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Protolytic solubility in water relates the absolute electrode potential to the zero of the absolute
free energy scale Gr20=Gcozgas=0 “/mol and depends on absolute temperature. In solubility and
protolysis reactions with water molecules, instead of classical molar concentrations,
thermodynamics requires the use of mole fractions of water, soluble reactants and products.

The solubility and protolysis process consumes water molecules for aqua dissolute product formation.
Solubility of gases: oxygen OzgastH20=02aq; hydrogen HagastH20=H2aq; nitrogen NagastH20=N2ag;
hydrogen sulfide H25gastH20=H254q ; sulfur dioxide SO29%5+H20=H2SO3xq;

Electrodes of metals: hydrogen H(Pt)+H20=HzO*+e"; iron Fes)+H20 =Fe?*+2¢e.; zinc Zn+H20=2Zn?"+2¢;
cupper amalgam Cu(Hg)+H20=Cu?"+(Hg)+2¢; silver Agi+H20=Ag*+e"; chromium Cr+H20=Cr**+3e’;
For solid solubility: silver chloride AgCls)+2H20=Ag*+CI"; calomel Hg2Clzs)+3H20=Hg2?**+2ClI";
mercury(l1) oxide Hg+H20+20H=HgO+2H20+2e-, mercury(l) sulfate Hg2SO4(s)+2H20=Hg2?*+S04%;
For protolysis: peroxide H202+H20=H30*+HOO" pKa=11,75; water 2H20=H30*+OH" pKw=14.

The solubility of gaseous oxygen OzgastH20=02aq in oxidation half-reaction compensates one water
molecule 6H20=02gastH20+4H30*+4e" from six to five 5H20=02aq+4H30*+4e. Its decreases the calculate free
energy content of metal hydrogen from Grpy=51.05 ¥/mol to GH(py=48.56 “/mo1. The absolute standard potential
scale reference increases from E°1=-0.29654 V to E°'n=-0.27073 V less negative. The absolute potential scale
shift down of thermodynamic 0,10166 V to absolute -0.37239 V so coupled sum is AE°=+0.10166-0.37239.
Standard potential shift down to E°02.=1.0868 V for oxygen and for glucose to E°ceH1206=-0.13858 V.

The operations sequence of the absolute standard potential determination: E°0.=1.0868 Volts for two water
oxygen oxidation in Nernst’s half-reaction 5H20=02aq+4H30*+4e" .

From Nernst classical value E°classico2=1.2288 V subtract E°H20=-0.0591/4*log(1/55.3%)=0.1287 the
counting logarithm of five water molecules. The concentration of water in one liter is 55.3 M if solution
concentrations sum is less as 0.1 M. Then add the coupled sum AE°=+0.10166-0.37239. The absolute standard
potential is summing from three components: classic E°classict water logarithm account + AE®° the coupled sum:

E°02=E°classico2-0.0591/4*0g(1/55.3"%)+AE°=1.2288+0.1287+0.10166-0.37239=1.0868 Volts.
The Nernst half-reaction 5H20=02aq+4H30"+4e" is expressed with absolute potential in mathematic equation:
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The inverse standard potential for the reduction of oxygen Ozaq+4H3O*+4e"=5H20 has minus sign -E°oz.

The oxygen reducing reaction is exoergic AGeqo2=E°02eFn=-1.0868*96485*4/1000=-419.44 X/mol;

AGeq02=5GH20-(Go2aq+4GH30+)=5*0-(329.68+4*22.44)=-419.44 K/mo ; and coincides with the absolute

potential scale. Oxygen energy Gozgas=303.1 ¥/mol grows Gozag=GozgastGo2sp=303.1+26.58=329.68 “/mol at

solubility.

Nernst’s hydrogen oxidation 4(Pt)H+4H>0=4H30*+4e" standard absolute potential is E°’1=-0.27073 Volts.

In sum reduction reaction of oxygen with metallic hydrogen synthesize two water molecules:
Ozaquat+4(Pt)H=2H20 with absolute free energy exchange exoergic -523.925 /ol :

AGeq=(E H-E°02)*F+14=(-0.27073-1.0868)*96485*4=-1.3575*96485*4/1000=2*261.96=-523.925 X/mol.
Exchange AGeq2H20=2GH20-4G (pyH-Go2aqua=2*0-(4* GpyH+329.68)=-523.925 ¥/mol gives metal hydrogen free
energy content Grpey=(2GH20-AGeq2H20-Go2aqua)/4=(2*0+523.925-329.68)/4=194.245/4=48.56 “/moi .

The determination of the hydrogen electrode reference point E°n=-0.27073 V on the absolute potential and
absolute free energy scales in the Nernst half reaction is based on the property of inverse symmetry: The
potential and free energy change of the inverse reaction belong to the same number with opposite sign on both
absolute scales.

Absolute and inverse free energy and potential scaling requires accounting for water and hydroxonium
based on Alberty's data for hydrogen gas and the absolute free energy value of the solution. [8]

In the reaction, H(Pt)+H20=H3O"+e", the standard absolute potential is E°’n=-0.27073 V.

The standard oxidation of hydrogen using absolute standard potential produced absolute free energy change is

exoergic: AGeg=E°H*F+1+1=-0.27073*96485*1=-26.12 “/mol and is identical to the change in the absolute free

energy calculated by Hess's law on a scale related to the zero free energy content of water Gr20=0 “/mo :
AGess_eq=GH30++Ge--(GH(pt) +GH20)=22.44+0-(48.56+0)=-26.12 ol .

The absolute standard potential E°n=-0.27073 in Volts coincides with Alberty absolute free energy. [8,15]

Eo02=E°02+0.0591/4*log
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| 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.
Water amount in titer is [H20]=963/18=53.5 M for [H2S04]=[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=XH3o+/XHz0 is mol fraction instead molarity [H*]=1 M at classic
potential expression. The water account gave thermodynamic standard E°’4=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)*RT/F/1°log(XH30+/XH20)=Eot+E’H+0.0591*log(1/52.5)=0.10166-0.10166=0 V.
As ratio 1=Knpy=XHnzo+/Xn20 is one than E°’n=0.10166 V is thermodynamic standard potential:

Xhq0*
E=E°n+ "‘(102% *log )@z% =0.10166+0.0591*log(1)=0.10166 V. Metal oxidation free energy change

minimum is different endoergic AGeg=E H*F+1¢1=0.10166%96485%1=9.81 K/mo instead Alberty is exoergic.
Alberty Hess value is in did exoergic: AGHess eq=GHzo++Ge--(GHpt) +GH20)=22.44+0-(48.56+0)=-26.12 /ol .
Free energy changes are determined on water and carbon dioxide gas as zero Gr20=Gcozgas=Ge-=0 ¥/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 ¥/mal 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 favored
KHpt)_reda=[H3O*]*[e7)/[H20]/[H(Pt)]=EXP(-AGaIberty/R/T)=EXP(26120/8,3144/298,15)=37675,6.

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

High rate protolysis attractors [HsO*]=10"-3 M , pH=7.36 and water mass [H20]=996/18=55.3 M account in
liter shows metal hydrogen strong reducing potential Epn=7.36=-0.27073+0.0591*log(10-"-36/55.3)=-0.8087 V and
free energy change at homeostasis exoergic AGegpH_7.36=E°HeF*1=-0.8087*96485*1/1000=-78,03 “/moi .

Nernst’s half reaction metal has reduction potential and energy change E°v=-0.27073 V and AGeq=-26.12 X/mol.

Platinum sheet immersed in hydroxonium ions [H*]=[H30*]=[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.
H, Ratio [H3O*]/[H20]=1/52.5=Xn30+/XH20 instead zero O 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.

absolute E,‘;:‘-O.27073 \YJ classic zero E;= (? \Y4 0110166 V EV
| . \ ‘ j
E . =E°+ 0.0591*|og(%) E  =E°+0.0591*og(c])  thermodynamic E;
H,O

(POH/H* H_classic

Absolute standard potential E°n=-0.27073 V based on Alberty data GHzgas=85.64 */moi and
GH2a0=103.24 Y/mai for hydrogen, which was detected on water and carbon dioxide gas
GH20=Gco20as=Ge-=0 M/mol as zero scale reference. Reducing agent metal hydrogen at
pH=7.36, [H30*]=10"2% M with potential Epn=7.3s=-0.27073+0.0591*log(10-"*6/55.3)=-0.8087 V is strong
reductant. Free energy content in one mol metal hydrogen is: Grpey=48.56 K/mol .

Substance| AHH,“/mol|AS°H,  molik| AG®H,mol | AG°H20=GH20-(GHzaq+G02ag/2)=0-(103,24+88,04/2)=-147,26 X/mol;

H20 -285.85 | 69.9565 | -237.191 |GH20=AGHz0Alberty-(AG°H20)=-151.549-(-237.191)=85.6 “/moi [8]
H>0O -286.65 | -453.188 | -151.549 |AGH=AHH-T*ASH=-286.65-298.15*-0.453188=-151.5 X/mal;

HsO* | -285.81 | -3.854 |-213.2746|AG°H30 +,“/mol Mischenko 1972, Himia, Leningrad [26]

Hagas Alberty | pH=7,36 | 85.64 Biochem.Thermodyn. Massachusetts Technology Inst. [8]
H(Pt)aq) E°H= -0,27073 | 48,56  |AGHess_eq=GH30+-(GH(pt) +GH20)=22.44-(48.56+0)=-26.12 /mol.
H2(ag) -5.02 -363.92 | 103.24 2006, Massachusetts Technology Inst. Alberty pH=7,36 [8]
O2zaqua -11.70 -94.2 16.4 2006, Massachusetts Technology Inst. Alberty pH=7,36 [8]
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The solubility of gaseous hydrogen HagastH20=H2aq compensates for Hagast2H20=H2aq+H20=2H30"+2¢-
one water molecule in Nernst oxidation of hydrogen to hydroxonium and is arbitrary because the change in
absolute free energy is negative AGress 130+=2GHz0++2Ge~(Ghzag+ Gr0)=2*22.44+2*0-(103.24+0)=-58.36 “/mo.

A graphite electrode oxidizes a solution of Hzaq to hydroxonium at the absolute standard potential:
E’H2aq=-58.36*1000/96485/2=-0.3024 V.
The sum of the Nernst and inverse half reactions Hzaq+H20=2H30"+2e"; 2H30 *+2e"=2H(Pt)+2H20
shows the solubility of hydrogen in the platinum crystal lattice Hzag=2H(Pt)+H20;

The oxidation potential of hydrogen solution Hzag+H20=2H30*+2e" E’4=-0.302 V plus the inverse
potential E’npyy=+0.27073 V in the electrochemical solubility of the metal 2H3O *+2e=H(Pt)+2H20 shows the
solubility of hydrogen mole fraction [Hzaq]/[H20] in platinum exoergic, arbitrary at value of equilibrium
constant KspH(pt) greater as one:

AGspHPy=AEspH(pty*F*2=(E°H2ag-E H(pt) ) *F*2=(-0.302+0.27073) *96485*2=-0.03128*96485*2=-6.03 “*/moi and
constant KspH(Pt)z[ﬂ(ﬂ)_]z*[H20]/[H2aq]:EXP(-AGspH(Pt)/R/T):EXP(GOSG,1/8,3144/298,15)211,415 .

The solubility in platinum H2aq=2H(Pt)+H20 shows the electrochemical solubility product of hydrogen in

the metal exoergic AGsp_HPy=2GHprt)+GH20-(GH2aq)=2*48.56+0-(103.24)=-6.12 /mol and constant grater as >1:
Ksp_HPy=[H(Pt)]?*[H20]/[H2aq] =EXP(-AGspH(pty/R/T)=EXP(6120/8.3144/298.15)=11.808 .

Solubility Hzgast H20=H2aq constant AGHzspalberty=GH2ag-GH2gas-GH20=103,24-85,64-0=17,6 ol is weak:
Khasp=[H2aq}/[H20]/XH2gas=EXP(-AGH2sp/R/T)=EXP(-17600/8,3144/298,15)=0,0008253.

It calculates the solubility [Hzaq]=KH2sp*[H20]*XH2gas=0,0008253*55,3*1=0,04564 M, if the mole fraction of

pure gas is one Xnzgas=1.

From the ratio [H(Pt)]%/[H2aq]=Ksp_Hry/[H20]=11.808/55.3=0.213526 obtains mol fraction of H(Pt) metal
square: [H(Pt)]?=Kspr(pty/[H20]*[H2aq] =11.808/55.3*0.04564=0.009745.

| |

] Saturated solubility in platinum lattice
9 O 1 3 [H(P1)]=SQRT(0.009745)=0.0987 in mol fraction
u | units is hydrogen atom surface fraction 9.87% shared

with platinum atoms fraction 90.13% on total 100%
\ Z platinum lattice surface. Hzagaiery=2H(Pt)+H20
' Solubility mol fractions concentrations are unit less as
] constant too Ksp Hry=11.808.
H(Pt) solubility in water 2H(Pt)+H20=H2agalberty
' constant is less as one KspH(pt)_H2aq=1/11.808=0.08469
u % \ % | and AGAiberty=GHzaq-2GH(pt)-GH20=6.12 K/mol positive,
unfavored, non-spontaneous. It keeps metal lattice
saturated with hydrogen 9.87%, because is positive
H 9 . 87 _| 6.12¥/mo and constant less as one 0.08469 so is
e unfavored for hydrogen dissolution

 Keph(pt)_rizaq=[Hzza] [H(PO]Z/[H20]=EXP(-AGsp e/ RIT)=EXP(-6120/8.3144/298.15)=0.08469.

Metal iron I-type electrode in [Fe?*]=0.1 M solution, density 1.03 9/mc, 0.1 Molarity mass FeS04=15.191 g.
Feis)+H20 =Fe?*+2e". The absolute standard potential is composed of the classic E°classic=-0.4402 V standard
potential [17], the logarithm of water accounting -0.0591/2*log(1/(55.3)=0.0515 and the coupled sum
AE°=+0.10166-0.37239 in the expression:

E°Ferre2+=E classic-0.0591/2*log(1/([H20]))+AE°=-0.4402+0.0515+0.10166-0.37239= -0.65943 V.
2P Ere=E°Feire2++0.0591/2*log([Fe?*)/[Fe]/([H20]))=-0.65943+0.0591/2*log(0.1/1/(55.3))=-0.74048 V;

Hiooéﬁ{(ﬁ‘_%éi AGeq_re=E°resF*2=-0.65943*96485*2=-127.25 /ol
e AGeq rFe=Grez+-(Gre+Gri20)=-82.14-(45.1+0)=-127.25 N/no ;

Gre= GFez+-(AGeq Fe+GH20)=-82.14-(-127.25+0)=45.1 W/maI; Difference -0.74048 V in the 4" digit 4 -0.74059 V.
Ere=E°Feire2++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/L)/(18%mo1); MH20=ML-Mres04=1030-15.191=1014.8 g; [H20]=1014.8 9/18 9/m0i=56.38 M.

Coordinate metal ion aqua complexes are hexagonal like the hexa aqua iron(l1) ion [Fe?*(H20)e] and
like tetragonal as the tetra aqua copper(I1) ion [Cu?*(H20)4].
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Substance | AH°H I(J/mol AS°H Y molik AG®H ) I(J/mol

Fe E°re= |[-0.6594V| 4511
Fe?* -87.45 -17.8 -82.14
Fe?* -89.1 -137.7 -78.9
Fe3* -44.79 -110 -11.99
Fe3* -48.5 -315.9 -4.7

Cu E°cu= 0.1243 V 70.02
Cu?* 64.8 -98 94.0187

Zn E°zn= |-0.98098 V| 68.65
Zn? -153.39 -109.8 -120.653

Gre=Gre2+-(AGeq_re+GH20)=-82.14-(-127.25+0)=45.11 Y/mol;
[8] Biochem.Thermodyn. Massachusetts Technology Inst. pH=7,36
CRC 2010 [1]
[8] Biochem.Thermodyn. Massachusetts Technology Inst. pH=7,36
CRC 2010 [1]
Geu=Geuz2+-(AGeq_cutGH20)=94.0187-(24.0+0)=70.02 Kol ;
[1]1 AGcuz+=AHH-T*ASH=64.8-298.15*-0.098=94.0187 “/mol;
Gzn=Gzn2+-(AGeq_zn+GH20)=-120.653-(-189.3+0)=68.65 “/mal;
[1] AGzn2+=AHH-T*ASH=-153.39-298.15*-0.1098=-120.65 “/mol;

Metal cooper I-type electrode in [Cu?*]=1 M solution, density 1.19 9mL and Molar mass Mcus04=159.602 9/mo;
Cu(Hg)+H20=Cu?*+(Hg)+2e"; The absolute standard potential is composed of the classic E°classic=0.3435 V
standard potential [18], the logarithm of water accounting -0.0591/2*log(1/(55.3)=0.0515 and the coupled sum
AE°=+0.10166-0.37239 in the expression:

E°cuicu2+=E°classic-0.0591/2*log(1/([H20]))+AE°cu=0.3435+0.0515+0.10166-0.371339=0.1243 V.
Ecu=E°cu+0.0591/2*log([Cu?*]/[ Cu]/([H20]))=0.1243+0.0591/2*log(1/1/(55.3))=0.0728 V;
Distinguish on number 0.0728 V in the second digit 0.0733 V.
MH20=(ML-Mcus04)/18=1190-159.602=1030.4/18=57.24-4=53.24 mol;

Ecu=E°c,+0.0591/2*log([Cu2*]/[ Cu]/([H20]-4[Cu?*]))=0.1243+0.0591/2*log(1 M/1/(57.24-4))=0.0733 V:
AGeq_cu=E°cu*F*2=0.1243*96485*2=24.0 “/mol, AGeq_cu=Gcuz+-(Gcu+GH20)=94.0187-(Gcu+0)=24.0 “/mol ;

Geu=Geu2+-(AGeq cu+GH20)=94.0187-(24.0+0)=70.02 “/mol;

Metal cooper I-type electrode in [Zn?*]=Cznsos=2 M solution, density 1.31 9/mc, Molar mas ZnS04=161.44 9/mol,-
and mas of two moles mzns04=2*161.44=322.88 g: Zn+H20=Zn?"+2¢", standard potential E°znzn2+=-0.98098 V.
The absolute standard potential is composed of the classic E°classic=-0.7628 V standard potential [18], the
logarithm of water accounting -0.0591/2*log(1/(55.3)=0.0515 and the absolute potential coupled sum
AE°=+0.10166-0.37239 in the expression:

EOZn/Zn2+:

H O H
(6]

R 2+
o0—

u /Zn\
-0

/

goH

0-H

E°ciassic-0.0591/2*log(1/([H20]))+AE®21=-0.7628+0.0515+0.10166-0.371339=-0.98098 V.

Ezn=E°zn/zn2++0.0591/2*log([Zn?*]/[Zn]/([H20]))=-0.980981+0.0591/2*l0g(2/1/(55.3))=-1.0215 V
Distinguish on number -1.0215 V in the fourth digit -1.02358 V 2M;

Solubility 57.7 9/100¢ in hundred grams of voter; w%=57.7/157.7*100=36.6%;

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.

[Zn2+

]

Ezv=E°z01202++0.0591/2510g Z (0] 4 [zn" ) =-0-980981+0.0591/2*l0g(2/1/(54.84-4*2))=-1.02358 V/;
AGeq_Zn:EOZn‘F’2=-O.980981*96485*2:-189.3 kJ/moI,AGeq_Zn:GZn2+-(GFe+GHZO)=-120.65-(G2n+0):-189.3 I(J/mol ;

Gzn=Gzn2+-(AGeq_zntGH20)=-120.653-(-189.3+0)=68.65 Ko

Metal chromium I-type electrode in [Cr3*]=1 M solution, M density 1.172 9/mc, molar Cr2(504)3=392.16 9/mol
mas, mas Mu20=ML-Mcr2(s04)2=1172-392.16=779.84 g/L, amount [H20]=779.84 9/18 9/m0=43.3244 M.
Cr+H20=Cr*"+3e", absolute standard potential E°crcr3+=-0.9793 V. The absolute standard potential is composed
of the classic E°classic=-0.744 V standard potential [18], the logarithm -0.0591/3*log(1/(55.3)=0.03433 of water
accounting and the absolute potential coupled sum AE°=+0.10166-0.37239:
E°cricra+=E°Classic-0.0591/3*log(1/[H20])+AE°cr=-0.744+0.03433+0.10166-0.371339=-0.9793 V.
. Ecr=E°c+0.0591/3*log([Cr**)/[Cr]/([H20]))=-0.9793+0.0591/3*log(1/1/55.3)=-1.0136 V;
Distinguish on number -1.0136 V 1M; in the third digit -1.00208 V 2.32 M;

[cr’]

Ec=E°c+0.0591/3*log [cr ]-([HZO]—6-[Cr3+ D =-0.9793+0.0591/3*l0g(2,343/1/(39,59-6*1))= -1,00208 V;

Solubility 64 9/100g in hundred grams of water; w%=64/164*100=39.2%);
39.2/100g=X/??1172//9/.; 39.2/100*1172=459.4=X/%/L; Ccra(s04)2=459.4/392.16=2.343 M Cr2(SO4)3;
MH20=ML-Mcr2(s04)2=??117277-459.4=712.6 g; Mcra(s04)2=457.079; [H20]=712.6 9/18 9/m0i=39.59 M.
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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 O2gastH20=02aq compensate one water molecule 6H20=02gastH20+4H30*+4¢"
on Nernst’s half reaction 5H20=02ag+4H30*+4e", forming absolute standard potential E°sHon=1.0868 V.
E°sHOH=E classic-0.0591/4*1g(1/[H20]°)+ AE°=1.2288+0.1287+0.10166-0.37239=1.0868 V.

Oxygen solution O2aq+4H30*+4e=5H:0 is strong oxidant with inverse standard potential -E°sHon=-1.0868 V.
The oxygen attracts four free electrons with four protons from hydroxonium ions, forming two water molecules
the reduced products. Solubility free energy content increases 26.58 ¥/mol from 303.1 %/moi to 330 ¥/mol:

Substance AHOH,kJ/moI ASOH,J/moI/K AGOH,k‘]/moI Go02ag=Go2gastG025p=303.1+26.58=329.68=330 ol .

HO | -285.85 | 69.9565 | -237.191 |Gozgas=2(GH20-(GHagas-AG °H20))=2%(0-(85.64-237,19))=303.1 K/mol

H>0 -286.65 | -453.188 | -151.549 |pH=7.36 Massachusetts Technology Inst. Alberty [8]

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

Hagas Alberty | pH=7,36 85.64 Biochem.Thermodyn. Massachusetts Technology Inst. [8]
H2(ag) 23.4 -130 99.13 |CRC 2010 [1}

H(Pt)@ag) |E°H-E°02=| -1.3575 48.56  |GH(PH=(2GH20-AGeq2H20-G02aqua)/4=48.56 /mol;
H2(aq) -5.02 -363.92 103.24 |pH=7,36 [8] Biochem.Thermodyn. Massachusetts Technology Inst.

O2aqua -11.70 -94.2 16.4  |pH=7,36 [8] Massachusetts Technology Inst. Alberty [8]

Ozaqua -11.715 110.876 16.4 CRC [1] Gozgas=303 I(J/mol , Gozaq=329.68 I(J/mol;

Oxygen solubility free energy change is exothermic and endoergic OzgastH20=024aq, which mol fraction for gas
[O2air]=1 and in water has [Ozaq]/[H20]=1.22*10"(3) M/55.3 M=2.206*10° unit less
concentration. Kspeq=[O2aq]/[O2gas)/[H20]=2.206*10>/1=2.206*10"° constant is lessas || =~ -g------------
one. AGHess:AGOOZaqua-AGOHZO-AGOOZQas:].G.4-(0-237.191)2253.6 Kmol Hess energy
change for pure reagents is positive. So positive on absolute scale expressions
AGAlbertyO2aq:GOZaq-(GH20+GOZgas):330-(0+303.1):26.58 K/mol and at equilibrium
minimum AGspeq=-ReTeIn(Kspeq)=-8.3144*298.15*In(2.206*10°5)=26.58 “/mo1. [O2] AGmin=, 26.58 /ol
solubility Hess free energy change is positive AGHess=253.6 “/mo1, but minimized at A+B 50% C+D
equilibrium mixture Kspeq=[O2aq]/[O2gas]/[H20]=2.206*10°. Equilibrium state is Reactants
attractor for all non-equilibrium states. At minimum establishes equilibrium. 53 page  |O2gas+H208l00d
Osmolar Cosm=0 M and ionic force 1=0 M in water from air 20.95% oxygen solubility is product O2ag-Blood.

[O2aq]=Kspeq™[Ozair] *[H20]=2.206*10°*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
[02aq]=9.768-10"° M. Therefore Kozspair=[O2aq]/[O24ir]=9.768-10-5/0.2095=4.663*10"* M is solubility on air.
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: Ozagua +4H30*+4e =6H20; -E°02=-1.0868 V; Nernst’s: 4(Pt)H+4H20=4H30*+4e"; E°4=-0.27073 V;
O2aquat4(Pt)H=2H-0 electrodes standard potential sum give standard free energy change:
AGeg=(E°H-E°02)*Fe1+4=(-0.27073-1.0868)*96485*4=-1.3575*96485*4/1000=2*261.96=-523.925 “/moI;
Knowing equilibrium value AGeqzr20=2GH20-4G (ptyH-Go2aqua=2*0-(4* GpyH+329.68)=-523.925 “/mol , hydrogen
metal free energy is GHPy=(2GH20-AGeq2H20-G02aqua)/4=(2*0+523.925-329.68)/4=194.251/4=48.56 “/mol.

Free energy Ghzo+oH=GHao++GoH-=22.44+77.36=99.8 W/ma of water protolysis H20+H20<=>H30*+0OH"
Biochemistry oxygen Ozaqua decreases free energy content Gozaqua=329.68 ¥/mol 10 Gozsiochemistry=88.22 ¥/mol.
Arterial concentration [O2aqua] =6*10° M, pH=7.36 concentrations [H3O*]=10"-2¢ M potential is decreasing
E02=E°02+9959Y/4¢1g([O2aqua] *[H3O*]¥/[H201°)=1.0868+°-05%1/4*|0g (6* 107 D) * 10N (7-36™4) [55 515)=0.46174 V
by AEarterial=-(Eoo2-E02)=- 1.0868+0.46174=-0.62506 Volts and
free energy content by AGarterial=AEH20*F*n=0.62506*96485*4/1000=-241.24 X/mol.
The free energy content of O2gas Air+H20=028I100d With solubility contribution increases by:
[0

2 aqua]

]-[H,0] =2.205*105; Gozspeq=-R*TIn(Kspeq)=-8.3144*298.15*In(2.205*10-5)=26.58 X/mol.

Kspeq: [O  gas

Protolysis decreases free energy to Gozgiochem_arterial=Gozaqu+Go2sp+AGarteria=303.1+26.58-241.456=88.22 X/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=AEH2o.
E002=E°02+%991/4*log(Y/[H201°)=1.0868+0.01478*log (*/55.346"°)=0.95805 V ;
2) Acid H3O" increases 10 times the potential and free energy content increases about AEH30+=0.05912 V
5
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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 [O2aqua] 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 “/mo . 6 page.
NASA Apollo Moon project closes 1972 because of oxidative stress and technical hazards risk.
Glucose and inverse oxygen absolute and standard potentials sum AE°=(E°csH1206-E°02):
AE°=(E°c6H1206-E°02)=AGLehninger/F/N=-2840000/96485/24=-1.2264 V give the absolute free energy change
AGLenninger=AE°*Fen=(E°ceH1206-E°02)*Fen=(-1.2264)* 96485*24=-2840 X/mo for the oxidation reaction
CeH1206+12H20+602aqua=6H30*+6HCO3" by published data AGLenninger=-2840 ol [1,6]

The sum of the absolute standard potentials (E°ceH1206-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 reduction -E°02=-1.0868 V .

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 Ozaquat4H3O*+4e'=5H20 with an inverse absolute standard
potential -E°=-1.0868 V. Classic glucose standard potential E°ciassic=-0.04915 V, 42 water account logarithm
-0,0591/24*log(1/55.3"*?)=0.18024 and AE°=+0,10166-0,37239 the coupled sum expressed potential is

E°ceH1206=E °classic-0,0591/24*log(1/55,3"*?)+ AE°=-0.04915+0.18024+0,10166-0,37239=-0,13964 V.
CesH1206+42H20=24H30*+6H30"+6HCO3+24 e .

Arterial oxygen [Ozarteriala]=6*107(% M; hydroxonium [Hz0*]730=10/(736"30) M and [CsH1206]=0,005 M

glucose concentrations in blood produce very negative arterial potential:
EceH1206arterial=E °coH1206+20%9Y/24e1g([HC O3]8*[H30* 13 [H201*%/[CeH1206] ) =
=-0,13958+%0591/,,*|gy(0,0154* 107 -7-36"30) /g 005/55,346"*2) =-0,86237 V
and inverse Nernst’s half reaction absolute arterial potential of oxygen is
Eozarterial=E °02+°9%%Y/41g([H20]%/[02aqua)/[H30+1*) =-1,086865+°:05/4*l0g (55,346 >/6/ 10" )17 7:36"4)=-0,46074 V.
Homeostasis potential sum is more negative AEarterial=EcsH1206arterial+ Eo2arteria=-0,86237-0,46074=-1,3231 Volts.
Free energy change AGarterial IS more negative as standard value AGenninger:
AGarterial:AE'F°n=(EC6H1206arteriaI'EOZarteriaI)'F‘n=(-0,86237-0,46074)*96485*24:-3063,846 I(‘]/mol.
One mol glucose oxidize six mols of oxygen producing six mols bicarbonate 6H3O*+6HCOz3™:
CeH1206+42H20=24H30*+6H30"+6HCO3+24 €™ + sum + 602aquat+24H30"+24e=30H20;
CsH1206+42H20+602aqua+24H30*+24e'=24H30*+6H30*+6HCO3+24 € +3OHzO
CsH1206+12H20+602aqua = 6H30*+6HCO3 ;
GH3zo++HC03-=GH30++GHco3-=22,44+56,08=78,52 X/ma,

Glc 6" page Formation from elements C+6H2gas +302gas=CsH1205 free energy change calculates from
Alberty data at pH=7.36 AG" Alberty=GcoH1206-(6G Cgrapht6* GHzgast3* Gozgas)=-402.05 ol ;

Substance [AH°H/mol|AS°H/moik| AG°W/mal| 2006, Massachusetts Technology Inst. Alberty [8] pH=7,36.
CsH1206aq | -1263,78 | 269,45 | -919,96 |CRC 2010
pH=7.36 Glc| -1267,13 | -2901,49 | -402,05 |[8] AG’Alberty*+(6Gcgrapht6*GHzgast3*Gozgas)=GceH1206=1568 K fmo;

Calculation of free energy in glucose oxidation CéH1206+602aquat12H20=6H30"+6HCO3 in three ways:
1) Alberty data at pH:7.36 pH=7,36 AGOAIberty:GC(SH1206-(6GCgraph+6*GH2gas+3*GOZgas):-402,05 I(‘]/mol standard
free energy content in the mol is:

GcoH1206=AG° Alberty+(6G cgraph*6* GHagas+3* Go2gas)=-402,05+(6*91,26+6*85,6+3*303)=1568 “/mol ,
2) Lehninger's AGceH1206=6*GH30++6* GHco3--(GstandardceH1206+6* Gozaquat12* GH20_Biochem)=-2840 Kol
standard content in the mol of glucose GstandardceH1206=6*(22,44+56,08)-(-2840+6*330+12*0) =1331 %/mor and
3) free energy content AGarterial c6H1206=6*GH30++6* GHco3--(Garterial_cH1206+6* Gozaquat12*GH20)=-3064 K/mol
per mol of glucose at homeostasis Garterial_ceH1206=6*(22,44+56,08)-(-3064+6*88,22+12*85,64)=1978 */ma.
8,6
[ (generated 6HCO3+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 AGarteria=-3064 “/mol.
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Absolute potential and free energy values include accounting for hydroxonium HzO* and water H20.
Oxygen in the inverse half-reaction with free energy Gozaqua=330 */mol is reduced to Ozaqua+4H30*+4e'=5H20
with inverse potential -Eco2=-1.0868 V by oxidizing four metal hydrogen atoms with free energy content per
mole GHpry=48.56 “/mal in the Nernst half-reaction 4(Pt)H+4H20=4H30*+4e" and with standard absolute
potential E'n=-0.27073 V. Standard free energy change in aqua reaction Ozaq+4(Pt)H=2H2>0 from elements is
AGHes2H20=2GH20-4GH(Py-Gor2aqua=2*0-(4*48.56+330) )=-524.24=2*-262 “/mal. Standard potentials sum
AGeq=(E H-E°02)*F+4=(-0.27073-1.0868)*96485*4=-1.3575*96485*4=-523.925=2*-262 “/mol let
independently from Hess law calculate formation from elements in water oxygen O2zaqua and metal hydrogen
(Pt)H free absolute energy change AGeqryH_H20=-262 ¥/mol, which is coincident with absolute free energy
GH(ry=48.56 M/mol determination for free aqua elements O2aqua, (Pt)H. Hydrogen standard free energy in water
solution Grzagqua=103.24 ¥/mor is at pH=7.36. [8] Ozaqua+2H2aqua=2H20; The standard free energy change in Hess's
law for the formation of aqua elements is
AGHesscRcagqua=2AG °H20-2AG °Hzaqu-AG °02aqua=2*-237.191-(2*99.13/2+16.4)=-589.91=2*-295 K/mo1. [1]
In Hess's law, changes are calculated from CRC data when pure reactants convert into pure products and the
maximum possible change is greater than the standard AGHesscrcagua=-295 ¥/mol > AGeqpyyH_2+H20=-262 X/mol.
Formation from aqua elements AG°H20=-151.55 ¥/mor Alberty [8] and homeostasis AG°H20=-147,26 “/mol.
Substance AHOH,kJ/moI AS°H, molik AGOH,kJ/moI AG°H20=GH20-(GHzaq+ G02a9/2)=0-(103.24+88.22/2)=-147.35 Kol
H20 -285.85 | 69.9565 | -237.191 |GH20=AGH20Alberty-(AG°H20)=-151.549-(-237.191)=85.6 “/moi [8]
H20 -286.65 | -453.188 | -151.549 |AGH=AHH-T*ASH=-286.65-298.15*-0.453188=-151.5 “/mol;
HsO* | -285.81 -3.854 | -213.2746 |AG°H30 +,“/mol Mischenko 1972, Himia, Leningrad [26]

H2@q) 23.4 -130 99.13 |CRC[1]
H2(ag) -5.02 -363.92 103.24 |pH=7,36 [8] Massachusetts Technology Inst. Alberty
E° (Pt)H | -0.27073 | -1.0868 48.56 GH(P=(2GH20-AGeq2H20-G02aqua) [4=48.56 K/mol
O2aqua -11.70 -94.2 16.4 |pH=7,36 [8] Biochem. Thermodyn Massachusetts Technology Inst.

O2aqua | -11.715 | 110.876 16.4 |CRC [1] The equilibrium constant is favorably greater than one:
KegzH20=Koxred=eXP(-AGoxred/R/T)=exp(261960.6/8.3144/298.15)=exp(105.675)=7.832*10% .
Exothermic and exoergic Ozaqua reduction with metallic hydrogen t’i A

4(Pt)H and H202 dismutation Hess free energy change negative
AGHessaquaH20=-295 K/mol, but reaching equilibrium state AGeq2r20=-262 K/morat ~ f-==---------
minimum has constant greater over one Keq2r20=7.832*10%. The equilibrium state
is Prigogine attractor for all irreversible states. Free energy change minimum
reaching establish equilibrium state. Oxidation and reduction of peroxide have
absolute standard E°H2020x=0.5268 V Ox H202+2H20=02aqua+2H30*+2¢" and
inverse standard -E°H202red=-1.7113 V Red H202+2H30*+2e=4H-0 potentials.
Dismutation is exoergic, exothermic 2H202aq=>02aqua+2H20+Q+AG standard sum
(E°H2020x-E°H202Red)=(0,5268-1,7113)=-1,1845 V AGegstandard_r20:=-228,57 ¥/mol.

AGeqHZO:-262 kJ/mol
AGeoStandard:'22l8,6 ol ,.;,

Reactants 4(Pt)H+ O2aqua and products 2H20 4A+B 5(5% 2D;
Reactants 2H202aq and products Ozaquat2H20 2A 50% B+2C

Classic peroxide oxidation standard potential E°classici2020x=0.6945 V [19], plus 2 water account logarithm
-0.0591/2*1g(1/[H20]%)=0.103 and the coupled sum AE°=+0.10166-0.37239 expressed absolute potential is
E°H2020x=E °classicH2020x-0.0591/2*1g(1/[H20]?)+AE°=0.6945+0.103+0.10166-0.37239=0.5268 V;

Classic peroxide reduction standard potential E°classicH202red=1.776 V [17], plus 4 water account logarithm
-0.0591/2*1g(1/[H20]%)=0.206 and the coupled sum AE°=+0.10166-0.37239 expressed absolute potential is
E°H202Red= E°classicH202Red-0.0591/2*1g(1/[H20]*)+AE°=1.776+0.206+0.10166-0.37239=1.7113 V;
Peroxide oxidation and inverse reduction standard potentials sum calculates standard free energy change :
AGegstandart_H202=(E°H2020x-E °H202Red) *F*N=(0.5268-1.7113)*96485*2=-228.57 ¥/mo and favored constant
GAIbertyHZOZZ(GOZBiochem_arteriaI+2*GHZOBioChemistry-AGquioChem)/2 :(330+2*0+228,57)/2:279,285 K fmol.

. 2
= e 0L oo=exp(-AGe/RIT)=exp(228573/8.3144/298.15)=1.11%10%.

K =
eqStandart_H202 [H,0, ]§qua

Er1202=E°202+0.0591/221g(Oaqua] *[H30 *1/[H202]/[H20]2)=0.5268+0.0591/2*Ig(6*10"5*10"7362)/1/55, 32)=-0,1359 V/

Eox=E°H2020x+0.0591/2log([H20]*[H202]/[H30 *]?)=-1.7113+0.0591/2*0g(55.3"/1/10"(7-36*2)=-1.0703 V
Summary of Nernst’s + inverse reaction for homeostasis absolute free energy electrochemical change has

AGeggiochem=(ERed-Eoox)*F*n =(0.1359-1.0703)*96485*2=(-0.9344)*96485*2=-180.3 “/mo molar energy content.

7
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High rate protolysis peroxide anions collisions in peroxisomes produce 100% efficiency of essential ®=6,
=3 fatty acids, oxygen, water and heat: 2H202(ag)=02aquat2H20+Q .
Collision H+HOO><"OOH+H" in water activation energy is high Ea=79000 /mor with slow rate of reaction. In
collision HOO=> with iron(111) ion peroxide has small activation energy Ea=29 Y/mol. It increases reaction
rate thirty million times faster. Peroxide formation from aqua elements O2aquatH2aqua=H202 exoergic, negative

AGHessH202=AGOHZOZ-AGOHZaqu-AGoOZaqua=-237.129-(99.13+16.4):-352.66 K mol. [1] Dismutation
reaction AGHhess2H202=2AG°H202-2AG°H20aqu-AG° 02aqua=2*-237.129-(2*237.191+16.4)=-303.094 K/mol. [1] Alberty

data in Hess expression AGaiverty2H202=2GHz0aqu+Gozaqua-(2GH202)=2*0+330-(2*279.285)=-228.57 “/mal. [8]
SUbStanceAHOH,kJ/molASOH,J/mOI/KAGOH,k‘]/mol GH202=279.285 I(J/mol; GHo00-=333.866 I(‘]/mol;

H2O02aq | -191.99 | -481.688 | -48.39 |Biochem. Thermodynamic 2006 Massachusetts Technology Inst.[8]
H202aq | -191.17 143.9 -134.03 |University Alberta 1997. [19]

H202aq |Formation| -48.39 340.25 |GH202a5=AGH202AIberty+(Go2gas+GH2gas)=340.25 K/mol;

HZOZaq Formation| -134.03 254.61 GH202aq:AGH202AIberty+(GOZgas+GHzgas)=254.61 I(‘]/mol;

H202aq |AE Ho0zredox| -1.1845 | 279.285 |GH202=(Go2aquat2*GH20+AGAlberty 2+202)/2=558.57/2=279.285 /mol;
HOO" |pKa=11.75] 77.016 | 333.866 |GHoO-=-GH30++AGaH202+( GH202+GH20)=333.866 */mol;

H2021 | -237.129 | 69.91 | -237.129 [CRC [1]

Peroxide protolysis H202+H20=H3O*+HOO" pKa=11.75 give the free energy change at equilibrium state
AGaH202=-ReTeIn(Ka/[H20])=-8.3144*298.15*In(10"1179/55,3)=77.016 “/mol and by Hess law endoergic too
AGaH202=GH30++GH00--(GH202+GH20)=22.44+GHoo--(279.29+0)=77.016 “/mo Expressed anion free energy content
is GHoO-=-GH30++AGaH202+(GH202+GH20)=-22.44+77.016+(279.29+0)=333.866 /mol.

HOO +H20=02aquatH30*+2e" peroxide anion half reaction standard potential is E°Nernstioo-=0.09625 Volts. Free
energy change is AGNermstHoo-=Gozaguat GH3o+-(GHoo-+GH20)=330+22.44-(333.866+0)=18.574 K/mal.
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*Ig(1/55.3")+0.10166-0.37239=0.09625 V;
E°Hoo-=E°+ 0.372=0.09625+0.37239=0.46864 V; E°H00-=0.46864-0.10166=0.36698 V; A 1 - 303094 Plna
E°Hoo-=0.36698+0.0591/2*log(1/55.3"1)=0.31548 V; G essHEOzTERS "
Exothermic and exoergic H20: (aq) dismutation Hess AGHessH202=-303.094 K/mol free | =2--ooaao--
energy change is negative, but minimized AGegstandard=-228.6 “/mol reaching standard
equilibrium mixture favored constant Keq=1.11*10%. Le Chatelier principle is Prigogine
attractor as free energy change minimum AGmin reaching. High rate protolysis attractors
pH=7.36, oxygen 20.95% in air stay at equilibrium, while homeostasis irreversibly CATALASE
continues, as not equilibrium state are. Prigogine attractors are Nobel Prize in Chemistry Sy
1977". CATALASE erase peroxide molecules H20: reaching 100% efficiency for »=6,
=3 fatty acids C20:4 elongation synthesis in peroxisomes. CATALASE reactivity is AGstandard=-228.6 “/mof,
indispensable irreversible homeostasis Brownian molecular engine for evolution and '

. i . . ) A+A 50% B+2C
survival. Peroxide Formation from elements O2gas+H2gas=H202aq; are two sources reactants 2H»0
AG UnivAlberta=-134.03 ¥/mol,[19] AG° alberty=-48.39 “/mol. [8] From Alberty data obtained duct 5 Z(aqj_ZH o
AGHessH202=GH202-GHagas-G02gas=279.285-(85.64+303)=-109.155 X/mor values for products_“zaqua ?
GH202-GHzgas-Gozgas are located between AG univaiberta=-134.03 */mor [19] and AG° Alberty=-48.39 “/mol [8] much
close as CRC data. [1] Analogous data on the absolute free energy scale GaibertyH202=279,285 /mol lie between
the molar content GH202a¢=254.61 ¥/mo1, [19] and GH202aq=340.25 “/mor [8]:
GH202a=AGH202cRc+(G0o2gas+GHagas)=-134.03+(303+85.64+0)=254.61 X/mol ; [19]
GH202aq:AGH202AIberty+(GOZgas+GH2gas):-48.391(@3"‘85.644‘0):340.25 k‘]/mol ;[8] 413t,54th page [1,8,20]
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Sulfur / Ha5aq red-ox systems. H3O* and [H20]=55.3 M accounting on absolute free energy and potential scale.

GH2gas=85.6 I(J/mol; GH2:ag=53.3896 I(J/mol; Gerhombic=3.5436 I(J/mol;
favored Gh2:gas=AGHess_H2 gas+(G rombic+GH2)=7.1636 K fmol.
GH25gas=GH25ag-(AGeg+GH20)=53.3896-(15.27+0)=38.1196 K/mol
CRC AGH2:gas=AHH-T*ASH=-20.6-298.15*0.20581=-81.96 “/mol;
CRC AGH2:a0=AHH-T*ASH=-38.6-298.15*0.126=-76.167 “/mol;
2006. Massachusetts Technology Inst. pH=7.36 Alberty [8]
GH2:ag=AGHessH2:+(2GH(Pt)+Gsrombic)=84.343 I(‘]/mol;
CRC [1] AGH:—=AHH-T*ASH=-16.3-298.15*0.067=-36.276 “/mor;
GHs-aq=Gsrombict2GH20-(AGegHs-aqg+ Gon)=90.5336 K mol;
favored GHs-=AGeq-GHzo+(GH2:+GH20)=81.138 K/mol;
GHs-=G:2-+GH30-(AGeqtGH20)=92.65 “/mol;

Gsrombic=GH2 gas-(AGHess_HZ gas+GH2):3.5436 I(‘]/mol;

favored Gsrombic=AGeqH2:ag-2GH30++(G H2sag+2GH20)=3.5436 k‘]/mol;

Substance |AH®H I(J/mol AS°®H J/moI/KAGOH,kJ/moI
H25gas | formation| -81.96 7.1636
H25gas | Solubility | promote | 38.1196
H25gas -20.6 205.81 -81.96
H25aq -38.6 126 -76.167
HoSaq | -22.9596 | -256.064 | 53.3896

H25aq5+2(P)H=| H25aq 84.343
HS- -16.3 67 -36.276
HS- E°syms2-=[-0.8517 V| 90.5336
H5"  |pKai=7.05| favored | 81.138
HS- pKa2=19 - 92.65
rombic | formation| -81.96 3.5436
rombic E°§¢/HZSaq: -0.025735V| 3.5436

2 E°sys2-= |-0.79853V| 157.63

Gs2-a=G r0mbic+GH20-(AGeq 2—aq):157.63 I(J/mol;

Formation from elements Srombic+H2gas=H25 gas GH2gas=85.6 K/mor; shows energy content Grz:gas=7.1636 K/mol;
Energy content is GH2:gas=AG°Ha:gast(GsrombictGHz)=-81.98+(3.5436+85.6)=7.1636 ol [1,8]
Energy content is Gsrombic=GH25gas-(AG°H25gas+GH2)=7.1636-(-81.98+85.6)=3.5436 “/mo1. [1,8]
Solubility H25gastH20=H2%aq 3.98 9/1. 20° C [30] MH2:=34.08 9/mo product Ksp=[H25a¢]=3.98/34.08=0.11678 M
at equilibrium constant is Keq=Ksp/[H20]=0.116784/55.3=0.0021118 with free energy change endoergic positive
AGeq=-ReTeIn(Keq)=-8.3144*298.15*In(0.0021118)=GH2saq-(GHzsgas+GH20)=15.27 X/mol.
The free energy per mole of hydrogen sulfide is GHzsgas=GHzsag-(AGeq+GH20)=53.3896-(15.27+0)=38.1196 “/mo.

2=Srombic+H20+2€7; Standard potential E°classic=-0.4763 V [1], plus water account logarithm

-0.0591/2*1g([H20]*)=-0.0515 and the coupled sum AE°=+0.10166-0.37239 expressed absolute potential is
E°sy/s2-=E°classic-0.0591/2*Ig([H20]*)+AE°=-0.4763-0.0515+0.10166-0.37239=-0.79853V;
AGeqs2-=E"2-Fn=-0.79853*96485*2=-154.09 “/mol . Gsrombic=3.5436 */mo;
AGeq2-a0=Gsrombic+GH20-(Gs2-aq)=3.5436+0-(157.63)=-154.09 “/ma;
Ge2-a0=G rombic+GH20-(AGeq 2-aq)==3.5436"‘0-(-154.09):157.63 I(J/mol;

HS+0OH =Srombict2H20+2¢7; Standard potential E°classic=-0.478 V [1], plus water account logarithm
-0.0591/2*1g([H20]1?)=-0.103 and the coupled sum AE°=+0.10166-0.37239 expressed absolute potential is
E°s/ms-=E°classic-0.0591/2*Ig([H20]?)+AE°=-0.478-0.103+0.10166-0.37239=-0.8517 V;
AGegHs-=E Hs-Fn=-0.8517*96485%*2=-164.35 “/moI .
AGeqHs-ag=Gsrombict2GH20-(GHs-aq+Gon)=3.5436+2*0-(90.5336+77.36)= -164.35 Kol
GHs-aq=Gsrombic+2GH20-(AGegHs-aq+Gon)=3.5436+2*0-(-164.35+77.36)=90.5336 “/mol;

H25ag+2H20="5rombiskst2H30+2e7; Standard potential E°classic=0.142 V [1], plus water account logarithm
-0.0591/2*1g(1/[H207%)=0.103 and the coupled sum AE°=+0.10166-0.37239 expressed absolute potential is

E°s/H2s=E classic-0.0591/2*Ig(1/[H20]?)+AE°=0.142+0.103+0.10166-0.37239=-0.025735 V;
AGeqH2:=E°H2:Fn=-0.025735*96485*2=-4.966 “//mo .
AGeqH2:20=G rombic+2GH30+-(GH2 aq+ZGH20):3.5436+2*22.44-(53.3896+2*0):-4.966 I(J/mol;
Gerombic=AGeqH25ag-2GH30++(GH2saq+2GH20)=-4.966-2*22.44+(53.3896+2*0)=3.5436 “/mo;
pKa=7.0 Wikipedia; [1] pKa1=7.05; pKa2=19
pKa1=7.05 H25+H20=H5+H30"; Keq1=Ka1/[H20]=10"(7-09/55.3= 0.000000001612;
AGeq=-ReTeIn(Keq)=-8.3144*298.15*In(0.000000001612)= GHs-+GH3o-(GHz:s+GH20)=50.188 “/mol;
AGeq=GHs-+GH30-(GHas+GH20)=81.138+22.44-(53.3896+0)=50.188 “/mo ;
GHs-=AGeq-GH30+(GHz:+GH20)=50.188-22.44+(53.3896+0)=81.138 “/moi ;
pKa2=19 H5+ H20=524+H30"; Keqi=Ka1/[H20]=10"(19/55,3=10"20.74);
AGeq=-ReTsIn(Keq)=-8.3144*298.15*In(10"20 ") =G 2.+ GH30-(G He—+GH20)=118.38 X/mo;
AGeq=G:2-+GH3o-(GHs—+GH20)=188.59+22.44-(GHs-+0)=118.38 X/mol ;
GHs-=G:2-+GH30-(AGeq+GH20)=188.59+22.44-(118.38+0)=92.65 “/mo ;

Sulfur reduction inverse potential:
2(Pt)H+2H20=2H30*+ 2¢;

rombict2H30*+2e=H254q+2H20; -E°<=-0.025735 V,
E°h=-0.27073 V; Srombic+2(Pt)H=H25aq;

AGeg=(E H-E°5)*F+12=(-0.27073+0.025735)*96485*2=-0.244995*96485*2= -47.277 V/mal;
GH25ag=AGHessH25+(2GH(Pt)+Gsrombic)=-47.277+(2*48.56+34.5)=84.343 ol . 2N page.
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Alberty [8] and CRC [1] data: Gr2gas=85.6 “/mol , GH2:ag=53.3896 ¥/moi [8] and AG°H20=-237.191 X/l
AG°H25¢as=-81.98 “/moi [1] allow calculating the absolute values of the free energy content of substances
Gerombic=3.5436 X/mol; Go2gas=303 /mol, etc. relative to water and carbon dioxide gas on a zero reference scale
GH20=Gco2gas=Ge-=0 K/mo1. Formation from elements sulfuric acid and sulfates: Srombict+202gas+H2gas=H25O4aq;
AG°H2504Form=GH2504-(Gsrombic+2G02+GHzgas)=-690.0 ¥/mar; [1] Content per mol

of H2S04 is GH2s04=AG °H2so4rorm+(Gsrombic+2Go2+GHagas)=-690.0+(3.5436+2*303+85.6)=5.1436 “/mol .
rombict202gastH2gas/2=HS047; AG°Hso4rorm=GHs04-(Gsrombict2G02+0.5GH2gas)=-755.9 K/mol . Content per mol
of HSO4™ is GHs04=AG°HsoaForm*(Gsrombic+2G02+0.5GHagas)=-755.9+(3.5436+2*303+85.6/2)=-103.56 /mol.
rombict+2O2gas= 047 AG°sosrorm=Gso4-(Gsrombict2G02)=-747.75 K/mot. Content per mol of SO4% is
Gs04=AG°sosrorm+(Gsrombict2Go2)=-747.75+(3.5436+2*303)=-138.2 K/ma.
The protolysis equilibrium H2S04+H20=HSO4+H30* in mol fractions is calculated by dividing the acid
Keq1=Ka1/[H20]=10"8)/55.3=11.41 constant Ka1 (pKa1=-2.8) by water [H20]=55.3 M. The change in free energy
iS AGegH2s04=-RsTeIn(Keq)=-8.3144*298.15*In(11.41)=GHs04-+GH3o-(GH2s04+GH20)=-6.035 ¥/mo and from the
Hess's law expression AGeqH2s04=GHso4-+GH3zo-(GHzs04+GH20)=GHsos-+22.44-(-84.04-151.549)=-6.035 ¥/mol
the free energy content per mol of HSO4™ anion is obtained
Ghs04-=AGegH2504-GH30+(GH2s04+GH20)=-6.035-22.44+(5.1436+0)=-23.33 X/mol .
Protolysis equilibrium HSO4+H20=S04?+H30" pKa2=1.99 Keqa=Ka2/[H20]=10"¢1-99/55.3=0.0001850 free
energy is AGegrsos=-ReTeIn(Keq2)=-8.3144*298.15*In(0.0001850)=Gso42-+GH3o-(GHsos-+GH20)=21.307 /mol.
Hess expression AGegHso4=Gso42-+GH3o-(GHsos-+GH20)=Gso42-+22.44-(-23.33+0)=21.307 “/mo free energy of

S04? anion mol is Gso42-=AGeqHs04-GH3o+(GHso4-+GH20)=21.307-22.44+(-23.33+0)=-24.46 N/mol.
Formation from free elements Srombict1.502gas+H2gas=H2503aq and solubility SO29%5+H20=H2503agq .

AG°H2503Form=GH2503-(G=rombisks+1.5AG02+ GHagas)=-56.94-(3.5436+1.5*303+85.6)=-600.58 “'/mal;
Ghs03=AG°Hso3Form+(Gsrombisks+1.5AG02+GHzgas/2)=-486.5+(3.5436+1.5*303+85.6/2)=-74.84 ¥/ ma;
Gs03=AG°sosrorm+Gzrombisks+1.5AG02=-490.38-85.64+1.5%303=-121.52 X/mo;
Equilibrium constants in mol fractions Keq=Ka/[H20] calculate dividing the acid constant by water [H20].
H2S03+H20=HSO3+H30*; pKa1=1.85; Keq1=Ka1/[H20]=10"189/55.3=0.0002554;
AGeqH2503=-R*TsIn(Keq1)=-8.3144*298.15*In(0.0002554)=GHs03-+GH3o-(GH2s03+GH20)=20.5075 /mol;
GHs03-=AGeqH2503-GH30+(GH2s03+GH20)=20.5075-22.44+(-56.93796+0)=-58.87 “/mol;
HSO3+H20=S03>+H30*; pKa2=7.21; Keqe=Ka2/[H20]=10""-21)/55.3= 0.000000001115;
AGeqrsoz=-ReTeIn(Keq2)=-8; 3144*298.15*In(0.000000001115)=Gs032-+GHz0-(GHs03-+GH20)=51.1 X/mo;
GHs03-=Gs032-+GH30-(AGegHs03+GH20)=-121.52+22.44-(51.1+0)=-150.2 “/mol;

H2S03+4H20=HSO4+3H30*+2e" Standard potential E°classic=0.172 V [1], plus water account logarithm
-0.0591/2*1g(1/[H20]%)=0.206 and the coupled sum AE°=+0.10166-0.37239 expressed absolute potential is
E°H2503=E °classic-0.0591/2*Ig(1/[H20]*)+AE°=0.172+0.206+0.10166-0.37239=0.10726 V;

—Fo [HsO; MHs0'T* _ [HsO; }Hs0T*
PH<2 En2s03=E°H2s0s+ 0-02591°10g [sto3]-[H320]5 =0.10726 V +0.o;391-10g [H2803]'[H320]5

AGeqH2503=E°Hs03*F*2=0.107260*96485*2=20.69796 “/mo;
AGeqHs203=GHso4-+3GH30-(GH2s03+4GH20)= -103.56+3*22.44-(-56.93796+4*0)=20.69796 “/mo! ;
GH2503=GHs04-+3GH30-(AGegH2503+4GH20)=-103.56+3*22.44-(20.69796+4*0)=-56.94 ¥/moi ;
GHs04-=AGeqH2503-3GH30+(GH2s03+4GH20)=20.69796-3*22.44+(-56.93796+4*0)=-103.56 “/mol ;
Solubility constants in mol fractions Keq=Ksp/[H20] calculate dividing saturate product with water [H20].
S0298+H20=H2S03aq; 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 mMsolution=1050 ¢/L and mas of acid MH2s03=[SO2]*MH2s503=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=-RsTeIn(Ksp)=-8.3144*298.15*In(0.028413)=GH2503-(Gs02+GH20)=8.82727 /mol;
AGeqH2503=GH2s03-(Gs02+GH20)=-56.93796-(-81.735+0)=8.82727 “/imol;

Gs02=GH2503-(AGegH2s03+GH20)=-72.9075-(8.82727+0)=-81.73477 F/mal ; pH<2 [1]
Gs02=GHz2503-(AGeqH2s03+GH20)=-56.93796-(8.82727+0)=-65.76523 X/mo ; 2=<pH<7 [17]
AGegH2503=GH2503-(Gs02+GH20)=-56.93796-(-65.76523+0)=8.82727 “/mol;
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Formation from free elements Srombic+O2gas=502; AG°s02rorm=Gs02-(-85.64+303)=-370.82 /mol;
Gs02=AG°soz2rorm*(Gsrombiskst Go2)=-370.82+(-85.64+303)=-153.46 K mol;

HSO3 +4H20=S04%>+3H30*+2¢" Standard potential E°classic=0.172 V [17], plus water account logarithm
-0.0591/2*1g(1/[H20]%)=0.206 and the coupled sum AE°=+0.10166-0.37239 expressed absolute potential is
E°sos =E°classic-0.0591/2*1g(1/[H20]*)+AE°=0.172+0.206+0.10166-0.37239=0.10726 V;

2=<pH<7 Enso3 =E°nso3-+0.0591/2*log

[s02][H;0"®

[s0Z][H50"]?
[HsOJ][H,0]*

=0.10726 V +0.0591/2*10g {1567 {,00°

AGeqsos-=E°Hso4-*F+2=0.10726*96485*2=20.69796 “/mol ;
AGeqsos-=Gsos-+3GH30-(GHso3+4GH20)=-24.46+3*22.44-(22.16+4*0)=20.7 Y/mol ;
Grs03=Gs04-+3GH3zo-(AGeqsos—+4GH20)=-24.46+3*22.44-(20.69796+4*0)=22.16 “/moi ;
Gs04-=AGeqso4--3GH30+(GHs03+4GH20)=20.69796-3*22.44+(22.16+4*0)=-24.46 Yo ;

Substancel AH®H X/mol [AS°H,/molik AGH, % mol
H2SO4 -814.0 156.9 -690.0 |CRC [1];
H2SO4 | favored  formation| 5.1436 |Gh2s04=AG°H2s04+Gsrombiskst2AG02+ GHzgast GH20=5.1436 </mol;
HSO4 -887.3 131.8 -755.9 |CRC [1]
HSO4 - pKa1=-2.8| -23.33 |GHsos-=AGeqH2504-GH3o+(GH2s04+GH20)=-23.33 K/mol;
HSO4 pH<2 formation| -103.56 |GHso4=AG°Hsos+G rombisks+2AGOZ+GH2gas/2:-103.56 I(‘]/mol;
SO4* -907.62 -536.2 | -747.75 |BioTherm2006 pH=7.36 [8] AG so4-=AH-T*AS=-747.75 Y/mol;
S04 - formation| -138.2 |Gso4=AG°sosrorm+Gsrombisks+t2AG02=-747.75-85.64+2*303=-138.2 ¥/mo;
SO4% | 2=<pH<7 |pKa2=1.99| -24.46 (Gsoa2-=AGeqrso4-GHzo+(GHsos+GH20)=-24.46 “/mol;
S04 | E°hsoz= | 0.10726 | -24.46 |Gsos=AGeqsos—-3GH30+(GHso3+4GH20)=-24.46 “/mol; 2=<pH<7
S04 | E°sox= | -1.2522 | -213.4 |Gsos2-=AGeqsoz2-oH-GH20+(Gs032-+2GoH)=-213.4 X/mol ;
SO4* -909.3 20.1 -7445 |CRC[1]
SO29% | -296.81  248.223 | -370.82 AGH=AHH-T*ASH=-296.81-298.15*0. 248223=-370.82 X/moI ;
SO,9%s formation | -153.46 GSOZZAGOSOZForm+(G rombisks+GOZ):-l53.46 k‘]/mol;
SO29% |AGKsp=8.827 pH<2 -81.735 | AGs02=Ghzs03-(AGspHzsos+Gra0)=-72.9075-(8.82727+0)=-81.73477 “/moi;
S029% |AGKsp=8.827 2<pH<7 | -65.765 Gs02=GHz2503-(AGspH2s03+GH20)=-65.76523 X/mol;
H2S0s | Alberty [8] pH=7.36 | -600.58 | AG°H2s03Form=GHz2503-(Gsrombisks+1.5AG0o2+ GHagas)=-600.58 /mo;
H>SOs3 formation | -72.9075 GHZSO3=AG°HZSO3Form+(G rombiskst1.5AG o2+ GHZgaS):'72-9075 I(J/mol;
H2SO3 | E°hasos=  0.10726 |-56.93796| Grosoz=GHsos +3GH30-(AGegHs03-+4GH20)=-56.938 “/mol; pH<2
HSOs | E°nsoz=  0.10726 22.16 Ghs03=Gs04-+3GH3z0-(AGeqsos—+4GH20)=22.16 ¥/mol;
HSO3s formation| -74.84 GHhs03=AG°Hs03+Gsrombiskst1.5AG02+GHagas/2=-74.84 K mol;
HSOz pKa1=1.85| -58.87 GHs03-=AGeqH2503-GHao+(GH2s03+GH20)=-58.87 X/mol;
HSO3 -635.5 -29 -486.5 |CRC [1]
SO3* -632.19 | -475.628 | -490.38 |BioTherm2006 pH=7.36 [8]
SOz - formation| -121.52 Gs03=AGFrorm=AG°s03+Gsrombiskst1.5AGo2= -121.52 I(J/mol;
SOs* pKa2=7.21| -30.21 Gs032-=AGeqHs03+GH30-(GHs03-+GH20)=-30,21 X/mol;
SO3% | E°sos2-on= | -1.2522 | 62.457 | Gso032-=Gsos2-+Gr20-(AGeqsoz2-oH +2GoH)=62.457 K/mor; pH>7

GH2503=AGHzsosForm+(Gerombict1.5AGos+ Ghagas)=-72.9075 X/mor;

S03?+20H=S04>+H20+2e; pH>7; - Standard potential E°classic=-0.93 V [17], plus water account logarithm
-0.0591/2*Ig([H20]1)=0.0515 and the coupled sum AE°=+0.10166-0.37239 expressed absolute potential is
E°s032-0H=E classic-0.0591/2*1g([H20])+AE°=-0.93+0.0515+0.10166-0.37239=-1.2522 V;

E s032-0H=E°s032-0H+ 0.0591 ¢]og
2

[s02]-[H20]

AULES I [s02]-[H20]
[303_]'[OH] B

-1.2522 \/+0.0591 e]og T— 57—
- g [soz]-[oH]?

AGegsoa2-0H=E°s032-onsF2=-1.2522*96485*2=-241.637 X/mol ;

AGeqso32-0H=Gs042-+GH20-(Gs032-+2GoH)=24.46+0-(62.457+2*77.36)=-241.637 “/mol ;
Gs032-=Gs042-+GH20-(AGeqso32-oH +2Gon)=-24.46+0-(-241.637+2*77.36)=62.457 /ol ;
Gs042-=AGeqs032-0H-GH20+(Gs032-+2GoH)=-241.637-0+(62.457+2*77.36)= -24.46 X/mal ;

11


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

Metal insoluble salt solution of salt anions I1-type electrode.

EVF K*CI" solution, counter-ions CI- of AgCl insoluble salt. Nernst’s
half reactions for electrode of silver metal Ag. Electric potential in
ﬁ volt measurement by couple of electrodes Electric Motion Force

KCl @ EMF in Volts. Between the indicator electrodes Mel and the
solution reference electrode Mell connected in a closed electrical circuit, the
precipitate | potential of the Mel indicator electrode El is calculated as the sum:
Mell Mel EI=EMS+EII. The standard reference electrode Ell serves as a
constant potential and chloride concentration.
The silver I-type electrode: Ag(s)+H20=Ag*+e" absolute potential

is expression standard potential E°classic=0.7994 V [18], water logarithm -0.0591/1*Ig(1/55.3"1)=-0.103 and sum
AE®=0.10166-0.37239: Eagag+=E classic-0.0591/1*Ig(1/[H20]*)+AE°=0.7994+0.103+0.10166-0.37239=0.6317 V;

AgCl

AGeq_Ag:EoAg'F'zzo.6317*96485*1:60.95 I(J/mol. AGeq_AszGAg+-(GAg+GH20):77.1-(GAg+0):60.95 I(J/mol ;
Gag=Gag+-(AGeq Ag+GH20)=77.1-(60.95+0)=16.15 “/mor; [1]
Gag=Gag+-(AGeq Ag+GH20)=103.8-(60.95+0)=42.85 ¥/mor;[8]
Gag+=AGeq_ast(GagtGH20)=60.95+(42.855+0)=103.8 K/ mol ;[8]
Formation 2Ag*+Cl2=2AgCI(s); 2AGeq_agci=2Gagcl-(2Gag+Gei2)=2Gagci-(2*42,85+394,2)=-155,71 “/mar ; [1]
Gagci=(2AGeq_Agci+(2Gag+Gcei2))/2=(2*-155,71+(2*42,85+394,2))/2=84,24 F/mal ;
Solubility equilibrium in mol fractions AgCl(s)+2H20=Ag*+ClI"; AgCI(s)+2H20-Cl'=Ag" absolute constant :
K absoluteagei=Kspagel/[H20]"2=[Ag*1*[CI'T/[AgCI(s)]/[H20]"?=1.77*10"19/55,3/2=5.79*1024 ;
AGAbsquteAgCI:-R'T'ln(KAbsoluteAgCI):-8.3144*298.15*|n(5.788*10/\('14)):75.559 I(‘]/mol;
AGspAgCIzGAg++GCI--(GAgCI+2GHZO):103,8+101,97-(130,211"‘2*0):75,559 K fmol ;
Gagc1=Gag++Gel--(AGspagei+2GH20)=103,8+101,97-(75,559+2*0)=130,211 “/mol ;
compensate water molecule Ag(s)+H20=Ag*+e"; Ag(s)+H20+CI=AgCI(s)+2H20+e" on summary reaction
Ag(s)+Cl'=AgClI(s)+H20+e" Expression of absolute potential has standard E°classic=0.2223 V [18],
water and AE°: Eagiagci=E°classic-0.0591/1*Ig([H20]*)+AE°=0.2223-0.103+0.10166-0.37239=-0.1514 V;
AGeq Ag=E°Ag*F*1=-0.1514*96485*1=-14.61 “/mol,
AGeq_Ag=Gagci+GH20-(Gag+Gcel-)=-155.71+0-(42.855-183.955)=-14.61 K/mo ;
Gag=Gagci+GH20-(AGeq Ag+Gcel-)=-155.71+0-(-14.61-183.955)=42.855 /ol ;
Solubility NHsgas and Ag compensate each one water molecule in Nernst’s half reaction products
NH3gastH20=NHzaq;Ag+H20=Ag*+e"; Ag+H20+2NHzag=Ag(NH3)2*+2H20+¢e"; Absolute potential has
standard E°classic=0.373 V [17], water -0.0591/1*Ig([H20]%)=-0.103 logarithm and sum AE°=0.10166-0.37239:
E°Ag/ag(NH3)2+=E °classic-0.0591/1*Ig([H20]%)+AE°=0.373-0.103+0.10166-0.37239=-0.000725 V,
AGagiagiNH3)2+=E°Ag/ag(NH3)2+*F* 1=-0.000725*96485*1=-0.06995 /mor;
GagNH3)2+=AG Agiag(NH3)2+-GH20+(G Ag+2 GNH3ag)=-0.06995-0+(42.855-2%91.1)=-139.415 X/mo;
2Ag+20H=Ag20(s)+H20+2e"; Expression of absolute potential has standard E°classic=0.345 V [17],
water and AE°: E®2agiag20=E classic-0.0591/2*Ig([H20]*)+AE°=0.345-0.0515+0.10166-0.37239=0.02277 V
AGAag/ag20=E°Ag/ag20°F*2=0.02277*96485*2=4.394 K/mor;
AGag/ag20=Gag20+GH20-(2GAg+2GoH)=Gag20+0-(2*42.855-2*77.36)= 4.394 N/mal ;
Gag20=AGAg/Ag20-GH20+(2GAg+2GoH)=4.394-0+(2*42.855-2*77.36)=-64.616 “/mol ;

Ag(NH,)} :
E°ngina(432-=0.000725 V4 [RGT N2 gD T] E-2a0aseo=0.02277 v+ Bl
Viela AH°H Y mol | AS® Ymoik |[AG®H ,kJ/moI ion Gag+=103.8 Kol Over Gag=42.855 Kol element 60.945;[8]
Ag E°agiag+= [-0.6317 V| 16.15 |CRC[1] Gag=Gag+-(AGeq ag+GH20)=77.1-(60.95+0)=16.15 “/mol;
Ag E°agiagr= [-0.6317 V| 42.85 |Gag=Gag+-(AGeq Ag+GH20)=103.8-(60.95+0)=42.85 “/mor; [8]
Ag E°agagei= |-0.1514 V| 42.855 |GAg= Gagci+Grizo-(AGeq ag+Gei)=-155.71+0-(-14.61-183.955)=42.855 X/mor;
Ag+ 105.6 72.7 77.1  |CRC; [1] ion Gag+=77,1/mol over element zero AG°ag=0 “/mol;
Ag+ E°ag= 0.6317 V 103.8  [Gag+=AGeq Ast(Gag+tGH20)=60.95+(42.855+0)=103.8 Kol ;
AgCI(s) -127.01 96.25 -155.71 |AGagci=AHH-T*ASH=-127.01-298.15*0.09625=-155.71 K/moi;[1]
AgCI(s) | formation - 84.24 Gagci=(2AGeq Agci+(2Gag+Gei2))/2=84.24 X/mo;
AgCI(s) Kspagci=  [5,788*10%  130.2 Gagei=Gag++Gel-(AGspagci+2GH20)=130.2 K/mol;
Cl- KspHgociz= | 10M(231) | 101.97 Gcel-=(-GHg22++AGeqgtgaciot+(Grgaciz+3GH20) )/2=101.97 K/mor;
Ag(NHs)2"  E°agnmee+  [-0.000725| -139.415 |Gag(nH3)2+=AGAgiag(NH3)2+-GH20+(GAg+2GNHaag) =-139.415 K/mo;
AgC| AGspAgCIZ KspAgCIZ -155.714 GAgCIZGAg++GCI—'(AGspAgCI+ZGHZO):-155.714 I(J/mol;
Ag:0(s) | -3L1 1213 | -112 |CRC;[1]
Ag20(s) | E°agago= |0.02277V| -64.616 Gag20=AGAg/Ag20-GH20+(2GAg+2Gon)=-64.616 ¥/mol;
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Nernst’s potential studies Hg/Hg»?*/Hg?*, Hg2Cl2, Hg2SO4(s), HgO accounting hydroxonium HzO*, water H20.

Substance AHOH,kJ/mol ASOH,J/moI/KAGOH,kJ/mol (E°H202agred-E°Hgo)*F*n=(0.5278+0.22318)=0.7510V

ﬂg HgO ; HOo 75.9 35.885 GngGeqRede_ZHZOZ-GOZaqua"‘(GHgO+GH202)=35.885 k‘]/mol ;

Hg E°hgco=  |-0.1059 V| 35.8 GHg=(GHgzci2+GH20-(2Gcl-+AGeq_Hgzc12))/2=35.8 ¥/mol;
Hg2?* -166.87 66.74 -146.97 |AGHg22+=AHH-T*ASH=-166.87-298.15*0.06674=-146.97 “/mol;
H22 | E’hgrgzzr= | 0.6888V | 20452 | Gugzos=AGeq g+ (2Gug+Grizo)=132.92+(2*35.702+0)=204.32 Yo
Ho® | -17021 | -36.19 _ |CcRC[1]

HQ2SO4(s) -743.1 200.7 -625.8 |CRC [1]

Hg2S04(s)|K AbsoluteHgzsoa=| 10702673) | 598 44 |  Grgasos=GHg22++Gso042--(AGeqHg2s04+2GH20)=-598.44 K/mol;
SO4> -907.62 -536.2 -747.75 |Biochem. Thermodynamic 2006 Massachusetts Technology Inst. [8]
SO4* E°Hgosos= | 0.2918 V | -726.54 |Gso4=GHg2s04-(2GHg+AGeq_Hg2504)=-726.54 K/mol
S04 -909.3 20.1 -744.5 |CRC [1]

Clz formation | HQ2Clais) | 394,2  |Gero=GHgzciz(s)-(2GHg+AGCHgzci2rorm)=394,2 ¥/mol;

Hg2Clas)|  -265.37 191.6 -210.7 |CRC [1] AG®Hg2cizrorm=GHgzci2(s)-(2GHg+Gci2)=-210,7 ¥/mor;

Hg2Clo(s) E°Hgcie= [-0.1059 V| 255.1 GHg2c12=AGeq_Hg2c12-2GH20+(2Gcl-+2GHg)=255.1 X/mar;

HoClay | -224.3 146 | -1786 |CRC[1]
Cl- -167.08 56.6 -183.955 | AGcl-=AHH-T*ASH=-167.08-298.15*0.0566=-183.955 ¥/moI;
Cl-  |Kabsolutergzcie=| 10723 | -112.825 | Gcl-=(-GHg22++AGegHg2ci2+(GHgci2+3GH20))/2=-112.825 X/mo;
HgO) -99.79 70.25 -60.3675 | AGHgo=AHH-T*ASH=-99.79-298.15*0.07025=2*-60.3675 K/mol;
HgOs) -90.8 70.3 -58.5 |CRC [1] AGHgo=-58.5 “/mol;
HgO(s) - formation | 142.3 2GHgo=2AGHgo+(2*GHg+G02)=2*142.2 W/mol
HgOs) E°ngo=  |0.22423 V| 147.15 Grgo=AGeqHgo-2GH20+(GHg+2GoH)=147.15 Y/ mal;

2Hg+H20=Hg2%**+2¢e"; Expression of absolute potential has standard E°classic=0.907 V [18],

water and AE®: E°2Hg=E°classic-0.0591/2*1g(1/[H20]})+AE°2Hg=0.907+0.0515+0.10166-0.37239=0.6888 V;
AGeq_Hg=E°2Hg*F*2=0.6888*96485*2=132.92 “/mol,

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

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

Solubility equilibrium Hgz2Clzs)+3H20=Hg2?*+2Cl-; 2Hg+H20=Hg2?*+2e"; absolute solubility constant :

K absoluteHg2ciz=KspHgzci2/[H201"3=[Hg2?*]*[CI-]%/[Hg2Cl2(s)]/[[H20]"3=1.43*10718)/1/55.3”r3=10"231;
AGegrgzciz=-ReTeIn(K absoluteHg2c12)=-8.314*298.15*In (107 (231)=131.85 “/mol;
AGHg2c12=GHg22++2Gcl--(GHg2cl2+3GH20)=204.52+2G ¢1.-(276.61+3*0)=204.52+2*101.97-(276.61+3*0)=131.85 /mo;

Gel-=(-GHg22++AGegHgzciz+(GHgaci2+3GH20))/2=(-204.52+131.85+(276.61+3*0))/2=101.97 X/mol;
Formation 2Hg+Cl2=Hg2Clz(s); AG®Hgzcizrorm=GHgzcl2(s)-(2GHg+Gcei2)=255,1-(2*35,8+Gci12)=-210,7 “/moi;
Gcl2=GHgzci2(s)-(2GHg+AG°Hgaci2rorm)=255,1-(2*35,8-210,7)=394,2 K/mol;

2HQg+2CI'=HQ2Cl2)+2H20+2¢"; Expression of absolute potential has standard E°classic=0.2678 V [18],
water and AE®: E°Hgci2=E °classic-0.0591/2*Ig([H20]?)+AE°=0.2678-0.103+0.10166-0.37239=-0.1059 V,
AGeq_Hg2c12=E°HgzcizeF+2=-0.1059*96485*2=-20.44 X/,
AGeq_Hg2ci2=GHg2ci2+2GH20-(2Gcl-+2GHg)= 255.1+2*0-(2*101.97+2*35.8)=-20.44 N/mal ;
GHg2c12=AGeq_Hg2cl2-2GH20+(2Gcl-+2GHg)=-20.44-2*0+(2*101.97+2*35.8)=255.1 K/mo ;
GHg=(GHgzciz+GH20-(2Gc1-+AGeq_Hgociz))/2=(255.1+0-(2*101.97-20.44))/2=35.8 <o ;
Solubility equilibrium Hg2SO4()+2H20=Hg2?*+S04%; 2Hg+2H>0=Hg2?*+2¢; absolute solubility constant:
K AbsoluteHg2s04=KspHgzsoa/[H201"2=[Hg22*]* [SO42)/[Hg2S O (] /[H20]2=6.5* 107 1/1/55.372=10~67;
AGeqrg2sos=-ReTeln(K apsoluteHg2s04)=-8.314*298.15*In(10"(2673))=55.21 K/inol;
AGeqHg2s04=GHg22++Gs042--(GHg2s04+2GH20)=209.09-747.75-(GHgzs04+2*0)=55.21 “/mar;
GHg2s04=GHg22++Gs042--(AGeqHgzsoa+2 GH20)=209.09-747.75-(55.21+2*0)=-593.87 “/mo;
Hg2S04s)+2H20=Hg2?*+S04>"; 2Hg+H20=Hg2?*+2¢";
Hg2S04(s)+2H20-S042=Hg2?*; 2Hg+H20=Hg?*+2¢e"; 2Hg+H20=Hg2S04(5)+2H20-S0+%>+2¢";
2Hg+S04%>=Hg2S04s)+H20+2¢"; Expression of absolute potential has standard E°classic=0.614 V [18],
water and AE®: E°Hgso4=E°classic-0.0591/2*Ig([H20]%)+AE°=0.614-0.0515 +0.10166-0.37239=0.2918 V;
AGeq_HgSO4:EngSO4‘F'2=0.291772*96485*2:56.30 I(J/mol,

AGeq_Hg2504=GHg2s04-(2GHg+Gs04)=-593.87-(2*35.7+Gs04)=56.30%/mol ;
Gs04=GHgs04-(2GHg+AGeq_Hg2s04)=-593.87-(2*35.7+56.3)=-721.57 X/mol ;
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Formation 2Hg+02 aqua=2HgO; 2GHgo=2AGHgo+(2*GHg+Go2)=2*-58.5+(2*35.8+330)=2*142.3/mo;

Hg+20H =HgO+H20+2e", Expression of absolute potential has standard E°ciassic=0.098 V [17],
water and AE°: E°Hgo=E°-0.0591/2*Ig([H20]%)+AE°=0.098-0.0515+0.10166-0.37239=-0.22423 V;

AGeqHgo=E°Hgo*F*n=-0.22423*96485*2=-43.27 “/moI ;

AGegHgo=GHgo+GH20-(GHg+2GoH)=GHgo+0-(35.8+2*77.36) =147.25+0-(35.8+2*77.36)=-43.27 “/mol;

GHgo=AGeqtgo-GHz0+(GHg+2GoH)=-43.27-0+(35.8+2*77.36)=147.25 “/mol;

Reduction HgO+2H20+2e =Hg+20H", inverse standard potential -E°Hg0o=0.22423 V.

Oxidation H202aquat2H20=02aquat2H30*+2e" Nernst’s absolute standard potential E°Rredr202=0.5278 V;

HgO+2H20+2e +H202aquat2H20=Hg+20H +O2aquat2H30*+2¢",

HgO+H202aquat4H20=Hg+O2aqua+(20H+2H30"); HJO+H202aqua+4H20=Hg+0O2aqua*+(4H20);

Summary: HgO+H202aqua=Hg+O2aqua Catalase; Gr202=279.285 Kol

AGeqredox_H202=(E°H202aqRed-E °Hgo) *F*n=(0.5278+0.22423)*96485*2=(0.7520)*96485*2=145.1 ¥/moi ;

AGeqredox_H202=GHg+G02aqua-(GHgo+GH202)=35.885+330-(-58.5+279.285)=145.1 X/mor ;

HgO ) GHg:GeqRede_HZOZ'GOZaqua"'(GHgO+GH202):l45.1-330+(-58.5+279.285): 35.885 X/mol ;

Biochem. Thermodynamic 2006 Massachusetts Technology inst.
Gprb=Gpb2+-(AGegpb pb2++GH20)=-4,596-(-66,62+0)=62,024 X/mol;
CRC [1]

Grb2+=Gpb02+4GH30+-(AGeqpbo2 pb2++6GH20)=-4,596 “/mol;

[1] AG°ph2+s=AH°H-T*AS°H=0.92-298.15*0.0185=-4.596 “/mol

CRC [1]

Grbo2=AGeqpbo2,Pb2+-4GH30++(Gpb2++6GH20)=193,794 K/mor;

Grbo2=AG pbo2+(Grb+Go2gas)=147,824 N/mol;

CRC [1]

GAI=Ga+(AGegana++GH20)=-441.5-(-549.5+0)=108 “/mo;

AG°pb2+=AH°H-T*AS°H=-538.4-298.15*-0.325=-441.5 X/mo ;

Gr2a103=AGeqr2a103a1-GH20+(GAI+4GoH)=-345.29 X/mor;

Substance AHOH,kJ/mol ASOH,J/moI/KAGOH,kJ/mOI
Pb E°pbipbo+= |-0,34523 V| 62,024
Pb - 64,8 -
Pb%*  |E°pbo2ipb2+=|1,49326 V| -4,596
Pb2* 0,92 18,5 -4,596
PbO2] -277,4 68,6 -217,3
PbO2| |E°pbo2ipb2+=|1,49326 V| 193,794
PbO2] | formation - 147,824
Al - 28.3 -
Al E°anaiz+= | -1.8984 V 108
Al -538.4 -325 -441.5
H2AlO3™ |E°H2aiosai=| -2.63506 | -345.29
NaAlO»|| -1133.2 70.4

CRC [1]

Formation Pb+02gas=PbO2(S); Grho2=AG PbOZ+(GPb+GOZgas) -217,3+(62,024+303,1)= 147,824 X/mar;

Pb2* +6H20=Pb0O>(s)+4H30*+2e"; Expression of absolute potential has standard E°ciassic=1.455 V [18],
water and AE°: E°poo2=E°classic-0.0591/2*Ig(1/[H20]°)+AE°=1.455+0.309+0.10166-0.37239=1.49326 V;
AGeqpbo2pb2+=E°pho2 pb2+*F*3=1.49326*96485*3=288.15 “/mol;
AGeqgpho2|pb2+=Gpbo2+4GH30+-(Gpb2++6GH20)=193,794+4*22,44-(-4,596+6*0)=288,15 ¥/mo;
GPb02=AGeqpbo2 | Pb2+-4GH30++(Gpb2++6GH20)=288,15-4*22,44+(-4,596+6*0)=193,794 ¥/mo;
Gpb2+=Gpho2+4GH30+-(AGeqpbo2pb2++6GH20)=193,794+4*22,44-(288,15+6*0)=-4,596 “/mo;

Epbo2/pb2+=E°pbo2|Pb2++

0.0591,,

[Pbo,j}Hs0']* .
[Pb™}[H,0]°

[Pb 0 {}[H40"]*
[Pb**]-[H,0]°

=1.49326 V+ 0-02591 lg

Pb+H20=Pb?* +2¢"; pH<7 Expression of absolute potential has standard E°ciassic=-0.126 V [18], water
logarithm and AE®: E°po/pb2+=E°Classic-0.0591/2*Ig(1/[H,0])+AE°=-1.26+0.0515+0.10166-0.37239=-0.3452 V;
AGeqpbpb2+=E°pb pb2+*F*N=-0.34523*96485*2=-66.62 “/mol ;
AGeqpbpb2+=Gpb2+-(Gpb+GH20)=-4,596-(62,024+0)=-71,59=-66,62 X/mol;
Gpo=Gpb2+-(AGegpb|pb2++GH20)=-4,596-(-66,62+0)=62,024 “/mol;

Al+ H20=AlP*+3e"; Expression of absolute potential has standard E°classic=-1.662 V [1], water

logarithm and AE°: E°anaiz+=E°Classic-0.0591/2*1g(1/[H.0])+AE°

logarithm and AE°: E°H2ai03-AI=E°Classic-0.0591/2*Ig([H.0])+AE°

-1.662+0.0343+0.10166-0.37239=-1.8984 V,

AGeganaiz+=E°aiaiz+*F+3=-1.8984*96485*3=-549.5 K/mo;
AGeqanai+=Gai+-(Ga+Gr20)=-441.5-(108+0)=-549.5 X/mor;
Ga=Ganz+-(AGeganaiz++Gr20)=-441.5-(-549.5+0)=108 X/mor;

Al+40H=H2AlO3+H20+3e"; Expression of absolute potential has standard E°ciassic=-1.662 V [1], water

-2.33-0.0343+0.10166-0.37239=-2.63506 V;,

AGeqgh2a103aI=E°H2a103a10F*3=-2.63506*96485*3=-762.73 K/moI;
AGeqH2A103A1=GH2A103+GH20-(GAI+4GoH)=-345.29+0-(108+4*77.36)=-762.73 “/mar;
Gr2a103=AGegr2a103a1-GH20+(GAI+4GoH) =-762.73-0+(108+4*77.36)=-345.29 “/maI;

Eaio2-/a1,=E°ai02 a1+ & 0;59 olg [H2A1O3}[H 0] =-2.63506 V+ 0. 0:91 olg [H2A1O5}H O]

[Al]-[OH]4 [Al]l-[OH]4
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Solubility N2gas+H20+AG=N2aq increases molar nitrogen energy from Gnzgas=-9.55 “/moi t0 Gn2aq=18.7 ¥/mol.

Published content of Alberty dissolute nitrogen absolute free energy in one mol is Gn2aqua=18.7 X/mor , if
pure gas mol fraction is one [N2gas]=1. [8] Hundred grams of water dissolute nitrogen gas 0.00175 9/100g H20 ,
which has density 996 g/L.[1] Solubility [N2aqua]=0.00175/100.00175*996=0.01743/28.02=0.01743=103206 M
and the solubility constant in mol fractions is less than one Ksp=10" (3206)/[H,0]=10" (:3296)/55,3=10"4%9°, Free
energy change minimum in Prigogine expression for endoergic reaction is

AGsp=-ReTeIn(Ksp)=-8.3144*298.15*In(10/4949)=28.25 Ko

Hess law energy change coincides AGspHesshzagua=Gnzagua-(GN2gas+ GH20)=18.7-(-9.55+0)=28.25 K/mol within
absolute free energy scale. One mol Gnzgas=Gnzagua-(AGspHessh2aquat GH20)=18.7-(28.25+0)=-9.55 X/moi contains
the free energy below the zero reference for water on absolute free energy scale. One mol nitrogen absolute free
energy content is positive Gnzaqua=18.7 “/mol. [8

Substance | AHHmat  |AS®H Fmork  [AGCHK mol Gn2gas=2GNH3gas-(2AGHess NH3gast3* GH2gas)=107.285 K mol;
N2gas Gnogas= |form NHs | 107.285 Gn2gas=2*165.6593-(-32.8+3*85.64)=107.285 X/mor; [1,8];
N2ag —10.54 08.1 18.7 Solution N2aq at pH=7.36 [8] .

N2gas NagastH20=N 2,4 pH=7,36 -9.55 Gii2gas=Gn2agua-(AGHess_sk_N2aquat GH20)=18.7-(28.25+0)=-9.55 I mo;
NHsgas | AGhydration | -74.5537 165.7 GnHagas=AGnH3ag-(AGhyarationst GH20)=91.1056-(-74.5537+0)=165.7 “/imo;
NH3gas [1.,8] formation 107.285 ZGNH3gas=2AGHess_NH3gas+(GNzgas+3*GH29as): 2*107.285 kJ/mol;
NHsgas -45.9 192.77 -16.4 2GNH3gas=2*-16.4+(-9.55+3*85.64)=-214.57=2*107.285 mol;
NHsaq |-132.5608 |-739.2922 | 91.1056 |Ammonia pH=7.36 [8] Alberty; NHszaqua formation

NH3ag pKbeq=|6.49475 91.1  |GNH3ag=GNH4++GoH-(AGbeq+GH20)=91.1 /moi; Wikipedia [28]

NH4* pKaeq= [10.99 50.81 GnHa+=GnHzag+GH3o-(AGaeq+Gr20)=91.1+22.44-62.73-0=50.81 “/mo;

Formation from aqua elements N2ag+3H2aq>2NHzaq With absolute energy Gn2ag=18.7 “/mol; Gr2ag=103.24 X/mol
is exoergic reaction 2AGress_NH3ag=2GNH3ag-(GN2ag+3*GHzaq)=2*91.1056-(18.7+3*103.24)=2*-73.1 “/mol. [8]
Formation Nagas+3H2gas>2NHagas from elements energies Gnzgas=-9.55 ¥/mol ; GH2gas=85.64 “/mol Shows negative
exoergic ZAGHess_NH3gas:2GNH3gas-(GN2gas+3*GH2gas):2GNH3gas-(-9.55+3*85.64):2*-16.4:-32.8 Kol [1]
Two mols NHsgas has energy content positive Gnragas=107.285 /ol
2GNH3gas=2AGHess NH3gast(GN2gast3* GHzgas)=2*-16.4+(-9.55+3*85.64)=-214.57=2*107.285 K mol.

The gas solubility members NHzgas+H20=NHzaq have energy values Gnrzag=91.1 “/mol, GNH3gas=107.3 X/mor.

The expression for the classical ammonia protolytic base NHsaq+H20=NH4*+OH" constant without accounting
for water is Kb=[NH4*]*[OH]/[NH3aq]=107*752 with the exponent value pK»=4.752. [1] The classical base
constant is derived from the protolysis equilibrium constant with accounting for water in the reactants as
Kbeq=Kb/[H20]=10"4752)/55,3=3.20*10"-"=10"(64%7)_The calculated value of the exponent of the equilibrium
constant of ammonia protolysis is pKneq=6.4947 endoergic, since the change in absolute free energy in the
Prigogine expression and the Hess expression is positive and identical:

AGbeq=-R'T'ln(Kbeq):-8.3144*298.15*|n(loA('6'4947)):GNH4++GOH-(GNH3aq+GH20)=37.O64 ol ;

AGHess_beq=GNHa++GoH-(GNHsag+GH20)=50.81+77.36-(91.1056+0)=37.064 “/mol .
The free energy content of a solution of one mole of ammonia in water is GnHzag=91.1 /mol
GnH3ag=GNH4++GoH-(AGHess beq+GH20)=50.81+77.36-(37.07+0)=91.1 “/mal .

Endoergic ammonia protolysis accumulates energy in the products Gnna++Gon-=50.81+77.36=128.17 “/mo .

The protolysis of the weak acid GnHa+=50.81 X/mol NH4™+H20=NHzaq+H30* pKeq=10.99 shows an endoergic
energy change AGaeg=-Re*TeIn(Kaeq)=-8.3144*298.15*In(10710-9))=GnHaHydration+ GH30-GNH4+-GH20=62.73 K/mol.
The free energy content of ammonium per mole is
GNH4+:GNH3aq+GH3o-(AGaeq+GHzo):91.1+22.44-(62.73+0):50.81 kJ/mo| .

Solubility NHzgas+H20=NH3aq; GnH3aq=91.1 X/moi; Ammonia at pH=7.36 [8]

AHHnydration=AH°NH3ag-AH °NH3gas-AH  H20=-132.5608+45.94-286.65=373.3 ol
SHydrationzASONH3aqua-AS°NHSgas-AS°H20=-739.2922-192.77-69.9565:-1002 ‘]/moI/K;
AGHydrations:AHHydrations-T*ASHydration:-373.3-298.15*-1.002:-74.5537 kJ/mol;
Ksp=eXp(-AGHydration/R/T)=exp(74553.7/8.3144/298.15)=10*3;

Alberty solutions for ammonia at pH=7.36 GnH3ag=91.1056 “/mol and Hess hydration with change in energy
AGhydrations=-74.5537 KI/ma calculate the absolute energy content of the gas NHagas coincidently as follows:
GnH3gas=GnH3ag-(AGHydration+GH20)=91.1056-(-74.5537+0)=165.7 ¥/mal; and
GNH3gas=(2AGHess_NH3gast(Gn2gast3* GHzgas))/2=(-32.8+(107.2+3*85.64))/2=165.7 ol [1,8] CRC, Alberty
Ammonium free energy content is Gnra+=Gnzag+Grzo-(AGeq+Grz0)=91.1+22.44-62.73-0=50.81 ¥/imo.

Protolysis classic acid constant is NHa*=H*+NH3aqua pKa=9.25;
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Formation from elements HNO2 AG®Hn02=-46 “/mol and HNO3 AG°unos=-250.53 ¥/mor:
Formation Grnosrorm=AG°HN03+(0,5GnN2gas+1,5G02gas+0,5GHz2gas)=-250,53+(0,5*-9,55+1,5*303)=199,195 X/mol
GHN02=AG°HN02+0.5N 2gas+O2gas+0.5H2gas=-46+(0.5*-9.55+303+0.5*85.6)=295.025 X/mo ;
GNZQas:GN2aqua-(AGHess_§lg_N2aqua+GH20):18.7-(28.25+0):-9.55 I(‘]/mol; GH2gas=85.6 ol [8]; Go02gas=303 I<J/mol;
GNOZ-Form:AG°N02-+0,5GN2gas+G02gas=-33,01+0,5*-9,55+1*303:265,2 kJ/mol;
Gno2-Form=AG°N02-+0,5GN2ag+G02ag=-33,01+0,5*18,7+1*330+0=306,34 “/mol;
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]=107(315)/55 3= 0.00001280;
AGegHn02=-R*T*In(Keq)=-8.3144*298.15*In(0.0000128)=Gno2+GH3o-(GHno2+GH20)=27.927 “/mol;
AGeqHn02=GNo2-+GH3o-(GHno2+GH20)=82,618+22,44-(77,131+0)=27,927 X/mar;
Gno2-=AGeghNo2-GH30+(GHN02+GH20)=27,927-22,44+(77,131+0)=82,618 X/mor;
GHN02=GNo2-+GH30-(AGegHNo2+GH20)=82,618+22,44-(27,927+0)=77,131 X/mol;
2. HNO3+H20=NO3 +H30*;pKa=-1.4; Keq=Ka/[H20]=10"14/55.3=0.4542;
AGegHn0z=-Re*T*In(Keq)=-8.3144*298.15*In(0.4542)=Gno3 +GHz0-(GHnoz+GH20)=1.956 X/mor;
AGeqrNo3=GNo3-+GH30-(GHN03+GH20)=340.2+22.44-(360.684+0)=1.956 “/mol;
GHN03=GNo3-+GH30-(AGeqHno3+GH20)=340.2+22.44-(1.956+0)=360.7 “/mol;
Gn03-=AGeqHNo3-GH30+(GHN03+GH20)=1.956-22.44+(199.195+0)=340.2 X/mol;

Substance | AH®H “/mol ‘ASOH ok AG®H ) ol
HNO2 |E°no3-H3o+ =0,8753 V| 77,131 |GHno2=Gno3 +3GH30-(AGegno3+4GH20)=77,131 K/mor;

HNO: - pKa=3,15| 238,42 |GHno2=GNo2 -GH3o+(AGeqHNo2+GH20)=238,42 X/mol;

HNO:2 -79.5 254,1 -46,0 |CRC[1]

HNO:2 - formation| 295,025 |GHn02gas=AG°HNO2gas+0,5N2gas+O2gas+0,5H2gas=295,025 Kol
pH=736NO2] -104.19 -238,7 -33,01 | Biochem.Thermodynamic 2006 Massachusetts Technology Inst.

NO2~ 0,56N2gas+ GO2gas 265,2 GNOZ—form:AG°NOZaq+0,5GN2935+602935:265,2 I(J/mol;

NO2~ 0,5GN2agt |Go2ag 306,34  |Gno2-Form=AG°N02-+0,5GN2ag+G02aq=306,34 “/mol;

NO2 | E°nozon -0.3122 V| 84,236 Gno2-= GNo3-+GH20-(AGegnoz-0H+2GoH)=84,236 ¥/mol;

NO2~ E°no2= 0,7188 V 84,446 |Gno2 =Gno3 +3GH30-(AGegno2-+3GH20)=84,446 “/mol,

NO: pKa=3,15| 82,618 Gno2-=AGegHNo2-GH3o+(GHN02+GH20)=82,618 ¥/mol;

HNO3 -207 146 -250,53 |[1] G°No3 =AHu-T*ASy=-207-298,15*0,146=-250,5886 “/mai; [1]

HNOs3 - formation 199,195 GHNOSFOrm:AG°HNo3+(O.SGN2gaS+l.SGozgaS+0.SGH2gaS):199.195 I(J/mol;

HNOs - pKa=-1.4 | 199,195 GHN03=GN03-+GH30-(AGeqHno3+GH20)=199,195 ¥/mor;
pH=7,36NO3] -204.59 -318.8 -109.55 |Biochem.Thermodynamic 2006 Massachusetts Technology Inst.

NOs~ | E°no3-H3o+ =0,8753 V| 178,711 |Gnoz =AGeqnoz-3GH30+(GHNo2+4GH20)=178,711 X/ mol,

NO3~ E°no2= 0,7188 V 155,83  [Gno3-=AGeqno2--3GH3o+(Gnoz +3GH20)=155,833 X/mol,

NO3 E°NH4+H20=0.7677 V 601.06 |Gno3 =AGeqNH4+H20-10GH30+(GNH4+-13GH20)=601.06 Kol
NO3~ -206.85 146.7 | -250.5886 |AG°No3 =AHu-T*ASy=-206.85-298.15*0.1467=-250.5886 “/mi; [1]
NO3 - pKa=-1.4 | 340.2  |Gnoz = AGeqHNo3-GHao+(GHN03+GH20)=340.2 X/mol ;

NOs~ | E°NosoH -0,3122 V| 178,711 |Gnoz =AGeqnoz-oH -GH20+(Gno2 +2Gon)=178,711 X/mal,

NOgas 91.3 | 2108 87.6 [CRCI1]

NOgas | Solubility product- | 61.024 |Gnogas=Gnoag-(GH20+AGs)=86.55-(0+25.526)=61.024 ¥/mol ;
NOagq - pH=7,36 86.55 Biochem.Thermodynamic 2006 Massachusetts Technology Inst.

NOag |E°nogH30+ =0.8266 | 49,695 |GNoag =GHnoz+4GHzo-(AGegno(g)H30++5GH20)=49,695 X/mal,

Nernst’s potential NOs/ NO2 red-ox system behaving in acidic HzO* water and basic OH~ medium
HNO2+4H20=NO3 +3H30*+2e"; pH<3.15; Expression of potential has standard E°ciassic=0.94 V [18], water
logarithm and AE°: E°No3-H30+=E°Classic-0.0591/2*1g(1/[H20]*)+AE°=0.94+0.206+0.10166-0.37239 =0.8753 V;

1. +13 -1. +13
0.0591 .10 [N 03] [HSO ]4 :08753 V + 0.0591 .10 [N 03] [HSO ]4
[HNO,][H,O] [HNO,][H,O]

AGegno3=E’N03*F+2=0.8753*96485*2=168.9 K/mo ;
AGegno3=Gno3-+3GH30-(GHNo2+4GH20)=178,711+3*22,44-(77,131 +4*0)=168,9 “/ma,
GHN02=GNo3 +3GH30-(AGegno3+4GH20)=178,711+3*22,44-(168,9+4*0)=77,131 Y/mol;
Gn03-=AGegN03-3GH30+(GHNo2+4GH20)=168,9-3*22,44+(77,131 +4*0)=178,711 Y/ma,

ENo3-H30+=E°N03-H30++
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NO2 +20H=NO3 +H20+2e"; pH>7; Expression of potential has standard E°ciassic=0.01 V [17], H20 water
logarithm and AE®: E°Nos-oH=E°classic-0.0591/2*1g([H20])+AE°=0.01-0.0515+0.10166-0.37239 =-0.3122 V;
0.0591, 1, NO:HH20] _ 3995 /4 00591, [N O%,]- [H0]

[NOJ[oH 2 2 [NO:]-[oH]?

AGegN03-0 H=E°N03-0 H*F*2=-0.3122*96485*2=-60.245 /moI;
AGegno3-0H=GN03-+GH20-(Gno2 +2GoH)=178,711+0-(84,446+2*77,36)=-60,245 </ma,
Gno3-=AGegno3-0H -GH20+(Gno2-+2GoH)=-60,2455-0+(84,446+2*77,36)=178,711 /o,

Gno2-= G0z +GH20-(AGegnoz-oH+2GoH)=178,711+0-(-60,245+2*77,36)=84,446 Y/mol;
NO2+3H20=NO3+2H30*+2¢"; pH>3.51 Expression of absolute potential has standard E°classic=0.835 V [21],
water logarithm and AE®: E°no2-=E°-0.0591/2*Ig(1/[H20]%)+AE°=0.835+0,1545+0.10166-0.371339=0.7188 \V
AGegno2-=E°Nn02-+F+2=0,7188*96485*2=138,707 /mol,
AGegno2-=Gno3-+3GHz30-(Gno2 +3GH20)=155,833+3*22,44-(84,446+3*0)=138,707 “/mol,
Gno3-=AGegno2--3GH30+(Gno2 +3GH20)=138,707-3*22,44+(84,446+3*0)=155,833 /ol
Gno2 =Gno3 +3GH30-(AGegno2-+3GH20)=155,833+3*22,44-(138,707+3*0)=84,446 Y/mol,

Molarity Mno=30.006 9/mol; solubility NO®©@ 0.00562 %s9.60 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=NOaq constant is Keq=[NOaq]/[NO@]/[H20]=0.001865/1/55.3=10"(4472),

Equilibrium standard is AGeg=-ReTeIn(Keq)=-8.3144*298.15*In(10"(4472))=-8.3144298.15¢-10.297=25.526 “/mo;

Equilibrium Hess expression for standard is AGeq=Gnoag-(GH20+GNogas)=86.55-(0+Gnogas)=25.526 ¥/mo ;

GnNogas=GNoag-(GH20+AGeq)=86.55-(0+25.526)=61.024 X/mor , if equilibrium minimum is AGeq=25.526 “/mol ;
Solubility of gas NOgas compensate water molecule from 6H20 to 5H20 and from 5H20 to 4H20:

NOagt+5H20=NO3+4H30*+3e"; pH>1,4; Expression of potential has standard E°classic=0.96 V [18], water
logarithm , AE°: E°No(g)H30+=E °classic-0.0591/3*Ig(1/[H20]°)+AE°=0.96+0.1717+0.10166-0.37239=0.8609 V;

+14 +14
E No(@H30+=E°No(g)H30++0.0591/3+log [[NOS]]% =0.8609 V+0.0197+log [[NOB]%
aq aq

AGeqno(gH30+=E°No(gHa0+*F+3=0,86093*96485*3=249,20 W/mol,

AGegno(g)H30+=GN03-+4GH30-(GNoag+5GH20)=178,711+4*22,44-(19,271+5%*0)=249,20 Y/mal,

Gnoag =Gn03-+4GH30-( AGegno(g)H30++5GH20)=178,711+4*22,44-(249,20+5*0)=19,271 /ol
NOagt4H20=HNO3 +3H30*+3e"; pH<1,4 15 Expression of potential has standard E°classic=0,96 V [18], water
logarithm and AE°: E°no(g)H30+=E °classic-0,0591/3*1g(1/[H20]*)+AE°=0,96+0,1373+0,10166-0,37239=0,8266 V;

- +13 - +13
MNOHHOT " _ 5266 \/+0,0197+10g HNO:HHO']
[NOag]-[H,0] [NOag][H,0]
AGegno(g)H30+=E°No(g)H30+*F*3=0,8266*96485*3=239,26 “//mal,
AGegno(g)H30+=GHN03+4GH30-(GNoag+5GH20)=199,195+4*22,44-(49,695+5%0)=239,26 “/mal,
Gnoag =GHN03+4GH30-(AGegNo(g)H30++5GH20)=199,195+4*22 44-(239,26+5*0)=49,695 K/mol,

Eno3-oH=E°N03-oH+

E No(g)H30+=E°No(g)H30++0,0591/3l0g

NHsgas+H20=NHzaq briva energija Gnnzag=91,1 “/mol ; NH3ag+H20=NH4*+OH" ;
NHs*+13H20+OH=NO3 +10H30*+0OH+8¢"; H3O*+0OH=2H:0;
NH4*+11H20+OH=NO3 +9H30*+8e"; H3O*+OH=2H:0;

NH4*+13H20=NO3 +10H30*+8e"; pH>3.15 Expression of potential has standard E°classic=0.87 V [17], water
logarithm and AE°: E°NH4+H20=E°Classic-0.0591/8*1g(1/[H20]*%)+AE°=0.87+0.16737+0.10166 -0.371339 =0.7667 V;

[NO}HHZ0* ™ [NOZ}HHZ0* ™
—3-% 5. =0.7666879 V +0.00739¢log —S——2——=
[NH;]-[H,0] %3 g [NH;]-[H,0] %3
AGeqNH4+H20=E *NHa+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 “/mol,
Gn03-=AGegNH4+H20-10GH30+(GNH4+-13GH20)=592.56-10*22.44+(232.9-13*0)=601.06 “/mol;

ENH4+H20=E°NHa+H20+0.0591/8°log
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Nernst’s potential studies 5(Pt)H + MnO4" on hydroxonium H3O* and water H20 account

Inverse Nernst’s standard potential: MnO4+8H30*+5e'=Mn?*+12H20 ; -E°Mmn2+/Mnos-=-1.4865V.
Twelve water molecules account [H20]=55.3 M=(996_9/.)/(18 9/ma1) increase potential to:
E°Mn2+/Mnoa-=E°-0.0591/5<log(1/[H20]*?)=1.51-0.0591/5*log(1/55.3"?)+0.10166-0.37239=1.4865 V.
Concentration [H20]*? exponent 12 included in classic standard potential Eo =1.51 V as logarithm.
Reductant oxidation Nernst’s: 5(Pt)H + 5H20 = 5H30" + 5e"; absolute standard potential E°1=-0.27073 V.
Emnos=-1.4865 V+0.0591/5¢ log([H20]***[Mn?*]/[MnO4]/[H30*]®)=;
En=E°H +0,0591°l0og([H30*]/[H20])=-0,27073 V +0,0591<log([H30*]/[H20]) ;

Electrons balancing +ne =5e=-ne’summary Red-Ox reaction: MnO4+3H30*+5(Pt)H=Mn?*+7H0;
AGHessptH=AG  nz+ TAG Hz0-(AG®Mnos+3AG a0 +5G pyn)=-228,1+7*-237,191-(3%-213,2746-447,2+5*48,56)=-1044,21%/mo;
AGHesscRC=AG®Mnz+ 7TAGhz0-(AG®Mnos+3AG 3o +5/2AGO2)=-228,1+7*-237,191-(3%-213,2746-447,2+5%99,13/2)=-1049 X/mol;
AGA|berty:AG°|v|n2+7AG°Hzo-(AG°Mno4+3AG°H30+5/2GH2):-228,1+7*-237,191-(3*-213,2746-447,2+5*103,24/2):-1059,5 k‘]/mol;
Substan AHOH,k‘]/moI ASOH,J/moI/K AGOH,k‘]/moI

H2O | -285.85 | 69.9565 | -237.191 |CRC Handbook of Chemistry.and Physics, 2010. D.Lide [1]
H2O | -286.65 | -453.188 | -151.549 |Biochem.Thermodyn., Massachusetts Technology Inst.[8] pH=7,36
HsO* | -285.81 -3.854 | -213.2746 |AG® H30 +,“Imol Mischenko 1972, Himia, Leningrad [26]

H2@q) 23.4 -130 99.13 |CRC[1]
H2(aq) -5.02 -363.92 103.24 |Biochem.Thermodyn., Massachusetts Technology Inst.[8] pH=7,36
H(Pt)(aq) - - 48.56 AGeq:-847.7 I(‘]/mol ; AGHessoxred= -1044.2 kJ/mol

MnOs | -541.4 -191.2 -447.2 |CRC[1]

mMn2t | 2208 | -736 | -2281 | AGeq=-847.7 ¥imot | < | AGriess= -1044.2 ¥/mor | ;

O2aqua -11.7 -94.2 16.4 Biochem.Thermodyn., Massachusetts Technology Inst.[8] pH=7,36

AGegrMno4=(E°H-E°Mnos-)sF+1+5=(-0,27073-1,4865)*96485*5=-1,757*96485*5=-847,7 “/moi .
Keq=eXp(-AGeq HimMnoa/R/T)=exp(847732/8,3144/298,15)=exp(341,96)=101485 ; A

_ _ : _ 10442 9
Exothermic and exoergic MnOa reduction by 5(Pt)H Hess free energy change negative G T !

AGHess=AGoxred= -1043.7 I(J/mol, but minimizes AGmin:AGerxRed:-847.7 K mol reaching AG=0 IHPSS
G

[H 20]7 [MnZ] \ """" I

equilibrium mixture 101485=Keq= [(POH]5[Mn Oﬂ [H,0'° :
) [Hy0']
3
AGmin=-847.7 kJ/mol s

Prigogine attractor is free energy change minimum AGmin reaching. Free energy change - %
minimum reaching establishes equilibrium. Equilibrium state is SA+B+3C 50% D+8'§
attractor for all infinite non-equilibrium states. reactants_i(ﬂ)ﬂJ’Mno“”r?’H30
products Mn?*+7H20
MnO2+40H=Mn0O4+2H20+3e™; Reductant Nernst’s absolute standard potential: E® mno2/mnos4-=0.26465 V,
E° Mno2/Mn04-=E°-0.0591/3+log([ H20]?)+0.10166-0.37239=0.603-0.0591/3*l0g(55.3'%))+0.10166-0.37239 =0.26465 V;
MnOs2=MnO4 +e~; Reductant Nernst’s absolute standard potential: E° Mnoz/mn04-=0.2883 V;
E° Mno4Mnoa-=E°-0.0591/3+log([ H20]°)+0.10166-0.37239 =0.558-0.0591/3*log(55.3"))+0.10166-0.37239 =0.2883 V;

2) Carbonic anhydrase CA generate free energy from zero Gcoz+2+20=0 ¥/mol t0 GHz0+HC03-=78,52 ¥/mol.
Solubility in water creates free energy from zero level CO2gas +H20=CO2aqua 10 Gcozagua=18,38 K/mol constant:
KeqCOZaqua: [COZaqua]/[COZgas]/[HZO]:EXP(-GCOZaqua/R/T):EXP(-18382,746/8,3144/298,15)20,000601808
increasing free energy by AGcozagua=-R*T*In(Keqcozaqua)=-8,3144*298,15*In(0,000601808=18,38 “/mo! .
Reaction COzaquat2H20+AG+Q=v1¢A>H30*+HCO3" velocity constant is
kicozaqua=1,5%x108 M~!'s™! and protolytic acid CO2aqua equilibrium value of constant is
[HCO;Jeaua [H50]
[C 02] aqua’ [H »0 2 :KeqCAHCO3aqua:Ka_COZaqua/[H20]2210'7‘0512/55,32:2,906*10'11.[9]
CA high rate protolysis constant accumulate free energy in products HsO*+HCO3 activating its:
AGeqcacozaqua=-R* Teln(Kegcacozaqua)=-8,3144*298,15*In(2,906*10(1%))/1000=60,14 </mo1 .
Total free energy increases by activation reaching equilibrium state with high rate protolysis and solubility:
GH30+HC03=GH30++GHc03-=22,44+56,08=Gcozaguat AGeqcacozaqua=18,38+60,14=78,52 F/moi . [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.
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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+2H:20 in the products (CO2aqua) H3O*+HCO3™ accumulate free energy Ghzo++Hco3-=18.38+60.14=78.38
/ol is necessary for the functional activity of the bicarbonate buffer system for the perfect order of reactions in
the complex processes of irreversible homeostasis.

CO2 no reaction with water H20 at absence of CA. COz2 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]=Mco2/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]:KspCOZaqua/[HZO]20.03328 M/55.3 M=0.000601808.
Free energy AGeqcozagua=-R*T*In(Keqcozaqua)=-8.3144*298.15*In(0.000601808)/1000=18.38 X/mor has minimum
value at solubility equilibrium Gcozaqua=AGeqcozagquat(GcozgastGhz0)=18.38+(0+0)=18.38 /ol .
From air 0.04 % mol fraction [CO24ss]=0.0004 creates dissolute concentration:
[CO2aqua]=Keqcozaqua*[H20]*[CO24as]=0.000601808*55.3457*0.0004=0.000753 M.
Carbon dioxide CO2aqua reacts with OH- ions times 10654 slower as bicarbonate HCO3™ neutralization reaction:
H30*+HCO3=CO2aquat+2H20, because neutralization velocity constant is k2=5.16885*10' M2s™!, but OH" ions
CO2aqua+OH=HCOz have velocity constant kion 1.5*10> M2s71 , Reaction has favored equilibrium constant:
AGHessHco3-=GHcoz--(Gcozaquat Gon-)=56.08-(18.38+77.36)=-39.66 “/mol
kion-/k2ncos-=[HCO3]/[CO2aqua)/[ OH ]=Keq_Hcos-=EXP(-AGeq_Hcos-/R/T) =EXP(39660/8.3144/298.15)=8875.3
and produce exothermic heat Q: AHHess=AHHco3-AHco2-AH°0H=-48.68 ¥/mol. Inverse HCO3=COzaquatOH"
reaction has kaHcos-=K1oH-/Keq Hcos-=1.5*102/8875.3=0.0169 unfavored constant. Decomposition HCOs"
=>CO2aqua+OH" velocity constant korcos- is then billion 10%° times slower as CA velocity constant
Kicozaqua=1.5%x108 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:
CO2aquat+2H20+AG+Q=Vv1EA>H30*+HCO3", which velocity constant is: Kicozaqua=1.5%x108 M~!s7!. [9]
Neutralization H3O*+HCO3=COzaqua+2H20 velocity constant is CA independent times 10%%* greater about
CA velocity constant: ka/kicozaqua=5.16885*10718/1.5/10"8=34407299853=10"1054,
CA protolysis equilibrium constant evaluate ratio of velocity constants in expression:
KeqCAHCOBaqua: leOZaqua/kzz Ka_CO2aqua/[HZO]2:10’\('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:
Ka_cozaqua=KeqcaHco3aqua*[H20]%= [HCO[3']aqu]a-[H30+] =1077.0512=1 0-PKa_CO%qua Qriginal pKa_co2aqua=7.0512 value
COy aqua
obtained and calculated for BUFFER solutions. Hess free energy change is exoergic negative:
AGHess=2AG °H20+AG°co2-(AG°H30+AG Hco3)=2*-237.191-385.98-(-213.2746-544.9688)=-102 “/mor . [1]
Neutralization: H3O*+HCO3=CO2aquat2H20 constant is inverse to protolysis and favored:
KequutraIization:]./KeqCAHCOSaqua:[HCO3']*[H3O+]/[COZaqua]/[HZO]221/2.90636/10/\('11): 34407299853.
AGabsolute_Neutralization=2GH20+Gco2qua-GH30-GHcos=2*0+18.38-22.44-56.08=-60.14 Kol and
enthalpy Hess change in reaction is exothermic: AHHess=2AHH20+AHco2-AHH30-AHHco3=-7.2 ¥/mol .
Neutralization is favored reaction. Free energy change on minimum expression is negative:
AGegNeutralization=-ReTeln (KegNeutralization)=-8.3 144+298.15+In(34407299853)=-60.14 /mo1, but CO2aqua protolysis
minimum as inverse reaction of neutralization is positive:
AGeqcaHco3agua=-ReTeIn(KegcA_HCO3aqua)=-8.3144+298.15In(1/34407299853)=60.14 “/mol.
A 1029, A Attractor Fig. 2. Exothermic and exoergic neutralization Hess free energy change
Q _________ 5 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: kiov=1.5*10%> M~2s™* velocity constant and concentrations
T [CO2aqua]=0.0007512 M, [OH]=10%64 M. Carbonic anhydrase synthesis resolves
AGrmin= -60 Imol ., perfect order of bioenergetic homeostasis as self-organization attractor. [3.4]
A+B 50 % C+2D. Reactants H3O*+HCOgs", products CO2aquat2H20.
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2C0O2 / H2C204 / CHagas solubility and protolysis require hydroxonium HzO* and water H20 account.

The standard free energy change for the formation of carbon dioxide from free elements Cgr+O2gas=CO2gas IS
negative AG°Hess co2gas=Gcozgas-(Ggr+Go2gas)=-394,36 “/mol. [1] If the background level for the absolute energy
scale of biochemistry is zero Gcozgas=0 “/mol, then by Hess's law the absolute free energy content of one mole of
graphite is Ggr=Gcozgas-(AG Hess_cozgastGo2gas)=0-(-394,36+303,1=91,26 K/ mol.

The standard free energy change for methane formation from free elements Cgr+2H2gas>CHagas [1,8] is
AGOHess_CH4gas:GCH4ga5'(GCgr+2*GH2):GCH4gas-(91.26+2*M):-50.5 k/mor and
the free energy content per mol of methane remaining unused from free elements in Hess's law is
GcHagas=AG Hess_cHagast(Gegrt2*Grz)=-50.5+(91.26+2*85.64)=212.04 K mol.
This allows us to calculate the absolute free energy per mol of the element graphite on absolute free energy scale:
GCngH4gas:GCH4gas-AG°Hess_CH4gas-2*GH29as:212.04-(-50.5‘*'2*%):91-26 kJ/mol )
which coincides with the zero of gas and water Gcozgas=GH20=0 X/mol 0n the biochemistry absolute energy scale.
The solubility of methane CHagastH20=CHuaaq
IS 22.7 M9/ and the molar mass of methane is McH4=16.043 9/mol. The water account [H20]=996/18=55.3 M
calculates the solubility constant Keq=Ksp/[H20]=0.001414947 M/55.3 M=10/(4.592),
For the equilibrium solubility of methane [CH4]=0,0227/16,043=0,001414947 M, the absolute free energy
change is AGeq=-R*T*In(Keq)=-8.3144*298.15*In(10"(4592)=-8,3144*298.15*-10.573=26.21 “/mol.
Alberty data calculates the solubility energy change
AGeqcH4gas=GcHaag-(GcHagast GH20)=238.25-(212.04+0)=26.21 </mol
allows us to calculate the absolute free energy content of methane in water (aqua):
Gehaag=AGeqcHa+(GH20+GcHa%%%)=26.21+(0+212.04)=238.25 X/mol.

AGH2c204=AHH-T*ASH=-829.9-298.15*-0.1098=-747.75 ¥/mo;

CRC [1]

CRC [1] Mischenko 1972, Himia, Leningrad [26]

CRC [1]

GH2c204cr=AG°H2c204crForm+(2Gcgrt2 Gozgast GH2gas)=76.96 I(J/mol;

GH2c204a0=AGeq_sp+(GH20+GH2c204%)=85.976 “/mol;

GHc204=2Gco2+2 GHzo-(AGegH2c204+2GH20)=171.78 Y/mol;
GHc204=AGeq1H2c204-GH30+(GH2c204+AGH20)=80.618 X/mo ;

GHc204=2Gco2+GH30-(AGeqHc204+GH20)=159.028 X/mol;

Alberty 2006 Biochem.Thermodyn Massachusetts Techn. Inst.

Gc204=AGeqeHc204-GH30+(GHe204+GH20)=91.756 ¥/mol ;

Gc204=2Gco2-(AGeqc204)=2*0-(-146.79)=146.79 Y/mol;

ZAGOHess_COZQas:GCOZgas-(Ggr‘l‘GOZgas) Wlklpedla CRC [1]

GcHagas=AG Hess_cHagast(Gegrt2*Grz)=212.04 K mol;

Alberty 2006 Biochem.Thermodyn Massachusetts Techn. Inst.

Gcraag=GcHagast Gerasp=212.04+26.21=238.25 X/mol;

Alberty 2006 Biochem.Thermodyn Massachusetts Techn. Inst.

Ggr:GCOZgas-(AGOHess_CO2gas+GOZgas):91,26 I(J/mol; pH =7.36

CRC [1]

CRC [1]

2Gco2= AGegH2c204-2GH30+(GH2c204+2GH20)=2*-42.902 X/mol;

2Gco2= AGegHc204-GH3o+(GHc204+GHzs0)=2*-97.514 ¥/inol;

2Gco2=AGeqc204+(Ge204)=-27.517 ¥/mo;

Substance| AH®H |(‘]/mol AS°H ‘]/moI/K AGOH,kJ/moI
H20 -285.85 69.9565 | -237.191
HsO* -285.81 -3.854 -213.2746

H2C204¢r | -829.9 -109.8 -797.16
H2C20ucr | formation |  -797.16 76.96
H2C204aq | AGeq sp= 9.0161 85.976
H2C204aq | E°H2c204= | -0.6577V | 171.78
HC204 17.08 pKa=1.25 | 80.618
HC204" | E°Hc2o4= | -0.7092 V | 159.028
C204% - -pH=7,36 | -677.14
C204* 33.578 pKa2=4.14 | 91.756
C204> | E°co04= | -0.7607 V | 146.79
CHagas -74.6 186.3 -50.5
CHaugas | formation -50.5 212.04
CHagas | pH=7,36 Alberty [8] | 120.56
CHaaq | Solubility [26.21 238.25
CHaagq [8] -pH=7,36 136.95
Cygr  |packgroundBiochemistry| 91.26
CO2gas | -393.509 213.74 -394.359
CO2aq | -413.798 | 117.5704 | -385.98
CO2aq | E°H2c204= [-0.6577 V -42.90
CO2ag | E°Hcoo4= |-0.7092 V -97.514
CO2aq E°coo4= [-0.7607 V -27.517
COZaq Keqco2agua Solubility 18.38

Gcozaqua=AGeqcozaquat(Gcozgast Gr20)=18.38+(0+0)=18.38 Kol .
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Formation from free elements 2Cgr+202gastH2gas=H2C204cr and solubility H2C204+H20=H2C20 4aq:
GH2c204cr=AG°H2c204crForm+(2Gcgrt 2 Gozgas+ GHzgas)=-797.16+(2%91.26+2*303+85.6)=76.96 “/mol.

Solubility of oxalic acid 118 9/ H2C204+H20=H2C204aq constant is calculated from [1,29] data with density
1.072 9/mL:

Keq_spz[H2C204aq]/[H2C204cr]/[H20]:1.3106/1/49.77:0.026329.

Molar mass Mu2c204=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)=-8.3144298.15¢-3.637=9.0161 “/moi .

In Hess law expression AGeq_sp=GHzc204ag-(GH20+GH2c204%)=GHzc204a9-(0+76.96)=9.0161 K/mol was calculated

the one mol free energy content Ghzc204ag=AGeq_sp*+(GH20+GH2c204)=9.0161+(0+76.96)=85.976 “/mol. [29]

1. Week acid protolysis H2C204+H20=HC204+H30"; pKa1=1.25; Keq1=Ka1/[H20]=107(1-29)/55,3= 0.0010169;
AGeqiH2c204=-R*TeIn(Keq1)=-8.3144*298.15*In(0.0010169)=AGHc204+AGH30-(AGHc204+AGH20)=17.08 X/mol;
AGeqiH2c204=GHc204+GH30-(GH2c204+AGH20)=GHc204+22.44-(85.976+0)=17.082 X/mol;
GHc204=AGeq1H2c204-GH30+(GH2c204+AGH20)=17.082-22.44+(85.976+0)=80.618 “/mol;

2. Week acid protolysis HC204+H20=C204%+H30"*; pKa2=4.14; Keqz=Ka2/[H20]=10¢414/55,3=0.000001310;
AGegzHc204=-R*TeIn(Keq2)=-8.3144*298.15*In(0.000001310)=AGc204+AGH30-(AGHC204+AGH20)=33.578 X/mol;
AGeg2rc204=Gc204+GH30-(GHe204+GH20)=Ge204+22.44-(80.618+0)=33.578 “/mor;
Gc204=AGeq2Hc204-GH3o+(GHc204+GH20)=33.578-22.44+(80.618+0)=91.756 /mol;

pH<=1.25 H2C204+2H20=2C02+2H30"+2e"; Expression composition contains the potential classic standard

E°classic=-0.49 V [17], water logarithm -0.0591/2+log(1/[ H20]*)=0.103 and AE°=0.10166-0.37239:

E°Hoc204=E °Classic-0.0591/2*1g(1/[H20]%)+AE°=-0.49+0.103+0.10166-0.37239=-0.6577 V;

Absolute Nernst’s Standard potential E°H2c204=-0.6577 V; Suchotina [17]
0.0591 [CO,]*[H50]? 0.0591 [CO,]*[Hs0]?
[H,C,0,]-[H,0]? [H,C,0,][H,0]?
AGeqH2c204=E°H2c2042F+2=-0.6577*96485*2=-126.9 X/moI;

AGegH2c204=2Gc02+2GH30-(GH2c204+2GH20)=2*0+2*22.44-(GH2c204+2*0)=-126.9 /ol ;
GH2c204=2Gc02+2GH30-(AGeqH2c204+2GH20)=2*0+2*22.44-(-126.9+2*0)=171.78 N/mol ;

=-0.6577V +

En2c204 =E°H2c204+ Ig Ig

1.25<pH<=4.14; HC204+H20 = 2CO2+H30*+2e"; Expression composition contains the potential classic
standard E°classic=-0.49 V [17], water logarithm -0.0591/2+log(1/[ H20]%)=0.0515 and AE°=0.10166-0.37239:
E°Hc204=E °classic-0.0591/2*1g(1/[H20]%)+AE°=-0.49+0.0515+0.10166-0.37239= -0.709 V;
AGeqHc204=E Hc204*F+2=-0.7092*96485*2=-136.85 “/mol;
AGegHc204=2Gco2+GHzo-(GHc204+GH20)=2*0+22.44-(GHc204+0)=-136.85 “/mol;
GHc204=2Gco2+GH3ao-(AGeqHc204+GH20)=2*0+22.44-(-136.85+0)=159.028 “/ma;

4.14 <pH; C204% = 2C02+2e"; Expression composition contains the potential classic standard E°ciassic=-0.49 V
[17], water logarithm zero 0 and AE°=0.10166-0.37239:

E°c204=E °classic-0.0591/2*1g([1/H20]1°)+AE°=-0.49+0+0.10166-0.37239=-0.7607 V;
AGeqc204=E°c204°F+2=-0.7607*96485%*2=-146.79 ¥/mol;
AGeqc204=2Gco2-(Gc204)=2*0-(Gc204)=-146.79 W/moi;
Gc204=2Gco2-(AGeqc204)=2*0-(-146.79)=146.79 X/mol;
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Nernst’s potential studies reducing with vitamin B3 ethanal HsCCH=0 and oxidizing H3CCH20H ethanol
Aerobic [NAD*J/[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 X/ mol;
AGHess=32.2824+1175.5732-151.549-(75.2864+1059.11-237.191)=159.1 ¥/ma endoergic. [1]
Ox NAD* + H(H"+2e")=NADH; Expression of inverse absolute potential has standard -E°classic=0.113 V [22],
water zero 0 and AE°=0.10166-0.37239: -E°NnaDH=-E °Classict0+AE°=0.113+0+0.10166-0.37239)=0.38373 V
Red CH3CH20H+H20=CH3CHO+H3O*+H"(2¢"); Expression of absolute potential has standard E°classic=0.19 V
[19], water logarithm -0.0591/2¢log(1/[ H20]*)=0.0515 and AE°=0.10166-0.37239:
E°c2H50H=E °Classic=-0.0591/2<log(1/[ H20]')+AE°=0.19+0.0515+0.10166-0.37239=-0.02923 V;
Sum: E°caHs0H-E°NaAD+=-0.02923+0.38373=0.3545 V, n=2; AGeg=AE°*F*n=0.3545%96485*2=68.4 K/mo;
By convention balanced n=2=m number of electrons 2e- donors E°nabn=-0.38373 V plus acceptors of electrons
E°c2ns0n=-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 -
—=-Re|e = kJ " = = = 8314.29815: ° -12: -11.985
AGeq— R T ln(Keq) 684 /mol, Keq [NAD+] [CHBCHZOH][HZO] e ReT e 1036 10 10

Anaerobic [NADH]/[NAD*]=10; H3C-CH2-OH+NAD*+H20+AG+Q => H3C-CH=0+NADH+H30";
AGHess=AG°cHacH20H+AG °H20+ AG°NAD+-AG°H3o-AG °cHacHo-AG °NADH=-159.1 K/mor;
AGHess=75.2864+1059.11-237.191-(32.2824+1175.5732-151.549)=-159.1 K/mol endoergic; [1]

Red NADH=NAD*"+H"(2¢"); Expression of absolute potential has standard E°classic=-0.113 V [22], water zero 0
and AE°=0.10166-0.37239: E°NADH=E °Classict+0+AE°=-0.113+0+0.10166-0.37239=-0.38373 V;
Ox CH3CHO+2H30*+H"(2e')=CH3CH20H+ 2 H20; inverse standard potential -E°cH3cH0=0.02923 V; [19];
Sum:
AE°=E°NnADH-E°cHacHo=-0.38373+0.02923=-0.3545 V, AGeq=AE’*F*n=-0.3545 V+2 mol*96485 ®/moi=-68.4 “/maI;
By convention balanced n=2=m number of electrons 2e'AE° donors E°napbn=-0.38373 V plus electrons acceptor
-E°cH3cH0=0.02923 V, as -E°cHacro=0.02923 V accepting electrons from vitamin E°napni=-0.38373 V.

-68408

_ _ . _[NAD™}[CH,CH,OH] [H,0] _ _AGeq S aTaer08 15 _
AGeq—'R'T'h’l(Keq)—-68.408 kJ/mol, Keq— [NADH]'[CH3CHO]-[H30+] —e ReT =g 8.3140298.15 =9.651011=1011.985,
In aerobic organisms NADH oxidase with Ozaqua perform ratio [NAD*]/[NADH]=10¢; AG 1509, G B
AGHomeostasis=68.408-+R « T+In(1*10/(7-36)/10/6/1/55.3)=68.408-86.2=-17.8 ¥/mol. Hess Bgamesa s
Aerobic due to ratio is [NAD+]/[NADH]:103; AGHomeostasis=68.408-69.08=-0.674 /mol. AG>0
Equilibrium is shifted far to reactants as aerobic constant Keq=10"%%5 and inverse

anaerobic constant Keq=10198, Aerobic endothermic and endoergic vitamin B3 ethanol

aerobic

anaerobic

oxidation Hess law free energy change positive AGHess=159 ¥/moi and inverse ethanal T AGmin= 68,4 /o
anaerobic reduction negative AGHess=-159 ¥/mor , but minimizes reaching equilibrium A+B +CS(:)%D +E+E
aerobic AGmin=AGeq=68.4 ¥/moi and anaerobic reactants_ NAD*+H3CCH20H+H-0
AGmin=AGeq=-68.4 “/mol reaching equilibrium mixture products_ NADH+HsCCHO+Hs0*
constants within inverse symmetry 10-11985=Ke¢q aerobic and anaerobic 10119°=Keq. ﬁfmb'c A
Prigogine attractor is free energy change absolute minimum AGmin reaching 159 Yl
equilibrium AGmin=68.4 “/moi= | AGeq | < | AGHess | = 159 ¥/m. AG<0 | Hess
Anaerobic H3C-CH=0+NADH+H30* =>H3C-CH2-OH+NAD"+H20+AG+Q; |\ — 4+,
Anaerobic AGeg=AE’*Fen=-0.3545 V2 mol+96485 C/moi=-68.408 “/moi favored. anaerobic
Insufficient low O2aqua CONCentration hypoxia to anaerobic alcohol oxidation unflavored AGrin= -68,4 o §

but ethanal reduction to ethanol favored [HsCCH20H]/[HsCCH=0]=1/10 reduction with D+E+F 50% A+B+C
NADH reductase enzyme as negative free energy change AGHomeostasis=-27.86 “/moi  NADH+H3CCHO+H30*

NAD*+H3CCH20H+H20

Anaerobic homeostasis ratio [NADH]/[NAD*]=10 over [NAD*] favors reduction:
AGanaerobic=-68.41+8.3144*298.15*In(1*1*55.3/10/10/10"(736))=-27.86 “/mol;

NADH]-[CH,CHO]- * — . -
EN AD+]]_[[CH (3:(; or]|]-[E:Oo]] oxidation homeostasis ratio is [NADH]/[NAD*]=1/770;
3 2 2

AGHomeostasis=68.408+8.3144*298.15*In(1/770*1/1*10"(738)/55,3)=-0.026 “/mol.

Aerobic organisms Kaerobic=
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;Table 1. Nernst’s half reactions Standard Electrodes Potentials classic, Thermodynamic, Absolute Volts.

o B H.O disaccount |Thermodynamic scale| Absolute scale
Reduced form = Oxidized form + n e’ classic zero E, on H,0 account -0.37239
H | H(Pt) +H,O=H3;O* +(Pt)+ e"; scale reference potential [1] classic zero 0 0.10166 -0.27072
H(Pt) + OH=H,0 +(Pt)+e’; classic CRC [1] -0.8277 -0.8282 -1.200576
H(Pt) + OH=H,0 +(Pt)+e"; correction -0.10449 of classic [1] -0.93219 -0.9326 -1.30507
Haaqt2H,0=2H30*+2e"+H,0;graphite electrode 0.4687 0.6733 0.302
O | 5H20=024¢+4H30"+4¢7; 1.2288 1.4592 1.0868
H202+2H,0=0"23qua+2H30*+e7; David 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=035qua+2H30*+2¢";University Alberta [19] 0.6945 0.8992 0.5268
CHO | Cg¢H12,06+42H,0 =24H30*+6H3;0*+6HCO5 +24¢; Kaksis -0.04809 0.2338 -0.13858
HOO +H;0=07aquatH30*+2¢"; Kaksis 0.3155 0.4686 0.09625
N | NO, + 20H=NO; + H,0+2¢7; pH>3.15 Suchotina [17] 0.01 0.0602 -0.3122
HNO,+4H,0=NO3 +3H3;0*+2¢"; pH<3.15 Kortly, Shucha [18] 0.94 1.2477 0.8753
NOaq+4H,0=HNO3 +3H30*+3e"; pH<1,4 Kortly, Shucha [18] 0.96 1.19899 0.8266
NH4*+13H,0=NO; +10H3;0*+8¢’; Suchotina [17] 0.87 1.1391 0.7667
Br | 2Br=Bry(aq)+2¢; CRC[1] 1.0873 1.18896 0.8176
Bi | BiO*+6H,0=BiO; +4H3;0*+2e; 1<pH<7 Suchotina [17] 1.80 2.21065 1.8383
Mn HY Mn?+12H,0=MnO, +8H;0*+5e";  Kortly, Shucha [18] 1.51 1.85885 1.4865
H,O | MnO,|+40H=MnO4 + 2H,0+3e™;  Suchotina [17] 0.603 0.6360 0.2636
OH" | MnOs2=MnO; +&7; Suchotina [17] 0.558 0.65966 0.2873
Pb | Pb?* +6H,0=PbO,(s)+4H3;0*+2¢; 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 | H2SOsaq+4H,0=HSO,+3H30*+2¢";pH<2 Suchotina [17] 0.172 0.47965 0.10726
HSO; +4H,0=S0,% +3H3;0%+2e7;  Suchotina [17] 2=<pH<7 0.172 0.47965 0.10726
S03% +20H=S04> +H,0+2¢’; Suchotina [17] pH>7 -0.93 -0.87984 -1.2522
=S ombictH20 + 2 €7 CRC2010 [1] -0.4763 -0.4261 -0.7985
HS™ + OH™ = Srompic + 2H,0 +2e;  CRC 2010 [1] -0.478 -0.4793 -0.8517
H2Sag+2H20=Srombic+2H30*+2e7; CRC 2010 [1] Suchotina [17] 0.142 0.3467 -0.025735
25,04>=5,06> +2¢7; Suchotina [17] 0.08 0.1817 -0.1907
Fe | Fe?*=Fe’*+e’; Suchotina [17] 0.769 0.8707 0.4983
Fe(s)+ H,O =Fe?*+2e’; Suchotina [17] -0.4402 -0.2870 -0.6594
Ag | Ag+ H,O=Ag'+e; Kortly, Shucha [18] 0.7994 1.00406 0.6327
Ag(s)+Cl'=AgCl(s)+H.O+e’; Kortly, Shucha [18] 0.2223 0.2210 -0.1514
Ag+2NH3,=Ag(NH3),*+H,0+e7; Suchotina [17] 0.373 0.57766 0.2053
2Ag+20H" =Ag,0(s)+H,0+2¢; Suchotina [17] 0.345 0.49816 0.1258
Hg | 2Hg+H,0=Hg,**+2¢’; Kortly, Shucha [18] 0.907 1.0602 0.6888
2Hg+2Cl'=Hg,Cly+2H,0+2¢"; Suchotina ; [17] 0.2676 0.2663 -0.1059
2Hg+S0,#=Hg,S04s+H,0+2¢e7;  Kortly, Shucha ; [18] 0.614 0.6642 0.2918
Hg+20H =HgO+H,0+2¢", Suchatina ; [17] 0.098 0.1482 -0.2242
[ 3l =l3+2¢; 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=Fy(g)+2e7; 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 | Clx(9)+4H,0=2HOCI+2H30"+2¢"; Kaortly, Shucha [18] 1.63 1.93765 1.5653
Cr | 2Cr¥+21H,0=Cr,0,* +14H30*+6e";1<pH<7 [18] 1.33 1.7921 1.41975
Cr¥*+11H,0=HCrO4 +7H;0%+3e"; pH>7 Kortly, Shucha [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 | H,Cy04+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] -0.7628 -0.6096 -0.98098
Al | Al+ H,0=Al**+3e; CRC [1] -1.662 -1.5260 -1.8984
Al+40H = H,AlO3+H,0+3e’; CRC[1] -2.33 -2.2627 -2.63506

H(Pt) + OH=H20 +(Pt)+e; CRC [1]
E°H-on=E°-0.0591/1*Ig([H20]%)+0.10166-0.37239=-0.8277-0.0591/1*Ig(53.5"1)+0.10166-0.37239=-1.200576 V
AGess_H(Pt)_oH-= GH20-(GptH+Gon-)=0-(48.56+77.36)=-125.92 X/moI;

AGegH 0H-=E°H oH-*F+1=-1.2005757*96485%*1=-125.92 K/mol;

Corrected E°H_on =AGegn_on-/F/1=-125920/96485/1=-1.30507 V;

Correction AE°H on=-(1.30507-1.2005757)=-0.10449 V on absolute potential scale synchronized on Alberty data
at pH=7,36 of absolute free energy scale related to the zero free energy content of water GH20=0 X/mo .
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Table 1. Standard potentials E° Classic water [Thermodynamic. | Absolute
Nernst’s and inverse half-reactions Data from [1-24] disaccount 0 |scale 0.10166 V | -0.37239
OH =HO+¢ CRC 2.020 2.1217 1.750321
4H20=H202aqua+2H30"+2 € Suchotina 1.776 2.0837 1.7113
H202+2H20=0"2aqua+2H30*+e" David Harris 1.276 1.4811 1.1087
5H20=02ag+4 H3O*+4 €7, 1.2288 1.4592 1.0868
HNO2+4H20=N0O3 +3H30*+2¢e"; pH<3.15 Kortly, Shucha 0.94 1.2477 0.8753
NO2+3H20=N0O3+2H30*+2e" David Harris [21] 0.835 1.09115 0.7188
Hydroquinone+2H20=p-quinone+2H30*+2e 0.699 0.9041 0.5327
H202aquat2H20=02aquat2H30*+2e" University Alberta 0.695 0.8992 0.5268
Fe?*=Fed*+e University Alberta 0.769 0.8707 0.4983
Ubiquinol+2H20=Ubiquinone+2H30*+2¢ 0.459 0.6638 0.2924
Succinate*+2H.0=Fumarate®>+2H30*+2¢" 0.4447 0.6494 0.2780
ButyrylCoA+2H20=CrotonylCoA+2H30*+2¢ 0.399 0.6038 0.2056
AscorbicAcid+2H20=CsHsOs+2H30*+2e" DC.Harris [22] 0.390 0.5947 0.1965
glycolate+2H.0=Glyoxylate+H+H3O* D.C.Harris 0.324 0.5287 0.1305
CeH1206+42H20=24H30*+6H30*+6HCO3+24¢’; -0.0491 0.2338 -0.1386
HOO +H20=02aquatH30*+2e~ Aris Kaksis 0.3155 0.4686 0.09625
Fe?*=Cytochrome F Fe3*+e~David Harris 0.365 0.4667 0.0953
[Fe"(CN)s]*=[Fe'"'(CN)e]*>+e University Alberta 0.356 0.4574 0.0860
Malate?+2H20=0xalo-acetate> +2H3O*+2¢" 0.248 0.4528 0.0814
Fe?*=Cytochrome a3 Fe3*+e- 0.350 0.4517 0.0803
Lactate +H20=Pyruvate+H3O*+H (H*+2e") 0.229 0.3823 0.0109
FADH2+2H20=FADfree+2H30*+2¢’; 0.195 0.3998 0.0284
CH3COO +2H20=glycolate+H+H30*; D.C.Harris 0.1605 0.3652 -0.00618
H25aq+2H20=5hombic+2H30*+2e; CRC 2010 0.142 0.3467 -0.025735
CH3CH20H+H20=CH3CHO+H30*+H (H*+2e-); 0.19 0,3432 -0,02923
Fe?*=Cytochrome a Fed*+e- 0.2900 0.3917 0.02032
2GlutathSH+2H20=GlutaS-Sthione+2H30*+2e- 0.1841 0.3888 0.01742
Fe?*=Cytochrome ¢ Fe3*+e- 0.2540 0.3557 -0.01568
LipSHSH+2H20=L.ipoicAcidS-S+2H30*+2¢e 0.1241 0.3288 -0.04258
Fe?*=Cytochrome c1 Fe3*+e- 0.2200 0.3217 -0.04968
B-OH Butyrate+2H20=AcetoAcetate +2H3O*+2¢ 0.0681 0.2728 -0.09858
isocitrate>+2H>0=a-Ketoglutarate> +CO2+2H30*+2e- 0.0341 0.2388 -0.13258
Nernst’s Hzaqg+H20=2H30*+2€"; AGHess_H30+=-58.36 X/mol on graphite electrode oxidation -0.302
Inverse: 2H30*+2e =H2ag+H20; AGHess_H2ag=58.36 ¥/mol on graphite electrode reduction 0.302
Hoag=2H(Pt)+H20; AGsp_HPty=2GH(Pt+GH20-(GH2aq)=-6.12 ¥/mol Ksp_Hey=[H(P1)]?*[H20]/[H2a9]=11.8
H(Pt)+H20=H30*+e"; classic zero; at[H2S04]=1 M, PH=0 0.0000 0.10166 -0.27072
Luciferin+OH =?luciferin+CO? aquatOH+3H(3H*+3¢")+e 0 0.1017 -0.27073
Fe2*=Cytochrome b Fe®*+e- 0.0770 0.1787 -0.1937
CH3CHO+3H20=CH3COOH+2H30*+2e" Suchotina -0.1180 0.1382 -0.2342
Glycaldeh3-P?+H20+HPO4+*=13PGlycerate* +H3O*+H"; -0.1314 0.0218 -0.3506
NADPH=NADP*+H (H*+2¢"); -0.1170 -0,0153 -0,3877
NADH=NAD*+H (H*+2¢); David Harris -0.1130 -0,0113 -0,3837
02aqua=02aquate- Suchotina -0.2450 -0.1433 -0.5157
Ferredoxin Fe?*=Ferredoxin Fe3*+e- -0.4320 -0.3303 -0.7027
CeH1206+4H20=2C3H403+4H30" + 4e" Stryer -0.5427 -0.3380 -0.7104

2-=5thombic+2 e CRC 2010 -0.4763 -0.3746 -0.7470
HS+OH =5mombictH20+2e"; CRC 2010 -0.4780 -0.4278 -0.8002
H(Pt)+OH=H20+e" [17] corrected (-0.8277+-0.10449)= -0.9322 -0.9335 -1.3059
Ubiquinol6+2H20=Ubiquinone6+2H30*+2e- CRC 2012 -1.0500 -0.8453 -1.2177

AGAabertyH oH-=GH20-(GHpy+GoH-)=0-(48.56+77.36)=-125.92 X/mo1, E’H=AGeq/F/1=-125920/96485/1=-1.30508 V
data corrected AGegH oH-=E°H or-*F¢1=-1.30508*96485*1=-125.92 X/mol to E°1=-0.8277-0.10556=-0.9322 V.
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Table 2. Nernst’s reactions Standard Electrodes Potentials classic, Thermodynamic and absolute Volts

Reduced form = Oxidized form

H,0 disaccount

Thermodynamic.

Absolut scale E°

classic zero E-==0 |scale E-=0.10166 V -0.37239 V
H H(Pt) +H,0=H30" +(Pt)+ e7; scale reference potential [1] classic zero 0 0.10166 -0.27072
N NO; + 20H=NO3z+ H,0+2¢"; pH>3.15 Suchotina [17] 0.01 0.0602 -0.3122
HNO,+4H,0=NO3;+3H30%+2¢"; pH<3.15 Kortly, Shucha 0.94 1.2477 0.8753
NOgaq+4H20=HNO3 +3H3;0*+3e"; pH<1,4 Kortly, Shucha 0.96 1,19899 0,8266
NH4*+13H,0=NO3 +10H;0*+8¢’; Suchotina [17] 0.87 1.1391 0.7667
Br | 2Br=Br(aq)+2¢; CRC 1.0873 1.18896 0.8176
Bi BiO*+6H,0=BiO; +4H3;0"+2¢"; 1<pH<7 Suchotina [17] 1.80 2.21065 1.8393
Mn H*| Mn?*+12H,0=MnO, +8H30*+5e";  Kortly, Shucha [18] 151 1.85885 1.4865
H,O | MnO;|+40H=MnO, + 2H,0+3¢™; Suchotina 0.603 0.6360 0.2636
OH" | MnO/#=MnO;+e7; Suchotina 0.558 0.65966 0.2873
Pb Pb?* +6H,0=Pb0,(s)+4H;0"+2¢"; Kortly, Shucha 1.455 1.86565 1.4933
S H2S033q+3H20=HSO, +3H;0"+2¢"; 0.172 0.47965 0.10726
HSO3 +4H,0=S0,> +3H;0*+2¢; Suchotina 2=<pH<7 0.172 0.47965 0.10726
SOz +20H=S04>+H0+2¢; SuchotinapH > 7 -0.93 -0.87984 -1.2522
=S ompictH20 + 2 €7 CRC2010 -0.4763 -0.4261 -0.7985
H2Saq+2H20=Sombic+2H30%+2e7; CRC 2010: Suchotina 0.142 -0.4793 -0.8517
25,04%=S,06* +2¢7; Suchotina 0.08 0.3467 -0.025735
Fe | Fe?*=Fe®*+e; Suchotina [17] 0.769 0.8707 0.4983
Fe(s)+ H,0 =Fe*+2¢’; Suchotina -0.4402 -0.2870 -0.6594
Ag | Ag+ H.0=Ag*+e; Kortly, Shucha [18] 0.7994 1.00406 0.6327
Ag(s)+Cl=AgClI(s)+H.O+e’; Kortly, Shucha 0.2223 0.2210 -0.1514
Ag+2NH3s=Ag(NH3),;*+H,0+e; Suchotina 0.373 0,57766 0,2053
2Ag+20H" =Ag,0(s)+H,0+2¢7; Suchotina 0.345 0,49816 0,1258
| 3l =l +2¢7; Kortly, Shucha 0.6276 0.72926 0.35687
Cu | Cu(Hg)+H,0=Cu*+(Hg)+2¢; Kortly, Shucha 0.3435 0.4967 0.1243
F | 2F =F,(g)+2e; Kortly, Shucha 2.87 2.97166 2.5993
Cl | 2CI=Cly(g)+2¢7; Kortly, Shucha 1.358 1.45966 1.0873
Cl | Cly(g)+4H,0=2HOCI+2H;0*+2¢; Kortly, Shucha 1.63 1.93765 1.5653
Cr | 2Cr**+21H,0=Cr,0;> +14H30%+6e";1<pH<7 [18] 1.33 1.7921 1.41975
Cr¥*+11H,0=HCrO, +7H;0%+3¢e"; pH>7 Kortly, Shucha 1.20 1.6793 1.30692
Cr(OH);|+50H=CrO,* +4H,0+3¢"; pH>9 ; Suchotina -0.13 -0.1657 -0.53806
C H>C,04+2H,0=2C0O,+2H30*+2¢"; pH<1.25 Suchotina [17] -0.49 -0.2853 -0.6577
Cr | Cr+H,0=Cr¥+3e;; Suchotina -0.744 -0.60801 -0.97935
Zn | Zn+H,0=Zn*"+2¢’; Kortly, Shucha -0.7628 -0.6096 -0.98098
H H(Pt)+OH=H,0+(Pt)+e"; corrected (-0.8277+-0.10449)= -0.9322 -0.93375 -1.30508

25




Hess zero standard values of free elements on Biochemistry absolute free energy scale actually are positive.
GH2gas=85.6 “/mol Alberty referring to homeostasis products water and CO2gas zero Gr20=Gco2gas=0 ¥/mo .
The free energy contents of the presented metabolites at homeostasis pH=7.36, which refers to zero values of
water and COzgas gas on the energy scale, are:

Glucose GeeHi206=1978 K/mo >deprotonate peroxide anion GHoo-=333.9 /mol > Go2aqua=330 “/mol>
> G02gas=303 X/mor> peroxide GH202=279,3 K/mol>
> protolysis of water pH=pOH=7 Ghso++oH-=GHzo++Gon=22.44+77.36=99.8 X/mo1>
> GNH3aq=91.1 Kol > GozBiochem_arterial=88.22 Kol > GH2gas=85.6 K mol = GH20_Biochemistry=85.6 Kol >
> protolysis of COzaqua solution by Carbonic Anhydrase GHzo+Hc03=GHzo++GHco3-=22.44+56.08=78.5 X/mol >
> GH2caqua=53.4 kKfmol > GNH4+=50.81 X/mor > GH(Py=48.56 Kol > Gn2aqua=18.7 Kol > Gco2aqua=18.38 K mol >

> Gerhombic=3.54 Y/mol > homeostasis products zero values GH20=Gco2gas=0 /mol > Gn2gas=-9,55 “/mo;
2000

G, kJ/mOI Glucose  Gcen1206=1978 ¥/l
1800
1600
1400
1200
1000
Alberty [8]
GHZgas:85-6 kJ/mol
800 GHoo-=333.9 k‘]/mol
— k.
GOZBiochem_arteriaI:88-22 kJ/mol GOZaqua—330 J/mol

600

G020as=303 kJ/mol
Gh202=279.3 Mol

GHZO_Biochemistry:85-6 k‘]/mol

a0 22.44+56.08=Gy120++Gric02-=78.5 ¥ GNHSaq—gll o
GHZ aqua—534 J/mol GHSO +GOH_
. =
200 Gnia=50.81 kJ/mO' =22.44+77.36
G rombic:3.54 kJ/mochH(Pt) 48'56 k‘]/ Ol :998 kJ/mol
Grzo=Geom0 | . . n i l (I |
GCOZaqua:18-38 kJ/mol
Zero level Gr2aqus=18.7 Yo

-200

Figure 1. Ascending Absolute Free Energy of metabolites relative to GH20=Gco2gas=0 “/mol zero values.
Discovery of Absolute potential scale is instrument coincident with Absolute Free Energy for sciences.
The discovery in science of Absolute Potentials scale coincides with Absolute Free Energy meaning.

The water and hydroxonium disaccount in reactions including protolysis and electrochemistry Nernst’s half
reactions restrict the scientific studies of Thermodynamic, Physical Chemistry and Biochemistry. [8,14,15]

The thermodynamic property of inversion symmetry is a direct reaction between reactants and products that
flips in the opposite direction, initially meaning products as reactants and leaving reactants as final products.
Water to oxygen oxidation reduction 5H20=02aquat4H30"+4e Nernst’s half reaction has Absolute standard
Potential: E°o2absolute=1.0868 V. About Ozaquat4H3O*+4e=5H20 inverse reaction implication in Absolute
Potential it has the same number with opposite sign -E°o2absolute= -1.0868 V negative.

Discovered the Absolute Potential scale for Nernst’s or inverse reactions is coincident with absolute Free
Energy property the inverse symmetry. [8, 14, 15] Inverse symmetry property of Nernst’s or inverse reactions
with identical values but with opposite sign manifests itself mutually in Absolute Potential scale with
Absolute Free Energy is coincident thermodynamic property for protolytic, Nernst’s half or inverse reaction.
Corrected Thermodynamic standard potential reference of metal hydrogen 0.10166 Volts in few years give the
impulse for sciences get Absolute thermodynamic values Free Energy of elements and molecules. Behalf of
Alberty given data about Hydrogen Absolute Free Energy Ghzgas=85.6 “/mol , GH2aqua=103 “/mor is detected
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Absolute standard Potential as general reference of hydrogen electrode E°1=-0.27073 Volts. Table 1. presents
50 in Biochemistry used Nernst’s oxidation half and reduction inverse reactions.
In three columns we can observe the development hydrogen general reference scale from classic zero E°’n=0 V
with water disaccount. Accounting the water and hydroxonium cation corrected the general hydrogen
thermodynamic standard potential scale reference to E°’v=0.10166 Volts. Third Alberty data finally lead to
Absolute standard Potential value E°v=-0.27073w Volts of hydrogen electrode.

H.0- formation 41* page HagastO2gas=>H202 ; AG°univalberta=-134.03 K mol ; AG Alberty=-48.39 K mol ;

AGAIbertyzGHZOZ-(GOZgas+GH29as): 284-(85.64+303):-104.64 k‘]/mol(-134.03 kJ/moI;)(:-48.39 kJ/mol)

Viela AH®H k“]/mol AS°H Y moik  |AG®H % mol
H202aqus -191.99 -481.688 -48.39 GH202=279,29 Y/mo Alberty zero Gh20=0 “/mol; reference
H202:qua -191.17 143.9 -134.03  |University Alberta
. - *| * * - kJ .
Succinat® | -908.69 |-1295576 |-522.414 Couesraror =522 A 9L 2 S 6 20 "
- GFumaricFor:'519.5+(4*91.26+85.6+2*303):537.l I(‘]/mol;
Fumarate? -776.56 -862.288 |-519.4688 Grumara=554.75 Wt

Succinat?> Formation 4C+2H2gas+202gas=>(CH2)2(CO2 )(CO2") ; AGsuccinat=-522.4 X/mor Alberty;
AGsuccinatFor=GsuccinatFor-(4Gcgraph+2* GHagast2*Gozgas) = -522.4 I(J/mol;
GsuccinatFor=-522.4+(4*91.26+2*85.6+2*303)=619.8 Kol

Fumarate > Formation 4C+H2gas+202gas=>(CH)2(CO2)(CO2") ; AGFumarat=-519.5 ¥/moi Alberty;
AGFumarat:GFumaratFor-(4GCgraph+GH2gas+2*GOZgas): -519.5 I(J/mol;
GrumaratFor=-519.5+(4*91.26+85.6+2*303)=537.1 Y/mar ; formation 73" page

Inverse Ozaquat2H30"+2e'=H202aqua*+2H20; standard potential E°oxo2_H202=-0.5278 V University Alberta ;
AGAlbertyHessox02_H202=GH202+2* GH20-(G02aguat2* GH30+)=279,29+2*0-(330+2*22.44)=-95.59 K/mo ;
AGegAlbertyAbsoluteOx02_H202=E eqox02_H202¢F*1+2=-0.5278*96485*2=-101,85 /mo;

SUCCinat2'+02aqua:>fumal’atez'+H202aqua+Q+AG; AGmin=AGeqsuccinat_ H202=-38.3 I(J/mol;
AGHesszAG°H202+AGofumarat-AGOOZ-AGoSuccinat=-48.39-519.4688-(16.4-522.414) =-61.845 I(J/mol;
AGmin=AGeq=(E°Redsuccinate-E °0ox02)*F*n=(0.2512-0.4495)*96485*2=(-0.1983)* 96485*2=-38.3 */ma;
Alberty Hess AGsuccinat. H202=GFumarattGH202-(GsuccinattGozaqua)=537.1+279,29.24-(619.8+330)=-128.5 Kol ;
Keq=exp(-AGeq/R/T)=exp(38270/8.3144/298.15)=5065991 spontaneous 58" page

The concepts of Absolute thermodynamic parameters temperature, free energy and potentia.
are absolutely reciprocal tools for revealing the structural details of parallel and sequential complex reactions
by exploiting inversion symmetry properties.
1. Absolute temperature T in Kelwin degree is standard value 298.15 K (25 ° C),

Lord Kelvin

2. On Alberty based Absolute free energy content
GH2gas=85.6 ¥/mol for hydrogen gas, it’s solution in water GHzagua=103 */mor and
for metal hydrogen Ghy=48,46 “/mol
referring to zero reference Grz20=Gco2gas=0 ¥/mol as background
in water and carbon dioxide gas CO2gas.
Alberty Robert

3. Discovery Absolute Potential scale.

Absolute Potential scale based on a general reference

of metal hydrogen Absolute standard Potential E°v=-0.2965 Volts. [8, 14, 15]
feasible
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CH3CH20H ethanol formation from elements:

2C+3H2gas+1/202gas=>CH3CH20H ; AG° Alberty=75.2864 /ol ; AG°Hesscre=-181 ¥/mo ;

AG’ Alberty=GcHacH20H-(2Gcgraph+3* GHagas+1/2* Go2gas)=75.2864 ¥/mol ;
AG’°cre=GcHacH20H-(2Gcgraph+3*GHzgast1/2* Gozgas) =-181 ol ;
AG’ aberty+(2Gcgraph+3* GHzgast1/2* Go2gas) =75.2864 +(2*91.26+3*85.6+1/2*303)=GcHacH201=666.106 Kol ;
AG°cre+(2Gcgraph+3*Gragast1/2* Gozgas)=-181+(2*91.26+3*85.6+1/2*303)=GcHacH201=409.82 K/mol ;
CH3CHO acetaldehyde formation from elements: 2C+2H2gas+1/202gas=>CH3CHO ;
AGOAIberty:GCH:BCHO-(2GCgraph+2*GH2gas+l/2*GOZgas):32.282 K3 mol ,
AG’cre=GcHacHo-(2Gcgrapht2* Ghagast1/2* Gozgas)= 24.06 K3 mol ;
AG” alberty+(2Gcgrapht+2* GHzgas+1/2* Go2gas)=32.282+(2*91.26+2*85.6+1/2*303)=GcHacHo=537.5 K¥/mal ;
AG°cret(2Gcgrapht2* GHzgast1/2* Gozgas)=24.06+(2*91.26+2*85.6+1/2*303)=GcHacHo=529.28 Ko ;
CH3CH20H+H20=CH3CHO+H3O0*+H"(H*+2¢"); absolute potential E°crscH201=-0.055 V; Kortly, Shucha;

[19]

AGeqcHacH20H=E ®eqnernscHacH20H*F+2=-0.055*96485*2=-10.6 X/mo;

AGHesscHacH20H=GcHacHO +GH30++GH--(GeracHzoH +GH20)=537.5+22.44+GH--(409.82+0)=-10.6 “/mol.
AGHesscHacH20H=GcHacHO +GH3o++GH--(GeHacH20H +GH20_Biochem)=537.5+22.44+G.-(409.82+85.64)=-10.6 K/mol.
AGHesscHacH20H-GcHacHO -GHzo++(GeHacH20H +GH20)=GH-=-10.6-537.5-22.44+(409.82+0)=-160.7 “/mol.
AGHesscHacH20H-GeHacHo -Grso++(GehacH2oH +GH20_Biochem)=GH.=-10.6-537.5-22.44+(409.82+85.64)=-75.08 “/mol.

CRC Handbook of Chemistry and Physics 2010 90th David R.

Substance |AH°H k‘]/mol AS°H Y mok  |AG®H kJ/mol Lide
HsC-CH=0 | -212.23 -281.84 24.06 GcH3cH0=529.28 K/mol ;
HsC-CH=0O | -213.88 -825.64 32.2824  |GchsacHo=537.5 /mol ;
NADH -41.41 -4465.708 |1175.5732 |BioThermodynamicQ6;
NADH -1036.66 -140.50 1120.09
HsO* -285.81 -3.854 -213.275
NAD* -10.30 -3766.008 | 1112.534 |BioThermodynamic,2006,Massachusetts Tecnology Institute
NAD* -1007.48 -183 1059.11
HsCCH,OH | -290.77 |-1227.764 | 75.2864 |Alberty GcHacH20H=666.106 K/mol ;
H,CCH:0H: | 500 4 CRC GcHacH201=409.82 ¥/mol ;
q -357.7394 -181.64
H20 -285.85 69.9565 -237.191  |Gr20=0 Y/imol; GH.=-10.6-537.5-22.44+(409.82+0)=-160.7 “/y.
iochem=85.64 /ol -=-10.0- 0-22.44+ .32+30. =-/o.
H,0 -286.65 _453.188 -151.549 GH20_iochem=85.64 K/mol. Gh 108/:37 5-22.44+(409.82+85.64)=-75.08

NADH = NAD" + H(H*+2¢"); inverse potential -E°napbH=0.4095 V; absolute David Harris; [22]
NAD*+H-{H*+2e)}+CH3CH20H+H20=NADH+CH3CHO+H3O*+H-{H*+2¢");
NAD*+CH3CH20H+H20=NADH+CH3;CHO+H30";

sum: E°eqNernscH3cH20H-E°naD+=-0,055+0,4095=0,4562,;
AGmin=AGe=(E°eqnernscHacH20H-E°nap+) *F*n=(-0.055+0.4095)*96485*2=(0.4562)* 96485*2=68.408 “/moI;
AGHessalbertycH3cH20H=GNADH+GH30++GcHacHo-( GNAD++GcHacH20H+GH20)=68.02 K/mol.
=1112.534+22.44+32.282-(1175.5+75.2864-151.549)=68.02 */mol.
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H3CHC(OH)COO +H20=>H3CC=0CO0O +H30*+H (H*+2¢e"); E°H3cHc(oH)coo=-0.0159 V;
AGegHacHc(0H)co0=E°eqHacHc(oH)coo* F*2=-0.0159*96485*2=-3.068 “/moI;
AGhesschacH20H=Ghacc=0c00+Gr3zo++GH--(GracrcoHcoot Ghzo) =534.2+22.44+G.-(668.8+0)=-3.068 /o
AGhesschacH20H=Gracc=0c00+GH3z0++Gr--(GrachcoH)cootGhzo,_siochem)=534.2+22.44+G.-(668.8+85.64)=-3.068 “/mo.
AGHesscHacH20H-Gracc=0c00-Ghso++(Grachconycoo+ Ghzo) =Gh.=-3.068-534.2-22.44+(668.8+0)=109.092 /mo.
AGhesscHacH20H-GHscc=0c00-Grso++(GHacheoH)coot Grzo_piochem) =Gr-=-3.068-534.2-22.44+(668.8+85.64)=194.7 ¥/nq.
1=0.25 M, BioTherm06, pH=7.36, AGr=G°Hacc=0c00-+G°H30++GH--GHacHc(0H)coo--GH20= ¥/mol;

GH20=0 “/mot; Gn-=-3.068-534.2-22.44+(668.8+0)=109.092 /im0
GH20_Biochem=85.64 “/mol; Gri=-3.068-534.2-22.44+(668.8+85.64)=194.7 W/mol

GHacHc(0H)c00=534.2 ¥/mol; pKa=2.5;

Viela AH°®H kJ/mol AS°H ‘]/moI/K AG®H , kJ/mol ,
PyruvEnolP* | -1400 -1100  |-1189.73
H3CC=0COO" | -597.4 -850 -350.78
H3CC=0COO" | -603.7 -433.54 |-474.44
H3CC=0COO" |-597.04 |-846.66 |-344.62

HsO* -285.81 | -3.854 |-213.275

H20 -285.85 [69.9565 |-237.191

H20 -286.65 [-453.188 |-151.549
HsCHC(OH)COO™ |-688.29 |-1290.9 | -303.4

GHacHC(0H)C00=668.8 X/mor; pKa=3.86;

pPKa=3.86; AH°=1361.9 “/na; GracHc©oH)coon=2271 ¥/moi;H3CHC(OH)COOH+302gas=3CO2gas+3H20;
AH°=3Gc0o2gas +3GH20-(GHacHc(0H)cooH+3G02gas)=3*0+3*0-(GHacHc(oH)cooH+3*303)= 1361.9 “/mor;
GHsacHc(oH)cooH+=3Gco2gas+3GH20-( 3G02gas)=3*0+3*0-(+3*303) -1361.9=GHacHc(oH)coon=2271 K/mol;

Lactic acid Formation 71% page 3C+3H2gas+1.502gas=>H3CHC(OH)COOH ; GhacticoH)cooH =-303.4 /mal [8];
AGH3cHc(0H)cooH=GH3acHc(oH)cooH-(3Gcgrapht+3* GHagas+1.5*Gozgas)= -303.4 “/mol;
GrscHcoHycoon=-303.4+(3*91.26+3*85.6+1.5*303)=681.7 “/mol;

Lactic acid HsCHC(OH)COOH+H20<=>H3CHC(OH)COO +H30*; pKa=3.86;

Keg=[H3CHC(OH)COO ]*[H30*])/[ H3CHC(OH)COOH]/[H20]=Ka/[H20]=107(386)/55,3=10"(5603);
AGeqHacHc(OH)cooH=-ReTeIn(Kaeq)=-8.3144*298.15*In(10"(560%))/1000=31.98 ¥/imoi .

AGH3cHc(0H)c00=GHacHc(0H)c00+2GHao+(GLacticAct2GH20)=Gsuccinat+2*22.44-(681.7+2*0)= 31.98 “/mor;

GHacHc(0H)coo=AGHacHc(0H)co0-2GHz0++(GLacticact2 GH20)=31.98-2*22.44+(681.7+2*0)=668.8 X/mor;

Pyruvic acid- Formation 71% page 3C+2H2gas*+1.502gas=> H3CC=0COOH; AGsuccinat=-344.62 ¥/moi Alberty;
AGFumarat:GFumarat-(SGCgraph'l‘ZGHZQas'l‘l.5*GOZgas): -344.62 I(J/mol;
Grumarat=-344.62+(3*91.26+2*85.6+1.5*303)=554.86 “//ma; ;

Pyruvic acid HsCC=0COOH+H;0<=>HsCHC(OH)COO +H30*; pKs=2.5;
Keg=[H3CHC(OH)COO J*[H30*])/[HsCC=0COOH]/[H20]=Ka/[H20]=107(25)/55 3=2.5*10A6)=10A(4243);

AGegHacc=0cooH=-ReTsIn(Kaeq)=-8.3144*298.15*In(10"(4243))/1000=24.22 Yo .

AGH3cHc(0H)c00=GHacHc(0H)coo+2GHao+(GLacticAct 2 GH20)=Gsuccinat+2*22.44-(554.86+2*0)=24.22 K/mol;
GHsacHc(0H)co0=AGHacHc(oH)co0-2GHa0++(GLacticAct2 GH20)=24.22-2*22.44+(554.86+2*0)=534.2 “/mol;

NADH = NAD* + H (H"+2¢"); E°napbn=-0.4095 V; absolute Lehninger; [6]

Red lactate+H2O<=>pyruvate+H3zO*+H( H*+2¢") ; absolute potential E°nscHcoH)coo=-0.0159 V;

Ox NAD*+H(2¢)=NADH ; E°=-0.4095 V; OksRed NAD*+lactate+H2O=NADH+ pyruvate +HzO*;

Balanced n=2=m with 2e" electrons AE° NAD™* accept electrons from lactate:
AGegAerobic=AE°¢Fen=(E°Rred-E°0x)*F*n=(-0.0159—0.4095)*96485*2=(0.3936)*2=75.95 “/mol

KegAerobic=EXP(-AGegAerobic/R/T)=EXP(-75950/8.3144/298.15)=10133,

[NADH]-[pyruvate ][4 o*]

AG egAerobic 759500

Keaaerobic=[NAD *}[lactate” ] ‘[H,0] ~©

ReT =g 8314e298.15 =1 (133

AGHess=AHHess- T*ASHess=45.764-298.15*-0.5479605= 209.14.......</mol endoergic; formation 62" , 75" pages
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Pyruvate HsCC=0OCOO" decarboxylation HsSCCHO+HCO3";H3CC=0CO0O +H20AG+Q=>H3CCHO+HCO3
o H w
//\C—/cl:—c;'—H Had  H
Lactateo” @ " +H,O=Ethanol ¢~ ~H+HCOs +AG +Q; exothermic, exoergic .

AGess=AG°HzcchzoH+tAG Heos-AGH20-AGHaccHzoHc00-= 75.2864-544.9688-(-151.549-303.4256)=-14.71 ¥/l
AGaiberty=AGHsccH20H+AGHC03-AGH20-AGH3accH20HC00-=666.1+46.08-(0+668.8)=43.38 ¥/mol
AGaiberty_Biochem=AGH3ccH20H+AGHC03 GH20_Biochem-AGH3ccH20HC00-=666.1+46.08-(85.64+668.8)=-42.26 /mol
AHHess=AH°H3ccH20H+AHHco3-AHH20-AH °HaccH20Hc00-=-290.77-692.4948-(-286.65-688.29)= -8.325 X/mol
ASiispersea=-AHHess/ T=8.325/298.15=27.9 Imol;

ASHess=AS°HaccH20H +AS°HC03-AS°H20-AS HaccH20HC00-= 21.51 Ymolk;
=-1227.764-494.768-(-453.188-1290.852)=21.51 Y/mor....

AStotal= ASHesst ASdispersed=21.51+27.9=49.41 I molk;

AGHess=AHHess- T*ASHess=-8.325-298.15%0.02151=-14.738 “/imol exoergic......

T+AStotai= 0.04941*298.15 K=14.73 X/mo1; bound TASn ;dispersed-lost energy spontaneous

Lactic acid Formation 71t page 3C+3H2gas+1.502gas=>H3CHC(OH)COOH ; GrscHc(oHycoor =-303.4 ¥/mol [8];
AGH3cHc(0H)cooH=GHacHc(oH)cooH- (3G cgrapht3* GHagas+1.5*Gozgas)= -303.4  X/mol;
GHsacHc(oH)cooH=-303.4+(3*91.26+3*85.6+1.5*303)=681.7 “/mo;

Lactic acid HsCHC(OH)COOH+H20<=>H3CHC(OH)COO +H30*; pKa=3.86;

Keg=[H3CHC(OH)COO ]*[H30*])/[ H3CHC(OH)COOH]/[H20]=Ka/[H20]=10"(386)/55,3=10"(5603);
AGegHacHc(0H)cooH=-R*T*In(Kaeq)=-8.3144*298.15*In(107(-5603))/1000=31.98 “/mol .

AGH3cHc(0H)c00=GHacHc(0H)coo+2 GHao+(GLacticAct2GH20)=Gsuccinat+2*22.44-(681.7+2*0)= 31.98 ¥/mor;

GHsacHc(0H)co0=AGHacHc(0H)co0-2GH30++(GLacticact2 GH20)=31.98-2*22.44+(681.7+2*0)=668.8 “/mor;

CH3CH20H ethanol formation from elements:
2C+3H2gas+1/202gas=>CH3CH20H ; AG° Alberty=75.2864 /ol ; AG°Hesscre=-181 ¥/mo ;
AG? Alberty=GcHacH20H-(2Gcgraph+3* GHagas+1/2* Go2gas)=75.2864 ¥/mol ;
AGOCRC=GCHSCHZOH-(26Cgraph+3*GH29as+1/2*GOZgas)=-181 K ol ;
AG® Alberty+(2Gcgraph+3*GHzgas+1/2* Gozgas)= 75.2864 +(2*91.26+3*85.6+1/2*303)=GcHacH20H=666.106 ¥/mol ;
AG°cre+(2Gcgraph+3*Gragas+1/2* Gozgas)=-181+(2*91.26+3*85.6+1/2*303)=GcHacH201=409.82 K/mol ;

o, J o, kJ
Substance AHH o |25 :/mo'/ AG ': fmo BioThermodynamics06; Grzo_giochem=85.64 ¥/mol;
H3CCH(OH)COO _ T
) 68829 |-1290.852 |-303.4256 (GH3o++GHC03-)=22.44+46.08 “/mol ;
HsCCH(OH)COO _
: 6862 | 55771 | -313.70 |RC?2010
H3CCHZOHaq -290.77 -1227.764 75.2864 ASHessZEASoproducts'ZAsOreactants;AGHess:AHHess'T'ASHess
H3sCCH2OHi -277.6 160.7 62.96 oL o ’
Hz0 285.85 | 69.9565 |-237.191 oL O
H20 -286.65 -453.188 |-151.549 & . ]
Lactate H5~H +H,O=Ethanol HTH +HCO;5; +AG +
HCOs 689.93 | 98.324 | -586.94 p TR TAGTQ
HCOgs -692.4948 | -494.768 |-544.9688 exothermic..
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Oks: H2COHCOO +H (H*+2e)+H30*=>H3CCOO +2H20; E°oxHzconcoo=-0.033 V absolute; [23]

H

H-~ O H

Oks: Glycolate © &= + NADH + HsO" => acetate C\O_ +2H20 + NAD*;

AGHess=AG °cH3coo+AG°NaD++2AG°H20-AG H2coHcoo-AGNADH-AG°H30=-161.8 K/mol;
=-240.963+1112.534-2*237.191-(-403.2968+1175.5732-213.2746)=-161.8 “/mo exoergic...........
Glycolate H_COHCOO +NADH+H30*=>H3CCOO +NAD*+2H20;

AGe=(E® Rred-E°oxH2corco0)*F*n=(-0.4095--0.033)*96485*2=(-0.38)*96485*2=-72.65 “/mol;
Substance | AH Hess AS®Hess AG°Hess

H2COHCOO +NADH+H30"=>H3CCOO +NAD*+H20;

Glyoxylate | ¥/mol I molik K/ mol

OHCCOOH - - - GoHccooH=-426.588+(2*91.26+85.6+1.5*303)=296.032 X/mol
OHCCOO- - - -426.588 | Gorccoo=AGeqoHccooH-GHzo++( GoreccooH+GH20)=305.6 K/mol
H2COHCOO" - - -403.2968 | Gonccoo=AGeqoHccooH-GHao++( GoHccoon+GH20)=414.3 X/mol

H.COHCOOH | - 651 318.6 - GH2coHcooH=-403.2968+(2*91.26+2*85.6+1.5*303)=404.9232 X/mo|
NADH(aq [-1036.66| -140.5 - Exothermic, exoergic reduction | A o o, A

NADH@q | -104141 | -4081.784 | 1175.5732 |Hess free energy change -161.8 G
H3O%aq) |-285.81 | -3.854 |-213.2746 negative, but minimized | |} 777777777
NAD*@aq |-1007.48| -183 - reaching AGmin=AGeq=-72.65
NAD*@q | -1010.3 | -3766.008 | 1112534 or
HsCCOOH | -484.09 | 159.83 | -531.743 |-104 W/mor equilibrium mixture.
HsCCOO™ | -486.84 | 82.23 | -247.83 Le Chatelier principle is
HsCCOO" | -486 85.3 | -240.963 | Prigogine attractor free energy AGhin= 72,65 Pl
H.O  |-285.85 | 69.9565 | -237.191 |  change minimum AGmin AGmin= 104 O/l
H.0 |65 -453.188 | -151.549 reaching. A+B+C 50% D+2E+F

Glyoxylic acid Formation 615 page 2C+H2gas+1.502gas=>OHCCOOH ; AGoHccoon=-426.588 “/mal [8];
AGOHCCOOH=GOHCCOOH-(ZGCgraph"‘GH29as+l.5*GOZgas)= -426.588 I(J/mol;
Gorccoon=-426.588+(2*91.26+85.6+1.5*303)=296.032 X/ma;

Glyoxylic acid OHCCOOH+H20<=>0HCCOO +H30"; pKa1=3.32; Wikipedia

Keq=[OHCCOO ]*[H30*)/[OHCCOOH]/[H20]=Ka/[H20]=107(332)/55 3=8.655*10-6)=1"(5.063);
AGeqoHccooH=-ReTeIn(Kaeq)=-8.3144*298.15*In(107(>93))/1000=31.98 “/mol .

AGeqoHccooH=Gonccoo+GHzo+-( Gonccoon+GH20)=Gorccoo+22.44-(296.032+0)= 31.98 K/mol;

GoHccoo=AGeqoHccooH-GHzo++( GoHccooH+GH20)=31.98-22.44+(296.032+0)=305.6 “/mo;

Glycolic acid Formation 61% page 2C+2*Hzgas+1.502gas=> H2COHCOOH ; AGHzcoHcooH=-403.2968 </mol [8];
AGH2coHC00H=GH2coHCo0H-(2 Gegraph+2GHzgast+1.5* Go2gas)= -403.2968 K/mol;
Gr2coHcooH=-403.2968+(2*91.26+2*85.6+1.5*303)=404.9232 X/mol;

Glycolic acid H2COHCOOH+H20<=>H2COHCOO+H30"; pKa1=3.83; Wikipedia
Keg=[H2COHCOO*[H30*])/[H2COHCOOH]/[H20]=Ka/[H20]=10"(383)/55 3=2,675*10(-6)=10A(5573);
AGegoHccooH=-ReTeIn(Kaeq)=-8.3144*298.15*In(107(5573)/1000=31.81 “/mol .
AGeqoHccooH=Gonccoo+GHzo+-( GoHccooH+GH20)=Gorccoo+22.44-(404.9232+0)= 31.81 X/mor;
Gorccoo=AGeqoHccooH-GHao++( Gonccoon+Gr20)=31.81-22.44+(404.9232+0)=414.3 ¥/moi;

Nernst’s half reaction glycolate +H20 = Glyoxylate +H (H*+2e")+HsO*; D.C.Harris 25°C [23]

Oks: OHCCOO+ H(H*+2e)+H30*=> H2COHCOO +H20 ; E°H2coHc00=0.1305 V absolute;[23]

H
H 0O H~c_ -0

_ 7
Oks: Glyoxylate O"C Cb' + NADH +H30O*=> Glycolate H,O o~ +H20+NAD™; D.C.Harris 25°C [23]

Nernst’s half reaction Red: NADH = NAD* + H'(H™+2¢e"); E° red=-0.4095 VV David Harris absolute [22]
Glyoxylate OHCCOO +NADH+H30"=H2COHCOO +NAD*+H20 Glycolate;
AGress=AG °H2coHcooH+AG °NAD++A G H20-AG °H2coHc00-AG °NADH-AG H30= -63.66 X/mol;
=-403.2968+1112.534-237.191-(-426.588+1175.5732-213.2746)=-63.66 “/mo €xo0ergic............... ;
AGmin=AGeq=(Eegnernst NADH-E °H2concoo)*F*n=(-0.4095-0.1305)*96485*2=(-0.54)* 96485*2= 104 2 Yol
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Protolytic solubility in water relates the absolute electrode potential to the zero of the
absolute free energy scale Gr20=Gco2gas=0 “/moi and depends on absolute temperature. The
protolytic solubility reactions consume water molecules to form products with an absolute

equilibrium constant in mol fractions without the usual units of molar concentration.

Aris Kaksis,

Riga Stradin’s University, dep. Human Physiology and Biochemistry aris.kaksis@rsu.lv,

Abstract

The solubility and protolysis process consumes water molecules for aqua dissolute product formation.

Solubility of gases: oxygen OzgastH20=024q; hydrogen Hagas+H20=Haq; nitrogen NagastH2O=N2ag;

Electrodes of metals: hydrogen H(Pt)+H,O=H3;0*+e; iron Fes+H,0 =Fe?*+2e".; zinc Zn+H,0=2Zn?"+2¢"; cupper amalgam
Cu(Hg)+H,0=Cu?+(Hg)+2e’; silver Ag+H.0=Ag*+e"; chromium Cr+H,0=Cr**+3e;

For solid solubility: silver chloride AgCl(s+2H,0=Ag*+ClI"; calomel Hg,Cly)+3H,0=Hg,**+2CI";

mercury(I1) oxide Hg+H,0+20H=HgO+2H,0+2e~, mercury(l) sulfate Hg2SO4()+2H,0=Hg,?**+S0.%;

For protolysis: peroxide H,O,+H,0=H3;0*+HOO pK,=11,75; water 2H,0=H3;0*+0H" pK,=14.

The solubility of gaseous oxygen O,gstH20=0,4q in oxidation half-reaction compensates one water molecule
6H20=02gastH20+4H3;0"+4e" from six to five 5H20=02.4+4H30"+4e. Its decreases the calculate free energy content of metal

hydrogen from Gpy=51.05 “/mol to Grpry=48.56 “/moi. The absolute standard potential scale reference increases from E°y=-0.29654
V to E°y=-0.27073 V less negative. The absolute potential scale shift down of thermodynamic E°4=0,10166 V increasing to
AEabsolute=-0.37239 V from AEapsoiute=-0.3982 V.
Standard potential shift down to E°5,=1.0868 V for oxygen and for glucose E°cer1206=-0.13858 V.
The operations sequence of the absolute standard potential determination: E°5,=1.0868 Volts for two water oxygen oxidation in
Nernst’s half-reaction 5H,0=02aq+4H30"+4e" .
From Nernst classical value [1] E°assico2=1.2288 V subtract E°120=-0.0591/4*log(1/55.3"°) the counting value of five water
molecules. The concentration of water is [H,0]=996 9/, /18 g/my=55.3 M in one liter. Then add the reference value of the
Thermodynamic metal hydrogen electrode E°4=+0.10166 Volts. The absolute scale reference value decreases from the 0.10166 V
down by AEabsoiute=-0.37239 Volts. In sum, the absolute value E°0,=1.2288-0.0591/4*10g(1/55.3"°)+0.10166-0.37239=1.0868 Volts
of the standard potential for the Nernst half-reaction 5H,O=02,+4H3;0*+4e" is obtained absolute potential expression in equation:
0O,]aqua- 4 . 114
Eor=E"0r+0.0591/4%10g i) =1,0868+0.0591/4%10g L2z lHO T gy

The inverse standard potential for the reduction of oxygen Ozaq+4H3;0*+4e"=5H,0 has minus sign -E°o».

The oxygen reducing reaction is exoergic AGeqo2=E°02¢Fen=-1.0868*96485*4/1000=-419.44 ¥/mo;
AGeq02=5GH20-(Go2aq+4GH30+)=5*0-(329.68+4*22.44)=-419.44 ¥/mol ; and coincides with the absolute potential scale. Oxygen energy Gozgas=303.1
K/ mol grows Gozag=GozgastGo2sp=303.1+26.58=329.68 ot at solubility.
Nernst’s hydrogen oxidation 4(Pt)H+4H.0=4H30"*+4e" standard absolute potential is E'n=-0.27073 Volts.
In sum reduction reaction of oxygen with metallic hydrogen synthesize two water molecules:
O2zaqua+4(P)H=2H0 with absolute free energy exchange exoergic -523.925 Y/moi :
AGeq=(E°H-E°02)*F*1+4=(-0.27073-1.0868)*96485*4=-1.3575*96485*4/1000=2*261.96=-523.925 /ol

Exchange AGeqzn20=2GH20-4GpyH-Gozaqua=2*0-(4*Gpyr+329.68)=-523.925 W/mal gives metal hydrogen free
energy content Grpty=(2GH20-AGeqzH20-Go2zaqua)/4=(2*0+523.925-329.68)/4=194.245/4=48.56 ¥/mo .
In the reaction, H(Pt)+H20=H3O"+¢", the standard potential AGeq=E’neF*1+1=-0.27073*96485*1=-26.12 F/mal free energy is identical to the
absolute free energy by Hess's law on a scale the zero Gr20=0 ¥/mal of water

AGress eq=GH30++Ge--(GHpt) +Gh20)=22.44+0-(48.56+0)=-26.12 “/mo1 .
The absolute standard potential E°r=-0.27073 in Volts coincides with Alberty absolute free energy. [8]
Key Words: Physical Chemistry; Biochemistry; Thermodynamics; Attractors; Electrode potential.

7. References.
[1] David R. Lide. CRC Handbook of Chemistry and Physics .90th ed. Taylor and Francis Group LLC; 2010 .
[8] Alberty RA. Biochemical Thermodynamic’s : Applications of Mathematics. John Wiley & Sons, Inc. 1-463, (2006).

32


http://aris.gusc.lv/BioThermodynamics/CRCChemPhysics90thEd10.pdf
http://aris.gusc.lv/BioThermodynamics/BiochemicalThermodynamics06.pdf

References.

1. David R. Lide. CRC Handbook of Chemistry and Physics .90th ed. Taylor and Francis Group LLC; 2010 .

. Prigogine I, Defey R. Chemical Thermodynamics. Longmans Green & co ©; 1954.

. Prigogine I, Nicolis G. Self-Organization in Non-Equilibrium Systems. Wiley, 1977.

. Prigogine I. Time, Structure and Fluctuations. Lecture, The Nobel Praise in Chemistry; 1977.

. Kuman M. New light on the attractors creating order out of the chaos. Int J Complement Alt Med. 11(6), 337,

(2018) :
6. Nelson DL, Cox MM. Lehninger Principles of Biochemistry. 5" ed. New York: W.H. Freman and company:
2008.

7. Xing W, Yin G, Zhang J. Rotating Electrode Method and Oxygen Reduction Electrocatalysts. Elsevier; 6

(2014).
8. Alberty RA. Biochemical Thermodynamic’s : Applications of Mathematics. John Wiley & Sons, Inc. 1-463,

(2006).
9. Pinard MA, Mahon B, McKenna R. Probing the Surface of Human Carbonic Anhydrase for Clues towards

the Design of Isoform Specific Inhibitors. BioMed Research International; 2015, 3 (2015).
11. Balodis J. PRACTICAL WORKS IN PHYSICAL CHEMISTRY PART Il. Izdevnieciba «Zvaigzne», Riga,
1975, p.149. Latvian.

14. Kaksis A. The Biosphere Self-Organization Attractors drive perfect order homeostasis reactions to link
bioenergetic with functionally activate oxygen and carbon dioxide molecules. 7th International Conference
on New Trends in Chemistry September 25-26, 2021.

15. Kaksis A. HIGH RATE PROTOLYSIS ATTRACTORS ACTIVATE energy over zero GH20=GCO2gas=0

kJ/mol of water and carbon dioxide. FREE ENERGY CONTENT as BIOSPHERE Self-ORGANIZATION
creates PERFECT ORDER IRREVERSIBLE HOMEOSTASIS PROGRESS. 9th International Conference,
MAY 2023, p.14-19.

16. Loach, P.A. (1 976) In Handbook of Biochemistry and Molecular Biology, 3rd edn (Fasman, G.D. ed.),
Physical and Chemical Data, Vol. 1, pp. 122-130 e, CRC Press, Boca Raton, FL

17. A.M. Suchotina, Handbook of Electro-Chemistry, Petersburg ,1981."Chimia"© Russian

18. S.Kortly and L.Shucha. Handbook of chemical equilibria in analytical chemistry. 1985.EllisHorwood Ltd.©

19. University Alberta Data Tables Molar Thermodynamic Properties of Pure Substances 1997.
http://www.vhem.ualberta.ca/

20. Boca Raton, FL. Free FAD; FAD bound to a specific flavo-protein (for example succinate dehydrogenase)
a different E°

21. David A. Harris, "Bio-energetic at a Glance". b Blackwell Science Ltd ©, 1995, p.116.

22. Daniel C. Harris, "Quantitative chemical analysis". W.H.Freeman and Company ©, 5th ed.1999, p545

23. E. Newton Harvey, "The oxidation-reduction potential of the Luciferin-Oxyluciferin system". JGP.1927,
p385

24. https://en.wikipedia.org/wiki/Atomic_radii_of the_elements_(data_page)#Atomic_radius

25a.. Kaksis A, The discovery of Hydrogen electrode reference E ‘H= -0.2965 Volts in absolute potential scale
synchronizes the sciences with absolute free energy scale. 10" International Conference on New Trends in
Chemistry 19-21 April, 2024.p.25. BOOK OF ABSTRACTS.

26. K.P. Mishchenko, Thermodynamics of Electrolyte Solutins, MTP International Review of Sciences — Volume

g WD

10, Thermochemistry and Thermodynamics, (Butterworths, London, 1972)

27. https://en.wikipedia.org/wiki/Carbon_dioxide

28. https://en.wikipedia.org/wiki/Ammonia_solution

29. https://en.wikipedia.org/wiki/Oxalic_acid

30. https://www.transtutors.com/questions/chromium-sulfate-cr2-so4-3-is-dissolved-in-water-and-the-solution-is-
adjusted-to-1-1-9530729.htm

33


http://aris.gusc.lv/BioThermodynamics/CRCChemPhysics90thEd10.pdf
http://aris.gusc.lv/ChemFiles/Attractor/prigogine-lecture.pdf
http://aris.gusc.lv/BioThermodynamics/AttractorMedAltCompl18.pdf
http://aris.gusc.lv/BioThermodynamics/AttractorMedAltCompl18.pdf
http://aris.gusc.lv/BioThermodynamics/LehningerBiochem5e08David.pdf
http://aris.gusc.lv/BioThermodynamics/LehningerBiochem5e08David.pdf
http://aris.gusc.lv/ChemFiles/Oxygen-Water/Rotating_Electrode_Methods_and_Oxygen_Reduction_Electrocatalysts-Wei_Xing-Geping_Yin_and_Jiujun_Zhang.pdf
http://aris.gusc.lv/ChemFiles/Oxygen-Water/Rotating_Electrode_Methods_and_Oxygen_Reduction_Electrocatalysts-Wei_Xing-Geping_Yin_and_Jiujun_Zhang.pdf
http://aris.gusc.lv/BioThermodynamics/BiochemicalThermodynamics06.pdf
http://aris.gusc.lv/BioThermodynamics/BiochemicalThermodynamics06.pdf
http://aris.gusc.lv/ChemFiles/CA/KS3BioMedRes15/3KS3BioMedRes15.pdf
http://aris.gusc.lv/ChemFiles/CA/KS3BioMedRes15/3KS3BioMedRes15.pdf
http://aris.gusc.lv/ChemFiles/Attractor/7TH-ICTNC21-PROCEEDINGS-BOOK.pdf
http://aris.gusc.lv/ChemFiles/Attractor/7TH-ICTNC21-PROCEEDINGS-BOOK.pdf
http://aris.gusc.lv/ChemFiles/Attractor/7TH-ICTNC21-PROCEEDINGS-BOOK.pdf
http://aris.gusc.lv/ChemFiles/Attractor/9th-ICNTC-PROCEEDING-BOOK.pdf
http://aris.gusc.lv/ChemFiles/Attractor/9th-ICNTC-PROCEEDING-BOOK.pdf
http://aris.gusc.lv/ChemFiles/Attractor/9th-ICNTC-PROCEEDING-BOOK.pdf
http://aris.gusc.lv/ChemFiles/Attractor/9th-ICNTC-PROCEEDING-BOOK.pdf
https://en.wikipedia.org/wiki/Atomic_radii_of_the_elements_(data_page)#Atomic_radius
https://icntcconference.com/wp-content/uploads/2024/05/10th-ICNTC-ABSTRACT-BOOK.pdf
https://icntcconference.com/wp-content/uploads/2024/05/10th-ICNTC-ABSTRACT-BOOK.pdf
https://icntcconference.com/wp-content/uploads/2024/05/10th-ICNTC-ABSTRACT-BOOK.pdf
http://aris.gusc.lv/BioThermodynamics/Mishchenko72.pdf
http://aris.gusc.lv/BioThermodynamics/Mishchenko72.pdf
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Ammonia_solution
https://en.wikipedia.org/wiki/Oxalic_acid
https://www.transtutors.com/questions/chromium-sulfate-cr2-so4-3-is-dissolved-in-water-and-the-solution-is-adjusted-to-1-l-9530729.htm
https://www.transtutors.com/questions/chromium-sulfate-cr2-so4-3-is-dissolved-in-water-and-the-solution-is-adjusted-to-1-l-9530729.htm

	In the reaction, H(Pt)+H2O=H3O++e-, the standard absolute potential is E˚H=-0.27073 V.
	Carbonic anhydrase CA synthesis indispensable active Biosphere attractor.
	The thermodynamic property of inversion symmetry is a direct reaction between reactants and products that flips in the opposite direction, initially meaning products as reactants and leaving reactants as final products. Water to oxygen oxidation reduc...
	In the reaction, H(Pt)+H2O=H3O++e-, the standard potential ΔGeq=E˚H•F•1•1=-0.27073*96485*1=-26.12 kJ/mol free energy  is identical to the absolute free energy by Hess's law on a scale the zero GH2O=0 kJ/mol of water
	ΔGHess_eq=GH3O++Ge--(GH(Pt) +GH2O)=22.44+0-(48.56+0)=-26.12 kJ/mol .

