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HemHoro us UMCTOPUN XUMUN.

lesmovdHblie MeTansibl B XKUOKOM aMMUaKe
« W. Weyl (1864). HaTtpun n Kanum pacTBOPSIOTCA B XXMOKOM aMMUaKke
c obpasoBaHnemM pacTtBopa UHMEHCUBHOU CUHeU OKpacKu
(obpa3zosaHue corneu ?)

« C.A. Seely (1871): obpatumocTb (Memarsinn eoccmaHaenueaemcs
npu ucrapeHuu !)

?27?7?
« C.A.Kraus (1908): runore3a 00 «35fIeKTPOHHOM paBHOBeCUN» B
cuctemMe amMmmak — LWesIo4YHOU MmeTann

KOHUEHTPUPOBaHHbIE pacTBopbl (> 8%) — XXuokue memarisbl
(HacbIWeHHbIN p-p Li B ammuake: ¢ = 1.5 - 10 Cm/M) — «cBODOOAHbBbIE
ANEKTPOHbI» (?)

pa3baBneHHbIE PacTBOPbI - ANEKTPOHbI, «CBA3AHHLIE C MOeKyramMm
pacTteopuTtens» (??)

M + aNH,; = [M(NH,), 1" + ¢ (NHy),

Xummnyeckasi 3K3oTmka ?
(k. TOMNCOH «ONEKTPOHbLI B XMAKOM ammuake» M.: Mup, 1979)




O yeMm nounper peyb...

Nokanunaauuna n3dbITOYHbIX AJ1EKTPOHOB B
KOHOEHCNPOBAHHbLIX Cpenax

JKcrnepumMmeHTanbHoe ObHapyKeHNe 1 CeKTPOCKONUYECKNE
NPOSIBIIEHUS TMAPATUPOBAHHOIO 3r1EKTPOHA

COJ'IbBaTVIpOBaHHbIe ANIEKTPOHbI B APYITNX MOJNTEKYJTAPHbIX
KNOKOCTAX U CTEKIIAaX

Moaenu conbBaTMPOBAHHOIO 3M1IEKTPOHA

[OuHamuka conbBatauuun: “digger” or “seeker” ?

MeToay reHepauun conbBaTUMPOBAHHOMO 3NIEKTPOHA
TepmoanHamMu4yeckme 1 TpaHCMNOPTHbIE CBOUCTBA €7y
ConbBaTUpPOBaHHbIN 3NTIEKTPOH KakK XMMUYECKUIN peareHT

KnHeTmka n mexaHmam peakumn cofnbBaTUPOBAHHOIO
9M1eKTPoHa

HekoTopble NpunoXxeHus (0T HeopraHNYeCKoM XMMUnM o
Broxnmmn)



N30bITOYHbIE 3NEKTPOHbI B KOHAEHCUPOBAHHbIX
AN3NEeKTPUKax

* WN30bITOYHbIE (EXCESS) 3NEeKTPOHbI — HEPaBHOBECHbIE HOCUTENN,
NHXEKTUPOBaHHbLIE B ANANEKTPUK (NyTEM poTOMOHN3aLMN,
9JIEKTPOHHOrO yaapa v npoy.)

* [ns «kea3uceob600HbLIX» N30ObITOUHBIX ANEKTPOHOB (€7¢(), HE
obrnagatowmx n3bbITO4HON KNHETUYECKON SHEPTNEN:

E =V,
(V, — OCHOBHOU ypo8eHb 37ieKmpoHa 8 cpede — omcyem om eaKyyma)

MemoOs! onipedeneHusa V,,

« 1) no pasHoOCTH paboT BbIXOAA 3MEKTPOHa U3 MeTanna B Bakyym 1 B
XNOKOCTb:

VO = Diig™ Pvac

« 2) no pasHocTu [N B rase n XXnakocTu:
Vo=1y—1;—P"

P* = (e4/8re,)(1—¢,1)



3Ha4YeHus VO U NOABUXHOCTD 3J1IEKTPOHOB B

ANIANEKTPUYHECKUX XNAKOCTAX

Cpeoda V,, 3B u, cm? /(B ¢)*
Booopoa 1.9 0.02
[ennn 1.0 0.02
HeoH 0.6 0.002
OTaH ~0.2 0.014
H-'ekcaH ~0 0.09
MemaH ~0 400
BeHson -0.14 0.1
HeoneHTtaH -0.43 70
TeTpameTuncunaH -0.6 100
KceHoH - 0.65 2200
OmaHor - 0.65 0.0003
Booa -1.3(?) 0.002

*u = V/E, B nuteparype yallie obo3HavaeTca Kak u

E,=0.02 - 0.5 3B (gna metaHa E,< 0)




ABTONoOKann3auus 3/IeKTPOHOB B pelueTke

ananekTpuka. NonapoHbI

MonapoH — kgasuyacmuuya — ABMKYLLMNCS 3NEKTPOH NIIHOC NHAYLUNMPOBAHHOE UM
nonspusaumMoHHoe norne B kpuctanne. lNonapusauns Bbi3biBaeT 0eghopmayuro
Kpucmarinu4deckou peuwemku (obpasyeTca « pOHOHHOE 0br1akoy,
CconpoBoOXaatoLlee 3reKTPOH)

[TonapusaunoHHoe nosfe «TOPMO3UT» INEKTPOH: M* > m (m — aghgbekmueHasi
mMacca arieKmpoHa 8 Kpucmarsisie, B o0LLeM cnyyae m # m,)

Teopua nonapoHa: C.U. lNekap, J1.[. JlaHpay; H. Frolich

Cnyyan crnabozo 83aumodeucmeusi C peleTkon (a <<l1 — koncmanma @pénuxa,
XapaKTepU3yoIIas AEKTPOH-(HOHOHHOE B3aUMOJICUCTBUE):

J2e’m"’? 1 1 m* v
o = (6. —&7) = 14— +0.023602
1/24.3/2 \“o
20, N m 6
Cnyyaun cunbHo20 83aumoldeucmeausi (o 2 5): aBronokamu3anus (f, — ~ 1 HM)
JloKanusauuu)
m> 4
— =~ 0.023x
m

[TonapoHbLI MOryT 3axBaTbiBaTbCA deghekmamu

[MoHATUE «nonspoHa», BBEAEHHOE AN MOHHbIX KpUCTaroB, pacnpoCTpaHeHo Ha
MOIEKYNSAPHbIE Cpeabl, NONMMEPbI, HU3KOPa3MepPHbIE CUCTEMBI. ..



AHOepCOHOBCKas nokanumsauusa B
Heyrnopsao4YeHHbIX cpeaax

« P.W.Anderson (1958;
Hobenesckasg npemusa, 1977):
B cpeae c
NPOCTPaHCTBEHHbLIMU
HEOQHOPOAHOCTAMMU
pacripocmpaHeHue beayweu
80/THbl HEBO3MOXXKHO =
dopmunpoBaHne cmosiyeu
80/1Hbl, CKOHUEHMpUpo8aHHoU
8 oripederieHHou obrnacmu
(nokanu3layusi)

* [lpnMeHnMO K aMmopdHbLIM
MeTarnnam, nonynpoBOAHUKAM,
duasiekKmpuKkam




JHeprusa aneKTpoHa B Heynopsiao4eHHOU cpeae

U

> X

[lpocTenwan mogens O gHOMEPHON aHOEPCOHOBCKOW PeLLETKN («BEPTUKANbHbIN
becnopsaaok»

N

TpexmepHas pewemka: £, — Mopo2 nNodewxHocmu (0ris1 QUINTIEKMPUKOS &, < &)

» [lpederbHoe pacrnipegeneHune rniomyHocmu eeposimHocmu (t = ),
eCcnv aHepaus npuHadnexxum obsiacmu floKkanu306aHHbIX
COCMOSHUU

p(R) ~ const npu R<<L P(R) ~ exp(-R/L) npu R>>L

e AHOEPCOHOBCKUU (HEYNOpsA4OYEHHbIN) ONINEKTPUK:
o =0npu T =0 K; «npbirkkosbiu» mexaHnam npu T >0




MonekynsapHasa nokanum3sauus (3axBaT 35IeKTPOHOB)

3axBaT «KBa3ncBODOOHbLIX» 3MIEKTPOHOB MOJSIEKYIaMn pacTBOPUTESS
NI PaCTBOPEHHLIX BELLECTB (NpUMecen)

M (s) + €4 2 M(S)
O, (s) + €4 2 O,(s) (1)
CO, (s) + ey 2 CO,(s) (2)
CH,COCH; (s) + € > CH,COCH, (s)  (3)
Porsb cosibeamauyuu. BO3SMOXHOCTb 3axBaTa 3J1EKTPOHOB MOJ1EKYJTaMH

C HyneBbIM 1 cnabo oTpuuaTeribHbIM razodasHbiM CPOACTBOM K
anekTpoHy (EA,< 0, npumep 3), T. k. [AG;(M)|<<[AG;(M")|

Bo3MoxeH 3axBaT dumepamu uniu Knacmepamu:
M, (s) + € gt 2> M, ~(s)

Bo Bcex crnyyaax obpasytotca aHUOH-paduKaribl ¢ HU3KOU
M0OBUXXHOCMAbIO



JNlokanusaumnsi N36bITOYHbIX 3JIEKTPOHOB: UTOIM
npenBapuUTesibHOro paccMoTpeHus

« B Kpuctannax ananekTpuKoB U HEYNnopsaoYeHHbIX
nonsipmu3yemblix cpegax ()KnagkocTu, CTeKna) nponcxoanT
nokKanusaumnsi U3bbITOYHbIX 3JIEKTPOHOB

(obpasoBaHue cesizaHHbIX COCMOSTHUU) = NOABUKHOCTb
PE3KO CHUXKaeTcH

* MexaHu3msbl riokanusaymm MoryT ObITb pasnnUYHbIMK
* BaxHyto ponb urparT gedekTbl n npumecu



UMnynbCHbIN paguonus

7]

AALLLLL
L) = :

6 4 5 4 2

Cxema ycTaHOBKM AnA nMnynbcHoro paguonusa boyra u Xapta (1962): 1 — yckoputenb
3NIEKTPOHOB, 2 — poTonnacTtuHa, 3 — cnekTporpad, 4 — nuH3a, 5 — a4enka, 6 — UMNynNbCHas
namna, 7 — 6rnok NnuTaHmsa namnbl, 8 — 6GNOK perynmpyemMon 3agepxkin)

T (MMN.) = 2 MKC, pa3peLleHne 5 MKC; cnekTpanbHbiv ananasoH 300 — 880 HM

CoBpeMeHHble ycTaHOBKM (pulse-probe) :
T (umn.) = 10 nc, pa3peweHue 1 nc
(Orsay, France, 2006)
T (umn.) = 100 dbc, paspeweHune 250 dc (Osaka, Japan, 2009)
T (umn.) = 20 dbc, paspewenHue 5 dpc (UK XFEL, 2020)




OTKpbITME rMAPATUPOBAHHOIO 3NIeKTPOHA

« J.W.Boaq, E.J. Hart (1962):

ObHapyxeHne nornoweHns 8 KpacHou obriacmu onTUYECKOro

cnekTpa (Ao« ~ 720 HM) npu obny4eHuu xudkoli 800bI UMMyJsibcamMmu
6bICMpPbIX 3/7IeKMPOHO8

OmHeceHo k 2u0pamupoeaHHOMY 3JIEKMPOHY (€ ,,) [t ~ 20 MKC]

Hzo "/\/\'9 Hzo +', Hzo *, e_
H,0 *+ H,0 > H,0*+ OH
e >e,,

H,O0 *2 H + OH' (?)

ApPrymMeHTbl:

(1) cnekTpockonuyeckue: gpyrue Yyactuubl B cucteme (H, ‘OH, H,0O,,
H,O*, OH") He mo2ym nornowaTts B KpacHou obnacTtu

(2) Xumwnuyeckme (nogasBneHne NOrmnoLweHns B NpUCYTCTBMN akLEeNTOPOB
anekTpoHa : O,, CO,,N,0O)

J.W. Boag, E.J. Hart, Nature, 1963, 197, 45; HesaBucumo J.P. Keene, Nature, 1963, 197, 47



CHEKTpOCKOHM‘-IeCKVIe XapaK'zl'ﬂepVICTMKM e'aq

“‘-l
(=Y

 [udpamupoeaHHbIlU 3JIeKMPOH:
z=-1,S=7

(3apsixkeHHas napamazHumHyas
yacmuua — aHUOH-padoukarl)

£,10% A/ (Mortb - tM)
S

K=
=

« Onmu4eckuu cnekmp (298 K): e —
Amax = (15 HM (Emax =1.73 3B) Onmuyeckud cheKmp e'a; npu 298 K (1P)
Enax = 1.85-10* M -temt Ho3E
AE,, =0.93 3B - _
F = 0.7 (pa3peweHHbIii nepexod)* i L"
f—ro

« CueHan 3lP (283 K, »xudkocms) w\

CuHrnet g = 2.00043 (bnusko k g,)
AB <0.01 mT (OQuHamu4ecKu cyxxeH ?)

4606 4

Cniekmp 3l1P e, npu 296 K
*\F — cuna ocyunnamopa, xapakmepusyem aq
) . p p pusy (Jeevarandan & Fessenden J. Phys. Chem., 1989, 93,

HOPMUPOBaHHYI0 8epOSIMHOCMb epexooa; 3511) — in situ gpomornu3 cynbguma
F=4.315*10°[edv (v = 1/2) Cnekmpbi He 3agucsim om memoda 2eHepayuu



ConbBaTUPOBaHHbIE INEKTPOHbI B APYIrUX
MOJIEKYNAPHbIX XXUAKOCTAX

Obuwee obosHayeHue: € ¢

Cpeoda A ,HM| E__ , 3B M, D £
MeTaHon 630 1.96 1.67 33.6
OTaHorn 700 1.77 1.70 25.1
N3onponaHon 820 1.5 1.65 19
OTUNEHITINKONb 580 2.1 2.28 38
o ~2100 ~0.6 1.63 7.3
H-rekcaH > 1600 <0.8 0.08 1.89
AmMmmmnack (225 K) 1400 0.89 1.44 22
Booa 715 1.73 1.83 80

E, . ox — OIMu4yeckas arybuHa nosywkKu (xapaktrepucTnka sHeprum cBas3u e°,)

HeT npamon koppenauuu mexay E .. n MonekynsapHsIMu (GUN. MOMEHT) UNu
MaKpOCKIonu4yecKkumu (&,,,) XapakTepucTmkamm >XxmaKocTeu




XngkocTtu, B KOTOpbIX He obpa3yeTcs
COJIbBaTUPOBAHHbLIN 3NIEKTPOH

1. CoeanHeHus, pearmpyroLlime ¢ aneKTPoOHOM Mo MexXaHn3My NpocToro
UnNn uccouMaTMBHOIo 3axaara:

RX+e2>R +X (X=Cl,Brl,...)
(0obpa3yromcesi Mariorno08UXXHbIE aHUOH-paduKaribl U aHUOHbI)

2. XngkocTun, cocrosduime n3 cdhepmnyeckmx Manononspusyembix
(TpyaHO AedopMmpyeMbIX) MOMEKYI:
CH,, (CH3)4C’ (CH3)4Si

(coxpaHsiemcs 8bICOKasi No08UXXHOCMb, XapakmepHasi O
«K8a3uCc80b600HbIX» 3TEKMPOHO8)



ConbBaTupoBaHHbIe (CTaOMNMU3UPOBaHHDbIE)
3rIeKTPOHbI B MONEKYNsApPHbIX cTeknax npu 77 K

CTekna — nepeoxnaxgeHHble XXNUOKOCTU, MUKPOCTPYKTYpa «kKuakonogobHasn»,
OVHaMuKa U KUHeTUKa — «TBepaonogobHas» (N, /n, ~ 101> — 1039)
CtabunmsnpoBaHHble aMNeKTPOHbI B CTEKNax 0b603Havalor e,

Bpewmsi xu3Hu Tt (e7,) =2

Cpeoa Aoy s HM E . 3B AB,mTn (Il1P)
MeTtaHon 520 2.38 ~1.4
OTaHon 540 2.28 ~1.2
N3onponaHon 645 1.92 ~1.0
OTUNEHITINKONb 500 2.41 ~1.5
2-MTIo 1250 1,0 0.4
3-MeTunneHTaH 1650 0.75 0.3

Booa (neod)* 630 1.96 ~1.5

CnekTpanbHble napameTpsl e 1 e, onuskun. E ., (e7) > E, .« (e75) (AE ~ 0.2-0.4 3B).
AB pacmem ¢ pocmowm E_ ., (onpegenserca BenuymHon koHctaHT CTB HecnapeHHoro e ¢
NPOTOHaAMKU MaTpULbl U KOHdUrypaumen JIoBYLLKN)

* 8 npucymecmeuu UHepmHsbIx coneu



Kak ycTpoeH conbBaTUpPOBaHHbLIN 31IEKTPOH:
Mogenu

Knaccbl Mmogenew:

1. KOHTUHYarnbHbIE (CBA3b C MaKpOCKOMNYECKUMMU
XapaKkTepucTukaMmn HenpepbIBHOM cpeabl): rnosiipoHHass MoO€erib,
MOOersib rnosiocmu.

2. KoHGurypaumMoHHO-KOHTUHYarbHble (MOMYKOHTUHYAalbHbIE)
3. Molecular dynamics simulation

IKcrnepumeHmarsbHble 0aHHbIe 01 eepuchukayuu modoeneu:
- QHeprus cesas3n (onTrnyeckas rnmyobunHa foBYLLKN)
- ONTUYECKUI CreKTp nornoweHna (popma)

- ? - Ma2HUMHoO-pe30oHaHCHbIe xapakmepucmuku (OlP) — Haubornee
4yyecmeumersibHbl K 2e0MempuyYecKuM demarsim




[NonapoHHasa moaens (8o 1960)

A. C. [laebidoe (1948, Ha ocHoBe nondpoHHon Teopumn C.W. [Nekapa):
MoTeHuman: V = - Be?/r B=¢l,-€1)
OnTtuyecknn nepexoq: 1s =2 2p

m*
E,(2B) = AE =E, —E, ~1.935>
m

OnTumanbHble 3HadeHnda m*/m: 1.5 (ammunak); 2.7 (Boga) (peasiucmuyHsie ?)
(-) HET sicHOU pM3nYeckon nHTepnpeTaymm m*
(-) He obbAcHsaeTca 3aBucumocTb E (T, p)
(-) He obbAcHsaeTca doopMa cnekTpa
(-) npenckasaTtesicHas cuna oTCyTCTBYET
Hey4O0BNETBOPUTENLHO



Mopaenb nonocTu

Jortner et al. (1964): aNeKTpoH fnoKanu3yeTcsd B «NofiocTu» paguycom R,

MNoTteHunan: V = - Be?/r (r>R,)
=-Be?/ Ry (r<Ry)

[lony4eHbl 8bipakeHuUs 011 3Hepauu rnepexoda 1s =2 2p ¢ ucrionb3oeaHuem

no020HOYHbIX Napamempos. E .. pacmem ¢ ymeHbuweHueM R,

Ona ammnaka R, = 0.30 — 0.34 HM (OUeHKa U3 00 bEMHOro pacLLUMpeHns
Npyv pacTBOPEHUN LLIENOYHbIX MeTannos B Xunakom NH,)

[ns Boabl (Hem rnpsambix 3KcriepuMeHmarsibHbIX OaHHbIX)
onTuMnanposaHo R, = 0.14 — 0.15 Hm

Modenb kasecmeeHHO 0bbsicHsIem Orisi €,

dE, . /dT =-2.9-1033B/ K (<0, mepmuyeckoe pacwupeHue rnorocmu)
dE, . /dp =8 -107 3B/ kMa (>0, 6apuyeckoe cxamue rnosiocmu)
Koppensuuio E_., (onTuka) c 4B (3I1P)

Haunbonee pacnpocTpaHeHHas — Mo CyLLEeCTBY, SMNMpuYeckas.

Mukpockonmnyecknm cmblicr ?



KoHdurypauMOHHO-KOHTUHYalbHbIE
(reoMeTpunYyeckKkmne) mopgenu

* OnpegeneHHas reoMmeTpuyeckas KOHdUrypaumsa nepsom
KOOpAWHaLUMOHHOW cdpepsbl («/1o8ywkKa») +
HenepepblBHadA cpeqa: ( X, )

' solv
e APrymMeHTbl:

- HabnwogeHue metactabunbHbix knactepos tvna (H,O), ™
B razoBou gpase

- AaHHble NMNYJTbCHbIX MAarHUTHLIX U3MEPEHNN
(ariekmpoHHoe criuHogoe 3xo, ACI) B CTeKNax

Haubornee sepossmHbie n (gaHHble OCI): n = 6 (Boga),
n=4 (metaHon), n =3 (MTI ®)



[eomeTpua e, B cTeknooodbpasHbix maTtpuuax npu 77 K
no AaHHbIM 3CI

LA
H
O//H o=t . 0 :
H 2L G | HY H
041% ! : o
k 1 /34 A
406G 0O i
024 % \H Pl A

PekoHcmpyKyusi 2eomempuy4ecKkol cmpyKmypbl COflb8amMupO8aHHO20 3IeKMpPOoHa 8 800e
u 2-MTI® no daHHbIM OC3 (L. Kevan, Acc. Chem. Res., 1981, 14, 138)



Molecular dynamic simulation

s(r) larbitrary units|
g [arbitrary units]

The structure of hydrated electron as revealed by ab initio MD simulation for excess
electron embedded in a water cluster (n = 32) at 300 K. Radial density of the excess
electron averaged over the angular variables (green) and radial distribution function of
water oxygen (red) and hydrogen (black) atoms relative to the center of the
excess electron from equilibrium configurations at T = 300 K.

(Marsalek et al., Acc. Chem. Res., 2012)



OuHamMuKa conbBaTaunn 3reKTPOHaA:
“digger” or “seeker” ?

« Digger: anekTpoH cam «BblkanbiBaeT» cebe NoByLLKY 3a cyeT
OpUWeHTaLMM MONeKyrn pacTBOPUTENS B CUINbHOM JTOKanbHOM
aMNeKTpocTaTU4eCcKoM nore

e Seeker: aneKkTPoH «MNLWEeT» NOAXOAALLYHO JIOBYLUKY (KOHJMrypawumio
avronen), n3HavasbHO CyLLECTBYHOLWYHO B NMOMAPHOW XUOKOCTU (pre-
existing trap, pre-trap)

« [lepBoe npsimoe HabnwgeHne AMHAMUKK CoflbBaTaLMmM SNEKTPOHA:
(J.H. Baxendale, P. Wardman, Nature, 1971, 230, 449)
CnupTbl (aTaHon, 1- n 2-nponaHon, dytaHon npu T = 150 — 180 K)

€ 0. (UK, A,,,>1350 HM) 2> e (A, .= 700 — 800 HMm)

max

€7oc — J10Kanu308aHHbIU 3/1eKMPOH (3ax8ayeHHbIU 8 «MEJIKYH» JI08YWKY)

« Bpemd conbBaTaumu: stanon 15 = 3 He (166 K)

. 1- mponanoin ts = 5 He (178 K); 60 He (152 K)

. 2-tiponiaHod: T = 6 He (186 K)

. 1-6yTanon : T =4 He (184 K) 1 nc =10




... both “digger” and “seeker” ?

2-5 cmaodusi: «HerpepbIeHas» OpUueHmMauUuoHHas rnonspusayus
(venybrieHue nosywku — “digging”) unu npbikkosbil (s1ubo
MyHHerbHbIU) NepeHoc MexOy riogywiKkamu ?



Koppenauusa mexay BpeMeHeM cofibBaTtauuu u
MOJIEeKYNAPHON ANHAMUKOWN XNAKOCTU

BpemeHa conbeamauuu anekmpoHa 6 criupmax ripu 300 K (G.A. Kenney-Wallace, 1982)

Cnupm T, NC T,, NC¥ n, clis

MeTtaHon 11 12 0.55
OTaHon 18 20 1.10
1-nponaHorn 24 22 2.00
1-6yTaHon 30 27 2.60
1-oKTaHos 45 39 8.95
1-pekaHon 51 48 14.1

*BpeMs BpallaTtenbHOW perakcaunm MOHOMEPHbIX MOEKYIT
— I . ”
s ~71, (“digging” ?)

(6epossmmno, xapaxmepuzyem penaxcayuio 6mopoil coib8amHoil cghpepot)
Hem Koppeaauuu ¢ 83a3K0CHbio

Ts (€7,q) = 0.54 nc (Yoshida et al., 2010)

1 nc=10"%c



MeToabl reHepauun CofibBaTUPOBaAHHbIX 3NIEKTPOHOB

1. PagnaumMoHHO-XNMUYECKUN (OencTBre BbICTPbIX 3r1EKTPOHOB,
PEHTreHOBCKOoro nany4venma un gp. UA):

* M> M7 +ey(ey > e 2 €5) (YHUsepcansHo)

2. POTOMOHM3aLMNA PaCTBOPEHHbIX BewecTB ¢ HU3kumu NN,
Hanpumep Fe(CN)g* , amuHbl, SO52 (A = 220 — 500 HMm)

3. NeTeporeHHas POTO3INEKTPOHHAA 3MUCCUA U3 MeTarnsoB
(dboTOMHXKEKLUA INEKTPOHOB U3 INEKTPOAOB B pacTBOpP)

4. Xummnyeckmne metoabl (reteporeHHble peakuum):
* Na+ NH;— Na*™ + e
* Na(Hg) + H,O 2 Na' + e,
« U+ H,0 > U +e,



TepMmoanHamMunyeckne CBOUCTBA €,

E0O=-2.878B

AGP = -157 k[x/ monb
AH? = -136.4 k[>x/ monb
SO = 69.8 [Ix/ (monb: K)
AS%yar = 49 I/ (MonbK)

Pacuet AG® (e,,)

€.+ H 5 > H2(aq)
72 Hy aq) 2 72 Hy )
Y2 H, (@) -> H,

* Hy 2 e +HY

. HY, D H



TpaHcnopTHbIe CBOUCTBA €7,

[1penoenbHas MIOHHAA ANEKTPONPOBOAHOCTb:
A O (e75q) = 185 cm?/(OMm - r-3KB)
(cp.: OH: 198; CI-: 70)
InekTpuyeckasi NnoaBMKHOCTb
u (e, =1,92-10 3 cm* /(B c)
KoadhdpuumneHT gndodoysunm
D (e, =4.96 10 >cm?/c

(cywiecmeeHHO 8biwe, YeM Yy msiXKeribiX aHUOHO8 = «CMeWaHHbIU»
MexaHu3M rnodsuXxHocmu)



ConbBaTUPOBaHHbLIN 3NTIEKTPOH KaK XMMUYECKUN
peareHT

Li
Cs K Ba Ca Na Mg Al in Fe Co Ni Sn Pb | Hz | Cu AQ Hg Pt Au

[}

-3,04| -3,01| -2,92| -2,90| -247| -2,71| -2,36| -1,66( -0,76| -0,44| -0,28| -0,25| -0,14| -0,13 +0,34| +0,80( +0,85) +1,28| +1,&

Lt | cst | K'Y | Ba®t | caft | Nat | MgtT | AP | 207t | Fe?T | Co®t | NPT | St | ot |2H | cuft | Agt | Hg®t | PR | At

1
e aq
[MapaTnpoBaHHbLIN ANEKTPOH — YHUKAIbHLIN « YUCMbIU» OOHO3/1EKMPOHHbIU
goccmaHosumerib (bornee apdekTnBHbIN, Yem atom H, He gaer
«NOBOYHbIX» MPOAYKTOB)



OcHoBHbIe TUNbI peakuuun e,

BoccTtaHoBNIeHME KATUOHOB METaNsIoOB
: e_aq + M+ > ML (k 2 kdiff)
€ 4q + Ni#* > Ni*
€4 T AQT > AQ°
€4+ CU* > CU°
Peakuuum ¢ HeopraHM4eCKMMU aHUOHaMu
€4+ NO3 > NOz*
€4+ MNO, > MNO,#
Peakunu npucoeguHeHUs K HEMTpasnbHbIM MoOJieKynam
€aqt O, 2 Oy
€ g + CH3COCH; = CH;COCH;~
€ aq + CeHgs 2 CeHg™
Peakumu gmuccoumaTtMuBHOro NnpucoeamHeHus:
€aqt N;O 2 N, + O
€,q+ RBr 2> R +Br




Knaccudbukaumna peakuum:.

KnHeTuka peakuum e,

N3mepeHo > 1500 KOHCTaHT

CKOPOCTU pas/iuyHbIX

GUMOneKynsApHbIX peakumnn e, (c

MOHaMK, MOSIEKYSIamu,
MaKpOMOsIeKyiamu,
buomonekynamu...)

- BoicTpble (Anddy3noHHoO-

KOHTPONMpyeMble)
- «CBEPXOLICTPbIEY
- MeANEHHbIE

Monekyna unu uoH | k, M-ict
cd(ll) 5.1:1010
Ag (I) 3.9-1010
Cu(ll) 3.51010
MnO, 3.31010
Xnopodopm 31010

0, 1.9:10%0
N,O 9.110°
CO, 7.7-10°
AueToH 6.6-10°
BeH3on 1.2107(pH=11- 13)
MeTaHon < 10%

*pPH = 7, ecnun He oroBopeHO 0cobo




Ondppy3noHHO-KOHTpONUpyemMbie peakumm e,

1. OnddysnoHHOo-KoHTponupyemble) peakumm A + B: k = k;;
(peakyusi npoucxooum rnpu Kaxo0oM CMOJIKHO8eHUU)

_ 4uDN,

K.. =
dif
| 1000
r=R,+Rg; D=D, + Dg
(Ons peakuyul ¢ HeumparsbHbIMU MOsieKyiamu)

o _AmaDNy ex|0(U2/ kT)dx]_l
a 1000 r A

(0151 peakyul ¢ 3apsiXXeHHbIMU YacmuuamMu, ¢ y4emom rnomeHuyuara e3aumodelicmeusi)

B cnyyae peakyul cudpamuposaHHo20 anekmpoHa K 4i; ~ 1010 M-1c-1

BonbwuHcmeo peakyuu e, JuMumupyromcesi duggpysueu
«[Jugpgpy3uoHHbIlU» paduyc € ,, (M3 yp-Husa CmonyxoBckoro) R ~ 0.25 HM



KuHeTuka peakuun e ,,: gpyrue criyyam

« 2. MeaneHHble peakuum : k << K

€4t CeHe 2 CeHg~  (k=1.2 10" M1c?)
€4t CH; OH> CH; O +H- (k< 10*McH)

CrioxHble peakuyuu, sKrodarom obpamumyro cmaouro obpa3oeaHus
cpasHUMesribHO rMPoO4YHO20 KOMIIIeKca

3. CBepxObIcTpble («cBepXanddy3noHHbIe» peakumnmn): K > K;;

e ,q+ CCl, > CCly + CI (k = 31010 M-lc?)
dopmanbHbI paguyc peakuun r > R, + Rz (o 1 — 1.5 HM) = nepeHoc Ha
paccTosiHUM (BKIag myHHEenupoeaHUs af1IeKmpoHa)



ConbBaTUPOBAHHbIN 3NIEKTPOH: NPUSIOKEHUA B

HeopraHn4YecKkom XmMmMmum

N3yyeHne mexaHn3mMmoB HeopraHU4Yeckmnx peakuuu,
NpoTeKalLnX C NepeHOCOM 3fIEKTPOHA

[Tony4eHue n nccnegoBaHne MOHOB METAroOB B
HeobbI4HbIX cTeneHsax okucrenus: Cd(l), Zn(l), Hg(l), In
(1), Eu (1), Yb (1), Sm (1), Am (II) v gpyrme

ViccnepgoBaHue crnekTparbHbIX XapakTepucTuk
HelTparbHbIX aTOMOB B PaCTBOPaX: OXapakTepn3oBaHbl
Pb?, Ag®

ViccnegoBaHme CTPOEHNA 1 CBONCTB HECTabUINbHbIX
HeopraHM4Yecknx paavkanos



dopmMUupoBaHMe KnactepoB U HAHOYaCTUL, B
pe3ynbraTe peakuum e,

€y t M™ D> MOV > [ M (r<k) ...~ HaHO4aCTULIbI
R+ M™ 2 MO-D* + RY

Wcnonb3oBaHue e ,, B ka4eCTBe BOCCTAaHOBMTESSA MO3BOSAET
peanusoBarhb 20MO2eHHOe 80CCMaHoe IeHUe UOHOE 00
HelmpasnbHbIX amoMoe 8 pacmeope (bonbLune oTpulatensHe
noteHymarnsl), Hanpumep: e, + Cu*,, = Cu®

Yucrtora: HeT NPOAYKTOB MNnpeBpaweHnd BOCCTaHOBUTESNA

HaHo4yacTuubl Meau B nieHkKax
NHTEPNONUINEKTPOSTUTHbIX
KOMMSIEKCOB, 00ry4YeHHbIX B BOAHOM
cpene (oaHHble [1OM)




ConbBaTUPOBaHHbLIN 3NIEKTPOH: NPUSIOXXEHUSA B
OopraHn4YecKkom u 6MoopraHN4eCKom XMmmMmmnmu

13ydyeHne mexaHn3MoB OpraHM4YeCcKuUx peakuuu c
NepeHOCOM 3IeKTPOHA

[TonyyeHue v npsiMoe nccrenosaHne CTPYKTYpbl U
peakLUMOHHOW CNOCOBHOCTN OpraHU4YecKkux pagmkarnos,
aHNOH-pagukanoB U kKapbaHNMOHOB (B BoAEe N OpraHNYeCcKmnx
pacTBOPUTENSIX)

[lpenapaTnBHOE BOCCTAHOBMIEHME OpPraHNYeCcKnX
coeauHeHun (CenekTUBHO)

MopgenunpoBaHue bronornyeckmnx NpoLeccoB ¢ NEPEHOCOM
9JIEKTPOHA, peakuun nepeHoca afieKTpoHa B
OpraHn30oBaHHbLIX cuctemax (Muuennol), pepmMeHTaTUBHbIX
peakunn, 0encTBmUAa pagmonpoTeKTopoB



Ucnonb3oBaHue peakuuun rugpatupoBaHHOro
3rIeKTPOHa AN OMUCTKUN BOAbI

BONbLUMHCTBO TPAAMLMOHHbLIX CNOCOOOB OYNCTKM OCHOBAHbI Ha
OKUCNUTENbHbIX peakunsax (NMpobnembl: XNopupoBaHHbIe CoeaUHEHNS,
TPYAHOOKUCieMas apoMaTurKa, MOHbI TSKenbIX MeTannos)

PagnaunoHHO-XnmMmmn4veckas («3neKTpoHHO-Ny4YeBas») OYUCTKa:
okucnutens (pagukan OH) + BoccTaHOBUTENb (€7, )
YnpouweHHas cxema eoccmaHosumesibHouU Yacmu ripouecca (rnpumep)
€qt RCI 2> R +CI

R +R 2 R-R
(0bpa3osaHue rroxopacmeopumMbix U MEHEE MOKCUYHbIX MSXKErbIX
yareso0opo0os)
€, + M > MOt 5 M ™ (r<k) - meTannbl n okcuabl
(ocaxxOeHue)

[Mpouyecc peanusosaH 8 rMpoMbIWIeHHOM Macuimabe 8 pssde cmpaH



COﬂbBaTMPOBaHHbIe ANNEeKTPOHLI B HeOoObIYHbIX
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OnTuyeckunii cnekTp e, B cBepxkputndeckon D,O npu RANNTf2 (Wishart & Neta, JPC B, 2003, 107, 7261)

pasnunyHblx p (Jay-Gerin et al., JCP, 2008,129,141511)



ConbBaTUPOBAHHBLIN INIEKTPOH: NPOONemMbl
N NepCcrneKkTBLI

[OuHamunka conbBatauum B CyOnmMKoCceKyHOQHOM
avanasoHe (Boga, 3Al)

MwuKpocosnbBaTauma (opraHM3oBaHHble CUCTEMbI,
NopucTble MaTtepuarnsbl)

Pa3BuTre Meto4oB MOMEKYNApHOU AUHAMUKA
MexaHn3Mbl «CBEPXOLICTPbLIX» N «MeANEHHbIX» peakunn
HoBble «4nCcTble» TeXHOormm

Ponb rugpatnpoBaHHOro anekTpoHa B OMONMOrMyecKkux
npoueccax



