Aris Kaksis 2024. Rigas Stradina universitate

Nernsta pus reakcijas oksidésanas potencials un membranas potencials voltos

Oksideésanas-reducésanas balanséSana ar Nernsta pus reakcijam
Nernsts sanem Nobela Prémiju kimija 1920. gada:
Metals kontakta ar skidumu, reducétaju un oksidétaju rada elektroda potencialu voltos
Elektrokimisko potencialu abpus §tinu membranai veido jonu koncentracijas gradients Ciaba puse/Ckreisa_puse.

Elektrokimiskas reakcijas skérsojot membranu virza E7 klases transporta enzimi.
Metala brivo elektronu gaze atdod elektronus reducésanas un panem no 0ksidésanas pus reakcijas
Metala elektrods ir brivo elektronu avots rezervuars pus reakcijam.

Klasificé $sadus elektrodu veidus:

| veida: ladétu jonu un elektronu parnese cauri fazu robeZvirsmai;
Il veida : ladétu jonu un elektronu parnese cauri fazu robezvirsmai;
Red-Oks elektrodi:  1ad&tu jonu un elektronu parnese cauri fazu robezvirsmai;

Membranas elektrods: : 1adétu jonu parnese cauri Siinu membranam bez elektroniem.
Elektrokimiskaja reakcija 1ad&tu jonu virzits gradients cauri membranas kanaliem:
veido membranas potencialu Ewm.
Metala sastava ir elektronu e~ gaze un + pozitivi metala atomu jonu kristaliskais rezgis.
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Voltmetrs ar minus "-" un plus "+" spailém méra potenciala starpibu jeb EDS
(Elektro Dzingj Speks)

elektriska kedg starp diviem savienotiem elektrodiem
Mel (Indikatora) un Mell (Standarta):
EDS= E|-E| ; E| =EDS + Ejj
Indikatora elektrods ar E| — ir mijiedarbiba ar skidumu ,
Standarta elektrods ar Ej = konstants — mijiedarbibas ar apkartgjo vidi nav.


http://aris.gusc.lv/BioThermodynamics/ElektrodsM.pdf

Pirma (vienkarSota) pieeja Nernsta vienadojuma izvedumam.
(Pirma veida elektrods)

An+
Red «—>0x+ ne
Darbs W viena mola jonu MeN* parvietosanai no punkta 1 metala uz punktu 2 §kiduma ir vienads ar Hesa likuma

brivas energijas izmainas negativo lielumu -AG’ viena mola ladinam q = nF parvarot elektrisko potencialu E ir, W =
OE = NFE; W,y = NFE =-AG’ = RTINK ., -

[a—1N
Red-Ox lidzsvara konstante ir  Klidzsv = M tatad

[Red]
nF [Red] F nF  \[Red] [Red]
E°F
°—RTo D - - :EOF' -1 = = o:
E°= = In([e]) ; In([e7]) = [e]=eRT =constunE = const.

Nernsta vienadojums naturala (skaitla e=2,7) logaritma In un decimala (skaitla 10) logaritma lg forma
In(a) = In(10) « Ig(a)= 2,3  Ig(a) un temperatira ir T=298,15 K gradu:
f[Ox] IN@0)+R-T_2.3+R+T o oo /. o, 0.0591 .lnL [OX] J

[Red] F F n [Red]

Otra termodinamiska pieeja Nernsta vienadojuma izvedumam.

E=E°+E°ln
nk

Kad ir iestajies lidzsvars tad izejvielu un produktu kimisko potencialu summa ir vienada pgoqtEnF=pq, +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 veido$anas no elementiem brivas energijas izmaina Hesa likuma ir AG°gy , AG®- un AG°Req -

Kimiska [idzsvara maistjuma AG°Req + RTIN(NRgq) + ENF = AG°oy + RTIN(Npy) + NAG®e- + RTIN(Ng-)
No Sejienes var izteikt elektroda potenciala lielumu E:

AG°ox+N*AG®  —AG°Rred  RT Nox ® N
E - e + .ln —e .

Elektroni sava atseviSkaja faze (ta saucamaja elektronu gaze€) metala tiesi arT ir tira viela N=1 ta pec tiras vielas
AG°0x+N* AG® - ~AG°Red  RT ln[ Nox J

In(N,-")=0 elektronu gazei un E= +

nF nkF NRed

AG°0X+n ° AGOe_ —AGORed
nF
minimumu lidzsvara AGeq=E°nF=AGeq=AG°0xnAG°e- ~AG red.
Parejot uz decimaliem logaritmiem un termodinamisko standartu T=298,15 K iegiist Nernsta vienadojumu
0,0501 f [Ox] J
S [Red])

Standarta potencials E’= veido Prigozina atraktoru brivas energijas izmainas

reakcijai : izejvielas Reducéta forma<=>gAn++ne' Oksidéto forma produkti; E=E°+

Reakcija zaude ne” elektronus tatad $kiduma virziena tiek parvietoti An* pozitivi 1adéti papildus joni.
Elektroni ne” paliek metala elektronu gaze. An™ ladina parvietoSanas sistéma produktos oksidétaja forma
%Arﬁienes kimiska potenciala elektrisko elektrona ne™ dalu Npelektr=NAG°e-=-nFE, Kur pejektr = -FE.



| veida elektrods tidenraza metala H(Pt) robezvirsma / ar ta katjona H3O* skidumu pielietojums

Atraktoram pH=7,36 lidzsvara stavokli ir patiesa pOH=6,64 vértiba, jo pKw=14= pH+pOH =7,36 +6,64.
Udens daudzuma atlaide [H20]=963/18=53,5 M litra sérskabes [H2S04]=[H30*]=1 M 3kiduma ar 1,061 9/mL
blivumu idenraza elektrodam Nernsta izteiksme ir klasiska standarta potenciala Eo_classic=0 V atskaites vértiba:

H(Pt)=H"+e"; Eclassic=Eo_classict0,0591*logK °classicH(pyy=0+0,059 1 ¢log[H*]=0+0,0591+log(1 M)=0 Volti. [11]

Termodinamiska hidroksonija jonu uzskaite pieprasa tideni: H(Pt)+H20=H3O*+e" un E°’4=0,10166 V.
Attieciba [H3O*]/[H20]=1 M/52,5 M=XH3zo+/XHz0 ir mol dala aizstajot molus litra [H*]=1 M klasiskaja
potenciala izteiksme. Udens uzskaite dod termodinamisko standartu E°v=0,10166 V potencialu skala.

Nernsta izteiksme ar klasisko mérfjumu nulle pieprasa termodinamisko standarta potencialu E°’1=0,10166 V :
E=E°n+In(10)*R*T/F/1+log(XH30+/ XH20)=Eo+E’n+0,0591*log(1/52,5)=0,10166-0,10166=0 V.
Ja attieciba ir viens 1=Knpy=XHzo+/XH20, tad potencials E°’4=0,10166 V ir termodinamiskais standarts:

E=E°w+ Ind0)sReT *log ;é: g =0,10166+0,0591*log(1)=0,10166 V. Metala oksidésanas brivas energijas

izmaina ir atSkiriga endoergiska AGeq=E H*F*11=0,10166*96485*1=9,81 “/mol pretstata eksoergiskai.

Albertija Hesa vértiba ir eksoergiska: AGHess eq=GH3zo++Ge-~(GH(pt) +GH20)=22,44+0-(48,56+0)=-26,12 “/mol .
Brivas energijas izmaina ir noteikta nulles atskaites skala GH20=Gco2gas=Ge-=0 K/mol. Iterativi izskaitlotais
absoliitaja skala tidenraza standarta potencials ir: E'n=AGeqn(rt)/F/1=-26,12/96485/1=-0.27073 Volti. Lidzsvara

brivas energijas minimums ir eksoergisks: AGeqrpty=E°HeF+1=-0.27073*96485%*1=-26,12 ¥/mol sakritot ar
Albertija datiem. Absolita potencialu skala noslid par AE=-0.27073-0,10166=-0,37239 Voltiem zemak attieciba
pret klasisko nulles skalu. Nernsta lidzsvara konstante ir lielaka par vienu metala oksidéSanai par hidroksonija
jonu: Kuey_red=[H30*]*[e"]/[H20]/[H(Pt)]=EXP(-AGaiberty/R/T)=EXP(26120/8,3144/298,15)=37675,6 .

I veida elektrods metals H(Pt) / iegremdgts ta katjonu H3O* skiduma pielietojums.

Liela atruma protolizes atraktori [H3O*]=10"73 M, pH=7,36 un tidens masas [H20]=997/18=55,3 M uzskaite
litra rada metala GidenraZza stipru reducgjosu potencialu: Epr=736=-0.27073+0,0591*log(10":%%/55,3)=-0,8087 V
un brivas energijas izmainas minimumu AGegpH_7,36=E°HeF*1=-0,8087*96485*1/1000=-78,03 “/mol .

Nernsta pus reakcijas metala reducé$anas potenciala E°+=-0,27073 V energija ir AGeq=-26,12 “/ma.
Platina plaksnite iemérkta hidroksonija jonu [H*]=[H30*]=[H2S04]=1 M sérskabes
Skiduma H(Pt)=H*+e: E=E°+0,0591°log[H*]=0,0+0,0591<log(1 M)=0 V ir klasika.

H, Attieciba [H3O*]/[H20]=1/52,5=XHn30+/XHz20 dod klasiskas nulles 0 vieta termodinamisko
standarta potencialu: E°’n=0,10166 V un no Alberty datiem absoliitaja skala absoltito

— = standarta potencialu E°’v=-0,27073 Volti.
© absoluti E°H=—0,27O73 Vv klasiska nulle E5= 0 \Y4 0110166 V EV
| L .
E ~E;+0 0591*Iog(XH el ) y classic:E’j+O'O591*log(H30 1) termodinamiskais E}

(POH/MHY

Absolutais standarta potenc1als E°w=-0,27073 V pamatojas uz Albertija tidenraza datiem
GH2gas=85,64 “/mol Un GH2ag=103,24 W/mal , kuri ir noteikti fidens un oglekla dioksida gazes
nulles skala GH20=Gcozgas=Ge-=0 K/mol. Pie pH=7,36 , [H3O*]=10"7-3 M ir stiprs
reducétajs metals H(Pt) ar potencialu EpH=7,36=-0,27073+0,0591*l0og(10-7*¢/55,3)=-0,8087 V. Brivas energijas
saturs viena mola metala fidenraza ir: GHry=48,56 “/mo.
Viela AHOH,k‘]/moI ASOH,J/moI/K AGOH,kJ/moI
H20 -285,85 | 69,9565 | -237,191 |CRC 2010
H20 -286,65 | -453,188 | -151,549 2006, Massachusetts Technology Inst. Alberty pH=7,36 [8]
HsO* | -285,81 -3,854 [-213,2746 [Mischenko 1972, Himia, Leningrad [26]

H2ag 23,4 -130 99,13 |CRC 2010 [1]

H(Pt)(aq) E'n= -0,27073 4856  |AGHess eq=GH3zo+-(GH(pt) +GH20)=22.44-(48.56+0)=-26.12 “/mol.
H2aq -5,02 -363,92 | 103,24 2006, Massachusetts Technology Inst. Alberty pH=7,36 [8]
O2zaqua -11,70 -94,2 16,4



http://aris.gusc.lv/BioThermodynamics/BiochemicalThermodynamics06.pdf
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Gazveida tidenraza skidiba HagastH20=Hz2aq kompens€ (Hzgast2H20=)H2aq+H20=2H30%+2¢" vienu tidens
molekulu Nernsta tidenraza oksidésana par hidroksoniju un ir patvaliga, jo absoliitas brivas
energijas izmaina ir negativa. AGess H30+=2GH30++2Ge--(GhzagtGrz0)=2*22,44+2*0-(103,24+0)=-58,36 /ol
Ar grafitu oksideé Haag Skidumu par hidroksoniju ar absoluito standarta potencialu:

E’H2a=-58,36%1000/96485/2=-0,3024 V.
Nernsta un inversas pus reakciju summa: Hzaqg+H20=2H30"+2e"; 2H30 *+2e'=2H(Pt)+2H20
parada Gidenraza skidibu platina kristala rezgt H2aqg=2H(Pt)+H20;

Udenraza $kiduma oksidésanas Hzag+H20=2H30%+2¢" potencials E°’1q=-0,302 V plus inversais potencials:
-E’H(py=+0,27073 V metala elektrokimiska skidiba 2H30 *+2e=2H(Pt)+2H20 parada tidenraza mola dalas
[H2aq]/[H20] skidibu platina eksoergisku, patvaligu:

AGsprey=AEspH(pty*F*2=(E°H2ag-E H(pt) ) *F*2=c(-0,302+0,27073)*96485*2=-0,03128*96485*2=-6,03 “/mol;

Ksprey=[H(P1)]?*[H20]/[H2aq]=EXP(-AGspH(pt/R/T)=EXP(6036,1/8,3144/298,15)=11,415 .

Skidiba platina Hzag=2H(Pt)+H20 parada par tidenraza elektrokimisko $kidibas produktu metala nedaudz
eksoergiskaku, labveligaku: AGsp_HPy=2GHPt+GH20-(GHzaq)=2*48,56+0-(103,24)=-6,12 “/mo un konstanti
eksoergiskaku, labveligaku:

Ksp_ney=[H(Pt)]%/[Hzaq] *[H20]=EXP(-AGspH(pt/R/T)=EXP(6120/8,3144/298,15)=11,808 .

Attieciba Knzsp=[H2aq]/[H20]/XH2gas=EXP(-AGH2sp/R/T)=EXP(-17600/8,3144/298,15)=0,0008253 dod
Skidibu [H2ag]=KH2sp*[H20]*XH2gas=0,0008253*55,3*1=0,04564 M, ja tiras gazes mola dala ir viens XHzgas=1.

Saskana ar Albertija matematisko datu pielietojumu biokimija, molu dalas bez mérvienibam konstante ir
Khzsp=[H2aq]/[H20]/XH2gas=EXP(-AGH2sp/R/T)=EXP(-17600/8,3144/298,15)=0,0008253 endoergiska,
nelabveliga: AGrzspAlberty=GHzaq-GH2gas-GH20=103,24-85,64-0=17,6 “/mol gazes $kidibai Hagas+H20=H2ag.

No attiecibas [H(Pt)]?/[Hz2aq]=Ksp_nry/[H20]=11,808/55,3=0,21353 iegiist H(Pt) laukuma mola dalas
kvadratu: [H(PY)]?=KspH(ry/[ HzO]*[Hzaq] 11 808/55,3*0,04564=0,009745. Piesatinata skidiba platina
[H(Pt)]=SQRT(0,009745)= 0,0987 molu dalas ir

| udenraZa atomu virsmas molu dala 9,87% dalita ar
9 @ 1 3 platina atomu molu dalu 90,13% kopgja 100% kristala
- rezga virsma. Skidibas Haagatery=2H(Pt)+H20 molu

L\ r\ 7 dalas koncentracijas ir bez mérvienibam ta pat ka

/ ' konstante bez mérvienibam Ksp_Hpry=11,808.

Atomu radiusi ir Pt 0,135 nm un H 0,053 nm.
Radiusa kvadrata laukums ir Pt 0,0729 nm? , H 0,0112
— | nm?2. 0,0729+0,0112=0,0841 nm? kop&ja 100% virsma
tiek iedalita platina un Gidenraza atomiem

! 0,0729/0,0841=86,7% un 0,0112/0,0841=9,53%
L atbilstosi. [25] H(Pt) Skidiba tidend ir mazaka par
— _ ~5 vienu, endoergiska: 2H(Pt)+H20=H2aqgAlberty;

KspH(Pt)_HZaqz[HZaq]/l H(Pt) |2/[H20]:0,08469;
un pozitiva AGAiberty=GH2aq-2 GH(pt)-GH20=6,12 X/mol;
H 9 87 nelabvéliga, nepatvaliga. Tas uztur metala rezgi
piesatinatu ar idenradi 9,87 %.

Ksp_HEo=[Hzaq)/ [H(PY)]Y[H20]= EXP( AGsp py/RIT)=EXP(-6120/8,3144/298,15)=0,08469 nelabveliga.

Udens oksidésana par skabekli pus reakcijas SH20=02ag+4H30*+4e" Hesa brivas energijas izmaina ir:
AGo2agAlberty=G02ag+4GHao+-5GH20=329,68-4*22,44-5*0=419,44 X/mal , jo aqua mol dala
O2gas AIRTH20=02aq kompens¢ vienu tidens molekulu no sesam 6H20=02gas AIr+H20 +4H30*+4e un Nernsta
pus reakcija paliek piecas: 5SH20=02aq+4H30"+4e" ar absoliito standarta potencialu E°02aq=1,0868 V.
Ta ir identiska brivas energijas izmainas minimumam elektrokimiskos aprékinos lietojot absoliito Nernsta
standarta potencialu: AGeqo2ag=E°02ag*F*ne-=1,0868*96485*4=419,44 ¥/l .
Metala tidenraza H(Pt) pus reakcijas H(Pt)+H20=H3O*+e" Hesa brivas energijas izmaina ir:
AGH(PteqAlberty=GH3ao++Ge.-(GH20+GH(py))=22,44+0-(48,56+0)=-26,12 “/mol .

Ta sakrit ar elektrokimiskiem brivas energijas izmainas minimuma aprékiniem lietojot absoliito Nernsta
standarta potencialu E npy=-0,27073 Volti :

AGeqrPy=E’H(pty*Fone-=-0,27073*96485*1=-26,12 “/mal icklaujoties Albertija datos. [8,15]
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Metals iegremd@ts savu jonu Skiduma Nernsta oksidéSanas pus reakcija veido Elektroda potencialu Voltos.
Metalu joni $kiduma koordingjas. piesaistot tideni ar donoru akceptoru saiteém .
Fe)+H20 =Fe?*+2¢". [Fe?*]=0,1 M; blivums 1,03 9mc; 0,1 Mola masa FeS04=15,191 9/mo;
E°Fe/re2+=E°re-0,0591/2*l0g(1/([H20]))=-0,4402-0,0591/2*l0og(1/55,3)+0,10166-0,37239= -0,6594 V.

A0 Ere=ECrare2s+0,0591/2*log([Fe?*/[Fe]/([H201))=-0,65943+0,0591/2*10g(0,1/1/(55,3))=-0,74048 V;
i ;}Ex*ﬁ Atskiribas -0,74048 V ir skaitli 4 -0,74059 V AGeq_re=E°re*F+2=-0.65943*96485*2=-127,25 “/mol,
r‘L,i/Q.i ) AGeq_Fe:GF52+'(GFe+GHZO):'82.14'(50.08+0):'127,25 kJ/mol ,

Gre=Gre2+-(AGeq_ret+GH20)=-82.14-(-127,25+0)=45,11 Y/mol;
Ere=E°re/re2++0,0591/2*log([Fe?*]/[Fe]/([H20]-6[Fe?*]))=-0,65943+0,0591/2*log(0,1/1/(56,38-0,6))=-0,74059 V;
[H20]=55,3 M=(9969/)/(18%mol): MHz0=ML-Mres0s=1030-15,191=1284,8 g; [H20]=1014,8 18 Ymoi=56,38 M.

Viela AH®H I(‘]/mol AS°H J/moI/KAGOH s I(‘]/mol
Fe E°Fe= -0.6594 V 45,11 Gre=Gre2+-(AGeq_retGH20)=-82.14-(-127,25+0)=45.11 I(‘]/mol;
Fe?* -87,45 -17,8 -82,14 | BioThermodynamic 2006
Fe? -89,1 -137,7 -78,9
Fe3* -44,79 -110 -11,99
Fe3* -48,5 -315,9 -4,7  |CRC 2010
Cu E°c= | 0,1243V | 70,02 Geu=Geuz+-(AGeq cut+Ghzo)=94,0187-(24,0+0)=70,02 K/mor ;
Cu? 64,8 -98 94,0187 AGcu2+=AHH-T*ASH=64,8-298,15*-0,098=94,0187 */ma;
Zn E°= |-098098V| 68,65 | Gzn=Gzno+-(AGeq z0+GHz0)=-120,653-(-189,3+0)=68,65 /mor;
Zn** -153,39 -109,8 | -120,653 | AGzn2+=AHn-T*ASH=-153,39-298,15*-0,1098=-120,65 “/moI;

Reakeija Cu(Hg)+H20=Cu?*+(Hg)+2¢e"; [Cu?*]=1 M blivums 1,19 %mc: 1 Mola masa Mcus0s=159,602 ¥mor;
E°cuicuz+=E°c,+0,0591/2*log(L/([H20]))=0,3435-0,0591/2*log(1/55,3)+0,10166-0,37239=0,1243 V.

" Ecu=E°c,+0,0591/2*log([Cu?*]/[ Cu)/([H201))=0,1243+0,0591/2*log(L/1/(55,3))=0,0728 V;
“o Ju Ec=E°c:+0,0591/2*log([Cu?/[Cul/([H0]-4[Cu?]))=0,1253+0,0591/2*l0g(L/1/(57,24-4))=0,0733 V/;

Hf/O/ ~ Atskiribas 0,0728 V ir skaitli 2 0,0733 V
Wt MH20=(ML-Mcuso04)/18=1190-159,602=1030,4/18=57,24-4=53,24 mol,
AGeq_Cu:EOCu‘F’zzo,1243*96485*2:24,0 I(‘]/moI,AGeq_ Cu:GCu2+-(GFe+GH20):94,0187-(GCu+0):24,0 I(‘]/mol ;
Geu=Gcuz+-(AGeq_cutGH20)=94,0187-(24,0+0)=70,02 Kol ;

Zn+H20=7n%*"+2e"; ZnS04=161,44 9/mol [Zn**]=Cznso4=2 M blivums 1,31 9/mL ; Mzns04=2*161,44=322,88 g;

O-H

E°znizn2+=E°zn+0,0591/2*log(1/([H20]))=-0,7628-0,0591/2*10g(1/55,3)+0,10166-0,37239=-0,98098 V.
Ezn=E°zn/zn2++0,0591/2*log([Zn?**]/[Zn]/([H20]))=-0,980981+0,0591/2*log(2/1/(55,3))=-1,0215 V
Atskiribas skaitli -1,0215V ir ceturtaja zimé -1,02358 V 2M;

HOH
o)

2+

H\

o—
e /Zn\
H—O O—-H

/ W

Skidiba 57,7 9100 simts gramos tidens; w%=57,7/157,7%100=36,6%;

MH20=ML-Mzns04=1310-161,44*2=987,12 g; Mznso4=2*161,44=g; [H20]=987,12 9/18 9/m0i=54,84 M.

[zn"]
E2n=E201212,+0,0591/24108 [Zn] (1,014 [ 21" ]) =-0:980981+0,0591/2*10g(2/1/(54,84-4+2))=-1,02358 V/;

AGeq 21=E°7,+F2=-0,980981*96485*2=-189,3 “/pno1, AGeq 20=Grns~(Gret G120)=-120,653-(G.+0)=-189,3 Yo ;
Gzn=Gzn2+-(AGeq_zn+GH20)=-120,653-(-189,3+0)=68,65 “/mor;
Cr+H20=Cr¥*+3g"; Cr2(S04)2=159,602 9/mol; Ccraso42=0,5 M[Cr3*]=2*Ccra(sos2=1 M density 1,172 9/m_ ;
E°cricrs+=E°cr+0,0591/3*log(1/[H20])=-0,744-0,0591/3*log(1/55,3)+0,10166-0,37239=-0,9793 V.

H—0s, M
W H

,. L@\’ . Ecr=E°c+0,0591/3*log([Cr**]/[Cr]/([H20]))=-0,9793+0,0591/3*l0g(1/1/55,3)=-1,0136 V;
Hjo\}{é-—“?éf Atskiribas skaitli -1,0136 V ir ceturtaja zimé -1,01246 V 1M; 2,32 M .

C\::’/:OH " MH20=ML-Mcr2(s04)2=1172-196,08=975,92 g; Mmcraso4)3=392,16/2=196,08;
[Cr3*]=2*Ccra(so4)2=1 M density 1,172 9/mL ; Mcra(s04)3=196,08g; [H20]=975,92 9/18 9/moi=54,21778 M

[cr’]
Ecr=E°c+0,0591/3*10g [Cr ] (016 or”" ]) =-0-9793+0,0591/3*l0g(1/1/(54,21.778-6*1))= -1,01246 V/;

Sl,ddiba 64 91009 simts gramos tdens; w%=64/164*100=39%, [H20]=714,93 9/18 9/m01=39,718 M,
39/100g=X/??1172//9/.; 39/100*1172=457,07=X/9%/L; Ccrz(s04)2=457,07/392,16=1,1655 M Cr2(SO4)3;
MH20=ML-Mcr2(s04)2=2?1172??-457,07=714,93 g; Mcroso4)2=457,079; [H20]=714,93 9/18 9/mo1=39,718 M,


https://www.sigmaaldrich.com/LV/en/product/sigma/83265
https://www.transtutors.com/questions/chromium-sulfate-cr2-so4-3-is-dissolved-in-water-and-the-solution-is-adjusted-to-1-l-9530729.htm
https://www.chegg.com/homework-help/questions-and-answers/chromium-sulfate-cr2-so4-3-dissolved-water-solution-adjusted-1-liter-density-solution-1172-q67735637

.Tabula 1. Nernsta pus reakciju Standarta Electrodu Potenciali klsikais, termodinamiskais, absoliitais V.

Reducéta forma = Oksidéta forma + n e”; [avoti Klasiskie] H.0 atlaide Termodinamiska. Absolita skala
klasiska nulle E, skala 0,10166 V -0,37239
H | H(Pt) +H,O=H3;0* +(Pt)+ €; CRC[1] klasiska nulle O 0,10166 -0,27073
H(Pt) + OH=H,0 +(Pt)+e’; CRC 1] -0,8277 -0,8282 -1,1995
H(Pt)+OH=H,0+(Pt)+e"; korigets CRC -0.8277+-0.10449 -0,9322 -0,93375 -1,30508
HaaqtH20=2H50 *+2¢" ; grafita elektrods -0,1343 0,07039 -0,302
O | 5H,0=074q+4H30*+4e; Suchotina [17] 1,2288 1,4592 1,0868
H202+2H,0=0 2aqua+2H30*+e; David A. Harris [21] 1,2764 1,4811 1,1087
4H,0=H,0,+2 H30* +2¢; Suchotina [17] 1,776 2,0837 1,7113
H302aqua +2H20=07aqua+t2H30*+2e”  University Alberta 0,6945 0,8992 0,5268
CHO| CgH1,06+42H,0 =24H30*+6H30*+6HCO5+24¢e" -0,04915 0,2328 -0,13964
HOO +H;0=02,qia+H30*+2¢’; 0,3155 0,4686 0,09625
N | NO; +20H=NO3 + H,0+2¢"; pH>3,15 Suchotina [17] 0,01 0,0602 -0,3112
HNO,+4H,0=NO3 +3H30*+2e"; pH<3,15 [18] 0,94 1,2477 0,8763
NO;+3H,0=NO3+2H30*+2¢"; David A. Harris [21] 0.835 1.09115 0.71981
NOaqt5H,0=NO3 +4H30*+3e"; pH>3,15 [18] 0,96 1,2333 0,8609
NH4*+13H,0=NO3+10H;0*+8¢’; Suchotina [17] 0,87 1,4180 1,0466
Br | 2Br=Bry(aq)+2¢; CRC[1] 1,0873 1,18896 0,8176
Bi | BiO *+6H,0=BiO;+ 4H;0*+2¢’; Suchotina [17] 1,80 2,21065 1,83826
Mn HY{ Mn?+12H,0=MnO, +8H3;0*+5e"; Kortly, Shucha [18] 1,51 1,85885 1,4865
H;O | MnO;,|+40H=MnOs + 2H,0+3e;  Suchotina [17] 0,603 0,6360 0,2636
OH" | MnO42=MnO4 +e7; Suchotina [17] 0,558 0,65966 0,2873
Pb | Pb?* +6H,0=PbO,(s)+4H;0*+2¢e;  Kortly, Shucha [18] 1,455 1,86565 1,49326
Pb+H,0 = Pb?* +2e7; pH<7 Kortly, Shucha [18] -0,126 0,02716 -0,3452
S | SO29+H;0=H3S0344;H2S03+3H,0=HSO4+3H30*+2¢"; [17] 0,172 0,42815 0,10726
HSO3 +4H,0=S0,> +3H3;0%+2¢"; 2=<pH<7 Suchotina [17] 0,172 0,47965 0,10726
S03% +20H=S04? +H,0+2¢"; pH > 7 Suchotina [17] -0,93 -0,87984 -1,2522
=5 ompiskstH20 + 2 €7 CRC[1] -0,4763 -0,4261 -0,7985
HS™ + OH™ = Srombisks + 2H20 + 2e7; CRC [1] -0,478 -0,4793 -0,8517
H2Saq+2H20=Sompisks2H30*+2¢7; CRC [1]: [17] 0,142 0,3467 -0,025735
25,04>=S,06> +2¢7; Suchotina [17] 0,08 0,1817 -0,1907
Fe | Fe?*=Fe’*+e; Suchotina [17] 0,769 0,8707 0,4983
Fe+H,0 =Fe**+2¢";  Suchotina [17] -0,4402 -0,2870 -0,6594
Ag | Ag+ H.O=Ag*+e; Kortly, Shucha [18] 0,7994 1,00406 0,6327
Ag(s)+Cl- =AgCI(s)+H,0+e"; Kortly, Shucha [18] 0,2223 0,2210 -0,1514
Ag+2NHs,=Ag(NHs),*+H,O+e;  Suchotina [17] 0,373 0,57766 0,2053
2Ag+20H" =Ag,O(s)+ H,O+2e”;  Suchotina [17] 0,345 0,39516 0,02277
Hg | 2Hg+H,0=Hg,**+2¢; Kortly, Shucha [18] 0,907 1,0602 0,6888
2Hg+2ClI=Hg.Clys+2H,0+2¢7; Suchotina ; [17] 0,2676 0,2663 -0,1059
2Hg+S04>=Hg,SO04s+H,0+2e;  Kortly, Shucha ; [18] 0,614 0,6642 0,2918
Hg+20H =HgO+H,0+2¢", Suchotina ; [17] 0,098 0,1482 -0,2242
I | 3l =ls+2e; Kortly, Shucha [18] 0,6276 0,72926 0,35687
Cu | Cu(Hg)+H,0=Cu?+(Hg)+2e;  Kaortly, Shucha [18] 0,3435 0,4967 0,1243
F | 2F=Fy(g)+2¢; Kortly, Shucha [18] 2,87 2,97166 2,5993
Cl | 2CI=Cly(g)+2¢e; Kortly, Shucha [18] 1,358 1,45966 1,0873
Cl | Cly(g)+4H20=2HOCI+2H;0*+2e"; Kaortly, Shucha [18] 1,63 1,93765 1,5653
Cr | 2Cr¥+21H,0=Cr,07* +14H;0*+6e"; Kortly, Shucha [18] 1,33 1,7921 1,41975
Cr¥*+11H,0=HCrO4 +7H30*+3e"; Kortly, Shucha [18] 1,20 1,6793 1,30692
Cr(OH)3+50H=Cr0O,*+4H,0+3¢"; pH>9 ; Suchotina [17] -0,13 -0,1657 -0,53806
C | HyCy04+2H,0=2C0O,+2H30*+2¢; Suchotina [17] -0,49 -0,2853 -0,6577
Cr | Cr+H,0=Cr¥+3e; Suchotina [17] -0,744 -0,60801 -0,97935
Zn | Zn+H,0=Zn**+2¢e’; Kortly, Shucha [18] -0,763 -0,6096 -0,98098
Al | Al+ H,0=AlF"+3e"; CRC [1] -1,662 -1,52601 -1,8984
Al+40H = HAlO03+H,0+3¢e"; CRC [1] -2,35 -2,28267 -2,63506

H(Pt)+OH =HO+(Pt)+e’; E°4_on=-1,19952 V

Absoliitais potencials tiek korigéts ar hidroksida Gon-=77,36 ¥/moi brivas energijas uzskaiti Hesa aprékina:

AGaibertyt oH-=Gh20-(Gr(py+Gon-)=0-(48,56025+77,36)=-125,92 X/ un aprékina izteiksmé izlaboto absoliito

potencialu: E°h=AGeq/F/1=-125920/96485/1=-1,30508 V.
Udens daudzuma atlaide [H20]=963/18=53,5 M litra sérskabes [H2504]=[H30*]=1 M $kidumam ar 1,061 9/mL
blivumu Gdenraza elektrodam ir klasiska Eo classic=-0,8277 V un absolita standarta potencials ir:
E°H oH=E°-0,0591/1*Ig([H20]%)+0,10166-0,37239=-0,8277-0,0591/1*Ig(53,5')+0,10166-0,37239=-1,1995 V/;
dati korigé AGegH oH-=E°H on-*Fe1=-1,30508*96485*1=-125,92 X/mol uz E°’v=-0,8277-0,10449=-0,9322 V.
E°H_oH=E°-0,0591/1*Ig([H20]')+0,10166-0,37239=-0,9322-0,0591/1*Ig(53,5')+0,10166-0,37239=-1,30508 V;
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Piezime: Oksidativa stresa norisinas ne enzimatiskas oksidésanas reakcijas daudzveidigos k&des
reakciju un paral€los produktos, sagraujot organismu! Iznicinosi bistami dzivibai!
Skabeklis skistot tidenT O2gastH20=02aq kompensg vienu tidens molekulu 6H20=02gas+H20+4H30"+4e" Nernsta
pus reakcija SH20=02ag+4H30*+4e", veidojot absoliito standarta potencialu E°snon=1,0868 V.
E°sHoH=E°-0,0591/4*Ig(1/[H20]°)+0,10166-0,37238=1,2288-0,0591/4*Ig(1/53,5"%)+0,10166-0,37239=1,0868 V;

Viela  |AH®H,¥mol|AS®H, molik{ AG°H,“mol]  AGHess=2AG °H20-4AG° (pt)H-AG°02aqua=-689=2*--344,521 X/mol;

H20 -285,85 | 69,9565 | -237,191 | =2*-237,191-(4*99,13/2+16,4)=-689=2*344,5 X/mo.. CRC 2010

H20 -286,65 | -453,188 | -151,549 |2006, Massachusetts Technology Inst. Alberty [8]

H3O* | -285,81 -3,854 |-213,2746 |Mischenko 1972, Himia, Leningrad [26]

Haeq | 23,4 -130 99,13 |CRC 2010 [1}

H(Pt)@ag |E°H-E°02=| -1,3575 48,56 |GH(Pty=(2GH20-AGeq2H20-Go2aqua)/4=48,56 ¥/mo;

H2(aq) -5,02 -363,92 103,24 |Alberty 2006 Biochem.Thermodyn. Massachusetts Technology Inst.

O2aqua -11,70 -94,2 16,4 Udens koncentracijas [H20]° logaritms ekstragé no E°classic=1,2288 V

O2aqua | -11,715 | 110,876 16,4 Nernsta izteiksmes absolito standarta potencialu E°snon=1,0868 V

Skabeklis O2aq+4H30"+4e"=5H0 ir stiprs oksidetajs ar inverso standarta potencialu -E°sHon=-1,0868 V:
Skabekla oksidéta forma ar hidroksonija joniem piesaista ¢etrus brivos elektronus, veidojot Cetras Tidens
molekulas reducéta forma ka produktus. Brivas energijas saturs palielinas, izSkidinot Gdent:
Go2ag=Go2gast+Go2:=303,1+26,58=330 “/imal .
Skabekla skidibas brivas energijas izmaina Hesa likuma ir eksotermiska, endoergiska: O2gaisstH20=02ag;
kura skabekla mol dala gaisa 1=[O2gas]>[O2gaiss]=0,2095 un tideni ir bez mérvienibu
koncentracijas [O2aq]/[H20]=1,22*107¢3) M/55,3 M=2,206*10° un konstantes vértiba
Kix=[O2aq]/[Oz2gaiss]/[H20]=1,22*1073)/1/55,3=2,206*10°. Pozitiva energijas izmaina
AGHess=AG°02aq-AG°H20-AG°02gas=16,4-(0-237,191)=253,6 “/mol ir arT abas izteiksmés [{-------
AGieny02ag=G02ag-(GH20+G02gas)=330-(0+303,1)=26,58 X/mol absoliitaja energijas skala
AGy=-ReTeIn(Kzk)=-8,3144*298,15*In(2,205*10°)=26,58 ¥/mo1. [O2] §kidibas Hesa

& Aijn:26,58 I("]/m

brivas energijas izmaina ir pozitiva AGress=253,6 K/mol, bet minimizgjas lidzsvara A+B 50% C+D
maistjuma Ks=[O2aq]/[O2gas]/[H20]=2.206*10-°=10-46%, Lidzsvara stavoklis ir atraktors |izejvielas

visiem nelidzsvara stavokliem. Minimuma sasniegSana iestajas lidzsvars. 53. Ipp 027 gastH20 Asinis
Osmolara Cosm=0 M, jonu speka I=0 M tideni no gaisa 20,95% skabekla skidiba ir: produkti =O2zaqua-Asinis.

[O2a9]=Ksa*[ O2gas] *[H20]=2,205*107-5*0,2095*55,3=0,00025546 M.

Tira 1atm mol dala ir [O2gas]=1. Osmolaritate Cosm=0,305 M, jonu spéks 1=0,25 M, gaisa skabekli no 0 20,95%
iz8kidina [O2aq]=9,768:10° M.

Arterialo [O2ag]=6%10"° M un venozo [O2aq]=0,426-10" M izooksiju uztur skabekla molekulu osmoze, kuras
cauri akvaporinu kanaliem Skérso membranas pretgji osmolaras koncentracijas Cosm=0.305 M gradientam.

Inversa: O2aq+4H30*+4e=5H.0; -E°02=-1,0868 Volts; Nernsta: 4(Pt)H+4H>0=4H30*+4¢e"; E°H=-0,27073 V

O2aquat4(Pt)H=2H20 elektrodu standarta potencialu summa dod standarta brivas energijas izmainu:
AGeq2H20=(E H-E°02)*Fe1+4=(-0,27073-1,0868)*96485*4=2*261,96=-523,925 /mol;

Zinot lidzsvara vértibu AGeq2H20=2GH20-4GptH-Go2aqua=2*0-(4*G(pyH+329,68)=-523,925 K/mol , idenraza

metala briva energija ir GHPy=(2GH20-AGeq2H20-G02aqua)/4=(2*0+523,925-329,68)/4=194,245/4=48,56 “I/mo.

Briva energija ir GH3o+oH=GHzo++Gon-=22,44+77,36=99,8 “/mal protolizes reakcija H20+H20<=>H30*+OH.
Biokimija skabekla Ozaqua brivo energijas saturu Gozaqua=329,68 */mol samazina Iidz Go2gio=88,22 ¥/mol.
Arterialo asinu koncentracijas [Oz2aqua]=6*10"° M un koncentracijas [H3O*]=10"" M potencials ir samazinats:
E02=E°+0959/ 4a10([Oaqua]* [H30*]¥/+2017) =1,0868+°0591/; | 0g(6* LONCS* 1 ONCT.36") g5 34675)=0 46174 V/
par AEarteria=-(Eo02-E02)= =-1,0868+0,46174=-0,62506 Voltiem un
brivas energijas saturs par AGarterial=AEH20*F*n=-0,62506*96485*4/1000=-241,24 </mo.
Skabekla brivas energijas saturs Ozgas AIRTH20=028I00d ar $kidibas ieguldijumu palielinas par:

[O 2 aqua

K= T2 22 205*10°5; Gozs=-ReTeIn(Ksi)=-8,3144*298,15*In(2,205*105)=26,58 /ol
[0, gas I-[H 0]

Protolize samazina brivo energiju [1dz Gozarteriala=Go2aquat Go2sk+AGarteriala=303,1+26,58-241,456=88,22 X/mol Un

skabeklis kliist uguns dross biokimisks oksidants, veidojot arterialo koncentraciju [O2aqua]=6*10° M ka

bioenerggetiski drosu uzturétu izooksijas normu. [3];

1) Udens 55,346 M samazina potencialu no 1,0868 V par -0,1288 VV=0,9580-1,0868=AEH:o.
E002=E°02+%991/4*log(Y[H201°)=1,0868+0,01478*log (/55,346 "°)=0,95805 V ;
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http://aris.gusc.lv/BioThermodynamics/Mishchenko72.pdf
http://aris.gusc.lv/BioThermodynamics/CO2O2Thermodynamic15.pdf
http://aris.gusc.lv/ChemFiles/ChromoHem/HbOxDeoxCO/HumanMeasure/O2SolutionsL.pdf;
http://aris.gusc.lv/ChemFiles/ChromoHem/HbOxDeoxCO/HumanMeasure/O2SolutionsL.pdf;

2) Paskabinasana H3O* 10 reizes potencialu un brivas energijas saturu palielina par AEH30+=0,05912 V;
AEH30=0,01478°1g([H*]*)=0,05912 V un AGmax= AEH30*F*n= 0,05912*96485*4/1000= 22,817 “/ma;
3) Gaisa 20,95% aizvietojot ar 100% skabekla [Ozaqua] koncentraciju 5 reizes lielaka palielina potencialu par
AE02100%=0,01478°1g(100% [O2aqua])=0,01478*log(5)= +0,0103 V. Brivas energijas saturs
palielinas par AGmax=AEn30*F*n=0,01033*96485*4/1000=3,987 X/mol . 6. lapas puse:

Liela oksidativa stresa un tehnologisko briesmu d&] 1972. gada sledza NASA Apollo projektu.

Nernsta glikozes oksidésanas pus reakcija absoliitais standarta potencials ir negativs, jo spécigais 24 elektronu
donors reduce sesas skabekla molekulas Nernsta reakcija Ozaquat4H3O*+4e'=5H20 ar inverso absoluito standarta
potencialu -E°=-1,0868 V. No klasiska glikozes standarta potenciala E°=-0,04915 V, ekstrahgjot logaritma
log(1/55,3"%?) 42 tidens molekulas, glikozes absoliitais Nernsta standarta potencials ir

E°ceH1206=-0,04915-0,0591/24*log(1/55,3"*?)+0,10166-0,37239=-0,13964 V.
CesH1206+42H20=30H30"+6HCO3 +24¢" .

Glikozes un skabekla inversa absoltito standarta potencialu summa AE®°

AE°=(E°c6H1206-E°02)=AGLehninger/F/N=-2840000/96485/24=-1,2264 V dod standarta brivas energijas izmainu
AGLehninger=AE°*Fen=(E°cer1206-E°02)*Fen=(-0,13964-1,0868)* 96485*24=-2840 ¥/mol reakcija pec
publicétajiem datiem CeH1206+12H20+602aqua=6H30*+6HCO3". [1,6]

Glikozes un skabekla absolito standarta potencialu summa (E°ceH1206-E°02)=(E°ceH1206-1,0868)=-1,22644
lauj noteikt absoltito standarta potencialu glikozei E°ceHi1206=AE+E°02=-1,22644+1,0868=-0,13964 V, ko
aprékina no skabekla inversa absoliitais standarta potenciala vértibas Ozaquat4H30+4e=5H20; -E°02=-1,0868 V.
Arteriala skabekla [O2arteriala]=6*107C%; hidroksonija [H30*]*30=1077:36"30) M un [CeH1206]=0,005 M
glikozes koncentracijas dod negativu arterialo potencialu:
Earterial=E°ceH1206+%9%9/2421g([HC O3]8*[H30*]*% [H201**/[CsH1205]) =
=-0,13964+020591/,,*|¢(0,0154* 107 -7:36"30) g 005/55,346"*2) =-0,8624 V
un inversa skabekla pus reakcijas arterialais absoliitais potencials ir Eozarteria=-0,46068 V
Eozarteria=E°02+%95%%/4s1g([H20]%/[02aqual/[H30+1%) =-1,0868+°:059L/,* | 0g (55,346 >/6/ 10" D)/ 10N 7:36"49)=-0,46068 V.
Homeostazes summa ir vairak negativa AEarterial=EceH1206arteriai+ Eozarteria=-0,8624-0,46068=-1,32308 Volti.
Brivas energijas izmaina AGarterial ir vairak negativa ka standarta lielums AGLehninger:
AGarterial=AE°F°n=(EC6H1206arteria|'EOZarteriaI)‘F‘n=(-0,86237-0,4607)*96485*24:-3063,846 kJ/moI .
Vienu molu glikozes oksidé sesi moli skabekla producgjot sesus molus bikarbonata 6H3O*+6HCO3":
CesH1206+42H20=24H30"+6H30*+6HCO3+24 €" ; 602aquat24H30*+24e'=30H20;
CsH1206+42H20+602aquat24H30*+24e'=24H30*+6H30*+6HCO3+24 e +30H20;
CeH1206+12H20+602aqua = 6H30*"+6HCOz3
GH30++HC03-=GH30++GHco3-=22,44+56,08=78,52 “/mol,

Glc (6. Ipp.) veidosanas no elementiem 6C+6H2gas +302gas=CsH1206 brivas energijas izmainu aprékina no
Albertija datiem pie pH=7,36 AG°alberty=GcsH1206-(6 Gegraph+6* GHagas+3* Gozgas)=-402,05 /mol.

Viela  |AH®H,*/molAS°H,Ymo/AG®w,Mmol| 2006, Massachusett’s Technology Inst. Alberty [8] pH=7,36.
CesH1206aq -1263,78 | 269,45 | -919,96 (CRC 2010 [1]

Glc -1267,13 |-2901,492| -402,05 |AG’Alberty+(6Gcgrapht6*GHagast3*Go2gas)=GceH1206=1568 K mol;

Brivo energiju glikozes oksidésana CeH1206+602aquat12H20=6H30"+6HCO3 aprékina tris veidos:

1) Albertija datos pie pH=7,36 AG°Alberty=GceH1206-(6Gcgraph+6* GHzgast3* Gozgas)=-402,05 K/mol, Standarta
brivas energijas saturs mola ir

GeoH1206=AG° Alberty+(6G cgraph+6* GHagas+3* Go2gas)=-402,05+(6*91,26+6*85,6+3*303)=1568 “/mol ,
2) Leningera AGceH1206=6*GH3o++6* GHcos--(GstandardceH1206+6* Gozaguat 12* GH20)=-2840 K/mol standarta
saturs glikozes mola GstandardceH1206=6*(22,44+56,08)-(-2840+6*330+12*0) =1331 X/mor un
3) brivas energijas saturs

AGarterial_c6H1206=6*GH30++6*GHco3-~(Garterial_coH1206+6*Go2aquat12*GH20)=-3064 “/moi Uz glikozes molu
homeostazé Garterial_ceH1206=6*(22,44+56,08)-(-3064+6*88,22+12*85,64)=1978 X/mo1. [8,6]

Generétie 6HCO3+6H30* joni virza izejvielas 602aqua Un 6H20 cauri membranu akvaporinu kanaliem osmoze
pret&ji koncentracijas gradientiem, bet transporté jonus 6HCO3+6H30™ lejup pa gradientiem cauri membranu

bikarbonita un protonu kanaliem lietojot producéto brivo energiju AGarterialo=-3064 “/mol.
8



http://aris.gusc.lv/BioThermodynamics/OxRedBiologicalWL.pdf
http://aris.gusc.lv/BioThermodynamics/CO2O2Thermodynamic15.pdf

Absoliitas potencialu un brivas energijas vertibas ieklauj hidroksonija H3O* un tidens H20 uzskaiti.

Skabekla inversa pus reakcija ar brivo energiju Gozaqua=330 K/mol reduce Ozaqua+4H3O*+4e"=5H.0 ar standarta

potencialu -Eo02=-1,0868 V oksidgjot &etrus metala fidenraza atomus ar brivo energiju Grry=48,56 “/moi Nernsta
pus reakcija: 4(Pt)H+4H20=4H30*+4e" un ar standarta potencialu E°’4=-0,27073 V. Standarta brivas energijas
izmaina reakcija Ozaquat4(Pt)H=2H20 ir

AGHes2H20=2GH20-4GH(Pt-Go2aqua=2*0-(4*48,56+330)=-524,24=2*-262 ¥/mol..
Standarta potencialu summa
AGeqen20=(E°H-E°02)*F+4=(-0,27073-1,0868)*96485*4=-1,3575*96485*4=-523,925=2*-262 ¥/mol lau;

neatkarigi no Hesa likuma aprékinatas veidoSanas no briviem elementiem skabekla O2aqua un metala tidenraza
(Pt)H brivas absoliitas energijas izmainas AGeq(pyH_2H20=-262 N/mol , kura ir sakritosa ar absoliito brivo energiju
GHPy=(2GH20-AGeq2H20-Go2aqua) [4=(2*0+523,9-329,68)/4=48,56 “/mol un absoliito potenciala skalu.

Udenraza standarta briva energija iidens $kiduma GHzaqua=103,24 ¥/mor ir Albertija datos pH=7,36. [8]

O2gast2H2gas=2H20;

AGesscreaqua=2AG  H20-2AG Hzaqua ~AG°02aqua=2*-237,191-(2%99,13/2+16,4)=-589,91=2*-295 K/mo1. CRC [1]

Viela AHOH,kJ/moI ASOH,J/moI/K AGOH,k‘]/moI

H20 -285,85 | 69,9565 | -237,191 |CRC

H20 -286,65 | -453,188 | -151,549 AGeq=-262 }Imot ; AGHess=-295 /ol

HsO* -285,81 -3,854 [ -213,2746 | Reakcija 4(Pt)H + Ozaqua=2 H20 ; absoliita briva energijas izmaina

H2aq 23,4 -130 99,13 ir | AGeq=-262 ot | < | AGHess=-295 “/mol ;

H2aq -5,02 -363,92 | 103,24 |Alberty 2006 Biochem. Thermodyn Massachusetts Technology Inst.
E°(Pt)H | -0.27073 | -1.0868 48,56 GH(P)=(2GH20-AGeq2H20-G02aqua)/4=48,56 X/mol

OZaqua -11,70 -94,2 16,4

O2aqua | -11,715 | 110,876 16,4

Kegrzo=Koxreda=eXp(-AGoxred/R/T)=exp(261960,6/8,3144/298,15)=exp(105,675)=7,832*10% ;

Eksotermiska un eksoergiska O2zaqua reducésana ar metalu tidenradi
4(Pt)H un H202 dismutésanas Hesa brivas energijas izmaina negativa
AGHessaqua_H20=-295 X/mol , AGAlbertyH20:=-246 ¥/mol, bet minimizgjas
sasniedzot lidzsvaru AGeqzrz0=-262 X/mol un AGegstandart_n202=-228,6 “/mol

konstantes Keg20=7,832*10* un Kegstandard_+20,=1,11*10%° Lidzsvara stavoklis
minimums ir Prigozina atraktors visiem nelidzsvara stavokliem.

Brivas energijas izmainas minimuma sasniegSana iestajas lidzsvara stavoklis.
Red H202+2H20=02aquat2H30*+2¢e" ; E°H202=0,5268 V Alberta University
Edmontona Canada. [19] Peroksida H202 vidé pH=7,36 absolutais inversais
standarta H202+2H30 *+2e =4H20 potencials ir -E °ox=-1,7113 V [17];

AGHessAquaHZO =-295 kJ/mol

G AGAibertyH202=-246 ¥/mol

AGeqHZO:'262 ol

Summara dismutacija 2H202a=>02aquat+2H20+Q+AG; AGegstandardzor=-228,6 ol g
Reaktanti 4(P)H+ Ozaqua un produkti 2H20 4a+B 50% 2D
Reaktanti 2H202aq un produkti Ozaguat2H20 o 50% B+2C

Summa AGegstandard_n202=(ERed-Eoox)*F*n=(0,5268-1,7113)*96485*2=(-1,1845)*96485*2= -228,57 K/mol ;
[0,]aqua:[H,0] ?
[ H 202 ]gqua

E°n20,=E°-0,0591/2*Ig(1/[H20]?)+0,10166-0,372=0,6945-0,02955*1g(1/55,3"?)+0,10166-0,37239=0,5268 V;
E°m2020x=E°-0,0591/2*1g(1/[H20]%)+0,10166-0,372=1,776-0,02955*Ig(1/55,3"4)+0,10166-0,37239=1,7113 V,
Eon202=E °1202+0,0591/2+1g(O2aqua] *[H30 *]%/[H20:]/[H20]%)=0,5278+0,0591/2*|g(6*10"5*10"¢7:36"2)/1/55,3"?)=-0,1349 V
Eoox=E°H2020x+0,0591/2¢log([H20]*/[H202]/[H30 *]?)=-1,7113+0,0591/2*1g(55,3"/1/10"(-7:36*2))=-1,0713 V

Summa Nernsta + inversa reakcija homeostaze ir
AGeggiochem=(ERed-Eoox)*F*n=(-0,13493-1,0703)*96485*2=(-1,2062)*96485*2=-232,76 “/maI;
GHomeostasisH202=(GOZBiochem_arteriaj+2*GHZOBioChemistry-AGAIberty)/2=(88,04+2*85,64+232,76)/2:246,04 K mol;

Kegstandart_H202=

=Kn20:=exp(-AGeq/R/IT)=exp(228573/8,3144/298,15)=1,11*10%........



Sera/ H2

aq red-oks sistémas. H3O* un [H20]=55,3 M uzskaite absoliitas brivas energijas un potencialu skalai.

Viela AH°®H kJ/mol AS°H J/moI/KAGOH ) I(‘]/mol
H2 -38,6 126 -76,167 AGhH:=AHH-T*ASH=-38,6-298,15*0,126=-76,167 “/mor;
HS -16,3 67 -36,276 AGH:=AHH-T*ASH=-16,3-298,15*0,067=-36,276 “/mor;
HS- E°sys2-= | -0,8517V 6,16 GHs-ag=G=rombiskst2GH20-(AGegHs-aq+Gor)=6,16 K mol;
HS- pKa1=7,05 |pKa1=7,05| -3,072 |GHs-=AGeq-GH3zo+(GHz:+GH20)=50,188-22,44+(-30,82+0)=-3,072 X/mol;
H2 E°sys2-= |-0,9290 V| -61,09 GH25-ag=Gsrombiskst3GH20-(AGeqH2s-ag+2GoH)=-61,09 K mol;
H> E°syms= 10,6715V 88,82 GH25ag=G5rombiskst2GH30+-(AGHess H25ag+2GH20)=88,82 K mol ;
Ho E°symas= |-0,025735V| -35,794 | G H2sag=Gsrhombic+2GH30+-(AGHess H2sag+2GH20)=-35,794 ¥/mol.
rombicH2(Pt)H= H25aq -35,997 GH25ag=AGHessH25+(2GH(Pt)+Gsrombic)=-35,997 X/mol;
2 E°s;s2-= |-0,79853V| 68,45 Go2-a0=Gsrombiskst GH20-(AGeqs2-aq)=68,45 K mol;
= pKa=19 |pKa=19 92,868 | G:2-=AGeq-Grao+(G H: +Gh2ao)=118,38 -22,44+(-3,072+0)=92,868 X/mol;

=5 rombiskstH20+ 2 e, E°§¢/SZ-:-O,79853 V Kortly, Shucha ;
E°ss2-=E°-0,0591/2*Ig([H20])+0,10166-0,37239=-0,4763-0,02955*Ig(55,3"!)+0,10166-0,37239=-0,79853 V;
AGeqs2-=E°:2-Fn=-0,79853*96485*2=-154,09 “/mol . G=rombisks=-85,64 “/mol;
AGeq:2-ag=Gsrombiskst GH20-(Gs2-a9)=-85,64+0-(68,25)=-154,09 I(J/mol;
Ge2-a=G rombisks+GH20-(AGeq 2-aq)= =-85,64+0-(-154,09):68,45 I(J/mol;
HS +OH™ = Srombisks + 2H20 + 2e7; CRC 2010; E°sy/ns-=-0,8517 V;
E°s/ms-=E°-0,0591/2*Ig([H20]%)+0,10166-0,37239=-0,478-0,02955*1g(55,3"?)+0,10166-0,37239=-0,8517 V;
AGeqHs-=E Hs-Fn=-0,8517*96485%*2=-164,35 /gl .
AGeqHs-2g=G rombisks+ZGH20-(GH —aq+GOH):-85,64+2*0-(1,35+77,36):-164,35 I(J/mol;
GHe-a=G rombisks"‘ZGHZO-(AGeqH -aq+GOH)=-85,64+2*0-(-164,35+77,36):1,35 k‘]/mol;
H25ag+2H20=5rombiskst2H30*+2e7; E°sym2s= -0,025735 V Suchotina 1<pH< 7 ;
E°s)/m2s=E°-99591/,*g(1/[H20]%)+0,10166-0,37239=0,142-0,02955*Ig(1/55,3"?)+0,10166-0,37239=-0,025735 V;
AGegr2:=E°H2:Fn=-0,025735*96485*2=-4,966 “/mol .
AGeqH25aq=Gsrombisks+2GH30+-(G H2:aq+2GH20)=-85,64+2*22 44-(-35,794+2*0)= -4,966 “//mol;
GH2sag=G rombisks+2GH30+-(AGHess_H2 aq+ZGH20):-85,64+2*22,44-(-4,966+2*0):-35,794 K/ mol.
pKa=7,0 Wikipedia; CRC2010 pKa1=7,05; pKa2=19
pPKa1=7,05 H25+ H20=HS5+H30*; Keqi=Ka1/[H20]=10"(799/55 3= 0,000000001612;
AGeq=-ReTsIn(Keq)=-8,3144*298,15*In(0,000000001612)= GHs—+GH3o-(GHz:+GH20)=50,188 “/mol;
AGeg=GHs—+GH30-(GH2:+GH20)=-3,072 +22,44-(-30,82+0)=50,188 “/mo ;
GH:-=AGeg-GH30+(GH2:+GH20)=50,188-22,44+(-30,82+0)= -3,072 /o ;
pPKa2=19 H5+ H20=52+H30"; Keqi=Ka1/[H20]=10719)/55,3=10/2074);
AGeg=-R*T*In(Keq)=-8,3144*298,15*In(10"20:79)=Gs2.+GH30-(G Hs—+GH20)=118,38 X/ma;
AGeq=Gs2-+GH3o-(G Ho-+GH20)=92,868+22,44-(-3,072+0)=118,38 “/moi ;
G:2-=AGeq-GH30+(G Hs-+GH20)=118,38-22,44+(-3,072+0)=92,868 “/mo ;
Séra reducésana inversais potencials: Srombict2H3O*+2e=H25aq+2H20; -E°-=-0,025735 V;
2(Pt)H+2H20=2H30*+ 2e7;  E°n=-0,27073 V; Srombict2(Pt)H=H25aq;
AGeq=(E°H-E°<)*Fe1+2=(-0,27073+0,025735)*96485*2=-0,244995*96485*2= -47,277 “/mol;
GH2:ag=AGHessH2:+(2GH(Pt)+Gsrombic)=-47,277+(2*48,46-85,64)=-35,997 ol . 2. lapas puse.
Nernsta pus reakcijai: Hz2Saq+2H20="5hombic+2H30O*+2¢™ absoliitais standarta potencials E*tH2:=-0,025735 V
brivas energijas izmainai: AGeqH2:=E " H2:Fn=-0,025735*96485*2=-4,966 K mol
Udenraza sulfida $kiduma pus reakcija Hesa likuma brivas energijas izmainas vértiba izteiksmé ir:
AGHess_H25aq=Gsrhombict2GH30+-(G H2saqt2GH20)=-85,64+2*22,44-(G Hacag+2*0)= -4,966 Kmol, tad absoliita
vertiba ir: G H2:ag=Gsrhombict2GH30+-(AGHess_H2cagt2GH20)=-85,64+2*22,44-(-4,966+2*0)=-35,794 Kol
Veidosanas no elementiem Srombisks+H2gaze=H2 gaze; Gerombisks=-85,64 </mol; [1,6]
Veido§anas energijas izmaina ir AGHess_H2sgaze=G °H25 gaze-(HessG ° srombisks+HessG °H2)=-20,6-(0+0)=-20,6 “/mol.
Séra energijas saturs mola ir Gsrombisks=G°Hzs gaze-(AGHess_H25gaze+GH2gaze)=-20,6-(-20,6+85,64)=-85,64 “/mol;
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Hidroksonija un Gidens uzskaite [H20]=55,3 M absoliitas brivas energijas un potencialu skalai.

Albertija dati ir doti par elementu absoltitajam veértibam:
Gsrombisks=-85,64 I(J/mol; GOZgas:303 I(J/mol; GHZgas:85,6 I(J/mol; AG°sosrorm=-747,75 I(J/mol; attieciba pret udeni un
oglekla dioksida gazi nulles GH20=Gco2gas=Ge-=0 */mol atskaites skala. Veidosanas no briviem elementiem:
rombiskst2 O2gastH2gas=H2504: AG°H2504Form=GH2504-(Gsrombiskst2Go2+GHzgas)=-690,0 ol [1]
GHZSO4=AG°HZSO4Form+(G rombisks+2G02+GH29as):-690,0+(-85,64+2*303+85,6):-84,04 kJ/mol;
rombisks+2O2gas+Ha2gas/2=HS047; AGOHSO4Form:GHSO4-(G rombisks+2G02+O,5GH2gas):-755,9 Kol .
GHSO4:AG°HSO4Form+(G rombisks+2602+0,5GH2gas):-755,9+(-85,64+2*303+85,6/2):-192,74 I(J/mol;
rombiskst2O2gas= 04%; AG°so4rorm=Gso4-(Gsrombiskst2G02)=-747,75 K mol;
GSO4=AG°SO4Form+(G rombisks+2GOZ):-747,75-85,64+2*303:-227,39 I(J/mol;
Lidzsvara konstantes molu dalas Keq=Ka/[H20] aprékina dalot skabes konstanti ar tideni [H20]=55,3 M.
Protolizes H2SO4+H20=HSO4+H30"* skabe pKa1=-2,8 un lidzsvars ir Keqi=Ka1/[H20]=10"?8)/55,3=11,41;
AGeqH2s04=-ReTsIn(Keq)=-8,3144*298,15*In(11,41)=GHs04-+GHz0-(GH2s04+GH20)=-6,035 K/mol;
AGeqH2504=GHs04-+GH30-(GH2s04+GH20)=GHs04-+22,44-(-84,04-151,549)=-6,035 “/mol;
GHs04-=AGeqH2504-GH3o+(GH2s04+GH20)=-6,035-22,44+(-84,04-151,549)=-264,06 “/mol;
Protolize ar HSO4+H20=S04%+H30%; pKa2=1,99; Keg2=Ka2/[H20]=10"(199)/55 3=0,0001850;
AGegHsos=-R*TeIn(Keg2)=-8,3144*298,15*In(0,0001850)=Gs042-+GHz0-(GHso4-+GH20)=21,307 K/mor;
AGeqHs04=Gs042-+GH30-(GHs04-+GH20)= -747,75+22,44-(GHs04--151,549)=21,307 %/ mol;
GHs04-=Gs042-+GH30-(AGegHso4+GH20)=-747,75+22,44-(21,307-151,549)=-595,068 /mol;
AGeqHs04=Gs042-+GH30-(GHs04-+GH20)=Gso42-+22,44-(-264,06-151,549)=21,307 “/mol;
Gs042-=AGeqHs04-GHzo+(GHso4-+GH20)=21,307-22,44+(-264,06-151,549)=-416,74 %/ mol;
VeidoSanas no brivajiem elementiem Srombisks+1,502gas+H2gas=H2503aq; un Skidiba SO29%+H20=H2503aq .
AG°H2503Form=GH2503-(Grombisks*+1,5AG 02+ Ghzgas)=GHzsos-(-85,64+1,5*303+85,6)=-527,3675 “/mol;
GH2s03=AG°H2s03Form+(Gsrombiskst1,5AG02+ GHagas)=-527,3675+(-85,64+1,5*303+85,6)=-72,9075 /mol;
GHs03=AG°Hso3Form+(Gsrombisks+1,5AG02+GHzgas/2)=-486,5+(-85,64+1,5*303+85,6/2)=-74,84 /ol
Gs03=AG°sozrorm+Gsrombiskst1,5AG02=-490,38-85,64+1,5*303=-121,52 I(J/mol;
Lidzsvara konstantes molu dalas Keq=Ka/[H20] aprékina dalot skabes konstanti ar tideni [H20]=55,3 M.
H2S03+H20=HSO3+H30*;pKa1=1,85;Keq1=Ka1/[H20]=107185/55 3=0,0002554
AGegH2s03=-R*TeIn(Keq1)=-8,3144*298,15*In(0,0002554)=GHs03-+GH30-(GH2503+GH20)=20,5075 “/mol;
GH2503=GHs03-+GH30-(AGegH2s03+GH20)=-74,84+22,44-(20,5075+0)=-72,9075 “/mol;
HSO3+H20=S037+H30%*;pKa2=7,21;Keq2=Ka2/[H20]=107"2D/55 3= 0,000000001115
AGeqHso3=-R*TeIn(Keq2)=-8,3144*298,15*In(0,000000001115)=Gs032-+GH3o-(GHsoz-+GH20)=51,1 “/mor;
GHs03-=Gs032-+GH30-(AGegHs03+GH20)=-121,52+22,44-(51,1+0)=-150,2 “/mol;
Seérpaskabes oksidésanas H2SO3+4H20=HSO4+3H30*+2e" elektroda standarta potencials E°H2s03=0,1073 V.
E°H2s0s=E°+0,10166-0,0591/2*1g(1/[H20]%)-0,37239=0,172-0,0591/2*Ig(1/55,3")+0,10166-0,37239=0,10726 V;
EH2s03=E°H2s03+ 0.0591 «]og ms—q‘]—w =0,10726 V +0.0591 ¢]og WS—Q_*]—'[W’G]:
2 [H,50,]-[H,0] ' 2 [H,50,]-[H,0]
AGeqH2s03=E°Hso03*F*2=0,107260*96485*2=20,69796 X/mor;
AGeqH2s03=GHso4-+3GH30-(GH2s03+4GH20)=-192,74+3*22,44-(-146,118+4*0)= 20,69796 “/moi ;
GH2503=GHs04-+3GH30-(AGegH2s03+4GH20)=-192,74+3*22,44-(20,69796+4*0)=-146,118 “/mol ;
5 Grso4-=AGegH2503-3GH30+(GH2s03+4GH20)=20,69796-3*22 44+(-146,118+4*0)=-192,74 W/ ;
Skidibas konstantes molu dalas Keq=Ksp/[H20] aprékina dalot piesatinatu §kidibas produktu ar Gdeni [H20].
S0O298+H20=H2S03aq; Ksp=[H2S03]/[SO29%]/[H20]=1,46724/1/51,64=0,028413, jo piesatinajuma stavoklT izskist
94 9/ SO2 M=64,066 g/mol [SO2]=[H2S03]=94/64,066=1,46724 M sérpaskabes Mn2s03=82,075 g/mol ar
blivumu 1,05 g/mL Msolution=1050 9/L un Mu2s03=[SO2]*MH2503=1,46724 M*82,075 9/mo1=120,4327 9/ skabes
masu mu20=1050-120,4327=929,5673 g. Udens koncentracija ir nH20=929,5673/18=51,64 M. Brivas energijas
izmaina ir AGspH2s03=-ReTeIn(Ksp)=-8,3144*298,15*In(0,028413)=GH2503-(Gs02+GH20)=8,82727 “/ma;
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Veido$anas no brivajiem elementiem Srombisks+O2gas=502: AG°sozrorm=Gso2-(-85,64+303)=-370,82 X/mol;
GSOZzAGOSOZForm‘l'(G rombisks+GOZ)=-370,82+(-85,64+303):-153,46 I(‘]/mol;
AGspH2503=GH2s03-(Gs02+GH20)=-72,9075-(-81,73477+0)=8,82727 “/moi ;
Gs02=GHz2503-(AGspHeso3+GH20)=-72,9075-(8,82727+0)=-81,73477 X/mol ;

Enso3-=E°Hs03-+0,0591/2*log([HSO4]*[H30*]3/[H2S03aq])/[H20]%)=0,10726 V +0,0591/2*log

HSO3 +4H20=S04? +3H30*+2¢;

Suchotina 2=<pH<7 E°nso042-=0,10726 V.

E°nsos-=E°+0,10166-0,0591/2*1g(1/[H20]%)-0,37239=0,172-0,0591/2*Ig(1/55,3"*)+0,10166-0,37239=0,10726 V:

[s0Z][Hz0"]?
[HsO][H,0]*

AGegsos-=E°Hsos-+F2=0,10726*96485*2=20,69796 /mol,

AGeqsos-=Gso4-+3GH30-(GHs03+4GH20)=-119,5295+3*22,44-(-72,9075+4*0)=20,69796 “/mol ;
GHs03=Gs04-+3GH3zo-(AGeqsos—+4GH20)=-119,5295+3*22,44-(20,69796+4*0)=-72,9075 /ol ;
Gso04-=AGegsos--3GH30+(GHso3+4GH20)=20,69796-3*22,44+(-72,9075+4*0)=-119,5295 /o ;

Viela AHOH,kJ/mol ASOH,J/mOI/K AGOH,kJ/moI

H2SO4 -814,0 156,9 -690,0 |CRC;

H2S04 formation -84,04  |Gh2504=AG°H2504FGsrombiskst2AGoo+ GHzgas+GHZO:-84,04 kJ/mo|;
H2S04 pPKa1=-2,8| -415.04 |GH2s04=GHs04-+GH30-(AGeqH2s04+GH20)=-415,04 X/ mol;

HSO4 -887,3 131,8 -755,9 |CRC

HSO4 - PKa1=-2,8| -264,06 |GHsos-=AGeqH2504-GH30+(GH2s04+GH20)=-264,06 X/mo;

HSO4 - pPKa2=1,99| -595,068 |GHsos-=Gsoa2-+GH3zo-(AGeqHsoa+GH20)=-595,068 “/mol;

HSO4 formation| -192,74 |Ghsos=AG°Hsos+Gsrombiskst2AGo2+GHzgas/2=-192,74 I(‘]/mol;
HSOs | E°nsoz = | 0,10726 | -192,74 GHs04-=AGegHs03--3GH30+(GH2s03+4GH20)=-192,74 N/mol ;
SO+* | -907,62 -536,2 | -747,75 [BioTherm2006; AG sos=AH-T*AS=-907,62-298,15%-0,5362=-747,75 Y/
SO4* - formation | -227,39 (Gsos=AG°sosrorm*Gsrombiskst2AGoy=-747,75-85,64+2*303=-227,39 ¥/n;
SO4* - PKa2=1,99| -416,74 [Gsos2-=AGeqHso4s-GH3o+(GHsos-+GH20)=-416,74 F/mol;

SO4* | E°hsoz= | 0,10726 | -119,53 [Gsos-=AGeqHs03--3GH30+(GHs03+4GH20)=-119,5295 “/mor;
S04 | E°soz2= | -1,2522 | -213,4 |Gso42-=AGeqso32-0H-GH20+(Gs032-+2GoH)=-213,4 ¥/mol ;

SO4* -909,3 20,1 -7445 |CRC

SO29% | —296,81 248,223 | -370,82 AGH=AHH-T*ASH=-296,81-298,15*0, 248223=-370,82 X/mol ;
SO9% formation | -153,46 Gs02=AG°sozrorm*(Gsrombiskst Go2)=-153,46 Kol
S0.9% |AGKsp=8,827 0,028413 | -81,735 AGs02=Grizsos-(AGsprrsoz+Grzo)=-72,9075-(8,82727+0)=-81,73477 “/mol;
H2SO3 formation | -72,9075 | Gh2s03=AG°Hzsosrorm+(Gsrombisks1,5AG 02+ Ghagas)=-72,9075 X/mol;
H2SO3 pKa1=1,85| -72,9075 GH2503aq=-74,84+22,44-(20,5075+0)=-72,9075 “/mol;
H2SO3 | E°hsos=  0,10726 | -146,118 | Gh2s03=GHsos+3GH30-(AGeqHsoz-+4GH20)=-146,11796 “/mol ;
HSO3 formation| -74,84 Grs03=AG°Hs03+G-rombisks+1,5AGoo+Grzgas/2=-74,84 /o
HSO3 pKa2=7,21| -150,2 GHs03-4¢=-121,52+22,44-(51,1+0)=-150,2 “/mol;

HSOs | E°nsoz = | 0,10726 | -72,9075 GHs03=Gs04-+3GH30-(AGeqHsoz-+4GH20)=-72,9075 X/moi ;
HSO3 -635,5 -29 -486,5 |CRC

SO3* -632,19 -474,05 | -490,38 [BioTherm2006 AGH_sos2>-=AHH-T*ASH=-632,1888-298,15*-0,47405=-490,85 ¥/mo;
SOs* - formation| -121,52 Gs03=AGrorm=AG°s03+Gsrombiskst1,5AGo2= -121,52 kJ/mol;
SO3* | E°sos2-0H= | -1,2522 | -126,48 Gs032-=Gs042-+GH20-(AGeqsoz2-oH +2Gon)= 126,483 ¥/mol ;

GH2503=AG h2s03Form*+(Gerombisks*+1,5AG 02+ Grizgas)=-72,9075 X/mol;
S032+20H=S04>+H20+2¢; pH > 7 ; E°s042-=-1,2522 V Suchotina
E°sos2-on=E°+0,10166+0,0591/2*1g(1/[H20])=-0,93+0,10166+0,02955*1g(1/55,3)-0,37239=-1,2522 V,

E s032-0n=E°s032-0n+ 0.0591 ¢]og
2

[SOZ]-[H-0]

1SO7IIH20] [SOZ] [H20]
[soZ]-[oH]?

=-1,2522 V+ @ *log 5o on?

AGeqsos2-oH=E°so0z2-oneFe2=-1,2522*96485*2=-241,637 K/mol,;

AGeqs032-0H=Gs042-+GH20-(Gs032-+2GoH)=-213,4+0-(-126,483+2*77,36)=-241,637 “/mol ;
Gs022-=Gs042-+GH20-(AGeqsoz2-oH +2Gon)=-213,4+0-(-241,637+2*77,36)= -126,483 /ol ;
Gs042-=AGeqs032-0H-GH20+(Gs032-+2GoH)=-241,637-0+(-126,483+2*77,36)= -213,4 “/mo! ;
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Metals/ta neskistosa sals/neskistosas sals jonu skidums Il-tipa elektrods

KCl
skidums

AgCl
“fnogulsne

S

/Qi

EDS

K*ClI- skiduma ar AgCl pret joniem Cl™ ne$kistosaja sali.
Nernsta pus reakcijas sudraba metalam Ag. Elektriska
potenciala mérijumi voltos ar elektrodu pari ir Elektro
Dzingja Speks EDS volti. Starp diviem elektrodiem Mel
indikatora elektrodu un un Mell salidzinasanas elektrodu
savienotiem noslégta elektriska kede aprekina Mel
indikatora elektroda potencialu EI ka summu: EI=EDS+EII.
Standarta salidzinasanas elektrods ir EII ir ar konstantu
hlorida koncentraciju.

Ag(s)+H20=Ag*+e"; absolitais standarta potencials E°ag=0,6317 V; Kortly, Shucha ; [18]
Eagiag+=E°-0,0591/1*Ig(1/[H20]")+0,10166-0,37239=0,7994-0,0591/1*Ig(1/55,3"1)+0,10166-0,37239=0,6317 V:
AGeq_Ag:EoAg‘F‘ZZO,6317*96485*1:60,95 I(‘]/mol, AGeq_AszGAg+-(GAg+GH20):77,1-(GAg+0):60,95 k‘]/mol ;
Gag=Gag+-(AGeq Ag+GH20)=77,1-(60,95+0)=16,15 “/mol;
Gag=Gag+-(AGeq_Ag+GH20)=103,8-(60,95+0)=42,85 “/ma;
Gag+=AGeq_ast(GagtGH20)=60,95+(42,855+0)=103,8 Ko ;
Skidibas lidzsvara mol dalas AgCI(s)+2H20=Ag*+ClI"; AgCI(s)+2H20-Cl-=Ag* absoliita konstante :

K absoluteAgei=Kspagel [H20]"?=[Ag*]*[CI'J/[AgCI(s))/[H20]"?=1,77*10"19/55 3/2=5,788*1014 ;
AGspAgCI:-R'T'ln(KspAgCI):-8,3l44*298,15*|n(5,788*10/\('14)):75,559 I(J/mol;
AGspagci=Gag++Gel-(Gagei+2GH20)=103,8-183,955-(-155,714+2*0)=75,559 /ol ;
Gagei=Gag++Gel-(AGspagei+2GH20)=103,8-183,955-(75,559+2*0)=-155,714 Y/l ;

kompensé Skidibas fidens molekulu summaraja Ag(s)+H20=Ag*+e"; Ag(s)+H20+CIl'=AgCI(s)+2H20+e";
reakcija AgstCl=AgCls+H20+e™ ar absoliito standarta potencialu E°agagci=-0,1514 V [CI']=0,1 M=[K*ClI']
kalija hlorida Skiduma. [18]
Eagiagci=E°-0,0591/1*Ig([H20]")+0,10166-0,37239=0,2223-0,0591/1*Ig(55,3")+0,10166-0,37239=-0,1514 V/;
AGeq Ag=E°Ag*F+1=-0,1514*96485*1=-14,61 “/mol;
AGeq_Ag=Gagci+GH20-(Gag+Gel-)=-155,71+0-(Gag-183,955)=-14,61 ¥/mol ;
Gag=Gagci+GH20-(AGeq Ag+Gci-)=-155,71+0-(-14,61-183,955)=42,855 K/mol ;
Skidiba NHagas un Ag kompensg Katru tidens molekulu Nernsta pus reakcijas produktos
NHsgastH20=NHzaq;Ag+H20=Ag*+e"; Ag+H20+2NH3zaq=Ag(NH3)2"+2H20+¢";
Ag+2NHzag=Ag(NHs3)2*+ H20+e"; absolatais potencials E°agiaginn3)2+=0,000725 V; [17] klasiskais E°=0,373 V;
E°agagnH3)2+=E°-0,0591/1*Ig([H20]*)+0,10166-0,3=0,373-0,0591/1*Ig(55,3"1)+0,10166-0,37239=-0,000725 V;
AGagiag(NH3)2+=E°Agiag(NH3)2+*F*1=-0,000725*96485*1=-0,06995 X/mo;
Gag(NH3)2+=AG Agiag(NH3)2+-GH20+(G ag+2 GNH3ag)=-0,06995-0+(42,855-2%91,1)=-139,415 X/mol;
2Ag+20H =Ag20(s)+H20+2e"; absoliitais potencials E°2agag20=0,02277 V; [17] klasiskais E°=0,345V ;
E°2agag20=E°-0,0591/2*Ig([H20]*)+0,10166-0,37239=0,345-0,0591/2*1g(55,3")+0,10166-0,37239=0,02277 V
AGagiag20=E°agiag20°F+2=0,02277*96485*2=4,394 X/,
AGAg/Ag20=GAag20+GH20-(2GAg+2GoH)=Gag20+0-(2*42.855-2*77.36)= 4.394 K/mal ;
Gag20=AGAag/Ag20-GH20+(2Gag+2GoH)=4,394-0+(2*42,855-2*77,36)=-64,616 “/mol ;

E°Agiag(nH3)2+=0,000725 V+ [Ag]-(INH -2 [Ag(NHy)}])? E°2a¢/Ag20=0,02277 V

[Ag(NHy)3 ]

, [Agl0]
[Ag]*[oH]?

Gag=Gag+(AGeq_agtGH20)=77,1-(60,95+0)=16,15 I(J/mol;

Gag=Gag+-(AGeq_ag+Gr20)=103,8-(60,95+0)=42,85 “/mor;

GAg= Gagei+Grzo-(AGeq ag+Ger)=-155,71+0-(-14,51-183,955)=4 2,855 K/mol;

CRC;

Gag+=AGeq_as+(Gag+GH20)=60,95+(42,855+0)=103,8 X/mol ;

AGagci=AHH-T*ASH=-127,01-298,15*0,09625=-155,71 X/mol;

AGcl.=AHH-T*ASH=-167,08-298,15*0,0566=-183,955 “/mo;

GagNH3)2+=AGAgiag(NH3)2+-GH20+ (G Ag+2 GNH3ag) =-139,415 X/mol;

BioThermodynamic 2006

Gagci=Gag++Gel--(AGspagci+2GH20)=-155,714 K/mo;

Viela AH®H k‘]/mol AS°H J/moI/KAGOH s k‘]/mol
Ag - CRC 16,15
Ag E°agag+= |-0,6317 V| 42,85
Ag E°agiagei= [-0,1514 V| 42,855

Ag+ 105,6 72,7 77,1

Ag+ E°ag= |0,6317V 103,8

AgCI(s) | -127,01 | 96,25 | -15571
Cl- -167,08 56,6 -183,955
Ag(NH3)2*| E°agnnaz+ |-0,000725] -139,415

AgClI - - -155,71

AgCI AGspAgCI: Kspagel= -155,714
Cl- - - -183,955

Ag0(s) | -31,1 121,3 -11,2
Ag20(s) | E’agago= [0,02277V | -64,616

BioThermodynamic 2006
CRC,

Gag20=AGag/Ag20-GH20+(2GAg+2GoH)=-64,616 X/mor;
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Nernsta potenciala studijas Hg/Hg»?*/Hg?*, Hg2Cl2, Hg2SO4(s), HgO uzskaitot hidroksoniju H3O* un tideni H20.
Viela AHOH,k‘]/moI ASOH,J/mOI/KAGOH,k‘]/moI (EOHZOZaqRed-EOHgO)*F*n:(0,5278+O,22423):0,7520V

Hg HgO ; H20: 75,9 35,885 |GHg=GeqRredox_2H202-Gozaquat(GHgo+GH202)=35,885%/mol ;

Hg E°hgcie=  |-0,1059 V| 35,8 GHg=(GHgzci2+GH20-(2Gc1-+AGeq_Hgzc12))/2=35,8 ¥/mol;
Hg2?* -166,87 66,74 -146,97 |AGrg22+=AHH-T*ASH=-166,87-298,15*0,06674=-146,97 K/moI;
HgZ2+ Eng/Hg22+: 0,6888 V 204,52 GH922+=AGeq_Hg+(ZGHg+GHzo)=132,92+(2*35,8+0)=204,52 kJ/mo|;
Hg?" | -17021 | -36,19 -~ |crC

Hg2SO4(s -743,1 200,7 -625,8 [CRC
Hg2SO4s)K AbsoluteHgesos=| 10°9673) | 508 44 GHg2s04=GHg22++Gs042--(AGeqHg2so4+2 GH20)=-598,44 X/mor;
SO4* -907,62 -536,2 -747,75 |Biochem. Thermodynamic 2006 Massachusetts Technology Inst.
SO4> E°Hgosos= | 0,2918 V | -726,54 |Gso4=GHg2s04-(2GHg+AGeq_Hg2s04)=-726,54 ¥/mol
S04 -909,3 20,1 -7445 |CRC
Hg2Cls) -265,37 191,6 -210,7 |CRC
Hg2Cla)| EC°Hgci= |-0,1059 V| 197,76 GHgaci2(s)=AG°Hgocizrorm+(GHg22++2*Gc1-)=197,76 /mol;
Hg2Clo)| E°Hge=  [-0,1059 V| 255,1 GHg2ci2=AGeq_Hg2ci2-2GH20+(2Gcl-+2GHg)=255,1 K/mol;
HgClzs) -224.3 146 -178,6 |CRC
Cl- -167,08 56,6 -183,955 | AGcl-=AHH-T*ASH=-167,08-298,15*0,0566=-183,955 K/mo;
Cl-  |KabsoluteHgzcie=| 107231 | 101,97 Gel-=(-GHg22++AGegHgzcia+(GHgciz+3GH20))/2=101,97 X/mol;
HgOs) -99,79 70,25 -60,3675 | AGHgo=AHH-T*ASH=-99,79-298,15*0,07025=2*-60,3675 /mol;
HgO¢s) -90,8 70,3 -58,5 |CRC AGHgo=-58,5 X/mol;
HgO - formation| 142,3 2GHgo=2AGHgo+(2*Grg+G02)=2*142,3 X/mol
HgOs) E°Hgo= 0,22423 V| 147,25 GHgo=AGeqHgo-2GH20+(GHg+2GoH)=147,15 Y/mol;

2Hg+H20=Hg**+2¢"; absoliitais standarta potencials E°Hg=0,6888 V; Kortly, Shucha ; [18]
E°Hg=E°-0,0591/2*Ig(1/[H20]") +0,10166- 0,37239=0,907-0,0591/2*Ig(1/55,3"!) +0,10166-0,37239=0,6888 V,
AGeq Hg=E°Hg*F+2=0,6888*96485*2=132,92 “/inal,
AGeq_Hg=GHg22+-(2GHg+GH20)=GHg22+-(2*35,8+0)=204,52-(2*35,8+0)=132,92 Kol ;
GHg22+=AGeq_Hg+(2GHg+GH20)=132,92+(2*35,8+0)=204,52 ¥/imoi ;
Skidibas lidzsvara Hg2Clas)+3H20=Hg22*+2Cl"; 2Hg+H20=Hg.**+2¢"; absolita $kidibas konstante :

K absoluteHg2c12=KspHgzci2/ [H20]13=[Hg22*1*[CI-]/[Hg2Cla) ) /[[H20]73=1,43*107(18)/1/55,3/r3=10-231;
AGeqHgZCIZZ-R'T’ln(KAbsquteHgZCIZ)=-8,314*298,15*|n(lol\(-23’1)):131,85 I(J/mol;
AGHgaci2=GHg2++2Gcl-~(GHgaciz+ 3GH20)=204,52+2G o,-(276,61+3*0)=204,52+2*101,97-(276,61+3*0)=131,85 “/mo;

Gel-=(-GHg22++AGeqgHgaci2+(GHgaci2+3GH20) )/2=(-204,52+131,85+(276,61+3*0))/2=101,97 “/mol;

Hg2%*+2CI'=Hg2Cl2(s); GHgzci2(s=AG°Hgzcizrorm+(GHg22++2*Gcl-)=-210,7+(204,52+2*101,97)=197,76 Y/maI;

Veidosanas Hg22*+2Cl"; GHgzcizs)=GHgzcl2(s)-(GHg22++2*Gel-)=276,61-(204,52+2*101,97)=-131,85 “/ma;
2Hg+2Cl=HQ2Clzs)+2H20+2¢"; absolitais standarta potencials E°Hgci2=-0,1059 V; Suchotina ; [18]
E°Hgc12=E°-0,0591/2*1g([H20]?)+0,10166-0,37239=0,2678-0,0591/2*Ig(55,3"?)+0,10166-0,37239=-0,1059 V;
AGeq_Hg2c12=E°ngocize F*2=-0,1059*96485*2=-20,44 Y/,
AGeq_Hg2c12=GHg2ci2+2GH20-(2Gcl-+2GHg)= 255,1+2*0-(2*101,97+2*35,8)=-20,44 X/mol ;
GHg2c12=AGeq_Hg2c12-2GH20+(2Gcl-+2GHg)=-20,44-2*0+(2*101,97+2*35,8)=255,1 “/mo! ;
GHg=(GHgz2ci2+GH20-(2Gcl-+AGeq_Hg2ci2))/2=(255,1+0-(2*%101,97-20,44))/2=35,8 /ol ;
Skidibas lidzsvara Hg2SOu4)+2H20=Hg:2*+S04%; 2Hg+2H20=Hg2?*+2¢"; absoliita §kidibas konstante :
K absoluteHg2s04=KspHg2soa/ [H20]"?=[Hg2?*]1*[SO4*]/[Hg2S O4(5)}/[H20]"?=6,5*10(7)/1/55,372=10"2673;
AGeqHg2so4=-ReTeln(K absoluteHg2s04)=-8,314*298,15*In(107(2673))=55 21 K/na;
AGeqHg2s04=GHg22++Gs042--(GHg2s04+2 GH20)=204,52-747,75-(-598,44+2*0)=55,21 Y/imqI;
GHg2504=GHg22++Gs042--(AGegHg2s04+2GH20)=204,52-747,75-(55,21+2*0)=-598,44 /mol;
Hg2S04(s+2H20=Hg2?*+S04?"; 2Hg+H20=Hg2?**+2¢";
Hg2S04(s)+2H20-S042=Hg2?*; 2Hg+H20=Hg?*+2e"; 2Hg+H20=Hg2S04(5)+2H20-S0+%*+2¢";
2Hg+S042=Hg2S04¢s)+H20+2¢"; absolitais standarta potencials E°Hgs04=0,291772 V; Kortly, Shucha ; [18]
E°Hgso4=E°-0,0591/2*Ig([H201]%) +0,10166-0,37239=0,614-0,0591/2*1g(55,3"!) +0,10166-0,37239=0,2918 V;
AGeq_Hgso4:Engso4‘F'2=0,291772*96485*2:56,30 I(‘]/mol,

AGeq_Hg2504=GHg2s04-(2GHg+Gs04)=-598,44-(2*35,8-726,54)=56,50%/mo ;
Gs04=GHg2s04-(2GHg+AGeq_Hg2s04)=-598,44-(2*35,8+56,3)=-726,54 “/mol ;
Veidosanas 2Hg+02 aqua=2HgO; 2GHgo=2AGHgo+(2* GHg+Go2)=2*-58,5+(2*35,8+330)=2*142,3"/mol;
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Hg+20H =HgO+H20+2e", Nernsta absoliitais standarta potencials E°Hgo=-0,2242 V,
E°Hgo=E°-0,0591/2*Ig([H20]")+0,10166-0,37239=0,098-0,0591/2*g(55,3"1)+0,10166-0,37239=-0,22423 V;

AGeqHgo=E°Hgo*F*n=-0,22423*96485*2=-43,27 N/mor ;

AGeqHgo=GHgo+GH20-(GHg+2GoH)=GHgo+0-(35,8+2*77,36) =147,25+0-(35,8+2*77,36)=-43,27 “/mol;

GHgo=AGeqtgo-GH20+(GHg+2Gon)=-43,27-0+(35,8+2*77,36)=147,25 X/mol;

Reducesanas HgO+2H20+2e =Hg+20H", inversais standarta potencials -E°Hg0=0,22423 V.

Oksidesanas H202aquat2H20=02aqua+2H30"+2e" Nernsta absolttais standarta potencials E°redr202=0,5278 V;

HgO+2H20+2e +H202aquat2H20=Hg+20H +O2aquat+2H30*+2¢e7;

HgO+H202aquat4H20=Hg+O2aquat(20H+2H30"); HJO+H202aquat4H20=Hg+O2aquat+(4H20);

Summa: HgO+H202aqua=Hg+O2aqua ; katalaze Gr202=279,285 K mol;

AGeqredox_H202=(E°H202aqred-E °Hgo) *F*n=(0,5278+0,22423)*96485*2=(0,7520)*96485*2=145,1 ¥/mmoi ;

AGeqRede_HZOZZGHg+GOZaqua-(GHgO"'GH202):35,885+330-(-58,5+279,285):145,1 K/ mol ;

HgO ; GHg=Geqredox_H202-Go2aquat(GHgo+GH202)=145,1-330+(-58,5+279,285)= 35,885 Kol ;

AGeqRede_H202=GHg-GOZaqua+(GHgO+GH202)=

Biochem. Thermodynamic 2006 Massachusetts Technology Inst.

Grb=Gpb2+-(AGegpbpb2++GH20)=-415,895-(-66,42+0)=-349,07 “/mo;

GPb2+=Gpbo2+4GH3ao+-(AGeqpho2 pb2++6GH20)=-415,69 ¥/mol;

AG°po2+=AH°H-T*AS°w=0,92-298,15*0,0185=-4,596 X/mal ;

CRC

Grbo2=AGeqpbo2| Pb2+-4GH30++(Gpb2++6GH20)=-217,3 X/mol;

GaA=Gai+-(AGeganaiz++Gr20)=-441,5-(-549,5+0)=108 K/mol;

AG°ph2+=AH°H-T*AS°H=-538,4-298,15*-0,325=-441,5 ¥/moI ;

Gr2a103=AGeqr2a103a1-GH20+(GAI+4GoH)=-345,29 X/mor;

Substance AHOH,kJ/moI ASOH,‘]/mOI/KAGOH,k‘]/moI
Pb E°pbipb2+= -0,34523 V| -349,07
Pb - 64,8 -

Pb%*  |E°pbo2;pb2+={1,49326 V| -415,69
Pb2* 0,92 18,5 -4,596
PbO2] -277,4 68,6 -217,3
PbO2| [E°pbo2ipb2+=1,49326 V| -217,3
Al - 28,3 -
Al E°arvaiz+= |-1,8984 V 108
Al3* -538,4 -325 -441,5
H2AlO3™ |E°Haiosa=| -2,63506 | -345,29
NaAlO»|| -1133,2 70,4

CRC

Veidosanas Pb+02gas=PbO2(s); Grbo2=AG pbo2+(Grb+Go2gas)=-217,3+(35,8+303,1)=2*142,3%/mar;

Pb?* +6H20=PbO>(s)+4H30*+2e"; Nernsta pus reakcijas absoliitais standarta potencials E°pb02=1,49326 V;
E°phos=E°-0,0591/2*Ig(1/[H20]¢)+0,10166-0,37239=1,455-0,0591/2*Ig(1/55,3"%)+0,10166-0,37239=1,49326 V/;

AGegpbo2Pb2+=E°pbo2 b2+ F+3=1,49326*96485*3=288,15 “/mol;

AGeqgpbo2|pb2+=Gpho2+4GH30+-(Gpb2++6GH20)=-217,3+4*22,44-(-415,69+6*0)=288,15 “/maI;

Gpbo2=AGeqpbo2Pb2+-4GH30++(Gpb2++6GH20)=288,15-4*22,44+(-415,69+6*0)=-217,3 “/ma;

Gpb2+=Gpho2+4GH30+-(AGeqpbo2 pb2++6GH20)=-217,3+4*22,44-(288,15+6%0)=-415,69 “/maI;

Epbo2/Pb2+=E°pbo2 | Po2++

00591

[Pb O_4}[H;0']* 0.0591 [Pb 02{] [H,01]* .

=1,4674 V+

2

[Pb*"]-[H,0]° [Pb”"]-[H,0]°

Pb+H20=Pb?* +2e"; pH<7 Nernsta pus reakcijas absoliitais standarta potencials E°pbpb2+=-0,3452 V;

E °pbipb2+=E°-0,0591/2*Ig(1/[H.0])+0,10166-0,37239=-1,26-0,0591/2*Ig(1/55,3")+0,10166-0,37239=-0,3452 V/;
AGeqpbpb2+=E°pb pb2+*F*N=-0,34523*96485*2=-66,62 “/mol ;
AGeqpbpb2+=Gpb2+-(Gpro+GH20)=-415,69-(Gpb+0)= -71,59=-66,62 </mo;
Gprb=Gpb2+-(AGegphpb2++GH20)=-415,69-(-66,62+0)=-349,07 X/mol;

Al+ H2O=APP*+3e"; CRC Nernsta pus reakcijas absoliitais standarta potencials E°popb2+=-1,8984 V;
E°anaiz+=E°-0,0591/3*Ig(1/[H.0])+0,10166-0,37239=-1,662-0,0591/3*Ig(1/55,3"1)+0,10166-0,37239=-1,8984 V;
AGegaiaiz+=E°anaiz+sF+3=-1,8984*96485*3=-549,5 X/m;
AGeganaiz+=Gai+(Gai+GHz0)=-441,5-(108+0)=-549,5 “/mar;
Ga=Ganz+-(AGegana++Gr20)=-441,5-(-549,5+0)=108 “/mo;

Al+40H=H2AIO3+H20+3¢’;

CRC Nernsta absoliitais standarta potencials E°H2aloz-al =

-2,63506 V;

E°Heai03 AI=E°-0,0591/3*Ig([H20])+0,10166-0,37239=-2,33-0,0591/3*Ig(55,3"1)+0,10166-0,37239=-2,63506 V;
AGeqn2a103AI=E°H2a103a10 F*3=-2,63506*96485*3=-762,73 X/mol;
AGeqH2a103A1=GH2A103+GH20-(GAI+4GoH)=-345,29+0-(108+4*77,36)=-762,73 “/mol;
Gr2a103=AGegr2a103a1-GH20+(GaI+4GoH) =-762,73-0+(108+4*77,36)=-345,29 X/mor;

0.
Eaio2/a1,=E°al02-/a1,+

591

elg [HA103HH,0) =-2,63506 V+ 2929 L1 [HoAIO3HH,O] -
3 ot

[Al].[oH]4 [Al].[oH]4
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Liela atruma protolizes Aktivéto peroksida jonu sadursmé HOO><OOH ir liela Ea=79000 /ol aktivacijas energija,
bet jonu HOO=> sadursmé aktivacijas energija ir maza Ea=29 Y/moi . Elongacija peroksisomas producé o=6, ©=3
neaizstajamas taukskabes, skabekli, tideni un siltumu: 2H202aq=02aquat2H20+Q+AGH ;
Red: H202+2H20=02+2H30%+2¢e" ; E°H202=0,5268 V Nernsta absoliitais potencials Alberta University;
Ox: H202+2H30*+2e=4H:0 ; -E° oxH202=-1,7113 V inversais standarta potencials Suhotina ;
AGegstandarta_2H202=(E°H202aqRed-E "H202aq0x) *F*N=(0,5268-1,7113)*96485*2=(-1,1845)*96485*2=-228,57 “/moi ;
AGalberty_2H202=G02aquat2* GH20-2* GH202=330+2*0-2*GH202=-228,57 “/mol; exoergic
GH202=(G02aquat+2*GH20+AGAlberty_2+202)/2=(330+2*0+228,57)/2=558,57/2=279,285 ¥/mo ;
[O2]aqua-[H,0]?
[H0, Baua
Pus reakciju RedOx Nernsta reducé$anas un oksidé3anas elektronu balanss 2 ¢ pie pH=7,36, [Oaq]=6*10"° M.
Eret=E202+0,0591/2¢1g([O2aqua] *[HsO *1%/[H202]/[H20]%)=0,5268+0,0591/2*1g(6* 10" 5*10"¢7363/1/55, 3'2)=-0,13493 V/;
Eox=-E°H2020x+0,0591/2¢log([H202]*[H30 *]?/[H20]*)=-1,7113+0,0591/2*1g(1*10"(-":36*2)/55,3"4)=-1,0703 V;
H,0; izmaina ir AGHomeostasis/2=(ERed-Eoox)*F*n/2=(-0,13493-1,0703)*96485=(-1,2062)*96485=-232,76 /mol;
GHomeostasisH202= GOZBiochem_arteriaj+2*GHZOBiOChemistry-AGAlberty)/2:(88,04+2*85,64+232,76)/2:246,04 I(J/mol

Kegstandart= =KH202=exp(228573/8,3144/298,15)=1,11*10,

Viela AHOH,kJ/moI ASOH,J/moI/K AGOH,kJ/moI GH202:279,285 I(J/mol; GHOO-:333,866 I(‘]/mol;

HsO* | -285,81 -3,854 | -213,275 |Mischenko 1972, Himia, Leningrad [26]

OZaqua -11,715 110,876 16,4 CRC 2010; GOZaqua:330 I(J/mol : GH20=0 I(J/mol;
O2aqua | -11,70 -94,2 16,40 AHHess=AH°02+2AHH20-2AHH202=-201,02=-201,06 “/mol
H20 -285,85 | 69,9565 | -237,191 =-11,7-2*286,65-(2*-191,99)=-201,02 Y/mo eksotermiska.
H20 -286,65 | -453,188 | -151,549 =-11,7-2*285,85-(2*-191,17)=-201,06 /mol

H202aq | -191,99 | -481,688 | -48,39 |Biochem.Thermodynamic 2006 Massachusetts Technology Inst.
H202aq | -191,17 143,9 -134,03 |University Alberta 1997.
H202aq | Formation| -48,39 340,25  |GH202a=AGH202aIberty+(Go2gast GHzgast GH20)=340,25 K mol;
H2O2aq |Formation| -134,03 | 254,61 |GH202a=AGH202AIberty+(Go2gastGHzgastGH20)=254,61 X/mol;
H202aq |AE H202aq=| 1,1845V | 279,285 GH202=(Go2aquat2*GH20+AGAlberty_2+H202)/2=279,285 K mol;
HOO" |pKa=11,75| 77,016 | 333,866 |[GHoO-=-GH30++AGaH202+( GH202+GH20)=333,866 “//mol;
H202: | -237,129 69,91 | -237,129 |ICRC
H202+H20=H30*+HOO"; pKa=11,75; GH202=279,29 X/mo1; GHo0-=333,866 “/mol;
AGaH202=-ReTeIn(Ka/[H20])=-8,3144*298,15*In(107-11.79)/55 3)=-8,3144*298,15*-31,07=77,016 “/ma;
AGaH202=GH30++GHo0--( GH202+GH20)=22,44+GHo0--(279,29+0)=77,016 “/mo;
GH00-=-GH30++AGaH202+( GH202+GH20)=-22,44+77,016+(279,29+0)=333,866 /mol;
HOO +H20=02aquat+H3O"+2€"; Absoliitaja skala peroksida anjona standarta potencials ir: E°NemstHo0-=0,09625 V.
AGNernstH00-=Go2aquat+GH30+-(GHoo-+GH20)=330+22,44-(333,866+0)=18,574 “/mol;
E°Hooox=E°-0,0591/2*Ig(1/[H20]")+0,10166-0,37=0,31548-0,02955*g(1/55,3"1)+0,10166-0,37239=0,09625 V;
E°Hoo-=E°+ 0,37239=0,09625+0,37239=0,46864 V; E°H00-=0,46864-0,10166=0,36698 V;
E°Hoo-=0,36698+0,0591/2*log(1/55,3"1)=0,31548 V; A N o
Nernsta pus reakcijas absoliitais standarta potencials ir: A Horeossss=232,76 Cing
E’NernstHoo-=AGnernstioo-/F/1=18574/96485/2=0,09625 V. ~  |J-=----------
Eksotermiska, eksoergiska H202 (ag) dismuté$anas Hesa izmaina AGalberty 2H202,
-246 Y/mol un homeostazé AGHomeostasis ~232,76 ¥/mol ir negativa, bet standarta lidzsvaru
maisTjuma minimiz&jas AGegstandart=-228,6 “/mol sasniedzot konstanti: Keq=1,11*10%. > -
Lesatelj€ princips ir Prigozina atraktors ka brivas energijas izmainas minimums AGmin (ATALAZE
lidzsvara. Liela atruma protolizes atraktori pH=7,36, skabeklis 20,95% gaisa atrodas 1
lidzsvara stavokli, kamér neatgriezeniska homeostaze turpinas, jo ir nelidzsvara AGstandart=-228,6 K ol L
stavoklis. Prigozina atraktors ir Nobela prémija kimija 1977. gada. KATALAZE izdzgs§ o
peroksida molekulas H202 sasniedzot 100% w=6, ®=3 taukskabju C20:4 iznakumam A+A . 50% B+2C
elongacijas sintéze peroksisomas. KATALAZES reaktivitate ir nepiecieSams izejvielas 2H202(aq)
neatgriezeniskas homeostazes Brauna molekulars dzingjs evoliicijai un izdzivosanai. produkti_Ozaqua*2H20
Formation from elements O2gastH2gastH20=H202aq;
Catalase; GH202ag=AGH202Aberty+(Go2gas+GHzgas+ GH20)=-134,03+(85,64+303+0)=254,61 /ol ;
Catalase; GH202ag=AGH202AIberty+(Go2gas+ GHzgas+ GH20)=-48,39+(85,64+303+0)=340,25 Y/mol ;
413t,54th page [1,8,20] AG’ UnivAlberta=-134,03 I(J/mol 5 AGOAIberty=-48,39 I(J/mol;
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Skidiba Nagas+ H20+AG=N2aq palielina slapekla energiju mola no Gnzgas=-9,55 ¥/mol lidz Gn2ag=18,7 ¥/mol.

Publicéta Albertija slapekla $kiduma absoliita briva energija viena mola ir Gnzaqua=18,7 “/mol , ja tiras gazes
mol dala ir viens [N2gas]=1. [8] Udeni Elements slapeklis N2gas+H20=N2aqua ir vaji $kistoss ar 0,00175 9/100g_H20
iz8kidinato daudzumu [N2aqua]=0,00175/100,00175*996=0,01743/28,02=10-3206 M un blivumu 996 g/L. [1]
Skidibas konstante mol dalas ir mazaka par vienu Ksp=[Nzaqua]/[H20]=10" (3200)/55 3=10499 | kuras brivas
energijas izmaina ir endoergiska:

AGsp=-ReTeIn(Ksp)=-8,3144*298,15*In(10/4949)=28 25 K /o .

Hesa likuma brivas energijas izmaina ir AGHess sp_N2agua=GnNzagua-(Gn2gas+GH20)=18,7-(Gnzgas -0)=28,25 “/mol
sakritoSa absoliitaja energijas skala. Mola Gnzgas=Gn2agua-(AGHess_sp_N2aquatGH20)=18,7-(28,25+0)=-9,55 /o
slapekla gazes energijas saturs ir negativs relativi zem destiléta idens nulles GH20=0 ¥/mol. lz8kidinata slapekla
mola energijas saturs Gnzaqua=18,7 K/mol ir pozitivs.

Prigozina energijas izmaina $kidinato produktu reakcijas ir sakritosi ar Hesa likuma brivas energijas
izmainam Albertija datos: AGHess sp_N2agua=Gnzagua-(GnzgastGH20)=18,7-(Gnzgas -0)=28,25 K mol.
Slapekla gazes brivas energijas saturs izteiksmé ir negativs pret tidens nulles atskaiti GH20=0 X/mol skala:

GN2gas=Gn2aqua-(AGHess_sp_N2agquatGH20)=18,7-(28,25+0)=-9,55 Kol .
AGspNZaqua:GNZaqua-(GN2gas+GH20):18,7-(-9,55+0)=28,25 kJ/mol; [8] Albertiis

Viela AHW ot [AS®H Yok |AGOH ol Gn2gas=2GNH3gas-(2AGHess NH3gas+3*GHzgas)= 107,28 K/mor;
N2gas Gnogas=  [form NH3 107,2 Gn2gas=2*165,6593-(-32,8+3*85,64)=107,28 /mal; [1,8];

N 2ag ~10,54 98,1 18,7 Skidums Naaq pie pH=7,36 [8].

N2gas N2gas+H20 :NZaq -9,55 GN?_gas:GN2aqua‘(AGHess_§l,<_N2aqua+GH20):18,7‘(28,25"'0):‘9,55 kJ/mol;

Veidosanas no akva elementiem N2ag+3H2aq>2NHaag ar absoliito energiju Gnoag=18,7 “/mol; Gr2a¢=103,2 “/moi
uzrada eksoergisku reakciju 2AGress NH3ag=2GnH3ag-(Gnzag+3*Grzag)=2*91,1056-(18,7+3*103,24)=-146,2 ¥/ . [8]
Veido$anas no elementiem N2gas+3H2gas>2NH3gas d0d Gnzgas=-9,55 K/mol ; Grzgas=85,64 F/mor i eksoergiska
2AGhess_NH3gas=2GNHagas~(GN2gas+3* Ghzgas)=2GNHagas-(-9,55+3*85,64)=2*-16,4=-32,8 /o1 [1] Energijas saturs
mola NHagas ir 2GnHagas=2AGHess_NHagas* (Gnzgast3*Grizgas)=2*-16,4+(-9,55+3*85,64)=214,57=2*107,285 /ol
Klasiski, Hess pienemot nulles energiju briviem elementiem ir dota eksoergiska izmaina CRC datos:

2AGHess_NH39as=2G°NH3gas'(G°N29as+3*GOHZ):2*'16,4'(0+3*0):-32,8 K ot . [1]

Skidiba NHagas+H20=NHazag; GnHzag=91,1 ¥/mol; amonjakam pie pH=7,36 [8];

AHnydration=AH°NH3aq-AH °NH3gas-AH °H20=-132,5608+45,94-286,65=373,3 I(J/mol;
SHydrationzASONH3aqua-AS°NHSgas-AS°H20=-739,2922-192,77-69,9565:-1002 ‘]/moI/K;
AGHydrations:AHHydrations-T*ASHydration:-373,3-298,15*-1,002:-74,5537 kJ/mol;
Ksp:eXp(-AGHydration/R/T):exp(74553,7/8,3144/298,15):1013’06;

Albertija $kidumi amonjakam pie pH=7,36 GNH3aq=91,1056 “/mol un Hesa hidratacija ar izmainu energijai

AGHydrations=-74,5537 ¥¥/mol aprékina absoliito energijas saturu gazei NHsgas sakritosi vienadi:

GNH3gas=GnNH3ag-(AGHydrationt GH20)=91,1056-(-74,5537+0)=165,7 K mol;
GNH3gas=(2AGHess NH3gast(Gnagast3*GH2))/2=(-32,8+(107,2+3*85,64))/2=165,7 mol; [1,8] CRC, Albertijs
GNH3gas=(AGHess NH3gast(Gn2gast3* GHagas))/2=(-32,8+(-9,55+3*85,64))/2=107,285 K mol;

Energiju elementam tidenradim GHzgas=85,64 X/mol, gazei GNH3gas=165,7 K/mol; ar Hesa izmainu -32,8 K/mol
aprekina Gnzgas=2GnHsagas-(2AGHess NH3gas+3* GH2gas)=2*165,7-(2*-16,4+3*85,64)=107,28 X/mol viena mola
slapekla gazes brivas energijas saturu.

Skidiba NHagas+H20=NHazag; GnH3ag=91,1 ¥/mol; GNH3gas=107,285 X/mor absoliitaja energijas skala ir
eksoergiska: AGHydration=GNH3ag-(GNH3gas+GH20)=91,1056-(107,285+0)=-16,18 “/mal. [1,8] CRC, Albertijs
Skidibas konstante ir Ksp=exp(-AGHydration/R/T)=exp(16179,4/8,3144/298,15)=683,17 lielaka par vienu.

Vajas skabes GnH4+=50,81 ¥/mor protolize NHa*+H20=NHzag+H30*; pKeq=10,99; uzrada energijas izmainu
AGeq=-R'T°ln(Keq)=-8,3144*298,15*In(10"(‘1°'99))= GNH3Hydration+GH30‘GNH4+-GHZO=62,73 I(J/mol ) MZ
AGeq:GNH3aq+GH30-(GNH4++GHzo):91,1+22,44-GNH4+-0:62,73 I(J/mo|.
Amonija brivas energijas saturs ir Guma+=Gnrzag+Grao-(AGeq+Grz0)=91,1+22,44-62,73-0=50,81 </ o,
Protolizes klasiska skabes konstante ir NH4*=H"+NH3aqua pKa=9,25;
Veidosanas no elementiem HNO2 AG°Hn02=-46 K/mol un HNO3 AG°Hn03=-250,53 K/mol Wikipedia:
GHN02=AG°HN02+0,5N2gas+O2gas+0,5H2gas= -46+(0,5*-9,55+303+0,5*85,6)= 295,025 K/mal ;
GNZgas:GN2aqua-(AGHess_élg_NZaqua"‘GHzo):18,7-(28,25+0)=-9,55 k‘]/mol; GHZgas:85,6 I<J/mol ; GOZgas:303 k‘]/mol; [8]
GN02F0rm=AG°N02aq+0,5GN2gas+Gozgas+GHZO:-33,0l+0,5*-9,55+1*303+0:265,2 I(J/mol;
GHNOSForm:AG°HN03+(0,5GN2gas+1,5G02gas+0,5GH29as):-250,53+(O,5*-9,55+1,5*303+0):199,195 I(J/mol;
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Skabes un protolizes lidzsvars Keq=Ka/[H20] aprékina dalot skabes konstanti ar ideni [H20]=55,3 M.
1. HNO2+H20=NO2 +H30*;pKa=3,15; Keq=Ka/[H20]=107(-319/55 3= 0,00001280;
AGeghno2=-Re*TeIn(Keq)=-8,3144*298,15*In(0,0000128)=Gno2-+GH3z0-(GHno2+GH20)=27,927 X/mol;
AGeqHn02=GNo2-+GH30-(GHNo2+GH20)=265,2+22,44-(259,713 +0)=27,927 “/mol;
Gno2 =AGegHNo2-GH3o+(GHNo2+GH20)=27,927+22,44-(259,713 +0)=265,2 K/mol;
GHN02=GNo2-+GH30-(AGeqHno2+GH20)=265,2+22,44-(27,927+0)=259,713 X/mol;
2. HNO3+H20=NO3 +H30*;pKa=-1,4; Keq=Ka/[H20]=10"14/55,3=0,4542;

AGeqHn0z=-R*T*In(Keq)=-8,3144*298,15*In(0,4542)=Gno3z +GHsz0-(GHno3+GH20)=1,956 X/mor;

AGegHnoz=Gno3 +GH3zo-(GHnoz+GH20)=340,2+22,44-(360,684+0)=1,956 K/mor;
GHN03=GN03-+GH30-(AGeqrno3+GH20)=340,2+22,44-(1,956+0)=360,7 “/mol;
Gnoz = AGegHnoz-GH3o+(GHnoz+GH20)=1,956-22,44+(360,684+0)=340,2 “/mol;

GHN02=GN03 +3GH30-(AGeqno3+4GH20)=238,42 ¥/mol;

GHNo2=GNo2--GH30+(AGeqHN02+GH20)=259,713 K/mol;

GHNO02gas=AG°HNO2gast0,5N2gastO2gast0,5H2gas=295,025 K mol

GNOZform:AGON02aq+0,5GNzgas+Gozgas+GHzo=265,2 I(J/mol;

Gno2-=AGeqrNo2-GH30+(GHN02+GH20)=265,2 X/mol;

BioTherm2006

GnNo3 =AGeqNH4+H20-10GH30+(GNH4+-13GH20)=580,31 X/mol

Wikiped G°nos =AHu-T*ASH=-207-298,15*0,146=-250,5886 “/mo;

GHN03=GNo3-+GH30-(AGeqHno3+GH20)=360,7 “/mol;

Gno3 =AGegNH4+H20-10GH30+(GNH4+-13GH20)=601,06 K/mol;

AG°N03 =AHu-T*ASp=-206,85-298,15*0,1467=-250,5886 “/mai;

GNOSForm:AGOHNOSaq+(0,SGN29a5+1,56029as+GH20):340 ) 2 kJ/m0| ;

Gno3-= AGegHN03-GH30+(GHNo3+GH20)=340,2 X/mol ;

Gno3 =AGegNo3-0H -GH20+(Gno2 +2GoH)= 359,87 Y/mal,

BioTherm2006

Viela AH°H ¥/ mol IASOH Imor AG®H Kol
HNO> |E°nos3 H30+ =0,8763 V| 238,42
HNO2 - pKa=3,15| 259,713
HNO> -79,5 254,1 -46,0
HNO> - formation| 295,025
NO2~ - formation 265,2
NO2 pKa=3,15| 265,2
NO2~ -104,19 -238,7 -33,01
NO2- 482,3
HNO3 -207 146 -250,53
HNOs - formation| 199,195
HNO3 - pKa=-1,4 360,7
NOz~  |E°NH4+H20=10,7677 V 601,06
NOs -206,85 146,7 | -250,5886
NO3~ - formation 340,2
NOs3 - pKa=-1,4 340,2
NO3z~ E°Nnoz-on |-0,3112 V| 359,87
NO3~ -204,59 -318,8 -109,55
NOgas 91,3 210,8 87,6
NOgas | Solubility product- | 61,024
NOaq - - 86,55
NOag |E°No(gH30+| =0,8609 180,77
NH3gas AGhiydration | -74,5537 165,7
NHsgs | [1,8] CRC | Alberty | 107,285
NHSgas -45,9 192,77 -16,4
NHaa | -132,5608 | -739,2922 | 91,1056
NHasaq PKbeq=6,49475 91,1
NH4* pKaeq=10,99 50,81

CRC

GNogas=GH20+GN0oag-(AGs)=0+86,55-(25,526)=61,024 K fmol ;

BioTherm2006

GNoag =Gnoz +4GH3o-( AGegno(g)H30++5GH20)=180,77 K/mo,
GnHagas=AGNH3aq-(A Ghydrationst GH20)=91,1056-(-74,5537+0)=165,7 K ol
2GNH3gas=2AGFormnH3gast(GN2gast3* GHzgas)= 2*107,285 K3 mol;

CRC [1] GnH3gas=(2*-16,4+(-9,55+3*85,64))/2=2*107,285 /mol;

Amonjaks pie pH=7,36 [8] Albertijs; NHsaq veidosanas
GnH3ag=GnH4++GoH-(AGbeq+GH20)=91,1 ¥/mo1; Wikipedia [28]

GNH4+=GNHgaq+GH3o-(AGeq+GHzo)=91,1+22,44-62,73-0=50,81 kJ/mo|;

Protolizes NHzag+H20=NH4s"+OH- konstante Kbeq= Kb/[H20]=107(-)/55,3=3,20*10/(=10/(6:4947) pKpeq=6,4947

klasiski izteiksmé bez fidens uzskaites ir Kb=[NH4*]*[OH]/[NHzaq]=1074752=1,77%107(9); pKp=4,752.

Energija akumul&jas endoergiski produktos Gnra++Gon-=50,81+77,36=128,17 ¥/moi :
AGbeg=-R*TeIn(Kbeq)=-8,3144*298,15*In(10"6494)=GNHa++GoH-(GNH3ag+GH20)=37,07 X/mol .

AGHess_beq=GnHa++GoH-(GnHaag+GH20)=50,81+77,36-(91,1056+0)=37,064 “/ma ;

GnH3ag=GnH4++GoH-(AGheq+GH20)=50,81+77,36-(37,07+0)=91,1 “/moi ;

Izteikta gazes $kidibai NHsgas+H20=NHazaq energijas vertibas ir Gurzag=91,1 */mol, GNH3gas=107,285 “/mol.

Vaja skabe GnHa+=50,81 K/mol protolize NH4*+H20=NHazag+H30* pKeq=10,99 rada endoergisku energijas

izmainu AGaeq=-R*T*In(Kaeq)=-8,3144*298,15*In(10"(1099))=GNHaHydration+ GH30-GNH4+-GH20=62,73 K/mol .

Amonija brivas energijas saturs mola ir Guma+=Gnmsag+Grszo-(AGaeq+Gh20)=91,1+22,44-(62,73+0)=50,81 /o .
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Nernsta potenciala NO3/NO2" red-oks sistémas paSibas skaba H3O* tidens un baziska OH~ vidé
HNO2+4H20=NO3 +3H30*+2¢"; E°Nno3-H30+=0,8753 V Kortly, Shucha pH<3,15;
E°no3=E°+0,10166-0,0591/2*1g(1/[H20]%)-0,37239=0,94+0,10166-0,02955*1g(1/55,3"4)-0,37239=0,8753 V;
- +13 1. +13
0.0591 [NO:][H50 ]4 —0,8753V + 0.0591 log [NO:][H;0 ]4
[HNO,][H,0] 2 [HNO,][H,0]

AGegnoz=E°No3*F*2=0,8753*96485*2=168,9 “/mal,
AGegno3=Gno3-+3GH30-(GHNno2+4GH20)=340,2+3%22,44-(238,62 +4*0)=168,9 “/mal,
GHN02=GN03-+3GH30-(AGegno3+4GH20)=340,2+3*22,44-(168,9+4*0)=238,62 X/mol;

Enos=E°no3+ log

NO2 +20H =NO3 +H20+2¢e"; E°Nnos-H20=-0,3122 V; pH>3,15 Suchotina
E°nos-on=E°+0,10166-0,0591/2*Ig([H20])-0,37239=0,01+0,10166-0,02955*1g(55,3"!) -0,37239 =-0,3122 V;
0.0591 o [N o?]. [H 29] ~.03122 V+ 0.0591 log [N o?]- [H 29]

[NO]-[oH ]2 2 [NO]-[oH]?
AGegno3-0 H=E°N03-0 HeF*2=-0,3122*96485*2=-60,245 ¥/mo,
AGeqnoz-0H=GN03 +GH20-(Gno2 +2GoH)=359,675+0-(265,3+2*77,36)=-60,245 “/ma,
Gno3 =AGegno3-0H -GH20+(Gno2 +2GoH)=-60,2455-0+(265,3+2*77,36)= 359,775 “/mol,
Gno2-= Gn03-+GH20-(AGegnoz-oH+2Gon)=359,675+0-(-60,245+2*77,36)=265,3 /mol;

Eno3-oH=E°No03-oH+

NO2+3H20=NO3+2H30*+2¢"; David Harris; absolatais standarta potencials E°no3=0,7188 V
E°no3=E°+0,10166-0,0591/2*1g([H20]°%)-0,37239=0,835+0,10166-0,02955*Ig(1/55,3"%)-0,37239=0,7188 V

Mn0=30,006 9/mor; Skidiba NO®©@ 0,0056 %964 (20 C) ; W%=0,0056/(0,0056+99,6)*100=0,00562%; Gideni
[NOaq]=(0,00562/100%996)/30,006=0,001865 M, ja tiras gazes mol dala ir viens [NO©@]=1;
Lidzsvara NOgas+H20=NOaq konstante Keq=[NOaq]/[[NO®]/[H20]=0,001865/1/55,3=10/(4472),
AGeq=-ReTeln(Keq)=-8,3144*298,15*In(10"(4472))=-8,3144+298,15¢-10,297=25,526 “/mol
AGeq=GNoag-(GH20+GN0gas)=86,55-(0+Gnogas)=25,526 ol ;
Gnogas=GnNoag-(GH20+AGeq)=86,55-(0+25,526)=61,024 X/mol , ja lidzsvara minimums ir AGeq=25,526 “/mol ;
Gazes NOgas $kidiba kompensg vienu fidens molekulu Nernsta izteiksmé no sesam 6H20 uz piecam 5H20:
NOag+5H20=NO3 +4H30*+3e"; E°No(g)H30+=0,8609 V; Kortly, Shucha ;
E°Nno(g)H30+=E°+0,10166-0,0591/3*Ig(1/[H20]°)-0,37239=0,96+0,10166-0,0197*lg(1/55,3"%)-0,37239=0,8609 V;
- +14 - +14
E No(g)H30+=E°No(g)H30+10,0591/3l0g [I\I[CN)Z?]]% =0,8609 V+0,0197+log D\E;ﬂ%
AGeqno(g)H30+=E°No(g)H30+*F*3=0,8609*96485*3=249,19 X/,
AGegno(g)H30+=GN03-+4GH30-(GNoag+5GH20)=340,2+4*22,44-(180,77+5*0)=249,19 Y/l
Gnoag =GN0z +4GH30-( AGegNo(g)H30++5GH20)=340,2+4*22,44-(249,19+5*0)=180,77 “/mal,

NH3gas+H20=NHzaq briva energija Gnnzag=91,1 “/mol ; NHzag+H20=NH4*+OH" ;

NH4*+13H20+0H=NO3 +10H30*+OH +8e"; H3O"™+OH=2H:0,;
NH4*+11H20+OH=NO3s +9H30%+8e"; H30™+OH=2H:20;

NH4*+13H20=NO3+10H30*+8e"; E°NH4+H20=0,7667 V Suchotina

8765’ zxcdfvgrhtjykuiop[]

E°NHa+H20=E°+0,10166-0,0591/8*1g(1/[H20]3)-0,37239=0,87+0,10166-0,00739*Ig(1/55,3"13) -0,37239 =0,7667 V/;
-1 +110 1 +110
INO-HHSO) 4 76669 v +0,00739+10g N HO]
[N H4]'[H 20] [N H4]'[H 20]
AGegNH4+H20=E "NHa+H20°F+8=0,76669*96485*8=591,8 K/,

AGegNHa+H20=GN03-+10GH30-(GNH4+-13GH20)=601,06+10*22,44-(232,9-13*0)=591,8 X/ma,
Gn03-=AGegNH4+H20-10GH30+(GNH4+-13GH20)=591,8-10%22,44+(232,9-13*0)=601,06 “/mol;

ENH4+H20=E°NHa+H20+0,0591/8°log
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Nernsta potenciala studijas 5(Pt)H+MnO4 uzskaitot hidroksoniju HsO* un tideni H20.

Inversais Nernsta standarta potencials: MnOs +8H30*+5e'=Mn?*+12H20; -E°Mn2+/Mnos-=-1,4865 V.

Divpadsmit iidens molekulu uzskaite [H20]=55,3 M=(996_9/1)/(18_9/ma1) palielina potencialu lidz:
E°Mn2+Mno4-=E°-0,0591/5<log(1/[ H20]*?)=1,51-0,0591/5*log(1/55,3"1?)+0,10166-0,37239=1,4865 V;
Udens koncentracija [H20]*2 ir ieklauta klasiska standarta potenciala vértiba E°=1,51 V ka logaritms:

Reducétaja Nernsta absol;itais standarta potencials: 5(Pt)H+5H20=5H30"+5e";  E°nw=-0,27073 V
Emnos=-1.4865 V+0,0591/5¢ log([H20]***[Mn?*]/[MnO4]/[H30*]8);
En=E°n +0,0591°l0og([H30*]/[H20])=-0,27073 V +0,0591<log([H30*]/[H20]) ;

Elektronu balansé$ana +ne’=5e'=-ne- summaraja Red-Ox reakcija: MnO4+3H30*+5(Pt)H=Mn?*+7H:0;
AGHessptyH=AG Mnz+ 7TAG° H20-(AG°Mnout 3AG° Hao+5G py)=-228, 1+ 7*-237,191-(3*-213,2746-447,2+5%48 56)=-1044, 215 mo;
AGHesscRC=AG® Mnz+ TAGH20-(AG®Mnos+3AG a0 +5/2AG2)=-228, 1+7*-237,191-(3%-213,2746-447,2+5%99,13/2)=-1049 Y/mol;
AG Alberty=AG °Mn2+7AG°H20-(AG°Mnoa+3A G H3o+5/2Ghp)=-228,1+7*-237,191-(3*-213,2746-447,2+5*103,24/2)=-1059,5 I(“]/mol;
Viela AHOH,k‘]/molASOH,‘]/moI/K AGOH,kJ/mol

H2O | -285,85 | 69,9565 | -237,191 |CRC Handbook of Chemistry.and Physics, 2010, D.Lide
H2O | -286,65 | -453,188 | -151,549 |Biochem.Thermodyn.,Alberty,2006, Massachusetts Technology Inst.
HsO* | -285,81 | -3,854 |-213,2746

H2(aq) 23,4 -130 99,13

H2(aq) -5,02 -363,92 103.24 |Alberty 2006 Biochem.Thermodyn Massachusetts Technology Inst.
H(Pt)(q) - - 48,56 AGeq=-847,7 K fmol ; AGHess=-1044,2 ¥/mol

MnOs | -541,4 -191,2 -447 .2

Mn2* | 2208 | -73,6 -228,1 | ka absoliti lielumi | AGeq=-847,7 “/mol | < | AGHess= -1043,7 /ot | ;
Oaqua | -11,7 -94,2 16,4

AGeqriMnos=(E° H-E°Mno4-)*F+15=(-0,27073-1,4865)*96485*5=-1,757*96485*5=-847,7 X/mo! .
Keq=eXp(-AGeq HiMnoa/R/T)=exp(847732/8,3144/298,15)=exp(341,96)=10%485 ;
Eksotermiska un eksoergiskas MnO4” reducgsanas ar metalisku 5(Pt)H Hesa brivas AG 10442 9 A
energijas izmaina negativa AGHess=AGoxred=-1043,7 “/mol , bet minimizgjas sasniedzot — |*%--------- -
[H,00 [Mn2] aG<o I
[POHIEMN O [0 | N~
Brivas energijas izmainas minimums AGmin ir Prigozina atraktors. Brivas energijas AGumine-847 TR

5A+B+3C 50% D+8E

izmainas minimuma sasniegS$ana iestajas lidzsvars. Lidzsvara stavoklis ir atraktors
visiem bezgaliga skaita ne lidzsvara stavokliem izejvielas_ 5(POH+MNOs+3H30*
produkti Mn?*+7H20
MnO2+40H=Mn0Os+2H20+3e™; Reducétaja Nernsta absolttais standarta potencials: E° mnoz/mnos-=0,26465 V
E° Mno2mno4-=E°-0,0591/3log([ H20]?)+0,10166-0,37239 =0,603-0,0591/3*l0g(55,3'2))+0,10166-0,37239 =0,26465 V/;
MnOs>=MnOs+e~; Reducétdja Nernsta absolitais standarta potencials: E° mnoz/mno4-=0,2883 V;
E° Mnoaimnos-=E®-0,0591/3log([ H20]0)+0,10166-0,37239 =0,558-0,0591/3*log(55,3"9))+0,10166-0,37239 =0,2883 V;

lidzsvara maistjumu AGmin=AGeq=-847,7 ¥/mol;10148:5=Keq=

2) Karbo anhidraze CA generé brivo energiju no nulles Gco2+2H20=0 %/moi 11dz GH3o+Hc03-=78,52 K/mol.

Skidiba fiden rada brivo energiju no nulles Iimena COzgas +H20=CO2aqua lidz Gcozaqua=18,38 ¥/mor ar konstanti:
KeqCOZaqua= [COZaqua]/[COZgas]/[HZO]:EXP(-GCOZaqua/R/T):EXP(-18382,746/8,3144/298,15)20,000601808
palielinot brivo energiju 11dz Gcozaqua=-Re*TeIn(Kskcozaqua)=-8,3144*298,15*In(0,000601808)=18,38 “/mol.

Reakcijas CO2aquat2H20+AG+Q=v1A>H30*+HCO3
atruma konstante ir Kicozaqua=1,5%x108 M~!s™! un protolitiska skabes CO2aqua lidzsvara konstantes vértiba ir
[”[Egjj[[:z%]]z =Keqoancosaqui=Ka_conaqual[H20]2=107%512/55,32=2 906*10°1L.[9]
CA liela atruma protolizes konstante akumul€ brivo energiju produktos HsO*+HCOz3" aktivgjot tos:
AGeqcacozaqua=-R s Teln(Keqcacozaqua)=-8,3144*298,15*In(2,90636*10719)/1000=60,14 X/mol .
Kopgja briva energija palielinas aktivgjot sasniedzot lidzsvara stavokli liela atruma protoliz€ un skidiba:
GH30+HC03=GH30++GHc03-=22,44+56,08=Gcozaguat A GegcAco2aqua=18,38+60,14=78,52 “/moi . [1,8,14]

Liela atruma protolizes atraktors ir pH=7,36. Novirze no atraktora izjauc neatgriezeniskas homeostazes procesus,

radot nekartibu un haosu.
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Karbo anhidrazes CA sintéze nepiecieSams aktivas biosféras atraktors.

Karboanhidrazes reaktivitate un radita fiziologiska bufera skiduma protolizes lidzsvara-atraktora veértiba
pH=7,36 ir pasorganizgjosais biosferas atraktors. Reakcijas CO2+2H20 uzkrata briva energija produktos
(CO2aqua) H3O*+HCO3" akumulg brivo energiju GHzo++Hco3-=18,38+60,14=78,52 ¥/, kas nepiecieSama kermena
funkcionalai darbibai, tas ir bikarbonata bufera sistéma idealai reakciju secibai neatgriezeniskas homeostazes
kompleksajos procesos.

CO2 nereage ar deni H20 bez CA klatbiitnes. CO2 ir mazskistoss un Ieni reage ar OH".
Wikipedia [27] mol masa Mco2=44,009 g/mol. Skidiba CO2gas+H20=CO2aqua 1,45 g/L pie 0,99 atm un pie
1 atm mco2=100*1,45/99=1,4646 g/L ar koncentraciju [COzaqua]=Mco2/Mco.=1,4646/44,009=0,03328 M.
Skidiba ir Kspcozaqua=[CO2aqua]/[CO24as]=0,03328 M bet lidzsvara konstante molu dalas ir bez mérvienibas
KeqCOZaqua:[CO2aqua]/[C02gas]/[H20]:KspCOZaqua/[HZO]:0,03328 M/55,3 M=0,000601808.
Briva energija AGeqcozaqua=-R*T*In(Keqcozaqua)=-8,3144*298,15*In(0,000601808)/1000=18,38 “/mol ir
minimuma ar $kidibas lidzsvara vértibu Gcozaqua=AGeqcozaquat(GcozgastGHz0)=18,38+(0+0)=18,38 ¥/moi .
No gaisa 0,04 % mol dalas [CO2gas]=0,0004 izskidinata koncentracija ir:
[CO2aqua]=Keqcozaqua*[H20]*[CO2g4as]=0,000601808*55,3457*0,0004=0,000753 M.
Oglekla dioksids COzaqua reage ar OH- joniem reizes 10165 [enak par bikarbonata HCO3™ neitralizacijas reakciju:
H30*+HCO3=>CO2aqua+2H20, jo neitralizacijas atruma konstante ir k2=5,16885*10 M~2s"!, bet OH- joniem
CO2aquatOH=>HCOs3 ir atruma konstante kion no 1,5%102 M~2s™. Reakcija ir labvéliga:
AGHessHco3-=GHcoz--(Gcozaquat Gon-)=56,08-(18,38+77,36)=-39,66 X/mol ar lidzsvara konstanti
K1oH-/k2nco3-=[HCO3)/[CO2aqua)/[OH]=Keq Hco3-=EXP(-AGeq Hcos-/R/T) =EXP(39659/8,3144/298,15)=8875,3,
eksotermiski izdalot siltumu Q AHwess=AH°Hcos-AHco2-AH 0n=-48,68 ¥/mol. Inversa HCO3=>CO2aqua+OH"
reakcija ir nelabveliga kzrcos =kion-/Keq Hcoz-=1,5%10%/8875,3=0,0169. Sadalisanas HCO3=>COzaqua+OH-
atruma konstante KaHcos- ir desmit triljoni 10*2 reizes Ienaka par CA atruma konstanti Kicozaqua=1.5%x108 M~'s™1,

CA protolitiska reaktivitate rada funkcionali aktivu bikarbonata bufera pasorganizésanas atraktoru pH=7,36 ar
generétiem koncentracijas gradientiem transportam H3O*, HCOs", COzaqua UN O2aqua, H20 0smozei cauri
akvaporinu kanaliem. [9]

CA liela atruma protolizé reagé CO2zaqua ar divam tidens molekulam:
CO2aquat+2H20+AG+Q=V1cAH30*+HCOg", kura atruma konstante ir: Kicozaqua=1,5%108 M~'s™!, [9] Neitralizacijas
H30*+HCO3=CAC02aqua+2H20 atruma konstante ir reizes 101%%* lielaka par karbo anhidrazes atruma konstanti:
ka/k1icozaqua=5,16885*10718/1,5/10"8= 34459000000=10"125%"_ CA protolizes lidzsvara konstanti aprékina atruma
konstansu attiecibas izteiksmé:

KeqcaHco3aqua=K1cozaqualk2=Ka_cozaqua/[H20]2=1077:0512)/55 32=2 906*10-11=10-1054,
Bikarbonata bufera skabes protolizes konstante pKa cozaqua=7,0512 ir draudziga atraktora vertibai pH=7,36:
Ka_COZaqua:KeqCAHCOSaqua*[HZO]ZZ [HCO; Jagua [H30] =1070512=1-PKa_COZaqua, Originala pKa_cozaqua=7,0512
[C 02] aqua

vertiba iegiita un aprékinata BUFERA Skidumam. Hesa brivas energijas izmaina ir eksoergiska negativa:

AGHess=2AG °H20+AG°co2-(AG°H30+AG Heo3)=2*-237,191-385,98-(-213,2746-544,9688)=-102 */mor . [1]
Neitralizacijas: H3O"+HCO3=CO2aquat2H20 konstante ir inversa protolizei un labvéliga:

KeqNeitralizacija=1/KegcaHcozaqua=[HC O3]*[H30*]/[CO2aqua) /[[H20]?=1/2,90636/10"1D=34407299853.
AGabsolute=2GH20+Gco2qua-GH3o-GHco3=2*0+18,38-22,44-56,08=-60,14 K /mot UN
entalpijas Hesa izmaina ir eksotermiska: AHHess=2AH°H20+AH°co2-AHH30-AHHco3=-7,2 K/mol .
Neitralizacija ir labvéliga reakcija. Brivas energijas izmainas minimums izteiksmé ir negativs:
AGegNeitralizacija=-ReTeIn(KegNeitralizacija) =-8,3144298,15+In(34407299853)=-60,14 “/mol, bet CO2aqua protolizes
minimums ka neitralizacijas inversa reakcija ir pozitiva:
AGeqCAHCO3aqua=-R°T°lll(KeqCA_HCO3aqua)=-8,3 144’298, 1 5-In(1/34407299853):60, 14 k‘]/mol.

A 1029, A Atraktora Zim. 2. Eksotermiska un eksoergiska neitralizacija Hesa brivas energijas
izmair)a AGequitralizécija negaﬁva -102 I(‘]/mol, bet AGequitralizécija:'60,14 I(‘]/mol
minimiz€jas sasniedzot [idzsvara maistjumu: Keq=34407299853 CA karbo anhidrazes
klatiene. Oglekla dioksids reakcija ar hidroksida anjonu ir [éna, jo mazi reizinataji:
atruma konstante kion=1,5*102 M%s™? | koncentracijas [COzaqua]=0,000753 M,
[OH]=10"%%* M. Karbo anhidrazes sintéze atrisina bioenergétika perfektu kartibu
homeostazei ka pasorganizgjoss atraktors. [3,4]

AGmin= '60, kJ/mol o

A+B 50 % C+2D.
Reaktanti H3O*+HCOs", produkti CO2aquat2H:20.
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https://en.wikipedia.org/wiki/Carbon_dioxide
http://aris.gusc.lv/BioThermodynamics/BufferSolutionLat202015.pdf

2C02 / H2C204 | CHagas $kidiba un protolize ieklauj hidroksonija HsO* un tidens H20 uzskaiti.

Oglekla dioksida veidosanas no briviem elementiem Cgr+O2gas=CO2gas Standarta brivas energijas izmaina

ir negativa AGHess co2gas=-394,36 “/mol. [1] Ja fona Iimenis biokimijas absoliitas energijas skalai ir nulle, tad
Hesa likuma grafitam absoliitas brivas energijas saturs ir Ggr=-AG°Hess co2gas-G02gas=394,36-303,1=91,26 “/mor.
Standarta brivas energijas izmainas metana veidos$anai no brivajiem elementiem Cgr+2H2gas>CHagas [1,8] ir
AGHess_CH4gas:GCH4ga5'(GCgr+2*GH2):GCH4gas-(91,26+2*M)=-50,5 kI mot UN
brivas energijas saturs uz vienu molu metana, kas paliek neizmantots no brivajiem elementiem Hesa likuma ir
GcHagas=AGHess_cHagast+(Gcgr+2* GHz)=-50,5+(91,26+2*85,64)=212,04 X/mol.
Tas lauj mums aprekinat absoliito brivo energiju uz grafita elementa molu, izmantojot Albertija energijas datus:
G°CngH4gas:G°CH4gas-AGHess_CH4gas-2*G°H29as:212,04-(-50,5+2*M):91,26 ol )
kas sakrit ar oglekla dioksida gazes nulles fonu G°co2gas=0 ¥/mol biokimijas absoliitas energijas skala.
Metana $kidiba CHagas+H20=CHoaaq ir 22,7 mg/L un metana mol masa ir Mcn4=16,043 9/mol. Udens uzskaite
[H20]=996/18=55,3 M aprekina konstanti Keq=Ksp/[H20]=0,001414947 M/55,3 M=10"4592)_ Albertija dati
aprekina §kidibas energijas izmainu AGeqcHagas=GcHdag-(GcHagas+GH20)=238,25-(212,04+0)=26,21 K/mol .
GeHaag=AGeqcHat+(GH20+GcHa%%)=26,21+(0+212,04)=238,25 X/mol;
Metana skidibas [CH4]=0,0227/16,043=0,001414947 M lidzsvaram absoltita brivas energijas izmaina ir
AGeg=-ReTeIn(Keq)=-8,3144*298,15*In(0,001414947/55,3)=-8,3144+298,15-6,592=26,21 “/mol .
Lidzsvara energijas izmaina AGeqcH4=GcHaag-(GH20+ GcHa%%8)=GeHaag-(0+212,04)=26,21 X/moi lauj aprekinat
absoliito brivas energijas saturu metanam tident (aqua): GcHaag=GcHagas+GeHasp=212,04+26,21=238,25 X/mol;

Viela AH°®H I(J/mol AS°®H ‘]/mollK AGOH,k‘]/moI AGH2C204:AHH—T*ASH:-829,9-298,15*-0,1098:-747,75 I(J/mol;
H2O -285,85 69,9565 | -237,191 |CRC
HsO* -285,81 -3,854  |-213,2746 |CRC Mischenko 1972, Himia, Leningrad [26]

HoC2Oucr | -829,9 -109,8 -797,16 |CRC

H2C20u4cr | formation 76,96  (GH2c204cr=AG°H2c204crForm+(2Gcgrt2Go2gastGHzgas)=76,96 K mol;

H2C20u4sq | AGeq sp= 9,0161 85,976  |GH2c204a9=AGeq_sp+(GH20+GH2c204%)=85,976 X/mol;

H2C204sq | E°Hac204=  -0,6577 V | 171,78 |Gh2c204=2Gco2+2GH30-(AGegH2c204+2GH20)=171,78 /mol;
HC204 17,08 pKa2=1,25 | 80,618 |GHc204=AGeqiH2c204-GHzo+(GHac204+AGH20)=80,618 /o ;
HC204 | E°Hc204=  -0,7092 V | 159,028 [GHc204=2Gco2+GH30-(AGeqHc204+GH20)=159,028 ¥/mol;

C204> - - -677,14 |Alberty 2006 Biochem.Thermodyn Massachusetts Techn. Inst.

C204% 33,578 | pKa=4,14 | 91,756 [Gc204=AGeq2Hc204-GHzo+(GHc204+GH20)=91,756 K/mol ;

C204% | E°coos= | -0,7607V | 146,79 |Gc204=2Gco2-(AGeqc204)=2*0-(-146,79)=146,79 ¥/mol;

CHoagas -74.,6 186,3 -50,5 |Wikipedia CRC [1]

CHagas | formation -50,5 212,04  |GcHagas=AGHess_cHagas+(Gegrt2*Gh2)=212,04 W/mol;

CHagas Alberty 2006 120,56  |G°cgrcHagas= G cHagas-GHess_CH4gas-2* G°H2gas=91,26 k‘]/mol;

CHaaq | Solubility ‘26,21 238,25 |GcHaag= Geragast Gerasp=212,04+26,21=238,25 K/mol;

CHaaq | Alberty 2006 136,95 |Alberty 2006 Biochem.Thermodyn Massachusetts Techn. Inst.
Cor backg round Biochemistry 91,26 G°cgroco2=-AG Hess_co2gas-G °02gas0=394,36-303,1=91,26 I(J/mol;

CO2gas | -393,509 213,74 -394,359 |CRC [1]

CO2q | -413,798 | 117,5704 | -385,98 |CRC[1]

CO2aq | E°Hoc204= |-0,6577 V -42,90 [2Gcor= AGeqHec204-2GH30+(GH2c204+2GH20)=2*-42,902 X/mol;

CO2aq | E°Hc204= [-0,7092 V -97,514 [2Gcor= AGeqHc204-GH3o+(GHc204+GH20)=2*-97,514 X/mor;

CO24q E°co0s= [0,7607 V -27,517 [2Gco2=AGeqc204+(Gc204)=-27,517 W/mol;

CO2aq | Kegcozaqua Skidiba 18,38  |Gcozagua=AGeqcozaquat(GcozgastGrz0)=18,38+(0+0)=18,38 “/mol .
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Veido$anas no briviem elementiem 2Cgr+202gas+H2gas=H2C204¢r un Skidiba H2C204+H20=H2C204aq:
GH2c204cr=AG°Hac204crForm+(2Gcgrt 2Gozgas+GHzgas)=-797,16+(2*91,26+2*303+85.6)=76,96 /mol.
Skabenskabes skidibas 118 9/ H2C204+H20=H2C204aq konstanti iegiist no CRC, Wikip&dijas datiem
Keq_sp=[H2C204aq]/[H2C204°"]/[H20]=1,3106/1/49,77=0,026329. [1,29]
Mola masa MH2c204=90,034 9/mol; [H20]=982/18=49,777 M; koncentracija [H2C204]=118/90,034=1,3106 M un
masas dala procentos w%=118/(118+982)*100=10,7272%, ja tira kristala mol dala ir viens [H2C204+“]=1.
Skabenskabes $kidibas brivas energijas izmaina lidzsvara ir nelabvéliga Keq sp=0,026329:
pozitiva AGeq sp=-ReTIn(Keq sp)=-8,3144*298,15*In(0,026329)=-8,3144+298,15+-3,637=9,0161 ¥/moi .
Hesa izmaind AGeq sp=GHac204aq-(GH20+GH2c204)=GHac204aq-(0+76,96)=9,0161 “/mor aprékina saturu brivai
energijai GHzc204a0=AGeq_sp*+(GH20+GH2c204)=9,0161+(0+76,96)=85,976 “/mol [29] Wikipedia.

1. Vajas skabes protolize H2C204+H20=HC204+H30"; pKa1=1,25; Keq1=Ka1/[H20]=1071.2)/55 3= 0,0010169;
AGeqiH2c204=-R*TsIn(Keq1)=-8,3144*298,15*In(0,0010169)=AGHc204+AGH30-(AGHc204+AGH20)=17,08 X/mol;
AGeqiH2c204=GHc204+GH30-(GH2c204+AGH20)=GHc204+22,44-(85,976+0)=17,082 </mor;
GHc204=AGeq1H2¢204-GH3o+(GH2c204+AGH20)=17,082-22,44+(85,976+0)=80,618 /mol;

2. Vajas skabes protolize HC204+H20=C204>+H30"; pKa2=4,14; Keqe=Ka2/[H20]=10"(414)/55 3=0,000001310;
AGegzHc204=-R*TeIn(Keq2)=-8,3144*298,15*In(0,000001310)=AGc204+AGH30-(AGHC204+AGH20)=33,578 X/mol;
AGeq2rc204=Gc204+GH3o-(GHc204+GH20)=Ge204+22,44-(80,618+0)=33,578 X/mor;
Gc204=AGeqeHc204-GH30+(GHe204+GH20)=33,578-22,44+(80,618+0)=91,756 “/mo;

pH<=1,25 H2C204+2H20=2C02+2H30*+2¢"; E°H2c204=-0,6577 V Suchotina [17]

E°H2c204=E°+0,10166-0,0591/2*Ig(1/[H20]?)-0,37239=-0,49+0,10166-0,02955*1g(1/55,3%)-0,37239=-0,6577 V;
Absolute Nernst’s Standard potential E°H2c204=-0,6577 V; Suchotina [17]

0.0591 [CO,]*[Hs0']? 0.0591 . [CO,]*[H50"]?

[Hzczoz]'[H 20] 2 [Hzczoz]'[H 20] 2

AGegH2c204=E°H2c204¢F+2=-0,6577*96485*2=-126,9 “/mol,

AGeqH2c204=2Gco2+2GH3o-(GH2c204+2GH20)=2*0+2*22,44-(GHac204+2*0)=-126,9 /ol ;
GH2c204=2Gc0o2+2GH30-(AGegH2c204+2GH20)=2*0+2*22,44-(-126,9+2*0)=171,78 “/mo! ;

=-0,6577 V + Ig

EH2c204 =E°H2c204+

1,25<pH<=4,14; HC204+H20 = 2CO2+H30*+2¢7;

Absolute Nernst’s Standard potential E°Hc204=-0,7092 V Suchotina [17]
E°Hc204=E°+0,10166-0,0591/2*Ig(1/[H20]%)-0,37239=-0,49+0,10166-0,0591/2*Ig(1/55,3"1)-0,37239= -0,709 V;
AGegHc204=E Hc204°F+2=-0,7092*96485*2=-136,85 “/mal,
AGegHc204=2Gco2+GHzo-(GHc204+GH20)=2*0+22,44-(GHc204+0)=-136,85 “/mol,
GHc204=2Gco2+GH3ao-(AGeqHc204+GH20)=2*0+22,44-(-136,85+0)=159,028 X/mo,

4,14 <pH; C204% = 2C02+2¢; Absolute Nernst’s Standard potential E°c204=-0,7607 V; Suchotina [17]
E°c204=E°+0,10166-0,0591/2*Ig([1/H20]°)-0,37239=-0,49+0,10166-0,0591/2*1g(1/55,3°)-0,37239=-0,7607 V;
AGeqc204=E° c204¢F+2=-0,7607*96485*2=-146,79 /ma,
AGeqc204=2Gco2-(Gc204)=2*0-(Gc204)=-146,79 F/mol,
Gc204=2Gco2-(AGeqc204)=2*0-(-146,79)=146,79 X/mo,
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Nernsta potenciala studijas reducgjot ar vitaminu Bz etanalu H3CCH=0 un oksidgjot HsSCCH20H etanolu

Aerobi [NAD*]J/[NADH]=10%; H3C-CH2-OH+NAD*+H20+AG+Q=>H3C-CH=0+NADH+H30*
AGHess=AG°H30+AG°cHacHo+AGNADH-AG cHacH20H-AG°H20-AG °NaD+=159,1 K/mol:
AGHess=32,2824+1175,5732-151,549-(75,2864+1059,11-237,191)=159,1 X/mol endoergiska;

NAD*+H (H"+2e )=NADH; inversais standarta potencials -E°nap+=0,38373 V; [22]
CH3CH20H+H20=CH3CHO+H3O*+H"(H*+2¢"); absolatais Nernsta potencials E°cons04=0,02923 V;
E°c2H50n=E°-0,0591/2¢l0og(1/[ H20]")=0,19-0,0591/2*log(1/55,3")+0,10166-0,37239=0,02923 V;
Summa: E°czHsoH-E°NaD+=0,02923+0,38373=0.3545 V, n=2; AGeq=AE"*F*n=0.3545%96485%2=68,4 “/mol;
Novértétaja balansa n=2=m ar elektronu skaitu 2e- donors E°c21s014=0,02923 V plus electronu akceptors
-E°NnAD+=0,38373 V, jo -E°NnaD+=0,38373 V akcepte elektronus no etanola E°c2ns01=0,02923 V:

68408
NADH]-[CH,CHO][H,0*]  AGeq -———
AGeg=-R*T*In(Keq)=68,4 “/mol; Keq= EN AD+]]_[([:H éH OF],]_[[H'* O]] =o ReT =6 8.3140298.15 =1 036+1012=1011.985 ;
3 2 2

Anaerobi [NADH]/[NAD*]=10 Hs3C-CH=0+NADH+H30*+AG+Q =>H3C-CH2-OH+NAD*+H20;
AGHess=AG°cH3cH20H+AG°H20+AG°NAD+ -AG°H30-AG°cHacHo-AG°NADH = -159,1 K/mol;
AGHess=75,2864+1059,11-237,191-(32,2824+1175,5732-151,549)= -159,1 “/mel endoergiska;

Red NADH=NAD*+H"(H*+2¢"); absolitais standarta potencials E°napn=-0,38373 V; David Harris; [22]

E°nabH=E®-0,0591/2¢log(1/[H20]°)=-0,113-0,0591/2*log(1/55,3"°)+0,10166-0,37239=-0,38373 V;

Ox CH3CHO+2H30*+H"(2e")=CH3CH20H+ 2 H20; inversais potencials -E°cHscHo=0,02923 V; [19];

Summa:

AE°=E°NaDH-E°cHacHo=-0,38373+0,02923=-0.3545 V, AGeg=AE°*Fen=-0.3545 V+2 mol*96485 ¢/moi=-68,4 X/mol;
Novértétaja balansa n=2=m ar elektronu skaitu 2e” donors E°napni=-0,38373 V plus electronu akceptors
-E°cH3cH0=0,02923 V, jo -E°cHacHo=0,02923 V akcepte elektronus no B3 vitamina E°napn=-0,38373 V .

—68408
[NAD*J[CH,CH,OH]: [H,0] ~ _AGed  — =22
AGeq=-ReTsIn(Keq)=-68,408 “/mor; Keq= [NADH]-[CH,CHO [.0"] =g ReT =g 8.314298.15 =1 (11985
s 3

Aeroba organisma Ozaqua NADH oksidaze reda attiecibu [NAD*]/[NADH]=10¢; AG 100, G M
AGHomeostize=68,408+ ReTsIn(109*1/1*10736/55,3)=68,408-86,2= -17,8 /mol. Hess e
[NAD*]/[NADH]=10%; AGHomeostaz==68,408-69,08= -0,676 ¥/mol.

Lidzsvars novirzits izejvielas ka aeroba konstante Keq =109 un ir inversa anaerobi

produktos konstanté Keq=10'195, Aeroba endotermiska un endoergiska etanola
oksidesana Hesa likuma brivas energijas izmaina ir pozitiva AGHess=159 “/mol Un

-.:;AGmln:! 68,4 k‘]/mol

asimetriski negativa etanala anaerobai reducé$anai AGHess=-159 “/mol , bet minimiz&jas A+B+C50%D+E+E
sasniedzot Iidzsvaru AGmin=AGeq=68,4 “/mol aerobi izejvielas_ NAD*+HsCCH,0H+H-0
un asimetriski anaerobi AGmin=AGeq=-68,4 ¥/mol sasniedzot lidzsvara  produkti_ ~ NADH+H3CCHO+H30*
maistjumu ar asimetriskam konstantém 1071%985=Keq un 1011985=Keq . Acerobi DT |
Prigozina atraktors ir brivas energijas izmainas absoltits minimums AGmin Sasniedzot softi i
lidzsvaru: AGmin=68,4 ¥/mol= | AGeq | < | AGress | =159 ¥/mor. AG=0 [Hess
Anaerobi HzC-CH=0+NADH+H30* =>H3C-CH2-OH+NAD*+H20+AG+Q; G
reducéana labveligi AGeg=AE°*Fen=-0.3545 V+2 mol*96485 C/moi=-68,408 //mol. anaerobi
Anaeroba etanola oksidéSana nelabvéliga zemas O2aqua koncentracijas hipoksija, bet AGmin= -68,4 “/mol &
etanala reducésana par etanolu labvéliga [H3CCH20H]/[ HsCCH=0]=1/10 homeostazé = D+E+F 50% A+B+C
ar NADH reduktazes enzimu ka negativa brivas energijas izmaina NADH+H3CCHO+H30*
AGHomeostaze=-27,86 ¥/mol NAD™+H3CCH20H+H20

Anaeroba attieciba homeostazg virs ¢ labvéliga reducésanai:
AGHomeostéze:‘68,41+8,3144*298.15*'n(KHomeostéze):'68,41+40,54 = -27,86 kJ/mol
1 1 55333 [NAD " }[CH,CH,OH} [H,0 ]
= * * - = - kJ . .
AGromeosize=-68,41+8,3144*298,15*In( - - 10736 )=-21,86 “mol; Ktiomeosaz= [NADH]-[CH,CHO |- [H407]

[NADHY/[NAD*]=1/770; AGHomeostaz=68,408+8,3144*298,15*In(700/1*1/1*55,3457/10-"-36)=0,028 */mol.
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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>—Si0sH+H20={Si0,—Si03 +H30*. Stikla elektroda potenciila radanas izskaidrojama sekojosi.

Uz stikla virsmas atrodas silicijskabes anjonu funkcionalas grupas ¥SiO>—SiOs". Stikla virsma iestajas
protolitiskais lidzsvara stavoklis starp kristalisku silicijskabi SiO2—SiOsH un silikata anjonu grupam SiO2—SiOs .
Silicijskabe ir ident nekistosa skabe un loti vaj§ protolits: SiO>—SiOsH+H20={Si0,—Si0s +H30*,

Ta ka kristaliskai membranai ir iekS€jas virsmas lidzsvars un uz argjas membranas virsmas ir argjais
lidzsvars, kur$ ir mainigs no méramas vides H3O" koncentracijas testa eksperimentos.

H3O%ieks+ SiOs —SiO2d=H20+HSi03=SiO/111SiO/11] Si02—SiOsH+H20=4Si0>-Si0s +H30*arsi.
Virkng saslégtu lidzsvaru konstansu reizinajums veido membranas lidzsvara konstanti Kieks® Kargj.=Kmembr:

H,0 [H30"are Ha0']ars
[|£ é+]] ; argj. = [HT]«‘:\IeJS , Kicks® Kargj.= Kmembr= —[ 30 ]arejs ;
3V lieks$ 2

[H30™Tiexs
+ .

00591 4 M50 laeis —0 0591 (log[HsO*srs]-log[Hs0 eks])= Econst -0,05918pH ,
[H30"Tiexs

kur n=+1 tdenraza jona ladin§ H*, bet logaritms no koncentraciju attiecibas ir logaritmu no koncentracijam starpiba.

Kieks.=

Emembr=

Jonu koncentracija membranas iek§pusé mainas un ir konstanta Econst.= -0,0591elog[H30"ieks]. Membranas
potencials ir atkarigs tikai no $kiduma tidenraza joniem H3O%ars vai pH=-log[H30"argj].
Emembr= Econst +0,0591 @log[H3O*outer] .
Praktiski lietojama stikla elektroda uzbtives sh€éma paradita attela. Stikla caurulites gala ir izveidots plans
stikla pislitis, kas kalpo par stikla membranu. Stikla elektroda iekSpusé ieliets HC1 Skidums ar zinamu

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

stikls stikls

Ag

arpuse | iekSa | arpuse stieple

skidums
AgCl
nogulsnes

Stikla membrana HSiOs—SiO24 /////SiO2/l/] +Si0>=SiOzH un elektroda komplekts ar sudraba stiepli.



Elektrisko kontaktu ar stikla membranu iek$gja Skiduma iegremdé sudraba stiepli, kas izveido otra veida
elektroda potencialu Eagci ieks virkn€ ar membranas potencialu Emembr.+ Eagcticks. Potencials ir atkarigs tikai no argja
— petama Skiduma pH, jo salsskabes koncentracija ir konstanta.
salidzinaSanas elektrodu ar standarta potencialu Eagci. Elektriska kéde noslédzas pie pH-metra kontakta spailém:

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

1) stikla elektroda ickSpusé izveidota AgCl elektroda potenciala Eagct ieks.;
2) stikla membranas elektrods Emembr= Econst.+0,0591 @log[H3O*outer] =Econst.-0,0591 @pH ;
3) salidzinasanas elektrods ar standarta potencialu Eagcl.
Saskaitot nemainigo saskaitamo dalas summa iegiist jaunu konstanti : E’const= (EAgcitEagcl ieks Econst.)

EDS=EagcitEmembr+Eagct ieks.= (Eagci+Eagct ieks Econst.)+0,0591-1g [H3Oar.] = E’const—0,0591epH ;

EDS = E’const—0,0591epH .

_____

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

4) nepartraukti kontrolé pH izmainas p&tamaja sisteéma.

pH meter
A
- Refsisiios 1'1 Internal
pH metrs electrode electrode
N »
< /
P AgCl
elektrods
. Ceramic
P ,Sltgdad junction Test solution
eieKiroas
pH sensitive
bulb
\ membrane ]

Skiduma pH mérisana ar kombingto stikla un sudraba hlorida elektrodu EDS pari
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Nernsta potenciala Cr2072~ / 2Cr3* red-oks sisteémas Tpasibas skaba HzO" , adens vide
Nernsta absoliitais standarta potencials. logKp=2,05; Kp=10"?%; 2HCrOs =Cr.07>+H20 ;
AGp=-ReTeIn(Kp*[H20])=-8,3144*298,15*In(10"25*55 3)=Gcr207+GH20-(2GHcros)= -21,65 “/mol;
2GHcro4=Ger207+GH20-(AGD)=Gcr207+0-(-21,65)=2?? X/mol;
pKa=1,8; HCr207+H20=Cr207%+H30*; Keq=Ka/[H20]=10"(-1,8)/55,3= 0,0002866;
AGeg=-R*TsIn(Keq)=-8,3144*298,15*In(0,0002866)=Gcro07+GH3o-(G Her207+GH20)=20,22 Kol
G Her207=Ger207+GH30-(AGeq+ GH20)=Ger207+22,44-(20,22+0)=22? ¥/mo;
Instability constant [CrOH]2+H20=Cr3*+0H"; Kins=10"%77); Keq=Kinst/[H20]=10"988)/55,3=10/(-11.51);
AGeginst=-R*TeIn(Keginst)=-8,3144*298,15*In(10" -113D)=Gcr3++Gon-(GicroHye++GH20)= 65,7 X/mor;
Gicronj2+=Gcr3++GoH-(AGeginst+GH20)=Gcr3++77,36-(65,7+0)=22? Y/mol;
Instability [Cr(OH)2]*+2H20=Cr¥*+20H"; Kinst=10"173); Keginst=Kinst/[H20]?=10717:3)/55,372=1 (0 (-20.785);
AGeqinst:-R°T°ln(Keqinst):-8,3144*298,15*|n(10/\('20'785)):GCr3++ZGOH-(G Cr(OH)2+ZGH20):118,64 I(J/mol;
G cr(oH)2=Gcr3++2GoH-(AGeginst+2GH20)=Ger3++2*77,36-(118,64+2*0)=2?? N/mol;
Instability constant [Cr(OH)3]+3H20=Cr**+30H"; Kinst=10"(?4); Keq=Kinst/[H20]=10"24/55,3=10"(2923);
AGeginst=-Re*TeIn(Keginst)=-8,3144*298,15*In(10"2°23)=G3++3GoH-(G [croH)31+3GH20)=166,8 “/mol;

G [croH)3=Gera++3GoH-(AGeginst+3GH20)=Gera++3*77,36-(166,8+3*0)=22? X/mo;
2Cr¥*+21H20=Cr207*+14H30*+6¢"; 1< pH<7 ; Standard potential E°cr2072=1,41975 V Kortly, Shucha [18]
E°cro072=E°+0,10166-0,0591/6*Ig(1/[H20]?)-0,372=1,33+0,10166-0,0591/6*1g(1/55,3"?1)-0,37239=1,41975 V;

Cr.o021. +114 Cr.o021. +114
Ecr2072- 12cr3+=E°cr2072- 12cr3++ %591 g [[Crzs?]g][f-':;(?] 2]1 =1,41975V + 0. 0591 *lg [[Crzs?]g][f—':;g] 2]1
AGeqcr2072-12c3+=E  cr2072_12cr3+°F*6=1,41975*96485*6=821,9 X/mol,
AGeqcr2072-120r3+=Ger2072-+14GH30-(2Gacrs++21GH20)=Gerao72- +14*22,44-(2Gac 3+ +21%0)=821,9 ¥/mol,
2Gacr3+=Gceroo72-+14*22,44-(821,9+21*0)=22? Y/ mol;
Cr¥*+11H20=HCrO4 +7H30*+3e";; pH>7 ; Standard potential E°cr2072=1,30692 V Kortly, Shucha [18]
E°cros=E°+0,10166-0,0591/3*lg(1/[H20]*')-0,37239=1,2+0,10166-0,0591/3*Ig(1/55,3"11)-0,37239=1,30692 V;
AGeqcroscra+=Ecroscra+*F*3=1,30692*96485*3=378,3 K/mol,
AGeqH2c204=Gcro4-+14GH30-(2G2c13++21GH20)=Gcros +14*22,44-(2Gocr3++21*0)= 378,3 Kol
2Gacr3+=Gcroa-+14*22,44-(378,3+21*0)=2?? “/mol;
Cr(OH)3|+50H=CrO4?>+4H20+3¢"; pH>9 ; E°cro42-01=-0,53806 V Suchotina [17]
E°cros2-on=E°-0,0591/3*Ig([H20]*)+0,10166-0,37239=-0,13-0,0591/3*Ig(55,3"*)+0,10166-0,37239=-0,53806 V;
AGeqcros2-on=E°crosz-on*F+3=-0,53806*96485*3=-155,74 X/mol,
AGeqcros2-on=Gcros +4GH30-(Geroms+5Gon)=Geros +4*22,44-(2Gacr3++5*77,36)=-155,74 </mo,
Geroma=Geros +14%22 44-(-155,74+21%0)=222 K/mor;
00591, IO _ f ggagpp v 00991 ), [TOZHHCL -,
[Cr(OH),]-[OHT® 3 [Cr(OH),]-[OHT°
Solubility product Cr(OH)s+4H20=Cr3*+30H"; Ksp=6,7*10"(3D; Keq=Ksp/[H20]*=6,7*1031)/55,3"4=10/(37.149);
AGsp=-ReTeIn(Ksp)=-8,3144*298,15*In(107-37149))=Gc;3++3GoH-(G cr(oH)3+4GH20)=212,02 X/mol;
G cr(on)3=Gcr3++3Gon-(AGsp+4GHr20)=Gcr3++3*77,36-(212,02+4*0)=??? “/mol;

Ecros2-icron)3 | =E°croso—scron)s |+ ———

Viela AH®H I(‘]/mol AS°H J/moI/KAGOH s kJ/mol ZGHCrO4:GCr207+O-(-21,65):??? I(‘]/mol;
CrClaer -395,4 115,3 -356 GHcr207=Gcr207+22,44-(20,22+0)=22? Y/mol;
CrCls(en -556,5 123 -486,1 GicroHpe+=Gcr3++77,36-(65,7+0)=2?? X/mol;

Cr - 23,8 - G cr(oHy2=Gera++2*77,36-(118,64+2*0)=2?? X/mol;
CrOsq) -292,9 266,2 - G [croH)31=Gera++3*77,36-(166,8+3*0)=??? K/mol;
Cr203(n) | -1139,7 81,2 1058,1 2Gaci3+=Gcr2072-+14*22,44-(806,9+21*0)=2?2? X/mor;

Gerar=Geroa +14%22,44-(370,8+21%0)=222 “/mor;
Goroms=Goros +14%22,44-(163,2+21%0)=22? Kmoi; G cr(on)s=Gors++3%77,36-(211,99+4%0)=22?2 </mo;
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Nernsta potenciala BiOs~/ Bi®* Nernsta absolitais standarta potencials. 2Bi+60H=Bi203+3H20+6¢"; pH>7; [7]
E°gi203-8i=E0-0,0591/6*Ig([H20]3)+0,10166-0,37239=-0,46-0,0591/6*1g(55,3"%) +0,10166-0,37239=-0,78223 V ;
E°Bi203 /8i=E0-0,0591/6*Ig([H20]°)+0,10166-0,37239=-0,46-0,0591/6*1g(55,3"°) +0,10166-0,37239=-0,8337 V ;

Viela |AH®H " /mot| AS®H Ymoik| AGH , “/mol 2Bi+30H+3H20=Bi203+3H30*+6€"; pH=7; Suchotina [17]:
Bi3* - 82.8 -
Bi E°gi203/8i |-0.78223V| -249,6 |Gei=(Ggi203+3GH20-(AGeqBi203-/8i+6GoH))/2=-249,6 X/mor;
Bi E°Bi203/8i |-0,67923V| -132,6 |Gei=(GBi203+3GH30-(AGeqBi203-/Bi+3GoH+3GH20))/2=-132,6 X/mol;
Bi E°giciagi |-0,21372V| 298,725 |Gei=Ggiciz+3GH20-(AGegsiciz si+3Gc1)=298,725 M/mol;
Bi E°sicia/si |-0,17939V| 288,795 |GBi=Ggiciz+2GH20-(AGeqgiciz-si+3Gc1)=288,795 ¥/mo;
Bi E°giciosi |-0,007735V| -91,03  |Gei=Ggicio*+2GHz0-(AGegsicio_sit+3H20+Gc1)=-91,03 X/mo;
Bi -74,125 56.7 -91,03  |AHgi_Biclo=AG+AS*T=-91,03+0,0567*298,15=-74,125 ¥/,
Biz 219,7 - - Egi203-/Bi=E°Bi203/git+ 20591 o]g [BLOIH.OL —
BiOH2* - -146,4 - 6 Bil™ [oH]
CI | -167,08 | 56,6 | -183,955 =-0,78223+0,0591/6*1g([Bi203]*[H20]¥/[Bi][ OH1°)
Clg | -121,301 | 165,19 Gei=Ggicl+3GH20-(AGeggiciz-gi+3Gci)= 306,2 “/mal,
Cl; - 223,081 Ggi=Ggiclo+2GH3o-(AGeggicio-gi+3H20+Gc1)=291,44 W/,
BiClsg | -379,1 177 -315,0
BiClO¢)| -366,9 120,5 -322,1 =-0,67923+0,0591/6*Ig([Bi203]*[HsO*I*/[Bi]?/[OH 3/[H20]3=
|.3|203 -573,9 151,5 -493.7 EBi203-/B8i=E°Bi203-/Bi+ 0'0591 g —*—L[Bi?%,]'[H .2]6 =
Bi(OH)s| -711,3 - - CORIE

AGeqBi203-/8i=E °Bi203-/8i*F*6=-0,78223*96485*6= -458,63 “//mol,
AGeqgi203-8i=GBi203+3GH20-(2Gai+6 GoH)=-493,7+3*0-(2*Ggi+6*77,36)= -458,63 “/mal,
Gei=(GBi203+3GH20-(AGeqgiz03-/Bi+6GoH) )/2=(-493, 7+3*0-(-458,63+6*77,36))/2=-249,6 “/mal,
AGeqBi203-/Bi=E °Bi203-/Bi*F*6=-0,67923*96485*6= -393,2 X/mol,
AGeqi203-8i=GBi203+3GH30-(2GBi+3GoH+3GH20)=-493,7+3*22.44-(2*Ggi+3*77,36+3*0)= -393,2 X/mal,
Gei=(GBi203+3GH30-(AGeqBiz03-/Bi+3GoH+3GH20))/2=(-493,7+3*22.44-(-393,2+3*77,36+3*0))/2=-132,6 X/mol,
Bi+3CI=BiClss)+3H20+3e"; pH=7 ; Suchotina [17]
E®sicis—Bi=E0-0,0591/3*Ig([H20]3)+0,10166-0,37239=0,16-0,0591/3*g(55,3"%)+0,10166-0,37239=-0,21372 V ;
AGquic|3f|3i:Eoquic|3fsi°F'3:-O,21372*96485*3:-69,32 k‘]/mol,
AGegsicis-si=GBici+3GH20-(GBi+3Gc1)=-315+3*0-(Ggi+3*-183,955)=-69,32 /mol,
Ggi=Ggicis+3GH20-(AGeggicis si+3Gcl)=-315+3*0-(-69,32+3*-183,955)=298,725 “/mal,
Bi+4CIl=BiCls+2H20+3e"; pH=7 ; Suchotina [17]
E°gici4-Bi=E0-0,0591/3*Ig([H20]?)+0,10166-0,37239=0,16-0,0591/3*Ig(55,3"?)+0,10166-0,37239=-0,17939 V ;
AGeggiciz si=E egsiciz_pi*F*3=-0,17939*96485*3=-51,93 “/mol,
AGeggicis_8i=Ggici+2GH20-(Ggi+3Gcl)=-315+3*0-(Ggi+3*-183,955)=-51,93 K/mal,
Gei=Ggiciz+2GH20-(AGeggiciz_si+3Gc1)=-315+3*0-(-51,93+3*-183,955)=288,795 “/mal,
Bi+3H20+CI=BiClO¢)+2H30*+3e"; Suchotina [17]
E°gicioi=E0-0,0591/3*Ig(1/[H20]%)+0,10166-0,37239=0,16-0,0591/3*Ig(1/55,3"%)+0,10166-0,37239=-0,007735 V;
AGeggicio_si=E°eggicio_gi*F*3=-0,007735*96485*3=-2,2389 X//mo|,
AGeggicio_si=Gsicio+2GHz0-(Gait+3H20+Gci1)=-322,1+2*22,44-(Ggi+3*0-183,955)=-2,2389 X/ma,
Gei=Ggicio+2GH30-(AGegsicio_si+3H20+Gc1)=-322,1+2*22,44-(-2,2389+3*0-183,955)=-91,03 “/mal,
BiO*+6H20=BiO3 +4H30*+2e"; 1<pH<7 ; Suchotina [17]
E°Bioz-Bio+=E0-0,0591/2*Ig(1/[H201°)+0,10166-0,37239=1,80-0,0591/2*Ig(1/55,3"%)+0,10166-0,37239=1,83826 V;
Egios /gio+=E°Bioz /sios+ 22t o]g [Bi0:11H:0"T* =1 83826 -+ 2291
2 [Bi0*]-[H,0]°
AGeqgio3-/Bio+=E°egBios-/gio+*F*3=1,83826*96485*2=354,73 K/,
AGeqgios-/Bio+=Ggioz-+4GHszo-(Geio++6H20)=Ggioz +4*22,44-(Ggio++6*0)=354,73 X/mal,
Ggio+=GBioz-+4GH30-(AGeqgios-/Bio++6H20)=Gpioz-+4*22,44-(354,73+6*0)=2?? X/mal,
Ggi=-249,6 “/mol, Ggi=-132,6 “/mo1, GBi=298,7 “/mol; GBi=288,8 “/mol,GBi=-91,0 */mo1,GBi=-83,57 */mal,

g [Bi0;][Hz0"
[Bio*][H,0]°
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