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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.

FetH,0=Fe?*+2¢;
Ere=E°Fe/re2++0,0591/2*log([Fe**]/[Fe]/([H20]))=-0,66623+0,0591/2*10g(0,1/1/(55,3))=-0,74728 V;
Distinguish from -0,74728 V is on 4" digit -0,74739 V.
Ere=E°Fe/re2++0,0591/2*log([Fe**]/[Fe]/([H20]-6[Fe?*]))=-0,66623+0,0591/2*10g(0,1/1/(56,38-0,6))=-0,74739 V;
[H20]=55,3 M=996 £/1/188 /mo1; mmo=mr-mres04=1030-15,191=1014,8 g; [H20]=1014,8 &/18 &/1n0oi=56,38 M.
Formation Fe +O, #+H,%=Fe(OH)y;
AG®form=Gre0m)2-(Gre+FG028*+G28%)=39,349-(140,609+303,1+85,64)=-490 '/n01; [37]
Gre0m2=AG formH(Gret+ G028 +G22%5)=-490+(140,609+303,1+85,64)=39,349 X'/ 11,;

Formation Fe +1,50; 85+1,5H,#*=Fe(OH)3;

AG®form=Gre0m)3-(Gre(+1,5G028%+1,5G12*)=27,119-(140,609-+1,5*303,1+1,5%85,64)=-696,6 *'/mo1; [33]

Gre(0m3=AG formH(Gre+ G028 +G22%)=-696,6+(140,609+1,5*303,1+1,5%85,64)=27,119 </ 1n,;

[1] Solubility Fe(OH),+3H,0=Fe**+20H"; Ks,=[Fe**]*[OH|*/[H20]?=4,87*10/(17)/55, 3/3=1 (21,54,
Attractor AGsy=-RTIn(Kpeq)=-8,3144%298,15*In(1072139)= 122,95 /5,01
AGp=Gre2++2Gon-~(Gre (02 +3Gr20)=Gre2++2%*77,36-(24,72+3*0)= 122,95 /ino1;
Gre2+=AGsp-2Gon-+(Gre(onpp+3Gn20)=122,95-2%77,36+(24,72+3%0)=12,04855 '/ moi;

[1] Solubility Fe(OH)3+4H,0=Fe3*+30H"; Ko,=[Fe**]*[OH 3 /[H20]*=2,79*10/(-3)/55,3/4=1(/(-44.369);
Attractor AGgp=-RTIn(Kpeq)=-8,3144%298,15*In(10"44399)=259,855 ¥/ 1o;
AGg=Gre3++3Gon--(Greon)3+4Gn20)=40,2605+3%77,36-(12,4855+4*0)=259,855 “//mol;
Greom)3=Gre3++3Gon--(AGsp+4Gn20)=40,2605+3*77,36-(259,855+4*0)= 12,4855 //nmoi;
Gre3+=AGsp-3Gon-+(Greon)3+4Gn20)=259,855-3%77,36+(12,4855+4*0)=40,2605 </ 1n,i;

[1] Acid HCO3+H,0=H30%+CO5”"; Kpro=Kao/[H20]=[H30*]*[CO3>]/[H.0]/[HCO5]=1071033)/55 3=1 01 (12.073);
Attractor AGpro=-RTIn(Koprot)=-8,3144%298,15*In(10"12973)=68,9123 X/ p01;
AGprot=Gu30++Gco32--(Grcos-+Gi20)=22,44+102,55-(56,08+0)=68,9123 X'/ 1q1;
Gc032=AGprot-Gr30+H(Grco3-+G20)=68,9123-22,44+(56,08+0)=102,5523 ¥/l
[1[ Solubility FeCO3>+2H,0=Fe**+CO3”; Kop=[Fe**|*[CO3*|3/[H20]?=3,13* 107 11/55 3/2=1 0N 13.99);
Attractor AGgp=-RTIn(Kgpeq)=-8,3144%298,15*In(10"1399)=79,8545 X/ ,,1;
AG=Gre3++Gco32-~(Greco32Gr20)=60,31655+102,55-(Greco3+2%0)=79,8545 X/ mol;
Grec03=Gre3++Gc032--(AGsp+2Gr20)=60,31655+102,55-(79,8545+2%0)=83,01205 X/ mol;
Formation AG®form=Greco3-(Gre(+1,5G028*+Ggraph)=19,819-(140,609+1,5*303,1+91,26)=-666,7 X'/mor; [33]
Grec03=AGform+(Gre+1,5G 028 +Ggraph)=-666,7+(140,609+1,5%303,1+91,26)=19,819 /1.;
Formation Fe +1,50 8+ Cgraph=FeCO3; 1,50, &5+Cyraph=CO37"; 1,50, &+0,5H28*+Cyrapn+Ge-=HCO5’;
AGtorm=Go32-(1,5G02#+Gcgraph+2Ge.)=102,5523-(1,5%303,1+491,26+2%42,2212)=-527,8 Y/mor; [ 1]
Ge=(Geom-~(1,5G022+Ggraph T AG form) )/ 2=(102,5523(1,5%303,1491,26-527,8))/2=42,2212 </ nor; [1]
AG®form=Grnco3--(1,5G02+Geert0,5Gm+Ge.)=56,08-(1,5%303,1+91,26+0,5*85,64+54,15)=-586,8 */mor; [1]
Ge-=Gnco3--(1,5G02+Geert0,5G2+AG form)=56,08-(1,5%303,1+91,26+0,5%85,64-586,8)=54,15 X/ mo1;
Formation [1] Fe=Fe**+3e"; Ge-=(Gre-(Gre3++AG®))/3=(139,45-(60,3136+(-4,7)))/3=27,9455 "/ mol;

Formation [8] Fe=Fe3™+3¢"; Ge-=(Gre-(Gre3++AG®))/3=(139,45-(60,3136-+(-11,99)))/3=30,376 “'/mol;

Iron(Il) Metal iron Fe+tHoO=Fe**+2e” [FeSO4]=0,1 M solution mas FeSO4=15,191 g, density 1,03 &mr.
FetH20=Fe**+2€"; E°lassic=-0,447 V [1], water logarithm 0,0515 and sum AE°:

E°Fe/re2+=E classic-0,0591/2*log(1/[H,0])+AE°=-0,447-0,0591/2*log(1/55,3)+0,10166-0,37239=-0,66623 V.

AGeq=E°re*F*2=-0,66623%96485*2=-128,56 /oI,
AGeq=Gre2++2Ge.~(Gret+Gn20)=12,049+2%0,0-(140,609-+0)=-128,56 *//po1;
Ge-=(AGeq -Grez+ H(Gret+Gn20))/2=(-128,56-12,049+(140,609-+0))/2=0,0 “'/1n,i;
Gre=Gre21+2Ge-0- (AGeqtGu20)=12,049+2%0-(-128,56+0)=140,6 *'/mo1;
Gre2+= AGeq -2Ge-H(GretGn20)=-128,56-2%0,0-+(140,609+0)=12,04855 *'/mno1;

Iron(IT) Fe+2H,0=Fe(OH) " +H30"+2e" [FeSO4]=0,1 M solution mas FeSO4=15,191 g, density 1,03 &/mL.
Fet2H20=Fe(OH) "+H30"+2¢"; E°classic=-0,447 V [1], water logarithm 0,102995 and sum AE°:
E°Fe/pe(0m)+=E °classic-0,0591/2*log(1/[H,0]*)+AE°=-0,447+0,102995+0,10166-0,37239=-0,614735 V.

AGeq=E°re*F*2=-0,614735%96485*2=-118,625 “//in,1,
AGeq=Gre(ony+Gi30++2Ge~(Grer2Gnz0)=38,02755+22,44+2%0-(140,609+2*0)=-118,625 /o1
Ge=(AGeq-Gre(oty+HGretGrz0))/2=(-118,625-38,02755-22,44+(140,609+2%0))/2=-19,2418 “/mor; Wrong!
Gre=Gre(ot+2Ge.0- (AGeq+Gr20)=38,02755+22,44+2%19,2418-(-118,625+2%0)=140,609 “/n.1;
Greon)= AGeq -2Ge-H(Gre+Guz0)=-118,625-22,44-2*0+(140,609+2*0)=38,0276 “'/mm,|;
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Iron(I1) Fet3H20=[Fe(OH)2]*+2H30"+3e"; potential has E°classic=-0,037 V [1], water log 0,102995 and AE®:
E°Fe/reor2+=E °classic-0,0591/3*log(1/[H,0]*)+AE°=-0,037-0,0591/3*log(1/55,3"3)+0,10166-0,37239=-0,204735 V
AGeq=E°Fe/freotia) *F*3=-0,204735%96485%3=-59,2616 //uno1,
AGeq=Gireom)]++2Gn301+3Ge-(Gresy+3Gu20)=47,8715+2%22,44+3%-4,1877-(139,45+3*0)=-59,2616 *'/mmo1;
3Ge=AGeq-Gire(om21+-2Gr30+H(Gre(syF3Gu20)=-59,2616-47,8715-2*22,44-+(139,45+3%0)=3%-4,1877 /pmor;
Gre(s)=Grreom212G130+3Ge-~(AGeq FetGn20)=47,8715+2%22,44+3%-4,1877-(-59,2616+3*0)=139,45 </ 1n,;
Gireon21-=AGeq--2Gn30-3GeH(Gres+ Guz20)=-59,2616-2%22,44-3%-4,1877+(139,45+3*0)=47,8715 //mol;

Fet2H20=[Fe(OH)]*"+H30"+3e’; classic potential E°casic=-0,037 V [1], water logarithm 0,0686634 and AE°:
E°Fe/reor2+=E classic-0,0591/3*log(1/[H.0]*)+AE°=-0,037-0,0591/3*log(1/55,3?)+0,10166-0,37239= -0,23907 V
AGeq=E°re/reom2+*F*3=-0,2390666*96485%3=-69,199 /1,
AGeq=Greon2++Gn301+3Ge-(Gres+2Gn20)=61,866+22,44+3*-4,685-(139,45+2*%0)=-69,199 *//1no1;
3Ge-=AGeq-Greom2+-Gr30+H(Gres+2Gn20)=-69,199-61,866-22,44+(139,45+2%0)=3*-4,685 *'/imol;
Gre(s=Greon2++Gm301+3Ge--(AGeq Fet2Gn20)=61,866+22,44+3%-4,685-(-69,199+2%0)=139,45 *//p1;
Greon2=AGeq—-Gn30+-3Ge-H(Gresy+2Gn20)=-69,199-22,44-3%-4,685+(139,45+2%0)=61,866 “'/imol;

Substance | AH®u /ol |AS®H /motkAG®H , /mol|  G028%=303,1 X/mo1; G22=85,64 X'/mol; Gearaph=91,26 </mol;
Fe. | Eai= | -0,66623 | 140,609 | Gre=Grer+2Ge-(AGeq+Gr20)= 140,609 /mor; Ge=0,0 “/mmor;
Fe E°e3:= [-0,273398| 139,45 | Gres=Gre3-(AGeq retGu20)=104,875-(-79,1364)=139,45 X/ 01;
[8] Fe?* -87,45 -17,8 -82,14 | Ge=(Gre-(Gre2++AG®))/2=(140,609-(12,04855-82,14))/2=105,35 *'/mol;
[11FS" | 891 | -137.7 | 78,9 [1] AGrer =AHy-T*ASy=-89,1-298,15%-0,1377=-48.045 /umor;
GeFe?" |[1]Freee-| -78,9 103,73  |Ge-=(Gre-(Gre2++AG®))/2=(140,609-(12,04855-78,9))/2=103,73 X/ moi;
Fe?*  |E°Fe2t/Fe3:=|0,50027 V| 12,04855 |Gre2:=Gre3+~(AGeq)=60,31655-(48,268+0)=12,04855 *//p01;
Fe** Kp={10-24:886 12,04855 (Gre2+=AGsp-2Gon-+(Greone+3Gn20)=12,048 X'/ imol;
Fe(OH)> | Greonp= | 39,349 -490 [37] Greom2=AG formH( GretG 0225+ Gn28%)=39,349 X/ imol;
[8] F&** -44,79 -110 -11,99 | [8] Biochem.Thermodyn. Massachusetts Technology Inst. pH=7,36
GeFe’" |[8] Freee-| -11,99 30,376  |Ge-=(Gre-(Gre3++AG®))/3=(139,45-(60,3136+(-11,99)))3=30,376 “'/mol;
[1] Fe** -48,5 -315,9 -4,7 [1] AGre3+=AHu—T*ASp=-48,5-298,15*-0,3159=45,685585 “/mol;
GeFe’" |[1] Free e- -4.7 27,9455  (Ge=(Gre-(Gre2++AG®))/3=(139,45-(60,3136+(-4,7)))/3=27,9455 /moi;
Fe3'  |E°esrear V| -0,50027 | 56,2755 |Gre3:=AGeq-Ge-+(Gre2+)=48,268-4,0405+(12,048)=56,2755 /imoi;
Fe’* Kop= =103 40,2605 Gre3:=AGsp-3Gon-+(Greon3T4Gi20)=40,2605 </ imi; |
Fe(H,0)%* Ko =10%2927 | 60,31655 |Gire(r20)13+=Gire(0m2++Gr30+-(AGprortG20)=60,31655 /o1
[Fe(OH)]"| -324.,7 -29 -277,4  [1] AGre3 =AHu-T*ASu=-324,7-298,15%0,029=-333,346 “/mol;
[Fe(OH)]"| Ge.format | -277,4 | 18,39245 [1] Ge-=AG°-Gire(oty+ H GretGoogas/2+G2/2)=18,39245 Y/ imoi;
[Fe(OH)]*| Ko/[H20]=| 10734821 | 38.02755 |[1] Grre(om+=AGprot-Gr3o+H Girer20)12++G120)=38,02755 /ol
Fe(OH)**| -290,8 -142,0 -229.4  [1] AGre3 =AHu-T*ASy=-229,4-298,15%0,142=-271,737 ¥/mol;
Fe(OH)*" | Ge-format | -229,4 | 21,2773 |[1] 2Ge-=AG°-Gireonyp+H( GretGorgas/2+Gr2/2)=2%21,2773 ¥/moi;
Fe(OH)*" | Ko/[H20]=| 1074202D | 61,86545 |[1] Grre(om)2+=AGprot-Gr30++H(Gire20)3++GH20)=61,86545 X/ ino1;
Fe(OH)*" | Bi=10M181] 1074202D | 60,3182 [18] Gire(omy2+=AGstab_eq-Gr20H(Grre(t20)13++Gon-)=60,3182 /i
Fe(OH): " | Bo=1072%32|=10238054 | 67,74 [[18]Gire(0m2+=AGstab_cq ~2Gr20(Grrer20)3++2Gon-)=67,74 ¥/mor;
Fe(OH), " [Ko/[H201?=| 107368291 47 8715 |[38] Grreonyz+=AGy-2Guzo+HGirean20p3++2G120)=47,8715 ¥/moi;
Fe(OH), " | format Ge.| -438,0 42,3185 [1] Ge-=AG°-Gireony2+ HGretGo2gasTGr2)=42,3185 X/pmoi;
Fe(OH)3 -823 107 -696,6  [33] AGre3+=AHu-T*ASp=-823-298,15*0,107=-854,902 X/im,;
Fe(OH); | Formation| -696,6 27,119  |Greonp=AG form™(Gret G028 +Gn2%%)=27,119 Y/ po1;
Fe(OH); Ksp= =10443%7 | 12,4855 |Gre(0m)3=Gres++3Gon--(AGsp+4Gr20)=12,4855 /mor;
FeCO3 -740,6 92,88 -666,7  [33]AGu=AHup—T*ASp=-740,6-298,15%0,092,88=-768,29 /mol;
FeCO; |Formation| -666,7 | 19,819 Grec03=AG form(Gret1,5G 025+ Gegraph)=19,819 /imor;
FeCOs Koprot= 1013 | 83,01205 |Greco3=Gre3++Gco32--(AGspt2Gn20)=83,01205 ¥/l
COs*™ -677,1 -56,9 -527,8  AGu=AHu-T*ASy=-677,1-298,15*-0,0569=-660,135 ¥/ imeI;
Ge.CO3” | Formation| -527.8 42,2212 Ge-=(Gc032-~(1,5G028%+GgraphtAG form) )/2=42,2212 X/ o
COs*> Koprot= 10-12973 | 102,5523 (Gco32=AGprot-Gr30++(Guco3-+Gm20)=102,5523 “/noi;
HCOs3" -692,0 91,2 -586,8 AGu=AHu—-T*ASp=-692-298,15%0,0912=-719,19128 ¥/ime1;
G..HCOs | Formation| -586,8 54,15 Ge-=Guco3--(1,5G02+Geert0,5G2+AG form)=54,15 X /mor;
H;0" HCOs 22,44 56,08  (Gu30+1c03=Gu30++Grco3-=22,44+56,08=78,52 X/ ol
H;O0" OH- 22,44 77,36 IAGeq2=-99,8 Y/moi=2*Gr20-(Gr30++Gon-)=2*0-(22,44+77,36)



Iron(II/I) Fe?*=Fe**+e"; E°Fe2+/re3+=0,50027 V; potential has E°cassic=0,771 V water 0 zero and AE®: [1]
E°Fe2+/Fe3+=E classic-0,0591/1*log(1/[H20]°)+AE®=0,771-0,0591/1*log(1/55,3"%)+0,10166-0,37239=0,50027 V

e Fe?"'=Fe*"+e"; AGeq=E Fe3+/re2+*F*1=0,50027%96485%1=48,268 *'/mor;
67\.5’!:!0\&/& AGeq=Gre3++Ge-(Grea+)=56,2755+4,0405-(12,048)=48,268 '/ n01;
T Ge.=Gre3+-AGeqH(Gre2+)=56,2755-48,268+(12,048)=4,0405 '/ n01;
'l W\ZO i Gre2+=Gre3+1+Ge-(AGeq)=56,2755+4,0405-(48,268)=12,048 X/ 1noi;
iy Gre3+=AGeq- -Ge.H(Gre2+)=48,268-4,0405+(12,048)=56,2755 X/ mo;

Formation [1] Fe*"+3e=Fe; AG°=Gre-(Gre3++3Ge-)=139,45-(60,3136+3*Ge.)=-4,7 X/ mol;
Ge=(Gre-(Gress+AG®))/3=(139,45-(60,3136+(-4,7)))/3=27,9455 X/
Formation [8] Fe3™+3e=Fe; AG°=Gre-(Gre3++3Ge-)=139,45-(60,3136+3*30,376)=-11,99 X/ p01;
Ge=(Gre-(Gress+AG®))/3=(139,45-(60,3136+(-11,99)))/3=30,376 /o
Formation [8] Fe?'+2e=Fe; AG°=Gre-(Gre2++2Ge-)=140,609-(12,04855+2%Ge.)=-82,14 /noi;
Ge=(Gre-(Grez+-AG®))/2=(140,609-(12,04855+(-82,14)))/2=105,35 K/0:
Formation [1] Fe?"+2e=Fe; AG°=Gre-(Gre2++2Ge-)=140,609-(12,04855+2*G-)=-78,9 */moi;
Ge.=(Gre-(Grez+-AG®))/2=(140,609-(12,04855+(-78.9)))/2=103,73 /o1
Formation Fe+0,8%/2+H,/2=[Fe(OH)]"+e-;
AG°=Greom)+Ge-~(GretGo2gas/2+G12/2)=38,02755+18,39245-(139,45+303,1/2+85,64/2)=-277,4 X/ moi;
Ge-=AG°-GreomH(GretGoogas/2+G2/2)=-277,4-38,02755+(139,45+303,1/2+85,64/2)=18,39245 X/ 01;
Formation Fe+0,%%/2+Hy/2=[Fe(OH)]*"+2e-;
AG°=Greom2++2Ge-(GretGoogas/2+Gn2/2)=61,86545+2*21,277-(139,45+303,1/2+85,64/2)=-229,4 ¥/ mo1;
2Ge=AG®-Gireom)): HGretGo2gas/2+Gr2/2)=-229,4-61,86545+(139,45+303,1/2+85,64/2)=2*21,277 </ moi;
Formation Fe+0,8+H,=[Fe(OH)2]"+e-;
AG°=Greom)2]++2Ge-(GretGoogastGz)=47,8715+Ge--(139,45+303,1+85,64)=-438 X'/ imol;
Ge-=AG°-Greony2p+H(GretGo2gastGr2)=-438-47,8715+(139,45+303,1+85,64)=42,3185 X'/ mol;
[38] IUPAC Fe** Acid [Fe(H20)]**+H,0=[Fe(OH)]*+H30"; Prigogine attractor AGeq=-RTIn(Keq),
Equilibrium constant Kpro; ecq=[[Fe(OH)]T*[HsO"J/[[Fe(H20) ]2 /[HaO]=10/C6.74)/55 3=10A8:4527),
Protolysis attractor AGprot eq=-RTIN(Kprot eq)=-8,3144%298,15*In(10"3:4827)=48,419 ¥/ 1,1;
Hess law expression AGpro=Grre(omy++Grso+~(Gire20)2++GH20)=38,02755+22,44-(12,04855+0)=48,419 '/ im1;
Gireom)+=AGprot-Grzo+H Gre20y2++Gr20)=48,419-22,44+(12,04855+0)=38,02755 '/ moi;

[38] IUPAC Fe* Acid [Fe(H20)]*+H,0=Fe(OH)**+H30"; Prigogine attractor AGoprot eq=-RTIN(Koprot eq)-
Equilibrium constant Koprot cq=[Fe(OH)? ]*[H307/[Fe(H20)3*]/[H20]=10"(2:46)/55 3=1(/(-4.2027);
Protolysis attractor AGsp=-RTIn(Kspeq)=-8,3144%298,15*In(10"42927)=23,9889 *//p.1;

Hess law expression AGpro=Grreomy2++Gr30+-(Gire20)3++GH20)=61,86545+22,44-(60,31655+0)=23,9889 //imo1;
Gireom2=AGprot-Gr30+H( Gre(20)3++Gn20)=23,9889-22,44+(60,31655+0)=61,86545 </ 1m,;
Gire20)3+=GrreOt)2++GH30+-(AGprottGr20)=61,86545+22,44-(23,9889+0)=60,31655 X'/ mo1;

[38] TUPAC Fe** Acid Fe(Ha0)+H,0=Fe(OH)>+H;0%;
Kprot eq=[Fe(OH)>]*[H:0" 2/ [Fe(H20)*]/[Ha0]=10A246)/55 3=1 0A4:2027).

Protolysis attractor AGprot eq=-RTIN(Kprot eq)=-8,3144%298,15*In(10"+2027)=23,9889 ¥/ ,,;
AGprot eq=Gireom2++Gr3o+~(Grre20)3++Gr20)=61,86545+22,44-(60,31655+0)=23,9889 “//1n;

Gireom2=AGprot-Gr30+H(Gre(20)3++Gn20)=23,9889-22,44+(60,31655+0)=61,86545 </ 1m,;

Gire120)3+=Gre(0m) 2+ G130 +-(AGprortGr20)=61,86545+22,44-(23,9889+0)=60,31655 </ mol;

[18] Fe(H20)*+0OH =Fe(OH)2*+H,0;
Kstab eq=B1*[H20]=[Fe(OH)** ]*[H20)/[Fe**]/[OH ]=10M181%55 3=1 0135527,

Stability attractor AGstab eq=-RTIn(Kstab eq)=-8,3144%*298,15*In(10"!33327)=-77,35836 '/ imo1;
AGstab_eq=Gireom2++Gr20-(Gre20)3++Gon-)=60,31819+0-(60,31655+77,36)=-77,35836 *//mol;
Grre(om2+=AGstab_eq-Gr20(Grer20)p++Gon-)=-77,35836-0-+(60,31655+77,36)=60,31819 *//101;

[18] [Fe(H20),*+20H =Fe(OH)*+2H,0:
Kstab eq=B2*[H20>=[Fe(OH),**[H20]%/[Fe**)/[OH ?=10/2232%55 3/2=](/23:80545,
Stability attractor AGeab eg=-RTIN(Ksab cq)=-8,3144%298,15*In(10/2550545)=_147,2066 K/,uo;
AGstab_eq=Gireom2++2Gn20-(Gre20)3+2Gon-)=67,73995+2%0-(60,31655+2%77,36)=-147,2966 ~'/nm1;
Grreom2=AGstab_eq ~2Gm20H( Grez20)3++2Gon.)=-147,2966-2*0+(60,31655+2%77,36)=67,73995 '/ mol;



Prigogine absolute energy attractors for dissolution, protolysis, and reduction-oxidation of cupper compounds

Formation [1] Cu*+2e=Cu; AG°=Gcuw++2Ge- -(Geu)=108,618+2*Ge. -(84,148)=65,5 '/mol;
Formation [1] Cu?"+2e=Cu; Ge.=(AG°-Gcu2++HGcu))/2=(65,5-108,618-+(84,148))/2=20,515 /mol;
Formation [1] Cu=Cu’+e"; AG°=Gcy+Ge- -(Gcu)=118,33+Ge- -(84,148)=50 ¥/ inoi;

Formation [1] Cu=Cu'+e"; Ge.=AG°-Gcyi+H(Geu)=50-118,33+(84,148)=15,818 X'/ mol;

[Cu>]=1 M mol Mcys04=159,602 &/moi
mas, density 1,1527 &/nr; [1] Absolute
potential has classic E°classic=0,345 V [1],
water logarithm 0,051497, sum
AE®°=+0,10166-0,37239:
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0.96

/ 1.1527
0.94 /

density
0.92 r . . . - . . : . ; ; . ;
1.142.143.144.1483.146.147.148.1491.151.151.152/153.154.155

Cu(Hg)+H20:CUZ ‘ +2e“; EOClassic:0,345 V[l]
E°cucu2+=E°Classic-0,0591/2*log(1/[H20])+AE°c.=0,345-0,0591/2*log(1/55,3)+0,10166-0,371339=0,12682 V.
AGeq cv=E°c,*F+2=0,1268185%96485*2=24,472 /01,

AGeq c0=Gcuwr i +2Ge-(GeutGr20)=108,618+2*0-(84,148+0)=24,47 X/ mol;

Gcur=Gewr +2Ge~(AGeq cv+Gu20)=108,618+2*0-(24,47+0)=84,148 //p,01;
2Ge=AGeq cu-Gewr HGeutGrzo)= 24,47-108,618+(84,148+0)= 2#0 X/ nor;

Eeu=E°c,+0,0591/2*log([Cu® /[ Cul/([H201))=0,12682+0,0591/2*log(1/1/(55,3))=0,075322 V;

Ecu=E°0.+0,0591/2*log([Cu” V[Cu]/([H201-4[Cu 1))=0,12682+0,0591/2*log(1/1/(57,24-4))=0,07581 V:;
mu20=(Mr-mcuso4)/18=1190-159,602=1030,4/18=57,24-4=53,24 mol;
Distinguish from 0,075322 V is on 3™ digit 0,07581 V.

[I]AHOCu(OH)2:'449,8 kJ/mol; G rhombic:3,5436 kJ/mol;

Gcu=Geur+-(AGeq cu+Gn20)=108,618-(24,47+0)=84,148 “/ns01;

[1] AGcuo=AHu-T*ASH=-168,6-298,15%0,0931=-196,358 /1n,i;

[1] Gcuo=AG°cuot(2GcutG02/2)=-146,0=173,846 X'/ mol;

[1] AGcuo=AHu-T*ASH=-157,3-298,15%0,0426=-170 “/nmor;

[1] Gcuo=AG°cuoH(GeutGo2/2)=-129,7=105,998 X/ mol;

[1] AGcu2:=AHu-T*ASp=71,7-298,15*0,0406=59,595 ¥/ ino1;

Geuw=AGeq cut(GeutGr20)=34,1866+84,148=118,33 /i

[1] Formation Cu=Cu'+e"; Ge=AG°-Gcy:+(Gew)= 15,818 /ol

[11  AGcuw=AHu-T*ASy=64,8-298,15%-0,098=94,0187 ¥/mol;

Geu:=AGsp -2Gou-HGeuonpt3Gn20)=108,618 X/noi;

Ge-=(AG°-Gcu2+H(Geu))/2=(65,5-108,618+(84,148))/2=20,515 *//pmo;

[33]AGcuon=AHu-T*ASH=-450,2-298,15%-0,108=-418 X/mo;

Guom2=AG tormH(GeutG o225 +Gr2t®)=121,29 X/noi;

Geuonp=Geuw++2Gon-(AGsp+3Gr20)=121,29 ¥/ mol;

AGH=AH-T*ASp=-677,1-298,15*-0,0569=-660,135 X/no1;

GCuCO3:AGOf0rm+(GCu+ L,5 GOZgaS+GCgraph):1 02,258 kJ/mol;

Gc032-=AGsp- Gewr+ HGeuco32Gh20)=70,07286 “'/mor;

[1] AGu=AHu-T*ASy=-825,1-298,15%0,0456=-862,637 “/mol;

G2042-=AG® 20402-FormH(2Geert2G 028242 Ge)=114,62 K/ ;

G2042-=AGsp-Gur+ HGeuc204+2Gr20)=40,1746 /ol

GCuC204cr:AGOCuC2O4ch0rm+(CU+2OZgaS+2Cgraph):75,508 kJ/mol;

[1] AGu=AHu-T*ASu=33,1-298,15%-0,0146=-862,637 “/mol;

G 2-aq:G rombic+GH20'(AGeq 2-aq):157,63 kJ/mol;

G2-=AGsp-Gewr HGeusT2G20)=152,1216 </l

[1] AGH=AHu-T*ASp=-53,164,8-298,15*0,0665=-72,99 X/nmo1;

Viela | AHH "/ mo1 |AS®H Y/ mork]AG®H , ¥/mol
Cu E°cw= [0,12682 V| 84,148
Cu0 -168,6 93,1 -146,0
Cu0O formation | -146,0 173,846
CuO -157,3 42,6 -129,7
CuO formation | -129,7 105,998
Cu’ 71,7 40,6 50,0
Cu’ E°c,= 10,35432V| 118,33
G.. Cu” | formation 50 15,818
Cu” 64,8 -99.6 65,5
Cu? Kop= 1024886 | 108,618
Ge. Cu?" | formation 65,5 20,515
Cu(OH), | -449,8 108 -337
Cu(OH), | Formation| -337 121,29
Cu(OH)> Kop= 1024886 121,29
COs* -677,1 -56,9 -527,8
CuCO; | Formation| -527,8 102,258
COs*™ Kop= 10713339 1 70,07286
C204* -825,1 45,6 -673,9
C,04> | formation | -673,9 114,62
C,04* K= 10712839 | 40,1746
CuC,04 | formation | -797,16 75,508
- 33,1 -14,6 85,8
- E°sys2= [-0,79853V| 157,63
- K= 10397073 | 152,1216
Cu -53,1 66,5 -53,6
Cu formation -53,6 34,0916

Gcu :AGOform+(GCu+G romb):34,0916 kJ/mol;

Formation [1] 2Cu+O=Cu,0; AG°c120=Gcuw20-(2GeutGo2/2)=Geuo-(2%84,148+303,1/2)=-146,0 X/nmor;
Gcuo=AG°cuo+(2GcutGo2/2)=-146,0+(2*84,148+303,1/2)=173,846 “/moi;
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Formation [1] Cu+O=CuO; AG°c.o=Gcuo-(GeutGo2/2)=Geuo-(84,148+303,1/2)=-129,7 /il
Gcuo=AG°cuoH(Geut+Go2/2)=-129,7+(84,148+303,1/2)=105,998 </ 1mol;

Cu+H,O=Cu’ +26"; EOClassic:0,52 1 V[ 1 ] .
E°cucur=EClassic-0,0591*log(1/[H20])+AE®,=0,521-0,0591*log(1/55,3)+0,10166-0,371339=0,35432 V.
AGeq cv=E°cy*F*1=0,35432%96485%1=34,1866 *'/no1,

AGeq cv=Gcu:+Ge~(GeutGr20)=118,33+0,00460-(84,148+0)=34,1866 *'/noi;
Gu=AGeqcu-Ge--+H(GeutGr20)=34,1866-0,00460+(84,148+0)=118,33 *//p,0;
Ge-=AGeqcu-Geui H(GeutGr20)=34,1866-118,33-+(84,148+0)=0,00460 </ 1n;
Gcr=Geu+Ge-(AGeq cutGr20)=118,3340,00460-(34,1866+0)=84,148 *//p,o1;

Formation Cu+O»g+Hze=Cu(OH)2; AG°=Gcyonyp-(GeutGo2etGh2g)=121,29-(69,5467+303,1+85,64)=-337 K mot;
Guomp=AG tormH(GeutGo225+Gn2t)=-337+(69,5467+303,1+85,64)=121,29 X'/ 1n;

[33] Solubility Cu(OH),+3H20=Cu?"4+20H"; Kop=[Cu? ]*[OH|*/[H20]3=2,2*10(20)/55 3/3=1(/\(-24.886),
Attractor AGspy=-RTIn(Kspeq)=-8,3144%298,15*In(10"-24380))=142,048 /1ol
AGsp=Gcur++2Gon~(Geuonp+3G20)=Geuw++2%*77,36-(121,29+3%0)=142,048 *V/no1;
Geur:=AGsp -2Gon-HGeuonpt3Gnz0)=142,048-2%77,36+(121,29+3*0)=108,618 *'/p01;
Geuonp=Geuw++2Gon-(AGsp+3Gr20)=108,618+2%77,36-(142,048+3*0)=121,29 “//in;
Formation Cu +1,50:8+Cgraph=CuCO3;  Cu+S,emp=Cu®;  Formation Cu+20:8+2Cgraph=CuC204;
AG®form=Gcuco3-(Geut1,5G0:8*+Gegraph)=102,258-(84,148+1,5%303,1+91,26)=-527,8 /mor; [1]
Guco3=AG formH(Geut1,5G 0224+ Gegraph)=-527,8+(84,148+1,5%303,1+91,26)=102,258 </ 1n,i;
AG®trm=Gus(GeutGeromb)=34,0916-(84,148+3,5436)=-53,6 X'/ mol;

Geus=AG torm+(GeutGeromb)=-53,6+(84,148+3,5436)=34,0916 '/ mol;
AG°cuc204erForm=Gcuc204er-(Cut+20:28542 Corapn)=75,508-(84,148+2%303+2%91,26)=-797,16 X/ mmol.

Guc204e=AG cuc204erForm(Cut2028542Caraph)=-797,16+(84,148+2%303+2%91,26)=75,508 '/ mo.
[33] Solubility CuCO3+2H,0=Cu”>"+COs3%; Kop=[Cu?']*[CO3>)/[H20]>=1,4*101(10)/55 3/2=1 1(13.339).
Attractor AGgp=-RTIn(Kpeq)=-8,3144%298,15*In(10"1333)=76,13856 /ol
AG=Gcuw21+Geo32-(Geucost2Grz0)=108,618+70,07286-(102,5523+2*0)=76,13856 '/ mol;
Gc032=AGsp- GewrHGeuco32Gr20)=76,13856-108,618+(102,5523+2%0)=70,07286 *'/mol;
[1] Solubility CuC,044+2H,0=Cu? +C204>"; Ksp=[Cu?*[C204>]/[H,0]>=4,43%10/(10)/55 3/2=1 01(12.839).
Attractor AGgp=-RTIn(Kpeq)=-8,3144%298,15*In(10"12839)=73,2846 /ol
AG=Gcuw21+Ge2042--(Geuc204+2Gr20)=108,618+40,1746-(102,5523+2%0)=73,2846 '/ 1mi;
G2042-=AGsp-G vz 1 H(Geuc204+2G20)=73,2846-108,618-+(75,508+2%0)=40,1746 X'/ mol;
[33] Solubility CuS+2H,0=Cu?+52 3 Kyy=[ Cu [*[52 /[H20P=6*10A37)/55 3A2=] OAC24.856),
Attractor AGgp=-RTIn(Kpeq)=-8,3144%298,15*In(10"3%70729)=226,648 /ol
AG=Gcuw21+Goo-~(Geus+2Gr20)=108,618+152,1216-(34,0916+2%0)=226,648 </ 1mol;
G2-=AGsp-Gewr HGeus+2Gr20)=226,648-108,618-+(34,0916+2%0)=152,1216 X/ mo1;



Prigogine absolute energy attractors for dissolution, protolysis, and reduction-oxidation of zink compounds.

Formation [1] 2Cg+30,85+Zn+2H»8%=7nC>04°2H>0 -solubility ZnCsO04(s+2H20=7n>"+C,04>" K,=0,0026"2;
AG°=G7n2042120-(Gz0+3G 02612 G graph +2Gr2)=321,7642-(404,657+3%303,1+2%91,26+2*85,64)=-1345,99 X/no1;
G2n2042m20=AG°H G 20+3G02012 GaraphT2Gr2)=-1345,9928+(404,66+3*303,1+2*91,26+2*85,64)=321,76 /moi;

[1] Solubility ZnC204+2H,0=Zn*"+C204>"; Mz1c204=0,00026/153,4=1005-77085 M;

Keqsp=[zn2 t ] % [C2042"]/[H20]2= 1 0/\(-5,77085*2)/55 ’3/\2: 1 0/\(-1 5,027);

Attractor AGsp=-RTIn(Ksp)=-8,3144*298,15*In(10"15927)=85,7736 '/ 1mi;

AG=G7zn2 1 +Gc2042-+(Gznc204+2Gr20)=404,657+207,188-(526,0714-+2*%0)=85,7736 “'/mol;
G20c204=G 702 +Gc032--(AGspT2Gr20)=404,657+207,188-(85,7736+2%0)=526,0714 X/ o1;

G2042-=AGsp-G 702+ HGznc204+2Gi20)=85,7736-404,657+(526,0714+2%0)=207,188 *//1;

GOZgaS:303,1 kJ/mol; GHZgaS:85,64 kJ/mol; GCgraph:91,26 kJ/mol;

Gz=Gzn2+-(AGeq 20+GH20)=215,55-(-189,107+0)=404,657 //1no1;

Gz0=Gznonp-(AG°+G02g+G2g)=404,657 V/mol;

[1] AGzn2-=AHu-T*ASy=-153,39-298,15%-0,112=-119,967 ¥/ 1n,1;

Gz02+=Gza-(AG°+2Ge.)=391,48-(-147,1+2%161,515)=215,55 /mma;

Ge.=AG°-Gi++H(Gzn)=(-147,1-215,55+(391,48))/2=14,415 /mo;

Ge-=AG°-Gznon)+HGzntGo2gas/2+Gi2/2)=-330,1=13,642 X/ 1no1;

G200 =AGprot-Gr30+H Gzn20)2++G120)=255,285 X/moi;

Gznomp=AGstab_eq-Gr20-(Gznmzoyz++Gon-)=274,089 X/ imi;

G =AG°-2GeH(Gzn)=-147,1-2%14,415+(391,48)=215,55 Y/ mor;

2Ge-:AGqun'GZnZ t +(GZ11+GH20):0,0 kJ/mOI;

G712 =AGeq 70H(Gz0+Gr20)=-189,107+(404,657+0)=215,55 X/ 1mi;

Gzn2=AGsp -2Gon-+H(Gznomp+3Gn20)=215,55 ¥/mol;

[1] AGzn2+=AHu-T*ASH=-641,9-298,15%0,0812= -666,11 ¥/1n;

G2n(0n2=AG form™(Gzn+G 022 +Gn2%%)=239,897 X/ mol;

Gznon2=Gzn2++2Gon--(AGspT3G120)=239,897 X/moi;

[1] AGzn> =AHu-T*ASp=-812,8-298,15%0,824=-1058,48 “/mol;

G20c03=AG formH(Gznt1,5G0225+G2%%)=219,267 </ mol;

[1]AGr=AHi-T*ASH=-677,1-298,15*-0,0569=-660,135 /no;

Gco32-=AG°H(1,5G 020+ Geraph+2Ge.)=46,94 ¥/ imo1;

[1] AGzn2+=AHu-T*ASp=-206-298,15%0,577=-382,36 /mno1;

GZn = AGO+(GZ1]+G rhomblc):'201,3+(404,657+3,5436):206,9 kJ/mol;

[1] AGzn2+=AHu-T*ASp=-33,1-298,15*-0,0146=-382,36 “//nmo1;

G2 =AG°+H(Grhombict2Ge-)=85,8+(3,5436+2%14,415)=118,1736 “'/mol;

2Ge=Ge2 ~(Gerhombic tFAG®)=157,63-(3,5436+85,8)=2%34,1432 X/ 1nos;

G 2-aq:G rombic+GH20'(AGeq 2-aq):157.63 kJ/mol;

[38] AGu=AHu-T*ASH=-1564,8-298,15%0,19539=-1623 ¥/ 1n;

G2n2042m20=AG°HG 20 +3G 0212 Geraph 2 G12)=321,76 X/moi;

G2nc204=Gzn2+Gc032--(AGsp+2G120)=526,0714 X/ mo1;

Alberty 2006 Biochem.Thermodyn Massachusetts Techn. Inst.

[1] AGu=AHu-T*ASy=-825,1-298,15%0,0456=-862,637 “'/mo1;

G2042-=AG® 20402 )Form(2Geart2G028%42Ge-)=114,62 ¥/ mol;

G2042-=AG® 20402-FormH(2Geert2G 022854+ Ge.)=111,38 K/ imo;

G2042-=AGsp-G 702+ H(Gz0c204+2G120)=207,188 X/imol;

G204=AGeq2nc204-Gr30+H(Guc204+Gu20)=207,173%/moi;

Substance | AHH ™/ mol |AS®H /motk]AG®H , /ol
/n E°z.= -0,980 V | 404,657
Zn Formation | -147,1 404,657
Zn* -153.9 -112,1 -147,1
Zn* formation | -147,1 215,55
Ge. Zn*" | Freee- -147,1 14,415
Zn(OH)" | format Ge.| -330,1 13,642
Zn(OH)" | Kaegngr | =101%7| 255,285
Z0(OH)" | Keab eq | =102 274,089
Zn(H20)** [format-2G..| 14,415 215,55
Ge.Zn>' E°z,= -0,980 V 0,0
Zn* E°z:= -0,980 V | 215,55
Zn*' Kspznonp= 10725149 228,727
Zn(OH), | -6419 | 812 | -5535
Zn(OH), | formation | -553,5 239,897
Zn(OH)2 | Kspznomp= 10725149 239,897
ZnCQOs3 -812,8 82,4 -731,3
ZnCOs3 | formation | -731,3 219,267
COs*> -677,1 -56,9 -527,8
CO;> | formation | -527,8 46,94
/n -206,0 57,7 -201,3
Zn formation | -201,3 206,90
- 33,1 -14,6 85,8
- formation | 114,415 | 118,1736
Ge. 5% Free e- 85,81if | 34,1432
- E°syso= [-0.79853V| 157.63
ZnC,0422H,0| -1564,816 | 195,3928 |-1345.9928
ZnC,042H,0| formation | -1345.99 | 321,76
ZnC0s | Kg= | 10°655 | 526,0714
C204* | formation | -pH=7,36 | -677,14
Cr04* -825,1 45,6 -673,9
C,04> | formation | -673,9 114,62
C>04> | formation | -677,14 111,38
C204* | znc20aKsp=| 10715927 | 207,188
C204%*  acid 233,563| pK.2=5,88| 207,173
Cr04% E°c204= |-0,7607 V| 183,55

G204=2Gc02aq-(AGeqc204)=2%18,38-(-146,79)=183,55 //mol;

Metal zinc Zn+H>O=Zn?"+2¢", E°Classic=-0,7618 V [1], -0,0591/2*log(1/([H20]))=0,0515 water, sum AE°:
[Zn*>"]=Czns04=2 M solution mas of 2 mols mzns04=2*161,44=322,88 g, density 1,31 &mr. Absolute standard has
E°20/202+=E°cclassic-0,0591/2*log(1/([H20]))+AE°=-0,7618-0,0591/2*log(1/55,3)+0,10166-0,371339=-0,97998 V.

Ez0=E°z0/202+10,0591/2*log([Zn**]/[Zn]/([H20]))=0,97998+0,0591/2*log(2/1/(55,3))=-1,02258 V

Distinguish from -1,02258V on 4™ digit of -1,02045 V 2M;

Solubility 57,7 &/100¢ in hundred grams of water; w%=>57,7/157,7%100=36,6%;

mHzoZmL-mzlqso4=1310-161,44*22987,12 g, mzlqso4=2*16l,44=g; [H20]2987,12 /18 g/mol:54,84 M.

Ez0=E°20/702+10,0591/2*log([Zn**])/[Zn]/([H20]))=-0,97998+0,0591/2*log(2/1/(54,84-4*2))=-1,02045 V;
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AGeqzn=E°7,°F+2=-0,980%96485*2=-189,107 *//mol;
AGeq70=G7121+2Ge~(G2n+Gr20)=215,55+2*0-(404,657+0)=-189,107 *'/mol;
2Ge-:AGqun'GZnZ t +(GZ11+GH20):-189,107-215,55+(404,657+0):0,0 kJ/mol;

G20=G7zn2+1+2Ge~(AGeq 70+GH20)=215,55+2*0-(-189,107+0)=404,657 </ mol;
G712 =AGeq 70-2GeH(Gzo+Gu20)=-189,107-2*0+(404,657+0)=215,55 “/mol;
Formation [1] Zn=Zn"+2e€"; AG°=Gz12++2Ge--(G21)=215,55+2%161,515-(391,48)=-147,1 Y/moi;
Ge.=AG®-Gzu-+(Gzo)=(-147,1-215,55+(391,48))/2=14,415 ¥/no;
G212 =AG®-2GeH(Gzn)=-147,1-2%14,415+(391,48)=215,55 /mol;
Formation [1] Zn+Shombic=215; Gsrhombic=355436 /mol;
AG°=G7n5-(Gzn+Grhombic)=206,9006-(404,657+3,5436)=-201,3 X/p1;
Gzns= AG°+H(Gzn+Gerhombic)=-201,3+(404,657+3,5436)=206,9006 *'/1o1;
Formation [1] Shombict2€ =527 Gerhombic=3,5436 X/mol;
AG°=G 2 (G rhombict2Ge-)=157,63-(3,5436+2%14,415)=85,8 X/ 1n,;
2Ge=G2-~(Gsrhombic FAG®)=157,63-(3,5436+85,8)=2%34,1432 X/ p01;
G2-=AG°H G rhombict2Ge-)=85,8+(3,5436+2%*34,1432)=157,63 '/ moi;
G2-=AG°H G rhombict2Ge-)=85,8+(3,5436+2*14,415)=118,1736 '/ moi;
G2n=AG°H(Gzn2++2Ge.)=-147,1+(538,58+2%0)=391,48 *//mo1; Formation Zn+O»g+He=7n(OH)s;
AG°=Gzn0np2-(GzntGo2e+Grze)=239,897-(404,657+303,1+85,64)=-553,5 X/ mol;
G20=Gzn0mp-(AG°+G020+G2¢)=239,897-(-553,5+303,1+85,64)=404,657 </ imoi;
G2n(0n2=AG form™(Gzn+G02255+G2%%)=-553,5+(404,657+303,1+85,64)=239,897 “//1ni;
[1] Solubility Zn(OH),+3H,0=Zn>"+20H"; Ksy=[Zn” 1*[OH|*/[H20]3=3*10/(17)/55,3/3=1 0N -25.149);
Attractor AGgp=-RTIn(Kspeq)=-8,3144%298,15*In(10"2%149)=143,55 /o1
AG=Gzn2 +2Gon-~(Gznonp+3Gmo)= 228,727+2%77,36-(239,897+3*0)=143,55 X'/ imol;
Gznon2=Gzn2++2Gon--(AGsp+3Gr20)=228,727+2%77,36-(143,55+3*0)= 239,897 </ 1mol;
Gzn2:=AGsp -2Gon-+H(Gznomp+3Gr20)=143,55-2*%77,36+(239,897+3%0)=228,727 “/mol;
Formation Zn+1,502¢+Cgrapn=2nCOs3;
AG°=G7nc03-(Gzn+1,5G 026+ Geraph)=219,267-(404,657+1,5%303,1+91,26)=-731,3 /mo1;
G20c03=AG formH(Gznt+1,5G02255+Gp%*)=-731,3+(404,657+1,5*303,1+91,26)=219,26 7 </ 1moi;
[1] Solubility ZnCO3+2H,0=Zn*"+CO3>"; Ksp=[Zn?"]*[COs>/[H20]>=1,46*10(10/55 3/2=1 (A (13.32D).
Attractor AGs=-RTIn(Ksp)=-8,3144*298,15*In(10"13-321)=76,0358 '/ imoi;
AG=G7zn21+Gc032--(Gznco3+2Gr20)=404,657+102,5523-(431,1735+2%0)=76,0358 X'/ mo1;
G20c03=Gzn2: +Gco32--(AGsp+2 G20 )=404,657+102,5523-(76,0358+2*%0)=431,1735 “//mol;
Formation 1,50:4+Cgrapnt2€=CO3%;
AG°=Gc032--(1,5G026TGgraph+2Ge-)=46,94-(1,5%303,1+91,26+2%14,415)=-527,8 X/ 1m1;
Gco32=AG°H(1,5G 020+ Geraph+2Ge.)=-527,8+(1,5%303,1+91,26+2*14,415)=46,94 X'/ 1no1;
Formation Zn +0,8%/2+H,/2=[Zn(OH)]"+e-; [1]
AG°=Gzno0m)+Ge-~(GzaTG02gas/2+G2/2)=255,285+13,642-(404,657+303,1/2+85,64/2)=-330,1 “/imoi;
Ge-=AG°-Gznon)HGzntGoogas/2+G2/2)=-330,1-255,285+(404,657+303,1/2+85,64/2)=13,642 '/ 1n;
Acid [Zn(H20)]*" protolysis Prigogine atractor AGeq=-RTIn(Keq) equilibrium [38] ITUPAC.
[Zn(H20)]+H,0=[Zn(OH)]*+H30"; [38] TUPAC.
Keqznmzop+=[[Zn(OH) ] T*[H30*1¥/[[Zn(H20)]**]/[H20]=10"219/55 3=1 01108927,
[38] Attractor AGg=-RTIn(Keqzn(20)2:)=-8,3144¥298, 1 5*In(10A-10527)=62, 175167 ~/mor;
Hess expression AGprot=Gznom)++Gu3o+-(Gzamzo)z++Gn20)=255,285+22,44-(215,55+0)=62,175167 '/moi;
G200 =AGyprot-Gr30+ H Gznm20)2++Gr20)=62,175167-22,44+(215,55+0)=255,285 </ mmol;
[18] Zn(H0)2 +OH=Zn(OH)*+H,0;
Stability constant Kb eq=B1*[H20]=[Zn(OH)"]/[Zn*"]/[OH *[H,0]=10104%55 3=106.782725,
[18] Attractor stability AGsiab eq=-RTIN(Ktab eq)=-8,3 144%298,15¥In(10/6782725)=_38 715567 */mor;
AGstab_eq=Giznon)+Gr20-(Grzn20)2++Gon-)=254,194+0-(215,55+77,36)=-38,715567 *'/mol;
Gzn©mp=AGstab_eq-G20-(Gznmzoyz++Gon-)=-38,715567-0+(215,55+77,36)=254,194 </ 1n;



Prigogine absolute energy attractors for dissolution, protolysis, and reduction-oxidation of chromium compounds

Metal chromium in [Cr*']=1 M solution, density 1,172 &mL mmo=mr-mcrsosp=1172-392,16=779,84 g/L,
Cr+H,O=Cr*"+3e". molarity Cr2(S04)3=392,16 &mo1, water amount [H20]=779,84 &/18 &/moi=43,3244 M.
Metal chromium Cr+H>O=Cr*"+3e"; has E°assic=-0,744 V [1], water -0,0591/3*1og(1/(55,3)=0,03433 and AE°:
E°crci3+=E°Classic-0,0591/3*log(1/[H20])+AE°=-0,744+0,03433+0,10166-0,371339=-0,979347 V.
AGeq ¢=E°c*F*3=-0,979347%96485%3=-283,5 /0,
AGeq cr=Ger3++3Ge(GortGr20)=18,3+3*0-(301,8+0)=-283,5 /ol ;
Ger3 =AGeq crH(GertGr20)=-283,5-3*0+(301,8+0)=18,3 '/ ino1;
3Ge=AGeq cr-Ger3HGortGr20)=(-283,5)-18,3+(301,8+0)=3*0 /o1 ;
Ec=E°c+0.0591/3*log([Cr*]/[Cr]/([H20]))=-0.979347+0.0591/3*log(1/1/55.3)=-1.0136 V; Distinguish from
1M -1.0136 V on 3™ digit -1.002 V. Solubility 64 & 19o¢ in hundred grams of water; w%=64/164*100=39.2%;
39.2/100g=X/1172//8/1; 39.2/100*1172=459.4 &/1; Ccro(s042=459.4/392.16=2.343 M,
CI’z(SO4)3; mHzoZmL-mCrz(SO4)2:??1 17277-459.4=712.6 g mCr2(SO4)2:457.07g. [H20]2712.6 &/18 &/mo=39.59 M.
Ec=E°c+0.0591/3*log([Cr* J/([Cr]-([H20]-6*[Cr**]))=

=-0.9793+0.0591/3*10g(2.343/1/(39.59-6*1))=-1.002 V;

Substance | AHn M/ mo1 IAS®H /mork|AG®H , /mol|  G028=303,1 /mo1; Gr22*=85,64 /mo1; Gceraph=91,26 /mol;
G. Cr |[1] CrnO7*| 28,76975 | 332,515 [[1] 2Gc=Gcr2072--(3,5G 026+ AG c2:072-+2Ge-)=2*332,515 X/mor;
Cr 308,90 23,8 301,8 [1] AHu=AGc+T*ASp=301,8+298,15%0,0238=308,90 *%/,01;

Cr assume| zero Gerop=0 ¥/mol 30,8 G =(Ger03-AG cr203-1,5G024)/2=301,8 /o

Cr?* -143,5 | -1,13118 | 83,516 Gc2:=AGeq (R-2Ge-+H(GertGr20)=83,516 X/imoi;
Cr** Ge. | --143,5 |formation| 37,392 |2G.=AG°-Gcr+ H(Ger)=-143,5=2%37,392=-143,5= 29,892 “/mnol;
Cr* E°cuvcn+= |-0,9793 V 18,3 Ger3+=AGeq crH(GertGH20)=-283,5+(301,8+0)=18,3 “/ino;

Cr(OH)2)| [33]1Ksp | =102%27 | 118,785 Geronps=Gern +2Gon-(AGeqt3Gr20)=118,785 ¥/imoi;
Cr(OH)s | [33] Ky, | =107302 38,206 Geronps=Gers+3Gon-( AGeqt4Gr20)=38,206 V/imol;
Cr(OH)s | E°cronp/cr |-1,7497 V 27,43 Geronp=AG°eq-3Ge-+(Cr+3Gon)=27,43 K/ imol3;

Cr(OH)3aq| [18] Kstab [9,352*10%° 73,599 Gerom3ag=AGeq-4Gu20H(Gers +3Gon-)=73,599 X/moi;

[33]JHCrO;|  Kpro=  [10M492318) 191,014 Gucr02=Gero2-+Gr30-(AGeqtGr20)=191,014 X/

[1] CrO> | E°croo.c= |-1,53834V| 196,675 Ger02-0=AG-3Ge+2Gm0H(Gert4Gon)=196,675 </mo;

Cr(OH)4™ |[33] Keq for| =10°%%74 | 117,264 Geromp-=AGeq-4Gu20H(Gers 1 (120)4+4Gon-)=117,264 </ im,l;
[11CrO2 | E°cro2= |2,03428 V| 124,818 Gcro2=AGeq-4Gn30-Ge-(Gera +8Gn20)=124,818 K/poi;

[1TH2CrOs4| pKo=0,74 | =0,00329 | 291,509 Gr20r04=GHcro4-+Gu30-(AGeqtGr20)=291,509 K/pmor
HCrOs~ [[1]E°cr63:={1,45797 V| 283,24 | Gucr04=AGeq c3+/6+ -7Gn30-3Ge+H(Gers:+11Gn20)=283,24 X/imoi;

Ge.HCrO4 | formation | -736,35 | 68,76975 | AG°ucros—=G ncros—-(0,5Gm+2G02e+GertGe)=-736,34975 X/pmor;

CrO4*~ -881,2 50,2 -727,8 [1] AGh=AHn-T*ASp=-881,2-298,15%0,0502=-896,167 **/02;
2Ge.CrOs2~| formation | -727,8 | 68,76975 [1] 2Ge=Gro42--(GertAG®+2G020)=2%68,76975 X/ mol;

[1] CrO> | pKax=6,49 |[Ke=10"%232| 317,7395 Gcro42-=AGeq-Gr30H(Grcro4+Gu20)=317,7395 /imol;

[1] CrOs [E°ciompics:=-0,53701V| 269,57 | Gcros2-=AGeqcros2-on--4Gn20-0-(Geromat5Gon)=269,57 ¥/mol;
Cr,07? -1490,3 261,9 -1301,1 |[1] AGu=AHu-T*ASp=-1490,3-298,15%0,2619=-1568,385 **/,101;
CI’zO72 2Ge-formati -1301,1 68,76975 [1]; 2Ge-:GCr2072--(3,5G02g+2GCr+AG°Cr2072_)=2*68,76975 kJ/mol;
Cr.O7> | formation | -1301,1 544,83  |Gcro=AGp-Gu20+(2Grcros)=-21,64875-0+(2%283,24)=544,83 /101 ;

[1] Cr20721E°c2072-/c13=1,4508 V| 562,32 Gc2072=AGeq cr-14GH30-6Ge-+H(2Gr3:+21G120)=562,32 /ol
HCr,0O; |Ky/[H20]=1]0,0002866| 564,538 Gucr207=Gero7+Gu30-(AGeq+Gr20)=564,538 X/mor;
CrClyg) -395,4 115,3 -356,0 |[1]
CrCly) -395,4 115,3 -356,0 |[1]
CrClyy | -556,5 | 123,0 | -486,1 |1]
CrClyy | -556,5 | 123,0 | -486,1 |1]
Cr03 -1139,7 81,2 -1058,1 [1] Formation AG°c203=Gcr203-(1,5G02¢+2Gcr)=-1058,1 ¥/mol;
Cr assum | formation | -1058,1 30,8  IGa=(Gcrno3-AG cr03-(1,5G02.))/2=301,8 X/ mol;
Cr203 Ger03=0 /ol 0 Gc203=AG cr203+1,5G 022G =0 M/mor;
H,O -285,85 | 69,9565 | -237,191 Protolize AGeq=Guzo++Gon-=22,44+77,36=99,8 “/mol;
OH"  |Keqi=3,26° [107C1®) 77,36 Gon-=AGeq-Gn30+=99,8-22,44=77,36 X/ imoi;
OH- -230 -10,8 -157,2 CRC [1] AG°0on=AH-T*AS=-230-298.15*-0.0109=-226.75 ¥/mo1;




Cr+H>O=Cr?"+2e", The absolute standard has E°assic=-0,913 V [1], water -0,0591/2*log(1/(55,3)=0,0515, sum
AE®: E°crcn+=E°Classic-0,0591/2*log(1/[H2O])+AE°=-0,913+0,0515+0,10166-0,371339=-1,1311815 V.
AGeq ¢=E°c*F*2=-1,1311815%96485%2=-218,284 /01,

AGeq (r=Gr21+2Ge~(GertGr20)=83,516+2*%0-(301,8+0)=-218,284 </1n ;

Gcr2:=AGeq (R-2Ge-+(GortGr20)=-218,284-2*%0+(301,8+0)=83,516 /1o ;
2Ge=AGeq cr-Ger HGertGr20)=-218,284-83,516+(301,8+0)=2%0 /1) ;

[1] Formation Cr=Cr>"+2e", AG°=Gcr+2Ge. -(Gcr)=83,516+2* Ge. -(301,8)=-143,5 /i ;
2Ge=AG°-Gcro+ HGer)=-143,5-83,516+(301,8)=2%37,392 /o1 ;
G =AG®-2GeH(Gcr)=-143,5-2%37,392+(301,8)=83,516 /1 ;

Cr**=Cr*"+e". Absolute sum has E°lasic=-0,407 V [1], zero water -0,0591/3*log(1)=0,0 un AE®:
E°crci3+=E°Classic-0,0591/1*log(1)+AE°=-0,407+0,0+0,10166-0,371339=-0,67668 V.
AGeq i3 =E°cricraioFel= =-0,676679%96485%1=-65,2894 X'/ 1o,
Ge- =AGeq 12+ C13+-GersH(Ger 1)=-65,2894-18,3+(83,516+0)=-0,0734 X/ 1m0 ;

Cr*"+11H,0=HCrO4s+7H30"+3¢". Absolute sum has E°ciassic=1,350 V [1],
-0,0591/3*log(1/([H.0]"1))= 0,37765 water logarithm and AE®:
E°Cr3/mcr04=E°Classic-0,0591/3*log(1/([H2 O ) +AEC =
~1,350-0,0591/3*log(1/(55,3"11))+0,10166-0,371339=1,45797 V.
AGeq cr3+mcr0s=E°cricrrF+3=1,45797 *96485%3=422,0167 /ol
AGeq cr3+mcr04=Gucr0a+7Gn30+3Ge~(Gers +11Gr20)=283,24+7%22,44+3%0-(18,3+11*%0)=422,02 X/ 1n,1,
Gucr0s=AGeq c13+mcr04-7Gu30-3GeH(Gers+11Gu20)=422,02-7%22,44-3*0-+(18,3+11%0)=283,24 /11,
3Ge=AGeq cr3+/mcr04-Grer04-TGr30H(Gers+11GH20)=422,02-283,24-7%22,44-3%0+(18,3+11%0)=3*0 /0,

Cr+30H =Cr(OH)3;+3e; pH>9 ; Absolute standard has E°classic=-1,48 V [1], water 0,137327, sum AE®:
E°crom3/cr=E°Classic-0,0591/3*1og(1)+AE®=-1,2+0,0+0,10166-0,371339=-1,74968 V.
AGeq=E’cr3onFe3=-1,74968*96485%3=-506,45 “'/mo1,
AG°e=Geromt3GeH(Cr+3Gon)=27,43+3*0-(301,8+3%77,36)=-506,45 /mo1;
Geronp=AGCeg-3Ge+(Cr+3Gon)=-506,45-3*0+(301,8+3%77,36)=27,43 '/mol;

Cr+40H =CrO,+2H,0+3e"; pH>9 ; Absolute standard has E°classic=-1,2 V [1], water -0,06866, sum AE®:
E°cr02-/0=E Classic-0,0591/3*log([H201?)+AE°=-1,2-0,0591/3*log(55,3"?)+0,10166-0,371339=-1,53834 V.
AGeq=E’ crioo-cr*F*3=-1,53834%96485%3= -445,28 ¥//1n,1,
AG®e=Gcr02-cr3Ge-+2Gr20-(Gert4Gon)=165,96+3*%0+2%0-(301,8+4%77,36)=-445,28 *//no1;
Gcr02-cmAG®eq-3Ge-+2 G0 H Gert4Gon)=-445,28-3*0-2*#0+(301,8+4*77,36)=165,96 “'/moi;

AG°eq=Gr02-0r3Ge+2Gr20-(Gert4Gon)=196,675+3*0+2*0-(332,515+4%77,36)=-445,28 /o1
Gcr02-6=AG eq-3Ge-+2G20H Gert4Gon)=-445,28-3*0-2*0+(332,515+4%77,36)=196,675 “//mor;
Ge=Ger02-0r3Ge+2GH20-(AG e 4G on)=196,675+3*0+2*0-(-445,28+4%77,36)=332,515 “/mmor;

Cr(OH)s+50H =CrO+>+4H,0+3e7; pH>9 ; Absolute standard has E°classic=-0,13 V [1], water -0,137326, sum AE®:
E°croms/cn=E°Classic-0,0591/3*log([H2.0]*)+AE°=-0,13-0,0591/3*10og(55,3"*)+0,10166-0,371339=-0,53701 V.
AGeq=E’cr3/on*F*3=-0,5370057*96485%3=-155,44 /o1,
AGeqcros2-08=Gero42-+4Gr20+3Ge(Geroms+5Gon)=269,566+4*0+3*0-(38,206+5%77,36)=-155,44 X'/ mo1;
Gcro42=AGeqcros2-on--4Gn20-3Ge~(Geronp+5Gon)=-155,44-4*0-3*0+(38,206+5*77,36)=269,566 '/ mmoi;

AGeqcro42-08=Gero42-+4Gu20+3Ge(Geroma+5Gon)=258,79+4%0+3*0-(27,43+5%77,36)=-155,44 ¥/ 1n;
Gcro42=AGeqcros2-on--4Gn20-3Ge-~(Gerompat+5Gon)=-155,44-4*0-3*0+(27,43+5%77,36)=258,79 “'/mol;

Cr*"+8H,0=CrO,+4H30"+¢"; Absolute standard has E°jassic=1,48 V [1], water 0,82396, sum AE°:
E°cr02=E°Classic-0,0591/1*log(1/[H,0]¥)+AE°=1,48-0,0591/1*log(1/55,3"%)+0,10166-0,371339=2,034281 V.
AGeq=E°cr02°F+3=2,034281%96485%1=196,278 /01,
AGeq=Gcro2+4Gu30+Ge--(Gers: +8Gr20)=124,818+4*22,44+0-(18,3+8%0)=196,278 X/ o1 ;
Gcro2=AGeq-4G130-Ge--(Gers +8GH20)=196,278-4%22,44-0+(18,3+8*0)=124,818 /im0l ;



2Cr " +21H,0=Cr,07> +14H30"+6¢"; Absolute standard has E°jassic=1,36 V [1], water 0,3604827, sum AE°®:
E°cr2072-10:3+=E°Classic-0,0591/6 *log (1/[H20]*1)+AE°=1,36+0,3604827+0,10166-0,371339=1,450804 V.
AGeq=E°c2072-/c13+°F*6=1,450804%96485*6=839,88 *// o1,
AGeq cr=Gcr072+14GH30+6Ge~(2Ger3+21Gr20)=562,32+14%22,44+6*0-(2%18,3+21%0)=839,88 X/ o1 ;
Gc2072=AGeq cr-14GH30-6Ge-+(2Gcr3:+21Gi20)=839,88-14%22,44+6*0+(2*%18,3+21%0)=562,32 /im0 ;

/wiki/Chromium(IIT) chloride Solubility [[CrCla(H20)4]C1e2H20]+2[H20]=[CrCl2(H20)4] "+ Cl*2H,0]
M(CrClz*(H20)6)=158,36+6*18,02=158,36+108,12=266,48 &/mo1 mas 347,65+237,35=585 &/1000 mL H20.
108,12/266,48=X/585; 108,12/266,48*585=X=237,35mL; [H,O]=(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%:;
[CrCly(H20)4]C1+2H20=280,96/158,36=1,774 M=[Cr*"]=[Cl*2H,0] m=280,96+1000=1280,96 g=? volume
[H20]=(1000/18,02)=55,494 M ; [H20]=55,494-4*1,774-2*1,774=44,85 M in 1000
[[CrCl2(H20)4]Cle2H20]s)+2[H20]=[CrCla(H20)4]+[CI*2H20]; mol fraction constant unit less :
Ksp eq=[[CrCla(H20)4]1*[[Cl*2H20] )/[[[CrCla(H20)4]C1*2H,0]5))/[H201%=1,774"%/1/44,85"2=0,0015645;
Sum for mol fraction [[CrCla(H20)4]]+[Cl-2H,O]+[H20]=1,774+1,774+44,85=48,398 M;
AGeg=-ReTeIn(Keq)=-8,3144*298,15*In(0,0015645)=16,0144 *//o1.
AGeq=Gcrcnoy+Gick2m20)—-(Giiercmowici2m201s H2G20)=16,0144 ¥/ ;
AGeq=Gcrcn20)41++HG(cl-2m201—~(Gerc@oyuc2m20)s) 2 Gr20)=16,0144 K/p0r
Formation AG°c:ci3=Geres-(Gert1,5Gei)=Gere-(301,8+1,5*Ge)=-486,1 X/ mol;
[[CrCl(H20)4]Cle2] =1, [Cr**]=1,774 M, [CI-2H,0]=1,774 M, [H,0]=44,85 M
[33] Solubility [Cr*(H20)3(OH)3]s4H0=[Cr*'(H20)6]+30H; K=10730-2);
Keq=Kep/[H20]4=6,3%10731/55,3/4=10/37:17155);
AGeg=-ReTeIn(Kcq)=-8,3144%298,15*In(10"N37:17159)=212,174 X/ip,.
AGeq=Gers +3Gon-(Genomy(sy4Gn20)=Gers +3*77,36-(Ger(Oms(s H4%0)=212,174 /ot ;
Geromysts=Gers +3Gon-( AGe+4Gn20)=18,3+3%77,36-(212,174+4+0)=38,206 “'/nn01 ;
[18] Stability Cr**+30H=Cr(OH);+4H-0;
Kstab=B3*[H201*=[Cr(OH)s]/([Cr* " /[OH]})*[H20]4=1072#*55,3/4=9,3519% 1030 1024 [1]=0; 10"* [I]=1 M;
AGeg=-ReTeIn(Ksiab)=-8,3144*298,15*In(9,3519%1073%)=-176,7807 *//po1.
AGeq:GCr(OH)3aq+4GHZO'(GC1'3 +3 GOH')Z73,599+4*0'(18’3+3 *77a36):'176a7807 K/ mol
Gerom3ag=AGeq-4Guzo0H(Gers+3Gon-)=-176,7807-4*0+(18,3+3%77,36)=73,599 X/ o1 ;
[33] Complex formation [Cr*" [+EDTA=[Cr(EDTA)]+H.0; Ke=K*[H20]=1%*1023%55,3=5,53*10"4,
AGeg=-ReTeIn(Kcq)=-8,3144%298,15*In(5,53*10"**)=-141,23 "/imo1.
[18] Complex formation [Cr*" [+EDTA=[Cr(EDTA)]+H.0; Kc=K*[H20]=10"234%55 3=1,389*10"?>;
AGeg=-ReTeIn(Kq)=-8,3144%298,15*In(1,389*10"?%)= -143,5137 /01,

[33] Complex formation [Cr**(H20)4]+40OH=[Cr(OH)4]+4H,0;
KeLfor :I<f0r>l< [H2O]/\4:8 *] 0/\29 *55 ,3/\4: 1 0/\36’874;
AGeg=-ReTeIn(Keq for)=-8,3144%298,15*In(10"3%874)=-210,476 “'/mmol.
AGeq=Grompa-+4Gn20-(Gers 112004 +4Gon-)=117,264+4*0-(18,3+4*77,36)=-210,476 *// o1 ;
Geromp-=AGeq-4Gu20(Gers (12004 +4Gon-)=-210,476-4*0+(18,3+4%77,36)=117,264 *'/ ol ;

[33] Solubility Cr(OH),+3H,0=Cr>+20H-; Kow=[Cr* *[OH]*/[Cr(OH)3(s)]=2*10°16; -20-927
Keq= Ksp/[H20]3= [Cr? J*[OH?/[Cr(OH)as)/[H2013=2*%10710)/55,3/3=1,18264555% 1 0N -2D=1 0/(-20.927);
AGeg=-ReTeIn(Keq)=-8,3144*298,15*In(10"29927)=119,451 X/pno1.
AGeq=Gcr:+2Gon-(Geronype)3Guz0)=83,516+2*%77,36-(118,785+3*0)=119,451 X/ imo ;
Geromps=Gern +H2Gon-(AGeqt3Gu20)=83,516+2*77,36-(119,451+3%0)=118,785 /o1 ;

[1] Formation 2Cr+1,50,=Cr,03; AG°cr205=Gcr203-(1,5G02¢+2Gcr)=0-(1,5%303+2Gcr)=-1058,1 /i,
Ge=(Gern03-AG°cr203-(1,5G02¢))/2=(0+1058,1-(1,5%303))/2=301,8 /mmoi;
Gcr203=-AG cr203+1,5G02,+2Gcr)=1058,1-1,5%303-2*301,8)=0 *'/mol;

[1] Formation Cr+20,+2e=CrO4>";
AG°=Gcr042--(Gert2Ge-+2G024)=317,7395-(301,8+2%68,76975+2%303,1)=-727,8 X/mo1 ;
2Ge-=Gero42--(GertAG®+2Go24)=317,7395-(301,8-727,8+2*303,1)=2%68,76975=137,5395 /o1 ;

[1] Formation 0,5H>+20>+Cr+e-=HCrO4;
AG1cr04-=G 1ero4-~(0,5GH2+2G 02 G ertGe-)=283,24-(0,5%85,64+2*303,1+301,8+68,76975)=-736,34975 X/imoi;
Ge-=G 1cro4—-(0,5Gm+2G02o+GortAG neros-)=283,24-(0,5%85,64+2%303,1+301,8-736,34975)=68,76975 X'/ moi;
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[1] Formation H»+20:+Cr=H,CrOs;
AG°120:04=Gi2cr04-(Gr2+2G 02+ Ger)=291,509-(85,64+2%303,1+Gc)=-727,8 X/moi;
AG°120:04=Gi2cr04-(Gr2+2G 02 +Ger)=291,509-(85,64+2%303,1+Gc)=-727,8 X/ moi;

[1] Formation 3,50,+2Cr+2e=Cr,07%;

AG°cr2072=Gcr2072--(3,5G 020 2G o 2Ge.)=562,32-(3,5*303,1+2*332,515+2%68,76975)=-1301,1 ¥/mol;
2G=Gcr2072--(3,5G02e+AG  c2:072-+2Ge-)=562,32-(3,5%303,1-1301,1+2%68,76975=2%332,515=665,0305 *'/mol;
2Ge=Gcr072--(3,5G 0267 2G e FAG c12072-)=562,32-(3,5%303,1+2*332,515-1301,1)=2%68,76975 </ moi;

[1] Protolysis pKa=0,74; HoCrOs+H,O=HCrO4s +H30"; Keq=K/[H20]=10"%7%/55,3=0,003290598 ;
AGeg=-ReTeIn(Ka/[H20])=-8,3144*298,15*In(0,18197/55,3)=14,171 K/ inol 5
AGeq=Grcro04-+Gu30-(Gr2cr04+GH20)=283,24+22,44-(291,509+0)=14,171 K/ inol 5
G2c:04=Grcro4-+Gu30-(AGeqtGr20)=283,24+22,44-(14,171+0)=291,509 /101 ;
[1] Protolysis pKa.2=6,49; HCrO4+H,0=CrO4>+H30"; Keq=Ka/[H20]=107(-6,49)/55,3=10"(32327)
AGeq=-ReTeIn(Ka2/[H20])=-8,3144%298,15*In(5,8516*1 079/55,3)=56,9395 “//moi;
AGeq=Gcro42-+Gu30-(Gucros+Guz0)=317,7395+22,44-(283,24+0)=56,9395 /1mi;
Gcro42-=AGeq-Gr30+(Grcro4+Gu20)=56,9395-22,44+(283,24+0)=317,7395 X/ mol;

[33] Protolysis Cr(OH);=HCrO>+H,O=CrO,+ H30";
Ka=6,6%10"N; Kpro=Ka/[H20]=6,6*10N4/55,3=1,19349*10/-D)=1 0 -492318),
AGeg=-ReTeIn(K./[H20])=-8,3144%298,15*In(1,19349*10"->)=28,10135 *//mmol;
AGeq=Gr02-+Gu30-(Grcro2+Gr20)=196,675+22,44-(191,014+0)=28,10135 X/ pno1;
Gucr02=Gcro2-+Gr30-(AGeq+Gr20)=196,675+22,44-(28,10135+0)=191,014 ¥/ pn01;
[39] https://en.wikipedia.org/wiki/Chromic_acid
Dissociation ; 2HCrO4=Cr,07>+H,0; logKkp=2,05;
Keq=Kp*[H20]=[Cr20727]/[HCrO4 ["**[H20]=10"293%55 3=10"*72725=6204,76;
0,74< pH <6; AGp=-ReTeIn(Kp*[H20])=-8,3144*298,15*In(6204,76)=-21,64875 “'/mmo ;
AGp=Gcr07+Gr20-(2Gucro4)=544,83+0-(2%283,24)=-21,65-0+(2%283,24)=-21,64875 /o1 ;
Gcrno7=AGp-Gr20(2GHucro4)=-21,64875-0+(2*283,24)=544,83 /o1 ;
[39] https://en.wikipedia.org/wiki/Chromic_acid
Protolysis ; pK.=1,8; HCr,O7+H,0=Cr,0-*+H3;0%;
Keq=Ko/[H20]=10C18/55 3=0,0002865991;
AGeg=-ReTeIn(Kcq)=-8,3144%298,15*In(0,0002865991)=20,22175 */mol;
AGeq=Gcro7+Gu30-(Grerno7-+Gr20)=562,32+22,44-(Grcr07-+0)=20,22175 /ol
Gucr207-=Gero7+Gr30-(AGegtGn20)=562,32+22,44-(20,22175+0)=564,538 </ mol;
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