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Udenraza elektroda atskaites punkta E°w=-0.2965 Voltu atklasana
absoliuito potencialu skala sinhroniz€ zinatnes ar absoliitas brivas energijas skalu.

Mana Sodienas runa ir versta uz pétijjumiem par energijas un potencialu absoliito mérogu, kas ir vienads skaitlis
ar pret€ju zZimi apgrieztas reakcijas inversaja simetrija.
Esmu patiesi priecigs pievienoties jums 10. STARPTAUTISKAJA KONFERENCE par jaunam
Kimijas tendencém vietné ar atklajumu par t€ému:
Udenraza elektroda atskaites punkta E°w=-0.2965 Voltu atklasana
absoliito potencialu skala sinhronizg zinatnes ar absoliitas brivas energijas skalu.

Udenraza elektroda atskaites punkta E°’v=-0.2965 V atklasana absoliita potencidla un absoliitas brivas
energijas skalai Nernsta pusreakcija nosaka inversas simetrijas ipasibu: Apgrieztais reakcijas potencials pieder
vienam un tam paSam skaitlim ar pret&ju zimi.

Simetrija sakrit ar inverso absoliito brivo energiju, kuras skaitlis ir vienads, bet ar pret&ju zimi.

Absoliitas un inversas brivas energijas un potenciala méroga noteikSanai nepiecieSsama tidens un hidroksonija
uzskaite, kuras pamata ir Alberty dati par Gidenraza gazi un skiduma absolutas brivas energijas veértibu.

Nernsta klasiska pusreakcija ar iidens un hidroksonija atlaidi ir H(Pt)=H*+e. [11]

Standarta klasiskais potencials nulle E°1=0.0 V tiek nemts [H*]=1 M sé&rskabes $kiduma nomérits potencials:
E=E°n+0.0591+log[H*]=0.0+0.0591°log(1 M)=0 VV
un ir nulls atskaite klasiska potencialu skala kops 1920. gada Nobela prémijas kimija

Termodinamiska pusreakcija ar tidens un hidroksonija uzskaiti ir H(Pt)+H20=H3O*+e".

Termodinamiska potenciala izteiksme pusreakcijai uz nemta nulles potenciala E=0 V vértibas ir:
E=E°n+0.0591°log([H30*]/[H20])=0.10166-+0.0591+log(1 M/52.5 M)=0 V
kur 0.0591*log(1/52.5)=-0.10166 V ir termodinamiska standarta potenciala korekcija.

Udens uzskaite korigé termodinamisko standarta potencialu: E°h=0.10166 V termodinamiska potenciala skala

In(L0) *R*T H40"
nulles vieta: E=E°H+(F1T°log {ﬁig]] =0 V; E°w=E-0.0591*l0g(1/52.5)=0-(-0.10166)=0.10166 V.

Attieciba [H3O*]/[H20]=1/52.5 dod korigéto termodinamisko standarta potencialu E°v=10.10166 V nulles vieta.
Nernsta pusreakcija tidenradim H(Pt)+H20=H3O*+e" standarta punkta absoliitais potencials ir
E°H=-0.29654 V.
Nernsta pusreakcija absoliitaja standarta potenciala producéta izmainas vértiba brivas energijas skala:
AGeq=E°HeF¢1+1=-0.29654*96485*1=-28.61 K/mol
ir identisks Hesa likuma aprékinatas brivas energijas izmainai ka eksoergiskai absoliitaja skala, kas attiecas uz
tidens nulles brivas energijas saturu GH20=0 K/mor :
AGHess_eq=GH3o++Ge--(GH(Pt) +GH20)=22.44+0-(51.05+0)= -28.61 K/mor .
Absoliitais standarta potencials E°n=-0.29654 Volti sakrit ar Alberty datu absoluitas brivas energijas skalu.
[8,15]
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_ Absoliita OxRed potencialu skala noslid par AE=-0,29654-0,10166= -0,3982 Voltiem zemak.
Udens uzskaite zinatnés pieprasa absoliito brivas energijas skalu sinhronizéjot Nernsta reakciju
absoliito potencialu skalu inversas simetrijas identiskas vertibas bet ar pretéju zimi.

Atraktoram pH=7,36 lidzsvara stavokli ir patiesa pOH=6,64 vértiba, jo pKw=14= pH+pOH =7,36 +6,64.
Udens daudzuma atlaide [H20]=963/18=53,5 M litra sérskabes [H2S04]=[H30*]=1 M $kiduma ar 1,061 9/mL
blivumu tidenraza elektrodam Nernsta izteiksmg ir klasiska standarta potenciala Eo_classic=0 V atskaites vertiba:
H(Pt)=H*+e"; Eclassic=Eo_classict0,0591°logK °classicH(pyy=0+0,0591 ¢log[H*]=0+0,0591<log(1 M)=0 Volti. [11]
Termodinamiska hidroksonija jonu uzskaite pieprasa tideni: H(Pt)+H20<=>H3O*+e- un E'v=0,10166 V.
Attieciba [H3O*]/[H20]=1 M/52,5 M=XH3zo+/XHz0 ir mol dala aizstajot molaritati [H*]=1 M klasiskaja
potenciala izteiksmé. Udens uzskaite dod termodinamisko standartu E°’v=0,10166 V potencialu skala.
Nernsta izteiksme ar klasisko mérijumu nulle pieprasa termodinamisko standarta potencialu E'1=0,10166 V :

E=F°n+ In10)eReT o XHio" _

08 X0 =Eo+E’n+0,0591*log(1/52,5)=0,10166-0,10166=0 V.

Ja attieciba ir viens 1=Knpy=XHnzo+/XH20, tad potencials E°’v=0,10166 V ir termodinamiskais standarts:
E=E°n+ In@0)eReT *log §(<_:32_+ =0,10166+0,0591*log(1)=0,10166 V. Metala oksidésanas brivas energijas
2
izmaina ir atSkiriga endoergiska AGeq=E’HeF+11=0,10166*96485%*1=9,81 K/mal pretstata Alberty eksoergiskai.
Alberty Hesa vértiba ir eksoergiska: AGHess eq=GHzo++Ge--(GH(pt) +GH20)=22,44+0-(51,05+0)=-28,61 K/mol .
Brivas energijas izmaina ir noteikta nulles atskaites skala GH20=Gco2gas=Ge-=0 K/mol. Iterativi izskaitlotais
absoliitaja skala idenraza standarta potencials ir: E’n=-0,29654 Volti. Lidzsvara brivas energijas minimums ir
eksoergisks: AGeq=E HeF*11=-0,29654*96485*1=-28,61 K/mol sakritot ar Alberty datiem. Absoliita potencialu
skala noslid par AE=-0,29654-0,10166= -0,3982 Voltiem zemak. Nernsta lidzsvara konstante ir lielaka par vienu:
Khpy_rea=[H3O*]*[e]/[H20]/[H(Pt)]=EXP(-AGalberty/R/T)=EXP(28612/8,3144/298,15)=102954 .

| veida elektrods metals H(Pt) / iegremdgts ta katjonu HsO* skiduma pielietojums.

Liela atruma protolizes atraktori [HsO*]=10-"26 M , pH=7,36 un tidens masas [H20]=997/18=55,3 M uzskaite
litra rada metala tidenraza stipru reducgjosu potencialu: EpH=7,36=-0,29654+0,0591*log(10-7:3¢/55,3)= -0,8345 V
un brivas energijas izmainas minimumu AGegpH_7,36=E HeF*1=-0,8345*96485*1/1000=-80,5 K/moi .

Nernsta pus reakcijas metala reducé$anas lidzsvara potenciala E’n=-0,29654 V energija ir AGeq=-28,6 “/mol.
Platina plaksnite iemérkta hidroksonija jonu [H*]=[H3O*]=[H2SO4]=1 M s&rskabes

Skiduma H(Pt)=H*+e: E=E°+0,0591°log[H*]=0,0+0,0591°log(1 M)=0 V ir klasika.
Attieciba [H30*]/[H20]=1/52,5=XHn3z0+/XHz20 dod klasiskas nulles 0 vieta termodinamisko

AENE standarta potencialu: E°n=0,10166 V . Absolitais standarta potencials E'h=-0,29654 V
Yl e | , Lo .
Hzl ) o pamatojas uz Alberty denraza datiem GHzgas=85,64 K/mol Un GH2aq=103,24 K/mor , Kuri ir
\ % 0o noteikti tidens un oglekla dioksida gazes nulles atskaites skala GH20=Gco2gas=0 */mol.
Y - -
e absoluti E°H:‘—0,29654 \Y klasiska nulle E5= (? \Y 0110166 V EV
x | |
. XH.0* . . . . °
E pon=En + 0,0SQl*Iog(ﬁ;) E,, .. =E7+0.0591%l0g(0 ) termodinamiskais E;

Pie pH=7,36 , [H30*]=10-7% M ar potencialu E=-0,2965+0,0591*log(10"(7:36)/55,3)=-0,8345 V metals H(Pt) ir
stiprs reducétajs. Brivas energijas saturs viena mola tidenraza metala ir: GHey=51,05 K/mol.
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Inversa pus reakcija producgjas tidens Ozaquat2H2aqua=>2H20 . Hesa brivas energijas izmaina ir eksoergiska:

AGeq2H20=6GH20-(Gozaquat4GHao+)=6*0-(330+4*22.44)=-419.76 K/mol inversa absoliita standarta potenciala -
E°02=-1.0868 V. Brivas energijas izmaina ir negativa AGeq=-E°02¢F¢14=-1.0868*96485*4=-419.44 K/mo un
sakrit ar Alberty datiem eksoergisku Hesa vertibu pus reakcijai.

Cetras reducgjosas pus reakcijas 4H(Pt)+4H20=4H30*+4e", E°v=-0.2965 V dod brivas energijas izmainas
minimum AGeq=(E H-E°02)*F4=(-0.2965-1.0868)*96485*4=-1.38334*96485*4/1000=-533.9=2*-266.94 K/mo|
tideni producgjot Ozaqua+4H(Pt)=2H20 no elementiem ar energijas saturu Guey=51 */mol un Go2ag=330 K/mol.

Udenraza oksidesanas reakcija par adeni Ozaquat2H2aqua=>2H20 Hesa absoliitas brivas energijas izmaina ari
tik pat eksoergiska: AGHessH20aqua=(2GH20-(2GHaaquat+Gozaqua))/2=(0-(2*103+330))/2=-268 X/mal sakrit ar
absoluito potenciala energijas skalu AEeqn20=(E’H-E°02)/2=(-0.2965-1.0868)/2 energijai AGeqr20=-266.94 K/mol.

Hesa vienadojuma AGeq2H20=2GH20-4GH(Pt)-Go2aqua=2*0-(4*GH(py+330)=-533.9=2*-267 X/mol iegiistams
metala absoliitas brivas energijas saturs GHpey=(2GH20-AGeq2H20-Go2aqua)/4=(2*0+533.886-330)/4=51.05 X/mol .
Absoliitas brivas energijas saturs ir aprékinats tidens un gazes CO2gas Nulles skala GH20=Gco2gas=0 “/mol .

Udenraza metals ir ieklauts platina rezgT ar GHPy=51 K/mol, elements slapeklis satur Gnzgas=-15.26 X/mol,
skabekla gaze Go2gas=303 ¥/mol plus Gozsp=26.58 K/mol $kidiba tident veido Gozagua=330 ¥/mal,
for graphite in reaction with oxygen gas and hydrogen gas Ggraphite=Gco2gr=GcgreHagas=91.26 K/mo .
Skidibas Ozgas AIR+H20=Aauaporins=>(),,q konstantes energija palielinas par Go2sp=26,58 ¥/mor:
[O2aq]/[O2gas Gaiss] [H20]=K=2.205*105, Gosg=-ReTeln(Ks)=-8.3144*298.15*In(2.205*105)=26.58 k/mol.
Dati no CRC gazém O2gas+2H2gas=>2H20 uz vienu mola saturu tidenim ir AGHessH20=-237.19 K/mol.
Skabekla viens mols satur Gozgas=2* GH20-2*(AGHessH20+GHagas) =2*0-2*(-237.19+85.64)=303 K/mol reakcija
no elementiem AGHessH20Biochem=(2GH20-(2GHagas+Go2gas) )/2=(0-(2*85.64+303))/2=-237.19 K/mo . [1,8]

CRC [1] AGHessH20=-237.19 K/moi=(2GH20-(2GHzgast+Go2gas))/2=-237.19 K/moi=AGHessH20Biochem. Alberty [8]
Dati no [1] un [8] ir sakritosi -237.19 K/moi =-237.19 K/mol . Absoliita energija tdens $kidumos ari ir
GH2aqua=103 K/mor and Gozaqua=Gozgas+Go2:k=303+26.58=330 X/mor eksoergiska Ozaguat+2H2aqua=2H20:

GHessH20Biochem==(2GH20-(2 GH2aqua*+G02aqua) )/2=(2*0-(2*103+330))/2=-268 X/mol .
Alberty dati tdenraza gazei GHagas=85.64 ¥/mol un idenraza $kidumam Graaqua=103 K/mo tiek lietoti skidibas

konstantes reakcijai ident: HzgastH20=H2aq. Udenraza §kidibas destiléta tidenT absoliita energijas izmaina ir:

AGH2skAlberty=GH2ag- GH2gas-GH20=103.24-85.64-0=17.6 K/mo .

Alberty biokimijas matematiska pielietojuma dati veido skidibas konstanti mol dalas Kn2=0.0008253 :
[H2aq)/[H2gas])/[H20]=KH2:sk=EXP (-AGHzsalberty/ R/ T)=EXP(-17600/8.3144/298.15)=0.0008253 ar $kidibu
[H2aq]=KH2:*[H20]=0.0008253*55.3=0.04564 M, ja tiras gazes mol dala ir viens [Hagas]=1. [8]

Hagas+H20=>H2aqcre ; Skidiba 100 gramos destilrta idens 0.000155 9/100g_H20, blivums 0.996 g/L
veido koncentraciju [H2aqcre]=0.000155/2/100.000155*%996=0.0007719 M , [1] CRC

Skidibas konstante Kgcre=[Hz2aq]/[H20]=0.0007719/55.3=0.000013958 un absoliita brivas energijas izmaina

ir AGsgHzcre=-ReTeln(KikH2cre)=-8.3144*298.15*In(0.000013958)=27.7 K/mol.
Biokimiska tidenT eksoergiska $kidiba GrzskAlberty=GHaaq-GHzgas-AGH20_Biochemistry=103.24-85.64-85.6=-68 K/mor:
[H2aq)/[H2gas])/[H20]=KH2sk_siochemistry=EXP(-AGHzskalberty/R/T)=EXP(68000/8.3144/298.15)=10"119 ar
koncentraciju [Hzaq]=Knzsk_siochemistry*[H20]=10711-9*55,3=10/136 M, ja tiras Gdenraza Hagas gazes mol dala ir
viens [Hagas]=1. [8]
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Nernsta Hzaq+2H20 =2H30*+2e- Gidenraza oksidésana par hidroksoniju ie patvaliga, jo absoluita briva
energija ir POZitava. AGess H30+=Grizag+2GHz0-(2GHa0++2Ge)=2%22.44+2*0-(103.24+2*0)=-58.36 /o,
Ar grafitu oksidé Hzaq Skidumu par hidroksoniju ar absoeluto standarta potencialu:
E’h30+=-58.36*1000/96485/2=-0.302 V.
H(Pt) pus reakcijas inversais standarta potencials -E°Hpy=+0.2965 V un Nernsta tidenraza skiduma oksidésanas
pus reakcija suma E°30+=-0.302 V Hzagt2H20=2H30*+2e"; 2H30 *+2e=H(Pt)+2H20; -E°H(ry=+0.2965 V
uzrada Gidenraza mol dalas [Haagaiberty] $kidibu metalaa eksoergiski patvaligu:
H2agaierty=2H(P1) ; Kaverty_skHPy=[H(Pt)]%/[H2agaibery] Mol dalu koncentracijas bez mérvienibam:
AGelektro_skHPY=AE"sk_H(Pty*Fe2=(E°H30+-E H(py) )*F+2=(-0.302+0.2965)*96485*2=-0.0055*96485*2=-1.06 K/mo;
Kaerty_skHPyy=[H(Pt)]?/[H2agaibery]|=EXP(-AGalberty/R/T)=EXP(1060/8.3144/298.15)=1,5336 . [8]

Skidibas konstante reakcija Hzagalberty=2H(Pt)+H20 ; Katerty sk Hey=[H(P1)]2*[H20]/[Hzaqalbery] uzrada

tidenraza mol moldalas bez mérvienibam [H2agalberty]/[H20] skidibas konstanti metala eksoergisku:
AGalberty_sk_HPY=2GH(Py+GH20-(GHzaq)=2*51.05+0-(103.24)=-1.14 K/mol .

Kaerty sk_HePy=[H(Pt)]?*[H20]/[Hzagaibery|=EXP(-AGaierty/R/T)=EXP(1140/8.3144/298.15)=1,584 . [8]
[H(P)]?/[Hzagawery] =K atberty_sk_Hey/[H20]=1,58387/55.3=0,02864 M ja [H2agalbery] =0.0008253 mol dala ir
piesatinajuma. Mol dalas skidibas kvadrata laukums ir:

[H(P1)]>=KskHey/[H20]*[Hzagalbery]=1.584/55.3*0,0008253=0,00002364.
Mol dalas $kidiba [H(Pt)]=SQRT(1,584/55,3*0,0008253)=0,004862 ir tidenraza atomu virsmas dala 0,486%
daloties ar platina atomu virsmas dalu 99,514% no kopg&ja 100% platina kristala virsmas.
Piesatinata Gidenraza H(Pt) metala mol dala ir:

| | | |
| [H(Pt)]=SQRT(0,00002364)=0,004862=0,49 mazaka
9 9 5 1 par vienu, ja tiras gazes mol dala ir viens [Hzgas]=1.
5 _

Mol dala skidibas ir idenraza virsmas dala procentos

0,49%, ar kuru dalas platia atomu dala 99,51% uz
i kopgjas platina kristala virsmas 100% laukuma. Viens

) Z — kvadrats 1o ir viens percents 1% no virsmas un 100
] kvadrati ir 100%, jo 10*10=1000. Skidibas H2
agalbery=2H(Pt)+H20 koncentraciju mol dalas ir bez
mérvienibam ka konstante arT. Kaierty sk HPty=1,584.

Atomu radiusi ir Pt 0.135 nm and H 0,053 nm.
J | y Atomu kvadratu laukumi uz virsmas ir Pt 0.0729 nm?2 un

H 0.0112 nm2. Divi atomi 0.0729+0.0112=0.0841 nm?

dalas virsmas kopgja laukuma 100% . Platina atomam ir
0.0729/0.0841=86.7% un 0.0112/0.0841=9,53% pieder

jﬁ

H O 49 tidenraza atomam. [25]
LELES & ~ | H(Pt) skidiba tideni ir mazaka par vienu Ky H(py=0.631:
| | |
2H(Pt)+H20=H2agaiverty; Ks_ney=[H(Pt)]>*[H20]/[Hzaq];
AGAaiberty=GH2aq-2GH(Pt)-GH20=1.14 X/ma;
Kk Hey=[H2aq]/[H(P)]?[H20]=EXP(-AGsk_Hry/R/T)=EXP(-1140/8.3144/298.15)=0.631 unfavored. [8]

Udens okside3ana par skabekli pus reakcijas 5H20=02ag+4H30*+4e" Hesa brivas energijas izmaina ir:
AGo2agAlberty=Go2aq+4GH30+-5GH20=330-4*22,44-5*0=419,76 X/mo! , j0 aqua moldala

O2gas AIRTH20=02aq kompens¢ sesto tidens molekulu 6H20=02gas aAir+H20 +4H30*+4e- un Nernsta pusreakcija
ir: 5SH20=02aq+4H30*+4e" ar absoluto standarta potencialu E°02a=1,0610 V.
Ta ir identiska brivas energijas izmainas minimumam elektrokimiskos aprékinos lietojot absolato Nernsta
standarta potencialu E°02ag=1,0610 Volti: AGeqo2ag=E°02ag*F*ne-=1,0610*96485*4=409,5 X/mo .

Metala tidenraza H(Pt) pus reakcijas H(Pt)+H20=H3O*+e- Hesa brivas energijas izmaina ir:

AGH(Pt)quIberty=GH30++Gg-(GH20+GH(Pt))=22,44+0-(0+51,05):-28,61 K fmol .
Ta ir identiska elektrokimiskiem brivas energijas izmainas minimuma aprékiniem lietojot absol@ito Nernsta
standarta potencialu E°npy=-0,29654 Volti :
AGeqHPH=E°H(pt*Fone-=-0,29654*96485*1=-28,61 X/mo icklaujoties Alberty datos. [8,15]



Veidosanas 41. no elementiem OzgastH2gastH20=H202aq AG°univalberta=-134.03 K3/ mol; AG’ Alberty=-48.39 K3 fmol;
AGH202AIberty=GH202 aq-(Go2gastGHzgast GH20=)=284-(85.64+303+0)=-104.64 K/moi ;
H202aqua dismutacijas Nernsta pus reakcijas Red and Ox absoliito standarta brivas energijas izmainu summa

ir labvéliga-patvaliga: 2H202aq=>02aq+2H20+Q+AG ;

AGegstandartaabsolita=(E° H202agred-E " H202aq0x) *F*N= -238.5 K/mor ;
AGaiberty=Go2aquat2* GH20-2* GH202=90.63-329.13=-238.5 K/mol,
Reducésana Nernsta: H2O2aquat2H20=02aquat2H30*+2¢"; absoliitais potencials E H202aqred=0.4495 V [20],
AGH202a0A1berty =G 02ag+2 GH30+-GH202-2GH20=330+2*22,44-284,25-2*0=100,38 K/mol
AGeqH202=E°H202aq°F+2=0,4495*96485*2=86,7 K/mol
Oksidésana inversais H202+2H30 *+2e =4H:0 ; absoliitais potencials -EH202a00x=-1,6855 V Suhotina [18] ;
AGH2020xAlberty=4*GH20-(GH202+2* GHzo+)=4*0-(284,25+2*22,44)=-319,38 X/mo
AGeqoxH202=-E H202aqox* F*2=-1,6855*96485*2=-325,25 X/mol ;
AGegstandarta_2H202=(E°H202aqred-E " H202aq0x) *F*n=(0,4495-1,6855)*96485*2=(-1,236)*96485*2= -238,5 K/moi ;
AGalberty 2H202=G02aquat2*GH20-2* GH202=330+2*0-2*GH202=-238,5 X/ma;
GH202=(Go2aqua+2*GH20+AGAlberty 2H202)/2=(330+2*0+238,5)/2=568,5/2=284,25K /mo ;
Absoliitas energijas saturs Gr202=284,25 K/mor ir notiekts uz nulles GH20=Gco2gas=0 K/moi vielu fona. [8]
Veidosanas no elementiem Hagas +O2gas=>H202; AG° univalberta=-134,03 */mo1, AG° Alberty=-48,39 */mo:
AGaiberty=GH202-(Go2gas+ GHzgas)=284,25-(303+85,64)=-104,4 K/moi . 41.,54. lapas [1,8,20]
Homeostazes atraktori pH=7,36, [H20]=55,3 M pie peroksida concentracijas viens. Absolita potencialu skala

reducésanas absoliita un oksidésanas inversa potencialu summa (Ered-Eoox)=-1,26 V uzrada absoliitas brivas
energijas saturu viena mola GHomeostazesH202=369,7 X/ mol:
ERred=E°RedH202+0,0591/2¢1g([ O2aqua] *[H30 *]2/[H202]/[H20]?)=0,4495+0,0591/2*log(6*10"9*10"-73*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"(-736"2)/55,3™)=-2,3265 VV
Homeostazes: AGeqsiochem=(ERed-Eoox)*F*n=(-0,2132-2,3265)*96485*2=(-2,5397)*96485*2=-490,1 K/mo
AGAibertyBiochem=G02Biochem_arteria+2*GH20BioChemistry-2* GH202=78,08+2*85,64-2*GpiocHH202=-490,1%/moI; [8]
2*GH202 =Go2Biochem_arteriat+2* GH20BioChemistry-AGAlberty=78,08+2*85,64+490,1=2*369,7=739,5 X/l
Peroksida liela atruma protolizes H20+H202=H3O*+HOO- lidzsvara konstante aprékinata no pKa=11,75:
Keqr202=Ka/[H20]=[H30*][HOO]/[H20]/[H202]=10"1151/55 3=10"(13.31) | pKeqr202=13,31. [1]
Absoliitas energijas izmainas minimums 75,97 K/mor lauj aprekinat peroksida anjona energiju mola GHoo-:
AGegH202=-R*T*In(KeqH202)=-8,3144*298,15*In(107(-13.31))/1000=75,97 X/mol .
AGeqH202=GH30++GH00--GH20-GH202=75,97 K/mol , AGeqH202=22,44+GHo0--0-284,25=75,97 Y/mol .
Anjona energija mola ir GHoo-=AGeqH202+GH20+GH202- GHao+=-22,44+75,97+0+284,25=337,8 X/mol.

Elektrokimiska anjonu HOO- oksidésanas absoliitais standarta potencials ir E°Hoo-agalberty=0,07587 Volts.
Oksidésanas brivas energijas izmaina ir pozitiva endoergiska ar zemu absolato standarta potencialu:
AGHo0-agAlberty=G02ag+ GH30+-(GHoo-+GH20)=330+22,44-(337,8+0)=14,64 X/mol.
HOO +H20=02aquatH30*+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 X/mol
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Tabula 1. Standart potenciali E° Udens atlaide |Termodinamiska | Absoliita
Nernsta pus- un inversas reakcijas dati no [1-24] Klasika E°’v=0 | skala 0,10166 Vv |-0,3982 V
OH =HO+¢ CRC 2,020 2,122 1,7235
4 H20 = H202aqua +2 H3O*+ 2 & Suchotina 1,776 2,0837 1,6855
H202+ 2 H20 = O 2aqua+2 H3O*+ e David Harris 1,276 1,4811 1,0829
6H20=02g+H20+4H30*+4 e; 5H20=02ag+4H30*+4 ¢7; 1,2288 1,45814 1,0868
HNO2+4H20 = NO3z+3H30*+2e" University Alberta 0,928 1,2352 0,8370
NO2+ 3 H2O = NOs+ 2 H3O*+2¢ David Harris 0,835 1,0913 0,6931
Hydroquinone +2H20 = p-quinone +2HsO*+2e 0,699 0,9041 0,5059
H202aqua+2H20=02aquat+2H30*+2e" University Alberta 0,695 0,8477 0,4495
H202aquatH20=02aquatH3O*+H-(H*+2e")  University Alberta 0,695 0,8477 0,4495
Fe* = Fed* + e University Alberta 0,769 0,8707 0,4725
Ubiquinol+2H20=Ubiquinone+2H3O* +2e- 0,459 0,6638 0,2656
Succinate*+2H20=Fumarate?+2H3O*+2e" pH=7 E»=0,031 V 0,4447 0,6494 0,2512
ButyrylCoA+2H20=CrotonylCoA+2H30*+2e 0,399 0,6038 0,2056
AscorbicAcid+2H20=CsHsOs+2H30*+2e- DC, Harris 0,390 0,5947 0,1965
glycolate+2H20=Glyoxylate+H-(H*+2e)+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=02aquatH3O*+2e~ Aris Kaksis - - 0,07587
Fe2* = Cytochrome F Fe3* + ¢ David Harris 0,365 0,4667 0,0685
[Fe''(CN)s]* = [Fe!"'(CN)s]3+ € University Alberta 0,356 0,4574 0,0592
Malate?>+2H,O=0xalo-acetate> +2H3O* +2¢- 0,248 0,4528 0,0546
Fe2* = Cytochrome a3 Fe3*+ e 0,350 0,4517 0,0535
Lactate+H20O=Pyruvate+H3O*+H-(H*+2¢") 0,229 0,3823 -0,0159
FADH: +2H20=FADfree+2HzO*+2¢e" 0,195 0,3998 0,0016
CH3COO +2H.0 = glycolate +H-(H*+2e")+HsO*; D.C.Harris 0,161 0,3652 -0,0330
H25ag+2H20=5rombisks+2H3O*+2¢7; CRC 2010 0,142 0,3467 -0,0515
CH3CH20H+H20=CH3sCHO+H30*+H-(H*+2¢") KortlyShucha 0,190 0,3432 -0,0550
Fe2* = Cytochrome a Fe3* +e- 0,2900 0,3917 -0,0065
2GlutathSH+2H20=GlutaS-Sthione+2H3O*+2e- 0,1841 0,3888 -0,0094
HSH +2H20=Srhb +2H30*+2e- University Alberta 0,1739 0,3786 -0,0196
Fe2* = Cytochrome c Fe3* + ¢ 0,2540 0,3557 -0,0425
LipSHSH +2H20 = LipoicAcidS-S +2H30*+2¢- 0,1241 0,3288 -0,0694
Fe2* = Cytochrome cl Fe3* + e 0,2200 0,3217 -0,0765
B-OH Butyrate  +2H20 = AcetoAcetate” +2HsO* +2¢ 0,0681 0,2728 -0,1254
isocitrate? +2H20 = o-Ketoglutarate? +CO2+2H30*+2e- 0,0341 0,2388 -0,1594
Nernst’s Hoag+2H20=2H30*+2e" Kaksis AGHess H30+=-58,12 K/mol | Okside$ana ar grafita elektrodu  -0,3020
Inverse: 2H30+2e =H2ag+2H20; AGHess_H2ag=58,12 /ol Reducésana ar grafita elektrodu  0,3020

2H(Pt)+H20=H2aq AGalberty sk HP)=GH2aq-2GH(Pt)-GH20=1,14 Kol

Kk Hey=[H(P)]?*[H20]/[H24q]=0.631

H(Pt)+H20 = H30O*+(Pt)+e-; [H3O*]=1 M pH=0 classic zero 0,0; [H2S04]=1 M 0,10166 -0,2965
Luciferin+OH=?luciferin+CO2 aquatOH+3H(3H*+3e")+e’; 0,0000 0,1017 -0,2965
Fe2* = Cytochrome b Fe3* + e |  0,0770 0,1787 -0,2195
CH3CHO+3H20 = CH3COOH+2H30*+2¢ Suchotina -0,1180 0,1382 -0,2600
Glycaldeh3PZ+H20+HP042=13PGlycerate* +H3O*+H- -0,1314 0,0218 -0,3764
NADPH = NADP* + H(H*+2¢"); -0,1170 -0,0153 -0,4135
NADH = NAD* + H(H*+2¢"); David Harris -0,1130 -0,0113 -0,4095
O'Zaqua = OZaqua + e- Suchotina -0,2450 -0,1433 -0,5415
Ferredoxin Fe2* = Ferredoxin Fe3* + e -0,4320 -0,3303 -0,7285
CeH1206 + 4H20 = 2C3H403 + 4H30* + 4e- Stryer -0,5427 -0,3380 -0,7362

2=Srombisks + 2 €7 CRC 2010 -0,4763 -0,3746 -0,7728
HS™ + OH™ = Srombisks + H20 + 2¢e7; CRC 2010 -0,4780 -0,3248 -0,7230
H(Pt) + OH = H.O+e- Suchotina -0,8280 -0,6233 -1,0215
Ubiquinol6 +2H20 = Ubiquinone6 +2H30* +2e-  CRC 2012 -1,0500 -0,8453 -1,2435
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Potencialu skalas noteikSanas tidens uzskaites un tidenraza elektroda korekcija uz Absoliito skalu piemérs.
Klasiska Gdens atlaide Nernsta skabekla pus reakcijai: 6H20=02aqua+4H30*+4e" E°o2klasika=1,229 V. [18]
Udens uzskaites potencials: E°sH20=E°02klasika-0,0591/4¢log(1/[H20]¢)=1,229-0,014775*log(1/55,3"6)=1,383 V.
Hydrogen electrode correction +0,10166: E°o2Termodinamika=E "6H20+0,10166=1,383+0,10166=1,485 Volts.
Absoluta standarta potencialu skala ir E°o2absolata=E°02Termodinamika-0,3982=1,485-0,3982=1,0868 Volts.

Veidosanas no elementiem N2gas+3H2gas>2NHagas absoliita energija ir Gnegas=107,28 K/mol; ; GNH3gas=165,7 K/moi ;
Classic Hess elements have zero 2AGHess_NHagas=2G °NH3gas-(G °Nagas+3* G °Hz)=2*-16,4-(0+3*0)=-32,8 K/mal . [1]
Alberty elementa tidenraza GHagas=85,64 ¥/mol absoliita energija ar Hesa veido$anos -32,8 K/mol aprékina slapekla
absoliito energiju Gnogas=2GNH3gas-(2A GHess_NH3gast3*GHagas)=2*165,7-(2*-16,4+3*85,64)=107,28 K mo; [8]

AGHessFormationNZaqua:GN2aqua-(GN2gas+GHZO):18,7-(107,28+0):-88,5 K3 /mol; [8]
Gn2gas=G°N2agua-(AGHess sk N2aguatGH20)=18,7-(-88,5+0)=107,2 X/mar; [8] Alberty

Subztanc AH et | ASO o AGOTlemo
NHasgas | —45,9 | 192,77 -16,4
NH3gas 438,85
NHaaq |-132,5608|-739,2922| 91,1056 N2gast+3H2gas>2N Hagas;
Nogas | Gnagas=| -15,26 107,2 GN29a5=2*165,6593-(-32,84'3*8_5,%):107,2 K3 mol; [8] Alberty;
N2aq -10,54 98,1 18,7 GNZgas:2GNH3gas-(2AGHess_NH3gas+3*GH2gas)=107,2 I‘J/mol; [8] Alberty;

Simts gramos tdens izskist 0,00175 9/100g_H20 slapekla gazes ar blivumu 996 g/L.

Skidiba [N2agua]=0,00175/100,00175*996=0,01743/28,02=10-3206 M un §kidibas konstante ir:

Kiyg=10" (3208)/[H20]=10" (-3.208)/55 3=10-4949; AGgk=-ReT*In(Ksx)=-8,3144*298,15*In(10/(-4949))=28,25 K/mo; .
Mols brivas energijas ir Gnzgas=Gnzaqua-(AGHess_sk_NzaquatGr20)=18,7-(28,25+0)=-9,55 K/mol ; CRC 2010 [1,8]

Skidibas Nzgas+tH20+AG=N2aq+Q; Gnzgas=-9,55 K/mol brivas energijas izmaina ir:
AGHess-§lg-N2aqua=GN2aqua'(GNZgas+GH20)=18,7-(-9,55+O):28,25 K/mol. CRC 2010 [1,8] Alberty
Skidibas konstante ir Ks=[N2aqua]/[H20]=10" (3.206)/55 3=10-4949  Kkuras brivas energijas izmainas minimums ir

AGy=-ReTeIn(Ksx)=-8,3144*298,15*In(10"(-4949))=28,25 k/mmg .

Hesa brivas energijas izmaina ir sakritosa ar

AGHess sk_N2aqua=GN2aqua-(GN2gas+GH20)=18,7-(Gnzgas -0)=28,25 X/mol.
Slapekla gazes brivas energijas saturs izteiksmé
Gn2gas=Gnzaqua-(AGHess_sk_N2aquatGH20)=18,7-(28,25+0)=-9,55 Kol ir negativs.

Solubility NHzgastH20+AG<=>NH3aq+Q; GnH3ag=91,1 K/ mor;
AHHydration:AH°NH3aq-AH°NH3gas-AHoHZO:-132,5608+45,94-286,65:373,3 I(J/mol;
SHydration:ASONH3aqua-AS°NHBgas-ASOHZO:-739,2922-192,77-69,9565:-1002 ‘]/mollK;
AGHess_NH3gas=AHHydrations- T* ASHydration=-373,3-298,15*-1,002=-74,5537 KI/mol;
Kﬁlg:exp(-AGHydration/R/T):exp(74553,7/8,3144/298,15)21013'06
GNH3gas=AGNH3ag-(AGHess-sk-NH3gas+GH20)=91,1056-(-74,5537+0)=165,7 “/mor; [8] Alberty
GnH3gas=(2AGHess_NH3gas*+(Gn2gas+3*GH2))/2=(-32,8+(107,2+3*85,64))/2=165,7 “/mao1; Hess [1,8] Alberty
GNH3gas:AG°NH3aq-AGHess—§lg—NH3gas-GOHZO:91,1056-(-74,5537)-(-0):165,7 K3/ mot; [8] Alberty
GnNH3gas=AG °NH3aq-AGHess_NH3gas-GH20=91,1056-(-74,5537)-(-273,19)=438,85 X/ma ; CRC 2010

Vijas skabes protolizes norise NHa*+H20=NHazag+H30"; pKeq=10,99; uzrada energiju GnH4+=232,9 K/mol,

AGeg=-ReTeIn(Keq)=-8,3144*298,15*In(10"(10:99))= GnnaHydrationt GHzo-Gnra+-Gr20=62,76 X/mor , 161 page:
AGeq=GnH3aqtGH3o-GnHa+-Gr20=91,1+22,44-Gnpa+-0=62,75 Kol
GNH4+:GNH3aq+GHso-AGeq-GHzozgl,1+22,44-62,75-O:232,9 K ol

Kegs; protolize NHa*+H20+AG+Q=>NH3aq+H30*; pKeq=10,9944; NHs*=H*+NH3aqua ; pKa=9,25;

Keqa=[NHzag]*[H3O*])/[NH4*])/[H20]=exp(-AGHydration/R/T)=exp(-62755,6/8,3144/298,15)=10-10.99;

AGegz=-ReTeIn(Keq)=-8,3144298,15°In(1,013*10-11)=62,75 */mol;
Keqz=[NHazaq]*[H30*]/[NH4*]/[H20]=[H20]*KHn20/Knr4oH=55,3*3,26*10/(-18)/1,78/10"-5=1,013*10"(11) ;
AGHydration:AGNH3aq-AGNHSgas-GHZO:91,1056-(-16,4-0):107,5 K3/ mol :

GnNH3ag=AGHydration+ GNH3gast GH20=107,5+165,7+0=273,2 Kol ;
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Tabula 2. Nernsta pus reakciju Standarta Electrodu Potenciali klssikais, termodinamiskais absoliitais V.

o _ N H-0 atlaide Termodinamiska. Absoluta skala
Reduceta forma = Oksideta forma Klasika nulle Eq=0 |skala Eq=0,10166 /|  -0,3982 V
N |NO; + 20H=NO3+ H,O+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 0,87 1,139027 0,740827
Br | 2Br=Br,(ag)+2e;; CRC 1,0873 1,18896 0,79076
Bi | Bi O*+6H,0=BiO3 + 4H;0*+2¢"; Suchotina 1,80 2,210645 1,812445
Mn H*| Mn?*+12H,0=MnO;+8H3;0*+5e; Kortly, Shucha [18] 1,51 1,858848 1,460648
H,O | MnO|+40H=MnO, + 2H,0+3¢; Suchotina 0,603 0,635997 0,237797
OH- | MnOs22=MnQO4+e~; Suchotina 0,558 0,65966 0,26146
Pb | Pb?* +6H,0=Pb0O-(s)+4H;0*+2¢; Kortly, Shucha [18] 1,455 1,865645 1,467445
S |H2SO3+4H,0=HSO,+3H30*+2¢"; Suchotina pH<1,9 0,172 0,47965 0,08145
S [HSO;+4H,0=S0,%>+3H3;0*+2¢’; Suchotina 2=<pH<7 0,172 0,47965 0,08145
SO32+20H=S0,>+H,0+2¢7; SuchotinapH > 7 -0,93 -0,87984 -1,27804
S%=S(s)+2¢; Kortly, Shucha -0,48 -0,37834 -0,77654
H2S+2H,0=8(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?*=Fed*+e7; Suchotina [18] 0,769 0,8717 0,4735
Fe(s)+ H,O =Fe**+2¢7; Suchotina -0,4402 -0,2870 -0,6852
Ag |Ag+ H.0=Ag*+e; Kortly, Shucha [18] 0,7994 1,0041 0,6059
IAg(s)+Cl- =AgCI(s)+H,0+¢e; 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
I | 3l =lz+2¢; Kortly, Shucha 0,6276 0,72926 0,33106
Cu |Cu(Hg)+H,0=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*+2e-; Kortly, Shucha 1,63 1,93765 1,53945
Cr [2Cr3*+21H,0=Cr,0+*+14H3;0*+6e; Kaortly, Shucha 1,33 1,7921 1,3939
Cr*+11H,0=HCrO, +7H30*+3¢"; Kortly, Shucha 1,20 1,6793 1,2811
Cr(OH)3|+50H=CrO.% +4H,0+3¢"; pH>9 ; Suchotina [17] -0,13 -0,1657 -0,5639
C H2Cy04+2H,0=2C0,+2H350*+2¢; Suchotina -0,49 -0,28534 -0,6835
Cr [Cr+H,0=Cr®+3e; Suchotina -0,744 -0,6080 -1,0062
Zn [Zn+H,0=Zn*"+2¢"; Kortly, Shucha -0,7628 -0,6096 -1,0078

Glc 6. Ipp. veidosanas no elementiem 6C+6H2gas +302gas=CsH1206 brivas energijas izmainu aprékina no Alberty
datiem AG” aierty=GceH1206-(6Gcgraph+6* GHagas+3* Gozgas)=-402,05 K/mo ;
AG" Alberty+(6Gcgraph+6* GHzgast3*Go2gas)=-402,05+(6*91,26+6*85,6+3*303)=GcoH1206=1568 K/mol ;
Glikoze (Glc) CeH120s ar biokimisko tideni 6H20 un skabekls 602aqua reducgjas radot energijaas izmainu
AGLehninger=-2840 X/moi un producgjot 6HCO3zun 6H30* jonus generé koncentracijas gradientus abpus
membranam darbinot osmozi un jonu transportu cauri akvaporinu, bikarbonata un protonu kanaliem membranas:
Briva energija glikozei (Glc) GesHizos kvazi lidzsvaram aprékinata lietojot Lehningera datus [6] oksidé$ana :
CeH1206+602aqua+6H20=6H30*+6HCO3; AGLehninger= -2840 X/moi .

Energija -2840=Gc6H1206-6* Go2Homeostazes_arterial-6*GH20_Biochem+(6*GH30++6*GHcos-) lauj izteikt glikozes
Gc6H1206=2840-6*Go2Homeostazes_arterial-6*GH20_Biochem+(6*GHzo++6*GHcos-) kvazi lidzsvara standarta brivas
energijas saturu GstandardceH1206=2840-6*330-6*85,64+6*(22,44+46,08)=757,28 K/moi UN
brivas energijas izmainu homeostaze GeeHi206=2840-6*78,08-6*85,64+6*(22,44+46,08)=2268,8 K/mor . Glikozes
briva energija ir standarta Alberty GcesHi206=757 ¥/mol un homeostazes Lehningera GesHi206=2268,8 X/mol. [8,6]

Generétie 6HCO3+6H30* joni virza 602aquat6H20 cauri membranu akvaporinu kanaliem 0Smozg pretgji
koncentracijas gradientiem, bet transporte jonus 6HCOs+6H30"* lejup pa gradientiem cauri membranu

bikarbonata un protonu kanaliem lietojot homeostazes producéto AGLenninger=-2840 X/mol brivo energiju.
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Potencialu starpiba AE=AGeq/F/N=(E°ceH1206-E°02)=-2840000/96485/24=-1,2264 V dod absoliito standarta
potencialu E°ceH1206=AE+E02=-1,226+1,0868=-0,1392 V glikozes pusreakcijai no Lehningera -2840 K/mol. [6]
Nernsta pus reakcijai CeH1206+42H20=30H30*+6HCO3+24 e- ir standarta potencials E°ceH1206=-0,1392 V :
Alberty dati sakrit ar absoliito potencialu skalu. Skabekla reducésanas Ozaquat4H3O*+4e=6H20 inversais
standarta potencials -E°02=-1,0868 V ir inverss, jo produkti ir idens molekulas nevis skabeklis:
AGo2agalberty=6GH20-(Go2aq+4GHzo+)=6*0-(330-4*22,44)=-419,76 X/mol:
Absoliitas energijas izmainas minimums AGegstandardo2=-E°02¢F*1+4=-1,0868*96485*4=-419,44 X/mol ar se§am
skabekla molekulu pus reakcijam okside glikozi (Glc) atbrivojot energiju izmaina AGHomeostazes=-2840 K/Cmol.

Standarts AGAibertyAbsoluteC6H1206=E °ceH1206¢F*124=-0,1392 *96485*24=-322 K/mol ir eksoergiska absolitas

brivas energijas izmaina. Pus reakciju summa parada sakritibu Alberty datiem ar absolato potencialu skalu:
6AGegstandard02=6%*-419,44=-2516,6 X/mol ; 6AGo2agalberty=6*-419,76=-2518,6 *I/mol;
6AGegstandardo2+AGAlbertyAbsoluteceH1206=-2516,6-322=-2838,94 K/mo ;

Inversie standarta potenciali -E°02=-1,0868 V ar homeostazes atraktoriem [H3O*]=107(7:36) M,
[HCO3]=0,0154 M, [CeH1206]= 5*107(3) M, [O2aqua]= 6*10-°M, [H20]=55,3 M rada absoliito potencialu
summu skabeklim un glikozei eksoergiskaku AGLenninger=-2840 ¥/mol<AGHomeostaze=-3054,7 X/mol :

Eo2=-E°02+00591/4e]0g([H20]8/[O2aqua] /[[H30*]*)=-1,0868+0.0591/4*|0g(55,346"6/6/10"-5)/107(7:36"4))=-0,4349
un:EceH1206=E°ceH1206+%9591/24elog([HC 3718 [H3O 2% ceH1206)/ [H20]%2)=
=-0,1392+9.0591/54*|0g(0,0154\6*10\(-7:36*30)/5/1 01\ (-3)/55 346"42)=-0,8843 Volti .
Briva energijas izmaina ir eksoergiska, negativa vertiba standarta un homeostazes apstaklos:
AGLenninger=AE*Fen=(E°csH1206-E°02)*Fen=(-0,1392-1,0868)¢Fen=-1,226*96485*24=-2840 “/mol.
AGHomeostazes= AE*Fen=(E°csH1206-E°02)*Fen=(-0,88427-0,4349)¢Fen=-1,31917*96485*24=-3054,7 K/mol.

Skabekla reducesanas 6*(Ozaqua +4H30*+4e-<>6H20;) inversais standarta potencials E°02=1,0868 Volti un
glikozes homeostazes konstante ar atraktoriem [H3O*]=10-73 M, [HCO37]=0,0154 M, [CsH1206]=5*10-3 M,
tideni [H20]=55,3 M un AG _Lenninger=-2840 K/mor ir liclaka par vienu Kegtomeostazes=10/\4%:

[HCOsf[H30
KegHomeostazes= [C6H1206]- [OZ]E.;[H 20] 6:EXP(-AGequmeostézes/R/T):EXP(2840000/8,3144/298,15:10/\498:

Kvazi lidzsvara stavoklis virzits neatgriezeniska sintézg, kura ka dzingjs akumulé brivo energiju produktos:
6H30*+6HCO3s=Photosynthesis=>CesH1206+6 O2aquat6H20; AGLehninger= 2840 Kol .
Hesa likuma 2840 X/moi=GceH1206+6* Go2Homeostazes_arterial6*GH20_Biochem-(6*GH3o++6*GHco3-)

brivas energijas saturs viena mola glikozes ir aprékinats atsaucoties uz Alberty datiem. [8,15]



Veido$anas no elementiem Srombisks+H2gaze=H25 gaze; Gerombisks=-85,64 K/mor; [1,6]

Veidosanas energijas izmaina ir AGHess_H25gaze=G°H25 gaze-(HessG °srombisks+HessG °H2)=-20,6-(0+0)=-20,6 “/mol.

Sera energijas saturs mola ir Gsrombisks=G°H2sgaze-(AGHess H25gazet G H2gaze)=-20,6-(-20,6+85,64)=-85,64 /mol;
Brivas energijas saturs sériidenraza $kiduma GHzsagqua=-30,82 X/mol. [1,6]

Séra reducésanas Nernsta pus reakcijai H2Saq+2H20="5rombiskst2H3O*+2e- ir absoltitais standarta potencials
E°1H2:=-0,0515 V brivas energijas izmainai AGeqHz:=E"H2:Fn=-0,0515*96485%*2=-9,938 X/mo| . Ta uzrada
brivas energijas saturu viena mola Grasaqua=-30,82 K/mal , ka izteiksmi no Hesa likuma brivas energijas izmainai
pus reakcija AGHess H2saqg=G:srombisks+2GH30+-(G H2saqg+2GH20)=-85,64+2*22,44-(G H2sag+2%0)=-9,938 k/mol
seriidenraza tidens Skiduma:

GH2:ag=Gsrombisks2GH30+-(AGHess_H2:5aq+2GH20)=-85,64+2*22,44-(-9,938+2*0)=-30,82 K/mol.
Séra inversa pus reakcija Srombiskst2H3O +2e=H25aq+2H20; -E°*1H2:=0,0515 Volti ar diviem metala adenraza
moliem pus reakcija 2(Pt)H+2H20 &2H30*+4e"; E*n=-0,2965 V absolita standart potencialu summa ir:
AE’Red-0x=(E°H-E1H2:)=(-0,2965+0,0515))=-0,245 Volti .

Metals Gdenradis (Pt)H reducé rombisko s&ru : Srombiskst2(Pt)H=H2%aq; par tdenraza sulfidu.
Brivas enrgijas izmainas minimums metala tidenraza (Pt)H oksidéSanas ar séru lidzsvara stavokli:ir negativs:

AGeq=(E’H-E°1H2:)*F+1+2=(-0,2965+0,0515)*96485*2=-0,245*96485*2/1000= -47,28 K/ma. ;CRC [1]
Brivas energijas izmainas izteiksme no Hesa likuma:

AGHessH25=GH25aqua-(2GH(Pt)+Gsrombisks) =GHz2saqua-(2*51,05-85,64)= -47,28 K/mel uzrada
séridenraza $kiduma identisku negativu energijas saturu ka GHzsaqua=-30,82 K/mol reducésanas pusreakcija
atseviski:

GH2sagua=AGHessH2:+(2GH(Pt)+Gsrombisks)=-47,28+(2*51,05-85,64)=-30,82 K/mo .

Alberty dati sakrit ar absoltito standarta potencialu skalu abas pusreakcijas ka atseviska E°1H2:=-0.0515 V un

ta arT sasaistitajas nokomplektétajas oksidésanas - reducésanas reakcijas ar standard potential summu Iidzigi ka
AE°Red-0x=(E’H-E1H2:)=(-0.2965+0.0515)=-0.245 Volts.

Udenraza elektroda atskaites noteikSana E°w=-0.2965 Volti absoliita potenciala skala
sinhronizg zinatnes ar absoliito brivas energijas skalas mérogu.

Udenraza elektroda atskaites punkta E°4=-0.2965 V atklasana absoliitajam potencialam un absoliitas brivas
energijas skalai ar inversas simetrijas nozimi pusreakcija, kurai inversais potencials piemit viens un tas pats
skaitlis ar pret&ju zimi, jo simetrija sakrit ar inverso absolito brivo energiju, tas pats skaitlis ar pretéju zimi.

Absoliitas un inversas brivas energijas un potenciala méroga noteikSanai ir nepiecieSama tdens un
hidroksonija uzskaite, pamatojoties uz Alberty datiem par Gdenraza gazes un skiduma termodinamisko absoliito
brivo energiju.

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

Absoliitas brivas energijas skalai ir japieméro metabolitu nulles vértiba tidenim un oglekla dioksida gazes
fona atsauce, kas paraditi 1. attela.

Inversijas simetrija, ko abpusgjas atbilstibas rezultata izmanto ka termodinamiskos rikus: absoliitas brivas
energijas un absoliito potencialu skalu, lai atklatu Nernsta pus-, inverso- un pilno oksidésanas-reducésanas
reakciju strukturalas detalas.

10


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

Hesa elementu nulles standarta vertibas patiesiba ir pozitivas biokimijas energijas.
GH2gas=85,6 X/mor Alberty attiecinatas uz homeostazes productu tidens un COzgas Nulli GH20=Gco2gas=0 K/mol .
Dazu reaktantu [1,8] brivas energijas saturs attiecinati uz homeostazes produktu nulles vértibu skalu ir:
Glikoze GcsHi206=2268,8 X/mol > deprotonéts peroksida anjons GHoo-=338 K/mol > Go2agua=330 K/mor>
> G02gas=303 K/mori> peroksids GrH202=284 K/moi>GnH4+=232,9 K/mor>
> idens protolizes pH=pOH=7 Grzo++0H-=GHzo++Gon=22,44+77,36=99,8 K/mo1>
> GNH3aq=91,1 Kol >GH2gas=85,6 Kol = GH20_Biochemistry=85,6 K/ mot > Go2Biochem_arterial=78,1 K/ mol >
> CO2aqua $kiduma protolize ar karbo anhidrazi Guzo+Hcos=GHao++GHcos-=22,44+46,08=68,5 K/mol >
> GHpy=51 Y/mol > homeostazes produktu nulles vertibas GH20=Gco2gas=0 ¥/mol >

>GH2saqua=-30,82 K/mol > Gzrombisks=-85,64 */moi> GN2gas=-257 K/mol; Glikoze

2200
GoH1206=2268.8 Kol

G, kJ/mol

2000
1800

1600
1400

1200

Alberty [8] GHo0-=333,9 K/ g
1000
Ghzgas=85,6 Kol Gozaqua=330 K ol
800
GHZO_Biochemistry:85,6 k‘]/m0| GNH4+=232,9 k‘]/mol GOanS:303 kJ/mOl
600 +
GOZBiochem_arteriaI=88,04 K mol GNH3aq=91,1 K mol Gr202=279,3 Y/mol
0 o 22,44+46,08= GrsortGon= v
gy | =302 Fhru =Gri30++Grco3-=68,5 W/l =22,44+77,36
Giipy=48.46 kil ¥ =99,8 /o

Nulles|Iimenis _ _
0 Gh20=Gcozgas=

2200 Gsrombisks=-85,6 K ol GNZaqua::I-g,7 K ol

Grafiks 1. Augosa absoluitas briva energija metabolitiem attiecinata uz GH20=Gco2gas=0 K/mol nulles vértibu .
Atklajums zinatn€ par Absoliito potencialu skalu ir sakritosSs ar absoliitas brivas energijas nozimigi.

Udens un hidroksonija atlaide reakcijas ieskaitot protolizi un elektrokimiju Nernsta pus reakcijas ierobezo
zinatniskas studijas termodinamika, fizikala kimija un biokimija. [8,14,15]

Inversijas simetrijas termodinamiska ipasiba ir tieSa reakcija starp reagentiem un produktiem, kas apgriezas
pretéja virziena, sakotn&ji noziméjot produktus ka reagentus un atstajot reagentus ka galaproduktus. Udeni par
skabekli oksidesanas reducésanas 6H20=02aquat4H3O*+4e- Nernsta pus reakcija ir absolatais standarta
potencials: E°o2absolute=1.0868 V. Par Ozaquat4H30*+4e"=6H20 iesaistisanos inversaja reakcija absoliitam
potencialam ir vienads skaitlis ar pret€ju zimi E°o2absolute= -1.0868 V negativs.

Atklata absoliita potenciala skala Nernsta vai inversajam reakcijam sakrit ar absoliitas brivas energijas
ipasibu inversaja simetrija. [8, 14, 15] Nernsta vai inverso reakciju inversas simetrijas ipasiba ar identiskam
vertibam, bet ar pretéju zimi, kas izpauzas absoliita potenciala skala ar absoliito brivo energiju, ir sakritiga
termodinamiska ipasiba protolizes reakcijai, Nernsta pusreakcijai vai inversajai reakcijai.

Korigeta metala tidenraza termodinamiska standarta potenciala atskaite 0,10166 Volti dazu gadu laika dod
impulsu zinatném iegiit absoliitas termodinamiskas vértibas elementu un molekulu brivajai energijai. Pateicoties
Alberty dotajiem datiem par tidenraza absoliito brivo energiju gazei GHzgas=85.6 K/moi un GHzaqua=103 K/mol
Skiduma ir noteikti absolatie standarta potenciali metala Gidenraza vispariga atskaite E°’v=-0.2965 Voltos.

Tabula 1. tiek publicétas 50 bioktmija lietotas Nernsta oksidéSanas pus vai reducéSanas inversas reakcijas.

Trijos stabinos m&s varam novérot attisibu tidenraza visparigai atskaites skalai no klasiskas nulles E°n=0 V ar
tidens atlaidi. Udens un hidroksonija katjona uzskaite korige visparigo tidenraza termodinamisko standarta skalas
atskaites potencialu uz E'n=0.10166 Voltiem. Tresaja stabina Alberty dati beidzot noved pie absolatas standarta
potenciala vertibas E°n=-0.29654 Volti tdenraza elektrodam.
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H20:2 veidoSanas 41. Iapa HogastO2gas=>H202 ; AG univalberta=-134,03 Kol ; AG’ Alberty=-48,39 Kol ;
AGAIberty=GH202-(GOZgas+GH29as)=284,25-(85,64+303):-104,64 k‘]/mol(-134,03 kJ/moI;)(=-48,39 kJ/mol)

Viela AHCH X mot| AS°H Y molk | AG®H ¥l
H2O2qua | -191,99 | -481,688 | -48,39 | Alberty nulles GH20=0 K/mol; atskaité bazeti Grz02=284,25 X/mo
H2O2uqua | -191,17 143,9 -134,03 |University Alberta
Succinat? -908,69 |-1295,576 | -522,414 |GsuccinatFor=-522,4+(4*91,26+2*85,6+2*303=619,8 I(‘]/mol;GSuccinat:650,8 k‘]/mol;
Fumarate? -776,56 -862,288 |-519,4688 |GFumaricFor=-519,5+(4*91,26+85 6+2*303)=537,1 I(J/mol;GFumarat:554,75 k‘]/mol;

Succinat? veidosanas 4C+2H2gas+202gas=>(CH2)2(CO2)(CO2") ; AGsuccinat=-522,4 ¥/mol Alberty;
AGSuccinatFor:GSuccinatFor-(4GCgraph+2*GH2gas+2*GOZgas): -522,4 Xmol;
GsuccinatFor=-522,4+(4*91,26+2*85,6+2*303)=619,8 K/mol;

Fumarate 2 veidosanas 4C+Hzgast202gas=>(CH)2(CO2)(CO2") ; AGFumarat=-519,5 K/mar Alberty;
AGFumarat:GFumaratFor-(4GCgraph+GH2gas+2*GOZgas): -519,5 K/mor;
GFumaratFor:-519,5+(4*91,26+85,6+2*303):537,1 I(‘]/mol; : veidoSanas 73. Iapa

Inversais Ozaqua+2H30"+2e"=H202aqua+2H20); standarta potencials E°oxo2_H202=-0,5278V University Alberta ;
AGAaibertyox02_H202=GH202+2*GH20-(Gozaquat2*GHzo+)=279,29+2*0-(330+2*22,44)=-95,59 K/moi ;
AGquIbertyAbsoIuterOZ_H202:EoerxOZ_HZOZ'F'1'2:-0,5278*96485*2:-101,85 k‘]/mol;

SUCCinat2'+02aqua:>fumal’atez'+H202aqua+Q+AG; AGmin:AGeqSuccinat_ H202=-38,3 I(J/mol;
AGHess=AG°H202+AG °fumarat-AG°02-AG°succinat=-48,39-519,4688-(16,4-522,414) = -61,845 K mot;
AGmin=AG=(E°Redsuccinate-E °0x02) *F*N=(0,2512-0,4495)*96485*2=(-0,1983)* 96485*2=-38,3 K/
Alberty Hesa AGsuccinat_ H202=GFumarat+GH202-(Gsuccinat+Gozaqua)=537,1+284,24-(619,8+330)=-128,5 X/moi ;
Keg=exp(-AGeq/R/T)=exp(38270/8,3144/298,15)=5065991 veidosanas 58. Lapa.

Absoliito termodinamisko parametru jédzieni temperatiira, briva energija un potencials
ir absoliiti savstarpgji instrumenti, lai atklatu paral€lu un secigu komplekso reakciju strukturalas detalas,
izmantojot inversijas simetrijas Ipasibas.

1. Absoliita temperatira T Kelvina grados ir standarta vértiba 298.15 K (25 ° C),

Lord Kelvin

2. Uz Alberty bazétais absolitais brivas energijas saturs
GH2gas=85.6 X/mol Tidenraza gazei, tas Skidumam tidenT GHaaqua=103 ¥/mor un
metalam tdenradim Grry=48,46 ¥/mol
atsaucoties uz nulles atskaites vértibu GH20=Gco2gas=0 ¥/mol ka fonu
tdent un oglekla dioksida gazé COzgas.
Alberty Robert

3. Atklajums Absolata potencialu skala.
Absoliita potenciala skala, pamatojas uz visparigu atsauci
metala tidenraza absoluto standarta Potencialu E°n=-0.2965 Volti. [8, 14, 15]
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CH3CH:20H etanola veidosanas no elementiem:
2C+3H2gast1/202gas=>CH3CH20H ; AG° alberty=75,2864 K)ol ; AG°HesscrRc=-181 K/mol ;
AGOAIberty:GCHSCHZOH-(ZGCgraph+3*GH29as+1/2*GOZgas):75,2864 I(‘]/mol ,
AG’cre=GcHacH20H-(2Gcgraph+3* Grzgas+1/2*Go2gas) =-181 K/mol ;
AGOAIberty+(2GCgraph+3*GH2gas+1/2*G02gas):75,2864 +(2*91,26+3*85,6+1/2*303):GCH3CHZOH:666,106 K/ mol ;
AG°cre+(2Gcgraph*3* GHagas+1/2* Gozgas)=-181+(2*91,26+3*85,6+1/2*303)=GcHacH201=409,82 K/mo ;
CH3CHO acetaldehida veido$anas no elementiem: 2C+2H2gas+1/202gas=>CH3CHO ;
AGOAIberty:GCH3CHO-(ZGCgraph+2*GH29as+1/2*GOZgas):32,282 K mo ;
AG°cre=GcHacHo-(2Gcgrapht2* GHagast1/2* Gozgas)= 24,06 Kol ;
AG” atberty+(2Gcgrapht+2*Ghzgast1/2* Gozgas)=32,282+(2*91,26+2*85,6+1/2*303)=GcHzcHo=537,5 K/mo ;
AG’cre+(2Gcgraph+2*GHzgas+1/2* Gozgas)=24,06+(2*91,26+2*85,6+1/2*303)=GcHacHo=529,28 K/mo ;
CH3CH20H+H20=CH3CHO+H3O0*+H-(H*+2e"); absolitais potencials E°crscH20n=-0,055 V; [19]
AGeqcHacH20H=E °egqNernscHacH20H*F*2=-0,055*96485*2=-10,6 K/mol;
AGHesscH3cH20H=GcHacHo +GHzo++GH--(GcHacH20H +GH20)=537,5+22,44+GH--(409,82+0)=-10,6 X/mol.
AGHesscHacH20H=GcHacHO +GHao++GH--(GcHacH20H +GH20_Biochem)=537,5+22,44+G.-(409,82+85,64)=-10,6 K/mol.
AGHesscHacH20H-GeHacHO -GHao++(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 K/mo.

Viela | AH®H X/mot| AS®H Ymoik] AG°H ¥/moi| CRC Handbook of Chemistry and Physics 2010 90th David R. Lide
Hs:C-CH=0| -212,23 | -281,84 24,06 |GcHacH0=529,28 X/l ;
HsC-CH=0| -213,88 | -825,64 | 32,2824 |GcHacHo=537,5"/mol ;
NADH -41,41 |-4465,708|1175,5732|BioThermodynam06;
NADH | -1036,66 | -140,50 | 1120,09
HsO* -285,81 -3,854 | -213,275
NAD* -10,30 |-3766,008| 1112,534 |BioThermodynamic,2006,Massachusetts Tecnology Institute,Alberty
NAD* | -1007,48 -183 1059,11
HsCCH,OH| -290,77 |-1227,764| 75,2864 |Alberty GcracH20H=666,106 X/mol ;
HsCCH,OH.q| -288,3 |-357,7394| -181,64 |CRC GchacH20H=409,82 K/ma ;
H2O -285,85 | 69,9565 | -237,191 |GH20=0 K/moI; GH-=-10,6-537,5-22,44+(409,82+0)=-160,7 /mol.
H.O -286,65 | -453,188 | -151,549 | GH20_Biochem=85,64 “/mol. GH.=-10,6-537,5-22,44+(409,82+8564)=- 75,08 K/mol

NADH = NAD* + H-(H*+2¢"); inversais potencials -E°nabH=0,4095 V; absolute David Harris; [22]
NAD*+H-{H*+2e}+CH3CH20H+H20=NADH+CH3CHO+H3O*+H-{H*+2¢°);
NAD*+CH3CH20H+H20=NADH+CH3CHO+H30%;

summa: E°eqNernscH3cH20H-E°NnaD+=-0,055+0,4095=0,4562;
AGmin=AG¢q=(E°eqnernscHacH20H-E°NaD+)*F*n=(-0,055+0,4095)*96485*2=0,4562* 96485*2=68,408 K/moI;
AGHessAlbertycH3cH20H=GNADH+GH30++GcHacHo-( GNAD++GcHacH20H+GH20)=_68,02 K/mol.

=1112,534+22,44+32,282-(1175,5+75,2864-151,549)=68,02 K/mol.
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H3CHC(OH)COO+H20=>H3CC=0CO0O +H30*+H-(H*+2¢"); E°H3cHcoH)coo=-0,0159 V;
AGeqH3acHc(0H)coo=E °egHacHc(oH)coo* F+2=-0,0159*96485*2=-3,068 “/mol;
AGhesscHacH20H=Gracc=0c00+Ghzo++GH-~(Ghacrconycoot Ghzo)=534,2+22,44+G.-(668,8+0)=-3,068 “/ol.
AGhesscHacH20H=Gracc=0c00+Ghzo++GH-~(GhacHcoH)cootGHzo_iochem)=534,2+22,44+Gy.-(668,8+85,64)=-3,068 “/no.
AGHesscHacH20H-Ghacc=0c00-Grzo++(GhachcoHycoot Grao)=Gh-=-3,068-534,2-22,44+(668,8+0)=109,092 ¥/o.
AGhesscHacH20H-GHhacc=0c00-Grzo++(GhachcoHycoot GHzo_Biochem)=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)co0--GH20= K/mol;
Viela AHCH % mol AS®H Ymoiik AG®H , K/ mol ;
PyruvEnolP3| -1400 | -1100 |-1189,73|GH20=0 K/mol; GH-=-3,068-534,2-22,44+(668,8+0)=109,092 K/mo
H3CC=0COO0" 507 4 -850 -350,78 | Gh20_iochem=85,64 ¥/ mo1;GH=-3,068-534,2-22,44+(668,8+85,64)=194,7

I(J/mol
H3CC=0COO| -603,7 |-433,54 | -474,44
H3CC=0CO0O1 -597,04 | -846,66 | -344,62 |GHacHc(oH)coo=534,2 K/mol; pKa=2,5;
Hs;O* -285,81 | -3,854 |-213,275
H20 -285,85 | 69,9565 |-237,191
H-O -286,65 |-453,188(|-151,549
H3sCHC(OH)COO-| -688,29 | -1290,9 | -303,4 |GHacHc(oH)co0=668,8 /mal; pKa=3,86;
pKa=3,86; AH:°=1361,9 “/noi; GHacHc(oH)coor=2271 X/moe1;H3CHC(OH)COOH+302gas=3CO2gas+3H20;
AHc°=3Gco2gas +3GH20-(GHacHc(oH)cooH+3Go2gas)=3*0+3*0-(GHscHcoHycoon+3*303)= 1361,9 K/ma;
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 ; GhscHcoH)cooH =-303,4 ¥/mal [8];
AGH3cHc(oH)cooH=GHacHc(oH)cooH-(3Gcgraph+3* GHzgas+1,5*Gozgas)= -303,4  X/mol;
GHacHc(oH)cooH=-303,4+(3*91,26+3*85,6+1,5*303)=681,7 K/mo;

Lactic acid HsCHC(OH)COOH+H20<=>H3CHC(OH)COO +H30*; pKa=3,86;
Keq=[H3CHC(OH)COO]*[H30*])/[ H3sCHC(OH)COOH]/[H20]=Ka/[H20]=10(-3:86)/55,3=2 5*10"(-6)=10"\(-5603);
AGegHacHc(OH)cooH=-ReTeIn(Kaeq)=-8,3144*298,15*In(10/(->:603))/12000=31,98 X/mol .
AGH3cHc(oH)coo=GHacHc(oH)coo+2GHao+-(GLacticAct2 GH20)=Gsuccinat+2*22,44-(681,7+2*0)= 31,98 X/mo;

GHacHc(oH)coo=AGH3cHC(0H)c00-2GH3o++(GLacticact2GH20)=31,98-2*22,44+(681,7+2*0)=668,8 *V/mol;

Pyruvic acid- Formation 71%t page 3C+2Hzgas+1,502gas=> Hs3CC=0OCOOH; AGsuccinat=-344,62 ¥/mo Alberty;
AGFumarat:GFumarat-(3GCgraph+ZGH29as+1,5*GOZgas): -344,62 X/mol;
Grumarat=-344,62+(3*91,26+2*85,6+1,5*303)=554,86 “/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* 10" -6)=10/(-4.243);
AGegHscc=0cooH=-R*T*In(Kaeq)=-8,3144*298,15*In(10"(4243))/1000=24,22 K/moi .
AGhscHc(oH)coo=GHacHc(oH)coo+2GHao+(GLacticact2GH20)=Gsuccinat+2*22,44-(554,86+2*0)=24,22 K/ma;
GHacHc(oH)coo=AGHacHc(0H)c00-2GHao++(GLacticact2GH20)=24,22-2*22,44+(554,86+2*0)=534,2 X/ma;

NADH = NAD* + H-(H*+2¢"); E°napn=-0,4095 V; absolute Lehninger; [6]
Red lactate+H2O<=>pyruvate+H3zO*+H-( H*+2¢") ; absolute potential E°n3cHcon)coo=-0,0159 V;
Ox NAD*+H-(2e’)=NADH ; E°'=-0,4095 V; OksRed NAD*+lactate+H.O=NADH+ pyruvate+HsO*;
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 K/mo
KquerobiC:EXP(-AGquerobic/R/T):EXP(-75950/8,3144/298,15):10'13'3;
AGquerobic 759500
ReT —p 08.3140208.15 =10-133:

~_[NADH]-[pyruvate’]-[4 o*]
Keaaerobic=[NAD Hlactate ] ‘H,0] ~°
AGHess=AHHess- T*ASHess=45,764-298,15*-0,5479605= 209,14.......K/mo1 endoergic; formation 62" , 75t pages
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Pyruvate HsCC=0COO- decarboxylation HSCCHO+HCOs";HsCC=0COO0+H20AG+Q=>H3CCHO+HCOs3

A
Lactateo O\H

ot H
A
C—C—C—H
H

+H>O=Ethanol ?.;

/H
H\
C<

g

H
C.

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

AGHess=AG °H3ccH20H+AG°Hco3-AG°H20-AG HaccH20HC00-=75,2864-544,9688-(-151,549-303,4256)= -14,71 K/mol
AGaiberty=AGHsccH20H+AGHc03-AGH20-AGHsccHz20Hc00-=666,1+46,08-(0+668,8)=43,38 K/mol

AGAlberty Biochem=AGH3ccH20H+AGHCc03 GH20_Biochem-AGH3accH20HC00-=666,1+46,08-(85,64+668,8)=-42,26 X/mol
AHress=AHn3cchz20H+AH °Heos-AH*H20-AH °HaceHzomcoo-=-290,77-692,4948-(-286,65-688,29) = -8,325 X/mol
ASizknedes:-AHHess/T:8,325/298,15:27,9 ‘]/K/mol;
ASHess=AS°H3ccH20H +AS°Hco3--AS°H20-AS HaccH20Hco0-= 21,51 Y/molik;
=-1227,764-494,768-(-453,188-1290,852)=21,51 /moti....

ASkopzis= ASHesst ASizkliedes=21,51+27,9=49,41 I/mouk;
AGHess=AHHess- T*ASHess=-8,325-298,15*0,02151=-14,738 K/ mol EXOEI’giC ......

TeASkopsjs= 0,04941*298,15 K=14,73 X/mo1; bound TASn ;izkliedes-lost energy patvaliga

Lactic acid Formation 715t page 3C+3H2gas+1,502gas=>H3CHC(OH)COOH ; GHacHcoH)coor =-303,4 K/mor [8];
AGH3cHc(oH)cooH=GHacHc(oH)cooH-(3Gcgraph+3* GHzgas+1,5*Gozgas)= -303,4  K/mo;
GHacHc(oH)cooH=-303,4+(3*91,26+3*85,6+1,5*303)=681,7 K/mo;

Lactic acid HsCHC(OH)COOH+H20<=>H3CHC(OH)COO +H30*; pKa=3,86;
Keq=[HsCHC(OH)COO"T*[H30*]/[ HsCHC(OH)COOH]/[H20]=Ka/[H20]=107(386)/55 3=2 5*10A(-6)=10A(5603);
AGegHacHo(oH)cooH=-R s TeIn(K aeq)=-8,3144*298,15*In(10~5693))/1000=31,98 K/moi .
AGH3cHc(oH)coo=GHacHc(oH)coo+2GHao+-(GLacticAct2 GH20)=Gsuccinat+2*22,44-(681,7+2*0)= 31,98 X/mo;

GHacHc(oH)coo=AGH3cHC(0H)c00-2GHao++(GLacticact2GH20)=31,98-2*22,44+(681,7+2*0)=668,8 «V/mol;

CH3CH20H ethanol formation from elements:
2C+3H2gast1/202gas=>CH3CH20H ; AG’ alberty=75,2864 Kfmol ; AG°Hesscre=-181 K/mol ;
AGOAIberty=GCH3CH20H-(ZGCgraph+3*GH29as+1/2*G029as)=75,2864 I(‘]/mol ;
AGQCRC:GCHSCHZOH-(ZGCgraph"‘?:*GH29as+1/2*GOZgas):-].Sl Kot ;
AG’ atberty+(2Gcgrapht3*GHzgast1/2* Gozgas)= 75,2864 +(2*91,26+3*85,6+1/2*303)=GcHacH20H=666,106 Kot ;
AG°cre+(2Gcgraph*3* GHagas+1/2* Gozgas)=-181+(2*91,26+3*85,6+1/2*303)=GcHacH201=409,82 K/mo ;

Substance AH°H % mot| AS°H Y molik| AGOH K/ mol
H3CCH(OH)COO-| -688,29 |-1290,852|-303,4256
HsCCH(OH)COO-| -686,2 -557,71 | -313.70

H3CCH20Hqq -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
HCOgs -689,93 98,324 | -586,94
HCOs -692,4948 | -494,768 |-544,9688

BioThermodynamics06; GHzo_giochem=85,64 K/mo;
(GHso++GHC03-)=22.44+46.08 X/mol ;
CRC 2010;
ASHesszZASOproducts-ZAS°reactants;AGHess:AHHess-T’ASHess

(©)
N\ O

H
C
KoNy
Y H ¢—H
|
_ -C<
Lactate H E\H +H,0=Ethanol " I™H +HCOs +AG +Q
exothermic............
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Oks: H2COHCOO-+H-(H*+2e)+H30"'=>H3CCOO+2H20; E°oxH2concoo=-0,033 V absolute; [23]

H H
Hc. =0 H-¢_ 2O

Oks: Glycolate © 1= +NADH + HzO* => acetate H Cb- +2H,0 + NAD*;

AGHess=AG°cH3coo+AG°NAD++2AG°H20-AG°H2coHc00-AGNADH-AGH30=-161,8 X/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 */mol;

Substance| AH Hess AS®Hess AG°Hess

H2COHCOO+NADH+H30*=>HsCCOO+NAD*+H20,;

Glyoxylate | /mol I molik K mol
| OHCCOOH | - | - | - GoHccoon=-426,588+(2*91,26+85,6+1,5*303)=296,032 X/mol
OHCCOO- - - -426,588 | GoHccoo=AGeqoHccooH-GHao++( GonccooH+GH20)=305,6 K/mol
H2COHCOO: - - -403,2968 | GoHccoo=AGeqoHccooH-GHao++( GoHccooH+GH20)=414,3 K/mol
H2COHCOOH | -651 318,6 - GH2coHcooH=-403,2968+(2*91,26+2*85,6+1,5*303)=404,9232 X/mol
NADH@q |-1036,66] -140,5 - Exothermic, exoergic A s A
NADHaq) | -1041,41 | -4081,784 | 11755732 | oquction Hess free energy G el
HsO%@aq |-285.81| -3,854 |-213,2746| change -161,8 negative,but | |~~~ """
NAD*@g |-1007,48| -183 - minimized reaching
NAD*@aq | -1010,3 | -3766,008 | 1112534 AGmin=AGeq=-72,65 or

HsCCOOH | -484,09 | 159,83 | -531,743 | -104 X/mal 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 P

H20 -285,85 | 69,9565 | -237,191 change minimum AGnmin AGmin= -104 Y/mol
HO0 |65 -453,188 | -151,549 reaching. A+B+C 50% D+2E+F

Glyoxylic acid Formation 61 page 2C+Hzgast+1,502gas=>OHCCOOH ; AGoHccoon=-426,588 /mol [8];
AGOHCCOOH:GOHCCOOH-(ZGCgraph"‘GH2gas+1,5*GOZgas): -426,588 /mol;
GoHccooH=-426,588+(2*91,26+85,6+1,5*303)=296,032 ¥/mol;

Glyoxylic acid OHCCOOH+H20<=>0HCCOO +H30*; pKa1=3,32; Wikipedia
Keqg=[OHCCOO]*[H30*]/[[OHCCOOH]/[H20]=Ka/[H20]=10"(-3:32)/55 3=8,655*10/(-6)=10"\(-5.063);
AGeqgoHccooH=-ReTeIn(Kaeq)=-8,3144*298,15*In(10/(->063))/1000=31,98 X/mol .
AGegoHccooH=Gonccoo+GHzo+-( GoHccoon+GH20)=Gorccoo+22,44-(296,032+0)= 31,98 K/mol;
GoHccoo=AGeqoHccooH-GHao++( GoHccoon+GH20)=31,98-22,44+(296,032+0)=305,6 “/mo;

Glycolic acid Formation 615t page 2C+2*H2gas+1,502gas=> H.COHCOOH ; AGHacorcoon=-403,2968 K/mai [8];
AGH2coHcooH=GH2coHcooH-(2Gcgraph+2GHagast1,5* Gozgas)= -403,2968 KV/mol;
GH2coHcoon=-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=[H2COHCOOT*[H30*]/[H2COHCOOH]/[H20]=Ka/[H20]=107-383)/55 3=2, 675+ 10A(B=10A(5573):
AGeqgoHccooH=-ReTeIn(Kaeq)=-8,3144*298,15*In(10/->573)/1000=31,81 X/mol .
AGeqoHccooH=GoHccoo+GHzo+-( GorccooH+GH20)=Gorccoo+22,44-(404,9232+0)= 31,81 K/mol;
GoHccoo=AGeqoHccooH-GHao++( GoHccoon+GH20)=31,81-22,44+(404,9232+0)=414,3 X/ma;

Nernst’s half reaction glycolate +H20 = Glyoxylate +H-(H*+2e")+HsO*; D.C.Harris 25°C [23]
Oks: OHCCOO+ H-(H*+2e)+H30*=> H2COHCOO +H20 ; E°Haconco0=0,1305 V absolute;[23]

H
H 0 H-¢_ 20

Oks: Glyoxylate 5 S - + NADH +Hz0*=> Glycolate O b +HO+NAD*; D.C Harris 25°C [23]
Nernst’s half reaction Red: NADH = NAD* + H-(H*+2¢e"); E° red=-0,4095 V David Harris absolute [22]
Glyoxylate OHCCOO-+NADH+H30*=H2COHCOO+NAD*+H20 Glycolate;

AGHess=AG °H2coHcooH+AG°NaAD++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 €X0€rgic............... :
AGmin=AGeq=(E° egNernst NADH-E °H2conco0)*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<=>H:0;

Free energy content is gas and water solubility product Gozagua=Gozgas+Go2:=303.1+26.58=330 X/mol ;

GH30+0H=GH30++GoH-=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 [HsO*]=10-3¢ M decrease potential:

E02=E°*+9059%/4210g([O 5q,,] *[H30*]¥1H201°)=1.0868+0-059/4*|og (6107 (°) * 107(7-3™) /55 346"°)=0.4346 V with
difference AEarteriai=E°-E0=1.0865-0.4346=-0.652 V; AGarteria=AEH20*F*n=-0.652*96485*4/1000=-251.6 K/mol.
Solubility product value Ozgas Air+H2OAaR0rINS=>(Dg)004 increases about Gozsk=26.58 K/mol:

[O 2 aqua]
[0 1-[H 20] =K=2.205*105. Gozsk=-ReTeIn(Kzx)=-8.3144*298.15*In(2.205*105)=26.58 k/mol.
2 gas

Free energy protolysis decreases Gozsiochem_arterial=Go2aquatGo2sk+AGarteria=303.1+26.58-251.6=78.08 X/mo|
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
O2air + H20 <=> O2aqua ; [O22ir]=0.2095 oxygen mol fraction in air, in water [Ozaqua]/[H20]:
AGH=AG°02aqua-AG°H20-AG°02gas=16.4-(0-151.549)=168 K/mor endoergic;
AGs=-ReTeIn(K)=-8.3144*298.15*In(2.205*10%)=-8.3144298.15¢6.414=26.58 K)/mo
[O2] solubility Hess free energy change is positive AGHess=AGsolubility =168 K/mor ,

but minimized to AGmin=AG=26.58 K/mol reaching solubility product

iAGmin: .26,58 k‘]/mol
[0, aqual A+B 50% C+D

equilibrium mixture Ku = T5—.[q_o] =2205*10°%= 1045 Reactant O21gas+H20

products
H20g8I00d+O2aqua-Blood.
Free energy change minimum AGmin reaching establishes equilibrium. 53" page.

Zero osmolar Cosm=0 M and ionic force 1=0 M in distilled water from air 20.95% solubility is:
[O2water]=Ks*[O2air]*[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=[O2aqual/[O2air]= 9.768-10-°/0.2095=4.663*10-4=10-33314,

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

OX: Ozaqua +4H30*+4e ¢ 6H20; E°02=1.0865 Volts; Red: 4H(Pt)+4H.0 <~ 4H30*+4e" ; E°n=-0.2965 V.

O2aquat4H(Pt)=2H20; AGeq=(E’H-E°02)*F*1+4=(-0,2965-1,0868)*96485*4=-1,383*96485*4/1000=-533,9 K/mol;

Equilibrium value AGeq2rH20=2GH20-4GH(pt)-Gozaqua=2*0-(4*GH(py+330)=-533,9=2%266,9 K/mol eXpresses
metal free energy GHry=(2GH20-AGeq2H20-Go2aqua)/4=(2*0+533,9-330)/4=204,2/4=51,05 K/mol .

H2ag+2H20 < 2H30*+2e+H20; Nernst’s half reaction

2 air

Equilibrium reaching is Prigogine attractor free energy change minimum AGmin .
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AGriess H30+=GH2aq+2Gh20-(2Gh30++Gh20)=103,24+2*0-(2*22,44-2*0)=58,36 “/mo ; and graphite electrode
absolute potential E°H30+=58360/96485/2=0,302V oxidizes hydrogen and liberate (Pt) lattice.
Red: 2H(Pt)+2H20 ¢ 2H30 *+2e"; E°1+=-0,2965 V; Ox+Red summary 2H(Pt) +H20 > Haag;
Ox: 2H30*"+H20+2e ¢ H2agt2H20;
Red: 2H(Pt)+2H20 > 2H30 *+2¢;
2H(Pt)+H20 <> Haag;
AE’eqr30+H(Py=-0,2965-0,302=-0,5985 V; AGeqH3o+HPy=AE "eqHzo+H(pt)*F*2=-0,5985*96485*2=-115,5 K/mal;
AGegH30+H(PY)=GHzag+GH20-2GH(ry=103,24+0-2*51,05=1,14 W/mor .
AGegH30+H(PY)=GH2ag+GH20_Biochem-2GH(pty=103,24+85,6-2*51,05=86,74 K/mo .
Platinum crystal lattice is indifferent referring to zero free energy for Gh20=Gcoz2gas=Ge-=0 K/mol ,
Reduction of sulfur OX: Srombisks + 2 H3O* + 26" = H2Sag+ 2 H20; E°<=-0,0515 V;
rombiskst2H(Pt) <> H25ag;
AGeq=(E°H-E°<)*F*12=(-0,2965-(-0.0515))*96485*2=-0.245%96485*2/1000= -47.3 X/mo;

GH2:aqug=AGHessH25+(2GH(Pt)+Gerombisks) =-47.3+(2*-219-85.64)=-571 Kot . 21 page.
Abstrakts.

Uz Alberti bazéts absolutas brivas energijas saturs GHagas=85.6 X/mol gazei, GHzagqua=103 K/mor idenim un
GHrPy=51 Y/mol metalam tidenradim pie nulles atskaites GH20=Gco2gas=0 K/mol fona energijas tidenim un oglekla
dioksida COzgas gazei. [8,15] Metala tidenraza nulles klasiska standarta potenciala atskaite tiek izmantota ta
hidroksonija katjona [H3O*]=1.01 M koncentracija sérskabes [H2SO4]=1 M skiduma ar blivumu 1.061 9/mL.
Kops 1920. gada Nernsta Nobela prémijas kimija sanemsanas visas elektrokimijas s€rijas reducétaju oksidesanas
pusreakciju standarta potenciali ir noteikti attieciba pret tidenraza metala pusreakcijas klasisko standarta
potencialu E°n nulle. [1,15] Skabekla, oglekla dioksida un Gdens protolizes funkcionalas aktivitates kvantitativie
pétTjumi atklaj generétus daudzveidigus Dzivibas pasorganizéjoSus atraktorus: iidens [H20]=55.3 moli/ iz
koncentraciju, pH=7,36, enzima karbo anhidrazes (CA) reaktivitate, gaisa skabekla Itmenis 20,95 %, osmolara
koncentracija 0,305 M, jonu spéks 0,25 M, temperatiira 310,15 K gradi utt. . [1,15]

Liela atruma protolize tident padara skabekli ugunsdrosu, CA funkcionali aktivize oglekla dioksidu, reaggjot
ar divam tidens molekulam, veidojot H3O*+HCO3" koncentracijas gradientus abpus membraneai osmozei pretgji
koncentracijas gradientiem bet protonu un bikarbonata jonu transportéSanai lejup cauri protonu un bikarbonatu
jonu kanaliem.

Ieprieksejas publikacijas atklaj neaizstajamu tidens un hidroksonija uzskaiti lidzsvara reakciju
termodinamiskajas izpausmgs, ieskaitot protolizi un elektrokimijas Nernsta pusreakcijas. [8,14,15] P&tijumi
sasniedz metala Gidenraza termodinamiska standarta potenciala atsauces vértibu 0.10166 Volti. Alberty varda
sniegtie dati par iidenraza brivo energiju GHagas=85.6 “/mol , GH2aqua=103 K/mol ir atklajies absoliitais standarta
potencials E'1=-0.2965 Volts ka elektroda termodinamiska atskaites vértiba ar absoliitas brivas energijas
izmainas vertibu AGeq=-28.6 X/mol.

Atslegas vardi: Fizikala kimija; Elektrokimija, Termodinamika; Atraktori; Biokimija.
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Nernsta absoluta potenciala Ozaqua / H20 | H(Pt) / HsO* un H202/ H20 | H202/ 02 studijas

Ox oksidanta reaktanta pus reakcija: Ozaqua + 4H30* + 4e” <=> 6 H20 ; Go2aqua=330 K/moi ; E°02=0,9851V:
Red reduktanta reaktanta pus reakcija: 4H(Pt)+4H20<>4 H3O*+4e- ; metals Gidenradis Grey=51.05 K/mo :
O2aquat4H(P1) < 2H20 ; AGeq=2GH20-4GH(Pt)-Go2aqua=(2*0-4GH(pt)-330)=-533,886 “/mol
Eo02=E°02+0.0591/4°1g([O2aqua] *[H30*]*/[H20]6)=1,0868+0.0591/4*l0g ([ O2aqua] *[H3O*]*/[H20]°) ;
En=E°n+0.0591+Ig([H30*]/[H20])=-0.2965 V +0.0591°1g([H30O*]/[H20]) ; E°H=-0.2965 V .

Gaze O2gas+2H2gas > 2H20; AGHess2H20=2AG°H20-(2AG °H2gas+ AG° 02gas) =2*-237.19-(2*0+0)=2*-237.19=-546.4 Xm0l
OZaqua+2H2agua<:::>2Hzo; AGAIberty2H20=2GHZO-ZGH2aqua'GOZaqua=2*0-(2*103.24+330)=-536,48:2*268,24 I(J/mol;
Udenraza Alberty R.A. Biochemical Thermodynamic’s 1-463. (2006). briva energija GHzaqua=103 ¥/mo
Viela AHOH,kJ/mol ASOH,‘]/moI/K AGOH,kJ/moI AGHesszZAG°H20-4AGH(Pt)-AG°OZaqua='694,98:2*-347,5 I(J/mol;

H20 -285.85 | 69.9565 | -237.191 | =2*-237,191-(4*51,05+16,4)=-694,98=2*347,5 K/moi. CRC 2010

H20 -286.65 -453.188 | -151.549 AGeq:-533,886 K/ mol ; AGHess=-689 K/ mol

HsO* | -285.81 -3.854 [-213.2746 reaction 4H(Pt) + O2aqua <3 2 H20 ; absoluta values

Hoag | 234 130 | 99.13 | AGeq=-494,62 ¥Wimot | < | AGHess= 689 /i | ;

O2aqua -11.70 -94.2 16.4 [H201]¢ logaritms no E°o2classic=1,229 V termodinamiskais potencials

Osaqua | -11.715 | 110.876 | 16.4 |E°=1,383+0,10166=1.485 V absolitais E°=1,485-0,3982=1,0868 V
AGeqoxRed=(E"H-E°02)*Fe 1+4=(-0.2965-1,0868)*96485*4=-1,383*96485*4/1000=-533,9=2*-266,9 /ol ;
Keqzra0=exp(-AGoxred/RIT)=exp(533870,8/8,3144/298,15)=exp(215,363)=10%353

GH(Py=(2GH20-AGeqzH20-Gozaqua)/4=(2*0+533,871-330)/4=204,2/4=51,05 X/mo AGhiesot20 =-347.5 Koy
Eksotermiska un eksoergiska Ozaqua reducésana ar metalisku tidenradi4H(Pt) AGHomeostasisH202=-242,7 ol A

un H202 dismuttacijas Hesa brivas energijas izmaina negativa
AGHessZH20=-347,5 ....... Kol , AGHess_H202='242,5 ........ kJ/mol, bet minimizejas
sasniedzot lidzsvara AGeqarz0=-247 K /mor and AGegstandart=-238.5........ K3/ mol
maisijuma konstantes Keqzz0=10%6:65......... un Kegstandart=1038-35_.. ...
Minimums AGmin ir Prigozina atraktors. Brivas energijas izmainas minimuma
sasniegSana iestajas lidzsvara stavoklis.

Absoliita potencialu skala Nernsta pus reakciju standarta potenciali ir: .
Red H202+2 H20-2 e =02aquat2 H30 * ; E°H202=0.4495 V Alberta University ;

Oks H202+ 2H3O+*+2e=4H0 : E °0x=1,6855V  Suhotina; AGeqH20=-266,9 fmoi T
2H202aq=>02aqua+2HZO+Q+AG; AGeqStandard=-23\8,5 Kol v
Reaktanti 4H(Pt)+ O2aqua un produkti 2H20 +B EQO
Reaktanti 2H202aq un produkti O2aquat+2H20 gﬁ: %;Oé) +22[():

AGHess=Gozaquat2*GH20-2*GH202=16,4+2*-151,549-2*-134=-18,7 X/mol;
AGHesscre=G02aquat+2*GH20-2*GH202=16,4+2*-237,19-2*-134=-189.98 K/mo;
AGegstandart=(ERred-Eoox)*F*n=(0,4495-1,6855)*96485*2=(-1,24)*96485*2=-238,5 K/moI ;
AGalbertystandart=G02Biochem_arteriat2* GH20BioChemistry-2* GH202=78,08+2*85,64-2*284,25=-238,5 K/mol; Alberty
2GH202 =Go2zaquat2*GH20+AGaAlbertystandart =330+2*0+218,9=2*284,25=548,9 kJ/mol;;

[0 agua-[H 0]

[H,0, J2qua
Red: Eon202=E°H202+0.0591/2¢1g(O2aqua]*[H30 *]?/[H202]/[H20]?)=0.4495+0.0591/2*1g(6*10°9*10""3"2/1/55 3%)=-0.213
OX: Eoox=E°H2020x+0.0591/2<log([H202]*[H30 *]%[H20]*)=1,6855+0.0591/2*Ig(1*10"(7-36"2)/55,3"4)=1,0445 VV

Homeostaze: AGeqsiochem=(ERed-Eoox)*F*n=(-0.2132-1,0445)*96485*2=(-1,258)*96485*2=-242,7 K/ma;

1. AHpess=AH 02+ 2AH® 120-2AH® pp00=-11.7-2%286.65-(2*-191.99)=-201.02 /ot =-11.7-2%285.85-(2*-191.17)=-201.06 /oy
2.ASizkliedes=-AHR/T=-(-201.02)/298.15=674.2 Y/moiik ; ASizkiiedes=-AHH/T=-(-201.06)/298.15=674.36 */molik ;
ASHess=AS°02+2AS°H20-2AS°H202=-94.2+2*-453.188-(2*-481.688)=-37.2 mol/k;
ASHess=AS°02+2AS°H20-2ASH202=110.876+2*69.9565-(2*143.9)=-37 /mol/k;
2. ASkopsjs=ASHTASizkliedes=-37.2+674.2=637.....)Imolik ASkopsjs=-37.011+674.36=637.35......"/mol/K;
4. AGHess=AHH-T*ASH=-201.02-298.15*-0.0372=-189.9 K/mol ex0ergic patvaliga.

AGHess=AHH-T*ASH=-201.06-298.15*-0.037=-190 X/moi ;
T ASkopsjs=0.637%298.15=189.9 X/mol ; T*ASkopzjs=0.63735%298.15=190 K/mol;

Kegstandart= =KH202=eXp(-AGeq/R/T)=exp(238510/8.3144/298.15)=1041.75,.......
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Nernst’s potential studies reducing with vitamin Bs ethanal H3CCH=0 and oxidising H3CCH20H ethanol
Aerobic [NAD*])/[NADH]=108; H3C-CH2-OH+NAD*+H20+AG+Q=>H3C-CH=0O+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/mo endoergic;
AGHessAlbertycH3cH20H=GNADH+GH30++GcHacHo-( GNAD++GcHacH20H+GH20)=_68,02 K/mo;
=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°cHscH201=-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°? of the electron acceptor. Because NAD* is accepting electrons from ethanol :
AGmin=AGeq=(E °egNernscHacH20H-E °naD+) *F*n=(-0,055+0,4095)*96485*2=(0,3545)* 96485*2=68,408 X/moI;

[NADH] . [CH3CH O].[H ’%O+] _AGeq 8 31i820988 15 -12 -11.985
AGeq—-R'T'ln(Keq), Keq= [NAD+]'[CH3CHZOH]'[H20] “e ReT =e ° 15=1.036°10-12=10-1%

Anaerobic [NADH]/[NAD*]=10; HsC-CH2-OH+NAD*+H20+AG+Q => H3C-CH=0O+NADH+Hz0*;
AGHess=AG°cHacH20H+AG H20+AG°NAD+ ~AG°H30-AG°cHacHOo-AG°NADH = -159.1 K/mol;
AGress=75.2864+1059.11-237.191-(32.2824+1175.5732-151.549)= -159.1 K/mor endoergiska;

AGHessAlbertycH3cH20H= GNaD++GcHacH20H+GH20-(GNADH+GH30++GcHacH0)=-68,02 K/mol;
=1175,5+75,2864-151,549-(1112,534+22,44+32,282)=-68,02 /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°2H20 of the electron acceptor. Because CH3CHO is accepting electrons from NADH in our example

AGmin=AGe=( E°NAD+-E eqNernscHacH20H) *F*n=(-0,4095+0,055)*96485*2=(-0,3545)* 96485*2=-68,408 K/mol;
K[ .- [NAD*}[CH,CH,OH]- [H,0] ARGeTq 8 3158322 15 11—1()11.985

AGeq:-R'T'ln(Keq)=- 68,408 X/mol; Keg= [NADH]'[CHBCHO]-[HgoJ'] =g ReT =g 831429815 =0 651011=1011-9%,

In aerobic organisms NADH oxidase with Ozaqua perform ratio [NAD*]/[NADH]=108; AG 1509y G M
AGromeostazes=68.408+ ReTeIn(106%1/1*10736/55.3)=68.408-86.2=-17.8........... K/ mol. s Setimpmmscn
[NAD*J/[NADH]=103; AGHomeostizes=68.408-69.08=-0.676.......... K/mol. G>0
Equilibrium is shifted far to reactants as aerobic constant Keq=10-11-985 and inverse

anaerobic constant Keq=1011-985_ Aerobic endothermic and endoergic vitamin Bs ethanol
oxidation Hess law free energy change pozitive AGHess=159........ K/mol and inverse
ethanal anaerobic reduction negative AGHess=-159........ /mor , but minimises reaching
equilibrium aerobic AGmin=AGeq=68.4....... K/mor and anaerobic
AGmin=AGeq=-68.4....... “¥/mol reaching equilibrium mixture
constants 10-11-985=Keq aerobic and anaerobic 1011-985=Kq. %zroblc A
Prigogine attractor is free energy change absoliita minimum AGmin reaching -159 Kol
equilibrium AGmin=68.4....... “/moi= | AGeq | <| AGress| = 159........ 9 mol. ez Hess
Anaerobic H3C-CH=0+NADH+H30* =>H3C-CH2-OH+NAD*+H20+AG+Q; o
Anaerobic AGe=AE°*Fen=-0.3545 V+2 mol*96485 /moi=-68.408......... K/mor favored. anasrobic |
Insufficient low Ozaqua cONcentration hypoxia to anaerobic alcohol oxidation unflavored .
but ethanal reduction to ethanol favored [H3CCH20H]/[ HsCCH=0]=1/10 e o

i o . D+E+F 50% A+B+C
Homeostazes reduction with NADH reductase enzyme as negative free energy change NADH+HsCCHO+HsO*

AGHomeostézeS:'27.86 ........ kJ/mOl NAD++H3CCHZOH+HZO
Anaerobic Homeostazes ratio [NADH]/[NAD*]=10 over [NAD"] favors reduction:

AGHomeostazes=-68.41+8.3144*298. 15*|n(KHomeostazes) =-68.41+40.54 =-27.86........ k‘]/mol

_ . o, 1 1 55333 _ _ _[INAD"}[CH,CH,OH] [H,0]
AGHomeostazes=-68.41+8.3144*298.15 In(E 0 10736 )=-27.86 %/ mol ; KHomeostasi= [NADH]-[CH,CHO][H;0"]

\:',AGminzl 68,4 k‘]/mol
eactant A+B+C50%D+E+F

eac da S _ NAD*+HsCCH20H+H:0
products_ NADH+HsCCHO+H30*

[NADH]/[NAD*]=1/770; AGHomeostazes=68.408+8.3144*298.15*In(700/1*1/1*55.3457/1077-36)=0.028 X/mol.
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Liela atruma protolizes peroksida anjonu H*+HOO><-OOH+H* sadursmes aktivacijas energija ir Ea=79000 /ol
pretéji HOO=> sadursmais aktivacijas energija Ea=29 /ol ir neliela, producgjot =6, ®=3 taukskabes,
O2aquat2H20+Q: : 2H202(aq)<=>02aquat2H20+Q+AGH ;
AGHess=AG°02+2AG°H20-2AG°H202=16.40+2*(-237.191)-(2*-134.03)=-189.9 X/mon eksoergiska
AGHessalberty=G°02+2G°H20-2 G°H202=303.1+2*(0)-(2*364.79)=-426.5/2K/mon=-213,25 K/mon eksoergiska

Viela AHOH,kJ/molASOH,J/mOI/KAGOH,kJ/mol
HsO* | -285.81 -3.854 | -213.275 Miscenko 1968, Himia, Leningrad

O2aqua | -11.715 | 110.876 16.4 |CRC 2010;

O2aqua | -11.70 -94.2 16.40 AHHess=AH°02+2AHH20-2AHH202=-201.02.....=-201.06......K/mol
H.O | -285.85 | 69.9565 | -237.191 =-11.7-2*%286.65-(2*-191.99)=-201.02......5/mo eksotermiska..
H.O | -286.65 | -453.188 | -151.549 =-11.7-2*%285.85-(2*-191.17)=-201.06......</mol

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

H2021 | -237.129 | 69.91 |-237.129
2.ASizkliedes=-AHR/T=-(-201.02)/298.15=674.2 Y/moiik ; ASizkiiedes=-AHH/T=-(-201.06)/298.15=674.36 */moli ;
ASHess=AS°02+2AS°H20-2AS°H202=-94.2+2*-453.188-(2*-481.688)=-37.2....Imol/k;
ASHess=AS°02+2AS°H20-2ASH202=110.876+2*69.9565-(2*143.9)=-37.... /mol/k;

2. ASkopsjs=ASH+ASizkliedes=-37.2+674.2=637....../lmolik ASkopsjs=-37.011+674.36=637.35......"/mol/K;
4. AGHess=AHH-T*ASH=-201.02-298.15*-0.0372=-189.9........ K/mol eksoergiska............. patvaliga...........
AGHess=AHH-T*ASH=-201.06-298.15*-0.037=-190........ Ko ;
TeASkopsjs=0.637*298.15=189.9......... K/mot ; T*ASkopsjs=0.63735%298.15=190......... K mol;
[H20:]= 1; 10710 M biokimijas koncentracijas [Ozaqua]=6*10"° M, [H30 *]=1073¢ M, [H.0]=55,3 M.
Red H;0,+2H,0=0,+2H30*+2¢e"; E }120.=0,4495 V absoliitais standarta potencials; Eged= E H20210,0591/2¢
*19([O2aqua] *[H30 *]4/[H20-]/[H20]?)==0,4495+0,0591/2*log(6*10"9*10"(736*2)/10/(-10)/55,3"2)=0,08227 VV
Eret=E °h202+0.0591/2+1g([O2aqua]*[H3O *J/[H20:]/[H20]?)=0,4495+0.0591/2*Ig(6*10"¢5*10"7-36"2/1/55.3'2)=-0.2132 V/
Ox H202+2 H30 *+2e=4H,0; -E ox202=-1,6855V absoliitais inversais standarta potencials ;
~Eox=-E ‘2020x+0,0591/2+log([H20]*/[H20:]/[H30 *]?)=-1,6855+0,0591/2*l0g(55,3"4/107(-7,36*2)/107(10)=-0,749 V:
~Eox=-E °h2020x+0.0591/2¢log([H20:]*[Hs0 *]%/[H20]*)= -1,6855+0.0591/2*|g(1*10"¢73*3/55.3")= -2,3265 V
[H202]=1 M; [H20,]=107(-10) M; koncentracijas 2H202aq=>02aquat2H20;
[H202]=10"19 M; AGeggiochem=(E red-E ox)*F*n=(0,08227-0,749)*96485*2=(-1,236)*96485*2=-128,7 Y/ ;
[H20:]=1 M; AGeggiochem=(E ked-E ox)*F*n=(-0,2132-2,3265)*96485*2=(-2,5397)*96485*2=-490,1 X/ ;
AGAlberty=Go2Biochem_arteriaj+2* GH20BioChemistry-2*GH202=78,08+2*85,64-2*364,79=-480,22 K/mol;
2H20:(ag) =>02aquat2H20+Q+AG; Homeostazes produktu aktivésana, hidroksonija un peroksida anjonu:
GH202=364.8 Xmot; Ghzo++GHoo-=22.44+418.32=440.76 W/ absoliitas brivas energijas attiecinatas uz tidens un COxgas
nulles GHzoZGcozgaszo k) mol VETtIbU:
AGegstandard=(E H202-E H2020x) *F*n=(0,4495-1,6855)*96485*2=(-1,1845)*96485*2= -238,5....<" o1 ;
AGHessA|berty:Goz+2GHzo-ZGH202=330+2*(0)-(2*284)=-238 kJ/moll ) Alberty
Kegstandar=Kr202=eXP(-AGeg/R/T)=exp(238500/8.3144/298.15)=10%15........
Eksotermiska un eksoergiska H,O; (aq) dismutesanas Hesa brivas energijas izmaina AGaipery ir B AG st =480 A
negativa -480........ K mol, bet minimizgjas AGegstandart=-238.5........ K/ mor Sasniedzot Iidzsvara
maistjuma konstanti Keg=10%8....... Lesatelje princips ir Prigozina atraktors brivas energijas
izmainas minimuma AGmin sasnieg$ana. Liela atruma protolizes atractori pH=7.36, skabeklis
20.95% gaisa atrodas lidzsvara stavokli, kamér Homeostaze neatgriezeniski turpinas, jo ir
nelidzsvara stavoklis. Prigozina atraktors Nobela Prémija kimija 1977. gada. CATALAZE dzgs
peroksida molekulas H,O; lidz 100% w=6, »=3 taukskabju C20:4 iznakumam elongacijas
sintéze peroksisomas. CATALAZES reaktivitate ir nepiecieS8ams neatgriezeniskas Homeostazes
Brauna molekularais dzingjs evolicijai un izdzivosanai.

T

real_danti 2H202(aq) AGstandart=-238,5 kJ/mol:
produkti_Ozaquat+2H20 } 2

A+A 50%  B+2C

21


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

References.

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

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

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

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

. Kuman M. New light on the attractors creating order out of the chaos. Int J Complement Alt Med. 11(6), 337,
(2018) :

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

2008.
7. Xing W, Yin G, Zhang J. Rotating Electrode Method and Oxygen Reduction Electrocatalysts. Elsevier; 6

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

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

gl B WDN -

Design of Isoform Specific Inhibitors. BioMed Research International; 2015, 3 (2015). .

11. Balodis J. PRAKTISKIE DARBI FIZIKALAJA KIMIJA 11 DALA. Izdevnieciba «Zvaigzne», Riga, 1975,
lapaspuse 149. Latvian.

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

15. Kaksis A. HIGH RATE PROTOLYSIS ATTRACTORS ACTIVATE energy over zero GH20=GCO2gas=0
kJ/mol of water and carbon dioxide. FREE ENERGY CONTENT as BIOSPHERE Self-ORGANIZATION
creates PERFECT ORDER IRREVERSIBLE HOMEOSTASIS PROGRESS. 9th International Conference,
MAY 2023, p.14-19.

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

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

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

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

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

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

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

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

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

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

22


http://aris.gusc.lv/BioThermodynamics/CRCChemPhysics90thEd10.pdf
http://aris.gusc.lv/ChemFiles/Attractor/prigogine-lecture.pdf
http://aris.gusc.lv/BioThermodynamics/AttractorMedAltCompl18.pdf
http://aris.gusc.lv/BioThermodynamics/AttractorMedAltCompl18.pdf
http://aris.gusc.lv/BioThermodynamics/LehningerBiochem5e08David.pdf
http://aris.gusc.lv/BioThermodynamics/LehningerBiochem5e08David.pdf
http://aris.gusc.lv/ChemFiles/Oxygen-Water/Rotating_Electrode_Methods_and_Oxygen_Reduction_Electrocatalysts-Wei_Xing-Geping_Yin_and_Jiujun_Zhang.pdf
http://aris.gusc.lv/ChemFiles/Oxygen-Water/Rotating_Electrode_Methods_and_Oxygen_Reduction_Electrocatalysts-Wei_Xing-Geping_Yin_and_Jiujun_Zhang.pdf
http://aris.gusc.lv/BioThermodynamics/BiochemicalThermodynamics06.pdf
http://aris.gusc.lv/BioThermodynamics/BiochemicalThermodynamics06.pdf
http://aris.gusc.lv/ChemFiles/CA/KS3BioMedRes15/3KS3BioMedRes15.pdf
http://aris.gusc.lv/ChemFiles/CA/KS3BioMedRes15/3KS3BioMedRes15.pdf
http://aris.gusc.lv/ChemFiles/Attractor/7TH-ICTNC21-PROCEEDINGS-BOOK.pdf
http://aris.gusc.lv/ChemFiles/Attractor/7TH-ICTNC21-PROCEEDINGS-BOOK.pdf
http://aris.gusc.lv/ChemFiles/Attractor/7TH-ICTNC21-PROCEEDINGS-BOOK.pdf
http://aris.gusc.lv/ChemFiles/Attractor/9th-ICNTC-PROCEEDING-BOOK.pdf
http://aris.gusc.lv/ChemFiles/Attractor/9th-ICNTC-PROCEEDING-BOOK.pdf
http://aris.gusc.lv/ChemFiles/Attractor/9th-ICNTC-PROCEEDING-BOOK.pdf
http://aris.gusc.lv/ChemFiles/Attractor/9th-ICNTC-PROCEEDING-BOOK.pdf
https://en.wikipedia.org/wiki/Atomic_radii_of_the_elements_(data_page)#Atomic_radius
https://icntcconference.com/wp-content/uploads/2024/05/10th-ICNTC-ABSTRACT-BOOK.pdf
https://icntcconference.com/wp-content/uploads/2024/05/10th-ICNTC-ABSTRACT-BOOK.pdf
https://icntcconference.com/wp-content/uploads/2024/05/10th-ICNTC-ABSTRACT-BOOK.pdf

	Esmu patiesi priecīgs pievienoties jums 10. STARPTAUTISKAJĀ KONFERENCE par jaunām Ķīmijas tendencēm vietnē ar atklājumu par tēmu:
	Ūdens uzskaite koriģē termodinamisko standarta potenciālu: E˚H= 0.10166 V termodinamiskā potenciāla skalā nulles vietā: E=E˚H+•log=0 V; E˚H=E-0.0591*log(1/52.5)=0-(-0.10166)=0.10166 V.
	Potenciālu skalas noteikšanas ūdens uzskaites un ūdeņraža elektroda korekcija uz Absolūto skalu piemērs.
	Klasiska ūdens atlaide Nernsta skābekļa pus reakcijai: 6H2O=O2aqua+4H3O++4e- E˚O2klasika=1,229 V. [18]
	Ūdens uzskaites potenciāls: E˚6H2O=E˚O2klasika-0,0591/4•log(1/[H2O]6)=1,229-0,014775*log(1/55,3^6)=1,383 V.
	Hydrogen electrode correction +0,10166: E˚O2Termodinamika=E˚6H2O+0,10166=1,383+0,10166=1,485 Volts.
	Absolūtā standarta potenciālu skala ir E˚O2Absolūtā=E˚O2Termodinamika-0,3982=1,485-0,3982=1,0868 Volts.
	Absolute Free Energy scale requires applied zero to water and carbon dioxide gas background reference for metabolites shown in Figure 1..
	Absolūtās brīvās enerģijas skalai ir jāpiemēro metabolītu nulles vērtība ūdenim un oglekļa dioksīda gāzes fona atsauce, kas parādīti 1. attēlā.
	Inversijas simetrijas termodinamiskā īpašība ir tieša reakcija starp reaģentiem un produktiem, kas apgriežas pretējā virzienā, sākotnēji nozīmējot produktus kā reaģentus un atstājot reaģentus kā galaproduktus. Ūdeni par skābekli oksidēšanas reducēšana...

