Jlekmmsa 16

Jleximg 16.

DOTOXUMUYECKUE PEAKITUY.

OcobeHHOCTH (I)OTOXI/IMI/I‘IGCKI/IX IIPOIECCOB.

Ipunyun @panxa — Konoona.

PaccMoTpuM IByXaTOMHYIO MOJIEKYITY A2 .

JIJ1s1 OCHOBHOT'O 3JIEKTPOHHOI'O COCTOSIHUSL yCTOMYMBOM MOJIEKYJIBI KPUBasl IOTEHIIUATIbHOMN
SHEpIuu (MOTEHLUAJIbHAS IOBEPXHOCTD) BBITISAIUT TaK:
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Puc. 1. KpuBas (moBepXHOCTb) MOTEHLIUAIBHON SHEPIUU MOJIEKYJIbI A2 U1l OCHOBHOT'O

3JIEKTPOHHOTO YpoBHs. KpacHble 0Tpe3KkH — ypOBHH KoJieOaTenpHON 3Hepruu. PasHOCTD MEX Ty

De U DO - 9TO SHEPTUs HYJIEBOTO KOJIeOaTeIbHOTO YPOBHS MoieKybl. Hanbonee BeposiTHoe

MCIKATOMHOC paCCTOAHUC — CCPCANHA HYJICBOI'O K0J1e0aTEIHLHOTO YPOBH:I.

Beliiie no sHeprum HaxoAATCs: BO30YKICHHbIE SIEKTPOHHBIE COCTOSIHUS MOJIEKYJIbI A2 (cm.
pucyrkn 2 a,0,B). OGBIYHO pasHHIA MEXKTY SHEPrHSIMH YIEKTPOHHBIX COCTOSHHM - HECKOIBKO
coT KJ[>k/MOJIb, YTO MPEBBILIAET SHEPTUIO AUCCOLUALIMHM MOJIEKYJIBl B OCHOBHOM COCTOSHUM.
Jlnst poBeieHns (POTOXMMHUUYCCKHX peakiuii neronmb3yercs ceer ¢ pmmHamu o ot 100 xo

1000 HM (ynsrpaduoner u BuguMEIii cBeT).
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Morekysa B 3JIEKTPOHHO - BO30YKAEHHOM COCTOSIHUM UMEET MHYIO T€OMETPHUIO, TI0 CPABHEHHIO
C OCHOBHBIM 3JIEKTPOHHBIM COCTOSIHUEM. J[JIs1 IBYyXaTOMHOM MOJIEKYJIBI 3TO O3HAYAET - APYroe

MEXaTOMHO€E PacCTOSIHUE, IPYTO€ M0JIOKEHNE MUHUMYMa KpPUBOM MJIU 1a’K€ OTCYTCTBHE TaKOT'O
MUHUMYyMa. MoJekyia, HaXxoAs11ascs Ha OCHOBHOM 3JI€KTPOHHOM YPOBHE 3aXBaThIBaeT ()OTOH,

T.¢. ajzcopoupyer sHepruio NV, u sepmukanbro, COXPAHsS MEKBIEPHOE PACCTOSHHE
MEPEXOJIUT B NIEKTPOHHO - BO30YKJIEHHOE COCTOSTHUE, MOMNaAaeT Ha BEPXHIOK KpuByio. [Ipu

CpeIHUX TeMIIepaTypax OoJIbIIas 9acTh MOJICKYT A2 HaXOJUTCsI Ha HYJIEBOM KoJieOaTeIbHOM

YPOBHE OCHOBHOI'O 3JIEKTPOHHOI'O COCTOSIHUS U OTTYJ1a HAUMHAET CBOE «IBMXKEHUE BBEPX» (CM.
PHUCYHKH 2). DHEprus MOTJIOLUIEHHOT0 (JOTOHA TOJHKHA ObITh paBHA PAa3HULIE SHEPTUil ypOBHEH,
MEXy KOTOPBIMH ITPOUCXOAUT nepexoll. [lepexo mpoucxoauT BepTUKAIbHO, TOCKOIbKY

-1 -12
XapaKTEepHOE BpeMsI Ipol1iecca - 10 CCK, a xapaKkTepHOE BpeMs ABIKEHUS SIIEP 10 CCK, u

OHH HE YCIIEBAaIOT U3MEHUTH CBOE MOJIOKEHHUE. Y TBEPKICHUE O BEPTUKAJIIBHOCTH IIEPEX0/1a
HazbIBaeTcs npunyunom Ppanka-Konoonua.

E T A+A

A+A

Puc. 2(a). [lepexon Mosekybl A2 13 OCHOBHOTI'O 3JIEKTPOHHOI'O COCTOSIHUS B 3JIEKTPOHHO-

BO30YK/IEHHOE COCTOSIHUE MO ACHCTBUEM KBAHTA CBETA hy . [lepexon mpoucxoaut

8epmuKanbHo, T.e. 03 N3MEHEHHs MEKXaTOMHOT0 paccTosiHUsA. KprBas moTeHIIMaIbHON SHEPTUU
% *
A2 pacIoyiokeHa HaJl KpUBON A2 . Huccounanus A2 IO/ IEHCTBUEM CBETA HE

HaOJIFOJaeTcsl.

Cynp6a B030YK/IEHHON YaCTHIIBI 3aBUCUT OT PACIIOJIOKEHUS U (POPMBI BEpXHEH MOTCHIIMAIBHON

KpUBOH (CM. pUCYHKH 2 (a), (6), (B)). B ciydae (a) 3axBat ()OTOHA HE MPUBOJUT K

JTUCCOITHAITUN MOJICKYJTbI A2 . MoxHO HaOm01aTh CrieKTp noriommenus (Y@ - gudumwiii

cnekmp) A2 . BO3MOXHBI YMCTO 3JIEKTPOHHBIE NIEPEXO/IBI (HAIIPUMED, CaMblil BEPOSTHBIN: €
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HYJIEBOTO KOJIEOATEIHHOTO YPOBHS OCHOBHOTO JIEKTPOHHOT'O COCTOSIHUS HAa HYJIEBOU
KOJIeOaTeIbHBIA YPOBEHB JIEKTPOHHO-BO30YKIEHHOTO cocTosiHUA). [lepexos ¢ HyieBoro
K0JIe0aTeIbHOTO YPOBHS HIKHEW KPUBOM Ha, JOMYCTHM, EPBbIi KoeOaTeabHbIH ypOBEHb
BEpXHEH KPUBOH HA3BIBAETCS JIEKTPOHHO-KOJICOATEIHbHBIM MITH BUOPOHHBIM (Vibro-electron).

| \ A+A

_____ L_____. R(A-A)

Puc. 2(6). [Tepexon Monekyibl A2 U3 OCHOBHOTO JIEKTPOHHOTO COCTOSIHUSI B 3JICKTPOHHO-
BO30YXJICHHOE COCTOSTHUE IO IEHCTBUEM KBAaHTa CBETA hV . KpuBasi noreHumanbHOM SHEprun

*
A2 HC UMCCT MUHUMYMa. Ha6JIIOI[aeTCSI JUCConHranusa A2 noa ,Z[GI>'ICTBI/I€M CBCTAa.

*
B ciyuae (0) monexyna A, B a1eKTpoHHO-B036Y K IEHHOM COCTOSHHU HEyCTOHUHBA 1
2
pacmajzieTcs Ha aTOMBI YK€ TIpU TIepBOM Kosiebanuu. B pesynbpTare pacnana MOryT

*
O6p8.30BbIBaTLC$I 3J'IeKTp0HHO—B036y>KI[eHHLIe nin HeBo36y>KI[CHHHe aTOMBI A n A .

B clIy4dac (C) KpHBas MOTCHIIMATLHON 9HEPTUn B036Y)KI[6HHOFO COCTOSHUS «CABUHYTA BIIPABO».

B pesynbrate Mosekyna A2 C HyJIEBOT'O KOJIeOATEeIbHOTO YPOBHS OCHOBHOTO COCTOSIHUSI TPU

BCPTUKAJIBHOM IICPEXOJAC MMOMMAJACT HAa YHaCTOK KpI/IBOI\/'I B036Y)KI[CHHOFO COCTOSIHUA C DOHCPIUsIMU

* *
IIPEBBIIAIOIIMMYI YHEPTUU AUCCOLMALINHI DO . Ilpu xonebGanuu B A2 MIPOU30MAET

JIIUCCOLHAIIHNSL.
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- A+A’

_____ . R (A-A)

Puc. 2(B). [lepexon MONEKyIbI A2 13 OCHOBHOTO AJIEKTPOHHOI'O COCTOSIHUS B AJIEKTPOHHO-

BO30YXJICHHOE COCTOSTHUE TI0]T IEHCTBUEM KBaHTa CBETA hV . KpuBasi noreHumanbHOM SHEprun
%k

A2 CMEILIEHa BIIPABO OTHOCUTEIIBHO KPUBOM A2 . Habmromaercs nucconparms A2 moJI,

JNIEUCTBUEM CBETA.

ﬂGyXKf?aHWIOGble npoyeccal.

Taxue Nnepexoabl TOJDKHBI TPOUCXOJUTD IO CXEMCE!

AB+ th - AB* + hV2 2> AB**

BTopoii KBaHT HE paBeH NEPBOMY, IOTOMY, UTO Pa3HULA MEKY SHEPTUAMHU DIEKTPOHHBIX
ypOBHeH - pa3zHasi! BeposTHOCTh JBYXKBaHTOBBIX MTPOLIECCOB rOpa3/io HUKE BEPOSTHOCTU
3axBaTa OJTHOrO KBaHTa. TOJBKO C MOSBIEHUEM JIa3epOB MHOTO()OTOHHBIE MTEPEXO/IbI CTAIH
OCYIIECTBIISATHCS B Ta0OPATOPHBIX IKCTIEPUMEHTAX.

IIpoyeccol ¢ yuacmuem 31eKmMpOHHO-8030)HCOEHHOU MONEKYIbL.

Bpewmst )KU3HN MOJIEKYIT B 3JIEKTPOHHO-BO30YKICHHOM COCTOSIHUU MaJio (pedb UIET O
HEPaBHOBECHBIX KOHLEHTpaIusx!)

*
Bo30yxnenHast Moniekya A2 MOJKET:

a) BepHyThbCsl B OCHOBHOE 3JIEKTPOHHOE COCTOSTHHE 3a CUET (iyopecyenyuu. Torna sHeprus
BO30Y’KJIECHUS U3JIy4aeTcs B BUJE KBaHTA
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A, —> A+ hv

o -8
DITyOpeCLeHIUs - 3TO YHCTO IEKTPOHHBII mepexos. Xapakreproe Bpems mporecca: 107 CEK.

0) BepHyTbcs B OCHOBHOE 3JIEKTPOHHOE COCTOSIHHE 32 CUET CTOJIKHOBEHUS C HEBO30YKICHHOM
yactuuei (Tymenue!). Torna sHeprun Bo30y>KISHHsI IEPEXOAUT B KHHETUYECKYIO SHEPTUIO
CTOJIKHYBIIMXCS YaCTHULL

A+M—>A+M

XapakTepHOe BpeMs poliecca de3akmusayuu npu CMoIKHO8eHUU 3aBUCUT OT KOHIIEHTPALUN

-8
gactu M, i moxer 65rmb mopsiaka 107 cex.

B) HcnbiTaTh XMHYecKoe MpeBpalleHue. B Hamewm citydae peub UAET 0 pacnaje, A0MyCTUM,
k
A > A+ 4

A, —> A+ A

-13
Ecnu Monekyiia 1ByxaTroMHa, TO XapaKTepHOE BpeMsi Ipolecca 10 10" cek. Xumuueckas
peaxiys, 0OJHAKO, MOXET UITH M TOpa3/io MeUIeHHee, 0COOEHHO, €CIIN pearupyromas MoJIeKya

6yIeT MHOTOaTOMHOI1. XapakTepHoe BpeMs mpoliecca BIojHe Moxer 6urth nopsaka 107 CEK.

dnyopecueHnus, 1e3aKTUBALS IIPH CTOJIKHOBEHNUH, XUMHYECKas pEaKIisi MOTYT ObITh
KOHKYPHUPYIOLIMMU IIPOLECCAMH.

*
Bo3moxkHa ge3akTuBanms A2 4gCcpe3 TPUITIIICTHOC BO36y)KI[eHHOG COCTOsAHUC

(MHTEpKOMOMHAIIMOHHBIN TTIepexo.1 + GpochopecieHus ), 0THAKO, XapaKTepHOE BPEMs TAKOTO
nporecca Ha HECKOJIbKO MOPSAKOB BBIIIIE.

Ha nuarpamme SI60HCKOTO (pHc.3) MOKa3aHbl XapaKTEPHBIC MPOIIECCHI, TPOUCXOISIINE TPU
BO30YK/ICHUH/1€3aKTUBALIHI MOJIEKYJl. BHympenHssa KOHeepcus — Iepexo]] Ha 6osee HU3KUH
KoJIeOaTeIbHBIA yPOBEHD 0€3 H3MEHEHUS SJICKTPOHHOTO COCTOSIHHS. BhICBOOOAMBIIIASICS SHEPTHS
BBLACIACTCA B BUJC TCIIJIA UJIU paCIIPCACIIACTCA IO BHYTPCHHUM CTCIICHAM CBOGOI[BI MOJICKYJIBI.
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Puc. 3. luarpamma S1610Hckoro. KpacHbIMU cTpenkaMy NOMEUeHbl Oe3u3TydaTebHble
MPOIIeCChl. 3eJICHBIMH CTPEIKaMH 0003HaUEHBI TIEPEXO0/IbI, TP KOTOPHIX CHCTEMA HCITyCKaeT

KBAaHT CBCTaA.

BKCI/IMepLI M OKCHUIIJICKCHI.

TIpy B3aMMOZIEHCTBHH YEKTPOHHO-B030Y K aeHHOM Moekynsl AB ¢ HeBo36ysxnennoii

monexymnoit C MoxkeT 06pa3oBaThcs KOMIUIEKC:

AB*+C > {AB*C"}*

Hamnpumep,

o+ N O

0

C
CN

——

Ecnu monoOHbIi KOMILIEKC CYIIECTBYET TOJIBKO B AJIEKTPOHHO — BO30YKJICHHOM COCTOSTHUH, OH
Ha3bIBAETCS IKCUNIEKCOM. DKCUIUIEKC 00pa3yIOT OOBIYHO TJOHOP U AKIIETITOP 3JIEKTPOHOB.
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Ecmu AB = C,
C*+C > C*

TO TaKOW HKCHUIUIEKC HAa3bIBACTCS IKCUMEPOM. DKCUMEDP 00paszyeT, HallpuMep, ABE MOJIEKYJIbI
MYpeHa:

o+

—_——

3KCI/IM€paMI/I SABJISIFOTCA AUMCPBI 6.HaI‘OpO,Z[HLIX Ta30B, OKCHUIIJICKCAMH — I'aJIOICHU b

)(eCl>l< , ArCl*I/I T.IL.

Xe+e— Xe +e;

;Xe+Xe* + Xe — Xe, + Xe
Xe+Xe’
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%
Puc. 4. Dxcumep X€2 . B OCHOBHOM 3JIEKTPOHHOM COCTOSIHUH Ha MTOTEHIUAIbHOU KPUBOM
ES
X€2 HeT MUHUMyMa. Ha pucyHKe npuBeieH MeXaHu3M 00pa3oBaHUs X€2 . [lepexon

*
X€2 — Xe + Xe + th COCTaBIISIET OCHOBY pabOThl SKCUMEPHOTO JIazepa.

Cencubunuzayus.

[Tpu 37eKTpOHHOM BO30YKIEHUU BO3MOXKEH MPOIIECC, HA3BIBAEMBIN ceHcubuiusayuel.
DNEeKTPOHHO-BO30YKICHHAS MOJICKYJIa CTAJTKUBACTCS C HEBO30Y KICHHOH, TIepeiaeT el YHEPTHUIO
Y TIEPEBONT €€ B BO30YKICHHOE COCTOSIHHE, 4 cama MPHU 3TOM BO3BPAIIAETCS B OCHOBHOE
ANIEKTPOHHOE cocTosiHUE. V3BecTeH mpolecc B mapax pTyTH U Talus:

Hg + hv (254 nm) - Hg*

Hg* + T > Hg + TI*

DKCIePHMEHTATBHO HAGIIONAETCs (IyOPECICHIHS TAIITHA:
TI* - Tl + hv

B OTCYTCTBHH PTYTH IIPH OOIyHEHHE CHCTEMBI CBETOM C ITHHO BoTHbl 294 HM numuit
(iryopecueHINH TaJTHs HeT.

Jpyrue npumepst cencubmmsarmu ( Cgo — cunrnernsiit kucnopos, GoTocuuTes).

dopmanpHas KHUHSTHKA d)OTOXI/IMI/I‘ICCKOFO oponecca.

Ckopocmb 06pazoeanus 6030YHCOEHHBIX YaCMUY.

BemtectBo A2 (>kMIKO€ MK Ta3000pa3HOe) HAXOAUTCS B COCyie 00beMOM V, IUIOIIAab CTEHKH
S, nmna cocyaa L. UYepes equHMITY TUTOIIAIKH CIEBa BXOJIHUT MTOTOK CBETA IO

(poronsl/mnomans/cex). Ha yuactke dl ocna6nenne moroka ceera 3a cuer 3axBara ¢dhoToHOB
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I(1+dl)

1(l)

\

[4,], ,(4,)

e

dl

2

cm
dl=—1¢g,(A4,)x[4,]dl, &,(4,), — (1)
mol

3aech £, - KOOPOUUHMCHT NOTTIOLICHHUS], XapaKTEPH3YIOLIHIA BELIECTBO A5. Ou 3aBucur ot

JUTMHBI BOJTHBI A IAI0IIETO CBeTa. BripaxkeHue (1) Ha3zbIBaeTCs 3akonom byeze-Jlambepma-

bsppa. UnaterpuposBanue (1) JaetT

2D ¢ ()x[4]x7

I[A4,]
[(l)=1,e "4 )
Ocnabnenne MoToKa, BEI3BAHHOE 3aXBATOM (POTOHOB IPH IMPOXOKICHUU CIIOS TOIIIUHOM L
_ —&,L[4,]
I,-I(L)=1,(1-e )

[TonmHOE KOMUYECTBO MOJIEKYJT (MO ), 3aXBaTUBIINX (DOTOH B CEKYHIy B €IMHUIIE 00heMa

*

Sx [ (1—e ]
]0: O( )
14
Ecimu gl(Az)X[AZ]XL<<1 , TO

I, {momb/cM’/cex} (3)
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]*_Sx10(1—1+gl(A2)[A2]L) SxI,x(&,(4)[4]L)

4
0 ” v (4)

Bripaxkenue (4) onpenenser cKOpOCTh MOMIOMEHHS CBETA. DTO PEAKIMS TIEPBOTO MOPSIKA 110

A,

IIpu BICOKO# KoHUeHTparmH A, monydaeM Hy1eBoi mopsiiok o Ay:

g, L[A4,]1>1, e«

« Sx
[ =220 (5)
V

3aruieM KHHETHYECKIE yPABHEHHUS JUTSl BOSMOYXKHBIX IPOLIECCOB, ¢ yuacTieM Ay ™ (CM.
pUCYHOK 3):
a) st (bIryopeceHIInA

d[Ax*]/dt = -ky [Ar*] (6)
0) s TyIIEHUS 32 CYET CTOJIKHOBEHHIA

d[Ay*]/dt = -k, [A,*][M] (7)

B) JJI1 MOHOMOJIEKYJISIPHON XMUMUYECKON peakuu

d[AZ*]/dt = 'kXHM [AZ*] (8)
3nech k B> k "o k - POPMANBHBIC KOHCTAHTBI CKOPOCTH COOTBETCTBYIOLINX MPOLIECCOB

MEPBOT0 WM BTOPOTO MOPSIIKOB.
[Tpumenum meton boaeHmTeHa, MOTYyYUM CTAIIMOHAPHYIO KOHIICHTPAINIO BO30YKICHHBIX

MOJICKYII IJIA ClIy4das, Korga KOHICHTpalusi [A2 ] - BBICOKAA:

SxI,

) I
[AL] = > - \ ®
k, +k; [M]+k,,, k, tk, [M]+k,,

CkopocTh 06pasoBanns acTuil A 3a cueT HOTOXHMIYECKOH PEaKIni paBHA

10
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r - l(XI/IM [Aj ] kXHM a ]0

= =k, (10)
k, +k; [M]+k,,, b

CKOpOCTB p€aKknuuu, T.€. KOJIMYECTBO BEIICCTBA, UCIIBITABIICTO XUMUYCCKOC ITPEBPALICHUC B
CANHULY BPECMCHU B CIUHUILIC 061>eMa, IMPOMOPIHUOHATIBHO KOJIMYCCTBY IMOITIOMICHHOT'O CBCTA,

*
I 0 - DTO YTBEPXKACHHUC HAa3bIBaeTCs 3akoHoM Banm-T'oppa.

Kaxnas Mosekyiia, 3aXBaTHBINAS HYKHBIH KBAHT, IEPEXOAHUT B BO30YKICHHOE JIEKTPOHHOE
COCTOSIHHE. DTO - 3axoH Dunwmenna. Keanmosvim 6bixooom l// Ha3bIBAETCS OTHOIIIEHHE

KOJINYECTBA PACTIABIINXCS MOMEKy Ay (T.e. MOIEKYJI, IPETEPIEBIINX XHMHUUCCKYIO PEaKIIHIO) K
o0IIeMy YHCITy MOJICKYJI, 3aXBaTUBIINX KBAHT:

r k
W=—= Au <1 (11)
Iy ky+k [M]+k

XUM

DTO NEepBUYHBIA KBAHTOBBIM BBIXO/ U OH, OUYEBUJIHO, MEHBIIIE WK paBeH eauHule. OH MOXKET
ObITh OYEHb OJIM30K K €AMHHUIIE, €CIIU CKOPOCTh XUMUYECKON PeaKI[Mi 3HAUUTEIHHO BbIIIE
CKOpPOCTH (PITyOpECICHIINH, TYIIEHUS U T.I. ECIM MpoIyKT nepBUYHOM (POTOXUMUIECKON

JMccormaniy, A, BCTymaeT B pasBeTBICHHYIO LEMHYIO PEaKIHI0, KBAHTOBBIH BBIXOJ IO STOMY
MPOAYKTY (hOPMATEHO MOXKET OBITh OOJIBIIE €AMHHUIIEL.

Tywenue gnyopecyenyuu - 3T0 OTHOLUIEHUE KOJINYECTBA MOTJIOMIEHHOTO CBETa K CKOPOCTH
bayopecueHIn

*

Ly _ 1+ kel M ] + K >1 (13)
kyx1, k, k,
kqb +k [M]+k,

OnHOBpEMEHHOE PACCMOTPEHNE HECKOJIBKUX KOHKYPHPYIOIIKX MPOLIECCOB U PACYET NEPBUYHOTO
KBaHTOBOI'O BbIXOJ[a XUMUUYECKOM peaKLM Ha3bIBaeTCA cxeMoil [l/mepna-Doamepa. Mpl
paccMOTpen TPU KOHKYPUPYIOLIHMX npolecca. X MoxkeT ObITh U OoJblIe.

Iycts gacTrisl A BCTYMAIOT B HOBYIO XMMHYECKYIO peakiuio ¢ obpazosanmem mpoxykra C.

Bmopuunblii KéaHmMoswlil 6b1X00 — 3TO OTHOIICHHE CKopocTH oOpasosanns npoxykra C x

*
BCIIMYNHEC ]0 .

11



	Hg* + Tl ( Hg + Tl*
	Tl* ( Tl + hν

