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HccnemoBana TeMmIieparypHas 3aBUCUMOCTh Koa(duimenra muddysum D(T)
IpY ABYMEPHOM JBMKEHUU KOTePEeHTHBIX SKCUTOHOB B HaHOCHCTeMaX (MOJIEeKY-
JISPHBIX HAHOILJIEHKAX, CJIOUCTBIX HAHOCTPYKTYpPaX, OMOJOTUYECKUX HAHOMEM-
6panax). IlokasaHo, 4yTo TeMnepaTypHasa 3aBucuMocTh D(T) mpu JByMEpHOM
IBUKEHUU 9KCUTOHOB CYIIECTBEHHO OTJINYAETCA OT TAaKOBOU IJIA TPEXMEPHOM

Iuddysuu.

HocuimxeHo TemnepaTypHy 3ajesKkHicTh Koedimienra qudysii D(T) mpu aBo-
BUMipHOMY pyCi KOrepeHTHHX €KCHUTOHIB y HaHOCHCTeMaX (MOJEKYJIAPHUX
HaHOILIiBKaX, IIapyBaTUX HAHOCTPYKTYypaX, OiosoriuHmx HaHoMeMOpaHax).
ITokasano, 1110 TemneparypHa 3ane:xkHicts D(T) npu ABOBUMipHOMY pycCi eK-
CUTOHIB CyTT€BO BiIPi3HAETHCA Bifl TaKOl yig TpuBUMipHOIL nudysii.

The temperature dependence of the diffusion coefficient, D(T), is studied
for two-dimensional motion of coherent excitons in nanosystems (molecular
nanofilms, layered nanostructures, biological nanomembranes). As shown,
the temperature dependence of D(T) substantially differs from that for the
three-dimensional diffusion.

KimoueBsie cioBa: KOTepPeHTHEIE DKCUTOHEI, ABYMEPHOe IBUIKeHUe, 1uddysusd.

(ITonyweno 17 Hoabpa 2011 e.)

1. BBEAEHUE

OpnHOM U3 IPUYNH, CTUMYJIUPYIONINX UCCIeTOBAHUA MUTPAIIUY S9HEPTrUU
AJIEKTPOHHOTO BO30Y:KeHUS B KBa3UABYMEDHBIX HAHOCUCTEMAX, ABJIA-
eTcd usyueHue (poTOCHHTE3UPYIOIINX HAHOCUCTEM C IIOCJIeNyIoIeil 3a-
Iadeil CO3aHUA UX UCKYCCTBEHHOI'O aHAJIOTA, a TAKKe BO3MOYKHASA POJIb
MUTPAIIUNA DSHEPTUU SDIEKTPOHHOTO BO30YKIEHUS B OMOJIOTHUECKUX
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HaHocuctemax [1]. OmpenesneHue TeMIepaTypHON 3aBUCHUMOCTH KO03(-
dbunumenra nuddysun D(T) aABIAsgEeTCS MOKA OCHOBHLIM METOJAOM H3yUe-
HUSA CTEIeHN KOTEePEHTHOCTH SKCHUTOHOB, OT KOTOPOII 3aBHCHUT MeXa-
HI3M 9KCHUTOHHOrO IIepeHoca suepruu. Omnpegenenne sToii 3aBUCUMOCTHI
CTAHOBUTCA AKTYaJbHLIM B CBS3H C Hpo0eMaMy IIepeHOoCa SHEepPruu
SJIEKTPOHHOI'O BO30OY KIeHUsI B KBasUABYMEPHEIX HaHOcHucTeMax (MoJie-
KYJSPHBIX HAaHOILIEHKAX [2], CJIOMCTHIX HAHOCTPYKTYypax [3], 6uosmoru-
yecKUX HaHOMeMOpamax [4]).

B macTosaieit pabore ucciegoBaHa TeMOoepaTypHas 3aBUCUMOCTD KO-
apdunuenta gupdysun D(T) mpu IBYMEpPHOM IBUKEHUU KOTEPEHT-
HBIX 9KCHUTOHOB B KBa3UIBYMEPHBIX HAHOCUCTEMAX.

2. MOJIEJIb

PaccmoTpum Ty 3aauy B IPOCTOM MOJAENN N30JIUPOBAHHON M30TPOIHOM
IBYMEPHOI S9KCUTOHHOM 30HbBI C KBaIPATUYHBIM 3aKOHOM JUCIIEPCUU:
2
B = 8 )
2m
rae k u m — BoJIHOBOM BeKTOp 1 9(pdeKTUBHAA Macca SKCUTOHA COOTBET-
cTBeHHO. Bynem cuutaTth Temiiepatypy T TOoCTaTOYHO HUBKOM, TAKOI, UTO
CpeoHsA TEeIJIOBas SHEPruA SKCUTOHOB MEHbLIIe IIMUPUHBI SKCUTOHHOM
30HEI A. Kpome Toro, 6ymem IIpeamoiaraTh paccesHne SKCUTOHOB Ha (o-
HOHAaX YIPYTUM, UTO CIIPaBEAJINBO IIPU He CAUIIKOM HU3KUX TEeMIIepaTy-
pax, Korja IepeiaBaeMas IIPYU PaCCeTHUY S9HEPTUA CYIIIeCTBEHHO MEeHbIIIe
SsHepruu SKCcUToHOB. O6a 5TH YCI0BUA BBITIOJIHAIOTCS IIpH [5]:
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muvo

O
hw,,

= kT, << k,T << A, 2)

IZle U — CKOPOCTb 3BYKa; kp — MOCTOAHHAA BonbnMaHa; ©; — YacTora
O-i1 BeTBU oONTUUYECKUX (POHOHOB. IIpu 3TOM MOKHO CUMTATh, UYTO 0OJIb-
IIIMHCTBO 9KCUTOHOB MeEET KBa3UUMITYJIbChI BOJIU3U

k, = (B = 7' @mk,T)"? << a;' (3)

(rme a, — mOCTOAHHAA PEIIETKM).

ITpm yopyrom paccessHum BpeMs pesakcaiuu T(k) MOKHO BBIUUCIUTD,
ucxona us popmyasl @péauxa [6]. B pesyabTare ¢ yuéToM IpPOIIECCOB
TIOTJIOIIEHU S U CITyCKaHus (poHoHa nMeeM [6]:

NOED RSN AORAO]! (4)
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rae k, 1 ¢, — COOTBETCTBEHHO IIPOEKIIMY BOJIHOBOT'O BeKTopa aKkcuToHa k
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u (QOHOHA ( HA HAIpaBJIeHHWe X-IPAJUEHTa ILIOTHOCTH BKCHTOHOB;
W/ (q) u W] (q) — BepoaTHOCTU MOTJIONEHUA U UCIyCKaHUA HOHOHOB
BKCHTOHOM.

B ciyduae ZBYMEpHOTO ABHMKEHUA SKCHUTOHOB IIOJIYYHM BEIPAKEHIE
171 BKJIaga B T (k) akycTHuecKuX (POHOHOB:

2
3‘Foac agm (kT 3? dxx® () 5)
hik? m ) g E -

T (k) =

rae napamerp & = 2k(hv / k,T) , a pyHRIHMA

flx) = exp(—x) — exp(x) . 6
( [exp(x) —1][exp(—x) —1] (©)
B dopmynax (5) u (6) gy GespasmepHoii mepemennoi 0 < x < &.

Ilpu § << 1, samensas pyurnuio f(x) (6) Ha eé sHaueHue f(x) = 2/x npu
MAJIBIX X, TOJIYYM:

ac 2 3
6‘Fo ay,m k. T
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T, (B) =

(1)

npu

mv?

T>>T158k . 8)

B

IIpu & >> 1 samena B popmyue (5) pyurnuu f(x) (6) Ha f(x) = 1 gaéT:

T = ’
ac TEhs ( )
IIpu
T<<T,. (10)

B pamkax ycaosus (2) 8 T (k) (4) JaoT BKJIAJ JIKIIL caMble HI3KOUA-
CTOTHBIE BETBU OIITUYECKUX (POHOHOB, AJIA KOTOPBIX

Iy << A, (11)
¥ TOJBKO IIPM JOCTATOUYHO BLICOKMX TeMIlepaTypax:
kT >> hay. 12)

ITpu
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kT < hoy (13)
TPUGIMIKEeHNe YIPYToro paccessHns HenpuMeHnMo. OJHAKO ¢ POCTOM

hoy,
kT

IIpoIiecc MCIYyCKaHWs ONTHYecKoro (hoHOHA PEe3KO IIOJaBJIeH M3-3a Ma-
JIOTO YHUCJIa 9KCUTOHOB C dHEPTHeil BBIIIEe /), , CIIOCOOHBIX K M3JIyde-
HUIO, a IPOIecC IMOTJIOIEeHN — M3-3a MaJIbIX UKceJs 3aloJHeHus ¢o-
HOHHBIX COCTOSTHHUH TaKJKe 9KCIIOHEeHIINAIbHO MaJi. [losTomy npu

>1, (14)

EpT << A (15)

BKJIAJ OITHYECKUX (D)OHOHOB MOJKET CTATh 3aMETHBIM TOJIbKO IIPU CYIIie-
CTBOBAHHUM OITHYECKUX KoJieOaHMil HM3KOW YACTOTHI U IIPU OOJIBIIMNX
IMIUPUHAX 9KCUTOHHBIX 30H, YTOOBI BLITIOJIHIJI0CH HEPABEHCTBO:

hwy << kBT << A. (16)

ITpu BeInONHeHNU yeaosus (16) Bxaan T (k) (4), oTBeuaromuii pacce-
STHUIO HA OIITUYeCKUX (POHOHAX, OIPeAedeTca BhIparKeHueM:

2 kT
hoy

) 2a’m .
k) === |F (17)

h3

KOTOpOE JAET 3aBUCUMOCTbD, aHAJOTUUHYIO (7).

ITpu HeBBIMONMTHeHUU HepaBeHcTBa (10), BKIaZOM OnTHUYECKUX (POHO-
HOB MOKHO n1peHeOpeus. IIpu aTom Bpema pemakcarnuu T(k) (4), B OCHOB-
HOM, oIIpefeseTcsa BeanunHoi 1,.(k) (9), T.e.

k) = 1, (k). (18)

TemmepaTypHYIO 3aBUCUMOCTDb Koa(ddumnuentra 1uddysunu KOrepeHT-
HbIX 9KcuToHOB D(T) HaxoguM, MCXOAsI M3 Ia30KNHETHYECKOT0 BLIpa-
sKeHusd 11 KoaddunuenTa guddysun [5]:

2

kK, (19)

l—— - &
D(T) = Zuk)v; (k) =

3 k 3m?®
rme v, =fk/m — CKOPOCTb SKCUTOHA, a YepTa 03HAUYaeT yCPeaHeHUe II0
pacrupeiesIeHUI0 9KCUTOHOB.

B pamkax 6OJbIIMAHOBCKOIN CTAaTUCTUKU SKCUTOHOB, MUCIIOJNb3YS BbI-
paxenus (5), (7), (17) u (19), moryduM TeMIIEPATYPHYIO 3aBHCHUMOCTD
D(T).

1. g koapdunuenta guddysuu D(T), 06ycIOBIEeHHOTO pacceaHU-
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€M 9KCHTOHOB HAa aKyCTHYECKUX Q)OHOHaX B CjIyuae HU3KHUX TeMIiepa-
TYp, TAKUX, 4TO

T, >>T >> T, (20)
nmMeemM

D, (T) o< ke T, (21)

a c moBBINIIEHNEM TeMmiepaTypbl T >> T,
—2

D, (T) o< k? = const. (22)

2. na xosdpdunuenrta sudpdysuu D(T), BLI3BAHHOTO paccesasHreM Ha
onTuuecKkux GoOHOHAX, IIPU HUBKUX TEMIIepaTypax

T < 1% (23)

B
D, (T) << D, (T) o k o T"?, (24)

a IIpu 70CTaTOYHO BBICOKMX TeMIlepaTypax

T 5> 1% (25)

B

E2

D, (T) < T = const. (26)

CiezoBaTeIbHO, HE3aBHCUMO OT POJIM OIITUYECKUX (POHOHOB, corJac-
HO dopmynam (21), (24) u (26), mpu NOHUIKEHUU TEMIIEPATYPHI IIOCTO-
STHHOe BHAUeHUe

D(T) = const
cMmensercd nagernuem D(T') 1o 3aKoHY
D(T) = T"?.
3. SBARJIIOYEHHUE
IIpu nByMepHOM JBUIKEHUU MOJIEKYJIAPHBIX 9KCUTOHOB TeMIepaTypHas
3aBUCHUMOCTEL Koadduruenta nupdysun D(T) cyiiecTBeHHO OTJINUAET-

cs OT TAaKOBOI 3aBUCHUMOCTHU [IJs TpPEXMepHOU nuddysuu, moxasnpiBag
ymensierue D(T) o« TV? ¢ mOHMMKEeHNEeM TeMIepaTyphbl, B OTJUYLE OT
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pocta D(T) < T''/* gna mocnenneii [5]. Takoe KauecTBeHHOE PasjHUuLe
IMO3BOJISIET MCIO0Jb30BaTh 3aBucuMocTb D(T) He TOJNBKO AJIA OIpereJie-
HUSA CTeIleH!U KOTe€PEeHTHOCTH SKCHUTOHOB, HO M HAET BO3MOYKHOCTH CY-
AUTH O CTEIIEHN aHU30TPOIINHN NX NBUKECHUA.

IlonryuenHaa HaMu TeMmOepaTypHasd B3aBUCHUMOCTL Koa(h(puimeHTa
muddysun D(T) KOTepeHTHBIX 3YKCUTOHOB MOMKET, II0-BUINMOMY,
HabJI0IaThCI B KBa3HWHYJbMEPHBIX HAHOCKHCTEMAX, HAIPUMEP, MOHO-
MOJIEKYJISIPHBIX CJIOAX IIMAHWHOBBIX Kpacureseil Toamuaoi 2,0 HM ¢
xpomodopamMu, MOTPYKEHHBIMHI B KUPHBIE KUCJOTHI [7], 1 B O1OJI0OTH-
yecKuX HaHomMeMOpaHax [8], B KOTOPBIX Oblja 9KCIEPUMEHTAJIbHO 00-
Hapy’KeHa IByMepHad In(Pdy3nsa KOTePeHTHBIX 9KCUTOHOB.
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