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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 creates ionic concentrations gradients Cright_side/Cleft_side.
Electrochemical reactions across membranes drive E7 class transport enzymes .

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

Metallic Electrode is free electron source storage for 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 Em.

Metal consist of electron e~ gas and crystalline metallic Me* ions lattice frame.
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Voltmeter with minus "-" 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.

(First type electrode)
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One 1 mol of the reduced form Red transfer from left side to right side in reaction to oxidized 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 q = nF, and work calculated as W = gE = nFE = W.
[Ox]-[e]"
[Re d]

=nFE=-AG’ = RTInK

work ~

Red—-Ox equilibrium constant Keq
[Ox]-[e7]"
E= -1
[T L [Red] nleD+
RT o E'F
. *In([e]) ; In([e7]) = RT ; [e'] = e RT =const on 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) = ln(IO) lg(a)=2,3...+1g(a) and temperature is T=298,15 K degree:
[OX] | In(10)*R+T 2,3*R-T 0,0591 [Ox]
= =0,0591 V; E=E°+ *In
[Red])’ F F n [Red]
Second thermodynamic approach to obtaining Nernst's expression.
When equilibrium is established reactant and product chemical potential sum is equal pUgeq+ENF=Ho,+NH -
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but each chemical compound chemical potential is: p = 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°red + RTIN(NRed) + ENF = AG°0ox + RTIN(Noyx) + NAG®- + RTIn(N"e-)
Expressing E from equilibrium conditions of the chemical potentials p :

AG°oy+Ne*AG° _ —AG® RT | Npox eN_
E= Ox € Red , ‘1 X e pure compound mol fraction is Na = 1.

nF nF NRed

Free electrons in separate phase (so called electron gas) of metal is just pure compound N- = 1 therefore

AG°ny+N* AG° _ —AG° RT N
E=— X € Red +—-ln£ Ox ] . As pure compound In(N.")=0.
nF nF N Red
o AGox+NeAG° _-AGReq .. -
So standard potential E = py= £ give Prigogine attractor the minimum of free energy

change AGeq at equilibrium state smaller | E°nF=AGeq=AG°oxtnAG - -AG e | < | AGress| as pure Hess law.
Conversion to decimal logarithm and thermodynamic standard T=298,15 K degree we have Nernst’s
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In reaction ne- electron lose (left at metal) exert towards solution transfer An* positively charged ions gAnJ’.

Electrons ne- leaves at metal electron gas. Such An* positive charge entrance into solution as oxidized form

equation for reaction of reactants: Reducing form<:>%A"++ne- Oxidizing form E=E°+

gAnJ’ 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/mL
density in Nernst equations for hydrogen electrode has classic standard potential Eo classic=0 V reference zero:

H(Pt)=H*+e"; Eclassic=Eo_classict0.0591logK °classicH(pty=0+0.059 1 ¢log[H*]=0+0.0591log(1 M)=0 Volts. [11]
Thermodynamic account Hydroxonium ions demand the water: H(Pt)+H20<=>H30O*+e" and E'v=0.10166 V.
The ratio [H3O*]/([H20]-[H30*])=1 M/52.5 M=XHso+/XH20 is mol fraction instead molarity [H*]=1 M at classic
potential expression. The water account gave thermodynamic standard E°’1=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+ In(10)*ReT/F/1log(XH30+/XH20)=Eo+E n+0.0591*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:

+

XHy0
E=E’n+ '”(10;% slog XH,0 =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 in did exoergic: AGHess eq=GH30++Ge-~(GH(pt) +GH20)=22.44+0-(48.56+0)=-26.12 K/mo .

Free energy changes are determined on water and carbon dioxide gas as zero GH20=Gco2gas=Ge-=0 K¥/mol
reference scale. Absolute scale hydrogen standard potential is: E°n=AGeq/F/1=-26.12/96485/1=-0.27073 Volts.
Equilibrium free energy change minimum is exoergic: AGeq=E°H*F+1=-0.27073*96485*1=-26.12 K/mo
coincident with Alberty data. Absolute potential scale decreases about AE=-0.27073-0.10166=-0,37239 Volts
relative to classic zero scale. Nernst’s equilibrium constant is grater as one for metal oxidation to hydroxonium
ion: Knipy_red=[H30*]*[e]/[H20]/[H(Pt)]=EXP(-AGalberty/R/T)=EXP(26120/8,3144/298,15)=37675,6.

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

High rate protolysis attractors [HzO*]=10"-3¢ M , pH=7.36 and water mass [H20]=996/18=55.3 M account in
liter shows metal hydrogen strong reducing potential: EpH=7.36=-0.27073+0.0591*log(10-7-%6/55.3)=-0.8087 V and
free energy change minimum AGeqpH_7.36=E°HeF+1=-0.8087*96485*1/1000=-78,03 X/moi .

Nernst’s half reaction metal reduction potential E°1=-0.27073 V has energy change AGeq=-26.12 K/mol.
Platinum sheet immersed in hydroxonium ions [H*]=[H3O*]=[H2S04]=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 [H30*]/[H20]=1/52.5=XHn30+/XHz0 instead zero 0 classic give thermodynamic
standard potential: E°’4=0.10166 V and from Alberty data on absolute scale

— — the absolute standard potential is E°h=-0.27073 Volts.
- °l p¢ ¢ absolute E;=-0.27073 V classic zero E5= 0 V 0.10166 V E\V
x \ !
o X Hel —[o° H o
l E(Pt)H/H*:EH * 0_0591*|Og(x%:;) EH_CIassic_EH +O.0591*|0g([H30 ]) thermOdynamIC EH

Absolute standard potential E°h=-0.27073 V based on Alberty data GHzgas=85.64 K/mor and
GH2aq=103.24 Y/mor for hydrogen, which was detected on water and carbon dioxide gas
GH20=Gco2gas=Ge-=0 X/mol as zero scale reference. Reducing agent metal hydrogen at
pH=7.36, [H30*]=10-736 M with potential EpH=7.36=-0.27073+0.0591*log(10-7-36/55.3)=-0.8087 V is strong
reductant. Free energy content in one mol metal hydrogen is: GHpy=48.56 K/mol .
Substance AHOH,k‘]/moI ASOH,J/moI/K AGOH,k‘]/moI
H20 -285.85 | 69.9565 | -237.191 |CRC 2010
H20 -286.65 | -453.188 | -151.549 2006, Massachusetts Technology Inst. Alberty pH=7,36 [8]
HsO* | -285.81 -3.854 | -213.2746 |[Mischenko 1972, Himia, Leningrad [26]

H2(aq) 23.4 -130 99.13 |CRC 2010 [1]

H(Pt)@q) E’n= -0,27073 | 48,56  |AGHess_eq=GHzo+-(GH(pt) +GH20)=22.44-(48.56+0)=-26.12 K/mol.
H2(ag) -5.02 -363.92 103.24 2006, Massachusetts Technology Inst. Alberty pH=7,36 [8]
OZaqua -11.70 -94.2 16.4
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The solubility of gaseous hydrogen HazgastH20= H2aq compensates (Hzgas+2H20=)H2aq+H20=2H30*+2e"
water molecule in Nernst’s oxidation to hydroxonium and is spontaneous, because absolute free energy change
IS negative. AGress H30+=2GH3z0++2Ge--(GrzagtGrz0)=2%22.44+2*0-(103.24+0)=-58.36 /o
With graphite oxidizes Hzaq solution to hydroxonium with standard absolute potential is

E’H2aq=-58.36*1000/96485/2=-0.3024 V.
Sum of Nernst and inverse half-reactions: Hzag+H20=2H30*+2e"; 2H30 *+2e-=2H(Pt)+2H20
shows solubility of hydrogen in lattice of platinum H2ag=2H(Pt)+H20;

Oxidation of hydrogen solution Haaq+H20=2H30*+2e- potential E’1a=-0.302 V plus inverse potential
E’nery=+0.27072 V of metal electrochemical solubility in platinum lattice 2H3O *+2e-=H(Pt)+2H20 shows the
solubility of hydrogen mole fraction [H2aq]/[H20] from solution to platinum lattice exoergic, spontaneous:

AGspHPy=AE°spH(Pty*F*2=(EH2aq-E H(pt))*F*2=(-0.302+0.27073)*96485*2=-0.03128*96485*2=-6.03 K/ma;

Ksprepy=[H(P1)]?/[H2aq] =EXP(-AGspH(py/R/T)=EXP(6036/8.3144/298.15)=11.415 .

Solubility product in platinum H(Pt) from water Hzaq=2H(Pt)+H20 shows hydrogen solubility product in to
metal slightly more exoergic favored: AGsp_ Hry=2GHpt+GH20-(GH2ag)=2*48.56+0-(103.24)=-6.12 X/mol and
constant more favored:

Ksp_Hey=[H(Pt)]>*[H20]/[H2aq] =EXP(-AGspH(pty/R/IT)=EXP(6120/8.3144/298.15)=11.808 .

The ratio Knazsp=[H2aq]/[H20]/XH2gas=EXP(-AGH2sp/R/T)=EXP(-17600/8.3144/298.15)=0.0008253 gives
solubility [Hzaq]=KH2sp*[H20]*XH2gas=0.0008253*55.3*1=0.04564 M, if pure gas mol fraction is one Xnzgas=1.
As Alberty‘s Application of Mathematical Data in Biochemistry, the unit-free solubility product of mole
fractions is Knzsp=[H2aq]/[H20]/XH2gas=EXP(-AGH2sp/R/T)=EXP(-17600/8.3144/298.15)=0.0008253 endoergic,

unfavored: AGHzspAiberty=GH2aq-GHzgas-GH20=103.24-85.64-0=17.6 X/mor for gas solubility Hagas+H20=H2aq.

From the ratio [H(Pt)]%[H2aq]=Ksp_H(rty/[H20]=11.808/55.3=0.213526 obtains mol fraction of H(Pt) square:
[H(Pt)]?=KspHpy/[H20]*[Hzaq]= 11 808/55 3*0.04564=0.009745. Saturated solubility in platlnum lattice
|H(Pt)|—SQRT(0 009745)= 0.0987 in mol fraction

| units is hydrogen atom surface fraction 9.87% shared
@ 1 3 with platinum atoms fraction 90.13% on total 100%
1 platinum lattice surface. Haagaibery=2H(Pt)+H20 ;
ﬁ Solubility mol fractions concentrations are unit less as

' constant too Ksp_H(r)=11.808.
F B Atom radiuses are Pt 0.135 nm, H 0.053 nm. Area
square of radiuses Pt 0.0729 nm?, H 0.0112 nm? on
surface 0.0729+0.0112=0.0841 nm? of lattice.
Common are shared surface total area 100% progress
for Platinum atom has 0.0729/0.0841=86.7% and
J ! y 0.0112/0.0841=9.53% own H hydrogen atom. [25]

) | H(Pt) solubility in water 2H(Pt)+H20=H2agAlverty is
less as one KspH(pt)_H2aq=[H2aq])/[H(P1)]?/[H20]=0.0846
and AGaiberty=GHzag-2GH(pt)-GH20=6.12 K/mol positive,
H 9 87 unfavored, non-spontaneous. It keeps metal lattice

saturated with hydrogen 9,87%, because is positive

Ksph(pt)_H2aq=[Hzaq]/[H(PY)]2/[H20]= EXP( AGsp_Hey/RIT)=EXP(-6120/8.3144/298.15)=0.08469 unfavored.

Water oxidation to oxygen aqua Ozaqua half reaction 5SH20=02aq+4H30*+4e" Hess free energy change is:
AGo02agAlberty=G02ag+4 GH30+-5GH20=329.68-4*22.44-5*0=419.44 K/ , because aqua mol fraction:
O2gas AIRTH20=02aq compensate one water molecule of six 6H20=02gas aAir+H20 +4H30*+4e- and Nernst’s half
reaction have five: 5SH20=02aq+4H30*+4e" with absolute standard potential E°02aq=1.0868 V.
It is identical to electrochemical calculation of free energy change minimum using absolute Nernst’s standard
potential: AGeqo2ag=E°02aq* Fene-=1.0868*96485*4=419.44 K/mo .
Hydrogen metal H(Pt) half reaction H(Pt)+H20=H3O*+e" Hess free energy change is:
AGH(Pteqalberty=GH3o++Ge-~(GH(Pty+GH20)=22.44+0-(48.56+0)=-26.12 K/mor .
It is coincident with electrochemical calculation of free energy change minimum using absolute Nernst’s
standard potential E°H(py=-0.27073 Volts:
AGeqH(Pty=E°H(pty*Fene-=-0.27073*96485*1=-26.12 K/mal coinciding with Alberty data. [8,15]
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Metal immersed in its ions solution by Nernst’s oxidation half reaction first type Electrode potential in Volts.
Coordination of metal ions in solution bind water with donor-acceptor bonds.

Fe)+H20 =Fe?*+2e-. [Fe?*]=0,1 M; density 1,03 9/mc; 0,1 Mol mas FeS04=15,191 9/mol;
E°Ferre2+=E°Fe-0,0591/2*l0g(1/([H20]))=-0,4402-0,0591/2*l0og(1/55,3)+0,10166-0,37239= -0,6594 V.
o Ere=E°rerre2++0,0591/2*log([Fe?*]/[Fe]/([H20]))=-0,65943+0,0591/2*log(0,1/1/(55,3))=-0,74048 V;

f;;?{(ﬁ:?éf Distinguish -0,74048 V has 4 -0,74059 V. AGeq_re=E°re*F+2=-0.65943*96485%*2=-127,25 X/mol,
P AGeq_re=Gre2+-(GretGh20)=-82.14-(50.08+0)=-127,25 ¥/ ;
Gre=Gre2+-(AGeq_Fet+GH20)=-82.14-(-127,25+0)=45,11 K/moi ;
Ere=E°re/re2++0,0591/2*log([Fe?*]/[Fe]/([H20]-6[Fe?*]))=-0,658382+0,0591/2*log(0,1/1/(56,38-0,6))=-0,7395 V;
[H20]=55,3 M=(9969/1)/(18%/mol); MH20=ML-Mres04=1030-15,191=1284,8 g; [H20]=1014,8 9/18 9/m01=56,38 M.

T

[
M’

Substance | AH®H ¥9/mol |AS°H Ymoiik AG°H ) Kol
Fe E°Fe= -0.6594 V 45,11 Gre=Gre2+-(AGeq_retGH20)=-82.14-(-127,25+0)=45.11 K/ mor;
Fe? -87.45 -17.8 -82.14 |BioThermodynamic 2006
Fe2* -89.1 -137.7 -78.9
Fe3* -44.79 -110 -11.99
Fe3* -48.5 -315.9 -4.7 |CRC 2010
Cu E°c.= | 0,243V | 70,02 Geu=Geur+-(AGeq_cu+Grz0)=94,0187-(24,0+0)=70,02 /ol ;
Cu?* 64.8 -98 94.0187 AGcu2+=AHH-T*ASH=64.8-298.15*-0.098=94.0187 X/moi;
Zn E°zn= -0,98098 V 68,65 GZn:GZn2+-(AGeq_Zn+GHZO):-120,653-(-189,3"‘0):68,65 K mol;
Zn** -153.39 -109.8 | -120.653 | AGzn2+=AHH-T*ASH=-153.39-298.15*-0.1098=-120.65 “/mol;

Cu(Hg)+H20=Cu?*+(Hg)+2e; [Cu?*]=1 M density 1.19 9/mc; 1 Molar mass Mcus04=159.602 9/mo;
E°cucu+=E°cu+0,0591/2*log(1/([H20]))=0,3435-0,0591/2*l0og(1/55,3)+0,10166-0,371339=0,1243 V.

" Ecu=E°c.+0,0591/2*log([Cu?*]/[ Cu]/([H20]))=0,1243+0,0591/2*log(1/1/(55,3))=0,0728 V;
we o /. Distinguish on number 0,0728 V in the second sign 0,0733 V
W d Nomy 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?*]))=0,1243+0,0591/2*log(1 M/1/(57,24-4))=0,0733 V,

AGeq_Cu:EOCu‘F‘2=O,1243*96485*2:24,0 kJ/moI,AGeq_ Cu:GCu2+-(GFe+GH20)=94,0187-(G0u+0):24,0 kJ/mol ,
Geu=Gcuz+-(AGeq_cu+GH20)=94,0187-(24,0+0)=70,02 X/mo;

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

E°znizn2+=E°zn+0,0591/2*log(1/([H20]))=-0,7628-0,0591/2*log(1/55,3)+0,10166-0,371339=-0,98098 V.

" Ezn=E°znizn2++0,0591/2*log([Zn?*]/[Zn]/([H20]))=-0,980981+0,0591/2*log(2/1/(55,3))=-1,0215 V

He /b Distinguish on number -1,0215 V in the forth sign -1,02358 V 2M,;

H/O‘/Z“\o HSolubility 57.7 9/1009 in hundreds grams of voter; w%=57.7/157.7*100=36.6%;

/

g oH

MH20=ML-Mzns04=1310-161.44*2=987.12 g; Mzns04=2*161.44=g; [H20]=987.12 9/18 9/mo1=54.84 M.

[zn"']
Ezi=E zn1z12++0,0591/2510g [ZN]-([H,0]-4[ 2n”]) =-0.980981+0,0591/2*10g(2/1/(54,84-4*2))=-1,02358 V/;

AGeq_zn=E°zn*F+2=-0,980981*96485*2=-189,3 K/mo1, AGeq_zn=Gzn2+-(Gre+GH20)=-120,653-(Gcu+0)=-189,3 k/mol

GZn:éZn2+-(AGeq_Zn+GHZO):-120,653-(-189,3+0):68,65 K mol;
Cr+H20=Cr3*+3e"; Cr2(S04)2=159.602 9/mol; Ccra(so4)2=0.5 M[Cr3*]=2*Ccrasos2=1 M density 1.172 9/m_;
E°cricrs+=E°cr+0,0591/3*log(1/[H20])=-0,744-0,0591/3*log(1/55,3)+0,10166-0,371339=- -0,9793 V.

Qs Ecr=E°c+0,0591/3*log([Cr**)/[Cr]/([H20]))=-0,9793+0,0591/3*log(1/1/55,3)=-1,0136 V;
H/O'\}gc&‘_\“fé”* Distinguish on number -1.0136 V in the fourth sign -1,01246 V 1M; 2.32 M,
: ?,JO N MH20=ML-Mcr2(s04)2=1172-196.08=975.92 g; Mcr2(so4)3=392.16/2=196.08;
'-LFL/- \}-L
[Cr3*]=2*Ccra(sos2=1 M density 1.172 9/mL ; Mcr2(s04)3=196.08g; [H20]=975.92 9/18 9/mo1=54.21778 M
[cr']

Ecr=E°cr+0.0591/3*log [Cr ]-([HZO]-G-[Cr3+ D =-0,9793+0,0591/3*log(1/1/(54,21778-6*1))=-1,01246 V;

Solubility 64 9/100g in hundred grams of water; w%=64/164*100=39%;
39/100g=X/??1172//9/.; 39/100*1172=457.07=X/9/; Ccra(s04)2=457.07/392.16=1.1655 M Cr2(SOa)3;
MH20=ML-Mcr2(s04)2=771172??-457.07=714.93 g; Mcros04)2=457.079; [H20]=714.93 9/18 9/m01=39.718 M
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;Table 1. Nernst’s half reactions Standard Electrode Potentials classic, Thermodynamic, Absolute Volts.

Reduced form = Oxidized form + n e-; [classic references]

H,0 disaccount

Thermodynamic scale

Absolute scale

classic zero E, on H,0O account -0,37239
H | H(Pt) +H,O=H30* +(Pt)+ e-; general reference CRC [1] classic zero 0 0.10166 -0.27073
H(Pt) + OH=H,0 +(Pt)+e; classic CRC [1] -0.8277 -0.8282 -1.1995
H(Pt)+OH=H,0+(Pt)+e"; corrected CRC -0.8277+-0.10449 -0.9322 -0.93375 -1.30508
H2aqtH>,0=2H30 *+2¢" ;graphite electrode -0.1343 0.07039 -0.302
O | 5H20=024q+4H30%+4e"; Suchotina [17] 1.2288 1.45924 1.0868
H20,+2H,0=0 2aqua+2H30*+e"; David A. Harris [21] 1.2764 1,4811 1,1087
4H,0=H,0,+2 H30* +2¢7; Suchotina [17] 1.776 2.0837 1.7113
H202aquat2H20=074qua+2H30*+2¢e";University Alberta [19] 0.6945 0.8992 0.5268
CHO| C¢H1206+42H,0 =24H;0*+6H3;0*+6HCO5+24¢" ; -0.04915 0.2328 -0.13964
HOO +H;,0=02,quatH30*+2¢7; 0.3155 0.4686 0.09625
N | NO; + 20H=NO3;+ H,0+2¢; pH>3.15 Suchotina [17] 0.01 0.0602 -0.3122
HNO>+4H,0=NO3z +3H30*+2e"; pH<3.15 [18] 0.94 1.2477 0.8753
NO;+3H,0=NO3+2H30*+2e-  David A. Harris [21] 0.835 1.09115 0.7188
NOaq+5H,0=NO3 +4H3;0*+3¢"; pH>3.15 [18] 0.96 1.2333 0.8609
NH4*+13H,0=N0O5;+10H;0*+8¢’; Suchaotina [17] 0.87 1.1391 0.7667
Br | 2Br=Br,(aq)+2e; CRC [1] 1.0873 1.18896 0.8176
Bi | BiO*+6H,0=BiO3;+4H3;0*+2e"; 1<pH<7 Suchotina [17] 1.80 2.21065 1.8383
Mn H Mn2*+12H,0=MnO,+8H30*+5e-;  Kortly, Shucha [18] 1.51 1.85885 1.4865
H,O | MnO,|+40H=MnO4 + 2H,0+3¢e™; Suchotina [17] 0.603 0.6360 0.2636
OH- | MnO,#=MnOs+e~; Suchotina [17] 0.558 0.65966 0.2873
Pb | Pb?* +6H,0=Pb0O,(s)+4H;0*+2e-;  Kortly, Shucha [18] 1.455 1.86565 1.4933
Pb+H,0 = Pb?* +2¢; pH<7 Kortly, Shucha [18] -0.126 0.02716 -0.3452
S | SO29+H;0=H3S0344;H2S03+3H,0=HSO,+3H30*+2¢";[17] 0.172 0.42815 0.10726
HSO3 +4H,0=S04% +3H30%+2e"; 2=<pH<7 Suchotina [17] 0.172 0.47965 0.10726
S03%+20H=S0,*+H,0+2¢7; pH > 7 Suchotina [17] -0.93 -0.87984 -1.2522
=S ombictH20 + 2 €7; CRC [1] -0.4763 -0.4261 -0.7985
HS- + OH- = Syompic + 2H20 + 2e7; CRC [1] -0.478 -0.4793 -0.8517
H2Saq+2H20=5rombic+2H30*+2e7; CRC [1]: Suchotina [17] 0.142 0.3467 -0.025735
25,03% =5406> +2¢7; Suchotina [17] 0.08 0.1817 -0.1907
Fe | Fe**=Fed*+e; Suchotina [17] 0.769 0.8707 0.4983
Fe(s)+ H,O =Fe?*+2¢7; Suchotina [17] -0.4402 -0.2870 -0.6594
Ag | Ag+ HO=Ag*+e; Kortly, Shucha [18] 0.7994 1.00406 0.6317
Ag(s)+Cl-=AgCI(s)+H.O+e"; Kortly, Shucha [18] 0.2223 0.2210 -0.1514
Ag+2NHs.=Ag(NH3),*+H,O+e;  Suchotina [17] 0.373 0.57766 0.2053
2Ag+20H- =Ag,0O(s)+H,0+2¢; Suchotina [17] 0.345 0.39516 0.02277
Hg | 2Hg+H,0=Hg,?*+2¢"; Kortly, Shucha [18] 0.907 1.0602 0.6888
2Hg+2Cl=Hg,Clys+2H,0+2¢; Suchotina ; [17] 0.2676 0.2663 -0.1059
2Hg+S042=Hg,SO04s*+H,0+2e7;  Kaortly, Shucha ; [18] 0.614 0.6642 0.2918
Hg+20H-=HgO+H,0+2¢", Suchatina ; [17] 0.098 0.1482 -0.2242
I | 3I=l5+2e; Kortly, Shucha [18] 0.6276 0.72926 0.35687
Cu | Cu(Hg)+H,0=Cu?*+(Hg)+2¢e; Kortly, Shucha [18] 0.3435 0.4967 0.1243
F | 2F=Fx(g)+2e; Kortly, Shucha [18] 2.87 2.97166 2.5993
Cl | 2CI=Cly(g)+2¢7; Kortly, Shucha [18] 1.358 1.45966 1.0873
Cl | Cly(9)+4H,0=2HOCI+2H3;0*+2¢"; Kaortly, Shucha [18] 1.63 1.93765 1.5653
Cr | 2Cr¥*+21H,0=Cr,0;*+14H3;0%+6€";1<pH<7 [18] 1.33 1.7921 1.41975
Cre*+11H,0=HCrO; +7H30*+3e"; pH>7 [18] 1.20 1.6793 1.30692
Cr(OH)3|+50H-=Cr0O,*+4H,0+3e"; pH>9 ; Suchotina [17] -0.13 -0.1657 -0.53806
C | HxCy04+2H,0=2C0,+2H30*+2¢"; pH<1,25 Suchotina [17] -0.49 -0.2853 -0.6577
Cr | Cr+H,0=Cr¥*+3e; Suchotina [17] -0.744 -0.60801 -0.97935
Zn | Zn+H,0=Zn**+2¢’; Kortly, Shucha [18] -0.763 -0.6096 -0.98098
Al | Al+ H,0=AlF*+3e; CRC [1] -1.662 -1.5260 -1.8984
Al+40H= H,AlOs+H,0+3e7; CRC [1] -2.33 -2.2627 -2.63506

H(Pt) + OH=H20 +(Pt)+e"; E°H_on=-1.19952 V
The absolute potential is corrected by accounting for the absolute free energy of hydroxide Gon-=77,36 X/mor in
the Hess calculation: AGaibertyH_oH-=GHz20-(GH(py+Gon-)=0-(48.56025+77.36)=-125.92 K/mo and calculated in
terms of the corrected absolute potential: E°’n=AGeq/F/1=-125.92/96485/1=-1.30508 V.
Disaccount the water mass [H20]=963/18=53.5 M over liter [H2SO4]=[H30*]=1 M solution with 1.061 9/mc
density the hydrogen electrode has classic Eo_classic=-0.8277 V [17] and absolute standard potential:
E°n on=E°-0.0591/1*Ig([H20]")+0.10166-0,37239=-0.8277-0.0591/1*Ig(53.5!)+0.10166-0,37239=-1.1995 V.

data corrected AGeqH oH-=E°H on *F¢1=-1.30508*96485*1=-125.92 K/moi to E°n=-0.8277-0.10556=-0.9322 V.

E°4 on=E°-0.0591/1*Ig([H20]%)+0.10166-0,37239=-0.9322-0.0591/1*1g(53.5%)+0.10166-0,37239=-1.30508 V;




Note: Oxidative stress cause non enzymatic oxidation in multiple radical chain and reactions of parallel product
formations to contaminate and destroy the organism! Destructive hazard for life!
Oxygen gas solubility OzgastH20=02aq compensate one water molecule 6H20=02gas+H20+4H30*+4e-
on Nernst’s half reaction 5SH20=02aq+4H30*+4e", forming absolute standard potential E°s1on=1.0868 V.

E°sHon=E"°-0.0591/4*1g(1/[H,0]°)+0.10166-0.37239=1.2288-0.0591/4*1g(1/53.5"%)+0.10166-0.37239=1.0868 V.
Substance AHOH,kJ/moI AS°H, molik AGOH,kJ/moI AGHess=2AG°H20-4AG° (pyH-AG° 02aqua=-689=2%*--344.521 K3 fmol;

H20 -285.85 | 69.9565 | -237.191 | =2*-237.191-(4*99.13/2+16.4)=-689=2*344.5 X/me. CRC 2010

H.O -286.65 | -453.188 | -151.549 |2006, Massachusetts Technology Inst. Alberty [8]

HsO* | -285.81 -3.854 | -213.2746 [Mischenko 1972, Himia, Leningrad [26]

H2(aq) 23.4 -130 99.13 |CRC 2010 [1}
H(Pt)@q) |E°H-E°02=| -1.3575 48.56  |GHPy=(2GH20-AGeq2H20-G02aqua)/4=48.56 K/mo;
H2(aq) -5.02 -363.92 | 103.24 2006, Massachusetts Technology Inst. Alberty [8]
O2aqua -11.70 -94.2 16.4 Water concentration [H,O]° logarithm extracted from E°classic=1.2288 V
O2aqua | -11.715 | 110.876 16.4 absolute standard potential of Nernst’s E°sHor=1.0868 V.

Oxygen solution O2aq+4H30*+4e=5H:0 is strong oxidant with inverse standard potential -E°sHon=-1.0868 V.

The oxidized form of oxygen attracts four free electrons with hydroxonium ions, forming four water molecules in
the reduced form as products. The free energy content increases when dissolved in water:
Go2ag=Go2gas+G025x=303.1+26.58=330 X/mo .
Oxygen solubility free energy change Hess law solution is exothermic and endoergic Oz2gastH20=02aq,

which mol fraction in air 1=[O2gas]>[ O2air]=0.2095 and in water has unit less value
for concentration [O2aq]/[H20]=1.22*1073) M/55.3 M=2.206*10-° and for constant too; || ~ -g------------
Kspeq=[O2aq]/[O2gas]/[H20]=1.22*107(-3)/55.3=2.206*10-5. Energy change is positive
AGHess:AGOOZaqua-AGOHZO-AG°OZgas:16.4-(0-237.191):253.6 K /mot, SO pOSitiVE on scale
of absolute expressions AGarery02a5=G02ag-(GH20+G02gas)=330-(0+303.1)=26.58 K/mol

and AGspeq=-R'T'ln(Kspeq)=-8.3144*298.15*|n(2.205*10'5)=26.58 Kol

\E’_AGmin:I 26.58 k‘]/mol

[O2] solubility Hess free energy change is positive AGHess=AGsolubility=253.6 K/mo , A+B 50% C+D

but minimized at equilibrium mixture Ksp=[O2aq]/[O2gas]/[H20]=2.206*10-5=10-45%, Reactants
Equilibrium state is Prigogine attractor for all non-equilibrium states. 02gas+H208l00d

Free energy change minimum AGmin reaching establishes equilibrium. 53" page. product Ozag-Blood.

Osmolar Cosm=0 M and ionic force 1=0 M in water from air 20.95% oxygen solubility is [O2aq]=0.00025546 M:
[O2a9]=Ksp*[O2air] *[H20]=2.205*10-5*0.2095*55.3=0.00025546 M.
Pure 1atm mol fraction [O2gas]=1. Osmolar Cosm=0.305 M, ionic force 1=0.25 M, air 20.95% oxygen dissolute
[O2aq]=9.768-10> M. Therefore Kozspslood=[O2aq]/[O22ir]=9.768-10-°/0.2095=4.663*10-* M is physiologic
solubility constant.
Arterial [O2aq]=6-10-° M and venous [O2aq]=0.426-10-> M isooxia is maintained by osmosis oxygen molecules,
which cross membranes through aquaporins channels against osmolar concentration gradient Cosm=0.305 M.
Inverse: O2aqua +4H30*+4e=6H20; -E°02=-1.0868 V; Nernst’s: 4(Pt)H+4H20=4H30*+4e"; E°'H=-0.27073 V;
O2aquat4(Pt)H=2H20 electrodes standard potential sum give standard free energy change:
AGeq=(E’H-E°02)*F+1+4=(-0.27073-1.0868)*96485*4=-1.3575*96485*4/1000=2*261.96=-523.925 ¥/mal;
Knowing equilibrium value AGeqzr20=2GH20-4GptyH-Go2aqua=2*0-(4*G(pyyH+329.68)=-523.925 K/mor , hydrogen
metal free energy is GHpry=(2GH20-AGeq2H20-Gozaqua)/4=(2*0+523.925-329.68)/4=194.251/4=48.56 K/mo .

GH30+0H=GH3ao++GoH-=22.44+77.36=99.8 K/mol of water protolysis H.O+H20<=>H30*+0OH
Biochemistry oxygen O2aqua decreases free energy content Gozaqua=329.68 K/moi to GozBiochemistry=88.22 K/mol.
Arterial [O2aqua] =6*10-> M and pH=7.36 concentrations [H3O*]=10-7-36 M potential is decreasing
Eo2=E°+0.0591/4e]g([ O2aqua]*[H3O*]*/[H201%)=1.0868+09-0591/4*|0g (6% 10" (5)* 10N 7-36"4) [55 346"\5)=0.46174 V
by AEarteriai=-(Eoo2-E02)=- 1.0868+0.46174=-0.62506 Volts and
free energy content by AGarteriai=AEH20*F*n=0.62506*96485*4/1000=-241.24 X/mo|.
The free energy content of O2gas AilrR+H20=028I100d With solubility contribution increases by:
[O 2 aqua]

1-[H,0] =2.205*105; Gozspeq=-ReT*In(Kspeq)=-8.3144*298.15*In(2.205*10-°)=26.58 X/mol.

K =
speq [O 5 gas

Protolysis decreases free energy to Gozsiochem_arterial=GozaqutGo2sptAGarteria=303.1+26.58-241.456=88.22 ¥/mol

and oxygen becomes fire safe biochemical oxidant, forming arterial concentration [O2aqua]=6*10- M as safe

Bioenergetic sustaining normal isooxia. [3];

1) Water 55.346 M decreases potential from 1.0868 V about -0.1288 VV=0.9580-1.0868=AEH:zo.
E002=E°02+09591/,*|0og(*/[H201°)=1.0868+0.01478*log(!/s5.346"°)=0.95805 V ;
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2) Acid H30" increases 10 times the potential and free energy content increases about AEH30+=0.05912 V
AEH30=0.01478°1g([H*]*)=0.05912 V and AGmax=AEH30*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.

In the Nernst half-reaction of glucose oxidation, the absolute standard potential is negative because the strong
of 24-electron donor, what reduce the six oxygen molecules in Nernst’s reaction O2aquat4H30*+4e-=5H20 with
an inverse absolute standard potential -E°=-1.0868 V. From the classic of glucose standard potential E°=-0.04915
V, by extracting by the logarithm log(1/55.3"42) 42 water molecules, the absolute Nernst standard potential of
glucose is E°ceH1206=-0,04915-0,0591/24*log(1/55,3"*?)+0,10166-0,37239=-0,13964 V.

CesH1206+42H20=24H30*+6H30"+6HCO3s+24 e- ;

Glucose and inverse oxygen absolute standard potentials sum AE®:
AE°=(E°c6H1206-E°02)=AGLehninger/F/N=-2840000/96485/24=-1.2264 V give the absolute free energy change
AGLehninger=AE°*Fen=(E°ceH1206-E°02)*Fen=(-0.13958-1.086865)* 96485*24=-2840 K/mo for the reaction by

published data CeH1206+12H20+602aqua=6H30*+6HCO3". [1,6]

The sum of the absolute standard potentials (E°cen1206-E°02)=(EcsH1206-1,086865)=-1,22644 V of glucose

and oxygen allows us to determine the absolute standard potential for glucose
E°ceH1206=AE+E°02=-1,22644+1,086865=-0,139575 V, which is calculated from the value of the

inverse Nernst’s half reaction absolute standard potential of oxygen O2aquat4H3O*+4e=5H20; -E°02=-1.0868 V .
Arterial oxygen [Ozarteriala] =6*10°5) M; hydroxonium [H3O*]"30=10/(-7:36"30) M and [CsH1206]=0,005 M

glucose concentration produce very negative arterial potential:

EceH1206arterial=E°coH1206+90%91/2401g ([HC O3]6*[H30 ]2 [H201*%/[ CeH120¢6]) =
=-0,13958+0.0591/54*|gy(0,0154*10/(-7:36*30) g 505/55 346"42) =-0,86237 V

and inverse Nernst’s half reaction absolute arterial potential of oxygen is
Eozarterial=E° 02+9:059/41g ([H20]°/[02aqual/ [H30+1*)=-1,086865+0.0591/4*|0g (55 346" >/6/ 10" (310" (7:36*4)=-0,46074 V.

Homeostasis potential sum is more negative AEarterial=EceH1206arterialtEozarteria=-0,86237-0,46074=-1,3231 Volts.

Free energy change AGarterial IS more negative as standard value AG_ehninger:
AGarteriaI:AE‘F‘II=(ECGHlZOGarteriaI-EOZarteriaI)‘F‘n=(-0,86237-0,46074)*96485*24:-3063,846 K3/ mol.

One mol glucose oxidize six mols of oxygen producing six mols bicarbonate 6H3O*+6HCOz3":
CsH1206+42H20=24H30*+6H30*+6HCO3+24 € ; 602aquat24H30*+24e-=30H20,;
CeH1206+42H20+602aquat24H30%+24e=24H30*+6H30*+6HCO3+24 e +30H20;
CsH1206+12H20+602aqua 6H30*+6HCO3

GH30++HC03-=GH3o++GHcos3-=22,44+56,08=78,52 X/,

Glc 6™ page Formation from elements C+6H2gas +302gas=CsH1205 free energy change calculates from

Alberty data at pH=7.36 AG"Alberty=Gc6H1206-(6G Cgrapht6* GHzgast3* Go2gas) =-402.05 K/ mol ;

Substance |AH°H*/mol|AS °H/molik| AG°+</mol 2006, Massachusetts Technology Inst. Alberty [8] pH=7,36.
CeH1206aq | -1263,78 | 269,45 | -919,96 [CRC 2010
Glc -1267,13 | -2901,49 | -402,05 |AG’Alberty+(6Gcgrapht6* GHzgast3*Go2gas)=GceH1206=1568 K3 fmol;

Calculation of free energy in glucose oxidation CsH1206+602aquat12H20=6H30*+6HCOs in three ways:
1) Alberty data at pH=7.36 pH=7,36 AG’Alberty=GceH1206-(6Gcgraph+6* GH2gas+3*Go2gas)=-402,05 K /mor standard
free energy content in the mole is:

GcsH1206=AG’ Alberty+(6Gcgraph+6* GHagas+3* Gozgas) =-402,05+(6*91,26+6*85,6+3*303)=1568 Kol

2) Lehninger's AGceH1206=6*GH30++6™*GHco3--(GstandardcsH1206+6* Gozaquat12* GH20_Biochem)=-2840 K/mo
standard content in the mole of glucose GstandardceH1206=6%(22,44+56,08)-(-2840+6*330+12*0) =1331 X/mo and
3) free energy content AGarterial_coH1206=6*GH30++6* GHco3--(Garterial_coH1206+6* Gozaguat12*GH20)=-3064 X/mol
per mole of glucose at homeostasis Garterial_coH1206=6*(22,44+56,08)-(-3064+6*88,22+12*85,64)=1978 X/mol.

Generated 6HCOs+6H30" ions drive reactants 602aqua and 6H20 through membranes aquaporins channels
by osmosis against the concentration gradients but transporting ions 6HCO3+6H3O* opposite down the
gradients through bicarbonate and proton channels consuming produced free energy AGarteriai=-3064 /mol.
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Absolute potential and free energy values include accounting for hydroxonium H3O* and water H20.
Inverse half reaction of oxygen with free energy Gozaqua=330 ¥/mol reduction Ozaqua+4H3zO*+4e-=5H20 ith
standard potential -Eoo2=-1.0868 V: oxidize four metal hydrogen atoms with free energy Grry=48.56 K/mol
within Nernst’s half reaction:_4(Pt)H+4H20=4H30*+4e- and with standard potential E°’4=-0.27073 V. Standard
free energy change in reaction Ozaquat4(Pt)H=2H20 is
AGHes2H20=2GH20-4GH(Pt)-Go2aqua=2*0-(4*48.56+330) )=-524.24=2*-262 K/mol.
Standard potentials sum
AGeq=(E H-E°02)*F+4=(-0.27073-1.0868)*96485*4=-1.3575*96485*4=-523.925=2*-262 K/ma let
independently from Hess law calculate formation from free elements oxygen O2aqua and metal hydrogen (Pt)H
free absolute energy change AGeqryH_H20=-262 K/mo1, which is coincident with absolute free energy Ghry=48.56
K/mor determination for free elements Ozaqua, (Pt)H and using absolute standard potential for oxidation — reduction.
Hydrogen standard free energy in water solution GHzaqua=103.24 K/mor is from Alberty data pH=7,36. [8]
O2gast2H2gas=2H20;

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

Substance AHOH,k‘]/moI ASOH,J/moI/K AGOH,k‘]/moI
H20 -285.85 | 69.9565 | -237.191 |CRC
H20 -286.65 | -453.188 | -151.549 AGeq=-262 ¥/mol ; AGHess=-295 ¥/mol
HsO* | -285.81 -3.854 |-213.2746| The reaction 4(Pt)H+0O2aqua=2 H20 ; absolute free energy change
Ho@y | 234 130 | 99.13 [CRC s | AGeq=-262 Wimoi | < | AGress=-295 Wimai | ;
H2(ag) -5.02 -363.92 103.24 2006, Massachusetts Technology Inst. Alberty [8]
E° (Pt)H | -0.27073 | -1.0868 48,56 GH(r)=(2GH20-AGeq2H20-G02aqua)/[4=48,56 K/mol
O2zaqua -11.70 -94.2 16.4
O2aqua | -11.715 | 110.876 16.4

Kegzrzo=Koxred=eXP(-AGoxred/ R/T)=exp(26 19606/83144/29815):exp(105675):7832*1045 ;

Exothermic and exoergic O2aqua reduction with metallic hydrogen

4(Pt)H and H202 dismutation Hess free energy change negative
AGHessAquaHZO:-295 Kol , AGAIbertyH202:'246 I(J/mol, but minimized
reaching equilibrium AGeqzrz0=-262 K/mol and AGegstandart_n202=-228.6 K/mol
mixtures constants Kegz0=7.832*10% and Kegstandard_nz02=1.11*1040,

The equilibrium state minimum is Prigogine attractor for all irreversible states.
Free energy change minimum reaching establish equilibrium state.

Red H202+2H20=02aquat2H30*+2€"; E°H202=0.5268 V Alberta University
Edmonton Canada. [19] Peroxide H202 in medium pH=7.36 absolute inverse
standard H202+2H30*+2e-=4H20 potential is -E°ox=-1.7113 V Suhotina [17]

AGHessAqua_HZO:'295 Kol

G AGalbertyH202 = -246 K/mol

AGeqHZO:-ZGZ K/ mol

Summary dismutation 2H202aq=>02aquat2H20+Q+AG; AGegstandard=-228,6 “mol v
Reactants 4(Pt)H+ Ozaqua and products 2H20 45, g 50% 2D
Reactants 2H202aq and products Ozaquat2H20 9 50% B+2C

Standard sum AGegstandart_+20:=(ERed-Eoox)*F*n=(0.5268-1.7113)*96485*2=(-1.1845)*96485*2= -228.57 “V/mol ;
Kegstandart_z0z= 1O2]aaua:[H201% =K n00=exp(-AGeg/R/T)=exp(228573/8.3144/298.15)=1.11*104........

[H 0, BEaua
E°w0.=E°-0,0591/2*Ig(1/[H20]?)+0,10166-0,372=0,6945-0,02955*Ig(1/55,3"2)+0,10166-0,37239=0,5268 V;
E°n2020x=E°-0,0591/2*1g(1/[H20]%)+0,10166-0,372=1,776-0,02955*Ig(1/55,3"*)+0,10166-0,37239=1,7113 V,
En202=E°+0.0591/2°1g(O2aqua]*[H30 *1?/[H20-]/[H20]?)=0.5278+0.0591/2*Ig(6*10"5*10"(736*2/1/55.3"2)=-0.1349 V
Eoox=E°H2020x1+0.0591/2log([H20]%/[H202]/[H30 *]?)=-1.7123+0.0591/2*1g(55.3"4/1/10"(7-36*2))=-1.0713 V

Summary of Nernst’s + inverse reaction for homeostasis is
AGeggiochem=(ERed-Eoox)*F*n=(-0.13493-1.0703)*96485*2=(-1.2062)*96485*2=-232.76 “/mol;
GHomeostasisHZOZz(GOZBiochem_arteriaj+2*GHZOBioChemistry-AGAIberty)/Zz(88.04+2*85.64+232.76)/2:246.04 K/ mol ;




Sulfur / H254q red-ox systems. H3O* and [H20]=55.3 M accounting on absolute free energy and potential scale.

Substance | AH®H X/mol| AS°H J/moI/KAGoH,kJ/moI
H2 -38.6 126 -76.167 AGH: =AHH-T*ASH=-38.6-298.15*0.126=-76.167 ¥/mol;
HS- -16.3 67 -36.276 AGHs =AH{-T*ASH=-16.3-298.15*0.067=-36.276 K/mol;
Ho- E°sims2-=|-0.8517 V 1.35 GHs-a0=G rombic+ZGH20-(AGeqH -aq+GOH)=1.35 Kol
HS-  |pKa=7.05|pKa1=7.05| -3.072 | GH:=AGeq-GH3o+(GHa:s+GH20)=50.188-22.44+(-30.82+0)=-3.072 K/mol;
H> E°§l/H2S-: -0.9290 V| -61.09 GH2 -aq=G rombic+3GH20-(AGeqH2 -aq+ZGOH)=-61.09 kJ/moI;
H> E°sim2s= -0.6715 V 88.82 GH2:ag=Gsrombict2GH30+-(AGHess_H25aq+2GH20)=88.82 K/ mol ;
H> E°symzs= | 0.025735V| -35.794 G H25ag=Gsrhombict2GH30+-(AGHess H2:ag+2GH20)=-35.794 K3/ mol.
rombicH 2(Pt)H= H25aq -35.997 GH2:aqug=AGHessH25+(2GH(Pt)+Gsrombic) =-35.997 K3/ mot;
2 E°sis2= |-0.79853V| 68.45 G:2-ag=Gsrombic+GH20-(AGeqg:2-aq)=68.45 K/mo;
- pKa2=19 |pKa=19 92.868 G:2-=AGeq-Gr30+(G H: +Gh20)=118.38 -22.44+(-3.072+0)=92.868 V/mol;

2-=Srombic+H20+ 2 &7, E°sy/s2-=-0.79853 V Kortly, Shucha ;
E°sys2-=E°-0.0591/2*1g([H20]*) +0.10166-0.37239=-0.4763-0.02955*1g(55.3"1)+0.10166-0.37239=-0.79853V;
AGeqs2-=E":2-Fn=-0.79853*96485*2=-154.09 X/mo| . G-rombic=-85.64 K/mol;
AGeq:2-ag=GsrombictGH20-(Gs2-aq) =-85.64+0-(68.25)=-154.09 K/mol;
G:2-aq=GsrombictGH20-(AGeq:2-aq)=-85.64+0-(-154.09)=68.25 K mol;
HS- + OH- = Srombic + 2H20 + 2e; CRC 2010 E°§¢/HS-:-O.8517 V:

E°syms.=E°-0.0591/2*1g([H20]2) +0.10166-0.37239=-0.478-0.02955*Ig(55.32)+0.10166-0.37239=-0.8517 V/:

AGeqHs-=E Hs-Fn=-0.8517*96485*2=-164.35 X/mg| .
AGegHs-ag=Gsrombic+2GH20-(GHs-ag+GoH)=-85.64+2*0-(1.35+77.36)= -164.35 X/mol;
GHs-ag=Gsrombict2GH20-(AGeqHs-aq+Gon)=-85.64+2*0-(-164.35+77.36)=1.35 K mol;

H2Sag+2H20=5rombiskst2H30*+2e7; E°sym2s= -0.025735 V Suchotina 1<pH< 7 ;
E°sm2s=E°-09591/;*|g(1/[H20]?)+0.10166 -0.37239=0.142-0.02955*1g(1/55.3"?)+0.10166-0.37239=-0.025735 V,
AGeqH2:=E°H2:Fn=-0.025735*96485*2=-4.966 “/mol .
AGeqH25aq=Gsrombiskst2 GH30+-(G H2saq+2GH20)=-85.64+2*22.44-(-35.794+2*0)= -4.966 K mol;
GH25ag=Gsrombisks+2GH30+-(AGHess_ H2:aq+2GH20)=-85.64+2*22.44-(-4.966+2*0)=-35.794 K/mol.
pKa=7.0 Wikipedia; CRC2010 pKa1=7.05; pKa2=19
PKa=7.05 HaS+ H20=H5+H30*; Keqi=Ka1/[H20]=107-799/55 3= 0.000000001612;

AGeq=-ReTeIn(Keq)=-8.3144*298.15*In(0.000000001612)= G- +Grzo-(Grz-+Grz0)=50.188 <Vmgi;
AGeq=GHs-+GH3zo-(GH2:s+GH20)=-3.072+22.44-(-30.82+0)=50.188 /ma ;
GH:-=AGeq-GH3o+(GH2:+GH20)=50.188-22.44+(-30.82+0)=-3.072 X/ma ;

PKx2=19 HS+ H20=52+H30%; Keqr=Ka1/[H20]=107(19)/55 3=10/(20.74),
AGeg=-ReTeIn(Keq)=-8.3144*298.15*In(L0N20T9)=G 5. +Gr30~(G H- +G20)=118.38 Wmor:
AGeq=G:2+GH30-(G He +Gr20)=92.868+22.44-(-3.072+0)=118.38 W/ ;

G:2-=AGeq-GH30+(G H:-+GH20)=118.38-22.44+(-3.072+0)=92.868 K/mol ;
Sulfur reduction inverse potential: Srombict2H30*+2e=H25ag+2H20; -E°<=-0.025735 V
2(P)H+2H20=2H30*+ 2e7;  E°nw=-0.27073 V; Srombict+2(Pt)H=H25aq;
AGeq=(E°H-E°:)*Fe1+2=(-0.27073+0.025735)*96485*2=-0.244995*96485*2= -47.277 /mol;

GH2:ag=AGHessH25+(2GHPt+Gsrombic)=-47.277+(2*48.46-85.64)=-35.997 K)fmol . 2Nd page.
Nernst’s half: H2Saq+2H20="5mombic+2H30%+2e" has absolute standard potential E°1H2:=-0.025735 V
for free energy change: AGeqH2:=E*1H2:FN=-0.025735*96485*2=-4.966 /mo
Expression value from Hess law for free energy change to hydrogen sulfide aqua solution in half reaction is
AGHess_H25aq=Gsrhombic+2GH30+-(G H2saq+2GH20)=-85.64+2*22.44-(G H2sa9+2*0)= -4.966 X/mal , than absolute
value is: G H2:ag=Gsrhombic+2GH30+-(AGHess_H2-aq+2GH20)=-85.64+2%22.44-(-4.966+2*0)=-35.794 K/mq.
Formation from elements Srmombict+H2gas=H25gas Shows energy content in one mol Gsrhombic=-85.64 X/mai; [1,6]

Formation energy change is AGHess_H25gas=G °Has gas-(HessG °srombic+HessG °H2)=-20.6-(0+0)=-20.6 K/mor. [1]
Sulfur energy content in mol is Gsrombic=G°H2sas-(AGHess_H25gas+GHzgas)=-20.6-(-20.6+85.64)=-85.64 K/mo;
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Absolute potential and free energy values include accounting for hydroxonium H3O* and water H20.

Alberty data are given on absolute values for elements:
Gsrombic=-85.64 I(‘]/mol; GOZgas:303 I(J/mol; GHZgas:85.6 I(J/mol; AG°sosrorm=-747.75 X/mai relative to water and carbon
dioxide gas as zero GHz2o0=Gco2gas=Ge-=0 X/mol reference scale. Formation from elements sulfuric acid and
sulfates: Srombict202gastH2gas=H25O4aq; AG°H2s04Form=GH2504-(Gsrombict2Go2+GHzgas)=-690.0 K mol; [1]
GH2504=AG°H2504Form*+(Gsrombict2Go2+GHagas)=-690.0+(-85.64+2*303+85.6)=-84.04 K/mol .
rombict202gas+H2gas/2=HS047; AGOHSO4Form:GHSO4'(G rombic+ZGOZ+0.5GH29as):-755.9 K fmol
GHs04=AG°Hsosrorm+(Gsrombic+2G02+0.5GHagas)=-755.9+(-85.64+2*303+85.6/2)=-192.74 ¥/ml;
rombic+ZOZgas= 042'; AGOSO4F0rm:GSO4-(G rombic+ZGOZ):-747.75 k‘]/mol;
Gs04=AG°sosrorm+(Gsrombict2Go2)=-747.75-85.64+2*303=-227.39 “/ma;
Equilibrium constants in mole fractions Keq=Ka/[H20] calculate dividing the acid constant by water [H20].
Protolysis H2SO4+H20=HSO4+H30" acid pKa1=-2.8 and equilibrium is Keqi=Ka1/[H20]=10"28)/55,3=11.41;
AGegH2504=-R*TeIn(Keq)=-8.3144*298.15*In(11.41)=GHso4-+GHzo-(GHzsos+GH20)=-6.035 ¥/mol;
AGegH2504=GHs04-+GH30-(GHzso4+GH20)=GHsos-+22,44-(-84,04-151,549)=-6,035 X/mol;
GHs04-=GHs04-+GH3zo-(GHzsoa+GH20)=-6,035-22,44+(-84,04-151,549)=-264,06 “/mo;
HSO4+H20=S04?+H30"*; pKa2=1.99; Keqz=Ka2/[H20]=10"-199)/55.3=0.0001850;
AGeghsosa=-ReTeIn(Keq2)=-8.3144*298.15*In(0.0001850)=Gs042-+GH3o-(GHso4-+GH20)=21.307 K/ma;
AGeqHs04=Gs042-+GH30-(GHsos-+GH20)= -747,75+22,44-(GHs04--151,549)=21,307 X/mo;
GHs04-=Gso42-+GH3zo-(AGeqHsoa+GH20)=-747,75+22,44-(21,307-151,549)=-595,068 K/mol;
AGeghs04=Gso42-+GH30-(GHso4-+GH20)=Gso42-+22,44-(-264,06-151,549)=21,307 “/mol;
Gs042-=AGeqHs04-GHao+(GHso4-+GH20)=21,307-22,44+(-264,06-151,549)=-416,74 X/mol;
Formation from free elements Srombict1.502gastH2gas=H2503aq and solubility SO2925+H20=H2503ag .
AG°H2503rorm=GH2503-(Gsrombict1.5AG02+ GHzgas)=GHaso3-(-85.64+1.5%303+85.6)=-527.3675 K/mol;
GH2503=AG°H2503Form*(Gsrombict+1.5AGo2+ GHzgas)=-527.3675+(-85.64+1.5*303+85.6)=-72.9075 *V/mol;
GHs03=AG°HsozForm*(Gsrombic+1.5AGo2+GHzgas/2)=-486.5+(-85.64+1.5*303+85.6/2)=-74.84 K/mol;
Gs03=AG°sosrorm+Gerombict1.5AG02=-490.38-85.64+1.5*303=-121.52 X/mqi;
Equilibrium constants in mole fractions Keq=Ka/[H20] calculate dividing the acid constant by water [H20].
H2S03+H20=HSO3+H30*; pKa1=1.85; Keqi=Ka1/[H20]=107(185/55,3=0.0002554;
AGeqH2s03=-ReTeIn(Keq1)=-8.3144*298.15*In(0.0002554)=GHs03-+GH3o-(GH2s03+GH20)=20.5075 K/mol;
GH2503=GHs03-+GH30-(AGeqH2503+GH20)=-74.84+22.44-(20.5075+0)=-72.9075 K/mo;
HSO3+H20=S03?+H30%; pKa2=7.21; Keqz=Ka2/[H20]=10/(-"-21)/55 3= 0.000000001115;
AGeqHsoz=-ReTeIn(Keq2)=-8; 3144*298.15*In(0.000000001115)=Gs032-+GH30-(GHs03-+GH20)=51.1 /o,
GHs03-=Gs032-+GH30-(AGeqHs03+GH20)=-121.52+22.44-(51.1+0)=-150.2 /mo;
Oxidation standard potential of sulfurous acid electrode H2SO3+4H20=HSO4+3H30*+2e" E°H2503=0.1073 V.
E°H2s03=E°+0.10166-0.0591/2*1g(1/[H20]%)-0.37239=0.172-0.0591/2*Ig(1/55.3"4)+0.10166-0.37239=0.10726 V;

[HSOA ][H +]4 [HSO;; ][H +]4

AGeqH2503=E°Hs03*F+2=0.107260%96485*2=20.69796 X/mo;
AGeqHs203=GHs03+3GH30-(GH2503+4GH20)=-192.74+3*22.44-(-146.118+4*0)= 20.69796 X/moI ;
GH2503=GHs04-+3GH30-(AGeqH2s03+4GH20)=-192.74+3*22.44-(20.69796+4*0)=-146.118 X/mo ;
GHsos-=AGeqH2504-3GH30+(GH2s03+4GH20)=20.69796-3*22.44+(-146.118+4*0)=-192.74 Y/ma ;

Solubility constants in mol fractions Keq=Ksp/[H20] calculate dividing saturate product with water [H20].
S0298+H20=H2SO3aq; Ksp=[H2S03]/[SO29]/[H20]=1.46724/1/51.64=0.028413, as saturated state dissolute
94 9/ SO2 M=64.066 g/mol [SO2]=94/64.066=1.46724 M sulfurous acid Mn2s03=82.075 g/mol with density
1.05 g/mL msolution=1050 9/L and mas of acid MH2s03=[SO2]*MH2s03=1.46724 M*82.075 9/mo1=120.4327 9/..
Water concentration is mu20=1050-120.4327=929.5673 g; nH20=929.5673/18=51.64 M. Free energy change is:
AGspH2s03=-R*T*In(Ksp)=-8.3144*298.15*In(0.028413)=GH2503-(Gs02+GH20)=8.82727 K/moI;

EH2503=E°H2s503+ 0.0591 ]
2
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Formation from free elements Srombic+O2gas=502; AG°so2rorm=Gs02-(-85.64+303)=-370.82 k/mo;
Gs02=AG°so2rorm+(Gsrombisks+Go2)=-370.82+(-85.64+303)=-153.46 /mo;
AGspH2503=GH2s03-(Gs02+GH20)=-72.9075-(-81.73477+0)=8.82727 K/mo ;
Gs02=GH2503-(AGspH2503+GH20)=-72.9075-(8.82727+0)=-81.73477 W/moi ;
HSO3 +4H20=S04?+3H30*+2¢"; Suchotina 2=<pH<7 E°Hs042-=0.10726 V.
E°sos=E°+0.10166-0.0591/2*1g(1/[H20]%)-0.37239=0.172-0.0591/2*Ig(1/55.3"4)+0.10166-0.37239=0.10726 V;

2. +13
Ensor =E%Hsos +0.0591/2*10g([HSOx T[HsO T/[HzSOsaal/ [H20])=0.10726 V/ +0.0591/2*l0g [y (01
AGeqgsos-=E°Hs04-*F+2=0.10726*96485*2=20.69796 /ol ;
AGegsos-=Gsoa-+3GHzo-(GHs03+4GH20)=-119.5295+3*22.44-(-72.9075+4*0)=20.69796 K/mo ;
GHs03=Gs04-+3GH30-(AGeqsos-+4GH20)=-119.5295+3*22.44-(20.69796+4*0)=-72.9075 Y/mol ;

Gs04-=AGeqs04--3GH30+(GHs03+4GH20)=20.69796-3*22.44+(-72.9075+4*0)=-119.5295 X/ma ;

Substancel AH®H*/mol |AS°H,/molikl AG®H, % mol
H2SO4 -814,0 156,9 -690,0 |CRC;
H2S04 formation| -84,04 |Gh2s0s=AG°H2504+GsrombisksT 2AGoo+ Ghizgast GH20=-84,04 “/ro;
H2S04 pKa1=-2,8| -415.04 |GH2s504=GHs04-+GH30-(AGeqH2504+GH20)=-415,04 X/ma;
HSO4 -887,3 131,8 -755,9 |CRC
HSO4 - pKa1=-2,8| -264,06 |GHsos-=AGegH2504-GH3o+(GHzsoa+GH20)=-264,06 ¥/mol;
HSO4 - pKa2=1,99| -595,068 |GHs04-=Gso42-+GH30-(AGeqHso4+GH20)=-595,068 “/mol;
HSO4 formation | -192,74 |GHso4=AG°Hs04+Gsrombisks+2AG02+GH2gas/2=-192,74 K/mor;
HSO4 | E°wsoz= | 0,10726 | -192,74 GHs04-=AGeqHs03 -3GH30+(GH2503+4GH20)=-192,74 K/moi ;
SO4% -907,62 -536,2 -747,75 |BioTherm2006; AG sos-=AH-T*AS=-907,62-298,15*-0,5362=-747,75 “/mi;
SO4% - formation -227,39  |Gs0s=AG°sosrorm+Gerombiskst2AGor=-747,75-85,64+2*303=-227,39 W/no;
SO4* - pPKa2=1,99| -416,74 |Gso42-=AGeqrsos-GHao+(GHsos-+GH20)=-416,74 X/moi;
SO4* | E°nsoz= | 0,10726 | -119,53 |Gsos=AGeqHs03--3GHao+(GHsoz+4GH20)=-119,5295 K/mol;
S04% E°sos2 = -1,2522 | -213,4 |Gsos2-=AGeqs032-0H-GH20+(Gs032-+2GoH)=-213,4 X/mol ;
S04 -909,3 20,1 -7445 |CRC
SO29 | —296,81 248,223 | -370,82 AGH=AHH-T*ASH=-296,81-298,15*0, 248223=-370,82 X/mol ;
SO0 formation | -153,46 Gs02=AG°sozrorm+(GsrombiskstG02)=-153,46 K/mol;
SOy%8s AGKsp:8,827 0,028413 | -81,735 AGS02=Gras0s-(AGspHzsos+Grz0)=-72,9075-(8,82727+0)=-81,73477 I(‘]/mol;
H2SOs3 formation | -72,9075 | GH2503=AG n2sosForm+(G-rombisks1,5AG 02+ Gragas)=-72,9075 K/mar;
H2S03 pKa1=1,85| -72,9075 GH2503aq=-74,84+22,44-(20,5075+0)=-72,9075 K/mo;
H2SOs | E°hsoz =  0,10726 | -146,118 | GH2503=GHso4 +3GHzo-(AGeqrsoz +4GH20)=-146,11796 X/mol ;
HSOs formation -74,84 Ghs03=AG°Hso3t+G rombisks+1,SAGOZ+GHZgas/2:'74,84 K ot
HSOs pKa=7,21| -150,2 GHs03-2¢=-121,52+22,44-(51,1+0)=-150,2 K/mar;
HSOs3 | E°nsoz = | 0,10726 | -72,9075 GHs03=Gs04+3GH30-(AGeqHs03-+4GH20)=-72,9075 X/mol ;
HSOs- -635,5 -29 -486,5 |CRC
SOz -632,19 -474,05 | -490,38 |BioTherm2006 AGH_soz>-=AHH-T*ASH=-632,1888-298,15*-0,47405=-490,85 X/mai;
SO3z* - formation| -121,52 Gs03=AGFrorm=AG°s03+Gsrombisks+1,5AG0o2= -121,52 K/mo;
SO03% | E°sos2-on= | -1,2522 | -126,48 Gs032-=Gs042-+GH20-(AGeqs032-0H +2GoH)= -126,483 K/ma ;

GH2503=AG HzsosForm+ (G rombict+1.5AG o2+ Grizgas)=-72.9075 ¥/mo;
SO32+20H=S042+H20+2¢e"; pH > 7 ; E°so42-=-1.2522 V Suchotina
E°so32-on=E°+0.10166+0.0591/2*Ig(1/[H20])=-0.93+0.10166+0.02955*Ig(1/55.3)-0.37239=-1.2522 V;
2. 2.
E SO32—OH:E°SO32—OH+@°IOg Eg;‘z_}% =-1.2522 V+@ *log Eg;}%
AGeqso42-0H=E°s032-0H*F*2=-1.2522*96485%*2=-241.637 Y/mol ;
AGegsosz oH=Gsosz +Grzo-(Gsosz +2GonH)=-213.4+0-(-126.483+2*77.36)=-241.637 W/moi ;
Gs032-=Gs042-+GH20-(AGeqso32-0H +2Gon)=-213.4+0-(-241.637+2*77.36)= -126.483 K/mo ;
Gs042-=AGeqs032-0H-GH20+(Gs032-+2GoH)=-241.637-0+(-126.483+2*77.36)= -213.4 X/mol ;
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Metal/insoluble salt/ solution of salt ions Il-type electrode
K*ClI- solution, counter-ions Cl- of AgCl insoluble salt. Nernst’s

EMF

&

Mell

half reactions for silver metal Ag. Electric potential in volt
measurement by couple of electrodes Electric Motion Force
EMF in Volts. Between two electrodes Mel Indicator electrode
and Mell Reference electrode on electric circuit linked can be
expressed Mel Indicator El as sum: EI=EMF+EII. Indicator
electrode EI —has reactivity with solution that electrode of
investigations, Standard reference electrode EIl =constant,
because chloride concentration is constant.

Ag(s)+H20=Ag*+e"; absolute standard potential E°A¢g=0.6317 V; Kortly, Shucha ; [18]
Eagiag+=E°-0.0591/1*Ig(1/[H20]!)+0.10166-0.37239=0.7994-0.0591/1*Ig(1/55.3"1)+0.10166-0.37239=0.6317 V;
AGeq_ag=E°Aq*F*2=0.6317*96485*1=60.95 “/mol. AGeq As=Gag+-(GagtGH20)=77.1-(Gag+0)=60.95 ¥/o ;
Gag=Gag+(AGeq_agtGH20)=77.1-(60.95+0)=16.15 K3/ mol;
Gag=Gag+(AGeq_Ag+GH20)=103,8-(60,95+0)=42,85 K/mol;
Gag+=AGeq_ast(Gag+GH20)=60.95+(42.855+0)=103.8 K/mol ;
Solubility equilibrium in mol fractions AgCI(s)+2H20=Ag*+ClI-; AgCI(s)+2H20-Cl-=Ag* absolute constant :
K absoluteagci=Kspagel/[H20172=[Ag*]*[CI-]/[AgCI(s))/[H20]"2=1.77*107(10/55,3/2=5.79*1014 ;
AGabsoluteagei=-ReTeIn (K absoluteaget) =-8.3144*298.15*In(5.788* 10" (-14)=75.559 K/l
AGspagei=Gag++Gcel--(Gagei+2GH20)=103,8-183,955-(-155,714+2*0)=75,559 K/mo ;
Gagel=Gag++Gei--(AGspagei+2GH20)=103,8-183,955-(75,559+2*0)=-155,714 K/mo ;
compensate solubility water molecule on summary Ag(s)+H20=Ag*+e"; Ag(s)+H20+CI-=AgCI(s)+2H20+e";
reaction Ag(s)+Cl-=AgClI(s)+H20+e- with absolute standard potential E°agagci=-0.1514 V of
[CI]=0.1 M=[K*CI] potassium chloride solution; [18]
Eagiagci=E°-0.0591/1*1g([H.0]*)+0.10166-0.37239=0.2223-0.0591/1*Ig(55.3"1)+0.10166-0.37239=-0.1514 V;
AGeq_Ag=E°Ag*F*1=-0.1514*96485*1=-14.61 K/moal,

AGeq_Ag=Gagci+GH20-(Gag+Gcl-)=-155.71+0-(Gag-183.955)=-14.61 K/moi ;

Gag=Gagci+GH20-(AGeq Ag+Gcel-)=-155.71+0-(-14.61-183.955)=42.855 K/mo ;
Solubility NHsgas and Ag compensate each one water molecule in Nernst’s half reaction products
NHsgastH20=NHzaq;Ag+H20=Ag*+e"; Ag+H20+2NH3zaq=Ag(NHz3)2*+2H20+¢;
Ag+2NHsag=Ag(NH3)2*+ H20+e"; absolute potential E°ag/agn3)2+=0.000725 V; Suchotina classic E°=0.373 V;,
E°agagnH3)2+=E°-0.0591/1*Ig([H20]*)+0.10166-0.3=0.373-0.0591/1*1g(55.3"1)+0.10166-0.37239=-0.000725 V;
AGAagiag(NH3)2+=E°ag/ag(NH3)2+°F+1=-0.000725*96485*1=-0.06995 XI/moI;
Gag(NH3)2+=AGAg/Ag(NH3)2+-GH20+(GAg+2 GNH3ag)=-0.06995-0+(42.855-2*91.1)=-139.415 K/ma;
2Ag+20H=Ag20(s)+H20+2e"; absolute potential E°2ag/ag20=0.02277 V; Suchotina classic E°=0.345 V;
E°2agiag20=E°-0.0591/2*1g([H20]%)+0.10166-0.37239=0.345-0.0591/2*Ig(55.3"1)+0.10166-0.37239=0.02277 V
AGAag/ag20=E°Ag/ag20°F+2=0.02277*96485*2=4.394 K/mor;
AGagiag20=Gag20+GH20-(2GAg+2Gon)=Gagz0+0-(2*42.855-2*77.36)= 4.394 X/moi ;
Gag20=AGag/ag20-GH20+(2GAg+2Gon)=4.394-0+(2*42.855-2*77.36)=-64.616 K/moi ;

Ag(NH,)3 .
EoAg/Ag(NH3)2+:0,000725 V+ [Ag]'([E\'Hg:E]'Z'E);Q}(NHs);])z E°2Ag/Ag2020,02277 V+ [[ﬁg]zzogg:]?]
Viela AH®H I(“]/mol ﬁs H AG°®H ,kJ/moI
mol/K
Ag - - 16.15 Gag=Gag+-(AGeq_ag+GH20)=77.1-(60.95+0)=16.15 X/mql;
Ag E°agiag+= |-0,6317 V| 42,85 |Gag=Gag+-(AGeq_ag+GH20)=103,8-(60,95+0)=42,85 K/moI;
Ag E°agiagei= |-0.1514 V| 42.855 |Gag= GagertGrzo-(AGeq Ag+Gei-)=-155.71+0-(-14.51-183.955)=42.855 K fmol;
Ag+ 105.6 72.7 77.1 |CRC;
Ag+ E°ag= 0.6317V| 103.8 |Gag+=AGeq Ast+(Gag+GH20)=60.95+(42.855+0)=103.8 K/mo ;
AgCI(s) -127.01 96.25 -155.71 | AGagci=AHH-T*ASH=-127.01-298.15*0.09625=-155.71 K/mol;
Cl- -167.08 56.6 -183.955 | AGcl-=AHH-T*ASH=-167.08-298.15*0.0566=-183.955 X/mo;
AQ(NH3)2*  E°agnmape+  |-0.000725| -139.415 |GagnH3)2+=AGagiagNH3)2+-GH20+(Gag+2GNHzag) =-139.415 K/mor;
AgClI - - -155.71 BioThermodynamic 2006
AgCl AGspagel= | Kspagei= | -155,714 |Gagei=Gag++Gel--(AGspagci+2GH20)=-155,714 K/mo;
Cl- - - -183.955 BioThermodynamic 2006
Ag20(s) -31.1 121.3 -11.2 |CRC,;
Ag20(s) | E°agago= [0.02277V| -64.616 Gag20=AGagAg20-GH20+(2GAg+2Gon)=-64.616 X/mol;
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Nernst’s potential studies Hg/Hg2?*/Hg?*, Hg2Cl2, Hg2SO4(s), HgO accounting hydroxonium H3O*, water H20.

(E°H202aqred-E°Hgo) *F*N=(0.5278+0.22318)=0.7510V

GHg=Geqredox_2H202-Go2aquat(GHgo+GH202)=35.885 K/mol ;

GHg=(GHg2c12+GH20-(2Gcl-+AGeq_Hg2ci2))/2=35.8 K/moa;

Substance] AH°H,%/mol  |AS°H, /molik|AG°H,X mol
Hg HgO ; H20: 75.9 35.885
Hg E°Hgcie=  [-0.1059 V| 35.8

Hg2* -166.87 66.74 -146.97
ng2+ E°HgHg2o+= | 0.6888 V | 204.52
Hg2* -170.21 -36.19 -

Hg2S04s) -743.1 200.7 -625.8

Hg2SO4(s)|K absoluteHgesos=| 10"(-9673) | -598.44

SO4? -907.62 -536.2 | -747.75
S04 E°Hgesos= | 0.2918 V | -726.54
SO4? -909.3 20.1 -744.5
Hg2Cla(s) -265.37 191.6 -210.7
Hg2Clzs) E°Hgci2= -0.1059 V| 197.76
Hg2Clos)|  E°Hgee=  |-0.1059 V| 255.1
HgClz) -224.3 146 -178.6
Cl- -167.08 56.6 -183.955
Cl- KAbsquteHgZCIZz 107231 | -112.825
HgOs) -99.79 70.25 | -60.3675
HgOgs) -90.8 70.3 -58.5
HgO(s) - formation | 142.3
HgOgs) E°Hgo= 0.22423 V| 147.15

AGHg22+=AHH-T*ASH=-166.87-298.15*0.06674=-146.97 K/ma;
Ghg22+=AGeq g+ (2Gng+Griz0)=132.92+(2*35.702+0)=204.32 Yo
CRC
CRC
GHg2504=GHg22++Gs042--(AGeqHg2s04+2GH20)=-598.44 K/mor;
Biochem. Thermodynamic 2006 Massachusetts Technology Inst.
Gs04=GHg2504-(2GHg+AGeq_Hg2504)=-726.54 X/mol
CRC
CRC
GHgaci2(s)=AGC°Hgacizrorm+(GHg22++2*Gc1)=197.76 K/mol;
GHg2c12=AGeq_Hgzc12-2GH20+(2Gcl-+2GHg)=255.1 K/mol;
CRC
AGcl-=AHH-T*ASH=-167.08-298.15*0.0566=-183.955 k/moi;
Gel-=(-GHg22++AGegHgzci2+(GHgzci2+3GH20))/2=-112.825 K/mol;
AGHgo=AHH-T*ASH=-99.79-298.15*0.07025=2%-60.3675 ¥/mol;
CRC AGHgo=-58.5 K/mol;
2GHgo=2AGHgo+(2*GHg+G02)=2%142.2 X/mol

GHgo=AGeqHgo-2GH20+(GHg+2Gon)=147.15 K/mor;

2Hg+H20=Hg22*+2¢"; absolute standard potential E°Hg=0.6888 V; Kortly, Shucha ; [18]
E°Hg=E°-0.0591/2*1g(1/[H20]%) +0.10166- 0.3713=0.907-0.0591/2*1g(1/55.3") +0.10166-0.37239=0.6888 V;
AGeq_Hg=E°Hg*F+2=0.6888%96485*2=132.92 K)/mo|,

AGeq_Hg=GHg22+-(2GHg+GH20)=GHg22+-(2*35.8+0)=204.52-(2*35.8+0)=132.92 K/mo1 ;

GHg22+=AGeq_Hg+(2GHg+GH20)=132.92+(2*35.8+0)=204.52 Kfmol ;

Solubility equilibrium Hg2Clz)+3H20=Hg22*+2Cl-; 2Hg+H20=Hg.2*+2e"; absolute solubility constant :

K absoluteHg2c12=KspHgci2/[H20]73=[Hg22*]*[CI]2/[Hg2Cl2s)]/[H20]"3=1.43*10/(18)/1/55.3"3=10-231;
AGegHgzci2=-ReTeIn(K absoluteHg2c12)=-8.314*298.15*In (10/-23-1)=131.85 k/mo;
AGHg2c12=GHg22++2Gcl--(GHg2ci2+3GH20)=204.52+2G-(276.61+3*0)=204.52+2*101.97-(276.61+3*0)=131.85 k¥/mol;

Gel-=(-GHg22++AGeqgHgzci2+(GHgzci2+3GH20))/2=(-204.52+131.85+(276.61+3*0))/2=101.97 K/mol;

Hg22*+2Cl-=Hg2Clz(s); GHgzciz(=AG°Hgzcizrorm*+(GHg22++2*Gel-)=-210.7+(204.52+2*101.97)=197.76 Y/mol;

Formation Hg22*+2Cl"; Grgzci2s)=GHgzciz(s)-(GHg22++2*Gel)=276.61-(204.52+2*101.97)=-131.85 X/mo;
2Hg+2CIl-=Hg2Cl2s)+2H20+2¢"; absolute standard potential E°Hgci2=-0.1059 V; Suchotina ; [18]
E°Hgci2=E°-0.0591/2*1g([H20]%)+0.10166-0.37239=0.2678-0.0591/2*1g(55.3"?)+0.10166-0.37239=-0.1059 V;

AGeq_Hg2c12=E°Hg2ci2eF+2=-0.1059%96485*2=-20.44 X/,

AGeq_Hg2c12=GHg2ci2+2GH20-(2Gcl-+2GHg)= 255.1+2*0-(2*101.97+2*35.8)=-20.44 K/moi ;

GHg2c12=AGeq_Hg2c12-2GH20+(2Gcl-+2GHg)=-20.44-2*0+(2*101.97+2*35.8)=255.1 K/mo ;

GHy=(GHgzci2+GH20-(2Gcl-+AGeq_Hgaci2))/2=(255.1+0-(2*101.97-20.44))/2=35.8 K/moi ;

Solubility equilibrium Hg2SO4s)+2H20=Hg2?*+S04%; 2Hg+2H20=Hg2?*+2e"; absolute solubility constant:
K absoluteHg2s04=KspHg2so4/ [H20]"2=[Hg22*]*[S042-]/[Hg2S O4(5))/[[H20]"2=6.5*10"(1/1/55.3"2=10-9673;
AGeqHg2s04=-ReTeIn(K absoluteHg2s04)=-8.314*298.15*In(10/(-9-673))=55.21 KI/mar;

AGeqgHg2s04=GHg22++Gs042--(GHg2504+2 GH20)=209.09-747.75-(GHg2s04+2*0)=55.21 K/mol;

GHg2504=GHg22++Gs042--(AGeqgHg2so4+2 GH20)=209.09-747.75-(55.21+2*0)=-593.87 “/mol;

Hg2SOu4(s)+2H20=Hg2?*+S042-; 2Hg+H20=Hg.?*+2¢";

Hg2SO4(s)+2H20-SO42=Hg2?*; 2Hg+H20=Hg22*+2e"; 2Hg+H20=Hg2S04(5)+2H20-S042+2¢";

2Hg+S042=Hg2S04¢s)+H20+2e; absolute standard potential E°Hgs04=0.291772 V; Kortly, Shucha ; [18]
E°Hgs04=E°-0.0591/2*Ig([H20]") +0.10166-0.37239=0.614-0.0591/2*Ig(55.3"1) +0.10166-0.37239=0.2918 V;
AGeq_Hgs04=E°Hgso4°F+2=0.291772*96485*2=56.30 “/mol,
AGeq_Hg2504=GHg2s04-(2GHg+Gs04)=-593.87-(2*35.7+Gs04)=56.30K/mol ;
G504=GHg2504-(2GHg+AGeq_Hg2s04)=-593.87-(2*35.7+56.3)=-721.57 K/mo1 ;
Formation 2Hg+02 aqua=2HgO; ZGHgO:2AGHgO+(2*GHg+GOZ)=2*-58.5+(2*35.8+330):2*142.3k‘]/m0|;

14



Formation 2Hg+02 aqua=2HgO; 2AGHgo=2GHgo-(2*35.7+330)=2*-58.5=-117 K/mmo;
2GHg0=2AGHgo+(2*GHg+Go02)=2*-58.5+(2*35.7+330)=2*142.2 K/ma;
AGegHgo=GHgo+2GH20-(GHg+2GoH)=-58.5+2*0-(35.7+2*77.36)=-53.20 X/mol
Hg+20H=HgO+H20+2e-, Nernst’s absolute standard potential E°1go=-0.2242 V;
E°hgo=E°-0.0591/2*Ig([H20])+0.10166-0.37239=0.098-0.0591/2*1g(55.3"1)+0.10166-0.37239=-0.22423 V,
AGeqHgo=E°Hgo*F*n=-0.22423*96485*2=-43.27 X/mol ;
AGegHgo=GHgo+GH20-(GHg+2Gon)=GHgo+0-(35.8+2*77.36) =147.25+0-(35.8+2*77.36)=-43.27 K/ma;
GHgo=AGeqHgo-GH20+(GHg+2GoH)=-43.27-0+(35.8+2*77.36)=147.25 K/moI;

Reduction HgO+2H20+2e=Hg+20H-

, iInverse standard potential -E°ngo=0.22423 V.

Oxidation H202aquat2H20=02aquat2H30*+2e" Nernst’s absolute standard potential E°redH202=0.5278 V;
HgO+2H20+2e-+H202aquat2H20=Hg+20H"+O2aquat2H30*+2¢";
HgO+H202aquat4H20=Hg+O2aquat(20H+2H30*); HJO+H202aquat4H20=Hg+O2aquat+(4H20);

Summary: HgO+H202aqua=Hg+O2aqua Catalase; Gr202=279.285 X/mol;
AGeqredox_2H202=(E°H202aqred-E °Hgo) *F*n=(0.5278+0.22318)*96485*2=(0.7510)*96485*2=144.9166 K/moi ;
AGeqgredox_2H202=GHg+G02aqua-(GHgo+ GH202)=35,7+330-(-58.5+279.285)=144.9166 Kol ;

HgO ; GHg=Gegredox 2H202-Go2aguat(GHgo+GH202)=144.9166-330+(-58.5+279.285)= 35.70 K/mol ;

Biochem. Thermodynamic 2006 Massachusetts Technology inst.

Grb=Gpb2+-(AGeqgpb | Pb2++GH20)=-415.895-(-66.42+0)=-349.07 K3 mol;

Gpb2+=Gpbo2+4GH3ao+-(AGeqpho2 | pb2++6GH20)=-415.69 X/ma;

AG°po2+=AH°H-T*AS°H=0.92-298.15*0.0185=-4.596 X/mo ;

CRC

Gprbo2=AGeqpbo2,Pb2+-4GH30++(Gpb2++6GH20)=-217.3 K/mol;

Gai=Gaiz+(AGegaaz++GH20)=-441.5-(-549.5+0)=108 k¥/mol;

AG°po2+=AH°H-T*AS°H=-538.4-298.15*-0.325=-441.5 K/mo ;

GH2A103=AGeqH2A103a1-GH20+(GAI+4GoH)=-345.29 K/mar;

Substance AHOH,kJ/mol ASOH,‘]/moI/KAGOH,kJ/mOI
Pb E°pbipbo+= |-0.34523 V| -349.07
Pb - 64.8 -
Pb2*  |E°pho2 pb2+=|1.49326 V| -415.69
Pb2* 0.92 18.5 -4.596
PbO| -277.4 68.6 -217.3
PbO2| |E°pbo2ipbo+=[1.49326 V| -217.3
Al - 28.3 -
Al | E°avaiz+= |-1.8984V | 108
Al -538.4 -325 -441.5
H2AlO3 |E°H2aiosai=| -2.63506 | -345.29
NaAlO.|| -1133.2 70.4

CRC

Pb?* +6H20=PbO(s)+4H30*+2¢"; Nernst’s half reaction absolute standard potential E°pr02=1.49326 V;
E°pbo2=E°-0.0591/2*Ig(1/[H20]%)+0.10166-0.37239=1.455-0.0591/2*1g(1/55.3"%)+0.10166-0.37239=1.49326 V;

AGeqpbo2|Pb2+=E°ph02 | Pb2+*F*3=1.49326*96485*3=288.15 K/mo;

AGeqpbo2|Pb2+=Gpbo2+4GH3o+-(Gpb2++6GH20)=-217.3+4*22.44-(-415.69+6*0)=288.15 K/mo;

Gpb02=AGeqpbo? Pb2+-AGH30++(Gpb2++6GH20)=288.15-4*22.44+(-415.69+6*0)=-217.3 K/moi;

Gpb2+=Gpbo2+4GH30+-(AGeqpho2 P2+ +6GH20)=-217.3+4*22.44-(288.15+6*0)=-415.69 K/mol;

Epbo2/Pb2+=E°pbo2 Pr2++ '2

g [sz+].[H20]6 =14674 V+==

[Pb 02”'[H30+]4 [Pb Oz”'[H3O+]4

12 by 08

Pb+H20=Pb?* +2e; pH<7 Nernst’s half reaction absolute standard potential E°pbro2+=-0.3452 V;

E °pbipb2+=E°-0.0591/2*Ig(1/[H.0])+0.10166-0.37239=-1.26-0.0591/2*Ig(1/55.3"1)+0.10166-0.37239=-0.3452 V/;
AGegpbpb2+=E°pb b2+ *F*N=-0.34523*96485*2=-66.62 K/mol ;
AGeqpb|Pb2+=Gpb2+-(GPb+GH20)=-415.69-(Gpp+0)= -71.59=-66.62 K¥/mol;
Gprb=Gpb2+-(AGeqpb|pb2++GH20)=-415.69-(-66.62+0)=-349.07 X/mo;

Al+ H20=Al**+3e"; CRC Nernst’s half reaction absolute standard potential E°pp/pb2+=-1.8984 V;
E°anaiz+=E°-0.0591/2*Ig(1/[H.0])+0.10166-0.37239=-1.662-0.0591/3*1g(1/55.3"1)+0.10166-0.37239=-1.8984 V;
AGeqanaiz+=E°aiaiz+*Fe3=-1.8984*96485*3=-549.5 kI/mol;
AGegaiaiz+=Gaiz+-(Gai+Grz0)=-441.5-(108+0)=-549.5 X/mai;
Gai=Gaiz+(AGegana++GH20)=-441.5-(-549.5+0)=108 k¥/mol;

Al+40H=H2AlO3+H20+3¢";

CRC Nernst’s half reaction absolute standard potential E°H2al03-Al

=-2.63506 V;

E°H2a103-AI=E°-0.0591/2*1g([H-0])+0.10166-0.37239=-2.33-0.0591/3*Ig(55.3"1)+0.10166-0.37239=-2.63506 V;
AGeqH2A103AI=E°H2a103a1° F*3=-2.63506*96485*3=-762.73 K/mol;
AGeqn2a103A1=GH2A103+GH20-(GAI+4Gor)=-345.29+0-(108+4*77.36)=-762.73 K/mol;
GH2a103=AGegH2a103a1-GH20+(GAaI+4Gon) =-762.73-0+(108+4*77.36)=-345.29 X/ma;

Eaioz-/a=E°ai02-/a1,+

00591

[H2AI O3}HH ,O]

0.0591 ,, [HoAIO3}H,0] |

=-2.63506 V+ ——=

[Al]-[OHT#

[al]-[on]4
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High rate protolysis peroxide anions H*+HOO><"OOH+H* collision activation energy is high Ea=79000 Yo 0pposite
HOO=> collision activation energy Ea=29 /i is small. Elongation in peroxisomes produce essential ®=6, =3
fatty acids, oxygen, water and heat: 2H202(aq)<=>02aquat2H20+Q+AGH ;
Red: H202+2H20=02+2H30%+2e" ; E°rRed=E°RedH202=0.5268 V Nernst’s absolute potential Alberta University;
Ox: H202+2H30*+2e=4H20 ; -E° oxH202=-1.7113 V inverse standard potential Suhotina ;
AGegstandarta 2H202=(E°H202agRed-E *H202aq0x) *F*N=(0.5268-1.7113)*96485*2=(-1.1845)*96485*2=-228.57 K/mol ;
AGaiberty 2H202=Go2aqua+2* GH20-2* GH202=330+2*0-2*GH202=-228.57 K/mo1; exoergic
GH202=(Gozaqua+2*GH20+AGAlberty_2+202)/2=(330+2*0+228.57)/2=558.57/2=279.285 X/mo;
Kegstandart= [Oil aqua-][zH 201% =Knaoo=exp(-AGeq/R/T)=exp(228573/8.3144/298.15)=1.11*10%........
H 0, Jaqua
Half reactions RedOx Nernst’s reduction and oxidation electrons balance 2 ¢ at pH=7.36, [Oaq]=6*10-° M.
Ered=E°H202+0.0591/2¢1g([Oaqua] *[H30 *]2/[H20:]/[H20]2)=0.5268+0.0591/2*Ig(6*10"¢5)*10"7:36*2)/1/55.32)=-0.13493 V/;
Eox=-E°H2020x+0.0591/2¢log([H202]*[H30 *]#/[H20]%)=-1.7113+0.0591/2*Ig(1*10"(-7-36*2)/55,3"4)=-1.0703 V;
Energy change is AGHomeostasisz(ERed-EoOx)*F*n:(-O.13493-1.0703)*96485*2:(-1.2062)*96485*2:-232.76 kJ/mol;
GHomeostasisH202= GOZBiochem_arteriaj+2*GHZOBioChemistry-AGAIberty)/2=(88.04+2*85.64+232.76)/2:246.04 K3/ mol

SUbStanceAHoH,kJ/molASOH,J/mOI/KAGOH,k‘]/mol GH202=279.285 I(J/mol; GHo0-=333.866 I(‘]/mol;
HsO* | -285.81 | -3.854 | -213.275 |AG® H3o +,X/mor Mischenko 1972, Himia, Leningrad [26]
OZaqua -11.715 110.876 16.4 CRC 2010; GOZaqua=330 I(J/mol ; GH20=0 I(J/mol;

O2aqua | -11.70 -94.2 16.40 AHHess=AH°02+2AHH20-2AHH202=-201.02.....=-201.06......K/mol
H2O | -285.85 | 69.9565 | -237.191| =-11.7-2*286.65-(2*-191.99)=-201.02......X/mo eksotermiska..
H2O | -286.65 | -453.188 | -151.549 =-11.7-2*285.85-(2*-191.17)=-201.06......</mol

H202(aq)| -191.99 | -481.688 | -48.39 |Biochem. Thermodynamic 2006 Massachusetts Technology Inst.
H202(@aq) | -191.17 143.9 -134.03 [University Alberta 1997.

H202aq Formation| -48.39 340.25 GH202aq:AGH202AIberty+(GOZgas+GHZgas+GH20)=340.25 K3 fmol;

H202aq |Formation| -134.03 254.61 GH202aq:AGH202AIberty+(GOZgas+GHZgas+GH20):254.61 K3/ mol;

H202(ag) |AE hoozredox| -1.1845 | 279.285 GH202=(Go2aquat2*GH20+AGAlberty_2+H202)/2=558.57/2=279.285 K3/ mor;

HOO- |pKa=11.75| 77.016 | 333.866 |GHoO-=-GH30++AGaH202+( GH202+GH20)=333.866 “/mol;

H2O21 | -237.129 | 69.91 | -237.129 |[CRC

H202+H20=H30*+HOO"; pKa=11.75; GH202=279.29 K/mol; GHo0-=333.866 K/mo;
AGar202=-ReTeIn(Ka/[H20])=-8.3144*298.15*In(10"(11.75)/55,3)=-8.3144+298.15%-31.07=77.016 K/mo;
AGar202=GH30++GHo0--( GH202+GH20)=22.44+GHo0--(279.29+0)=77.016 X/mol;

GHo0-=-GH30++AGaH202+( GH202+GH20)=-22.44+77.016+(279.29+0)=333.866 “/mal;
HOO +H20=02aquatH30*+2e"; Absolute peroxide anion standard potential is E°NemstHo0-=0.09625 Volts.
AGNemstH00-=G0o2aquatGH3o+-(GHoo-+GH20)=330+22.44-(333.866+0)=18.574 X/mol;
Absolute Nernst’s reaction standard potential is E°NernstHoo-=AGnernstHoo-/F/1=18574/96485/2=0.09625 V.
E°Hooox=E°-0.0591/2*1g(1/[H20]%)+0.10166-0.37=0.31548-0.02955*1g(1/55.3"1)+0.10166-0.37239=0.09625 V;
E°Hoo-=E°+ 0.372=0.09625+0.37239=0.46864 V; E°Hoo-=0.46864-0.10166=0.36698 V; A B o
E°Hoo.=0.36698+0.0591/2*log(1/55.3"1)=0.31548 V/; AGHamecszsis=-232.76 ol
Exothermic and exoergic H20: (aq) dismutation Hesa free energy change AGaiberty 2H202  f==---------
-246 X/mol and in Homeostasis AGHomeostasis -232.76 ¥/mol is negative, but minimized
AGegstandart=-228.6 K/mol reaching standard equilibrium mixture constant Keq=1.11*104°.
Le Chatelier principle is Prigogine attractor as free energy change minimum AGnmin
reaching. High rate protolysis attractors pH=7.36, oxygen 20.95% in air stay at AL
equilibrium, while homeostasis irreversibly continues, as are non equilibrium state.

Prigogine attractors are Nobel Prize in Chemistry 1977%. CATALASE erase peroxide Ny

molecules H202 reaching 100% efficiency for =6, »=3 fatty acids C20:4 elongation  |AGswndar=-228.6 Vo’
synthesis in peroxisomes. CATALASE reactivity is indispensable irreversible : -
homeostasis Brownian molecular engine for evolution and survival. A+A  50% B+2C
Formation from elements Ozgas+H2gas+H20=H202ag; reactants 2H202(aq)
products_Ozaquat2H20
Catalase; GH202aqg=AGH2z02AIberty+(Go2gas+GHzgas+ GH20=)=-134.03+(85.64+303+0)=254.61 X/mo ;
Catalase; GH202a=AGH202AIberty+(Go2gast GHzgast GH20)=-48.39+(85.64+303+0)=340.25 Kfmol ;
475t 54t page [1,8,20] AG univAlberta=-134.03 K mol ; AG” Alberty=-48.39 K mol;
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Solubility N2gas+H20+AG=N2qq increases molar nitrogen energy from Gnzgas=-9.55 K/mol t0 Gn2ag=18.7 K/mol.

Published content of Alberty dissolute nitrogen absolute free energy in one mol is Gnzaqua=18.7 K/mal , if
pure gas mol fraction is one [N2gas]=1. [8] Hundred grams of water dissolute nitrogen gas 0.00175 9/100g_H20
density has 996 g/L.[1] Solubility [N2aqua]=0.00175/100.00175*996=0.01743/28.02=0.01743=10-32% M and the
solubility constant in mole fractions is less than one Ksp=10" (-3206)/[H>O]=10" (-3-206)/55,3=10-4-949, which free
energy change minimum in reaction is
AGsp=-ReTeIn(Ksp)=-8.3144*298.15*In(10/\(-4949))=28.25 KI/mmg|.

Hess law energy change coincides AGspHessn2aqua=Gn2aqua-(Gn2gas+GH20)=18.7-(-9.55+0)=28.25 K/mol within
absolute free energy scale. Mole Gnzgas=Gn2aqua-(AGspHessh2aquat GH20)=18.7-(28.25+0)= -9.55 K/mol contains the
free energy below the zero reference scale for water. Dissolute nitrogen mol of energy content iss positive
GN2aqua=l8.7 K mol. [1,8]

Prigogine energy change in solubility product reaction coincides with Hess law free energy change by data
of Alberty: AGHess_sp_NZaqua:GN2aqua-(GN2gas+GHZO):18.7-(GN2gas -0):28.25 K3/ mol.

Expressed nitrogen gas free energy content on the zero reference scale for water GH20=0 K/mor is negative
GNZgas:GN2aqua-(AGHess_sp_NZaqua+GH20):18.7-(28.25+0):-9.55 Kfmol .
AGspn2aqua=Gn2agua-(GnzgastGH20)=18.7-(-9.55+0)=28.25 K3/ mol; [8]

Substance | AH4moi  [AS°H Y moik  |AGHY mol Gn2gas=2GNH3gas-(2AGHess_NH3gast3*GHzgas)= 107.285 K/mo;
N2gas Gnogas= |form NHz | 107.285 GnN2gas=2%165.6593-(-32.8+3*85.64)=107.285 K/mor; [1,8];
Nog | —10.54 | 981 18.7 Solution Nzag at pH=7.36 [8] .

N2gas N2gas+H20 =N2aq -9.55 GNZQas:GN2aqua'(AGHess_élg_NZaqua+GH20)=18-7'(28-25+0):'9-55 K mol;

Formation from aqua elements N2ag+3H2aq>2NHzags With absolute energy Gnzag=18.7 X/mol; GH2ag=103.24 K/mol
shows exoergic reaction 2AGHess NH3ag=2GnNH3ag-(GN2ag+3*GH2ag)=2*91.1056-(18.7+3*103.24)=-146.2 K/mol. [8]
Formation from elements N2gas+3H2gas>2NHzgas energies Gnzgas=-9.55 K¥/mol ; GH2gas=85.64 K/moi Shows negative
data ZAGHess_NHSgaSZZGNH3gas-(GN2gas+3*GHZgas)ZZGNHSgas-(-g.55+3*85.64):2*-16.4:-32.8 K/mol. Ammonia gas
has energy 2GnHagas=2AGHess_ NH3gas*+(GnN2gas+3* GHagas)=2*-16.4+(-9.55+3%85.64)=-214.57=2*107.285 ¥/ mo|
content. Classically, Hess assumed zero energy for free elements zero values are CRC data exoergic change:
2AGHess_NH3gas:2G°NH39as-(G°N2gas+3*G°H2):2*-16.4-(O+3*O):-32.8 Kol . [1]

Solubility NHsgas+H20=NHasaq; GNHzaqg=91.1 X/mol; Ammonia at pH=7.36 [8]

AHHydration=AH°NH3ag-AH °NH3gas-AH  H20=-132.5608+45.94-286.65=373.3 K mot;
SHydration:ASONH3aqua-AS°NH3gas-AS°HZO:-739.2922-192.77-69.9565:-1002 J/moI/K;
AGHydrations=AHHydrations-T*ASHydrati0n=-373.3-298.15*-1.002:-74.5537 kJ/mol;
Ksp=exp(-AGHydration/R/T)=exp(74553.7/8.3144/298.15)=10136;

Albertius solutions for ammonia at pH=7.36 GnH3ag=91.1056 X/moi and Hess hydration with change in
energy AGHydrations=-74.5537 KI/moi calculate the absolute energy content of the gas NHagas coincidently as
follows: GnH3agas=GnNH3ag-(AGHydrationtGH20)=91.1056-(-74.5537+0)=165.7 K3 /mot; and
GNH3gas=(2AGHess_NH39as+(GN29as+3*GH29as))/2:(-32.8+(107.2+3*85.64))/2:165.7 Ko [1,8] CRC, Alberty
GnH3agas=(AGHess_NH3gas*(GnN2gas+3*GHzgas) )/2=(-32.8+(-9.55+3*85.64))/2=107.285 X/mol;

The energy for the one mol element hydrogen GHzgas=85.64 X/mol, for the gas GnHagas=165.7 K/mol, With
energy of formation 0 -32.8 K/mol Gn2gas=2 GNH3gas-(2AGHess NH3gast3* GHzgas)=2*165.7-(2*-
16.4+3*85.64)=107.28 X/ma calculate the one mol nitrogen gas energy content.

Solubility NHzgas+H20=NHasaq; GNH3ag=91.1 ¥/mol; GnH3gas=107.285 K/mor 0n absolute energy scale is
exoergic to0 AGHydration=GnNH3aq-(GNH3gas+GH20)=91.1056-(107.285+0)=-16.18 X/mol. [1,8] CRC, Alberty
Solubility product is favored Ksp=exp(-AGryadration/R/T)=exp(16179.4/8.3144/298.15)= 683.17 greater as one.

Weak acid GnH4+=50.81 X/mol protolysis progress NH4*+H20=NH3ag+H30*; pKeq=10.99; shows energy
change AGeq=-ReTe*In(Keq)=-8.3144*298.15*In(10"(1099))= GnHaHydration+ GH30-GNH4+-GH20=62.73 ¥/mor , 161
page: AGeq=GnH3aq+GHzo-(GNHa++GH20)=91.1+22.44-GNH4+-0=62.73 K/mol.

Ammonium free energy content is GnHa+=Gnnsag+Grzo-(AGeg+Gr20)=91.1+22.44-62.73-0=50.81 K/l
Protolysis classic acid constant is NHa*=H*+NHsaqua pKa=9.25;

Formation from elements HNO2 AG°HN02=-46 ¥/mol and HNO3 AG®n0s=-250.53 K/mo:
GHNo2=AG°HN02+0.5N2gas+O2gas+0.5H2gas=-46+(0.5*-9.55+303+0.5*85.6)= 295.025 K/moi ;
GNZgas:GN2aqua-(AGHess_élg_NZaqua‘l‘GHZO):18.7-(28.25+0):-9.55 K mol; GH2gas=85.6 kol Alberty ; Go2gas=303 K/ mol;
GNo2Form=AG°N02ag+0.5GN2gas+ Go2gastGH20=-33.01+0.5*-9.55+1*303+0=265.2 K/mo;
GHNO3Form=AG®Hn03+(0.5GN2gast1.5G 02gas+0.5GHagas)=-250.53+(0.5*-9.55+1.5%303)=199.195 K/mol;
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Acid and protolysis equilibrium constant Keq=Ka/[H20] calculate dividing the acid constant by water [H20].
1. 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;
AGegno2=GNo2 +GH30-(GHNo2+GH20)=265.2+22.44-(259.713 +0)=27.927 X/mol;
GNo2-=AGegHN02-GH30+(GHN02+GH20)=27.927+22.44-(259.713 +0)=265.2 X/ma;
GHN02=GN02 +GH30-(AGegHNo2+GH20)=265.2+22.44-(27.927+0)=259.713 X/mol;
2. HNO3+H20=NO3z +H30*;pKa=-1.4; Keq=Ka/[H20]=10"1-4/55,3=0.4542;
AGegHN03=-R*T*In(Keq)=-8.3144*298.15*In(0.4542)=Gno3 +GH3zo-(GHN03+GH20)=1.956 ¥/mol;
AGeqHN03=GN03-+GH3zo-(GHno3+GH20)=340.2+22.44-(360.684+0)=1.956 K/moI;
GHN03=GN03 +GH30-(AGegHNo3+GH20)=340.2+22.44-(1.956+0)=360.7 K/mol;
Gno3 = AGeqHnoz-GH3o+(GHNo3+GH20)=1.956-22.44+(360.684+0)=340.2 K/mo;

GHN02=GN03-+3GH30-(AGegn03+4GH20)=238.42 K/mol;

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

CRC

GHNO2gas=AG°HNO2gas+0.5N 2gas+O2gas+0.5H2gas=295.025 K/ mo

GNOZform=AG°NOZaq+O.5GNzgas+Gozgas+G H20=265.2 k‘]/mol :

GNo2-=AGegHN02-GH30+(GHNo2+GH20)=265.2 X/mo;

BioTherm2006

GN03 =AGeqNH4+H20-10GH30+(GNH4+-13GH20)=580.31 X/mol

Wikiped G°no3 =AHu-T*ASp=-207-298.15*0.146=-250.5886 “/m;

GHNO3F0rm:AG°HN03+(0.SGNzgas‘l'l.SGozgas‘l'O.SGHzgas):199. 195 kJ/moI;

GHN03=GnNo3 +GH30-(AGeqHNo3+GH20)=360.7 K/mol;

Gno3 =AGegNH4+H20-10GH30+(GNH4+-13GH20)=601.06 K/mol;

AG°N03 =AH{—T*ASH=-206.85-298.15*0.1467=-250.5886 “/a;

GNO3Form=AG®Hnozaq*(0-5GNzgast1.5G02gast Grz0)=340.2 K/ mol;

Gno3-= AGeqHN03-GHao+(GHN03+GH20)=340.2 K/mol ;

Gno3 =AGeqno3-0H -GH20+(GNo2 +2GoH)= 359.87 K/mol;

BioTherm2006

CRC

Gogas=Goag-(GH20+AGe)=86.55-(0+25.526)=61.024 /ol ;

GNoag =Gno3-+4GH30-(AGeqno(g)H30++6GH20)=170.52 K/mol;

GNH3gas:AGNH3aq'(AGHydrations+GH20):91.1056'('74.5537+0)=165.7 kJ/mol;

2GnNH3gas=2AGHess_NH3gast(Gn2gast3* GHazgas)= 2*107.285 K mol;

2GNH3gas=2*-16.4+(-9.55+3*85.64)=-214.57=2*107.285 X/mo;

Ammonia pH=7.36 [8] Alberty; NHsaqua formation

GnH3ag=GnNH4++GoH-(AGbeg+GH20)=91.1 K/mor; Wikipedia [28]

Substance | AH®H ¥9/mol |AS°H Ymoiik AG°H ) Kol
HNO:2 | E°Nno3-H30+[=0.8763 V 238.42
HNO2 - pKa=3.15| 259.713
HNO2 -79.5 254.1 -46.0
HNO> - formation| 295.025

NO2 - formation| 265.2
NO2- pKa=3.15 265.2
NO2- -104.19 -238.7 -33.01
NO2- 482.3
HNO3 -207 146 -250.53
HNO3 - formation| 199.195
HNO3 - pKa=-1.4 360.7
NO3~  |E°NH4+H20=[0.7677 V 601.06
NOs3- -206.85 146.7 | -250.5886
NO3- - formation| 340.2
NO3~ - pKa=-1.4 340.2
NOs- E°Nozon -0.3112 V| 359.87
NO3- -204.59 -318.8 -109.55
NOgas 91.3 210.8 87.6
NOgas | Solubility product- | 61.024
NOaq |BioTherm 2006 86.55
Nan EONO(g)H3O+ =0.8963 170.52
N HSgas AGHydration -74.5537 165.7
NH3gas -45.9 192.77 -16.4
NH3aq -132.5608 -739.2922 | 91.1056
NHasaq PKbeq=6.49475 91.1
NH4* pKaeq= 10.99 50.81

GiHas=Giraaq* Grizo-(AGaeq+Giz0) =91.1+22.44-62.73-0=50.81 W/

Protolysis NHzag+H20=NH4"+OH- constant Kbeq= Kb/[H20]=107(-)/55.3=3.20*10"(=10/-64947) pK peq=6.4947
in classic expressed without water account is Ko=[NH4*]*[OH-]/[NH3aq]=10"(4752)=1.77*10"5); pKp=4.752.
Energy accumulates endoergic in products GnHa++Gon-=50.81+77.36=128.17 X/mol ;
AGbeq=-R*T*In(Kbeq)=-8.3144*298.15*In(10"(6-4947))=GnH4++GoH-(GNH3ag+GH20)=37.07 K/mol .
AGHess_beq=GNHa++GoH-(GNH3ag+GH20)=50.81+77.36-(91.1056+0)=37.064 X/ma ;
GnNH3ag=GNH4++GoH-(AGHess_beq+GH20)=50.81+77.36-(37.07+0)=91.1 X/mo ;
The energy expressed for the gas solubility are NHsgas+H20=NHzaq are Gnrsag=91.1 X/mol, GnH3gas=107.3 K/mal.
Weak acid GnH4+=50.81 X/mor protolysis NHa*+H20=NHazag+H30* pKeq=10.99 shows endoergic energy change
positive AGaeg=-R*T*In(Kaeq)=-8.3144*298.15*In(10/10-99)=GnHaHydration+ GH30-GNH4+-GH20=62.73 K/mol .
Ammonium free energy content in one mol is Gra+=Gnn3ag+Grzo-(AGaeqtGhz0)=91.1+22.44-(62.73+0)=50.81 K/ .
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Nernst’s potential NOs~/ NO2~ red-ox system behaving in acidic HzO* water and basic OH- medium
HNO2+4H20=NO3+3H30*+2e"; E°No3-H30+=0.8753 V Kortly, Shucha pH<3.15;

E°Nno3-H30+=E°+0.10166-0.0591/2*1g(1/[H20]%)-0.37239=0.94+0.10166-0.02955*Ig(1/55.3"4) -0.37239 =0.8753
\&

00591, . _IN Og]-[H30+]j —0.8753 v + 0059y [N O;]-[Hg,o+]43
[HNO,][H,O] 2 [HNO,][H,O]
AGegno3=E°N03*F+2=0.8753*96485*2=168.9 K/mo ;
AGegn03=GnN03 +3GH30-(GHN02+4GH20)=340.2+3*22.44-(238.62 +4*0)=168.9 K/mo;
GHN02=GN03 +3GH30-(AGegno3+4GH20)=340.2+3*22.44-(168.9+4*0)=238.62 X/mol;
NO2+20H=NO3 +H20+2e"; E°Nos-H20=-0.3122 V; pH>3.15 Suchotina

E°No3-oH=E°+0.10166-0.0591/2*Ig([H20])-0.37239=0.01+0.10166-0.02955*Ig(55.31) -0.37239 =-0.3122 V;
00591, INOIHH0] _ ) 5799 \/4 00591, INO][H0]

ENo3-oH=E°No03-oH+ 0 2 - : -
2 8 [NO]-[oH ] 2 [NO]-[oH ]2

AGegNo3-0 H=E N03-0 HeF*2=-0.3122*96485*2=-60.245 K/mo|;
AGegN03-0H=GN03 +GH20-(Gno2 +2GoH)=359.675+0-(265.3+2*77.36)=-60.245 K/mo,
Gno3 =AGegNo3-0H -GH20+(GNo2 +2GoH)=-60.2455-0+(265.3+2*77.36)= 359.775 X/mol,
Gno2-= Gno3-+GH20-(AGegnoz-oH+2GoH)=359.675+0-(-60.245+2*77.36)=265.3 X/mo;

Eno3-H30+=E°N03-H30++

NO2+3H20=N0O3s+2H30*+2e-; David Harris; absolute standard potential E°no3=0.7188 V
E°Nno3=E°+0.10166-0.0591/2*Ig([H2013)-0.371339=0.835+0.10166-0.02955*1g(1/55.3"%)-0.371339=0.7188 V

Molarity Mno=30.006 9/mor; solubility NO®©@ 0.00562 9/99.69 20 C ; w%=0.0056/(0.00562+99.6)*100=0.00562%;
product [NOaq]=(0.00562/100*996)/30.006=0.001865 M, if pure gas mol fraction is one [NO@]=1;
Equilibrium NOgas+H20=N0Oaq constant is Keq=[NOag]/[NO©@]/[H20]=0.001865/1/55.3=10"4472),

Equilibrium minimum is AGeq=-ReTeIn(Keq)=-8.3144*298.15*In(10"(4472))=-8,3144298.15¢-10.297=25.526 K/mo

AGeq=GN0ag-(GH20+GN0ogas)=86.55-(0+GNogas)=25.526 K fmol ;
GnNogas=GNoag-(GH20+AGeq)=86.55-(0+25.526)=61.024 K/mor , if equilibrium minimum is AGeq=25.526 K/mo ;

Solubility of gas NOgas compensate water molecule on Nernst’s expression from six 6H20 to five 5H20:
NOag+5H20=N0O3+4H30*+3e"; E°No(g)H30+=0.8609 V; Kortly, Shucha ;
E°No(g)H30+=E°+0.10166-0.0591/3*Ig(1/[H20]°)-0.37239=0.96+0.10166-0.0197*Ig(1/55.3"%)-0.37239=0.8609 V;
o [NOJ[H30'T" [NO:}HHz0*
+= ++0. log —— sl 1 0 +0. log el 1
E No(g)H30+=E°No(g)H30++0.0591/3l0g [NOw T[H 20]6 0.8609 V+0.0197¢<log [NOw T[H 2016

AGegno(g)H30+=E"No(g)H30+*F*3=0.8609*96485*3=249.19 K/mol,
AGeqno(g)H30+=GN03 +4GH30-(GNoag+5GH20)=340.2+4*22.44-(180.77+5*0)=249.19 K/mol,
GNoag =Gno3-+4GH3o-( AGegno(g)H30++5GH20)=340.2+4%22.44-(249.19+5%0)=180.77 K/mol,

NH4*t+13H20=NO3+10H30*+8e"; E°NH4+H20=0.7667 V Suchotina
E°NHa+H20=E°+0.10166-0.0591/8*1g(1/[H20]3)-0.371339=0.87+0.10166-0.00739*Ig(1/55.371%) -0.371339 =0.7667 V;

o MO0 NO 0
= +0. . —=—— 9 = =0, +U. °
ENH4+H20=E°NH4+H20+0.0591/8°log INHH,0] 2 0.7666879 V +0.00739¢log INH] [H,0] 2

AGegNH4+H20=E°NH4+H20°F+8=0.7666879*96485*8=592.56 K/mol,
AGegNH4+H20=GN03 +10GH30-(GNH4+-13GH20)=601.06+10%22.44-(232.9-13*0)=592.56 X/mol,
Gno3 =AGegNH4+H20-10GH30+(GNH4+-13GH20)=592.56-10*22.44+(232.9-13*0)=601.06 “/mol;
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Nernst’s potential studies 5(Pt)H + MnO4 on hydroxonium HzO* and water H20 account

Inverse Nernst’s standard potential: MnO4+8H30*+5e"=Mn2*+12H20 ; -E°Mn2+/Mnos-=-1.4865V.
Twelve water molecules account [H20]=55.3 M=(996_9/1)/(18_9/ma1) increase potential to:
E°Mn2+mnos-=E°-0.0591/5+log(1/[H20]*?)=1.51-0.0591/5*l0g(1/55.3"1?)+0.10166-0.37239=1.4865 V.
Concentration [H20]2 exponent 12 included in classic standard potential Eo =1.51 V as logarithm.
Reductant oxidation Nernst’s: 5(Pt)H + 5H20 = 5H3O* + 5e- ; absolute standard potential E°4=-0.27073 V.
Emnos=-1.4865 V+0.0591/5¢ log([H20]**[Mn?*]/[MnO4]/[H307]8)=;
En=E°n +0,0591°log([H30]/[H20])=-0,27073 V +0,0591<log([H30*]/[H20]) ;

Electrons balancing +ne-=5e-=-ne'summary Red-Ox reaction: MnOs+3H30*+5(Pt)H=Mn?*+7H20;
AGHessPt)H:AGOMn2+7AGono-(AGoMno4+3AG°H30+56(pt)|—|):-228,1+7*-237,191-(3*-213,2746-447,2+5*48,56):'1044,21k‘]/mol;
AGHesscRC=AG w2+ TAGh20-(AG°Mn0s+3AG H30+5/2AG2)=-228,1+7*-237,191-(3*-213,2746-447,2+5%99,13/2)=-1049 K/mql;
AGalberty=AG M2+ TAG 20~ (AG Mnoa+3AG °Hso+5/2Grz) =-228,1+7*-237,191-(3*-213,2746-447,2+5%103,24/2)=-1059,5 K/ mol;
Substan| AH®H,/mol |AS°H, /motik] AG°H,Kmol

H.O | -285.85 | 69.9565 | -237.191 |CRC Handbook of Chemistry.and Physics, 2010. D.Lide
H2O | -286.65 | -453.188 | -151.549 [Biochem. Thermodyn, Alberty, 2006, Massachusetts Techn. Inst.
Hs:O* | -285.81 -3.854 | -213.2746 |AG® H3o +,K/moi Mischenko 1972, Himia, Leningrad [26]
H2(aq) 23.4 -130 99.13

H2(ag) -5.02 -363.92 103.24 |Alberty 2006 Biochem. Thermodyn. Massachusetts Technology Inst.
H(Pt)(aq) - - 48.56 AGeq:-847.7 K/mot ; AGHessoxred= -1044.2 K/l
MnOs | -541.4 -191.2 -447.2
Mnz | 2208 | -736 | -228.1 | AGeq=-847.7 Kot | < | AGiess= -1044.2 Ko | ;
OZaqua -11.7 -94.2 16.4
AGegHMnos=(E°H-E°Mnos-)*Fe15=(-0,27073-1,4865)*96485*5=-1,757*96485*5=-847,7 K/mo .
Keq=eXp(-AGeq HiMnoa/R/T)=exp(847732/8,3144/298,15)=exp(341,96)=101485 ; A

Exothermic and exoergic MnO4- reduction by 5(Pt)H Hess free energy change negative G T
AGHess=AGoxred= -1043.7 X/mo1, but minimizes AGmin=AGeqoxred=-847.7 K/mal reaching

[H,0]" -[Mn*]
equilibrium mixture 101485=Keq= (POHIEMn Oﬂ-[H

+13
30'] )
AGmin=-847.7 ¥/mol

Prigogine attractor is free energy change minimum AGmin reaching. Free energy change —
minimum reaching establishes equilibrium. Equilibrium state is SA+B+3C 50% D+8E
attractor for all infinite non-equilibrium states. reactants_5 PYH+MnO4++3H30

products Mn2*+7H20
MnO2+40H=Mn0O4+2H20+3e; Reductant Nernst’s absolute standard potential: E° mno2/mnos-=0.26465 V,
E° Mno2/Mnos-=E°-0.0591/3<log([ H20]2)+0.10166-0.37239=0.603-0.0591/3*l0g(55.32))+0.10166-0.37239 =0.26465 V;
MnO42=MnOs+e~; Reductant Nernst’s absolute standard potential: E® Mno2mnos-=0.2883 V;
E° Mnoamnoa-=E°-0.0591/3<log([ H20]°)+0.10166-0.37239 =0.558-0.0591/3*l0g(55.3?))+0.10166-0.37239 =0.2883 V;

2) Carbonic anhydrase CA generate free energy from zero Gcoz+2H20=0 K/mol t0 GH30+HC03-=78,52 K/mol.
Solubility in water creates free energy from zero level CO2gas +H20=CO2aqua t0 Gcozaqua=18,38 ¥/mol constant:
Keqcozaqua=[CO2aqua]/[CO2gas]/[H20]=EXP(-Gcozaqua/ R/ T)=EXP(-18382,746/8,3144/298,15)=0,000601808
increasing free energy by AGcozaqua=-Re*TeIn(Keqcozaqua)=-8,3144*298,15*In(0,000601808=18,38 K/mol .
Reaction COzaquat2H20+AG+Q=v1A>H30*+HCOs3" velocity constant is
Kicozaqua=1,5%x108 M~!s~! and protolytic acid CO2aqua equilibrium value of constant is
[HCOg]agua [H30]
[COy] aquar [H20]2 =KegcAHCO3aqua=Ka_cozaqua/[H20]%=10-79512/55 32=2 906*10-11.[9]

CA high rate protolysis constant accumulate free energy in products HzO*+HCOg3" activating its:

AGegcacozaqua=-ReTeIn(Kegcaco2aqua)=-8,3144*298,15*In(2,906*107(-11))/1000=60,14 ¥/moi .
Total free energy increases by activation reaching equilibrium state with high rate protolysis and solubility:
GH30+HC03=GH30++GHc03-=22,44+56,08=Gco2aquat AGeqcaco2aqua=18,38+60,14=78,52 K/mor . [1,8,14]
High rate protolysis attractor is pH=7,36. Deviation from the attractor disrupts the order of irreversible
homeostasis processes, creating disorder and chaos.

20



Carbonic anhydrase CA synthesis indispensable active Biosphere attractor.

The reactivity of carbonic anhydrase and the equilibrium-attractor value of the generated physiological buffer
solution protolysis pH=7.36 is a self-organizing biosphere attractor. The accumulated free energy of the reaction
CO2+2H20 in the products (CO2aqua) H3O*+HCO3™ accumulate free energy Grso++Hcos-=18.38+60.14=78.38
K/mor is necessary for the functional activity of the bicarbonate buffer system for the perfect order of reactions in
the complex processes of irreversible homeostasis.

COz2 no reaction with water H20 at absence of CA. CO: is weak solble and slow react with OH- ions.
Wikipedia [27] mol mas Mco2=44.009 g/mol. Solubility CO2gastH20=CO2aqua 1.45 g/L at 0.99 atm and
at 1 atm mco2=100*1.45/99=1.4646 g/L has concentration [CO2aqua]=mMco2/Mco2=1.4646/44.009=0.03328 M.

Solubility product is Kspcozaqua=[CO2aqua]/[CO2gas]=0.03328 M but equilibrium constant in mol fractions is

KeqCOZaqua=[COZaqua]/[COZgas]/[HZO]ZKspCOZaqua/[HZO]:0.03328 M/55.3 M=0.000601808.
Free energy AGeqcozaqua=-R*T*In(Keqcozaqua)=-8.3144*298.15*In(0.000601808)/1000=18.38 k/mor has minimum
value at solubility equilibrium Gcozaqua=AGeqcozaquat(GcozgastGHz0)=18.38+(0+0)=18.38 K/mol .
From air 0.04 % mol fraction [CO2gas]=0.0004 creates dissolute concentration:
[CO2aqua]=Keqcozaqua*[H20]*[CO2gas]=0.000601808*55.3457*0.0004=0.000753 M.
Carbon dioxide COzaqua reacts with OH- ions times 1016-54 slower as bicarbonate HCOz™ neutralization reaction:
H3O*+HCO3=CO2aquat+2H20, because neutralization velocity constant is k»=5.16885*108 M~2s7!, but OH- ions
CO2aquarOH=HCO3 have velocity constant kion 1.5%102 M—2s71 . Reaction has favored equilibrium constant:
AGHessHc03-=GHco3--(GcozaquatGon-)=56.08-(18.38+77.36)=-39.66 K/mo
k1on-/k2Hco3-=[HCO3)/[CO2aqua]/[[ OH]=Keq Hco3-=EXP(-AGeq Hcos-/R/T) =EXP(39660/8.3144/298.15)=8875.3
and produce exothermic heat Q: AHHess=AH°Hco3-AHco2-AH0n=-48.68 X/mol. Inverse HCO3=CO2aquat+OH-
reaction has kzncos-=kioH-/Keq Hc03-=1.5*10%/8875.3=0.0169 unfavored constant. Decomposition HCO3
=>CO2aquatOH- velocity constant kzncos- is then billion 1010 times slower as CA velocity constant
Kicozaqua=1.5x108 M~1s71, [9]

CA protolytic reactivity creates functional active bicarbonate buffer self-organizing attractor pH=7.36 with
generate concentrations gradients for transport of H3O*, HCO3s", CO2aqua and of Ozaqua, H20 by osmose through
aquaporin channels. [9]

CA high rate protolysis require CO2aqua react with two water molecules:
CO2aquat2H20+AG+Q=Vv1cA>H30*+HCO3", which velocity constant is: kicozaqua=1.5%108 M~1s71.[9]

Neutralization H3O*+HCO3=CO2aqua+2H20 velocity constant is CA independent times 101054 greater about

CA velocity constant: ko/kicozaqua=5.16885*10"18/1.5/10"8=34407299853=10"1054,
CA protolysis equilibrium constant evaluate ratio of velocity constants in expression:
KeqCAHCO3aqua:leOZaqua/kZzKa_COZaqua/[HZO]ZZ10/\('7'0512)/55.3/\2:2.906*10'11:10'10'54.
Bicarbonate buffer acid protolysis constant pKa_cozaqua=7.0512 is friendly to attractor value pH=7.36:
[HCO, Jaqua [H30]
[C 02] agua
obtained and calculated for BUFFER solutions. Hess free energy change is exoergic negative:
AGHess=2AG°H20+AG°c02-(AG°H30+AG Hco3)=2*-237.191-385.98-(-213.2746-544.9688)=-102 X/mo . [1]
Neutralization: H3sO*+HCO3=CO2aquat2H20 constant is inverse to protolysis and favored:
KequutraIizati0n=1/KeqCAHC03aqua=[HCO3']*[HSO+]/[COZaqua]/[HZO]2:]./2.90636/10/\('11): 34407299853.
AGabsolute_Neutralization=2GH20+Gco2qua-GH30-GHco3=2*0+18.38-22.44-56.08=-60.14 K /mor and
enthalpy Hess change in reaction is exothermic: AHness=2AHH20+AHco2-AHH3o-AH Hco3=-7.2 K/mol .
Neutralization is favored reaction. Free energy change on minimum expression is negative:
AGegNeutralization=-R*T*ln(KegNeutratization)=-8.3144+298.15In(34407299853)=-60.14 K /mot, but CO2aqua protolysis
minimum as inverse reaction of neutralization is positive:
AGeqCAHCOSaqurF-R'T'lIl(KeqCA_HCO3aqua)=-8.3 144298.1 5-In(1/34407299853):60. 14 %/mol.
A 1025 A Attractor Fig. 2. Exothermic and exoergic neutralization Hess free energy change
_(:T _________ 2 AGHessNeutralization 1S negative -102 I(J/mol, bet AGegNeutralization=-60.14 K)/mol minimized
reaching equilibrium mixture Keq=34407299853 at presence of CA carbonic
anhydrase. Carbon dioxide reaction with hydroxide anions is slow, because of small
factors: kion=1.5*10%2 M~2s7! velocity constant and concentrations
[CO24qua]=0.0007512 M, [OH"]=10-664 M. Carbonic anhydrase synthesis resolves
AGmin= -60 “/moi perfect order of bioenergetic homeostasis as self-organization attractor. [3.4]
A+B 50 % ciop. Reactants HO*+HCOs, products COzaguat2H20.

Ka cozaqua=KeqcaHcozaqua*[H20]2= =10-70512=10-pKa_CO%qua_Qriginal pKa cozaqua=7.0512 value
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2C02 [ H2C204 / CHagas solubility and protolysis require hydroxonium HzO* and water H20 account.

Formation from free elements of carbon dioxide Cgr+O2gas=CO2gas Standard free energy change is exoergic
negative AGHess coz2gas=-394.36 K/mor. [1] If background level for biochemistry absolute energy scale is zero than
in Hess law for graphite the absolute free energy content is Ggr=AG°Hess cozgas-G02gas=394.36-303.1=91.26 KV/mol.

The standard free energy change for methane formation from free elements Cgr+2H2gas>CHagas [1,8] is
AGHess_cHagas=GcHagas-(Gegrt2* GH2)=GeHagas-(91.26+2*85.64)=-50.5 K/mor and
the free energy content per mole of methane remaining unused from free elements in Hess's law is
GcHagas=AGHess_cHagast(Gegrt2* Ghz)=-50.5+(91.26+2*85.64)=212.04 X/mol.
This allows us to calculate the absolute free energy per mole of the element graphite using Alberty's energy data:
GngrCH4gas=G°CH4gas-AGHess_CH4gaS'2*G°H29as=212.04-(-50.54'2*@):91.26 Kol
which coincides with the zero background of carbon dioxide gas G°co2gas=0 K/mor 0n the absolute energy scale.

Solubility of methane CHagastH20=CHoaaq is 22.7 mg/L and methane molar mas is McH4=16.043 9/mo1. Water
account [H20]=996/18=55.3 M give constant Keq=Ksp/[H20]=0.001414947 M/55.3 M=10/(-4592)_ Alberty given
data calculate solubility energy change AGeqcHagas=GcHdag-(GcHagastGH20)=238.25-(212.04+0)=26.21 K/moi .
GcHaag=AGeqcHa+(GH20+GcH49%)=26.21+(0+212.04)=238.25 X/mol;

Methane solubility [CH4]=0.0227/16.043=0.001414947 M equilibrium absolute free energy change is

AGeg=-ReT*In(Keq)=-8.3144*298.15*In(0.001414947/55.3)=-8.3144298.15¢-6.592=26.21 K/mo .
Equilibrium energy change AGeqcHa=GcHaag-(GH20+GcH49%)=GeHaag-(0+212.04)=26.21 W/mol let us calculate
absolute free energy content for methane in water (aqua): GcHaag=GcHagas+ Gerasp=212.04+26.21=238.25 K/mol;

Substance| AH®H X/mol | AS°H ¥molik |AG°H,mol| AGHac204=AHH-T*ASH=-829.9-298.15*-0.1098=-747.75 ¥/mol;
H20 -285.85 69.9565 | -237.191 |ICRC
HsO* -285.81 -3.854 | -213.2746 |CRC Mischenko 1972, Himia, Leningrad [26]

H2C204cr | -829.9 -109.8 -797.16 |CRC

H2C204¢r | formation 76.96 GH2c204cr=AG°H2c204crForm+(2Gcgrt2 Go2gast GHagas)=76.96 K/ mol;

H2C204aq | AGeq sp= [9.0161 85.976  |GH2c204aq=AGeq_sp*(GH20+GH2c204)=85.976 K/mol;

H2C204aq | E°Hac204= | -0.6577V | 171.78 |GH2c204=2Gc02+2GH30-(AGeqH2c204+2GH20)=171.78 K/mo;
HC204 17.08 PKa2=1.25 | 80.618 |GHc204=AGeqiH2c204-GH30+(GHac204+AGH20)=80.618 X/moi ;
HC204 | E°Hc204= | -0.7092 V | 159.028 |GHc204=2Gco2+GH3o-(AGeqHc204+GH20)=159.028 K/mol;

C204> - - -677.14 |Alberty 2006 Biochem.Thermodyn Massachusetts Techn. Inst.

C204% | 33578 | pKa=4.14 | 91.756 |Gc204=AGeqzHc204-GHzo+(GHc204+GH20)=91.756 K/mol ;

C204% | E°co04= | -0.7607 V | 146.79 |Gc204=2Gco2-(AGeqc204)=2*0-(-146.79)=146.79 K/mo;

CHagas -74.6 186.3 -50.5 |Wikipedia CRC [1]

CHoagas | formation -50.5 212.04  |GcHagas=AGHess_cHagast(Gegrt2*Grz)=212.04 K3/ mot;

CHagas Alberty 2006 120.56  |G°cgrcHagas=GCcHagas-GHess_CH4gas-2* G°H2gas=91.26 I‘J/mol;

CHaag | Solubility 26.21 238.25 |GcHaag= GeHagast Genasp=212.04+26.21=238.25 K mol;

CHasaq | Alberty 2006 136.95 |Alberty 2006 Biochem.Thermodyn Massachusetts Techn. Inst.
Cgr  [packgroundBiochemistry] 91.26  |G°cgroco2=-AG Hess_Co2gas-G°02gaso=394.36-303.1=91.26 K/mol;

CO2gas | -393.509 213.74 -394.359 |CRC [1]

CO2aq | -413.798 | 117.5704 | -385.98 |CRC[1]

CO2aq | E°Hac204= |-0.6577 V -42.90  2Gco2= AGeqH2c204-2GH30+(GH2c204+2GH20)=2*-42.902 K/mol;

CO2aq | E°Hc204= -0.7092 V -97.514 [2Gco2= AGeqHc204-GH30+(GHc204+GH2s0)=2*-97.514 K/mo;

CO2q | E°co0s= [-0.7607 V -27.517 2Gco2=AGeqc204+(Gc204)=-27.517 ¥/mo;

COZaq KeqCOZaqua §1,<TdTba 18.38 GCOZaqua=AGeqCOZaqua+(GCOZgas+GH20)=18.38+(0+0):18.38 K)ol .
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Formation from free elements 2Cgr+202gastH2gas=H2C204cr and solubility H2C204+H20=H2C204aq:
GH2c204cr=AG°Hac204crForm+(2Gcgr+2 Gozgas+GHazgas)=-797.16+(2*91.26+2*303+85.6)=76.96 ¥/mol.

Solubility of oxalic acid 118 9/ H2C204+H20=H2C20:24q constant is calculated from CRC, Wikipedia data

Keq_sp=[H2C204aq]/[H2C204]/[H20]=1.3106/1/49.77=0.026329. [1,29]

Molar mass MH2c204=90.034 9/mol; [H20]=982/18=49.777 M; concentration [H2C204]=118/90.034=1.3106 M and
mas fraction in percent w%=118/(118+982)*100=10.7272%, if pure solid mol fraction is one [H2C204°"]=1.

Oxalic acid solubility free energy change for unfavored equilibrium Keq sp=0.026329 is positive:

AGeq sp=-ReTeIn(Keq sp)=-8.3144*298.15*In(0.026329)=-8.3144+298.15¢-3.637=9.0161 K/mo .

Hess law for change AGeq_sp=GHzc204aq-(GH20+GH2c204%) =GH2c204a9-(0+76.96)=9.0161 X/mal let us calculate

free energy content: GHzc204ag=AGeq_sp*+(GH20+GHac204%)=9.0161+(0+76.96)=85.976 K/mol [29] Wikipedia.

1. Week acid protolysis H2C204+H20=HC204+H30*; pKa1=1.25; Keq1=Ka1/[H20]=10"-125)/55.3= 0.0010169;
AGeqiH2c204=-ReTeIn(Keq1)=-8.3144*298.15*In(0.0010169)=AGHc204+AGH30-(AGHc204+AGH20)=17.08 K/mol;
AGeq1H2c204=GHc204+GH30-(GH2c204+AGH20)=GHc204+22.44-(85.976+0)=17.082 X/mo;
GHc204=AGeqiH2c204-GH30+(GH2c204+AGH20)=17.082-22.44+(85.976+0)=80.618 X/mol;

2. Week acid protolysis HC204+H20=C204%+H30%; pKa2=4.14; Keqz=Ka2/[H20]=10"(414/55,3=0.000001310;
AGegerc204=-R*TIn(Keq2)=-8.3144*298.15*In(0.000001310)=AGc204+AGH30-(AGHCc204+AGH20)=33.578 K/mor;
AGeqerc204=Gc204+GHzo-(GHc204+GH20)=Gc204+22.44-(80.618+0)=33.578 X/moa;
Gc204=AGeq2Hc204-GH3o+(GHc204+GH20)=33.578-22.44+(80.618+0)=91.756 K/mor;

pH<=1.25 H2C204+2H20=2C02+2H30*+2e"; E°H2c204=-0.6577 V Suchotina [17]
E°Hac204=E°+0.10166-0.0591/2*1g(1/[H20]?)-0.37239=-0.49+0.10166-0.02955*Ig(1/55.32)-0.37239=-0.6577 V;
Absolute Nernst’s Standard potential E°H2c204=-0.6577 V; Suchotina [17]

0.0591,  [COP[H0 _ 1 errpy, 4 00591 g LC 0,12-[H30"]?

[H,C,0,]-[H,0]? 2 [H,C,0,][H,0]?

AGeqH2c204=E H2c204°F*2=-0.6577*96485*2=-126.9 K/ma;

AGeqH2c204=2Gc02+2GH30-(GH2c204+2GH20)=2*0+2*22.44-(GH2c204+2*0)=-126.9 /ma ;
GH2c204=2Gc02+2GH3zo-(AGegH2c204+2GH20)=2*0+2*22.44-(-126.9+2*0)=171.78 Y/ma ;

EH2c204 =E°H2c204+

1.25<pH<=4.14; HC204+H20 = 2CO2+H30*+2¢";

Absolute Nernst’s Standard potential E°H2c204=-0.7092 V Suchotina [17]
E°Hc204=E°+0.10166-0.0591/2*1g(1/[H20]%)-0.37239=-0.49+0.10166-0.0591/2*1g(1/55.3"1)-0.37239=-0.709 V;
AGeqHc204=E Hc204°F+2=-0.7092*96485*2=-136.85 “/ma;
AGegHc204=2Gco2+GH3ao-(GHe204+GH20)=2*0+22.44-(GHc204+0)=-136.85 K/mol;
GHc204=2Gco2+GH30-(AGeqHc204+GH20)=2*0+22.44-(-136.85+0)=159.028 kV/moi;

4.14 <pH; C204% = 2C0O2+2¢e"; Absolute Nernst’s Standard potential E°c204=-0.7607 V; Suchotina [17]
E°c204=E°+0.10166-0.0591/2*1g([1/H20]°)-0.37239=-0.49+0.10166-0.0591/2*1g(1/55.39)-0.37239=-0.7607 V,
AGeqc204=E’c204°F+2=-0.7607*96485*2=-146.79 X/ma;
AGeqc204=2Gco2-(Gc204)=2*0-(Gc204)=-146.79 K/mol;
Gc204=2Gc0o2-(AGeqc204)=2*0-(-146.79)=146.79 K/mol;
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Nernst’s potential studies reducing with vitamin Bs ethanal HsCCH=0 and oxidizing H3CCH20H ethanol

Aerobic [NAD*]/[NADH]=10¢; H3C-CH2-OH+NAD*+H20+AG+Q=>H3C-CH=0+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 K/mo endoergic. Anaerobic:

Ox NAD* + H(H*+2e")= NADH; inverse -E°nabn=0.38373 V; absolute potential David Harris; [22]

Red CH3CH20H+H20=CH3CHO+H30*+H-(2¢"); absolute Nernst’s potential E°cracH204=0.02923 V; [19]
E°canson=E°-0,0591/2¢log(1/[ H20]%)=0,19-0,0591/2*log(1/55,3")+0,10166-0,37239=0,02923 V;

Sum: E°czrsoH-E°Nap+=0,02923+0,38373=0.3545 V, n=2; AGeq=AE"*F*n=0.3545%96485%*2=68,4 K/mo;

By convention balanced n=2=m number of electrons 2e- donors E°nabr=-0.38373 V plus acceptors of electrons

-E°c2n5014=0.02923 V, as -E°nap+=0.38373 V accepting electrons from ethanol E°c2nson=-0.02923 V:

68408
NADH]-[CH,CHO]-[H 0" AGeq -
AGeg=-R+T+In(Keq)=68.4 Fmor Keq:ENADJ']]'[E?Hg(SZH OI-]l]'[[HZO]] = Rer =€ S35 1 036+10-12=1041985
2

Anaerobic [NADH]/[NAD*]=10; H3C-CH2-OH+NAD*+H20+AG+Q => H3C-CH=0+NADH+H30;
AGHess=AG°cH3cH20H+AG H20+ AG°NAD+ ~AG°H30-AG°cHacHOo-AG°NADH = -159.1 K/ma;
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=-0.38373 V; absolute Nernst’s potential David Harris; [22]

Ox CH3CHO+2H30*+H-(2e')=CH3CH20H+ 2 H20; inverse potential -E°crscH0=0.02923 V; [19];

Sum:

AE°=E°NaADH-E°cHacHo=-0,38373+0,02923=-0.3545 V, AGeq=AE’*Fen=-0.3545 V+2 mol*96485 C/mo1=-68,4 K/moI;
By convention balanced n=2=m number of electrons 2e-AE° donors E°napn=-0.38373 V plus electrons acceptor
-E°cH3cH0=0.02923 V, as -E°ch3cH0=0.02923 V accepting electrons from vitamin E°napbH=-0.38373 V .

. . NGeq . 68408
[&i%d][igigfgi_[[::g]] = E*TTQ =g 8.3146298.15 =0 (5]1(11=1011.985,
In aerobic organisms NADH oxidase with Ozaqua perform ratio [NAD*]/[NADH]=10¢; A 1599 G M
AGHomeostasis=68.408+ R+ T+In(106*1/1*10-7-36/55.3)=68.408-86.2=-17.8 X/mol. Hess Sasnna ans s

[NAD+]/[NADH]:103; AGHomeostasis=68.408-69.08=-0.676 X/mol. AG>0 aerobic
Equilibrium is shifted far to reactants as aerobic constant Keq=10-11-985 and inverse
anaerobic constant Keq=1011985, Aerobic endothermic and endoergic vitamin Bz ethanol
oxidation Hess law free energy change positive AGHess=159 X/mol and inverse ethanal
anaerobic reduction negative AGress=-159 X/mor , but minimizes reaching

AGeq=-ReTeIn(Keq)=-68.408 “/mol; Keg=

anaerobic

\:’,AGmirFl 68,4 /ol

. 0
equilibrium aerobic AGmin=AGeq=68.4 /mol and anaerobic reactants _ N A%t?;?g%ﬁ?g&:ﬁzo
AGmin=AGeq=-68.4 K/mol reaching equilibrium mixture products_ NADH+HsCCHO+Hs0*
constants 10-11-985=Keq aerobic and anaerobic 1011-985=Kg. ierobic A

Prigogine attractor is free energy change absolute minimum AGmin reaching
equilibrium AGnmin=68.4 K/mo1= ‘ AGeq | < ‘ AGHess | = 159 K/mol.
Anaerobic H3C-CH=0+NADH+H30* =>H3C-CH2-OH+NAD*+H20+AG+Q;
Anaerobic AGeg=AE°*Fen=-0.3545 V*2 mol*96485 C/moi=-68.408 K/mol favored.
Insufficient low O2zaqua cONcentration hypoxia to anaerobic alcohol oxidation unflavored ;
but ethanal reduction to ethanol favored [HsCCH20H]/[ HsCCH=0]=1/10 homeostasis e - 283 1

) . : D+E+F 50% A+B+C
reduction with NADH reductase enzyme as negative free energy change NADH+HsCCHO+H3s0*

AGHomeostasis=-27.86 I(J/mol NAD*+H3CCH20H+H20
Anaerobic homeostasis ratio [NADH]/[NAD*]=10 over [NAD*] favors reduction:
AGHomeostasis=-68.41+8.3144*298.15* In (K Homeostasis)=-68.41+40.54 =-27.86 X/mol

N .., 1 1 55333 _ [NAD*][CH,CH,OH]: [H,0]
AGHomeostasis=-68.41+8.3144*298.15 |I’](E E 10—7.36 )=-27.86 “/mol ; KHomeostasi= [NADH]-[CH,CHO] [Hy0"]

anaerobic

[NADH]/[NAD*]=1/770; AGHomeostasis=68.408+8.3144*298.15*In(700/1*1/1*55.3457/10-7-36)=0.028 ¥/mol.
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Glass SiO2{ //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:

Si0>—Si0sH+H20=4Si0,—Si03 +H30*. So glass electrode potential have formed following.

On glass surface locate silicone anions functional groups ¥Si02>—SiOs". On glass surface establishes
protolytic equilibrium state between crystalline silconic acid SiO>=SiOsH and anionic groups of silicate
SiO2=SiOs". Siliconic acid is water insoluble acid and therefore weak protolyte:

Si02-Si0sH+H20=4Si0>-Si03 +H30*.

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

H3O*inner + Si03 =Si02d=H20+HSi03=Si024/////SiO2///] Si0>=Si03H+H20=Si0>=Si03 +H30*outer.

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

—[H 20] [H3O+] outer [H3o+] outer
Kinner= H + ; Kouter = ————— ; Kinner® Kouter= Kmembr= H— ;
[ 3 Jinner [H,0] [ 3

+ ;
]inner

| 30 Toute

0 —+
d [H3O ]lnner

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

0,0591 —0.0591(|Og[H30+0uter.] -|Og[H30+inner]): Econst -0.0591 OpH )

Emembr=

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

olass Ag

. solution wire
out| in HCI

AgCl
precipitate

Glass membrane HSiOs—=SiO24 /111/SiO2/11 4Si02—SiOsH and electrodes combination with silver wire.
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1)
2)
3)
4)

For electric connection with glass membrane in inner solution immerses one silver wire, that forms
second type electrode potential Eagciinner in Sequence with membrane potential Emembr.+ Eagel inner Potential
depends only on outer pH of investigated solution, because hydrochloric acid concentration is constant.

EMF (Electric Motion Force) measure for closed electric circle. That achieved in outer solution
coupled reference electrode 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 immersed AgCI electrode potential Eagcl inner;
2) glass membrane electrode Emembr= Econst.+0.0591@log[H3O*outer]=Econst.-0.0591pH ;
3) reference electrode with standard potential Eagc.

By additive sum of constant values parts is calculated new constant: E’const= (Eagci+Eagct inner +
Econst.).

EDS=EagcitEmembrtEagct inner= (EagcitEagcl inner Econst.)+0.0591:1g [H3Oinner] = E’const—0.0591epH

EDS = E’const—0.0591epH .

Measured Electric Motion Force (EMF) is proportional to pH value in solution.
pH measurement by glass electrodes have some advantages:
glass electrode is useable on complete pH interval (from pH = 0 to pH = 14);
measurement precision reaches 0.001 pH units;
measurements not depend on oxidation, reduction and proteins in solution;
permanent direct control of pH by pH-meter.

pH-meter e
Reference lTl Internal
electrode electrode
N~ 1 Pl
P AgCl S r
electrode
| glass Coramic
electrode junction Test solution
pH sensitive
bulb
\ membrane )

pH measurement by EMF couple with combined glass and silver chloride electrodes
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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;
2GHcro4=Gcer207+GH20-(AGD)=Gcer207+0-(-21.65)=2?? K/mol;
pKa=1.8; HCr207+H20=Cr2072+H30*; Keq=Ka/[H20]=10"(-1.8)/55.3= 0.0002866;
AGeg=-ReTeIn(Keq)=-8.3144*298.15*In(0.0002866)=Gcr207+GHzo-(G Her207+GH20)=20.22 K/mol;
G Her207=Ger207+GH30-(AGeqtGH20)=Ger07+22.44-(20.22+0)=??? /mal;
Instability constant [CrOH]Z+H20=Cr*+0H-; Kinst=10"(%77); Keq=Kinst/[H20]=10"(88)/55,3=10"( -1151);
AGeginst=-ReTeIn(Keginst)=-8.3144*298.15*In(10" -11.50)=G¢r3++Gon-(Gicronpe++GH20)= 65.7 K/ma;
GicroHp+=Gcr3++GoH-(AGeginsttGH20)=Gcr3++77.36-(65.7+0)=77? K mol;
Instability [Cr(OH !2]++2HZO:CI'3++20H7; Kinst=107173); Keqinst:Kinst/[H20]2:10’\(-17'3)/55.3/\2:10/\('20'785);
AGeginst=-ReTeIn(Keginst)=-8.3144*298.15*In(10"(20.785))=Gcr3++2GoH-(G cr(oH)2+2GH20)=118.64 K/mol;
G cr(oH)2=Ger3++2GoH-(AGeginst+2GH20)=Gera++2*77.36-(118.64+2*0)=27? K/mo;
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)=G¢r3++3GoH-(G [cr(oH)31+3GH20)=166.8 K/mol;
G [cron)31=Ger3++3GoH-(AGeginst+3GH20)=Gcr3++3*77.36-(166.8+3*0)=??? K/mql;
2Cr3*+21H20=Cr2072+14H30*+6e"; 1< pH<7 ; Standard potential E°cr2072=1,41975 V Kortly, Shucha [18]
E°cr2072=E°+0,10166-0,0591/6*Ig(1/[H20]?1)-0,372=1,33+0,10166-0,0591/6*Ig(1/55,3"21)-0,37239=1,41975 V;
0.0591 lg [Cr%?i].[Haoﬂ 14 =141975V/ + 0.0591 o0 [Cr23$)72‘]-[H3O+] 14
[cr 1% [H,0]2* 6 [cr’ 1% [H,0]2%
AGeqcr2072-12c13+=E°cra072 1203+ F6=1,41975%96485*6=821,9 X/mol,
AGeqcr2072-12013+=Ger2072-+14GH30-(2G2cr3:+21GH20) =Gero072-+14*22,44-(2Goc3:+21%0)=821,9 K/mol,
2G2cr3+=Gcr072-+14*22,44-(821,9+21*0)=2?? K/mol;
Cr3*+11H20=HCrO4 +7H30*+3e";; pH>7 ; Standard potential E°cr2072=1,30692 V Kortly, Shucha [18]
E°cro4=E°+0,10166-0,0591/3*Ig(1/[H20]1)-0,37239=1,2+0,10166-0,0591/3*Ig(1/55,3"11)-0,37239=1,30692 V;
AGeqcrosicis+=E croscis+*F*3=1,30692*96485*3=378,3 K/mol,
AGeqH2c204=Geros-+14GH30-(2G2cr3++21GH20)=Geros+14%22,44-(2Gcr3++21*0)= 378,3 K/mol,
2Gocr3+=Geroa+14*22,44-(378,3+21*0)=??? X/mo;
Cr(OH)3| +50H=CrO4*+4H20+3¢"; pH>9 ; E°cros2-01=-0,53806 V Suchotina [17]
E°cros2-on=E°-0,0591/3*Ig([H20]4)+0,10166-0,37239=-0,13-0,0591/3*1g(55,3"*)+0,10166-0,37239=-0,53806 V;
AGeqcros2-on=E’crosz-on*F+3=-0,53806*96485*3=-155,74 X/mgl,
AGeqcros2-on=Gcros-+4GH30-(Geronys+t5Gon)=Geros+4*22,44-(2Gocr3++5*77,36)=-155,74 K/mol,
Geroni=Gceroa+14*22,44-(-155,74+21*0)=2?? Y/mol;

0.0591,, [Cro,z}[H,0]*

Ecroo72- 12cr3+=E°cr2072- f2cr3++

g

0.0591 , [Cro,2][H,0]*
=-0,563806 V+ o] ~
[CrOH),]-oHT® 3 [Cron)]oHTs
Solubility product Cr(OH)3+4H20=Cr3*+30H"; Ksp=6,7*10"-3D; Keq=Ksp/[H20]4=6,7*107(31)/55,3"M=10"(-37.145);
AGsp=-ReTeln(Ksp)=-8,3144*298,15*In(10"-37145))=Gc34+3GoH-(G croHys+4Gh20)=212,02 /o

G croH)3=Gcr3++3GoH-(AGsp+4GH20)=Gcr3++3*77,36-(212,02+4*0)=??? ¥/mol;

Ecroa2-icrom)3j=E°crosz-/cr(oH)3 |+ V;

Substance | AH°H K/mol |AS°H Y moii AG®H , K/mol 2GHCrO4=GCr207+O-(-21.65):??? K/ mol;
CrClaen -395.4 115.3 -356 GHcr207=Gcr207+22.44-(20.22+0)=??? Y/mol;
CrClsen -556.5 123 -486.1 GicroHp+=Gcer3++77.36-(65.7+0)=7?? K3/ mor;

Cr - 23.8 - G cr(oH)2=Gcr3++2*77.36-(118.64+2*0)=2?? K/,
CrOsq) -292.9 266.2 - G [cr(oH)31=Ger3++3*77.36-(166.8+3*0)=??? K/mol;
Cr20sen | -1139.7 81.2 1058.1 2Gacr3+=Gcere072-+14*22.44-(806.9+21*0)=227? X/mo;

2G2cr3+=Geroa+14*22.44-(370.8+21*0)=??? K/mol;
Ger(onys=Gcroa +14*22.44-(163.2+21*0)=2?? Y/ mol; G cr(oH)3=Gera++3*77.36-(211.99+4*0)=2?? K/mol;
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Nernst’s potential BiOs~ / Bi®* 2Bi+60H=Bi203+3H20+6e"; pH>7; [7]
E°gi203-/8i=E0-0,0591/6*1g([H201%)+0,10166-0,37239=-0,46-0,0591/6*1g(55,3"%) +0,10166-0,37239=-0,78223 V ;
E°Biz03 /Bi=E0-0,0591/6*Ig(1/[H20]%)+0,10166-0,3723=-0,46-0,0591/6*Ig(1/55,3"%)+0,10166-0,37239=-0,67923 V ;

Substance | AH°H ¥/mot |AS°H /moklAG°H , K/mol 2Bi+30H+3H20=Bi.03+3H30*+6e"; pH=7; Suchotina [17]:
Bi3* - 82.8 -
Bi E°Bi2o3/Bi [-0.78223V| -249,6 |Gei=(GBi203+3GH20-(AGeqgi203-/8i+6GoH))/2=-249,6 X/mol;
Bi Esizos mi |-0,67923v| -132.6 S/I?,n:;.(GBi203+3GHSO-(AGqui2037/Bi+3GOH+3GH20))/2:-132,6
Bi E°gicissi |-0,21372V| 298,725 |Gei=Ggicis+3GH20-(AGeggiciz-gi+3Gc1)=298,725 K/mol;
Bi E°giciassi |-0,17939V| 288,795 [Gei=Ggicia+2GH20-(AGeggicis-si+3Gc1)=288,795 K/mol;
Bi E°siciosi |-0,007735V| -91,03  [Gei=Ggicio+2GH3zo-(AGeggicio-si+3H20+Gci)=-91,03 K/mol;
Bi -74,125 56.7 -91,03  |AHBi Biclo=AG+AS*T=-91,03+0,0567*298,15=-74,125 X/,
_B'2 219,7 - Egi203-/Bi=E°Bi203-/Bi+ 2% o] A—L[Bi_zozl]'[H _0613 =
BiOH2* - -146.4 - 6 Bi]* [oH]
Cl- -167.08 56.6 -183.955 =-0,78223+0,0591/6*Ig([Bi203]*[H20]1%/[Bi]%/[ OH16)
Cl(g) -121.301 | 165.19 GBi=GsicI*+3GH20-(AGegsiciz-si+3Gc1)= 306,2 K/mol,
Clx - 223.081 GBi=Gsicio+2GH30-(AGeggicio-si+3H20+Gc1)=291,44 K/mol,
BiCls() -379.1 177 -315.0
BiCIOs | -366.9 | 1205 | -322.1 =.0,8337+0,0591/6*1g([Bi»0s]*[H-0]¢/[Bi]¥/[ OHTf)
BioOs | 5739 | 1515 | -A987 . opor o 00991 ) oo jiuol -
Bi(OH)s | -711.3 - - 6 Bi1% [oH1°®

AGeqBi203-Bi=E°Bi203-/Bi*F*6=-0,78223*96485*6= -458,63 /mol,
AGeqgi203-/Bi=GBi203+3GH20-(2Ggi+6Gon)=-493,7+3*0-(2*Ggi+6*77,36)= -458,63 X/mal,
GBi=(GBi203+3GH20-(AGeqgi203-/8i+6Gon))/2=(-493,7+3*0-(-458,63+6*77,36))/2=-249,6 K/mol,
AGeqgi203-/8i=E°Bi203 /Bi*F*6=-0,67923*96485*6= -393,2 X/mal,
AGeqi203-8i=GBi203+3GH30-(2GBi+3GoH+3GH20)=-493,7+3*22.44-(2*Ggi+3*77,36+3*0)= -393,2 X/imo|,
Ggi=(GBi203+3GH30-(AGeqgi203-/Bi+3GoH+3GH20))/2=(-493,7+3*22.44-(-393,2+3*77,36+3*0))/2=-132,6 “/ma,
Bi+3Cl=BiCl3i+3H20+3e"; pH=7 ; Suchotina [17]
E°Bici3/Bi=E0-0,0591/3*Ig([H20]?)+0,10166-0,37239=0,16-0,0591/3*1g(55,3"3)+0,10166-0,37239=-0,21372 V ;
AGeggiciz-i=E°eqaiciz-gi*F+3=-0,21372*96485*3=-69,32 K/mal,
AGeggici3-Bi=Ggici+3GH20-(Gi+3Gci)=-315+3*0-(Ggi+3*-183,955)=-69,32 K/mol,
Ggi=Ggic13+3GH20-(AGeggiciz-Bi+3Gci)=-315+3*0-(-69,32+3*-183,955)=298,725 K/ma,
Bi+4CIl=BiCls+2H20+3e"; pH=7 ; Suchotina [17]
E°Bici4-/8i=E0-0,0591/3*Ig([H20]2)+0,10166-0,37239=0,16-0,0591/3*Ig(55,3"?)+0,10166-0,37239=-0,17939 V ;
AGeggici3-Bi=E°eqgiciz-i*F*3=-0,17939*96485*3=-51,93 K/mol,
AGeggici3-Bi=Ggici+2GHz0-(Gi+3Gc1)=-315+3*0-(Gpi+3*-183,955)=-51,93 K/moal,
Ggi=Ggic13+2GH20-(AGeggiciz-gi+3Gci)=-315+3*0-(-51,93+3*-183,955)=288,795 k/mol,
Bi+3H20+CI=BiClO)+2H30*+3e"; Suchotina [17]
E°siclosi=E0-0,0591/3*Ig(1/[H20]3)+0,10166-0,37239=0,16-0,0591/3*1g(1/55,3"%)+0,10166-0,37239=-0,007735 V;
AGeggicio-Bi=E °eggicio-si*F*3=-0,007735*96485*3=-2,2389 X/mal,
AGeggicio-Bi=Gsiclo+2GHzo-(Ggi+3H20+Gci)=-322,1+2*22,44-(Ggi+3*0-183,955)=-2,2389 kK/mo|,
Ggi=Ggiclo+2GH30-(AGeggicio-si+3H20+Gci)=-322,1+2*22,44-(-2,2389+3*0-183,955)=-91,03 K/mol,
BiO*+6H20=BiO3+4H30*+2e"; 1<pH<7 ; Suchotina [17]
E°Bios-/Bio+=E0-0,0591/2*1g(1/[H20]°)+0,10166-0,37239=1,80-0,0591/2*1g(1/55,3"%)+0,10166-0,37239=1,83826 V;
Esios /pio+=E °gios sio++ 2% *lg [Bio;][H;0"* =1,83826V+ 0.0591
2 Bio*]-[H,0]°®
AGeggios-/Bio+=E°eqio3-Bio+*F+3=1,83826*96485*2=354,73 X/,
AGeqggioz-Bio+=GBio3-+4GH3o-(Ggio++6H20)=Ggioz-+4*22,44-(Gpio++6*0)=354,73 K/mal,
Ggio+=GBio3-+4GH3zo-(AGegpioz-/Bio++6H20)=Gio3-+4*22,44-(354,73+6*0)=??? X/mal,
GBi:-249,6 k‘]/mol, GBi:-132,6 I(J/mol, GBi:298,7 kJ/mol; GBi:288,8 kJ/moI,GBi:-gl,o kJ/moI,GBi:-83,57 k‘]/mol,

*lg [Bioi]l[Hs01*
Bio']-[H,0]°®
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