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Standarta potenciala 0,10166 V skala ar @idens uzskaiti metala idenraza RedOks termodinamika.
Termodinamiski uzskaitita tidens korekti Nernsta un inversie vienadojumi elektrokimijas pus reakcijas.

Kad ir iestajies lidzsvars tad izejvielu un produktu kimisko potencialu summa ir vienada ppeq+tENF=pqo, +Np,-
bet katras kimiskas vielas kimiskais potencials ir: p = AG® + RTIn(N A)

kur N ir A vielas koncentracija molu dalas. AG’ ir dotas vielas A veidosanas no elementiem briva energija.
Tiru vielu veidoSanas no elementiem brivas energijas izmaina Hesa likuma ir AG°gy , AG®%- un AG°Req -
Kimiska lidzsvara maistjuma AG°Rrgq + RTIN(NReg) + ENF = AG°gy + RTIN(Ngy) + NAG®- + RTIN(N"-)

No Sejienes var izteikt elektroda potenciala lielumu E:

AG°ox+ne AG° _ —AG°R RT | Noy e N
E= Ox € ed + *In —X e tiras vielas molu dala ir Ny = 1.

nF nkF NRed

Elektroni sava atseviSkaja faze (ta saucamaja elektronu gaze) metala tiesi arT ir tira viela N, = 1 tapéc

AG°ox+n*AG° _ —-AG°req RT RT [N
E= A € s Inn +——=-In QX | firas vielas elektronu gazes In(N,.")=0.
nk nF e- nF N Red
o AG°0X+n * AG° _ —AGoRed
Standarta potencials E = "= £ veido Prigozina atraktoru brivas energijas izmainas AGeq

minimumu lidzsvara mazaks | E°nF=AGeq=AG 0xtnNAG- -AG red | < ‘ AGHess | par tiram vielam Hesa likuma.

Parejot uz decimaliem logaritmiem un termodinamisko standartu T=298,15 K iegast Nernsta vienadojums
0,0591 [0x]J
B [Red])

reakcijai : izejvielas Reducéta forma<:>%A“++ne' Oksidéto forma produkti; E=E°+
Reakcija zaudé ne” elektronus tatad $kiduma virziena tiek parvietoti An* pozitivi 1adéti papildus joni.
Elektroni ne” paliek metala elektronu gaze. An* ladina parvieto§anas sistéma produktos oksidétaja forma

%An+ienes kimiska potenciala elektrisko elektrona ne” dalu Npelektr=NAG°e-=-nFE, Kur pejektr = -FE.

Udens masas [H20]=963/18=53.5 M atlaide litra Skiduma [H2S04]=[H30*]=1 M ar blivumu 1.061 9/mL

tidenraza elektrodam ir klasika standarta potenciala atskaites Eo=0.0 V vértiba Nernsta vienadojumos:
H*+(Pt)+e<=>H(PY);
E=0.0+0.0591°logK® (pyn=0.0+0.0591+log[H*]=0.0+0.0591+log(1 M)=0.0 Volts.

Termodinamiska hidroksonija jonu uzskaite producé tideni: HsO*+(Pt)+e'<=>H(Pt)+H20 .

Attieciba ar Gidens uzskaiti [H3O*]/[H20]=1/52,5=Xnz0+/Xn20 ir mol dala klasiska Eo=0.0 V [H*]=1 M vieta
un attieciba [H3O*]/[H20]=1/52,5=XHnz0+/XH20 dod termodinamisko standarta potencialu E°1=0,10166 V.
Ta péc klasiski méritais 1 M sérskabé potencials ir E=0.0+0.0591¢log(1 M)=0 Volti un ar tidens-hidroksonija

Katjona uzskaiti: E=E "+ 00 R T 1100 21" 2 1400591 *log(L/52.5)=0.10166-0.10166=0.0 Volti,
[ ] 2

Termodinamisks standarta potencials ir E'v=0.10166 V, jo attieciba 1=Kpyn= )%3% ir viens, ta péc:
2

E=F°y+ In(10) o:IL:Q oT

log %32— ~0.10166+0.0591*l0g(1)=0.10166 V:

Hidroksonija reduc&$ana par metalu H(Pt) Gdenradi: H3O*+(Pt)+e'<=>H(Pt)+H20 brivas energijas izmaina ir:
AGegredH(Pty=-E°HeF*1+1=-0.10166*96485*1/1000=-9.81 “/mal . Standarta viens [H30*]/[H20]=1 un

standarta reducé8anas lidzsvara konstante ir lielaka par vienu KpyH_red=[(Pt)]*[e’]/[H(Pt)]=52,3:
KyH_Rred=[H30*]*[(Pt)]*[e')/[H20]/[H(Pt)]=EXP(-AGaiberty/R/T)=EXP(9809/8.3144/298.15)=52.3;
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I veida elektrods metala robezvirsma (Pt)H / ar ta katjona H3O* skidumu pielietojums.
HsO*+(Pt)+e<=>H(Pt)+H:20 .

Hidroksonija reducéiana par metalu H(Pt) AGeq=-E°H*F+1+1=0,10166*96485*1/1000=-9,81 X/mol brivas
energijas izmainas minimums Iidzsvara ir attiecinata uz idens un oglekla dioksidu GH20=Gco2gas=Ge-=0 “/mol.
Alberty vertibas Hesa likuma ir tuvas H3O* reducésanas potenciala E°n=-0,10166 V energijai AGeq=-9,81 “/mol:
AGHess=GH20+GH(pt)-(GHao++Gpy+Ge.)=0+51,05-(22,44+38,375+0)=-9,765 “/mol .
Platins iegremdéts hidroksonija jonu [H*]=[H30]=[H2S04]=1 M sérskabes skiduma
H*+(Pt)+e <= H(Pt): E=E°+0.0591°log[H*]=0.0+0.0591<log(1 M)=0.0 V ir klasiska
idenraza atskaites skala nulle. Udens uzskaite [H20]=963/18=53.5 M un attieciba
[H3O*]/[H20]=1/52.5=XH30+/XH20 dod termodinamisko standarta potencialu klasiska 0.0
vieta un ir E°’v=E"°-0.0591*log([H3O*]/[H20])=0.0-0.0591*l0g(1/52.5)=0.10166 V.

klasiski (E,,+= -0,0591*pH <= 01,00 V) 0,110166 \Y4 E,V

! ‘ X,

o o
E(Pt)H/H*_EH + 0.0591*|og(m)

Liela atruma protolizes atraktori [H3O*]=10"23 M, pH=7,36 un Gidens masas [H20]=997/18=55,3 M uzskaite
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litra veido metala Gdenraza (Pt)H potencialu ka stipru reducétaju pirma | veida elektrodu:
EpH=736=0,10166+0,0591*log(107-%/55,3)=-0,436 V; AGeqpH7,36=E H*F*1=-0,436*96485*1/1000=-42,07 “/mo ;
Termodinamiskais standarta potencials E°’v=0.10166 V ir virs klasiskas nulle, ja hidroksonija koncentracija ir
viens mols litra [H3O*]=[H2S04]=1 M un logaritms log(KyH)=1/52.3, pH=0 ir nulle. Metalisks tdenradis ir
stiprs reducétajs pie pH=7,36 un [H30*]=10"7-% M ar E=0,10166+0,0591*log(10"(-":36)/55,3)=-0,436 V
reducgjosu potencialu. Brivas energijas izmainai reakcija un saturs mola (Pt)H metalam ir secigi:
AGeq=E°HeF*1=-0,436*96485%*1/1000=-42,1 “/moi un Grpry=51.05 ¥/mol . [8]
Skabekla pus reakcija: Ozaquat4H3O0*+4e°<=>6H20 standarta potencials E °02=1,485 Volti producg tdeni:

0.0591 [O,aqua] TH50"]* 0.0591 [0,aqual ‘[H30*1*
4 o] [H 20]6 —1,485 V+ 4 °1g [H 2016

reducétaja pus reakcijam: 4(Pt)H+4H20 < 4H30"+4(Pt)+4e" ; E'n=0,10166 V dod brivas energijas izmainas
minimumu AGeq=(E°H-E°02)*F*1+4=(0,10166-1,485)*96485*4=-1,383*96485*4/1000=-533,9=2*-266,94 “/mol
idens veido$ana O2zaquat+4(Pt)H=>2H20 no elementu energijam Grry=51 “/mol, Go2aq=329,68 ¥/mol satura:
Zinot lidzsvara vertibu AGeq2H20=2GH20-4G(pyH-Go2aqua=2*0-(4*G(pyH+329.68)=-533,9=2*266,94 “/mal ,
metala briva energija ir Grpey=(2GH20-AGeqzH20-Go2aqua)/4=(2*0+533,886-329,68)/4=204,2/4=51,05 /ol ;
Ox: 2H30%+2e+H,0 & Hoaq+2H20; AGhess H30+=2Gh30++Grz0-(Grzaq+2GH20)=2*22,44-2*0-103-2*0=-58,36 “/mo;
Grafita elektrods atbrivo (Pt) kristala rezgi E’n30+=-58,36*1000/96485/2=-0,302 V.
Gr2aqua=103 “/mo1 ; Alberty dati [8]. Red: 2(PH+2H202H30 *+2e+2(Pt); E*w:=0,1016 V; CRC dati [1]

Eo2=E°02+ ar cetram tidenraza reversam

Ox: 2H30"+2¢e ¢ H2agt2H20; 2(POH+H20 < 2H30 *+2¢+2(Pt); summary 2(POH < H2aq+2(Pt)+H20;
AEequ30+Pyn=0,10166+0,302=0,40366 V; AGequ30+Pon=AEequ3o+pyneF*2=0,40366*96485%2=77,89 ¥/ o1,
AGeqr30+(Pyr=GH2aq 2 Gen+Gr20-2 GHPo=103+2*G(pey+0-2%51,05=77,89 X/mol .

Platina kristala energija Gey ir aprekinata lietojot Alberty datus [8] un Hesa likumu AGtess sp (Pyn=77,89 X/mol:
2Ge=AGequ30+PyH-GH2ag2GH(Pt=77,89-103,24+2%51,05=76,75=2*38,375 X/mo1 kristalam Geo= 38,375 /mol;
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Skidibas energija Ozgas AIR+H2 Q=AW= ), palielinas produktiem par Gozx=26,58 ¥/mol:
[O2aq]/[O2gas AIR)/[H20]=Kx=2,205*10°. Go2sk=-ReTeIn(Kz)=-8,3144*298,15*In(2,205*107°)=26,58 /mol.
O2aquat2H2aqua=>2H20; AGHessH20aqua=(2GH20-(2GHzaquatGo2aqua))/2=(2*0-(2*103+330))/2=-268 “/mol ;
O2gast2H2gas=>2H20; AGHessH20Biochem=(2GH20-(2GHz2gas+Gozgas) )/2=(0-(2*85,64+303))/2=-237.19 W/mal [8]
Go2gas/2=GH20-(AGHessH20+GHagas)=0-(-237,19+85,64)=151,55 K/mol ; Gozgas=2*151,55=303 X/mar ; Alberty [1,8]
Hagas+H20=>H2aq ; Skidiba destiléta idenT AGH2skAtberty=GHzaq-GHzgas-GH20=103,24-85,64-0=17,6 /mol :
[H2aq)/[Hzgas])/[H20]=Ks=EXP (-AGHasaerty/RIT)=EXP(-17600/8,3144/298,15)=0,0008253. [8] Alberty
[H2aq]=Ks*[H20]=0,0008253*55,3 =0,004564 M, ja Hagas tiras gazes mol dala ir viens [Hzgas]=1.
Biokimijas vidé $kidiba palielinas AGH2sk Biochemistry=GH2ag-GHzgas-GH20_Biochemistry=103,24-85,64-85,6=-68 /o :
[Hzag)/[Hzgas]/[H201=Kk_Biochemistry=EXP (-AGH2sk_iochemistry/R/T)=EXP(68000/8,3144/298,15)=10"11°. [8]
[H2aq] =K _Biochemistry*[H20]=10"112*55,3=10"136 M, ja Hagas tiras gazes mol dala ir viens [Hzgas]=1.
Udenraza $kidibas platina kristaliskaja rezg1: Haaq+2(Pt) «<2(Pt)H+H20; Hesa brivas energijas izmaina
aprekinata no . Alberty RA. [8] datiem biokimiskaja termodinamika :
AGtiess_skPyH=2GH(Pt)*+GH20-(GH2ag+2G(py))=2*51,05+0-(103,24+2*38,375)=-77,89 “/mo1 54 . Ipp. .
Udenraza $kidiba (Pt) kristala ir patvaliga, jo $kidibas konstante lielaka par vienu :
Kskeon=[H20]*[(Pt)H]?/[H2aq)/[(Pt)]>=EXP(-AGrtn/R/T)=EXP(77890/8,3144/298,15=4,42*10"3, [8]
2(Pt)H+H20 ¢ Haaq+2(Pt); Metals tidenradis vaji $kistoss un skidibas konstante ir mazaka par vienu:
AGtess_ k2= GH2aq+2Gpy)-(2GH(Pt)+GH20)=103,24+2*38,375-(2*51,05+0)=77,89 “/mol . [8]
Kskeon=[Hzaq] *[(Pt)]/[H20]/[(Pt)H]>=EXP(-AGskptn/R/T)=EXP(-77890/8,3144/298,15=2,26*10"14, [8]
Piesatinata metaliska tidenraza attieciba [(Pt)H]/[(Pt)]=24839. Metala tidenraza (Pt)H skidiba
2(Pt)H+H20 ¢ H2ag+2(Pt); ir nieciga: [H2aq]=Ksk(pyr*[H20]= 2,26*10"14*55,3=1,25*10"1? M.,
HagastH20=>H2aq ; Skidiba destiléta tideni 0,000155 %100g_H20, blivums 0.996 g/L ,
Koncentracija ir [H2aq]=0,000155/2/100,000155*996=0,0007719 M, [1] CRC
Skidibas konstante Kikcrc=[H2aq]/[H20]=0,0007719/55,3=0,000013958;
brivas energijas izmaina AGskcre=-ReTeIn(Kicrc)=-8,3144*298,15*In(0,000013958)=27,7 “/mol.
Platina kristaliskais rezgis piesatinats ar iidenradi uztur $kidibu tideni [H2aq]=107119) M vairak kart mazaku
koncentraciju par 0,0007719 M un biokimijas GH20_iochemistry=85,6 “/mol Vid€ [H2aq]=10"1%¢ M gazveida
piesatinatu §kidumu. [Hzgas]=0,0007719 M/4,42/10712) M=1,75*10"8. ir iidenraza mol dala. Tas ir pietiekosi
platina piesatinasanai Iidz mol dalai viens [(Pt)H]=1.
Klasiski merits potencials Exiasiski(tyH=Eo_klasiski+10g([H30*])=0-0,0591/1+log(1)=0 V
pie pH=-log([H30*])=-log(1 M)=0;
Termodinamiski mérits Epyn=E°(pyn+0,0591/1*log([H3O*]/[H20])=0,10166+0,0591/1*log(1/52,5)=0 V.
Glikozes termodinamiskais standarta potencials E°ceH1206=0,259 V plus tidens 0,0591/24¢log(1/[H20]%?)
uzskaite un minus skalas atskaites punkts E°ryn=0,10166 V ir Klasiskais standarts EoceHi206=-0,0229 V.
EoceH1206=E°ceH1206-0,10166+0,0591/24l0og(1/[H20]%?)= 0,259-0,10166+0,0591/24*l0og(1/55,3"*?)=-0,0229 V .
Skatit Tabula 1. un Tabula 2. [1-24]
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Nernsta standarta elektrodu potenciali E° iidenraza (Pt)H nulles un termodinamiska 0,10166 Volti skala.

Ele Reaktanti Oksidéta forma +e Udens atlaide Udens uzskaite | Termodinamiska
ments reducéta forma produkti skaits | klasiska nulle Eo, | + nulle Eonzo skala 0,10166 V
H | (PtH + H,0 HsO* +(Pt)+ 1 klasiska nulle 0 0,103 0,10166
(POH + OH- H,0 +(Pt)+ 1 -0,828 -0,931 -0,829
Hzaq+2H20 2H3;0* graphite 2 -0,096 -0,199 -0,301
O 6H,0 0,9 + 4 H,0* 4 1,229 1,383 1,485
H,0,+ 2 H,O O 2aqua+2 H3O* 1 1,276 1,379 1,481
4H,0 H,0,+ 2 H30* 2 1,776 1,982 2,084
H,O, + 2 H,O O2aqt 2 H30* 2 0,695 0,798 0,900
N NO; + 20H- NOz+ H,O 2 0,010 -0,041 0,060
NO, + 3 H,O NO3; + 2 H30* 2 0,940 1,094 1,196
NO@+ 2H,0 NOz + 4H* 3 0,960 1,140 1,242
NH3z + 90OH~ NOsz + 6H,0 8 -0,120 -0,197 -0,096
Br 2Br Br; 2 1,087 1,087 1,189
Bi Bi®* + 9 H,0 BiOs; + 6 H30O* 2 1,800 2,263 2,365
Mn(HY)| Mn?*+ 12H,0 MnO,+8 HzO* 5 1,510 1,760 1,860
(H20) | MnO; |+ 40H" MnOs~ + 2H,0 3 0,600 0,531 0,633
(OH) | MnO* MnO,~ 1 0,558 0,558 0,660
Pb Pb%* + 6 H,0 PbOy(s)+ 4 H30* 2 1,455 1,764 1,866
S S0Os* + 3 H,O SO4%+ 2 H:0OY 2 0,200 0,354 0,456
SO3% + 20H" SO.4+ H,0 2 -0,930 -0,981 -0,880
S% | S(s) 2 -0,480 -0,480 -0,37834
H,S + 2 H,O | S(s) + 2 H30* 2 0,245 0,348 0,450
25,03% S406% 2 0,080 0,080 0,182
Fe Fe? Fed* 1 0,770 0,770 0,872
Ag | Ag Ag* 1 0,799 0,799 0,901
| 21" I 2 0,540 0,540 0,642
Cu Cu Ccu? 2 0,337 0,337 0,439
F 2F F, 2 2,870 2,870 2,972
Cl 2CI- Cl, 2 1,360 1,360 1,462
3H,0+ClI- OCI- + 2 H30* 2 1,490 1,644 1,746
Cr 2Cr¥*+ 21 H,O Cr,07% +14 H30O* 6 1,330 2,051 2,153
Cr(OH)35+50H- CrO4# + 4H,0 3 -0,130 -0,267 -0,166
C H,C,04+ 2 H,0 2C0O.+ 2 H30* 2 -0,490 -0,387 -0,285
Cr Cr Crdt 3 -0,744 -0,744 -0,642
Zn n Zn?%* 2 -0,763 -0,763 -0,661
Al Al + 40H- AlO, + 2H,0 3 -2,330 -2,364 -2,263
H, C | Ubiquinol+2H,0 Ubiquinone+2H30* 2 0,459 0,562 0,664
Succinate®+2H,0 Fumarate?+2HzO0* 2 0,445 0,548 0,650
AscorbicAcid+2H,0 CsHsOs+2H30* 2 0,390 0,493 0,595
glycolate+2H,0 Glyoxylate+2H3;0* 2 0,324 0,427 0,529
CH3CH,0OH+H,0 CH3CHO+H30*+ H- (H*+2¢") 0,190 0,241 0,343
CeH1206 + 42 H,O 24H3;0*+6H;0*+6HCO3 24 0,0702 0,2504 0,352

Reakcija Ozaquat2H2aqua=>2H20 ; 2AGHessH20aqua=2 GH20-(2GHzaquat Go2aqua)=(0-(2*103+330))/2=2*-268 Kmol;
Skabekla pus reakcija: Ozaquat4H30+4e°<=>6H20 standarta potencials E °02=1,485 Volti producg tideni:
Eo02=E°02+0,0591/4+10g(] O2aqua] *[H30*]*/[H20]1°)=1,485 V+0,0148+ log([O2aqua] *[H30*]*/[H20]°) ar &etram
tidenraza reducétaja pus reakcijam: 4(Pt)H+4H0 < 4H30*+4(Pt)+4e ; E'v=0,10166 V dod brivas energijas
izmainu AGeq=(E°H-E°02)*Fs14=(0,10166-1,485)*96485*4=-1,383*96485*4/1000=-533,9=2*266,94 “/mol

idens veido§ana Ozaquat+4(Pt)H=>2H20 no elementu energijam GHey=51 “/mol, G02ag=329,68 “/mol satura:

AGeq=(E°H-E°02)*F*14=(0,10166-1,485)*96485*4=-1,383*96485*4/1000=-533,9 “/mol .

Zinot lidzsvara vertibu AGeq2H20=2GH20-4G(ptH-G02aqua=2*0-(4*GpyH+329.68)=-533,9=2*-266,94 X/mal ,
metala briva energija ir GHpety=(2GH20-AGeq2H20-G0o2aqua)/4=(2*0+533,886-329,68)/4=204,2/4=51,05 “/mo ;
Ox: 2H30++ZE'<;:> H2aq+2HZO; AGHess_H3o+=ZGH30++ZG&-(GHQaq‘l'ZGHzo)22*22,44-2*0-103,24-2*0:-58,36 kJ/m0|;
Grafita elektrods oksidé tidenradi atbrivojot (Pt) kristala rezgi E°nzo+=-58,36*1000/96485/2=-0,302 V
Red: 2(Pt)H+2H20 < 2H30 *+2e +2(Pt); E'n+=0,1016 V; Ox+Red summa ir 2(Pt)H <> H2aq+2(Pt);
2H30™+H20+2¢ < H2aqt2H20; (POH+2H20 ¢ 2H30 *2e+2(Pt); 2(PYH+H20 <> H2aq+2(P1);

AE’Hess_sk_(Pyn=0,10166+0,302=-0,40366 V; AGHess sk_(PyH=AE H30+*F+2=0,40366*96485*2=77,89 “/mol;
AGtHess_sp (PyH=GH2aq2Gpo-2GH(pty=103,244+2*G(py-2%51,05=77,89 “/mol un platina rezga energija ir:
Gept :38,4 kJ/mol , jO 2G(ﬁ):AGHessﬁspﬁ(Pt)H-GHZaq‘i‘zGH(Pt):-77,89—103,24+2*51,05:76,75:2*38,4 kJ/mol .




Red-Ox sisttmu Tabula 2. Standarta potencials E° Klasiskais; Termodinamiskais,
Izejvielas reducéta forma=>produkti oksidéta forma-+n e Dati[1-24]. kli?:ﬁ; zﬂﬁfgo, [i-df]ﬂilzzé;a;;e Zli;goci llngiz?i?
OH =HO+ ¢ CRC 2,020 2,020 2,122
4 H,0O = HzOzaqua +2 H30++ 2e Suchotina 1,776 1,982 2,084
H202+ 2 HyO = O7aqua +2 H3O'+ € David Harris 1,276 1,379 1,481
6 H20 = Ozaqua +4 H3O™+ 4 € Suchotina 1.51 1.76 +1.86
HNO2+4H,0 = NO3+3H30*+2¢e" University Alberta 1,229 1,383 1,485
NO,+ 3 H,O = NO3+ 2 Hz0O'+2¢ David Harris 0,928 1,133 1,235
Hydroquinone +2H,0 = p-quinone +2H3;0" +2¢ 0,835 0,990 1,091
H202aqua +2H20 = O2aqua +2H30"+2e" University Alberta 0,699 0,802 0,904
H202aqua +H20 = Ozaqua +H3O™+H (H*+2e")  University Alberta 0,695 0,798 0,899
Fe? =Fe* +¢ University Alberta 0,695 0,746 0,848
Ubiquinol +2H,0 = Ubiquinone +2H;0" +2¢° 0,769 0,769 0,871
Succinate? +2H,0 = Fumarate?* +2H;O" +2e 0,459 0,562 0,664
ButyrylCoA +2H,0 = CrotonylCoA +2H;0*+2¢ 0,445 0,548 0,650
AscorbicAcid +2H,0= C¢HsOs+2H30* +2e DC. Harris 0,399 0,502 0,604
glycolate +2H,0 = Glyoxylate +H(H*+2e)+HsO"; D.C.Harris 25°C 0,390 0,493 0,595
Fe?* = Cytochrome F Fe®" + ¢ David Harris 0,324 0,427 0,529
[Fe"'(CN)g]* = [Fe'"(CN)e]*+ e University Alberta 0,365 0,365 0,467
Malate* +2H,0 = Oxalo-acetate? +2H;0" +2e- 0,356 0,356 0,457
Fe?* = Cytochrome a3 Fe¥'+ ¢ 0,248 0,351 0,453
Lactate” +H,O = Pyruvate” +H3;O* + H'(H*+2¢e") 0,350 0,350 0,452
FADH; +2H,0 = FADfree +2H3;0" +2¢7; 0,229 0,281 0,382
CH3;COO+2H,0 = glycolate +H(H*+2e)+H;0*;  D.C.Harris 25°C 0,195 0,298 0,400
CeH1206+42H,0 =24H30++6H30++6HC03'+24 (S 6. |QQ 0,161 0,263 0,365
HoSagt+ 2 H20 = Srombic + 2 H3O™ + 2¢7; CRC 2010 0,0701 0,2503 0,3521
CH3;CH;0OH+H;0=CH3;CHO+H3;0*+H (H*+2¢"); KortlyShucha 0,142 0,245 0,347
Fe?* = Cytochrome a Fe®" +¢° 0,190 0,241 0,343
2GlutathSH+2H,0=GlutaS-Sthione+2H;0"+2¢’ 0,2900 0,2900 0,3917
HSH +2H,0=Srhb +2H3;0"+2e- University Alberta 0,1841 0,2871 0,3888
Fe?" = Cytochrome ¢ Fe3* + e 0,1739 0,2769 0,3786
LipSHSH +2H,0 = LipoicAcidS-S +2H;0*+2¢ 0,2540 0,2540 0,3557
Fe?* = Cytochrome c1 Fe®* + e 0,1241 0,2271 0,3288
B-OH Butyrate” +2H,0 = AcetoAcetate” +2H;0" +2¢” 0,2200 0,2200 0,3217
isocitrate? +2H,0 = o-Ketoglutarate? +CO,+2H;0"+2e- 0,0681 0,1711 0,2728
Nernsts Haaq+2H20 & 2H30"+H,0+2¢; AGhess 130+=58,12 ¥/ o1 0,0341 0,1371 0,2388
Ox inverse: 2H30+2e ¢ Haagt2H20; AGhess H2ag=-58,12 /o 0,0963 0,1993 0,3020
H2.q+2(Pt) < 2(Pt)H+H,0; 2(PtH)+H,0=2(Pt+e+H*)+H,0; -0,0963 -0,1993 -0,3020
H(Pt)+H,0 = H;0"+(Pt)+e"; [H30"]=1 M pH=0 classic zero 0,0461 0,0976 0,1993
LuciferintOH=?luciferin+CO; aquatOH+3H(3H"+3¢")+e’; 0,0; [H2SO4]=1 M 0,103 0,10166
Fe?" = Cytochrome b Fe®* + - 0,0000 0,0000 0,1017
CH3CHO+3H,0 = CH3;COOH+2H30"+2¢ Suchotina 0,0770 0,0770 0,1787
Glycaldeh3-P? +H,0+HPO,>=13PGlycerate* +H;O*+H(H*+2¢); -0,1180 0,0365 0,1382
NADPH = NADP* + H(H*+2¢"); -0,1314 -0,0799 0,0218
NADH = NAD* + H'(H"+2¢); David Harris -0,1170 -0,1170 -0,0153
O 2aqua = O2aqua + €- Suchotina -0,1130 -0,1130 -0,0113
Ferredoxin Fe?* = Ferredoxin Fe® + e -0,2450 -0,2450 -0,1433
CeH12,06 + 4H,O = 2C3H,03 + 4H3OJr + 4 Stryer -0,4320 -0,4320 -0,3303
2=5 ombic + 2 €7 CRC 2010 -0,5427 -0,4397 -0,3380
HS + OH™ = Siompic + H20 + 2¢7; CRC 2010 -0,4763 -0,4763 -0,3746
H(Pt) + OH = H,O+(Pt)+e- Suchotina -0,4780 -0,5295 -0,4278
Ubiquinol6 +2H,0 = Ubiquinone6 +2H;0" +2e-  CRC 2012 -0,8280 -0,9310 -0,8293
OH =HO+ ¢ CRC -1,0500 -0,9470 -0,8453
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Bio-degviela glikoze CeH1206, biokimiskais idens 6H20 un skabekla 602aqua energija AG Lehninger=2840 ¥/mol
oksidésana tiek lietota jonu koncentracijas gradientu 6HCO3z'un 6H3O* generésanai:
CsH1206+602aquat6H20=>6H30*+6HCO3; AGLehninger= -2840 %/mol .
Generétie 6HCO3+6H30" joni cauri membranu akvaporinu kanaliem virza 6 Ozaquat6H20 osmoze pretg;ji
koncentracijas gradientiem bet lejup pa gradientiem cauri membranu bikarbonatu un protonu kanaliem transporté
6HCO3+6H30" jonus.
Kvazi lidzsvaru virzoSais neatgriezeniskais dzingjs fotosintéze akumul€ brivo energiju produktos:
6H30*+6HCOs=Photosynthesis=>CsH1206+6 O2aqua+6H20; AGLehninger= 2840 “/mol .
Lietojot Hesa likumu 2840 ¥/moi=GceH1206+6* GozHomeostasis_arterial+6*GH20_Biochem-(6*GH3o++6* GHcos.),
Brivas energijas saturs viena mola glikozes aprékinams Hesa likuma lietojot Alberty [8] un [15] datus:
GeoH1206=2840-6*Go2Homeostasis_arterial-6* GH20_Biochem+(6*GHz0++6*GHco3-)=2268.8 ¥/mol. Ta tad
briva glikozes energija ir GesHi206=2840-6*78.08-6*85.64+6*68.52=2840-468,48-513,84+411,12=2268.8 “/mol.
Briva energija kvazi lidzsvara aprékina lietojot Lehningera datus [6] -2840 ¥/mol potencialam
CsH1206+602aqua+6H20=>6H30*+6HC O3; AG Lehninger= -2840 </mol .
O2aquat4H30"+4e <=>6H20 termodinamiskais standarta potencials E°02=1.485 V veido arterialo potencialu:

E02=E 024995 4elog([O,,,,]* [H30*]¥/i1201%)=1.485+0.0%1/,*log (6*10°*107"30"/55.346°)=0.833 Volti.

Potencialu starpiba ir AE=AGeq/F/N=(EcsH1206-E02)=-2840000/96485/24=(Ec6H1206-0.833)=-1.226 V.
Ta aprekinams glikozes potencials oksidésanai: EcsHi206=AE+Eo02=-1,226+0,833=-0.393 V no Lehningera
datiem:. -2840 X/mo=AGLehninger =AE*Fen=(EcsH1206-E02)*Fen=(-0.3934-0.833)*Fen=-1,2264*96485%*24=-2840;
Glikozes CsH1206 oksidéSanas pusreakcija un sesu skabeklu molekulu reduc@sanas pusreakcijas. Lehninger a
-2840 W/mol energijas izmainas potencials Eceri206=-0.393 Volti glikozes oksidesanai:
CesH1206+42H20 <=>24H30"+6H30*+6HCO3+24 e . Tas ieglst potencialu aprékinatu pie
vertibamt EceH1206=E °ceH1206+20%%Y/240l0g([H30* 3% [HCO31%/[CeH1206]/[H20]*)=-0.393 V ,
[H30*]=101(726) M, [HCO37]=0,0154 M, /[CeH1206]= 5*10"® M un tidenim [H20]=55,346 M:
-0.393 V =E°csH1206+%059/24*|0g (107 -7-26"30%(0 015416/5/107(3)/55,346"4?) . So standard potential is
E°ceH1206=-0.393-09591/54*|0g (107 -7-36"30)%(,01541/5/107-3)/55,346"42)=352 V.

Oksidgjot CeH1206+42H20 <=>24H30"+6H30*+6HCO3+24 e7; standarta potenciala E°csH1206=352 Volti.
Skabekla reducésanas: 6*(O2aqua +4H30™+4e > 6H20;); standarta potencials E°02=1.485 Volti dod brivo enrgijas
izmainu AG°eq=AE°eFen=(E°csH1206-E°02)*Fen=(0,352-1,485)eFen=-1,2264*96485%24=-2623,6 “//mol.

Lidzsvara CsH1206+602aquat6H20<=>6H30*+6HC O3

standarta brivas energijas izmainas AGegstandart=-2623,6 ¥'/mol konstante ir lielaka par vienu:
[HCO;B[H30]6
Kegstandart= [CGleoe]_fOZﬁH ,0]6=EXP(-AGeqstantar/RIT)=EXP(2623600/8,3144/298,15)=e" 1058=1 0 460:
Homeostazes konstante ar vértibam [H30*]=107¢736) M, [HCO3]=0,0154 M, /[CeH1206]= 5*10"3 M ,

idenim [H20]=55,346 M un AGtehninger= 2840 X/mol ir lielaka par standartu KegHomeostaze=10"*9%>10"60=K egstandart:

[HCO;]8[H50]6
Kequmeostéze: [CeleOG]- [302] GQEH 20] 6=EXP(-AGequmeostasis/R/T):EXP(2840000/8,3144/298, 15)=e/\1146=10/\498:
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Nernsta potenciala studijas 5(Pt)H +MnO," uzskaitot hidroksoniju HzO* un tideni H20.
Oksidétaja reduceSanas inversais Nernsta potencials: MnO4™ +8H30*+5e'=Mn?*+12H20; E°Mn02=1.86 V.

Reducétaja oksidésanas Nernsta potencials: 5(Pt)H+5H20=5H30*+ 5e; E°n+=0,10166 V
Elektronu balansé$ana +ne’=5¢=-ne” summaraja Red-Ox reakcija: 5(Pt)H+MnO4+3H30* < Mn?*+7H20 .
12, 2+ 2, 2+ 996 /L
. 0.0591 [H20F%[Mn2] 00591  H20l*[Mn2] 996 _g/L
Emnos=-E°+ *Ig [Mn o] [Hs0*]8 =186 V+ *Ig [Mnoy]-[H50"]®" [H20]=55,3 M= 18_g/mol
[H30'] [H30]

En = E° +0.059111g [y1,0] = 0,10166 V +0.050Llg fvy.0]

Viela AHOH,kJ/moI ASOH,J/mOI/K AGOH,k‘]/mol AGHess:AG°Mn2+7AG°H20-3AG°H30-AG°|v|no4-5AG°(pt)H:-1O49 I(J/mo|
H>O | -285,85 | 69,9565 | -237,191 |-228,1+7*-237,191-(3*-213,2746-447,2+5%99,13/2)= -1049 ¥/mol
H2O | -286,65 | -453,188 | -151,549 |Biochem.Thermodyn,Alberty,2006, Massachusets Technology Inst.
HsO* | -285,81 -3,854 | -213,2746 |CRC Handbook of Chemistry.and Physics, 2010, D.Lide

Howg | 23,4 -130 99,13 AGeg= -800 ¥/mol ; AGess= -1049 W/mal
MnOs| -5414 | -1912 | -4472 izteiksmé 5(PY)H +MnO4 + 3H30*<=> Mn2*+7H,0 ka absoliti
Mn2* | —220,8 73,6 -228.1 lielumi | AGeq=-800 Kol | <| AGHess= -1049 /ol | ;

Udens koncentracija [H20]*2 pakapé 12 ir ieklauta standarta potenciala vertiba E °=1,51 V ka logaritms:
E°mnos-=Eo 0,0591/5*log(1/[H20]*?)=1,51+0,10166-0,0591/5*log(1/55,3'%)=1,76+0,10166=1,859 V;

AGeqoxred=(E H+E Mno4-)*F+15=(0,10166-1.86)*96485*5=-1,758*96485*5= -848 ¥/mo|

Keq=eXp(-AGeqoxred/R/T)=exp(848,3/8,3144/298,15)=exp(342,2)=4,08*1014¢ ;

Eksotermiska un eksoergiskas MnO4™ reducésanas ar metalisku 5(Pt)H Hesa brivas A 10494, A
energijas izmaina negativa AGHess= AGoxred= -1049 K/mol , bet minimizgjas Z
sasniedzot Iidzsvara maistjumu AGmin=AGeq=-848 “/mo;
[H,01" [Mn?]
[(PYH] Z[Mn 0, [H;0"]3
BI:TVE_IS ‘energij"aﬁ izmainas rginimurgs AC?min ir Prigozina atraktors. Brivas ener_gij?ls_ 5A+B+3C 50% D+8E
izmainas minimuma sasniegSana iestajas lidzsvars. izejvielas_ 5(P)H+MnO4+3H30*
produkti Mn?*+7H20
Nernsta potenciala Ozaqua/ H20 red-oks sist€mas acidozes oksidativa stresa biokimiskais mehanisms
(pastiprinoties oksidétaja spekam potenciala E vértiba)
Piezime: Oksidativa stresa norisinas neenzimatiskas oksidéSanas reakcijas daudzveidigos k&des reakciju
un paral€los produktos, sagraujot organismu! Iznicinosi bistami dzivibai!
Udens vide (asins plazma) skabeklis ir stiprs oksidétajs 1,485 V atbilstosi pus reakcijai:
Go2aqua=Go2gastG02:k=303.1+26.58=330 ol ; O2aqua +4H30*  + 4e & 6 H20
oksidéta forma  brivie elektroni reducéta forma
GH30+0H=GH30++G0on-=22.44+77.36=99.8 X/mo1 of H20+H20<=>H30*+0OH ;
BiokTmija skabekla Ozaqua brivo energijas saturu Gozaqua=329,7 ¥/mol samazina 1idz Go2gio=78.08 ¥/mol.
Arterialo asinu koncentracija [Ozaqua] =6*10° M un pH=7,36 koncentracija [H30*]=10":3¢ M.
Eoo=E+%%%4elog([O,,,,]*[H30]*/11201%)=1,485+0.0%1/4*log (6*107(~°) * 107 (730™) /55 346"°)=0.833 Volti.
Samazinats AREarteria=E°-E0=1.485-0,833=-0.652 V; AGarteriai=AEH20*F*n=-0.652*96485*4/1000=-251.6 “/mol.

Skidiba nulles vartibu Ozgas Alr+H20AWERNINS=>()55004 palielina produktu IimenT Goz:s=26.58 ¥/mol:
[0

4,08*10148:Keq=

AGmin= -84$ k‘]/mol &

]
2 agua
1-H 20] =Kx=2.205*10°. Gozsk=-ReTeIn(Ksi)=-8.3144*298.15*In(2.205*10-%)=26.58 “/mol.

[9 gas

Brivo energiju protolize samazina Gozarteriala=Gozaqua+Go2sk+AGarteriala=303,1+26,58-251,6=78,08 ¥/moi un
skabeklis kliist uguns dross biokimisks oksidants, veidojot arterialo koncentraciju [O2aqua]=6*10° M ka
bioenerggetiski drosu uzturétu izooksijas normu. [3];
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Skabekla skidibas Prigozina atraktors brivas energijas izmaina Hesa likuma ir eksotermiska, endoergiska
O2gaisstH20<=>02aqua ; [O2gaiss]=0,2095 skabekla mol dala gaisa, mol dala tident [O2aqua]/[H20].
AGHess_§l,ddTba=AGOOZaqua-AGoOZgas-AG°H20=16.4-(0-151,549)2168 I(J/mol; endoergiska;

Alberty (81: AGHess_Alberty=G02aqua-Go2gas-Greo =330-303-0=27 X/mor;
AGy=-ReTeIn(Kzy)=-8,3144*298,15*In(2,205*105)=-8,3144298,15¢6,414=26,58 “/mo
[O2] $kidibas Hesa brivas energijas izmaina ir pozitiva AGress=AGyxiaiba=168 “/mor , bet | |
minimizejas AGmin=AGy=26,58 “/mol sasniedzot skidibas lidzsvara maistjumu: «—

[0, aqual _ ot s A 465 PAGiin=26,58 /mo
][HZO] —2,205 10 - 10 U A+B 50% C+D
izejvielas O21gast H20

K = [0

2 gaiss
Brivas energijas izmainas minimums AGnmin ir Prigozina atraktors.

prod ukti H20 asinistO2aqua-Asinis.

Brivas energijas izmainas minimuma sasniegsana iestajas lidzsvars. 53.- lapas puses:

Nulles osmolara Cosm=0 M un jonu 1=0 M koncentracija destiléta tideni no gaisa 20,95% skidiba ir:
[O2adens]=Ka*[O2gas] *[H20]= 2,205*10-5*0,2095*55,3=2,5567*10"* M.
ELSEVIER, Rotating Electrode Method and Oxygen reduction Electrocatalysts, 2014, p.1-31,
1. WeiXinga, MinYinb, QingLvb, YangHub, ChangpengLiub, JiujunZhangc. Tira 1atm mol dala ir [Ozgas] =1.
Osmolara Cosm=0,305 M, jonu speka 1=0,25 M, gaisa skabekla 20,95% apstaklos izskist [Ozaqua]=9,768:10-° M.
Ta péc fiziologiska lidzsvara konstante ir Kozasinis=[ O2aqua]/[O2gaiss] =9,768-10-/0,2095=4,663*10-4=10-33314,
Arterialo [O2aqua] = 6-10° M un venozo [Ozaqua] = 0,426-10° M koncentraciju nodrosina pKozasinis=3,3314

skabekla molekulam osmozg pretéji koncentracijas gradientam skérsojot akvaporinu kanalus membranas.
Ox: Ozaqua +4H30"+4e < 6H20; E°02=1.485 Volts; Red: 4(Pt)H+4H,0<~4H30*+4e" ; E’'n=0,10166 V
O2zaquat4(P)H=2H20; AGeq=(E°H-E°02)*F+14=(0,10166-1,485)*96485*4=-1,383*96485*4/1000=-533,9 /maI;
Zinot lidzsvara vértibu AGeq2H20=2GH20-4GpyH-Go2aqua=2*0-(4*GpyH+329.68)=-533,9=2*-266,94 K/mor ,
metala briva energija ir GHPy=(2GH20-AGeq2H20-G02aqua)/4=(2*0+533,886-329,68)/4=204,2/4=51,05 X/mol ;
2H30"+26" &> Hoaq+2H20; AGriess 130+=2Gn30++2Ge.~(Grzagt2GH20)=2%22,44-2*0-103,24-2%0=-58,36 Wy Nernsta
un grafita elektroda potencials E°n30+=-58360/96485/2=-0,302 V oksidé Gidenradi atbrivojot (Pt) kristala rezgi.
Red: 2(Pt)H+2H20 < 2H30 *+2e+2(Pt); E'1+=0,1016 V; Ox+Red summa ir 2(Pt)H <> H2aq+2(Pt);
2H30™+H20+2¢ ¢ H2aqt2H20; (POH+2H20 ¢ 2H30 *+2e+2(Pt); 2(PYH+H20 < H2aq+2(P1);
AEHess sp (yi=0,10166-(-0,302)=0,40366 V; AGHess sp (Pyn=AE H30+°F+2=0,40366*96485%2=77,894 //mo1;
AGtess sp (Pon=GH2aq+2Geo-2Gr(p=103,24+2*Gpy-2*51,05=77,894 /ol .
Platina kristala reZga energija ir izskaitlota pret atskaites skalas nulles vérttbam Gr20=Gco2gas=Ge-=0 ¥'/mol:
2G@=AGress sp (PH-GH2aq+2GHPy=77,894-103,24+2*51,05=76,75=2%38,4 */ino1 .
Séra reducésana: Srombic + 2 H3O* + 26" = HaSaq+ 2 H20; E°<=0,347 V;
rombic+2(Pt)H ¢ H25ag; AGeq=(E°H-E°)*F*122=(0,10166-0,347)*96485*2=-0,245*96485*2=-47,3 ¥/mnoI;
GH2:aqug=AGHessH2:+(2GH(Pt)+Gsrombic)=-47,3+(2*-219-85,64)=-571 K/mal . 2. lapas puse.
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Nernsta potencialu O2aqua / H20 | (Pt)H / un H202/ H20 ‘ H202/ 02 studijas

Ox oksidétaja reagenta pus reakcija: Ozaqua+ 4H3O* + 4e" <=> 6 H20 ;
Red reducétaja reagenta pus reakcija: 4(Pt)H + 4H20 < 4 H3O* + 4e" ; metalisks Gdenradis Grpy=51,05 “/moi>
OZaqua"‘i(ﬂ)ﬂ@ZHzo ; AGerxRedZZGH20-4GH(Pt)-GOZaqua:(2*0-4GH(Pt)-329,68):-533,886 Kol
E022E002+O,0591/4'|g([OZaqua]*[H3O+]4/[H20]6):1,485+0,0591/4*'09([02aqua]*[H30+]4/[H20]6) ;
En=E°+0,0591-Ig([H30*]/[H20]) = 0,10166 V +0,0591-Ig([H3O*]/[H20]) ;
Gas O2gast2H2gas<> 2H20; AGHess2H20=2AG  H20-(2AG  HagastA G 02gas)=2*-273,19-(2*0+0)=2*-273,19=-546,4 K fmol
OZaqua+2H2agua<}:(>2H20; AGAIbertyZHZOZZGHZO-ZGH2aqua-G02aqua=2*0-(2*103,24+329,68):-536,4 I(J/mol;

Hydrogen energy Grzaqua=103 ¥/mol of Alberty R.A. Biochemical Thermodynamic’s 1-463, (2006).

Viela AHOH,kJ/moI ASOH,‘]/mollK AGOH,kJ/mol AGHess/ZZ(ZAGOH20-4AG(Pt)H-AG002aqua)/2:-689/2:344,521 I(‘]/mol;

H.O | -285,85 | 69,9565 | -237,191 | =(2*-237,191-(4*51,05+16,4))/2=-689/2=-344,5 ¥/moi. CRC 2010

HZO -286,65 -453,188 -151,549 AGeq:-533,886 kJ/mol ; AGHessz -689 kJ/mol

HsO* | -285,81 -3,854 | -213,2746 reakcija 4(Pt)H + Ozaqua” <> 2 H20 ; ka absoliiti

Ha@g | 23,4 -130 99,13 lielumi | AGeq=-533,9 “/mot | < | AGress= -689 /ol | ;
O2agua | -11,70 -94,2 16,4 Water concentration [H,0]° as logarithm extracted of E°classic=1,229 V

Oo2aqua | -11,715 | 110,876 16,4 Thermodynamic to hydrogen reference E°=1,383+0,10166=1,485 V

E°02=1,485 V; E0c02=E°02+0,0591/4+1g(1/[H20]°)-0,10166=1,229 V; [H20]=996 %/L"1/18 9/m0i=55,3 M;
AGeqoxred=(E H-E°02)*F+1+4=(0,10166-1,485)*96485*4=-1,383*96485*4=-533,886=2*-266,9 “/mo! ;
Kegarzo=Koxred=eXP(-AGoxred/R/T)=exp(533886/8,3144/298,15)=exp(215,4)=3,42*10% ;
GHPy=(2GH20-AGeq2H20-Go2aqua)/4=(2*0+533,886-329,68)/4=204,2/4=51,05 ¥/mol AGriess2t20 =-546 /o1
Eksotermiska, eksoergiska Ozaqua reducésana ar metalu tidenradi A AGatbery21120 =-536 /i

4(Pt)H un H202 dismutesanas Hesa brivas energijas izmaina negativa AGatbertyi202 = -480 </mol
AGHess2H20=-546....... Kmol , AGHess_+202=-480........ Kmol, bet minimizgjas

sasniedzot Iidzsvaru AGeqzr20=-534 “/mol Un AGegstandart=-228,6........ K ol Maisijuma Hess

konstanti Keqz20=3,42*10%......... un Kegstandard=1,108*10%.........

Minimums AGmin ir Prigozina attractors. Brivas energijas izmainas minimuma
sasniegSana iestjas lidzsvara stavoklis.

Red H202+2 H20-2 e =02aquat2 H3O * ; E°H202=0,899 V Alberta University ;
[H202]=1 M koncentracijas vidé pH=7,36 .

Oks H202+2H3O*+2e=4H20 ; E °0x=2,084V  Suhotina ;
2H202aqg=>02aquat+2H20+Q+AG;

AGeq2H20=-534 k"/mol i
AGeaStandard='22§q6 Y/ mol \'c‘

Izejvielas 4(Pt)H+ O2aqua un produkti 2H20 4A+B 50% 2D
Izejvielas 2H202aq un produkti Ozaquat+2H20 2A 50% B+2C

AGegstandart=(ERred-Eoox)*F*n=(0,899-2,084)*96485*2=(-1,1845)*96485*2= -228,6....</moI ;
[0,]aqua*[H,0]?
[H0, Jaqua
Eon202=E °H202+0,0591/2°1g(O2aqua]*[H30 *]%/[H20:]/[H.0]?)=0,899+0,0591/2*g(6*10"5*10"(7:36"2)/1/55,3"2)=0,2363 V

Eoox=E°H2020x+0,0591/2+log([H202]*[Hs0 *]#/[H20]%)=2,084+0,0591/2*Ig(1*10"(7:36*2)/55 3")=1,443 V
BioChem: AGeggiochem=(ERed-Eoox)*F*n=(0,2363-1,443)*96485*2=(-1,207)*96485*2= -232,86....5/mol
AGAIberty:GOZBiochem_arteriaj+2*GHZOBi0Chemistry-2*GH202:78,08+2*85,64-2*364,79:-480,22 I(‘]/mol; Alberty

1. AHHesssAH 00+ 2AHCH20-2AH % Ho05=-11, 7-2%286,65-(2*-191,99)=-201,02 “/mo; =-11,7-2*285,85-(2*-191,17)=-201,06 “//mo1

2.ASizkiiede=-AHH/T=-(-201,02)/298,15=674,2 */molik ; ASizkiiede=-AHH/T=-(-201,06)/298,15=674,36 */mol ;

ASHess=AS°02+2AS°H20-2AS°H202=-94,2+2*-453,188-(2*-481,688)=-37,2 Y/molik;

ASHess=AS°02+2AS°H20-2AS°H202=110,876+2%69,9565-(2*143,9)=-37 Y/molik;

2. ASkopeia=ASH+ASizliede=-37,2+674,2=637....."Imolik ASkopeia=-37,011+674,36=637,35......"/moiK;

4, AGHess=AHH-T*ASH=-201,02-298,15*-0,0372=-189,9 K/mol X0€rgic spontaneous.

AGHess=AHH-T*ASH=-201,06-298,15*-0,037=-190 K/moI ;

TeASkopzia=0,637*298,15=189,9 X/mol ; T*ASkopsia=0,63735*298,15=190 “/mol;

Kegstandart= =KH202=exXp(-AGeq/R/T)=exp(228573/8,3144/298,15)=1,108*10%........
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Nernsta potenciala studijas reducgjot ar vitaminu B3 etanalu HsCCH=0 un oksid&jot HsCCH20H etanolu

Aerobi [NAD*]J/[NADH]=108; H3C-CH2-OH+NAD*+H20+AG+Q=>H3C-CH=0O+NADH+H30*
AGHess=AG°H30+AG°cHacHo+AG°NADH-AG cHacH20H-A G H20-AG°NAD+=159,1 K/mor;
AGHess=32,2824+1175,5732-151,549-(75,2864+1059,11-237,191)=159,1 ¥/mol endoergiska;

Ox NAD*+H(2e)<=>NADH ; E*1=-0,0113V;
Red CH3CH20H+2H20 = CH3CHO+2H30*+H(2¢°);
E°?H20=0,190+0,10166+0,0591/2*log([H20]?)=0,343 V ;

Novertétaja balansa n=2=m ar elektronu skaitu 2e-AE° izteiksmé E?n20 elektronu donors minus E°* elektronu
akceptors, jo NAD* akcepte elektronus no etanola:
E*?H20=0.190-0,0591/2*log([H20]%)=0.190+0,02955*10g(55,3333)=0.190+0.0515=0,343 V ; -
AE°=E"%h20-E"1=0,343-(-0,0113)=0.3545 V, N=2; AGeq=AE°*Fen=0.3545 V+2 mol*96485 ©/no=68,408 “/mal ;

= = K mol; —[NADH].[CHBCHO].[HQG] _ Ao 8 316118042(;88 15 = -12—1 (1-11,985
AGeq—-R°T°ln(Keq)—68,408 mol, Keq— [NAD+]'[CH3CHZOH]'[HZO] e ReT —€ & : —1,036'10 =10+

Anaerobi [NADH]/[NAD*]=10 HsC-CH=O+NADH+H30*+AG+Q =>H3C-CH2-OH+NAD*+H:0;
AGHess=AG°cHacH20H+AG H20+AG°NAD+ ~AG°H30-AG°cHacHO-AG°NADH = -159,1 ¥/mol;
AGHess=75,2864+1059,11-237,191-(32,2824+1175,5732-151,549)= -159,1 */mol endoergiska;

Red NADH <=>NAD" + H(2¢e); E°1=-0,0113V;
Ox CH3CHO+2H30* + H(2e") <=> CH3CH20H+ 2 H20; E*?H20 =0,190+0,0591/2*log([H20]?)=0,343 V;
Novertétaja balansa n = 2 = m ar elektronu skaitu 2e-AE® izteiksmé E°* elektronu donors minus E®?H20
elektronu akceptors, jo ethanals akcepte elektronus no NADH dotaja pieméra:
E°?H20=0.190-0,0591/2*log([H20]%)=0.190+0,02955*l0g(55,3333)=0.190+0.0515=0,2415 V
AE°=E°1-E*2420=-0,113-0,2415=-0,3545 V, Nn=2; AGeq=AE°Fn=0,3545 V*2 mol*96485 ¢/mo1=-68,408 “/mol ;
AGea=-ReTeIn(Keq)=-68.408 “/mor: K —[NAD+].[CH30HZOH]. [H0] = ARG.‘_? - 831??38: 15 =9_65e1011=1011.985
eq=-ReTeIn(Keq)=-68, mol; Keg= [NADH]'[CHSCHO]-[H3O+] —e =e © 15=9,65¢ = =09

Aeroba organisma O2agua NADH oksidaze reda attiecibu [NAD*]/[NADH]=108;
AGHomeostaze=68,408+ ReTeIn(10*1/1*10:%6/55,3)=68,408-86,2= -17,8........... K/ mol.
[NAD*)/[NADH]=103; AGHomeostaze=68,408-69,08= -0,676.......... K mol.

Lidzsvars novirzits izejvielas ka aeroba konstante Keq =10"1198 un ir inversa anaerobi

produktos konstante Keq=10'1%5, Aeroba endotermiska un endoergiska etanola

! We 159 Wma G A

oksidésana Hesa likuma brivas energijas izmaina ir pozitiva AGHess=159........ K mol UN T A G 68.4 Y
asimetriski negativa etandla anaerobai reducé$anai AGHess=-159........ Kfmol , bet A+B +C-5(5%D HE+F
minimizg&jas sasniedzot lidzsvaru AGmin=AGeq=68,4....... Kmor aerobi izejvielas_ NAD*+H;CCH20OH+H20
un asimetriski anaerobi AGmin=AGeq=-68,4...... “/mol sasniedzot lidzsvara  produkti_ NADH+H3sCCHO+H30*
maistjumu ar asimetriskam konstantém 10-1195=Keq un 1011985=Keq . Aaerobi I
Prigozina atraktors ir brivas energijas izmainas absoltits minimums AGmin Sasniedzot g
lidzsvaru: AGmin=68,4....... K)ot = | AGeq | <| AGHess | =150........ K/ mol. AG<0 | Hess
Anaerobi HsC-CH=0+NADH+H30* =>H3C-CHz2-OH+NAD*+H20+AG+Q: 4LG
reducélana labveligi AGeg=AE"*Fen=-0.3545 V+2 mol+96485 ¢/moi=-68,408......... K3 fmol. anaerobi
Anaeroba etanola oksidéSana nelabvéliga zemas O2aqua koncentracijas hipoksija, bet AGmin= -68,4 /mol
etanala reducésana par etanolu labvéliga [HsCCH20H]/[ HsCCH=0]=1/10 homeostaze D+E+F 50% A+B+C
ar NADH reduktazes enzimu ka negativa brivas energijas izmaina NADH+H3CCHO+H30"
AGHomeostize=-27,86........ K mol NAD™+HsCCH20H+H20

Anaeroba attieciba homeostaze virs ¢ labvéliga reducésanai:

AGHomeostéze='68,4l+8,3144*298. 15*| n (KHomeostéze):'68,41+40,54 = '27,86 ........ kJ/mol

L 1 1 55333 ,_ 3 ~_[NAD"J[CH,CH,OH] [H,0]
AGHomeostaze—'68,41+8,3144*298,15*|n(E E 10—7.36 )—-27,86 /mol, KHomeostaz— [NADH]'[CHBCHO]-[Hso"']

[NADH]/[NAD*1=1/770; AGHomeostaze=68,408+8,3144*298,15*In(700/1*1/1*55,3457/107%6)=0,028 X/mo.
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Liela atruma protolizes peroksida jonu sadursmé HOO><OOH ir liela Ea=79000 %/mol aktivacijas energija un jonu
HOO=> sadursmé aktivacijas energija ir maza Eq=29 Y/mol . Producgjot =6, ®=3 taukskabes, skabekli, ideni un
siltumu: 2H202aq)<=>02aquat2H20+Q+AGH ;
AGHess=AG°02+2AG°H20-2AG°H202=16,40+2*(-237,191)-(2*-134,03)=-189,9......... K/moll eksoergiski
AGHessalberty=G°02+2G°H20-2G °H202=303,1+2*(0)-(2*364,79)=-426,5/2.%/mon=-213,25....../moll eksoergiski

Viela AHOH,k‘]/moI ASOH,J/mollK AGOH,k‘]/moI 1. AHOHesFZAHOprodukti-EAHoizejvielas; 3. AGOHesszAHOH'T'ASOH;

H:O* | -285,81 -3,854 | -213,275 Miscenko 1968, Himia, Leningrad

OZaqua -11.715 110,876 16,4 CRC 2010; 2.ASoHesFZASOOprodukti-ZAsoizejvieIas

O2aqua | -11.70 -94.2 16,40 AHHess=AH 02+ 2AH H20-2AH H202=-201,02.....=-201,06......</mol

H.O | -285,85 | 69,9565 | -237,191 =-11,7-2*286,65-(2*-191,99)=-201,02......</mo eksotermiska..

H.O | -286,65 | -453,188 | -151,549 =-11,7-2*285,85-(2*-191,17)=-201,06......<" moi
H202@q| -191,99 | -481,688 | -48,39 |BiochemThermodynamic 2006 Masachusets Technology institute
H202(aq)| -191,17 143,9 -134,03 |University Alberta 1997.

H202: | -237,129 69,91 | -237,129 3. ASkopsia= ASHt ASixicdsa=-37,2+679,725= 642,525.......... ok
2.AS=-AHH/T=-(-201,02)/298,15=674,2.... Imoiik ; ASizkiiede=-AHH/T=-(-201,06)/298,15=674,36...."/mol/k ;
ASHess=AS°02+2AS°H20-2AS°H202=-94,2+2*-453,188-(2*-481,688)=-37,2.... Imol/K;
ASHess=AS°02+2AS°H20-2AS°H202=110,876+2*69,9565-(2*143,9)=-37...."/moik;

2. ASkopsia=ASH+ASizkliede=-37,2+674,2=637....." Imoik ASkopsia=-37,011+674,36=637,35......"/molK;
4. AGHess=AHH-T*ASH=-201,02-298,15*-0,0372=-189,9........ Kol €X0EIgiC............. Skontaneous...........
AGHess=AHH-T*ASH=-201,06-298,15*-0,037=-190........ ol ;
TeASkopsia=0,637*298,15=189,9......... K/mol ; TASkopeia=0,63735*298,15=190......... Ko
Pus reakciju RedOx Nernsta reducéSanas un oksidesanas elektronu balanss 2 e pie pH=7,36, [Oaq]=6*10~> M

Ered=E °H20270,0591/2¢1g([O2squa] *[H3O *J%[H20:]/[H20]?)=0,899+0,0591/2*Ig(6*10"9*10"(7:362)/1/55 3'2)=0,2363 V/
Eox=E °H2020x+0,0591/2¢log([H202]*[H30 *]*/[H20]*)=2,084+0,0591/2*Ig(1*10"(7:36*2)/55 3")=1,443
Red: H202+2 H20=02+2 H30*+2 € ; E°rRed=E°RedH202=0,899 V Albertas University classic Eo = 0,694 V;
Ox: H202+2 H30 *+2 e'=4 H20 ; E°ox=E° oxH202=2.084 V' Suhotina classic Eo = 1,776 V
2H202(aq) => O2aquat2H20+Q+AG; Aktivétiem homeostazes produktiem peroksidam,
hidroksonijam un peroksida: anjonam: GH202=364.8 /mol; GH3o++GHoo-=22.44+418.32=440.76 /mol briva

energija novertéta attieciba pret nulli tidenim un oglekla dioksidam CO2gas : GH20=Gco2gas=0 “/mol;
AGmin=AGegstandart=(E °RedH202-E °0xH202) *F*N=(0,899-2,084)*96485*2=(-1,185)*96485*2=228.7 X/mo;
[O,]aqua-[H 0] ®
[H,0, JAua
Homeostazeé AGeggiochem=(ERed-Eoox)*F*n=(0,2363-1,443)*96485*2=(-1,206)*96485*2= -232,8....<"/mo! ;
AGAIberty=GOZBiochem_arteriaj+2*GHZOBi0Chemistry-2*GH202=78,08+2*85,64-2*364,79:-480,22 I(“]/mol; Alberty

Kegstandart= = KHzoz=exp(-AGeq/R/T)=exp(228670/8,3144/298,15)=1, 15*10%........

Eksotermiska, eksoergiska H202 (ag) dismutéSanas Hesa briva energijas izmaina A
AGAlberty , AGHessAlberty ir negativa -480........ Kol , -426,5........ K/mol, bet minimizgjas
AGegstandart=-228,7.......... Kol sasniedzot lidzsvaru maisijuma konstanti
Keq=1,15*10%.......
Lesatelj€ princips ir Prigozina atraktors brivas energijas izmainas minimums AGmin

AGAIhcrty: -480 kJ/mol

lidzsvara. Liela atruma protolizes atraktori pH=7,36, skabeklis 20,95% gaisa atrodas
KATALAZE

T

stavoklis. Prigozina atraktors Nobela prémija kimija 1977. gada. KATALAZE izdz&8 | AGsuuw=228.7 /om

AGsegpiochem=-232.8 /ol
peroksida molekulas H202 1idz 100% ®=6, (j):3 taukskabju C20:4 iznakumam AtA  50% B+2C
elongacijas sint€z€ peroksisomas. KATALAZES reaktivitate ir nepiecieSams izejvielas 2H202(aq)

produkti_O2aquat2H20

lidzsvara stavokli, kamer neatgriezeniska homeostaze turpinas, jo ir nelidzsvara

neatgriezeniskas homeostazes Brauna molekulars dzingjs evolicijai un izdzivosanai.
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Stikla SiO2\ ///1/Si02//11 1Si0> membranas elektrods un pH mérisana

Stikla elektrods ir parasti lietotais elektrods Skiduma pH noteikSanai. Tas pieskaitams membranu
elektrodiem, bet ta potencials veidojas uz silicija dioksida (SiO2) kristaliskas virsmas silicijskabes protolizes
reakcija Si0,—SiOsH+H20==1Si0,—Si0s +H30*. Stikla elektroda potenciala rasanas izskaidrojama sekojosi.

Uz stikla virsmas atrodas silicijskabes anjonu funkcionalas grupas 4SiO>—SiOs". Uz plana kristaliska stikla
membranas virsmas protoné tideni (pieméram, salsskabé HCI) iestajas protolitiskais lidzsvars starp kristalisku
silicijskabi SiO2—SiOsH un silikata anjonu grupas SiO>—SiOs . Silicijskabe ir iidenT neskistosa skabe un loti vajs
elektrolits; Si02—SiOsH+H20==1Si0>-Si03 +H30".

Ta ka kristaliskai membranai ir iek§€jas virsmas lidzsvars un uz argjas membranas virsmas ir aréjais
lidzsvars , kur§ ir mainigs no méramas vides H* koncentracijas testa ekskerimentos.

H30%eket+ SiO3 =SiO==H20+HSi03=SiO2//11/Si02/1] SiO2—SiOsH+H20===4 Si02—Si03 +H30" 4.

Virkné saslégtu [idzsvaru konstansu reizinajums veido membranas lidzsvara konstanti Kieks® Kargj.=Kmembr:

[H30" e .
Kieks.= @ , argj. = == ; Kieks ® Kargj.= Kmembr= [HLJr]aras ;
[H3O ]iek§ [H 20] [H3O ]iek§
+ .
Emembr:wlog W =0,0591(log[H30"arj]-l0g[H3O ieks])= Econst -0,05910pH  (24)
n 30 liekd

kur n=+1 Gidenraza jona ladin$ H*, bet logaritms no koncentraciju attiecibas ir logaritmu no koncentracijam
starpiba. Jonu koncentracija membranas iekSpusé mainas un ir konstanta Econst.= -0,0591elog[H30 iek].
Membranas potencials ir atkarigs tikai no $kiduma Gidenraza joniem H3zO*as vai pH=-log[H3O"arz].
Emembr= Econst 10,0591 @log[H3O%outer]  (24)
Praktiski lietojama stikla elektroda uzbiives shéma paradita attéla. Stikla caurulites gala ir izveidots plans
stikla puslitis, kas kalpo par stikla membranu. Stikla elektroda iekSpusé ieliets HC1 $kidums ar zinamu

koncentraciju. Arpusi iegremdé p&tamaja $kiduma noméra $kiduma pH.

stikls stikls

Ag

arpuse | ieksa |arpuse stieple

AgCl
nogulsnes

Stikla membrana HSiOs=SiO2\ ///I/SiO2///l $Si02=SiOsH un elektroda komplekts ar sudraba stiepli.

12



Elektrisko kontaktu ar stikla membranu ieksgja skiduma iegremd@ sudraba stiepli, kas izveido otra veida
elektroda potencialu Eagci icks virkné ar membranas potencialu Emembr.+ Eagcl icks. Potencials ir atkarigs tikai no

argja — peétama Skiduma pH, jo salsskabes koncentracija ir konstanta. EDS (elektro dzingja spéku) méra noslégtai

_____

Elektriska keéde noslédzas pie pH-metra kontakta skailem:

Kopgjais EDS potencials sastav no 3 virkné saslégtiem elektrodiem no 3 dalam:

1) stikla elektroda iekSpusé izveidota AgCl elektroda potenciala Eagc ieks.;

2) stikla membranas elektrods Emembr= Econst+0,0591 @log[H30*outer]=Econst.-0,0591 epH (24);
3) alidzinasanas elektrods ar standarta potencialu Eagcl.

Saskaitot nemainigo saskaitamo dalas summa iegiist jaunu konstanti : E’const= (Eagci+Eagci ieks Econst.)

EDS=EagcitEmembr+Eagct ieks.= (EagcitEagct ieks Econst.)+0,0591-1g [H3O%ae.] = E’const—0,05910pH  (25)

EDS = E’const—0,0591 epH (26)

pH mériSanai ar stikla elektrodu ir vairakas priekSrocibas:

1) stikla elektrods ir lietojams visa nepiecieSamaja pH intervala (no pH = 0 lidz pH = 14);
2) merijumi ir loti precizi (Iidz 0,01 pH vienibai);

3) mérfjumi nav atkarigi no oksidétaju, reducétaju un olbaltumvielu klatbiitnes skiduma;

4) piesledzot pH-metru pasrakstitajam, var nepartraukti kontrolét pH izmainas p&tamaja sistema.

pH meter

]

» Reference Internal
pH metrs electrode electrode
. »
< /

P AgCl

elektrods

. Ceramic

o lsltgdad junction Test solution

eleKirogas

pH sensitive
bulb
\ membrane }

Skiduma pH mérisana ar kombingto stikla un sudraba hlorida elektrodu EDS pari
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Nernsta potenciala SO4>/ SO3?" red-oks sistémas Tpasibas skaba H3O* iidens un baziska OH~ vidé
(oksidetaja sk&jas pasriprinasanas ar potenciala E palielinasanos acidozg)
SO4%+ 2 H3O* + 2 e <=>S03% +3H20 ;pH<7;
E °=E0+0,0591/2*Ig(1/[H20]%)= +0,20 V; E °=E.-0,0591/2*Ig([H20]3) =0,3545 V;
E °sos2-=E °+0,10166+0,0591/2*Ig([H20]%)=0,2+0,10166+0,02955*I9(55,3%)=+0,45615 V;
2. +12 2. +12
0.0591 , [s o[;_] [H,0 ]3 0456 v/ + 00591 1 [s O‘;_] [H,0 ]3
[s05]-[H,0] 2 [s0F]-[H,0]
Pie pH=7, [H20]=55,3 M ; 0,02955*Ig([H30*]?/[ H20]%)=0,02955*g(10-"*2/55,3%)= -0,56819 V

[s0Z] [s0Z]
Es042=0.456-0.5682+0.02955*g =4 =-0.1122+0.02955*|g :==—4- ;
[so?] [so?]

Esoa2=E °soa2-+

S04 +H20+2e'<=>S03>+20H"; pH > 7 ;
E °sos2-=E °+0.10166-0.0591/2*Ig([H20])=-0.93+0.10166-0.02955*1g(55.3)=-0.981+0.10166=-0.87984 V;

0.0591 , [s02].[H20] 0.0591 , [S0Z]-[H.0]
3 —_— . = . + ° _— -
[SOZT oHT? 0.87984 V > lg [S0%] [oHT?

Pie pOH=7, [H20]=55.3 M ;0.02955*Ig([H20]/[OH]2)=0.02955*Ig(55.3/107*2) = +0.4651975 V
Eso42=-0.8798+0.46519763+0.02955*Ig([SO42 ]/[SOs?])=-0.4146+0.02955*Ig([SO-2 ]/[SO:>]);

Eso42-=E °so42-+

Nernsta potenciala NOs/ NOz red-oks sistémas ipasibas skaba H3O* tidens un baziska OH" vidé
(oksidetaja skejas pasriprinasanas ar potenciala E palielinaSanos acidoze)
NO3z+2H30"+2e <=>NO2 +3H20;pH<7;
E °=Eo+0,0591/2*Ig(1/[H20]%)=+0,94 V; Eo=E °-0,0591/2*Ig([H20]°)=0,99 V;
E°Nno3-=E°+0,10166+0,0591/2*Ig([H20]%)=0,94+0,10166+0,02955*Ig(55,3%)=0,99+0,10166=+1,093 V;
-1. +12 -1. +12
0.0591 | [N o?] [H50 ]3 1,003V . 0.0591 g [N o%] [H30 ]3
[NO3]-[H,0] 2 [NO3]-[H,0]
Pie pH=7,[H20]=55,3 M ; 0,02955*Ig([H30*]%/[ H20]%)=0,02955*Ig(10""?/55,3%)= -0,56819 V

Enos =1,003-0,5682+0,02055*lg [Nl =0 525.40,02055+1g [NO4]
[N Oz] [N Oz]

ENno3-=E°No3-+

NOs+ H20 +2e <=>NO2 +20H ; pH>7;
E°=E0+0,0591/2*Ig([H20])=0,01 V=E° ; Eo=E°-0,0591/2*Ig([H20])=0,01+0,02955*1g(55,3)= 0,0615 V;
E° nos-=E°+0,10166-0,0591/2*Ig([H20])=0,01+0,10166+0,02955*1g(55,3)=0,0615+0,10166=0,16316 V;,

0.0591 , [N o%]. [H20] ~0,16316 VV+ 0.0591 | [N o%]. [H20]
2 [NO;]-[OH ]2 2 [NO]-[oH]?
Pie pOH=7, [H20]=55,3 M ;0,02955*Ig([H20]/[OH]?)=0,02955*Ig(55,3/10""2) = +0,46519763 V

Enos-=0,16316+0,46519763+0,02955*Ig([NOs J/[NO2])=0,527+0,02955*Ig([NO3]/[NO-"]);

Eno3-=E°No3-+
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Nernsta potenciala 2CO2 / H2C204 red-oks sistémas Tpasibas skaba HsO" , tidens vide
(oksidetaja sk&jas pasriprinasanas ar potenciala E palielinaSanos acidozg)
2C02+2H30"+2e<=>H2C204+2H20; 1< pH <7 ;
E°=E.+0,0591/2*1g(1/[H20]?)=-0,49 V ; E°=-0,49-0,0591/2*Ig(1/55,3"?)=-0,387 V;

E°H2c204=E°+0,10166+0,0591/2*Ig([H20]?)=-0,49 +0,10166-0,02955*Ig(1/55,3%)= -0,285 V;
2, +12 2, +12
0.0591 [cO,)?-[H,0 ]2 —.0.285 v + 20591 0.0591 g [cO,1?-[H;0 ]2
[H,C,0,][H,0] 2 [H,C,0,][H,0]
Pie pH=7,[H20]=55,3 M ; 0,02955*Ig([H30*]%/[ H20]?)=0,02955*g(10-""%/55,3%)= -0,5167 V

2 2
Eso:2=-0,285-:0.5167+0,0295541g - _COF _ 5 8017+0,02055*Ig L [co,p

EH2c204 =E°H2c204+

22] 22]

Nernsta potenciala NOs~ / NHs red-oks sistémas ipasibas skaba Hs3O* , Gidens vidé
(oksidetaja Skejas pasriprinasanas ar potenciala E palielinaSanos acidoze)
NO3 +6H20+8e'<=>NH3+90H; 1 <pH < 7;
E°=E,+0,0591/8*Ig([H20]%)=-0,12 V; Eo=-0,12-0,0591/8*Ig([H20]%)=-0,1972 V ;

E°No3/nH3=E°+0,10166-0,02955/4*1g(55,3%)=-0,12+0,10166-0,0772=-0,1972+0,10166= -0,09554 V;
0.0591 o [INO;)-[H 29]6 ~.0,0955 V/+ 0.0591 . [INO;][H 2_0]6

[NH, ]-[oH ]° 8 [NH, ]-[oH]®
Pie pOH=7, [H20]=55,3 M ; 0,02955/4*Ig([H201¢/[OH]°)=0,02955/4*1g(55,3%/10""%)= +0,5427 VV

Enos_nHa=-0,0955 +0,5427+0,02955/4*|g {N 03} =0,4427+0,02955/4*Ig {NHO% :
3

ENo3/NH3=E°NO3-/NH3+

Nernsta potenciala Cr2072~ / 2Cr3* red-oks sisteémas Tpasibas skaba HzO" , idens vide
(oksidétaja sk&jas pasriprinasanas ar potenciala E palielinaSanos acidozg)
Cr2077+14H30*"+6e<=>2Cr3*+21H20 ; 1< pH<7;
E°=Eo+0,0591/6*Ig(1/[H20]?*)=1,33 V; Eo=1,33-0,0591/6*lg(1/[H20]?*)=1,6905 V;
E°creo72- 2cr3+=E°+0,10166-0,0591/6*1g(1/55,3%')=1,33+0,10166+0,3605=1,6905+0,10166=1,7921 V;

0.0591 . [Cr,02][H,0"]* 0.0591 . [Cr,02][H0"™
Ecro072 perav=E°cra072. acraet 022~ o] : =1,6005 V + 22" o]g —5;
Cr2072—-/2Cr3 Cr2072—-/2Cr3 6 g [Cr3 ]2[H 20] 21 6 [Cr3 ]2 [H 20] 21

Pie pH=7,[H20]=55,3 M ; 0,02955/3*Ig([H30*]%/[ H20]21)=0,02955/3*Ig(107*14/55,321)= 1,3258 V/

E cr2072- r2cra+=1,6905+1,3258+0,02955/3*|g [Crz—o] = 3,0164+0,02955/3*Ig Ecr—o] :
C

r]2

Nernsta potenciala CrOs>~ / Cr(OH)z| red-oks sistemas Tpasibas skaba HsO" , idens vidé
(oksidétaja sk&jas pasriprinasanas ar potenciala E palielinaSanos acidozg)
CrO4?+4H20+3e'<=>Cr(OH)3|+50H"; 1<pH<7 ;
E°=E.+0,0591/3*Ig([H20]%)=-0,13 V; Eo=-0,13-0,0591/3*Ig([H20]*)=-0,13-0,0591/3*1g(55,3*)=-0,2673 V;
E°creo72- 2cr3+=E°+0,10166-0,0591/3*1g(55,3*)=-0,13+0,10166-0,1373267=-0,2673+0,10166=-0,1657 V;
0.0591 , [CroZ]{H,0]* _ 0.0591 , [Cro,2}H,0]*
=-0,1657 V+—"=+]
[CrOH,-OHT? 3 ° [CroH),oHTs
Pie pOH=7,[H20]=55,3 M ; 0,0591/3*Ig([H20]*[OH]°)= 0,0591/3*Ig(55,3*/10""%)= +0,8268 V

E cro ctorys 1=-0,1657 +0,8268+0,0501/3*lg 10 L = 10 7483+0,0501/34lg 221 .
[CroH);] ’ [Cr(OH);]

Ecrosz-scr(on)3 | =E°cros2-/crom)3 |+ ———
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Nernsta potenciala BiOs~/ Bi®* red-oks sistémas Tpasibas skaba H3O" , tidens vidé
(oksidetaja sk&jas pasriprinasanas ar potenciala E palielinaSanos acidozg)

BiOs™ +6 H3O*+2e'<=> Bi** + 9 H20 ; 1< pH<7;
E°=E.+0,0591/2*1g(1/[H201°)=1,80 V; Eo=1,80-0,0591/2*Ig(1/55,3%)= 2,2635 V ;

E°Bios /sizs=E*+0,10166+0,0591/2*Ig(1/[H,0]°)=1,8+0,10166-0,02955*Ig(1/55,3%)=2,2635+0,10166=2,365 V/:
BiO:]-[H,0"]® Bi0:]-[H,0"]®
00591, [BIO][H, 3 —2 365 v+ 00591 [BiO:]1H, g
[Bi" ] [H,O] 2 ¢ P ][H,0]
Pie pH=7, [H20]=55,3 M ; 0,02955*Ig([HsO*]¢/[ H20]%)=0,02955*Ig(10-7"8/55,3°)= -1,7046 \/
E sios/ sia+=2,365-1,7046+0,02955*Ig [[B'O]] =0,6604+0,02955*Ig [B'O I
Bi

EBio3-/Biz+=E°Bio3-/Bi3++

Nernsta potenciala PbO2|/ Pb?" red-oks sistemas pasibas skaba HsO* , tidens vide
(oksidetaja Sk&jas pastiprinaSanas ar potenciala E palielinasanos acidoz€)
PbO2|+ 4 H3O* +2e'<=> Pb?* + 6H20 ; 1< pH<7;
E°=Eo+0,0591/2*Ig(1/[H20]16)=1,80 V; Ec=1,8-0,0591/2*1g(1/55,3%)=2,109 V ;
E°pbo2,pb2+=E°+0,10166-0,0591/2*lg(1/[H.0]%)=1,8+0,10166-0,02955*Ig(1/55,3%)=2,109+0,10166= 2,21066 V;

. 0.0591 . [PbO,4}[H;0"]* 0.0591 , [PbO,{}[H;0"T*
Epbo2|/pb2+=E°pho2|Ph2++ ——— °lg [Pb2+]-[H 20]6 =2,2106 V+ —= 5 g [Pb2+]-[H 20]6
Pie pH=7, [H20]=55,3 M ; 0,02955*Ig([H30*]®/[ H20]°)=0,02955*Ig(10-7"%/55,3%)=-1,1364 V
[Pb Oz”

Esios /gi3+=2,2106-1,1364+0,02955*Ig = 0,9726+0,02955*Ig [FEb 23;] ,
Pb

Nernsta potenciala AIO2~/ Al| red-oks sisteémas Tpasibas skaba HsO* , tidens vidé
(oksidetaja skejas pasriprinasanas ar potenciala E palielinaSanos acidoze)

AlOs + 2 Ho0 +3e<=> Al + 4 OH~; 1<pH<T7 ;
E°=Eq+0,0591/3*Ig([H20]?)=-2,35 V; Eo=E°-0,0591/3*Ig(55,32)=-2,4187 V;
E° 102/, =E°+0,10166-0,0591/3*Ig([H20]%)=-2,35+0,10166-0,0591/3*Ig(55,32)=-2,4187+0,10166=-2,317 V;

0.0591 [AIO;}H,O]? 0.0591 [AIO;}H,O]?
I8 [ -loms ~ 23TV [ ows

At pOH=7, [H20]=55,3 M ; 0,0591/3*Ig([H20]%[OH]%)= 0,0591/3*Ig(55,3%/10-**)= +0,6203 V

Ealoz-/a1,=-2,317+0 6203+0,0591/3*Ig { Al ol = +1,6967+0,0591/3*Ig E Al o] :

Ealo2—a=E°al02-a1+

Nernsta potenciala S| / H2S red-oks sistémas ipasibas skaba H3O* , tidens vidé
(oksidetaja sk&jas pasriprinasanas ar potenciala E palielinaSanos acidozg)

S| +2 H30"+2e'<=> H2S + 2 H20; 1<pH< 7;
E°=E.+0,0591/2*1g(1/[H20]?)=0,142 V; Ex=0,142-0,0591/2*1g(1/55,3%)=0,245 V;
E°s, 12s=E°+0,10166+0,0591/2*Ig(1/[H20]%)=0 142+o,10166-0,02955*|g(1/55,32)=o,245+o,10166:0,3467 V:

. 0.0591 [S [S ][H;0? 0.0591 , [S]{H;0
EsiH2s=E°s|Hos+ ———— [HZS] [H,0]2 =0,3467 V + ——— 5 *lg H,S]H,012
Pie pH=7, [H20]=55,3 M ; 0,02955*Ig([H30*]%[ H20]%)=0,02955*Ig(10-7"2/55,32)= -0,5167 V

S S
Es,25=0,3467-0,5167+0,02955*Ig [—[H i]= 0,17+0,02955%1g [[ ;];
2
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