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1. TEXHUKA DKCIIEPUMEHTA.

Meton umnynscHoro ¢orosnnsa Buepsbie O0bul npeioxkeH /x. Iloprepom B KoHIE
40-X TOIOB MPOLUIOTO CTOJETUS AJIS U3ydeHUs (POTOXMMHUYECKUX peakimii. MeTox OCHOBaH
Ha CO3JaHUM 32 KOPOTKUM IIPOMEKYTOK BPEMEHHM C IIOMOIIBIO HMMIyjJbCa CBETa
HEPaBHOBECHBIX YCIIOBHIl B pEakUMOHHON cucteme. Bo3moxxHocTn 3TOro Merona, ¢
IOMOIIBIO  KOTOPOTO  MOXXHO  PETUCTpUpPOBaThb  0Opa3oBaHUE  KOPOTKOKUBYILIMX
BO30Y)KJICHHBIX COCTOSIHMA MOJICKYJ, PaauKajaoB, MOH-PAIUKaJIOB, MOHOB, KOMILJIEKCOB U
IpYTHX HECTaOWIBHBIX YacTUIl ObUTM BBICOKO oreHeHsl u JDk. [loprep momyumn
HoGenesckyro npemuto B 1967 rony. B HacTtosiee BpeMsi UMIYJIbCHBIH (OTOIU3 sBISETCA
OJIHUM U3 OCHOBHBIX METOJIOB H3yU€HHsI OBICTPBIX U CBEPXOBICTPHIX (HOTOXMMHUYECKUX U
doroduzmueckux mporeccoB. OH UCTIOIB3YETCS ISl HCCIEIOBAHUN PEaKkid B Ta30BOM (ase,
B MOJICKYJIAAPHBIX ITY4YKaX, B paCTBOpax, B 3aMOPOKCHHBIX Cp€Aax U TBEPAbIX TECJIaX. 3a BpeMs
pasBUTHSL METOAA MMIIYJbCHOIO (OTONM3a €ro BPEMEHHOE pa3pelleHue YIy4ylleHO Ha

HECKOJIBKO MOPSIKOB (0T MHJUTUCEKYHT 10 (DEMTOCEKYH).

1.1. JlamnoBbIii MMITYJILCHBIH (OTOTN3

C MOMeHTa BO3HMKHOBEHHMSI METOJ HMIYJIbCHOrO (hOTOJIM3a CYIIECTBYET B JBYX
BapuaHTax. llepBelii — KuHeTHyeckas (OTOMETpUS C  pEerucTpalueil KUHETUKU
IPOMEXYTOUYHOTO TIOMJIOIIEHUS Ha OJAHOM U3 JUIMH BOJH, BTOPOM — UMIyJIbCHas
CHEKTPOCKOMUSl C perucTpamnueil crekrpa NpoMeKyTOYHOIO IMOTJIOLIEHUS B OINpE/eIeHHbIN
MOMEHT BpeMeHH. [lonHas crnekTpanbHas M KMHETH4ecKas MHpopMalnus O MPOMEXYTOUYHOM
NOIJIOUIEHWM B IIEPBOM  BapUaHTE TOJIY4YaeTcsl 3a CUET M3MEPEHMs] KUHETHKHU
IPOMEKYTOUHOTO MOTJIOLIEHUS Ha pa3HbIX JJIMHAX BOJH. Bo Bropom BapuaHte uH(popMaus
COJIEP)KUTCS B HAOOpe CHEKTPOB MPOMEXKYTOYHOTO IIOTJIOUIEHHMS] C Pa3HOM BPEMEHHOMN
3aJ€PKKOM MKy BO30YXKJAIOUMM U PETUCTPUPYIOIIUM CBETOBBIMU HMITYJIbCAMHU.
[TpuHIMnuagbHas cXxeMa YCTaHOBKU UMITYJILCHOTO (DOTONIM3a pUBEeHA Ha pHc.].
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Puc.1. IlpyHunnuanpHas cxemMa yCcTaHOBKH JIaMIIOBOTO UMITYJIbCHOTO (hoTonu3a: 1 —

CHEKTPOCKOMUYECKas JlaMIia, 2 — TUH3a, 3 — GUIbTp, 4 — KIOBETHOE OTACIICHHE, 5 —

¢doronuTHUECKas JamIia, 6 — ynpaBiIsieMblid pa3psaHHK, 7 — KIOBETa ¢ 00pasuom, § —
BBICOKOBOJIBTHBIN KOHAEHCATOP, 9 — MOHOXpOMaTop, 10 — poroymuoxurens (OPIY), 11 —

ycunuTenb, 12 — ananoro-uudposoit npeodpazosarens (ALIT), 13 — kommbroTep.

B kauecTBe MMIYIBCHBIX (POTONUTUYECKUX JIAMIT OOBIYHO MCIOJB3YIOTCS TpyOUuaThie
UMITYJIbCHBIE KCEHOHOBBIE JaMIlbl, UMEIOIIME 3JIEKTPUUECKYI0 MOIIHOCTb /10 HECKOJBKHX
kujokoyseid. CBeToBas oTgada 3TUX JaMi cocTaBiusieT 5-20% oOT 3IeKTpuuecKoi
MOIIIHOCTH, @ BPEMS BCIHBIIIKH KOJEOJIeTCS OT 10® o 103 c. WNHorna nns yBenuueHus
WHTCHCUBHOCTU M3JIYYCHUS B YIbTPapHUOIETOBONH O0JIACTH K KCEHOHY J100aBISIOT APYTUe
ra3bl, HallpuMep BOJOPO UJIU Mapbl PTYTH.

MormiHslii CBETOBOM TMOTOK, IOMAJAIONMKA Ha o0pa3ell, paccerBaeTCs CTEHKaMH
KIOBETHl W MeNbYAWIIUMHU TBUIMHKAMHU, TMPUCYTCTBYIOHIMMH B pactBope. OOBIUHO
UCIIONIB3YIOTCSL  CIEAYIOIIME TMPUEMBbl Ui YMEHBIICHUS BIUSHUS PACCEIHHOTO CBETa,
nonagaromero Ha ®DY: 1) npuMeHEHHE CHEKTPaIbHBIX JIaMII C BBICOKOH CBETOBOMU
MHTEHCUBHOCTBIO TO3BOJIIET YMEHBIIUTH WIEJIb MOHOXpOMAaTropa U TEM CaMbIM CHHU3UTh
MHTEHCUBHOCTb PAcCCESIHHOTO CBETA; 2) PAcCEsHHBIA CBET HE SIBISAETCS HAIIPaBJICHHBIM, U
[I0O3TOMY €ro HMHTEHCHBHOCTb YMEHBIIAETCSI C KBaJApaTOM pAacCTOSIHUS OT KIOBETHOIO
OTJIEJIEHUSI 10 MOHOXPOMAaTOpa, TO €CTh YeM Jalbllie HaXOAUTCS 00pasell OT MOHOXPOMAaTopa,
TEM MEHbIIE CKa3biBaeTcsi (OH pACCETHHOTO CBEeTa; 3) CHUXKEHHE WHTEHCHBHOCTHU
pPaccessHHOrO  CBETa, MONAJarollero Ha MOHOXPOMAaTOp, JOCTUTaeTcs  TINATEIBbHON
(OKYCHPOBKOH CIEKTpaJIbHOIO HMCTOYHUKA CBETa M €ro JauadparMupoBaHHEM Iepen
(GOKyCHPYIOIIMMHU JIMH3aMH, HAaXOIALIUMHCS MEXIy KIOBETOW U MOHOXpoMaTopom; 4)
UCIIOJIb30BaHUE CBETO(DUIBTPOB JUIsl CHUKEHHUS MHTEHCHBHOCTH HEAKTUBHOI'O PACCEIHHOTO
ceta. [lockonabKy OOJIBIIMHCTBO OPraHUYECKUX apOMATUYECKMX COETUHEHUH IOTJIOIIAET B
OnmkHEH yabTpadHroIeTOBOH 001acTH, a MPOMEXKYTOUHbIE NMPOJAYKTHI (MOHBI, paJUKaIbI,
MOH-Pa/IUKaJIbl U TPUILIETHBIE MOJIEKYJIbI), KaK MpaBUiO, MOMIOMIAIOT B BUJIMMOM 00sacTu
CIEKTpa, Haumbosee HIMPOKO HCIOJIb3yEMbIMH CBETOQUIBTPAMU SIBISIFOTCS CIEAYIOLIHUE:
YOC-1, YOC-2 u YOC-6. Ilpm uUCHONB30BaHUH KIOBETHl C pPyOalkod BO3MOKHO
IPUMEHEHHE )KUKOCTHOTO (PUIIbTpa.

[Ipumenenue  cBeTOQUIBTPOB  HE  OrPAaHUYMBAETCS  TOJBKO  CHUKEHHEM
MHTEHCUBHOCTU paccessHHOro cBera. OueHb YacTO HEXeNaTelabHO MOTJIOUIeHHEe 00pa3loM

KOPOTKOTO YIBTPA(QHOIETOBOTO U3MYYEHUS, MPUBOMASIIETO K MOOOYHBIM (DOTOXUMUYIECKUM



peaknusM. B KkadecTBe CHEKTpPaJbHBIX MCTOYHHUKOB CBETAa HCIIOJIB3YIOTCS, KaK IPaBHIIO,
JAMIIbI C MIUPOKHUM CHEKTPOM M3IydeHHs. Hampumep, KCEHOHOBBIC Ta30pa3psaHbIC JIAMIIHI,
KCCHOHOBO-PTYTHBIE JIAMITBI, HW3IYYalOIIHEe B BUAMNMONW W yIbTpa(HOIETOBON 00MaCTAX;
JaMITbl HAaKaJTWMBaHUS, U3ITyJalolye B BUAMMON 001acTH, U JIAMITbI HAKAJTUBAHUS C T0OaBKaMU
TraJjOreHOB, U3JIyYalOIIMe B BUAUMOM U OMIDKHEH  yiabTpadHOJIETOBOH  00JIacTAX.
CoBpemennble kceHOoHOBBIe samnbl (JKCII-75, JIKCII-120), wmeronue Maiblii 3a30p
MEXY DJCKTpPOAaMH W OOJIBIIYI0 CTAaOMIIBHOCTH JIyTH, HAauOoJee 4YacTO HCIOJIb3YIOTCS B
KaueCTBE CICKTPAJIbHBIX JIAMIT B UMITYJIbCHBIX YCTaHOBKaxX. OHAKO, eCii TpeOyeTCsl UMETh
BBICOKYIO CTAa0MJIBHOCTh [0 WHTEHCHBHOCTM CBETa B TEUEHHUE MJIUTEILHOTO BPEMEHH,
HEOOXOMMO HCIOJB30BaTh rajoreHubie Jamibl (KI'M-75, KI'M-100), umeroriue GOJbIIyiO
SIPKOCTh M CPOK CITY’KOBI 10 CPaBHEHHUIO ¢ OOBIYHBIMU JIaMIIaMU HakajauBaHHs. Kpome Toro,
HEOOJbIIME pa3Mephl HUTH HAKAIMBAHHS TMO3BOJISIOT JIETKO (DOKYCHpPOBATH CBET HA IIEIh

MOHOXpOMartopa.

1.2. HaHoceKYHAHBII MMIYJIbCHBIH (OTOIN3.

W3yueHre NPOMEKYTOYHBIX YAaCTHII B HAHOCEKYHJIHOM BPEMEHHOM JHAaIa3oHe
IPOBOJUTCS Ha YCTAaHOBKAX HMMIIYJIbCHOrO (hOTONM3a C NMPUMEHEHHEM pPAa3JIMYHbIX THUIIOB
na3epoB. B nepBbIX yCTaHOBKaX MCIOJIB30BaU pyOMHOBBIH J1a3zep ¢ u3nydeHueM Ha 694 HM U
JuiTenbHocThio umnynbca 30 He. [lo3nHee Gosee MOMYNSIpHBIM CTall Jla3ep Ha WUTTPHii-
ATIOMHUHAEBOM TpaHarte, JerupoBaHHoOM HeoaumoM, (Nd:YAG —nasep) ¢ OCHOBHOM
rapmMoHukoil Ha 1064 HM. Ycunurenu Ha HEOJUMOBOM CTEKJI€ M HEJIMHEHHbIE KPHCTaJLIbI
MO3BOJIAIOT MOJIy4aTh UMIYILCHI BTOpOoil (532 HM), TpeThelt (355 uMm) u yetBepToit (266 HM)
FapMOHUK ¢ AnuTeNnbHOCThIO 10 - 15 He u aneprueit 20 - 100 m/1x.

["a3opa3psaHble J1a3ephbl MO3BOJSIOT MOJMy4YaTh CBETOBbIE MMIYJIbChl B Y® obnactu
criekTpa 0e3 MPUMEHEHUs] KPUCTAIIIOB — yJIBOUTEIeH 4acTOThl. CaMbIM IMPOCTHIM BapUaHTOM
TAKOT0 THIA Jia3epa SBJISIETCS a30THBIN Ja3ep C JIUTEIbHOCTHIO UMITYJIbca 7 HC Ha JUUTMHE
BoiHbI 337 HM. IlepecTtpamBaeMble na3zeppl Ha KpPacUTENSIX C HAKAYKOM OT HEOJHMMOBOIO
Ja3epa TMO3BOJSIOT TMOJYYaTh HMMITYJIbCHl JUIMTENLHOCTBIO 1 -2 HC ¢ OSHEpruei OKOJIo
1-10wm/x mpu wactore moBTopeHust 10 I'. DkcuMmepHble Ja3epbl Jal0T BO3MOXKHOCTh
UCIIOJIb30BaTh UMIYJIbCHI € JUIMTENbHOCTBIO 7 — 15 He ¢ aneprueit 10 - 100 m/Ix. OcobenHo
HOMYJISIPHBIM SIBJISIETCSI SKCUMEpHBIi stazep Ha XeCl ¢ amuHoi BoiHbl u3nydenus 308 HM. 310
U3Iy4YEHUE yXKe MOIJIomaeT OOoJbIIOe KOJUYECTBO MOJIEKYJ, OJHAKO OHO €II€ HE BBI3bIBAET

HWHTCHCHUBHYIO JIIOMHUHCCICHINIO KBapHCBOﬁ OIITHUKH. HpI/IHHI/IHI/IaHLHaH CXCMa YCTaHOBKHU



JIa3€PHOIro UMITYJIBCHOI'O (bOTOJ'H/IBa, pa60Ta}omero B HaHOCGKYHHHOﬁ O6J'IaCTI/I, npeacTaBjICHa

Ha puc.2.
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Puc. 2. [IpunnunuanbHas cxeMa YCTaHOBKH JIa3epHOI0 UMITYJILCHOTO (hOTONIM3A.
1 — 3onaupyromas namna, 2 — JIMH3a, 3 — J1a3ep, 4 — KroBeTa ¢ 00pasiom, 5 —
MOHOXpOMaTop, 6 — poToymMHOXKUTEND, 7 — yeunurenb, 8§ — AL, 9 — kommbroTep.

B kauecTBe HCTOYHMKA 3OHIUPYIOLIET0 CBETa B HAHOCEKYHJIHOM JIa3€pPHOM
UMITYJIbCHOM (hOTONIM3€E HCHOIb3ytoTcs KceHoHoBble nammnbl (JKCII-120, AKCHI-150) ¢
JOTIOJTHUTEIbHBIM ~ UMITyJbCOM, HMEIOIIUM  IUIOCKYIO BepumuHy. /[l  yBenudeHus
MHTCHCUBHOCTH CBETa 4Yepe3 JIaMIly, TOpSIIyl0 B HOPMAJIbHOM pPEXHUME, IMPOIYyCKAETCs
umnynbse Toka 100 — 200 A ¢ anutensHOCTBIO OKOsIo 1 Mc. B Buaumoit obnactu cnektpa Bo
BpEMS UMITyJIbCA NIPOUCXOAUT YBEIMUEHUE MHTEHCUBHOCTU npuMmepHO B 10 - 20 pa3, B YO
obmact B 50 - 100 pa3 m3-3a yBemMYEHUS TEMIEpPATyphl IYTH M CMEIIEHHs MaKCHMyMa
u3ydyeHuss B (UOJETOBYIO YacTh chekTtpa. Jlns peructpauum curHanoB c¢ OOV

UCTONB3YIOTCs LM poBble ocuuiuiorpadsl ¢ BectpoeHHbIMU ALIIT.

1.3. 3akiouenmue.

Mo>xHO moKa3aTh, 4TO Jt00as YCTaHOBKa HMIYJIbCHOTO (POTOMM3a MOXKET ObITh
OXapaKkTepPH30BaHa TMPOM3BEACHUEM (EXQ)min, TA€ € — KOIDPHUIMEHT OSKCTHHKIMH
MPOMEKYTOUHOM YACTHUIIBI, () — KBAaHTOBBIH BBHIXOJ €€ oOpa3zoBaHus. MUHHMMAabHAs
perucTpupyeMasi BeIMYMHA €X( ONpeaessierca sHeprueil (OTOIU3YIOIIEr0 CBETOBOIO
UMITYJIbCa, JIJTMHOW KIOBETHI, OOJACThIO perucrpanuu, HampsbkeHuemM Ha DDV, kotopoe
onpezenseT ypoBeHb IIYyMOB, M Tak jaiee. /i1 YCTaHOBOK JIaMIIOBOTO HMITYJIBCHOTO

doronuza xapakTepHa BETHYHUHA (EXQ)min & 102, Torma Kak s JIA3epHOT0 UMITYJIBCHOTO



¢doronuza 3TOT mapamerp Ha 2-3 mopsiaka Oosibuie. HecMOTpst Ha HEBBICOKOE BPEMEHHOE
paspelleHrne yCTaHOBKM JIAMIIOBOTO HUMITYJIBCHOTO (POTOSIM3a IMPOAOIDKAIOT IPEACTaBIAThH
MHTEpEC, TaK KakK 3a CYeT OOJIBIION SHEPTUH CBETOBOTO (POTOIUIYIOLIETO UMITYJIbCA U JJTUHBI
KIOBETBI UMEIOT OOJIBIIYIO UyBCTBUTEIBHOCTb.

Meton ummysbcHOro (oToaM3a HAXOAUT ILUPOKOE IPUMEHEHHE JUIs H3Yy4CHMs
IPOMEKYTOUHBIX YaCTHUI] U BO3OYKICHHBIX COCTOSIHUHA B OPraHMYECKOM M HEOpraHWYeCKOH
XUMHM, B  OWOJIIOTMM, TpU  HCCIEJOBAaHUU  (POTOXPOMHBIX  IpEBpaIlICHUM,
doromonuMeprsanuy, TPOLECCOB, MPOUCXOAAIMX TpH  (OTOCHHTE3E€ U  3PEHHH.
HanocekyHIHbBIN Ja3epHbId UMITYJIbCHBIA (OTOJIM3 B HACTOSAIIEE BpeMs MMEET XOPOILIYIO
YyBCTBUTEIbHOCTb, PA3BUThIE CUCTEMBI LIM(PPOBOI perucTpanuu U o6pabOoTKH KHHETHYECKON
U CHEKTPAJIbHON HH(OPMALIUH.

MHorue ¢oroxumuyeckiue u (oTOPHU3MUECKUE MPOLECCHl MPOTEKAIOT 3HAYUTEIBHO
obicTpee BpemeHu | —10 Hc, sBIAIOLIErocs BPEMEHHBIM pa3pellieHUEM HAHOCEKYHIHOIO
Ja3epHOr0 UMIYJIbCHOTO (oronu3za. s uccnenoBanus moJo0HBIX MPOLECCOB HEOOXOAUMO

HCII0JIB30BAaTh JIAa3€PhI C ITMKO- U (beMTOCGKYH[[HBIMI/I CBCTOBBIMU UMITYJIbCAMMU.

2. IPUMEHEHHME UMITYJIbCHOI'O ®OTOJIN3A J1JIA UCCJIIEJOBAHUSA
MNPOMEXYTOYHBIX NPOAYKTOB U COCTOSITHUM.
2.1. TpunjerHbie MOJIEKYJIbI.

OHepreTuyeckue COCTOSHUS MOJIEKYJIbI YA00HO MPEACTaBUTh B BUJE CXEMbl YPOBHEH
sHeprun (puc.3). Takas cxema HOCHUT Ha3BaHMe Juarpammbl S6moHckoro. Kaxabiid
AIIEKTPOHHBIN YPOBEHb PACHICIIISIETCS HAa CEpUI0 KOJeOaTeNbHBIX YPOBHEH, KOTOPBIE B CBOIO
ouepeib PacCIICIUIIOTCS HAa CEpHI0 BpalllaTeIbHBIX YPOBHEH (Ha pUCYHKE He IOKa3aHbl). B
KOH/ICHCUPOBAaHHOW  (a3ze penakcanus JJIEKTPOHHOW M KoseOaTelnbHON  SHEprui
BO30Y)KJICHHBIX COCTOSIHUN SIBIISIETCS OBICTPHIM 10 CPAaBHEHMIO C H3IYYEHHEM IPOIECCOM.
[TosTOMy M3Iy4aTenbHble epexoabl (IMOTIOMEHHE U UCITYCKaHUE CBETa) OCYIIECTBISIOTCS C
HYJIEBBIX KOJI€OATEIbHBIX YPOBHEH CaMbIX HHXKHUX 3JI€KTPOHHBIX COCTOSIHUIM.

W3BecTHO, YTO TPUIUIETHBIE MOJEKYJbl apOMATUYECKUX COEIUHEHHH MMEIOT BpeMs
JKU3HU B PACTBOpax P KOMHATHOU TEMIIEPATYPE OT 107 10 10% ¢. Ara BpeMeHHast 00J1acTh
ynoOHa Ui U3y4YEeHHUs MOBEACHUS TPUILIETHBIX MOJIEKYJ, KaK JIAMIOBBIM, TaK U Ja3epHBIM
HAHOCEKYHJHBIM HMITYJIbCHBIM (oTonmuzom. Ha mpumepe wuccienoBaHUs TPUILIETHBIX
MOJIEKYJ MOTYT OBbITh MPOJEMOHCTPUPOBAHBI OCHOBHBbIE OCOOEHHOCTH NPUMEHEHUs METOJa

UMITYJICHOTO (hOTONIN3A, @ TAKKE U3MEPEHHUE XaPAKTEPUCTUK KOPOTKOKHUBYIIUX MPOTYKTOB.



HOCKOHBKy IIpu HUMITYJIbCHOM (bOTOJ'II/ISe JOCTUTacTCA 3HAYUTCIIbHAsA KOHLCHTpaLuUA
TPUILICTHBIX MOJICKYJI, OHU MOI'YT U3y4aTbCs IIPU IIOMOLIIN a6COp6HHOHHOﬁ CIICKTPOCKOIIUH.
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Puc.3. Cxema sHEpreTHYECKMX ypOBHEH B OPraHMYECKUX MOJIEKYIIax M TPUTLIET-
TPHUIUIETHOE MOTJIONIeHHUE: ToromieHue ceeta (A), BHytpeHHss kouepeus (1C),
ucnyckanue ¢uyopecteniuu (F), HHTepKOMOMHAIIMOHHAS KOHBEPCHS U3
CHHIJICTHOBO30YKIeHHOTO coctostHus B TputuieTHoe (ISC), ncnyckanue
dochopecuentnu (P), Tpumier-tpuruietHoe nornomienne (T-T).

Metoa ummynbcHOro (oToJIM3a MO3BOJISIET HEMOCPEICTBEHHO CIEIUTh 3a KMHETHKOU
rudenu TPUILIETHBIX MOJIEKYT B pacTBOpE MPHU OOBIYHBIX TeMmmeparypax. [loriomeHue cBera
MIPOMCXOIUT 32 CUYET AIIEKTPOHHBIX MTEPEXO0I0B MEXKTy TPUIIETHBIMU COCTOSTHUSIMU (puc.3). B
HACTOSIIEE BpPEMS TOJyYEHBI CIIEKTPHl TPHUILIET-TPUILIETHOTO IOTJIOMIEHUS JUISI MHOTHX
OpPraHMYECKUX COCTUHEHH B TBEPIOH, XKUAKOW M ra3oBoi (azax. CHEKTpbl TPHUILIET-
TPUILIETHOTO TOTJIOMICHUS SBISAIOTCS, KaK MpaBuio, NU(M(PY3HBIMH U MAJIOUHTEPECHBI IS
CTPYKTYPHOTO aHallM3a; OHH B OCHOBHOM CIY)XaT CPEICTBOM ISl HICHTH()UKAIUU W

KOJIMYEeCTBEHHOM OIICHKHW KOHLOCHTPAIUW TPUILJICTHBIX MOJICKYIIL.

Omnpenenenne Ko HUIMEHTOB SKCTUHKIIHH.
1. Memoo onycmowenus ocrosnoco cuneiemnoz2o cocmosnus (Depletion memoo). Tlpu
MepexoJie MOJICKYJI B TPHUIUIETHOE COCTOSIHHE HX KOHIICHTPAIlMS B OCHOBHOM CHHIJICTHOM
COCTOSTHUM YMEHBIIIAETCS Ha BEIMYHHY, KOTOPass MOXKET OBITh OIpeeNieHa M0 YMEHBIICHHIO
WHTECHCUBHOCTH CIIEKTpa CHHIJIET-CHHTJIETHOTO MOTJIOMIEHUS. DTOT CIOCO0 OIMpeneicHus €

yz[06eH, €CIIN CIICKTPBI CHHIJICT-CHUHIJICTHOI'O M TPUIUVICT-TPUIIJICTHOTO IIOTJIOIICHHA HE



nepekpbiBatoTcsi. CTeneHb YMEHbIIEHUS MOJI0CHI MOTJIOMEHHS MO JeHCTBHEM UMITYJIBCHOTO
OCBCILICHUSI ABIIAETCS MEpPOW KOHIIEHTpAllMM TPUIUIETHBIX Moiekyld. Koaddunuent

OKCTUHKIIUU TPUILICT-TPUILICTHOTO MOTIIOMIEHUS PACCUUTHIBACTCS 1O hopMyIIe:

M MADR M
8T2 — golADT /ADO
o . AD}
rae £y - KO3PPUIMEHT SKCTUHKIIMKA CUHTJIETHOTO MOTJIONICHHUS Ha JJIMHE BOJHBI A1; -

o A
YMCHBIICHUC ONTHUYCCKOU INIOTHOCTHU CUHIJICTHOI'O MOTJIOIICHWA Ha AJIMHE BOJIHLL }\,1, ADTz

- ONITUYECKAs TUIOTHOCTh TPUIUIET-TPUILICTHOTO TOTJIONICHHS Ha JUTHHE BOJHBI Ay.

2. Memoo o0o3060ti xapakmepucmuxu. llpu OOJBIIUX BPEMEHAX KHU3HU TPHUILICTHBIX
MOJICKYJI, OCOOCHHO, €CIIM CHEKTPbl CHUHIJIET-CHHIJICTHOTO ¥ TPHUIUICT-TPUILICTHOTO
MIOTJIONICHHUS TIEPEKPBIBAFOTCSI, MOKHO UCIIOIB30BaTh METOJI OIIPEICICHHSI €T TIO 3aBUCUMOCTH
ONTHYECKON  TUIOTHOCTH  TPHUIUICT-TPUIUICTHOro  morjomeHnuss AD ot  MomHoCTH
doToMMTHYECKON BCIBIIKH. [Ipy yBETMUEHUN MOIIHOCTH BCIBIIIKK (MHTEHCUBHOCTH CBETA)
ONTUYECKAasl IUIOTHOCTh TPUILICT-TPUILUIETHOTO IOTJIOMICHUSI OYyJeT YBEIMUYUBATHCS JIO TEX
Mop, MOKa BCE MOJIEKYJIbl HE IEPEUIyT B TPUILIETHOE COCTOSIHME. DTO CBA3aHO C TEM, YTO 3a

BpEMA BCHBINIKK OJHA U Ta KC€ MOJICKYJIa MOXET HECKOJIBKO pa3 IMOIJIOTUTH CBECT. HpI/I 9TOM

D

g1 = —% 1ne ¢p - HaYaNbHas KOHIEHTPAlMs BEIECTBa; | - IMHa KIoBeTHI.

Co

3. Memoo mpuniem-mpuniemnou annueunayuu. KodpPUIUEHT SKCTUHKIUM TPHUILIET-
TPUILJIETHOTO TOTJIOLICHUSI MOXET OBITh OIIEHEH W3 KMHETHKH JE3aKTHBALMU TPHUILIETHBIX
Mosiekyn.  [lpu  OoNbIIONW  KOHIEHTpAaIlMd  TPUIUIETHBIX  MOJIEKYJT  Habmromaercs
B3aUMOJICHCTBHE MEXAY HUMHU (TPHUIUICT-TPUIUICTHAS aHHUTWIINWA). V3 KuHeTHKH rubenn
TPUILJIETHBIX MOJIEKYJ, MPOUCXOJAIIEH MO KHHETUYECKOMY 3aKOHY BTOPOIO IOpsKa,

ONPEAENSIOT OTHOCUTEIBHYIO KOHCTAHTY TPUIUIET-TPUILUIETHON AHHUTWIALNU Komm=2K/eT.
ITockoJIbKY KOHCTaHTa k MpH 3TOM ONu3Ka K 3HAYeHWIO AUQPPY3MOHHON KOHCTAHTHI Ky,

ompenensemoii  BeIpakenneM Ks=8RT/3000m, rme ™1 - BS3KOCTh Cpebl, TO
er=16RT/3000MKox:.

4. Memoo mpuniem-mpuniemno2o nepeHoca 3Hepeuu. PaccMOTpUM TIpuMeEp C
UCIIONIb30BaHNWEM B KavecTBE JOHOpa TPUIUIETHOH sHepruu OeHzodenona. [lpu obmyueHun
OceH30()eHOHA B YIJIEBOJOPOJHOM pacTBOpHUTeNe (HampuMmep, IUKIOTeKcaHe) o0pa3yroTcs
TPUIUJICTHBIC MOJEKYNbl OeH3odeHoHa ([lr), KOTOpble OTPBHIBAIOT aTOMBI BOJOpPOAA OT

pactBopuTens (S) u 00pa3yrOT KEeTHUIBHBIM paaukan R°. BBemeHnue akumenTopoB 3HEpPruu, y



KOTOPBIX SHEPIusl TPUILIETHOTO YPOBHS HMKE SHEPTUH TPUIUIETHOTO YPOBHSA OCH30(eHOHA,
NPUBOJUT K YMEHBIICHHIO IIOTJIOIIEHHUS KETWIBHBIX paaukaioB. Ilpum sTom mnosBisercs
TPUILIET-TPUIUIETHOE TIOTJIOUICHHE MOJEKyn akuenTtopa (Art), 00YyCIOBIEHHOE MEPEHOCOM

SHEPIUH C TPHUILICTHOTO yPOBHs OcH30()eHOHA HAa TPUILICTHBIN ypoBeHb akientopa (A):
(CeHs)2CO —— °[(CsHs).CO]
*[(CeHs),CO] + CeHip —> (CeHs),C"OH
[(CeHs),CO] + A — (CeHs),CO + °A

B npucyrcTBum akuenTopa TPUIUIETHON 3HEPTUHU BBIIOIHSETCS CIE1YIOIIEe PAaBEHCTBO:

D, D. D
T + R — R

A
CalE

Irac DAT - ONITHYECKAad IMJIOTHOCTb TPUINICT-TPUILICTHOI'O IMOITIOMCHUA MOJICKYJI aKLICIITOPA,
0
DR' u DR' - OITUYCCKHUC TIJIOTHOCTU MNOTJIOMICHUA KETUJIIBHBIX paJuKaJIOB B OTCYTCTBHUC U B

o A
MMPUCYTCTBUH aKLCIITOpAa TPUILICTHONU SHEPTHUU COOTBCTCTBCHHO, SR' ) ST - KOSCI)(i)I/II_[I/IeHTLI

MOTJIOUICHUS] KETUJIbHBIX PAJMKaJIOB M TPUIUIETHBIX MoJIeKyn akuentopa. KoadpouuueHt

SKCTUHKIIUU TPUILIET-TPUIICTHOTO MOTJIONIEHHUSI MOJIEKYJT aKilenTopa OyeT paBeH:

A
A Dre..
L=

Ornpezenienre KBaHTOBBIX BBIXOJIOB.

KBaHTOBBIII  BBIXOX  SBASIETCS OAHMM M3  (PYHIAMEHTAJIBHBIX  IApaMeTPOB
(GOTOXMMHUECKUX  PEaKIUii, JeMOHCTPUPYIOIIUM  OTHOCHUTENBHBIA  BKIA]  KaHaja
doTompeBpalieHrsi B CyMMAapHBIM MPOLIECC HMCUE3HOBEHUS BO30YXKICHHOTO COCTOSIHHS
MOJICKYJIBI. I/I3MepeHne KBAHTOBOI'O BbIXOJa B HMIIYJIbCHOM (1)OTOJ'II/13€ OCJIOXKHSACTCA
KOpPOTKUM BpPEMCHEM JKHU3HHU TMPOMEKYTOUHBIX YaCTHII. Huxe NpEaACTaBJICHBI MCETObI
OnpeieNIeHUs] KBAaHTOBOTO BbIXOJa B ATUX CIydasiX.

KBaHTOBBII BBIXOJ MPOMEKYTOUHON YACTUIIBI MOXKET OBITH JIETKO U3MEPEH, €ClIi OHa
HMMEET I0JI0CY TOTJIOMICHHSI B JOCTYITHOM CIIEKTPaIbHOM 00JaCTH, 3BECTCH €€ KOdhDUIIEHT
MOrJIOMEHNA U UBMCPEHA NHTCHCUBHOCTE CBETOBOI'O UMITYJIBCA. B BUY MOHOXPOMAaTUYHOCTHU
JIA3CPHOIr0 MU3JIYYCHHUA OOJI MOTJIOIICHHOIO CBETA B 3TOM CJIyda€ AJOCTATOYHO TOYHO

OMpCACIIACTCA OINTHUYECKOH IIOTHOCTHIO pPacTBOpPa HA JJIMHEC BOJIHBI U3JIYUCHUS JIa3Cpa.



Jlisi 1aMIoBOTO MMIYJIBCHOTO (DOTONM3a W3MEpEeHUEe WHTCHCUBHOCTH CBETOBOTO

UMITYJIbCA TTPOBECTH 3HAYUTEIHLHO CJIOXHEe. B 3ToM ciydae MOXXKHO MCIOJIB30BaTh PacTBOP
COCIMHEHUS, ISl KOTOPOTO M3BECTEH KBAHTOBBIN BBIXOJ, OJIHAKO BCETJIa OCTAETCSl BOIIPOC O
MPABWJILHOM OIPENCICHHH JOJU TOTJIONMIEHHOTO CBETa H3-3a IMHPOKOrO CHEKTPATIBLHOTO
cocTaBa BO30YX/IalOMIeH BCITBIIIKU CBETA.
1. Axmunomempuueckuti memood. Ecin W3BECTEH MOJSPHBIA KOAI(DOUIMEHT SKCTUHKIUU
TPUILICT-TPUIUICTHOTO TOTJIONICHUS, TO KBAHTOBBIM BBIXOJ OOPAa30BaHUS TPHUILICTHBIX
MoJiekya @1 MOKET OBITh ONPE/IEICH U3 OTHOIICHHUS KOHIIEHTPAIIMH TPUILICTHBIX MOJICKYI K
KOHIIEHTPAIIUU CHUHTJIETHO-BO30YKJIEHHBIX MOJICKYN (MJIM K MHTEHCUBHOCTH TIOTJIOIICHHOTO
cBera B oiiHmreiinax/m); @7 = [PAJ/['A]. KoHIEHTpaIUs TPHIUICTHBIX MOJEKYN paBHA:
[*A] = AD/(e1-€)l, re AD — M3MeHEHHE ONTHYECKON IUIOTHOCTH PACTBOPA HA JUIMHE BOJIHBI
MOTJIOIIEHUS TPUIUIETHBIX MOJICKYJI TIPU UMITYJIbCHOM OOJIY4eHUH, €T, & — KOIDDOUIUCHTHI
MOTJIONICHUS TPUIUICTHBIX M CHHIJIETHBIX MOJICKYJI COOTBETCTBEHHO.

Konnentpanus Bo30yXI€HHBIX CHHIJIETHBIX MOJIEKYJI paBHA: [*A*]=1.=y[Aq], rme v —
JOJIST MCXOMHBIX MOJEKyl [Ap], mormotuBmmx cBeT |, OTcroma KBaHTOBBIM BBIXOJ
TPUILJICTHBIX MOJICKYJI PABCH:

AD AD
(er =g VA (e;—g Il

Tounocts onpenenenus Ot stum meromom cocrapnser 20-30% U B OCHOBHOM 3aBHCHUT OT

Or =

TOYHOCTH OMPE/EICHUS BEJIMUMHBI Y, MM UHTEHCUBHOCTH TOTJIOIIEHHOTO CBETA.
2. Memoo o0o3060u xapakmepucmuxu. JIaHHBI METOJ TO3BOJISIET HAXOJIUTh KBAHTOBBIN
BBIXOJI TPHIUICTHBIX MOJIEKYJI TIPH HUCIOJIh30BaHWU CTaHIApTa C M3BECTHBIM KBAHTOBBIM
BBIXOZIOM 00pa3oBaHUs TPUIUIETHBIX MoneKyn. [lns sToro crpoutcs 3aBHCHMOCTH
ONTUYECKON TUJIOTHOCTH TIOTJIONMICHUS TPUIUIETHBIX  MOJEKYJI OT HHTEHCUBHOCTH
UMITyIbCHOTO cBeTa ana craHaapra (AD®) u wusywaemoro coemunenus (AD*). Takue

3aBHCHUMOCTH HAa3bIBAIOTCSI JI030BBIMU XapakTepucThkamu (puc.4). KBaHTOBBIE BBIXOAbBI

TPUILICTHBIX MOJICKYJ IJId CTaHOapTa (I)% H UCCICAYCMOTI'O BCUICCTBA (I)-)|(- COOTBCTCTBCHHO

PaBHBL:
D2 = AD? . AD*
T_(ST_SO)a“:’ T_(ST_SO)X“E)I(’
rae |], | - nosel mormomeHHOro cBeTa MCCIEMyeMBIM BEMIECTBOM H CTAHAAPTOM
COOTBETCTBEHHO.
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CraHpapT
1 o
D / F
o
i
* Wcecnepyemas cuctema
D lO'
<
O 1 1 1
0 50 100 150 200

MHTeHCMBHOCTL MMMynbea, mx/cm?

Puc.4. Jlo3oBble xapakTepucTuku ctanaapTa (1) u ucciemgyemoro Bemectsa (2).
KBaHTOBBII BBIXOJ] TPUIUICTHBIX MOJICKYJT HCCIICTyeMOTO BEIIECTBA PABECH:
X a
AD . (ST _So)a _I_a
a X
AD (ST o 8O)x Ia

®L = D2 -

3. Tpunnem-mpuniemuwiii neperoc 3nHepeuu. TPUTIIET-TPUILICTHBIN MEPEHOC SHEPTHH MOXKET
OBITh WCIOJB30BAaH ISl OIpENeleHHs] KBAHTOBOTO BBIXOJa TPHUILIETHBIX MOJEKyl. B srtom
CIIy4ae WCIOB3YIOTCS OJUH aKIICITOP HEPTHH W JIBA JIOHOPA, OJIUH W3 KOTOPBIX SBIISETCS
CTaH/JapTOM C W3BECTHBIM KBAHTOBBIM BBIXOJOM TPHUIUICTHOTO COCTOSIHHS. [IpoBoasT
U3MEpEeHHe TOTJIOMICHHs] TPUIUIETHBIX MOJEKYN akientopa At mpu BO30YKIEHUU Pa3HBIX
JIOHOPOB.

4. Ucnonvzosanue sghgpexma msoncenoeo amoma. Tymenue GayopecieHIIMA OPraHUYECKUX
MOJICKYJI COCIUHCHHSIMH, COJCPXKAIIMMH TSDKEIbIE aTOMBI, MPHBOJUT K OOpa30BaHHIO
MOJIEKYJI B TPHUIUIETHOM COCTOSIHMM. B TPHCYTCTBUM COEIWHEHHH, COIAEPIKAIIMX TSKEIbIE

ATOMBI, B CUCTEME MOI'YT ITPOTEKATH CICAYIOINNE ITPOLCCCHI:
A, + hy — 1A
1A% k]_ 1 1
A* S5 1A+ hy

LA* —>k2 A

e Q s SA+Q

k
SA 4 1A0
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[Ipu yciaoBUM CTallMOHAPHOCTH TOJy4aeTcs cienyollee ypaBHeHue (ypaBHeHue llTepna-
@donpMepa) 715 3aBUCUMOCTH OTHOIIEHHUSI KBAHTOBBIX BBIXOJIOB (DIIyOpECLEHIINN MOJEKYT A

B OTCYTCTBHE ((po) Y B IPUCYTCTBUH () TymmuTesss Q OT ero KOHIIEHTPaIUH:

0

¥ 1+k,7,[Q]
¢

Tac Tp - BpEMA KHU3HU BOS6y>I(I[CHHOI>i CHHTJICTHOH MOJIEKYJIBI B OTCYTCTBHUC TYIIHUTECIIA.

Bblpa)KeHI/Ie JJIA OTHOIICHUSA OINITHYCCKHUX IIOTHOCTEH TPUILICT-TPUILJICTHOI'O IIOTJIOIICHHUA B

0 .
npucyrersun (Dr) u B orcyrereue ( Dy ) Tymmrens umeer crenyroumii Bun:

D, _ 1+ (k;/k,)[Q]
Dr 1+kg[Q]

HcknrouuB u3 BBIIICIIPUBCACHHBIX ypaBHeHI/Iﬁ KOHOCHTPALUIO TYHIUTCIIA, ITOJTYyUUM:

0 0
(L:q)g.(DT_O(P_l)_H’
¢ Dro

rac (I)S)r - 3(1)(1)6KTI/IBHOCTB 06p330BaHI/I$I TPUILJICTHBIX MOJICKYJI B OTCYTCTBHUEC TYIIMTEIIA,

®3=K'10. Takum 06pa3zom, OTHONIEHHE MHTEHCHBHOCTEH (hIyOpeCIIeHIH 11, paBHOE
OTHOIICHHIO KBAHTOBBIX BEIXOOB (DIyOpECHCHIMH (°/(, THHEHHO 3aBHCHT OT BETHUNHBI
0/NO
(D,1°/DC1)—1.
[Tpu GonbLION KOHIEHTPALMU TYIIUTENS BCE CUHITIETHO-BO30YK/I€HHbBIE MOJIEKYJIbI

NEpEXOaAT B TPUIIJIETHOC COCTOSIHUEC U KBAHTOBBIN BBIXO/J TPHUILICTOB U3y4acMOIro

COCANHCHUA MOKHO OIIPECACIUTD U3 IBYX H3MepeHHfI OIITHYECKOM INIOTHOCTH TPHUILICT-

TPUILJIETHOTO MOTJIOIIEHUS B OTCYTCTBHE ( D?) ) ¥ B IPUCYTCTBUM OOJIBIIOTO KOJINYECTBA
tyumrens (D7) Q)g = Dg/D}naX.
TyleHne TpUIUIETHBIX MOJIEKYJI.

K mnpomeccaM TymeHHs TPUIUIETHBIX MOJIEKYJ OTHOCSTCS pEaKLUUU TPUILIETHBIX
MOJIEKYJI pa3JIMYHBIMU pEareHTamMy, B TOM UYHCIE U IPUMECIMH, COACPXKAIIMMUCST B
pactBopuTensix. OAHUM U3 OCHOBHBIX IPOILIECCOB T'MOEIN TPUILJIETHBIX MOJIEKYJ SBIISETCS
TPUIUIET-TPUILJIETHAS AHHUTWIALMS, TO €CTh B3aWMOJECHCTBHE JABYX TPHUILIETHBIX MOJIEKYJ
MeXIy co00i. HacTHUHO 3TOT MPOLECC CBA3aH C MEPEBOAOM OJHON M3 TPUIUIETHBIX MOJIEKYII
B CHHIJIETHO-BO30Y>KICHHOE, a BTOPOW - B OCHOBHOE cocTosHue. KoHCTaHTa cKopocTu

TPUILICT-TPUTIIICTHOM aHHUTHIISAINY SBIsAeTCS AU Y3MOHHON U COCTaBIISACT 10° - 10° Mt
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JUIsE  OOBIYHBIX HEBSI3KUX PACTBOpHUTENECH. DHEprusi aKTHBALMU TPUILUIET-TPUILICTHOM
AHHUTWISIMUM  COBMazaeT ¢ odHeprued aktuBauuu guddysun. Takum  oOpazowm,
JUMUTUPYIOIIEH CTaauell TPUIUIET-TPUIUICTHONM aHHUTWIALMHU  sABIsieTcs  Tuddy3us
TPUILICTHBIX MOJICKY!JI.

[Ipu umnynscHOM (oTONM3E HMHOTAA HAOIIOJAeTCsd B3aUMOJACHCTBHE TPUILJICTHBIX
MOJIEKYJI C CUHIJIETHBIMH HEBO30YK/IEHHBIMH MoOJieKyaamu (camotyiienue). [Ipu atom Bpems
KU3HU TPUIUIETHBIX MOJEKYJ YMEHBIIAETCS C yBEIUYEHHUEM KOHIIEHTPAIMH 00Iyd4aeMoro
BellecTBa. KOHCTaHTa CKOPOCTH TaKOro mporecca UMEET MOPsI0K 10"-10° M,

Cnenyer OTMETUTh, UTO TYLIEHHWE TPUIUIETHBIX MOJIEKYJ MPOUCXOJUT IMPU rOpaszio
MEHBIIIMX KOHIIGHTpAIMsSIX TYIIUTEJIeH, dYeM npu TymeHun ¢GIyopecueHIuu. ITo
00ycCJIOBJICHO OONBIIMMHA BpEMEHAMH JKW3HU TPUIUIETHBIX MOJIEKYNI IO CPaBHEHHUIO C
CI/IHFJIGTHO-BO36Y)K[[€HHI>IMI/I MOJICKYJIaMH. BpeMeHa KHU3HHU TPUILICTHBIX MOJICKYJI
HAXOJATCS B MHKPO- M B MWJUIMCEKYHIHOM Juama3oHax. B o0oux ciydasx BelMYMHA

TYHICHUSA B036Y)K,Z[6HHLIX COCTOSIHUM OIIPEACIIACTCA YPABHCHUCM HlTepHa-CDonLMepa,

TYHICHUC TPUILJIICTHBIX MOJICKYJI OIIPCACIIACTCA YPABHCHHUCM:

[To] _
ﬁ =1+k,7,[Q],

rae [To] u [T] — koHIleHTpaLKst TPUIIIIETHBIX MOJIEKYJT B OTCYTCTBUE M B IPUCYTCTBUN

TYHHUTECIISI COOTBETCTBCHHO, kq — KOHCTaHTa CKOPOCTHU TYIICHUS,; Top — BPEM: )KU3HA

TPUILIETHOTO COCTOSIHUS B OTCYTCTBUE TYIIUTEINS.

TpuruieTHble MOJEKYJIBI MHTEHCHBHO TYIIATCS KHCIOPOJIOM, MOHAMM NEPEXOIHBIX
METaJUIOB, TSKEIbIMU aTOMaMU, akLENTOpaMU U JOHOpaMu dieKTpoHa. IIpu paccMoTpenun
TYILIEHUS TPUIUICTHBIX MOJIEKYJI CIEAYET pa3inyaTh CTATUYECKOE U JUHAMUYECKOE TYLICHUE.
[Ipy crTaTMyeckoM TYyLIEHUWU TPHUIUIETHBIX COCTOSHMM HAOMIOJaeTcss yMEHbILEHUE
KOHIEHTPAllUU TPHUIUIETHBIX MOJIEKYJd O€3 HW3MEHEHUs MX BpPEMEHHU JKU3HH. JSIBIeHue
CTaTUYECKOT0 TYIIEHHUs CBA3aHO C OOpa30BaHMEM KOMILIEKCA MEXAy BO30YXKIEHHOU
MOJIEKYJIOH M TymuTeneM. J[uHamuyeckoe TYLIEHHWE TPUIUIETHBIX MOJIEKYN OOYyCIOBIEHO
B3aUMOJICICTBUEM TPHUIUIETHOW MOJEKYIbl C TyWMUTeNIeM npH coyaapeHuu. llpum
JTUHAMHAYECKOM TYIIEHHH MPOUCXOIUT YMEHBIIEHUE BPEMEHH KU3HHU TPUILIETHBIX MOJIEKYIL.
Kucnopoa TymuT TpuruieTHsle MoJieKyIibl ¢ A dy3noHHoM KoHCcTaHTO# ckopocTu. Crienyer
OTMETHTb, YTO TYIIEHHE TPHUILJIETHBIX MOJEKYJ KHCIOPOJIOM MOXKET OBITh KaK (PU3UYECKHUM,
TaK M IPOTEKaTh 0 MEXaHU3MY IepeHOoca JIEKTPOHA ¢ 00pa30oBaHUEM MOH-panukaioB. [Ipu

TYIIEHUU TPUIUIETHBIX MOJIEKYJ KpacuTesel 4acTo o0pa3yeTcs CUHTJIETHBIA KUCTIOPO/I.
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IIpy TymeHuWM TPUILUIETHBIX MOJEKYJ] COEAMHEHUSMH, COIECPKAIIMMU TSDKEIIbIE
aTOMBI, pa3auyaroT aBa 3(p(deKTa TKEeIbIX aTOMOB: BHYTPEHHUH (TSDKENbIM aTOM, HapuMmep
aTOM TaJloTeHa, HAXOOUTCA B BO30YKIECHHOH MOJIEKyJ€) M BHEIIHUN (TSDKENBI aToM
HAXOJUTCSI B COCTUHECHUH, HOOABICHHOM B PacTBOPUTENb). BHYTpeHHUH 3P EeKT TSHKEI0ro
aTOMa IMPOSBIISETCS, HAIPUMEP, B IE3aKTUBALUMM TPUILICTHBIX MOJIEKYJ aHTpaLEHAa U €ro
npou3BoAHbIX. [lpum mepexome oT aHTtpamena k 9,10-muxiopanTtpaneny u  9,10-
TMOpPOMaHTpAIeHy YBEINYMBAETCS KOHCTAHTA CKOPOCTH J1€3aKTUBAIIMH TPUILJICTHBIX MOJIEKYII
or 110 mo 2.3-10* ¢*. Buemnuii 3QQEKT TyIIEeHUS TPUIUICTHBIX MOJICKYJ MPOSBIAETCS B
3aMETHOM CTENEHM TOJIBKO MPH OOJBIIMX KOHUEHTPAUMIX TYIIUTENEH U CHIBHO 3aBUCUT OT
JIOHOPHO-aKLENTOPHBIX CBOWCTB KaK TPUIUIETHOM MOJIEKYJIbI TaK U TYLIMTEIS.

K TylieHuto TpUILIETHBIX MOJIEKYJI MOKHO OTHECTH TPUIUIET-TPUILIETHBIA HEPEHOC
SHEPruM, KOTOPbIM HAOIIOJACTCS, €COM B CUCTEME HAaXOAMTCA AaKLENTOp TPHUIUIETHON
sHepruu. IlepeHoc sHepruMm MeXny TPHUIUIETHOM MOJIEKYJION N HEBO30YKIEHHOI
CHHIJICTHOI MOJEKY/IOil ‘A ¢ IepeBOIOM ee B TPUILIETHOE COCTOSHHE A NPOMCXOMUT MpH

CTOJIKHOBCHHUH U COIMPOBOXKIACTCA COXPAHCHUEM CYMMApPHOTO CIIMHA CUCTCMBI:

3I[ + lA kTT lI[ + 3A.

Kucnorao-ocHoBHOE paBHOBECUC TPUIIJIICTHBIX MOJICKYII.

UMnynbcHBIM (OTONN3 YCHENIHO MPUMEHSETCS A U3YYEHMs] KUCIOTHO-OCHOBHBIX
PaBHOBECHI KOPOTKOKHMBYIIMX TPOLYKTOB. [Ipsmoe usmepenue pK TpUILIETHBIX MOJIEKYIT B

pacTBope OBLIO BIEpPBbIE MPOBEACHO C MOMOILIBI0 HUMITYJIbCHOrO (oTonu3a. KuciaorHo-

OCHOBHBIE CBOWCTBAa TPUIUIETHBIX OPraHUYECKUX MOJIEKYJ OINpPEAENSAIOTCS BEINYMHONW HX
CpPOJCTBAa K MpPOTOHY. KOHCTaHTa OCHOBHOCTH TPHUILIETHBIX MOJeKyn (pKT) Moxer ObITh

orpeziesieHa Mo KPUBOM «TUTPOBAHUS» TaK )K€ JIETKO, KaK U B OCHOBHOM COCTOSIHUH, IIPUYEM
«MHIUKATOPOMY» SIBJISIETCSI MOJIEKYJIa B CBOEM TPUILIETHOM COCTOSHUU. THUNUYHAs KpHUBas
3aBUCUMOCTH KOHIEHTPALMU TPUILJIETHBIX MOJIEKYa oT pH cpeas! nmpuBeneHa Ha puc.S s 9-
azadeHaHTpeHa. TpUIUIET-TPUIJIETHOE TMOTJIOMIEHHE HENPOTOHUPOBAHHOM (opmbl  9-

azadenanTpeHa Habmromaercs mpu 515 HM. MOXHO MOKa3aTh, YTO 3aBHCHMOCTH BEIIMYUHBI

(D-Da)/(Din-Da) ot pH siBasercs xpuBoii TUTpOBaHMS IS TPUILIETHBIX MONeKyJ1. 3xech D —

ontuyeckas mioTHOCTh T-T TIOTJIOIICHU A, Dm — MakcuMajbHas ONTHYecKas MIOTHOCTh T-T

MOrJIoCHUA TMIpU MaKCHUMAaJIbHOM BEJIMUMHE 3HAYCHUS pH, Koraa IIorjiomacTt TOJIBbKO
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HenporonuposanHas Gpopma; Da - makcumanpaas onrtudeckas miotHocts T-T mornomeHus

IPOTOHUPOBAHHOM (POPMBI ITpH MaNbIX 3HaUeHUsX PH.

10

pH

Puc.5. 3aBucumMocTh OTHOCUTENBHOM ONTHYECKOMN MIIOTHOCTH TPUILIET-
TPUIUIETHOTO MorioieHus 9-azadenantpena ot pH cpeab.

Crnenyer OTMETUTb, YTO OCHOBHOCTh apOMAaTUYECKUX COEIMHEHUH B TPUILUIETHOM
COCTOSIHUM HE€ CHUJIbHO OTJIMYAeTCsl OT OCHOBHOCTHU MOJIEKYJ B OCHOBHOM COCTOSHUM B
IIPOTUBONOJIOKHOCTh MOJIEKYJIaM, HaXOASIIUMCS B CHHIJIETHO-BO30YXJIEHHOM COCTOSIHHUM.
Jlns mpumepa B Ta61. 1 npuBenens 3nauenns PK B 0cHOBHOM M B BO30YK/ICHHBIX COCTOSHHUSX
JUIS PsiJia apOMaTHUECKUX MOJIEKYJI.

Tabmnma 1
KOHCTaHTBI OCHOBHOCTH HEKOTOPBIX apomaTuueckux coeaunenuit (pK) mis ocaoBHOTO (Sp),

1 .
MIEPBOrO CHHTIIETHO-BO30Y»)AeHHOTO (*S*) 1 TpuruietHoro (To) cocTosiHuit

Coenunenue pKo pKs | pK*
2-Hadron 949 |281 |81
9-Oxcuduyopex 146 |- 13.5
2-Hadrunamua H 4.1 -2 3.3
N,N-Tumermnanmmas H* 4.9 - 2.7
2- AMUHOAHTpaIleH H* 3.4 -44 |33
1-Hadroiinas kucnora 3.7 7.7 |38
2-Hadroitnas kuciora 4.2 6.6 |4.0
1-AnTpanenkapOoHoBas kucinora | 3.7 69 |56
Xunonuu H 4.9 5 6.0
AxpuuH H' 55 106 | 5.6
1-AsapenanTpes H' 5.2 115 | 7.0
9-Azadpenantpen H' 4.6 9.6 |57

*) onpeneneHsl METOJ0M HMITYJIBCHOTO (poTONHN3A.
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3ameieHHas GryopecueHIns.

Metox wummynbcHOro (oToNM3a MOXET OBITh HWCIOJBb30BaH IS M3YYCHUS
dyopecueHIINN (MHTEHCUBHOCTH, TYIICHUs QuryopectieHnun). [Ipu moMomm uMmyibCHOTO
doronmza ynoOHO WCCIEAOBaTh 3aMeUieHHYIO (uyopecuennuto. s wu3MepeHus
duryopecueHIIME B YCTaHOBKE HMITYJIbCHOTO (OTONM3a B CaMOM TIPOCTOM BapHaHTE
UCKITFOYAeTCs 30HAMpPYIONMiA cBeT. Ecnmu Juisi m3MepeHus (uIyopecleHIMH HCIO0Ib30BaTh
JOTIOTHATEIBHYI0 OTPAKAIOIIYIO MOJYIPO3PAYHYIO IIACTHHKY, PACIIONOKEHHYIO Ha IMYTH
30HIUPYIOMIETO Jy4a, TO B OJHOM OJKCIEPUMEHTE OJHOBPEMEHHO MOXXHO H3MEpPSTh
ONTUYECKYIO IUIOTHOCTh MOTJIOIICHUS KOPOTKOXHBYIIMX IMPOAYKTOB, HAIPUMEp TPHILICT-
TPUIUICTHOEC  TOIJIOIIEHHE, W  HMHTCHCUBHOCTh  (UIYOPECUEHIMH.  3aMeJICHHAs
diyopeciieHIMs, TeHepUpyeMasi TPHUIUICTHBIMH MOJIGKYJaMH ObIBaeT JBYX THIIOB:
AHHUTWIAIINOHHOM — P-Tuna u akruBanmmonHoi E-tuma.

AHnueunayuonunas — 3ameolnenHas — gayopecyenyus.  3aMeUICHHYIO  (IIyOpECICHIIHIO,
BO3HHUKAIOIIYIO TIPU  TPUIUICT-TPUIUICTHON  AHHWUTHIISIUKM, HA3bIBAIOT  3aMEICHHOU
bayopecuenueit P-tumna:
A+ A KT A+ A
rie Kyt KOHCTaHTa TPWIIET-TPUIIETHOH aHHUTHIAIMH. IIpH STOM BpeMs IKU3HH
3aMeIJIeHHON (hIyOpeceHIINN PABHO MOJIOBUHE BPEMEHH KU3HU TPUIIJICTHBIX MOJIEKYI.
Axmusayuonnas — 3ameOnNeHHas — (DAyOpecyeHyus.. AKTUBaIMOHHAsT  3aMejJICHHAs
dbayopecueHIus, Ha3blBaeMas 3aMelJIeHHON Quyopecuiennueit E-Tuma, BO3HUKaeT mpH
TEPMHYECKOHN aKTUBAIIUN TPUIUICTHBIX MOJICKYIL.
N AT A*
B sTom ciydae BpeMs KH3HU 3aMeJICHHOW (DIIyopecleHIInd pPAaBHO BPEMEHU KU3HU
TPUILJICTHBIX MOJICKYIL.
Peakuuu nepenoca 31neKTpoHa.

[Tpu BO30YXIEHUH MOJIEKYJI MX MOTCHIIMA]I WOHU3AIMN YMEHBIIAETCS, a CPOJICTBO K
DJICKTPOHY BO3pAcCTacT Ha BEIMYMHY SHEPTHH BO30YXKIACHHS. B CBA3M C ITHUM peakIuu
nepeHoca IEKTPOHA MPH BO30YKICHUN MOJIEKYJ CTAHOBSTCS O0Jiee MPeANOYTHTENbHBIMH 110
CPaBHEHHMIO C OCHOBHBIM cocTostHueM. [Ipu sTtom sHeprus ['mG0Oca mepeHoca AJIEKTpoOHA
BBIPAXKACTCS Yepe3 Pa3HOCTh PEAOKC-TIOTCHIIMAIOB BO30YKICHHOW MOJICKYJIBI U TYIITUTEIIS:

AG = E°(JT*/IT") — EX(A/A) — E*(JT) —c,

rae E*(/I) - sHeprus Bo30yXaeHHS JOHOPA, C — KYJIOHOBCKHI HJICH.
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OO0uryr0 cxeMy peakuMy IepeHoca 3JIEKTPOHA MOXKHO IPEICTaBUTh CIEIYIOLUIMM

o0pazom:

A* + [ —> (A]) —> (A7A") —> A+ I

B pesynbTare HM303HEPTETUYECKOTO IMEPEHOCA 3JEKTPOHA B KOMIUIEKCE CTOJIKHOBEHMS
obpasyeTcs MOH-paguKanbHas mapa A™JI™ . B ManoHOJSApHBIX PACTBOPUTENSAX YACTO
HaOmogaercst 00pa3zoBaHue BO30YXICHHBIX KOMILJIEKCOB IIEPEHOCA 3apsiia — SKCUILICKCOB. B
NOJIAPHBIX ~ PAacTBOPUTENSIX, TIJ€ COJbBaTallMsl IIOHWXKAET DHHEPrUI0 JKCHUIUIEKCA, HUX
0o0pa3oBaHUE CTAHOBUTCA HEOOPATUMBIM MPOLIECCOM, IPUBOAS K MOH-PAJAUKAIBHBIM MTapaM U
CBOOOJHBIM HOH-paguKaiaM. TpUITIETHbIE SKCUIUIEKCHI ObLIIM OOHAPYKEHbI B MAJIONOJISPHBIX
pactBoputensax (O0eH30I, TOIYOJ) HPU B3aMMOJICHCTBUU XMHOHOB (XJIOPAHMJ, JTYPOXWHOH,
Iyposl U Ap.) B UX TPUILNIETHOM COCTOSIHUU C JIOHOPAMH 3JIEKTPOHA, B KAUECTBE KOTOPBIX
UCIOJIb30BATIMCH IPOU3BOIHBIE APOMATUUECKUX MOJIEKYJ U AMUHBI.

OOpa3oBaHue TPUIUIETHBIX HKCHUIIEKCOB ObUIO OOHapy)XeHO B  IOJSPHOM
pacTBopuTelle - aleTOHUTPWIEC NMPH BO3OYKICHHH KAaTHOHOB aKpUAWHA, a3adeHaHTpPEHA B
NPUCYTCTBUH JIOHOPOB 3JieKTpoHa (mudenmna, HapramuHa, Hadrona). Takue >KCHIIEKCHI
0o0pa3yloTcsi B pe3yibTaTe peaklUu IepeHoca 3JIEKTPOHAa C JIOHOpa Ha BO30YXIEHHbIE
KaTHOHBl Te€TepPOapoOMaTUYECKUX coeluHeHUH. CHeKTpbl MOIJIOIIEHUsT Ha0I0JaeMbIX
TPUILIETHBIX SKCUIIJIEKCOB SBIISIOTCS CYMMOM CIIEKTPOB CBOOOJHBIX PaJMKAJIOB aKIENTOpa U
KaTHOH-paJAMKaIoB JoHOpa (puc.6). IIpoyHOCTh [aHHBIX TPHUIUIETHBIX 3KCHUILIEKCOB B
OCHOBHOM ONpEZeNseTcs He KYJIOHOBCKUM, a OOMEHHBIM B3aUMOJIEHICTBHEM, ITOCKOJIbKY OHH

HaOII0IAI0TCS B TIONISIPHOU Cpeie.

Puc.6. CiexTpbl MOTIIONMIEHUsT KOMIUIEKCa (TPHUILIETHOTO SKCHUIIIeKca) 9-
dbenmnakpuauaneBoro C-paankana ¢ KaTHOH-paaukanom nudennna (1),
cBoboaHOrO 9-hennnakpununueBoro C-pagukana (2) u cBOOOAHOTO KaTHOH-
panukana qudennia (3)
[Ipy uMnynabcHOM (OTOMU3E KATHOHA AKPUIMHOBOTO OPAHXKEBOI'O, METHIICHOBOTO

roiayooro, THOHHHAa B TPHUCYTCTBHM JOHOpA BIJIEKTPOHA OOpa3yrOTCS COOTBETCTBYIOIIHE
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BOCCTaHOBJICHHbIE (DOPMBI KpacuTenel U KaTHOH-paauKajbl JTOHOpPOB. B kauecTBe 10HOpPOB
3JIEKTPOHA OOBIYHO HCIIONB3YIOTCS aMUHBI (TeTpaMeTHI-n-(peHuIeHAnaMUH, TpU(EeHUIaMUH,
AQHWIMHBI), apoOMaTHYeCKHe YIIEBOAOPOABl (MeTOoKcuOeH30mbl, Kapbaszon, HadTo),
THOMOYEBUHA U JAp. JJOHOPHI 3JEKTpPOHA, KaK MPABUIIO, B3AaUMOJICHCTBYIOT C TPUILUICTHBIMU
MOJICKYJIaMH KPaCUTEJICH:
3M++I[_>M‘+I[+~

[Tpr 3TOM KOHCTAHTBI CKOPOCTH TYIICHHS TPUIUICTHBIX MOJICKYJT KPacHUTEIeH qu JIOHOpaMH
3JIEKTPOHA 3aBUCAT OT MOTEHINAIOB HOTYBOJIH OKHCIeHHs J0HOPoB E1p(JI/J1). Tlpu Mameix
3HAYEHUSIX NOTEHUHUAIOB OKHUCICHHUS JTIOHOPOB qu spisercs quddysnonHon. Ha pwuc.7
MpUBeIeHa TUITMYHAS 3aBUCHMOCTh ngqT OT MOTEHIINAJIOB OKUCIIEHUS JOHOPOB MPH TYIICHUU

TPUILICTHBIX MOJICKYJI THOHWHA JOHOpAaMHU 3JICKTPOHA.

Puc.7. 3aBUCUMOCTh KOHCTAHT CKOPOCTH TYILIEHUSI TPUILJIETHBIX MOJIEKYJ THOHUHA

OT IMOTCHIMAJIOB OKHUCJIICHUA TOHOPOB.

2.2. CBoOoiHbIe paIuKAJIbI.

Bo3moxHocTH  mMMITynbcHOTO  (OTONM3a MpPH  HCCIEAOBAHUU KOPOTKOXKHUBYILIUX
MPOJYKTOB JIENAIOT AOTOT METOJ, HE3aMEHUMBIM TIPH H3YUYCHHH pEaKIuii CBOOOIHBIX
paIuKaioB B Pa3IMYHbIX (OTOXMMHUYECKHX pEaKIHsIX B pacTBOpe U razoBoi (asze. Meronom
UMITYJIbCHOTO (hOoTONMM3a OBUIM 3aperMCTPUPOBAHBI CIIEKTPHl MHPOCTHIX (OAHO-, JBYX-,
TPEXaTOMHBIX) PAJUKAIOB M M3ydeHa KHHETHKAa WX MNpeBparieHuil. Tak, Ipu UMITYJIbCHOM
doTomuze cMecn Kuciopojaa M Xjopa HaOmomaercs moromenue pamukaita ClO', KoTopsrid
3aTeM TpeBpamaercs B ucxoanbie coenuHenus. [Ipu obmyuennn cmecu Clo+O; mpoTekaroT
Cllefylole peaknuu (KOHCTaHTa CKOpPOCTH pekomMOuHanmu pagukaioB ClO  paBHa

8.610" Mlc™hy:

cl, —Y 5 o0l
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2Cl + 0, —> 2CIO
2CI ——> Cl,

2CI0 —> Cl, + O,

Takum oOpazom, cucrema Clp+O; 3a HECKONBKO MWJIIMCEKYHI TOCIE OOIYy4eHHS CBETOM
BO3BpAILAETCS B HCXOJHOE COCTOSIHUE€ M TOJIBKO HpPH IOMOIIM METOJa HMITYJIECHOTO
(doTonu3a MOKHO HEMIOCPEICTBEHHO HAOII0IaTh 00pa30BaHNEe KOPOTKOXKUBYIIUX PATUKAIOB
U HCCIIEAOBaTh MX MpeBpamieHus. pyruM npuMepoM HaOIOACHUS MPOCTHIX PaMKaIOB
MOXET CIIY’KUTh 00pa3oBaHHe U rHOesib aTOMOB 1oJ1a IpU O0IYYeHUH MOJIEKYJISIPHOTO Hosa.
[lpn nornomeHun cBeTa MOJIEKyJda HOJA MAWCCOLMHMPYET Ha aTOMBI, KOTOPBIE 3aTeM
PEKOMOMHUPYIOT:

hv |

b — + 1 — I

B razoBoii ¢asze peakuus pekOMOMHALMU aTOMOB HoJa ABISETCA peakUUeld TPEThEro
HOpsijiKa, MOCKOJIbKY HEOOXOIUMO IPHCYTCTBUE TPEThel YacTUILlbl [UIs OTBOJA H30BITKA
KMHETUYECKOM JSHepruu. B pacrBope arombl HoJa BCeraa OKPYKEHBI MOJIEKYJIAMU
pacTBOpUTEIsl, KOTOPbIE MOTYT IOTJIOMIATh M30BITOK KHHETHYeCKoi sHepruu. KoHcraHnTa
CKOpOCTM pPEKOMOMHAIMM aTOMOB HoJa B pacTBope sBisercs IUPPY3MOHHOH U B
YETBIPEXXJIOPUCTOM YIIE€POIE COCTABISAET 6.910° Mict,

N3ydyenne oOpa3oBaHMsI apOMaTHUYECKUX PAIUKAJIOB M UX IMOBEACHUS B pacTBOpax
BAJKHO, IOCKOJIBKY 3TH PAJUKAJbl ABISIFOTCS IMPOMEKYTOUHBIMU MPOAYKTAMHU B Pa3IMYHBIX
XUMHUYECKHX Tmponeccax. Tak, Hanmpumep, (EHOKCUWIbHbIE paJuKaibl  SBISIOTCA
IPOMEXYTOUHBIMU MPOAYKTAMH B PEAKIMAX OKHUCICHHsS (EHOJIIOB, OO0pa3zyroTcs INpu
MHTUOMpPOBaHNHU (PEHOJIAMHU PEAKIM OKUCIEHUS YIIIeBOAOPOA0B. DEHOKCUIIbHBIE PaUKaIbI
B pacTBOpe oOpasyrorcs kak mpu Qoromucconmanuu O-H-cBs3u B (eHoNmax, Tak U mpHu
(doToMOHM3AMK UX aHHMOHOB, 00pa30BaHUE KOTOPHIX OOYCIOBJIEHO CHJIBHBIM YMEHBIIEHUEM
3HayeHus pK QeHosa B CHHIIIETHO-BO30Y)KICHHOM COCTOSIHUU. AHAJIOTUYHO (PEHOKCUIIBHBIM
panukanaM npu o0iyueHuu HapTOJIOB 00pa3yroTcs Ha(QTOKCHIIbHBIE pPaUKaibl, CIEKTPbI
MOTJIOIIEHHS] KOTOPBIX MEPEKPBIBAKOTCS CO CIEKTPAMH TPHUIUIET-TPUILJIETHOTO MOIJIOMEHUS U
MOTYT OBbITh 3apETUCTPUPOBAHBI B MHIUBUAYALHOM BUJE TOJIBKO B MIPUCYTCTBUU BO3/1yXa, TO
€CTb IIPU TIOJIHOM TYLIEHUU TPUIUIETHBIX COCTOSIHUN KHCIIOPOJOM.

CBoOoIHBIE paiMKalIbl 00Pa3yloTCs MPU OTPHIBE aTOMOB BOJIOPO/a BO30YK/IEHHBIMU

MOJICKYJIaMH OT MOJICKYJI, HaxXOoJAJAIIHUXCA B OCHOBHOM COCTOSHHH. Takwue pCaKknuu

XapakTepHbl  UIsI  1,T*-BO30YXKICHHBIX  COCTOSHHMM  KapOOHWIBHBIX, HHTPO- U
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reTepoapoMaTUYeCKUX COelIWHEeHUH. B YacTHOCTH, ¢ MOMOIIBI0 HUMIYJIbCHOTO (HOTOIHM3a
OBLIM 3apETUCTPUPOBAHBI PAIUKAIIBI AKPUIMHA, 00Pa3yIOIIUecs IPU OTPBIBE aTOMa BOJIOPOAa

BO30Y)KJICHHBIM aKpUJAUHOM OT CITUPTOB:

hv
Q00 —r O T
RCH,OH

N

Peakuuu oTppiBa aTOMOB MOAPOOHO HCCIENOBaHbI JJSi TPUILUIETHBIX COCTOSIHHMA
apoOMaTHYECKUX KEeTOHOB. Iloka3aHo, 4TO [y HUX B 3aBUCHUMOCTU OT 3aMECTUTENEH H
pacTBOpPUTENsE HIIKHEE TPUIUIETHOE COCTOSIHHE MOXET HMMETh #,*-XapakTep ¢
IIEKTPOPUIIBHBIM KHCIOPOJIOM WM 7,T*-XapakTep CO 3HAUYUTEIbHBIM IEPEHOCOM 3apsja.
It n, T*-TPUTUIETHOTO COCTOSIHHMSI KapOOHWJIBHBIX COCIMHEHUN HAOIIOMAaeTCs BBICOKUUN
KBAaHTOBBIM BBIXOJl B PEAKLUMU OTphIBA aroMa BOJOpPOAA OT CIHPTOB, YIIEBOAOPOJOB, C

O6paSOBaHI/IeM B Ka4CCTBC MPOMCIKYTOYHBIX IIPOAYKTOB KECTUJIbHBIX PAaIUKAJIIOB.

h
(CeHs):CO —~ 5 3[(CeHs),CO]

3[(CeHs),CO] + RH — (CgHs),COH + R

2(CsHs),C OH ——>  (CgHs)»-C(OH)-C(OH)-(CsHs),

MCTO,[[OM HMITYJIBCHOT'O (1)OTOJ'II/I3a HUCCICIOBAHO O6pa3OBaHI/IC CECMHUXHWHOHOBBIX
paduKaJIOB TIpH (I)OTOOKI/ICJ'ICHI/II/I TUAPOXUHOHOB HJIHU q)OTOBOCCTaHOBJ'IeHI/II/I XHHOHOB. HpI/I
B036Y)KI[CHI/II/I XHHOHOB O6pa3y10TC${ CCMUXHWHOHOBBIC paJuKaJIbl ITIYTEM OTpPbBIBA aTroMa

BOJIOPOJia OT Cpeibl BO30YXAECHHBIM XUHOHOM:

RH

0 OH

Kak w B ciyyae TpPHIUIETHBIX MOJIEKYd OKCH- W aMHUHOPAAWKAIbl MOTYT
IPOTOHUPOBATHCA U UX CIEKTpbl 3aBUCAT oT pH cpensl. Ilpu o6nydenun N-meTun-o-mpem-
OyTunaHuIMHa HaOmonaetrcs obpa3oBaHue o-mpem-O0yTHI-M-MeTHI(EHIUIAMUHO-paIuKaIa.
B 3aBucumoctu ot pH pactBopa HaOmioaarOTCsl pa3Hble CIEKTPhI MOTJIOLIEHHUS: paauKal

noryomaet npu A = 320 HM, a KaTHOH-paauKai mpu A = 460 HM. 3a BpeMs KU3HU paJluKaia

yCTaHaBJIMBAETCS KUCIOTHO-OCHOBHOE paBHOBecue, nmpuueM pK ero pasro 7.0:
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t-Bu t-Bu

hv .
N(H)CHj NCH;
t-Bu t-Bu
. + K +
NCH; + H = NIH)CH;

AHaJIOTUYHbIE U3MEHEHUS CIEKTPOB MOTJIOMICHNUSA OT KUCJIOTHOCTH PacTBOpa HAOIIOAAIOTCS
npu ¢oronuse HapTHIAMHHOB. Tak, Hampumep, B KHUCIOH cpene mpu oOiydyeHHH 2-
HaTUIaMMHA OOpPa3yrOTCsl MPOTOHUPOBAHHbIC 2-HA()TUIAMUHO-PAJUKAIBI ¢ MaKCUMYyMOM
MOTJIONICHHS Mpu 526 HM, B TO BpeMsl KaKk B HEHTpaJIbHOU cpesie 2-HadTUIaMHUHO-PaIUKAIbI
UMeT MakcuMyM mnornomenus npu 460 M. Ilpu ¢oronusze XMHOHOB 00pa3yrOTCs Kak
CEMUXMHOHOBBIE paJMKaJbl, TAK U aHUOH-paaukaibl. B 3aBucumoctu ot pH cpensl mexny
HUMHM yCTaHaBIIMBAETCS PaBHOBECHE:
‘QH 2 Q7 +H'

W3 u3MeHeHu CieKTpoB MOIJIOLUIeHUs P pa3auuHblX pH pacTBopa MOxHO onpeaenuts pK
panuKaioB. AHHOH-paJMKalbl XWHOHOB B IIEJIOYHOW cpesne SBISAIOTCS  JJOBOJIBHO
CTaOUJIBHBIMU B OTCYTCTBUE KHCJIOPOJA, UMEIOT JJMHHOBOJIHOBYIO IOJIOCY HOIJIOUICHHS B
obnactu 400-450 HM, a CIIEKTPBl HEUTPAJIBHBIX PAIUKAIOB CABUHYTHI B YIbTPa(UOJIETOBYIO

o0acTh 1 pacrnosioxkeHsl npu 370-425 Hwm.

2.3. KoopanHauuoOHHbIE COeTHHEHHSI.

DOTOXMMHUYECKUE PEAKINH KOOPAWHAIMOHHBIX COCIWHEHUW JOCTATOYHO IMUPOKO
pacmpocTpaHeHbl B Tpupoje. B kadecTBe mnpumepa MOXKHO COCIaThCS Ha PEAKIIHIO
dotocuHTe3a 3eneHBIX pacteHuil. Kpartko paccmoTpuMm uHGOpMAaNKIO O TPUPOIE
ONTHUYECKOTO TOTJIOMICHHUS JIJIsl KOOPIMHAIIMOHHBIX COSTMHEHUH MEPEXOHBIX METAILIOB.

CymecTByeT TP  TUIA  TOJOC  ONTHYECKOTO  TIOTJIONMICHMS,  CBS3aHHBIX
HEMOCPEJCTBEHHO C KOMILIEKCOOOPa3oBaHueM. MallONHTEHCUBHBIE TIOJOCHI, OOBIYHO
HAXOJAIIMecs B BUAMMOM JIMAla3oOHE CIEKTpa W B OONBIIMHCTBE CIydaeB MPUJIAONINE
OKPacKy pacTBopaM KOMIUIEKCOB, OMNPEAENSIOTCS MEePEeXOJaMH BHYTPU DJIEKTPOHHOMU
000JI0YKH [IEHTPATLHOTO HOHA M Ha3biBatoTcs d-d monocamu. Eciiu a5eKkTpoH mepeHocuTes ¢
opOuTaNM, JTOKAIM30BAHHON B OCHOBHOM Ha JIMTaHAaX, Ha OpOMUTalb, IMPUHAJICKAIIYIO
MPAaKTUYECKH TOJILKO IIEHTPaIbHOMY HMOHY, TMOJOCHI, COOTBETCTBYIOIIME TAKUM MEPEeXoaam,
MOy Ha3BaHUE - MOJIOC TepeHoca 3apsaa ¢ jauranaoB Ha metamt (T13JIM wiu CTLM).
Ecnu s1exTpoH Npu BO30YXKACHUM MEPEXOJUT C OPOMTaNM MeTaljla Ha Pa3pbIXJISIolIne

0p6I/ITaJII/I JIMTraHA0B, TaKHEC I10JIOCHI 0003HAYAIOTCS KaK IOJIOCHI Imepenoca 3apsaa ¢ MeTaiia
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Ha gurang ([IBMJI wim CTML). Otu tunel nepexomoB (II3MJI, CTML) o06sraHO
XapaKTEPU3YIOTCS OOJIBIIION WHTCHCUBHOCTBIO U PACIIOIOKEHBI, KaK PaBuio, B Y® obmactu
CIEKTpa.

Domoszamewenue 1ueandos. B cooTBeTCTBUN ¢ IPUBEAEHHON KilacCupUKaLUEH IEKTPOHHBIX

10JIOC TOTJIOMICHUSI PA3/CNSAIOTCS U TUIBI (POTOXUMHUYSCKHX PEAKIUi, XapaKTEPHBIX IS
KOOPIHHAITHOHHBIX COCIMHEHUI HOHOB HIePEXOTHBIX METaJJIOB. VYrioBoe
nepepacnpesiesicHie JJICKTPOHHOW IUIOTHOCTH Ha OpOUTANsAX MEHTPAJIbHOTO HOHA MpHU
BO30yx)acHHH B oOmactu d-d mojoc TpUBOAWT K OCHAONCHHWIO CBSI3W METaUI-JWTaHi W
BO3MOXKHOCTH, JIHOO MOJHOTO pa3pbiBa 3TOH CBA3M, JMOO BHEAPEHHMS HOBOTO JIMTaHIa B
KOOpJIMHAIIMOHHYIO cdepy. B oboux ciydasx, B UTOre, MPOUCXOTUT 3aMEIICHHE OHOTO
JWraHja Ha JApPYroil OOBIYHO HA MOJIEKYNdy pactBoputens. Ilpomecchl (oTo3amMenieHus
JIMTaH/IOB TOBOJIBHO PACIPOCTPAHECHHBIC PEAKIIUH TSI KOMIUIEKCHBIX COCTUHCHHUH.

Buympucgeprvie pomoxumuyeckue npoyeccol. Bo3dyxnenue B o0nacTu MOJOC MepeHOCca

3apsiia OPUBOAMUT K CYLIECTBEHHOMY paJHajJbHOMY IE€pepaclpesielieHUI0 3JIeKTPOHHON
IUIOTHOCTH, U3MEHEHUIO BaJIEHTHOCTH LIEHTPAJIbHOI'O MOHA U MOSBICHUIO PaJUKaIbHBIX (MOH-
panuKanbHbIX) GopM smranaoB. Tak, Hampumep, JUIsI KOMIUIEKCOB THIIA Co(NH5)X2+ X -
WOH rajoujia) Oblla HpeUIoKeHa ‘“MOJeNb paJuKalbHBIX Map”, KOTOpas paccMaTpUBaeT

CJICAYIOIYIO ITOCICA0BATCIIbHOCTD peaKHHfII

oL —™ s (CoPLs, X
(Co*'Ls, X°) — Co**LsX
(Co%'Ls, X°) — Co%'LsS, X*
Co™'LsS, X° — Co*'LsS + X°
Co®'LsS, X°' — Co¥LsS + X °

re S — MOJeKyla PacTBOPHUTETS, (C02+L5, X®) — nepBuuHas paguKaibHas mapa, a (C02+L5S,
X°®) — BropuuHas, reMuHaIbHas mnapa.

[TornomeHne KBaHTa CBETa B MOJIOCE TEPeHOca 3apsia TMEPEeBOAUT KOMILIEKC B
CHUHIJIETHOE BO30YKJICHHOE COCTOSHME C TEPEHOCOM 3apsiia 1(1'[3), KOTOPO€ MOXET
JI€3aKTUBUPOBATHCA B OCHOBHOE COCTOSIHUE, B TPUIUIETHOE COCTOSTHUE 3(1'[3) WY TIEPENTH B
d-d BO30YXIEHHOE COCTOSHUE 1(HJI). N3 cocrosiHuii 1(1'[3) u 3(1'[3) BO3HUKAIOT
COOTBETCTBEHHO NEPBUYHBIC CUHTJIETHBIC U TPUILICTHBIE PaJUKAIbHBIE Mapbl, KOTOPBIE THOO
MOTYT PEeKOMOWMHHPOBaATh, JUOO TMpeBpamaThCs Jmajgee C 00pPa30BaHUEM BTOPUYHBIX
pagukanbHbIX Tap. K BHyTpuchepHbIM peakiusM MOXKHO TakKe€ OTHECTH MHOTOYHCIIEHHBIE

peakiuu GOTON30MEPU3AINH KOOPIUHAIIMOHHBIX COSTUHEHHIA.
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BHemHecd)eprze d)Om0OKL{CJZMI’I’Z€ﬂbH0-GOCCI’I’laH06um€JZbele peaxkuuu 05l KOMNAEKCO8.

BHemHecdepHblii mpoiiecc mepeHoca 3JEKTPOHA SBISETCS peaklued, B KOTOpPOH He
MPOUCXOUT PA3pPhIB WM 00pa30BaHUEC XMMHUYECKUX CBS3CH, a M3MEHSIOTCS TOJBKO 3apsijibl

pearupyromumx 4acTull

hv -
MeL + Q ——— MeL" + Q

Takue peakuuMu BKJIIOYAIOT HECKOJBKO CTaaui, TepBas W3 KOTOPBIX — OOpa3oBaHUE
npoMmexxyTounoro komruiekca (MeL)*...Q. Ilo stoii npuunHe BHemHechepHbIe GOTOPEaAKITNT
XapakTepHBbI JJIi KOMIUIEKCOB C JOJTOKUBYIIUMH BO30YKIECHHBIMU CcOCTSHUsIMHU. [Ipu
pasymubIx KoHIeHTparmsax Q (<0.1 M) nuddysus crnocoOHa MOCTABUTh TYIIMTENb K
BO30YXIEeHHOMY KoMmIuiekcy 3a Bpems T>0.1Hc. Takue BpemMeHa KH3HH OOBIYHO
XapaKTepHBI JIISI BO30YKIECHHBIX COCTOSHUM CO CIIMHOM OTJIMYHBIM OT CITMHA OCHOBHOTO
COCTOSIHUSI.

[IpumeHeHHe na3epoB B HAHO-, MUKO- M (EMTOCEKYHIHOM JUala30HE BPEMEHU
MO3BOJIMJIO TPOBOJIUTH HCCIICJIOBAaHUE OBICTPBIX W CBEPXOBICTPBIX pEaKIUH BHYTPH

KOOpJIMHAIIMOHHOM chephl U BHEMIHEC(HEPHBIX (OTOMPOLIECCOB.

2.4. KapOoHueBble HOHBI.

KapOoHueBbIe HOHBI SBIAIOTCS BaXKHBIMH IPOMEXYTOUHBIMU MTPOAYKTAMH Pa3IMUHBIX
OpPraHMYECKUX peakuuil. M3yueHue CBOMCTB 3THX MHTEPMEIMATOB OIPAHUYEHO UX MaJIbIM
BPEMEHEM >KU3HU B OOBIYHBIX pPACTBOPUTENAX. MeToJ MMIyIbCHOro (OTOIM3a MO3BOJISET
CJIEIUTH 3a MOBEJACHUEM KapOOHUEBBIX MOHOB, 00Pa3yIOIIUXCS B KaYECTBE MPOMEKYTOUHBIX
OpOAYKTOB B (OTOXMMHYECKUX peakuusx. Tak mpu  (QoToiau3e  MPOU3BOIAHBIX

TpI/I(l)eHI/IJ'IMeTaHa IMPOUCXOAUT AUCCOIraAId HA NOHBI:

Ar;C-CN —hv—) AI"3C+ + CN°.
CHeKTphl TOTJIONMIEHUST HEKOTOPBIX TPUAPHIKAPOOHUEBBIX HOHOB IMPEICTaBICHBI pHC.8.
Bpemsi xu3HH O5TUX KapOOHHEBBIX HOHOB 3aBHCUT KaK OT pAcCTBOPUTENS, TaK H OT
3aMeCTHTeINIel B apoMaTudeckoM siape. C yBeTHYeHHEM JTOHOPHON CITOCOOHOCTH 3aMECTHTEIIS

B psaxy (CHj3)N>OCH3>CH3>H Bo3pacraeT Bpemst )KU3HH KapOOHHUEBOTO HOHA.
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350 400 450 500 530
A, HM

Puc.8. CriekTpbl MOTIIONIEHUST HABESACHHOTO TOTJIONICHHSI IIPU UMITYJIbCHOM

doromuse (Toukn): 1 — tpudenm; 2 — tpu(4-metundennn); 3 — (4-

MeTokcudenun)audenmt; 4 — Tpu(4-MeToKCH(PEHUIT )alleTOHUTPHUIIA B BOJTHOM

sta”one (1:1). CrekTpbl HOTIOUICHHS COOTBETCTBYIOIINX KAPOOHNUEBBIX HOHOB

(JiuHUM) OBLTM U3MEPEHBI B 57% XJIOPHOU KHUCIIOTE.
B mpucyrcTBUM BOIBI WM CHIMpTa HAOMMIOMAEeTCsl peaknus (oTo3aMelIeH s, 1 KapOOHUEBbIC
MOHBl B JIAaHHOM CIy4ae SIBJISIFOTCS TMPOMEXKYTOYHBIMH TPOAYKTaMH B  PEAKIUU
HYKJIeOUIHHOTO (POTO3aMEIIEeHHUs; CKOPOCTh UX THOenn cuMOaTHa CKOPOCTH HAKOIJICHUS
IPOIYKTa PEaKINy - KapOWHOIA!

H O
ArsC* + CN™ —2 5 Ar,COH + HCN.

KapOoHueBble HMOHBI, YacTO IMpeanojaraBIIbecss B KadecTBE IMPOMEKYTOUHBIX
IPOAYKTOB B PEAKLUAX TETEPOJIMTUYECKOTO 3aMEIIECHHUS B apOMATUYECKUX COEAMHEHHUSX,
ObLIM  OOHapyXeHbl C TIOMOIIBI0 UMIYJIbCHOrO (HOTONM3a, HANpuUMep, B peakUuu

doToruaponusa 3,5-TMHUTPOAHU30JIA:

OCH. OH
3 H;CO.__OH

hv

0,N No, OH onN NO, O,N NO,

2.5. ®OTOXPOMHBIE MPOLECCHI.
DOTOXpPOMH3M — HHIYIIUPOBAHHOE CBETOM OOpaTHMoOe TpEeBpalicHHEe BeliecTBa A B
npoaykT B, oriauuarommiics oT A cHekTpoMm moriomeHus. POTOXpOMHOE H3MEHEHHE

BelecTB A 1 B MoXeT ObITh MIUTFOCTPUPOBAHO CIEYIOLIEH CXEMOM:
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hv

A
kT
X

hv' Y
B

D

B*

Bo30yxnennoe cocrostaue A* (B*) moxker oOpa3oBarh (OTOXpPOMHOE COCTOSIHHE uepe3
IPOMEKYTOYHOE COCTOSIHME X HMJIH MPETEePIeBaTh HEOOPATUMYIO (DOTOXUMHUYECKYIO PEaKIIUIO
B C (D). Meroabl wuccnemnoBanusi (OTOXPOMHBIX CHCTEM OIPEHCISIOTCS BpPEMEHEM
penmakcanmu  dporoxpomaord ¢opmer B. Ilpum Bpemenax pemakcammu ot 1 10 107 ¢
uccieoBaHie (POTOXPOMHBIX CHCTEM IPOBOJUTCS C IMOMOIIBIO HMITYJIBCHOTO (hOTOJH3A.
KnaccuueckuM mpuMepoM (POTOXPOMHBIX CHCTEM SIBJISIFOTCS CIIUPOMUPAHBI, (HOTOXPOMHU3M

KOTOPBIX O6yCJ'IOBJ'IeH FeTepOHHTquCKOﬁ (1)OTOI[I/ICCOI_II/IaI_II/ICI711

HsC CHs HsC. CHs

hv /
/

+I\I
o]

I

Cl

T
Cl

CDOTOXpOMHHMI/I CBOMCTBaMH 06J'Ia,Z[aI-OT O'HI/ITpO6eH3I/IJ'IHp01/I3BO,I[HI>Ie -

Hs Ha

0-HUTPOTOIYOII, 2,4-TUMHUTPOTOIYOI, CUM-TPUHUTPOTOIYO. [Ipy BO30YKI€HUH TPOUCXOIUT

0.4+

0.0

350 400 450 500
A, HM

Puc.9. Cnextpsl uzomepnsix gopm (11 u I1), monydennsie npu UMITyIbCHOM
¢boTonuze o-HUTpoTOIyosIa B kucioM (1) u menouHom (2) pactBopax

COOTBETCTBCHHO.
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dboTonepeHoc BOOpoAa OT METHIIBHOM TPYIIbI HAa KUCIOPOJ HUTPOTPYIIbI U 00pa3oBaHUE

XUHOUIHOM CTPYKTYPbI, HAXOIAIICHCS B pABHOBECHHU C OKpAIlICHHBIM aHHOHOM (pHrc.7.9):

CH; (“) CH» (IDH CH» CI)
N _ N _ N _
0 ‘LL 0 — ~ 0
I I I

Ncxonnas popma (I) mormomnaeT B ynbTpadHuoIETOBOM 00IACTH CIIEKTPA, 2 KOPOTKOKUBYIIIHE

dopmsel (11 u III) - B Buaumoii obmactu crekrpa (400-700 um).

3. KUHETUYECKA I OFPABOTKA PE3VJIbTATOB M3MEPEHMIA.

Ha puc.10 mnpuBemeHa TunmyHas OCHWILIOTpaMMa CHEKTPAIbHBIX HM3MEPEHHH,
XapaKTepu3ylolllasi HaKOIUIEHWE W TUOEIb MPOMEXYTOUHOTO HPOAYKTa B IKCIEPUMEHTAX

HMITYJIbCHOTO (bOTOJ'II/ISa.

a a
B
|
IO
X
A (o]
6
Bpems 6

Puc.10. TunmnuHast ocuMUIOrpaMMa HaKOTUICHHUS ¥ THOGIH TPOMEKYTOUHOTO
IPOJYKTa IPU UMITYJIbCHOM (POTOJIH3E.

Jlunuu aa u 66 coorBeTcTBYIOT 100% -HOMY TOTJIOMICHUIO U TIOJIHOMY MPOITYCKaHUIO
cBera cooTBeTcTBeHHO. Jlunus ABC sBngercs KpuBOM HakoruieHMss M rubenu
IIPOMEXYTOUHOTO  MpOJAyKTa. KOHIEHTpalnui0 MPOMEXYTOUYHOTO MPOIYyKTa  MOXKHO
OTIpEeNIeTTUTh CcoTJlacHO 3akoHy byrepa-JlamOepra-bepa. Boszpmem m00yr0 TOuKy X
COOTBETCTBYIOIIYIO BpeMeHH t Ha kpuBoii ABC u onpenenum ontuueckyto mioTHocts (D)
paBnyto lg(Io/l). KonnenTpanus mpoMexxyTouHOTro IpOyKTa IPH UMITYJIECHOM BO30 Y:KACHUH
ONpEAEAETCS W3 ONTHUYECKOM IUIOTHOCTH PAacTBOpA IPH AIKCTPANOJSLUM €€ K MOMEHTY
BCIBIIIKK (00bIYHO KO BpemeHH 70% WU3IydeHHs] SHEpPruu BCHBIIIKKA JJIS JIaMIIOBOTO
UMITyJIbCHOTO (poTonm3a): ¢ = Dolel.

Ecnin wn3mepenHue KOHIEHTpAMM MPOMEXKYTOUHOTO MPOJIYKTa BEAETCS Ha JJIMHE
BOJIHBI, IIPM KOTOPOH IMOIJIOLIAET HCXOJHOE COEOUHEHHE, TO H3MepsieMas ONTHYecKas

IJIOTHOCTh paBHA PA3HOCTH OINTHYCCKUX IIOTHOCTEH 06pa3013aBmeroc;1 MPOMCIKYTOUYHOI'O
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NPOJYKTa M HMCYE3HYBIIETO0 MCXOIHOTO coenuHeHus, To ectb AD = (e-go)cl, rme € u & -
K03 OUIHUEHTBI SKCTUHKIIUH TIPOMEKYTOUHOTO MPOLYKTA H HCXOJHOTO COCTHHCHHUSL.
3aBHCHMOCTh ONTHYECKON IUIOTHOCTH MOTJIONICHUS MPOMEKYTOYHOTO TMPOLYKTa OT
BPEMEHH AT UCTUHHYI0 KUHETHYCCKYI0 KPUBYIO 00Opa30BaHUs U THOCIH MPOMEKYTOUYHOTO
npoaykra. Eciu rubenb MpoOMeKyTOYHOTO MPOMYKTa MOMYUHSICTCS YPAaBHEHHIO MEPBOTO
nopsiiika, HabiromaemMasi JTMHEHHas 3aBUCHMOCTh 1gD oT BpeMeHH MO3BOJISIET OMPEAETUThH

KOHCTaHTY CKOPOCTH THOENH IPOMEXYTOYHOro mpoaykra K; cormacmo ypasmenmio IgD =

K1t/2.3. TIpn 5TOM BpeMs KU3HH MPOMEKYTOUHOTO MPOIyKTa paBHO 1/Kj.

Ecnu kuHeTHka rubenu mpoMeKyTOYHOTO MPOIYKTa IMOAYHHSIETCS BTOPOMY TOPSIIKY,

TO HaONIONaeTcs JIMHEHHas 3aBHCUMOCTh 1/D OT BpeMeHH COOTBETCTBYIONIAs ypPaBHEHHUIO

1/D-1/Dg = Kt/el. U3 naknona mpsamoii 1/D ot BpeMmeHn HaxonsT Benmuuny Ko/el u mpu

M3BECTHOM 3HAUEHHH € ONpE/ENAIOT KOHCTaHTy CKOpPOCTH BToporo mopsiaka K. Ecmu B
pEaKIui y4acTBYIOT JBE OJWHAKOBBIC MOJICKYJbI, TO YpaBHEHHE MPHOOpETacT CIEAYIOMINi
sun: 1/D-1/Dy = 2Kst/el. Tounocts OTIpe/ICTICHUS] TOPSAKA PEAKIUUA 3aBUCUT OT TIYOWHBI

MpeBpaICHHS.

WNHorna HaOmronaeTcss He TOSBICHHWE HAaBEJIECHHOTO MOIJIOIIEHHs, a MPOCBETIECHUE
oOpa3la npu HUMITYJIbCHOM BO30YK/I€HHUHU, HAlpuUMeEp, YMEHbBIIEHUE CHHIJIET-CHUHIJIETHOIO
NOTJIOUICHUS] TPH TEpexoAe 4YacTh MOJIEKYyJl B TpPUILIETHOE cocTosiHMe. PaccmoTpum
KHHETHUYECKYI0 KpPUBYIO, MPEICTABICHHYIO Ha puc.ll u xapakTepusymollyl0 HpOCBETICHHE
o0pa3ia nocjae UMIYJIbCHON BCOBINIKKU. JIMHKMSA aa OTBeyaeT MOJIHOMY MOTJIOMIEHHIO, JTMHUS
00 - MOJHOMY MPOITYCKAHHUIO CBETA /10 BCHBILIKK U MPU BO3BPAILEHUU CHUCTEMbI B UCXOJIHOE
COCTOSTHUE II0CJI€ BCIIBIIIKYM, a JIMHUS BB - IOJIHOMY IPONYCKaHUIO CBETa B OTCYTCTBHE

MNOTJIOICHMA UCXOJHOT'O BEIICCTBA.

B0
(3]

Puc.11l. Kunermka wW3MEHEHHsI TIOTJIOMIEHUS WCXOJAHOTO COCIUHEHHUS TpHU

UMITYJIbCHOM (hOTOJIH3E.
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st pacueta KUHETHKY HeoOXoaumMon BennuuHoi siBisieTcs (D.-D), koTopas paBHa:
D.-D = |g(|0/10) - |g(|0/1) = lg(I/Io)
Jlis HaXOX/IeHUsT KOHCTAHThl CKOPOCTH, HalpuMeEp, MEPBOTO IOpsiKa, HYKHO MOCTPOUTH
3aBucUMOCTh |g(D.-D) oT BpeMeHM M M3 BEIMYMHBI HAKJIOHA OMNPEACIUTh KOHCTAHTY
CKOpOCTH.
PaccmoTpum ciydaif, korja npu HMIYJIbCHOM BO30YXICHMM 00pa3yroTcs JiBa
NPOAYKTa, THOHYIME MO TIEPBOMY MOPSAKY M TOTJIOIIAIONIME B OJHOW M TOH e 00JIacTH.

Orntryeckue MIOTHOCTH 3TUX MPOIYKTOB CIEIYIOIIUM 00pa30M 3aBUCAT OT BPEMEHH:
—M\O0 -kt 0 kot
D,=D-e™" u D,=DJ.e™,
rne Dy u D, - TEKYIIUE 3HAYCHUS ONTUYECKOU IUIOTHOCTHU JUISl OJHOI'O U APYroro MpOAYKTa;
D? u DY ko u Kk
1 u 2 - HAYaJIBHBIC OIITHUYCCKUC IINIOTHOCTHU COOTBGTCTBGHHO, 1 U 2 - KOHCTAHTBI

cKopocTH TuOenu mnpoaykToB 1 u 2. DKCHepUMEHTaIbHO HaOII0JaeMOe H3MEHEHUE

ONTUYECKOMN MIOTHOCTHU OIIPCACIICTCA YPABHCHUCM:

D=D-e™ +DJ ™

Paccmorpum  kuHeTHMKy ru0enu  BO30OYKIEHHBIX  MOJIEKYJI  WJIH  MOJEKYJ
MIPOMEXYTOUHOTO IPOAYKTA, KOTOPbIE THOHYT IO TIEPBOMY U BTOpoMY nopsakaM. [Ipumepom
TaKOT0 MpoLecca ABISETCA rMOeNb TPUIJIETHBIX MOJIEKYI IPH HAJTUYUU TPUILIET-TPUILICTHOM

AHHUTUITAIINN
n — A Ky
A+ A — A+ A K,
Kunernka ru0enu TPUILJIETHBIX MOJIEKYJ B 3TOM Cly4yae OMMCHIBAETCS CIEAYIOLIMM

mubdepeHIMaTbHBIM YPaBHEHUEM:
d*A]
dt

9T0 YpaBHCHHUEC UMCCT aHAJIUTUUYCCKOC PCHICHUC, U KHHCTHKA HMCYC3HOBCHUSA TPHUIIIICTHBIX

= kA + 2k,[°AT.

MOJICKYJI OIIPCACIACTCA YPAaBHCHHUEM!

R Ty

1

gt

Ecnu Bpemsi >KM3HM KOPOTKOXKHBYIIMX IPOAYKTOB, HAOJIOAAaEeMBIX INPH MTOMOIIH

HMITYJIbCHOT'O q)OTOJ'II/ISa, MaJIO ¥ OJIM3KO IO BEJIMYMHE K BPEMCHH CBCTOBOI'0O MMITYyJbCa, TO
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UCTHHHAS! KOHCTAHTA CKOPOCTH MO MPOMEXKYTOYHOTO MPOTYKTa MOKET OBITh pacCUMTaHa
cienyromuM oopazom. O603HaunM uepes f(t) HCTHHHYIO QYHKIIUIO THOETH MPOMEXYTOYHOTO
npoaykTa, depe3 I(t) — (GyHKIUIO CBETOBOTO MMITYJIbCA, KOTOPAst HA3bIBACTCS allapaTHON
(GYHKIMEH, TOCKOIBKY OHA TAKXKE 3aBHCHT OT XapaKTEPUCTHK PETHUCTPUPYIOMICH CHCTEMBI.
Torma sKcrepUMEHTAIbHO HAONIOMAeMbI BUA (YHKIMH OIPENENsIeTCs 4epe3 HHTEerpall:

t
F(t) = J I(O)f(t)dt. Bun ¢yskuuu I(t) nerko ompesmensercs 3KCIEPUMEHTAIBHO, HO
0

HUKAKOr0 yIOOHOTrO aHAJIMTUYECKOTO0 METO0J]1a, KOTOPHINA MO3BOJISLI Obl HAaXOMUTh (PYHKIIHIO
f(t) mo sxcnepumenTanbHO u3MepsieMbiM GyHKuuaM F(t) u I(t), He cymectByer. meercs psfg
KOMITBIOTEPHBIX TPOTPaMM, C MOMOIIBI0 KOTOPBHIX OmNpeaensercs HCcTuHHas ¢yHkuus f(t).
Eciu Bce tpu ¢dynkuun F(t), f(t) n I(t) annpoxcuMupyroTcsi SKCIIOHEHTaMHU, JUIsl pacyeTa
UCTUHHOM KOHCTAHTBI MOXXHO IIOJIb30BAThCS CIEAYIOUIUM MPOCTBIM MPUOIMKEHHBIM

COOTHOILICHUEM .

(1/k)? = (1/ke)? — (1/ky)?,
rac k - HWCTHHHAasd KOHCTAaHTa FI/I6€JII/I HpOMC)KyTO‘IHOI‘O HpOILYKTa; kF - KOHCTAaHTa,
paccunTaHHass H3 3KCHepI/IMeHTaJ'H>HOI71 KUHETUYECKOU KpHBOﬁ; k| - KOHCTaHTa 3aTyXaHHA
CBE€TOBOI'O I/IMHyJ'H)C’d. HpaKTI/I‘{eCKI/I k| onpe):[em[eTCﬂ HCHOCpC}ICTBeHHO n3 KpHBOfI

3aTyXaHUs BCIIBIIIKH, a kF - u3 3aBucuMoctu AD ot BPEMCHU.

4. KOHTPOJIBHBIE BOITPOCEIL.

1. Kakue wumerorcss orpaHuuyeHMs A OOHApYKEHUS KOPOTKOXKMBYILMX HPOJYKTOB
(OTOXMMHUUYECKHUX MPOIIECCOB € MOMOIIBIO UMITYJILCHOTO (hoTONM3a?

2. Kakyto posb BBINONHSIOT CBETO(UIBTPHI B YCTAHOBKE UMITYJILCHOTO (hoTOIM3a?

3. Kak MOXXHO yMEHBIIMTh HHTEHCHUBHOCTH PACCEIHHOTO CBeTa U (IIyOpeclEHIUH,
naaloumx Ha (POTOYMHOKHUTEIh?

4. [ToyeMy MOHOXpOMATOp B YCTaHOBKE WMIYJIBCHOTO (DOTONM3a TIOMEIIAeTCs MOoCie
obpasria, a He 710 HeTo?

5. [Touemy na7s HAHOCEKYHAHOTO HMMITYJbCHOTO (hoTONM3a TpeOyeTcs CcreKTpajbHas
Jamria ¢ OoJpIIeld MHTEHCUBHOCTBIO CBETA, YEM B CIy4ae JIAMIOBOTO MMITYJIbCHOTO
dboTonuza?

6. [Moyemy st perucTpalii  TPHUILIET-TPUILICTHOTO  TOTJIOUNICHUST  PAacTBOPHI

IIPEIBAPUTEIBHO OTKAaYMBAIOT WM IIPOJYBAIOT aprOHOM?
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10.
11.

12.

13.

[Touemy BenMYMHA TPUILIET-TPUIUIETHOIO MOIVIOIIEHUS MPU YBEIMYEHUH SHEPTUU
BCIBILIKK CTPEMUTCS K Npeeny?

Kakue wumerorcs  cmocoObl  ompeneneHUs — KO3(QQHUIMEHTOB  MOTJIOLICHUS
KOPOTKOXXHUBYIIUX TMPOJAYKTOB (Ha NpPUMEpE TPHUILIET-TPUILUICTHOTO IOTJIOIMICHNU)
HaOJII01aeMBbIX IIPH UMITYJIBCHOM (oTOoH3€e?

Kak MOXHO omnpenennTh KBaHTOBBIM BBIXOJ KOPOTKOXKUBYIIMX IPOJYKTOB IIPH
UMITYJIbCHOM (poTosn3e?

Kak moxHO n3meputh pK TpUILIETHBIX MOJEKY?

[Touemy BpeMsl >KU3HHM TPUILIETHBIX MOJIEKYJ, HAONIONAEMbIX MPU HMITYJIbCHOM
(doTronuze, yMEHbIIAECTCS C YBEIIMUEHUEM SHEPIHH BCIIBILIKHU?

MoHO 1 HAOMIOIATh MOTJOUICHHE KOPOTKOKUBYIIMX MPOJYKTOB, €CIIM UX BPEMs
YKU3HU MEHBIIIE BPEMEHH BCITBIIIKH?

KakoBa posib TpUIIETHBIX MOJIEKYJI B BOSHUKHOBEHUH 3aMEIJICHHOH (1yopecLeHIH

HCXOOHBIX MOJ'ICKYJ'I?
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5. MIPAKTUYECKUE PABOTBI.

5.1. TpunieT-TpUIIETHBINA NIePEeHOC IJHePIHii.

1. 9-Huangenanmpen-anmpayer [1]. B Hauyame pabGOThI MPUTOTOBHTH PacTBOpP 9-

nuandenantpena (C) u anTpaneHa (A) ¢ KOHIEHTPAIUSIMH OKOJIO 4.10°M B tomyosie. Ha
JUIMHE BOJHBI JIazepHOro m3iydeHus (308 HM) moriomaer B OCHOBHOM 9-lmaHgeHaHTpeH.
[Tpy UMITyTECHOM BO30OYKIEHUU pAcCTBOpPA MPOUCXOAUT TPUILICT-TPUILUICTHBIA TMEPEHOC
sHepruM ¢ 9-mmaHdeHaHnTpeHa (dHeprus TpuiieTHoro ypoBHs Er = 2.54 53B) na anTpanen
(Er=1.823B). PactBop mepea HUMIYJIbCHBIMH 3KCHEPUMEHTAMH HEOOXOIUMO TIPOIYTh
aproHOM B TeueHue 15 MUH IS yaaJeHus: KUCIOPOIa.

[Tociie MpUTOTOBJICHHSI PACTBOPOB MPOU3BOJAUTCS PETUCTPAIUST KHHETUKA U3MCHCHUS
npomexyTounoro nornomenus npu 430 um ana T-T nornomenus antpaneHa 1 490 HM it

T-T nornouenus 9-nnanaHTpaleHa.

AD#10°

25+ 1
20+
15}

10+

0 é 1b 15
Bpewms, mkc
Puc.1. Kuneruka ruenu TpUILUIETHBIX MOJIEKYJ aHTpateHa (1) u
9-manodenanTpena (2) npu nepeHoce TPUIIETHON SHEPTHH.
Ha puc.13 mnoka3aHbl KHHETHYECKHE KpHUBBIE THMOETM TPUIUIETHBIX MOJIEKYNT 9-
[IMaHaHTpalleHa W aHTpalleHa B Ipoliecce nepeHoca s3Hepruu. OOpaboTKka KHHETHYECKHX
KPUBBIX U MOJIy4€HUE KUHETHUECKHUX MMapaMeTPOB (KOHCTAHThI CKOPOCTU MEPEHOCA YHEPTHH )

MOTYT OBITh TPOU3BEAEHBI pelieHneM AU PepeHInaTIbHbIX YPABHEHUH ISl CXEMbI PEaKIIHil:

h
c ¥, 3¢

¢ — C Ky
¢ +%C — C +C 2k,
)¢+ A—C+°A Ker
A — A ks
A+ A — A+ A 2K,

2. Hagpmanun-anmpayen. llpun uMmyascHOM BO30YKJIeHUHM Ha(TaIMHA B MPUCYTCTBUU

31



aHTpalleHa HaO0/IaeTCsl TPUILICT-TPUILIETHBIM IEPEeHOC SHEPTrUuH, IOCKOIBKY JHEpPrus
TPUILIETHOTO ypoBHs HadTanuHa (2.64 »B) BeIlle 3HEPTUU TPUILIETHOTO YPOBHS aHTpaleHa
(1.823B).

[Ipu ucnoab30BaHUK MAJIOBSI3KUX PACTBOPUTENICH HEOOXOIMMO YAAIUTh KUCIOPO U3
pactBopa. Ilpu ucrnonb3oBaHUM PAacTBOPOB B TIHUIEPUHE WM MOJUITHICHTIUKOIE MOYKHO
paboTaTh B IPUCYTCTBUU BO3yXa. [IpakTuuecku 3a/1a4ya BBITOIHSAETCS CIEIYIOIUM 00pa3oMm.
['otoBsaT pactBop Hadranmaa (0.01 M), koTopsiii pazbaBistoT pactBopurenem B 40 pa3 ¢
pa3JIM4YHBIM COACPIKAHUEM aHTpaleHa — 10°M - 10" M. PeructpupyroT KHHETHKY TPUILIET-
TPUIUICTHOTO TOTJIOmEeHuss Ha juuHe BoidH 430 HM (mis anTpaneHa) u 412 oM (s
HapTanuua). OOdydeHHEe pacTBOPOB MPOBOAST Yepe3 CBETOQWIBTPHI, KOTOphIE HE
MPOITYCKAIOT CBET C JUIMHON BOJIHBI, IOTJIOIIAEMOW aHTparieHoM, Hampumep, HQ313 —
CBETOPWIBLTP IS BBIACICHUS PTyTHOW JMUHUHM 313 HM. OnpenensioT KOHCTaHTY CKOPOCTH
TPUILIET-TPUIUIETHOTO MIEpPEHOCa YHEPTHH.

3. benzogpenon-nagpmanun. Ilpu ummynbcHOM  oOnydeHun OeHzodeHOHA B

NPUCYTCTBUM  HATaJMHA TMPOUCXOAWT TPHUIUICT-TPUIUIETHBIA TIEPEHOC DHEPTUU ¢
OcH3odeHona Ha HadTamuH. [TOCKOJNBKY TPHUIUIETHOE COCTOsSHUE OeH30(heHOHA SBISETCS
OYCHb PEAKIIMOHHOCIOCOOHBIM, €r0 BpeMs KM3HM Maylo (~5 MKc). TpUIIETHbIE MOJIEKYJIbI
OeH30()eHOHA OTPHIBAIOT ATOM BOAOPOAA OT PACTBOPUTENS M JAIOT KETHJIBHBIA pauKal
(A =545 um). Ilpu noGaBieHnn HadTaTMHA YMEHBIIACTCS BBIXOJ KETUJIBHBIX PAJAUKAIOB H
HOSABISETC TPUILIET-TPUILIETHOE TmornomeHue HadpTanuHa (A =412 um). Hcnons3ys
BENMUMHY €r IS KeTHWibHBIX pamukanoB 3220 Mem™, mo ymenbmenmio omnrmaeckoit
IUIOTHOCTH Ha JJMHE BOJHBI 545 HM M MO BEJIMYMHE ONTHUYECKOM IIOTHOCTH TPHILIET-
TPUIIETHOTO TIOTJIONICHUSI HapTadMHAa ONpPEACHSIOT KO3()PUIMEHT SKCTUHKIMH  JUIS
HadTanuHa: ey = er(ADRr/Dy), rne Dy - onTuueckas IUIOTHOCTh TPHUILIET-TPHUILICTHOTO
noryomenuss HadranuHa; ADg - yMeHbIIEHHE ONTHYECKOW IJIOTHOCTH IOTJIOUICHHUS

KETUJIBHOT'O paJuKalia.

5.2. UmnyabcHblii ¢oTosu3 pudodiaBuna.
[Ipu wumnyascHoM ¢ortonusze pubodnaBuna (PP) B npucyrcTBum (QeHOIIOB,
ACKOPOMHOBON KHCIIOTHI, MHJI0JIA M JIPYTUX JOHOPOB JIEKTpOHA HalmronaeTcs obpa3zoBaHue
pagukanoB P® (POH®), mormomarommx B obmactu 500 — 600 mm. JIOHOpBI 3JE€KTpoHA

B3aMMOJICHCTBYIOT C TPUIUICTHBIMU MoJeKylamMu P® u B pesynbrare mepeHoca 3JIeKTpoHa
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obOpasyercsi aHHOH-paguka P®, KOTOPBI B HEUTpPaJIBHOW Cpelie MPEeBpaIlaeTCs B paauKa

POH’, tak kak ero pK pasen 8.3.

l|? R
HyC N N o HaC r|\1 N o
/ ¢
hv =
—_—
= NH NH
HsC N HsC N X
L]
© OH

R=-CH,(CHOH);CH,0H
Boxusiit pactBop P® ¢ konmentpammeii 5-10* M o6Gnydaercs depes KOMOHHALMIO
ceetopmibTpoB JXKC-4 mw DC-6. CBeT CHEKTPaIBLHOW JIAMITBI TPONYCKAaeTCs uepe3
ceeropunbTp JKC-17. KoHueHTpauuss JOHOPOB 3JIEKTPOHA BapbUpyeTCcsl B Ipeaenax
10°-10° M. U3 kumermaeckoil kpuBoii rubenn POH®, cHATON Ha ammHe BOMHEL 560 HM
(puc.14), onpenensercs onTUYECKasi MIIOTHOCTh B HaYaJIbHBII MOMEHT BPEMEHH U CTPOHUTCS

€€ 3aBUCUMOCTb OT KOHIIeHTpauuu goHopa (/).

0.6

0.4+

BonbThl

0.0+

0.0000 0.0005 0.0010 0.0015 0.0020
Bpewms, ¢

Puc.2. Kunerndeckas KpuBasi THOEIH KOPOTKOKUBYIIETO MPOAYKTA MPH UMITYJIHCHOM
doTonuze pubodiaBuHa B TPUCYTCTBUH aCKOPOUHOBOM KHUCIIOTHI.

[Tpu sTom koHueHtpanms POH® nponopruoHasbHa KBAHTOBOMY BBIXOAY TYIICHHS
TPUILIETHBIX MOJIEKY] PD noHOpamu 31€KTpoHa:

®q = Kq 7o [A1/(1 + kg T0 []),

TJ€ To — BPeMsl )KM3HH TPUIUIETHBIX MoJieKyn PP pasHoe 2- 10°c.
OnpenenuB BenUYuHy KoHLeHTpauuu noHopa [HJos mpu D = D./2 u3 runepboinueckoit
3apucumoctd D ot [/l], HaxoguM KOHCTaHTy B3aUMOJIEWUCTBUS JOHOpa DJEKTPOHA C

TpUILIETHBIME Moiekyiamu PD Kq = (1/10)-[T]os.

33



5.3. UmnyabcHbIi (OTON3 KpacuTeJIei.

Kpacurenn mpu BO30OYKIEHHUM BOCCTAaHABIMBAKOTCA B TPUCYTCTBHU JIOHOPOB
aniekTpoHa. [Ipu UMIynbCcHOM (OTOJIM3E KCAHTCHOBBIX KpacUTENeH (203MH, SPUTPO3HH) B
BOJIHOM PAacTBOpe Cyib(puUTa HATPHs HAOIIOHAaeTCs 00pa30BaHUE aHUOH-PAJUKAlIa KPACHTEIs
(KP™) B pe3ynmpTaTe mepeHOca 3JEKTPOHA C CYJIb()HUT HMOHA HA TPUILUIETHYIO MOJEKYTY

KpacCuTeJis:

hv
KP ——> S3KP + SOs© ——» KP™ + SO;3~

X X
HO O ‘ 0]
X O = X
! COOH

X=Br - J03uH
X=I - OpuUTpo3uH

J171s1 BBITIOJIHEHUS TPAKTUUECKOM 3a/1aud TOTOBUTCSI PACTBOP 303MHA UM 3putpo3uHa B 0,1 M
pactBope cynbdura HaTpus. KoHmeHTpanust kpacutenst OepeTcs TakoW, YTOOBI ONTHYeCKas
IUIOTHOCTD TOTJIOIIEeHUs pacTBopa B obsnactu 500 uM Gb1a 0.3 — 0.5 npu JUIMHE ONTHYECKOTO
nytd B 1 cM. OGiyuenue pactBopa npoBoaurcs yepes ceeropuiabTp 3C-1. Kuneruka rubdenu
KP™ peructpupyercs Ha aiuHe BoJHBI 405 M (Makcumym mornomienus KP™°) mpu aByx

BpEMEHax pa3BepTku: 1 mcu 1 c.

BonbTbl
© o o o o o
N w » (8] (2] ~

©
=

o
=)

- iy

0.000 0.005 0.010 0.015 0.020
Bpewms, ¢

Puc.3. Kunernka oOpazoBaHus 1 THOETTN aHUOH-PAJIMKala 303WHA MIPH
UMITYJIbCHOM (DOTOJIN3€E P03MHA B BOJJHOM PAacTBOpPE CyIb(pUTa HATPUSI.
Kunerrka rubenu KP™* apnsercs cnoxnoi (puc.15) u onpenensercs ciaeayromei

PEaKLIMOHHON CXEMOM:
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KP™ + SO;° — KP + SO5*,
SOs™ +S05° —> S04,
KP* —— KP.
Llenbro paboThI ABJISETCS ONPEAETIEHNE KOHCTAHTBI CKOPOCTH B3aumoeicTeus KP™* ¢ annon-
panukanoMm cynbpura. KoHCTaHTa CKOpOCTH IUMEpH3aIllMM aHUOH-PAJUKAIIOB Cylb(ura
paBHa 5.5-10° M xkodpduipent skctuHKuH KP™° s so3una npu 405 HM paseH
3.8-10* Mtem™. Koucranra ckopoctu B3aumozeiicteus KP™* ¢ SO3™° ompenensercs nmu6o
YHUCICHHBIM pEUICHHEM cHucTeMbl auddepeHInanbHbIX ypaBHEHUH, MO0 W3 aHamu3a

ckopoctu rubenu KP™* B HavabHbI MOMEHT BPEMEHHU.

5.4. UmnyabcHblii poT0/IM3 Nepcyib(aT-noHOB.
[lepBUYHBIM TIPOIIECCOM TPHU TMOMJIOMICHUH CBETa MepCysib(aT-HOHOM SIBJISCTCS

mucconuais O-O cBsi3u 1 00pa3oBaHUe aHUOH-PaIMKala Cyibdara.

S,02 _hv 250;

—e
Ha puc.16 mpuBenmeH cmekTp MorjiomeHuss aHuoH-paaukana SO, . OnTudeckas

IJIOTHOCTD ¥ KuHeTuKa rubenu SO, ° He 3aBucsT ot pH cpenpl B untepsaie 1-9.

300 400 500
[nuHa BONHbI. HM
Puc.4. CriexTp moromeHus: aHnOH-pajuKaia cyibdara, moTydeHHBIH ¢ TTOMOIIBIO

UMIYJIBCHOTO (poTONMM3A

[Ipu nanbHeimem yBenuuenun pH HaOdromaeTcs yMeHbIIEHHWE ONTUYECKOM
wiotHocTH SO, °. B HEHTpalbHOM M KHCIIOM pacTBOpaxX aHWOH-PAJMKANBI Cylb(aTa THOHYT
10 BTOPOMY MOPSIKY C KOHCTAHTON CKOPOCTH 3.7.10° M'¢ . B menounoit cpene paauKalibl
THOHYT IO TIEPBOMY TMOPSIIKY C KOHCTAaHTON ~10* ¢!, B menounom pacTBOpe B NPUCYTCTBUU

BO3/yXa TOSBJSIETCS MOTJIOMEHHE ¢ MakcUMyMoM 430 HM, KOTOpoe 0OYCIIOBJIEHO O30HUJ-

35



HOHOM, OOpa3yIOIIMMCS BCJCACTBHE PEAKIMH THIPOKCHIIBHBIX PAIUKAIOB C KHCIOPOJIOM.
Panukaner ruapokcuiia oopa3yrorces nmpu ruapoimse SOy °:
SO, + H,0 ——> *OH +S0,/ + H".
‘OH + 0, — 03 + H".
B mnpucyrcTBun OukapOoHaT-aHMOHA O0pa3yeTcss KapOOHAT aHHOH-PAIUKa, HMCHOIINN
MakcuMyM norjonieHus 600 HM.
SO, + HCO; —— CO3" + SO/ + H,

Kosduument sxeruukiun s COs * m3secten n pasen 1830 M™em™ mpu 600 mm. ITo
YMCHBIIICHUIO onTudeckoi mmiotHocTH SO, ° u mosieHuro mnornomenns CO3° B
3aBucuMoctd ot koHueHtpammu HCO; ompenmenstor kodddumueHT 3KCTHHKIMH SOy °,
KoHCTaHTHI ckopocTh rudemn SO, ° 1 CO3™* ¥ UX CIIEKTPHI IMOTJIOIICHUS.

Jns wu3ydeHus aHUOH-pajuKana cyiabpara roToBiaT ucxoausii 0.1 M pactBop
nepcynbdara Kanus, HaTpus WIM aMMOHUS B Boje. Paboume pacTBOpbI TOTOBST
pa3baBieHreM HUCXOAHOro pactBopa B 10 pa3. OOmyueHue pacTBOPOB MPOBOAUTCS 4Yepes
ceetopuiibtp YOC-1 nmn YOC-2. Kuneruky rubemu SO, ° ucciaenyroT Ha JJIMHE BOJIHBI
455 am. CpaBHEHHE ONTHYCCKUX IIOTHOCTEH Ha JuTMHE BOJHBI 455 HM 1 600 HM mo3BOIISIET
naiitu s SO, * €(455) ~ 1600 Mlemt. B sKkcriepuMenTax ¢ gjobaskamu HCO3;™ HeoOxoanma

BBICOKAsl KOHIIEHTpaIs OMKapOOHAT-UOHA, YTOOBI PEaKIMs ¢ HUM YCIIEITHO KOHKYypHUpOBaia

¢ pekomGuHanmeit SO4* (2K = 1.6-10° M*c™).

5.5. ®oTou3zomepu3anus OPTO-HUTPOTOIYOIOB.

1. o-Humpomonyon . Ilpu uMIynbCHOM BO30YX/I€HUU 0-HUTPOTOJYOJIa IPOUCXOIUT MEPEHOC
BOJIOPOJIa OT METWUJIBHOM TPYNIbl Ha HUTPOTPYIIY M oOpa3yeTcs OKpallleHHbIH H30Mep,
KOTOPBI OBICTPO TEPEXOTUT 00paTHO B McXomHyI (Gopmy. Ha puc.9 mpuBeneHb crieKTpsl
(oTOM30MEPHBIX (POPM O-HUTPOTOIIYOJIa, OTYUEHHBIX C IIOMOLIBI0 UMIYJIBCHOTO (POTONIN3A.
IlepernanHblii B BAKYyM€ 0-HUTPOTOJIYOJ PACTBOPSIIOT B cniupTe. McXxoaHas KOHIIEHTpaus —
4-10° M. Jins IPUTOTOBJICHUS pabOYMUX PACTBOPOB MCXOJHBIN pacTBOp pa3basistoT B 20 pa3
0.1 H NaOH wmm 1 1 HCI1. 3aTem u3MepstoT KHHETHKY 3aTyXaHUsI KOPOTKOKUBYIIEH (HOPMBI
IPU PA3JINYHBIX JUIMHAX BOJIH. ONpenesnsioT KOHCTaHThl CKOPOCTU THOENN U CTPOSIT CHEKTPhI
MIOTJIOIIEHHS H30MEPHBIX KOPOTKOKUBYIIUX (HOPM.

2. 2,4-/lunumpomonyon . Ilpu UMIyIbCHOM 00JIy4eHUH 2,4-TUHUTPOTOIYO0JIA AHAJIOTUYHO O-

HUTPOTOIYOJTY HAOIOAaeTCsl 00pa30BaHUE KOPOTKOKHUBYIIIUX U30MEPHBIX (hopM:
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HsC NO, ——» H,C NO,
N N+/
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o N\ . o N\
v
H,C NO,
/N+<
(o) o~

B untepBane pH 2-13 nabmromaercs TOJIBKO aHUOHHAs (opma, KOTOpas IpeBpamacTcs B
ucxonnyo Gopmy. KuHetnka npeBpaiieHus aHHOHHOW (OPMBI B UCXOJIHYIO 3aBUCUT OoT pH
CpeIbl U MPUCYTCTBUS KHUCIOT, OCYIIECTBISIFOIIMX OOIIMA KUCIOTHBIM Karanu3. KoHcranTa

CKOPOCTH MOKET OBITh 3arucaHa B 00IIeM BHJIE CICAYIOIIIM 00pa3oM:

ky = kHZO + kH+[H+] + kA [HA]
rjae kHZO - KOHCTaHTa CKOpPOCTH THOETW HM30MEpPHOH AaHWOHHOW (OPMBI B IIEIOYHOM
pacTBopE; kH+ - KOHCTAHTa CKOPOCTH TMOENH, KaTalusupyemMas npoToHamu; Kpa - koncranTa

CKOpPOCTH O6HI€FO KHUCJIOTHOTI'O KaTaljin3a.

I[J'ISI OIMPECACIICHUA 3TUX KOHCTAHT MMPOBOAAT U3BMCPCHUS KUHCTUKH rudenu H3OM€pHOI>i
aHHOHHOMU (I)OpMBI B 3aBUCHUMOCTH OT pH CpeAbl U OT KOHLCHTpAUIWU, HAIIpUMED, YKCyCHOﬁ
KHCJIOTBI, KOTOpas ABJISICTCSA 06H_[I/IM KHCJIOTHBIM KaTaJIU3aTOPOM JAaHHOI'O IIpomecca. Ha

puc.17a npuBereHa 3aBUCUMOCTb KOHCTAHTbI CKOPOCTH INpEeBpallleHus aHHOHHOW (pOpMBI OT

pH (HClO4), 13 KOTOpOIl MOKHO OMpEAETUTh KOHCTAHTY kH+ . VI3 3aBUCMMOCTH KOHCTaHTbI

CKOpOCTH THOeNn aHHMOHHOM ()OpMBI OT KOHIEHTpauuu areratHoro Oygepa (puc.176), To
€CTh YKCYCHOM KHCIOTHI, IpH oHOM 3HadennH pH naxonar semmunny Kya. s nposenenus
W3MEPEHUI TOTOBST 2° 102 M pactBop 2,4-aAMHUTpOTONIyosa B ciupTe. CIUPTOBOM pacTBOP
no0aBysl0OT B paboumii pactBop Ais  oOnydeHuss B konmuectBe 1 % (mo oObemy).
Kunernueckue nzmepeHust npoBoaaT Ha anuHe BOiHbI 530 HM ¢ unbTpom YDC-1. 'oToBAT
ciemyromue ucxoaHbie pacTBopbl: 1 H. pactBop NaOH, 0.1 v. pactBop HCIO4 u 0.1 H.
OydepHbIii pacTBOp: YKCycHas kKucioTa + arnerat Hatpus (1:1). icxomHbIit pacTBOp XJIOPHOM
KHCIOTHI pa3GaBisercs mociegoBaTensHo B 3 pasa g0 10™ M. Bydepnbii pacTBop

a30aBJIAETCS 10 KOHIIEHTPAlIUi B HHTEPBAJIE 102 -102 M.
p p p
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19 Kyen Kaken' €
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Puc.5. 3aBUCHUMOCTh KOHCTAHTBI CKOPOCTH MIPEBpAIeHHs] aHUOHHON (OopMBI 2,4-
JMHUTPOTOIYOIa OT pH cpenpi(a) u OT KOHIIGHTpaIiK arletaTHoro 0ydepa(o).
[Tocne npoBeneHUs H3MEPEHUH MPOBOJAT KUHETHYECKYIO OO0pabOTKYy KHUHETHUKH

U30MEpPHON aHMOHHOW (OPMBI, CTPOST 3aBUCUMOCTH BEIIMYMH KOHCTAHT CKOpocTd oT pH u

koHuentpanuu CH3COOH u onpeaensoT KOHCTAHTHI kH+ 1 Kua.

B kauecTBe 00IIEro KMCIOTHOrO KaTajlM3aTopa MOXKHO TaKXKe HMCIIOJIb30BATh TIIMIIMH
+ v o
NH3CH,COOH. B 3ToM cityyae UCXOAHBIM pacTBOP TOTOBAT U3 CMECU XJIOPHOW KHUCIOTHI U

rurmHa (1:2) ¢ konnentpanueit 0.1 M; pH Takoro pactBopa paseH 2.5.

5.6. @oToXxpomMHbIe NPeBpaLeHUsI IPOU3BOIHBIX AHTPAXHMHOHA.
@DOTOXpOMHBIE NPEBpALLCHUs] MPOM3BOJIHBIX AHTPAXMHOHA (0OpaTHYIO peakIuio
nepeHoca aToMa BOIOp0o/1a) MOYKHO MCCIIEI0BATh HAHO- MM MUKPOCEKYH/IHBIM HUMITYJIECHBIM
doromuzom. st 1-metmn-9,10-anTpaxmHOHa (OTOXPOMHBIE MpEeBpaIieHUs] 00yCIOBICHBI

MEpeHOCOM aToOMa BOAOpOJa OT CH3'pr1'IHLI K aTOMY KHCJIOpOJa:

CH3 OH CH,
hv
—_—
-
O

Heoxpamennas HauanbHas opma MMeEET JUIMHHOBOJIHOBYIO MOJIOCY MOIJIOMICHUS C
MakcUMyMoM 1pHu 376 HM U kK03 duumenTom s3kcTuHKIUU 5750 Mlem™. s OKpaIleHHOU
dopMBl XapakTepHa TIOJOCa TMOIJIOUIEHHS B JKENTOM uacTu coekTpa Ha 580 HM
(e = 9300 M™'cm™). KBaHTOBEIH BBIXOZ (DOTOXPOMHOIO MPEBPAIICHHS TP OONYUCHHH B

obmactu 300 — 350 uM cocraBinsieT mpumepHo 0.2.
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B nawane paboTbl HEOOXOIUMO MPUTOTOBUTH pacTBop 1-mMermin-9,10-anTpaxuHoHa B
9TaHOJIE C KOHIIEHTpAIMel, KOTopasi CO3AacT ONTHUYECKYIO TUIOTHOCTD MOPAIKA €TUHHUIIBI Ha
JUIMHE BOJIHBI HUMITYJIbCHOTO OOJIydeHHs. 3aTeM MPOU3BOAMUTCS PETUCTPAIMS KUHETHKH
IPOMEXYTOYHOTO TOTJIONICHUS M 10 HUM CTPOMTCS ONTUYECKHH CIEKTP OKpaIIeHHOU
dopmbl. Kunernka ee mpeBpaiieHus NMOAYUHACTCS TepBomy mopsnaky. Jms 1-merwmn-9,10-
aHTpaxMHOHAa B JTaHOJE IPU KOMHATHOM TemIepaType oOpaTHas peakius MpOTeKaeT
npuMmepHo 3a 160 Mxc. M3MepeHust npu pasinyHBIX TEMIEpaTypax IMO3BOJIAT OINPEAEIUTh

SHEPTHI0 aKTUBAITUU 00paTHOU peakuu (Eq, ~ 45 xJ/Moib).

5.7. ®OTOJIN3 KOMILJIEKCA HOHA jKejie3a ¢ POAAHU/IOM.

Honsl TPEXBAJICHTHOI'O KCJIC3a O6p33y10T KOMIIJICKC ¢ MOHaMHU pOoJaHuaa:
k
[Fe(H:0)s]* + SCN' T——> [Fe(H,0)sSCNJ” (1)

OOpa3yromuiicss KOMIUIEKC IMOTJIOMAET CBET B BUIUMOW O0JAacTH CHEKTpa M MOMKET
JUCCOLIMUPOBATh OOpaTHO Ha CBOOOJHBIE MOHBI MOJ JeHCTBHEM BuAMMOro cpera. llenb
paboThel 3aKkirovaercs B HAOJIONEHHWM pacraja KOMIUIEKca I0oJ JCHCTBHEM CBETa C

MOCIIEAYIOLUM ero oopa3oBanueM (puc.19).

0.6

0.5 oranma
U /
0.4 »
0.2
0.1 \/

0.0

0.0 0.2 0.4 0.6 0.8

Bpewms, ¢
Puc.6. OcumnnorpaMma pacnaja 1 BOCCTAHOBJICHHUS KOMIUIEKCA HOHA JKeJle3a C HOHOM
pOJaHK[A TP €r0 UMITYJILCHOM (pOTOITHU3E.
Jlns mpoBeeHUs SKCIIepUMeHTa roToBsaTes cinenyrome pactBopsl: 0.02 M Fey(SO4)3
B 0.1 M H,SO,4 0.02M KSCN, 0.1 M H,SO4, 1 M NaySO,. PactBOp 111 mpoBeneHHS
SKCIIEpUMEHTa FOTOBHTCS ¢ KoHueHrtpauueil [Fe®'] = [SCN]=5-10*M, [H+]=0.01M u

[Na;SO4] = 0.2 M. IIpuroroBiieHHBIN pacTBOP HEOOXOIUMO AepKaTh B TeMHoTe. OOnyueHHe
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pacTtBopa ocymiectBisieTcs: yepe3 cBeTopunbTp XKC-17 nmm XKC-18. MI3MeHeHne noriomeHus
KOMIUIEKCa PEruCTpUpyeTCsl Ha JAJIMHE BOJIHBI 460 HM, MPU 3TOM CBET CIEKTPAIbHON JIAMITbI
npomyckaercs Jau00 uepe3 HMHTEp(EepeHUMOHHBIH (UIbTp, JTHMOO0 uepe3 KOMOMHALUIO
¢mibTpoB, Hanpumep, XKC-16 + OC-6.

Peakuust oOpa3oBaHHs KOMILJIEKCAa 3aBUCUT OT KOHIIGHTpAallMM HMOHOB BOJOpPOJAa H

Ol'Ipe,I[eJ'I}IeTC}I CJ'IC,I[YIOH_[I/IMI/I ypaBHeHI/I}IMI/IZ
[Fe(H.0)]** == [Fe(H.0)sOH]*" + [H'] )

[Fe(H,0)sOH]** + SCN & [Fe(H,0)4(OH)SCN]* (3)

[Fe(H,0)4(OH)SCN]* + H" ——2 [Fe(H20)sSCNJ** (4)
PaBHOBecue peaknuii (2) u (4) ycraHaBIuBaeTcsi OBICTPO, TIOITOMY CKOPOCTH 00pa3oBaHUS
KOMIUIEKCa Mociie ero OTOXUMUYECKOTO pachaaa OyAeT 3aBHCETh B OCHOBHOM OT KOHCTaHT
ckopoct K; Ky, CkopocTs 06pa3oBanus KOMILIEKCA MOKHO 3aITHCaTh CIIETYIOIMM 00pa3oM:

d[FeSCN]/dt = ki[Fe][SCN] + Kk,[FeOH][SCN] (5)

Jns npoctorel U3 ypaBHeHHMs (5) HCKIIOYEHbl BHYTpUC(HEpHbIE MOJIEKYJIbl BOJIBI.

Konnenrparnus [FeOH] CBsI3aHA c KOHI[EHTpaIuei [Fe] ypaBHECHUEM:

Kon = [FEOH][H+]/[Fe], rme Kon=1.9-10°M™. Moxuro mnokasare, uro HaGmonaemas
KCIICPHMEHTANbHO KOHCTAHTa CKOPOCTH 00pa3’oBaHMs KoMIUIeKCa Kexp ToCIe  ero

q)OTOXI/IMI/I‘leCKOFO pacmnaaa 6y,HeT ONpCACIIAATECA YPABHCHHUCM!

c

koo = (ki + K2 (Ee T4 [sONT + ) | ©)
[H'] K

I'ne [Fee] u [SCNe] — paBHOBECHBIC KOHIIEHTPAIIUU ¢ KOHCTAHTON PAaBHOBECHSI:

K. = [FeSCNe]/ [Fee][SCNg].
M3 3aBUCHMMOCTH BEIMYUHBI SKCIIEPUMEHTAIBHON KOHCTAHTBHI CKOPOCTH 00pa3oBaHUs
KOMIIIEKCa OT KOHIIEHTPAIIMH HOHOB BOJOPOIA MOXKHO ONpeneanTh KoHcTaHTsl Ky u Ko, TIpn
stom Beanunnbl K¢ , [Fee] u [SCNe] ompenensrorcs u3 crexTpa IOrIOMIEHHS KOMILIEKCA C

YUYCTOM BCIIMYHUHBL KOB(p(I)I/ILII/ICHTa OKCTUHKIUM B MAaKCUMyMC CTroO IIOTJIOICHUA paBHOﬁ

5000 M tem™.
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