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The discovery of Hydrogen electrode reference point E°n=-0.2965 Volts
in absolute potential scale synchronizes the sciences with absolute free energy scale.

My talk today focuses on research on the absolute scaling of energy and potential, which is the same number with
the opposite sign in the inverse symmetry of the reactions.

| am really happy to joining you for the 10" INTERNATIONAL CONFERENCE on new trends in
CHEMISTRY at Topic:
The discovery of Hydrogen electrode reference point E°y= -0.2965 Volts
in absolute potential scale synchronizes the sciences with absolute free energy scale.

The discovery of Hydrogen electrode reference point E°1=-0.2965 V for the absolute potential and absolute
free energy scale in a half-reaction determines the property of inverted symmetry: The inverted reaction potential
belongs to the same number with the opposite sign.

Symmetry coincides with the inverted absolute free energy, whose number is the same but with the opposite sign

Absolute and inverse free energy and potential scale requires water and hydroxonium accounting based on
Alberty data of hydrogen gas and solution absolute free energy values.

Nernst classic half-reaction with discounting water and hydroxonium is H(Pt)=H*+e".

Standard classic potential zero E°4=0.0 V is taken in [H*]=1 M sulfuric acid solution measured potential: [11]
E=E°n+0.0591°log[H*]=0.0+0.0591°log(1 M)=0 V
and is the zero reference to the classic potential scale since 1920™ Nobel Prise in Chemistry.

The thermodynamic half-reaction with accounting for water and hydroxonium is H(Pt)+H20=H3O*+e".

Thermodynamic Potential expression for half reaction on taken zero potential E=0 V of value is:
E=E°n+0.0591°log([H30*]/[H20])=0.10166+0.0591¢log(1 M/52.5 M)=0 V

where 0.0591*log(1/52.5)=-0.10166 V is thermodynamic standard potential correction.

Water accounting corrects thermodynamic standard potential: E°’n=0.10166 V on thermodynamic potential scale

_ . In0)*R*T  [Hz0'] .

instead zero: E=E H+?‘log [H,0] =0 V; E°’n=E-0.0591*log(1/52.5)=0-(-0.10166)=0.10166 V.

Ratio [H3O*]/[H20]=1/52.5 give corrected thermodynamic standard potential E'n=0.10166 V instead classic zero.

In Nernst’s half reaction for hydrogen H(Pt)+H20=H3O*+e- point of standard the Absolute Potential is

E°1=-0.29654 V .
Nernst half-reaction on the Absolute standard Potential value produced change in the potential free energy scale:
AGeq=E°H*F¢11=-0.29654*96485*1=-28.61 K/mol
is identical in Hess law calculated free energy change as exoergic on Absolute scale referring relative to water
zero free energy content GH20=0 X/ :
AGHess_eq=GH3o++Ge--(GH(pt) +GH20)=22.44+0-(51.05+0)= -28.61 K/mor .
The Absolute standard potential E°w=-0.29654 Volts is coinciding with Absolute free energy scale of Alberty
data. [8,15]
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Absolute OxRed potential scale shifts about AE=-0.29654-0.10166=-0.3982 Volts down.
Water account in sciences requires absolute free energy scale which synchronizes the absolute potential scale
of Nernst's reactions into inverse symmetry identical values but with opposite sign.

Attractor pH=7.36 staying at equilibrium have true pOH=6.64 value as pKw=14= pH+pOH =7.36 +6.64.
Disaccount the water mass [H20]=963/18=53.5 M over liter [H2SO4]=[H30*]=1 M solution with 1.061 9/mL
density in Nernst equations for hydrogen electrode has classic standard potential Eo_classic=0 V reference zero:
ﬂ(Pt):H++e‘; Eclassic:Eo_classic+0.0591'IOgKocIassicH(Pt):0+0.0591'10g[H+]:O+0.0591'IOg(1 M):() Volts. [11]
Thermodynamic account Hydroxonium ions demand the water: H(Pt)+H20O<=>H3O*+e" and E'»v=0.10166 V.
The ratio [H3O*]/[H20]=1 M/52.5 M=Xn3zo+/XHz20 is mol fraction instead molarity [H*]=1 M at classic potential
expression. The water account gave thermodynamic standard E°1=0.10166 V on potential scale.
Nernst’s expression with classic zero measurement require thermodynamic standard potential E°1=0.10166 V :

E=pop+ MO ReT oo %—:ﬁg— =Eo+Eh+0.0591*log(1/52.5)=0.10166-0.10166=0 V.
° 2

As ratio 1=Knpy=Xnzo+/XHzo is one than E°1=0.10166 V is thermodynamic standard potential:

In10)eReT
1

E=E°n+ log ;%:g— =0.10166+0.0591*log(1)=0.10166 V. Metal oxidation free energy change

minimum is different endoergic AGeq=E’H*F+1+1=0.10166%96485*1=9.81 X/mol instead Alberty is exoergic .
Alberty data Hess value is exoergic; AGHess eq=GH3o++Ge-(GH(pt) +GH20)=22.44+0-(51.05+0)=-28.61 K/moi .
Free energy changes are determined on water and carbon dioxide gas zero GH20=Gcozgas=Ge-=0 K/mol reference
scale. Iterative found on absolute scale hydrogen standard potential is: E°’n=-0.29654 V. Equilibrium free energy
minimum is exoergic: AGeq=E°H*F+n=-0.29654*96485*1=-28.61 “/mol coinciding with Alberty data. Absolute
potential scale slips by AE=-0.29654-0.10166=-0.3982 Volts down. Nernst’s hydrogen equilibrium constant is
grater as one: Knpy_red=[H30*]*[e’]/[H20]/[H(Pt)|=EXP(-AGAalberty/R/T)=EXP(28612/8.3144/298.15)=102954 .

| type electrode Metal interface H(Pt) / on its cation H3O™ solution application.
High rate protolysis attractors [H3O*]=10-3¢ M , pH=7.36 and water mass [H20]=997/18=55.3 M account in liter
shows metal hydrogen strong reducing potential: EpH=7.36=-0.29654+0.0591*10g(10-7-36/55.3)= -0.8345 V and free
energy change minimum AGeqpH_7.36=E°HeF*1=-0.8345*96485*1/1000=-80.5 K/mol .
Nernst’s half reaction reduction equilibrium potential E°n=-0.29654 V energy change is AGeq=-28.6 ¥/mol.
Platinum sheet immersed in hydroxonium ions [H*]=[H3O*]=[H2S04]=1 M acid solution

H(Pt)<=>H*+e": E=E°+0.0591°log[H*]=0.0+0.0591°log(1 M)=0 V is classic. [11] Ratio
?Hz [H3O*]/[H20]=1/52.5=XHn30+/XH20 give thermodynamic standard potential: E°’n=0.10166 V
— — instead classic zero 0 . Absolute standard potential E°4=-0.29654 V based on Alberty

hydrogen data GHzgas=85.6 K/moi and Gr2aq=103 K/mo1, whose Absolute free energy is

referred to the background zero value of water and carbon dioxide Gr20=Gco2gas=0 “/mol.

absolute Eﬁ:‘-0.29654 \Y/ classic zero E5= 9 Vv 0110166 V E\V
! R ! ! ]
E_ . =E°+ 0.0591*|og(%) E  =E°+0.0591*og(c]) thermodynamic E;
H,O

(POH/HY H_classic

Reducing agent at pH=7.36 , [H30*]=10"7-3 M with potential E=-0.2965+0.0591*log(10/(-7-36)/55.3)=-0.8345 V
is strong reductant. Free energy content one mol metal hydrogen has: Grey=51.05 X/mol .
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Inverse half reaction in acidic medium produces water: Ozaquat4H3O0*+4e-<=>6H20 . Hess value is exoergic:

AGeq2H20=6GH20-(Go2aquat4GHao+)=6*0-(330+4*22.44)=-419.76 K/mel as inverse absolute standard potential
-E°02=-1.0868 V. Free energy change is negative AGeq=-E°02¢F*1+4=-1.0868*96485*4=-419.44 K/mo and
coinciding with Alberty data on exoergic Hess value for half reaction.

Four reducing half reactions: 4H(Pt)+4H2.0=4H30*+4e"; E°4=-0.2965 V give free energy change minimum
AGeq=(E°H-E°02)*F*14=(-0.2965-1.0868)*96485*4=-1.38334*96485*4/1000=-533.9=2*-266.94 K/mol for water
production O2aqua+4H(Pt)=2H20 from elements with energy contents Grey=51 ¥/moi and Go2ag=330 */mol:

Oxidation reaction of hydrogen in water Ozaquat2H2aqua=2H20 is producing Hess free energy change too the
same AGHessH20aqua=(2GH20-(2GH2aqua*Gozaqua) )/2=(0-(2*103+330))/2=-268 K/mal coincident with absolute
potential energy scale AEeqH20=(E°"H-E°02)/2=(-0.2965-1.0868)/2 for AGeqH20=-266.94 K/mol.

From Hess equation AGeq2H20=2GH20-4GHpt)-Go2aqua=2*0-(4*GH(py+330)=-533.9=2*-267 K/mol is obtainable
metal absolute free energy content Grpy=(2GH20-AGeqz2H20-Go2aqua)/4=(2*0+533.886-330)/4=51.05 K/mol .
Absolute free energy contents are calculated for water and gas CO2gas scaled to zero GH20=Gco2gas=0 X/mol .

Hydrogen metal is incorporated platinum lattice with GHey=51 K/mor , element nitrogen has Gnzgas=-15.26 K/mol,
for oxygen gas Gozgas=303 K/mol , plus Gozsp=26.58 k¥/mal solubility oxygen in water Gozaqua=330 ¥/mol,
for graphite in reaction with oxygen gas and hydrogen gas Ggraphitt=Gco2gr=GcgrcHagas=91.26 K/mol .
Solubility Ozgas air+H20=Aguaporins=>(y,q to products energy increases about Go2sp=26.58 K/mo:
[O2aq)/[O2gas AIRJ/[H20]=Ksp=2.205*10-%. Go2sp=-ReTeIn(Ksp)=-8.3144*298.15*In(2.205*10°)=26.58 X/mol.
Data from CRC gas O2gas+2H2gas=>2H20 to one mol content of water show AGHessH20=-237.19 K/mor.
One mol oxygen contains Gozgas=2* GHz20-2*(AGHessH20+GHzgas)=2*0-2*(-237.19+85.64)=303 ¥/mol forming
from gas elements AGHessHz0Biochem=(2GH20-(2GHzgas+Go2gas))/2=(0-(2*85.64+303))/2=-237.19 W/mal . [1,8]

CRC [1] AGHessH20=-237.19 K/moi=(2GH20-(2GHzgast+G02gas))/2=-237.19 X/moi=AGHessH20Biochem. Alberty [8]
Data from [1] and [8] are coinciding -237.19 K/mo1 =-237.19 K/mol . Absolute energy in aqua solutions are
GH2aqua=103 K/mol and Gozaqua=Go2gas+Go2sp=303+26.58=330 k¥/mol to0 exoergic Ozaquat2H2aqua=>2H20:

GHessH20Biochem==(2GH20-(2GHzaqua*+ Gozaqua))/2=(2*0-(2*103+330))/2=-268 “/mol .
Alberty data on hydrogen gas Ghzgas=85.64 X/mol , 0n hydrogen in water GHzaqua=103 K/mor are used for
solubility products like reaction in water: Hagas+H20=H2aq. Hydrogen solubility absolute energy change is:

AGH2spAlberty=GH2ag-GHagas-GH20=103.24-85.64-0=17.6 K/mo .

Alberty biochemistry mathematic application data are forming solubility product on mol fraction units Knasp
[H2aq]/[H2gas])/[H20]=KH2sp=EXP (-AGHzspaiberty/R/T)=EXP(-17600/8.3144/298.15)=0.0008253 with solubility
[H2aq]=KH2sp*[H20]=0.0008253*55.3=0.04564 M, if pure gas mol fraction is one [Hzgas]=1. [8]

HagastH20=>H2aqcre ; Solubility in 100 grams distilled water 0.000155 9/100g4_H20, density 0.996 g/L
forming concentration [Hzagcrc]=0.000155/2/100.000155*996=0.0007719 M , [1] CRC

Solubility product Kspcre=[H2aq)/[H20]=0.0007719/55.3=0.000013958 and absolute free energy change is

AGspH2cre=-ReTeIn(KspH2crc)=-8.3144*298.15*In(0.000013958)=27.7 X/mol.
Biochemistry water favored solubility Grzspaiberty=GHaaq-GHzgas~AGH20_Biochemistry=103.24-85.64-85.6=-68 K/mo :
[H2aq)/[H2gas])/[H20]=KHzsp_siochemistry=EXP (-AGHzspalberty/R/T)=EXP(68000/8.3144/298.15)=10"112 with
concentration [Hzag]=KHzsp_siochemistry*[H20]=10/11-9%55,3=107136 M, if hydrogen Hzgas pure gas mol fraction is
one [Hagas]=1. [8]
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Nernst’s Hzag+2H20 =2H30*+2e- hydrogen oxidation to hydroxonium is spontaneous, because absolute
free energy change is positive. AGress H30+=Ghzaq+2Gh20-(2GHz0++2Ge.)=2%22.44+2*0-(103.24+2*0)= -58.36 “/mol.
With graphite oxidizes Hzaq solution to hydroxonium with standard absolute standard potential
E’H30+=-58.36*1000/96485/2=-0.302 V.
H(Pt) half reaction inverse standard potential -E°n(py=+0.2965 V and Nernst’s hydrogen solution oxidation half
reaction summary E°nz0+=-0.302 V H2ag+2H20=2H30*+2e"; 2H30 *+2e-=H(Pt)+2H20; -E Hpty=+0.2965 V shows
hydrogen mol fraction [Hzagaiverty] Solubility in to metal exoergic spontaneous:

Haagaiberty=2H(P1) ; Kaiverty spHPty=[H(Pt)]%/[H2aqaibery] 0on mol fraction units less concentration;
AGelectro_spH(PY=AE’sp_H(Pty*F*2=(E H30+-E°H(py))*F*2=(-0.302+0.2965)*96485*2=-0.0055*96485*2=-1.06 /moI;
KAIberty_spH(Pt):l H! Pt!]2/[H2anIbery]:EXP(-AGAIberty/R/T):EXP(1060/8.3144/298.15):1,5336 . [8]

In solubility product reaction Hzagaiberty=2H(Pt)+H20 ; Kaiberty_sp_rpy=[H(Pt)]>*[H20]/[H2aalbery] sShows hydrogen

mol fraction units less [Hzagamerty]/[H20] solubility product in to metal exoergic:
AGAIberty_sp_H(Pt)ZZGH(Pt)+GH20-(GH2aq):2*51.05+0-(103.24):-1.14 |(‘]/mol .
Kaiberty_sp_HPy=[H(P1)]?*[H20]/[H2agaIbery|=EXP(-AGalberty/R/T)=EXP(1140/8.3144/298.15)=1,584 . [8]
[H(P)]?/[Hzagaibery] =K atberty_sp_Hpty/[H20]=1,58387/55.3=0,02864 M if [Hz2agabery] =0.0008253 mol fraction is at
saturation. Solubility square area of mol fraction is:
H(Pt)]?=KspH(pty/[H20]*[Hz2agalery] =1.584/55.3*0,0008253=0,00002364.

Solubility of mol fraction [H(Pt)]=SQRT(1,584/55,3*0,0008253)=0,004862 is hydrogen atom surface fraction
0,486% shared with platinum atoms fractlon 99, 514% on total 100% platinum lattice surface. Hydrogen saturated
metal mol fraction and percents of H(Pt) are

| [H(PH)]=SQRT(0,00002364)=0,00486 and w%=0,49%

S 1 les as one if pure gas mol fraction is one [Hazgas]=1.
; . Solubility of mol fraction is hydrogen surface fraction
ﬁ 0,49%, which has shared with platinum atoms fraction
— : i 99,51% on total surface 100% area of platinum crystal
) 2B , lattice. One square 10 is one percent 1% of surface and
B ' 100 squares are 100% as 10*10=100o. Solubility
Haagaery=2H(Pt)+H20 concentrations mol fractions are
unit less as constant too: Kaiberty sp Hpy=1,584.
‘ | Atom radiuses are Pt 0.135 nm and H 0,053 nm. Atom
J | y square area on surface are Pt 0.0729 nm2, H 0.0112 nm?2,
: : Two atoms 0.0729+0.0112=0.0841 nm? are shared

surface total area 100% progress for Platinum atom has
0.0729/0.0841=86.7% and 0.0112/0.0841=9,53% own

H O 49 H hydrogen atom. [25]
H(Pt) solubility in water is less as one Ksp_H(ry=0.631:

2H(P !+HZO HZanIberty, Ksp_Hey=[H(P !]2*[H20]/[H2aq]
AGAIberty GHZaq-ZGH(Pt) -GH20=1.14 I(‘]/mol,
Ksp_HPy=[H2aq]/[H(Pt)]?/[H20]=EXP(-AGsp_H(ry/R/T)=EXP(-1140/8.3144/298.15)=0.631 unfavored. [8]

Water oxidation to oxygen aqua O2zaqua half reaction 5H20=02aq+4H30*+4e" Hess free energy change is:
AGo02agAIberty=G02aq+4 GHao+-5GH20=330-4*22.44-5*0=419.76 K/mo , because aqua mol fraction:
O2gas AIRTH20=02a9g compensate sixth water molecule 6H20=02gas air+H20 +4H30*+4e" and Nernst’s half
reaction is: 5SH20=02aq+4H30*+4e- with absolute standard potential E°02aq=1,0610 V.

It is identical to electrochemical calculation of free energy change minimum using absolute Nernst’s standard
potential E°02aq=1.0610 Volts: AGeqo2aqg=E 02aq*Fene-=1,0610*96485*4=409,5 K/mol .

Hydrogen metal H(Pt) half reaction H(Pt)+H20<=>H30O*+e- Hess free energy change is:

AGH(Pteqalberty=GH30++Ge--(GH(pty+GH20)=22.44+0-(51.05+0)=-28.61 Kot .
It is identical to electrochemical calculation of free energy change minimum using absolute Nernst’s standard
potential E°npy=-0.29654 Volts :
AGegH(Pty=E°H(pty*F*ne-=-0.29654*96485*1=-28.61 K/mol coinciding with Alberty data. [8,15]



Formation 415t from elements Ozgas+H2gastH20=H202aq; AG°Univalberta=-134.03 /ol ; AG°Alberty=-48.39 K/mo;
AGH202AIberty=GH202 ag-(G0o2gas+GHzgas+ GH20=)=284-(85.64+303+0)=-104.64 K/moi ;
H202aqua dismutation Nernst’s half reactions Red and Ox absolute standard free energy change sum is
favored-spontaneous: 2H202aq=>02aq+2H20+Q+AG ;

AGegstandardAbsolute=(E " H202aqRed-E *H202aq0x) *F*N= -238.5 X/mo ;
AGAberty=Go2aquat2* GH20-2* GH202=90.63-329.13=-238.5 K/mal.
Reducton Nernst’s: H202aquat2H20=02aqua+2H30*+2¢"; absolute potential E°H202aqred=0.4495 V [20],
AGH202a0AIberty=G02aq+2 GH30+-GH202-2GH20=330+2*22.44-284.25-2*0=100.38 X/mo
AGeqH202=E"H202aq* F*2=0.4495*96485%2=86.7 K)/mol
Oxidation inverse H202+2H30 *+2e =4H-0 ;absolute standard potential -E’H202ag0x=-1.6855 V Suhotina [18] ;
AGH2020xAlberty=4*GH20-(GH202+2* GHao+)=4*0-(284.25+2*22.44)=-319.38 X/mol
AGeqoxH202=-E H202aqox* F*2=-1.6855%96485*2=-325.25 X/mai ;
AGegstandard_2H202=(E°H202aqRed-E "H202aq0x) *F*N=(0.4495-1.6855)*96485*2=(-1.236)*96485*2= -238.5 X/m ;
AGaiberty 2H202=G02aqua+2* GH20-2* GH202=330+2*0-2*GH202=-238.5 X/mol;
GH202=(Gozaqua+2*GH20+AGAlberty_2+202)/2=(330+2*0+238.5)/2=568.5/2=284.25 K/mo ;
Absolute energy content GH202=284.25 K/mal is detected on zero of GH20=Gco2gas=0 ¥/mol background . [8]
Formation of elements Hazgas +O2gas=>H202; AG°univAiberta=-134.03 X/mol, AG"°Alberty=-48.39 ¥/mo:
Hagas +O2gas=>H202; AGalberty=GH202-(G02gas*GHzgas)=284.25-(303+85.64)=-104.4 K/mol . 41%t 54t page [1,8,20]
Homeostasis attractors pH=7.36, [H20]=55.3 M at peroxide concentration one. Absolute potential scale

reduction absolute and oxidation inverse potentials sum (Ered-Eoox)=-1.26 V shows absolute free energy content

in one Mol GHomeostasisH202=369.7 ¥/mol:

ERred=E°RedH202+0.0591/2¢1g([O2aqua] *[H30 *]2/[H202]/[H20]?)=0.4495+0.0591/2*l0g(6*10"9*10"736*2/1/55.3°2)=-0.213 V

-Eox=-E°H2020x+0.0591/2+log([H202]*[H30 *]¥[H20]%)=-1.6855+0.0591/2*log(1*10"(7:36*2)/55 3"4)=-2.3265
Homeostasis: AGegsiochem=(ERed-Eoox)*F*n=(-0.2132-2.3265)*96485*2=(-2.5397)*96485*2=-490.1 K/m01242.7

AGaibertyBiochem=G02Biochem_arteriaj+2* GH20BioChemistry-2*GH202=78.08+2*85.64-2*Ggioc_H202=-490.1 X/m; [8]

2*GHomeostasisH202 =G02Biochem_arteriaj+2* GH20BioChemistry-AGAlberty=78.08+2%85.64+490.1=2*369.7=739.5 K/mol
Peroxide high rate protolysis H2O+H202=H3zO*+HOO- equilibrium constant calculates from pKa=11.75:
Keqr202=Ka/[H20]=[H30*][HOO]/[H20]/[H202]=10711571/55.3=10"(1331) | pKeqr202=13.31. [1]
Absolute free energy change minimum 75.97 X/moi let’s to calculate peroxide anion energy content in mol Groo-:
AGegH202=-R*T*In(KegH202)=-8.3144*298.15*In(107(13:31))/1000=75.97 “/mol .
AGeqH202=GH30++GHo0--GH20-GH202=75.97 Y/mol .AGeqH202=22.44+GHo0--0-284.25=75.97 K/mq .
Anion energy in mol is GHoo-=AGeqH202+GH20+GH202- GH3o+=-22.44+75.97+0+284.25=337.8 K/mal.

Electrochemical anion HOO- oxidation absolute standard potential is E°Hoo-agalberty=0.07587 Volts.
Free energy change of oxidation is positive endoergic with low absolute standard potential:
AGHo0-agAIberty=Go2aq+GH30+-(GHoO-+GH20)=330+22.44-(337.8+0)=14.64 K/mol.
HOO +H20=02aqua+H30%+2¢€"; E°Ho0-ag=AGHoo-agAlberty/F/2=14640/96485/2=0.07587 V.
GH202=284.25 /mol; GHao++GHoo-=22.44+337.8=360.24 K/mol
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Table 1. Standard potentials E° | Classic water [Thermodynamic.| Absolute
Nernst’s half- / inverse reactions Data from [1-24] disaccount 0 V|scale 0.10166 V | -0.3982 V
OH =HO+e CRC 2.020 2.1217 1.7235
4H20=H202aquat2H30*+2 e Suchotina 1.776 2.0837 1.6855
H202+2H20=02aqua+2H30*+e- David Harris 1.276 1.4811 1.0829
6H20=02g+H20+4H30%+4 e; 5H20=02qq+4 H30*+4 ¢-; 1,2288 1,45814 1,0868
HNO2+4H20=N0O3+3H30*+2e- University Alberta 0.928 1.2352 0.8370
NO2+3H.0=N0O3+2H30*+2e- David Harris 0.835 1.0913 0.6931
Hydroquinone+2H20=p-quinone+2H3O0*+2e 0.699 0.9041 0.5059
H202aquat2H20=02aquat2H30*+2e- University Alberta 0.695 0.8477 0.4495
H202aqua+H20=02aqua+H30*+H- University Alberta 0.695 0.8477 0.4495
Fe2*=Fed*+e- University Alberta 0.769 0.8707 0.4725
Ubiquinol+2H20=Ubiquinone+2HsO*+2e 0.459 0.6638 0.2656
Succinate>+2H>O=Fumarate?+2Hz:O*+2e 0.4447 0.6494 0.2512
ButyrylCoA+2H2.0=CrotonylCoA+2H30*+2¢ 0.399 0.6038 0.2056
AscorbicAcid+2H20=CsHsOs+2H30*+2e- DC.Harris 0.390 0.5947 0.1965
glycolate+2H20=Glyoxylate+H-+H3O* D.C.Harris 0.324 0.5287 0.1305
CesH1206+42H20=24H30*+6H30*+6HCO3+24e-6. lapa Kaksis 0,4089 0,51054 0,1392
HOO +H20=02aqua+H30*+2e~ Aris Kaksis - - 0.07587
Fe2*=Cytochrome F Fed*+e~David Harris 0.365 0.4667 0.0685
[Fe''(CN)s]*=[Fe"(CN)s]3+e- University Alberta 0.356 0.4574 0.0592
Malate?+2H,O=0xalo-acetate> +2H3O*+2e 0.248 0.4528 0.0546
Fe2*=Cytochrome a3 Fed*+e- 0.350 0.4517 0.0535
Lactate” +H20=Pyruvate+HsO*+H-(H*+2¢e")- 0.229 0.3823 -0.0159
FADH2+2H20=FADfree+2HsO*+2¢; 0.195 0.3998 0.0016
CH3COO +2H20=glycolate+H+HsO*; D.C.Harris 0.161 0.3652 -0.0330
H25aq+2H20=Srhombict2H30+2e7; CRC 2010 0.142 0.3467 -0.0515
Fe2*=Cytochrome a Fe3*+e- 0.2900 0.3917 -0.0065
2GlutathSH+2H20=GlutaS-Sthione+2H3O*+2e- 0.1841 0.3888 -0.0094
Fe2*=Cytochrome c Fe3*+e- 0.2540 0.3557 -0.0425
LipSHSH+2H20=L.ipoicAcidS-S+2H30*+2e" 0.1241 0.3288 -0.0694
Fe2*=Cytochrome c1 Fe3*+e- 0.2200 0.3217 -0.0765
B-OH Butyrate+2H20=AcetoAcetate +2HsO*+2¢ 0.0681 0.2728 -0.1254
isocitrate>+2H,O=0-Ketoglutarate>+CO,+2H30*+2e- 0.0341 0.2388 -0.1594
Nernst’s Haaq+2H20=2H30%+2e"; Kaksis AGress_H30+=-58,12 K/mol | on graphite electrode oxidation ~ -0.3020
Inverse: 2H30*+2e =H2ag+2H20; AGHess H2ag=58,12 K/mol on graphite electrode reduction 0.3020

H2ag=2H(Pt)+H20; AGalberty_sp_H(PH)=2Ghpy+Grzo-(Grzaq)=-1.14 K/mol

Ksp_Hey=[H(Pt)]?*[H20]/[H2a9]=1.584

H(Pt)+H20=H30*+e"; [H30*]=1 M pH=0 classic zero 0; [H2S04]=1 M 0.10166 -0.2965
Luciferin+OH-=?luciferin+CO2 aquat OH+3H(3H*+3¢")+e" 0.0000 0.1017 -0.2965
Fe2*=Cytochrome b Fe3*+e- 0.0770 0.1787 -0.2195
CH3CHO+3H20=CH3COOH+2H30*+2e" Suchotina -0.1180 0.1382 -0.2600
Glycaldeh3-P2+H,O+HPO4*=13PGlycerate*+HzO*+H-; -0.1314 0.0218 -0.3764
NADPH=NADP*+H-; -0.1170 -0.0153 -0.4135
NADH=NAD*+H-; David Harris -0.1130 -0.0113 -0.4095
O 2aqua=02aquate- Suchotina -0.2450 -0.1433 -0.5415
Ferredoxin Fe2*=Ferredoxin Fe3*+e- -0.4320 -0.3303 -0.7285
CeH1206+4H20=2C3H4O03+4H30" + 4e" Stryer -0.5427 -0.3380 -0.7362

2=Srhombict+2 €7; CRC 2010 -0.4763 -0.3746 -0.7728
HS+OH=SmombictH20+2e7; CRC 2010 -0.4780 -0.3248 -0.7230
H(Pt)+OH=H20+e- Suchotina -0.8280 -0.6233 -1.0215
Ubiquinol6+2H20=Ubiquinone6+2H3O0*+2e- CRC 2012 -1.0500 -0.8453 -1.2435
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Potential scale conversion on water account and hydrogen electrode correction to absolute scale example.
Classic disaccount water Nernst’s oxygen half reaction: 6H20=02aquat4H30*+4e" E°o2classic=1.229 V. [18]
Water account potential: E°6H20=E 02classic-0.0591/4+log(1/[H20]6)=1.229-0.014775*log(1/55.3"¢)=1,383 V.
Hydrogen electrode correction +0.10166: E’ o2Thermodynamic=E “6H20+0.10166=1.383+0.10166=1.485 Volts.
On scale of Absolute standard Potential is E°o2absolute=E° 02Thermodynamic-0.3982=1.485-0.3982=1.0868 Volts.

Formation from elements N2gas+3H2gas>2NHsgas absolute energy are Gnzgas=107.28 K/mol; ; GNH3gas=165.7 K/moi ;
Classic Hess elements have zero 2AGHess NH3gas=2G °NH3gas-(G°N2gast3* G °Hz)=2*-16.4-(0+3*0)=-32.8 K/moi . [1]
Alberty element hydrogen Grzgas=85.64 X/mol absolute energy with Hess change -32.8 X/mal calculates nitrogen
absolute energy GNZgas=ZGNH3gas-(2AGHess_NH3gas+3*GHZgas)=2*165.7-(2*-16.4+3*M):107.28 Kol . [8]
AGHessFormationN2aqua:GN2aqua-(GN2gas+GHZO):18.7-(107.28+0):-88.5 K3 fmol; [8]
Gni2gas=Gnzaqua-(AGHess sp_N2aquatGH20)=18.7-(-88.5+0)=107.2 X/moI; [8] Alberty
Substance| AH® “/mol | AS°h Yotk |AG°HK mol
NH3gas -45.9 192.77 -16.4

NHSgaS 438.85
NHazaq |[-132.5608|-739.2922| 91.1056 N2gas+3H2gas>2NHagas;
Nogas | GNogas= | -15.26 107.2 GnN2gas=2%165.6593-(-32.8+3%85.64)=107.2 K/mai; [8] Alberty;

N2ag -10.54 98.1 18.7 GNZgasZZGNHSQas-(ZAGHess_NHSgas+3*GH2gas):107.2 K3/ mol; [8] Alberty;
Hundred grams of water dissolute nitrogen gas 0.00175 9/1009_H20 density has 996 g/L.
Solubility [N2aqua]=0.00175/100.00175*996=0.01743/28.02=10-3-206 M and solubility product constant is:
Ksp=10" (-4208)/[H20]=10" (-3-206)/55,3=104949; AGsp=-ReTIn(Ksp)=-8.3144*298.15*In(10"(-4949)=28.25 K/ .
Mol of free energy is Gnzgas=Gn2aqua-(AGHess_sp_N2aquatGH20)=18.7-(28.25+0)= -9.55 K/mor ; CRC 2010 [1,8]

Solubility N2gastH20+AG=N2aq+Q; Gn2gas=-9.55 K/mot ; CRC 2010 [1,8] Alberty
AGiess_sp_N2aqua=GN2agua-(GN2gastGH20)=18.7-(-9.55+0)=28.25 K/mo;
Solubility product Ksp=[N2aqua]/[H20]=10" (-:3-206)/55 3=10-4-949 | which free energy change minimum is
AGsp=-ReTeIn(Ksp)=-8.3144*298.15*In(10"(-4-949))=28.25 K/mo .
Hess law free energy change is coincident with
AGHess_sp_NZaqua:GN2aqua-(GN29as+GH20):18.7-(GNZgas -0):28.25 K/ mol.
Expressed nitrogen gas free energy content is
GN2gas:GN2aqua-(AGHess_sp_NZaqua"‘GHZO):18.7-(28.25+0)=-9.55 K/ mol negative.

Solubility NHsgastH20+AG<=>NH3aq+Q; GNH3aq=91.1 K mo;
AHnydration=AH °NH3ag-AH °NH3gas-AH °H20=-132.5608+45.94-286.65=373.3 K3/ mot;
SHydration=AS °NH3aqua-AS °NH3gas-AS °H20=-739.2922-192.77-69.9565=-1002 /mol/k;
AGHess_NHSgas:AHHydrations-T*ASHydration:-373.3-298.15*-1.002:-74.5537 k‘]/mol;
Ksp:eXp(-AGHydration/R/T):(E,‘Xp(74553.7/8.3144/298.:|.5)::|.013'06
GNH3gas:AGNH3aq-(AGHess-sp-NHSgas"‘GHZO):gl.1056-(-74.5537+0):165.7 I(‘]/mol; [8] Alberty
GNH3gas=(2AGHess_NH3gas+(GN2gast3*GH2))/2=(-32.8+(107.2+3*85.64))/2=165.7 Kfmol; Hess [1,8] Alberty
GNH3gas=AG°NH3aq-AGHess-sp-NH39as-G°H20=91.1056-(-74.5537)-(-0):].65.7 K mol; [8] Alberty
GnNH3gas=AG °NH3ag-AGHess_NH3gas-GH20=91.1056-(-74.5537)-(-273.19)=438.85 K/mol ; CRC 2010

Weak acid protolysis progress NH4*+H20=NHazag+H30"; pKeq=10.99; shows energy GnHa+=232.9 K/mol,

AGeg=-ReTeIn(Keq)=-8.3144*298.15*In(10"10-9))= GnnaHydrationt GHao-Gnra+-Gr20=62.76 K/mor , 16" page:
AGeq=GnHzaq+GH3zo-GnHa+-GH20=91.1+22.44-Gna+-0=62.75 ¥ mo,
GnH4+=GnHzag+GH3o-AGeq-GH20=91.1+22.44-62.75-0=232.9 X/ g,

Kegs; protolize NH4*+H20+AG+Q=>NH3zaq+H30*; pKeg=10.9944; NHs*=H* + NH3aqua ; pKa=9.25;

Kegz=[NHzag]*[H3O*]/[NH4*]/[H20]=exp(-AGrydration/R/T)=exp(-62755.6/8.3144/298.15)=10-10-994;

AGegz=-ReTeIn(Keq)=-8.3144298.15°In(1.013*10-11)=62.75 X/mol;
Keqz=[NHzaq]*[H3O0*]/[NH4*)/[H20]=[H20]*KH20/KnH401=55.3*3.26*107(18)/1,78/10"(5=1.013* 101D ;
AGHydration:AGNHSaq-AGNH3gas-GHZO:91.1056-(-16.4-0):107.5 K/ mol ;

GnNH3ag=AGHydrationt GNH3gast GH20=107.5+165.7+0=273.2 Kfmol ;
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Table 2. Nernst’s half reactions Standard Electrodes Potentials classic, Thermodynamic and absolute in V

i H,0O disaccount Thermodynamic. Absolut scale
Reduced form = Oxidized form classic zero E,=0 _|scale Ex=0.10166 V -0.3982 V
N |NO; + 20H=NO3+ H,0+2¢; pH>3.15 Suchotina [17] 0.01 0.0602 -0.3380
HNO>+4H,0=NO3 +3H3;0*+2¢"; pH<3.15 Kortly, Shucha 0.94 1.2477 0.8495
NOaqt+6H,0=NO3;+4H30*+3e"; pH>3.15 Kortly, Shucha 0.96 1.1777 0.7795
NH4*+13H,0=NO3 +10H;0*+8¢’; Suchotina [17] 0.87 1.1390 0.7408
Br | 2Br=Bry(ag)+2e; CRC 1.0873 1.18896 0.79076
Bi | Bi O*+6H,0=BiOs + 4H3;0*+2¢"; Suchotina 1.80 2.210645 1.81245
Mn H*| Mn?*+12H,0=MnO,+8H3;0*+5e";  Kaortly, Shucha [18] 151 1.858848 1.460648
H,O | MnO,|+40H=MnO, + 2H,0+3e~; Suchotina [17] 0.603 0.635997 0.237797
OH- | MnO2=MnO, +e7; Suchotina 0.558 0.65966 0.26146
Pb | Pb?* +6H,0=PbO,(s)+4H3;0*+2e"; Kortly, Shucha 1.455 1.865645 1.467445
S |H;SO3+4H,0=HSO4,+3H3;0*+2e7;  Suchotina pH<1.9 0.172 0.47965 0.08145
S |HSO3+4H,0=S0,*+3H3;0*+2e;  Suchotina 2=<pH<7 0.172 0.47965 0.08145
SO37+20H=S0,>+H,0+2¢7; SuchotinapH > 7 -0.93 -0.87984 -1.27804
S2=3(s)+2¢7; Kortly, Shucha -0.48 -0.37834 -0.77654
H2S+2H,0=S(s)+2H3;0"+2¢"; Kortly, Shucha 0.141 0.345655 -0.05254
25,03% =5406> +2¢7; Suchotina 0.08 0.18166 -0.2165
Fe [Fe**=Fe3*+e; Suchatina [17] 0.769 0.8717 0.4735
Fe(s)+ H,O =Fe?**+2¢7; Suchotina -0.4402 -0.2870 -0.6852
Ag |Agt H.O=Ag*+e; Kortly, Shucha [18] 0.7994 1.0041 0.6059
Ag(s)+Cl- =AgCI(s)+H,0+¢; Kortly, Shucha 0.2223 0.2210 -0.1772
AQ+2NHsaq=Ag(NHs)*+e; Suchotina 0.373 0.4747 0.0765
2Ag+20H- =Ag,0(s)+ H,0+2¢e; Suchotina 0.345 0.3952 -0.0030
1 | 3l =lz+2e; Kortly, Shucha 0.6276 0.72926 0.33106
Cu | Cu(Hg)=Cu?*+(Hg)+2e; Kortly, Shucha 0.3435 0.4967 0.0985
F | 2F=F,(g)+2e; Kortly, Shucha 2.87 2.97166 2.5735
Cl | 2CI=Cly(g)+2e; Kortly, Shucha 1.358 1.45966 1.06146
Cly(g)+4H,0=2HOCI+2H;0*+2¢e;  Kortly, Shucha 1.63 1.93765 1.53945
Cr [2Cr¥*+21H,0=Cr,07>+14H;0*+6e";1<pH<7 Kortly,Shucha 1.33 1.7921 1.3939
Cr3*+11H,0=HCrO, +7H30*+3¢"; pH>7 Kortly, Shucha 1.20 1.6793 1.2811
Cr(OH)3|+50H=CrO4%>+4H,0+3e"; pH>9 ; Suchotina [17] -0.13 -0.1657 -0.5639
C | HyCy04+2H,0=2C0O»+2H30*+2¢"; Suchotina -0.49 -0.2853 -0.6835
Cr_ [Cr+H,0=Cr3*+3e; Suchotina -0.744 -0.6080 -1.0062
Zn |[Zn+H,0=Zn%"+2¢7; Kortly, Shucha -0.7628 -0.6096 -1.0078
Al | Al +40H=H,AlO; +H,0+3¢; Suchotina -2.35 -2.2827 -2.68087

Glc 6™ page Formation from elements C+6H2gas +302gas=CsH1206 free energy change calculates from
Alberty data AGOAIberty=GC6H1206-(6GCgraph+6*GH29as+3*GOZgas)=-402.05 K/ mol ,

AG” Atberty+(6Gcgraph+6*GHzgast3*Go2gas)=-402.05+(6*91.26+6*85.6+3*303)=GceH1206=1568 “/mal ;
Glucose (Glc) CsH120s, with biochemical water 6H20 and oxygen 602aqua reducing creates energy change
AGLehninger= -2840 K/moi producing 6HCOs-and 6H3O* ions generating concentrations gradients across membranes

driving osmosis and transport of ions through aquaporins, bicarbonate and proton channels in membranes.

Free energy of glucose (Glc) GesHizos at quasi equilibrium calculates one using Lehninger data [6]:

CsH1206+602aqua+6H20=6H30*+6HCO3; AGLehninger= -2840 K/ .

Energy -2840=-GceH1206-6*Go2Homeostasis_arterial-6*GH20_Biochem+(6*GH30++6*GHcos-) let us express glucose
GceH1206=2840-6*Go2Homeostasis_arterial-6*GH20_Biochem+6*(GHao++GHco3-)=757.28 K/mor standard quasi equilibrium
change GceHi206=2840-6*330-6*85.64+6*(22.44+46.08)=757.28 X/mor and free energy change at homeostasis
GeeH1206=2840-6*78.08-6*85.64+6*(22.44+46.08)=2268.8 X/mo . Glucose free energy contents are standard
GceH1206=757 X/mol and homeostasis Lehninger based GceHi206=2268.8 K/mol. [8,6]

Generated 6HCO3+6H30" ions drive 602aquat6H20 through membranes aquaporins channels for osmosis
against the concentration gradients but transporting ions 6HCOs3+6H3O* down the gradients through membrane
bicarbonate and proton channels using produced homeostasis free energy of AGLenninger= -2840 K/mol.
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Potentials difference AE=AGeq/F/N=(E°ceH1206-E°02)=-2840000/96485/24=-1.2264 V give the absolute
standard potential E°ceH1206=AE+E02=-1.226+1.0868=-0.1392 V for glucose from Lehninger -2840 K/mol. [6]

Nernst’s half reaction CeH1206+42H20=30H30*+6HCO3+24 e" has standard potential E°ceH1206=-0.1392 V :
Alberty data coincident with absolute potential scale. On oxygen reduction: Ozaquat4H3O*+4e=6H20 inverse
standard potential -E°02=-1.0868 V is inverse, because products are water molecules non oxygen:

AGo2agaiberty=6GH20-(Go2aq+4GH30+)=6*0-(330-4*22.44)=-419.76 Y/ma:

Absolute energy change minimum AGegstandardo2=-E°02¢F¢1+4=-1.0868*96485*4=-419.44 K/me with six oxygen
molecules half reactions oxidizing glucose (Glc) release energy change AGHomeostasis=-2840 K/Cmol.

Standard AGaibertyAbsoluteceH1206=E °ceH1206°F*1924=-0.1392 *96485*24=-322 K/ml is exoergic absolute free
energy change. Sum of half reactions shows coincidence Alberty data with absolute potential scale:

6AGegstandard02=6*-419.44=-2516.6 X/moi ; 6AGo2agAlberty=6%-419.76=-2518.6 *I/mo;
6AGegstandardo2+ AGAlbertyAbsoluteCeH1206=-2516.6-322=-2838.94 K/imq ;

Inverse Standard potential -E°02=-1.0868 V with homeostasis attractors [HsO*]=10"(7-36) M,
[HCO3]=0.0154 M, [CeH1206]= 5*107¢3) M, [O2aqua]= 6*10-°M, [H20]=55.3 M create absolute potentials sum for
oxygen and glucose more exoergic AGehninger=-2840 ¥/moi<AGHomeostasis=-3054.7 X/mo :

Eo2=-E°02+00591/4e]0g([H20]8/[O2aqua]/[[H30*]*)=-1.0868+00591/4*|0g(55.346/6/6/10"-5)/10"(7-36™4))=-0.4349
and: EceH1206=E°ceH1206+99591/24el0g([HCO37]8[H3O*]3% coH1206)/ [H201*2)=
=-0.1392+0.0591/54*|0g(0.0154/\6*10"\(-7-36*30)/5/1 0" -3)/55.346"*2)=-0.8843 Volts .

Free energy change are exoergic, negative values at standard and homeostasis conditions:
AG.Lehninger= AE*Fen=(E°c6H1206-E°02)*Fen=(-0.1392-1.0868)*Fen=-1.226*96485*24=-2840 X/mo and
AGHomeostasis= AEeFen=(EceH1206-E02)*Fen=(-0.88427-0.4349)¢Fen=-1.31917*96485*24=-3054.7 K/mol.
The oxygen reduction: 6*(O2aqua +4H30*+4e=6H20;) inverse standard potential E°0>.=1.0868 Volts and
glucose Homeostasis constant with attractors [HsO*]=10-7-3¢ M, [HCO3]=0.0154 M, /[CeH1206]=5*10-3 M , water
[H20]=55.3 M and AGLehninger=-2840 X/mol is greater about one KegHomeostasis=10/4%8;

[HCO;°[H50T°
KegHomeostasis= [CeH120 6]' [0 2]§[H 20] 6 ZEXP(-AGequmeostasis/R/T): EXP(2840000/8.3144/298. 15=10/98;

Quasi state equilibrium driven irreversibly which as engine of photosynthesis accumulates free energy in
products: 6H3O*+6HCO3s=Photosynthesis=>CsH1206+602aquat6H20; AGLehninger= 2840 </mol .
Hess law 2840 K/moi=GceH1206+6™*Go2Homeostasis_arterial+6*GH20_Biochem-(6*GHao++6*GHcoz-)

free energy content of one mol glucose is calculated referring Alberty data. [8,15]



Formation from elements Srhombic+H2gas=H25gas Shows energy content in one mol Gsihombic=-85.64 ¥/mor; [1,6]

Formation energy change is AGress_H25gas=G °Ha: gas-(HessG °srombisks+HessG °Hz)=-20.6-(0+0)=-20.6 ¥/mol. [1]
Sulfur energy content in mol is Gsrombisks=G °H2sas~(AGHess_H25gas+G°Hzgas)=-20.6-(-20.6+85.64)=-85.64 /mol;

Free energy content hydrogen sulfide aqua Grz:aqua=-30.82 K/mol. [1,6]

Nernst’s reduction of sulfur half reaction Hz2Sag+2H20=5rmombic+2H30*+2e7; has absolute standard potential
E°H2:=-0.0515 V for free energy change: AGeqH2:=E"1H2:Fn=-0.0515*96485%*2=-9.938 K//moi . It shows free
energy content of in one mole GHa:aqua=-30.82 X/mal as expression from Hess law for free energy change in half
reaction AGHess_H2:aq=Gsrhombic+2GH30+-(G H2saq+2GH20)=-85.64+2*22.44-(G Hasag+2*0)=-9.938 K/mol to hydrogen
sulfide aqua solution:

G H2:ag=Gsrhombict2GH30+-(AGHess_H25ag+2GH20)=-85.64+2*22.44-(-9.938+2*0)=-30.82 K/mol.
Sulfur inverse half reaction Srhombic+t2H3O*+2e=H25aq+2H20; -E°1H2:=0.0515 Volts with two metallic hydrogen
moles half reactions 2(Pt)H+2H20=2H30*+4e"; E°’4=-0.2965 V absolute standard potentials sum is:
AERed-0x=(E°H-E°1H2:) =(-0.2965+0.0515) =-0.245 Volts .
Metal hydrogen (Pt)H reduce rhombic sulfur : Srhombic+2(Pt)H=H25aq; about hydrogen sulfide.
Free energy change minimum for equilibrium state of metal hydrogen (Pt)H oxidation with sulfur :is negative:
AGeq=(E H-E°1H2:)*Fe1+2=(-0.2965+0.0515)*96485*2=-0.245*96485*2/1000= -47.28 K/mo1. ;CRC [1]
Expressing from Hess law of free energy change:
AGHessH25=GH2saqua-(2GH(Pt)+Grhombic) =GH2saqua-(2*%51.05-85.64) = -47.28 K/moi Shows
the hydrogen sulfide aqua identical negative energy content Grz:aqua=-30.82 X/moi as for half reaction alone:
GH2-aqua=AGHessH2:+(2GH(Pt)+Gsrhombic) =-47.28+(2*51.05-85.64)=-30.82 X/moi .

Alberty based data are coincident with absolute standard potential scale in both half reactions as alone
E°H2:=-0.0515 V and so in coupled oxidation - reduction complete reactions with absolute plus inverse standard
potential sum like

AE°Red-0x=(E°H-E "1H2:)=(-0.2965+0.0515)=-0.245 Volts.

Discovery of Hydrogen electrode reference E°n=-0.2965 Volts in absolute potential scale
synchronizes the sciences with absolute scale of free energy.

Discovery of Hydrogen electrode reference point E°v=-0.2965 V for absolute potential and absolute free
energy scale with inverted symmetry meaning of half reaction for which inverse potential belongs the same
number with the opposite sign as symmetry coincides with the inverted absolute free energy, the same number
with the opposite sign.

Absolute and inverse free energy and potential scale require water and hydroxonium accounting based on
Alberty data of hydrogen gas and solution thermodynamic absolute free energy.

Absolute Free Energy scale requires to metabolites applied zero background reference to water and carbon
dioxide gas as shown in Figure 1..

Inversion symmetry which is applied by mutual coincidence as Thermodynamic tools: the Absolute Free
Energy and the Absolute Potentials scale for revealing the structural details of Nernst’s half, inverse and full
oxidation—reduction reactions.
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Hess zero standard values of elements actually are positive Biochemistry energies.

GH2gas=85.6 X/mor Alberty referring to homeostasis products water and CO2gas zero GH20=Gco2gas=0 */mol .
Some reactants [1,8] free energy content applied to homeostasis products zero values scale are:
Glucose GeeHi206=2268.8 K/mol >deprotonate peroxide anion GHoo-=338 ¥/mol > Go2aqua=330 K/mor>
> G02gas=303 K/moi> peroxide GH202=284 X/moi>GnHa+=232.9 K/moi>
>protolysis of water pH=pOH=7 Grzo++oH-=GHzo++Gon=22.44+77.36=99.8 K/mo>

> GNH3aq=91.1 K3/ mol >GH2gas=85.6 K)ol = GH20_Biochemistry=85.6 K fmol > Go2Biochem_arterial=78.1 Kot >
>protolysis of CO2aqua Solution by Carbonic Anhydrase GHzo+Hco3=GHzo++GHc03-=22.44+46.08=68.5 K/mol

> GHpey=51 X/mol > GN2aqua=18.7 X/mol > homeostasis products zero values GH20=Gco2gas=0 ¥/mol >

>GH2:aqua=-30.82 K/mol > Gsrhombic=-85.64 /ol ;
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-200

Figure 1. Ascending Absolute Free Energy of metabolites relative to GH20=Gco2gas=0 X/mol z€ro 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 6H20=02aquat4H30*+4eNernst’s half reaction has Absolute standard Potential:
E°02absolute=1.0868 V. About O2aquat4H3O*+4e-=6H20 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 Gragas=85.6 X/mol , GH2aqua=103 K/mor is detected
Absolute standard Potential as general reference of hydrogen electrode E°1=-0.2965 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'v=0 V
with water disaccount. Accounting the water and hydroxonium cation corrected the general hydrogen
thermodynamic standard potential scale reference to E°’4=0.10166 Volts. Third Alberty data finally lead to
Absolute standard Potential value E°1=-0.29654 Volts of hydrogen electrode.
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H20> formation 41t page HagastO2gas=>H202 ; AG’ univalberta=-134.03 K3/ mol ; AG Alberty=-48.39 K/ mol ;
AGalberty=GH202-(Go2gas+ GHzgas)= 284-(85.64+303)=-104.64 kJ/moI(-134.03 k‘]/mol;)(=-48.39 I(J/mol)

Viela AH°H I(J/mol AS°®H J/moI/K AG®H I(J/mol
H202qua | -191.99 | -481.688 | -48.39
H202:qua -191.17 143.9 -134.03

Succinat? | -908.69 |-1295.576 | -522.414
Fumarate?| -776.56 | -862.288 |-519.4688

GH202=279,29 K/mo Alberty zero Gr20=0 K/mor; reference based
University Alberta
GsuccinatFor=-522.4+(4*91.26+2*85.6+2*303)=619.8 K/mol; Gsuccinat=650.8 /mol;
GFumaricFor=-519.5+(4*91.26+85.6+2+303)=537.1 ®/mol; Grumarat=554.75 K/mol;

Succinat? Formation 4C+2H2gas+202gas=>(CH2)2(CO2 )(CO2") ; AGsuccinat=-522.4 K/mor Alberty;
AGSuccinatFor:GSuccinatFor-(4GCgraph+2*GH2gas+2*GOZgas): -522.4 Ylmol;
GsuccinatFor=-522.4+(4*91.26+2*85.6+2*303)=619.8 K3 mot;

Fumarate 2 Formation 4C+Hagas+202gas=>(CH)2(CO2)(CO2") ; AGFumarat=-519.5 ¥/mo Alberty;
AGFumarat:GFumaratFor-(4GCgraph+GH2gas+2*GOZgas): -519.5 K/mor;
GFumaratFor=-519.5+(4*91.26+85.6+2*303)=537.1 K/mol ; formation 73" page

Inverse Ozaqua+2H30%+2e=H202aqua+2H20; standard potential E°oxo2 H202=-0.5278 V University Alberta ;

AGAlbertyHessox02_H202=GH202+2* GH20-(Go2aquat2* GHzo+)=279,29+2*0-(330+2*22.44)=-95.59 K/moi ;
AGquIbertyAbsoIuterOZ_HZOZz EoerxOZ_HZOZ'F' 1 '2:-0.5278*96485*2:-101,85 I(‘]/mol;

SUCCinat2'+02aqua:>fUmaratez'+H202aqua+Q+AG; AGmin=AGeqSuccinat_ H202=-38.3 K3 fmol;
AGHess=AG°H202+AGofumarat-AGOOZ-AGOSuccinat=-48.39-519.4688-(16.4-522.414) = -61.845 K/mol;
AGmin=AGeq=(E Redsuccinate-E°0x02) *F*n=(0.2512-0.4495)*96485*2=(-0.1983)* 96485*2=-38.3 XV/moi;
Alberty Hess AGsuccinat_ H202=GFumarat*+GH202-(Gsuccinat+Gozaqua) =537.1+279,29.24-(619.8+330)=-128.5 “/ma ;
Keq=exp(-AGe/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),

2. On Alberty based Absolute free energy content

GH2gas=85.6 X/mol for hydrogen gas, it’s solution in water GHzaqua=103 ¥/mor and

referring to zero reference Grz20=Gco2gas=0 /mol as background

for metal hydrogen GHpy=48,46 K/mol

in water and carbon dioxide gas CO2gas.

3. Discovery Absolute Potential scale.
Absolute Potential scale based on a general reference
of metal hydrogen Absolute standard Potential E°4=-0.2965 Volts. [8, 14, 15]

feasible

Lord Kelvin |

Alberty Robert
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CH3CH:20H ethanol formation from elements:
2C+3H2gast1/202gas=>CH3CH20H ; AG° aberty=75.2864 K fmot ; AG°Hesscre=-181 K/mor ;
AGoAlberty=GCH3CHZOH-(ZGCgraph+3*GH29as+1/2*GOZgas)=75.2864 kJ/mol ;
AGOCRC:GCHSCHZOH-(ZGCgraph+3*GH2gas+1/2*GOZgas):-181 K)ol ;
AG” averty+(2Gcgraph+3* Ghzgast+1/2*Go2gas)=75.2864 +(2*91.26+3*85.6+1/2*303)=GcH3cH20H=666.106 K/mo ;
AG°cre+(2Gegraph+3*GHzgas+1/2*Gozgas)=-181+(2*91.26+3*85.6+1/2*303)=GcHacH201=409.82 K/mo ;
CH3CHO acetaldehyde formation from elements: 2C+2H2gast+1/202gas=>CH3CHO ;

AGOAIberty:GCH3CHO-(ZGCgraph+2*G H2gast l/Z*GOZQas) =32.282 K/ mol ;

AG’cre=GcHacHo-(2Gcgrapht2*GHzgas+1/2* Gozgas)= 24.06 K/mo ;

AG’ Aberty+(2Gcgraph+2* Ghagast+1/2*Go2gas)=32.282+(2*91.26+2*85.6+1/2*303)=GcHacHo=537.5 K/mol ;
AG°cre+(2Gcgraph+2* GHagas+1/2*Go2gas)=24.06+(2*91.26+2*85.6+1/2*303)=GcHacHo=529.28 K/mol ;
CH3CH20H+H20=CH3CHO+H30*+H-(H*+2¢"); absolute potential E°crHscH201=-0.055 V; Kortly, Shucha; [19]

AGeqcHacH20H=E °egNernscHacH20H*F*2=-0.055*96485*2=-10.6 K/mol;

AGHesscH3cH20H=GcHacHo +GH30++GH--(GcHacH20H +GH20)=537.5+22.44+GH--(409.82+0)=-10.6 X/mol.
AGHesscH3cH20H=GcHacHO +GHao++GH--(GcHacH20H +GH20_Biochem)=537.5+22.44+G.-(409.82+85.64)=-10.6 X/mol.
AGHesscHacH20H-GeHacHO -GHzo++(GceHacH20H +GH20)=GH-=-10.6-537.5-22.44+(409.82+0)=-160.7 K/mol.
AGHesscHacH20H-GeHacHo -GHao++(GcHacH20H +GH20_Biochem)=GH.=-10.6-537.5-22.44+(409.82+85.64)=-75.08 X/mol.

CRC Handbook of Chemistry and Physics 2010 90th David R. Lide
GcHacH0=529.28 K/mo ;

GcHacHo=537.5/mol ;
BioThermodynamic06;

BioThermodynamic,2006,Massachusetts Tecnology Institute,Alberty

Alberty GcHscHhzoH=666.106 K/mol ;
CRC GcHacH20H=409.82 X/mol ;
GH20=0 X/mol; GH.=-10.6-537.5-22.44+(409.82+0)=-160.7 “/mol.

Substance | AH®H X/mol| AS®H Y/moiik| AG®H K/mol
H;C-CH=0O| -212.23 | -281.84 24.06
HsC-CH=0| -213.88 | -825.64 | 32.2824
NADH -41.41 | -4465.708 |1175.5732
NADH | -1036.66 | -140.50 | 1120.09
HsO* -285.81 -3.854 | -213.275
NAD* -10.30 |-3766.008 | 1112.534
NAD* -1007.48 -183 1059.11
HsCCH,OH | -290.77 |-1227.764| 75.2864
HsCCH,OH.q| -288.3 |-357.7394| -181.64
H20 -285.85 | 69.9565 | -237.191
H20 -286.65 | -453.188 | -151.549

GH20_Biochem=85.64 K/mol. GH.=-10.6-537.5-22.44+(409.82+85.64)=-75.08 XI/mol

NADH = NAD* + H-(H*+2e"); inverse potential -E°napH=0.4095 V; absolute David Harris; [22]
NAD*+H-(H*+26)+CH3CH20H+H20=NADH+CHsCHO+H30*+H-(H*+2¢");
NAD*+CH3CH20H+H20=NADH+CH3CHO+H30*;

sum: E°egnernscHacH20H-E°naD+=-0,055+0,4095=0,4562;
AGmin=AG¢q=(E°egnernscHacH20H-E°NaD+)*F*n=(-0.055+0.4095)*96485*2=(0.4562)* 96485*2=68.408 “/mo;
AGHessAlbertycH3cH20H=GNADH+GH30++GcHacHo-( GNAD++GcHacH20H+GH20)=68.02 K/mol.
=1112.534422.44+32.282-(1175.5+75.2864-151.549)=68.02 K/ma.
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H3CHC(OH)COO-+H20=>H3CC=0CO0 +H30*+H-(H*+2¢"); E°H3cHc(oH)coo=-0.0159 V;
AGegH3cHc(0H)coo=E °egH3cHc(oH)coo F+2=-0.0159*96485*2=-3.068 X/mo;
AGesscHacH20H=GHacc=0c00t GHzo++Gh--(GHacHeoHycoot Grzo)=534.2+22.44+G.-(668.8+0)=-3.068 X/imo.
AGesscHacH20H=GHacc=0c00t GHzo++Gh-~(GHacHeoH)coot G20 _Biochem)=534.2+22.44+GH.-(668.8+85.64)=-3.068 “/mo.
AGHesscHacH20H-Grscc=0c00-Ghzo++(GhacHeonycoot Ghzo)=Gr.=-3.068-534.2-22.44+(668.8+0)=109.092 “V/imo.
AGesscHacH20H-Gracc=0c00-Grzo++(GhachcoHycootGHao_siochem)=Gh-=-3.068-534.2-22.44+(668.8+85.64)=194.7 K.

1=0.25 M, BioTherm06, pH=7.36, AG=G°Hacc=0c00-+G°H30++GH--GHacHc(0H)c00--GH20= K/mol;

Viela AH®H kJ/mol AS°H Y mok AG®H , kJ/mol ;

PyruvEnolP3| -1400 | -1100 |[-1189.73|GH20=0 X/moi; GH-=-3.068-534.2-22.44+(668.8+0)=109.092 kK¥/mo

H3:CC=0COO0O"| -597.4 -850 -350.78 |Gh20_giochem=85.64 ¥/ mo1;GH=-3.068-534.2-22.44+(668.8+85.64)=194.7 X/nol

H3CC=0COO"| -603.7 |-433.54 | -474.44

H3CC=0COO"| -597.04 | -846.66 | -344.62 |GHacHc(oH)c00=534.2 K/mor; pKa=2.5;
HsO* -285.81 | -3.854 |-213.275
H20 -285.85 | 69.9565 |-237.191
H.O -286.65 |-453.188|-151.549

HsCHC(OH)COO- | -688.29 | -1290.9 | -303.4 |GHacHc(0H)c00=668.8 K/moi; pKa=3.86;

pPKa=3.86; AHc°=1361.9 Y/no1; GHacHc(oH)cooH=2271 K/me1;H3CHC(OH)COOH+302gas=3CO2gas+3H20;

AHc°=3Gco2gas +3GH20-(GHacHc(oH)cooH+3Go2gas) =3*0+3*0-(GHacHc(oH)coon+3*303)= 1361.9 K/moi;

GHacHc(oH)cooH+=3Gco2gas+3GH20-( 3Go2gas)=3*0+3*0-(+3*303) -1361.9=GHacHc(oH)cooH=2271 K/mol;

Lactic acid Formation 715t page 3C+3H2gas+1.502gas=>H3CHC(OH)COOH ; GHacHc(oH)cooH =-303.4 K/mai [8];
AGH3cHc(oH)coon=GHacHc(oH)cooH-(3Gcgraph+3* GHagas+1.5*Gozgas)= -303.4 K/mo;
GHacHc(oH)coon=-303.4+(3*91.26+3*85.6+1.5%303)=681.7 X/mol;

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

Keq=[HsCHC(OH)COO T*[H30*]/[ HsCHC(OH)COOH]/[H20]=Ka/[H20]=107(386)/55 3=2 5*10A(-6)=1 0A-5.603);
AGegrsche(oH)cooH=-R s TeIn(Kaeq)=-8.3144*298.15*In(107(5693))/1000=31.98 /o .

AGhscHc(oH)coo=GHscHc(oH)coo+2GHao+(GLacticact2 GH20)=Gsuccinat+2*22.44-(681.7+2*0)= 31.98 K/mol;

GHacHc(oH)coo=AGH3cHC(0H)c00-2GHa0++(GLacticact2GH20)=31.98-2*22.44+(681.7+2*0)=668.8 k/mol;

Pyruvic acid- Formation 71%t page 3C+2H2gas+1.502gas=> H3CC=0COOH; AGsuccinat=-344.62 ¥/mo Alberty;
AGFumarat:GFumarat-(3GCgraph+ZGH2gas+l.5*GOZgas): -344.62 K/mol;
Grumarat=-344.62+(3*91.26+2*85.6+1.5*303)=554.86 X/mal; ;

Pyruvic acid H3CC=0COOH+H20<=>H3CHC(OH)COO +H30*; pKa=2.5;
Keq=[H3CHC(OH)COO]*[H30*])/[H3CC=0COOH]/[H20]=Ka/[H20]=10"(-25)/55,3=2.5*1 0/ (-6)=10/(-4-243);
AGegHscc=0cooH=-R*TeIn(Kaeq)=-8.3144*298.15*In(10"(4243))/1000=24.22 K/mo .
AGH3cHc(0H)coo=GHacHc(oH)coo+2GHao+(GLacticAct2 GH20)=Gsuccinat+2*22.44-(554.86+2*0)=24.22 K/ mol;
GHacHc(oH)coo=AGH3cHCc(0H)c00-2GHao++(GLacticact2GH20)=24.22-2*22.44+(554.86+2%0)=534.2 X/ma;

NADH = NAD* + H(H*+2¢); E°nabn=-0.4095 V; absolute Lehninger; [6]
Red lactate+H2O<=>pyruvate-+HszO*+H-( H*+2¢e") ; absolute potential E°HscHc(oH)coo=-0.0159 V;
Ox NAD*+H-(2e’)=NADH ; E°1=-0.4095 V; OksRed NAD*+lactate+H.O=NADH+ pyruvate+HzO*;
Balanced n=2=m with 2e" electrons AE° NAD™* accept electrons from lactate:
AGegAerobic=AE°*Fen=(E °Red-E°0x)*F*n=(-0.0159—0.4095)*96485*2=(0.3936)*2=75.95 /mol
Kquerobic:EXP(-AGquerobic/R/T):EXP(-75950/8.3144/298.15):10'13'3;
AGggaerobic 759500
ReT —p 8.3140298.15 =10-133;

_ _[NADH]-[pyruvate'][4 o*]
Kquer0b'°‘[NAD*]-[Iactate'] H,0] =€
AGHess=AHHess- T*ASHess=45.764-298.15*-0.5479605= 209.14.......</mo endoergic; formation 62" , 75t pages
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Pyruvate HsCC=0OCOO- decarboxylation HSCCHO+HCOs";H3CC=0COO +H20AG+Q=>H3CCHO+HCO3

Lactateo

OTH
\

/

Z
/O/ H
H

C—C—C—H

+H20=Ethanol ?.4/

/H
H\
C<

H

H
C<

H+HCO3 +AG +Q; exothermic, exoergic .

AGHess=AG°HaccH20H+AG°Hco3-AG°H20-AG°HaccH20HC00-=75.2864-544.9688-(-151.549-303.4256)= -14.71 K/mol
AGaiberty=AGH3zccH20H+AGHC03-AGH20-AGH3sccH20Hc00-=666.1+46.08-(0+668.8)=43.38 K/mol

AGalberty Biochem=AGH3accH20H+AGHc03 GH20_Biochem-AGHaccH20HC00-=666.1+46.08-(85.64+668.8)=-42.26 XI/mol
AHress=AH°HaccHz20H+AH Heo3-AHH20-AH °HaceHzomcoo-=-290.77-692.4948-(-286.65-688.29)= -8.325 K/mol

AS gispersea=-AHHess/ T=8.325/298.15=27.9 /k/mol;
ASHess=AS°H3ccH20H +AS°Hco3--AS°H20-AS°HaccH20Hco0-=  21.51 Y/molk;
=-1227.764-494.768-(-453.188-1290.852)=21.51 Y/molik....

AStota= ASHesst ASdispersed=21.51+27.9=49.41 /moik;
AGHess=AHHess- T*ASHess=-8.325-298.15*0.02151=-14.738 K/mmol exoergic ......

TeAStotai= 0.04941*298.15 K=14.73 K/moI; bound TASn ;dispersed-lost energy spontaneous

Lactic acid Formation 715t page 3C+3H2gas+1.502gas=>H3CHC(OH)COOH ; GHacHc(oH)cooH =-303.4 X/mai [8];
AGH3cHc(oH)coon=GHacHc(oH)cooH-(3Gcgraph+3* GHagas+1.5*Gozgas)= -303.4 K/mo;
GHacHc(oH)cooH=-303.4+(3*91.26+3*85.6+1.5*303)=681.7 K/mol;

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

Keq=[HsCHC(OH)COO T*[H30*]/[ HsCHC(OH)COOH]/[H20]=Ka/[H20]=107(386)/55 3=2 5*10A(-6)=1 0A-5.603);
AGegHacHc(H)cooH=-ReTeIn(Kaeq)=-8.3144*298.15*In(10/(->-603))/1000=31.98 X/mo .

AGH3cHc(0H)coo=GHacHc(oH)coo+2 GHao+-(GLacticAct2 GH20)=Gsuccinat+2*22.44-(681.7+2*0)= 31.98 X/mo;

GHacHe(oH)coo=AGH3cHC(0H)c00-2GH30++(GLacticact2GH20)=31.98-2*22.44+(681.7+2*0)=668.8 «V/mol;

CH3CH20H ethanol formation from elements:
2C+3H2gast1/202gas=>CH3CH20H ; AG’ aberty=75.2864 K3/ mol ; AG Hesscrc=-181 K fmol ;
AGoAlberty=GCH3CHZOH-(ZGCgraph+3*GH2gas+1/2*GOZgas)=75.2864 kJ/mol ;
AGOCRC:GCHSCHZOH-(ZGCgraph+3*GH2gas+1/2*GOZgas):-181 Kol ;
AG” averty+(2Gcgraph+3* Ghagast+1/2*Go2gas)= 75.2864 +(2*91.26+3*85.6+1/2*303)=GcHacH201=666.106 K/mol ;
AG°cre+(2Gcegraph+3*GHzgas+1/2*Gozgas)=-181+(2*91.26+3*85.6+1/2*303)=GcHacH201=409.82 K/mo ;

BioThermodynamics06; GHz2o_giochem=85.64 K/ma;

(GHzo++GHCc03-)=22.44+46.08 W/mol ;

Substance AH®H % mot| AS°H Y motik| AG®H K mol
H3CCH(OH)COO- | -688.29 |-1290.852 |-303.4256
HsCCH(OH)COO-| -686.2 -557.71 | -313.70

H3CCH20Hgyq -290.77 |-1227.764 | 75.2864
H3CCH20H, -277.6 160.7 62.96
H20 -285.85 | 69.9565 | -237.191
H20 -286.65 | -453.188 | -151.549
HCOs -689.93 98.324 -586.94
HCOs -692.4948 | -494.768 |-544.9688

CRC 2010;

ASHess:ZASOproducts-ZASOreactants;AGHess:AHHess-T'ASHess
(@]

N O

H
, JoNy
H C—H

_ -C~
Lactate M E\H +H,0=Ethanol " I"H +HCOs +AG +Q

exothermic............
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Oks: H2COHCOO+H-(H*+2e)+H30"=>H3CCOO+2H20; E°oxH2coHcoo=-0.033 V absolute; [23]
N (e) H
H\,C\Cé H~c_ 40

Oks: Glycolate © 1= +NADH + HzO* => acetate H C\O +2H20 + NAD*:

AGHess=AG°cH3coo+AG°NAD++2AG°H20-AG°H2coHc00-AG°NADH-AG H30=-161.8 K/mol;

=-240.963+1112.534-2*237.191-(-403.2968+1175.5732-213.2746)=-161.8 K/moi exoergic...........
Glycolate H2COHCOO-+NADH+H30*=>H3CCOO-+NAD*+2H20;

AGeq=(E° Red-E°0xH2coHC00)*F*N=(-0.4095--0.033)*96485*2=(-0.38)*96485*2=-72.65 X/mol;

Substance| AH Hess AS®Hess AG°Hess

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

Glyoxylate | K/mol I molik K mol
| oHccooH | - ] - | - GoHccooH=-426.588+(2%91.26+85.6+1.5*303)=296.032 X/mol
OHCCOO- - - -426.588 |  Gonccoo=AGeqoHccooH-GHso++( GoHccoon+GH20)=305.6 K/mol
HCOHCOO - - -403.2968 |  GoHccoo=AGeqoHccooH-GHao++( GoHccoon+GH20)=414.3 K/mol
H2COHCOOH - 651 318.6 - GH2coHCo0H=-403.2968+(2*91.26+2*85.6+1.5*303)=404.9232 X/mmol

NADH@q |-1036.66] -140.5 - Exothermic, exoergic reduction | A  _e15, A
NADHaq) | -104141 | -4081.784 | 11755732 | yace free energy change -161.8 G
HSO+(aq) -285.81 -3.854 [-213.2746 negative’ but minimized | )} "7 77
NAD*@q |-1007.48| -183 - reaching AGmin=AGeq=-72.65
NAD*@q | -1010.3 | -3766.008 | 1112.534 or
HsCCOOH | -484.09 | 159.83 | -531.743 | -104 K/mor equilibrium mixture.
HsCCOO- | -486.84 | 82.23 -247.83 Le Chatelier principle is
HsCCOO" | -486 85.3 | -240.963 | Prigogine attractor free energy AGmin= -72.65 FTrs
H.0 -285.85 | 69.9565 | -237.191 change minimum AGnmin AGmin= -104 Y/mot 4
HO |65 -453.188 | -151.549 reaching. A+B+C 50% D+2E+E

Glyoxylic acid Formation 615t page 2C+Hzgast+1.502gas=>OHCCOOH ; AGoHccoon=-426.588 /mal [8];

AGOHCCOOH:GOHCCOOH-(ZGCgraph+GH2gas+1.5*GOZgas): -426.588 X/mol;
GoHccoon=-426.588+(2*91.26+85.6+1.5*303)=296.032 K/mol;

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

Keq=[OHCCOO T*[H30*]/[OHCCOOH]/[H20]=Ka/[H20]=107-332)/55 3=8.655* 10N -6)=10A-5.063);
AGeqoHccooH=-ReTeIn(Kaeq)=-8.3144*298.15*In(10/(-5063))/1000=31.98 X/mol .

AGegoHccooH=GoHccoo+GHzo+-( GoHccoon+GH20)=GoHccoo+22.44-(296.032+0)= 31.98 K/mol;

Gonccoo=AGeqoHccooH-GHao++( GoHccoon+GH20)=31.98-22.44+(296.032+0)=305.6 K/mo,

Glycolic acid Formation 615t page 2C+2*H2gas+1.502gas=> H2.COHCOOH ; AGHz2corcoon=-403.2968 K/mor [8];

AGH2coHcooH=GH2coHCo0H-(2Gcgraph+2GHagast1.5* Gozgas)= -403.2968 K/mol;
GH2coHcooH=-403.2968+(2*91.26+2*85.6+1.5*303)=404.9232 K/moI;

Glycolic acid H-COHCOOH+H20<=>H2COHCOO+H30*; pKa1=3.83; Wikipedia
Keq=[H2COHCOO]*[H30*])/[H2COHCOOH]/[H20]=Ka/[H20]=107(3-83)/55 3=2.675* 10" (-6)=10"(5:573);
AGeqoHccoon=-ReTeIn(Kaeq)=-8.3144*298.15*In(10/(-5573))/1000=31.81 X/mol .
AGeqorccooH=GoHccoo+GHzo0+-( GorccooH+GH20)=Gonccoo+22.44-(404.9232+0)= 31.81 K/mol;
GoHccoo=AGeqoHccooH-GHao++( GoHccooH+GH20)=31.81-22.44+(404.9232+0)=414.3 Y/,

Nernst’s half reaction glycolate +H20 = Glyoxylate +H-(H*+2e")+HsO*; D.C.Harris 25°C [23]
Oks: OHCCOO+ H-(H*+2e)+H30*=> H2COHCOO+H:20 ; E°HacoHco0=0.1305 V absolute;[23]
Ho 0O H\(H:\ _0
Oks: Glyoxylate O,,C—C\ - + NADH +H3O0*=> Glycolate o o~ +tH20+NAD*; D.C.Harris 25°C [23]

Nernst’s half reaction Red: NADH = NAD* + H-(H*+2¢e ), E° rea=-0.4095 VV David Harris absolute [22]
Glyoxylate OHCCOO+NADH+H30*=H2COHCOO+NAD*+H20 Glycolate;

AGHess=AG °H2concooH+AG°NaD++AGH20-AG°H2coHc00-AGNADH-AG H30= -63.66 ¥/mol;
=-403.2968+1112.534-237.191-(-426.588+1175.5732-213.2746)=-63.66 K/mol €XO0ErgiC............... :
AGmin=AGeq=(E° egNernst NADH-E °H2coHco0)*F*n=(-0.4095-0.1305)*96485*2=(-0.54)* 96485*2= 104 2 Kfmor;
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Nernst’s potential O2aqua/H20 red-ox system biochemical mechanism of acidosis and oxidative stress
(forced oxidizing agent power by potential E increase)
Note: Oxidative stress causes non enzymatic oxidation in multiple radical chain and reactions of
parallel product formations to contaminate and destroy the organism! Destructive hazard for life!
Water medium (blood plasma) oxygen is strong oxidant absolute potential E°02=1.0868 V oxidized form free
electrons reduced form by half reaction: Ozaquat4H3O*+4e<=>H0;
Free energy content is gas and water solubility product Gozagua=Gozgas+Go2sp=303.1+26.58=330 X/mo ;
GH30+0H=GH30++GoR-=22.44+77.36=99.8 X/mol of H20+H20<=>H30*+0OH
Biochemistry oxygen O2aqua decreases free energy content Gozaqua=329.7 X/mol to GozBiochemistry=78.08 X/mol.
Concentration arterial [O2aqua] =6*10-°> M and pH=7.36 concentration [HzO*]=10-3¢ M decrease potential:
E02=E°+0059%/4log([O,, ] *[H30*]*[H201°)=1.0868+°0°9/s*1og (6107 (°) * 10" (7-30™)/s5.346"°)=0.4349 V with
difference AEarteria=E°-E0=1.0868-0.4349=-0.652 V; AGarteriaI:AEHZO*F*n:-O.652*96485*4/1000:-251.6 k‘]/mol.
Solubility product value O2gas Air+H20OAaR0rINS=>(D)5)004 iNcreases about Gozsp=26.58 K/mol:

[O 2 aqua]
[0 1-[H 20] =Kp=2.205*105. Gozsp=-ReTeIn(Ksp)=-8.3144*298.15*In(2.205*105)=26.58 K/mo.
2 gas

Free energy protolysis decreases Gozsiochem_arterial=Go2aquatGo2spAGarteria=303.1+26.58-251.6=78.08 ¥/mol and
oxygen becomes fire safe biochemical oxidant, forming arterial concentration [O2aqua]=6*10-> M as safe

Bioenergetic sustaining normal isooxia. [3];
Oxygen solubility Prigogine attractor free energy change Hess law solution is exothermic and endoergic

O2airtH20<=>02aquatQ. Oxygen mol fraction [O2.ir]=0.2095 in air, in water [O2aqua]/[H20]:

AGHess=AG°02aqua-AG°02gas-AG°H20=16.4-(0-151.549)=168 K/mo endoergic;

AGeg=-ReTeIn(Keq)=-8.3144*298.15*In(2.205*105)=-8.3144+298.15¢6.414=26.58 K/mol

[O2] solubility Hess free energy change is positive AGHess=AGsolubility=168 K/mor ,

but minimized to AGmin=AGeq=26.58 X/mol reaching solubility product

@Gmin: I26,58 k‘]/mol
[0, aqual A+B  50% C+D

equilibrium mixture Keq = T5 7. o] =2.205*10°= 104, Reactant O21gas+H20
products
H20g8I00d+O2aqua-Blood.

Free energy change minimum AGmin reaching establishes equilibrium. 53 page.

2 air

Equilibrium reaching is Prigogine attractor free energy change minimum AGmin .

Zero osmolar Cosm=0 M and ionic force 1=0 M in distilled water from air 20.95% solubility is:
solubility [Ozwater]=Keq*[ Ozair] *[H20]= 2.205*10-5*0.2095*55.3=2.5567*10 M.

ELSEVIER, Rotating Electrode Method and Oxygen reduction Electrocatalysts, 2014, p.1-31,
1. WeiXinga, MinYinb, QingLvb, YangHub, ChangpengLiub, JiujunZhangc. Pure 1atm mol fraction [O2gas]=1.
Osmolar Cosm=0.305 M, ionic force 1=0.25 M, air oxygen 20.95% conditions dissolute [O2aqua]=9.768-10-° M.
Therefore physiologic equilibrium constant is Kozblood=[Ozaqua)]/[O2air]= 9.768-10-5/0.2095=4.663*10-4=10-3-3314,

Arterial [O2aqua]=6-10-° M versus venous [O2aqua]=0.426-10-> M determines pKozarteriai=3.3314. Oxygen
molecules cross membranes through aquaporins against gradient of osmolar concentration.

Ox: Ozaqua +4H30*+4e < 6H20; E°02=1.0868 Volts; Red: 4H(Pt)+4H.0<=4H30*+4e" ; E°1=-0.2965 V.
Ozaquat4H(Pt)=2H20; AGeq=(E H-E°02)*F*1+4=(-0.2965-1.0868)*96485*4=-1.383*96485*4/1000=-533.8 K/mol;

Equilibrium value AGeq2H20=2GH20-4GH(Pt)-Go2aqua=2*0-(4*GH(py+330)=-533.8=2%266.9 X/mol expresses metal

free energy GH(ry=(2GH20-AGeq2H20-Go2aqua)/4=(2*0+533.9-330)/4=204.2/4=51.05 X/moI .
H2aqg+2H20 < 2H30*+2e+H20; Nernst’s half reaction
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AGess H30+=GH2ag+2GrH20-(2GH30++GH20)=103.24+2*0-(2*22.44-2*0)=58.36 “/mq ; and graphite electrode
absolute potential E°n30+=58360/96485/2=0.302V oxidizes hydrogen and liberate (Pt) lattice.
Red: 2H(Pt)+2H20 ¢ 2H30 *+2e7; E°1+=-0.2965 V; Ox+Red summary 2H(Pt) +H20 > Haag;
Ox: 2H30*+H20+2e < H2aq+2H20;
Red: 2H(Pt)+2H20 > 2H30 *+2¢;
2H(Pt)+H20 «>Haag;
AE’eqH30+H(Py=-0.2965-0.302=-0.5985 V; AGeqH30+H(P)=AE  eqH3o+H(py*F*2=-0.5985*%96485*2=-115.5 X/mo;
AGeqr30+H(PY)=GH2ag+GH20-2GH(Py=103.24+0-2*51.05=1.14 K/mo .
AGeqH30+H(P)=GH2ag+GH20_Biochem-2GH(Pt=103.24+85.6-2*51.05=86.74 K/mol .
Platinum crystal lattice is indifferent referring to zero free energy for GH20=Gcozgas=Ge-=0 K/mol ,
Reduction of sulfur: Srhombic + 2 H3O* + 2e- = HaSaq+ 2 H20; E°<=0.347 V;
rhombict2H(Pt) <> H25ag;
AGeq=(E°H-E°<)*F*1+2=(0.10166-0.347)*96485*2=-0.245*96485*2/1000= -47.3 X/mo;
GH2-aquq=AGHessH2:+(2GH (Pt +Gsrhombic) =-47.3+(2*-219-85.64)=-571 K/mol . 3™ page.

Abstract.

Alberty-based Absolute free energy content Grzgas=85.6 ¥/mol for gas, GHzaqua=103 K/moi for water and
GHry=51 X/mol for metallic hydrogen at zero reference GH20=Gcozgas=0 X/mol background energy for water and
carbon dioxide for CO2gas gas. [8,15] Metal hydrogen zero classic standard potential reference is used in its
hydroxonium cations {H3O*]=1.01 M solution of sulfuric acid concentration [H2SO4]=1 M with 1.061 9/m. density.
Since Nernst Nobel Prize in Chemistry 1920t all electrochemistry series reductant oxidation half reactions
standard potentials are determined relative to hydrogen metal half reaction classic standard potential E°n zero. [1]
Quantitative studies of the functional activity of oxygen, carbon dioxide and water protolysis reveal generated
diverse Life-Organization Attractors: water concentration [H20]=55.3 M/, iter, pH=7.36, reactivity of the enzyme
carbonic anhydrase (CA), air oxygen level 20.95 % , osmolar concentration 0.305 M, ionic strength 0.25 M,
temperature 310.15 K degrees, etc. . [1,15]

High rate protolysis in water make oxygen fire safe , CA functionally activates carbon dioxide by reacting with
two water molecules to produce HsO*+HCOs" concentration gradients on either side of the membrane for osmosis
against concentration gradients but for the transport of protons and bicarbonate ions down through protons and
bicarbonate ions channels.

Former publications reveal indispensible accounting the water and hydroxonium in Thermodynamic
expressions of equilibrium reactions including protolysis and electrochemistry Nernst’s half reactions. [8,14,15]
Studies reach a reference value of 0.10166 Volts for the thermodynamic standard potential of metallic hydrogen.
Behalf of Alberty given data about free energy of Hydrogen Grzgas=85.6 “/mol , GH2aqua=103 ¥/mol have detected
the Absolute standard Potential E°1=-0.2965 Volts as Thermodynamic reference value of electrode with Absolute
Free Energy change value AGeq=-28.6 X/mol.

Key Words: Physical Chemistry; Electrochemistry; Thermodynamics; Attractors; Biochemistry.
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Nernst’s potential Ozaqua / H20 | H(Pt) / HsO* un H202/ H20 | H202/ 02 studies

Ox oxidizing reactant half reaction: Ozaqua + 4H3O0* + 4e" <=> 6 H20 ; Go2aqua=330 K/mor ; E°02=0.9851V:
Red reducing reactant half reaction: 4H(Pt) + 4H20 < 4 H3O* + 4e-; metal hydrogen GHy=51.05 K/mo :
OZaquﬁ'Mﬂ)_@ZHzo ; AGquZGH20-4GH(Pt)-GOZaqua:(2*0-4GH(Pt)-330):-533.886 K/ mol
E02=E°02+0.0591/4+1g([O2aqua] *[H30*]#[H20]6)=0.9851+0.0591/4*10g ([ O2aqua] *[H30*]*/[H20]°) ;
En= E°n+0.0591¢Ig([H30*]/[H20])=-0.2965 V +0.0591<Ig([H3O*]/[H20]) ; E°1=-0.2965 V .
Gas O2gas+2H2gas<> 2H20; AGHess2H20=2AG°H20-(2A G °Hagas+AG° 02gas)=2*-237.19-(2*0+0)=2*-237.19=-546.4 K/mol
O2aquat2H2aqua <> 2H20; AGAiberty2H20=2GH20-2GHzaqua-Go2aqua=2*0-(2*103.24+330)=-536.48=2*268.24 ¥/ma;
Hydrogen Alberty R.A. Biochemical Thermodynamic’s 1-463. (2006) free energy Grzaqua=103 ¥/mol .
Substance| AH®H,%/mot| AS°H, /motik| AG°H,% mol AGHess=2AG°H20-4AGH(Pt)-AG°02aqua=-694.98=2*347.5 K /mor;
H20 -285.85 | 69.9565 | -237.191 | =2*-237.191-(4*51.05+16.4)=-694.98=2*347.5 X/moi. CRC 2010

H20 -286.65 | -453.188 | -151.549 AGeq=-533.886 “/mot ; AGHess= -689 </mol

HsO* | -285.81 -3.854 | -213.2746 in reaction 4H(Pt) + Ozaqua < 2 H20 ; absolute values
Ho@y | 234 130 | 99.13 | AGeq=-494.62 /ot | < | AGHess= -689 Wmol | ;

O2aqua -11.70 -94.2 16.4 [H201 logarithm of E°o2classic=1.229 V thermodynamic potential

Ozaqua | -11.715 | 110.876 16.4 E°=1.383+0.10166=1.485 V absolute E°=1.485-0.3982=1.0868 V
AGeqoxred=(E°H-E°02)*Fe1+4=(-0.2965-1.0868)*96485*4=-1.383*96485*4/1000=-533.9=2*-266.9 “/ma ;
KegzH20=eXp(-AGoxred/R/T)=exp(533870.8/8.3144/298.15)=exp(215.363)=1093-53
GH(P)=(2GH20-AGeq2H20-Go2aqua)/4=(2*0+533.871-330)/4=204.2/4=51.05 X/mo| AGhecorion =-347.5 Ky
Exothermic and exoergic O2aqua reduction with metallic hydrogen 4H(Pt) AGHomeostasisH202 = -242,7 /ol .\’g
and H20: dismutation Hess free energy change negative
AGHess2H20=-344.5....... kol , AGHomeostasis_r202=-242.9........ k‘]/mol, but minimized
reaching equilibrium AGeqzr0=-247 mol and AGegstandart=-238.5........ K)/mol mixture
constants Keqao0=10855......... and Kegstandara=10%835, ...

The minimum AGnmin is Prigogine attractor. Free energy change minimum reaching
establish equilibrium state.

On absolute potential scale Nernst’s half reactions standard potentials are:
Red H202+2 H20=02aquat+2 H30 *+2 e7; E°H202=0.4495 V Alberta University ;

Oks H202+ 2H30*+2e =4 H20 ; E°0x=1.6855V  Suhotina; AGeqzr20=-266,9 ol T

2H202ag=>02aquat2H20+Q+AG; AGeastandarg=-238.5 /mol
Reactants 4H(Pt)+ Ozaqua and products 2H20 AA+B 50% 2D
Reactants 2H202aq and products Ozaquat+2H20 2A 50% B+2C

AGHess=Go2aquat2*GH20-2*GH202=16.4+2*-151.549-2*-134=-18.7 K/mol;
AGHesscRe=G02aquat2* GH20-2*GH202=16.4+2*-237.19-2*-134=-189.98 X/mo;
AGegstandard=(ERed-Eoox)*F*n=(0.4495-1.6855)*96485*2=(-1.24)*96485*2=-238.51 K/mol ;
AGAIbertyStandard:GOZBiochem arteriajt2* GH20BioChemistry-2* GH202=78.08+2*85.64-2*284.25=-238.51 I‘“]/mol; Alberty
2GH202 =Go2aquat2*GH20+AGAlbertystandard=330+2*0+238.51=2%284.5=568.5 “/mo;
[O,]aqua-[H,0] *
[H 0, Kqua

Red: EoH202=E°H202+0.0591/2°1g(O2aqua] *[H30 *]%/[H202]/[H20]?)=0.4495+0.0591/2*1g(6*10"-9*10°732/1/55.3%)=-0.213

OX: Eoox=E°H2020x10.0591/2<log([H202]*[H30 *]?/[H20]*)=1.6855+0.0591/2*Ig(1*10"(-"-36*2)/55,3"4)=1.0445
Homeostasis: AGeggiochem=(ERed-Eoox)*F*n=(-0.2132-1.0445)*96485*2=(-1.258)*96485*2=-242.7 X/ma;

1.AHuess=AH® 02+ 2AH 20-2AHHp02=-11.7-2%286.65-(2*-191.99)=-201.02 /e =-11.7-2*285.85-(2*-191.17)=-201.06 ¥/

2.ASdispersed=-AHH/T=-(-201.02)/298.15:674.2 Imolik 5 ASdispersed=-AHH/T:-(-201.06)/298.15=674.36 I molik ;

ASHess=AS°02+2AS°H20-2AS°H202=-94.2+2*-453.188-(2*-481.688)=-37.2 Y/mol/k;

ASHess=AS°02+2AS°H20-2AS°H202=110.876+2*69.9565-(2*143.9)=-37 Y/molik;

2. AStota=ASH+ASdispersed=-37.2+674.2=637......)/moiik AStotai=-37.011+674.36=637.35...... mol/k;

4. AGHess=AHH-T*ASH=-201.02-298.15*-0.0372=-189.9 k/mql exoergic spontaneous.

AGHess=AHH-T*ASH=-201.06-298.15*-0.037=-190 X/moi ;
TeAStotai=0.637%*298.15=189.9 ¥/mol ; T*AStota=0.63735%298.15=190 ¥/mol;

=Kn202=exp(-AGeq/R/T)=exp(238510/8.3144/298.15)=104175.........

KeqStandard:
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Nernst’s potential studies reducing with vitamin Bs ethanal HsCCH=0 and oxidising HsCCH20H ethanol
Aerobic [NAD*)/[NADH]=10%; H3C-CH2-OH+NAD*+H20+AG+Q=>H3C-CH=0+NADH+H30*

AGHess=AG°H30+AG°cHacHo+AG °NADH-AG °cHacH20H-AGH20-AG°NaD+=159.1 K/mor;
AGHess=32.2824+1175.5732-151.549-(75.2864+1059.11-237.191)=159.1 K/ma endoergic;

AGHessAlbertycH3cH20H=GNADH+GHz0++GcHacHo-( GNAD++GcHacH20H+GH20)=_68.02 K/mol;

=1112.534+22.44+32.282-(1175.5+75.2864-151.549)=68.02 X/mol.
Ox NAD*+H-(2e’)<=>NADH ; absolute potential E°napn=-0.4095 V; David Harris; [22]
Red CH3CH20H+2H20 CH3CHO+2H30*+H-(2e"); absolute potential E°cHscH204=-0.055 V; [19]
By convention balanced n = 2 = m number of electrons 2e-AE’ is expressed as E 2120 of the electron donor minus
E°1 of the electron acceptor. Because NAD* is accepting electrons from ethanol :
AGmin=AGeq=(E °egNernscHacH20H-E °nap+) *F*n=(-0.055+0.4095)*96485*2=(0.3545)* 96485*2=68.408 V/moI;
. [NADH] : [CH3CH O]'[H’%O+] _AGGC] 8 3&8420988 15 -12 -11.985

AGeqz-R°T°ln(Keq), Keg= [NAD+]' [CH3CHZOH]'[H20] :e ReT —€ 8314298 =1.036°1012=10"1L

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

AGHessAlbertycH3cH20H= GNAD++GcH3acH20H+GH20-(GNADH+GH30++GcHacH0)=-68.02 K/mol;
=1175.5+75.2864-151.549-(1112.534+22.44+32.282)=-68.02 X/mol.
Red NADH <=>NAD"* + H-(2e); absolute potential E°napn=-0.4095 V; David Harris; [22];
Ox CH3CHO+2H30*+H-(2e")<=>CH3CH20H+2H:20; absolute potential E°cHscH201=-0.055 V; [19].
By convention balanced n=2=m number of electrons 2e-AE° is expressed as E°! of the electron donor minus
E°2n20 of the electron acceptor. Because CH3CHO is accepting electrons from NADH in our example
AGmin=AGeq=( E°NAD+-E eqNernscHacH20H) *F*n=(-0.4095+0.055)*96485*2=(-0.3545)* 96485*2=-68.408 K/mol;
. [NAD+] [CHSCHZOH]. [H 20 ] ARG('EIfq 8 31?8332 15 11 11.985
AGeg= -ReTeIn(Keq); Keg= [NADH]-[CH,CHO[H,0"] ~° °T =g 83140298.15 =0 65¢10*'=10""

In aerobic organisms NADH oxidase with Ozaqua perform ratio [NAD*]/[NADH]=106; A 1509, G M
AGHomeostasis=68.408+ ReTeln(106%1/1*10-736/55,3)=68.408-86.2= -17.8........... K mol. Hoss B
[NAD*J/[NADH]=10% AGHomeostasis=68.408-69.08= -0.676..........}/mol. 8650 | eropic
Equilibrium is shifted far to reactants as aerobic constant Keq =10-11-985 and asymmetric

anaerobic constant Keq =101%95, Aerobic endothermic and endoergic vitamin Bs ethanol
oxidation Hess law free energy change pozitive AGHess= 159........ K/mor and asymmetric
ethanal anaerobic reduction negative AGHess= -159........ K/mor , but minimises reaching

anaerobic

,‘:‘,AGmin:l 68.4 kJ/mol

A . . +B+ ) +Ee+
equilibrium aerobic AGmin=AGeq= 68.4....... kJ/mol and anaerobic reactants _ AA[)+EH§?:(():/|:?OE +|If|20
AGmin=AGeq= -68.4....... ¥/mol reaching equilibrium mixture products_ N ADH+HsCCHO+H3O*
constants 10-11-985=Kq aerobic and anaerobic 101985=K, %arobic

Prigogine attractor is free energy change absolute minimum AGmin reaching
equilibrium AGmin=68.4....... /moi= | AGeq | < | AGHess | = 159....... K/mol.
Anaerobic HsC-CH=0+NADH+H30* =>H3C-CH2-OH+NAD*+H20+AG+Q);
Anaerobic AGeg=AE’*Fen=-0.3545 V+2 mol*96485 C/moi= -68.408......... K/mol favored.
Insufficient low Ozaqua cONcentration hypoxia to anaerobic alcohol oxidation unflavored
but ethanal red_uctioq to ethanol favored [HsCCH2OH]/[ HsCCH:O]:lllo homeostasis D+E+F 5006 A+BIC
reduction with NADH reductase enzyme as negative free energy change NADH+HsCCHO+Hs0*

AGHomeostasis= -27.86........ I(‘]/mol NAD*+H3CCH20H+H20
Anaerobic homeostasis ratio [NADH]/[NAD*]=10 over [NAD*] favors reduction:
AGHomeostasis=-68.41+8.3144*298.15*'n(KHomeostasis)=-68.41+40.54 = -27.86........ I/ mol

. 1 1 55333 _ [NAD }[CH,CH,OH] [H,0]
AGHomeostasis=-68.41+8.3144*298.15 In(E E 10—7.36 )=-27.86 kI/mol ; KHomeostasi= [NADH]-[CH3CHO]-[H30+]

anaerobic

AGmin= -68.4 k']/mol\if

[NADH]/[NAD*]=1/770; AGHomeostasis=68.408+8.3144*298.15*In(700/1*1/1*55.3457/107-36)=0.028 X/mol.
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High rate protolysis peroxide anions H*+HOO><"OOH+H* collision activation energy is high Ea=79000 */mo opposite
HOO=> collision activation energy Ea=29 Y/mq catalysts is small. Producing ®=6, ®=3 fatty acids:
2HZOZ(aq)<:>OZaqua+2HZO+Q+AGH ;
AGHesszAGooz'FZAGOHzo-ZAG°H202=16.40+2*(-237.191)-(2*-134.03)2-189.9 ......... kJ/mou exoergic
AGressalberty=G °02+2GH20-2G °H202=303.1+2%(0)-(2*364.79)=-426.5.......Kmoi=-213.25*2....../moi €X0€rgic
Substance AHOH,kJ/mol ASOH,J/mOI/K AGOH,kJ/mol 1. AHOHess:ZAHOproducts‘EAHoreaCtants; 3. AGOHess:AHOH‘T'ASOH;
H;O* -285.81 -3.854 -213.275 Miscenko 1968. Himia, Leningrad 2.AS°Hess=ZAS °°products~2AS °reactants
O2aqua -11.715 | 110.876 16.4 |CRC 2010; 2.AS°Hess=EAS *°products-ZAS reactants

OZaqua -11.70 -94.2 16.40 AHHESSZAH°oz+2AH°H20-2AH°H202=-201.02 ..... =-201.06...... kJ/mo|
H.O -285.85 | 69.9565 | -237.191 =-11.7-2*286.65-(2*-191.99)=-201.02......"/me eksotermiska..
H>O -286.65 | -453.188 | -151.549 =-11.7-2*285.85-(2*-191.17)=-201.06......5%mnal

H2O2@ag | -191.99 | -481.688 | -48.39 |BiochemThermodynamic 2006 Masachusets Technology institute
H2O2@q | -191.17 143.9 -134.03 |University Alberta 1997.

H,O,, | -237.129 69.91 -237.129
2.ASdispersedZ-AHH/TZ-(-201.02)/298.152674.2 ..... ok ; AsdispersedZ-AHH/T:-(-ZOJ..06)/298.152674.36....J/mouK ;
ASHess=AS°02+2AS H20-2AS °Ho02=-94.2+2*-453.188-(2*-481.688)=-37.2....)lmoik;

ASHess=AS°02+2ASH20-2AS °H202=110.876+2%69.9565-(2*%143.9)=-37.... /mou;
2. AStotalZASH+ASdispersed:‘37.2+674.2:637 ..... J/mol/K AStota|=‘37011+67436=63735 ...... J/mol/K;
4, AGhess=AHp-T*ASH=-201.02-298.15*-0.0372=-189.9........ K/mol EXO0Ergic............. spontaneous...........
AGhess=AHH-T*ASH=-201.06-298.15*-0.037=-190........ ot ;
TeAStota=0.637*298.15=189.9......... ot 3 T*AStoa=0.63735*298.15=190......... ol
[H20:]= 1; 10710 M homeostasis concentration [O2aqua]=6*10° M, [H30 *]=1073¢ M, [H.0]=55,3 M.
Red H,0,+2H,0=0,+2H30*+2¢"; E }1202=0,4495 V Absolute standard potencials; Eres= E H20210,0591/2¢
*1g([O2aqua] *[H3O *]¥/[H20-]/[H20]?)==0,4495+0,0591/2*log(6*10"9*10"(736*2)/10/(-10)/55 3"2)=0,08227 VV
Ered=E °H20210.0591/21g([O2aqua] *[H30 *1/[H20,)/[H20]?)=0,4495+0.0591/2*Ig(6*10"(5)*10"(736*2)/1/55.3"?)=-0.2132 VV
Ox H202+2 H30 *+2e=4H,0; -E oxr202=-1,6855V Absolute inverse standard potential ;
-Eox=-E H2020x+0,0591/2°log([H2.0]*/[H20,])/[H30 *]?)=-1,6855+0,0591/2*l0og(55,3"4/10"(-7,36*2)/10/"(19)=-0,749 V;
-Eox=-E °h2020x10.0591/2+log([H202]*[H30 *]/[H.0]%)= -1,6855+0.0591/2*Ig(1*10"("-36"2)/55.3")= -2,3265 V
[H202]=1 M; [H20,]=10"(-10) M; concentration 2H,02aq=>02aquat2H-0;
[H202]=10"10 M; AGeggiochem=(E ®ed-E ox)*F*n=(0,08227-0,749)*96485*2=(-1,236)*96485*2=-128,7 /o ;
[H20:]=1 M; AGeggiochem=(E Red-E ‘ox)*F*n=(-0,2132-2,3265)*96485*2=(-2,5397)*96485*2=-490,1 “/mna ;
AGAiberty=Go2Biochem_arteriaj*+2* GH20BioChemistry-2* GH202=78,08+2*85,64-2*364,79=-480,22 K/ma;
2H205(ag) =>07aquat2H20+Q+AG; For activate homeostasis products, hydroxonium and peroxide anions:
Gr202=364.8 “mol; Grao++Groo-=22.44+418.32=440.76 W/ free energy referring to water and COxgas
2ero Gh20=Gco2gas=0 “/mol appreciate values :
AGegstandard=(E H202-E H2020x)*F*n=(0,4495-1,6855)*96485*2=(-1,1845)*96485*2= -238,5..../ ol ;
AGHessA|beny:Goz+2GHzo-zGH202:330+2*(O)-(2*284):-238 kJ/moll X Alberty
Kegstandat=Kn202=€Xp(-AGe/ R/ T)=exp(238500/8.3144/298.15)=1048........
Exothermic and exoergic H,O; aq) dismutation Hesa free energy change AGaibery iS Negative - A AGressatery = 480 o A
480........ K/ mot, but minimized AGegstandart=-238.5........ K/moi reaching equilibrium mixture constant
Keg=10%48....... Le Chatelier principle is Prigogine attractor free energy change minimum AGin
reaching. High rate protolysis attractors pH=7.36, oxygen 20.95% in air stay at equilibrium, while
Homeostasis irreversibly continues, as are non equilibrium state. Prigogine attractors Nobel Prize
Chemistry 1977%". CATALASE erase peroxide molecules H,O: to 100% ®=6, ®=3 fatty acids
C20:4 efficiency elongation synthesis in peroxisomes. CATALASE reactivity is indispensible CATALASE
irreversible Homeostasis Brownian molecular engine for evolution and survival.

reactants 2H;0xg) St

prOdUCtS_OZaqua+2 HZO AGStandart:'238,5 kJ/moI\:’.
]

A+A 50%  B+2C
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