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BBeneHue

XHUMHUUYECKasi KUHETHKA, KOTOPAasl ABJIIETCS HAYKOM O CKOPOCTSIX
Y MeXaHU3MaX XMMHUYECKOTO MIPEBPAIEHNs, BCET/Ia aKTUBHO MUCTIONb-
30Bajia BCIO COBOKYITHOCTh (PM3UKO-XUMHUECKUX METOJIOB M Pa3JIN-
HBIX TIPUEMOB JUIsl YCTAHOBJICHHS JIETAILHOTO MEXaHM3Ma CIIOKHBIX
XUMHYECKUX TporieccoB. J[aBHO mponum Te BpeMeHa, Koraa KBaju-
(bUIIUPOBAaHHBIX XMMHKOB YJOBIIETBOPSIA KadeCTBEHHAs KMHETHYe-
CKas XapaKTepUCTHKa CKOPOCTH XMMHWYECKOW peakIny WU KOrja
PEaKIMOHHYIO CIIOCOOHOCTh XUMHUYECKUX COEAMHEHHUH OMpeaeIsin
TOJIBKO IO CTETIEHW WX MPEBPAIIEHHUS 3a OINPENIEICHHBIN MPOMEXKY-
TOK BPEMEHH, HE BJIaBasCh B IETAIM MEXaHU3Ma 3TOTO TPEBpaIeHUsI.
B nacrosee BpeMs pe3ynbTaToM Cepbe3HOTO KHHETUIECKOTO HCCe-
JTIOBAaHUS SBISIETCS HE TOJBKO YCTAaHOBJICHHE BCEX CTaIHi OCHOBHO-
T'O HaNpaBJICHNs XUMHUYECKON peakiuu (a 4acTo W MOOOYHBIX), HO H
oTIpe/ieTIeHre KOHCTAHT CKOPOCTH 3JIEMEHTAPHBIX PEaKIHii, 00Hapy-
YKEHHE TIPOMEKYTOYHBIX JTAOMIBHBIX MPOTyKTOB PEAKIIN N KOMILIEK-
COB, TIOJTIy4Y€HHE MOAPOOHON MH(POPMALIUK O CTPYKTYPE M CBOMCTBAX
nocneAHnX. Takoe TMOJO0XKEHHE CIIOKUIOCH HE TOJBKO MO MPUYHHE
BO3POCHINX TPeOOBaHWN HAyKH, HO U TIOTOMY, YTO 3a MOCJIETHUE Jie-
CSITUIIETHS CO3aHbI HOBBIE COBEPIIICHHBIE METO/Ib H3YUCHHS KUHETH-
KH CKOJb YTOIHO OBICTPBIX XMMHUYECKUX MPOIECCOB, TO3BOJISIONINE
M3MEpATh XapaKTePUCTHUYECKHUE BpPEMEHa peaklnu, MPUOIHKAT0-
IIFecs IO TOPSIKY BETMYUHBI KO BPEMEHHU OHOTO MOJIEKYJISIPHOTO
kosebanus, T. €. 10712 —1071° ¢. Iimst ucciieoBaHNsT KUHETHKH XUMH-
YECKUX PEaKINi MPUMEHSIOTCS pa3IUYHbIe CTIEKTPAIbHBIE METOJIBI,
CTpYyEBBIE, PETaKCAlMOHHBIE, SJCKTPOXUMUIECKHE METO/IbI, METOBI
MOJIEKYJISIPHBIX ITyYKOB U T. 1.

Jns m3y4deHus: XUMHUYECKOW KHHETHKU IIUPOKO TPUMEHSIOTCS
PaAMOCTIEKTPOCKOTINYECKHE METOJBI, B TIEPBYIO OYepeab 3JIEKTPOH-
HBI TapamMarHuTHBIA pe3oHanc (DIIP) m snepHbIii MarHUTHBIN pe-
3oHaHC (SIMP). YcoBepmiencTBoBana anmaparypa 1 MOJyqriIH 1ailb-
Hel1Iee pa3BUTHE TaKHe KJIACCHYECKHE METOJbI MCCIIEOBAaHNUs, KaK
nH(ppakpacHas u yapTpaduoneToBast CIEKTPOCKOMHS, CIIEKTPOTIOS-
pumeTpusi. Bee mmpe HaYMHAIOT UCTIOIB30BATHCA PA3NUYHbBIE (PITyo-
PECIIeHTHBIE M XEMITIOMUHECIICHTHBIE METOJBl aHajn3a KOPOTKO-
KUBYIIIUX YaCTHI], UMITYJIbCHBIM (DOTONN3, METOABI OCTAHOBJICHHOW
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CTpyd U T. M. [IpakTHuecKkn HU OJJHO KMHETHYECKOE HCCIIEIOBAHUE
He 00X0IUTCsI 0€3 MPUMEHEHHS XpoMaTorpauueckux Metoaos. Oco-
OCHHO IIUPOKOE PACIPOCTPAHCHUE TOIYYHIIA Ta30)KHIKOCTHAS XPO-
Matorpadus, o0anaronias BEICOKOH 4yBCTBUTEIBHOCTHIO. Bee 001b-
1I€ BHEAPSIOTCS B KHHETUUECKUE UCCIEN0BAaHUA Pa3jIMUHbIE BaprUaH-
ThI TEPMOTPAPHUUECKUX U KATIOPUMETPUYECKUX METOIOB, KOTOPHIC
MPAKTUYECKH HE3aMEHHMMBI MPU UCCIEAOBAHUU PEAKLMI B TBEPAOU
(haze u mpu HU3KUX TEMIEpaTypax.

[Iupoko ucnonbzyercss B KUHETHUYECKUX HCCIEIOBAaHUSIX BbI-
yucnuTeNnbHas TexHuka. C ee mpHMEHEHHEeM BeJeTcs o0paboTka
MOJIy4YeHHBIX pe3ynbTaToB, aHanu3 SMP-, OIIP- u MK-cnekrpos,
peuienue cuctem nupGepeHIUaIbHbBIX YPaBHEHUN, OMHUCHIBAOIIAX
KHHETUKY CIIOXKHBIX peaklui. XUMUYeCKass KHHETHKA BCe OOJIbIIe U
0O0JIbIlIe PEBPAIIACTCS B HAYYHYIO OCHOBY BaYKHEUIIIMX TEXHOJIOTH-
YecKUX npoieccoB. OHa pacupsieT BO3MOKHOCTH KOJTUYECTBEHHOTO
M3YYCHHUs MEXaHM3Ma CaMbIX Pa3HOOOpa3HBIX MPOIECCOB B Heopra-
HUYECKON M OPTraHUYECKOM XMMUH U B HACTOSIIIEE BPEMS COCTABJISAET
Ba)KHEUIIINM ATAIl BCEX XMMUUESCKUX UCCIIeOoBaHUi. MBI OCTaHOBUM-
Cs TOJIbKO Ha IIMPOKO PAaCHPOCTPAHEHHBIX CHEKTPAJIbHBIX METOJAxX
HCCIIEIOBAHUS XUMHUUYECKUX peakuuil. MccnenoBanne KUHETUKHA XH-
MHMYECKHUX PEAKLINI BKIIOYAET:

1) uaeHTUUKAIIUIO UCXOMHBIX, KOHCYHBIX U MPOMEXKYTOUHBIX
MPOAYKTOB;

2) U3y4eHue EMEHTAPHBIX CTAJNNA XUMUYECKOTO MPOIIECCca;

3) noKa3aTenbCTBO OOpa30BaHUS POMEKYTOYHBIX KOMIUICKCOB
MEX1y KOMIIOHEHTaMHU PEAKLIMOHHON CUCTEMBI;

4) moyiydeHuEe KUHETHYECKUX 3aBUCHUMOCTEH, MaTeMaTHYECKOM
MOJIETIM ¥ ONPENEIEHNE CKOPOCTH XMMHUUECKON pEaKLINH;

5) yCTaHOBJICHHE TOPSIKA PEAKIIUH U KOHCTAHT CKOPOCTEH 3JIe-
MEHTapHBIX peaklui U OpyTTO IpoIiecca;

6) BBIYUCIICHUE SHEPTUU aAKTHBAIIMYA XUMUYECKOTO TIpoIiecca.

Paccmotpum npuMeHeHue 3JeKTPOHHON U MH(paKpacHO# Crek-
TPOCKOIIUH, 3JIEKTPOHHOTO MapaMarHUTHOTO PE30HAHCA U SJIEPHOTO
MarHUTHOTO PE30HaHca ISl UCCIIEIOBAHUS KUHETUKU U MEXaHW3Ma
XUMHUUYECKUX pPEaKLHil.



1. J/IeKTPOHHAsA CIIEKTPOCKONUSA

1.1. Kpamkue ocHO8bI Memoda

DNEKTPOHHBIEC CIIEKTPHI MOIJIOIIEHUS! BOSHUKAIOT B PE3yibTa-
T€ TEPEXOJO0B 3JICKTPOHOB MEXKIY 3JICKTPOHHBIMU COCTOSHHUSIMH
B MOJIEKYyJIe M HAOJIOJAIOTCS B YJIbTPapHOIETOBOH, BUIMMON H
onmmxHel nnppaxpacHoit odnactsax (120-2600 um). DHepruu nepe-
xo110B coctasisitor 6oiee 400 kJx/Monb. [Tpu mornomenun Takoi
SHEPrUH OJHOBPEMEHHO MPOMCXOAUT U3MEHEHHE B KOJICOATEIbHBIX
1 BpalaTeIbHbIX COCTOSHUAX. [109TOMY 37I€KTpOHHBIE CIIEKTPHI CO-
CTOAT M3 MIMPOKHX IOJIOC, HA KOTOPBIX MHOT/Aa BUIHA KOJeOaTeb-
Hasl CTPYKTypa.

s ontrueckux crektpos (Y@, MK) cymectBytoT obmume 3ako-
HBI TIOTJIOLCHHUS U3IIyYCHHS, JAIOIINE COOTHOLICHUS MEXK/1Y BEJIMYH-
HOM IOTJIOIIEHHS U KOJIMYECTBOM IOTJIONIAIOIIEro BemecTsa. [lotok
napajyieNbHbIX Jydyed MOHOXPOMAaTHYECKOTO CBETa MPH MPOXOXKIe-
HUH 4epe3 TOMOTCHHYIO TOTJIOLIAIONIYIO CPey OcaaliseTcs mo KC-
MOHEHIIMAIBHOMY 3aKoHY (3akoH JlamOepra — Byrepa)

I=1,-¢*

rae [/, — WHTEHCUMBHOCTD MaJIAl0IIEr0 MOHOXPOMATHIECKOTO U3~
JydeHusi; /| — WHTEHCHBHOCTH MPOILIEIIEr0 MOHOXPOMAaTHYECKOTO
W3Ty4eHUs]; /| — TONIMHA MOTJIOMIAIOIIETO CIIOs BEIIECTBa; k — KO-
3¢ GULKEHT MOTIOMICHUS, SIBISICTCS HHANBUAYAILHON XapaKTepUCTH-
KO BellecTBa JUisl KaKJON JTHMHBI BOJHBIL.

OO0bI4HO UCTIONB3YyeTCs Torapupmudeckas Gopma 3arucu
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1,
A=1g-2 =k,
gI 1% »

rae k, = 0,434k, T. e. moriomaromas cnocoOHOCTh BEIIECTBA;
A — abcopOItust, IPOTOPIIHOHATBHA TOIIHHE TOTJIOIAIONIETO CITOS.
Bropoii 3akoH, chopmynupoBanHubiii A. bepom B 1892 1., BHI-
pajkaeT CBsI3b MEX/Iy MOTJIOMIAOINIEH CITOCOOHOCTHIO U KOHIIEHTPA-
IMeil MOTJIOIIAOIETO BEIIECTBA B PACTBOPE: MOTOK MapalIeIbHBIX
Hy‘leﬁ MOHOXpOMaTI/I‘IeCKOI‘O I/I3J]y‘-IeHI/I$1 HpI/I HpOXO)KI[eHI/II/I qepe3



pacTBOp MOTJIOMIAOIIEro BeuecTBa KoHeHTpauuu C ocnabisercs
10 3aKOHY il
I1=1,-e
WK B JlorapugMudeckoii popme

I
A=1g=2
57

2

= k,Cl | k, = 0,434k,

rae k, 1 k, — kK03 GUIMEHTHI TOITIOMIEHHS, XapaKTEPU3YIOIIHE
BEILIECTBO.

DKCIIEpUMEHTAIBHOE OIpeJeNicHHe BBIOJHEHUs 3akoHa bepa
JUIS JTAHHOTO BEIIECTBA 3aKJIIOYAeTCsi B HCCIECIOBAHUHM 3aBUCHMO-
cti abcopOuuM OT KOHLEHTpauuu. B ciiyyae moguuMHEHUs: pacTBoO-
pa BemiecTBa 3akoHY bepa sTa 3aBUCHMMOCTH AJIsl Pa3lMYHBIX JUIMH
BOJIH MMeeT BHUJI NpsiMO JuHUH. OIHAKO JOBOJBHO YacTO MOJISP-
HBIH KOA(QQULUUEHT MoTrameHns 3aMEeTHO U3MEHSETCSl ¢ KOHLIEHTpa-
LUel pacTBOPEHHOro BellecTBa. Takue OTKIOHEHUs OT 3akoHa bepa
BO3MOXHBI BCJIEICTBUE MPOTEKAHUSI MPOLIECCOB aCCOLMALINH, MOJH-
Mepuzanuu, odpazoBanus H-cBs3el, T. €. Korja MOJEKYJbl pacTBO-
PEHHOTO BEILIECTBAa MEHSIOT CBOU CBOMCTBA, B YACTHOCTH BEJIHYHHY €.
Torna € = f{(C) u npsiMonuHeiiHas 3aBUCUMOCTb A OT / OTCYTCTBYET.
DJEKTPOHHBIN CHEKTP MOTJIOLICHHUS 3allUChIBACTCS KaK 3aBUCUMOCTD
ko3 duLIMeHTa NOTJOWIEHUS OT JJUHBI BOJHBI, T. €. BBIPAXKACTCS C
MTOMOILBIO IBYX MIEPEMEHHBIX — (aKTOpa MHTEHCUBHOCTH U (haKkTopa
JUTMHBI BOJHBI. ECITM KOHIIEHTpalus BelecTBa BhIPaKeHa B MOJIb/JI U
TOJIILIMHA CJIOSl — B CAHTHUMETPaX, TO (akTOp HMHTEHCUBHOCTH Ha3bl-
BaeTCs MOJISIPHBIM KO3()(h)UIIEHTOM HOTJIOLICHUS €, NI DKCTUHKIH-
eil. B Takom ciyuae 3akoH bepa 3anuceiBaeTcs B Buzie

A=¢eCl .

CriektpodoTomerpusi B BUIUMON 1 Y D-001aCTSIX MO3BOISET OCY-
LIECTBIJISITh KOHTPOJIb 32 CTENEHbI0 OYHUCTKH HCCIIEAYyEMOro BEIECTBa,
UCIIONB3YETCs ISl MACHTU(HUKALMK U YCTAaHOBJICHHS CTPYKTYPBI PA3JIny-
HBIX coemHeHnH. CreKTpoOTOMETPUIECKUI METO/ IT03BOJISIET TOYHO
OIPEeNIeTINTh KOHCTAHTBI AUCCOLMALMU KUCIIOT U OCHOBaHMM. OH Takxe
JIaeT BO3MOXKHOCTH HCCJIEAOBATh IPOLECCHl KOMILIEKCOOOPa30BaHUSL:
HAaIIpUMED, IIMPOKO IPUMEHSIETCS /1L U3yUEHHS JOHOPHO-aKLENTOPHBIX
B3aMOZCHCTBHI, KOMIUICKCOB C IIEPEHOCOM 3apsizia.
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B nocnennue roznpl 0cOOEHHO PaCIIMPUIIOCh IPUMEHEHUE CIIEKTPO-
(oTomMeTpun ISl KOJIMYECTBEHHOTO aHaIn3a B XMMHUUYECKOH KUHETHKE.
HccnenoBanne KHHETMKH XMMUYECKUX peaklMii OCHOBAaHO Ha TOM, YTO
HCXOJIHBIE BELIECTBA M MPOIYKTHI PEaKLK UMEIOT pa3HOE MOTTIOMIEHHE.
OTO MO3BOJISAET CIEIUTH 3a N3MEHEHNEM X KOHIIEHTPALMI BO BpEMEHH.
PaspaboTan psig cnenyaibHbIX IPUEMOB TS U3YUCHUs] KWHETUKU Obl-
cTpbix peakuuii. Co3aanbl ceKTPOGOTOMETPbI, CKOMOMHUPOBAHHBIE C
YCTaHOBKOM OCTaHOBJIEHHOM CTPYH U MO3BOJISIOLINE U3Y4aTh KUHETUKY
peakuui, mporekaronmx 3a Bpems ot 1 10 107 c. bonbimm nocrons-
CTBOM BHIAMMOI U Y D-CIEKTPOPOTOMETPUH SIBISIETCS €€ BBHICOKAS YyB-
CTBUTENILHOCTb U CPABHUTEIILHO HEAOPOTasi CTOMMOCTH IPUOOPOB.

1.2. H3yyeHue KUHemuKuU Xumu4ecKux peakyutl

[Tomydenue TaHHBIX 0 KHHETHKE XUMHYECKUX PEAKIIHHA CIIEKTPO-
(hoTOMETPUIECKIM METOJIOM, KaK IPaBUIIO, OCHOBAHO HA Pa3HOM I10-
TJIOIIEHUH CBETA UCXOJHBIMH BEUIECTBAMHU U TIPOTyKTaMH.

Ecnu ymacTes mpoBecTH KOJIHMYECTBEHHBIN aHaIn3, TO MPH MTOMO-
M KaJTHOPOBOYHBIX KPUBBIX MOXHO IMOCTPOUTH KHHETHYECKHE KPH-
BbI€ M3MEHEHHNsI KOHIICHTPAIINX UCCIIEAYEMBIX BEIIECTB BO BPEMEHH
1, 00paboTaB UX OOMICTIPUHATHEIMA METOIaMHU, OTIPEICTUTH KOHCTaH-
Ty CKOPOCTH PEaKIThH.

Ha puc. | npuBeneHbsl HayanbHbI y4aCTOK KHHETUYECKON KpH-
BOU m3MeHeHUsT abcopOrmu 6poma (A = 415 HM) B cMeCsIX ¢ TPUXJIO-
potuienom B CC1, v rpasiyupoBOYHast KpHBAs JUIs OTIPEIEIEHHS KOH-
LneHTpanuu Opoma. ['pagynpoBodHas KpuBas TMO3BOJSET TOITYYIHTH
KHHETHYECKYIO KPHBYIO M3MEHEHHs KOHIIeHTparu opoma. O6paboT-
Ka 3TOW KPUBOM MO WHTETPAILHBIM YPAaBHEHUSM JIJIS1 KOHCTAHTHI CKO-
pPOCTH pa3HBIX MOPSAKOB MOKA3bIBACT, YTO CKOPOCTh OPOMHUPOBAHUS
TPUXJIOPITHIIEHA TIOAYNHACTCS YPAaBHEHHUIO

W = k,[Br, ]*[C,HCL,].
3 2 2 3

B paac Ciay4dacB I HAXOXKIACHUSA KHHCTHYCCKHUX XapaKTCPU-
CTUK pPCaKIHU HCT H€O6X0,Z[I/IMOCTI/I CTPOUTH KPHUBBIC M3MCHCHUA
KOHICHTpAall BO BPECMCHHU, @ MOKHO HCIIOJIL30BATh CBS3b a6cop6—
UK CO CKOPOCTHIO PCAKIINH.



2 4 6 g  C-10° moms/n

A 4

0.8 + T

- 1,0

0.7 + - 0.5
: { : :

3 I T

Puc. 1. 3asucumocmo usmenenus abcopoyuu opoma 6 peakyuu e2o npu-
coedunenus k mpuxaopsmunery npu 20 °C (1) u 3asucumocmsv abcopoyuu
opoma (A = 415 um) om xonyenmpayuu npu 20 °C (2)

[TycTh MpoucxoquT OUMOJIEKYJIISIpHAS PEaKIIUs
A+B—-C+D.

Habmomaemoe noruomenue 4 B 11000 MOMEHT BpEMEHH cilara-
€TCsI U3 MOTJIONICHHS UCXOIHBIX BEIIECTB U POJIYKTOB PEaKIIUU

A=A, +A,+A.+A,=(,C +e,C,+e.C.+e,C,

rie / — tonmuHa KroBeTbl; C — KOHIEHTPALUs KOMIIOHEHTOB.
B HavanbpHBIN MOMEHT BpeMeHH npu ¢ = 0

A= (8 C1 + ey Gyl
Yepes HEKOTOPOE BPEMsI ¢ TIOCIIE Hayalla PEaKI|K
A, =[e,(CL—x)+te,(C) —x)+ex+ex],

TJIe X — U3MEHEHHE KOHIICHTPAIIMN UCXOIHBIX BemecTB. 3 aTo-
r'0 YpaBHEHHUS OYEBUHO, UTO



dh,__ ds
dt dt

b

I7ie 0L — IOCTOSTHHASL.

Takum 00pa3oM, U3MeHEHHE a0COpPOLMU B X0J€ XUMHUYECKOTO
mporecca 0HO3HAYHO CBSI3aHO CO CKOPOCTBIO peakiuu. ITo 006cTo-
SITEIbCTBO MCIOJB3YETCS I MOJyYeHUs] KMHETUYECKHUX XapakTe-
PHUCTHUK peakltu.

J151s n3ydeHust KHHETUKH OBICTPBIX XUMUYECKUX PEaKIHid B CTICK-
TPOPOTOMETPUH MPUMEHSIOT METOJI OCTAHOBJICHHOH CTPYH U TEMIIe-
paTypHOro CKayka.

B memooe ocmanoenennoi cmpyu pacTBOpbl pearupyronmx Be-
LIECTB CMEHIMBAIOTCS OBICTPO W 32 peakiei clelsiT ¢ IPUMEHEHUEM
MaJOMHEPLHUOHHBIX pearupyommx cucteM. HammeHnsmunit nepuon
MOJTyTIPEBPALLIEHUS], KOTOPBI MOKHO HM3MEPHUTh yKa3aHHBIM METO-
JIOM, COCTaBIISIeT HECKOJIbKO MUJLTUCEKYHI. beicTpoe n3menenue ao-
copOIMM pacTBOpa PEruCTpUpPYyeTCsl Ha 3KpaHe ocumuiorpada, rae
MIpY IOMOIIM BPEMEHHON pa3BEpPTKH IMOJIYyYaIOT KHHETUYECKYIO KpH-
ByI0. IHOT 1@ [IIs1 KWHETUYECKUX U3MEPEHU HEeNb3s TPUMEHSTH CMe-
LICHUE PACTBOPOB H, KPOME TOTO, HEOOXOAMMO U3MEPSTh CKOPOCTH,
MIPEBBIIIAIONINE TIEPHO/IBI MTOTYIPEBPAIIEHUS B HECKOJIBKO MUJITUCE-
KyHA. Takne KMHeTHYeCKHe 3aJaud pelaloT METOJAO0M TeMIepaTyp-
HOTO cKkauka. PacTBop, cozmepskaiiuii KOMIIOHEHTBI, HaXOAIIHecs B
XMMUYECKOM PaBHOBECHH, BO3MYIIAIOT OBICTPHIM M3MEHEHHUEM TEM-
nepatypsl (Ha 5—10 °C B TeueHHE HECKOIBKUX MUKpPOCeKyH). CIBuUT
B HOBOE PaBHOBECHOE COCTOSTHHUE IPU HOBOM TEMIEPaType MPOCIIEKH-
BaIOT BO BPEMEHH, IIPUYEM NIEPEXO0]T CUCTEMBI K HOBOMY TOJIOKEHUIO
paBHOBECHs OMpEENIEeTCS MEXaHU3MOM peakiuu. Takoil mepexo
Ha3bIBACTCS XMMHUYECKOM TeMIlepaTypHOU penakcanueil. Mi3meHeHue
PaBHOBECHOH KOHIEHTPAILMH (8., ) PEAreHTOB IPU U3MEHEHNH TEMIIE-
paTypsl O, OIPENEAETCSA TEPMOJMHAMUIECKON 3aBUCHMOCTHIO

oc, \ AH°
“ \omK ), RT* "’

rme K — KOHCTaHTa paBHOBecHs peakiuu; AH’ — n3MeHeHHe
CTaHJIapTHOM SHTANBNNM; T — HavyalbHas TemMIepaTypa; R — razopas

IOCTOSIHHASL.
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Meton TEMIICPATYPHOI'0 CKa4YKa NPUMCHUM K XHUMUYCCKUM CHU-
CTCMaM, KOTOPhbIC O6paTI/IMI>I U UMCHOT M3MCHCHUSA SHTAJIBIIUU IIPU
CABUI'C PaBHOBCCUS, OTJIMYHBIC OT HYJIA.

1.3. OnpedesieHue KOHCMAaHM pagHog8ecus
npoyecco8 KomMn.1eKkcoobpa3oe8aHust

[IpumeHeHue CreKTPoHOTOMETPUUECKOTO METO 1A HCKITFOYACT He-
O6XOIII/IMOCTI) BBIACJICHUSA BCIICCTB U IMPOMCEKYTOYHBIX COClII/IHGHI/Iﬁ
B YHMCTOM BHJIC U TaKUM 00pa30M IO3BOJIIET M3y4aTh OOpa3OBaHHE
HeyCTOI‘/'I'-H/IBBIX KOMIUIICKCOB, pPaBHOBECHA, MOHOPHO-aKICIITOPHBIC
B3aMO/ICHCTBUS.

Paccmotpum pumenenne Y @-crieKTpodoToOMETpUH JJIs OTIpeesie-
HUS KOHCTAHTBI paBHOBECHUA PEAKIIUN JOHOPHO-AKIIEITOPHOTO KOMITIICK-
coo0pazoBaHMsI HoJIa C IIUKIIoTeKkceHoM (puc. 2). Ilormorenne B oomactu
300 HM cBsI3aHO ¢ 00pa30BaHNEM KOMITICKCA C TIEPEHOCOM 3apsia.

A

0,9

0,5

0,1

I i
250 300 350 A

Puc. 2. Cnexmp noenowenus uooa (1), yuxnoeexcena (2)
u xomnuexca (3)

IIJ'ISI KOHCTAHT paBHOBECHA PCAKIIMN MOKHO 3aIlluCaThb

L+CH, <> 1-CH,,
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— (I, - CHyo ]
[1,]-[CeHy ]
O603naunm [12:C H, Juepesn. Eciu [I] u[CH, | — Hauanbubie

KOHOCHTpaluKU UCXOJHBIX BEIIECTB, TO
T

T (L1 —m(CHolo—1)

Ecma [CH, ], >> [L,],, To << [CH,],
B MMpOCTCUILIEM ClIy4dac, KOraa npu UCIOJIb3yEeMOU JJINHEC BOJIHBI
IorjIoracT TOJIbKO KOMITIJIIEKC

(1

P

2

Kp

A=c¢ln 3)
KomOunupys ypasuenus (2) u (3), nomydanm
Ut 1, 1 1
A e Kp-e [CeHyly
7,1,/ 1

W3 31010 BBIpa’KEHMSI BUAHO, YTO 3aBUCUMOCTD A4 OT [CH,],
npeAcTaBisier co0oil nmpsmyto nmuauto (puc. 3). 3 ee HaKIOHA U OT-
pe3Ka, OTCEKAEMOro Ha OCH OPJIMHAT, MOYKHO HalTH 3HaYeHUs K, ¥ €.

[1)/4:10°
0,6

0,4 -

0,2 1

1 2 3 V[CH,]
Puc. 3. I'pagpux ona onpedenenus xoncmanmot pasnosecus (K )
u koagppuyuenma noanowenus oas xomnnexca [1,,C.H, |
11



B tab6a. 1 ana 30 °C nanst 3nauenus [C H, 1, [L,], Berauciennsie
0 CIIEKTpaM, aHAJIOTUYHBIM MPUBEJICHHBIM Ha puUC. 3, U abcopOuus
xommnekca A =A — A, rne A — nokasanue npudopa, 4 — cymmap-
Hasi abcopOLuMs pacTBOpa MOJla U IUKIIOTeKCceHa B Tekcane. [1o atum
NaHHbIM, 3Ha4eHue K, paBHo 0,49 /Mo, € = 14 000 1/Monb-cM.

Tabmuna 1
Hannvie ona onpedenenusn KP u komnaexca [1,,:CH, ], 30 °C

[CH,,], monv/n [1,] 107, monw/n A
0,33 2,94 0,55
0,67 2,94 0,98
1,00 2,94 1,33

CriekTpoOoTOMETPUUECKUE U3MEPECHHUS IPU PA3HBIX TEMIIEPATy-
pax TO3BOJISIIOT HAUTH TaKHE TEPMOJMHAMHUECKUE XapaKTEPHUCTUKU
KOMILIEKCOB, KaKk H3MeHeHHe dHTanbuu AH, suTporuu AS 1 cBo60/1-
Hoit sHepruu [ no6ca AG.

1.4. OnpedeseHue KOHCMAaHmM UOHU3AYUU
KUuc/10m u 0cCHO8aHull

CriekTpo()OTOMETPUYESCKUIT METOJI TIO3BOJISIET C OOJIBIION TOY-
HOCTBIO ONPENEIUTh KOHCTAHTHI AMCCOLMALNU KHUCIOT M OCHOBa-
HUU B OYCHb Pa30aBIICHHBIX PacTBOpax. Ero 4yBCTBUTEILHOCTH HA
HECKOJIbKO MOPSIIKOB BBIIIE, YeM MOTCHLUHUOMETPUUECKOIO0 METOa.
CrexTpbl NOMIOMICHUSI OPTAaHUYCCKUX KUCIOT U OCHOBAHUUN 3aBUCAT
ot pH-cpezpl, a HOHBI ¥ HEUTPATBHBIC MOJICKYJIBI OOBIYHO UMCIOT pas3-
JUYHBIC CIIEKTPHI HoromeHus. [loatomy criekTpohoToMeTpUYeCKHii
METOJ OIPEICICHUS KOHCTAHT TUCCOIMAIIMYI CBOJUTCS K U3MEPEHUIO
OTHOUICHUS! KOHUEHTPAIIMK MOHOB U HEUTPATbHBIX MOJICKYJ HCCIIe-
JyeMOr0 COCAMHEHUSI B CEPUM PACTBOPOB C PA3IUUYHBIMU TOYHO H3-
BectHbiMU pH. OmpeneneHue MpoBOIUTCS Ha JUIMHE BOJIHBI, Ha KO-
TOpOIl HaOJOqaeTCs HAarOOIbIIasl Pa3HOCTh B 3HAYCHUSIX MOJISIPHBIX
KO3 (UIIUCHTOB TOTIIOIIECHUS JIJIsl HOHA U HEUTPAIIbHOW MOJICKYJIBI,
a abcopO1ust 000UX PACTBOPOB MEHSCTCS JIUIIb HE3HAYUTEIBHO C H3-
MEHEHHUEM JIJIMHBI BOJIHBI.

12



III/ICCOLII/IaL[I/Iﬂ kuciotel HA B BOJC BbIPAYKACTCA YPABHCHUCM:

HA+H,0 &= H0 +A"

B pa36aBJ’ICHHLIX paCTBOan JJ1s1 KOHCTAHThI AUCCOIMall MOXK-
HO 3a11ucaTthb
cC .-C._
K. —_HO A
c C
HA

B3sB oTpunaTenpHBIA TorapudM OT 00emXx YacTel ypaBHEHUS,
MTOJTy9UM

C
_ A~
gk, _[—1ch3O+ J +| e

HA

i C
pK =pH +1g—#&
C,-

B cunbHOKHCIION cpene CIEKTP KUCIOTHI MPEACTaBIseT COO0H
HOTJIOLIEHUE HEHTpanbHO# Monekyibl HA (4,,), a B CHIIBHOIIENOY-
HOH — nornomenue annona A~ (4,7). Ilpu npoMekyTOUHbIX 3Ha-
yeHusix pH npucyrcrByror B paBHoBecun A~ u HA u nHaGmogaemoe
OyzeT CyMMOH MOTJIOMIEHUS 3TUX cocTaBisitomuX. [Ipu ycinoBuu BbI-
nosHeHus 3akoHa byrepa — JlamGepra — Bepa amst noromenus no-

- v Cua
HOB A" u HCUTPAJIbHBIX MOJICKYJI HA Bmecto —HA MOxHO 3amucaTh

A—A A
OTHOLIEHHE — & |
Ay — A
OKOHYATETBHO TOTYYHM
K.=pH+lo— A
P& =D g A — A

AmnamorugHo JJId ONpeaAC/ICHUA pKC OCHOBHBIX I'pyIIIl UMECM

HO +B %> HB"+ OH"

P Z—

A_—4
Ko =pH +lg—B——
pKc =pH +lg—"—

HBT
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Omnpenenenne pK. mpoBOAAT MpH HECKOMbKHX pH, OMM3KHUX K
pK ., 1 6epyT CPEIHIOIO BETHYHHY.

Ecnm nBe popMBI XUMUYIECKOTO COEMHEHHS HAXOAATCS B PaBHOBE-
CHH TIPH TIOCTOSTHHOM TeMITepaType 1 KOHIIEHTPAIIH, TO KpUBbIe a0CopO-
MU BCEX TAKUX CMECEH OYIyT ImepeceKaThest TIPH OTHOM OTpeIeIICHHON
JUTMHE BOJHBI, SIBJITIOMICHCS XapaKTepHOH H300eCTHIECKON TOYKOH.
OOHapyXeHHe TaKOM TOYKH SBISAETCS DKCIEPHUMEHTAIBHBIM JIOKa3a-
TEITLCTBOM CYIIIECTBOBAHHS JBYX PABHOBECHBIX ()OPM B HCCIEIYEMOM
coequHeHnA. B n300ecTideckoif Touke 00e (hopMBI IMEIOT OTMHAKOBEIC
koa(durmenTs! noromenns. [loatoMy st onpeneneHus: CyMMapHOH
KOHIICHTPAITIH COSNUHEHNS B 00erX (popMax 1eecoodpa3Ho HCIOTb30-
BaTh M3MEPEHHS TTOTIIONIEHNUS B M300€CTHYECKOM TOUKe.

Paboma 1. HcenedosaHue KuHemuKu peakyuu
6poMupo8aHusi mpux/a0p3muJieHa

Lenv pabomoi: MmetonoM Y @-cieKTpo(hOTOMETPHUN OIIPEIECTUTD
KOHCTaHTY CKOPOCTH PEaKLMU OpOMUPOBAHUS TPUXJIOPAITUIICHA U T10-
PSLAKM PEaKLUM 110 PeareHTaMm, a TaK)Ke SHEPrUi0 aKTUBALUH.

Obopydosanue u peaxmugul: Y D-ciekrpoporometp (Lambda 35
uin Unico 2802), 0,01 M pacteop 6poma B CCl,, TpuxI0p3THIIEH,
CCl,, maboparopHas nocya.

Memoouueckoe obocHosarue pabomol

BpomupoBanue TpUXJIOPITUIICHA OINUCHIBACTCS ypaBHEHHEM
peakuu:

CHCI, + Br, » C,HCI, + Br,

Pacteop 6poma B CCl, umeeT MmMpPOKyrO MOJIOCY MOIJIONIECHHS B
yAbTPadrOoIeTOBOH M BUAMMOM 00JIACTH ¢ MAaKCUMYMOM IOTJIOILCHUS
A =415 1M, cienoBaTeIbHO KUHETHKY JaHHON PEAKIIUKM BO3MOKHO UCCIIe-
noBath MeTosioM Y D-cniektpodoTomerpun. Peakuust mpoTekaeT ¢ u3me-
PHUMO¥ CKOPOCTBIO IIPU KOMHATHON TeMIIepaType, O3TOMY MOXKET OBbITh
OCYILIECTBIICHA HETIOCPE/ICTBEHHO B KioBeTe Y D-criekTpodoromerpa.
I[Tpu 3TOM BO3MOKHO HCIIOJIB30BAHHE ABYX METOJIOB: 1) 3aIIMCh CIIEKTPOB
Yepe3 paBHbIC POMEKYTKH BPEMEHH, 2) 3aIICH U3MEHEHHS abcopOLuu
Ha MakCMMyMe MOIJIOLIEHNs BO BpeMeHH. BriOop MeToza npon3BoasT B
COOTBETCTBHH C BO3MOXKHOCTSIMU CHEKTPO(OTOMETPA.
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Topsiook evinoanerus pabomoi

1. IIpurorossTe ceputo pactsopos Br, 8 CCl, ¢ konuenTpanusaymu
0,001-0,01 monp/n. 3anumure Y D-crieKTpbl pacTBOPOB, OMPEACIUTE
abcopOuuio B Makcumyme nornomeHus (A = 415 HM) u mocrtpoiite
rpaxyupoBOUHbII rpaduk.

2. Meronom Y®D-ciekTpopOoTOMETPUH UCCICAYHTE KHHETHUKY
OpoMHpOBaHUS TPUXJIOpITUIEeHA. KOHIIGHTpauu peareHToB moji0e-
puTe TakuM 00pa3oM, YTOOBI peakiusl MPOTEeKaIa ¢ H3MEPHUMON CKO-
pocthio. TlocTpoiiTe KHHETHYECKYI0 KPHBYIO PacXolOoBaHUs Opoma.
Ormpeznenute NOPSAOK PEAKIMK 10 OPOMY IyTeM JIMHEApU3alUuH KH-
HETHUYECKOI KPUBOil B KOOp/IMHATaX KHHETHYECKUX ypaBHEHHH 1 1 2
nopsaka. Paccunraiite 3 (heKTHBHYI0 KOHCTAHTY CKOPOCTH.

3. AHaJOrMYHO TPOBEIUTE IKCIICPUMEHTHI TIPU PA3TMYHBIX Ha-
YaJbHBIX KOHICHTPALMIX TpHUXJIOopaTUiIeHa. OnpenenuTe mopsaIok
peaKIMu MO TPUXIOPITHICHY M PACCUMTATE UCTHHHYIO KOHCTAHTY
CKOpPOCTH Tpo1iecca.

4. ]Jlns ompejeneHusl SHEPIHU aKTHBAIMU MPOBEAUTE JKCIICPH-
MEHT TIpH pa3lIMuHbIX TeMIepaTypax. Eciu criekTpomMerp umeeT BO3-
MOYKHOCTh TEPMOCTATHPOBAHHSI, PEAKIHsl MOKET OBbITh ITPOBE/ICHA He-
MOCPEICTBEHHO B KIOBETE. B MPOTHBHOM Cllydae peakiuio HeoOX01-
MO MIPOBECTH B TEPMOCTATE, UCIIOJB3YsI METO 0TOOpa Mmpoo.

Paboma 2. OnpedeseHue KOHCMAHMbI pA8HOBeECUs
JOHOPHO-aKYyenmopHo20 KOMN/1eKCco006pa308aHuUsl

Lenv pabomor: MmeTomoM Y D-CIIEKTPOCKOITUHU OTIPEACIIUTh KOH-
CTaHTY paBHOBECHS MPOIecca KOMIUIEKCOOOPa30BaHMs alleTUIIAIETO-
HaTa BaHAWIIa C THAPOTIEPOKCHIIOM Mmpem-0yTHia.

Obopyoosanue u peaxmussi: Y D-cuexkrpodoromerp (Lambda
35, Unico 2802), aneTuiianeToHaT BaHaAWIIA, THIPOTICPOKCH mpeni-
OyTunia, 1abopaTopHas Mocya.

Memoouueckoe obocrosanue pabomol

Anerunaneronar Banaguma VO(acac), oOpasyer ¢ ruapore-
pokcunom mpem-0ytuna (I'TITB) xoMrmiekc TOCpPEeaCTBOM JOHOPHO-
aKIenTopHoil cBs3n. CIEeKTp NCXOTHOTO alleTHIaleTOHATa BaHAAWIA B
BHIMMOI 00JIACTH B XJIOPICTOM METHIICHE TIPE/ICTaBIIeH Ha pHC. 4.
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T

0,6

0,4

|
|
|
|

1 [I [
500 600 700 A, HM

Puc. 4. Cnexmp ucxoonozo ayemuiayemonama 6anaoula
6 suoumoti oonacmu (a) u komnnexca c¢ I'TITH (6)

[onocer 700 u 600 HM OTHECEHBI COOTBETCTBEHHO K *B, — °E,
u ’B, — °B, nepexonam V*-nona O, -cummerpun. I'TITB B 210ii va-
cTH crekTpa He noryomaeTt. [Ipu gobasnennu I'TITH x ucxonnomy
pactBopy VO(acac), (C = 0,01 mMonb/i1) B XJIOPUCTOM METHUJIEHE TI0-
ABJIAETCS HOBast OoJiee MHTEHCUBHAs Tostoca ¢ A = 500 HM, oTHe-
ceHHas kK oopazoBasmemycs KI13 — koMrIiekcy ¢ mepeHocoM 3apsiaa
VO*-TTITB.

KoHcTaHTy paBHOBECHS PEAKIIMKA MOKHO 3alHUCaTh B BHJIC:
K, = [VO(acac), - T'TITB] ’ )

[VO(acac),]-[T'TITB]

rae [VO(acac),] u [I'TITB] — paBHOBECHBIE KOHIIEHTpAlUK B
pacTBope,
[VO(acac), ] = C(VO(acac),) — |

rae C(VO(acac),) — ucxoHast KOHIEHTPAIMs, T — KOHIIEHTpa-
nust komiuekea [VO(acac), - TTITB], [TTITB] = C TT.

ImTe
T

K: = ’
* = (C(VO(acac), - D) Crrrp—1) ©)
IIpu C

I'MTh

> (C(VO(acac),) snauenne © < C ..
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B npocreiimem ciyuae, A = 500 HM — mosioca TiepeHoca 3aps-
na o-35IeKTpoHOB V™ (d?) Ha BakaHTHBIE OPOMTAIIN THIPOIICPOKCUIA.
Korna nmornomaer TOabKO KOMIUIEKC, BBIITOJIHSAETCS COOTHOLIEHHE
A=¢-n-1. KomOunupys c (5), nomyuum st [ =1 cm

C(VO(acac),) 1 1 1

= + C s (6)
A5()() € koun. KP € xou. I'TITh

rae € = — MOJSAPHBIA KOO()(GHIMEHT TOTJIOMEHHS KOMILIEKCa;
K, — KOHCTaHTa paBHOBECHS.

Topsook evinonnenus pabomoi

1. I[IpUroToBETE CEPUIO PACTBOPOB C MOCTOSHHOW KOHIICHTpAIIU-
et VO(acac),, papHoii 0,005 MOJIB/JI, H IEPEMEHHBIMA KOHIIEHTPAIIH-
SIMH THIpOTIepoKcua (Tadi. 2).

2. JIns xak1oro pacTBOpa CEpHHU 3alUIIUTE CIIEKTP B BUIUMOM
obxactu u onpexnenute abcopoOiuto pu A = 500 uM (A4, ). JlaHHBIE

cBeaure B Ta0. 2.

500

Tabmuua 2
Jlannvie ona pacuema KOHCMAHMyl PAGHOGECUA
npoyecca KOMnaeKcooo0pa3oeanusi.
15 °C, C(VO(acac),) = 0,005 monv/n, Il = 0,1 cm

C
Mgggiﬂ Ay (6 nepecueme na l =1 cm) | 1/Cpp 0| C(VO(acac) J/Ay,

0,009
0,0125
0,025
0,045

3. IlocTpoiite rpaduIecKyr0 3aBUCUMOCTh B KOOPIWHATAX ypaB-
Henus (6), anajgoruuHyto puc. 3. J[nsg komriekcoB cocraBa 1:1 3a-
BHCHMOCTD TIPEJCTABISICT MPsAMYI0 JHHUIO. Onpenenure BeTHUNHY
K03 UIHEHTa SIKCTHHKIINHA KOMIUIEKCa EKOMIL. U3 OTpe3Ka, OTCeKae-
MOTO Ha OCH OpJMHAT, M KOHCTAaHTY PaBHOBECHS KOMITJIEKCOOOpa3o-
BaHus K, U3 TaHTeHCa yria HakiIoHa. CpaBHUTE IOy YE€HHBIE PE3YJThb-
TaThI CO CTIPAaBOYHBIM 3HaueHHEM (TIpH 15 °C ¢ = 1 660 11/(MOJIBb cM) U
K, = 92,5 n/mon).
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KOHmPO./leble 80Nnpocswi

1. DieKTpOHHbIE CHEKTPHI MOJIEKYJ. DJIEKTPOHHBIE MEPEX0/Ibl B
MOJIEKYJIax.

2. 3akonsl Jlambepra — byrepa u bepa. A6copOuust, koahdurm-
€HT IKCTUHKIUH. MeTo]] TrpagyupOBOYHOrO TpaduKa.

3. 3ydyeHne KUHETUKU XUMHUYCCKUX PpEaKIUHA METOJIOM
Y@-cnexktpodhoTomMeTpun  Ha [pUMepe OpOMHPOBAaHUS  TPH-
XJIOpP3TUJIEHA.

4. CBsi3b U3MeHEHHsI a0COPOIMH B X0 XUMHUYECKON PEAKIHH C
€€ CKOpOCTBIO.

5. MeToibl n3y4eHus: KHHETUKH OBICTPBIX XUMHUUECKHUX PEAKITHIA.
MeTo/1bl OCTAaHOBJIEHHOM CTPYU U TEMIEPATYPHOTO CKayKa.

6. OnpeieneHue KOHCTAHTHI KOMITJIEKCOOOpa3oBaHus MOAA C IIH-
KIJIOTeKCEHOM MeToioM Y D-criekTpodoToMeTpuH.

7. OmnpeneneHue KOHCTaHTBI KOMILIEKCOOOPa30BaHMs aleTH-
JaleToHaTa BaHAIWiIA C THIPOTEPOKCHUAOM TpPET-OyTHIIA METOAOM
Y®-cnekrpodoromerpun.

8. OmpeienieHne KOHCTAHT JIUCCOIUAIUY CITA0BIX KUCIIOT U OCHO-
BaHUI MeToioM Y D-criekTpohoToMeTprH.

9. Metoap! onpe/iesieHnsi KOHCTaHT CKOPOCTH U MOPSIKOB XUMHU-
YECKUX PEAKIUU.

10. Metoap! onpesenaeHns 3HEPTuu aKTUBAIIMN XUMUYECKHX pe-
KU,

18



2. UH$pakpacHas CneKTPOCKONUS

2.1. Kpamkue ocHo8bl Memoda

HK-cniekTpockonust sIBISIETCS OJIHUM M3 HanOoJiee BayKHBIX U pac-
IIPOCTPAHEHHBIX METOJIOB MCCIIEIOBAHMS MEXaHH3Ma 1 KHHETUKH XHMH-
yeckux peaknuii. HdpakpacHoe n3mydeHne cooOIaeT MoJieKysie, Ha-
XOJISAICHCS B OCHOBHOM (HEBO30YKICHHOM) 3JIEKTPOHHOM COCTOSTHHH,
SHEPrHI0, HEOOXOMMYIO ISl SHEPTETUUECKHUX MEPEX00B MEXIY Bpa-
IIaTeNIbHBIMU U KOJIe0aTeIbHBIMU YPOBHAMHU SHEPruu. BenmunHa 3Toi
sHepruu cocrapisier ot 0,4 mo 140 k/[k/MOIb, 4TO COOTBETCTBYET 00JIa-
CTH 3ieKTpoMarHuTHOro criektpa ot 5 000 10 200 cm! (o1 2 10 50 MKM).

B cnyuae mpocroil nByxaToMHOW Moiekyiasl A-B nmeer me-
CTO €JIMHCTBEHHBIN BUJ KOJIEOAHUH — TEPUOINYECKOE PACTSHKEHUE
U cxatue 1o cBsizu A—B. DT BasieHTHBIE KOJIeOaHWsI HATIOMHHAIOT
OCHWUIALIUIO JBYX TEJl, CBSI3aHHBIX MPYKUHOW, M COBEPILCHHO aHa-
JIOTUYHO BBIPAXKAIOTCSI MAaTEMAaTHYECKU IMPHU MOMOIIN 3aKoHa ['yka.
Jis BaneHTHOTO KOJNeOaHus 1o cBs3u A—B kxonebarenpHas 4acToTa
v (cM!) HAaXOUTCS U3 YPABHCHHUS: U

el
2ne\m)

IJIe ¢ — CKOPOCTB CBETa; f — CHJIOBAS TIOCTOSIHHAS CBSI3H; /1 —
[IPUBEJICHHAS Macca, Onpe/eliieMasi YypaBHCHUEM 771 = M, rje

m, +m
m, ¥ M, — Macchl OTJIebHBIX aTOMOB A 1 B. A B

[TomoOHBIM Ke 00pa3oM MOTYT pacCMaTPHUBATHCS BAJICHTHBIC KO-
neOaHus 10 OT/AETBHBIM CBS3SIM B 00Jiee CIOKHBIX MOJEKYJaX, XOTs
3/1eCh BOZMOYKHBI M IpyTHe BUJIbI KOJIEOaHNH, a 4acTOTa TOJIOC TTOTII0-
IIEHUS 3aBUCHUT OT MHOTHX (pakTopoB. KoebaHus CBsI3aHHBIX aTOMOB
TTOJTPa3IeIIIOTCS Ha IBa OCHOBHBIX THIIA: BaJICHTHBIE U e)OpPMAaIHOH-
He1e. [lepBrIe MpeacTaBIsAIoT CO00H MEPHOIMIECKOE CMEIIIEHE aTOMOB
o ocn A—B, Torma kak geopmanroHHble KoaeOaHus — 3TO CMeTIe-
HHUE TIOJ1 IPSIMBIM YTJIOM K cBsizu A—B. Hanpumep:

- i o - +
O—C—oO O—C—O (+)—C——$
1345 cm! 350 em’! 668 cm7!
N ~ J -

BaJIeHTHbIE KoJlebanust  AepopmMannoHHbIe
KoJ1e0aHus1
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DKcHepuMEeHTAIbHBIE UCCISA0BAHUS OOJIBIIONO YMCIIa MOJIEKYJI, 00-
JIAJAIOIINX OJJHUMHU U TEMHU e XUMUUYECKUMHU IPyMIaMH, OKa3aId, 4yTo
HE3aBUCUMO OT U3MEHEHUM B OCTAIBHOM YacTU MOJIEKYJIbl 3T OJUHAKO-
BbI€ TPYMITEI OMJIOIAOT B Y3KOM MHTEpBAJIE YacToT. Takue 4acToThl Ho-
JIy4WJTH Ha3BaHHUE XapaKTePUCTUUECKHUX, MITH TPYNIoBbIX. K HUM oTHOCST-
cs1, Hanpumep, konebanus rpynm CH, CH,, CH,, OH, NH, NH,, C=C, C=0
u ap. CMmelieHns XapakKTepUCTUUECKUX YacTOT CBSI3aHBI C ONPEACIICHHbI-
MH W3MEHEHUSMH B CTPYKType ONU3JIeKaleil YacTH MOJIEKYJIbI WITH B €€
BHEIIHEM OKPY)KEHHH. DTU JJaHHBIE COCTABJISIOT OCHOBY COBPEMEHHBIX
paboT KaueCTBEHHOT'O aHAM3a B oprannieckoi xumuu o MK-crekrpam.

KonnuecTBeHHBIN aHAaIM3 OCHOBaH Ha TOM ke 3akoHe JlamOepra
— bByrepa — bepa, uro u s Y®-cnekrpodoromerpun. Metogom
HK-cniekTpocKomuy MOXHO HCCIEe0BaTh MHOTHE XUMHUECKHE peak-
UM, M3Yy4aTh MPOLECCHl KOMIUIEKCOOOpa30BaHMs, MOJMMEpU3alny,
JECTPYKLUH [TOJIUMEPOB U T. [I.

2.2. KuHemuka XumMu4ecKux peakyuii

Pa3paborano nBa croco0a CHEKTpaaTbHOTO M3YYCHHS KHHETHKH
MIPOIIECCOB:

a) CIEKTPOCKOIHS MPOIYKTOB PEAKIIUU WIIA MOOOYHBIX BEIIECTB
(meTon oTOopa mpod);

0) HemocpeaCTBEHHOE HAOIIIO/IEHNEe B CHEKTPOMETpE 3a XOJ0M
peakiuu.

OcHoBHoe npenmy1ecTBo MK-CrieKTpoCKOITIYeckoro MeTo/ia n3yde-
HHSI KWHCTUKH COCTOUT B TOM, YTO OH ITO3BOJIACT CIICANUTH 3a NBMCHCHUSIMHA
XAMHUYECKOH CTPYKTYPBI B XOJI€ BCETO PEAKITMOHHOTO TIEPHOJIA, TAXKE SCITH
TPOJTYKTHI HEPACTBOPHMBI. ECIN TONOCKI MOTIIOMICHHSI, XapaKTepH3yIO-
M€ NPOYKThI JAHHOW PEAKLMH, HE TIEPEKPHIBAIOTCS APYTHMU IOJIOCAMU,
TO MOYKHO IPOBOJNTE BO BPEMCHU U3MEPCHNA MHTCHCUBHOCTHU ITOTJIONIC-
HUS (B %) B MAaKCUMYyMe I0JIOCHI HE3aBUCHMO OT TOTO0, Oy/IET JIH 3TO yBe-
JTITYCHNE HHTEHCUBHOCTH, 00YCIIOBJICHHOE 00pa30BaHUEM TIPOIYKTOB, MITH
HCYE3HOBEHHE TMOJIOCHI ITOTJIONICHHUSI PearupyrOIInX BEIeCTB.

N3ydaTh KHHETHKY peaKkIMy METOI0M 0TOOpa Mpod MOKHO TOJTb-
KO JUIsi CPABHUTEIBHO MEIUICHHO MIYIIMX TPOIECCOB, T. K. 3aIOJIHE-
HUE KIOBETHI PACTBOPOM, 3allMCh COOTBETCTBYIOIIECTO yYacTKa CIeK-

Tpa, YaAaJICHHUE paCTBOpa N3 KIOBETHI U €€ IIPOMBIBKA paCTBOPUTEIIEM C
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MOCIIEAYIOIIEH OCYIIKOH TpeOyeT 3HaunTeIbHOro BpeMeHH. s 6ornee
OBICTPO MPOTEKAIOIINX PEAKINIH MOKHO Yepe3 ompeielieHHbIE TIPOMe-
KYTKH BPEMEHH OTOMpaTh MpoObI, MPEKPaLIaTh B HUX PEAKLHUIO pe3-
KAM OXJIaXICHHEM WM JT00aBICHUEM COOTBETCTBYIOLIETO PEaKTHBa,
3aTeM YK€ 3alMChIBAaTh CIIEKTPHI MOTYUYEHHBIX MPOO.

Jnst obneryeHysi MHTEPIPETALUK TOJIOC TOTJIOUICHHUSI B KIOBETY
CpaBHEHMS MO>KHO TIOMECTUTh CMECh, B KOTOPOH peakiys yxkKe 3aKOHUH-
nack. [Ipu aTOM B aHanmM3upyeMoM 00pasIie MOIOChl NCXOAHBIX BEILECTB
OyIyT HampaBlieHbl BHU3, a TOJIOCHI MIPOJYKTOB PEaKIUH — BBEPX OT
100%-# muaMu. B XoJe peakiMu WHTEHCUBHOCTH STHX TOJIOC OyIyT
CHIKAThCS, a MOCIIE 3aBEPIICHNs PEaKLIMK BCe MOJIOCh! ucue3HyT. Heno-
CTaTOK MeTozia 0TOOpa Mpo0 3aKIIF0YAETCs B €r0 JUIMTEIBHOCTH U TPYIO-
eMKocTH. bonee yno0HO POBOANTE PeakMIo HEMOCPEACTBEHHO B KIO-
BETE C 3aIMCBIO CIIEKTpa Yepe3 OIpe/IeeHHbIE TIPOMEKYTKH BPEMEHHU.
Hexotopsie K-ciekTpoMeTpbl MOKHO TOYHO YCTAHOBHUTH Ha JITAaHHYIO
JUTHHY BOJIHBI ¥ 3aIICBIBATH H3MEHEHHE BO BpEMEHN HHTEHCUBHOCTH TIO-
nocel. Tak kak UK-n3nydeHne oT MCTOUHHKA MOXKET JOBOJIBHO CHIJIBHO
HarpeTh BEILECTBO, NPH KUHETUYECKUX M3MEPEHHUAX HEOOXOAUMO Tep-
MOCTaTHpOBaTh KioBeTy. Ecin peakiyio HeBO3MOKHO IIPOBOJUTH B KO-
Bere (HampuMmep, B clydae reTeporeHHO-KaTATUTHYECKUX PEaKLuii), TO
HETIPEPBIBHYIO 3aITUCh KHHETHKU MO>KHO OCYIIECTBUTH ITyTEM HPOKAUKH
CMECH M3 PeaKkIIMOHHOI0 cocyia uepes3 KroBeTy. OJTHAKO 3TOT METO] Tpe-
OyeT 3HaYUTENbHOro 00beMa cMecH, 0OBIYHO He MeHee 150 M.

Puc. 5. Ckopocmb oxucienus 6ymaouen-cmupoibHO20 KayyyKa
npu 200 °C; A — abcopoyus npu 1 720 cm™
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Jlnst OBICTPO TPOTEKAIOIIMX PEaKIUid HEOOXOJAMMO MPUMEHSTH
CHeIHaTbHBIE OBICTPO CKAaHUPYOIIXE TPUOOPHI C MATIOUHEPIIUOHHBI-
MU JETEKTOPaMHU, MO3BOJISIIONINE 3aIIUCHIBATh BECh CIEKTP 3a BPEMs
OT HECKOJIbKUX CEKYHJ 10 HECKOJIbKUX MUKPOCEKYH]I.

B kauectBe mnpumepa mNpuBeAeM pe3yJbTaThl HCCICIOBAHUA
OKHUCIIUTEIILHOW JECTPYKIUU OyTaIUeH-CTUPOJIIBHOTO KaydyyKa Mpu
200 °C. Kak BUAHO W3 pHC. 5, UHTCHCUBHOCTH TOJIOCHI KOJICOAHHUS
Ve_oTpu 1 720 cm™! BO3pacTaet B X0/1¢ OKUCIIEHHUS.

[Ipu okucieHHH BTOPUYHBIX CIUPTOB O KETOHOB IMOCTEMCH-
HO HCYE3aeT IMO0JIOCa TMOTJIOMICHUS] TUIPOKCHIBHOW TPYIIBI MPHU
3570 cM! 1 mosBIIsIETCS TIOJI0CA TIOTIIOIICHUS KapOOHUILHOM TPYIIITBI
mpu 1 720 cM!, mpu monuMepu3aIi METHIMETAKPHUIATA HCUE3aeT
MOJI0Ca MOTJIOIIEHUS ABOHHOMN ¢Bsi3u tipu 1 630 cM ' u 1. 1.

HK-criekTpocKkonus OKa3bIBAETCs 4aCTO HarboJiee IyBCTBUTEIb-
HBbIM METOJIOM JJIsl OIIPEJICICHUs] Hauaia mpolecca OKUCIeHUs (cTa-
pEeHUs) KayuyKa, YTO CBSI3aHO C OUEHb BHICOKOW MHTEHCUBHOCTBIO MO-
JIOC IOTJIOIIEHHS, BI3BAaHHBIX KonebanusaMu cBa3eri C=0 mumu C-O,
oOpa3ymmuxcs B mpoliecce okucieHus. [locnenoBartenbHas 3amnuch
HK-criekTpoB IJICHKU MOJIMMEpPa B MPOIEcCce CTapeHus (depe3 orpe-
JICJICHHbIE MPOMEKYTKHA BPEMEHHU) MO3BOJISIIOT MOJYUYUTHh CBEACHUS
0 XapakTepe Mpolecca OKUCICHUS, ONMPEACIUTh MEPUO] HUHIYKIHUU
(BakHasI XapaKTEPUCTHKA NIPU U3YYCHUU CpaBHUTEIbHOU 3D ]eKTuB-
HOCTH aHTHOKCHIAHTOB). PaccMoTpum aBa mpumepa.

Tepmuueckoe cmapenue 6ymaouen-cmuponvrozo kayyyka CKC-
304APK (130 °C). B UK-cniekTpe HaOJIIOMAIOTCS CIACAYIONINE H3ME-
HEHHUS: TOSIBIISTIOTCS MOJIOCKI mortoterus mpu 1 720 cm! (BaneHT-
Hble KoneObanus C=0O CBs3M); TPyIINa MOJI0C MOTIONICHHUS B 00JacTH
1 050-1 250 cm! (konebanuss C—O cBszu B C—-O—-C u C-O-H rpyn-
nax), mupokoe noriomenue npu 3 450 cm™! (BaseHTHBIE KOJeOaHUs
OH); yMeHbIIIaeTCs1 HHTEHCHBHOCTH HEKOTOPBIX mojioc 910, 967 cm !,
OTHOCAMUXCS K AeGopMannoHHbIM Konebanusm B rpynnax ~CH=CH,
n —CH=CH- (Tpanc) cooTBeTcTBEHHO (pHC. 6).

[Tpruem Bce 5T u3menenus B criektpe oopasua CKC-30APK na-
YUHAIOTCS MPAKTUYECKU OTHOBPEMEHHO.

Crapenue noauOyTaiieHa u COMOJIUMEPOB OyTaJieHa COMPOBO-
JKJIaeTCsl CHavyasia JACCTPYKIUCH, 3aTeM CTPYKTYpPUPOBaHUEM O0pasIia.
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Puc. 6. 3asucumocmo senuyurvt omnowenus abcopoyuu A /A,
om spemenu npoepesa kayuyka CKC-304APK npu 130 °C
8 NPUCYMCMBUU PA3TUUHBIX AHMUOKCUOAHN OB,
v =3450, 1720, 967, 910 cm™’

0

B mpomnecce necTpyKnuuM BO3MOXKHO 3aMETHOE M3MEHEHHE 00pasna
nosuMepa, ucrnonb3yemoro s 3anucu UK-cnekrpa. [lostomy mipu
KOJIMYECTBEHHOH OILIEHKE U3MEHEHUH B MOJIMMEPE, YTOOBI UCKIIFOYUTh
BIIMSIHUE M3MEHEHHS TOJIIIMHBI 00paslia Ha Pe3yJIbTaThl U3MEPEHUA,
OOBIYHO HCIIONIB3YIOT MeTOj, BHyTpeHHero cranaapra. [lms CKC-
30APK anst oT0i# 1enu ucnonb3yrot nosocy 700 ecM !, oTHOCSIITyOCS
k neopmarronHbM Kostebanusim C—H cBsi3elt apoMaTHUECKOTO KOJIb-
na. CTUPOJIbHBIC 3BEHbS MAJIO YYaCTBYIOT B MPOIECCE OKHUCIICHUS, H
WHTEHCUBHOCTh 3TOW TOJIOCHI Oy/IET ONpPEACsIThCS B OCHOBHOM TOJI-
LIMHOM MOTJIOIIAOIIETO CJIOS MTOJIUMepa.
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XapakTep u3MeHEHU HHTEHCUBHOCTH IOJIOC MOKa3aH Ha puc. 6.
Bunno, uTo B nmepuoae MHAYKIIUU KUCIOPOJICOACPKAIINE TPYIIIBI OT-
CYTCTBYIOT, @ OTHOCUTEIbHASI HHTEHCUBHOCTD II0JIOC IBOMHBIX CBSI3EH
OCTaeTCsl MOCTOSHHOW. B cTagny aBTOKATaTUTHYECKOTO OKHUCICHUS
uaeT OBICTPOE HapacTaHWE WHTEHCHBHOCTH Ipymil co cBs3simu C=0,
C—0O, O-H u yObiBaHVEe WHTEHCUBHOCTH IOTJIOIIECHUS TBOMHBIX CBSI-
3eil. 3aTreM mpolecc OKUcIeHus 3ameassaercs. [lepuon nHAyKINU Jer-
KO OMPEACTUTh IMHEHHBIM SKCTPAIOTUPOBAHUEM.

Oxucnenue Oymunxayuyka u xaopoymuixkayyyka. B sTom ciyuae
UK-cnekrpockomnus SBIASETCS MPAKTUUECKU €AMHCTBEHHBIM METOJIOM
M3YYCHUS] OKUCIICHUS (C NI BBISCHEHHS Y(PPEKTUBHOCTA aHTHUOK-
CUJIAaHTOB, BIIMSIHUS IPUMECEH METAJUIOB U T. [I.) MIOJIUMEpPA, T. K. CTe-
IIeHb OKUCIICHHS YaCTO HEBEJHKa, a JJOOABKU, BHOCUMbBIC B MOJUMED,
B YACTHOCTH CTeapaT KalblUs, JCUCTBYIOT KaK IUIACTU(PUKATOPHI, H
HU3Y4YCHHE IJIACTO-3JIACTUUECKUX CBOMCTB HE JaeT pe3ynbraTta. Bemen-
CTBHE HU3KOHM HEMpPEJENbHOCTH OyTHIIKAy4yKa HET BO3MOXKHOCTHU TIO
UK-cnekTpy u4eTko OLIEHUTh M3MEHEHuEe HempenenbHocTu. [lo yBe-
nudeHnto uHTeHcuBHOCTH C=0 MOXXHO 3aMETUTh OUEHBL paHHHE CTa-
WU OKUCIICHUS. BHYTpeHHUH cTaHAapT B ATOM cliydyae — IMoJjoca
1450 cm' (medopmanonnsie konebanus rpynn CH,, CH,).

2.3. HccaedosaHue
MeJNHCMOJ1EeKYAAPHLIX 83aumodelicmauli

Meron UK-cniekTpocKOnuu MMUPOKO MPUMEHSIETCS JIJIsl UCCIIE]I0-
BaHUSI MEXMOJIEKYJISIPHBIX B3aUMOJICUCTBUI B pacTBOpax: BOIOPOJI-
HBIX CBSI3€H, JOHOPHO-AKIICNITOPHBIX KOMIIICKCOB aCCOIMATOB H T. JI.

Merton UK-cniekTpockonuu st ucciienoBanus H-komruiekcos
obmagaeT psSaoM TOCTOUHCTB:

a) TI03BOJIIET OJHOBPEMEHHO HAOII0NaTh pa3TudIHbIe (DOPMBI ac-
connaToB (MOHOMEPHI, JUMEPHI, TIOJTHUMEPHI);

0) maeT BO3MOXKHOCTh HCCJENIOBaTh Ooyiee HU3KHE, yem SIMP,
KOHIICHTPAITNH BEIICCTB B pacTBOPE M ra30BO dase;

B) MOKET OBITh UCITOJIB30BAaH ISl pacueTa TePMOIMHAMHICCKUX
(hyHKIIIH KOMIUIEKCO0Opa30BaHUS;
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T') TO3BOJISIET OLIEHUTh MPOYHOCTH H-CBSI3M MO yCUIIEHUIO WHTE-
rpaibHON MHTEHCHBHOCTH TI0JIOC BAJICHTHBIX KoJieOaHUi TPy, y4a-
CTBYIOIIMX B 00pazoBaHuu H-cBs3u.

B 10 xe BpeMs TOIBKO M3 SKCHEPUMEHTAIBHBIX JaHHBIX TPYIHO
OJHO3HAYHO MHTEPIPETUPOBATE:

a) TUI accolManyy (LIMKIMYECcKas WIH JIMHEeHHas ),

0) u3mMeHeHnue GOpMbI U IIHUPUHBI JTUHUU OpH 00pa3oBaHUU
H-cBsazu.

[Ipu pacueTe KOHCTAHT PaBHOBECHSI 1a)Ke B 00JIACTH HU3KHUX KOH-
LEHTpaluil He Bceraa yAaeTcsi JOCTHYb YCIOBUH, KOTJa B PacTBOpE
npeo01ajgaeT TOJIbKO OUH BHUJ 71-MEPOB.

OCHOBHBIMH U HauOosee SPKUMHU TMPOSBICHUSIMH BOJOPOJHOMN
CBSI3U B KOJIEOATENBHBIX CIIEKTPAX SIBISIOTCS U3MEHEHUSI HHTETPallb-
HOW MHTEHCHBHOCTH U CMEIIECHHSI T0JI0C OCHOBHBIX YacTOT U 00epTo-
HOB JJIsl TeX IPYIMIl, KOTOpble 00pa3ytoT cBa3b. COBpeMEHHbBIE METO-
Il pacueTa TepMoAMHaMHUYecKHX (QyHKIuA H-cBA3M M MOCTPOCHBI
Ha CBSI3U MEXKAY U3MEHEHHEM OJHOTO W3 MPOSBICHUI BOJOPOAHOM
CBSI3U M TOW MJIM MHOW TepMOANHAMHUYECKOHN (pyHKIIHEH.

Jlist cyyast caMoaccolMay THIIa

nAH—=(AH),

n

C
KOHCTaHTa acCOIMAIIMK BBIpAXKAeTCs ypaBHEHUEM K = Cr> e

C u C — KOHLEHTpaLus MOHOMEpA U n-Mepa (IuMepa, TpuMepa).
- c-¢C
C, 2% (mms qumepa —— ™),
n

rae C — oOmas koHuenTpauust AH B pactsope. Takum o0pazom,
ans pacyera K 1octatoyno 3Hath aumib Benuuuny C uma C . JIro6as
W3 3THX JIBYX BEJIMUWH MOKET OBITh BRIYHCIICHA O 3aKOHYy byrepa —
JlamGepra — bepa:

A A
Cm = s Cn - —,
e, -1 e -l
rae [ — tommuua cnos, A , A, € W € — COOTBETCTBEHHO a0-

copb6umu u K03 dunmenTs! SkcTUHKIME MK-monoc, 00ycioBiIeHHbIX

kosneOanusmu rpynn (NH, OH, SH), BKIIOYEHHBIX M HE BKIIFOUYCH-

HBIX B BOJIOPOJIHYIO CBSI3b. DTH IOJIOCHI, KaK MPABUIIO, TIPOSBIISIFOT-
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Ci B I/IK—CHCKTan PacTBOPOB BOAOPOAOCBA3AHHBIX COCIUHCHMIM.
HpI/I OMPEACIICHHBIX YCJIOBUAX HCO6XOI[I/IMO HCIIOJIB30BAaTh HU3KHUEC
KOHUOCHTpAaluu 1Jis TOro, YTOOBI B pacTBOpEC NPUCYTCTBOBAJIINU TOJILKO
MOHOMCPEI U e,[[PIHCTBGHHI:IfI acconuar. I[J'ISI OIpeACJICHNA SHTAJIbIINN
HGO6XO):[I/IMI:I HU3MCPCHUS ITPU HECKOJIBKUX TEMIIE€paTypax.

K
Hnsa pasnoBecus AH + B &——— AH-'B ocHoBHBIE cOOTHOIIE-
HUS CIIEIYIOLINE:

[A-H---B] (0lnK) AH

[AB][B] '\ oT ) RT’
AG = AH — TAS; AS = —RTInK.

OHtanbnus H-cBs3M B KOMILIEKCE MOXKET OBITh pacCUMTaHa o
npaBwiy uHTeHcHBHOCTeH (MoraHcena). 3aBUCHMOCTh MEXKIY 3H-
TaJbIUeH BOAOPOIHOM CBs3U KoMmIuiekca AH B 1 MHTEeHCUBHOCTBIO
TI0JIOC BAJICHTHBIX KosieOanuit v(AH:+-B) BeipaxkaeTcsi COOTHOILIICHHEM

—AH = 12,2:AB"* (x]JI>x/M0J1b),

C-l

rae B (B 10*mMonb "M ?) — pa3HOCTh MHTErPaJbHBIX MHTCH-
CUBHOCTEH IOJIOC, OTHOCSIIMXCS K JIBYM COCTOSIHUSIM MOJIEKYJIbI —
B KOMILJIEKCE ¥ U30JIMPOBAHHON MOJIEKYJIe.

Meton UK-criekTpoCKOmuu UCTIONB3YETCS I UCCICIOBAHUS U
JPYTUX MPOIECCOB KOMIUIEKCOOOpa3oBaHus, Kpome H-koMIuiekcos.
On ocHoBaH Ha u3MeHeHusX B MK-cmekTpax (kak mpaBwiio, MOSIBIIE-
HUU HOBBIX T10JIOC) B PE3YJIbTATE CBSI3bIBAHMS BEIIECTBA B KOMILIEKC C
JIpyruM BeuiectBoM. Harmpumep, nonoca KosieOaHuil B alleTOHUTPHIIC
(v, =38cm', Av , =10 cm', g = 7,2:10° 1/(Monb-cm)) 3ameT-
HO M3MEHSET CBOM XapaKTEePUCTUKHU MPHU aCCOLMAIUHN alleTOHUTPUIA
C MOHAMM MarHus: MakCUMyM H0JIoChl cMetnaerest (v, = 405 cm),
1nosioca cTaHoBUTCA mmpe (Av, , = 12 cM™') M 3HAYUTENHHO HHTEHCHB-
nee (e = 1,21-10° n/(monb-cm)). Msyuenne MK-cniekTpoB 1n1o3Bosis-
€T O0HAPYKUTh MECTO KOOPUHAITUU B KOMIUICKCE, T. K. HAMOOIbIIINE
WM3MEHEHUS MIPETEPIIEBACT YaCTOTa BAJICHTHBIX KOJICOaHUH TOH CBSI3H,
OJIMH M3 aTOMOB KOTOPOW y4acTBYET B IPOIIECCE aCCOILIHAIINH.
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Paboma 3. HccaedosaHue npoyecca accoyuayuu
2udponepokcudos ¢ npomoH-aKkyenmopamu

Lenv pabomvr: meronom MK-creKTpocKOmUM ONpEAeUTh CIHEK-
TpaJbHBIE XapPAKTEPUCTUKHM ACCOLMATOB THPONEPOKCHIOB C IPOTOH-
aKIIENTOpaMU 1 TEPMOJMHAMHYECKHE TapaMETPBI ITPOLIECCA ACCOLIHALN.

Obopydosanue u peakmuswi: UK-cnexrpomerp Spectrum RX1,
rugponepokcuasl  mpem-oytuna (I'IITB), mpem-amuna (I'TITA)
n wm3onpormndensona (I'TIMIIB), opranuyeckue pacTBOPHTEIN —
MIPOTOH-AaKLENTOPHL, JIAOOpAaTOpHAs TOCYA.

Memoouueckoe ob6ocHoganue pabomul

I'mponiepokcuapl CriocoOHBI 00Pa3oBBIBATE C a30T- U KUCIOPOJICO-
JeprKalMi OpraHNYECKUMH COETMHEHNSIMUA KOMIIJIEKCHI C BOJIOPOTHOM
cBs3bI0 (accoumartsl). B pesynbrare qanHoro nporecca Ha MK-criekrpax
MIPOSBIIAETCS] CMEIIEHNE TIOJIOKEHU U M3MEHEHHE IIUPHHBI TOJIOC TI0-
ryorieHnst OH-rpyniel acCOlMUPOBaHHBIX THIPOIIEPOKCHIOB. 3HAYEHUS
JaHHBIX TIApaMETPOB TS Psifia aCCOMATOB MPUBE/ICHBI B Ta0. 3. M3 Be-
JIMYMH CMELIEHUs M MIMPUHBI TOJIOC TOMVIOMIEHUSI MOYKHO PacCUHUTATh
TEPMOJMHAMHUYECKUE TApaMEeTPhI MpoLiecca acCoLMaNuH (M. pazzen 2.3).

Ilopsaodok evinonnenus pabomoi

1. 3anummre UK-cnexTp acconnaTta ruiponepoKcHia U MpoTOH-
aKLEenTopa, yKa3aHHBIX NpenojaBaTeneM. ONpenenure Mo CHekTpy
3nauennss VOH n AvOH u cpaBHHTE ¢ BelMYMHAMHU, IPEICTaBICHHBI-
MU B Ta0. 3.

2. Ha ocHoBanuu JaHHBIX Tabia. 3 mMocTpoiiTe KOPPENSIHOHHYIO
3aBucuMocTh Mexay VOH u 3acenennoctsio cBsizu O—H. CpaBuute
MIPOTOHIOHOPHYIO CIIOCOOHOCTH THIPONIEPOKCUAOB, CIUPTOB U (PEHO-
noB. CaenaiiTe BBIBOJBI O BIMSHUHN aCCOLMAIMM HA MEXAaHHU3M PEak-
UM THIPOIEPOKCHIOB CO CITUPTaMH U (PEeHOJIaAMH.

3. Meronom MK-cnekTpockonuu wuccienyite mpouecc acco-
LUalU TPU-TPET-OyTHiI(heHon — MeTWIMeTakpunaT. Paccumnraiite
TepMOAMHAMUYECKHE MapaMeTpbl acconnaToB. Ha ocHOBaHMN KuHe-
THYECKUX JAHHBIX, IPUBEICHHBIX B MOHOrpaduu [8], paccunraiite
HUCTHHHBIE KOHCTAHTBI CKOPOCTH Ipoliecca MHIMOMPOBAHHOTO TPH-
TpeT-OyTHIIhEHOIOM OKUCIICHHS METHIMETaKpUIIaTa.
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Tabnuua 3

IHapamemput accoyuayuu 2udponepoKcudos y2nes000pooos
¢ ocnosanuamu (no oannvim HK-cnekmpockonuu, 20 °C)

~ —AH, —AS,
rm [pomort Vo | Ao | K21 e
axkyenmop cm cm I e &
alleTOH 3380 | 172 1542
IUOKCaH 3375 180 172
[TITA | AVOTHIOBBIA 3pup | 3247 | 208 15£2
OKHCE 3393 | 162 1742
[-n3o0ammnena
MUPUAUH 3170 | 385 2942
areTopeHOH 3432 119 | 2,28
OCH30XUHOH 3430 | 121 1,25
6enzodeHoH 3425 | 126 | 1,67
aIeTOH 3375 | 176 | 1,92 | 15%2 54+6
LML LUKJIOTEKCAaHOH 3365 | 136 2,5 11+£1 30+4
JIMOKCaH 3357 | 194 2,2 17
TATIIIOBEIH 2dup | 3335 | 216
TCPOKCHA mpem= | 3400 | 151 | 0,65
OyTiIa ’
JUIISONPOIIIIIO™ | 3376 | 225 | 1,78 | 12
BBII Dup >
METWIDTHIKETOH | 3413 146 2,8 15 58
nuMeTuiaaneramun | 3334 | 225 11,4 22 94
JHMETHI- 3203 | 356 | 349 | 24 108
cynbdorenn
TreKCaMEeTHII- 3192 | 367 29
dhochoprpramua
TTUPUTIH 3170 | 389 30
[TITE | AudTmioBslid adup | 3357 | 202 1,6 18 69
JUIBOIPOIIIO | 3351 | 208 | 1,49 | 21 71
BBIN 3¢hup
OytunoBblii 2¢up | 3359 | 200 | 1,63 20 69
okuch mpormiena | 3386 | 173 | 1,73 17 62
LIMKJIOTEKCAaHOH 43 9+1 19+1
areToH 3387 | 172 2,6 13+2 3143
JIMOKCaH 3381 172 2,59 18 67
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Paboma 4. HccaedosaHue npoyecca
camoaccoyuayuu 2udponepokcudos

Lenv pabomuwr: metogoM MK-crieKTpOCKOITUHM ONpPEAeTUTh CIeK-
TpaJbHbIE XapaKTEPUCTHKH CaMOACCOLMATOB T'MIPOIEPOKCHIOB,
YCTaHOBUTH KOHLEHTPALMOHHBIC MPEebl CYyIIECTBOBAHUS CaMOac-
COLIMATOB Pa3InYHBIX THUIIOB.

Obopyoosanue u peakmuswl: UK-ciektpomerp Spectrum RX1, ru-
nponepokcuasl mpem-oytuna (I'TITB), mpem-amuna (I'TITA), uzompo-
mutoensona (I'TINTIB) u nukinookTuia, 1abopaTopHas mocya.

Memoouueckoe obocHosanue pabomul

Ycranosneno, yro Haanune B MK-crekTpax Tpex moyioc 0Kojo
840, 880 1 3 450 cM ! MOXKET CITy’KHTh YKa3aHHEM Ha TO, YTO JTAHHOE
coeaunenue spisiercs ruapomnepoxcugom (I'Tl). B UK-cnekTpax mo-
CTaTOYHO YETKO MPOSIBIIAIOTCS JINIIb KOJICOaHUs THAPONEPOKCHIHBIX
TPy, U KOTOPBIX XapakTepeH Habop vacToT (Tadu. 4).

Tabnuma 4
XapaxmepucmuuecKkue 4acmomusi K0i1e0anui
2UOpPONepPoOKCUOHBIX 2PYyRN

Tun konebanus Cpednee rmuns | TITE HO,
3HAYeHUue

C-0-0-H 840 837 846 870
0-O Ba. 880 881 888 -
C-O Ban. 1151 1155 1194 -
O-H ned. 1350 1325 1365 1370
O-H an. 3450 3450 3520 3417
[-o6epron 6800 6870 - -

I'maponepokcuapl PH ONpeeNIeHHBIX KOHLEHTPALHAX CHOCO0-
HBl 00pa30BBIBATh CaMOACCOLMATHI PA3IMYHON MPUPOIBI U CTEIICHH
aCCOLMALIUK: JINHEHHbIC W [UKIMYECKUE AUMEPBI, TPUMEPHI, TOJIHMe-
pbl. M3Menenue crenenn accouuaiuu 1Tl B mepByro ouepenb ckasbl-
BAeTCsl HA U3MEHEHUSIX YaCTOTHl M MHTErpalbHOH WHTEHCUBHOCTH Ba-
neHTHbIX Konedanuit VOH rpymnmet OOH B obmactu 3 5603 100 M.
B UK-cnekrpax pazbamieHHbix pactBopoB (ot 0,001 mMoub/n
no 1,5 monw/m) m3yuennsix [Tl B 3Toii oOmactn HaOmomaroTCs

JB€ OCHOBHBIC IIOJIOCHI. V3kasg MHTEHCHBHAs I10JI0cCa IIOT JIOIICHUS
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(3 540-3 560 cM™") OTHOCHTCS K BaJICHTHBIM KOJIEOaHUSIM CBOOOIHBIX
OH-rpynm, a mmpokas Hecummerpuynast (3 410-3 450 cm') — K ko-
7e0aHusIM aCCOLMUPOBAHHBIX THAPONEPOKCUIHBIX rpymn (puc. 7).
C pocrom xoHueHTpauuu [Tl B GospIIMHCTBE CaydaeB HaOMIOAAIOTCS
CMEILEHNs] MaKCUMyMa U LIEHTpa TSKECTH MOJI0CH ACCOLMUPOBAHHBIX
OOH-rpynmn B HU3KOYACTOTHYIO 00JACThb, YTO OOBSICHSAETCS M3MEHE-
HHUEM BKJIQJIOB TIOJIOC Pa3IMYHbIX aCCOIMATOB (IUMEPOB, TPUMEPOB H
T. [I.) B cyMMapHbIii KoHTYp. [Ipu 3TOM HabmomaeTcs yBenmueHnue nH-
TerpajibHON MHTEHCUBHOCTH ATOU mojockl 10 50 %. J{ns koHueHTpa-
uwii I'TI > 2 monw/n B UK-ciekTpax, Kak mpaBuiio, HAOIIOAACTCs OHA
LIMPOKast T0JIOCa, CBUACTEILCTBYIOIIAS O TOM, YTO OOJIbIIAS YacTh MO-
nexyn I'Tl HaxoauTcst B acCCOLMUPOBAHHOM COCTOSIHUM.

€

60r

40t

207

0

1

3200 3400 3600 _
vV, cM
Puc. 7. UK-cnexmpur I'TITA 6 pacmeope CCl,
npu memnepamype 20 °C.
Konyenmpayus I'T1, monw/n: 1 — 0,05, 2— 0,01, 3— 0,5, 4 — 1,00.

Juns vexotopeix I'TI B o6mactu 3 300-3 600 cm ' Habmromaercst
Oosee MBYX MakcumyMoB. Tak, Hanpumep, y I'TIUIIB nosensercs Ho-
Bast mostoca 3 518-3 519 cm !, oTHecenHas k konedbanusm OH-rpymm,
CBSI3aHHBIX BHyTpuMonekyisapHoi H-csazpro. s I'TIHO B obGnactu
3 200-3 450 cm ! HaGmIOAAIOTCS TP MaKCUMyMa, OTHECCHHBIC K JIU-
Mepam, TpUMepaM | MOJMMEPaM, HHTEHCUBHOCTh KOTOPBIX MECHSETCS
ot koHneHTparuu ['TI u Temneparyps! (puc. 8).
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% ITOTIOICHHUS

b

3200 3400 3600 v, em!
Puc. 8. UK-cnexmpot noznowenus pacmeopos I'TILO ¢ CCI,.
Konyenmpayus I'TIL[O, moav/n: 1 — uucmaa I'TILO,; 2 — 1,4;
3—1,02;,4—0,05 5—0,0011.

Topsioox evinonnenus pabomol

1. IIpuroToBbTE PsiA PACTBOPOB YKA3aHHOI'O IPENOAaBATEIEM I'H-
nponepokcuna B CCl, B mnanasone konuentpanui 0,001-1,5 mons/i.
3anumure UK-cnekTpbl yKa3aHHBIX PaCTBOPOB.

2. JI7s Ka)X/I0T0 M3 TOIYYESHHBIX CIIEKTPOB IMPOBEINTE KOMIIHIO-
TEPHOE pa3jioXKeHHe moroineHus B obmacta 3 100-3 700 cm! Ha
4 nosnockl. Berunciiennsie napamerpbl MK-mosjoc pazinyHbIX acco-
nuaroB I'TI mpeacraBepTe B BUAE Ta0MI. 5.

3. IlpencraBbTe N3MEHEHUS TMKOBOM MHTEHCUBHOCTH OTIEIbHBIX
rmoJioc (11 MOHOMEpA, JUMEpa, TpUMepa | MOJIMMepa) B 3aBUCHMO-
ctu ot koHueHTpauuu ['Tl B Bune pucynka. M3 aHanuza 3aBUCUMOCTH
YCTaHOBUTE KOHIIEHTPAIMOHHBIE 00J1aCTH MPe0dIalaHus OTAEITHHBIX
BH/IOB aCCOIINATOB.

4. Cnenaiite BbIBOIBI O BausiHUM camoaccounanuu I'Tl Ha mexa-
HU3M pacriajia 3TUX COeTUHEHHA.



Tabnuua 5
Ilapamempovr HK-nonoc accoyuamoe 2udponepokcuoos

Tun accoyuamos v, em! AV'2, en’!

Monomep

Humep
Tpumep

ITonumep

KonumposawsHble sonpocbl

1. Buner koneGaHmii B MOJIEKYIIax.

2. KonebaTenpHbIEe CIIEKTPHI MOJICKY L.

3. KauecTBeHHBIN U KOJIMYECTBEHHBIN aHanu3 no MK-cnekrpam.

4. ITpumenenue UK-cnekTpockonuu s aHaau3a IpoAyKTOB XH-
MHUYECKON PEeaKLuu.

5. WccnenoBanue KUHETUKH XUMUYECKOM peakuu METOAOM OT-
6opa mpoo.

6. MccnenoBaHue KMHETUKA XUMHUYECKOM peakiMU B KIOBETE
UK-cnekTpomerpa.

7. llpumenenue MK-cnekTpockonuu sl UCCIEAOBAHUS TEPMU-
YECKOT'0 CTApEHMS U OKUCIICHUS KayJyKOB.

8. I[Ipumenenune MK-cnekTpockonuu sl UCCIEI0BaHUs TpoLiec-
COB CaM0acCOLHUaIHU.

9. llpumenenue UK-crekTpocKonuu sl UCCIEI0OBAHUS TPoLIEC-
COB aCCOLMAIMK THAPONIEPOKCUIOB C IPOTOH-aKLENTOPaMH.

10. OnpeneneHue TepMOIUMHAMUYECKUX MapaMETPOB MPOLIECCOB
aCcCOLMALH.
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3. ApepHbIA MArHUTHLINA pe30HAHC

3.1. OCHOBHbIEe NOHAMUSA

CrnekTpocKonus SepHOro MarHuTHOro pe3oHanca (IMP) ocHo-
BaHa Ha HAOJIOIEHHUM MOIJIOICHHUS 3JIEKTPOMArHUTHOTO M3JIyUCHHS
MarHUTHBIMU SIAPAMHM MOJIEKYJ (B 4acCTHOCTH, MPOTOHAMH) B TPH-
CYTCTBUU IPUJIOKEHHOTO BHEIIHEr0 MarHUTHOTO moiisl. Bzaumoneit-
CTBHME MEXKy TPUIIOKEHHBIM ITOCTOSHHBIM MarHUTHBIM T0JeM H | u
MarHMTHBIM MOMEHTOM sIJIEp L MO>KHO BBIPA3UTh FaMHJIBTOHHAHOM

H=—-pH,=—yhH,I,,

r7ie Y — TUPOMAarHUTHOE OTHOIIEHHE S/Apa; /i — TpUBEJCHHAS
nocrostiHas [Lnanka; /, — ornepatop, Z — MPOEKIKs CITMHA.

CoOcTBeHHOE 3HAYEHUE OTIEpaTOpa /, MOKET IPUHUMATH OJIHO U3
(21 + 1) 3nauenuit

m=L1+1...-[+1,-[

MTO3TOMY COOTBETCTBYIOIIEE TAMIIIBTOHHAHY 3HAYEHHE YHEPTHH
YPOBHEU paBHO

OHepruM ypoBHEH COOTBETCTBYIOT BO3MOXKHBIM OpPHEHTALMSIM
MarHuTHOro MoMenta B mosie H. Jlns ciydas, Korna sapa UMERT
[=1/2, B MarHUTHOM TI0JI€ ABYM OPHEHTALMSIM CIIMHA Apa OTBEYAIOT
pasHble sHeprun. Ha puc. 9 mpencrasieHa cxema paciieryieHus dHep-
TETMYECKUX YPOBHEH crimHa suep £, = 1/2 B MaruutHOM none H,.

Pasxocts oHepruit AE' COCeHMX ypOBHCH paBHA AE =vyhH, 1
HPONOPIMOHAIbHA HANPSDKEHHOCTH BHEIIHEro monst /. Tlepexopr
MEKIy YPOBHSIMH, OTBEYAIOIINE U3MEHEHHIO OPUEHTAIINH CITHHA, TTOMe-
IIEHHOTO B TIOCTOSIHHOE MAarHWTHOE TIOJIe, MOTYT OBITh BBI3BaHBI HJIEK-
TPOMAarHUTHBIM TIOJIEM C YaCTOTOM, SHEPTHsi KOTOPOTO COBMazaeT ¢ AE:

hw=2nhv=yhH,,

rae o — yrijioBas 4acToTa.
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2 5 m=-1/2
—_—
” /
'I
A Y
HO :0 \\
U AE=2u, =,
H
E,, = _% m=+1/2
H,#0

Puc. 9. Cxema pacwennenus snepeemuyeckux ypognei
o0t cnuna siopa 1/2 6 macnumuom nose

[TockompKy TIepexoabl BO3MOXKHBI TOJBKO MEXIY COCEIHUMH
YPOBHSIMH, TO p€30HAHCHAS YaCTOTa PaBHA

HaubGonpmee 3nauenune mns SIMP-criekTpockonmuu opraHuye-
CKUX COEIMHEHHUI NMEIOT MarHUTHEIE SJIpa CO CIUHOM 1/2, B TIepBYIO
ouepeb MPOTOHBI, 00JaNaloNIe HanOOJIBIIUM CPEIU CTaOMIBHBIX
sIep MarHUTHBIM MOMEHTOM, a Taioke siupa *C, F, 3P,

Cnexrpometpsl SIMP cocTosT U3 Cleay oK OCHOBHBIX 2JIEMEHTOB:
MAarauT, CO3/IAIOIINI CHITHHOE MarHUTHOE TI0JIe, OJIOK CTaOWIIM3AIY Mar-
HUTHOTO TIOJIsI, aMITyJia ¢ 00pas3iioM, PaiMO4acTOTHBIN TeHEPaTop, PaIHo-
YaCTOTHBIA TIPHEMHUK M PETUCTPUPYIOIee yCTPOHCTBO. B Hacrosimee
BpeMsI B IIPAKTHUKE B 3aBUCHMOCTH OT IIEJIel NCCIIEIOBAHUSI HCTIONB3YFOTCS
CITIEKTPOMETPHI IPOTOHHOTO MATHUTHOTO PE30HAHCA C YacToToi oT 60 110
400 MI'n. B nocnennue roapl Bee HIMPE UCTIONb3YOTCS UIMITYJIECHBIE CIIEK-
tpometpsl SIMP ¢ npeobpazoBanuem Dypoe (FT), rcnonp3oBanue KOTO-
PBIX OTKPBIBAET HOBBIE BO3MOXKHOCTH TIEPE/T NCCIIEIOBATEISIMHI, OCOOEHHO
B 00JIaCTH TOBBIIICHNS YyBCTBUTEINFHOCTH. Kak MpaBmiio, ClIeKTpOMETpBI
TIO3BOJISTIOT TIPOBOJIUTH 3aITUCh CIIEKTPOB B 00J1acTh Temrieparyp ot +200
10 —170 °C. SIMP-cniektp mipescraBisier coO00i 3aBUCUMOCTD aMILTATY/IbI
CHTHAJIOB siJIep OT HAIPsHKEHHOCTH MAarHUTHOTO TTOJIS MM YacTOThI (MH-
TEHCHBHOCTH TOTJIOMICHHS IIEKTpOMarauTHOH sHeprun). [lIkany criekrpa
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OOBIYHO CTPOST B MIJUIMOHHBIX JOJSX (M. [.) IPUIIOKEHHOTO TOJISI HiN
YaCTOTHI WU B €IMHUIIAX 4acToThI (I'1r).

W3smepenne SIMP 'H-criekTpoB OpraHMYECKHX COCTUHEHHMH, TO-
JYYECHHBIX Ha MPUOOpax 0e3 HAKOMUTEJICH CUTHAIOB, TIPOBOJUTCS JUIS
PacTBOPOB AOCTATOYHO BBICOKOM KoHeHTpauu# (5—10 %). B kauecTBe
pacTBopuUTEIel HCIONB3YIOTCS COSOUHEHNUS, HE UMEIOIIe COOCTBEH-
HBIX CHT'HAJIOB B MCCIIEyeMOH 00NacTy M He B3aMMOJCHCTBYIOLIHE C
uccnenyembim BemectsoM (CCl, CS,, D,O, CHCIL,, CDCI,, 6enson,
LMKJIOTeKCaH U Jp.). B kauecTBe pacTBOpuTENEH MOXKHO UCIIOIB30BaTh
nojsipuble xkuakoctu (aneron, (CH,),SO, CH,CN u ap.) npu ycnosuu
OTCYTCTBHSA WIIH yueTa Criel(PUUECKOTr0 B3aUMOICHCTBHS MEXKILy pac-
TBOPSEMBIM BELIECTBOM U pactBoputenieM. Crektpsl SIMP o0braHO
3aMUCHIBAIOTCSI OTHOCUTENBHO ATAJIOHOB (BHYTPEHHUX WM BHEITHUX),
CpeIu KOTOPBIX OCHOBHBIMHU SIBIISIIOTCSI TETPAMETUICHIAH U FeKcame-
TUJIIMCUIIOKCaH, a st BoJHbIX pactBopos — (CH,),SiCD,CD,CO.,,.

3.2. Ilapamempuol cnekmpoe AMP

Criexktpsl SIMP xapakTepusyloTcsi CIEAYIOUMMH OCHOBHBIMH
rapaMeTpaMu: XUMUYECKUM CIBUTOM, KOHCTAHTOM CITHH-CIIHHOBOTO
B3aMMOJCHCTBYS, IUPUHOH, (POPMON M MHTETPATLHOW HWHTEHCHBHO-
CTBIO CUTHAJIOB.

Xumuyeckuiti cosue. B 0OCHOBY MCCIIEIOBaHUS CTPYKTYpPbI XUMH-
YECKUX COEMHEHHUH TOJI0XKeH TOT (hakT, YTO MAarHUTHOE TT0JIe BOJIH-
31 MarHUTHOTO siJ[pa 3HAYUTENBHO OTIIMYAETCS OT ToJIst H| B 3a30pe
MarHuTa. BenuuuHa mpuiioXKeHHOTro 1osst H M3MEHseTCs auamar-
HHATHBIM BEIIECTBOM BCIIEACTBUE dKpaHupyromux dddexron. Toraa
HaMpsHKEHHOCTH TS Ha siApe § OyieT paBHa

H =H,(l1-0,),

IJI€ G, — MOCTOSHHAs SKPaHUPOBAHUsI, XapaKTEPHU3YIOIIas SKpa-
HUPOBAHUE SIIPa JICKTPOHAMH. JTa KOHCTAaHTa UMEET pa3Hble 3HaUe-
HUS U XUMUYECKH Pa3JInUHBIX s7ep U 00yCcIOBIeHa BCel CUCTEMOM
3JIEKTPOHOB, OKPY’KAIOIMIUX SAPO. XUMHUUECKUM CABUTOM MEXK[Y CHT-
HaJIaMH XMMUAYECKU Pa3IMYHbIX SA€p HA3bIBAIOT BETUUNHY

0

i
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Kak nmpaBuno, XuMHYecKHil CABUT PE30HAHCHOM JIMHUU MU3MEpsIeTCs
OT TOJIO’KEHUS PE30HAHCHON JIMHUM TAJIOHHOTO BEIIECTBA, KOTOPOE UIN
BBOJWTCSI B ICCIIETyeMBIH PacTBOP (BHYTPEHHHUH CTaHAAPT), X IIOMETIa-
€TCsl B 3allassHHOM KaIlWJLISIpe BHYTPH HCCIIEyeMOT0 BEIecTBa (BHELTHUN
cranzaapt). [lepBblii crioco0 mpeamoyTHTeNeH, T. K. UCKITIOYaeT HeoOX0au-
MOCTb YUUTBIBATh H3MEHEHUsI HANPSKEHHOCTH MarHUTHOT'O TI0JISt BHYTPH
00pasia BereacTBUe ero 00beMHON MarHUTHOM BOCHIPHUMYHBOCTH.

B mureparype mmeercs moapoOHasi CBOJIKA BEJIWYMH XHUMHYECKUX
CIIBUTOB ISl PA3JIMYHBIX XUMUYECKUX COEAMHEHNH, KOTOPYIO MOYKHO HC-
T0JIb30BATh ISl MICHTU(DUKAIMI XMMHIECKUX coenrHenui. Eciu B kave-
cTBe craniapra ucnonbsyrores Si(CH,),, BenMuMHbI & 115 GONMBLIMHCTBA
OPraHMYECKHX COEIMHEHHH MOJIOKUTENBHBI U JIeKaT B HHTepBasie ot 0 10
15 M. 71, 1 yeM OoJibLIe 3Ta BETMYMHA, TEM MEHbIIIE SKPaHUPOBAHHE.

Cnun-cnunoeoe e3aumooeticmeue. B cnexrpax SIMP Bbicokoro pas-
pelleHus B pe3ysbTare B3auMOACHCTBHSI MEXKIY Pa3IMYHBIMU S1paMu,
BXOJISILLIMMH B COCTAB MOJICKYJIbI, HAOMIOIaeTCsl TOHKAsl CTPYKTypa Jiu-
nuid. OHa 00yCIIOBIIEHA CIMH-CIIMHOBBIM B3aHMO/ICHCTBUEM MarHUTHBIX
siIep, WK, APYTUMHU CIIOBAMH, KOCBEHHBIM B3aHMOAEHCTBUEM SIEPHBIX
CIIMHOB Yepe3 BAJICHTHBIE JIEKTPOHBI (B MIEPBOM MPUOIMKEHUH MOYKHO
CUUTaTh, YTO BIMSHUE MarHUTHBIX MOMEHTOB JIPYTUX SII€p MPUBOANUT K
H3MEHEHHIO JIOKaJIbHOTO MarHUTHOT'O TOJISi MHTEPECYIOIIETO Hac siapa).
[TogoOHOE KOCBEHHOE B3aMMOICHCTBUE HE YCPEAHSIETCS IO HYJIS B JKHUI-
KOCTSIX U BBI3bIBAET PACILIEIIEHHs, HE 3aBUCAIINE OT BHEIIHEro MO,
HMEIOIIME ONpENINICHHBIN MOPAN0K BenWuuHbl. Ecnm cnmH-cnMHOBOE
B3aUMOJIEICTBYE U XUMUYECKHH CIIBUI' COIOCTABUMBI IO BEIUYMHE, TO
BO3HHKAET TaK Ha3bIBAEMBIIi CIIEKTP BTOPOT'O MOPS/IKA, KOTOPBIA MOKET
MIPUHUMATh OYEHb CJIOXKHBINA BUJI. ECiiu OHM 3aMeTHO oTiMyaroTes ApyT
OT Jpyra, MHTEpIpeTalusl CIEKTpa OKa3bIBAeTCS JOBOJILHO MPOCTOIL.
3HaueHNe KOHCTAHThI CIIMH-CITMHOBOI'O B3aUMO/ICHCTBHS BbIpaXkaeTcs B
repuax u MOKeT OBbITh TTOJIOKUTEITLHBIM U OTPULIATEIILHBIM.

HccnenoBanne TOHKOH CTPYKTYphl criekTpoB SIMP sBnsiercst a¢-
(DEeKTHBHBIM CPEICTBOM HIECHTU(UKALMM HEU3BECTHBIX MOJICKYN U
HCCIIEIOBAHUS MOJIEKYJIIPHON CTPYKTYPBHI.

Hlupuna u ¢popma aunuu. dopma TUHUNA U 0OCOOCHHO UX LIHPH-
Ha TPH HCCJIEJJOBAHUSAX PACTBOPOB OMPENENAIOTCSA MpOLecCaMu pe-
JaKcauuu (BpeMeHaMu penakcanun). OnpeaeieHne MUPUHBI THHUAN
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SIMP u BpeMeHU pellakCallMd UTPAET BaXKHYHO POJIb B UCCIIEIOBAHUU
MOJIEKYJIIPHOTO JIBM)KECHHS B )KUJKHX PACTBOpAX, IIPU UCCIEJOBaHUU
TaKUX MPOLECCOB, KAK TAYyTOMEPHs, TPOTOHHBII 0OOMEH, KOMILIEKCO-
oOpazoBaHue (apaMarHUTHbIE KOMILJIEKCH U KMHETHKA MPOLIECCOB).
@DopMa JIMHUU CUIIBHO 3aBUCUT OT IIPOLECCOB, IPOUCXOIAIIUX 32 BPE-
Msl, XapakTepHoe 1 nepexonos B SIMP.

HUnmezpanvnas unmencusHocmy. OIHUM U3 TIIABHBIX IIPEUMY-
mects meroga SAMP nepen apyruMu BUIaMu CIIEKTPOCKOIHH SIBJIET-
csl TOT (aKT, 4TO MHTErpajbHAsl MHTEHCUBHOCTH (TLJIOILA/Ib) CUTHAIIOB
nornoueHus SIMP HenmocpeaCTBEHHO CBS3aHA C YMCIOM sJIEP, HAXO-
JIIIUXCSA B PE30HAHCE. DTO AeT BO3MOXKHOCTH HCIIOJIB30BaTh METOJ
SMP ju1s KOJIMYECTBEHHBIX ONPEAEICHHUM, TOYHOCTb KOTOPBIX HE YCTY-
naet IpyruM crektpaibHeiM MetoaaM (MK, Y ®-cnekrpockonus). Un-
TerpupoOBaHUE 00ECIIEYNBACT ONPEACTICHUE OTHOCUTEIFHO YUCa Mpo-
TOHOB B K&)KJJOM XMMHUYECKH OTIMYArOeMcsl (hparMeHTe.

3.3. KuHemuKka Xxumu4ecKux npoyeccos

Meron AMP no3BoisisseT uM3ydaThb KMHETUKY M MEXaHU3M Kak
«OBICTPBIX», TAK U «MEJIEHHBIX» XUMHYECKUX PEaKINi, OTKPHIBAs
HOBBIE BO3MOXXHOCTH JUTS U3yUEHHS SJIEMEHTApHBIX CTAIUi MpoIec-
COB 1 IPOMEKYTOYHBIX MTPOAYKTOB.

Hccnedosanue kunemuky mMeoieHHbIX peaKyuil

B nannom cnyuae cnekrpomerp AMP MOKHO MCIHOJIB30BaTh Kak
AHAJIMTUYECKUH TIPHOOP, PErUCTPUPYIONTNA H3MEHEHNE KOHIIEHTpaIiii
BEIIIECTB 110 MEpEe MPOXOKACHUSI XUMHUYECKUX peaknuii. Tak kak Mu-
HUMaJIBHOE BpeMsI, HEOOXOMMOE JIJIS 3aIFCH CIIEKTPa B OOJIBIIMHCTBE
CTIIEKTPOMETPOB ~ 1 MUH, METO/ MPUMEHNM K M3YUEHHIO PeaKInii, 1mo-
JIYTIEpUOJ] KOTOPBIX HE TPEBBIMIACT ATy BeTHMUUHy. OrpaHndeHue Me-
TOJIa — HEOOXOANMOCTH PAOOTHI C IOCTATOYHO KOHIIEHTPHPOBAHHBIMH
pactBopamu (He MeHee 5 %) m3-3a HeIOCTAaTOYHON YYBCTBUTEIIEHOCTH
CTIEKTPOMETPOB U B YCIIOBHUSX, AAJIEKUX OT HACKHIIIEHNS. TOYHOCTH 13-
MEpeHHsI MTHTEHCUBHOCTEH JIMMUTHPYETCS TEePEKPHIBAHIEM COCEIHUX
curHanioB. Ilpu ucnons3oBanuu SIMP nisi KMHETUYECKUX HCCIEN0-
BaHMM MEJICHHBIX PEAaKIMi YacTO OKAa3bIBAETCS BO3MOXKHBIM OIHO-
BPEMEHHOE MOJIYYEHHE KMHETUYECKHUX 3aBUCUMOCTEM M OIpEICIICHUE
KOHCTaHT CKOPOCTH PEAKIUi MO0 YMEHBIIEHWIO CHUTHAJIOB HCXOJHBIX

BEILIECTB U POCTY CUTHAJIOB KOHEUHBIX IPOAYKTOB peakuuu. B psne
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Clly4aeB OJIHOBPEMEHHO YAAEeTCsl PErHCTPUPOBATh 00pa3oBaHUE U Ha-
KOIUIEHUE POMEXKYTOUHBIX IIPOYKTOB.

Spkum npumepoM takoro ucnosb3oanus AMP saBusercs wus-
yueHHe KUHETUKH U MEXaHu3Ma MpsSMOM M oOpaTHOW peakuuu Tu-
JpaTauuu n300yTUiIeHa HA HOHUTHBIX KaTajau3aTropax (B YaCTHOCTH,
KY-20I1I1), koTopast HCIOIB3yEeTCsl B POMBIIUIEHHOM MPOLECCEe H3-
BIICYEHHS H300yTUIIEHA U3 YIIIEBOAOPOAHBIX (ppakumii C,

(CH,)C=CH, + H,0 == (CH,),(OH)CH.,.

6]

I'MJIC

HZOCBOGA

10ma 8 6 4 2 0

Puc. 10. Hsmenenus cnexkmpos AMP 6 npoyecce cuopamayuu
usobymunena Ha uonumuom kamanuzamope KY-2®III1:
a) cnekmp ucxoonou cmecu, 6) 1, 6) 2; 2) 5, 0) 11 cym; 20 °C.
Hcxoonwie konyenmpayuu: [uzo-C H ] = 3,3 monv/n;
[H,0] = 7 monv/n, [KY-2DIIII] = 0,5 2-ox6 H'/n

Crnenyer otMmeTuth, uTo Meton SIMP mo3BosseTr pasnenbHO Ha-
OJroaTh CBOOOIHYIO U CBSI3aHHYIO BOJY Ha KATUOHHTE, ONPEICIISITh UX
KOJIMUECTBEHHOE COOTHOILICHHE, HACHTH()UIMPOBATh (OPMBI CBSI3aH-
Hoii Bozibl. Ha puc. 10 npusenens! criektpsl IMP, nnmoctpupytomive
npouecc ruaparauuu n3o0yTuwieHa npu 20 °C Ha HOHUTHOM KaTalu-
3arope KY-2®IIII HenocpencTBeHHO B 1aTunke criektpomerpa SIMP.

Kpome curnamos  m3o0yrtunena  (3(CH,) =1,65 m. 1.,
8(CH,)) = 4,65 M. 11.), B CHEKTPE OTIEIBHO PETMCTPUPYIOTCS CHTHAIIBI
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cBOOOHOM (5,3 M. 11.) U cBsi3aHHO# (6,6 M. I.) BOJbBI, & TAaKXKe mpen-
Oyruosoro cimpra (8(CH,) = 1,25 m. 1., 3(OH) = 4,7 m. x.). Curnan
CH,-rpynmsl n300yTuIeHa B XOJ€ PEAKIIMH yMEHBLIAETCS, B TO BpEMs
kak curHan CH,-rpymmel cnmpra BospacraeT. PacueT MHTerpaibHbIX
WHTEHCUBHOCTEH CUTHAJIOB TIO3BOJISET TONYYNUTh KHHETUIECKUC 3aBH-
CHUMOCTH TIPOIIecca M'HJIpaTalliy 110 YObUIA U300y THIICHA, YBETHYCHUIO
KOJINYECTBA CIUPTA U MO M3MEHEHHUIO COJICPKAHUS BOJIbI B CUCTEME.
[To curnany SIMP cBsi3aHHO# BOZIBI MOYKHO TIPEATIONIOKUTH, Kakue (op-
MbI HOHH3HPOBAHHOH BOJIbI YYaCTBYIOT B peakiuu. Ha ocHOBaHMHM J1aH-
HeiX SAMP (c ydyerom muddepenHunpoBanus GopM HOHU3UPOBAHHOM
BO/JIbI) MOKHO ITPEJIOKUTHh MEXaHHU3M TPOIIeCCca, YCTAHOBUTD TOPSIOK
peaKIuu, KOHCTAaHTBI CKOPOCTH U SHEPTHIO aKTHUBAIIHU.

Onpeodenenue KOHCMAHmM CKOPOCMU
8 KOHQOPMAYUOHHBIX NEPex00ax u 0OMEHHbIX PeaKyusx

SIMP-crieKTpOCKOIHUS IMUPOKO MPUMEHSIETCS ISl U3YUCHUS CKO-
pocTeii 1 aKTHBALIMOHHBIX [TapaMEeTPOB OOMEHHBIX ITPOLIECCOB — PaB-
HOBECHBIX XUMHUYECKHX MPEBPALICHU, B X0/I¢ KOTOPBIX MEPUOIHYC-
CKHM MEHSIETCSI MAarHUTHOE OKPYKEHHUE paccMaTpuBaeMoro aapa. B pe-
3yJIbTaTe OOMEHHBIX ITPOLIECCOB U3MEHSETCS BETMUMHA XMMUYECKOTO
C/IBHTa U LIMPHHA CUTHAJIAa — MapaMeTphl, KOTOPBIC U UCTIONb3YIOTCS
JUI. KHHETUYECKOTO aHanu3a. JJs onpeaeneHns cKkopocTeil oOMeH-
HBIX IPOLECCOB NPEXJE BCEr0 HEOOXOOUMO PacCUMTaTh BEIUUYHMHY
CPEAHEro BPEMEHHM KU3HHU PEareHTOB T B ONPEACICHHOM COCTOSIHUH.
PaccMoTpuM HECKOIBKO IPUMEPOB.

Cpennee BpeMs jKM3HH IIPOTOHA T HEMOCPEACTBEHHO CBSA3aHO
C KOHCTaHTOH CKOPOCTH IepBoro nopsiaka. s peakuuu oOMeHa
mexny coctositHuamMu HA u HB cpennee BpeMst )KM3HHM NPOTOHA B
coctosinuu HA paBHo: [HA]

Ecnu npeanonoxute, uro uncno monexkyn HA n HB paBHo, a
oO1iee BpeMst )KU3HM MPOTOHOB T B ATUX ABYX COCTOSHHUSAX OJHO U
TO XK€ (T,, = T,;; = 27), GOpMa IMHMI 3aBUCHT TJIaBHBIM 00Pa3oM OT
3Ha4yeHus TAv, rie AV — pacCTOSIHHE MEXy JIMHUSMU B OTCYT-
ctue oomeHa (I'tr). s pa3nuaHbIx cKopocTeli 0OMeHa BBHIBEICHBI
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COOTBETCTBYIOIME YPaBHEHUS, CBA3BIBAIOLINE BPEMS )KM3HU C BEJIH-
YUHON XUMHUYECKOTO CIBUTa MEXIY CUTHATAMHU OOMEHHBAIOIINXCS
IpyNI U MIUPUHOHN JINHUH.

B cnywyae meanenHoro oomena (tTAv >> 1) B creKTpe MpHCYT-
CTBYIOT JIBa OTJEJbHBIX MMKa. ECliu ymumpeHue Ha MOJOBHHE BBICOTHI
cocTaBiier 0'v, To k=1 = 2nd'v.

[Tpy mpoMeKyTOUHBIX CKOpOCTAX oOMeHa (TAv = 1), ecnu pac-
CTOSTHHE MEXAY MHKaMHU paBHO AV (B OTCYTCTBHE OOMEHa paclerJie-

1/2
-1 2 2
HUe paBHO Av), TO k=1 =\/2n(Av0 —Av ) , a4 CIUSHHE JTHUX

[TUKOB IPOUCXOIUT MPH Kk = ! = \/ETCAVO.
B cmygae 6sicTporo oomeHa (TAv << 1) B CIEKTpe MPUCYTCTBY-
eT oaHa uHus. Eciu ee mmprHa 00JIbIile IIMPUHBI JIMHUU B OTCYT-
cTBHE 0OMEHA Ha BETHYHHY O'V, TO BRIpAXKCHHE VIS T BBITVISINAT TaK:

2
4nAv,
o'v
PaCCMOTpI/IM HCCIICOBAHUC KOH(l)OpMaLII/IOHHI)IX H3MEHEHUI Ha

IpuMEpe OMPECACIICHUS KOHCTAHT CKOpOCTeﬁ B3aUMHOTI'0O IIpeBpamie-
HUSA «KPCCJIO — KPECJI0» B HUKJIIOI'CKCAHC!

k=1"

W3 cxembl BUIHO, YTO HPU NEPEXOJE AKCUAIBHBIA aTOM BOJO-
pona H, cranosutcst sxBatopuansibiM H u Haobopor. B paBHoBec-
HOM COCTOSIHUU TIPH KOMHATHOM TeMIlepaTrype XUMHYECKHUE CIBUTH
AKCHANBbHBIX ¥ 9KBaTOPUANIBHBIX IIPOTOHOB YCPEAHAIOTCA U B CIIEKTPE
SMP naGmrogaetces ojiHa JuHMS. [Ipy MOHMKEHUU TeMIIepaTyphl pac-
TBOPOB IIMKJIOT€KCaHa B CEpOyTiiepo/ie HaOoaeTcsi BO3pacTaroiiee
yIIMpEeHHe JUHUH, U TIpu —66,5 °C MOSBIAIOTCA 1Ba OTAENbHBIX CHT-
Hasa. CurHan B 6ojiee caboM 1osie OTHOCHTCSI K DKBAaTOPUAILHOMY
npotoHy. IIpu jnanpHeillieM MOHWKEHUU TEMIIEPATYyphl pa3/eieHue
nocturaet 28 I'ny (mpu gactote 60 MI'11) 1 ocTaeTcss HOCTOSHHBIM.
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Obnacte TeMmneparyp, TAe¢ MPOUCXOAMUT pasJelieHHe CUIHAJOB,
WCIIOJIB3YETCA JUIsl ONPEENIEHUs] KOHCTAaHT CKOpOCTH HHBepcuid. [1pu
9TOM MpHUMEHseTcss opMyJia JUIsi MPOMEKYTOUHBIX CKOPOCTEH 00-
MmeHa. Ilpu —66,5 °C xoHcTaHTa B3aHMHOIO IPEBPAILEHUS «KPECIIO
— Kpecio» paBHa 60 c¢™'. 3Hast KOHCTaHTBI CKOPOCTH WHBEPCUU IS
Pa3IMYHBIX TEMIIEPATYP, MOKHO HAWTH SHEPTUI0 aKTUBALMM TaKOTo
repexoJia B UKIIorekcane (42,2 kJ{x/mMob).

PaccmoTrpum nccnenoBaHre OOMEHHBIX MPOLIECCOB HA MpHUMEpE
OTIpeJIeNIEHUs] KOHCTAaHT CKOPOCTH MEPEeHO0ca MPOTOHOB B BOJAHOM pac-
TBOpE METHJIAMMOHMs. B CHIBHOKHMCIOM pacTBOpe METHJIaMMOHHH
npucyrctByeT B Buae CH,NH,". Crekrp SIMP pactsopa npu pH = 1
COCTOMT U3 KBapTeTa, 00ycioBneHHoro nporonamMu CH -rpynn (muaus
PACIIETLIAETCS B PE3YIbTAaTe UX B3AUMOJEHCTBYS ¢ poToHamu NH."),
IIMPOKOro TpHILIETa MPOoTOHOB NH.”, paciienienHoro B pe3ysbTare
B3auMopeHcTBUs ¢ N, U OAMHOYHOW JTUHWUH, OOYCIOBICHHON MPO-
tonamu H,O. Ilpu noamenaynBannu pactBopa nuku Tpumiera NH,*
YIIUPSIOTCS U B KOHIIE KOHIIOB MCYE3al0T, TOTAA KaK JIMHUM KBapTeTa
rpynmel CH, ymmpsioTest 1 CiMBaroTCs B OJHY JuHUI0. KaXapii us
9TUX 3PPEKTOB CIYy)KUT MEPOH CpeTHEr0 BPEMEHH KM3HHU IPOTOHOB
NH,", npuyem nsmenenus auanu CH, HACTONBKO OTYETIIMBBI, YTO UX
MOXHO TOYHO u3MepuTh. Jlnnusa H,O ymmpsieTcs, mokasbiBas, Kak
JIOJITO MIPOTOH OCTAETCS CBSI3aHHBIM C BOJIOH.

Bo3moxHBIE MEXaHU3MBI, KOTOpbIE HEOOXOIUMO PacCMOTPETH,
BKJIFOUYAIOT OOMEH MEXTy HOHOM CHBNH; u Bogou i nouom OH™:

K
CH,NH," + H,0 ¥ CH,NH, + H,0"; (a)
+ - kZ .
CH,NH," + OH" <> CH,NH, + H,0; (6)
1 00OMEH ¢ METHIIAMUHOM C y4aCTuEM Ui 0e3 ydacTud BOABL:
CH,NH," + CH,NH, == CH,NH, + CH,NH’; (8)

CH,NH'H," + OHH" + CH,NH, &= CH,NH, + HOH +
+CHNH'H,. (2

IIpn cpaBHennn Habmonaembix JuHMA npotonos CH.-rpynm ¢
TEOPETUUECKH PACCUUTAHHBIMHU OBLIO HAIIEHO, YTO CpelHee BpeMs

KHM3HH T .. JexuT B uHrepsane 0,002-0,2 c¢. Koncranra nepsoro
3
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nopsiaka st oomena (1/t) mponopiuoHanbHa KOHIEHTPAU HOHOB
CH,NH," u o0paTHO mpomnopuuoHaabHa KOHLEHTpauuu MoHoB H'.
3TO 03HAYAET, YTO HEOOXOJUMO YUUTHIBATh TOJIBKO MEXaHU3MBI (8) U
(2). OTHOCHUTENBHBIN BKJIA] peakiuii (g) U () MOXKHO ONPEACTUTD MO
u3MeHeHusM mupunbl T H O. Ha nomo peakiuu (2) npuxoaur-
cst mpumepHo 60 % obmero oomena. OTcro/1a ObLTH IMOJTYYEHbI 3HAYC-
Hus k, = 4x10° n/(monbxc) u k, = 5,3x10° n/(mombxc).

3.4. Komnaekcoob6pa3zoeaHue

MeXMONeKyISIpHbIE B3aMMOJICHUCTBUSI UTPAIOT BaXKHYIO POJb B
OCYIIECTBICHUH MHOTUX XMMHUYECKUX W OMOIOTHYECKHUX MPOIIECCOB.
OO6pa3zoBaHue BOIOPOAHON CBS3H, MEPEHOC 3apsi/ia, BO3HUKAIOIINEC B
pe3ynbraTe cladbIX MEXMOJEKYJISPHBIX B3aUMOICHCTBUN, MEHSIOT
HE TOJIbKO XHMHYECKHE CBOWCTBA CAMHUX MOJEKYJ, y4acTBYIOIIUX
B HUX, HO ¥ (PU3UKO-XUMHUIECKUE CBOMCTBA CpEnbl, B KOTOPOH OCy-
IIECTBISAIOTCS TaKue B3auMoJeicTBHs. [y ommcaHusi COCTOSIHHSA, B
KOTOPOM HaXOJISATCS MOJIEKYJBI, UCTIOJIB3YIOT TEPMUH «MOJIEKYJIISp-
HBII KOMIIJIEKC», BPEMS JKU3HH KOTOPOTO YPE3BbIYAHO Majlo — II0-
psinka 10°—10"" ¢. O6pa3oBaHre MOJEKYJISPHBIX KOMIUIEKCOB PETH-
CTPUPYIOT CIIEKTPAIbHBIMU METO/IaMH, TaK KaK (PM3NYeCKue CBOMCTBA
KOMIUTIEKCOB OTJINYAIOTCS OT CBOMCTB YHCTHIX KOMIIOHEHTOB. OIHUM
W3 CIEKTPATBHBIX METOJMIOB, IMO3BOJIIONINX MOTYYUTh HH(POPMAIIHIO
0 BEJMYMHAX KOHCTAHT PAaBHOBECHH, TEPMOJUHAMHYECKUX U CIICK-
TPaJBHBIX XapaKTePUCTUK MOJIEKYJSIPHBIX KOMIIJIEKCOB, SIBIISIETCA
criekrpockonus SIMP.

[Inpoxoe ucmonp3oBanue Merona SIMP B 3Toit 061acTH BEI3BAHO
PAZIOM €ro MPEeuMYIIeCTB 10 CPAaBHEHHIO C APYTUMH, HAlIpUMep Me-
Tog0M MK-crieKTpocKonuu, MOCKOIbKY OH MO3BOJISIET JIOBOJIBHO TPO-
CTO U C OOJBIION HAJIEKHOCTHIO OOHAPYKUTh XUMHUYECKHE CABUTH 32
cdyeT oOpa3oBaHUN BOJOPOJHBIX CBS3CH Jdake MPU CIA0BIX B3aUMO-
TMEHCTBUAX. MHOTOUHCIICHHBIC MCCIICIOBAHUS MIPOIIECCOB 00pa3oBa-
HUSI MOJIEKYJISIPHBIX KOMILIEKCOB MeToAoM SIMP mokaspiBaroT, 4TO
OOIIMM CBOMCTBOM CHCTEM C MEXMOJIEKYJISAPHBIMU BOJOPOTHBIMU
CBSI3SIMH SIBIISIETCSI CMEIICHHUE TOJIOCHI TMOTJIOICHHUS MPOTOHOB, 00-
pasytomux H-cBsi3b, ¢ TemriepaTypoit u pazbaBnenueM. Mcciemnona-
HUS KOHIICHTPAIIMOHHBIX U TEMIIepaTyPHBIX 3aBHCUMOCTEH CUTHAJIOB

SIMP 1o3BoNMIIH MOTyYUTh OOIIUPHBIN MaTepran 00 0COOEHHOCTIX
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00pa30BaHUsT BOJOPOJHBIX CBS3€H, HAWTH KOHCTAHTHI PaBHOBECHS
B Pa3NUYHBIX CUCTEMaX, a TAKKE YCTAHOBUTH BIUSHUE MOJSPHBIX U
CTPYKTYPHBIX OCOOCHHOCTEH KOMIIOHEHTOB, OOpa3yIOIIUX MOJIEKY-
JIAPHBIE KOMIUIEKCHI.

Ucnonp3oBanue merona AMP s onpeneneHuss XapakTepUCTHK
MOJIEKYJIIPHBIX KOMILIEKCOB OCHOBAHO Ha M3MEHEHUHM IapaMeTpOB
crektpa SIMP, Takux Kak XMMHMYECKHW CIBUT, KOHCTAaHTa CIWH-
CIIMHOBOT'O B3aUMOJEMCTBHUSI, BpEMEHA PEJIAKCALIMU, B TIPOLIECCE KOM-
IJIEKCO00pa30BaHus, a TAKXKe Ha OOJIBIION YYBCTBUTEIBHOCTH METO-
Jla K BpEMEHHBIM ITPOLIECCAaM B CUCTEMAX aCCOLMMPYIOIIMX BELIECTB.
OCHOBHBIM 2KCHEPUMEHTAIBHBIM apaMETPOM B UCCIEIOBAHUU MPO-
LIECCOB CaMOaCcCOLMALMKU U accoUUalu MoieKkya B metone SIMP sB-
JISI€TCS XUMMHYCCKUM CIIBUT.

Meton SIMP oGOnamaeT MHMPOKUMH BO3MOXHOCTSIMHU JUJISL HC-
CJIEJIOBaHUS MPOLIECCOB KOMIUIEKCOOOpa3oBanus u 3(h(HEeKTUBHO HUC-
MOJIB3YETCs 711 YCTAHOBJIEHUS TUIA aCCOLIMATOB, pacyeTa TEPMO/IH-
HAMHYECKHX W KHMHETHYeCcKHX (DyHKUUH KommiekcoB. Meron SIMP
MMO3BOJISIET MCCIIEA0BAaTh H-KOMIUIEKCHI, CTAOUILHBIC U JTAOWILHBIE
JIOHOPHO-aKLENTOPHbIE KOMIIEKCHI, TapaMarHUTHbIE KOMILIEKCHI Op-
FaHUYECKUX JIUTaHJ0B C METaJJIaMU IEPEMEHHOM BaJIEHTHOCTH U T. [I.

OcHoBHast H(QOPMAIIKS, KOTOPYIO TO3BOJSCT MOJIYYUTh METOJ
SIMP, cnenyroas:

a) BBISIBUTH CIEIM(PUUSCKYIO POJIb aTOMa BOAOPO/Ia MPH 00pa3o-
BaHuu H-cBsi3m;

0) ompeneNnnuTh COCTaB KOMILIEKCOB WM TPE0OIagaroinil pas3-
Mep acconuara (JuMep, TpUMep | T. 11.);

B) OILICHUTh BPEMEHA JKMU3HU B KOMIUIEKCE U U3MEHEHHE BPEMECHH
peakcanuu npu 00pa30BaHUU IOHOPHO-AKIIEIITOPHOTO KOMILIECKCA,

T) OIPENeTUTh TUI aCCOIUAUU (JIMHEeWHAS WU [UKINYecKas);

J1) BBIYUCIUTH TEPMOJUHAMUYCCKHE (YHKIUU OOpa3OBaHUS
KOMIIJICKCOB;

€) I0Ka3aTh CYyIIEeCTBOBaHWE BHYTPUMOJIEKYIIpHBIX H-cBsizeit
B CHCTEME.

K HenmocraTkam MeTOIa MOXKHO OTHECTH:

a) HEBO3MOXKHOCTh PACCMOTPEHHS OOIIEro BUJIa ACCOLUAIIUH BO
MHOTHX CUCTEMAaX B IIMPOKOM JIMaNa30HE KOHLEHTPAILIUI BCIIEICTBUE
OTPaHUYCHHON CYMMBI DKCIIEPUMEHTATBHBIX JAHHBIX (BIIPOYEM, dTOT
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HEJI0CTATOK OTHOCHTCS KO BCEM HCCJICIOBAHHSIM IPOIECCOB KOM-
IJIEKCO00pa30BaHusl);

0) HEBO3MOXHOCTh B OOJIBIIMHCTBE CIIy4aeB HaOJIOAAaTh pas-
JIEJTEHO CUTHAJIBI OT TIPOTOHOB, YYACTBYIOIINX B ACCOITUAIINH PA3JINd-
HOTO THTIA, BCIIEJCTBHE OBICTPOTO MMPOTOHHOTO OOMEHA;

B) 3KCIIEPUMEHTAJIbHBIE TPYTHOCTH ONPE/ICIICHUS CIIBUTA MOHO-
Mepa (0COOCHHO ISt KHCIIOT) U XMMHYECKOTO CIABUTA KOMILIEKCA;

') HEOOXOMMOCTh MCIIOJIb30BaHUS YIIPOIICHHBIX MOJIENIeH acco-
LUAIUH U Pa3IMYHBIX TPUOIMKEHUN 1 JOMYIIEHNH, KOTOpPBIE, BUIH-
MO, HE Bce OSCCITOPHEI;

1) BIMSHYAE HAa XUMUYECKHH CIBUT MPOTOHA APYTHX (DaKTOPOB,
KpoMe crenu(uyeckoro B3aMMOJEHCTBHA. DTO OCOOCHHO BaXKHO,
korya H-cBsi3u maibl, a BIUSHUE OKPYKCHHS, HATPUMEP MAarHUTHOM
AHU30TPOIINH, 3HAYUTCIIBHO.

Camoaccoyuayus monexyn

Mounexynsl, conepxarmue N—H, O-H, S—H, C—H u npyrue rpym-
ITbI, CKJIOHHBI K 00Pa30BaHUIO CaM0ACCOIMATOB KaK B YUCTON JKHUKO-
CTH, TaK M B paCTBOpPaxX MHEPTHBIX PACTBOPUTENICH U B ra3oBoi (ase.
[Ipu 3TOM BO3MOXKHO YCTaHOBJICHHE CaMbIX Pa3HOOOPa3HBIX THUIIOB
paBHOBECHI: MOHOMEP — JIUMEP, MOHOMEP — TPUMED, ..., MOHOMEP
— n-Mep. OO6pa3oBaBIIHIICT KOMITIEKC (CaMOAaCcCOINAT) MOXKET OBITh
JIUHEHHBIM 1 IUKITNIECKHAM.

s camoacconmanii MOHOMEp — 1-Mep

nA (L_> A,

KOHCTaHTa pPaBHOBCCUA Kn, BbIpa’XCHHAsA B MOJIBHBIX HOOJIAX, 3a-

JIaeTCS YPaBHECHUCM:

A= (n-1)A,0)"
(TAo1-7lA, )"

rae n — MOPAIOK CaMOacCOLUALNY; [AO], [An] — HayajgbHas
KOHIISHTpAIl¥sl BEIIeCTBA A W paBHOBECHAs KOHIICHTpAIIHS CaMoac-
colyaTa, BRIpa)KEHHbBIE B MOJIBHBIX J0JI5X. BennmunHa Ha0ro1aeMoro
XUMHYECKOTO C/IBUTA ITPH 00pa30BaHUM CaMOACCOIMATA ITUKIMIECKO-
ro THIIA 3aIIMCBIBAETCS B BUE

K

n

(7
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_n[A, ]S, N ([Ay]-n[A,1)3,
[A] [A]

JUTSL TMHEWHOTO caMoaccolara:

5 (I B, | ([A1=(n=DIA,1)S =(n-1)aA, +8,. (9
[A] [A]

rae 6, 6 — XMMHYECKHE CIBMIU BELIECTBA A B MOHOMEPHOH
u n-mMepHoi popmax; o = [A J/[A )] — cTemens camoacconmanuy;,
A =0 — 8 — pasHOCTh XMMUYECKHX CIBHIOB /-ME€PA M CUTHAJIA
MoHoMmepa. [Ipu ncnonszoBanun ypasHeHui (8)—(9) g HaxoxaeHNus
BenvuuH K ¥ A TIPUMEHSIOT Pa3IM4HbIe TTPUOTIKEHHUS.

1. Meron npeneiabHOro HakJIOHA MO3BOJISAET U3 HaKJIOHA KPUBOH
KOHIIGHTPAIIMOHHON 3aBUCHMOCTH, SKCTPANOIMPOBAHHON K Oecko-
HEYHOMY pa30aBIEHHUIO, ONPENEINTh Beauuuny A K. Jlns ciydas ca-
MOACCOLMAlNY C 1 = 2 HAKJIOH 3aBUCUMOCTH XMMHUYECKUX CABUTOB OT
KOHIEHTPAK B TOUKE [A ] = 0 HE paBEH HYIIIO U [UIsl IUKINYECKOTO
JIMepa OIpeJIeNsieTCs] BRIpaKeHNEeM:

[ d8 j =nAn( da j =2K2A25
d[AO] [Ag]-0 d[Ao] [Ag]0

a ISl TMHEHHOTO TUMepa UMEET BHI:

(ﬁj :(n—l)An(d—aJ —K,A,.
d[AO] [Ag]—0 d[Ao] [Ag]-0

B ciyuae camoaccounanuu, NpoTeKarolen 1o cxeme

= naA, +35,, (8)

n-mep. &———>(n—1)-mep. +MOHOMEpP ,

KOHCTaHTa paBHOBECUS OMPEACIIACTCA COOTHOLUICHUEM:

[ @5 ] _3KA,.
AA01)iag150
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dakTHUecKn METOJ MPEAETbHOTO HAKIOHA MO3BOJSIET OOHApY-
JKUTB IIPOTEKAOIIUNA B CUCTEME IPOLECC IUMEPU3ALUH, HO HE II03BO-
JISIET HalTH pa3zenbHo napamerpel K, u A,. bpuio mokasaHo, 4to

A
lim | =2 |=2K,A,
[Aol>0( [A, ]

n

T. €. KpuBasi 3aBUCHMOCTH ot [A ] mepecekaer ock opau-

0
HaT B TOYKE, paBHOM 2K A, 1t UKimyeckoro u K A, JUIst TIMHEHHOTO

AuMepa COOTBETCTBCHHO. I[J'IFI HaXO0XACHUA K2 Tp66y€TC$I OTJIOXUTb
10 OCHU OpAUHAT YCTBEPTh OTPEC3Ka, OTCEKACMOT'0O Ha OCHU KpHBOﬁ 3a-

n

BUCUMOCTHU m oT [A_ ], WK YeTBEPTH BEIMYUHBI TAHI€HCA yTJIa Ha-
0
KJIOHA KacaTenbHol B Touke [A ] = 0 B rpaduxe & ot [A ]. 3aTeM u3

TOYKHU, IMTPOCKIUA KOTOpOﬁ Ha OCb OpAUHAT paBHA 3TOMY 3HAYCHUIO,

n

Ha rpaduke oT [A,] OIyCTHTB MEPIEHMKYIISAP Ha OCh abcIucC.

0
Koopnunara Ha ocu abciuce paBHa 00paTHON BEIUYHUHE KOHCTAHTHI

JTUMepHU3alnu.

2. Metop JIunmepta. OnucaHHbIe BBIIIE METO/IbI TPEIEIBHOIO Ha-
KJIOHA U €ro Moau(uKanuy, Kak MpaBHiIo, HCIOJIB3YIOT A ONpeere-
HUS TEPMOJIMHAMUYECKHX NTapaMeTPOB CaMOACCOIMAIINH B CHCTEMaXx ¢
CHJIBHBIMHU BOJIOPOIHBIMH CBS3SIMHU, IOPAIOK KOTOPBIX HE MPEBBIIIAET
aByx. OOpa3oBaHHE CaM0acCOIMAaTOB 0oJiee BBHICOKOIO MOpsIKa HC-
CllelytoT 110 MeToAy Jlummnepra, B OCHOBE KOTOPOIO JIEKHUT JOIYIIEHHE
CYIIECTBOBaHMS €JMHCTBEHHOI'O THIIa aCCOLMATUBHOIO PaBHOBECHUS B
OIIPEIETICHHOM KOHIIEHTPAllMOHHOM HHTepBaiie. COBMECTHOE pellle-
Hue ypaBHeHUH (7)—(8) NIPUBOAUT K BBIpaKEHHIO:

2
—L—nK [A, " 5,8 ,
3, =9, 3, =9,

KOTOPOE YJIaeTCsl IPUBECTH K BUAY:

OO KA, 4K, AL (5-5,). (10

[AO ]n—l

46



VYpasuenue (10) no3BonseT rpapuIeckuM METOIOM ONPEACTUTH
napameTpel 1, A , K .

Metoasl mpenenbHOro HakjiaoHa W Jlummepra MO3BOJISAIOT Ha-
JIEKHO OMPESIUTh HOPSA0K ACCOLMAINH, B TO BpeMs KaK BEJTMUNHBI
K u A onpenensiorcs ¢ Topasio MEHbLIEH TOYHOCTHIO. [locnennee
00YCJIOBJIEHO JOCTaTOYHO I'PpyOBIMH IOMYLICHUSAMH O CYILECTBOBA-
HUU OJJHOTO THIAa aCCOLMATHUBHOI'O PAaBHOBECHS] U HU3KOH TOYHOCTH
OTpE/IETIeHNs CIIEKTPAIbHBIX XapaKTEePUCTHK BEIIECTBA, B YACTHOCTU
BEJIMYMHBI O, (XUMHYECKUH CIIBUT MOHOMEDPA).

Accoyuayus monexyn

Acconpanusi MOJIEKyJl B PacTBOpax MPUBOIUT K O0Opa30BaHUIO
KOPOTKO>KUBYIIIUX MOJIEKYJISIPHBIX KOMIUIEKCOB. B monamstoneM
OOJIBLIMHCTBE CITy4aeB 3TO KOMILJIEKCHI C BOJAOPOIHBIMH CBSI3IMH, 00-
pa3yroImecs N0 ypaBHEHHIO:

A+B——A---B

HaxoxaeHue cieKTpajIbHbIX U TEPMOJUHAMUYECKUX XapaKTEpH-
CTHK KOMITJIEKCOB MIPOM3BOIAT B OCHOBHOM JBYMsI CIIOCOOaMH, MpH-
geM 00a OHM OCHOBBIBAIOTCS] HA OJTHOM IOJI0>KEHHU:

Sznﬂ(sk_sl)Jrsl, (11)
N

rae 8, — XMMMYECKMH CIBHI SJ€pP BEIIECTBA A B KOMIUIEKCE
A-B;n s> Mg — YHCIIA COOTBETCTBYIOIINX YaCTHII A u AB. Ilo nep-
BOMY ITyTH ONpeJeNeHne BeauuuH K u A pOBOAUTCS IpauyecKu.
Bropoli myTh 3akiroyaeTcsa B WTEPAlMOHHOW MPOLEIype Ompejie-
JIEHUsI KOHCTaHT 1o ypaBHeHuto (11). PaccMoTpum nepBsbIit myTh pac-
YeTa CHEeKTPaJIbHBIX U TEPMOAMHAMHYECKHX XapaKTEPUCTHK OWHAp-
HBIX KOMIIJIEKCOB. B OCHOBe JaHHOTO MeTojia JieXKaT /IBa YCJIOBHA:
1) [A] <<[B], 2) BeniuuriHa KOHCTAHTHI pABHOBECHS 00pa3oBaHMsI OU-
HapHOTO KoMmIuiekca A++*B He nomkHa 3aBHceTh OT KO3()QUIIEHTOB
AKTUBHOCTHU BelecTBa B B BHIOpAaHHOW KOHIICHTPAI[MOHHOW IIKaJE.
Ecnu 00a ycnoBust cobaroatoTes, onpeieieHue KOHCTAaHT POU3BO-
ISIT TIO ypaBHEHUIM B KoopauHatax docrepa — Daiida:

1 1 1 1

- +—,
6_81 KAK[B]O Ay (12
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=KAy —K(8-3)). (13)

VYpasuenue (13) umeer npeumyiiecTBa nepes ypapuenuem (12),

TaKk Kak rpaduk MpsMOM, MPOBEICHHOW B KOOpAMHATAX L

. [Bly
(8-3,), mo3BossieT HaiiTh pasnensHO BennunHbl K 1 AK. Ecin koH-

HEHTpAalUH pCarcHTOB BbBIPAXKCHBI B MOJIBHBIX AOJAX WU B CAWHU-
Hax MOJSIPHOCTH, COOTBECTCTBYIOMINEC BCIIMYNHBI Kx nu KC HaxogsaT U3

rpaMKOB 3aBUCUMOCTH ot (n, +n)/n, nmm V/nB (V' — o6bem

9
CMECH PEareHToB; N — YUCJIO YAaCTHIl PACTBOPUTENs). Boipaxkenus
JUT KOHCTAHT PaBHOBECUS U cooTHolIeHue mexany K u K narores B
CJIEAYIOIIEM BHIE!

K _nAB(nA +ng +I’ls _nAB)~ nAB(nB +I’ls)

X —_ ~ 9

(”A _nAB)(nB _nAB) (”A _nAB)nB

K - nagV - nagV
‘ (nA—nAB)(nB—nAB) (nA—nAB)nB
K =KYV.

HpI/IBC,ZlCHHBIC COOTHOIICHUS, TTO3BOJIAOINNUE ONPCACINTL CIICK-
TpaJIbHBIC U TCPMOAUHAMUYCCKUC XAPAKTCPUCTUKN CaMOACCOIIUATOB
U KOMIUICKCOB, HC YYUTBIBAIOT HCUACAJIBHOCTH PACTBOPOB U BCJICI-
CTBHUC 3TOr0 ONpCACIIAICMbIC KOHCTAHTBI HAXOAATCSA C TOYHOCTBIO 10
MHOXUTCIIA, 3aBUCAIICTO OT KOB(l)(bI/II_[I/IeHTa AKTUBHOCTH COOTBECT-
CTBYIOIIUX coequHeHuit. Ecnm MMPOBCCTHU YUCT aKTUBHOCTU pCarcH-
TOB, TO U1 Cliy4dast O6paBOBaHI/I$I MOJICKYJIAPHOT'O KOMIIJICKCA COCTaBa
1 : 1 xoHCTAaHTa PaBHOBECHS 3alIMCHIBACTCA KaK

[AB]  Vas

B TTAIB] Yavs

u ypaBHen#ue (13) mepenuiiercs B CIEAYIONEM BHIE:

0 -9, Y AB Y AB
=KA —(6-9,)K ) 14
[Bl, " Yavs (5-8) Ta¥s (19
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5-90
Jns ypaBuenwns (14) nuHeitHast 3aBUCUMOCTh B] L ot (8-3))
0

CBUIETEIIBCTBYET O TOM, YTO OTHOLICHHE —AB— = | 1IpH HCIIONB3ye-
INE:
MBIX KOHIEHTPALMAX MM SBIISIETCA JIMHEWHOU QyHnkumeii ot [B], 1. €.
YaB
=1+ M[B],. (15)
TaYB

B ypasuenun (15) xoadduuresr M He 3aBUCUT OT KOHLEHTpa-
1M pearenta [B]), HO MOKET MEHATBCS IPH H3MEHEHUU KOMIIOHEHTa
[A],. C yuerom cootHomenus (15) ypaBHenue (14), ucrnonszyemoe
JUIsl HAXOKACHUSI TEPMOAMHAMHYECKUX XapaKTEPUCTHK KOMILICKCOB,
MIPUHUMAET BH/I;

d-9
—L=KAy —(K+M)(5-3,)
[Blo )

Takum 06paszoM, ucmoap30Banre ypaBHeHus (14) 6e3 yuera He-
UJI€JIbHOCTHU PACTBOPOB MPUBOJIUT K HAXOXKJEHNUIO HETOUYHBIX 3HAUE-
HUHN KOHCTAHT K U AK, XOTsI IPOU3BEJICHUE KAK MOXET OBITH OIIpee-
JIEHO KOPPEKTHO.

Pacuem mepmoounamuueckux napamempos
KOMNIeKcoobpazosanusi ¢ nomouvio AMP

Korpna nBe 4acTuIlbl y4acTBYIOT B OBICTPO# peakiiuu oOMeHa, J10-
CTyIHOMU mKkane Bpemenu SIMP, HaOioaeMblii XUMHUYECKUHN CHBUT
MPEJICTaBISIeT COOOM BEIUYMHY, COCTOSIIYIO W3 BEIUYUH XHMUYC-
CKHX CIBHUIOB KaXXIOH YaCTHULBI, B3STHIX CO CBOMMH BECOBBEIMHM KO-
a¢pumeHTaMu — MOJIBHBIMU JIOJISIMU THX YacTull. Hanpumep, mis
OBICTPOro OOMEHA B CHCTEME

AH+B — AH-'B

XUMHu4ecKkuit casur curnana AH — cpeHeB3BeneHHas Mo MOJIb-
HBIM J0JIM BEJIMYMHA XUMHUYECKUX CABUIOB cBOOOIHOrOo AH u cBs-
3aHHOro AH B KOMIIIIEKCE, YTO BBHIPAKAETCS YPaBHCHUEM

49



d

Nay *0an + Nap.p " Opn.n

Habm. — R

rae N — MoiibHas 10JIs.
BeIpa3zuB 310 ypaBHEHHE B MOJISIPHBIX €JUHULAX, [TOJyYUM CO-
OTHOUICHUC

s - [AH] . [AH---B]
O AH]+[AH---B] ™ [AH]+[AH..-B] "

[Tocne meperpymmupoOBKY YWICHOB U BHIYUTAHUS M3 00EHUX JacTel

paBeHcTBa [AH --- B]-§,,, HOay4um
[AH]- (8,5, —8an) +[AH---B]-(8 o —8,y)=[AH---B]- (8.5 —8an)

IpuanMas AS, ¢ 32 (0,6, ~Opy) M Ad 32 (8.5 — B py ) MOXK-
HO 3aIMcarh

[AH . B] — [AH]O ' ASHaﬁﬂ.
A3,
rae [AH]0 — HavanpHasg KkoHueHtpauus AH, paBHas

[AH] + [AH-B].

HO,Z[CTaBJ'Iﬂﬂ NOCJICAHCC YPABHCHUC B BBIPAKCHUC JI1 KOHCTAH-
[AH:-B]

([AH], —[AHB])([B], ~[AH"B]’

Thl paBHOBECHUA K =
YpPaBHCHUEC

MoJIy4yum

K = A8Ha6.l1. .

(ASCA _Agnam..)' [Blo —

A8H36H., [AH]O
A3

B YpaBHCHUHN HU3BCCTHBI BCC BCJIMYMHBI, 3d MCKJIHOYCHUEM Kn

AS. , SIBISIOIIMECS KOHCTAHTAMH NPU JAaHHOH Temmepatype. Ilo-
CJIETHIE MOXXHO PacCUMTaTh IIyTEM COBMECTHOTO PEIICHHUS CUCTEMbI
YPaBHEHHUH, MOITYYaIOIMXCs IPU U3MEPEHHH AS  , JUISl Pa3IM4HbIX
[AH], u [B],. KoncranTa kommiekcooOpa3oBaHus Ul acCOLMALUN

THIIA K
AH+B —— AH'B

npu ycnosuu [AH] << [B] Bblpaxkaercs ypaBHEHUEM
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0-9o, 1 AH
R-ln| — = . — |=——+AS,
5, -0 d T
rae Sm u Sk — XMMHUYECKHUE CABUTU MOHOMEpPA BELIECTBA U BEIlle-
CTBa B KOMILIEKCE; d — KOHLEHTPAIHUs pacTBOpHTENs. Bennunny d,
MO0UPAIOT U3 YCIOBHS MakCUMyMa KO3 GUIIMeHTa Koppesiun (7)

5§-5,) |1
Mexnay In 5 _5 I/I?
-

Pa6boma 5. HccnaedosaHue pasHosecusi
Kemo-eH0/1bHOoll maymomepuu

Lenv pabomei: MeToioM SIMP-CTIEeKTPOCKOTIHH OTIPEICTUTh KOH-
CTaHTY U TEPMOJIMHAMHYECKHE ITapaMeTPhl PABHOBECHS C MEJIEHHBIM
00MEHOM Ha MpuMepe KeTO-€HOJIHHON TayTOMEPHH alleTHIIAIETOHA.

Obopyoosanue u peakmusol: SIMP-criekrpometp Tesla BS 587,
alEeTUIALETOH, aumeTuicynbdokeun-D, (AMCO-D,), naboparop-
Has 1mocy/a.

Memoouueckoe obocrosanue pabomol

ATIeTHIIaIeTOH B pacTBOPAaX MOXKET CYIIeCTBOBATH B BUJE Ke-
TOHHOU W €HOJBHOU (OpM, MEXAY KOTOPHIMH yCTAaHAaBIMBAETCA
paBHOBECHE:

—_—
/ -
HsC CHs H;C CH

O6men no peakunu MeaieHHbid: muHun CH, mpoTOHOB KeTOH-
HOW M €HOJIbHOH (OpM, OTCTOSIILIME APYT OT Apyra Bcero Ha 0,15 m. 1.,
xopomo paspemeHsl (puc. 11). CnemoBaTenbHO, CKOPOCTh OOMEHA
MeHbIIE IMPUHBI TMHUH Ha nosryBbicoTe (0,5 I').

T
T
T
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CH3 keto CH3 eno
OH
T CH  CH
15 10 5 0

ppm

Puc. 11. Cnexmp AMP 'H pacmeopa (10 %V) ayemunayemona
6 AMCO-D  npu 292 K na wacmome 200 MI'y

Curaman OH mpotona cmemien B cimaboe mone Oosiee 4eM Ha
10 M. 7., 9TO CBHAETENHCTBYET 00 00pa30BaHUK BHYTPUMOJIEKYJIISP-
HOHM BOJIOpONHOW cBsi3u B eHose. CunpHOe ymupenne auann OH
nporonoB npu y3kux sunuax CH, CH, u CH, npoTtoHoB roBopur o
HAJIMYMHU JIBYX WM HECKOJIBKUX HEIKBHBAJICHTHBIX MOTCHIIMAIBHBIX
SIM, B KOTOPBIX MOkeT HaxonuThcsi OH-nporon. Bo3moxxHON iprdn-
HOM SBJSAIOTCS KOHKYPEHIIMSI BHYTPH- M MEXMOJIEKYJISIPHOTO BOJIO-
POZHOTO CBSI3bIBAaHUSI MOJIEKYJl €Hojla. PaBHOBecHMEe KETO-€HOJbHOU
TAyTOMEpPUH alleTHIAIETOHA CHIIBHO CMEIAeTCs] B 3aBUCUMOCTH OT
pacTBopHTENsS. B 4ncTOM BHAE aleTHIAIIETOH COCTOUT B OCHOBHOM
3 eHOoJIbHOU (popmbl. B xmopodopmMoBOM pacTBOpe MOSBISETCS HE-
KOTOpPOE€ KOJMYECTBO KETOHA, KOTOPOE OKAa3bIBAECTCSA 3HAUMTEIbHBIM
nipu pactBopenuu B JJMCO.

Tlopsidox evinonnenus pabomol

1. IlpurotoBere 10%-ii (M0 00BEMY) PAacTBOp alleTHIAIICTOHA
B JIMCO-D,. 3anummure IMP-criekTpbl pacTBOpa MpU HECKOJIbKUX
TemnepaTtypax B auanazoHe 293-348 K.

2. OnpenenuTe COOTHOIICHUE KETOHHON M €HOJIBHOU (opM arie-
THJIALIETOHA TIPH KaKJO0W TeMIepaType MyTeM HHTETPUPOBAHUS JIH-
nuii CH u CH, nporonos B SIMP-criekTpax, paccuuTaiTe MOJIBHYIO
JIOJTI0 KETOHHOHM (DOPMBI M KOHCTAHTY paBHOBECHS TIPOIIECCa MTPH Kaxk-
JIo¥ TeMIieparype.
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3. Tlo temmepaTypHOIl 3aBHCHMOCTH KOHCTaHTBI pPaBHOBECHS
OTpEAETUTEe W3MEHEHUE SHTAJIBIIUU U SHTPONHMH B MPOILECCE KETO-
€HOJIbHON TayTOMEPHH.

4. OObsicHUTE OOJNBLIYI0 TEPMOAMHAMHYECKYIO YCTOHYHBOCTH
CHONBbHOW (OPMBI aleTUIAleTOHa MCXOJS M3 MPOCTPAHCTBEHHOTO
CTPOEHUS ITUX COEAUHEHUH.

Paboma 6. OnpedeseHue xapakmepucmuk KOMN/1eKco8
npocmpaHcmeeHHO 3ampydHeHHbIX (HeHO0.108
c agpupamu ghocghopHoii Kucs1omul

Lenv pabomoi: MeTogoM SIMP-CIIEKTpOCKOIIHN OTIPEICTHUTD CIICK-
TpaJIbHBIC XapaKTEPUCTHKN M KOHCTAHTY PAaBHOBECHS] KOMILIEKCOOOpa-
30BaHMA 3aTPYTHEHHBIX (DEHOJIOB ¢ adupamu (HochOopHOI KHCIOTHI.

Obopyodosanue u peakmuswvi: IMP-cniekrpometp Tesla BS 587,
2,6-nu-mpem-oyTundenon, TpuOyTwidochaT, YeTHIPEXXITOPUCTHINA
yTIepo1, labopaTtopHas ocya.

Memoouueckoe obocrosanue pabomoi

[Ipu mccnenoBanny mporecca KOMILIEKCOOOpa3oBaHus, MpoTe-
KaroIIero B cucreMe 2,6-mu-mpem-0yTuiadeHnon — Tpudytuindocdar
B YETBIPEXXIIOPUCTOM yriiepoje pu Temreparype 20 °C, okazanocs,
YTO Hamu4ne y ¢eHoma mpem-0yTUIBHBIX 3aMECTUTEIECH B TIOJ0XKe-
HUAX 2,6 TIPOCTpaHCTBEHHO 3kpanHupyeT rpymmy OH u 3atpymnser
Tporiecc camoacconuanyy. Ha 3To yka3pIBaeT OTCYTCTBUE U3MEHEHHH
XUMHUYECKUX CIIBUTOB TPoTOHOB OH-rpymmbl B €ro KOHIICHTPAI[HOH-
HBIX CEPHSIX C YETBIPEXXJIOPUCTHIM yriiepoaoM. OmaHako mpu 106aBs-
JICHUH K pacTBopy ¢eHona Tpuankmidocdara THAPOKCHUIbHAS TPYTI-
a CIIBUTAETCS B CTOPOHY CIIAbOTO IOJIs, 9TO TOBOPUT 00 0Opa3oBa-
HuU BojopoaHoi cBsa3u OH--+-OP B xommuiekce «penom — docdary.
Ha ocHOBaHMM MJaHHBIX H3MEHEHWH XUMHYECKHX CIBUTOB IPH
KOMILJICKCOOOPa30BaHUM BO3MOXKHO pacuUTaTh TEPMOJHHAMMYE-
CKHE€ ¥ CIIeKTpaJbHBIE XapaKTEPUCTUKU KOMIUIEKca 2,6-Tu-mpemn-
oytundenona ¢ TpudyTmidocharom.

Tlopsidox evinoanenus pabomol

1. IlpuroToBbTE CEpUIO0 PACTBOPOB C (PUKCHPOBAHHON KOHIICH-
Tpanuei 2,6-nu-mpem-oyTundenona U MepeMEHHBIMH KOHIICHTpa-
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uusmu TpubyTundocdara B CCl,. 3anummre SIMP-cnekrpsl moimy-
YEHHBIX PaCTBOPOB.

2. OmpeaenuTe XHMHUYecKHe CABUTHM MNpoToHOB OH-rpymnmel
B SIMP-cnextpax. Pesynbratel cBeaute B Tabda. 6. Ilo ypaBHeHHIO
(13) paccunTaiiTe KOHCTAHTY KOMILIEKCOOOpa3oBaHus 2,6-au-mpem-
Oytundenona ¢ TpudyTHiIhochaTom.

Tab6mnuma 6

Iapamempuvr AMP cnekmpoé Komniekcoe
2,6-0u-mpem-oymungenona ¢ mpudoymungocghpamom (Th D)

[TED], Xumuueckuii cosue

-1
M. 0. OH-zpynnwiA,, T'y A/[TBED] | K, (m.0.) A, Ty

0

3. IloBTOpHUTE S3KCIEPHUMEHT IpPH HECKOJIBKUX TEeMIIEpaTypax.
N3 temnepaTypHOW 3aBUCHMOCTH KOHCTAHThI PAaBHOBECHUSI pacCUM-
TalTe U3MEHEHHE DHTAJBIIMU U OHTPOIIMU B TIPOLECCCC KOMIIJICKCO-
obpazoBaHUs.

KoumposawsHble sonpocbl

1. [Ipupona sepHOro MarHUTHOT'O PEe30HAHCA.

2. YerpoiictBo criekrpomeTpa AMP.

3. PactBoputenu u ctanaaptsl 1151 AMP-cniekrpockonuu.

4. TTapametpsl ciektpoB SAMP.

5. UccnenoBanne KHHETUKU MEIEHHBIX MpoLeccoB MeToioM SIMP.

6. MccnenoBanne KOH(hOPMAIIMOHHBIX MTEPEX0A0B MeTo10M SIMP.

7. UccrnenoBanne 0OMEHHBIX TpolieccoB MeTozoM SIMP.

8. UccnenoBanue camoacconuanuu Mosiekyl MeroaoM SIMP.
MeTop! ipeenbHOTO HakIIoHa U JlumnmepTa.

9. HccrienoBanne MpoIECcCOB acCOIMANNN M KOMITIIEKCO00pa3o-
Bauusg metoaoM SIMP.

10. UccnenoBanue paBHOBECHS KETO-€HOJIBHOM TAyTOMEPUU ME-
ToxoM SIMP.
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4. JNIeKTPOHHBIH NapaMarHUTHBIN pe30HaHC

4.1. OcHoB8HblEe nOHsAMUS
u napamempul cnekmpoe 311P

Merton SIIP npuoGpesn Gonblioe 3HaUeHUE B XUMUH, (PU3HKE, OHO-
JIOTUU M MEJUIIMHE, TIOCKOJIBKY MO3BOJISICT OJHO3HAYHO OOHAPYKUTh
HaJIMYMe B CUCTEMax CBOOOIHBIX pajMKaloB. BimsHue mapamarHut-
HOT'O PE30HAHCA 3aKJII0YACTCsI B N30MPATEIbHOM MTOTJIOIEHUH SHEPTUH
JJIEKTPOMAarHUTHBIX BOJIH NApaMarHUTHBIMHM BEILECTBAMHU M OCHOBA-
HO Ha PaCILEIJICHUH B MAarHUTHOM I10JI¢ OCHOBHOT'O SHEPIeTHYECKOTO
YPOBHSI aTOMHOM CHCTEMBI C HEPAaBHBIMH HYJIIO PE3YJIBTUPYIOLIMM MO-
MEHTOM KOJIMYECTBa JIBIKCHUS. ECIM MOMEHT Konn4ecTBa ABHKECHUS
CO3/IaH JIEKTPOHAMH, TO TOBOPAT 00 3JIEKTPOHHOM NapamMarHeTH3Me 1
COOTBETCTBEHHO O SBJICHUH JICKTPOHHOTO MAapaMarHUTHOTO PE30HaH-
ca. YciioBre HaOMIOCHUS PE30HAHCA ONKCHIBACTCS BBIPAKEHUEM

AE =hv=gBH ,

rae h — nocrosinHas [1nanka, paBHas 6,62-107* Br-c?; g — ¢ak-
TOp CHEKTPOCKOIMMUYECKOro pacuienienus, paBHelid 2,0023 nns cBo-
001HOTO AMEeKTpOoHa; f — MarHeToH bopa; H — HampshkeHHOCTB T10-
CTOSIHHOI'O MarHUTHOTO IIOJIS.

Crnextp OI1P npeacrapisieT 3aBUCUMOCTh HHTEHCUBHOCTH TIOTJI0-
meHus / OT HaNpsHKEHHOCTH MarHuTHOro joust. O6braHo criektp DI1P
MPEACTABISIIOT B BUJIE IEPBOM MPOU3BOAHON KPUBOM MOTJIOLICHUS OT
HaIpsSHKEHHOCTU MAarHUTHOro mnoJjis. Tak kak guxHuu OIIP mornomie-
HUS IIUPOKH, TO MIepBasi MPOU3BOIHAS JIa€T JIydlllee PEACTaBICHHE O
xapakTtepe crekrpa. Cnekrpomerp SIIP yerpoen Takum 00paszom, 4To
OH paboTaeT npu (PUKCUPOBAHHOHN YaCTOTE MUKPOBOJIHOBOTO U3JTy4e-
Hus: v = 9500 MI'u, H = 3400 D (X-auanazon) wim v = 35000 MI'1,
H=12500 3 (Q-muama3on). [l u3MepeHnit pauKaibHbIX peaKiuit
4acTO HMCIIOJIb3YETCS BHEIIHUHN CTaHAapT — MU(EHUITAKPUITHIPA-
sun (DI, g-pakrop xotoporo pasen 2,0037 + 0,0002. Ikcuepu-
MEHT IT03BOJISIET TIOJy4YaTh HH()OPMAITUIO TPEX BUJIOB.

1. Illonoorcenue nunuu cnexmpa. MarauTHoe 1oiie, NIeUCTBYIOLIEE
Ha 3JICKTPOH, MOKET OTJIMYATHCS OT MPUIOKEHHOTO MOJI BBULY TOTO,

YTO NOCJICAHCC MHAYUUPYCT JIOKAJIbHBIC ITOJIA. I/I3M€p6HI/Ie ITOJIOXKE-
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HUS CIICKTPa TO3BOJISICT ONPECIIUTh g-(paKTop, a TaK KaK OH 3aBUCHUT
OT 3JIEKTPOHHOI'O CTPOEHUS MMapaMAarHUTHBIX YaCTUL, MOYKHO CAENAaTh
0 HEM HEKOTOPBIC BBIBOJIBI. XapaKTepHbIe 3HaYCHHS g-(paKkTopa y op-
FaHUYECKUX M HEOPraHMYECKHX PaJMUKalIOB IO3BOJIAIOT NMPOBOAUTH
UICHTU(DUKAIIMIO STUX YaCTHII.

2. Ceepxmonkas cmpykmypa cnekmpa. Kak mpaBuio, CIEKTp
OIIP cocrout He u3 onxHoW nuHMU. Ero cTpykTypa oO0ycroBieHa
CBEPXTOHKHMM B3aUMOJECHCTBUEM 3JIEKTPOHA U MATHUTHBIX SAEP, BXO-
JUIIIUX B COCTAaB MOJICKYJbl. MarHUTHOE SApO (HAIpUMep, MPOTOH)
CO3/1a€T JIOKAJIbHOE MAarHUTHOE I10JI€, KOTOPOE B 3aBUCUMOCTH OT OT-
HOCUTEJIBHOW OpUEHTALMU SAEPHOTO CIMHA U MPUII0KEHHOTO MOJIs
MOJKET YBEJIMUYMBATH WM YMEHBIIATH JIOKAJbHOE MOJIE, IEUCTBYIOLIEE
Ha 3JCKTPOHHBINA CIHUH. DTO O3HAYAET, YTO PATUKAIBI C Pa3IUYHbI-
MU OPUEHTALUAMU AIEPHOIO CIIMHA AAl0T PE30HAHC MPU Pa3HbIX Ha-
MPSDKEHHOCTSX MPUIOKEHHOTO MAarHUTHOTO TIOJIS M CIIEKTP 00pasiia,
KyJla BXOJUT MHOI'O Pa3jiMYyHbIX paJuKaioB, COCTOUT U3 PAJa JUHUU,
COOTBETCTBYIOIIMX BCEM 3TUM HAIPSKEHHOCTSIM IPUII0KEHHOTO
noyisi. HaOuronaemasi CBEpXTOHKasl CTPYKTypa CIEKTpa MOXET HC-
IOJIb30BaThCS JJIsi XapaKTEPUCTUKH BEPOSITHOCTH MPEOBIBAHUS HE-
CIIAPEHHOI0 3JIEKTPOHA B OKPECTHOCTHU KayKJIOI0 MArHUTHOTO SApA.

3. @opma (wupuna) cnexmpanvuoix aunuil. Dopma JTUHUN 3aBUCUT
OT XapakTepa ABMKEHUS PAJMKAIIOB, TAK KaK OHA OIpPEAEIETCs MPo-
[eccamu pesiakcanuu. Pasinyaror 1Ba Tura penakcauui: 7, — cruH-
peleTounyo u 7, — CIUH-CIUHOBYIO. [lepBasi BO3HUKACT M3-3a [IBU-
JKCHUSl pajiuKajia, TPUBOJSIIET0 K (DIyKTyalusiM MarHUTHOTO TOJIS,
KOTOpOE JCUCTBYET Ha HECTApPEeHHBIN AMeKkTpoH. Yem Oosbine T \» TeM
MEHbIIE IUPUHA TMHUK. BTopoii Tun penakcamuu T, 00ycnoBieH pas-
JUYMSMU B MAarHUTHOM OKPYKCHHU (WM aHU30TPOMHBIMU B3aMMO-
JCHCTBUSIMH) PAJMKAJIOB, KOTOPbIC MPUBOAAT K YIIMPCHUIO JIMHUN B
crekrpe. DPQPEeKT YIIMPEHUs UCUYE3aeT C YBEIMUYCHUEM IT0/IBUKHOCTU
paaukanos. Yem Gosbiie 7, TEM MEHBIIE IIMPHHA JTMHHUH.

4.2. KunemuyecKkue o061acmu npumeHeHus IITP

Merton OI1IP ucronb3yeTcs B CIeIyOMNX 00IacTsIX:
1) cBOGOAHBIE paUKAaIbl B IPOMEXKYTOUHBIX IPOTYKTaX OpPraHu-
YECKUX PEaAKLUI;

2) KUHETUKa XUMHUYECKIX PEaKIINii;
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3) XuMHS TOBEPXHOCTHBIX SIBIICHHIA;

4) pazpylieHue B pe3yJbTaTre 00JIyueHHUS;

5) monmmepu3anus, 00yclIOBICHHAs! CBOOOAHBIMU paJlKalaMu;

6) cBOOOOHBIE pafgMKalbl, 3aMOPOKCHHBIE MPH HU3KUX TEM-
neparypax;

7) MeTaJLIbl IEPEMEHHOM BalIeHTHOCTH M UX KOMILJIEKCHI.

Merton DIIP siBnsieTcst Ype3BbIMaiHO YAOOHBIM ISl H3yUECHHS MeXa-
HU3Ma 1 KHHETUYECKUX 3aKOHOMEPHOCTEH MPOTEKaHUsI XUMHUYECKUX pe-
aKnui. 310 00BsICHsIETCS] OOJIBIION POJIBIO, KOTOPYIO UTPAIOT Mapamar-
HUTHBIE YAaCTHUIIbI B XUMUYECKHX MPOLIECCAX, U BBICOKON YyBCTBUTEIIBLHO-
cTbI0 MeTojia. KpoMe Toro, HemapamMarHUTHBIE YacTHIIBI «IIPO3PauHbD)
nust Metozia OIP, uro cymecTBeHHO o0erdaeT pacnpoBKy CIIEKTpa.

[Ipumenenue DI1P B kuHETHUECKUX HCCIEN0BAaHUIX OCHOBAHO HA
aHanM3e U3MEHEHUH IUPUHBI U (HOPMBI ClIEKTpabHBIX JTuHUA DIIP,
BBI3bIBAEMBIX 3aBUCUMBIMHU OT BPEMEHHU N3MEHEHUSIMH TaKUX Iapame-
TPOB, KaK KoHCTaHTa cBepxToHKoU cTpykTypsl (CTC) u g-dakropa.
[Tockonbky korcranta CTC u g-pakTop onpeaenstorTcsi CTPyKTypOu
pearupyrommx 4acTul, KUHETHYECKHE HCCIIEOBAHUS HEPa3IeIMO
CBSI3aHBI CO CTPYKTYpPHBIMH. TOYHOE ollpeieNieHre U paBuiIbHAs UH-
tepnpetauuss koHctaHT CTC u g-hakTopa SIBISIOTCS YCIOBHEM Ha-
JEKHBIX KHHETHUYECKUX UcclieoBaHuil. V3MepeHne mupuHbl TUHUHA
B cniektpax OIIP MoXkHO MCHOAB30BaTh /Ul ONpPEAEICHHUs] KOHCTaHT
CKOPOCTH TPOIIECCOB C y4acTHEM MapaMarHUTHBIX YacCTHIl, XapaKTe-
PHCTHYECKOE BpeMsl )KM3HU KOTOPBIX JeKHT B nHTEepBaie 10°—-1077 ¢

KonndecTBO mapaMarHUTHBIX CIEKTPOB B 00pasiie MpOHopLuo-
HaJIbHO IUIOIIAAN O] CIIEKTPOM IMOTJIOLIEHHS

iEI(H)dH win J:EI: dl([];) dH” |

€CJIM CIEeKTP 3apETUCTPUPOBAH B BUJIE NIEPBOM MPOU3BOJHOM.
OrpaHn4YeHUsT YyBCTBUTEIHLHOCTH CBSI3aHBI B TIEPBYIO OYepeldb C
COOCTBEeHHBIMH ImyMaMmu npubopa. Tak Kak aMIUIHTyaa CIEeKTpa
JOJDKHA TIPEBHINIATh YPOBEHb ITYMOB, YYBCTBUTEIBHOCThH 3aBH-
CUT OT LIMPHUHBI criekTpa. Hampumep, ajass HOPMUPOBAHHOM J10-

. 910

peHHOBOﬁ JIMHUKW MaKCUMaJibHad aMIIJIMTya paBHa AL
A,
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3HA4YUT, 4TO IIpHU OﬂHOfI U TOH Xe KOHLICHTpaluX napaMariuTHBIX

LIEHTPOB, a CIEA0BATEIHHO, OTMHAKOBOH MJIOMIAAH IO CTIEKTPOM
MaKCcHMaJlbHas aMIUIUTyJa OOpaTHO MPOMOPIHOHATbHA BEIUYH-
He AH | ,. UMEHHO M03TOMY 4yBCTBHTEILHOCTH 9aCTO BBIPAXKAIOT
B BUJI€ NIPOM3BENECHUs YUCIAa CNIMHOB B oOpasue na AH , B ra-
yccax. Y JydImIEX COBPEMEHHBIX MPHUOOPOB UYBCTBHTEIBLHOCTH
nocturaer (2x10'-5x10")xAH,, cnunoB. CreyeT Takxke OT-
METHTH, YTO 00BeM 00pasia, KOTOPEIH MOXKET OBITH MOJABEPTHYT
HCCICIOBAHNIO, OTpaHuYeH. [ KUOKOW W TBepaoi (a3 OoH He
npesbiraeT 00srgHo 0,2-0,5 cm?.

Vike cama BO3MOXXHOCTH OOHApy»XHTh B pearupyromeil cu-
CTeMe MapaMarHuTHBIE IEHTPHI, HAITPUMEpP aTOMBI U PaAUKaIbI,
SABJISIOIINECS TTPOMEKYTOUHBIMHU MPOAYKTAMHU CIIOKHBIX XUMUYE-
CKUX TPOIIECCOB, YACTO IMO3BOJIAET BBICKA3aTh NPEIOI0KEHUE
0 MEXaHW3Me JTHX NPOIECCOB. 3HAHHE MapaMeTpPOB CIEKTPOB,
B mepByio ouepens CTC, memaer MpUHIUNHAIBHO BO3MOXKHOU
WICHTU()UKAINI0 TTapaMarHUTHBIX IIEHTPOB, XOTS MPaKTHYECKH
9Ta 3ajlaya OKa3bIBaeTCA 4acTO BEChMa CIOXKHOM M TPYHOEMKOM.
Toukas cTpykrypa cuektpoB DIIP MoxkeT HaOII0OAaTHCS B CHCTE-
Max co cnuHOM. CBS3b BHJa TOHKOH CTPYKTYpPBI C CHMMETpHUEH
AIIEKTPUYECKOTO OIS, B KOTOPOM HAXO/ISTCS COOTBETCTBYIOININE
YaCTHI[BI, SIBIISIETCS BAXKHBIM HCTOYHUKOM CBEIEHUU O MPHUPOJIE U
TeOMETPHH WX OKpYyKeHHsA. Takoro poja JaHHBIE CYIIECTBEHHBI
MIpY U3YYEHUN KOOPAMHANMOHHBIX COSJUHEHUN MOHOB METAIIIIOB
MEPEeMEHHOMN BaJIEHTHOCTH.

Pe3ynbTaTel HaOMIONEHWH 32 U3MEHEHHEM KOHIIEHTPAIUN OT-
JIeTbHBIX TapaMarHUTHBIX IIEHTPOB BO BPEMEHH IIPEACTABISIOT
IeHHY0 HH()OPMAITHIO 0 KHHETHKE TporieccoB. CieayeT moadep-
KHYTh, YTO KOHIIEHTpAIMs aKTHUBHBIX KOPOTKOXUBYIINX paguKa-
JIOB B TEPMHUUYECKUX PEAKIUAX TaKOBa, UTO UX HE yJaeTcCs 3aperu-
CTPUPOBATH OOBIYHBIM CITOCOOOM, M JIJISI TOHM HETH UCIIOIB3YIOTCS
CTeMalbHbIe METO/IBI.

B xunmkoi 1 ra3oBoil ¢azax mpH HCCICIOBAHUH KOPOTKOKHUBY-
IIMX PaJUKaIOB WCTOIB3YEeTCS METOJ OCTaHOBJIEHHOH cTpyH. He-
TTOCPEACTBEHHO TIEPE/ PE30HATOPOM CIEKTPOMETpa B CHEIHATFHOM
CMECHTEeJIe CMEIIMBAIOTCS BEIIECTBA, PEAKINI0O MEXAY KOTOPBIMU
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MPEACTOUT U3yunTh. CMech ¢ OOJIBIIONH CKOPOCTBIO MPOAABINBACTCS
yepes s4YeHKy, HaXoIsIIytocs B pe3oHatope. Takum oOpa3om yaaeTcs
MOJIEPKUBATh B PE30HATOPE JOCTATOYHO BBICOKYIO KOHIIEHTPALIUIO
00pasyromuxcsi B X0J€ PEaKUUH KOPOTKOKHMBYIIMX DPaIMKaIbHBIX
MPOJAYKTOB B TEUYEHHE BPEMEHH, AOCTATOYHOTO MAJS pPErucTparuu
cnektpa. [Ipu nccrenoBanusx B ra3oBoi (aze B CTPYIO rasa Hemo-
CPEJCTBEHHO IIepe]l pE30HATOPOM MOTYT BBOJUTHCS aTOMBI U paauKa-
JIbl, TIOJTy4aeMbI€ B DJIEKTPUYECKOM paspsiie. Takum o0pazoM MOTyT
OBITHb U3yUYCHBI KaK IEPBUYHBIC PAJUKAIBHBIE TPOAYKTHI DJIEKTPOPa3-
psAaa, TaKk U BTOPUYHBIE paJuKaJbHBIE MPOIYKTHI, BOZHUKAIOIIUE B
pe3ysbTaTe XUMHUYECKOM peaKkiui.

Hcnonp3oBaHue cTpyeBOil METOAMKH TO3BOJISET HE TOJIBKO He-
MOCPEACTBEHHO HAOII0AaTh MPOAYKTHI, y4acTHE KOTOPBIX B PsE pe-
aKLUH TOJBKO MOCTYJINPOBATIOCH, HO U B UTOT'€ MOJYUYNUTh KOHCTAHTBI
CKOPOCTH OTAEJBHBIX JIEMEHTAapHBIX CTaAul peakuuu. B xauectse
npuMepa MOXXHO NPUBECTH WACHTH()UKALUIO M H3y4YeHUE KUHETH-
YECKOro MOBEJEHMs aToMOB U pajgukaia ‘OH B menHsIX peakuusx,
MIPOTEKAIOLINX B cMecsx (ra3oBas ¢aza). B xuakoii ¢paze meron DI1P
ObUT IPUMEHEH JJIsl U3YYEHUs! LETHOTO OKUCIICHUs YTIeBOAOPOIOB,
peakuuii pangukana "OH c¢ paznuuneiMu ciupTamu U T. 1. Meton OI1P
LIMPOKO MCHOJB3yeTCd MPHU M3YUEHUH MEXaHU3Ma M KMHETUKHU Lel-
HOM MoJIMMepH3aLnu.

Hpyroii MeTon nccienoBaHNs KUHETUKM XMMUYECKHX peakIuil
3aKJIIOYAETCsl B TOM, YTO YCTaHABIMBAETCSI COOTHOIIEHUE MEXy He-
KOTOPBIMU M3MEHEHUSMH B CIIEKTPE PE30HAHCHOTO IMOIJIOLIEHUS U
CKOPOCTBIO pEaKkLUU. DTOT METO] UCIOJIb30BAJICS, HApuUMep, A
H3yYEHHs OYCHb OBICTPBIX PEAKLUUH 3JIEKTPOHHOrO OOMEHa MEXIY
CBOOOJHBIM PaIUKaIOM U TUaMarHUTHOH MOJICKYJIOH.

Meron OIIP mozBonsier HaOmogaTh NapaMarHUTHBIE LEHTPHI,
BO3HHMKAIOIIME TIOf JAEHCTBHEM MOIIHOTO HCTOYHHMKA H3JIy4eHHs
(y-m3myueHue, OBICTpBIC AJIEKTPOHBI, CBET) Ha 0Opasel, Hernocpen-
CTBEHHO HaXOJSILIMICS B crieKTpoMeTpe. Takum 0O6pa3oM ObLIO H3yue-
HO, HalpUMeD, TIOBEJICHNE parKajia, 00pa3yromerocs Mpy paauoiin3e
JKHUJIKOTO 3TaHa, a TAaKXkKe psjia JpyruX KOPOTKOKUBYIIUX paUKaJIOB.

B Hacrosmee BpeMs MIKMPOKOE pacnpocTpaHEHNE MOIYUYHIIH Me-
TOJBI CHUHOBbIX I08YULEK, CHUHOB020 30HOA N CHUHOBbIX MEMOK.
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Memoo cnunosvix noéywex. B ocHOBe MeTOa JEKUT peaKuus
CHENMaNbHO BBOJMMON B HCCIIEIyEeMYyI CUCTEMY HelapaMarHUTHON
MOJIEKYJIBI (JIOBYIIKH) C KOPOTKOKUBYIINM PAJUKAIOM, B PE3yJbTaTe
KOTOpOH 00pasyeTcsi cTaOMIIbHBIN paanKal, UMEIOIINH XapaKTepHbIH
cnexktp OIIP. Mcnone3oBaHue CIMHOBBIX JIOBYIIEK MO3BOJISIET HJICH-
TUQUIUPOBATH KOPOTKOXKUBYIIHE PAJUKAIbHBIC MPOIYKTHI, a TaKKe
B psijie CIy4aeB MOTy4aTh KHHETHUECKYIO HH(POPMAIMIO O KOHCTaHTaX
CKOpOCTEH pajMKalbHbIX CTAAUN UCCIIeTyeMOM peakinu.

B xauecTBe CTUHOBBIX JIOBYIIEK HANOOJIEE NIMPOKO UCTIONB3YIOT-
cs1 Hutpo3ocoeaunenus (I) n Hutpons! (II). B pesynprate peakunit
00pasyroTcs cTabUIIbHbBIC TapaMarHUTHBIE aIJTyKThI, KOTOPBIE MOKHO
3apeructpuponarb MetooM OIIP:

R—N=—0 + R° —> R—N—0"

I
R

R R

\ |

C——N—R3;+ R —> R;—C—N—R;

/A |

Ry e} R, O
1|

OnHOM U3 MIMPOKO UCTIONB3YEMBIX CIIMHOBBIX JIOBYIIEK SIBISETCA
mpem-antpo300yTtad (THB). ITockoabKy B 3TOM COECAMHEHHHU C aTo-
MOM a30Ta CBSI3aH TPETUUYHBIN aTOM YIJIEpOJa, B CIIEKTPE PaIuKalb-
HBIX aJayKToB He nposBisgercs CTC oT aToMOB BOJ10p0O/1a HCXOJHOTO
HUTPO30COEANHEHHS, YTO CYLIECTBEHHO YIPOIIACT PacCIIU(pPOBKY
cnektpa. Ha puc. 12 npusenen cnexkrp SIIP agnykra THbB ¢ paguka-
nom CH,, npencrapnsiomuii coO0H TPHUILIET KBAPTETOB, BO3HUKAIO-
LU OT pacUIemyieH!s] KBapTeTa ¢ COOTHOLIEHHEM MHTEHCHBHOCTEH
(cmextp CH,) Ha spe a3oTa.

CrinHOBBIE JIOBYIIKH MIMPOKO HCHOJB3YIOTCS NPH H3YUYEHHUH
MEXaHU3MOB TEPMHUUYECKUX, (OTOXUMHYECKUX M PpaJAUAlMOHHO-
XMUMUYeCKuX peakiuid. Tak, ObLJIO MOKa3aHO, YTO MPH OKHUCICHUH
cnupToB paaukanoMm ‘OH mpoucxXoauT OTPHIB OT MOJEKYJIBI CIIUPTa
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Puc. 12. Cnexmp DIIP aooykxma THB ¢ memunvhvlm paouxaiom

o-aToMa BOJOpOJA, TaK KaK B aAAyKTe ObUIa HWIACHTH(QHIMpPOBaHA
CTC ot pparmenta R—-C"H-OH. Ilpu doTonmse pa3sniuIHBIX TaIOTEH-
3aMEIIEHHBIX METaHOB ObUIM OOHApPYKEHBI aIyKThl C paJuKalaMH
"CCl,, "CHCI,,. Ilpu u3yveHuy pauKaIbHbIX TPOJYKTOB JJIEKTpHYE-
ckoro paspsiaa 8 H,, D,, CH, Obuin naeHTU)UIMPOBAHEI IPOMLYKTHI
NPUCOEIMHEHNS K paauKkaibHOi osymike H, D, u "CH,.

Omnpenenenne KOHCTAaHT CKOPOCTEN paluKaIbHBIX PEAKIIHUH C MOo-
MOIIBIO CIIMHOBBIX JIOBYLIEK OCHOBAHO HAa M3YYCHUH KUHETHUKH 00-
pa3oBaHMs aJlyKTOB C MEPBUYHBIMH M BTOPHUYHBIMHM MPOAYKTaMHU
uccnexyemort peakuuu. [Ipu 3ToM HE00X0AMMO 3HaHWE KOHCTAHT
CKOPOCTEH peaklUMil PAa3IMUYHBbIX PaJUKAIOB C CAMON CIIMHOBOH JIO-
BYIIKOW. 3HAUUTEIBHOE KOJUYECTBO TAKUX JIAHHBIX U3BECTHO.

Memoo cnunogozo 30n0a TO3BOJSET U3 aHAIN3a (POPMBI JIUHUH
cnektpa JI1P 30Ha2 nonydaTh HHGOPMALIUIO O BpamaTeIbHON MOJ-
BIYKHOCTU MOJIeKyJ1. Takasi mHpOpMaus CylIeCTBEHHA NPU HCCIie-
JIOBAaHWU KMHETHYECKHUX 3aKOHOMEPHOCTEH NMPOTEKaHUS XUMHUYECKUX
MPOIIECCOB B KOHAEGHCHpOBaHHOW (aze. CIIMHOBBIE 30HIBI IIUPOKO
UCTIONB3YIOTCS B OMO(U3NYECKUX HCCIEeIOBAHUSIX, HANPUMEp IMPH
H3yYEHHUH CTPYKTYpBl ONOJIOTHYECKHX MEMOpaH.
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B kadecTBe CTMHOBBIX 30H/I0B HCIOJIb3YIOTCSI BBOAUMBIE B HCCIIE-
QyeMyI0 CHCTeMY CTaOWIbHBIE PaJHKalbl, Yalle BCErO0 HUTPOKCHIIb-
uele. Ecnu B TakoM paaukane Haomoaaercst CTC Tonbko ot sipa aszora,
CIIEKTP MpeACTaBisieT cOOOH TPUILIET C COOTHOIICHHEM WHTEHCUBHO-
creit 1:1:1. B ycnoBusx Manol nMoJBHKHOCTH B CHIEKTPE MPOSIBISETCS
anmotporus g-pakropa u CTC. Ha puc. 13 npencraBiaeHbl CHEKTPbI
panukana 2,2,6,6-reTpaMeTHINUIEPUIMHOKCHIIA [TPU Pa3INYHbIX 3Ha-
YECHUSX BPEMEHU KOppENsuuu T . Bennunna t, MOKET OBITH MCIIONb-
30BaHA B Ka4Y€CTBE OLCHKU YaCTOTHI BPAIEHUs 30HIa V, T = V. Me-
ton OIIP mo3BossieT onpenensaTs BpeMeHa KOPpesUU B JUara3oHe
107-107"" ¢. Pacuer MoXeT OBbITh MPOM3BE/ICH C UCIIOIb30BAaHUEM He-
KOTOPBIX ITPOCTHIX TapaMeTPOB criekTpa 30Ha. [Ipu 3ToM oka3biBaeTcs
BO3MOKHBIM OOHApYXHTh M OXapaKTepU30BaTh CIydaH, KOT/a Bpalle-
HUE 30HJA SIBISETCS aHU30TPOIMHBIM, T. €. KOTa 4acTOThl BpallleHHs
BOKPYT pa3IM4HbIX OCel OTIHUaroTcs. Takue NaHHbIE PeaKIUi MOTyT
OBITh BecbMa IOJIE3HBIMU MPH U3YYEHUH XUMHUYECKUX PEaKIUi B aHU-
30TPOIHBIX CUCTEMAX, HAIIPUMED B KHUJIKUX KPUCTAIIIAX.

Benuunna t_ onpenensiercs GamKaluM OKPYKEHUEM MOJIEKY-
JBI 30HAA. DTO MO3BOJSET WACHTU(QHULIMPOBATH Pa3IMUHbIC HEOIHO-

. 9
2.10%¢ A/\/ﬂc
: 9

Puc. 13. Cnexmpor DI1IP numpokcuibHo2o paduxaia 8 2iuyepune
nPU PA3IUYHBIX 6DEMEHAX KOPPeNYUU
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pomHocth obpasiia. Ha puc. 14 nmpuBeseHbl CieKTpbl 30Haa B OyTa-

JMEHOBOM Kay4dyke (a), monuctuposie (0) u ux Oiokconoiaumepe (6).
XopoIo BUIHO, YTO B OJOKCOMOJIIMMEPE CYIIECTBYIOT O0JIACTH,

XapaKTePU3YIOIIHECs] MOJICKYJIIPHOMN MOJABHKHOCTBIO, TUIIMYHOHW IS

Puc. 14. Cnexmp DIIP numpoxcuivho2o paouxaia
6 Oymaouenosom Kayuyke (a), norucmupore (0)
u ux oaoxconoaumepe (8)

OyTaaMeHOBOr0O KaydyKa U MOJHCTHpoa. BaxkHOH 1 MHTEpecHOH 00-
JIACThIO TMIPUMEHEHMSI CIIMHOBBIX 30HIIOB SBJISETCS M3y4YeHHUE ancopO-
uu 1 katanusa. Cnexrp OIIP ancopOupoBaHHOTO 30H1a HECET B cede
nH(OpMAaLUIO 0 IPUPOAE U cBocTBaX. CyllleCTBEHHBIN HHTEpEC NpeI-
CTaBJISICT U3YUYCHHE TMHAMHUKHA (POPMUPOBAHMS M U3MEHEHUS! CBOWCTB
a/IcOpOIIMOHHOTO ciosl. Tak, HarpuMmep, aHaju3 CIIEKTPOB aJIcCOPOUpPO-
BaHHOTO Ha JIByOKHCH KPEMHHMSI HUTPOKCHIIBHOTO pajinKalia IO3BOJIMII
OOHAPY>KUTh HEOJHOPOJHBIN XapakTep aJAcopOLMN HA HAYAIBHBIX CTa-
IMsIX Tpolecca, HabmoaaTh quddysuto agcopOara Ha MOBEPXHOCTH U
OLICHUTH BEMUMHY KO3 dHULMeHTa nocTynaTenbHol 1uddysun.
Memoo cnuno6oli memxu 3aKiIOyaeTcsi B TOM, YTO K Hemapa-
MarHUTHOH MOJIEKYJIE MPUKPEIUIIETCS KOBAJICHTHOH, TMAPOGOOHOM
WIN KaKOH-TMOO APYroil CBS3bI0 CTAOWIBHBIN paguKall TakK, YTOOBI
CBOOO/IHAsI BAJIGHTHOCTh OKa3ajach He3aTpoHyTOH. OcoOeHHO mupo-
KO JUISl 3TOT'O UCIIOJIB3YIOTCSl HUITPOKCHIIBHBIE PAAUKAIIBI PA3IMIHOTO
CTpoeHHs. B 3aBUCHMOCTH OT NPUPOJIBI CBSI3U METKH C UCXOTHOH MO-
JIEKYJIOH, T€OMETPUH OKPY)KEHHS M JIPYTrUX NPUYMH HapaMarHUTHas
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rpymmna >N—-O" mMoxeT ObITh jkecTko 3akperuieHa (CTC Oyzer aHu3o0-
TPOTHON), IBMKEHHUE ITOM TPYIIIBI MOXKET OBITH 3aTOPMOKEHHBIM HITH
CBOOOAHBIM. XapakTep ABMKEHHs OTYETIMBO MPOSBIsieTCss B hopme
CIEKTPa U CIY>KUT BaKHBIM UCTOYHHKOM MH(OPMALH 00 UCXOAHON
Modekyne. K paznnaaeiM pparMeHTaM 0JJHOM MOJIEKYJIBI MOTYT OBITH
MPUKPEIUIEHBI Cpa3y JIBE METKHU. JTO JaeT BO3MOKHOCTh ONPENSIUTh
paccTosiHue MeXAy (parMeHTaMH, UX B3aMMHYIO OPHEHTALMIO U ee
W3MEHEHHS B Pa3IMYHBIX yCIOBHSIX.

Ouenp mmpoko meron JIIP ucmonssyercs s n3ydeHus MpH-
POJBI U MOBEICHHSI TapaMarHUTHBIX LIEHTPOB B TBepoi daze. B aTux
YCIOBUSIX, KOT/Ia CKOPOCTh AU(PPY3UN M PeakUul MOXKET ObITh Mpe-
HEOpe:KUMO Manoi (9h(EeKT «MaTpUIHON U3OJSLMNY), yIAeTCsl cTa-
OMIM3UPOBATH HA MPOAOJDKUTENIBHOE BpeMsi (MUHYTBHI, Yachl) Iaxke
TaKUe YPEe3BbIUAHO PEaKIMOHHOCIIOCOOHBIC YaCTHIBI, Kak aToM H,
panukansl U ap. Bo muorux cimyvasx mis 3¢dexTuBHON cTabununza-
LUK NPUXOIUTCS MOHIKATh TeMnepatypy Ao 77 K (kuakuii a3oT) u
naxe 10 4,2 K (xkunkuii renuii).

[Ipumenenne metoaa DIIP B ycrnoBusx MaTpuyHON HM30JISALUM HE
TOJBKO TMO3BOJMJIO M3Yy4YHTh cHekTpbl DIIP MHOrMX mapamMarHUTHBIX
LEHTPOB, HO TAaKKE CYLIECTBEHHO IMPOJBUHYJO MOHUMAaHUE MEXaHU3-
MOB PaIMalIHOHHOXUMHUYECKUX U (POTOXUMHUYECKUX MPOLECCOB. VY 1a-
JIOCh TaKXK€ MOJYYUTh LIEHHBIE CBEICHHUS O MOIBI’KHOCTH PEAKIIMOHHO-
CIOCOOHBIX LIEHTPOB B TBEPAOH (aze — BpalleHUH, MOCTyNaTeIbHON
i dy3un 1 0 CBS3M MOABMKHOCTH ¢ XUMUYECKHMH MTPOLIECCAMH.

Baxnas nHpopManusi MO>KET ObITh MOJTy4YeHa B pe3yJibTaTe aHa-
nn3a GOpMbI TMHUK. DTa MH(GOPMAaLKs He OTPAaHUYMBACTCS CITy4asMHU,
MPUBEACHHBIMHU BBIIIE MIPU OMHMCAHUKM METOAOB CIIMHOBOTO 30HIA H
CIHMHOBOH MeTKH. Tak, HanmpumMep, o d3PQPeKTaM JUIMOJIb-TUTOTBHOTO
YIIUpPEHHs 1 0OMEHHOTO CYKEHHUSI MOKHO CYIUTH O TOM, SIBJISIETCS JIH
MIPOCTPAHCTBEHHOE paclpe/esieHHe apaMarHUTHBIX [IEHTPOB CTaTH-
CTMYECKH OJHOPOAHBIM WIIM OHH CTPYIIIMPOBaHBI B OoJiee MIOTHBIE
«CTYCTKHM» B ONpeleNeHHbIX obnacTsax obpasua. Pemenue stux Bo-
MIPOCOB, a TAK)KE OLEHKA CPEIHET0 PACCTOSIHUS MEXKIy MapaMarHuT-
HBIMHU IICHTPaMH Ba)KHBI JJIS1 TIOHUMaHUsI KHHETHUYECKHX O0COOCHHO-
CTell palMallMOHHBIX U (POTOXMMHUYECKUX MPOLIECCOB B TBEPIOH (a3se,
SIBJICHUH aJICOPOLIHH.
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[To u3mMeHeHHI0 GOPMBI JIMHUHM MOXKET U3y4yaTbCsi KHHETHKA ObI-
CTPBIX TPOLIECCOB, TAKMX KaK CIIMHOBOW OOMEH MEXIY paIuKallaMH,
peakiuu nepeHoca 3aeKTpoHa u ap. Ilpumepom peaknuii mocieaHero
THUIIa MOKET CITYKHTb PEaKLus epeHoca IeKTPOHA OT HOH-PaAuKaja
HadTaIMIa K MOJIeKyJie HadTaauHa!

C Hy" + €, Hy <> €, Hy + € Hy"

Ecan ocymectButh peakuuo coenuHenus ¢ Na uinu K B noa-
XOJISIIEM PacTBOPHTENE, 00pa3yIOTCsl aHUOH-PauKalbl HadTa K-
Ha, KoTopble natoT cuekTtp JIIP, coctosmmit u3z 25 nuunii. Ecin
BBECTH OYCHb HEOOJBIIYIO J00aBKY JIMaMarHUTHOro HadTaiuHa,
TO OTJAENbHBIE JINHUM HAYWHAIOT YIIUPSATHCS M YMEHBIIATHCS IO
amrmutyae. [lpu nanpHelmeM no0aBieHWHM AMAMAarHUTHOTO Ha-
(hbTanvHa 3TH NUHUU CIMBAIOTCS B OJHY IIMPOKYIO JUHHIO. Takue
M3MEHEHHsI B CIIEKTpe O00yCIOBIMBAIOTCS CHavYasla O4eHb MEJICH-
HBIM 3JICKTPOHHBIM 0OMEHOM MEXKy HOHOM U MOJIEKYJIOH, a 3aTeM
ITOCTETIEHHBIM yBEJIMYCHUEM YacTOTHl OOMEHa, T. €. U3MEHEHHe
ITUPUHBI PE30HAHCHOW JMHUU HEMOCPEJCTBEHHO CBA3AHO C KOH-
CTAHTON CKOPOCTHU 3JIEKTPOHHOr0 oOMeHa. M3 HakiIoHA 3aBHUCHMO-
CTH IIHMPUHBI JIUHUHM OT KOHIEHTpAlUK A00aBIeHHOTO HadTaaInHa
OTIPENENAIOT KOHCTAHTY CKOPOCTH.

Meton DOIIP mupoko MCHONB3YETCS IS MCCICIOBaHUS OBI-
CTPBIX IMPOIIECCOB, CBSI3aHHBIX C HW3MEHEHHEM MOJIEKYJIIPHON
CTPYKTYpPBI pPaJUKaIOB. DTH IMPOIECCH BKIIOYAIOT 3aTOPMOKEH-
HOE BpallleHHe M KOH(pOopMalMoHHbIE Mepexoabsl. OqHUM U3 Hau-
OoJsiee HArJAOHBIX TPHUMEPOB YIIUPEHUS CIEKTPATbHBIX JUHUH,
BBI3BAHHOTO 3aTOPMOKEHHBIM BpPAIICHUEM, SIBJISIETCS BpaICHHE
OH-rpynner B pagukane C'H,OH. Pamgukan C'H,OH monyua-
10T GOTOXMMHYECKUM ITyTeM. Ero BHyTpeHHee BpalleHHe MOKHO
MPEJCTABUTh CXEMaTUYECKH:

H, H H,

\ o \ o

Koncranter CTC mnporonos rpymmel CH, paBubl 17,65 wu
18,53 D B 3aBHCHUMOCTH OT TOTO, HAXOAUTCS JIK MPOTOH B yuC- WIH
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mpaHCc-1m0JIOKCHUHN 1O OTHOILICHUIO K I‘I/I)IPOKCPIJ'IBHOﬁ rpynme. BHy-
TPCHHEC BpALICHUEC BBI3BIBACT MOAYJISIIHUIO SHEPIUU CBEPXTOHKOI'O
B3aI/IMOI[€I>'ICTBPI}I " YIIMPCHUC JIMHUIA.

PaCCMOTpI/IM HECKOJILKO MPUMEPOB ITPUMCHCHUA CIICKTPOCKOIINHU
OIIP JJI UCCITICAOBAHUA KUHCTUKN XUMUYCCKUX MPOIECCOB.

H3yuenue kunemuku peakyuu mpughenungepoazuia
¢ nepexucwvio benzouna

Ox _-CoHs
/
CeHs . oo e
. ” P N X o
N Cotsn O O~ N N ~
| | . cl o CHts ——> | + i
N N N N
~ PSRN o
I S 0 Cetls cHy O Cefts

3a XOJJOM pEeaKIMH MOYKHO CIEIUTh M0 HM3MEHEHHIO CIEKTpa
TpudeHwiBepaazuia. BropuuHsle pagukanbsl ObICTPO THOHYT U HE
pEerucTpUpyIOTCS.

H3zyuenue kunemuxu eubenu Cr*

W3BecTHO, YTO OKHCIIMTEIEHO-BOCCTAHOBUTEIBHBIC PEAKIIHH
Xpomat- ¥ OMXpOMaT-HOHOB MPOTEKAIOT ¢ 00pa3oBaHUEM TIPOMEXKY-
TOYHBIX COEJMHEHUM IMATUBAIEHTHOrO Xpoma. [Ipumepom Takoit pe-
aKIUU SABISIETCS peakns OMXpOMaT-HOHA C TIEPEKHUCHI0 BOJIOPOA.

Cr,0> +HO0, > Cr” (1)
Crs +H,0, - Cr? )

Peaknus (1) mporekaer ObICTPO, ¥ TUMUTUPYIOIIEH cTaue sB-
nsierest peakyst (2). Cr'® umeer xapakrepHsiid criektp DI1P, koTopblit
OTpakaeT HaJW4Yue ABYX BHUAOB m3orornos: *Cr (comH siapa 3/2) u
9Cr, 2Cr, *Cr (cniun siapa 0). 3a KUHETHKON peakiu (2) MOXKHO Clie-
muTh 1o u3Menenunto crekrpa DIIP. Taxxke mo cnextpy DIIP moxHO
paccyuTaTh NPUPOIHOE COZIePIKaHue U30Tomna xpoma >Cr.

B npeuioskeHHBIX TpuMepax, UCIOB3YS pa3InyHble KOHIIEHTpa-
LIMOHHBIE YCJIOBHSA, 10 KHHETHYECKUM JAaHHBIM MOKHO OIPENIEIHUThH
MTOPSZIOK PEAKIIUH U PACCUUTATH KOHCTAHTY CKOPOCTH PEAKITHH.
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Hs’yqeﬂue KUHemu4ecKux S’CIKOHOMepHOCmelj o6pa306aHu}z
u eubenu KOPOHEHRA 6 MPUnjiemHom COCmosAHuu

N3BecTHO, UTO OCBEIIEHHE apoMaTHYECKUX MOJEKYJ CBe-
ToM A > 300 HM B pe3ysbTare MOCIEIOBATEIBLHOCTH MPOIECCOB
S, N ST 5T MIPUBOJIUT K 00Pa30BaHUIO TTapaMarHUTHO-
IO TPUIUIETHOTO cocTOsiHMSA (cuH S = 1). Bpems )kKu3HU TPUILIETHO-
IO COCTOSIHUSI KOPOHEHa B TBepAOd (a3ze NpU HU3KOW TeMIlepaType
JIOCTATOYHO BEJIMKO, YTO JAa€T BO3MOKHOCTH 3aperucTpupoBaTh €ro
cnextp OIIP.

Cnextp OIIP cTexiioobpa3HbIX CIHUPTOBBIX PAaCTBOPOB TPUILIET-
HBIX MOJIEKYJ KopoHeHa nipu 77 K cocTouT U3 oueHb IIMPOKOH JIMHUHY,
OTBEYAIOLIEH Pa3pelICHHOMY nepexoy (Am = 1), 1 y3KOill U MOITOMY
0oJiee MHTCHCUBHOM JIMHWHM, OTBEYAIOLICH 3alpeIlcHHOMY MEePEXOy
(Am = 2) B none ~1500 I'c. DkcriepuMEHT NPOBOMTCS B CLIEKTPOME-
Tpe, 000pPYA0BaHHOM YCTPOMCTBOM, MO3BOJISIFOLIMM MPOU3BOHUTH CTa-
LUOHApHOE 00ydeHHne oOpaslia HEeMOCPEACTBEHHO B PE30HATOPE TPH
77 K. Ilocrne Toro kak B XoJie 00 Ty4eHHsI yCTaHABIMBACTCS CTAI[OHAP-
Hasi KOHIIEHTpAIMs TPUIJIETHBIX MOJIEKYJI KOPOHEHA, PErUCTpUpyeTCs
cnektp OIIP, B KOTOpOM JIErKO BBIAEIUTH CHHIJIETHYIO JIMHUIO, OTBE-
Jarouyro nepexomxy Am = 2. Tlocie BBIKIIOYEHHS CBETA IO CIIEKTPY
3aIPElIEeHHOr0 Tepexoa MOYKHO 3apEerHCTPUpPOBATH KUHETHUECKYIO
KPHBYIO TUOENN TPUIUIETHBIX MOJICKYJI KOPOHEHA, U3 KOTOPOH MOXKET
OBITh PAacCUUTaHO BPEMsI MX KU3HH. AHAIOTHYHBIM 00pa3oM Iocie
BKJIFOUCHUSI CBETA PETUCTPUPYETCsl KHHETHUYECKas KprBasi 00pa30BaHUs
TPUILICTHBIX MOJIEKYJI1. V3 BEMMUMH HaYaJIbHOM CKOPOCTH 00pa30BaHUs
TPUIUIETHBIX MOJIEKYJ U MX CTallMOHAPHOW KOHILEHTPALUH TaKKe MO-
KET OBITh PACCUUTAHO BPEMsI JKU3HU.

Pa6boma 7. HccaedosaHue KUHEMUKU UH2UGUPOBAHHO20
CMao6u/1bHbIMU HUMPOKCUAbHbIMU paduKkaiamu
OKUC/1eHUs1 cmupoa

Llenv pabomei: ¢ mpumenenneM metona JIIIP-criekTpockomu
MOJIYYUTh KUHETUYCCKHUE KPUBBIC PACXOJ0OBAHUA U HAKOIIJICHUA CTa-
OWJIBHBIX HUTPOKCHIBHBIX PAIUKAIOB B IMPOTIECCE MHTHONPOBAHHOTO
OKHCJICHUA CTUPOJIA.
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Obopyoosanue u peaxmuswl: ITP-cnexkrpomeTp Adani CMS 8400,
crupon, 4-ruapokcu-2,2,6,6-rerpamerunnunepuant-1-okcun (>NO”),
1,4-nurunpokcu-2,2,6,6-rerpamerwnmunepuaua - (>NOH), a30-Ouc-
n3o00ytuponutpun (AMBH), xnopbenson, nadbopatopHas nocyaa.

Memoouueckoe obocrosanue pabomol

CrabunbHble HUTPOKCHWIBHBIE pamukanbl (>NO') WHruOUpyIOT
MpoIIecc OKUCIIEHHS CTHPoia (M) B COOTBETCTBHH C MEXaHU3MOM:

(i)MHnmmaTop —%-RH o\

(1) M +0, - MO,
(2) MO, +M — MOOM’ (=M")
GB.IH)M +M’ — TIPOIYKTHI

B2)M" +MO, — TPOAYKTHI

(3.3) MO, + MO," — mpomyKThI
4.1)M +>NO" —>>NOR
42)M"+>NO" —» M ,+>NOH
(43)M"+>NOH — MH +>NO"
(5.1)MO," +>NO" — npoaykr +>NOH
(5.2) MO," +>NOH — MOOH + >NO*

Kunernky manHoro mporecca yanoOHO m3ydaTh metomom OIIP-
crektpockonmy. Criektp >NO” mpeacTaBisieT co00H TPUILIET ¢ KOM-
IMOHEHTAMHU PaBHOM HMHTEHCHUBHOCTH, OOpa3yIOMIMKCA B pe3yjbTare
B3aMMOJICHCTBUS HECIIAPEHHOr0 dJeKTpoHa ¢ aroMoM “N. AMIuiu-
Tyla Ka)X/JI0H KOMITOHEHTHI CIIEKTpa NMpH (PUKCUPOBAHHOW IIMPHHE
CIIEKTpa IMpoIopIroHaIbHa KoHIeHTpanmuu >NO”. [upuHa KomIo-
HEHT CIIeKTpa 3aBUCHUT OT KOHIICHTPAIIMH MOJIEKYJIIPHOTO KACIOPOAa
B HICCIIeyeMOM 0o0pasiie: ¢ yBeINYeHHEeM KOHIIEHTPAITUH KUCIOpoaa
CHEKTp YIIUPSAETCS, IIPH 3TOM aMILTUTYAa KOMIIOHEHT YMEHBIIIACTCS.
[TosToMy KonmUecTBeHHOE ompeneicHue >NO° ¢ UCIOIb30BaHHEM
KaJTMOPOBOYHON KPUBOW BO3MOIKHO JIMIIb TIPY YCIIOBHH MTOCTOSTHCTBA
KOHIIEHTPAIIH PACTBOPEHHOTO KHCIOPO/Ia.

HccnenoBanne KWHETHKH peaKNUH C ydacTHEeM CTaOWIIBHBIX
HUTPOKCHIJIBHBIX PATUKAIOB MOXXHO HPOBOJIUTH JIBYMs CIIOCOOAMH:
1) HempepbIBHAS 3alKCh aMIUIATY/IBI CUTHaja B TOYKE MaKCUMyMa
CHEKTpa | 2) 3allUCh CIEKTPOB Yepe3 paBHbIE MPOMEKYTKH BPEMEHU
C MoCIenyIonmM ux anamu3oM. O0a crmocoda UMEIOT CBOU JTOCTOHMH-
cTBa U HejocTaTKu. [1epBrIil criocod maeT Ha BBIXOIE HETIOCPEICTBEH-
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HO KUHETHYECKYH) KPHBYIO, IPOCTBHIM MacIITaOMPOBAaHUEM KOTOPOW
MO>KHO MOJYYUTh KPUBYIO U3MEHEHUs KoHIeHTpauu >NO™ Bo Bpe-
MEHH. DTOT croco0 MO3BOJISIET MCCIEN0BaTh JOCTATOUYHO OBICTpHIC
npouecchl. OJHAKO NPU UCTIOIB30BAHUU ITOTO CIIOco0a HEOOXOAUMO
OBITh TBEPJI0 YBEPECHHBIM B «IIOMAJaHUI» B TOYKY MaKCHMyMa CIICK-
Tpa. C TeyeHHeM K€ BPEMEHHM BO3MOYKHO HEKOTOPOE «CIOI3aHME»
LIEHTpa MOJs M0 TOPU3OHTANIH, B PE3yJIbTATE€ YEro BO3MOYKHO IOJTY-
YEHHUE 3aHKEHHBIX pe3ysbTaToB. KpoMe TOro, aMIuiuTyga CUTrHajia
3HAYUTEIBHBIM 00Pa30M 3aBUCHT OT KOHIICHTPAIIMU PACTBOPEHHOIO
KHCJIOPOa, OATOMY AaKe MPH HEOOIbILIOM H3MEHEHHH MTOCIIEAHEH BO
BpeMSsI SKCIIEPUMEHTA BO3MOKHO 3HAUUTEIHHOE U3MECHEHUE BETUUUHBI
curHaia. Bropoii crioco0 nuiieH yka3aHHBIX HeJIOCTaTKOB. 3aIuChIBast
CIIEKTPBI Y€Pe3 PaBHbIC MPOMEKYTKH BPEMEHH, MOKHO (DUKCUPOBATH
aMIUTUTYy CUTHAJIA, €r0 IIUPUHY U ONIPeAesTh KOHIIeHTpaiuio >NO'
U KHUCIIOPOJAa B Ka)IbIi MOMEHT BPEMEHHU C HCIOJb30BAHUEM Kallu-
OpoBOUHBIX 3aBHcHMOCTel. HemoctaTkom criocoba SBISIETCS TO, YTO
OH MOXET OBbITh MPUMEHEH JUIsl HCCIICJOBAHUS TOJIBKO OTHOCUTEIILHO
MEJIEHHBIX IPOLIECCOB.

Topsiook evinonnerus pabomoi

1. [IpurotoBsTe ceputo pacTBOpoB >NO' B alleTOHUTPUIIE B IHaA-
na3zone koureHtpanuit 10°-10+* mons/n. 3amumure DITP-criekTpsI
pactBopoB. [locTpoiite rpagynpoBOUHBIi rpaduK 3aBUCUMOCTH aM-
wuTy el curnaia JI1P ot konuentpanuu >NO”.

2. Onpenenure KOHCTAaHTY CKOPOCTH MHUIMUPOBaHU. 11 3TOr0
MIPUTOTOBLTE PEAKITUOHHYIO cMeCh, cojepxkarryro 0,005 mons/n AUBH
u 4107 mone/n >NO B ctupose. [lomecture amiyiy ¢ peakiHoH-
HOW CMECBIO B PE30HATOP CIIEKTPOMETPA U, 3aITUCHIBAsi CIIEKTPHI KaXk-
Y10 MUHYTY, TOJIYYUTE KUHETUUYECKYIO KPUBYIO pacxomoBaHus >NO”
B cTHpOJie B atMoc(epe aproHa. JlaHHas KMHETUKA MMEET JIMHCHHBIH
XapakTep, U-3 TAaHTeHCa yIila HAKJIOHA KOTOPOU OMpPEEIUTE CKOPOCTh
WHUIUUPOBAHUS U PACCUUTANTE COOTBETCTBYIOIIYIO KOHCTAHTY.

3. Uccnenyiite kuHeTuky pacxonoBanus >NO’ B npoliecce HHIH-
ouposanHoro 4 - 10 monb/n >NO" okucnenus ctupoina (8,5 Mois/i),
unurpoansoro 0,005 mone/n AVUBH.

4. AHalOruyHO HCCIEAYyUTe KUHETUKY HAKOIUICHUS U PACXOJ0-
Banus >NQO' B mporiecce MHTHOMPOBAHHOTO OKUCJICHUS B MPHCYT-
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ctBuu 4 - 107 mons/n >NOH. CpaBuute KpuByto pacxogoBanus >NO*
C KpUBOI, ITOJIy4E€HHOM B 1. 3 U cJiesaiiTe BEIBOJ O Iy TH ITPEBpAIIEHUs
>NOH B nporecce HHTHOMPOBAHHOTO OKUCIICHHS.

5. CpaBHHTE CKOpOCTH pacxopoBanusi >NO' B mporecce HHruou-
POBaHHOTO OKHCJIECHUS (IOJUMEPH3aLNN) CTUpoJia B aTMochepe Bo3-
nyxa (. 3) u aprona (1. 2). Ha ocHoBaHUH 3TOTO cenaiTe BBIBOJ, C
KaKHMH pajuKagamMy (QIKUIbHBIMA WK NepoKcuIHbIMI) >NO' pea-
THPYeT ¢ 0oJiee BHICOKOH KOHCTAHTOM CKOPOCTH.

Paboma 8. HccaedoeaHue KuHemukKu peakyuu
dugpeHusramuHa c 1,1-dugpeHun-2-nukpusi2udpa3uiom

Llenv  pabomwr: wmetomom  DIIP-CIIeKTPOCKONIUU  HCCIIENO-
BaTh KHHETHYECKHE 3aKOHOMEPHOCTH peakiuu audeHHIaMHHa C
1,1-mudeHnn-2-muKpuITHIpa3suiioM, OMPEISIUTh KOHCTAHTY CKOPO-
CTH, TIOPSIJIKK PEAKIINU M DHEPTUIO aKTUBAIMH TIpoIlecca.

Obopyoosanue u peaxmuswvi: IIIP-ciekrpomerp Adani CMS
8400, mudenmnamun, 1,1-mudennn-2-nukpunruapazun (ADIID),
aIleTOHUTPWIL, JTA0OpATOPHAs TTOCY/IA.

Memoouueckoe obocrosanue pabomoi

JlumuTupyronien crajaueit n3ydyaeMoro nporiecca siBIsieTCs peaxiiust

(CH)N-N'CH,(NO,), +(CH,),NH —
(C,H),N-NHC H,(NO,), + (CH,) N".

Metomom DIIP peructpupyrorcst Tonpko paaukaisr JPIIT, mo
YMEHBIIEHUIO KOHLEHTPAIMY KOTOPBIX MOKHO CJIEINUTh 32 KHHETUKON
peakuuu. 1 3TOro 3amMCHIBAIOT CIIEKTPbl PEAKIMOHHOM CMECH 4e-
pe3 paBHBIE TPOMEKYTKH BpeMmeHu. Konnentpaiuio paaukaios DI
OTIPEJIENSIOT METOJIOM TPaayHupoBOYHOTO rpaduka. [lopsnok peakmmn
MO>KHO HaMTH IO CHPSIMIIEHUIO KWHETUYECKON KPUBOW B KOOPJAMHATAX
KMHETUYECKOIO YPAaBHEHUS COOTBETCTBYIOIIETO MOPSAKA.

Tlopsidox evinoanenuss pabomol

1. IIpuroroseTe ceputo pactBopos DIl B aneToHUTpUIE B 1U-
amazone koHneHtpauii 10°—10- mosp/n. 3anummrte IITP-criekTphI
pactBopoB. [locTpoiite rpagynpoBOUHBI rpaduK 3aBUCUMOCTH aM-
Uty el curaana DI1P or koHIeHTpaIuy.
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2. Uccnenyiite kuHeTuky peaxiuu npu 298 K B mpucyTcTBUM U3-
ObITKa nudennIaMuHa. s 3Toro NpuroToBbTE PeakMOHHYIO CMECh,
conepskaryto 107 momw/n JIOTIT u 102 monb/n qudennnamuna. [lo-
MECTHTE aMIIyJy C PEaKIMOHHOM CMEChI0 B TEPMOCTAaTHPYEMBIH pe-
3oHaTop DIIP-cexTpomeTpa U 3anuchIBaiiTe CIEKTPBl PEaKIMOHHON
CMECH 4Yepe3 paBHbIE IPOMEKYTKH BPEMEHH.

3. Omnpenenute koHUeHTpauuio paaukanos JDIIT B kaxplii Mo-
MEHT BPEMEHH M0 TpaJynpoBodHOMY rpaduky. I[locTpoiite kuneTnye-
CKYIO KPUBYIO U ONPEEINTE IyTEM €€ JIMHEApU3aLnK HOPSA0K peakiun
o JI®III". Paccunraiite 3peKTHBHYIO KOHCTAHTY CKOPOCTH TIpoliecca.

4. TloBTOpUTE SKCIEPUMEHT MPHU Pa3IMUHBIX HayalbHBIX KOH-
LeHTpauusx aupeHuaaMuHa (MpH 3TOM OH JOJDKEH OCTaBaThCs B
3HAYUTENILHOM H30bITKE). W3 3aBucHMoOcTH 3PPEeKTUBHON KOHCTaH-
TBI CKOPOCTHU PEAKINHU OT KOHIEHTPAUUH AU(EeHIIIaMUHA OTIPEIEIINTE
MOPSIIOK PeaKkuuu 1o Au(GeHUIaMIHy U pacCUYUTANTE HCTUHHYIO KOH-
CTaHTy CKOPOCTH IIpoliecca.

5. Uccnenylite KWHETUKY IPOLIECCA IIPU PA3IMUYHBIX TEMIIEPATYpax
1 OTIPEZIEINTE U3 YpaBHEHUsI AppeHryca SHEPTUIO aKTHBALUH MpoLiecca.

KOHmpo./l bHbIe 80NpPoOcCsui

. [Ipupoya 3MeKTPOHHOTO TTApaMarHUTHOTO PE30HAHCA.
. [Tapametpsr ciektpor DI1P.
. Kunernueckne obnactu npumenenwust DIIP.
. CtpyeBas meroanka B metoe DIIP.
. MeTO}I CITMHOBBIX JIOBYIICK.
. MeTO}IBI CIIMHOBOI'O 30HJa U CIIMHOBBIX MCTOK.

7. WccnemoBanne KOHPOPMAITMOHHBIX MTEPEXOJ0B U OOMEHHBIX
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