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Protolitiska skidiba tident saista absoliito elektrodu potencialu ar absoliitas brivas energijas
skalas nulli Gu20=Gco2gas=0 “/mor UnN ir atkariga no absoliitas temperatiiras. Skidibas un
protolizes reakcijas ar tidens molekulam klasisko molaro koncentraciju vieta termodinamika ir
jaizmanto tdens, $kistoso reagentu un produktu molu dalas.

Gazu Skidiba: skabeklis O2gastH20=02aq; tidenradis HzgastH20=Hz2aq; slapeklis N2gastH20=N2aq;
seriidenradis H25gastH20=H254q ; séra dioksids SO298+H20=H2S03aq;
Metala elektrodi: metals tidenradis H(Pt)+H20=H30*+e"; dzelzs Fei)+H20=Fe?*+2¢";
cinks Zn+H20=Zn?"+2e"; vara amalgama Cu(Hg)+H20=Cu?*+(Hg)+2e"; sudrabs Ags+H20=Ag*+¢e’;
hroms Cr+H20=Cr®"+3e’;
Cietvielu $kidiba: sudraba hlorids AgCls)+2H20=Ag*+CI"; kalomels Hg2Clz)+3H20=Hg2**+2Cl;
dzivsudraba(Il) oksids Hg+H20+20H =HgO+2H20+2¢", dzivsudraba sulfats Hg2SOs(s)+2H20=Hg2?*+S0.%";
Protolize: peroksids H202+H20=H30*+HOO" pKa=11,75; Gidens 2H20=H30*+OH" pKw=14.

Gazveida skabek]a skidiba tideni O2gastH20=02aq kompens€ vienu tidens molekulu oksidésanas pus reakcija
6H20=02gast4H30*+4e" no sesam uz piecam 5H20=02aq+4H30"+4e". Tas samazina metala tidenraza brivas
energijas nomérito saturu no Grey=51,05 ¥/mor Uz GH(Py=48,56 “/mol. Absoliita potenciala skalas atskaites
vértiba palielinas no E°'n=-0,29654 V uz E°1=-0,27073 V mazak negativa. Absoltita potenciala skalas izmaina
no termodinamiskas 0,10166 V uz -0,37239 V ir savienota summa AE°=+0.10166-0.37239.

Standarta potencials samazinas Iidz vértibai E°02=1.0868 V skabeklim un glikozei E°ceni1206=-0.13858 V.

Darbibu seciba divu tidens molekulu oksidésana par skabekli 5SH20=02aq+4H30*+4e™ absoliita standarta
potenciala E°02=1,0868 Volti noteiksanai.

No Nernsta klasiskas vertibas E°classico2=1,2288 V atnem E°H20=-0,0591/4*log(1/55,3"°)=0,1287 piecu
tidens molekulu logaritmisko vertibu. Udens koncentracija viena litra ir 55,3 M, ja $kidumu summaras
koncentracijas ir mazakas par <0,1 M. Tad pieskaita savienoto summu AE°=+0.10166-0.37239. Absolutais
standarta potencials tiek summéts no trim komponentiem klasiskais E°«iasiskaist Gidens logaritma uzskaite + AE®:

E°02=E°Kiasiskaiso2-0,0591/4*l0g(1/55,3"°)+AE°=1,2288+0,1287+0,10166-0,37239=1,0868 Volti.

Tadgjadi Nernsta pus reakcijai 5H20=02aq+4H30*+4e" iegiist absoliita potenciala izteiksmi vienadojuma:

[OJeauar 401" ) a0, 0501/4%10g [Odaaue [H30'T* v/qp
[H0] 55,315

Skabekla reducésanas Ozaq+4H30*+4e°=5H20 inversais standarta potencials ir ar minusa zZimi -E°o2.
Skabekla reducéianas reakcija ir eksoergiska AGeqo2=E°02¢Fen=-1,0868*96485*4/1000=-419,44 X/mo;
AGeq02=5GH20-(Go2aquat4GH3ao+)=5*0-(329,68+4*22,44)=-419,44 W/mal ; un sakrit ar absoliito potencialu skalu,
Energijas saturs Gozgas=303,1 X/mol ident palielinas Uz Gozaqua=Gozgas+Go2sp=303,1+26,58=329,68 “/mol.
Nernsta pus reakcijas tidenraza oksidésanas 4(Pt)H+4H20=4H3O*+4e" standarta absolitais potencials ir
E°n=-0,27073 Volti. Summa skabekla reducésanas reakcija ar iidenradi sintezgjas divas idens molekulas:

O2zaqua+4(Pt)H=2H20 ar absoliitas brivas energijas eksoergisku izmainu -523,925 “/mol :

AGeq=(E°H-E°02)*F*1+4=(-0,27073-1,0868)*96485*4=-1,3575*96485*4/1000=2*261,96=-523,925 X/mol.
Izmaina AGeq2H20=2GH20-4GptH-Go2aqua=2*0-(4*G(pyH+329,68)=-523,925 X/mor dod metala tidenraza brivas
energijas saturu GHrt=(2GH20-AGeq2H20-G02aqua)[4=(2*0+523,925-329,68)/4=194,23355/4=48,56 “/mo .

Udenraza elektroda atskaites punkta E°v=-0,27073 V noteik3ana absoliita potenciala un absoliitas brivas
energijas skala Nernsta pus reakcija pamatojas inversas simetrijas ipasiba: Inversas reakcijas potencials un
brivas energijas izmaina pieder vienam un tam paSam skaitlim ar pretéju zimi abas absoliitas skalas.

Absoliitas un inversas brivas energijas un potenciala meéroga noteik$anai nepiecieSama tidens un
hidroksonija uzskaite, kuras pamata ir Albertija dati par tdenraza gazi un $kiduma absoltitas brivas energijas
vertibu.[8]

Nernsta pus reakcija H(Pt)+H20=H3O*+e" standarta absolitais potencials ir E°n=-0,27073 V.
Udenraza standarta oksidéSana absoliitaja potencialu skala producéta brivas energijas izmaina ir eksoergiska:
AGeg=E’HeF*1+1=-0,27073*96485*1=-26,12 “/mo un ir identiska Hesa likuma aprekinatas absoliitas brivas
energijas izmainai skala, kas attiecinata uz tidens brivas energijas nulles saturu Grz0=0 </mol :

AGHess eq=GH30++Ge--(GH(pt) +GH20)=22,44+0-(48,56+0)=-26,12 K fmol .

Absolitais standarta potencials E°1=-0,27073 Voltos sakrit ar Albertija datiem absolatai brivai energijai. [8,15]

Eo2=E°02+0,0591/4*l0g
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I veida elektrods tidenraza metala H(Pt) robezvirsma / ar ta katjona H3O" §kidumu pielietojums

Atraktoram pH=7,36 lidzsvara stavokli ir patiesa pOH=6,64 vértiba, jo pKw=14= pH+pOH =7,36 +6,64.
Udens daudzums litra ir [H20]=963/18=53,5 M sérskabes [H2S04]=[H30*]=1 M $kiduma ar 1,061 9/mL
blivumu tidenraza elektrodam Nernsta izteiksme ir klasiska standarta potenciala Eo_classic=0 V atskaites vértiba:

H(Pt)=H*+e"; Eclassic=Eo_classict0,0591°logK °classicH(pty=0+0,059 1 log[H*]=0-+0,059 1 <log(1 M)=0 Volti. [11]

Termodinamiska hidroksonija jonu uzskaite pieprasa tideni: H(Pt)+H20=H3O*+e" un E°4=0,10166 V.
Attieciba [H3O*]/[H20]=1 M/52,5 M=XH3zo+/XHz0 ir mol dala aizstajot molus litra [H*]=1 M klasiskaja
potenciala izteiksmé. Udens uzskaite dod termodinamisko standartu E°1=0,10166 V potencialu skala.

Nernsta izteiksme ar klasisko m&rtjjumu nulle pieprasa termodinamisko standarta potencialu E°1=0,10166 V :
E=E°n+In(10)*R*T/F/1log(XH3o+/ XH20)=Eo+E’n+0,0591*log(1/52,5)=0,10166-0,10166=0 V.
Ja attieciba ir viens 1=Knry=Xnso+/XHz0, tad potencials E'n=0,10166 V ir termodinamiskais standarts:

E=E°n+ '”(mg% +log {22 =0,10166+0,0591*log(1)=0,10166 V. Metla oksideSanas brivas energijas
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izmaina ir atSkiriga endoergiska AGeq=E°HeF*121=0,10166%*96485%1=9,81 X/mol pretstata eksoergiskai.
Albertija Hesa vertiba ir eksoergiska: AGHess eq=GH3o++Ge~(GH(pt) +GH20)=22,44+0-(48,56+0)=-26,12 “/mol .
Brivas energijas izmaina ir noteikta nulles atskaites skala GH20=Gco2gas=Ge-=0 X/mol. Iterativi izskaitlotais
absoliitaja skala iidenraza standarta potencials ir E'v=AGeqn(pt)/F/1=-26,12/96485/1=-0.27073 Volti. Lidzsvara
brivas energijas minimums ir eksoergisks AGegHpy=E HeF*1=-0.27073*96485*1=-26,12 ¥/mol sakritot ar
Albertija datiem. Absoliita potencialu skala noslid par AE=-0.27073-0,10166=-0,37239 Voltiem zemak attieciba
pret klasisko nulles skalu. Nernsta lidzsvara konstante ir lieclaka par vienu metala oksidéSanai par hidroksonija
jonu Kupy_red=[H3O0]*[e"]/[H20]/[H(Pt)]=EXP(-AGaiberty/R/T)=EXP(26120/8,3144/298,15)=37675,6 labveliga.

I veida elektrods metals H(Pt) / iegremd@ts ta katjonu H3O* $kiduma pielietojums.

Liela atruma protolizes atraktori [HsO*]=10"3 M , pH=7,36 un tidens masas [H20]=997/18=55,3 M uzskaite
litra rada metala Gdenraza stipru reducgjosu potencial Epn=7,36=-0.27073+0,0591*log(10-"¢/55,3)=-0,8087 V un
brivas energijas izmainu homeostazé eksoergisku AGegpH_7,36=E° HeF*1=-0,8087*96485*1/1000=-78,03 “/mol .

Nernsta pus reakcijas reducésanas potencials un energija metalam ir E°n=-0,27073 V un AGeq=-26,12 “/mol.

Platina plaksnite iemérkta hidroksonija jonu [H*]=[H3O*]=[H2S04]=1 M sérskabes

skiduma H(Pt)=H*+e": E=E°+0,0591log[H*]=0,0+0,0591+log(1 M)=0 V ir klasika.
—_H, Attieciba [H30*]/[H20]=1/52,5=XH30+/XH20 dod klasiskas nulles 0 vieta termodinamisko
— standarta potencialu: E°’v=0,10166 V un no Alberty datiem absoliitaja skala absoliito

= g standarta potencialu E°w=-0,27073 Volti.
absoluti E°H:‘—0,27073 Vv klasiska nulle E5= 9 \Y4 0110166 V EV
l \ \
R . XH.0t I . . . o
Eporn=Ern + 0,0591 Iog(x:z‘; ) B, uese =E+0.0591%l0g(0 1) termodinamiskais Ej

Absoliitais standarta potencials E°'n=-0,27073 V pamatojas uz Albertija idenraza datiem
GH2gas=85,64 “/mol UN GH2ag=103,24 YW/mal , kuri ir noteikti idens un oglekla dioksida gazes
nulles skala GH20=Gcozgas=Ge-=0 K/mol. Pie pH=7,36 , [H3O*]=10"7"-3¢ M ir stiprs
reducétajs metals H(Pt) ar potencialu EpH=7,36=-0,27073+0,0591*log(10-"*%/55,3)=-0,8087 V. Brivas energijas
saturs viena mola metala tidenraza ir: GH(ry=48,56 “/mol.

Viela [AH®H, Yol AS®H, o] AG®r, ol AGH20=Gz20-(Grizaq+Gozag/2)=0-(103,24+88,04/2)=-147,26 Wmor

H20 -285,85 | 69,9565 | -237,191 |GH20=AGH20AIberty-(AG°H20)=-151,549-(-237,191)=85,6 ¥/mol [8]
H20 -286,65 | -453,188 | -151,549 |AGH=AHH-T*ASH=-286,65-298,15*-0,453188=-151,5 “/maI;

HsO* | -285,81 -3,854 | -213,2746 |AG°H30 +,“/mol Mischenko 1972, Himia, Leningrad [26]

Hagas Alberty | pH=7,36 | 85,64 Biochem.Thermodyn. Massachusetts Technology Inst. [8]
H(Pt)(aq) E’'n= -0,27073 48,56 AGHess_eq:GH30+-(GH(Pt) +GH20):22.44-(48.56+0):-26.12 I(J/mol.
H2aq -5,02 -363,92 | 103,24 2006, Massachusetts Technology Inst. Alberty pH=7,36 [8]
O2aqua -11,70 -94.2 16,4 2006, Massachusetts Technology Inst. Alberty pH=7,36 [8]
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Gazveida tidenraza $kidiba HagastH20=H2aq kompensé (Hzgast2H20=)H2aq+H20=2H30*+2¢" vienu tidens
molekulu Nernsta tidenraza oksidésana par hidroksoniju un ir patvaliga, jo absoliitas brivas
energijas izmaina ir negativa AGuess 130+=2Gr30++2Ge-~(GHzaq+Grz0)=2*22,44+2*0-(103,24+0)=-58,36 “/mo.

Ar grafita elektrodu oksidé Hzaq $kidumu par hidroksoniju ar absoliito standarta potencialu:

E’H2aq=-58,36*1000/96485/2=-0,3024 V.
Nernsta un inversas pus reakciju summa: Hzag+H20=2H30%+2¢"; 2H30 *+2e=2H(Pt)+2H20
parada Gidenraza skidibu platina kristala rezgi H2ag=2H(Pt)+H20;

Udenraza $kiduma oksideSanas Hzag+H20=2H30*+2¢" potencials E’naq=-0,302 V plus inversais potencials:
-E’nppy=10,27073 V metala elektrokimiska skidiba 2H30 *+2e"=2H(Pt)+2H20 parada tidenraza mola dalas
[H2aq])/[H20] skidibu platina eksoergisku, patvaligu ar lidzsvara konstantes veértibu KspH(py), kas ir lielaka par
vienu:

AGspHPy=AE"spH(pty*F*2=(E°H2ag-E H(pt) ) *F*2=c(-0,302+0,27073)*96485*2=-0,03128*96485*2=-6,03 “/mol UN
konstanti KspHpy=[H(Pt)]>*[H20]/[H2aq]=EXP(-AGspH(ry/R/T)=EXP(6036,1/8,3144/298,15)=11,415 .

Skidiba platina Hzag=2H(Pt)+H20 parada tidenraza elektrokimisko $kidibas produktu metala eksoergisku,

labvéligu AGsp_HEy=2GHPy+GH20-(GH2ag)=2*48,56+0-(103,24)=-6,12 “/mol un konstanti >1
Ksp_HPy=[H(Pt)]?*[H20]/[H2aq] =EXP(-AGspH(rty/R/T)=EXP(6120/8,3144/298,15)=11,808 .

Konstante skidibai tidenT HagastH20=H2aq it AGH2spAlberty=GHzag-GHzgas-GH20=103,24-85,64-0=17,6 ol ir

nelabveéliga Knzsp=[H2aq]/[H20]/XH2gas=EXP(-AGH2sp/R/T)=EXP(-17600/8,3144/298,15)=0,0008253.

Ta aprékina skidibu [Hzaq]=Krasp*[H20]*XH2gas=0,0008253*55,3*1=0,04564 M, ja tiras gazes mola dala ir

viens XHzgas=1.

No attiecibas [H(Pt)]?/[H2aq]=Ksp_npy/[H20]=11,808/55,3=0,21353 iegiist H(Pt) laukuma mola dalas
kvadratu: [ﬂ(P_)]2 KspH(Pt)/[HZO]*[HZaq] 11,808/55,3*0,04564=0,009745.

Piesatinata $kidiba platina molu dalas ir

- [H(PY)]=SQRT(0,009745)= 0,0987 tidenraza atomu
9 O 1 3 virsmas molu dala 9,87% dalita ar platina atomu molu
| dalu 90,13% kop&ja 100% kristala rezga virsma.

‘ : Skidibas Haagatery=2H(Pt)+H20 molu dalas
ﬁ\ Z koncentracijas ir bez mérvienibam ta pat ka konstante
‘ | ‘ bez mérvientbam Ksp Hpyy=11,808.
= ‘ H(Pt) skidiba tidenT ir mazaka par vienu,
endoergiska: 2H(Pt)+H20=H2agalberty;
KspH(Pt)_HZaq:[HZaq]/[ﬂ(ﬂ)_]z/[HZO]:0,08469
L %, un pozitiva AGaiberty=GHzag-2GH(Py)-GH20=6,12 X/mor;
nelabvéliga, nepatvaliga. Tas uztur metala rezgi
piesatinatu 9,87 % ar tidenradi, jo pozitiva 6,12 ¥/mol
H 9 . 87 — vertiba ar konstanti mazaku par vienu 0,08469 ir
nelabvéliga denraza izSkiSanai
Ksp_HPy=[Hzaq]/[H(P1)]?/[H20]=EXP(-AGsp_H(rty/R/T)=EXP(-6120/8,3144/298,15)=0,08469.

Metala dzelzs 1-veida elektrods [Fe?*]=0,1 M $kiduma, blivums 1,03 9mc; 0,1 Mola masa FeS04=15,191 g.
Fe)+H20 =Fe?*+2e". Absoliito standarta potencialu sastada standarta potencials ECkiasiskais=-0,4402 V [17],
tdens uzskaites logaritms -0,0591/2*log(1/(55,3)=0,0515 un saistita summa AE°=+0,10166-0,37239 izteiksmé:

E°Fe/Fe2+=E °kiasiskais-0,0591/2*log(1/([H20]))+AE°=-0,4402+0,0515+0,10166-0,37239= -0,65943 V.
o‘igo Ere=E°re/re2++0,0591/2*log([Fe?*]/[Fe]/([H20]))=-0,65943+0,0591/2*log(0,1/1/(55,3))=-0,74048 V;
i ;’Eﬂ%% AGeq Fe=E°Fe*F+2=-0,65943*96485*2=-127,25 K mol,

Lo AGeq re=Gre2+-(Gre+Gr20)=-82,14-(45,11+0)=-127,25 Y/ o1 ;

GFe—GFe2+-(AGeq Fe+GH20)=-82,14-(-127,25+0)=45,11 W/mal; Atskiriba -0,74048 V ir 4. cipara -0,74059 V.
Ere=E°Feire2++0,0591/2*log([Fe?*]/[Fe]/([H20]-6[Fe**]))=-0,65943+0,0591/2*log(0,1/1/(56,38-0,6))=-0,74059 V;
[H20]=55,3 M=(9969/L)/(18%mol); MH20=mML-Mres04=1030-15,191=1014,8 g; [H20]=1014,8 9/18 9/ma=56,38 M.

Koordinativie metala jonu aqua kompleksi ir heksagonali ka heksa akva dzelzs(II) jons [Fe?*(H20)e] un
tetragonali ka tetra akva vara(Il) jons [Cu?*(H20)4].



Viela AH®H kJ/mol AS®H J/moI/KAGoH ) k“]/mol

Fe E°re= |-0,6594 V| 45,11 Gre=Gre2+-(AGeq_re+GH20)=-82,14-(-127,25+0)=45,11 “/mol;
Fe?* -87,45 -17,8 -82,14 | [8] Biochem.Thermodyn. Massachusetts Technology Inst. pH=7,36
Fe?* -89,1 -137,7 -78,9 |CRC 2010 [1]

Fe3* -44,79 -110 -11,99 |[8] Biochem.Thermodyn. Massachusetts Technology Inst. pH=7,36
Fe3* -48,5 -315,9 -4,7  |CRC 2010 [1]

Cu E°cv= [0,1243V | 70,02 Geu=Gcuz+-(AGeq_cu+GH20)=94,0187-(24,0+0)=70,02 “/mol ;
Cu?* 64,8 -98 94,0187 | [1] AGcu2+=AHH-T*ASH=64,8-298,15*-0,098=94,0187 %/maI;

Zn E°z= [-0,98098 V| 68,65 Gzn=Gzn2+-(AGeq_zn+GH20)=-120,653-(-189,3+0)=68,65 “/mor;
Zn? -153,39 -109,8 | -120,653 [1] AGzn2+=AHH-T*ASH=-153,39-298,15*-0,1098=-120,65 “/mol;

Metala vara I-veida elektrods [Cu?*]=1 M §kiduma, blivums 1,19 9mL, 1 Mola masa Mcus04=159,602 9/mol;
Cu(Hg)+H20=Cu?*+(Hg)+2e"; Absoliito standarta potencialu sastada standarta potencials E°kiasiskais=0,3435 V
[18], tdens uzskaites logaritms -0,0591/2*log(1/([H20]))=0,0515 un saistita summa AE°c,=0,10166-0,371339:

E°cucuz+=E Kiasiskais-0,0591/2*log(1/([H20]))+AE°cu=0,3435+0,0515+0,10166-0,371339=0,1243 V.
N Ecu=E°cu+0,0591/2*log([Cu?*]/[ Cu]/([H20]))=0,1243+0,0591/2*log(1/1/(55,3))=0,0728 V;
Ecu=E°c,+0,0591/2*log([Cu*]/[Cu]/([H0]-4[Cu?*]))=0,1253+0,0591/2*l0g(1/1/(57,24-4))=0,0733 V,
Atskiriba 0,0728 V ir otraja 2. cipara 0,0733 V .
H MH20=(ML-Mcuso4)/18=1190-159,602=1030,4/18=57,24-4=53,24 mol;
AGeq_Cu=E°Cu'F’2=O,1243*96485*2:24,0 I(J/mol, AGeq_ Cu=GCu2+-(GCu+GHZO)=94,0187-(GCu+0):24,0 kJ/mol ,
Geu=Gcuz+-(AGeq_cu+GH20)=94,0187-(24,0+0)=70,02 /ol ;
Metala cinka I-veida elektrods [Zn?*]=Cznso4=2 M $kiduma, blivums 1,31 9/mL, Mola masa ZnS04=161,44 9/mal,
masa diviem moliem mzns04s=2*161,44=322,88 g: Zn+H20=Zn?*+2¢", standarta potencials E°znzn2+=-0,98098 V.
Absoliito standarta potencialu sastada klasiskais standarta potencials E°kiasiskais=-0,7628 V [18], idens uzskaites
logaritms -0,0591/2*log(1/([H20]))=0,0515 un absoliita potenciala saistita summa AE°cu=0,10166-0,371339:

E°zn/zn2+=E°Klasiskais-0,0591/2*log(1/([H201))+AE°cy=-0,7628+0,0515+0,10166-0,371339=-0,98098 V.
Ezn=E°7nzn2:+0,0591/2*log([Zn?*V[Zn]/([H201]))=-0,980981+0,0591/2*l0g(2/1/(55,3))=-1,0215 VV

H H
o

Atskiriba -

-1,0215V ir ceturtaja cipara -1,02358 V 2M;

O-H glgidiba 57,7 91004 simts gramos tidens; w%=>57,7/157,7%100=36,6%;
MH20=ML-Mzns04=1310-161,44*2=987,12 g; Mznso4=2*161,44=g; [H20]=987,12 9/18 9/moi=54,84 M.

[zn"']
Ezn=E°znizn2:+0,0591/2*log [Zn]-([HZO]-4'[Zn2+]) =-0,980981+0,0591/2*l0g(2/1/(54,84-4*2))=-1,02358 V;

AGeq_ZnZEOZn'F'ZZ-O,980981*96485*23-189,3 k‘]/mo|,AGeq_anGZn2+-(GFe+GHzo)z-120,653-(GZn+0)=-189,3 kJ/m0| ;
Gzn=Gzn2+-(AGeq_zn+GH20)=-120,653-(-189,3+0)=68,65 “/mor;
Metala hroma I-veida elektrods [Cr*]=1 M $kiduma, blivums 1,172 9mr, Mola masa Cr2(S04)3=392,16 9/mol.
Masa tidenim MH20=mL-Mcr2s04)3=1172-392,16=779,84 g un moli litra [H20]=779,84 9/18 9/mo1=43,3244 M.
Cr+H20=Cr*"+3e", absoliitais standarta potencials E°cr/cr3+=-0,9793 V. Absoliito standarta potencialu sastada
klasiskais standarta potencials E°kiasiskais=-0,744 V [18], logaritms -0,0591/3*log(1/([H20]))=0,03433 tidens
uzskaitei un absolita potenciala saistita summa AE°cu=0,10166-0,371339:
E°cricr3+=E Klasiskais-0,0591/3*log(1/[H20])+AE°cr=-0,744+0,03433+0,10166-0,371339=-0,9793 V.

—Oy_

T

ALY Ecr=E°¢+0,0591/3*log([Cr**}/[Cr)/([H20]))=-0,9793+0,0591/3*l0g(1/1/55,3)=-1,0136 V;
Hjo;‘ﬁc =0 AtSkiriba -1,0136 V [Cr¥*]=1 M; ir treSaja cipara -1,00208 V [Cr®*]=2,32 M.
oo
[cr”]

Ec=E°cr+0,0591/3*109 [Gr }.([,0]-6 or " ]) =-0-9793+0,0591/3*I0g(2,343/1/(39,59-6*1))= -1,00208 V.

-1,010268 V;

glgidiba 64 9100 simts gramos tidens; w%=64/164*100=39,2 %;

39,2/100g=X/??1172//°/; 39,2/100*1172=459,4=X 9/.; Ccro(s04)3=459,4/392,16*2=2,343 M ;
MH20=ML-Mcr2(s04)3=2?11727?-459,4=712,6 g; Mcra(so4)3=459,4 g; [H20]=714,93 9/18 9/moi=39,59 M;


https://www.sigmaaldrich.com/LV/en/product/sigma/83265
https://www.transtutors.com/questions/chromium-sulfate-cr2-so4-3-is-dissolved-in-water-and-the-solution-is-adjusted-to-1-l-9530729.htm

Piezime: Oksidativa stresa norisinas ne enzimatiskas oksidéSanas reakcijas daudzveidigos kedes
reakciju un paral€los produktos, sagraujot organismu! Iznicinos$i bistami dzivibai!

Skabekla gazes $kidiba OzgastH20=02aq kompense vienu tidens molekulu 6H20=02gastH20+4H30*+4e” Nernsta
pus reakcija SH20=02aq+4H30%+4¢e", veidojot absolito standarta potencialu E°sHon=1,0868 V.
E°sHOH=E °Kiasiskais02-0,0591/4*log(1/[H201°)+AE°=1,2288+0,1287+0,10166-0,37239=1,0868 V;

Skabeklis O2aq+4H30*+4e =5H20 ir stiprs oksidétajs ar inverso standarta potencialu -E°sHon=-1,0868 V.
Skabeklis piesaista Cetrus brivos elektronus ar ¢etriem protoniem no hidroksonija joniem, veidojot divas tdens
molekulas reducétos produktus. Skidinot brivas energijas saturs pieaug 26,58 “/mol N0 303,1 X/moi 1idz 330 ¥/mo:

Viela AHOH,k‘]/moI ASOH,J/moI/K AGOH,kJ/moI GOZaqu029a5+G02§lg=303,1+26,58:329,68:330 k‘]/mol .

H20 -285,85 | 69,9565 | -237,191 |Go2gas=2(GH20-(GHagas-AG °H20))=2*(0-(85,64-237,19))=303,1 “/mol

H>O -286,65 | -453,188 | -151,549 [pH=7,36 Massachusetts Technology Inst. Alberty [8]

HsO*" | -285,81 -3,854 |-213,2746 |Mischenko 1972, Himia, Leningrad [26]

H2gas Alberty | pH=7,36 | 85,64 Biochem.Thermodyn. Massachusetts Technology Inst. [8]

H2(ag) 23,4 -130 99,13 |CRC 2010 [1}

H(Pt)@ag) |E°H-E°02=| -1,3575 48,56  |GHPy=(2GH20-AGeq2H20-G02aqua)/4=48,56 X/mo;

H2(ag) -5,02 -363,92 | 103,24 |pH=7,36 [8] Biochem.Thermodyn. Massachusetts Technology Inst.

O2aqua -11,70 -94.2 16,4 |pH=7,36 [8] Massachusetts Technology Inst. Alberty [8]

Ozaqua | -11,715 | 110,876 16,4 |CRC[1] G02gas=303 ¥/mol , Go2aq=329,68 /moi;
Skabekla skidibas brivas energijas izmaina ir eksotermiska, endoergiska: O2gaisstH20=02aq, kura skabekla mol
dalai gazei [O2gaiss]=1 un fideni [O2aq]/[H20]=1,22*1073/55,3=2,206*10°> mervienibas
nav. Ku=[O2aq]/[O2gaiss]/[H20]=2,206*10-5/1=2,206*10-° konstantes ar ir mol dalas.
Izmaina AGHess=AG°02aq-AG°H20-AG°02gas=16,4-(0-237,191)=253,6 “/mo! ir pozitiva ari
AGabery02aq=G02aq-(GH20+G02gas)=330-(0+303,1)=26,58 ¥/mol absoliitaja energijas skala
AGy=-ReTeIn(Kzy)=-8,3144*298,15*In(2,206*10"5)=26,58 /mol. [O2] $kidibas Hesa
brivas energijas izmaina ir pozitiva AGress=253,6 “/mol, bet minimizgjas lidzsvara j
maisTjuma Ki=[O2aq]/[O2gas]/[H20]=2,206*10-°. Lidzsvara stavoklis ir atraktors visiem |A+B 50% C+D

nelidzsvara stavokliem. Minimuma sasniegSana iestajas lidzsvars. 53. Ipp izejvielas
Osmolara Cosm=0 M, jonu speka 1=0 M tdeni no gaisa 20,95% skabekla skidiba ir:  [O27gas+H20 Asinis
[O2aq]=K*[O2gas] *[H20]=2,205*10"(9*0,2095*55,3=0,00025546 M. produkts =O2aqua-Asinis.

Tira latm mol dala ir [O2gas]=1. Osmolaritate Cosm=0,305 M, jonu speks 1=0,25 M, gaisa skabekli no 0 20,95%
iz8kidina [O2aq]=9,768-10"° M. Tapec KozspaiR=[O2aq]/[O2air]=9.768-10-5/0.2095=4.663*10* M ir $kidiba gaisa.
Arterialo [O2ag]=6*10 M un venozo [O2aq]=0,426-10" M izooksiju uztur skabekla molekulu osmoze, kuras
cauri akvaporinu kanaliem §k&rso membranas pretji osmolaras koncentracijas Cosm=0.305 M gradientam.
Inversa: O2aq+4H30*+4e=5H20; -E°02=-1,0868 Volts; Nernsta: 4(Pt)H+4H.0=4H30*+4e"; E°’h=-0,27073 V
O2aquat4(Pt)H=2H20 elektrodu standarta potencialu summa dod standarta brivas energijas izmainu:
AGeqaH20=(E H-E°02)*Fe1+4=(-0,27073-1,0868)*96485*4=2*261,96=-523,925 /mol;
Zinot lidzsvara vértibu AGeq2H20=2GH20-4GptH-Go2aqua=2*0-(4*GpyH+329,68)=-523,925 K/mol , idenraza
metala briva energija ir GHpety=(2GH20-AGeq2H20-Go2aqua)/4=(2*0+523,925-329,68)/4=194,245/4=48,56 “/ma.

Briva energija GH3o+oH=GHzo++Gon-=22,44+77,36=99,8 K/mal protolizes reakcija H20+H20<=>H30*+OH"
biokimijas skabekla Ozaqua brivo energijas saturu Gozaqua=329,68 X/mol samazina lidz Go28i0c=88,22 X/mol.
Arterialo asinu koncentracijas [O2aqua]=6*10"> M un koncentracijas [H3O*]=10" M potencials ir samazinats:
E02=E°02+2059/4e]0g([O2aqua] *[H3O*]*/[H201°)=1,0868+%95%1/,*|og (6% 10/ (-5)* 1 0N7:36"4) [55 346/\5)=0,46 174
par AEarteriai=-(Eoo2-E02)= =-1,0868+0,46174=-0,62506 Voltiem un
brivas energijas saturs par AGarterial=AEH20*F*n=-0,62506*96485*4/1000=-241,24 </mol.
Skabekla brivas energijas saturs Ozgas AIRTH20=028I00d ar $kidibas ieguldijumu palielinas par:
¢
K= % =2,205*10°%; Gozsk=-ReTeIn(Ksi)=-8,3144*298,15*In(2,205*10%)=26,58 ¥/mo.
2 gas 2
Protolize samazina brivo energiju Iidz Gozarteriala=Go2aquat Go2sk+AGarteriala=303,1+26,58-241,456=88,22 /mol UN
skabeklis kltist uguns dross biokimisks oksidants, veidojot arterialo koncentraciju [O2zaqua]=6*10° M ka
bioenerggétiski drosu uzturétu izooksijas normu. [3];
1) Udens 55,346 M samazina potencialu no 1,0868 V par -0,1288 VV=0,9580-1,0868=AEH:o.
Eo02=E°02+%9%/4*log(*/[H201°)=1,0868+0,01478*log (/55,346 °)=0,95805 V ;
2) Paskabinasana H3O" 10 reizes potencialu un brivas energijas saturu palielina par AEn30+=0,05912 V;
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AFH30=0,01478+log([H*]*)=0,05912 V un AGmax=AEH30*F*n= 0,05912*96485*4/1000= 22,817 “/mo;
3) Gaisa 20,95% aizvietojot ar 100% skabekla [ Ozaqua] koncentraciju 5 reizes lielaka palielina potencialu par
AE02100%=0,01478109(100% [O2aqua])=0,01478*log(5)= +0,0103 V. Brivas energijas saturs
palielinas par AGmax=AEn30*F*n=0,01033*96485*4/1000=3,987 X/mol . 6. lapas puse:
Liela oksidativa stresa un tehnologisko briesmu d&] 1972. gada sledza NASA Apollo projektu.
Glikozes un skabekla inversa absoliito un standarta potencialu summa AE°=(E°ceH1206-E°02)
AE°=(E°c6H1206-E°02)=AGLehninger/F/N=-2840000/96485/24=-1,2264 V dod standarta brivas energijas izmainu
AGLehninger=AE°*Fen=(E°ceH1206-E°02)*Fen=(-1,2264)* 96485*24=-2840 “/mol oksideSanas reakcija
CeH1206+12H20+602aqua=6H30*+6HCO3" pec publicétajiem datiem AGLenninger=-2840 */mor. [1,6]
Glikozes un skabekla absoliito standarta potencialu summa (E°ceH1206-E°02)=(E°ceHi1206-1,0868)=-1,22644
lauj noteikt absoliito standarta potencialu glikozei E°ceHi206=AE+E°02=-1,22644+1,0868=-0,13964 V, ko
aprekina no skabekla reducésanas inversa absoltitais standarta potenciala vertibas -E°02=-1,0868 V.
Nernsta glikozes oksidéSanas pus reakcija absoliitais standarta potencials ir negativs, jo specigais 24 elektronu
donors reduce sesas skabekla molekulas Nernsta reakcija Ozaquat4H3O™+4e'=5H20 ar inverso absoliito standarta
potencialu -E°02=-1,0868 V. Saskaitot glikozes klasisko standarta potencialu E°kiasiskais=-0,04915 V, uzskaitot
tidens logaritmu -0,0591/24*log(1/55,3"*?)=0,18024 un savienoto summu AE°=+0.10166-0.37239 potencials ir
E°ceH1206=E °Kiasiskais-0,0591/24*l0g(1/55,3"*?)+AE°=-0,04915+0,18024+0,10166-0,37239=-0,13964 V.
CsH1206+42H20=30H30"+6HCO3 +24¢e" .
Arteriala skabekla [O2arteriala]=6*107C%; hidroksonija [H30*]*30=1077:36"30) M un [CeH1206]=0,005 M
glikozes koncentracijas asinis dod negativu arterialo potencialu:
Earterial=E°c6H1206+%9°%/24210g([HC O3 ]°*[H30*]*%[H201*?/[CeH1205]) =
=-0,13964+00591/54*10g(0,0154* 10" 7:36"30) g 005/55,346"*?) =-0,8624 V
un inversa skabekla pus reakcijas arterialais absoliitais potencials ir Eozarteriai=-0,46068 V
Eozarteria=E°02+%95%%/4s1g([H20]%/[02aqual/ [H30+1%) =-1,0868+°:059L/,*|0g (55,346 >/6/ 10" D)/ 10N 7:36"49)=-0,46068 V.
Homeostazes summa ir vairak negativa AEarterial=EcéH1206arterial+ Eozarteria=-0,8624-0,46068=-1,32308 Volti.
Brivas energijas izmaina AGarterial ir vairak negativa ka standarta lielums AG_Lehninger:
AGarteriaI=AE°F°n=(EC6H1206arterial'EOZarteriaI)‘F‘n=(-0,86237-0,4607)*96485*24:-3063,846 k‘]/mol .
Vienu molu glikozes oksidé sesi moli skabekla producgjot sesus molus bikarbonata 6H3O*+6HCO3":
CsH1206+42H20=24H30*+6H30*+6HCO3+24 €™ + summa + 602aquat24H30*+24e=30H20;
CeH1206+42H20+602aquat24H30*+24e=24H30*+6H30*+6HCO3+24 € +30H20
CsH1206+12H20+602aqua = 6H30*+6HCO3"
GH30++HC03-=GH30++GHco3-=22,44+56,08=78,52 /mol,
Glc (6. Ipp.) veidosanas no elementiem 6C+6H2gas +302gas=CesH1206 brivas energijas izmainu aprékina no
Albertija datiem pie pH=7,36 AG"Alberty=GcsH1206-(6Gcgrapht6*GHzgas+3*Gozgas)=-402,05 K mol.
Viela  |AH®H,XmolAS®H,  moik|AG®n,mall 2006, Massachusett’s Technology Inst. Alberty [8] pH=7,36.
CeH1206aq | -1263,78 | 269,45 | -919,96 |CRC 2010 [1]
pH=7.36 Glc| -1267,13 |-2901,492 | -402,05 |[8] AG’alberty+(6Gcgraph+6* GHzgast3*Gozgas)=GceH1206=1568 K mol;
Brivo energiju glikozes oksidésana CeH1206+602aquat12H20=6H30*+6HCOs aprékina tris veidos:
1) Albertija datos pie pH=7,36 AG’ Atberty=GcsH1206-(6Gcgrapht6* GHagas+3*Gozgas)=-402,05 ¥/mol, standarta
brivas energijas saturs mola ir
GcsH1206=AG Alberty*+(6Gcgraph+6* Ghzgas+3* Gozgas)=-402,05+(6*91,26+6*85,6+3*303)=1568 /ol ,
2) Lahningera AGceH1206=6*GH3o++6*Grcos--(GstandardceH1206+6* Gozaguat12* GH20)=-2840 ¥/mol standarta
saturs glikozes mola GstandardceH1206=6*(22,44+56,08)-(-2840+6*330+12*0) =1331 X/mor un
3) brivas energijas saturs
AGarterial_c6H1206=6* GH30++6*GHco3--(Garterial_c6H1206+6*Go2agquat12*GH20)=-3064 “/moi Uz glikozes molu
homeostazé Garterial_ceH1206=6*(22,44+56,08)-(-3064+6*88,22+12*85,64)=1978 “/mo1. [8,6]
Generétie 6HCO3+6H30* joni virza izejvielas 602aqua Un 6H20 cauri membranu akvaporinu kanaliem osmoze
pret&ji koncentracijas gradientiem, bet transporté jonus 6HCO3+6H30™ lejup pa gradientiem cauri membranu
bikarbonata un protonu kanaliem lietojot producéto brivo energiju AGareerialo=-3064 “/mol.
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Absoliitas potencialu un brivas energijas vértibas ieklauj hidroksonija H3O* un tidens H20 uzskaiti.

Skabeklis inversa pus reakcija ar brivo energiju Gozaqua=330 X/mol tiek reducéts 1idz Ozaquat4H30*+4e =5H20
ar inverso potencialu -Eo02=-1,0868 V, oksid&jot ¢etrus metala fidenraza atomus ar brivas energijas saturu mola
GH(Py=48,56 “/mol Nernsta pus reakcija: 4(Pt)H+4H20=4H30%+4¢" un ar standarta absoliito potencialu
E°H=-0,27073 V. Standarta brivas energijas izmaina aqua reakcija Ozaq+4(Pt)H=2H20 no elementiem ir

AGes2H20=2GH20-4GH(py-Gozaqua=2*0-(4*48,56+330)=-524,24=2*-262 “/mol.. Standarta potencialu summa

AGeq2H20=(E H-E°02)*F+4=(-0,27073-1,0868)*96485*4=-1,3575*96485*4=-523,925=2*-262 /ol lauj

neatkarigi no Hesa likuma aprékinatas veidosanas no elementiem tident skabekla O2aqua un metala tidenraza (Pt)H
brivas absoliitas energijas izmainas AGeqpyH_2H20=-262 K/mol , kura ir sakritoSa ar absoliito brivo energiju
GH(ey=(2GH20-AGeq2H20-Go2aqua)/4=(2*0+523,9-329,68)/4=48,56 “/mol un absoliito potenciala skalu. Udenraza
standarta briva energija tidens $kiduma Gzaqua=103,24 K/mor ir pie pH=7,36. [8]

O2aq+2H2ag=2H20; Brivas energijas standarta izmaina Hesa likuma no aqua elementiem veidojoties ir
AGHessCRCaqua=2AG°H20-2AG°H2aqua -AGOOZaqua=2*-237,191-(2*99,13/2+16,4):-589,91:2*-295 I(‘]/mol. CRC [1]
Hesa likuma izmainas aprékina no CRC datiem, kad tiri reagenti parvérsas tiros produktos un ir maksimali
iespéjama izmaina lielaka par standarta izmainu AGHesscRcaqua=-295 ¥/mol > AGeq(PtyH_H20=-262 X/mol.
Veido§anas no elementiem tiden1 AG°H20=-151,55 /mol Albertija [8] un homeostazé AG°H20=-147,26 “/mal.

Viela  |AH®H,“mol|AS®H,  moiik| AG°H,“/mol|AG °H20=GH20-(GH2ag+ G02ag/2)=0-(103,24+88,22/2)=-147,35 X/mol
H20 -285,85 | 69,9565 | -237,191 |GH20=AGH20AIberty-(AG°H20)=-151,549-(-237,191)=85,6 “/moi [8]
H20 -286,65 | -453,188 | -151,549 |[AGH=AHH-T*ASH=-286,65-298,15*-0,453188=-151,5 “/ma;

HsO* | -285,81 -3,854 | -213,2746 |AG°H30 +,“/mol Mischenko 1972, Himia, Leningrad [26]

H2ag 23,4 -130 99,13 [CRC[1]

H2ag -5,02 -363,92 103,24 |pH=7,36 [8] Biochem. Thermodyn Massachusetts Technology Inst.
E°(Pt)H=-0.27073 V| -1.0868 48,56 GHPy=(2GH20-AGeqaH20-G02aqua)[4=48,56 X/mol

O2zaqua -11,70 -94,2 16,4 |pH=7,36 [8] Biochem. Thermodyn Massachusetts Technology Inst.

O2aqua | -11,715 | 110,876 16,4 |CRC [1] Lidzsvara konstante ir labvéliga lielaka par vienu:
Kegrzo=Koxred=eXp(-AGoxred/R/T)=exp(261960,6/8,3144/298,15)=exp(105,675)=7,832*10% .

Eksotermiska un eksoergiska O2zaqua reducésana ar metalu tidenradi f‘i
4(Pt)H un H202 dismutésanas Hesa brivas energijas izmaina negativa
AGessaqua_H20=-295 X/mol, bet sasniedzot AGeqz+20=-262 K/mol lidzsvara stavokli
minimuma konstante ir lielaka par vienu KeqH20=7,832*10%. Lidzsvara stavoklis
ir Prigozina atraktors visiem nelidzsvara stavokliem. Brivas energijas izmainas
minimuma sasniegSana iestajas lidzsvara stavoklis.
Peroksidam oksidé$ana un reducésana ir absolutais standarta E°H2020x=0,5268V | N~ = ---¥_____>=L X
Ox H202+2H20=02aqua+2H30*+2€" un inversais standarta -E°n202red=-1,7113 V
Red H202+2H30 *+2e =4H20 potencials. Dismutacija ir eksoergiska, labveliga
un eksotermiska 2H202ag=>02aquat2H20+Q+AG standartu summa AGeqH20=-262 ¥/mol '
(E°h2020x-E *H202Red)=(0,5268-1,7113)=-1,1845 V AGeqstandard_t120,=-228,57 Ffmol. | Teastandardz02=-228,6 oty

G AGessaquatizo =-295 X/mol

Reaktanti 4(Pt)H+ Ozaqua un produkti 2H20 4a+B 50% 2D
Reaktanti 2H202aq un produkti Ozaquat2H20 24 50% B+2C

Peroksida oksidésanas klasiskais standarta potencials E°kiasiskaisH2020x=0.6945 V [19], plus 2 Gidens uzskaite
-0,0591/2*log(1/[H20]%)=0.103 un saistitas summas AE°=+0,10166-0,37239 izteiksmé absoliitais potencials ir
E°H202=E °Kiasiskais-0,0591/2*log(1/[H20]?)+AE°=0,6945+0,103+0,10166-0,37239=0,5268 V;

Peroksida reducésanas klasiskais standarta potencials E° kiasiskaisH202red=1.776 V [17], plus 4 Gidens uzskaite
-0,0591/2*log(1/[H20]*)=0.206 un saistitas summas AE°=+0,10166-0,37239 izteiksmé absoliitais potencials ir
E°H2020x=E °klasiskais-0,0591/2*log(1/[H20]%)+0,10166-0,372=1,776+0,206+0,10166-0,37239=1,7113 V;
Peroksida oksidé$anas un inversa reducés$anas standarta potencialu summa aprékina energijas izmainu:
AGegstandard_n202=(E°H2020x-E *H202Red) *F*N=(0,5268-1,7113)*96485*2=(-1,1845)*96485*2=-228,57 X/mol .
GaibertyH202=(GozBiochem_arterialt2* GH20BioChemistry-AGeqggiochem)/2 =(330+2*0+228,57)/2=279,285 K mol.

[Colaaa T80 o, =exp(-AGeq/RIT)=exp(228573/8,3144/298,15)=1,11*10%.......

[H202 ]a%qua

En202=E°h20210,0591/2°1g(O2aqua] *[H30 *1?/[H20:]/[H20]?)=0,5268+0,0591/2*Ig(6*10"9*10"736*2)/1/55,3"?)=-0,1359 V

Eox=E°H2020x+0,0591/2+log([H20]*[H202]/[H30 *]?)=-1,7113+0,0591/2*10g(55,3"/1/10"(-7:36*2)=-1,0703 V
Summa Nernsta + inversa reakcija homeostaze absoliita brivas energijas elektrokimiska izmaina ir ar energijas saturu

AGeggiochem=(ERed-Eoox)*F*n =(0,1359-1,0703)*96485*2=(-0,9344)*96485*2=-180,3 “/mol viena mola

Kegstandart_n202=
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Liela atruma protolize peroksida anjonu sadursmes peroksisomas producé neaizstajamas taukskabes w=6, ®=3 ar
100% iznakumu, skabekli, tideni un siltumu: : 2H2022q=02aquat2H20+Q+AGH .
Sadursmes H*+HOO><"OOH+H" tidenT aktivacijas energija ir liela Ea=79000 Y/mol ar Ienu reakcijas atrumu.
Sadursmé HOO=> ar dzelzs(I11) jonu peroksida aktivacijas energija Ea=29 Y/mol ir maza. Tas palielina
reakcijas atrumu trisdesmit miljonus reizes. H202 veidosanas no aqua elementiem OzaquatHzaqua=H202 negativa
eksoergiska AGressH202=AG°H202-AG°Hoaqu-AG°02aqua=-237,129-(99,13+16,4)=-352,66 “//mol. [1] Dismutacijas
reakcija AGHess2H202=2AG °H202-2AG °H20aqu-AG° 02aqua=2*-237,129-(2*237,191+16.4)=-303,094 X/mor. [1]
Albertija dati Hesa izteiksmé& AGaiberty2H202=2GH20aqu+G02aqua-(2GH202)=2*0+330-(2*279.285)=-228.57 X/mo1. [8]
Viela AHOH,kJ/moI ASOH,J/mOI/K AGOH,kJ/moI GH202=279,285 I(J/mol; GHOO-=333,866 kJ/mol;
H202aq | -191,99 | -481,688 | -48,39 |Biochem.Thermodynamic 2006 Massachusetts Technology Inst.[8]
H202aq | -191,17 143,9 -134,03 |University Alberta 1997. [19]
H202aq | Formation| -48,39 340,25 GH202aq:AGH202AIberty+(GOZgas"‘GH2gas):340,25 kJ/mol;
H>O2aq | Formation| -134,03 254,61  |GH202ag=AGH202AIberty+(Go2gastGHagas)=254,61 X/mo;
H202aq |AE’H202a0=| 1,845V | 279,285 |GH202=(Gozaquat2*GHz20+AGAlberty_2H202)/2=279,285 K mol;
HOO" |pKa=11,75| 77,016 | 333,866 |GHoO-=-GH30++AGaH202+( GH202+GH20)=333,866 /mol;
H202 | -237,129 | 69,91 | -237,129 |ICRC[1]

H202+H20=H30*+HOO"; pKa=11,75; GH202=279,29 /mo1; GHo0-=333,866 “/mol;
AGaH202=-ReTeIn(Ka/[H20])=-8,3144*298,15*In(107-11.79)/55 3)=-8,3144*298,15*-31,07=77,016 “/ma;
AGaH202=GH3o++GHo0--( GH202+GH20)=22,44+GHo0--(279,29+0)=77,016 “/ma;

GH00-=-GH30++AGaH202+( GH202+GH20)=-22,44+77,016+(279,29+0)=333,866 /mol;
HOO +H20=02aquatH30*+2e" Peroksida anjona pus reakcijas brivas energijas izmaina ir iegiita standarta
AGNemstH00-=G02aquatGH3o+-(GHoo-+GH20)=330+22,44-(333,866+0)=18,574 “/moi; potencialam E°Hoo-
aprekinam E°NemstHoo-=AGnernstHoo-/F/1=18574/96485/2=0,09625 V.
E°hooox=E°-0,0591/2*Ig(1/[H20]%)+0,10166-0,37=0,31548-0,02955*Ig(1/55,3"1)+0,10166-0,37239=0,09625 V;
E°Hoo-=E°+ 0,37239=0,09625+0,37239=0,46864 V; E°Ho0-=0,46864-0,10166=0,36698 V;
E°Hoo0-=0,36698+0,0591/2*log(1/55,3"%)=0,31548 V; A\ AGhesszor=-303,094 “lnafy
Eksotermiska, eksoergiska H202 (aq) dismuté$anas Hesa AGress2H202=-303,09 X/mo G
izmaina ir negativa, bet standarta lidzsvaru maistjuma AGegstandart=-228,6 “/mot |-
minimiz&jas sasniedzot labveligu konstanti Keq=1,11*10%. Legateljé princips ir
Prigozina atraktors ka brivas energijas izmainas minimums AGmin lidzsvara. Liela
atruma protolizes atraktori pH=7,36, skabeklis 20,95% gaisa atrodas lidzsvara stavokli, p- -
kamer neatgriezeniska homeostaze turpinas, jo ir nelidzsvara stavoklis. PrigoZina KATALAZE
atraktors ir Nobela prémija kimija 1977. gada. KATALAZE izdz&§ peroksida molekulas T
H20:2 sasniedzot 100% ®=6, ®=3 taukskabju C20:4 iznakumu elongacijas sintéze AGstandart=-228,6 Yot
peroksisomas. KATALAZES reaktivitate ir nepiecieSams neatgriezeniskas homeostazes AtA 5 0%' B42C
Brauna molekulars dzingjs evoliicijai un izdzivosanai. H202 veidoSanas no elementiem = "
OsgastHogas=H202aq; AG* Univatberia=-134,03 Ymol, [19] AG" Atberty=-48,39 K/mol. [8] N0 1Z€1Vielas 2H20z¢g)
Albertija datiem AGresstz02=Grz02-Gzgas-Gozgas=279,285-(85,64+303)=-109,155 W/ PrOUKII_Ozaqua+2H20
iegiitas vertibas GH202; GHagas; Gozgas atrodas starp AG’univAlberta=-134,03 K fmot N AG’ alberty=-48,39 K /mol daudz
tuvak ka CRC dati. [1] Analogiski dati absoliitaja brivo energiju skala GalbertyH202=279,285 ¥/mor atrodas starp
saturu mola GH202ag=254,61 ¥/mo1, [19] un GH202ag=340,25 X/mal [8]:
GH202a¢=AGH202crRcH(G02gas+GH2gas)=-134,03+(303+85,64+0)=254,61 K/mol ; [19]
GH202ag=AGH202AIberty+(G0o2gas+GHzgas)=-48,39+(303+85,64+0)=340,25 K/mal ; [8] 41.,54. Ipp. [1,8,20]



http://aris.gusc.lv/BioThermodynamics/CO2O2Thermodynamic15.pdf
http://aris.gusc.lv/BioThermodynamics/CO2O2Thermodynamic15.pdf

Séra / H25aq red-oks sistémas. H3O* un [H20]=55,3 M uzskaite absoliitas brivas energijas un potencialu skalai.

Viela AH®H I(‘]/mol AS°H J/moI/KAGoH , k“]/mol GHZgas=85,6 I(“]/mol; GH2 aq=53,3896 I(J/mol; G rhombic=3,5436 I(‘]/mol;
H25gas | formation | -81,96 7,1636 | favored GHz:gas=AG°Hzsgas*+(Gsrombic+GH2)=7,1636 K/mol;
H25ges | Solubility | promote | 38,1196 |GH2sgas=GH2saq-(AGeg+GH20)=53,3896-(15,27+0)=38,1196 “/mai;
H25gas -20,6 205,81 -81,96  |CRC [1] AGHzsgas=AHH-T*ASH=-81,96 “/mol;

H25aq -38,6 126 -76,167 |CRC [1] AGHs-=AHH-T*ASH=-76,167 “/maI;

H25ag -22,9596 | -256,064 | 53,3896 |2006, Massachusetts Technology Inst. pH=7,36 Alberty [8]

H25aq +2(Pt)H=| H25ag 84,343 GH25aq=AGHessH25+(2GH(Pt)+Gerombic)=84,343 K mol;

HS- -16,3 67 -36,276 |CRC [1] AGH:-=AHH-T*ASH=-16,3-298,15*0,067=-36,276 /maI;
H5- E°sys2= |-0,8517V | 90,5336 GHs-ag=Gsrombict2GH20-(AGeqHs-aq+Gor)=90,5336 ol
HS- pKa1=7.05| favored 81,138 | favored Gr:-=AGeq-GH30+(GH2:+GH20)=81,138 K/mor;

HS- pKa2=19 - 92,65 GH:-=G:2-+GH30-(AGeq+GH20)=92,65 “/mol;

rombic | formation | gas-81,96| 3,5436 Gerombic=GH2:gas-(AGHess_H25gast GH2)=3,5436 K mol;

rombic E°§l/HZSaq: -0.025735 V 3,5436 [favored G rombic:AGeqHZ aq-ZGH30++(G H2 aq+ZGHZO):3,544 I(“]/mol;

2 E°§l/32-: -0,79853V| 157,63 G 2-aq=G rombic+GH20-(AGeq 2-aq)=157,63 kJ/mol;

Veido$anas no elementiem Sthombic+H2gas=H25gas uzrada energijas saturu GHzsgas=7,1636 </mol;
Energijas saturs ir GHz:gas=AG°H25gas*(Gsrombic+GHz2)=-81,98+(3,5436+85,6)=7,1636 “/mol. [1,8]
Energijas saturs ir Gsrombic=GHz:gas-(AGH2sgastGH2)=7,1636-(-81,98+85,6)=3,5436 K mol. [1,8]
Skidibas H2SgastH20=H254q 3,98 9/ 20° C [30] M2:=34,08 %/mor produkts Ksp=[H252q]=3,98/34,08=0,11678 M
lidzsvara konstante ir Keq=Ksp/[H20]=0,116784/55,3=0,0021118 ar endoergisku brivas energijas izmainu
pozitivu AGeg=-Re*TeIn(Keq)=-8.3144*298.15*In(0,0021118)=GH2:ag-(GH2:sgas+GH20)=15,27 K/mol.
Brivas energijas saturs mola sériidenraza ir GHzsgas=GH2sag-(AGeg+GH20)=53,3896-(15,27+0)=38,1196 “/mol.
2-=5ombisks+H20+2€7; Klasiskais standarta potencials E kiasiskais=-0.4763 V [1], plus tidens uzskaite
-0.0591/2*log([H20]*)=-0.0515 un saistita summa AE°=+0.10166-0.37239 izteiksmg absolatais potencials ir
E°s/s2-=E°Kiasiskais-0,0591/2*log([H20]*)+AE°=-0,4763-0,0515+0,10166-0,37239=-0,79853 V;
AGeq 2-=E° 2.Fn:-O,79853*96485*2:-154,09 |(J/mol .G rombic=3,5436 k‘]/mol;
AGeq:2-ag=Gsrombict GH20-(Gs2-a9)=3,5436+0-(157,63)=-154,09 Ko
Go2-29=G rombic+GH20-(AGeq 2-aq)::3,5436+0-(-154,09):157,63 I(J/mol;
HS+OH =S rombiskst2H20+2€7; Klasiskais standarta potencials E°kiasiskais=-0.478 V [1] , plus Gidens uzskaite
-0.0591/2*log([H20]?)=-0.103 un saistita summa AE°=+0.10166-0.37239 izteiksmé absolitais potencials ir
E°s/us-=E °uiasiskais-0,0591/2*log([H20]?)+AE°=-0,478-0,103+0,10166-0,37239=-0,8517 V;
AGegHs-=E Hs-Fn=-0,8517*96485*2=-164,35 “/moi .
AGeqHs-ag=Gsrombic+2GH20-(GHs-ag+Gor)=3,5436+2*0-(90,5336+77.36)=-164.35 “/mol;
GHs-ag=Gsrombict2GH20-(AGeqHs-ag+Gon)=3,5436+2*0-(-164.35+77.36)=90,5336 Ko
H25aq+2H20=5rombiskst2H30*+2e; Klasiskais standarta potencials E°kiasiskais=0.142 V [1] , plus Gdens uzskaite
-0.0591/2*log(1/[H20]%)=0.103 un saistita summa AE°=+0.10166-0.37239 izteiksmé absoliitais potencials ir
E°s|/H2s=E °Kiasiskais-0,0591/2*log(1/[H20]?)+AE°=0,142+0,103+0,10166-0,37239=-0,025735 V;
AGegr2:=E°H2:FNn=-0.025735*96485*2=-4.966 “//mo .
AGeqH25ag=Gsrombict2GH30+-(GH2sagt2GH20)=-85.64+2*22.44-(53,3896+2*0)=-4.966 ol
Gsrombic=AGeqH2 aq-ZGHSO++(GH2 aq+ZGH20):-4,966-2*22.44+(53,3896+2*0):3,5436 kJ/mol; favored
pKa=7,0 Wikipedia; [1] pKa1=7,05; pKa2=19
pKa1=7,05 H25+H20=H5+H30"; Keqi=Ka1/[H20]=10"(":09/55,3= 0,000000001612;
AGeg=-R*T*In(Keq)=-8,3144*298,15*In(0,000000001612)= GHs—+GH30-(GH2:+GH20)=50,188 /mo;
AGeq=GH:—+GH30-(GH2:+GH20)=81,138+22.44-(53,3896+0)=50.188 “/mo ;
GHs-=AGeq-GH30+(GH2:+GH20)=50.188-22.44+(53,3896+0)=81,138 ¥/moi ;
pKa2=19 H5+ H20=524+H307; Keqi=Ka1/[H20]=10"19/55,3=10"20.74);
AGeq=-ReTeIn(Keq)=-8,3144*298,15*In (107207 =G 2.+ GH30-(G H:-+GH20)=118,38 X/mo;
AGeq=Gs2-+GH3o-(GHs-+GH20)=188,59+22,44-(GH=-+0)=118.38 K/mol ;
GHs-=G:2-+GH30-(AGeq+GH20)=188,59+22,44-(118.38+0)=92,65 “/mo ;
Séra reducésana inversais potencials: Srombict2H30"+2e'=H25aq+2H20; -E°-=0,025735 V;
2(Pt)H+2H20=2H30"+ 2e7;  E°n=-0,27073 V; Srombict2(Pt)H=H2 ag;
AGeq=(E°H-E°<)*Fe1+2=(-0,27073+0,025735)*96485*2=-0,244995*96485*2= -47,277 “/mol;
GH25ag=AGHessH25+(2GH(Pt)+Gerombic)=-47.277+(2*48.56+34,5)=84,343 Kol . 2. lapas puse.


http://aris.gusc.lv/BioThermodynamics/CO2O2Thermodynamic15AH2OCO2CH4.pdf

Albertija [8] un CRC [1] dati: GH2gas=85,6 K mol , GH25aq=53,3896 K mol [8] un AG°H20=-237,191 I(J/mol,
AG°H2:gas=-81,98 X/mol [1] lauj aprekinat vielu absoliitas veértibas brivas energijas saturam Gzrombisks=3,5436 ¥/mol,
Go2gas=303 K/mol Utt. attieciba pret fideni un oglekla dioksida gazi nulles GH20=Gcozgas=Ge-=0 K/mol atskaites
skala. VeidoSanas no briviem elementiem s€rskabei un sulfatiem:

rombiskst2 O2gastH2gas=H2504: AG°H2s504Form=GH2504-(Gsrombiskst2Go2+GHzgas)=-690,0 K mot; [1] Saturs mola
sérskabes ir GHZSO4=AG°HZSO4Form+(G rombisks+ZGOZ+GH29as)=-690,0+(3,5436+2*303+85,6):5,1436 kJ/moI;
rombisks+2O2gas+Ha2gas/2=HS047; AGOHSO4Form:GHSO4-(G rombisks+2G02+O,5GH2gas):-755,9 K)/mol . Saturs mola

HSO4" ir GHso4=AG°Hsosrorm+(Gsrombisks+2G02+0,5GHagas)=-755,9+(3,5436+2*303+85,6/2)=-103,56 “/mol.

rombiskst2O2gas= 04%; AGOSO4F0rm:GSO4'(G rombisks+ZGOZ):-747,75 K)/mol. Saturs mola SO42" ir
Gs04=AG°sosrorm*(Gsrombiskst2Go2)=-747,75+(3,5436+2*303)=-138,2 K mol.
Protolizes lidzsvaru H2SO4+H20=HSOs+H30* molu dalas aprekina Keq1=Ka1/[H20]=10"?8)/55,3=11,41
dalot skabes konstanti Ka1 (pKa1=-2,8) ar tideni [H20]=55,3 M. Brivas energijas izmaina ir
AGeqr2s04=-ReTeIn(Keq)=-8,3144*298,15*In(11,41)=GHs04-+GH30-(GHzs04+GH20)=-6,035 “/mol N0 Hesa likuma
brivas energijas izteiksmes AGeqH2s04=GHsos-+GH3o-(GHzs04+GH20)=GHsos-+22,44-(5,1436+0)=-6,035 /mol
saturs HSO4™ anjona molam ir Grsos-=AGegH2s04-GH3o+(GHzsos+Gr20)=-6,035-22,44+(5,1436+0)=-23,33 X/mol.
Protolizes lidzsvara HSO4+H20=S04%+H30* pKa2=1,99 Keg2=Ka2/[H20]=10"(19)/55,3=0,0001850 briva
energija it AGeqHsos=-ReTeIn(Keq2)=-8,3144*298,15*In(0,0001850)=Gs042-+GH30o-(GHs04-+GH20)=21,307 K/mol.
Hesa brivas energijas izteiksmé AGeqrso4=Gso42-+GH3zo-(GHsos-+GH20)=Gso42-+22,44-(-23,33+0)=21,307 “/mol
energija SO4%" anjona molam ir Gso42-=AGegHso4-GHao+(GHso4-+GH20)=21,307-22,44+(-23,33+0)=-24,46 X/mol.
VeidoSanas no brivajiem elementiem Srombiskst1,502gas+H2gas=H2503aq; un Skidiba SO2985+H20=H2503aq .
AG°H2503Form=GH2503-(Gsrombiskst1,5AGo2+ GH2gas)=-56,94-(3,5436+1,5*303+85,6)=-600,58 “//mo;
Ghs03=AG°Hsosrorm*(Gsrombiskst1,5AG02+GHzgas/2)=-486,5+(3,5436+1,5*303+85,6/2)=-74,84 K mol;
Gs03=AG°so3rorm+Gsrombiskst1,5AG02=-490,38-85,64+1,5*303=-121,52 I(‘]/mol;
Protolizes Iidzsvaru molu dalas Keq=Ka/[H20] aprékina dalot skabes konstanti ar tideni [H20]=55,3 M.
H2S03+H20=HSO3+H30*;pKa1=1,85;Keq1=Ka1/[H20]=10718%/55 3=0,0002554 brivas energijas izmaina ir
AGegH2s03=-R*TsIn(Keq1)=-8,3144*298,15*In(0,0002554)=GHs03-+GH30-(GH2s03+GH20)=20,5075 “/mol;
GHs03-=AGeqH2503-GH3o+(GH2s03+GH20)=20,5075-22,44+(-56,93796+0)=-58,87 “/moI; pH=1,85
HSO3+H20=S03>+H30*; pKa2=7,21; Keqz=Ka2/[H20]=10""21/55,3= 0,000000001115
AGeghsoz=-RsTeln(Keq2)=-8,3144*298,15*In(0,000000001115)=Gs032-+GHz0-(GHs03-+GH20)=51,1 X/mol;
Gs032-=AGeqHs03+GH30-(GHs03-+GH20)=51,1-22,44+(-58,87+0)=-30,21 “/mal; pH=7,21
H2S03+4H20=HSO4++3H30*+2¢" Klasiskais standarta potencials E°kiasiskais=0,172 V [1] , plus Gidens uzskaite

-0,0591/2*log(1/[H20]%)=0,206 un saistita summa AE°=+0,10166-0,37239 izteiksmé absoliitais potencials ir
E°H2503=E °kiasiskais-0,0591/2*log(1/[H20]*)+AE°=0,172+0,206+0,10166-0,37239=0,10726 V;

. [HSO; }Hs0'* _ [HsO; }Hs0"*
PH<2 EH2s03=E st03+% *log m’ﬁ =0,10726 V +@'log [stog]-[[Hz%]]S

AGeqh2s03=E°Hs03°F+2=0,10726*96485*2=20,69796 /mol;

AGeqHs203=GHso4 +3GH3z0-(GH2s03+4GH20)= -103,56+3*22,44-(-56,93796+4*0)=20,69796 “/mol ;
GH2503=GHs04-+3GH30-(AGegH2s03+4GH20)=-103,56+3*22,44-(20,69796+4*0)=-56,94 ¥/imoi ;
GHs04-=AGeqH2503-3GH30+(GH2s03+4GH20)=20,69796-3*22,44+(-56,93796+4*0)=-103,56 “/moi ;
Skidibas konstantes molu dalas Keq=Ksp/[H20] aprékina dalot piesatinatu §kidibas produktu ar tideni [H20].
S0O298+H20=H2S03aq; Keq=[H2SO03]/[SO2%9]/[H20]=1,46724/1/51,64=0,028413, jo piesatinajuma stavokli izskist
94 9/ SO2 M=64,066 g/mol [SO2]=[H2S03]=94/64,066=1,46724 M sérpaskabes Mn2s03=82,075 %/mol ar blivumu

1,05 9mL Msolution=1050 9/ un MH2s503=[SO2]*MHz2s03=1,46724 M*82,075 9/moi=120,4327 9/ skabes masu
MH20=1050-120,4327=929,5673 g. Udens koncentracija ir nH20=929,5673/18=51,64 M. Brivas energijas
izmaina ir AGegH2s03=-ReTeIn(Keq)=-8,3144*298,15*In(0,028413)=GH2503-(Gs02+GH20)=8,82727 X/mol;
AGegH2503=GH2503-(Gs02+GH20)=-72,9075-(-81,73477+0)=8,82727 Y/mol;
Gs02=GH2s03-(AGegH2s03+GH20)=-72,9075-(8,82727+0)=-81,73477 F/mal ; pH<2 [1]
Gs02=GH2503-(AGeqH2s03+GH20)=-56,93796-(8,82727+0)=-65,76523 K/mo ; 2=<pH<7 [17]
AGeqH2503=GH2s03-(Gs02+GH20)=-56,93796-(-65,76523+0)=8,82727 “/mol;
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Veido$anas no brivajiem elementiem SrombiskstO2gas=502: AG®sozrorm=Gso2-(-85,64+303)=-370,82 X/mol;
Gs02=AG°soz2rorm*(Gsrombiskst Go2)=-370,82+(-85,64+303)=-153,46 K mol;

HSO3 +4H20=S04> +3H30*+2¢"; Klasiskais standarta potencials E°kiasiskais=0,172 V [17] , plus Tidens uzskaite
-0,0591/2*log(1/[H20]%)=0,206 un saistita summa AE°=+0,10166-0,37239 izteiksmé absoliitais potencials ir
E°Hso3-=E°-0,0591/2*log(1/[H20]*)+AE°=0,172+0,206+0,10166-0,37239=0,10726 V;

2=<pH<7 Enso3=E°ns03-+0,0591/2*log

[s02][Hz0T?

2. +13
HsolH,0) =0.10726 V +0,0591/2*l0g [s0ZT{H;0'’

[HsoJ][H,0]*

AGeqsos-=E°Hsos-+F2=0,10726*96485*2=20,69796 /mol,
AGeqsos-=Gso4-+3GH30-(GHs03+4GH20)=-24,46+3*22,44-(22,16+4*0)=20,7 X/mol ;
Ghs0s=Gso4_+3GHs0-(AGeqsor+4G20)=-24,46+3%22,44-(20,69796+4*0)=22,16 Yol ;
Gs04-=AGeqsos--3GH3o+(GHso3+4GH20)=20,69796-3*22,44+(22,16+4*0)=-24,46 Y/l ;

Viela AHOH,kJ/mol ASOH,J/mOI/K AGOH,k‘]/moI

H2S04 -814,0 156,9 -690,0 [CRCI[1];

H2SO4 | favored  formation| 5,1436  |Gr2sos=AG°H2s04+G rombiskst2AGo2+ Ghzgast GH20=5,1436 “/mol;
HSO4 -887,3 131,8 -755,9 |CRC [1]

HSO4 - pPKa1=-2,8| -23,33 |GHso4-=AGeqH2504-GH30+(GHzs04+GH20)=-23,33 K/mol;

HSO4 pH<2 formation | -103,56 |GHs04=AG°Hsoa+Gsrombiskst2AG02+GH2gas/2=-103,56 K/mo;

S04+ -907,62 -536,2 -747,75 |BioTherm2006 pH=7.36 [8] AG so42-=AH-T*AS=-747.75 Y/mol;
SO4> - formation| -138,2 |Gso4=AG°sosrorm+Gsrombisks+2AG02=-747,75-85,64+2*303=-138,2 “/mo;
SO4* | 2=<pH<7 |pKa=1,99| -24,46 |Gsos2-=AGeqHsos-GH3o+(GHsos-+GH20)=-24,46 /mo;

S04 | E°hsoz= | 0,10726 | -24,46 |Gsos=AGeqsos—-3GH3o+(GHso3+4GH20)=-24,46 X/mo1;2=<pH<7
S04 | E°soz2= | -1,2522 | -213,4 |Gso42-=AGeqso32-0oH-GH20+(Gso032-+2GorH)=-213,4 K/mol ;

S04+ -909,3 20,1 -7445 |CRC[1]

S0.9% | —296,81 248,223 | -370,82 | [1] AGH=AHH-T*ASH=-296,81-298,15*0, 248223=-370,82 Y/l ;
SO, formation | -153,46 Gsoz=AG°SOZForm+(G rombisks+GOZ)=-l53,46 kJ/moI;

SO2%% AGKp=8,827 pH<2 -81,735 | AGs02=Gri2s03-(AGeghzsos+Grz0)=-72,9075-(8,82727+0)=-81,73477 “/mo;
S029 |JAGKp=8,827 2<pH<7 | -65,765 Gs02=GH2503-(AGegH2503+GH20)=-65,76523 X/mol;

H2S0O3 Albergy [8] pH=7,36 | -600,58 AGOHZSO3Form:GHZSOS'(G rombiskst1,5AGo2+ GHZgas):-600,58 I(‘]/mol;
H2SO3 formation | -72,9075 Gr2503=AG°H2503Form+(Gsrombisks+1,5AG 02+ Grzgas)=-72,9075 “/mo;
H2SO3 | E°Hzsoz=  0,10726 |-56,93796 | GH2s03=GHsos+3GH30-(AGeqH2503+4GH20)=-56,938 “/moI; pH<2
HSOs | E°msos=  0,10726 22,16 Ghs03=Gs04-+3GH30-(AGeqsos-+4GH20)=22,16 ¥/mol;
HSO3 ‘ formation -74,84 GHsos=AG°ns03+G rombisks"‘1,5AGOZ+GH29as/2='74,84 |(J/mo|;
HSOs pKa1=1,85| -58,87 GHs03-=AGeqH2503-GH3o+(GH2503+GH20)=-58,87 “/mol;
HSOs- -635,5 -29 -486,5 |CRC[1]

SOs* -632,19 -474,05 | -490,38 [BioTherm2006 [8] AGH sos-=AHH-T*ASH=-632,1888-298,15*-0,47405=-490,85 X/mol;
SOs* - formation| -121,52 Gs03=AGFrorm=AG°s03+Gsrombiskst1,5AGo2= -121,52 I(‘]/mol;
SOz* pKa2=7,21| -30,21 Gs032-=AGeqHs03+GH30-(GHs03-+GH20)=-30,21 “/mol;

SO3% | E°sos2-on= | -1,2522 | 62,457 | Gs032-=Gsosz-+GH20-(AGeqsoz2-or +2GoH)=62,457 “/mol; pH>7

GH2503=AG°H2s03Form+(Grombisks+1,5AG 02+ Grizgas)=-72,9075 X/mol;

S0z +20H=504>+H20+2¢"; pH>7; Klasiskais standarta potencials E°kiasiskais=-0,93 V [17] , Tidens uzskaite
-0,0591/2*log([H20])=0,0515 un saistita summa AE°=+0,10166-0,37239 izteiksmé absoliitais potencials ir
E°s032_0H=E°-0,0591/2*l0g([H20])+AE°=-0,93+0,0515+0,10166-0,37239=-1,2522 V/;

E s032-0H=E°s032-on+ 0.0591 e]og
2

[s02]-[H20]

o [sOZ] [H20]
[s0%]-[oH]

=-1,2522 V+0.0591 elog 155 1on77

2

AGegso42-0H=E°s032-oHsFe2=-1,2522*96485*2=-241,637 /mol,;

AGeqso32-0H=Gs042-+GH20-(Gso032-+2GoH)=24,46+0-(62,457+2*77,36)=-241,637 X/mol ;
Gs032-=Gs042-+GH20-(AGeqso32-oH +2Gon)=-24,46+0-(-241,637+2*77,36)=62,457 ¥/mol ;
Gs042-=AGeqs032-0H-GH20+(Gs032-+2GoH)=-241,637-0+(62,457+2*77,36)= -24,46 Y/l ;
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Metala neskistosa sals un sals anjonu skidums II-veida elektrods.

K*ClI- skiduma ar neskistosas sals AgCl pret joniem Cl-un
sudraba metala Ag elektrodu. Elektriska potenciala mérjjumi
voltos ar elektrodu pari ir Elektro Dzingja Speks EDS volti.
Starp indikatora elektrodu Mel un Mell salidzinasanas
elektrodu savienotiem noslégta elektriska kéde aprékina Mel
indikatora elektroda potencialu EI ka summu: EI=EDS+EIL.
Standarta salidzinasanas elektrods EII kalpo par konstantu
potencialu ar hlorida koncentraciju.

Sudraba I-veida elektroda: Ag(s)+H20=Ag*+e" absolitais

potencials satur standarta potencialu E°kiasisko=0,7994 V [18], logaritmu -0,0591/1*Ig(1/55,3"1)=-0,103 un
summu AE°: Eag/ag+=E kiasisko-0,0591/1*1g(1/[H20]%)+AE°=0,7994-0,103+0,10166-0,37239=0,6317 V.
AGeq_Ag:EoAg‘F‘2=0,6317*96485*1:60,95 I(‘]/mol, AGeq_AszGAg+-(GAg+GH20):77,1-(GAg+0):60,95 I(‘]/mol ;
Gag=Gag+-(AGeq_Ag+GH20)=77,1-(60,95+0)=16,15 “/mol;[1]
Gag=Gag+-(AGeq_Ag+GH20)=103,8-(60,95+0)=42,85 “/mol;[8]
Gag+=AGeq_ast(GagtGH20)=60,95+(42,855+0)=103,8 ol /[8]
Veidosanas 2Ag*+Cl2=2AgCI(s); 2AGeq_agci=2Gagcl-(2Gag+Gei2)=2Gagel-(2*42,85+394,2)=-155,71 K/mal ; [1]
Gagci=(2AGeq_agci+(2Gag+Gcei2))/2=(2*-155,71+(2*42,85+394,2))/2=84,24 F/mal ;
Skidibas lidzsvara mol dalas AgCI(s)+2H20=Ag*+ClI"; AgCI(s)+2H20-Cl-=Ag* absoliita konstante :

K absoluteagei=Kspagel/[H20]"2=[Ag*]*[CI']/[AgCI(s)]/[H20]"?=1,77*10"(19/55 3/2=5 788*1014 ;
AGspagci=-ReTeIn(Kspagcl)=-8,3144*298,15*In(5,788* 107 14)=75,559 K/moi; kompensé fidens molekulu
AGspAgCI:GAg++GCI--(GAgCI+ZGH20)2103,8+101,97-(130,211+2*0):75,559 K fmol ;
Gagcl=Gag++Gel--(AGspagei+2GH20)=103,8+101,97-(75,559+2*0)=130,211 ¥/mol ;

[CI']=0,1 M=[K*CI'] skiduma Ag)+H20=Ag*+e"; Ag(s)+H20+Cl'=AgCl)+2H20+e; summaraja reakcija.
Ags+Cl'=AgCls+H20+e"; Absoluta standarta potenciala aprékins satur E°kiasisko=0,2223 V [18], Gidens
logaritmu un AE°:Eagiagci=E °kiasiskais-0,0591/1*Ig([H20]%)+AE°=0,2223-0,103+0,10166-0,37239=-0,1514 V;

AGeq Ag=E°Ag*F*1=-0,1514*96485*1=-14,61 “/mol;
AGeq_Ag=Gagci+GH20-(Gag+Gel)=-155,71+0-(42,855-183,955)=-14,61 “/mol ;
Gag=Gagci+GH20-(AGeq Ag+Gcei-)=-155,71+0-(-14,61-183,955)=42,855 K/mol ;
Skidiba NHagas un Ag kompensé katru idens molekulu Nernsta pus reakcijas produktos
NHsgastH20=NHasaq;Ag+H20=Ag*+e"; Ag+H20+2NH3a=Ag(NHs)2*+2H20+e"; Absolitais standarta potencials
ar standartu E°iasisko=0,373 V [17], Gidens -0,0591/1*log([H20]')=-0,103 logaritmu un summu AE°®:
E° Ag/ag(NH3)2+=E °kiasiskais-0,0591/1*log([H20]*)+AE°=0,373-0,103+0,10166-0,37239=-0,000725 V;
AGagiagiNH3)2+=E°Ag/ag(NH3)2+*F* 1=-0,000725*96485*1=-0,06995 /mol;

GAag(NH3)2+=AG agiag(NH3)2+-GH20+(GAg+2 GNH3ag)=-0,06995-0+(42,855-2*%91,1)=-139,415 Y/mql;
2Ag+20H=Ag20(s)+H20+2e"; Absoliita standarta potenciala aprékins satur E°iasisko=0,345 V [17], Gidens
logaritmu un AE®: E°2agiag20=E °kiasiskais-0,0591/2*Ig([H20]*)+AE°=0,345-0,0515+0,10166-0,37239=0,02277 V

AGag/ag20=E°ag/ag20°F*2=0,02277*96485*2=4,394 K/mor;
AGAag/ag20=Gag20+GH20-(2GAag+2GoH)=Gag20+0-(2*42,855-2*77,36)= 4,394 K/mal ;
Gag20=AGAg/Ag20-GH20+(2Gag+2GoH)=4,394-0+(2*42,855-2*77,36)=-64,616 “/mol ;

E°agiaginH3)2+=0,000725 V+ A

[Ag(NHy)3 ] o _ [Ag,0l[H,0]
GH(INH-2 [AG(NF 1) E°2agiag20=0,02277 V+ AgP[on T2

jons Gag+=103,8 “/mor virs Gag=42,855 X/moi elementa 60,945; [8]

CRC[1] Gag=Gag+(AGeq_ag+GH20)=77,1-(60,95+0)=16,15 /mo;

Gag=Gag+-(AGeq_ag+Gr20)=103,8-(60,95+0)=42,85 /o [8]

GAg= Gager+Grzo-(AGeq ag+Ger)=-155,71+0-(-14,61-183,955)=42,855 K/mol;

CRC; [1] jona Gag+=77,1“/mol elementa nulles AG°ag=0 ¥/ma;

Gag+=AGeq_as+(Gag+GH20)=60,95+(42,855+0)=103,8 X/mol ;

AGagci=AHH-T*ASH=-127,01-298,15*0,09625=-155,71 X/moi; [1]

Gagcl=(2AGeq_Agci+(2Gag+Gei2))/2=84,24 Flmo;

Gagci=Gag++Gel--(AGspagci+2Gr20)=130,2 K/mor;

Gel-=(-GHg22++AGeqgHgaci2+(GHg2ci24+3GH20) )/2=101,97 X/mol;

Gag(NH3)2+=AGagiagNH3)2+-GH20+(GAg+2GNHzag) =-139,415 Y/mol;

Gagci=Gag++Gel--(AGspagci+2GH20)=-155,714 K/mo;

CRC:; [1]

Viela AH®H I(‘]/mol AS®H J/moI/KAGoH ) I(‘]/mol
Ag EoAg/Ag+: -0,6317 V 16,15
Ag E°agag+= |-0,6317 V| 42,85
Ag E°agagei= [-0,1514 V| 42,855
Ag+ 105,6 72,7 77,1
Ag+ E°Ag= [0,6317V 103,8

AgCI(s) | -127,01 | 96,25 | -15571
AgCI(s) | formation - 84,24
AQCI(S) | Kspago= |5,788%10%|  130,2
Cl- | Ksprgoc= | 10°2D [ 101,97
Ag(NH3)s*| E°agnrae+ |-0,000725| -139,415
AgCI AGspAgCI: Kspagel= -155,714
Ag:0(s) | -3L,1 121,3 11,2
Ag20(s) | E°agago= [0,02277V | -64,616

Gag2o0=AGag/Ag20-GH20+(2GAg+2GoH)=-64,616 K/mor;
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Nernsta potenciala studijas Hg/Hg»?*/Hg?*, Hg2Cl2, Hg2SO4(s), HgO uzskaitot hidroksoniju H3O* un tideni H20.
Viela AHOH,k‘]/moI ASOH,J/mOI/KAGOH,k‘]/moI (EOHZOZaqRed-EOHgO)*F*n:(0,5278+O,22423):0,7520V

Hg HgO ; H20> 75,9 35,885  |GHg=GeqRredox_2+202-Gozaqua+(GHgo+GH202)=35,885/mol ;

Hg E°Hgcio= |-0,1059 V| 35,8 GHg=(GHg2ci2+GH20-(2Gcl-+AGeq_Hg2ci2))/2=35,8 K/mor;
Hg2?* -166,87 66,74 -146,97 |AGrg22+=AHH-T*ASH=-166,87-298,15*0,06674=-146,97 X/moI;
Hgo?* | E°HgHge+= | 0,6888V | 204,52 | Grgoos=AGeq rgt+(2Ghg+Grz0)=132,92+(2*35,8+0)=204,52 “/inoi;
Ho? | -17021 | -36,19 _ |crRC[1]

HgoSOus]  -743,1 200,7 | 6258 |CRC[1]

Hg2SO4(s)K AbsoluteHgzsos=| 10"9673) | -598 44 GHg2504=GHg22++Gs042--(AGeqHg2s04+2 GH20)=-598,44 X/mar;
S04 -907,62 -536,2 -747,75 |Biochem. Thermodynamic 2006 Massachusetts Technology Inst. [8]
SO4> E°Hgesos= | 0,2918 V | -726,54 |Gso4=GHg2s04-(2GHg+AGeq_Hg2504)=-726,54 /ol
SO | 9093 201 | -7445 |CRC[1]

Clz formation | HQ2Clais) | 394,2  |Gciz=GHgzciz(s)-(2GHg+ AGPHgzci2rorm)=394,2 X/mor;

Hg2Clo)|  -265,37 191,6 -210,7 |CRC [1] AG®Hgzcizrorm=GHgzci2(s)-(2GHg+Gei2)=-210,7 X/mor;

Hg2Clas)|  E°hgco=  |-0,1059 V| 255,1 GHg2c12=AGeq_Hg2c12-2GH20+(2Gcl-+2GHg)=255,1 X/ma;

HoClay | 2243 146 | -1786 |CRC 1]

Cl- -167,08 56,6 -183,955 | AGcl-=AHH-T*ASH=-167,08-298,15*0,0566=-183,955 /moi;[1]

Cl-  |KabsoluteHgzcie=| 107230 | 101,97 Gcel-=(-GHg22++AGeqgrgaci+(GHgaciz+3GH20))/2=101,97 K/mor;
HgOs) -99,79 70,25 -60,3675 | AGHgo=AHH-T*ASH=-99,79-298,15*0,07025=2*-60,3675 /mol;
HgOw |  -90,8 703 | 585 |CRC [1] AGHgo=-58,5“Vmar;

HgOs) - formation| 142,3 2GHgo=2AGHgo+(2*Grg+G02)=2*142,3 X/mol
HgOgs) E°ngo=  |0,22423 V| 147,25 Grgo=AGeqtgo-2GH20+(GHg+2Gon)=147,15 X/mol;

2Hg+H20=Hg2?*+2¢"; Absoliita potenciala aprékins satur standarta potencialu E°kiasisko=0,907 V [18], iidens
logaritmu un AE®: E°2Hg=E °clasiskais-0.0591/2*Ig(1/[H20])+AE°=0.907+0.0515+0.10166-0.37239=0.6888 V;
AGeq_Hg=E°Hg*F+2=0,6888*96485*2=132,92 “/ma,
AGeq_Hg=GHg22+-(2GHg+GH20)=GHg22+-(2*35,8+0)=204,52-(2*35,8+0)=132,92 N/l ;
GHg22+=AGeq_Hg+(2GHg+GH20)=132,92+(2*35,8+0)=204,52 Kol ;
Skidibas lidzsvara Hg2Clas)+3H20=Hg2%*+2Cl"; 2Hg+H20=Hg,%*+2¢"; absolita §kidibas konstante :

K absoluteHgzci2=KspHgzcl2/[H20]"3=[Hg2?*]*[CI"]%/[Hg2Cl2(s)]/[[H20]"3=1,43*10718)/1/55,3”3=10"231;
AGeqHg2CI2:-R°T°ln(KAbsquteHgZCIZ)=-8,314*298,l5*|n(lol\(-23’1)):l3l,85 I(‘]/mol;
AGHg2c12=GHg22++2Gcl--(GHgzci2+3GH20)=204,52+2Gc1-(276,61+3*0)=204,52+2*101,97-(276,61+3*0)=131,85 “/mol;
Gel-=(-GHgz2++AGegHgzciz+(GHgaci2+3GH20))/2=(-204,52+131,85+(276,61+3*0))/2=101,97 “/mol;

Veidosanas 2Hg+Cla=Hg2Clzs); AG°Hgacizrorm=GHgaci2(s)-(2GHg+Gei2)=255,1-(2*35,8+Gcl2)=-210,7 ¥/ma;

Gcl2=GHg2ci2(s)-(2GHg+AG°Hgzcizrorm)=255,1-(2*35,8-210,7)=394,2 X/mol;

2HQg+2Cl"=HQ2Cl2s+2H20+2¢"; Absolitais aprékins satur standarta potencialu E°«iasisko=0,2678 V [18], Gidens

logaritmu un AE®: E°Hgci2=E °kiasisko-0,0591/2*Ig([H20]?)+AE°=0,2678-0,103+0,10166-0,37239=-0,1059 V;

AGeq_Hg2ci2=E°ngociz*F+2=-0,1059*96485*2=-20,44 </mo,

AGeq_Hg2c12=GHg2ci2+2GH20-(2Gcl-+2GHg)= 255,1+2*0-(2*101,97+2*35,8)=-20,44 X/mol ;
GHg2c12=AGeq_Hg2c12-2GH20+(2Gcl-+2GHg)=-20,44-2*0+(2*101,97+2*35,8)=255,1 X/mo! ;

GHg=(GHgzcl2+GH20-(2Gc1-+AGeq_Hgaci2))/2=(255,1+0-(2*%101,97-20,44))/2=35,8 /ol ;

Skidibas lidzsvara Hg2SOu4()+2H20=Hg22*+S04%; 2Hg+2H20=Hg2?*+2¢"; absoliita §kidibas konstante :

K absoluteHg2504=KspHg2soal [H20]"?=[Hg22*]1*[SO4*]/[Hg2S O4(s)}/[H20]"?=6,5*10(7)/1/55,372=10"2673;
AGeqHg2sos=-ReTeln(K apsoluteHg2s04)=-8,314*298,15*In(10"°673))=55,21 K/mmol;
AGeqHg2s04=GHg22++Gs042--(GHg2s04+2 GH20)=204,52-747,75-(-598,44+2*0)=55,21 Y/imqI;
GHg2504=GHg22++Gs042--(AGegHg2s04+2GH20)=204,52-747,75-(55,21+2*0)=-598,44 /mol;
Hg2S04(s)+2H20=Hg2?*+S04"; 2Hg+H20=Hg2?*+2¢";

Hg2S04(s)+2H20-S042=Hg2?*; 2Hg+H20=Hg?*+2e"; 2Hg+H20=Hg2S04(5)+2H20-S0+%*+2¢";
2Hg+S042=Hg2S04@s)+H20+2¢"; Absoliitais aprekins satur standarta potencialu E°kiasisko=0,614 V [18], Gidens
logaritmu un AE®: E°Hgsos=E °kiasisko-0,0591/2*Ig([H20]*)+AE°=0,614-0,0515 +0,10166-0,37239=0,2918 V;
AGeq_HgSO4:EngSOA.F'2:0,291772*96485*2:56,30 I(‘]/mol,

AGeq_Hg2s04=GHg2504-(2GHg+Gs04)=-598,44-(2*35,8-726,54)=56,50/mol ;
Gs04=GHg2504-(2GHg+AGeq_Hg2s04)=-598,44-(2*35,8+56,3)=-726,54 “/mo ;
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Veidosanas 2Hg+02 aqua=2HgO; 2GHgOZZAGHgO+(2*GHg+G02):2*-58,5+(2*35,8+330):2*142,3kJ/moI;
Hg+20H =HgO+H20+2e", Absoliitais aprékins satur standarta potencialu E°kiasisko=0,098 V [17], Gidens
logaritmu un AE®: E°Hgo=E°-0,0591/2*Ig([H20]*)+AE°=0,098-0,0515+0,10166-0,37239=-0,22423 V;
AGeqHgo=E°Hgo*F*n=-0,22423*96485%*2=-43,27 “/mor ;
AGeqHgo=GHgo+GH20-(GHg+2GoH)=GHgo+0-(35,8+2*77,36) =147,25+0-(35,8+2*77,36)=-43,27 “/mol;
GHgo=AGeqHgo-GH20+(GHg+2Gon)=-43,27-0+(35,8+2*77,36)=147,25 X/mor;

Reducesanas HgO+2H20+2e =Hg+20H"

, iInversais standarta potencials -E°Hgo=0,22423 V.

Oksidesanas H202aquat2H20=02aqua+2H30*+2e” Nernsta absoliitais standarta potencials E°redH202=0,5278 V;
HgO+2H20+2e +H202aquat2H20=Hg+20H +O2aquat+2H30*+2¢e7;
HgO+H202aquat4H20=Hg+O2aquat(20H+2H30"); HJO+H202aquat4H20=Hg+O2aquat+(4H20);

Summa: HgO+H202aqua=Hg+O2aqua ; katalaze Gr202=279,285 “/mo;
AGeqredox_H202=(E°H202aqred-E °Hgo) *F*n=(0,5278+0,22423)*96485*2=(0,7520)*96485*2=145,1 ¥/moi ;
AGeqredox_H202=GHg+G02aqua-(GHgo+GH202)=35,885+330-(-58,5+279,285)=145,1 “/moi ;

HgO ; GHg=Geqredox H202-Gozaquat(GHgo+GH202)=145,1-330+(-58,5+279,285)= 35,885 ol ;

Biochem. Thermodynamic 2006 Massachusetts Technology Inst.

Grb=Gpb2+-(AGeqpb pb2++GH20)=-4,596-(-66,62+0)=62,024 ¥/moI;

CRC [1]

Gpb2+=Gpbo2+4GH30+-(AGeqpho2 b2+ +6 GH20)=-4,596 “/mol;

CRC [1]AG®rb2+=AH°k-T*AS°+=0.92-298.15*0.0185=-4.596 K/mol;

CRC [1]

Substance AHOH,kJ/moI ASOH,J/mOI/KAGOH,k‘]/moI
Pb E°pbipb2+= -0,34523 V| 62,024
Pb - 64,8 -

Pb%*  |E°pbo2;pb2+=[1,49326 V| -4,596
Pb2* 0,92 18,5 -4,596
PbO| -277,4 68,6 -217,3
PbO2| [E°pbo2ipr2+=1,49326 V| 193,794
PbO2| | formation - 147,824
Al - 28,3 -
Al E°anaiz+= |-1,8984 V 108
Al3* -538,4 -325 -441,5
H2AlO3™ |E°H2aiozai=| -2,63506 | -345,29
NaAlO2|| -1133,2 70,4

Grbo2=AGeqpbo2Pb2+-4GH30++(Gpb2++6GH20)=193,794 X/mar;
Grbo2=AG poo2+(Grb+Go2gas)=147,824 K/mol;

CRC [1]
GaA=Gai+-(AGeganaiz++Gr20)=-441,5-(-549,5+0)=108 X/mor;
AG°pb2+=AH°n-T*AS°H=-538,4-298,15*-0,325=-441,5 “/moi ;
Gr2a103=AGeqr2a103a1-GH20+(GAI+4GoH)=-345,29 X/mor;

CRC [1]

Veidosanas Pb+02gas=PbO2(S); Grbo2=AG pbo2+(Gro+Gozgas)=-217,3+(62,024+303,1)= 147,824 N/mal;

Pb?* +6H20=PbO(s)+4H30*+2e"; Absolitais aprekins satur standarta potencialu E°kiasisko=1,455 V [18], Gdens
logaritmu un AE®: E°pbo2=E kiasisko-0,0591/2*Ig(1/[H20]6)+AE°=1,455+0,309+0,10166-0,37239=1,49326 V;
AGeqpbo2Pb2+=E°pbo2 b2+ F+3=1,49326*96485*3=288,15 “/mal;
AGeqgpbo2|pb2+=Gpho2+4GH30+-(Gpb2++6GH20)=193,794+4*22,44-(-4,596+6*0)=288,15 ¥/mo;
Gpbo2=AGeqpbo2Pb2+-4GH30++(Gpb2++6GH20)=288,15-4*22,44+(-4,596+6*0)=193,794 X/mo;
Gpb2+=Gppo2+4GH30+-(AGeqpbo2 pb2++6GH20)=193,794+4*22,44-(288,15+6*0)=-4,596 */mo;

Epbo2/Po2+=E°pb0o2|Pb2++

0.0591
*lo

[P O,{}[H50"* 0.0591 |, [PbO,{}H,0"* .

=1,49326 V+ '2 *log

[Pb”"}[H,0]° [Pb™][H,01°

Pb+H20=Pb?* +2e"; pH<7 Absolitais aprékins satur standarta potencialu E°kiasisko=-0,126 V [18], idens logaritmu
un AE®: E®pbipb2+=E°Klasisko-0,0591/2*log(1/[H,0])+AE°=-1,26+0,0515+0,10166-0,37239=-0,3452 V/:
AGeqpb|pb2+=E°pb b2+ *F*N=-0,34523*96485*2=-66,62 “/mol ;
AGegpbpb2+=Gpb2+-(Gpb+GH20)=-4,596-(62,024+0)=-71,59=-66,62 “/moI;

Gpb=Gpb2+-(AGegpb pb2++GH20)=-4,596-(-66,62+0)=62,024 /mor;

Al+ H20=AIP*+3e"; Absoliita potenciala aprekins satur standarta potencialu E°kiasisko=-1,662 V [1], idens logaritmu

un AE®: E°anaiz+=E°«iasisko-0,0591/3*log(1/[H.0])+AE°=-1,662+0,0343+0,10166-0,37239=-1,8984 V,
AGeqanan+=E°aiaiz+*Fe3=-1,8984*96485*3=-549,5 ¥/no;
AGeqanai+=Gai+-(Ga+Gr20)=-441,5-(108+0)=-549,5 X/mor;
Ga=Ganz+-(AGegana++Gr20)=-441,5-(-549,5+0)=108 “/mo;

Al+40H =H2AlO3+H20+3e Absoliita potenciala aprékins satur standarta potencialu E°kiasisko=-2,33 V [1], Gidens
logaritmu un AE®: E°H2a103-AI=E °kiasisko-0,0591/3*log([H-.O])+AE°=-2,33-0,0343+0,10166-0,37239=-2,63506 V;
AGeqH2A103AI=E°H2a103a10 F*3=-2,63506*96485*3=-762,73 X/mol;
AGeqH2a103A1=GH2A103+GH20-(GAI+4GoH)=-345,29+0-(108+4*77,36)=-762,73 “/mol;
GﬁAI03=AGeqﬁAIOSAI-GHZO+(GAI+4GOH) =-762,73-0+(108+4*77,36)=-345,29 K/mol;

Ealo2/al =E°al02/al + 0.0591

+log [HAI03}H,0] =-2,63506 V/+ > 0:91 log [H2A103HH0] .

[Al]-[oH]4 [Al]-[oH]4
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Skidiba N2gas+H20+AG=N2aq palielina slapekla energiju mola no Gnzgas=-9,55 “/mol 1idz Gn2ag=18,7 ¥/mol.

Publicéta Albertija slapekla $kiduma absoliita briva energija viena mola ir Gnzaqua=18,7 “/mol , ja tiras gazes
mol dala ir viens [N2gas]=1. [8] Udeni Elements slapeklis N2gas+H20=Nzaqua ir vaji $kistoss ar 0,00175 91009 H20
iz8kidinato daudzumu [N2aqua]=0,00175/100,00175*996=0,01743/28,02=1032%6 M un blivumu 996 g/L. [1]
Skidibas konstante mol dalas ir mazaka par vienu Ksp=[N2aqua]/[H20]=10" (:3200)/55 3=104949 kyras brivas

energijas izmaina ir endoergiska:

AGsp=-ReT*In(Ksp)=-8,3144*298,15*In(1074949))=28,25 K/ .

Hesa likuma brivas energijas izmaina ir AGHess sp_N2aqua=GN2aqua-(GnNz2gas+GH20)=18,7-(GNagas -0)=28,25 X/mol
sakrito§a absoliitaja energijas skala. Mola Gnzgas=Gn2agua-(AGHess_sp_N2aqua+GH20)=18,7-(28,25+0)=-9,55 X/mo
slapekla gazes energijas saturs ir negativs relativi zem destiléta idens nulles GH20=0 “/mol. Iz8kidinata slapekla
mola energijas saturs Gnzaqua=18,7 M/mol ir pozitivs. [8] Albertijs

Viela AHHmat  [AS®H ok |[AGOH ol Gn2gas=2GNH3gas-(2AGHess NH3gas+3*GHzgas)= 107,28 K/mor;
N2gas Gnogas=  [form NH3 107,2 Gn2gas=2*165,6593-(-32,8+3*85,64)=107,28 /mal; [1,8];

N 2ag ~10,54 98,1 18,7  |Skidums N2aq pie pH=7,36 [8].

N2gas Nagas+H20= Noaq pPH=7,36 -9,55 Gn2gas=Gnzagua~(AGHess sk_Nzaquat Gr20)=18,7-(28,25+0)=-9,55 %ol
NHsgas | AGrydration | -74,5537 165,7 GnHagas=AGnH3ag-(AGhyarationst Gr20)=91,1056-(-74,5537+0)=165,7 “/no;
NHasgas [1,8] formation 107,285 2GNH3gas=2AGFormNH39as+(GN29as+3*GH29as)= 2*107,285 |(J/mol;
NH3gas -45,9 192,77 -16,4 CRC [1] GNH3gas=(2*-16,4+(-9,55+3*85,64))/2=2*107,285 /mol;
NHsaq | -132,5608 | -739,2922 | 91,1056 |Amonjaks pie pH=7,36 [8] Albertijs; NHsaq veidosanas

NH3aq PKbeq=[6,49475 91,1  |GNH3ag=GnNH4++GoH-(AGbeq+GH20)=91,1 /mor; Wikipedia [28]
NH4* pPKaeq=10,99 50,81 GnHa+=Gnh3ag+Grso-(AGeq+Grz20)=91,1+22,44-62,73-0=50,81 “/mol;

Veidosanas N2ag+3H2aq>2NHzaq N0 elementiem ar absoliito energiju Gnzag=18,7 “/mol; GH2aq=103,2 X/l ir
eksoergiska reakcija 2AGHess NH3ag=2GNH3ag-(GN2ag+3*GHzaq)=2*91,1056-(18,7+3*103,24)=2*-73,1 “/mo1. [8]
VeidoSanas N2gas+3H2gas>2NHagas No elementiem Gnzgas=-9,55 “/mol ; GH2gas=85,64 /mol ir eksoergiska
2AGHess NH3gas=2 GNH3gas-(GN2gas+3* GH2gas) =2 GNH3gas-(-9,55+3*85,64)=2*-16,4=-32,8 “/mol. [1] Energijas
saturs NHzsgas molam ir pozitivs Gnhagas=107,285 ¥/mor:

2GNH3gas=2AGHess NH3gasT (Gn2gast3*Ghagas)=2*-16,4+(-9,55+3*85,64)=214,57=2*107,285 Y mol.
Gazes $kidibas dalibnieki NHagas+H20=NHszq ir ar energijas vertibam Gnnzag=91,1 “/mol, GNH3gas=107,285 K/mol.

Klasiskas amonjaka protolitiskas bazes NHsag+H20=NH4*+OH" konstantes izteiksme, nenemot véra tdeni, ir
Ko=[NH4*]1*[OH]/[NH3aq]=10"(4752) ar eksponenta vertibu pKb=4,752. [1] Klasiska bazes konstante ir iegiita no
protolizes lidzsvara konstantes, nemot véra idens daudzumu reagentos

Kbeg= Kb/[H20]=10/(4752)/55 3=3,20* 10\ )=10"(6:4947),

Amonjaka protolizes lidzsvara konstantes eksponenta aprékinata vértiba ir pKbeq=6,4947 endoergiska, jo
absollitas brivas energijas izmainas Prigozina izteiksmé un Hesa izteiksmé ir pozitivas un identiskas:

AGbeq:-R'T'ln(Kbeq)='8,3144*298,15*|n(loA(-6’4947)):GNH4++GOH-(GNHBaq+GH20):37,064 Kol ;

AGHess_beq=GNH4++GoH-(GNH3ag+ GH20)=50,81+77,36-(GNHzaq+0)=37,064 ol .
Brivas energijas saturs $kiduma, kura ir viens mols amonjaka tident, ir GnH3ag=91,1 ¥/mol
GnH3ag=GNH4++GoH-(AGbeq+GH20)=50,81+77,36-(37,07+0)=91,1 “/mo1 .

Endoergiska amonjaka protolize akumulg energiju produktos Gnma++Gon-=50,81+77,36=128,17 “/mo .

Vajas skabes GnHa+=50,81 ¥/mor NHa*+H20=NHzaq+H3O" protolize pKeq=10,99 uzrada endoergiskas energijas
izmainu AGaeq=-ReTeIn(Kaeq)=-8,3144*298,15*In(10"1099)=GnHatydration+GHao-GnHa+-GH20=62,73 K/mol .
Amonija brivas energijas saturs uz molu ir

GnH4+=GnH3ag+GH30-(AGaeq+GH20)=91,1+22,44-(62,73+0)=50,81 /ol .

Skidiba NHsgas+H20=NHsag; GnHzag=91,1 “/mo1; amonjakam pie pH=7,36 [8];
AHHydrati0n=AH°NH3aq-AH°NH3gas-AH°H20=-132,5608+45,94-286,65:373,3 I(J/mol;
SHydration:ASONH3aqua-AS°NH3gas-AS°HZO:-739,2922-192,77-69,9565:-1002 ‘]/moI/K;
AGHydrations=AHHydrationS'T*ASHydration=-373,3-298,15*-1,002:-74,5537 kJ/mol;
Ksp=eXp(-AGHydration/R/T)=exp(74553,7/8,3144/298,15)=10*3¢;

Albertija $kidumi amonjakam pie pH=7,36 GNH3aq=91,1056 /moi un Hesa hidratacija ar izmainu energijai
AGHydrations=-74,5537 ¥%/mor aprekina absoliito energijas saturu gazei NHagas sakritosi vienadi:

GnNH3gas=GnNH3ag-(AGHydrationt GH20)=91,1056-(-74,5537+0)=165,7 K mol;
GNH3gas=(2AGHess NH3gast(Gn2gast3*GH2))/2=(-32,8+(107,2+3*85,64))/2=165,7 mol; [1,8] CRC, Albertijs
Amonija brivas energijas saturs ir GNH4+=GNH3aq+GH30-(AGeq+GH20)=91,1+22,44-62,73-0=50,81 K/mal,
Protolizes klasiska skabes konstante ir NH4"=H*+NH3aqua pKa=9,25;
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Veidosanas no elementiem HNO2 AG°HN02=-46 K/mol un HNO3 AG°Hn03=-250,53 K/mol Wikipedia:
Formation GHNO3Form:AG°HN03+(0,5GN2gas+l,5GOZgas+0,5GHZgas):-250,53+(0,5*-9,55+1,5*303):199,195 K/ mol
GHN02=AG°HN02+0,5N2gas+O2gas+0,5H2gas=-46+(0,5%-9,55+303+0,5*85,6)=295,025 K/mo ;
GN29a5=GN2aqua-(AGHess_§lg_N2aqua+GH20)=18,7-(28,25+O):-9,55 kJ/mol; GH2gas=85,6 ol ; G02gas=303 kJ/mol; [8]
Gno2-Form=AG°n02-+0,5GN2gast Go2gas=-33,01+0,5*-9,55+1*303=265,2 I(J/mol;

Gno2-Form=AG°N02-+0,5GN2ag+ Go2ag=-33,01+0,5*18,7+1*330+0=306,34 /mol;

Skabes un protolizes lidzsvars Keq=Ka/[H20] aprékina dalot skabes konstanti ar Gdeni [H20]=55,3 M.
1. HNO2+H20=NO2 +H30*;pKa=3,15; Keq=Ka/[H20]=107(-319/55 3= 0,00001280;

AGeghno2=-Re*TeIn(Keq)=-8,3144*298,15*In(0,0000128)=Gno2-+GH3zo-(GHno2+GH20)=27,927 X/mol;
AGeqHn02=GNo2-+GH30-(GHno2+GH20)=82,618+22,44-(77,131+0)=27,927 “/mar;
Gno2-=AGeqHNo2-GH30+(GHN02+GH20)=27,927-22,44+(77,131+0)=82,618 X/mor;
GHN02=GNo2-+GHz0-(AGegHNo2+GH20)=82,618+22,44-(27,927+0)=77,131 “/mol;
2. HNO3+H20=NO3 +H30*;pKa=-1,4; Keq=Ka/[H20]=10"14/55,3=0,4542;
AGegHn0z=-R*T*In(Keq)=-8,3144*298,15*In(0,4542)=Gno3 +GHsz0-(GHno3+GH20)=1,956 X/mor;

AGeqhNo3=Gno3-+GHz0-(GHN03+GH20)=178,711+22,44-(199,195+0)=1,956 “/mol;
GHN03=GN03-+GH30-(AGeqHNo3+GH20)=178,711+22,44-(1,956+0)=199,195 X/mor;
Gnoz = AGegHnoz-GHzo+(GHnos+GH20)=1,956-22,44+(199.195+0)=178,711 X/mol;

GHN02=GNo3-+3GH30-(AGeqno3+4GH20)=77,131 K/mor;

GHNno2=GNo2--GH30+(AGeqHN02+GH20)=238,42 K/mol;

CRC [1]

GHNO2gas=AG°HNO2gast0,5N2gastO2gast+0,5H2gas=295,025 K mol

Biochem.Thermodynamic 2006 Massachusetts Technology Inst.

GNOZ—form:AG oNozaq+0,56N2933+GOZgas:265 y 2 kJ/mOl ,

GNO2-Form=AG°N02-+0,5GN2ag+ G02ag=306,34 K fmol ;

Gnoz2-= Gnoz-+GH20-(AGegnoz-oH+2GoH)= 84,236 </mol;

Gno2 =Gno3 +3GH30-(AGegnoz-+3GH20)=84,446 K/ mol,

Gno2 =AGeqHNo2-GH3o+(GHNo2+GH20)=82,618 X/mo;

[1] G°No3 =AHH-T*ASK=-207-298,15*0,146=-250,5886 “/mai; [1]

GHNO3F0rm=AG°HN03+(O-SGN2gas+1-SGO2gas+O-SGHZgas)=199- 195 kJ/moI ,

GHN0z=GN03-+GH30-(AGeqHNo3+GH20)=199,195 X/mol;

Biochem.Thermodynamic 2006 Massachusetts Technology Inst.

Gno3-=AGeqn03-3GH30+(GHN02+4GH20)=178,711 K/mal,

Gno3 =AGegno2--3GH30+(Gno2 +3GH20)=155,833 K/mol,

Gno3-=AGegNH4+H20-10GH30+(GNH4+-13GH20)=601,06 ¥/mol;

AG°NO3 =AHH-T*ASH=-206,85-298,15*0,1467=-250,5886 “/mo; [1]

Gno3-= AGegHN03-GH30+(GHNo3+GH20)=178,711 X/moi ;

Gno3 =AGegNo3-0H -GH20+(Gno2- +2GoH)=178,711 K/mal,

CRC [1]

GNogas=GH20+GNoag-(AGe)=0+86,55-(25,526)=61,024 “/mo ;

Biochem.Thermodynamic 2006 Massachusetts Technology Inst.

Viela AH°H ¥/ mol ‘ASOH o AG®H Kol
HNO: |E°No3-H30+ =0,8753 V| 77,131
HNO2 - pKa=3,15| 238,42
HNO2 -79,5 254,1 -46,0
HNO> - formation| 295,025
pH=7,36NO> | -104,19 -238,7 -33,01
NO:2 0,5Gn2gast Gozgas 265,2
NO2- 0,5GN2agt Gorag 306,34
NO2 E°Noz-oH |-0.3122 V| 84,236
NO2- E°Nno2= 0,7188 V 84,446
NO2~ pKa=3,15| 82,618
HNO3 -207 146 -250,53
HNO3 - formation | 199,195
HNO3 - pKa=-1,4| 199,195
pH=7,36N O3] -204,59 -318,8 -109,55
NO3 E°No3-H30+ =0,8753 V| 178,711
NO3~ E°no2= 0,7188 V 155,83
NOs~  |E°NH4+H20=0,7677 V 601,06
NO3~ -206,85 146,7 | -250,5886
NO3~ - pKa=-1,4 | 178,711
NO3~ E°Nnozon |-0,3122 V| 178,711
NOgas 91,3 210,8 87,6
NOgas | Solubility product- | 61,024
Nan - pH:7,36 86,55
NOag |E°No(H30+| =0.8266 49,695

GNoag=GHN03+4GH30-(AGegNo(g)H30++5GH20)=49,695 X/mol, pH<1,4

Nernsta potenciala NO3/NO:2 red-oks sist€émas pasibas skaba H3O" tidens un baziska OH" vidé
HNO2+4H20=NO3 +3H30*+2e"; pH<3,15; Absolitais aprékins satur standarta potencialu E°iasisko=0,94 V [18],
tidens logaritmu un AE®: E°No3=E °kiasisko-0,0591/2*Ig(1/[H20]%)+AE°=0,94+0,206+0,10166-0,37239=0,8753 V;

Eno3=E°Nno3+

0.0591

log

[NO;}[H;0"]®
[HNO,

0.0591

INO:}[H;0']°

= + _t -3 L 3= 1
0,8753 V NG FH,01°

11,07 log

AGegno3=E°No3*F+2=0,8753*96485*2=168,9 K/mol,

AGegno3=Gno3-+3GH30-(GHN02+4GH20)=178,711+3*22,44-(77,131 +4*0)=168,9 X/ma,
GHN02=GN03-+3GH30-(AGegno3+4GH20)=178,711+3*22,44-(168,9+4*0)=77,131 Y/mol;
Gn03-=AGegN03-3GH30+(GHNo2+4GH20)=168,9-3*22,44+(77,131 +4*0)=178,711 Y/ma,
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NO2 +20H=NO3 +H20+2¢"; pH>7 Absolitais aprékins satur standarta potencialu E°kiasisko=0,01 V [17], Gdens
logaritmu un AE°®: E°Nos-oH=E °kiasisko-0,0591/2*1g([H20])+AE®°=0,01-0,0515+0,10166-0,37239 =-0,3122 V,

0.0591 1o [NO%]- [H20] =-0.3122 V+ 0.0591 T [NO%]- [H20]
[NO;]-[oH 2 2 [NO;]-[oH 2
AGegNo3-0 H=E’N03-0 H*F*2=-0,3122*96485*2=-60,245 X/moI,
AGegno3-0H=GN03 +GH20-(Gno2 +2GoH)=178,711+0-(84,446+2*77,36)=-60,245 X/ma,
Gn03-=AGegNo3-oH -GH20+(GNo2-+2GoH)=-60,2455-0+(84,446+2*77,36)=178,711 X/,
Gnoz2-= Gno3-+GH20-(AGegno3-oH+2GoH)=178,711+0-(-60,245+2*77,36)=84,236 /mol;
NO2+3H20=N0O3+2H30%+2e"; pH>3,15 Absolitais aprékins satur standarta potencialu E°kiasisko=0,835 V [21],
tidens logaritmu un AE®: E°no2-=E°-0,0591/2*Ig(1/[H20]%)+ AE°=0,835+0,1545+0,10166-0,37239=0,7188 VV
AGegno2—=FE°N02-*F+2=0,7188*96485%*2=138,707 “/ma,
AGegno2-=GNo3 +3GH3o-(Gnoz +3GH20)=155,833+3*22,44-(84,446+3*0)=138,707 X/ma,
Gn03-=AGegno2--3GH30+(GNo2 +3GH20)=138,707-3*22,44+(84,446+3*0)=155,833 X/moal,
Gno2-=Gn03 +3GH30-(AGeqnoz-+3GH20)=155,833+3*22,44-(138,707+3*0)=84,446 /ma,
Mn0=30,006 9/mot; Skidiba NO®@ 0,0056 %996 (20 C) ; W%=0,0056/(0,0056+99,6)*100=0,00562%:; Gideni
[NOaq]=(0,00562/100%996)/30,006=0,001865 M, ja tiras gazes mol dala ir viens [NO©@]=1;
Lidzsvara NOgas+H20=N0Oaq konstante Keq=[NOag]/[NO©®]/[H20]=0,001865/1/55,3=104472),
Lidzsvara standarts ir AGeg=-ReTeln(Keq)=-8,3144*298,15*In(10"(-4472))=-8,3144#298,15¢-10,297=25,526 /mol;
Lidzsvara Hesa izteiksme standartam ir AGeq=Gnoag-(GH20+GNogas)=86,55-(0+GnNogas)=25,526 ¥/mol ;
GnNogas=Gnoag-(GH20+AGeq)=86,55-(0+25,526)=61,024 ol ja lidzsvara standarts ir AGeq=25,526 Kol ;

Gazes NOgas $kidiba kompens€ vienu idens molekulu izteiksmé no 6H20 uz 5H20 un no 5H20 uz 4H20:
NOaq+5H20=NO3 +4H30*+3e"; pH>1,4 Aprekins satur standarta potencialu E°kiasisko=0,96 V [18], Gidens
logaritmu un AE®: E°No(g)H30+=E Kiasisko-0,0591/3*Ig(1/[H20]°)+AE°=0,96+0,1717+0,10166-0,37239=0,8609 V;

—po . [NOZ}HHa0"T* _ . [NO:}Hz0"*
E No(g)H30+=E°No(g)H30++0,0591/3l0g [NOwg T[H 20]5 0,8609 V+0,0197+log [NOw T[H 20]5
AGegNo(g)H30+=E"No(g)H30+*F*3=0,86093*96485*3=249,20 X/mol,
AGegno(g)H30+=GN03 +4GH30-(GNoag+5GH20)=178,711+4*22,44-(19,271+5*0)=249,20 “/mol,

Gnoag =Gno3 +4GH30-(AGeqno(g)H30++5GH20)=178,711+4*22,44-(249,20+5*0)=19,271 K/mol,
NOag+4H20=HNO3 +3H30"+3e"; pH<1,4 Aprekins satur standarta potencialu E°«iasisko=0,96 V [18], Gidens
logaritmu un AE®: E°No(g)H30+=E °kiasisko-0,0591/3*Ig(1/[H20]*)+AE°=0,96+0,1373+0,10166-0,37239=0,8266 V;

_po g LHN 0;}H30"T°
E No(g)H30+=E°No(g)H30+10,0591/3°l0 [NO ol [H 20]4

AGeqNO(g)H30+=E°NO(g)H30+‘F'3=0,8266*96485*3:239,26 I(J/mol,
AGegno(g)H30+=GHN03+4GH30-(GNoag+5GH20)=199,195+4*22,44-(49,695+5*0)=239,26 X/mo,
Gnoag =GHN03+4GH30-(AGegNo(g)H30++5GH20)=199,195+4*22,44-(239,26+5*0)=49,695 ¥/mol,

Eno3-oH=E°No03-0oH+

-1 +13
=0,8266 \V/+0,0197+log [%%
aqllH>»

NHagas+H20=NHazzq briva energija Gnnzag=91,1 “/mol ; NHzag+H20=NHs*+OH- ;
NH4*+13H20+0H=NO3 +10H30*+OH+8¢"; H30O*+OH=2H20;
NHs*+11H20+0OH=NO3 +9H30*+8¢e"; H3O*+OH=2H:0;

NH4*+13H20=NO3 +10H30*+8e"; Absolatais aprékins satur standarta potencialu E° kiasisko=0,87 V [17], Gidens
logaritmu un AE®: E°NH4+H20=E °kiasisko-0,0591/8*Ig(1/[H20]'3)+AE°=0,87+0,16737+0,10166-0,37239 =0,7667 V;
. [NO;}H,0]* [NO;}[H;0"]°
= -+ . — 9- - 9~ - = + . —o- > O -4
ENH4+H20=E°NH4+H201+0,0591/8<log N HZ]'[HZO]B 0,76669 V +0,00739-log N HZ]'[HZO]B
AGegNH4+H20=E 'NHa+H20°F+8=0,76669*96485*8=591,8 K/mol,

AGegNH4+H20=GN03-+10GH30-(GNH4+-13GH20)=601,06+10*22,44-(232,9-13*0)=591,8 K/mol,
Gn03-=AGegNH4+H20-10GH30+(GNH4+-13GH20)=591,8-10%22,44+(232,9-13*0)=601,06 “/mol;
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Nernsta potenciala studijas 5(Pt)H+MnO4 uzskaitot hidroksoniju H3O* un tideni H20.

Inversais Nernsta standarta potencials: MnOs+8H30*+5e'=Mn?*+12H20; -E°Mn2+/Mno4-=-1,4865 V.

Divpadsmit iidens molekulu uzskaite [H20]=55,3 M=(996_9/1.)/(18_9%/mol) paliclina potencialu lidz:
E°Mn2+/Mno4-=E°-0,0591/5¢log(1/[ H20]*?)=1,51-0,0591/5*log(1/55,3"1?)+0,10166-0,37239=1,4865 V;
Udens koncentracija [H20]* ir ieklauta klasiska standarta potenciala vértiba E°=1,51 V ka logaritms:

Reducétaja Nernsta absol;itais standarta potencials: 5(Pt)H+5H20=5H30"+5e";  E°nw=-0,27073 V
Emnos=-1.4865 V+0,0591/5¢ log([H20]***[Mn?*]/[MnO4]/[H30*1®);
En=E°n +0,0591°l0og([H30*]/[H20])=-0,27073 V +0,0591<log([H30*]/[H20]) ;

Elektronu balansgSana +ne’=5¢"=-ne- summaraja Red-Ox reakcija: MnO4+3H30*+5(Pt)H=Mn?*+7H:0;
AGHessptyH=AG Mnz+ TAG®20-(AG Mnos+ 3AG a0 +5G o) =-228, 1+7*-237,191-(3*-213,2746-447,2+5*48,56)=-1044, 21X/ mo;
AGHesscRC=AG Mnz+ TAGH20-(AG° Mnos+ 3AG iso+5/2AG ) =-228, 14 7*-237,191-(3%-213,2746-447,2+5%99,13/2)=-1049 X/mor;
AG Alberty=AG Mo+ 7AG 20~ (AG Mnoa+BAG° Hao+5/2Grip) =-228, 1+ 7%-237,191-(3*-213,2746-447,2+5*103,24/2)=-1059,5 X/mo;

Viela AHOH,kJ/mol ASOH,‘]/mOI/K AGOH,kJ/mol

H2O | -285,85 | 69,9565 | -237,191 |CRC Handbook of Chemistry.and Physics, 2010, D.Lide [1]
H2O | -286,65 | -453,188 | -151,549 |Biochem.Thermodyn., Massachusetts Technology Inst.[8] pH=7,36

HsO* | -285,81 | -3,854 [-213,2746 |RC [1]

H2(aq) 23,4 -130 99,13 |RC[1]

H2(aq) -5,02 -363,92 103.24 |Biochem.Thermodyn., Massachusetts Technology Inst.[8] pH=7,36
H(Pt)(q) - - 48,56 AGeq=-847,7 ¥/mol ; AGHess=-1044,2 /ol

MnOs | -5414 | -1912 -4472 |CRC [1]

Mn?t | —220,8 | -736 | -228,1 | kaabsolati lielumi | AGeq=-847,7 W/mor | < | AGHess= -1043,7 /o | ;
O2aqua | -11,7 -94,2 16,4 |Biochem.Thermodyn., Massachusetts Technology Inst.[8] pH=7,36

AGegHmMnos=(E°H-E°Mnoa-)*F+15=(-0,27073-1,4865)*96485*5=-1,757*96485*5=-847,7 */mo .
Keq=eXP(-AGeq HiMnoa/R/T)=exp(847732/8,3144/298,15)=exp(341,96)=10%48"> ;
Eksotermiska un eksoergiskas MnO4™ reducgSanas ar metalisku 5(Pt)H Hesa brivas A 1044290 A
energijas izmaina negativa AGHess=AGoxred=-1043,7 ¥/mol , bet minimizgjas sasniedzot L5 S -
[H,0]" -[Mn?*] AG<0 I

[(PYH] E[Mn O ] [H30"]3 "
Brivas energijas izmainas minimums AGmin ir Prigozina atraktors. Brivas energijas AGrin=-847 7Bt
1zma11,12.1$.m1n1mum21 sasme.gsana 1estaj as hd%svars.. Lidzsvara stavoklis ir atral?tors. 5A+B+3C 50% D+8E
visiem bezgaliga skaita ne [idzsvara stavokliem izejvielas 5(P)H+MnO4+3H30*
produkti Mn?*+7H20
MnO2+40H=MnO4++2H20+3e™"; Reducétaja Nernsta absoliitais standarta potencials: E° mnozmno4-=0,26465 V
E° Mno2/mMno4-=E®-0,0591/3log([ H20]2)+0,10166-0,37239 =0,603-0,0591/3*l0g(55,3'2))+0,10166-0,37239 =0,26465 V;

MnO4>=MnOs+e~; Reducétaja Nernsta absoliitais standarta potencials: E° Mno2/mn04-=0,2883 V;
E° Mnoamnos-=E°-0,0591/3+log([ H20]%)+0,10166-0,37239 =0,558-0,0591/3*log(55,3"%))+0,10166-0,37239 =0,2883 V;

lidzsvara maistjumu AGmin=AGeq=-847,7 “/mol;10148:5=Keq=

2) Karbo anhidraze CA generé brivo energiju no nulles Gcoz+2H20=0 X/moi 11dz GHzo+Hco3-=78,52 ¥/mol.

Skidiba fiden rada brivo energiju no nulles Iimena COz2gas +H20=CO2aqua [1dz Gcozaqua=18,38 ¥/mol ar konstanti:
KeqCOZaqua: [COZaqua]/[COZgas]/[HZO]:EXP(-GCOZaqua/R/T):EXP(-18382,746/8,3144/298,15)20,000601808
palielinot brivo energiju 11dz Gcozaqua=-Re TeIn(Kcozaqua)=-8,3144*298,15*In(0,000601808)=18,38 X/mol.

Reakcijas CO2aquat2H20+AG+Q=v1A>H30*+HCO3
atruma konstante ir Kicozaqua=1,5%108 M~!s™! un protolitiska skabes CO2aqua lidzsvara konstantes vértiba ir
[“[g(;j:{:zg]]z =Keqcarcosagua=Ka_cozaqua/[H20]2=1079512/55 32=2 906*10-1.[9]
CA liela atruma protolizes konstante akumulé brivo energiju produktos HsO*+HCO3 aktivgjot tos:
AGeqcacozaqua=-ReTeIn(Keqcacozaqua)=-8,3144*298,15*In(2,90636*10"(119)/1000=60,14 “/mol .
Kopgja briva energija palielinas aktivgjot sasniedzot lidzsvara stavokli liela atruma protolizé un skidiba:
GH30+HCc03=GH30++GHc03-=22,44+56,08=Gcozaquat A Geqcaco2aqua=18,38+60,14=78,52 X/mor . [1,8,14]

Liela atruma protolizes atraktors ir pH=7,36. Novirze no atraktora izjauc neatgriezeniskas homeostazes procesus,

radot nekartibu un haosu.
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Karbo anhidrazes CA sintéze nepiecieSams aktivas biosféras atraktors.

Karboanhidrazes reaktivitate un radita fiziologiska bufera skiduma protolizes lidzsvara-atraktora veértiba
pH=7,36 ir pasorganiz&josais biosféras atraktors. Reakcijas CO2+2H20 uzkrata briva energija produktos
(COzaqua) H3O*+HCO3" akumulg brivo energiju GHao++Hco3-=18,38+60,14=78,52 ¥/, kas nepiecieSama kermena
funkcionalai darbibai, tas ir bikarbonata bufera sist€ma idealai reakciju secibai neatgriezeniskas homeostazes
kompleksajos procesos.

COz2 nereage ar tideni H20 bez CA klatbiitnes. CO2 ir mazskisto$s un 1€ni reage ar OH".
Wikipedia [27] mol masa Mco2=44,009 g/mol. Skidiba CO2gas+H20=CO2aqua 1,45 g/L pie 0,99 atm un pie
1 atm mco2=100*1,45/99=1,4646 g/L ar koncentraciju [ COzaqua]=Mco2/Mco2=1,4646/44,009=0,03328 M.
Skidiba ir Kspcozaqua=[CO2aqua]/[CO2gas]=0,03328 M bet lidzsvara konstante molu dalas ir bez mérvienibas
KeqCOZaqua:[COZaqua]/[COZgas]/[HZO]:KspCOZaqua/[HZO]:0,03328 M/55,3 M=0,000601808.
Briva energija AGeqcozaqua=-R*T*In(Keqcozaqua)=-8,3144*298,15*In(0,000601808)/1000=18,38 “/moi ir minimuma
ar $kidibas lidzsvara vertibu Geozaqua=AGeqcozaquat(Gcozgast GHa0)=18,38+(0+0)=18,38 /moi .
No gaisa 0,04 % mol dalas [CO2gas]=0,0004 izskidinata koncentracija ir:
[CO2aqua]=Keqcozaqua*[H20]*[CO24as]=0,000601808*55,3457*0,0004=0,000753 M.
Oglekla dioksids CO2aqua reage ar OH" joniem reizes 10165 lenak par bikarbonata HCO3™ neitralizacijas reakciju:
H30*+HCO3=>CO2aqua+2H20, jo neitralizacijas atruma konstante ir k2=5,16885*10 M~2s"!, bet OH" joniem
CO2aqua+OH=>HCO3" ir atruma konstante kion no 1,5*102 M~%s71, Reakcija ir labvéliga:
AGHessHco3-=GHcoz--(Gcozaquat Gon-)=56,08-(18,38+77,36)=-39,66 K/mol ar lidzsvara konstanti
K1oH-/k2nco3-=[HCO3)/[CO2aqua)/[OH]=Keq Hco3-=EXP(-AGeq Hcos-/RIT) =EXP(39659/8,3144/298,15)=8875,3,
eksotermiski izdalot siltumu Q AHress=AH°Hcos-AHco2-AH on=-48,68 ¥/mol. Inversa HCO3=>CO2aqua+OH"
reakcija ir nelabveliga kzrcos-=kion-/Keq Hco3-=1,5%10%/8875,3=0,0169. Sadalisanas HC O3 =>COzaqua+OH"
atruma konstante KaHcos- ir desmit triljoni 10'2 reizes Ienaka par CA atruma konstanti Kicozaqua=1.5%x108 M~'s™1,

CA protolitiska reaktivitate rada funkcionali aktivu bikarbonata bufera paSorganizéSanas atraktoru pH=7,36 ar
generétiem koncentracijas gradientiem transportam H3O*, HCOs", COzaqua UN O2aqua, H20 osmozei cauri
akvaporinu kanaliem. [9]

CA liela atruma protolizé reagé CO2aqua ar divam tidens molekulam:
CO2aquat+2H20+AG+Q=V1cAH30*+HCOs", kura atruma konstante ir: Kicozaqua=1,5%108 M~'s™!, [9] Neitralizacijas
H30*+HCO3=CAC02aqua+2H20 atruma konstante ir reizes 101%%* lielaka par karbo anhidrazes atruma konstanti:
ka/K1co2aqua=5,16885*10118/1,5/10"8= 34459000000=10"12537, CA protolizes lidzsvara konstanti aprékina atruma
konstansu attiecibas izteiksmé:

KeqcaHco3aqua=K1cozaqualk2=Ka_cozaqua/[H20]2=1077:0512)/55 32=2 906*10-11=10-1054,
Bikarbonata bufera skabes protolizes konstante pKa cozaqua=7,0512 ir draudziga atraktora vértibai pH=7,36:
Ka_COZaqua:KeqCAHCOSaqua*[HZO]ZZ [HCO3_]aq“a'[H3o+] =107.0512=1 0-pKa_CO2aqua, Originﬁlﬁ pKa_cozaqua=7,0512
[C 02] aqua

vertiba iegiita un aprékinata BUFERA Skidumam. Hesa brivas energijas izmaina ir eksoergiska negativa:

AGHess=2AG°H20+AG°co2-(AG°H30+AG Hc03)=2%-237,191-385,98-(-213,2746-544,9688)=-102 “/mol . [1]
Neitralizacijas: H3O"+HCO3=CO2aquat2H20 konstante ir inversa protolizei un labvéliga:

KegNeitratizacija=1/KeqcArcozaqua=[HC O3 ]*[H30*]/[C O2aqua) [H20]?=1/2,90636/10"-11)=34407299853.
AGabsolute=2GH20+Gco2qua-GHzo-Grco3z=2*0+18,38-22,44-56,08=-60,14 X/mol un
entalpijas Hesa izmaina ir eksotermiska: AHHess=2AH°H20+AH°co2-AHH30-AH Hco3=-7,2 Kol .
Neitralizacija ir labvéliga reakcija. Brivas energijas izmainas minimums izteiksme ir negativs:
AGequitralizﬁcija:'R‘T‘ln(Kequitralizécija):'S,?) 144’298, 1 5"n(34407299853):-60,14 kJ/moI, bet COZaqua protones
minimums ka neitralizacijas inversa reakcija ir pozitiva:
AGeqCAHCOanua:-R°T°ln(KeqCA_HCO3aqua):'8,3144'298,15'|n(1/34407299853):60,14 ol

A 1029, A Atraktora ZTm. 2. Eksotermiska un eksoergiska neitralizacija Hesa brivas energijas
G - izmaina AGegNeitralizacija negativa -102 K/mol, bet AGegNeitralizacijia=-60,14 X/mo
minimiz€jas sasniedzot lidzsvara maistjumu: Keq=34407299853 CA karbo anhidrazes
klatiene. Oglekla dioksids reakcija ar hidroksida anjonu ir [éna, jo mazi reizinataji:
atruma konstante kion=1,5*102 M%s7? | koncentracijas [COzaqua]=0,000753 M,
[OH]=10664 M. Karbo anhidrazes sintéze atrisina bioenergetika perfektu kartibu
homeostazei ka paSorganiz€joss atraktors. [3,4]

AGmin= -GQ I(J/mol &

A+B 50 % C+2D.
Reaktanti H3O*+HCOs3", produkti CO2aquat2H20.
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https://en.wikipedia.org/wiki/Carbon_dioxide
http://aris.gusc.lv/BioThermodynamics/BufferSolutionLat202015.pdf

2C02 [ H2C204 / CHagas $kidiba un protolize ieklauj hidroksonija H3O* un tdens H20 uzskaiti.

Standarta brivas energijas izmainas oglekla dioksida veido$anai no brivajiem elementiem Cgrt+O2gas=CO2gas Ir
negativa AG°Hess co2gas=Gco2gas-(GgrtGozgas)=-394,36 ¥/mol. [1] Ja biokimijas absoliitas energijas skalas fona

Iimenis ir nulle Gcozgas=0 */mol, tad p&c Hesa likuma absoliitas brivas energijas saturs viena mola grafita ir
GgFGCOZgas-(AGOHess_COZQas+GOZgas)=0-(-394,36+303,1):91,26 mol.
Standarta brivas energijas izmainas metana veidoSanai no brivajiem elementiem Cgr+2H2gas>CHagas [1,8] ir
AG°Hess_cHagas=GcHagas-(Gegrt2* Grz)=GeHagas-(91,26+2*85,64)=-50,5 Kol UN
brivas energijas saturs uz vienu molu metana, kas paliek neizmantots no brivajiem elementiem Hesa likuma ir
GcHagas=AG Hess_cHagast(Gegrt2*Gh2)=-50,5+(91,26+2*85,64)=212,04 K mot.
Tas lauj mums aprékinat absoliito brivo energiju uz vienu grafita molu absoliitaja brivas energijas skala:
GCngH4gas:GCH4gas-AG°Hess_CH4gas-2*GH2gas:212,04-(-50,54'2*8_5,%):91,26 I(‘]/mol ,
kas sakrit ar gazes un tidens nulli Gcozgas=GH20=0 “/mol biokTmijas absoluitas energijas skala.
Metana skidiba CHagastH20=CHaaq
ir 22,7 mg/L un metana mol masa ir McH4=16,043 9/mol. Udens uzskaite [H201=996/18=55,3 M aprékina
konstanti Keq=Ksp/[H20]=0,001414947 M/55,3 M=10"(45%),
Metana skidibas [CH4]=0,0227/16,043=0,001414947 M lidzsvaram absoluita brivas energijas izmaina ir

AGeg=-ReTeIn(Keq)=-8,3144*298,15*In(10"(4592)=-8,3144*298,15*-10,573=26,21 “/mol .

Albertija dati aprekina §kidibas energijas izmainu AGeqcHagas=26,21 </mol .
Lidzsvara energijas izmaina AGeqcH4=GcHaag-(GH20+ GcHa%%)=GeHaag-(0+212,04)=26,21 </moi lauj aprekinat
absoliito brivas energijas saturu metanam iiden (aqua): GcHaag=GcHagas+Gerasp=212,04+26,21=238,25 X/mol;

Viela AH°®H I(J/mol AS°H ‘]/moI/K AGOH,kJ/moI AGH2C204:AHH—T*ASH:-829,9-298,15*-0,1098:-747,75 kJ/mol;
H20 -285,85 69,9565 | -237,191 |CRC [1]
HsO* -285,81 -3,854 |-213,2746 |CRC [1] Mischenko 1972, Himia, Leningrad [26]

H2C204cr | -829,9 -109,8 -797,16 |CRC [1]

H2C204cr | formation -797,16 76,96  (GH2c204cr=AG°H2c204crFormt(2Gcgrt2Go2gastGH2gas)= 76,96 Kol

H2C204sq | AGeq sp= 9,0161 85,976  (GH2c204ag=AGeq_sp+(GH20+GH2c204)=85,976 “/mol;

H2C204sq | E°Hoc204=  -0,6577 V | 171,78 |GhH2c204=2Gco2+2GH30-(AGegH2c204+2GH20)=171,78 /mol;
HC204 17,08 pKa=1,25 | 80,618 |GHc204=AGeqiH2c204-GH30+(GH2c204+AGH20)=80,618 X/mo ;
HC204 | E°Hc2o4= -0,7092V | 159,028 [GHc204=2Gco2+GHz0-(AGegHc204+GH20)=159,028 K/mor;

C204* - -pH=7,36 | -677,14 |Alberty 2006 Biochem.Thermodyn Massachusetts Techn. Inst.

C204” | 33578 | pKa=4,14 | 91,756 |Gc204=AGeq2rc204-GH3o+(GHc204+GH20)=91,756 K/mol ;

C204% | E°coos= | -0,7607V | 146,79 |Gc204=2Gco2-(AGeqc204)=2*0-(-146,79)=146,79 X/mor;

CH4gas -74,6 186,3 -50,5 :AGOHess_COZgaszGCOZgasr(Ggr"‘GOZgas) Wikipedia CRC [l]

CHoagas | formation -50,5 212,04  |GcHagas=AG Hess_cHagast(Gegrt2*Grz)=212,04 ol

CHugas | pH=7,36 Albertijs [8]| 120,56 |Alberty 2006 Biochem.Thermodyn Massachusetts Techn. Inst.

CH4aq SO|UbI|Ity ‘26,21 238,25 GCH4aq= GCH4gas+ GCH4sp=212,04+26,21:238,25 I(J/mol;

CHaaq [8] pH=7,36 136,95 |Alberty 2006 Biochem.Thermodyn Massachusetts Techn. Inst.
Cor background Biochemistry 91,26 GngGCOZQas-(AGOHess_COZgas‘l'GOZgas):gl,26 I(J/mol; pH=7.36

CO2gas | -393,509 213,74 -394,359 [CRC [1]

CO2yq | -413,798 | 117,5704 | -385,98 |CRC[1]

CO2aq | E°Hec204= -0,6577 V -42,90 2Gco2= AGeqH2c204-2GH30+(GH2c204+2GH20)=2*-42,902 “/mol;

CO2aq | E°Hc204= [-0,7092 V -97,514 [2Gco2= AGeqHc204-GHzo+(GHc204+GH20)=2*-97,514 X/mor;

CO2qq E°coos= |-0,7607 V -27,517 [2Gco2=AGeqc204+(Gc204)=-27,517 X/ mol;

CO2aq | Keqcozaqua Skidiba 18,38  |Gcozaqua=AGeqcozagquat(GcozgastGHz0)=18,38+(0+0)=18,38 Kol
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Veidosanas no briviem elementiem 2Cgr+202gastH2gas=H2C204¢r un skidiba H2C204"+H20=H2C204aq:
GH2c204cr=AG°H2c204crForm+(2Gegrt2 Gozgast GHagas)=-797,16+(2*91,26+2*303+85.6)=76,96 Imol.

Skabenskabes skidibas 118 9/ H2C204+H20=H2C204aq konstanti iegiist no [1,29] datiem ar blivumu
1,072 9mL:

Keq_sp=[H2C204aq]/[H2C204°")/[H20]=1,3106/1/49,77=0,026329.

Mola masa Mr2c204=90,034 9/mol; koncentracijas [H20]=982/18=49,777 M; [H2C204]=118/90,034=1,3106 M un
masas dala procentos w%=118/(118+982)*100=10,7272%, ja tira kristala mol dala ir viens [H2C204]=1.

Skabenskabes $kidibas brivas energijas izmaina lidzsvara ir nelabvéliga Keq_sp=0,026329:

pozitiva AGeq sp=-Re*TIn(Keq_sp)=-8,3144*298,15*In(0,026329)=-8,3144+298,15+-3,637=9,0161 “/mol .

Hesa izteiksmé AGeq_sp=GHzc204aq-(GH20+GH2c204%) =GH2c204aq-(0+76,96)=9,0161 Y/mal tika aprekinats viena

mola brivas energijas saturu Grzc204ag=AGeq_sp+(GH20+GH2c204%)=9,0161+(0+76,96)=85,976 “/mol [29].

1. Vajas skabes protolize H2C204+H20=HC204 +H30"; pKa1=1,25; Keq1=Ka1/[H20]=1071.2)/55 3= 0,0010169;
AGeqiH2c204=-ReTeIn(Keq1)=-8,3144*298,15*In(0,0010169)=AGHc204+AGH30-(AGHCc204+AGH20)=17,08 ¥/ma;
AGeqiH2c204=GHc204+ GH30-(GH2c204+AGH20)=GHc204+22,44-(85,976+0)=17,082 X/mor;
GHc204=AGeqiH2c204-GH30+(GH2c204+AGH20)=17,082-22,44+(85,976+0)=80,618 “/mol;

2. Vajas skabes protolize HC204+H20=C204>+H30"; pKa2=4,14; Keq2=Ka2/[H20]=10"(414)/55,3=0,000001310;
AGegzHc204=-R*TeIn(Keq2)=-8,3144*298,15*In(0,000001310)=AGc204+AGH30-(AGHC204+AGH20)=33,578 “/mol;
AGeq2Hc204=Gc204+GH30-(GHc204+GH20)=Ge204+22,44-(80,618+0)=33,578 X/mol;
Gc204=AGeqeHc204-GHzo+(GHe204+GH20)=33,578-22,44+(80,618+0)=91,756 X/mor;

pH<=1,25 H2C204+2H20=2C02+2H30"+2¢"; Absoliitais aprékins satur standarta potencialu E°kiasisko=-0,49 V

[17], Gidens logaritmu-0,0591/2*Ig(1/[H20]?)=0,103 un AE°=0,10166-0,37239:

E°Hac204=E *Kiasisko-0,0591/2*1g(1/[H20]2)+AE°=-0,49+0,103+0,10166-0,37239=-0,6577 V;

Absolute Nernst’s Standard potential E°H2c204=-0,6577 V; Suchotina [17]
00591, ~[c 0,]?-[H;0']? 0.0591 ,  [CO,J?[H;0"T?
[H,C,0,][H,0]? [H,C,0,][H,0]?
AGeqH2c204=E°H2c204F*2=-0,6577*96485*2=-126,9 “/mol,
AGeqH2c204=2Gco2+2 GH3ao-(GH2c204+2GH20)=2*0+2*22,44-(GHac204+2*0)=-126,9 /ol ;
GH2c204=2Gc02+2GH30-(AGegH2c204+2GH20)=2*0+2%22,44-(-126,9+2*0)=171,78 “/mo! ;

=-0,6577 V +

EH2c204 =E°H2c204+

Ig

1,25<pH<=4,14; HC204+H20 = 2C0O2+H30*+2e"; Aprekins satur standarta potencialu E°iasisko=-0,49 V [17],
tidens logaritmu -0,0591/2*1g(1/[H20])=0,0515 un AE°=0,10166-0,37239:

E°Hc204=E °uiasisko-0,0591/2*Ig(1/[H20]*)+AE°=-0,49+0,0515+0,10166-0,37239= -0,7092 V;
AGegHc204=E°Hc204F*2=-0,7092*96485*2=-136,85 ¥/mol,
AGeqrc204=2Gco2+GH3o-(GHc204+GH20)=2*0+22,44-(GHc204+0)=-136,85 K/mol,
GHc204=2Gc02+GH30-(AGeqHc204+GH20)=2*0+22,44-(-136,85+0)=159,028 ¥/mol,

4,14 <pH; C204% = 2C02+2e; Aprekins satur standarta potencialu E°kiasisko=-0,49 V [17], Gdens nulli 0 un
AE°=0,10166-0,37239:
E°c204=E°kiasisko-0,0591/2*Ig([1/H20]°)+AE°=-0,49+0+0,10166-0,37239=-0,7607 V;
AGeqc204=E°c204F*2=-0,7607*96485*2=-146,79 “/mol,
AGeqc204=2Gco2-(Ge204)=2*0-(Gc204)=-146,79 X/mo,
Gc204=2Gco2-(AGeqc204)=2*0-(-146,79)=146,79 “/mol,
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Nernsta potenciala studijas reducgjot ar vitaminu Bs etanalu HsSCCH=0 un oksid&jot H3CCH20H etanolu
Aerobi [NAD*]J/[NADH]=10°%; H3C-CH2-OH+NAD*+H20+AG+Q=>H3C-CH=0+NADH+H30*
AGHess=AG°H30+AG°cHacHo+AG °NADH-AG °cHacH20H-AG °H20-AG °NaD+=159,1 K/mor;
AGHess=32,2824+1175,5732-151,549-(75,2864+1059,11-237,191)=159,1 Y/moi endoergiska; [1]
NAD*+H (H*+2e )=NADH; Absolitais aprékins satur inverso standarta potencialu -E°kiasisko=0,113 V [22], Tidens
nulli +0 un AE®=0,10166-0,37239: -E°NADH=-E °klasisko+0+AE®=0,113+0+0,10166-0,37239=0,38373 V;
CH3CH20H+H20=CH3CHO+H30*+H"(H*+2e); Absolitais aprékins satur standarta potencialu E°kiasisko=0,19 V
[19], adens -0,0591/2-log(1/[ H20]*)=0,0515 logaritmu un AE°=0,10166-0,37239:
E°c2H50H=E °Kiasisko-0,0591/2°log(1/[ H20]*)+AE°=0,19+0,0515+0,10166-0,37239=-0,02923 V;
Summa: E°c2HsoH-E°NAD+=-0,02923+0,38373=0.3545 V, n=2; AGeq=AE’*F*n=0.3545*96485%2=68,4 “/mo;
Novértétaja balansa n=2=m ar elektronu skaitu 2e” donors E°caHs01=-0,02923 V plus electronu akceptors
-E°NnaD+=0,38373 V, jo -E°NnaD+=0,38373 V akcepte elektronus no etanola E°c2ns0on=0,02923 V:

68408
[NADH]-[CH3CHO]-[H,§O+] AGeq - —
=-ReTe = kJ ' = =T ] 8.3140298.15 — e10)-12=1(0-11,985 -
AGeq— ReT ll’l(Keq) 68,4 /mol, Keq [NAD+]'[CH3CHZOH]'[HZO] e ReT =€ 17036 10 10 )

Anaerobi [NADH]/[NAD*]=10 H3C-CH=0+NADH+H30*+AG+Q =>H3C-CH2-OH+NAD*+H20;
AGHess=AG°cH3cH20H+AGH20+ AG°NAD+-(AG°H30+AG cHacHo+AG°NADH)=-159,1 K/mol;
AGHess=75,2864+1059,11-237,191-(32,2824+1175,5732-151,549)=-159,1 “/mol endoergiska; [1]

Red NADH=NAD*+H"(H*+2e"); Absolutais aprékins satur standarta potencialu E°iasisko=-0,113 V [22], Gidens
nulli 0 un AE®=0,10166-0,37239: E°NADH=E °kiasisko+0+AE°=-0,113+0+0,10166-0,37239=-0,38373 V;
Ox CH3CHO+2H30"+H"(2e')=CH3CH20H+ 2 H20; inversais standarta potencials -E°cH3cHo=0,02923 V; [19];
Summa:
AE°=E°NaADH-E°cH3cHo=-0,38373+0,02923=-0.3545 V, AGeq=AE’*Fen=-0.3545 V2 mol*96485 “/mo1=-68,4 </mol;
Novertétaja balansa n=2=m ar elektronu skaitu 2e” donors E°nabn=-0,38373 V plus electronu akceptors
-E°cH3cH0=0,02923 V, jo -E°cHacHo=0,02923 V akcepté elektronus no B3 vitamina E°napn=-0,38373 V .

—68408
AGeq=-R*T*In(Keq)=-68,408 “/mol; K _[NADZHCH,CHOH} M0 ] _ ‘%-e_m_long%
eg=-R=T*In(Keq)=-68,408 “/ma; Kea= [NADH]-[CH,CHO] [Hy01] =& " =107

Aeroba organisma Ozaqua NADH oksidaze reda attiecibu [NAD*]/[NADH]=10¢;
AGHomeostaze=68,408+R + TeIn(1*1077:36)/10"6/1/55,3) =68,408-86,2= -17,8 “/mol.
Aerobi ja attieciba ir [NAD*]/[NADH]=103; AGHomeostaze=68,408-69,08= -0,674 X/mol.
Lidzsvars novirzits izejvielas ka aeroba konstante Keq =10"1195 un ir inversa anaerobi
produktos konstante Keq=10'1%5, Aeroba endotermiska un endoergiska etanola
oksidésana Hesa likuma brivas energijas izmaina ir pozitiva AGess=159 ¥/mol Un

A G 159 kJ/mol G A

\EVAGmln-_r 68,4 Kol

asimetriski negativa etanala anaerobai reducéSanai AGwess=-159 ¥/mol , bet minimizgjas A+B+C50%D+E+F
sasniedzot lidzsvaru AGmin=AGeq=68,4 ¥/mol aerobi un inversi izejvielas_ NAD*+H3sCCH20H+H20
simetriski anaerobi AGmin=AGeq=-68,4 X/mo sasniedzot lidzsvara produkti_ NADH+H3CCHO+H30O"
maistjumu ar inversi simetriskam konstantém 10711985=Keq un 101985=Kq . Acerobi .
Prigozina atraktors ir brivas energijas izmainas absoliits minimums AGmin sasniedzot o™
lidzsvaru: AGmin=68,4 “/moi=| AGeq | <| AGess | =159 ¥/mor. AG=0 | Hess
Anaerobi HsC-CH=0+NADH+H;0* =>H;C-CHz-OH+NAD*+H20+AG+Q; G
reducéSana labvéligi AGeg=AE°*Fen=-0.3545 V+2 mol*96485 ¢/mo=-68,408 “/mo. anaerobi
Anaeroba etanola oksidéSana nelabvéliga zemas Ozaqua koncentracijas hipoksija, bet AGrin= 68,4 ¥imol

etanala reducésana par etanolu labvéliga [H3CCH20H]/[HsCCH=0]=1/10 homeostazé ar D+E+F 50% A+B+C
NADH reduktazes enzimu negativa brivas energijas izmaina AGromeostaze=-27,86 /mot  NADH+H3CCHO+H30"

Anaeroba attieciba [NADH]/[NAD*]=10 virs [NAD"] labvéliga reducé$anai: NAD™+HsCCH20H+H20

AG Anacroba=-68,41+8,3144*298,15*In(1*1*55,3/10/10/10"(7:36))=-27,86 “/mol;

_[NADH]:[CH,CHO]:[H;0"]

~[NAD*}[CH,CH,OH][H,0]

AGHomeostaze=68,408+8,3144*298,15*In(1/770*1/1*107736)/55,3)=-0,026 “/mol.

Aeroba homeostazes Kaeroba oksidésanas attieciba ir [NADH]/[NAD*]=1/770;
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-Tabula 1. Nernsta pus reakciju Standarta Electrodu Potenciali klasikais, termodinamiskais, absolutais V.

e N B H.0 atlaide Termodinamiska. Absolita skala
Reduceta forma = Oksideta forma + n € Klasiska nulle E, | _skala 0,10166 V 0,37239
H | H(Pt) +H,0=H30* +(Pt)+ e7; skalas atskaites potencials [1] klasiska nulle O 0,10166 -0,27072
H(Pt) + OH =H,0 +(Pt)+e’; klasika CRC [1] -0,8277 -0,8282 -1,200576
H(Pt) + OH=H,0 +(Pt)+e"; korekcija -0,10449 Kklasikai [1] -0,93219 -0,9326 -1,30507
Hzag+tH20=2H30 *+2¢" ; grafita elektrods 0,4687 0,6733 0,302
O | 5H20=034q+4H30"+4e"; 1,2288 1,4592 1,0868
H20,+2H,0=0 2aqua+2H30*+€"; David Harris [21] 1,2764 1,4811 1,1087
4H,0=H,0,+2 H30* +2¢7; Suchotina [17] 1,776 2,0837 1,7113
H202aqua +2H20=035quat2H30*+2e”  University Alberta [19] 0,6945 0,8992 0,5268
CHO | CgH1206+42H,0 =24H30*+6H3;0*+6HCO5+24¢e™ -0.04909 0.2328 -0.13958
HOO +H;0=07aquatH30*+2¢"; Kaksis 0,3155 0,4686 0,09625
N | NO; + 20H=NO; + H,0+2¢"; pH>3,15 Suchotina [17] 0,01 0,0602 -0,3122
HNO,+4H,0=NO3;+3H30"+2¢"; pH<3,15 Kortly, Shucha [18] 0,94 1,2477 0,8753
NOgq+4H,0=HNO3 +3H3;0*+3¢"; pH<1,4 Kortly, Shucha [18] 0,96 1,19899 0,8266
NH,*+13H,0=NO; +10H;0*+8¢’; Suchotina [17] 0,87 1,1390 0,7666
Br | 2Br=Bry(aq)+2¢7; CRC[1] 1,0873 1,18896 0,8176
Bi | BiO*+6H,0=BiO3 + 4H;0*+2¢’; Suchotina [17] 1,80 2,21065 1,83826
Mn H Mn#+12H,0=Mn0O,+8H3;0%+5¢";  Kortly, Shucha [18] 1,51 1,85885 1,4865
H,O | MnO|+40H=MnO, + 2H,0+3¢™; Suchotina [17] 0,603 0,6360 0,2636
OH" | MnOs2=MnO;+€7; Suchotina [17] 0,558 0,65966 0,2873
Pb | Pb* +6H,0=PbOy(s)+4H3s0*+2e; Kortly, Shucha [18] 1,455 1,86565 1,4933
Pb+H,0 = Pb*" +2¢; pH<7 Kortly, Shucha [18] -0,126 0,02716 -0,3452
S | HsSO3aq+4H,0=HSO,+3H3;0*+2e";pH<2 Suchotina [17] 0,172 0,47965 0,10726
HSO3; +4H,0=S0,% +3H3;0%+2e7;  Suchotina [17] 2=<pH<7 0,172 0,47965 0,10726
S03% +20H=S04> +H,0+2¢’; Suchotina [17]pH > 7 -0,93 -0,87984 -1,2522
=5 ombiskstH20 + 2 €7 CRC 2010 [1] -0,4763 -0,4261 -0,7985
HS™ + OH™ = Srombisks + 2H20 + 2e7; CRC 2010 [1] -0,478 -0,4793 -0,8517
H2Saq+2H20=Srombiskst2H30*+2e7; CRC [1]: Suchotina [17] 0,142 0,3467 -0,025735
25,03% =5,06> +2¢€7; Suchotina [17] 0,08 0,1817 -0,1907
Fe | Fe**=Fe%*+e; Suchotina [17] 0,769 0,8707 0,4983
Fe*+H,0 =Fe**+2¢’; Suchotina [17] -0,4402 -0,2870 -0,6594
Ag | Agt+ HO0=Ag*+e; Kortly, Shucha [18] 0,7994 1,00406 0,6327
Ag(s)+Cl- =AgCI(s)+H,0+e; Kortly, Shucha [18] 0,2223 0,2210 -0,1514
Ag+2NHsaq=Ag(NHs), +e; Suchotina [17] 0,373 0,57766 0,2053
2Ag+20H" =Ag,0(s)+ H,O+2¢; Suchotina [17] 0,345 0,39516 0,02277
Hg | 2Hg+H,0=Hg,?*+2¢"; Kortly, Shucha [18] 0,907 1,0602 0,6888
2Hg+2Cl'=Hg,Cly+2H,0+2¢; Suchotina ; [17] 0,2676 0,2663 -0,1059
2Hg+S04>=Hg,S045+H.0+2e;  Kortly, Shucha ; [18] 0,614 0,6642 0,2918
Hg+20H=HgO+H,0+2¢", Suchotina ; [17] 0,098 0,1482 -0,2242
[ 3l =l3+2¢; Kortly, Shucha [18] 0,6276 0,72926 0,35687
Cu | Cu(Hg)+H,0=Cu*+(Hg)+2e’; Kortly, Shucha [18] 0,3435 0,4967 0,1243
F | 2F=Fy(g)+2e; Kortly, Shucha [18] 2,87 2,97166 2,5993
Cl | 2CI=Cly(g)+2e7; Kortly, Shucha [18] 1,358 1,45966 1,0873
Cl | Cly(g)+4H,0=2HOCI+2H3;0*+2¢"; Kaortly, Shucha [18] 1,63 1,93765 1,5653
Cr | 2Cr¥+21H,0=Cr,0+* +14H30*+6e"; Kortly, Shucha [18] 1,33 1,7921 1,41975
Cr¥*+11H,0=HCrO4 +7H;0"+3¢’; Kortly, Shucha [18] 1,20 1,6793 1,30692
Cr(OH)3|+50H=Cr0O4*+4H,0+3¢e7; pH>9 ; Suchotina [17] -0,13 -0,1657 -0,53806
C | H,Cy04+2H,0=2C0,+2H;0*+2¢7; Suchatina [17] -0,49 -0,2853 -0,6577
Cr | Cr+H,0=Cr¥*+3e; Suchotina [17] -0,744 -0,60801 -0,97935
Zn | Zn+H,0=Zn*"+2¢; Kortly, Shucha [18] -0,7628 -0,6096 -0,98098
Al | Al+ H,0=APF*+3¢; CRC [1] -1,662 -1,52601 -1,8984
Al+40H= H,AlO0;+H,0+3e; CRC[1] -2,35 -2,28267 -2,63506

H(Pt)+OH =H.O+(Pt)+e"; E°n_on=-1,19952 V

Absoliitais potencials tiek korigéts ar hidroksida Gon-=77,36 /moi brivas energijas uzskaiti Hesa aprékina:
AGaibertyH_ oH-=Gh20-(Gr(py+Gon-)=0-(48,56025+77,36)=-125,92 ¥/mo un aprekina izteiksmé izlaboto absoliito

potencialu: E°y=AGeq/F/1=-125920/96485/1=-1,30508 V.

Udens daudzuma atlaide [H20]=963/18=53,5 M litra sérskabes [H2S04]=[H30*]=1 M $kidumam ar 1,061 9/mL

blivumu Gdenraza elektrodam ir klasiska Eo classic=-0,8277 V un absoliita standarta potencials ir:

E°H_on=E°-0,0591/1*Ig([H-0]")+0,10166-0,37239=-0,8277-0,0591/1*Ig(53,5!)+0,10166-0,37239=-1,1995 V;
dati korig& AGegH on =E°H oH *Fe1=-1,30508*96485*1=-125,92 “/mol uz E°1=-0,8277-0,10449=-0,9322 V.
E°H_on=E°-0,0591/1*Ig([H.0]")+0,10166-0,37239=-0,9322-0,0591/1*Ig(53,51)+0,10166-0,37239=-1,30508 V/;
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Tabula 1. Standart potenciali E° Udens atlaide [Termodinamiska |[Absoliita
Nernsta un inversas pus-reakcijas dati no [1-24] klasika E°’v=0 | skala 0,10166V |-0,37239
OH =HO+ e CRC 2,020 2,1217 1,750321
4 H20 = H202aqua +2 H3O*+ 2 &° Suchotina 1,776 2,0837 | 1,7113
H202+ 2 H20 = O2aqua +2 H3O"+ e David Harris 1,276 1,4811 1,1087
5H20=02aq+4H30"+4 €7, 1,2288 1,45920 1,0868
HNO2+4H20 = NO3+3H30*+2e" University Alberta 0,94 1,24765 0,87631
NO2+ 3 H2O = NOz'+ 2 H3O*+2¢e David Harris 0,835 1,0913 0,7199
Hydroquinone +2H20 = p-quinone +2H30*+2¢ 0,699 0,9041 | 0,5327
H202aquat2H20=02aquat+2H30*+2¢" University Alberta 0,695 0,8992 0,5268
Fe* = Fe3* + ¢ University Alberta 0,769 0,8707 0,4983
Ubiquinol+2H20=Ubiquinone+2H30* +2e" 0,459 0,6638 | 0,2924
Succinate*+2H>0O=Fumarate®+2H30*+2e  pH=7 E,=0,031 V 0,4447 0,6494 0,2780
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+2H.0O=Glyoxylate+H (H*+2e")+H30*; D.C.Harris 0,324 0,5287 0,1305
CeH1206+42H20=24H30*+6H30"+6HCO3+24e"6. lapa Kaksis -0,0491 0,2328 -0,1396
HOO +H20=02aquatH30*"+2¢™ Aris Kaksis 0,3155 0,4686 0,09625
Fe?* = Cytochrome F Fe3* + ¢ David Harris 0,365 0,4667 0,0953
[Fe''(CN)e]* = [Fe'"(CN)e]>+ & University Alberta 0,356 0,4574 0,0860
Malate?+2H20=0xalo-acetate> +2HzO* +2¢- 0,248 0,4528 0,0814
Fe2* = Cytochrome a3 Fe3*+ e 0,350 0,4517 0,0803
Lactate+H20=Pyruvate +H3O*+H (H*+2¢e") 0,229 0,3823 0,0109
FADH2 +2H20=FADfree+2H30"+2¢" 0,195 0,3998 | 0,0284
CH3COO+H-0 = glycolate +H-(H*+2e")+H:0*; D.C.Harris 0,1605 0,3652 -0,00618
H25aq+2H20="5rombiskst2H30 " +2¢€7; CRC 2010 0,142 0,3467 -0,0247
CH3CH20H+H20=CH3CHO+H30*+H(H*+2¢") [17] 0,19 0,3432 -0,02923
Fe?* = Cytochrome a Fe3* +e- 0,2900 0,3917 0,02032
2GlutathSH+2H.0=GlutaS-Sthione+2H30*+2¢ 0,1841 0,3888 | 0,01742
Fe?* = Cytochrome ¢ Fe3* + ¢ 0,2540 0,3557 -0,01568
LipSHSH +2H:0 = LipoicAcidS-S +2H30*+2e 0,1241 0,3288 -0,04258
Fe?* = Cytochrome c1 Fe** + ¢ 0,2200 0,3217 -0,04968
B-OH Butyrate +2H20 = AcetoAcetate” +2H30" +2e° 0,0681 0,2728 | -0,09858
isocitrate?+2H>0=a-Ketoglutarate?>+CO2+2H30*+2e- 0,0341 0,2388 -0,13258
Nernst’s HoagtH20=2H30"+2€" AGHess H30+=-58,12 KV/mol Hzaq Oxid€ ar grafita elektrodu  -0,302
Inverse: 2H30*+2e =H2ag+H20; AGHess H2ag=58,12 /ol Reducesana ar grafita elektridu 0,302

2H(Pt)+H20=H2aq AGsx 1Py=GH2aq-2GH(Pt)-GH20=1,14 X/mol

K Hey=[H(P)]?*[H20]/[H2a9]=11,8

H(Pt)+H20 = H3O*+(Pt)+e"; [H3O"]=1 M pH=0 classic zero 0,0000 0,10166 -0,27072
Luciferin+OH =?luciferin+CO2 aquatOH+3H(3H*+3¢")+e’; 0 0,1017 -0,27073
Fe?* = Cytochrome b Fe®* + e 0,0770 | 0,1787 -0,1937
CH3CHO+3H20 = CH3COOH+2H30*+2¢" Suchotina -0,1180 0,1382 -0,2342
Glycaldeh3P#+H20+HP042=13PGlycerate* +HzO*+H" -0,1314 0,0218 -0,3506
NADPH=NADP*+H (H*+2¢); -0.1170 -0,0153 -0,3877
NADH=NAD*+H (H*+2¢"); David Harris -0.1130 -0,0113 -0,3837
O 2aqua = O2aqua + €- Suchotina -0,2450 -0,1433 -0,5157
Ferredoxin Fe?* = Ferredoxin Fe3* + e -0,4320 -0,3303 -0,7027
CsH1206 + 4H20 = 2C3H403 + 4H30* + 4e Stryer -0,5427 -0,3380 -0,7104

2=5rombisks + 2 e, CRC 2010 -0,4763 -0,3746 -0,7470
HS™ + OH™ = Srombisks + H20 + 2¢7; CRC 2010 -0,4780 -0,4278 -0,8002

H(Pt) + OH=H20 +(Pt)+e"; corrected (-0,8277+-0,10449)= -0,9322 -0,9335 -1,3059
Ubiquinol6 +2H20 = Ubiquinone6 +2H30* +2e  CRC 2012 -1,0500 -0,8453 -1,2177

AGaibertyH_oH-=GH20-(GH(pty+Gow-)=0-(48,56+77,36)=-125,92 F/mol, E°H=AGeq/F/1=-125920/96485/1=-1,30508 V
dati korige AGeqH_oH-=E°H_oH *F+1=-1,30508*96485*1=-125,92 K/mol uz E°v=-0,8277-0,10449=-0,9322 V.
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http://aris.gusc.lv/BioThermodynamics/CO2O2Thermodynamic15.pdf
http://aris.gusc.lv/BioThermodynamics/BioChemistryThermodynamicOxRedAL.pdf
http://aris.gusc.lv/BioThermodynamics/BioChemistryThermodynamicOxRedAL.pdf

Tabula 2. Nernsta pus reakciju Standarta Electrodu Potenciali kissikais, termodinamiskais absolutais V.

o e H-0 atlaide Termodinamiskais. | Absolata skala E°
Reducgta forma = Oksideta forma Klasika nulle E°=0 | E°=0,10166 V 10,37239 V
H | H(Pt) +H,O=H3;0" +(Pt)+ e; skalas atskaites potencials [1] classic zero 0 0,10166 -0,27072
N | NO, + 20H=NO3;+ H,0+2¢"; pH>3.15 Suchotina [17] 0,01 0,0602 -0,3112
HNO»+4H,0=NO3; +3H3;0*+2¢"; pH<3.15 Kortly, Shucha 0,94 1,2477 0,8763
NOaq+4H,0=HNO3 +3H3;0*+3e7; pH<1,4 Kortly, Shucha 0,96 1,19899 0,8266
NH4*+13H,0=NO; +10H;0*+8¢’; Suchotina [17] 0,87 1,4180 1,0466
Br | 2Br=Br;(aq)+2¢; CRC 1,0873 1,18896 0,8176
Bi | BiO*+6H,0=BiO3 +4H3;0*+2e"; 1<pH<7 Suchotina [17] 1,80 2,21065 1,8383
Mn H*| Mn?*+12H,0=MnO;+8H30*+5e";  Kortly, Shucha [18] 1,51 1,85885 1,4865
H>O | MnO,|+40H=MnOs + 2H,0+3¢™; Suchotina 0,603 0,6360 0,2636
OH" | MnO,#=MnO, +e~; Suchotina 0,558 0,65966 0,2873
Pb | Pb?" +6H,0=PbhO,(s)+4H30*+2¢"; Kortly, Shucha 1,455 1,86565 1,4933
S H2S034¢+3H20=HSO4+3H30*+2¢’; 0,172 0,47965 0,10726
HSO3 +4H,0=S0,*+3H;0"+2¢; Suchotina 2=<pH<7 0,172 0,47965 0,10726
S03%+20H=S0,% +H,0+2¢; Suchotina pH > 7 -0,93 -0,87984 -1,2522
=S ombictH20 + 2 €7; CRC2010 -0,4763 -0,4261 -0,7985
H2Saq+2H20=5ombic+2H30*+2€7; CRC 2010: Suchotina 0,142 -0,4793 -0,8517
25,05% =5406> +2€; Suchotina 0,08 0,3467 -0,025735
Fe | Fe**=Fe%*+e; Suchotina [17] 0,769 0,8707 0,4983
Fe(s)+ H,0 =Fe**+2¢’; Suchotina -0,4402 -0,2870 -0,6594
Ag | Ag+ H,O=Ag*+e’; Kortly, Shucha [18] 0,7994 1,00406 0,6327
Ag(s)+ClI'=AgCI(s)+H,0+e; Kortly, Shucha 0,2223 0,2210 -0,1514
Ag+2NHsa=Ag(NHs3),*+H,O+e; Suchotina 0,373 0,57766 0,2053
2Ag+20H =Ag,0(s)+H,0+2¢; Suchotina 0,345 0,39516 0,02277
[ 3l =l3+2¢; Kortly, Shucha 0,6276 0,72926 0,35687
Cu | Cu(Hg)+H,0=Cu?+(Hg)+2e’; Kortly, Shucha 0,3435 0,4967 0,1243
F | 2F=Fy(g)+2¢; Kortly, Shucha 2,87 2,97166 2,5993
Cl | 2CI=Cly(g)+2¢; Kortly, Shucha 1,358 1,45966 1,0873
Cl | Cly(g)+4H,0=2HOCI+2H;0*+2¢"; Kortly, Shucha 1,63 1,93765 1,5653
Cr | 2Cr¥**+21H,0=Cr,07* +14H30*+6e";1<pH<7 [18] 1,33 1,7921 1,41975
Cr¥*+11H,0=HCrO4 +7H;0%+3¢e"; pH>7 Kortly, Shucha 1,20 1,6793 1,30692
Cr(OH)3|+50H=CrO,*+4H,0+3¢"; pH>9 ; Suchotina -0,13 -0,1657 -0,53806
C | HyCy04+2H,0=2C0,+2H;0*+2¢"; pH<1,25 Suchotina [17] -0,49 -0,2853 -0,6577
Cr | Cr+H,0=Cr¥+3¢; Suchotina -0,744 -0,60801 -0,97935
Zn | Zn+H,0=Zn*+2¢’; Kortly, Shucha -0,7628 -0,6096 -0,98098
H | H(P)+OH=H,0+(Pt)+e’; corrected (-0.8277+-0.10449)= -0,9322 -0,93375 -1,30508
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Hesa brivo elementu nulles standarta vertibas absoliitaja biokimijas brivas energijas skala patiesiba ir pozitivas
GH2gas=85,6 ¥/mol Alberty attiecinatas uz homeostazes produktu idens un COzgas Nulli GH20=Gco2gas=0 ¥/mol .
Uzradito metabolitu brivas energijas saturi homeostazeé pH=7,36, kas attiecas uz tidens un COx2gas gazes nulles
vertibam energijas meéroga ir:
Glikoze GeeHi206=1978 X/mor > deprotonéts peroksida anjons Groo-=333,9 “/mor > Go2agqua=330 ¥/mor>
> Go2gas=303 K/ mo1> peroksids GH202=279,3 K/ mor>
> fidens protolizes pH=pOH=7 GH3o++0H-=GH3ao++Gon=22,44+77,36=99,8 “/moi>
> GNH3ag=91,1 K mol > Go2Biochem_arterial=88,22 K fmot > GH2gas=85,6 K fmot = GH20_Biochemistry=85,6 K ot >
> CO2aqua $kiduma protolize ar karbo anhidrazi GHzo+Hcos=GHzo++Grcos-=22,44+56,08=78,5 K/mol >
>GH2caqua=b3,4 K/ mol > GnHa+=50,81 K/ mol > GH(Py=48,56 Kot > Gn2aqua=18,7 Kot > Gco2aqua=18,38 /ol >

> Gerombisks=3,54 “/mol > homeostazes produktu nulles vertibas Gr20=Gco2gas=0 K/mol > Gnzgas=-9,55 “/mol;
2000

G, Y/mol Glikoze GeoH1206=1978 Vol

1800

GHZO:GCOZQas:O

1600
1400
1200

1000
GOZBiochem_arteriaI:88,22 I(‘]/mol

- Alberty [8]
GHZgas=85|6 ol

Ghoo-=333,9 /ol

Gnaag=91,1 /ol Go22qua=330 Vol
600
GHZO Blochemlstry:85 6 /mol G02g35=303 kJ/mo|
22,44+56,08=Gh30++GHco3-=78,5 ¥/mol Gr200= 279 3 ol

400

GHZ aqua—53 4 /mol

Gerombisks=3,54 ¥, Gh3o++Gon=
. rombisks mol Guras=50, 81 /mol 02 44+77 36
\A GH(pt):48,5%/:,. i —99 8 kJ/mo.
GHzoO:GcozgasZO - = I . . . l

GCOZaqua:l8,38ka/mol

Nulles Iimenis Gn2aqua=18,7 “Vrmol
-200

Grafiks 1. Augo3a absoliitas briva energija metabolitiem attiecinata Uz GH20=Gco2gas=0 “/mol Nulles vertibu .
Atklajums zinatn€ par Absoliito potencialu skalu ir sakrito$s 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
pretgja virziena, sakotn&ji noziméjot produktus ka reagentus un atstajot reagentus ka galaproduktus. Udeni par
skabekli oksidésanas reducésanas 5H20=02aquat4H30O*+4e" Nernsta pus reakcija ir absolitais standarta
potencials: E°02absolute=1.0868 V. Par Ozaquat4H3O*+4e"=5H20 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 absoluita potenciala skala ar absoluito brivo energiju, ir sakritiga
termodinamiska ipasiba protolizes reakcijai, Nernsta pus reakcijai vai inversajai reakcijai.
Korigéta metala Gdenraza termodinamiska standarta potenciala atskaite 0,10166 Volti dazu gadu laika dod
impulsu zinatném iegiit absoliitas termodinamiskas veértibas elementu un molekulu brivajai energijai.
Pateicoties Alberty dotajiem datiem par idenraza absoliito brivo energiju gazei GHzgas=85.6 ¥/mol UN
GH2aqua=103 X/mol $kiduma ir noteikti absolatie standarta potenciali metala fidenraza vispariga atskaite
AG°H20=GH20-(GH2aq+0,5G02)=0-(103,24+88,04/2)=-147,26 “/mo.
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E°n=-0.27073 Voltos. Tabula 1. tiek publicetas 50 biokimija 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 idenraza termodinamisko standarta
skalas atskaites potencialu uz E’n=0.10166 Voltiem. Tresaja stabina Alberty dati beidzot noved pie absolitas
standarta potenciala vertibas E'n=-0.27073 Volti tidenraza elektrodam.

H20: veidosanas 41. lapa HagastO2gas=>H202 ; AG°univAlberta=-134,03 Kol ; AG’ alberty=-48,39 Kol ;

AGAIberty:GHzoz-(GOZgas"'GHZgas):284,25-(85,64+303)=-104,64 k‘]/mol(-134,03 kJ/moI;)(:-48,39 I(‘]/mol)

Viela AH®H k‘]/mol ﬁs H AG®H kJ/mol
mol/K
H202:qua -191,99 -481,688 -48,39
H202:qua -191,17 143,9 -134,03
Succinat® -908,69 |-1295,576 | -522,414
Fumarate? | -776,56 | -862,288 |-519,4688

Alberty nulles Ghzo=0 “/mol; atskaité bazéti Grpor=284,25 “/imo
University Alberta
GsuccinatFor=-522,4+(4*91,26+2*85,6+2*303)=619,8 “/mol; Gsuccinar=650,8 “/mo;
Grumaricror=-519,5+(4*91,26+85,6+2*303)=537,1 /mot; Grumarat=554,75 “/mor;

Succinat? veidosanas 4C+2H2gas+202gas=>(CH2)2(CO2 )(CO2") ; AGsuccinat=-522,4 “/mol Alberty;
AGSuccinatFor:GSuccinatFor-(4GCgraph+2*GHZgas+2*GOZgas): -522,4 Id/mol;
Gsuccinatror=-522,4+(4*91,26+2*85,6+2*303)=619,8 X/mor;

Fumarate 2 veidoSanas 4C+Hagas+2O2gas=>(CH)2(CO2 )(CO2") ; AGFumarat=-519,5 Kol Alberty;
AGrumarat=GFumaratFor-(4GcgraphtGHzgast2* Gozgas)= -519,5 I(J/mol;
GrumaratFor=-519,5+(4*91,26+85,6+2*303)=537,1 “/maI; ; veidosanas 73. lapa

Inversais Ozaquat2H30"+2e =H202aqua+2H20; standarta potencials E°oxo2_H202=-0,5278V University Alberta ;
AGAlbertyox02_H202=GH202+2*GH20-(G0o2aquat2*GH3o+)=279,29+2*0-(330+2*22,44)=-95,59 X/mal ;
AGquIbertyAbsquterOZ_HZOZZEoerxOZ_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+AGofumarat-AGOOZ-AGOSuccinat=-48,39-519,4688-(16,4-522,414) = -61,845 I(J/mol;
AGmin=AG=(E°Redsuccinate-E°0x02) *F*N=(0,2512-0,4495)*96485*2=(-0,1983)* 96485*2=-38,3 X/
Alberty Hesa AGsuccinat_ H202=GFumarat+GH202-(GsuccinattGo2aqua)=537,1+284,24-(619,8+330)=-128,5 ol ;
Keq=exp(-AGeg/RIT)=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. Absolita temperatiira T Kelvina grados ir standarta vertiba 298.15 K (25 ° C),

2. Uz Alberty bazétais absolitais brivas energijas saturs

GH2gas=85.6 “/mol lidenraza gazei, tas $kidumam tideni GHzaqua=103 “/mol UN

atsaucoties uz nulles atskaites vértibu GH20=Gco2gas=0 “/mol ka fonu

metalam tidenradim Gpy=48,46 ¥/mol

tident un oglekla dioksida gazg COzgas.

3. Atklajums Absolata potencialu skala.
Absoliita potenciala skala, pamatojas uz visparigu atsauci
metala Gdenraza absoliito standarta Potencialu E°v=-0.2965 Volti. [8, 14, 15]

Lord Kelvin

Alberty Robert
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CH3CH20H etanola veido$anas no elementiem:

2C+3H2gast1/202gas=>CH3CH20H ; AG’ Alberty=75,2864 ol ; AG°Hesscre=-181X/mol ;

AG” Aberty=GcHacH20H-(2Gcgraph+3* GHzgast1/2* Go2gas)=75,2864 K mol ;
AG’cre=GeHacH20H-(2Gcgraph+3* GHagas+1/2* Go2gas)=-181 ¥/mo ;
AGOAIberty+(ZGCgraph+3*GH29as+1/2*GOZgas)=75,2864 +(2*91,26+3*85,6+1/2*303)=GCH3CH20H=666,106 K /mol ;
AG°cre+(2Gcgraph+3*GHagast1/2* Gozgas)=-181+(2*91,26+3*85,6+1/2*303)=GcHacH201=409,82 K/mol ;
CH3CHO acetaldehida veidosanas no elementiem: 2C+2H2gas+1/202gas=>CH3CHO ;
AGOAIberty=GCH3CHO-(ZGCgraph+2*GH29as+1/2*GOZgas)=32,282 I(J/mol ,
AG°cre=GcHacHo-(2Gcgraph+2* Ghagast+1/2* Go2gas)= 24,06 K/mo ;

AG’ atberty+(2Gcgrapht2*GHzgast1/2* Go2gas)=32,282+(2*91,26+2*85,6+1/2*303)=GcHacHo=537,5 K mol ;
AG°cre+(2Gcgrapht+2* GHagas+1/2* Go2gas)=24,06+(2*91,26+2*85,6+1/2*303)=GcHacHo=529,28 K/mo ;
CH3CH20H+H20=CH3CHO+H3O*+H(H*+2¢"); absoliitais potencials E°cracH20n=-0,055 V; [19]

AGeqcHacH20H=E ®eqnernscHacH20H*F+2=-0,055*96485*2=-10,6 K/mo;

AGHesscH3cH20H=GcHacHO +GH3ao++GH-~(GchacH20H +GH20)=537,5+22,44+GH--(409,82+0)=-10,6 “/mol.
AGHesscHacH20H=GcHacHO +GHzo++GH--(GcHacH20H +GH20_Biochem)=537,5+22,44+Gy;.-(409,82+85,64)=-10,6 X/mo.
AGHesscHacH20H-GeHacHo -GHao++(GeHacH2oH +GH20)=GH.=-10,6-537,5-22,44+(409,82+0)=-160,7 “/mol.
AGHesscH3cH20H-GcHacHo -Grao++(GehacH2oH +GH20_Biochem)=GH.=-10,6-537,5-22,44+(409,82+85,64)=-75,08 K/mol.

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

GchacH0=529,28 K/mo ;

GcHacHo=537,5 /moal ;

BioThermodynamO6;

BioThermodynamic,2006,Massachusetts Tecnology Institute

Alberty GcHacH201=666,106 ¥/mol ;

CRC GcHacH201=409,82 /o ;

Gh20=0 ¥/mol; Gn-=-10,6-537,5-22,44+(409,82+0)=-160,7 “/mo.

Viela AHOHK‘]/mol ASOHJ/moI/K AGonJ/mol
HC.CH=0 | 212,23 | -281.84 | 24,06
HCCH=0 | 213,88 | -825,64 | 32,2824

NADH | -4141 |-4465708 |11755732
NADH | -1036,66 | -14050 | 1120,09

H:O* | 28581 | -3.854 | -213.275

NAD* | -10,30 |-3766,008 | 1112,534

NAD® |-1007,48 | -183 | 1059,11
H:CCH,OH | -200,77 |-1227,764 | 75,2864
MCERON | 2883 | 3577304 | -181.64

HO | -28585 | 69,9565 | -237,101
HoO | -286,65 | -453,188 | -151,549

GHZO_Biochem:85,64 I(‘]/mol. GH-:-10,6-537,5-22,44+(409,82+85,64):-75,08 kJ/mol;
NADH = NAD™* + H(H*+2¢"); inversais potencials -E°nabn=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°Nnap+=-0,055+0,4095=0,4562;

AGmin=AGeq=(E eqnernscHacH20H-E°Nap+)*F*n=(-0,055+0,4095)*96485*2=0,4562* 96485*2=68,408 /mol;

AGHessAlbertyCH3CH20H=GNADH* GH30++GcHacHo-( GNAD++GcHacH20H+GH20)=

68,02 /mol.

=1112,534+22,44+32,282-(1175,5+75,2864-151,549)=68,02 */mol.
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H3CHC(OH)COO +H20=>H3CC=0CO0O +H3O0*+H (H*+2¢"); E°HscHcoH)coo=-0,0159 V;
AGegH3cHC(0H)co0=E °eqracHc(oHycoo* F*2=-0,0159*96485*2=-3,068 “/mol;
AGhesschacH20H=Gracc=0c00+Grzo++GH--(GracrcoH)cootGhao) =534,2+22,44+G.-(668,8+0)=-3,068 “/rmo.
AGhesschacH20H=Gracc=0c00+Gh3zo++Gr--(GrachcoH)cootGhzo_siochem)=534,2+22,44+G.-(668,8+85,64)=-3,068 “/no.
AGhesscHacH20H-Gracc=0c00-Grao++(GracheoHycoo+ Grzo)=Gh-=-3,068-534,2-22,44+(668,8+0)=109,092 /o
AGesschach20H-Gracc=0c00-Ghszo++(GrscheoHycoo+ Grzo_piochem)=Gr.=-3,068-534,2-22,44+(668,8+85,64)=194,7 /o
1=0,25 M, BioTherm06, pH=7,36, AGx=G°Hacc=0c00-+G°H30++GH--GHacHc(oH)co0--GH20= X/mol;

Gh20=0 ¥/mol; Gn-=-3,068-534,2-22,44+(668,8+0)=109,092 ¥/
GH20_giochem=85,64 “V/mol; Gr=-3,068-534,2-22,44+(668,8+85,64)=194,7 X/,

GHacHc(0H)c00=534,2 K/mol; pKa=2,5;

Viela AH®H I(‘]/mol AS®H ok AG®H , I(‘]/mol ;
PyruvEnolP?® |-1400 | -1100 |-1189,73
HsCC=0COO" |-597,4 -850 -350,78
H3sCC=0COO" | -603,7 |-433,54 |-474,44
H3CC=0COO" |-597,04 |-846,66 |-344,62
H3O* -285,81 | -3,854 |-213,275
H20 -285,85 69,9565 [-237,191
H20 -286,65 [-453,188 |-151,549
HsCHC(OH)COO- |-688,29 |-1290,9 | -303,4

GHacHc(0H)c00=668,8 K/mol; pKa=3,86;

PKa=3,86; AH°=1361,9 “/nai; GracHc©oH)coon=2271 ¥/moi;H3CHC(OH)COOH+302gas=3CO2gas+3H20;
AH°=3Gco2gas +3GH20-(GHacHc(oH)cooH+3G02gas) =3*0+3*0-(GHacHcoH)cooH+3*303)= 1361,9 X/mor;
GracHc(oHycooH+=3Gcozgas+3GH20-( 3G02gas)=3*0+3*0-(+3*303) -1361,9=GHacHc(oH)cooH=2271 X/mo;

Lactic acid Formation 71 page 3C+3H2gas+1,502gas=>H3CHC(OH)COOH ; GrscHc(oHycooH =-303,4 ¥/mal [8];
AGH3cHc(0H)cooH=GHacHc(0H)cooH- (3G cgrapht3* GHagas+1,5*Gozgas)= -303,4  X/mol;
GHsacHc(oH)coon=-303,4+(3*91,26+3*85,6+1,5*303)=681,7 “/moi;

Lactic acid HsCHC(OH)COOH+H20<=>H3CHC(OH)COO +H30"; pKa=3,86;

Keg=[H3CHC(OH)COO ]*[H30*])/[ H3CHC(OH)COOH]/[H20]=Ka/[H20]=10"(386)/55,3=10"(5603);
AGeqHacHc(0H)cooH=-ReTeIn(Kaeq)=-8,3144*298,15*In(10"(569%))/1000=31,98 “/moi .

AGH3cHc(0H)c00=GHacHc(0H)co0+2GHao+-(GLacticAct2GH20)=Gsuccinat+2*22,44-(681,7+2*0)= 31,98 “/mar;

GHacHc(0H)co0=AGHacHc(0H)co0-2GH30++(GLacticact2GH20)=31,98-2*22,44+(681,7+2*0)=668,8 “/mor;

Pyruvic acid- Formation 71 page 3C+2H2gas+1,502gas=> H3CC=0COOH; AGsuccinat=-344,62 “/mo Alberty;
AGrumarat=GFumarat-(3Gcgraph+2GHzgast1,5* Gozgas)= -344,62 I(J/mol;
GFumarat=-344,62+(3*91,26+2*85,6+1,5*303):554,86 kJ/mol; ;

Pyruvic acid HsCC=0OCOOH+H20<=>H3CHC(OH)COO +H30"; pKa=2,5;
Keq=[H3CHC(OH)COO 1*[H30*]/[HsCC=0COOH]/[H20]=Ka/[H20]=10"25)/55,3=2,5*10"6)=10"4.243);

AGegHzcc=0coon=-R*T*In(Kaeq)=-8,3144*298,15*In(10"(4243)/1000=24,22 W/mol .

AGH3cHc(0H)co0=GHacHc(oH)coo+2GHzo+(GLacticAct2GH20)=Gsuccinat+2*22,44-(554,86+2*0)=24,22 X/ mol;
GHsacHc(0H)co0=AGH3cHc(0H)co0-2GH30++(GLacticAct2GH20)=24,22-2*22,44+(554,86+2*0)=534,2 “/mmol;

NADH = NAD" + H(H"+2¢"); E°napn=-0,4095 V; absolute Lehninger; [6]
Red lactate+H2O<=>pyruvate+HzO*+H"( H*+2¢") ; absolute potential E°n3cHcon)coo=-0,0159 V;
Ox NAD*+H(2¢))=NADH ; E°1=-0,4095 V; OksRed NAD*+lactate+H20=NADH+ pyruvate+HzO*;
Balanced n=2=m with 2e" electrons AE° NAD™* accept electrons from lactate:

AGegAerobic=AE *sFen=(E°Red-E°0x)*F*n=(-0,0159—0,4095)*96485*2=(0,3936)*2=75,95 “/mo
Kquerobic=EXP(-AGquerobic/R/T):EXP(-75950/8,3144/298,15):10-13’3;

AG eqAerobic 759500

_[NADH]-[pyruvate’]f4 o*]
KegAerobic= [NAD+]-[IaCtate' ] '[Hzo] ~¢

ReT =g 8.314e298.15 =1(-133:

AGHess=AHHess- T*ASHess=45,764-298,15*-0,5479605= 209,14.......*/ma endoergic; formation 62" , 75" pages
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Pyruvate HsCC=0COO" decarboxylation HSCCHO+HCOs";HsCC=0COO +H20AG+Q=>H3CCHO+HCO3

O\_ T /H /H
,C—C—G—H HjC\CfH
Lactateo 2, H +H,0=Ethanol ?.4 b H+HCOs +AG +Q; exothermic, exoergic .

AGHess=AG°HaccH20H+AGHco3-AGH20-AG °HaccH20HC00-=75,2864-544,9688-(-151,549-303,4256)= -14,71 X/mol
AGaiberty=AGHsccH20H+AGHC03-AGH20-AGHaccH20Hc00-=666,1+46,08-(0+668,8)=43,38 ¥/mo
AGaiberty_Biochem=AGH3ccH20H+AGHC03 GH20_Biochem-AGH3ccH20HC00-=666,1+46.08-(85,64+668,8)=-42,26 ¥/mol
AHHess=AH°H3ccH20m+AH °Hcos-AH°Ha0-AHHaccHz0Hc00-=-290,77-692,4948-(-286,65-688,29)= -8,325 /mol
ASiziedes=-AHHess/ T=8,325/298,15=27,9 /k/mol;
ASHess=AS°H3ccH20H +AS°Hco3--AS°H20-AS HaccH20HC00-= 21,51 Ymoik;
=-1227,764-494,768-(-453,188-1290,852)=21,51 Y/mor....

ASkopeis= ASHess+ ASizkliedes=21,51+27,9=49,41 I/moik;
AGHess=AH Hess-T*ASHess:-8,325-298,15*0,02151:-14,738 k‘]/mol exoergic ......

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

Lactic acid Formation 71% page 3C+3H2gas+1,502gas=>H3CHC(OH)COOH ; GrscHc(oHycoor =-303,4 ¥/mal [8];
AGH3cHc(0H)cooH=GHacHc(0H)cooH- (3G cgrapht3* GHagas+1,5*Gozgas)= -303,4  </mol;
GHscHc(oH)coon=-303,4+(3*91,26+3*85,6+1,5*303)=681,7 “/mo;

Lactic acid HsCHC(OH)COOH+H20<=>H3CHC(OH)COO +H30*; pKa=3,86;

Keg=[H3CHC(OH)COO ]*[H30*])/[ H3CHC(OH)COOH]/[H20]=Ka/[H20]=10"(386)/55,3=10"(5603);
AGeqHscHc(oH)cooH=-ReTeIn(Kaeq)=-8,3144*298,15*In(10"(569%))/1000=31,98 “/moi .

AGH3cHc(0H)c00=GHacHc(0H)coo+2GHao+(GLacticAct2GH20)=Gsuccinat+2*22,44-(681,7+2*0)= 31,98 “/mar;

GHsacHc(0H)co0=AGHacHc(0H)co0-2GH30++(GLacticact2 GH20)=31,98-2*22,44+(681,7+2*0)=668,8 “/mor;

CH3CH20H ethanol formation from elements:
2C+3H2gast1/202gas=>CH3CH20H ; AG’ alberty=75,2864 ot ; AG°Hesscre=-181Y/mol ;

AG’ aberty=GcHacH20H-(2Gcgraph+3* GHzgast1/2* Go2gas)=75,2864 K mol ;

AG’cre=GeHacH20H-(2Gcgraph+3* GHagas+1/2* Gozgas)=-181 ¥/mo ;
AG® Alberty+(2Gcgraph+3*Grzgas+1/2* Gozgas)= 75,2864 +(2*91,26+3*85,6+1/2*303)=GcHacH20H=666,106 “/mol ;
AG°cre+(2Gcgraph+3*Gragast1/2* Gozgas)=-181+(2*91,26+3*85,6+1/2*303)=GcHacH201=409,82 K/mol ;

Substance %JI/{ ': ﬁSVHK %? ': BioThermodynamics06; GHzo_giochem=85,64 ¥/mol;
mo mo mo
H3CCH(OH)COO- -688.29 1296 852 1303 ;1256 (GH30++GHc03)=22.44+46.08 X/mol ;
H3CCH(OH)COO" | -686,2 -557,71 | -313.70 |CRC 2010;
- 75,2864 ASHessZZASOproducts-ZASOreactants;AGHess:AHHess-
HeCCHOH | 59077 [1227.764 TeASHess
H3:CCH20H -277,6 160,7 62.96 O o "
H20 -285,85 | 69,9565 |-237,191 o0& WOsL,
H.O -286,65 |-453,188 |-151,549 H \$—H (';
HCO3 -689,93 98,324 -586,94 |Lactate H'E\H +H,0=Ethanol H_;l\H +HCO3 +AG +Q
HCOs 692.4948 -494,768 5449688 exothermic............
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Oks: H2.COHCOO +H (H*+2e")+H30*=>H3CCOO +2H20; E°oxH2coHcoo=-0,033 V absolute; [23]

H
H\,é\c//o H\E\C¢O
Oks: Glycolate H,O o~ *+NADH + HsO* => acetate H - +2H0 + NAD™;

AGHess=AG°cHzcoo+AG°NaD++2AG°H20-AG°H2coHco0-AGNADH-AG°H30=-161,8 K/mol;

=-240,963+1112,534-2*237,191-(-403,2968+1175,5732-213,2746)=-161,8 X/mo exoergic...........
Glycolate H-COHCOO +NADH+H30*=>H3CCOO +NAD*+2H20;

AGe=(E® rea-E°oxtzcorcoo)*F*n=(-0,4095--0,033)*96485*2=(-0,38)*96485*2=-72,65 “/mo:

Substance AHHess ASC®Hess AG®Hess

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

Glyoxylate K ol I molik K mol
OHCCOOH - - - Gorccoon=-426,588+(2*91,26+85,6+1,5*303)=296,032 X/mol
OHCCOO* - - -426,588 |GoHccoo=AGeqoHccooH-GHao++( GoHccooH+GH20)=305,6 X/mo
H2COHCOO- - - -403,2968 |Gorccoo=AGeqoHccooH-GHso++( Gorccoon+Gh20)=414,3 ¥/mol
H.COHCOOH | - 651 318,6 ; GrzcoHcoon=-403,2968+(2*91,26+2%85,6+1,5*303)=404,9232 /o
NADH@q [-1036,66 | -140,5 - Exothermic, exoergic reduction | A 1618 Ky A

NADH@q | -104141 |-4081,784 |1175,5732 |Hess free energy change -161,8 | |(
HiO"aq | -285.81 | -3,854 |-213,2746 | negative, but minimized |}~~~ 7777

NAD*@ag [-1007,48 | -183 - reaching AGmin=AGeq=-72,65
NAD*(aq) -1010,3  |-3766,008 |1112,534 or
HsCCOOH | -484,09 | 159,83 |-531,743 |-104 X/mal equilibrium mixture.
H3CCOO" | -486,84 | 82,23 |-247,83 Le Chatelier principle is
HsCCOO- -486 85,3 |-240,963 | Prigogine attractor free energy

AGmin= 72 65 “Imol

H20 -285,85 |69,9565 |-237,191 change minimum AGmin AGuip= 1104 /g
H20 65 -453,188 |-151,549 reaching. A+B+C 50% D+2E+F

Glyoxylic acid Formation 61% page 2C+Hzgas+1,502¢as=>OHCCOOH ; AGoHccoor=-426,588 X/mal [8];
AGonccooH=GoHccooH-(2Gcgraph+GHzgas+1,5* Gozgas) = 426,588 ¥/mol;
Gorccoon=-426,588+(2*91,26+85,6+1,5*303)=296,032 X/mo;

Glyoxylic acid OHCCOOH+H20<=>0HCCOO +H30*; pKa1=3,32; Wikipedia

Keg=[OHCCOO 1*[H30*]/[[OHCCOOH]/[H20]=Ka/[H20]=107(332)/55 3=8 655*10/(6)=10/(5063);
AGegoHccooH=-ReTeIn(Kaeq)=-8,3144*298,15*In(107(>963))/1000=31,98 “/mol .

AGeqoHccooH=Gonccoo+Ghzo+-( Gonccoon+Gr20)=Gorccoo+22,44-(296,032+0)= 31,98 K/mol;

Gorccoo=AGeqoHccooH-GHao++( Gonccoon+Gr20)=31,98-22,44+(296,032+0)=305,6 “/mol;

Glycolic acid Formation 61% page 2C+2*Hzgas+1,502gas=> H2COHCOOH ; AGHzcoHcoon=-403,2968 </mol [8];
AGH2coHcooH=GHacoHcooH-(2 Gegraph+2GHzgas+1,5* Gozgas)= -403,2968 /mol;
GHacoHcoon=-403,2968+(2*91,26+2*85,6+1,5%303)=404,9232 “/mol;

Glycolic acid H_COHCOOH+H20<=>H2COHCOO+H30*; pKa1=3,83; Wikipedia
Keg=[H2COHCOO*[H30*])/[H2COHCOOH]/[H20]=Ka/[H20]=107(-383)/55 3=2 675*10/(-6)=10/(5573);
AGegoHccooH=-ReTeIn(Kaeq)=-8,3144*298,15*In(107(>573)/1000=31,81 X/mol .
AGeqoHccooH=GoHccoo+GHzo0+-( GoHccooH+GH20)=Gorccoo+22,44-(404,9232+0)= 31,81 </mar;
Gorccoo=AGeqoHccooH-GHao++( Gonccoon+Gr20)=31,81-22,44+(404,9232+0)=414,3 W/mor;

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°H2concoo=0,1305 V absolute;[23]
H 0 H~¢_ 0O

Oks: Glyoxylate O'S:_C\O_ + NADH +H30*=> GchoIateH,O o~ +H20+NAD®*; D.C.Harris 25°C [23]

Nernst’s half reaction Red: NADH = NAD* + H(H*+2¢e"); E° red=-0,4095 V David Harris absolute [22]
Glyoxylate OHCCOO +NADH+H30*=H2COHCOO +NAD*+H20 Glycolate;
AGHess=AG°H2coHcooH+AG °NaD++AG°H20-AG°H2coHco0-AGNADH-AG°H30= -63,66 “/mor;
=-403,2968+1112,534-237,191-(-426,588+1175,5732-213,2746)=-63,66 “/moi eX0€rgic............... ;
AGmin=AGeq=(Eegnernst NADH-E °H2concoo)*F*n=(-0,4095-0,1305)*96485*2=(-0,54)* 96485*2= 104 2 9ol
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Abstrakts.

Uz Alberti bazets absoliitas brivas energijas saturs Grzgas=85.6 K/mol gazei, GHaagua=103 ¥/mol Tidenim un
GH(Pyy=48,56 “/mol metalam tidenradim pie nulles atskaites GH20=Gco2gas=0 */mol fona energijas idenim un
oglekla dioksida COqgas 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 sérijas reducétaju
oksidésanas pus reakciju standarta potenciali ir noteikti attieciba pret idenraza metala pus reakcijas klasisko
standarta potencialu E°n nulle. [1,15] Skabekla, oglekla dioksida un tidens protolizes funkcionalas aktivitates
kvantitativie p&tijumi atklaj generétus daudzveidigus Dzivibas pasorganizgjosus atraktorus: dens [H20]=55.3
moli/ it:a koncentraciju, pH=7,36, enzima karbo anhidrazes (CA) reaktivitate, gaisa skabekla Iimenis 20,95 %,
osmolara koncentracija 0,305 M, jonu speks 0,25 M, temperatira 310,15 K gradi utt. . [1,15]

Liela atruma protolize Gident padara skabekli ugunsdrosu, CA funkcionali aktiviz€ oglekla dioksidu, reaggjot ar
divam tidens molekulam, veidojot H3O*+HCOs3 koncentracijas gradientus abpus membraneai osmozei pretgji
koncentracijas gradientiem bet protonu un bikarbonata jonu transportéSanai lejup cauri protonu un bikarbonatu
jonu kanaliem.

Ieprieksgjas publikacijas atklaj neaizstajamu tidens un hidroksonija uzskaiti Iidzsvara reakciju
termodinamiskajas izpausmegs, ieskaitot protolizi un elektrokimijas Nernsta pus reakcijas. [8,14,15] P&tijumi
sasniedz metala Tidenraza termodinamiska standarta potenciala atsauces vértibu 0.10166 Volti. Alberty varda
sniegtie dati par tidenraza brivo energiju GHzgas=85.6 /mol , GH2aqua=103 X/mal ir atklajies absolitais standarta
potencials E'n=-0.27073 Volts ka elektroda termodinamiska atskaites vértiba ar absoliitas brivas energijas
izmainas vertibu AGeg=-26,12 “/mo.

Atslegas vardi: Fizikala kimija; Elektrokimija; Termodinamika; Atraktori; Biokimija.
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	Nernsta pus reakcijā  H(Pt)+H2O=H3O++e- standarta absolūtais potenciāls ir E˚H=-0,27073 V.
	Karbo anhidrāzes CA sintēze nepieciešams aktīvas biosfēras atraktors.
	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...

