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I type Prigogine absolute energy attractors of electrodes metals Fe, Cu, Zn, Cr immersed in a solution of ions. 
Prigogine absolute energy attractors for dissolution, protolysis, and reduction-oxidation of iron compounds. 
 
Fe(s)+H2O=Fe2++2e-;  

EFe=E°Fe/Fe2++0,0591/2*log([Fe2+]/[Fe]/([H2O]))=-0,66623+0,0591/2*log(0,1/1/(55,3))=-0,74728 V; 
Distinguish from -0,74728 V is on 4th digit -0,74739 V. 

EFe=E°Fe/Fe2++0,0591/2*log([Fe2+]/[Fe]/([H2O]-6[Fe2+]))=-0,66623+0,0591/2*log(0,1/1/(56,38-0,6))=-0,74739 V;  
[H2O]=55,3 M=996 g/L/18g /mol; mH2O=mL-mFeSO4=1030-15,191=1014,8 g; [H2O]=1014,8 g/18 g/mol=56,38 M.  
Formation Fe +O2 gas+H2gas=Fe(OH)2; 

ΔG°form=GFe(OH)2-(GFe(+GO2gas+GH2gas)=39,349-(140,609+303,1+85,64)=-490 kJ/mol; [37] 
GFe(OH)2=ΔG°form+(GFe+GO2gas+GH2gas)=-490+(140,609+303,1+85,64)=39,349 kJ/mol;  

Formation Fe +1,5O2 gas+1,5H2gas=Fe(OH)3;  
ΔG°form=GFe(OH)3-(GFe(+1,5GO2gas+1,5GH2gas)=27,119-(140,609+1,5*303,1+1,5*85,64)=-696,6 kJ/mol; [33] 

GFe(OH)3=ΔG°form+(GFe+GO2gas+GH2gas)=-696,6+(140,609+1,5*303,1+1,5*85,64)=27,119 kJ/mol;  
[1] Solubility Fe(OH)2+3H2O=Fe2++2OH-; Ksp=[Fe2+]*[OH-]2/[H2O]3=4,87*10^(-17)/55,3^3=10^(-21,54);  

Attractor ΔGsp=-RTln(Kspeq)=-8,3144*298,15*ln(10^(-21,54))= 122,95 kJ/mol  
ΔGsp=GFe2++2GOH--(GFe (OH)2+3GH2O)=GFe2++2*77,36-(24,72+3*0)= 122,95 kJ/mol;  

GFe2+=ΔGsp-2GOH-+(GFe(OH)2+3GH2O)=122,95-2*77,36+(24,72+3*0)=12,04855 kJ/mol;  
[1] Solubility Fe(OH)3+4H2O=Fe3++3OH-; Ksp=[Fe3+]*[OH-]3/[H2O]4=2,79*10^(-39)/55,3^4=10^(-44,369);  

Attractor ΔGsp=-RTln(Kspeq)=-8,3144*298,15*ln(10^(-44,369))=259,855 kJ/mol;  
ΔGsp=GFe3++3GOH--(GFe(OH)3+4GH2O)=40,2605+3*77,36-(12,4855+4*0)=259,855 kJ/mol;  
GFe(OH)3=GFe3++3GOH--(ΔGsp+4GH2O)=40,2605+3*77,36-(259,855+4*0)= 12,4855 kJ/mol;  
GFe3+=ΔGsp-3GOH-+(GFe(OH)3+4GH2O)=259,855-3*77,36+(12,4855+4*0)=40,2605 kJ/mol;  

[1] Acid HCO3-+H2O=H3O++CO32-; Kprot=Ka/[H2O]=[H3O+]*[CO32-]/[H2O]/[HCO3-]=10^(-10,33)/55,3=10^(-12,073); 
Attractor ΔGprot=-RTln(Kprot)=-8,3144*298,15*ln(10^(-12,073))=68,9123 kJ/mol;  
ΔGprot=GH3O++GCO32--(GHCO3-+GH2O)=22,44+102,55-(56,08+0)=68,9123 kJ/mol;  

GCO32=ΔGprot-GH3O++(GHCO3-+GH2O)=68,9123-22,44+(56,08+0)=102,5523 kJ/mol;  
[1[ Solubility FeCO32-+2H2O=Fe2++CO32-; Ksp=[Fe2+]*[CO32-]3/[H2O]2=3,13*10^(-11)/55,3^2=10^(-13,99); 

Attractor ΔGsp=-RTln(Kspeq)=-8,3144*298,15*ln(10^(-13,99))=79,8545 kJ/mol;  
ΔGsp=GFe3++GCO32--(GFeCO3+2GH2O)=60,31655+102,55-(GFeCO3+2*0)=79,8545 kJ/mol;  

GFeCO3=GFe3++GCO32--(ΔGsp+2GH2O)=60,31655+102,55-(79,8545+2*0)=83,01205 kJ/mol;  
Formation ΔG°form=GFeCO3-(GFe(+1,5GO2gas+GCgraph)=19,819-(140,609+1,5*303,1+91,26)=-666,7 kJ/mol; [33] 

GFeCO3=ΔG°form+(GFe+1,5GO2gas+GCgraph)=-666,7+(140,609+1,5*303,1+91,26)=19,819 kJ/mol;  
Formation Fe +1,5O2 gas+Cgraph=FeCO3;  1,5O2 gas+Cgraph=CO32-; 1,5O2 gas+0,5H2gas+Cgraph+Ge-=HCO3-;  
ΔG°form=GCO32--(1,5GO2gas+GCgraph+2Ge-)=102,5523-(1,5*303,1+91,26+2*42,2212)=-527,8 kJ/mol; [1] 

Ge-=(GCO32--(1,5GO2gas+GCgraph+ΔG°form))/2=(102,5523-(1,5*303,1+91,26-527,8))/2=42,2212 kJ/mol; [1] 
ΔG°form=GHCO3--(1,5GO2+GCgr+0,5GH2+Ge-)=56,08-(1,5*303,1+91,26+0,5*85,64+54,15)=-586,8 kJ/mol; [1] 

Ge-=GHCO3--(1,5GO2+GCgr+0,5GH2+ΔG°form)=56,08-(1,5*303,1+91,26+0,5*85,64-586,8)=54,15 kJ/mol;  
Formation [1] Fe(s)=Fe3++3e-; Ge-=(GFe-(GFe3++ΔG°))/3=(139,45-(60,3136+(-4,7)))/3=27,9455 kJ/mol; 
Formation [8] Fe(s)=Fe3++3e-; Ge-=(GFe-(GFe3++ΔG°))/3=(139,45-(60,3136+(-11,99)))/3=30,376 kJ/mol;  

Iron(II) Metal iron Fe(s)+H2O=Fe2++2e- [FeSO4]=0,1 M solution mas FeSO4=15,191 g, density 1,03 g/mL.  
Fe(s)+H2O=Fe2++2e-; E°classic=-0,447 V [1], water logarithm 0,0515 and sum ΔE°:  

E°Fe/Fe2+=E°classic-0,0591/2*log(1/[H2O]1)+ΔE°=-0,447-0,0591/2*log(1/55,3)+0,10166-0,37239=-0,66623 V. 
ΔGeq=E°Fe•F•2=-0,66623*96485*2=-128,56 kJ/mol,  

ΔGeq=GFe2++2Ge--(GFe+GH2O)=12,049+2*0,0-(140,609+0)=-128,56 kJ/mol;  
Ge-=(ΔGeq -GFe2+ +(GFe+GH2O))/2=(-128,56-12,049+(140,609+0))/2=0,0 kJ/mol;  

GFe=GFe2++2Ge-0- (ΔGeq+GH2O)=12,049+2*0-(-128,56+0)=140,6 kJ/mol;  
GFe2+= ΔGeq -2Ge-+(GFe+GH2O)=-128,56-2*0,0+(140,609+0)=12,04855 kJ/mol;  

Iron(II) Fe(s)+2H2O=Fe(OH)++H3O++2e- [FeSO4]=0,1 M solution mas FeSO4=15,191 g, density 1,03 g/mL.  
Fe(s)+2H2O=Fe(OH)++H3O++2e-; E°classic=-0,447 V [1], water logarithm 0,102995 and sum ΔE°:  
E°Fe/Fe(OH)+=E°classic-0,0591/2*log(1/[H2O]2)+ΔE°=-0,447+0,102995+0,10166-0,37239=-0,614735 V. 

 ΔGeq=E°Fe•F•2=-0,614735*96485*2=-118,625 kJ/mol,  
 ΔGeq=GFe(OH)++GH3O++2Ge--(GFe+2GH2O)=38,02755+22,44+2*0-(140,609+2*0)=-118,625 kJ/mol;  

Ge-=(ΔGeq-GFe(OH)++(GFe+GH2O))/2=(-118,625-38,02755-22,44+(140,609+2*0))/2=-19,2418 kJ/mol; Wrong! 
GFe=GFe(OH)++2Ge-0- (ΔGeq+GH2O)=38,02755+22,44+2*-19,2418-(-118,625+2*0)=140,609 kJ/mol;  

GFe(OH)+= ΔGeq -2Ge-+(GFe+GH2O)=-118,625-22,44-2*0+(140,609+2*0)=38,0276 kJ/mol;  
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Iron(III) Fe(s)+3H2O=[Fe(OH)2]++2H3O++3e-; potential has E°classic=-0,037 V [1], water log 0,102995 and ΔE°:  
E°Fe/FeOH2+=E°classic-0,0591/3*log(1/[H2O]3)+ΔE°=-0,037-0,0591/3*log(1/55,3^3)+0,10166-0,37239=-0,204735 V 

ΔGeq=E°Fe/[Fe(OH2]+•F•3=-0,204735*96485*3=-59,2616 kJ/mol, 
ΔGeq=G[Fe(OH)2]++2GH3O++3Ge--(GFe(s)+3GH2O)=47,8715+2*22,44+3*-4,1877-(139,45+3*0)=-59,2616 kJ/mol; 
3Ge-=ΔGeq-G[Fe(OH)2]+-2GH3O++(GFe(s)+3GH2O)=-59,2616-47,8715-2*22,44+(139,45+3*0)=3*-4,1877 kJ/mol; 

GFe(s)=G[Fe(OH)2]++2GH3O++3Ge--(ΔGeq_Fe+GH2O)=47,8715+2*22,44+3*-4,1877-(-59,2616+3*0)=139,45 kJ/mol; 
G[Fe(OH)2]+=ΔGeq--2GH3O+-3Ge-+(GFe(s)+GH2O)=-59,2616-2*22,44-3*-4,1877+(139,45+3*0)=47,8715 kJ/mol; 

Substance ΔH°H kJ/mol ΔS°H J/mol/K ΔG°H , kJ/mol GO2gas=303,1 kJ/mol; GH2gas=85,64 kJ/mol; GCgraph=91,26  kJ/mol;  
Fe- E°Fe2+= -0,66623 140,609 GFe=GFe2++2Ge--(ΔGeq+GH2O)= 140,609 kJ/mol; Ge-=0,0 kJ/mol; 
Fe E°Fe3+= -0,273398 139,45 GFe(s)=GFe3+-(ΔGeq_Fe+GH2O)=104,875-(-79,1364)=139,45 kJ/mol; 

[8] Fe2+ -87,45 -17,8 -82,14  Ge-=(GFe-(GFe2++ΔG°))/2=(140,609-(12,04855-82,14))/2=105,35 kJ/mol; 
[1] Fe2+ -89,1 -137,7 -78,9 [1] DGFe2+=DHH–T*DSH=-89,1-298,15*-0,1377=-48,045 kJ/mol;  
Ge-Fe2+ [1] Free e- -78,9 103,73 Ge-=(GFe-(GFe2++ΔG°))/2=(140,609-(12,04855-78,9))/2=103,73 kJ/mol;  

Fe2+ E°Fe2+/Fe3+= 0,50027 V 12,04855 GFe2+=GFe3+-(ΔGeq)=60,31655-(48,268+0)=12,04855 kJ/mol;  
Fe2+ Ksp= 10-24,886 12,04855 GFe2+=ΔGsp-2GOH-+(GFe(OH)2+3GH2O)=12,048 kJ/mol; 

Fe(OH)2 GFe(OH)2= 39,349 -490 [37] GFe(OH)2=ΔG°form+(GFe+GO2gas+GH2gas)=39,349 kJ/mol; 
[8] Fe3+ -44,79 -110 -11,99  [8] Biochem.Thermodyn. Massachusetts Technology Inst. pH=7,36 
Ge-Fe3+ [8] Free e- -11,99 30,376 Ge-=(GFe-(GFe3++ΔG°))/3=(139,45-(60,3136+(-11,99)))/3=30,376 kJ/mol; 
[1] Fe3+ -48,5 -315,9 -4,7 [1] DGFe3+=DHH–T*DSH=-48,5-298,15*-0,3159=45,685585 kJ/mol; 
Ge-Fe3+ [1] Free e- -4,7 27,9455 Ge-=(GFe-(GFe2++ΔG°))/3=(139,45-(60,3136+(-4,7)))/3=27,9455 kJ/mol; 

Fe3+ E°Fe3/Fe2+ V -0,50027  56,2755 GFe3+=ΔGeq-Ge-+(GFe2+)=48,268-4,0405+(12,048)=56,2755 kJ/mol; 
Fe3+ Ksp=   =10-44,369 40,2605 GFe3+=ΔGsp-3GOH-+(GFe(OH)3+4GH2O)=40,2605 kJ/mol; 

Fe(H2O)3+ Ka=   =10-4,2027 60,31655 G[Fe(H2O)]3+=G[Fe(OH)]2++GH3O+-(ΔGprot+GH2O)=60,31655 kJ/mol; 
[Fe(OH)]+ -324,7 -29 -277,4 [1] DGFe3+=DHH–T*DSH=-324,7-298,15*0,029=-333,346 kJ/mol; 
[Fe(OH)]+ Ge-format -277,4 18,39245 [1] Ge-=ΔG°-G[Fe(OH)]++(GFe+GO2gas/2+GH2/2)=18,39245 kJ/mol; 
[Fe(OH)]+ Ka/[H2O]= 10^(-8,4827) 38,02755  [1] G[Fe(OH)]+=ΔGprot-GH3O++(G[Fe(H2O)]2++GH2O)=38,02755 kJ/mol; 
Fe(OH)2+ -290,8 -142,0 -229,4 [1] DGFe3+=DHH–T*DSH=-229,4-298,15*0,142=-271,737 kJ/mol; 
Fe(OH)2+ Ge-format -229,4 21,2773 [1] 2Ge-=ΔG°-G[Fe(OH)]2++(GFe+GO2gas/2+GH2/2)=2*21,2773 kJ/mol; 
Fe(OH)2+ Ka/[H2O]= 10^(-4,2027) 61,86545  [1] G[Fe(OH)]2+=ΔGprot-GH3O++(G[Fe(H2O)]3++GH2O)=61,86545 kJ/mol; 
Fe(OH)2+ ß1=10^11,81 10^(-4,2027) 60,3182 [18] G[Fe(OH)]2+=ΔGstab_eq-GH2O+(G[Fe(H2O)]3++GOH-)=60,3182 kJ/mol; 
Fe(OH)2 + ß2=10^22,32 =1025,80545 67,74 [18]G[Fe(OH)]2+=ΔGstab_eq -2GH2O+(G[Fe(H2O)]3++2GOH-)=67,74 kJ/mol; 
Fe(OH)2 + Ka/[H2O]2= 10^(-5,6824) 47,8715  [38] G[Fe(OH)]2+=ΔGp-2GH3O++(G[Fe(H2O)2]3++2GH2O)=47,8715 kJ/mol; 
Fe(OH)2 + format Ge- -438,0 42,3185 [1] Ge-=ΔG°-G[Fe(OH)]2++(GFe+GO2gas+GH2)=42,3185 kJ/mol; 
Fe(OH)3 -823 107 -696,6 [33] DGFe3+=DHH–T*DSH=-823-298,15*0,107=-854,902 kJ/mol; 
Fe(OH)3 Formation    -696,6 27,119 GFe(OH)3=ΔG°form+(GFe+GO2gas+GH2gas)=27,119 kJ/mol; 
Fe(OH)3 Ksp=   =10-44,369 12,4855 GFe(OH)3=GFe3++3GOH--(ΔGsp+4GH2O)=12,4855 kJ/mol; 
FeCO3 -740,6 92,88 -666,7 [33]DGH=DHH–T*DSH=-740,6-298,15*0,092,88=-768,29 kJ/mol; 
FeCO3 Formation -666,7 19,819 GFeCO3=ΔG°form+(GFe+1,5GO2gas+GCgraph)=19,819 kJ/mol; 
FeCO3 Kprot= 10-13,99 83,01205 GFeCO3=GFe3++GCO32--(ΔGsp+2GH2O)=83,01205 kJ/mol; 
CO32- -677,1 -56,9 -527,8 DGH=DHH–T*DSH=-677,1-298,15*-0,0569=-660,135 kJ/mol; 

Ge-CO32- Formation -527,8 42,2212 Ge-=(GCO32--(1,5GO2gas+GCgraph+ΔG°form))/2=42,2212 kJ/mol; 
CO32- Kprot= 10-12,073 102,5523 GCO32=ΔGprot-GH3O++(GHCO3-+GH2O)=102,5523 kJ/mol; 
HCO3- -692,0 91,2 -586,8 DGH=DHH–T*DSH=-692-298,15*0,0912=-719,19128 kJ/mol; 

Ge-HCO3- Formation -586,8 54,15 Ge-=GHCO3--(1,5GO2+GCgr+0,5GH2+ΔG°form)=54,15 kJ/mol;  
H3O+ HCO3- 22,44 56,08 GH3O+HCO3=GH3O++GHCO3-=22,44+56,08=78,52 kJ/mol 
H3O+ OH- 22,44 77,36 ΔGeq2=-99,8 kJ/mol=2*GH2O-(GH3O++GOH-)=2*0-(22,44+77,36) 

 
Fe(s)+2H2O=[Fe(OH)]2++H3O++3e-; classic potential E°classic=-0,037 V [1], water logarithm 0,0686634 and ΔE°:  
E°Fe/FeOH2+=E°classic-0,0591/3*log(1/[H2O]2)+ΔE°=-0,037-0,0591/3*log(1/55,3^2)+0,10166-0,37239= -0,23907 V 

ΔGeq=E°Fe/FeOH2+•F•3=-0,2390666*96485*3=-69,199 kJ/mol,  
ΔGeq=GFeOH2++GH3O++3Ge--(GFe(s)+2GH2O)=61,866+22,44+3*-4,685-(139,45+2*0)=-69,199 kJ/mol;  
3Ge-=ΔGeq-GFeOH2+-GH3O++(GFe(s)+2GH2O)=-69,199-61,866-22,44+(139,45+2*0)=3*-4,685 kJ/mol;  

GFe(s)=GFeOH2++GH3O++3Ge--(ΔGeq_Fe+2GH2O)=61,866+22,44+3*-4,685-(-69,199+2*0)=139,45 kJ/mol;  
GFeOH2+=ΔGeq--GH3O+-3Ge-+(GFe(s)+2GH2O)=-69,199-22,44-3*-4,685+(139,45+2*0)=61,866 kJ/mol;  
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Iron(II/III) Fe2+=Fe3++e-; E°Fe2+/Fe3+=0,50027 V; potential has E°classic=0,771 V water 0 zero and ΔE°: [1] 
E°Fe2+/Fe3+=E°classic-0,0591/1*log(1/[H2O]0)+ΔE°=0,771-0,0591/1*log(1/55,3^0)+0,10166-0,37239=0,50027 V 

 

Fe2+=Fe3++e-; ΔGeq=E°Fe3+/Fe2+•F•1=0,50027*96485*1=48,268 kJ/mol;  
 ΔGeq=GFe3++Ge--(GFe2+)=56,2755+4,0405-(12,048)=48,268 kJ/mol;  
Ge-=GFe3+-ΔGeq+(GFe2+)=56,2755-48,268+(12,048)=4,0405 kJ/mol;  
GFe2+=GFe3++Ge--(ΔGeq)=56,2755+4,0405-(48,268)=12,048 kJ/mol;   

GFe3+=ΔGeq- -Ge-+(GFe2+)=48,268-4,0405+(12,048)=56,2755 kJ/mol;  
Formation [1] Fe3++3e-=Fe; ΔG°=GFe-(GFe3++3Ge-)=139,45-(60,3136+3*Ge-)=-4,7 kJ/mol;  
Ge-=(GFe-(GFe3++ΔG°))/3=(139,45-(60,3136+(-4,7)))/3=27,9455 kJ/mol;  
Formation [8] Fe3++3e-=Fe; ΔG°=GFe-(GFe3++3Ge-)=139,45-(60,3136+3*30,376)=-11,99 kJ/mol;  
Ge-=(GFe-(GFe3++ΔG°))/3=(139,45-(60,3136+(-11,99)))/3=30,376 kJ/mol;  
Formation [8] Fe2++2e-=Fe; ΔG°=GFe-(GFe2++2Ge-)=140,609-(12,04855+2*Ge-)=-82,14 kJ/mol;  
Ge-=(GFe-(GFe2+-ΔG°))/2=(140,609-(12,04855+(-82,14)))/2=105,35 kJ/mol; 
Formation [1] Fe2++2e-=Fe; ΔG°=GFe-(GFe2++2Ge-)=140,609-(12,04855+2*Ge-)=-78,9 kJ/mol;  
Ge-=(GFe-(GFe2+-ΔG°))/2=(140,609-(12,04855+(-78,9)))/2=103,73 kJ/mol;  
Formation Fe+O2gas/2+H2/2=[Fe(OH)]++e-;  

ΔG°=G[Fe(OH)]++Ge--(GFe+GO2gas/2+GH2/2)=38,02755+18,39245-(139,45+303,1/2+85,64/2)=-277,4 kJ/mol; 
Ge-=ΔG°-G[Fe(OH)]++(GFe+GO2gas/2+GH2/2)=-277,4-38,02755+(139,45+303,1/2+85,64/2)=18,39245 kJ/mol;  

Formation Fe+O2gas/2+H2/2=[Fe(OH)]2++2e-;  
 ΔG°=G[Fe(OH)]2++2Ge--(GFe+GO2gas/2+GH2/2)=61,86545+2*21,277-(139,45+303,1/2+85,64/2)=-229,4 kJ/mol;  
2Ge-=ΔG°-G[Fe(OH)]++(GFe+GO2gas/2+GH2/2)=-229,4-61,86545+(139,45+303,1/2+85,64/2)=2*21,277 kJ/mol;  

Formation Fe+O2gas+H2=[Fe(OH)2]++e-;  
 ΔG°=G[Fe(OH)2]++2Ge--(GFe+GO2gas+GH2)=47,8715+Ge--(139,45+303,1+85,64)=-438 kJ/mol; 

Ge-=ΔG°-G[Fe(OH)2]++(GFe+GO2gas+GH2)=-438-47,8715+(139,45+303,1+85,64)=42,3185 kJ/mol; 
[38] IUPAC Fe2+ Acid  [Fe(H2O)]2++H2O=[Fe(OH)]++H3O+; Prigogine attractor ΔGeq=-RTln(Keq),  

Equilibrium constant Kprot_eq=[[Fe(OH)]+]*[H3O+]2/[[Fe(H2O)]2+]/[H2O]=10^(-6,74)/55,3=10^(-8,4827); 
Protolysis attractor ΔGprot_eq=-RTln(Kprot_eq)=-8,3144*298,15*ln(10^(-8,4827))=48,419 kJ/mol;  

Hess law expression ΔGprot=G[Fe(OH)]++GH3O+-(G[Fe(H2O)]2++GH2O)=38,02755+22,44-(12,04855+0)=48,419 kJ/mol;  
G[Fe(OH)]+=ΔGprot-GH3O++(G[Fe(H2O)]2++GH2O)=48,419-22,44+(12,04855+0)=38,02755 kJ/mol;  

 
 [38] IUPAC Fe3+ Acid [Fe(H2O)]3++H2O=Fe(OH)2++H3O+; Prigogine attractor ΔGprot_eq=-RTln(Kprot_eq).  

Equilibrium constant Kprot_eq=[Fe(OH)2+]*[H3O+]2/[Fe(H2O)3+]/[H2O]=10^(-2,46)/55,3=10^(-4,2027); 
Protolysis attractor ΔGsp=-RTln(Kspeq)=-8,3144*298,15*ln(10^(-4,2027))=23,9889 kJ/mol;  

Hess law expression ΔGprot=G[Fe(OH)]2++GH3O+-(G[Fe(H2O)]3++GH2O)=61,86545+22,44-(60,31655+0)=23,9889 kJ/mol;  
G[Fe(OH)]2+=ΔGprot-GH3O++(G[Fe(H2O)]3++GH2O)=23,9889-22,44+(60,31655+0)=61,86545 kJ/mol;  
G[Fe(H2O)]3+=G[Fe(OH)]2++GH3O+-(ΔGprot+GH2O)=61,86545+22,44-(23,9889+0)=60,31655 kJ/mol;  

 
[38] IUPAC Fe3+ Acid Fe(H2O)3++H2O=Fe(OH)2++H3O+;  

Kprot_eq=[Fe(OH)2+]*[H3O+]2/[Fe(H2O)3+]/[H2O]=10^(-2,46)/55,3=10^(-4,2027); 
Protolysis attractor ΔGprot_eq=-RTln(Kprot_eq)=-8,3144*298,15*ln(10^(-4,2027))=23,9889 kJ/mol;  
ΔGprot_eq=G[Fe(OH)]2++GH3O+-(G[Fe(H2O)]3++GH2O)=61,86545+22,44-(60,31655+0)=23,9889 kJ/mol;  
G[Fe(OH)]2+=ΔGprot-GH3O++(G[Fe(H2O)]3++GH2O)=23,9889-22,44+(60,31655+0)=61,86545 kJ/mol;  
G[Fe(H2O)]3+=G[Fe(OH)]2++GH3O+-(ΔGprot+GH2O)=61,86545+22,44-(23,9889+0)=60,31655 kJ/mol;  

 [18] Fe(H2O)3++OH-=Fe(OH)2++H2O;  
Kstab_eq=ß1*[H2O]=[Fe(OH)2+]*[H2O]/[Fe3+]/[OH-]=10^11,81*55,3=10^13,5527; 

Stability attractor ΔGstab_eq=-RTln(Kstab_eq)=-8,3144*298,15*ln(10^13,5527)=-77,35836 kJ/mol;  
ΔGstab_eq=G[Fe(OH)]2++GH2O-(G[Fe(H2O)]3++GOH-)=60,31819+0-(60,31655+77,36)=-77,35836 kJ/mol;  
G[Fe(OH)]2+=ΔGstab_eq-GH2O+(G[Fe(H2O)]3++GOH-)=-77,35836-0+(60,31655+77,36)=60,31819 kJ/mol;  

[18] [Fe(H2O)2]3++2OH-=Fe(OH)2++2H2O;  
Kstab_eq=ß2*[H2O]2=[Fe(OH)2+]*[H2O]2/[Fe3+]/[OH-]2=10^22,32*55,3^2=10^25,80545; 

Stability attractor ΔGstab_eq=-RTln(Kstab_eq)=-8,3144*298,15*ln(10^25,80545)=-147,2966 kJ/mol;  
 ΔGstab_eq=G[Fe(OH)]2++2GH2O-(G[Fe(H2O)]3++2GOH-)=67,73995+2*0-(60,31655+2*77,36)=-147,2966 kJ/mol;  
G[Fe(OH)]2+=ΔGstab_eq -2GH2O+(G[Fe(H2O)]3++2GOH-)=-147,2966-2*0+(60,31655+2*77,36)=67,73995 kJ/mol;  
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Prigogine absolute energy attractors for dissolution, protolysis, and reduction-oxidation of cupper compounds 
 
Formation [1] Cu2++2e-=Cu; ΔG°=GCu2++2Ge- -(GCu)=108,618+2*Ge- -(84,148)=65,5 kJ/mol;  
Formation [1] Cu2++2e-=Cu; Ge-=(ΔG°-GCu2++(GCu))/2=(65,5-108,618+(84,148))/2=20,515 kJ/mol; 
Formation [1] Cu=Cu++e-; ΔG°=GCu++Ge- -(GCu)=118,33+Ge- -(84,148)=50 kJ/mol;  
Formation [1] Cu=Cu++e-; Ge-=ΔG°-GCu++(GCu)=50-118,33+(84,148)=15,818 kJ/mol;  

[Cu2+]=1 M  mol MCuSO4=159,602 g/mol 
mas, density 1,1527 g/mL; [1] Absolute 
potential has classic E°Classic=0,345 V [1], 
water logarithm 0,051497, sum 
ΔE°=+0,10166-0,37239:  

  
Cu(Hg)+H2O=Cu2++2e--; E°Classic=0,345 V[1].  

E°Cu/Cu2+=E°Classic-0,0591/2*log(1/[H2O])+ΔE°Cu=0,345-0,0591/2*log(1/55,3)+0,10166-0,371339=0,12682 V.  
 ΔGeq_Cu=E°Cu•F•2=0,1268185*96485*2=24,472 kJ/mol,  

 ΔGeq_Cu=GCu2++2Ge--(GCu+GH2O)=108,618+2*0-(84,148+0)=24,47 kJ/mol;  
GCu=GCu2++2Ge--(ΔGeq_Cu+GH2O)=108,618+2*0-(24,47+0)=84,148 kJ/mol;  
2Ge-=ΔGeq_Cu-GCu2++(GCu+GH2O)= 24,47-108,618+(84,148+0)= 2*0 kJ/mol;  

ECu=E°Cu+0,0591/2*log([Cu2+]/[ Cu]/([H2O]))=0,12682+0,0591/2*log(1/1/(55,3))=0,075322 V;  
ECu=E°Cu+0,0591/2*log([Cu2+]/[Cu]/([H2O]-4[Cu2+]))=0,12682+0,0591/2*log(1/1/(57,24-4))=0,07581 V;  

mH2O=(mL-mCuSO4)/18=1190-159,602=1030,4/18=57,24-4=53,24 mol;  
Distinguish from 0,075322 V is on 3rd digit 0,07581 V. 

Viela ΔH°H kJ/mol ΔS°H J/mol/K ΔG°H , kJ/mol [1]ΔH°Cu(OH)2=-449,8 kJ/mol; GSrhombic=3,5436 kJ/mol;  
Cu E°Cu2+= 0,12682 V 84,148 GCu=GCu2+-(ΔGeq_Cu+GH2O)=108,618-(24,47+0)=84,148 kJ/mol; 

Cu2O -168,6 93,1 -146,0 [1] DGCuO=DHH–T*DSH=-168,6-298,15*0,0931=-196,358 kJ/mol; 
Cu2O formation -146,0 173,846 [1] GCuO=ΔG°CuO+(2GCu+GO2/2)=-146,0=173,846 kJ/mol; 
CuO -157,3 42,6 -129,7 [1] DGCuO=DHH–T*DSH=-157,3-298,15*0,0426=-170 kJ/mol; 
CuO formation -129,7 105,998 [1] GCuO=ΔG°CuO+(GCu+GO2/2)=-129,7=105,998 kJ/mol; 
Cu+ 71,7 40,6 50,0 [1] DGCu2+=DHH–T*DSH=71,7-298,15*0,0406=59,595 kJ/mol; 
Cu+ E°Cu= 0,35432V 118,33 GCu+=ΔGeq_Cu+(GCu+GH2O)=34,1866+84,148=118,33 kJ/mol; 

Ge- Cu+ formation 50 15,818 [1] Formation Cu=Cu++e-; Ge-=ΔG°-GCu++(GCu)= 15,818 kJ/mol; 
Cu2+ 64,8 -99,6 65,5 [1]      DGCu2+=DHH–T*DSH=64,8-298,15*-0,098=94,0187 kJ/mol; 
Cu2+ Ksp= 10-24,886 108,618 GCu2+=ΔGsp -2GOH-+(GCu(OH)2+3GH2O)=108,618 kJ/mol; 

Ge- Cu2+ formation  65,5 20,515 Ge-=(ΔG°-GCu2++(GCu))/2=(65,5-108,618+(84,148))/2=20,515 kJ/mol; 
Cu(OH)2 -449,8 108 -337 [33]DGCu(OH)2=DHH–T*DSH=-450,2-298,15*-0,108=-418 kJ/mol; 
Cu(OH)2 Formation -337 121,29 GCu(OH)2=ΔG°form+(GCu+GO2gas+GH2gas)=121,29 kJ/mol; 
Cu(OH)2 Ksp= 10-24,886 121,29 GCu(OH)2=GCu2++2GOH--(ΔGsp+3GH2O)=121,29 kJ/mol; 

CO32- -677,1 -56,9 -527,8 DGH=DHH–T*DSH=-677,1-298,15*-0,0569=-660,135 kJ/mol; 
CuCO3 Formation -527,8 102,258 GCuCO3=ΔG°form+(GCu+1,5GO2gas+GCgraph)=102,258 kJ/mol; 
CO32- Ksp= 10-13,339 70,07286 GCO32-=ΔGsp- GCu2++(GCuCO3+2GH2O)=70,07286 kJ/mol; 
C2O42- -825,1 45,6 -673,9 [1] DGH=DHH–T*DSH=-825,1-298,15*0,0456=-862,637 kJ/mol;  
C2O42- formation -673,9 114,62 GC2O4(2-)=DG° C2O4(2-)Form+(2GCgr+2GO2gas+2Ge-)=114,62 kJ/mol;  
C2O42- Ksp= 10-12,839 40,1746 GC2O42-=ΔGsp-GCu2++(GCuC2O4+2GH2O)=40,1746 kJ/mol;  

CuC2O4 formation -797,16 75,508 GCuC2O4cr=DG°CuC2O4crForm+(Cu+2O2gas+2Cgraph)=75,508 kJ/mol; 
S2– 33,1 -14,6 85,8 [1] DGH=DHH–T*DSH=33,1-298,15*-0,0146=-862,637 kJ/mol; 
S2– E°S↓/S2-= -0,79853V 157,63 GS2-aq=GSrombic+GH2O-(DGeqS2-aq)=157,63 kJ/mol; 
S2– Ksp= 10-39,7073 152,1216 GS2-=ΔGsp-GCu2++(GCuS+2GH2O)=152,1216 kJ/mol; 

CuS -53,1 66,5 -53,6 [1] DGH=DHH–T*DSH=-53,164,8-298,15*0,0665=-72,99 kJ/mol; 
CuS formation -53,6 34,0916 GCuS=ΔG°form+(GCu+GSromb)=34,0916 kJ/mol; 

Formation [1] 2Cu+O=Cu2O; ΔG°Cu2O=GCu2O-(2GCu+GO2/2)=GCuO-(2*84,148+303,1/2)=-146,0 kJ/mol; 
GCuO=ΔG°CuO+(2GCu+GO2/2)=-146,0+(2*84,148+303,1/2)=173,846 kJ/mol; 
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Formation [1] Cu+O=CuO; ΔG°CuO=GCuO-(GCu+GO2/2)=GCuO-(84,148+303,1/2)=-129,7 kJ/mol; 
GCuO=ΔG°CuO+(GCu+GO2/2)=-129,7+(84,148+303,1/2)=105,998 kJ/mol; 

Cu+H2O=Cu++2e--; E°Classic=0,521 V[1].  
E°Cu/Cu+=E°Classic-0,0591*log(1/[H2O])+ΔE°Cu=0,521-0,0591*log(1/55,3)+0,10166-0,371339=0,35432 V.  

ΔGeq_Cu=E°Cu•F•1=0,35432*96485*1=34,1866 kJ/mol,  
ΔGeq_Cu=GCu++Ge--(GCu+GH2O)=118,33+0,00460-(84,148+0)=34,1866 kJ/mol;  
GCu+=ΔGeqCu-Ge--+(GCu+GH2O)=34,1866-0,00460+(84,148+0)=118,33 kJ/mol;  
Ge-=ΔGeqCu-GCu++(GCu+GH2O)=34,1866-118,33+(84,148+0)=0,00460 kJ/mol;  
GCu=GCu++Ge--(ΔGeq_Cu+GH2O)=118,33+0,00460-(34,1866+0)=84,148 kJ/mol;  

Formation Cu+O2g+H2g=Cu(OH)2; ΔG°=GCu(OH)2-(GCu+GO2g+GH2g)=121,29-(69,5467+303,1+85,64)=-337 kJ/mol;  
GCu(OH)2=ΔG°form+(GCu+GO2gas+GH2gas)=-337+(69,5467+303,1+85,64)=121,29 kJ/mol;  

[33] Solubility Cu(OH)2+3H2O=Cu2++2OH-; Ksp=[Cu2+]*[OH-]2/[H2O]3=2,2*10^(-20)/55,3^3=10^(-24,886);  
Attractor ΔGsp=-RTln(Kspeq)=-8,3144*298,15*ln(10^(-24,886))=142,048 kJ/mol  

ΔGsp=GCu2++2GOH--(GCu(OH)2+3GH2O)=GCu2++2*77,36-(121,29+3*0)=142,048 kJ/mol;  
GCu2+=ΔGsp -2GOH-+(GCu(OH)2+3GH2O)=142,048-2*77,36+(121,29+3*0)=108,618 kJ/mol;  
GCu(OH)2=GCu2++2GOH--(ΔGsp+3GH2O)=108,618+2*77,36-(142,048+3*0)=121,29 kJ/mol;  

Formation Cu +1,5O2gas+Cgraph=CuCO3;      Cu+Sromb=CuS;      Formation Cu+2O2gas+2Cgraph=CuC2O4; 
ΔG°form=GCuCO3-(GCu+1,5GO2gas+GCgraph)=102,258-(84,148+1,5*303,1+91,26)=-527,8 kJ/mol; [1] 
GCuCO3=ΔG°form+(GCu+1,5GO2gas+GCgraph)=-527,8+(84,148+1,5*303,1+91,26)=102,258 kJ/mol;  

ΔG°form=GCuS-(GCu+GSromb)=34,0916-(84,148+3,5436)=-53,6 kJ/mol;  
GCuS=ΔG°form+(GCu+GSromb)=-53,6+(84,148+3,5436)=34,0916 kJ/mol;   

DG°CuC2O4crForm=GCuC2O4cr-(Cu+2O2gas+2Cgraph)=75,508-(84,148+2*303+2*91,26)=-797,16 kJ/mol. 
GCuC2O4cr=DG°CuC2O4crForm+(Cu+2O2gas+2Cgraph)=-797,16+(84,148+2*303+2*91,26)=75,508 kJ/mol. 

[33] Solubility CuCO3+2H2O=Cu2++CO32-; Ksp=[Cu2+]*[CO32-]/[H2O]2=1,4*10^(-10)/55,3^2=10^(-13,339);  
Attractor ΔGsp=-RTln(Kspeq)=-8,3144*298,15*ln(10^(-13,339))=76,13856 kJ/mol  

ΔGsp=GCu2++GCO32--(GCuCO3+2GH2O)=108,618+70,07286-(102,5523+2*0)=76,13856 kJ/mol;  
GCO32-=ΔGsp- GCu2++(GCuCO3+2GH2O)=76,13856-108,618+(102,5523+2*0)=70,07286 kJ/mol;  

 [1] Solubility CuC2O4+2H2O=Cu2++C2O42-; Ksp=[Cu2+]*[C2O42-]/[H2O]2=4,43*10^(-10)/55,3^2=10^(-12,839);  
Attractor ΔGsp=-RTln(Kspeq)=-8,3144*298,15*ln(10^(-12,839))=73,2846 kJ/mol  

ΔGsp=GCu2++GC2O42--(GCuC2O4+2GH2O)=108,618+40,1746-(102,5523+2*0)=73,2846 kJ/mol;  
GC2O42-=ΔGsp-GCu2++(GCuC2O4+2GH2O)=73,2846-108,618+(75,508+2*0)=40,1746 kJ/mol; 

[33] Solubility CuS+2H2O=Cu2++S2–; Ksp=[Cu2+]*[S2–]/[H2O]2=6*10^(-37)/55,3^2=10^(-24,886); 
Attractor ΔGsp=-RTln(Kspeq)=-8,3144*298,15*ln(10^(-39,707299))=226,648 kJ/mol  

ΔGsp=GCu2++GS2--(GCuS+2GH2O)=108,618+152,1216-(34,0916+2*0)=226,648 kJ/mol;  
GS2-=ΔGsp-GCu2++(GCuS+2GH2O)=226,648-108,618+(34,0916+2*0)=152,1216 kJ/mol;  
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Prigogine absolute energy attractors for dissolution, protolysis, and reduction-oxidation of zink compounds. 
 
Formation [1] 2Cgr+3O2gas+Zn+2H2gas=ZnC2O4•2H2O -solubility ZnC2O4(s)+2H2O=Zn2++C2O42- Ksp=0,0026^2;  
ΔG°=GZnC2O4•2H2O-(GZn+3GO2g+2Ggraph+2GH2)=321,7642-(404,657+3*303,1+2*91,26+2*85,64)=-1345,99 kJ/mol; 
GZnC2O4•2H2O=ΔG°+(GZn+3GO2g+2Ggraph+2GH2)=-1345,9928+(404,66+3*303,1+2*91,26+2*85,64)=321,76 kJ/mol; 

[1] Solubility ZnC2O4+2H2O=Zn2++C2O42-; MZnC2O4=0,00026/153,4=10^(-5,77085) M;  
Keqsp=[Zn2+]*[C2O42-]/[H2O]2=10^(-5,77085*2)/55,3^2=10^(-15,027); 

Attractor ΔGsp=-RTln(Ksp)=-8,3144*298,15*ln(10^(-15,027))=85,7736 kJ/mol;   
ΔGsp=GZn2++GC2O42--(GZnC2O4+2GH2O)=404,657+207,188-(526,0714+2*0)=85,7736 kJ/mol;  
GZnC2O4=GZn2++GCO32--(ΔGsp+2GH2O)=404,657+207,188-(85,7736+2*0)=526,0714 kJ/mol;  
GC2O42-=ΔGsp-GZn2++(GZnC2O4+2GH2O)=85,7736-404,657+(526,0714+2*0)=207,188 kJ/mol;  

Substance ΔH°H kJ/mol ΔS°H J/mol/K ΔG°H , kJ/mol GO2gas=303,1 kJ/mol; GH2gas=85,64 kJ/mol; GCgraph=91,26  kJ/mol; 
Zn E°Zn= -0,980 V 404,657 GZn=GZn2+-(ΔGeq_Zn+GH2O)=215,55-(-189,107+0)=404,657 kJ/mol; 
Zn Formation -147,1 404,657 GZn=GZn(OH)2-(ΔG°+GO2g+GH2g)=404,657 kJ/mol; 

Zn2+ -153,9 -112,1 -147,1 [1] ΔGZn2+=ΔHH–T*ΔSH=-153,39-298,15*-0,112=-119,967 kJ/mol; 
Zn2+ formation -147,1 215,55 GZn2+=GZn-(ΔG°+2Ge-)=391,48-(-147,1+2*161,515)=215,55 kJ/mol; 

Ge- Zn2+ Free e- -147,1 14,415 Ge-=ΔG°-GZn2++(GZn)=(-147,1-215,55+(391,48))/2=14,415 kJ/mol; 
Zn(OH)+ format Ge- -330,1 13,642 Ge-=ΔG°-G[Zn(OH)]++(GZn+GO2gas/2+GH2/2)=-330,1=13,642 kJ/mol; 
Zn(OH)+ KaeqZn(2+ =10-10,8927 255,285 G[Zn(OH)]+=ΔGprot-GH3O++(G[Zn(H2O)]2++GH2O)=255,285 kJ/mol; 
Zn(OH)+ Kstab_eq =103,297275 274,089 G[Zn(OH)]+=ΔGstab_eq-GH2O-(G[Zn(H2O)]2++GOH-)=274,089 kJ/mol; 

Zn(H2O)2+ format-2Ge- 14,415 215,55 GZn2+=ΔG°-2Ge-+(GZn)=-147,1-2*14,415+(391,48)=215,55 kJ/mol; 
Ge-Zn2+ E°Zn= -0,980 V 0,0 2Ge-=ΔGeqZn-GZn2++(GZn+GH2O)=0,0 kJ/mol; 

Zn2+ E°Zn= -0,980 V 215,55 GZn2+=ΔGeq_Zn+(GZn+GH2O)=-189,107+(404,657+0)=215,55 kJ/mol; 
Zn2+ KspZn(OH)2= 10^-25,149 228,727 GZn2+=ΔGsp -2GOH-+(GZn(OH)2+3GH2O)=215,55 kJ/mol; 

Zn(OH)2 -641,9 81,2 -553,5 [1] ΔGZn2+=ΔHH–T*ΔSH=-641,9-298,15*0,0812= -666,11 kJ/mol; 
Zn(OH)2 formation -553,5 239,897 GZn(OH)2=ΔG°form+(GZn+GO2gas+GH2gas)=239,897 kJ/mol; 
Zn(OH)2 KspZn(OH)2= 10^-25,149 239,897 GZn(OH)2=GZn2++2GOH--(ΔGsp+3GH2O)=239,897 kJ/mol; 
ZnCO3 -812,8 82,4 -731,3 [1] ΔGZn2+=ΔHH–T*ΔSH=-812,8-298,15*0,824=-1058,48 kJ/mol; 
ZnCO3 formation -731,3 219,267 GZnCO3=ΔG°form+(GZn+1,5GO2gas+GH2gas)=219,267 kJ/mol; 
CO32- -677,1 -56,9 -527,8 [1]ΔGH=ΔHH–T*ΔSH=-677,1-298,15*-0,0569=-660,135 kJ/mol; 
CO32- formation -527,8 46,94 GCO32-=ΔG°+(1,5GO2g+Ggraph+2Ge-)=46,94 kJ/mol; 
ZnS -206,0 57,7 -201,3 [1] ΔGZn2+=ΔHH–T*ΔSH=-206-298,15*0,577=-382,36 kJ/mol; 
ZnS formation -201,3 206,90 GZnS= ΔG°+(GZn+GSrhombic)=-201,3+(404,657+3,5436)=206,9 kJ/mol; 
S2– 33,1 -14,6 85,8 [1] ΔGZn2+=ΔHH–T*ΔSH=-33,1-298,15*-0,0146=-382,36 kJ/mol; 
S2– formation if14,415 118,1736 GS2–=ΔG°+(GSrhombic+2Ge-)=85,8+(3,5436+2*14,415)=118,1736 kJ/mol; 

Ge- S2– Free e- 85,8 if  34,1432 2Ge-=GS2–-(GSrhombic+ΔG°)=157,63-(3,5436+85,8)=2*34,1432 kJ/mol; 
S2– E°S↓/S2-= -0.79853V 157.63 GS2-aq=GSrombic+GH2O-(ΔGeqS2-aq)=157.63 kJ/mol; 

ZnC2O4•2H2O -1564,816 195,3928 -1345.9928 [38] ΔGH=ΔHH–T*ΔSH=-1564,8-298,15*0,19539=-1623 kJ/mol;  
ZnC2O4•2H2O formation -1345.99 321,76 GZnC2O4•2H2O=ΔG°+(GZn+3GO2g+2Ggraph+2GH2)=321,76 kJ/mol;  

ZnC2O4 Ksp= 10-8,6555 526,0714 GZnC2O4=GZn2++GCO32--(ΔGsp+2GH2O)=526,0714 kJ/mol; 
C2O42- formation -pH=7,36 -677,14 Alberty 2006 Biochem.Thermodyn Massachusetts Techn. Inst.  
C2O42- -825,1 45,6 -673,9 [1] ΔGH=ΔHH–T*ΔSH=-825,1-298,15*0,0456=-862,637 kJ/mol;  
C2O42- formation -673,9 114,62 GC2O4(2-)=ΔG° C2O4(2-)Form+(2GCgr+2GO2gas+2Ge-)=114,62 kJ/mol;  
C2O42- formation -677,14 111,38 GC2O4(2-)=ΔG° C2O4(2-)Form+(2GCgr+2GO2gas+Ge-)=111,38 kJ/mol;  
C2O42- ZnC2O4Ksp= 10-15,027 207,188 GC2O42-=ΔGsp-GZn2++(GZnC2O4+2GH2O)=207,188 kJ/mol; 
C2O42- acid_2 33,563 pKa2=5,88 207,173 GC2O4=ΔGeq2HC2O4-GH3O+(GHC2O4+GH2O)=207,173kJ/mol; 
C2O42- E°C2O4= -0,7607 V 183,55 GC2O4=2GCO2aq-(ΔGeqC2O4)=2*18,38-(-146,79)=183,55 kJ/mol; 

Metal zinc Zn+H2O=Zn2++2e-, E°Classic=-0,7618 V [1], -0,0591/2*log(1/([H2O]))=0,0515 water, sum ΔE°:  
 [Zn2+]=CZnSO4=2 M solution mas of 2 mols mZnSO4=2*161,44=322,88 g, density 1,31 g/mL. Absolute standard has  
E°Zn/Zn2+=E°cclassic-0,0591/2*log(1/([H2O]))+ΔE°=-0,7618-0,0591/2*log(1/55,3)+0,10166-0,371339=-0,97998 V. 

EZn=E°Zn/Zn2++0,0591/2*log([Zn2+]/[Zn]/([H2O]))=-0,97998+0,0591/2*log(2/1/(55,3))=-1,02258 V  
Distinguish from -1,02258V on 4th digit of -1,02045 V 2M;  

Solubility 57,7 g/100g in hundred grams of water; w%=57,7/157,7*100=36,6%;  
mH2O=mL-mZnSO4=1310-161,44*2=987,12 g; mZnSO4=2*161,44=g; [H2O]=987,12 g/18 g/mol=54,84 M. 
EZn=E°Zn/Zn2++0,0591/2*log([Zn2+]/[Zn]/([H2O]))=-0,97998+0,0591/2*log(2/1/(54,84-4*2))=-1,02045 V;  
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ΔGeqZn=E°Zn•F•2=-0,980*96485*2=-189,107 kJ/mol;  
ΔGeqZn=GZn2++2Ge--(GZn+GH2O)=215,55+2*0-(404,657+0)=-189,107 kJ/mol;  
2Ge-=ΔGeqZn-GZn2++(GZn+GH2O)=-189,107-215,55+(404,657+0)=0,0 kJ/mol;  

GZn=GZn2++2Ge--(ΔGeq_Zn+GH2O)=215,55+2*0-(-189,107+0)=404,657 kJ/mol; 
GZn2+=ΔGeq_Zn-2Ge-+(GZn+GH2O)=-189,107-2*0+(404,657+0)=215,55 kJ/mol; 

Formation [1] Zn=Zn2++2e-; ΔG°=GZn2++2Ge--(GZn)=215,55+2*161,515-(391,48)=-147,1 kJ/mol;  
Ge-=ΔG°-GZn2++(GZn)=(-147,1-215,55+(391,48))/2=14,415 kJ/mol;  
GZn2+=ΔG°-2Ge-+(GZn)=-147,1-2*14,415+(391,48)=215,55 kJ/mol;  

Formation [1] Zn+Srhombic=ZnS; GSrhombic=3,5436 kJ/mol;  
ΔG°=GZnS-(GZn+GSrhombic)=206,9006-(404,657+3,5436)=-201,3 kJ/mol;  

GZnS= ΔG°+(GZn+GSrhombic)=-201,3+(404,657+3,5436)=206,9006 kJ/mol;  
Formation [1] Srhombic+2e-=S2–; GSrhombic=3,5436 kJ/mol;  

ΔG°=GS2–-(GSrhombic+2Ge-)=157,63-(3,5436+2*14,415)=85,8 kJ/mol;  
2Ge-=GS2–-(GSrhombic+ΔG°)=157,63-(3,5436+85,8)=2*34,1432 kJ/mol;  
GS2–=ΔG°+(GSrhombic+2Ge-)=85,8+(3,5436+2*34,1432)=157,63 kJ/mol;  
GS2–=ΔG°+(GSrhombic+2Ge-)=85,8+(3,5436+2*14,415)=118,1736 kJ/mol; 

GZn=ΔG°+(GZn2++2Ge-)=-147,1+(538,58+2*0)=391,48 kJ/mol;                           Formation Zn+O2g+H2g=Zn(OH)2;  
ΔG°=GZn(OH)2-(GZn+GO2g+GH2g)=239,897-(404,657+303,1+85,64)=-553,5 kJ/mol;  
GZn=GZn(OH)2-(ΔG°+GO2g+GH2g)=239,897-(-553,5+303,1+85,64)=404,657 kJ/mol;  

GZn(OH)2=ΔG°form+(GZn+GO2gas+GH2gas)=-553,5+(404,657+303,1+85,64)=239,897 kJ/mol;  
 [1] Solubility Zn(OH)2+3H2O=Zn2++2OH-; Ksp=[Zn2+]*[OH-]2/[H2O]3=3*10^(-17)/55,3^3=10^( -25,149);  

Attractor ΔGsp=-RTln(Kspeq)=-8,3144*298,15*ln(10^(-25,149))=143,55 kJ/mol  
ΔGsp=GZn2++2GOH--(GZn(OH)2+3GH2O)= 228,727+2*77,36-(239,897+3*0)=143,55 kJ/mol;  
GZn(OH)2=GZn2++2GOH--(ΔGsp+3GH2O)=228,727+2*77,36-(143,55+3*0)= 239,897 kJ/mol;  
GZn2+=ΔGsp -2GOH-+(GZn(OH)2+3GH2O)=143,55-2*77,36+(239,897+3*0)=228,727 kJ/mol;  

Formation Zn+1,5O2g+Cgraph=ZnCO3;  
ΔG°=GZnCO3-(GZn+1,5GO2g+Ggraph)=219,267-(404,657+1,5*303,1+91,26)=-731,3 kJ/mol; 

GZnCO3=ΔG°form+(GZn+1,5GO2gas+GH2gas)=-731,3+(404,657+1,5*303,1+91,26)=219,267 kJ/mol;  
 [1] Solubility ZnCO3+2H2O=Zn2++CO32-; Ksp=[Zn2+]*[CO32-]/[H2O]2=1,46*10^(-10)/55,3^2=10^(-13,321);  

Attractor ΔGsp=-RTln(Ksp)=-8,3144*298,15*ln(10^(-13,321))=76,0358 kJ/mol;   
ΔGsp=GZn2++GCO32--(GZnCO3+2GH2O)=404,657+102,5523-(431,1735+2*0)=76,0358 kJ/mol;  
GZnCO3=GZn2++GCO32--(ΔGsp+2GH2O)=404,657+102,5523-(76,0358+2*0)=431,1735 kJ/mol;  

Formation 1,5O2g+Cgraph+2e-=CO32-;  
ΔG°=GCO32--(1,5GO2g+Ggraph+2Ge-)=46,94-(1,5*303,1+91,26+2*14,415)=-527,8 kJ/mol;  
GCO32-=ΔG°+(1,5GO2g+Ggraph+2Ge-)=-527,8+(1,5*303,1+91,26+2*14,415)=46,94 kJ/mol;  

Formation Zn +O2gas/2+H2/2=[Zn(OH)]++e-; [1]  
ΔG°=G[Zn(OH)]++Ge--(GZn+GO2gas/2+GH2/2)=255,285+13,642-(404,657+303,1/2+85,64/2)=-330,1 kJ/mol; 
Ge-=ΔG°-G[Zn(OH)]++(GZn+GO2gas/2+GH2/2)=-330,1-255,285+(404,657+303,1/2+85,64/2)=13,642 kJ/mol;  

Acid  [Zn(H2O)]2+ protolysis Prigogine atractor ΔGeq=-RTln(Keq) equilibrium [38] IUPAC.  
[Zn(H2O)]2++H2O=[Zn(OH)]++H3O+; [38] IUPAC. 

KeqZn(H2O)2+=[[Zn(OH)]+]*[H3O+]2/[[Zn(H2O)]2+]/[H2O]=10^(-9,15)/55,3=10^(-10,8927); 
[38] Attractor ΔGsp=-RTln(KeqZn(H2O)2+)=-8,3144*298,15*ln(10^(-10,8927))=62,175167 kJ/mol;  

Hess expression ΔGprot=G[Zn(OH)]++GH3O+-(G[Zn(H2O)]2++GH2O)=255,285+22,44-(215,55+0)=62,175167 kJ/mol;  
G[Zn(OH)]+=ΔGprot-GH3O++(G[Zn(H2O)]2++GH2O)=62,175167-22,44+(215,55+0)=255,285 kJ/mol;  

 [18] Zn(H2O)2++OH-=Zn(OH)++H2O;  
Stability constant Kstab_eq=ß1*[H2O]=[Zn(OH)+]/[Zn2+]/[OH-]*[H2O]=10^5,04*55,3=10^6,782725; 

[18] Attractor stability ΔGstab_eq=-RTln(Kstab_eq)=-8,3144*298,15*ln(10^6,782725)=-38,715567 kJ/mol;  
 ΔGstab_eq=G[Zn(OH)]++GH2O-(G[Zn(H2O)]2++GOH-)=254,194+0-(215,55+77,36)=-38,715567 kJ/mol;  
G[Zn(OH)]+=ΔGstab_eq-GH2O-(G[Zn(H2O)]2++GOH-)=-38,715567-0+(215,55+77,36)=254,194 kJ/mol;  
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Prigogine absolute energy attractors for dissolution, protolysis, and reduction-oxidation of chromium compounds   

 
Metal chromium in [Cr3+]=1 M solution, density 1,172 g/mL mH2O=mL-mCr2(SO4)2=1172-392,16=779,84 g/L,  

Cr+H2O=Cr3++3e-. molarity Cr2(SO4)3=392,16 g/mol, water amount [H2O]=779,84 g/18 g/mol=43,3244 M.  
Metal chromium Cr+H2O=Cr3++3e-; has E°classic=-0,744 V  [1], water -0,0591/3*log(1/(55,3)=0,03433 and ΔE°: 

E°Cr/Cr3+=E°Classic-0,0591/3*log(1/[H2O])+ΔE°Cr=-0,744+0,03433+0,10166-0,371339=-0,979347 V. 
ΔGeq_Cr=E°Cr•F•3=-0,979347*96485*3=-283,5 kJ/mol,  

 ΔGeq_CR=GCr3++3Ge--(GCr+GH2O)=18,3+3*0-(301,8+0)=-283,5 kJ/mol ;  
GCr3+=ΔGeq_CR+(GCr+GH2O)=-283,5-3*0+(301,8+0)=18,3 kJ/mol; 

3Ge-=ΔGeq_CR-GCr3++(GCr+GH2O)=(-283,5)-18,3+(301,8+0)=3*0 kJ/mol ;  
ECr=E°Cr+0.0591/3*log([Cr3+]/[Cr]/([H2O]))=-0.979347+0.0591/3*log(1/1/55.3)=-1.0136 V; Distinguish from 
1M -1.0136 V on 3rd digit -1.002 V. Solubility 64 g/100g in hundred grams of water; w%=64/164*100=39.2%;  

39.2/100g=X/1172//g/L; 39.2/100*1172=459.4 g/L; CCr2(SO4)2=459.4/392.16=2.343 M,  
Cr2(SO4)3; mH2O=mL-mCr2(SO4)2=??1172??-459.4=712.6 g; mCr2(SO4)2=457.07g. [H2O]=712.6 g/18 g/mol=39.59 M.  
ECr=E°Cr+0.0591/3*log([Cr3+]/([Cr]-([H2O]-6*[Cr3+]))=   
                                                                                     =-0.9793+0.0591/3*log(2.343/1/(39.59-6*1))=-1.002 V; 
Substance ΔH°H kJ/mol ΔS°H J/mol/K ΔG°H , kJ/mol GO2gas=303,1 kJ/mol; GH2gas=85,64 kJ/mol; GCgraph=91,26  kJ/mol; 

Ge Cr [1] Cr2O72- 28,76975 332,515 [1] 2GCr=GCr2O72--(3,5GO2g+ΔGºC2rO72-+2Ge-)=2*332,515 kJ/mol; 
Cr 308,90 23,8 301,8 [1] DHH=DGCl-+T*DSH=301,8+298,15*0,0238=308,90 kJ/µol; 

Cr assume zero GCr2O 3=0 kJ/mol 301,8 GCr=(GCr2O3-ΔGºCr2O3-1,5GO2g)/2=301,8 kJ/mol;  
Cr2+ -143,5 -1,13118 83,516 GCr2+=ΔGeq_CR-2Ge-+(GCr+GH2O)=83,516 kJ/mol;  

Cr2+ Ge- --143,5 formation 37,392 2Ge-=ΔG°-GCr2+ +(GCr)=-143,5=2*37,392=-143,5= 29,892 kJ/mol; 
Cr3+ E°Cr/Cr3+= -0,9793 V 18,3 GCr3+=ΔGeq_CR+(GCr+GH2O)=-283,5+(301,8+0)=18,3 kJ/mol; 

Cr(OH)2(s) [33] Ksp =10-20,927 118,785 GCr(OH)2(s)=GCr2++2GOH-(ΔGeq+3GH2O)=118,785 kJ/mol; 
Cr(OH)3 [33] Ksp =10-30,2) 38,206 GCr(OH)3(s)=GCr3++3GOH-( ΔGeq+4GH2O)=38,206 kJ/mol; 
Cr(OH)3 E°Cr(OH)3/Cr -1,7497 V 27,43 GCr(OH)3=DG°eq-3Ge-+(Cr+3GOH)=27,43 kJ/mol;; 

Cr(OH)3aq [18] Kstab 9,352*1030 73,599 GCr(OH)3aq=ΔGeq-4GH2O+(GCr3++3GOH-)=73,599 kJ/mol; 
[33]HCrO2 Kprot= 10^(-4,92318) 191,014 GHCrO2=GCrO2-+GH3O-(ΔGeq+GH2O)=191,014 kJ/mol; 
[1] CrO2- E°CrO2-/Cr= -1,53834V 196,675 GCr(O2-Cr=DG°eq-3Ge-+2GH2O+(GCr+4GOH)=196,675 kJ/mol; 
Cr(OH)4- [33] Keq_for =1036,874 117,264 GCr(OH)4-=ΔGeq-4GH2O+(GCr3+(H2O)4+4GOH-)=117,264 kJ/mol; 
[1] CrO2 E°CrO2= 2,03428 V 124,818 GCrO2=ΔGeq-4GH3O-Ge--(GCr3++8GH2O)=124,818 kJ/mol; 

[1]H2CrO4 pKa=0,74 =0,00329 291,509 GH2CrO4=GHCrO4-+GH3O-(ΔGeq+GH2O)=291,509 kJ/mol ; 
HCrO4–- [1]E°Cr6+3+= 1,45797 V 283,24 GHCrO4=ΔGeq_Cr3+/6+ -7GH3O-3Ge-+(GCr3++11GH2O)=283,24 kJ/mol; 

Ge-HCrO4- formation -736,35 68,76975 ΔGºHCrO4–=G HCrO4–-(0,5GH2+2GO2g+GCr+Ge-)=-736,34975 kJ/mol; 
CrO42–- -881,2 50,2 -727,8 [1] DGH=DHH-T*DSH=-881,2-298,15*0,0502=-896,167 kJ/µol; 

2Ge-CrO42–- formation -727,8 68,76975 [1] 2Ge-=GCrO42--(GCr+ΔG°+2GO2g)=2*68,76975 kJ/mol; 
[1] CrO42–- pKa2=6,49 Ke=10-8,232 317,7395 GCrO42-=ΔGeq-GH3O+(GHCrO4+GH2O)=317,7395 kJ/mol; 
[1] CrO42–- E°Cr(OH)3/Cr3+= -0,53701V 269,57 GCrO42-=ΔGeqCrO42–OH--4GH2O-0-(GCr(OH)3+5GOH)=269,57 kJ/mol; 
Cr2O72– -1490,3 261,9 -1301,1 [1] DGH=DHH-T*DSH=-1490,3-298,15*0,2619=-1568,385 kJ/µol; 
Cr2O72– 2Ge-formati -1301,1 68,76975 [1]; 2Ge-=GCr2O72--(3,5GO2g+2GCr+ΔGºCr2O72-)=2*68,76975 kJ/mol; 
Cr2O72– formation -1301,1 544,83 GCr2O7=ΔGD-GH2O+(2GHCrO4)=-21,64875-0+(2*283,24)=544,83 kJ/mol ; 

[1] Cr2O72– E°Cr2O72–/Cr3 =1,4508 V 562,32 GCr2O72=ΔGeq_CR-14GH3O-6Ge-+(2GCr3++21GH2O)=562,32 kJ/mol; 
HCr2O7– Ka/[H2O]= 0,0002866 564,538 GHCr2O7-=GCr2O7+GH3O-(ΔGeq+GH2O)=564,538 kJ/mol; 
CrCl2(s) -395,4 115,3 -356,0 [1]  
CrCl2(s) -395,4 115,3 -356,0 [1]  
CrCl3(s) -556,5 123,0 -486,1 [1] 
CrCl3(s) -556,5 123,0 -486,1 [1] 
Cr2O3 -1139,7 81,2 -1058,1 [1] Formation ΔGºCr2O3=GCr2O3-(1,5GO2g+2GCr)=-1058,1 kJ/mol; 

Cr assum formation -1058,1 301,8 GCr=(GCr2O3-ΔGºCr2O3-(1,5GO2g))/2=301,8 kJ/mol;  
Cr2O3 GCr2O3 =0 kJ/mol 0  GCr2O3=ΔGºCr2O3+1,5GO2g+2GCr=0 kJ/mol; 
H2O -285,85 69,9565 -237,191 Protolīze ΔGeq=GH3O++GOH-=22,44+77,36=99,8 kJ/mol; 
OH-  Keq1=3,26• 10^(-18) 77,36 GOH-=ΔGeq-GH3O+=99,8-22,44=77,36 kJ/mol; 
OH- -230 -10,8 -157,2 CRC [1] ΔG°OH-=DH-T*DS=-230-298.15*-0.0109=-226.75 kJ/mol; 
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Cr+H2O=Cr2++2e-, The absolute standard has  E°classic=-0,913 V  [1], water -0,0591/2*log(1/(55,3)=0,0515, sum 
ΔE°: E°Cr/Cr2+=E°Classic-0,0591/2*log(1/[H2O])+ΔE°Cr=-0,913+0,0515+0,10166-0,371339=-1,1311815 V. 

ΔGeq_Cr=E°Cr•F•2=-1,1311815*96485*2=-218,284 kJ/mol,  
ΔGeq_CR=GCr2++2Ge--(GCr+GH2O)=83,516+2*0-(301,8+0)=-218,284 kJ/mol ;  
GCr2+=ΔGeq_CR-2Ge-+(GCr+GH2O)=-218,284-2*0+(301,8+0)=83,516 kJ/mol ;  
2Ge-=ΔGeq_CR-GCr2++(GCr+GH2O)=-218,284-83,516+(301,8+0)=2*0 kJ/mol ;  

 
[1] Formation Cr=Cr2++2e-, ΔG°=GCr2++2Ge- -(GCr)=83,516+2* Ge- -(301,8)=-143,5 kJ/mol ;  

2Ge-=ΔG°-GCr2+ +(GCr)=-143,5-83,516+(301,8)=2*37,392 kJ/mol ; 
GCr2+=ΔG°-2Ge-+(GCr)=-143,5-2*37,392+(301,8)=83,516 kJ/mol ; 

 
Cr2+=Cr3++e-. Absolute sum has E°Classic=-0,407 V [1], zero water  -0,0591/3*log(1)=0,0 un ΔE°:  

E°Cr/Cr3+=E°Classic-0,0591/1*log(1)+ΔE°Cr=-0,407+0,0+0,10166-0,371339=-0,67668 V. 
ΔGeq_ Cr2+Cr3+=E°Cr2+Cr3+•F•1= =-0,676679*96485*1=-65,2894 kJ/mol,  

Ge- =ΔGeq_Cr2+Cr3+-GCr3++(GCr2+)=-65,2894-18,3+(83,516+0)=-0,0734 kJ/mol ;  
 
Cr3++11H2O=HCrO4–+7H3O++3e-. Absolute sum has E°Classic=1,350 V [1],  

-0,0591/3*log(1/([H2O]^11))= 0,37765 water logarithm and ΔE°:  
E°Cr3+/HCrO4=E°Classic-0,0591/3*log(1/([H2O]^11))+ΔE°Cr= 

=1,350-0,0591/3*log(1/(55,3^11))+0,10166-0,371339=1,45797 V. 
 ΔGeq_Cr3+/HCrO4=E°Cr2+Cr3+•F•3=1,45797 *96485*3=422,0167 kJ/mol,  

  ΔGeq_Cr3+/HCrO4=GHCrO4+7GH3O+3Ge--(GCr3++11GH2O)=283,24+7*22,44+3*0-(18,3+11*0)=422,02 kJ/mol, 
GHCrO4=ΔGeq_Cr3+/HCrO4-7GH3O-3Ge-+(GCr3++11GH2O)=422,02-7*22,44-3*0+(18,3+11*0)=283,24 kJ/mol, 

3Ge-=ΔGeq_Cr3+/HCrO4-GHCrO4-7GH3O++(GCr3++11GH2O)=422,02-283,24-7*22,44-3*0+(18,3+11*0)=3*0 kJ/mol, 
 
Cr+3OH–=Cr(OH)3+3e-; pH>9 ; Absolute standard has E°classic=-1,48 V [1], water 0,137327, sum ΔE°:  
E°Cr(OH)3/Cr=E°Classic-0,0591/3*log(1)+ΔE°=-1,2+0,0+0,10166-0,371339=-1,74968 V. 

ΔGeq=E˚Cr3/OH•F•3=-1,74968*96485*3=-506,45 kJ/mol,  
 DG°eq=GCr(OH)3+3Ge-+(Cr+3GOH)=27,43+3*0-(301,8+3*77,36)=-506,45 kJ/mol; 
GCr(OH)3=DG°eq-3Ge-+(Cr+3GOH)=-506,45-3*0+(301,8+3*77,36)=27,43 kJ/mol; 

 
Cr+4OH–=CrO2-+2H2O+3e-; pH>9 ; Absolute standard has E°classic=-1,2 V [1], water -0,06866, sum ΔE°:  
E°CrO2-/Cr=E°Classic-0,0591/3*log([H2O]2)+ΔE°=-1,2-0,0591/3*log(55,3^2)+0,10166-0,371339=-1,53834 V. 

 ΔGeq=E˚Cr/O2-Cr•F•3=-1,53834*96485*3= -445,28 kJ/mol,  
 DG°eq=GCrO2-Cr+3Ge-+2GH2O-(GCr+4GOH)=165,96+3*0+2*0-(301,8+4*77,36)=-445,28 kJ/mol;  
GCrO2-Cr=DG°eq-3Ge-+2GH2O+(GCr+4GOH)=-445,28-3*0-2*0+(301,8+4*77,36)=165,96 kJ/mol;  

 
 DG°eq=GCrO2-Cr+3Ge-+2GH2O-(GCr+4GOH)=196,675+3*0+2*0-(332,515+4*77,36)=-445,28 kJ/mol;  
GCrO2-Cr=DG°eq-3Ge-+2GH2O+(GCr+4GOH)=-445,28-3*0-2*0+(332,515+4*77,36)=196,675 kJ/mol;  
GCr=GCrO2-Cr+3Ge-+2GH2O-(DG°eq+4GOH)=196,675+3*0+2*0-(-445,28+4*77,36)=332,515 kJ/mol;  

 
Cr(OH)3+5OH–=CrO42–+4H2O+3e-; pH>9 ; Absolute standard has E°classic=-0,13 V [1], water -0,137326, sum ΔE°:  
E°Cr(OH)3/Cr3+=E°Classic-0,0591/3*log([H2O]4)+ΔE°=-0,13-0,0591/3*log(55,3^4)+0,10166-0,371339=-0,53701 V. 

ΔGeq=E˚Cr3/OH•F•3=-0,5370057*96485*3=-155,44 kJ/mol,  
 ΔGeqCrO42–OH=GCrO42-+4GH2O+3Ge--(GCr(OH)3+5GOH)=269,566+4*0+3*0-(38,206+5*77,36)=-155,44 kJ/mol;  
GCrO42-=ΔGeqCrO42–OH--4GH2O-3Ge--(GCr(OH)3+5GOH)=-155,44-4*0-3*0+(38,206+5*77,36)=269,566 kJ/mol;  

 
 ΔGeqCrO42–OH=GCrO42-+4GH2O+3Ge--(GCr(OH)3+5GOH)=258,79+4*0+3*0-(27,43+5*77,36)=-155,44 kJ/mol;  
 GCrO42-=ΔGeqCrO42–OH--4GH2O-3Ge--(GCr(OH)3+5GOH)=-155,44-4*0-3*0+(27,43+5*77,36)=258,79 kJ/mol;  

 
Cr3++8H2O=CrO2+4H3O++e-; Absolute standard has E°classic=1,48 V [1], water 0,82396, sum ΔE°:  
E°CrO2=E°Classic-0,0591/1*log(1/[H2O]8)+ΔE°=1,48-0,0591/1*log(1/55,3^8)+0,10166-0,371339=2,034281 V. 

ΔGeq=E°CrO2•F•3=2,034281*96485*1=196,278 kJ/mol, 
 ΔGeq=GCrO2+4GH3O+Ge--(GCr3++8GH2O)=124,818+4*22,44+0-(18,3+8*0)=196,278 kJ/mol ;  

GCrO2=ΔGeq-4GH3O-Ge--(GCr3++8GH2O)=196,278-4*22,44-0+(18,3+8*0)=124,818 kJ/mol ;  
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2Cr3++21H2O=Cr2O72–+14H3O++6e-; Absolute standard has E°classic=1,36 V [1], water 0,3604827, sum ΔE°: 
E°Cr2O72–/Cr3+=E°Classic-0,0591/6*log(1/[H2O]21)+ΔE°=1,36+0,3604827+0,10166-0,371339=1,450804 V. 

ΔGeq=E°Cr2O72–/Cr3+•F•6=1,450804*96485*6=839,88 kJ/mol, 
 ΔGeq_CR=GCr2O72+14GH3O+6Ge--(2GCr3++21GH2O)=562,32+14*22,44+6*0-(2*18,3+21*0)=839,88 kJ/mol ;  
GCr2O72=ΔGeq_CR-14GH3O-6Ge-+(2GCr3++21GH2O)=839,88-14*22,44+6*0+(2*18,3+21*0)=562,32 kJ/mol ;  

 
/wiki/Chromium(III)_chloride Solubility [[CrCl2(H2O)4]Cl•2H2O](s)+2[H2O]=[CrCl2(H2O)4]++[Cl-•2H2O]—;  
M(CrCl3•(H2O)6)=158,36+6*18,02=158,36+108,12=266,48 g/mol mas 347,65+237,35=585 g/1000 mL H2O. 
108,12/266,48=X/585; 108,12/266,48*585=X=237,35mL; [H2O]=(1000+237,35)/18,02=68,665 mol 1237,35 mL 
347,65/1237,35=X/1000; 347,65/1237,35*1000=280,96g/1000 g, w%=280,96/(280,96+1000)*100=22,696%;  
[CrCl2(H2O)4]Cl•2H2O=280,96/158,36=1,774 M=[Cr3+]=[Cl-•2H2O] m=280,96+1000=1280,96 g=? volume  
[H2O]=(1000/18,02)=55,494 M ; [H2O]=55,494-4*1,774-2*1,774=44,85 M in 1000  

[[CrCl2(H2O)4]Cl•2H2O](s)+2[H2O]=[CrCl2(H2O)4]++[Cl-•2H2O]—; mol fraction constant unit less : 
Ksp_eq=[[CrCl2(H2O)4]+]*[[Cl-•2H2O]—]/[[[CrCl2(H2O)4]Cl•2H2O](s)]/[H2O]2=1,774^2/1/44,85^2=0,0015645; 

Sum for mol fraction [[CrCl2(H2O)4]+]+[Cl-•2H2O]+[H2O]=1,774+1,774+44,85=48,398 M;  
ΔGeq=-R•T•ln(Keq)=-8,3144*298,15*ln(0,0015645)=16,0144 kJ/mol. 

ΔGeq=G[CrCl2(H2O)4]++G[Cl-•2H2O]—-(G[[CrCl2(H2O)4]Cl•2H2O](s)+2GH2O)=16,0144 kJ/mol ; 
 ΔGeq=G[CrCl2(H2O)4]++G[Cl-•2H2O]—-(G[[CrCl2(H2O)4]Cl•2H2O](s)+2GH2O)=16,0144 kJ/mol ; 

Formation ΔGºCrCl3=GCrCl3-(GCr+1,5GCl2)=GCrCl3-(301,8+1,5*GCl2)=-486,1 kJ/mol;  
 [[CrCl2(H2O)4]Cl•2](s)=1,  [Cr3+]=1,774 M, [Cl-•2H2O]=1,774 M, [H2O]=44,85 M 

[33] Solubility [Cr3+(H2O)3(OH)3](s)+4H2O=[Cr3+(H2O)6]+3OH; Ksp=10^(-30,2);  
Keq=Ksp/[H2O]4=6,3*10^(-31)/55,3^4=10^(-37,17155); 

ΔGeq=-R•T•ln(Keq)=-8,3144*298,15*ln(10^(-37,17155))=212,174 kJ/mol. 
ΔGeq=GCr3++3GOH-(GCr(OH)3(s)+4GH2O)=GCr3++3*77,36-(GCr(OH)3(s)+*4*0)=212,174 kJ/mol ; 

GCr(OH)3(s)=GCr3++3GOH-( ΔGeq+4GH2O)=18,3+3*77,36-(212,174+4*0)=38,206 kJ/mol ; 
[18] Stability Cr3++3OH=Cr(OH)3+4H2O; 
Kstab=ß3*[H2O]4=[Cr(OH)3]/([Cr3+]/[OH-]3)*[H2O]4=10^24*55,3^4=9,3519*10^30 10^24 [I]=0; 10^22 [I]=1 M; 

 ΔGeq=-R•T•ln(Kstab)=-8,3144*298,15*ln(9,3519*10^30)=-176,7807 kJ/mol. 
 ΔGeq=GCr(OH)3aq+4GH2O-(GCr3++3GOH-)=73,599+4*0-(18,3+3*77,36)=-176,7807 kJ/mol ; 
GCr(OH)3aq=ΔGeq-4GH2O+(GCr3++3GOH-)=-176,7807-4*0+(18,3+3*77,36)=73,599 kJ/mol ; 

[33] Complex formation [Cr3+]+EDTA=[Cr(EDTA)]+H2O;  Keq=Kf*[H2O]=1*10^23*55,3=5,53*10^24;   
ΔGeq=-R•T•ln(Keq)=-8,3144*298,15*ln(5,53*10^24)=-141,23 kJ/mol. 

[18] Complex formation [Cr3+]+EDTA=[Cr(EDTA)]+H2O;  Keq=Kf*[H2O]=10^23,4*55,3=1,389*10^25;   
ΔGeq=-R•T•ln(Keq)=-8,3144*298,15*ln(1,389*10^25)= -143,5137 kJ/mol, 

 
[33] Complex formation [Cr3+(H2O)4]+4OH=[Cr(OH)4]+4H2O;  

Keq_for =Kfor*[H2O]^4=8*10^29*55,3^4=10^36,874; 
 ΔGeq=-R•T•ln(Keq_for)=-8,3144*298,15*ln(10^36,874)=-210,476 kJ/mol. 

 ΔGeq=GCr(OH)4-+4GH2O-(GCr3+(H2O)4+4GOH-)=117,264+4*0-(18,3+4*77,36)=-210,476 kJ/mol ; 
GCr(OH)4-=ΔGeq-4GH2O+(GCr3+(H2O)4+4GOH-)=-210,476-4*0+(18,3+4*77,36)=117,264 kJ/mol ; 

 
[33] Solubility Cr(OH)2(s)+3H2O=Cr2++2OH-; Ksp=[Cr2+]*[OH-]2/[Cr(OH)3(s)]=2*10-16; -20,927 

Keq= Ksp/[H2O]3= [Cr2+]*[OH-]2/[Cr(OH)2(s)]/[H2O]3=2*10^(-16)/55,3^3=1,18264555*10^(-21)=10^(-20,927); 
 ΔGeq=-R•T•ln(Keq)=-8,3144*298,15*ln(10^(-20,927))=119,451 kJ/mol. 

 ΔGeq=GCr2++2GOH-(GCr(OH)2(s)+3GH2O)=83,516+2*77,36-(118,785+3*0)=119,451 kJ/mol ; 
GCr(OH)2(s)=GCr2++2GOH-(ΔGeq+3GH2O)=83,516+2*77,36-(119,451+3*0)=118,785 kJ/mol ; 

 
[1] Formation 2Cr+1,5O2=Cr2O3; ΔGºCr2O3=GCr2O3-(1,5GO2g+2GCr)=0-(1,5*303+2GCr)=-1058,1 kJ/mol;  

GCr=(GCr2O3-ΔGºCr2O3-(1,5GO2g))/2=(0+1058,1-(1,5*303))/2=301,8 kJ/mol; 
GCr2O3=-ΔGºCr2O3+1,5GO2g+2GCr)=1058,1-1,5*303-2*301,8)=0 kJ/mol; 

 
 [1] Formation Cr+2O2+2e-=CrO42–;  

ΔG°=GCrO42--(GCr+2Ge-+2GO2g)=317,7395-(301,8+2*68,76975+2*303,1)=-727,8 kJ/mol ; 
2Ge-=GCrO42--(GCr+ΔG°+2GO2g)=317,7395-(301,8-727,8+2*303,1)=2*68,76975=137,5395 kJ/mol ; 

 [1] Formation  0,5H2+2O2+Cr+e-=HCrO4–;  
 ΔGºHCrO4–=G HCrO4–-(0,5GH2+2GO2g+GCr+Ge-)=283,24-(0,5*85,64+2*303,1+301,8+68,76975)=-736,34975 kJ/mol;  
Ge-=G HCrO4–-(0,5GH2+2GO2g+GCr+ΔGºHCrO4–)=283,24-(0,5*85,64+2*303,1+301,8-736,34975)=68,76975 kJ/mol;  
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[1] Formation  H2+2O2+Cr=H2CrO4;  
ΔGºH2CrO4=GH2CrO4-(GH2+2GO2g+GCr)=291,509-(85,64+2*303,1+GCr)=-727,8 kJ/mol;  
ΔGºH2CrO4=GH2CrO4-(GH2+2GO2g+GCr)=291,509-(85,64+2*303,1+GCr)=-727,8 kJ/mol;  

[1] Formation  3,5O2+2Cr+2e-=Cr2O72-;  
 ΔGºCr2O72-=GCr2O72--(3,5GO2g+2GCr+2Ge-)=562,32-(3,5*303,1+2*332,515+2*68,76975)=-1301,1 kJ/mol;  

2GCr=GCr2O72--(3,5GO2g+ΔGºC2rO72-+2Ge-)=562,32-(3,5*303,1-1301,1+2*68,76975=2*332,515=665,0305 kJ/mol;  
2Ge-=GCr2O72--(3,5GO2g+2GCr+ΔGºCr2O72-)=562,32-(3,5*303,1+2*332,515-1301,1)=2*68,76975 kJ/mol;  

 
[1] Protolysis pKa=0,74; H2CrO4+H2O=HCrO4–+H3O+; Keq=Ka/[H2O]=10^(-0,74)/55,3=0,003290598 ; 

 ΔGeq=-R•T•ln(Ka/[H2O])=-8,3144*298,15*ln(0,18197/55,3)=14,171 kJ/mol ; 
 ΔGeq=GHCrO4-+GH3O-(GH2CrO4+GH2O)=283,24+22,44-(291,509+0)=14,171 kJ/mol ; 
GH2CrO4=GHCrO4-+GH3O-(ΔGeq+GH2O)=283,24+22,44-(14,171+0)=291,509 kJ/mol ;  

 [1] Protolysis pKa2=6,49; HCrO4–+H2O=CrO42-+H3O+; Keq=Ka2/[H2O]=10^(-6,49)/55,3=10^(-8,2327) ; 
 ΔGeq=-R•T•ln(Ka2/[H2O])=-8,3144*298,15*ln(5,8516*10^(-9)/55,3)=56,9395 kJ/mol; 
 ΔGeq=GCrO42-+GH3O-(GHCrO4+GH2O)=317,7395+22,44-(283,24+0)=56,9395 kJ/mol; 
GCrO42-=ΔGeq-GH3O+(GHCrO4+GH2O)=56,9395-22,44+(283,24+0)=317,7395 kJ/mol; 

 
[33] Protolysis Cr(OH)3=HCrO2+H2O=CrO2–+ H3O+;  

Ka=6,6*10^(-4); Kprot=Ka/[H2O]=6,6*10^(-4)/55,3=1,19349*10^(-5)=10^(-4,92318);  
ΔGeq=-R•T•ln(Ka/[H2O])=-8,3144*298,15*ln(1,19349*10^(-5))=28,10135 kJ/mol;  
ΔGeq=GCrO2-+GH3O-(GHCrO2+GH2O)=196,675+22,44-(191,014+0)=28,10135 kJ/mol;  
GHCrO2=GCrO2-+GH3O-(ΔGeq+GH2O)=196,675+22,44-(28,10135+0)=191,014 kJ/mol;  

[39] https://en.wikipedia.org/wiki/Chromic_acid 
Dissociation ; 2HCrO4–=Cr2O72–+H2O; logKD=2,05;  

Keq=KD*[H2O]=[Cr2O72–]/[HCrO4–]^2*[H2O]=10^2,05*55,3=10^3,792725=6204,76;   
0,74< pH <6; ΔGD=-R•T•ln(KD*[H2O])=-8,3144*298,15*ln(6204,76)=-21,64875 kJ/mol ;  

ΔGD=GCr2O7+GH2O-(2GHCrO4)=544,83+0-(2*283,24)=-21,65-0+(2*283,24)=-21,64875 kJ/mol ;  
GCr2O7=ΔGD-GH2O+(2GHCrO4)=-21,64875-0+(2*283,24)=544,83 kJ/mol ;  

 [39] https://en.wikipedia.org/wiki/Chromic_acid 
Protolysis ; pKa=1,8; HCr2O7–+H2O=Cr2O72–+H3O+;  

Keq=Ka/[H2O]=10^(-1,8)/55,3=0,0002865991;  
ΔGeq=-R•T•ln(Keq)=-8,3144*298,15*ln(0,0002865991)=20,22175 kJ/mol;  

ΔGeq=GCr2O7+GH3O-(GHCr2O7-+GH2O)=562,32+22,44-(GHCr2O7-+0)=20,22175 kJ/mol;  
GHCr2O7-=GCr2O7+GH3O-(ΔGeq+GH2O)=562,32+22,44-(20,22175+0)=564,538 kJ/mol;  

 



12 

w 

References.  
1. W.M.Haynes. Handbook of Chemistry and Physics .97th ed. CRC Press Taylor and Francis Group; 2017 2643. 

2. Prigogine I, Defey R. Chemical Thermodynamics. Longmans Green & co ©; 1954.  
3. Prigogine I, Nicolis G. Self-Organization in Non-Equilibrium Systems. Wiley, 1977.  
4. Prigogine I. Time, Structure and Fluctuations. Lecture, The Nobel Praise in Chemistry; 1977.  
5. Kuman M. New light on the attractors creating order out of the chaos. Int J Complement Alt Med. 11(6), 337, (2018) ;  
6.  Nelson DL, Cox MM. Lehninger Principles of Biochemistry. 5th ed. New York: W.H. Freman and company; 2008. 
7. Xing W, Yin G, Zhang J. Rotating Electrode Method and Oxygen Reduction Electrocatalysts. Elsevier; 6 (2014).  
8. Alberty RA. Biochemical Thermodynamic’s : Applications of Mathematics. John Wiley & Sons, Inc. 1-463, (2006). 
9. Pinard MA, Mahon B, McKenna R. Probing the Surface of Human Carbonic Anhydrase for Clues towards the Design 

of Isoform Specific Inhibitors. BioMed Research International; 2015, 3 (2015).  
11. Balodis J. PRACTICAL WORKS IN PHYSICAL CHEMISTRY PART II. Izdevniecība «Zvaigzne», Rīga, 1975, 

p.149. Latvian.  
14. Kaksis A. The Biosphere Self-Organization Attractors drive perfect order homeostasis reactions to link bioenergetic 

with functionally activate oxygen and carbon dioxide molecules. 7th International Conference on New Trends in 
Chemistry September 25-26, 2021. 

15. Kaksis A. HIGH RATE PROTOLYSIS ATTRACTORS ACTIVATE energy over zero GH2O=GCO2gas=0 kJ/mol of 
water and carbon dioxide. FREE ENERGY CONTENT as BIOSPHERE Self-ORGANIZATION creates PERFECT 
ORDER IRREVERSIBLE HOMEOSTASIS PROGRESS. 9th International Conference, MAY 2023, p.14-19. 

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

17. A.M. Suchotina, Handbook of Electro-Chemistry, Petersburg ,1981."Chimia"© Russian  
18. S.Kortly and L.Shucha. Handbook of chemical equilibria in analytical chemistry. 1985.EllisHorwood Ltd.©  
19. University Alberta Data Tables Molar Thermodynamic Properties of Pure Substances 1997. 

http://www.vhem.ualberta.ca/  
20. Boca Raton, FL. Free FAD bound to a specific flavo-protein (for example succinate dehydrogenase) a different E°  
21. David A. Harris, "Bio-energetic at a Glance". b Blackwell Science Ltd ©, 1995, p.116.  
22. Daniel C. Harris, "Quantitative chemical analysis". W.H.Freeman and Company New York ©, 7th ed.2007, p828  
23. E. Newton Harvey, "The oxidation-reduction potential of the Luciferin-Oxyluciferin system". JGP.1927, p385  
24. https://en.wikipedia.org/wiki/Atomic_radii_of_the_elements_(data_page)#Atomic_radius 
25. Kaksis A, The discovery of Hydrogen electrode reference E H̊= -0.2965 Volts in absolute potential scale synchronizes 

the sciences with absolute free energy scale. 10th International Conference on New Trends in Chemistry 19-21 April, 
2024.p.25. BOOK OF ABSTRACTS.  

26. K.P. Mishchenko, Thermodynamics of Electrolyte Solutins, MTP International Review of Sciences – Volume 10, 
Thermochemistry and Thermodynamics, (Butterworths, London, 1972)  

27. https://en.wikipedia.org/wiki/Carbon_dioxide 
28. https://en.wikipedia.org/wiki/Ammonia_solution 
29. https://en.wikipedia.org/wiki/Oxalic_acid 
30. https://en.wikipedia.org/wiki/Hydrogen_sulfide 
31. David G. Wahman, Matthew D. Pinelli, Michael R. Schock, Darren A. Lytle, Theoretical equilibrium lead(II) solubility 

revisited: Open source code and practical relationships, AWWA Water Sci. 2021 October 26; 3(5): . 
doi:10.1002/aws2.1250. 

32. Thuy Nguyen Thanh Tran, Susi Jin, Marine Cuisinier, Brian D Adams, Douglas G Ivey,  
Reaction mechanisms for electrolytic manganese dioxide in rechargeable aqueous zinc-ion batteries, Department of 
Chemical and Materials Engineering, University of Alberta, Edmonton, AB T6G 1H9 Canada,   
Salient Energy Inc., Dartmouth, NS B3B 1C4 Canada, Scientific Reports, 2021 Oct 21;11:20777. p. 3.  
email: tthuy@ualberta.ca  

33. University of Rode Island Ka, Ksp, Kf,, Thermodynamic D H S G, E°Classic, equations.  
34. D.D. Wagman, W.H. Evans, V.B. Parker, R.H. Schumm, I.B. Halow, M. Sylvia, K.L. Churney, R.L. Nuttal, The NBS 

tables of chemical thermodynamic properties. Selected values for inorganic and C1 and C2 organic substances in SI units, 
Journal of Physical and Chemical Reference Data 11 (1982) Supplement 2.  

35. J.A.Bourdoiseau, R.Sabot, M.Jeannin, F.Termemil, Ph.Refait, Determination of standard Gibbs free energy of formation of 
green rusts and its application to the Fe(II–III) hydroxy-oxalate. Colloids and Surfaces A: Physicochemical and Engineering 
Aspects. Volume 410, ELSEVIER 2012, Pages 72-80.  

36. Keyvan Malaie, Fritz Scholz, Uwe Schröder, Harm Wulff, Heike Kahlert, Determining the Gibbs Energy Contributions of 
Ion and Electron Transfer for Proton Insertion in ϵ-MnO2. ChemPhysChem published by Wiley-VCH GmbH, 2022 Oct 
17;23(24):e202200364. doi: 10..  

37. PH. Refait, C.Bon, L.Simon, G.Bourrie, F.Trolard, J.Bessiere and J.-M.R.Genin, Chemical composition and Gibbs 
standard free energy of formation of Fe(II)-Fe(III) hydroxysulphate green rust and Fe(II) hydroxide. Clay Minerals (1999) 
34,499-510  .  



13 

38. D. D. PERRIN, DISSOCIATION CONSTANTS OF INORGANIC ACIDS AND BASES IN AQUEOUS 
SOLUTION. publications.iupac.org/pac/pdf/1969/pdf/2002x0133.pdf 

 


