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TERMODINAMIKA VINGRINAJUMS 1. gazveida 6CO> foto sintéze par 602aqua un CsH1206

Aprekinat AHu ASn AGw. Reakcija ir eksotermiska , atermiska, endotermiska? Foto sintétiskaja reakcijas centra
PRC+hev gazveida CO; asimilacijas reakcija tdeni zalajos augos ar zilo un sarkano fotonu E=hev energiju, foto sintezgjot
60 2aqua UN CeH 1205 standarta apstaklos (25° C) 298.15 K, pielietojiet tabulas datus!

Miniet vai reakcija bus eksoergiska vai endoergiska!
BHCO3+6H30"+AG+Q => CgH1206+60 23qua+6H20; AGLehninger=2840 K/ mol

Izejvielas =>  produkti glikoze + skabeklis

AGH=AG°c6n1206+6AG°02+6AG H20-6AG°H30-6AGHco3=3336,5 K/mol

=-402,05+6*16,4+6*-151,549-(6*-544,9688+6*-213,274599)=3336,5 “/mol

Biothermodynamic 2006; data recalculate for pH=7,36. (&

AH =AH°csH1206+6AH°02+6AH°H20-6AH H30-6 AH °Hco3=%/mol

=-1267,13+6*-11,7+6*-286,65-(6*-692,4948+6*-285,81)=2812.6

ASH=AS coH1206+6AS°02+6ASH20 -6AS°H30-6AS  Heos=-3194.1% moik

=-2901,49+6*-94,2+6*-453,188-(6*-494,768+6*-3,854)=-3194. 1//mouk

AGHess=AHH-T*ASH=2812,6-298,15*-3,1941=3764.92 K/mo|

CRC102. ASiiicssta=-AHWT=-2812,6/298,15=9433,5 Y/ mol/k;

ASkopéja: ASH+ Asizkuedaa: 3194,l+9433,5:12627,6 J/moI/K;

Te ASkopsia =-12,6276%298,15=-3764,9 X/mol akumul&ta energija

AGHeas=3764.92 X/mol > AGLehninger=2840 K3/ mol

lapas puse 3. Fotosintéze produktos akumuléta

Substance | AH®: /mol | AS®n¥moiik | AG®k ¥/ mol
CeH1206aq | -1263,78 269,45 -919,96
Glc -1267,13 | -2901,49 -402,05
O2aqua -11,715 110,876 16,4
OZaqua -11,7 -94,2 16,4
O21gas 0 205,152 -61,166
H20 -285,85 69,9565 -237,191
H20 -286,65 | -453,188 | -151,549
HsO* -285,81 -3,854 -213,275
CO21gas | -393,509 213,74 -394,359
CO2aq -413,798 | 117,5704 -385,98
CO2aq —413,26 -119,36 -
HCOs -689,93 98,324 |-586,93988
HCOs |-692,4948| -494,768 | -544,9688

CsH1206+6H20 un skabekli 602aqua Bio-degvielas energija :

homeostazei : 6H3O*+6HCO3=>CsH1206+6 O2aquat6H20; 6H20; AGLehninger= +2840 K/ mol;

tiek izlietoti oksidésana genergjot 6HC O3 +6H30* jonu koncentracijas gradientus :
CsH1206+602aquat6H20=>6H30*+6HCO3; AGLehninger= -2840 K mol;

0Smozei pret&ji un transportésanai lejup pa gradientiem cauri membranu kanaliem..
6CO2gasT+12H20=>6CO2aquat+12H20=>6H30*+6HC O3 =>CsH1206+6O2aquat6H20=>CsH1206+6 O2 gas+6H20
AGH=AG°ceH1206+6AG°02+6AG H20 -6AG°co2aqua-12AG°H20= 2921,5 X/mol;
=-402,05+6*16,4+6*-151,549-(6*-385,98+12*-151,549)=2921,5;

AGH=AG°ceH1206+6AG°024+6AG°H20 -6AG°co2gas-12AG°H20 = 2971,8 K/mol;
=-402,05+6*16,4+6*-151,549-(6*-394,359+12*-151,549)=2971,8 X/mol;

AG=AG°ceH1206+6AG°02 gas+6AG°H20 -6AG°co2gas-12AG°H20 = 2873,4 K/mol;
=-402,05+6*0+6*-151,549-(6*-394,359+12*-151,549)=2873,4; AGBiochem=2873,4 K/mo;

reagentiem.

Keqz=EXP(-AGLeminger/RIT)=EXP(2840/8,3144/298,15)=10%= [CeH1206 ][0 aqual® [H, 0]°
2
Homeostazes kvazi lidzsvars Prigozina atraktors ir brivas energijas minimums AGnmin.

Brivas energijas izmainas minimums stabiliz€ homestazes kvazi lidzsvaru Keq. CeH1206+

AGHess=AHH-T*ASH=2812,6-298,15*-3,1941=3764,92 K/moI;
AGHeas=3764,92 K/mol > AGLehninger=2840 K3/ mol;
AGLehninger:AGeqz-R°T°ln(Keq):-8,3 144-298,15°In(10'497'55):2840 K mol;
Endotermiska un endoergiska fotosintézeé Hesa brivas energijas izmaina pozitiva
gazveida 602 un 6CO2 AGfotosinteze=2873 K/mot ,tad AGrotosinteze=2971,8 K/mor vairak
pozitiva aqua 6O2aqua , 6CO2aqua abiem un AGrotosinteze=2921,5 ¥/mol 6O2aqua & 6CO2gas,
pozitiva CA karbo anhidrazes virzita AGrotosinteze=3336,5 K/mol 6O2aqua , 6H30*, 6HCOz",
bet minimizgjas AGmin=AGeq=2840 ¥/mol sasniedzot kvazi lidzsvara maisijumu ,

Keq1: EXP('AG Lehningerl/R/T):EXP('2840/8,3144/298, 15):10-
_ [CeleoG]'[OZaqua]§[H 20]6
~ [HCO3]dqua [H501°

' = kI
v AGm.r.—I 2840 Yo

12 izejvielam 6H3O*+6HCOs un 13 produktiem 6A+6B 50% C+6D+6E

CeH1206+602aquat6H20
AG '3765 kJ/mol A

Hess

[HCO;]aqua.[H0] ®

AGmin= 2840 “/rmof
602aquat6H20 A+6B+6C
6H30*+6HCO3 6D+6E



http://aris.gusc.lv/BioThermodynamics/CO2O2Thermodynamic15.pdf
mailto:aris.kaksis@rsu.lv
http://aris.gusc.lv/BioThermodynamics/Aprekini.xls
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TERMODINAMIKA VINGRINAJUMS 1la. gazveida 6CO: foto sintéze par CeH1206 un gazveida 6027 gas

Aprekinat AHH ASH AGH. Reakcija ir eksotermiska , atermiska, endotermiska? Foto sintétiskaja reakcijas
centra PRC+hev gazveida CO2 asimilacijas reakcija tiden zalajos augos ar zilo un sarkano fotonu E=hev energiju,
foto sintez&jot 6021gas Un CsH12056 Standarta apstaklos (25° C) 298.15 K, pielietojiet tabulas datus! Miniet vai

reakcija biis eksoergiska vai endoergiska! Izejvielas =>  produkti glikoze + skabeklis
Viela AH°H Y mor | ASCH Y moik 6CO27gast6 H2O+AG +Q—M> CeH1206+ 6027 gas
O27gas 0 205,04 1. AHH=AH°céH120+ 6AH 02-6AH H20-6AH co2=.............. K3 /mol

................. = -1263,78-6*0-(6*-285,85+6*-393,509)= -1263,78+4076,154= +2812,37 K/mo endotermiska....
2. ASixliedsta=-AHHn T=-2812,37/298.15=-9432,59 .....)/moik
ASH=AS°c6H120+6AS°02-6AS°H20-6AS°c02=269,45+6*205,04-(6*69,9565+6*213,74)= -202,489........ Imolik;
ASkopgia=ASH+ASizklicdeta=-202,489-9432,59=-9635,079."/moik;
AGH=AHH-T*ASH=2812,37-298,15*-0,202489=2872,74 W/mol endoergiska .
TeASkopeja=-9635,079*298,15= -2872,7 X/mol saistita TASn«— uzkrata energija

CesH1206+ 6027 gas —Bi2Oksi> 6CO21gast6 H20+AG +Q eksotermiska .
1. AHH=6AH°H20+6AH°co2-AH°ceH120-6AH°02=6%-285,85+6*-393,509-(-1263,78-6*0)= -2812,37 K/moI;
2. ASizdiedeta=-AHH/T=-2812,37/298,15=9432,59.......... I molik;
ASH=6AS°H20+6AS°co2 -AS°ceH120-6AS°02 =6*69,9565+6*213,74-(269,45+6*205,04)= +202,489......... I molik;
3. ASkopsja= ASH+ ASizkiiedsta=202,489+9432,59 = 9635,079........ I molik;
AGH=AHHK-T*ASH=-2812,37-298,15*0,202489=-2812,37-60,3721= -2872,74......... K/mor eksoergiska................
T*ASkopsia=9635,079*298,15= +2872,7............ KJ/mol saistita TASn« izkliedéta energija

Molekulu Oz, CO2, 2H20 protolitiska funkcionala aktivacija biokimija.
Go2Biochem_arterial=Go2gast Go2sp+AGarteria=303.1+26,58-251,6=78.08 k)/mol samazinas;
Skabekla Ozaqua brivas energijas saturs tideni Gozaqua=330 X/mol Samazina uz Gozgiochem=78,08 X/mol.

gl,ddibas O2gas AIRTH20+AG Akvaporini=>(aq4-Blood+Q konstante :

[0, aqual
o =K=2.205*10°5. Gonaqua=-ReTeIn(Ks)=-8.3144*298.15*In(2.205%10-5)=26.58 /mol.

I:02 gas I-[H Zo]
O2aqua + 4H30* + 4e=5H20 ; -E°=-1,0868 V inversais absoliitais standarta potencials.
E=E°+0059%/401g([O 5] *[H30*]#/H201°) =1,0868+0.0591/4,*|og (6* 107511077364 55 346"%)=0,46068 Volts .
AEn20=-E°-Eo=-1,0868+0,46068=-0,62612 Volti; AGarteriai=AEH20*F*n=-0,62612*96485*4/1000=-251.6 “/mol.
Go2Biochem_arterial=Go2gas+ Go2sp+AGarteriai=303,1+26,58-241,6448=88.04 K/mol;

Karbo anhidraze CA akumulg brivo energiju uz GHzo+Hco3=GHzo++GHcos-=22.44+46.08=68.52 X/mo|
pret nulli idenim un CO2gas Gcoz+2H20=0 X/mol . Skidibas CO2gas +H20+AG<=>CO2aqua+Q konstante:
KﬁlgCOZaqua:[COZaqua]/[COZgas]/[HZO]:EXP(-AG§[JR/T):EXP(-8379/8,3144/298,15)20,034045.
AGikcozaqua=-ReTeln(Kzkcozaqua)=-8.3144*298.15*In(0.034045)/1000=8.379 X/mol .
[HCOzJaqua.[H30%]  CO2aquat2H20+AG+Q=v1CA>H30*+HCOs3" atruma konstante Kicozaqua=1.5x108 M~1s71. [

[COz] aqua'[H20]2  =KeqcaHco3aqua=Ka_cozaqual[H20]?=10-70512/55,32=2,906* 1011 Lidzsvara konstante.
AGeqCOZaquaz-R'T'ln(KeqCOZaqua):-8,3144*298,15*'n(2,906*10/\('11))/1000:60.14 Kot
GH30++GHc03-=22.44+46.08=GH30+Hc03-=AGspcoraquat AGeqcozaqua=8.379+60.14=68.52 K)ol .
Udens protolize palielina brivas energijas saturu no nulles G2r20=0 K/moi Uz GHzo+oH=99.8 K/mo .

[oH ]-[H.01 H20+H20<=>H30*+0H";
= 3" = Kusoron-=[H30 *J*[OH]/[H20]2=3.26+10"15;
[H,0}H,0] AGH30++0H-=-ReTeIn(KHz0++0H-)=-8,3144*298,15*In(3,26+10"(-18))/1000=99.8 k/moi .

Destiléta protolitiska tidens brivas energijas saturs organisma palielinas no nulles uz Grzo_Bioimija=85.65 ¥/mol. [1 8],
H>O Biokimija>H20;
GH20_Biokimija=AG°H20_Biokimija-AG°H20_destilets=-151,549-(-237,191)=85.64 K/moI.

Endotermiska un endoergiska brivas energijas akumulésana biokimiska vide:
osmolara koncentracija Cosm=0.305 M, jonu speks 1=0,2 M, temperatiira 298.15 K
tdeni rada pozitivu GHzo_siokimiia=85,64 </mol aktivaciju ka pasorganizgjosa homeostaze.



6C g+ 6027 gas —spEkstaciia > 6CO,1gas +AG +Q; 1. AHw=6AHco2 BAH cut+6AH02=6*-393,509 /ol

eksotermiska

Viela | AH®H%/mol ﬁs”: AG°Hmol | =6*-393,509-(6*0-6*0)=2361,05-0=-2361,05 /ol
mo

Cor 0 574 | Gcg=91,26 | 2. ASiicsen=-AHW/T=-2361,05/298,15=7919 Y/iimol

Coar 716.7 158.1 671.3 | 3. ASkopse=ASr+ASisieqe=17,76+7919=7936,76 molk

ASH=6AS°c02-6AS°cgn-6AS°02=6*213,74-(6*5,74+6*205,04)=17,76 /moik;
AGH=AH.-T*AS,=-2361,05-298,15*0,01776 =-2366,35 K/mol eksoergiska.
TeASkopeja=7936,76"298,15=2366,35 K)/mol saistita TASn«— izkliedéta energija
Cgas"‘OZgas:COZgas. AGH:AGOCOZQas-(AG°Cgas+AG002):-394,4-(671,3+0):-1065.7 K/ mol
Cyr+O2gas=CO2gas. AGH=G co2gas-(G°cgr+G°02)=G°cozgas-(-671,3+237,19)=-394.5 X/mol;
G°co2gas=-394,4+(-671,3+237,19)=-828.51 K/mol; Go24ir=237,19 K/mo.
AHH=AH°co2gas-AH°cgas+AH°02=-393,509-(0+716,7)=-1110.209 K/moi exothermic.

O2gas AIR+H20AWAINS=> ) 9gj00d; Go2aqua=Go2airt Gozsp=
Cort2H2gas=CHagas; AGH=G°cHagas-(G°cgrt2G°H2)=G cHagas-(-671,3+2*

G°cHagas=-50,5+(-671,3+2*237,19/2)=-484.61 W/mai; If biochemistry background level is G°co2gas=0 k/mol Hess

237,19+26,58=263.77 Y/mol.
237,19/2)=-50,5 K/mol;

law give absolute free energy content Gegr=-AG°Hess_co2gas-G °02gas0=394,36-303,1=91,26 K/mol,
32Hiiquid+ 15Cgn+ 2302Tgas:w> 15C0O21gas +16H20 +AG +Q

Viela

AHOH kJ/mol

ASOH ‘]/moI/K

AG°Hmol

1.AH+=15AH°c02+16AHH20-32AHH-15AH cgv-23AH02=-17452,2

Hatom

218.0

114.7

203.3

=15*-393,509+16*-285,85-(32*218+15*0+23*0)=-10476-6976=..%/mol

ASH=15AS°c02+16AS°H20-32AS°H-15AS cgr-23AS 02=
=15*213,74+16*69,9565-(32*114,7+15*5,74+23*205,04) =4325,4-8472.42= -4147
ASisperses=-AHH/T=-17452,2/298,15= 58535
AGH=AHH-T*ASH=-17452,2-298,15*-4,147=-17452,2+1236,43=-162158........... K/mol €X0€rgic

J/moI/K;

molik;
J/K/moI;AStotaIZ ASw+ ASdispersed:58535‘4147 = 54388

‘]/moI/K;

TeAStota=54388 “298,15=+16215.8........... K/mol bound TASn«— lost free energy
Generator gas 6CO1+6H:2gas is home heating, street lightning fuel of 19t as 20t century beginning in Riga city.

6 CO7gas+ 6 Hogas + 6 O21gas —9en€rator-gas> GCO27gas + 6 H207gas TAG +Q eksotermiskas

Substance

AHOH kJ/mol

ASOH J/moI/K

AGOHKJ/ mol

AHH=6AH°co2+6AHH20-6AH OHZQas‘GAH 0COgas‘GAH OOZgas: K o

CO1gas

-110,525

197,674

-137,2

=6*-393,509+6*-241,8352-(6*-110,53+6*0+6*0)= X/mol

H29as

0

130,68

=-3812,07+663,18= -3148,89 eksotermiskas

-OZTgas

0

205,152

2. ASiziiese= -AHW/T=3148,89/298,15=10561,4

HZOTgas

-241,8352

188,74024

-228,6

AS=6AS°co2+6AS°H20-6AS°H2gas-6AS°cogas-6AS °02gas= /k/mol

=6*213,74+6*188,74024-(6130,68+6*197,66+6%205,04)=2414,88-3200,28= -785,399 Ymoik
3. ASuopeis= ASt+ ASiziieae= -785,399+10561,4=9776
AGw = AHu — T*ASy = -3148,89-298,15*-0,785399= -3148,89+234,16= -2914,72
T ASkopeja=9776"298,15=+2914,7

K/mol eksoergiskas....
K/mol saistita energija TASn«— izkliedéta-zaudéta energija

Viela

AH®4 I(J/mol

ASOHJ/moI/K

AGOHkJ/mol

heksadekéns Ci6H321iq+24021 gas—de&8213>1 6CO271gas +16H20 +AG +Q

CisH3oLiq

-328.7

587.9

587.9

AHHess= ZAHODI’OdUCtS' ZAHOReactants;z. ASHess= ZASOpI’OdUCtS' 2 AS Reactants

OZTgas

0

205,04

205,04

AHH=16AH°co2+16AHH20-AH c16H32-24AH  02= K mol

H20

-285.85

69.9565

69.9565

=16*-393,509+16*-285,85-(24*0-328,7) =-10541 K/mol exothermic

CO21gas

-393.509

213.74

213.74

ASuisperses= -AHH/T=--10541/298,15= 33050 Imolik.

2.ASH=16AS°c0o2+16AS°H20-AS c16H32-24AS°02=.-969.716
=16*213,74+16*69,9565-(24*205,04+587,9) =4539,14-5508,86=-969.716

J/moI/K

J/moI/K;

3. AStotaIZ ASH+ ASdispersed:33050'969,716: 32080.7 ----------- J/moI/K;

3.AGH=AHH- T*ASH=-10541-298,15*-0,969716=-10541+289,121= -10251.9........... K/mol €X0€ergic

TeAStota=34385*298,15=10251.9............ K/mot....bound TASn«— lost free energy

C16H321iq ¥/mol/C/12=10251.9/16/12=53.4 W/gc; C 12 9/mor 1 Gt=1*10°*106 g=1*10%° g;

9.55 Gt=9.55*10°*106 g=9.55*10%° g; 9.55 Gt/12 Gkmol=9.55/12*10°*106 mol=9.55/12*10% mol C;
GHess=53.4 K/qc*9.55*%1015 gC=53.4 *9.55*10"15= 510*10"15 kJ

Reakcija ir 1ena pie pOH=5,9.0keana ar hidroksida anjonu




CO2aquatOH+AG<=>HCO3+AG(-39,67 I(‘]/mol)"'Q (-48,68 I(‘]/mol)
CO271gas +AG (8,379 k‘]/mol)<=> COZaqua+Q(-20,3 kJ/moI); Summa AHues=-20,3-48,68=-68,98 K/mol;



TERMODINAMIKA VINGRINAJUMS Il. GAISA CO: izikisanas reakcija tideni CO2aqu
CO21gastAG+Q <=> CO2aqua ; E3 klases enzima CA hidrolizes-protolizes lidzsvars 2H20/CACO2/H30*+HCOs-
CO21gas nereagé ar H20 bet skist deni. (298.15 K). Reakcija ir eksotermiska , atermiska, endotermiska?
Enzima karbo anhidrazes (CA) protolize 2H20/CACO2/H30*+HCO3" virza CO2aqua Tideni 2H20! Bus eksoergiska

vai endoergiska! CO27gas +AG <=> CO2aquatQ ; CO2aquat2H20+AG+Q =CA> H30O*+HCOs3 ......
Viela AH® Ym0l | AS°H ¥ moik | AG®H ol CO21gast+AG atvarsnites Sinu Membranas >C O aquatQ
CO27gas | -393.509 213,74 -394,359 AHhyaration= -17,9 K/mol; hidratacija
H20 -285,85 69,9565 | -237,191 | AGu=AG°cozaqua-AG°cozgas= -385,98-(-394,359) = +8,379 K/mo|
CO2aqua 413,-7976 117,5704 | -385,98 | =-385,98-(-394,359) =8,379 K/mol endooergiska................

1. AHHess=AH°cozaqua-AH cozgas= -413,7976-(-393,509)= -20,2886.......... kK)/mor eksotermiska....
ASizicdsta=-AHHess/ T=20,2886/298,15=68,048 Y/molik; ASizklicdetatiydration=-AHhydration/ T =17,9/298,15= 60,037 . */moik
2. ASHess=AS°cozaqua-AS°co2gas=117,57-(213,74)=-96,17............. I molik

ASkopgja= ASHess + ASizklicdeta=-96,17+68,046=-28,124............ I/molik

ASkopgja= ASHydration + ASizkliedztaHydration=-96,17+60,037= -36,13......... I molik

3.AGHess=AHHess- T*ASHess= -20,1986-298.15*-96,17=8,3845........... K/mol endoergiska...............

TeASkopsja=-28,124*298,15K= -8,385........... K/mol; T*ASkopgja=-36,13*298,15K = -10,77........... Kol

saistita TASn«— uzkrata energija produktos nav patvaliga AGress = +8,3845 ¥/mor . Mol dalas X®O2aqua:

XC02 [CO2 aqua]
\= oy gl = [CO, aal [,0] ~EXP(-AGu/RIT)=EXP(-8379/8,3144/298,15)=0,034045=1/29,375

Nelabveliga §kidiba AGy=-ReTeIn(Ksx)=-8,3144*298,15*In(0,034045)=8.379 X/mol .
Eksotermiska un endoergiska [CO21gas]=1 moldalas 100% gazes izskidinasanas tideni

Skidiba K

G G H
CO2aqua Hesa brivas energijas izmaina pozitiva AGhidratesanaHess=10,77........ k3 fmol , bet s g v
AG>0 | 10,77 Yol

minimizéjas AGmin=AGy= 8,379..... K/mol sasniedzot lidzsvara maisijumu
Tira 100% [CO21gas] gaze; [COzaqua]=Ksk*1*[H20]=0,034045*55,3=1,882 M;

Lidzsvara sasniegS$ana ir Prigozina atraktors brivas energijas izmainas minimums AGmin.

Gaisa 0,04% mol dalas [CO27air]=0,0004 ka 400 ppm vienibas uz miljonu izskist 4AGminT 8,379
fident [CO2aqua] Veidojot molaritati [COzaqua]= 0,00075125 M ; A 0% B
CO21gas I1zejvielas
[CO2aqua]= Kex*[CO2%air]*[H20]=0,034045*0,0004*55,346=0,00075125........ M; produkti CO2zaqua

CA karbo anhidraze veic neatgriezeniski izskidusa oglekla dioksida reakciju ar divam tidens molekulam

_ A CO2aquat2H20+AG+Q =CA> H30O*+HCOs3" palielinot attiecibu :
%‘%:KeqCAHcosaqua:Ka_c02aqua/[HzO]2:10'7-0512/55.32:2.906*10‘11. CA equilibrium constant
) aqua
accumulate energy: AGeqCOZaquaz-R'T'ln(Keqcozaqua):-8,3144*298,15*|n(2,906*10/\('11))/1000:60.14 Kol .

GH30+HC03=GH30++GHc03-=22.44+46.08=AGspcozaquat AGeqc02aqua=8.379+60.14=68.52 K/mo . [1.8.14]

Kco2aqua=[CO2aquatHCO3]/[CO2714ir]=0.023 M/0,00075125 M=30,6 reizes. Kalkakmens, dolomita, krita kalnu un
marmora klinsu apjomiga veidoSanas iesp&jama vienigi ja CO2tair oglekla dioksids (no gaisa 0,04%) reagée ar
tdeni. Uz Zemes so reakciju realizé E3 hidrolazes klases enzims karbo anhidraze CA (Carbonic Anhydrase).



TERMODINAMIKA VINGRINAJUMS lll. Bikarbonata 6HC O3 +6H30O* parvérana foto sintéze 602 un CeH1206

Aprekinat AHu ASh AGw. Reakcija ir eksotermiska , atermiska, endotermiska? Bikarbonata asimilacijas ideni zalajos
augos ar zilo un sarkano fotonu E=hev energijas absorbciju foto sintetiskaja reakcijas centra PRC+hev producé 602aqua UN
CeH12056 standarta apstaklos 298.15 K. Lietojiet tabulas datus! Miniet vai reakcija biis eksoergiska vai endoergiska!

B6HCO3+6H30*+AG+Q PREHV>CH1,06+602aquat6H20
CRC 2010
2006, Maschusett’s Technology Inst. Alberty [8]
AHK=AH  c6H1206+6AH02+6AHH20-6AH *H3o-6AHHc03=2812,6 W/mol

=-1267,13+6*-11,7+6*-286,65-(6*-692,4948+6*-285,81)=2812,6 K/mol

AGH=AG con1206+6AG°02+6AG°120-6AG H30-6AGHc03=3336,52 K/mol

=-402,05+6*16,4+6*-151,549-(6*-544,9688+6*-213,275)=3336,5 K/mol

ASH:ASoceH1206+6AS°oz+6AS°Hzo-6AS°H30 +6AS°HCQ3:-3194,1 ‘]/moI/K

=-2901,49+6*-94,2+6*-453,188-(6*-494,768+6*-3,854)=-3194,1 /moik

Viela AH® %ot | ASCh Y motk| AH®w K/ mol
CeH1206aq | -1263,78 | 269,45 | -919,96
Glc -1267,13 | -2901,49 | -402,05
O2aqua -11,715 | 110,876 16,4
O2aqua -11.7 -94,2 16,4
H>O -285,85 | 69,9565 | -237,191
H20 -286,65 | -453,188 | -151,549
HsO* -285,81 | -3,854 |-213,275
HCOs | -689,93 | 98,324 | -586,94
HCOs |-692,4948| -494,768 |-544,9688

AGH=AHH-T*ASH=2812,6-298,15*-3,1941= 3765 X/mol endoergiska

ASiziiedeta= -AHH/T=-2812,6/298,15=-9433,51 Y/molik; ASkopeja=ASH+ASizkliedesta=-3194,1-9433,51= -12627,6 /mouk;
TeASkopeja=-12627,6%298,15K= -3764,9 K/moI; saistita TASn uzkrata energija produktos.

Lapas puse.3:. nav patvaliga , nelabvehga .
Uzkrata energija TASkopsia=-3764,9 K/mor ir saistita produktos: CeH1206+602aquat6H20...................

Biodegviela CeH1206+6H20+60 24qua!

CeH1206+60 2agua+6H,0O bicoksid&Sanas GHC O3 +6H30"+AG+Q

AH{=6AHH30+6AHHcos-AH ceri1206-6AH02-6AH  H20=6*-692,4948+6*-285,81-(-1267,13+6*-11,7+6*-286,65)=-2812,6 K mol
AGH:GAG°H30+6AGoHco3-AG°ceH1205-6AG002-GAG°H20=6*-544,9688+6*-213,275-(-402,05+6*16,4+6*-151,549)=-3336,5 kJ/mo|
ASH=GAS°H3o+6ASoHco3-ASOCGH1206-6AS002-6AS°H2026*-494,768+6*-3,854-(-2901,49+6*-94,2+6*-453,188):3194,1 J/mOI/K

AGH=AHH-T*ASH=-2812,6-298,15*-3,1941=-3765 K/mol X0€rgiC....

ASizliedeta =-AHW/T=2812,6*1000/298,15=9433,51 Ymoui; AStota=ASH+ ASizkliedeta =3194,1+9433,51=12627,6 “/moli;
Te ASkopsia =12627,6%298,15K= 3764,9 K/moi; saistita TASn«— izklied&ta energija patvaliga.

Lapas puse.3:. Bio-degviela CeH1206+602aqua+6H20 izkliedeta briva energija TASkopsia= 3764,9 K/mol iztéréta
generétajas 6HCO3+6H30* produktu koncentracijas.

Udens gaze 6CO1%gas + 6H2gas ir eku apkures un ielu apgaismosanas degviela lietota 19.,20. gadsimta sakuma Riga
6 CO%gas+ 6 Hagas + 6 O27gas —idens-02s> 6CO21gas + 6 H201gas +AG +Q eksotermiska.........................

Viela  AH®H*/molASCH/motik{ AG®+</mol 1.AHH:6AH°COZ+6AH°H20-6AH°H2gas-6AH°COgas-6AH°OZgas: ....... K3/ mol
CO1gas |-110,525] 197,674 - |=6%-393,500+6*-241,8352-(6*-110,53+6*0+6*0)=.........ccreesrrrrrrrrerern, K)ol
H2gas 0 130,68 0 =-3812,07+663,18= -3148,89 eksotermiska............cc.cccreerrrvrurnnen. K/ mol
OZTgas 0 205 04 -61.166 2. Asmkhedeta_ -AHH/T: --3148 89/298 15_10561 Qoo J/K/mol
HZOTgas -241 8352 188 74024 2.AS=6AS°co2t6AS°H20- 6AS°H29as 6AS° COgas-6AS 02gas=:uevrruenens Ik/mol
........... =6*213,74+6*188,74024- (6*130 68+6*197,66+6%205,04)= -785,399........ccoceeereeee I moliK;
3. ASkopsia= ASHt ASixiicasta= -785,399+10561,4=9776.........coevvvvrvrnnnn. otk
AGH = AHu — T*ASH = -3148,89-298,15*-0,785399= -3148,89+234,16= -2914,72................ K/mol eksoergiska....

TeASkopsia=9776"298,15=+2914,7
H2O Bioochemistry>H,(0:
GH20_Biochemistry=AG°H20_Biochemistry-AG°H20_distilled=-151,549-(-237,191)=85.64 K/mol.
Endotermiska un endoergiska brivas energijas uzkrasana no biokimiskas vides:
osmolara koncentracija Cosm=0.305 M, jonu speks [=0,2 M, temperatiira 298.15 K
tidenim ir pozitiva GH20_Biochemistry=85,64 ¥/mol aktivacija ka paSorganizacija

homeostaze.

.......... k)/mol saistita TASn«— izkliedéta, izlietota energija

A AG® H20_Biochemistry
G -151,549 W/ G

AG°H20_distilled
-237,191 ¥/

reaktanti H20 =>produkts Hz0. ¥ -
B


http://aris.gusc.lv/BioThermodynamics/BioChemicalPproces.pdf
http://aris.gusc.lv/NutritionBioChem/35Ogl45Hidr150211Eng.pdf

TERMODINAMIKA VINGRINAJUMS |1 B Glikozes CsH12056 oksidesana ar 6O2aqua par 6HCO3™ +6H30*

Aprekinat AH4 ASn AGw. Reakcija ir eksotermiska , atermiska, endotermiska? Glikozes CsH120s oksidésana ar
602:qua par 6HCO3™ +6H30* 298.15 K. Lietojot tabulas datus! Vai reakcija biis eksoergiskas or endoergiska!
CesH1206+602=> 6CO2+6H20 +AG+Q; AGLehninger=-2840 K/ ol

Viela AH® K mot | AS®h¥moik | AG®4Kmol CeH1206+602aquat6H20=> 6HC O3 +6H30"+AG+Q
CeH1206aq| -1263,78 269,45 -919,96 |AGH=6AG°H30+6AG°Hco3-AG°ceH1206-6AG°02-6AG °H20=K/mol
Glc -1267,13 -2901,49 -402,05 |=6*-586,93988+6*-213,274599-(-919,96+6*16,4+6*-237,191)=-2556,6

OZaqua -11,715 110,876 16,4 =6*-544,9688+6*-213,274599-(-402,05+6*16,4+6*-151,549)=-3336,5
O2aqua -11.7 -94,2 16,4 AH =6AH°H30+6AH°Hco3-AH ceH1206-6AH°02-6AH°H20=XI/mol
O27gas 0 205,152 -61.166 |=6*-689,93+6*-285,81-(-1263,78+6*-11,715+6*-285,85)=-2805,3
H20 -285,85 69,9565 -237,191 |=6*-692,4948+6*-285,81-(-1267,13+6*-11,7+6*-286,65)=-2812,6
H20 -286,65 | -453,188 | -151,549 |AS,=6AS°H30+6AS°HCO3-AS°CoH1206-6AS°02-BAS°H20=-787 Imaiix
HsO* -285,81 3,854 |-213,274599|=6%98,324+6*-3,854-(269,45+6*110,876+6*69,9565)=-787,625 Ymoik

CO21gas | -393,509 | 213,74 304,359 |=6*-494,768+6*-3,854-(-2901,49+6*-94,2+6*-453,188)=3194,1 /mouk
CO2aq -413,798 | 117,5704 -385,98 |AGh=AHx-T*AS.=-2805,27-298,15*-0,787625=-2570,4 K/mol
CO2aq —413.26 -119,36 - AGH=AH.-T*AS,=-2812,6-298,15*-3,1941=-3764,925 /o
HCO3 -6 89,93 98,324 | -586,93988 |CRC102. ASizkliede=-AHw/T=-2805,3/298,15=9409 Y/mok

HCOs |-692,4948 | -494,768 | -544,9688 [B06; ASiziiede=-AH/T=2812,6/298,15=9433,5 Y/moiik

Ipp. 3:. Bio-degvielal (CsH1206+6H20) +602aqua akumuléta saistita energija TASkopgja= +2570,4 X/mol produce
dzivibas resursus CsH1206+6H20 +60O2aqua Un tiek izlietoti oksidésana genergjot 6HCO3s+6H30* jonu
koncentracijas gradientus osmozei pretgji un transportésanai lejup pa gradientiem cauri membranu kanaliem.

o v H H CeH1206+602squat6H20=>6H50"+6HCOs=>6CO2aquat12H20=>6CO2gas+12H20.

O 0 H o O ¢ Glikoze7C:-H,5 Ce-oC: 7*2+5*2=24 elektroni Reduc&anas potencials::

ll-C.'—C'—C"—C.'—C.'_ CH E°c6H1206=0,1392 V 4. Ipp. CeH1206+42H20=24H30*+6H30"+6HCO3+24 ¢
oTTOTITLTL -2840 kJ/moIZAGLehningerZAGeq:AEo'F°n=(E°C6H1206-EOOZ)°F°n:(0.1392-1.0868)'F°n;

/.
ald;idsH H~O H H H AGeg/F/In=(EcsH1206-E02)=AE=-2840000/96485/24=(EcsH1206-1,0868)=-0,9476 V;

Atraktoru pH=7,36 un [O2aqua]=6*10-> M reducétaja potencials ir EceH1206=AE+E02=-0,9476+1,0868=0,1392 V;
[H30*]=10"73¢ M, [O2aq]=6*10-*M; E02=E*+2%9/4210g([O 55,,] [H3O*]*/H201°) =
=0,1392+0.0591/,4*|0g(6* 107N (2)*10/(7:36"4)/55 315)=0,03485 V
Oxidised form: 6*(O2aquat4H3O*+4e=5H20) Suchotinas absoliitais standarta potencials -E°02=-1,0868 V;
AGHess=AHH-T*ASH=-2812,6-298,15*3,1941=-3764,92 K/ma;
| AGHeas=-3764,92 kol | > | AGLehninger:-2840 K3/ mol | ;
AGeqz-R'T'ln(Keq):-8,3144'298,15'|n(10497'55):-2840 K/ mol
Eksotermiska un eksoergiska oksidéSanas Hesa brivas energijas gazém 602gas, 6CO2
AGoksidesana=-2873 X/mol tad AGoksidesana=-2921,5 K/mol vairak tident 602aqua, 6CO2aqua,
AGoksidesana=-2971,8 K/ mol 602aqua, 6C02gas, AGoksidesana=-3765 K/ mol 6H30*, 6HCO3", bet
minimiz&jas AGmin=AGeq=-2840 X/mol sasniedzot kvazi lidzsvara maisTjumu. AGmin= -2840 /ol
Reagentiem 13 izejvielam CeH1206+ un 12 produkti 602aqua +6H20

Mool A+6B+6C 50% 6D+6E

3lagua-|H30 CesH1206+602aq+6H20

EXP(-AGiaring«/R/T)=EXP(2840/8,3144/298,15)=10""=Keq= [C.1 0 1[0y aqual® [H,01°  reaktanti produkti
6H30*+6HCOs"

Homeostazes kvazi lidzsvars Prigozina atraktors ir brivas energijas minimums AGnmin.
Brivas energijas izmainas minimums stabilizé homestazes kvazi lidzsvara maisijumu Keg.
Fotosintéze 1. Ipp. akumulé brivo energiju dzivibas resursos CeH1206+602aqua+6H20 AG Lehninger =2840 K/mol; NO
izejas limena 6*Gzo+Hco3-=6%68,38 K/moi =411,12 W/iyq ar protolitiski aktivétiem sasniedz kvazi lidzsvaru un
AGLehninger=Gc6H1206+6G02Biochem_arterialt6GH20_Biokimija-6GH30+HC03-=2840 K/mol generé glikozes brivas energijas
saturu GeeHi1206=2840-6*78.08-6*85.64+6*68.52=2840-468,48-513,84+411,12=2268.8 ¥/mal lidz glikozei ar
reducé$anas absoliito potencialu EceHi206=-0.884 V pie atraktoru vértibam [HzO*]=107:36 M, [O2aq]=6*10-°M.



http://aris.gusc.lv/NutritionBioChem/35Ogl45Hidr150211.pdf
http://aris.gusc.lv/BioThermodynamics/OxRedBiologicalWL.pdf
http://aris.gusc.lv/NutritionBioChem/35Ogl45Hidr150211.pdf
http://aris.gusc.lv/BioThermodynamics/CO2O2Thermodynamic15AH2OCO2CH4.pdf

Aprékinat AH+ ASw AGw. Reakcija ir eksotermiska , atermiska, endotermiska? Beta oksidésana mitohondrija, peroksi

soma palmitinskabei ar O2aqua Standarta apstaklos (25° C) 298.15 K, pielietojiet tabulas datus! Miniet vai reakcija bis

eksoergiska vai endoergiska! Izejvielas => produkti bikarbonats +hidronija jons
C16H32025+16H20+23023qua:16HCO3_ |+16H30+:16C023qua+32HZO:16CO2ga3T+32HZO; AGLeninger:‘9770 I(‘]/mol

Viela AH°: M mol [AS°4 ¥ moik| AG°4K mol biooksidéSana (mitohondrija un peroksisoma)
C16H3202 - - 1067,2384 1. AHhes= ZAH produkii- ZAH1zejvielas
C16H3202s -891,5 452,4 - 2. AStess= XAS®produkti- ZAS®izejvielas; 3.AGw=AHu-T*ASk
C16H3202iig -838,1 - 1003,54
OZaqua -11,715 110,876 16,4
OZaqua -11,7 -94,2 16,4
O21gas 0 205,152 0 2. ASixiedsna=-AHn/T=9930,7/298,15=3337,7 /moik;33224,5
H20 -285,85 69,9565 | -237,191 |ASkopsia= ASh+ ASiieasa=33307,7-2610,33= 30697,47 I/mol/k;
H.O -286,65 | -453,188 | -151,549 |ASkopsia= ASh+ ASiieasta=33224,5+987,26=34211,76 I/mol/k;
HsO* -285,81 -3,854 | -213,2746 AG.=AH.- T*AS,=-9930,7-298,15* -2,61933=-9152,5 K/moI;
CO2%gas -393,509 213,74 | -394,359 |AG.=AH.- T*AS,=-9905,9-298,15*0,987256= -10200,2 K/mol;
CO2aq -413,798 | 1175704 | -385,98 [T ASiopsia =30,697477298,15=9152,5 K/mol _izkliedEta energija
CO2aq -413.26 -119,36 - Te ASiopsia =34,211737298,15=10200,2 X/mol izklied&ta energija
HCOs -689,93 98,324 |-586,93988 |CRC102.
HCOs -692,4948 | -494,768 | -544,9688 B06;

AG=16AG°Hco3+16AG°H30-AG°c16H3202-16AG°H20-23AG° 02= X/mol;
=16*-586,93988+16*-213,2746-(16*-237,191+23*16,4+1003,54)=-10389 X/mo;
=16*-544,9688+16*-213,2746-(16*-151,549+23*16,4+1067,2384)=-11151,55 ¥/ma;
AG=16AG°cozaquat32AG °H20-AG°c16H3202-16 AG°H20-23AG°02= K/ moal;
=16*-385,98+32*-213,2746-(16*-237,191+23*16,4+1003,54)=-10386 “/mo;
=16*-385,98+32*-213,2746-(16*-151,549+23*16,4+1067,2384)=-12020 /mol;
AG=16AG°co2gas+32AG°H20-AG°c16H3202-16 AG°H20-23AG °02= K/ mo;
=16*-394,359+32*-213,2746-(16*-237,191+23*16,4+1003,54)=-10720 K/mo;
=16*-394,359+32*-213,2746-(16*-151,549+23*16,4+1067,2384)=-12154 X/mai;
AH=16AH°Hco3+16AHH30-AH c16H3202- 16 AH H20-23AH02= K/mol;
=16*-689,93+16*-285,81-(16*-285,85+23*-11,715-838,1)= -9930,7 K/mo eksotermiskas;
=16*-692,4948+16*-285,81-(16*-286,65+23*-11,7-891.5)= -9905,9 K/mo eksotermiskas;
ASH=16AS°Hco3+16AS°H30-AS c16H3202-16AS°H20-23AS°02= Ymolik;
=16*98,324+16*-3,854-(16*69,9565+23*110,876+452,4)= -2619,33 Y/moi;
=16*-494,768+16*-3,854-(16*-453,188+23*-94,2+452,4)= 987,256 I/mol/k;

negativa akva Ozaqua > Un gazveida CO2gas? AGoksidesana=-12154 K/mor vai
AGoksidesana=-12020 ¥/mor abiem tidens $kiduma Ozaqua Un CO2aqua, bet minimizejas
AGmin=AGeq= -9770 K/mor sasniedzot lidzsvara maisijumu

EXP('AGLehninger/R/T): EXP(9770/8,3144/298, 15):101711’6428: Keq:

C16H3202+2302 A+23B izejvielas

AGqu-R°T°ln(Keq)=-8,3 144+298,1 5-In(101711'6428):-9770 K3 mol A A
Eksotermiska un eksoergiska palmitata oksidésanas Hesa brivas energijas izmaina

-12154 Y/,q
Hess

AG<0

[COZaqua]ls' [H 2 O] 1623
[ClGHBZOG] ' [02 aqua]

AGmin: -9770 kJ/mo| :
L ¥

A+23B 50% 16C+16D
produkti 16C+16D
16CO2+16H20

Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin sasniegSana lidzsvara

maistjuma. Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars.



TERMODINAMIKA VINGRINAJUMS IV. vitamins B3 oksideé H3CCH20H etanolu par etanalu H3CCH=0
Aprekinat AHH ASn AGh. Reakcija ir eksotermiska , atermiska, endotermiska? Reakcija standarta apstaklos
298.15 K. Vitamin 3 B3 oksidé etanolu alkohola dehidrogenazes enzima par etanalu! Miniet vai reakcija bis

eksoergiska vai endoergiska!

H3C-CH2-OH+NAD*+H20+AG+Q=>H3C-CH=0+NADH+H30";

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

AHHess=AH®H30+AHcHscHotAH  NnabH--AH cHacH20H-AH H20-AH NaD+=

=-213,88-1036,66-285,81-(-288,3-1007,48-285.85)=45,28 X/mol

BioThermodynam06:ASiziiedeta=-AHu/ T=-45,28/298.15=-151,9 Y/ mork

ASHess=AS°H30tAS  cracHoTAS  NabH-~AS °cHacH20H-AS *Hoo-AS NaD+=

=-825,64-140,50-3,854-(-357,7394-183+69,9565)=-499,211
J/moI/K

BioThermodynamic,2006,Massachusetts Tecnology Institute,Alberty

ASkopéja=ASH+ASizkliedéta:'151,9'499,21].: -651 , 111 ‘]/mOIIK

AGH=AH-T*AS,=45,28-298,15*-0,4992=-194,12 K/mol endoergiski

pH=7,36 TeASkopsia= -0,651111"298,15= -194,1 K/mol

AGHess=AG°H30+AG°cracHotAG NabH-AG chsch2oH-AGH20-AG NaD+=

Viela AH® K mor | AS®umotik | AG°k ¥/ mol
H;C-CH=0| -212,23 -281,84 24,06
H;C-CH=0O| -213,88 -825,64 | 32,2824

NADH -41,41 | -4465,708 | 1175,5732
NADH | -1036,66 | -140,50 1120,09
HsO* -285.81 -3.854 -213,275
NAD* -10,30 |-3766,008 | 1112,534
NAD* -1007,48 -183 1059,11
HsCCH,OH| -290,77 |-1227,764 | 75,2864
HsCCH,OH.q| -288,3 |-357,7394 | -181,64
H20 -285.85 | 69,9565 | -237,191
H20 -286,65 | -453,188 | -151,549

Standarta potenciali E° voltos David Harris; KortlyShucha datos

AGHess=32,2824+1175,5732-151,549-(75,2864+1059,11-237,191)=159,1 K/mor eksoergiskas;

Red NADH <=>NAD* + H(2¢e);

absolute potential

E°nabn=-0,4095 V; David Harris; [22];

Ox CH3CHO+2H30*+H-(2e")<=>CH3CH20H+2H20; E°cHscH201=-0,055 V; [19];
Novértétaja balansa n=2=m ar elektronu skaitu 2e"AE® izteiksm& E°?120 elektronu donors minus E°? elektronu
akceptors, jo NAD* akcepte elektronus no etanola dotaja pieméra:

OksRed NAD*+CH3CH20H+H20=NADH+CH3HC=0+H30";

AGmin=AGeq=(E°NAD+-E eqnernscHacHz0m)*F*n=(-0,4095+0,055)*96485*2=(-0,3545)* 96485*2=-68,408 /mol;
[NADH]-[CH,CHO]:[H,0"]

[NAD+]'[CH CH OH]'[HZO] :KquerobiOx:EXP(-AGeq/R/T):EXP(-68408/8,3144/298,15):19.65‘1011210'12;
3~

O2aqua attiectba [NADH]/[NAD*]=106 pie pH=7,36 brivas energijas izmaina negativa:
AGaerohi=68,4+8,3144*298,15*In(1/108*1/1*10-7:36/55,3)/1000= -17,8 X/mol ;
AGHom=68,4-86,21= -17.8 K/mo1, [NAD*]/[NADH]=105; AGHom=68,4-80,5= -12.14 X/mol.
Aeroba endotermiska un endoergiska HsSCCH20OH etanola oksidésanas Hesa briva
energija pozitiva AGHess= 159........ K/mor inversi HSCCH=O etanala anaeroba reducé$ana
K/mol , bet minimizgjas inversi aeroba oksidesana
AGmin=AGeqgAerobiox=68,4 K/mol UN AGmin=AGqunaerobiRed: -68,4 X/mol reducésana
sashiedzot lidzsvara maisijuma konstantes 10-12=Kegaerobiox<1l etanola oksidésanai un
etanala reducésanai anaerobi 1012=Keqanaerobi>1.

Prigozina atraktors ir brivas energijas izmainas absoltts minimums AGmin Sasniedzot
K/ moi= ‘ AGeq | < ‘ AGHess ‘ =159........ K/ mol.

negativa AGHess= -159

lidzsvaru. AGmin=68,4.......

H3C-CH=0O+NADH+H30* =>H3C-CH2-OH+NAD*+H0O+AG+Q;

Anaerobi labveligi AGeqg=AE°*F+en=-0,3545 V+2 mo1*96485 C/moi= -68,4 K/mo .
Nieciga O2aqua kONncentracija hipoksija anaerobi spirta oksidésana nelabvéliga, bet etanala
reducgsana par etanolu labvéliga attiecibai [HsCCH20H]/[H3CCH=0]=1/10
homeostaze anaerobi attieciba [NAD*]/[NADH]=1/10 labvéliga reducésanai
kopa ar NADH reduktazes enzimu ka negativa brivas energijas izmaina

AGanaerobicRed=-68,4+8,3144*298,15*In(1/10*1/10*55,3457/107-36)/1000=-27.8 I/mol.
AGAnaerobiRed=-68,4+8,3144*298,15*In(

K AnaerobiRed=101%= [NADH]'[CH3CHO]-[H3O+] ; Kaerobiox=1012

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

159 Winol  oksidesana

A G aerobi G A
= _____.>____
AG=0
'17,8 k‘]/m()l

- -—-
aerobi

4 AGmin= 68,4 %ol
A+B+C50%D+E+F
NAD*+H3;CCH20H+H20
NADH+H3CCHO+H30*

159 K/ Reducéée_ma
A ™ Anaerobi

Hesa
AG=0
anaerobi |

'27,8 kJ/mol

AGmin= '68,14 kJ/mow

D+E+F50%A+B+C
1 10 55.333 NADH+H;CCHO+H30*
10 1 1073 )= -16.4 K/mor ; NAD*+H3CCH,OH+H,0

_[NADH]-[CH,CHO] [H,0"] .
" [NAD*}[CH,CH,OH}[H 0]

[NADH]/[NAD*]=1/7700; AGAerobired=68,4+8,3144*298,15*In(1/7700*1/10*10-7:36/55,3457)/1000=-11.5 X/mol.



TERMODINAMIKA VINGRINAJUMS V sals Na*Cl-kristaliem reakcija ar tideni

Sals Na*Cl-kristaliem hidratacijas reakcija ar ideni 36 9/100g $kidiba 100 g tidens, blivums $kidumam 1,203 9/mi;
W%=26,4706 %: Na*Cl-+3(H20)s=>[6H20:=>Na*] +[Cl'<=6H20] resursu skaits nc=49,142/12=4,0952 M.

1. Pirais faktors koordingSanas ap natrija un hlorida joniem patéré 12 tidens molekulas: produkti Na*aq+Claq
_ Udens molekulu heksagonals heksagonals
tris tetra mer1 T H—O: M T B C ]
+3 (H20)s => e :0 :
/ /O. + \"LO/H* H H-Ony
Q  Tetramérs as=—: + 10, cl 0
3 \“. H 5 ZE \li HHG -H ’
/H | :C)\ H
H—Q---H-Q-------H—-H L H*H,/ H 1 L I-b _

Na—_
kristalisks

[6H20:=>Na*]aqua + [Cl'<=6H20]aqua
1. Na*Cl-=>Na*+ CI"; energija AGna+cl- = 700 X/mol ; Jonu kristala noardisana.

2. 3(H20)4=>12H20 ; energija 3*AG(H20)4=3%*90=270 K/mol ; Tetra méru noardisana.

3. Na*+6H20=>[6(H20:—0)-Na*] energija 6*AGeH20:=>Na+1=6*-400=-2400 X/moi ; Koordinativs heksagonals.
4. CI+6H20 =>[CI-(...6H20)] energija 6*AG[ci--(...6H20)]=6*-30=-180 ¥/mol; SeSam tidenraza saitem.

AGreakcijas= AGNa+cl-+3* AGH20)4+6* AG[6H20:=>Na+]+6* AG[CI--(...6H20)]=700+270-2400-180= -1610 X/mai ;
Disociacijas pakape a=4,0952/5,4434=75,2 % kristaliskam NaCl aqua +Q=>Na*aquatClaquatAG; skidibas
konstante: Ks=Keq=[Na*aq]*[Claq]/[NaClaq]= =4,0952*4,0952/1,3482=12,4393 parvérsoties izejvielu un
produktu maistjuma: AGsk= -ReTeln(Kz)=-8,3144298,15In(12,44)=-6,25 X/mol, @=0,752=4,0952/5,4434; 75,2%.

AGres=AHuess- T*AS1e=3,82-298,15*%0,0435 = -9,15....... Kl/mol eksoergiska..

Viela |AH®n*/moll AS®h ¥ moiik| AG®1 K/ mol kristalisks NaCl=> NaC|aqua +Q:Na+aqua+C|'aqua+AG;

Na*Cl-| -411,12 | 72,00 - 1. AHL=AH°Nna+AH°cI-AH Nacl =......... K/mol. endotermiska...........
Nataqua| -240,10 | 59,00 -261,9 =-240.1-167.2-(-411.12) =-407.3+411.12= +3.82.......... K/ mol
Clagua| -167,2 56,50 - 2. ASizdiedsta= - AHW/ T = -3.82 /298.15=-12.812......... I (mol K)

H.O | -285.85 | 69,9565 | -237,191 ASH=AS°Na+AS°cI-AS°Naci=59+56.5-72= 43.5......)/molk;

H.O | -286,65 | -453,188 | -151,549 ASkopgia= ASw+ ASizkliedsta= -12.812+43.5= +30.688......."/moik
HsO* | -285,81 | -3,854 |-213,275| AG.=AHu-T*ASy=3,82-298,15*0,0435 = -9,15....... K/mol eksoergiska....
HClgs| -92,31 | 186,902 -95,3 TeASkopsja=30,688298,15=9.15 ....... K)/mol saistita briva energija

HClaqua] -167,2 56,5 -131,2 Nedisociéta sals neitralas molekulas veidojas divos veidos:

1. Elektrostatiski pievelkoties joniem Debaja Hikela fiziologisko 0,9% $kidumu veido osmolaru koncentraciju
Cosm=0,305 M ar natrija, hlorida joniem un sals neitralam molekulam : NaCl € Na*+Cl- viena litra 1000 mL .
Cosm=[Na*]+[CI-]+[NaCl] =i*Cwm=0,305 M. mnaci/mg= mnaci /1000*100% =w%=0,9%, jo blivums ir 1 9/mL .
Natrija hlorida masa mnaci=0,9%%*1000/100% =9 9/ un molu skaits nnaci=mnaci/Mnaci=9/58,5=0,15385 mol/_;
Cosm=[Na*]+[CI]+[NaCl]=i*Cwm=(1+ a(m-1))*Cm=(1+a(2-1))*0,15385=0,305 M. Disociacijas pakape alfa ir:
a =(0,305/0,15385-1)=0,98245 un nedisociéta dala [NaClag]=Cwm -Cm*a=0,15385-0,15385*0,98245=0,0027 M
Fiziologiskas skidibas konstante Kogw=[Na*ag]*[Claq]/[[NaClag]=0,15115*0,15115/0,0027=8,4616 ;

AGo.9%= -ReTeln(Kogw)=-8,3144298,15¢+In(8,4616)=-5,294 /g, A A
Endotermiskas un eksoergiskas $kidibas Hesa brivas energijas izmaina AGress= -9,15 ¥/moir |G
negativa, bet minimiz&jas AGmin =AGo,9%= -5,294 X/moi fiziologiska 0,9 % maisijuma
sasniedzot lidzsvaru Kogw=[Na*ag]*[ Claq]/[NaClag]= 8,46 vai kristala natrija hlorida
Na*Cl- §ki¥anas lidzsvaru AGy= -6,25 W/mol ar Ky=Keq=12,44. Skisanas Reakcijas | N\~ '
PrigoZzina atraktors ir brivas energijas izmainas minimums AGmin .

Piezime: Stiprie elektroliti ir $kistosi ar negativu AG<O0 un par vienu lielaki Keq >>1 ;
Vajie elektroliti ar pozitivu AGeqg>0 un 0 < Keq < 1 endoergiski ir iident neskistosie . A 50% B+C
Kristals $kist ident: Na*Cl-+3(H20)4=>[6H20:=>Na*]aqua +[Cl'<=6H20]aqua. Na*Clcies izejviela

AG=0 | Hess

AGminz -5,294 k‘]/mm !
1 ¥
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Mnaon= Na+O+H=23+16+1=40 .%/moi; N NaoH=MNaoH/Mnaon=760,85/40=19,02 mol;

TERMODINAMIKA VINGRINAJUMS V sals Na*OH- kristaliem reakcija ar tideni
100 971004 $kidiba 200 g tidens §kiduma blivums 1,5217 9m. ; W%=50 %

NH20=M H20/MH20=760,85/18=42,27 mol; nc=42,27-2*19,02=4,23 M M; Udens molu divkarsais skaits ir pietickams

natrija jonu koordinacijai . Hidroksida joni atgriizas no tidens molekulam un nestrukturgjas.
Viela | AHH % mor |AS®H Yok | AGH ¥/ ol AHues=AH°Na+AH°0H-AHNaoH-2*AHH20=527,4 K/mol;
NaOHag | -44,51 | skid.- - =-240,1-230-(-425,8-2*285.85)=527,4 K/mql;
NaOH.H20| -21,41 skid. - ASdispersed=-AHn/T=-527,4/298,15= -1768,908 Y/(mol k)
NaOHiattic - lattice -887 ASH=AS°Nat+AS° oH-AS NaoH-2*AHH20=59-10.539-64,4-2%69,9565=-155,852 Y/moik;
NaOHCryst -425,8 64,4 -379,7 AStotal= AShesst ASdispersed:'155,852-1768,908=-1924,76 J/moI/K
H20 -285.85 | 69,9565 |-237,191 AGes=AHuess- T*AShe=527,4-298,15*-0,155852=573,86 7 /mol ;
H20 -286,65 |[-453,188|-151,549 TeAStotar=-1,92476*298,15= -573,867 X/mol bound free energy
HsO* -285,81 | -3,854 |-213,275 AGH=AG°Nat+AG°0H-AG°NaoH=467,9 /mol. eksoergiska.
Na‘aqua | -240,10 | 59,00 | -261,9 =-261,9-157,2-(-887)=467,9 K/mol
OH- -230.00] -10,539 | -157,2 Nedisociéts hidroksids neitralas molekulas neveidojas:

I) Kristalisks natrija hidroksids Na*OH- pilnigi disoci€ jonos koordingjot divas Gidens molekulas H20 w%=50 %.
2Na*OH+(H20)4=>2[2H20:=>Na*]aqua +20H-; skidibas konstante ir jonu reizinajums $kidibas lidzsvaram:
kristalisks natrija hidroksida skidiba Na*OH-+2H20=>[1,0469H20:=>Na*]aquatOH"; w%=50 %.
AGHess=AG°Na+AG°0H-AG°NaoH-2*AG°H20=-261,9-157,2-(-379,7-2*237,191)=435 ¥/mol;
Kopgja koncentracija Nkopa=[H20]+[[2H20:=>Na*]aqua] [ OH]=4,23+19,02+19,02=42.27 M;
Skidiba moldalas K=[Na*aqua] *[OHJaqua/[Na*OH-)/Nkepa”2=19,02*19,02/1/42,27"2=0,2025.
AGmin=AGsp=-ReTeIn(Kjs)=-8,3144*298,15*In(0,2025)=3,959 *¥/mol;
Skidiba 100 91009 idens blivums 1,5217 9mL ; W%=50 %; Viens litrs $kiduma satur
N NaoH=MNaoH/MnNaoH=760,85/40=19,02 mol; nH20=m H20/MH20=760,85/18=42,27 mol.

Divas 2 tidens molekulas koording&jas lineari pie Na* jona, bet OH- jons atgriiz Gideni.

Hesa izmaina pozitiva AGHesss=AGNaoH+AG(H20)4/2+2* AG[H20:=>Na+]1=887+45-800=132 K/mol endoergiski, bet

miniz&jas:AGeq=AGs=-8,3144298,15¢In(0,1984)=4.01 /mol maisijuma sasniedzot $kidibas g G

lidzsvaru. Lidzsvars ir Prigozina atraktors brivas energijas izmainas minimums AGnmin .

Brivas energijas izmainas minimuma ir kristalisks natrija hidroksida Na*OH- lidzsvars .

1. jonu kristala noardiSanas: NaOH=>Na*+OH- energija: AGnaoH=887 K/mol .

2. Tetraméra noardisanas: (H20)4=>4H20 energija AGH20)4=90 K/mol. 3.2 W%=50 %;

3.a Divu H20 koording&$anas katjona energija 2* AG[H20:=>Na+]=2*-400=-800 X/mol:

AGHess=AGNaoHTAG(H20)4/2+2* AG[H20:=>Na+]1=887+45-800=132 ¥/mol. '

Piezime: Stipri elektroliti ir $kistosi eksoergiski ar negativu AG«<0 un A 50% B+C
konstanti lielaku par vienu Ky >>1 ;Na*OH—cryst=> produkti Na*+OH-

Vaji elektroliti ar pozitivu AG«>0 and 0 < Keq < 1 ir tidenT neskistosi endoergiski.

Pie0% < w% < 27 % NaOHocryst Skiduma blivums 1,301 9/mL 2Na*OH+3(H20)4=>2[6H20:=>Na*]aquat20H";

3.b Sesas H20 molekulas koordingjas simetriski heksagonali ap katjonu 6* AG[H20:=>Na+]=6*-400=-2400 K/mo :

AGreactions=AGNaoH+3/2* AG(H20)4+6™* AG[H20:=>Na+]=887+270/2-2400= -1378 K/mol.

AG=0

\:,AGmin,:&gG Kol

heksagonals 5 Density (g/mL)
_ H— Qs H 20T l | | l |
H Q '?O/ 1,5 +— Koordinacijas skaitlis 6 Koordinacijas skaitlis 2
/. PN H {4l //r
O + H 7 ’ Al H inea
/ a8<—:0 1,3 1 linears A
H 4 o .
o B A O—sepgi—:0
L Q 7 Jet™ LR R
| HH’ H ] %
0 10 20 20 40 50
w%=27%
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TERMODINAMIKA VINGRINAJUMS Va hlortidenraza HCI $kidiba un reakcija ar adeni
AHhidratacijaHcI=AH°Hclaqua-AH Helgas=-167,2-(-92,31)= -74,89........... K/mot eksotermiska....................

CRC 2010 Eksotermiska , endotermiska vai atermiska Un eksoergiska vai endoergiska! ?HClgas=>HClagquatAG+Q;
Viela AH®y I(‘]/mol AS®y ‘]/mollK AG®y kJ/mol AGH:AGoHCIaqua-AGOHclgas:-131,2'(-95,3): '36,59 ............. I(‘]/mol
Na*Cl-| -411,12 | 72,00 - 1. AHnes=ZAH proqukii-ZAHCizejvielas; eksoergiska...................
Na+aqua -240,10 59,00 - AHhidratécijaHCI:AHOHCIaqua-AH°HCIgas:-167,2-(-92,31): -74,89........... K mol
Cl-aqua | -167,08 56,50 - 2.AShess=2AS °produkti-ZAS Cizejvielas; eksotermiska....................
H20aq | -285,85 | 69,956 |-237,191 ASkopgia=ASH+ASizkliedsta=251,182-130,4=120,78....... Yol
H2O | -286,65 | -453,188 | -151,549 ASHess=AS°Hclaqua-AS °Hclgas=56,5-186,902=-130,402........ I/molik;
HsO* | -285,81 -3,854 | -213,275 ASizkliedsta= - AHHess/ T =74,89 /298,15=251,182........ I molik;
HC'gas '92,31 186,902 -95,3 AGHess:AHHess—T*ASHess:-74,89-298,15*-0,130:-36,01 ....... I(‘]/mol

HClagua| -167,2 56,5 -131,2 | T*ASkopsia=120,78 I/K/mo*298,15 K=36,01.......</moI; eksoergiska............
37%, 1,180 g/mL, 436,6 g/36,45=11,978 ml/, , 1180-436,6=743,4;743,4/18=41,3 Mo/, 41,3-0,25236=41,048 ™ol
HCI+H20=>H30"(@ag)*+Cl aqua +Q +AG; HCI=>H*+Cl aqua; [H3O+]2+[HZO]*Kdis*[H3O+]-Kdis*[H20]*ll,978:0
AHuess=AH°H30+AH ci--AH Hclag-AH H20= -285,81-167,08-(-167,2-285,85)=0,16........ K/mor; atermiska...............
2. ASiziiedeta= ~-AHHess/ T= -0,16/298,15= -0,537............. otk
ASHess=AS°H30+AS°cI-AS°Hel-AS °H20=-3,854+56,60-(69,96+56,5)=-73,714......... otk
ASkopgia=ASHesstASizkliedsta= -0,537-73,714=-74,251........ I molik;
AGHess=AHHess—T*ASHess=0,16-298,15*-0,073714=22,1378............... K/mol endoergiska.................cccoceu..e.,
TeASkopgja=-74,251 I/K/moi+298,15 K=-22,14......K/mol;
MH20=1180-436,6=743,4 g; NH20=743,4/18=41,3 ™!/, , Pirmais tuvinajums.
[H20]=41,3-[H30%]=41,3-0,25235=41,04765 M/ > Crci =[HClagua] +[CI-]=11,978 M ;
[HC|aqua]:(ll,978-[c|']):(11,978-0,25235):11,725664 mOI/L; [HC|aqua] [HZO]*Kdisz[H30+aq]*[C|'aqua];

Ta ka [Clraqua]= [H3O*] un aizvietojot [Cl-aqua] ar [H3O*] iegist kvadratvienadojumu: ax2+bx+c=0 .
(11,978-[CI])[H20]*Kdis=[H3O*]*[Cl-aqua]; (11,978-[H30*]) [H20]*Kais=[H3O*]* [H3O*];
[H30*])2+[H20]*Kdis*[H30*]-Kais*[H20]* 11,978=0

md@]

Kvadratvienadojuma ax?+bx+c=0 reala sakne no divam matematiskajam ir x= [ o

[Clrag]=[H3O*]= -Kys[H,0l K g [H,01)2 -4*K g2 [H,01*11,7257 =0,25235 M

2
[Clag]=[H30*]=(-Kdis*41,04765+SQRT((Kdis*41,04765)"2-4*-Kdis*41,04765*11,978))/2=0,25235.............. M
Disociacijas pakape a=0,021=Cdis’Cm=0,25235/11,978; Cm=Cldis+Cnedis=0,25235 + 11,725664=11,978 M/ ;
Disociacijas pakape a%=2,1%; pH=0,6 ; Lidzsvara konstante: Kadis1=0,000132306:
[HO- [0 T aqua =Keq=(0,25235*0,25235)/( 41,04765*11,725664)=0,000132306=10-3878 ;
m AGeg=-ReTeIn(Keq) =-8,3144*298,15*In(0,000132306)/1000=22,137 X/mol

Ja salsskabes koncentracija ir CHcl =[HClagua] +[C1-]=0,1 M ; [H20]=55,33-[H30*]=55,33-0,1=55,23 mol/_
0,04728863 M=[Cl-ag]=[Hs0*]=(-Kdis1*55,23+SQRT((Kdis1*55,23)"2-4*-Kdis1*55,23*0,1))/2;
[H0'] [0 J aqua =Kea=(0,04728863*0,04728863)/(55,23*0,05271137)=0,000768129= Kdis;; Cm = 0,1 M
m [HClaqua]=0,1-0,04728863=0,05271137 M;

AGeg=-ReTeIn(Keq) =-8,3144*298,15*In(0,000768129)/1000=17,8 K/mo

Protolize nelabvéliga Hesa likuma pozitiva 22,138 X/mol, bet minimizgjas sasniedzot Iidzsvaru 17,8 K/mor .

0,04728863 M =[H30*]=10"H=10-1325; pH= -log[HsO*] = -log(0,04728863)= 1,325=pH:

Disociacijas pakape a0,1=Cdis/Cm=0,0472886/0,1=0,047 , a%= 4,7%; 00,01=0,008343/0,01=0,8343, 0.%=83,43%);
Keq=(0,008343*0,008343)/(55,32*(0,01-0,008343))=0,000759346=Kis2: Cn = 0,01 M:pH=2,08 :
0,008343 M=[Cl-sq]=[Hs0*]=(-Kdis2*55,32+SQRT((Kdis2*55,32)"2-4*-Kdis2*55,32*0,01))/2;

AGeg=-ReTeIn(Keq)=-8,3144*298,15*In(0,000759346)/1000=17,8 X/mor; 0,008343/0,01=0,834 , %= 83,4 %

AGhess=22,138............ K/mol endoergiska.............. Prigozina minimums AGeq=17,8........... Kol
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TERMODINAMIKA VINGRINAJUMS V b. CHsCOO-Na* kristalu §kidiba un reakcija
CH3COONas+8H20=>[6H20:=>Na*Jaq +[2H20=>"00CCH?zag]

Skidiba 50,4 9/100g H20, blivums 1,26 9/mr, CcHacoona= 5,1493 Mo/ : w%= 36,1 %
Viena litra skiduma masa ar blivumu 1,26 9/mL ir mgk = 1260 9/...

Cik reizes 150,4 g ietilpst 1260 gramos skiduma 1260/150,4= 8,7766............ reizes
Natrija acetata masa litrda mcHscoona =8,7766*50,4 g/100g =442,34.......... 9/L..
Mola masu aprékina ka summu no atoma masam: McHscoona=MnNat+McHscoo=23+24+32+3= 82 9/mol .

Sals molu skaits viena litra ir masa salim dalita ar tas mol masu:
NCH3cOoONa= McH3cooNa / Mchscoona= 442,34 [ 82=5,1493 M0l/, : CcHscoona = 5,1493 mol/, -
Udens MH20=mii-McHacoona =1260-442,34= 817,76 g NH20= MH20 / MH20 817,76/18=45,431 moli..
Masas dalu procentos aprékina masu salim dalot ar skiduma masu
McHacoona/Msk=442,34 /1260*100% =w%= 36,1,
Pilnigi disocigjot jonos ideala skiduma koordingjot 6 H20 un 2H20 natrija joniem un acetata joniem kristalisks
CH3COONas € Na*+CH3COO- cietas tiras vielas mol dala ir viens [CH3COONa]ciets =1 un $kidibas konstante:
Kisk= Keq =[Na*]*[CH3CO0O]=5,1493*5,1493= 26,515 ir jonu reizinajums sasniedzot Prigozina atraktoru
lidzsvara brivas energijas izmainas minimumu negativu::
Termodinamiski labveliga skidibas konstante: termodinamiski labvéligam lidzsvaram
AGmin:AGeq:-R'T'ln(Keq) :-8,3144'298,15‘"1(26,515): -8,125 K/mol,

Piesatinata Skiduma tidens koordinacijas resursi 8 ir pietiekosi: nc= nwzo /8=45,431/8=5,6789.......... moli.
- heksagonéls _ B .
4 Aol H
O\ Tetra mers Os FRTILE Ao CH
CH3COONaagua + 2(H20)4 H => H/ ags<—:0 | + [:O_ O-C +Q+AG;
/o Cofk ) \é)
H—O"'H'b """" H—O-H | /:O H M
L HeT e ] L g
CRC 2010 Izejvielas => produkti
Viela AH °Hess, “/mol AS °Hess,/mol/KIAG®Hess,'/mol CH3COONas => Na*aquatCH3C OO aqua +Q +AG;
Na+aqua -240,1 59 - 1. AHHess= ZAHoprodukti- ZAHoizejvielas
CHSCOO'aq -486 85,3 -247.83 2. ASHess:ZASoprodukti-ZASOizejvielas;3.AGHess:AHHess-T°ASHess
CH3COOaq| -486,836 -822,3 -241,663 2. ASizkiiedeta=-AHHess/ T=17,3/298,15=58,02448........... Imol/k;
CHsCOONay -708,8 123,0- -607,7-  |ASkopeja=ASHess+ASizkliedeta=58,02448+21,3=79,32448........... Imol/k;

1. AHHess=AH°H3ccoo-+AHNa-AH Haccoo Na=-486-240,1-(-708,8)= -17,3 W/mo eksotermiska...................

AGHess=AHHess- T*ASHess=-17,3-298.15*0,0213=-23,65........ K/ mot; T*ASkopja=79,32448+298,15=23,65
Eksotermiskas un eksoergiskas CHsCOONas skidibas reakcijas Hesa brivas energijas

izmaina AGress negativa -23,65 K/mol , bet minimizgjas [idz AGmin = AGeq= -8,125 K/mol
piesatinajuma ar tdens koordinaciju 8 maisijuma sasniedzot Iidzsvara konstanti Keq= 26,515.

Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGnmin

sasnieg$ana maisijuma. Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars.

MaisTjuma izejviela kristaliska_ CH3COONas
un produkti_

AGmin: -8,125 kJ/mo| !
1 ¥

A 50% B+C
Na*agtCH3COO g
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TERMODINAMIKA VINGRINAJUMS Vaa. NH4Cl(s kristalu §kidiba adent
Dati tabulas: Skidiba 39,5 9/100g H20, blivums 1,3536 9/mL,

Viena litra $kiduma masa ar blivumu 1,3536 9/mL ir mg = 13536 ............ 9/L.
Cik reizes 139,5 g ietilpst 1353,6 gramos skiduma 1353,6/139,5=9,7032............ reizes
Amonija hlorida masa litra mnnaci = 9,7032 *39,5 g/100g = 383,2764.......... 9/L..
Mola masu aprékina ka summu no atoma masam: MnHaci=MnH4+Mci=16+24+35,5= 75,5........... 9/mol .

Sals molu skaits viena litra ir masa salim dalita ar tas mol masu:
NNHaci= MHact / Mnnaci383,2764 / 75,5=5,07651 mol/, : Cnnaci= 5,07651......... mol/, -
Udens mr20=mx-MnH4ci = 1353,6-383,2764=970,32 g NH20= MH20 / MH20 =970,32/18=53,907......... moli.
Masas dalu procentos aprékina masu salim dalot ar skiduma masu
Mnnac/Ms=383,2764/1353,6*100% =w%=28,32........... %;

Termodinamiski labveligs Hesa likums un skidibas konstante: ir termodinamiski labvéliga reakcija

Viela  |[AHHess */mollAS°Hess Y/molik| AG®Hess K/ mol izejvielas NH4Cls) +Q => NHa*+ Cl-agua +AG produkti;
C|-aqua -167,2 56,50 - 1. AHHess= ZAHOprodukti- EAHOizejvielas
NH4+(aq) -132,5 113,4 - 2. ASHess= ZASOprodukti- ZASoizejvieIas
NH4Cls) -314,4 94,6- -202,97 |CRC 2010 3. AGHess= AHHess-T*ASHess
1. AHness=AH°NHa+AH cl-AHNHacls= -132,5-167,2-(-314,4)=-299,7+314,4=147.......... K/mol endotermiska.............
2. ASiziiedsta=-AHHess/ T=-14,7/298,15=-49,3........ I molik;
2. ASHess=AS°NH4+AS°cl-AS°NHaci= 113,4 +56,50-(94,6): 169,9-94,6=75,3.......... I molik
3. ASkopgja= ASHesst ASizkliedeta=-49,3+75,3= 26........ I molik;
AGHess:AHHess-T*ASHess:14,7-298,15*0,0753:-7,75 .......... k‘]/mol; eksoergiska ..............................
T'ASkopéja:26 J/K/mol'298,15 K=7,75........ I(J/mol;

[NH:Jaqua (Ol Tagua =Kik_Hess= eXP(-AGress/R/T)=exp(7,75/8,3144/298,15)=22 8.......
[N H4C| ] aqua

Termodinamiski labvéligs Hess skidiba tident .
Pilnigi disociéta skidibas konstante ir Kdis=[NH4*]*[Cl-aqua]= 5,07651*5,07651=25,771..........
Amonija hlorida Kk Hess=22,8 nedisociéta koncentracija ir termodinamiski aprékinama izteiksmeé:
[N H4C|aqua]= [N H4+]*[C|'aqua]/ K§k_Hess :25,771/22,8= 1,13 ....... mOI/L )
ieklaujot vienadu disoci€to jonu koncentracijas ka starpibu $kidibas koncentracijai minus nedisociétas sals
koncentracija: [NH4*]=[Cl-aqua]= 5,07651-1,13=3,97651.......... mol/,

Labveliga $kidibas konstantes vértiba ir: Keq= [NH:Jagua’ 01 Jagua =3,97651*3,97651/1,13=13,9935.........
[N H4C| ]aqua

AGeg=-ReTeIn(Keq)=-8,3144*298,15*In(13,9935)= -6,541 X/mo, Endotermiskas un A A
cksoergiskas NH4Cl(s) disociacijas AGuisociacijaHess=-7,75 .......... K/mol Hesa brivas energijas GJ -
izmaina negativa, bet minimizéjas AGmin=AGeq= -6,541.......... K/ mol
- . NH; C laqua _ nmmnme | N T i
maisTjuma sasniedzot Iidzsvaru Keq= [NH:Jagua: [O1 Jaqua 13,9935...........

[N H,Cl ] aqua

AGmin=-6,541 k']/mo| ‘\:I
L

Maisijuma izejviela ir nedisociétais amonija hlorids NH4Clagua _ -
produkti A 50% B+C

ir NHs*+ Cl-aqua
Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin sasniegSana lidzsvara
maistjuma. Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars.
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TERMODINAMIKA VINGRINAJUMS V.b etikskabes CH3COOH protolizes reakcija

Aprekinat AH+ ASw AGw. Reakcija ir eksotermiska , atermiska, endotermiska? Reakcija standarta apstaklos
298.15 K CH3;COOH protolizes reakcija ar tdeni pielietojiet tabulas datus! Miniet vai reakcija biis eksoergiska vai

endoergiska! Izejvielas  => produkti
Viela AH®4 M mol | AS®wImoik | AG®H X/mol CH3COOH+H20+AG © H30O*+CH3COO +Q
HsO* -285.81 -3.854 -213,275 1. AHres=2AHprodukti-XAH izejvielas
H3CCOO- -486 85.3 85.3 2. ASres=2ZAS °produkt-ZAS izejvielas; 3. AGress=AHress=T*ASress
CHsCOO+ | -486,836 -822,3 -241,663
H20 -285.85 | 69.9565 | 69.9565
H20 -286,65 | -453,188 | -151,549
HsC-COOH| -484,09 159,83 -531,743

1. AHi=AH°Hn3ccoo+AHH30-AH H20-AH HaccooH = -486-285,81-(-285,85-484,09)= -1,87 X/mo eksotermiska.......
2. ASixiiedeta=-AH«/T=1,87/298,15=6,272011......... I/(mol K)

2. ASH=AS°H3ccoo-+AS°H30-AS°H20-AS Haccoon =85,3-3,854-(69,9565+159,83)=-148,3405............ ok

3. ASkopsja= ASw+ ASiziiedeta= -148,3405+6,272011= -142,0685........... I (mol K)

AGh = AHy — T*AS, =-1,87+298,15*0,1483405 = 42,3577 ............ K/mol endoergiska..................
TeASkopsja=-142,0685 I/K/mo1#298,15 K= -42,3577............. K/mor saistita TASn«—akumuléta energija......nepatvaliga

Lidzsvara tiek sasniegts brivas energijas starpibas minimums atbilstosi vielu maisijuma sastavam izteiksme:
[H*][cH,co0]

[H,0][CH,COOH] o yic
AGeq = - ReTeIn(Keq) = - 8,3144+298,15+In(107%497)=37,085 K/, Ac G A

Termodinamiski nelabvéligs Keq= = Ka/[H20]=1,76*10-5/55,3 =10-6:497

Eksotermiskas un endoergiskas etikskabes protolizes reakcijas Hesa brivas
energijas izmaina AGjonizacijaress =42,36 ¥/mol pozitiva, bet minimizgjas 1idz

AGeq =37,085 k‘]/mol

$ AGmin= 37,085 K']/mo|
'] 1

=10-6:497 A+B 50% C+D

nedis CHsCOOH+H:0

izejvielas produkti
H3O*+CH3COO~

[H30']-[cH,cOo0]
[H,0l[cH,cO0H]

Mmaisijuma sasniedzot lidzsvaru Keq=

[H*]-[cH,co0]

=106497*55 3=10476: ir termodinamiski
[CH,COOH]

Klasiska protolizes konstante Ka= Keq[H20]=

nedis

nelabvéligas konstantes Keq reizinajums ar tidens konstanto koncentraciju [H20]= 55,3 M

Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin sasniegSana lidzsvara
maisijuma. Brivas energijas izmainas minimuma sasniegsana iestajas lidzsvars.

[H30*]=[CH3CO0-]=C*0,=0,2*0,00931=10%"3 M =1,862*10-3 M; 0.=10273/0,2=0,00931 ;
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TERMODINAMIKA VINGRINAJUMS V.c H20 Udens jonizacijas un neitralizacijas inversie atraktori reakcija
Udens H20 protolizes lidzsvari HoO+H,0+AG+Q & H3O*+ OH-; H30*+ OH" & H,0+H0+AG+Q ;
Viela AH®wX/moll AS°n I molik | AG®H, X/mol AGHess=AG°0H+AG°H30-2AG°H20=;
HsO* | -285,81 | -3,854 | -213,275 =-157,2-213,275-2*-237,191=103.907 %/moi;
OH- | -230.00 -10.539 -157,2  |AHw=AH°on+AHH30-2AH°H20=55,89 X/maI; endotermiska
H.O | -285.85 | 69.9565 | -237,191 |=-285,81-230-(2*(-285,85))=-515.81+571,7=55,89 X/mol
H2O1gas -241,8352| 188,7402 | -228,6  |ASiziedsta=-AHn/T=-55,89/298,15=-187,456......... I (mol k)
ASH=AS°0H+AS°H30-2AS°H20=-3,854-10,539-2*69,956= 14.393-139.912=-154.305............. ok
ASkopgia=ASH+ASizdiedsta=-187,456-154,305=-341,761 ¥/ (mol k)
AGries=AHuess- T*AS1e=55,89+298,15*0,154305=101,896 7 /mol endoergiska.
TeASkopgia= -341,761/K/mo1#298,15 K= -101,896.%/moi; saistita TASn«—akumuléta energija .nepatvaliga...........

Lidzsvara tiek sasniegts brivas energijas starpibas minimums atbilstosi vielu maisijuma sastavam izteiksmé:
GH30++0H-=GH30++GoH-=22.44+77.36=GH3o++GoH--G2H20=-R * T*In(KH30++0H-)+2*0=99.8 K/mo; . [1.8.14]

_ -18 N H
/_% H Kjonlz3 26°10 ﬁ 4 [O H -]-[H30+]

=0t H— O - + Kegi= ————— =3,26¢10°18
. H K_=3,068:107 H H. ++ @ [H,0]-[H,0]

[OH"]-[HO]
AGeq1 = - R'T'ln(Keq1)= - R°T°ln( - ) = 99,8 K/mol,
[H,0}[H,0]

Endotermiskas un endoergiskas tidens jonizacijas reakcijas Hesa brivas energijas izmaina
AGHess=AGjonizacija=101,9 X/mol pozitiva, bet minimizejas maisijuma sasniedzot
[OH"].[HO]
AGmin=AGeq=99,8 K fmor Iidzsvaru Kegqi= —————— =3.2610-18 ; *
[H,0][H,0] A+B 50% C+D
H20+H:0 izejvielas
produkti H3O*+OH-

\:‘.AGmin:I 99v8 kJ/mol

Vlelu ma1s1juma bI'lVaS energljas 1zma1na mlmmlzeJ as
99,8 X/mot = | AGeqz | < | AGress2 | =101,9 Ko

Visas reakcija tiecas uz lidzsvara maisijumu Prigozina atraktoru brivas energijas izmainas IMC} -10L,9 /g A
minimumu AGmin=AGeq ar darbigo masu inverso reakciju konstanttm |77
1
3 06e10-18= [OH ]-[H0" =Keqi= 1 _MHoMHo _ 1 I B P [
[H,0HH,0] Kegz [OHT]HOT 3 068*10%7

Lesatelje princips ir PrigoZina atraktora brivas energijas izmainas minimuma AGmin MG~ 998"

sasnieg8ana lidzsvara maisijuma. Brivas energijas izmainas minimuma sasniegSana C+D 50% A+B
iestajas lidzsvars. H3O*+OH- izejvielas

produkti H2O+H20.
Pareizinot ar adens konstanto koncentracijas kvadratu Keqi*[H20]? =3.26¢10-18*55,332=10-14=Ky aprékina tidens

jonu reizinajuma konstanti Kw = [HsO*][OH-] =10-14 , Atraktori nosaka, ka visums ir perfekts un precizi parada,
ka katrs process tiecas uz atraktoru - energijas izmainas minimumu reaggjo$o vielu maisijuma.
Protolize AGH30++0H-=GH3o++Gon-= 22,44+77,36= 99,8 K/mor akumulé vienadi skabu un babazisku pH= pOH=7.
H20+Q < H20gas+AG ; AHHess=AH°H20gas-AH°H20=-241,8352-(-285,85)=44,0148 K/mo endotermiska iztvaiko$ana
ir AGHess=AG°H20gas-AG °H20=-228,6-(-237,191) =GgasH20+GH20=8,59+0 K/mol endoergiska; 101,3 kPa parciala
spiediena po=3,1699 kPa endoergiska skidibas konstante Ks=XH20/XH20gas=1/0,03129=31,959, jo tvaika moldala
ir Xn20gas =3,1699/101,3=0,03129, bet tira tidens moldalr ir viens Xn20=1. Iztvaiko$ana akumulé energiju
AGevaporation=-Re*TIn(Ksp)=-8,3144*298,15*In(0,03129)=8,588 X/mol viena mola.
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TERMODINAMIKA VINGRINAJUMS V d skidiba NHagas, NHa4* protolizes reakcija un NHzaqua protoné$ana

Amonija NHa*aq protolizes reakcija notiek protongjot iz§kidusas amonjaka molekulas Giden.
NH3zag+H20=>NH4*+OH- stipra protolitiska baze pKn=4,74 > 9,25=pKa vaja NHs*+H20=>NHs3 (ag)+ H3O" ;
GNH3gas=AG °NH3aq-AGHess-sp-NH3gas-G °H20=91,1056-(-74,5537)-(-0)=165,7 K /mol; Alberty
N H3gaS+Hzo:>N H3aq; AHhidrmacija:AHQNHsaq-AHONHsgas-AH°H202-132,5608+45,94-286,65:-373,3 kJ/mo|;
GHydration+ GNH3gastAGH20=GNH3ag=107,5+165,7+0=273,2 K/mol;
AGHydrati0n=AGNH3aq-AGNH39as-AGHZO=91,1056-(-16,4-0):107,5 I(J/mol; _______
ASHydration:ASONH3aqua-AS°NH3gas-AS°HZO:-739,2922-192,77-69,9565: -1002 ‘]/moI/K;
AGHess-sp-NH3gas=AHHydrationS'T*ASHydration=-373,3-298,l5*-1,002=-74,5537 k‘]/mol; A 50% B
Ksp=eXp(-AGHyadration/ R/_T):exp(74553,7/8_,£3144/298,15):1013’06; reactants NHsgas+H20
Amonjaka NHsag protonésana: un produkt NHaag
2. Keg2; Amonjaka tidens NHzag+H20+Q=>NH4*+OH-+AG stipra protolitiska baze;
AHHess=AHNH4++AH0H-AH °NH3-AHH20=55,8 ¥/mol endootermiska

AHpess=-132,5608-230,015-(-132,5-285,85)=55,8 ¥/ imo1; ASdispersea=-AHn/T=-55.77/298.15*1000=-187 ¥(mol k) ;
2. ASHess=AS°NH4+ +AS°0H-AS°NH3-AS°H20=771,8 YmoliK;

CRC 2010; =113,4-10,9-(-739,2922+69,9565)=771,8 Y/molik
3. ASkopgjia= ASHTASizkliedsta=-187+771,8=584,8 Y/ (mol k);
H20 | -286,65 | -453,188 | -151,549 AGHess=AHHess- T*ASHess=55,77-298,15*0,7718=-174,3 K/mol;
NH4* | -132,5 113,4 -79,3 TeASkopsja=0,5848%298,15=174,4 K/mol.; saistita energija;
NHaaq [-132,5608|-739,2922 | 91,1056 BioTherm2006; AGHess=AG°NH4++AG°0H-AG°NH3-AG°H20=-90.415 K/mol
NHsgs| -45,94 | 192,77 | -16.4 =-79,3-157,2-(91,1056-237,191)=-90.4146 ¥/mol eksoergiska.
Keqz=exp(-AGmin/R/T)=exp(90414.6/8.3144/298.15)=101584; stipra

OH- |-230,015 | -10,9 -157,2
Hessa izmaina negativa AGHess=-174,3 K/mol minimizgjas lidzsvara maistjuma AGmin=-ReTeIn(Kegz)= -90.415 K/mor;

3. Kegs; protolize NHa*+H20+AG+Q=>NH3zaq+H30*; pKeq=10,9944; NHs*=H* + NH3saqua ; pKa=9,25;
1. AHH=AH°nH3+AHH30-AH°NH4+-AH°H20=-132,5-285,81-(-132,5608-286,65)=0,901......... K/mol atermiska
2.ASizxiiedeta=- AHH/T=-0,901/298.15= -3,02......%mol K) ; AGHess=AG°NH3+AG°H30-AG°NH4+-AG°H20=108,7 K/mol

2. ASH=AS°NH3+AS H30-AS°NHa+-AS H20=-739,2922-3,854-(113,4-453,188)= -4034........... ol

AGH = AHH — T*ASH =0,9008-298,15*-0,4033582 =121,2.......... K/mol .endoergiska................
ASkopgja= ASH+ASizliedeta=-3,021-403,358=-406,4....... H(mot k) T*ASkopsja=-406,4*298,15=-121,2......... Kol ;

_ [oHT [NH;] _ v [NH Jaqua[H50"] _ _ 326%108 _ .
Keqz = 2P TNl — 1584 o= LnalaaualHsO ]y i, oo ikpaon=[H20] 228519 =1 014*101¢1D):
eq2 [N, Toaun 0] eq3 (N TH,0] [H20]*KH2o/KnHaon=[H20] 7510

Skabes konstante Ka= [H][[,+]]q =[H20]*Keqs=55,3*1,014*10-11=5 6025*10-10=10-925=10PKa; pK,=9,25:

4
AGega=-ReTeIn(Keq)=-8,3144298,15°In(1,01395*10"(1V)=62,75 ¥/mo1, Endotermiska un
eksoergiska NH4* protolitiska Hesa brivas energijas izmaina AGprotolizeHess3=108,7 ¥/mol ir
pozitiva, bet minimiz&jas 1idz AGeq3=62,75 K/mor sasniedzot lidzsvara maisijumu:

AGmin:74;515 kJ/mol \:’.

Viela [AH®H I(J/molASOH ol AG®H I(J/mol
HsO* | -285,81 -3,854 | -213,275
H.O | -285,85 | 69,9565 |-237,191

G

Kegs= wq:m'mg“ . Endotermiskas un eksoergiskas NHsaq un H20
[NH;]-[H,0]
protolizes briva energijas izmaina AGprotolizeHess negativa -174,3 K/mol bet minimizejas lidz
AGeq2=AGmin=-90,4 X/mol sasniedzot stipras bazes lidzsvara maistjumu Keq2=101584; izejvielas_ NHas*+H20
Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin produkti_~ NHsag+HsO*
sasnieg$ana maisijuma. Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars.
AGeq:GNH3aq+GH3O'GNH4+'GHZO=273,2+22144'232189'0:62176 kJ/mol,

GnH4+=GnHzaqtGr3zo- AGeq -GH20=273,2+22,44-62,75-0=232,9 Y/l
Amonjaka skiduma koncentracija C=0,001 M; : ax2-bx-c-ONH4-CH3COO

[OH-]=[NH4*]=C*@=0,001*0,1259=10"%° M=1,259*10-* M; pOH=3,9; a=10-3%/0,001=0,1259 ;

&AGminfezyB kJ/mol

A+B 50% C+D
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TERMODINAMIKA VINGRINAJUMS V.e dihidrogenfosfata H2PO4aq protolize iident

Aprekinat AHH ASH AGn standarta apstaklos 298,15 K. Vai reakcija ir eksotermiska, atermiska,
endotermiska? Dihidrogenfosfata H2PO4aq protolize ar tideni! Bis eksoergiska vai endoergiskal

Dati NaH2PO4 2H20 skidiba 94,9 9/1009 H20, blivums 1,32 9/m, Na2HPOus 11,8 9/100g H20, blivums 1,1 9/mL,
CRC 2010; BioThermodynamic2006 H2PO4 +H20+AG+Q=> HPO4>+H30* CRC2020;pH=7,36;1=0,25 M;

Viela AH®H I(‘]/mol AS°®H ‘]/mollK AG®H y I(J/moll 1.AHHess:AHoprodukti-AHOreaktanti;2.ASHess:ASoprodukti-ASoreaktanti

HsO* -285,81 -3,854 -213,275 |CRC 2010; 3.AGHess=AHHess- T*ASHess

H20 -285,85 69,9565 | -237,191 |=-1057,143-213,275-(-1137,3-151,549)= 18,43 K/mo

H20 -286,65 | -453,188 | -151,549 IBioTherm2006;AGH=AG°Hp012-+AG°H30-AG°H2p01- -AG°H20=

H3POus@g | -1271,7 150,8 -1123,6 =-1089,28-213,275-(-1137,3-237,191)= 71,936 K/mol

H2PO4 -1302,6 92.5 -1137,3 | 1.AHH=AH°npo42-+AH H30-AH H2r04- -AH H20=10,5 ¥/mol endot
HPO4> | -1292,14 -33,47 -1089,28 |=-1292,14-285,81-(-1302,6-285,85)= -1577,95-1588,45=10,5 K/mol
HPOs% |-1298,89 -810,792 | -1057,143 |2.ASizliede=-AHH/T=-10,52/298,15=-35,3/(mol k);

PO -1277,4 —220,5 —1018,7 3. ASkopgja=ASH+ASizkliede= -199,784-35,3= -234,984 Y/(mol k);

2. ASH=AS°HpP042-+AS°H30-AS°H2pr04- -AS°H20=-33,47-3,854-(92,5+69,96)=-199,784 I/mol/k;
AGH=AHH-T*ASH=10,5-298,15*-0,199784=70,0 ¥/maI; endoergiska.............

3. T*ASkopsja=-234,984 Ymoik *298,15 K= -70,0....X/mor saistita TASn akumul&ta energija nepatvaliga.
Lidzsvara sasnieg$ana brivas energijas izmainas minimuma vielu reizinajumu attiecibas izteiksmé ir Prigozina

2-1. +
[0, _] [H30'] =Keq2= Ka/[H20]=1071%9/55,3=1,143*109; pKa2=7,199
[H,70, HH,O]

AGeq2=-ReTeIn(Keq2)=-8,3144298,15+In(1,143*10-%)=51,04 X/mol;
Dihidrogenfosfats H2PO4aq vaja skabe pKa=7,199 nelabvéliga protolize H2PO4 +H20=>HPO4? +H30".
om 17021 0]
[H,~0, ]
HPO4? +H20=>P0O+* aqg+H30%=Keqs= K nHpoa2-/[H20]= 10-1235/55,3=8,07*101%; pKa3=12,35
AGH=AG°p043-+AG°H30-AG°HpPo42- ~-AG°H20=-1018,7-213,275-(-1089,28-237,191)= 94,5 K/ma;
AGeqs= -ReTeIn(Kegs)= -8,3144298,15+In(8,07*10-5)= 80,44 /o,
H3PO4+H20=>H2PO4s+H30"*; Keqi= K Hapos/[H20]= 10-2147975/55 3=7,113*103; pKa1=2,148
AGH=AG® H2p04-+AG°H30-AG® H3pos -AG°H20=-1089,28-213,275-(-1123,6-237,191)= 58,24 X/ma;
AGequ-R'T°ln(Keq1):-8,3144’298,15'|n(1,285*10'4): 22,21 k‘]/mol;
Endotermiska, endoergiska HPO4?, H2PO47, HsPO4 protolizes Hess brivas energijas
izmaina pozitiva AGHess= AGprotolize =94,5 , 70,0 un 58,24 K/ , bet minimizgjas lidz
AGnmin = AGeq = 80,44 , 51,04 un 22,21 Y/mal sasniedzot lidzsvaru
HPO4>+H20=>P04*+H30"; H2PO4+H20=>HPOs%+H30";
H3POsaq+H20=>H2PO4+H30%; pKa3z=12,35, pKa2=7,199, pKa1=2,148
[H,70, ]-[H30"]
[H 370, Jaqua® [H 20]
AGeqs= -R'T'ln(KeqS): -8,3144-298,15-In(7,113*10'3): 80,44 W/mol,
[ 043_ ][H30+] —
[HP02 ] [H,0]
Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin sasniegSana lidzsvara
maisijuma. Brivas energijas izmainas minimuma sasniegSana iestajas lidzsvars.

atraktors produkti daliti ar izejvielam:

=[H20] Keq = 55,3*1,144*109 =107199=10PKa; pK,=7,199;

5 AGmin:51yO4 kJ/mol

A+B 50% C+D
H2PO4 agtH20
reaktanti produkti
HPO4? aq + + H3O*

= Keqi= K H3pros/[H20]= 10-2148/55,3=0,0001285;

Keqs= K npos2-/[H20]= 10-12:35/55,3= 8,07*10-15;
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Kzpos= KKortlyshuh/[H 20]:10'7'199/55,3457:1,143*10'9:

TERMODINAMIKA VINGRINAJUMS V f ATP# adenozina trifosfata hidrolizes reakcija

Aprékinat AH4 ASH AGh standarta apstaklos 298.15 K vai ir eksotermiska , atermiska, endotermiska? ATP#
adenozina trifosfata hidrolizes reakcija ar ideni! Bis eksoergiska vai endoergiskal

H2PO,+H0+AG+Q=>HPO,>+H30*; AGeq=-ReTeIn(Keq)=-8,3144+298,15+In(1,143*10-°)=51,04 X/mo ;

[H 042-]-[H o'l . N [H 042']aqua-[H3o+] |
[, 0p Tl,0]  [H2POI= 3 123009 [0

ATP3_+HZO:>ADP2_+H2PO4_; Kl_ehninger:3984.1; AGb|:'20,55 kJ/mOI; pH <7,199 ;

AGbLehninger=-ReT*In(KLehninger)=-8,3144*298,15*In(3984,1)/1000=-20.55 K mot ;

AGHess=AG°ADP3+AG°HP042+AG°H30-AG°ATP4-2AG°H20= -99,58 K/ mor;

Eksotermiskas un eksoergiskas ATP3 hidrolizes reakcijas Hesa brivas energijas izmaina
negativa AGHess= -99,58 X/mol , bet minimiz&jas AGmin= AGegLehninger= 30,5 K/mol
sasniedzot lidzsvara maistjumu 298,15 K temperatiira 3984,05=KeqgLenninger

Lidzsvara sasnieg$ana ir Prigozina atraktors brivas energijas izmainas minimums AGmin .
Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars.

[H27O,]-[AD ]

K Letninger=KbLenninger/[H20]=220500,2/55,3457=3984.1= [HZO 1 [AT 4-]
AGHzAGOADP3+AGoHPO42'AGOATP4‘AGOH20='1399,9‘1137,3'(‘2267,64'237,191):'32.4 kJ/mo|;
b) ATP*+2H20=>ADP3+HPO4?>+H30*; AGpLeminger=-30,5 ¥/mol; Lehningera lidzsvars

K bLeninger=eXP(-AGbLeninger/ RIT)=exp(30500/8,3144/298, 15)=exp(12,304)=220500,2= [HZO HAD > *]-[H50]

[H,01?[ATP*]
=-1399,9-1057,143-213,275-(-2267,64+2*-151,549)=-99,58 K/mor;

KbLeninger:eXp(-AGbLeninger/R/T):exp(30500/8,3144/3 10, 15):136983,25

1. AHreaction=AH °produkti-AH °reaktanti;
Viela AH°H K/ mol AS®H Y mok AG®H , kJ/mol; 2-ASHess:ASoprodukti -AS°reaktanti; 3. AGHesssAHHess-T*ASHess;

=

Reaktanti ATP4+2H20
- produkti ADP3-+HPO4%+H30*

AC"min: ‘301§ kJ/mol \:u'
A+2B 50% C+D+E

Miséenko; H-ATP3+H,O = ATP* + H3O*; pK2=6,71; Alberty
H2-ATPZ+H20= H-ATP3*+H30%; pK1=3,99

H-ADPZ+H20 = ADP?% + H30*; pK2=6,496; Alberty

H2-ADP-+H20= H-ATP?+H30"; pK1=3,87

HGIc6P+H,0=> GIc6P2+H30*; pK2= 5,89; Alberty

HFruc6P-+H20=> Fruc6P?>+HsO*; pK2=5,89; Alberty

H2Frucl6PZ-+H,O=> HFrucl6P3-+Hs:O*; pK1= 6,64; Alberty

HFrucl6P3-+H20=> Frucl6P*+Hs3O*; pK1=5,92; Alberty

HGIlyc3P-+H20=> Glyc3P?+H30*; pK1=5,92; Alberty

Biochemistry Thermodynamic 2006 Masachusetts T.Institute,Alberty

HsO* |-285,81| -3,854 [-213,275
H2O |-285,85] 69,9565 |-237,191
H2O | -286,65 [-453,188|-151,549
HPO4 F1296,3 | 90,4 | -1130,2
HPO4 | -1302,6 | 92.5 |-1137,3
HPO.* |-1292,14] -33,47 |-1089,28
HPO4> |-1298,89(-810,792|-1057,143
ADP? |-2627,4| -4010 | -1424,7
ATP# [-3617,15| -4520 | -2292,5
ADP? | -2627,4 |-4117,11] -1399,9
ATP4 [-3617,1| -4526,1 |-2267,64

bb) ADP3+HPO4#+H30* => ATP*+2H0; AGpLehninger=30,5 K imor;

KbbLeninger:eXp(-AbeLeninger/R/T):eXp(-30500/8,3144/298, 15)=4, 54*107\¢6);

AGH=AG°ATP4-2AG°H20-AG°ADP3-AG°HP042-AG°H30=

=-2267,64+2*-151,549-(-1399,9-1057,143-213,275)=99,58 K/mo;

KbbLeningerzexp(-AbeLeninger/R/T):eXp(-3O5OO/8,3144/310,15):7,3*10/\('6);
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TERMODINAMIKA VINGRINAJUMS V g 1,3-bis-fosfo-glicerata hidrolize par 3-fosfo-gliceratu

Apréekinat AH4 ASH AGh standarta apstaklos 298.15 K vai ir eksotermiska , atermiska, endotermiska?
Fosfata hidrolizes Glyc31P=>Glyc3P - reakcija ar tdeni! Bis eksoergiska vai endoergiska! CRC 2010 pH=7,36 ;

O . - kJ . 0] -
i é HOH o AGaLehnlnger 49,3 /mol, ‘(‘: HOH o +HPO > CI) HH o +HPO.>
(o) O/ N /C\ H - +2H O_> o/ N /C\ H - /C\ /C\ ” -
N (‘:\H O*‘*O 2U=— . (‘:\H O—‘-O o* (I:;H O—I_O
. - - - - - +
O// (0] O-H o 3.AGHess:AHHess'T'ASHess H O-H O +HZO_> O-H (0] + H3O

KaLehninger=€Xp(49300/8,3144/298,15)=433562158,5; Glycerat31P*+ 2H,0=>Glycerat3P3+HPO,>+H3;0*;
Mis¢enko (H3O*) AHCHess =-285,81 XV/mol; AGHess=AG°H30++AG GlycaptAG Hpos2--AG Glyc31p-2AG  H20=-107.75 W/mo;
Viela AH®H " mot AS°H Y mok AG®H , ol ; 1. AHHess=AH°produkti-AH reaktanti; 2.ASHess=AS ®produkti-AS °reaktanti;

HsO* |-285,81| -3,854 |-213,275]B06; =-213,275-1347,73-1057,143-(-2207,30+2*-151,549)=-107.75 Y/ma;
H.O [-285,85|69,9565 |-237,191|crci0 G|yC3P2'+H20 :>G|yCEI’O|+HPO42'+AG+Q; AGLeninger=-9,2 I(J/mol;
H20 -286,65(-453,188|-151,549crc10 AGHess:AG°GcheroI+AG°HPO42--AG°GchSP-AG°H20 =-46,43 K/ mol
H2POs [-1296,3| 90,4 |-1130,2 |crc10=-171,35-1089,28-(-1062,65+(-151,549))=-46,43 X/ma;
H.PO4 |-1302,6/ 92,5 |[-1137,3 KaLeninger=eXp(9200/8,3144/298,15)=40,906
HPO2- |-1292,14] -33 47 |-1089,28|  Glycerol1P-+ADPz(+H,0)=>Glycerol+ATP3"; AGLeninger=11.35 K/mo;
HPO4> [1298,89 -810,792|-1057,143|  Ka =K Lenninger*[H20]=0,000185513*55,3457339=0,0102673531329907
Glyat3P3|-1725,81|-2224,26|-1347,73|AGH=AG Glyc+AG°ATP3-AG°Glyc3p-AG° app2= 40 ¥/mol;
Glyt31P#-[-1725,76] -2290,6 -2207,30|=-171,35-2267,64-(-1062,65-1399,9)= 39,998 X/ma;

Glyat2pP3-| - - -1341.79bb)Glycerol1P2+ADP3+H;0+=>Glycerol+ATP*+H,0; AGLeninger=21.3 ¥/mo;
Glyat2P3-| - - -1333,2 Kanb=KaKbb=40,906*0,000004535142=0,000185515
Glycerol |- - -171,35 Kabb=exp(-21300/8,3144/298,15)=0,000185513;

Glycerol |-679,85|-1760,65|-154,912/ AGH=AG clyc+AG°ATP4+AG°H20-AG°Glyc3P-AG°ADP3-AG°H30=101.724 K/mol;
Glycerate| Bio Thermo|-452,31 |=-154,912-2267,64-151,549-(-1062,65-1399,9-213,275)=101.724 /sy ;
G|y0|3p3 dynamic 2006 -1077,13 AGap=AG+AGp,=-9,2+30,5= 21.3 I(‘]/moI;
Glyo13P3{-1725,8 |-2224,26|-1062,65 | Eksoergiska HPO4* parnese no GlycerolalP?uz ATP+ | | oo
ADP3 [-2627,4| -4010 |-1424,7 pozitiva AGtranster=101,7 K/mol, bet minimizé&jas
ATP4 [-3617,15] -4520 |-2292,5 sasniedzot AGanb=AG.+AGw=21.3 K/mol Iidzsvaru
ADP3 [-2627.4]-4117,11] -1399,0 | Kann=KaKpp=40,906*0,000004535142=0,000185513. T3 Y
ATP* '3617,1 -4526,1 -2267,64 AGaL:'8,3144*298,15*'“(0,010267353)= 11,35 I(‘]/mol A+B:'C 50'% D+E+F

AGanb=AGa+AGhr=-9,2+30,5= 21.3 K/mai; Reaktanti GlycerolalPZ+ADP3+H30*

[Glycerol] [HP O, ]-[ATP*] =Keqi= Kan=KaKs,=0,000185513 Produkti Glycerol+ATP*+H.0:;
[H,O][Glycerol17? ] [ADP?] Glycerat31P%+ H20O => Glycerat3P-+ H2POy,

AGHess=AG°Glyc3p+AG°H2p04--AG Glyc31p -AG°H20=-1347,73-1137,3-(-2207,3+(-237,191))= -40.54 K/mor ;
AGeaL=-ReTeIn(KaL)=-8,3144+298,15+In(7833705)=-39,35 /ino ; [Glycerat3” *][H,0,]
KaL:KLehninger/[HZO]: 433562158,5/55,3457339:7833705: [H 20] . [Glycerat13 4-]

AGH=AG Glycap+AG°Hpos2+AGH30-AG clyea1p-AGHa0=-1347,73-1057,143-213,275-(-2207,3+2*(-151,549))=-107,75 “/rmo! ;
Glycerat31P*+ 2H,0 => Glycerat3P*+ HPO,*+ H3;0*; pH=7,36 “;AGLetninger=-49,3 “/mol, A
KaLehninger==€XP(-AGLeninger/ R/ T)=€Xxp(49300/8,3144/298,15)= 433562158,5, |52 7.
Lidzsvars labvéligs. Eksotermiska un eksoergiska 1,3-bis-fosfo-glycerata hidrolizes reakcijas
brivas energijas izmaina negativa pH=7,36 AGhidrotize=-107,74 K/ , bet minimizejas sasniedzot
AGeq=-49.3 Y/ lidzsvara maistjumu:

[HP 0,7 ].[H;0"]- [Glycerat3P 3]

Kaenninger = [H 20]2-[Glycerat13 ] =433562158,5; Lidzsvara sasnieg$ana ir Prigozina |AGmin= -49-2 Ul
traktora brivas energijas izmainas minimums AGmin Vielu maisijuma reaktanti_; A+2B 50% C+D+E
a gl : min juma. —  Glyc31P*+2H,0
Brivas energijas izmainas minimuma sasniegsana iestajas lidzsvars. produkti Glyc3P3+HPO,>+H3;0O*
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AGHess=AG°aTp3+AG°H20-AG °h2p0a--AG® app2=-2267,64-151,549-(-1399,9-1057,143)=37,85 “/mol;

ADPz+H,PO,=>ATP3¥+H,0; AGLehninger = 20,55 Kot 2,26<pH<6,72 [H,O ]'[AT 4-]
K= [H20]Keminge= 0,000004535142* 55,34573393=0,000251001=10-3:6004= 2 - T

AGbreminger= -ReTeIn(Kbpetminge))= -8,3144298,15+In(0,000251001)=20,551 N/ [Hz"0, 1{AD"]

bb ADP3—+HPO42_+H3O+:>ATP4- +2H20, AbeLehninger:30,5 kJ/mOl; pH:7,36 [H 20 ]Z[AT 4']

Kbb=KLeninger=€Xp(-30,5/8,3144/298,15)= 0,000004535142= [H~07 [TAD ] [Ha0"]

AGH=AG° ATP4+2AG°H20-AG °HPo42- AG° ADP3-AG°H30=46,015 K/mo;
=-2267,64-2*%151,549-(-1057,143-1399,9-213,275)=46,015 K/ma; A G 46,015 G M
Biochemistry Thermodynamic 2006, Alberty Masachusetts; HsO* Mis¢enko 213,275 ¥/moi; :
Endotermiska un endoergiska ADP? fosforilésanas Hesa brivas energijas izmaina pozitiva
pie pH 7,36 AGHess=46,015 K/mor , bet minimizejas AGmin=AGeq=30,5 K/mol Sasniedzot -

[H,0]? [aTP*]
lidzsvara maisijumu : 0,000004535142=Kob= [HP0Z TTAD P 31 H:0"]: re aktanti_
A

M AGmiq=30,5 kJ/mol

A+B+C50% D+2E
Lidzsvara sasniegSana ir Prigozina atraktors brivas energijas izmainas minimums AGmin.  HPO,*+ADP*+2H30*
produkti HPO.,> +ATP*

Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars.
Glycerol1P-+ADP2z =>Glycerol+ATP3(+H20);
AGH=AG clyctAG°ATP3-AG Glyc3p-AG°ADP2=-154,912-2267,64-(-1062,65-1399,9)=39,998 */1nq ;
KeqLehninger=K Lenninger*[H20]=0,000185512570561914* 55,34573393=0,010267
AGeqLeninger=-ReT*In(KaeLeninger)=-8,3144*298,15*In(0,01026732937099)/1000= 11.351 K ot
Glycerol1P?+ADP*+H;0+=>Glycerol+ ATP4+2H,0; AGun=AGa+AGw=-9,2+30,5=21.3 ¥/mo1; AGLetninger=21,3 ¥/mo;
AGH=AG Glyc+AG°ATP4+2AG H20-AG Glyc3p2--AG° AbP3-AGHz0= 40 W/ ;
=-154,912-2267,64+2*-151,549-(-1062,65-1399,9-213,275)= 39.998 /o ;
Kobb=KLeninger=eXp(-21300/8,3144/298,15)= 0,000185512570561914
Glycerat31P*+ADP?* =>Glycerat3P3+ATP* AG_eninger=-18.8 X/mol;
K Lenninger= Keq =€XP(-AGenninger/ R/ T)=€xp(18800/8,3144/298,15)=exp(7,58389) = 1,966266=100-2%¢;
Gcherat31P4'+H20:>Gcherat3P3'+HzPO4; pH<7,199; GaLehninger=-39,4 K mol; [Glycerat3 3'] [H2 04']
KaLehninger:KLehninger/[HzO]=433562158,5/55,3457339:7833705,lll: [H O] . [GcheratlS 4—]
2

AGaLehninger:'R°T°ln(KaLehninger):'8,3144‘298,15'|n(7833705,111)='39,350534 I(‘]/mol;
KabbLehninger=€XP(-AGabbLehninger/ R/ T)=exp(18800/8,3144/298,15)=1966.266

Ka= Kenninger=€XP(-AG Lenninger/ R/T)=exp(49300/8,3144/298,15)=433562158,5= [HP 07 ].[H50"]- [Glycerat3P ]
Gcherat31P4'+2HzO:>Gcherat3P3'+HPO42'+H30+; AGLehninger=-49,3 %/mol, [H 20]2-[Glycerat13 4—]

AGHess=AG °H30++AG°GlycapTAG HP042--AG Glyc31P-2AG°H20=-107.75 K/mol;ex0thermic
=-213,275-1347,73-1057,143-(-2207,30+2*-151,549)=-107.75 K/mo;
Glyat31P*+ADP*=>Glyat3P3+ATP*;AGequow=-49,3+30,5=-18,8 K/mol; AGitess=-33 “/mol
AGriess=AG° ATP4-+AG°Glyc3p3-AG°Glyc31p4-AG° App3=-33 K/mol; =-2292,5-1347,73-(-2207,3-1399,9)=-33 X/mol;
[Glycerat3” 3]-[AT “]
_ —_ * — —_
KaKbb=Kabb=433562158,5*0,000004535142=1966.266= [Glycerat13™ * J[AD 7]
AGeg=-ReTeIn(Keq)=-8,3144+298,15+In(1965,363914)=-18,8 X/mo pH=7,36. A
Eksotermiska un eksoergiska Glycerat31P+ fosfata parneses Hesa brivas energijas G_ T -
izmaina ir negativa pie pH=7,36 negativa AGtransfer= -33 K/mor , bet minimizgjas lidz
AGmin=AGeq= -18,8 K/mol sasniedzot lidzsvara maisijumu:

_[Glycerat3P 3] -[AT “1 _ - _ .
= [Glycerat13” *J[AD" %] =433562158,5*0,000004535142=1966.266; Y

Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin A+B 50% C+D

KaKbb=Kabb

sasnieg8ana lidzsvara maisijuma. Glyc31P* + ADP? reaktanti
Glyc3P?%* +ATP* (C+D) produkti.
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TERMODINAMIKA VINGRINAJUMS V h PyruvateEnolP? hidrolize par H3CC=0COO +HPO4*
AGteninger=-61,9 /o1, PyruvEnolP3+H20=>H3CC=0CO0O+HPO4?*; ;pH=7,36;

1=0,25 M, BioTherm06, pH=7,36, AGHh=AG°H3acc=0c00-+AG°Hp042--AG pyruvEnolP3--AG°H20=-60,484 K/mol;
Viela AH®H ¥ mol AS®H Y moik AG°H , K/ mol ;
PyruvEnolP3| -1400 | -1100 [-1189,73]JCRC10=-474,44-1057,143-(-1189,73-151,549)=-190,3 X/mal
|H3CC:OCOO' -597,4 -850 -350,78 11. AHHZAH°pyruvat+AH°HPO42--AH°Pyrqun0IP3--AH°H20=-209 kJ/mol;
[HscC=0C0O0{ -603,7 | -433,54 | -474,44 }=-597,04-1298,89-(-1400-286,65)= -209 W/mo; exothermic
|H3CC=OCOO' -597,04 | -846,66 -344,62 ASH=AS°pyruvat+AS°HPO42--AS°PyrqunoIP3-'ASoHZO=-104,3 J/K/mol;

H3O* -285,81 | -3,854 |-213,275]=-846,66-810,792-(-1100-453,188)=-104,3 ¥/ma; €xothermic

H.0O -285,85 | 69,9565 [-237,191|]AGHess=AHH-T*ASH=-209-298,15*-0,104264=-177,9 /mol;

H20 -286,65 [-453,188(-151,549
HPOs  [-1296,3 90,4 |[-1130,2
H2PO4 -1302,6 | 92,5 |[-1137,3
HPO4* -1292,14| -33,47 |-1089,28
HPOs2  |-1298,89 |-810,792|-1057,143|K Leninger=exp(61900/8,3144/298,15)= 69902464988=1010.84

. V.
HuoH H\(‘:‘/H tiesa H\(":‘/H
—_— T
B} - C o -————  _C
0] 0"%e-0 070 pretreakcija 0" O
DN o b R I L
ao ° ° +H,0 hidrolize=>HPO,>+" o  tautomerizacija O piruvats AGieminger=-61,9 /ol ;

[cHc=0Cc007]-[HPO/ ]

Ka= 69902464988= =1010.844; pH=7,36..

[H,0] ‘[PyruvEnolP?*]

Eksotermiska un eksoergiska PyruvEnolP3- hidrolizes Hesa briva energijas izmaina AG 5051
-OY, mol

>

negativa pie pH=7,36 AGhidrolize=-190,3 ¥/mol , bet minimizgjas AGmin=AGa= -61,9 ¥/mo|

sasniedzot

_ . [cH.c=0C00 ] [H0F ]
lidzsvara maistjumu Ka= 69902464988= [H,0] "[PyruvEnolP?]

=1010844 AGmm=-5:1,95 g
A+B 50% C+D

Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin
sasniegSana lidzsvara maisijuma. PyruvEnolP3+H20 (A+B) reaktanti_

Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars. H3CC=0COO+HPQO+* (C+D)

rodukti.
FF)>yrqun0|P3‘+ADP3'+H30+:>H3CC:OCOO‘+ATP4'+HZO; AGa=AGa+AGp=-61,9+30,5= -31,4 K/mo;
AGH=AG°ATP4-+AG°H20+AG°H3cc=0c00 -AG°pyruvEnolp3--AG°ApP3-AG °H3o -=-90.724 K/mo;
=-2267,64-151,549-474,44-(-1189,73-1399,9-213,275)=-90.724 X/mmq;
AGHess=AH Hess-T*ASHess=-187.58-298,15*-0,3434:-85,195 kJ/mol;

Kabb=exp(31400/8,3144/298,15)= 317017,6 [H,0]{ATP*][cHCc=0Cc00]
Kabb= Ka Kb =69902464988*0,000004535142=317017,6=  [AD"*]-[H50"] [PyruvEnolP®]
Eksotermiska un eksoergiska PyruvEnolP?- hidrolizes reakcijas Hesa briva energijas A 13364,

G B
AG<0 I

AGmin:'83~:§6 kJ/mol \}

A+B+C 50% D+E+F
sasniegSana maistjuma. PyruvEnolP3+ADP3+H3O* reaktanti

Brivas energijas izmainas minimuma sasniegSana iestajas Iidzsvars. produkti HsCC=0COO+ATP++H,O _

izmaina negativa pie pH=7,36 AGhnidrolize= -190.3 X/mol un -90.724 X/moi, bet
minimiz&jas AGmin= AGabb= -61.9 K/mol un -31,4 X/moi sasniedzot lidzsvara maisijumu:

_ [cnge=0coo]-[H oZl _. . _ [H,0]{ATP*]-cHc=0c00] —
60902464988= "S- ror - e opa e K= e o ~317017,6.

Lidzsvars ir Prigozina atraktora brivas energijas izmainas minimuma AGmin
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ADPz+H,PO,=>ATP*+H,0; AGLehninger = 20,55 K/mol; 2,26<pH<6,72
AGHess=AG°aTp3+AG°H20-AG °H2p0s--AG® app2=-2267,64-151,549-(-1399,9-1057,143)=37,85 X/mol;

: 4-
Ko =[H20] Koeminger= 0,000004535142* 55,34573393= 0,000251001=10-36004= [H,0 ]_ sl J
AGbLenninger=-RoTIn (Kb emnger) =-8,3144*298,15*In(0,000251001)/1000=20,551 W/moi:  1H2"C411AD "]
bb ADP3+HPO,>+H;0*=>ATP* +2H,0; AGpbLenninger=30,5 “/mo1; pH=7,36 [H,0 ]2 AT 4-]
Kbb=KLeninger=€Xp(-30500/8,3144/298,15)= 0,000004535142= 2 > T .
AGHess=AG°ATPa+2AG°H20-AG°HpPo42-AG° ADP3-AG°H30=99.58 K/mol; [HP0,” HAD T [H50"]
=-2267,64-2*151,549-(-1057,143-1399,9-213,275)=99.58 X//mo1;Biothermodynamic 2006; [H.O}/[HsO*] CRC 2010
Endotermiska un endoergiska ADP3- fosforilésanas reakcijas Hesa brivas energijas
izmair}a pOZiﬁva AGfosforilesana=99.58 I(‘]/mol, bet minimizéjas lidz veérttbar | T
AGpb=30,5X/mor sasniedzot lidzsvara maisijumu : AG>0 I Hess

[H,00% [ATP*T L /

0,000004535142=Kpb= [H°0Z HAD " * ] [Hs0"]" Lesatelje princips ir
' AGmin= 30.5 /01

AG 9958K,,G P

Prigozina atraktora brivas energijas izmainas minimuma AGmin sasniegSana; reaktanti_ .
maisTjuma. Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars. A+B 50% 2C
AGH=AG°ATP4-+AG°H20+AG°Hacc=0c00 ~AG°pyruvEnolP3--AG°AppP3-AG °Hzo -=-90.724 K/moi; ADP3+HPO4>+H30* -
=-2267,64-151,549-474,44-(-1189,73-1399,9-213,275)=-90.724 X/mmq; produkti ATP4 +2H20 ;-

PyruvEnolP3+ADP3*+H;0+*=>H3CC=0COO+ATP+*+H,0; AGar=AGat+AGp=-61,9+30,5= -31,4 K/mol;
Kabb=exp(31400/8,3144/298,15)= 317017,6 [H,0]{ATP*][cHc=0c00]
Kabh= Ka Kb =69902464988*0,000004535142=317017,6=  [AD"*][H;0*T [PyruvEnolP*]

Eksotermiska un eksoergiska PyruvEnolP?- hidrolizes reakcijas Hesa brivas energijas

AG -133,6 ¥

AG=0 I

AGinin=-83,36 “Irna &
A+B+C 50% D+E+F
reaktanti PyruvEnolP3-+ADP3-+H30*
Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars. produkti HsCC=0COO+ATP*+H,O
4-
[cHLCOO]-[HSCoA]- [AT P*]
[H~0,> HAD »*T[Acetyl-CoA*]
AGH=AG° ATP4-+ AG°crizcoo-+AG cono--AG HP042-AG° ADP3-AG® pcetyl-cona-= -6,025 K/mo;
=-2267,64-241,663-5,6616-(-1057,143-1399,9-51,8968)= -6,025 “/mol;

Kabkopsia= Kegqb Keqa=318243,5442*4,519*10/(-6)=1,438142576
AGab=-8,3144+298,15+In(1,438142576)= -0,9007 X/mol. Eksotermiskas un eksoergiskas
PyruvEnolP? hidrolizes reakcijas Hesa brivas energijas izmaina negativa pie pH=7,36
AGhidrotize=-6 X/mol, bet minimizgjas 11dz AGmin=AGeq=-0,9 ¥/mol lidzsvara maisijuma

_[CH3COO']-[HSCoA4'].[AT 1 o
Kab= [H70Z [[AD 3']-[AcetyI-C0A4']_1’4381' Lesatelje princips ir Prigozina

izmaina negativa AGhidrolize=-90.7 X/mol, bet minimizgjas sasniedzot lidzsvara maisijumu
[idz vértibai AGanb= -31,4 W/mol , Keq= H20lAT-1CHC=0C00] 317017 6. [ e3atelje

[AD P *]-[H50*] [PyruvEnolP3]

cprincips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin sasnieg$ana.

HPO.>+ADP*+Acetyl-CoA* =>ATP++CH3COO+HSCoA* ;

AGmin: '0,9 IkJ/mol .‘:‘.
A+B+C 50% D+E+F
atraktora brivas energijas izmainas minimuma AGmin sasniegSana maisijuma . Acetyl-__coa4+HPO2+ADP3

Brivas energijas izmainas minimuma sasnieg8ana iestajas Iidzsvars. Produkti ATP4++CH3COO-+HSCoA*
AGrkopgia=AGat+AGp=AGa»=30,5087-31,409= -0,9003 K/mo;
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TERMODINAMIKA VINGRINAJUMS V h AcylCoA#* hidrolize par skabi+ HSCoA*

AcetylCoAZ+H20 =>CH3COOH+HSC0A?%; AGaL=-21,45 K/mo1; KaL=KLeninger/[H20]=5727,95
AGHesszAG°CH3c:OOH+AGocOAz.-AGoAcety|.cOA2.-AGHzo:-531,743-5,6616-(-51,8968-151,549): -333,96 k‘]/mo|;
AGa=-ReTeIn(KaL)=-8,3144*298,15*In(5727,95006026944)/1000= -21,45 K/mor.
1=0,25 M, BioTherm06, CRC10; AGLehninger=-31,4 “/mor; pH=7,36, Acetyl-CoA3+2H20=>CH3COO+HSC0A3-+H30*

ACEty|COA4' - - -51,8968 AGHeSS:AG0CH3COO.+AG0C0A2-+AG°H3O+'AGoAcetyI-CoAZ-'Z*AGHQO:'105,6 kJ/mo|
AcetylCoA* - - -58,06 =-241,663-5,6616-213,275-(-51,8968+2*-151,549)= -105,6 /mo;
HSCoA%* - - -7,26 Ka= KlLeninge=eXxp(31400/8,3144/298,15)=317017,64
HSCoA3  |BioThermod06| -5,6616 -
[CH.COO H]- [HSCoA]

HsCCOO" |-486,836|-813,043|-241,663|K ;) =K  eninger/[H20]=317017,6/55,346=5727,95= : 2.
CastinOn | 8015 | d50d | - | el H20] [H,01" [Acetyl-CoAT]
C16H3202iiqui | -838.1 -

Palmitate- - -1003,54 [cH.COO]: [HSCOA ][Hs0"]

Palmitate- | - -1067,238 Ka= Kieninge=317017,64= 7 3
HsCCOO- |-486,84 82,23 | -247,83 e [H,0]* [Acetyl-CoA™]

HsCCOO- |-485,64| 87,58 |-369,37
PalmtylCoA* |pumiuecon| - |-784,9391 =15,125*-51,8968=-784,9391
H3CCOOH [-484,09) 159,83 |-531,743| Eksoergiska AcylCoA? hidrolizes Hesa brivas energijas izmaina pie

C2H40O0CCHj3 -485,3 [-1644,15| 49176 pH=7,36 negativa AGHess=-105,6 /mol , bet minimizgjas lidz

C2H4OOCCH3 - - -11.52 AGmin=AGa=-31,4 W/mo sasniedzot lidzsvara maistjumu.
CH3CH20H - - 62.96 Lesatelje princips ir Prigozina atraktora brivas energijas izmainas
CHsCH20H |-277.6| 160.7 | -174.8 minimums AGnmin.

CHsCH20H [-290,77|-1227,76| 75,2864 | Acetyl COA>+2H,0 |~ CHsCOO-+HSCoA%+H30*
H:O*  [28581/-3,854]-213275, [Nl &

H20 -285,85|69,9565|-237,191| PalmitCoA%*+2H.0 CH3(CH2)14COO+
H20 -286,65|-453,188|-151,549 reaktanti  [2Gm=314 Tna +HSC0A3+H30";
Brivas energijas izmainas minimuma sasniegSana iestajas lidzsvars. A+2B 50% C+D+E produkti.

Hidrolizes lidzsvars: PalmitateCoA>+H20=>CH3(CH2)14COOH+HSC0A?; AGaLr=-22.35 W/mqi; pie p H<5

AGaL:-R°T°ln(KaL):-8,3144*298,15*|n(8235,15078047156):-22,35 kJ/moI; [CH (CH2)14COO H] [HSCOAZ_]
KaL=K Leninger/[H20]=455782,655095979/55,346=8235,1507804715c6= [I;almitate-CoAz'] [H,0]

AGHess=AG °usconz+AG paimitate-(AGPalmitateCoA2+ AGr20)= -194,7954 K /mor; 2

1/455782,655095979=1/K,; K.=KLehninger=455782,655095979= [cH 5 : 5
PalmitCoA3+2H,0=>CH3(CH2)14CO0+HSCOA3+H30*;AGLamninger= -32.3 /mor; [H,0]" [Palmitate-CoA™]
AGHess=AG°sconz+AG pamitate-(AGPaimitateCoAz+ AGH20)=-5,6616-1067,238-(-784,9391-151,549)=-136,4 Y/pmor;

AGess=AG Hscoas+AG paimitate-TAG°Hzo+-(AGpamitatecoas+ 2AGrzo)=-5,6616-1067,238-213,275-(-784,9391+2*-151,549)= -198,14 K/ 1y;
Ka=K Leninge=€xp(32300/8,3144/298,15)=455782,655095979; Eksoergiska PalmitCoA?

hidrolizes Hesa brivas energijas izmaina pie pH=7,36 negativa AGHess=-198 X/mol, bet

minimizgjas [idz AGmin=AGa=-32,3 W/mol ; Ki=KLehninger=455782,655095979 sasniedzot
lidzsvara maisijumu: Lesatelje princips ir Prigozina atraktora brivas energijas izmainas
minimuma AGmin sasniegSana. Brivas energijas izmainas minimuma sasnieg$ana iestajas

lidzsvars. Reaktanti PalmitCoA%*+2H20

HP207%4+2 H20=>HP 042 +HPO4>+H30*; AGaLehninger=-19.2 K mol; AGmin= -32.3 kJ/m@

Ka=exp(19200/8,3144/298,15)=2310,5736; Kn=EXP(-AG«/R/T)= 97462087,2480605; A+2B 50% C+D+E

ATP*+2H20=>AMP2+ HP207%+H30"; AGbLenninger=-45.6 K/mor; produkti CHS(CH2)14COO'+HSCOA3'+HSO+
CH3COO +HSCoA*+H30*=>Acetyl-CoA*+2H20; AGcLenninger=31.4 ¥/mar ; Kc=EXP(-AGa/R/T)= 0,0000031544;
abc CH3COO +HSCoA*+ATP4=>AMPZ+HP2073+Acetyl-CoA*. AGLenninge=-33.4 K/mol ;
AGabc=-45,6-19,2+31,4=-33.4 X/mo1, Kanc=2310,5736*97462087,2480605*0,0000031544=710349,826891739:
AGpphcHess= AGppHesst+AGbHess+ AGcHess =-85.6 -111,45+105,6=-91.45 K/mar .
AGabc=-ReTeIn(K)=-8,3144*298,15*In(710349,826891739)=-33,4 K/mol;

{CH,);,CO0} [HSCoA> | [H;0"]
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TERMODINAMIKA VINGRINAJUMS V h PalmtyICoA* hidrolize par skabi HSCoA*
Hidrolizes lidzsvars: PalmitateCoA2+H,0=>CH3(CH,)u,COOH+HSCOAZ:AGa =-22.35 Wiarsat p H<5

AGa=-ReTeIn(Ka)=-8,3144*298,15*In(8235,15078047156)=-22,35 /o
KaL =K Leninger/ [H20]=455782,655095979/55,346=8235,15078047156= ) -
AGHess=AG® sconr HAG saimitae-(AGPaimitateCons+AGH20)= -136,4 Mfmar: [Palmitate-CoA™][H 0]
=-5,6616-1067,238-(-784,9391-151,549)=-136,4 K/noi; =-5,6616-1067,238-213,275-(-784,9391+2*(-151,549-237,191)/2)=-112.5 X/ q;
Hidrolizes lidzsvars: PalmitCoA¥+2H,0=>CHs(CH2)COO+HSCOA* +Hs0*;AG Letminger=-32.3 “/mor; PH=7,36
HSCoA* - - -7,26 AGriess=AG°Hscons+tAG pamitate- A G130+~ (AGpamitatecondst2AGrzo)= -112,5 Kol
HSCoA3 - - -5,6616 Ka=K Leninge=€Xp(32300/8,3144/298,15)=455782,655095979
PalmitateCoA -999,745Palmitate- -1003,54 | i = K ¢nninger=455782,655= [CH3(CH2>14CSO']-[H$00A3’]-[H33_o*] pie pH=7,36
PalmitateCoA |-784,9391|Palmitate--1067,238 [H 0] [Paimitate-CoA™]
Ci6H3202s | -891.5 | 452.4 |-1026,383| Endoergiska PalmitCoA* hidrolizes Hesa brivas energijas izmaina
Ci16H3202ii | -838.1 - - negativa AGatess=-198 X/mol pie pH=7,36, bet
HsO* -285,81| -3,854 |-213,275| minimiz&jas AGmin=AGa=-32,3 X/mol Sasniedzot
H.O -285,85| 69,9565 | -237,191 | lidzsvara maistjumu: 455782,655=Ka. Lesatelje
H.0 -286,65| -453,188 | -151,549 | princips ir Prigozina atraktora brivas energijas
HP,O;% 229104 -1181,25 -1938,85 izmainas minimums AGmin. Brivas energijas
HP,O/% |-2247.8 46 -1940,66 izmainas minimuma sasniegsana iestajas Iidzsvars. |[aGu,=-323 T
HaP207> - : 11952,27 (ATPE+H20=>AMP+HaP207%; AGups=-35,65 “Ina; A48 50% C+D+E

AGHess=AG°H2p2073--AG° amp2- ~-AG°ATP4--AG°H20 =-1938,85-530,066-(-2267,64-151,549)= -49,727 W/ma;
AGmppL=-ReTeIn(KmppL)=-8,3144*298,15*In(1760959,91125033)/1000=-35,65 /im0 ; 21 [AMP
KmppL=KLeninger/[H20]= 97462087,2480605/55,346=1760959,91125033= WT_] ]
K Letninger=97462087,2480605=K 4,=1/1,02604/10"(-?)=97462087,2480605; 2
Kab=KLeninger=eXP (-AGenninger/ R/ T)=€Xp(45600/8,3144/298,15)=97462087,2480605= [HF, O3 T[AMP*]-[H;0*]
Eksotermiska un eksoergiska parneses Hesa briva energijas izmaina negativa pH=7,36  [4,0]% -[ATP%]
AGtransfer=-111,45 K/mol , bet minimiz&jas sasniedzot lidzsvaru 97462087=Kmpp t0 AGmin=AGeq= -45,6 K/mol:
ab ATP4+2H20=>AMPZ+HP2073+H30". AGLeninger:-45,6 I(J/mol; pH=7.36; A -195.6 K/ino1 A
AGHess=+AG°Hp2073-+AG° AMP2-+AG°H30+-AG°ATP4--2AG H20= -111,45 K/mol ; G -88.5 Kol
=-213,275-1938,85-530,066-(-2267,64+2*-151,549)= -111,45 K/mol
abc) CH3(CH2)14COO+HSCoA3+ATP* =>HP2073+AMPZ+PalmitateCoA%;
pH=7,36; AGanc=-45,6-19,2+32,3=-32,5 X/mol,
Kanc=2310,5736*97462087,2480605*1/455782,655095979=494080,5;
Kabc=eXP(-AGyeninger/R/T)=€xp(32500/8,3144/298,15)= 494079,2;
[HP, 05 [AMP ¥ ] [Palmitate-CoA%]
Kanc=494079,2= [CH{CH,);4CO0 ] [HSCOA* AT P *]
bba) HPO,>+ADP*+Palmitate-CoA3-=>CH3(CH2)14COO+HSCoA3+ATP*; ”
AGhbaLehninger=AGob+AG:=30,5-32,3= -1,89/mo;  reaktanti__ ATB+C 50% D+E+

=-1938,85-530,066-1067,238-(-2267,64-5,6616-1067,238)=-195,6 “/mol;pIOUUKLI_aoi 1itocy 1 Palite. COe

AGHess=AG°ATP4+AG® Hscoas+AG® paimitat-AG °Hp2073-AG° AMP2-AG °paimitatecoas= -195,6 K/mol;
AGHess=AG°ATP4+AG® Hscoas+AG® paimitat-AG °Hpo42-AG° ADP3-AG °paimitatecoA3= -88,5 K¥/mol;
=-2267,64-5,6616-1067,238-(-1067,238-1399,9-784,9391)=-88,5 K/mo1;Biothermodynamic 2006; CRC 2010
[CH,(CH,);,C00]-[HSCOA ].[AT 4]
[HP02]-[AD 3] -[Palmitate-CoA ]
AGpbaL=-ReTeIn(Kabbar)=-8,3144*298,15*In(2,0671)=-1,8 K/mo1; Parneses Hesa brivas energijas izmaina pie
pH=7,36 negativa AGHess=-88,5 X/mol , bet minimizgjas lidz AGab=-1,8 K/mol Sasniedzot lidzsvara maisTjumu:

2,067= Kab . Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin sasniegSana
lidzsvara maisijuma. Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars.

[CH(CH,),4COOH][HSCOA ]

ol
AGnin=-1,8 K mol v
[ 'S

KbbaLeninger=eXP(-AGpsateminger/ RIT)=Xp(1800/8,3144/298,15)=2,067=
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cL CH3(CH2)14COOH+HSCo0AZ => PalmitateCoA2+H20; AGaL=22.35 K/moi;at p H<5
AGHess=AG °nscoaztAG pamitate- (AGpaimitatecoad+AGH20) =-784,9391-151,549-(-5,6616-1067,238)=136,4 X/mol;
KaLehninger:KLehninger:455782,7*[H20]:2,194*10/\('6)*55,34573393:0,000121429
AGeqLehn:-R°T°ln(KeqLehninge)=-8,3l44*298,15*|n(0,000121429):22,35 kJ/mol;
¢ CH3(CH2)14COO+HSCoA3+H30*=>PalmitateCoA3+2 H20; pH=7,36; AGLenin=32,3 X/mol;
AGaHess=AG eninger 2AGrz0-AGhgo=-784,9391+2*-151,549-(-5,6616-1067,238-213,275)=198, 14 ¥/, [H 20]2 ‘[Palmitate-CoA>]
K=K Lehninger=EXP(-AGH /R/T)=EXP(-32300/8,3144/298,15)=2,194*10-6=
AG=-RTIn(K¢)=-8,3144*298,15*In(2,194*10"(¢))/1000= 32,3 K¥/mol;
At ehningerH2P2072+H20=>H2PO4+H2PO4; pH<7,199; AGcLehninger= -29,15 X/mol;
AGHess=2AG°H2p04--AG°H2r2072--AG°H20=2%-1137,3-(-1952,27-151,549)= -170.8 X/ma;
AGctenninger=-ReTeIn (Kt eninger)=-8,3144*298,15*In(127880,391691282)/1000= -29,15 ¥/ mo; [H,204].[Ho70,]
KeLenninger=KLenninger *[H20]=2310,5736*55,34573393=127880,391691282= [H,0]{H, > 02]
a HP207%+2H20=>HPO4*+HPO4>+H30*+AG+Q; pH=7,36; AGLehninger=-19,2 X/mol; 2 2 !
AGHess=2AG°Hpo42+AG°H30-AG°HP2073-2AG °H20=2*-1057,143-213,275-(-1938,85+2*(-151,549))=-85.6 X/mo
AGa=-ReTeIn(Ka)=-8,3144*298,15*In(3,2927*107(-8))/1000=42,71 K/mol, [H 02']-2[H3O+]
Ke= KLenninger=€XP(-AGLehninger/R/T)=exp(19200/8,3144/298,15)=2310,5736= [H 20]2_ [H O?]

[CH{CH,)1,C00 }HSCOA* ] [H;0"]

AGHabb=AG Glycerol+*AG°aTP4+AG°H20-AG° ADP3-AG° Glyo13P-AG°H30=101.724 X/mol;
=-154,912-2267,64-151,549-(-1399,9-1062,65-213,275)=101.724 K/mq;
=-171,35-2267,64+(-237,191-151,549)/2-(-1399,9-1062,65-213,275)=42.465 K/ma;

AGLenninger=-9,2 K/mol; Glycerol-3-phosphate+H,0+AG+Q=>Glycerol+HPO.> ; pH=7.36;

bb ADP3+HPOsZ+H30*=>ATP*+2 H20; AGbb=30,5 /mr;
Glycerol1PZ+ADP3+H3O*=>Glycerol+ATP*+H20;AGapb=21.3 K/moi; AGapb=AGa+AGpp=-9,2+30,5=21.3 K/mo;
GlyclP-+ ADP?=>Glycerol+ ATP3; AGLehninger=11.35 K/mol; Ka=0.010267

KabbL=Kap *[H20]=0,000185506741578019*55,346=0,010267056119377

AGHabb =AG°Glyc+AG° aTP4-AG° ADP3-AG °Glyol3p=-154,912-2267,64-(-1399,9-1062,65)=39,998 K/mo
AGabbLenninger=-ReTIn (KabbLehninge)=-8,3144*298,15*In(0,010267056119377)/1000=11,35 K¥/mol;

Fruc6PZ+H,0 =>Fruc+HPO.,>+AG+Q; AGLehninger=-15,9 Kol

AGHess=AG °FructAG°Hp042--AG°Frucep-AG°H20 = -70.951 K/mol
=-426,32-1089,28-(-1293,1-151,549)= -70.951 X/mol exoergic
AHHess=AH°EructAH HPo42--AH °Frucsp-AH H20=-8,51 X/mol
=-1264,32-1298,89-(-2268,05-286,65)= -14,154 K/mo exoergic
ASdisperse:-AHhess/T:8,51/298,15:28,54 J/(mol K),
ASHess=AS°FructAS°HP042--AS °Frucep-AS °H20=19,066 K/mol
=-2893,39-810,792-(-3270,06-453,188)= -14,154 Xm0l ex0ergic

AGHess=AHHess—T* ASHess=-8,51-298,15*0,019066=-14,2 Kol exoergic
AStotaIZASHess+ASdispersed=19,066+28,54=47.606 J/m0|/K

TeAStota=0,047606 *298,15=14.194 X/mo1 TASn dispersed

Fruc6PZ+ADP3+H30O* :>FI’UC+ATP4'+HZO;AGLehninger:14,6 I(J/mol; DH:7.36
AGHabb=AG°Fruc+AG°aTPa+AG °H20-AG° ADP3-AG°FruceP-AG°H30=85.426 K/mol;
=-401,66-2267,64-151,549-(-1399,9-1293,1-213,275)=85.426 X/mo;
FI’UCGP'+ADP2'2>FFUC+ATP3';AGLehninger:4.65 kJ/mol; KLehninge:O,153199602471084
AGHabb=AG°Fruc+AG°ATP4-AG° ADP3-AG Frucepr=23.7 X/mol;
=-401,66-2267,64-(-1399,9-1293,1)=23.7 X/mol;
Kabb.=Kapnb*[H20]=0,00276803386823048*55,346=0,153199602471084
AGabbLenninger=-ReTeIn (KabbLehninge)=-8,3144*298,15*In(0,153199602471084)/1000=4.65 K/mo;
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TERMODINAMIKA VINGRINAJUMS V h Glycerol-3-fosfata?” un Fruktoze-6-fosfata?- hidrolize

Aprekinat AH4 ASH AGh standarta apstaklos 298.15 K vai ir eksotermiska , atermiska, endotermiska?
Fosfata hidrolizi Glycerol3P?% ar tideni! Miniet vai reakcija bis eksoergiska vai endoergiska!l

AG Leninger=-9,2 Y/ma1; Glycerol-3-phosphate?+H,0+AG+Q=>Glycerol+HPO.> ; pH=7.36;
Viela AHH */mot AS®H Y moiik AG®H , ¥/mar ; Glycerol-3-phosphate+H,O+AG+Q=>Glycerol+ H,PO,;pH<7.199;

Miscenko ; AGH=AG Glyceroi+AG°Hpo42--AG Glyoizp -AG°H20=-14.294 K/mol

=-171,35-1057,143-(-1062,65-151,549)=-14.294 X/mol ex0ergic

B06; Ka=KLenninger=eXxp(9200/8,3144/298,15)=40,9055659488465

AGH=AG Glycerol+AG°H2p04--AG Glyoisp-AG°H20=-70.913 K/mal ; exoergic

=-154,912-1130,2-(-1062,65-151,549)=-70.913 K/mq|

Glycerol1P?+ADP3+H30*=>Glycerol+ATP4 +H,0;AGu56=21.3 ¥/mai;

AGabb=AGat+AGbpb=-9,2+30,5=21.3 W/n;

Kabb=KaKbb=40,9055659488465*4,535*10"(-6)= 0,000185506 741578019

AGHabb=AG GlyctAG°atpa+AG *H20-AG° app3-AG Glyolsp-AG°H30=101.724 /o

=-154,912-2267,64-151,549-(-1399,9-1062,65-213,275)=101.724 X/mol;

=-171,35-2267,64+(-237,191-151,549)/2-(-1399,9-1062,65-213,275)=42.465 /o

Glyc1P-+ ADPz=>Glycerol+ ATP%; AGLeninger=11.35 X/mol; Ka.=0.010267

KanbL=Kab *[H20]=0,000185506741578019*55,346=0,010267056119377

IAGHabbL=AG °Glyc+AG °ATP4-AG°ADP3-AG °Glyoizp=-154,912-2267,64-(-1399,9-1062,65)=40 X/mol

BioThe06;

Fruc6Pz+H,0O :>FI’UC+HPO42'+AG+Q; AGLeninger:-15,9 kJ/mol;

IAGHess=AG ° FructtAG°HPo42--AG°Frucep-AG°H20 = -70.951 I(‘]/mol; exoergic

=-426,32-1089,28-(-1293,1-151,549)= -70.951 K/mol eX0€rgic

Ka=KLehninger=€Xp(15900/8,3144/298,15)=610,3521266

ADPz+H,PO,=>ATP3*+H,0; AGbLehninger = 20,55 kJ/mol; pH<7,199

Ko =[H20] K eminger= 0,000004535142* 55,34573393= 0,000251001

AGpL=-ReTeIn(KbL)=-8,3144*298,15*In(0,000251001)/1000=20.55 X/mo

bb ADP3+HPO4?+H30*=>ATP*+2 H:0; pH=7.36; AGbr=30,5 “/mo;

Kob=K Leninge=eXP(-AGeming/ RIT)=€Xp(-30500/8,3144/298,15)=4,535*10°;

AGDbDbHess=AG°ATP4+2AGH20-AG°HPo42-AG° ADP3-A G °H30=99.58 K/mol

HsO* |[-285,81| -3,854 |-213,275
H.O [-285,85]| 69,9565 |-237,191
H.O |-286,65|-453,188|-151,549
HPOs [F1296,3 | 90,4 |-1130,2
H-PO4 [-1302,6] 925 |-1137,3
HPO4* |-1292,14| -33,47 |-1089,28
HPO.2 F1298,89|-810,792|-1057,143
ADP3 | -2627,4 | -4010 | -1424,7
ATP4 |-3617,15| -4520 | -2292,5
ADP?3 |-2627,4|-4117,11| -1399,9
ATP4 |-3617,1]| -4526,1 |-2267,64
Glyat3P? - - -1347,73
Glyt31P4|-1725,76| -2290,6 [-2207,30
Glyat2P? - - -1341,79
Glyat2P? - - -1333,2
Glycerol- - - -171,35
Glycerol- | -679,85 |-1760,65|-154,912
Glycerate| - - -452,31
Glyol3P= - - -1077,13
Glyol3P?-|-1725,81|-2224,26 |-1062,65
Frucl6P+ - - -2206,78
Fruc16P4|-3340,81|-3872,58| -2186,2
Fruc6P? - - -1315,74
Fruc6P?- |-2268,05|-3270,06| -1293,1
Fruc - - -426,32
Fruc |[-1264,32|-2893,39| -401,66
Glc6P? | -2260 [-3291,56|-1318,92
Glc6PZ |-2279,314 |-3297,196 |-1296,262

=-2267,64-2*151,549-(-1057,143-1399,9-213,275)=99.58 X/mol;

Fruc6PZ+ADP3+H30O*=>Fruc+ATP++H,0O; AGLeninger=14,6 I(‘]/mol; AGabb=AGa+AGpp=-15,9+30,5=14.6 K/mol;
AGHabb:AoGFruc+A°GATP4+A°GH2()-A°GADP3-A°GFruc5P-A°HH3o=-401,66-2267,64-151,549-(-1399,9-1293,1-213,275)285.426 k‘]/mol;
Kabb=exp(-14600/8,3144/298,15)=0,00276803386823048;

Fruk6PZ=>GIc6PZ; AGLeninger=-1,7 K)ol ; AGH=AG°GIceP+AG°Frucep=-1296,262+1293,1=-3,162 k/ma;

K Leninger=eXP(-AG Lehninger/R/T)=exp(1700/8,3144/298,15)=exp(0,29783)=1,98531;
AGeg=-ReTeIn(Keq)=-8,3144+298,15-In(1,98531)=-1,7 X/mol eksotermiska un eksoergiska
parnese Uz Glc, Fruc6P, ATP* AGuidrolize=-3,173, -70.95 un -99.58 K/moi Hesa brivas
energijas izmaina negativa, bet minimizéjas AGmin=AGeq=-1,7 , -15,9 un -30.5 K/mol

lidzsvara maistjumu Klieninger=1,985= Glc6r7]
[Frucér #]

Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin
sasniegSana maisTjuma. Reaktanti A fruktoze-6-fosfats produkti glikoze-6-fosfats B
Brivas energijas izmainas minimuma sasniegsana iestajas lidzsvars.

-99.58 kJ/mol
-70.95 kJ/mol

>

“1 : Ka= 610,35; KbLeninger=220500:
AGmin: -305 k‘]/mol

AGmin=-15.9 k‘]/mol

AGmin= -1,7I K/ mol &
A 50% B
A+B+C 50% D+E+F
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TERMODINAMIKA VINGRINAJUMS V e (H3CCO) 20 hidrolize par acetatu CHsCOO- pie pH<4,76 , pH=7,36.
CH3COOOCCH3+H20=2CH3COOH; CH3COOOCCH3+3H20=2CH3COO +2H30*; AGLeninger=-91,1 K/mol ;

=2*-531,743-(820-151,549)= -91,13 K/mql
crc10; AGH=2AG°cHacooH-AG°(Hacc0)20-AG°H20=-97.385 K/ma;
cre10; 2AG°cHacooH+91,1-AG°H20=AG°H3cco)20=-728,91 K/mol;
B06; AH:s=2*-531,743-(-728,91-237,191)=-97.385 */ma;
crc10; AHnes=2AH cHacooH-AH°(H3cco)20-AH H20=-57.93 K/mol;

ASH=2AS°CcH3cooH-AS° (H3cc0)20-AS  H20=113,995 Y/molk;

crc10; =2*159,83-(658,853-453,188)= 113,995 Y/moik;

BO6: ASdispeHse=-AHHess/T:57130/298, 15=191,615 J/moI/K;

Viela  AH°{K/molAS°/motik| AG®w K/ mol
HsO* | -285,81 | -3,854 |-213,275
H20 -285,85 | 69,9565 | -237,191
H20 -286,65 |-453,188 | -151,549
(HsCCO)20| -624,4 | 658,853 | -820,81
(HsCCO):0| -624,4 | 658,853 | -820,81
H3sCCOO- - - -247.83
H3CCOO-486,836| -822,3 |-241,663
HsC-COOH| -484,09 | 159,83 | -531,743

AG=AHw-T*AS+=-57,93-298,15*0,113995=-91,92 X/mol exoergic

AStotaIZASH+ASdispeHsed:191,615+113,995:305,61 J/moI/K; TeAStotai=0,30561*298,15=91,12 k3 /mol TASn dispersed
K oq=K Leninger=eXP(~AG Leminger RIT)=€Xp(91100/8,3144/298,15)=exp(36,75)=9,12*1015=1015.%;

Eksotermiskas un eksoergiskas (H3CCO)20 hidrolizes Hesa brivas energijas izmaina
negativa pie pH<4,76 CH3COOH AGhidrolize= -97.4%/mol , bet minimizgjas
AGmin=AGeq= -91,1 X/mol sasniedzot lidzsvara maistjumu

Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin

9,12*1015=101596= Keq= [CH3COOOCCH3]'[H 20]

[cH,cooH I

AGmin= -gl!l k*]/moli,

reaktanti A+B (H3CCO).0+ H20 A+B 50% 2C

produkti_2CH3COOH

sasniegSana lidzsvara maisijuma. Brivas energijas izmainas minimuma sasniegSana iestajas lidzsvars.
CH3COOOCCHS3 +3 H20 => 2 CH3COO+2 H3O*; AGw = 217,26 X/moi; pie pH=7,36;
AGiess=2AG°cH3co0+2AS  H30-AG° (H3cc0)20-3AG  H20=2*-241,663+2*-213,275-(-728,91+3*-151,549)=273.7 W/mol;
=2*-241,663+2*-213,275-(-728,91+3*-151,549)=273.7 Y/mol endoergic

AHH:2AH°CH3coo+2AS°H30-AH°(H3cco) 20-3AH°H202-60,942 I(J/mol; ASdiSDEHSE:'AHH/T:GO,942/298,15:204,4 ‘]/moI/K;
=2*-486,836+2*-285,81-(-624,4+3*-286,65)=-60,942 ¥/mol;

AS=2AS°cH3coo-+2AS°H30-AS° H3cco) 20-3AS°H20= AStotai=ASH+ASdispensed=-951,597+204,4=-747,197 I/ molk;
=2*-822,3+2*-3,854-(658,853+3*-453,188)=-951.597 /molk;

AG=AHx-T*ASy=-60,942-298,15*-0,9516=222.777 X/mol; TAStota=-0,747197*298,15=-222.777 “/;o TASn dispersed

AGeq=-ReTeIn(Keq)=-8,3144*298,15*In(0,000102504)/1000=22,77 ¥/mol
Keq=Kreminge[H3O*]?/[H20]2=9,12*1075* 107 (-7:36*2)/55,34573393"2=0,0056 732=

Endotermiska un endoergiska anhidrida hidrolizes Hesa brivas energijas izmaina

AGhidroiize pozitiva 223 K/mol , bet minimizgjas 1idz AGmin=AGeq=12,82 K/mol sasniedzot

[cH,c00T? [Hy0*?

lidzsvara maisTjumu Keq= [cH,coo0ccH,]-[H zo]3=0,000102504 . Lesatelje princips ir

Prigozina atraktora brivas energijas izmainas minimuma AGmin sasnieg$ana lidzsvara
maisijuma. Brivas energijas izmainas minimuma sasniegSana iestajas lidzsvars.

Reaktanti (HsCCO).0+3 H20 produkti 2 CH3COO™+2 H3O* .

12 2
[cH,cO0]" [H30%]
[cH,co00ccH,]- [H,0]?

\:[AGminzl 12,82 kJ/mm

A+3B 50% 2C+2D
H2P2072+H20=H30*+HP207%; AGres=AG°H30++AG°HoP020r0203-AG°H20P020P0202--AG°H20= 25.73 K/mol ;
=-213,275-1938,85-(-1940,66-237,191)= 25.73 X/ma ;

AGeq = - ReTeIn(Keq)=-8,3144298, 15+ In(10-8463)=48 31 W/,
[H30°][H

071

Keq= KH2p2072/[H20] =10-672/55,3=3,4436*10-9=10-8463= [H,0][H,,02]
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TERMODINAMIKA VINGRINAJUMS V e Pirofesfata hidrolize par HPO.,> + HPO,>

Aprekinat AH4 ASH AGh standarta apstaklos 298.15 K vai ir eksotermiska , atermiska, endotermiska?
Fosfats hidrolize no pirofosfata ar ideni! Reakcija biis eksoergiska vai endoergiska!

0 ') He H Pirofosfats pKa AH° C
0=P—0—P-OH TSI HaP207=H*+HsP207 0,83 -9,2 -90
- A _,OP-OH 5=p.oH HsP207=H*+H2 P207* 7 2,26 -50 -130
Oo. ~ 6- I Hz P207=H*+HP.07* 6,72 0,5 -136

H H O HP,O=H*+P207 946 14 -141

1. AHHess=AH °produkti-AH reaktanti; HP2073'+2H202>HPO42'+HPO42'+H3O+; AGLehningerpp=-19,2 I(J/mol; pH:7,36
Viela AH Hess/mol AS°Hess Y/molik AG°Hess “/mol ; HP207%+ADP3=>HPO,2+ATP*; AGabbpp=11,3 ¥/mol; pH=7,36

H3zO* |-285,81| -3,854 |-213,275Misc¢enko ; AGabbpp=AGapp+AGbb=-19,2+30,5=11,3 K/mol;
H20 [-285,85| 69,9565 |-237,191 AGH=AG°H30+ +2AG°Hp042--AG°HoP020P0202--2AG°H20 =-85,6 X/mol ;
H.O [-286,65(-453,188(-151,549 =-213,275+2*-1057,143-(-1938,85+2*-151,549)=-85,6 K/mo;

HPO4+ |-1296,3 | 90,4 |-1130,2 Endotermiska un endoergiska HPO4? parneses A .
H2PO4 [-1302,6| 92,5 |-1137,3 |no HP207> Hesa brivas energijas izmaina negativa G856 YVl
HPO4> |-1292,14| -33,47 |-1089,28|pie pH=7,36 AGHess=-85,6, bet minimizgjas

HPO4#> |-1298,89 |-810,792|-1057,143| AGmin=AGeq=-19,2 K/mol sasniedzot lidzsvaru =~ | T~ -*--. & !

H2P207% |- - -1952,27 [H 042{]-2[H3O+]
HP>O73 |- - -1940,66 Kapp:KLeningepp=2310,57: [H 2012' [H O?] . AGmin= -19,.2 K/ mol :
HP2073- |-2291,04 |-1181,25 |-1938,85 A+2B 50% 2C+D
adenosine| -626,66 |-3316,57| 362,172 reaktanti HP207*+2H20
adenosine - - 335.46 produkti 2HPO42+H30*
Lidzsvara sasnieg$ana ir Prigozina atraktors brivas energijas izmainas minimums AGmin .
Brivas energijas izmainas minimuma sasniegSana iestajas lidzsvars. [HPOZ1%[H 40']

Kapp= KLeningepp:eXp(-AGLehninger/R/T):eXp(19200/8,3144/298,15):2310,57: [H 0]2.[H O?]
H2 P2072+H20=H30*+HP207%"; 2

+ 3-
Keq=Krizp2072/[H20]=10872/55,3457=3,4436*109=10 8463= [HsOMH 72071
H2P2072+H20=>H:POs+H:P047; AGpp=-71,16 “/moi; bez 6,72<pH<7,199; [H,0]{H2>207]
Kpp=KLehningerpp/[H20]= 2310,57/55,34573393=41,748= [H2 0,4 ]:[H2704]

AGpp=-ReTeIn(Kpp)=-8,3144*298,15*In(41,74799819)= -9,251 K/mar , [H,O0]{H, 07]

AGHess=2AG°H2p04--AG °H2p2072--AG°H20=-70,94 K/mo1; =2*-1130,2-(-1952,27-237,191)= -70,94 K/mor;
Eksotermiskas un eksoergiskas H2P207%" hidrolitiska Hesa brivas energijas A 10,941/ A

izmaina uz H2PO4+HPO4% negativa AGHess= -70,94 K/mor , bet minimizgjas sasniedzot G T

lidzsvara AGmin= AGpp= -9,251 X/mol maisijumu bez pH<7,199

[H2 oz_l]'[HZ 04] . . . .. — =, T i
41,748=Kpp= [H,0]TH, 7, 02] Lesatelje princips ir Prigozina atraktora brivas
2

AGminz “9125 k /mol B
Il X

energijas izmainas minimuma AGmin sasniegSana maisijuma. Brivas energijas

izmainas minimuma sasniegSana iestajas lidzsvars. Kpp=41,748; A+B 50% 2C
H2P2072+ADPZ=>H;PO4+ATP3; pH<6,72; AGapbpprr=21,25 K/mol; Reaktanti HP2072-+H»0
KabbpppH=Kabbpp/[H20]=0,01047878/55,3457=0,0001893 produkti HaPO4+H2POs

AGabbpppH=-ReTeIn(KabbpppH)=-8,3144*298,15*In(0,0001893)/1000=21,25 %/mo;
KabbppL=eXP(-AGLehninger/R/T)=exp(-11300/8,3144/298,15)=0,01047878

KabL=KaLKbL =41,748*0,000250942=0,010476327;
AGabbppL=-ReTeln(KapbppL)=-8,3144+298,15°In(0,01047878)=11,3 K/mo;
HP2073+ADP3=>HPO42+ATP*; pH=7,36; AGLehninger=30,5+(-19,2)=11,3 K/mol;
AGHess=AG°Hpo42-+AG°ATP4--AG°Hp2073--AG°ADP3-=-1057,143-2267,64-(-1938,85-1399,9)=13,96 7 K)/mo;
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HsO* |-285,81| -3,854 |-213,275|AHues=AHcin+AHH20-AH Glu--AHNH4:=19,5 ¥/mol
H>O |-285,85 69,9565 [-237,191=-809,12-286,65-(-982,77-132,5)= 19,5 K/mol endothermic
H20 |[-286,65 [-453,188(-151,549 |AS,s=AS°GIn+AS°H30-AS°Glu--AS°NHa+=-842,478 I molik
HoPO4 |-1296,3 | 90,4 | -1130,2 |=-2379,04-453,188-(-2103,15+113,4)=-842,478 */moik
H2PO4 |-1302,6| 92,5 | -1137,3 |AGres=AHuess- T*ASke=19,5-298,15*-0,842478=270,7 K/moi; endoergic
HPO.2 |-1292,14] -33,47 [-1089,28[a)Glu+NH,* =>GIn+H,0; AG.ehinger=14,2 X/mor; pH=7,36;
HPO42 |-1298,89|-810,792|-1057,143|A KaLehninger=eXP (-AGateminger/ R/ T)=€Xxp(14200/8,3144/298,15)=307.43

AGHess=AG°GIn+AG°H20-AG°Glu-AG°NH4=-99,8112-151,549-(-355,712-79,3)= 183,7 X/mol;
Katenninger=eXP(-AGaLehninger/R/T)=exp(-14200/8,3144/298,15)=0,003252737 =

[GIn].[H,0]
[Glu™J[NH;]

Endoergiska Glu amin&$anas par Gln Hesa brivas energijas izmaina AGHess pozitiva

GIn +H20 =>Glu+NHs*; AGaLehninger=-14.2 K/ mol; KaLeninger=307.43=
183.65 /mol, bet minimizgjas [1dz AGmin=AGaLehninger=14.2 kK)/mor sasniedzot lidzsvara

[Glu"]-[NH;]
[GIn]-[H,0]

maistjumu: Kaienninger=0,003252737=[Glu-]*[NH.*])/[ GIn]*[ H.O]. Eksoergiskas Glu amin&$ana Gln ar ATP* Hesa

AMP?- - - -554,83 | brivas energijas izmaina AGress=-40,2 K/mol Negativa
ADP3 |-2627,4| -4010 |-1424,7| pie pH<7,199, bet minimiz&jas sasniedzot lidzsvara
ATP+ [-3617,15] -4520 |-2292,5 maistjumu: AGmin= AGeq= -6,35 X/mol
AMP? |-1638,34{-3717,19|-530,066 [H,P0, ] [ADP?]-[GIn] _ _ N
ADP% |-2627,4]-4117,11] -1399,9 [Glu [[NH][AT 7] =12.959=Havtemninger G142
ATP* |-3617,1|-4526,1 |-2267,64] 4 ATPs+H,0=>ADP2+H2P0,:AGy=-20,55 K/mo;:  A+B 50% C+D
NHs@g | -132,5 | 1134 | -79,3 KbLehninger=€XP(20550/8,3144/298,15)=3984.
Glu- - - -372,16 AGaLehninger:-RT|n(KaLehninger):
Glu~ [-982,77|-2103,15(-355,712 =-8,3144+298,15+In(3984)= -20,55 “/mo;
Gln- - - -120,36 Ka:KLeninger:exp(-AGLehninger/R/T): --------
GIn [-809,12|-2379,04[-99,8112 =exp(30500/8,3144/298,15)=220500 AGu= -6.35 o T

AGHess=AG°H2p04+AG°cIn +AG°Apr2-AG°NH4-AG°Glu-AG°ATP3=20.292 X/mol;

=-1137,3-120,36-1424,7-(-79,3-355,712-2267,64)=20.292 K/mo; [H,°0,1[ADP2]

Kt enninger=K Lehninge/ [H20]=220500/55,34573393=3984= [H,0]-[AT 3]
pH<7,199;Glu+NH,+ATP*=>GIn+ADP?+H,PO, ;AG..=14,2-20,55=-6,35 k)/mol 2
pH<7,199, KabLehningerz KaLehninger*KbLehninger:3984*0,003252737212.959: [H2 OA-][AD 2-]' [Gln]

AGabL=-ReTeIn(Kabi)=-8,3144*298,15*In(12,958904208)= -6.35 X/moi;pH<7,199 [Glu™ J[NH;]-[AT 3]
AHues=AH H2p04- +AHGIn +AH° ADP3-AH NH4-AH Glu--AH°ATP4= 6,75 X/mol;
=-1302,6-809,12-2627,4-(-132,5-982,77-3617,1)= -6,75 K/mol eX0
AStess=-AS°H2p04- +AS°sin +AS°ADP3-AS°NH4-AS s1u--AS°ATP4=112,2 Ymoik;
=92,5-2379,04-4117,11-(113,4-2103,15-4526,1)= 112,2 K/me ex0
AGres=AHuess- T*AS1ess=-6,75 -298,15*0,1122= -40,2 K/mo endoergic;
Glu+NH+ATP++H20=>GIn+ADP3*+HPO,2+H30%*; AG»=14,2-30,5=-16.3 “/n;
AHHess=-809,12-2627,4-1298,89-285,81-(-982,77-132,5-3617,1-285,85)= -3 K/mql;
AGHess=AHHess- T*ASHess=-3 -298,15*-0,8649=254.9 kJ/mol;

AG 25199, G H

AG>0

AGabeqz AGin

\:’_AGmin:l 35,66 kJ/m()l
A+B+C+D 50% E+F+G+H
KabLehninger:KaLehninger*KbLehninger:220500*01003252737:717-23: [H Oé%]'[AD 3_]' [Gln]'[H3O+]
[Glu™ F[NH;]-[ATP*]-[H,0]
ASHess=-2379,04-4117,11-810,792-3,854-(-2103,15+113,4-4526,1+69,9565)= -864.9 Y/mol/k;
AGHess=AG°GIn+AG°App3+A G Hpoa2+ AH H30-AG °Glu-AG°NH4-AG°ATPa-AG°H20 =84,0718 /mol;

AGH =-99,8112-1057,143-1399,9-213,275-(-355,712-79,3-2267,64-151,549)= 84,072 K/mol;
AGPabHess=(AG°Hess) 84,07((AHHess,AS°Hess)254.9) K/mol; AG=66,16-30,5=35.66 “//mo;
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ATP3+H20=>AMPY+H2P207%"; AGLehningerppm=-35,65 K/mol ; K Lehningerppm=K Lehninger/[ H20]=1760968; pH<6,72;

AGHess=AG°H2p2073--AG°amp2- ~AG°aTp4-AG°H20 =-1938,85-530,066-(-2267,64-151,549)= -49.727 “/mor;
AGLehningerppm=-ReTeIn (K Lehningerspm) =-8,3144*298,15*In(1760968,37691823)/1000=-35,65 “//mot;

Eksotermiskas un eksoergiskas ATP# hidrolizes Hesa brivas energijas izmaina negativa par
H2P207% AGHess=-63,15 ¥/mol, bet minimiz&jas AGmin= AGppm=-35,65 ¥/mol maistjuma
[H,~, 02 [AMP 1]
[H,0T[AT#?]
Lidzsvara sasnieg$ana ir Prigozina atraktors brivas energijas izmainas minimums AGmin.  A+B 50% C+D
Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars. reaktanti ATP3+H20
ppm) ATP*+2H20=>AMPZ+HP207%>+H30*; AGLeninger=-45,6 X/mol ;at pH=7,36; produkti AMPY+H2P2.07%
AGhess=AG°H30+AG 1p2073+AG° amp2-AG° aTpa-2AG°H20=-213,275-1938,85-530,066-(-2267,64+2*-151,549)=-111,45 W/,
K Leningeppm=€XP (-AGLehninger/R/T)=exp(45600/8,3144/298,15)=97461823,49; ASispersec=-AHH/T=24,79/298,15=83,15 ¥mo :
AHHess=AH°H30+AHHp2073+AH° aMP2-AH® ATP4-2AH °H20=-285,81-2291,04-1638,34-(-3617,1+2*-286,65)=-24,79 /ol
ASHess=A5°H30+AS°szo73+AS°AMP2-AS°ATp4-2AS°Hzo=-3,854-1181,25-3717,19-(-4526,1+2*-453,188)= 530,182 J/(mo| K)s
AGHess=AH Hess—T*ASHess:-24,79 -298,15*0,530182:-182,9 kJ/mol EKSOGFQiSka;
AStota=ASH+ASdispersed=530,182+83,15=613,332 Y/molik; T*AStotai=0,613332*298,15=182,86 “/moi TASn izKkliede.
Lidzsvara sasnieg8ana brivas energijas izmainas minimums vielu maisfjuma attieciba Prigozina atraktora
konstantes izteiksmé ir labvéliga lielaka par vienu: [HP,0 73][ AMP 2] [H30"]
1 < Kieningeppm=€XP(-AG Lenninger/ R/ T)=€xp(45600/8,3144/298,15)= 97462087,2480605= 5 o
Eksotermiska un eksoergiska pirofosfata hidrolizes Hesa brivas energijas izmaina AGHess [H0]" ATPT]
negativa -111,45 k3 /mol , bet minimizgjas [idz AGmin=AGLehningerppm=-45,6 kJ/mol Sasniedzot A 111,450 M

[HP, 03 [AMP?][H0t
ITdZSVara malSTJumu KLeningeppm: [H 0 ]2 . [AT 4-] :97462087,2480605
2

K Lehningerppm=KLenn/[H20]=97462087,25/55,34573=1760959,91125033=

Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin
sasniegSana. Energijas minimuma sasniegSana iestajas lidzsvars.
H2P2072+H20=>H2P04+H2PO4"; AGpp=-70,94 K/ma1; without 6,72<pH<7,199;

A+2B 50% C+D+E

- o - o - o - *_ (- _ - kJ .
AGHess=2AG °H2p04-AG°H2p2072-AG H20=2*-1130,2-(-1952,27-237,191)=-70,94 %/mol; reaktanti ATP*+2H,0

[H,70,]° i
= . = - _ ) produkti
Kpp KLehmngerpp/[HZO] 2310,57/55,34573393 41,748— [H 2O] -[H O %—] y AM P2_+H P2073_+H3O+

AGppL=-ReTeIn(KeqL)=-8,3144*298,15*In(41,74799819)= -9,251 K/mol ,
HP207% +2H20+AG+Q =>HPO4s2+HPO42+H30*; AGLehninger=-19,2 k‘]/mol; pH:7,36 [H Oﬁ'].z[H3O+]
Kapp= KlLeningepp=€XP(-AGLehninger/R/T)=exp(19200/8,3144/298,15)=2310,57= [H 20]2_ [HP,O ?]

AGHess=AG°H30+2AG°Hpo42-AG °HoP020P0202-2AG °H20=-85,6 ¥/mol ;
=-213,275+2*-1057,143-(-1938,85+2*-151,549)=-85,6 K/mol
Eksoergiska pirophosphata HP207** hidrolizes Hesa brivas energijas izmaina pie

pH=7,36 AGHess negativa -85,6 X/mol, bet minimiz&jas AGmin = AGeq = -19,2 K/mol
[H°07 1% [Hg0"]

AGmin= '45,6|k]/mol

¥

sasniedzot lidzsvara maistjumu Ka= [H,0R[H", 03] = 2310,57. Lesatelje princips ir AGmin= -19.2 /ol
Prigozina atraktora brivas energijas izmainas minimuma AGmin sasnieg§ana maistjuma. ~ A+2B 50% C+2D
o oo o . eotani iestaias [i reaktanti HP207*+2H20
Brivas energijas izmainas minimuma sasnieg3ana iestajas lidzsvars produkti 2 HPO4?+H30*
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pp) HP2073+2 H20=>HPO4>+HPO4*+H30*; AGppLehninger= -19.2 X/mol; AGppHess=-85.6 K¥/mol;
b) ATP*+2H20=>AMPZ+ HP.0O73-+H30*; AGbLehninger=-45.6 K /mol; AGbHess=-111,45 X/mo;
ppb) ATP++4H20=>AMP2+HPO4> +HP 04> +2H30%; AGpps=-64.6 “Vmol; AGppress=-197,05 W/mor; A A

AGppoH=AGppH+AGbH=-85,6-111,45=-197,05 X/moi ;
AGHess=AG°aMP2-+2AG°H30+2AG°HP042-AG° ATP4-4AG°H20=-197 K/mol ;

=-530,066-2*213,275+2*-1057,143-(-2267,64+4*-151,549)=-197.066 ¥/mol
Eksotermiskas un eksoergiskas ATP4+4H20 hidrolizes Hesa brivas energijas izmaina

negativa AGppp=-197 K/mor , bet AGmin= AGppoL=-64.6 K/moi; minimiz&jas A+2B 50% 2C+D

. - . R . ,., reaktanti ATP*+4H.0
sasniedzot Iidzsvaru: KppbLehninger=207737828686. produkti AMP?+ HPO2+HPO2+2H30"

12 ~
Kppb= KLeningeppb=€XP(-AG Lenningerpps/ R/ T)=exp(64600/8,3144/298,15)= 207737828686= [HP0F |7 [H30 T [aMP 2]

[H,0]*[AT P %]
bb) ADP3+HPOs*+H30*=>ATP*+2H20; AGbbLehninger=30,5 K/ mol;
KbbLehninger=6XP(-AGbbLenninger/ R/ T)=exp(-30500/8,3144/298,15) =0.000004535142 = [H,0]?[ATP*]
AGHess=AG°ATP3-2AG°H20-AG° ADP2-AG°HP042-AG°H30=99,58 K/mol; [HPO,” HAD *1-[H50"]

=-1399,9-1057,143-213,275-(-2267,64+2*-151,549)=99,58 K/mol;

AGmin= -64,6 kJ/mol

Eksotermiskas un eksoergiskas ADP3- fosforilésanas Hesa brivas energijas izmaina
pozitiva pie pH 7,36 AGpsrnese=99,58 K/mol , bet minimizéjas AGmin= AGeq= 30,5 K/mol

sasniedzot lidzsvara maistjumu: Kobrenninger= 0.000004535142: Lidzsvara sasniegSana ir

Prigozina atraktors brivas energijas izmainas minimums AGmin. AGmin= 30,5 Wlmoi
Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars. A+B+C 50% D+2E
reaktanti ADP3+HPO42+H30*

4-
HP,0*+ADP*=>HPO, > +ATP*; AGanpy=AGapy HAGhy=-19,2+30,5=113 Wlpq; pH=7,36  PrOdUCts ATPT+2H20
AGH=AG® Hpo42+AG°ATP4-AG® HP2073-AG°ADP3-=-1057,143-2267,64-(-1938,85-1399,9)=13,967 K/moI;

Kabpp=KappKbbLehninger=2310,57*0,000004535142=0,010478763
AGabpp=-ReTeIn(Kabpp)=-8,3144*298,15*In(0,010478763)/1000=11,3 X/mol;
Endotermiskas un endoergiskas fosfata parneses Hesa brivas energijas izmaina pozitiva
AGitransfer= 13,967 Y/mol , bet minimizgjas 1idz AGmin=AGeq=11,3 “/mol sasniedzot lidzsvara |

IR L
[, 07 [[AD 3] Lesatelje princips ir PrigoZina
7

«.E,AGminzI 11,3 kJ/mol

A+B 50% C+D
atraktora brivas energijas izmainas minimuma AGmin sasniegSana lidzsvara maisijuma. reaktanti HP20O73+ADP+

maistjumu: Kapbpp=0,010478763=

Brivas energijas izmainas minimuma sasniegSana iestajas lidzsvars. produkti HPO.2+ATP*
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ADPZ+ H2PO4=>ATP3+H20; AGLehninger = 20,55 K/mol; bez pH=?;
AGHess=AG°ATP3-+AG°H20-AG°H2P04--AG°ADP2=-2267,64-151,549-(-1399,9-1057,143)=37,85 K/mol;
=KbbLehninger=eXP(-AGLenninger/R/T)=exp(-30500/8,3144/298,15) = 000004535142
[HOl[ATP*]  =Kpp= KpbLenninger[H20]=0,000004535142*55,3457339 =0,000251001 .
[H20,HAD?] AGhL= -ReTeIn(KsL)=-8,3144*298,15*In(0,000250993)/1000= 20,5512 K/mor
Endotermiska un endoergiska ADP? fosforilésanas Hesa brivas energijas izmaina

negativa bez pH=? AGtranster=37,85 ¥/mol ,

bet minimizgjas 1iJdz AGmin=AGeq=20,55 ¥/mol sasniedzot lidzsvara maistjumu: |  -------------
[H0T[AT?]

[H,P0,}[ADP?]

Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin

KbL= KbbLehninger[HzO] =0,000250993=

\:'AGminZIZO,55 ol

A+B 50% C+D
reactants ADPZ+H2PO4
products ATP3-+ H20;

bb) ADP3*+HPO4? +H3zO*=>ATP*+2H20; AGbLehninger=30,5 X/mol; KbbLennn=1/220500,2=0,000004535142;

sasniegSana lidzsvara maisjjuma.

Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars.

AGHess=AG°ATP3-2AG°H20-AG° ADP2-AG°HP042-AG°H30=-1399,9-1057,143-213,275-(-2267,64+2*-151,549)=99,58 K/mol;
[H,0]? [aTP*]
[HP0,” HAD P -[H30"]

=KobLehninger=eXP(-AGLehninger/R/T)=exp(-30500/8,3144/298,15) = 0,000004535142

Endotermiska un endoergiska ADP? fosforilésanas Hesa brivas energijas izmaina
pozitiva pie pH vertibas 7,36 AGtranster= 99,58 X/mol , bet minimizgjas lidz
AGmin= AGeq= 30,5 ¥/mol sasniedzot lidzsvara maisijumu:

[H,0]? [ATP*]
KobbLeninger= 0,000004535142= [HP0Z [[AD ] Hs0"] :Lesatelje princips ir Prigozina

+AGmin= 30,5 Mol
atraktora brivas energijas izmainas minimuma AGmin sasniegSana. A+B+C 50% D+2E

Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars. reaktanti ADP®+HPO#Z+Hs0*
produkti ATP4+2H20
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b0) ATP3+H20=>ADPZ+H2PO4"; AGboLenninger=-20,55 %/mot; KboLenninger=KbLenninger/[H20]=3984,1; bez pH=".
AGHess=AG°App3+AG°Hpo42-AG°ATP4-AG°H20=-1399,9-1057,143-(-2267,64-151,549)= -37,854 K/mol;

[H200, ] [ADP 7]
KboLenhninger=KbLenninger/[H20]=220500,2/55,3457=3984,1= [H ,0 ] [AT 4.]

AGhoLenninger=-ReTIn(KpoLehninger)=-8,3144*310,15*In(3984,052962)/1000=-21,38 k¥/mol;
b) ATP*+2H20=>ADP3+HPOs?+H30"; AGpLehninger=-30,5 “/mol; Kbrehninger=KLehninger[H20]/[H30*]=220500,2;
AGhess=AG°app3+AG°Hposo+AG°H30-AG° ATPa-2AG°H20=-1399,9-1057,143-213,275-(-2267,64+2*-151,549)=-99,58 “/me;
T=298,15 K (25° C);
[P0 HAD P *]-[H40%]
[H,0?[ATP*]
T=310,15 K (37° C); KLiehninger=eXP (-AG Lemninger/ R/ T)=€xp(30500/8,3144/310,15)=136983,2474;
Eksotermiska un eksoergiska ATP2 hidrolizes Hesa brivas energijas izmaina
AGriess= AGhess= -37,85 Y/mot AGriess=-99,58 ¥/mor Negativa bez pH = 7,36 , bet minimizgjas M -37,85 Ylmot A

G '99,58 k‘]/mcpl
AGmin= AGeq -21,38 K)/mot UN -30,5 K/mol sasniedzot lidzsvara maisijumu """"""

KbLeninger:eXp(-AGbLeninger/R/T):exp(30500/8,3144/298,15):220500,2:

[H2 OA_]' [AD 3_]
KboLehninger=KbLenninger/[H20]=3984,1= [HZO] AT 4_]

[HPO/ HADP*][Hy0'] _
un KbLehninger=220500,2: [H 40]2 [AT 4-] 2 . ﬁgmm; :gé,ng/mI
2 . min ™~y mo
A+2B 50% C+D+E
reaktanti ATP4+2H20
sasnieg$ana lidzsvara maisijuma. produkti  ADP3+HPQs2+H30*

Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin

Brivas energijas izmainas minimuma sasniegSana iestajas lidzsvars.

AGHess=AG°creatinetAG Hp0o42-AG °pereatine-AG°H20=107,69-1089,28-(-689,08-237,191)= -55,3 K/mol;
AGress =107,69-1089,28-(-689,08-237,191)= -55,3 K/mo;
AGHess=126,1868-1089,28-(-736,4-237,191)= 10,5 ¥/mol;

AGCRcHess=AG creatinet AG°ATP3--A G peneatine1-AG° app2= -71,03 I(J/mol; exoergic CRC2010

=107,69-2292,5-(-689,08-1424,7)= -71,03 “/moi CRC 2010
AGcre=-ReTeIn(Kcre)=-8,3144*310,15*In(173)/1000= -13,3 k/mo;
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bd) ADPZ+H20=>AMP-~+H2PO.";AGi=-22.85 W/mor; without pH=?

AGHess=AG Hzp0s +AG® AMP--AG® ADP2--AG°H20=-530,066-1130,2-(-1399,9-151,549)= -108.8 K/mor;
AGhba=-ReTeIn(Kba)=-8,3144*298,15*In(10075,75322)/1000= -22,85 /mor; [Ho" 02 [AMP ]
Kbd:Kdeeninger/[HzO]:557649,957/55,34573393:10075,75: [HZO]'[AD 2-]
AGba=-ReTeln(Kpa)=-8,3144*298,15*In(10075,75322)/1000= -22,85 K/mor;
KbdLeninger=eXP(-AG Lehninger/R/T)=exp(32800/8,3144/298,15)=557649,957= [H~0a"1[H30"].[AM 2]
bd) ADP3+2H,0=>AMP?+HP 042 +H30*; pH=7,36; AGuLehninger=-32.8 V/mol; [H,013[ADP?]

AGhess=AG°H30++AG Hpoa2-+AG® amp2--AG° app3.-2AG°H20=-213,275-1057,143-530,066-(-1399,9+2*(-151,549))=-97,49 ¥/ina;

HsO* |-285,81| -3,854 |-213,275  Eksotermiskas, eksoergiskas ADP? un ADP? A 1088/ A
H2.O |-285,85(69,9565|-237,191 .. . _o . _ - = oS ol
HoO |-286 65-453, 188151549 hidrolizes bez pH=? un pie pH=7,36 Hesa brivas Q__-_g_?_,gg_k_i 8
H2POs [-1296,3| 90,4 [-1130,2] energijas izmaina negativa AGhidrotize = -108,8 ¥/mol
HoPO4 |-1302,6] 92.5 [-11373 un -97,49 K/mor , bet minimizgjas

HPO4? |-1292,14] -33,47 |-1089,28] » ~  _x~ — or 0kl m 29 QK . cocmindons | N TTT7TTTTIC I

PO [1298.89 |-810.797-1057 123] ACmin=AGbd=-22,8 Kfmol un -32.8 K/mor sasniedzot

ADP3- |-2627,4| -4010 |-1424,7 lidzsvara maistjumu Knd=10075,75322 un

AGmin= 22,85 Y/mai

AMPZ - - _554’83 Kdeeninger:557649,957. AGmin= 32,8 ?/mm ’E"

ADP? |-2627,4]-4117,11{-1399,9 reaktanti ADP2+H,O  A+B 50% C+D

AMP?- |-1638,34|-3717,19-530,066 produkti H,POs+AMP?
Adenosin| - - 335,46 reaktanti ADP*+2H,O A+2B 50% C+D+E
Adenosinel-626,66|-3316,57362,172 produkti AMP?+HPO,*+Hs0*

Lidzsvara sasniegSana ir Prigozina atraktors brivas energijas izmainas minimums AGmin.

Brivas energijas minimuma sasnieg8ana iestajas lidzsvars.

Am) AMPZ+H,0=>Adenosine+HPO4?"; AGLenninger=-14.2 K/mo1; Kam=exp(14200/8,3144/298,15)=307,43344;
[HPOf]-[Adenosin]
[H,0]-[AMPZ]

AGHess=AG °adenosint AG°Hpo42-AG° aMP2-AG°H20=362,172-1089,28-(-530,066-151,549)=-45.5 K/ma;

AmL) AMP-+H20=>Adenosine+H2POs; at les pH<7.199 AGamL=-14,2 K/moi .
[H2P0y4].[Adenosin]

KAm:Kl_eninger:exp(14200/8,3144/298,15):307,43344 at pH:7,36 .

KamL= KLeninger:eXp(l4200/8,3144/298,15):307,43344:

[H,0]-[AMP ]
AGHessAmL=AG°adenosin+AG°H2PO4-AG°AMP-AG°HZO:362,172-1137,3-(-530,066-151,549):-93.5 kJ/mol; pH<7.199;
AGessam=AHHessam—T*ASHessam=-4,27 -298,15*0,946308=-286.4 X/mol eX0ergic; A 1336 ma

Eksotermiska un eksoergiskas Hesa brivas energijas izmaina negativa AMP- pie mazakiem
pH<7,199 un pie pH=7,36 AMP? hidrolize AGhidrotize= -286.4 ¥/mo1 un -93.5 X/mor , bet
minimizgjas 1idz AGmin=AGeq= -14,2 K/mol sasniedzot lidzsvara maisijumu

[HP 0£].[Adenosin]
[H,0]-[AMP#]

brivas energijas izmainas minimuma AGmin sasnieg$ana lidzsvara maisijuma.

KamL=307,4= . Lesatelje princips ir Prigozina atraktora AGmin= -4,25 o

A+B 50% C+D
reaktanti AMP?+H,0
Brivas energijas izmainas minimuma sasniegSana iestajas lidzsvars. produkti Adenosine+HPO4?%- .
AHHessam=AH° adenosint AH® Hpoa2-AH° amp-AH°H20=-626,66-1302,6-(-1638,34-286,65)=-4.27 K/mo;
ASHessam=ASadenosintAS°® Hpo42-AS° Amp-AS °H20=-3316,57+92,5-(-3717,19-453,188)=946.308 X/«/mo;
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H2P207%+ADP?% =>H,POs +ATP3-; pH<6,72; Kabbpppr=Kanbpp/[H20]=0,01047878/55,3457=0,0001893
AGHess=AG°H2pr04-+AG°ATP3--AG°H2pr2072--AG° ADP2-=-1057,143-2267,64-(-1952,27-1399,9)=27,39 X/mol;
AGabbpppH=-ReTeIn(Kabbppr)=-8,3144*298,15*In(0,0001893)/1000=21,25 X/mol

pp) HP2073+ADP3 =>HPO4* +ATP#; “3AGabbpp=30,5+(-19,2)=11,3 K/ mol; pH=7,36; AGHess=13,967 K mol;
AG=AG°Hpo42-+AG°ATP4--AG°HpP2073--~AG° ADP3-=-1057,143-2267,64-(-1938,85-1399,9)=13,96 7 X/moal;
AH.=AH°Hpos2-+AH° ATP4--AH°Hp2073--AH°ADP3-=-1298,89-3617,1-(-2291,04-2627,4)=2,45 X/mo;

2. ASdispeHse:-AHH/T:-Z,45/298,15:-8,22 J/(mol K), AStotaI:ASH+ASdispeHsed:-38,532-8,2173:-46,75 Imolik
ASH=AS°Hp042-+AS°ATP4--AS°HP2073--AS°ADP3-=-810,792-4526,1-(-1181,25-4117,11)=-38,53 /(mol k);
AG=AHT*AS,=2,45-298,15*-0,038532=13,94 X/mol endoergic; T*AStota=-0,04674932298.15=-13,94 X/ ;

Kabbpp=€XP(-AG Lenninger/ R/ T)=€Xp(-11300/8,3144/298,15)=0,01047878;
AGabbppL=-ReTeIn(KapbppL)=-8,3144*298,15*In(0,01047878)=11,3 X/mal . Endotermiskas
un endoergiskas H2P207? hidrolizes parnesé uz ADP3 Hesa brivas energijas izmaina
pozitiva pie pH=7,36 HP207* AGHess= 13,967 ¥/mol, bet minimizgjas sasniedzot

lidzsvara AGmin=11,3 K/mol maisijumu: 0,01047878=Kapbpp=

Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin
sasnieg$ana. Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars.

A G 139679y G P
AG>0 I Hess

[H,r0,] -[ATPH]
[H,~, 071 [ADP?] -

\:.; AGmin? 11,5 K mol

A+B 50% C+D
reaktanti HP2073+ADP3

produkti HPO4? +ATP4-

AGLehninger=-43 “/mol;

A
G

AGmin= -43 kJ/Imol ¥

A+B 50% C+D

Viela  AH°Hess */mol AS®Hess /molk AG°Hess /mol ;
H3:O* | -285,81 | -3,854 |-213,275 AGcARLSON1963= -41+ 2 K/imoi;Ka=617083,9;AGa=-33,05 X/mol;
H20 -285,85 | 69,9565 |-237,191 | Pcreatinez+H20= creatine+HPO4%;
H20 '286,65 '453,188 '151,549 AGHess=AG°cheatinet AG°HP042-AG pereatine-AG°H20 = -55,32 I(J/mol;
H2PO4 |-1296,3 90,4 -1130,2 =107,69-1089,28-(-689,08-237,191)= -55,3 X/ma;
H2PO4 | -1302,6 92.5 -1137,3 KEllington=3,64*107=36400000; t=35° C; 308 K
HPO4* | -1292,14 | -33,47 |-1089,28 | AGLehninger=43+126,1868-1057,143+151,549=AG°pcreatine= -736,4 kol
HPO42- |-1298,89 |-810,792 |-1057,143| Eksotermiskas un eksoergiskas Pcreatin®
ADP3 | -2627,4 | -4010 | -1424,7 | hidrolizes Hesa brivas energijas izmaina ir
ATP4 |-3617,15| -4520 | -2292,5 |negativa pie pH=7,36 AGunidrolize =-55,3 K/mol,
ADP3 | -2627,4 |-4117,11 | -1399,9 bet minimiz&jas AGmin=AGeq= -43 K/mol
ATP% | -3617,1 | -4526,1 | -2267,64 sasniedzot lidzsvara maistjumu
Pcreatine*| -7364 CRC | -689,08 [creatine J[H”0O,” ]
Pcreatine?|Lehninger AG°Hess -701.4 Keninge=34145290,295= [Fcreatine?].[H 240]
creatine- | -537,48 | 189,5 |126,1868
creatine- - CRC 2010 107,69 CARLSONAGPcreatine=41+107,69-1089,28+237,191=AG°pcreatine=-703,4 kJ/mol

LehningerAGpcreatine=43+107,69-1089,28+237,191=AG pcreatine= -701,4 K/ mol;
KcarLson=exp(-AGcarlson/R/T)=exp(41000/8,3144/298,15)=15238538,963622

[creatine J[HPO/ ]

[Fcreatine*].[H,0]

[creatine] [AT P %]

=K Leninge=€XP(-AGLehninger/R/T)=exp(43000/8,3144/298,15)=34145290,2951607,

AG Ellington: 'R.T'ln(KEHington):‘S,3144*308*|n (3,46*10/\7)/1000:‘44,45 kJ/mol ,

[Fcreatine ]-[ADP#]

[creatine] .[AT P *][H.0]

[Fcreatine?]-[AD P3][H30"]

O mw=223,13 M

=Kcre=1/(5,78*10-3)=173 (310,15 K);pMg=2,47;pH=<7,199;

Pcreatine?+ADP3- +H3O*=>creatine+ATP4+H20;

AGabbl_ehningerz‘R'T'ln(KaKbb)='8,3144*298,15*|n(154,854)/1000= ‘12,5 k‘]/mol;

_ deoxiribose

=KanbLehninger=KaKnb=34145290,295*0,000004535142=154,854;

My MW=503,15 deoxiribose HyH
1 NG
EIZOZIO‘IO-?-O 5'H H /7|€j‘2 H. +H H
3 o (')' L OSSN NS Ho ) H "y o~
’ e HY Roh .
~ —, H-N-C—N C,
O H-0 3 0O-H H
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PCrz+ADP3%+H3;0*=>Cr+ATP*+H,0;pH=7,36; Pcreatine+ADP?=>creatine+ATP3"; pH<7,199 .
: . I = = Kif -
[creatlne] [AT 4].[H20] K o AGibbLehnlnger AGa'*;Abe 43+30,5 _12,5 /m?l,_ ~
=KabbLehninger=KaKpp=34145290,295*0,000004535142=154,854; pie pH=7,36.

[Pereatine®]-[ADP ] [H30']  AG b enninger=-ReTeIn(KaKpp)=-8,3144%298, 15%In(154,854)/1000= -12,5 K/mor;
AGabbHess=AG creatinetAG°ATP4-+AG°H20 -AG pereatine-AG° ADP3 ~AG°H30 = -94,946 K/mol; eksoergiskas CRC2010
=107,69-2292,5-237,191-(-689,08-1424,7-213,275)= -94,946 K/moi CRC 2010
AGCcRcHess=AG °creatinet AG° ATP3--AG °Pereatine1-AG° app2= -71,03 kJ/mol; CRC2010; A -94,95 K/ 01 A
AGcrc=-ReTeIn(Kcrc)=-8,3144*310,15*In(173)/1000= -13,3 k/moi; CRC2010; (5 71,03 %o

Eksotermiskas, eksoergiskas Pcreatin? un ATP# kinazes Hesa brivas energijas izmaina
pie pH=7,36 un pH<7,199 negativa AGhidrolize=-94,946 K/mol, bet minimizgjas lidz
AGmin=AGabbLehninger=-12,5 K/mol Un AGcrc=-13,3 K/mol sasniedzot lidzsvara maistjumu
KabbLenninger=KaKbr=154,854, Kcre=173 (310,15 K). Lesatelje princips ir Prigozina
atraktora brivas energijas izmainas minimuma AGmin sasnieg$ana lidzsvara maisijuma.
Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars. AGmin= 133 ol 4
reaktanti PCr+ADP3+H3O* A+B1C 50% DIE+F

AGabbLehninger=-Re*TeIn(Kabb)=-8,3144*310,15*In(154,854)/1000=-13 K3/ mot; produkti (creatine) Cr+ATP#+H20

Ellingtona konstante 1989. gada pie temperataras t=35° C; 308 K ir Kellington=3,46*107;

KEtlington=€XP(-AGEllington/ R/ T)=exp(44454,47/8,3144/308)=3,46*10" ; J.exp.Biol.143,177-194,1989;

Kreatina fosfo kinazes K’cpk =100 to 160 (Lawson&VeecH 1979), [Pcreatine®]/[ATP*]= 3 lidz 4 un

[Pcreatine®]/[creatine-]= 2,5, [ATP4]/[ADP3]=102 to 103 . Skidiba 25,51 ™9/m.; 3,52 9/;

Homeostazes brivas energijas izmaina AGHomeostazes=AGegqtReTeInKHomeostazes I mazaka par lidzsvara minimumu.
Hesa brivas energijas izmainas tiriem produktiem minus tiras izejvielas AGHess= -94,95 K/moi minimizgjas

sasniedzot vielu maistjumu lidzsvara AGeq= -13 W/moi: (310,15 K)

Homeostazes izmaina AGHomeostazes < AGeq = -13 K/mol pirmajos un otrajos apstaklos:
1. AGHomeostazes= -6,832 K/mol pie [creatine]=28 nM, [Pcreatine2]=28 mM,[ATP*]=8,05 mM,[ADP3]=0,93 mM un
[H20]=55,1398 M, [H3O*]=107:3¢ M;
Ja [creatine]/[Pcreatine2]=28*10"(-9)/28/10"(-3)=10%; tad AGromeostazes= -6,832 ¥/mol, ja [Creatine]=28*107(-9) M
26. lapas pusg:
K iyes= [creatine } [AT#*]-[H,0] _ 2801072 ¢8.050107° 55,1398
tomeosize™ [pereatine®][ADP*T [H30"T ™ 284107 49,3010 3 010770

AGHomeostézes:AGeq+R‘T‘anHomeostﬁzes ir
=(-13000+8,3144*310,15*In(28*107(-9)*8,05*107(-5)*55,1398/28/107(-3)/9,3/10"(-3)/107(-7,36)))/1000=-6,832 K/mol,
= -13000+=8,3144*310,15*2,3919=(-13000+6168)/1000= -6,832 k)/mol,
2. AGHomeostazes=-0,3942 X/mor pie [creatine]=280 nM, [Pcreatine>]=28 mM,[ATP*]=8,05 mM,
[ADP3]=0,93 mM un [H20]=55,1398 M, [H30*]=107:3 M;
Ja [creatine]/[PcreatineZ]=28*10"(-8)/ 28/10(-3)=0,001; tad AGromeostazes= -22,67 K/mol, ja [creatine]=28*107(-6) M
[creatine ] [ATP*T-[H,0] 284107 #8.0501075 #55.1398
[Pcreatine?]-[ADP*] [H30"]  ~ 2841073693010 3010 73
AGHomeostézes:AGeq+R‘T‘anHomeostézes ir
=(-13000+8,3144*310,15*In(28*10"(-8)*8,05*10"(-5)*55,1398/28/10"(-3)/9,3/107(-3)/10"(-7,36)))/1000=-0,8943 K/mq,
= -13000+=8,3144*310,15*4,6945=(-13000+12105,76)/1000=-0,8943 K/,
bb) ADPZ+H2PO4=>ATP3+H20; ADP3+HPOs2~+H30*=>ATP*+2H:0; AGbLehninger=30,5 K/ mol;

. 4-
R0 IAT 7] =KobL= KobLemminger[H20]=0,000004535142*55,3457339 =0,000251001 .
M2 0 HAD "] AGoHL=-ReTeIn(KoL)=-8,3144+298, 15+In(0,000251001)=20,5512 /o
(4,012 [ATP*]  =Kos=KooLeunge=eXp(-AGuamme/R/T)=exp(-30500/8,3144/298,15) =0,000004535142;
[H 042']'[AD 3_]'[H3O+] AGbLehninger=30,5 K3/ mol;

AGmin= -13 ¥/ipol

=10,9339760517278; In(10,934)=2,3919 .

=109,339760517278; In(109,34)= 4,6945 .

KHomeostézes—
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TERMODINAMIKA V i Glc 6-P?hidrolize par Glc+HPOs?* un Glc 6-P?par Glc 1-P# izomerizacija
Aprekinat AH4 ASh AGw standarta apstaklos 298.15 K vai ir eksotermiska , atermiska, endotermiska,eksoergiska
endoergiSka!? aa2 AGLehninger:‘13,8 kJ/mol; GIC6P2-+HZO:>GIC+HP042_; pH:7,36, AGaaZHess: ‘1839 I(J/mol ,

Viela AH®H AS°H AG°H | AGaazHess=AG Glc-AG°HpPo42-AG°Glcsp-AG °Hz20= -18.39 K/mol eksoergiskas
K3/ mol I molik Kol :-419,74-1089,28-(-1296,262+((-151,549-237,191)/2)): -18.39 I(‘]/mol;

HsO* | -285,81 | -3,854 |-213,275 |KazLehninger=EXP(13800/8,3144/298,15)=EXP(5,566899)=261,62;

H,O | -285,85 | 69,9565 |-237,191 Kzt ehninger=[GIC]*[HPO42/[GIc6PZ]/[H20]= 261,62:

H20 -286,65 | -453,188 | -151,549 AGaZZLehninger:+l3,8 I(‘]/mol; G|C+HPO42'=>G|CGP2'+H20; pH:7,36;

Glc | CRC10 [1=0,25 M| -419,74 |AGHess=AG°H20+AG GiceP-AG°cIc ~-AG°Hp042=+38,55 X/mol endoergiska

Glc |[-1263,78| 269,45 | -919,96 =-151,549-1318,92-(-419,74-1089,28)=+38,55 k/mol

Glc |-1267,13|-2901,49 | -402,05 KbLeninger310=eXp(-AGbLeninger/R/T):eXp(30500/8,3144/310,15):136983,25
H2PO4 | -1302,6 92,5 -1137,3 KaaLehninger=EXP(-13800/8,3144/310,15)= 0,0047409841
HPO.2- [-1292,14| -33,47 |-1089,28 KaaLehninger=EXP(-13800/8,3144/298,15)=0,003822314
HPO.Z [1298,89 | -810,792 |-1057,143 KazzLemninger=[GIc6P2]*[H20]/[GIc]/[HPO42-]1=0,003822314;
Glc6P% | -2260 -3291,56 -1318,92 AGaZZLehninger=13,8 k‘]/mol; AGbLehninger=-30,5 I(‘]/mol; AGa22b=13,8-30,5 kJ/mo
Glc6P?% -2279,314-3297,196| -1296,26 Glc+ATP4+H20 =>GIc6PZ+ADP3+H30*; AGa226=-16,7 K¥/mol
Glc1Pz |-2260 -3291,56 |-1311,89 |[AGa22b=AGa22+AGbLehninger=13,8 +-30,5=-16,7 Kol ;
GlclP?% |- - -1289,22 |AGH=AG°apP3+AG°GIceP+AG°H30-AG GIc-AG° ATP4-AG°H20=-25,2 Xm0
ADP?3 | -2627,4 | -4010 | -1424,7 =-1399,9-1318,92-213,275-(-402,05-2267,64-237,191)= -25,2 X/mol
ATP® |-3617,15| -4500 | 22925 | Kazb=EXP(16700/8,31441298,15)=842,82;  [G1c6127[aD"*]{H.0]
ADP? | -2627,4 |-4117,11 | -1399,9 |Kaz22b=Ka2K1=0,003822314*220500,2=842,82= - 2
ATP* | 3617,1 | 4526,1 | -2267,64] Kuwoo=EXP(16700/8,3144/310,15)=649,44  [GICITH-O AT 7]

310,15 K; Ka22h310=Kaz2KbLenninger=0,004741*136983,25=649,438; Kaz2Lehninger310=0,004741,

AGaz2p310=-8,3144*310,15*In(649,438)=-16,7 “/mol;
310,15 K; Ka220310=KazzKpLenninger=0,004741*136983,25=649,438=

[Glc6 P 2T[AD P 3] [H,0"]
[Glc][H,O ] [ATP*]

Endotermiska, endoergiska Glc fosforilésanas GIc6P?- Hesa brivas energijas izmaina ir pozitiva

AGrosforilzsana=+38,55 bet ar ATP* negativs -25,2 ¥/mol, bet minimizgjas sasniedzot lidzsvara g 59wy,
maisTjumu AGmin=AGeq=+13,8 kJmol bet ar ATP# -16,7 Kol

[Glc6~%]-[H,0]

2-
[Glc]-[HPO 7]
Lidzsvara sasnieg8$ana ir Prigozina atraktors brivas energijas izmainas minimums AGmin.
Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars.

Glc+ATP4+H20=>GIc1PZ+ADP3+H30*; AGLehnin=-9,6 X/mol;

=Ka=0,0382 un Ka22v=842,82=

[Glc6 P> [AD P *]-[H,0"]
[Glc][H,0]-[ATP*]

mol

AGmin=-16,7

A+B+C 50% D+E+F
Glc+ATP4++H20
GIc6PZ+ADP? +H30*

AGH=AG°GIc1P+AG°ADP3+AG°H30-AG°GIc-AG°ATP4-AG  H20=-43,35 X/mol; AGab=AGa+AGb=20,9-30,5=-9,6 ¥/mol ;
=-1289,221-1399,9-237,191-(-402,05-2267,64-213,275)=-43,35K/mo1; KLemninger=EXP(9600/8,3144/298,15)=48,07;
Glc+ HPO4Z =>Glc1PZ+H20; “;AGLehninger=20,9 ¥/mol; AGHess=AG°cictP+AG°H20-AG°GIc-AG°HPo42= 68,25 K/mol;
-1289,221-151,549-(-419,74-1089,28)=68,25 K/mor; 1=0,25 M;

Glc1PZ=>GIc6P%;AGLeninger=-7,02 K/mol; Keq=[GIC6PZ)/[Glc1PZ=17;AGeq=-8.3144*298.15*In(17)=-7,02 K/mol;
AGH=AG GIctP*+AG°Glc1p=-1296,262-(-1289,221)=-7,04 K/mql; ;=-1318,92-(-1311,89)=-7,03 K¥/mol;
AGb=-Re*T*In(Kb)=-8,3144*298,15*In(1,9667*10"(-6))/1000=31,4095 kJ/mol ;

Glc 1-PZ=>GIc6-P%;AGtotaiHess=AG°c1p+AG°cep=-20,9+13,8= -7,1 ¥/mol eksoergiska
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TERMODINAMIKA V i Glc 1-PZhidrolize Glc + HPO4%> un Glc 1-P*defosforilesana
Aprekinat AHH ASH AGHn standarta apstaklos 298.15 K. Reakcija ir eksotermiskas , atermiska,
endotermiska? Ir eksoergiskas vai endoergiska!
a22 AGuenninger=*20,9 X/mo1; Glc+HP 042 +AG+Q=> Glc1P%+H20; pH=7,36; AGHess=68,25 X/mo;
a2 AGuemninger=-20,9 K/mol; GIc1PZ+H20 =>Glc+HPO42+AG+Q; pH=7,36; AGH= -68,25 K/moI ;

Substance/AH°H */moll AS°H Y/moirk| AG®H ¥/mol AGress=AG°20+AG Gic1p-AG°Gic-AG °Hpo42=36,113 /o endoergiska
Hs:O* | -285,81 | -3,854 |-213,275 =-151,549-1289,221-(-419,74-1057,143)=36,113 K/mo
H.O -285,85 | 69,9565 | -237,191 |KazzLenninger=EXP(-20900/8,3144/298,15)= 0,000217997,

H20 | -286,65 | -453,188 | -151,549 JAGH=AG°cIctAG°HP042-AG°H20-AG GIc1p= -36,113 K/mol eX0ergic
Glc CRC10 | 1=0,25M | -419,74 =-419,74-1057,143-(-151,549-1289,221)= -36,113 X/mol
Glc |-1263,78| 269,45 | -919,96 |K azLenninger, =EXP(20900/8,3144/298,15)=4587,215687,

Glc |[-1267,13 | -2901,49 | -402,05 Glc+ATP*+H20=>Glc1P%+ADP3+H30*; pH=7,36; 1=0,2 M.

HPOs | -1302,6 92,5 -1137,3 |Ka220=Ka22Kb=0,000217997*220500,2=48,07;

HPOs% | -1292,14 | -33,47 | -1089,28 AGa22n=-ReTeln(Kaz2b)=-8,3144*298,15*In(48,0684)=-9,6 X/mo;

HPO4* |-1298,89 | -810,792 | -1057,143

Glc6P?2- | -2260 | -3291,56 | -1318,92

Glc6P% |-2279,314 -3297,196 |-1296,262

Glc1P? |-2260 -3291,56 [-1311,89 |Glc1P?+ADP3+H30*=> Glc+ATP*+H:0; pH=7,36; 1=0,2 M.

Glcl1P?% |- - -1289,221 Kazn=Ka2Kb=4587,215687*4,54*10"(-6)=0,02083
ADP? | -2627,4 -4010 -1424.7 AGazb=-ReTeIn(Kazb)=-8,3144*298,15*In(0,02083)=9,6 “/mol
ATP4 |-3617,15| -4520 -2292,5

4

ADP® | -2627.4 | -4117,11 | -1399,9 Kazv=Ka2Kb=0,02083= [G'C]'Z[_HZO] [/;\_T ] .

ATP* | -3617,1 | -4526,1 | -2267,64 [Gle1 P HAD P ] [Hy0']
Lehningera lidzsvars ; ATP3+H20<=>ADP?+H2POx"; Kienninger=0,0001739; without pH=7,36;
AGLehninger:-R°T°ln(KLehninger):-8,3144*298,15*|n(0,0001739):21,46 K/ mol ; [H2 OA-]. [AD 3—]

K Letminger=HKoLeminger*[H3OJ/[H20]=220500,2*10°7%9)/55,3457=0,0001739= [1_G7-[aT 4]
AGH=AG°rpp3+AG H2p0s-AG°ATpa-AG H20=-1399,9-1057,143-(-2267,64-237,191)=47,79 “/moi;
b) ATP*+2H20=>ADP3+HPO42+H30"*; AGpLehninger=-30,5 “/mol;
KoL eninger=eXp(-AGbLeninger/RIT)=exp(30500/8,3144/298, 15)=exp(12,304)=220500,2= [HZ O HAD>*][Hz0]
AGH=AG°aDP3+AG°HP042+AG H30-AG°ATP4-2AG H20= [H,0 PPIATP%]
=-1399,9-1057,143-213,275-(-2267,64+2*-151,549)=-99,58 X/mo;
sum Glc1P?+ADP3+H30* => Glc+tATP*+H20; AGa2b= AGaz+ AGb=-20,9+30,5= 9,6 ¥/mal ;
sum Glc+ATP4+H20=>GIc1PZ+ADP3+H30*+AG+Q; AGax2b= AGa22+ AGp=20,9 +-30,5= -9,6 K/mo ;
AGHess=AG°ApP3+AG°cIc1p+AG°H30-AG GIc-AG°ATP4-AG°H20= -38,607 K/moal; A 3886 K ol A
=-1399,9-1289,221-213,275-(-419,74-2292,5-151,549)=- 38,607 X/moI; G -36,1 <ol
AGazb=- ReTeIn(Kazb) =-8,3144*298,15%In(3,79204*108)= 42,36 ¥/mor. |~ """~
Eksotermiska, eksoergiska Glc1P?- defosforilesanas fosforileSanas Hesa brivas energijas
izmaina ir negativa AGaefosforilesana= -36,113 un -38,607 X/mol,, bet minimizgjas
lidzsvara AGmin:AGaZLehningerZ-zo,9 K3 /mol UN AGa22p=-9,6 K /mol maisijumé """""" I

[Glc]-[HPO,” ] _ [Gle1P2[AD P *]-[H50%]
GloL 2']-[H24O] and Kazzb= [GIcl 1,0 [ AT 4_]3

KaZLehninger,:4587: =48,07

AGmin= -20,9 kJ/mol
AGmin=-9,6 k“]l/mol

'

Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin '
o A+B+C 50% D+E+F
sasniegSana. Brivas energijas izmainas minimuma sasniegSana iestajas lidzsvars.  reaktanti Glc1P2+ H.0O

produkti Glc+ HPO4*
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ADP?+ HoPO4=>ATP3+H20; AGLehninger = 20,55 KV/mol; bez pH=?;

AGHess=AG°ATP3-+AG°H20-AG°H2r04--AG°ADP2=-2267,64-151,549-(-1399,9-1057,143)=37,85 X/mol;
bb) ADP3’+HPO42"+H3O+:>ATP4'+2HZO; AGbLehninger:30,5 I(J/mol; KbbLenn=0,000004535142; pH:7,36;

H,O0]-[ATP¥
b _] [ ) D] 5= =KbHL= KbbLenninger[H20] =0,000004535142*55,3457339 =0,000250993 .
[H270;laqua [ADP] G = _ReTeln(KpL)=-8,3144%298,15%In(0,000250993)/1000= 20,5512 /mol;

[H,0]7 [ATP*]

5 3 - KbbLehningeFEXp(-AGLehninger/R/T):eXp(-30500/8,3144/298,15) =0,000004535142
[HP0,” HAD T {H507] KbbLenn=1/220500,2=0,000004535142;
AGHess=AG°ATP3-2AG°H20-AG° ADP2-AG°HP042-AG°H30=-1399,9-1057,143-213,275-(-2267,64+2*-151,549)=99,58 K/mol;
Endotermiska un endoergiska ADP? fosforilésanas Hesa brivas energijas izmaina negativa Ac
pie pH 7,36 AGnidroize=99,58 X/mal , bet minimizgjas AGmin=AGb=30,5 ¥/mol Sasniedzot
~ [H,0 12 [ATF*] |
lidzsvara maistjumu: 0,000004535142=KpbLehninger = [H 042‘]-[AD 3']'[H30+]' Lesatelje

princips ir Prigozina atraktors brivas energijas izmainas minimuma AGmin sasniegSana

C e _ cee . . . Y . : - kJ
lidzsvara maisijuma. Brivas energijas izmainas minimuma sasniegSana iestajas lidzsvars. g AGrin=30,5 F/mo

A+B+C 50% 2D+E
aa AGlLehninger=13,8 K3/ mol; G|C+HPO42'+AG+Q:> Glc6PZ+H:0; pH=7,36; reaktanti HPO4>+H3O*+ADP?3
KaaLehninger=EXP(-13800/8,3144/298,15)=0,003822314; produkti 2H2.0 +ATP*

KaaLehninger=EXP(-13800/8,3144/310,15)= 0,0047409841; T=310.15 K
AGaatess=AG°Gicep+AG H20-AG°G1e-AG °Hpos2=-1296,262+((-151,549-237,191)/2)-(-419,74-1089,28)= 18.39 X/ ing
AGaatess=AG°cicep+AG °H20-AG°Gic-AG Hpo42=-1296,262-151,549-(-419,74-1089,28)= 61,209 K/mol
AGaatess=AG°cicep+AG °H20-AG°G1c-AG °Hpo42=-1318,92-237,191-(-419,74-1089,28) = -47,09 K/
AGaatess=AG°Gicsp+AG H20-AG°G1e-AG °Hpos2=-1296,262-151,549-(-402,05-1057,143)= 11,38 XV/mo
aa2 AGuehninger=-13,8 K/mol; GIC6PZ+H20=>Glc+HPO4?%; pH=7,36; AGaazHess= -18.39 Kol ;

AGaaHess=AG°Glc-AG °Hpoa2-AGGicsp-AG °H20=-419,74-1089,28-(-1296,262+((-151,549-237,191)/2) )= -18.39 K/imqi;
KaaZLehninger:EXP(13800/8,3144/298,15):261,62; KaaZLehninger:EXP(13800/8,3144/310,15):210,9; 310,15 K;
Glc+ATP4+H20=>GIc6P2+ADP3+H30%*; AGLehninger=-16,7 X/mol; KaLb=EXP(16700/8,3144/298,15)=842,82
KaLb=EXP(16700/8,3144/310,15)=649,44;AGaLb=-ReTeIn (KaLb)=-8,3144*298,15*In(842,82)=-16.7 X/mol;
AGabres=AG°GIcep-+AG°ADP3+AG°H30-AG H20-AG° ATP4-AG°GIc=-25,2 X/mol K/mol
=-1399,9-1318,92-213,275-(-402,05-2267,64-237,191)= -25,2 X/mo; [Glc6 2']-[AD 3']-[H30+]
Kawp= EXP(16700/8,3144/298,15)=842,82= . 4-
Kaop= — * - . - kJ . [G|C]'[H zo] [AT ]
a2b—Kaa2Kb—0,003822314 220500,2—842,82 5 lAGLehnlnger—16,7 /mol,
aaLbb Glc6PZ+ADP3+H30*=>GIc+ATP*+H:0; Kap=261,62*0,000004535142=0,00118648385004;

Eksotermiskas un eksoergiskas fosforilésanas Hesa brivas energijas izmaina A " A
AGphosphonilation =25,2 X/mol negativa, bet minimizgjas sasniedzot lidzsvaru G 3999
AGmin=AGeq=16,7 W/mor; 298,15 K; o I
[H,0][ATP*][Glc] [N Gl

KaLb_298=261,62*0,000004535142:0,00118648385004:[G|C6 21[AD 3 [H07]

AGres=AG°GIc+AG° ATP4+AG°H20-AG° ADP3-AG°GIcep-AG °H30=-25,2 X/mol Ao ok Rl
=-402,05-2267,64-237,191-(-1399,9-1318,92-213,275)=25.2 X/mo; A+B+C 50% D+E+F
AGaaLbb=-RTINn(KaaLbb)=-8,3144*298,15*In(0,00118648385)=16.7 W/moi; Reaktanti Glc6P2+ADP3 +H3O+
Katb_310=210,9*0,0000073001623=0,00153960422907;  produkti Glc+ATP*+Hz0;
Lesatelje princips ir Prigozina atraktors brivas energijas izmainas minimuma AGmin sasnieg$ana lidzsvara
maisijuma. Brivas energijas izmainas minimuma sasniegSana iestajas Iidzsvars.
AGaaLbb310=-R TIN(KaaLbb310)=-8,3144*310,15*In(0,00153960422907)/1000=16.7 ¥/mol
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UDPGIc?+H,0 =>UMP+Glc1fosfats’; AGLeninger=-43 K/mol; bez pH=?

- H
0 \ "

O. / u, O O H o — o

) H

/>t O\\/ ; N
e e N
H - H

2N W0 0 o)
H (o) v O
H/ \H

K emingsr=EXP(-AGn /RIT)=EXP(43000/8,3144/298,15)=EXP(17,346)=34145290=10-PKea=107.75333
[Glc1P " JUMP ]

K eminger=EXP(-AGU/R/T)=EXP(43000/8,3144/298,15)=EXP(17,346)= =34145290

[UDP#GiIc}[H,0]
| AGaLehninger=-43 | K/ moi< | AGres=AGump1+AGaiciphosphate1-AG°ubprclc2-AG°H20 =-128,642 K/mol E
AG=AGLemninger-AG°H20(BioThermodybamic 2006)+AG°H20(CRC 2010)=-43+151,549-237,191=-128 K/mo;

Eksotermiska un eksoergiska UDPGIc? hidrolizes Hesa brivas energijas izmaina negativa A
bez pH=? AGhidrolize = -128,642 X/mor , bet minimizgjas sasniedzot lidzsvara maistjumu: G -128 Yol

=

AGmin= AGeq: -43 K/mol

[Glc1P “FUMP -]
[UDP#GIc}[H,0] | N\ =~ ] [
Lesatelje princips ir Prigozina atraktors brivas energijas izmainas minimuma AGmin

K Letninger=EXP (-AGLeni/ R/T)=EXP(43000/8,3144/298,15)=34145290=

AGmin= -43 k;]/mol

- L . o . A+B 50% C+D
Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars.  Reaktanti UDPGIc2+H,0

produkti UMP*+Glc1fosfats'’;
UDPGIcz+3H,0 =>UMP?+Glclphosphate?+2H;0+;pH=7,36

AG=AGuwmp2+ AGaiciphosphate2 +2AG°H30-AG°upprGIc2-3AG H20 = )=-14,9 K/mei; pH=7,36
AG=AGLehningert2AG°H30-3AG H20 =-43-2*213,275-(3*-151,549)=-14,9 W/mol; pH=7,36;
Alberty,Robert A.,Biochemical Thermodynamics: Applications of Mathematica, © 2006,Masachusetts Techn Inst.

sasniegSana lidzsvara maisijuma.

Ka=KLehninger*[H20]?=34145290*55,3457339"°=104592153973,017=10"11.019;
AG,=-ReTeIn(K,)=-8,3144*298,15*In(104592153973,017)/1000=-62,8 X/mol;
Eksotermiska un eksoergiska UDPGIc? hidrolizes Hesa brivas energijas izmaina
negativa pie pH=7,36 AGhnidrotize = -128 K/mol , bet minimiz&jas sasniedzot

lidzsvara maistjumu : AGmin= AGeq=-62,8 ¥/mol
[Glc1P > [UMP2Z [ [Hz0*]?
[UDPZGIc][H,0]°
Prigozina atraktora brivas energijas izmainas minimuma AGmin

10-12416=K 5= . Lesatelje princips ir

AGmin= -62,81k‘]/mol 5:;

oS N . A+3B 50% C+D+2F
sasniegSana lidzsvara maisjjuma. Reaktanti UDPGIc2+3H,0

Brivas energijas izmainas minimuma sasniegSana iestajas lidzsvars. produkti UMP2Z+Glclfosfats?+2H;0*;
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Cosm=0,305 M; Biochemistry Thermodynamic data, 2006 ;

V.j sukcinataSCoA* Oz H20: fumarata reakcija peroksisomas dehidrogenaze
SukcinataSCoA* O2,H.0; fumarats dehidrogenésanas reakcija! Ir eksoergiska vai endoergiska! CRC 2010 1=0,25 M;

Izejvielas => produkti

Masachusetts Techn.Institute; pH=7,36; SuccinatSCoA* +02aquatH3O* =>fumarate+HSC0A3+H>024quat H20;

1 -AHHess:ZAHOprodukti'ZAHOizejvielasz.ASHess:ZASOprodukti'ZAsoizejvielas

3. AGHess:AHHess'T'ASHess:

AGH= AG°fumarat TAG°Hscoa+rAG°H202+AG°H20-

-AG°02-AG°succinatscoa ~AG°H30+ = -189,06 kJ/mol;

=-519,4688-5,7716-48,39-151,549-(16,4-339,2476-213,275)=

-189,06 K/mor exoergic

Succinatz+02aqua =>fumarate?+H2O2aquat+AG

AGH:AGOfumaratZ-"'AGOHZOZ-AGooz-AGOSuccinatZ-:-ﬁ1,845 kJ/mol;

-519,4688-48,39-(16,4-522,414) = -61,845 Y/mo exoergic

AHHess=AH °fumarat2-+AH °H202-AH°02-AH°succinat2-=-48,16 X/mol;

=-776,56-191,99-(-11,70-908,69)= -48,16 k/mol exothermic

ASHess=AS °fumarat2-+AS°H202-AS°02-AS °succinat2-=45,8 Y/ mol/k;

-862,288-481,688-(-94,2-1295,576)=45,8 Y/moix exothermic

AGress=AHH-T*ASH=-48,16-298,15*0,0458=-61,82 ¥/mol

°Viela AH°H |(J/mol AS°®H J/moI/K AG®H kJ/mol
Hs3O* -285,81 -3,854 | -213,275
H20 -285,85 | 69,9565 |-237,191
H20 -286,65 | -453,188 | -151,549
H202:qua -191,99 | -481,688 | -48,39
H202:qua -191.17 143,9 143,9
O2agua -11,70 -94,2 16,4
O2agua -11.715 | 110.876 16,4
Succinat? -908,69 |-1295,576|-522,414
SuccinatSCoA* - - -339,2476
HSCoA3 - - -7,26
HSCoA?3 - - -5,7716
Fumarate? | -776,56 | -862,288 (-519,4688
UbiQuinRed | Ubiquinol6 - 3849,6004
UbiQuinOx - 3853,8792

Patvaliga AGres=-61,82 K/mal; pie pH=7,36 Eksoergiska

OX Ozaqua +2H30*+2e=H202aqua +2H20; E° 0x02=0.4495 V Thermodynamic University Alberta

Red Succinate?+2H20 = Fumarate?+2H30* +2e" ; E° Redsuccinate=0.2512 V; Thermodynamic Lehninger 2000 ;

AGmin=AGeq=(E°Redsuccinate-E°0x02) *F*n=(0.2512-0.4495)* 96485*2=(-0.1983)* 96485*2=-38.3 K mo;

peroxide, hydroxonium and anion of peroxide: GHz202=274,5 ¥/mol; GHao++GHoo-=22.44+328=350.4 K/mol;
Keq=exp(-AGeq/R/T)=exp(382565.95/8.3144/298.15)=5057721 ;

Eksoergiska dehidrogenéSanas reakcija labvéliga izejvielam parvérSoties produktos :
Succinat?+0zaqua+H3O* =>fumarate +H202aquatH20+Q+AG. Eksoergiski
KATALAZE peroksidu 2H-O-O-H dze§ 2H202(ag)=>0O2aquat2H20+Q+AG
dismutgjot par Ozaqua Un 2H20 . Kompleksajas reakcijas secigi veicina neaizstajamo
nepiesatinato H>C=C<H divkarso sai$u iznakumu e 100% , jo dz&§ [H202]=0

[Fumarate?].[ 1,0, KATALAZE
molekulas Keq=5057721= ~[g,ccinate’] - [0.]
2

Keq=90471011,97=

A '69, 1 kJ/mol
G '61,85 k‘]/mol A
AG<0 Hess
G

[UbiQuinOX]- [H,0,1¢ KATALAZE

=5057721.

KATALAZE

IAGmin= '35,49 k‘]/mol
AGmin= -38,37 ki]/mol

¥

[UbiQuinRed] - [0,]

C+D
B+2C

A+B 5(')%
2A 50%

Formation HzgastO2gas=>H202 ; AG univAlberta=-134,03 Kfmol ; AG’ Alberty=-48,39 Kfmol ;
AGAIberty=GH202-(GOZgas+GHZgas):274,5-(85,64+303):-114,14 k‘]/mol(-134,03 kJ/moI;)(:-48,39 k‘]/mol)
UbiQuinRed +023qua=>UbiQuinOx+2 H202qua +AG+Q); Ubihinola dehidrogenésana ar skabekli

AGHess=AG °ubiQuinox+AG°H202-AG°02-AG °UbiQuinred=-3853,8792+2*-48,39-(16,4-3849,6004)= -69,07 X/mol
AG®°0x =3668,94 K/mo1; AG°res =3660,55 K/mor; CRC 2010=3668,94+2*-48,39-(16,4+3660,55)= -104,79 X/mol;
OX Ozaqua +2H30%+2e"=H202aqua +2H20; E° 0x02=0.4495 V Thermodynamic University Alberta
Red Ubiquinol+2H20 = Ubiquinone+2H3O" +2e; E° redH20=0.2656 V Thermodynamic Lehninger 2000 ;
AGmin=AGeq=(E°Red-E°0x)*F*n=(0.2656-0.4495)*96485*2=(-1839)* 96485*2=-35.49 X/meI; Lehninger 2000
Keq =EXP(-AGeq/R/T)=EXP(35490/8.3144/298,15)=1650539;
Red: Ubiquinol6+2H20 = Ubiquinone6+2H30* +2e; E°red=E°2H20=-0,845 V; E°=-1,05 V CRC 2010 ;
E°2h20 =-1,05+0,10166+0,0591/2*log([H20]2)=(-1,05+0,0591/2*log(55,34573393"2))=-0,947+010166=-0,845 V
AGmin=AGeq=(E°Red-E°0x)*F*n=(-0,8453-0,89916)*96485*2=(-1,7445)* 96485*2= -336,6 “/mol;
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TERMODINAMIKA vingrinajums V k AcetylCoA? hidrolize
Aprekinat AHx ASw AGw standarta apstaklos 298.15 K. Reakcija ir eksotermiska , atermiska, endotermiska?
AcetylCoA3 un ADP? deacilésana, fosforilésana! Eksoergiskas vai endoergiska hidrolizes reakcijas!
a) AGLehninger= -314 I(‘]/mol; ACth'COAS' + 2 H,O +AG+Q => CH;3;COO- + CoA3 + H30* ; pH:7,36,
K Leninger=€Xp(31400/8,3144/298,15)=317017,64= K;
AGHZAGOCHscoo+AG°cOA2+AG°Hso-AG°Acety|.cOA2-2*AGHzo=-240,963-5,7716—213,275—(-51,8968+2*-151,549)=-105.015 K ol

Viela AHCH % mol|[AS°H Ymoiik| AG®H % mol _ _ _ [cHCOO |- [HSCoA[H,0"] —
HsO* | 28581 | 3854 | -213275 Ke=Keninger= | acentcoat]  — oL/017.64
H.0 -285,85 | 69,9565 | -237,191 |ADPz+H,PO. =>ATP>+H,0;: AGLemninger = 20,55 K/mol; pH=?
H20 -286,65 -453,188 -151,549 AGHess=AG° ATp3+AG °H20-A G Hopoa--AG® aApp2 237,85 kJ/mo|;
H.POs -1296,3 90,4 | -1130,2 =-2267,64-151,549-(-1399,9-1057,143)=37,85 /ol
H.POs | -1302,6 | 92,5 | -11373
HPO.> | -1292,14 | -33,47 | -1089,28 | Keq=KLeninge*[H.0]= 0,000004535142*55 3= 0,000250993;
HPO.  |-1298,89 | -810,792 | -1057,143 | AGeq=-ReTeln(Keq)=-8,3144298,15¢In(0,000250993)=20,55 “/pmoi;
ADP? 26274 | -4010 | -14247
ATP* | -3617,15| -4520 | -2292,5
ADP* 26274 | -4117,11 | -1399,9
4- - - -
:'\T/'FF)’Z' 36?711 45?6,1 -25256471,8634 KbHL= KbbLehninger[H20]=0,000250993= ol AT Z]
AMPZ | -1638.34 | -3717.19 | -530,066 ! [H2P O J[AD ]
AcetylCoA3 - - -58,06
AcetylCoA* - - 51,8968 bb ADP*+HPO,2+H;0*=>ATP*+2H,0:

CoA¥ - - 726 | AGbbLehninger=30,5 /mol; KbbLenn=0,000004535142; pH=7,36
CoA¥* - - 57716 KLeninger=exp(-30,5/8,3144/298,15)= 0,000004535142;
H3CCOOH -484,3 159,8 -389,9 AGH=AG°a1pa+2AGH20-AG°Hpoa2-AG® app3-AG°H30=46,015 K/ o
HsCCOO- =-2267,64-2*151,549-(-1057,143-1399,9-

486,84 | 82,23 | -247.83 1513 595y-46,015K mar;
HsCCOO- | -486 853 | -240,963

[H,0]?[ATP*]
KbbLehninger=€XP(-AG Lenninger/ R/ T)=eXxp(-30500/8,3144/298,15)=0,000004535142= [H 02']-[AD 3']'[H3O+] X
A

AcetylCoA*+ADP3+HPO.2 =>CH3COO +CoA*+ATP4;
AGHzAG°cH3COO+AGOCOA2+AG°ATP4-AG°Acety|.CoA2-AG°ADP3_-AG°HPO42: _5'4348 kJ/mOI;
=-2267,64-240,963-5,7716-(-1057,143-1399,9-51,8968)= -5,4348 K/mo;

[CH3COO']-[HSC0A“].[AT 4]
Kabb=KaKbbLehninger=317017,64* 0,000004535142=1,43772001390488= [H 02‘]-[AD 3']-[AcetyI-C0A4']
4

AGabb:AGa+Abe=-3l,409+30,51= -0,899 k‘]/mol;
AGapb=-ReTeIn(Kapb)=-8,3144*298,15*In(1,4375)= -0,899 X/mo;
Eksotermiska un endoergiska AcetylCoA3- un ADP? deacilésanas, fosforilesanas Hesa
brivas energijas izmaina pie pH 7,36 negativa AGesterifikacija= -5,435 K/mol, bet
minimizé&jas AGmin=AGabb= -0,899 K/moi sasniedzot lidzsvara maisijumu:
Kabb=KaKobLenninger=317017,64* 0,000004535142=1,43772,
Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin
sasniegS$ana. Brivas energijas izmainas minimuma sasniegsana iestajas lidzsvars.

AGmin= -0,89I9 k“]/mol\:{
A+B+C 50% D+E+F

Reaktanti HPO42+HsO*+ADP3-;
produkti 2H20 +ATP*-
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TERMODINAMIKA vingrinajums V | Glyc31P=Glyc3P hidrolize

Aprekinat AHx ASw AGw standarta apstaklos 298.15 K. Reakcija ir eksotermiska , atermiska, endotermiska?

Glicerata defosforilesana Glyc31P=Glyc3P - tideni! Eksoergiskas vai endoergiska hidrolize? Reaktanti => produkti
Lehninger 2000 AGaL=-39,351 X/mol; cGlycerat31P*+H20 =>Glycerat3P3- + H2PO4-; pH<7,199

Lehninger 2000 AGaLenninger=-49,3 K/mo1; Glycerat31P4+2H20=>Glycerat3P3+HP 042 +H3O*+AG+Q; pH=7,36

[HPO,7].[H30"]- [Glycerat3P 3]

[H,0]*[Glycerat137*]

AGHess=AG°H30++AG°Gch3P+AG°HPO42--AG°Gch31P-2AG°H20=-107.75 kJ/mol;
=-213,275-1347,73-1057,143-(-2207,30+2*-151,549)=-107.75 K/mo .

Viela AHH ¥/mol AS°H YmoliAG®H ¥/ mol|  Kar=KaLehninger/[H20]=433562158,5/55,3457339=7833705,111
HsO* -285,81 | -3,854 | -213,275 |AGa =-ReTeIn(Kq )=-8,3144*298,15*In(7833705,111)= -39,351 X/mmo
H20 -285,85 69,9565 | -237,191 AGHess=AG°GchSP+AG°H2PO4-AG°Gch31P-AG°H20=-126,2 I(J/mol;
H20 -286,65 | -453,188 | -151,549 =-1347,73-1137,3-(-2207,3+(-151,549))= -126,2 X/mo
HPOs |-1296,3 90,4 -1130,2 KaLehninger=exp(49300/8,3144/298,15)=433562158,5
R _ _ . ) _ kJ
HZPO;_ 1302,6 92,5 1137.3 .EksE)erglskas Gl_yc_eratS II"T" A %(2)$$5 I{Jr?;'m A
HPO4 -1292,14 | -33,47 | -1089,28 | hidrolizes Hesa brivas energijas G
HPOs* '1298,89 '810,792 ‘1057,143 izmair,la AGesterificati0n=-126,2 k‘]/mol
Glycerate- - - -452,31 | negativa un -107.75 K/mal, bet
Glycerat2P?* - - -1341,79 | minimizgjas AGaL=-39,4 K/morun | NN\, ---¥.___ %7}
Gcherat2P3' - - -1333,2 AGaLehninger=-49,3 kl/mol sasniedzot
Glycerat3P? | -1725,81 | -2224,26 | -1347,73 AGnmin lidzsvara maisfjuma AGmin= -39,
Glycerat3lP*| -1725.76 | -2290,6 |-2207,30 minimumu pie pH=7,36: AGnin= 493 o

=433562158,5=KaLenninger ; KaL=KaLenninger/[H20]=7833705; A+2B 50% C+D+E

Reaktanti Glycerat31P++2HO
produkti Glycerat3P3+HPQO4>+H3O*

Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin sasnieg$ana.
Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars.

pH<7,199; PyruvEnolP3*+H,0+H30*=>H;CC=0CO0O+H,POy;

AGH=AG scc-0c00+AG Hopos-AGpyrnenolps-AGCHao-AG®Hao=-474,44-1137,3-(-1189,73-155,66-213,275)=-53,075 K/mol.

a PyruvEnolP? +H20 => H3CC=0COO" + HPO4*+AG+Q; pH=7,36 AGLehninger=-61,9 K/mor; Lehninger 2000;
AGH=AG"H3cc=0c00+AG°Hp042-AG pyruvenolP3-AG°H20 =-344,62-1057,14-(-1189,73 -151,549)= -60,481 X/mol .
K Leninger=€XP (~-AG Leminger/ R/ T)=eXxp(61900/8,3144/298,15)=69902464988
KaL:KLehninger/[HzO]:69902464988/55,3457339:1263014510
AGa=-R*TeIn(Ka)=-8,3144*298,15*In(1263014510)/1000= -51,95 X/mo;

Eksoergiska PyruvEnolP?- hidrolizes Hesa brivas energijas izmaina AGess
negativa -60,48 X/mol, bet minimizgjas AGmin=AGeq= -51,95 K/mor lidzsvara
.~ [eHg=ocoo][HPO ] o
maisfjuma: | 0] [PyruvEnolP?] =1263014510=Ka ; Lesatelje princips ir

Prigozina atraktora brivas energijas izmainas minimuma AGmin sasnieg$ana.
Brivas energijas izmainas minimuma sasniegSana iestajas lidzsvars.

AGmin:-Sl,QIS k‘]/mol\:{

A+B 50% C+D
Reaktanti PyruvEnolP3 +H20
produkti HsCC=0COO" + HPO4*
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TERMODINAMIKA V m Glc 6-PZhidrolize par Glc+HPOs2 un Glc 6-PZpar Glc 1-P% izomerizacija.

Aprekinat AHx ASw AGw standarta apstaklos 298.15 K. Reakcija ir eksotermiska , atermiska, endotermiska?
Glc 6-P%, Glc 1-P%defosforilesana par Glikozi! Eksoergiskas vai endoergiska hidrolize? Reaktanti => produkti
Lehninger 2000 AGvehninger= -13,8 K/mol; GIc6PZ+H20 => Glc+HPO4* +Q+AG; pH=7,36; AGH=-11,38 X/mol
AGtehninger=-20,9 K/mo1; GIc1PZ+H20 => Glc+HPO4*+AG+Q; pH=7,36;AGH=-18,42 K/mol BioThermodyn 2006
Viela |AH®4 /mol| AS®n 3/ motik| AG®4 ¥ mol 1.AHHessZZAHOprodukti-EAHoizejvieIas; 2.ASHessZZASOprOdukti'ZASOiZEjViekiS;
H.O | -285,85 | 69,9565 | -237,191 3. AGtiess= AHtess= T*AShess
H20 | -286,65 | -453,188 | -151,549 |AGH=AG cIc +AG°HP042-AG°H20 -AG°GIcep=-11,382 X/mol eksoergiska
Glc |-1263,78| 269,45 | -919,96 |=-402,05-1057,143-(-151,549-1296,262)=-11,382.......<"/mo
Glc |-1267,13| -2901,49 | -402,05 |AGH=AG°cIc*AG°HpP042--AG°H20-AG GIc1p =-18,423 K/mol eksoergiska
H2PO4 | -1302,6 925 -1137,3 |=-402,05-1057,143-(-151,549-1289,221)=-18,423......... k3ol
HPOs? |-1292,14 | -33,47 | -1089,28 (1. AHH=AH°GIc+AH°HpPo42--AH H20-AH GIcsp =-0,056 ¥/mol atermiska
HPO4* -1298,89 | -810,792 | -1057,143 |=-1267,13-1298,89-(-286,65-2279,314)= -0,056................ K/ mol
Glc6P? | -2260 | 3291,56 | -1318,92 2. ASiziiedsta = AHW/T =56/298,15=0,188............. I/(mol K)
Glc6P? |-2279,314[-3297,196 |-1296,262 2. ASH=AS°GIc+AS°Hpo42- -AS°H20-AS°GIcepr=38,102 Y/molik
GlclP? | -2260 |-3291,56 | -1311,89 |=-2901,49-810,792-(-453,188-3297,196)=38,102.......... I molrk
Glcl1P* - - -1289,221 AGH=AHH-T*ASH=-0,056-298,15*0,038102= -11,42 K/mol
3. ASkopgia=ASn+ ASizliedsta=0,188+38,102=38,29 Y/(mol K); T*ASkopsja=38,29%298,15=11,42: /mo| patvaliga
AHH1=AH®GIc+AH Hpo42--AH H20-AH GIc1p =-16,02 X/mol ; ASH1=ASGic+AS° Hpos2-AS Ha0-AS Gie1p=32,466 molik;
AGH1=AH-T*ASH=-16,02-298,15*0,032466=-25,6997 K/mol; AGHe6=AHss-T*ASHe=0,056-298,15*-0,038102= 11,42 K/mol
[G|C]-[H 042-] AGLehninger=-13.8; KLehningeerEXP(-AGH/R/T):EXP(13800/8,3144/298,15):261,62;210,93
[Glc6P7]TH,0] =Keq6=4,727;3,811;298,15 K, 310,15; Keqs=KLenningers/[H20]=261,62/55,3457339=4,727
AGeq1= -ReTeIn(Keq1)=-8,3144*298,15*In(4,727)\V1000= -3,851 K/moi ; -3,45 K/mol
KLehninger:EXP(-AGH /R/T):EXP(20900/8,3144/298,15):4587,22; 3310,4
[Glc][HPO*]  =Keq1=82,883;0, 59,813; 298,15, 310,15; Keq1=KLehninger1/[H20]= 4587,22/55,3457339=82,883
[Glc1P?]:[H,0] AGeqi= -ReTeln(Keq1)=-8,3144*298,15*In(82,883)/1000=-10,95 X/moi ; -10,55 /mor ;
AG Lehnigers6=13.8; KLehmigerss=EXP(-AGLes/R/T)=EXP(-13800/8,3144/298,15)=0,003822314; 0,004740984
Kege6=KLenmigerss*[H20]=0,003822314*55,3457339=0,21154877; 0,262393; 298,15 K , 310,15 K.
AGeq66=-R°T°ln(Keq66):-8,3144*298,15*|n(0,21154877)/100023,85 I(J/mol ; 3,45 k‘]/mol
Endotermiska un eksoergiska defosforilésanas reakcijas brivas energijas izmaina A 114K A
AGfosfonilesana negaﬁva -11,42 Kol , bet minimizéjas Iidz AGmin = AGeq =-3,851 Kimat  |SF___ gaen rr-lo
sasniedzot lidzsvaru Keq=4,727 . LeSatelje princips ir Prigozina atraktora brivas energijas
izmainas minimuma AGnmin sasnieg$ana. Brivas energijas izmainas minimuma sasnieg$ana
iestajas lidzsvars. Glc1P* <=> Glc6P* konstante Kaicipcicsp= 17;

AGH=AG°cIcep-AG°clc1p =-1296,262-(-1289,221)=-7,042 K/mo eksoergiska............... Kfmol | AGmin= -3,85 W
AGkopéjz?l:AGoH66+AGoH1:11,42-25,7 = -14,28 I(‘]/mol exoergic ............... k‘]/mol A+B 50% C+D
Ke=[Glc 6-fosfats]/[Glc 1-fosfats]=17 mM/1 mM GIc6P2-+H,0 reaktanti
AGeg=-ReTeIn(Keq)=-8,3144*298,15*In(17)=-7,02 “/mo1. Endotermiska un eksoergiska produkti Glc+HPO42-
izomerizacijas reakcijas brivas energijas izmaina AGisomenisation Negativa AG 14,28 W, A

-14,28 K/mor , bet minimizgjas 11dz AGeq=-7,02 ¥/mol sasniedzot Iidzsvaru AGmin. LeSatelje
princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin sasniegSana. 22

Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars. Kacicipcicsp=17;

AGmin:-7,02|kJ/mol i
Glc_1P” izejviela un produkts Glc_6P* A 50% B
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TERMODINAMIKA VINGRINAJUMS VI Enzima CA protolizes lidzsvars H2O/A'CO,/H3O*+HCOs-
Enzima karboanhidrazes (CA) hidrolize-protolize H2O/CACO2/H30*+HCO3" virza COzaqua ar 2H20!. Biis

eksoergiska vai endoergiska! CO21gas nereage ar H20 tikai skist tden.

Viela AH°H ¥ mol | ASCHYmoik | AG®H %/ mol
HsO* -285.81 -3.854 -213,274599
OH- -230,015 -10,9 -157,2
HCOs -689.93 98.324 -586,93988
HCOs | -692,4948 | -494,768 -544,9688
H20 -285.85 69.9565 -237,191
H20 -286,65 -453,188 -151,549
COZaqua -413.7976 117.5704 -385,98
CO21gas | -393,509 213,74 -394,359

CO271gas tTAG<=>CO2aquat+Q;
AHH=AH°c02aq-AH°co2gas=-413.7976+393,509=-20,3 K/mol
ASHess=AS°C02aqua-AS°COZgas= 117,57-213,74=-96,17 J/moI/K;
=117,57+69,9565-(213,74+69,9565)= -96,17....... ok
AGH=AHH-T*ASH=-20,3+298,15*0,09617=8,385 K/mo;
AGélngGOCOZaq-AGOCOZgas=-385,98+394,359:8,379 I(J/mol
K&=EXP(-AGe/RIT)=EXP(-8379/8,3144/298,15)=0,034045

XC%aqua [CO, aqua]
Kap=0,0341= (o500 = [co, gl Tay0] Y
[CO2gas]=1; [CO2aqua]=Ks[H20]=0,034*55,346=1,878 M

0% mol dala ir

Gaisa 0,04% [CO2gas]=0,0004; [CO2aqua]=Ka*[CO21gas] *[H20]=0,034045*0,0004*55,3457339=0,000754 M;
Hidrolizes reakcija COzaquat2H20+AG+Q <=CA> H30*+HCO3" un skabes neitralizacijas lidzsvars
1. AHH=AH°H30+AHHc03-2AH H20-AHc02=-285.81-689.93-(2*-285.85-413.7976) =9.7576............... K mol;

ASiziedsta=-AHH/T=-9.7576 /298.15=-32.727..... *Imolik;

endotermiska........ccccceeeenn....

2. ASH=AS°H30+AS°Hco3 -2 AS°H20- AS°co2=-3.854+98.324-(2*69.9565+117.5704)= -163.0134 Y/moik;
ASkopgja=ASH*ASizkliedsta=-32.727-163.0134=-195.169
3. AGH=AHH-T*ASH=9.7576+298.15*0.1630134=58.19.......... K/ mol;

TeASkopsia=-195.7404"298,15 K=-58.19

...... I moliK;

K/mot; saistita TASn«— uzkraj brivo energiju endoergiska ;

3. AGHess=AG°H30+AG°Hco3 -2AG°H20-AG°c02=-213,2746-544,9688-(2*-237,191-385,98)=102 K/mol;
AGabsolute=GH3zo+GHcoz-(2GH20+Gco2qua)= 22,44+46,08-(2*0+8,379)=60,14 X/mo ;

Termodinamiski nelabveligs [

pKa=pKca=7,0512 klist draudziga fiziologiskai pH=7,36 vértibai. Lesatelje princips ir
Prigozina atraktora brivas energijas izmainas minimuma AGmin sasnieg$ana.
Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars.

HCOé]aqua.[H3O+] —

[C O] aqua [M20]?
AGeg=-ReTeIn(Keq) =-8,3144*298,15*In(2,906*10"1D)=60 k/moal,
Endoergiskas COzgas $kidibas un COzaq protolizes AGhnidratacijas=10,77.K/mol Hesa brivas

energijas izmaina pozitiva un AGprototizes 102 K/moi , bet minimizgjas sasniedzot maisijumu
§l§idiba1 AGeq= 60 K /mot UN pI‘OtOHZ@i AGmin=AGeq = 60 Ko

Ka=KeazKeqea*[Hz0P= [0 analHs0'] —1q70s12

Keqca=K Hcos/[H20]2=1077.0512)/55 3457339"2=2,906*10-11

AG w9, G

[COj aqua Gnin=60 /ol
+AGrin=, 8,379 /g

A+2B 50% C+D

CO2aquat2H20 produkti HCO3+Hs;0O*

GH30+HCc03=GH30++GHc03-=22.44+46.08=AGspcozaquatAGeqcozaqua=8.379+60.14=68.52 K/mor . [18.14]

Okeana ar hidroksida anjonu neatgriezeniski COzaquatOH=>HCO3+AG(-39,67 X/mor)+AH(-48,68 X/moi).
AHHess=AH°Hco3-AHco2-AH0n=-692,4948-(-413,7976-230,015)=-48,68 K/mal; eksotermiska....................
ASizkliede=-AHHess/ T=48682,2/298,15=163,3 */moi/k ASkopeia=ASHesst+ASizkliede=163,3-601,44= -438,14 /moik;
2. ASHess=AS°Hc03-AS°co2-AS°on=-494,768-(117,5704-10,9)= -601,44 /moi/k;
3. AGHess=AHHess- T*ASHess=-48,6822-298,15*-0,6014384=130,6 K/mo1; endoergiska...........
TeASkopeia=-0,43814"298,15 K=-130,6 K/mor; saistita akumuléta energija produktos
3. AGHess=AG°Hco3-AG°co2-AG°oH=-544,9688-(-385,98-157,2)=-1,7888 X/moi; pH=7,36; pPOH=6,64
AGeqon=-ReTeIn(Keqon)=-8,3144*298,15*In(9180981,6)/1000= -39,7 X/ma ; Reakcija pie pOH=6,64 ir léna.

[HCO;]

[CO,laqua [OH]

Keqon=Keqca/KH20=2,906*10-11/3,26/10-18=9180981,6; Atgriezeniski CA klatieng;
Keqon=Keqca/KH20=9180981,6; attieciba Keqon[ OH]=9180981,6*1068=2,103=
AGon=-ReTeIn(Keqon[OH])=-8,3144*298,15*In(2,1032413768)/1000= -1,84 K/mol

[HCOé]
[C 02] aqua

[HCO3]=Keg[OHT*[CO2aqua]=2,103*0,00075125=0,00158 M;

Sum is [CO2aqua] +[HCO3]=0,00075125+0,00158=0,00223 M;

([CO2aqua] +[HCO3])/[CO2aqua no_caisa]=0,0023/0,000754=30,5 reizes lielaka ar CA karbo anhidrazi.
CA izzu$ana uz planéts Zeme tdens akvasfeéra bikarbonatu ogleklis CO2 samazinas 30,5 reizes.
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TERMODINAMIKA VINGRINAJUMS VII H,0+CO; lietojot jonu kanalus HsO*+HCOs3" virza uz CO2gas

Gaisa 0,04% mol dala [CO27air]=0,0004 ka 400 ppm miljonas dalas atmosfera izskist tideni: (skat. 4. Ipp.)
[CO2aqua]=Keg*[CO212ir]=1,878*0,0004=0,0007512 M. Plausas reakciju

H*+HCOs izelpojot COzgas ar tideni H2O eksotermiski, atermiski vai endotermiski? Biis eksoergiska vai
endoergiska! <=asimilgjas fotosintézes vajadzibam augu atvarsnites=>H3zO*+HCO3z =>CO2quat2H20+Q+AG

AGHess=2AG°H20+AG°co2-AG°H30-AG°Hco3=-102 K/mol

=2*-237,191-385,98-(-213,2746-544,9688)=-102 X/mol

AHH=2AH°H20+AH°co2-AHH30-AH Hco3=-7,1928 Y/mol

=2*-285,85-413,7976-(-285,81-692,4948)= -7,1928 X/mol

ASiziiedeta=-AHHess/ T=7,1928/298,15=24,125 /mouk;

ASkopzia= ASkt ASizkliedeta=756,1054+24,125=780,23 I/ molik;

AGH=AHH-T*ASH=-7,1928-298,15*0,7561054=-232,6 ¥/mol

ASHess=2AS°H20+AS°c0o2-AS°H30-AS°Heo3= 756,1054 Y/molk

Viela AH® K/ mol AS® ¥ moik AG®4 K/ mol
H3O* -285.81 -3.854 -213,274599
OH- -230,015 -10,9 -157,2
HCOs -689.93 98.324 -586,93988
HCOs3 | -692,4948 | -494,768 -544,9688
H20 -285.85 69.9565 -237,191
H20 -286,65 -453,188 -151,549
COgzaqua | -413.7976 | 117.5704 -385,98
CO21gas | -393,509 213,74 -394,359

=2*69,9565+117,5704-(-3,854-494,768)=756,1054 /mol/x

TeASkopsia==0,78023"298,15 K= 232,63 X/mol ; saistita izkliedéta energija eksoergiska nepatvaliga
CAII; RBCs, kidney, osteoclasts, eye, Gl tract, lung, brain, and testis; Cytosol; Glaucoma, epilepsy, edema, altitude sickness;

Keat=1,4 x 106(s™"); Kicozaqua=1,5 x 108(M~1s71); Biomed Res Int. 2015;2015:453543. Review Article 3KS3,
V1:k1COZaqua[COZaqua]:1,5*10/\8*0,0007512:112680 sl as V1=Kca/ KM*[Ei][Si] ; [Ei]=1 M; Si=[CO2aqua];

Neitralizacijas atruma konstante kz=107187 M-25-1; H3O*+HCO3=>CO2aqua+2H20 ;.

CAIl: COzaquat2H20+AG+Q=v1EA>H30*+HCO3" ; pH=7,36,

ko=ki1cozaqua/ Keqca=1,5*10"8/2,9016/10"(11)=5,17*10"18 s-1=10/"87 M-25°L;

[HCOs]  [Hs0]

Ka=Keqca*[H20]2=2,902*10"(11*(55,3457339)"2=8,892*10"-8=10"(7.0512); KeqcA = [CO,] aqualH 20]2

Neitralizacijas atrums H3O*+HCO3=>CO2aqua+2H20 according bicarbonate concentration in okeans
POHokeans=5,9; pHokeans=8,1; [HCO37]=0,003 M; Haack Weltmeer Atlas 1969:

Vo=k2¢[H3O*][HCO3]=10"87*10/(81)*0,003=119432151 s°;

Ekstra Mitohondrijas telpa pH=5 vo=kzs[HsO*][HCOs]=10/187*10A(5*0,0154=771828339786 s°L;
Neitralizacijas atruma konstante ir lielaka par Iéno hidroksida anjonu reakciju kion=1,5x102 M~2s71;
HCO3=>CO2aqua+t OH+AG+Q sadaliSanas reakcija: kncos=1,5*10"2/8914110=0,00001683 M-1s71;
Keqon=K10H/krnco3z=[HCO3)/[CO2aqua]/[OH]=1,5*10%? M 25 1/kHc03=8914110.
VHco3=Knco3*[HCO3]=0,00001683*0,0154=0,000000259182 s ';
CO2aquatrOH=>HCOs3": vion=K1o+*[CO2aqua] *[OH]=1,5*10"2*0,0076*10"(6.63=0,000000267; s1;

Atrums hidroksidam kion/Kicozaqua=1,5%1072/1,5/10"8=10""6 miljons reizu lenaks par CA.

[HCO;]

Labveligs OH- bet [énaks bez CA Keqon=Keqca/Kn20=2,993*107(-11)/3,26/10"18)=9180981,6= [c O,] aqua [OH]

AGeqoH=-ReTeIn(Keqon)=-8,3144*298,15*In(9180981,6)/1000=-39.7 K/moi ; Favored equilibrium.
AGHess=AG°Hco3-AG°0 H-AG°co2=-586,93988-(-157,2-385,98)=-43.76 K/mo;
KeqoH=Keqca/KH20=2,993*107(-11)/3,26/10"18)= 9180981,6; Kegrcos=1/Keqon=1/9180981,6=0.0000001089;
Neitralizacija ir reizes 34463449218 atraka par karbo anhidrazi CA atrumu Kicozaqua=1,5%108 M1 s71;
1/Keqca=ka/K1co2aqua=10"187/1,5/10"8=34463449218; Keqca=K1cozaqualka=1,5*108/107M18.7=2 993*10/(-11);
Eksotermiska un eksoergiska neitralizacija H3O*+HCO3<=>CO2aquat2H20 Hesa briva energija negaitiva

-102 K/mol ,-43.76 K/ mol CO2aquatOH- => HCOgz, bet minimiZéjaS AGmin=AGeq=-60 I(J/mol, A
-39.67 X/mo1, sasniedzot lidzsvara Keqncoz=1/Keqon=1/9180981,6=0.0000001089

maisijumu KeqoH=Keqca/KH20=9180981,6.

Lesatelje princips ir Prigozina atraktors brivas energijas izmainas minimuma
sasniegsana AGmin maisijuma. Beivas energijas minimuma iestajas lidzsvars.
AGu/eqoH=-ReTeIn(1/Keqon)=-8,3144*298,15*In(34463449218)/1000=-60 /ma ;

CO2aquatOH- ; H3O*+HCOs reaktanti produkti COzaquat2H20;
Protolysis of water pH=pOH=7 GHzo++0oH-=GHzo++Gon=22.44+77.36=99.8 K/mol

-43.76 ¥/ng A

AGmin:-39.7 K WI
AGmin: '601 /mol

¥
A+B 50% C+2D
CA GH30+Hc03=GH3o++GHco3-=22.44+46.08=AGspcozaquat AGeqcozaqua=8.379+60.14=68.52 K/mo . [1.8.14]
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TERMODINAMIKA VINGRINAJUMS VIl Glicins+glicins— glicilglicins dipeptida sinteze
Aprekinat AHH ASH AGn standarta apstaklos (298.15 K). Reakcija ir eksotermiska , atermiska, endotermiska?
Peptidu sintéze polikondensacijas Enzims ribosoma vada reakciju ar aminoskabi glicinu Gly (G)! Vai bis eksoergiska
vai endoergiska! Glicins+glicins— glicilglicins dipeptida sintéze;

Q+AG +Glyaq + Glyag—-Ribosoma_, Gly-Glyaq+ H20

1. AHW=AH®Gly-Gly + AH%w20-2 AHCGly=-747,7-285,83-(2*-514,36)=-1033.53 +1028.72= -4.81 W/, eksotermiskas.
2. ASizliede= - AHW/ T = - -4,81 /298.15= 16.13 /moik;
ASH=AS°Gly-Gly + AS°n0 -2 AS°cly =111+69,9565-(2*158,45)=180,957-316,9 = -135,9435 /molik;
3.ASkopsia=ASi+ ASizkiiede=-135,9435+16.13 =-119,81 Y/mol;
AGH = AHn — T*ASH =-4.81-298.15*-0.1359435 = - 4,81+41,128= 35,72 W/na; endoergiska nepatvaliga
TeASkopgia= -119,81 //K/mo1#298,15 K=-35,72 ¥/pq; saistita akumuléta_energija peptida produkta.
Glicina karbonskabes COOH protolizes konstante: Keq=Kcoon/[H20]=1/12416,5=10-4094)=
H3N*-CH2-COOH+H20=> H3N*-CH2-COO +H30*; pKcoon=2,351 AHu =4,0 ¥/mor ; ASk= -139 Y/k/mol
AH=AH°H3n+cH2c00+ AH°H30-AH °Han+cH2co0oH-AHH20=4 K/ imgi; Ka=Kcoon=1/224,39=10/(-2:351)=
AH°H3n+cH2c00=4+AH °H20-AH°H30+AH °Han+cH2coon=4-286,65+285,81-525,06=-521,9 “/n;
AS°Han+cH2c00 =-139+AS°H20-AS°H30+AS  Han+cH2cooH=-139-453,188+3,854-1204,952=-1793,3 Y/k/mo;
AGH=AH—T*AS,=4-298,15*-0,139=45,44 “/q; endoergiskas ;

i N - H,0*].[H,N*CH.COO ]Gl
Kcoon=10-231= (A1 '[FS:INSCH;;OO%L?W ; Keg=Kcoon/[H20]=10-2-31/55,33=10-40%= [[H zo ]]'[[H;N*CH;:OOH]] Y
AGeg=-ReTeIn(Keq)=-8,3144*298,15*In(107(4.094)=23 37 Kl/mmo|,

Glicina amonija grupas HaN*- deprotongsanas konstante: Keq=Knan+/[H20]=1/108902871=10"(-%78)=
H3N*-CH2-COO+H20 <=H2N-CH2-COO+H30*; pKHan+=9,780; AHx<=44,2 K/mol; ASk<= -57 Yk/mol
AH.=AH°H2ncH2c00+ AH°H30-AH°Han+cH2c00-AHH20=44,2 K/ no; Ka=KH3an+=1/6025595861=10"(-9.78)=
AH°Han+cH2c00 =-44,2+AH HancH2coo +AHCH20-AHPH30=-44,2-525,06-286,65+285,81= -570,1 /o,
AS°Han+cH2c00=--57+AS HancH2c00+AS  H20-ASPH30=--57-1204,952-453,188+3,854=-1597,3 Y/k/mol;
AGi=AHT*AS,=44,2-298,15*0,057=27,2 ¥/m; endoergiska
[H*].[H,NCH,COO"] [H;0*]-[H,NCH,COO "]
Kcoon=10-978= [HINCH,COO ]Gy ; Keg=Knan+/[H20]=107(9.78)/55,33=10-11523= [H,O J[HINCH,CO0]Gly
AGeg=-ReTeIn(Keq)=-8,3144*298,15*In(10"(11523))= -65,773+23,37 =-42,403 ¥/mma;
Glicilglicina karbonskabes COOH protolizes konstante: pKcoon=3,14;AH«=0,11 X/mol; ASy=-128 I/k/mol
H3sN*CH2(O=C)NHCH2COOH+H20=>H3N*CH2(O=C)NHCH2COO +H30*;
AHw=AHH3ngygycoo+ AHH30-AH °H3NglygycooH-AH  H20=0,11 ¥/mor;
AHH3Ngygy,c00=0,11+AHH20-AH°H30+AH °Hangygycoor=0,11-286,65+285,81-737,55= -738,3 “/na;
AS°HaNglygyco0=-128+AS H20-AS°H30+AS *HaNgygycoon=-128-453,188+3,854-1877,952=-2455,3 I/k/mol;
AGH=AHH-T*ASH=0,11-298,15*-0,128=38,27 ¥/ma; eksoergiskas Ka= Kcoon=1/1380,4=10"(3.14);
[H*].[H;NGlyayCO O Jaly [H30™].[H;NGlyayCOO]Gly
Keoon=10""= """ Niayey cooH] + Kes=Keoon/[H20]=10"%1/55,33=10%= Ty 51114 Ny COOH]

AGeg=-ReTeIn(Keq)=-8,31442298,15+In(10-4883)=27 872 K/,
Glicilglicina amonija grupas HsN*- deprotonéSanas konstante: pKnan+=8,265; AH.=43,4 K/mo1; ASw= -16 Ykimol;
H3sN*CH2(O=C)NHCH2COO-+H20<=H2NCH2(O=C)NH-CH2-COO-+H30";
AHu=AH °H2ngygycoo+ AHH30-AH  HaNgygycoo-AH H20=43,4 W/,
AH°H3angygy,coo=-(43,4-AH Hangygycoo +AH°H20-AH°H30)=-(43,4+737,55-286,65+285,81)= -780,11 “/n;
AS°H3Nglyglyc00=-(-16-AS  HangygycoOo TAS°H20-AS°H30)=-(-16+1877,952-453,188+3,854)=-1412,6 */k/mol;
AGH=AHH-T*ASH=43,4-298,15*-0,016=48,17 ¥/ai; endoergic
Keq=KHzn+/[H20]=1/10232929923=10"(100D=;  Ke=Kn3n+=1/184077200=10"(8.265)=

[H+]- [HZN GlyGly COO'] [H3O+]- [H2N GlyGly COO']
Kcoon=10-8265= [H.NGyGyCOO Taly - Keq=Kcoon/[H20]=10269/55,33=10-10%= L0l [H,N'Gye,COO |Gy
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AGeq=-ReTeIn(Keq)=-8,3144+298,15+In(10-000)= -57,137+27,873=-29,262 K/rmol,

Viela AH4 %m0t | AS®H ok | AG°H¥mat | 1=0,1 M | 1=0.2 M Protolize palielina AG®hees “/mol
Glyaqua -554,56 76,45 -180,13 -177,07 |-176,08 =-176,08-42,403=-218,48
GlyGlyag -790,99 -1 -200,55 -195,65 |-194,07 =-194,07-29,262=-223,332
Glyaqua -525,06 |-1204,952 ] -165,8056 ; I=1 M - =-165,8056-42,403=-208,209
GlyGlyagq -737,55 |-1877,952]-177,6324 ; 1=1 M - =-177,6324-29,262=-206,8944
HsNCH,COO- -521,9 -1793,3 23,37 | pKa<2,351 - 23,37
H3sNCH,COO- -570,1 -1597,3 -65,773 | pKa>9,78 - -65,773
Protolize Summa -546 -1695,3 -42,403 | pH 7,36 - -42,403
HsNglyglyCOO- |  -738,3 -2455,3 27,873 | pKa<3,14 - 27,873
HsNglyglyCOO- | -780,11 -1412,6 -57,137 | pKa>8,265 - -57,137
Protolize Summa | -759 205 | -1933,95 | -29,262 | pH 7,36 - -29,262
H3O* -285,81 -3,854 -213,275 - - -
H20 -285,85 | 69,9565 | -237,191 - - -
H20 -286,65 | -453,188 | -151,549 - - Peptida sintéze:

AHu=AH clycly+AHH20-2AH Gly=-737,55-286,65-(2*-525,06)=25,92 “/moi=-759,205-286,65-(2*-546)=46,145 K/mor;
ASH=ASGlyGly+AS°H20-2AS Gly=-1877,952-453,188-(2*-1204,952)=78,764 */mouk;=-1933,95-453,188-(2*-1695,3)=1003,5 */mairk;
ASizkiiede=-AHR/T=-25,92/298,15= -86,94 Y/(mol k) ; ASkopsia= ASn+ ASizkiiede=-86,94+78,764=-8,176 I/(mol K);
AGH=AHH-T*ASH=25,92-298,15*0,078764= 2,4365 K/moi; endoergiska;=46,145-298,15*0,10035=16,226 XV/mo;
K Lenninger=exp(-9200/8,3144/298,15)=1/40,9=0,02445ab) Glyaq+Glyag=> Gly-Glyaq+H20; AGabLehninger= 9,2 X/mol;

Chem. Phys. CRC, 2010, 1148;BioThermodynamic,Alberty,2006.
Glyag+Glyaqg=>GlyGlyaquatH20;AGH=AG clycly+*AG°H20-2AG cly=

=16,2; Lehninger = 9,2; 8,16; 6,94; 6,54; 2,43 K/mor ; protolize

AGHess=AHH-T*ASH =46,145-298,15*0,10035=16,2265 */moi;I=0 M
AGreq=-200,55-151,549-(2*-180,13)= 8,161 K/mo endoergic;l=0M 7 %
AGHeq=-195,65-151,549-(2*-177,07)=6,941 K/mo endoergic;1=0,1 M

AGo,2m=-194,07-151,549-(2*-176,08)=6,541 X/mol endoergic;1=0,2 2

M

AGHeq=-177,6324-151,549-(2*-165,8056)=2,4298 X/moi; 1=1 M;
Sintéze: AGo2m=AG°clycly*AG°H20 -2AG°cly =6,541 W/ml; 1=0,2 M; Ko2m=exp(-6541/8,3144/298,15)=0,07146;
Hidrolize: GlyGlyaquatH20=>Glyaqua+Glyaqua; AGLeninger=-9,2 ¥/mol; 1=0 M

[H,N*CH,COO]Gly 2

0

,{__'_J:._L

AGHess ' I<J/mnl

17 { 1 l 1 1
1 T Ie‘hnin:ner

Jonu speks , M =

00102030405060.708 09 1.0

K Leninger=eXP(-AGLeninger/R/T)=exp(-9200/8,3144/298,15)= 0,02445 sintéze.

[H 20]'[H3N+GIyGIyCO o—]G|y=KLeninger:eXp(-AGLeninger/R/T):exp(QZOO/S,3144/298,15):40,91 hidrolize .
Ko2m=exp(-AGo2m/R/T)=exp(6541/8,3144/298,15)=13,994;pH=7,36; AGo2m=-8,3144*298,15*In(14)=-6,54 X/mol

Endotermiskas un endoergiskas hidrolizes Hesa brivas energijas izmaina negativa A
AGhidrotize = -16,23 K/mor , bet minimizéjas sasniedzot lidzsvara maisijumu ar jonu speku

1=02 M

Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin

sasniegS$ana. Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars.
Reaktanti Gly-GlyaguatH20=>Glyaquat+Glyaqua pl’OdUkti_A+B

AGmin=AGo2m=-6,54 K/mol; Ko2m=13,994.
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AGbLeninger=-ReTeIn(KpLeninger)=-8,3144*298,15*In(220500,2)/1000= -30,5 mot;  [14502 |[ADF*][Hs0']
Kegq=KbLeninger=eXp(-AGbLeninger/R/T)=exp(30500/8,3144/298,15)=exp(12,304)=220500,2= 2 > s 2
AGLehninger=-ReTeln(K Lenninger)=-8,3144*298,15%In(0,0001739)/1000=21,46 W/mo . [H,OT-[ATP™]

H,P0,]-[ADPZ
pH<7,199.ATP3'+H20=>ADP2'+HzPO4'; KLehninger=KbLehninger*[H30+]/[H20]:0,0001739: |I::H ZO ]AEAE' 3-] ];
2

AGHess=AG°ApP3+AG°HP042-AG° ATP4-AG°H20=-1399,9-1057,143-(-2267,64-237,191)=47,79 X/mol;
b) ATP4+2H20=>ADP3+HPOs2+H30"; AGpLehninger=-30,5 I mo; KbLehninger:KLehninger[HZO]/[H3O+]:220500’2;

AGH=AG° app3+AG°Hposo+AG H3o-AG° aTpa-2AG H20=-1399,9-1057,143-213,275-(-2267,64+2*-151,549)=-99,58 “/qI;

a) Glyag+Glyag=>Gly-Glyaq+H20; AGo2m=6,54 K/moi; Ko 2m=exp(-6541/8,3144/298,15)=0,07146.

Ko,2mhydrolyse=1/Ko,2m =1/0,07146=13,994;

ab)GlYag+Glyagt ATP +H,0=>GlyGlysq+ ADPF+HP O +H30"; AGay=AGo 2m+AGbLeninger=6,54-30,5=-23,96 /o

AGH=AG cly-cly+AG°ADP3+AG HP042+AG°H30-2AG Gly-AG° ATP4-AG H20=
=-177,632-1399,9-1057,143-213,275-(2*-165,806-2267,64-151,549)=-97,15 K/moi;

Viela  AH %" mot AS% Yotk AGhess, ol ; =-177,632-1399,9-1057,143-213,275-(2*-165,806-2267,64-151,549)=-97,15 W/

HsO* |-285,81| -3,854 |-213,275 b) ATP4'+2HZO:>ADP3'+HP042'+H30+; AGbLehninger:-30,5 k‘]/mol;
H.O |-285,85] 69,9565 [-237,191 KbLenninger=220500,2; pH=7,36;
H.O |-286,65 -453,188]-151,549 HGH .
) ] ’ Hd I HN
H:POs 112963 | 904 |-11302| o o o u  Jp arplaze o S
HoPOs [-1302,6| 925 | -1137,3| o -o-;-o-jo 5 NN "0 o=lteolodt NN
HPO4> |-1292,14| -33,47 |-1089,28)] ©° © © N _%/+2H0 . o o Xy H
HPO.? [1298,89|-810,792|-1057,143 Ho oM 3 Ho | o-H
ADP% |-2627,4| -4010 | -1424,7 a) Glyag+Glyag=> Gly-Glyag+H20; AGo,2m=6,54 ¥/mol;
ATP* [-3617,15] -4520 | -2292,5
’ ’ ly+gl -
ADP | 26274 |-4117,11 -1399,9 EZI gy gly g'i Lot
ATP* [-3617,1] -4526,1 |-2267,64 AT 24 Ribosoma ADPF 4 0" O
Glyaqua | -554,56| 76,45 | -176,08 3
GlyGlyaq| -790,99 -1 -194,07 ab)Glyag+Glyag+ATP4+H20=>GlyGlyag+ADP3+HPO42+H30;
Glyaqua | -525,06 |-1204,95|-165,806 AGap=AGo2m+AGbLeninger=6,54-30,5=-23,96 K//mor;
GlyGlyaq -737,55 |-1877,95[-177,632 Peptida saites sintéze ribosomas .

Keq=Ko.2mKb= 0,07146*220500,2=[GlyGly]*[ADP3]*[HPOs2]*[H30*)/[Gly]¢/[ATP*]/[H20]= 15756,9.
[HNGlyeyCOOJGly:[H PO [ [ADP¥][H;0%]

Keq_aO,ZMb :KO,ZMKb: [H3N+CH2COo—]G|y2_[H 20][AT 4-] :15756,944 .
AGeqLehninger:-R°T°ln(KeqLehninger):-8,3144*298,15*|n(15756,944)/1000:-23,959 Kfmol . A 99,58/ A
KeqLehninger:KLehninger[HzO]/[H3O+]:0,000012428*55,3457/10’\('7'36):15756,944. G '97:15 kJ/'“O'_

Lénindzera eksoergiska ATP4+ hidrolizes GlyGly sintézes ribosoma Hesa brivas
energijas izmaina pie pH=7,36 ir negativa AGhidrolize=-99,58 K/mol, -97,15 X/mol, bet
minimizéjas AGmin=AGeq =-30,5 X/mol un =-23,96 K/mol sasniedzot lidzsvara maisijumu

KbLeninger=220500,2 and Keq_a02mb=15757. LeSatelje princips ir PrigoZina atraktora /
AGmin='30,5 K mol [
brivas energijas izmainas minimuma AGmin sasnieg$ana. AGrin=:23,98 7
A+2B+C 50% D+E+F+G
ATP*+Glyaq+Glyaq+H20
produkti GlyGlyaq+ADP3+HPO,2+H;0%;

Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars. reaktanti
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TERMODINAMIKA VINGRINAJUMS VIII a Maltozes hidrolize par Glc+Glc

Apréekinat AHH ASH AGr standarta apstaklos 298.15 K. Reakcija eksotermiska , atermiska, endotermiska?
Laktozes hidrolize par Glikozi un Galaktozi! Ir eksoergiska vai endoergiska!

Lehninger 2000 AGLehninger:-15,9 kJ/mol; Laktoze+H20<=>Glc+Gal; pH:7,36; AGHess= -20,3 Kol ;

Maltozes hidrolize par Glikozi! Ir eksoergiska vai endoergiska!

Lehninger 2000 AGrehninger=-15,5 K/mol; Maltoze+H20<=>Glc+Glc; pH=7,36; AGHess= -19,92 K mot ;

BioThermodyn 2006 pH=7,36; reaktanti => produkti pH=7,36; 1=0,25 M
Viela %I;InoT AS°h I moklAG 1 K/ mol
HO | -285,85 | 69,9565 |-237,191
HO | -286,65 | -453,188 | -151,549
Gal |-1260,14-2901,428| -395,08
Glc [-1263,78| 269,45 | -919,96
Glc [-1267,13]|-2901,49 | -402,05

Maltoze |-2247,12|-5415,032|-632,6312

Laktoze |-2242,14 | -5423,03 | -625,27 |Biochemistry Thermodynamic 2006 Massachusetts Techn.Inst.

AGH=AG°GIc+AG°cal-AG°Lactoze-AG°H20=-402,052-395,08-(-625,27-151,549)= -20,3 ¥/mol eksoergiskas;

AGH=2AG°GlIc- AG°Maltoze-AG°H20=2%-402,05-(-632,6312-151,549)= -19,92 X/mo eksoergiskas;

1. AHH=2AH°GIc-AHMaltoHe ~AH°H20=2*-1267,13-(-2247,12-151,549)= -135,591 K/mo eksotermiska ;

2. ASiziiede= AHH/T=--135,591/298,15= 454,774442 /ol k) ;

2. ASH=2AS GIc- AS°Maltoze -AS°H20 =2*-2901,49-(-5415,032-453,188)= 65,24 /molik;

3.ASkopsia= ASH+ ASizkiiede=454,774442+65,24= 520,0144442 Y (mol k) ;

AGH=AHH-T*ASH=-135,591-298,15*0,06524=-155,0423 K/moi eksoergiskas ;

3. T*ASkopsia=520,0144442*298,15=155,0423 K/mol TASkepsja bound energy izkliede spontaneous.

KLeninger:eXp(-AGLeninger/R/T):eXp(15500/8,3144/298,15):519,4:102'7155

[Glc]-[Glc]
[Maltoze]-[H 0]

Prigoiina atraktors minimums AGmin:AGeq:-lg,g K/ mol ; AGLehninger:-l5,5 k‘]/mol; AGHess= -155 I<J/mol;
Endotermiska un eksoergiska hidrolizes Hesa brivas energijas izmaina negativa A

Keqg=KLeninge =519,4 =

AGhidrolize = -155 K/mor , bet Prigozina labveliga atraktora lidzsvara konstantes |7~ 77 :
brivas energijas izmainas minimums———  AGmin= AGeq = -19,9 X/mol;

[GIc]-[Glc] B .
[Maltoze]-[H,,0] =519,4 ;

sasniedzot lidzsvara maistjumu Keq =

AGpin= '1gvglm/mol

Maltoze+H20 A+ 500 C+D
Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin Reaktagtli unerl)rodukti
c+Glc .

sasniegSana. Brivas energijas izmainas minimuma sasniegSana iestajas Iidzsvars.
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TERMODINAMIKA VINGRINAJUMS VIII b Laktozes hidrolize par Glc+Gal
Apréekinat AH+ ASw AGy standarta apstaklos 298.15 K. Reakcija eksotermiska , atermiska, endotermiska?
Laktozes hidrolize par Glikozi un Galaktozi! Ir eksoergiska vai endoergiska!
Lehninger 2000 AGuenninger= -15,9 K/mor; Laktoze + H20 <=> Glc + Gal; pH=7,36; AGH=-20,3 X/moi ; 1=0,25 M
BioThermodyn 2006 pH=7,36 reaktanti <=> produkti

Viela  |AH®H %9/mol | AS°H Ymoik| AG°H */mol

H20 -285,85 | 69,9565 | -237,191

H>O -286,65 | -453,188 | -151,549 BioThermodyn 2006

Glc -1263,78 | 269,45 -919,96 |CRC 2010

Glc -1267,13 | -2901,49 | -402,05 |BioThermodyn 2006

Gal -1260,14 | -2901,43 | -395,08 BioThermodyn 2006
Laktoze | -2242,14 | -5423,03 | -625,27

AGHess=AG°GIc+AG°Gla-AG° Laktoze-AG °H20=-402,05-395,08-(-625,27-151,549)= -20,311 K/mol eksoergiska

1. AHH=2AH°GIc-AHMaitoHe ~AH°H20=2*-1267,13-(-2247,12-151,549)= -135,591 X/mol exothermic ;
2. ASdisperss= AHH/T=-135,591/298,15= 454,774442 (mol k) ;

2. ASH:2A80G|C' ASoMaItose -AS°H20 =2*-2901,49-(-5415,032-453,188): 65,24 J/moI/K;

3.AStota= ASH+ ASdisperse=454,774442+65,24= 520,0144442 3/ (mol k) ;
AGH=AHH-T*ASH=-135,591-298,15*0,06524=-155,0423 ¥/mol eX0€rgiC ;

3. T*AStotai=520,0144442%298,15=155,0423 K/mor TAStotal bound energy dispersed spontaneous.
KLeninger:eXp(-AG Leninger/R/T)zeXp(20300/8,3144/298,15):3601

[Glc]-[Gal]
[Laktoze]-[H 0]
Prigoiina atraktors minimums AGmin:AGeq:-5.951 I(J/mol ; AGLehninger:-15,9 I(‘]/mol; AGHess= -20,311 I(J/mol;

Keq: KLeninge =3601 =

Prigozina atraktors labvéliga lidzsvara konstante Hesa likuma K=103558=3617 .

Endotermiska un eksoergiska hidrolizes Hesa brivas energijas izmaina negativa A 155¥ A
AGhidronize=~ -155 ¥/mol , bet Prigozina atraktora veicinata Iidzsvara brivas 5 - S
energijas izmaina minimizéjas —— AGmin= AGeq = -20,3 K/mol

[Glc]-[Gal] N :

sasniedzot atraktoru maisijuma Keq = [Laktoze]-[H,0] =3601. Lesatelj& princips
2

- - v - - G e . . - . - PR P K
ir Prigozina atraktors brivas energijas izmainas minimums AGmin Sasniedzot maisijumu. AGmn= 203 fma

Brivas energijas izmainas minimuma sasniegsana iestajas lidzsvars.  Laktoze+H20 A+B . 50% C-I_-D
Glc+Gal_reaktanti & produkti.
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TERMODINAMIKA VINGRINAJUMS IX bikarbonata neitralizésanas CO: iztvaikoSanas reakcija

Koncentracijas gradientu virziena [H3O]palabi/[H3O]pa_keisi, paral€li cauri protonu H*,
[HCOs]patabi/[HC O3]pa_keisi bikarbonata HCOs™ kanaliem plausas izelpojot CO2 , H2O .

Viela  |AHH Y/mol| AS°H moik|AG®u W mol|  H30*+HCOz+Q=Kanali i HCOs —5 1y, 04 Hy04as+C 021 gas+AG
H:O* | -285,81 | -3,854 |-213,275 | AHH=AH®H20+AH°H20gas+AH°co2gas-AH H30-AHHco3=54,546 K/mol;
HCOs | -689,93 | 98,324 | -586,94 =-285,85-241,8352-393,509-(-285,81-689,93)=54,546 ¥/l
HCOs |-692,4948| -494,768 |-544,9688| AGH=AG°H20+AG°H20gas+AG°co2gas-AG °H30-AG°Hc03=-59,935 K/mol
H20 -285,85 | 69,9565 | -237,191 | =-237,191-228,6-394,359-(-213,275-586,94)=-59,935 K/mo eksoergisks
H.O -286,65 | -453,188 | -151,549 ASizicdesta=-AHu/T=-54,546/298,15= -182,948 /moik;
H2O1gas |-241,8352| 188,7402 | -228,6 |ASkopsia= ASn+ ASizkiiedeta= -182,948+377,966 =195,016 Y/mol/k;
CO2%gas | -393,509 | 213,74 |-394,359 AGH=AHHx-T*ASH=54,546-298,15*0,377966= -58,144 K/mq|;
CO2aq | -413,798 | 117,5704 | -385,98

ASH=AS H20+AS°H2071 gastAS °co2 1 gas-AS °H30-AS °Hco3=377,966 Y/mollk;

eksoergiska

=69,956+188,74+213,74-(-3,854+98,324)= 353,652-94.47= +377,966 /mouk;

TeASkopsja=195,016 /K/mo1#298,15 K=+58,144 K/

saistita TASn«— zaudgta briva energija AGpretreake_Hess produktos. patvaliga AG®mess =-58,14 K/moi;
AGH=RTIN([H30*]right/[H30O*]ieft); HC O3 kanali: AGHcos=RTIN([HC O3 right/[HC O3 ]ieft)
ASH=-RIn(10"(59)/0,02754)=75,42909 */mol/k; ASHcoz=-RIn(0,0154/0,0338919)=6,55847 /mol/k;
AGH=RTIN([H3O]patavi/ [H3O]pa_rreisi)=-22,48918 K fmol; AGHCOSZRTIn([HCO:’,]palabi/[HCO3]pa_krei5i):'1,9554KJ/m0|;
ASy=377,966+75,42909+6,55847 = 459,954 I/mol/k;

ASHkopgia= ASuH+ ASizkliedsta= -182,95+459,954=277,004 J/K/mol;

AGuH = AHy — T*AShH = +54,546-298,15*0,459954 = -82,589 K/mol; eksoergiska..................

H* kanali:

TeASHkopeja=277,004 I/K/mo1#298,15 K=+82,589=-58,144-22,48918-1,9554 K/mo|
saistita TASn«— _zaud@ta briva energija AGpretreakc_.Q= -54,546 kJ/mol........ patvaliga AG®hes

=-82,589 kJ/mol...

TERMODINAMIKA VINGRINAJUMS X. HCO3z+H3O* produkti skietama oglskabe H2O+H2CO3

Aprekinat AH+ ASw AGw standarta apstaklos 298.15 K. Reakcija ir eksotermiska , atermiska, endotermiska?
Bikarbonata un protona parnese cauri membranas kanaliem plausas uz epitélija $tnu virsmas H,O+H2COs .
Vai bis eksoergiska vai endoergiska!

H3;0* + HCOg Membranus, H,0 + H,CO3 +AG+Q.

AHHesSZZAHOprodukti-ZAHoizejvielas; ASHess:ZASOprodukti-ZASOizejvielas

AGHess: AHHess'T'AS Hess

AH:es=AH°H20+AHH2c03-AH H30-AH HC03=-7,9952 X/mo

=-285,85-699,65-(-285,81-689,93)= -9.76 X/mol eksotermiska

=-286,65-699,65-(-285,81-692,4948)= -7,9952 K/mo|

AGHess=AG °H20+AG°H2c03-AG°H30-AG°Hco3=-148,8 X/mo

=-237,191-755,47-(-213,275-586,94)=-192,4 X/mol eksoergisks

=-151,549-755,47-(-213,275-544,9688)=-148,8 X/mol eksoergisks

AStess=AS°H20+AS°H2c03-AS°H30-AS°HC03=232,4 Y/moliK;

Viela AH®H ¥ mot | AS®H Y motik | AG®r ol
HsO* -285,81 -3,854 -213,275
HCOgs -689,93 98,324 -586,94
HCOs [-692,4948 | -494,768 | -544,9688
H2COs3 -699,65 187,00 -755,47
H20 -285,85 69,9565 | -237,191
H20 -286,65 | -453,188 | -151,549
H201gas | -241,8352 | 188,7402 -228,6
CO27gas | -393,509 213,74 -394,359
CO2aq -413,798 | 117,5704 | -385,98

=69,956+187-(-3,854+98,324)=162,486 /mol/k;

ASkopsia=ASr+ASizkliedeta=26,816+232,4=259,216 Y/moik; =-453,188+187-(-3,854-494,768)=232,4 I/moi;
AGiiess=AHpess- T*AS1e=-7,9952-298,15*0,2324=-77,3 X/mal ; eksoergiska.

TeASkopsia=0,259216 /K/moi*298,15 K=+77,3 K/mor ; ASizkliedsta=-AHW/T=7,9952/298,15=26,82 Y/ mol/k;
saistita TASn«— zaudéta briva energija izkliedéta produktos un apkartéja vide.
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TERMODINAMIKA VINGRINAJUMS XIII, XIV. O21gaze asimilacija reakcija cauri akvaporiniem veido Ozaqua-Asins
No GAISA tdeni O21gaiss asimilacija reakcija cauri membranu akvaporiniem Veido [O2aqu-arterialu] =6*10° M
koncentraciju. endoergic AG+021 gas gaisstH20-AUB0MN=>> ) 5qua-asins+Q ; O2aquatQ=>02gas+H20 +AG
Viela | AHX/mol| AS°n ¥/ molik|AG®:¥/moll  AGHess=AG°02aqua-AG°02gas-AG°H20=16.4-(0-151,549)=168 ¥/mol;

O2aqua -11.70 -94,2 16,40 Alberty [8];AGHAIberw:GOZaqua-GOZgas-GHZO =330-303-0=27 K/mo;

O2aqua  -11.715 110,876 16,4 AHH=AH®02aqua-AH° 02gas-AH H20=-11.7-0+286,65=274,95 K/mol;
O21gas 0 205,152 0 ASdispersed=-AHuess/ T=-274,95/298.15=-922,2 I/molik ;

HsO* | -285,81 | -3,854 |-213,275 ASHess=AS°02ag-AS°02gas-AS *H20=-164,2 Ymolik

H2O | -285,85 | 69,9565 |-237,191 =110,876-205,152-69,9565=-164,2 Y/moik

H2O | -286,65 | -453,188 | -151,549 | AGH=AHH-T*ASH=274,95-298,15*-0,1642=323,9 K/mol endoergic;
ASkopgia= ASi+ ASizkliede=-164,2 -922,2= -1086,4 /mol ;
TeASkopgja=-1,0864 K/K/mo1#298,15K= -323,9 K/mol; saistita TASn«— uzkrata energija.ne-patvaliga ;
ELSEVIER Rotating Electrode Method un Oxygen reduction Electrocatalysts, 2014, p.1-31,
1. WeiXingaMinYinbQingLvbYangHubChangpengLiubJiujunZhangc. Tira 1atm mol dala ir XO2gas=1 .
[O onaqua

]
2aqua - = * -3 = * -5 1 T = = * -3
2gas].h_'zo] Ko2/[H20]=1.22*10-3/55.3=2.205*10 un attieciba XO, gas Ko2=1.22*103 M/1

ELSEVIER sadalijums gazes un skidibai tident no gaisa 20.95% [O2air]=0.2095
ir koncentracija [O2aqua]=1.22*10-3*0.2095=2.556*10"* M;. [O2aqua}/0.2095=1.22*10-3 M; Skidibas brivas energijas
izmaina AGs=-ReTeln(Ks)=-8.3144*298.15*In(2.205*105)=-8.3144*298.15%6.414=26.58 K/mo;
Hesa endotermiska un endoergiska skabekla $kidibas brivas energijas izmaina pozitiva AGsolubility=323,9 K/mol ,
[0

Skidiba Ku= g

2 aqua]

11,0l =2.205*10°= 1046 brivas energijas

bet minimiz€jas lidzsvara K= [o
2 gas

izmaina AGmin=AGeq=26.58 X/moi . LeSatrljé princips ir PrigoZina atraktors brivas
energijas izmainas minimuma AGmin sasniegSana Iidzsvara.

[0, gas][H 0]

Iztvaikojot Keg= [0 ] =[H20]/Ko02=55,3457339/1,22/10"-3=45365,4; TAG. =2658 4
2 aqua M ! 1 mol
Hesa eksotermiska un eksoergiska skabekla Ozgas iztvaiko$anas brivas energijas izmaipair ~ A+B 50% C+D
negativa AGHess = -323,9 K/mol , bet minimizgjas iztvaikoSanas lidsvara stavokIT: izejvielas O21gas+ H20
AGmin=AGeg=-ReTeIn(Keq)=-8,3144*298,15*In(45365,35566)= -26,58 K/mol produkts Ozaqua.
sasniedzot lidzsvara stavokli Keq=45365,4 - Prigozina atraktoru ne lidzsvara stavokliem. A A

- = I . .. . C M1 — 1 R -323,9 9/,
Brivas energijas izmainas minimuma sasniegsan.a iestajas lidzsvars. Skidiba no gaisa ir G_ %8 2

[O2aqua]=9.77-10-° M ja osmolara, jonu spéka Cosm=0.305 M, 1=0.25 M, skabekla gaisa
20.95% koncentracija fiziologiskos apstaklos, bet nulles osmolaras un jonu spaka
koncentracijas Cosm=0 un 1=0 M iir tira destiléta Gdent [O2aqua]=2.556*10* M.
FiZiO|0giSk§. KOZAsinsz[OZaqua]/[OZgas]: 9.768-105/0.2095=4.663*10-4=10-3-3314=10pK jr

lidzsvara konstante. Arteriala [Ozaqua] = 6:10-> M and venous [Oz2aqua]=0.486-10° M AGnin=26.58 “na_§
koncentracijas ir izooksijas norma cilvéka asinu [Ozaqua] koncentracijam . . _A+B 50% C+D
IztvaikoSana AHH=AH°02gas+AH°H20-AH°02aqua=-286,65+0-11,7=-274,95 K/mol ir izejviela Ozagua

produkti O21gastH20

eksotermiska un eksoergiska AGH=AHH-T*ASH=-274,95-298,15*0,1642=-323,9 X/mal.
Alberty [8 briva energija tidenraza gazei GHzgas=85.64 ¥/mol lauj aprekinat skabekla brivo energiju
gazei un tident Go2gas=303.1 X/mor Un Go2aqua=329.68 K/mor ,
Fotosintéze atjauno globalo atmosferas atraktoru [O2gas aAIrR]=0,2095 skabekla moldalu.

Lidzsvara koncentraciju tidenT [Ozaqua]=[O2gas_air]*[H20]/Ks=0,2095*55,3/45365=0,0002556 M uztur atmosferas
skabekla [O2gas_aIrR]=0,2095 moldala. Fotosintéze aktivé koncentraciju [O2aqua_photosynthesis]>[ O2aqua] =0,0002556 M
tdent virs lidzsvara: un skabeklis iztvaiko. Fotosintéze apstajas sasniedzot Iidzsvara koncentraciju
[O2aqua]=0,0002556 M . Prigozina atraktors brivas energijas izmainas minimums globala fotosintézes procesa uztur
skabekla moldalu atmosfera]Ozgas aIr]=0,2095.
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Alberty un CRC termodnamikas dati. [81] Exel 2H202=>02aqua+2H20+Q+AG ;

Substance| AH /mot | AS°H /ol IAGCHK mol
Cor 0 5.74 0
Gcozgr Ggr - 91.26
CO1gas [-110.525| 197.674 | -137.2
CO21gas | -393.5 2.9 -394.36
CO2aq | -413.8 [117.5704| -385.98
HCO3 |-692.495| -494.768 |-544.9688
H2aq -5.02 | -363.92 | 103.24
H2gas -0.82 | -283.82 | 85.64

HZgas 0 130.68 0
Hatomic | 218,0 114,7 203,3
OH- |[-230,00| -10,539 | -157,2
O21gas 0 205,152 0
OZaqua -11,715 110,876 16,4
OZaqua -11,7 -94,2 16,4
H2O2aqua | -191,99 | -481,688 | -48,39
H202@q) |-191,17| 1439 | -134,03
H.O | -285,85| 69,9565 |-237,191
H.O |-286,65]-453,188 | -151,549
H201gas | -241,8352 [188,74024] -228,6
CHasaq | -90,69 | -763,476 | 136,95
CHoagas | -76,46 | -648,44 | 120,56
CHoagas | -74,6 186,3 -50,5

AGegstandart=(E °Red-E °0x)*F*n=(0.89916 -2.08366)* 96485*2=-228.6 k)/mol
AGeqStandart:GOZaqua+2*GHZOBioChemistry-Z*G H202:-228,6 kJ/mol;
carbon (graphite) Ggr=91.26 K/mo;
=329,68+2*85.65-(2*GH202)=-228,6 “/mar; Alberty
GH202:(G02aqua+26HZO_Biochemistry-AGeqStandart)/2:364,79 I(‘]/mol ;
AG°H202 =729,58/2=(329,68+2*85.65+228,6)/2=364,79 X/mo;
GCgrCH4gas:GCOZgr:-GHess_COZgas-GOZgas:394.36-@291.26 K3/ mol ;
G°H2aq=103.24 Y/mor; Alberty R.A. Biochem. Thermodynamic’s, 2006.
G°H2gas=85.64 K/mol; Alberty R.A. Biochem. Thermodynamic’s, 2006
GOZgas:303,1 I(‘]/mol; H29as+1/202gaS:>H20; G°H20=-237,19 kJ/mo|;
2H2gast O2aqua=>2H20 <> H30*+0OH";
AGeqgH2gas+02gas=(2GH20-2G °Hagas-Go2gas)/2=-474,38/2=-237,19 Kol ;
AG°H20Hesa=2*0-2*85,64-303,1=-474,38/2=-237,19 K/rnol;
GOZgasz('AGOHZOHesa'GoHZgas)*2=(237,19'85,64)*2=303,1 |‘J/mol;
Oxygen aqua Gozaqua=GozgastGo2sp=303,1+26,58=329,68 ¥/mol ;
GOZsp:-R'T'lng ng):26,58 Ko FKs :2,205*10'5 ; 3rd page;[14]
AGHessHZO:GoHZO'('HessG°H2-HessG°OZgas/2):-237,19-(0"'0):-237,19 K3/ mol
Biokimijas nulls atskaites skala Gco2gas02=GH20=0 K/mo;
2GoH--GH2ag-Go2aqua=2Gon--103,24-329,68=
H2aq+O2aq+26°<=>20H"; E°H2aq02ag=20H-=??? Volts
BioTherm2006 Alberty R.A. GH20_Biochemistry=85,65 ¥/mol
BioTherm2006 Alberty R.A. Biochem. Thermodynamic’s 463, 2006
HessGOZgasZO; HessG°H2=0; HessGongO; HessGoNZgas:(); HessG° srombic=0;

Red H;0,+2H,0-2 € =023quat2H30 * ; absoliita E*1202aqrea=0,4495 V Alberta University classic E°H202=0,7975 V;
Ere=E® 1202+0,0591/2+1g([Ozaqua] [H3O *J/[H20:)/[H20]%)=0,4495+0,0591/2*I(6* 10"+ 10°(736"2)/1/55,3'%)=0,23643 \/
Oks H20:+2H30 *+26=4H;0:E" 207q0x=1,6855 V [18]:[H202]=1 M; [O12qua]=6*10° M, [Hs0 *]=10"% M, [H,0]=55,3 M
Eo=E $12020x+0,0591/2+log([H20:]*[Hs0 *J2/[H20]%)=2,08366+0,0591/2*10g(107(-7,36*2)*1/55,3"4)=1,443 V/;
AGegstandart=(ERred-Eoox) *F*n=(0,4495-1,6855)*96485*2=(-1,236)*96485*2=-238,51 /i
AGAIberty='238,51 Y mol; QStandartaHZOZMu_a"‘2*GH20+AGAIberty:(330+2*0+238151)/2=568,5/2=284125 ot ;

AGquioChemz(ERed‘EoOx)*F*n =('0,2132'1,0455)*96485*2:('1,2066)*96485*2='242,9

kJ/ mol ;

Z*GH202:GOZBiochem_arteriaj+2*GHZOBioChemistry+AGAIberty:330+2*0+238,51:2*284,5:568,5 I(J/mol;

Slgidiba Hzgas+Hzowz>H23q akumule AGHzgkAlbeny:GH2aq-GH2gas-GHzo=103,24-85,64-85,6:-68,05 K ol Alberty:
[Haaq)/[Hages)/ [H20]=Ks=EXP(-AGraspawerty/ R/ T)=EXP(68050/8,3144/298,15)=10"11°, [8] Alberty

Skidiba [Haag]= Ks*[H2.0]=10"119*55,3=10/136 M, ja Hagas moldala ir viens [Hagas]=1 tirai gazei.

Hidroksonija protona reducésana satverot elektronu no kristala rezga (Pt)+e". Hesa brivas energijas izmaina

H3O*+(Pt)+e ¢« (PYH+H0 ir AGresspon=Grzo++Gei+Ge--(Grzo+Grpy)=22,44+38,375+0-(0+51,05)=9,765 ¥/mol.
AGeqpyn=E°H*F+1=0,10166*96485/1000=9,81 ¥/ dod brivas energijas izmainas minimumu metaliskam tdenradim (Pt)H
oksidgjot nulles skala Gpy+Ge-=GH20=Gco2gas=0 “/mor indiferentam (Pt), +e, tidenim un COxgss .

Udenraza elektroda termodinamiskais standarta potencials E°+=0,10166 V ir virs klasiskas nulles E°y_kiasika=0 V.

Red: Haaq+2(Pt) < 2(Pt)H+H20; AGhiess skpon=2GHpEy*Ghz0-(Ghzag+2Gpy)=2*51,05+0-(103,24+2*38,375)=-77,89 “¥/mo.
E’H30+=-77,89*1000/96485/2=-0,4036 V; Haaq+2(Pt) <> 2(Pt)H+H,0; 2H30 *+2e ¢ Haaq+2H:0;
Kipou=[H20]*[(POH]?/[Haaq]/ [(P?=EXP(-AG pyn/ RIT)=EXP(77890/8,3144/298,15=10"%%5, [8]

Ox: 2H30 *+2€ > Haaq+2H20; AGress_H30+=2GH30++2Ge.~(GHaag+2GH20)=-58,36 “/mol;E " H30+=-58,36*1000/96485/2=-0,302
V AE’eqh30+=0,10166-(-0,302)=0,40366 V; AGeqrz0+=AE H30+*F*2=0,40366*96485%2=77,89 X/no; Metals tidenradis neskist.
2(Pt)H+H20 < Haaqt2(Pt); Kskpon=[Ha2aq)/[(P)]? [H2O1*[(Pt)H]>=EXP(-AG pyyn/R/T)=EXP(-77890/8,3144/298,15=10"(13.65):
Metaliska tidenraza moldala ir viens [(Pt)H]=1 un [(Pt)H]?=1. Metalisks tdenradis (Pt)H veido $kidibas koncentraciju:
[H2aq]=Kg*[H20]=107119%55 3=107136 M un gazes [Hazaq]=Kg*[H20]=107119%55,3=10"136 M tidenraza $kidibas
koncentraciju, ja Hagas moldala ir viens [Hogas]=1 tirai gazei. Ja 0,000771899 M destiléta tident tad minimala mol dala gazei ir
[H2gas]=0,000771899 M/10/136 M=10/(16.7),
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TERMODINAMIKA VINGRINAJUMS XV Vitamins Bz H3O*in parnese H3O*out cauri membranai

ReakcijaVitaminam B3 reducéta forma NADH un oksid&jas veidojot NADP* parnesot tidenraza jonus ka protonus
cauri membranai no iekSpuses

HsO*, uz mitohondrijas arpusi HzO*out.

NADP*+NADH+H;0*,+Q(vaji)Membrani=>NADPH+NAD*+H30*out AG(V3ji) ;

Viela AH®: ¥ mot | AS ki molik | AGCH X mol
H3O%in out | -285,81 -3,854 | -213,275
NADHag) | -1036,66 | -140,5 -
NADH@aq| -41,41 |-4081,784(1175,5732
NAD*(@q | -1007,48 -183 -
NAD*aq | -10,3 |-3766,008| 1112534
NADPH | -1036,66 | 763,005 -
NADPH | -1040,78 |-4465,708| 290,6776

NADP* | -1007,48 | 577,897 -
NADP* | -1014,07 |-4166,096| 228,052

Protonu trans lokacijas ENZIMS trans hidrogenaze (EC1.6.1.1)
bakterijas un dzivnieku mitohondrijas
kas sakabinats ar reducgjoso ekvivalentu parnesi starp
NAD(H) un NADP(H) protonu trans lokacija cauri membranai
AHues=AH°nADPH+AH°NAD-AHNADP-AH °NADH=4,4 K/ mol;
=-1036,66-1007,48-(-1007,48-1036,66)= 0.0 ¥/mol atermiska
=-1040,78-10,3-(-1014,07-41,41)=4,4 K/
ASizdiedsta=-AHres/ T=-4,4/298,15=-14,76 Y/ molk;

...... Membranas kanalu $kérsoSana ir atermisks-neitrals process AH»=0.0 K/mor bez berzes.
...... Nav siltuma izkliedes membranas kanala
AS=AS°NADPH+AS°NAD-AS°NADP-AS°NADH=-4465,708-3766,008-(-4166,096-4081,784)=16,164 /mol/k;
ASkopéja:ASH'l'ASizkliedéta:l6,164-14,7621,404 ‘]/mOI/K;

AGH=AH\-T*AS=4,4-298,15*0,016164= -0,4193 X/mor; vaji eksoergiska.

AGes=AG°NADPH+AG°NAD-AG °NADP-AG°NADH=290,6776+1112,534-(228,052+1175,5732)= -0,4136 K/mo;
TeASkopeia=0,001404 Y/K/mo1*298,15 K=0,419 K/mol; saistita_zaudéta energija protona gradienta H* vaja patvaliga eksoergiska
Ox NADP*+ H-(H*+2¢e") =NADPH ; absolute E°napp=-0,4135 V;

Red NADH = NAD* + H-(H*+2¢"); absolute E°nabn=-0,4095 V; David Harris; [22];

NADP*+NADH+H30%in +Q(weak) Membrane=>NADPH+NAD*+H30*ou+AG(weak) ;

AE°= E°NaDH-E°NnADH=-0,4095—(-0,4135)= 0,004 V, n is 2;

AGeq:AEO'F°n=0,004 Ve2 mol*96485 C/mol :(-0,4095—(-0,4135))*2*96485:-R'T'ln(Keq):0,77188 K mol
EXP(-AGeqaerobi/RIT)=EXP(-771,88/8,3144/298,15)=0,7324=Keqaerobi;

Keaperobi= TNADH] [NADP*][H,0"] ~°

[NAD"}[NADPH]-[H,0"]

Mitohondrijas kanalos H* :
AGH=RTIn([H3O]rignt/[H3O]iert) generétais gradients kvazi lidzsvars Keq=10"-59/107736)=72 44 ;
ASeq=-8,3144*In(10/"-55)/107-7:36))=-35,609 I/mol/K;
AGeq=8,3144*298,15*In(10/-55)/107(7:36))=10,617 ¥/mol;

ASHess_sum=16,164-35,609= 459,954 I/mailk;
AGeg=-ReTeIn(Keq)=-8,3144*298,15*In(72,4436)= -10,617 */moi;

Q"‘HsOJ'+HCOs'=ChamnaIs H* HCOs —, H>0+ H2014astCO21¢astAG. ; izelpa H2O1gastCO27 gas;
ASHess=AS°H20+ASH20gas+AS °co2gas-AS °H30-AS  Hco3=69,956+188,74+213,74-(-3,854+98,324)=377,966 */mol/k;

Kanalos HCOz3:

AShcosz=-RIn(0,0154/0,0338919)=6,55847
AGhcos=RTIn(0,0154/0,0338919)=-1,9554

_AGquerobi
ReT

B 771,88
—p 08.3140208.15 =0,7324;

AGHco3=RTIN([HC O3 ]right/[HC O3 ]iett)

..... J/moI/K

kJ/mol;

ASHess sum=377,966+75,42909+6,55847 = 459,954 /mollk;
ASHess_sum:377,966+35,609+6 55847 = 420,1 ‘]/moI/K;
=0,0591/2*log([H20])=0,0591/2*l0g(55,34573393)=0,051508 \V
=0,0591/2*l0g([H20] )=0,0591/2*10g(55,345733932)= 0,1030 VV
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TERMODINAMIKA VINGRINAJUMS XVI. NADH+H30"* +O25quac—FMNE2vitamin)_,NAD*+H20+H202:0:+AG+Q

Vitamina B3 reducéta forma NADH vai NADPH flavina B2 vitamina FMN enzims pielietojiet skabekli O2aqua ka
elektronu akceptoru oksidé NADH producgjot tidenraza peroksidu.

CRC Handbook of Chemistry and Physics 90. redakcija CD-ROM versija 2010; Izejvielas =>

Viela AH®: ¥ mot | AS®k ¥ moiik | AG®w K/ mol
OZaqua -11.70 -94,2 16,40
O2aqua -11.715 | 110,876 16,4
NADHaq | -1036,66 | -140,5 i
NADHq | -1041,41 |-4081,784 [1175,5732
HsO* -285,81 -3,854 | -213,275
H20 -285,85 | 69,9565 | -237,191
H20 -286,65 | -453,188 | -151,549
NAD*(@aq | -1007,48 -183 -
NAD*@aq | -1010,3 |-3766,008| 1112534
H2021 | -237,129 69,91 -237,129
H202xqua | -191,17 143,9 -134,03
H2O2qua | -191,99 | -481,688 | -48,39

KegAerobi= [NADH]- [0,] aqua -[H30+] ¢

produkti
H30*+O2aquat NADHEMN(B2vitamin)=>H, O 5qua+ H2O+NAD*+Q
BioChemistry Thermodynamic 2006 Massachusetts Techn.Inst.

AHH=AHC 1205+ AHC 20+ AH N ap-AH  H3o-AHC  02-AHNapH=-150 Kol
AHK=-191,99-286,65-1010,3-(-285,81-11,70-1041,41)=-150 X/mol;
=-191,17-285,85-1007,48-(-285,81-11,715-1036,66)=150,315 “/inqi;
ASH:AS°H202+AS°H20+AS°NAD-AS°H3o-AS°oz-AS°NADH:'521,05 J/mOI/K
=-481,688-453,188-3766,008-(-3,854-94,2-4081,784)=-521,05 I molik;
=143,9+69,9565-183-(-3,854+110,876-140,5)=64,3345 I/mol/k;
AGH=AHH-T*ASH=-150,02-298,15*-0,52105=5,33 K/mo1; endoergic
AGH=AHK-T*ASH=-150,315-298,15*0,064335=-169,5 ¥/q; exoergic
AGHess=AG°H202+AGH20+AG°NAD-AG °H30-AG°02-AG°NADH=

AGHess=-134,03+(-237,191-151,549)/2+1112,534-(-213,275+16,4+1175,5732)= -194,56 K/moi;;
ASizhkliedsta=-AHHess/ T=150/298,15= 503,1 /mol/k; ASizhkliedsta=-AHHess/ T=150,315/298,15= 504,1 /mol/k;
ASkopgia=ASHessTASizhkliedeta=-521,1+503,1=-18 Y/molik; ASkopeja=ASHess+ASiznklicdeta=64,3345+504,1=568,44 /moi;
TeASkopeja=0,5684345 /K /moi*298,15 K=+169.5 X/mal ; bound TASn«—izhkliedéta-lost energy and is spontaneous
Ox O2zaquatH3O*+H-(H*+2e")=H202aquatH20 ; E°H202=0.4495 V Alberta University NADH and NADPH oxidase.
Red NAD* + H-(H*+2e") =NADH ; E°2=-0,4095 V; David Harris
H30*+02aquat NAD HEMN(B2vitamin)=>H, O 23qua+ H20+NAD +Q+AG

Free energy of activate homeostasis products referring to water and CO2gas zero GH20=Gco2gas=0 “/mor are
peroxide, hydroxonium and anion of peroxide: GH202=284,25 K/mor1; GH3o++GHoo-=22.44+337,8=360.24 X/mol;
AE°=E°2- En20°1=-0,4095-0.4495=-0,859 V, n is 2;

AGeq=( E°2- EH20°1)*Fen=-0,859*2*96485%/moi=(-0,4095-0.4495)*2*96485 /moi=-ReT*In(Keq)=-165,8 X/moI;
=EXP(-AGegaerobi/R/T)=EXP(165761/8,3144/298,15)=1,097*10"%°,

[NAD™]-[H.0, Jaqua:[H ;0]

_AGquerobi
ReT

165761
—¢ 8.314298.15 =1 ()97*10N29:

=0,0591/2*l0g([H20])=0,0591/2*l0g(55,34573393)=0,051508 \/
=0,0591/2*l0g([H20] 2)=0,0591/2*l0g(55,34573393"2)= 0,1030 V

minimizejas konstante brivas energijas izmainas Vértiba AGmin= AGeq = -165,8 K/mol

sasniedzot Iidzsvaru Kegaerobi=1,097*10"29 ;

Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma

AGnmin sasniegSana. Brivas energijas izmainas minimuma sasnieg$ana iestajas

[idzsvars.

Prigozina atraktors labvéliga lidzsvara Hesa likuma aprékinos ir eksotermiska un eksoergiska
NADH oksidesanas brivas energijas izmaina ir negativa AGHess =-194,56 K/mor , bet

A '194,6 k‘]/m()l

AGmin:-les,B kJ/mol
L

I Hess
G

A

reacktanti H30++02aqua+NAD!-| A+B+C 50% D+E+F
un produkti_ - H,05aqua+H20+NAD?;
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TERMODINAMIKA VINGRINAJUMS XVII Peroksida 2H202(aq) parvérsana par =>0O2aqua+2H20+Q
Liela atruma protolize peroksida anjonu H*+HOO><-OOH+H* sadursmes aktivacijas energija ir liela Ea=79000 Y/mol

pretgji HOO=>
produktos:

AGHess=AG°02+2AG°H20-2AG°H202=16,40+2*(-237,191)-(2*-134,03)=-189,9

sadursmes aktivacijas energijai Ea=29 Y/mo katalaze ir neliela. Parvérsot izejvielas 2H20;

2H202aq=02aquat2H20+Q+AGH ;

K/mon eksoergiski

AGAIbertyHomeostasis:GOZBiochem_arteriaj+2*G HZOBiOChemistry-Z*GH202:88,04+2*85,64-2*284,25:-309,18 K/ mol ; Al berty

Mischenko 1972, Himia, Leningrad [26]

AHuess=2AHH20 + AH02-2AH H202=-202,66......... K/mol exothermic

=_11,7-2%286,65-(2%-191,17) = -202,66 K/mol

BiochemThermodynamic 2006 Masachusets Technology institute

University Alberta 1997. ASHess=2AS°H20 + AS°02-2AS°H202=

Viela  |AH®4*moll AS®n ¥ molik| AG®n */mol
HsO* | -285,81 | -3,854 |-213,275
O2aqua | -11.715 | 110,876 16,4
OZaqua -11.70 -94,2 16,40
H.O | -285,85 | 69,9565 | -237,191
H20 -286,65 | -453,188 | -151,549
H202 @q | -191,99 | -481,688 | -48,39
H202(aq) | -191,17 143,9 -134,03
H202, |-237,129| 69,91 |-237,129

=110.876+2*69,9565-(2*-481,688)= 1214 /moik

3. AStota=ASHesstASdispersed=1214+679,725=1893,7..........
4. AGHess =AHHess-T*ASHess =-202,66-298,15*1,214165=-564,66.....

TeAStota=1,893725*298,15= +564,6..........
Red: H202+2H20=02+2H30 *+2 e-; absolute standard potenrial E°redr202=0,5278 V Alberta Univ. Eoclassic=0,694 V;
Ox: H202+2H30 *+2e =4H20; inverse absolute standard potential E°oxH202=1,7123 V Suhotina Eoclassic=1,776 V

2H202(aq)

J/moI/K
K/mol €X0ErgiC..........

K/mol ; bound TASn«— dispersed energy AGess.

=> Ozaqua + 2H20 + Q + AG;
Pusreakcijas RedOks Nernsta vienadojumi reducétai un oksidétai formai:elektronu balansésana 2 e
[H202]=1; 10719 M Biochemistry concentrations [Ozaqua]=6*10-% M, [H3O *]=1073¢ M, [H20]=55,3 M.
Red: Eon202=E°H202+0.0591/2¢1g(O2aqua] *[H30 *]?/[H202]/[H20]%)=0.5278+0.0591/2*Ig(6*10"-5*10°%"2/1/55.3%)=-0.1349
OX: Eoox=E°H2020x+0.0591/2°log([H202]*[H30 *]%/[H20]*)=1,7123+0.0591/2*Ig(1*10"(7-36*2)/55,3"4)=1,0713 V
Homeostaze: AGeqggiochem=(ERred-Eoox)*F*n=(-0.1349-1,0713)*96485*2=(-1,2062)*96485*2=-232,76 K/moI;
AGAlbertyHomeostaze=G02Biochem_arteriaj+2* GH20BioChemistry-2* GH202=88,04+2%85,64-2*284,25=-309,18 K/moi; Alberty

2GH202 =Go2aguat2*GH20+AGegAlbertystandart =330+2*0+228,57=2*284,25=548,9 K mol ;

Free energy of activate homeostasis products referring to water and CO2gas zero GH20=Gco2gas=0 ¥/mor are
peroxide, hydroxonium and anion of peroxide: GH202=284,25 X/mol; GHzo++GHoo-=22.44+337,8=360,24 K/mol
AGegalbertystandart_H202=(ERed-Eoox)*F*Nn=(0,5278-1,7123)*96485*2=(-1,1845)*96485*2= -228,57 Kot ;

KeqStandart:

[0,]aqua[H0]°

[H 202 ]gqua
Eksotermiskas un eksoergiska H202 (aq) dismutéSanas Hesa brivas energijas izmaina
AGalberty ir negativa -242,7 K/mor , bet minimizéjas AGggiochem=-238,5 ¥/mol Sasniedzot
lidzsvara maisijuma konstanti Kqsiochem=10%! . Lesatelje princips ir PrigoZina atraktora
brivas energijas izmainas minimuma AGmin sasnieg$ana. Liela atruma protolizes atraktori
pH=7,36, skabeklis gaisa 20,95% atrodas lidzsvara stavokli, kam&r homeostaze
neatgriezeniski turpinas, jo ir ne lidzsvara stavoklis. PrigoZina atraktors Nobela prémija
kimija 1977. gada. KATALAZE dz&$ peroksida molekulas H202 simts procentigam o»=6,
=3 iznakumam taukskabju C20:4 elongacijas sintézei peroksisomas. KATALAZES
reaktivitate ir neatgriezeniskas homeostazes nepiecieSams Brauna molekularais dzingjs

evolicijai un izdzivosanai.

=Kh202=eXp(-AGeq/R/T)=exp(238510/8.3144/298.15)=1041"5. ......

AGaibertyHomeostasis =-309,18 k‘]/mol

A

AGquioChem:l'228,6 k\;/mm

A+A  50% B+2C

izejvielas 2H202(aq) produkti_Ozaquat2H20
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THERMODYNAMICS Exercise VIl a sukcinataSCoA* Oz H20: fumarata dehidrogengsanas reakcija

SuccinatSCoA* O, H,O; fumarata dehydrogenésanas reakcija! Ir eksoergiska vai endoergiska! 1=0,25 M;
Biochemistry thermodynamic data 2006; Succinat>+Ozaqua=>fumarate?+H202aqua+AG ; pH=7,36

Red: Succinate?+2H.O=Fumarate?+2H3O" +2e-; E° red=0.2512 V Lehninger 2000; Univ.Alberta 1997;
Ox: Ozaqua+2H30*+2e"=H202aqua+2H20; E° 0x=0,4495 V; AE=(E° red-E° 0x)=( 0,2512-0,4495)=-0,1983 V;
AGmin=AGeq=(E°Redsuccinate-E *ox02) *F*n=(0,2512-0,4495)*96485*2=(-0,1983)* 96485*2=-38,3 K¥/mo|;
Keg=exp(-AGe/R/T)=exp(38270/8,3144/298,15)=5065991 labveligs lidzsvars.
AGHesszAG°H202+AGofumarat-AGOOZ-AGoSuccinat=-48,39-519,4688-(16,4-522,414) = -61,845 I(J/mol;

Viela AHOHess,kJ/mol ASoHess,J/mollK AGoHess,kJ/moII
HsO* -285,81 -3,854 -213,275
H20 -286,65 -453,188 -151,549
H202a¢ | -191,99 -481,688 -48,39
OZaqua -11,70 -94,2 16,4
Succinat> | -908,69 -1295,576 | -522,414
SuccinatCoA* - - -339,2476
HSCoA® - - -5,6616
Fumarate? | -776,56 -862,288 | -519,4688
Ubiquinol - - 3849,60
Ubiquinone - - 3853,88

AGH=AHH-T*ASH=-48,16-298,15*0,0458= -61,815.X/mol exoergic

Eksotermiska un eksoergiska
taukskabju C20:4 etil grupas
-CH2-CH2- dehidrogengsana par
cis dubultsaiti H>C=C<H
peroksisomas Hesa briva energijas
izmair,la AGHess Ir -61,8 K/ mol

negativa, bet minimizg&jas lidzsvara
AGmin:AGeq:-38,27 K/ mol.

A

-61,8 K/mol

Hess

KATALAZE

AGmin= -38,27 K/ mol
1

G,

A

A+B 50% C+D

Reaktanti etil grupas -CH2-CHz- dehidrogengsana Succinat?+Ozaqua=>produkti cis H>C=C<H fumaratez+H.0.
Lesatelje princips Prigozina atraktora ka brivas energijas izmainas minimuma AGmin Sasniegsana

- F te?]. KATALAZE
lidzsvara maistjuma:Keq= [Fumarate”] [HZOZ]/

[Succinate] [0, ]

=5065991.

Neatgriezeniskums seciba komplekso enzimatisko reakciju kartiba nodrosina KATALAZSE reaktivitate, kura dzes
peroksidu Iidz nullei [H202]=0 ™°/jiter un procesa atrumu limité vienigi dehidrogenazes enzims. KATALAZE

komplekso reakciju seciba nodrosina stabilu iznakumu e 100% neaizstajamo taukskabju =6 un @ =3 sintézes
produktos peroksisomas, jo dz&s peroksida molekulas H20: .

Ubihinola oksidé3anas — dehidrogen&sanas iznakumu e 100% nodrosina KATALAZES reaktivitate

Ubiquinol + O2zagua => Ubiquinone + H202aqua TAG+Q);
AGHess=AG°UbiqQuinox+AG °H202-AG°02-AG °ubiQuinRed=-3853,8792-48,39-(16,4-3849,6004)= -69,07 X/mo
OX: Ozaqua +2H30*+2e=H202aqua +2H20; E° 0x=0,4495 V University Alberta

Red: Ubiquinol+2H20 = Ubiquinone+2H30" +2¢7; E° red=0,2656 V Lehninger 2000 ;
AGmin=AGeq=(E°Rred-E°0x)*F*n=(0,2656-0,4495)*96485*2=(-0,1839)* 96485*2= -35,49 K/ma;
Keg=eXp(-AGeq/R/T)=exp(35490/8,3144/298,15)=90471395= 1650539 labveligs lidzsvars .

?777?

Red: Ubiquinol6+2H20=Ubiquinone6+2H30"+2¢; absoliitais potencials E°red=-1,2435 V; E°asika=-1,05 V CRC 2012 ;
AGmin=AGeq=(E°Red-E°0x)*F*n=(-1,2435-0,4495)*96485*2=(-1,693)* 96485*2= -336,6 V/moI;
Keq=exp(-AGeg/R/T)=exp(336628/8,3144/298,15)=90471395=10"%897 labvéeligs lidzsvars .
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THERMODYNAMICS Exercise XVII b Malate to Fumarate convertion dehydratation H2O BioThermod2006

Malate to fumarate convertion dehyratation H,O at temperatures 298,15 K, using the data table! Mention whether the
reaction will be eksoergiskas or endoergiska!

Malate?+Q+AG =>Fumarate?+H,0; 2000 AGyenninger= 3,1 “/mo;

1 .AHHess:AHopl’Odukti'AHoReaktanti
2.ASHess:ASopl’OdUkti'ASOReaktanti; 3.AG+=AHg- T*ASk;
AHu=AH°H20+AH°Fumanate-AH *Malate=16,586 K/moi;Endotermiska

=-286,65-776,56-(-1079,796)= 16,586 “I/mo
ASiznklicdsta=-AHHess/ T=-16,586/298,15= -55,63 Y/molik

BioThermod06;ASH=AS°H20+AS °Fumarate-AS °Malate=43,5 Y/ mol/k

=-453,188-862,288-(-1358,976)=43,5 Y/molik

ASkopéja:AS HesstASizhkliedsta=-55,63+43,5= -12,3 Imolrk

AGH=AHH-T*ASH=16,586-298,15*0,0435=3,6165 ¥/moI ;

AGH=AG°H20*+AG °fumarat ~-AG°malate=3,606 K/ mol

3,606 /mol =-151,549-519,4688-(-674,624)

Substance  JAH®x /mol| AS®u motik| AG®1 ¥ mol
H3O* -285,81 | -3,854 |-213,275
H20 -286,65 | -453,188 | -151,549
H20 -285,85 | 69,9565 | -237,191
O2aqua -11,70 -94,2 16,4

Succinat? -908,69 |-1295,576| -522,414

SuccinatSCoA™ - - -339,2476

HSCoA® - - -5,6616

Malate  |-1079,796(-1358,976| -674,624

Fumarate?- | -776,56 | -862,288 |-519,4688

Ubiquinol - - 3849,60

Ubiquinone - - 3853,88

TeASkopsja =-0,01214*298,15 = -3,6195 X/mal saistita produktos

[Malat %]

TASn akumuléta energija.

2-1.
[Fumarat® }[H50] — i, =K | eninge =exp(-AGeq/RIT)=exp(-3100/8,3144/298,15)=0,28635=10-95%3 nelabveliga

Hesa dehidratatésana produkti minus reactanti nelabvéliga brivas energijas izmaina

AGHess:AHHess-T*ASHess:3,62 I(‘]/mol .

Endotermiska un endoergiska dehydratacijas brivas energijas izmaina AGress A & 3,62 ¥/
pozitiva 3,62 /ol , bet minimizgjas sasniedzot minimumu
AGmin = AGeq = 3,1 /moi ka Prigozina atraktors

konstante maisijuma attieciba Keq= [Ft;malratzz']]-[H 201 =0,28635 . Lesatelje
Malat =

princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin

sasniegSana. Brivas energijas

G h

| _I_/

izmainas minimuma sasniegSana iestajas lidzsvars.

Gmin=26,58 X/imol

A 50% B+C
Malatse? reaktants
with Fumarate?+H,0

(B+C).

60



THERMODYNAMICS Exercise XVII1 Glycolaldehyde H2C(OH)CHO convertion to H3SCCOO- +HzO*+Q

Glycolaldehyde H2C(OH)CHO convertion to acetate H3SCC=00" +H3O*+Q (25 C) 298.15 K, using the data table!
Mention whether the reaction will be eksoergiskas or endoergiska! Reaktanti Glyoxal => produkti acetate + H3O*+Q

Viela_ JAH°H,<molAS°H,Ymotil AGH,K/molf o Wy

N
[FCOMcHO,_ 212 | 2725 | -313.83 e L
H.O | -286,65 | -453,188 | -151549 |  Clycolaldehyde meme  +Hz0=> wiw +HO™AGHQ

HoO@g | -285.85 | 69,9565 | -237,191 H2C(OH)CHO+H20=>H3CCOO+H30*+Q+AG
H30(aq) -285.81 -3,854 | -213,275 | AHhess=AH®H3ccoo. +AH®H30 ~-AHH20+ AH®Hac(0H)cHO= ¥/ mol
H3CCOOH | -484,3 159,8 -389,9 |=-485,64-285,81-(-212-285,85)= -273,32- K/mol exothermic

HsCCOO- | -486,84 82,23 -247 83 |=-486-285,81-(-212-286,65)= -273,16- K/mol exothermic
H:CCOO- | -485,64 87,58 -369,37 |ASdispersea=-AHH/T=273,16/298,15= 916,2 I/k/mol
HsCCOO -486 85,3 -240,963 JAGH=AG cH3c00+AG°H30 -AG°H20-AG H2c(oH)cHO=-31,624 K/l
AGess=369,37-213,275-(-237,191-313,83)=-31,624 /g ;

AStess=AS°cHacoo+AS°H30 -AS°H20-AS°Hac(0H)cHO=87,58-3,854-(69,9565+272,5)= -258,73 /molik ;
ASkopsia= ASw+ ASizkliede=918,966-261,014 = 660,236 /molk;
AGH=AHH-T*ASH=-273,16-298,15*-0,25873=-196 K/moi eksoergiska

TeASkopeia=660,236298,15 K= +196 X/mol;

bound TASn«—izkliede-lost energy AGuevenseress<—Q=273,96 K/mo.......spontaneous AGres = -196,14 X/mol...
Formation in space. UV-irradiation of methanol ices containing CO yielded organic compounds such as glycolaldehyde un
methyl formate, the more abundant isomer of glycolaldehyde.

Ethylene Glycol un glycolaldehyde require temperatures above 30 K.[228 The most consistent formation reactions seems to
be on the surface of ice in cosmic dust. Glycolaldehyde has been identified in gas un dust near the center of the Milky Way
galaxy,8l in a star-forming region 26000 light-years from EartH 71 un around a protostellar binary staH IRAS 16293-2422,
400 light years from Earth.[181191 Observation of in-falling glycolaldehyde spectra 60 AU from IRAS 16293-2422 suggests
that complex organic molecules may form in stellar systems prior to the formation of planets, eventually arriving on young
planets early in their formation.[23l
Detection in space. The interior region of a dust cloud is known to be relatively cold. With temperatures as cold as 4 Kelvin
the gases within the cloud will freeze un fasten themselves to the dust, which provides the reaction conditions conducive for
the formation of complex molecules such as glycolaldehyde. When a star has formed from the dust cloud, the temperature
within the core will increase. This will cause the molecules on the dust to evaporate un be released. The molecule will emit
radio waves that can be detected un analyzed. The Atacama Large Millimeter/submilliter Array (ALMA) first detected
glycolaldehyde. ALMA consists of 66 antennas that can detect the radio waves emitted from cosmic dust.[2l
On October 23, 2015, researchers at the Paris Observatory announced the discovery of glycolaldehyde un ethyl alcohol on
Comet Lovejoy, the first such identification of these substances in a comet. 21122
Glycolaldehyde is formed from many sources, including the amino acid glycine un from purone catabolism. It can form by
action of ketolase on fructose 1, 6-bisfosfats in an alternate glycolysis pathway. This compound is transferred by thiamin
pyrofosfats during the pentose fosfats shunt. InTissue neurons; Mitochondria;

Solar-type protostar with ALMA. Glycolaldehyde (HCOCH2OH) is the simplest sugar un an important intermediate in the
path toward forming more complex biologically relevant molecules. First detection of 13 transitions of glycolaldehyde
around a solar-type young staH through Atacama Large Millimeter Array (ALMA) observations of the Class 0 protostellar
binary IRAS 16293-2422 at 220 GHz (6 transitions) un 690 GHz (7 transitions). Glycolaldehyde co-exists with its isomeH
methyl formate (HCOOCH3), which is a factor 10-15 more abundant toward the two sources. The data also show a tentative
detection of ethylene glycol, the reduced alcohol of glycolaldehyde. In the 690 GHz data, the seven transitions predicted to
have the highest optical depths based on modeling of the 220 GHz lines all show red-shifted absorption profiles toward one
of the components in the binary (IRAS16293B) indicative of infall un emission at the systemic velocity offset from this by
about 0.2" (25 AU). We discuss the constraints on the chemical formation of glycolaldehyde un other organic species - in
particulaH in the context of laboratory experiments of photochemistry of methanol-containing ices. The relative abundances
appear to be consistent with UV photochemistry of a CH30H-CO mixed ice that has undergone mild heating. The order of
magnitude increase in line density in these early ALMA data illustrate its huge potential to reveal the full chemical
complexity associated with the formation of solar system analogs.
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TERMODINAMIKA VINGRINAJUMS XIX Glikolskabes H-COH-COOH parvérsana H3C-COOH +Q
Glycolic acid Formation 615t page 2C+2*Hzgas+1,502gas=> H2COHCOOH ; AGHacorcoon=-403,2968 K/mol [8];
AGH2coHcooH=GH2coHcooH-(2Gcgraph*2GHagas+1,5* Gozgas)= -403,2968 K/mor;
GHzcoHcoon=-403,2968+(2*91,26+2*85,6+1,5*303)=404,9232 K/moI;

Glycolic acid H_COHCOOH+H20<=>H2COHCOO+H30*; pKa1=3,83; Wikipedia
Keqg=[H2COHCOO]*[H30*])/[H2COHCOOH]/[H20]=Ka/[H20]=107(383)/55 3=2,675* 10" (-6)=10/(5.573);
AGeqoHccoon=-ReTeIn(Kaeq)=-8,3144*298,15*In(10/(-5573)/1000=31,81 “/mol .
AGeqgoHccooH=Gorccoo+GHzo+-( GoHccoon+GH20)=Gorccoo+22,44-(404,9232+0)= 31,81 K/mol;
GoHccoo=AGeqoHccooH-GHao++( GoHccoon+GH20)=31,81-22,44+(404,9232+0)=414,3 X/ma;

Viela AH°Hess | AS°Hess | AG°Hess H2COHCOOH+H20<=> H.COHCOO+H30*;pKa=3,83
Glyoxylate kol I/ molik K/ mol GoHccoo=AGeqoHccooH-GHao++( Gonccoor+GH20)=414,3 X/ma;
OHCCOO - - -426,588 Eksotermiska, eksoergiska A A
H.COHCOO ' ' -403,2968 reduccéana Hesa brivas G -161,8 M/moi=
HCOHCOOH - 651 318,6 - energijas izmaina negativa | f------------
NADHaq) | -1036,66 | -140,5 - -161,8 K/mol, bet minimizejas
NADH(aq) -1041,41 -4081,784 | 1175,5732 par AGminzAGeq:-72,65k‘]/mol
HsO%aq | -285.81 | -3,854 |-213,2746|  vai-104 K/mal Sashiedzot
NAD*@q | -1007,48 -183 - lidzsvara maisijumu. LeSatelje
NAD*(aqg) -1010,3 -3766,008 | 1112534 | princips ir Prigozina atraktora
HsCCOOH| -484,09 159,83 | -531,743 brivas energijas AGmin= -72.65 KIS
H3CCOO- | -486,84 82,23 -247,83 GHsccoon=-415,8 X/mol; AGmin= -104 ¥/mot
H3CCOO -486 85,3 -240,963 GH3ccoo=430,46 K/mol; ;
HO | 285,85 | 69,0565 | 237,191 | izmainas minimuma AGmin A+B+C 50% D+2E+F
H20 -286,65 | -453,188 | -151,549 sasniegsana.

Acetic acid Formation 615t page 2C+2H2gas+O2gas=>H3CCOOH ; AGorccoon=-240,963 K/mor [8];
AGH3CCOOH=GHSCCOOH-(ZGCgraph+2GH29as+1*GOZgas):-240,963 K/ mot;
GHaccooH=-240,963+(2*91,26+2*85,6+1*303)=415,8 K/mol;

Acetic acid H3CCOOH+H20<=>0HCCOO +H30*; pKa1=4,76; Wikipedia

Keq=[H3CCOO]*[H30*]/[H3CCOOH]/[H20]=Ka/[H20]=10"476)/55,3=3,1425* 10" (=10 (-6.5);

AGegHaccoo=-ReTeIn(Kaeq)=-8,3144*298,15*In(10(-6:5))/1000=37,1 %/mo .

AGegoHccooH=GoHccoo+GHzo+-( GoHccoon+GH20)=Gorccoo+22,44-(296,032+0)=37,1 K/mol;

GoHccoo=AGeqoHccooH-GHao++( GoHccoon+GH20)=37,1-22,44+(415,8+0)=430,46 K/mor;

Oks: H2COHCOO +H-(H*+2e")+H30*=>H3CCOO +2H20; E°oxH2coHcoo=-0,033 V absolute; [23]

AGeq=E°ox+2concoo*F*n=(0,033)*96485*2==6,368 K/mol;

AGe=GHaccoo+2GH20—(Gonccoo+ GHao++GH-)=430,46+2*0-(414,3+22,44)=6,28 X/mol;

AGe=GHaccoo+2GH20—(GoHccoo+ GHao++GH-)=430,46+2*85,6-(414,3+22,44)=164,92 K/mo;

GH- =GHaccoo+2GH20—(Gorccoo+ GHzo++AGeq)=430,46+2*0-(414,3+22,44+6,368)=-12,648 X/mal;

GH- =GHaccoo+2GH20—(Gorccoo+ GHao++AGeq)=430,46+2*85,6-(414,3+22,44+6,368)=158,55 /mol;

Glycolate H-COHCOO+ NADH + H3zO* => acetate HsCCOO+2H.0 + NAD*

AGHess=AG°cHacoo+AG°NaD++2AG°H20-AG°H2coHc00-AG NADH-AG °H30=-161,8 K/mol;

=-240,963+1112,534-2*237,191-(-403,2968+1175,5732-213,2746)=-161,8 X/mol exoergic...........

AGeq=(E° Red-E°oxH2concoo)*F*n=(-0,4095--0,033)*96485*2=(-0,38)*96485*2=-72,65 X/ma;

Red: NADH = NAD* + H(H*+2¢"); E° red=-0,4095 V David Harris absolute
Glyoxylate Oks: OHCCOO+ H-(H*+2e")+H30O*=> Glycolate H.COHCOO-+H20 ; E° 0x=0,1305 V absolute
Glyoxylate OHCCOO+NADH+H30*=>H2COHCOO+NAD*+H20 Glycolate

AGeq=(E° Red-EoH20)*F*n=(-0,4095-0,1305)*96485*2=(-0,54)*96485*2=-104,2 X/mol;

AGHess=AG °H2coHcooH+AG  NaD++AGH20-AG *HacoHcoo-AG°NaDH-AG H30= -63,66 K/mol;
=-403,2968+1112,534-151,549-(-426,588+1175,5732-213,2746)= 21,98 K/mal ;
=-403,2968+1112,534-237,191-(-426,588+1175,5732-213,2746)=-63,66 )/mol exoerglc ............... X
=-403,2968+1112,534+0-(-426,588+1175,5732+22,44)=-62,2 /moi €XO0ErgiC............... X
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TERMODINAMIKA VINGRINAJUMS XX Piruvata HICC=0COO- dekarboksilésana HRCCHO +HCO3

Piruvata H3CC=0OCOO" parvérsana acetaldehida H:CCHO +HCO3 (25 C) 298.15 K,, pielietojiet tabulas datus!
Izejviela Pyruvic acid+Q => produkti acetaldehyde bicarbonate + H3O*

Viela AH 4 moll ASH I molik| AG®r Kmot|  H3CC=0COO" + H20+AG + Q => H3CCHO +HCOgs
H3CCH(OH)COO"| -688,29 |-1290,852|-303,4256 BioThermodynamics06;
H3CCH(OH)COO| -686,2 | -557,71 | -313.70 |CRC 2010
H3CCH20Hqq -290,77 |-1227,764| 75,2864
H3CCH20H, -277,6 160,7 62.96 °8 o
H20 -285,85 | 69,9565 | -237,191 RN H’O\é—H
H20 -286,65 | -453,188 | -151,549 _ H_(':\ H_(':\
HCOx 689,93 | 98,324 | -586,94 Laktats I H +H20 =Etanols |1| H +HCO3 +AG +Q
HCOgs -692,4948| -494,768 |-544,9688 eksotermiska.............

AGHess=AG °HaccH20H+A G Hco3-AG°H20-AG°HaccH20HC00-=75,2864-544,9688-(-151,549-303,4256)= -14,71 K/mol
AHress=AHn3ccHz20H+AH °Hcos-AH*H20-AH °HaceHzomcoo-=-290,77-692,4948-(-286,65-688,29) = -8,325 X/mol
ASiiedsa=-AHHess/ T=8,325/298,15=27,9 /k/mol;
BioThermodynamO06 ASHess=AS°H3ccH20H +AS°Hco3--AS°H20-AS *HaccH20Hc00-= 21,51 Ymolk;
=-1227,764-494,768-(-453,188-1290,852)=21,51 Y/motik....
ASkopgia= ASHess+ ASiznkliedeta=21,51+27,9=49,41 I moix;
AGHess=AHHess- T*ASHess=-8,325-298,15*0,02151=-14,738 X/mo eksoergiska......
TeASkopsia= 0,04941*298,15 K=14,73 Y/mo; saistita TASn ;izkliedéta-zaudeta energija patvaliga
Red lactate+H20<=>pyruvate+H3O*+H-( H*+2e") ; absolute potential E°n3cHc(oH)coo=-0,0159 V;
Ox NAD*+H-(2e’)=NADH ; E°1=-0,4095 V; OksRed NAD*+lactate-+H.O=NADH+ pyruvate+HzO*;
Balanced n=2=m with 2e" electrons AE° NAD™* accept electrons from lactate:

AGegaerobic=AE°*Fen=(E °red-E°0x)*F*n=(-0,0159—0,4095)*96485*2=(0,3936)*F*n=75,95 X/mol

Kegaerobic=EXP(-AGegaerobic/R/T)=EXP(-75950/8,3144/298,15)=10"133;

75955
[NADH]-[piruvats]{H,0"]
KegAerobi= [NAD+]'[|akt3.tS' ] M 20] —e —p 08.3140298.15 =10133:
NAD*+ laktats+H20O=NADH+ piruvats+H3O*;
AGHess=AG°NADH+AG Hacc=0c00+AG°H30-AG°NAD+-AG°HaccH20HC00-AGH20=45,764 K/mol
AGHess=1175,5732-344,6168-213,275-(1112,534-303,4256-237,191)=45,764 K/mol
AHHess=AH°NaDH+AH °Hacc=0coo+AH°H30-AH NaAD+-AH HaccH20HC00-AH *H20=60,18 X/mol
AHHess=-1041,41-597,04-285,81-(-1010,3-1290,852-285,85)=60,18 X/mol
ASHess=AS°NADHFAS °Hacc=0c00+AS °H30-AS°NAD+-AS °HaccH20HC00-AS °H20= -547,9605K /mol
ASHess=-4081,784-846,664-3,854-(-3766,008-688,29+69,9565)= -547,9605 X/mol
AGHess=AHHess- T*ASHess=45,764-298,15*-0,5479605= 209,14.......X/mol endoeressgic
Aeroba endoergiska laktata oksidésanas Hesa brivas energijas izmaina pozitiva
AGHess=209,14........ K/mor inversi piruvata anaeroba reducésanai negattiva AGress= -209,14 K/mol , bet
minimiz&jas inversi acroba oksidésana AGmin=AGeqaerobi=76......K/mol Un AGmin=AGegAnaerobi= -76.......</mol
reducélana sasniedzot lidzsvara maisijuma konstantes 4,9336¢10-14=Keqaerobi .vertiobu.
Prigozina atraktors ir brivas energijas izmainas absoltits minimums AGmin Sasniedzot Iidzsvaru.
AGnin=76 K/ mo1= ‘ AGeq ‘ < | AGHess ‘ =209 K/ mol.
Homeostaze saistita Ozaqua NADH oksidaze ar aerobo attiecibu [NADH]/[NAD*]=10 labveliga laktata
dehidrogenazes iznakumam AGaerobi=75,955+RTIn(1/106*1/1*10-7:36/55,3)=75,955-86,2= -10,245 K/mol.

AG egAerobic
ReT

63



TERMODINAMIKA VINGRINAJUMS XXI Laktata HsSCCH(OH)COO aq dekarboksilegsana HiCCH20H+HCO3-

Piruvata H3CC=0OCOO" parvérsana acetata H;CCHO +HCO3 (25 C) 298.15 K, pielietojiet tabulas datus!

Izejviela laktats=> produkti etanols + bikarbonats

H3CCH(OH)COO +H20=>H3CCH20H|+HCO3+Q+AG

BioThermodynamO06;1. AH = ZAH produkti- ZAH ®izejvielas

CRC2010

2.AS OHeSSZZASODFOdUkti -ZASoizejvieIas;3 AGhess=AH ®hess- T*AS iess

Viela AH® K moll AS kY molik| AG®k K/ mol
H3CCH(OH)COO-| -688,29 |-1290,852|-303,4256
HsCCH(OH)COO-| -686,2 | -557,71 | -313.70

H3CCH20Hyq -290,77 |-1227,764| 75,2864
H3CCH20H, -277,6 160,7 62.96

H20 -285,85 | 69,9565 | -237,191

H20 -286,65 | -453,188 | -151,549

HCOs -689,93 | 98,324 | -586,94

HCOs -692,4948| -494,768 |-544,9688

O\\ /O- H
o_1T HoNy -
H \(I:—H H C—H oy .0
C
HH +H0= HTH+ B 1AG+0
H H H
Laktats Etanols eksotermiska.............

AGHess=AG °HaccH20H+AG  Hco3-AG°H20-AG°HaccH20HC00-=75,2864-544,9688-(-151,549-303,4256)= -14,71 K/mol
AHHess=AHHaccHz20H+AH °Heos-AH*H20-AH °HaceHzomcoo-=-290,77-692,4948-(-286,65-688,29) = -8,325 X/mol
ASizliedesta=-AHHess/ T=8,325/298,15=27,9 ‘]/K/mol;
BioThermodynam06 ASHess=AS°HaccH20H +AS°Hco3--AS°H20-AS °HaccHzoHc00-= 21,51 Ymolik;
=-1227,764-494,768-(-453,188-1290,852)=21,51 /mot....

ASkopsia= ASHess+ ASizliedeta=21,51+27,9=49,41 I/moirk;

AGHess=AH Hess-T*ASHess=-8,325-298,15*0,02151:-14,738 kJ/mol eksoergiska ......

TeASkopsia= 0,04941*298,15 K=14,73 X/mol; saistita TASn«—izkliedéta-zaudéta energija patvaligi

O

ok
H (lj\

homolitiska

Qg/%;l_palr\s/anés

s

H

H

H’Cl:\H

H

H

°N o 2
co: oksidésana arcO-H A s§O-H
O o reducédana ar oH H .
’ ,O\ oo a
(|:\H H (|:‘H Bikarbonats
HTH MU ol
H = H anolis

Homolitiska daliSanas ir molekularas kimiskas saites disociacijas process, kura katrs fragmenta atoms vai
molekula iegtist vienu no originalajiem kovalentas saites para elektroniem.

Dekarboksilé$anas ar karboksilata molekulas un tidens molekulas homolitisku daliSanos karboksilats oksid&jas ar
HOe radikalu par bikarbonata jonu HCOs™ un karboksilata molekulas otrs fragments reducgjas ar idenraza
radikalu He (Etanols).
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THERMODYNAMICS Exercise XX alanine HsCCCHNHs*COO- deamination piruvats Hi-CC=0COO-
Fiziologiski apstakli pH=7,36 T=310,15 K (37° C)

Alanins deaming&$ana par pirovinogskabi un piruvatu H;CC=0COO~ (37 C) 310.15 K!
Izejviela alanins + Oaqua => produkts 2piruvats+2NHs +H3O0*+Q+AG

CRC10 1. AH®hess= ZAHOprodukti- ZAHoizejvielas

- vaja skabe NHa*@g) + H20+ AG + Q => H3O* + NH3(aq)

Viela AH®: ¥ mot | AS°n I molik| AG®w K mol
H3CC=0OCOOH@q | -607,82 179,91
H3CC=0COO- -603,7 -433,54 -
H3CC=0COOr -597,04 | -846,664 |-344,6168
H3CCHNH3*COO- | -554,80 | -616,47 -
NHa* (ag) -132,5 1134 -79,3
NH3gas -45,94 192,77 -16,4
NH3ag -132,5608 | -739,2922| 91,1056
H20 -285,85 | 69,9565 | -237,191
H20 -286,65 | -453,188 | -151,549
H3O*(aq) 285,81 | -3,854 | -213,27
OZaqua -11,715 110,876 16,4
OZaqua -11.7 -94,2 16,4
9_
H'ELCTISQO
hol
D-Alanins 2 H/E\H

BioThermodynamics 2006; MassachusettsTinstitute
pKa=9,245 ; AGH = -RTIn(10-PK&)= 52,77 /e
AGeq=-8,3144*298,15*In(10-9245)= 52,77 K/mol

AGHess=AG°NH3+AG°H30-AG°NH4-AG H20= 151,5 K/mol
=91,1056-213,27-(-79,3+(-151,549-237,19)/2)=151,5 /ol

N O
G
=0

+02aquatH20 =>Piruvats 2 H'E\H +2NH4+AG+Q

Sarmaina vide pH>10: H3CCHNH3*COO ag+O2aqua +2H20+Q=>H3CC=0COO" aqg+ 2NH3(aq)+H30*+AG
pH=7,36 biokimiska videé: 2H3CCHNH3*COO ag+O2aquatH20=>2H3CC=0CO0 aq+2NH4*(aq) TAG+Q
1. AHHess=2AHH3cc=0co0-+2AH NHa-2AH alanine-AH°02-AH°H20=-51,13 K/mol eksotermiska.....................
=2*-597,04+2*-132,5-(2*-554,8-11,7-286,65)= -51,135 K/mq
2.ASizkliede=-AHHess/ T=51,135/298,15=171,51 Y/k/mol;

2. ASHess=2AS°H3cc=0c00-+2AS°NH4-2AS alanine-AS°02-AS°H20=313,8 /molk;
=2*-846,664+2*113,4-(2*-616,47-94,2-453,188)=313,8....
3. ASkopsis= ASi+ ASizkiiede=313,8+171,51=485,31 Y/moik

4, AGHess=AHHess— T*ASHess= -51,13-298,15*0,3138: -144,7 I(J/mol eksoergiska ......................
TeASkopejs=485,31 //K/mo1#298,15 K= 144,7. K/moi;saistita TASn izkliedes energija AGpretreakc patvaliga AGures
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THERMODINAMIKA vingrindjums XXIV sukcinats OOCCH2CH2COO" malats OOCHCOHCH2COO-

Fiziologiska vide pH=7,36 T=310,15 K (37° C)

Ssukcinats OOCCHCH,COO- par malatu "OOCHCOHCH,COO- (37 C) 310.15 K, pielietojiet datu tabulu!

Izejviela sukcinats + O2aqua => produkts malats, jonu spéks ir nulle 1=0 .

Viela AHO,kJ/mol ASO,J/mollK AGH kJ/mol AHH kJ/mol ASHJ/moI/K pK
HOOCCH2CH2COO (ag) - - 24.02 3.36 -69.29 pK2=
"*O0OCCH2CH2COO (ag) -908,7 -1,268 32.18 0.16 -107.40 | pKl=

"OOCHCOHCH2COO(aq) | -1079,8 -1,3314 30.02 0.16 -100.15 | pKl=

O2aqua -11,715 | 110,876 - - -

1. AHu=2AH°-00cHCOHCH2C00--2AH-00CCH2CH2C00--AH 027 iii i K/ mol
=2*-1079,8-2*-908,7-(-11,715)= -2159,6+1829,115= -330,485 eKSOtermiska............c..ccerrvrrrrrrurrvurriran Kfmol.....
2.ASiztiedsta= ~-AHW/T=330,485/310,15= 1065,565............... Ik/mol

? O\\ el

C=q __C

H—CZy H=C-H
: O ™ OQCH;J:_O\
sukcinats 2 I + Ozaqua =>malats2 [ H +AG +Q
2 ‘OOCCH2CH2COO (ag) + O2zaqua =>2 OOCHCOHCH2COO ag) +AG +Q

2. ASH=2AS°-00CHCOHCH2CO0--2AS % -00CCH2CH2C00--AS 02 Turiiiitiiieiiieesieeesieeesteeesrteessaae e s stee e s seeesseeesseeeennes I moliK....
.................... =2*-1,3314-2*-1,268-110,876=-2,6628-108,34= -111,0......ccccrsrrirrrrecririireriesieesree e sree e MoK
3. ASkopgia= ASu+ ASiziedsta =1065,565-111 = 954,565 ......ocivviiriiiiiiiiiiecite ittt I molik
4. AGh = AHw — T*ASk = -330,485-310,15%0,111= -296,06 K/mol.....cccvererirriririircieieceeee s eksoergiski.

TeASkopzia=954,565 /K/mo1*310,15 K= 296,06........cccrueiiririiirieiirieieisiei st

saistita TASn«— izkliedéta energija AGpretreakc Q=330,485 K/mol  patvaliga AGures = -296 </mol...

k‘]/ mol.....

PKeq=-10g(Keq)=-In(10)*(-AGeg/R/T)=-In(10)*(296,06*1000/8,3144/310,15)= -In(10)*79,9081= -4,38088.....
Keqg =EXP(-AGeg/R/T)= 10PKea=10438088=2 4*10* temperatiira 310,15 K (37° C)

CRC Viela AHO,kJ/mol ASO,J/moI/K AGH kJ/mol AHy kJ/mol AChx J/moI/K pK
HOOCCHZCHZCOO'(aq) - - - 3.0 -121 4,207 pKl:
“O0CCH2CH2CO0 (g i X : 05 217 | 5,636 | pK2=

“OOCHCOHCH2CO0 (g : : . 36 31 6,27 | pKo=
HOOCHCOHCH2COO (ag) - - - 1,1 -21 1,92 | pKl=
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TERMODINAMIKA VINGRINAJUMS XXIV ksantins CsHaN4O2 ureats CsHaN4Os )

Fiziologiska vide pH=7,36 T=310,15 K (37° C)
Ksantins - CsHaN4O2(s) par ureatu - CsHaN4Os7s) (37 C) 310.15 K, pielietojiet datu tabulu!
Izejviela ksantins + Ozaqua => produkti ureats jonu speks 1=0,25 .

pKa Alberty, Robert A.Q 2006.

CRC 2010 viela AHO,kJ/moI ASO,J/moI/K AGH I(J/mol AHy kJ/mol AChu ‘]/moI/K pK pKa
urinskabe CsHs5N4O3*aq) - - -193,84 3.0 -121 pK2= | 4,207
ureats CsHaN4O3(ag) - - - -0,5 -217 pKl= | 5,636
ureats CsHaN4O3 (s -618,80 173,20 -204,41 - - pKO= | 11,3
ksantins CsHsN4O2* (ag) 1,1 -21 pK2= | 1,92
ksantins CsHaN4O2(s) -379,60 161,10 | -429,565 -3,6 -31 pK1l= | 6,27
ksantins CsH3N4O2 (ag) - - - - - pKO= | 11,1
O2aqua -11,715 110,876 16,4 - - - -
H20(aq) -285,85 69,96 -237,191 - - - -
H30*(ag) -285,81 -3,854 -213,275 - - - -
1.AHx=2AH°csH3Nn403-+ 2AH H30 - 2AHH20 -2AH csHana02-AH02=-466,605 eksotermiska.............ccceveennee. K/ mol
..=2*-618,80+2*-285,81-(-11,715+2*-285,85-2*379,6)=-1809,22+1342,615= -466,605..........ccccervverrrrnrne. K/ mol
2.ASizkliedeta=-AHWT=466,605/310,15=1504,449........0ccoiiiieiieri ettt e e sta e steenae e ereas kmol
Ksantina protongSana un protolize (disociacija)
N DS N - van =~ N ‘N1 6377 -+ + = o +4H,0
O;\ry \ ’:> 2H20 OJ\N | N> ALJN\ N\>H O_J\)ﬁ‘i{{%o 2H30 Qi\w \ %/ 2
2 oN_h +2H,0 2 oD b 2 "
o) 0w
\ \>H " Nl)ﬁ'\sl%o_
L, G
2 § +4 H20+02aqua=>1z8kidinot ideni=> 2 H o +20H+2 H3O*+AG+Q
Izejvielas 2 CsHaN4O2(aqua) +2 H20 + O2zagua => 2 CsH3N4Os(s) +2 H3O™+AG +Q produkti

ksantinsagua

2. AS,=2AS°c5H3N403-+ 2AS°H30 - 2AS°H20 -2AS°cs5H4aN402-AS00=
..=2*173,2+2*-3,854-110,876-2*%69,96-2*161,1=338,692-572,996= -234,304

ureatSaqua

3. ASkopgja= ASu+ ASizkiiedsta =1504,449-234,304= 1270,145 /molik;
4. AGn = AHy — T*AS, = -466,605-310,15*-0,234304= -393,936 K/mor eksoergiska.

T*ASkopeia=1270,145 /K/moi#310,15 K= 393,94
saistita TASn«— izklied&ta energija Q=466,685 V/mol

patvaliga AGues= -393,936 K/mol...

PKeq=-10g(Keq)=-In(10)*(-AGx /R/T)=-In(10)*(466,605*1000/8,3144/310,15)= -In(10)*180,945= -5,19819.....
Keq =EXP(-AGw /RIT)= 10-PKea=10519819=1 58*105 temperature 310,15 K (37° C)

5.AGh=2AG°c5H3N403-+2AG°H30-2AG°H20-2AG° csHans02-AG°02=-846,205 eksotermiska
=2*-204,41+2*-213,275-(16,4+2*-237,191-2*-429,565)=-835,37-401,148= -1236,52

1.Alberty,Robert A.Q 2006©,p463,John Wiley & Sons, Biochemical Thermodynamics Applications of Mathematica
2. David R. Lide, CRC Handbook of Chemistry un Physics, 2010, ©, p.2760
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THERMODYNAMICS Exercise XXV CH3CH2-O-OCCHs hidrolize to CHsCH20H+HOOCCHs3
CH3CH2-0-OCCH3+H20=>CH3CH20H+HOOCCH3;AGehninger=-19,6 K/mol

o _ [cH,COOH]-[CH,CH,OH] _
K Leninger=eXp(19600/8,3144/298,15)= [Hzg]'[CH3CHZO%CéH3] =2715,172

CH3CH2-O-OCCH3+2H20=>CH3CH2-OH+ O-OCCH3s+H30";
1=0,25 M, BioTherm06, pH=7,36, AGpess=AG°cH3cH20H+AG crzcoo+AG Hs0+-AG°CH3CH2-0-0cCH3-2*AGH20= 89,8/ mo;

Viela  [AH/mol| AS°Umoik |AGH¥mol=75,2864-241,663-213,275-(4,9176+2*-237,191)=89,8 K/mol; pH=7,36
HsCCOO- |-486,84| 82,23 |-247,83| CH3CH2-O-OCCH3+2H20=>CH3CH2-OH+0-OCCHz+H30";

HCCOO -485,64| 87,58 |-369,37 gjg:ﬁHolCH3CH20H+AHOCHSCOO"'AHOHSO'AH°CH3CH200CCH3'2*AHH20=‘
y mo

HsCCOOH | -484,3 159,8 -389,9 |=-290,77-486,836-285,81-(-485,3+2*-285,85)=-6,42 X/mol
HsCCOO- | -486,836 | -813,043 |-241,663| ASH=AS°cracrzon+AS® chacoo+AS Hz0-AS cracHzooccHs-2*ASH20=-540,4 Ymolk
C2H4OOCCHS3 -485,3 | -1644,15 | 49176 =-1227,76-813,043-3,854-(-1644,15+2*69,9565)=-540,4 Y/molik
C2H4O0CCHs - - -11,52 |AGH=AHH-T*ASH=-6,42-298,15*-0,5404=154,7 K/mol endoergic;
CH3CH20H - - 62.96
CHs3CH20OH | -277,6 160,7 -174.8
CH3CH20H | -290,77 | -1227,76 | 75,2864
H;O* -285,81| -3,854 |-213,275
H.O -285,85| 69,9565 |-237,191
H20 -286,65| -453,188 |-151,549

[CHLOO0™ ] [CH,CH,0H][H30"]
[H 20]2-[CH3CHZOOCCH3]

KeqLeninger:Kl_eninger[H3O+]/[H20]:2715,172/55,34573*10/\(-7’36): :10/\(-5’67) At pH:7,36

AGeg=-ReTeIn(Keg)=-ReTeIn(10"(567)=-8,3144*298,15* In(10"(567)=32,36 K/mo;
Endoergiska, eksotermiska CHsCH200CCHj3 hydrolizes Hesa brivas energijas
[zmaina pozitiva AGhydrolise=89,8 //mol , bet minimizgjas AGmin=AGeq= 32,36 “/mol

[CH.COO0™ ] [CH,CH,0H] [H30"]
[H,0F[CH,CH,00CCH,]

sasniedzot lidzsvara maisTjumu Keq=10"(-567)=

\i,-AGmin$32,36 kJ/mol

A+2B 50% C+D+E
CH3CH2-O-OCCHs, 51,0 reaktanti

produkti H:O™+ c HyCH,OH+0OCCHS

Lesatelje princips ir
Prigozina atraktora brivas energijas izmainas minimuma AGnmin sasniegSana lidzsvara maisijuma.

Brivas energijas izmainas minimuma sasnieg$ana iestajas lidzsvars.
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TERMODINAMIKA VINGRINAJUMS XXVI Osmo molars koncentracijas gradients 11= Cosm zalajos augos

Aprekinat AHu ASw AGw un siltuma daudzumu eksotermiska, atermiska vai endotermiska reakcija standarta
apstaklos 298.15 K. (PRC) foto sintétiskaja reakcijas centra zalo augu enzimu kompleksa produkti glikoze
CesH1206 un skabeklis 602aqua ar +fotonu E=hev absorbciju akvaporinu Substrati skabeklis 602 un tdens 6H20
palielina osmotisko spiedienu uz $tinu arpusi 11 reizes, jo samazinas 0SMO molara koncentracija $iina no sakuma
reizes 12=Cosm=6+6 lidz vienai glikozes CsH120s molekulai Cosm=1.
6HC O3 +6H30*+QPREHV=>CsH1,06+6 O2aqua+6H20
Ta péc plisma uz aru cauri akvaporiniem palielinas 11 reizes. Skabeklis 602 un idens 6H20 izspieZas ara no
Stnas pret&ji koncentracijas gradientam 1/12 cauri akvaporiniem :
6H20+602aquakyaporiniem=>60) ;4,2 +6H20
atermiska AHkanals= 0 K/mor veida bez siltuma zudumiem, pielietojiet PRC foto sintétiska reakcijas centra energiju
AGpcr=3040,1 K/mor (vingrinajums 11 )::lpp.4
fotons E=hy prC

sarkans i
Bikarbonats + tidenraza jons + siltuma pievadiSana ch;![?) sintéze glikoze + skabeklis + Gidens
6HCO3z+6H30* + Q + AGress = - > CoH1206+ 6 O2+6H20
pretreakcija

Miniet vai reakcija ir eksoergiska vai endoergiska! Universala gazu konstante R=8,3144 J/mol/K.
Eksoergiska AGkanﬁls:-RT|n(Cosm[OZaqua+HZO]labﬁ/Cosm[OZaqua+HZO]kHeisa):-lzRT|n(12/1): -36.96 X/mol...........

Viela izejviela produkts
O2aqua  [[02] = 610° M| [O;] = 6210° M
H20 55,3 M 55,3 M

AGOF-RT|n([Oz]palabi/[oz]pa_kHeisi): -RT|n(K1szsvaHa): -6. 1599.K/mo ...

.................................................... = -8,3144*298,15*In(12/1)= -8,3144*298,15*-2.4849= -6.1599.%/mo..............

60O2aqua molekulam AGe0,= -6.1599%6= -36.9596 ...........ooeiiiiiie e ol
AGeH0=-6RTIN([H20]pa_tabi/[H20]pa keeisi)=6*8,3144%*310,15*IN(L/12)= -36.9596.........r.rervveerrresrrereeerren Imol
.............. eksoergiska...............

AS60,=-6RIN([O2] patabi /[O2] pa_kreisi)= -8,3144*IN(1/12)=20,66*6=123.96........oovveorerrereerereerersesrerereeneeee mol/K...
AS6H:0=-6RIN([H20] patabi /[H20] pa_kreisi)= -8,3144% IN(1/12)=123.96......vvecreereeereereereeeseesesseeessseereessees Ymolk...
AHkanais=.0........ K 0Lttt et bez Siltuma ZUAUMIEM ....oeeeeeeeeeee e

TeAS60.= -0, 12396298,15=36.9596......... kd/mol saistita PRC TASn izlietota energija TASn=3040,1 K/mor_izplst O
TeASeH20 = -0,12396°298,15=36.9596.....kJ/mol saistita PRC TASn izlietota energija TASn=3040,1 K/mol_izplast H20
Molekulam 6O2aquat6H20 TeASeH20+602=36.9596+36.9596=73.919........ K/mol saistita PRC TASn=3040,1 X/mol

atermiska AH°uess =+0 kJ/mol; Q=-0 kJ/mol............... patvaliga AG®ess = -73.919 kd/mol.....................
Fotosintéze ar producétu no bikarbonata un tdenraza joniem 6HCO3+6H30* skabekli un Gideni 602aqua+6H20
atSkaida osmolaro koncentraciju. Skabekla un tidens pliisma ara no PRC §tinas cauri membranu akvaporiniem
pretgji koncentracijas gradientam 12/1 virza standarta briva energija AGeHz20+602= -73.919 kJ/mol uz vienu
glikozes CsH1206 molu!
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TERMODINAMIKA VINGRINAJUMS |V. vitamins Bz oksidé RetnolCH2-OH par Retinal CH=0
Vitamin 3 B3 oksidé etanolu alkohola dehidrogenazes enzima par etanalu!
RetnolCH2-OH+NAD*+H,0+AG+Q=>Retinal CH=O+NADH+H3;0*

Viela AH°H I(J/mol AS°H Y moik| AG°H I(‘]/mol 1=0 M; |:O,l M

Retinal CH=0 1141,45 |1118,78;1135,91;

Retinal CH=0 - - 1198,9852 Thermodynamic E°%Rretinoi=0,2415+0,10166=0,34316 V;

RetinolCH,OH 1195,07 [1170,78;1189,14;

RetinolCH,OH - - 1256,7164 Absolute E®%retinoi=0,34316-0,3982=-0,05504 V;
NADH -41,41 | -4465,708 | 1175,5732 |Biochemistry Thermodynamic 2006, Alberty Masachusetts
NADH -1036,66 | -140,50 | 1120,09 |CRC Handbook of Chemistry un Physics 2010 90th David R. Lide

HsO* -285.81 -3.854 | -213,275 Red RetnolOH +2H20=Retinal CH=0+2H30*+H-(2¢") ;
NAD* -10,30 |[-3766,008 | 1112,534 E°2H20 =0,190+0,0591/2*log([H20]%)=0,2415 V;,

NAD* -1007,48 -183 1059,11 Ox NAD*+H-(2e’)=NADH ; E°1=-0,4095 V;

H20 -285.85 | 69.9565 | -237,191 |Standarta potenciali E° voltos David Harris; KortlyShucha datos
H.O -286,65 | -453,188 | -151,549 |AGHess=AG RretinaicHo+*AH NnabH *AG°H30 -AG Retinnnolon-AH °nap+-AH 0=

AGHess=1198,9852+1175,5732-151,549-(1256,7164+1059,11-237,191)=144,4 K/mo endoergiskac;

Sumari Red + Ox:

RetnolCH2-OH+NAD*+H20+AG+Q=>Retinal CH=O+NADH+H30*;

Novértétaja balansa n = 2 = m ar elektronu skaitu 2e-AE® izteiksmé E°2H20 elektronu donors minus E°! elektronu

akceptors, jo NAD* akcepte elektronus no etanola dotaja pieméra:
Absolute E°%retinol=0,34316-0,3982=-0,05504 VV
AE°=E°?h20-E°1=-0,05504—(-0,4095)=0,3545 V, n is 2;

AGeqaerobic=AE°sFen=(-0,05504-(-0,4095))*2*96485=(0,3545)*2*96485=-ReT*In(Keq)= 68,4 /mol

AG egAerobi 68408

[NADH]- [RetinalCHO]-[Hq(T] R

Kegaerobi= [NAD ][ Retinol OH]:[H,0] ~ °

O2aqua NADH oksidaze ar alkohola dehidrogenazes attiecibu [NADH]/[NAD*]=10-6
labvéliga AGaerobi=68,4+RTIn(1/108*1/1*10-7:36/55,3)=68,4-86,2= -17,8......... K mol.
[NAD*]/[NADH]=103; AGHomeostaze=68,4-69,08= -0,676.......... K/ mol.

Aeroba endotermiska un endoergiska RetinolaOH oksidésanas Hesa briva energija
pozitiva AGress= 144 ,4........ K/mor inversi Retinala=0 anaeroba reducésana negativa
AGHess= -144,4........ K)/mol , bet minimiz&jas inversi aeroba oksidésana

=g 8314029815 =1,03610-12=1011.95 : Homeostaze saistita

A Gisov.

Etanola

oksideSana
1 - -tanaerobi
aerobi

AG>0

: AGmin: 6814 kJ/mol
X 1

G

AGmin:AGquerobi:68,4 ...... I(‘]/mol un anaeroba AGmin:AGqunaerobi: -68,4 ....... I(‘]/mol

reducésana sasniedzot lidzsvara maisijuma konstantes 10-11-985=Kegaeroni €tanola A+B+C50%D+E+F
oksidéSanai un etanala reducé$anai anaerobi 1011:985=Keganaerobi. NAD*+H3CCH20H+H20
Prigozina atraktors ir brivas energijas izmainas absoltits minimums AGmin sasniedzot NADH+H3CC'A"n?eT(')]')fo+
lidzsvaru. AGmin=68,4....... K/mol= | AGeq | <| AGhess | = 1449........ Kol A 1599  ctanala
Anaerobi labveligi AGeqg=AE°*F+n=-0.3545 V+2 mol*96485 ¢/moi= -68,4......... Ko S I educesan

Nieciga O2aqua koncentracija hipoksija anaerobi spirta oksidésana nelabvéliga, bet AESE0

etanala reduc€sana par etanolu labvéliga attiecibai [RetinolOH]/[Retinal=0]=1/10 Hesa G
homeostaze kopa ar NADH reduktazes enzimu ka negativa brivas energijas izmaina anaerobi
AGanaerobi= -27,86........K/mol . Anaerobi homeostazes attieciba [NAD*]/[NADH]=1/10 -2;-9 s
virs [NADH] labvéliga reducésanai. AGmin= 684 oo ¢

11 55333 D+E+F 50% A+B+C
AGanaerobic='68,4+8,3144*298.15*'“(5 E 10—7.36 ): '27,86 kJ/m0| ; NADH+H3CC(;HO+H30+
NAD*+H3CCH20H+H20

” _ [NAD "} Retinol OH]-[H ,0] Ko _ [NADH] |retinal CHO][H,0*]
egAnaerobi— [NADH]:[Retinal CH O]-[H3O+] » Keq vaji Aerobi—= [NAD "} Retinol OH]-[H,,0]

AGaerohi=68,4+8,3144*298,15*In(770/1*1/1*55,3457/10-7:36)=0,028 /mol.

'[NADH]/[NAD*]=770/1;
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Table 1.6 lon product of water at different temperatures. (According to B. E. Conway)

t(°C) ; pKw
-1 15,00 25° C (298,15 K) pKw=13,9965 T
0 149435 1500 o ool

eql . ;
> 147338 1590 TN [H,0HH,O]
ig ﬁ’gigg 14.60 \\ :10/\(-13,9965)/55’34573A2:3,291*10/\(-18);
20 141669 1440 AGhess=AHtess- T*ASHess=101,8967 Kol
25 139965  14.20 =55,89+298,15*0,154305 =101,8967 K/mai;
30 13,8330 14.00 endoerglska...:... ........... ‘ .
35 13.6801 13.80 A Pldzsvara tiek sagmegts brlyas o
40 13’ 5348 ’ energijas starpibas minimums atbilstosi vielu

’ 13.60 maisijuma sastavam izteiksme:

gg ggg?g 13.40 t(°C) & Termodinamiski nelabvéligs
55 131369  13.20 ‘ : Alberty [8] free energy for hydrogen gas
60 13.0171 0 10 20 30 a0  G'Hgas=85.64 K/mol lets appreciate oxygen

free energy for gas and aqua Go2gas=303.1 K/mol; Go2aqua=329.68 X/mol , relative to homeostasis products zero
GH20=Gco2gas=0 W/mor and for hydroxonium and hydroxide ions :
GH30++0H-=GH30++GoH-=22.44+77.36=GH3zo++GoH--G2r20=-R* T*In(KH30++0H-)+2*0=99.8 K/mq. [1.8.14]

_ -18 N H
/-% H KjOI’]IZ3 26.11) ﬁ 7 [0 H-]'[H30+]
@ @ OO0 2l (G @ K= e 32610
W K_=306810" H “H . [H,0]-[H,0]

neitr

[0H"]-[H07]
AGeq1 = - R'T'ln(Keql): - R°T°ln( - ) = 99,8 K/mol,
[H,0}[H,0]
Endotermiskas un endoergiskas tidens jonizacijas reakcijas Hesa brivas energijas izmaina
AGHess= AGjonizﬁcija 2101,9 k‘]/mol poziﬁva,
bet minimiz&jas maisijuma AGmin = AGeq = 99,8 K/mol

[oH"]-[HO']

-&AGmlnﬁ 99,8 kJ/mcl

sasniedzot idzsvaru Kep= —————— =3.26+10¢; A+B 50% C+D

[H,0}H,0l H20+H0 izejvielas
vielu maisijuma brivas energijas izmaina minimizg&jas produkti H3O*+OH-

99,8 W/mot = | AGeqz | < | AGress2 | =101,9 Wimai; SR A

Visas reakcija tiecas uz lidzsvara maistjumu Prigozina atraktoru brivas energijas izmainas L Bt "
minimumu AGmin=AGeq ar darbigo masu inverso reakciju konstantem
1
26e10-8= [OH ]-H0T —k -1 _ Moo _ 1
3.26°10 mp TH,0 eql Keg2 [OH T[HOT 3,068*1017 NG 998 T

Lesatelje princips ir Prigozina atraktora brivas energijas izmainas minimuma AGmin C+D 5:0% VA+B
sasniegSana lidzsvara maisijumﬁ.‘BrT\(és energijas izmainas minimuma sasniegSana HsO++OH- izejvielas

iestajas lidzsvars. produkti H20+H:0.

Pareizinot ar idens konstanto koncentracijas kvadratu
Keqi*[H20]? =3.2610718*55,332=1014=K ,
aprékina tidens jonu reizinajuma konstanti Ky = [HzO*][OH] =104,
Ilja Prigozina 1977. gada deklarétie atraktori rada kartibu skietama visuma haosa.
Tie nosaka, ka visums ir perfekts un precizi parada, ka katrs process tiecas uz
Prigozina atraktoru - energijas izmainas minimumu disipativas struktiras.
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Glikozes (Glc) CsH1206, biokimiska tidens 6H20 un skabekla 6O2aqua energija AGLehninger= +2840 K/mol
oksidgjot generé koncentracijas gradientus no 6HCO3z un 6HzO* joniem:
CsH1206+602aquat6H20=>6H30*+6HCO3; AGLehninger= -2840 Kfmol .
Generétie 6HCO3+6H30* joni virza 602aquat6H20 cauri membranu akvaporinu kanaliem osmozg pret&ji
koncentracijas gradientiem, bet transporté jonus 6HCOs+6H30" lejup pa gradientiem cauri membranu
bikarbonata un protonu kanaliem .
Glc veidosanas 6. Ipp 6C+6H29as +3OZgas:>C6H1206 ; AGOAIberty:-402,05 K mol ; AG’Hesscrc=-919 Kol ;
AG’ aberty=GceH1206-(6Gcgraph+6* GHzgast+3* Gozgas)=-402,05 X/mol ;
AGoAlberty"'(6GCgraph+6*GH29as+3*GOZgas)=-402,05+(6*91,26+6*85,6+3*303)=GC6H1206=l568 Kol ;
AG°Hesscre+(6Gcgraph+6* GHzgas+3* Go2gas)=-919+(6*91,26+6*85,6+3*303)=GceH1206=1051 K/mol ;
Briva energija kvazi lidzsvaram aprékinata lietojot Lehningera datus [6] oksidéSanai -2840 K/mo :
CsH1206+602aquat6H20=>6H30*+6HCO3; AGLehninger= -2840 K fmol .
-2840=-Gc6H1206-6*Go2Homeostasis_arterial-6*GH20_Biochem+(6*GH30++6*GHco3-)
GC6H1206:M-6*GOZHomeostasis_arteriaI-G*GHZO_Biochem+(6*GH30++6*GHC03—)
Briva glikozes energija GeeHi206=2840-6*78.08-6*85.64+6*(22.44+46.08)=2268.8 K/mol ,
Briva glikozes energija GeeH1206=2840-6*330-6*0+6*(22.44+46.08)=1271 K/mor ,
Briva glikozes energija GesHizos =2840-6*330-6*85,64+6*(22,44+46,08)=757 K/mol ,
Free energy of glucose GeeHi206=2840-6*78.08-6*0+6*(22.44+46.08)=2782.6 K/mol .
Glikozes briva energija pec Alberty Gesri206=1568 K/moi un Alberty - Lehningera GesHi206=2268.8 </mol. [8,6]

Skabekla absolitais standarta potencials E°02=1.0868 V rada arterialu absoliito potencialu 0.4349 V pie

homeostazes atraktoriem [H3O*]=1077:36) M, [HCO37]=0,0154 M, [CeH1206]= 5*10"3 M un [H20]=55,3 M.
Tas relativi ieklaujas Alberty datos izveidota skala ar idenraza absoliito standarta potencialu E°H(p=-0.2965 V.
Piezime: Klasiska potencialu skala ir pienemta fidenraza klasiska atskaites nulle E"H(pt)kiasika=0 V.

Nernsta pus reakcija: 6H20<=> Ozaqua+4H30*+4e" ; E°02=1.0868 V; AGeqo2=E°02ag*F*ne-=419,3 K/mo .
AGo2agAlberty=Go2aq+4 GH30+-6 GH20=330-4*22,44-6*0=419,76 ¥/mol AGeqo2=1,0865*96485*4=419,3 K/mar:
E02=E°02+0-9591/4e]0g([O2aqua] *[H3O*]¥/[H2018)=1.0868+0-0591/4*|0g (6*10-5* 10/ 7-36"4) /55 346"\6)=0.4346 Volts .

Skabekla homeostazes energijas izmaina AGeqHomeostasiso2=E °020F*14=0,4346%96485*4=167,7 X/mol
ka reduktants ar seam skabekla molekulu pus reakcijam producé Lehningera energiju AGeenninger=-2840 K¥/mol.
Potenciala starpiba ir AE=AGLenninger/ F/N=(E°ceH1206-E°02)=-2840000/96485/24=-1.2264 V.
Absolitais standarta potencials glikozei no Lehningera datiem ir E°csHi206=AE+E02=-1,226+1,0868=-0,1392 V
Nernsta pus reakcija ir CeH1206+42H20 <=>30H30*+6HCO3+24 e ar potencialu E°ceH1206=-0,1392 V :
AG AlbertyAbsoluteC6H1206=E °ceH1206°F* 1224=-0,1392 *96485*24=-322 K/mol aprékinata ir eksoergiska :
AGAlbertycsH1206=30*GH30++6*GHco3- (GeeH1206+6* GozHomeostasis_arterial+42*GH20_Biochem)=- 1086,8 K/mo
brivas energijas izmaina AGaibertyHesscoH1206=30%22,44+6*46,08-(1568+6*78,08+42*0)=-1086,8 K/mol.
Homeostazes potencials ir EceHi206=E °corH1206+%9%%1/24¢l0g([HCO3]8[H30*]3%[com1206)/ [H201*?)=
=-0,1392+0.0591/54*|0g(0,0154/6*10"\(7:36*30)/5/1 0" -3)/55 346"*2)=-0,8843 Volti un briva energijas izmaina ir
eksoergiska, negativa AGHomeostasiscoH1206=E °ceH1206°F* 1224=-0,88427*96485*24=-2047,65 X/mol .
AGLenninger=AEeFen=(E°ceH1206-E°02)*Fen=(-0,1392-1,0868)*Fen=-1,226*96485*24=-2840 X/l
AGHomeostasis= AE*Fen=(E°ceH1206-E°02)*Fen=(-0,88427-0,4349)¢Fen=-1,31917*96485*24=-3054,7 X/mol.
Glikozes Nernsta pus reakcija AGeqceH1206=E°ceH1206°F*1+24=-0,1392*96485*24/1000=-322,34 ¥/mo|
un aprekinats Hess no Alberty datiem AGaibertyceH1206=30%22,44+6*46,08-(1271+6*78.1+42*0)=-789,9 K/mol UN
biokimijas nosacijumu Hesa vértiba AGHesscoH1206=30%22,44+6%46,08-(2268,8+6*78.1+42*0)=-1787,7 K/mo .
Skabekla reducésanas 6*(O2aqua +4H30*+4e->6H20;) standarta potencials E°02=1.0868 Volti un glikozes
homeostazes konstante ar vértibam [H3O*]=10-736 M, [HCO3]=0,0154 M, /[CeH1206]=5*10-3 M, tideni
[HZO]:55,3 M un AGLehninger:284O Kfmol ir lielaka par vienu Kequmeostasis:10A4981
_ [HCOs[Hz01® _ 1 (NGOG
KeqHomeostasis= [CoH1204)-[02]6[H 20]6—EXP(-AGequmeostasis/R/T)—EXP(2840000/8,3144/298,15—10 :

Kvazi lidzsvara stavoklis virzits neatgriezeniski ka fotosintézes dzingjs akumulg brivo energiju produktos:
6H30*+6HCO3=Photosynthesis=>CeH1206+6 O2aquat6H20; AGLehninger= 2840 K/ mot .
Using Hess law 2840 k/moi=GceH1206+6™*Go2Homeostasis_arterial+6*GH20_iochem-(6*GHzo++6*GHcos.).
Free energy content of one mol glucose is Hess law calculates referring Alberty [8,15] data:
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TERMODINAMIKA VINGRINAJUMS V h Pyruvate Nernst’s lactate HRCHC(OH)COO-.
H3CHC(OH)COO +H20=>H3CC=0CO0O+H30*+H-(H*+2¢e"); E°H3cHc(oH)coo=-0,0159 V;
AGeqH3cHc(0H)co0=E °egH3cHc(oH)coo F+2=-0,0159*96485*2=-3,068 X/mo;
AGhesschacH20H=Gracc=0c00+Ghao++Gr-~(GhachcomycootGra0)=534,2+22,44+Gy.-(668,8+0)=-3,068 ¥/mol.
AGHesscHacH20H=Grscc=0c00+GH3o++Gh--(GrachcoH)coot GHzo_siochem)=534,2+22,44+G.-(668,8+85,64)=-3,068 “V/iol.
AGesscHacH20H-Gracc=0c00-Ghzo++(Ghacheonycoot Ghzo)=Gr.=-3,068-534,2-22,44+(668,8+0)=109,092 /o
AGesscHacH20H-Gracc=0c00-Grzo++(GhachcomycootGrzo_siochem)=Gh-=-3,068-534,2-22,44+(668,8+85,64)=194,7 W/no.

1=0,25 M, BioTherm06, pH=7,36, AG=G°Hacc=0c00-+G°H30++GH--GHacHc(0H)co0--GH20= K/mol;

Viela AHCH %mol AS®H Ymoiik AG®H ) K/ mol ;

PyruvEnolP3| -1400 | -1100 |-1189,73|GH20=0 Y/moi; GH-=-3,068-534,2-22,44+(668,8+0)=109,092 k¥/mo|

HsCC=0COO| -597,4 -850 | -350,78 | Grz0_siochem=85,64 ¥/moi;Gr=-3,068-534,2-22,44+(668,8+85,64)=194,7 ¥/

H3sCC=0COO| -603,7 |-433,54 | -474,44

H3CC=0COO"| -597,04 | -846,66 | -344,62 |GHacHc(oH)coo=534,2 K/mol;
H3O* -285,81 | -3,854 |-213,275

H-.O -285,85 | 69,9565 |-237,191
H20 -286,65 |-453,188(-151,549
HsCHC(OH)COO- | -688,29 | -1290,9 | -303,4 |GHacHc(0H)c00=668,8 *I/ma;
HsCHC(OH)COOH GHacHc(oH)cooH+=3Gco2gas+3GH20-( 3G0o2gas)=2271 ¥/mol;

pKa=3,86; AH:°=1361,9 ¥/noi; GHacHc(oH)cooH=2271 X/moe1;H3CHC(OH)COOH+302gas=3CO2gas+3H:20;
AHc°=3Gco2gas +3GH20-(GHacHc(oH)cooH+3Go2gas) =3*0+3*0-(GHacHc(oH)coon+3*303)= 1361,9 K/mor;
GHacHc(oH)cooH+=3Gco2gas+3GH20-( 3Go2gas)=3*0+3*0-(+3*303) -1361,9=GHacHc(oH)coor=2271 K/mol;
Lactic acid Formation 715t page 3C+3H2gas+1,502gas=>H3CHC(OH)COOH ; GHacHc(oH)cooH =-303,4 K/mol [8];
AGH3cHc(oH)coon=GHacHc(oH)cooH-(3Gcgraph+3* Ghzgas+1,5*Gozgas)= -303,4 X/mo;
GHacHc(oH)cooH=-303,4+(3*91,26+3*85,6+1,5%303)=681,7 X/mol;
Lactic acid HsCHC(OH)COOH+H20<=>H3CHC(OH)COO +H30*; pKa1=3,86;
Kqu[H3CHC(OH)COO_]*[H30+]/[ H3CHC(OH)COOH]/[HzO]ZKa/[Hzo]210’\(-3'86)/55,3:2,5*10/\('6):10/\('5’603);
AGegHacHc(OH)cooH=-ReTeIn(Kaeq)=-8,3144*298,15*In(10/(->:603))/1000=31,98 X/mo .
AGH3cHc(oH)coo=GHacHc(oH)coo+2GHao+-(GLacticAct2 GH20)=Gsuccinat+2*22,44-(681,7+2*0)= 31,98 X/mo;
GHacHc(oH)coo=AGH3cHC(0H)c00-2GHao++(GLacticact2GH20)=31,98-2*22,44+(681,7+2*0)=668,8 «V/mol;

Pyruvic acid- Formation 715 page 3C+2H2gas+1,502gas=> H3CC=0OCOOH; AGsuccinat=-344,62 ¥/moi [8];

AGFumarat=GFumarat-(3GCgraph+ZGH2gas+l,5*GOZgas)= -344,62 K/mol;

Grumarat=-344,62+(3*91,26+2*85,6+1,5*303)=554,86 “/mal; ;

Pyruvic acid HsCC=0COOH+H20<=>H3CHC(OH)COO +H30*; pKa=2,5;

Keq=[H3CHC(OH)COO ]*[H30*])/[HsCC=0COOH]/[H20]=Ka/[H20]=10"(-25)/55,3=2,5* 10/ -6)=10/(-4.243);
AGegHacc=ocooH=-ReTeIn(Kaeq)=-8,3144*298,15*In(107(4.243))/1000=24,22 X/mo .

AGHacHc(oH)coo=GHacHc(oH)coo+2GHao+(GLacticAct2 GH20)=Gsuccinat+2*22,44-(554,86+2*0)=24,22 K/ mol;

GHacHc(oH)coo=AGHacHc(0H)c00-2GHao++(GLacticact2GH20)=24,22-2*22,44+(554,86+2*0)=534,2 X/ma;

NADPH = NADP* + H-(H*+2e"); E°napbn=-0,41135 V; absolute Lehninger; [6]-
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H20: veidosanas 41 page Hzgas+O2gas=>H202 ; AG°univAiberta=-134,03 K/mor ; AG"° Atberty=-48,39 X/mol ;
AGAIberty:GHZOZ'(GOZgas"‘GHZgas):284,25-(85,64+303):-114,14 kJ/moI(-134,O3 k‘]/mol;)(:-48,39 I(J/mol)

Viela AH°H kJ/mol AS°H J/moI/K AG®H kJ/mol
H2O2qa | -191,99 | -481,688 | -48,39
H202qua | -191,17 143,9 -134,03

Succinat?| -908,69 |-1295,576 | -522,414
Fumarate?| -776,56 | -862,288 |-519,4688

Alberty nulles GH20=0 X/moi; atskaité bazeti GH202=284,25 K/mo
University Alberta
Gsuccinat=650,8 K/mol; GsuccinatFor=-522,4+(4*91,26+2+85,6+2+303=619,8 K/mol

GFumarat=554,75 I(‘]/mol ; GFumaricFor=-519,5+(4*91,26+85,6+2*303)=537, 1 I(J/mol

Succinat? Formation 41t page 4C+2H2gas+202gas=>(CH2)2(CO2)(CO2") ; AGsuccinat=-522,4 ¥/mor Alberty;
AGsuccinatFor=GsuccinatFor-(4Gcgraph+2* GHagast2*Gozgas) = -522,4 K/ mol;
GSuccinatFor:-522,4+(4*91,26+2*85,6+2*303):619,8 I(J/mol;

Fumarate > Formation 415t page 4C+Hagas+202gas=>(CH)2(CO2)(CO2") ; AGFrumarat=-519,5 ¥/mol Alberty;
AGrumarat=GFumaratFor-(4Gcgraph+GHzgas+2* Gozgas)= -519,5 K/ mol;
GFumaratFor=-519,5+(4*91,26+85,6+2*303):537,1 Kot} ;

Succinic acid (CH2)2(CO2H)2+H20<=>(CH3)2(CO2H)(CO2) +H30*; pKa1=4,2;

Kateq=[(CH2)2(CO2H)(CO2) T*[H0*)/[(CH2)2(CO2H)]/[H20]=Kar/[H20]=10742)/55 3=1,14*107-6)=10/(5.%4);
Succinat? (CH2)2(CO2H)(CO2) +H20<=>(CH2)2(CO2 )(CO2") +H30*; pKa2=5,6;

Ka2eq:[(CH2)2(C027) (CO[)]*[H30+]/[(CH2)2(COZH)(COz)f]/[HQO]:Ka2/[HZO]:10/\('5’6)/55,3:4,54*10/\('8):10/\('7’34);
(CH2)2(CO2H)2+2H20<=>(CH2)2(CO2)(CO2") +2H30*; Kaeq=Kateq*Kazeqg=1,14*10/M-6)*4 54*10N\(-8=10/(-133);
AGegsuccinat=-R+TIn(K seq)=-8,3144*298, 15*In(10~¢133)/1000=75,9 /o1 .
AGsuccinat=Gsuccinat+2GH3zo+-(Gsuccinicact2 GH20) =Gsuccinat+2*22,44-(619,8+2*0)=75,9 K mol;
Gsuccinat=AGsuccinat-2GH3o++(Gsuccinicact2GH20)=75,9-2*22,44+(619,8+2*0)=650,8 K/ rmol;

Fumaric acid (CH)2(CO2H)2+H20<=>(CH)2(CO2H)(CO2) +HsO*; pka1 = 3,03 ;

Ka1eq=[(CH)2(CO2H)(CO2) T*[H30*]/[(CH)2(CO2H)2]/[H20]=Ka1/[H20]=107(303)/55 3=1 69* 10A-)=1 04D
Fumarate 2<=>(CH)2(CO2H)(CO2) +H20 <=>(CH)2(CO2 )(CO2") +H30%; pKa2=4,44;
Kazeq=[(CH)2(CO,)(CO»)]*[Hs0*)/[(CH)2(CO:H)(CO,) J/[H20]=Ka2/[H20]=10/(444/55,3=6,57* 10" )=10\-6.18);
(CH)2(CO2H)2+2H20<=>(CH)2(CO2 )(CO2 ) +2H30*: Kaeq=Kareq*Kazeq=1,69* 105G 57%1 0A(T)=1 0N (-10.855);
AGegrumarat=-R+ TIn(Kaeq)=-8,3144*298, 15*In(107-10955)/1000=62,53 /ol .
AGrumarat=GFumarat*+2GH30+-(GFumaricact2GH20)=GFumarat+2*22,44-(537,1+2*0)=62,53 K mol;
GFumarat=AGFumarat-ZGH30++(GFumaricAc+2GH20)=62,53-2*22,44+(537,1+2*0):554,75 K mol;

OX O2aquat+2H30*+2e=H202aqua+2H20; E°0ox02_H202=-0,4495 V absolute University Alberta ;
AGalbertyox02_H202=GH202+2*GH20-(Gozaquat+2*GHzo+)=284,25+2*0-(330+2*22,44)=-100,4 K/mol ;
AGegAlbertyAbsolute0x02_H202=E °eqox02_H202¢F*1+2=-0,4495*96485*2=-86,7 K/mol;

Nernst’s half Red Succinate?+2H20 = FumarateZ+2H3O" +2¢" ; E°Redsuccinate=0,2512 V; absolute potential ;
Alberty AGegsuccinat_Fumarat=GrFumarat+2GH3o+-(Gsuccinat+2GH20)=554,75+2*22,44-(650,8+2*0)=-51,2 K mol;
AGquIbertyNernstRedSuccinatFumarat:EoeqNernstHaIfSuccinat_Fumarat‘F' 1 '220,25 12*96485*2:48,47 k‘]/mol;

Standard equilibrium state attractor for non equilibrium states

SUCCinat2'+02aqua:>fumaratez'+H202aqua+Q+AG; AGmin=AGeqsuccinat_ H202=-38,3 K3 fmol;

Alberty Hess AGsuccinat H202=GFumarat+GH202-(Gsuccinat+Gozaqua)=554,75+284,25-(650,8+330)= -151,55 k¥/moi;
AGmin=AGeq=(E°Redsuccinate-E °0x02) *F*n=(0,2512-0,4495)*96485*2=(-0,1983)* 96485*2=-38,3 k¥/mo|;
Nernst’s half Red Succinate?+2H20 = Fumarate?+2H3O" +2e" ; E°Redsuccinate=0,2512 V; absolute potential ;
AGeqSuccinat_Fumarat:GFumaratFor+2GH30+-(GSuccinatFor+ZGHZO):537,1+2*22,44-(619,8+2*0):-37,82 k‘]/mol;
AGeqgsuccinat_Fumarat=GFumaratFor*+2GH30+-(GsuccinatFort2GH20)=537,1+2*22,44-(619,8+2* 85,64)=-209,1 K¥/mol;
AGquIbertyNernstRedSuccinatFumarat:EoeqNernstHaIfSuccinat_Fumarat'F' 1 '2:0,25 12*96485*2:48,47 I(‘]/mol;

Standard equilibrium state attractor for non equilibrium states

SUCCinat2'+02aqua:>fumaratez'+H202aqua+Q+AG; AGmin=AGeqsuccinat_ H202=-38,3 K3 /mol;

Alberty Hess AGsuccinatH202=Grumarat+GH202-(Gsuccinat+ Go2aqua) =537,1+284,25-(619,8+330)= -151,55 K/mol;
AGmin=AGeq=(E °Redsuccinate-E °0x02) *F*n=(0,2512-0,4495)*96485*2=(-0,1983)* 96485*2=-38,3 K/mo;
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CH3CH20H etanola veidoSanas no elementiem:
2C+3H2gas+1/202gas=>CH3CH20H ; AG° Alberty=75,2864 X/mol ; AGHesscre=-181 K/mor ;
AG’ aberty=GcHacH20H-(2Gcgraph+3* GHzgast1/2*Gozgas)=75,2864 Kol ;
AG’cre=GcHacH20H-(2Gcgraph+3*GHzgas+1/2*Gozgas)=-181 K/mol ;
AG” Aberty+(2Gcgraph+3* GHzgast+1/2*Gozgas)= 75,2864 +(2*91,26+3*85,6+1/2*303)=GcHacH201=666,106 K/mol ;
AG’cre+(2Gcgraph+3*GHzgas+1/2* Gozgas)=-181+(2*91,26+3*85,6+1/2*303)=GcHacH20H=409,82 K/mo ;
CH3CHO acetaldehida veidoSanas no elementiem: 2C+2H2gast1/202gas=>CH3CHO ;

AG’ Aberty=GcHacHo-(2Gcgraph+2* GHagast1/2*Go2gas) =32,282 Ko ;

AG°cre=GcHscHo-(2Gcgraph+2* Ghagas+1/2*Gozgas)= 24,06 K/mo ;
AG® Alberty+(2Gcgraph+2* GHzgast1/2* Go2gas)=32,282+(2*91,26+2*85,6+1/2*303)=GcHacHo=537,5 K mol ;
AG’cre+(2Gcgraph+2*GHzgas+1/2* Gozgas)=24,06+(2*91,26+2*85,6+1/2*303)=GcHacHo=529,28 X/mol ;
CH3CH20H+H20=CH3CHO+H30*+H-(H*+2e"); absolatais potencials E°cHacH2014=-0,055 V; [19]
AGeqcHacH20H=E ®eqnernscHacH20H*F*2=-0,055*96485*2=-10,6 K/mol;
AGHesscHacH20H=GcHacHO +GHao++GH--(GcHacH20H +GH20)=537,5+22,44+GH--(409,82+0)=-10,6 X/mol.
AGHesscH3cH20H=GcH3cHO +GHao++GH--(GcHacH20H +GH20_Biochem)=537,5+22,44+Gy.-(409,82+85,64)=-10,6 K/mol.
AGHesscHacH20H-GeHacHo -GHao++(GeHacH20H +GH20)=GH-=-10,6-537,5-22,44+(409,82+0)=-160,7 K/mor.
AGHesscH3cH20H-GcHacHO -GHao++(GcHacH20H +GH20_Biochem)=GH.=-10,6-537,5-22,44+(409,82+85,64)=-75,08 K/mol.

CRC Handbook of Chemistry and Physics 2010 90th David R. Lide
Gch3cH0=529,28 K/mo ;

GcHacHo=537,5X/mol ;
BioThermodynamO6;

BioThermodynamic,2006,Massachusetts Tecnology Institute, Alberty

Alberty Gcrschzon=666,106 K/mol ;

CRC GcHach201=409,82 X/mol ;

GH20=0 Y/mol; GH-=-10,6-537,5-22,44+(409,82+0)=-160,7 “/mol.

Viela AH®H K mot| AS°H Y molik| AG°H K/mol
H;C-CH=0| -212,23 | -281,84 24,06
H:C-CH=0| -213,88 | -825,64 | 32,2824

NADH -41,41 | -4465,708|1175,5732
NADH | -1036,66 | -140,50 | 1120,09

H3O* -285.81 -3.854 | -213,275

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

NAD* -1007,48 -183 1059,11
HsCCH,OH | -290,77 |-1227,764| 75,2864
HsCCH,OH.q| -288,3 |-357,7394| -181,64

H20 -285.85 | 69.9565 | -237,191

H20 -286,65 | -453,188 | -151,549

GH20_Biochem=85,64 X/mol. GH.=-10,6-537,5-22,44+(409,82+85,64)=- 7 5,08 K/mol

NADH = NAD* + H-(H*+2¢"); E°napn=-0,4095 V; absolute David Harris; [22]
NAD*+H-(H*+26-)+CHsCH20H+H20=NADH+CH3CHO+H30*+H-{H*+2¢");
NAD*+CH3CH20H+H20=NADH+CH3CHO+H30%;

AGmin=AGeq=(E °egNernscH3cH20H-E °nap+)*F*n=(-0,055+0,4095)*96485*2=(0,4562)* 96485*2=68,408 //mol;

AGHessAlbertycH3cH20H=GNADH* GH30++GcHscHo-( GNnaD++GeHacH20H+GH20)=

68,02 K/mol.

=1112,534+22,44+537,5-(1175,5+666,106+0)=-169,1 X/moI.
=1112,534+22,44+32,282-(1175,5+75,2864+0)=-83,53 K/mol.
=1112,534+22,44+32,282-(1175,5+75,2864-151,549)=68,02 X/mol.

=1112,534+22,44+32,282-(1175,5+75,2864+85,64)=-169,2 X/mol.
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H3CHC(OH)COO +H20=>H3CC=0CO0O +H30*+H-(H*+2¢"); E°HscHcoH)coo=-0,0159 V;
AGeqHacHc(0H)c00=E °egHacHc(0H)coo* F+2=-0,0159*96485*2=-3,068 X/mo;
AGhesscHacH20n=GHacc=0c00+Grzo++Gr-~(Gracreon)coot Ghzo)=534,2+22,44+Gp.-(668,8+0)=-3,068 </l
AGesscHacH20H=GHacc=0c00+ GHzo++Gh--(GHacHeoH)cootGHzo_Biochem)=534,2+22,44+G.-(668,8+85,64)=-3,068 “/imo.
AGHesscHacH20H-Grscc=0c00-Ghzo++(Ghacheonycoo+ Grao)=Gr.=-3,068-534,2-22,44+(668,8+0)=109,092 /o
AGHesscHacH20H-Grscc=0c00-Ghzo++(GhacheoH)coo+ GHzo_siochem)=Gh-=-3,068-534,2-22,44+(668,8+85,64)=194,7 /o
1=0,25 M, BioTherm06, pH=7,36, AGy=G°H3cc=0c00-+G°H30++GH--GHacHc(0H)c00--GH20= K/mol;
Viela AH®H ¥/ mol AS®H Y moik AG°H ) K/ mol ,
PyruvEnolP3| -1400 | -1100 |-1189,73|GH20=0 X/mol; GH-=-3,068-534,2-22,44+(668,8+0)=109,092 K/mol
H3CC=0COO{ -597,4 -850 | -350,78 | Gh20 Biochem=85,64 X/moi;GH=-3,068-534,2-22,44+(668,8+85,64)=194,7 /o
H3sCC=0COO"| -603,7 |-433,54 | -474,44
H3CC=0CO0OQO -597,04 | -846,66 | -344,62 |GHacHc(0H)c00=534,2 K/moi; pKa=2,5;
H3O* -285,81 | -3,854 |-213,275
H20 -285,85 | 69,9565 |-237,191
H20 -286,65 (-453,188(-151,549
HaCHC(OH)COO- | -688,29 | -1290,9 | -303,4 |GHscHc(0H)c00=668,8 /mol; pKa=3,86;
pKa=3,86; AH:°=1361,9 “/noi; GHacHc(oH)cooH=2271 X/moi;H3CHC(OH)COOH+302gas=3CO2gas+3H20;
AHc°=3Gco2gas +3GH20-(GHacHc(oH)cooH+3Go2gas) =3*0+3*0-(GHacHc(oH)coon+3*303)= 1361,9 K/mor;
GHacHc(oH)cooH+=3Gcozgas+3GH20-( 3Go2gas)=3*0+3*0-(+3*303) -1361,9=GHacHc(oH)coor=2271 K/mol;

Lactic acid Formation 715 page 3C+3Hzgas*1,502gas=>H3CHC(OH)COOH ; GrscHcoH)cooH =-303,4 ¥/mal [8];
AGH3cHc(oH)coon=GHacHc(oH)cooH-(3Gcgraph+3* Ghzgas+1,5*Gozgas)= -303,4 X/mo;
GHacHc(oH)coon=-303,4+(3*91,26+3*85,6+1,5*303)=681,7 K/mo;

Lactic acid HsCHC(OH)COOH+H20<=>H3sCHC(OH)COO+H30*; pKs=3,86:
Keq=[HsCHC(OH)COOT*[H30*)/[ HsCHC(OH)COOH]/[H20]=Ka/[H20]=107(386)/55 3=2, 5*10A(-6)=10A(5:609);
AGegHacHc(oH)cooH=-ReTeIn(Kaeq)=-8,3144*298,15*In(10/(-5:603))/1000=31,98 %/mo .
AGH3cHc(0H)coo=GHacHc(oH)coo+2GHao+(GLacticAct2 GH20)=Gsuccinat+2*22,44-(681,7+2*0)= 31,98 X/mo;
GHacHc(oH)coo=AGHacHCc(0H)c00-2GHao++(GLacticact2GH20)=31,98-2*22,44+(681,7+2*0)=668,8 *V/mol;

Pyruvic acid- Formation 71% page 3C+2Hzgas*+1,502gas=> HsCC=0OCOOH; AGsuccinat=-344,62 ¥/mo Alberty;
AGFumarat=GFrumarat-(3Gcgraph+2GHzgast1,5*Go2gas)= -344,62 K/ mol;
Grumarat=-344,62+(3*91,26+2*85,6+1,5*303)=554,86 k)/mol; ;

Pyruvic acid HsCC=0OCOOH+H20<=>H3CHC(OH)COO +H30*; pKa=2,5;

Keq=[HsCHC(OH)COO T*[Hs0*]/[HsCC=0COOH]/[H20]=Ka/[H20]=1025/55 3=2, 5*10A6=10n(4243):
AGegHacc=ocooH=-ReTeIn(Kaeq)=-8,3144*298,15*In(10"(-4243))/1000=24,22 X/mo .

AGH3cHc(oH)coo=GHacHc(0H)coo+2GHao+(GLacticAct2 GH20)=Gsuccinat+2*22,44-(554,86+2*0)=24,22 K/ mo;

GHacHc(0H)coo=AGH3cHc(0H)c00-2GH30++(GLacticAc+2GH20)=24,22-2*22,44+(554,86+2*0)=534,2 /mol;

NADH = NAD* + H-(H*+2¢"); E°napbn=-0,4095 V; absolute Lehninger; [6]-
Red lactate+H2O<=>pyruvate+H3zO*+H-( H*+2e") ; absolute potential E°n3cHcoH)coo=-0,0159 V;
Ox NAD*+H-(2e’)=NADH ; E°'=-0,4095 V; OksRed NAD*+lactate +H.O=NADH+ pyruvate+HsO*;
Balanced n=2=m with 2e" electrons AE° NAD* accept electrons from lactate:
AGegAerobic=AE°*Fen=(E °red-E°ox)*F*n=(-0,0159—0,4095)*96485*2=(0,3936)*2=75,95 k/mol
Kegaerobic=EXP(-AGegaerobic/R/T)=EXP(-75950/8,3144/298,15)=10"133;

AGggperobic 759500
[NADH]-[pyruvate ][4 o*] %
o= - ReT —p 8.3140298.15 —1()-133-
Keaaerobic= [INAD*}[lactate” | ‘[H,0] ~° =€ =10-133;

AGHess=AHHess- T*ASHess=45,764-298,15*-0,5479605= 209,14.......K/mor endoergic; formation 62" page
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	E=E +0,0591/4•lg([O2aqua]•[H3O+]4/[H2O]6)=1,0868+0,0591/4*log(6*10^(-5)*10^(-7,36*4)/55,346^5)=0,46068 Volts .

