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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.
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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.
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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.
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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.
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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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