Aris Kaksis 2026. Riga Latvijas universitate

IT veida Prigozina atraktori metalu elektrodiem Ag, Hg, Pb, Al, Ca, Mg ar to nogulsném.

Sudrabasavienojumu $kiSanas, protolizes un oksidéSanas Prigozina absoliitas energijas atraktori.
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K*CI" 8kiduma ar neskistosas sals AgCl pret joniem CI" un
sudraba metala Ag elektrodu. Elektriska potenciala merijumi
voltos ar elektrodu pari ir Elektro Dzingja Speks EDS volti.
Starp indikatora elektrodu Mel un Mell salidzinasanas
elektrodu savienotiem noslégta elektriska k&de aprekina Mel
indikatora elektroda potencialu EI ka summu: EI=EDS+EII.
Standarta salidzinasanas elektrods EII kalpo par konstantu
potencialu ar hlorida koncentraciju.

Sudraba I-veida elektroda: Ag(s)+H,O=Ag"+e" absolutais

Ag(s)+HzO—Ag++e poten01als satur standarta potencialu E°uasisko=0,7996 V [1], logaritmu -0,1029953 un
summu AE°®: Eag/ag+=E klasisko-0,0591/1*1g(1/[H20]")+AE°=0,7996-0,102995+0,10166-0,37239=0,631865 V.
AGeq Ag=E°A¢*F*n=0,631865%96485*1=60,9655 “/mo1,

AGeq Ag=Gag++Ge-(GagtGu20)=103,825+0-(42,8595+0)=60,9655 '/ mol;
Gaeg=Gag+TGe~(AGeq Ag+GH20)=103,825+0-(60,9655+0)=42,8595 X'/ 1mo1;

Gag=AGeq As-GetH(GagtGH20)=60,9655-0+(42,855+0)=103,825 /01 ;

Ge=AGeq Ag-GagiH(GagtGi20)=60,9655-103,825+(42,8595+0)=

0,0 kJ/mol;

Formation Ag+0,5CL#*=AgCl; AG®eqaeci=Gagci-(Gagt0,5*Gc28*)=130,236-(42,8595+197,1765)=-109,8 ¥//mmol;
Gt =2*(Gagcl-(GagtAGPeq agct))=2%(130,236-(42,8595-109,8))=2*197,1765=394,353 //nm01;

Gaegc=AG®eq AgciH(Gagt0,5%Ging®)=-109,8+(42,8595+394,353/2)=130,236 “'/moi;

Formation Ag=Ag"+e"; AGeq Ag=Gagi+Ge~(Gag)=103,825+16,1345-(42,8595)=77,1 /moi; [1]

Ge=AGeq g-Gag+(Gag)=77,1-103,825 +(42,8595)=16,1345 “/no1;

Skidibas lidzsvara mol dalas AgCl(s)+2H.O=Cl+Ag" absoliita konstante :

K absoluteagc=Kspagc/[H201V?=[Ag T*[CI']/[AgCl])/[H20]"?=1,77*10710/55 3/2=10/13.2375);
AGgpagci=-ReTeIn(Kspagc1)=-8,3144*298,15*In(10713-2375)=75,559 ¥/,;; kompensé tidens molekulu
AGspagci=Gagi+Gei-(Gagcrt2Gu20)=103,825+101,97-(130,236+2%0)=75,559 /o1 ;
Ga1-=AGspagci-Gag:HGagert2Gr20)=75,559-103,825+(130,236+2*%0)=101,97 </, ;
Gaec=Gagt+Ger-(AGspagcrt2Gr20)=103,825+101,97-(75,559+2%0)=130,236 /o1 ;

ol] jons Gag:=103,8/mo1 virs Gag=42,855 “/mol elementa 60,945;]

Gag=Gag+-(AGeq ActGH20)=103,825-(60,9655+0)=42,8595 //imo;

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-GagiH(Gag)=83,9245-103,825+(42,8595)=16,1345 X'/ 1n;

Gag=AGeq AsH(GagtGH20)=60,95+(42,855+0)=103,825 /im0 ;

AGagc=AHE-T*ASE=-127,0-298,15%0,09625=-155,71 ¥/pmor; [1]

Gaeci=AG q AgcrH(Gagt0,5%Geig)=130,236 X/ mol;

Gaec=Gag++Ger-(AGspagcrt2Gn20)=130,236 V/mo;

Gen8=2*(Gagcr-(GagtAG®eq Ae1))=2%197,1765=394,353 Y/ nol;

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

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

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

2Gc-=Grg2c+2GH20~(AGeq Hg2cH2GHg)=2%66,1832 /o

Gaegn3)2+=AGag/aegn312+-GH20H(GAg+2GNi3aq) =224,985 K/mol;

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

Gag20=AG°A0201t(2Gagt0,5G022%9)=226,069 X/ mor;

Viela | AH°u /mol |AS°H/mork|AG®H /i
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) | Kspage= [107C132375) 130,236

ChL#&  |-109,8;AgCldformation | 394,353

Cl-ag) Keopage=  [107C132379) 101,97

Cl-(ag) -167,2 56,6 -131,2

Cl'aq) Ge-| formation | -131,2 | 35,9935
Clagnact | E®cico= |1,03756 V| 66,1832
Ag(NH3)2'| E°agamzp+ | -0,06995 | 224,9895

Ag0(s) -31,1 121,3 -11,2
Agy0O(s) | formation -11,2 226,069
2Ag E°agago= 10,02277V|2*33,4773

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

[CI']=0,1 M=[K"CI'] kiduma Ag+H,O=Ag"+te"; Ag+H20+Cl'=AgCl+2H>O+¢"; summaraja reakcija.

Ag+Cl'=AgCls+H>O+e"; Absoliita standarta potenciala aprékins satur Eyiasisko=0,22233 V [1], dens
-0,103 un AE®: Eag/aeci=E Classic-0,0591/1*1g([H20]")+AE°=0,22233-0,103+0,10166-0,37239=-0,151395 V;
AGeq Ag=E°Ag*Fen=-0,151395 *96485*1=-14,60735 *'/mmol;

AGeq Ae=GagcrtGr20+Ge-(GagtGel.)=130,236+0-(42,87335+101,97)=-14,60735 /1m0 ;

Gag=GagcrtGH20+Ge-(AGeq agtGer)=130,236+0-(-14,60735+101,97)=42,87335 ¥/ po1;

Ge-0=AGeq Ag-Gagci-Gu20H(GagtGer)=-14,60735-130,236-0+(42,87335+101,97)=0 </nno1 ;

1



Skidiba NH3#* un Ag kompensé katru idens molekulu Nernsta pus reakcijas produktos
NH;3#+H;0=NH3.q;Ag+H20=Ag"+e"; Ag+H,O+2NH3.=Ag(NH3),+2H,O+e"; Absoliitais standarta
potencials ar standartu E°asisko=0,373 V [17], ddens -0,0591/1*log([H20]')=-0,103 logaritmu un summu
AE®: E°AgagNu3)2+=E°Classic-0,0591/1*log([H.O]")+AE°=0,373-0,103+0,10166-0,37239=-0,000725055 V;
AGag/agNH32+=E° Ag/agnm3)2+*Fon=0,000725055%96485%1=-0,069956 *'/mol;
AGagagi32+=Gagni3)2+ G20t Ge-(Gagt2GNnizag)=224,9895+0-(42,8595+2%91,1)=0,069956 X'/ mol;
Gaegniz)2+=AGag/agv312+-GH20-Ge-H(Gag+2GNi3aq)=-0,069956-0+(42,8595+2%91,1)=224,9895 “//mm,l;
Ge--=AGag/AsN3)2+-Gagni3)2+-GH20H(GAgH2GNizag)=-0,069956-224,9895-0-+(42,8595+2%91,1)=0 X'/ mmol;
Formation Cl,8%/2+e-=Cl-;
AGeqci=Ger-(GertGe)=101,97-(197,1765+35,9935)=-131,2 ¥/mol;
Ge-=Gl-(GertAGeqc)=101,97-(197,1765-131,2)=35,9935 /ol ;
Formation 2Ag+0,50-8=Ag,0;
AG°Ag20=Gag20-(2Gagt0,5G022%)=226,069-(2%42,8595+0,5*303,1)=-11,2 /imol;
Gag20=AG°A020T(2Gagt0,5G022%)=-11,2+(2%42,8595+0,5%*303,1)=226,069 /mmo1;
2Ag+20H =Ag,0(s)+H,0+2¢7;

Absoliita standarta potenciala aprékins satur E°iasisko=0,342 V [1], tidens logaritmu un AE®:
E°2A¢/ag20=E °Classic-0,0591/2*1g([H.0]')+AE°=0,345-0,0515+0,10166-0,37239=0,0227725 V
AGAg/AgzoonAg/Agzo‘F‘n=0,0227725*96485*2:4,3944 kJ/mol;

AGagag20=Gag20+Gn2012Ge. -(2Gag+2Gon)=226,069-+0+2*0-(2*33,4773+2*%77,36)=4,3944 /1m0 ;
2Gag=Gag20t+Gm2012Ge. (AGag/ag20+2Gon)=226,069-+0+2%0-(4,3944+2%77,36)=66,9546=2%33,477 *//mo1;
2Ge=AGagag20-Gag20-Gu20t+(2Gag+2Gon)= 4,3944-226,069-0+(2*33,4773+2%77,36)=0,0 /1m0 ;

Gag20=AGAg/Ag20-GH20-2Ge-+(2G A +2Gon)=4,3944-0-2*0+(2*33,4773+2%77,36)=226,069 *'/moi;

o — [Ag(NH;); ] o — [Ag,0]{H,0]
E°Agagv3)2+=0,000725 V+ [zeriny g-z-?;g(NHg);])ZE 2Ag/Ag20=0,02277 V+ [Ag]zzmzf




Dzivsudraba savienojumu $kiSanas, protolizes un red-oks Prigozina absoluitas energijas atraktori.

Viela AHH, Ym0l JAS®H, /molik| AG 1, mol
Hg E°ug2cn=|-0,10565 V| 35,7641
Hg | AE°Homqneo | 0,751298 | 35,778

Hg Hg>SO,4 formation -625,8 | 85,0232
HgOs[1] -90,8 70,3 -58,5
Hg |Formation neo| -58,5 54,2
HgO¢) |Formation veo| -58,5 147,25
Hg E°Hgo= 0,22423 V| 35,764
HgO) E°ngo=  |0,22423 V| 147,25
Hg»?"[1] 172,4 84,5 153,5
Hg>** Ge.| formation 153,5 |2*20,975
Hg?" | E%ngngn:= [0,5780675| 183,0782
Hg?* E°ugne+= [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>SO4 | Ge-formation | -625,8 -625,8
Hg>SO4)| formation -625,8 [153,99156
HgaSO4s) [Kabsolutergzsos= 107096725 | 154,3205
HgoSO4¢)|  E°Hgsos=  (0,29027 V|153,99156
SO4* -909,3 20,1 -744,5
SO4”Ge. | [1] formation | -744,5 80,603
HSO4 pKa2=1,99 | protolysis| 27,584

SO |[1] pKa2=1,99 | protolysis | 26,44977

SO4* E°usos=_ |0,10726 V| 26,44996

SO4* E°Hesos=  [0,29027 V| 26,44996

HSOs E°gsos= 10,10726 V| 73,072
SO | 772 E°son= |-1,2522 V| 54,9256
SOs* E°sos2= |0,05576 V| 60,56996
[1] Clg* | -109,8;AgClsformation | 394,353
[1] CL#* | HgoClys) formation-210,7) 139,1718
[1] Cl#* | HgClys) formation-178,6| 142,8359
Claagnact E%crc= 1,03756 V| 332,584
14CloagNacl| Keq 201.c0="1* 0,64771 V| 257,366
Hg>Clas) -265,37 191,6 -210,7
HgyClys) |  formation -210,7 0
HgCly | -224,3 146 | -178,6
HgClys) | formation -178,6 0,0001
HgyClys E°ueco= [-0,10565 V| 183,5083
Cl-(aq) -167,2 56,6 -131,2
Cl'aq) Ge-| formation -131,2 | 125,9652
Cl-aq) |Kabsolutengzcn=| 1072397 | 66,05455
Cl agnact E%crc= 1,03756 V| 66,1832

G rhombic:3,5436 kJ/mol; GOZgaS:303,1 kJ/mol;
Gre=(Gug2ctGu2012Ge~(2G -+ AGeq He2012))/2=35,7641 /ol
Gueg=AGeqredox_1202-G02aquat(GrgoTGr202)=35,778 X/moi;

2Gre=Grg2504-(AGHg2504+ G sromb 2 G02)=2%85,0232 /i
AGc.=AHu-T*ASy=-90,8-298,15%0,0703=-111,76 /mor;[1]
Gre=Grg0-(AGrgo+0,5G022%5)=147,25-(-58,5+0,5*303,1)=54,2 /o1;
Greg0=AGeqte0-2Gr20H(Grg2Gon)=147,15 ¥/ mol;
<====Gne=Guego+Gm20-(AGequz0+2Gon)=35,764 /moi;
Greg0=AGeqrg0-2Gr20H(Grg2Gon)=147,15 ¥/ mol;
AGrig22 =AHu-T*ASp=—172,4-298,15%0,0845=-197,59 X/nmo1;
2Ge=AGeq 21e-Gg22++H(2GretGu20)=2%20,975 ¥/mol;
Gug22+=AGeq Hgt(2Gne+Gn20)=111,55+(2*35,8+0)=183,08 “//1m1;
Gug2=AGeq e+ (GregtGu20)=121,91+(35,764+0)=157,674 */mo1;
AGrg22=AHp-T*ASp=-171,1-298,15%-0,0322=-161,4996 “//mmoi;
2Ge=AGeq He-Gre2+H(GrgtGu20)=2%21,24505 ¥/mol;
[ 1 ] AGngso4=AHH—T*ASH=-743 , 1 -298, 15 *0,2:-802,73kJ/m01;
[ 1 ] AGngso4=AHH—T*ASH=-743 , 1 -298, 15 *0,2:-802,73kJ/m01;
Ge2504=AGHg2504H2GgtG s romb G Sromb 172G 02)=153,99 X/ mol;
GHg2504=GHg22++Gs042-(AGegrig2s04+2GH20)=154,3205 X/nmor;
GHg2504=AGeq 12504 (2GrgtGs04)=153,99156 /ol
AGrg22=AHp-T*ASp=-909,3-298,15%0,0201=-915,29 ¥/mol;
2Ge=Gs042-(Gerombict2G02+AG5042)=161,2062=2%80,60 “'/1n,;
Grs04-=AGequ2504-Gr30H(Gr2s04+G120)=27,584 /o
Gs042-=AGequs04-Gu30+H(Grs04-+Gr20)=26,4509 /01, 2=pH<7
Gs042-=AGequso42--3Gn30+(Guso3+4Gn20)=26,44996 </ 1n,i;
Gs04=Grg2504-(2GHgtAGeq 1Hg2504)=26,44996 /11
Grs03=G3s042-+3GH30~(AGequsos+4GH20)=73,072 /il
Gs042-=AGeqs032-0n-Gr20+H(Gs032-+2Gon)=54,9256 /o ;
Gs032-=Gs042-+2Gu30-(AGeqs032-+3Gn20)=60,56996 *V/mor;
G =2*(Gagci-(GagtAG®eq agct))=2%197,1765=394,353 /p01;
Gei=-(2GuegtAG®Hg2cn)=-(2%35,7641-210,7)=139,1718 /ps1;
Gei=-(GrgtAG®Hgci2)=-(35,7641-178,6)=142,8359 </ 1n;
Gt =AGeq 2ci-c2H(2G1-)=200,218+(2%66,1832)=332,584 X/ mo1;
G =AGeq 2¢i-c2H(2Ge1)=125+(2%66,1832)=257,3664"/1m,i;
AGrg22=AHp-T*ASp=-265,37-298,15%0,1916=322,4955 Y/mol;
GHg2C12=AGeq necirt(2GugtGent™)=-210,7+(2*35,7641+139,1718)=0 /01
[1] AGug22:=AHu-T*ASp=-224,3-298,15%0,146=-267,83 “//mol;
[1] Grec=AGeq_ngciH(GrgtGent®)=0,0001 '/ mol;
GHg2c=AGeq 1e2012-2GH20-2GeH(2G 1 +2Grig)=183,5083 X/ imol;
AGc1=AHu-T*ASu=-167,08-298,15*0,0566=-183,955 ¥/mo1;[1]
Ge-=Gl-(aq-(0,5G 18+ AGeqc)= 125,9652 </l
Go-=(-Gug22++AGequg2cH(Grg2c2+3Gr20))/2=66,05455 X/ mor;

2Ga=Gug2ct2GH20-(AGeq g2 2GHg)=2%66,1832 ¥/l

2Hg+H>O=Hg,?"+2¢"; Absoliita potenciala aprékins satur standarta potencialu E°uasisko=0,7973 V [1], Gidens
logaritmu un AE®: E®2p¢=E°classic-0,0591/2*1g(1/[H20]")+AE°=0,7973+0,0515+0,10166-0,37239=0,5780675 V;
AGeq 21=E°Hg*F*n=0,5780675%96485*2=111,55 X/p01,
AGeq 21g=GHg22+12Ge~(2GHg+Gr20)=183,0782+2*0-(2%35,7641+0)=111,55 /o1 ;
GHg22+=AGeq Hg-2Ge+H(2GrgtGr20)=111,55-2*%0+(2*35,7641+0)=183,0782 //1n1 ;
2Ge=AGeq 21ig-Grig22+H2GHg+tGr20)=111,55-183,0782+(2*35,7641+0)=2%0 X/ny01 ;
Hg+H,O=Hg?>'+2¢"; Absolute potential has standard E°classic=0.851 V [1], water logarithm and AE®:
E°He=E clasiskais-0,0591/2*1g(1/[H20]")+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/,
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AGeq Hg=Grg2++2Ge~(GgtGu20)=157,674+0,0001-(35,7641+0)=121,91 /1) ;
Gue=Gng2++2Ge-~(+Gu20)=157,674+0,0001-(121,91+0)=35,7641 X/ 1 ;
Gug2=AGeq 1g-2Ge+(GregtGu20)=121,91-0,0001+(35,7641+0)=157,674 /o1 ;
2Ge=AGeq He-Gre2+H(GretGu20)=121,91-157,674+(35,7641+0)=2%0,00005 “'/ 11, ;
Formation 2Hg+H,O=Hg»*"+2¢"; Gug2=AGeq e+ (GregtGn20)=121,91+(2%35,7641+0)=157,674 *'/ 101 ;
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+51omb+20:8%=HgrSO.4s);
AGh2504=Grg2504-(2GHgt G sromb+G S romb 2 G028%)=153,99156-(2%35,7641+3,5436+2*303,1)=-625,8 /mol;
2Gug=Grg2504-(AGHg2504+ G sromb 2 G 02229)=153,99-(-625,8+3,5436+2*303,1)=2%85,0232 *//mol;
Gg2504=AGHg2504H2GgtG sromb+ 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 X/ nmoi;
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
AGeqnsos=-ReTeIn(Keq2)=-8,3144%298,15*In(0,000185)=Gs042-+Guzo-(Grsos-+Gu20)= 21,3069 X'/l Hess
expression AGequs04=Gso42-+Guzo-(Guso4-+Gn20)=26,44977+22,44-(27,584+0)=21,3069 <'/1no| free energy of
Gus04-=Gs042-+Gr30-(AGequs04+Gu20)=26,44977+22,44-(21,3069+0)=27,5829"/mo1 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°assic=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—(Grso3+4Gn20)=26,44996+3*22,44+2%0-(73,072+4*0)=20,69797 /ol ;
Gus03=Gs042-+3Gu30+2Ge-—(AGequsos+4Gu20)=26,44996+3*22,44+2%0-(20,69796+4%0)=73,072 /1o ;
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-+(Grso3+4Gu20)=20,69796-3%22,44-26,44996+(73,072+4*0)=2*0 X/py01 ;
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 “'/ 1, ;
Gs042-=AGeqs032--2GH30-2Ge-+(Gs032-+3Gu20)=10,7600-2%22,44-2*0+(60,56996+3*0)=26,44996 *'/mo! ;
Gs032-=Gs042-12Gu302Ge--(AGeqs032-+3GH20)=26,44996+2%22, 44+2*0-(10,7600+3*0)=60,56996 “'/ 1 ;
2Ge-=AGeqs032--2Gu30-Gsos2-+(Gs032-+3Gr20)=10,7600-2*22,44-26,44996+(60,56996+3*0)=2*0 /ol ;
Formation 2Hg+CL#=Hg>Clas); AGeq Hg2c12=Grg2c2-(2GrgtGen®)=0-(2%35,7641+139,1718)=-210,7 X/moi;
Gue2c=AGeq He202+H(2GretGen)=-210,7+(2*35,7641+139,1718)=0 </ 1n;
Formation Hg+C1#=HgClys); AGeq Hec2=Grgcr-(Grg+Ger®*)=0,0001-(35,7641+142,836)=-178,6 /mol;
Gugc2=AGeq Hec2H(GrgtGen®)=-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 c1t( 0,5Gcn®+Ge.)=-131,2+(0,5*142,836+178,720)=66,1832 “//1n;
Formation 0,50,2+Hg=HgO; AGng0=Greo-(Gng+0,5G0-2*)=147,25-(54,2+0,5*303,1)=-58,5 //mol;
Gue=Gug0-(AGrgo+0,5G0:2%)=147,25-(-58,5+0,5*303,1)=54,2 X/ 1no1;
Gugo=AGnz0H Grgt0,5G02%*)=-58,5-(35,778+0,5%303,1)=-58,5 X/mo1;

[1] Solubility Hg>Clo+3H,0=Hg,**+2Cl"; Kopy=[Hg2>"1*[Cl']*/[Hg2CL]/[H.0]3=1,43*10"18/1/55,3/3=102307;
AGequg2c=-ReTeIn(K absolutchg2ci2)=-8,314*298,15*In(10">>1)=131,68 *'/mol;
AGeqre2c12=Grg22++2G1~(Grg2ci2+3Gu20)=183,0782+2*66,1832-(183,5073+3*0)=131,68 “'/mol;
Ga=(-Grg22++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;

AG°ug2c=Grg2cn-(2GugtGen)=Gugcin-(2*35,7641+Gein)=-210,7= X/im,i;
Gci=-(2GutAG®Hg2cn)=-(2%35,7641-210,7)=139,1718 /p01;
Formation Hg+Cl,=HgCly;



AG°Hgc12=-(35,76+Gc2)=-178,6 “/mol; Ge=-(GugtAG®Heci2)=-(35,7641-178,6)=142,836 X'/ mol;
2Hg+2Cl'=Hg:Cly+2H20+2¢; 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;
AGeq Hg2c2=E°ug2cin*Fon=-0,1056451*96485*2=-20,3863 “'/ oI,
AGeq 1g2c2=GHg2c2+2GH2012Ge-~(2G1-+2Grg)=183,5083+2 % 0+2*%0-(2*%66,1832+2%35,7641)=-20,3863 </, ;
Grg2c2=AGeq He2c12-2GH20-2Ge-+H(2G 12 Grig)=-20,3863-2%0-2*0+(2*66,1832+2*35,7641)=183,5083 </, ;
2Ga=Gugct2Gu2012Ge~(AGeq Hg2c2+2Grg)=183,508+2*0-+2%0-(-20,386+2*35,76)=132,366=2%66,19 //no1;
Gre=(Gug2c2+Gu2012Ge~(2G -+ AGeq He2c12))/2=(183,5083+2*0+2%0-(2*66,1832-20,3863))/2=35,7641 /01 ;
2Ge-=AGeq Hg2012-GHg20n-2GH20T(2G 1 +2Grg)=-20,3863-183,5083-2*0-2 % 0+(2%66,1832+2%35,7641)=0 /01 ;
Skidibas lidzsvara atraktors Hg>SOugs+2H,0=Hg,?*+S0.2; 2Hg+2H,0=Hg,2*+2¢"; absoliita konstante ir :

K AbsoluteHg2504=KspHg2s04/[H20]N?=[Hg2?"]*[ S04 ]/[Hg2S O ()} [H20]"?=6,5%10"7/1/55,3/2=10"6723;
AGequg2sos=-ReTeIn(K absoluteHg2s04)=-8,314%298,15*In(10"*6725))=55,20765 *//mol;
AGeqrg2504=GHg22++Gs042--(Grg2504+2GH20)=183,0782+26,44996-(154,3205+2%0)=55,20765 "/ mol;
Grg2504=GHg22++Gs042-~(AGeqrig2s04+2Gr20)=183,0782+26,44996-(55,20765+2%0)=154,3205 V/no1;
HgrSO4s2H20=Hg>**+S04%; 2Hg+H,0=Hg,?"+2¢";

HgrSO4sH2H20-S04>=Hg»**; 2Hg+H,O=Hg,*"+2¢"; 2Hg+H,0=Hg>rSO4(5)+2H20-SO4>+2¢";
2Hg+S04*=HgrSO4s+H20+2¢"; Absoliitais aprékins satur standarta potencialu ECkiasisko=0,6125 V [18], tidens
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 Hg304=EHgs04°F*n=0,29027%96485%2=56,0134 /01,
AGeq 1Hg2504=GHg230412Ge-~(2GrgtGs04)=153,99156-(2%35,7641+26,44996)=56,0134 ¥/ 1no1;
Gug2504=AGeq Hg2504-2Ge+H(2GHg+Gs04)=56,0134-2%0+(2*35,7641+26,44996)=153,99156 “'/iml;
2Ge-=AGeq Hg2304-GHg2504H(2GgtGs04)=56,0134-153,99156-(2%35,7641+26,44996)=0 </ 1n1;
Gs04=Grg230412Ge-~(2GrgtAGeq Hg2504)=153,99156+2%0-(2*35,7641+56,0134)=26,44996 '/, ;

Hg+20OH =HgO+H>O+2e", Absolutais aprékins satur standarta potencialu E°uiasisko=0,0977 V [1], tidens
logaritmu un AE®: E°ue0=E°-0,0591/2*1g([H.O]")+AE°=0,0977-0,0515+0,10166-0,37239=-0,224528 V;
AGeqtg0=E°ng0*F*n=-0,224528*96485%2=-43,327 /i1 ;
AGeqtg0=GrgotGr20-(Gugt2Gon)=147,157+0-(35,7641+2%77,36)=-43,327 '/ mol;
Grg0=AGeqigo-Gr20H(Grg+2Gon)=-43,327-0+(35,7641+2*77,36)=147,157 X/ imo1;
Grg=Grg0TGr20-(AGeqrigo+2Gon)=147,157+0-(-43,327+2*%77,36)=35,764 /mor;
Reducesanas HgO+2H,0+2e =Hg+20OH", inversais standarta potencials -E°nz0=0,224528 V.
Oksidesanas H202aquat2H20=01,qu+2H30%+2¢" Nernsta absolitais standarta potencials E°Rearn202=0,52677 V;
HgO-+2H,0+2e +H202aquat2H20=Hg+20H +023quat2H30%+2¢7;
HgO+H2OZaqua+4H2O:Hg+023qua+(2OH_+2H3O+); HgO+H2022quat4H20=Hg+022quat(4H20);
AGeqredox 1202=(AE°m202aqred=E°Hg0) *F*n=(0,52677+0,224528)*96485%2=(0,7513)*96485%2=144,978 </ mm,1;
Summa: HgO+H202aqua=Hg+02aqua=Hg+0,8*+H,0; katalaze Gu202=279,3 */moi;
AGeqRedeiH202:GHg+G02aqua'(GHgO+GH202):35,778+330-(-58,5+279,3):144,978 kJ/mol 5
HgO ; Gug=AGeqredox 1202-Go2aquat(Grgo+Gr202)=144,978-330+(-58,5+279,3)=35,778 X/mol ;

Sals Na*CI kristaliem hidratacijas reakcija ir 36 grami $kidiba Gideni 100 gramos, blivums 1,203 &/pL.
w%=26,4706 %: nc=49,142/12=4,0952 M.
26,4706 grami ir 100 gramos un X grami ir 1203g. Tapéec litra ir X=26,4706/100*1203=318,44 grami NaC.
Kopgja koncentracija ir Cum tota=[NaCl]iota=m/M=318,44/58,4 &/mo1=5,45274 M;
Udens masa viena litra ir mp20=1203-318,44= 884,56 g; Molu skaits viena litra ir nu20=884,56/18=49,142mol;
Dala NaCl paliek nedisociétas neitralas molekulas nepietiekamu tidens resursu dél 49,142 moli.
Saturated non-dissociate [NaCl]=5,45274-4,0952=1,35754 M; disociacija a=4,0952/5,45274=0,751; 75,1 %;
Disociacijas lidzsvara konstante ir Kais=[Na*aq]*[Cl™aq]/[NaC1]=4,0952%4,0952/1,35754=12,3537;
Skidibas lidzsvara konstante ir Ky=[Na*iot]*[Cl™tot)/[NaCl]crys=5,45274*5,45274/1=29,73237;
Disoci\acijas Prigozina atraktors ir AGais= -ReTeln(Kais)=-8,3144%*298,15*In(12,3537)=-6,232 /ol
Skidibas Prigozina atraktors ir AGg= -ReTeln(Kg)=-8,3144%298,15%In(29,73237)= -8,409 /10,
Termodinamiskas absoliitas energijas skalas atraktors ir AGu=AHu-TASE=-9,15 ¥/mol ;

Viela |AHH™/mol| AS i /motk| AG /ol kristalisks Na*ClI+Q=>Na",quat ClaquatAG; endotermiska.
Na*Cl| 411,12 72,00 - AHpess=AH Na+AH® c1-AH Na+ o= -240,1-167,2-(-411,12)=3,82 /ol ;
Na+,q| -240,10 | 59,00 - ASiziiedsta=-AHn/T=-3,82/298,15=-12,812 Y/(mol k;

ASH=AS Na+AS°1-ASONac1=59+56,50-(72)=43,5 /mork; AGH=AHH-TASH=3,82-298,15%0,0435=-9,15 Y/no1 ;
ASkopéjﬁ:ASHess+ASizkliedéta:'12,812+43,5:30,688 J/mol/K; T.Askopéjﬁ:30,688*298,15:9,15 kJ/mol Salstita el’lerg‘ iia.
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Stipri oksidétaji skabeklis Oz un hlors Cl» aqua viena mola satur brivo energiju 330 '/mo1 un 332,58 /ol
NaCl=Na"+Cl; 2ClI'=Cl,+H,0+2¢"; E izteisme satur E°asisko=1,35827 V [1] tidens -0,04998 , summu AE®:
E°2c1-c12=E ktasisko-0,0591/2*1g([H2O)+AE°=1,35827-0,0591/2*1g(49,142)+0,10166-0,37239=1,037558 V;

AGeq 201-c2=E°ng2c2°Fon=1,037558*96485%2=200,218 '/l
AGeq 2¢i-c2=Gcn®+Gm0-(2Gc1-)=332,5844-(2%66,1832)=200,218 /im0l ;
Saturated NaCl 5,45274 M;  (2Gcr)=Gci#+G20-AGeq 2ci-c12=332,5844-200,218=132,3664=2%66,1832 *//p,01;
[CLa]= 4*10°C19 M; Gc®=AGeq 2ci-c2-Gm20+(2Gc1-)=200,218+(2*%66,1832)=332,584 “//1ni;

Keq 201-c=[CL]*[H20]/[CI]"?=4*10"19)(gasC12)*49,142/5,45274"2=6,611* 10 -9 (K gasCI12);
Ezci.co=(E°2c1.cotRT/F/m*In(Keq 2c1-c12)=(KgasCl2))=
=(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®-(2G1)=257,3664-(2%66,1832)=125 /1o ;
2Ga=Gcg-AGeq 2ci-c2=257,3664-125=132,36654=2%66,1832 /1o ;
Gc=AGeq 2ci-c2H(2Gc1)=125+(2%66,1832)=257,3664"/1n ;



Svina savienojumu $kiSanas, protolizes un reduc€sanas-oksidésanas Prigozina absoluitas energijas atraktori.
Formation Pb+SombisksT2028%=Pb S 04: AG°pbso4rorm=Grbso4-(GrbtGsrombiskst2G02)=-813 ¥/mor; [1] Saturs
mola ir Gppso4=AG°pbsoaFormt(Grb+Gerombiskst2Go2) =-813,0+(282,25737+3,5436+2*303,1)=79,00097 '/1mo1.
Solubility https://en.wikipedia.org/wiki/Lead(II) sulfate PbSOu4+2H20=Pb**+S04*; 0,0425 &/1000mL 120 ;
[PbS04]=0,0425/303,26 &/mei=0,000140144 M; Ksp=[ PbS04]?=0,000140144"2=1,96403*10");
Kpbs04=Ksp/[H20]?=1,964*10/-8)/55,3/2=8 27314*10"(12);
Solubility URI 2018 Ks=2,53*10"®; Kpps04=Ksp/[H20]>=2,53*10"3/55,3/2=8 2731*10/12);
[PbS04]=SQRT(2,53*10")=0,00015906 M; Kpbsos=Ksp/[H20]?=2,53*10"(8/55 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; K= PbS04]*=0,00014509"2=2,1051*10"®);
Kpbso4=Ksp/[H20]?=2,1051*%1078)/55,32=6,8837*10"(12);
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)+S04*=PbSO0s+H>0+2¢; pH=7,36 Absoliitais aprékins satur standarta potencialu E°asisko=-0,3505 V [1],
tidens logaritmu un AE®: E°py/pbs04=E °kiasisko-0,0591/2*log([HO])+AE°=-0,3505-0,0515+0,10166-0,37239=-0,67273 V;
AGeqpb/Pb/pbs04=EC°pp/Pb/pbs04*F*n=-0,67273%96485*2=-129,8167 *// ol
AGeqpb/Pbpbs04=Grbs04+Gr20-(Gro+Gso42-)=207,3631+0-(282,2575+54,9256)=-129,82 X/ 01;
Grbs04=AGeqpb/pb/rbs04-Gr20H(Gpo+Gso42-)=-129,82-0+(282,2575+54,9256)=207,363 *'/mol;
Grb=Grbs04+G20-(AGeqpb/pb/Pbs04+Gs042-)=207,3631+0-(-129,82+54,9256)=282,2575 X'/ imol;
Pb+S04>=PbS04+H,0+2¢"; pH=7,36 Absolutais aprékins satur standarta potencialu E°kiasisko=-0,3588 V [1], tidens
logaritmu un AE®: E°pb/pbs04=E klasisko-0,0591/2*log([H.0])+AE®=-0,3588-0,0515+0,10166-0,37239=-0,681028 V;
AGeqpb/Pb/pbs04=E°pp/Pb/pbs04* F*n=-0,681028%96485*2=-131,41797 *'/mol;
AGeqpb/Pbpbs04=Grbs04+Gr20-(Gro+Gso42-)=205,76497+0-(282,25737+54,9256)=-131,41797 '/ 1noi;
Grbs04=AGeqpb/pb/rbs04-Gr20H(GrotGso42-)=-131,41797-0+(282,2575+54,9256)=205,76497 '/ moi;
Grb=Grbs041G20-(AGeqpb/Pb/Pbs04+Gs042-)=205,76497+0-(-131,41797+54,9256)=282,25737 X/ mol;
Pb+H,O=Pb*" +2¢; pH<=7,36 Absolitais apréekins satur standarta potencialu E°asisko=-0,1262 V [1], Gidens
logaritmu un AE®: E°pb/pb2+=E °uasisko-0,0591/2*log(1/[H,O])+AE°=-0,1262+0,0515+0,10166-0,37239=-0,34543 V;
AGeqpbPb2+=E°pp pb2+ *F*n=-0,34543%96485%2=-66,6576 *//mo1 ;
AGeqpb Pb2+=Grb2++2Ge~(Gro+Gr20)=215,4144+2%0-(282,0676+0)=-66,6576 “'/mo1;
Grb2+=AGeqpb| Pb2+-2Ge-+H(Gro+GH20)=-66,6576-2*0+(282,0676+0)=215,41 /013
Grb=Grb2:+2Ge-(AGeqpbpb2++GH20)=215,41+2%0-(-66,6576+0)=282,0676 *'/mo1;
2Ge-=AGeqpb pb2+-Gpv2++H(Gro+GH20)=-66,6576-215,4144+(282,0676+0)=2*0 /015
Formation Pb=Pb**+2e™; AG°=Gpp2+2Ge-+-(Grb)=215,414-(282,0676+2Ge.)=-24,43 X/ mol;
2Ge=AG°-Gpv2++(Gpb)=-24,43-215,414+(282,0676)=42,2236=2%21,1118 '/ p0s;
Veidosanas Pb+0:8%=PbOx(s); Grb02=AG ppor+(Gpr+G022)=-217,3+(282,0676+303,1)=367,8676 //mol;
Pb** +6H>0O=PbO-(s)+4H30*+2¢"; Absolitais aprékins satur standarta potencialu E°asisko=1,455 V [1], Gidens
logaritmu un AE®: E°pb02=E °kiasisko-0,0591/2*l0g(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'/l
AGeqrb021Pb2:=Gpb02 4G u30+-(Grb21+6GH20)=383,9944+4*22,44-(185,601+6*0)=288,1534 '/ 1no1;
Grb02=AGeqpb02Pb2+-4GH30++(Gpb2:+6GH20)=288,1534-4%22,44+(185,601+6%0)=383,9944 //1o1;
Grb2+=Gpb02 T4 Gu30+-(AGeqrb02 P2+ +6GH20)=383,9944+4%22,44-(288,1534+6%0)=185,601 *//p01;
[PbO,j}[H;0'T° [PbO,j}[H;07°
Epb02y/pb2+=Epb02pb2+10,0591/2¢l0g [po*1[H,0]° =1,493255 V+0,0591/2¢log [pb*1[H,0]° ;
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 Pb+Cl,=PbClys); AG°pnciziorm=Grbciz-(GevtGei)=-314,1 ¥/moi; [1] Energijas saturs mola ir
Groez=AG°pbcizForm™(Gepr+Ger)=-314,1+(282,25737+332,584)=300,74 /0.
Skidiba PbClo+3H20=Pb2"+2Cl"; 10,8 &1000mL 120 ; Mpbciz=278,1 &/mol; 25°C [PbCl2]=10,8/278,1=0,038835 M;
Ksp=[PbCL]*(2*[PbCl2])>=[Pb*"]*(2*[C1])*=0,03883495*(2*0,03883495)"?=0,000234276 M"3; 25°C [1]
25°C Kpper=Ksp/[H2013=0,000234276/55,3/3=1,385327*10"-9)=1(/\(-8.858447)
[1] Solubility PbClo+3H,0=Pb?"+2CI"; Ks,=[Pb?'|*[CI']*/[H20]3=1,7*10"5/55,3/3=1 099977,
AGeqprCI12=-ReTeIn(K absolutepbC12)=-8,314%298,15*In(10"**77)=57,06379 </ imoi
AGeqprc12=Grb2:+2Gcr-(Groet3Gr20)=215,4144+2%66,1832-(290,717+3*0)=57,06379 “'/mol;
Groc2=Grb2++2Gcl--(AGeqroct3Gr20)=215,4144+2%66,1832-(57,06379+3%0)=290,717 /moi;
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[1] Solubility PbSO4+2H,0=Pb?*"+S04*"; Kyp=[Pb?*]*[SO4>]/[H20]*=2,53*10"-¥)/55,3/2=] 0 11.082);
AGequso4=-R°T°ln(KAbsolutepbso4)=-8,3 14*298, 1 5*111( IVASE ’082))=63,2526 kJ/mol
AGeqros04=Grb2++Gso42--(Grb s04+3GH20)=215,4144+54,9256-(207,0874+3%0)=63,2526 '/ 1no1;
Grbs04=Grb2++Gs042--(AGeqrosos+3G20)=215,4144+54,9256-(63,2526+3*0)=207,0874 '/ 1n1;
Grb21=AGeqprbsos-Gsos+H(Gpp s04+3Gn20)=63,2526-54,9256+(207,0874+3%0)=215,4144 </ 1n;

Biochem. Thermodynamic 2006 Massachusetts Technology Inst.

Grb=Grb2+-(AGeqpbpb2++GH20)=215,41-(-66,6576+0)=282,0676 “'/1mo1;

Gro=Grbs04+GH20-(AGeqpb/pb/Pbs04+G5042-)=282,25737 X/ mor;

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(Gry+Gsrombiskst2G02)=79,00097 X'/ mor;

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

Grbs04=AGeqpb/rb/rbs04-Gr20H(GroTGs042-)=205,76497 X/ mol;

Gro2:=Gpb02+4GH30+-(AGeqpbo2 1pb2++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°-Gpb2++(Grp)=-24,43-215,414+(282,07)=42,2236 “//mmoi;

Grb2+=AGeqpbs04-Gs042-H(Gros04+2Gr20)=215,4144 /01

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

Grocz=AG°pbcizFormH(Gprb+Gei2)=300,74 X/mol;

Groc12=Grb2++2Ger-(AGeqpbC12+3G120)=290,717 K/imor;

Ge=-(2GgtAG Hg2012)=-(2%35,7641-210,7)=139,1718 “/nr;

Gci=-(GrgtAG®gci2)=-(35,8-178,6)=142,8 X/1;

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

G =AGeq 2ci-c2H(2Ge1)=125+(2%66,1832)=257,3664"/1m,i;

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

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

Gci(a=AGeq crt( 0,5Gcn®+Ge.)=66,1832 X/1ni;

Go-=(-Gug22++AGequg2cH(Grg2c2+3Gr20))/2=66,05455 X/ mor;

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

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

Groiz=AG°po12rorm(Gro+G12)=345,128 X/ imol;

Gro2=Gpb2:+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+AGegpopbi2)=195,219=2%97,609 X/ imo1;

Substance| AH1,*/mol |AS°H,”/mork| AG°H,/mol
Pb E°pbpr2+= |-0,34543 V| 282,0676
Pb E°pbpbsos -0,68103 V|282,25737
Pb E°pppoci= |-0,64123 V| 292,11
PbSOue | -91997 | 1485 | -813,0
PbSOy) | formation | -813,0 |79,00097
PbSOue |  Ke= | 1011050 ] 207,0874
PbSO4s) | E°popbsos= | -0,68102 | 205,765
Pb>"  |E°pbo2ipb2+=[1,493255 V| 185,601
Pb?" | E°pwpo+= |-0,34543 V| 215,41
Pb?* -1,7 10,5 -24,43
Pb*" Ge. | formation | -24,43 |2*21,1118
Pb?* | Kebsos= | 107110821 215 414-
PbCly | 3594 | 13508 | -314,1
PbClyi) | formation | -314,1 300,74
PbClys) | Kppcz= | 10799711 290,717
Clye® Hg>Clys)formation | 139,1718
Clye® HgClysyformation 142,8
Claagnact | E®2cico= |1,03756 V| 332,584
14Cloagnaci| 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-aqy | formation | -131,2 | 66,1832
Cl-ag [Kabsoluterigaci 1072397 | 66,05455
Clagnact | E®2cic= |[1,03756 V| 66,1832
Pblys) -175,5 174,9 -173,6
Pblyis) |Pblaformation) -173,6 345,128
Pblys) Kpprz=10713-236% 343,634
Pblas) | E°poeoz=-0,738725 V | 334,925
I- -55,19 111,3 -51,57
I- G.. | formation | -51,57 | 30,9442
I- E°L1=-0,738725 | 97,609
I- Kpprz=10713-236%5 102,63
I Pbloformation -173,6 |236,4706
I E°Lmn=0,2137725| 245,022
PbOyeliow | -217,32 68,7 -187,89
PbOred | -218,99 66,5 -188,931
PbO»| -277,4 68,6 -217,3
PbO>| |E°pbo2ipr2+=| 1,33876V | 383,9944
PbO,| | formation | -217,3 |367,8676
Pb(OH)xe] 5159 | -203,589 | -4552
Pb(OH)) formation | -455,2 | 215,757
Pb(OH)2(s)Kpbon2=8,4559*102¢ | 227,0244
Pb(OH)2(s)| Keq poonyps 1,07*10%° | 284,8644
Pb(OH)2aqKpboH)2aq1,355%1071%°! | 306,839
HPbO, | E°pomrvor. 0,8592275 348,532

2G1-=AGeqpbi2-Gr2++H(Groet3Gr20)= 205,264=2%102,63 X'/ mol;
G12=Groi2(s)-(Gro+AG pbi2Form) =236,4706 </

G=AGeqr-12-G20+H(2Gr1.)=41,2517-0+(2%101,8852)=245,022 ¥/ 1n,;
ecampusontario.pressbooks.pub/
ecampusontario.pressbooks.pub/
[1] AGc=AHu-T*ASu=-277,4-298,15%0,0686=-297,853 “/mol;
Grb02=AGeqpb02 Pb2 -4Gr30++H(Grb21+3Gr20)= 383,1644 X/ po1;
Gro02=AG pp0rH(Gpy+G022%)=-217,3+(282,0676+303,1)=367,87 /o
[34] AS°=(AHC- AG®)/T=(-515,9+455,2)/298,15=-203,589 "/mo/x;
Grbon2=AG°pron2H(Ger+Go2+Gr222)=215,757 Y/moi;
GrbOom)2=Grb2++2Gon-~( AGeqrbon2+3Gr20)=227,0244 </ in;
GrbOm2(5=Grb2++GH20-(AGeq_pbOm2st2Gn30+)=284,8644 X/o1;
GrbOo)2=AGeqpb2+120-2G130+HGpb2:+4G120)=306,839 /01

Guprb02-= AGeqromrb02--Gr20H Grot2+3Gon-)=348,532 ¥/ mol;

Pb+S04>=PbS04+H20+2¢"; pH=7,36 E°lassic=-0,3588 V [1]
E°pb/pbs04=E °klasisko-0,0591/2*log([H.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 “'/1m1;
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AGeqpb/Pbpbs04=Grbs04+Gr20-(Gro+Gso42-)=205,76497+0-(282,25737+54,9256)=-131,41797 /1noi;
Grbs04=AGeqpb/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+2CI=PbCl,+2H,0+2¢"; pH=7,36 Absolitais potencials satur E°yiasisko=-0,2675 V [1], Gidens logaritmu un AE®:
E°pb/pb2+=E °kiasisko-0,0591/2*l0g([H.0]*)+AE°=-0,2675-0,103+0,10166-0,37239=-0,641225 V;
AGeqpb Pbci2=E°pb pbci¥*F*n=-0,641225%96485%2=-123,737 /ol ;
AGegporbc2=Grbci2+2Gm20-(Gry+2Gei)=300,74+2%0-(292,11+2%66,1832)=-123,737 “//mol;
Grb=Grbc2+2Gm20-(AGegpb/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+Gr2%)=Gpbom)2-(282,25737+303,1+85,6)=-455,2 /il
Grbo2=AG°pronpHGrp+Gor+Gr2*)=-455,2+(282,25737+303,1+85,6)=215,757 *'/mol;
[1] 25°C. Kop=[Pb> *4*[OH]*=1,43*10"20 ; (Ksp/4)!*=[Pb(OH)2]=(1,43/4*10"20)113)=]1 52906*10"7 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(0)2)=-8,314%298,15*In(8,45592*10"-29)=143,11 /o1;
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 //01;
Grb2:=AGeqrbon2-2Gon-+(Groonp+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*l0og(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
AGeqrorb02-=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 prompr2m30+=Kprot* [H2O]4=1071300%55 384=1 (7374%*1 (020,

AGeq pbonp+2m30+=-ReTeIn(Keq pbomy2130+)=-8,314%298,15*In(1,07374*10"°)=-114,33 ¥/ mmol;
AGeq_pbon2+2130=Gpb2: +4Gm20-(Grboms)+2Gr3o+)=215,4144+0-(284,8644+2%22,44)=-114,33 ¥/ inl;
Grb0m2(5=Grb2++4G20-(AGeq_pbOn22130++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* 10724,
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(O0H)2a=AGeqrb+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/ moi;
[1] Molar content is Gr=Gpor2(s)-(Gro+AG poi2rorm)=345,128-(282,25737-173,6)=236,4706 </ o1.
Gro1iz=AG°pb12rorm+(Gpr+Gr2)=-173,6+(282,25737+236,4706)=345,128 </ 1no1; Solubility
PbL+3H>0=Pb**+2I"; 0,76 &/1000g 120 ; Mpbciz=461,01 &/mo1; 25°C [Pbl2]=0,76/461,01=0,0355987 M; [1]
[1] 25°C Kpb1z=Ksp/[H20]3=9,8*10"-9/55,3/3=1 0A\(-13:23695);
AGegpoiz=-ReTeIn(K absolutePbC12)=-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-Grb2++H(Groit3Gr20)=75,5464-215,4144+(345,128+3*0)=205,26=2%102,63 “'/mmol;
Gro2=Gpb2:+2G1-(AGeqproizt3Gr20)=215,4144+2%102,63-(75,5464+3%0)=345,128 X/ o1;
31-=I-+Ib+H,0+2e-; Absolitais aprékins satur standarta potencialu E°iasisko=0,536 V [1], Gidens log -0,0515 un
AE®: E°1i=E° kasisko-0,0591/2*log([H.0]")+AE°=0,536-0,0591/2*log(55,3"1)+0,10166-0,37239=0,2137725 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;
G=AGeqr-12-G20+H(2G1.)=41,25168-0+(2%101,8852)=245,022 X/ mol;
2G1=Gp+G20-(AGeqr12)=245,022+0-(41,25168)=203,77=2%101,8852 “//mo1;
Pb+2I=Pbl,+2H,0+2e"; pH=7,36 Absoliitais aprékins satur standarta potencialu E° kiasisko=-0,365 V [1], Gidens
logaritmu un AE®: E°pb/pb12=E °Kiasisko-0,0591/2*log([H20]*)+AE°=-0,365-0,103-+0,10166-0,37239=-0,738725 V,
AGeqpbro2=E°ppbr *F*n=-0,738725 *96485%2=-142,55 /i1 ;
AGeqporbr2=Grb+2Gr20-(Gro+2G1-)=334,925+2%0-(282,25737+2%97,609)=-142,55 ¥/ mol;
Grb2=AGeqpb/po12-2Gr20H(Gro+2Gr.)=-142,55-2*0+(282,25737+2%97,609)=334,925 *//1;
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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Aluminija savienojumu $kiSanas, protolizes un reducésanas-oksidésanas Prigozina absoliitas energijas atraktori.
Al+ HoO=Al*"+3¢"; Absoluta potenciala aprékins satur standarta potencialu E°kiasisko=-1,676 V [1], tidens logaritmu

un AE®: E°ayai+=E°classic-0,0591/3*1og(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 *//1m1;
GaEGAB++3Ge-(AGeqaraiz++Gu20)=256,5103+3*0-(-553,55316+0)=810,0635 “'/1n1;

3Ge-=AGeqavan+-Gai++-(GartGuz0)=-553,55316-256,5103-+(810,0635+0)=

0,0 kJ/mol;

[1] Formation Al+H,85+0,50,8=A1(H,0)*"+3¢";

AG°a13+=Ga1120)3+ 13 Ge~(GartGr2225+0,5G025%)=493,6605+3*22,851-(810,0635+0,5*303,1+85,6)=-485 //nmoi;

G203 =AG°AB+-3Ge-H( GartGu28+0,5G028%)=-485-3*22,851+(810,0635+0,5*303,1+85,6)=493,6605 *'/no1;
3Ge=AG® A3 +-GA111203:H(GartGuz+0,5G02)=-485-493,6605+(810,0635+0,5*303,1+85,6)=3%22,85 //mol;

Biochem. Thermodynamic 2006 Massachusetts Technolog Inst.

Gu20=0 */mol;

Ga=Gan-(AGeqarai++Gr20)=241,5817-(-553,55316)=810,0635 X'/ imol;

Ga+=AGeqarai+HGartGn20)=256,51 ¥/ mol;

AG®A+=AH-T*ASy=-538,4-298,15%-0,325=-441,5 /ni5[1]

3Ge=AG°A13+-Gapz++H(GAal)=-485-241,5817+(795,13486)=3%22,851 X/ 1no1;

G203 =AG° A3+-3Ge-H(GartGu2+0,5G02)=493,6605 </ mol;

Grai120)3+:=AG[al20)3+-GonT(Galonz++Gr20)=493,6605 X'/ mol;

Gaion2=Gaim20)3++Gon-(AGai120)3++GH20)=532,535 X/moi;

2Ge-=AG°a10m2+-Galon2++H(Gart0,5G02+0,5Gu2)=2%22,851 “/mol;

AG®A+=AH-T*AS=-1675,6-298,15%0,05092=-1690,8 /o1

Gar03=AG®An03H2GAI+1,5G028%)=492,477 </ moi;

[31] AG®aici3=AH°-T*AS°=-705,6-298,15*0,1093=-738,2 /1,13

[31] Gaiciz=AG AnciH(Gart1,5Gcg)=394,1635 ¥'/mol;

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

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

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

Gel-aq=AGeq crH( 0,5Gc8+Ge-)=66,1832 V/po;

[78] AG°aic=AHH-T*AS°y=-1276-298,15*0,0701=-690 //1n1;3

Ga=Gaiom3-(AG® aiom3+1,5G028%5+1,5Gn22%)=810,0635 /ol

Galon)3=AG° al0n)3H(Gart1,5G028%5+1,5GH25%)=240,1135 K/ ol

[78]

Gai0m3=Gai++3Gon.-(AGeqaion3+4Gm20)=499,19 X/ imi;

G24103=AGeqm24103a-GH20H(GA+4Gon)=356,7725 /moi;

Substance | AH°u,"/mot IAS®H,  morklAG 1,5 /mol
Al - 28,3 [1] -
Al(3e-) | E°ayan+= |-1,9124 V| 810,0635
Al(H20)*" | E°apaiz:= |-1,9124 V| 256,51
Al(H0)*"|  -531,0 -321,7 -485,0
AIP* 3Ge. | formation | -485,0 |3%22,851
Al(H20)***| formation | -485,0 |493,6605
Al(H20)*" Keq=Kp/[i20] 104742725 |1 493,6605
AlOH?*",q | formation | -694,1 | 532,535
AlOH?**S, | formation | -694,1 |2%*22,851
ALO; -1675,7 50,92 -1582,3
Al O3 formation | -1582,3 | 492,477
AlCl3 -705,6 109,3 -630,1
AlCl3 Formation | -630,1 |394,1635
Clps HgClyjformation | 142,8
Cl-aq) -167,2 56,6 -131,2
Cl'ag Ge- | formation | -131,2 | 125,9652
Cl-ag | formation | -131,2 | 66,1832
o-Al(OH)s| -1276 70,1 -1153
Al 3e- | formation | -1153 |810,0635
o-Al(OH)s| formation | -1153 |240,1135
v-Al(OH);| -1293 -1154,9
AI(OH); | Kaionys= | 1,9* 103 499,19
H>AlO5™ |E°maioza=| -2,63506 | 356,7725
NaAlO»| | -11332 70,4

CRC [1] Veidosanas no briviem elementiem NaAlO> | ;

[1] Formation Al+0,50,8%+0,5H,8%)= AIOH2++2e AG° a10H2+=Ga10H2+12Ge-(GAIT0,5G021+0,5GH2)=
=264,6115+2*22,851-(810,0635+0,5*303,1+0,5%85,6)=-694,1 /moi;
Gaion2+=AG° a1012+-2Ge--HGart0,5G02+0,5GhH2)=
=-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%+1,5H,%%)=A1(OH)3;
AG° a0n3=Gaion3-(Gart1,5G028%+1,5Gn22%)=240,1135-(810,0635+1,5*303,1+1,5%85,6)=-1153 ¥/,
Gaiom3=AG° aronpH(Gart1,5G025%+1,5Gu28%)=-1153+(810,0635+1,5*303,1+1,5*85,6)=240,1135 //,01;
Gar=Gaionp-(AG®aon;3+1,5G028%+1,5Gn22%)=240,1135-(-1153+1,5*303,1+1,5%85,6)=810,0635 “'/1m,i;
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)AN1/4=) 896326* 109 M;

K aiom3=Ksp/[H20]4=1,9%10733)/55,324=2,03167*10"40=1 0N39692)=K 5 0m)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-~(GalonsT4Gu20)=493,6605+3*77,36-(499,19+4%0)=226,5505 </ moi;
Gai0m3=Gai20)3++3Gon-~(AGeqaiomn)s+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°a03=Gar03-(2Gart+1,5G028%)=492,477-(2*810,0635+1,5%303,1)=-1582,3 X/imoi;
Gar03=AG®An03H(2GA+1,5G028)=-1582,3+(2*810,0635+1,5%*303,1)=492,477 *'/mol;
Formation Al+1,5CL=AICl3; AG®Anci3=Gaics-(Gart1,5Gcr*)=394,1635-(810,0635+1,5*142,8)=-630,1 ¥'/moi;
Gaicis=AG°anciH(Gart1,5Gcg)=-630,1+(810,0635+1,5%142,8)=394,1635 “//mol;
Solubility AlCl3; 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°kasisko=-2,33 V [1], Udens
logaritmu un AE®: E°u2a103-AI=E kiasisko-0,0591/3*log([H20])+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;
AGeqi2a103A=GH24103+GH20-(GAr+4Gon)=356,7725+0-(810,0635+4%77,36)=762,731 “//1no1;
Gm24103=AGeqm24103a1-GH20+H(Ga+4Gon)=-762,731-0+(810,0635+4%77,36)=356,7725 *'/moi;
Eaionai=E°ai0n a1 10,0591 3+log oG =-2,63506 V-+0,0591/3+log H20iHH)
Base dissociation pKy=5,0 [1] (protolysis) equilibrium constant AI(OH)**+H>O=Al(H.0)]**+OH;
Keq=Ko/[H20]=[AL(H20) " ]*[OH)/[AIOH?"]/[H,0]=10"30)/55,3=10/(6.742725).
AGeqiai120)3:=-ReTeIn(Kegiai120)3=-8,314%298,15%In(10/6742725)=38,4854 X/ 01;
AGa20)3+=Ga1120)3++Gon-(Galomz++Gr20)=493,6605+77,36-(532,535+0)=38,4854 X/ 01;
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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Kalcija savienojumu $kiSanas, protolizes un reducésanas-oksidésanas Prigozina absoliitas energijas atraktori.
Metal calcium CagtH,O=Ca(H,0)>*"+2e" ; Absolute potential E°classic=-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°Caca2+=E classic-0,0591/2*log(1/[H20]')+AE°=-2,868-0,0591/2*log(1/55,3"!)+0,10166-0,37239=-3,08723 V.
AGE¢q ca=E°ca2+*F*2=-3,08723*96485%2=-595,743 /1,1,

AGEcq ca=Geam2012+-(GeatGu20)=51,5763-(647,319+0)=-595,743 '/ 1nol;
Geam202+=AGE¢q cat(GeatGu20)=-595,743+(647,319+0)=51,5763 “'/moi;

Gea=Gea2012+-(AGeq catGu20)=51,5763-(-595,743+0)=647,319 /nor;

Biochem. Thermodynam. 2006 Massachusetts Technology Inst.

Gca=Gcao-(AG°ca0t+0,5G02)=647,319 K mot;

Gea=Geari-(AGeqcatGrz0)=-3,3437-(-595,743+0)=592,399 //yn,:

Gea=Geam2012+-(AGeq catGu20)=51,5763-(-595,743+0)=647,32 ¥/ 1n01;

Gca2=AGEcq cat(GcatGn20)=-3,3437 /imoi;

Gca2+= AGeqcaco3-Gc023-HGeaco3+G 120)=-41,8317 /ol

Gica20)12+=Gca©ony+Gm30-(AGca20)2:+GH20)=51,5763 X/ mol;

Gca2+= AGeqcaco3-Ge023HGeacos G 120)=77,5403 X/mor;

Gea=AGeq caH(GeatGrz0)=-382,827+(647,319+0)=264,49 /pn,:

AG°=AHCy-T*AS°y=-542,8-298,15*-0,0531=-526,968 /mol3

Geam20)2:=AG°ca2+-2GeH(Geat0,5%Go2+Gr2)=284,96 K'/mol;

Ge=-(2GgtAG Hg2012)=-(2%35,7641-210,7)=139,1718 “/nmor;

Gci=-(GrgtAG Hgci2)=-(35,8-178,6)=142,8 X/noi;

Gcnt®=AGeq 2ci-c2H(2Gc1-)=200,218+(2*66,1832)=332,584 K/ ol

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

AGci=AH-T*AS=-167,2-298,15%0,0565=-184,05 “/mo1;[ 1]

Viela | AH®H,"/mol |AS®H,"/mork|AG®H, /ol
Gca CaOg) | formation | -603,3 | 647,319
Ca Gca | E°cacaz+= F3,08723 V| 592,399
CaG..Gca |Ge=22,9545| 51,5763 | 647,319
Ca(H20)% | E°cacar+= 3,08723 V| 51,5763
CLZJ“ Keqcaco3 =10/-11.959 -41,8317
Ca(H,0)*" | pKp12,6[1]| =10"'43427| 51,5763
Ca(H,0)>" | Solubil K| =109 | 77,5403
Ca(H20)" | E°caicar= [-3,967735| 264,492
Ca%* -542 .8 -53,1 -553,6
Ca(H,0)*"| formation | -553,6 | 284,96
Clp?s HgyClyyformation | 139,1718
Clpe?s HgClysyjformation | 142,8
Clagnact | E2crcp= [1,03756 V| 332,584
14Cloagnaci | Keq 201-c2=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®2cico= |1,03756 V| 66,1832
Cl- Keqcacn= | 1072895 | 95 559
Cl- Kspage= | 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) | Keqcaomyp=|10"103275)] 146,2086
CaOH* | formation | -718,4 |101,0705
CaOH" | Kspcacos= |107C10-216] 114,061
CaOH" | Ky/[H,0]=|1010143427)1 280,4563
CaOH'"  [Ky/[H2073= 107C16895) 1 280,4563
Ge- CaOH*| formation | -718,4 | 22,2184
CaSOyi) | -14345 106,5 -1322,0
CaSOy) | formation | -1322,0 | 94,9951
CaSOus) Kep/[H20PP= 107168951 261,3904
SOs* | E%o03= | 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. CO3% | formation | -527,8 [2*42,2185
COs* Keq= 107120727 1 102,547
HCO3 -692 91,2 -586,8
G.=HCOs"| formation | -586,8 54,15
GHcos- 56,08 Guzo+= 22,44

Gcl(a=AGeq cit( 0,5Gcn®+Ge.)=66,1832 X/ini;
Ga=(-Gug22++AGeqre2cioH(Grgzcio+3Gn20))/2=66,05455 /o
2Gc-=Grg2c+2GH20~(AGeq Hg2c2+H2GHg)=2%66,1832 X/ no;
2Ga1=AGeqcac2-Geamzoyp+H Geacnt3Gr20)=2%95,5594 X/nmoi;
Ga=(-Gug22++AGequg2c2H( Grg2c2+3GH20))/2=101,885 /mor;
[1]AG°=AH°-T*AS°=-795,4-298,15*%0,1084=-827,71946 X/ine1;
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©ome=AGformcaon2HGeatGo2+Guz)=138,56 <'/mol;
Gea©omp=Gca20)32++2Gon-(AGcaom+3Gr20)=146,2086 </nmoi;
Gcaon=AG°caon+-Ge-+(Gcat0,5%Go21+0,5*Gr2)=101,0705 kJ/mol;
Geaon+=AGeqcaco3-Grcos-+H(GeacostGr20)=114,061 ¥/ imor;
Geaony=Gicam20)2++Gon- -(AG[cam20)2++Gu20)=280,4563 X'/ mol;
Geaony=Gicam20)2++Gon- -(AG[cam20)2++Gu20)=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(Geat Gerhomb +2G02)=94,9951 X/pno;
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=AGcaco3H(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+HGrcos-+G 120)=102,547 X/
[1]JAG°=AH°-T*AS°=-692-298,15%0,0912=-719,19 X/im,;
Ge-=Grco3-(0,5GH2+1,5G02+Gegraph tAGHC03)=54,15 /ol

Guco3-=56,08 /ol ; Gu30+=22,44"/mmo1 ;

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)+-(GcatGu20)=284,96-(647,319+0)=-382,827 </ imol;
Gcam20+=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=Geam202+12Ge--(AG®caz+)=284,92+2%22,9745-(-553,6+0,5%303,1+85,64)=647,279 X'/ 1mol;
Geam202:=AG°ca2+-2GeHGeat0,5%Go2+Grz)=-553,6-2%22,9745+(647,319+0,5%303,1+85,6)=284,92 //p01;
2Ge=AG°ca2+-Gea20)2+HGeat0,5%Go2+Grz)=-553,6-284,92+(647,319+0,5%303,1+85,64)=2%22,9745 /1;
Metal Cas+20H=Ca(OH)2+2e" Absolute potential E°ciassic=-3,02 V [1], water logarithm 0,0515 and sum AE°:
E°cCaicaom)2s=E °classic-0,0591/2*log(1/[H,0])+AE°=-3,02-0,0591/2*10og(1/55,3)+0,10166-0,37239=-3,2392 V.
AGcacaonps=EC°caz+*F*2=-3,23923247%96485%2=-625,0747 X'/ mol,
AGcacaonps=Geat2Gon-(Geaoms-+Gr20)=-633,586+2%77,36-(146,2086-+0)=-625,0747 X/ no1;
Gca=AGcacaonps-2GonH(Geaomys)=-625,0747-2%77,36+(146,2086)=-633,586 “'/imol;
Gu30++Grco3-=22,44+56,08=Gikco2+Geanco3-=18,38 /imo+60,14 /m0=78,52 X/ imi;
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 Hc03)=56,08-(0,5%85,64+1,5%303,1+91,26-586,8)=54,15 X/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(10711:959)=68,2583 *//p01;
AGeqcaco3= Geaonzp++Geo23-+(Geaco3+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;
Gea20)2:=AGeqcac03-Gco23-+H(Geacos+G m20)=68,2583-102,547+(111,829+2%0)=77,5403 ¥/ mo1;
[1] Solubility CaCOj3(s) +H,0=CaOH"+HCO5"; Kop=[CaOH']*[HCO3>)/[H20]'=3,36*10"(%/55 3/ =10/ (-102164).
AGeqcaco3=-ReTeIn(Keqcaco3=-8,314%298,15*In(10110:2169)=58 312 X/,
AGeqcac03=Geaon++Grcos-~(GeacostGr20)=114,061+56,08-(111,829+2*%0)=58,312 X'/ im,l;
Gcac03=Geaon++Grco3-~(AGeqcaco3+Gr20)=114,061+56,08-(58,312+2%0)=30,945 *//nmoi;
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 " (12.07273),
AGeqico3-=-ReTeIn(Kequcos-)=-8,314%298,15*In(1071297273)=68,907 '/ mo1;
AGeqico3-=Gu30++Geo3o--(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 </ 1noi;
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--(Geert1,5G02+AG c032-)=102,547-(91,26+1,5%303,1+2*-527,8)=84,437=2%42,2185 ¥/ mn,;
Formation Ca+S;omb+20>,=CaSO4(s); Gerhomb=3,5436 '/ mol;
AG°cas04=Gas04-(GcatGerhombt2G02)=0-(647,319+3,5436+2*303,1)=-1322 X/ 1n;
Gas04=AG°cas04(GeatGerhomb +2Go2)=-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 0/ -7:36)/1 /55 3/3=1 0 -16:899);
AGeqcasos=-ReTeIn(Keqcasos=-8,314%298,15%In(1016395)=96,4315 ¥/ o1;
AGeqcas0s=Geaon++Gs042-+Gr30+-(Geas04T3G 120)=280,4563+54,9256+22,44-(261,3904+3*%0)=96,4315 “//mmo1;;
Gcas04=Gcaon+Gs042-+Gr30+-(AGeqcas043G 120)=280,4563+54,9256+22,44-(96,4315+3%0)=261,3904 '/ 1n.1;;
Gaon+=AGeqcasos-Gso42--Grzo++H(Geasosa+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=Gca0-(AG°ca010,5G02)=195,569-(-603,3+0,5*303,1)=647,319 “//inol;
CaOH" Formation Ca+0,5*0,+0,5H,=CaOH*+e-; AG°caon+=GcaortGe--(Gcat0,5%G0210,5*Grz)=
=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 /imol;
Ge=AG°caon+-Geaon H(Gcat0,5%Go2+0,5%Guz)=-718,4-101,071-+(647,32+0,5*303,1-+0,5*85,64)=22,2184 “//no1;
Ca(OH)xs); Formation Ca+O,+H,=Ca(OH2s); AG°caonp=Gcaone-(Geat Gor+Guz)=-897,5 ¥/mol;
AGformcan2=Gcaonp-(GeatGo2+Guz2)=138,56-(647,32+303,1+85,64)=-897,5 “//mol;
Gea©one=AGfomcaon2H(GeatGo2+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 </ 1n1;
Base dissociation pKy=12,6 [1] (protolysis) equilibrium constant Ca(OH*+H,O=[Ca(H,0)]**+OH;
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Keq=Ks/[H20]=[Ca(H,0)]*"]*[OH]/[Ca(OH)]/[H20]=1012:6)/55 3=10/ (14,3427,
AGeqica20)2+=-ReTeIn(Keq[cagz0)2+=-8,314%298,15*In(10"143421)=81,8637 *//mol;
AGca1202+=Geam20)2++Gon-(Geaony+Guz20)=284,96+77,36-(280,4563+0)=81,8637 /moi;
Gea©ony=Gcamz0)2++Gon- -(AG[ca20)2++Gn20)=284,96+77,36-(81,8637+0)=280,4563 “'/1mol;
Gicam20)2+=AGcag120)2+-GontH(Geaony+Guzo )= 81,8637-77,36+(280,4563+0)=284,96 “'/1nl;
[1] Solubility Ca(OH),+3H,0=Ca(H,0)3**+20H";
Keqcaone=[Ca(H20)3>"1*[OH]%/[Ca(OH)2s]/[H20]?=5,02%1070)/1/55,3/3=2,96844* 1 01 D=1/ (-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-(Geaonpe+3Gn20)=51,5763+2*77,36-(146,20857+3*0)=60,08773 “//mmoi;
Gea©omp=Gcam20)32++2Gon-(AGeqcaomp+3Gn20)=51,5763+2%77,36-(60,08773+3*0)=146,20857 *//mol;
Ca(H,0)*" Formation Ca+0,5*0,+H,=Ca(H>0)*"+2e";
AG°ca2:=Gam202++2Ge--(Geat0,5%Go2+Gr2)=284,96+2%22,9545-(647,319+0,5%303,1+85,64)=553,6 X/mol;
Gca=Geam2012+72Ge-~(AG®caz+)=284,96+2%22,9545-(-553,6+0,5%303,1+85,64)= 647,319 X/1no;
Geam20)2:=AG°ca2+-2GeHGeat0,5%Go2+Grz)=-553,6-2*22,9545+(647,319+0,5%303,1+85,6)=284,96 *//noi;
[1] Formation Ca+Cl,2%=CaClz; AGrormatcac2=Gcac2-(GeatGer®®)=231,103-(647,319+332,584)=-748,8 </imol;
Gcac2=AGrormatcacH(GeatGen®®)=-748,8+(647,319+332,584)=231,103 //n;
Gea=Geac-(AGrormatcacz+Gen®)=231,103-(-748,8+332,584)=647,319 /1
Subility CaClys+3H20=Ca?"+2Cl"; 81,3 &/1000mL 120 ; Mpbciz=110,984 &/1mo1; 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; [CaCl»]=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/[H2073=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 /imi;
AGeqcac=Ca(H20)*"+2Gc1-(Geaciz+3Gr20)=51,5763+2Gc1.-(231,103+3*0)=11,592 /p1;
2Gc1:=AGeqcac2-Geamzop+H Geac+3Gr20)=11,592-51,5763+(231,103+3*0)=191,119=2%95,5594 ¥//;1,;

Substance | AHuw,* /mot [AS°H, /morlAG 1, " /mo| Biochem. Thermodynam. 2006 Massachusetts Technology Inst.
Mg?* -466,9 -138,1 -454,8 |AG°=AH°y-T*AS°h=-466,9-298,15*-0,1381=-425,7255 X/mo1;
MgOH" - - -626,7
Mg(OH)y)| -924,5 63,2 -833.5 |AG°=AH°y-T*AS°y=-924,5-298,15*0,0632=-943,34 /11015
Base dissociation pKy=11,4 [1] (protolysis) equilibrium constant Mg(OH*+H,0=[Mg(H,0)]*'+OH;
Keq=Ks/[H20] =[[Mg(H20)* ]*[OH)/[Mg(OH)*)/[H20]=10/C11:4)/55 3=1 0N 14.3427);
[1] Solubility Mg(OH)2s+3H,0=Mg(H>0)3**+20H";
Kop=[Mg> 1*[OH>/[Mg(OH)25)/[H20]?=5,61*10"12)/1/55,3/3=1 0A-25:149);
[1] Solubility MgCO3) +2H,0=MgOH"+HCO5;
Kp=[MgOH"]*[HCO5>;]/[MgCOss]/[H20]?=2,24*10"11/1/155,3/2=10/( -25:149);

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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