EnekTpoou apyroro poay

n Enexrpogm Apyroro pogy - HaniBeneMeHTu, Lo
CK/1afaloThCa 3 MeTany, BKpUTOro LWapoM Moro
Ba>XKOPO34MHHOI cnonykun BPC (coni, okcuay, rigpokcuay) |
3aHYPEHOIro B PO34MNH, KM MICTUTb TOM CAMUWN @HIiOH, LLO |
Ba>KKOPO34YMHHA CroslyKa MeTany enekrpoay.

= OcobnuBiCTb eNeKTpoaiB 2-ro poay: B €IEKTPOXIMIYHIN
DEAKLIi IOHIBYETbCA METaJl, 3/1€ NOTEeHLia/l BU3HaYa€E

KOHLEHTpaLiss aHiOHIB /i0ro MaJIopO34YHHHOI CIOJTYKH.

= EnekTtpoan 2-ro pogy LLUNMPOKO BUKOPUCTOBYKOTLCH SIK
3pYy4Hi B poOOoTi i cTabinbHi enekTpoan NopiBHAHHS,
30KpeMa, Taki K Xs10pudcpibHuUlU, KarlomeribHUU, pmymHo-
cyrfibghamHuu, 2pyrna memarioKCUuOHUX erieKmpooie
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EnekTpoawn apyroro poay.
XnopunacpibHnn enekTpo - BU3Ha4YEHHS

= XnopuacpibHnn enekTpoa — MeTaneBun Ag enekTpos,

BKpUTUM WapoM BPC xnopuay cpibna, skoMy BianoBiaae
e/1IeKTPOXIMIYHa CUCTEMa

Cl- |AgCl| Ag
= [loTreHyianiBu3HaYyasibHa peaxkyis
Ag® + HCl <> AgCl + H* + e
s EnexrpogHni noreHyias po3paxoBylOTb 3a PiBHAHHSAM:

s 21—7|n[cz ]
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EnekTtpogn gpyroro poay.
XnopunacpibHmnn enekTpon - aHaris

= B aincHocTi noTeHuian enekTpoay BU3HAYAETbCSA KOHLEHTPALLE
IOHIB Ccpibnia B po3unHi, a £2 = +0.81 B. Ane KoHUeHTpauis iOHIB

cpibnia He MO)Ke 3MIHIOBATUCS BiNIbHO - BOHA 3a/1€XUTb Yepes
nobytok posunHHocTi (AP) AgCl Bia kKoHueHTpaduil aHioHis Cl- :

0P = [Ag'][CF] =10"°°,  [Ag']= AP /[Cl]

B nepBuUHHIN po3LunpeHin dopmi piBHSAHHA HepHCTa 3anmcyeTbea SK:

E v se = 0.81+ R—FT in[4g*]=0.81+ % - |n{gp}
E,.cn. =0.81+0.0591g(10 %) —0.059Ig|Ci" |

Meplwi oBa 4OAAHKM € CTanuMMu | AaloTb B CyMi 3Ha4veHHs E°,
a came: E°=0.81-(0.059-10.3)= +0.21 B.
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TabopaTopHum xnopunacpibHmnn
eneKkTpod NopIiBHAHHSA
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Enektpogun gpyroro poay: KanomensHUN,

m EnekmpoximiyHa cucmema.
Cl- [Hg,Cl,| Hg ;
B [lomeHuyianeu3Ha4YyasibHa peaKkuyis

Hg,Cl, + 2 e <> 2CI- + 2HQ° ;

= EnnekmpoOdHull nomeHuyias po3paxoByoTb 3a PIBHAHHSAM:

RT P
EHgZCl/Cl— = +024—E|n[CZ ]

PS. Obuasi ABiKM B ApyroMy A0OaHKY CKOPOYYHOTbCS
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Enektpoau apyroro poay: OKCUOHO-PTYTHUN
(MepkypokcngHun).

= [lpenctaBHUK rpynu enekTpoais 2-ro poay, posib aHIOHIB
BaXXKOPO3YMHHUX CMOSTYK B AKX BIAIFPAOTb rapoKCUa-IOHN.

EnekmpoximidyHa cucmema.
OH- [HgO | Hg ;

llomeHuianeu3Ha4asibHa peakuyisi

HgO + H,O + 2 e <> 20H~ + 2Hg°
EnekmpodrHul nomeHuyias po3paxoByloTb SK .

EH

g

b _+092—2—| nlor |
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Enektpoan gpyroro poay: OkcuaHoO-CypM'ssHUN.

= EnekmpoximidHa cucmema.
OH- |Sb,0,| Sb ;
® [lomeHuyianeu3Ha4yasibHa peakuyis

Sb,0, + 6H* + Be <> 2Sb + 3H.,0;

m EnekmpoOHul nomeHyian po3paxoByloTb SK :

oo = klilda 2.3£pH

F

Takum 4UHOM, 8UMIpPIOB8aHHS omeHuyiany ernekmpoody Opy2o20 pooy i
pO3paxyHoOK 3a pPi8HSHHAM HepHcma — 3py4HuUU crioci6  8uU3Ha4YeHHSs
00bymkKie pO34UHHOCMI MariopO34UHHUX Cr1oflyK (MomeHuias euMiproromb
8 HaCcU4YeHOoMY PO34UHI 3 HAOMTUWKOM MasiopO34UHHOI CrosyKu).
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[ a3oBI enekTpogn. BusHavyeHHS

s [a3oeul esteKkmpod € HarniBerieMeHToOM, AKUi
CKnagaeTbCs 3 iHepTHOrO MeTaneBoro NpoBiAHUKA, Ha
NOBEPXHI AKOTO pearye pevyoBuHa, oaHa 3 OPM SAKOI
rasonofibHa, a iHwa — MICTUTLCA Y BUMMSAAi iOHIB B
po3unHi. MaTepian enektpoay y4yacTi B peakLil He
npunMmae, a nuwe 3abeanedye micue ans i nepeoiry.

BB)KJ'II/IB_O}O OCOOSMMBICTIO BCiX ra3oBuUX eJ'IeKTpO,EI,IB €
3alleXHICTb NoTeHulasny Bia rnapulariibHOro TUCKyY rasy

Haub6inbw eaxnuei 2a3oei esileKmpoou:

- 8B00He8UU e/1eKmpo0 — OCHOBa BOAHEBOI LIKanu
NoTeHLUianiB i CTAaHAAPTHUW enekTpod NOPIBHAHHS,

- ENeKTPOAHI NPOoLEecH 3a y4acTHo BOAHIO | KUCHIO —
(KucHesuU erleKmpoqd) HanBaXIMBILLI B KOPO3iIl,

- X/T0pHUU e/1eKmpo0 — OCHOBAa TEXHOMOril BUPOOHMLITBA
XJ10pYy | nyry.
Bci Ui pe4oBMHU BMKOPUCTOBYHOTLCS | B CneuianbHUX
XIMIYHUX Kepenax CTPyMmy.
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[ a30BI enekTpoau . BogHeBun.
= EnekmpoximidyHa cucmema
H*| H, | Pt;
» [lomeHuianeu3sHavyasnbHi peakuil :

2H* + 2e <> H, ;
2H,0+ 2e <> H, +20H-

= EnekmpodHuili nomeHyias po3paxoByOTh SIK :

EH+/H2 235' {(H ) }
Pr2

[TapameTp pH, - napuianbHUK TUCK ragy, npu pH,= 1atm
PIBHAHHSA CMPOLLYETbLCA:

= _ 0.059pH
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[[a30BI enekTpoau : KNCHEBUN.

= EnextpoximiyHa cncrema : OH|O,|Pt ;

lToreHyianBn3HaYvyasbHi peaxkwyii :
O,+ 2H,0 + 4e &> 40H- (pH>7) ;
O,+ 4H* +4e & 2H,0 (pH<7)

EnekmpoOdHuli nomeHuyias po3paxoByoTh SK :

RT p
Hesi i U= S e Ig{(O}})i)“ }

[Mpn pO,=1 aTM ooepXnmo:

F T\ [H]
T06TO E =1.23-0.059pH

PS. KoHueHTpauis OH-ioHiB BU3Ha4Ya€eTbCa Yepe3 pH i KOHCTaHTYy piBHOBarn Boau

K, =[HJ[OH ]=10" =

in
e 23—Ig{ } 0.401+0.83+0.059 g2 |



OkucHo-BigHoBHI enekTpoan (Red-Ox)

= Pedokci ennekmpodu - iIHEPTHI eneKkTpoaun, Ha AKUX 3OiINCHIOETLCS
peakuisi, e BCi yH4aCHUKN 3HAXoOATbCS B PO34MHI, | HE DepyTb yYacTb
meTanu abo rasm.

= [llomeHuianeu3sHayanbHa peakuyis :
M#* + (n-z)e- < M",

B  EnekmpoOHuUl nomeHuyiasa po3paxoByOTb K

—E° + o In

MZ" | MN™ (n i Z)F

31



OKMcHo-BIOHOBHI enekTpoau: [Npuknaan

OKHNCHO-BIQHOBHI €J1eKTpoamn [Torenyiasn, B
Fes+t + e © Fe?t E9=+0.78

Cu?t + e- © Cut F9=+0.34

Cr3t + - © Crét FO=— 0.41
MnO,~ + e << MnO,% E9=+0.56

llpaeuno Jlromepa

Hagae 3B'S130K MiXXK CTaHOAPTHMM MOTEHLUIarioM CyMapHOI eneKTPOoaHOl
peakuil 1 CTaHOapTHMUMU NOTEHLUIanamMmyu MNPOMDPKHUX €eneKkTPOoaAHUX

peakuin.
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llpasurno JIromepa

Cu?t + e— ¢« Cu*
Cut +e—-« Cu
Cu?* + 2e— «CU°

(1)
(2) *
(3)

PiBHAHHA, LLO NOB'A3Y€ 3aNeXHICTb

MK CTaHOapTHMM MOoTeHLUianom
CyMapHOI efieKTpPoaHOI peakuil i
cCTaHOaPTHUMM NOTEHLianamm rnpoMiXXKHNX
eneKkTpoaHNX peakuin, HOCUTb Ha3BYy
npasusio Jlromepa.

Esns = Eqn, +E5n,

B 3aransHoMy Burnaai npasuno Jliotepa
€ NPSAMUM HacnigKkoM 3aKoHy
36epexeHHs1 eHeprii — 3MiHa BifNbHOI
eHepril y byab-aKkomy npoueci He
3anexuTb Big LWNaxXy npoueca, a
BU3HAYaETbCS NULLIE MOYaTKOBUM |
KiHUEeBMUM CTaHOM CUCTEMMU
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AMarnbramHi enekTpoau

= AMasibraMHi e/s1eKTpoagH - HaniBeneMeHTUn, B AKnX
amanbraMa metany nepebyBa€ B KOHTAKTi 3 pO34MHOM, B
AKOMY MICTATbCA IOHU LbOro MeTany:

M z*| M., Hg
= [loTreHyianBu3HaYalslbHa peaxkyis .
mM “* + zme~ < M_Hg;
m  EnextpogHmu rnnoreHyiasl po3paxoByloTb K

RT 2+
EMZ+/M = Evizein A = In [[MO]

MO - KOHUEHTpaLis PO34YMHEHOro MeTany B amaribrami
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MembpaHHI eneKkTpoan

= MembOpaHHi (loHOCENEKTMBHI) enekTpoan MiCTATb
IOHOMPOBIAHY MEMOpaHY — nosniMepHy abo CKMNsiHy — No
obugBa DOKM SAKOT 3HAXOAUTLCS PO3YMHU, A0 CKraay
O[HOrO 3 SIKUX BXOOATb I0OH, AKX MOXeE rnepeTmnHaTu 1l 6e3
3MIHW CTYMEHIO OKUCHEHHA, @ NoTeHUian Ha MiXkgpasHin
MEXI 3aneXnTb NuLle Big aKTUBHOCTI LbOro IoHa.

= Bigoma 3HayHa KifbKICTb IOHOCENEKTUBHMX ENEKTPOAIB
(ceHcopiB), WO BMKOPUCTOBYIOTLCH OJ19 BU3HAYEHHS
BMICTY OKPEMMX IOHIB | CMOMYK B pO34MHaX, 30KpemMa:
rigpoKkcua- Ta rigpoKCOHIM-IOHIB, Xnopua-, cynbdia- tTa
HITpaT-aHIOHIB, KaTIOHIB MNIiTIK0, aMOHII0, KanbLit0, MarHito
Ta baraTbOX IHLLIKX.
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MembpaHHi enektpoaun: CKNAHUN.

» CKNSAHUK enekTpos - cneuiaribHa KOHCTPYKLUIS, ska
BUKOPUCTOBYETLCA ONS BUMIPOBAHHA pH pO34YunHIB-
repMeTnUYHa EMHICTb Y BUMMSadi TPYOKK 3i ckna, Ao cknaay
AKoro Bxogdatb okenam Na,O, Li,O, 3akpuUTOIl TOHKOKO
CKITAHO nniBkoto (MembpaHot). ®apagen e B 1834 p.
NoKasasB, LLIO CKNO 3 AOMILLUKOK OKCUAIB NY>XHUX MeTanis
Mae€ IOHHY MPOBIAHICTb, TOBTO € TBEPAUM ENEKTPONITOM, B
SIKOMY MPOBIAHICTL 3a0e3ne4yeTbCsl IOHaMW NYXXHOTO
mMeTany. loHn BoaHw H* 3 mannm KkpuctanorpaiyHm
pagiycCoM MOXYTb TakKOX MPOHUKATU Yepe3 MeMOpaHY.
BHYTpPILWHIO YacTUHY TPYOKM 3anNOBHIOWTb cmaHoapmHUM
PO34YUHOM 3 MOCMIUHUM 3Ha4YeHHSaM pH. Y uen po3yunH
3aHYpeHU BHYTPILHIW enekTpon 2-ro poay (Hanpuknaa,
xnopuacpioHuin enektpon B posymHi HCI).
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bynoBa membpaHn Ta KOHCTPYKLISI CKINSIHOTO
enekTpoaa

+— plectrode connectian

Sio gel lavers on

glass surface
external (test)

solukion

HCl solution

gllver wire coated

with AgC!

+~——— thin gla=s membrane

0,1 o glass membr ane w th
exchangeable M at jons
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MembpaHHi enektTpoan: CKNsIHUA.

CKNSHUM enekTpoq 3aHYypPHOKTb Y peakTop, 3anoBHEHUN PO34YNHOM 3
HeBIAOMUM 3Ha4YeHHAM pH. AKWLO B 30BHILLHIN PO34YMH MOMICTUTU
OPYrMn enekTpon, Takum xe SK | BHYTPILHIW, TO PI3HMUA NOTeHUianis Mix
HUMU BIOPISHATUMETLCA BiO HYNS JIMLWIE HAa BENUYUHY, SiKa 3aNeXnTb
TiNbKK Big pH 30BHIiWHLOrO po3ynHy,T00To EPC peaktopa €
Ouqgby3iUHUM nMomeHuiasioM Ha CKJIsIHiU MeMb6paHi

= [aKMM YMHOM noTeHuian
eNeKTpoaa AOPIBHIOE
+

H OBH

+
H HYTP

E=E°+0.0591g

ae [Hlgyytp — KOHUEHTpaUis ioHiB H*
y eneKkTpoai, BigomMa KOHCTaHTa.

Cxema sumiprogaHHs pH po3quHy

CKIISAHUM eriekmpodom
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MemOpaHHI enekTpoau: BuMiproBaHHA pH
PO34YMHIB CKINAHUM eNieKTpoAOoM.
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BumiproBaHHAa pH

ApHonba bekmaH

(1900-2004) 3 nepwmnm
npomMmucriosum pH-meTpom

Peanii cborogeHHs
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