refrigeration systems.

The results obtained for the temperature
of phase transition (melting) and heat capacity
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for the nanofluids are reported in this paper.
The components of solution were isopropanol
and nanoparticles ALO,. Nanofluid samples
have been prepared by dilution of the serially
produced nanoalcohol sample (CAS Number
1344-28-1) with the pure isopropanol. The size
of nanoparticles in the nanofluid samples did not
exceed 50 nanometers. The measurements have
been done using experimental calorimetric setup
that realizes the direct heating method. Melting
temperature definition was performed by the
thermogram method. The direct heating method in
a calorimeter with a quasi-adiabatic cover was used
for determination of the heat capacity of nanofluids.

The obtained experimental data show that
nanoparticle admixtures influence on parameters of
phase transition solid — liquid and the heat capacity
of isopropyl alcohol as well. The results show that
the presence of nanoparticles affects the parameters
of the solid-liquid phase transition. The greatest
effect of nanoparticles on the parameters of the
phase transition appears at low concentrations of
AlO,. The authors proposed a new methodology
to determine the melting temperature. This
methodology based on the finding the minimum

derivative of the function describing the obtained
thermogram.

The analyzes of the obtained results shows
that our experimental heat capacity data for the
isopropanol are in good agreement with the
reference information and other literature data. The
additive (0.88 %) of Al,O, nanoparticles to the pure
isopropanol leads to changes in absolute value of
the heat capacity at constant pressure. The effect
was approximately 5% heat capacity decrease in the
liquid phase and about 5% increase in the solid phase
compared with the heat capacity of pure alcohol.
This result should be considered as quite reasonable,
because the alcohol molecules are adsorbed on
the surface of nanoparticles and form the stable
micelles. Thus, the structure of colloidal solution in
the liquid phase is more ordered compared with the
structure of pure alcohol, which leads to a reduction
of heat capacity in the liquid phase. The question
of the effect of nanoparticle concentration on
isobaric heat capacity of isopropyl alcohol requires
additional studies. This research is currently under
way in the laboratory of the «Thermophysics and
Applied Ecology» Department, Odessa National
Academy of Food Technologies.
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Investigations of thermal properties
of simple van der waals crystal based nanocomposites

Physical properties of the objects featuring nanometric linear dimensions have been being intense
investigated for over ten years. The reason for the scientific interest is twofold:

« basic science - the objects of dimensions of tens of nanometers display new physical properties,
usually very much different than their macroscopic counterparts

- possible applications - the new properties of such the objects make it possible to design new devices.
The nanostructured materials along with their new properties utilized as a base for new technologies have
recently caused an unprecedented acceleration in some of their fields.

Key words: thermal conductivity, nanopowders, cryocrystals crystal lattice.

M. CraxoBskK, A. ExxoBcku, P. HukoHkos, T. PomaHoBa
UccnepoBaHue TepMUYECKUX CBOMCTB HAHOKOMNO3UTOB
Ha OCHOBe NpOoCTbIX KpucTasioB BaH-gep-Baanbca

OTHocuTenbHasA NpocToTa KpucTannorpadryeckoi CTPYKTypbl MaTpuLbl U B3aMMOAENCTBUA MeXay
COCTaBAAWMMA AeNaeT KPUOKPUCTANIbI C BHEAPEHHbIMY HAHOMOPOLWKAaMUN nAeasibHbIMU 06beKTaMu
tyHAaMeHTanbHbIX GU3nYecKux nccnepoBaHuini. B HacToswein paboTe npeacTaBieH 3KcnepyUMeHTanb-
HbI METOZ, NCCNeL0BaHNA TEMNIONPOBOAHOCTM HAHOMOPOLWKOB AN3/IEKTPMKOB M METAIIOB CO CPEAHUM
AnameTpos B npeaenax ot 10 go 50 HM, BHeApPEHHbIX B KPUCTANIMYECKYIO PeLIeTKY HEOHA, aproHa, a3oTa
1 MeTtaHa. IamMepeHus nposoauanch B TemnepatypHoM guanasore 1-40 K ctaumoHapHbIM MeTOLOM.

KnioueBble cnoBa: TenonpoBofHOCTb, HAHOMOPOLLKU, KPUOKPUCTaNIbl, KpUCTaNIMYeCcKas peLleTKa.

M. CtaxoBsak, A. ExxoBcku, P. Hukoxkos, T. PomaHoBa
BaH-aep-BaanbcTiH KapnaibiM KpucTtanaapblHbiH HerisiHaeri
HAHOKOMMO3UTTEpPAiH TEPMUANBIK KacueTTepiH 3epTTey

MatpuuaHbiH KpcutannorpaduKanblK canbiCTbipManbl TypAe KapanambiMAbUIbIFbl XaHe Kypay-
WbINapbIHbIH apacbiHAaFbl ©3apa OalnaHbICbl eHri3iNreH KpUOoKpUcTanAbl HOHOYHTaKTapbl 6ap Kpu-
OKpucTanaapabl Herisri ¢usmkanbiK 3epTTeynepAid uaean 3epTrey HbicaHbl GonybiHa ceben 6Gona-
Abl. Byn XyMbicTa AMSNEKTPUKTEpAiH KoHe MeTangapiblH opTawa auvametpi 10-HaH 50HM-re pein
HEOHHbIH, AProHHbIH, a30TTblH ®He MeTaHHblH KpWUCTan TOpblHA eHri3inreH HaHOYHTaKTapbIHbIH
KbINYOTKI3riWTIKTEPiH 3epTTeyaiH Taxipnbenik agici kepceTtinreH. Onweynep 1-40K TemnepaTtypanbIK UH-
TepBanga TypaKTbl 8fliCMeH Xyprisingi.

TyniH ce3snep: XKbiNyeTKi3rilITiK, HAHYHTaKTap, KPUOKPUCTa, KpUCTanablK Top.

Physical properties of the objects featuring
nanometric linear dimensions have been being
intense investigated for over ten years. The reason
for the scientific interest is two fold:

*  Dbasic science — the objects of dimensions of
tens of nanometers display new physical properties,
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usually very much different than their macroscopic
counterparts

* possible applications — the new properties
of such the objects make it possible to design new
devices. The nanostructured materials along with
their new properties utilized as a base for new
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technologies have recently caused an unprecedented
acceleration in some of their fields.

For the similar reason more complex
nanostructured materials are also of great interest
and therefore are subject to intense investigations.

A particular example of nanostructured material
arecryocrystals with nanopowders immersed in their
volume. A relative simplicity of crystallographic
structure of the matrix and interactions between
the constituents make them ideal objects for
basic physics investigations. By applying the
thermal conductivity experimental technique to
investigate such objects one can get an answer
to numerous questions regarding the influence
of properties and parameters of the components
of such nanocomposites on their total thermal
conductivity. The results of investigations are
going to determine, in particular, the influence of
the size of nanoparticles and their intrinsic transport
properties on the resultant thermal conductivity
of the nanostructured material. The role of the

parameters of the crystalline matrix, such as the
interaction strength between its atoms (molecules),
the atomic (molecular) mass of the constituents or
the type of the excited thermal vibrations of the
lattice for the thermal conductivity can be specified.
Here we present experimental technique which
will be used to investigate thermal conductivity of
nanopowders of dielectrics and metals of average
diameter ranging from 10 to 50nm, embedded in
crystalline matrixes of neon, argon, nitrogen and
methane. The measurements will be carried out in
the temperature range ~1 to 40K with steady-state
method.

The preliminary results of the measurements
carried out on sample of methane with 30nm
nanoparticles of hydroxyapatite embedded in
the crystal volume showed a low value of the
coefficient at temperatures below 10K, lower than
that of amorphous solids. Also some kinks of the
dependence of the thermal conductivity coefficient
on temperature of unknown origin were noticed.
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Low-frequency internal friction (LFIF)
as express method for identification of cryocrystals in pores of the solids

Cryocrystals (solidified gases) form a relatively small group of materials which are gaseous at room
temperatures and solids at low ones. They have the triple points at low temperatures because of low weight
and small size of their molecules and also weakness of binding forces. This group of solids includes atomic
cryocrystals (He, Ne, Ar, Kr, Xe), simplest molecular crystals (hydrogen, nitrogen, CO, oxygen, fluorine), and
also few crystals from bigger molecules (CO,, N,O, CH,, NH, etc.). Being chemically neutral, the gases fill
the pores and becomes cryocrystals under cooling, influencing the properties of the solid matrices.

Key words: low-frequency internal friction HTSC ceramics, cryocrystals superconducting transition,
phase transformations.

A.B. JleoHTbeBa, A.N. Spenbypr, A.HO. Mpoxopos
HuskouactoTHoe BHyTpeHHee TpeHue (HYBT)
KaK 3Kcnpecc-MeToA uaeHTUGUKaLUM KpMOKPUCTaNIoB B NOpax TBepAbIX TeN

Kpviokpuctannbl (3aTBepaeBluve rasbl) 06pa3yloT OTHOCUTENbHO Hebonbluylo rpynny mMaTepuanos
HaxoAAWMXCcA B ra3000pa3HOM COCTOAHMUN NPU KOMHATHOM TeMnepaType 1 B TBEPAOM COCTOAHWMN Npu
KpWMOreHHbIX TeMnepaTypax. 3Ta rpynna BelecTB BK/OYaeT aToMHble KpuoKkpuctannbl (He, Ne, Ar, Kr,
Xe), npocTelilme MoneKynspHble KpMoKpucTanibl (Bogopog, a3ot, CO, Kucnopog), a Takke HeKoTopble
KpucTannbl 6onbwnx monekyn (CO,, N,O, CH,, NH,).

B pesynbtate HYBT nccneposanua (npu f=10-20 M'y) OMUB BTCI1 KepaMrKu 06HapyeHo, 4To Kpo-
Me nuka npu T= 90-95K, oTHocAweroca K ceepxnpoBogswemMy NS-nepexogy, HabnogatoTca TaKkke He-
CKOJIbKO MOBTOPAIOLWMXCA NUKOB BOAM3M TeMnepaTyp 24, 44 n 54 K, cooTBeTCTBYIOWMX TeMnepaTypam
(ha30BbIX NpeBpaLLeHNiA N TPOMHOM TOUYKM TBEpA0ro Kucnopoaa. laHHbili dhaKT no3sonaeT naeHtubnum-
poBaTb Hannuune Kucnopoga B nopax okcuaa Y-Ba-Cu-O.

KnioueBble cnoBa: HM3K0OYacTOTHOe BHyTpeHHee TpeHue, BTCI kepaMuKa, KpMoKpurcTanibl, CBepx-
MpoBOAALLMIA Nepexos, Gpa3oBble NpeBpalLeHus.

A.B. JleoHTtbeBa, A.W. Spenbypr, A.10. Mpoxopos
TeMeH xuinikri iwki yikenicrep (TXKIY) KaTTbl AeHenepaiH KybicTapbiHAAFbI
KpPUCOKpUCTaNAapbiH XKbl14aM calikecTeHAipy aAici peTiHae

Kpuokpuctangap (Katbin KanfaH rasgap) 6enMe TemMnepatypacbiHAa ra3 TeKTeC Kyije, KpuoreHai
TemnepaTypanapza KaTTbl Kyige GonaTblH MaTepuanjapAblH canbiCTbipManbl TypAe KillKeHTal To-
6blH Kypanabl. 3atTapablH O6yn TobbiHa aTomMablK Kpuokpuctangap (He, Ne, Ar, Kr, Xe), kapanaiibiM
MoJleKynanbiK Kpuokpuctangap (cyteri, a3ot, CO, oTTeri), COHbIMEH KaTap Y/IKeH MoJieKynanapabiH Kenbip
kpuctangapsbl (CO, N,O, CH,, NH,) xataabl.

TXKIY 3eptrey (f=10-20 'y ke3iHae) OMUB KTAB kepamukaHbiy T= 90-95K KesiHaeri acKblH OTKi3riL
NS aybicyFa calikec KeneTiH LbIHbI, COHbIMEeH KaTap (hasanblK, aybiCynap/blH XaHe KaTTbl OTTeriHiH YLITK
HYKTECiHe caiKec KeneTiH 24, 44 aHe 54 K TeMnepaTypaHbiH MaHalbiHAa GipHeLle KaiTanaHaTbIH WhiHAapAa
Aa 6ankanagpl. byn dakt otTeriHiH KybicTapbiHaa Y-Ba-Cu-O 6ap eKeHiH caiikecTeHzipyre MyMKiHAiK Oepegi.

TyiiH ce3pep: ToMeH XWinikTi iWwKi yikenic, })XTAO KepaMuKa, KpUOKpUcTangap, acKblH eTKi3riw ay-
bicy, pasanbik aybicynap.
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Cryocrystals (solidified gases) form a relatively
small group of materials which are gaseous at room
temperatures and solids at low ones. They have the
triple points at low temperatures because of low
weight and small size of their molecules and also
weakness of binding forces. This group of solids
includes atomic cryocrystals (He, Ne, Ar, Kr, Xe),
simplest molecular crystals (hydrogen, nitrogen,
CO, oxygen, fluorine), and also few crystals from
bigger molecules (CO,, N,O, CH,, NH, etc.). Be-
ing chemically neutral, the gases fill the pores and
becomes cryocrystals under cooling, influencing the
properties of the solid matrices. Method of internal
friction used in the paper permits to detect a presence
of gases in pores of the matrix as the cryocrystals
give an additional contribution in the background
spectrum of crystal matrix causing an appearance
of additional peaks in the spectrum. Temperatures
of triple points are the control points for most of the
cryocrystals. For molecular cryocrystals, the control
points are temperatures of phase transitions as well.

LFIF study (f=10-20 Hz) of YBCO HTSC ce-
ramics [1] reveals (Fig.1), that besides a peak at T=
90-95K, related probably to superconducting NS
transition, a few repeating peaks are observed near
the temperatures 24, 44 and 54 K corresponding to
temperatures of phase transitions and triple point of

solid oxygen. This fact allows identifying the pres-
ence of O, in pores of oxide Y-Ba-Cu-O ceramics.
Note that temperatures of these Q-1(T) peaks are
independent on frequency and coincides with ones
for pure crystalline O, [2].

Indeed, according to our study [3], the pores of
HTSC ceramic samples are filled with condensed
O,, released by a sample during it’s thermal treat-
ment.

Porosity of such samples can reach 10% from
its volume.

Holter et al. have studied an effect of hydrogen
absorption of sample pores on mechanical prop-
erties of the steels. LFIF spectra ~Q-1(T) of such
steel samples obtained at frequencies 100-300 Hz
(see Fig.2) show the presence of H, in view of a
sharp peak near ~14K (curve 1), corresponding to
H, triple point [4]. In case of an absence of hydro-
gen in pores of the sample (curve 2) the dependence
~Q-1(T) shows a monotonic behavior without any
anomalies.

Thus, the LFIF method makes it possible a de-
termination and identification of gases in the stud-
ied objects. This method, in particular, is desirable
for studying of solids derived from hard-to-reach
or remote atmospheres, for instance, samples from
ocean bed, mines, or space objects (meteorites).
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Magnetic resonance study of atomic hydrogen stabilized
at high densities in solid H, and D, matrices

Hydrogen and deuterium solids at low femperatures represent a special class of quantum crystals,
where due fo the large zero point oscillations and light mass, the effects of quantum tunnelling play
important role. Behaviour of atomic impurities in these crystals attracts special attention due fo possibility
of reaching collective quantum phenomena related with Bose-Einstein Condensation (BEC) or so-called
supersolidbehaviour. This may happen at high enough densities of atomic hydrogen.

Key words: atomic hydrogen, quantum crystals, quantum tunneling, magnetic resonance.

C. Wentoasnkos, [I. Axokac, [I. )xapBuHeH, [l. 38e3108B,
0. BaitHuno, J1. JlextoHeH, C. Bacunbes, C. Mao, B.B. Xmenenko, .M. Jln
MarHuTHO-pe3oHaHCHOe uccneaoBaHMe aTOMapHOro BOAOPOAA, CTabUAN3NPOBAHHOIO
npu BbICOKMX MJIOTHOCTAX B TBepAbIX Matpuuax H,u D,

Bogopoa v peinTepuii B TBEpAOM COCTOSHUM MPU HU3KUX TemnepaTypax NpeAcTaBisioT 0cobbIi
KJacc KBaHTOBbIX KPUCTaN/0B, B KOTOpPbIX, 6narogaps 60/bWNM HyleBbIM KoNeGaHUsIM 1 Majoi Macce,
3¢ (eKT KBAHTOBOIO TYHHENIMPOBAHWA UrPaeT BaXKHY posib. Mbl 06HapYXMn, YTO KBAaHTOBbIE N30TOMK-
yecKue peakuun obmeHa D+H,=H+HD 1 D+HD=H+D, npoxoaAT ¢ A40CTaTO4YHO BbICOKNMU CKOPOCTAMM
npu Temnepatypax Hvxe 1 K1 3HaunMTeNbHO yBeNMYMBAIOT KOHLEHTPaLMI0 aTOMapHOro BOAOPOAa B NJeH-
Kax cmecn H;D; H,;D,. Mbl nonaraem, 4to B3aMoAenCTBIE 3/IEKTPOHOB aTOMa BOAOPOAA C MarHUTHbLIMM
MOMeHTaMu OpTO-feliTepreBbIX MONEKY/ CYLLeCTBEHHO Yy/yylaeT BO3MOXHOCTM CyLLeCTBOBAHWUSA 3anpe-
LLLeHHbIX COCTOAHUI.

KnioueBbie cnoBa: aToMapHbIi BOAOPOA, KBaHTOBbIE KpUCTaibl, KBAHTOBOE TYHHeNMpoBaHu1e, Mar-
HUTHbIN pe3oHaHc.

C. Wentoasnkos, [I. Axokac, [I. JxxapBuHeH, [. 38e3108B,
0. BaitHuo, J1. JlextoHeH, C. Bacunbes, C. Mao, B.B. Xmenenko, .M. Jln
TypakrauabipbinFal H, xxeHe D, KaTTbl MaTpuuanapbiHaa
YKOFapbl TbIFbI3AbIK Ke3iHAe aTOMAbIK CyTeriHi MarHUTTik-pe30oHaHCTbl 3epTTey

KaTTbl Kyigeri cyTeri MeH [einTepuii TeMeH TemnepaTypa KesiHAe Henfik TepbenicTiH »oHe Kilui
MaccacblHbIH apKacbiHAa KBAHTTbIK TyHeNbAiK 3 deKT MaHbI3zbl 60M1bin TabbinaTblH KBAHTTLIK KpUCTan-
Aap Knacbl 6onbin Tabbinagel. bis D+H,=H+HD xane D+HD=H+D, KBaHTTbIK N30TONTbIK anMacy peak-
umsanapbl 1 K TeMeH TemMnepaTypaja anTap/ibIKTal Xofapbl XblIAaMAbIKNeH eTeTiHiH xaHe H;D; H,:D,
KoCnacblHbIH KabbIKlIacbiHAA aTOMABIK CYTeriHiH KOHLEHTPauusACbIHbIH apTaTbiHbIH aHbIKTaAbIK. bi3
cyTeri aTOMbIHbIH 3/IeKTPOHAAPbIHbIH OPTO-AENTEPUIAIH MarHUTTIK MOMeHTIMEeH e3apa apeKeTTecyi Tbli-
bIM casiblHFaH XafaannapabiH 601y MyMKiHAIrH anTapbIKTan )akcapTaabl Aen 6omKanMbI3.

TyniH ce3pep: aToMAbIK CyTeri, KBaHTTbIK KpYCTanaap, KBaHTTbIK TYHHeNlbAey, MarHUTTIK pe30HaHC.
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Hydrogen and deuterium solids at low
temperatures represent a special class of quantum
crystals, where due to the large zero point
oscillations and light mass, the effects of quantum
tunnelling play important role. Behaviour of atomic
impurities in these crystals attracts special attention
due to possibility of reaching collective quantum
phenomenarelated with Bose-Einstein Condensation
(BEC) or so-called supersolidbehaviour. This
may happen at high enough densities of atomic
hydrogen. In our previous work we succeeded in
reaching record high densities of atoms 41019
cm-3 [1]. This was done by implementing a novel
method of in-situ dissociation of H, or D, molecules
by low temperature (2 and D, matrices below 1K

Samples of H and/or D in solid H,/D, crystals
were created in two stages: 1) we deposited a thin
film of solid molecular para-H,, 2) we deposited a
thin film of solid molecular (ortho-D,).

We found out that quantum isotopic exchange
reactions D+H,=H+HD and D+HD=H+D, go with
high enough rate at temperatures below 1K and

effectively increase the concentration of atomic
hydrogen in H;D; H,;D, mixture films. Efficient
dynamic nuclear polarization (DNP) of H in D,
matrices was created via both Overhauser and solid
effects. We suggest that interaction of electrons of
the H atoms with magnetic moments of ortho-D,
molecules greatly enhances probabilities of
forbidden transitions. The presence of D, molecules
in a close neighbourhood of H and atoms was
supported by observation of the holes in both
ESR spectra of H and D atoms during pumping
the position of the satellite lines which appear due
to simultaneous spin flips of the electron of the
atom and the deuteron spin on a neighbouring D2
molecule. In addition, pumping the center of the
H spectrum created negative DNP. All attempts to
observe DNP via the solid effect and pumping the
center of the spectrum in pure H, were unsuccessful.
We discuss possible explanations of this effect being
due to the nuclear polarization transfer between H
and D, or strong exchange effects between clusters
of H atoms.
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Matrix-isolation studies of non-covalent interactions:
more sophisticated approaches

Matrix isolation is a powerful method to study non-covalent interactions, including hydrogen bonded
species. The complexation effect is commonly analyzed by comparing vibrational spectra of the complex
and the monomers. Most traditionally, molecular complexes in matrices are prepared by adding two
species to the matrix gas and depositing the matrix at somewhat elevated temperatures and/or annealing
the matrix after deposition. However, this general strategy is less suitable for the species that are difficult
orimpossible to prepare in the gas phase, for example, for highly reactive and unstable species. In addition,
this method leads to relatively small amounts of the 1:1 complexes with an interference of monomers and
larger clusters.

Key words: matrix isolation, hydrogen bond, Cryocrystals hydrates.

J1. XpnautueB
UccnepoBaHue HeKoBaneHTHbIX B3aUMOAENCTBUIA METOA0M
MaTpUYHOW U3oNALUK: Gonee CAOXKHbIE NOAXOAbI

MaTpuuyHasa nsonAunA ABNAETCA MOLLHbIM MeTOAOM M3YyYeHUA HeKOBAaNeHTHbIX B3aVIMOAENCTBUMN,
BKJ/IlOYasA BUAbI BOAOPOAHBIX cBA3el. B HacToAwel paboTe Mbl ONMCbIBAeM CI0XKHbIE MOAXOAbI, MO3BOJIA-
loLLMe N3y4aTb KOMMIEKChI, ABNALLMECH NpobaeMaTUYHbIMU ANA UCCNef0BaHUA TPAAULMOHHBIMU METO-
Aamu. B3anmogeiicTBre ruapaToB MHEPTHbBIX FA30B C APYTMMU BELLECTBAaMU MOXKeT ObITb 13y4eHO B TBep-
Ao matpuue. KoHdopmepsbl ¢ 6osiee BbICOKOI 3Hepruieit MoryT 6biTb cTabUAM3MpPOBaHbI B KOMMIEKCaXx C
CUJIbHOI BOAOPOAHON CBA3bL0. Mbl TaKKe 06cyxaaem ocobble ciyyau, NPy KOTOPbIX CreKTpanbHble CABU-
1 HeBobLUNe, U MTPAMOE CMEKTPOCKOMNMYECKOe ,0Ka3aTebCTBO 06pa30BaHNA KOMMNEKCOB He AOCTYMHO.

KnioueBble cnoBa: MaTpnyHasa U30NALUSA, BOLOPOAHAA CBA3b, KPMOKPUCTAbI, TMAPATHI.

J1. Xpnautues
KoBaneHTTi eMec e3apa apeKeTrecysiepai MaTpuuanbiK,
nU30AUUA djiciMeH 3epTTey: aTapnblKTai Kypaeni Tacinaep

MaTpuuanbik M3onAUMA cyTeKTi OGalnaHbICTbiH TypiepiH KOCKaHAa, KOBaseHTTi emec ©3apa
apeKeTTecynepai 3epTreyaiH KyatTbl aaici 6onbin Tabbinagbl. byn yMbicTa 6i3 AacTypni agicneH 3epTreyae
Macesie TyAbIpaTbiH KelleHAepAi 3epTTeyre MyMKiHAIK OepeTiH Kypaeni Tacingepai cunatranmbl3. MHepTTi
rasgapAblH ruapatrapbiHbiH 6acka 3aTTapMeH e3apa apeKeTTecyi KaTTbl MaTpuuaja 3epTTenyi MyMKiH.
3Hepruanapbl }ofapblpaK KoHpopMepsiep KyLWTi cyTeKTi 6alnaHbICTbl KeleHaepae TypaKTaHAbIpbUlybl
MyMKiH. CoHbIMeH KaTap 6i3 cneKTphik aybITKynap YJKeH eMec KoHe KelleHAepAiH Ty3inyiHiH Tikenen
CMeKTPOCKONUANBIK Ad/eNeHyi KOJIKeTIMCi3 60naTbiH epeKLue Xafaannapabl TaaKblaiMbi3.

TyitiH ce3aep: MaTpuuanbiK M30nAUMA, CyTeKTi balinaHbic, KpMoKpucTangap, rmaparrap.

Matrix isolation is a powerful method to study
non-covalent interactions, including hydrogen
bonded species. The complexation effect is
commonly analyzed by comparing vibrational
spectra of the complex and the monomers. Most
traditionally, molecular complexes in matrices are
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prepared by adding two species to the matrix gas
and depositing the matrix at somewhat elevated
temperatures and/or annealing the matrix after
deposition. However, this general strategy is
less suitable for the species that are difficult or
impossible to prepare in the gas phase, for example,
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for highly reactive and unstable species. In addition,
this method leads to relatively small amounts of the
1:1 complexes with an interference of monomers
and larger clusters.

We describe sophisticated approaches allowing
studies of complexes that are problematic for the
traditional method. For example, photolysis of a
suitable precursor can lead to a large concentration
of 1:1 complexes, which are otherwise very difficult
to prepare (e.g., H,0---O) [1].

Photolysis of two species combined with
annealing can produce complexes of radicals
via reactions of primary complexes with mobile
atoms (e.g., H,O--HCO) [2]. Interaction of

noble-gas hydrides HNgY with other species can
be studied in solid matrices (e.g., N,'--HArF), and
the blue shift of the H-Ng stretching mode is a
normal effect in this case [3]. Many complexes
and dimers have been prepared for the higher-
energy conformer of formic acid cis-FA [4], even
the cis-FA solid [5], by using selective vibrational
excitation of the lower-energy (trans) form.
The higher-energy conformer can be efficiently
stabilized in complexes with strong hydrogen
bonding. We also discuss specific cases when
spectral shifts are very small (e.g., phenol---Xe)
[6], and the direct spectroscopic evidence of the
complex formation is not available.
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Mechanisms of self-screening in intrinsic semiconductors

Electron-hole pairs (proton-hydroxyl pairs in water) thermally activated in intrinsic semiconductors
interact through Coulomb forces which necessarily results in some self-screening that should either
be accounted for in a proper way or shown fo be negligible. Possible mechanisms of self-screening are
considered in this work.

Key words: self-shielding, intrinsic semiconductor, method of Debye-Hyukelya.

W. YukuHa, B. WnkunH
MexaHM3Mbl CAaMO3KpaHUPOBAHUA B COBCTBEHHbIX NOJyNPOBOAHUKAX

TepMUyecKn aKTMBMPOBAHHbIE 3IEKTPOHHO-AbIPOYHbIE Napbl (MPOTOH-TUAPOKCUIIbHbIE Napbl B BOAE)
B COOCTBEHHbIX MOJYNPOBOAHNKAX B3aMMOAENCTBYIOT NOCPeACTBOM KynoHOBCKMX cui, HeoOX0ANMbIM
CeACTBMEM 3TOrO ABMSAETCA HEKOTOPOe CaMO3KpPaHVpPOBaHUe, KOTOpPoe cliesyeT Uav JOMKHbIM 06pa3om
YYUTbIBaTb, UW CUUTATb NMpeHebpexXMo MasnbiM. Bo3aMoXHbIe MexaHV3Mbl CaMO3KpaHMpOBaHUA paccMo-
TpeHbl B HacTosLwen paboTe.

KnioueBble cnoBa: caMo3KpaHNpoBaHue, cOBCTBEHHBIV NOMYNPOBOAHNMK, MeTo [leban-Xiokens.

N. Ynkuna, B. lUnkmH
MeHwWwiK xapTbinai eTKi3riutepae e3airiHeH aKpaHgany MexaHu3maepi

MeHLWiK apTbinai eTKIi3rilTi }apTbilai eTKisriTepae TepMUANbIK OenceHAipinreH 31eKTpoHAbI-
KeMTIKTi ynTap (cyaafbl MpoTOH-ruapokcubii yntap) KynoH KywiHiH acepiMeH e3apa aceprecegi,
OYHbIH KaXXeTTi HaTUXKeci ecKepinyre TUICTi HeMece eneMenTiHAEN a3 en ecenTenTiHAeN 63/iriHeH 3KpaH-
Aany 6onbin Tabbinagpl. ©34iriHeH akpaHganyabiH 6yHAal MexaHU3MAepi 0Cbl XYMbICTa KapacTblpblifaH.

TyWiH ce3nep: e3airiHeH 3KpaHAany, MeHWK xapTbian eTKisriw, [lebas-Xiokenb agici.

Electron-hole pairs (proton-hydroxyl pairs in where ? is the medium dielectric constant and « is

water) thermally activated in intrinsic semiconduc-
tors interact through Coulomb forces which neces-
sarily results in some self-screening that should ei-
ther be accounted for in a proper way or shown to be
negligible. Possible mechanisms of self-screening
are considered in this work.

1. One of the scenarios for development of
self-screening is as follows (the Debye-H uckel ap-
proach [1]). One of the ions is placed into the origin
of the coordinate system, all other ions are allowed
to screen it. Then the electric potential ¢(r) satisfies
the following equation:

&(r) = eexp (—xdr)/r, (D)

ISSN 1563-034X

the donor density.
In the expansion of ¢(r) for small »

ep (r) —ek+.. U, W~ezkaq (2)

thefirst term is the self-energy of the central ion,
while the second term represents.

[1] the correlation correction U, we are
searching for. Egs. (1,2) are the starting point for
all correlation phenomena in classical systems with
Coulomb interaction.

2. An interesting alternative estimate for Ucorr
can be taken from the theory of ion lattices [2]. If
the charges arising due to dissociation are arranged
into a regular lattice suitable for the application of
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the Ewald rules, then the correlation energy per pair wherey is a Madelung constant.
of ions Ucorr can be written as The estimates (2) and (3) for the correlation en-
ergy U have different structures and are substan-
Uwrr~yez/Raq, Raq~(0caqngq)'1 3) tiated in different ways. Discussed in the present

paper are the reasons underlying these differences.
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Two types of molecular dynamics simulations:
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Melting of cryocrystasls at high pressures.
Computer simulation

Two types of molecular dynamics simulations: single-phase and two-phase carried out and applied to
defermine the melting temperatures of highly compressed diatomic cryocrystals: nitrogen and hydrogen,
as functions of pressure. Solid hydrogen was modeled by two approximations (1) non-empirical atom-atom
potential (AAP) approximation [1], and diatom-diatom (DDP) approximation. Within AAP-model potential
energy of hydrogen molecules is represented as a function of interatomic distances between all atoms as
a sum of intramolecular (bonding) and intermolecular (non-bonding) parts. Both types of potentials are
expressed via known potential energies of two isolated hydrogen atoms in the singlet and triplet states.

Key words: cryogenic, computer simulation, molecular dynamics, the melting point.

E. Axy6
MnaBneHue KPUOKPUCTANNIOB NPYU BbICOKUX AaBJIEHUAX.
KoMnbloTepHoe MoaenupoBaHue

B paHHOI paboTe ncnonb3oBanuch ABa TMNa MOAENMPOBaAHWA METOAOM MOJIEKYISPHON AMHAMUKM:
oaHohasHbIV 1 ABYX(da3sHbIA. ITUMU MeTOAaMN ONpeaenANMch TeMnepaTypbl NNaBaeHNA CUNBbHO CXKaTbIX
[AMaTOMHbIX KPUOKPUCTa/I0B a30Ta U BOLOPOAA Kak hyHKUMIA AaBneHUs. TBepabli BOJOPOL MOAEANPO-
Bacs ABYMs nNpubamkeHnsmu - (1) HeamMnupuyeckoe npubanKeHne aToM-aToMHOro noteHumana (AAMM)
n (2) anatoM-AnatoMHoe npubnmKeHve. YMeHblUeHVe TeMnepaTypbl MiaBAeHVA NMpU BbICOKOM CXaTum
OTHOCMTCA K BO3POCLUEN POSIN HELeHTPaNbHbIX CUN Y MONIEKYNAPHOW }KeCTKOCTY.

KnioueBbie cnoBa: KpMOKpMCTa, KOMNbIOTEPHOE MOAENIMPOBaHME, MOJIEKYNAPHanA ANHAMUKA, TeM-
nepaTypa niaBfieHus.

E. Axky6
HoFapbl KbicbiMAA KpUOKpUCTaNAapAabiH 6ankybl.
KomnbloTepnik Mmoaenbaey

Byn KyMbicTa MoseKynanblK AMHAMUKaHbIH MoAenbAeyiHiH eKi Typi KongaHbingbl: Gipdasansi
XoHe ekidasanbl. byn spictepMeH KaTTbl KbICbiNFfaH KbICbIM (YHKLMACHI peTiHAeri CyTeriHiH >kaHe
a3oTTbiH AMATOMAblI KPUOKpUCTanaapbiHbiH Ganky TemnepaTtypacbl aHbiKTangbl. KatTbl cyTeri eki
XaKplHAacTbipbinyMeH (1) 3aMnMpuKanblK emec atoM-aToMAabl noteHumangbiy (AAlN) xaHe (2) awna-
TOM-AMaTOMAbl KaKblHAACTbIPbUTYMEH MoaenbaeHaipinreH. Yofapfbl KbICbIMMEH KbiCKaHAa 0anky
TeMnepaTypacbliHblH Killipetoi LLeHTPJiK eMec KyluTepiH XaHe MoNeKynanblK KaTTbUIbIKTbIH PesiHiH ap-
TyblHa XaTajpl.

TyiiH ce3paep: KpMoOKpUCTan/, KOMNbIOTEPNIK MoZesbAey, MoNeKynanblK JUHaMKKa, 6anky Temnepa-
Typachbl.

non-empirical ~ atom-atom  potential

(AAP)

single-phase and two-phase carried out and
applied to determine the melting temperatures of
highly compressed diatomic cryocrystals: nitrogen
and hydrogen, as functions of pressure. Solid
hydrogen was modeled by two approximations (1)

ISSN 1563-034X

approximation [1], and diatom-diatom (DDP)
approximation. Within AAP-model potential energy
of hydrogen molecules is represented as a function
of interatomic distances between all atoms as a sum
of intramolecular (bonding) and intermolecular
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(non-bonding) parts. Both types of potentials are
expressed via known potential energies of two
isolated hydrogen atoms in the singlet and triplet
states. In turn, singlet and triplet potential curves
are well known from classical ab initiovariational
calculations.

DDP approximation is actually a more general
version of AAP-model [2] which takes into account
the overlap of electronic shells of two atoms forming
a diatomic molecule. Within this approximation
non-bonding short-range intermolecular interaction
depends on instant distances between bonded
atoms. Both AAP- and DDP-models were extended
by inclusion of long-ranged quadrupole-quadrupole
interaction. Interaction of nitrogen molecules
was also described within AAP-model by the
sum of semi-empirical atom-atom potentials and
quadrupole-quadrupole contribution.

For both diatomic solids, at different sizes
of simulation cells, we observed the same non-
monotonous dependence of melting temperature:
its raise with increasing density becomes more
and more smooth and at megabar pressures goes
negative. This effect observed in experiments [3]
and known as turnover of the melting line, was
reproduced first in our recent conventional single-

phase molecular dynamics simulation of molecular
hydrogen [4].

The same behavior of nitrogen, when
polymerization transition ignored, is reported in
this work. We discuss possible explanations of
this turnover in absence of changes of interaction
and chemical bonding, and analyze its dependence
on the rigidity and the length of chemical bonds,
structure of the solid phase, and analyze the role of
long-range quadrupolar forces.

We conclude that turnover in the melting line
observed in diatomic solids has a general reason. It
can be explained on the basis of simple molecular
models. The decrease of the melting temperature
at high compressions is related to the increasing
role of non-central forces and molecular rigidity.
Energy stored in frustrated chemical bonds is
released during melting and this effect becomes
more pronounced at higher densities leading to
the progressive decrease of the relative crystalline
lattice stability, melting temperature and vibronic
frequency. Inclusion of quadrupole-quadrupole
interactions rises the melting temperature and
affects both the nature of the molecular rotation
in the solid phase and the type of the most stable
crystalline structure.
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Molecular dynamics simulation of thermodynamic and transport properties
of H-bonded low-temperature substances

Theresults of modeling of water clustersin nitrogen cryomatrix are presented. Earlier, our experimental
studies of water in cryomatrix [1] have shown that changes in the concentration of an analyte in matrix
leads to a splitting of the absorption bands characteristic frequencies of the molecules in the IR spectrum.
Moreover the multiplicity of characteristic absorption bands in the IR spectrum remained unchanged
during heating of the samples from the condensation temperature to the sublimation temperature of the
matrix element.

Key words: molecular dynamics, hydrogen bond, cluster, matrix isolation.

AJXK. ToiueHrynoBa, AY. Ananspos, A.C. IpobbiiieB
MopaenupoBaHue TepMOAMHAMUYECKUX U TPAHCMOPTHbIX CBOMCTB
BOAOPOAOCBA3aHHbIX HU3KOTEMNEpaTyPHbIX Bel,ecTB METOAOM
MOJIEKYNAPHOW AUHAMUKH

B paboTe npeacTaBneHbl pesynbTaTbl MOAENNPOBaAHMA KNacTepoB BoAbl B KpuoMaTpuue a3zoTa. B
NpOoBeJeHHbIX HaMW paHee 3KCMepuMeHTax Mo U3y4YeHUIo COCTOSIHUA BOAbI B KproMatpuue 6b110 06Ha-
PY)XEHO BNMAHME KOHLEHTpauuu BOAbl B MaTpuue, NpMBOAALLee K paclienieHnto Nnoaoc rnornoweHns
XapaKkTtepucTuyeckumx yactot Monekyn B IK-cnektpe. Takke B paboTe 06bsicHAeTcA 0OHapyXeHHas 3Kc-
nepvMeHTaNbHO cTabunbHOCTb 06pa3oBaHHbIX KNacTepoB BOAbI B MaTpMLE B MPOLIECCE HAarpeBaHus nie-
HOK BMJIOTb 0 TeMnepaTypbl ncnapeHns mMonekyn mMatpuubl. O6HapyeHo, YTo Hanbonee cTabuNIbHbIM
KniacTepoM MoJieKyn Bobl, 06pa3oBaHHbIM BOAOPOAHON CBA3bLO, ABNSETCA NeHTaMep.

KnioueBble cnoBa: MoneKkynApHaa AUHAMUKa, BOAOPOAHAnA CBA3b, KNacTep, MaTpMyHas U30nsaums.

AJXK. TeiuenrynoBa, AY. Ananspos, A.C. Ipobbiies
TeMeH TeMnepaTypaJsibl CyTeKTi 6aiilaHbICKaH 3aTTapAblH
TepMOAMHAMMKANbIK K3He TPAHCMOPTTbIK KacueTTepiH MoNleKynanbIK,
AVHaMUKa ajici 6oiblHIWIA MoAenbAey

KyMbicTa a30T KpuoMaTpuuacbiHAafFbl CyAblH KnacTepsiepiH MofenbAey HaTvxenepi KenTipinre.
bis OypbiH KyprisreH KpuomaTpuuajafbl CyAblH KyWiH 3epTTey Taxipubenepinge WK-cnektpae
MoJleKynanapAblH CunatTaManblK JKWiNIKTepiH JKyTbily ONaKTapblHbIH blfblpayblHa anbin KeneTiH
MaTpuLaAafbl CyAblH KOHLEHTPaLUMAChIHbIH acepi aHblKTanAbl. COHbIMeH KaTap, XyMbIiCTa MaTpuLaaafbl
CyAblH KabblKkwWwanapap! TinTi MaTpuuaHblH GynaHy TeMnepaTtypacbiHa AeWiH Kbi3Ablpy KesiHae Ty3inreH
ToXipnbe >KysiHAe aHbIKTanfaH KnactepnepiHiH TypakTbinbiFbl TyciHaipineai. CyTtekTti 6ainaHbicrneH
Ty3inreH cy MoieKynacblHbIH €H TYPaKThl KnacTepi neHTamep eKeHi aHbIKTanAbl.

TyiiH ce3aep: MoneKynanbiK AMHAaMUKa, CyTeKTi 6ainaHbic, KnacTep, MaTpuLabiK U30NALUA.

The results of modeling of water clusters in
nitrogen cryomatrix are presented. Earlier, our
experimental studies of water in cryomatrix [1]
have shown that changes in the concentration
of an analyte in matrix leads to a splitting of the
absorption bands characteristic frequencies of
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the molecules in the IR spectrum. Moreover the
multiplicity of characteristic absorption bands in the
IR spectrum remained unchanged during heating of
the samples from the condensation temperature to
the sublimation temperature of the matrix element.
In order to find out what the structure of clusters is
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responsible for the immutability of the absorption
bands in the vibrational spectrum during thermal
cycling of the samples computer research of water
molecules enclosed in nitrogen cryomatrix by the
molecular dynamics simulation was conducted.

For this purpose, theoretical studies were
carried out using computer software packages
of HyperChem 8.1, that implement used by us

1200
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600 -

Intensity, arb.u.

400

200

semi empirical and ab initio molecular dynamics
methods [2]. As a result of the research, the data
must be obtained are of theoretical interest for
summarizing the physico-chemical properties of
systems, consisting of water molecules, and their
combination with inert gases, as well as other atoms
for studying the properties of molecular crystals
composed of small molecules [3].
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Figure 1 — Linear vibrational absorption spectrum of ice formed by 20 molecules at 16 K calculated
in HyperChem using the PM3 method. Three intramolecular modes are preserved in ice, the bending vibration and the
overlapped symmetric and asymmetric stretching vibrations and one intermolecular mode (librations).
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Figure 2 — Water pentamers
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Calculations also showed that due to the
ability of water molecules to form hydrogen bonds
this system has a great variety of structures with
substantially different binding energy and heat

capacity. Most stable ring structures among them is
pentamer ring structure shown in Figure 2, which
has only one proton molecules involved in the
formation of hydrogen bonds.
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Nanocluster impurity gels in superfluid He-II
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Nanocluster impurity gels in superfluid He-I11

We discuss here some results of our SANS studies of structure of the impurity-helium condensates,
gel samples, prepared by condensation of the gas mixture 4He + 2% of the impurity (D,, O,, vapors of D,0
or C,D,0D) on the surface of superfluid He-ll cooled below 1.8 K. The impurity nanoclusters covered by a
layer of solidified He form the backbone (a dispersive system) of the gel, and liquid helium in the nanopores
between the cluster aggregates serves as a dispersion medium.

Key words: superfluid helium, neutron scattering, nanocluster, cryocondensates.

J1.N. Mexos-Aernux, B.®. Epumos, A.B. Jloxos, B.B. HecBuxesckuiz,
C. Obtoxepcr, I'.B. Konmakos
HaHoknacTepbl npuMecHbIx renei B cBepxrteky4yem He-lIl

B aaHHOM paboTe 06cyKaeHbl pe3yibTaTbl HALWMX UccieaoBaHuii MetogoM MHP (Manoyriosoro Heid-
TPOHHOIO pacceAHWs) NpUMechb-reNMeBbIX KOHAEHCATOB, 06pa3LoB res, MPUroTOBAEHHbIX KOHAEHCaLU-
eii rasosoii cmecu 4He + 2% npumecw (D, O,, napbl D,0 nnn C,D,0D) Ha N0OBEPXHOCTY CBEPXTEKY4ero
He-ll, oxnaxpaeHHoro ao temnepatypbl Huxe 1,8 K. HaHoknacTepbl npvMecu, NOKpbITbie coemM TBepAoro
He, o6pa3ytoT ocHOBY (AUcnepcHyto cucTeMmy) rens, a XXUAKUIA rennii B HaHOMOpax MeXAay KnacTepHbIMU
arperataMmyi CNyXWUT AWCMNEePCHON cpeaon. HYMcneHHas oueHKa xapakTepuctuyeckux pasmepos D,0 nan
C,D,0D knacTepos B 06pasLie rens aaet pesynbTat B AvanasoHe 10-15 Hm.

KnioueBble cnoBa: cBepxXTeKy4uit rennii, HEeMTPOHHOE paccesHue, HAHOKIacTep, KPMOKOHAeHcaT.

J1.N. Mexxos-AernuH, B.®. Epumos, A.B. Jloxos, B.B. HecBrxeBckui,
C. Obtoxepcr, I'.B. Konmakos
AckpbiH akKbiw He-ll Kocnanbl renbaepain HaHoKnacTepnepi

Byn kymbicta AHLU (a3 O6ypbiwTbl HeWTPOHAbI lIalbIpay) oAiCiMeH jKacanfaH renuini
KoHZeHcaTTapablH, 4He + 2% ras KocnacbliHblH KOHAeHcaumacbiHbiH 1,8 K ToeMeH TemnepaTtypafa AeiiH
CybITbIIFAH acKpblH aKKbiw He-ll Getine apanactbipbinybiMer (D, O, D,0 Hemece C,D,OD 6ynapbi)
)KacanfaH renb yarinepid 3eptreynepimisgin HaTvKenepi TankbiiaHfaH. Katrbl He KabaTbiMeH abbinfFaH
HaHOKnacTepnep Kocnanapbl refbjiH HerisiH (ancnepcTi XyneHi) Kypanabl, an Knactepnik arperatrapibiH,
apacblHAafbl HAHOKYbICTapAafbl CYMbIK refivin gucnepcti opTa 6o/bin Tabbinaabl. Fenb yariciHae DZO He-
mece C2D50D cunatramansbik enwemaepiH caHablk 6aranay 10-15 HM apanbikTa HaTVKe Gepegi.

TyitiH ce3aep: acKblH aKKbILL Frefnii, HeMTPOHADI LWaLlblpay, HaHOKacTep, KPMOKOHAEHCaT.

We discuss here some results of our SANS
studies of structure of the impurity-helium
condensates, gel samples, prepared by condensation
of the gas mixture *He + 2% of the impurity (D,,
0,, vapors of D,O or C,D,OD) on the surface of
superfluid He-II cooled below 1.8 K. The impurity
nanoclusters covered by a layer of solidified He form

the backbone (a dispersive system) of the gel, and
liquid helium in the nanopores between the cluster
aggregates serves as a dispersion medium. From the
results of the SANS measurements we found that
the characteristic sizes of the D, or O clusters are
distributed in a wide range from 100 to 1 nm. The
numerical estimations for the characteristic sizes of
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D,0 or C,D.OD clusters in the gel sample give the
range of 10 — 15 nm.

The weakly connected impurity nanoclusters
in bulk of the sample in He-II cooled below a few
mK might be used for cooling of cold neutrons
below the ultra-cold temperature level. The reasons
for significant interplay between nanocluster
condensate with slow neutrons are, on one hand,
in an approximate equality of wavelength of the
last and characteristic size of inhomogeneities in
gels and, on another hand, relatively high cross-
section of neutrons scattering on a backbone of the
condensate. For example, we’ve observed strong
changes in angular distribution of neutrons scattered
on D20 sample of size 2.8 cm with variation in the
neutron energy: At low energies E < 0.5 K neutrons
show isotropic s-scattering, whereas the increase

ISSN 1563-034X

of neutron energy up to 5 K results in strongly
anisotropic scattering where ~ 90% of neutron beam
is scattered into the small angle of a few degrees.

A thick layer of a fine-grained ice powder,
which is formed during the gel disintegration, could
also be used as coverage of the inner walls of cold
neutron guides to decrease the neutron losses.

From the numerical estimations it follows that
the magnetic susceptibility of 100 nm-size oxygen
clusters at temperatures below 2 K is enough
high. In effect, and oxygen gel samples in He-
II could form a magnetic structure in an external
magnetic field H > 200 G, and this structure
might be close to a ferromagnetic structure. This
opens new opportunities for further studying of
the impurity gel samples with the use of spin
polarized neutrons.
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On the equilibrium density of ions in raining clouds
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On the equilibrium density of ions in raining clouds

On e of the debatable issues in meteorology is the source of enhanced ion density in storm clouds. This
source is obviously related in some way to the density of rain drops in the storm cloud. It is also clear that
all charging phenomena should involve free protons which are the highest mobility ions in the problem.
Discussed in the present paper is the approach providing a nite ion density in the system of rain drops.
The corresponding model for the storm cloud can be referenced as a “proton semiconductor” by analogy
with electronic crystal semiconductors where charge is carried by light particles, i.e. electrons and holes.

Key words: ion density, charge phenomena semiconductor.

M. Ynkuna, B. lUnKnH
O paBHOBECHOI NJIOTHOCTU MOHOB B JOXAEBbIX 061aKax

OaHMM 13 obcyKaaeMbIX BOMPOCOB METEOPOSIOrMM ABASAETCA MCTOYHUK MOBbLILEHHON MIOTHOCTU
MOHOB B rpo30BOM 006aKe. [laHHbIN MCTOYHUK, OYEBUAHO, OTHOCUTCS B HEKOTOPOM CTEMEeHU K MIOTHO-
CTV LOXAEBbIX Kanesb rpo3oBoro obnaka. Takxe fICHO, YTO BO BCe 3apAA0Bble ABNEHUS BOBJIEKAOTCSA
cB0OOAHbIE NPOTOHbI, KOTOPble ABAAOTCA Hanboee NOABMKHLIMU MOHAMK B 3agade. O6cyKaaemblii B
HacTosLweln paboTe NoAXoA NO3BONIAET ONPeAeNUTb KOHEUYHYH MIOTHOCTb MOHOB B CHMCTEME JOXAEBbIX
kanenb. CooTBeTCTBYOWAA MOAeNb FPO30BOro 06/1aKa MOXKeT pacCMaTpMBaTLCA KaK «MPOTOHHbIN Noy-
NMPOBOAHMKY MO aHANOMMK C 3NEKTPOHHBIMU KPUCTa/NIMYECKMMU MOJTyNPOBOAHMKAMU, B KOTOPbIX 3apAj,
nepeHOCUTCS JIEFKMMUN YacTULLAMU, T.e. 3NIeKTPOHAMU U AblpKaMM.

KnioueBble cioBa: NI0THOCTb MOHOB, 3apAA0BbIE ABNIEHUA, NONYNPOBOLHUK.

M. YmkuHa, B. lUnKnH
MaHOblp GynTTapbliHAAFbl MOHAAPAbIH GipKanbInNTbl
TbIfbI3AbIKTapbl Typanbl

MeTeoponorvsHbiH Ken TajlKbllaHaTblH CypaKTapbiHblH 06ipi Hai3afainbl GYNTTbIH MOHbIHBIH
ThIfbI3AbIFbIHbIH KOFapblaayblHblH Ke3i 60obin Tabbinagbl. byn Kes, 6enrini 6ip fgapekene Haln3arannbl
OYNTTbIH )XaHObIp TaMLWbINapbIHbIH ThIFbI3AbIFbIHA A@ KaTbiCTbl 60/1bIN Tabbnaabl. bapnbik 3apsAaTanfaH
KyOblnbiCTapfa TancblpMagasbl €H KbUDKbIMadbl MoHZap 06o0abin TabbLiaTblH  epKiH MpoToHAAp
enikTipineTiHi e 6enrini. Ocbl XyMbICTa TaNKbUIaHATbIH TACIN *aHObIp TaMLWbINAPbIHbIH KyleciHaeri
VNOHAAPAbIH COHFbI ThIFbI3AbIFbIH aHbIKTayFa MyMKiHAIK Oepeai. Hali3afaiabiH OyNTbIHbIH Cailkec Mogeni
3apsAA KeHin benlueKTepMeH, AFHU 31eKTPOHAAPMEH XKaHe KeMTIKTepMeH TacbiManAaHaTbiH 3EKTPOHAbI
KpUCTanaplK XapTbinan eTKi3riluTepre yKcac «NpoTOHZbI apTbUlall eTKi3riw» peTiHAe KapacTbipbliybl
MYMKiH.

TyitiH ce3aep: MoHAapAbIH ThIFbI3AbIfbl, 3apAATbLIK KYObIIbICTAp, }KapTblnal eTKi3riw.

On e of the debatable issues in meteorology is
the source of enhanced ion density in storm clouds.
This source is obviously related in some way to
the density of rain drops in the storm cloud. It is
also clear that all charging phenomena should in-

volve free protons which are the highest mobility
ions in the problem. Discussed in the present pa-
per is the approach providing a finite ion density in
the system of rain drops. The corresponding model
for the storm cloud can be referenced as a «proton

KasYV xabapumicel. Pusnka cepusichl. Ne3 (50). 2014



I. Chikina, V. Shikin 55

semiconductor» by analogy with electronic crystal
semiconductors where charge is carried by light
particles, i.e. electrons and holes [1].

1. The basic quantity involved in finding prop-
erties of the «proton semiconductor» is the water
molecule ionization energy in the gas phase Evac.
According to available literature [2], this energy is
about

The thermal ionization probability for a mol-
ecule possessing this binding energy is practically
zero, so that water vapor in a clean atmosphere
could not be a source of any noticeable number of
protons. However, the energy (1) proves to be quite
suitable for use as the energy gap of an intrinsic pro-
ton semiconductor.

In the proton semiconductor model, water drops
play the role of shallow donors capable of releas-

ing free protons into the conduction band of doped
semiconductor. A quantitative estimate is as fol-
lows. Just as in a gaseous media, the water molecule
ionization reaction is exothermic requiring absorp-
tion of the energy from the heat bath. By simultane-
ously considering the free proton level positions on
the same energy scale for both gaseous and liquid
phases, one can easily discern all the basic semicon-
ductor principles. This «proton semiconductor» is
characterized by the intrinsic gap (1) donor energy
level (2) within the forbidden band, bulk donor den-
sity nd equal to the rain drops density in the cloud,
and the effective proton mass to be used in the semi-
conductor statistics [1] which has the scale of the
free proton mass in vacuum. The donor ionization
degree is calculated within the standard statistical
methods [1].

References
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Application of impedance spectroscopy for studying
of charged nanoclusters in impurity-helium condensates

A gas jet consisting of a mixture of helium and impurity (~ 1% of H,, N,, Ne, Kr, Xe, etc) gases was
directed onto the surface of superfluid helium (Hell) contained in the glass beaker. During condensation of
the impurity particles in the bulk superfluid helium the so-called impurity-helium condensate is formed [1].

Recently in 2013, charges were detected for the first fime during destruction of the nitrogen-helium
samples [2]. For further investigations it was proposed to use methods of the impedance spectroscopy.
We used a sensor of planar geometry with two conductive meanders (the sensor capacity was of 7.9 pF).

Key words: impedance spectroscopy, superfluid helium impurity-helium condensates.

AA.TenbmeHes, P.E. bonTHes, U.B. boixano, .H. KpywunHckasn
MNpuMeHeHMe UMNeAaHCHOW CNEKTPOCKONUM
ANA U3y4eHUs 3apAXKeHHbIX HAHOK/IACTEepPOB NpUMeCh-resiueBbiX KOHAEHCATOB

la3oBan cTpyA, cocToAwan n3 cmecn renna n npumecn (~ 1% of H,, N, Ne, Kr, Xe, n T.a.), Hanpas-
NnAeTCA Ha noBepxHOCTb cBepxTeKyyero renusa (He-ll), HaxopAweroca B cTeknAHHOMW MeH3ypKe. B npo-
Liecce KOHZEHcaLumM YacTul npuMecy B o6bemMe CBEPXTEKYYero renus hopMmupyeTcs Tak HasbiBaeMbll
npuMecb-renneBblit KOHAeHcaT. Pe3ynbTaTbl paboThl NOATBEPKAAIOT rMNOTe3y O CyLlecTBOBaHUM 3apasa
Ha CTaguu paspyLleHusA npuMecb-renneBbix 06pa3uoB. [puposa 3apAf0B U MeXaHU3Mbl UX MOSBAEHUS
BCE €LLe 0CTalOTCA OTKPbITbIMY U TPeOYIOT AaNbHENILEro N3yyeHuns.

KnioueBble cnoBa: uMnegaHCHaA CNeKTPOCKONWSA, CBEPXTEKYUMIA Fefni, MpUMechb-reneBbl KOH-
feHcar.

AA.TenbmeHes, P.E. bonTHes, U.B. bbixano, .H. KpywunHckasn
MMnepaHCTbl CNEKTPOCKONUAHDI reIni-Kocnasnbl KOHAEHCATTapAblH
3apAATanfaH HaHOKnacTepsiepiH 3epTTey YWiH KoaaaHy

lenuiiaeH xaHe KocnanapaaH (~ 1% of H,. N,. Ne, Kr, Xe, xaHe T.0.) TypaTblH ra3aplK afbiC WbIHbI MEH-
3ypKaZla opHanacKaH ackblH akkbiWw renuigiy (He-1l) 6eTiHe 6arbiTranagbl. KocnaHbiH GenwekTepiHiH
KOHAEHCaUUA MpoLueciHAe acKblH aKKbIW TrefvingiH KenemiHAe refvin-Kocnanbl KoHAeHcaT Ty3ineai.
YKyMbICTbIH HaTuxenepi reauii-kocnanbl yarinepain 6y3biny caTtbicbiHAA 3apAATbIH 6onybl Typanbl 6o-
Kamabl pacTangbl. 3apsaTapablH TabuFaTbl KeHe onapAblH naiga 6oy MexaHu3Maepi ani ae ToNbIK
awblnMaraH 6onbin Tabblnagbl XKaHe api Kapal 3epTTeyai KaXeT eTesi.

TyiiH ce3aep: MMNeLaHCTbl CNEKTPOCKONUSA, aCKbIH aKKbIW refinii, Kocna-reanini KoHaeHcar.

A gas jet consisting of a mixture of helium
and impurity (~ 1% of H,, N,, Ne, Kr, Xe, etc.)
gases was directed onto the surface of superfluid
helium (Hell) contained in the glass beaker. During
condensation of the impurity particles in the bulk

superfluid helium the so—called impurity—helium
condensate is formed [1].

Recently in 2013, charges were detected for
the first time during destruction of the nitrogen-
helium samples [2]. For further investigations it
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was proposed to use methods of the impedance
spectroscopy. We used a sensor of planar geometry
with two conductive meanders (the sensor capacity
was of 7.9 pF). In the experiments the temporal
dependencies of the impedance were carried out
at frequencies of 2700 and 3000 Hz. The voltage
amplitude was of 5 V.

Synchronously with lowering of helium level
in the glass beaker, the sample shrinks and then
destroys through explosions accompanied with
current pulses and bright flashes. Simultaneously
with explosions, temperature and pressure peaks,
as well as resistance and capacitance jumps were
observed.

These results support the hypothesis of charge
existence at the stage the destruction of the
impurity—helium samples. The nature of the charges
and mechanisms of their appearance are still open
questions and demand further study.

The measuring technique with use of the planar
sensor has shown good performances and allowed
to investigate the behavior of the impurity—helium
samples in Hell as well as during their destruction
processes.

The described construction of the sensor is very
simple, easily reproducible and may be applied in
investigations of low-temperature films, coats, and
matrices.
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Turbulence on the surface of cryogenic liquids in restricted geometry
of experimental cell

We report on results of experimental investigations of nonlinear phenomena on the surface of liquid
hydrogen and helium. The experiments were carried out at temperature T=1.7 K for superfluid helium and
at T=15 K for liquid hydrogen. Helium and hydrogen gases were condensed into the copper cup of inner
diameter 30 mm (helium) and 60 mm (hydrogen) and depth 4 mm.

Key words: helium, hydrogen, low femperature kelvin.

J1.B. A6aypaxumos, M.FO. bpaxHukos, I'.B. Konmakos, A.A. JleBuexko, V.A. Pemnsos
Typ6yneHTHOCTb Ha MOBEPXHOCTU KPUOTeHHbIX XKUAKOCTen
B OrpaHU4YeHHO reoMeTpum 3KCNepuMeHTaIbHON AYENKHN

Mbl coobLaemM o pe3ynbTaTax 3KCMepUMEHTaNbHbIX UCCeA0BaHWUIA HEMHEMHbIX ABJEHUI Ha no-
BEPXHOCTU XWUAKOro BOAOPOAA U renvs. SKcnepuMeHTbl npoBoaununck npu temnepatype T=1,7 K npwu
cBepxTeKyyeM renuun n npm T=15 K ans xxmuakoro Bogopoga. [a3bl renns 1 BoLOPOAa KOHAEHCUPYOTCA B
MeAHYI0 YalKy BHyTpeHHUM gnametpoM 30 MM (resivs) n 60 MM (Bogopoaa) v rnyburHom 4 MMm.

KnioueBble cnoBa: renvii, BOAOPOA, HU3KKe TeMnepaTypbl, KENbBUH.

J1.B. A6aypaxumos, M.FO. bpaxHukos, I'.B. Konmakos, A.A. JleBuexko, V.A. Pemnsos
FeoMeTpuAChHI WeKTeNreH TaXxipubdenik yalwbIKTaFbl
KpuoreHAi cyibiKTapAbliH 6eTiHaeri TypoyneHTTiNiK

bi3 cybIK cyTeriHiH XaHe renvingid 6etingeri 6ercbi3biK KyObUlbICTapAbIH TaXipMbenik 3epTTeynepiHiy
HaTuxKenepiH 6anaHaanMbI3. Toxipubenep acKkbiH akKbiw renvige T=1,7 K TeMnepaTtypasa aHe CyMbiK
cyteri ywiH T=15 K Temnepatypasa »xyprisinai. lenungid xeHe cyTeriHiH rasaapsbl iwki gnametpi 30 Mm

(renuiire) xaHe 60 MM (cyTerire) oHe TepeHAiri 4 MM MbIC bibICKAa KOHAEHCUPEHEA,.
TyiiH ce3aep: renuii, cyteri, TeMeH TemnepaTypanap, KeJibBUH.

We report on results of experimental investiga-
tions of nonlinear phenomena on the surface of liquid
hydrogen and helium. The experiments were carried
out at temperature 7=1.7 K for superfluid helium and
at 7=15 K for liquid hydrogen. Helium and hydrogen
gases were condensed into the copper cup of inner
diameter 30 mm (helium) and 60 mm (hydrogen)
and depth 4 mm. The cup and a copper plate which
has been fixed 4 mm above the cup form a flat
capacitor. A Source of charges glued to the bottom
of the cup ionizes liquid. The surface of liquid is
charged with positive ions when DC voltage of about
1 kV is applied between the plates of capacitor. A
low-frequency AC voltage applied in addition to the

DC voltage excites waves on the charged surface of
liquid. Waves are detected by means of a laser beam
reflected from the surface of liquid and then focused
into a photodetector. Variation of angle between the
laser beam and the oscillating surface leads to the
modulation of the power of reflected light P(7). As
we have shown earlier [1] the power spectrum P ,
obtained by Fast Fourier Transformof the P(¢), is
proportional to the spectrum of the pair correlation
function of the surface elevation.

The first result is experimental observation
of two bottleneck effects near the high frequency
boundary of the inertial range on the spectrum of
the turbulence in the system of capillary waves
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on the surface of liquid hydrogen and superfluid
helium driven by a harmonic force. Both effects are
manifested as a local maximum on the spectrum of
pair correlation function of the surface elevation. On
the surface of liquid hydrogen the local maxima can
be seen only during reconfiguration of the turbulent
cascade caused by a generation of waves below
the driving frequency. The other one observed in
the steady state spectra of capillary turbulence on
the surface of superfluid helium [2] is explained by
detuning between harmonics in turbulent cascade
and resonant modes of the experimental basin.

The second result is experimental registration
of low-frequency harmonics on the surface of

liquid hydrogen in a square cell and on the surface
of superfluid helium in a cylindrical cell excited
by monochromatic force. It was shown [3] that
conditions for generation of waves in the low-
frequency range can be found experimentally by
variation of the frequency of driving force and
a discreteness of the spectrum of surface waves
changing the boundaries of experimental cells. As on
the surface of superfluid helium, and on the surface
of liquid hydrogen low-frequency harmonics are
generated mainly due to three-wave interactions.
Energy from range of excitation is transferred
simultaneously towards high frequencies in direct
cascade and towards low frequency harmonics.
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Unconventional phase transitions on HD and O, cryocrystals

Both HD and O, are molecular solids with an exceedingly well explored phase diagram under
pressure. In this talk we focus in two unusual phase transition taking place at high pressures. First we
study the unusual reentrant phase transition that the phase diagram of HD exhibits near 50 Gpa where
a rotfationally ordered (“broken symmetry”) crystalline phase surprisingly transforms into a rotationally
“disordered” high-symmetry phase upon cooling.

Key words: phase diagram, pressure, sample, crystalline phase.

K. Kpecno, A. Naiio, .E. CanTtopo, M. ®abpuumo, C. Ckangono, E. Tocattu
HeTtpaauuunonHble ¢dasoseblie nepexoabl B HD n O, Kpnokpucrannax

O6e monexynbl HD 1 O, TBepabix Ten 06ycnoBaeHbl XOpoLIOo M3y4eHHo (ha30Boi AnarpaMMmoit npu
BbICOKMX JaBneHunsx. B 3Tom goknage Mbl poKycupyem BHUMaHWe Ha ABYX HEOObIYHbIX ha30BbIX nepe-
X0fax, CyLLecTBYIOLMX NMPU BbICOKMX AaBieHUAX. [epBOHa4anbHO Mbl M3y4MM HeoObIYHbI, BO3BPATHBbIN
(hasoBbIin nepexog, Ha tasosoi guarpamme HD o6pa3uos B okpectHocTn 50 Ma, rae BpaweHue obHapy-
)KMBaeT «HapyLleHne CUMMeTPUUN» KpUCTanan4yecKo da3sbl, 00ycroBleHHOe NpeBpaLleHneM B «Heynops-
[LOYEHHOW» CTaiM BbICOKOWN CUMMETPUUN NPU OXNAKAEHUN.

KnioueBble cnoBa: asoBas gmarpamma, asneHue, 06pasubl, KpUctannmyeckas dasa.

0. Kpecno, A. Naiio, I'.E. CanTtopo, M. ®abpuumo, C. Ckangono, E. Tocattu
Kpuokpucrangapaarbl HD xoaHe 0, gacTypni eMec dasanbiK aybicynap

HD xeHe O, KaTTbl AeHenepAiH KOC MoneKynanapbl »Ofapbl KbICbIMAAFbl XXaKCbl 3epTTenreH
tdasanbik anarpamMmara HerisgenreH. byn 6asHzamaga 6i3 Kofapbl KbicbiMAa GonaTbiH €Ki epeKiue
(hasanblK aybicynapfa Hasap ayaapambi3. AngbiMeH 6i3, HD ynriHiH dasanbik gnarpamMmacbiHgafrbl aiHa-
ny («cMMMeTpUAHBIH Oy3biaybI») aybiCyblH 3epTTeAIK.

TyitiH ce3aep: dhasanbik AnarpamMmma, KbiCbiM, yarinep, Kpuctanabik dasa.

Both HD and O, are molecular solids with an
exceedingly well explored phase diagram under
pressure. In this talk we focus in two unusual phase
transition taking place at high pressures. First we
study the unusual reentrant phase transition that
the phase diagram of HD exhibits near 50 Gpa
where a rotationally ordered («broken symmetry»)
crystalline phase surprisingly transforms into a
rotationally «disordered» high-symmetry phase
upon cooling. While the qualitative reason for
reentrance, has been already shown by early
mean field studies in this work.We aiming at
a quantitative understanding of this system
using path integral Monte Carlo (MC) constant-

pressure calculations. Here we use an efficient
sampling method and found the lowest-energy
zero-temperature classical state, an structure C,/c
similar to that hypothesized by Surh et al. [Phys.
Rev. B 55, 11330 (1997)]. Upon turning quantum
rotational effects on, we calculate the pressure-
temperature phase diagram by monitoring a lattice
biased order parameter, and find a reentrant phase
boundary in good agreement with experiment. The
entropy jump across the transition is found to be
comparable with In 2, the value expected from mean
field results. A comparison with earlier studies is
also presented, yielding relevant information about
the role of factors that quantitatively determine the
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reentrant part of the phase diagram. The second
part of the talk is devoted to molecular oxygen
at high pressures. At low temperatures, the low
pressures antiferromagnetic phases below 8 GPa
where O, molecules have spin $=1 are followed
by the broad apparently nomagnetic epsilon phase
from about 8 to 96 GPa. In this phase which is our
focus molecules group structurally together to form
quartets while switching, as believed by most, to
spin S=0. In this work we present theoretical results
strongly connecting with existing vibrational and
optical evidence, showing that this is true only
above 20 GPa, whereas the S=1 molecular state

ISSN 1563-034X

survives up to at about 20 GPa. The epsilon phase
thus breaks up into two: a spinless epsilon 0
(20-96 GPa), and another epsilon_1 (8-20 GPa)
where the molecules have S=1 but possess only
short range antiferromagnetic correlations. Thus
an unconventional and rare local spin liquid-like
singlet ground state akin to some earlier proposals
and whose optical signature we identify in existing
data, is proposed for this phase. Our proposed
phase diagram thus has a first order phase transition
just above 20 GPa, extending at finite temperature
and most likely terminating into a crossover with a
critical point near 30 GPa and 200 K.
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Vacancy assisted flow of solid helium

The idea that solid helium might become a supersolid goes back fo Andreev and Lifshiz [1]. The 2004
observation of supersolidity in forsional oscillator experiments by E. Kim and M. Chan [2] started an
extensive worldwide series of related investigations. Since the report by D. Y. Kim and M. Chan in 2012

Key words: helium, solid, temperature, low temperature

Ix. beHeauk, A. Kanunun, IN. Huetto, Ik . ToeHuc
CopeiicTBMe BaKaHCUU NOTOKY TBEPAOro renus

Wpes, uto TBEpAbIV reNIMil MOXKET CTaTb CBepXTBEPAbIM BELLEeCTBOM, NpeAcKa3aHa AHApeeBbIM 1 JIus-
wuuem [1]. B 2004 r. 3. Kum, M. YeH Havyanu WNPOKYH MEXAYHAPOAHYH CEPUID COOTBETCTBYIOLWNX UC-
cnefj0BaHU CBEPXTBEPAOIo BELLEeCTBA M0 METOAVKE 3KCNepMMEHTaNIbHO KPYTUITbHbIX OCLUNATOPOB [2].

KnioueBble cnoBa: rennii, TBepA0e Teo, TEMMNEepaTypHbIil PEXUM, HU3KUe TeMnepaTypbl.

Ix. beHeauk, A. Kanunun, IN. Huetto, Ik . ToeHuc
Boc opbIHHbIH KaTTbl reIMiAiH aFbiHbIHA KOMeKTecyi

KaTTbl rennin aca KaTTbl 3aT 60Nybl MyMKiH JlereH naesHbl AHApeeB aHe JInBwuy 6omkan aiTKaH
6onatbiH [1]. 2004 . 3. Knum, M. YeH xanbikapanblK ocbl MAesifa CaliKec 3epTreynephiH TonTaMachbiH
KYPri3reH, aca KaTTbl 3aTTbIH aliHanaTbIH TaXipnbenik ocuunnATopnapAbIH aaicteMeci 6oiibIHILIA 3epTTey-

nep xyprisinreH [2].

TyniH ce3aep: renunii, KaTTbl AeHe, TeMnepaTypablK PeXXuM, TOMeHri Temnepatypanap.

The idea that solid helium might become a
supersolid goes back to Andreev and Lifshiz [1].
The 2004 observation of supersolidity in torsional
oscillator experiments by E. Kim and M. Chan [2]
started an extensive worldwide series of related
investigations. Since the report by D. Y. Kim and
M. Chan in 2012 [3] that their effect was spurious,
interest in the phenomenon has largely subsided. In
2001 GalliandReatto predicted that another type of
supersolidity might occur at temperatures close to
the lambda line provided that the concentration of
vacancies is sufficiently large.[4] This has inspired
our experiments which take advantage of the geyser
effect [5] in which vacancy diffusion from the

vacuum side of a flow system leads to a sudden
collapse of the solid. The resulting flow through a
0.1 mm dia 14 mm long capillary is monitored by
pressure sensors up- and downstream of the capillary
at temperatures between 1.64 to 2.66 K and pressures
up to 102 bar. After the initial sharp geyser pressure
pulse, three different capillary flow regimes are
observed as the upstream pressure decrease: (1) an
oscillatory (minigeyser) regime. (2) a constant flow
regime with a linearly decreasing pressure gradient,
and (3) a non-resistant regime. The comparative
analysis of the three regimes indicates that the flow
of solid 4He is driven by a coherent counterflow of
excess vacancies, which are injected at the solid/
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liquid interface near the micrometric orifice exposed gradient, is interpreted as evidence for a new phase of
to vacuum. In the constant flow regime the velocity of solid helium induced by non-equilibrium vacancies,
about 20 cm/s, which is independent of the pressure in agreement with recent theories.
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Optical spectroscopy and current detection during warm-up
and destruction of impurity-helium condensates

It is well known that deposition of rare gases (RG) passed through electrical discharge area onto a
cold (~ 4 K) surface, or irradiation of cryofilms by energetic particles (electrons, protons, or photons with
energies of 20 eV - 4 MeV) can cause formation and stabilization of neutral radicals and ions. Recent
experiments have revealed ion currents accompanied by luminescence during destruction of nitrogen-
helium condensates prepared by condensation of nitrogen-helium gas mixtures (after passing through a
radio frequency RF discharge zone) into superfluid helium (Hell) bulk [1].

Key words: condensate, spectroscopy, cryocondensates surface.

WN.H. KpywnHckas, P.E. BonTHes, U. b. Byxano, AA. lenmenes, b.5. Xmenenko, .M. Jln
OnTuMyecKkaAa CNeKTPOCKONMUA U onpejAeneHne ToKa
BO BpeMA Nporpesa u pa3pyLieHnUA NpUuMech-reineBbiX KOHAEHCATOB

XopoLuo U3BecTHO, 4To ocaxaeHune bnaropogHbix razos (Rg), npolealnx Yepes 3NeKTPUYECKYHO pas-
pAAHY0 06nacTb Ha xonogHyto (~ 4 K) noBepxHOCTb, Ui 061y4eHe KPUOMIEHOK 3HEPrOEMKUMU YacTuh-
Lamu (31eKTPOHbI, NPOTOHbI, UK GOTOHOB, ¢ 3Hepruelt 20 3B - 4 MaB), moxeT npuBecT K popmmpoBa-
HUIO 1 cTabUAM3aLMN HENTPaNbHbIX PaANKanoB U MOHOB. HesaBHME 3KCNepUMMeHTbI NOKa3anu, MoOHHbIe
TOKM, CONPOBOXAAOLLMeCH JIIOMMHECLLeHL MM B NpoLiecce pacnaja a3oTHO-re/IMeBbIX KOHAeHCaToB, NoJy-
YeHHbIX KOH/leHCaLMel ra3oBbiX CMeceit a3oT-reinin (nocsie NPOXOXAEHUA Yepes 30HY PaiMo4acToTHOro
BY pa3paga) B cBepxtekyunin renumii (Hell) [1].

KnioueBble cnoBa: KoHAeHcaT, CMeKTPOCKONMWA, KPMOKOHAeHCaT, MOBEPXHOCTb.

W.H. KpywnHckasn, P.E. bontHes, U. b. byxano, A.A. lMenmeHes, b.b. Xmenexko, .M. Jln
OnTUKanbIK CNEKTPOCKONUA XaHe Kocna-reiuini KoHaeHcaTTapibiH,
KbI3AbIpblNybl X3He 6y3biNybl Ke3iHAeri TOKTbl aHbIKTay

JnekTpniK paspagTanfaH aymMakTaH cybiK (~ 4 K) 6eTke eTKeH acbin rasgapabl (Rg) TyHAbIpY HeMe-
ce KpuoKabbliKWwanapabl 3Heprusa CbiibIMAbUIBIKTLI GeslleKTepMeH (31eKTpoHAap, NpoToHAAp Heme-
ce doToHaap, 20 3B - 4 M3B 3Hepruamen) cayneneHaipy 6eritapan pagnKanaapablH XKeHe MOHAApAbIH
KasibiNTacyblHa }aHe TypaKTaHAbIPbIIyblHa afibin KeJlyi MyMKiH eKeHi )aKcbl benrini.

TyitiH ce3aep: KoHAeHCAT, CNEKTPOCKONUA, KPUOKOHAEHCaAT, OerT.

Introduction with energies of 20 eV — 4 MeV) can cause forma-

It is well known that deposition of rare gases
(RQG) passed through electrical discharge area onto
a cold (~ 4 K) surface, or irradiation of cryofilms by
energetic particles (electrons, protons, or photons

tion and stabilization of neutral radicals and ions.
Recent experiments have revealed ion currents ac-
companied by luminescence during destruction of
nitrogen-helium condensates prepared by conden-
sation of nitrogen-helium gas mixtures (after pass-
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ing through a radio frequency RF discharge zone)
into superfluid helium (Hell) bulk [1]. We present
new experimental results on detection of optical
spectra and ion currents during thermostimulated
destruction of impurity-helium condensates (IHCs)
prepared from nitrogen-argon-helium and nitrogen-
xenon-helium gas mixtures.

Experimental Method and Results

The experimental technique of IHC sample
preparation was first developed in 1974 [2]. It is
based on the injection of a helium gas jet containing
impurity particles (Im =N, N,, H, H,, Ne, Ar, etc.)
into bulk Hell. A gas mixture enters a helium bath
region from a quartz capillary cooled with liquid ni-
trogen inside an atom source. The lower portion of
the capillary is surrounded by electrodes to produce
an RF discharge (f = 40 MHz, P = 40-90 W). The
typical conditions during sample preparation were
as follows: the impurity admixture, [Im]/[He] ~ 0.5-
1 %, the gas jet flux

(4.5-6)'1019 s-1, the Hell temperature 1.5 K,
and the duration of the sample condensation 600-
5000 s. The oxygen content in the gas mixtures is
mainly a result of contamination of the helium gas.
We employ helium gas with an oxygen content of ~
10 ppm. A gas jet consisting of a mixture of helium
and impurity gases was directed onto the surface of
Hell contained in a glass beaker placed below the
source at a distance of 20-35 mm. Calibrated Lake

Shore thermometers were used for the temperature
measurements. The sample emission was directly
collected by an optical fiber fixed above an IHC
sample in the beaker. The spectrometer AvaSpec-
ULS2048XL-USB2 allowed us to detect lumines-
cence within the spectral range from 200 to 1100
nm with resolution ~ 2.5 nm.

The spectra observed during destruction of im-
purity-helium condensates containing stabilized
radicals reveal that all of the emitting particles
are localized within solid matrices. The spectra
of luminescence detected during the destruction
of the second sample prepared from a gas mixture
[N,]/[Ar]/[He] = 1/10/1000 were changing on
time. The dominance of emission due to species
containing oxygen was explained by a multishell
structure of impurity clusters: heavier particles
(in this case O atoms) are involved in the reac-
tions and the luminescence at the final stage of
sample destruction when impurity clusters fuse
together.

The luminescence spectra detected during de-
struction of the sample prepared from a gas mixture
[Xe]/[N,]/[He] = 1/10/2000 has revealed, for the
first time, the spectra from molecules XeO*captured
in N2 films surrounding the xenon cores of impurity
nanoclusters.

The destruction of impurity-helium condensates
containing stabilized radicals is accompanied with
pressure and luminescence peaks, and current puls-
es (~nA).
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Penetration of charges through the surface of water

The general goal of this project is experimental investigation of the properties of infrinsic (electric) The
general problem of this project is experimental investigation of the properties of intrinsic (electric) carriers
in water and development of statistics of liquid electrolytes by analogy with semiconductor statistics. in
water and development of statistics of liquid electrolytes by analogy with semiconductor statistics.

Key words: Water surface charge, charge carrier semiconductor.

A.A. NNeByeHko, [.A. Xpamos, B.b. lUnknH, AM. Jluxtep, B.A. pa3HoBa
MpoHMKHOBEHUe 3apAAOB Yepe3 NOBEPXHOCTb BOAbI

061wwan uenb nccnefoBaHNiA AaHHON paboTbl COCTOUT B IKCMEPUMEHTANIbHOM 06HapYKeHWN BHYTPEH-
HUX 3/1EKTPUYECKMX CBONCTB, NPUCYLLMUX (3NEKTPUYECKNM) HOCUTESNIAM B BOAE, Y U3y4eHUM pa3BUTUSA CTa-
TUCTUKM XKULKUX 3NEKTPONIUTOB MO aHaNorMm co CTaTUCTUKOW NoaynpoOBOAHUKA.

KnioueBble cnoBa: Boaa, NOBEPXHOCTb, 3apsij, HOCUTE/b 3apAAa, NOMYNPOBOAHNK.

A.A. NNeByeHko, [.A. Xpamos, B.b. lUnkuH, AM. Jluxtep, B.A. paA3HoBa
3apaarapabiH cyAblH 6eTi apKbUibl eHyi

byn 3eptTeynepaiH Xannbl MaKkcaTbl, Xaanbl Maceneci cyfafbl ToH (31eKTpAiK) TacbiMangayLibl-
napAapbl KaHe CYWbIK 3JIEKTPONUTTEPAiH aHanorva GoMbiHILA KapTbUlai eTKi3rilTiH CTaTUCTMKacbIMeH
TOXipnbenik aHbIKTay 60MbIN TabbINaTbIH iLUKi 3NEKTPAIK KacueTTepai Toxipnbe »ysiHae aHbiKTay 60bIn

Tabbinagbl.

TyitiH ce3pep: cy, 6eT, 3apag, 3apAg TacbiManAayLbl, XKapTblNaneTKi3 i,

The general goal of this project is experimental
investigation of the properties of intrinsic (electric)
The general problem of this project is experimental
investigation of the properties of intrinsic (electric)
carriers in water and development of statistics of
liquid electrolytes by analogy with semiconductor
statistics. in water and development of statistics of
liquid electrolytes by analogy with semiconductor
statistics. The most apparent argument in favor of
such development is the absence of the concept of
intrinsic electrolyte and, specifically, an agreed defi-
nition of «doped electrolyte» properties (by analogy
with intrinsic semiconductivity in crystalline media
[1]) in modern thermodynamics of electrolyte (see
[2,3]) which is important for development of the
whole statistics of weakly charged liquid. The pro-
posed set of problems with the general title «Screen-
ing properties of pure water» specifies the concept

of intrinsic electrolyte by the example of water and
provides a practical opportunity to understand its
typical features. Such media exhibit a spontaneous
probability of nucleation of proton-hydroxyl pairs
initiated by the presence of an external field. This
property whichis not found in thermodynamics of
electrolyte (implying the known Oswald law [2, 3])
is «identity card» of vacuum states: spontaneous
nucleation of electron- positron pairs in electromag-
netic vacuum [4]; occurrence of «electron-hole»
pairs in vacuum of solid [4] or liquid pure solvents;
pair excitations in lattice vacuum of ion (molecular)
crystals [5]. Some of the observed effects of proton-
hydroxyl instability of pure water in external field
is discussed and checked both theoretically and ex-
perimentally within the framework of the Project.
Experimental studies of penetration of posi-
tive charges through a nitrogen-gas/water interface
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have been carried out. The measurements were per-
formed on a cylinder capacitor consisting of a 20
mm deep metal cup 50 mm in diameter and an up-
per metal plate 15 mm in diameter, Fig.1. The water
was poured to the rim of the cup. The spacing be-
tween the water surface and the upper electrode was
1 mm. The capacitor was placed into a glove box
with a nitrogen atmosphere. Positive dc voltage was
applied to the metal cup and the incoming charge on
the upper electrode was measured by means of an
electrometer. Under the action of electric field the

positive charges rose to the liquid surface and the
negative ones descended into the lower electrode.
Charged liquid surface can lose stability at a charge
concentration under the surface above a critical
value. At voltages above U = 900V surface water
discharge is observed: at the instant of breakdown a
10°1° coulomb charge Q arrives onto the upper plate,
Fig.2. The discharge process reoccurs with a period
depending on applied voltage U. The observed pe-
riodic surface charge-discharge cycles point to time
reproducibility of carriers in the liquid volume.

O P S T T

Figure 1 — V- voltage source, A— electrometer
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Phase diagram of polymerizing nitrogen — a theoretical prediction
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Phase diagram of polymerizing nitrogen — a theoretical prediction

Polymerization of nitrogen molecules in both solid and liquid phases, which was discovered in dynamic
and static experiments, and predicted in ab initio simulations, stimulated discussion on a new configuration
of phase diagram of nitrogen at high pressures. We consider the high-pressure phase diagram of solid
nitrogen, which has long been discussed in theoretical studies, and only in the last decade began to
investigate experimentally.

Key words: Nitrogen, the phase diagram, the pressure polymerization.

JH. fiky6
[I.uarpaMMa noavMepusayuu a3oTta — TeopeTuvyecKoe npeackasaHue

MonvMepu3aumsa MoneKyn a3oTa Kak B TBEPAbIX, TaK M XUAKKX (a3ax, KoTopas Gbina o6HapyxeHa
B AVHAMUYECKMX U CTAaTMYECKMX IKCMEPUMEHTAX U NPeACKa3aHa B HeIMMUPUYECKUX MOAENNPOBAHUSAX,
CTMMYNMpoBaHa 00CyXAeHneM HOBOW KoHdMrypauumn Ga3oBoii AnarpaMMbl a3oTa Npy BbICOKMX aBie-
Husax. PaccMoTpum asoByto gruarpamMmy BbICOKOrO iaBfieHus TBEPAOro a3oTa, KOTOpbIi yKe AaBHO 00-
CyXAaeTcs B TEOPETUYECKUX UCCIeA0BAHUAX, U TOJIbKO B NOC/EAHEe AeCATUIETME HaYanu NCCieAoBaThb
3KCMNepUMEHTasIbHO.

KnioueBble cnoBa: a3oT, pa3oBad guarpamma, jaBieHune, NoiMMepu3auus.

JI.H. Aky6
A30TTbIH NOJIMMEpPU3ALUACBIHbIH AUAarpaMMachl - TEOPUANbIK GoskaM

JviHaMuKanblK aHe CTaTUKanbIK Taxipubenepae aHbIKTaNnfaH }aHe 3MMNUPUKabIK eMec MoAesb-
fjeyne OomkampanfaH asoT MoJleKyfnanapblHblH KaTTbl, COHbIMEH KaTap CyiblK ¢a3sanapaafbl
nonnMepieHyi }ofapbl KbiCbIMAaFbl a30TTbiH (ha3anblK AnarpaMMachiHblH XaHa KOHPUIypauUACIHbIH
TasKblNaHybIMeH HerizgenreH. KaTTbl a30TTbIH Kofapbl KbiCbIMAaFbl OypbIHHAH TEOPUANBIK 3epTTeynepae
TaJIKbIJIaHFaH KoHe TeK COHFbl OHXbUIABIKTA TaXipube Xy3iHae 3epTTenin 6actanfaH dasanbik guarpam-

MacCblH KapaCTpraVlblK,.

TyiiH ce3paep: a3o0T, PasanbiK AMarpaMma, KbiCbIM, NOANMEpPIEHY.

Polymerization of nitrogen molecules in both
solid and liquid phases, which was discovered in
dynamic and static experiments, and predicted in ab
initio simulations, stimulated discussion on a new
configuration of phase diagram of nitrogen at high
pressures. We consider the high-pressure phase
diagram of solid nitrogen, which has long been
discussed in theoretical studies, and only in the last
decade began to investigate experimentally. The
aim of this work is to demonstrate the possibility
of predicting the phase diagram of polymeric
nitrogen based on a combination of computer
Monte Carlo simulations and theoretical equations

of state describing thermodynamic properties of the
polymer and molecular nitrogen at high pressures
and temperatures.

Location of the molecular crystal — polymeric
crystal transition line, for polymer having cubic
gauche (CG) structure, on the phase diagram of
nitrogen is predicted. Parameters of the phase
transition line were determined by the conventional
double-tangent procedure. Canonical equations of
state of the molecular high-pressure nitrogen phase
and polymeric CG-crystalline phase (modified Mie-
Grueneisen equation), were calibrated on available
ab initio data. The proposed modification of the Mie-
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Griineisen equation for solid polymeric nitrogen [1]
based on the Monte Carlo computer simulation data
describes negative thermal expansion and significant
deviations of heat capacity from the Dulong-Petit
law in CG-phase.

The generality of idea, which explains the
phenomenon of polymerization in liquid and solid
phases and use of canonical equations of state for
both phases, allows also predicting the melting line
of polymeric nitrogen [2]. In this work we applied
the new equation of state of high-pressure polymeric
liquid, also calibrated on ab initio simulations [3].

We analyzed the predicted P-T-relation,
calculated volumes of the coexisting phases and
the entropy jump on the melting line of polymeric
nitrogen. The predicted P-T dependencies of two
phase transition lines: (1) molecular solid into
the hypothetical A7-polymeric structure, having

positive slope, and (2) the same transition into CG-
polymeric solid, demonstrating the negative slope,
were compared.

The role of structure in the location and slope
of the molecular-to-polymeric solid phase transition
line on the nitrogen phase diagram was investigated.
It was found that this qualitative difference is closely
related to the negative thermal expansion of CG-
polymeric solid. Both P-T dependences of transition
of molecular solid into polymeric CG-phase and on
the melting line of CG-solid have negative slopes
due to its negative thermal expansion.

The predicted volume jump on the transition
from the molecular to the polymeric phase is in good
agreement with experimental data of. The predicted
location of the triple point of polymeric nitrogen in
the pressure range of 80-100 GPa, is also consistent
with available experimental data.
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Phonon spectrum and vibrational characteristics
of | inear nanostructures in solid m atrices

Nowadays, the structures with one-dimensional or quasi-one-dimensional nanoinclusions in various
crystalline or amorphous matrices attract attention of researchers. Under real relations between the
inferactions of the atoms of embedded quasi-periodic systems with each other and with the atoms of the
matrix, the features, inherent to one-dimensional systems, can appear in the quasi-particle spectra of these
structures.

Key words: Matrix nanostructure crystal structure of amorphous.

M.A.Tocnogapes, E.B. Manxeneit, K.A. MuHakoBa, E.C. CbipkuH, C.b. ®eopocbes
®DOHOHHbIN CNEeKTP U KonebaTe/ibHble XapaKTepUCTUKMN
JIMHEMHbIX HAHOCTPYKTYP B TBEpPAbIX MaTpULax

B HacToALLee BpeMA CTPYKTYPbI C OLHOMEPHbIM UM KBa3n-0AHOMEPHbIM BK/OUEHMEM B Pa3/IiHbIX
KpUCTaNINYecknx nnm amopgHbIX MaTpuLax NpuBJIeKalT BHUMaHWe uccnegoBatenein. B peanbHbix oT-
HOLLUEHUAX Mexay B3auMoAeiCTBUAMM aTOMOB BCTPOEHHbIX KBa3nNepuoANYeCcKnX CUCTEM ApYr C APYroMm
W C aToMaMu MaTpuLbl 0COBGEHHOCTH, MpUCyLLMe OAHOMEPHBIM CMCTEMAaM, MOTy NMOSBUTBLCA B CMeEKTpax
KBa3M4acTuL, 3TUX CTPYKTYP.

KnioueBble cnoBa: MaTpuLa, HAHOCTPYKTYPbI, KpMCTan, aMopdHas CTpyKTypa.

W.A.Tocnogapes, E.B. Manxeneit, KA. MuHakoBa, E.C. CbipkuH, C.b. ®eogocbeB
KatTbl MaTpuuanapaafbl Cbi3bIiKTbl HAHOKYPbINbIMAAPAbIH,
Tepbenic cunatraManapbl xkaHe (POHOHAbI CNEKTP

Kasipri yakbITTa apTypni Kpuctann Hemece amopdTbl MaTpuuanapfa bipenwemai HeMece KBasu-
Gipeniwemai KocblnFaH KypblibiMAap 3epTTeyluinepaid HasapbiH ayaapbin oTbip. KipikTipinreH KBasunepu-
OATbIXyenepAiHd aToMaapbiHbIH 6ip-6ipiMeH )xaHe MaTpuULLa aTOMAAPbIMEH 83apa dpeKeTTecyiHiH WbIHalbI
KaTblHacTapblHAa Gipeniwemai xKyenepre ToH epeKLeNiKTep ocbl KypblibIMAAPAbIH KBa3nbenlueKkTepiHiH

crneKTp/epiHAe nanga 6onybl MyMKiH.

TyitiH ce3aep: MaTpuLia, HAHOKYpbINbIMAAP, KpUCTan, aMopdTbl KypbUlbIM.

Nowadays, the structures with one-dimensional
or quasi-one-dimensional nanoinclusions in various
crystalline or amorphous matrices attract attention
of researchers. Under real relations between the
interactions of the atoms of embedded quasi-periodic
systems with each other and with the atoms of the
matrix, the features, inherent to one-dimensional
systems, can appear in the quasi-particle spectra of
these structures. The one-dimensional chains are
known to be unstable (e.g. [1]) and such a behavior

of the phonon spectrum can significantly reduce the
dynamic stability of the system, namely, enlarge
the root-mean-square (rms) amplitudes of atomic
displacements. Therefore, the existing of quasi-
one-dimensional features in the systems with high
stability seems to be important and interesting
problem.

In the present paper, the atomic dynamics of
linear chains embedded in a crystalline matrix or
adsorbed on its surface is studied. A linear chain
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formed by substitutional impurities in a surface
layer and at the same time offsetting from this layer
was analyzed particularly. This system models
the actively studied experimentally structures in
which gas molecules (monatomic or diatomic) are
adsorbed on the walls of the bundles of carbon
nanotubes located in certain medium [2].

It is shown that the quasi-1D features are typical
for the chains in which the interatomic interaction
is 2+3 times higher than the interaction between the
atoms of the chain and the atoms of the crystal matrix.
On the local phonon density of atoms of the chain,
the transition to quasi-one-dimensional behavior has
the form of the kink. In other words, it is the first
(lowest-frequency) van Hove singularity, which
in 3D structures (the system under consideration
is generally three-dimensional) corresponds to the

transition from closed to open constant-frequency
(quasi-plane) surfaces. The local phonon densities of
atoms in the chain have one-dimensional character
at frequencies higher than the frequency of the van
Hove singularity. The rms-amplitude of embedded
chains atoms vibrations is calculated and the behavior
of the atomic vibrations contribution in the low-
temperature heat capacity of the system is analyzed.
The influence of substitutional impurities in quasi-
one-dimensional nano-inclusions on their phonon
spectra was studied, in particular, the conditions
of forming and the characteristics of the localized
states in both the high-frequency and low-frequency
regions of the phonon spectrum of the system.

Analytical expressions for the phonon spectral
densities of the atoms of linear chains with defects
in periodic external field are obtained.
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Photoelectric emission from gas solids

Electron photoemission from rare gas solids (RGS) is obtained using VUV open discharge sources.
Temperature dependencies of the photoyield are measured by recording the ECR absorption of free

electrons emitted from the RGS surfaces.

Key words: photoemission, solid gas, free electrons

0. A. Amutpnes
®doTo3ieKTpU4ecKue BbiIGPOChI OT ra3oBbIX TeJl

®doTO3IMMCCUN INEKTPOHOB M3 pefKux TBepAablx ra3oB (PF0) nonyyatot, ucnonbsys BY® mctouHu-
KOB OTKpbITOro pa3psaa. TemnepaTtypHble 3aBUCMMOCTU OT NOJA U3MePAIOTCA NyTeM 3anucu NoraoLeHns
ECR cBo60AHbIX 3/1eKTPOHOB, UCMyCcKaeMbIx ¢ noBepxHocTy RGS.

KnioueBble cnoBa: GpoTosMuccus, TBepAbI ra3, CBOOOAHbIE 3/IEKTPOHbI

0. A. AMutpnes
FasabIk AeHenepaeH GOTO3NEKTPAIK WbIFapbiiynap

Cupek KaTTbl rasaapaaH 3eKTpoHAapAblH poToaMuceuackbiH BYK awbik pa3paatel KesgepiH nai-
fanaHbin anagbl. OpicTeH TeMmnepatypanbiK Tayenginiktep RGS 6etiHeH wbiFapbinateii ECR epkiH

3/1eKTPOHAAPAbIH XYTbINy )a3banapbl enleHes;.

TyiiH ce3aep: poToaMmncena, KaTTbl ras, epKiH 3NeKTpoHAap.

Electron photoemission from rare gas solids
(RGS) is obtained using VUV open discharge
sources. Temperature dependencies of the
photoyield are measured by recording the ECR
absorption of free electrons emitted from the RGS
surfaces.

Study of the electron emission property
of solid Ne finds that the photoemission from
pure Ne is governed by the surface processes.
The effect is due to the exceptionally large path
lengths of free excitons and CB electrons in the
bulk. Comparative study of the temperature
dependencies of the photoelectron yield in the
«solid Ne — Ne discharge» and «solid Ne — He
discharge» experiments revealed two different
mechanisms, intrinsic and extrinsic, responsible for
the electron emission in these experiments: escape
of the electrons photoexcited into the conduction
band, in the former one, and exciton assisted
emission, in the latter one. The intrinsic emission

from solid Ne shows no temperature dependence
in the range 2—4.2 K, while the extrinsic one is
temperature dependent: the photoyield is found to
decrease with decreasing sample temperature.

Our studies show an effect which sample
temperature has on the photoelectron yield in
«solid Ar — He discharge» and «solid Kr — He
discharge» experiments. The threshold energies
for photoelectron emission, 13.9 eV and 11.9 eV,
in pure Ar and Kr, respectively, are far below the
photon energies of the most intense Hel VUV
lines at 58.43 and 53.70 nm. Hence, intrinsic
photoelectron emission takes place in these systems.
The photoemission was found to be temperature
dependent and sensitive to the trapping of CB-
electrons in the bulk.

The present experiment with CO doping
corroborates our previous finding that impurities
with negative electron affinity, Ea(CO) = -1.8
eV, hamper the electron emission. An effect of a
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dopant having large positive affinity on the yield is
also studied using molecular oxygen. Summarizing
results of the present and previous studies, we
conclude that impurities with either negative or
positive electron affinities suppress the electron
emission from the solid Ne excited over the band
gap. In case of the dopant molecules and atoms

ISSN 1563-034X

which have negative or small positive affinities,
an effect of the «deterioration» of the surface sites
responsible for the electron emission prevails over
the bulk effects these impurities have, while the
impurities with large positive affinities quench the
photoemission by scavenging CB electrons in the
bulk.

KazNU Bulletin. Physics series. Ne3 (50). 2014



74

Physical modeling of the formation of the clathrate hydrates of methane
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Physical modeling of the formation
of the clathrate hydrates of methane

Nowadays natural gas hydrates attract special attention as a possible source of fossil fuel. According
to various estimates, the reserves of hydrocarbons in hydrates exceed considerably explored reserves of
natural gas. Due to the clathrate structure the unit volume of the gas hydrate can contain up to 160-180
volumes of pure gas.

Key words: hydrate, methane clathrate, energy.

A. lpo6biwes, A. Angusapos, T. Koxamkynos, K. Katnaesa, E. Kopwwukos, B. KypHocos,
A. lnnb6aesa, [. Cokonos, A. TumyeHKo, T. KoxkaMKynos
®dusnyeckoe moaenmpoBaHue GpopMUpPOBaAHUA KaTPaToB rMAPaATOB MeTaHa

B HacToAwee BpeMA NpupoaHbie ra3oBble rmapatbl NprUBIeKaloT ocoboe BHMMaHMeE KaK BO3MOXHbI
MCTOYHUK MCKonaeMoro Tonauea. Mo pa3HbIM OLleHKaM, 3anacbl yrneeso40p0oA0B B ra3oBbIX rmapaTtax 3Ha-
HYNTENIbHO NPEeBbIWAOT pa3BefaHHble 3anacbl NPpUpPOAHOro ra3sa.

KnioueBble cnoBa: rmapaTt, MeTaH, KnaTpaT, 3HepreTuka.

A. Opo6biwes, A. Angusapos, T. Koxxamkynos, K. Katnaesa, E. Kopukos, B. KypHocos,
A. lLnnb6aesa, [l. Cokonos, A. TumueHKo, T. KoxkaMKynoB
MeTaH ruapaTtbiHbIH KNaTpaTrapbliHblH KanbinTacybliH GU3uKaablK MoAenbaey

Kasipri ke3ge Tabufu ra3 ruapatrap Kasbanbl OTbIHHbIH MYMKiH Ke3i peTiHAe epeKlue Ha3ap ayaap-
TbIN OTbIp. OpTypAi Garanaynap GolbiHWa ra3apl rMapaTTapAaFbl KeMipcynapabiH Kopiapbl 6apnaHfaH

Tabun ra3fiblH KOpblHAaH acbln OTbIPp.

TyiiH ce3aep: rnapart, MeTaH, KnaTpar, 3HepreTMKa.

Nowadays natural gas hydrates attract special
attention as a possible source of fossil fuel. According
to various estimates, the reserves of hydrocarbons
in hydrates exceed considerably explored reserves
of natural gas. Due to the clathrate structure the unit
volume of the gas hydrate can contain up to 160-180
volumes of pure gas. In recent years interest to a
problem of gas hydrates has considerably increased.
Such changes are connected with the progress of
searches of alternative sources of hydrocarbonic
raw materials in countries that do not possess the
resources of energy carriers. Thus gas hydrates are
nonconventional sources of the hydrocarbonic raw
materials which can be developed in the near future.

At the same time, mechanisms of methane
clathrate hydrates formations have not reached
an advanced level, their thermophysical and
mechanical properties have not been investigated
profoundly [1]. Regarding this experimental
modeling of the processes of formational clathrate
hydrates of methane in water cryomatrix in the
process of co-condensation from gas phase on
cooled substrate was carried in the range of
temperatures T=(12-60) K and pressures P=(10"*-
10%) Torr. Methane concentration in water varied
in the range of 5-90%. The thickness of a film
was 30-60 mcm. The vibrational spectra of two-
component thin films of cryovacuum condensates
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of CH+H,O were measured and analyzed.
According to the comparison of thermal desorption
curves and changes in the absorption amplitude of
characteristic frequencies of methane vibrations,
we made some assumptions relatively the state of
methane molecules in the «matrix» of water. We
assume, that under these conditions cryoprecipitated
methane in solid solution with water can exist in
three states. The most significant and interesting
temperature ranges are the following:

1. Temperature range from 30 K to 58 K — is
the range of solid methane evaporation. This
assumption is consistent with the values of methane
equilibrium parameters (pressure, temperature) on
the phase diagram.

2. Temperature range from 60 K to 130 K — is
the range of decrease in the adsorption capacity of
amorphous water film at higher temperatures.

3. Temperature range from 130 K to 145 K —is the
range of the restructuring of solid phase from water

— amorphous state (ASW) through the intermediate
state super cold liquid (SCL) to cubic ice [2].

4. In the range from 145 to 160 K the methane
concentration in the sample is almost stable. At
these high temperatures, methane can exist in the
film only in bound state with water, namely in the
form of clathrates. Increase of the temperature above
160 K leads to a decrease of methane concentration,
which is connected with the transition of cubic ice
I, to regular hexagonal state I , which is apparently
accompanied by a partial destruction of the
clathrates. Narrow temperature range of 172-176 K
with constant values of the methane concentration
is related with the existence of hexagonal ice
containing methane clathrates. Further increase in
the temperature leads to evaporation of water film
with simultaneous change of methane concentration.
The fact that methane evaporates from the sample
together with water confirms methane clathrates
presence in the samples.
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Portable dedvices for cryosurgery and therapy
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Portable dedvices for cryosurgery and therapy

Cryosurgery is a surgical technique that employs freezing to destroy undesirable tissue. Although the
prefix “cryo” (from the Greek word “kruos” for cold) usually refers to temperatures below 120K, cryosurgery
deals with femperatures below the freezing temperature of tissue, i.e. about 273K.

Key words: Cryosurgery, appliance, malignant tissue.

3.B. KanmbikoBa, M. K. Makos, J1.1N. Mexos-Aernun, A.H. JlTaHuH,
W.B. MetpyceHko, B.B. LLladpaHos
MopTaTuBHbIE NPUGOPHI ANA KPUOXUPYPrUU U TEPANUM

Kpuoxvpyprusa u npuHUMn XMpypruyeckomn TeXHUKM Hanpas/ieH Ha 3aMOPO3KY U YHUUTOXeHue He-
KenaTeNbHbIX TKaHel XUBbIX OpraHuM3MoB. XoTa npedurKe «Kpuo» (0T rpedeckoro cnosa «kruos» ans
X0NOAHOI) 06bI4HO OTHOCUTCA K TeMnepaType Hxe 120 K, ana Kpvoxupyprum ¢ TeMnepaTypoin Huxe
TeMmnepaTypbl 3amMep3aHuA TKaHu, T.e.0 273 K.

KnioueBble cnoBa: Kproxupyprus, npubop, 310KavecTBEHHbIE TKaH.

3.B. KanmbikoBa, M. K. Makos, J1.IN. Mexos-[ernun, A.H. JlanuH,
W.B. MetpyceHko, B.B. LLladpaHos
Kpuoxupyprusfa xxaHe TepanuaFa apHajJfaH NopTaTuUBTi Kypaaaap

Kproxunpyprus ;xaHe X1MpyprusnblK TeXHUKaHbIH MPUHLMNI Tipi opraHM3MAepaiH Kanaycbli3 yananapbiH
KOloFa XoHe My3aaTyra barbiTTanfaH. «Kprno» KocbiMiwachl (rpeKTiK «kruos» cybIK yLwiH ce3iHeH) apeTTe
120K TemeH TeMnepaTypafa KaTbiCTbl 601aAbl, KPMOXMPYPrUA YILiH yANaHbIH KaTy TemMnepaTypacbiHaH
TeMeH, AFHN 27 3K )KybIK 6onaabl.

TyiiH ce3aep: KpMoxmpyprusa, Kypan, Katepni yananap.

Cryosurgery is a surgical technique that employs
freezing to destroy undesirable tissue. Although the
prefix «cryo» (from the Greek word «kruos» for
cold) usually refers to temperatures below 120K,
cryosurgery deals with temperatures below the
freezing temperature of tissue, i.e. about 273K. The
history of cryosurgery is relatively short and is closely
intertwined with developments in low temperature
physics, engineering and instrumentation that were
made during the last century. Thus, cryosurgery
appears to advance in jumps triggered by immediately
preceding technological advances and now it is a
fast growing minimally invasive surgical technique.
Low temperature damage in cells can be divided into
damage produced by three effects: low temperature;

direct effects of freezing; and indirect effects of
freezing. The study of life at low temperatures
and the study of life at low water contents have
some features in common. This is because, in
environmental freezing, one of the major causes of
damage is freezing induced dehydration.
Introduction of the cryogenic methods of
treatment into the practice of municipal outpatient
clinics in our countries restrains lack of simple and
reliable portable cryoinstruments. In this regard a
series of original portable apparatus for different
application in cryosurgery and cryotherapy was
designed in the ISSP RAS in close cooperation with
the surgical clinicians. The series includes contact
cryodestructors with the changeable active finger
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cooling with liquid nitrogen, which is storing in a
special can, simple cryoapplicators with active metal
tips cooled preliminary in liquid nitrogen, nitrogen
cryosprays. According to the recommendation
of the Ministry of Health RF any prototypes of
this devices were transferred for approbation to
clinics of Moscow and Moscow region. The report
includes some results of the test examinations in

ISSN 1563-034X

model surroundings including biological objects as
well as of the approbation in real conditions of a few
Moscow clinics.

Cryosurgery, sometimes referred to as
cryotherapy or cryoablation, is a surgical technique
in which freezing is used to destroy undesirable
tissues A review of the history of the field will show
that.
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Properties of dilute weak charged solutions

A neutral donor dissociation into charged fragments typical of electrolytes is one of the reversible
reactions satisfying the law of mass action (LMA) [1]. Its application to weak electrolytes results into the
formula (Ostwald law) for an important characteristic of the electrolyte, its ionization degree [1, 2].

Key words: Electrolyte solution ionization.

B. lUMKuH
CgoiicTBa pa3b6aBneHHbIX cnabo 3apAKeHHbIX pacTBOpPOB

[Avccounauma HelTpanbHbIX JOHOPOB Ha 3apsXeHHble GparMeHTbl TUMUYHBIX 3NeKTPOSINTOB ABAA-
eTcA OAHOW 13 06paTUMbIX peakLumnit, y0BNeTBOPAIOLWMX 3aKoHy AelicTBuA Macc (LMA) [1]. MpumeHeHne
cnabbIx 3NeKTPOANTOB AJA NOJyHeHUA pe3ynbTaToB C NOMOLLbIO hopMysbl (3akoH OcTBanbaa) ABNAETCH
BaXXHOW XapaKTeprCTUKOW 3/1IeKTPONINTa, MOKa3biBaeT ero cTeneHb MoHnsaumm [1, 2].

KnioueBble cnoBa: 31eKTpoNuUT, pacTBOp, MOHN3ALMA.

B. lUnkunH
CyibInTbiNFaH anci3 3apAaTanfsaH epitiHainepain kacuertepi

[JviccoumaumaHbiH KapananbiM 3/1eKTpONUTTepAiH 3apaaTanfaH 6enikTepiHe 6enTapan AoHOpbI Mac-
ca apeKeTTepiHiH 3aHbIH KaHafaTTaHAbIPaTbiH KaWTbIMAb! peakunsanapabiH 6ipi 6oabin Tabbinagbl (LMA)
[1]. ©nci3 anexkTponuTTepae dopmynagafbl (OcTBanbA 3aHbl) HBTVXKEHT any yLIiH 3N1eKTPONUTTI KosAaHyAa
MaHbI34bl CMMATTaMa OHbIH MOHAANY Aapexeci Gonbin Tabbinagbl [1, 2].

TyiiH ce3paep: aneKTponuT, epiTiHai, MoHAANY.

A neutral donor dissociation into charged frag-
ments typical of electrolytes is one of the reversible
reactions satisfying the law of mass action (LMA)
[1]. Its application to weak electrolytes results into
the formula (Ostwald law) for an important char-
acteristic of the electrolyte, its ionization degree o
[1,2].

K(T)=a?C/1 —a. (1)

The ionization degree a is defined as the ratio
of the number of ionized donors to the total number
of neutral donor molecules, K(T ) is the ionization
constant which does not depend on C, but strongly
depends on temperature T.In the extreme case C —
0 Eq.(1) yields

WO,y — 1 2)

Along with Egs. (1) and (2) which illustrate the
tendency of an individual donor towards complete
ionization, there also exist alternative statements.
One of them, formulated as the Thomas-Fermi ap-
proximation for a single many-electron atom, dem-
onstrates the possibility of the existence of statis-
tically equilibrium confinement of Z electrons by
a nucleus containing Z protons [3]. This is also
confirmed by the well-known statistically equilib-
rium Yukawa-type solution to the Poisson equation
for a single Coulomb center screened within the
electrolyte by counter-ions at the Debye length [1].
Both cases address the properties of a single donor
(acceptor) in vacuum or within the intrinsic electro-
lyte, i.e. exactly the limit (2) with quite the opposite
behavior of

C).,,— 0. 3)
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The present paper provides a detailed discussion the limit C — 0, settling, among others issues, the
of the properties of dilute weak charged solutions in indicated alternative between (2) and (3).
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Pseudo-rotational motion of cyclic molecules and thermal conductivity of tetrahydrofuran
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Pseudo-rotational motion of cyclic molecules
and thermal conductivity of tetrahydrofuran

Pseudo-rotation is a large amplitude motion arising from the inferaction of two degenerate, or
nearly degenerate out-of-plane ring puckering modes in the presence of a small barrier to planarity of
the molecule [1]. Pseudo-rotation in tetrahydrofuran (THF), C4H80, arises from near cancellation of the
angular strain forces due to nontetrahedral bond angles in the skeleton ring and torsional forces due to
hydrogen-hydrogen repulsion

Key words: amplitude, angular forces cyclic molecules.

B.A. KoHctanTuHos, B.B. CaraH, B.I1. PeBakuH n A.B. KapaueBueBa
MceBpo-BpauiaTenbHoe ABMKEeHUE
LUKINYECKUX MOJIEKY/ U TeNJIONPOBOAHOCTHU
B TeTparuapodypaHe

MceBpoBpalyeHe — ABMKEHUE, KOTOPOe BO3HMKAET NpU MOCTOAHHOM BOJIHOOOPa3HOM ABUMXKEHUU
KOJbLa M CTATMBAET MOJbl B MPUCYTCTBUM HeboMbLoro 6apbepa Ha NNocKocTHOCTU MosieKyn. [MceBaoBpa-
weHun B TeTparngpodypane (TrP), C4H80, Bo3HMKaOT BOAN3M aHHYAMPOBAHHbIX YIIOBbIX CU Aedop-
MaLuu BCeACTBME BaNeHTHbIX YII0B B CKefleTe KoJ/bLa Y CKPYYMBaloLWMX Harpy3oK 13-3a OTTaJIkKuBaHUA
BOZOPOJ, - BOAOPOA.

KnioueBble cnoBa: aMnanTyaa, yrinoBble CUbl, LMKIMYECKME MONEKY/bl.

B.A. KoHcTaHTuHoB, B.B. CaraH, B.I1. PeBakuH xaHe A.B. KapaueBueBa
TerparuapodypaHaafbl XKblNyeTKi3riWTIKTiH }KaHe MoneKynaaapabiH,
LUKAAIK XKanFaH-alHaNaTblH KO3FabiChbl

WanfaH-allHanbic, MofeKyna KeHiCTiriHAe YAKeH eMec Kefepri KafpalbliHaa nanaa 6onatbiH
KalTa KannblHa Keny aceprecysepi 6osMaca cakmHa KeHicTiriHeH Tbic Ko3fanbic 60/bin Tabbinagbl [1].
TetparuapodypaHgarbl (TT @) xxanfaH anHanbic, C4H80, caknHa KaHKacbIHAaFbl BaneHTTi OypbiluTapabliH
OypbIWTbIK KylwTepaiH cangapbiHaH gedopMauusnaHybiHaH HeMece cyTeri- cyTteri [2-3] apacbiHAafbl
nipinreH KywTepgiH apacbiHfafbl TebiHynep cangapbiHaH nanga 6onagbl.

TyitiH ce3aep: aMnnTyAa, OYpbIWTbIK KyWTep, UMKALIK MoneKynanap.

Pseudo-rotation is a large amplitude motion
arising from the interaction of two degenerate,
or nearly degenerate out-of-plane ring pucker-
ing modes in the presence of a small barrier to
planarity of the molecule [1]. Pseudo-rotation in
tetrahydrofuran (THF), C,H,O, arises from near
cancellation of the angular strain forces due to
nontetrahedral bond angles in the skeleton ring and
torsional forces due to hydrogen-hydrogen repul-

sion [2-3]. Experimental evidence strongly sug-
gests that in solid THF the pseudo-rotational mo-
tion becomes a large-amplitude ring deformation
vibration with a fundamental frequency of about
140 cm'. THF has only one crystallographic modi-
fication (monoclinic space group C,/c with 4 mol-
ecules in the unit cell) and melts at 164.9 K with a
large entropy change on melting ASf/R=7.07 (R is
the gas constant) indicating a high degree of order
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in solid [4-5]. The possible influence of pseudo-
rotation on the thermal conductivity was not previ-
ously studied.

For correct comparison with theory at TD is the
Debye temperature) the thermal conductivity must
be measured at constant density to exclude the ther-
mal expansion effect. The isochoric thermal con-
ductivity of solid THF was measured on three sam-
ples of different densities in the interval from 125
K to the onset of melting. The thermal conductivity
was also investigated at saturated vapor pressure on
the sample grown under a pressure of several atmo-
spheres. The isochoric thermal conductivity of all
three samples decreases with rising temperature by

the law much weaker than x /T, has a bend and then
decreases more rapidly. The bend can be associated
with the onset of the sample melting. The Bridgman
coefficient g=-(dInk /dIn¥V)T calculated from our ex-
perimental data is 7.7+0.6 at 160 K.

It is shown that the experimental data can be de-
scribed in framework of a modified Debye model of
thermal conductivity with allowance for heat trans-
fer by both low-frequency phonons and «diffuse»
modes. The calculated parameters of the model are
close to values observed for orientationally ordered
phases of other molecular crystals. No significant
contribution of pseudo-rotation on the thermal con-
ductivity has been detected.
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Quantum effects in the kinetics of *He, ‘He, H, and D,sorption
by bundles of single-walled carbon nanotubes

The low temperature kinetics of sorption of *He, “He, H,, and D, gases by bundles of single-walled
carbon nanotubes (SWNT) and the subsequent desorption of these gases from the SWNT bundles has been
investigated. The kinetics of gas desorption was investigated on a powder of SWNT bundles compacted

info plates under P=1.1 GPa.

Key words: nanotubes, carbon, desorption kinetics.

A.B. lon6uH, B.b. EnbcoH, B.T. FaBpmnKO,

H.A. BuHHuKoB, P.M. bacHtokaeBa, I.U. Ackoseu, B.A. laHunbyeHko n W.10. YBapoBa
KeaHToBble apdekTbl B kKuHetnke *He, “‘He, H, U D, 3axBaueHHbIX Ny4KaMyU OAHOCTEHHbIX
yriepoAHbIX HAHOTPYOOK

Bbina nccnegosana HM3KasA TemnepaTypa KuHeTyka copbuunn *He, “He, H, u D, rasos nyukamu ogHo-
CTEHHbIX YrN1eposiHbIX HAHOTPYBOK (HaHOTPYOOK) 1 NocnenytoLLelt fecopbumm 3TUX ra30B U3 HAHOTPYOOK
nyukoB. KnHeTuky aecopbuumu rasa uccnefoBany Ha NopoLIKe HAHOTPYOOK My4YKOB, 3aNpeccoBaHHbIX B

nnactuHbl nog P = 1,1 IMa.

KnioueBble cnoBa: HaHOTPYOKM, yrnepog, Aecopbums, KMHeTUKa

A.B. lon6uH, B.6. Enbco, B.I. FaBpunko, B.I. Matxeneit, |

H.A. BunHukos, P.M. bacHiokaeBa, I.W. Ackoseu, B.A. laHunbyeHko, N.10. YBapoBa
Kunetukaparbi *He, “He, H, U D, Tyitingenren
6ipkabbipFanbl KeMipTeKTi HaHOTYTiKWenepAiH KBaHTTbl 3ddekTinepi

Temenri Temnepatypagafbl *He, “He, H, W D, Tyitingenren 6ipkabbipFanbl KeMipTeKTi HaHOTYTik-
wenepaid aecopbumsa KyObuibiCbl KapacTbipbiagbl. a3 aecopOumAcbiHbiH KMHETMKACbIH HAaHOTYTIKLLe-
nepaiH yHTafbiMeH 3epTTeniHai, nnactnHa P = 1,1 ['Tla KbiCbIMbIMEH NpecTenreH.

TyitiH ce3paep: HaHOTYTiKWenep, KeMipTek, AecopOuns, KUHEeTUKA.

The low temperature kinetics of sorption of *He,
‘He, H,, and D, gases by bundles of single-walled
carbon nanotubes (SWNT) and the subsequent de-
sorption of these gases from the SWNT bundles has
been investigated. The kinetics of gas desorption
was investigated on a powder of SWNT bundles
compacted into plates under P=1.1 GPa. The start-
ing powder consisted of closed SWNTs having two
basic diameters 1.02-1.06 and 1.69-1.72 nm. The
SWNTs in the sample had metallic conductivity.

One of the plates of mass 0.07g was heated stepwise
to 7=500° C in dynamic vacuum (~ 10°Torr) and
kept in it for eight hours. This technique allowed
us to remove the residual gases from the sample
and hence open the ends of the SWNTs. The other
plate unaffected by heat pretreatment was irradiated
with y-quanta of ®*Co with the dose 1.6-107 rad. The
SWNT ends therefore remained closed (c- SWNTs).
The irradiation procedure was performed at room
temperatures in the H, gas medium under the at-
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mosphere pressure. This permitted us to increase
significantly the rate of radiation defect generation
in the SWNTs [1]. The kinetics of gas sorption and
desorption was investigated using the technique de-
tailed in [2].

The characteristic times of the sorption-desorp-
tion processes coincide within the experimental er-
ror. The annealing of the SWNT samples at T=500
C reduced significantly the characteristic times and
changed their temperature dependences. The effect
of annealing decreased at the molecular weight of
the dissolved gas was increasing. The influence of
irradiation of SWNT bundles with y-quanta upon H,
sorption is qualitatively similar to annealing effect.
The lowest activation energy was obtained for He
isotopes in o- SWNTs (186 K). It was higher (212
and 224 K) for H, and D, molecules, respectively.

The highest value (£ =336 K) was measured on c-
SWNTs irradiated with y-quanta of ®Co. This high
E_ characterizes the H, desorption through the bar-
riers at the ends of the interstitial channels of the
bundles in which the tube surfaces have radiation-
induced defects.

The gases desorption rates obey the Arrhenius
law at high temperatures, deviate from it with tem-
perature reduction and become constant at low tem-
peratures. These results indicate the quantum nature
of gas outflow from carbon nanotube bundles. We
have introduced a crossover temperature 7, below
which the quantum correction contributes signifi-
cantly to the activation energy desorption. The tem-
perature 7, is a linear function of the inverse mass
of the gas molecule, which is consistent with theory

[3].

References

1 B.A. Danilchenko, N.A. Tripachko, Y. Uvarova, 1.I. Yaskovets, Phys. Status Solidi B 250, 1488-1491 (2013).
2 Dolbin, A.V., Esel’ison, V.B., Gavrilko, V.G., Manzhelii, V.G., Popov, S.N., Vinnikov, N.A., Danilenko, N.I., Sundqvist, B.

LowTemp.Phys. 35, 484-490 (2009).

3 B.A. Danilchenko, I.I. Yaskovets, I.Y. Uvarova, A.V. Dolbin, V.B. Esel’son, R.M. Basnukaeva, andN.A. Vinnikov, Appl.

Phys. Lett. 104, 173109 (2014).

ISSN 1563-034X

KazNU Bulletin. Physics series. Ne3 (50). 2014



84 Quantum rotor in solid gases: matrix effects on EPR

UDC 533.9.004.14; 621.039.6

"Yu. A. Dmitriev®, 'V. D. Melnikov, ’K.G. Styrov, *M.A. Tumanova

'Toffe Institute, 26 Politekhnicheskayaul. St. Petersburg 194021 Russia
nstitute of Computing and Control, St. Petersburg State Polytechnical University, 26 Politekhnicheskayaul.,
195251 St. Petersburg, Russia
SFaculty of Information, Measurement and Biotechnical Systems,
Saint Petersburg Electrotechnical University, 5 Prof. Popovaul., 197376 St. Petersburg, Russia
*E-mail:dmitrievyurij@gmail.com

Quantum rotor in solid gases: matrix effects on EPR

Our study(a) deals with the methyl radical - the simplest organic radical, which is often observed
as a transient intermediate species in chemical reactions. Consequently, it has been widely studied both

theoretically and experimentally through decades.

Key words: Quantum rotor matrix, radical chemical reaction

0. A. AMutpues, B.l. MenbHukos, K.I. Ctypos, M.A. TymaHoBa
KBaHTOBbII poTOp B NNOTHbIX rasax: MaTpuyHbie 3¢ Pekrbl no MNP

Hawe nccnepoBaHve MMeeT Aeso ¢ MeTu paAnKaaoM — NpoCTbiM OpraHN4eCKnM pagmnKasioMm, KoTo-
pblﬁ 4yacTto Ha6J'HOAGETCF| B nepexoAHOM NPOMeXXYyTO4HOM BUAE B XMUMNYECKUX peaKkumnax. CJ'IE,D,OBGTEJ'II:HO.
OH OblIn LLIMPOKO U3y4eH KaK TeopeTn4eckKu, Tak nu 3KCnepnMeHTaJibHO B Teé4eHne MHOTnx JecATUNeTun.

KnioueBble cnoBa: KBaHT, POTOp, MaTpuua, pagukan, XuMnyeCcKana peakuma.

HO.A. AmuTpues, B.A. MenbHukos, K.I'. Ctypos, M.A. TymaHoBa
Tobifbi3 ra3pgapaafbl KBaHTTbl poTop: NP 6oitbiHa MaTpuuanbiK 3ddekTinep

bi3pniH 3epTTeyae MeTUn paguKangapbiMeH KapanaibiM opraHUKanblK 6aiinaHbiCrieH KaTbICTbl, 01 Kern
KaFfaraa XMMUANBIK peakuusanapabiH eKi eTy apanbifbiHaa 6aiikanagbl. [JeMeK, KenTereH oHXbUIAbIKTap
apanblfblHAA 01 KEHIHEH TEOPUSABIK KdHE 3KCMEePUMEHTTIK TypFblAa 3epTTeNiHAi.

TyitiH ce3aep: KBaHT, poTop, MaTpuua, paanKan, XMMUANbIK peakLus.

Our study® deals with the methyl radical — the
simplest organic radical, which is often observed
as a transient intermediate species in chemical
reactions. Consequently, it has been widely studied
both theoretically and experimentally through
decades. Theoretical studies of the spin density
distribution showed that the radical possesses large
anisotropy of the proton hyperfine coupling with
three different principal values of the Af coupling
tensor. However, in case of the free rotation, the
components average out leaving an isotropic EPR
spectrum. The trapped radical is another story: the
methyl radical EPR spectrum lineshape depends on
the radical surroundings which impose restriction
on CH, rotation and contribute to the shifts of
the EPR parameters. The residual anisotropy is a
fingerprint of the interaction between the trapped

radical the matrix surrounding which hinders the
radical rotation. In the present report, we go through
matrices of inert gases, solid para-H, and matrices of
linear molecules to show how complex the rotation
of the radical is, and how it is governed by matrix
properties. The study relies on high-resolution EPR
spectra of trapped CH, radicals.

Figure 1 evidences how closely the simulation
based on the rotation model matches the
experimental results. In our simulation, we started
from the axially symmetrical 4 and g-tensor
measured for CH, in N.. Solid Ar and N, have near
similar physical parameters: lattice structure, lattice
constant, polarizability of the matrix particles. This
similarity provides nearly equal EPR parameters,
A- and g-tensors, for the trapped rigid CH, radical.
The main exception between matrices is that the
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solid N, is a matrix with orientation ordering and, rotation), while the reorientation about the in-plane
thus, fixes the methyl radical three-fold axis at a axes (perpendicular rotation) is prohibited. As a
certain direction. In that case, the radical is allowed result, the EPR spectrum takes a characteristic
to perform fast rotation about this axes (parallel lineshape, Figure 2.

W%J[ -
J\f/\fjﬂ\f‘

1 1 Yy 1 1 VY3 I

3301 3302 3324 3325 3348 " 3371 mT

Figure 1. EPR spectrum of CHj in solid Ar. (a) an EasySpin simulation with parameters as follows:

Al =-2.350mT, A// =-2.252mT, g, =2.00262, g, =2.00225, 7, =14ns, T, =1ps. Here, 7 and T, are correlation

rimes for the perpendicular and parallel rotations, respectively (see the text for detail). (b) the experimental spectrum
for CHj; in solid Ar at 4.2 K.

0.8 mT
—

NI

Figure 2 — Axially symmetrical EPR spectrum for CH, in solid CO
obtained at 4.2 K. This spectrum is characteristic of CH, in matrices
with orientation ordering, N,, CO, N,O, CO,.

If a slow perpendicular rotation is allowed, orientational order-disorder, in solid gas films at a
the spectrum lineshape transforms into that one variety of conditions and on a variety of surfaces
depicted in Figure 1. using the trapped CH, radical as a probe. This

Based on our finding, one may think of a new technique may provide insight into the structure
technique of studying the structural phase transition, dynamics at the microscopic level which is poorly
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understood so far. In order to demonstrate potentials
of the idea, we launch an investigation of N -Ar
solid mixture based on tracking the EPR spectrum
shape of the trapped CH, radicals. The first results
clearly show the order-disorder transition depending
on the Ar impurity content and sample temperature.
We also suggest new insight into the structure

peculiarities of the quench-condensed films of
solid Kr which relies on the peculiar EPR shape of
isolated CH.,.

@ The reported study was supported, in part, by
the Russian Foundation for Basic Research (RFBR),
research project no. 13-02-00373a.
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Relaxation processes in a week solution of cryocondensed water,
heavy water and ethanol with nitrogen and argon

Earlier studies of stability of ethanol molecules in nitrogen cryomatrix showed that the state of
immobilized ethanol molecules in the matrix is not stable [1]. A slight increase of temperature of the
matrix, long before its evaporation leads to a change in the vibrational spectra in a two-componentsolid
solution of ethanol and nitrogen. This article considers the results of continued research in this direction.

Key words: cryomatrix isolation, a weak solution, temperature, evaporation

A. lpo6biwes, A. Anguspos, K. Katnaesa, E. Koplunkos,
B. KypHocos, [I. Cokonos, A. TumyeHKo
PenakcaluoHHble npouecchl B ciabbix pacTBOpax KPUOKOHAEGHCATOB BOAbI,
TAXeNou BoAbl M 3TaHOJIa B MaTpULie a30Ta, aproHa

bonee paHHue nccnesoBaHMA YCTOMYMBOCTY MOJIEKY/ 3TaHOMA B KpMOMaTpuLEe a30Ta NoKasanu, 4to
COCTOsIHME UMMOOMIM30BaHHbIX MOJIEKY/1 3TAaHOMa B MaTpuue He ABaseTcA ctabunbHbiM [1]. HesHauu-
TeNlbHOE MOoBbILLeHWe TeMnepaTypbl MaTpuLbl, 330110 A0 €€ UCMApeHUs, NPUBOAUT K U3MEHEHMIO KoJe-
GaTefibHbIX CMEeKTPOB B BYXKOMMOHEHTHOM PacTBOpe 3TaHo/a 1 a30Ta.

KnioueBble cnoBa: KpromaTtpuuHas nsonsaums, cnabblii pacTBop, TeMnepaTtypa, cnapeHue.

A. lpo6biwes, Ananspos, K. Katnaesa, E. Koplukos,
B. KypHocos, [l. CokonoB, A. TMueHKo
Cy, aybIp cy }kaHe a30T NeH aproH MaTpuLuanapbiHbiH,
KpPUOKOHJEeHcaTopnap aJci3 epitiHainepinaeri penakcaunanbik ypaicrep

Eprepekte kacanfaH 3epTTeynep KepceTKeHAel, a3oT KpuMOMaTpuuacbiHAafbl — 3TaHON
MoJlIeKynacbliHAAFbl OPHLIKTbUIbIFbI, UMMOOUAN3aLUUANAHFAH 3TAHON MOJIeKyNanapbiHbiH @30T MaTpuua-
CblHAa TYpaKTbl eMec eKkeHairi kepcetingi [1]. MaTpuuaaafbl TeMnepaTypaHblH ©3repyi 3TaHON XaHe a3oT

KOCKOMMOHEHTTi KOoCnaHblH TepbesiMesii crneKTpnepiHiv e3repyiHe aKkenin coragbl.
TyniH ce3pep: KproMaTpuLanbIK OKLIAynay, aci3 epiTiHai, TeMnepaTypa, bynaHy.

Earlier studies of stability of ethanol molecules
in nitrogen cryomatrix showed that the state of
immobilized ethanol molecules in the matrix is not
stable [1]. A slight increase of temperature of the
matrix, long before its evaporation leads to a change
in the vibrational spectra in a two-componentsolid
solution of ethanol and nitrogen. This article
considers the results of continued research in this
direction. Weak solutions of water, heavy water and
ethanol in cryomatrix of argon and nitrogen were
investigated. The measurements were carried out in
the temperature range of 12-40 K and condensation

ISSN 1563-034X

pressures of 10°Torr. The concentration of the
analytes in the matrices was set in the range from
0.5% to 10%. The conclusion about states of
molecules was made on the basis of comparison
between oscillatory ranges of two-component solid
solutions and thin films of pure cryocondensates of
the substances. Quantum and chemical calculations
were also taken into consideration [2-4].

On the basis of experimental results it is supposed
that polyaggregates of different scale are formed in
the process of co-condensation of water and ethanol
with matrix gases. Thus some molecules, which
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are forming these units and settling down in a near-
surface zone of these clusters, are not connectedwith
the next molecules by intermolecular interaction.
As a result theyexist in a quasi-free state. Spectral
reflection of this fact is an existence of lines of
absorption in the oscillatory ranges of the samples

which correspondto monomers and linear dimer of
water and ethanol.An increasing temperatureof the
matrix leads to transformations in polyaggregate state
that is proved by change of absorption amplitudes
at the frequencies of characteristic fluctuations of
quasifree molecules of water and ethanol.
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M-
v=1583cm” m " "
3% water+nitrogen ."‘
TG=16 K; d=30 mcm - o-®-9-0
m
,I'. b
’l
o ®
[ = |
v=3712 cm
L} f
. ‘
- 2}
@
| |
g r'."'ﬁ' ® 0 g ,° o9 o ® L4
T ¥ T T ¥ T
15 20 25 30 35 40

Temperature (K)

References

A.J. Tursi and E.R. Nixon, J. Chem. Phys. 52, 1521 (1970).

AW N —

Drobyshev, A. Aldiyarov, K. Katpaeva, E. Korshikov, V. Kurnosov, and D. Sokolov. Low Temp. Phys. 39 (11), (2013);

Shinichi Hirabayashi and Koichi M. T. Yamada. J. Chem. Phys. 122, 244501 (2005)
Sh. Hirabayashi, K. Ohno, and K. Yamada, J. Chem. Phys.122, 194506-1 (2005).

KasYV xabapumicel. Pusnka cepusichl. Ne3 (50). 2014



A. Shinbayeva, A. Drobyshev

89

UDC 533.9.004.14; 621.039.6

A. Shinbayeva“, A. Drobyshev

Al-Farabi Kazakh National University, Almaty, Kazakhstan,
“E-mail: a.shinbayeva@physics.kz

The standardization and certification procedures
of cryogenic equipmentin Kazakhstan

Creation of the Common Economic Space and functioning within the framework of EurAstC of
industrial enferprises requires forming a common base of normative documents to the Member States.
Considering the whole increasing role of the cryogenic technologies in the industrial development of the
world's leading powers, it is necessary fo carry out the appropriate set of activities of normative ensuring
this occupation.

Key words: cryogenic equipment, regulations, standards.

A. lLinnb6aesa, A. pobbiwes
Mpoueaypa ctaHpapTusauum u ceptupuKaymum
KpuoreHHoro o6opynosaHusa B KazaxcraHe

Co3paHune EanHOro akoHoMmnyeckoro npocTpaHcTBa n GyHKLUMoHMpoBaHuA B pamkax EBpA33C npo-
MbILLEHHbIX NMPeAnpUATMI TpebyeT popMmpoBaHmns obLei 6a3bl HOPMATUBHBIX JOKYMEHTOB B rocyaap-
ctBax-4neHax Coto3a. YuntbiBaa BCIO BO3pacTalolLyto posib KPUOTreHHbIX TEXHONOMMIA B MPOMbILLIEHHOM
pa3BUTUM BeAyLIMX MMPOBbIX fepxas, He0O6X0AMMO NPOBeCTV COOTBETCTBYIOLWMI Habop MeponpuATU,
HOpMaTUBHO obecrneynBalOLLNX 3TO 3aHATUE.

KnioueBble cnoBa: KpnoreHHoe 060pys0BaHNe, HOPMATUBHbIE AOKYMEHTbI, CTaHAAPT.

A. lLinnb6aesa, A. lpobbiwes
Ka3akcTaHpafbl KpuoreHai Kypbinfbinapabl
cTaHpapTTay XaHe cepTudukarray pacimaepi

BipbIHFalt 3KOHOMUKabIK KeHICTIKTiH KypblnybiMeH aHe EBpA33C xuneKTepi 6oibiHwWwa eHAipicTepae
icKe acbIpy YLWiH OpTaK HOPMaTUBTIK KyaTTap 6a3achl xacanybl Kepek. KpuoreHai TexHonornanapabiy
eHJipicTe JaMyblHa CaKeC, KaXKeTTi CallKeciHLWe wapanap yMbIMAACTbIPbIbIN, OFaH KaXeTTi HOpMaTUBTI

TOpTiNTepAi opblHAAY KaXeT.

TyitiH ce3aep: KpuoreHai Kypbinfbinap, HOPMaTMBTI KyXKaTTap, cTaHAapT.

Creation of the Common Economic Space and
functioning within the framework of EurAsEC of
industrial enterprises requires forming a common
base of normative documents to the Member
States. Considering the whole increasing role
of the cryogenic technologies in the industrial
development of the world’s leading powers, it
is necessary to carry out the appropriate set of
activities of normative ensuring this occupation.
Kazakhstan is an active participant in the creating
of this normative base, being the members of the
Technical Committee TC-114 — Oxygen and

ISSN 1563-034X

cryogenic equipment. In this work is reported the
main peculiarities of the implementation tasks
assigned by the Technical Committee. Cryogenic
equipment is manufactured in the laboratory of
cryophysics and cryotechnologies of al-Farabi
Kazakh National University subjected to obligatory
procedures of standardization and certification.

Procedure of certification represents in written
confirmation of compliance of the equipment by
authorized body to the requirements established in
normative documents (Gosstandart) and consists of
the following actions:
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1. Application by the applicant in certification
authority.

2. Direction to the applicant of the decision on
results of consideration of the declaration form.
This decision goes to the applicant to 2-week
time.

3. Registration of the contract between the
applicant and certification authority on work on
certification of the equipment. The issued contract
goes to the applicant to 2-week time in duplicate.

4. Carrying out selection, identification of
samples of the declared equipment and their
representation in test laboratory (center). Selection
is made by certification authority on a contractual
basis. Selection can be made and the applicant by
appointment of the competent commission as a part
ofnot less than 3 people from among representatives
of the uninterested organizations

5. Innecessary cases the body for certification can
charge sampling of the accredited test commission.

6. The test laboratory (center) carries out to the
terms of test of samples of the declared equipment
coordinated with certification authority and sends
its results issued in the form of the protocol to body
for certification.

7. The analysis of the received results and
making decision on possibility of issue of the
certificate of conformity.

8. At negative results of test, at least on one of
indicators, test for the purpose of certification stop.

Issue of the certificate of conformity and its
registration in the State register of GSS of the
Republic of Kazakhstan. At positive results of
the performed works as the provided scheme of
the declared equipment, the certification authority
makes out the Certificate of conformity.
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Theed study of Ar — Kr equimolar alloy morphology

Solid Binary mixtures of cryocrystals are of considerable interest for many reasons [1]. One of them is
the possibility of the compare the experimental results with theoretical predictions. According theoretical
model of rare - gas binary alloys proposed by Prigogine [2] the solutions should separate in the pure
components below about 40 K. This critical temperature depends on the concentration and is a maximum
for an equimolar solution.

Key words: Gas mixtures, low temperatures, the binary system.

B.B. laHuyk, H.C. Mucbko, A.A. ConogoBHuK, M.A. CTpxkeMeyHbIi
UccneposaHue Ar - Kr akBumonAapHoi mopdonorumu cnaasa

TBepJJ,bIe 6VIHaprIe CMeCU KPUOKPUCTannoB nNpeactaBiAal0T 3HAUYUTENbHbIN MHTEepec N0 MHOMMM Npun-
YMHaM [1] 3T0 BO3MOXKHOCTb CpaBHUTb 3KCNepMMeHTaNbHble pe3ynbTaTbl C TeEOPEeTUHECKMMUN NpeacKa-
3aHuaMu. Mo TEOPETMHECKOVI mMozenn ra3oBbix 6I/IHaprIX cnnaBoB, NpeanoXeHHbIX anIFO)KI/IHbIM [2],
AOJ/KHbI BblAENATLCA B YHACTbIX KOMMOHEHTAaX HMXXe TeMnepaTtypbl 40 K. 37a Kputn4yeckaa temnepartypa
3aBUCUT OT KOHLUEHTpauunm n MakCMMyMa AnAa 3SKBUMONAPHOro peweHns.

KnioueBble cnoBa: ra3oBble CMecu, HU3Kue TemMmnepartypbl, 6VIHaprIe CUCTEMBbI.

B.B. laHuyk, H.C. Mucbko, A.A. ConogoBHMK, M.A. CTpxkeMeyHbIi
Ar - Kr KocnacbiHbIH 3KBUMONAP/blI MOP(ONOrUAcChbIH 3epTTey

KpuoKpurcTanaapabiH KaTTbl G1MHapibl Kocrnanapbl KenTereH cebenTepMeH Kbi3blFyLIbUIbIK TyAblpaabl
[1]. OnapabiH Gipi, opAaibiM 3KCNEPUMEHTTEH aliblIHFaH HATUXKEH] TEOPMAMEH CalbICTbIpa anaTbIHAbIFbIH.
TeopusanbIk ynri 6ovbiHWa 6UHapnbl KocnanapabiH, NpUroXrHHBIH yebiHbIcbiMeH [2] Ta3a KyniHge 40 K
TeMeH TeMnepaTypaja faHa GeiHeneHyi Kepek. byn KpUTUKaNbIK HYKTe 3KBUMONAPIbIK, WeLWiMHiH KOH-

LUeHTpaunACbiIMeéH MaKCUMMYyMbIHa Tayenp,i.

TyitiH ce3pep: ra3 Kocnanapsbl, TEeMeHri Temnepatypanap, GuHapnbl xyienep.

Solid Binary mixtures of cryocrystals are of
considerable interest for many reasons [1]. One of
them is the possibility of the compare the experimental
results with theoretical predictions. According
theoretical model of rare — gas binary alloys proposed
by Prigogine [2] the solutions should separate in the
pure components below about 40 K. This critical
temperature depends on the concentration and is a
maximum for an equimolar solution.

Experimental investigations of binary mixtures
of the inert gases are contradictory. In electron
diffraction studies [3, 4] a phase separation in the Ar
— Kr systems was not observed at T=7 K. However

ISSN 1563-034X

measurements on the diffuse and Bragg scattering
of neutrons [5] from Ar — Kr samples indicated the
solubility of argon micro clusters in the krypton —
rich phase and the solubility of krypton atoms in the
argon — rich phase.

THEED (Transmition High Energy Electron
Diffraction) investigations were carried out in a
standard electronograph EG—100A equipped with
a helium cryostat. The deposition regime was
chosen in order to obtain random distributions
of impurity. The samples were grown in situ by
depositing gaseous mixtures on Al substrate. The
error in the lattice parameter measurements was
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usually 0.1%. The concentration dependence of the
lattice parameter are measured at T=20 K for low
concentrations.

The structure of equimolar solid Ar — Kr
equimolar alloys has been investigated at the
condensation temperature 5 K and 20 K and in the
process of subsequent temperature change right
up to sublimation of specimens, which took place
at temperature range between T=32 to T=45 K . In

the composition range K 40 — 60 mol% Ar, at the
condensation temperature T=20 K the face centered
cubic phase was observed. In this region the
concentration dependence of the lattice parameter
was measured. The low temperature equimolar
samples were multiphase. Crystallographic
structure of observed phase was determined. The
obtained results indicate a limiting solubility in Ar
— Kr system.
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Thermal conductivity of donor-doped
GaN - investigations with 3-owand stationary metods

Gallium nitride due to its unique optical properties and therefore possible applications has been
aftracting much attention of researchers for over one decade. Thermal conductivity is of interest as a key
parameter in the design of high-power devices in which gallium nitride is an important element.

Key words: Thermal conductivity, donor doping.

0. YypukoBa, A. ExxoBckniz, 1. Ctaxosuak, XK. Myua, M. Mepnun, T. Cycku, B. Tpanbatockn
TennonpoBOAHOCTb AOHOPOB JIEFMPOBAHHOI0O
GaN - uccnegoBaHus ¢ 3-0 and ctauMoHapHbIM METOAOM

HVITPVIJJ, rannuma 6narop,apﬂ CBOUM YHUKaNbHbIM ONTUYE€CKNM CBOICTBaM W, clefoBaTeslbHO, BO3-
MOXXHOCTU NPpUMEHEHUA NpuBJIeKaeT 6onbluoe BHUMaHMe vuccnepgosaTenen 6onee OAHOIo AecATUNEeTUA.
TEI'IJ'IOHPOBOAHOCTb npeacrtaBnfAeT NMHTepeCc B Ka4yeCTBe K/lo4eBOro napameTpa B pa3pa60TKe MOLLHbIX
yCTpOVICTB, B KOTOPbIX HUTPUA rajyina BaXXHbiM 3J1eMEHTOM.

Kniouesble cnoBa: TennonpoBoaHOCTb, AOHOD, NernpoBaHue.

0. YypukoBa, A. Exxosckniz, 1. Ctaxosuak, XK. Myua, M. Mepnun, T. Cycku, B. Tpanbatockn
KocbinabinauraH GaN poHopnap xbinyeTKisriwTirin
3-m and cTauuoHapnbIK dAicneH 3epTTey

CoHFbl OHXbINAbIKTA TaaivMii HUTPUAI e3iHiH Oiperein onNTMKanblK KacueTTepiHiH apKacbiHAa
Ken KbI3bIFYLWbINbIK TyablpAbl. [annuii HUTPUAI Heri3ri penai aTkapaTblH KyaTTbl KypblifbUlapAblH
KbUTYOTKI3riWwTiri 6ipiHLWLI KbI3bIfyLbIIbIK 60bIN Tabblnagbl.

TyniH ce3snep: XbiNyeTKi3rilTiK, AOHOP, KOCbIHAbINAY.

Gallium nitride due to its unique optical
properties and therefore possible applications has
been attracting much attention of researchers for over
one decade. Thermal conductivity is of interest as a
key parameter in the design of high-power devices in
which gallium nitride is an important element.

The investigated here samples were prepared
byammonothermal method. The thermal conduc-
tivity of bulk crystals was measured over the
temperature range 4-300K with stationary state heat
flow method while the measurements of the thermal
conductivity of GaN thin layers was carried out in the
temperature range 50 — 320K by 3-omega method.
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For the later, on the surface of the investigated
sample a special electrically conductive pattern
featuring a temperature-dependent resistance is
prepared. During the measurement the pattern acts
both as a heater to create a temperature oscillations
and as a sensor to measure the sample’s thermal
response. An electric current of angular frequency
o flows through the pattern resulting in heating
the surface of the sample at frequency 2w. The
appearing signal of frequency of 3w is measured
with a lock-in amplifier. The thermal conductivity
of the investigated sample is being obtained from
the frequency dependence of the signal.
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The value of the thermal conductivity coefficient
of three investigated bulk single crystal samples
of n-type gallium nitride with electron density
4.0 x10'%, 2.6 x10'® and 1.1 x10*° cm™ depends
strongly on the donor doping concentration. The
analysis of phonon-electron scattering was done
in the framework of Debye model with the use of
Callaway method. In considering the effect of the
oxygen dopant on thermal conductivity of GaN
crystal the following three effects were taken into
account and discussed:

* additional scattering of phonons by oxygen
atoms which replace the original nitrogen atom in
gallium nitride structure (Rayleigh scattering of
phonons)

» enhancement of the thermal conductivity
due to increase of concentration of electrons in the
conduction band

* additional scattering of phonons by the extra
free electrons. Additionally, some results of the
measurements in the direction of ¢ axes obtained with
3-omega method are presented. The 3-omega method
was also utilized for the measurements of thermal
conductivity of GaN layers on an Al O, substrate.

The work was supported by Wroclaw Research
Centre EIT+ within the project «The Application of
Nanotechnology in Advanced Materialsy — NanoMat
(POIG.01.01.02-02-002/08)  co-financed by the
European Regional Development Fund (operational
Programme Innovative Economy, 1.1.2)
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Thermal stability of metallic nanowires and microspheres

Quantized vortices in superfluid helium are the perfect one-dimensional template, imposing growing
the product of condensation of any impurities suspended in Hell only along the core of the vortex.
Nevertheless, we have demonstrated that it is impossible in the case of metal to prepare the chain of single

atoms or molecules.
Key words: superfluidity, impurity nanotubes

Esrennn b. lopaoH
TepMuuyeckana cTabuAbHOCTb MeTaNIM4ECKUX HAHOMPOBOJIOK U MUKpocdep

KBaHTOBaHHbIe BUXPU B CBEPXTEKYYEM reqnun ABNAOTCA naeajabHbIM OAHOMEPHbIM wabnoHoM ana
poOCTa NpOAYKTOB KOHAEHCaUnn KaKux-nnbo I'IpMMECEﬁ. B3BelleHHbIX B Hell Tonbko no cepauesunHe BUX-
pAa. TeM He MeHee Mbl npoAeMOHCTPMpPOBAJIM HEBO3MOXHOCTb B CJlydae C MeTaJlJIOM NMoAroTOBKU LLeNoYKn

OTAe/IbHbIX aTOMOB UIN MOJIEKYI.

KnioueBble cnoBa: cBepxTeKy4yecTb, NpMMech, HAHONPOBOJIKa.

EBrenunin b. lopaoH
MeTtanpabl HaHoCbIMAAp MeH MUKpocdepanapablH TEMUANDbIK TYPaKTbIIbIFbl

ACKbIHaKKbILW reiuniigeri KBaHTTbl KyMbIHAAP Ke3 KelreH KocnaHblH ecyiHe naeanabl yari 60/bIin Ta-
6binagbl. lereHmeH, 6i3aiH 3epTTeyiMi3 60bIHLIA XKeKenereH atTomaap MeH Monekynanapaa o6yn Ti3abekTiH

opblHAANMaln KanyblH KepCeTTiK.

TyniH ce3gep: acKbIHAKKbILWTBIK, KOCMa, HAHOCIM.

Quantized vortices in superfluid helium are
the perfect one-dimensional template, imposing
growing the product of condensation of any
impurities suspended in Hell only along the core of
the vortex. Nevertheless, we have demonstrated that
it is impossible in the case of metal to prepare the
chain of single atoms or molecules. Even in Hell
possessing a uniquely high thermal conductivity
the collision of small metal particles leads to their
self-melting, which resulted in a spherical shape of
product cluster. And only starting from their certain
size the metal clusters begin to coalesce into a
nanowire. The thickness of these nanowires depends
on the thermo-physical properties of the metal and
varies from 8 nm for the low-melting indium to 3
nm for refractory platinum.

However, for practical use these grown at
low temperature nanowires should be stable
at reasonably high T. Our studies of thermal
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stability of nanowires made of many metals and
alloys demonstrated rather unexpected results. In
particular, at room temperature nanowires of indium
possessing melting point Tm = 1570C exhibit long
term stability, while the silver nanowires (Tm =
9600C) fall to «dotted line» of clusters in few hours
after their heating up to T = 300K. All results are
consistent with the following unusual mechanism
of thin metal nanowires decay. In order to destroy
the nanowire it is not necessary to bring it to melt.
One can achieve that simply moving the atoms
along the surface and at a distance slightly greater
than interatomic spacing. The motion of atoms
on the surface is much less activated than that
causing the melting. Therefore, a radical change in
the shape of nanowires can occur at temperatures
much lower than the melting temperature. However
for the destruction of the nanowire by surface
mobility a bean-like shape of nanowire should be
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more energetically favorable than cylindrical one.
That is true for metals such as silver, where the
surface tension increases rapidly with decreasing
radius of the nanowire, and they are destroyed long
before their melting. In metals such as indium and
platinum, this effect is weak, and they exhibit an
enviable thermal stability. The use of alloys can
significantly extend the temperature range of metal
nanowire stability.

Completely different effect determines the
stability of spherical particles, when even melting
cannot change their shape. These particles are
commonly obtained by cooling the molten metal
droplets in a liquid, and a large negative pressure
arises inside them during cooling and solidification.
Our studies have shown that under weak damage to
the integrity of their surface, they break up, ejecting
a plurality of nanoparticles.
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Thermally stimulated transformations in thin films
of cryovacuum condensates of methane

Solid methane belongs to a group of crystals which confains molecules of hydrogen, whose
macroscopic properties (thermal expansion, etc.) are greatly caused by spin interaction of nucleus of
hydrogen. In particular, the methane molecule, which has four protons with spin | = 1/2, has three fotal
spin modifications: para-, ortho- and meta- states with three values of the total spin moments of 0, 1 and
2, accordingly.

Key words: Methane, spin, thin film condensation.

A. [po6biwes, A. Anguspos, XK. Hypekees, A. TbiueHrynosa
TepMmocTuMynMpoBaHHble Npeobpa3oBaHuA
B TOHKUX MJIEHKaxX KPMOBaKYyMHbIX KOHieHCcaTax MeTaHa

TBepAblii MeTaH NPUHALNEXUT K rpyrnrne KpUCTanoB, KOTOpble COAEpKaT MOJIeKy/bl BOAOPOAA, YbM
MaKpOCKOMMYEeCKMe CBONCTBA (TennoBoe pacluvpeHme, U T.4.) B 3HaYUTENIbHOMN CTerneHun Bbi3BaHbl CMMHO-
BbIM B3aMMOAENCTBMEM AAep BOAOPOAA.

Kniouesble cnoBa: MeTaH, CrvH, TOHKME MIeHKU, KOHAeHcaT.

A. lpo6biwes, A. Anguspos, XX. Hypekees, A. TbiueHrynoBa
KpuoBaKyyMabl MeTaH KOHAeHcaTTapbIHAAFbI

XyKa yngipnepae 60satbiH TEpMObIHTAHABIPbIIFaH TYpJieHyep

KaTtTbl MeTaH KypaMblHAa cyTeri AApoNapbliHbliH CMUHAIK acepnecynepiHiH apKacbiHAA (KbUTyNblK,

KeHeto xaHe T.6.) KacueTTepi e3repreH cyTerici 6ap Kpuctangap To6biHa XKaTagbl.
TyiiH ce3pep: MeTaH, CNUH, XYKa YNAIp, KOHAeHcaT.

Solid methane belongs to a group of crystals
which contains molecules of hydrogen, whose
macroscopic properties (thermal expansion, etc.)
are greatly caused by spin interaction of nucleus
of hydrogen. In particular, the methane molecule,
which has four protons with spin [ = 1/2, has three
total spin modifications: para-, ortho- and meta-
states with three values of the total spin moments
of 0, 1 and 2, accordingly. As a result of conversion
between these states, an equilibrium concentration
ratios set corresponding to the temperature of the
system. Identification of connection between the
speed of conversion and conditions of formation
and existence of solid methane is an object of the
research the last 40 years [1, 2].

After this our experimental results will be
shown. Despite its simplicity from the point view
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of organic chemistry, molecule of methane is a
quantum object. We have carried out researches of
gas hydrates as they are potential energy sources.
In the course of research of thin films of methane
cryocondensates we have found unusual optical
properties in IR-range.

Molecules that possess equivalent nuclei
exhibit different nuclear spin states. Well-known
case is the nuclear spin isomers of hydrogen
molecule. Hydrogen molecule with the nuclear
spin number 1 is called orthohydrogen, and those
with nuclear spin number 0 is called parahydrogen
(Fig.1).

Our object of study is methane molecules.
Methane has 4 equivalent nuclei. And spin numbers
of isomers are 2, 1 and 0. Last 30-40 years methane
has been actively studied. We focus on thin films of
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methane at high vacuum. There is an equilibrium
of concentrations between nuclear spin states.
According to Yuki Miyamoto ratio of concentrations
at 4K is 0:1:9. If isomers at equilibrium, and then

Orthohydrogenl = 1

we change the temperature, isomers will strive to
the new equilibrium. This striving process is called
nuclear spin conversion. Relaxation time can vary
within wide range (Fig.2)..

Parahydrogenl = 0

Figure 1 — Nuclear spin isomers of H,

<

r

Figure 2

Here you can see some possible transitions
between energy levels. It shows us couplings
between rotational states and nuclear spin states.
Also vibrational states and spin states are coupled
according to Mr. Nijman. It is possible due to spin-
phonon interaction.

Changing in the position of absorption band
of methane cryocondensateslibration varying
thickness. Condensation temperature is T =16 K.

In this report the results of optical
researches of thin films of methane cryovacuum
condensates, which were formed at a temperature
of a substrate of T=16 K and subjected further
to thermostimulated influences, are offered to
discussion. The obtained features allow to make
the assumption that during temperature increase
the sample undergoes the transformations caused
by spin conversion.
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Unconventional phase transitions on hd and O,cryocrystals

Both HD and O, are molecular solids with an exceedingly well explored phase diagram under
pressure. In this talk we focus in two unusual phase transition taking place at high pressures. First we
study the unusual reentrant phase transition that the phase diagram of HD exhibits near 50 Gpa where a
rotationally ordered (“broken symmetry”) crystalline phase (BSP) surprisingly transforms into a rotationally
“disordered” high-symmetry phase upon cooling.

Key words: phase diagram, pressure, sample, crystalline phase.

0. Kpecno, A. Naiio, I .E. CanTtopo, M. ®abpuumo, C. CkaHgono, E. Tocattu
HeTtpaanumnonHbie ¢pasosbie nepexoabl B HD n 0, kpuokpuctannax

06e monekynbl HD 1 O, TBepabix Ten 06ycnoBaeHbl XOPOLIO 13y4eHHO Ga30B0oii AnarpamMmmoii npu
BbICOKUX JaBneHusX. B 3ToM goknage Mbl poKycrpyeM BHUMaHWe Ha ABYX HEOObIYHbIX ha30BbIX nepe-
X0faX, CyLLeCTBYIOLWMX NMPU BbICOKMX AaBsieHNAX. [epBOHaYanbHO Mbl 3y4MM HeoObIYHbIA, BO3BPATHBbIN
tasoBblit nepexog Ha da3oBoi gnarpamMmme HD o6pa3uos B okpectHocTh 50 Ma, rae BpaleHne obHapy-
KMBaeT «HapyLleHne CUMMEeTPUUNY» KpUCTaINYecKoi da3sbl, 00ycioBIeHHOe NpeBpaLLeHneM B «Heyrnopsa-
JOOYEHHOW» CTaiMM BbICOKOW CUMMETPUUN NPU OXNaXKAEHUMN.

KnioueBble cnoBa: pasoBas suarpamma, AaBieHue, 06pasLbl, KpUcTaanmyeckas dasa.

0. Kpecno, A. Nlaiio, I'.E. CanTtopo, M. ®abpuumo, C. CkaHpono, E. Tocattu
HD xaHe O, KpMoKpucTanaapbiHAaFbl A9CTYPAi eMec aybicynap

HD »aHe O, Monexynanapbl, KaTTbl [leHefepjie Ofapfbl KbiCbIMAa aKCbl 3epTTeniHreH. byn
MaKanaja ofapfbl KbicbiMAa GaKblfaHFaH, epeKlle eKi da3anblK aybiCyFa 3eiiH canbin oTbipMbI3. EH

anfawkbiga KantbiMabl epekwe HD pruarpammacbiHaarbl yarinepai 3eprregik.
TyiiH ce3spep: pa3anbik Anarpamma, KbiCbIM, yarinep, Kpuctangplk gasa.

Both HD and O, are molecular solids with an
exceedingly well explored phase diagram under
pressure. In this talk we focus in two unusual phase
transition taking place at high pressures. First we
study the unusual reentrant phase transition that
the phase diagram of HD exhibits near 50 Gpa
where a rotationally ordered («broken symmetry»)
crystalline phase (BSP) surprisingly transforms into
a rotationally «disordered» high-symmetry phase
upon cooling. While the qualitative reason for
reentrance, has been already shown by early mean
field studies in this work we aiming at a quantitative
understanding of this system. Herein we have
applied path integral Monte Carlo (PIMC) within
both the constant-volume and constant-pressure
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ensembles to the reentrant phase diagram of the
HD solid at high pressures and low temperatures,
considering both hcp (realistic) and fcc (fictitious)
lattices. We studied the influence of the potential
chosen, the translational degrees of freedom, and
the choice of the electronic quadrupolequadrupole
(EQQ) interaction potential on the BSP transition
line. It was found that while the translational
degrees of freedom have a small effect on the
transition pressure, the choice of lattice and
interaction potential strongly affects the transition
pressure. Using a metadynamics based MC scheme,
we found that a C/c ordered structure, containing
16 molecules per cell is, with the best available
potentials, energetically preferred for the classical
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BSP phase on an hexagonal closed packed (hcp)
lattice.

Successive  implementation of quantum
molecular rotations by PIMC permitted a full
calculation of the reentrant BSP-rotationally
symmetric phase line. The transition was identified
using two order parameters, one dependent on the
new structure and the second related to the total
quadrupolar moment of the molecule, particularly
sensitive to the rotational state of the molecule. The
phase line was calculated for both the hcp and the
face centered cubic (fcc) lattices, yielding a realistic
reentrant behavior in both cases. The best results are
obtained with the Burton potential on the hcp lattice,

with features of the BSP-symmetric coexistence
line in good agreement with experiment.

The orientationally ordered state edge was
found at a minimum pressure Pe~ 56 GPa for the
hcp lattice and the Cui-Burton potential, quite
close to the experimental value Pe= 53 GPa
and in much better agreement than the previous
PIMC calculations, which gave Pe= 10 GPa. The
edge point temperature Te= 25K is also in good
agreement with the experimental one Te= 30 K.
Finally, the entropy jump at the phase transition is
found to have a maximum value below but not far
from In[2], in agreement with a Pomeranchuk-like,
entropy-driven picture of the reentrant transition.
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