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Oxidative stress cause non-enzymatic oxidation in multiple radical chain reactions and parallel products to
contaminate and destroy the organism! Oxygen Oz +4H30"+4e'=5H20 potential -E°0>=-1,0868 V is strong
oxidant, exoergonic, spontaneous Prigogine attractor AGo,=-Eo>*F*n=-1,0868*96485%4/1000=-419,44 <'/1n,|.
The oxygen spontaneously accepting four electrons with adding protons 4H30", forming two water molecules.
Solubility oxygen in water free energy content increases about 26.58 /01 from 303.1 ¥'/imo1 to 330 /ol

G02ae=G0225+G026p=303.1+26.58=329.68=330 /o1 .
G028=2(Gr20-(Gr22-AG°120))=2*(0-(85.64-237.19))=303.1 /01
H=7.36 Massachusetts Technology Inst. Alberty [8]
AG°30_absolute=GH30-(0.5GH28%+1.5%G128%)=-257.46 '/mmo1;
AH°n30 +=-285.809 X/moi Mischenko 1972, Himia, Leningrad [26]
Ge-=AG°130+-Gu30++(1,5*Gr2%*+0,5%G022%)=26,121 X/pno1;
Biochem.Thermodyn. Massachusetts Technology Inst. [8]
pH=7.36 [8] Biochem.Thermodyn. Massachusetts Technology Inst.
CRC 2010 [1}
Gueo=(2Gu20-AGeq21120-G02aqua)/4=48.56 '/ imol;

H=7.36 [8,1] Massachusetts Technology Inst. Alberty [§ CRC 1]

Substance] AH1,X /mot [AS®H,/mork|AG°1,5/mol
H»0 -285.85 69.9565 | -237.191
H>O -286.65 | -453.188 | -151.549
H30" |Gawerymzo=| 22.44 | -257.46
H;0" -285,809 |-182,5266(-231,3887
H30" G.. formation|-231,3887| 26,121
H,* Alberty | pH=7.36 85.64
Hawp | -5.02 | -363.92 | 103.24
Hiag | 234 130 | 99.13

H(Pt)@ag | E'H-E°02=| -1.3575 48.56
O2aqua -11.70 -94.2 16.4
O2aqua -11.715 110.876 16.4

CRC [1] G022=303 Yol , G020q=329.68 /mo;

Oxygen solubility free energy change is exothermic and endoergonic 0,8*5+H>0=03.4, which mol fraction for

gas [0,8%]=1 and value in water is [O2aq]/[H20]=1.22%10"3) M/s53=2.206*107. [7]
Keq=[0244]/[028%]/[H,0]=2.206*1073/1=2.206* 107 constant is less as one. The Hess
standard change AGress=AG°02ag-AG°120-AG°028%=16.4-(0-237.191)=253.6 ¥/mo1 is also
endoergonic AGaery02a¢=G02aq-(GH20TG028%)=330-(0+303.1)=26.58 //1n01 , as Prigogine
attractor endoergonic is AGeqg=-ReTeIn(Kcq)=-8.3144%298.15%In(2.206*107°)=26.58 *//ol.
The free energy of solubility is minimized from pure substances AGress=253.6 ¥'/mol to
AGeq=-ReTeIn(Kcq)=26.58 X/mo1 Prigogine attractor as equilibrium state mixture, because
all non-equilibrium states tend to the minimum, to the established equilibrium state AGeq.
Osmolar Cosm=0 M and ionic force I=0 M in water of air 20.95% oxygen solubility is
[02aq]=Kspeq *[O2air] *[H201=2.206%1075*0.2095*55.3=0.00025546 M.

$AGinin= 26.58 X/l
A+B  50% C+D
Reactants
0282+H208Bl100d
product O2aq-Blood.

The sum O2aquat4H(Pt)=2H>0; of the standard electrode potentials of oxygen reduction -E°0,=-1.0868 V plus
the hydrogen oxidation 4H(Pt)+4H>O=4H30"+4¢" potential E°y=-0.27073 gives the Prigogine attractor
AGeq=(E 1-E°02)*F*14=(-0.27073-1.0868)*96485%4=-1.3575*96485*4/1000=-2%261.96=-523.925 "/ for free
energy change. S0 AGeq120=2Gn20-4GH(pt)-G02aqua=2*0-(4*Gri(py+329.68)=-523.925 /o1 metal hydrogen free
energy content is Guey=(2Gu20-AGeq21120-G02aqua)/4=(2*0+523.925-329.68)/4=194.251/4=48.56 </ mo.

Biochemistry decreases oxygen Ozaqua free energy content to Go2aqua=329.68 “/mol to GooBiochemistry=88.22 ¥'/mol.
Osmolar Cosm=0.305 M, ionic strength [=0.25 M in arterial blood plasma from air 20.95% oxygen solubility

[0249]=6-10" M and venous [02aq]=0.426-10> M isooxia is maintained by osmosis of oxygen molecules through

aquaporin channels crossing membranes against osmolar concentration gradients ACosm.

Arterial plasma [O24qua]=6*10 M and [H30*]=107-*¢ M concentrations oxygen spontaneous potential decrease to

E02=-E°02+%9%1/4e10g([H201%/[O2aqua)/[H30"]#)=-1.0868+°0591/;¥] 0 g(6* 10N D)* [ QAT 36™)/55 34675)=-0.46174 V

by AEarteria=-Eo002-(E02)=-1.0868-(-0.46174)=-0.62506 Volts and

free energy content by AGarieria=AEm20*F*n=0.62506*96485%4/1000=-241.24 /11,1

The free energy content of 028% Alr+H20=028100d With solubility contribution increases by:

[0

2 aqua]

Koei= To, o 11,00 ~2205" 10°5; Gozspeq=-ReTeIn(Kpeq)=-8.3144%298.15*In(2.205%1075)=26.58 //1mol.

Protolysis decreases free energy to Gozgiochem arteria™=G02aquTG02spAGarteria=303.1+26.58-241.456=88.22 /1no1
and oxygen becomes fire safe biochemical oxidant, forming arterial concentration [Q2aqua]=6*10> M as safe

Bioenergetic sustaining normal isooxia. [3];
1) Water 55.346 M decreases oxygen potential from -1.0868 V about 0.1288 V=-1.0868-(-0.95805)=AEn:o0.

E002=E°021+%91/;*log([H20]°)=-1.0868+0.01478*log(55.346™°)=-1.0868+0.1288=-0.95805 V ;

2) [H30"]=10 times the potential decreases and free energy content increases about AEn30+=-0.05912 V
AEn30=0.01478¢log(1/[H;0"]*)=-0.05912 V and AGmax=AEu30*F*n=-0.05912%96485%4/1000=-22.817 //ml;
3) Air 20.95% replaced with 100% oxygen [O2aqua] concentration 5 times increase potential about
AE02100%=0.0147810og(1/[O2aqua])=0.01478*log(1/5)=-0.01033 V . Free energy content for oxygen
increases about AGmax=AEn30*F*n=-0.01033%96485%4/1000=-3.987 /o1 .
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NASA Apollo Moon project closes 1972 because of oxidative stress and hazards risk.

Formation from elements C+6H28* +30,8=CsH1205 free energy change calculates from Alberty data at
pH=7.36 AG® Atberty=Gcon1206-(6Gceraph 12 * Gu28*+6*G022%)=-402.05 *'/mo1. Energy in the mol of glucose is:
Gcon1206=AG’ Atberty H(6G coraph+6* G225 +3* G028%)=-402.05+(6%91.26+6*85.6+3*303)= 1568.1 /01 .

Substance |AH°H/mol|ASH /moikl AG®¥/mol| 2006, Massachusetts Technology Inst. Alberty [8] pH=7.36.
CeH12064q¢ | -1263.78 | 269.45 | -919.96 |[CRC 2010
pH=7.36 Glc| -1267.13 | -2901.49 | -402.05 [[8] formation AG° Atberty=-402.05 /mor;

Calculation of free energy in glucose oxidation CeH12061+602aquat 12H20=6H30*+6HCO3 in three ways:

1) In reaction published Alberty AGarterial c6n1206=60*Gr30+1T6*GrC03--(Garterial_c6H120616%*Go2aquat12*Gr20)=
=6%(22.44+56.08)-(1568.1+6*88.22+12*85.64)=2653.98 “'/n01 data give value Geeni206=1568.1 /ol .

Alberty reaction AGceni206=-2654 '/mo and oxygen inverse absolute and standard potentials sum

AE°=(E°c6u1206-E°02)=AGLechninger/F/n=-2653980/96485/24=-1.1461 V give the absolute free energy change
AG Abery=AEC*Fon=(E°c6n1206-E°02)*Fen=(-1.1461)* 96485*24=-2654 /01 for the oxidation reaction
CsH1206+12H20+6024qua=6H307+6HCO5™ by published data AGaiperty=-2654 X/mor. [8]

The sum of the absolute standard potentials (E°ceni1206-E°02)=(Eceén1206-1.0868)=-1.1461 V of glucose and

oxygen allows us to determine the absolute standard potential for glucose
E°cen1206=AE+E°02;=-1.1461+1.0868=-0.0593 V, which is calculated from the value of the
inverse Nernst’s half reaction absolute standard potential of oxygen reduction -E°0,=-1.0868 V.

The absolute standard potential of glucose oxidation is negative because the strong of 24-electron donor, what
reduce the six oxygen molecules in Nernst’s inverse reaction Oaquat4H30"+4e=5H,0 with an absolute standard
potential -E°02=-1.0868 V.

Adding the classical standard potential of glucose E®classic=0.031193 V, counting 42 water molecules within
Nernst logarithm -0.0591/24*log(1/55.3"%?)=0.18024 and the combined sum AE°=+0.10166-0.37239,
the absolute standard potential for the Nernst half-reaction of glucose oxidation

CeH1206+42H,0=24H;0"+6H30"+6HCO;+24 ¢ is
E°com1206=E °classic-0.0591/24*log(1/55.3/2)+AE°=0.03119+0.18024+0.10166-0.37239=-0.05930 V.

2) Lehninger reaction AGcen1206=6*Gn30++6*Grco3--(GstandardCen120676*Go2aquat12*GH20 Biochem)=-2840 /ol
has classic standard content in the mol of glucose Gesuiz06=6*(22.44+56.08)-(-2840+6*330+12*0)=1331 /ol
Arterial oxygen [Oaarteriala]=6* 10" M; hydroxonium [H30*]"30=107736"39 M and [CsH1206]=0.005 M glucose
concentrations in the blood arterial decrease the glucose reducing potential to Earteria=-0.9310 V:
Eatberty=E°cor12061°0>1/24010g([HCO31*[H30* % 11207**/[ CeH1206 ] )=
=-0.0593+90591/,,*10g(0.0154*10C736"30)/5 405/55 346"*?) =-0.7821 V.

Inverse oxygen reduction absolute arterial potential has less negative versus standard E°02 < Eozarterial
Eozarteria=E° 0271 /4elog([H201%/[02aqua/ 130+ 1) =-1.0868+°951/,*10g(55 346" /6/ 10"/ 10" 736*4)=-0.46068 Volts.
Homeostasis potential sum is more negative AEarcria=EceH1206arterialt Eo2arteria=-0.7821-0.46068=-1.39168 Volts.
Free energy change AGarerial 1S more exoergonic negative as absolute standard classic value:
AGareria=AEFen=(E ceu1206arteriai-E02arterial) *Fon=(-0.7821-0.46068) *96485%24=-28877.8 /ol .
3) free energy content AGareerial coH1206=6*Gr30+T6*Grco3--(Garterial con120676*G02aquat12*Gr20)==2877.8 /ol
at homeostasis of glucose is Garterial_ c6H1206=0*GH30++6*GHC03--(AGarterial c6H120616*G02aquat12*GH20)=
=6%(22.44+56.08)-(-2877.8+6%88.22+12%85.64)=1791.92 ¥//1n,1.

Generated 6HCO3-+6H30™ ions drive reactants 602aqua and 6H20 through membranes aquaporins channels
by osmosis against the concentration gradients and transporting 6HCO3+6H30" ions down the gradients
through bicarbonate and proton channels consuming released free energy AGarerial con1206==2877.8 X/mot.

One mol glucose oxidize six mols of oxygen producing six mols bicarbonate 6H3;O"+6HCOs:
CsH1206+42H,0=24H30"+6H30"™+6HCO3+24 ¢ + sum + 6024quat24H30"+24e=30H,0;
CsH1206+42H20+602aquat24H307+24e=24H30"+6H30"+6HCO3+24 ¢ +30H-0;
CsH1206112H20+602aqua = 6H30"+6HCO3"
in protolysis activate 12H,0+6CO,gas from zero reactants 12Gu20T6Gc028*=12*0+6*0=0 /ol
to products free energy actual content 6Guzo++rc03-=6Gu30++6GHC03-=6%22.44+6%56.08=471.12 /1.




Absolute potential and free energy values include accounting for hydroxonium H3O* and water H>O.
Oxygen in the inverse half-reaction with free energy Gozaqua=330 “/mo1 and potential -E°0,=-1.0868 V reduces
to water O2aquat4H30"+4e=5H,0 by oxidizing four metallic hydrogen atoms 4H(Pt)+4H,O=4H30"+4¢" in the
Nernst half-reaction with free energy content Grpy=48.56 “'/mo1, where the absolute standard potential of the
electrode is E°y=-0.27073 V. Standard free energy change in reaction O2.q+4H(Pt)=2H>0O from aqua elements is
AGHes2m20=2G120-4Gr(py-Go2aqua=2*0-(4*48.56+330) )=-524.24=2*-262 /101 The sum of the electrode standard
AGeq=(E 1-E°02)*F+4=(-0.27073-1.0868)*96485*4=-1.3575%96485%4=-523.925=2%-262 /n01 allows us to
calculate the energy change for the formation of water from elements metallic hydrogen H(Pt) and oxygen O2aqua,
which coincide with the absolute free energy scale Gupy=48.56 /mol, G02aqua=330 /mol and the absolute
potential scale E'y=-0.27073 V, -E°0,=-1.0868b V experimentally obtained for free aqua elements O2aqua, H(Pt).
Hydrogen standard free energy in water solution Gu2aqua=103.24 /i1 is at pH=7.36. [8] O2aquat2H2aqua=2H20;
Free energy AGresscRCaqua=2AG°H20-2AG H2aqu-AG°02aqua=2%-237.191-(2%99.13/2+16.4)=-589.91=2*-295 /01
standard change calculated from CRC data for the formation of elements pure reactants convert into products,
that is maximum possible AGesscrRCaqua=-295 */moi>AGeqr(py 120=-261.96 X/mol therefor greater than equilibrium.
Formation from aqua elements at Homeostasis Alberty data pH=7.36, Gu2aqua=103.24 X'/imo1 and G02a¢=88.22 /ol
gives AGH20Homeostasis=GH20-(GH2ag G 0220/2)=0-(103.24+88.22/2)=-147.35 /1no fire safe, smaller changes. [8]
Substancel AH°u,"/mo1 [AS°H, /mor]AG 1, /mo] Water environment of Biochemistry has energy Gru20=85.6 X/mol
H,O -285.85 | 69.9565 | -237.191 |Gu20=AGn20Alberty-(AG°H20)=-151.549-(-237.191)=85.6 /o1 . [8]
H,0 -286.65 | -453.188 | -151.549 |JAGu=AHu-T*ASH=-286.65-298.15%-0.453188=-151.5 //no1;
H30" |Gawerymzo=| 22.44 | -257.46 AG°30_absolute=GH30-(0.5GH25%+1.5%G128%)=-257.46 /nmo1;
H;O0* | -285.809 -168,8 -235,48 |AH®u30 +=285.809 X/mo1 Mischenko 1972, Himia, Leningrad [26]
H30"G.. formation| -23548 | 22,029 Ge-=AG°130+-Gr30++(1,5*Gr28%+0,5*G028%)=22,029 X/imi;

Hj(aq) 23.4 -130 99.13 |CRC[1] GH2%%=85.6 “'/mol;
Hz@q) -5.02 -363.92 | 103.24 [pH=7.36 [8] Biochem. Thermodyn. Massachusetts Techn. Inst.

E° H(Pt)| -0.27073 [E°0,-1.0868 48.56 Grey=(2Gn20-AGeq21120-G02aqua)/4=48.56 X/ 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:
Keq2i20=Koxrea=eXp(-AGoxred/R/T)=exp(261960.6/8.3144/298.15)=exp(105.675)=7.832*10% .

Exothermic and exoergonic O2aqua reduction with metal hydrogen Hess free energy
change negative, but reaching equilibrium state AGeq2n20=-262 ¥//mol at minimum
has constant greater of one Keq2120=7.832*10%. The equilibrium state is attractor
AGeq=-R*T*In(Keq) for all non equilibrium states. Equilibrium is reached when the
change has minimum in free energy. Oxidation Ox H20>+2H20=024quat2H30"+2¢
E°H2020x=0.52677 V and reduction Red H,0>+2H30"+2¢=4H,0 absolute inverse
standard potential -E°H202red=-1.7113 V sum E°n2020x-E°H202red=-1.18449 V.
Protolytic dismutation of peroxide molecules is AGegstandard 1202=-228.6 X/mol
exergonic, negative. The solubility of oxygen Ozaqua compensates the water

AGHess-cRe=-295 /ol

CATALASE

AGeqHZO=‘262 K mol

028%5+H,0=012aqua in products as like dismutation 2H20:=02aquatH20. AGeaStandard=-228.6 /ot 4
Reactants 4H(Pt)+O2aqua and products 2H>O AASB 50% D
All reactants 2H20; and products O2aquatH20O are aqua 55 50% B+C

CATALASE erase peroxide molecules H2O; reaching 100% efficiency for =6, ®=3 fatty acids elongation
synthesis of C20:4 in peroxisomes. CATALASE reactivity is indispensable irreversible homeostasis Brownian
molecular engine for evolution and survival. Exothermic and exoergonic H20, dismutation free energy change is
negative, but minimized AGeqatery=-228.6 X/mo1 reaching equilibrium state favored constant Keq=1.11¥10.
Attractor is zero state sum 0=AG=AGeqTR*T*In(Keq) of equilibrium state. Biosphere attractors pH=7.36, oxygen
20.95% in air are in equilibrium, while elongation of ®=6, ®=3 fatty acids in peroxisomes proceeds with 100%
yield, because the peroxide concentration is quenched by CATALASE by zeroing [H20:]=>0.

Ox potential has E°lassic2020x=0.6945 V [1,19], water logarithm -0.0591/2*log(1/[H20]?)=0.103, sum AE°:
E°20=E classic-0.0591/2*log(1/[H20]*)+AE°=0.6945+0.103+0.10166-0.37239=0.52677 V. Reduction potential
has E°classic=1.776 V [1], water logarithm -0.0591/2*log(1/[H,01*)=0.206, sum AE°=+0.10166-0.37239 :

E°H202Red=E  classict202red-0.0591/2*log(1/[H2O]*)+AE®=1.776+0.206+0.10166-0.37239=1.71126 V.
Inverse reduction H20>+2H30 *+2e=4H,0; AGegsandard 1202=-E°H202red*F*n=-1.71126*96485%2=-330.222 X'/
is exoergonic negative AGeq=4Gn20-(Gabertyn202+2Gr30+)=4*0-(285.342+2%22.44)=-330.222 X/ 1no1. [8]
Free energy content is Gaibertyn202=4Gu20-(AGeqt2Gr30+)=4%0-(-330.222+2%22.44)=285.342 /1.

Dismutation pH=7.36 is favored AGress2120:=Gr20TG02aq-(2G1202)=2*0+330-(2*285.342)=-240.684 /1.
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0=6, =3 fatty acids C20:4, oxygen, water and heat:

2G1202=2G20+G022%5-(AGHess21202)=2%0+303.1-(-155.12)=2*229.1 ¥/1no1. [1,8]
Peroxide oxidation and inverse reduction standard potentials sum calculates standard free energy change:
AEOHZOZZ(EOHZOZOx'EOHZOZRed):(O.52677'1-71 13):'1-18449 V.
AGeq 1202=(E°m2020x-E°H202Red) *F*n=(0.52677-1.7113)*96485*2=(-1.18449)*96485%2=-228.5788 *//no1.
2H20:,=02aquaTH20; AGeqn202=G02aquatGr20-2GAlberty 1202=330+0-2%279.2855=-228.5788 “//1no1. [8]
Gabertyn202=(Go2BiochemTGH20-AGeqn202)/2=(330+0+228.5788)/2=279.2855 X/ mo1.
Absolute potential scale coinciding with Alberty absolute free energy scale.
K202=[02aqua] *[H20]/[H2021*=exp(-AGe/R/T)=exp(228578.8/8.3144/298.15)=1.11*10%.
Bio concentrations [O2aqua]=6*107> M, [H30 *]=107¢ M, [H,0]=55.3 M, activate CATALASE [H>0,]=1 M.
Eox=E°202+0.0591/2°12([ O2aqua] *[H30 *1?/[H20:]/[H20]%)=0.52677+0.0591/2*1g(6* 10" -9%10"¢736%2)/1/55.3~2)=0.13596 V
Erea=-E °12020x10.0591/2¢log([H20-]*[H30 *1/[H20]%)=-1.71126+0.0591/2*1g(1*10"(736*2/55 3")=-2.3522 V
Sum Nernst’s + inverse reaction homeostasis absolute free energy electrochemical change has energy content
[H20:]=1 M; AGeggiochem=(Erea+Eox)*F*n=(-0.13596-2.3522)*96485*2=(-2.5197)*96485%2=-486.23 /01 ;
Standard AGAlberty:GO2Biochemiarterial+GHZOBioChemistry'2*GH202:88.22+85.64-2*279.2855:-384.711 kJ/mol;
Biochemistry concentrations [H2O2]=10"' M, [O2aqua]=6*107 M, [H30 *]=1073° M, [H,0]=55.3 M
Eox=E°12020.0591/21g([Osaqua]*[H30* /[H20, ]/ [H201)=0.52677+0.0591/2*1g(6* 10" -9* 10736"2)/1010/55.302)=0.15954 V';
Ered=-E ®12020x+0.0591/2+log([H>0,]*[H30 "T/[H20])=-1.71126+0.0591/2*1g(10"-10%1(0'736*2/55 3"4)—_3 64773 V
AGegioChem=(EreatEox) *F*n=(0.15954-2.64773)*96485*2=(-2.51964)*96485%2=-480.146 *//,;
AGAlberty:GO2Biochemﬁarterial"'GHZOBioChemistry'2*GH202:88.22+85.64-2*282.32:-390.78 kJ/mol. Absolute potential
scale is proportional to Alberty absolute free energy scale at all 1019 M <[H,0,] <1 M concentrations.
High rate protolysis peroxide anions collisions in peroxisomes proceeds with 100% yield of essential

2H202aq+2HZO:OZaqua+3H20+Q .

Collision H+HOO><OOH+H" in water activation energy is high Ea=79000 '/mo1 with slow rate of reaction. In

collision HOO=>

with iron(1IT) ion peroxide has small activation energy Ea=29 Y/mql. It increases reaction
rate thirty million times faster. The formation of H,O- from the elements gaseous and aqua is negative, exergonic
AG° 8 orma=Gr202H G022+ Gr2%*)=279.2855-(85.64+303.1)=-109.4545 *'/1,o1 with molar energy content
G202=AG " Formart(G 022+ GH28%%)=-109.4545+(85.64+303.1)=279.2855 /mo1. From aqua elements formation
exoergonic AG®agaFormi202=Gn202-GH2aqu-G02aqua=279.2855-(103.24-+330)=-153.9545 *'/n01 with identic molar
energy content Gau202=AG" aqaFormi202H(GH2aqutGo2aqua)=-153.9545+(103.24+330)=279.2855 /mol. [8]

H>0; formation data in literary sources: AG® Atberty=-48.39 /o1 [8]; AG 8korma=-109.4545 /o1
AG°cre=-120.4(-155.12) ¥/mol [1]; AG’ univaiberta=-134.03 "/mo1 [19], AG® aqaFormi200=-153.9545 ¥/ no;

Peroxide protolysis pK,=11.75 give molar Guoo-=333.86 //mol;
Biochem.Thermodynamic 2006 Massachusetts Technology Ins.[8]
AGH=AHp-T*ASH=-148.266 /mo1; University Alberta 1997. [19]
GH202a¢=AGH202Aberty T(G0225+GH28%)=340.25 Y/ mo1; [8]

AG albertyForma=GH202H(G 0225+ G22%%)=-109.4545 /o1 [8]
2Gr200=2AG 120072 G20+ G028 ~(AGHess21202)=2%229.1 ¥/ [1,8]
Gu2024=AGH20260rm (G 02aquat GH2aqua) =279.2855 ¥/ mol; absolute
Gatbertyn202=4Gn20-(AGeqt2Gu30+)=285.342 ¥/ mol;
Gabertyn202=(G02BiochemTGH20-AGeqn202)/2=279.2855 X/mol.
Gro0-=-Gm30++AGam202H(Gr202+G120)=333.861 /moi;

Substancel AHH, /ol [AS®H, /molkIAG 1,/ mol
H20240 | -191.99 | -481.688 | -48.39
H054 | -191.17 143.9 -134.03
H2032aq | Formation | -48.39 340.25
H203aq | Formation |-109.4545 | 279.2855
H203aq | Formation | -155.12 229.1
H2032aq | Formation |-153.9545 | 279.2855
H201aq | -E°m202red | -1.71126 | 285.342
H202aq |AE 1200Red0y -1.18449 | 279.2855
HOO" | pK.=11.75| 77.016 | 333.86
H20:, -187.8 109.6 -120.4

CRC [1] AGu=AHu-T*ASn=-187,8-298,15%-0,1096=-155,12 /mnl;

1. Peroxide protolysis H20:+H20=H30"+HOO" pK.=11.75 give the free energy change is endoergonic. So is
for AGamo>=-ReTeln(Ka/[H20])=-8.3144%298.15*In(10"11-79/55.3)=-8.3144%298.15%-31.07=77.016 '/m01 and
Hess law AGan20:=Gn30++Gr00--(Gr202+Grz0) =22.44+333.86-(279.2855+0)=77.016 '/mo1. Free energy molar
content is Guoo-=-Gu30++AGan202+(Gr202+Gr20) =-22.44+77.016+(279.2855+0)=333.86 </mo.

Protolysis accumulates energy molar content of peroxide

from Gu20+Groon=0+279.2855=279.2855 /1ol to Guzo++GH00-=22.4+333.86=356.26 '/l
Dismutation summary 2H20:=02,quatH>20 reducing peroxide H>O->+2H30 *+2¢=4H,0 at inverse potential
-E°m202rea=-1.71126 Volts give a bit greater free energy content both this Gaertyn202=285.43 X'/mo1 and that anjon
Gro0-=-Gm30++AGam202H(Gr202+Gr20)=-22.44+77.016+(285.34+0)=339.916 “// 01
HOO+H;0=03aquatH30"+2e" half reaction standard potential E° noo-=AGnoo-/F/2=15544/96485/2=0.08055 V

is in free energy change AGnemsit00-=G02aquatGr30+-(Gr00-+GH20)=330+22.44-(336.896+0)=15.544 X/ 01,
Absolute potential has E°lassic=0.29978 V, water logarithm -0.0591/2*log(1/[H.0]")=0.0515, sum AE°®:

E°H000x=E°-0.0591/2*10g(1/[H20]")+0.10166-0.37239=0.29978-0.0515+0.10166-0.37239=0.080551 V.
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Equilibrium K, electrode standard potentials E° are determinants of attractors AGeqg=-ReT*In(Keq)=E°nF.
The electrode potential has a common zero point and proportional to the absolute free energy AGe=E°nF.

[0H"].[H,0]

Endoergonic protolysis HyO+H,O=H30"+OH"; Keq= HOMH,0l =3,26°10"'%; accumulate free energy calculates

from Prigogine attractor AGeq=-R*T*In(Kcq) and Hess sums AGeqress=2AGproducts-2AGreactants [ 1,2,3,4]
AGeq=-ReTeIn(Keq) =-8,3144*298,15*In(3,261*10"19)=Gy30++Gon-(2* Gu20)=22,44+77,36-(2*0)=99,8 /ol
Water as the final product has zero free energy Gu20=0 “'/mor and is the background reference in Biochemistry.
It Hy+0,50244=H>O state formation zero from free elements of hydrogen G12=85,64 X/mo1 and Go22=303 *//mol.
The standard value of water formation AG°120=237,191 ¥/mo1 loses the remainder small part of the standard
G20=AG°m20H(GH2+0,5G022%)=-237,191+(85,64+0,5%303)=-0,051 /o1 ;
free energy of formation of pure water and is the fraction of the protolysis products [H;O*]+[OH]=10"7 M+10"’
M per mole of water, additionally reducing the standard free energy of formation AG°u20 by Gi20=-0,051 X/no1.
The standard value AH 30 =-285,809 ¥/moi Mischenko [1, 26] is confirmed by neutralization heat amount:
AHneuuansaﬁon:-ss,gSl kJ/mol AHHe55:2‘AHOHzo-(AH°H30+AHOOH-)=2*-285,83-(-285,809-230):-55,851 kJ/mol.

AH°n30=-285,809 /o1 Mischenko 1972 ,Himia, Leningrad [1,26]

AGr=AHpu-T*ASH=-286,65-298,15%-0,453188=-151,549 “//5,01; [8]

AGH=AHg-T*ASp=-285,85-298,15*-0,0699565=-264,99 /pqI;

CRC [1] AG°on=AH-T*AS=-230-298,15*-0,0108=-226,78 /mal;

AG°130+=AH-T*AS=-285,809-298,15*-737,98/1000=-65,780 X/mor;

AH-T*AS=-285,809-298,15%-0,1821905=-231,4889 X/p1;

Ge=AG°u30+-Gu30++H(1,5*Gr2%*+0,5%G028%)=26,121 X/ imo;

The equilibrium state AGeqi=Guzo++Gou-=22,44+77,36=99,8 /nol;

Substance| AH°u, X /mol|AS 1, /movic| AG°H,*/mol
H»0 -286,65 | -453,188 | -151,549
H»0 -285,85 | 69,9565 | -237,191
OH- ([-230.00 -10,8 -157,2

H;O0* | -285,809 | -737,98 -65,780

H;O0* | -285,809 [-182,1905 -231,4889
Ge. H;O"| formation|-231,4889 | 26,121

H30" | Keqi=3,26° 10719 22,44
Ge. OH™ | Keqi=3,26¢ [107C1®) 77,36

is an attractor for all non-equilibrium states, including the maximal

AHpess=AH 130+ +AH  01.-2* AHH20=-285,809-230-2*-285,85=55,851 ¥/mmo1.Enthalpy is from [1,8,26]
AStess=AS°H30-AS°on-22ASCH20=-182,1905-10,8-2%69,956=-332,9025 */movx;Corrected AS°uz0+=-182,191 %/pq;
AGhHess_protolysis=AHHess-T*ASHess=55,851-298,15%-0,319512=151,11 ¥'/1no1; Corrected AG°u30+=-231,4889 /ol
ASuispersed="AHpess/1=-55,851/298,15=-187,325 ‘/mol/K;

AStota=ASHessTASdispersea=-319,512-187,325=-506,837 */(moi k) ;

TAStota=AGaispersed_or dissipated free energy T*ASai=-0,506837 '/K/mo1*298,15 K=-151,1058 /1 .

In the entire set of non-equilibrium states AGeg=-ReT*In(Knon equilibrium) there is one state with the smallest
absolute energy change AGeq=-Re*T*In(K.q) Prigogine attractor .

The inverse of protolysis is a neutralization reaction, a heat of reaction experiment in which pure reactants,
acids H3O" (HCI1 vai HNOs3) and hydroxides OH™ (NaOH vai KOH), react to produce pure water. The heat of
reaction is calculated as the sum of the net products minus the sum of the net reactants:

AHpess=2* AHm20-(AH H30+AHC  01.)=2%-285,83-(-285,809-230)=-55,851 ¥//mo1. The enthalpies are from
{1,8,26], where temperature measurements
Q=-AHusperimenais=Cr20°mu20°AT/n= 4,184%200%2,1357935/0,032=55,851 /ol
confirm the data of AH®u30 +=-285,809 X/imo1 Mischenko 1972, Himia, Leningrad [26].

Each of the non-equilibrium reaction states tends to an equilibrium state with a minimum energy change
AGeq=99,8 ¥/mol1, because in a mixture of substances at equilibrium with a constant K¢q value, the free energy
change AGeq=-R*T*In(Kcg) is the Prigogine attractor:

AGeq=-ReTeIn(Keq)=-8,3144%298,15*In(3,261*10"19)=G30++Gon-(2* Gr20)=22,44+77,36-(2*0)=99,8 /ol
which is the minimum of the absolute value of the free energy change in water protolysis .[1,2,3,4]

In the environment, water is activates G20 _Biochemistry=AGH20Aberty-(AG°H20)=-151,549-(-237,191)=85,6 /ol
according to Alberty data. [8] Protolysis of water H;O™+OH-, abundant formation of hydrogen bonds,
coordination with donor-acceptor bonds in organisms with water-rich biochemistry environment activates
effective free energy storing Gu20_Biochemisty=835,6 X/mo1 from absolute zero of pure distilled water Gu20=0 “/mol,
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