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Nernst's Ox-Red potential and membrane potential in volts
Oxidation-reduction balancing with Nernst’s half reactions .

Anniversary Nernst’s Nobel Prize in Chemistry 1920:

Metal interface with solution, oxidant and reductant create electrode potential in volts.
Electrochemical potential both side membrane create ionic concentrations gradients Cright_side/Cleft_side
Electrochemical reactions across membrane drive E7class transport enzymes .

Metal free electron gas donate electrons to reduction and accept from oxidation half reactions .

Metallic Electrode is free electron source storage for RedOx half reactions.

Are classified such Type electrodes:

Type I: charged ions and free electrons transfer through interface;

Type Il: charged ions and free electrons transfer through interface,
Red-Ox electrode: charged ions and free electrons transfer through interface;
Membrane electrode: charged ions transfer through interface absent free electrons;
Electrochemical reactions driven charged ions gradient through membrane channels form
Membrane potential Ewm.

Metal consist of electron e~ gas and crystalline metallic Me* ions lattice frame.
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and plus "+" clamps measures difference of potentials or EMF

(Electric Motion Force)
between two Mel (Indicator) and Mell (Standard) on electric circuit linked electrodes :

EMF = E| - Ejy : Ey = EMF + Ejj
Indicator electrode having Ej — has reactivity with solution - electrode of investigations,
Standard electrode having Ejj =constant— has no reactivity with environment into solution.
Reference
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The obtaining of Nernst's equation for the Reduction - Oxidation equilibrium.
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One 1 mol of the reduced form Red transfer from left side to right side in reaction to oxidised form Ox
is the Hess law calculated free energy change work W of one mol Men* transfer from point 1 into metal
to point 2 into solution applied with negative value -AG" at electric potential value E.

One mole MeN* charge is g = nF , and work calculated as W = gE = nFE = W, = NFE = - AG” = RTINK -
Red-Ox equilibrium constant  Keq = Lo 1
ed—Ox equilibrium constan 9% " [Red]
RT MJ RT . RT ( [0X] j . [0X]
E="F 'ln( [Red] = £ (e + —=ein [Red] Red] =1 then
RT E°F _ o
E*= — *In([e-]) ; In([e-]) = Ry = conston metal surface unite and therefore E° = const.

Nernst's equation in natural (number e=2,7) logarithm In and decimal (number 10) logarithm Ig form
In(a) = In(10)+Ig(a)= 2,3...°Ig(a) and temperature is T=298,15 K degree:
o, RT [Ox] | In(l0)eReT _23eReT
nF \[Red]) ~ F F
Second thermodynamic approach to obtaining Nernst's expression.
When equilibrium is established reactant and product chemical potential sum is equal pgo4+ENF=Ho, +NH -

E=E

0.0591 Ox
=0,0591V ;E=E°+ —-g(u]
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but each chemical compound chemical potential is: o = AG’a + RTIn(N,) , were Na is substance A

concentration (mol fraction). AG" is given compound A standard free energy of formation from elements.
Free energy change Hess law of formation for pure compounds from elements AG°ox , AG®%- and AG°geq .

In chemical equilibrium mixture AG°Rred + RTIN(NReg) + ENF = AG°ox + RTIN(Npx) + NAG®- + RTIN(N"e-)
Expressing E from equilibrium conditions of the chemical potentials p :

AGY, +NAG° —AGh,  rT | Nox*Ni-
= “In| " Npeg pure compound mol fraction is Na = 1.

E= +
nF nF
Free electrons in separate phase (so called electron gas) of metal is just pure compound N = 1 therefore
E AGox #7148, ~ACke +RT 1 + RT 1 (Noxj As pure compound In(N_-")=0
= In n . . Aspu u -M=0.
nF nF T Ne_ " Ngeg P P €

AGg, + nAG‘;_ —AGpyq
nF

AGgq at equilibrium state smaller | E°nF=AGgq=AG°0tnAG®- -AG req | <| AGress | as pure Hess law.
Conversion to decimal logarithm and thermodynamic standard T=298,15 K degree we have Nernst’s

: : : + L 0.0591  ( [Ox]
equation for reaction of reactants: Reducing form<=>0x""+ne- Oxidising form E=E°+ ——— *Ig m .

In reaction ne- electron lose (left at metal) exert towards solution transfer An* positively charged ions QMJ’.
Electrons ne- leaves at metal electron gas. Such An* positive charge entrance into solution as oxidised form

So standard potential E° = give Prigogine attractor the minimum of free energy change

%AHJ' in products brings the chemical potential electrical part of negative electrons the energy nAG®°e-=-nFE.



| type electrode hydrogen metal H(Pt) interface / to its cations HsO* solution application

Attractor pH=7.36 staying at equilibrium have true pOH=6.64 value as pKw=14= pH+pOH =7.36 +6.64.
Disaccount the water mass [H20]=963/18=53.5 M over liter [H2SO4]=[H30*]=1 M solution with 1.061 9/mc
density in Nernst equations for hydrogen electrode has classic standard potential Eo classic=0 V reference zero:
H(Pt)=H*+e"; Eclassic=Eo_classict0.0591°logK °classicH(pty=0+0.059 1 *log[H*]=0+0.059 1 <log(1 M)=0 Volts. [11]
Thermodynamic account Hydroxonium ions demand the water: H(Pt)+H20<=>H30*+e" and E'»v=0.10166 V.
The ratio [H3O*]/([H20]-[H30*])=1 M/52.5 M=XH3o+/XH20 is mol fraction instead molarity [H*]=1 M at classic
potential expression. The water account gave thermodynamic standard E°’4v=0.10166 V on potential scale.
Nernst’s expression with classic zero measurement demands thermodynamic standard potential E°’1=0.10166 V :

E=E°n+ "‘(1‘2# +log % =E+E"+0.0501%l0g(1/52.5)=0.10166-0.10166=0 V.
As ratio 1=Kny=Xnzo+/XHzo is one than E°1=0.10166 V is thermodynamic standard potential:
E=E°n+ In(lo)# *log %—:"g— =0.10166+0.0591*log(1)=0.10166 V. Metal oxidation free energy change

minimum is different endoergic AGeq=E H*F*11=0.10166*96485*1=9.81 K/mo instead Alberty is exoergic .
Alberty Hess value is exoergic; AGress_eq=GHzo++Ge-(GH(pt) +GH20)=22.44+0-(51.05+0)=-28.61 K/mo .

Free energy changes are determined on water and carbon dioxide gas zero GH20=Gco2gas=Ge-=0 ¥/mor reference
scale. Iterative found on absolute scale hydrogen standard potential is: E'n=-0.29654 V. Equilibrium free energy
minimum is exoergic: AGeq=E’H*F¢1+1=-0.29654*96485*1=-28.61 X/mal coinciding with Alberty data. Absolute
potential scale slips by AE=-0.29654-0.10166= -0.3982 Volts down. Nernst’s hydrogen equilibrium constant is
grater as one: Kny_reds=[H30*]*[e]/[H20]/[H(Pt)]=EXP(-AGAaiberty/R/T)=EXP(28612/8.3144/298.15)=102954 .

I type electrode Metal interface H(Pt) / on its cation HsO* solution application.

High rate protolysis attractors [H3O*]=10"-3¢ M , pH=7.36 and water mass [H20]=997/18=55.3 M account in
liter shows metal hydrogen strong reducing potential: Epr=7.36=-0.29654+0.0591*log(10-7-36/55.3)= -0.8345 V
and free energy change minimum AGeqpH_7.36=E°H*F*1=-0.8345*96485*1/1000=-80.5 K/mo .
Nernst’s half reaction metal reduction potential E°h=-0.29654 V energy AGeq=-28.6 K/mol.
Platinum sheet immersed in hydroxonium ions [H*]=[H3O*]=[H2SO4]=1 M sulfuric acid
solutions H(Pt)<=>H*+e": E=E°+0.0591°log[H*]=0.0+0.0591°log(1 M)=0 V is classic.
Ratio [H3O*]/[H20]=1/52.5=Xns0+/XH20 give classic zero 0 insted thermodynamic
?HZ standard potential: E°'1=0.10166 V and from Alberty data on absolute scale
absolute standard potential is E°v=-0.29654 Volts.

<_5 absolute E,‘j:‘-o.29654 Vv classic zero ES= ov 010166 V E v
! . ! ! .
Epoun™En 0-0591*|09(%) E =E°+0.0591*log(*:1)  thermodynamic Ej;
H,O

(POH/MH" H_classic
Absolute standard potential E°’H=-0.29654 V based on Alberty data GHzgas=85.64 ¥/mor and

GH2aq=103,24 Y/mal for hydrogen, which was detected on water and carbon dioxide gas
zero scale GH20=Gco2gas=Ge-=0 ¥/mo1. Reducing agent at pH=7,36 , [H3O*]=10-"3¢ M with

potential E=-0,2965+0,0591*log(10"(7:36)/55,3)=-0,8345 V is strong reductant. Free energy content in one mol
metal hydrogen is: GHry=51.05 K/mo .

[Ag(NHy)3 ]
Ag+2NHa@g=Ag(NHs)2"+e"; Eagiag(NH3)2+=E°Agiag(nH3)2++0.0591/1*log [Ag]-([NHJ]-2:[Ag(N H3);])2 =

=0.0765+0.0591*l0g(0.1/1/(0.3-2*0.1)" 2)=0.1351 V;

[Ag,0l{H,0]
2Ag+20H=Ag20(s)+H20+2¢"; Exagiageo=E°2agiage0+0.0591/2*log [Ag]*[oH]?

=-0.003+0.0591/2*log(1*55.3/1"2/10"("7*?);

Substance | AH®H %/mol [AS°H Y/molik| AG°H , Kol
Ag i ] 18.64 Gag=Gag+-(AGeq ag+GHz0)= 77.1-(58.46+0)=18.64 Vg
Ag* 105.6 72.7 77.1 Gag=Gagci+GH20-(AGeq_ag+Gel-)=45.342 K/mol
AgCI(s) | -127.01 96.25 -155.71 AGagci=AHH-T*ASH=-127.01-298.15*0.09625=-155.71 K/ma;
Cl- -167.08 56.6 -183.955 AGcl.=AHH-T*ASH=-167.08-298.15*0.0566=-183.955 X¥/moI;
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.Table 1. Nernst’s half reactions Standard Electrodes Potentials classic, Thermodynamic, Absolute in V.

Ao . H,O disaccount [Thermodynamic scale]  Absolute scale
Reduced form = Oxidized form +n e; classic zero E, on H,O account |-0,37238 (-0.3982) V
H | H(Pt) +H,0=H3;0* +(Pt)+ e-; general reference CRC [1] classic zero 0 0,10166 -0,27072
H(Pt) + OH=H,0 +(Pt)+e’; classic CRC [1] -0.8277 -0,8282 -1,2006
H(Pt)+OH=H,0+(Pt)+e-; corrected -0.104495 by Alberty -0.95801 -0,95850 -1,33088
Hjaq+2H,0=2H30 *+2e- ;g raphite electrode - - 0.302
o] 5H,0=02,4+4H3;0*+4¢"; 1,2288 1,4592 1,0610
H20,+2H,0=0 2aquat2H30*+e- 1.2764 +1.58416 1.0829
4H,0=H,0,+2 H30* +2¢; Suchotina [17] 1.776 +2.08366 1.6855
- PSR
[1I—9|i023qua+2HzO—OZaqua+2H30 +2e7;University Alberta 0.6945 0.8477 0.4495
HOO +H;0=02qia+H30*+2e"; 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 +3H3;0*+2¢"; pH<3.15 Kortly, Shucha 0.94 1.2477 0.8495
NOaq+6H20=NO5 +4H30*+3¢"; pH>3.15 Kortly, Shucha 0.96 1.2677 0.8695
NH4*+13H,0=NO5; +10H;0*+8¢’; Suchotina [17] 0.87 1.4180 1.0198
Br | 2Br=Br,(ag)+2¢e; CRC 1.0873 1.18896 0.79076
Bi | BiO*+6H,0=BiO; +4H3;0*+2e"; 1<pH<7 Suchotina [17] 1.80 2.210645 1.812445
Mn H*| Mn?*+12H,0=MnO,+8H30*+5e-;  Kortly, Shucha [18] 151 1.8588 1.4506
H,O [ MnO;|+40H=MnOs + 2H,0+3¢; Suchotina 0.603 0.6360 0.2378
OH- | MnO4#=MnO4 +e~; Suchotina 0.558 0.6597 0.2615
Pb | Pb? +6H,0=PbO,(s)+4H3;0*+2¢"; Kortly, Shucha 1.455 1.8656 1.4674
Pb+H,0 = Pb?* +2¢; pH<7 Kortly, Shucha -0.126 0.0272 -0.3710
S H2SO3+4H,0=HSO4+3H30*+2¢"; Suchotina pH<1.9 0.172 0.47965 0.08145
S HSO3 +4H,0=S04%+3H30*+2¢’; Suchotina 2=<pH<7 0.172 0.47965 0.08145
SO3>+20H=S0,*> +H,0+2¢; SuchotinapH > 7 -0.93 -0.87984 -1.27804
=S ombictH20 + 2 €7 CRC2010 -0.4763 -0.4261 -0.8243
HS- + OH- = Srombic + 2H20 + 2e7; CRC 2010 -0.478 -0.4793 -0.8775
H2 aq+2HZO: rombic+2H30++2e_; CRC 2010KOI’t|y,ShUCha 0142 03467 '00515
25,052 =8406* +2¢7; Suchotina 0.08 0.18166 -0.2165
Fe | Fe?'=Fed*+e; Suchotina [17] 0.769 0.8717 0.4735
Fe(s)+ H,O =Fe?*+2¢7; 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+2NHsag=Ag(NHs).*+e; Suchotina 0.373 0.4747 0.0765
2Ag+20H- =Ag,0(s)+ H,O+2¢7; Suchotina | 0.345 0.3952 -0.0030
Hg | 2Hg+H,O=Hg?*+2¢; Kortly, Shucha [18] 0.907 1.0602 0.6620
2Hg+2Cl-=Hg,Cly+2H,0+2¢; Suchotina ; [17] 0.2676 0.2663 -0.1319
2Hg+S042=Hg,SO04) +267; Kortly, Shucha ; [18] 0.614 0.7157 0.3175
Hg+20H=HgO+2H,0+2¢e", Suchotina ; [17] 0.098 0.0967 -0.3015
[ 3=l +2¢7; Kortly, Shucha 0.6276 0.72926 0.33106
Cu | Cu(Hg)+H,O=Cu?*+(Hg)+2e"; Kortly, Shucha 0.3435 0.4967 0.0985
F | 2F=Fx(g)+2e; 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+2H;0*+2¢e"; Kortly, Shucha 1.63 1.93765 1.53945
Cr | 2Cr¥*+21H,0=Cr,07*+14H;0*+6e";1<pH<7 [18] 1.33 1.7921 1.3939
Cr¥*+11H,0=HCrO, +7H30*+3¢"; pH>7 Kortly, Shucha 1.20 1.6793 1.2811
Cr(OH)3|+50H=Cr0O,>+4H,0+3¢e"; pH>9 ; Suchotina -0.13 -0.1657 -0.5639
C | HyCy04+2H,0=2C0O,+2H30%+2¢"; pH<1,25 Suchotina [17] -0.49 -0.28534 -0.6835
HC,04+H,0=2C0O,+H30*+2e"; 1,25<pH Suchotina [17] -0.49 -0.3368 -0.7350
C2042=2C0,+2¢; 4,14<pH Suchotina [17] -0.49 -0.3883 -0.7865
Cr | Cr+H,0=Cr3*+3e7; Suchotina -0.744 -0.6080 -1.0062
Zn | Zn+H,0=Zn%"+2¢; Kortly, Shucha -0.7628 -0.6096 -1.0078
Al | Al+ H,0=AP*+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"; Nernst’s absolute standard potential corrected E°Hg=-1.33088 V [1]
Disaccount the water mass [H20]=963/18=53.5 M over liter [H2SO4]=[H30*]=1 M solution with 1.061 9/mc
density in Nernst equations for hydrogen electrode has classic standard potential 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 oH *F*1=-1.2264*96485*1=-118.33 X/mol,
AGeq H 0H-=GH20-(GH(py+Gon-)=0-(51.05+77.36)=-128.41 X/mol;
Corrected AGeq H 0H-=E°H_H oH-*F*1=-1.33088%*96485*1=-128.41 K/ma,



Metal immersed in its ions solution by Nernst’s oxidation half reaction forms Electrode potential in Volts.
Coordination of metal ions in solution bind water with donor-acceptor bonds.

Reaction Fe)+H20 =Fe?*+2¢e". [Fe2*]=0.1 M; density 1.03 9/mL; 0.1 Molar mass FeS04=15.191 9/mol;
H—0r, % Ere=EC°re+0.0591/2%log([Fe2*]/[Fe]/([H20]))=-0.6852+0.0591/2*l0g(0.1/1/(55.3))=-0.76625 V;

O’tL LZO\H H Distinguish on number -0.76625 V in the fourth sign -0.7663 V
Hf \;.gl a«?g [Fe2*]
(ID:Hj:O H Ere=E°re+0.0591/2*l0g [Fel([H,0 ]-6[Fe]) = -0.7663 V;
H*H, \|—L
Ere=E°re+0.0591/2*log([Fe?*]/[Fe]/([H20]-6[Fe?*]))=-0.6852+0.0591/2*l0g(0.1/1/(56.38-0.6))=-0.7663 V;
99 g/L

[H20]=55.3 M= ; MH20=ML-MFes04=1030-15.191=1284.8 g; [H20]=1014.8 9/18 9/m0i=56.38 M.
18 g/ mol

AGeqre=E°re*F+2=-0.6852*96485*2=-132.223 Y/imo1, AGegre=Gre2+-(Gret+Ghz0)=-82.14-(50.08+0)=-132.223 “/nql ;
Gre=Gre2+-(AGeq_Fe+GH20)=-82.14-(-132.223+0)=50.08 K/mor ;

Substance | AH®H %/mol [AS°H Y/molik| AG°H , Kol
Fe E°re= |-0.6852 V| 50.08 Gre=Gre2+-(AGeq_retGH20)=50.08 K/mol ;
Fe2* -87.45 -17.8 -82.14 | BioThermodynamic 2006
Fe? -89.1 -137.7 -78.9
Fed+ -44.79 -110 -11.99
Fed+ -48.5 -315.9 -4.7 |CRC 2010
Cu E°cv= [0.0985V | 113.03 Geu=Gcuz+-(AGeq_cutGH20)=113.03 K/mal ;
Cu® 64.8 -98 94.0187 AGcu2+=AHH-T*ASH=64.8-298.15*-0.098=94.0187 “/mol;
Zn E°zn=  |-1.0078 V| 73.82 |Gzn=Gzn2+-(AGeq_zn*+GH20)=-120.653-(-194.475+0)=73.82 K/mol;
Zn?* -153.39 -109.8 | -120.653 | AGzn2+=AHH-T*ASH=-153.39-298.15*-0.1098=-120.65 K/moI;
Ag+ - - 771 [CRC;
AgCl - - -155.71 |BioThermodynamic 2006
Cl- - - -183.955 BioThermodynamic 2006
Ag E°agiagei= |-0.1772 V| 45.342  |Gag=Gagci+GH20-(AGeq Ag+Gcel-)=45.342 Kol
Ag E°Ag= | 0.6059V | 18.64 |Gag=Gag+(AGeq ag+GH20)=77.1-(58.46+0)=18.64 K/ma ;

Reaction Cu(Hg)+H20=Cu?*+(Hg)+2e"; [Cu?*]=1 M density 1.19 9/mL; 1 Molar mass Mcus04=159.602 9/mal;
H{ H Ecu=E°cu+0.0591/2*log([Cu?*]/[ Cu]/([H20]))=0.0985+0.0591/2*log(1/1/(55.3))=0.047002 V;

o Distinguish on number 0.047002 V in the fourth sign 0.04696 V
H\O C/2+ [Cu2+]
~IJ—/Cu b 4
H H_O/ \O‘H ECU=EOCU+0.0591/2*IOg [Cu]'([Hzo]'4'[CU2+ ]) =0.04696 \YA

MH20=(ML-Mcus04)/18=1190-159.602=1030.4/18=57.24-4=53.24 mol,

Ecu=E°cu+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*F+2=-0.0985%96485*2=-19.01 “/mol, AGeq_cu=Gcuz+-(Gre+GH20)=94.0187-(Gcu+0)=-19.01 K/mo ;
Geu=Gcuz2+-(AGeq_cut+GH20)=94.0187-(-19.01+0)=113.03 K/mai ;

Zn+H20=2n?"+2e"; ZnS04=161.44 9/mol [Zn?*]=Czns04=2 M density 1.31 9/mL ; Mzns04=2*161.44=322.88 ¢;

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 /2+ Distinguish on number -1.0504 V in the fourth sign -1.04827 V 2M,;
O—2zn 9 2
H” TN [zn +]
H_/O H/O_H Ezn=E°z:+0.0591/2*l0g [ZNn]-([H,0]-4-[zn"]) = -1.04827 V;

Solubility 57.7 9/100¢ in hundreds grams of voter; 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/moi=54.84 M.

[Zn2+
Ezn=E°20+0.0591/2*10g [Zn]([n,0]-4 [ z""]) =-1.0078+0.0591/2*I0g(2/1/(54.84-4*2))=-1.04827 V;

AGeq 7=E°7,*F+2=-1.0078*96485*2=-194.475 /o,
AGeq 70=Gzn2+-(Gre+Gr20)=-120.653-(Gcu+0)=-194.475 K/moi ;
G2v=Gzno+-(AGeq_zn+GH20)=-120.653-(-194.475+0)=73.82 /ol ;
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Cr+H20=Cr3*+3e"; Cr2(S04)2=159.602 9/mol; Ccra(s04)2=0.5 M[Cr3*]=2*Ccra(so4)2=1 M density 1.172 9/mL ;
A0y Ecr=E°cr+0.0591/3*log([Cr3*)/[Cr]/([H20]))=-1.0062+0.0591/3*log(1/1/(55.3))=-1.04053 V;
e QMO\H W Distinguish on number -1.04053 V in the fourth sign -1.03936 V 1M; 2.32 M -1.027 V
3 e 3+
Cr ]
o | H Ecu=E°cu+0.0591/2*log [Cl’]-([HZO]-B'Er3+ D= -1.03936 V;

\
,0

B’ H
MH20=ML-Mcr2(s04)2=1172-196.08=975.92 g; Mcr2(s04)3=392.16/2=196.08;
[Cr3*]=2*Ccra(sos2=1 M density 1.172 9/mL ; Mcras04)3=196.08g; [H20]=975.92 9/18 9/moi=54.21778 M

[cr’']
Ec=E°cr+0.0591/3*109 [Cr | ([H,0]-6 o™ ]) =-1-0062+0.0591/3%10g(1/1/(54.21778-6*1))=-1.03936 V/;

Solubility 64 9/1004 in hundred grams of water; w%=64/164*100=39%;
39/100g=X/??1172//9/.; 39/100*1172=457.07=X/9/L; Ccra(s04)2=457.07/392.16=1.1655 M Cr2(SOa)s3;
MH20=ML-Mcr2(s04)2=771172??-457.07=714.93 g; Mcros04)2=457.07¢; [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'Kr3+ ) =

=-1.0062+0.0591/3*l0g(2*1.1655/1/(39.718-6*2*1.1655))=-1.027 V;

Metal/insoluble salt/ion I1-type electrode
Silver/silver chloride/chloride ion consists of silver metal, AgClI precipitate insoluble salt and

EMF K*ClI- solution, counter-ions ClI- of AgCl insoluble
@ salt. Nernst’s half reactions for silver metal Ag.
¢ Electric potential in volt measurement by couple of
, electrodes Electric Motion Force EMF in Volts.
1=0 Between two electrodes Mel (Indicator electrode)
and Mell (Reference electrode) on electric circuit
linked can be expressed Mel Indicator El as sum :
1 El = EMF + Ell
Indicator electrode EI —has reactivity with
solution that electrode of investigations, Standard

reference electrode Ell =constant , because chloride
concentration is constant.

Mell Mel

Ag(s)+H20=Ag*+e"; absolute standard potential E°ag=0.6059 V; Kortly, Shucha ; [18]
Eag=E°Ag+0.0591log([Ag*)/[Ag(s)])/[H20])=0.6059+0.0591*log([Ag*]/55.3);
AGeq_Ag=E°Ag*F+2=0.6059*96485*1=58.46 K/mol,

AGeq_as=Gag+(GagtGH20)=77.1-(Gag+0)=58.46 K mol ;
GAg:GAg+'(AGeq_Ag+GHZO): 771-(58464'0):1864 K3/ mol ;
Solubility equilibrium AgCI(s)+2H20=Ag*+ClI-; AgCl(s)+2H20-Cl-=Ag* and absolute constant :
K absoluteagci=Kspagel/[H20]"2=[Ag*1*[CI-]//[AgCI(s)]/[H20]"?=1.77*10"10)/55,3"2=5.79*10-14;
Ag(s)+H20=Ag*+e; Ag(s)+H20+Cl- = AgCI(s)+2H20+e;

Ag(s)+Cl- =AgClI(s)+H20+e"; E°agci=-0.1772 V [18]; [CI']=0.1 M=[K*CI-] potassium chloride 0.1 M solution;
Eagiagci=E°Agci+0.0591+1og([AgCI(s)]*[H20]/[Ag(s))/[CI-])=-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*10g(0.1)=-0.043895 V;
Eagiagci=Eoagci+0.0591<log([AgCI(s)]*[H20]/[Ag(s))/[CI])=-0.102995-0.0591*log([CI ]);

AGeq Ag=E°ag*F*2=-0.1772*96485*1=-17.097 K/mol,

AGeq_aAs=Gagci+GH20 -(Gag+Gcel)=-155.71+0-(Gag-183.955)=-17.097 K/mo ;

Gag=Gagci+Gh20-(AGeq Ag+Gcl-)=-155.71+0-(-17.097-183.955)=45.342 X/mmol ;

The main application of Il-type electrodes is their use as reference electrodes, because potential value depends
only on chloride ion concentration. Chloride concentration is precise controlled technology for instruments use.


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

Nernst’s potential studies Hg/Hg2?*/Hg?*, Hg2Cl2, Hg2SO4(s), HgO accounting hydroxonium H3O*, water H20.

Substancel AH°H,*/mol  |AS°H,/moikAG°H,X mol (E°H202aqRed-E°Hg0)=(0.4495+0.3015) V
Hg - 75.9 40.67 GHg=GeqRedox_2H202-Go2aqua+(GHo+GH202)=40.67 K/mol;
Hg22* -166.87 66.74 -146.8
H922+ Eng/ngz+= -0.6620 V| 209.09 GH922+=AGeq_Hg+(ZGHg+GHzo)2127.75+(2*40.67+0)=209.09 kJ/mo|;
Hg?* -170.21 -36.19 -
Hg:SOu|  -743.1 2007 | -6258
Hg2SO4(s)| KabsoluteHgesos=| 10°-9673) | -593.87 | GHg2s04=GHg22++Gs042--(AGeqHgzs04+2GH20)=-593.87 K/mol;
SO4?% -907.62 -536.2 -147.75
S04 E°Hg2s04= 0.3175V | -736.48 |Gs04=GHg2s04-(2GHg+AGeq Hg2s04)= -736.48 Ko ;
S04% -909.3 20.1 -744.5
Hg2Clo) -265.37 191.6 -210.7
Hg2Clzes) | KabsoluteHgecie= | 10°-231) | -210.7 GHgzc12=GHg22++2Gcl--(AGegHgzci2+3GH20)=-210.7 K/mo;
HgClzs) -224.3 146 -178.6 | AGcl-=AHH-T*ASH=-167.08-298.15*0.0566=-183.955 K/mo;
Cl- -167.08 56.6 -183.955
Cl- E°Hgcio= -0.1319 V| 33.975 | Gci-=(-GHgz2++AGegHgaci2+(GHgzci2+3GH20))/2=33.975 K/mo;
HgOw) 299.79 70.25 -
HgOgs) -90.8 70.3 -58.5

2Hg+H20=Hg.?*+2¢"; absolute standard potential 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*1g(1/55.3"1) +0.10166-0.3982=-0.6620 V;
AGeq_Hg:Eng‘F'2=0.6620*96485*2:127.75 I(‘]/mol,
AGeq Hg=GHg22+-(2GHg+GH20)=GHg22+-(2*40.67+0)=127.75 K/mor ;

GHg22+=AGeq_Hg+(2GHg+GH20)=127.75+(2*40.67+0)=209.09 K fmol ;
Solubility equilibrium Hg2Clz)+3H20=Hg.?*+2Cl-; 2Hg+H.0=Hg.?*+2¢"; absolute constant :

K absoluteHg2c12=KspHgzci2/[H20]73=[Hg22*]*[CI-]4/[Hg2Clz) ) /[H20]"3=1.43*107(18)/55,3"3=10-231,
AGequZCIZZ-R'T'ln(KAbsquteHgZCIZ):-8.314*298.15*|n(lo/\('23'1)):131.85 K mol;
AGegHgac2=GHg22++2Gcl--(GHgaciz+3GH20)=-146.8+2GclI--(-210.7+3*0)=131.85 K/mo;
Gel-=(-GHg22++AGeqHgzci2+(GHg2ci2+3GH20))/2=(--146.8+131.85+(-210.7+3*0))/2=33.975 K/mo;
AGeqHg2ci2=GHg22++2Gcl--(GHgzci2+3GH20)=209.09+2*-143.945-(GHgzci2+3*0)=131.85 X/ma;
GHgzci2=GHg22++2Gcl--(AGegHgaciz+3GH20)=209.09+2*-143.945-(131.9+3*0)=-210.7 X/mol;
2Hg+2Cl-=HQ2Cl2s)+2H20+2¢"; absolute standard potential E°Hgci2=-0.1319 V; Suchotina ; [17]
E°hgci2=E°-0.0591/2*Ig([H20]?) +0.10166-0.3982=0.2678-0.0591/2*1g(55.3"2) +0.10166-0.3982=-0.1319V;
AGeq_Hg2c12=E°ngacize F+2=-0.1319*96485*2=-25.45 K/,
AGeq_Hg2c12=GHg2c12+2GH20+2Gcl--(2GHg)=GHgzci2+2*0+2*34-(2*%40.67)=-25.45 X/ma ;

Solubility equilibrium Hg2SO4¢s)+2H20=Hg2?*+S04%; 2Hg+2H>0=Hg,?*+2¢"; absolute constant:
K absoluteHg2s04=KspHg2soa/ [H20]"2=[Hg22*]*[SO 4% ]/[Hg2S O 45 ]/[H20]"?=6.5*10"(-1/1/55.3"2=10-9673;
AGegHg2s04=-ReTeIn(KabsoluteHg2s04)=-8.314*298.15*In(10"(-9-673))=55.21 kK/mo;
AGeqHg2504=GHg22++Gs042--(GHg2s04+2 GH20)=209.09-747.75-(GHg2s04+2*0)=55.21 X/moa;
GHg2504=GHg22++Gs042--(AGeqgHg2so4+2GH20)=209.09-747.75-(55.21+2*0)=-593.87 “/mol;
HQg2S04)+2H20=Hg22*+S042-; 2Hg+2H.0=Hg2%*+2¢";
Hg2S04(5+2H20-S042=Hg2?*; 2Hg+2H20=Hg2?**+2¢";
Hg2S04(5+2H20-S042=Hg2?*; 2Hg+2H20=Hg2?*+2¢"; 2Hg+2H20=Hg2SO4(5)+2H20-S04%+2¢;
2Hg+S04%=Hg2S04(s) +2¢7; absolute standard potential E°ag=0.3175 V; Kortly, Shucha ; [18]
E°Hg2s04=E°-0.0591/2*Ig([H20]°) +0.10166-0.3982=0.614-0.0591/2*Ig(55.3"\%) +0.10166-0.3982=0.3175 V;
AGeq_ngsOAZEngzso4'F'2=0.3175*96485*2:61.27 I(J/mol,
AGeq_Hg2504=GHg2504-(2GHg+Gs04)=-593.87-(2*40.6 7+Gs04)=61.27 K/mor ;
Gs04=GHg2s04-(2GHg+AGeq_Hg2s04)=-593.87-(2*40.67+61.27)= -736.48 K/mo ;



Hg+20H= HgO+2H20+2e absolute standard potentential E°Hg=-0.3015 V; Kortly, Shucha ; [18]
E°Hgo=E°-0.0591/2*Ig([H20]?) +0.10166-0.3982=0.098-0.0591/2*Ig(55.3"?) +0.10166-0.3982=-0.3015 V;
Ox HgO+2H20+2e=Hg+20H-, inverse standard potential -E°Hg0=0.3015 V Suchotina [17].
chlorine, hydrogen peroxide, magnesium (when heated), disulfur dichloride and hydrogen trisulfide
HgO+H202=Hg+02+H20; O2gastH20=02aqua;
Red H202aquat2H20=02aquat2H30*+2e- E°redH202=0.4495 V absolute potentential Alberta University [19]
HgO+2H20+2e-+H202aquat2H20=Hg+20H+0O2aquat2H30*; H202aquat2H20=02aquat+2H3O*+2e";
HgO+ H202aquat4H20=Hg+O2aquat+(20H+2H30"); HgO+ H202aquat4H20=Hg+O2aquat{4H20);
HgO+H202aqua=Hg+O2aqua; SUM:
AGegredox_2H202=(E°H202aqRed-E *Hgo) *F*n=(0.4495+0.3015)*96485*2=(0.7510)*96485*2=144.92 K/moI ;
AGeqredox_2H202=GHg+G02aqua-(GHgo+GH202)=GHg+330-(-58.5+284.25)=144.92 K/ ;
GHg=GeqRredox_2H202-Gozaquat(GHgo+GH202)=144.92-330+(-58.5+284.25)= 40.67 K/mol ;

SUbStanceAHOH,kJ/molASOH,J/mOI/KAGOH,k‘]/mol GH202:284.25kJ/m0I;
HsO* | -285.81 -3.854 | -213.275 Miscenko 1968, Himia, Leningrad
Ozaqua -11.715 110.876 16.4 CRC 2010; GOZaqua=330 k3 mol : GH20=0 I(J/mol;

Ozaqua | -11.70 -94.2 16.40
H.O | -285.85 | 69.9565 | -237.191
H2O | -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




Nernst’s potential studies 5(Pt)H + MnO4 on hydroxonium HzO* and water H20 account

Oxidant reduction inverse Nernst’s potential: MnO4™ + 7H30* + 5¢- <& Mn2*+12H20 ; -E°mnos=-1.46065V.

Reductant oxidation Nernst’s: 5(Pt)H + 5H20 < 5H30* +5e-; standard potential E°1=-0.2965 V.
Electrons balancing +ne-=5e-=-ne-summary Red-Ox reaction : 5(Pt)H+MnOs+3H30* < Mn2*+7H-0 .

0.0591 . [H20F*[Mn*] 00591 . IH20[*[Mn21] 996 _g/L

-Emnos=-E°+ !Ig [Mn 0}][H,0%]2 =-1-46065 V+ *lg [mn 0] [H40"]8: [H20]=95.3 M=18 "¢/ mg

[H307] [H307]
En=E°H +0.0591°Ig [H 20] =-0.2965 V +0.0591-Ig [H 20] :

Substan AHOH,k‘]/moI ASOH,J/mOI/K AGOH,k‘]/moI AGHess:AG°Mn2+7AG°H20-3AG°H3o-AG°Mno4-5AG°(pt)H:-1056.7 I‘J/mo|
H2O | -285.85 | 69.9565 | -237.191 |-228.1+7*-237.191-(3*-213.2746-447.2+5*51.05)= -1056.7 K/mol
H2O | -286.65 | -453.188 | -151.549 |Biochem.Thermodyn,Alberty,2006, Massachusets Technology Inst.
Hs:O* | -285.81 -3.854 [-213.2746 |CRC Handbook of Chemistry.and Physics, 2010. D.Lide

H2(aq) 23.4 -130 09.13 | =-228.1+7*-237.191-(3*-213.2746-447.2+5*99.13/2)= -1049 X/mol
H2(ag) -5.02 -363.92 | 103.24 |Alberty 2006 Biochem.Thermodyn Massachusets Technology Inst.
H(Pt)(aq) - - 51.05 AGeq:-847.7 K/ mol ; AGHess= -1056.7 K/mol

MnOs | -541.4 -191.2 -447.2 for 5(Pt)H +MnOs+8H30*<=>Mn?*+8H20 as absolute value

Mnz* | —2208 | -736 | -228.1 | AGeq=-847.7 ¥/mot | < | AGress= -1056.7 K/mot | ;

OZaqua -11.7 -94.2 16.4

Concentration [H20]? exponent 12 included in classic standard potential Eo =1.51 V as logaritm:
E“mnos-=E, 0.0591/5*log(1/[H20]'2)=1.51+0.10166-0.0591/5*log(1/55.3"12)+0.10166=1.858848-0.3982=1.460648 V;
AGeq=(E H-E"Mn04-)*F+1¢5=(-0.2965-1.460648)*96485*5=-1.757*96485*5= -847.7 X/mol
Keq=eXp(-AGeqoxred/ R/T)=exp(847692/8.3144/298.15)=exp(341.96)=101485 ;
Exothermic and exoergic MnO4 reduction by 5(Pt)H Hess free energy change negative
AGHess=AGoxRred = -1056.7 kJ/moI, but minimizes AGmin= AGeq= -847.7 Yol reaching
[H,0]" -[Mn?']
[(PHYH]3[Mn O,]-[H;0']*
change minimum AGmin reaching. Free energy change minimum
reaching establishes equilibrium. reactants_ | AGmin= -848 9/mo 1

5A+B+3C 50% D+8E
5(Pt)H+MnO4+3H30*
products Mn2*+7H20

Nernst’s potential Ozaqua/H20 red-ox system biochemical mechanism of acidosis and oxidative stress
(forced oxidizing agent power by potential E increase)
Note: Oxidative stress causes non enzymatic oxidation in multiple radical chain and reactions of
parallel product formations to contaminate and destroy the organism! Destructive hazard for life!
Water medium (blood plasma) oxygen is strong oxidant 1.0610 V reaction Ec02=1.0610 V:
Go2aqua=G02gast+G02sp=303.1+26.58=330 K/mol ; O2aquat4H30O*+ e &5H20 ;
oxidized form free electrons reduced form;
GH30+0H=GH3o++Gon-=22.44+77.36=99.8 K/mol of water protolysis H20+H20<=>H30*+0OH
Biochemistry oxygen O2aqua decreases free energy content AGozaqua=329.7-241,75=87,95 K/mal to
GozBiochemistry=87,95 K/mo1. Concentration arterial [Ozaqua]=6*10-> M and pH=7.36 concentration [H3O0*]=107-36 M.
E02=E°*+0.95/4010g([O )4,,] [H30*]*[H201°)=1.06 10+0959/4*|0g(6* 107 (-2) * 10 (7-3) /55.346"°) =0.4349 Volts
decrease AEarteriai=-(Eo02-E02)=-(1.0610-0.4346)=-0.6264 V;
AGarterial=AEH20*F*n=0.6264*96485*4/1000=-241.75 ¥/mol.
Solubility product constant O2gas aAlr+H20QAWaRNINS=>(p)00q iNCreases to level Gozsp=26.58 X/mol:
[0

equilibrium mixture 101485=Keq= Prigogine attractor is free energy

2 aqua]

]-H,0] =K=2.205*10. Gozsp=-ReTeIn(Ksp)=-8.3144*298.15*In(2.205*10-5)=26.58 “/mol.

[O 2 gas

Free energy protolysis decreases Gozsiochem_arterial=Go2aquatGo2sp+AGarteriai=303.1+26.58-241.75=87,95 K/mol and
oxygen becomes fire safe biochemical oxidant, forming arterial concentration [O2aqua]=6*10-> M as safe
Bioenergetic sustaining normal isooxia. [3];



http://aris.gusc.lv/ChemFiles/ChromoHem/HbOxDeoxCO/HumanMeasure/O2Solutions.pdf

1) Water 55.346 M decreases potential from 1.0610 V about -0.155 V=AEHzo.
Eo02=E°02+%959/,*l0g(*/[H201°)=1.0610+0.01478*log(*/s5.346"°)=0.9322 V ;
2) Acid H3O* increases 10 times the potential and free energy content increases about AEH30+=0.05912 V
AEH30=0.01478+Ig([H*]*)=0.05912 V and AGmax=AEn30*F*n=0.05912*96485*4/1000= 22.817 “/mol;
3) Air 20.95% replaced with 100% oxygen [Ozaqua] concentration 5 times increase potential about
AE02100%=0.01478°1g(100% [O2aqua])=0.01478*log(5)= +0.0103 V . Free energy content for
oxygen increases about AGmax=AEn30*F*n=0.01033*96485*4/1000=3.987 K/moi . 6! page.
NASA Apollo Moon project closes 1972 because of oxidative stress and technical hazards risk.
Which concentration of water [H20], oxidiser [Ox], reducer [Red], acid [H3O *] changes decrease free energy
content or increase free energy content for oxidising reagent? Haw standard potential Eo values change free
energy content in oxidants and in reductants ! When increases and when decreases content?
Oxygen solubility Prigogine attractor free energy change Hess law solution is exothermic and endoergic
O2airtH20=02aqua ; [O2air] =0.2095 oxygen mol fraction in air, mol fraction in water
Ksp[OZgaiss]=[Ozaqua]/[H20]=2.205*10A('5)* 0.2095=4.61948*10-6=10/(-5-335),
AGH=AG°H20+AG°02aqua-AG°H20-AG°02gas=16.4-(0-151.549)=168 K/mol endoergic; Ac 168Ym o A
AGeg=-ReTeIn(Keq)=-8.3144*298.15*In(2.205*105)=-8.3144+298.15¢6.414=26.58 K/mol -
[O2] solubility Hess free energy change is positive AGHess=AGsolubility=168 K/mor ,
but minimized minimised to AGmin=AGeq=26.58 ¥/mal reaching

ili i i -_— 2 5 I 5 :] 4.66 ¥ [ + ’ ol

products
H20g8I00d+O2aqua-Blood.

Free energy change minimum AGmin reaching establishes equilibrium. 53" page.
Zero osmolar Cosm=0 M and ionic force 1=0 M in distilled water from air 20.95% solubility is:

[O2water] =Keq*[O2air]*[H20]=2.205*10-5*0.2095*55.3=0.00025546=2.5546*10-4=10-35% M.
ELSEVIER, Rotating Electrode Method and Oxygen reduction Electro catalysts, 2014, p.1-31,
1. WeiXinga, MinYinb, QingLvb, YangHub, ChangpengLiub, JiujunZhangc. Pure 1atm mol fraction [O2gas]=1.
Osmolar Cosm=0.305 M, ionic force 1=0.25 M, air oxygen 20.95% conditions dissolute [O2aqua]=9.768-10-> M.
Therefore physiologic equilibrium constant is Kozblood=[O2aqua]/[O22ir]=9.768-10-5/0.2095=4.663*10-4=10-3-3314,

Arterial [O2aqua]=6-10-° M and venous [O2aqua]=0.426-10-> M concentration determines pKozblood=3.3314
by osmosis oxygen molecules crossing through aquaporins membranes against gradient.

Inverse: Ozaqua +4H30*+4e < 6H20; -E°02=-1.0610 V; Nernst’s half: 4(Pt)H+4H.0 &>4H30*+4e; E°’w=-0.2965 V
Ozaquat4(Pt)H=2H20; AGeq=(E°H-E°02)*F*14=(-0.2965-1.0610)*96485*4=-1.358*96485*4/1000=-523.9 K/mo;
Knowing equilibrium value AGeq2H20=2GH20-4GptH-Go2aqua=2*0-(4*GpyH+329.68)=-523.9 K/mor , hydrogen
metal free energy is GHrty=(2GH20-AGeqeH20-Go2aqua)/4=(2*0+523.914-329.68)/4=204.2/4=48,56(51.05) K/mo ;

Sulfur reduction: Srombic + 2 H3O* + 2e- = H25ag+ 2 H20; inverse potential-E°<=0.05254 V;

rombict2(Pt)H <> H25ag; 2(Pt)H+2H20=2H30*+ 2e;  E°w=-0.2965 V
AGeq=(E H-E°:)*Fe1+2=(-0.2965+0.05254)*96485*2=-0.245*96485*2/1000= -47.077 “/mol;
GH25aqug=AGHessH25+(2GH(Pt)+Grombic)=-47.077+(2*51.05-85.64)=-30.617 ¥/mor . 2" page.
Nernst’s half: H2Saq+2H20=5mombic+2H30%+2¢e" has absolute standard potential E°1H2:=-0.0515 V
for free energy change: AGeqH25=E°H2:Fn=-0.0515*96485*2=-9.938 K/mo .
Expression value from Hess law for free energy change to hydrogen sulfide aqua solution in half reaction is

AGHess_H25ag=G5rhombict2GH30+-(G H2saq+2GH20)=-85.64+2*22.44-(G H2:aq+2*0)=-9.938 K/mol than absolute value
iS: G H2:aqg=Gsrhombict2GH30+-(AGHess_H2:aq+2GH20)=-85.64+2*22.44-(-9.938+2*0)=-30.82 X/mol.
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http://aris.gusc.lv/BioThermodynamics/OxRedBiologicalW.pdf
http://aris.gusc.lv/BioThermodynamics/CO2O2Thermodynamic15A.pdf
http://aris.gusc.lv/ChemFiles/ChromoHem/HbOxDeoxCO/HumanMeasure/O2SolutionsL.pdf;
http://aris.gusc.lv/BioThermodynamics/CO2O2Thermodynamic15AH2OCO2CH4.pdf

Nernst’s potential studies reducing with vitamin Bs ethanal HsCCH=0 and oxidising HsCCH20H ethanol
Aerobic [NAD*])/[NADH]=108; H3C-CH2-OH+NAD*+H20+AG+Q=>H3C-CH=0+NADH+H30O*
AGHess=AG°H30+AG°cHacHo+AG ° NADH-AG °cHacH20H-AGH20-AG°NaD+=159.1 K/mor;
AGHess=32.2824+1175.5732-151.549-(75.2864+1059.11-237.191)=159.1 X/mol endoergic. Anaerobic:
Ox NAD* + H(H*+2e )= NADH,; inverse -E°nabr=0.4095 V; absolute potential David Harris; [22]
Red CH3CH20H+2H20=CH3CHO+2H30*+H-(2¢e); absolute Nernst’s potential E°cHscHz0n=-0.055 V; [19]
Sum: E°cHacH20H-E°NaD+=-0.055+0.4095=0.3545 V. N=2; AGeq=AE’*Fen=0.3545%96485%*2=68.4 K/mo;
By convention balanced n=2=m number of electrons 2e- donors E°nabH=-0.4095 V plus acceptors of electrons
-E°cH3cH0=0.055 V, as -E°nap+=0.4095 V accepting electrons from ethanol E°cHscH20n=-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;
[NADH][CH,CHO-[Hs0") _ _AGeq _ - 8 313%42058 15 -12=1()-11.985
AGeq:-R°T°ln(Keq), Kegq= [NAD+] [CH3CHZOH]'[H20] =e ReT =€ 49 =1.036°10-1°=101!-

Anaerobic [NADH]/[NAD*]=10; H3C-CH2-OH+NAD*+H20+AG+Q => H3C-CH=0O+NADH+H30*;
AGHess=AG°cHacH20H+AGH20+AG°NAD+ ~AG°H30-AG°cHacHo-AG°NADH = -159.1 K/mo;
AGHess=75.2864+1059.11-237.191-(32.2824+1175.5732-151.549)= -159.1 K/moi endoergiska;

Red NADH = NAD* + H-(2¢°); E°nabH=-0.4095 V; absolute Nernst’s potential David Harris; [22]

Ox CH3CHO+2H30* + H-(2e) <=> CH3CH20H+ 2 H20; inverse potential -E°cHscH204=0.055 V; [19];

Sum:

AE°=E°NabH-E°cH3cHo=-0.4095+0.055=-0.3545 V, AGeq=AE°*Fen=-0.3545 V*2 mol*96485 C/moi= -68.4 K/mo ;
By convention balanced n=2=m number of electrons 2e-AE° donors E°nabn=-0.4095 V plus electrons acceptor
-E°chH3cH0=0.055 V, as -E°cHscHo=0.055 V accepting electrons from vitamin E°napH=-0.4095 V .

AGeq 08408

" ReT —p 8.3140298.15 =9 501 (11=1(11.955,

[NAD*J[CH,CH,OH]- [H,O0]
[NADH]-[CH,CHO[H,0*] ~ ¢
In aerobic organisms NADH oxidase with Ozaqua perform ratio [NAD*]/[NADH]=108;
AGHomeostasis=68.408+ ReTeIn(106*1/1*10-736/55.3)=68.408-86.2=-17.8........... K/ mol.
[NAD*)/[NADH]=10%; AGHomeostasis=68.408-69.08=-0.676.......... K mol.

Equilibrium is shifted far to reactants as aerobic constant Keq=10-1195 and inverse

anaerobic constant Keq=1011-98_ Aerobic endothermic and endoergic vitamin Bs ethanol
oxidation Hess law free energy change pozitive AGHess=1509........ K/mol and inverse
ethanal anaerobic reduction negative AGHess=-159........ K/mor , but minimises reaching

AGeq=-ReT*In(Keq)=- 68.408 ¥/mol; Keq=

AG 1595 G B
Hess -

,‘:',AGmin:l 68,4 K/mol

equilibrium aerobic AGmin=AGeq=68.4....... K/mol and anaerobic reactants _ N A’%t?;gg%ﬁ?gﬁilizo
AGmin=AGeq=-68.4....... K/mol reaching equilibrium mixture products_ NADH+HsCCHO+H:0*
constants 10-11-98=Kq aerobic and anaerobic 101985=K, %erobic
Prigogine attractor is free energy change absolute minimum AGmin reaching -159 W/moi A

equilibrium AGmin=68.4........ ¥/moi= | AGeq | <| AGHess | = 159....... K/mo.
Anaerobic H3C-CH=0+NADH+H30* =>H3C-CH2-OH+NAD*+H20+AG+Q);
Anaerobic AGeq=AE°*Fen=-0.3545 V2 mol*96485 C/moi=-68.408......... K)/mol favored.
Insufficient low O2aqua cOncentration hypoxia to anaerobic alcohol oxidation unflavored
but ethanal reduction to ethanol favored [H3CCH20H]/[ HsCCH=0]=1/10 homeostasis

anaerobic

AGmln: -68,4 kJ/mol \Eu'

0
reduction with NADH reductase enzyme as negative free energy change NRBIIE—|++FH53(C):é: SE;S@
AGHomeostasis:-27.86 ........ kJ/mol NAD++H3CCHZOH+HZO

Anaerobic homeostasis ratio [NADH]/[NAD*]=10 over [NAD"*] favors reduction:

AGHomeostasis=-68.41+8.3144*298.15* In (KHomeostasis) =-68.41+40.54 =-27.86........ K mol

1 1 55.333 _ [NAD"J[CH,CH,OH] [H,0]
AGHomeostasis:-68.41+8.3144*298.15*|n(E E ]_O—W )=-27.86 k/mol ; KHomeostasi= [NADH]-[CHSCHO]-[H30+]

[NAD H]/[NAD+]= 1/770; AGHomeostasis=68.408+8.3144*298. 15*In(700/1*1/1*55.3457/10'7-36):0.028 K/ mol.
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Nernst’s potential Ozqua/ H20 | (P)H / HsO* un H202/H20 | H202/ 02 studies

Ox inverse half reaction -Eo02=-1.0865 V: O2aqua+ 4H30* + 4e” <=> 6 H20 ;

Red Nernst’s half reaction: 4(Pt)H + 4H20 <> 4 H3O* + 4e- ; metal hydrogen Ghpy=51.05 K/mor>

O2aquat4(Pt)H & 2H20 ; AGHes2H20=2GH20-4GH(py-Gozaqua=2*-237.191-(4*51.05+330)= -1008.6=2*-504.3 ¥/mol;

AGeq=(E’H-E°02)*F+4=(-0.2965-1.0868)*96485*4=-1.38334*96485*4/1000=-533.9=2*-266.9 K/mo;

AGeq2H20=2GH20-4GH(pt)-Go2aqua=2*0-(4*GH(py+329.68) =-533.9=2*-266.9 K/mol;
GH(Py=(2GH20-AGeq2H20-Go2aqua)/4=(2*0+533.886-329.68)/4=51.05 X/mol .

Gas O2gast2H2gas=2H20; AGHess2H20=2AG °H20-(2AG Hagas+ AG °02gas)=2*-273.19-(2*0+0)=2*-273.19=-546.4 K/mol
O2aquat2H2aqua=2H20; AGAIbertyZHZOZZGHZO-ZGH2aqua-G02aqua:2*O-(2*103.24+329.68):-536.16 K/ mol;
Hydrogen energy GHzaqua=103 ¥/mol of Alberty R.A. Biochemical Thermodynamic’s 1-463. (2006).

Substance| AH®H,X/mol|AS°H,/moli| AG°H,X/mol AGHess=2AG°H20-4AG° (pyH -AG°02aqua=-689=2%*--344.521 K3 mot;
H20 -285.85 | 69.9565 | -237.191 | =2*-237.191-(4*99.13/2+16.4)=-689=2*344.5 X/me. CRC 2010
H20 -286.65 | -453.188 | -151.549 AGeg= -266.9 K/mot ; AGHess= -344.5 /ol
HsO* | -285.81 -3.854 | -213.2746 | in reaction 4(Pt)H + Ozaqua <> 2 H20 ; absolute free energy change
Hoe | 234 130 | 99.13 | AGeq=-266.9 /ot | < | AGress= -344.5 Wino | ;

H2(aq) -5.02 -363.92 103.24 |Alberty 2006 Biochem.Thermodyn Massachusets Technology Inst.

O2aqua -11.70 -94.2 16.4 Water concentration [H,O]° as logarithm extracted of E°classic=1.229 V
Ozaqua | -11.715 | 110.876 16.4 | to hydrogen absolute reference E°=1.383+0.10166-0.3982=1.0865 V

Kegarz0=Koxred=eXP(-AGoxred/R/T)=exp(533886/8.3144/298.15)=exp(215.4)= 3.42*10% ;
Exothermic and exoergic Ozaqua reduction with metallic hydrogen

4(Pt)H and H20: dismutation Hess free energy change negative
AGHess2H20=-546....... K3 /mol ) AGHess_H202:-480 ........ kJ/moI, but minimized

reaching equilibrium AGeqarzo=-534 K /mor and AGegstandart_+202=-228.6........ K/ mol
mixture constants Kequzo:3.42*1093 ......... and KeqStandard_H202=6.104*1041 .........
The minimum AGnmin is Prigogine attractor. Free energy change minimum reaching
establish equilibrium state.

Red H202+2H20=02aquat2H30*+2€"; E°H202=0.4495 V Alberta University ; | N\, ~~77 7777777~ [
[H202]=1 M concentration environment has pH=7.36. .

Ox inverse H202+2H30*+2e=4H20 potential -E°ox=-1.6855 V Suhotina

Summary dismutation 2H202aq=>02aquat2H20+Q+AG;

AGHess2H20 =-344,5 K/mol
G AGaibertyH202 = -480 Kol

AGquHZO:-266,9 kJ/mol

Reactants 4(Pt)H+ O2aqua and products 2H20 AGegstandard=-238,9 ol 1y

Reactants 2H202aq and products Ozaquat2H20 4A+B éO% 2D
2A 50% B+2C

AGegstandart_n202=(ERed-Eoox)*F*n=(0.4495-1.6855)*96485*2=(-1.236)*96485*2= -238.5....K/moI ;
[0;] agua:[H,0]?
[H,0, Kaua
Eor202=E °H20210.0591/241g(O2aqual *[H30 *1?/[H20,]/[H.0]?)=0.4495+0.0591/2*Ig(6*10"-5*10"(7-36"2)/1/55.3"?)=0.2132 V

Eoox=E°H2020x+0.0591/2¢log([H20]4/[H202]/[H30 *])=-1.6855+0.0591/2*Ig(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=GOZBiochem_arteriaj+2*GHZOBiOChemistry-Z*GH202:78.08+2*85.64-2*364.79:-480.22 I(“]/mol; Alberty
1.AHness=AH 0+ 2AH H20-2AH H202=-11.7-2*286.65-(2*-191.99)=-201.02 W/no =-11.7-2*285.85-(2*-191.17)=-201.06 /g
2.ASdispersed:-AHH/T:-(-ZO1.02)/298.15:674.2 I molik 5 ASdispersed:-AHH/T:-(-201.06)/298.15:674.36 I molik ;
ASHess=AS°02+2AS°H20-2AS°H202=-94.2+2*-453.188-(2*-481.688)=-37.2 mol/k;
ASHess=AS°02+2AS°H20-2AS°H202=110.876+2%69.9565-(2*143.9)=-37 /molik;
2. AStota=ASH+ASdispersed=-37.2+674.2=637......"/molik AStota=-37.011+674.36=637.35......3/moiik;
4. AGHess=AHH-T*ASH=-201.02-298.15*-0.0372=-189.9 k/mql exoergic spontaneous.
AGHess=AHH-T*ASH=-201.06-298.15*-0.037=-190 K/mol ;
TeAStota=0.637*298.15=189.9 /ol 5 TeAStotai=0.63735*298.15=190 k‘]/mol_;

=KH202=eXp(-AGeq/R/T)=exp(2385510.9/8.3144/298.15)=6.104*104'........

KeqStandart_H202=
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High rate protolysis peroxide anions H*+HOO-><"OOH+H"* collision activation energy is high Ea=79000 /mo oposit
HOO=> collision activation energy Ea=29 Y/mq is small. Producing =6, =3 fatty acids, oxygen, water and
heat: 2H202aq)<=>023quat2H20+Q+AGH ;
AGegstandarta_2H202=(E°H202agred-E *H202ag0x) *F*N=(0.4495-1.6855)*96485*2=(-1.236)*96485*2= -238.5 K/moI ;
AGaiberty 2H202=Go2aqua+2* GH20-2* GH202=330+2*0-2*GH202=-238.5 X/mol; exoergic
GH202=(Go2aguat+2*GH20+AGAIberty_2H202)/2=(330+2*0+238.5)/2=568.5/2=284.25K /mo ;

SUbStanCEAHOH,k‘]/moIASOH,‘]/moI/KAGOH,kJ/moI GH202:284.25k‘]/m0I;
H;O* | -285.81 -3.854 | -213.275 Miscenko 1968, Himia, Leningrad
OZaqua -11.715 110.876 16.4 CRC 2010; GOZaqua:330 k‘]/mol ; GH20=0 I(J/mol;

O2aqua -11.70 -94.2 16.40 AHHess=AH°02+2AHH20-2AHH202=-201.02.....=-201.086......K/mol
H20 -285.85 | 69.9565 | -237.191 | =-11.7-2*286.65-(2*-191.99)=-201.02......K/mol eksotermiska..
H20 -286.65 | -453.188 | -151.549 =-11.7-2*285.85-(2*-191.17)=-201.06......</mol

H202 @q| -191.99 | -481.688 | -48.39 |BiochemThermodynamic 2006 Masachusets Technology institute
H202aq | -191.17 143.9 -134.03 |University Alberta 1997.

H2021 | -237.129 | 69.91 | -237.129 |ASkopsia= ASht ASimicdsa=-37.2+679.725= 642.525.......... Imolik
2.ASdispersed=-AHH/T=-(-201.02)/298.15=674.2 ....."Imolik ; ASdisperses=-AHH/T=-(-201.06)/298.15=674.36..../molik ;
ASHess=AS°02+2AS°H20-2ASH202=-94.2+2*-453.188-(2*-481.688)=-37.2.... /mol/k;
ASHess=AS°02+2AS°H20-2AS°H202=110.876+2*69.9565-(2*143.9)=-37...."/molik;
2. AStota=ASH+ASdispersed=-37.2+674.2=637......)/molik AStotai=-37.011+674.36=637.35......"/mol/k;
4. AGHess=AHH-T*ASH=-201.02-298.15*-0.0372=-189.9........ K/mol €XOErgiC............. spontaneous...........
AGHess=AHH-T*ASH=-201.06-298.15*-0.037=-190........ Kol ;
TeASttar=0.637*298.15=189.9......... K/mot ; T*AStota=0.63735%298.15=190......... K mol;

Red: H202+2H20=02+2H30*+2¢" ; E°rRed=E°RedH202=0.4495 V Nernst’s absolute potential Alberta University;
Ox: H202+2H30*+2e=4H:0 ; -E° oxH202=-1.6855 V inverse standard potential Suhotina ;

2H202(aq)=02aquat2H20+Q+AG; For activate homeostasis products, hydroxonium and peroxide anions:
GH202=364.8 X/mol; GH3o++GHo0-=22.44+418.32=440.76 X/mol free energy referring to water and COzgas zero
GH20=Gc02gas=0 ¥/mor appreciate values : Summary Red:+ Ox reaction :

AGmin=AGegstandart=(E °RedH202-E °0xH202) *F*N=(0.4495-1.6855)*96485*2=(-1.236)*96485*2=-238.5 X/mo;
[0;]aqua-[H 0] ?
[H 0, Baua
Half reactions RedOx Nernst’s reduction and oxidation electrons balance 2 e~ at pH=7.36, [Oaq]=6*10"°> M

Ered=E°h202+0.0591/2¢1([O2aqua] *[H30 *12/[H20:)/[H20]?)=0.4495+0.0591/2*|g(6*10"9*10"736*2/1/55.3'2)=0.2132
Eox=-E°H2020x+0.0591/2¢log([H202]*[H30 *]%[H20]%)=-1.6855+0.0591/2*Ig(1*10"(-7-36*2)/55,3")=-1.443 \V
Homeostasis sum AGegiochem=(ERed-Eoox)*F*n=(0.2132-1.0445)*96485*2=(-0.831)*96485*2= -160.4....</ma ;
AGAaiberty=Go2Biochemj+2* GH20BioChemistry-2* GH202=78.08+2*85.64-2*364.79=-480.22 K mol; Alberty
Exothermic and exoergic H202 (ag) dismutation Hesa free energy change AGaiperty and A AGeny = -480
AGHessaierty and Biochem is negative -480........ Kol . -426.5........ rmor, Ut minimized A ~ACwsnn=-4265 s
AGegstandart=-238.5........ k)/mol reaching equilibrium mixture constant Keq=6.1*10%1.......
Le Chatelier principle is Prigogine attractor free energy change minimum AGmin
reaching. High rate protolysis attractors pH=7.36, oxygen 20.95% in air stay at
equilibrium, while homeostasis irreversibly continues, as are non equilibrium state.
Prigogine attractors Nobel Prize Chemistry 1977, CATALASE erase peroxide
molecules H202 to 100% w=6, ®=3 fatty acids C20:4 efficiency elongation synthesis in
peroxisomes. CATALASE reactivity is indispensible irreversible homeostasis T

Brownian molecular engine for evolution and survival. AGstanar=-238,5 “Ior 1
AGSquiaChem:'2$2v8 kJ/mol \'f

Kegstandart= =KH202=exXp(-AGeq/R/T)=exp(238511/8.3144/298.15)=6.104*10%........

A+A  50% B+2C
reactants 2H202(aq)
products_Ozaquat+2H20
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Glass SiOz{ //11Si02/l] Si02 membrane electrode and pH detection

Glass electrodes are usually applicate to solution pH determination. As membrane electrode its potential
forms on surface of silicon dioxide (SiO2/) crystalline in protolysis of silicon acid reaction:

Si02—Si0sH+H0==1Si0,—Si0s +H30*. So glass electrode potential have formed following.

On glass surface locate silicone anions functional groups ¥Si0>—SiOs". On thin crystalline glass membrane
surface in solution with H* ions (in hydrochloric acid HCI) established protolytic equilibrium between crystalline
silconic acid SiO.=SiOsH and anionic group of silicate SiO>—SiOs". Siliconic acid is water insoluble acid and
weak electrolyte: SiO>,—SiOsH+H.0==={Si0,—Si03 +H30*.

As crystalline membrane has inner surface equilibrium and outer surface of membrane has outer
equilibrium, where last depends on tested medium H* concentration.

H3O%inner + Si03 =Si02d == H20+HSi03=Si0xd/////SiOx//I] Si02=Si03H+H205=={ Si0:=Si03 +H30 outer.

Product in sequence conected equilibrium constants are membrane equilibrium constant Kinner® Kouter=Kmembr:

H,0 [H30"] +
Kinner= # ; Kouter = =3 oder ; Kinner ® Kouter= Kmembr= M ;
[H3O ]inner [H 2O] [H3O ]inner
+
Emembr= 0,0591 Iog [HL]OUH :0.0591(|09[H30+0uter.] -|Og[H30+inner]): Econst -0.0591epH (24)

[H3O+]inner
where n=+1 hydrogen ion charge H*, but logarithm of concentrations ratio is subtraction two logarithms from

concentration ratio. lons concentration inside membrane is constant Econst= -0.0591elog[H3O%inner]. Membrane
potential depends only on solution H3O*outer and pH=-l0g[H3O%outer].
Emembr= Econst. +0.0591 @log[H3O%outer]  (24)

Figure shows on end of glass tube thin bulb, that serves about glass membrane. Inside bulb HC1 solution
with known concentration. Outside emerge in test solution and measure the pH of solution potenciometric.

glass Ag

, solution wire
out| n HCI

AgCl
precipitate
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Glass membrane HSiOs—SiO24 ////1SiO2//11 4Si02—SiOsH and electrodes combination with silver wire.

For elektric conection with glass membrane in inner solution deepes one silver wire, that forms second type
electroda potential Eagci inner in sequence with membrane potential Emembr.+ Eagel inner Potential depends only on
outer pH of investigated solution, becouse hydrochloric acid concentration is constant. EMF (electric motion
force) mesure for closed electric cyrcle. That acheaved in outer solution deeping reference electroda with
standard potential Eagci. Electric chain closed at pH-meter contact clumps:

Total EMF potential consist of three electrodes in sequence connected as well from 3 parts:

1) inside glass electrode deeped AgCI electrode potential Eagc inner;

2) glass membrane electrode Emembr= Econst.+0.0591@log[H30*outer]=Econst.-0.0591epH (24);

3) reference electrode with standard potential Eagcl.

By additive sum of constant values parts is calculated new constant: E’const= (Eagci+EAgct inner + Econst.).
EDS=EagcitEmembrtEagct inner= (EagcitEagel inner Econst.)+0.0591:1g [H3Oinner] = E’const—0.05910pH  (25)

EDS = E’const—0.0591epH (26)
Measured electric motion force (EMF) is proportional to pH value in solution.
pH measurement by glass electrode has opportunities :
1) glass electrode is useable on complete pH interval (from pH =0 to pH = 14);
2) measurement precision reaches 0.001 pH units;
3) measurements not depends on oxidation, reduction and proteins in solution;
4) permanent direct control of pH by pH-meter.

pH meter
A
P H-meter Reference 'l Internal
electrode electrode
N X .
N /
/ AgC/
electrode
Ceramic
- glass junction Test solution
electrode
pH sensitive
bulb
\ membrane }

pH measurement by EMF couple with combined glass and silver chloride electrodes
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Nernst’s potential SO22-/ SO3% red-ox system behaving in acidic HsO* water and basic OH- medium
Nernst’s absolute standard potential. [H20]=55.3 M ;

CRC; GH2504=GHs04-+GH30-(AGeqH2504+GH20)=-718.17 K/mor;

GH2s04=-746.64+22.44-(-6.035+0)=-718.17 K/mol

Gh2504=AGrom=AG H2s04+G<rombict2AG oo+ Grzgas=-84.04 W/ino;

GH2s504aq=-192.74+22.44-(-6.035+0)=-164.3 X/mol;

CRC

GHs04-=Gs042-+GH30-(21.307+GH20)=-746.62 K/ma;

Grs04=AGrom=AG°ns04+G rombic+2AGOZ+GH2gas/2=‘192-74 I(‘]/mol;

GHs04-=-227.39+22.44-(21.307+0)=-226.3 Y/ mol;;

GHso4-=AGeqHs04--3GH30+(GH2503+4GH20)=-192.7 X/mal ;

BioTherm2006; AG _sos-=AH-T*AS=-907.62-298.15*-0.5362=-747.75 Y/l

Gs04=AGrorm=AG°s04+Gsrombict2AGo=-747.75-85.64+2*303=-227.39 W/n;

Gs042-=AGeqso42--3GH30+(GHs03+4GH20)=-202.3 K/moa ;

Gs042-=AGeqs032-0H-GH20+(Gs032-+2GoH)=-213.4 K/mor ;

CRC

Gh2s05=AGrom=AG°H2s03+ G- rombict+ 1.5AGo2+ Grizgas=-381.23 K/mol;

GH2s03aq=-74.84+22.44-(20.5075+0)=-72.9075 /mol;

GH2503=GHso4-+3GH30-(AGegHsos +4GH20)=-141.1 K/mol;

Ghs03=AGrorm=AG°ns03+Gsrombict1.5AG02+GHagas/2=-74.84 X/ moi;

GHs03-2=-121.52+22.44-(51.1+0)=-150.2 “/mor;

Substance | AH®H %/mol |AS°H Y/molik| AG°H ) Kol
H2SO04 -814.0 156.9 -690.0
H>SO4 -718.17
H2S0O4 formation | -84.04
H>SO4 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
HSO4 E°nsos=  0.08145 -192.7
S04% -907.62 -536.2 -747.75
SO4% - formation| -227.39
S04 E°sos2 = | 0.08145 -202.3
S04 E°so32 = -1.278 -213.4
S04% -909.3 20.1 -744.5
H>SOs3 - formation| -381.23
H>SO3 - pKa=1.85| -72.9075
H2SO3 | E°nsos = | 0.08145 -141.1
HSOs formation;| -74.84
HSO3 pKa=7.21| -150.2
HSOs | E°sos2= | 0.08145 -150.7
HSOz -635.5 -29 -486.5
SO3* | -632.1888 |-474.0502| -490.38
SO3* - formation | -121.52
SOz E°so32_= -1.278 -135.5

GHs03=Gs042-+3GH30-(AGegsos2-+4GH20)=-150.7 X/mo ;
CRC

BioTherm2006 DGH_so32-=DHn-T*DSH=-632.1888-298.15*-0.47405=-490.85 /ma;
Gs03=AGrorm=AG°s03+Gzrombic+1.5AG02= -121.52 K/nor;

Gs032-=Gso42-+GH20-(AGegso32-oH +2GoH)=-135.5 K¥/ma ;

Formation solubility Srombict2O2gastH2gastH20=H2504aq; Gsrombic=-85.64 K /mot; GH2gas=85.6 KV/mol Alberty ;
Go2gas=303 K/mot; GH2504=AGForm=AG°H2504+Gsrombic+2AGo2+GHzgas=-690.0-85.64+2*303+85.6=-84.04 K/mo;
GHs04=AGForm=AG°Hs04+Gsrombic+2AG02+0.5GH2gas=-755.9-85.64+2*303+85.6/2=-192.74 K/mo|;
Gs04=AGrorm=AG°s04+Gzrombict2AG02=747.75-85.64+2*303=-227.39 X/mor;
H2S04+H20=HSO4+H30*; pKa1=-2.8; Keqi=Ka1/[H20]=10"28)/55.3=11.41;
AGegH2504=-R*T*In(Keq)=-8.3144*298.15*In(11.41)=GHso4-+GHzo-(GHzs04+GH20)=-6.035 “/mol;
GH2504aq=GHs04-+GH30-(AGegH2504+GH20)=-192.74+22.44-(-6.035+0)=-164.3 K/mol;
HSO4+H20=S04%+H30"*; pKa2=1.99; Keqz=Kaz/[H20]=10"(199)/55,3=0.0001850;
AGeghsos=-ReTeIn(Keq2)=-8.3144*298.15*In(0.0001850)=Gs042-+GH3o-(GHso4-+GH20)=21.307 K/ma;
GHs04-=Gs042-+GH30-(AGeqHs04+GH20)=-227.39+22.44-(21.307+0)=-226.3 K/moi;
Formation solubility rombict1.502gas+H2gastH20=H2503aq; Gsrombic=-85.64 K3/ mol; GH2gas=85.6 K/ mol Albergy ;
Go02gas=303 K/mol; GH2503=AGForm=AG°H2503+G<rombict1.5AG02+ GHagas=-835.69-85.64+1.5%*303+85.6=-381.23 I/mol;
GHs03=AGFrorm=AG°Hs03+Gzrombict+1.5AG02+0.5GH2gas=-486.5-85.64+1.5*303+85.6/2=-74.84 K/mo;
Gs03=AGFrorm=AG°s03+Gsrombic+1.5AG02=-490.38-85.64+1.5*303= -121.52 ¥/mo;
H2S03+H20=HS O3 +H30";pKa1=1.85;Keq1=Ka1/[H20]=10"(185/55,3=0.0002554
AGeqH2s03=-ReTeIn(Keq1)=-8.3144*298.15*In(0.0002554)=GHs03-+GH30-(GH2s03+GH20)=20.5075 K/mo;
GH2503:q=GHs03-+GH30-(AGeqHzs03+GH20)=-74.84+22.44-(20.5075+0)=-72.9075 Y/mol;
HSO3+H20=S032+H30*;pKa2=7.21;Keq2=Ka2/[H20]=107(7-21)/55 3= 0.000000001115
AGegHso3=-ReTeIn(Keq2)=-8.3144*298.15*In(0.000000001115)=Gs032-+GH30-(GHs03-+GH20)=51.1 X/ma;
GHs03-2g=G5032-+GH30-(AGeqHs03+GH20)=-121.52+22.44-(51.1+0)=-150.18 X/mo;
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H2S03+4H20=HSO4++3H30*+2¢"; pH<1.9 E °so42-=0.08145 V Suchotina.

E°so42-=E°+0.10166-0.0591/2*1g(1/[H20]%) -0.3982=0.172+0.10166-0.02955*1g(1/55.3"4) -0.3982 =0.08145 V;
-1 +14 -1 +14
0.0591 [HSO; J[H30 ]5 ~0.08145 \/ + 0.0591 log [HSO; J[H;0 ]5
[H,50,]-[H,0] 2 [H,50,]-[H,0]
AGeqHsos-=E°Hs04-*F+2=0.08145*96485*2=15.717 K/mol, <=> 15.68 K¥/mol;
AGegHs04-=GHs04-+3GH3z0-(GH2s03+4GH20)=-192.74+3*22.44-(-141.1+4*0)=15.68 X/ma ;
GH2503=GHs04-+3GH30-(AGeqHsos +4GH20)=-192.74+3*22.44-(15.717+4*0)= -141.1 X/mol

GHso4-=AGeqHs04--3GH30+(GH2s03+4GH20)=15.717-3%22.44+(-141.1+4*0)= -192.7 X/mol ;

EHsos =E°Hsos+ log

HSO3 +4H20=S04> +3H30*+2¢e" ; 2=<pH<7, Suchotina E°sos2-=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"4) -0.3982 =0.08145 V;

2. +13 2-1. +13
Esosz =E°soz2.+ 00591 eJog [—“A[jsog]_[[ﬂ 2%]]4 =0.08145 V/ +0.0591 + og [[—“—L,f S 03]_[{; 2%]]4
2 2

AGeqsos2-=E°so042-+F+2=0.08145%96485*2=15.717 K/mol, <=> 15.72 X/mai ;
AGegso42-=Gso42-+3GHz0-(GHs03+4GH20)=-202.3+3*22.44-(-150.7+4*0)=15.72 K/mo1 ;
GHs03=Gs042-+3GH30-(AGegsos2-+4GH20)=-202.3+3*22.44-(15.717+4*0)= -150.7 Y/ma ;
Gs042-=AGeqso42--3GH30+(GHs03+4GH20)=15.717-3*22.44+(-150.7+4*0)=-202.3 K/mo ;

S032+20H=S042+H20+2e"; pH > 7 ; E°so42-=-1.278 V Suchotina

E°so32 0n=E°+0.10166-0.0591/2*1g([H20])=-0.93+0.10166-0.02955*Ig(55.3)-0.3982= -1.278 V;
2. 2.
E so32-on=E°so32-oH+ 0-02591 *log Eg;‘z_}% =-1.278 V+ 0.02591 *log Eg%‘}%
AGeqso42-0H=E°s032 oH*F*2=-1.278*96485*2=-246.62 “/mol, <=> -246.6;
AGeqs032-0H=Gs042-+GH20-(Gs032-+2GoR)=-213.4+0-(-121.52+2*77.36)=-246.6 X/ ;
Gs032-=Gso42-+GH20-(AGeqso3z2-oH +2Gon)=-213.4+0-(-246.62+2*77.36)= -121.5 Kol ;

Gso42-=AGeqso32-oH-GH20+(Gs032-+2GoH)=-246.62-0+(-121.52+2*77.36)= -213.4 K/moi ;
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Nernst’s potential NOs/ NOz red-ox system behaving in acidic H3O* water and basic OH- medium

Nernst’s

absolute standard potential.

Formation AG°Hno2gas+0.5N2gas+O2gast0.5H2gas=GHno2gas=-46+(0.5*-9.55+303+0.5*85.6)= 295.025 Kot ;
GNZgas:GN2aqua-(AGHess_élg_NZaqua+GH20)=l8.7-(28.25+0)=-9.55 k‘]/mol; GHZgas:85.6 kol Alberty ; GOZgas:303 |(J/mol;
GNo2Form=AG°N02ag+0.5GN2gas+ Googast GH20=-33.01+0.5*-9.55+1*303+0=265.2 “/mol;

HNO2+H20=NO2 +H30%;pKa=3.15; Keq=Ka/[H20]=10"(315)/55.3= 0.00001280;
AGegHno2=-R*TeIn(Keq)=-8.3144*298.15*In(0.0000128)=Gno2-+GH30-(GHN02+GH20)=27.927 K/mol;
AGeqHno2=GNo2-+GH3o-(GHNo2+GH20)=265.2+22.44-(259.713 +0)=27.927 Y/ma;

GNo2- =AGegHNO2-GH30+(GHN02+GH20)=27.927+22.44-(259.713 +0)=265.2 K mot;
GHN02=GN02 +GH30-(AGegHN02+GH20)=265.2+22.44-(27.927+0)=259.713 X/mol;

GNO3Form=AG°nozaq+(0.5Gnzgas+1.5G02gas+0.5GHzgas+ Grizo) =-109.55+(0.5%-9.55+1.5+303+0)=340.2 K/mor;

HNO3+H20=NO3 +H30*;pKa=-1.4; Keq=Ka/[H20]=10"14/55.3=0.4542;

AGegHN03=-R*T*In(Keq)=-8.3144*298.15*In(0.4542)=Gnoz +GH3zo-(GHN03+GH20)=1.956 ¥/mol;

AGegiN03=GNo3 +GH30-(GHNo3+GH20)=340.2+22.44-(360.684+0)=1.956 X/mol;
GHN03=GN03 +GH30-(AGegHN03+GH20)=340.2+22.44-(1.956+0)=360.7 K/mo;

Gno3 = AGegHNo3-GH3o+(GHNo3+GH20)=1.956-22.44+(360.684+0)=340.2 X/mol;

HNO2+4H20=NO3+3H30*+2¢";

GHN02=GN02--GH30+(AGegHN02+GH20)=259.713 K/mol;

CRC

GHNO2gas=AG°HNO2gast0.5N2gas+ O2gast0.5H2gas=295.025 K /mol

GNO2form=AG°NO2ag+0.5Gn2gas+ Gozgas+ Grao=265.2 K3/ mol;

Gno2 =AGeghN02-GH3o+(GHNo2+GH20)=265.2 K/mol;

BioTherm2006

Gno3-=AGegNH4+H20-10GH30+(GNH4+-13GH20)=580.31 X/mol

Wikiped G°nos =AHK-T*ASH=-207-298.15*0.146=-250.5886 “//no;

GHN03=GN03-+GH30-(AGeqHN03+GH20)=360.7 K/mol;

GN03- =AGegNH4+H20-10GH30+(GNH4+-13GH20)=795.66 X/mo;

AG°N03 =AHu—T*ASH=-206.85-298.15*0.1467=-250.5886 “/mo;

GNO3Form=AGhinosag+(0.5Gnzgas+1.5G02gas+Gzo)=340.2 K/mo;

GN03-= AGeqHN03-GH30+(GHNo3+GH20)=340.2 K/mo ;

NO2+20H=NOz+H20+2¢e"; E°N03-H20=-0.3380 V

BioTherm2006

CRC

GNogas=GNoag-(GH20+AGs,)=86.55-(0+25.526)=61.024 ¥/ma ;

NOag+6H20=NO3z+4H30*+3¢";

Substance | AH®H %/mol |AS°H Y/molik| AG®H ) Kol
HNO:2 |E°no3-H30+[=0.8495 V| 243.592
HNO:2 - 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
HNO3 -207 146 -250.53
HNO3 - - 592.29
HNO3 - pKa=-1.4 360.7
NO3z |E°NH4+H20={1.0198 V 795.66

NO3z- -206.85 146.7 | -250.5886
NOs3 - formation 340.2
NO3~ - pKa=-1.4 340.2
NO3z- E°Nozon -0.3380 V| 354.696
NO3- -204.59 -318.8 -109.55
NOgas 91.3 210.8 87.6
NOgas | Solubility product- | 61.024
NOag |BioTherm 2006 86.55
NOag |E°No(gH30+ =0.8695 178.28
NH4* | On data of | Alberty 232.9

NH4*+OH- -361.2 [165.6 -254

AG°NH4+0H=-254<A GsumNH4+0H=232.9+77.36= 310.26 “/mol ;

HNO2+4H20=NO3 +3H30*+2¢e"; E°No3-H30+=0.8495 V Kortly, Shucha pH<3.15;
E°No3-H30+=E°+0.10166-0.0591/2*Ig(1/[H20]%)-0.3982=0.94+0.10166-0.02955*Ig(1/55.3"4) -0.3982 =0.8495 V;

EN03-H30+=E°N03-H30++

0591
*log

[N Oé]'[H30+]3
[HNO,][H,0]*

0.0591

[NO;}[H50"]?

=0.8495 V/ + NG 017

log

AGegn03-H30+=E"N03-H30+*F*2=0.8495%96485*2=163.928 /mo1. <=> 163.928 X/,
AGegNo3-H30+=GN03 +3GH30-(GHN02+4GH20)=340.2+3*22.44-(243.592+4*0)=163.928 X/mol,
GHN02=GN03-+3GH30-(AGegnoz-H30++4GH20)=340.2+3*22.44-(163.928+4*0)=243.592 K/mol;
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NO2+20H=NO3+H20+2¢e"; E°No3-H20=-0.3380 V; pH>3.15 Suchotina
E°No3-on=E°+0.10166-0.0591/2*Ig([H20])-0.3982=0.94+0.10166-0.02955*1g(55.3"1) -0.3982 =-0.3380 V;,

Eno3-oH=E°N03-0H+ 0.0591 lo N O?]' [H 2.0] =-0.3380 V+ 0.0591 *log N O?]' [H 2_0]
2 [NO;]-[oH 2 [NO;]-[oH T2
AGegNno3-0 H=E°N03-0 H*F*2=-0.3380*96485*2=-65.224 X/mal,

AGeqno3-0 H=GN03 +GH20-(GNo2 +2GoH)=340.2+0-(265.2+2*77.36)=-79.72 K/mo,
AGegn03-0 H=GN03 +GH20-(Gno2-+2GoR)=354.696+0-(265.2+2*77.36)=-65.224 K/,
GNo3 =AGeqno3-0H -GH20+(GNo2 +2GoH)=-65.224-0+(265.2+2*77.36)=354.696 K/mol,

Gno2 =354.696+0-2*77.36+65.224=256.2 X/mol;

Solubility NO® 0.00562 9/99.69 (20 C) ; w%=0.0056/(0.00562+99.6)*100=0.00562%;
Mno=30.006 9/mol ; [NOaq]=(0.00562/100*996)/30.006=0.001865 M, if pure gas mol fraction is one [NO@]=1;
Solubility product NO@+H20=NOx«q; if [NO©®]=1 mol fraction of pure gas
Ksp=[NOaq]/[[NO@]/[H20]=0.001865/1/55.3=10/(-4472),
AGsp=-ReTeIn(Ksp)=-8.3144*298.15*In(10"(4472))=-8.3144298.15¢-10.297=25.526 ¥/mol
AG4=GH20+Gnogas-(GNoag)=0+(data Alberty 86.55)(data CRC 87.6)-(61.024 Solubility product)=25.526 /mo ;
GNoag=GH20+Gnogas-(AGs)=0+86.55-(25.526)=61.024 K/mar ; if Solubility product is AG4x=25.526 *V/mol ;

NOag+6H20=NO3+4H30*+3e"; E°No(g)H30+=0.8695 V; Kortly, Shucha ;
E°No(g)H30+=E°+0.10166-0.0591/3*Ig(1/[H20]°)-0.3982=0.96+0.10166-0.0197*Ig(1/55.3"¢) -0.3982 =0.8695 V;

[NO}H50*1* [NO}Hz01*

E =E° +0.0591/3slog ————3—-3=—- =0.8695 V +0.0197+log ———3——3—=
NO(g)H30+ NO(g)H30+ og [Nan ][H 20]6 og [Nan ][H 20]6

AGegno(g)H30+=E"No(g)H30+°F*3=0.8695*96485*3=251.68 K/mol,

AGegno(g)H30+=GN03-+4GH30-(GNoag+6GH20)=340.2+4*22.44-(178.28+6*0)=251.68 K/mal,

GnNoag =GN03 +4GH30-( AGegno(g)H30++6GH20)=340.2+4*22.44-(251.68+6*0)=178.28 K/mol.

NH4*+13H20=NO3 +10H30*+8e"; E°NH4+H20=1.0198 V Suchotina
E°NH4+H20=E°+0.10166-0.0591/8*1g(1/[H20]3)-0.3982=0.87+0.10166-0.00739*Ig(1/55.3713) -0.3982 =1.0198 V/;
-1. +110 -1. +110
Enier20=E°NHerroo+0.0591/8elog INOHHOT 'y 5198\ +0.00730+l0g NOaHHOT
[NH;]-[H 0] [NH;][H 0]
AGegNH4+H20=E *NH4+H20°F+8=1.0198*96485*8=787.16 X/mal,
AGeqNH4+H20=GN03 +10GH30-(GNH4+-13GH20)=GNos +10%22.44-(232.9-13*0)=787.16 K/mol,
GN03-=AGegNH4+H20-10GH30+(GNH4+-13GH20)=787.16-10*22.44+(232.9-13*0)=795.66 “/ma;
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Nernst’s potential 2CO2 / H2C204 red-ox system behaving in acidic HsO* , water medium
Nernst’s absolute standard potential. H2C204 pKa1=1.25; pKa2=4.14;

Substance | AH®H K/mol [AS°H Y moi AG®H , W/mol| AGH2c204=AHH-T*ASH=-829.9-298.15*-0.1098=-747.75 ¥/mo;
H2C204cr | -829.9 -109.8 -797.16

H2C204cr - pKa1=1.25| -602.329 |GH2c204=GHc204+GH30-(AGeqiH2c204+AGH20)=-602.329 */mol ;
H2C204 | E°Hac204= [-0.6835V | -595.18 |GH2c204=2Gco2+2GH30-(AGeqH2c204+2GH20)=-595.18 K/mo ;
HC204 - pKa2=4.14| -607.687 |GHc204=Gc204+GH30-(AGeq2HC204+GH20)=-607.687 /mo ;
HC204 - pKa2=1.25| -600.538 |GHc204=AGeqiH2c204-GH3o+(GHzc204+AGH20)=-600.538 K/mo ;
HC204 | E°nceos= |-0.7350 V | -607.687 |GHac204=2Gco2+GH3o-(AGeqH2c204+GH20)=-607.687 X/mo;
C204* - - -677.14 |BioTherm2006
C204% - pKa2=4.14| -596.549 |Gc204=AGeqzHc204-GH3o+(GHc204+GH20)=-596.549 K/mo ;
C204* | E°coos= |-0.7865V | -620.19 |Gc204=2Gco2-(AGegHc204)=2*-385.98-(-151.77)=-620.19 K/moi;
CO2agq -413.798 | 117.5704 | -385.98

HC204+H20=C204>+H30"; pKa2=4.14; Keq2=Ka2/[H20]=107-414)/55.3=0.000001310;
AGeqeHc204=-R*T*In(Keq2)=-8.3144*298.15*In(0.000001310)=AGc204+AGH3z0-(AGHc204+AGH20)= 33.578 X/ma;
AGeq2Hc204=Gc204+GH30-(GHc204+GH20)=-596.549+22.44-(-607.687+0)=33.578 X/mol;
GHc204=Gc204+GH30-(AGeg2Hc204+GH20)=-596.549+22.44-(33.578+0)=-607.687 /mol;
Gc204=AGeq2Hc204-GH3o+(GHc204+GH20)=33.578-22.44+(-607.687+0)=-596.549 K/mor;

H2C204+H20=HC204+H30"; pKa1=1.25; Keq1=Ka1/[H20]=10"(-1-25)/55,3= 0.00101609;
AGeqiH2c204=-ReTeIn(Keq1)=-8.3144*298.15*In(0.0010169)=AGHc204+AGH30-(AGHc204+AGH20)=17.08 K/mol;
AGeqiH2c204=GHc204+GH30-(GH2c204+AGH20)=-600.538+22.44-(-595.18+0)=17.082 “/mal;
GH2c204=GHc204+GH30-(AGeqiH2c204+AGH20)=-600.538+22.44-(17.082+0)=-595.18 X/mql;
GHc204=AGeq1H2c204-GH30+(GH2c204+AGH20)=17.082-22.44+(-595.18+0)=-600.538 “/mal;

AGeqiH2c204=-R*TeIn(Keq1)=-8.3144*298.15*In(0.0010169)=AGHc204+AGH30-(AGHc204+AGH20)=17.08 X/mol;
AGeqiH2c204=GHc204+GH30-(GH2c204+AGH20)=-607.687+22.44-(-602.329+0)= 17.082 X/mol;
GH2c204=GHc204+GH30-(AGeqiH2c204+AGH20)=-607.687+22.44-(17.082+0)=-602.329 k/moI;
GHc204=AGeq1H2c204-GH30+(GH2c204+AGH20)=17.082-22.44+(-602.329+0)= -607.687 K/mol;

pH<=1.25 H2C204+2H20=2C02+2H30*+2¢e"; 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*1g(1/55.3%)-0.3982=-0.6835 V;
Absolute Nernst’s Standard potential E°H2c204=-0.6835 V; Suchotina [17]
0.0591 [COZ]Z-[H3O+]22 — 06835 \/ +2:0591 g [COZ]Z-[H3O+]§
[H,C,0,][H,0] 2 [H,C,0,][H,0]
AGeqH2c204=E H2c204°F+2=-0.6835*96485*2=-131.895 k/mol,

AGeqH2c204=2Gc02+2GH30-(GH2c204+2GH20)=2%-385.98+2*22.44-(-595.185+2*0)=-131.9 K/,
GH2c204=2Gco2+2GH30-(AGeqH2c204+2GH20)=2%-385.98+2*22.44-(-131.9+2*0)=-595.18 K/ma;

EH2c204 =E°H2c204+

1.25<pH<=4.14; HC204+H20 = 2CO2+H30*+2e7;
Absolute Nernst’s Standard potential E°H2c204=-0.7350 V Suchotina [17]
E°Hc204=E°+0.10166-0.0591/2*1g(1/[H20]%)-0.3982=-0.49+0.10166-0.0591/2*1g(1/55.3"1)-0.3982=-0.7350 V;
AGegHc204=E Hc204F2=-0.7350*96485*2=-141.833 K/mol,
AGegHc204=2Gco2+GH3o-(GHc204+GH20)=2*-385.98+22.44-(-607.687+0)=-141.833 K/mol,
GHc204=2Gco2+GH30-(AGegHc204+GH20)=2*-385.98+22.44-(-141.833+0)=-607.687 X/mol;

4.14 <pH; C204% = 2C0O2+2¢e"; Absolute Nernst’s Standard potential E°c204=-0.7865 V; Suchotina [17]
E°c204=E°+0.10166-0.0591/2*1g([1/H20]°)-0.3982=-0.49+0.10166-0.0591/2*Ig(1/55.3%)-0.3982=-0.6835 V;
AGeqc204=E’c204°F+2=-0.7865*96485*2=-151.77 K/moal,
AGeqc204=2Gco2-(Ge204)=2*-385.98-(-620.19)=-151.77 Y/mal,
Gc204=2Gco2-(AGeqHc204)=2%*-385.98-(-151.77)=-620.19 X/mol;
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Nernst’s potential Cr2072- / 2Cr3* red-ox system behaving in acidic HsO* , water medium
Nernst’s absolute standard potential. logKp=2.05; Kp=10"205 2HCrOs=Cr2072+H20 ;

AGp=-ReTeIn(Kp*[H20])=-8.3144*298.15*In(10"295*55,3)=Gcr207+GH20-(2GHcro4)= -21.65 K/mol;
2GHcros=Gcr207+GH20-(AGD)=Gcr207+0-(-21.65)=??2? K/mol;
pKs=1.8; HCr207+H20=Cr2072+H30*; Keq=Ka/[H20]=10"(-1.8)/55.3= 0.0002866;
AGeg=-ReT*In(Keq)=-8.3144*298.15*In(0.0002866)=Gcr207+GHzo-(G Her207+GH20)=20.22 K/mol;
G Her207=Ger207+GH30-(AGeq+GH20)=Ger07+22.44-(20.22+0)=??? K/mai;
Instability constant [CrOH]Z+H20=Cr3*+0H-; Kinst=10"(%77); Keq=Kinst/[H20]=10"(988)/55,3=10"(-11.51);
AGeqinst:-R°T°ln(Keqinst):-8.3144*298.15*|n(lo/\( '11'51)):GCr3++GOH-(G[CrOH]2++GH20)= 65.7 I(‘]/mol;
GicroH2+=Ger3++GoH-(AGeginst GH20)=Gcr3++77.36-(65.7+0)=22? K/mol;
Instability [Cr(OH)2]*+2H20=Cr3*+20H"; Kinst=10"(173); Keginst=Kinst/[H20]2=10"-17-3)/55,3/2=1 0"\(-20.785);
AGeginst=-ReTeIn(Keginst)=-8.3144*298.15*In(10"20.785)=G¢3++2GoH-(G cr(oH)2+2GH20)=118.64 K/mql;
G cr(oH)2=Gcra++2GoH-(AGeginstt2GH20)=Ger3++2*77.36-(118.64+2*0)=2?? K mol;
Instability constant [Cr(OH)3]+3H20=Cr3*+30H"; Kinst=10"24); Keq=Kinst/[H20]=10"(-24)/55,3=10/(-29.23);
AGeginst=-ReTeIn(Keginst)=-8.3144*298.15*In(10"(2223)=Gcr3++3GoH-(G [cr(oH)31+3GH20)=166.8 K/mol;
G [cron)31=Gcra++3GoH-(AGeginst+3GH20)=Gcera++3*77.36-(166.8+3*0)=77? K/ mol;

2Cr3*+21H20=Cr2072+14H30*+6e"; 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*Ig(1/55.3"?1)-0.3982=1.3939 V;
0.0591 , [Cr,02][H;0"T™ _ 0.0591 , [Cr,02][H;0""™

Ig [Cr3+]2-[H 0l 5, =1.3939V + g [Cr3+]2-[H 20]21

AGeqcr2072-12013+=E° cro072-12013+*F*6=1.3939*96485*6=806.9 X/mol,
AGeqcr2072-12013+=Ger072-+14GH30-(2G2c3:++21GH20) =Gero072-+14%22.44-(2Gocr3:+21*0)=806.9 K/mol,
2Ga2cr3+=Ger2o072-+14*22.44-(806.9+21*0)=??7? X/ma;

Cr3*+11H20=HCrOs +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]*1)-0.3982=1.2+0.10166-0.0591/3*Ig(1/55.3"11)-0.3982=1.2811 V;
AGeqcroaicra+=E°croscra+*F*3=1.2811*96485*3=370.8 K/mol,
AGeqH2c204=Gcros-+14GH30-(2G2cr3++21GH20)=Geros+14*22.44-(2Gcr3++21*0)= 370.8 K/mol,
2G2cr3+=Geroa-+14*22.44-(370.8+21*0)=2?? K/mo;
Cr(OH)3|+50H=CrO42+4H20+3e"; pH>9 ; E°cro42-on= -0.5639 V Suchotina [17]

E°cros2-on=E°-0.0591/3*Ig(]H20]%)+0.10166-0.3982=-0.13-0.0591/3*Ig(55.3"*)+0.10166-0.3982=-0.5639 V;

AGeq0r042_oﬂ:EOCr042—Oﬂ‘F'3:O.5639*96485*3:163.2 k‘]/mol,
AGeqcroaz-on=Gcros-+4GH30-(Geronyz+5GoH)=Geros +4*22.44-(2Gacr3:+5%77.36)=163.2 K/mol,
Ger(oHi=Gcroa +14*22.44-(163.2+21*0)=2?? K/ma;

—E° 0.0591 [Cro2}H,01% _ 0.0591 , [Cro2}H0*

Ecros2-icr(on)3 | =E°cros2-scronys | + ) Ig [Cr(OH)3]-[OH‘]5 0.5639 V+ 3 Ig [Cr(OH)3]-[OH']5 :

Solubility product Cr(OH)3+4H20=Cr3*+3 OH~; Ksp=6.7*10"(31); Keq=Ksp/[H20]#=6.7*10"-31)/55,3M4=10/(-37.14);
AGeqsp=-R°T°1n(Keqsp):-8.3144*298.15*|n(lOA('37'14))=GCr3++3GOH'(G Cr(OH)3+4GHZO)=211.99 I(J/mol;

G cr(oH)3=Ger3++3GoH-(AGeqsp+4GH20)=Ger++3*77.36-(211.99+4*0)=2?? K/

Ecro72- r2cr3+=E°cr2072- r2cr3++

1

Substance | AH®H I(‘]/mol AS°H Y moik AG®H s I(‘]/mol ZGHCrO4:GCr207+O-(-21.65):??? I(J/mol;
CrCla(en -395.4 115.3 -356 GHcr207=Gcr207+22.44-(20.22+0)=??? Y/mol;
CrCls(en -556.5 123 -486.1 GicroHye+=Ger3++77.36-(65.7+0)=2?? K/mai;

Cr - 23.8 - G croHy2=Gcr3++2*77.36-(118.64+2*0)=2?? X/ma;
CrOzq) -292.9 266.2 - G [cr(oH)31=Ger3++3*77.36-(166.8+3*0)=7?? K/mo;
Cr203¢cr | -1139.7 81.2 1058.1 2G2cr3+=Gcr072-+14*22.44-(806.9+21*0)=??? K/mol;

2G2cr3+=Geroa+14*22.44-(370.8+21*0)=??? K/mol;
Ger(omz=Geroa+14*22.44-(163.2+21*0)=2?? K/mol; G cr(oH)3=Gcra++3*77.36-(211.99+4*0)=2?? K/mol;
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Nernst’s potential BiO3s~/ Bi®* red-ox system behaving in acidic HzO* , water medium
Nernst’s absolute standard potential.

E°gi203-/8i=E0-0.0591/6*1g([H20]3)+0.10166-0.3982=-0.46-0.0591/6*Ig(55.3"3) +0.10166-0.3982=-0.808 V ;
E°Bizo3 /8i=E0-0.0591/6*1g([H20]°)+0.10166-0.3982=-0.46-0.0591/6*Ig(55.3"¢) +0.10166-0.3982= -0.8595 V ;

Substance | AH®H */mol [AS°H Y/molik AG®H , */mol 2Bi+60H=Bi203+3H20+6e"; pH>7; Suchotina [:
Bis* - 82.8 - 2Bi+60H=Bi.03+6H.0+6e"; pH>7; Suchotina [17]
Bi 308.3 56.7 -83.57 |AHBi Biclo=AG+AS*T=-83.57+56.7*298.15=308.3 k¥/mal,
Bi 219.7 - - Egi203-/Bi=E°Bi203- /Bﬁw olg [Bi20.MHO1°
BiOH?* - -146.4 - [Bi1* [oH7°
Cl- -167.08 56.6 -183.955 =-0.808+0.0591/6*1g([Bi=0O3]*[H20]¥/[Bi]?/[ OH]°)
Cl) -121.301 | 165.19 GBi=Gsici+3GH20-(AGeggiciz-gi+3Gc1)= 306.2 K/moal,
Clz - 223.081 Gsi=Gsiclo+2GH30-(AGeggicio-si+3H20+Gc1)=291.44 K/mol,
BiCls) -379.1 177 -315.0
BiClOw | -366.9 120.5 -322.1 =-0.8595+0.0591/6*Ig([Bi.Os]*[H20]¢/[Bi]2/[ OH1°)
Bi203 -573.9 151.5 -493.7 _ |Eginos Bi=E°Bin0s /mit+ ©: 0591 lg [Bi,0,]{H,0]° —
Bi(OH)s | -711.3 - - [Bi]* [oH1°

AGquizO&/Bi:EoBi2037/Bi’F‘6=-0.808*96485*6: -467.76 Y/mol,
AGeqBiz03-/Bi=GBi203+3GH20-(2Gei+6 Gon)=-493.7+3*0-(2*Gpi+6*77.36)=-467.76 K/mol,
Gei=(GBiz05+3GH20-(AGegsizos /8i+6Gon))/2=(-493.7+3*0-(-467.76+6*77.36))/2=-245.05 /o,
AGeqgi203-/Bi=E°Bi203-/Bi*F*6=-0.8595*96485*6=-497.57 %/,
AGeqBi203-/Bi=GBi203+6GH20-(2GBi+6GoH)=-493.7+3*0-(2*Ggi+6*77.36)= -497.57 K/mnal,
Ggi=(GBi203+6GH20-(AGeqBiz03-/Bi+6GoH))/2=(-493.7+6*0-(-497.57+6*77.36))/2=-246.985 X/,
Bi+3Cl=BiCl3i)+3H20+3e"; 1<pH<7 ; Suchotina [17]
E°gic13-/Bi=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 ;
AGeggiciz_gi=E eqgiciz_si*F*3=-0.2395%96485*3=-69.32 k)/mal,
AGeggiciz-8i=GBici+3GHz0-(GBi+3Gc1)=-315+3*0-(Ggi+3*-183.955)=-69.32 K/mol,
Ggi=Ggicis+3GH20-(AGeggiciz-si+3Gci1)=-315+3*0-(-69.32+3*-183.955)=306.2 k/mol,
Bi+3Cl=BiCl3+2H20+3e"; 1<pH<7 ; Suchotina [17]
E°gic13-/Bi=E0-0.0591/3*Ig([H20]?)+0.10166-0.3982=0.16-0.0591/3*Ig(55.3"2)+0.10166-0.3982=-0.2052 V ;
AGeggiciz_gi=E eqgiciz_gi*F*3=-0.2052*96485*3=-59.40 k/mol,
AGeqBic|3_Bi=GBiC|+ZGHZO-(GBi+BGCI)=-315+3*0-(GBi+3*-183.955)=- 59.40 I(“]/mol,
Gi=GBici+2GH20-(AGegsicis_si+3Gcr)=-315+3*0-(-59.40+3*-183.955)=296.3 //mol,
Bi+3H20+CI=BiClO)+2H30*+3e"; Suchotina [17]
E°Biciosi=E0-0.0591/3*1g(1/[H20]3)+0.10166-0.3982=0.16-0.0591/3*Ig(1/55.3"%)+0.10166-0.3982=-0.0335 V ;
AGeggicio_si=E°eggicio_gi* F*3=-0.0335*96485*3=-9.697 X/mal,
AGeggicio-8i=GBicio+2GH3o-(Gei+3H20+Gc1)=-322.1+2*22.44-(Gpgi+3*0-183.955)=-9.697 *¥/mal,
GBi=GBicio+2GH3o-(AGeqgicio_si+3H20+Gc))=-322.1+2%22 44-(-9.697+3*0-183.955)=-83.57 “/mol,
BiO*+6H20=BiO3s+4H30"+2¢e"; 1<pH<7 ; Suchotina [17]
E°Bio3 /Bio+=E0-0.0591/2*1g(1/[H20]¢)+0.10166-0.3982=1.80-0.0591/2*1g(1/55.3"¢) +0.10166-0.3982=1.812 V ;
00501, [BIOIHOT ) o), 00501 [BIOHOT"
& Bio"H,0]° 2 Bi0*]-[H,0]°
AGeggios /Bio+=E°eqgios sio++ F+3=1.812*96485*2= 349.7 /g,
AGeggioz-Bio+=GBio3-+4GH30-(Ggio++6H20)=Gpio3-+4*22.44-(Ggio++6*0)= 349.7 K/mol,
Ggio+=Ggio3-+4GH3ao-(AGeqgioz-Bio++6H20)=Ggio3-+4*22.44-(349.7+6*0)=??? K/mal,

Egioz-/gio+=E°Bio3-/Bio++

Ggi=-245.05 K/mol, Ggi=-246.985 K/mo1, Gei=306.2 K¥/mor; Gei=296.3 */mol,Gai=-83.57 K/mal,

GBi=(GBi203+3GH20-(AGeqBi203-Bi+6GoH))/2=(-493.7+3*0-(-467.76+6*77.36))/2=-245.05 X/moal,
GBi=(Gpiz03+6GH20-(AGeqsiz0s /8i+6Gon))/2=(-493. 7+6*0-(-497.57+6%77.36))/2= -246.985 /i,
Gei=Gicis+3GH20-(AGeggicia ei+3Gcl)=-315+3*0-(-69.32+3*-183.955)=306.2 K/,
Gei=Gicis+2GH20-(AGeqgicis si+3Gcl)=-315+3*0-(-59.40+3*-183.955)=296.3 K/,
GBi=Gsicio*+2GH3zo-(AGegsicio-gi+3H20+Gc1)=-322.1+2*22.44-(-9.697+3*0-183.955)=-83.57 K/mol.
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Nernst’s absolute standard potential PbO2|/ Pb?* red-ox system behaving in acidic H3O* , water medium

Pb%* + 6H20 =PbO>|+ 4 H3O* +2e; 1< pH<T7 ; E°pho2|pb2+=1.4674 V;
E°pbo2|pb2+=E°+0.10166-0.0591/2*Ig(1/[H20]¢)=1.8+0.10166-0.02955*1g(1/55.3"6)-0.3982=1.4674 V;

AGeqpbo2,pb2+=E°pho2pb2+*F*3=1.4674*96485*3=424.746 K/mal,
AGeqpbo2,pb2+=Gppoo+4GH30+-(Gpb2++6GH20)=-217.3+4*22.44-(Gpp2++6*0)= 424.746 K/,
Grb2+=Gpbo2+4GH30+-(AGegpooz b2+ +6GH20)=-217.3+4*22.44-(424.746+6*0)=-552.286 “/mol,

Substance | AH®H %/mol [AS°®H Y/molik AGOH,kJ/moI
Pb E°pbpb2+= | 0.3710 V | -480.696 |Gpb=Gpb2+-(AGeqpb|pb2++GH20)=-552.286-(-71.59+0)=-480.696 k¥/mol,
Pb - 64.8 -
Pb2* | E°mozipro+=| 1.4674 V | -552.286 | Gpb2+=Gpho2+4GH30+-(AGeqpbo2|pb2++6GH20)=-552.286 X/mol ;
Pb2* 0.92 18.5 -4.596 AGpo2+=AHH-T*ASH=0.92-298.15*0.0185=-4.596 X/ma;

PbO| -277.4 68.6 -217.3

Al - 28.3 -
Al E°anaiz+= |[-1.9242 V| 115.469 Gai=Gaiz+(AGeqanaiz++GH20)=115.469 K/mol,

Al3* -533.4 -325 -441.5 AGAi3+=AHH-T*ASH=-538.4-298.15*-0.325=-441.5 K/mo;
H2AIO3~ |E°H2aiosa=[-2.6609 V| -345.3 GH2a103=AGegH2A103A1-GH20+(GAI+4GoH)=-345.3 X/moal,
NaAlO»| | -1133.2 70.4 -

H> -38.6 126 -76.167 AGHs-=AHH-T*ASH=-38.6-298.15*0.126=-76.167 X/ma;

HS- -16.3 67 -36.276 AGH: =AHH-T*ASH=-16.3-298.15*0.067=-36.276 K/mol;

HS- E°syns2= -0.8775V 6.33 GHs-ag=G rombic+2GH20-(AGeq 2-aq+GOH):6.33 kJ/mol;

HS- | pKai=7.05 |pKa1=7.05] -3.072  |GHs=AGeg-GH3o+(GHz:+GH20)=50.188-22.44+(-30.82+0)=-3.072 K/mo;

H> E°symes= [-0.9290 V| -61.09 GH2s-ag=Gsrombict3GH20-(AGeqH25-ag+2GoH)=-61.09 K3/ mol;

H> E°symes= 0.6715V 88.82 GH25aq=G rombic+ZGH30+-(AGHess_H2 aq+ZGHZO):88.82 K fmol ;

H2 E°sims= -0.0515V -30.82 GH25aq=Gsrombict2GH30+-(AGHess_H25aqt2GH20)=-30.822 K3 /mol.

2 E°sys2= -0.8243 V 64.43 Go2-29=G rombic+GH20-(AGeq 2-aq)=-85.64+0-(-150.07)=64.43 K/ mo;
2= |pKa2=19 [pKa2=19 | 92.868 | G:2-=AGeq-Grao+(G ne +Grizo)=118.38 -22.44+(-3.072+0)=92.868 K¥/mol;
+14 +14
E%_ozl/sz+:E°%_ozlpbz++w' g [w =1.4674 V+@ o] [w

[Pb™"]-[H,0]° £ b H,01°

Pb+H20 = Pb?* +2e-; 1< pH<7 ; E°pb pp2+=-0.3710 V; Kortly, Shucha

E°pbprb2+=E°-0.0591/2*1g(1/[H20]") +0.10166-0.3982=-0.126-0.02955*1g(1/55.3"1) +0.10166-0.3982=-0.3710 V;
AGeqpbpb2+=E°pho2 b2+ *F*2=-0.371*96485*2= -71.59 K/,
AGegpbpv2+=Gpb2+-(Gpro+GH20)=-552.286-(-480.696 +0)=-71.59 *¥/mol,
Gro=Gpb2+-(AGegpb,phr++GH20)=-552.286-(-71.59+0)=-480.696 '/mal,
Nernst’s absolute standard potential H2AlO3~/ Al| red-ox system behaving in acidic HsO* , water medium
Al+ H20=AlF*+3e; CRC E°aiaiz+=-1.9242 V;

E°ana+=E°-0.0591/3*1g(1/[H20])+0.10166-0.3982=-1.662-0.0591/3*1g(1/55.3"1)+0.10166-0.3982=-1.9242 V;
AGeqanaiz+=E°ayai+*F*3=-1.9242*96485*3=-556.969 X/mol,
AGeqanaiz+=Gaiz+-(Ga+Ghz0)=-441.5-(115.469 +0)=-556.969 k¥/mol,
Gai=Gaiz+-(AGeganaiz++Grz0)=-441.5-(-556.969+0)=115.469 K/ mol,
Al+40H=H2AIO03+H20+3e"; pH>7 CRC E°n2a103a1=-2.6609 V;
E°h2ai03ai=E°-0.0591/3*Ig([H20]%)+0.10166-0.3982=-2.33-0.0591/3*1g(55.3"1)+0.10166-0.3982=-2.6609 V;
AGegnza103a1=E °H2a103a1°F*3=-2.6609*96485*3=-770.21 X/mol,
AGeqgr2a103a=Gr2a103+Gr20-(GAI+4Gon)=-345.3+0-(115.469 +4*77.36)= -770.21 K/mal,
Gh2a105=AGeqr2a103a1-Grhz2o+H(GAI+4Gon)=-770.21-0+(115.469 +4*77.36)=-345.3 K/mal,
0.0591 | 0.0591 o

3

[H2AIO3}H 0]
[Al]-[OH]*

lg H2A103HH 0] _ 5 6609 v+

Eaio2-/al=E°Al02-/a1+
[Al]-[OH]#
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Nernst’s absolute standard potential Srombic | / H25aq red-ox system behaving in acidic HzO* , water medium
2=SrombictH20+ 2 €7 E°s)/s2-=-0.8243 V Kortly, Shucha ;
E°sis2-=E°-0.0591/2*Ig([H20]%) +0.10166-0.3982=-0.4763-0.02955*1g(55.3"1)+0.10166-0.3982=-0.8243 V;
AGeq-2-=E’=2-Fn=-0.8243*96485*2=-150.07 /moi . G=rombic=-85.64 K/mo;
AGeq:2-ag=GsrombictGH20-(Gs2-aq) =-85.64+0-(64.43)=-150.07 K/mol;
Gs2-aq=GsrombictGH20-(AGeqs2-aq)=-85.64+0-(-150.07)=64.43 K/ mol;
HS- + OH™ = Srombic + 2H20 + 2e7; CRC 2010

E°si52-=E°-0.0591/2*Ig([H20]?) +0.10166-0.3982=-0.4763-0.02955*1g(55.3"%)+0.10166-0.3982=-0.8775 V;

AGegHs-=E Hs-FN=-0.8775*96485*2=-169.33 X/mol .
AGegHs-ag=Gsrombic+2GH20-(GHs-ag+Gor)=-85.64+2*0-(6.33+77.36)=-169.33 K/mal;
GHs-ag=Gsrombict2GH20-(AGeqs2-aq+ Gon)=-85.64+2*0-(-169.33+77.36)=6.33 K mol;

H25ag+2H20=5rombict2H3O0*+2¢; Kortly, Shucha 1<pH< 7 ;

E°sim2s=E°-0.0591/2*Ig(1/[H20]?) +0.10166-0.3982=0.142-0.02955*1g(1/55.3"?)+0.10166-0.3982=-0.0515 V;

AGegH2:=E"H2:Fn=-0.0515*96485*2=-9.938 k/mo! .
AGeqH2:20=G rombic+2GH30+-(G H2 aq+ZGH20):-85.64+2*22.44-(-30.82+2*O):-9.938 K/ mot;

GH2:2g=Gsrombict2GH30+-(AGHess_H2:aq+2GH20)=-85.64+2*22.44-(-9.938+2*0)=-30.822 K/mo.
pKa=7.0 Wikipedia; CRC2010 pKa1=7.05; pKa2=19
pKa1=7.05 H25+ H20=HS+H30%; Keq1=Ka1/[H20]=107(7-99/55.3= 0.000000001612;
AGeg=-ReTeIn(Keq)=-8.3144*298.15*In(0.000000001612)= GH:-+GH30-(GH2:+GH20)=50.188 K/moI;
AGeq=GHs-+GH3o-(GH2:+GH20)=-3.072 +22.44-(-30.82+0)=50.188 K/mo ;
GH-=AGeq-GH30+(GH2:+GH20)=50.188-22.44+(-30.82+0)= -3.072 X/moa ;
pKa2=19 H5+ H20=52+H30%; Keqr=Ka1/[H20]=10"(19)/55.3=10/(20.74);

AGeg=-ReT*In(Keq)=-8.3144*298.15*In(10"207)=G2-+GH30-(G Hs-+GH20)=118.38 X/mol;
AGeq=G:2-+GH30-(G H:+GH20)=92.868+22.44-(-3.072+0)=118.38 K/mo ;
G:2-=AGeq-GH30+(G Hs-+GH20)=118.38 -22.44+(-3.072+0)=92.868 “/ma ;
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