Aris Kaksis 2024. Rigas Stradina universitate

Nernsta Oks-Red 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 0ksideéSanas pus reakcijas
Metala elektrods ir brivo elektronu avots rezervuars RedOks pus reakcijam.

Klasificé $sadus elektrodu veidus:

| veida: ladétu jonu un elektronu parnesé cauri fazu robezvirsmai;
Il veida : ladetu jonu un elektronu parnesé cauri fazu robezvirsmai;
Red-Oks elektrodi:  1adétu jonu un elektronu parnesé cauri fazu robeZvirsmai;

Membranas elektrods: : 1adétu jonu parnesé cauri $Sinu 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 k&dg 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 Ejj = constant — mijiedarbibas ar apkart&jo vidi nav.


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

Pirma (vienkarSota) pieeja Nernsta vienadojuma izvedumam.
(Pirma veida elektrods)
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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 =
QE =NFE; W_,pps = NFE = -AG” = RTINK 1y, -

Red-Ox lidzsvara konstante ir  Klidzsv = (O [|]? [j] ]n atad
lnL—[OX] le ] J *In([e’]) + L [OX]J ja [Ox] =1 tad
nF [Red] nF [Red] [Red]
E°F

RT E°F
E°= sIn([e]]) ; In([e7]) =
—ein((eT) ; In(le]) = —
Nernsta vienadojums naturala (skaitla e=2,7) logaritma In un decimala (skaitla 10) logaritma Ig forma
In(a) = In(10) * Ig(a)= 2 ,3 * lg(a) un temperattira ir T=298,15 K gradu:
— m([ox] IN@0)R=T_23-ReT_ 0ot \/. o, 0,091 -m( [0X] J
nF [Red] F [Red]

Otra termodinamiska pieeja Nernsta vienadojuma izvedumam.

-[e]1=eRT =constunE = const.

Kad ir iestajies Iidzsvars tad izejvielu un produktu kimisko potencialu summa ir vienada pgeqtEnF=pq, +np,.-
bet katras kimiskas vielas kimiskais potencials ir: pu = 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 lidzsvara maistjuma AG°Req + RTIN(NReq) + ENF = AG°oy + RTIN(Npy) + NAG®,- + RTIN(N,-)
No Sejienes var izteikt elektroda potenciala lielumu E:
AG°ox+N*AG®, ~AG°req RT . | Nox *NT-
+ oIn| ——|.
nF nF

E=

NRed

Elektroni sava atseviSkaja faze (ta saucamaja elektronu gaze) metala tiesi arT ir tira viela N,=1 ta péc tiras vielas
AG°ox+ne AG _ —AG°Reg RT " L Nox J

In(N,-")=0 elektronu gazei un E=
nF nF NRed
o AG°0X+n e AG° _ —AGoRed
Standarta potencials E = "= £ veido Prigozina atraktoru brivas energijas izmainas

minimumu lidzsvara AGeq=E°nF=AGegq=AG 0xtnAG - ~-AG geq.
Parejot uz decimaliem logaritmiem un termodinamisko standartu T=298,15 K iegtist Nernsta Vienédofums

0,0591 [Ox]
n 8 [Red]

Reakcija zaudé 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

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

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



I veida elektrods tidenraza metala H(Pt) robezvirsma / ar ta katjona H3O" §kidumu 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 $kiduma 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(pty=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'1=0,10166 V.
Attieciba [H3O*])/[H20]=1 M/52,5 M=XHn30+/XH20 ir mol dala aizstajot molaritati [H*]=1 M klasiskaja potenciala
izteiksme. Udens uzskaite dod termodinamisko standartu E°+=0,10166 V potencialu skala.

Nernsta izteiksme ar klasisko m&rijjumu nulle pieprasa termodinamisko standarta potencialu E°’1=0,10166 V :
E=E'w+ M +log 322" =Eq+E"++0.0591*10g(1/52.5)=0.10166-0.10166=0 V.
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Ja attieciba ir viens 1=Knpy=XHnzo+/XH20, tad potencials E°’H=0,10166 V ir termodinamiskais standarts:

E=E°n+ In@0)eR =T *log ;é—:a% =0.10166+0.0591*log(1)=0.10166 V. Metala oksidésanas brivas energijas
[ 2

izmaina ir atSkiriga endoergiska AGeq=E H*F*121=0.10166*96485*1=9.81 K/mol pretstata Alberty eksoergiskai.
Alberty Hesa vértiba ir eksoergiska: AGHess eq=GHzo++Ge-(GH(pt) +GH20)=22,44+0-(51,05+0)=-28,61 “/moi .
Brivas energijas izmaina ir noteikta nulles atskaites skalda GH20=Gcozgas=Ge-=0 ¥/mol. Iterativi izskaitlotais
absolltaja skala tidenraza standarta potencials ir: E'n=-0,29654 Volti. Lidzsvara brivas energijas minimums ir
eksoergisks: AGeq=E HeF*1+1=-0,29654*96485%*1=-28,61 “/mol sakritot ar Alberty datiem. Absoliita potencialu
skala noslid par AE=-0,29654-0,10166= -0,3982 Voltiem zemak. Nernsta [idzsvara konstante ir lielaka par vienu:
KH(pt)_reda=[H3O*]*[e')/[H20)/[H(Pt)]=EXP(-AGAIberty/R/T)=EXP(28612/8.3144/298.15)=102954 .

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

Liela atruma protolizes atraktori [H3O*]=10"2%6 M , pH=7.36 un Gidens masas [H20]=997/18=55.3 M uzskaite
litra rada metala idenraza stipru reducéjo$u potencialu: Epn=7,36=-0,29654+0,0591*log(10-"¢/55,3)= -0,8345 V
un brivas energijas izmainas minimumu AGegpH_7,36=E°HeF*1=-0,8345%96485*1/1000=-80,5 “/mol .

Nernsta pus reakcijas metala reducéSanas potenciala E'w=-0,29654 V energija ir AGeq=-28,6 “/mol.

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 [H3O0*]/[H20]=1/52.5=XH3z0+/XHz20 dod klasiskas nulles 0 vieta termodinamisko

—> Z standarta potencialu: E°’v=0.10166 V un no Alberty datiem absoliitaja skala absoliito

| | standarta potencialu E°1=-0,29654 Volti.
0 i o absoluti E°H=‘—0,29654 \Y% klasiska nulle E5= Q \Y 0110166 V E\V
t]. i \ \ 1
—[o )(H;O+ _ro * - . . °
Epoun=En + 0'0591*|09(XT20) EH_cIassic_EH +0.0591*log(+:0 1) termodinamiskais E},

Absoliitais standarta potencials E’H=-0,29654 V pamatojas uz Alberty tidenraza datiem
GH2gas=85,64 “/mol UN GH2ag=103,24 Y/mal , kuri ir noteikti idens 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 E=-0,2965+0,0591*log(107(7:36)/55,3)=-0,8345 V. Brivas energijas saturs
ir: GHPy=51.05 “/mol.

[Ag(NHy)3]
Ag+2NHs@g)=Ag(NHa)2"+e"; EagiaginHa)2+=E AgiagnH3)2++0,0591/1*l0g [Ag](IN HJ-2 E:Q(N Ha) 1 )2=

=0,0765+0,0591*l0g(0,1/1/(0,3-2*0,1)* 2)=0,1351 V;

Ag,0][H,0
2Ag+20H=Ag20(s)+H20+2¢e"; E2agiageo=E°2ag/ag20+0,0591/2*log [[Ag]zz_g(EH]z] =

=-0,003+0,0591/2*log(1*55,3/1"2/107(7*?);

Viela AH®H k‘]/mol AS®H J/moI/KAGoH ) k“]/mol
Ag : . 18,64 Gag=Gags-(AGeq Ag+GH20)= 77,1-(58,46+0)=18,64 Vo)
Ag* 105,6 72,7 77,1 Gag=Gagci+GH20-(AGeq Ag+Gcel-)=45,342 K/mol
AgCI(s) | -127,01 96,25 -155,71 AGagci=AHH-T*ASH=-127,01-298,15*0,09625=-155,71 X/moI;
Cl- -167,08 56,6 -183,955 AGcl-=AHH-T*ASH=-167,08-298,15*0,0566=-183,955 X/moI;



http://aris.gusc.lv/BioThermodynamics/BiochemicalThermodynamics06.pdf

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

. R . H,0 atlaide Termodinamiska. Absoluta skala
Reduceta forma = Oksideta forma + n & Klasikanulle E, | skala 0.10166 VV -0.3982 V
H | H(Pt) +H,0=H30* +(Pt)+ e7; general reference CRC [1] klasika nulle 0 0.10166 -0,2965
H(Pt) + OH=H,0 +(Pt)+e’; klassika CRC [1] -0,828 -0,8282 -1,2264
H(Pt) + OH=H,0 +(Pt)+e; corrected -0,104495 -0.932195 -0,93268 -1,33088
Haag+2H,0=2H30 *+2¢" ; grafita elektrods - - 0,302
O | 6H,0=059 + 4 H30%+4e- 1,2288 +1,48466 1,0865
H202+2H;0=0 23qua+2H30* +&" 1,2764 +1,58416 1,0829
4H,0=H,0,+2 H30* +2¢; Suchotina [17] 1,776 +2,08366 1,6855
H302aqua +2H20=07aqua+t2H30*+2e”  University Alberta 0,6945 0,8477 0,4495
HOO +H;0=02,qa+H30*+2¢"; Kaksis - - 0,07587
N | NO; +20H=NO3 + H,0+2¢"; pH>3,15 Suchotina [17] 0.01 0,0602 -0,3380
HNO,+4H,0=NO3+3H30*+2¢"; pH<3,15 Kortly, Shucha 0.94 1,2477 0,8495
NOaqt+6H,0=NO; +4H30*+3¢"; pH>3,15 Kortly, Shucha 0.96 1,2677 0,8695
NH4*+13H,0=N0O; +10H;0*+8¢’; Suchotina 0,87 1,4180 1,0198
Br | 2Br=Bry(ag)+2¢e; CRC[1] 1,0873 1,18896 0,79076
Bi | BiO*+6H,0=BiO; + 4H3;0*+2¢; Suchotina 1,80 2,210645 1,812445
Mn H1 Mn?*+12H,0=MnO,+8H30*+5¢;  Kortly, Shucha [18] 1,51 1,858848 1,460648
H,O | MnO,|+40H=MnQO4 + 2H,0+3¢e™; Suchotina 0,603 0,635997 0,237797
OH" | MnOs2=MnO4+e7; Suchotina [17] 0,558 0,65966 0,26146
Pb | Pb?* +6H,0=PbO,(s)+4H3;0*+2¢"; Kortly, Shucha 1.455 1,8656 1,4674
Pb+H,0 = Pb** +2e’; pH<7 Kaortly, Shucha -0,126 0,0272 -0,3710
S | HzSO3+4H,0=HSO,+3H30*+2¢"; Suchotina pH<1,9 0,172 0,47965 0,08145
S | HSO3 +4H,0=S0,% +3H30*+2¢’; Suchotina 2=<pH<7 0,172 0,47965 0,08145
S03% +20H=S04? +H,0+2¢"; Suchotina pH > 7 -0,93 -0,87984 -1,27804
2=5 ompiskstH20 + 2 €7 CRC 2010 -0,4763 -0,3746 -0,7728
HS™ + OH™ = Srombisks + 2H20 + 2e7; CRC 2010 -0,478 -0,4793 -0,8775
H2Saq+2H20="5 rombisks+2H30O*+2e"; CRC 2010:Kortly,Shucha 0,142 0,3467 -0,0515
25,04>=S,06> +2¢7; Suchotina 0,08 0,18166 -0,2165
Fe | Fe?*=Fe’*+e; Suchotina 0,769 0,8717 0,4735
Fe+H20 =Fe?*+2¢"; Suchotina -0,4402 -0,2870 -0,6852
Ag | Ag+ H,O=Ag*+e; Kortly, Shucha [18] 0,7994 1,0041 0,6059
Ag(s)+Cl =AgCI(s)+H,0+e’; Kortly, Shucha 0,2223 0,2210 -0,1772
Ag+2NHseq=Ag(NHs) +e7; Suchotina 0,373 0,4747 0,0765
2Ag+20H" =Ag,O(s)+ H,0+2¢7; Suchotina | 0,345 0,3952 -0,0030
Hg | 2Hg+H,0=Hg,**+2¢; Kortly, Shucha [18] 0,907 1,0602 0,6620
2Hg+2ClI=Hg,Clys+2H,0+2¢7; Suchotina ; [17] 0,2676 0,2663 -0,1319
2Hg+S04>=Hg,S0xe) +2¢; Kortly, Shucha ; [18] 0,614 0,7157 0,3175
Hg+20H = HgO+2H,0+2¢", Suchotina ; [17] 0,098 0,0967 -0,3015
I | 3l =lz+2e; Kortly, Shucha 0,6276 0,72926 0,33106
Cu | Cu(Hg)+H,0=Cu?+(Hg)+2¢e’; Kortly, Shucha 0,3435 0,4967 0,0985
F | 2F=Fy(g)+2¢; Kortly, Shucha 2,87 2,97166 2,5735
Cl | 2CI=Cly(g)+2e; Kortly, Shucha 1,358 1,45966 1,06146
Cl | Cly(g)+4H,0=2HOCI+2H30*+2¢"; Kortly, Shucha 1,63 1,93765 1,53945
Cr | 2Cr¥+21H,0=Cr,0;* +14H3;0*+6e"; Kaortly, Shucha 1,33 1,7921 1,3939
Cr¥*+11H,0=HCrO4 +7H;0"+3¢’; Kortly, Shucha 1,20 1,6793 1,2811
Cr(OH);|+50H=Cr0,* +4H,0+3¢"; pH>9 ; Suchotina -0,13 -0,1657 -0,5639
C | H2Cy04+2H,0=2C0O,+2H30"+2¢; Suchotina -0,49 -0,28534 -0,6835
Cr | Cr+H,0=Cr**+3e; Suchotina -0,744 -0,6080 -1,0062
Zn | Zn+H,0=Zn**+2¢e’; Kortly, Shucha -0,7628 -0,6096 -1,0078
Al | Al+ H,0=AIF*+3e; CRC -1,662 -1,5260 -1,9242
Al+40H = H,AlOs +H,0+3e; CRC -2,33 -2,2627 -2,6609

E°hg=-1,2264 V; H(Pt)+OH=H20+(Pt)+e"; Nernsta absoliitais standarta potencials korigéts E°Hg=-1,33088 V [1]
Udens daudzuma atlaide [H20]=963/18=53.5 M litra s&rskabes [H2S04]=[H30*]=1 M $kiduma ar 1.061 9/mL
blivumu @idenraZa elektrodam Nernsta izteiksme ir klasiska standarta potenciala Eo_classic=-0,8277 V:
E°H_H on-=E°-0,0591/1*Ig([H20]%) +0,10166-0,3982=-0,8277-0,0591/1*Ig(53,5"!) +0,10166-0,3982=-1,2264 V;
AGeq H 0H-=E°H_H on-*F*1=-1,2264*96485*1=-118,33 K/mol,
AGeq H oH-=GH20-(GHpy+Gon-)=0-(51,05+77,36)=-128,41 X/mol;
Korigets AGeq H oH-=E°H_H oH-*F*1=-1,33088*96485*1=-128,41 “/ma,



Metals iegremd@ts savu jonu Skiduma Nernsta oksideéSanas pus reakcija veido Elektroda potencialu Voltos.
Metalu joni koordingjas $kiduma. piesaistot ideni ar donoru akceptoru saitém .

Reakcija Feg+H20 =Fe?*+2¢". [Fe?*]=0,1 M; blivums 1,03 9/m.; 0,1 Mola masa FeS04=15,191 Ymol;
A0y Ere=E°re+0,0591/2*log([Fe?*]/[Fe]/([H20]))=-0,6852+0,0591/2*l0g(0,1/1/(55,3))=-0,76625 V;
O L{O\H H Atskiribas skaitlt -0,76625 V ir ceturtaja zZime -0,7663 V
J \;.9 a0 [Fe2t]
CI)”:%:O\ H Ere=E°re+0,0591/2*l0g [Fel([H,0 ]-6[Fe?*]) = -0,7663 V;
H H
Ere=E°re+0,0591/2*log([Fe?*]/[Fe]/([H20]-6[Fe?*]))=-0,6852+0,0591/2*log(0,1/1/(56,38-0,6))=-0,7663 V;
996 g/L

[H20]=55,3 M= ; MH20=ML-Mres04=1030-15,191=1284,8 g; [H20]=1014,8 9/18 9/m0i=56,38 M.
18 g/mol

AGeq_Fe:EoFe’F°2:'O,6852*96485*2:‘132,223 kJ/mOl, AGeq_Fe:GFeZ+'(GFe+GHZO):'82,14'(GFe+O):'132,223 I(J/mol X
Gre=Gre2+-(AGeq_FetGH20)=-82,14-(-132,223+0)=50,08 Kol ;

Viela AH®H k‘]/mol AS°H J/moI/KAGOH ) k‘]/mol

Fe - - 50,08 Gre=Gre2+-(AGeq_ret+GH20)=-82,14-(-132,223+0)=50,08 “/mol;
Fe?* -87,45 -17,8 -82,14 BioThermodynamic 2006
Fe?* -89,1 -137,7 -78,9
Fedt -44,79 -110 -11,99
Fed* -48,5 -315,9 -4,7 CRC 2010
Cu - - 113,03 Geu=Geuw2+-(AGeq_cutGH20)=113,03 W/l ;
Cu?* 64,8 -98 94,0187 AGcuw2+=AHH-T*ASH=64,8-298,15*-0,098=94,0187 X/mol;
Zn - - 73,82  |Gzn=Gzn2+-(AGeq zn+GH20)=-120,653-(-194,475+0)=73,82 “/mar;
Zn? -153,39 -109,8 | -120,653 | AGzn2+=AHH-T*ASH=-153,39-298,15*-0,1098=-120,65 “/ma;
Ag+ ] - 771 [CRC;
AgCl - - -155,71 |BioThermodynamic 2006
Cl- - -183,955 BioThermodynamic 2006

Ag E°agagcl= |-0,1772 V| 45,342 (Gag=Gagci+GH20-(AGeq_ag+Gel-)=45,342 Kol
Ag EoAg: 0,6059 V 18,64 GAg:GAg+-(AGeq_Ag+GHZO): 77,1-(58,46+O):18,64 kJ/mol ;
Reakcija Cu(Hg)+H20=Cu?*+(Hg)+2¢"; [Cu?*]=1 M blivums 1,19 9/mc; 1 Mola masa Mcus04=159,602 9/mol;
H\O.H Ecu=E°cu+0,0591/2*log([Cu?*]/[ Cu]/([H20]))=0,0985+0,0591/2*log(1/1/(55,3))=0,047002 V;

/ Atskiribas skaitlt 0,047002 V ir otraja zimé 0,04696 V

Ho . .

So—cal . I (=Tis B |
H—0 O-n Ecu=E°cu+0,0591/2*log [Cul-([H,0]-4-lcu’ ]) =0,04696 V;

MH20=(ML-Mcuso04)/18=1190-159,602=1030,4/18=57,24-4=53,24 mol,

Ecu=E°c.+0,0591/2* log([Cu?*]/[ Cu]/([H20]-4[Cu?*]))=0,0985+0,0591/2*log(1 M/1/(57,24-4))=0,04696 V;

AGeq cu=E°cy*F2=-0,0985*96485*2=-19,01 “/mol, AGeq_cu=Gcuz+-(Gre+GH20)=94,0187-(Gcu+0)=-19,01 /ot ;
Geu=Geuz+~(AGeq cut+GH20)=94,0187-(-19,01+0)=113,03 K/mor ;

Zn+H20=2Zn?"+2e"; ZnS04=161,44 Y/mol [Zn?**]=Cznsosa=2 M density 1,31 9/mL ; Mzns0s=2*161,44=322,88 g;

H O H
/O Ezn=E°zn+0,0591/2*log([Zn?*]/[Zn]/([H20]))=-1,0078+0,0591/2*log(2/1/(55,3))=-1,0504 V;
H\O\Znﬂ Atskiribas skaitli -1,0504 V ir tresaja zime -1,04827 V 2M,;
H—0 O-H « lz]
= (e} 2+ - . .
H/ H/ Ezn=E°zn+0,0591/2*log [Zn]-([H,0]-4-[zn*']) = -1,.04827 V;

Slgidiba 57,7 91009 simts gramos tidens; w%=57,7/157,7%100=36,6%;
MH20=ML-Mzns04=1310-161,44*2=987,12 ¢; Mznso4=2*161,44=g; [H20]=987,12 9/18 %/mo1=54,84 M.
[zn”]
Ezn=E°zn+0,0591/2*log [Zn]'([HZO]-4'[Zn2+]) =-1,0078+0,0591/2*1log(2/1/(54,84-4*2))=-1,04827 V;
AGeq 7n=E°zy*F2=-1,0078*96485*2=-194,475 X/ma,
AGeq 70=Gzn2+-(Gret+GH20)=-120,653-(Gcu+0)=-194,475 X/mor ;


https://www.sigmaaldrich.com/LV/en/product/sigma/83265

Gzn=Gzn2+-(AGeq_zn+GH20)=-120,653-(-194,475+0)=73,82 X/mol ;



Cr+H20=Cr¥*+3e"; Cr2(S04)2=159,602 9/mol; Ccras042=0,5 M[Cr3*]=2*Ccra(sos2=1 M density 1,172 9/m_ ;

1—0n, M Ec=E°cr0,0591/3*log([Cr*]/[Cr]/([H20]))=-1,0062+0,0591/3*log(1/1/(55,3))=-1,04053 V
H :
& Lo e Atikiribas skaitli -1,04053 V ir treSaja zimé -1,03936 V 1M; 2,32 M -1,027 V/
’—1 .\;Ecrﬁ*‘a‘_fg [Cr3+]
cleo " Eci=E°ci+0,0591/2*10g [Cr ([0l 66" ) = -1.03936 V;
Hy \H

mHZO;mL-mCrZ(SO4)2:1172-196,08:975,92 0; Mcr(so4)3=392,16/2=196,08;
[Cr3*]=2*Ccr2(sos2=1 M density 1,172 9mL ; Mcr2(s043=196,08g; [H20]=975,92 9/18 9/moi=54,21778 M
[cr”']
Ecr=E°cr+0,0591/3*log [Cr ]-([HZO]-6'br3+ ) =-1,0062+0,0591/3*log(1/1/(54,21778-6*1))=-1,03936 V;
Skidiba 64 9100 simts gramos tidens; w%=64/164*100=39%
39/100g=X/??1172//9/.; 39/100*1172=457,07=X/%/L; Ccras04)2=457,07/392,16=1,1655 M Cr2(SO4)s3;
MH20=ML-Mcra(s04)2=771172??-457,07=714,93 g; Mcras04)2=457,079; [H20]=714,93 9/18 9/mo1=39,718 M
[cr”]
[H20]=714,93 9/18 9/m01=39,718 M; Ecr=E°cr+0,0591/3*log [Cr]-([HZO]-G-Er3+ N~

=-1,0062+0,0591/3*l0og(2*1,1655/1/(39,718-6*2*1,1655))=-1,027 V;

Metals/ta neskistosa sals/jons II-tipa elektrods
Sudraba /sudraba hlorids/hlorida jons biivéts no sudraba metala, AgCl neskistosas sals nogulsném .
EDS K*CI" skiduma ar AgCl pret joniem Cl" neskistosaja
@ sali. Nernsta pus reakcijas sudraba metalam Ag.

¢ Elektriska potenciala mérijumi voltos ar elektrodu
ﬂé @\ pari ir Elektro Dzingja Speks EDS volti.
=0 Starp diviem elektrodiem Mel (indikatora elektrodu)
un un Mell (salidzinasanas elektrodu)
savienotiem noslégta elektriska kéde aprékina
Mel indikatora elektroda potencialu EI ka summu:
El = EDS + EIl.
Indikatora elektrodu EI — ietekmé skiduma
reaktivitate - p&tamais elektrods.

Standarta salidzinasanas elektrods ir EII= konstants
, jo hlorida koncentracija konstanta.

Mell Mel

- J

Ag(s)+H20=Ag*+e"; absolitais standarta potencials E°ag=0,6059 V; Kortly, Shucha ; [18]
Eag=E°ag+0,0591-log([Ag*])/[Ag(s)]/[H20])=0,6059+0,0591*log([Ag*]/55,3);
AGeq Ag=E°Ag*F+2=0,6059*96485*1=58,46 “/mo,
AGeq_As=Gag+(GagtGH20)=77,1-(Gag+0)=58,46 ol ;
Gag=Gag+(AGeq_ag+GH20)= 77,1-(58,46+0)=18,64 K3 mol ;
Skidibas lidzsvars AgCI(s)+2H20=Ag*+Cl"; AgCI(s)+2H20-ClI'=Ag"*; un absoliita konstante :
K absoluteagei=Kspagel/[H20]">=[Ag*1*[CI'T/[AgCI(s))/[H20]"?=1,77*10"19/55,3"2=5,79*1014;
Ag(s)+H20=Ag"+e"; Ag(s)+H20+Cl" = AgCI(s)+2H20+e7;
Ag(s)+Cl =AgCI(s)+H20+e"; E°agci=-0,1772 V [18]; [CI]=0,1 M=[K*CI] kalija hlorida 0,1 M skidums;
Eagiagci=E°Agci+0,0591+1og([AgCI(s)]*[H20]/[Ag(s))/[CIT])=-0,1772+0,0591*log(1*55,3/1/[CI'])=
=-0,1772+0,074205-0,0591*log([CI'])=-0,102995 =-0,0591*log([CI])=-0,102995-0,0591*l0g(0,1)=-0,043895 V;
Eagiagci=Eoagci+0,0591<log([AgCI(s)]1*[H201/[Ag(s))/[CI])=-0,102995-0,0591*log([CI]);
AGeq Ag=E°Ag*F*2=-0,1772*96485%*1=-17,097 “/mal,
AGeq As=Gagci+GH20 -(Gag+Gei)=-155,71+0-(Gag-183,955)=-17,097 X/mo ;
Gag=Gagci+GH20-(AGeq ag+Gcl.)=-155,71+0-(-17,097-183,955)=45,342 ¥/moi ;
Prakse Il-tipa elektrodi ir salidzinasanas elektrodi, jo potenciala lielumu nosaka vienigi hlorida jonu
koncentracija. Hlorida koncentracija ir precizi kontroléta instrumentalo pielietojumu tehnologijas.



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

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-EngO):(O.4495+0.3015) A%
Hg - 75,9 40,67 GHg=GeqRedox_211202-G02aquat(GHOHGH202)=40.67 X/ imol;
Hg2?* -166,87 66,74 -146,8
Hgo?* E°HgHg22+= |-0,6620 V| 209,09 Grg22+=AGeq HeH(2GrgtGr20)=127.75+(2%40.67+0)=209.09 “/p,q;
Hg?* -170,21 -36,19 -
Hg2SO4(s -743,1 200,7 -625,8
Hg2SO4(s)K AbsoluteHgeso4=| 10"9673) | -593 87 GHg2504=GHg22++G5042--(AGeqtg2504+2GH20)=-593.87 X/ mol;
SO4* -907,62 -536,2 -147,75
SO4* E°Hg2sos= | 0,3175V | -736,48 |Gs04=GHg2504-(2GHgtAGeq Hg2504)= -736.48 X/mol ;
SO4* -909,3 20,1 -744.5
Hg2Clzs) -265,37 191.6 -210,7
Hg2Clos)| Kabsolutergocio=| 107230 | -210,7 Gre2c2=GHg22++2 G l~(AGeghg2ci2+3GH20)=-210.7 X/imol;
HgClzs) -224.3 146 -178,6 AGc=AHi-T*ASH=-167.08-298.15*0.0566=-183.955 X//mol;
Cl- -167,08 56,6 -183.955
Cl- E°Hgcio=  |-0,1319 V| 33,975 Go=(-GHg22++AGeqrg2c2H Grg2c243GH20))/2=33.975 ¥ /mol;
HgOw |  -99,79 70,25 ;
HgO(s) -90,8 70,3 -58,5

2Hg+H20=Hg2%*+2¢"; absoliitais standarta potencials E°Hg=0,6620 V; Kortly, Shucha ; [18]
E°Hg=E°-0,0591/2*Ig(1/[H20]") +0,10166-0,3982=0,907-0,0591/2*g(1/55,3"*) +0,10166-0,3982=-0,6620 V;
AGeq_Hg=E°Hg*F+2=0,6620*96485*2=127,75 “/ma,
AGeq_ngGHg22+-(2GHg+GH20)=GHg22+-(2*40,67+0):127,75 kJ/mol ;
Grg22+=AGeq_Hg+(2GHg+GH20)=127,75+(2*40,67+0)=209,09 “/mo ;
Skidibas lidzsvara Hg2Clas)+3H20=Hg2?*+2Cl"; 2Hg+H20=Hg.%*+2¢"; absoliita konstante :
K absoluteHg2ci2=KspHgzci2/ [H20]1"3=[Hg22*]*[CI']%/[Hg2Cl2))/[H20]"3=1,43*10718)/55,3/3=10231;
AGegHgoci2=-ReTeIn(K absoluteHg2c12)=-8,314*298,15*In (107 -239)=131,85 /mol;
AGeqHg2ci2=GHg22++2Gcl--(GHgaci2+3GH20)=-146,8+2GcI--(-210,7+3*0)=131,85 “/mai;
Gel-=(-GHg22++AGegHgzcia+(GHgaciz+3GH20) )/2=(--146,8+131,9+(-210,7+3*0))/2=33,975 “/mol;
AGegHg2c12=GHg22++2Gcl--(GHgacl2+3GH20)=209,09+2*-143,945-(GHgzcl2+3*0)=131,85 K/mol;
GHg2c12=GHg22++2Gcl--(AGegHgaci2+3GH20)=209,09+2*-143,945-(131,9+3*0)=-210,7 “/ma;
2Hg+2CI'=HQ2Cl2)+2H20+2¢"; absoliitais standarta potencials E°ngci2=-0,1319 V; Suchotina ; [18]
E°Hgc12=E°-0,0591/2*1g([H20]?) +0,10166-0,3982=0,2678-0,0591/2*1g(55,3"?) +0,10166-0,3982=-0,1319V,
AGeq_Hg2ci2=E°ngociz*F+2=-0,1319*96485*2=-25,45 X/mo,
AGeq_Hg2ci2=GHg2ci2+2GH20+2 Gel--(2GHg)=GHgaciz+2*0+2*34-(2*%40,6 7)=-25,45 X/mo ;

Skidibas lidzsvars Hg2SOus(s)+2H20=Hg22*+S042"; 2Hg+2H20=Hg>?*+2¢"; un absolita konstante :

K absoluteHg2504=KspHg2soa/ [H20]?=[Hg22*]1*[SO4*]/[Hg2S O4(s)}/[H20]"?=6,5*10(7)/1/55,3"2=10"2673;
AGeqHgeso4=-ReTeln(K absoluteHg2s04)=-8,314*298,15*In(107(2673))=55 21 K/q;

AGeqHg2504=GHg22++Gs042--(GHg2s04+2 GH20)=209,09-747,75-(GHg2s04+2*0)=55,21 ¥/mo;

GHg2s04=GHg22++Gs042--(AGegHgesoa+2 GH20)=209,09-747,75-(55,21+2*0)=-593,87 “/mal;

Hg2S04¢s)+2H20=Hg2?*+S0.?>; 2Hg+2H20=Hg2?*+2¢";

Hg2S0us+2H20-S02=Hgz?"; 2Hg+2H20=Hga?"+2¢";

Hg2S04(s)+2H20-S042=Hg2?*; 2Hg+2H20=Hg?*+2e"; 2Hg+2H20=Hg2S04(5)+2H20-S0+%>+2¢";

2Hg+S042=Hg2S04(s) +2e7; absolute standard potential E°Ag=0,3175 V; Kortly, Shucha ; [18]
E°Hgsos=E°-0,0591/2*Ig([H20]°) +0,10166-0,3982=0,614-0,0591/2*1g(55,3"°) +0,10166-0,3982=0,3175 V;
AGeq_Hgso4:Engso4‘F'2:0,3175*96485*2:61,27 k‘]/mol,
AGeq_Hg2504=GHg2s04-(2GHg+Gs04)=-593,87-(2*40,6 7+Gs04)=61,27 “/mo ;
Gs04=GHg2s04-(2GHg+AGeq_Hg2s04)=-593,87-(2*40,67+61,27)= -736,48 /il ;



Hg+20H = HgO+2H20+2¢e", absolitais standarta potencials E°Hg=-0,3015 V; Kortly, Shucha ; [18]
Ox HgO+2H20+2e =Hg+20H", inversais standarta potencials -E°ngo=0,3015 V Suchotina [17].

E°Hgo=E°-0,0591/2*Ig([H20]?) +0,10166-0,3982=0,098-0,0591/2*1g(55,3"?) +0,10166-0,3982=-0,3015 V;
chlorine, hydrogen peroxide, magnesium (when heated), disulfur dichloride and hydrogen trisulfide
HgO+H202=Hg+02+H20; O2gastH20=02aqua;
Red H202aquat2H20=02aqua+2H30*+2€" E°Rredr202=0,4495 V absoliitais potencials Alberta University [19]
HgO+2H20+2e+ H202aquat2H20 = Hg+20H +02aquat2H30"; H202aquat2H20=02aquat2H30*+2¢;
HgO+ H202aquat4H20=Hg+O2aquat+(20H+2H307); HgO+ H202aquat4H20=Hg+O2aqua+(4H20);
HgO+H202aqua=Hg+O2aqua; SUM:
AGeqredox_2H202=(E°H202aqred-E °Hgo) *F*Nn=(0,4495+0,3015)*96485*2=(0,7510)*96485*2=144,92 “/mo! ;
AGeqredox_2H202=GHg+G02aqua-(GHo+GH202)=GHg+330-(-58,5+284,25)=144,92 Y/mal ;
GHg=GeqRede_2H202-GOZaqua+(GHO+GH202)=144,92-330+(-58,5+284,25): 40,67 I(J/mol ;

SUbStanCGAHOH,k‘]/moIASOH,‘]/moI/KAGOH,k‘]/mol GH202=284,25 kJ/mol;
HsO* | -285.81 | -3.854 | -213.275 Miscenko 1968, Himia, Leningrad
OZaqua -11.715 110.876 16.4 CRC 2010; GOZaqua:330 I(J/mol ; GH20=0 k‘]/mol;

OZaqua -11.70 -94.2 16.40
HO | -285.85 | 69.9565 | -237.191
H.O | -286.65 | -453.188 | -151.549

H202@q | -191.99 | -481.688 | -48.39 |BiochemThermodynamic 2006 Masachusets Technology institute
H202(aq) | -191.17 143.9 -134.03 |University Alberta 1997.
H2021 | -237.129 | 69.91 | -237.129




Reducétaja oksidéSanas Nernsta standarta potencials:

Nernsta potenciala studijas 5(Pt)H +MnO," uzskaitot hidroksoniju HzO* un tideni H20.
Oksidétaja reduce$anas inversais Nernsta potencials: MnOs™ +8H30*+5e'=Mn?*+12H20; -E°mno4=-1.46065 V.

5(Pt)H+5H20=5H30*+ 5¢;  E°nw=-0,2965 V

Elektronu balansé$ana +ne’=5e=-ne” summaraja Red-Ox reakcija: 5 H(Pt) +MnO4+3H30* & Mn?*+7H20 .

[Ho0F% [Mn2¢]

[H,02 [Mn2+] 996 _g/L
"2 [mn 0] [H40"]8 [H201=95.3 M=18 "4/ mg

[H30']

0.0591

[H30']

L1130 |
En = E°n +0,0591°19 [ 0] = -0,2965 V +0,0591-lg [ 0]

AGHesszAG°|v|n2+7AG°Hzo-3AG°H30-AG°Mno4-5AG°(pt)H:-1056,7 I(J/mm

=-228,1+7*-237,191-(3*-213,2746-447,2+5*51,05)= -1056,7 “/mo

Biochem.Thermodyn,Alberty,2006, Massachusets Technology Inst.

CRC Handbook of Chemistry.and Physics, 2010, D.Lide

=-228,1+7*-237,191-(3*-213,2746-447,2+5%99,13/2)= -1049 X/mol

Alberty 2006 Biochem.Thermodyn Massachusets Technology Inst.

AGeq: -847,7 k‘]/mol ; AGHess= -1056,7 kJ/mol

izteiksmé 5(Pt)H +MnO4 + 3H30*<=> Mn?*+7H20 ka absoliiti

lielumi | AGeq=-847,7 ¥mot | < | AGress= -1056,7 K/mot | ;

Ewnoe=E+ 2% ol T ,07° =1.46065 V+
Viela AHOH,kJ/mol ASOH,‘]/mOI/K AGOH,kJ/moI
H20O -285,85 | 69,9565 | -237,191
H20O -286,65 | -453,188 | -151,549
Hs;O* -285,81 -3,854 |-213,2746
H2(aq) 23,4 -130 99,13
H2(aq) -5,02 -363,92 103.24
H(P1) @) - - 51,05
MnO4 -541,4 -191,2 -447 .2
Mn?2* —220,8 -73,6 -228,1

OZaqua -11,7 -94,2 16,4

Udens koncentracija [H20]*2 pakapé 12 ir ieklauta standarta potenciala vértiba E °=1,46065 V ka logaritms:
E°Mnos-=Eo 0,0591/5*log(L/[H.0]'2)=1,46065+0,10166-0,0591/5*log(1/55,3"12)+0,10166=1,858848-0,3982=1,460648 \V:

AGeq=(E°H-E°Mno4-)*Fe15=(-0,2965-1,460648)*96485*5=-1,757*96485*5= -847,7 ¥/mol

Keq=eXp(-AGeqoxred/R/T)=exp(847692/8,3144/298,15)=exp(341,96)=10%48> ;

Eksotermiska un eksoergiskas MnO4" reducésanas ar metalisku 5(Pt)H Hesa brivas
energijas izmaina negativa AGHess= AGoxred= -1056,7 “/mol , bet minimizgjas
sasniedzot lidzsvara maisijumu AGmin=AGeq=-847,7 ¥/mo;

Gozaqua=Go2gas+Go25k=303.1+26.58=330 K/mol ; O2aqua +4H30*

10148’5:Keq=

A 1057 kJ/mo.

[H,0]" [Mn?*]

[(PYH] 2[Mn O,]-[H;0]%”
Brivas energijas izmainas minimums AGnmin ir Prigozina atraktors. Brivas energijas
izmainas minimuma sasnieg$ana iestajas lidzsvars.

AGmin= -848 K ot 4,
5A+B+3C 50% D+8E
5(Pt)H+MnO4+3H30*

produkti Mn?*+7H20
Nernsta potenciala O2aqua/ H20 red-oks sistémas acidozes oksidativa stresa biokimiskais mehanisms

izejvielas_

(pastiprinoties oksidétaja spekam potenciala E veértiba)

Piezime: Oksidativa stresa norisinas ne enzimatiskas oksidéSanas reakcijas daudzveidigos kédes
reakciju un paral€los produktos, sagraujot organismu! Iznicinos$i bistami dzivibai!

Udens vide (asins plazma) skabeklis ir stiprs oksidétajs -1,0865 V inversaja pus reakcija -Eoo2=-1,0865 V:

+ 4e

brivie elektroni

6 H20
reducéta forma

&
oksidéta forma

GH30+0H=GH30++GoH-=22.44+77.36=99.8 X/mol protolizes reakcija H20+H20<=>H30*+0OH ;
Biokimija skabekla Ozaqua brivo energijas saturu Gozaqua=329,7 ¥/mol samazina 1idz Go2Bio=78.08 K/mol.
Arterialo asinu koncentracija [O2aqua]=6*10"> M un pH=7,36 koncentracija [H30*]=10""3¢ M,

E02=E°+00591/4s]0g([O

[0

2 aqua]

2aqua]

*[H30%]*/[H201%)=1,0865+0.059Y/,*[0g(6* 107 (°) * 107 (*7+36"4) 55 346"6)=0.4346 Volti.

Samazinats AEarteria=-(Eo02-E02)=-(1,0865-0,4346)=-0.6519 V,
5 AGarterial=AEH20*F*n=0.6519*96485*4/1000=-251.6 kJ/mol.
Skidiba konstantes vértiba Ozgas AIR+H20A234800105=> 05,004 palielina produktu Iimen1 Go2:=26.58 */moi:

[0, gas] TH 0] =Ky=2.205*10"°. Gozsx=-ReTeIn(KsK)=-8.3144*298.15*In(2.205*10°)=26.58 “/mol.

Brivo energiju protolize samazina Gozarteriala=Go2aquatGo2sk+AGarteriala=303,1+26,58-251,6=78,08 ¥/mol Un
skabeklis kliist uguns dross biokimisks oksidants, veidojot arterialo koncentraciju [O2aqua]=6*10° M ka
bioenerggetiski drosu uzturétu izooksijas normu. [3];
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http://aris.gusc.lv/ChemFiles/ChromoHem/HbOxDeoxCO/HumanMeasure/O2SolutionsL.pdf;

1) Udens 55,346 M samazina potencialu no 1,0865 V par -0,155 V=AEHo.
Eo02=E °02+%9%9Y/,*log(*/[H201%)=1,0865+0,01478*log(*/s5,346 ¢)=0,9319 V ;

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 [O2aqua] koncentracija 5 reizes lielaka palielina potencialu par

AEo02100%= 0,014781g(100% [O2aqua])=0,01478*log(5)= +0,0103 V. Brivas

energijas saturs palielinas par AGmax= AEH30*F*n= 0,01033*96485*4/1000=3,987 X/mol . 6. lapas puse:

Liela oksidativa stresa un tehnologisko briesmu dél 1972. gada slédza NASA Apollo projektu.

Kuras koncentracijas tidens [H20], oksidétaja [Ox], reducétaja [Red], skabes [H*] izmainas samazina brivas
enrgijas saturu vai palielina brivas energijas saturu oksidétajam? Ka potenciala Eo izmainas ietekmé brivas
energijas saturu oksidétajos un reducétajos! Kad saturs palielinas un kad saturs samazinas?

Skabekla skidibas Prigozina atraktors brivas energijas izmaina Hesa likuma ir eksotermiska, endoergiska
O2gaisstH20=02aqua; [O2gaiss]=0,2095 skabekla mol dala gaisa, mol dala Gident
K[ O2gaiss]=[ O2aqua]/[H20]=2,205*1075)* 0,2095=4,61948*106=10"(53%),
AG=AG°02aqua-AG°H20-AG°02gas=16.4-(0-151,549)=168 /mol endoergiska;
AGyg=-ReTeIn(Ks)=-8,3144*298,15*In(2,205*10°%)=-8,3144+298,15¢6,414=26,58 /o)
[0,] §kidibas Hesa brivas energijas izmaina ir pozitiva AGress=AGzkiaiba=168 “/mol ,

>

bet minimiz&jas sasniedzot $kidibas lidzsvara maistjumu AGmin=AGx=26,58 “/mol

- [0, aqual ) S0E*105o10 45 T AGumjn= 26,58 /b
*7 [0, gaissHH0l = ) A+B  50% C+D
Brivas energijas izmainas minimums AGmin ir Prigozina atraktors. izejvielas O21gast H20
produkti

H20 asinistO2aqua-Asinis.
Brivas energijas izmainas minimuma sasniegSana iestajas lidzsvars. 53. lapas puses:
Nulles osmolara Cosm=0 M un jonu speka 1=0 M destiléta ident no gaisa 20,95% skidiba ir:
[Ozadens]=Ks*[O2gas] *[H20]=2,205* 10" (9*0,2095*55,3=0,00025546=2,5546*104=10"35% M,
ELSEVIER, Rotating Electrode Method and Oxygen reduction Electro catalysts, 2014, p.1-31,
1. WeiXinga, MinYinb, QingLvb, YangHub, ChangpengLiub, JiujunZhangc. Tira 1atm mol dala ir [Ozgas] =1.
Osmolara Cosm=0,305 M, jonu speka 1=0,25 M, gaisa skabekla 20,95% apstaklos iz8kist [Ozaqua]=9,768-10 M.
Ta péc fiziologiska lidzsvara konstante ir Kozasinis=[ O2aqua]/[O2gaiss] =9,768-10-/0,2095=4,663*10-4=10-33314,
Arterialo [O2aqua] = 6-10° M un venozo [Ozaqua]=0,426*10"> M koncentraciju nodrosina pKozasinis=3,3314
skabekla molekulam osmoze pretéji koncentracijas gradientam $kérsojot akvaporinu kanalus membranas.
Inversa: Ozaqua +4H30*+4e < 6H20; -E°02=-1,0865 Volts; Nernsta pus: 4(Pt)H+4H.0<4H30*+4e"; E°'1=-0,2965 V
Ozaquat4(Pt)H=2H20; AGeq=(E°H-E°02)*F*1+4=(-0,2965-1,0865)*96485*4=-1,28*96485*4/1000=-533,9 “/mol;
Zinot lidzsvara vértibu AGeq2H20=2GH20-4GptH-Go2aqua=2*0-(4*G(pyH+329.68)=-533,9 “/mol , lidenrsza
metala briva energija ir GHpey=(2GH20-AGeq2H20-Gozaqua)/4=(2*0+533,886-329,68)/4=204,2/4=51,05 ¥/mol ;
Séra reducésana inversais potencials: Srombic + 2 H3O* + 28" = H2Sagt+ 2 H20; -E°5=0.05254 V;
rombict2(Pt)H <> H25ag; 2(Pt)H+2H20=2H30"+ 2e7;  E°nw=-0,2965 V
AGeq=(E°H-E°5)*Fe1+2=(-0,2965+0.05254)*96485*2=-0,245*96485*2=-47,077 ¥/mol;
GH25aqug=AGHessH2:+(2GHPt)+Gsrombic)=-47,077+(2*51,05-85,64)=-30,6 17 ol . 2. lapas puse.
Nernsta pus reakcijai: H2Saq+2H20=S5rhombict2H30O*+2¢e™ absoliitais standarta potencials E°*H2:=-0.0515 V
brivas energijas izmainai: AGeqHz:=EtH2:Fn=-0.0515*96485*2=-9.938 *//mo .
UdenraZa sulfida $kiduma pus reakcija Hesa likuma brivas energijas izmainas vértiba izteiksmé ir:
AGHess_H25ag=G5rhombict2GH30+-(G H2saq+2GH20)=-85.64+2*22.44-(G H2:aq+2*0)=-9.938 K/mol tad absoliita
vertiba ir: G H2sag=Gsrhombict2GH30+-(AGHess_H2:aq+2 GH20)=-85.64+2*22.44-(-9.938+2*0)=-30.82 K/ mol.
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Nernsta potenciala studijas reducgjot ar vitaminu B3 etanalu HsCCH=0 un oksid&jot HsCCH20H etanolu

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

Ox NAD* + H(H™+2e")= NADH,; inversais -E°nap+=0,4095 V; absolute David Harris; [22]

Red CH3CH20H+2H20=CH3CHO+2H30*+H"(2¢e"); absoliitais Nernsta potencials E°cHscH2on=-0,055 V; [19]
Summa: E°cHacHzoH-E°NaD+=-0,055+0,4095=0.3545 V, N=2; AGeq=AE°*F*n=0.3545*96485%2=68,4 “//mol;
Novertétaja balansa n=2=m ar elektronu skaitu 2e- donors E°cHscH2on=-0,055 V plus electronu akceptors
-E°NnaD+=0,4095 V, jo -E°NnaD+=0,4095 V akcepte elektronus no etanola E°cracHzon=-0,055 V:
E°2120=0,190-0,0591/2*log(1/[H.0])=0,190-0,02955*l0g(1/55,3333)+0,10166-0,3982=-0,05503 V=E°cHacH20H;

68408
NADH]-[CH,CHO][H.0"]  AGeq -~
AGeq=-ReTsIn(Keq)=68,4 /mol; Keq= EN AD+]],[([:H 3CH OH]],[[,f O]] =0 ReT =€ 8.3140298.15 =1 036+1012=1011.985 ;
3 2 2

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

Red NADH = NAD* + H(2e’); E°nabH= -0,4095 V; absoliitais Nernsta potencials David Harris; [22]

Ox CH3CHO+2H30O* + H(2e") <=> CH3CH20H+ 2 H20; inversais potencials -E°cHzcH204=0,055 V; [19];
Summa:

AE°=E°naDH-E°cHacH0=-0,4095+0,055=-0.3545 V, AGeq=AE°*Fen=-0.3545 V+2 mol*96485 “/mol= -68,4 /oI ;
Novertétaja balansa n=2=m ar elektronu skaitu 2e- donors E°napn=-0,4095 V plus electronu akceptors
-E°cH3cH0=0,055 V, jo -E°cH3cHo=0,055 V akcepte clektronus no B3 vitamina E°napn=-0,4095V .

—-68408
[NAD+]' [CHSCHZOH]' [H ,0 ] MG ——
AGeq:-R°T°ln(Keq):-68,408 I(J/mol; Keq: [NADH]-[CH CHO]-[H O+] =g ReT =¢ 8.314¢298.15 =1011.985,
3 3

Aeroba organisma O2aqua NADH oksidaze reda attiecibu [NAD*]/[NADH]=105;
AGHomeostaze=68,408+ ReTeIn(10°*1/1*107:%6/55,3)=68,408-86,2= -17,8........... K mol.
[NAD*J/[NADH]=10%, AGHomcosia--=68,408-69,08= -0,676........../mol.

Lidzsvars novirzits izejvielas ka aeroba konstante Keq =10"198 un ir inversa anaerobi

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

AG 1599 G B

oksidesana Hesa likuma brivas energijas izmaina ir pozitiva AGHess=159........ K3t UN T G 684 Yl
asimetriski negativa etanala anaerobai reducésanai A GHess=-159....... _. Ko b(_et B A+B +C-5(')%D +E+E
minimizgjas sasniedzot [idzsvaru AGmin=AGeq=68,4....... K/mol aerobi izejvielas_ NAD*+H3CCH>OH+H-0
un asimetriski anaerobi AGmin=AGeq=-68,4...... “//mol sasniedzot lidzsvara  produkti_ NADH+HsCCHO+H30*
maisTjumu ar asimetriskam konstantém 10-11985=Keq un 1011985=Kq . Aaerobi A
. v . _ P . . _ - . -159 /ol
Prigozina atraktors ir brivas energijas izmainas absoltts minimums AGmin Sasniedzot g
lidzsvaru: AGmin:68,4 ....... I(J/moI: | AGeq ‘ < | AGHess ‘ =159........ I(J/mol. AG=<0 | Hess
Anaerobi H3C-CH=0+NADH+H30* =>H3C-CH2-OH+NAD*+H20+AG+Q; 4]—>G
reducéSana labveligi AGeg=AE°*F*n=-0.3545 V+2 mol*96485 ¢/moi=-68,408......... K mol. anaerobi
Anaeroba etanola oksidéSana nelabvéliga zemas O2aqua koncentracijas hipoksija, bet AGnin= 68,4 ¥lnor§
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*
AGHomeostéze:'27,86 ........ k‘]/mol NAD*+H3CCH20H+H20

Anaeroba attieciba homeostaze virs ¢ labvéliga reducéSanai:
AGHomeostéze:'GS,41+8,3144*298.15*|n(KHomeostéze):'68,41+40,54 = '27,86 ........ k‘]/mol

o 1 1 55333 ,_ kI ~_[NAD*}[CH,CH,OH} [H,0]
AGHomeostaze—'68141+8,3144*298115*'”(E E 10——736 )—'27,86 /mol, KHomeostaz= [NADH]-[CH3CHO]'[H3O+]

[NADH]/[NAD*1=1/770; AGHomeostaze=68,408+8,3144*298,15*In(700/1*1/1*55,3457/107%¢)=0,028 ¥/mo.
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Nernsta potenciala O2aqua / H20 ‘ (Pt)H / H3O* un H202/ H20 | H202/ 02 studijas

Ox inversa pus reakcija -Eo02=-1,0865 V: O2aqua+ 4H30" + 4" <=> 6 H20 ;

Red Nernsta pus reakcija: 4(Pt)H + 4H20 <> 4 H3O* + 4e ; metals Gidenradis GHry=51,05 “/mol;
O2aguat4(Pt)H ¢ 2H20 ; AGHes2H20=2GH20-4GH(pt-Gozaqua=2*-237,191-(4*51,05+330)= -1008,6=2*-504,3 */mo;
AGeq=(E°H-E°02)*F+4=(-0,2965-1,0868)*96485*4=-1,38334*96485*4/1000=-533,9=2*-266,9 X/mol

AGeq2+20=2GH20-4GH(py)-G02aqua=2*0-(4*GH(py+329,68)=-533,9=2*-266,9 “/mo|
GH(Py=(2GH20-AGeq2H20-Go2aqua)[4=(2*0+533,886-329,68)/4=51,05 “/mol .
Gas Ozgast+2H2gas=2H20; AGHess2H20=2AG°H20-(2AG °Hzgas+ AG°02gas) =2*-273,19-(2*0+0)=2*-273,19=-546,4 ¥/mol
O2aquat2H2aqua=2H20; AGAIberty2H20=2GHZO-ZGH2aqua'GOZaqua=2*0-(2*lO3,24+329,68):-536,2 I(‘]/mol;
Udenraza briva energija Grzaqua=103 “/mol of Alberty R.A. Biochemical Thermodynamic’s 1-463. (2006).

Viela AHOH,kJ/mol ASOH,J/moI/K AGOH,kJ/moI AGHess=2AG°H20-4AG°(Pt)H -AGOOZaqua=-689=2*--344,521 I(J/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 '4531188 '151,549 AGeq: -266,9 kJ/moI ; AGHess: -344,5 I(“]/mol
Hs:O* -285,81 -3,854 |-213,2746 [reakcija 4(Pt)H + O2aqua <3 2 H20 ; absoliita briva energijas izmaina
Hoaqy | 23,4 130 | 99,13 | AGeq=-266,9 Wimot | < | AGress= -344,5 ¥/mai | ;

Hoagy | -5,02 | -363,92 | 103,24 |Alberty 2006 Biochem.Thermodyn Massachusets Technology Inst.

O2aqua -11,70 -94,2 16,4 Udens koncentracijas [H,0]° logaritms ekstragéts no E°classic=1,229 V

O2aqua -11,715 | 110,876 16,4 lidz idenraza absoltitam potencialam E°=1,383+0,10166-0.3982=1,0865 V

Kegzrzo=Koxred=eXp(-AGoxred/ R/T)=exp(533886/8,3144/298,15)=exp(215,4)= 3,42*10% ;
Eksotermiska un eksoergiska O2zaqua reducésana ar metalu tidenradi
4(Pt)H un H202 dismutesanas Hesa brivas energijas izmaina negativa
AGHess2H20=-504,3....... Kol , AGHess_t202=-480........ K/mot, bet minimiz&jas
sasniedzot lidzsvaru AGegarz0=-266,9 “/mol un AGegstandart_+202=-238,5........ K mol
konstantes Kequzo:3,42*1093 ......... and KeqStandard_H202:6,104*1041 ........
Minimums AGmin ir PrigoZzina atraktors. Brivas energijas izmainas minimuma
sasniegSana iestajas lidzsvara stavoklis.
Red H202+2H20=02aquat2H30*+2¢e" ; E°H202=0,4495 V Alberta University ;
[H202]=1 M koncentracijas vidé ir pH=7,36. .
Oks inversais H202+2H30 *+2e =4H20 potencials -E °ox=-1,6855V Suhotina ;
Summara dismutacija 2H202ag=>02aquat2H20+Q+AG;

Reaktanti 4(Pt)H+ O2zaqua un produkti 2H20

Reactanti 2H202aq un produkti O2aquat2H20 4A+B 50% 2D
2A 50% B+2C

AGaiberty2120 =-344,5 /ol
G AGAlhenyHZ()2:-480 k']/mol

............

AchZHZ():-266,9 kJ/mol k
AGeaStandardi2 (,)2:1238.5kj/m0h:f

AGegstandart_r202=(ERed-Eoox)*F*n=(0,4495-1,6855)*96485*2=(-1,236)*96485*2= -238,5....5/mol ;
[0,]aqua-[H 0] ?
[H0, Jaqua
Eon202=E °202+0,0591/21g(O2aqua] *[H30 *]%/[H20,]/[H.0]%)=0,4495+0,0591/2*Ig(6*10">*10"7*6"2/1/55,3"%)=0,2132 VV

Eoox=E°H2020x+0,0591/2¢log([H20]*/[H202]/[H30 *]?)=-1,6855+0,0591/2*1g(55,3"/1/10"(-7:36*2))=-1,0445 V

Sum Nernst+inverse AGeggiochem=(ERed-Eoox)*F*n=(0,2132-1,0443)*96485*2=(-0,831)*96485*2= -160,4....K/mol
Biochem AGaiberty=Go28iochem_arteriaj*+2* GH20BioChemistry-2* GH202=78.08+2%85.64-2*364.79=-480.22 /ma; Alberty
1. AHHesssAH 00+ 2AH H20-2AHH202=-11.7-2*286.65-(2*-191.99)=-201.02 X/ino =-11.7-2*285.85-(2*-191.17)=-201.06 X/
2.ASdispersed:-AHH/T:-(-ZO1.02)/298.15:674.2 otk 5 ASdispersed:-AHH/T:-(-201.06)/298.15:674.36 otk ;
ASHess=AS°02+2AS°H20-2AS°H202=-94.2+2*-453.188-(2*-481.688)=-37.2 Y/molik;
ASHess=AS°02+2AS°H20-2AS°H202=110.876+2%69.9565-(2*143.9)=-37 Y/moliK;
2. AStota=ASH+ASdispersed=-37.2+674.2=637....."/molik AStotar=-37.011+674.36=637.35......"/mol/K;
4. AGHess=AHH-T*ASH=-201.02-298.15*-0.0372=-189.9 /mol €X0€rgic spontaneous.
AGHess=AHH-T*ASH=-201.06-298.15*-0.037=-190 X/mo ;
TeAStotal=0.637*298.15=189.9 X/mol ; T*AStota=0.63735*298.15=190 “/mol;

=KH202=exp(-AGeq/R/T)=exp(2385510,9/8,3144/298,15)=6,104*10%........

Kegstandart_H202=
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Liela atruma protolizes peroksida jonu sadursmé HOO><"OOH ir liela Ea=79000 %/ma aktivacijas energija, bet jonu
HOO=> sadursmé aktivacijas energija ir maza Eq=29 Ymol . Producgjot =6, ®=3 taukskabes, skabekli, ideni un
siltumu: 2H202aq)<=>02aquat2H20+Q+AGH ;
AGegstandarta_2H202=(E°H202aqred-E " H202aq0x) *F*Nn=(0,4495-1,6855)*96485*2=(-1,236)*96485*2= -238,5 K fmol ;
AGAaiberty 2H202=Go2aquat2* GH20-2* GH202=330+2*0-2*GH202=-238,5 Y/mol; exoergic
GH202=(Go2aquat2*GH20+AGAlberty 2H202)/2=(330+2*0+238,5)/2=568,5/2=284,25%inl ;

Viela| AH®H,K/m| AS°H,Mmolf AG®u,K/m GH202=284,25mol;
H:O* -285,81 -3,854 | -213,279Misc¢enko 1968, Himia, Leningrad
O2aqud -11.715| 110,876 16,4 |CRC 2010; G02aqua=330 X/mot ; GH20=0 ¥/mol;

O2aqud  -11.70 -94,2 16,40 | AHress=AH®02+2AHH20-2AHH202=-201.02.....=-201.06......K/mol
H.O| -285,85] 69,9565 -237,191 =-11.7-2*286.65-(2*-191.99)=-201.02......%/mal eksotermiska..
H.O| -286,65| -453,188 -151,549 =-11.7-2*285.85-(2*-191.17)=-201.06......<" mol

H2O2@ -191,99| -481,688 -48,39 BiochemThermodynamic 2006 Masachusets Technology institute
H202¢ -191,17 143,9 -134,03 |University Alberta 1997.

H2021 -237,129 69,91 | -237,129ASkopeia== ASHt ASiadicasa=-37,2+679,725= 642,525.......... I molik
2.AS=-AHH/T=-(-201,02)/298,15=674,2.... Imoiik ; ASizkiiede=-AHn/T=-(-201,06)/298,15=674,36....)/mol/k ;
ASHess=AS°02+2AS°H20-2AS °H202=-94,2+2*-453,188-(2*-481,688)=-37,2...." ImolK;
ASHess=AS°02+2AS°H20-2AS°H202=110,876+2*69,9565-(2*143,9)=-37...."/moii;

2. ASkopeia=ASH+ASizkliede=-37,2+674,2=637....."Imolik ASkopeja=-37,011+674,36=637,35......"/molk;

4. AGHess=AHH-T*ASH=-201,02-298,15*-0,0372=-189,0........ Wmol eksoergiska............ patvaliga...........
AGHess=AHH-T*ASH=-201,06-298,15*-0,037=-190........ ol ;

T*ASkopeja=0,637*298,15=189,9......... ot ; T*ASkopeia=0,63735%298,15=190......... K/ mor;

Red: H202+2H20=02+2H30%+2¢" ; E°Red=E°RedH202=0,4495 V Nernsta absolitais potencials Alberta University;
Ox: H202+2H30*+2e=4H:0 ; -E° oxH202=-1,6855 V inversais standarta potencials Suhotina ;

2H202(aq) =O2aquat2H20+Q+AG; Aktivétiem peroksida homeostazes produktiem: hidroksonijam un peroksida:
anjonam: Gh202=364.8 </mol; GHzo++GHoo-=22.44+418.32=440.76 X/mol briva energija novertéta attieciba pret nulli
idenim un oglekla dioksidam COzgas : GH20=Gco2gas=0 */mo;

AGmin=AGegstandart=(E °RedH202-E°0x+202) *F*n=(0,4495-1,6855)*96485*2=(-1.236)*96485*2=-238.5 K/mo;
[0Jaqua[H01
[H 0, Raua
Pus reakciju RedOx Nernsta reducé$anas un oksidéanas elektronu balanss 2 ¢ pie pH=7,36, [Oaq]=6*10° M

Ered=E°H202+0.0591/2¢1g([Ozaqua]*[HsO *1%[H202)/[H201?)=0,4495+0.0591/2*Ig(6*10"9*10"736°2)/1/55,3')=0,2132 V/
Eox=-E°H2020x+0.0591/2¢log([H202]*[H30 *]?%/[H20]%)=-1,6855+0.0591/2*Ig(1*10""-36*2)/55 3"4)=-1.443 V
Homeostazé summa AGeqggiochem=(ERred-Eoox)*F*n=(0.2132-1.0445)*96485*2=(-0,831)*96485*2= -160,4....<"/mo! ;
AGAIberty:GOZBiochem+2*GHZOBioChemistry-Z*GH202:78,08+2*85,64-2*364,79:-480,22 kJ/mol; Alberty
Eksotermiska, eksoergiska H202 (ag) dismutéSanas Hesa briva energijas izmaina AGAiberty A
AGHessalberty un biokimijas vidé ir negativa -480........ Kol , -426,5........ Kfmol, bet
minimiz€jas AGegstandart=-238,5........ /ol sasniedzot lidzsvaru maisfjuma konstanti
Keq:6,1*1041 .......
Lesatelj€ princips ir Prigozina atraktors brivas energijas izmainas minimums AGmin
lidzsvara. Liela atruma protolizes atraktori pH=7,36, skabeklis 20,95% gaisa atrodas
lidzsvara stavokli, kamér neatgriezeniska homeostaze turpinas, jo ir nelidzsvara stavokl:
Prigozina atraktors Nobela prémija kimija 1977. gada. KATALAZE izdze$ peroksida e,
molekulas H20:2 lidz 100% ®=6, ®=3 taukskabju C20:4 iznakumam elongacijas sintez ~
peroksisomas. KATALAZES reaktivitate ir nepiecie$ams ﬁ‘éj‘;(‘jzjiégu;ml :
neatgriezeniskas homeostazes Brauna molekulars dzingjs evoliicijai un izdzivosanai. AtA 50% B12C

izejvielas 2H202(aq)
produkti_O2aquat2H

Kegstandart= =Kn202=exp(-AGeg/R/T)=exp(238511/8.3144/298.15)=6.104*10%........

AGAIberty: -480 kJ/mol

KATALAZE
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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+H0==18i0,—Si0s +H30*. Stikla elektroda potenciala rasanas izskaidrojama sekojosi.

Uz stikla virsmas atrodas silicijskabes anjonu funkcionalas grupas +SiO>—SiOs™. Uz plana kristaliska stikla
membranas virsmas protoné tdeni (piem&ram, salsskabé HCI) iestajas protolitiskais lidzsvars starp kristalisku
silicijskabi SiO>—SiOsH un silikata anjonu grupas SiO>—SiOs". Silicijskabe ir ideni neskistosa skabe un loti vaj$
elektrolits: Si02—SiOsH+H.0==1Si0>-Si03 +H30".

Ta ka kristaliskai membranai ir iek$&jas virsmas lidzsvars un uz argjas membranas virsmas ir ar&jais lidzsvars
, kurs§ ir mainigs no méramas vides H* koncentracijas testa eksperimentos.

H30%eket+ Si03 =Si0Od == H20+HSi0s=SiO2//11/SiOa/11] Si02—Si0sH+H0== 1 Si0>—Si03 +H30%ars;.

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

+ - o
[lEHé?]] ; v % ; Kicks® Karej. = Kmembr= [H30"argis
3V liek$ 2

[H30 Tiext
+ .
00591, % =0,0591(log[H30* a5 ]-10g[HsO*ets])= Econst 0,059 1epH  (24)
3 iekd

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

Kieks.=

Emembr=

Jonu koncentracija membranas iekSpus€ mainas un ir konstanta Econst= -0,0591elog[H30*ieks]. Membranas
potencials ir atkarigs tikai no Skiduma tidenraza joniem H3O%ars vai pH=-log[H3O"arg].
Emembr= Econst +0,0591@log[H3Oouter]  (24)
Praktiski lietojama stikla elektroda uzbtives shéma paradita att€la. Stikla caurulites gala ir izveidots plans
stikla pislitis, kas kalpo par stikla membranu. Stikla elektroda iekSpus€ 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=SiO2\ ///I/SiO2///l 4Si02=SiOzH un elektroda komplekts ar sudraba stiepli.
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Elektrisko kontaktu ar stikla membranu ieks€ja Skiduma iegremdé sudraba stiepli, kas izveido otra veida
elektroda potencialu Eagciieks virkné ar membranas potencialu Emembr.+ Eagcrieks. Potencials ir atkarigs tikai no ar€ja
— petama skiduma pH, jo salsskabes koncentracija ir konstanta. EDS (elektro dzingja sp€ku) méra noslégtai

_____

kéde noslédzas pie pH-metra kontakta spailém:

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

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

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

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

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

EDS = E’const—0,0591 @pH (26)
pH mériSanai ar stikla elektrodu ir vairakas priekSrocibas:
1) stikla elektrods ir lietojams visa nepiecieSamaja pH intervala (no pH = 0 lidz pH = 14);
2) merijumi ir loti precizi (Iidz 0,01 pH vienibai);
3) meérfjumi nav atkarigi no oksidétaju, reducétaju un olbaltumvielu klatbiitnes skiduma;

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

pH meter

]

3 Reference Internal
pH metrs electrode electrode
N i
< /
P AgCl
elektrods
. Ceramic
P Isllzl{dad junction Test solution
eleKirogs
pH sensitive
bulb
\ membrane ]

Skiduma pH mérisana ar kombingto stikla un sudraba hlorida elektrodu EDS pari
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Nernsta SO4%/ SO3?~ pus reakcija skaba [H3O*]>=0,1 M vide pH=1 un baziska OH~ vide pH>7.
Nernsta absoliitais standarta potencials. [H20]=55,3 M ;

CRC; GH2504=GHs04-+GH30-(AGeqH2504+GH20)=-718,17 “/imol;

GH2s04=-746,64+22,44-(-6,035+0)=-718,17 /ol
Gr2504=AG 2504+ G- rombisks+2AG o2+ Grzgas=-84,04 ¥/mor;

GH2s04aq=-192,74+22,44-(-6,035+0)=-164,3 “/mol;

CRC

GHs04-=Gs042-+GH30-(21,307+GH20)=-746,62 X/mol;

GHs04=AG°Hso4+Gsrombiskst2AG02+GH2gas/2=-192, 74 K/ mol;

GHso04-=-227,39+22,44-(21,307+0)=-226,3 “/mo;;

Ghs04-=AGeqHsos--3GH30+(GH2s03+4GH20)=-192,7 “/mol ;

BioTherm2006; AG sos-=AH-T*AS=-907,62-298,15*-0,5362=-747,75 “/mo;

GSO4:AGF0rm:AG0504+G rombisks+2AGOZz'747,75'85,64+2*303:'227,39 kJ/mol;

Gs042-=AGegso42--3GH30+(GHs03+4GH20)=-202,3 K/moi ;

Gs042-=AGeqs032-0H-GH20+(Gs032-+2GoH)=-213,4 /ol ;
CRC

GH2503=AG°H2503+Gsrombisks+1,5AG02+ GHagas=-381,23 kJ/mol;

GH2503ag=-74,84+22,44-(20,5075+0)=-72,9075 “/moi;

GH2503=GHs04-+3GH30-(AGegHs04-+4GH20)=-141,1 K/mol;

Ghs03=AG Hso3tG rombisks+1,5AG02+GH29a5/2:'74,84 kJ/mol;

GHs03-2=-121,52+22,44-(51,140)=-150,2 “/mor;

Grs03=Gs042-+3GH30-(AGeqgsos2-+4GH20)=-150,7 “/mol ;

Viela AH®H kJ/mol AS°H J/moI/KAGOH ) I(‘]/mol
H2SO4 -814,0 156,9 -690,0
H2SO4 -718,17
H>SO4 formation | -84,04
H2SO4 pKa=-2,8| -164,3
HSO4 -887,3 131,8 -755,9
HSO4 - - -746,62
HSO4 formation | -192,74
HSO4 pKa2=1,99| -226,3
HSOs | E°usos= | 0,08145 -192,7
SO+ -907,62 -536,2 -747,75
SO4s* - formation | -227,39
S04% E°sos2= | 0,08145 -202,3
SO+ E°so2 = | -1,278 -213,4
SO4s* -909,3 20,1 -744.5
H2S03 formation | -381,23
H>SO3 pKa=1,85| -72,9075
H2SO3 | E°nsos=  0,08145 -141,1
HSO3s formation| -74,84
HSO3 pKa=7,21| -150,2
HSO3 E°sos2-= | 0,08145 -150,7
HSOz -635,5 -29 -486,5
SOs% | -632,1888 |-474,0502| -490,38
SOz* - formation | -121,52
S0s* E°soz2= | -1,278 -135,5

CRC
BioTherm2006 DGH_sos2-=DHu-T*DSH=-632,1888-298,15*-0,47405=-490,85 K/moi;

Gs03=AGFrorm=AG°s03+Gsrombisks+1,5AG02= -121,52 Y/mor;

Gs032-=Gs042-+GH20-(AGeqsoz2-oH +2Gor)=-135,5 “/moal ;

Veido$anas él,ddiba rombiskst2O2gastH2gastH20=H25O4aq; Gsrombisks=-85,64 k‘]/mol; GH2gas=85,6 K fmol Alberty ;
Go02gas=303 I(‘]/mol; GH2504=AGForm=AG°H2504+G:rombiskst2AGo2+GH2gas=-690,0-85,64+2*303+85,6= -84,04 I(J/mol;
GHs04=AGrorm=AG°Hs04+Gsrombisks+ 2AG02+0,5GH2gas=-755,9-85,64+2*303+85,6/2=-192,74 X/mor;
Gs04=AGrorm=AG°s04+Gsrombisks+2AGo2=-747,75-85,64+2*303=-227,39 k‘]/mol;
H2SO04+H20=HSO4s+H30"; pKa1=-2,8; Keq1=Ka1/[H20]=10"28)/55 3=1141;
AGeqr2s04=-R*T*In(Keq)=-8,3144*298,15*In(11,41)=GHsos+GHs30-(GHzs04+GH20)=-6,035 “/mol;
GH2504ag=GHs04-+GH30-(AGegH2s04+GH20)=-192,74+22,44-(-6,035+0)=-164,3 “/mar;
HSO4+H20=S04%+H30*; pKa2=1,99; Keq2=Ka2/[H20]=107129/55,3=0,0001850;
AGegHso4=-R*TeIn(Keg2)=-8,3144*298,15*In(0,0001850)=Gs042-+GHz0-(GHso4-+GH20)=21,307 X/mor;
GHs04-=Gs042-+GH30-(AGegHso4+GH20)= -227,39+22,44-(21,307+0)=-226,3 “/mol;
Veidosanas skidiba Srombisks+1,502gas+H2gastH20=H2503aq; Gsrombisks=-85,64 K fmot; GH2gas=85,6 K mol Alberty ;
G02gas=303 X/mol; GH2503=AGForm=AG° 2503+ G rombisks+1,5AG 02+ Grizgas=-835,69-85,64+1,5*303+85,6=-381,23 “/imol;
GHs03=AGForm=AG°Hs03+G:rombiskst1,5AG02+0,5GH2gas=-486,5-85,64+1,5*303+85,6/2=-74,84 kJ/mol;
Gs03=AGFrorm=AG°s03+Gsrombisks+1,5AG02=-490,38-85,64+1,5*303=-121,52 “/imol;
H2S03+H20=HSO3 +H30*;pKa1=1,85;Keq1=Ka1/[H20]=107189/55 3=0,0002554
AGegH2s03=-R*TsIn(Keq1)=-8,3144*298,15*In(0,0002554)=GHs03-+GH30-(GH2503+GH20)=20,5075 “/mol;
GH25032¢=GHs03-+GH30-(AGeqH2503+GH20)=-74,84+22,44-(20,5075+0)=-72,9075 “/mol;
HSO3+H20=S03*+H30%;pKa2=7,21;Keq2=Ka2/[H20]=107"2D/55 3= 0,000000001115
AGeqHso3=-R*TeIn(Keq2)=-8,3144*298,15*In(0,000000001115)=Gso03z2-+GH3o-(GHso3-+GH20)=51,1 X/mor;
GHs03-4¢=Gs032-+GH30-(AGeqHs03+GH20)=-121,52+22,44-(51,1+0)=-150,2 “/mor;
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H2S03+4H20=HSO4++3H30*+2e"; pH<1,9 E°Hs042-=0,08145 V Suchotina.

E°sos2 =E°+0,10166-0,0591/2*Ig(1/[H20]*) -0,3982=0,172+0,10166-0,02955*1g(1/55,3"*) -0,3982 =0,08145 V;

Lso, Mo - (50, Hro'T*
g fisofin,o —0.08145V +% ‘log (12 E TR

Ensos=E°Hso4-+ 0.0591 «]o
AGeqHSO4—=EoHSO£217'F'2:O,08145*96485*2:15,717 K fmot, <=> 15,68 “/mol;
AGeqHsos-=GHsos-+3GH30-(GH2s03+4GH20)=-192,74+3*22,44-(-141,1+4*0)=15,68 “/ma ;
Gr2503=GHs04-+3GH30-(AGegHs0s-+4GH20)=-192,74+3*22,44-(15,717+4*0)= -141,1 /mol

GHs04-=AGeqHs04--3GH30+(GH2s03+4GH20)=15,717-3*22 44+(-141,1+4*0)= -192,7 /o ;

HSO3 +4H20=S04? +3H30*+2e" ; 2=<pH<7, Suchotina E°so42 =0,08145 V;

E°sos2-=E°+0,10166-0,0591/2*1g(1/[H20]*) -0,3982=0,172+0,10166-0,02955*1g(1/55,3"*) -0,3982 =0,08145 V;
—[o 0.0591 [S Of_]'[H30+]3 — 8145 V 0.0591 1 [S 03_]'[H30+]3
Esos2-=E°sos2+ > *log [HSOJ[H,0]° =0,0 + = *10g HsoH,00
AGeqsos2-=E°so42-+F2=0,08145*96485*2=15,717 K/mol, <=> 15,72 X/mal ;
AGegso42-=Gs042-+3GH30-(GHs03+4GH20)=-202,3+3*22,44-(-150,7+4*0)=15,72 ¥/imol ;
GHs03=Gs042-+3GH30-(AGegso42-+4GH20)=-202,3+3*22,44-(15,717+4*0)= -150,7 /ol ;

Gs042-=AGeqso42--3GH30+(GHs03+4GH20)=15,717-3*22,44+(-150,7+4*0)=-202,3 “/mo! ;

S03%+20H=S04% +H20+2¢"; pH > 7 ; E°s042-=-1,278 V Suchotina

E°so32-0H=E°+0.10166-0.0591/2*Ig([H20])=-0.93+0.10166-0.02955*Ig(55.3)-0,3982= -1,278 V;
E SOSZ—OH:EOSO32—OH+@ *log Eg?}% =-1,278 V+% *log Eg‘;}%
AGeqso2-0H=E°s0z2-onHeF2=-1,278*96485*2=-246,62 “/mol, <=> -246,6;
AGeqso32-0H=Gs042-+GH20-(Gs032-+2GoH)=-213,4+0-(-121,52+2*77,36)=-246,6 “/mol ;
Gs032-=Gs042-+GH20-(AGeqsoz2-or +2Gon)=-213,4+0-(-246,62+2*77,36)= -121,5 “/mal ;

Gs042-=AGeqs032-0H-GH20+(Gs032-+2GoH)=-246,62-0+(-121,52+2*77,36)= -213,4 X/mol ;
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Nernsta potenciala NO3/NO2" red-oks sistémas Tpasibas skaba H3O* tidens un baziska OH~ vidé
Nernsta absolitais standarta potencials.

Formation AG°Hno2gast0,5N2gastO2gast0,5H2gas=GHno2gas=-46+(0,5*-9,55+303+0,5*85,6)= 295,025 K fmol ;
GNZQas:GN2aqua-(AGHess_§lg_N2aqua+GH20):18,7-(28,25+0):-9,55 I(‘]/mol; GH2gas=85,6 K/ mol Alberty ; Go2gas=303 I(‘]/mol;
GNO2Form=AG°N02ag+0,5GN2gast Gozgast GH20=-33,01+0,5*-9,55+1*303+0=265,2 /mol;

HNO2+H20=NO2 +H30%;pKa=3,15; Keq=Ka/[H20]=107(315)/55,3= 0,00001280;
AGegHn02=-R*T*In(Keq)=-8,3144*298,15*In(0,0000128)=Gno2+GH3o-(GHno2+GH20)=27,927 “/mol;
AGegHN02=GNo2-+GH30-(GHNo2+GH20)=265,2+22,44-(259,713 +0)=27,927 K/mol;

Gno2 =AGegHN02-GH30+H(GHNo2+GH20)=27,927+22,44-(259,713 +0)=265,2 Kol
GHN02=GNo2-+GH30-(AGeqHno2+GH20)=265,2+22,44-(27,927+0)=259,713 “/mar;

GNO3F0rm:AG°Nogaq+(0,SGNzgas'l'l,SGozgas'l'O,SGHzgas‘l'GHzo):-log,55+(O,5*-9,55+1,5*303+0):340,2 k‘]/mol;

HNO3+H20=NO3 +H30%;pKa=-1,4; Keq=Ka/[H20]=10714)/55,3=0,4542;

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

AGeqrNo3=Gno3-+GHzo-(GHNno3+GH20)=340,2+22,44-(360,684+0)=1,956 “/mol;
GHN03=GN03-+GH30-(AGeqHNo3+GH20)=340,2+22,44-(1,956+0)=360,7 “/mol;

Gnoz = AGegHnoz-GHzo+(GHnos+GH20)=1,956-22,44+(360,684+0)=340,2 “/mol;

HNO2+4H20=NO3 +3H30"+2¢;

GHN02=GN02--GH30+(AGeqHN02+GH20)=259,713 ¥/mor;

GHNO2gas=AG°HNO2gast0,5N2gastO2gast0,5H2gas=295,025 K mol

GNO2form=AG°N02ag+0,5Gn2gast GozgastG H20=265,2 I(‘]/mol;

Gno2-=AGeqHNo2-GH30+(GHN02+GH20)=265,2 X/mol;

BioTherm2006

Gno3 =AGeqnH4+H20-10GH30+(GNH4+-13GH20)=580,31 X/mol

Wiki G°No3 =AHu-T*ASw=-207-298,15*0,146=-250,5886 “/mo;

GHN0z=GNo3-+GH30-(AGeqHno3+GH20)=360,7 ¥/mol;

Gn03-=AGegNH4+H20-10GH30+(GNH4+-13GH20)=795,66 “/mor;

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

GNO3Form:AG°HNOSaq"'(O,SGNZgas+1,SGOZQas+GH20):34O ) 2 kJ/m0| ;

Gno3-= AGegHN03-GH30+(GHno3+GH20)=340,2 X/moi ;

NO2 +20H=NO3 +H20+2¢e"; E°N03-H20=-0,3380 V

BioTherm2006

CRC

GNOgas=GH20+GNan-(AGSp)=0+86,55-(25,526) :61,024 k‘]/mol ;

BioTherm2006

NOag+6H20=NO3 +4H30*+3e";

Viela AH°H ¥/ mol ‘ASOH Imo AG®H Kol
HNO:> |E°no3-H30+ =0,8495 V| 243592
HNO> - pKa=3,15| 259,713
HNO2gas -79,5 254,1 -46,0
HNO2gas - formation | 295,025
NO2~ - formation 265,2
NO: pKa=3,15| 265,2
NO2~ -104,19 -238,7 -33,01
NO2 482,3
HNOs3 -207 146 -250,53
HNO3 - - 592,29
HNO3 - pKa=-1,4 360,7
NOsz~  |E°NH4+H20=[1,0198 VV 795,66
NO3~ -206,85 146,7 | -250,5886
NOs~ - formation 340,2
NOs - pKa=-1,4 340,2
NO3z~ E°Nno3-on |-0,3380 V| 354,696
NOs3~ -204,59 -318,8 -109,55
NOgas 91,3 210,8 87,6
NOgas | Solubility product- | 61,024
NOaq - - 86,55
Nan EONO(g)HSO+ :0,8695 178,28
NH4* | On data of Alberty 2329
NH4*+OH7 -361,2 165,6 -254

AG °NH4+0H=-254<AGsumNH4+0H=232,9+77,36= 310,26 */mol ;

Eno3-H30+=E°N03-H30++

HNO2+4H20=N0O3 +3H30*+2e"; E°no3-H30+=0,8495 V Kortly, Shucha pH<3,15;
E°Nno3-H30+=E°+0,10166-0,0591/2*Ig(1/[H20]%)-0,3982=0,94+0,10166-0,02955*Ig(1/55,3"*) -0,3982 =0,8495 V;

0.0501 _

log

[NO;}[H;0"]®
[HNO,][H,0]*

0.0591 INO;][H;0"]3

= +
0,8495 V NG, FH,01°

log

AGegN03-H30+=E°N03-H30+*F+2=0,8495*96485*2=163,928 “/mol, <=> 163,928 K/,
AGegno3-+H30+=GN03-+3GH30-(GHNo2+4GH20)=340,2+3*22,44-(243,592+4*0)=163,928 X/mol,
GHN02=GN03-+3GH30-(AGegno3-H30++4GH20)=340,2+3*22,44-(163,928+4*0)=243,592 X/ma;
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NOz +20H=NO3 +H20+2¢"; E°No3-H20=-0,3380 V; pH>3,15 Suchotina
E°no3-on=E°+0,10166-0,0591/2*lg([H20])-0,3982=0,94+0,10166-0,02955*Ig(55,3"!) -0,3982 = -0,3380 V;
0.0591 , [N o?]. [H20] —0.3380 V+ 0.0591 log [N o?]- [H20]

[N 02]'[OH ]2 [N Oz]'[OH ]2
AGegN03-0 H=E°N03-0 H*F*2=-0,3380*96485*2=-65,224 K/mol,

AGegn03-0 H=GN03-+GH20-(GNo2-+2GoH)=340,2+0-(265,2+2*77,36)=-79,72 X/ma,
AGegno3-0 H=GNo3 +GH20-(Gno2 +2GoH)=354,696+0-(265,2+2*77,36)=-65,224 K/mol,
Gn03-=AGegNo3-oH ~-GH20+(GNo2-+2GoH)=-65,224-0+(265,2+2*77,36)=354,696 “/mo,

GNo2-=354,696+0-2*77,36+65,224=256,2 K/mol;

Eno3-oH=E°N03-oH+

Skidiba tideni NO® 0,0056 Yassg (20 C) ; W%=0,0056/(0,0056+99,6)*100=0,00562%:
Mno=30.006 9mol ; [NOaq]=(0,00562/100*996)/30,006=0,001865 M, ja firas gazes mol dala ir viens [NO@]=1;
Skidibas konstante NO®+H20=NQaq; [NO@]=1 mol fraction of pure gas

Ki=[NOaq]/[[NO®]/[H20]=0,001865/1/55,3=10"4472),
AGsp=-ReTeIn(Ksp)=-8.3144*298.15*In(10"4472))=-8.3144#298.15¢-10,297=25,526 “/mo
AGy= Gnoag-(GH20+Gnogas)=0+(data Alberty 86,55)(data CRC 87,6)-(61,024 Solubility product)=25,526 ¥/mol ;
GnNogas=GNoag-(GH20+AG4;)=86,55-(0+25,526)=61,024 “/mol ; if Solubility product is AGx=25,526 </mo ;

NQOagt6H20=NO3 +4H30*+3e"; E°Nno(g)H30+=0,8695 V; Kortly, Shucha ;
E°No(g)H30+=E°+0,10166-0,0591/3*Ig(1/[H201°)-0,3982=0,96+0,10166-0,0197*Ig(1/55,3"6) -0,3982 =0,8695 V;
o e INOZHH50TT* _ e [NOZJ[Hz0"*

E No(g)H30+=E°NO(g)H30+10,0591/3log (NOwg TH 20]6 0,8695 V +0,0197¢log (NOwg T[H 2016
AGegno(g)H30+=E°No(g)H30+*F*3=0,8695*96485*3=251,68 “/mal,
AGegno(g)H30+=GN03-+4GH30-(GNoag+6GH20)=340,2+4*22,44-(178,28+6*0)=251,68 “/mol,
Gnoag =Gn03-+4GH30-( AGegno(g)H30++6GH20)=340,2+4*22,44-(251,68+6*0)=178,28 “/mal,

NH4*+13H20=NO3+10H30*+8¢"; E°NH4+H20=1,0198 V Suchotina
E°NH4+H20=E°+0,10166-0,0591/8*Ig(1/[H20]*%)-0,3982=0,87+0,10166-0,00739*Ig(1/55,3*%) -0,3982 =1,0198 V;
[NO;}[Hz0*]*° [NO;}[H;0*]°
[NH3][H,0]* [NH3][H,0]*

AGegNH4+H20=E "NHa+H20°F+8=1,0198*96485*8=787,16 X/mol,
AGegNHa+H20=GN03 +10GH30-(GNH4+-13GH20)=Gno3 +10*22,44-(232,9-13*0)=787,16 K/mo,
Gn03-=AGegNHa+H20-10GH30+(GNH4+-13GH20)=787,16-10*22,44+(232,9-13*0)=795,66 “/mol;

ENH4+H20=E°NH4+H2010,0591/8<log =1,0198 V +0,00739+log
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Nernsta potenciala 2CO2 / H2C204 red-oks sistémas Tpasibas skaba HsO" , tidens vide
Nernsta absoliitais standarta potencials. H2C204 pKa1=1,25; pKa2=4,14;

Viela | AHH ¥/mol |AS®H YmoliklAG®H , mol| AGH2c204=AHH-T*ASH=-829,9-298,15*-0,1098=-747,75 “/mol;
H2C204cr | -829,9 -109,8 -797,16
H2C204cr - pKar=1,25| -602,329 |GH2c204=GHc204+GH30-(AGeqiH2c204+AGH20)=-602,329 ¥/mol ;
H2C204 | E°Hacoos= -0,6835V | -595,18 |GH2c204=2Gco2+2GH30-(AGeqH2c204+2GH20)=-595,18 ¥/mol ;
HC204 - pKa2=4,14| -607,687 |GHc204=Gc204+GH30-(AGeg2Hc204+GH20)=-607,687 ¥/mol ;
HC204 - pKa2=1,25| -600,538 |GHc204=AGeqiH2c204-GH3o+(GH2c204+AGH20)=-600,538 “/mo ;
HC204" | E°Hc2o4= -0,7350V | -607,687 [GHzc204=2Gco2+GH3o-(AGegH2c204+GH20)=-607,687 /mor;
C204* - - -677,14 |BioTherm2006

C204* - pKa2=4,14| -596,549 |Gc204=AGeq2Hc204-GH3o+(GHc204+GH20)=-596,549 X/mol ;
C204> | E°coos= [0,7865V | -620,19 |Gc204=2Gco2-(AGegHc204)=2*-385,98-(-151,77)=-620,19 “/mor;
CO2qq | -413,798 | 117,5704 | -385,98

HC204+H20=C20>+Hs0"; pKar=4,14; Keqz=Kz2/[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)=-596,549+22,44-(-607,687+0)=33,578 /mol;
GHc204=Gc204+GH30-(AGeg2Hc204+GH20)=-596,549+22,44-(33,578+0)=-607,687 “/mol;
Gc204=AGeqeHc204-GHzo+(GHe204+GH20)=33,578-22,44+(-607,687+0)=-596,549 X/mor;

H2C204+H20=HC204 +H30"; pKa1=1,25; Keq=Ka1/[H20]=10"1.25)/55 3= 0,0010169;
AGeqiH2c204=-R*TsIn(Keq1)=-8,3144*298,15*In(0,0010169)=AGHc204+AGH30-(AGHc204+AGH20)=17,08 X/mor;
AGeqiH2c204=GHc204+GH30-(GH2c204+AGH20)=-600,538+22,44-(-595,18+0)=17,082 X/mol;
GH2c204=GHc204+GH30-(AGeqiH2c204+AGH20)=-600,538+22,44-(17,082+0)=-595,18 “/imol;
GHc204=AGeq1H2¢204-GH30+(GH2c204+AGH20)=17,082-22,44+(-595,18+0)=-600,538 “/ma;

AGeqiH2c204=-R*TsIn(Keq1)=-8,3144*298,15*In(0,0010169)=AGHc204+AGH30-(AGHc204+AGH20)=17,08 K/mol;
AGeq1H2c204=GHc204+GH30-(GH2c204+AGH20)=-607,687+22,44-(-602,329+0)= 17,082 X/mo;
GH2c204=GHc204+GH30-(AGeqiH2c204+AGH20)=-607,687+22,44-(17,082+0)=-602,329 /mor;
GHc204=AGeqiH2c204-GH30+(GH2c204+AGH20)=17,082-22,44+(-602,329+0)= -607,687 “/mol;

pH<=1,25 H2C204+2H20=2C02+2H30*+2¢"; E°H2c204=-0,6835 V Suchotina [17]
E°H2c204=E°+0,10166+0,0591/2*Ig([H20]?)-0,3982=-0,49+0,10166-0,02955*I9(1/55,3%)-0,3982=-0,6835 V;
Absolute Nernst’s Standard potential E°H2c204=-0,6835 V; Suchotina [17]
0.0591 ,  [cO,]*[H50"]? 0.0591 ,  [CO,]?[H50"?
[H,C,0,]-[H,0]? [H,C,0,]-[H,0]?
AGegH2c204=E°H2c204¢F+2=-0,6835*96485*2=-131,895 K/,
AGeqH2c204=2Gc02+2GH3o-(GH2c204+2GH20)=2*-385,98+2*22,44-(-595,185+2*0)=-131,9 X/mal,
GH2c204=2Gco2+2GH30-(AGeqH2c204+2GH20)=2*-385,98+2*22 44-(-131,9+2*0)=-595,18 “/mol;

En2c204 =E°H2c204+ =-0,6835V +

lg

1,25<pH<=4,14; HC204+H20 = 2CO2+H30*+2¢";
Absolute Nernst’s Standard potential E°H2c204=-0,7350 V Suchotina [17]
E°Hc204=E°+0,10166-0,0591/2*Ig(1/[H20]%)-0,3982=-0,49+0,10166-0,0591/2*1g(1/55,3")-0,3982=-0,7350 V;
AGeqgHc204=E Hc204eF2=-0,7350*96485*2=-141,833 K/moI,
AGeqHc204=2Gco2+GHzo-(GHc204+GH20)=2*-385,98+22,44-(-607,687+0)=-141,833 X/ma,
GHc204=2Gco2+GH3zo-(AGegric204+GH20)=2*-385,98+22,44-(-141,833+0)=-607,687 “/mor;

4,14 <pH; C204> = 2C0O2+2¢"; Absolute Nernst’s Standard potential E°c204=-0,7865 V; Suchotina [17]
E°c204=E°+0,10166-0,0591/2*Ig([1/H20]°)-0,3982=-0,49+0,10166-0,0591/2*g(1/55,3°)-0,3982=-0,6835 V;
AGeqc204=E°c204¢F*2=-0,7865*96485*2=-151,77 “/mol,
AGeqc204=2Gco2-(Gc204)=2*-385,98-(-620,19)=-151,77 “/mal,
Gc204=2Gco2-(AGegHc204)=2*-385,98-(-151,77)=-620,19 X/mar;
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Nernsta potenciala Cr207%~ / 2Cr3* red-oks sistémas Tpasibas skaba HsO" , idens vidé
Nernsta absoliitais standarta potencials. logKp=2.05; Kp=10"?%; 2HCrOs =Cr2.07>+H20 ;

AGp=-R+TeIn(Ko*[H20])=-8,3144*298,15*In(10"205*55 3)=Gcr207+GHz0-(2GHcros)= 21,65 M/moi;
2GHcros=Ger207+GH20-(AGp)=Gcer207+0-(-21,65)=??? Y/ mol;
pKa=1,8; HCr207 +H20=Cr.07>+H30*; Keqg=Ka/[H20]=10"(-1,8)/55,3= 0,0002866;
AGeq=-ReTeIn(Keq)=-8,3144*298,15*In(0,0002866)=Gcr207+GH3zo-(G Herz07+GH20)=20,22 ¥/mo;
G Her207=Ger207+GH30-(AGeq+ GH20)=Ger07+22,44-(20,22+0)=2?7? ¥/mol;
Instability constant [CrOH]2+H20=Cr®*+0H"; Kins=10"%77); Keq=Kinst/[H20]=10"288)/55,3=10/(-11.51);
AGeginst=-RsTeIn(Keginst)=-8,3144*298,15*In(10" -115D)=Gcr3++Gon-(GicroHye++GH20)= 65,7 X/mor;
GicroHp+=Gcr3++Gon-(AGeginst+GH20)=Gcr3++77,36-(65,7+0)=2?? Y/mol;
Instability [Cr(OH)2]*+2H20=Cr¥+20H"; Kins=10"173): Keginst=Kinst/[H20]2=107(173)/55 3/2=1 (20785,
AGeqinst:-R‘T‘ln(Keqinst):-8,3144*298,l5*|n(10/\('20’785)):GCr3++ZGOH-(G Cr(OH)2+ZGH20):118,64 I(J/mol;
G cr(om)2=Gera++2GoH-(AGeginst+ 2GH20)=Geras+2*77,36-(118,64+2%0)=222 X/mor;
Instability constant [Cr(OH)3]+3H20=Cr3*+30H"; Kinst=10"(?4); Keq=Kinst/[H20]=10"24/55,3=10"2923);
AGeqinst:-R°T'ln(Keqinst):-8,3144*298,l5*|n(10A('29’23):GCr3++3GOH-(G [Cr(OH)3]+3GH20):166,8 I(‘]/mol;
G [cr(on)31=Ger3++3GoH-(AGeginst+3GH20)=Gers++3*77,36-(166,8+3*0)=22? X/mal;

2Cr¥*+21H20=Cr.07>+14H30*+6¢"; 1< pH<7 ; Standard potential E°cr2072=1,3939 V Kortly, Shucha [18]
E°cre072=E°+0,10166-0,0591/6*Ig(1/[H20]?*)-0,3982=1,33+0,10166-0,0591/6*1g(1/55,3"?1)-0,3982=1,3939 V;
0.0591 , [Cr,02}[H;0"* 0.0591 , [Cr,02}[H;0*

. T = + . "
lg o ]2-[H20]21 1,3939 V g o ]2-[H20]21

AGeqcra072-12¢13+=E° cro072-12cr3+*F*6=1,3939*96485*6=806,9 ¥/mol,
AGeqcr2072-12013+=Gero72-+14GH30-(2Gacr3++21GH20)=Gerao72 +14*22,44-(2Gocr3++21%0)=806,9 “/mol,
2Gacr3+=Gcer2072-+14*22,44-(806,9+21*0)=2?? “/mol;
Cr¥*+11H20=HCrO4 +7H30*+3e";; pH>7 ; Standard potential E°cr2072=1,2811 V Kortly, Shucha [18]
E°cros=E°+0,10166-0,0591/3*Ig(1/[H20]*')-0,3982=1,2+0,10166-0,0591/3*Ig(1/55,3"11)-0,3982=1,2811 V;
AGeqcroscia+=E’ croscia+*F*3=1,2811*96485*3=370,8 “/mol,
AGegH2c204=Geroa+14GH30-(2Gzcrs++21GH20)=Geros +14*22,44-(2Gocr3:++21*0)= 370,8 K/mal,
2Gacr3+=Gcroa-+14*22,44-(370,8+21*0)=2?? /mol;
Cr(OH)3|+50H=CrO4*+4H20+3e"; pH>9 ; E°cros2-on=-0,5639 V Suchotina [17]
E°croa2-on=E°-0,0591/3*Ig([H-0]*+0,10166-0,3982=-0,13-0,0591/3*1g(55,3"*)+0,10166-0,3982= -0,5639 V;
AGequo42_oﬂ:EoCrO42—Oﬂ'F'3:0,5639*96485*3: 163,2 I(J/mol,
AGequo427%:GCro4f+4GHSO-(GCr(%ﬁ+5GOH):GCro47+4*22,44-(2620r3++5*77,36): 163,2 I(J/mol,
Geromz=Gceroa+14*22,44-(163,2+21*0)=2?? Y/ mol;

o 0.0591 , [Cro,#][H,0]* _ 0.0591 . [Cro,Z][H,0]* .
Ecros2-icr(on)3 | =E Cro42—/0r(OH)3¢+T Ig [CrOR),- ORT? =-0,5639 V+T Ig [CroR), - oRTs ¥
Solubility product Cr(OH)s+4H20=Cr®*+3 OH"; Ksp=6,7*10"3D; Keq=Ksp/[H20]4=6,7*10"(2D/55 3A4=10/37.14);
AGeqsp=-R+ToIn(Keqsp)=-8,3144*298,15*In(10M37149)=G ¢34+ 3Gor-(G cronyz+4Grz0)=211,99 X/
G crom)3=Gcr3++3GoH-(AGeqsp+4GH20)=Gera++3*77,36-(211,99+4*0)=22? Y/mor;

Ecro72- r2cr3+=E°cr2072- r2cr3++

1

Viela AH®H kJ/mol AS°H J/moI/KAGOH y kJ/mol ZGHCrO4=GCr207+O-(-21,65):??? I(J/mol;
CrClzern | -395,4 115,3 -356 GHcr207=Gcr207+22,44-(20,22+0)=2?? Y/mol;
CrClsen -556,5 123 -486,1 G[CrOH]2+:GCr3++77,36-(65,7+0):??? I(J/mol;

Cr - 23,8 - G croHy2=Gcer3++2*77,36-(118,64+2*0)=2?? X/mal;
CrOgsq) -292,9 266,2 - G [cron)31=Ger3++3*77,36-(166,8+3*0)=2?? K/mo;
Cr20sen | -1139,7 81,2 1058,1 2G2cr3+=Ger2072-+14*22,44-(806,9+21*0)=2?? M/mol;

2G2cr3+=Gceros+14*22,44-(370,8+21*0)=7?7 K mol;
Geromyz=Gceroa +14*22,44-(163,2+21*0)=22? Y/ mol; G cr(ony3=Gcr3++3*77,36-(211,99+4*0)=2?? K/mol;
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Nernsta potenciala BiOs~/ Bi®* red-oks sistémas Tpasibas skaba H3O" , Gidens vidé
Nernsta absolitais standarta potencials.

E°Bi203-/8i=E0-0,0591/6*1g([H20]%)+0,10166-0,3982=-0,46-0,0591/6*Ig(55,3"%) +0,10166-0,3982=-0,808 V ;
E°Bi203-/8i=E0-0,0591/6*Ig([H20]°)+0,10166-0,3982=-0,46-0,0591/6*Ig(55,3"°) +0,10166-0,3982=-0,8595 V ;

Viela | AH®H /mol |AS®H /moiklAG®H , K/mol 2Bi+60H =Bi203+3H20+6€"; pH>7; Suchotina [:
Bi®* - 82,8 - 2Bi+60H =Bi.03+6H20+6e"; pH>7; Suchotina [17]
Bi 308,3 56,7 -83,57 |AHgi Biclo=AG+AS*T=-83,57+56,7*298,15=308,3 “/mal,
Bi(B)IIEI — 21_9’7 -14-6,4 : EBi203-/B8i=E°Bi203-/Bi+ 0-0591 olg [Eiz]ozf]['([)';%;P =
CI | -167.08 | 56,6 | -183,955 =-0,808+0,0591/6*Ig([Bi03]*[H20¥/[Bi]2/[ OH°)
Clg -121,301 | 165,19 Ggi=GgicI+3GH20-(AGeggiciz-gi+3Gci)= 306,2 “/mal,
Clo - 223,081 Gei=Gsiclo+2GH30-(AGeggicio-gi+3H20+Gc1)=291,44 </ma,
BiCls) -379,1 177 -315,0
BiCIOg | -3669 | 1205 | -322,1 =-0,8595+0,0591/6*Ig([Bi-03]*[H20]¥/[Bi]2/[ OHT¢)
BizOs | 5739 | 1515 | -493.7 |eg,o. mimEainos jmit CO501 alg BLOIMOL =
Bi(OH)s | -7113 - - 6 [Bi1* [oH1°

AGeqBir03-/8i=E°Bi203-/8i*F*6=-0,808*96485*6= -467,76 K/mol,
AGeqBi203-/8i=GBi203+3GH20-(2GBi+6GoH)=-493,7+3*0-(2*Ggi+6*77,36)=-467,76 “/mol,
Gei=(GBi203+3GH20-(AGeqgiz03-/8i+6GoH) )/2=(-493,7+3*0-(-467,76+6*77,36))/2=-245,05 “/mal,
AGeqBir03-/8i=E °Bi203-/Bi*F*6=-0,8595*96485*6=-497,57 K/moal,
AGeqBir03-/Bi=GBi203+6GH20-(2GBi+6GoH)=-493,7+3*0-(2*Ggi+6*77,36)= -497,57 “/mal,
Ggi=(GBi203+6GH20-(AGeqin03-/8i+6Gon))/2=(-493,7+6*0-(-497,57+6*77,36))/2= -246,985 ¥/l
Bi+3CI=BiClss)+3H20+3e"; 1<pH<7 ; Suchotina [17]
E°gic13-8i=E0-0,0591/3*Ig([H20]°)+0,10166-0,3982=0,16-0,0591/3*Ig(55,3"*)+0,10166-0,3982=-0,2395 V ;
AGquic|3f|3i:Eoquic|37|3i°F'3=-O,2395*96485*3:-69,32 kJ/moI,
AGeggiciz 8i=GBici+3GH20-(Ggi+3Gci)=-315+3*0-(Ggi+3*-183,955)=-69,32 /ol
Ggi=Gsicis+3GH20-(AGegsiciz-si+3Gcir)=-315+3*0-(-69,32+3*-183,955)=306,2 “/mol,
Bi+3CI=BiCl3+2H20+3e"; 1<pH<7 ; Suchotina [17]
E°Bic13-Bi=E0-0,0591/3*Ig([H20]?)+0,10166-0,3982=0,16-0,0591/3*g(55,3"?)+0,10166-0,3982=-0,2052 V ;
AGeggicis_i=E° eqiciz_pi*F*3=-0,2052*96485*3=-59,40 K/mal,
AGeqBic|373i=GBiC|+ZGHZO-(GBi+BGCI)=-315+3*0-(GBi+3*-183,955):- 59,40 I(‘]/mol,
Gei=Ggiciz+2GH20-(AGeggicis_si+3Gcl)=-315+3*0-(-59,40+3*-183,955)=296,3 /ma,
Bi+3H20+CI=BiCIlO)+2H30*+3e"; Suchotina [17]

E°giclosi=E0-0,0591/3*Ig(1/[H20]%)+0,10166-0,3982=0,16-0,0591/3*I9(1/55,3"%)+0,10166-0,3982=-0,0335 V ;
AGeggicio si=E°eggicio_si*F*3=-0,0335*96485*3=-9,697 ¥/mol,
AGeggicio_si=Gsicio+2GH3zo-(Gai+3H20+Gci1)=-322,1+2*22,44-(Ggi+3*0-183,955)=-9,697 K/mol,
Ggi=Gsicio+2GH30-(AGeggicio si+3H20+Gci1)=-322,1+2*22,44-(-9,697+3*0-183,955)=-83,57 /ol

BiO*+6H20=BiOs+4H30*+2e"; 1<pH<7 ; Suchotina [17]

E°Bio3-Bio+=E0-0,0591/2*Ig(1/[H20]°)+0,10166-0,3982=1,80-0,0591/2*Ig(1/55,3"%) +0,10166-0,3982=1,812 V ;

00591 [BiOMH07T* oo 00501  [BiOJ[H;0"
£ Bio"][H 018 o & [Bio*]-[H,0]°

AGeqBios-/Bio+=EeqBios-/Bio+*F*3=1,812*96485*2= 349,7 X/l
AGeqgios-/8i0+=Ggios-+4GH3zo-(Gaio++6H20)=Ggios +4*22,44-(Ggio++6*0)= 349,7 “/mal,
Ggio+=Ggioz-+4GH30-(AGeqgioz-Bio++6H20)=Ggioz-+4*22,44-(349,7+6*0)=2?? /o,

Egio3-/Bio+=E°Bio3-/Bio++

GBi=-245,05 X/mol, Ggi=-246,985 “/mo1, Ggi=306,2 “/mol; Ggi=296,3 */mol,Gai=-83,57 “/mol,

Ggi=(GBi203+3GH20-(AGeqiz03-/8i+6Gon))/2=(-493,7+3*0-(-467,76+6*77,36))/2=-245,05 “/mol,
Ggi=(GBi203+6GH20-(AGeqiz03-/8i+6Gon) )/2=(-493,7+6*0-(-497,57+6*77,36))/2= -246,985 “/ma,
Gei=Ggiciz(s)+3GH20-(AGeggicis-si+3Gc1)=-315+3*0-(-69,32+3*-183,955)=306,2 “/mol,
Gei=Ggicis+2GH20-(AGeggiciz sit3Gcl)=-315+3*0-(-59,40+3*-183,955)=296,3 “/ma,
Ggi=Gsicio+2GHs30-(AGeggicio-si+3H20+Gc1)=-322,1+2*22,44-(-9,697+3*0-183,955)=-83,57 /mal,
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Nernsta absoliitais standarta potenciala PbO>|/ Pb?* red-oks sisteémas Tpasibas skaba HsO" , tidens vidé

Pb%* + 6H20 =PbO2|+ 4 H30* +2¢7; 1< pH<7 ; E°pbo2iPb2+=1,4674 V;
E°ppo21ph2+=E°+0,10166-0,0591/2*Ig(1/[H20]°)=1,8+0,10166-0,02955*Ig(1/55,3%)-0,3982=1,4674 V:
AGegpbo2pb2+=Epbo2 pb2+*F*3=1,4674*96485*3=424,746 ol
AGeqpho2)pb2+=Gpbo2+4GH30+-(Gro2++6GH20)=-217,3+4*22,44-(Gpp2++6*0)= 424,746 K mol,
Gpb2+=Gppo2+4GH30+-(AGeqpbo2 pho++6GH20)=-217,3+4*22,44-(424,746+6*0)=-552,286 “/mol,

Viela AH®H I(‘]/mol AS°H J/moI/KAGOH s k“]/mol
Pb E°pbipb2+= | 0,3710 V | -480,696 |Grb=Gpb2+-(AGeqphpb2++GH20)=-552,286-(-71,59+0)=-480,696 “/mol,
Pb - 64,8 -
Pb?*  |E°pho2pbo+= 1,4674 V | -552,286 | Grb2+=Gpbo2+4GH30+-(AGeqpho2|pb2++6GH20)=-552,286 ¥/mol ;
PbZ 0,92 18,5 -4,596 AGpb2+=AHH-T*ASH=0,92-298,15*0,0185=-4,596 “/mol;
PbO2| -277,4 68,6 -217,3
Al - 28,3 -
Al E°anaiz+= [-1,9242 V| 115,469 GaA=Gan+-(AGegana++GH20)=115,469 </mql,

ARt -538,4 -325 -441,5 AGA+=AHH-T*ASH=-538,4-298,15*-0,325=-441,5 X/mor;
H2AlOs™ |E°Hoalosai=|-2,6609 V| -345.3 Gr2a103=AGeqH2a103A1-GH20+(GAI+4Gor)=-345,3 X/ma,
NaAlO»| | -1133,2 70,4 -

H2 -38,6 126 -76,167 AGH:=AHH-T*ASH=-38,6-298,15*0,126=-76,167 “/mo;

HS- -16,3 67 -36,276 AGH:-=AHH-T*ASH=-16,3-298,15*0,067=-36,276 “/mor;

HS- E°sys2= -0,8775V 6,33 GHs-ag=Gerombiskst GH20- (AGeq:2-agt+ Gon)=6,33 K mol;

HS- | pKa=7,05 |pKa1=7,05| -3,072  |GH: =AGeq-GH3zo+(GHa:+GH20)=50,188-22,44+(-30,82+0)=-3,072 X/mor;

H> E°sys2-= [-0,9290 V| -61,09 GH2:-ag=Gsrombiskst3GH20-(AGegH2:5-ag+2Gon)=-61,09 ol

H2 E°syms= -0,6715V 88,82 GH25ag=G5rombiskst2GH30+-(AGHess H25aq+2GH20)=88,82 ol ;

H> E°sym2s= -0,0515V -30,82 GH2:ag=G rombisks+2GH30+-(AGHess_Hz aq+ZGH20):-30,822 K mol.

- E°sys2= -0,8243V 64,43 Gs2-ag=Gsrombisks+ GH20-(AGeq:2-aq)=-85,64+0-(-150,07)=64,43 X/mor;
2 |pKa=19  [pKa2=19 | 92,868 | G:2-=AGeq-Grio+(G ne +Grizo)=118,38 -22,44+(-3,072+0)=92,868 K/mol;

Epbo2/pb2+=E°pbo2 b2+t

0.0591 , [PbO,4}[H;0""*

Ig

[PbO,§}[Hz0"]*

0.0591 |
£ Pb”][H,0]°

TR i R

Pb+H20 = Pb?* +2¢7; 1< pH<7 ; E°pp pr2+=-0,3710 V; Kortly, Shucha
E°pbrb2+=E°-0,0591/2*Ig(1/[H20]*) +0,10166-0,3982=-0,126-0,02955*Ig(1/55,3"*) +0,10166-0,3982=-0,3710 V;
AGegpbpbo+=E°pbo2 pbo+*F*2=-0,371*96485*2= -71,59 X/ma,
AGeqpb, b2+ =Gpo2+-(Gro+ Grz0)=-552,286-(-480,696 +0)= -71,59 KV/mol,
Gpbo=Gpb2+-(AGegpb pb2++GH20)=-552,286-(-71,59+0)=-480,696 “/mol,
Nernsta absoliitais standarta potenciala H2AlO3~ / Al| red-oks sisteémas Tpasibas skaba H3O* , idens vidé
Al+ H20=APF*+3¢; CRC E°aiai3+=-1,9242 V;
E°anaiz+=E°-0,0591/3*Ig(1/[H20]%)+0,10166-0,3982=-1,662-0,0591/3*lg(1/55,3"!)+0,10166-0,3982=-1,9242 V;
AGquI/&:EOAI/AI3+°F'3=‘1,9242*96485*3:'556,969 k‘]/mol,

AGeganaiz=Gan+-(Gai+Grzo)=-441,5-(115,469 +0)=-556,969 “/mol,
Gai=Gai+-(AGeganaiz++Grzo)=-441,5-(-556,969+0)=115,469 K/ mol,
Al+40H =H2AlO03+H20+3¢"; pH>7 CRC E°H2a103a1=-2,6609 V;
E°ha103a=E°-0,0591/3*1g([H20]%)+0,10166-0,3982=-2,33-0,0591/3*Ig(55,31)+0,10166-0,3982=-2,6609 V:
AGeq&Nog&:E°QA|03A7\|'F'3=-2,6609*96485*3:-770,21 I(‘]/mol,
AGeqizA|ogA|:Gi2A|03+GHzo-(GA|+4GOH):-345,3+0-(115,469 +4*77,36): -770,21 I(J/mol,
Gh2a105=AGeqr2a103a1-Gr20+(GAa+4Gon)=-770,21-0+(115,469 +4*77,36)=-345,3 I(J/mol,
0.0591 , [HoA103HH,0] — 5 g0 v+ 0-059L 1, [H2AIO3HH O]
[Al].[OHT4 [Al]l-[oH]4

Eaio2-/a11=E°Al02-/a1+
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Nernsta absolitais standarta potenciala S| / H25aq red-oks sisteémas ipasibas skaba H3O* , Gidens vidé
2=5rombiskstH20+ 2 €7 E°sys2-=-0,8243 V Kortly, Shucha ;
E°sys2-=E°-0,0591/2*Ig([H20]%) +0,10166-0,3982=-0,4763-0,02955*I(55,3"1)+0,10166-0,3982=-0,8243 V:
AGeq 2-=E° 2-Fn:-0,8243*96485*2=-150,07 I(‘]/mol .G rombisks=-85,64 I(J/mol;
AGeqs2-a=G rombisks+GH20-(G 2—aq):-85,64+0-(64,43):-150,07 kJ/mol;
Go2-29=G rombisks+GH20-(AGeq 2-aq):-85,64+O-(-150,07):64,43 I(‘]/mol;
HS +OH™ = Srombisks + 2H20 + 2e7; CRC 2010
E°syms-=E°-0,0591/2*Ig([H20]?) +0,10166-0,3982=-0,478-0,02955*1g(55,3"?)+0,10166-0,3982=-0,8775 V;
AGegHs-=E Hs-Fn=-0,8775%96485*2=-169,33 “/moi .
AGeqHs-20=G rombisks+ZGH20-(GH —aq+GOH):-85,64+2*0-(6,33+77,36):-169,33 I(‘]/mol;
GHs-ag=G rombisks+2GH20-(AGeqH -aq+GOH):-85,64+2*0-(-169,33+77,36):6,33 I(‘]/mol;
H2Sag+2H20=5rombiskst2H30+2e7; E°sym2s=-0,0515 V Kortly, Shucha 1<pH< 7 ;
E°s,2s=E°-0,0591/2*Ig(1/[H20]) +0,10166-0,3982=0,142-0,02955*Ig(1/55,3"2)+0,10166-0,3982=-0,0515 V:
AGegH2:=E°H2:Fn=-0,0515*96485*2=-9,938 “/mol .
AGegH25ag=Gsrombisks+2 GH30+-(G H2cag+2GH20)=-85,64+2*22,44-(-30,82+2*0)=-9,938 K mol;
GH2saq=Gsrombiskst2GH30+-(AGHess_H25aq+2GH20)=-85,64+2*22,44-(-9,938+2*0)=-30,822 K mol.
pKa=7,0 Wikipedia; CRC2010 pKa1=7,05; pKa2=19
pKa1=7,05 H25+ H20=HS5 +H30%; Keqi=Ka1/[H20]=10"(799/55 3= 0,000000001612;
AGeq=-ReTeIn(Keq)=-8,3144*298,15%In(0,000000001612)= GH-_+Grzo-(GHz:+G20)=50,188 “Vmor:
AGeq=GH:—+GH30-(GH2:+GH20)=-3,072 +22,44-(-30,82+0)=50,188 “/mo ;
G- =AGeq-GHao+(Griz-+Grz0)=50,188-22,44+(-30,82+0)= -3,072 /ol ;

PKa2=19 HS+ H20=52+H30"; Keqi=Kai/[H20]=10719)/55 3=107(20.74);
AGeq=-ReTsIn(Keq)=-8,3144*298,15*In(10"20 ") =G 2.+ GH30-(G He—+GH20)=118,38 X/mo;
AGeq=Ge2+Grizo-(G n- +Griz0)=92,868+22,44-(-3,072+0)=118,38 /ol
G2.=AGeq-Grso+(G n- +Grz0)=118,38-22,44+(-3,072+0)=92,868 “V/mo ;
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