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I type Prigogine attractors for electrodes of metals Ag, Hg, Pb, Al, Ca, Mg with precipitates.

Prigogine absolute energy attractors for dissolution, protolysis, and oxidation of silver compounds.
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K*CI" solution, counter-ions Cl- of AgCl insoluble salt. Nernst’s
half reactions for electrode of silver metal Ag. Electric potential in

measurement by couple of electrodes Electric Motion Force

EMF in Volts. Between the indicator electrodes Mel and the
reference electrode Mell connected in a closed electrical circuit, the
potential of the Mel indicator electrode EI is calculated as the sum:
EI=EMS+EII. The standard reference electrode EII serves as a
constant value of potential and chloride concentration.

The silver I-type electrode: Ag(s)+H,O=Ag"+e" absolute potential

is expression standard potential E°ciassic=0.7996 V [1], water logarithm -0.103 and sum AE°=0.10166-0.37239:
Eagag=E classic-0.0591/1*1g(1/[H,0]")+AE®=0.7996+0.103+0.10166-0.37239=0,631865 V.
AGeq Ag=E°A¢*F*n=0,631865%96485*1=60,9655 “/mo1,
AGeq Ag=Gag++Ge-(GagtGH20)=103,825+0-(42,8595+0)=60,9655 //pno1;
Gaeg=Gag+TGe~(AGeq Agt+GH20)=103,825+0-(60,9655+0)=42,8595 X'/ 1mo1;
Gag=AGeq As-Ge+H(GagtGH20)=60,9655-0+(42,855+0)=103,825 /01 ;
Ge-=AGeq Ag-Gag+H(GagtGu20)=60,9655-103,825+(42,8595+0)=0,0 //mol;
Formation Ag+0,5CLE*=AgCl; AG°qagci=Gagci-(Gagt0,5*Geng)=130,236-(42,8595+197,1765)=-109,8 ¥//imoi;
Gen®=2*(Gagc1-(GagtAG®eq agc1))=2*(130,236-(42,8595-109,8))=2%197,1765=394,353 //mor;
Gaeci=AG e agcrH(Gagt0,5*Geng®)=-109,8+(42,8595+394,353/2)=130,236 *//mos;
Formation Ag=Ag"+e"; AGeq Ae=Gag++Ge-(Gag)=103,825+16,1345-(42,8595)=77,1 /mo1; [1]
Ge-=AGeq Ag-Gagi+(Gag)=77,1-103,825 +(42,8595)=16,1345 </nn;
Solubility equilibrium on mol fractions AgCl(s)+2H.O=Cl+Ag" absolute constant :
K absoluteagc=Kspagcl/[H2 01V =[Ag 1*[CI]/[AgCI(s)]/[H20]"?=1.77%10"10/55 3/2=1 01 (13.2375),
AGgpagci=-ReTeIn(Kspagc1)=-8,3144*298,15*In(10713-2375)=75,559 ¥/,;; kompensé tidens molekulu
AGspagc=Gagi+Ger-(Gagert2Gr20)=103,825+101,97-(130,236+2%0)=75,559 /ol ;
Ga1-=AGspagci-Gag:HGagert2Gr20)=75,559-103,825+(130,236+2%0)=101,97 </, ;
Gaec=Gag+Ger-(AGspagcrt2Gr20)=103,825+101,97-(75,559+2%0)=130,236 /o1 ;

ion Gagr=103.8 /o1 over Gag=42.855 /im0l element 60.945;[8]

Gag=Cag:~(AGeqagtGrizo)=103,825-(60,9655+0)=42,8595 K/or: [8]
GAg:GAgCl+GHZO'(AGelAg+GCl-):42,85335 kJ/mOl;

AG agci=AHE-T*ASH=105,6-298,15%0,0727=83,9245 Y/ne1; [1]

Ge.=AGeq Ag-Gagi+(Gag)=83,9245-103,825 +(42,8595)=16,1345 X//m01;

Gag=AGeq AsH(GagtGr20)=60,95+(42,855+0)=103,825 /o1 ;

AGaec=AHu-T*ASy=-127,0-298,15%0,09625=-155,71 X/mor; [1]
Gaegc=AGeq AgcrH(Gagt0,5%Gei)=130,236 X/mor;

Gaec=Gag++Ger-(AGspagcrt2Gn20)=130,236 X/ mol;

Gen8=2*(Gagcr-(GagtAG eq ae1))=2%197,1765=394,353 /1m0

Ga1=AGspagci-GagiHGagcrt2Gr20)=101,97 X/poi;

AGc.=AHy-T*ASy=-167.08-298,15%0,0566=-183,955 ¥/moi;[ 1]

Ge-=Ge-(GerFAGeqc)=101,97-(197,1765-131,2)=35,9935 /01;

2Gc-=Grg2c+2GH20(AGeq Hg2c2H2GHg)=2%66.1832 /o

Gaegni3)2+=AGag/aegni312+-GH20H(GAg+2GNi3aq)=224,985 KV/mol;

AGag0=AHu-T*ASu=-31,1-298,15%0,1213=-67,2656 X/mor; [1]

Gag20=AG°A0201(2Gagt0,5G022%9)=226,069 X/ mor;

Substance| AH°u /mo1 |AS®/mork |[AG®H .Y/ mol
Ag E°agag= |-0,6319 V| 42,8595
Ag E°agagc= |-0,151395| 42,87335

Agt 105,6 72,7 77,1

Ag+ Ge. | Formation 77,1 16,1345
Agt E°ao= 0,631865| 103,825

AgCl(s) -127,0 96,25 -109,8
AgCl(s) | formation | -109,8 130,236
AgCI(s) | Kgpaga= [107C132375) 130,236
ChL#&  |-109,8;AgClgformation | 394,353

Cl-ag) Keopage=  [107C132375) 101,97

Cl-(ag) -167,2 56,6 -131,2
Cl'aq) Ge-| formation | -131,2 | 35,9935
Clagnact | E°crcp= [1.03756 V| 66.1832
Ag(NH3)2'| E°agamsp+ | -0,06995 | 224,9895

Ag0(s) -31,1 121,3 -11,2

AgyO(s) | formation -11,2 226,069

2Ag E°agago= [0,02277V|2*33,4773

2Gag=Gag20t+G20-(AGag/ag20+2Gon)=2%33,4773 ¥/ mol;

Water molecule compensation Ag(s)+H,O=Ag"+e"; Ag(s)+H20+Cl=AgCl(s)+2H,O+e” on summary reaction
Ag(s)+Cl'=AgCI(s)+H,O+e Expression of absolute potential has standard E°classic=0.2223 V [1],
water and AE°: Eagagci=E °classic-0.0591/1*log([H20]")+AE°=0.22233-0.103+0.10166-0.37239=-0.1514 V,
AGeq Ag=E°ag*Fen=-0,151395 *96485%*1=-14,60735 “'/mmol;
AGeq Ae=GapctGr20+Ge~(Gag+Ger)=130,236+0-(42,87335+101,97)=-14,60735 /im0l ;
Gae=GaecrGu20TGe-(AGeq Aet+Ger1)=130,236+0-(-14,60735+101,97)=42,87335 </ 1moi;
Ge-0=AGeq Ag-Gagci-Gu20H(Gagt+Gei)=-14,60735-130,236-0+(42,87335+101,97)=0 X/ 01 ;

1



Solubility NH3#* and Ag compensate each one water molecule in Nernst’s half reaction products
NH;385+H;0=NH3aq; AgtH20=Ag"+e"; Ag+tH,0+2NH3..=Ag(NH3)2"+2H20+e"; Absolute potential has
standard E°classic=0,373 V [17], water -0,0591/1*log([H20]")=-0,103 logarithm and sum AE°=0,10166-0,37239:
E°Ag/agtNi3)2+=E °Classic-0,0591/1*log([H20]!)+AE°=0,373-0,103+0,10166-0,37239=-0,000725055 V
AGag/agNH312+=E° Ag/agvm3)2+*Fen=0,000725055%96485*1=-0,069956 *'/mol;
AGagagNH32:=GagNi3)2+H G20 Ge~(Gagt2GNizaq)=224,9895+0-(42,8595+2%91,1)=0,069956 “//imo;
Gaegni3)2+=AGag/aev1312+-GH20-Ge-H(Gag+2GNi3aq)=-0,069956-0+(42,8595+2%91,1)=224,9895 “//mmol;
Ge--=AGag/AsN3)2+-Gagni3)2+-GH20H(GAgt2GNizag)=-0,069956-224,9895-0-+(42,8595+2%91,1)=0 X'/ mmol;
Formation Cl,8%/2+e-=Cl-;
AGeqc=Ger-(GertGe-)=101,97-(197,1765+35,9935)=-131,2 X/imi;
Ge-=Ger(GertAGeq1)=101,97-(197,1765-131,2)=35,9935 /ol ;
Formation 2Ag+0,50-8=Ag,0;
AG°A020=Gag20-(2Gagt0,5G028%)=226,069-(2%42,8595+0,5*303,1)=-11,2 ¥/ 1no1;
Gan20=AG°A020(2Gagt0,5G028%)=-11,2+(2*42,8595+0,5%303,1)=226,069 “//mol;
2Ag+20H =Ag,0(s)+H,0+2¢;
Expression of absolute potential has standard E°classic=0,345 V [17], water and AE°®:
E°2A¢/4g20=E °classic-0,0591/2*log([H20]")+AE°=0,345-0,0515+0,10166-0,37239=0,0227725 V.
AGAg/AgZO:EOAg/AgZO.F.n:0,0227725*96485*2:4,394 kJ/mol;

AGagag20=Gag20+Gr2012Ge. -(2Gag+2Gon)=226,069+0+2*0-(2*33,4773+2%77,36)=4,3944 “/1n1 ;
2GAg=Gag20+G2012Ge- ~(AGagag20+2Gon)=226,069-+0+2%0-(4,3944+2%77,36)=66,9546=2*33,477 '/ mol;
2Ge-=AGAg/Ag20-Gag20-GH20t+(2G A +2Gon)= 4,3944-226,069-0+(2%33,4773+2%77,36)=0,0 X/mo1 ;

Gan20=AGAgAg20-GH20-2Ge-+(2Gag+2Gon)=4,3944-0-2%0+(2%33,4773+2%77,36)=226,069 *'/1nol;

Ag(NH,)5 Ag,0]-
EOAg/Ag(NH3)2+:0,000725 V+ [Ag]([kgi]_zi)ig](NHs);])Z EO2Ag/AgZO:0,02277 V+ I%Z]%]




Prigogine absolute energ

attractors for dissolution, protolysis, and reduction-oxidation of mercury compounds

<:::GHg:(GHg2Cl2+GHZO'(2GCl-+AGe‘LHg2C12))/2:35’764 1 kJ/mol;

Grg=AGeqredox 1202-G02aquat(GrgotGH202)=35,778 ¥/mot;

Grg=(GHg2504~(AGHz804+Gromb G Sromb +2G02))2=85,023% /ol

AGc.=AHu—T*ASH=-90,8-298,15*0,0703=-111,76 “/mo;;[ 1]

Gre=Grg0-(AGrgo+0,5G022%)=147,25-(-58,5+0,5*303,1)=54,2 /o1;

Greg0=AGeqrg0-2Gr20H(Grg2Gon)=147,15 ¥/ mol;

<====Gne=Gug0+Gm20-(AGequzo+2Gon)=35,764 /moi;

Grg0=AGeqig0-2Gr20H(Grg2Gon)=147,15 ¥/ mol;

AGrg22+=AHu-T*ASy=—172,4-298,15%0,0845=-197,59 ¥/im,1;

2Ge.=AGeq 211g-Grig22++H(2Gg+GH20)=2%20,975 ¥/omor;

GHg22+=AGeq Hg+t(2GrHg+tGr20)=111,55+(2*35,8+0)=183,08 </ 1m01;

Gug2=AGeq e+ (GregtGu20)=121,91+(35,764+0)=157,674 X/ mo1;

AGrg22+=AHu-T*ASy=-171,1-298,15%-0,0322=-161,4996 “/im,1;

2Ge=AGeq Hg-Grg2++(GrigtGnz0)=2%21,24505 /moi;

[ 1 ] AGngso4=AHH—T*ASH=-743 , 1 -298, 15 *0,2:-802,73kJ/m01;

Gre2504=AGHg2504H( GgtG srombt G S romb TG 028%)=55,4718 ¥/ ol

Grg2504=GHg22++G3042--(AGeqig2504+2Gn20)=154,3205 X/ mor;

GHg2504=AGeq 12504 (2GHgtGs04)=153,99156 /ol

AGrig22=AHi-T*ASH=-909,3-298,15%0,0201=-915,29 ¥/pm01;

2Ge-=Gs042-(Gsrombict2G02tAGs042)=161,2062=2%80,60 “'/nm01;

Gus04-=AGequ2s04-Gr30H(Grzs04+Gr20)=27,584 X/ mol;

Gs042-=AGequs04-Gr30+H(Guso4-+Gn20)= 26,44977 ¥/ i1, pH<7

Gs042-=AGequso42--3Gn30+(Guso3+4Gn20)=26,44996 </ 1n,i;

Gs04=GHg2504-(2GHgtAGeq He2504)=26,44996 ki mol,

Grs03=Gs042-+3GH30-(AGequsos +4GH20)=73,072 X/moi;

Gs042-=AGeqs032-0n-Gr20H(Gs032-+2Gon)=54,9256 /o ;

Gs032-=Gs042-+2Gu30-(AGeqs032-+3Gn20)=60,56996 *V/mor;

G =2*(Gagc-(GagTAG®eq_agc1))=2*197,1765=394,353 "/ mol;

Ge=-(2GrgtAGHg2c12)=-(2%35,7641-210,7)=139,1718 “/nmr;

Ge=-(GrgtAGCHec2)=-(35,7641-178,6)=142,8359 X/p01;

Gct*=AGeq 2ci-c2H(2G1-)=200,218+(2%66,1832)=332,584 K/ ol

G =AGeq 2¢i-c2H(2G1)=125+(2%66,1832)=257,3664"/1m,i;

AGrg22+=AHu-T*ASy=-265,37-298,15*0,1916=322,4955 “/1n,1;

GHe2C12=AGeq i H2GreHGen®)=-210,7+(2*35,7641+139,1718)=0 X'/ 1m1;

[1] AGug22+=AHu-T*ASy=-224,3-298,15%0,146=-267,83 ¥/mo1;

[1] Guec2=AGeq HecH(GrgtGei22$)=0,0001 ¥/p01;

GHg2c=AGeq 1e2012-2GH20-2Ge+(2G 1 +2Grig)=183,5083 X/ imol;

AGc.=AHu-T*ASy=-167,08-298,15%0,0566=-183,955 X/mo;;[ 1]

Ge-:GCl-(aq)'(O,S GCl2gaS+AGequ): 125,9652 kJ/mol;

Gc1-=(-Gug22++AGegg2c2H( GHe2c2+3GH20))/2=66,05455 ki mol;

Substance| AH°u,"/mor |AS°H,"/morikAG°H, " mol
Hg Emeaco=  -0,10565 V| 35,7641
He | AE°monaqizo] 0.751298 | 35,778

Hg Hg>SO, formation -625,8 | 85,0232
HeOJ1] | 90,8 703 | -58,5
Hg Formation neo| -58,5 54,2
HgO¢) |Formation peo|  -58,5 147,25
Hg E°ngo—  |0,22423 V| 35,764
HgOw | E°meo— |0,22423 V| 147,25
He?'[1] | 172,4 845 | 1535
Hg>** Ge.| formation 153,5 |2%*20,975
Hg?" | E®ugmgn= [0,5780675| 183,0782
He? | Elugme— |0,6317675] 157,674
Hg?'[1] 171,1 -32.2 164,4

Hg?" G.. | formation 164,4 |2%21,245

HgoSO4s) -743,1 200,7 -625,8

Hg>SO4i)| formation -625,8 | 55,4718

HgaSO4s) [Kabsolutetgzsos=] 1072672 | 154,3205

He:SOuw|  Elngsoi=  |0,29027 V|153,99156

SO4* -909,3 20,1 -744,5
SO Ge. | [1] formation | -744.5 | 80,603
HSO4 pKax=1,99 | protolysis| 27,584
SO4>  |[1] pKa2=1,99 | protolysis | 26,44977
SO4* E°usoz= 10,10726 V| 26,44996
SO4* E°Hgsos=  [0,29027 V| 26,44996
HSOs E°gsos= 10,10726 V| 73,072
SO4* E°so32=  |-1,2522 V| 54,9256
SOs* E°sos2=  {0,05576 V| 60,56996

[1] Clg* | -109,8;AgCliformation | 394,353

[1] CL#* | HgoCly(s) formation-210,7| 139,1718

[1] Cl#* | HgClyes) formation-178,6| 142,8359

Claagnact E%crc= 1,03756 V| 332,584

14Cloagnact| Keq 2c1.c0=""* 0,64771 V| 257,366

HexCl | 265,37 1916 | -210,7

HgCly) | formation -210,7 0

HeCl | 2243 146 | -178,6
HgClys) | formation -178,6 0,0001
HgyClys) E°uec= |-0,10565 V| 183,5083
Cletag) 1167,2 56,6 | -1312
Cl'aq) Ge- | formation -131,2 [ 125,9652
Cl-aq)  |Kabsoltengzcn=| 10°2307) | 66,05455
Cl agNact E%crc= [1,03756 V| 66,1832

2Gc-=Grg2c+2GH20~(AGeq Hg2c2H2GHg)=2%66,1832 X/ no;

2Hg+H>O=Hg,?"+2¢"; Absolute potential contains standard potential E°ciassic=0,7973 V [1], water logarithm, AE®:
E°21g=E %clasiskais-0,0591/2*1g(1/[H,0])+AE°=0,7973+0,0515+0,10166-0,37239=0,5780675 V;

AGeq 21=E°Hg*F*n=0,5780675%96485*2=111,55 /01,

AGeq 21g=GHg22+12Ge~(2GHg+Gr20)=183,0782+2*0-(2%35,7641+0)=111,55 /o1 ;

GHg22+=AGeq Hg-2Ge+H(2GrgtGH20)=111,55-2*%0+(2*35,7641+0)=183,0782 '/ 1n1 ;

2Ge=AGeq 21ig-Grig22+H2GHgtGr20)=111,55-183,0782+(2*35,7641+0)=2%0 X/ny01 ;

Hg+H>O=Hg?'+2¢"; Expression of absolute potential has standard E°classic=0.851 V [1], water logarithm and AE°:

E°Hg=E °clasiskais-0,0591/2*1g(1/[H.0]")+AE°=0,851+0,0515+0,10166-0,37239=0,6317675 V;
AGeq Hg=E Hg*F*n=0,6317675%96485%*2=121,91 Y/,
AGeq Hg=GHg2++2Ge--(GrgtGH20)=157,674+0,0001-(35,7641+0)=121,91 /1101 ;
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Gue=Gng2++2Ge-~(+Gu20)=157,674+0,0001-(121,91+0)=35,7641 X/ 1 ;
Gug2=AGeq Hg-2Ge+(GregtGu20)=121,91-0,0001+(35,7641+0)=157,674 X/ o1 ;
2Ge=AGeq He-Grg2+H(GretGu20)=121,91-157,674+(35,7641+0)=2%0,00005 “'/ 11, ;
Formation 2Hg+H>O=Hg»*"+2¢";
AGeq 21e=GHg221+2Ge~(2Gre+Gu20)=183,0782+2%20,975-(2*35,7641+0)=153,5 X/ 1n;
2Ge=AGeq 21e-Grg22++(2Gre+Gu20)=153,5-183,0782+(2*35,7641+0)= 2%20,975 /o1 ;
Formation Hg+HoO=Hg?"+2¢"; AGeq He=GHg2++2Ge-~(Grg+Gn20)=157,674+2*G..-(35,7641+0)=164,4 ¥/ 1n,;
2Ge=AGeq He-Gre2+H(GugtGuz0)=164,4-157,674+(35,7641+0)=2%*21,24505 </ 1m,;
Formation Hg+51ombt2028%=HgxSO.4s);
AGH2504=Grg2504-(2Ggt G sromb+G S romb 2 G 028%)=153,99156-(2%35,7641+3,5436+2*303,1)=-625,8 */mol;
2Gug=Grg2504-(AGHg2804+ G sromb 2 G 02229)=153,99-(-625,8+3,5436+2*303,1)=2%85,0232 *//mol;
Gug2504=AGHg2504H2GgtG s romb+ G Sromb 2 G 022%%)=-625,8+(2*35,7641+3,5436+2*303,1)=153,99156 </ 1mol;
[1] SO4* Formation Srombict202885+2*e-=5047;
AG®°504:=Gs042-(Gsrombict2G02+2Ge.)=26,44977-(3,5436+2*303,1+2*80,603)= -744,5 /nmo1;
2Ge=Gs042-(Girombict2G02+AG5042)=26,44977-(3,5436+2*303,1-744,5)=161,20617=2%80,603 *//1l;
Protolysis HSO4+H20=S04>+H30" pKa»=1,99
Keq2=Ka2/[H201=10"199/55,3=0,0001850 energy change has
AGeqHso4=-R‘T‘ln(Keq2)=-8,3 144*298, 15 *11’1(0,000 1 85)ZG5042_+GH30-(GHso4_+GH20): 2 1,3069 kJ/mol. Hess
expression AGequs04=Gso42-+Guzo-(Gusos-+Gn20)=26,44977+22,44-(27,584+0)=21,3069 <'/1n,| free energy of
Gus04-=Gs042-+Gr30-(AGequs04+Gu20)=26,44977+22,44-(21,3069+0)=27,5829"/mo and
SO4? anion mol is Gso042-=AGequs04-Gr30+(GHs04-+GH20)=21,3069-22,44+(27,5829+0)=26,44977 V/no1;
2<pH<7 HSO; +4H,0=S04> +3H30"+2e"; Classic standard potential E°jassic=0.172 V [1], plus water account
-0.0591/2*log(1/[H20]*=0.206 and common sum AE°=+0.10166-0.37239 absolute potential has
E°ns03-=E°-0,0591/2*log(1/[H20]*)+AE°=0,172-0,0591/2*l0g(1/55,3"*)+0,10166-0,37239=0,10726 V;
2<pH<7, 172 AGeqHso3_=E°Hso4_'F'n=0,10726*96485 *2=20,69796 kJ/mol,
AGequs03-=Gs042-+3Gn30+2Ge—(Grnso3+4Gn20)=26,44996+3*22,44+2*0-(73,072+4*0)=20,69797 /ol ;
Grs03=Gs042-+3GH30T2Ge-—(AGeqrsos +4Gu20)=26,44996+3%*22,44+2%0-(20,69796+4*0)=73,072 /o1 ;
Gs042-=AGeqrs042--3Gu30-2Ge-H(Grs03+4Gn20)=20,69796-3%22,44-2*0+(73,072+4*0)=26,44996 /o1 ;
2Ge-=AGequso42-—-3Gn30-Gso42-+(Grs03+4Gu20)=20,69796-3%22,44-26,44996+(73,072+4*0)=2*0 X/ny01 ;
pH>7,172 SO3*+3H20=S04> +2H30"+2e"; Classic standard potential E°assic=0,172 V [1] , plus water account
-0.0591/2*log(1/[H20]*)=0.15449 and common sum AE°=+0.10166-0.37239 absolute standard potential is
E°H2503=E°Classic-0,0591/2*1og(1/[H.0]*)+AE°=0,172-0,0591/2*10og(1/55,3"*)+0,10166-0,37239=0,055763 V;
AGeqHso3=E°Hso3'F‘n:0,055763*96485*2210,7600 kJ/mol;
AGeqs032-=Gs042-12Gu3012Ge-~(Gs032-+3Gu20)=26,44996+2%22, 44+2*0-(60,56996+3*0)=10,7600 “'/ 1o ;
Gs042-=AGeqs032--2GH30-2Ge-+(Gs032-+3GH20)=10,7600-2%22,44-2*0+(60,56996+3*0)=26,44996 *'/mo! ;
Gs032-=Gs042-+2Gn304412Ge--(AGeqs032-+3Gr20)=26,44996+2%22,44+2*%0-(10,7600+3*0)=60,56996 /o ;
2Ge-=AGeqs032--2Gu30-Gsosr-+(Gs032-+3Gr20)=10,7600-2*22,44-26,44996+(60,56996+3*0)=2*0 /ol ;
Formation 2Hg+CL#=Hg>Clais); AGeq Hg2c=Grg2cn-(2GrgtGein®)=0-(2*35,7641+139,1718)=-210,7 “/mol;
Gue2c=AGeq He20c2+H(2GretGern)=-210,7+(2*35,7641+139,1718)=0 </ 1n;
Formation Hg+C1#5=HgClys); AGeq Hec2=Grgc2-(Grg+Gert*)=0,0001-(35,7641+142,836)=-178,6 V/mol;
Guec2=AGeq Hec2H(GugtGen®)=-178,6-(35,7641+142,836)=0,0001 *'/p,o1;
Formation 0,5Cl+e=Cl (aq); AGeq ci=Gcl-(aq~( 0,5Gc28*+Ge.)=66,1832-(0,5%142,836+Ge.)=-131,2 /i,
Ge-=Gl-(aq)-(0,5G 128 +AGeq 1)=66,1832-(0,5%142,836-131,2)=125,9652 </ 1n,l;
Gcl(a=AGeq cit( 0,5Gcn®+Ge.)=-131,2+(0,5*142,836+178,720)=66,1832 “'/1n;
Formation 0,50,2+Hg=HgO; AGng0o=Greo-(Gng+0,5G0-2*)=147,25-(54,2+0,5*303,1)=-58,5 /mol;
Gre=Gug0-(AGrgo+0,5G0:2%)=147,25-(-58,5+0,5*303,1)=54,2 X/ 1no1;
[1] Solubility HgClo+3H,0=Hg,**+2Cl"; Kopy=[Hg2>"1*[CI']*/[Hg2CL]/[H.0]3=1,43*10"18/1/55,3/3=102307;
AGegug2cn=-ReTeIn(K apsolutcHg2c12)=-8,314%298,15%In(10"2>1)=131,68 *'/mol;
AGeqig2c2=Grg22++2Gc1-(Grgacnt3Gr20)=183,0782+2%66,1832-(183,5073+3*0)=131,68 </ moi;
Ga=(-Gug22++AGeqre2cinH(Grgzcin+3Gn20))/2=(-183,0782+131,68+(183,5073+3%0))/2=66,05455 “'/mol;
Formation 2Hg+ClL=Hg:>Clxs); AG°Hg2c2=Grg2c-(2GrgtGen)=-(2#35,7641+Gc)=-210,7= ¥/moi;
AGug2c=Grg2cn-(2GrgtGen)=-(2%35,7641+Gc)=-210,7= ¥/moi;
Gci=-(2GuegtAG®Hg2cn)=-(2%35,7641-210,7)=139,1718 /p01;
Formation Hg+Cl,=HgCly;
AG°Hgc12=-(35,76+Gc12)=-178,6 “/mol; Ge=-(GugtAG®Heci2)=-(35,7641-178,6)=142,836 X'/ mol;
2Hg+2Cl'=Hg:Cly+2H20+2¢7; Expression of absolute potential has standard E°classic=0,26808 V [1],
water and AE°: E°Hgc=E °Classic-0,0591/2*1g([H20]?)+AE°=0,26808-0,1030+0,10166-0,37239=-0,10565 V;
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AGeq Hg2c2=E°ug2cn*Fen=-0,1056451%96485%2=-20,3863 “//mol,
AGeq He2c2=Grg2c+2Gn2012Ge-(2G 1 +2Grg)=183,5083+2%042%0-(2%66,1832+2%35,7641)=-20,3863 </ 1mo| ;
Gue2c=AGeq He2c12-2GH20-2Ge+H(2G 1 +2Grg)=-20,3863-2%0-2*0+(2%66,1832+2%35,7641)=183,5083 </ 1n1 ;
2Ga=Gue2c2+2Gn2012Ge~(AGeq He2c2+2Gre)=183,508+2%0+2%0-(-20,386+2%35,76)=132,366=2%66,19 “'/1n,i;
Gue=(Gre2c2+Gm2012Ge-~(2G 1 +AGeq He2c12))/2=(183,5083+2*0+2*0-(2%66,1832-20,3863))/2=35,7641 X/ 1n ;
2Ge=AGeq He2012-Gre2c2-2Gu20+(2G 1 +2Gre)=-20,3863-183,5083-2%0-2*0-+(2%66,1832+2%35,7641)=0 X/ 01 ;
Solubility equilibrium attractor HgxSOu4sy+2H,0=Hg>**+S04*; 2Hg+2H,0=Hg,?*+2¢"; absolute constant is:

K AbsoluteHg2504=KspHg2s04/[H20]"?=[Hg>> ]*[SO4*]/[Hg2S O ()| [H20]"?=6,5%10"7/1/55,3/2=10--673;
AGequzso4=-R°T°ln(KAb501uteng504)=-8,314*298,15*ln(IOA(‘9’6725))=55,20765 kJ/mol;
AGeqig2504=Gug224++Gso042--(Gre2504+2Gn20)=183,0782+26,44996-(154,3205+2%0)=55,20765 /moi;
Gug2504=Gug224+Gs042--(AGegg2s04+2Gn20)=183,0782+26,44996-(55,20765+2%0)=154,3205 *//mo1;
HgrSO4s2H20=Hg>»**+S04%; 2Hg+H,0=Hg»?"+2¢";
2Hg+S04*=HgrSO4s+H20+2¢"; Absoliitais aprékins satur standarta potencialu ECkiasisko=0,6125 V [18], Gidens

logaritmu un AE®: E°Hes04=E °kiasisko-0,0591/2*1g([H20]")+AE°=0,6125-0,0515 +0,10166-0,37239=0,29027 V;
AGeq Hegs04=EHgs04°F*n=0,29027*96485%2=56,0134 /o1,
AGeq Hg2504=GHg2504T2Ge--(2Gngt+Gs04)=153,99156-(2*35,7641426,44996)=56,0134 X'/ 1o1;
Gug2504=AGeq Hg2504-2Ge+(2Gng+Gs04)=56,0134-2%0+(2*35,7641+26,44996)=153,99156 “'/1nl;
2Ge=AGeq He2504-Gg2504H(2GHg+Gs04)=56,0134-153,99156-(2*35,7641+26,44996)=0 </ 1n;
Gs04=Grg250412Ge-(2GregtAGeq He2504)=153,99156+2*0-(2*35,7641+56,0134)=26,44996 “'/ 1m0l ;

Hg+20OH =HgO+H>0O+2e", Expression of absolute potential has standard E°classic=0,0977 V [1],
water and AE°: E°ng0=E°-0,0591/2*1g([H20]")+AE®°=0,0977-0,0515+0,10166-0,37239=-0,224528 V;
AGeqnz0=E°ng0*F*n=-0,224528%96485%2=-43,327 X/ 1m0 ;
AGeqtg0=GrgotGr20-(Grgt2Gon)=Grgo+0-(35,7641+2%77,36) =147,157+0-(35,7641+2%77,36)=-43,327 "/no1;
Grg0=AGeqigo-Gr20H(Grgt2Gon)=-43,327-0+(35,7641+2*77,36)=147,157 X/ imo1;
Reduction HgO+2H,0+2e =Hg+20OH", inverse standard potential -E°n0=0,224528 V.
Oxidation H201aquat2H20=01aqua+2H30%+2¢” Nernst’s absolute standard potential E°rear202=0,52677 V;
HgO-+2H,0+2e +H202aquat2H20=Hg+20H +023quat2H30%+2¢7;
HgO+H2Olaqua+4H2O:Hg+02aqua+(2OH_+2H3O+); HgO+H2Olaqua+4H2O:Hg+02aqua+(4H20);
AGeqredox m1202=(AE°m202aqred-E°He0) *F*n=(0,52677+0,224528)*96485%2=(0,7513)*96485%2=144,978 X'/ 1n;
Summary: HgO+H;02aqua=Hg+024qua ; katalaze Gn202=279,3 </moi;
AGeqRedeiH202:GHg+G02aqua'(GHgO+GH202):35,778+330-(-58,5+279,3):144,978 kJ/mol 5
HgO ; Gug=AGeqredox_1202-G0o2aquat(GrgoTGr202)=144,978-330+(-58,5+279,3)=35,778 /o1 ;
Salt Na*CI- crystals in the hydration reaction have a solubility in water of 36 g/100 g, a density of 1,203 &/nr;
w9%=26,4706 %: nc=49,142/12=4,0952 M.
26,4706 grams are in 100 g X grams are in 1203 g. So are X=26,4706/100*%1203=318,44 grams NaCl in liter.
Concentration total is Cwm_tota=[ NaCl]tota=m/M=318,44/58,4 &/1n01=5,45274 M;
Water mas in liter of mu20=1203-318,44=884,56 g; Mols in liter nu20=884,56/18=49,142mol;
Some of the NaCl remains undissociated as neutral molecules due to insufficient water resources, 49,142 moles.
Saturated non-dissociate [NaCl]=5,45274-4,0952=1,35754 M; dissociation a=4,0952/5,45274=0,751; 75,1 %,;
Dissociation equilibrium Kais=[Na*aq]*[Cl7q]/[NaCl]=4,0952%4,0952/1,35754=12,3537,
Solubility product equilibrium constant K eq=[Na*iot]*[ C1710t)/[NaCl]erys=5,45274*%5,45274/1=29,73237,
Dissociation Prigogine attractor is AGgp cq=-ReTeIn(Ksp cq)=-8,3144%298,15*In(12,3537)=-6,232 /o,
Thermodynamic solubility attractor is AGg= -ReTeln(Ki)=-8,3144*298,15*In(29,73237)= -8,409 “/mnol,
Thermodynamic absolute energy scale attractor is AGu=AHu-TASE=-9,15 “/mol ;

Substa | AHH /ol AS°H'/molk| AG°H /ol crystallin Na*ClI+Q=>Na"quatCl'aquatAG; endothermic.
Na*Cl| 411,12 72,00 - AHpess=AH Na+AH® c1-AH Na+ o= -240,1-167,2-(-411,12)=3,82 /im0l ;
Na+,q | -240,10 59,00 - ASissipated=-AHn/T=-3,82/298,15=-12,812 Y/(mol k;

ASH=ASNa+ASC1-ASNaci=59+56,50-(72)=43,5 V/movk; AGu=AHu-TASH=3,82-298,15%0,0435=-9,15 Y/pmo1 ;
AStotal:ASHess+ASdissipated:'12,812+43 ,5:30,688 J/mol/K; T'AStotal:30,688*298,15:9,15 kJ/mol bound énergy.

Strong oxidizing agents oxygen O and chlorine Cl, aqua have free energies 330 ¥/mo1 un 332,58 /o1,
NaCl=Na"+Cl; 2CI'=Cl,+H,0=2¢"; Potential contains E°cpassic=1,35827 V [1] water -0,04998 and sum AE°:
E°2c1-c2=E classic-0,0591/2*1g([H20)+AE°=1,35827-0,0591/2*1g(49,142)+0,10166-0,37239=1,037558 V;

AGeq 201-c2=E°ug2c2*Fon=1,037558%96485%2=200,218 /01,
AGeq 2¢i-c2=Gcn®+Gm0-(2Gc1-)=332,5844-(2%66,1832)=200,218 /im0l ;
Saturated NaCl 5,45274 M;  (2Gcr)=Gci2+G20-AGeq 2ci-c12=332,5844-200,218=132,3664=2*66,1832 *//p,01;
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[CLa]= 4*10°C19 M; G =AGeq 2¢i-c2-G20+(2Gc1-)=200,218+(2%66,1832)=332,584 /1m0 ;
Keq 201-c=[CL]*[H20]/[CI]"?=4*10"19)(gasC12)*49,142/5,45274"2=6,611* 10 -9 (K gasCI12);
Ezcr-co=(E°2c1-ctRT/F/m*In(Keq 2c1-ci2)=(KgasCl12))=
=(1,037558+8,3144%298,15/96485/2*In(6,611* 1019 (KgasCI2))= 0,6477098 V;
AGe(ch1-c12=E2Cl-Cl2*F*1’1:0,6477098 (ECl2gas)*96485 *2=125 kJ/mol;
AGeq 2¢i-c2=Gcn®-(2Gc1)=257,3664-(2%66,1832)=125 /1o ;
2Ga=Gcng-AGeq 2ci-c2=257,3664-125=132,36654=2%66,1832 “'/ 1o ;
Gc=AGeq 2¢i-c2H(2G1)=125+(2%66,1832)=257,3664""/1n ;



Prigogine absolute energy attractors for dissolution, protolysis, and reduction-oxidation of lead compounds
Formation Pb+5ombict20285=PbS O4: AG°pbso4rorm=Grbso4-(GebTGsrombict2G02)=-813 M/mor; [1]
Molar content is Gpbs04=AG°pbso4Form(Grb+Gsrombict2Go2) =-813,0+(282,25737+3,5436+2%303,1)=79,0 /ol
Solubility https://en.wikipedia.org/wiki/Lead(II) sulfate PbSOu4+2H20=Pb**+S04*; 0,0425 &/1000mt 120 ;
[PbS04]=0,0425/303,26 &/mei=0,000140144 M; Ksp=[ PbS04]?=0,000140144"2=1,96403*10");
Kpbs04=Kp/[H2017=1,964*107/55,3/2=8,27314* 1012,
Solubility URI 2018 Kg=2,53*10"®); Kpps04=Kp/[H2017=2,53*1078/55,3/2=8,2731* 1012,
[PbSO4]=SQRT(2,53*10"¥)=0,00015906 M; Kpnsos=Ksp/[H20]?=2,53*10"¥/55,3/2=6,8837*10"12);
25°C [1] Solubility PbSO4e+2H20=Pb**+S04*; (0,0425)0,044 /1000mL 120 ; Mpbs04=303,26 &/mol;
[PbS04]=0,044/303,26=0,00014509 M; Ky=[ PbS04]>=0,000145092=2,1051*10"¥);
Kpbs04=Kp/[H2017=2,1051*1078/55,3/2=6,8837* 1012,
AGequso4=-R°T°ln(KAbsolutepbso4)=-8,3 14*298,15*111(6,8837* 10/\('12))=63,71 kJ/mol;
AGeqprs04=Grb21+Gs042--(Grbs04+2GH20)=215,4144454,9256-(206,63-+2*0)=63,71 </ mmol;
Grb2+=AGeqpbso4-Gso42-+H(Gros0412Gr20)=63,71-54,9256+(206,63+2%0)=215,4144 /01
Pb(Hg)+SO4*=PbSO0s+H,0+2¢; pH=7,36 Expression of potential has standard E°classic=-0,3505 V [1], water
logarithm and AE®: E°pb/pbs04=E °classic-0,0591/2*log([H20])+AE®=-0,3505-0,0515+0,10166-0,37239=-0,67273 V;
AGeqpb/Pb/pbs04=E°pb/Pb/pbs04*F*n=-0,67273%96485%2=-129,8167 /ol
AGeqpb/pb/pbs04=Grbs04+Gr20-(Gro+Gs042-)=207,3631+0-(282,2575+54,9256)=-129,82 V/1no;
Grbs04=AGeqpb/rb/rbs04-Gr20H(Gpo+Gso42-)=-129,82-0+(282,2575+54,9256)=207,363 *'/mol;
Grv=Grbs04+GH20-(AGegpb/Pb/pbs04+Gs042-)=207,3631+0-(-129,82+54,9256)=282,2575 V/imol;
Pb+S04>=PbS04+H,0+2¢"; pH=7,36 Expression of potential has standard E°ciassic=-0,3588 V [1], water logarithm
and sum AE®: E°pb/pbs04=E classic-0,0591/2*log([H20])+AE®=-0,3588-0,0515+0,10166-0,37239=-0,681028 V;
AGeqpb/Pb/pbs04=E°pb/Pb/pbs04*F*n=-0,681028*96485*2=-131,41797 '/ mol;
AGeqpb/pb/pbs04=Grbs04+Gr20-(Gro+Gs042-)=205,76497+0-(282,25737+54,9256)=-131,41797 /ol
Grbs04=AGeqpb/pb/pbs04-Gr20H( Gpy+Gsosr-)=-131,41797-0+(282,2575+54,9256)=205,76497 ¥/ ol
Grv=Grbs04+GH20-(AGegpb/Pb/pbs04+Gs042-)=205,76497+0-(-131,41797+54,9256)=282,25737 /mol;
Pb+H,0=Pb*" +2¢; pH<=7,36 Expression of potential has standard E°ciassic=-0,1262 V [1], water logarithm and
AE®: E°pb/pp2+=E classic-0,0591/2*log(1/[H20])+AE®=-0,1262+0,0515+0,10166-0,37239=-0,34543 V,
AGeqpbpb2+=E°pbpp2+ *F*n=-0,34543*96485%2=-66,6576 '/mol ;
AGeqpbpb2+=Grb2++2Ge-~(Gro+Gr20)=215,4144+2%0-(282,0676+0)=-66,6576 /o1
Grb2+=AGeqpb | b2+-2Ge-H(Gro+GH20)=-66,6576-2*%0+(282,0676+0)=215,41 /015
Gro=Gpb2+T2Ge~(AGegpb pb2++GH20)=215,41+2%0-(-66,6576+0)=282,0676 *'/mmo1;
2Ge-=AGeqpbpb2+-Gpv2+H(Gro+GH20)=-66,6576-215,4144+(282,0676+0)=2*0 /01
Formation Pb=Pb?"+2¢~; AG°=Gpb2++2Ge-(Gpp)=215,414+2G.--(282,0676)=-24,43 /0i;
2Ge=AG°-Gpv2++(Gpp)=-24,43-215,414+(282,0676)=42,2236=2*21,1118 '/ 1n;
Formation Pb+028%=PbOx(s); Grb02=AG pb02H(Gro+G028%)=-217,3+(282,0676+303,1)=367,8676 //1no1;
Pb** +6H>0=PbO-(s)+4H30*+2¢"; Expression of potential has standard E°ciassic=1,455 V [1], water logarithm and
AE®: E°pp02=E°classic-0,0591/2*log(1/[H20]%)+AE°=1,455+0,30899+0,10166-0,37239=1,493255 V;
AGeqrb021Pb2+:=E°pb02 b2+ Fon=1,493255%96485%2=288,1534 X'/ 1nl;
AGeqpb02 P62+ =Gpb02 M4 Gu30+-(Gpo2++6GH20)=383,9944+4%22,44-(185,601+6%0)=288,1534 X'/ 1no1;
Grb02=AGeqpb02 Pb2 -4GH30++(Gpb21+6GH20)=288,1534-4%22,44+(185,601+6*0)=383,9944 X'/,
Grb2+=Gpb02 4G H30+-(AGeqrb02 P2+ +6GH20)=383,9944+4%22,44-(288,1534+6%0)=185,601 *'/1nol;
[PbO,j}[H,071° [PbO,}}{H;0']°
Epb02y/pb2+=Epb02pb2+10,0591/2¢10g [Po*1[H,0]° =1,493255 V+0,0591/2¢log [po*1[H,0]° ;
Formation 0,5Cly+€=Cl (aq); AGeq ci=Gcl-(ag)~( 0,5Gc18+Ge-)=66,1832-(0,5*142,836+Gc.)=-131,2 ¥/moi;
Ge-=Ger-ag-( 0,5Gcn+AGeq 1)=66,1832-(0,5%142,836-131,2)=125,9652 '/ imol;
Gel-(ag=AGeq c1H( 0,5Gcn®+Ge.)=-131,2+(0,5%142,836+178,720)=66,1832 //nmor;
Formation Pb+ClL=PbClys); AG°pbcr2rorm=Grbcr-(Gro+Ger)=-314,1 ¥/noi; [1] Energy content of mol
Grbcz=AG°ppciziormH(GrytGen)=-314,1+(282,25737+332,584)=300,74 /o1
25°C [1] 10,8 &/1000mL H20 ; Mpbc1z=278,1 &/mo1; 25°C [PbCL2]=10,8/278,1=0,038835 M;
Kp=[PbClL2]*(2*[PbCl,])*=[Pb*"]*(2*[CI-])*=0,03883495*(2*0,03883495)"?=0,000234276 M",
25°C Kepcz=Ksp/[H2013=0,000234276/55,3/3=1,385327* 10" N=] 0N(3.858447),
[1] Solubility PbClo+3H,0=Pb?"+2CI"; Ks,=[Pb?'|*[CI']*/[H20]3=1,7*10"5/55,3/3=1 099977,
AGeqrpC12=-ReTeIn(K apsoluterbC12)=-8,314%298,15*In(10"*77)=57,06379 /01
AGeqprc12=Grb2:+2Gcr-(Groet3Gr20)=215,4144+2%66,1832-(290,717+3*0)=57,06379 “'/mol;
Groc2=Grb2++2Gcl--(AGeqpoct3Gr20)=215,4144+2%66,1832-(57,06379+3%0)=290,717 /moi;
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[1] Solubility PbSO4>+2H,0=Pb*"+S 0475 Ksy=[Pb*"]*[SO4*|/[H20]?=2,53*10"(¥/55,3/2=1 0N (-11.082);
AGequso4=-R°T°ln(KAbsolutepbso4)=-8,3 14*298, 1 5*111( IVASE ’082))=63,2526 kJ/mol
AGeqpros04=Gpv2++Gso42--(Grb s04+3GH20)=215,4144+54,9256-(207,0874+3%0)=63,2526 '/ 1moi;
Grbs04=Grb2++Gs042--(AGeqrosos+3G20)=215,4144+54,9256-(63,2526+3%0)=207,0874 '/ 1n1;
Grb21=AGeqprbsos-Gsos+H(Gpp s04+3GH20)=63,2526-54,9256+(207,0874+3%0)=215,4144 </ 1n;

Biochem. Thermodynamic 2006 Massachusetts Technology inst.

Grb=Grb2+-(AGeqpb b2+ +GH20)=215,41-(-66,6576+0)=282,0676 “'/1mo1;

Grb=Grbs04+Gr20-(AGeqpb/Pb/Pbs04TGs5042-)=282,25737 ¥/ mol;

Gro=Grbci2+2Gr20-(AGegpb/pbcizt2Ger)=292,11 M/imol;

[1JAG® =AH°-T*AS°=-919,97-298,15%0,1485=-964,245 /1,13

Grbs04=AG°pbsoarormT(GrvTGsrombict2G02)=79,00097 XV/imo15

Grbs04=Grb2++Gs042--(AGeqrbsos+3G20)=207,0874 /ol

Grbs04=AGeqpb/rbrbs04-Gr20H(GroTGs042-)=205,76497 X/ mol;

Gro2:=Gpb02+4Gr30+-(AGeqpb02 1 pb2++3GH20)=185,601 X/ ino;

Grb2+=AGeqpo b2+ +H(Gro+Gr20)=215,41 X/ mon;

[1JAG® =AH°-T*AS°=-1,7-298,15*0,0105=-4,830575 “/mol3

2Ge-=AG®-Gpv2++(Gry)=-24,43-215,414+(282,067)=42,2236 /mos;

Grb2+=AGeqpbs04-Gs042-H(Gros04+2Gr20)=215,4144 /o1

AGc.=AHu-T*ASy=-359,4-298,15*0,13598=-399,94 X/no;[ 1]

Grocz=AG°pbcizH(Gryt+Gei2)=300,74 X/nmor;

Groc12=Grb2++2Ger-(AGeqpbC12+3GH20)=290,717 K/moi;

Ge=-(2GgtAG Hg2012)=-(2%35,7641-210,7)=139,1718 “/nor;

Gci=-(GrgtAG®gci2)=-(35,8-178,6)=142,8 X/ni;

Gt =AGeq 2ci-c2H(2G1-)=200,218+(2%66,1832)=332,584 K/ ol

G =AGeq 2ci-c2H(2Ger)=125+(2%66,1832)=257,3664"/1m,i;

AGc.=AHu-T*ASy=-167,2-298,15%0,0566=-183,955 /moi;[ 1]

AGe=Gl(ag)~(0,5Gcnt+AGeqc1)= 125,9652 /ol

Gci(a=AGeq cit( 0,5Gcn®+Ge.)=66,1832 X/ini;

Ga=(-Gug22++AGeqre2cioH(Grgzcio+3Gn20))/2=66,05455 X/

2Gc-=Grg2c+2GH20~(AGeq Hg2c2+H2GHg)=2%66,1832 X/ no1;

AGc.=AHu-T*ASy=-175,5-298,15*0,1749=-227,65 ¥/moi;[ 1]

Groiz=AG°po12r0orm(Gro+G12)=345,128 X/ imol;

Gro2=Grb2:+2G1-(AGeqproizt3G120)=343,634 X/ nor;

Grb2=AGeqpb/ro12-2Gr20H(Gro+2G1.)=334,925 X/ mol;

AGc.=AHu-T*ASy=-55,19-298,15%0,1113=-88,374 X/moi;[ 1]

Ge-=G1.-(0,5G1+)=101,8852-(0,5%245,022-51,57)=30,9442 /1n01;

2G1=Gpo12+2Gn20-(Gro+AGeqpopbi2)=195,219=2%97,609 X/ imo1;

2G1-=AGeqpbi2-Grb2++H(Groct3Gr20)= 205,264=2%102,63 X'/ mol;

G12=Groi2(s)-(Gro+AG pbi2Form) =236,4706 </

G=AGeqr-12-Gr20+H(2Gr1.)=41,2517-0+(2%101,8852)=245,022 ¥/ 1n,;

ecampusontario.pressbooks.pub/

ecampusontario.pressbooks.pub/ Kpyony2 so4

[1] AGe=AHy-T*ASH=-277,4-298,15*0,0686=-297,853 ¥/mor;

Grb02=AGeqpb02 Pb2 --4Gr30++H(Grb21+3Gr20)= 383,9944 X/ o1;

Grb02=AG pb02H(Gro+G028%)=-217,3+(282,0676+303,1)=367,87 '/ mo1;

[34] AS°=(AH°- AG®)/T=(-515,9+455,2)/298,15=-203,589 */moi/k;

Grbon2=AG pron2H(GertGo2+Gr222)=215,757 Y/moi;

Grb0m)2=Grb2++2GoH~( AGegpbor)2+3GH20)=227,0244 X/

Grb0m2(55=Grb2++GH20-(AGeq_pb0m2st2GH30+)=284,8644 /po1;

GrbO02=AGeqpb2+120-2G130+HGpb2:+4G120)=306,839 /o1

Substance | AH°u,/mol IAS°H,"/motidAG°H, </ mol
Pb E°pppp2+= 0,34543 V| 282,0676
Pb E°pp/pbios |-0,68103 V|282,25737
Pb E°pb poco= -0,64123 V| 292,11
PbSO4s | -919,97 148,5 -813,0
PbSOy4) | formation | -813,0 |79,00097
PbSO4) K= 101C11.082) 1 207,0874
PbSO4s) | E°popbsos= | -0,68102 | 205,765
Pb>*  |E°pbo2ipb2+=]1,493255 V| 185,601
Pb?" | E°ppper2:= |-0,34543 V| 215,41
Pb?* -1,7 10,5 -24,43
Pb*" Ge. | formation | -24,43 [2*21,1118
Pb* Kpbsos= | 107110821 215 414-
PbClys) -359,4 135,98 -314,1
PbClyi) | formation | -314,1 300,74
PbClys) | Kepcr= | 10799711 290,717
Clye® Hg>Clysyformation | 139,1718
Clye® HgClyyformation | 142,8
Claagnact | E®crcno= |1,03756 V| 332,584
14CloagNact| Keq 201-c0=10,64771 V| 257,366
Cl-(aq) -167,2 56,6 -131,2
Cl'(aq) Ge- | formation | -131,2 | 125,9652
Cl-aq | formation | -131,2 | 66,1832
Cl-ag |Kabsolutengzc] 1072397 | 66,05455
Clagnact | E®cic= [1,03756 V| 66,1832
Pblas) -175,5 174,9 -173,6
Pblois) [Pblaformation -173,6 345,128
Pblys) Kpprz=10713-236% 343,634
Pblas) | E°poeorz=-0,738725 V | 334,925
I- -55,19 111,3 -51,57
I- Ge. formation | -51,57 | 30,9442
I- E°L12=0,2137725| 97,60945
I- Kpprz=10713-236%3 102,63
I Pblxformation -173,6 |236,4706
I E°L1=0,21377 V| 245,022
PbOyellow] -217,32 68,7 -187,89
PbOred | -218,99 66,5 -188,931
PbO, | -277.4 68,6 -217,3
PbO>] |E°pbo2ipb2+=[1,493255 V | 383,9944
PbO,| | formation | -217,3 |367,8676
Pb(OH)a| -515,9 | -203,589 | -4552
Pb(OH)y)| formation | -455,2 | 215,757
Pb(OH)2(s)|Kpoom2=8,4559*102¢ | 227,0244
Pb(OH)2s)| Keq poiomys [1,07%10%° | 284,8644
Pb(OH)2aq [Kpb(0H)2aq1,355*1071%! | 306,839
HPbO, | E°pymrboz. |-0,859228| 348,532

Guprb02-= AGeqpomrb02--Gr20HGrot2+3Gon-)=348,532 ¥/ mol;

Pb+S04>=PbS04+H,0+2¢"; pH=7,36 E°classic=-0,3588 V [1]
E°Pb/pbs04=E classic-0,0591/2*log([H2.O])+AE°=-0,3588-0,0515+0,10166-0,37239=-0,681028 V
AGeqpb/Pb/pbs04=E°pb/Pb/pbs04*F*n=-0,681028*96485%2=-131,41797 X/ 1m1;
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AGeqpb/Pb/pbs04=Grbs04+Gr20-(Gro+Gso42-)=205,76497+0-(282,25737+54,9256)=-131,41797 /1ni;
Grbs04=AGeqpby/pb/rbs04-Gr20H(Gro+Gso42-)=-131,41797-0+(282,2575+54,9256)=205,76497 *'/moi;
Grb=Grbs04+G20-(AGeqpb/Pb/Pbs04+Gs042-)=205,76497+0-(-131,41797+54,9256)=282,25737 X/ mol;
Pb+2Cl=PbCls+2H20+2¢™; pH=7,36 Potential has E°lassic=-0,2675 V [1], water logarithm and sum AE®:
E°pb/pb2+=E classic-0,0591/2*log([H20]*)+AE°=-0,2675-0,103+0,10166-0,37239=-0,641225 V;
AGeqpbPbci2=E°pb o ¥*F*n=-0,641225%96485%2=-123,737 /o1 ;
AGegporbc2=Grbci2+2Gr20-(Gry+2Ge1)=368,623+2*0-(282,2575+2%101,885)=-123,737 /mol;
Grb=Grbc2+2Gm20-(AGeqpb/pbcint2Gel-)=300,74+2%0-(-123,737+2*%66,1832)=292,11 ¥/,
Formation Pb+0,8*+H8=Pb(OH) 7 ;
AG®prom2=Grbom2-(Grb+Go2+Gr28%)=Gpbom)2-(282,25737+303,1+85,6)=-455,2 /il
Grbon2=AG°pronpHGrp+Gor+Gr2*)=-455,2+(282,25737+303,1+85,6)=215,757 *'/mol;
[1] 25°C, Ko=[Pb* 1*4*[OH]*=1,43*10"20 ; (Ksp/4)3=[Pb(OH)2]=(1,43/4*10N20)113)=]1 52906*10 ") M;
Solubility Pb(OH),(+3H,0=Pb**+20H"; Kpbonp=Ksp/[H20]3=1,43*107-29)/55 3/3=8,45592*1 0"-26);
AGeqrbonp=-ReTeIn(K absolutePb(0H)2)=-8,314%298,15*In(8,45592*10"29)=143,11 /no1;
AGeqrb0n2=Grb2++2Gon-~(Grbomp+3Gr20)=215,4144+2%77,36-(227,0244+2%0)=143,11 ¥/ no1;
Grbom2=Grb2:+2Gon--( AGeqrbon2+3Gr20)=215,4144+2%77,36-(143,11+2%0)=227,0244 //1;
Grb2:=AGeqrb0n2-2Gon-H(Groone+3Gr20)=143,11-2%77,36+(227,0244+2*0)=215,4144 </ 1n,;
Pb+30H =HPbO, +H,0+2e-; pH=7,36 Expression of potential has standard E°classic=-0,537 V [1], Gidens
logaritmu -0,0591/2*log(55,3)=-0,0515 un summu AE°=+0,10166-0,37239:
E°pb/ipb02-=E °classic-0,0591/2*log([H2O])+AE°=-0,537-0,0591/2*log(55,3)+0,10166-0,37239=-0,85923 V,
AGeqpb/Hpboz-ZEOI-/Iz*F*1’1:-0,85923*96485 *22-165,80513 kJ/mol 5
AGeqroirb02-=Grprbo2+Gr20-(Gry+3Gon-)=348,532+0-(282,25737+3%77,36)=-165,80513 X'/ 1n;
Guprbo2-=AGeqpb/mrb02--Gr20H(Gro+3Gon-)=-165,80513-0+(282,25737+3%*77,36)=348,532 </ mol;
Neutralisation protolysis reaction favored — spontaneouse equilibrium: Pb(OH)+2H30*=Pb**+4H,0; [31]
Koprot_pb(om)2+2130+=10"1309; Koo pronpr2m30+=Kprot* [H20]=10713:00%55 314=1 (07374%10/20;
AGeq poonp+2m30+=-ReTeIn(Keq pbomy2130+)=-8,314%298,15*In(1,07374*10"°)=-114,33 ¥/ mmol;
AGeq pbon+2130=Grb2+ 1+ Gr20-(Grbomy(s+2Gr30+)=215,4144+0-(284,8644+2%22,44)=-114,33 ¥/ 01;
Grbom2(5=Grb2++G20-(AGeq_pbOmy2 2130+ +2GH30+)=215,4144+0-(-114,33+2%22,44)=284,8644 '/ 1no1;
Lead Pb(1II) ion hydrolytic protolysis reaction unfavored — non spontaneous Pb**+4H,0=Pb(OH)2a4+2H30"; [31]
Koprotpb2+120=10"C109D: K egpb2+120=Kprotpb2+120/[H20]4=107169D/55 3/4= 1 315526%1 0729,
AGegpbi2m20=-ReTeIn(Keqpv+2120)=-8,314%298,15*In(1,315526*10"-?Y)=136,3048 '/ 1n1;
AGeqpb+2:120=Gpb0H)2aqT2GH30+-(Grb2++4GH20)=306,839-+2%22,44-(215,4144+4*0)=136,3048 '/ 1n;
Grb(0H)2a=AGeqpb+21120-2Gr30++H(Grb2++4GH20)=136,3048-2%22,44+(215,4144+4*0)=306,839 “//1n;
Formation Pb+1,=Pblys); AG°pbizrorm=Gpb12-(Gro+Gr2)=345,128-(282,25737+236,4706)=-173,6 X/ mor;
[1] Molar content is Gr=Gpor(s)-(Gro+AG poi2Form)=345,128-(282,25737-173,6)=236,4706 </ o1.
Gro1iz=AG°pb12rorm+(Gpr+Gr2)=-173,6+(282,25737+236,4706)=345,128 </ 1mo1; Solubility [1]
PbL+3H>0=Pb**+2I; [1] 0,76 /1000 120 ; Mpbcz=461,01 &/mor; 25°C [Pbl2]=0,76/461,01=0,0355987 M;
[1] 25°C Kpbiz=Ksp/[H20]3=9,8*107-9/55,3/3=1 0A(-13:23695);
AGeqpoiz=-ReTeIn(K absolutePrC12)=-8,314%298,15%In(101323693)=75,5524 ¥/ ,,,|
AGeqpr12=Grb2:2G1-~(Gpor+3Gr20)=215,4144+2%102,63-(345,128+3*0)=75,5464 X/ o1;
2G1-=AGeqpbi2-Grv2++H(Grot3Gr20)=75,5464-215,4144+(345,128+3*0)=205,26=2%102,63 “'/mmol;
Gro2=Gpb2:+2G1-(AGeqpoizt3Gr20)=215,4144+2%102,63-(75,5464+3%0)=345,128 X/ o1;
31-=I-+Ib+H>20+2e-; Expression of potential has standard E°classic=0,536 V [1], water logarithm and
sum AE®: E°Ln=Elassic-0,0591/2*log([H20]")+AE®=0,536-0,0591/2*log(55,3"")+0,10166-0,37239=0,21377 V,
AGeq2=E°112*F*n=0,2137725%96485%2=41,25168 </ 1.1 ;
AGeqri2=Gr+Gr20-(2G1.)=245,022+2*0-(2*y)=41,25168 *'/nmoi;
G2=AGeqr-12-Gn20+H(2G1.)=41,25168-0+(2*101,8852)=245,022 */mol;
2G1=Gp+G20-(AGeqr12)=245,022+0-(41,25168)=203,77=2%101,8852 //mol;
Pb+2I=Pbl,+2H,0+2e"; pH=7,36 Expression of potential has standard E°classic=-0,365 V [1], water logarithm and
AE®: E°pppoi2=E°classic-0,0591/2*log([H20]*)+AE°=-0,365-0,103+0,10166-0,37239=-0,738725 V,
AGeqpbrb2=E°ppbr *F*n=-0,738725 *96485%2=-142,55 /i1 ;
AGeqporbrz=Grb2Gr20-(Gro+2Gi-)=334,925+2%0-(282,25737+2%97,609)=-142,55 ¥/ mol;
Grb2=AGeqpb/ro12-2G20+H(Gro+2Gr.)=-142,55-2*0+(282,25737+2%97,609)=334,925 '/ 01;
2G1=Gpbo12+2Gn20-(Gro+AGegpopoi2)=334,925+2%0-(282,25737-142,55) =195,2176=2*%97,609 //nmoi;
Formation 0,51>+e-=I-; AG°.=Gr.-(0,5G+Ge-)=101,8852-(0,5%245,022+Ge-)=-51,57 /mol;
Ge-=Gr-(0,5G12+)=101,8852-(0,5%245,022-51,57)=30,9442 “/01;
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Prigogine absolute energy attractors for dissolution, protolysis, and reduction-oxidation of aluminum compounds
Al+ H,O=AP"+3¢"; Expression of potential has standard E°classic=-1,676 V [1], water logarithm and AE®:
E°avan+=ECclassic-0,0591/3*log(1/[H20])+AE°=-1,676+0,03433+0,10166-0,37239=-1,9124 V;
AGeqarai+=E°ayan+*Fen=-1,912398*96485%3=-553,55316 //no;
AGeqarai:=Gai+1+3Ge-(GartGu20)=256,5103+3 *0-(810,0635+0)=-553,55316 '/ 1no1;
GaB+=AGeqaraz+-3GeH(GartGu20)=-553,55316-3*0+(810,0635+0)=256,5103 *//1mo1;
GaEGAB++3Ge-(AGeqarai++Gu20)=256,5103+3*0-(-553,55316+0)=810,0635 “'/1n,1;
3Ge=AGeqaian+-Gan++-(GartGa20)=-553,55316-256,5103+(810,0635+0)=0,0 “'/mmo1;
[1] Formation Al+H,85+0,50,8=A1(H,0)*"+3¢";
AG°A+=Gal20)3+ 3 Ge--(GArtGH22+0,5G028%)=493,6605+3%22,851-(810,0635+0,5*303,1+85,6)=-485 /inoi;
Gal20)3+=AG° A +-3GeH(GartGr28+0,5G022%)=-485-3%22,851+(810,0635+0,5*303,1+85,6)=493,6605 “'/1no1;
3Ge=AG°AB+-Gal203+HGartGr210,5G02)=-485-493,6605+(810,0635+0,5*303,1+85,6)=3%22,85 X/n1;

Substance | AH°u,Y/mo1 IAS®u,"/morklAG®n,"/mo| Biochem. Thermodynamic 2006 Massachusetts Technolog Inst.
Al - 28,3 [1] - Gu20=0 ¥'/mol;

Al(3e-) | E°apan:= |-1,9124 V| 810,0635 | GAI=Gai3+-(AGeqaian+Guz0)=241,5817-(-553,55316)=810,0635 *//mol;
Al(H20)*" | E°apan+= [-1,9124 V| 256,51 Ga+=AGeqarai+HGartGn20)=256,51 X/ mor;
Al(H0)*"| -531,0 -321,7 -485,0 |AG®ai3+=AH°y-T*AS°y=-538,4-298,15%-0,325=-441,5 Y/moi3[1]
A" 3Ge. | formation | -485,0 | 3%22,851 BGe-=AG°A13+-Gai3++(Gal)=-485-241,5817+(795,13486)=3*22,851 X/1n;

Al(H,0)*"*| formation | -485,0 |493,6605 |Gai1203+=AG°A13+-3Ge-H(Gart Gua10,5G02)=493,6605 '/ mor;
Al(H20)*" [Keq=Kb/r207 105742735 | 493,6605 |Giai20)3+=AGa1120)3+-GorH(Galon2++Gr20)=256,5103 X/ inol;
AlOH?*",q | formation | -694,1 |264,6115 Gaion2=AG°ai0n2-2Ge~HGart0,5G0210,5Gu2)=264,61 </noi;
AIOH?'S,_| formation | -694,1 |2%*22,851 RGe=AG°a10m2+-Galom2++(Gart0,5G0210,5Gn2)=2%22,851 /i,
ALO; -1675,7 50,92 -1582.3 |AG°a;3+=AH°y-T*AS°y=-1675,6-298,15*0,05092=-1690,8 /o3
AlO3 formation | -1582,3 | 492,477 |Ganos=AG°a103+H(2Gar+1,5G028)=492,477 </ imol;
AlCl; -705,6 109,3 -630,1 [[31] AG®aic3=AH°-T*AS°=-705,6-298,15*0,1093=-738,2 “/imeI;
AlCl3 | Formation | -630,1 |394,1635 |[31] Gaics=AG°anciz+(Gart1,5Gcr%)=394,1635 </moi;
Cl,e3s HgClysjformation 142,8 |Gcn=-(GugtAG®ueci2)=-(35,8-178,6)=142,8 '/ im,i;
Cl-ag) -167,2 56,6 | -131,2 | AGci=AHu-T*ASu=-167,2-298,15%0,0566=-183,955 //mqi;[ 1]
Cl'aq) Ge- | formation | -131,2 | 125,9652 Ge-=Gl-(aq-(0,5G 18+ AGeqc))= 125,9652 K/l
Cl-@q) formation | -131,2 | 66,1832 Gci(a=AGeq ciH( 0,5Gcn®4Ge.)=66,1832 X/ini;
o-Al(OH);| -1276 70,1 -1153  [78] AG®aic3=AH°u-T*AS°y=-1276-298,15%0,0701=-690 “'/mmo1;
Al 3e- formation -1153 810,0635 |Ga=Gaion;3-(AG°aon)3+1,5G028%+1,5GH2%)=810,0635 K/ ot
o-Al(OH)s| formation -1153 240,1135 Gaion)3=AG°a10n)3H(Gart1,5G0285+1,5Gn25*)=240,1135 K/ ol
y-Al(OH);| -1293 -1154,9 [78]

AI(OH)3 KAl(OH)3: 1,9* 10-33 499,19 GAl(OH)3:GAl3++3GOH--(AGqul(OH)3+4GH20):499,19 kJ/mol;

H>AlO5™ |E°maiozai=| -2,63506 | 356,7725 (Gu2a103=AGeqm2a103a1-Gr20+H(Ga+4Gon)=356,7725 /moi;
NaAlO»| | -1133,2 70,4 CRC [1] Veidosanas no briviem elementiem NaAlO> | ;

[1] Formation Al+0,50,8+0,5H,8%)= AIOH2++2e AG° a10H2+=Ga10H2+12Ge-(GArT0,5G021+0,5GH2)=
=264,6115+2*22,851-(810,0635+0,5*303,1+0,5%85,6)=-694,1 /moi;
Galom2+=AG° a10n2+-2Ge-H(Gar+0,5G0210,5GhH2)=
=-694,1-2*22,851+(810,0635+0,5*303,1+0,5%85,6)=264,6115 *//p01;
2Ge=AG° a10m2+-Galom2+HGAI10,5G021+0,5GH2)=
=-694,1-264,6115+(810,0635+0,5*303,1+0,5*85,6)=45,702=2*22,851 '/ 1n;
Formation Al+1,50,8%5+1,5H,%%)=Al(OH)3;

AG® a10n)3=Galom)3-(Gart1,5G028%+1,5Gn2*)=240,1135-(810,0635+1,5*%303,1+1,5*85,6)=-1153 K/ nol;
Gaionp=AG°a0n3HGart1,5G0285+1,5GH28*)=-1153+(810,0635+1,5*303,1+1,5*85,6)=240,1135 K/ ol
Ga=Galon3-(AG°aon3+1,5G028%+1,5GH2%*)=240,1135-(-1153+1,5*303,1+1,5*85,6)=810,0635 K nol;
Solubility products https://owl.oit.umass.edu/departments/Chemistry/appendix/ksp.html
Al(OH)3(5H4H20=AP*+30H"; 3/3=27,
Ksp:[A13+] * [OH-]/\3:[AI3+] *(3 * [A13+])/\3:[A13+]/\4*3/\3:1 ’9* 1 0/\(-33): 1 0/\(-32,72125);
Dissolute [AI(OH)3]=(1,9*%10733/27)AN1/H=2 896326* 109 M;
Kaionp=Ksp/[H20]4=1,9*1 0N33)/55,3/4=2 03167*10/40=10/3 9’692)=KAl(0H)3
AGqul(OH)3=-R°T°ln(KA1(0H)3)2-8,3 14*298,15*111(2,03 167*%1 0/\('40))=226,5505 kJ/mol;
AGeqai0m3=Gai20)3++3Gon-~(Galons+4Gu20)=493,6605+3*77,36-(499,19+4%0)=226,5505 </ moi;
Gai0m3=Gai20)3++3Gon-~(AGeqai o3 +4Gr20)=493,6605+3%77,36-(226,5505+4%0)=499,19 /mol;
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Formation 2A1+1,50,85=A1,05;
AG°A103=Gar03-(2Gart+1,5G025%)=492,477-(2%810,0635+1,5*303,1)=-1582,3 /p0s;
Gan03=AG°An03+H(2Gart1,5G028%)=-1582,3+(2*810,0635+1,5*303,1)=492,477 “//mol;
Formation Al+1,5CL,=AlICl3; AG®aici3=Gaici-(Gart1,5Gc1%)=394,1635-(810,0635+1,5%142,8)=-630,1 X/mol;
Gaic=AG° anciH(Gart1,5Gc#*)=-630,1+(810,0635+1,5%142,8)=394,1635 /1n;
3e-; Ga=Gaicn-(AGancist+1,5Gcr®)=394,1635-(-630,1+1,5%142,8)=810,0635 /1ni;
Solubility AlICl3; w%=31,1% 31,1g/131 g=X/1000g. 31,1g/131g*1000g=X=¢g
Al+40H =H>AlO3; +H,0+3e"; Absoluita potenciala aprékins satur standarta potencialu E°classic=-2,33 V [1], Gidens
logaritmu un AE®: E°n2a103-A1=E classic-0,0591/3*1og([H2O])+AE°=-2,33+0,0343+0,10166-0,37239=-2,63506 V;
AGeqi24103AFE°m24103A1° Fon=-2,63506*96485%3=-762,731 /mo1; -0,0591/3*log(1/55,3)=+0,0343;
AGeqi24103A=G24103+G20-(GA+4Gon)=356,7725+0-(810,0635+4%77,36)=-762,731 X/ 1mi;
G24103=AGeqm24103a-Gr20+(Ga+4Gon)=-762,731-0+(810,0635+4%77,36)=356,7725 *'/moi;
AI0;} )
Eat02-a1=E°A100/11+0,0591/3+log % ~-2,63506 V+0,0591/3+log "2 2]
Base dissociation pKy=5,0 [1] (protolysis) equilibrium constant Al(OH?**+H,O=Al(H,0)]**+OH";
Keq=Ks/[H20] =[Al(H20) P 1*[OH)/[AL(OH?*])/[H20]=101(39)/55 3=1(0/-6.742725);
AGeqiai20)3+:=-ReTeIn(Keqiai20)3+=-8,314%298,15*In(10"6-742725))=38 4854 X//,,,,1;
AGa20)3+=Gai20)3++Gonr-(Gaionz++Gu20)=493,6605+77,36-(532,535+0)=38,4854 </ 1noi;
Gaion2=Gaim20)3++Gon-(AGaig20)3++GH20)=493,6605+77,36-(38,4854+0)=532,535 X/ o1;
Grai120)3+:=AG[a20)3+-Gou(Galonz++Gr20)=38,4854-77,36+(532,535+0)=493,6605 X'/ o1;
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Prigogine absolute energy attractors for dissolution, protolysis, and reduction-oxidation of calcium compounds.
Metal calcium Cag+tH,O=Ca**+2e"; Absolute potential E°cassic=-2,868 V [1], E°ca/ca2+=-3,08723 V
CastH,0=Ca(H>0)?*"+2e¢"; Absolute potential E°ciassic=-2,868 V [1], water logarithm 0,0515 and sum AE°:
E°ca/ca2+=E °classic-0,0591/2*log(1/[H.0]H)+AE°=-2,868-0,0591/2*log(1/55,3"1)+0,10166-0,37239=-3,08723 V.
AGEcq ca=E°ca2+*F+2=-3,08723*96485%2=-595,743 “//mm,1,
AGEcq ca=Gea202++2Ge-~(GeatGr20)=51,5763+2*0-(647,319+0)=-595,743 /111
Gea20)2+=AGEeq a-2Ge-H(GeatGr20)=-595,743-2%0+(647,319+0)=51,5763 “//mmor;
Gca=Geam2012+12Ge~(AGeq catGn20)=51,5763+2%0-(-595,743+0)=647,319 /1;
2Ge=AGEcq ca-Gea20)2:H GeatGr20)=-595,743-51,5763+(647,319+0)=2*0,0 V/po1;

Substance | AH°w,"/mo1 |AS°H,”/motkAG 1, /ol
Gca CaOg) | formation | -603,3 | 647,319
Ca Gca | E°caica2+= F3,08723 V| 553,91
CaGe.Gea |Ge=22,9745| 51,5763 | 647,319
Ca(H20)*" | E°caca2+= |-3,08723 V| 51,5763
Ca(H,0)*"| Keqcacos |=10M119591 77,5403
Ca(H,0)*" | pKp12,6[1]]| =10"14*427| 284,96
Ca*" -542 .8 -53,1 -553,6
Ca(H,0)*"| formation | -553,6 | 284,96
Ca' E°cuca= |-3,967735| 264,492
Clpes Hg>Clyyformation | 139,1718
Clps HgClysjformation | 142,8
Clagnact | E2crcn= [1,03756 V| 332,584
14Cloagnaci | Keq 201-c0=|0,64771 V| 257,366
Cl- -167,2 56,5 -131,2
Cl-aq | formation | -131,2 | 66,1832
Cl'(aq) KAbsolqu2C12 1 0/\(-23’07) 66,05455
Clagnact | E®2cic= |1,03756 V| 66,1832
Cl- Keqcac= | 1072895 | 95559
Cl- Ksgpage= | 1013 | 101,885
CaCly) -795,4 108,4 -748,8
CaClys) | formation | -748,8 | 231,103
CaOg)  [format Geao| 195,569 | -603,3
Ca(OH)ys | -985,2 83,4 -897,5
Ca(OH)y) | formation | -897,5 | 138,56
Ca(OH)ys) |Keqcaonyp=|107195275)| 146,2086
CaOH' | formation | -718,4 |101,0705
CaOH" | Kspcacos= | 107102169 114,061
CaOH" | Ky/[H20]=|107143427)1 280,4563
CaOH'  [Ky/[H2073= 10116891 280,4563
Ge- CaOH*| formation | -718,4 | 22,2184
CaSO4i) | -14345 106,5 -1322,0
CaSOy) | formation | -1322,0 | 94,9951
CaSO0ss Kep/[H20PP= 10716891 261,3904
SO4> | E°son= | 0,05576 | 54,9256
CaCOs | -1207,6 91,7 -1129,1
CaCOs() | formation | -1081,4 | 111,829
COs* -677,1 -56,9 -527,8
Ge. CO5% | formation | -527,8 [2*42,2185
COs> Keq= 10129727 | 102,547
HCO;5 -692 91,2 -586,8
G.=HCOs"| formation | -586,8 54,15
GHcos- 56,08 Guzo+= 22,44

Biochem. Thermodynam. 2006 Massachusetts Technology Inst.
Gca=Gcao-(AG°ca0t+0,5G02)=647,319 K/ mot;
Gea=Geari-(AGeq catGirzo)=41,8317-(-595,743+0)=553,91 /;
Gea=Geam2012+-(AGeq catGu20)=51,5763-(-595,743+0)=647,32 ¥/ 1n01;
Geam202+=AGeq cat(GeatGu20)=51,5763 “/moi;
Geam202+= AGeqcaco3-Gco23-HGeacos+Gr20)=77,5403 K/moi;
Gea20)2:=Gcaony +Gu30+-(AG[ca20)2++GH20)=284,96 X/imoi;
[1] AG°=AH°y-T*AS°y=-542,8-298,15%-0,0531=-526,968 “/moi;
Geam20)2:=AG°ca2+-2GeH(Geat0,5%Go2+Gr2)=284,96 X'/mol;
Gear=AGeq cot(GeatGrizo)=382,827+(647,319+0)=264,49 /,n.1:
Gci=-(2GuegtAG®Hg2cn)=-(2%35,7641-210,7)=139,1718 /py1;
Gci=-(GrgtAG®gci2)=-(35,8-178,6)=142,8 X/oi;
Gt =AGeq 2¢i-cH(2G1-)=200,218+(2%66,1832)=332,584 X/ mo1;
Gc=AGeq 2¢i-c2H(2Gc1)=125+(2%66,1832)=257,3664"/1m,i;
AGc1=AH-T*AS=-167,2-298,15*%0,0565=-184,05 /mo1;[1]
Gci(a=AGeq crt( 0,5Gcn®4Ge.)=66,1832 X/ini;
Ga=(-Gug22++AGeqre2cioH(Grgzcio+3Gn20))/2=66,05455 X/
2Gc-=Grg2cr2GH20~(AGeq Hg2c2H2GHg)=2%66,1832 /o
2Gc1-=AGeqcac2-Geamzoyp+HGeacnt3Gr20)=2%95,5594 X/nmor;
Ga=(-Gug22++AGequg2c2H( Grg2c2+3GH20))/2=101,885 /mor;
[1]JAG°=AH°-T*AS°=-795,4-298,15*%0,1084=-827,71946 /.13
Gcac2=AGrormatcacizH(GeatGeng®)=231,103 ¥/moi;

[1] Gcao=AG°ca0t(Gcat0,5G02)=195,569 kJ/mol;
[1]JAG°=AH°-T*AS°=-985,2-298,15*0,0834=-1010,0657 “/mol;
[1] Gea©om2=AGformcaom2HGeatGor+Grz)=138,56 '/mol;
Gea©om=Gca20)32++2Gon-(AGcaom)+3GH20)=146,2086 </nmoi;
Gcaon=AG°caon+-Ge-+(Gcat0,5%Go21+0,5*Gr2)=101,0705 kJ/mol;
Geaon+=AGeqcaco3-Grcos-+H(GeacostGr20)=114,061 /ol
Geaony=Gicam20)2++Gon- -(AG[cam20)2++Gu20)=280,4563 X'/ mol;
Geaony=Gicam20)2++Gon- -(AG[cam20)2++GH20)=280,4563 X'/ mol;
Ge=AG°caon+-Geaon H(Gcat0,5%Go2+0,5%Guz)=22,2184 /i,
[1]JAG°=AH°-T*AS°=-1434,5-298,15*-0,1063=-1402,8067 /mor;
Gas04=AG°cas04(GeatGerhomb 2G02)=94,9951 X/pn;
Gcas04=Gcaon+Gs042-+Gn30+-(AGeqcas043G 120)=261,39 ¥/ mol;;
Gs04-=AGeqn2503-2Gu30+(Grso3+3Gn20)=54,9256 '/moi;
[1]JAG°=AH°-T*AS°=-1220,0-298,15*-0,110=-1187,2035 “/mor;
Gcac03=AG°caco3H(Geat1,5G02+Gegraph)=111,829 X/
[1]JAG°=AH°-T*AS°=-677,1-298,15%-0,0569=-1187,2035 “/mor;
2Ge-:GCO32-'(GCgr+1 ,5G02+AGOCO32-):84,437=2 *42,2 185 kJ/mol;
Gc032=AGeqrco3-Gr3o+H(Grcos-+G 120)=102,547 X/
[1]JAG°=AH°-T*AS°=-692-298,15%0,0912=-719,19 ¥/im,;
Ge-=Grco3-(0,5GH2+1,5G02+Gegraph tAGHC03)=54,15 /ol

Guco3-=56,08 /ol ; Gu30+=22,44"/mo1 ;

Metal calcium CatH,O=Ca(H20)"+e” Absolute potential E°classic=-3,80 V [1], water 0,102995 and sum AE®:
E°Caicat=E classic-0,0591/1*log(1/[H,0]")+AE°=-3,80-0,0591/1*log(1/55,3)+0,10166-0,37239=-3,967735 V.
AGeq=E°ca2+*F*1=-3,96773494473989*96485%1=-382,827 /o,
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AGeq=Gca20)+-(GcatGr20)=264,492-(647,319+0)=-382,827 </ imol;
Geam20+=AGeq ca(GcatGu20)=-382,827+(647,319+0)=264,492 X/ o1;
Ca(H,0)*" [1] Formation Ca+0,5*O,+H,=Ca(H,0)*"+2¢";
AG°ca2:=Ga202++2Ge--(Geat0,5%Goa+Gr2)=284,92+2%22,9745-(647,319+0,5%303,1+85,64)=-553,6 X/moi;
Gca=Geam2012+12Ge--(AG®ca2+)=284,92+2%22,9745-(-553,6+0,5%303,1+85,64)=647,279 </ mmol;
Geam20)2:=AG°ca2+-2GeHGeat0,5%Go2+Grz)=-553,6-2%22,9745+(647,319+0,5%303,1+85,6)=284,92 //p01;
2Ge=AG®caz2+-Gea20)2+HGeat0,5%Goa+Grz)=-553,6-284,92+(647,319+0,5%303,1+85,64)=2%22,9745 /1;
Metal Cas+20H=Ca(OH),s+2e Absolute potential E°classic=-3.02 V [1], water logarithm 0.0515 and sum AE°®:
E°Ca/ca0m)2s=E °classic-0.0591/2*log(1/[H,0])+AE°=-3.02-0.0591/2*10g(1/55.3)+0.10166-0.37239=-3.2392 V.
AGcacaonps=E°caz+*F+2=-3,23923247%96485%2=-625,0747 /o1,
AGcacaonps=Geat2Gon-(Geaomys-+Gr20)=-633,586+2%77,36-(146,2086-+0)=-625,0747 X/ no1;
Gca=AGcacaonps-2GontH(Geaomys)=-625,0747-2%77,36+(146,2086)=-633,586 “'/imol;
Gu30++Grco3-=22,44+56,08=Gikco2+Geancos-=18,38 /o +60,14 /m0=78,52 X/l
Formation Ca+1,50,+Cg=CaCOss); G02=303,1 /mol; Ggr=91,26 “'/mol; Grco3-=56,08 /ol ;
AG®cac03=Gaco3-(Geat1,5G02+Gegraph)=0-(647,319+1,5%303,1+91,26)=-1081,4 X'/ imol;
Gcac03=AG°caco3H(Geat1,5G02+Gegraph)=-1081,4-+(647,319+1,5*303,1+91,26)=111,829 “/p01;
Formation 0,5H>+Cg+1,50,+e-=HCOs7;
AG®°1c03=Grco3-(0,5Gu2+1,5G02+Gegraph +Ge-)=56,08-(0,5%85,64+1,5*303,1+91,26+54,15)=-586,8 “/mol;
Ge-=Gnco3-(0,5Gu2+1,5G02+Gegraph +AG c03)=56,08-(0,5%85,64+1,5%303,1+91,26-586,8)=54,15 /mol;
[1] Solubility CaCOj3s) +2H,0=Ca(H20)>"+CO3”; Kp=[Ca?"]*[CO:>;]/[H20]?=3,36*1079)/55,3/2=1 011959,
AGeqcaco3=-ReTeIn(Keqcaco3)=-8,314%298,15%In(10"11:959)=68,2583 *//p,01;
AGeqcaco3= Geaonzy++Geo23-(Geacos+G 120)=77,5403+102,547-(111,829+2*%0)=68,2583 X'/ mol;
Gcac03=Geaom22++Gc023-+(AGeqcacos+G m20)=77,5403+102,547-(68,2583+2%0)=111,829 //p01;
Geaon2)2:=AGeqcac03-Gco23-+H(Geacos+G m20)=68,2583-102,547+(111,829+2%0)=77,5403 ¥/ mo1;
[1] Solubility CaCOs(s) +H,0=CaOH"+HCO5"; Ksp=[CaOH']*[HCO>]/[H,0]'=3,36*10"(9/55 3/ 1=1(0/(-102164).
AGeqcaco3=-ReTeIn(Keqcaco3=-8,314%298,15*In(1010:2169)=58 312 X/,
AGeqcaco3=Geaon++Grcos-~(GeacostGr20)=114,061+56,08-(111,829+2*0)=58,312 /11;114,725
Gcac03=Gcaon++Grco3-~(AGeqcaco3+Gr20)=114,061+56,08-(58,312+2%0)=30,945 *//moi;
Geaon+=AGeqcaco3-Grcos-+H(GeacostGr20)=58,312-56,08+(111,829+2%0)=114,061 *//1;
Protolysis HCO3;+H,O=H30"+CO3%; pKa=10,33 Keq=Ka/[H20]=10"1033)/55 3=1 0" (12.07273),
AGeqrco3-=-ReTeIn(Kequcos-)=-8,314%298,15*In(10"12:97273)=68,907 '/ mo1;
AGeqrco3-=Gu30++Geo32--(Grcos-+Gr20)=102,547+22,44-(56,08+0)=68,907 *'/po1;
Gc032=AGeqnco3-Gr3o++HGrcos-+Gm20)=68,907-22,44-(56,08+0)=102,547 </ inoi;
Formation Cgrt1,50,+2Ge=CO3%; Ggr=91,26 /imol; G02=303,1 M/ mot; Ge=42,2185 X/ini;
AG°c032-=Gco32--(Gegrt1,5G02+2Ge.)=102,547-(91,26+1,5%303,1+2%42,2185)=-527,8 ¥/mol;
2Ge=Gco32--(Gegrt1,5G02+AG c032-)=102,547-(91,26+1,5%303,1+2*-527,8)=84,437=2%42,2185 ¥/ mm,l;
Formation Ca+S;omb+20>,=CaSO4(s); Gerhomb=3,5436 '/ mol;
AG°as04=Gas04-(GcatGerhombt2G02)=0-(647,319+3,5436+2*303,1)=-1322 X/ 1n;
Gas04=AG°cas04(GeatGerhomb +2Go02)=-1322+(647,319+3,5436+2%303,1)=-64,9374 “//nol;
[1] Solubility CaSO4+3H20=CaOH"+SO4>+H30%;
Kp=[CaOH"*[SO4>1*[H30"]/[CaSOx4s)|/[H20]3=4,93*%10/-D* 1 0A-7:36)/1 /55 3/3=1 0 -16:899);
AGeqcasos=-ReTeIn(Keqcasos=-8,314%298,15%In(10/16395)=96,4315 ¥/ o1;
AGeqcas0s=Geaon++Gs042-+Gr30+-(Geas043G 120)=280,4563+54,9256+22,44-(261,3904-+3%0)=96,4315 X'/ imo1;;
Gcas04=Gcaon+Gs042-+Gr30+-(AGeqcas043G 120)=280,4563+54,9256+22,44-(96,4315+3*0)=261,3904 '/ 1n.1;;
Geaon+=AGeqcasos-Gso42--Grzo++H(Geasoa+3G 120)=96,4315-54,9256-22,44+(261,3904+3*%0)=280,4563 “'/mol;;
CaO Formation Ca+0,50,=Ca0; AG°ca0=Gcao-(Gcat0,5G02)=195,569-(647,319+0,5%303,1)=-603,3 X'/ im,;
Gcao=AG°ca0t(Gcat0,5G02)=-603,3+(647,319+0,5%303,1)=195,569 </ 1mol;
Gca=Gcao-(AG°ca0+0,5G02)=195,569-(-603,3+0,5%303,1)=647,319 “'/mol;
CaOH" [1] Formation Ca+0,5*0,+0,5H,=CaOH"+e-; AG°caon+=GcaontGe--(Geat0,5%Go2+0,5*Gra )=
=101,0715+22,2185-(647,319+0,5*303,1+0,5*85,64)=-718,4 /noi;
Geaon=AG°caon+-Ge-+(Gcat0,5*Go2+0,5*Grz)=-718,4-22,2185+(647,32+0,5*303,1+0,5%85,64)=101,0705 /imoi;
Ge=AG°caon+-Geaon HGcat0,5%Go2+0,5%Guz)=-718,4-101,071-+(647,32+0,5*303,1-+0,5*85,64)=22,2184 “//no1;
Ca(OH)ys); Formation Ca+O>+H,=Ca(OHas); AG°caonp=Gcaonp-(Geat GortGr2)=-897,5 ¥/mol;
AGormcan2=Gcaonp-(GeatGo2+Guz2)=138,56-(647,32+303,1+85,64)=-897,5 //mol;
Gea©one=AGformcaon2HGeatGo2+Guz)=-897,5+(647,32+303,1+85,64)=138,56 *//mor; [1]
Gca=Gcaomp-(AGformcaome+Go2+Gr2)=138,56-(-897,5+303,1+85,64)=647,32 </ 1ni;
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Base dissociation pKy=12,6 [1] (protolysis) equilibrium constant Ca(OH*+H,O=[Ca(H,0)]*"+OH;
Keq=Ks/[H20]=[Ca(H,0)]*"]*[OH]/[Ca(OH)]/[H20]=1012:6)/55 3=1(/ (14,3427,
AGeqica20)2+=-ReTeIn(Keq[cagzo)2+=-8,314%298,15*In(10-143427)=81,8637 *'/mo1;
AG[cam20)2+=Gcam20y2++Gon-(Geaony+Gu20)=284,96+77,36-(280,4563+0)=81,8637 X'/ imol;
Gea©ony=Gicam0)2++Gon- -(AG[cam20)2++Gn20)=284,96+77,36-(81,8637+0)=280,4563 X'/ o1;
Gicam20)2+=AGca20)2+-GonH(Geaony+Guz0)= 81,8637-77,36+(280,4563+0)=284,96 “'/1mo1;
[1] Solubility Ca(OH),(s+3H,0=Ca(H,0)3**+20H";
Keqcaomp=[Ca(H20)32 ]*[OH 1%/[Ca(OH)2]/[H2013=5,02%10/0)/1/55,33=2,96844%* 1 01 D=1 0 (-10.5275),
AGeqCa(OH)2=-R°T°ln(KeqCa(OH)2=-8,3 14%298,1 5*ln( 1 0/\(‘10’5275))=60,0877 kJ/mol;
AGeqcaon2=Gca20)32:+2Gon-(Geaonp+3Gn20)=51,5763+2*77,36-(146,20857+3*0)=60,08773 “//mmoi;
Gea©omp=Gcam20)32:+2Gon-(AGeqcaomp+3Gr20)=51,5763+2%77,36-(60,08773+3*0)=146,20857 X/ mol;
[1] Formation Ca+CL25=CaClz; AGrormatcacz=Gcac-(GcatGe®)=231,103-(647,319+332,584)=-748,8 “//mmol;
Gcaclz=AGrormatcacH(GeatGent®)=-748,8+(647,319+332,584)=231,103 *//pno1;
Gca=Gcac2-(AGrormatcacin+Gei®)=231,103-(-748,8+332,584)=647,319 /pi;
Subility CaClys+3H20=Ca?"+2CI; 81,3 &1000mL 120 ; Mpbcrz=110,984 &/no1; 25°C density 1,46923 &/mr; [1]
https://www.engineeringtoolbox.com/calcium-chloride-water-d_1186.html
1469,23 g/L; w%=81,3/(81,3+99,6)*100%=44,941956%;
44,941956/100g=X/1469,23; X=44,941956/100*1469,23=660,3 g; [CaCl2]=660,3/110,984=5,949506 M;
mH>0=1469-660,3=808,7; nH,0=808,7/18,015=44,890369 M;
Solubility CaClys)+3H20=Ca(H20)**+2CI; Kyp=[Ca?*]*[C1]?>=5,949506*(2*5,949506)"2=842,36965;
Keqcac=Ksp/[H2013=842,36965/44,89°3=0,00931223=9,3 1 #10(3)=1 (20309
AGeqcaciz=-ReTeIn(Keqcacn=-8,314%298,15*In(0,00931223)=11,592 /ini;
AGeqcac=Ca(H20)?*" +2Gc1-(Geacn+3Gu20)=51,5763+2Gc1-(231,103+3*0)=11,592 ¥/imi;
2Gc1:=AGeqcac2-Geamzop+H Geacn+3Gr20)=11,592-51,5763+(231,103+3*0)=191,119=2%95,5594 ¥//;1,;

Substance | AH°u,/mol [AS°H, /moikl AG®1,*/mol Biochem. Thermodynam. 2006 Massachusetts Technology Inst.
Mg?* -466.9 -138.1 -454.8 |AG°=AH°y-T*AS°y=-466.9-298.15%-0.1381=-425.7255 Y/mo13
MgOH" - - 2626.7
Mg(OH)z(s) -924.5 63.2 -833.5 |AG°=AH°y-T*AS°y=-924.5-298.15*%0.0632=-943.34 /1013

Base dissociation pKy=11,4 [1] (protolysis) equilibrium constant Mg(OH*+H,0=[Mg(H,0)]*+OH;
Keq=Kuv/[H20] =[[Mg(H0)*"1*[OH /[Mg(OH)"/[H20]=10711:4/55 3=1 0143427,
[1] Solubility Mg(OH)2s+3H,0=Mg(H>0)3**+20H";
Kop=[Mg> 1*[OHJ>/[Mg(OH)25)/[H20]?=5,61*10712)/1/55,3/3=1 0A-25:149);
[1] Solubility MgCO3) +2H,0=MgOH"+HCO5;
Kop=[MgOH"]*[HCO3>;]/[MgCOs3:]/[H201?=2,24*10"1D/1/155,3/2=10/( 25149,

Base dissociation pKy=14,8 [1] (protolysis) equilibrium constant Na(OH)+H,O=[Na(H.0)]*+OH;
Keq=Ku/[H20]=[ [Na(H20)]"1*[OH)/[Na(OH)]/[H20]=101C148)/55 3=10/(14.3427),
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