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HemHoro us UMCTOPUN XUMUN.

wernoYHble MeTalilibl B XUOAKOM aMMUaKe
« W.Weyl (1864): HaTpuKn 1 Kanunm pacTBOPSAOTCS B XUOKOM aMMUaKe
c obpasoBaHMEM pacTBOpa UHMEHCUBHOU CUHEeU OKpacku
(obpa3oeaHue corneu ?)

« C.A. Seely (1871): obpaTtumocTb (Memarin eoccmaHasriugaemcs
npu ucnapeHuu !)

?27?7?
« C.A.Kraus (1908): runoTte3a 06 «3N1eKTPOHHOM paBHOBeCUU» B
cucteMe aMmMMak — LWEesIoMHOU MeTann

KOHUEHTPUPOBaHHLIE pacTBopbl (> 8%) — XuUOKue memarisbl
(HacblWeHHbIW p-p Li B ammuake: ¢ = 1.5 - 105 Cm/M) — «cBODOOAHBbIE
ANEeKTPOHbI» (?)

pa3baBneHHble PAacTBOPbI - ANEKTPOHbI, «CBA3aHHbIE C MOJIEKYNaMu
pacTteoputensa» (?7?)

M + aNH,; = [M(NH,), 1" + ¢ (NHy),

XnmMmunyeckasi aKsoTuka ?
(k. TOMNCOH «3NEKTPOHbI B XuakoM ammunake» M.: Mup, 1979)




O yeMm noupet peub...

JNNokannsaumnsa n3dbITOYHbIX AJ1IEKTPOHOB B
KOHOEHCUPOBAHHbLIX Cpeaax

JKcrnepuMeHTanbHoe obHapyXeHne 1 CNeKTPOCKONMYeckne
NPOSIBNEHNS rmapaTMpoBaHHOIO 3reKTPoHa

COJ'IbBaTVIpOBaHHbIe AJIEKTPOHDbI B APYTNX MOJIEKYJIAPHbIX
KNOKOCTAX U CTEKITaX

Moaenun conbBaTMpPOBAHHOIO 3NEKTPOHa

[OunHamuka conbBaTtauuu: “digger” or “seeker” ?

MeToay reHepauun conbBaTUPOBAHHOIO 3SIEKTPOHA
TepMmoanHammnyeckne n TpaHCNopTHbIE CBOUCTBA €7,
CornbBaTUPOBaAHHbLIN 3MTEKTPOH Kak XUMUYECKUN peareHT



N30bITOYHbIE INEKTPOHbI B KOHAEHCUPOBAHHbIX
AN3NEeKTPUKax

* WM30bITOYHbIE (EXCESS) 3NEKTPOHbl — HEPABHOBECHbLIE HOCUTENMN,
NHXXEKTUPOBAHHbIE B AN3ANEKTPUK (NyTEM OOTONOHM3aLNN,
9IIEKTPOHHOIO yaapa v npou.)

* [ns «kea3uceob600HbLIX» N3OLITOUHbIX AEKTPOHOB (€ ), HE
obnagatoLmnx n3bbITOYHON KUHETUYECKON SHEPTUNEN:

E =V,
(V, — OCHOBHOU ypo8eHb 37leKmpoHa 8 cpede — omcyem om eaKkyyma)

MemoOsi onipedeneHusa V,,

e 1) no pasHoOCTK paboT BbIXxO4a ANEKTPOHa N3 MeTarnsia B Bakyym 1 B
XNOKOCTb:

VO - Diig™ Pvac

e 2) no pasHocTu [N B rase n XXnMakocTu:
Vo=1y—1;,—P"

P* = (e4/8re,r)(1—¢,Y)



3Ha4YeHus VO U NOABUXHOCTD 3J1IEKTPOHOB B

ANIANEKTPUYHECKUX XXNOKOCTAX

Cpeoda V,, 3B u, cm? /(B ¢)*
[ennn 1.0 0.02
HeoH 0.6 0.002
OTaH ~0.2 0.014
H-[leHTaH ~0 0.15
H-'ekcaH ~0 0.09
MemaH ~0 400
BeH3on -0.14 0.1
HeoneHTtaH -0.43 70
TeTpameTuncunaH -0.6 100
KceHoH - 0.65 2200
OmaHori - 0.65 0.0003
Booda -1.3(?) 0.002

*u = V/E, B nuteparype yailie obo3HavdaeTcs Kak u

E,=0.02 - 0.5 3B (ona metana E,< 0)




ABTONoKann3auus 35IeKTPOHOB B peLueTke

ananekTpuka. NonapoHbl

MonapoH — kgasuyacmuuya — ABWXKYLLWIACS IMEKTPOH NSIOC MHOYUMPOBAHHOE UM
nonspusaumoHHoe none B kpuctanne. lNonapusauns Bbi3biBaeT deghopmayuro
Kpucmarnu4deckou peuwemku (obpasyetca « (pOHOHHOEe 0b11aKoy,
COnpoBOXaatoLlee 3r1eKTPOH)

[TonapusaunoHHoe nosne « TOPMO3UT» ANEKTPOH: M* > m (M — aghghbekmueHasi
mMacca arieKmpoHa 8 Kpucmarsisie, B obLem criydyae m # m,)

Teopus nonsapoHa: C.HU. lekap, J1.. Ilangay; H. Frolich

Cnyyan crabozo 83aumodelcmeusi ¢ peleTkon (o <<l1 — xkoncmanma @pénuxa,
XapaKTepU3yoIIas AEeKTPOH-(HOHOHHOE B3aUMO/JICHCTBHE):

V2e’m"’? 1 m* o
a= (e, —€7) —=x~14+ —+0.0236a°
2a)|1/2h3/2 m 6
Cnyyaun cunbHo20 83aumoldeucmeausi (o 2 5): aBronokamu3anusn (f, — ~ 1 HM)
JloKanusauuu)
m* 4
— =~ 0.023x
m

[TonapoHbLI MOryT 3axBaTbiBaTbCA 0eghekmamu

[MloHATHE «nondapoHa», BBegeHHOE AJ14 MOHHbIX KPpUCTasrijioB, pacrnpocTpaHEeHO Ha
MOIneKyrdpHble cpedbl, NofinMepbl, HU3KOPa3MepHblE€ CUCTEMBbI. ..



AHOepCOHOBCKas nokKanusauus B
HeynopsaaovYeHHbIX cpeaax

« P.W. Anderson (1958;
Hobenesckasa npemusa, 1977):
B cpefe C
NPOCTPaHCTBEHHbIMM
HEOOHOPOAHOCTAMM
pacripocmpaHeHue bezayuweu
80J1Hbl HEBO3MOXXHO =2
dopmunpoBaHue cmosideu
80J1HbI, CKOHUEHMpuUpo8aHHoU
8 orpedesieHHou obracmu
(nokanu3sauyus)

* [lpnMeHnMOo K aMopdHbLIM
MeTannam, NoslynpoBOAHUKAM,
duasniekmpukam




JHeprusa arneKkTpoHa B HeynopsaovYeHHOU cpene

U

> X

[TpocTenwan moagens OgHOMEPHOM aHOEPCOHOBCKOW PELLETKN («BEPTUKANBbHbIN
becnopsaaok»

N

TpexMepHas pewemka: &, — M1opo2 ModewxHocmu (01151 QUIJIEKIMPUKO8 &, < &)

» [IpederbHoe pacnpeneneHune rniomyHocmu eepossimHocmu (t = «),
eCcnv aHepaus npuHadnexxum obnacmu sloKkanu30eaHHbIX
COCMOSHUU

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

* AHOEPCOHOBCKUWN (HEYNOPSAO0YEHHbIN) ONINEKTPUK:
o0 =0npu T =0 K; «npbrkkosbiu» mexaHnam npu T >0




MonekynsipHasa nokanusauus (3axBaT 3/IEKTPOHOB)

3axBaT «KBa3nCBOOOOHbLIX» ANIEKTPOHOB MOJSIEKYNAaMM PpacTBOPUTESTS
NN PacTBOPEHHLIX BELWECTB (Mpumecen)

M (s) + €4 2 M(s)
O, (s) + €4 2 O, (s) (1)
CO, (s) + e 2 CO,(s) (2)
CH,COCH; () + € > CH,COCH, (s)  (3)
Posnb cosibeamauuu. BOBMOXHOCTb 3axBaTa 3JIEKTPOHOB MOJIEKYJ1IaMU

C HynesbIM 1 cniabo oTpmuyaTtenbHbIM ra3odasHbIM CPOACTBOM K
anekTpoHy (EA,< 0, npumep 3), T. K. |[AGi(M)|<<[AG4(M)|

Bo3morkeH 3axBat dumepamu unu Knacmepamu:
M, (s) + € gt 2> M, “(s)

Bo Bcex crny4vasix obpasytoTca aHUOH-paoduKaribl C HU3KOU
M0OBUXXHOCMAbIO



INNokanusaumns N306bITOYHbIX 3NTIeKTPOHOB: UTOTU
npeaBapuUTenbHOro pacCMoOTpPeHus

« B kpuctannax AnanekTpukoB U HEYNOPSAA0YEHHbIX

nonsipuayemMbix cpeaax (KUAKOCTU, cTekna) NpoucxoanT
nokanu3sauusl N36bITOYHbIX 3JIEKTPOHOB

(obpasoBaHune c8s13aHHbIX COCMOSIHUU) = MOABWXHOCTb
PE3KO CHUXaeTcs

* MexaHu3mbl nokanusauum MoryT 6biTb pasnnUyHbIMK
* BaxHnyto ponb urpatoT gedeKkTbl U npumecu



UMnynbcHbIV paguonus

R

HHH

6 4 5 4 2

Cxema ycTaHOBKU AN UMNYyNbCHOro paauonusa boyra n Xaprta (1962): 1 — yckoputenb
9M1EKTPOHOB, 2 — poTonnacTuHa, 3 — cnekrtporpady, 4 — nMH3a, 5 — a4yenka, 6 — UMNynbcHas
namna, 7 — 6nok nuTaHusa namnbl, 8 — 6NOK perynmpyemon 3agepKku)

T (MM.) = 2 MKC, paspelueHune 5 Mkc; cnekTpasnbHbii ananas3oH 300 — 880 HM

CoBpemMeHHble YCTaHOBKM (pulse-probe) :
T (mmn.) = 10 nc, pa3peweHne 1 nc
(Orsay, France, 2006)
T (Mmmn.) = 100 cpbc, paspeweHune 250 e (Osaka, Japan, 2009)




OTKpbITUE TMAPATUPOBAHHOIO 3JIEKTPOHA

« J.W.Boag, E.J. Hart (1962):

ObHapyxeHne nornoLweHna 8 kpacHou obriacmu ONTUYECKOro

cnektpa (A, ~ 720 HM) npu obs1y4yeHuUU XUOKOU e00bI uMMysibcamu
6bICMpPbIX 3/IeKMPOHOB

OmHeceHo K 2udpamupo8aHHOMY 3J1IEKMPOHY (€ ,,) [t ~ 20 MKC]

Hzo "/\/\'9 Hzo +-, Hzo *, e_
H,O *+ H,0 & H;0*+ OH
e e,

H,O "> H + OH (?)

ApPryMeHTbl:

(1) cnektpockonuyeckue: gpyrue yactuubl B cucteme (H', ‘OH, H,0,,
H,O*, OH") He mo2ym nornowaTb B KpacHou obnactu

(2) Xumunyeckme (nogaBrieHME MOrMoWeHUs B MPUCYTCTBUN akLENTOPOB
anektpoHa : O,, CO,,N,0)

J.W. Boag, E.J. Hart, Nature, 1963, 197, 45; He3aBucumo J.P. Keene, Nature, 1963, 197, 47



CHEKTpOCKOnM‘-IeCKVIe xapal('zl;epucm KU e'aq

 [udpamupoe8aHHbIU 3JIEKMPOH:.

z=-1,8S=0 éﬁ
(3apsixeHHas napama2HuUmHasi |3
yacmuua — aHUOH-padukari) 4
-  Onmuyeckuti cnekmp (298 K): S
200 400 600~ 800 AMm
Amax = 715 Hm (Emax =1.73 3B) Onmuyeckul criekmp e'a; npu 298 K (1P)
Enax = 1.85-10* M temt Ho3E
AE,, =0.93 aB o3 B}
F = 0.7 (pa3peweHHbIl nepexod)* L"
f—ro
« CueHan IlP (283 K, >xudkocmb) w\
CuHrnet g = 2.00043 (6bnun3ko K g,)
AB <0.01 mT (OQuHamu4ecKu cyxKeH ?)

4606 4
+

Onmuyeckut cnekmp 3P e, npu 296 K
*)F — cuna ocyunnamopa, xapakmepusyem aq
) u P P pusy (Jeevarandan & Fessenden J. Phys. Chem., 1989, 93,

HOPMUPOBaHHYHO 8epOSIMHOCMb Mepexooa; 3511) — in situ gpomornu3 cynbchuma
F=4.315*10°[edv (v = 1/2) Cnekmpbl He 3agucsim om Memoda 2eHepayuu



ConbBaTUpPOBaHHbIE 3NIEKTPOHbI B APYIrUX

MOJIEKYJTAPHDbIX XUAOKOCTAX

Obuwee obosHayeHue: € ¢

Cpeoa A ,HM| E ., 3B u, D £
MeTaHon 630 1.96 1.67 33.6
OTaHorn 700 1.77 1.70 25.1
3onponaHon 820 1.5 1.65 19
OTUIEHITINKONb 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

max

HeT npamon koppenauum mexay E

max

— onmuyeckas a2/1ybuHa 5108ywKuU (XapakTepucTmka 3Heprum Ce43n e7,)
N MOseKyrnsapHbIMU (GUMN. MOMEHT) UK

MakKpOCKIonu4yeckumu (&,,,,) XapakTepucTmkamm >xnaKocTeun




XngkocTtun, B KOTOPbIX He obpa3syeTcs
CONMbBaTUPOBAHHbLIN 3JIEKTPOH

1. CoegmHeHns, pearmpyroLlme ¢ 3fIeKTPOHOM M0 MEeXaHn3My NPOCTOro
N guccoLmMaTMBHOro 3axeaTa:

RX+e2>R +X (X=CI|, Br,l,...)
(0obpasyromcesi Mariorno08UXHbIe aHUOH-paduKarsibl U aHUOHbI)

2. Xungkoctu, coctosume n3 cdpepmnyeckmx Manononsapusyembix
(TPyAHO AeddopMMPYEMBIX) MOMEKY:
CH,, (CH3)4C’ (CH3)4Si

(coxpaHsiemcs 8bicoKas nood8UXHOCMb, XxapakmepHasi Orisi
«K8a3UCB80B600OHbLIX» 3/1EKMPOHOB)



ConbBaTtnpoBaHHble (CTabunmManpoBaHHbIE)
3NIeKTPOHbI B MONEKYNsApPHbIX cTeknax npu 77 K

CTekna — nepeoxnaxgeHHble XXNUOKOCTU, MUKPOCTPYKTYpa «KuakonogobHasn»,
OVHaMUKa U KUHEeTUKa — «TBepaonogobHas» (N, /n, ~ 10 — 10%9)
C1abunmsnpoBaHHble rNeKTPOHbI B CTeKNax 0bo3Hayator e,

Bpewmsi xu3Hu 1 (e7,) =2

Cpeoa Aoy s HM E ;2B AB,mTn (S1P)
MeTaHon 520 2.38 ~1.4
OTaHon 540 2.28 ~1.2
N3onponaHon 645 1.92 ~1.0
OTUNEHITINKONb 500 2.41 ~1.5
2-MTIro 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_ . (onpegensetca BenuymHon koHctaHT CTB HecnapeHHoro e ¢
NPOTOHaMWM MaTpPULbl U KOHdUrypaLumen JI0BYLLKN)

* 8 npucymecmeuu UHepmHsbIx cosneu



COﬂbBaTMPOBaHHbIe ANMEeKTPOHbLI B HeOoObIYHbIX

A (nm)
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E (eV) . .
OnTuyeckumn CMNeKTp e'aq B MOHHOW XNOKOCTU

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)



Kak ycTpoeH conbBaTUPOBaHHbIN 3N1EKTPOH:
Moaenu

Knaccbl moagenewu:

1. KOHTUHYarnbHbIe (CBSI3b C MAKPOCKOMUYECKUMMU
XapakTepmucTukaMmn HernpepbIBHOW cpeabl): rnosisipoHHass Mooerib,
Mooesib rnosiocmu.

2. KoH(purypaumoHHO-KOHTUHYarbHbIE (MONYKOHTUHYalbHbLIE)
3. Molecular dynamics simulation

JKcriepumMeHmarsbHble OaHHbIe 05 eepugbukauuu mooeseu:
- QHepruns cesasn (onTuyeckasa rnybnHa JIOBYLLKN)
- ONTUYECKUIA CEeKTp norroweHns (popma)

- ? - Ma2HUMHOo-pe30HaHCcHbIe xapakmepucmuku (AlP) — Haubornee
yyecmeumersibHbl K 2e0Mempu4eckKumM demarisim




NMNonapoHHaa mopgenb (Ao 1960)

A. C. flasbidoe (1948, Ha ocHoBe nonsipoHHou Teopun C.U. Nekapa):
MoTteHuuwan: V = - Be?lr (B=¢€t,-¢€1)
OnTuyeckmn nepexon: 1s = 2p

m*
E,o (0B) = AE =E,, —E,, ~1.938°
m

OnTumanbHble 3HadeHna m*/m: 1.5 (ammuak); 2.7 (Boga) (peasucmuyHsie ?)
(-) HET ACHOM hn3nNYecKon nHTepnpeTaumum m*
(-) He obbsAcHseTca 3aBucumocTb E, (T, p)
(-) He obbsAACHAETCA dhopMa cnekTpa
(-) npeackasaTenbHas cuna oTCyTCTBYET
HeyOoBNeTBOPUTENBHO



Moaenb nonocTu

Jortner et al. (1964): aneKkTpoH nokanu3yeTcsa B «MOSIOCTU» pagnycom R,

MNoTteHuman: V = - Be?lr (r>R,)
=-Be? Ry (r <Ry)

[lonyyeHbl ebipaxkeHUs Orisl a3Hepauu riepexoda 1s =2 2p ¢ UcCrosib308aHUEM

no020HOYHbIX Napamempos. E, ., pacmem ¢ ymeHbweHueM R,

Ona ammmaka R, = 0.30 — 0.34 HM (OLEeHKa N3 06EMHOro paclunpeHns
Npyv pacTBOPEHUN LLENOoYHbIX MeTansoB B Xuakom NH,)

[nsa Boabl (Hem npsiMbiX aKcriepumMeHmarsibHbIX OaHHbIX)
onTuMnanposaHo R, = 0.14 — 0.15 Hm

Moodesb kayecmeeHHO OOBSICHSIEM 0151 €y,

dE, . /dT =-2.9 -1033B/ K (<0, mepmuyeckoe pacwupeHue rnosocmu)
dE, . /dp =8 -107 3B/ kNa (>0, 6apuyeckoe cxamue rnomocmu)
Koppensauuio E_ ., (onTuka) c 4B (3M1P)

Haunbonee pacnpocTpaHeHHasi — No CYLLLECTBY, aMMMpuUYeckas.

MuKpocKonM4eCcKknn cmblics ?



KoHdurypauMoHHO-KOHTUHYaNbHbIE
(reomeTpuyeckKkue) mogenu

* OnpegeneHHaa reomeTpuyeckas KoHdUrypaums nepsowu
KOOpANHaAUMOHHOU cdpepbl («/108yWKa») +
HenepepbiBHada cpena: ( X,

n ' solv
e APrymMeHTbl:

- HabniogeHne metactabunbHbix knactepos Tnna (H,0),
B ra3oBoun pase

- AaHHble NMNYJIbCHbIX MarHUTHLIX N3MEPEHNN
(ariekmpoHHoe criuHogoe 3xo, ICI) B cTeKnax

Haubonee sepossimHsie n (aaHHble OCI): n = 6 (Boaa),
n=4 (metanosn), n = 3 (MTI ®)



[eomeTpuna e, B cTeKNnooodbpa3HbIX MaTpuuax npu 77
K no paHHbIiM 3C3

LA

H
0//H err y 0 -

H 2L G ; HY H
041% | s o
\ ; 1/3.4 A
406G O - i
024 % Sy o
0

PekoHcmpyKyusi ceomempuyeckol cmpyKmypbl COflb8amMuUpPO8aHHO20 3IEKMpPOHa 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.

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



OvHaMuKa conbBaTauumn INIEKTPOHA:
“digger” or “seeker” ?

« Digger: anekTpoH cam «BblkanbiBaeT» cebe NOoBYLLKY 3a c4eT
OpUEeHTaL MM MONEeKy pacTBOPUTENS B CUMNBHOM JIOKaNbHOM
ANeKTpocTaTUYeCcKoM none

« Seeker: aneKkTpoH «UWeT» NoaXoAALLYHO JTOBYLUKY (KOHUrypaumio
ournornemn), n3HadanbHO CYLLEeCTBYHOLLYIO B MOSIAPHON XNOKOCTU (pre-
existing trap, pre-trap)

» [lepBoe npsmoe HabnwgeHne AMHAMNKK CONbBaTaLUNM ANEKTPOHA:
(J.H. Baxendale, P. Wardman, Nature, 1971, 230, 449)
CnupTsl (3TaHon, 1- n 2-nponaHon, dytanon npn T = 150 — 180 K)

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

max

€7 \oc — J10Kanu308aHHbIU 311IEKMPOH (3ax8aqyeHHbIU 8 «MEeJIKYH» JT08YWKY)

« Bpemda conbBartaummn: stanoin tg = 3 He (166 K)

. 1- mponanoi T = 5 He (178 K); 60 He (152 K)

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

. 1-0yranon : 15 = 4 He (184 K) 1 nc =10




... both “digger” and “seeker” ?

2-5 cmadusi: «HerpepbIsHas» opueHmMauuoHHas rnosspu3ayus
(venybneHue nosyuwku — “digging”) unu rpbixkkossit (1ubo
MYHHEeIbHbIU) NepeHoc Mexxay fioeywKamu ?



Koppenauusa mexay BpeMeHeM conbBaTauum m
MOJIEKYNIAPHON ANHAMUKOWN XXNAKOCTHU

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-okTaHonM 45 39 8.95
1-pekaHon 51 48 14.1

*BpeMs BpallaTenbHOW perakcaunm MOHOMEPHbIX MOSEKYIT
— 6« I . ”
s ~7, (“digging” ?)

(6epoammno, xapaxmepu3zyem penaxcauuio 6mopoil conbeamuoii ciheput)
Hem KOpPeaayuu ¢ 6:3K0OCHbI0

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

1 nc=10"%c



MeToAbl reHepauuu CoONbBaTUPOBAHHbIX 3NTIEKTPOHOB

1. PagnaumoHHO-XMUYeCKUN (OencTBme DbICTPbIX ANIEKTPOHOB,
PEHTreHOBCKOro usnydyenus n gp. NN):

* M> M7 +ey(ey > € 2 €5) (YHUsepcarnbHo)

2. POTOMOHM3ALUUA PACTBOPEHHbIX BewecTB ¢ HU3kumu NN,
Hanpumep Fe(CN)g4* , amuHbl, SO52° (A = 220 — 500 HMm)

3. Nl'eTeporeHHast pOTO3NEKTPOHHAA 3MUCCUSA U3 METalSNOB
(dboTOMHXKEKLMA INEeKTPOHOB U3 INIEKTPOAOB B pacTBOpP)

4. Xummnyeckmne metoabl (reteporeHHbIe peakunn):
* Na+ NH;<~ Na* + e
* Na(Hg) + H,O > Na'" + e,
« U+ H,0 > U*+e,



TepmoanHamn4yeckue CBOMCTBA € g

e EF0O=-287B Pacuet AG® (e,,)

e AGY =-157 k[x/ monb €ag + H'ag 2 72 Hy (o)
« AH® =-136.4 k[x/ monb :Z :i(aq)eel_:/z H: o)

. S0=69.8 I/ (Monb: K) N

Hy = e, + HY
. ASOhydr =49 [Ix/ (MonbK) H*g 2 H'

Li
Cs K Ba Ca Na Mg Al in Fe Co Ni 5n Pb | Hz | Cu Ag Hg Pt Au

[}

-3,04( -3,001| -2,92| -2,90| -2,87| -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| +1,5
Lt | cet| KT |Ba®t CZ‘“ Nat | Mgt | APt | Zn®t | Fe?t | Co®t | NIFT | snt | PRt | 2H | cutt | AgT | Hgtt | Pt | Au®t




TpaHcnopTHble CBOUCTBA €,

[lpenenbHas NOHHaa 3aNeKTPonpPOBOAHOCTD:
A O (e7,q) = 185 cm?/(OMm - r-3KB)
(cp.: OH: 198; CI-: 70)
InekTpuyeckas noaBMXXHOCTb
u (e, =1,92-10 3cm* /(B c)
KoadbdpuumneHT gndodoysum
D (e7,q) =4.96 10 ~cm?/c

(cywiecmeeHHO 8bilue, YeM y msiXKeribiX aHUOHO8 = «CMeWaHHbIU»
MexaHU3M roosuXXHocmu)



