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AHn ASH AGH at standard conditions 298.15 K. Reaction is exothermic , athermic, endothermic? 6HCOg",
6HsO*assimilation reaction in green plants with blue and red photons E=hev absorption in photosynthetic reaction center
PRC+hev for production 602aqua and CsH1206 using the data table!

Mention whether the reactiobn will be exoergic or endoergic! Reactants => products

glucose + oxyge

6HCO3+6H30"+AG+Q => CsH1206+602aquat6H20; AGLehninger=2840 K/ mol

Substance | AH®H k‘]/mol AS°Hmoik | AG®H I(‘]/mol AGH=AG°c6H1206+6AG°02+6AG°H20-6AG H30-6AGHco3=3336.5 Kol
CeH1206aq| -1263,78 269,45 -919,96 [=-402,05+6*16,4+6*-151,549-(6*-544,9688+6*-213,274599)=3336.5 X/l
Glc -1267,13 | -2901,49 -402,05 [Biothermodynamic 2006; data recalculate for pH=7.36. [&

Ozaqua -11,715 | 110,876 16,4  |[AHH=AH°c6H1206+6AH°02+6AH°H20-6AH°H30-6AH °HC03=*/mol

O2aqua -11,7 -94,2 16,4 =-1267,13+6*-11,7+6*-286,65-(6*-692,4948+6*-285,81)=2812.6
O21gas 0 205,152 -61,166  |ASH=AS ceH1206+6AS°02+6AS H20 ~-6AS°H30-6AS Hcos=-3194.1 molk

H20 -285,85 69,9565 -237,191 |=-2901,49+6*-94,2+6*-453,188-(6*-494,768+6*-3,854)=-3194. 1//moux

H20 -286,65 | -453,188 | -151,549 |AGHess=AHH-T*ASH=2812,6-298,15*-3,1941=3764.92 K/mol;

H3O* -285,81 -3,854 -213,275 |CRC102. ASdispersed=-AHHess/ T=-2812,6/298,15=9433.5 /moik;
CO2%gas | -393,509 213,74 -394,359 |AStota= ASH+ ASdispersed=3194,1+9433,5=12627.6 I/molik;

CO2aq | -413,798 | 117,5704 -385,98 [T*AStota=-12,6276*298,15=-3764.9 W/mo accumulate energy .
CO2aq —413,26 -119,36 - AGHess=3764.92 Kol > AG Lehninger=2840 K mol;
HCOs -689,93 98,324 | -586,93988 page 3:. Photosynthesis accumulate in products
HCOs |-692,4948 | -494,768 | -544,9688 | CsH1206+6H20 and oxygen 602aqua Bio-Fuel free energy for

homeostasis: 6H3O*+6HCO3=>CeH1206+602aqua+6H20; 6H20; AGLehninger= +2840 K3/ mol;
are used by oxidation to generating concentrations gradients of 6HCO3z+6H3O* ions:
CeH1206+602aquat6H20=>6H30*+6HCO3; AG_Lehninger= -2840 K/ mol;
for osmosis against and transportation down the gradients through membrane channels.
6CO2gasT+12H20=>6CO2aquat12H20=>6H30*+6HCO3=>CsH1206+60O2aquat6 H20=>CsH1206+6 02 gas +6H20

AGH=AG°c6H1206+6AG°02+6AG°H20 -6AG°co2aqua-12AG°H20=2921.5 K/mol;

=-402,05+6*16,4+6*-151,549-(6*-385,98+12*-151,549)= 2921.5 X/ma;

AGH=AG°c6H1206+6AG°02+6AG°H20 -6AG°co2gas-12AGH20 =2971.8 K/mol;

=-402,05+6*16,4+6*-151,549-(6*-394,359+12*-151,549)= 2971.8 K/moI;

AGH=AG°c6H1206-6AG°02 gas -BAG°H20 -6AG°co2gast+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/mol;
AGHess=AHH-T*ASH=2812,6-298,15*-3,1941=3764.92 K/moI;

AGHess=3764.92 Kol > AG Lehninger=2840 K mol;

AG Lehninger:AGeq:-R°T°ln(Keq):-8,3 144‘298,15'|n(10'497'55):2840 I(‘]/mol;
Exothermic and endoergic photosynthesis Hess free energy change positive for gas gas
602, 6CO2 AGphotosynthesis=2873 K /mol SO AGphotosynthesis=2971.8 k)/mol more pOSitiVG for
aqua 602aqua and AGphotosynthesis=2921.5 K/moi for both aqua 602aqua , 6CO2aqua , CA
Carbonic Anhydrase driven AGphotosynthesis=3336,5 ¥/mot 6Ozaqua , 6H30* , BHCO3", but T AGrr= 2840
minimizes AGmin=AGeq= 2840 K/moi reaching quasi equilibrium homeostasis mixture for 6A+6B 50% 6C+6D

12 reactants 6HzO*+6HCO3" and 13 products  CgH1206+602aqua+6H20
[CGleoG]'[OZaqua]E'i[H ZO] 6
[HCO;]aua [H30]°
) [HCO;]&qua.[H;07
Keqz=EXP(-AG_eminger/ RIT)=EXP(2840/8,3144/298,15)=1049%8= [CeH 1,061 [0 aqual® H, ol

A G '3765 kJ/moI G A

Keqi=EXP(-AG emingen/ RIT)=EXP(-2840/8,3144/298,15)=104%8=

Homeostasis Quasi Equilibrium is Prigogine attractor free energy change minimum
AGnmin. Free energy minimum reaching estabilishes homeostasis AGmin= -2840 /ol

quasi equilibrium mixture Keq. 13 reactants CeH1206+ 602aquat6H20 A+6B+6C

12 products 6H30*+6HCO3 6D+6E
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THERMODYNAMICS Exercise 1a 6CO21gas photosynthesis to 6021 gas and CsH1206

Calculate AHH ASH AGu at standard conditions 298.15 K. Reaction is exothermic , athermic, endothermic? CO- gas
assimilation reaction in green plants with blue and red photons E=hev absorption in photosynthetic reaction center PRC+hev
for production 60,14as and CeH1206 using the data table! Mention whether the reaction will be exoergic or endoergic!
Reactants =>  products glucose + oxygen

Substance AHH Y mor | AS®H Y molk 6CO27gast6 H20+AG +Q—M> CeH1206+ 6027 gas

O21gas 0 205,04 1. AHH=AH°ceH120*+ 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/moi endothermic....
2. ASuisperses= - AHH/ T = -2812,37 /298.15= -9432.59 Y/moiik .
ASH=AS°ceH120+6AS°02-6AS°H20-6AS°c02=269,45+6*205,04-(6*69,9565+6*213,74)= -202.489 */molik .
3. AStota= AS+ ASaisperses=-202,489-9432,59 = -9635.079 Y/mol .
AGH = AHH — T*ASH = +2812,37-298,15*-0,202489 =2812,37+60,3721= +2872.74 W/mo1 endoergic .
TeAStotai=-9635,079*298,15= -2872.7 X/moi bound TASn«— accumulate energy

CeH1206+ 6021 gas —BI0Xv> 6CO27gas+6 H20+AG +Q
1. AHH=6AH°H20+6AH°co2-AH ceH120-6AH 02= 6*-285,85+6*-393,509-(-1263,78-6*0)= -2812.37 X/mol
2. ASuisperses= - AHH/ T = --2812,37 /298.15= +9432.59 Y/moik . exothermic .
ASH=6AS°H20+6AS°co2 -AS°ceH120-6AS°02,=6*69,9565+6*213,74-(269,45+6*205,04)=+202.489 Y/mol/k .

3. AStotalz ASH+ ASdispersed:202,489+9432,59 = 9635.079 .................................................................... J/moI/K....
AGH=AHH — T*ASH= -2812,37-298,15*0,202489= -2812,37-60,3721= -2872.74.........cc0ecuvru.. K/mol €X0EriC....
TeASt0ta=9635,079%298,15= +2872.7.....ocoviiiireeireeeneee s K/mol bound TASn«lost free energy

The molecules Oz, CO2, 2H20 protolytic functional activation for Biochemistry.
GOZBiochem_arteriaI:GOZQas+GOZsp+AGarteriaI:303.l+26.58-251.6:78.08 kol decreases;
The oxygen O2aqua free energy content in water Gozaqua=330 X/mol decreases to Gozsiochem=78.08 K/mol.

Solubility Ozgas AIR+H20+AG AduaRorins=>()5qua-Blood+Q coNnstant:

[O 2 aqua]
=Kp=2.205*105. Gozaqua=-ReT*In(Ksp)=-8.3144*298.15*In(2.205*10-5)=26.58 K/mol.

[02 gas ] '[H 20]

O2aqua + 4H30* + 4e-=5H20 ; -E°=-1,0868 V inverse absolute standard potential.
E=E+0059%/401g([O 5] *[H30*]#/H2016)=1,0868+0.0591/4*|og (6* 10751 * 1077369 55 346"%)=0,46068 Volts .
AEn20=-E°+Eo=-1,0868+0,46068=-0,62612 Volts; AGarteria=AEH20*F*n=-0,62612*96485*4/1000=-251.6 X/mol.
Go2Biochem_arteria=Go2gast Go2sp+AGarteria=303.1+26.58-251.6=78.08 K/mol decreases;
Carbonic Anhydrase CA accumulates free energy to Ghso+Hco3=GHzo++GHco3-=22.44+46.08=68.52 K/mol
referring to zero water and CO2gas Gcoz+2H20=0 K/mol . Solubility CO2gas +H20+AG<=>CO2aqua+Q product :
Kspcozaqua=[CO2aqua]/[[ CO2gas]/[[H2O]=EXP(-AGsp/R/T)=EXP(-8379/8,3144/298,15)=0.034045.
AGspCO2aqua=-R°T'ln(KSpCOZaqua)=-8.3l44*298.15*|n(0.034045)/1000:8.379 K)ol .
[HCO]aqua.[H307] CO2aquat2H20+AG+Q=v1A>H30*+HCO3" velocity constant Kicozaqua=1.5%x108 M~1s71, [9]
[COyl aqua'[H20]2  =KeqcaHcosaqua=Ka_cozaqua/[H20]2=10-7-0512/55.32=2.906*10-1L. Equilibrium constant.
AGeqCOZaqua:-R’T'ln(KeqCOZaqua):-8,3144*298,15*'n(2,906*10/\('11))/1000:60.14 Kol
GH30++GHCc03-=22.44+46.08=GH30+Hc03-=AGspcozaquat AGeqco2aqua=8.379+60.14=68.52 K fmol .
Water protolysis increases free energy content from zero G2+20=0 K/moi t0 GH30+0H=99.8 X/mol .
[O H_]-[H30+] H20+H20<=>H30*+0H";
—————— = KH3o++0H-=[H30 *]*[OH"])/[H20]>=3.26+10-18;
[H,0}H,0] AGH30++0H-=-RT*In(KH30++0H-)=-8,3144*298,15*In(3,26+107(-18))/1000=99.8 /mol .
Distilled protolytic water free energy content in organism increases from zero to GH20_Biochemistry=85.65 K¥/mol. [18],
H-0O Biochemistry>H20;
GHZO_Biochemistry:AGoHZO_Biochemistry-AGoH20_disti||ed2-151.549-(-237.191):85.64 kJ/mol.
Endothermic and endoergic free energy accumulation in biochemical medium:
osmolar concentration Cosm=0.305 M, ionic strength 1=0.2 M, temperature 298.15 K
for water create positive GH20_iochemisty=85.64 K/mor aktivation as selforganization Homeostasis.




B6Cgr+60:1 gas—POWer_Staition> 6C 027 gas +AG +Q1. AHH=6AHCco2-6AH car+6AH°0:=6*-393,509 K/mor exothermic. -

Substance | AH®H K/mot |AS°H /moiik| AG°HKmol [=6%-393,509-(6*0-6*0) =-2361,05-0= -2361.05 k¥/mol
Cgr 0 5.74 GCgr:91,26 2. Asdispersed:-AHH/T:--2361,05 /298,15: 7919 J/K/mol
Cgas 716.7 158.1 671.3 3. AStota= ASi+ ASuisperses=17,76+7919 = 7936.76 /moik

ASH=6AS°co2 -6AS°cqr - 6AS°02 =6*213,74-(6*5,74+6*205,04)=1282,44-1264,68= 17.76 /moix .
AGH = AHH — T*ASH = -2361,05-298,15*0,01776 = +2361,05-5,295 =-2366.35 K/moi €X0€rgic.
TeAStotai=7936,76 *298,15=+2366.35 “/moi bound TASn« lost free energy; G°cgr=-671,3 K/mol;
Cgas+O2gas—>CO2gas. AGH=AG°co2gas-(AG°cgas+AG°02)=-394,4-(671,3+0)=-1065.7 X/mol
CygrtO2gas—>CO2gas. AGH:GOCOZQaS'(GOCgH‘G002):GOCOZgas-(-67l,3+237,19):-394.5 K3 fmol;
G°co2gas=-394,4+(-671,3+237,19)=-828.51 K/mol; Go24ir=237,19 K/mo.
AHH=AH’co2gas-AH°cgas+*AH02=-393,509-(0+716,7)=-1110.209 K/moi exothermic.
O2gas AIRTH20AQaR0NNS=> O g)004; Goraqua=Go2airt Go2sp=237,19+26,58=263.77 X/mol.
Cyr+2H2gas—>CHagas; AGH=G°cHagas-(G°cgr+2G°H2)=G°cHagas-(-671,3+2*237,19/2)=-50,5 ¥/mol;
G°CHagas=-50,5+(-671,3+2*237,19/2)=-484.61 K/mo; If biochemistry background level is G°co2gas=0 “/mol Hess law
give absolute free energy content Gegr=-AG°Hess coz2gas-G°02gas0=394,36-303,1=91,26 X/mal,
32Hatomict 15Cgr+ 23021 gas —Power_Staition> 15C0O21gas +16H20 +AG +Q
Substance AH °HK/mollAS °H/moli AG°H*/mol| L. AHH=15AH°co2+16AHH20-32AHH-15AH cgr-23AH02=-17452.2

Hatomic 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=......... I molik;
=15*213,74+16*69,9565-(32*114,7+15*5,74+23*205,04) =4325,4-8472.42= -4147............. I mol/k;
ASdispersed:-AHH/T:-l7452,2/298,15: 58535 ...... J/K/moI;AStotaF AShq+ Asdispersed:58535'4147 =54388........ J/moI/K;
AGH=AHH-T*ASH=-17452,2-298,15*-4,147=-17452,2+1236,43=-16215.8........... K/mol €X0€rgic.............
TeAStotai=54388 "298,15=+16215.8........... k)/mol bound TASn« lost free energy
Generator gas 6CO?1+6H2gas is home heating, street lightning fuel of 19t as 20t century beginning in Riga city.

6 CO7gas+ 6 Hogas + 6 O27gas —9enerator-gass 6COz7gas + 6 H201gas +AG +Q exothermic.................

Substance| AHOH 9¥/mot | AS®H Yok AGOHk‘]/mOIAH H:6AH0c02+6AH°H20-6AH°Hzgas-6AH ocogas-GAHoozgas: K ol

CO1gas | -110525 | 197,674 | -137,2 |=6*-393,509+6*-241,8352-(6*-110,53+6*0+6*0)= -3148.89 “/nol

H2gas 0 130,68 0 =-3812,07+663,18= -3148.89 exothermic............ K/ mol
OZTgas 0 205,152 0 ASdispersed: -AHH/T: --3148,89/298,15:105614 ........ ‘]/K/mol
HZOTgas -241,8352 [188,74024 -228,6 ASH=6AS co2+6AS °H20-6AS °Hogas-6AS °cogas-6AS ° 02gas= Himol

........... =6*213,74+6*188,74024-(6*130,68+6*197,66+6*205,04)=2414,88-3200,28= -785.399 ............... ¥/mol/K.
3. AStwota= ASH+ ASuispersed= -785,399+10561,4=9776........... Imolik
AGH = AHH — T*ASH = -3148,89-298,15*-0,785399= -3148,89+234,16= -2914.72............ K/mol €X0€rgic....

TeAStotai=9776"298,15=+2914.7........ k)/mo1 bound TASn« dispersed-lost energy; 3. AGress = AHHess - T*ASHess
Substance AHH*/moll AS °HY/moli AGH</ mol hexadekene CisH321iq+24027 gas-24M>16C O2gas+16H20+AG+Q
C16H32Liq -328.7 587.9 - 1. AHHess= ZAHOproducts- ZAHOReactants;z. ASHess= ZASoproducts- 2 AS Reactants
CHagas -74.6 186.3 -50.5 1.AHH=16AH°co2+16AH H20-AH c16H32-24AH 02=......... kol

H.O | -285.85 | 69.9565 |-237,191| =16*-393,509+16*-285,85-(24*0-328,7) =-10541 K/mol exothermic......
CO21gas |-393.509 | 213.74 | -394.4 2.ASuisperses= -AHH/T=--10541/298,15= 33050 .............. Imolik.

2.ASH=16AS°co2+16AS°H20-AS c16H32-24AS°02=.-969.716.......... I/ molik
=16*213,74+16*69,9565-(24*205,04+587,9) =4539,14-5508,86=-969.716......... Imolik;

3. AStota= ASh+ ASdisperses=33050-969,716= 32080.7........... I mol/K;

3.AGH=AHH- T*ASH=-10541-298,15*-0,969716=-10541+289,121= -10251.9........... K/mol €X0ErgiC..............
TeAStota=34385*298,15=10251.9............ K/mol....bound TASn< lost free energy

C1eH321iq K/mol/C/12=10251.9/16/12=53.4 ¥/4c; C 12 9/ma 1 Gt=1*109*10° g=1*10%° g;

9.55 Gt=9.55*109*106 g=9.55*10%5 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 is lena at pOH=5.9.0keana ar hidroksida anjonu

CO2aquatrOH+AG<=>HCO3+AG(-39.67 K/mo)+Q (AH:ex=-48.68 X/mol)

CO21gas +tAG(8.379 k‘]/mol)<=> CO2aquatQ(AHuess=-20.3 I(J/mol); Sum AHuess=-20,3-48,68=-68.98 K¥/mmol;




THERMODYNAMICS Exercise Il CO2 gas assimilation in water CO2aqua reaction

CO21gastH20 +AG <=>CO2aqua +Q; CO27gas N0 act with H20 but water soluble. (298.15 K). Reaction is
exothermic , athermic, endothermic? E3 class enzyme CA protolysis drive COzaqua With water 2H20 using table
data! Will be exoergic or endoergic! CO21gas +tAG<=>CO2aquatQ ; CO2aquat+2H20+AG+Q =CA>H30*+HCOs3".

Substance | AH®H ¥/mol |AS°H Ymolik| AG®H ¥/ mol CO21gastH20+AG Stomata_Cell_ Membranes C (0 pqua+Q

CO21gas | -393.509 | 213,74 | -394,359 AHhnydratation= -17,9 ¥/mor; hydratation CRC 2010

H20 -285,85 69,9565 -237,191 AGsp=AGOCOZaqua-AG°COZgas-AG°H20=8.379 |(J/mol
COzaqua |-413,7976 | 117,5704 | -385,98 AGsp=-385,98-(-394,359)=8.379 X/mo endoergic.........

Gikc02=AG°co2aq-AG°co2gas-AG°H20=-385,98+394,359+237,191=245,57 K/mol;

AHH:AHOCOZaq‘AHocozgas'AHOHZO:'413,7976'('393,509'285,85): -20.2886....... K/mol exothermic............

ASdispersed= - AHH/ T ==20,288/298.15= 67.746436........... molik

ASdispersedHydratation= -Athdratation/ T =17,9/298.15=60.04 ........... Imolik

ASH=AS°c02aqua-AS°co2gas=117,57+69,9565-(213,74+69,9565)=-96.17............ I molik

AStota=ASH+ASddispersed=-96,17+68,046 = -28.424..... I molik ;

AStota=ASHydratation A Sdispersed=-96,17+60,04= -36.13....."/moik

AGHess=AHHess- T*ASHess=-20,1986-298.15*-0,09617=8.3845........ K mol....... endoergic............

AGhydratationHess:AHhydratationHeSS'T*AShydratationHess:-17,9-298.15*-96,17:+10.77 ......... "J/mo|...hyd ratation...............

TeAStota=-28,124*298,15K= -8.385....... K /mot; TeAStota=-36,13*298,15K=-10.77....... K3/ mol

bound TASn«_accumulate energy AGreversereaction_N0t spontaneous AGhess =8.3845 K/moi . Mol fraction XCCzaqua:

co CO aqua

- éTﬁlﬁ - ECOE g:s]-][H 20] =EXP(-AGsp/R/T)=EXP(-8379/8,3144/298,15)=0.034045=1/29.375;
Unfavored AGsp=-ReTeIn(Ksp)=-8,3144*298,15*In(0,034045)=8.379 K/mo .

Exothermic and endoergic [CO21gas]=1 mol fraction 100% dissolution in to water COzaqua A

solubility Ksp

product Hess free energy change positive Aness=10.77........ Kmol , but
minimized AGmin=AGsp=8.379..... ¥/ma reaching equilibrium mixture
Pure 100% [CO21gas] gas; [COzaqua]=Ksp*1*[H20]=0.034045*55.3=1.882 M;
Equilibrium reaching is Prigogine attractor free energy change minimum AGmin .
Air 0.04% mol fraction [CO214ir]=0.0004 as 400 ppm units per milion air molecules,

disolutes in water [COzaqua] as molarity [CO2zaqua]= 0.00075125 M; §AGmin= 8,379 ¥l

[CO2aqua]=Ksp*[CO27air] *[H20]=0,034045*0,0004*55,346=0.00075125........ M ; A 50% B
CO21gas reactants
produkti CO2aqua
CA carbonicanhydrase drive irreversible carbon dioxide reaction with two water molecules so increase ratio
CO2aquat2H20+AG+Q =CA>H30+*+HCOs3':
et =Keqcancosmne=Ka cozaunl[HZO]=1079512/55,32=2.906*10-11. CA eqilibrium constant

accumulate energy: AGegcozaqua=-ReTeIn(Keqcozagua)=-8,3144*298,15*In(2,906*10"(-11))/1000=60.14 X/moI .
GH30+HC03=GH30++GHc03-=22.44+46.08=AGspcozaquat AGeqco2aqua=8.379+60.14=68.52 K/mo . [1.8.14]

KCOZaqua=[COZaqua"‘HCO3']/[C02Tair]zo,023/0,00075125=30.6 times.

Limestone, dolomite, chalk and marble bulk of rocks formation posible if CO21air carbonic dioxide from air 0.04%

react with water by carbonic anhydrase CA.
On Earth this reaction drive E3 class enzyme hydrolases carbonic anhydrases CA .




THERMODYNAMICS Exercise Il Bicarbonate 6HC O3 +6H30™* photosynthesis to 602 and CeH1206

Calculate AHH ASH AGh. Reaction is exothermic , athermic, endothermic? From water, Bicarbonate assimilation
reaction in green plants with blue and red photon E=hev absorption photosynthesis in photosynthetic reaction center PRC+hev
for 602aqua and CeH 1205 at standard conditions 298.15 K! Will be exoergic or endoergic!

B6HCO3+6H30*+AG+Q BRCHV>CeH1206+602aqua+6H20

CRC 2010

2006, Maschusett’s Technology Inst. Alberty [8]

AHu=AH csn1206+6AH02+6AHH20-6AHH30-6AHHc03=2812.6 Kol

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

AGH=AG°coH1206+6AG°02+6AG H20-6AG°H30-6AGHc03=3336.52 K/l

=-402,05+6*16,4+6*-151,549-(6*-544,9688+6*-213.275)=3336.5 X/mol

ASH=AS csH1206+6AS°02+6AS H20-6AS 3o +6AS°Hco3=-3194.1 Y moik

=-2901,49+6*-94,2+6*-453,188-(6*-494,768+6*-3,854)=-3194.1 Y/mol/x

Substance |AH°HKY/mol|AS°H/motik| AG°i<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
H20 -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 K/mol endoergic....

Asdispersedz'AHH/T:'2812,6*1000/298,15:'9433.51 J/moI/K; AStotaIZASH+Asdispersed=‘3194,1'9433,51: '126276 J/moI/K;
TeAStotar=-12627,6*298,15K= -3764.9 K/mo1; bound TASttaiaccumulate energy in products .
page 3:. not spontaneous, unfavored.

BioFuel

Accumulate energy TAStotar=-3764.9 X/moi is bound in products: CeH1206+602aquat6H20

CesH1206+6H20+602aqua! CsH1206+602aquat6H20

Biooxidation 6HCO3'+6H30++AG+Q

AHp=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°H3o+6AG°Hcog-AGOCGH1205-6AG002-6AG°H2026*-544,9688+6*-213,275-(-402,05+6*16,4+6*-l51,549):-3336.5 kJ/mo|
ASH=GAS°H3o+6AS°Hc03-ASoceH1206-6AS002-6AS°H2026*-494,768+6*-3,854-(-2901,49+6*-94,2+6*-453,188):3194.1 J/mo|/K
AGH=AHH-T*ASH=-2812,6-298,15*-3,1941=-3765 K/mol X0€rgiC....
ASgispersea=-AHH/T=2812,6*%1000/298,15=9433.51 Y/moiik; AStota=ASH+AS gispersea=3194,1+9433,51=12627.6 "/ mou;
TeAStotai=12627,6*298,15K= 3764.9 X/moi; bound TAStotal_ dispersed energy to environment .
page 3:. Bio-Fuel CsH1206+602aqua+6H20 bound, dispersed energy TAStota= 3764.9 K/mor Spent generating of
6HCO3+6H30" in products concentration.

Generator gas 6CO1+6H2gas is home heating, street lightning fuel of 19t as 20t century beginning in Riga city.
6 CO7gas+ 6 Hagas + 6 O27gas —9enerator-gass §CO27gas + 6 H201gas +AG +Q exothermic.................

SubstanceAH 1K /mo ASOH‘]/mOI/KAGOHkJ/moIAHH:6AH0002+6AH°H20-6AH°H2gas-6AH°COgas-6AH002gas: ....... K/ mol
CO1gas [-110,525| 197,674 - =6*-393,509+6%-241,8352-(6*-110,53+6*0+6*0)=.......ccccevrrerirrrrirrrrne. K/ mol
H2gas 0 130,68 0 =-3812,07+663,18=-3148.89 eXOthermic...........c.ccceevververurrrnnn. K mol
O27gas 0 205,04 | -61.166 [2.ASdisperses= ~AHH/T=--3148,89/298,15=10561.4.......c..ccc0ecvvrrrrnenn Ikmol
H201gas [-241,8352(188,74024 2.ASH=6AS°co2t6AS  H20-6AS °H2gas-6AS °cogas-6AS °02gas=.......... Ik/mol
........... =6*213,74+6*188,74024- (6*130 68+6*197,66+6*205,04)=2414,88-3200,28= -785.399 Y/mol/K....cc0erverrrrerreane.
3. AStota= ASht ASdispersed= 785,399+ 10561,4=9776.....ccuvvieiiie ettt I molik

AGH = AHH — T*ASH = -3148,89-298,15*-0,785399= -3148,89+234,16= -2914.72........ccccv.... K/mol €X0Ergic....
TeAStotal=97767298,15=42914.7 ..ot K/mol bound TASn«— dispersed-lost energy

GH20_Biochemistry=AG°H20_Biochemistry-AG°H20_distilled=-151,549-(-237,191)=85.64 K/mol.
Endothermic and endoergic free energy accumulation from biochemical medium:
osmolar concentration Cosm=0.305 M, ionic strength 1=0.2 M, temperature 298.15 K
in water is positive GH20_Biochemistry=85.64 X/mor aktivation as selforganization for

Homeostasis.

H»>O Bioochemistrys H, O+
)

AG® H20_Biochemistry

151 549 g

AG°h20 _distilled
-237,191 Y/01

reactant H.O =>produkt H20.

B
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THERMODYNAMICS Exercise 111 B Glucose CsH1205 oxidation by 602.qua to 6HCO3" +6H30*

Calculate AHH ASH AGH. Reaction is exothermic , athermic, endothermic? Glucose CsH1206 oxidation by
602aqua t0 BHCO3™ +6H30™ at standard conditions 298.15 K using the data table! Mention whether the reaction will

be exoergic or endoergic! CeH1206+602=> 6CO2+6H20 +AG+Q; AGLehninger=-2840 X/mol
Substance | AH®H X/mol | AS®H moik | AG®H %/mol CeH1206+602aquat6H20=> 6HC O3 +6H30"+AG+Q
C6H1206aq | -1263,78 269,45 -919,96  JAGH=6AG°H30+6AG°Hco3-AG°ceH1206-6AG°02-6AG °H20="/mol
Glc -1267,13 -2901,49 -402,05 [F6*-586,93988+6*-213,274599-(-919,96+6*16,4+6*-237,191)=-2556.6
O2aqua -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 AHH=6AH°H30+6AH°Hco3-AH°ceH1206-6AH°02-6 AHH20=K/mol
O21gas 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
HZO -286,65 -453,188 -151,549 ASHZGAS°H3o+6AS°Hcog-ASoceH1206-6AS°02-6AS°H202-787 ‘]/moI/K
H3O* -285,81 -3,854 -213,274599[=6*98,324+6*-3,854-(269,45+6*110,876+6*69,9565)=-787.625 Y/moix
CO21gas | -393,509 213,74 -394,359 [=6*-494,768+6*-3,854-(-2901,49+6*-94,2+6*-453,188)=3194.1
CO2aq -413,798 | 117,5704 -385,98 | AIbAGH=AHH-T*ASH=-2805,27-298,15*-0,787625=-2570.4 X/mol
CO2aq —413.26 -119,36 - AGH=AHH-T*ASH=-2812,6-298,15*-3,1941=-3764.92 K/mo|
HCO3s -689,93 98,324 -586,93988 |CRC102. ASdispersed=-AHH/T=-2805,3/298,15=9409 Y/moik
HCO3z | -692,4948 | -494,768 | -544,9688 [B06; ASdispersea=-AHH/T=2812,6/298,15=9433.5 Y/molik

page 1:. Bio-Fuel (CeH1206+6H20) +602aqua photosynthesis bound energy TAStotar=AG Lenninger=+2840 X/mo1 produce
life resources CeéH1206+6H20 +602aqua and are used by oxidation to generating concentrations gradients of 6HC O3
+6H30™ in products for osmosis against and transportation down the gradients through membranes.
Ch H H H CeH1206+602aquat6 H20=>6H30*+6HCO3=>6CO2aquat12H20=>6CO2gas+12H20.
. | O O Glucose 7 C:-H, 5 Ce-eC: 7#2+5%2=24 electrons Reduction potential:
7.Cn Q'—C"—.C.'—_cl;'—? CiH  E°cen1206=0.1392 V 4t page 24H30*+6H30*+6HCO3+24 e'<=>CeH1206+42H:0;

. |l| b -2840 K/mo=AGLehninger=AGeq=AE°eFen=(E°ceH1206-E °02)*Fen=(0.1392-1.0868)Fen;
aldehyde H AGeqg/F/In=(EcsH1206-E02)=AE=-2840000/96485/24=(EcsH1206-1,0868)=-0,9476 V;
Attractors pH=7,36 and [O2aqua] =6*10- M reduction potential is strong Ecen1206=AE+E02=-0,9476+1.0868=0.1392 V;

[H30*]=10"73% M, [O2aq]=6*10-*M; E02=E*+2%9/4210g([O ,,,]*[H3O*]*/H201°)=
=0,1392+0.0591/5,*|og(6* 10/ -5)*10/(-7:36"4)/55 315)=0,03485 V
Oxidised form: 6*(O2aquat4H30O*+4e=5H20) Suchotin absolute inverse standard potential -E°02=-1,0868 V; [17]
AGHess=AHH-T*ASH=-2812,6-298,15*3,1941=-3764.92 K/ma;
| AGHeas=-3764.92 X/mol | > | AGLehninger=-284O K)ol | 5
AGeg=-ReTeIn(Keq)=-8,31442298,15In(10497:55)=-2840 K/mo
Exothermic and exoergic oxidation Hess free energy change negative for gas 602, 6CO2
AGoxidation=-2873 ¥/mol 50 AGoxidation=-2921.5 ¥/mo1 more for aqua both 602aqua, 6CO2aqua,
AGoxidation=-2971.8 ¥/mol for 602aqua, 6COZgas, AGoxidation=-3765 K/mol for 6H30*,6HCOs3, AGmin= '28{}0 kJ/mosz
but minimizes AGmin=AGeq= -2840 X/mo reaching quasi equilibrium mixture for A+6B+6C 50% 6D+6E

13 reactants CsH1206+602aqua+6H20 and 12 products 6HzO*+6HCOy  C6H1206+6022qua+6H20
[HCO;]8ua[Ha0® reactants products

EXP(-AGLeminger/RIT)=EXP(2840/8,314/298,15)=10*=Ke= (.10, 1[0 moua]e: [1,0]° 6H30*+6HCOs
2

Homeostasis Quasi Equilibrium is Prigogine attractor free energy change AGmin. minimum

Free energy minimum reaching establishes homeostasis quasi equilibrium mixture. Keg.

Photosynthesis 1%t page. accumulate free energy in life resources CeH1206+602aquat6H20 AGLenninger =2840 X/mol;
from zero level protolysis products create 6*Grzo+Hcos-=6%68,38 ¥/ma =411.12 W/me With protolytic activate reach
quasi state equilibrium AG_ehninger=GceH1206+6G028iochem_arterialt6GH20_Biokimija-6GHao+Hco3-=2840 K/mol and generate
glucose free energy content GcsHi206=2840-6*78.08-6*85.64+6*68.52=2840-468,48-513,84+411,12=2268.8 X/mal tO
glucose with reduction potential EcsHi1206=-0.884 V at attractor values [H3O*]=107:3¢ M, [O2aq]=6*10-M.
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Calculate AHH ASH AGw at standard conditions 298.15 K. Reaction is exothermic , athermic, endothermic?

Beta oxidation in mitochondria, peroxysomes of palmitic acid with O2aqua Standard conditions (25 C) 298.15 K, using data on

table! Will reaction exoergic or endoergic!
C16H37025+16H,0+23022qua=16HCO3" [+16H50*=16CO2aqua+32H20=16 CO24as1+32H20; AGehninger=-9770 K/mol

Reactants =>products bicarbonate +hydronium ions

Substance | AH°HK/mot [AS°H Ymoik| AG°H K/mol biooxidation mitochondria, peroxysomes
Ci16H3202 - - 1067,2384 1. AHHess=XAH®products-2AH °Reactants
C16H32025 -891,5 452,4 - 2. ASHess: ZASOproducts- EASOReactants; 3.AGH:AHH'T'ASH
C16H3202iig -838,1 - 1003,54
O2aqua -11,715 110,876 16,4
O2aqua -11,7 -94,2 16,4
O27gas 0 205,152 -61.166 2. ASgispersea=-AHH/T=9930,7/298,15=3337.7 /moiik;33224.5
H.O -285,85 69,9565 | -237,191 |ASit= ASh+ ASaispersed=33307,7-2610,33= 30697.47 I/ moik;
H.O -286,65 -453,188 | -151,549 |ASitw= ASu+ ASdisperses=33224,5+987,26=34211.76 */moii;
H3O* -285,81 -3,854 | -213,2746 |AGH=AHH- T*ASH=-9930,7-298,15* -2,61933= -9152.5 K/moI;
CO21gas -393,509 213,74 -394,359 AGH=AHH- T*ASH=-9905,9-298,15*0,987256= -10200.2 K/mol;
CO2aq -413,798 | 117,5704 | -385,98 [T*AStotai=30,697477298,15=9152.5 X/mar lost free energy
CO2aq -413.26 -119,36 - TeAStota=34,21173"298,15=10200.2 K/mal lost free energy
HCOs -689,93 98,324 |-586,93988 CRC102.
HCOs -692,4948 | -494,768 | -544,9688 BO6;

AGH=16AG°Hco3+16AG°H30-AG°c16H3202-16AG°H20-23AG°02= K/mo;
=16*-586,93988+16*-213,2746-(16*-237,191+23*16,4+1003,54)=-10389 X/mai;
=16*-544,9688+16*-213,2746-(16*-151,549+23*16,4+1067,2384)=-11151,55 Y/ma;
AGH=16AG°co2aquat32AG°H20-AG°c16H3202-16AG °H20-23AG°02= K/ mo;
=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;
AGH=16AG°co2gast+32AG°H20-AG°c16H3202-16AG°H20-23AG° 02= K/mo;
=16*-394,359+32*-213,2746-(16*-237,191+23*16,4+1003,54)=-10720 K/mor;
=16*-394,359+32*-213,2746-(16*-151,549+23*16,4+1067,2384)=-12154 X/mai;
AHH=16AH°Hco3+16AHH30-AHc16H3202-16 AH H20-23AH 02= K/mol;
=16*-689,93+16*-285,81-(16*-285,85+23*-11,715-838,1)= -9930,7 K/mo exothermic;
=16*-692,4948+16*-285,81-(16*-286,65+23*-11,7-891.5)= -9905,9 k/mol exothermic;
ASH=16AS°Hco3+16AS°H30-AS°c16H3202-16AS°H20-23AS°02= Y/molik;
=16*98,324+16*-3,854-(16*69,9565+23*110,876+452,4)= -2619,33 Y/molk;
=16*-494,768+16*-3,854-(16*-453,188+23*-94,2+452,4)= 987,256 Y/mol/k;

AGmin=AGeq= -9770 K/mor reaching equilibrium mixture

EXP(-AGLehninger/R/T)=EXP(9770/8,3144/298,15)=1017116428=K oq= [

AGeg=-ReTeIn(Keq)=-8,3144298,15+In(101711.6428)=-9770 k/mo A A
Exothermic and exoergic palmitate oxidation Hess free energy change negative for aqua
O2aqua > for gas CO2gas? AGaoxidation=-12154 ¥/mor and
AGoxidation=-12020 K/mor for both aqua Ozaqua and CO2aqua, but minimizes

-12154 99/
Hess

AG<0

AGmin: ‘9779 kJ/mol v

A+23B 50%
16C+16D
products 16C+16D
16C0O2+16H20

_ [COZaqua]16' [Hzo 1623
16M306]* [0z aqual
C16H3202+2302 A+23B reactants

Equilibrium reaching is Prigogine attractor free energy change minimum AGmin .

Free energy minimum reaching establishes equilibrium mixture.



THERMODYNAMICS 1V Vitamin B3 ethanol HsC-CH2-OH oxidation to ethanal H3C-CH=0O aerobic
Calculate AHH ASH AG at standard conditions 298.15 K . Reaction is exothermic , athermic, endothermic? Vitamin
B3 for anaerobic ethanal reduction to ethanol product with alcohol dehydrogenase using the data table! Mention
whether will be exoergic or endoergic! H3C-CH2-OH+NAD*+H20+AG+Q => H3C-CH=0O+NADH+H30*

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

IAHHess=AHH30+AH°chacHo+AH  NabH--AH°chacH20H-AH H20-AH NaD+=

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

BioThermodyn06;ASdispersea=-AHH/T=-45,28/298.15=-151,9 Y/moik

IASHess=AS°H30tAS  cHacHoTAS °NabH-~AS °cHacH20H-AS H20-AS °NAD+=

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

BioThermodynamic,2006,Massachusetts Tecnology Institute, Alberty

AStotai=ASH+ASdispersed=-151,9-499,211= -651,111 */moik

AGH=AHH-T*ASH=45,28-298,15%-0,499211=194,12 ¥/mol endoergic

pH=7,36 TeAStotar=0,651111"298,15=-194,1 X/

IAGress=AG °H30TAG chacHotAG NabH-AG  chacH20H-A G Hoo-AG NaD+=

Substance | AH®H %/mol | AS®H Ymolik | AG®H ¥/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
HsO* -285.81 -3.854 -213,275
NAD* -10,30 | -3766,008 | 1112534
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
H20O -286,65 | -453,188 | -151,549

The standard E° in Volts from David Harris; KortlyShucha

AGress=32,2824+1175,5732-151,549-(75,2864+1059,11-237,191)=159,1 K/mol endoergic;

Red NADH <=>NAD* + H(2¢);

absolute potential

E°nabH=-0,4095 V; David Harris; [22];

Ox CH3CHO+2H30*+H-(2e")<=>CH3CH20H+2H:20; absolute potential E°cHscH201=-0,055 V; [19].

sum NAD*+CHs-CH2-OH+H20=>NADH+CH3-HC=0+H30*;

By convention balanced n=2=m number of electrons 2e-AE° is expressed as E°?H20 of the electron donor minus E°!
of the electron acceptor. Because NAD* is accepting electrons from ethanol in our example

AGmin=AGeq=( E°NAD+-E eqNernscHacH20H)*F*n=(-0,4095+0,055)*96485*2=(-0,3545)* 96485*2=-68,408 K/mol;

[NADBH]-[CH,CHO]-[H,0"]

[NAD*T[CH.CH,OH}{H 0] =eancrobico=EXP(-AG/RIT)=EXP(-68400/8,3144/298,15)= 19.65+101=10"

O2aqua ratio [NADH]/[NAD*]=10¢ with pH=7.36 favored free energy change negative
AGaerobicox=68,4+8,3144*298,15*In(1/1076*1/1*107(-"-36)/55,3457)/1000= -17,85 K/ma ;
AGeq=68,4-86,21= -17.85K/mo;, [NADH]/[NAD*]=105; AGeq=68,4-80,5= -12.14 X/mol.
negative. Aerobic endothermic and endoergic HsCCH20OH ethanol oxidation Hess law free
energy change positive AGHessox= 159........ K/mol inverse to H3CCH=0 ethanal anaerobic
K/mol , but minimized inverse in aerobic oxidation

AGmin:AGquerobicOX:68,4 |(‘]/mol , AGmin:AGqunaerobicRed: -68,4 kJ/mol reduction reaching
equilibrium mixture constants 10-12=Kegaerobic ethanol oxidation and ethanal reduction

reduction negative AGHessred= -159

anaerobic 1012=Keganaerobic.

Prigogine attractor is free energy change absolute minimum at Equilibrium
AGnmin=68,4 K/mo1= ‘ AGeq?
HsC-CH=0+NADH+H30* =>H3C-CH2-OH+NAD*+H20+AG+Q);
Anaerobic AGeg=AE°*Fen=-0,3545 V2 mol*96485 C/moi= -68,4 X/mol favored.

Insufficient low O2aqua cONcentration hypoxia to anaerobic alcohol oxidation unfavored but
ethanal reduction to ethanol favored ratio [HsCCH20H]/[HsCCH=0]=1/10 homeostasis
anaeirobic ratio [NAD*]/[NADH]=1/10 with pH=7,36 negative free energy change :

AGanaerobicRed=-68,4+8,3144*298,15*In(1/10*1/10*55,3457/10/(-":36))/1000=-27.8 kI/mo

AGAnaerobicRed:-68,4+8,3144*298,15*'“(B T 10—7.36

K AnzerobicRed=10"= [NADH]-[CH,CHO][H;0"] ’ Kerobicox=10"= [NAD*}[CH,CH,OH][H ,0]

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

< | AGHess ‘ =159 K/mol.

159 /ol oxidation
aerobic

G

\:,AGmin,:68-4 kJ/mol
A+B+C50%D+E+F

NAD*+H3;CCH,OH+H,0
NADH+H3CCHO+H30*

Anaerobic
. kJ
AGl59 Imol Ethanal

AGmin= '68|4 K ol &

D+E+F 50% A+B+C
NADH+HsCCHO+Hs0*
NAD*+HsCCH,OH+H,0

1 10 55.333

)=-16.4 X/mor ;

_[NADH]-[CH,CHO]-[H,0"]

: favored oxidation

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



THERMODYNAMICS Exercise V For crystalline salt Na*Cl-2"d dissociation reaction with water

Salt Na*ClI-hydration with 36 91009 Solubility in 100 g water, density of solution 1,203 9/mL ; W%=26,4706 %:
Na*Cl+3 (H20)4=>[6H20:=>Na*]aqua +[Cl'<=6H20]aqua resource account nc=49,142/12=4,0952 .M.
1. First factor coordination sodium and chloride ions consume 12 water molecules: products Na*aq+Cl-aq

Na— Water molecules hexagonal hexagonal
a three tetra meres R
+3 (H20)s =>

H H H:OH H,
d + O.H Cl o)

-H H

- \H Tetra mere "0
\‘\ 3 : H
o TN o - b
Na’ _—Na cl /

crysm \Na+/ W [6H20:=>Na*]Jagqua + [Cl'<=6H20]aqua

1. Na*Cl-=>Na*+ ClI-; energy AGna+ci- = 700 K/mor ; lonu crystalline destruction.

2. 3(H20)4=>12H:0 ; energy 3*AG(H20)4=3*90=270 K/mor ; Tetra mer destruction.

3. Na*+6H20=>[6(H20:—0)-Na*] energy 6*AGiH20:=>Na+]=6*-400=-2400 ¥/moi ; Coordination hexagonal.

4. CI'+6H20 => [CI~(....6H20)] energy 6*AGici--(...H20)1=6*-30=-180 X/ma ; Six hydrogen bons creation.

AGreaction=AGnNa+cl-+3* AGH20)4+6* AG[H20:=>Na+]+6* AG[CI--(...H20)]=700+270-2400-180= -1610 K/mo ;

Dissociation degree a.=4,0952/5,4434=75,2 % crystalline NaClagua +Q=>Na*aquatCl-aquatAG; and solubility

product Ksp=Keg=[Na*aq]*[Cl—aq]/[NaClag]= =4,0952*4,0952/1,3482=12,4393 reactants and products free emergy

change negative: AGsp= -ReTeln(Ksp)=-8,31442298,15+In(12,44)=-6,25 X/mol, ;

AGHess:AHHess-T*ASHess:3,82-298,15*0,0435 =-9,15....... K/ mol exoergic..

Substancel 4, " | 0| R crystalline NaCl+Q=Naaqu+Clraqu+AG:
Na*Cl- | -411,12 | 72,00 - 1. AHH=AH°Na+AH°ci-AH NacI =.......... K/mo1. endothermic...........
Na‘*aqua | -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. ASdispersea= - AHH/ T = -3.82/298.15=-12.812......... I (mol K)

H2O | -285.85 | 69,9565 |-237,191 ASH=AS°Na+AS°cI-AS°Naci=59+56.5-72= 43.5....../molik;

H2O | -286,65 | -453,188 | -151,549 AStotal= ASH+ ASdispersed= -12.812+43.5= +30.688......."/mol/k
HsO* | -285,81 | -3,854 |-213,275| AGH=AHH-T*ASH=3,82-298,15*0,0435 = -9,15.......K/meexoergic....
HClgss | -92,31 | 186,902 -95,3 TeAStota=30,688+298,15=9.15 ....... K/mo bound free energy

HClagua | -167,2 56,5 -131,2 Non dissociated salt neutral molecules form in two ways:

1. Electrostatic atraction ions Debye - Hiickels' physiology 0,9% solution forms osmolar Cosm=0,305 M
concentration with sodium chloride ions and salt neutral molecules : NaCl € Na*+ClI- in litre 1000 mL .
Cosm=[Na*]+[CI-]+[NaCl] =i*Cm=0,305 M. mnaci/ms= mnaci /1000*100% =w%=0,9%, jo blivums is 1 9/mL .
Sodium chloride mas mnaci=0,9%*1000/100% =9 9/L. and mol number nnaci=MNaci/Mnaci=9/58,5=0,15385 Ml/,_;
Cosm=[Na*]+[CI]+[NaCl]=i*Cm=(1+ a(m-1))*Cm=(1+a(2-1))*0,15385=0,305 M. Dissociation degree alpha is:
a =(0,305/0,15385-1)=0,98245 with fraction of [NaCl]= Cm -Cm*a=0,15385-0,15385*0,98245=0,0027 M
Physiology 0,9% solution Ko g%=Kosw=[Na*]*[CI|-]/[NaCl]=0,15115*0,15115/0,0027=8,4616 ;

AGo,9%= -ReTeIn(Ko0%)=-8,3144298,15+In(8,4616)=-5,294 K/moI, A
Endothermic and exoergic solubility Hess free energy change AGress= -9,15 K/mol is negative, G
but minimized AGmin =AGo,9%= -5,294 K/mor in physiologic 0,9 % mixture reached equilibrium } -9.25“/na

Ko,9%=Ko,0%=[Na*aq]*[Claq]/[NaCl ag]= 8,46 or solubility product

AGsp= -6,25 W/mo reached Ksp=Keq=12,44. Le Chatelier principle is Prigogine attractor free
energy change minimum AGsp for crystalline sodium chloride Na*Cl- solubility product. At
free energy minimum AGmin reaching establishes equilibrium.

Note: Strong electrolytes are soluble with negative AG<0 and greater one Keq >>1 ;

Weak electrolytes with positive AGeq>0 and 0 < Keq < 1 endoergic are water insoluble.

AGmin: ‘5,294 kJ/mol ;
L 'S

A 50% B+C
Na*Cl-ciets reactant.
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THERMODYNAMICS Exercise V For crystalline salt Na*OH- dissociation reaction with water

Crystalline Na*OH- hydration reaction with water 100 9100¢ Solubility in 200 g water solution of density 1,5217 9w ;
w%=50 % Mnaon=Na+O+H=23+16+1=40 .9/moi; NNaoH=Mnaor/Mnaon=760,85/40=19,02 mol;

NH20=M H20/Mu20=760,85/18=42,27 mol; nc=42,27/9=4,697 M; Double water mols number are enough for sodium ions
coordination . Hydroxide ions repuls from water molecules stai alone.

Substance |AHH /ot | AS°H Y moik | AG®H ¥ ol AHues=AH°Na+AH°0H-AHNaoH-2*AHH20=527,4 K/mor;
NaOHaq | -44,51 | solution- - =-240,1-230-(-425,8-2*285.85)=527,4 X/mol;

NaOH.H20O| -21,41 | solution - ASdispersed=-AHn/T=-527,4/298,15= -1768,908 Y/(mol k)
NaOHiattic - lattice -887 ASHess=ASNat+AS° 0H-AS NaoH-2*AH H20=59-10.539-64,4-2*%69,9565=-155,852 Y/moik;
NaOHcryst | -425,8 64,4 -379,7 AStotal= ASresst ASdispersed=-155,852-1768,908=-1924,76 /moik

H20 -285.85 | 69,9565 [-237,191 AGres=AHuess- T*AS1e=527,4-298,15*-0,155852=573,867 “/mol ;
H20 -286,65 | -453,188 | -151,549 TeAStota=-1,92476*298,15= -573,867 K/mol bound free energy

HsO* |-285,81 | -3,854 |-213,275 AG=AG°Nat+AG°0oH-AG°NaoH=467,9 K/mol. eX0ergic.
Nataqua | -240,10 | 59,00 | -261,9 =-261,9-157,2-(-887)=467,9 K/mol
OH- -230.00| -10,539 | -157,2 Non dissociated hydroxide neutral molecules not forming:

1) Crystalline Na*OH- sodium hydroxide complete dissociates into ions coordinates two water H20 w%=50 %.
2Na*OH+(H20)4=>2[2H20:=>Na*]aqua +20H-; solubility constant is ions factorial at equilibrium:
Crystal sodium hydroxide dissociation solubility product: Na*OH-+2H20=>[1.0469H20:=>Na*]aqua +OH";
AGHess=AG°Na+AG°0H-AG°NaoH-2*AG°H20=-261,9-157,2-(-379,7-2*237,191)=435 ¥/mol;
Total concentration ntotal =[H20]+[[2H20:=>Na*]aqua] +[OH]=4,23+19,02+19,02=42.27 M;
Solubility product in mol fractions Ksp=[Na*aqua] *[OHJaqua/[Na*OH-]/nkepa”?=19,02*19,02/1/42,277?=0,2025.
AGmin=AGsp=-ReTeIn(Ksp)=-8,3144*298,15*In(0,2025)=3,959 K/mo .
Solubility 100 9/1004 solution density 1,5217 9/mc ; w%=50 %; One liter solution contain
N NaoH = MNaoH/MnNaoH = 760,85/40 = 19,02 mol; nH20 = M H20/MH20 = 760,85/18 = 42,27 mol;
Two 2 water molecules coordinates linear at Na* ions, but OH-ions repel water.
Hess change positive AGHess=AGNaoH+AG(H20)4/2+2* AG[H20:=>Na+1=887+45-800=132 %/mol endoergic, but minimied
in mixture reached solubility equilibrium:AGeq=AGsp=-8,3144+298,15In(0,2025)=3,959 K/mol.
Solubility equilibrium is Prigogine attractor free energy change minimum AGnmin . At free energy chsnge minimum
reachibg establishes crystalline sadium hydroxide Na*OH- solubility equilibrium .
1. lons lattice destruction: NaOH=>Na*+OH- energy: AGneon=887 W/mar . | = —goeomeeae-
2. Tetra mer destruction: (H20)s=>4H20 energy AG(H20)4=90 K/mo1. W%=50 %
3.a Two H20 coordination in cation energy 2*AGH20:=>Na+]=2*-400=-800 “/mol: | Y SR
AGHess=AGNaOHTAG(H20)4/2+2* AG[H20:=>Na+]=887+45-800=132 K/l
Notice: Strong electrolytes are soluble with negative AG<0 and greater one Keq >>1 ; +AGmin=3,96 Yol
Weak electrolytes with positive AGeq>0 and 0 < Keq < 1 endoergic are water insoluble . A 50% B+C
Na*OH—cryst=>products Na*+OH-
At 0% < w% < 27 % NaOHcryst solution density 1,301 9/mL 2Na*OH-+3(H20)4=>2[6H20:=>Na*]aquat20OH;
3.b Six H20 molecules coordinate symetrical around cation 6*AGH20:=>Na+]=6*-400=-2400 K/mo :
AGreactions=AGNaoH*+3/2* AG(H20)4+6* AG[H20:=>Na+]=887+270/2-2400= -1378 K3/ mol.

Densi /mL

~ hexagonal 161 tyl(g | )| |

HH—‘O%-_LO/'_L 1,5 +— Coordination number 6 = Coordination number 2

- 0 1,4 +— "o .
o I A \ e
H {4:' \ 1.2 e o —>ENaB< :0

ot | H 11 +—— / Y

I!I H/.O\H : = 0, ' " a
- ot RS 0 10 20 30 40 % 50

w%=27%
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THERMODYNAMICS Exercise Va hydrogen chloride HCI solubility and reaction
AthdratationHCIzAH°HCIaqua-AH°HC|gas:-167,2-(-92,31): -74,89........... K/ ol €XOthermic....................

CRC 2010 Reaction is exothermic , athermic, endothermic,exoergic, endoergic! ?HClgas=>HClaquatAG+Q;
Substance| AH°y I(‘]/mol ASOH‘]/mOUK AG°®y I(‘]/mol AGH:AG°HCIaqua-AG°HCIgas:-131,2-(-95,3): -35,9 ............. kJ/mol
Na*Cl-| -411,12 72,00 - 1. AHess= ZAH products- ZAH reactants; EXOEFGIC...c.vvervennnnne
Na+aqua -240,10 59,00 - AthdratationHCFAHOHCIaqua-AHoHCIgas=-l67,2-(-92,31): -74,89 ........... I(J/mol
Claqua | -167,08 56,50 - 2. ASkess= ZAS products- ZAS “reactants; €X0thermiska....................
HZan -285,85 69,956 -237,191 AStotaI:ASH+ASdispersed:251,182-130,4:120,78 ....... J/moI/K;
H20O | -286,65 | -453,188 | -151,549 ASHess=AS°Hclaqua-AS °Hclgas=56,5-186,902=-130,402........ Imol/k;
H?,O+ -285,81 -3,854 -213,275 ASdispersed: - AHHess/ T :74,89 /298,15:251,182 ........ ‘]/moI/K;
HClgs| -92,31 | 186,902 -95,3 3. AGress= AHpess- T*AStess =-74,89-298,15*-0,130=-36,01....... K mol

HClagua| -167,2 56,5 -131,2 |Bound TeAStotai=120,78 /K/mol#298,15 K=36,01......K/mo1;ex0ergic........
37%, 1,180 g/mL, 436,6 g/36,45=11,978 m!/,, 1180-436,6=743,4;743,4/18=41,3 ™/, , 41,3-0,25236=41,048 m°l/.
HCI+H20=>H30*+Cl aqua +Q +AG; HCI=>H*+Cl aqua; [H3O*]?+[H20]*Kais*[H30*]-Kais*[H20]*11,978=0
AHHess=AH°H30+AH°CI--AH°HCIaq-AH°H20= -285,81-167,08-(-167,2-285,85)20,16 ........ I(J/mol; athermic...............
2. ASdispersed: - AHHess/ T= '0,16 /298,15: '0,537 ............ ‘]/mollK
ASHess=AS°H3o + AS°cl--AS°Hel -AS°H20=-3,854+56,60-(69,96+56,5)= 52,64-126,46=-73,714......... I/ molik
AStota=ASHess+ASdispersed= -0,537-73,714=-74,251........ I mol/k;
AGHess=AHHess— T *ASHess=0,16-298.15*-0,073714=22,1378............... K /mol eNAOBIgiC......cocvvevvereienenee.
TeAStotai=-74,251 /K/mo1#298,15 K=-22,14......9/mol;
Mu20=1180-436,6=743,4 q; NH20=743,4/18=41,3 m°l/, , First solution:
[H20]=41,3-[H30+]=41,3-0,25235=41,04765 ™!/.” CHcl =[HClaqua] +[CI]=11,978 M ;
[HClaqua]=(11,978-[CI-])=(11,978-0,25235)=11,725664 M/, ; [HClaqua] [H20]*Kdis=[H3O*]*[Cl-aqua];
As equal [Cl-aqua]= [H3O*] and replased [Cl-aqua] with [H3O*] square equation is solved as: ax2+bx+c=0 .
(11,978-[CI]) [H20]*Kis=[H30O*]*[Cl-aqua]; (11,978-[H30*]) [H20]*Kais=[H3O*]* [H3O"];
[H3O*]?+[H20]*Kais*[H3O*]-Kais*[H20]* 11,978=0

. . —b++ 2_
Square equation ax2+bx+c=0 solves real root of two mathematic x= {w

[Cla]=[H30*]= K gglHOl+V(K g [H,0])2 -4%-K 4 [H,0*11,7257 = 0,25235 M

2
[Cl2]=[H:0*]=(-Kdis*41,04765+SQRT((Kdis*41,04765)"2-4*-Kdis*41,04765*11,978))/2=0,25235.............. M
Dissociation degree 6=0,021=Cais/Cm=0,25236/11,978; Cm=Cuis+Cnedis=0,25235 + 11,725664=11,978 m°l/.;
Dissociation degree a%=2,1%;pH=0,6 ; Equilibrium constant : Kais1=0,000132306:
[HOT [ Jaqa  —Kea=(0,25235%0,25235)/( 41,04765*11,725664)=0,000132306=10"357¢ ;
m AGeq=-ReTeIn(Keq) =-8,3144*298,15*In(0,000132306)/1000=22,137 X/mo

Ja salsskabes koncentracija is CHcl =[HClagua] +[CI-]=0,1 M ; [H20]=55,33-[H30+]=55,33-0,1=55,23 mol/.
0,04728863 M=[Cl-ag]=[H30*]=(-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/mol

Protolysis Hess llaw positiv1 22,138 K/mol, but minimized reaching equilibrium 17,8 K/mo .

0,04728863 M =[H30*]=10PH=10-1325; pH= -log[H3O"] = -log(0,04728863)= 1,325=pH;

Dissociation degree ao,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=Kais2; Cm = 0,01 M;pH=2,08 ;
0,008343 M=[Cl-a]=[H30*]=(-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/mal; 0,008343/0,01=0,834, a%= 83,4 %

AGHess=22,138............ K/mot endoergic.............. Prigogine minimum AGeq=17,8........... K mol,
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THERMODYNAMICS Exercise V b For crystalline CHsCOO-Na* solubility and reaction

CH3COONas+8H20=>[6H20:=>Na*]ag +[2H20=>"00CCHsag]

Solubility 50.4 9/100g H20, density 1.26 9/mi, Ccracoona= 5.1493 ™!/, ; w%= 36.1 %
Litre solution mas with density 1.26 9/mc IS Msolution = 1260 9/...

What times 150.4 g included 1260 grams solution 1260/150.4= 8.7766............ times .
Sodium acetate mas in litre mcHscoona =8.7766*50.4 9/100g =442.34.......... 9/L..
Molar mas calculates as sum of atomic mases: McHzcoona=Mnat+McHzcoo=23+24+32+3= 82 9/mol .

Salt number of mols in one litre is mas of salt over it’s molar mas:
NCH3COONa= McH3cooNa / McHacoona= 442.34 / 82= 5.1493 M/, ; CcHacoona = 5.1493 mol/, ;

Water mu2o0=ms-mcHacoona =1260-442.34= 817.76 g; NnH20= MH20 / Mn20 817.76/18=45.431 moli..

Mas fraction in perocents : mcHacoona/Msk=442.34 /1260*100% =w%= 36.1;

Complete dissociation in ideal solution coordinate 6 H20 , 2 H20 sodium ions and acetate ions
crystalline CHsCOONas € Na*+CHsCOO- solie, poore compound mol fraction is one [CH3COONa]solia = 1 and
solubility product constant: Ksp= Keq =[Na*]*[CH3CO0O]=5.1493*5.1493=26.515 is ions factorial reaching
Prigogine attractor at equilibrium free emergy change minimum negative::

Thermodynamic favored solubilty product constant: for favored equilibrium:

AGmin=AGegq=-ReTeIn(Keq) =-8.3144+298.15+In(26.515)= -8.125 K/mol.

Saturated solution water coordination resorces 8 are indispensible: nc= nn2o /8=45.431/8=5.6789.......... moli.
__hexagonal B .
; =Gy "/
O (OF + \I-L /I—L M / H
CH3COONaagqua + 2(H20)4 \H Tetra mere == H/ /EI l%aat—;(\) + |:0. O:(i\ +Q + AG;
: - H
H | OsH H
/ | :0 - H O H
H—0 H/() ------- H—(QO-H B "L|-L/ \|_L a B \O/ ]
CRC 2010 reactant ~ => products
Substance |AH Hess,“/mollAS °Hess,/mol/AG Hess,k/mol CH3COONas => Na'*aquatCH3C OO aqua +Q +AG,;
Na*agua -240.1 59 - 1. AHuess= ZAH products- ZAH reactants;
CH3COO'aq -486 85.3 -247.83 2. ASHess= ZASOproducts- 2 ASC°Reactants; 3. AGHess=AHHess-T*ASHess
CH3COOq | -486.836 -822.3 -241.663 2. ASdispersed=-AHHess/ T=17.3/298.15=58.02448........... I molik;
CH3COONag -708.8 123.0- -607.7-  |AStota=ASHess+ASdispersed=58.02448+21.3=79.32448........... I molik;

1. AHHess=AH°Haccoo-+AHNa-AH Haccoo na=-486-240.1-(-708.8)= -17.3 K/mo eksotermiska...................

Exothermic and exoergic CHsCOONas solubility product Hess free energy change AGHess
negative -23.65 X/mor , but minimizes up to AGmin = AGeq =-8.125 K/mor in mixture reaching
solubility product Ksp=Keq=[Na*]*[CH3COO aqua]=5.1493*5.1493=26.515 . Le Chatelier

principle is Prigogine attractor for Free energy change minimum AGnmin reaching at equilibrium.

Free energy change minimum reaching establishes equilibrium

R K :
AGmin= 8.12'5 ol M

A 50% B+C
Na*aq+CH3COO0

reactant crystalline CH3COONas_
and products_
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THERMODYNAMICS Exercise V aa For crystalline NH4Cls) electrolyte solubility in water
Data from tables: solubility 39.5 9100y H20, pKa=9.25, density 1.3536 9/mL,

Litre solution mas with density 1.3536 9/mL IS Msolution = 1353.6 ............ 9/L.
What times 139.5 g include 1353.6 grams solution 1353.6/139.5= 9.7032............ times
Amonium chloride mas in litre mnnaci = 9.7032 *39.5 g/100g = 383.2764.......... 9/L..
Molar mas is sum of atomic mases: MnHaci=MnH4+Mci=16+24+35.5= 755........... 9/mol .

Salt number of mols in litre is salt mas over it’s molar mas:
NNHaci= MHacl / Mnnaci= 383.2764 / 75.5=5.07651 mol/; : CnHaci= 5.07651......... molf, -
Water muzo=msk-mnnaci = 1353.6-383.2764=970.32 g NH20= MH20 / MH20 =970.32/18=53.907......... moli.
Mas fratio in percents is mas of salt over solution mas :
MrHaci/My=383.2764/1353.6*100% =w%=28.32........... %;

Thermodynamic favored complete dissolution reaction by Hes law and solubility constant .

Substance |AH Hess,/mol|AS°Hess, /molik AG°Hess,*/mo|  reactants NH4Cl) +Q => NHa*+ Cl-aqua +AG products;
Cl-aqua -167.2 56.50 - 1. AHues= 2 AHproducts- ZAH °reactans;

NHa4*@g) -132.5 113.4 - 2. ASHess= ZAS products- ZAS ®Reactants;

NH4Cls) -314.4 94.6- -202.97 CRC 2010 3. AGHess= AHHess-T*ASHess

1. AHHess=AH°NH4+AHcl-AH NHacis= -132.5-167.2-(-314.4)=-299.7+314.4=14.7......... K/mol endothermic.............
2. ASdispersed=-AHHess/ T=-14.7/298.15=-49.3........ Imol/k;

2. ASHess=AS°NH4+AS cI-AS°NHaci= 113.4 +56.50-(94.6)= 169.9-94.6=75.3.......... molik

3. AStotal= ASHesst ASdispersed=-49.3+75.3= 26........ Hmolik;
AGHess=AHHess-T*ASHess=14.7-298.15*0.0753=-7.75.......... k‘]/mol; exoergic ..............................

TeAStota=26 Y/K/mo1#298.15 K=7.75........ K/ mol;

[N HZ]aqua' [Cl - ] aqua
[N H4C| ] aqua

=KspHess =eXP(-AGress/R/T)=exp(7.75/8.3144/298.15)=22.8.......

Thermodynamic favored Hess solubility product in water .
Complete dissociation solubility product constant Kdis=[NH4*]*[Cl-aqua]= 5.07651*5.07651=25.771..........
Amonium chloride KspHess=22.8 non dissociated concentration is calculated in expression :
[N H4C|aqua]: [NH4+]*[C|'aqua]/ KspHess:25.77l/22.8: 1.13....... mol/,
including equal dissociated ions concentration in subtraction solubility concentration minus non dissociated salt

concentration: [NH4*]=[Cl-aqua]= 5.07651-1.13=3.97651 .......... mol/,_,
Favored solubility product constant: Keq= [NH:Jagua'[C1 T agua =3.97651*3.97651/1.13= 13.9935...........
[N H,CI ] aqua

AGeg=-ReTeIn(Keq)=-8.3144+298.15+In(13.9935)=-6. 541 .......... Wfmot, Endothermicand g A
exoergic NH4Cls) dissociation Hess free energiy change AGdisHess=-7.75 .......... K/mol Negative, | =rzzv5--3

but minimized reaching AGmin=AGeq= -6. 541......... K/mor equilibrium mixture

= MWHiJawa [0 Jawa 2339935 LeChatelier principleis | N
[NH4C|]aqua

Prigogine attractor for Free energy change minimum AGmin reaching at equilibrium.
reactant non dissociated amonium chloride NH4Claqua_ A 509% B+C
and products NHas*agua + Cl-aqua
Free energy change minimum reaching establishes equilibrium

Keq

AGmin: '61541 kJ/mol H
L ¥
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THERMODYNAMICS Exercise V.b acetic acid CH3COOH in protolytic reaction

Calculate AHH, ASH, AGH at standard conditions (298.15 K). Reaction is exothermic , athermic, endothermic? For
the CH3;COOH protolytic reaction with water! Will be exoergic or endoergic!

Viela AH®:Xmol | AS®uImoik |AG®Hess,“/mo Reactants => products
H3O* -285.81 -3.854 -213,275 CH3COOH+H20+AG & H30*+CH3COO +Q
HsCCOO- -486 85.3 85.3 1. AHHess= AHoproducts - AH reactants
CH3;COO~ | -486,836 -822,3 -241,663 2. ASHess= ASproducts - AS° reactants
H.O -285.85 69.9565 69.9565 3.AGHess=AHHess- T*ASHess
H20 -286,65 -453,188 -151,549
HsC-COOH| -484,09 159,83 -531,743

1. AHH=AH°H3ccoo- + AH H30 - AH°H20 - AH°Haccoon =-486-285,81-(-285,85-484,09) = -1,87 K/mo exothermic.
2. ASdisperse= - AHH/ T =1,87/298,15= 6,272011 Y/(mol k).

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

3. AStota= ASr+ ASdispersez -148,3405+6,272011=-142,0685........cccivieiereeie e J/(mol K)....
AGH= AHK-T*ASH=-1,87+298,15*0,1483405 = 42,3577 X/mo endoergic.

3. T*AStotai=-142,0685"/K/mo1#298,15 K= -42,3577 K/mol.

bound TASn«_accumulated energy AGreverseHess <—Q= 1,87 ¥/mol..non spontaneous AGH= 42,4 K/mol.

Equilibrium reached by free energy minimum at compounds mixture ratio in expression:
[H*][cH,co0]
[H 20]'[CH3COOH] nondis

AGeq = -ReTeln(Keg)= - 8,3144+298,15In(10-6497) = 37,085 K/,
Endothermic and endoergic acetic acid protolytic reaction Hess free energy change
AGprotolyseress =42,36 X/mor positive, but minimizes up to
AGmin=AGeq=37,085 ¥/mol reaching equilibrium mixture :

_ [H]cH,cooT]
*97 [H,0}cH,co0H]

Thermodynamic unfavored equilibrium constant Keq= =Ka/[H20]=1,76*10-°/55,3 =10-6:497

=10-6497
nondis

s AGmin= 37,085 k‘]/mm
'] 1

reactants mixture_ A+B  50% C+D
products_ CH;COOH+H:0
H3O*+CH3COO~

[H*][cH,coo]
[H,0][cH,cO0H]

Classic protolysis constant of acetic acid Ka=Keq[H20]= =10-6497*55 3=10-475; is

nondis
thermodynamic unfavored constsnt Keq multiplication with water constant concentration [H20]= 55,3 M
Le Chatelier principle is Prigogine attractor for Free energy change minimum AGmin reaching at equilibrium.

Free energy change minimum reaching establishes equilibrium.
[H30*]=[CH3CO0]=C*0,=0,2*0,00931=10%" M =1,862*103 M;  @=10273/0,2=0,00931 ;
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THERMODYNAMICS Exercise V.c H2O Water ionization and neutralization inverse attractors of reaction

Calculate AHHess, ASHess, AGHess at standard conditions (298.15 K). Reaction is exothermic , athermic,
endothermic? For the water H20 protolytic reaction with water! Will be exoergic or endoergic!

1. equilibrium H20+H20+AG+Q < H3O*+ OH-; 2. equilibrium H3O*+ OH- & H20+H20+AG+Q ;

Substance |AH °Hess,/mol| AS ®Hess, /mol/k |AS ®Hess,*/mol/k AGHess=AG°oH+AG°H30-2AG°H20=103.907 Y/ mol;
Hs3O* -285,81 -3,854 -213,275 =-157,2-213,275-2*-237,191=103.907 X/mol;
OH- -230.00 -10.539 -157,2  |AHHesssAH®on+AHH30-2AH®H20=55,89 K/moi; endothermic.
H20O -285.85 69.9565 -237,191 =-285,81-230-(2*(-285,85))=-515.81+571,7=55,89 X/ma;
H2oO1eas | -241,8352 | 188,7402 -228,6 ASdisperse=-AHHess/ T=-55,89/298,15=-187,456 /(mol k);

ASHess=AS°0H+AS°H30-2AS°H20=-3,854-10,539-2*69,956= 14.393-139.912=-154.305 Y/moik;
AStotal= ASHesst ASdisperse:-187,456-154,305:-341,761 J/(mol K),
AGHess=AHHess- T*ASHess=55,89+298,15*0,154305=101,8967 K/mor; endoergic
TeAStota=-341,7617/K/mo1*298,15 K= -101,896 K/mor;bound TASn_accumulated energy ; non spontaneous
Equilibrium reached by free energy minimum at compounds mixture ratio in expression:
GH30++0H-=GH30++GoH-=22.44+77.36=GHz0++GoH--G2H20=-R e T*In(KH30++0H-)+2*0=99.8 K/mo; . [1.8.14]

" _ -18 * H
O/%/H Kjoni_s3'26.10 _ﬁ + / [O H_]-[H o+]
\ + O= =0 +H-0_ . @ Ko =326:10
@ @ g W g
H  HK_ =306810Y H H . [H,0}[H,0]

neutr

[oH"][HOT]

AGeq1 = - R'T'ln(Keql): - R'T-ln( ) = 99,8 K/mol,

[H,0}[H,0]
Endothermic and endoergic water protolysis reaction Hess free energy change
AGHess=AGprotolyse =101,9 X/mor positive, but minimizes reached equilibrium
[oH™]-[HO]

: AGmin: 99,8 kJ/mol
k'S 1

A+B 50% C+D
H20+H:20 reactants
products H3O*+OH-

A

Keqlz =3.26°1018 ; up to AGmin = AGeq = 99,8 I(J/mol

[H,01{H,0]
Free energy change AGhess for pure compounds by absolute value in Hess law is
greater. Reaching equilibrium mixture of compounds
free energy change minimizes: 99,8 k9/moi = | AGeq | <| AGress | =101,9 X¥/mol
All reactions trend to Prigogine attractor minimum of free energy change

AGmin = AGeq at equilibrium mixture with active mass law inverse reactions constants:
1

B 1 H,0]-[H,0 1
3.2601018= M =Kegt=—= [ 2 it 2 - AGrmin= -99.8 /ot 4

GXSICKS) Kegz [DOH TIHOT  3,068*1017
L . D .. _ . C+D 50% A+B
e Chatelier principle is Prigogine attractor for Free energy change minimum AGnmin reaching HsO*+OH- reactants
at equilibrium. Free energy change minimum reaching establishes equilibrium. oroducts Hz0+H-0.

Water factorial constant and concentration square Kw water constant. Keqi*[H20]2 =3.26¢10-18*55,332=10-14=K ,
one calculates water ions factorial constant Kw = [HsO*][OH"] =10-14 | Attractors claim that our Universe is perfect
and show that each process trends to energy change minimum in mixture of reacting compounds.
Protolysis AGHzo++oH-=GHao++Gon-= 22,44+77,36= 99,8 X/me akumulate equal acidic and basic pH= pOH=7.
H20+Q<® H20gas+AG ; AHHess=AH°H20gas-AH°H20=-241,8352-(-285,85)=44,0148 K/mo is endothermic, endoergic
evaporation. AGHess=AG°H20gas-AG°H20=-228,6-(-237,191)=GgasH20+GH20=8,59+0 ¥/mol. In 101,3 kPa atmosphere
partial vapor pressure po=3,1699 kPa is solubility product Ksp=XH20/XH20¢as=1/0,03129=31,959 of air mol fraction
XH20g2s=3,1699/101,3=0,03129, but pure water mol fraction is one Xn20=1. Evaporation accumulate energy
AGevaporation=-ReTeIn(Ksp)=-8,3144*298,15*In(0,03129)=8,588 *//mol in 0ne mol .

THERMODYNAMICS Exercise V.d solubility NHsgas, NH4" in protolytic reaction and protonation of NHsaqua
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For the ammonium NHa*aq protolytic reaction with water! 1.NHsgas+H20 +AG=>NHz3aq+Q);

NH3 (agy+H20=>NH4*+OH- strong protolytic base pKy=4,74 < 9,25=pKa weak NH4*+H20=>NH3 (ag)+H3O" ;
GNH3gas=AG°NH3aq-AGHess-sp-NH39as-G°H20=91,1056-(-74,5537)-(-0):]_65,7 k3 mol; Alberty
NH3gas+H20=>NH3aq; AHnigrataciia=AH NH3aq-AH NH3gas-AHH20=-132,5608+45,94-286,65=-373,3 “/moi;
GHyadration+GNH3gastAGH20=GNH3ag=107,5+165,7+0=273,2 K/mo; ’

AGHydration:AGNH3aq-AGNH3gas-AGHZO:91,1056-(-16,4-0):107,5 Kfmot; | N
ASHydration=AS°NH3aqua-AS °NH3gas~AS °H20=-739,2922-192,77-69,9565= -1002 Y/molik; AGy=7455 0
AGHess—sp—NHSgas:AHHydrations-T*ASHydration:-373,3-298,15*-1,002:-74,5537 I(J/mol; A 500:/0 VB
Ksp:exp(-AGHydration/R/T)_:eXp(74553,7/8,3_144.1/298,15):1013’06; reactants NHagas+H20
. Ammonia NHzaq protonation: un produkt NHsag
2. Kegz; Ammonia water NHzaq+H20+Q=>NH4*+0OH-+AG strong base;
AHHess=AH°NH4++AH on-AH °NH3-AH°H20=55.8 XJ/mol endoothermic
AHpess=-132.5608-230.015-(-132.5-285.85)=55.8 K/mol;  ASaisperses=-AHH/T=-55.77/298.15*1000=-187 ¥(moi k) ;
Viela |AH®H K/moll AS°H /moiik| AG®H K/ mol =113,4-10,9-(-739,2922+69,9565)=771,8 Y/molik ;
Hs:O* | -285.81 -3.854 | -213.275 |CRC 2010; ASHess=AS°NHa+ +AS°0H-AS°NH3-AS°H20=771.8 I moiik ;
HO | -285.85 | 69.9565 | -237.191 AStota= ASH+ ASdispersed=-189.74+1294.98=1105.24 Y/(mol k);

H,O | -286.65 | -453.188 | -151.549 AGHess=AHHess- T*ASHess=55,77-298,15*%0,7718=-174,3 Y/mol .
NH4* | -132.5 113.4 -79.3 TeAStota=0,5848%298,15=174,4 W/mo1.; bound energy ;

NHaaq [-132.5608|-739.2922 | 91.1056 |BioTherm2006; AGHess=AG°NH4++AG°0oH-AG°NH3-AG°H20=-90.415 K/mol
NHagas| -45.94 192.77 -16.4 =-79,3-157,2-(91,1056-237,191)=-90.4146 X/mol exoergic.
OH- |-230.015 | -10.539 | -157.2 Kegz=exp(-AGmin/R/T)=exp(90414.6/8.3144/298.15)=10%84; strong

Hesss change negative AGHess=-329.4 K/mor minimized at equilibrium mixture AGmin=-RsTeIn(Keq2)= -90.415 X/mol;
3. Kegs; protolysis NHa*+H20+AG+Q=>NHzaqtH30"*; pKeq=10,99; NHa*=H* + NHasaqua ; pKa=9,25;

1. AHH=AH°nH3+AH H30-AH°NH4+-AH°H20=-132.5-285.81-(-132.5608-286.65)=0.901......... K/mol athermic......
2.ASdispersed=- AHn/T=-0.901/298.15=-3.02........ ‘]/(mol K), AGHess=AG°NH3+AG°H30-AG°NH4+-AG°H20=108.7 K/mol
2. ASHess=AS°NH3+ASH30-AS°NH4+-AS H20=-739.2922-3.854-(113.4-453.188)= -403.4........... I molik

AGHess = AHHess — T*ASHess =0.9008-298.15*-0.4033582 =121.2.......... K/mol .endoergic................
AStotal= ASHess+ASdispersed:-3.021-403.358:-406.4 ....... J/(mol K) TeAStota=-406.4*298.15=-121.2......... K /mol ;

- . + N . + *1n-18
oHT] TNH:] _g grsies; ygp= [slamaltaO ]:[HZO]*KHzo/KNHmH:[HZO]—31'2768*12_5 =1014*10°%%;

Kegp = ——— L 41 =
e [NH; Jaqua '[HZO] [NH; ] [H 20]
Clasic acid value Ka= [H][kNTH]]q = [H20]*Keqa=55.3*1.014*10-11=5 61176*10-10=10-9-25=10pKa ; pK,=9.25;

G

AGegz=-ReTeIn(Keqz)=-8.3144298.15¢In(1.014*10-11)=62.75 *¥/mo1, Endothermic and exoergic
NHa* protolysis Hess free energy change AGprotolysisHess3=108.7 X/mol is positive, but

N [HAO"
minimized AGeqs=62.8 /mal at equilibrium mixture Keqs= M 10144100 |
[NH;]-[H 0]

Endothermic and exoergic NHsaq and H20 protolysis free energgy change AGprotolysisHess Af;mggij J/(";’;D
negative -174.3 K/mor but minimized to AGeqz =AGmin=-90.4 /ol reactants_NH4+ +H200
reached strong base equilibrium mixture Keq2=101584; products NHaag+HsO*

Prigogine attractor is free energy change minimum. Free energy change minimum establishes equilibrium.
AGeq=GNH3zag+GH3o-GnHa+-Gr20=273,2+22,44-232,89-0=62,76 /ol

GNH4+=GNH3aq+GH30- AGeq -GH20=273,2+22,44-62,75-0=232,9 I‘J/mo|,
Amonia solution concentration C=0.001 M; ax2-bx-c-ONH4-CH3COO

[OH]=[NH4*]=C*a=0.001*0.1259=103° M=1.259*10* M; pOH=3.9; a=103/0.001=0.1259;
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THERMODYNAMICS Exercise V.e diyhidrogenphosphate H2PO4aq protolysis in water

Calculate AHH ASH AGw at standard conditions (298.15 K). Reaction is exothermic , athermic, endothermic? For the
diyidrogenphosphate H,PO445q protolysis with water! Will be exoergic or endoergic!

Data NaH2PO4 2H20 solubility 94,9 9/100g H20, density 1,32 9/mL, Na2HPO4s 11,8 91009 H20, density 1,1 9/mL,
CRC 2010 ; BioThermodynamic2006 H:PO4+H>O0+AG+Q=> HPO4>+H30* CRC2020;pH=7,36; 1=0,25 M;

Substance AHOH,kJ/moI ASOH,‘]/moI/K AG®H, I(‘]/mol 1.AHHess:AHoproducts-AHoreactants;2.ASHess:ASOproducts-ASoreactants

H3O+ -285.81 -3.854 -213,275 ICRC 2010; 3.AGHess:AHHess- T'ASHess

H20 -285.85 69.9565 | -237,191 |=-1057,143-213,275-(-1137,3-151,549)= 18,43 K/mol
H2O1gas | -241,8352 | 188,7402 -228,6  |=-228,6-(-237,191)=; AHH=-241,8352-(-285,85)=64,3 K/mol

H20 -286,65 | -453,188 | -151,549 |BioTherm2006;AGH=AG°HpPo42-+AG°H30-AG°H2r04- -AG H20=
HsPO4 -1271,7 150,8 -1123,6 =-1089,28-213,275-(-1137,3-237,191)= 71,936 X/mol
H2PO4 -1302,6 92.5 -1137,3 | 1.AHH=AH npos2-+AHH30-AH H2pos- -AH°H20=10,5 X/mol endot
HPOs> | -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 J2.ASdisperse=-AHH/T=-10,52/298,15=-35,3%/(mol k);

PO43 —1277,4 —220,5 —1018,7 3. AStota=ASH+ASdisperse= -199,784-35,3= -234,984 I/(mol k);

2. ASH=AS°Hp042-+AS°H30-AS°H2P04- ~AS°H20=-33,47-3,854-(92,5+69,96)=-199,784 I/moi/k;

AGH=AHH-T*ASH=10,5-298,15*-0,199784=70,0 K/mol; =4,55-298,15*-0,454=140 X/moi endoergic...

3. T*AStotai=-234,984 I/moik *298,15 K= -70,0....K/mol bound TASn accumulated energy.non spontaneous
Equilibrium reached by free energy change minimum Prigogine attractor at compounds mixture ratio in expression

[HPO/ ] [Hs0"]

[H 2 04_ ] [H 20]

AGegz=-ReTeln(Keq2)=-8,3144298,15+In(1,143*10-9)=51,04 “/mo;
Dihydrogenphosphate H2PO4aq Weak acid pKa=7,199 unfavored protolysis H2POs +H>O=>HPO.s> +H30".

. [H707 1 H;0"
a— B
[H,~0, ]
HPO42 +H20=>P O3 +H30*=Keqs= K Hpos2-/[H20]= 10-12.35/55 3457339=8,07*1015; pKa3=12,35
AGH=AG°p043-+AG°H30-AG°HpP0o42- -AG°H20=-1018,7-213,275-(-1089,28-237,191)= 94,5 K/mai;
AGeqa=-ReTeIn(Keqs)=-8,3144+298,15+In(8,07*10-15)=80,44 X/mol,
H3PO4 +H20=>H2POs+H30"; Keqi= K Harpos/[H20]= 10-2147975/55,3457339=7,113*103; pKa1=2,148
AGH=AG® H2p04-+AG°H30-AG® H3po4 -AG°H20=-1089,28-213,275-(-1123,6-237,191)= 58,24 X/ma;
AGeqi=-ReTeIn(Keq1)=-8,3144+298,15+In(0,0001285)= 22,21 X/moi;
Endothermic and endoergic HPO.?", H2PO4, H3PO4 protolytic Hess free energy change
positive AGprotolysis=94,5 K/mor , 70,0 K/mol and 58,24 K/mor , but minimizes up to
AGmin = AGeq = 80,44 , 51,04 and 22,21 X/ma reaching equilibrium
HPO4?+H20=>P0s*+H30%; H2POs+H20=>HPOs>+H30%;
H3POuag+H20=>H2PO4s+H30*; pKas=12,35, pKa2=7,199, pKa1=2,148 ”
4,70, HMHgo'] - _ Keqi= K /[H20] = 10-2148/55,3=0,0001285; &AGW'"TSLO“ S
[H3 O, ]aqua'[H 20] — Theql™ RHIPO4 [ 2 ] a T ’ A+B 50% C+D
AGeqssz_-RoTol?(Kqu)z-m 1444298, 15¢In(7,113*10-%)=80,44 Y/mai, :'ezg g;r??; pHrZO%u ot
1704 HHs07] HPO:2 o + H3O".
[HPo2 ] [H,0]

products over reactants: =Kegqe= Ka2/[H20]=10-7199/55,3457339=1,144*10; pKa2=7,199

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

AG 709,

AG=0

= Keqs= Knpoa2-/[H20]= 10-12:35/55,3=8,07*10-15;

Reaction Prigogine attractor is free energy changeminimum AGmin
Free energy minimum reaching establishes equilibrium.
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Kh2pos=Kkortyshuh/[H20]=107("7199)/55,3457=1,143*10%=

THERMODYNAMICS Exercise V f ATP# adenosine triphosphate hydrolysis reaction

Calculate AH:, AS:, AG at standard conditions (298.15 K). Reaction is exothermic , athermic, endothermic? For the
ATP* adenosine triphosphate hydrolysis reaction with water! Will be exoergic or endoergic!
H:PO,+H20+AG+Q=>HPO 2 +H30*; AGeq=-ReTeIn(Keq)=-8,3144+298.15+In(1,143*10%)=-51,04 K/mol ;

[H OAZ']aqua'[H3O+] )
1,143*107° "[H,0]

[HPO ] [H50"]
[H,P0, 1[H,0]

: [H2PO4]=

Equilibrium pH < 7.199ATP3+H20=>ADP2+H2POx"; Kieminger=3984.1; AGu=-20,55 /mor;

AG bLehninger:-R°T°ln(KLehninger):-8,3144*298 ,15*In (3984,1)/1000:-20.55 Kol ;

AGHess=AG°app3+AG°HP042+AG°H30-AG°ATP4-2AG°H20= -99,58 X/ 1mor;

Exothermic and exoergic ATP? hydrolise reaction Hess free energy change is negative
AGHess= -99,58 X/mor , but minimized AGmin=AGbLenninger=-30,5 K/mor reaching equilibrium
mixture 298,15 K temperature 220500,2=KbLehninger

Equilibrium reaching is Prigogine attractor free energy change minimum AGnmin .
Free energy change minimum reaching establishes equilibrium.

[HoPO,]- [AD 3]

K Lenninger=KbLenninger/[H20]=220500,2/55,3457=3984.1= [H ,0 ] AT 4-]
AGH=AG°rpp3+AG°Hpos-AG°ATpa-AG°H20=-1399,9-1137,3-(-2267,64-237,191)=-32.4 Y/ rnq;
b) ATP4+2H20=>ADP3+HPOs2+H30"; AGpLehninger=-30,5 ol pH=7,36;

- 3- +
KibLehninger=eXP(-AGhbLenninger/R/T)=exp(30500/8,3144/298, 15)=exp(12,304)=220500,2= [HZ O JAD **]-[H50"]

1.AHreaction=AH °products-AH °reactants;

[H,0?[ATP*]
=-1399,9-1057,143-213,275-(-2267,64+2*-151,549)=-99,58 K3 mol;

reactants ATP++2H20
products ADP3+HPO4s2+H30*

AGmin:'3(),51KJ/mol \:'.

A+2B 50% C+D+E

Substance AH®x X/ mol AS°H mork AG®H , ¥/mol; 2.ASHess=AS %products=AS °reactants; 3. AGHess=AHHess= T * AS Hess;

Mishcenko; H-ATP3+H20 = ATP* + H3O*; pK2=6,71; Alberty

H2-ATPZ+H20= H-ATP*+H30%; pK1=3,99

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

Hz-ADP-+H20= H-ATP?+H30%; pK1=3,87

HGIc6P-+H20=> Glc6P>+H30"; pK2= 5,89; Alberty

HFruc6P-+H20=> Fruc6P%+H3O*; pK2=5,89; Alberty

Hz2Frucl6P2-+H20=> HFruc6P3+Hs3O*; pK1= 6,64; Alberty
HFrucl6P3-+H20=> Fruc6P*++HsO*; 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
H20 | -286,65 |-453,188]-151,549
H2PO4 |-1296,3 90,4 | -1130,2
HPO4 | -1302,6 | 925 | -1137,3
HPO4* |-1292,14| -33,47 |-1089,28
HPO4* |-1298,89-810,792|-1057,143
ADP? | -2627,4| -4010 | -1424,7
ATP4 |-3617,15| -4520 | -2292)5
ADP? | -2627,4 |-4117,11| -1399,9
ATP4 [-3617,1 | -4526,1 |-2267,64

bb) ADP3_+H PO42_+H3O+ => ATP4_+2HZO; AGbLehninger:30,5 kJ/moI;

KbbLehninger=eXP(-AGbbLehninger/R/T)=exp(-30500/8,3144/298,15)=4,54*10"(0);

AGH=AG°ATP4-2AG°H20-AG° ADP3-AG°HP012-AG°H30=

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

KbbLehninger=eXP(-AGbbLehninger/ R/ T)=exp(-30500/8,3144/310,15)=7,3*107(6);
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THERMODYNAMICS Exercise V g 1,3-bis-phospho-glycerate hydrolysis to 3-phospho-glycerate

Calculate AHH ASH AGw at standard conditions (298.15 K). Reaction is exothermic , athermic, endothermic?
For the phosphate hydrolyse Glyc31P=>Glyc3P - reaction with water! Will be exoergic or endoergic! CRC 2010

9 AGaLetminger=-49,3 lmot;  Q
nH H o aLehninger ) mol, nmH H o +HPO.,* O H H o .
0 0 Co e 42R,0=> e [ ‘ o o THPO:
\ O e o0 20= ., G o0 07 TCY T0=70
N - - - - - +
O// O~ OH o 3.AGHess=AHHess-T*ASHess H O-H o) +H,0=> O-H 0] + H0

KaLehninger=€Xp(49300/8,3144/298,15)=433562158,5; Glycerat31P*+ 2H,0 => Glycerat3P*+ HPO,>+ H30%;
Mishcenko (HsO*) AH Hess =-285,81 “/mol; AGess=AG°H30++AG clycap+AG°Hpoa2--AGclyc31p-2AG H20=-107.75 ¥/moi;
Substance AH®H ¥/mol AS°H Y mok AG®H ) K mol ; 1.AHHess:AHoproducts'AHoreactants; 2.ASHess:ASoproducts'ASOreactants;

HsO* |-285,81| -3,854 |-213,275|B06; =-213,275-1347,73-1057,143-(-2207,30+2*-151,549)=-107.75 %/mo;

H20 |-285,85| 69,9565 (-237,191 |crc10 Glyc3P2+H20 =>Glycerol+HPO42+AG+Q; AGLehninger= -9,2 ¥/mol;

H20 -286,65(-453,188|-151,549 |crci1o AGHess:AG°GcheroI+AG°HPO42--AG°Gch3P-AG°HZO =-46,43 K3/ mol

H2PO4 |F1296,3| 90,4 [-1130,2 |cre10=-171,35-1089,28-(-1062,65+(-151,549))=-46,43 K/mol;

H2PO4 [-1302,6] 92,5 |[-1137,3 KaLehninger=exp(9200/8,3144/298,15)=40,906

HPO.?- [-1292,14]| -33 47 |-1089,28 Glycerol1P-+ADP?(+H,0)=>Glycerol+ATP3"; AGLehninger=11.35 K/mol;

HPO4?- -1298,89 |-810,792|-1057,143|  Ka =K Lehninger*[H20]=0,000185513*55,3457339=0,0102673531329907

Glyat3P3-|-1725,81(-2224 26|-1347,73|AGH=AG °clyc+AG°aTP3-AG°Glyc3pr-AG°ApP2= 40 K/mol;

Glyt31P*|-1725,76| -2290,6 |-2207,30 |=-171,35-2267,64-(-1062,65-1399,9)= 39,998 K/mal;

Glyat2P3-| - - -1341.79/abb)Glycerol1PZ+ADP3+H;0=>Glycerol+ ATP++H,0; AGLetninger=21.3 K/mol
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+tAG°ATP4+AG H20-AG Glycar-AG° ApP3-AG°H30=101.724 K/mor;

Glycerate| Bio Thermo| -452,31 |=-154,912-2267,64-151,549-(-1062,65-1399,9-213,275)=101.724 ¥/ ;

Glyol3P3 |dynamic 2006 |-1077,13 AGap=AGa+AGpp=-9,2+30,5= 21.3 K/mg;

Glyo13P3-|-1725,8|-2224,261-1062,65| Exoergic transfer HPO4? from Glycerol1P%to ATP+ | | -

ADP3 |-2627.4| -4010 |-1424,7 | positive AGtranster=101.7 </mol, but minimizes reaching acsa | Hess

ATP4 |-3617,15| -4520 |-22925 AGanb=AG:+AGp=21.3 K/mor equilibrium mixture | § 2

ADP3- -2627,4 _4117,11 _1399’9 Kabb:KaKbb:40,906*0,000004535142:0,000185513. RGme21.3 Ko

ATP+ |-3617 1] -4526.1 |-2267,64] AGa=-8,3144*298,15%In(0,010267353)= 11,35 W/mot | ==t

AGaob=AGa+AGpr=-9,2+30,5= 21.3 K/moi; Reactants Glycerol1PZ+ADP3+H30*

[Glycerol].[HPO/ JIATP*] =Keqi=  Kamn=KaK=0,000185513 Products Glycerol+ATP4+H20;;
[H,0][Glycerol1”? [-[ADP¥] Glycerat31P%+ H20 => Glycerat3P+ H2PO4;

AGHess=AG°Glyc3p+AG°H2pr04--AG Glyc3tp ~AG°H20=-1347,73-1137,3-(-2207,3+(-237,191))= -40.54 W/mor ;
AGeaL=-ReTeIn(KaL)=-8,31442298,15In(7833705)=-39,35 /o ; [Glycerat3” *][H,0O,]
KaL=KLenninger/[H20]= 433562158,5/55,3457339=7833705= [H,0]" [Glycerat13”*]

AGH=AG clycaptAG Hposs+AG°H30-AG Glycarp-AG°H20=-1347,73-1057,143-213,275-(-2207,3+2*(-151,549))=-107.75 ¥/mor ;

Glycerat31P*+ 2H,0 => Glycerat3P3+ HPO.*+ H30*; pH=7,36; AGLetninger=-49,3 “/mo,; F .
KaLehninger==eXP(-AG Lenninger/ R/ T)=eXp(49300/8,3144/298,15)= 433562158, 5; G-107.75 ¥/ma
Equilibrium favored pH=7,36. Exothermic and exoergic 1,3-bis-phospho-glycerate hydrolize
reaction free energy change negative AGhydrolise =-107.75 K/mor , but minimizes AGeq=-49.3 X/mo
: N : [HP0,7]-[H30"]: [Glycerat3P 3]
reaching equilibrium mixture: 433562158,5=KaLenninger = [HZO]Z-[Gcheratl3 S

AGminz '493 kJ/mol y
Equilibrium reaching is Prigogine attractor free energy change minimum AGmin . reactants A >0 C+E)+E
Glyc31P*+2H,0
Free energy change minimum reaching establishes equilibrium. products Glyc3P3*+HPO,>+H30*
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A AG HesszAG OATP3+AG°H20-AG°H2po4.-AG OADp2=-2267,64-151,549'(-1399,9'1057, 143):37,85 I(J/mol ;

ADPz+H,PO,=>ATP3¥+H,0; AGLehninger = 20,55 Kot 2,26<pH<6,72 [H,0 ]'[AT 4-]
K= [H20]Kemingee= 0,000004535142* 55,34573393= 0,000251001=10-36004= 2 . T

AGbreninger= ~RoTeln (KoL amings)= -8,3144+298. 15+In(0,000251001)=20,551 %/mor: [H20, HAD "]

bb ADP3-+HPO42_+H30+:>ATP4- +2H20, AbeLehninger:30,5 kJ/mOl; pH:7,36 [H 20 ]Z[AT 4']

Kbb=KLenninger=eXP(-30,5/8,3144/298,15)= 0,000004535142= [H-O 2']-[AD 3']-[H o']
4 3
AGH=AG° ATP4+2AG°H20-AG°HP042-AG° ADP3-AG°H30=46,015 K/mol;
:-2267,64-2*151,549-(-1057,143'1399,9'213,275):46,015 I(‘]/mol; A G 46,015 K ol G A
Biochemistry Thermodyn 2006, Alberty Masachusetts; H;O* Mishchenko 213.275 </ mo; -

Endothermic and endoergic ADP?* phosphorilation Hess free energy change positive at

PH 7,36 AGHess=46.015 X/mol , but minimizes AGmin=AGeq=30.5 K/mor reaching
L _ IH01% [T 3 AGnin=30,5 Kmo
equilibrium mixture : 0,000004535142=Kpp = H 042-],[AD 3-]_[H30+]. reactants A+B+C50% D+2E

HPO,*+ADP%+2H;0*
products HPO,>+ATP*

Equilibrium reaching is Prigogine attractor free energy change minimum AGmin.

Free energy change minimum reaching establishes equilibrium.

Glycerol1P-+ADP2z =>Glycerol+ATP¥(+H20);

AGH=AG Glyc+AG°ATP3-AG°Glyc3p-AG°aDP2=-154,912-2267,64-(-1062,65-1399,9)=39,998 /1y ;

KeqLehninger:KLehninger*[H20]:0,000185512570561914* 55,34573393:0,010267

AGeqLehninger=-ReT*In(KaeLenninger)=-8,3144*298,15*In(0,01026732937099)/1000= 11.351 Kol

Glycerol1PZ+ADP3+H;0+=>Glycerol+ATP++2H,0; AGu=AG.+AGk=-9,2+30,5=21.3 K/mol; AGyetninger=21,3 K/mor;

AGH=AG Glyc+tAG°ATP4+2AG°H0-AG Glyc3p2--AG° ADP3-AG°Hz0= 40 W/ ;

=-154,912-2267,64+2*-151,549-(-1062,65-1399,9-213,275)= 39.998 Y/, ;

Kbb=K Lehninger=€Xp(-21300/8,3144/298,15)= 0,000185512570561914

Glycerat31P*+ADP3=>Glycerat3P3+ATP* AG enminger=-18.8 ¥/mol;

K Leninger= Keq =eXP(-AG Lomminger/ RIT)=exp(18800/8,3144/298,15)=exp(7,58389) = 1,966266=100.2936;

Glycerat31P*+H20=>Glycerat3P3>+H2PO4; pH<7,199; GaLenninger=-39,4 “/mol;  [Glycerat3" *][H,70O;]
Katehninger=K Lehninger/[ H.0]=433562158,5/55,3457339=7833705,111= [H,0]- [Glycerat13”*]

AGaLenninger=-ReTeIn (Kaj etninger)=-8,31442298,15+In(7833705,111)=-39,350534 k¥/mo; 2

KabbLehninger:eXp(-AGabbLehninger/R/T):eXp(18800/8,3144/298,15):1966.266 /

Ka= KLehninger=eXP(-AG Leminger/ RIT)=€Xp(49300/8,3144/298,15)=433562158,5=[H > O, |- [H30']- [Glycerat3P 3]
Glycerat31P*+2H,0=>Glycerat3P3+HPO42+H30*; AGLehninger=-49,3 ¥/mol, [HZO]Z-[Gcherat13 “1
AGHess=AG°H30++AG Glycap+AG°HPo42--AG°Glyc31p-2AG°H20=-107.75 X/moi;exothermic

=-213,275-1347,73-1057,143-(-2207,30+2*-151,549)=-107.75 X/mo;
Glyat31P++ADP*=>Glyat3P3+ATP+;AGequow=-49,3+30,5=-18,8 “/mol; AGotairess=-33 K/mol
AGhess=AG° ATP4-+AG Glyc3p3-AG Glyc31pa-AG° app3=-33 K/mol; =-2292,5-1347,73-(-2207,3-1399,9)=-33 K/ma;

3. 4-
KaKbb:Kabb:433562158,5*0,000004535142:1966.266:Eg:;/zz:::i?) }_]_[QL 3_]]
AGeq=-ReTsIn(Keq)=-8,3144+298,15+In(1965,363914)=-18,8 K/mol pH=7,36. Exothermic A ..., A
and exoergic Glycerat31P# phosphate transfer free energy change is negative at pH=7,36 G T
negative AGtransfer= -33 K¥/mol , but minimizes to

AGmin=AGeq= -18,8 X/mol reaching equilibrium mixture :
[Glycerat3” 3]-[ATP*]
[Glycerat13”+}[ADP*] AGmin=-18.8 Ty
Equilibrium reaching is Prigogine attractor free energy change minimum AGmin . A+B 50’% C+D

Free energy change minimum reaching establishes equilibrium. Glyc31P* +ADP3- (A+B) reactants
Glyc3P3 + ATP# (C+D) products.

Keq=KaKnb= =433562158,5*0,000004535142=1966.266;
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THERMODYNAMICS Exercise V h PyruvateEnolP3- hydrolysis to HsCC=0COO+HPOs*
PyruvEnolP3*+H20=>H3CC=0CO0O+HPO4?"; AGLenninger=-61,9 “/moi;pH=7,36;

1=0,25 M, BioTherm06, pH=7,36,

AGress=AG°H3cc=0c00-+AG°HpPo42--AG °pyruvEnolP3--AG °H20=-190,3 K/mol;

Substance AHC®H ¥/ mol AS®H ok AG®H , K)ol ;
PyruvEnolP3-| -1400 | -1100 |-1189,73|CRC10=-474,44-1057,143-(-1189,73-151,549)=-190,3 X/mol
H3CC=0COO'| -597,4 -850 -350,78 AHes=AH°pyruvat+ AH°Hpo42--AH pyruveEnolp3--AH °H20=-209 ¥/mo;
H3CC=0COO| -603,7 | -433,54 | -474,44 |=-597,04-1298,89-(-1400-286,65)= -209 “/ma; exothermic
H3CC=0COO"| -597,04 | -846,66 | -344,62 |ASess=AS°pyruvat+AS°HP042--AS °PyruvEnolP3--AS °H20=-104,3 Y/ K/mol;
HsO* -285,81 | -3,854 |-213,275|=-846,66-810,792-(-1100-453,188)=-104,3 ¥/no; xothermic
H20 '285,85 69,9565 ‘237,191 AGHess:AHHess-T*ASHess:-209-298,15*-0,104264:-177,9 I(J/mol;
H20 -286,65 |-453,188|-151,549
H2POs  |-1296,3 90,4 |-1130,2
H2PO« -1302,6 | 925 | -1137,3
HPOs* -1292,14| -33,47 |-1089,28
HPO4?  |-1298,89 |-810,792 |-1057,143|K ehningen=€XP(61900/8,3144/298,15)= 69902464988=1010.84
o H\ﬁ’H __ direct_, H\E/H
0] o™ G0 SHves 2O o
ac @ 0 +H,O hydrolysis=>HPO,2+" § tautomerizatior g pyruvate AGieninger=-61,9 /o ;

[cHc=0Cc007]-[HPO ]
[H,0] ‘[PyruvEnolP?*]
Exothermic and exoergic PyruvEnolP3- hydrolize reaction Hess free energy change
negative at pH=7,36 AGnydrolise=-190.3 X/moI , but minimizes AGmin=AGa= -61,9 X/mo|
[cHc=0Cc00]-[HPO; ]
[H,0] ‘[PyruvEnolP?*]
Equilibrium reaching is Prigogine attractor free energy change minimum AGnmin .

Ka=69902464988= =101084; pH=7,36..

reaching equilibrium mixture Ka= 69902464988= =1010.844;

AGin=-51,95 “/imol .,

A+B 50% C+D

PyruvEnolP3-+H20

products H3CC=0COO+HPOs*.

PyruvEnolP3+ADP3*+H;0+*=>H3CC=0COO +ATP4+H,0; AGab=AGat+AGpb=-61,9+30,5= -31,4 K/moi;

AGHess=AG°ATP4-+AG°H20+AG°H3cc=0coo ~AG°pyruvEnolp3--AG°apP3-AG°H30 -=-90.724 K/moa;
=-2267,64-151,549-474,44-(-1189,73-1399,9-213,275)=-90.724 X/ma;

AGHess=AH Hess-T*ASHess:-187.58-298,15*-0,3434:-85,195 I(J/mol;
AGabb=-ReTeIn(Kabp)=-8,3144*298,15*In(317017,604870608)/1000=-31.4 K/mo ;
pH=7,36. Kanh=KaKnp=69902464988*0,000004535142=317017,604870608=

Exothermic and exoergic PyruvEnolP3- hydrolize reaction Hess free energy change
negative at pH=7,36 negative AGhydrolise= -190.3 K/mor and -90.724 K/mol, but minimizes
AGmin=AGabb= -61.9 X/mo1 and -31,4 X/ma reaching equilibrium mixture :

Free energy change minimum reaching establishes equilibrium. reactants

[H,0]{ATP*]-[cHC=0C00]
[AD P *]-[H;0*] [PyruvEnolP3]

'1903 I<J/mo| A

[cHC=0COOT HPO ] _ ., | — [H,0]{ATP*][cHc=0Cc00T] —
[H,0] “[PyruvEnolP?¥] =Kay K= fAD %]-[H50"] [PyruvEnolP3] =317017,6.

Equilibrium reaching is Prigogine attractor free energy change minimum AGnmin.

69902464988=

AGrin=-314 Mg

A+B+C 50% D+E+F
reactants PyruvEnolP3- +ADP3+H3O*
products HsCC=OCOO+ATP*+H.0 _

¥

Free energy change minimum reaching establishes equilibrium.
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ADPz+H,PO,=>ATP3+H,0; AGLehninger = 20,55 K/ mmot; 2,26<pH<6,72
AGHess=AG °atps+AG °H20-AG Hopos-AG°app2=-2267,64-151,549-(-1399,9-1057,143)=37,85 K/ mo;

: 4-

Ko =[H2O]K Lenninger= 0,000004535142* 55,34573393= 0,000251001=10-3.6004= A 20]_ AT 3!
AGbueminger=-RoTeIn(KbLetminge)=-8,3144+298,15+In(0,000251001)=20,551 K/mor [Hz0, 1HAD "]
bb ADP3+HPO,>+H;0*=>ATP* +2H,0; AGpbLenninger=30,5 “/mo1; pH=7,36 [H,0 ]2 AT 4-]

Kbb=KLenninger=eXp(-30,5/8,3144/298,15)= 0,000004535142= 2 = = .
AGHess=AG°ATP4+2AG°H20-AG°Hpo42-AG° ADP3-AG °H30=99.58 K/mol; [HP0, HAD ] {H507]
=-2267,64-2*151,549-(-1057,143-1399,9-213,275)=99.58 “//moi;Biothermodynamic 2006; [H20]/[H30*] CRC 2010
Endothermic and endoergic ADP?- phosphorilation reaction at pH 7,36 Hess free energy
change negative AGphosphorilation =99.58 X¥/moi , but minimizes
AGmin= AGbb=30,5 K/mor reaching equilibrium mixture :
[H,0]-[ATPY] L
0,000004535142=Kub= [H0Z HAD " *]H0"]" Le Chatelier principle is

. . . ? X _ K
Prigogine attractor for Free energy change minimum AGumin . 3 G305 o

Free energy change minimum reaching establishes equilibrium. Reactants A+B 50% 2C
AGH=AG° ATP4-+AG°H20+AG°H3cc=0c00 ~AG°pyruvEnolP3--AG°app3-AG°H30 -=-90.724 X/mo1; ADP3+HPO42+H30* -
=-2267,64-151,549-474,44-(-1189,73-1399,9-213,275)=-90.724 ¥/mar; product ATP* +2H.0 ;
PyruvEnolP3+ADP3+H;0+=>H3CC=0COO +ATP*+H,0; AGar=AGat+AGpr=-61,9+30,5=-31,4 X/mol;
Kabb=exp(31400/8,3144/298,15)= 317017,6 [H,0]{AT>*]-[cHc=0Cc00]
Kanb= Ka Kb =69902464988*0,000004535142=317017,6=  [AD"*][H30"] [PyruvEnolP3]
Exothermic and exoergic PyruvEnolP3- hydrolize reaction Hess free energy change
negative at pH=7,36 negative AGnydroliss=-90.724 X/mol , but minimizes reaching
equilibrium mixture AGapb=-31.4/mo : Kapp= H20MATZT[cHC=0C00] ~317017 6. | ¢
[AD P ¥]-[H;0*] [PyruvEnolP®]
Chatelier principle is Prigogine attractor for Free energy change minimum AGmin.

AGrin=-83,36 /ol 4
A+B+C 50% D+E+F
Free energy change minimum establishes equilibrium. reactants PyruvEnolP3+ADP3*+H;0+

products HsCC=0COO+ATP++H,0

[cHCOO ] [HSC0A4']. [ATP*]
[H~0,> HAD P *T[Acetyl-CoA*]

=1,4381; HPO.,2+ADP*+Acetyl-CoA*=>ATP++CH3COO+HSCoA* ;

AGH=AG° aTP4-+ AG°chacoo-+AG conz--AG HP042-AG° ADP3-AG° Acetyl-cono-= -6.025 K/mol; A o
=-2267,64-241,663-5,6616-(-1057,143-1399,9-51,8968)= -6.025 K/mo; G 6:025 ¥/

KabTotal= Ka Kbb =318243,5442*0,000004535142=1.438142576
AGab=-8,3144298,15In(1,438142576)= -0.9007 X/mol pH=7,36.. Exothermic and
exoergic PyruvEnolP? hydrolize reaction Hess free energy change negative at pH=7,36 | \ = ---¥---—>
negative AGhydrolise=-6 X/moi , but minimizes AGmin=AGeq= -0.9 K//mol reaching

o [CH.COO |- [HSCOA].[AT 7*] _
equilibrium mixture Kap= [H702 H[AD 3']-[AcetyI-CoA4']:1’4381 Le Chatelier
4

AGin=-0.9 ¥/ :
1 ¥

A+B+C 50% D+E+F
principle is Prigogine attractor for Free energy change minimum AGmin. reactants HPO,> +ADP3+Acetyl-CoA*
Free energy change minimum reaching establishes equilibrium.  products ATP++ CH3COO- + HSCoA*
AGtota=AGat+AGbp=AGa»=30,5087-31,409= -0,9003 K/mo;
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THERMODYNAMICS Exercise V h AcylCoA* hydrolysis to acid+ HSCoA*

AcetylCoAZ+H,0 =>CH3COOH+HSC0A?; AGaL=-21,45 K/mor; KaL=K Leninger/[H20]=5727,95
AGhess=AG° czcoon+AG coaz--AGC acetyl-conz--AGr20=-531,743-5,6616-(-51,8968-151,549) = -333,96 “/naI;
AGaL=-ReTeIn(KaL)=-8,3144*298,15*In(5727,95006026944)/1000= -21,45 K/mol;
1=0,25 M, BioTherm06, CRC10; AGLehninger=-31,4 K/mol; pH=7,36, Acetyl-CoA3+2H20=>CH3COO+HSCoA3+H30*

AcetylCoA* - - 91,8968 AGhess=AG°cracoo-+AG conr-+AG H30+-AG Acetyl-conz--2*AGr20=-105,6 ¥/mol
AcetylCoA3 | - - -58,06 =-241,663-5,6616-213,275-(-51,8968+2*-151,549)= -105,6 /mol;
HSCoA3 - - -7,26 Ka= KLeninge=exp(31400/8,3144/298,15)=317017,64
HSCoA3- | BioThermod06| -5,6616 -
[CH.COO H]- [HSCoA]

HaCCOO" _|-486,836| -813,043|-241,663|K ;) =K epinger/[H20]=317017,6/55,346=5727,95= ; 5.
CutlonOn | 8015 4504 | - | Laminaer (O] [H,0]" [Acetyl-CoA"]

C16H32021iqui |-838.1 - -
Palmitate- - -1003,54 [CH3COO ] [HSCOAS_]-[H3O+]

Palmitate- | - -1067,233 Ka=KLohninge=317017,64= " >
HsCCOO- |-486,84] 82,23 | -247,83 AT eninge [H,0] [Acetyl-CoA™]

H3CCOO- |-485,64| 87,58 | -369,37
PalmtylCoA? pamictecon -784,9391=15,125*-51,8968=-784,9391

H3CCOOH |-484,09] 159,83 |-531,743 Endoergic AcylCoA3 hydrolize Hess free energy change
C2H4O0CCHs3|-485,3|-1644,15| 49176 at pH=7,36 positive AGHess=-105,6 /mol , but minimizes
C2H400CCH3| - - -11.52 AGmin=AGa=-31,4 W/mo reaching equilibrium mixture

CH3CH.0OH 62.96 | Le Chatelier principle is Prigogine attractor free energy minimum AGmin

CH3CH20H |-277.6| 160.7 | -174.8
CH3CH20H |-290,77|-1227,76 | 75,2864 | Acetyl CoA®+2H20
H3O* -285,81| -3,854 |-213,275

CH3COO +HSCoA3*+H30*

H20 -285,85|69,9565|-237,191| PalmitCoA3+2H20 CH3(CH2)14COO+
H.0 -286,65(-453,188|-151,549 reaktanti _ - +HSCoA3+H30%;
Free energy change minimum reaching establishes equilibrium.  A+2B 50% C+D+E produkti.

Hydrolisis equilibrium of PalmitateCoA?+H20=>CH3(CH2)14COOH+HSC0AZ;AGaLr=-22.35 Y/mol;at p H<5
AGaL=-ReTeIn(Ka)=-8,3144*298,15*In(8235,15078047156)=-22,35 W/mol; [CH (CH),,COOH][HSCOA? |
Ka =K Letminger/[H20]=455782,655095979/55,346=8235,15078047156= [ paimitate-CoA” ] [H 0]

AG =AG nsconztAG paimitae-(AG i +AG = '13614 K ;
Hess HSCoA2 Palmitat ( PalmitateCoA2 H20) mol [CH3(CH2)14000_]'[HSCOAB_]'[H30+]
K= KLehninger=455782,655095979= [H,0]? [Palmitate-CoA™]

AGHess:AG°HSC0A2+AG°pa|mitate-(AGPalmitateCoA2+AGH20)=-5,6616-1067,238-(-784,9391-151,549)2-136,4 kJ/moﬁ
PalmitCoA3'+2H20=>CH3(CH2)14COO’+HSC0A3‘+H3O+;AGLehninge,= -32.3 Ko
AGhiess=AG°HscoaztAGpammitate- +A G °H30+~(AGpaimitatecoas+2AGriz0)=-5,6616-1067,238-213,275-(-784,9391+2*-151,549)= -198,14 K/q;
Ka=K Lenninge=eXp(32300/8,3144/298,15)=455782,655095979; Endoergic Hydrolysis of
PalmitCoA? free energy change negative AGHess=-198 K/mol at pH=7,36 minimizes to
AGmin=AGa= -32.3 K/mol reaching equilibrium mixture K,=KLehninger=455782,655095979. Le
Chatelier principle is Prigogine attractor for Free energy change minimum AGmin reaching at
equilibrium. Free energy change minimum reaching establishes equilibrium.
a) HP2073+2 H20=>HPO4>+HPO4>+H30*; AGaLehninger=-19.2 kJ/mol;

Ka=exp(19200/8,3144/298,15)=2310,5736; Ky=EXP(-AG/R/T)= 97462087,2480605; AGrin= -32.3 Ty
ATP#+2H20=>AMP?+ HP207%+H30%; AGpLehninger=-45.6 Kfmol; PalmitCoA3-+2H20 A+2B 500'/0 C+D+E
CH3COO-+HSCoA*+H30*=>Acetyl-CoA*+2H20; products CH3(CH2)14COO+HSCoA%*+H30*

AGcLehninger:31.4 |(J/mol ; KczEXP(-AGa/R/T) :exp(-31400/8,3144/298,15)= 0,0000031544;

ppbc) CH3COO +HSCoA*+ATP4+2H20=>Acetyl-CoA*+AMP2+HPO42+HPO42+H30*; AGLetnin=-33.4 /mol;

AGanc=-45.6-19.2+31.4=-33.4 K/mol, Kanc=2310,5736*97462087,2480605*0,0000031544=710349,826891739:

AGppbcHess= AGppHesstAGbHesst AGceHess =-85.6 -111,45+105,6=-91.45 K fmol .
AGabc=-ReTeIn(K)=-8,3144*298,15*In(710349,826891739)=-33,4 W/mor;
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THERMODYNAMICS Exercise V h PalmtylCoA* hydrolysis to HSCoA*
Hydrolisis equilibrium of PalmitateCoA?+H,0=>CH3(CH.)1sCOOH+HSC0AZ;AGa=-22.35 Y/mo;at p H<5

AGa =-ReTeIn(Ka )=-8,3144*298,15*In(8235,15078047156)=-22,35 ¥/ino;

[CH(CH,);,COOH] [HSCoA" ]
Kat=KLehninger/ [H20]=455782,655095979/55,346=8235.15078047156=

AGhess=AG°HscoaztAG paimitate-(AGpaimitateCoaz+AGr20) = -136,4 ¥/ moi;

[Palmitate-CoA™ ] [H,0]

=-5,6616-1067,238-(-784,9391-151,549)=-136,4 ¥/no; =-5,6616-1067,238-213,275-(-784,9391+2*(-151,549-237,191)/2)=-112.5 K/ng;
Hydrolisis equilibrium of PalmitCoA3+2H;0=>CHs(CH)1sCOO+HSCoA¥+H30*;AG Lenninger=-32.3 ¥/mo;; pPH=7,36

HSCoA% - - -7,26 AGress=AG HscoarAG paimitate-TA G130+ (AGpamitatecoad+ 2AGrz20)=-112.5 K/
HSCoA* - - -5,6616 Ka=K Lenninge=eXp(32300/8,3144/298,15)=455782,655095979
Palm!tateCoA -999,745 Palm!tate- -1003,54 K.=KLehninger=455782,655= [CHs(CHZ)MCZOO']-[H$C0A3'].[H33:O+]  pH=7,36
PalmitateCoA -784,9391 Palmitate-|-1067,238 [H,0]" [Palmitate-CoA™]
CisH3202s | -891,5 | 4524 |-1026,383 Endoergic Palmitate-CoA3- hydrolize Hess free energy change
Ci6H3202i | -838.1 - - AGaHess=-198 X/mol negative, but minimizes reaching
HsO* -285,81| -3,854 | -213,275 AGmin=AGa= -32.3 X/moi equilibrium mixture G 198 /g
H.O -285,85| 69,9565 | -237,191 |455782,655=Ka. Le Chatelier principle is Prigogine | AGOIHGSS
H,.0 -286,65| -453,188 | -151 549 |attractor free energy change minimum AGmin . Free
HP,O73- |-2291,04 |-1181,25 -1938,85 energy change minimum reaching establishes
HP,0O73 -2247.8 46 -1940,66 equilibrium. AGmppL=-35,651 K3 mot; : :
HoP2O% - - 11952,27 (ATP#+H20 => AMP+H:P207%; pH<6,72 A+2B 50% C+D+E

AGHess=AG °H2p2073--AG° AmP2- -AG°ATP4--AG°H20 =-1938,85-530,066-(-2267,64-151,549)= -49,727 K/mol;
AGmppL=-ReTeIn(KmppL)=-8,3144*298,15*In(1760959,91125033)/1000=-35,65 “/ino ; [H,7,0 2 [AM ]
KmppL=KLeninger/[H20]= 97462087,2480605/55,346=1760959,91125033= B0l -[AT P 5]
K Lemninger=97462087,2480605=K:»,=1/1,02604/10"(8)=97462087,2480605; 2
Kab=KLeninger=eXP (-AGenninger/ R/ T)=€Xp(45600/8,3144/298,15)=97462087,2480605= [HF, O3 T[AMP*]-[H;0*]
Exothermic and exoergic transfer Hess free energy change negative at pH=7,36 [H,0]2 -[ATP*]

AGtransfer=-111.45 K/mo , but minimizes reaching equilibrium 97462087=Kmpp t0 AGmin=AGeq= -45.6 K/mol:
ab ATP4+2H20=>AMPZ+HP2073+H30". AGLeninge=-45,6 K fmol ; f"a -195.6 K/ )
AGHess=+AG°Hp2073-+AG° AMP2-+AG°H30+-AG°ATP4--2AG°H20= -111,45 K/mor ;
=-213,275-1938,85-530,066-(-2267,64+2*-151,549)= -111,45 K/mol
abc) CH3(CH2)14COO +HSCoA3*+ATP4 =>HP,073+AMPZ+PalmitateCoA3;
pH=7,36; AGanc=-45,6-19,2+32,3=-32,5 K/mal,
Kanc=2310,5736*97462087,2480605*1/455782,655095979=494080,5;
Kabc=eXP(-AGeminger/ R/T)=€xp(32500/8,3144/298,15)= 494079,2;
[HP, 02T [AMP *]-[Palmitate-CoA¥]
Kapc=434079,2= [cyy (cH,),,c00 T[HSCOAT][AT - #]
bba) HPO.>+ADP3+Palmitate-CoA3=>CH3(CH2)14COO+HSCoA%*+ATP*; —
AGbbaLehninger=AGbh+AGa=30,5-32,3= -1.8X/moi;  reactants_ ADP@;EJEWE& ffatgéf;f
=-1938,85-530,066-1067,238-(-2267,64-5,6616-1067,238)=-195.6 </moi; prodUCLS_¢pycrim,co0+HSConE sATP-

AGHess=AG°ATP4+AG® Hscoas+AG® paimitat-AG °Hp2073- AG° AMP2-AG °paimitatecoaz=-195.6 K/mo;

AGHess=AG°ATP4+AG® Hscoas+AG® paimitat-AG °Hpo42- AG° ADP3-A G PaimitateCoas= -88.5 K/mol;

=-2267,64-5,6616-1067,238-(-1067,238-1399,9-784,9391)=-88.5 K/moi;Biothermodynamic 2006; CRC 2010

[CH,(CH,);,C00 |- [HSCOA ].[AT 4]
[H~02]-[ADP3]-[Palmitate-CoA® ]

AGpbaL=-ReTeIn(Kabbar)=-8,3144*298,15*In(2,0671)=-1,8 K/mo1; Transfer Hess free energy change negative at
pPH=7,36 AGHess=-88.5 X/moi , but minimizes AGobaL=-1,8 ¥/moi reaching equilibrium mixture 2,067=KobaL .

Le Chatelier principle is Prigogine attractor for Free energy change minimum AGnmin reaching at equilibrium.
Free energy change minimum reaching establishes equilibrium.

G '885 kJ/moI

AGmin= -13,3 Ko

=19k '
AGmin= -1,8 /rPOI v

KobbaLehninger=€XP (-AGparenninger/ R/ T)=€xp(1800/8,3144/298,15)=2.067=
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cL CH3(CH2)14COOH+HSC0A?% => PalmitateCoAZ+H20; AGa=22.35 K/mar;at p H<5
AGHess:AG°HSCoA2+AG°Palmitate'(AGPaImitateCoA4+AGHZO) :-784,9391-151,549-(-5,6616-1067,238):136,4 I(‘]/mol;
KaLehninger=K Lenninger=455782,7*[H.0]=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)14CO0O+HSCoA3+H30*=>PalmitateCoA3+2 H20; pH=7,36; AGLenin=32,3 X/mol;
AGaHess=AG eninger+ 2AGr20-AGrz0=-784,9391+2*-151,549-(-5,6616-1067,238-213,275)=198,14 ¥/,,q; [H 20]2 ‘[Palmitate-CoA>]
Kc:KLehninger:EXP(-AGH /R/T):EXP(-323OO/8,3144/298,15):2,194*10'6: . 3 T
AGe=-RTIN(Kc)=-8,3144*298, 15*In(2,194*107(6))/1000= 32.3 “/mol; [CH{(CH1,C00 THSCOA" HH,07]
At enningerH2P2072+H20=>H2PO4+H2PO4; pH<7,199; AGcLeningen= -29,15 K/mol;
AGHess=2AG °H2r04--AG°H2r2072--AG°H20=2*-1137,3-(-1952,27-151,549)= -170.8 X/ma;
AGcenninger=-ReTeIn (Kt enninger)=-8,3144*298,15*In(127880,391691282)/1000= -29,15 X/ 1nq; [H,~0; ].[H,70;]
KcLetninger=K Lenninger*[H20]=2310,5736*55,34573393=127880,391691282= [R,01TH, ,02]
a HP2073+2H20=>HPO4*+HP042+H30*+AG+Q; pH=7,36; AGLeningen=-19,2 K¥/mol; 2 2o
AGHess=2AG°Hpo42+AG°H30-AG°Hp2073-2AG °H20=2%-1057,143-213,275-(-1938,85+2*(-151,549))=-85.6 k)/mo
AGa=-ReTeIn(Ka)=-8,3144*298,15*In(3,2927*10"(-8))/1000=42,71 K/mol, [H 02']-2[H3O+]
Ke= KLehninger=€XP(-AGLehninger/R/T)=exp(19200/8,3144/298,15)=2310,5736= [H 20]2_ [H O;’]

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

AGLehninger=-9,2 K/mor; Glycerol-3-phosphate?+H,O0+AG+Q=>Glycerol+HPO.> ; pH=7.36;

bb ADP3+HPQO42+H30*=>ATP*+2 H20; AGbb=30,5 “/imo;
Glycerol1P#+ADP3+H3O*=>Glycerol+ATP*+H20;AGapb=21.3 K/moi; AGapb=AGa+AGpp=-9,2+30,5=21.3 K/mo;
GlyclP-+ ADPZ':>Gcher0I+ ATP?3; AGLehninger=11.35 K /mor; Ka=0.010267
KanbL=KabL*[H20]=0,000185506741578019*55,346=0,010267056119377
AGHanbL=AG°Glyc+AG°ATP4-AG°ADP3-AG °Glyolzp=-154,912-2267,64-(-1399,9-1062,65)=39,998 X/mo|
AGabbLehninger=-ReT*In(KabbLenninge)=-8,3144*298,15*In(0,010267056119377)/1000=11,35 X/mol;

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

AGHess=AG °Fruc+AG°Hp042--AG°Frucep-AG°H20 = -70.951 K/mol
=-426,32-1089,28-(-1293,1-151,549)= -70.951 X/mol €x0ergic
AHHess=AHC®FructAH Hpo42--AH °Frucsp-AH H20=-8,51 ¥/mol
=-1264,32-1298,89-(-2268,05-286,65)= -14,154 */mo exoergic
ASdisperse:-AHhess/T:8,51/298,15:28,54 J/(mol K),

ASHess=AS°FructASCHPo42--AS FruceP-AS°H20=19,066 /ol
=-2893,39-810,792-(-3270,06-453,188)= -14,154 X/mo exoergic

AGHesssAHHess— T*ASHess=-8,51-298,15*0,019066=-14,2 Kol exoergic
AStotai=ASHess+ASdispersed=19,066+28,54=47.606 Y/moik

TeAStotar=0,047606 *298,15=14.194 K/mo1 TASn dispersed

Fruc6P2-+ADP3+H30* =>Fruc+ATP4+H20;AGLetninger=14,6 /moi; pH=7.36
AGHabb=AG°Fruct+AG°aTPa+AG °H20-AG° ADP3-AG °Erucep-AG°H30=85.426 K/mol;
=-401,66-2267,64-151,549-(-1399,9-1293,1-213,275)=85.426 X/ma;
Fruc6P+ADPZ=>Fruc+ATP3;AGLehninger=4.65 K/mol; KLehninge=0,153199602471084
AGHabb=AG°Fruc+AG°ATP4-AG° ADP3-AG Erucer=23.7 X/mol;
=-401,66-2267,64-(-1399,9-1293,1)=23.7 Y/ma;
KabbL=KapbL*[H20]=0,00276803386823048*55,346=0,153199602471084
AGabbLehninger=-ReTeIn(KabbLehninge)=-8,3144*298,15*In(0,153199602471084)/1000=4.65 K/ mor;
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THERMODYNAMICS Exercise V h Glycerol-3-phosphate and Fructose-6-phosphate?- hydrolysis .

Calculate AHH ASH AGw at standard conditions (298.15 K). Reaction is exothermic , athermic, endothermic?
For the phosphate hydrolyse Glycerol3P2- reaction with water! Will be exoergic or endoergic!

AG Lehninger=-9,2 W/mol; Glycerol-3-phosphate?+H,0+AG+Q=>Glycerol+HPO.> ; pH=7.36;
Substance AH® K/moi AS®H Y moik AG®H , ¥/mal ; Glycerol-3-phosphate+H,O+AG+Q=>Glycerol+ H,PO,;pH<7.199

Mishcenko JAGH=AG GlyceroltAG°HpP042--AG °Glyolzp -AG°H20=-14.294 K mol

=-171,35-1057,143-(-1062,65-151,549)=-14.294 K/ exoergic

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

IAGH=AG Glycerol*AG°H2p04--AG°Glyol3p-AG°H20=-70.913 K/mal ; eXO0€rgic

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

Glycerol1P%+ADP*+H30*=>Glycerol+ATP4++H,0;AG:6=21.3 X/moi;

AGapb=AGa+AGbb=-9,2+30,5=21.3 Y/inai;

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

AGrabb=AGGlyc+AG°aTpa+AG *H20-AG° App3-AG Glyolzp-AG *H30=101.724 ¥/

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

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

Glyc1P-+ ADPz=>Glycerol+ ATP?; AGLehninger=11.35 K/mo1; Ka=0.010267

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

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

BioThe06;

a) Fruc6P?+H,0O =>Fruc+HPO.2+AG+Q); AGLenninger=-15,9 X/mo;

IAGHess=AG °FructAG°HPo42--AGFrucep-AG°H20 = -70.951 I(J/mol; exoergic

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

Ka= KLehningerzeXp(15900/8,3144/298,15) =610,3521266

ADPz+H,PO,=>ATP3*+H,0; AGLehninger = 20,55 K/ mo; 2,26<pH<6,72

KLehninger=€XP(-AGLenninger/ R/ T)=€Xp(-30500/8,3144/298,15)=4,535*105;

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

bb ADP3+HPO:2+H30*=>ATP*+2 H20; pH=7.36; AGtb=30,5 “/mo;

K=K Lehninger=eXP(-AGLeming/ R/ T)=eXp(-30500/8,3144/298,15)=4,535* 106

AGHess=AG°ATPa+2AG°H20-AG°HPo42-AG° ADP3-AG°H30=99.58 XI/mol

HsO* |-285,81| -3,854 |-213,275
H.O |-285,85| 69,9565 |-237,191
H.O |-286,65|-453,188|-151,549
H2PO4 -1296,3 | 90,4 | -1130,2
HPO4 |-1302,6| 925 |-1137,3
HPO4> |-1292,14| -33,47 |-1089,28
HPO.2 -1298,89 [-810,792 |-1057,143
ADP3 | -2627,4 | -4010 | -1424,7
ATP4 |-3617,15| -4520 | -2292,5
ADP? |-2627,4|-4117,11| -1399,9
ATP4 |-3617,1| -4526,1 |-2267,64
Glyat3P* - - -1347,73
Glyt31P#|-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
Glyol3pP?* - - -1077,13
Glyol3P?|-1725,81|-2224,26 |-1062,65
Frucl6P* - - -2206,78
Fruc16P*-|-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
Glc6P?- |-2279,314 |-3297,196 | -1296,262

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

Fruc6PZ+ADP3+H30*=>Fruc+ATP4+H,0; AGLenninger=14,6 K/mol; AGabb=AGa+AGpb=-15,9+30,5=14.6 K/moi;
AGHabb=A°Geruc+A°GaTpa+A°Grzo-A°Gappa-A°Grrucsp-A°Hizo=-401,66-2267,64-151,549-(-1399,9-1293,1-213,275)=85.426 K/mol;
Kanb=exp(-14600/8,3144/298,15)=0,00276803386823048; AGaHesst+AGbHess=-70,951+99,58=28.6 XI/mo;

Fruk6P2':>GIc6P2‘; AGLehninger: -1,7 Kol i AGH=AG cIceP+AG Frucsp=-1296,262+1293,1=-3,162 k‘]/mol;
-99.58 kJ/mol

A -70.95 kJ/mol

G -3,1628 K/mol

KLenninger=eXP(-AGLenninger/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/mo exothermic and exoergic Pi
transfer to Glc, Fruc6P, ATP# reaction AGhydrolise=-3,173, -70.95 and -99.58 X/mo Hess free
energy change negative, but minimizes AGmin=AGeq=-1,7 , -15,9 and -30.5 ¥/mal reaching

equilibrium mixture Kieminger=1.985= [5I6""1 ; K= 610,35; Kovetninger=220500,2;
[Frucer <]

Le Chatelier principle is Prigogine attractor Free energy change minimum AGmin reaching at
equilibrium. Reactants A fructose-6-phosphate=> products glucose-6-phosphate B A
Free energy change minimum reaching establishes equilibrium.

AGmin=-30.5 K¥/mol AGmin=-15.9 K/inol

AGmin= -1,7‘ kJ/mol V
50% B
A+B+C 50% D+E+F
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THERMODYNAMICS Exercise V e (HsCCO)20 hydrolysis to acetate CH3COO- at pH<4,76 and pH=7,36.
CH3COOOCCHz3+H20=2CH3COOH; CH3COOOCCH3+3H20=2CH3COO+2H30"*; AGLehninger=-91,1 K/mo ;

=2*-531,743-(-728,91-237,191)= -97.385 X/mo;

cre10; AGH=2AG°cH3cooH-AG °(Hacc0)20-AG°H20=-97.385 K/ma;

cre10; 2AG°cHacooH+91,1-AG°H20=AG°H3cc0o)20=-728,91 K/mol;

B06; AHue=2*-531,743-(-728,91-237,191)=-97.385 “/mol;

crc10; AHues=2AH cHzcooH-AH H3cco)20-AH H20=-57.93 K/mol;

IASH=2AS°cH3cooH-AS° (H3cc0)20-AS  H20=113,995 Y/molik;

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

B06; ASdisperse=-AHres/T=57130/298,15=191,615 /mol/;

Substance |AHw % mol| AS °n Y molik | AG®w K/ mol
H3O* -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 | -728,91
(HsCCO) 20|AG® Haccopd| -728,91 | -728,91
H3sCCOO- - - -247.83
H3CCOO-| -486,836 | -822,3 |-241,663
HsC-COOH| -484,09 | 159,83 |-531,743

AG=AH,-T*ASy=-57,93-298,15*0,113995=-91,92 K/mol eX0€rgic

AStotaleSH+ASdispeHsed:191,615+113,995:305,61 J/moI/K; TeAStotai=0,30561*298,15=91,12 k3 /mol TASn dispersed
K oq=K Lehninger=eXP(-AG Lominger/ R/ T)=xp(91100/8,3144/298, 15)=exp(36,75)=9,12*1015=1015.%;

Exothermic and exoergic (HsCCO)20 hydrolize Hess free energy change negative at
pH<4,76 as CH3COOH AGhydrolise = -97.4 K/mor , but minimizes
AGmin=AGeq=-91,1 W/mo reaching equilibrium mixture

Le Chatelier principle is Prigogine attractor for Free energy change minimum
AGmin reaching at equilibrium.

AGeq = - ReTeIn(Keq)=-8,3144*298,15*In(0,0056732)/1000=12,82107402328 */mol,,

Keg=Keminger[H3O*]2/[H20]2=9,12* 10" 15* 10/ (-736*2)/55,34573393"2=0,0056732=

Endothermic and endoergic anhydride hydrolysis Hess free energy change AGhyadrolyse
positive 223 K/mor , but minimizes up to AGmin=AGeq=12.82 X/mol reaching equilibrium

mixture Keq= [cH,coooccH ] [H 20]3:0,0056732. Le Chatelier principle is

Prigogine attractor for Free energy change minimum AGnmin reaching . Free energy change
minimum reaching establishes equilibrium.

Reactants (HsCCO)20+3H20 products 2CH3sCOO+2 H3O*

9.12*10%=10%%= Kea= [cy coooccH,] [H,0]

[cH,cooH I

AGmin= -gl,ll k‘]/mol\:,

A+B 50% 2C

reaktanti (HsCCO)20+ H20 o 4 e 5cH.COOH

Free energy change minimum reaching establishes equilibrium.

CH3COOOCCHSz3 +3 H20 => 2 CH3COO+2 H3O*; AGn = 217,26 K/mor; at pH=7,36;
AGres=2AG°cHzcoo+2AS °H3o-AG® (H3cc0)20-3AG H20=2*-241,663+2*-213,275-(-728,91+3*-151,549)=273.7 K/mo;
=2*-241,663+2*-213,275-(-728,91+3*-151,549)=273.7 Y/maol endoergic
AHH:2AH°CH3coo+2AS°H30-AH°(H3cco) zo-3AH°Hzo:-60,942 k‘]/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 X/ma;

AS=2AS°cH3co0-+2AS°H30-AS° H3cco) 20-3AS°H20= AStotai=ASH+ASdispensed=-951,597+204,4=-747,197 /molk;
=2*-822,3+2*-3,854-(658,853+3*-453,188)=-951.597 Y/moli;
AG=AH-T*ASy=-60,942-298,15*-0,9516=222.777 ¥/mol; TASoti=-0,747197*298,15=-222.777 ¥/;mo TASn dispersed

a2 2
[cH,cO07" [H30%]

12 2
[cH,cO07" [H30"]

[cH,co00CcH,]- [H,0]?

H AGin=12.82 W01

A+3B 50% 2C+2D

H2P2072+H20=H30*+HP207%; AGhes=AG°H30++AG°HoP020P0203-AG°H20P020P0202--AG°H20= 25.73 K/mol ;
=-213,275-1938,85-(-1940,66-237,191)= 25.73 /ol ;
AGeg = ~ReTeIn(Keq)=-8,3144*298, 15%In(107(-8463))/1000=48,31 Vo),

[Hz0'][H P,0%]

Keq=KH2pr2072/[H20] =10-6-72/55,34573393=3,4436*10-9=10-8:463= [H,0][H,,02]
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THERMODYNAMICS Exercise V e Pyrophosphate hydrolysis to HPO.2 + HPO.>

Calculate AHH, ASH, AGH at standard conditions (298.15 K). Reaction is exothermic , athermic, endothermic?
For the phosphate hydrolyse of pyrophosphate reaction with water! Will be exoergic or endoergic! pH=7,36;

O

(D)

O.
y H

+ H Pyrophosphate pKa AH° C
Q"Pn o HiP207=H"+HsP20r 0,83 9,2 -90
_>O? ‘OH 5=p.0H H3P2O7=H*+H2 P.07* 7 2,26 -5,0 -130
RS | Hz P2072=H*+HP.O7* 6,72 0,5 -136
o HP2073=H*+P207* 946 14 -141

1.AHHess=AH °products-AH °reactants; HP2073'+2HZO:>HP042'+HP042'+H30+; AGLehningerp:-lg,Z k‘]/mol; pH:7,36
Substance AHH,X/mol AS®H,molik AG®H , ¥/mol ; HP207>+ADP3=>HPO,>+ATP4; AGapbpp=11,3 Kol pH=7,36;

HsO*+ |[-285,81| -3,854 |(-213,275]Mishchenko;  AGabbpp=AGapp+AGbb=-19,2+30,5=11,3 K/moa;
H20 |-285,85| 69,9565 |-237,191 |AGHess=AG °H30+2AG°Hpo42-AG°HoP020p0202-2AG°H20=-85,6 K/mol ;
H.O |-286,65|-453,188|-151,549 =-213,275+2*-1057,143-(-1938,85+2*-151,549)=-85,6 k)/mol;
HPO4 [-1296,3 | 90,4 | -1130,2 Endothermic and endoergic HPO4? transfer A
HoPO4 |-1302,6| 92,5 |-1137,3 |from HP20O7% Hess free energy change positive at G856
HPO.2- [-1292,14| -33,47 |-1089,28|pH=7,36 AGHess=-85,6 , but minimizes
HPO4?- |-1298,89 |-810,792|-1057,143| AGmin=AGeq=-19,2 ¥/mol reaching equilibrium | N\ “~_--+... 4]
HoP20O72 |- - -1952,27 [H Oﬁ_]-z[H3O+]
HP.O7% |- - -1940,66 Kapp:KLehningepp:2310,57: [H ZO]Z' [H O;’] . AGmin= -19,% K/ mol H
HP2073- [-2291,04 -1181,25 [-1938,85 A+2B 50% 2C+D
adenosine| -626,66 |-3316,57| 362,172 reaktanti HP20O73-+2H,0
adenosine| - - 335.46 produkti 2HPOs2+H30*

Le Chatelier principle is Prigogine attractor for Free energy change minimum AGnmin reaching. Products.
Free energy change minimum reaching establishes equilibrium.
Kapp: KLehningerpp:eXp(-AGLehningerpp/R/T):eXp(lgzoo/S,3144/298,15):2310,57: [H 20]2. [H O;’]

H2P207%+H20=H3O*+HP.07*";

Keq=Krzp2072/[H20]=10672/55,3457=3,4436*10-9=108463= [HsO"]{H

H2P2072+H20=>H2POs+H2POs"; AGLetninger=-19,2 “/moi;without 6,72<pH<7,199;
Kpp=Kemingers/[H20]= 2310,57/55,34573393=41,748= [H,°0; ].[H,"0,]
AGppL=-ReTeln(KeqL)=-8,3144*298,15*In(41,74799819)= -9,251 /o ,

AGHess=2AG°H2p04--AG°H2r2072--AG°H20=-70,94 K/mel; =2*-1130,2-(-1952,27-237,191)= -70,94 K/mol;

Exothermic and exoergic H2P207?- hydrolytic Hess free energy change to H2PO4
+HPO4% negative AGHess= -70,94 K/mor , but minimizes reaching equilibrium mixture
AGmin=AGeqL=-9,251 X/mol without pH<7,199

[H,204 ]-[H2P0O,] ) e
41,748=Kpp= [H,0]1H,02] Le Chatelier principle is Prigogine attractor for Free
2

energy change minimum AGnmin. Free energy
change minimum reaching establishes equilibrium. Kpp =41,748;
H2P2072+ADP?=>H,PO4+ATP3; pH<6,72; AGabbpppr=21,25 ¥/mol;

KabbpppH=Kanbpp/[H20]=

0,01047878/55,3457=0,0001893

AGabbpppH=-ReTeIn(KabbpppH)=-8,3144*298,15*In(0,0001893)/1000=21,25 X/mo;
KabbppL=eXP(-AGLehninger/R/T)=exp(-11300/8,3144/298,15)=0,01047878
KabL=KaLKbL =41,748*0,000250942=0,010476327;
AGabbppL=-ReTeIn(KabbppL)=-8,3 1444298, 15¢In(0,01047878)=11,3 K/imor;
HP2073+ADP3=>HPOs2+ATP*; pH=7,36; AGLehninger=30,5+(-19,2)=11,3 K/mal;;
AGHess=AG°Hpo42-+AG°ATP4--AG°HP2073--AG° ADP3-=-1057,143-2267,64-(-1938,85-1399,9)=13,96 7 X/mol;
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AHues=AH°GIn+AH°H20-AHGlu--AHNH2:=19,5 ¥/mo

=-809,12-286,65-(-982,77-132,5)=19,5 K/moi endothermic

AStess=AS°GIn+AS H20-AS °Glu--AS °NH4+=-842.48 Ifmolik

=-2379,04-453,188-(-2103,15+113,4)=-842.478 /moiix

AGiess=AHuess- T*AS1e=-19,5 -298,15*-0,84248=231.685 X/moi; endoergic

a)GIu-+NH4+:>GIn+HZO; AGbLehninger:14,2 kJ/mOI; pH:7,36;

HsO* | -285,81| -3,854 |-213,275
H20O |-285,85] 69,9565 [-237,191
H2O | -286,65 [-453,188|-151,549
HPO4 |-1296,3 | 90,4 | -1130,2
H:PO4 [ -1302,6 | 92,5 | -1137,3
HPO4?> |-1292,14] -33,47 |-1089,28
HPO4* |-1298,89|-810,792|-1057,143

KaLehningen=€XP(-AGaLeminger/ R/ T)=€xp(14200/8,3144/298,15)=307.43

AGes=AG°cIn +AG°H20-AG°Glu--AG°NH4=-99,8112-151,549-(-355,712-79,3)=183.65 */mol;
KoLehningen=€XP (-AGoieninger/ R/T)=€xp(-14200/8,3144/298,15)=
Endoergic Glu amination to GIn Hess free energy change AGhess positive 183.65 K/mol ,

GIn+H,0=>Glu+NH,*; AGaLehninger:-14.2 I(‘]/mol; AGres=-183.65 I(‘]/mol; KaLehninger:307.43:
but minimizes up to AGmin=AGateninger=14.2 K/mol reaching equilibrium mixture:

[GIn][H,0]
[Glu™][NH,]
[Glu”]-[NH;]
[GIN]-[H,0]

0,003252737 =

KaLeninger=0,003252737= [Glu 17*[NH.]/[ GIn]*[ H.O]. Exoergic Glu amination to GIn with ATP* free energy

AMP? -554,83
ADP? -26274 2010 14247
ATP* |-3617,15] -4520 | -2292,5
AMP? |-1638,34-3717,19]-530,066
ADP®> | -2627,4|-4117,11] -1399,9
ATP+ |-3617,1| -4526,1 |-2267,64
NHa*@ | -132,5 | 1134 | -79.3
Glu~ - - | -372,16
Glu~ |-982,77|-2103,15|-355,712
GIn- - - [-120,36
GIn |-809,12|-2379,04]-99,8112

change AGHess=-40,2 ¥/mol Negative at pH<7,199, but
minimizes reaching equilibrium mixture
AGmin= AGabL= -6,35 I‘J/mol
[H,O; J[ADP*]-[GIN] _
[Glu JNH;T[AT %]

a ATP*+H,0=>ADPz+H2PO,;AGy=-20,55 “/mol;
KbLehninger:eXp(20550/8,3144/298,15):3984.
AGaLehninger=-RTIN(KaLehninger)=
=-8,3144+298,15+In(3984)= -20,55 K/mo;
Ka= KLehninger:eXp(-AG Lehninger/R/T):
=exp(30500/8,3144/298,15)=220500

12.959:KabLehninger .

A+B 50% C+D

AGHess=AG°H2p04+AG°GIn +AG°aDP2-AG°NH4-AGGIui-AG°ATP3=20.292 K/mor;

AGabL=-ReTeIn(KabL)=-8,3144*298,15*In(12,958904208)= -6.35 k/moI;pH<7,199

=-1137,3-120,36-1424,7-(-79,3-355,712-2267,64)=20.292 K/mol;
Kaenninger=KLehninger/[H20]=220500/55,34573393=3984=
pH<7,199;Glu+NH,+ATP*=>GIn+ADP?+H,PO,;AG. =14,2-20,55=-6,35 K/mol

[H,"0,1-[ADP?]
[H,0] [ATP?]

pH<7 199; KabLehnInger—KaLehnmger KbLehnmger—3984*O 003252737=12.959= [HZ O, ][AD 2] [Gln]

[Glu” F[NH;]-[AT #*]

AHues=AH H2p04- +AHcIn +AH®ADP3-AH°NHA-AH Glu--AH ATP4= -6,75 /im0l

=-1302,6-809,12-2627,4-(-132,5-982,77-3617,1)= -6,75 K/mol €X0
AStess=-AS°H2p04- +AS°sin +AS°ADP3-ASNH4-AS siu--AS°ATPa=112,2 Ymoik;
=92,5-2379,04-4117,11-(113,4-2103,15-4526,1)= 112,2 K/me ex0

AGries=AHuiess- T*AS1e=-6,75 -298,15*0,1122= -40,2 K/mo endoergic;
Glu+NH,+ATP4++H20=>GIn+ADP3*+HPO,>+H30"; AG:=66,16-30,5=35.66 “/mqI;
AHHess=-809,12-2627,4-1298,89-285,81-(-982,77-132,5-3617,1-285,85)= -3 K/mol;
AGHess=AHHess- T*ASHess=-3 -298,15*-0,8649:254.9 k‘]/mol;

A G 2549

AG>0

AGabeq= AGmin

\:‘AGmin: |35'66 kJ/mol
A+B+C+D 50% E+F+G+H

Kbl =Ka* KbLeming=220500*0,003252737=717.23= [HP 07 ][AD P *]-[GIn][H40"]

[Glu FINH;]-[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°AppP3+AG°Hpoa2+ AH H30-AG °Glu-AG°NH4A-AG°ATPa-AG®H20 =84,0718 X/mol;
AGH =-99,8112-1057,143-1399,9-213,275-(-355,712-79,3-2267,64-151,549)= 84,072 “/mol;
AGPabHess=(AG°Hess) 84,07((AH Hess,AS°Hess)254.9) K/mol; AG4=66,16-30,5=35.66 “//mo;
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ATP3+H0=>AMP+H2P207?; AGLehningerppm=-35,65 kol ; KLehningerppm:KLehninger/[HZO]:1760968; pH<6,72;

AGHess=AG °H2pr2073--AG° amp2- ~AG°ATP4--AG°H20 =-1938,85-530,066-(-2267,64-151,549)= -49.727 K/mol;
AGmppL:'R'T'ln(KmppL):'8,3144*298,15*|n(1760959,91125033)/1000:'35,65 I(‘]/mol ;

Exothermic and exoergic ATP# hydrolize Hess free energy change negative as H2P207%
AGHess=-63.15 K/mor , but minimized AGmin=AGLehningerppm=-35.65 KJ/mol reaching equilibrium
[Ho, 07T [AMP Y]
[H,O0T[ATF?]
Le Chatelier principle is Prigogine attractor for Free energy change minimum AGmin reaching A+B 50% C+D
at equilibrium. Free energy change minimum reaching establishes equilibrium. reactants ATP3-+H>0
ppm) ATP*+2H20=>AMPZ+HP207%+H30"; AGLenninger=-45,6 K/mor ;at pH=7,36; products AMP+H:P207%
AGHesszAG°|—|30+AG°szo73+AG°AMP2-AGOATP4-2AG°H202-213,275-1938,85-530,066-(-2267,64+2*-151,549)=-111,45 kJ/mo|;
Kab=KLeninger=€xp(45600/8,3144/298,15)=97462087,2480605; ASdispersea=-AHn/T=24,79/298,15=83,15 ¥/ (moi k);
AHtess=AH°H30+AH Hp2073+AH° aMP2-AH ° ATP4-2AH °H20=-285,81-2291,04-1638,34-(-3617,1+2*-286,65)=-24,79 K/mol;
ASHess=AS°H30+AS Hp2073+AS  Amp2-AS ° ATPa-2AS °H20=-3,854-1181,25-3717,19-(-4526,1+2*-453,188)= 530,182 ¥/ mol ky;
AGHess=AHHess— T *ASHess=-24,79 -298,15*0,530182=-182,9 Kol exoergic;
AStota=ASH+ASdispersed=530,182+83,15=613,332 /molik; T*AStotai=0,613332*298,15=182,86 ¥/mol TASn dispersed

Equilibrium reached by free energy change minimum at compounds mixture ratio in Prigogine attractor expression
is favored grater as one [ 03} [AM 2']-[H3o+]
1 < Kienningeppm=€XP(-AG_enninger/ R/ T)=€xp(45600/8,3144/298,15)=97462087,2480605= [H,0 ]Z AT 4_]
Exothermic, exoergic pyrophosphate hydrolysis Hess free energy change AGHess is 2
negative -111,45 K/mor , but minimized up to AGmin=AGLehningerppm=-45,6 ¥/mol reaching A 111459, M

. : [HP, O3 [AMP2][He0'l T
equilibrium mixture Kuemigeo= [ 572 -[aT0%]  =97462087,2480605.
2

mixture: KmppL=KLeninger/[H20]=1760959,91125033=

Le Chatelier principle is Prigogine attractor for Free energy change minimum AGmin. Free
energy change minimum reaching establishes equilibrium.
H2P2072+H20=>H2P0O4+H2PO4"; AGpp=-70,94 X/mai; without 6,72<pH<7,199;

A+2B 50% C+D+E

AGHess=2AG°H2PO4-AG°H2P2072-AG°H20=2*-1130,2-(-1952,27-237,191)=j7§),94 K rmot: osmtants AT oG
Kop=KLetningerop/[H20]= 2310,57/55,34573393=41,748= [H,P04] : prodlcts
pp=Keetmingerpp/[H20]= 2310,57/55, (49 [1,0].[H.7,02]" AMP2+HP,073+H30*
AGppL=-ReTeIn(KeqL)=-8,3144*298,15*In(41,74799819)= -9,251 Vo ,
HP207% +2H20+AG+Q =>HPO2 +HPO42 +H30"; AGLetningers=-19,2 Wimot; pH=7,36  [HPOZ12[H,0"]
Kapp: KLehningepp:eXp(-AGLehninger/R/T):exp(19200/8,3144/298,15):2310,57: [H 20]2_ [H O?]

AGHess=AG°H30+2AG°HP0o42-AG  HoP020P0202-2AG°H20=-85,6 X/mal ;
=-213,275+2*-1057,143-(-1938,85+2*-151,549)=-85,6 k¥/mol

Eksoergic pyrophosphate HP2O73- hydrolysis Hess free energy change at pH=7,36
AGess negative -85,6 K/mol, but minimized AGmin = AGeq = -19,2 K/mol reaching

N . B [HPOZ 1% [H,0"] a hatelier princiole i
equilibrium mixture Ka= [H,0]2[H 03]~ 2310,57. Le Chatelier principle is

AGpnin= -45,6 :d/mol &

AGmin= -19,2| K/ mol 5:,

- ) . . lish i A+2B 50% C+2D
ree energy cnange minimum reacning establishes equiprium. reactants HP2073'+2H20

products 2 HPO4?+H30*

Prigogine attractor for Free energy change minimum AGmin reaching at equilibrium.
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pp) HP20734+2 H20=>HP Q02 +HP 042 +H30"; AGppLehninger= -19.2 K mol; AGppHess=-85.6 K/ mol;
b) ATP*+2H20=>AMPZ+ HP,O7%+H30*; AGpbLehninger=-45.6 K /mol; AGbHess=-111,45 X/mo;
ppb) ATP4+4H20=>AMPZ+HP Q42 +HPO42+2H30*; AGppo.=-64.6 W/mot; AGpptess=-197,05 K/moi;

AGppoH=AGppH+AGbH=-85,6-111,45=-197,05 X/moi ;
AGHess=AG°aMP2-+2AG°H30+2AG°HP042-AG° ATP4-4AG°H20=-197 ¥/mol ;
=-530,066-2*213,275+2*-1057,143-(-2267,64+4*-151,549)=-197.066 V/mol

Exothermic and exoergic ATP*+4H20 hydrolise Hess free energy change negative AGmin= -64,6 Wlmot .,
AGess=-197 W/mal , but AGmin= AGppbL=-64.6 K/mor; minimizes reaching equilibrium A+2B 50% 2C+D
] ) reaktants ATP4+4H20
mixture KppbLenninger=207737828686. products AMP>+ Hpo,2-+HPO 42 +2H30*:

Kppb= KLeningeppb:exp(-AGLehningerppb/R/T):eXp(64600/8,3144/298,15): 207737828686= [H O?{]-Z[H30+]?[AM 2']
[H,0]4[ATP*]

bb) ADP3+HPO2+H30t=>ATP4+2 H20; AGbbLehninger=30,5 K mol; 2 4
KebLemingeri=eXP(-AGobLamingers/R/ T)=exp(-30500/8,3144/298,15) =0.000004535142 = [M20] AT ]
AGHess=AG°ATP3-2AG°H20-AG°ADP2-AG°HP042-AG°H30=99,58 X/mol; [HP0,” AP *]-[H30"]

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

Endothermic and endoergic ADP3- phosphorylation at pH = 7,36 Hess free energy
change positive AGtransfer= 99,58 /mol , but minimizes to AGmin= AGeg= 30,5 ¥/mol

reaching equilibrium mixture KpbLenninges= 0.000004535142: Le Chatelier principle is

Prigogine attractor for Free energy change minimum AGnmin reaching at equilibrium. AGrmin= 30,5 Klmol
0,
Free energy change minimum reaching establishes equilibrium. reactants_ AD?:E:ICFE 05402/1 HEZ)EE
HPZO73_+ADP3_:>HPO42_+ATP4_; AGabbpp:AGapp"‘Abe:'lg,2+30,5:11,3 kJ/mol; pH:7,36 pI’OdUCtS ATP4_+2HZO

AGH=AG® Hpos2+AG°ATP4-AG® HP2073-AG°ADP3-=-1057,143-2267,64-(-1938,85-1399,9)=13,96 7 K/ma;
K abpp=KappKbbLehninger=2310,57*0,000004535142=0,010478763
AGabpp=-ReTeIn(Kabpp)=-8,3144*298,15*In(0,010478763)/1000=11,3 X/mql;
Endothermic and endoergic phosphate transfer Hess free energy change positive

AGtransfer= 13,967 K/mor , but minimizes up to AGmin=AGeq=11,3 K/mol reaching equilibrium
[HPO/ TATPY]

mixture: Kabpp=0,010478763= [HP, 0] [aDP %] Le Chatelier principle is §AGnin= 11,3 Y/mol
! A+B 50% C+D
Prigogine attractor for Free energy change minimum AGmin reaching at equilibrium. reactants HP2073+ADP~
Free energy change minimum reaching establishes equilibrium products HPO,2+ATP*
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ADPZ+ H2POs=>ATP3+H20; AGLehninger = 20,55 K/moi; without pH="?;
AGHess=AG°ATP3-+AG°H20-AG°H2P04--AG°ADP2=-2267,64-151,549-(-1399,9-1057,143)=37,85 K/mol;
=KbbLehninget=EXP (~-A G Lenninger/ R/ T)=exp(-30500/8,3144/298,15) = 000004535142
= KbL= KopLeminge)[H20] =0,000004535142*55,3457339 =0,000250993.

AGpL= -ReTeIn(KpbL)=-8,3144*298,15*In(0,000250993)/1000= 20,5512 X/mol;
Endothermic and endoergic ADP2 phosphorylation without pH = 7,36 Hess free energy change
negative AGtranster=37,85 X/mol , but minimizes up to0 AGmin=AGeq=20,55 “/mol AG 37850, G A
reaching equilibrium mixture: e

-

[Hzo]'[AT 3-]
[H,70,HADP?]

[H,0]:[ATP?]
[H, O HAD 2]
Le Chatelier principle is Prigogine attractor for Free energy change minimum AGmin

KbL= KbbLehninger[HZO] =0,000250993=

.gleinleO,SS k‘]/mol

A+B 50% C+D
reactants ADP2+H2PO4
products ATP3+ H,0;

bb) ADP3+HPO4?+H3O*=>ATP*+2H20; AGbLenninger=30,5 “/mot; KbbLenn=1/220500,2=0.000004535142;

reaching at equilibrium. Free energy change minimum reaching establishes equilibrium.

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/mo;
KobbLehningen=€XP(-AG Leminger/ R/ T)=€Xp(-30500/8,3144/298,15) = 0.000004535142 .

[H,0]% [ATP*]
[HPO,2 HADP*]-[H;0"]

=KobbLehningen=€XP(-AGeminger/ R/T)=Xp(-30500/8,3144/298,15) = 0.000004535142

Endothermic and endoergic ADP? phosphorylation at pH = 7,36 Hess free energy
change positive AGtransfer= 99,58 k/mor , but minimizes to
AGmin= AGeq= 30,5 X/mol reaching equilibrium mixture

[H,0]? [aTP*]
KbbLehningen= 0.000004535142= [H 042-]_[AD 3’]-[H3o+]: Le Chatelier principle

\:‘,AGminzI 30,5 kJ/mol

. _ ) . A+B+C 50% D+2E
Free energy change minimum reaching establishes equilibrium. reactants_ ADP3+HPQO4%+H30O*

products ATP4+2H.0

is Prigogine attractor for Free energy change minimum AGnmin reaching at equilibrium.
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bO) ATP3'+HZO:>ADP2'+H2PO4'; AGbOLehningeH:-20,55 I(‘]/mol; KbOLehninger:KbLehninger/[HZO]:3984; without pH:?
AGHess=AG°app3+AG°Hp0o42-AG°ATP4-AG°H20=-1399,9-1057,143-(-2267,64-151,549)= -37,854 K/mmq;

[H2P0,]-[ADP 3]
KbOLehnmger—KbLehnmger/[HZO] 220500 2/55 3457 3984 1_ [H O] [AT 4]

AGhoLenninger=-ReTeIn(KboLenningen)=-8,3144*310,15*In(3984,052962)/1000=-21,38 K/mo;
b) ATP++2H20=>ADP3*+HPO42+H30*; AGoLenninger=-30,5 “//mol; KboLenninger=KLenninger[H20]/[H30*]=220500,2;
AGress=AG°apps+AGHpos2+AG °Hao-AGaTpa-2AG H20=-1399,9-1057,143-213,275-(-2267,64+2*-151,549)=-99,58 K/
T=298,15 K (25° C);
[HP0.2 HAD P *]-[H;0"]
[H,0?[ATP*]
T=310,15 K (37° C); KLehningew=eXP(-AGLawinger RIT)=exp(30500/8,3144/310,15)=136983,2474;

KbLehninger:exp(-AGbLehninger/R/T):eXp(30500/8,3144/298, 15)=220500,2=

AGbLehningeH:-R°T°ln(KbLehningeH)=-8,3144*310,15*|n(136983,2474)/1000:-30,5 I(“]/mol;
Exothermic and exoergic ATP# hydrolise Hess free energy change AGyess= -37,85 ¥/mol AG -gg gg 'k‘j;mo:
AGhess= - 99,58 M/moi Negative at absence pH = 7,36, but minimizes to AGmin=AGeq | """

-21,38 K/mol and -30,5 X/mol reaching equilibrium mixture

[ 2 4] [AD 3] ___________ |
KbOLehnmger—KbLehnlnger/[Hzo] 3984,1= [H O] [AT 4]

AGmin= -21,4 k

Ko 920500 2_[H 0 HAD P *1-[H30"] AGrin= -305 Winot 3
bLehninger= T [H,0]% [ATP#] A+2B 50% C+D+E
Le Chatelier principle is Prigogine attractor for Free energy change minimum AGmin reactants ATP++2H.0
reaching at equilibrium mixture. products ADP3+HPOs2+H30*

Free energy change minimum reaching establishes equilibrium.

AGHess:AGOCHeatine+AG°HPO42-AGOPCHeatine-AGOHZO:lO7,69-1089,28-(-689,08-237,191)= -55,3 I(J/mol;
AGHess =107,69-1089,28-(-689,08-237,191)= -55,3 X/moa;
AGHess=126,1868-1089,28-(-736,4-237,191)= 10,5 X/mo;

AGcRrcHess=AG °creatine+ AG° ATP3--AG °Peneatine1-AG °App2= -71,03 K/mor; 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-+H2P04;AGbd=-22.85 ¥/mar; without pH="?
AGHess=AG °H2pr04-+AG° Amp--AG° apP2--AG°H20=-530,066-1130,2-(-1399,9-151,549)= -108.8 X/ma;

AGba=-ReTeln(Kba)=-8,3144*298,15*In(10075,75322)/1000= -22,85 K/mo; [Hor O] [AMP ]

Kia=KbdLetminger/[H20]=557649,957/55,34573393=10075,75= [, 0]-[AD 2]
AGbd=-ReTeln(Kba)=-8,3144*298,15*In(10075,75322)/1000= -22,85 K/mo;

2- -
KbdLehninger=eXP(-AG Lemninger/ R/ T)=exp(32800/8,3144/298,15)=557649,957= [H”Ox ]-[Hsfl-[AMB al
bd) ADP3+2H20=>AMP2+HP 042 +H30*; pH=7,36; AGLehninger=-32.8 “/mol; [H,0]%[ADP~]

AGhess=AG°H30++AG Hpos2-+AG amp2--AG° appa--2AG°H20=-213,275-1057,143-530,066-(-1399,9+2*(-151,549))=-97,49 “V/ina;

HsO* ]-285,81| -3,854 |-213,275 ; : - - :
! : : Exoth , ADP2 and ADP? hydrol -
H,0 28585 69,0565 [-237 191 xothermic, exoergic an ydrolise A _;(;ggkkjj/mol A

H.O |[-286,65|-453,188|-151,5649 | Without pH=? and at pH=7,36 Hess free energy  |-=--.=2=22.. 85s
H2PO4s |-1296,3 90,4 -1130,2
HPOs 1130261 925 | -1137,3 -97,49 ¥/no, but minimizes

HPO.* |-1292,14| -33,47 |-1089,28| ~ "~ U TN e i
HPO42 [-1298,89 |-810,792 | -1057,143 | AGmin=AGpa=-22,85 ¥/moi and -32.8 ¥/ma reaching

ADP3 | -2627.4| -4010 | -1424.7 equilibrium mixture Kyq=10075,75 and AGmine 22 85 ¥
AMPZ | - - -554,83 KbdLehninger=557649,957. AGin= 32,8 /o

change negative AGhydrolise = -108.8 ¥/mor and

§
ADP% |-26274|-4117,11]| -1399,9 reactants ADPZ+H20  a+B 509 C+D
AMP? |-1638,34[ -3717,19 | -530,066 products H.POs+AMP-

Adenosin| - - 335,46 reactants ADP*+2H.O A+2B 50% C+D+E
Adenosin| -626,66 | -3316,57 | 362,172 products AMP2-+HPO,2+H;0*

Equilibrium reaching is Prigogine attractor free energy change minimum AGmin .

Free energy change minimum reaching establicshes equilibrium.

Am) AMPZ+H,0=>Adenosine+HPO4?"; AGLenninger=-14.2 K/mo1; Kam=exp(14200/8,3144/298,15)=307,43344;
[HP 0F7].[Adenosin]
[H,0]-[AMPZ]

AGHess=AG °adenosintAG  Hpo42-AG° amp2-AG°H20=362,172-1089,28-(-530,066-151,549)=-45.5 K/mo;

AmL) AMP-+H20=>Adenosine+H2P04; at les pH<7.199 AGamL= -14,2 ¥/mo .

[H2P O,)-[Adenosin]

[H,0]-[AMP 7]

AGHessamL=AG °adenosint+ AG °H2p04-AG °AMP-AG°H20=362,172-1137,3-(-530,066-151,549)=-93.5 K/mo1; pH<7.199;

AGHessam=AHHessam— T *ASHessam=-4,27 -298,15*0,946308=-286.4 K/ mol exoergic; A -286.4 K/

-93.5 K/pyg
Exothermic and exoergic Hess free energy change negative for AMP- at les pH<7.199 G582 -l

AGhydrolize=-286.4 K/mol and AMPZ hydrolyze -93.5 K/mo at pH=7,36, but minimizes to

AGmin=AGam= -14,2 W/mo at pH=7,36 reaching equilibrium mixture:
[HP OF].[Adenosin]

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

KamL= KLenninger=exp(14200/8,3144/298,15)=307,43344=

Kam=307,4= [H,0]-[AMPZ] . Le Chatelier principle is AGmin= -1412: Khnot ¢
Prigogine attractor for Free energy change minimum AGnmin reaching at equilibrium. A+B 50% C+D
reactants AMP?+H20
Free energy change minimum reaching establishes equilibrium. products Adenosine+HPO4?- .

AHutessam=AH adenosint AH® Hpo42-AH° amp-AH°H20=-626,66-1302,6-(-1638,34-286,65)=-4.27 Kot
AShessam=AS adenosintAS°® Hpoa2-AS° AMp-AS°H20=-3316,57+92,5-(-3717,19-453,188)=946.308 //k/mol;
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H2P2072+ADP?% =>H2PO4 +ATP3'; pH<6,72; KabbppPH:Kabbpp/[HZO]:O,01047878/55,345720,0001893
AGHess=AG°H2pr04-+AG° ATP3--AG°H2p2072--AG°ADP2-=-1057,143-2267,64-(-1952,27-1399,9)=27,39 X/mai;
AGabbpppH=-ReTeIn(Kaboppp)=-8,3144*298,15*In(0,0001893)/1000=21,25 X/mol
pp) HP2073+ADP3 =>HPO4% +ATP4'; ';AGabbppL:30,5+(-19,2):11,3 I(J/mol; pH:7,36; AGHess=13,967 |(J/mol;
AG=AG°Hpo42-+AG°ATP4--AG°HP2073--~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/ma;

2. ASdispeHse=-AHH/T=-2,45/298,15:-8,22 J/(mol K); AStotaIZASH+ASdispeHsed=-38,532-8,2173:-46,75 I molik
ASH=AS°Hp0o42-+AS°ATP4--AS°HP2073--AS°ADP3-=-810,792-4526,1-(-1181,25-4117,11)=-38,53 Y/(mol k);
AGr=AH,~T*AS:=2,45-298,15%*-0,038532=13,94 K/moi endoergic; T*AStotai=-0,0467493298,15=-13,94 K/ma ;

Kanbpp=€XP(-AGLenninger/ R/ T)=€Xp(-11300/8,3144/298,15)=0,01047878,;

AGabbppL=-ReTeIn(KabbppL)=-8,3144*298,15*In(0,01047878)=11,3 X/mo . Endothermic and

endoergic H2P207% hydrolysis transfer to ADP3- Hess free energy change positive at
PH=7,36 AGHess=13,967 ¥/mol, but minimizes AGmin=11,3 K/mor reaching

equilibrium mixture : 0,01047878=Kapbpp=

[H,r0,] -[ATPY]
[Ho7, 07T [ADP]

. Le Chatelier principle is

Prigogine attractor for Free energy change minimum AGmin reaching at equilibrium.
Free energy change minimum reaching establishes equilibrium.

Substance AHOHess,k‘]/mol ASOHess,J/moI/K AG°Hess, I(J/mol ;

'3

A G13967 4 G P

AG>0 [ Hess

' Gmin=l 11,3 K/ mol

A+B 50% C+D
reactants HP207%+ADP?

products HPO42- +ATP4-

AGLehninger=-43 “/mo;

AGmin= -43 k‘1/m0|

¥

A+B 50% C+D

LehningerAGpereatine=43+107,69-1089,28+237,191=AG pcreatine= -701,4 K/ mol;
[creatine [{H 0, ] Kcartson=exp(-AGcarkon/R/T)=exp(41000/8,3144/298,15)=15238538,9636.22

[~creatine®].[H,0

[creatine] [AT

] =K Lemings=eXP(-AGLetinger/ R/ T)=exp(43000/8,3144/298,15)=34145290,2951607;

AG EIIington:‘R'T'ln(KEllington):'s,3144*308*| n (3,46*10/\7)/1000:'44,45 kJ/moI;

[Pcreatine  ]-[ADPZ]

[creatine] [AT

“1H0

[Fcreatine®]-[AD %] [H30"]

H. H
Ho Qe N wT Ty
| [ I |

O—P-N-C—N—C—

O mw=223,13H H

c—C

¥] =Kcre=1/(5,78*107(%))=173 (310,15 K);pMg=2,47:pH=<7,199;

Pcreatine?+ADP3+H3O*=>creatine+ATP*+H:0; pH=7,36;
AGabbl_ehninger:‘R.T.ln(KaKbb):‘8,3144*298,15*|n(154,854)/1000: '12,5 kJ/moI;

=KanbLehninger=KaKpp=34145290,295*0,000004535142=154,854;
__ deoxiribose HyH MW=503,15 deoxiribose HyH
(I) (I) | N N1 Cl)_ CI)_ o H <N 2 ‘Nl
2p.0-p.o24-H 2 = ! - 777 6
O 'O 8 7 | bl -P- - 5 H z
R T o <N4N’)20" wo-po o 8N4N)2 HHHH
O 9 O aH Hy 9 s O O 0 44 Ry & 8 H | H H
N A 1 H H r H-N-C—N
o) " 2 3 2
‘o gt H0® oO-w om0 o H o H

35

H3O* -285,81 | -3,854 |-213,275 AGcARLSON1963=-41+2 K/mo1: KcARLSON1963=15238538,96;

H20 -285,85 | 69,9565 | -237,191 | Pcreatine?+H20O=creatine+HPO47;

H20 ‘286,65 ‘453,188 ‘151,549 AGHess=AG°creatinet AG°HP042-AG °Pereatine-AGH20 = -55,32 I(‘]/mol;
HoPOs |-1296,3 90,4 -1130,2 AGress =107,69-1089,28-(-689,08-237,191)= -55,3 X/mo;
H2PO4 | -1302,6 92.5 -1137,3 KEllington=36400000; t=35° C; 308 K
HPOs> | -1292,14 -33,47 |-1089,28 | AGLehninger=43+126,1868-1057,143+151,549=AG " pcreatine= -736,4 K/ mol
HPO4*> |-1298,89 | -810,792 |-1057,143 | Exothermic and exoergic Pcreatin? hydrolise g
ADP3 | -2627,4 | -4010 | -1424,7 |Hess free energy change negative at pH=7,36
ATP* |-3617,15| -4520 | -2292,5 AGhydrolise =-55,3 K/mor , but minimizes
ADP3 | -2627,4 | -4117,11 | -1399,9 AGmin=AG_enninge= -43 ¥/moi reaching
ATP* | -3617,1 | -4526,1 [-2267,64 equilibrium mixture

Pcreatine?| -7364  CRC | -689,08 _ _ [creatine ][HP0O/ ]
Pcreatine?|Lehninger AG°ess 7014 | Lehninge=34145290,295= 1 creatine?].[H,0]
creatine- | -537,48 | 1895 |126,1868
creatine” - CRC 2010] 107,69 | cARLSONAGrcreatine=41+107,69-1089,28+237,191=AGpcreatine=-703,4 X/mo



PCr#+ADP3*+H;0*=>Cr+ATP*+H,0;pH=7,36; Pcreatine+ADP>=>creatine+ATP?"; pH<7,199 .
. - = =- =- kJ -
[creatlne] [AT 4]_[HZO] ~ o _AGabb AGa"‘Agbb 43+30,5 1%5 /mol,. _
=KabbLehninger=KaKbb=34145290,295*0,000004535142=154,854; at pH=7,36.

[Pereatine®]-[AD*1 [H30'1  AGappLenninger=-ReTeln(KaKno)=-8,3144%298, 15*In(154,854)/1000= -12,5 Vo
AGabbHess=AG creatine+ AG°ATP4-+AG°H20 -AG °Peneatine2-AG°ApP3 -AG°H3o = -94,946 K/mol; exoergic CRC2010
=107,69-2292,5-237,191-(-689,08-1424,7-213,275)= -94,946 /moi CRC 2010
AGCcRcHess=AG °creatine+ AG° ATP3--AG°pereatine1-AG° app2= -71,03 ¥/moi; CRC2010; A -94,95 K/ A
AGcre=-ReTeIn(Kcrc)=-8,3144*310,15*In(173)/1000= -13,3 */moi; CRC2010; (G 71,03 /ol

Exothermic, exoergic Pcreatin? and ATP* kinase Hess free energy change negative at
pH=7,36 and pH<7,199 AGanb=-94,946 ¥/mol and AGcrc=-71,03 X/mo1, but minimizes to
AGmin= AGappLenninger= -12,5 K/mor and AGcre= -13,3 K/mol reaching equilibrium mixture
KabbLenninger=KaKpp=154,854, Kcre=173 (310,15 K); Le Chatelier principle | ~\. ~~—a | |
is Prigogine attractor for Free energy change minimum AGnmin reaching at equilibrium.
Free energy change minimum reaching establishes equilibrium. AGmin= 133 %m0 4

2- 3- + 1
reactants PCre+ADP*+Hs0" =\ 50 = c0t D+E+E

AGabbLenninger=-ReTeIn(Kabn)=-8,3144*310,15*In(154,854)/1000=-13 K/moi;  products (creatine) Cr+ATP*+H.0
Ellington constant in 1989 at temperature t=35° C; 308 K is KEllington=3,46*107;
KEllington=€XP(-AGeEllington/ R/ T)=exp(44454,47/8,3144/308)=3,46*10" ; J.exp.Biol.143,177-194,1989;
Creatine Phospho Kinase K’cpk =100 to 160 (Lawson&VeecH 1979), [Pcreatine®]/[ATP*]= 3 to 4 and
[Pcreatine®]/[creatine-]= 2,5, [ATP#+]/[ADP3]=102 to 102 . Solubility 25,51 ™%/mc; 3,52 9/i;
Homeostasis free energy change AGHomeostasis=AGeq+ReTInKHomeostasis 1S Smaller as at equilibrium minimum.
Hess Free energy change for pure products minus pure reactants AGhess= -94,95 &/mol minimized
reaching equilibrium mixture of compounds AGabb= -13 ¥/moi:

Homeostasis change AGHomeostasis < AGanb= -13 ¥/mol for first and second conditions:

1. AGHomeostasis= -6,832 ¥/mor at [creatine]=28 nM, [Pcreatinez]=28 mM,[ATP4]=8,05 mM,[ADP3-]=0,93 mM un
[H20]=55,1398 M, [H30*]=10736 M;
If [creatine]/[Pcreating?-]=28*10"(-9)/28/10"(-3)=10®; than AGromeostasis= -6,832 K/mol, ja [creatine]=28*107(-9) M
26™ page:
« _ creatined[AT TMHOl 984100 48.05010°5 55,1308
romeesia™ [Pereatine®-[ADP*T [H50'] T 284107093010 3 910 /30

AGHomeostasis=AGeq+ReTeInKHomeostasis IS
=(-13000+8,3144*310,15*In(28*107(-9)*8,05*10"(-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. AGromeostasis=-0,3942 K/mo| at [creatine]=280 nM, [PcreatineZ]=28 mM,[ATP*]=8,05 mM,
[ADP3]=0,93 mM un [H20]=55,1398 M, [H3O*]=10-73¢ M;
If [creatine]/[Pcreatine2-]=28*10"(-8)/ 28/10"(-3)=0,001; tad AGomeostasis= -22,67 K/mol, if [creatine]=28*107(-6) M
[creatine ] [ATP*]-IH,0] 2841078 8.0501075 #55.1398
[Pcreatine®]-[ADP*] [H30'] 2841073 9,3010 361073
AGHomeostasis:AGeq+R'T'anHomeostasis IS
=(-13000+8,3144*310,15*In(28*107(-8)*8,05*107(-5)*55,1398/28/107(-3)/9,3/107(-3)/10°(-7,36)))/1000=-0,8943 K/ml,

= -13000+=8,3144*310,15*4,6945=(-13000+12105,76)/1000=-0,8943 X/moI,
bb) ADPZ+H:POs=>ATP3*+H20; ADP3+HPO4?+H30*=>ATP*+2H20; AGbLehninger=30,5 K/mol;

JAT P4
[[:ZOSEA[ZD ;]3] =KbbL= KbbLehninger[H20]=0,000004535142*55,3457339 =0,000251001 .
2 4 AGpHL=-ReTeIn(KbL)=-8,3144+298,15°In(0,000251001)=20,5512 K/ma;
[H ,0 ]2 AT 4'] =Kbb=KbbLehninger=€XP (-AG Leminger R/T)=€Xp(-30500/8,3144/298,15) =0,000004535142;
[H C)42-]'['6‘[) 3-]'[H?,OJr] AGbLehninger=30,5 K/mol;

AGmin= -13 k‘]/mol

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

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

KHomeostasis=
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THERMODYNAMICS V i Glc 6-P%hydrolysis to Glc + HPO42 and Glc 6-P#to Glc 1-P2 isomerisation
Calculate AHH ASH AGHh at standard conditions (298.15 K). Reaction is exothermic , athermic, endothermic?
Will be exoergic or endoergic! AGuenninger= -13,8 ¥/mol; GIc6PZ+H,0=>Glc+HPO4%;pH=7,36;AGH= -38,55 “/mol;

AGtehninger=13,8 K/mo1; Glc+HPO 4% => Glc6P?+H,0; pH=7,36; AGH=38,55 /ma;

Substan AH®°H | AS°H | AG°H |AGHess=AG°cic +AG°Hpo42--AG°H20 ~-AG°Gicsp= -38,55 K/mol X0€rgic
I(J/mol J/moI/K I(J/mol :-419,74-1089,28-(-151,549-1318,92): -38,55 kJ/mol

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

H20 | -285,85 | 69,9565 |-237,191 KazLehninger=[GIC]*[HPO22]/[Glc6P]/[H20]= 261,62;

H2O | -286,65 |-453,188|-151,549 AGaZZLehninger:+l3,8 k‘]/mol; G|C+HPO42':>G|CGP2'+H20; pH:7,36;

Glc | CRC10 |1=0,25 M| -419,74 AGHess=AG°H20+*AG°GIcsP-AG°cic ~AG°Hpo42=+38,55 K/mol endoergic

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 KbLehninger310=eXP(-AGbLenninger/R/T)=exp(30500/8,3144/310,15)=136983,25
H2PO4| -1302,6 | 92,5 |-1137,3 Kaz22Lehningers10=EXP(-13800/8,3144/310,15)=0,004741
HPO4*|-1292,14| -33,47 |-1089,28 KazzLenninger =EXP(-13800/8,3144/298,15)=0,003822314
HPO.2 [1298,89 |-810,792/-1057,143 K a2z ehninger=[ GIc6PZ]*[H20)/[GIc)/ [HPO.2]=0,003822314;
Glc6P?-| -2260 -3291,56 -1318,92 AGaZZLehninger=+l3,8 I(J/mol; AGbLehninger=-30,5 I(J/mol;
Glc6P?[-2279,314-3297,196|-1296,262 Glc+ATP4+H20 =>GIc6PZ+ADP3+H30*; AGa226=-16,7 K/mol
Glc1PZ|-2260 -3291,56 |-1311,89 [AGa2ob=AGa22+AGbLehninger=13,8 +-30,5=-16,7 Kol ;
Glc1P?% |- - -1289,221/AGH=AG°app3+AG°Gicsp+AG°H30-AG GIc-AG °ATP4-AG°H20=-25,2 K/mol

ADP3- | -2627,4 | -4010 | -1424,7 =-1399,9-1318,92-213,275-(-402,05-2267,64-237,191)= -25,2 X/mol
ATP* |-3617,15| -4520 | -2292,5 | Kazan=EXP(16700/8,3144/298,15)=842,82, (GIc612{ADF ] [Hy0']
ADP? | -2627,4 |-4117,11| -1399,9 | Kazob=Ka»2K»=0,003822314*220500,2=842,82= TCELE
ATP* | -3617,1 | -45261 |-2267,64| AGu=-8,3144*298,15*In(842,82)/1000=-16,7 /e [Glc] [H,O'[ATP™]

310,15 K; K322b310:KazzKbl_ehninger:O,004741*136983,25:649,438; Ka22Lehninger310=0,004741;
AGeq=-8,3144%310,15*In(649,438)=-16,7 /mal; (GIc6 P2 HAD > ¥ [Ho0"]

310,15 K; Ka22b310=Kaz2KbLenninger=0,004741*136983,25=649,438= [GlC]-[HZO]'[AT Sy

Endothermic, endoergic Glc phosphorylation GIc6P? Hess free energy change is positive
AGphosphorylation=38,55 but with ATP* negative-25,2 ¥/mo1, but minimizes reaching equilibrium A o550, A
G ] mol

mixture AGmin=AGeq=13,8 bet ar ATP* -16,7 “fyat ) -

[Glc6 2] [H,0] [Glc6P?ADP* ] H01 |\ b G
[Glc]-[HP0,”] [GIc][H,0 1 [ATP*]

Le Chatelier principle is Prigogine attractor for Free energy change minimum AGnmin reaching at2

equilibrium. Free energy change minimum reaching establishes equilibrium. A+B+C 50% D+E+F

Glc+ATP4++H.0=>GIc1P#+ADP3*+H30*; AGLrehnin=-9,6 ¥/mol; Glc+ATP4+H20
GIc6PZ+ADP3 +H30*

AGH=AG°cIc1P+AG°ADP3+AG°H30-AG°GIc-AG°ATP4-AG°H20=-43,35 K/mol; AGab=AGa+AGp=20,9-30,5=-9,6 K/mol ;
=-1289,221-1399,9-237,191-(-402,05-2267,64-213,275)=-43,35%/mo1; KLenninger=EXP(9600/8,3144/298,15)=48,07;
Glc+ HPO4s# =>Glc1P%+H:0; 3 AGLehninger=20,9 K/ mot; AGHess=AG°GIc1p+AG°H20-AG GIc-AG°HpPo42= 68,25 K/mol;
=-1289,221-151,549-(-419,74-1089,28)=68,25 K/mor; 1=0,25 M;
Glc1PZ=>GIc6P%; AGLenninger=-7,02 K/mol; Keq=[GIc6PZ]/[Glc1PZ=17;AGeq=-8.3144*298.15*In(17)=-7,02 X/mo;
AGHess=AG°cicep+AG°cIc1p=-1296,262-(-1289,221)=-7,04 ¥/mor; ;=-1318,92-(-1311,89)=-7,03 X/moal;
AG=-ReTeln(Kp)=-8,3144*298,15*In(L,9667*10"(-6))/1000=31,4095 kJ/mol ;
Glc 1-P2':>G|06-Pz';AGtotaIHess:AG°G1P+AG°G6P:-20,9+13,8: -71 K/ mol exoergic ............... K/ mol

=Ka=0,0382 un Ka22b=842,82=

S min= -16,7 k*]/mol
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THERMODYNAMICS V i Glc 1-PZhydrolysis to Glc + HPO4* and Glc 1-P?-dephosphorilation
Calculate AHH ASH AGH at standard conditions (298.15 K). Reaction is exothermic , athermic,

endothermic? Will be exoergic or endoergic!

a22 AGuenninger=*20,9 X/mo1; Glc+HP 042 +AG+Q=> Glc1PZ+H20; pH=7,36; AGHess=36,1 “/moI;
a2 AGLehninger:'ZO,g kJ/mO|; GIC1P2_+HZO:>GIC+HPO42_+AG+Q; pH:7,36, A(BHG‘SS= '36,1 kJ/moI ,

AGHess=AG°H20tAG Glc1r-AG°Gle-AG°HP042=36,113 Kol endoergic
=-151,549-1289,221-(-419,74-1057,143)=36,113 K/mol
Kazz2Lenninger=EXP(-20900/8,3144/298,15)= 0,000217997,

AGH=AG GIc+*AG°HP042-AG°H20-AG Glc1p= -36,113 X/mol eX0EIrgiC

=-419,74-1057,143-(-151,549-1289,221)=-36,113 X/mo

K a2Lehninger, =EXP(20900/8,3144/298,15)=4587,215687,

Glc+ATP4+H20=>GIc1P?+ADP?*+H30*; pH=7,36; 1=0,2 M.

Ka22p=Ka22Kb=0,000217997*220500,2=48,07;

AGa22n=-ReTeln(Kaz2b)=-8,3144*298,15*In(48,0684)=-9,6 X/mo;

Glc1PZ+ADP*+H30*=> Glc+ATP*+H20; pH=7,36; 1=0,2 M.

Kazp=Ka2K=4587,215687*4,54*10/-6)=0,02083

AGaZb:'R‘T°ln(Ka2b)=-8,3144*298, 15*In(0,02083)=9,6 Kol

4-
Ka2b=Ka2K»=0,02083= [GlC]-[HZO IATP™]

Substance|AH H K/mol| AS®H /motik| AG°H K/ mol
Hs:O* | -285,81 -3,854 | -213,275
H20 -285,85 | 69,9565 | -237,191
H20 -286,65 | -453,188 | -151,549
Glc CRC10 | 1=0,25 M | -419,74
Glc -1263,78 | 269,45 -919,96
Glc -1267,13 | -2901,49 | -402,05

H2PO4 | -1302,6 92,5 -1137,3
HPO.?- | -1292,14 | -33,47 | -1089,28
HPO4* |-1298,89 | -810,792 | -1057,143
Glc6P?- | -2260 | -3291,56 | -1318,92
Glc6P? |-2279,314 |-3297,196 |-1296,262
Glcl1P? |-2260 -3291,56 |-1311,89
Glcl1P? |- - -1289,221
ADP?3 | -2627,4 -4010 -1424.7
ATP* | -3617,15| -4520 -2292,5
ADP?3 | -2627,4 | -4117,11 | -1399,9
ATP* | -3617,1 | -4526,1 | -2267,64

[Glc1P 2 ADP*][H,0"]

Lehningera lidzsvars ; ATP3+H20<=>ADP2+H2PO4; K{ehninger=0,0001739; without pH=7,36;

AG Lehninger:-R'T'ln(KLehninger):-8,3144*298, 15*In (0,000 1739):21,46 I(J/mol ;

AGH=AG°appP3+AG°HP042+AG°H30-AG°ATP4-2AG H20=

[H2PO,]-[AD %]

K Lenninger=KbLemninger* [H3O*]/[H20]=220500,2*107(7:36)/55,3457=0,0001739= [H ,0 1 [AT ]

AGHZAGOADP3+AG°H2P04-AG°ATP4-AG°H202-1399,9-1057,143-(-2267,64-237,191)247,79 kJ/mo|;

b) ATP4+2H20=>ADP3+HP 04> +H30"; AGbLenninger=-30,5 Kol
KbLehninger=eXP(-AGbLehninger/R/T)=exp(30500/8,3144/298,15)=exp(12,304)=220500,2= [H" O, HAD > *]-[H50]

[H,01?[ATP*]
=-1399,9-1057,143-213,275-(-2267,64+2*-151,549)=-99,58 K3/ mol;

abb GIc1PZ+ADP3+H30* => GIc+ATP*+H20; AGazb= AGaz+ AGp=-20,9+30,5= 9,6 K/mol ;
sum Glc+ATP*+H20=>GIc1PZ+ADP3+H30*+AG+Q); AGaz2b= AGazo+ AGb=20,9 +-30,5=-9,6 XV/moi ;

AGHess=AG°appP3+AG°GIc1P+AG°H30-AG°GIc-AG°ATP4-AG°H20= -38,607 K/mol;
=-1399,9-1289,221-213,275-(-419,74-2292,5-151,549)=- 38,607 X/moI;
AGaz220=- ReTeIn(Kaz2p) =-8,3144*298,15*In(3,79204*108)= 42,36 X/mol.
Exothermic, exoergic Glc1PZ dephosphorylation — phosphorilation Hess free energy
change is negative AGdephosphorylation= -36,113 and -38,607 ¥/mo1, but minimizes reching
equilibrium AGmin:AGaZLehninger:-20,9 k)/mor and AGa22=-9,6 K/ mol Mixture

[Glc]:[HPO ]
[Glc1P 2]

Le Chatelier principle is Prigogine attractor for Free energy change minimum AGmin
reaching. Free energy minimum reaching establishes equilibrium.

KazLehninger, =4587=

[H,0]

and Kazzn=

'38,6 k‘]/mol

[Glc1P2][ADP*][H;0"]
[GIc][H,0 ] [aATP*]

=48,07

AGmin=-20,9 K/mg
AGmin= -9,6 kJ/lmol 'é,

A+B+C 50% D+E+F
reactants Glc1P?+ H20O
products Glc+ HPOs%
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ADPZ+ H2PO4':>ATP3'+HZO; AGLehninger = 20,55 I(‘]/mol; bez pH:?;

AGHess=AG°ATP3-+AG°H20-AG°H2P04--AG°ADP2=-2267,64-151,549-(-1399,9-1057,143)=37,85 K/mol;
bb) ADP3+HPO42+H30*=>ATP*+2H20; AGbLehninger=30,5 K/mol; KbbLehn=; pH=7,36;

H,0]-[ATP¥
A, _] [ ) D] 5= = KbHL= KbbLehninger[H20] =0,000004535142*55,3457339 =0,000250993 .
[H2"O Jaqua  [ADP*] - A Gy = _ReTeln(KpL)=-8,3144*298,15%In(0,000250993)/1000= 20,5512 Y/mor:

[H o ]2 '[AT 4-] KbbLehningeHBlozeXp(-AGLehninger/R/T):eXp(-30500/8,3144/310,15) =0,000004535142
2 5. K + :KbbLehningeH:exp(-AGLehninger/R/T)ZEXp(-30500/8,3144/298,15) =0,000004535142
170 HAD "] {H50"] KbbLehn=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;
Endothermic and endoergic ADP* phosphorilation Hess free energy change positive at pH 4 G

7,36 AGhydroIise:99,58 k3 mol , but minimizes AGmin:AbeLehningeH:30,5 k3 mol reaching ““““““

[H,0]? - [ATP*]
equilibrium mixture: 0,000004535142=KobLehningeH= [HP0Z HAD > ¥][H,0*] Le Chatelier — }-------¢__.
A

principle is Prigogine attractor for Free energy change minimum AGnmin reaching mixture of

\;, AGminl:30,5 k‘]/mol

equilibrium. Free energy change minimum reaching establishes equilibrium.

A+B+C 50% 2D+E
aa AGlLehninger=13,8 X/mol; Glc+HP 042 +AG+Q=> Glc6P*+H20; pH=7,36; reactants HPO4?+H3O*+ADP?
KaaLehninger:EXP(-13800/8,3144/298,15):0,003822314; pl’OdUCt s 2H20 +ATP#

KaaLehninger=EXP(-13800/8,3144/310,15)= 0,0047409841; T=310.15 K
AGaatess=AG°Gicep+AG °H20-AG 61 AG Hpoa2=-1296,262+((-151,549-237,191)/2)-(-419,74-1089,28)= 18.39 K/ 1ol
AGaatess=AG°Gicep+AG H20-AG°G1e-AG °Hpos2=-1296,262-151,549-(-419,74-1089,28)= 61,209 /ol
AGaatess=AG°cicep+AG °H20-AG°Gic-AG °Hpos2=-1318,92-237,191-(-419,74-1089,28) = -47,09 K/
AGaatess=AG°Gicep+AG H20-AG°G1e-AG °Hpos2=-1296,262-151,549-(-402,05-1057,143)= 11,38 X/mo
aa2 AGLehninger:-13,8 I(‘]/mol; G|C6P2'+Hzo:>G|C+HPO42'; pH:7,36; AGaazHess= -18.39 K/mol ;
AGaazhess=AG°Gic-AG°Hpoa2-AG °Gicep-AG °H20=-419,74-1089,28-(-1296,262+((-151,549-237,191)/2) )= -18.39 K/ ini;
KaazLenninger=EXP(13800/8,3144/298,15)=261,62; KaznLehninger=EXP(13800/8,3144/310,15)=210,9; 310,15 K;
G|C+ATP4'+H202>G|06P2'+ADP3'+H3O+; AGLehninger=-16,7 I“]/mol; KaLbzEXP(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 “/mol;
AGabres=AG°Gicep-+AG°ADP3+AG°H30-AG°H20-AG° ATP4-AG°cIc=-25,2 K/mol K¥/mol
=-1399,9-1318,92-213,275-(-402,05-2267,64-237,191)= -25,2 K/ma; [Glc6 2] [AD P %] [H40"]
KaLb= EXP(16700/8,3144/298,15)=842,82= GIclH. O AT ]
Kazv=Kz:2K5=0,003822314*220500,2=842,82 : | AGLehninger=16,7 Vol [Glc]1H.
aaLbb Glc6P>+ADP3+H30*=>GIc+ATP*+H:0; Kap=261,62*0,000004535142=0,00118648385004;
Endothermic and endoergic phosphorilation Hess free energy change positive
AGphosphOHiIation:25.2 K mol negative, but minimized AGmin:AGeq=16.7 K3/ mol reaching
equilibrium mixture 298,15 K:

[H,O0][AT *1[Glc]
KaLbb_298:261,62*0,000004535142:0,00118648385004:[G|C6 > [AD 3']-[H 0]
3

AGhes=AG°GIc+AG°ATP4+AG H20-AG° ADP3-AG°GlcsP-AG°H30=-25,2 K/mol AGuaia= =35 260 et

=-402,05-2267,64-237,191-(-1399,9-1318,92-213,275)=25.2 X/mol; A+B+C 50% D+E+F

AGaaLbb=-RTIn(KaaLbb)=-8,3144*298,15*In(0,00118648385004)=16.7 X/mal; reactants Glc6P2-+ADP3 +H30O+
Katb_310=210,9*0,0000073001623=0,00153960422907; products Glc+ATP*++H20;

Le Chatelier principle is Prigogine attractor for Free energy change minimum AGnmin reaching at equilibrium.

Free energy change minimum reaching establishes equilibrium.
AGaaLbb310=-RTIN(KaaLbb310)=-8,3144*310,15*In(0,00153960422907)/1000=16.7 X/mol
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UDPGIcZ+H,0=>UMP*+Glclphosphate!-; AGLehningen=-43 K/mor; without pH=?

- H
Py e | |
O O. H (@) H -
\\ o / e} H o)
......... (o) / \O H N N
;o 7 N7 \TN\
8 + o7 W0 © SRS o
\H " H/O H O\

K Lenninges=EXP(-AGL/R/T)=EXP(43000/8,3144/298,15)=EXP(17,346)=34145290=10-PKea=1(7.75333,
[Glc1lP "J[UMP 7]

[UDP#GiIc}[H,0]

‘ AGaLehninger:-43 ‘ I(J/mol< ‘ AGHess:AGUMP1+AGGIclphosphate1-AG°UDPGI02-AG°HZO :-128,642 k‘]/mol | ;

AGH=AG ehningeH-AG °H20(BioThermodybamic 2006)+AG°H20(CRC 2010)=-43+151,549-237,191=-128 X/mq;
Exothermic and exoergic UDPGIc? hydrolise Hess free energy change negative without
pPH=? AGhydrolise = -128,642 K/mgal , but minimizes reaching

equilibrium mixture :AGmin= AGeq=-43 ¥/mol

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

[Glc1P " HUMP ]
[UDP#GIc}[H,0]

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

Le Chatelier principle is Prigogine attractor for Free energy change minimum AGmin AGmin= -33,05 ¥/moi ,,
reaching at equilibrium. A+B 50% C+D
Free energy change minimum reaching establishes equilibrium. Reactants UDPGIc#+H20

products UMP*+Glclphosphatet;;
UDPGIc?+3H,0=>UMP?+Glclphosphate?+2H,0*;pH=7,36

AG=AGuwmp2+ AGaiciphosphate2 +2AG°H3o-AG°uppGIc2-3AG H20 = )=-14,9 K/mei; pH=7,36
AGH:AGLehningeH+2AG°H3O-3AG°HZO :-43-2*213,275-(3*-151,549):-14,9 I(‘]/mol; pH:7,36;
Alberty,Robert A.,Biochemical Thermodynamics: Applications of Mathematica, © 2006,Masachusetts Techn Inst.

Ka=KLehninger*[H20]?=34145290*55,3457339"?=104592153973,017=10"11.019;
AG,=-ReTeIn(K,)=-8,3144*298,15*In(104592153973,017)/1000=-62,8 ¥/mol;

Exothermic and exoergic UDPGIc?- hydrolise reaction free energy change negative

at pH 7,36 AGhydrolise = -128 ¥/mor , but minimizes reaching

equilibrium mixture : AGmin= AGeq=-62.8 K/mol

[Glc1 P2 [UMP?}H,0%]2
[UDPZGIc][H,0]°

Le Chatelier principle is Prigogine attractor for Free energy change minimum AGmin

104592153973,017=Ka=

AGmin= -62,8l kJ/mol \:{

. e’ A+3B 50% C+D+2F
reaching at equilibrium . Reactants UDPGIc2+3H,0

Free energy change minimum reaching establishes equilibrium. products UMPZ+Glclphosphate?+2H;0+;
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Cosm=0.305 M; Biochemistry Thermodynamic data, 2006 ;

Exercise V j succinatSCoA* O2 H20: fumarate peroxisome dehydrogenation reaction
SuccinatSCoA* O, H,O; fumarate dehydrogenation reaction! Will be exoergic or endoergic! CRC 2010 1=0.25 M;

Reactants => products pH=7.36;

Masachusetts Techn.Institute; SuccinatSCoA*+02xquatH3O*=>fumarate?+HSC0A%*+ HyO2squatH20+AG;

Substance  |AH®H */moi| AS°H /molik| AG®H ¥l
Hs;O* -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 -134,03
O2aqua -11.70 -94.2 16.4
O2agqua -11.715 | 110.876 16.4
Succinat? -908.69 |-1295.576| -522.414
SuccinatSCoA* - - -339.2476
HSCoA3- - - -71.26
HSCoA3- - - -5.7716
Fumarate | -776.56 | -862.288 |-519.4688
UbiQuinRed - - -3849.6004
UbiQuinOx - -3853.8792

1.AHHess:AHoproducts'AHoreau:tants; 2. ASHess:ASoproducts'ASOreactants
AGHess=AHHess- T*ASHess=
AGH= AG°fumarat +AG°Hscoa+AG°H202+AG H20-
-AG°02-AG°succinatscoa ~AG°Hzo+ = -189.06 K/mol;
=-519.4688-5.7716-48.39-151.549-(16.4-339.2476-213.275)=
University Alberta -189.06 X/mol exoergic
Succinatz+02zaqua=>fumarate?+H>O2aqua+AG
AGH=AG tumarat2-+AG°H202-AG°02-AG°succinat2-=-61.845 I(J/mol;
=-519.4688-48.39-(16.4-522.414) = -61.845 W/mo exoergic
AHHess=AH°fumarat2-+AH°H202-AH°02-AHsuccinat2-=-48.16 /mo;
=-776.56-191.99-(-11.70-908.69)= -48.16 k/mol exothermic
ASHess=AS °fumarat2-+AS°H202-AS°02-AS°succinat2-=45.8 J/moI/K;
=-862.288-481.688-(-94.2-1295.576)=45.8 Y/moix exothermic
AGHess=AHH-T*ASH=-48.16-298.15*0.0458=-61.82 X/ma
Spontaneous AGHess= -61.82 K/mol. at pH=7.36 exoergic

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

Red Succinate?+2H20 = Fumarate?+2H30" +2¢" ; 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/
peroxide, hydroxonium and anion of peroxide: GH202=274.5 K/mo1; GHzo++GHo0-=22.44+328=350.4 X/mol;

Keg=eXp(-AGeq/R/T)=exp(382565.95/8.3144/298.15)=5057721 ;
Exoergic dehydrogenation reaction favored reactants conversion to:
Succinat+02aqua =>fumarate?+H202aquat+ Q+AG;
Exoergic CATALASE erase 2H-O-0O-H peroxide 2H202aq=>02aquat2H20+Q+AG
to Ozaqua and 2H20 . Complex reaction sequence favors stabile unsaturated double

bond product H>C=C<H efficiency e 100% as erasing molecules to
zer0 0=[H202]: Keg=5057721= [Fumarate®}-[H,0,])/ CATALASE _gn57791

[Succinate?

1-[o,]
Keq=90471011.97= [UbiQuUINOX][H,0,¥* CATALASE

1 S

[UbiQuinRed]{0, ]

2A 50%  B+2C

Formation HzgastO2gas=>H20:2 ; AGunivalberta=-134,03 Kfmol ; AG’ Alberty=-48,39 K fmol ;
AGAaiberty=GH202-(Go2gast GHzgas)=274,5-(85,64+303)=-114,14 k‘]/mol(-l34,03 k‘]/mol;)(:-48,39 I(J/mol)
UbiQuinRed" +O2aqua =>UbiQuinOx+H202:qiatAG+Q; pH=7.36; Ubiquinol dehydrogenation with oxygene
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 X/mol; AG°res =3660.55 K/mo1;CRC 2010=3668.94+2*-48.39-(16.4+3660.55)= -104.79 K/mol;
OX Ozaqua +2H30"+2e"=H202aqua +2H20; E° 0x02=0.4495 V Thermodynamic University Alberta

Red Ubiquinol+2H20 = Ubiquinone+2H3O* +2¢7; E° redH20=0.2656 V Thermodynamic Lehninger 2000 ;
AGmin=AGeq=(E°Rred-E°0x)*F*n=(0.2656-0.4495)*96485*2=(-1839)* 96485*2=-35.49 X/m|; Lehninger 2000

Keq =EXP(-AGe/R/T)=EXP(35490/8.3144/298,15)=1650539;????

Red: Ubiquinol6+2H20 = Ubiquinone6+2H30" +2¢e°; E°red=E °?H20=-0.845 V; Thermodynamic CRC 2010 E°=-1.05 V;
E°2H20 =-1.05+0.10166+0.0591/2*log([H20]%)=(-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 “/mal;
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THERMODYNAMICS Exercise V k AcetylCoA3 hydrolysis
Calculate AHH ASH AGw at standard conditions (298.15 K). Reaction is exothermic , athermic, endothermic?
AcetylCoA3 and ADP? deacylation, phosphorilation! Exoergic or endoergic hydrolysis reactions!
a) AGLehninger= -31,4 I(J/mol; ACQty'COA?" + 2 H,O +AG+Q => CH3;COO- + CoA3 + H30* ; pH:7,36,
KLehninger:eXp(31400/8,3144/298,15)=317017,64: Ka,
AGH=AG chacoo+AG coaztAG H30-AGC Acetyl-corz-2*AGr20=-240,963-5,7716-213,275-(-51,8968+2*-151,549)=-105.015 “/img;
Substance  |AH°H K/mol | AS°H Ymolik | AG®H K/mol K=K Lehninger= [cH.CO0 ] [HSCoATH;0"] — 317017,64

HsO* -285,81 -3,854 -213.275 [H,0” [Acetyl-CoA™]
H.0 -285,85 | 69,9565 | -237,191 | ADPz+H,PO,=>ATP*+H,0; AGLeninger = 20,55 K/mor; pH=?
HZO -286,65 -453,188 '151,549 AGHesszAGOATP3+AGono-AGonpo4.-AGoADp2 :37,85 I(‘]/mol
H2PO« -1296,3 90,4 -1130,2 =-2267,64-151,549-(-1399,9-1057,143)=37,85 X/mol
H2PO4 -1302,6 92,5 -1137,3
HPO.2 -1292,14 | -33,47 | -1089,28 |Keq=KLehninge*[H20]= 0,000004535142*55,3= 0,000250993;
HPO.2> [1298,89 | -810,792 | -1057,143 |[AGeq=-ReTeIn(Keq)=-8,3144298,15+In(0,000250993)=20,55 V/imo;
ADP? 26274 | -4010 | -14247
ATP* -3617,15 | -4520 -2292,5
ADP* -2627,4 | -4117,11 | -1399,9
7 - - -
AA'\T/'FF)’Z' 36?7’1 45?6’1 -2525647,53634 KoHL= KobLehninger[H20]=0,000250993= H0l oy z]
AMP> | -1638,34 | -3717,19 | -530,066 ? ! [H2PO; [[AD ]
AcetylCoA* - - -58,06
AcetylCoA* - - -51,8968 bb ADP*+HPO,>+H;0*=>ATP++2H,0;
CoA3 - - -7,26 AGbbLehninger=30,5 ¥/mot; KbbLenn=0,000004535142; pH=7,36
CoA3 - - -5,7716 KLenninger=eXp(-30,5/8,3144/298,15)= 0,000004535142;
H3:CCOOH -484,3 159,8 -389,9 AGH=AG°a1p4+2AG H20-AG°Hpoa2-AG® appa-AG°Hz0=46,015 K/ imoi;

HsCCOO- | -486,84 82,23 -247,83 | =-2267,64-2*151,549-(-1057,143-1399,9-213,275)=46,015%/mol;
HsCCOO- -486 85,3 -240,963

[H,0]?[ATP"]
KobLenningeH=€XP(-AG Lenninger/ R/ T)=exp(-30500/8,3144/298,15) = 0,000004535142= [H 02']-[AD 3']-[H3O+] X
4

AcetylCoA*+ADP3+HP0O42=>CH3COO +CoA*+ATP*;
AGH=AG chacoo+tAG conrtAG°ATPA-AG acetyl-conz-AG° ADP3--AG HP042= -5,4348 K/mo;
=-2267,64-240,963-5,7716-(-1057,143-1399,9-51,8968)= -5,4348 K/mq;

. [CH.COO]-[HSCOA ] [AT #*]
Kao=KaksbLetnings=317017,64* 0,000004535142=1,43772001390488= [ -6 7 T[aD - *F[Acety-CoA*

AGapp=AG:+AGp,=-31,409+30,51= -0,899 K/ mor:
AGapb=-ReTeIn(K)=-8,3144*298,15*In(1,43772001390488)= -0,8999 K/mol; A A
Exothermic and exoergic AcetylCoAs , ADP* acylation, phosphorilation Hess free energy |G -5:435 “/mai
change at pH 7,36 negative AGesterification= -5,435 K/mo1, but minimizes AGmin=AGap= -
0,899 K/moi reaching equilibrium mixture: AG=0 ]
Kabh=KakKbbLehningen=317017,64* 0,000004535142=1,43772;
Le Chatelier principle is Prigogine attractor for Free energy change minimum AGnmin
reaching at equilibrium . Free energy change minimum reaching AGrin= 0,899 Wi |
A+B+C 50% D+E+F

HPO4?+H3O*+ADP?*
product 2H20 +ATP4-

establishes equilibrium. Reactants
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THERMODYNAMICS Exercise V | Glyc31P=Glyc3P hydrolysis

Calculate AHH ASH AG at standard conditions (298.15 K). Reaction is exothermic , athermic, endothermic?
Glycerate dephosphorilation Glyc31P=Glyc3P - with water! Exoergic or endoergic! Reactants => products
Lehninger 2000 AGaL=-39,351 K/moI; cGlycerat31P*+H20 =>Glycerat3P3 + H2POs; pH<7,199

Lehninger 2000 AGaLehninger=-49,3 K/mor; Glycerat31P*+2H.0O=>Glycerat3P3+HP 04> +H3O*+AG+Q; pH=7,36

Substance  |AH®°HK/mol| AS°H ¥motik|AG°H K/mol|  KaL=KaLenninger/[H20]=433562158,5/55,3457339=7833705,111
H3O* -285,81 -3,854 | -213,275 | AGa =-ReTeln(Ka)=-8,3144*298,15*In(7833705,111)= -39,351 /g
H20 -285,85 | 69,9565 | -237,191 | AGHess=AG°clyc3p+AG°H2p04-AGCGlyc31P-AG°H20=-126,2 K/mo;
H20 -286,65 | -453,188 | -151,549 |=-1347,73-1137,3-(-2207,3+(-151,549))= -126,2 K/mo

H2PO4  -1296,3 90,4 -1130,2 KaLehninger=exp(49300/8,3144/298,15)=433562158,5
H2PO4 -1302,6 92,5 -1137,3 | Exoergic Glycerat31P* hydrolise A 12620 A
HPO4* -1292,14 | -33,47 | -1089,28 | Hess free energy change negative -107,75 Yol

HPO42_ '1298,89 '810,792 -1057,143 AGesterification:-126,2 k‘]/m0| and at pH """""""" B

Glycerate- - - -452,31 7,36 the -107.75 X/mal,

Glycerat2P* - - ~1341.79 | but minimizes to AGa=-39,4 Wimat | N\ N __.+.___ 3]
Glycerat2P? - - -1333,2 and atpH=7,36t0

Glycerat3p® | -1725,81 | -2224,26 | -1347,73 | AGatetninger=-49,3 “/mai reaching A5 ' _ 39 47~
Glycerat31P% | -172576 | -2290,6 |-2207,30 equilibrium mixture AGmin: AGmin= -49,3 kJ!/mol

[HP 07 ].[H30%]- [Glycerat3P ]
[H,0]%[Glycerat137*]

AGHess=AG°H30++AG Glycap+AG°HpPo42--AG°Glyc31P-2AG°H20=-107.75 K/mol; Reactants Glycerat31P4+2HO
=-213,275-1347,73-1057,143-(-2207,30+2*-151,549)=-107.75 K/mol . products Glycerat3P3+HPO4>+H30*
Le Chatelier principle is Prigogine attractor for Free energy change minimum AGmin reaching equilibrium .
Free energy change minimum reaching establishes equilibrium.

pH<7,199; PyruvEnolP%+H,0=>H;CC=0CO0O +H,POy;

AGHess=AG °Hacc=0c00+AG °H2po4-AG pyruvenolp3-AG ° H20=-474,44-1137,3-(-1189,73-155,66)=-53,075 ¥/mol.

a PyruvEnolP? +H20 => H;CC=0COO" + HPO4*+AG+Q; pH=7,36 AGLehninger=-61,9 K/mor; Lehninger 2000;
AGH=AG" H3cc=0c00+AG°Hp042-AG pyruvenolP3-AG°Hz20 =-344,62-1057,14-(-1189,73 -151,549)=-60,481 K/mol .
K Lenninger=eXP(-AG eminger/ R/ T)=€xp(61900/8,3144/298,15)=69902464988

KaL=K Lenninger/[H3O*]=69902464988/55,3457339=1263014510
AGa=-R*TeIn(Ka)=-8,3144*298,15*In(1263014510)/1000= -51,95 *¥/maI;

Exoergic PyruvEnolP? hydrolise Hess free energy change AGress at pH 7,36
negative -60,48 K/mo1, but minimizes AGmin=AGeq= -51,95 ¥/mol reaching

o _ [cH.Cc=0Cc00]-[HPO/ ] _
equilibrium mixture: [H,0] “[PyruvEnolP¥] =1263014510=Ka ; Le Chatelier

:433562158,5:KaLehninger ; KaL:KaLehninger/[HzO]:7833705; A+2B 50% C+D+E

principle is Prigogine attractor for Free energy change minimum AGmin reaching
equilibrium . Free energy change minimum reaching establishes equilibrium.

AGmin=-51,9|5 K mol \}

A+B 50% C+D
Reactants PyruvEnolP3 +H20
products H3CC=0COO- + HPO4*
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THERMODYNAMICS V m Glc 6-P?hydrolysis to Glc+HPOs? and Glc 6-P#to Glc 1-PZ isomerisation
Calculate AHH ASH AG at standard conditions 298.15 K. Reaction is exothermic , athermic, endothermic?
Glc 6-PZ, Glc 1-P#dephosphorilation to Glucose! Exoergic or endoergic! Reactants => products
Lehninger 2000 AGLeninger= -13,8 X/mor; GIc6P2+H20 => Glc+HPO4>+Q+AG; pH=7,36; AGH=-11,38 k¥/mo|
AGtehninger=-20,9 I(“]/mol; GlclPZ+H20 => G|C+HPO42'+AG+Q;;pH:7,36;AGH:-18,42 K/ mol BioThermodyn 2006

Substance AHor,kJ/mol Asor,J/moI/K AGOr,kJ/mol 1.AHHess:AHoproducts-AHOreactants; 2.ASHess:ASOproducts-Asoreactants;
H20 -285,85 | 69,9565 | -237,191 3.AGHess=AHHess- T*ASHess;
H20 -286,65 | -453,188 | -151,549 JAGH=AG cIc +AG°Hp042--AG°H20 -AG°cIcep=-11,382 X/mol eX0EIrgic
Glc |[-1263,78| -269,45 | -919,96 [|=-402,05-1057,143-(-151,549-1296,262)=-11,382 ......X/mol
Glc |-1267,13|-2901,49 | -402,05 JAGH=AG cic+AG°Hp042-AG°H20-AG GIc1p=-18,423 K/mol eX0€rgic

H.PO4 | -1302,6 92,5 -1137,3 |=-402,05-1057,143-(-151,549-1289,221)=-18,423......... K/ mol

HPO.> |-1292,14| -33,47 | -1089,28 |1. AHHe=AH GIc+AH HPo42--AH H20-AH GIcsp =-0,056 K/mor athermic
HPO4*> |-1298,89 | -810,792 | -1057,143 |=-1267,13-1298,89-(-286,65-2279,314)= -0,056................ K fmol;
Glc6PZ | -2260 | 3291,56 | -1318,92 |2. ASdisperse=-AHH/T=56/298,15=0,188............. I/ (mol k)

Glc6P? |-2279,314 |-3297,196 | -1296,262 |2. ASHe=AS °Gic+AS°HP042-AS°H20-AS °Gicep=38,102 Y/molk;

GlclP? | -2260 | 3291,56 | -1311,89 |=-2901,49-810,792-(-453,188-3297,196)=38,102.......... I molik;
Glcl1Pz - - -1289,221 JAGHe=AHH-T*ASH=-0,056-298,15*0,038102= -11,42 X/mo;

3.AStota=ASH+ASdisperse=0,188+38,102=38,29

...... I/(mol K; T*AStotar=38,29%298,15=11,42: K)/me| spontaneouse

AHHI:AHOGIC+AHOHPO42—‘AH°HZO‘AHOGIC1P :'16,02 I(‘]/mol ; ASH1:AS°G|0+AS°HPo42-AS°Hzo-AS°G|91p:32,466 J/mOI/K;
AGH1=AH-T*ASH=-16,02-298,15*0,032466=-25,6997 K/mol; AGHe6=AHss-T*ASHs=0,056-298,15*-0,038102= 11,42 X/mal

[Glc]-[H

o]

[Glc6P%]-[H,0]

[Glc]-[H

AGLehnigers=-13.8; KLenmigers=EXP(-AGH/R/T)=EXP(13800/8,3144/298,15)=261,62;210,93
=Keq6=4,727;3,811;298,15 K, 310,15; Keqs=KLenmigers/[H20]=261,62/55,3457339=4,727
AGeq1= -ReTeIn(Keq1)=-8,3144*298,15*In(4,727)/1000= -3,851 X/mol ; -3,45 K/mol

KLenmiger1=EXP(-AGH /R/T)=EXP(20900/8,3144/298,15)=4587,22; 3310,4

o]

=Keq1=82,883;0, 59,813; 298,15, 310,15; Keq1=KLehmiger1/[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 ¥/mol ;

AGLehnigers6=13.8; KLehmigerss=EXP(-AGLes/R/T)=EXP(-13800/8,3144/298,15)=0,003822314; 0,004740984
Kege6=KLehmigerss*[H20]=0,003822314*55,3457339=0,21154877; 0,262393; 298,15 K , 310,15 K .
AGeqes=-ReTeIn(Keqs6)=-8,3144*298,15*In(0,21154877)/1000=3,85 X/moi ; 3,45 K/mol .

Endothermic and exoergic dephosphorilation reaction free energy AGphosphorilation
negaitive = -11,42 K/mor, but minimized to AGmin = AGeq = -3,851 X/mol
reaching equilibrium Keq=4,727 .

Reaction Prigogine attractor is free energy change minimum AGnmin .

Free energy minimum reaching establishes equilibrium.

<=> Glc6
AG=AG°cicsp-AG°Glc1p=-1296,262-(-1289,221)=-7,042 K/mol EXO0ErGiC...............
AGtota=AG°Hes+AG°H1=11,42-25,7 = -14,28 K/mol €X0EIiC...............
Ke=[Glc 6-phosphate]/[Glc 1-phosphate]=17 mM/1 mM
AGeq = - ReTeln(Keq) = - 8,3144*298,15*In(17) = -7,02 K/mo1. Endothermic and exoergic
isomerisation reaction free energy change AGisomerisation Negative
AGiotai=11,42-19,63 X/mor = -8,21 K/mor , but minimized to AGeq = -7,02 K/mol reaching
equilibrium AGmin . Le Chatelier principle is Prigogine attractor for Free energy change
minimum AGnmin reaching equilibrium . Free energy change minimum reaching establishes
equilibrium.

Glcl

>

: constant Kaicipcicer= 17 AGmin= -3,85lkJ/mo.

A+B 50% C+D
Glc6PZ+H:20 reactants
products Glc+HPO42

AGmin:-7,02IkJ/mol M

A 50%

Kagcicipcicep= 17 ;
Glc 1

reactant and product Glc_6 B
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THERMODYNAMICS Exercise VI Carbonic Anhydrase protolysis equilibrium H,O/'CACQO,/Hz0*+HCO3
E3 class Enzyme Carbonic anhydrase (CA) protolysis H2O/CACO2/H3O*+HCO3  and CO: reaction with 2H20!
Will be exoergic or endoergic! CO2zgas N0 act H20 just water soluble CO2gas +H2O+AG<=> CO2aquatQ);

Substance | AH Hess,“/mol | AS®Hess,"/molik | AG°Hess,¥/mol AHH=AH°co2aq-AH co2gas=-413.7976+393.509=-20.3 K /mol
H3O* -285.81 -3.854 -213.274599 |  ASHess=AS°cozaqua-AS°co2gas=117.57-213.74=-96.17 /molik;
OH- -230.015 -10.9 -157.2 =117.57+69.9565-(213.74+69.9565)=-96.17....... I molik

HCOgs -689.93 98.324 -586.93988 | AGH=AHH-T*ASH=-20.3+298.15*0.09617=8.385 X/ma;
HCOs -692.4948 -494.768 -544.9688 | AGsp=AG°co2aq-AG°co2gas=-385.98+394.359=8.379 K/mol
H20 -285.85 69.9565 -237.191 Ksp=EXP(-AGs/RIT)=EXP(-8379/8.3144/298.15)=0.034045
H20 -286.65 -453.188 -151.549 XC%aqua _ [CO, aqua] _
COzaqua | -413.7976 | 1175704 | -385.98 | Ke=0.0341= {5~ 0 = [CO, gasl [1,0] 100% mol fraction
CO2gas -393.509 213.74 -394.359 | [CO2gas]=1; [CO2aqua]=Ksp[H20]=0.034*55.346=1.878 M

Air 0.04% [CO2gas]=0.0004; [CO2aqua] =Ksp*[CO27gas] *[H20]=0.034045*0.0004*55.3457339=0.000754 M;
Hydrolysis reaction CO2aquat2H20+AG+Q =CA> H30O*+HCO3" and acid neutralisation equilibrium

AHH=AH H30+AH°Hco3-2AHH20-AH c02=-285.81-692.4948-(2*-285.85-413.7976)=9.7576.......... K mo;

ASdispersed=-AHHess/ T=-9.7576/298.15=-32.727....... Imoik; endothermic.............ccco.ee.e.

2. ASHess=AS°H30+AS HC03-2AS°H20-AS°c02=-3.854+98.324-(2*%69.9565+117.5704)=-163.0134.......... Imol/k;

AStotal= ASHess+ ASdispersed: -32.727 -163.0134 = -195.169........ J/moI/K;

3. AGHess=AHHess— T*ASHess=+9.7576+298.15*%0.1630134=58.19............ K mol;

TeAStota=-195.7404"298.15 K=-58.19........... K/mo1; bound TASn«_accumulated free energy endoergic...........

3. AGHess=AG°H30+AG°Hco3 -2AG°H20-AG°c02=-213.2746-544.9688-(2*-237.191-385.98)=102 K/mol;

AGabsolute=GHzo+GHco3-(2GH20+Gcozqua)= 22.44+46.08-(2*0+8.379)=60.14 K/mo ;
d [HCOslaaualHs0] _p. =K 1icoal[H20]=100(70512/55 3457339722 906*10-11
[C O3] aqua’ [H20]*

AGeqgca = - ReTeln(Kegca)=-8.3144*298.15*In(2.906*10"(11)=60.14 /mol.

Endoergic COzgas solubility and COzaq protolysis AGhydratation=10.77.%/mo1 Hess free energy

change positive and AGprotolysis 102 ¥/mor , but minimizes reaching mixture solubility AG>0
AGmin=AGsp=8.379 K /mor and protolysis AGmin=AGeq = 60 Kol

Ka=Kca=Keqca*[H20]2= [HCO;Jaqua-[H30"] =10-7.0512

Thermodynamic unfavore

A w9, ch

[CO2 aqua
Value pKa=pKca=7.0512 is frendly to physiologic pH=7.36. Le Chatelier principle is §AGrmin= 8,379 Vo
Prigogine attractor for Free energy change minimum AGnmin reaching equilibrium . A+2B 50% C+D
Free energy change minimum reaching establishes equilibrium. CO2aquat2H20 products HCOz+H3O*

GH30+HCc03=GH30++GHc03-=22.44+46.08=AGspcozaquatAGeqcozaqua=8.379+60.14=68.52 K/ . [1-814]

In ocean with hydroxide anion irreversiblly COzaqua+ OH=>HCO3+AG(-39.7 ¥/mo1)+AH(-48.68 K/ma).
AHHess=AH°Hco3-AH co2-AH oH=-692.4948-(-413.7976-230.015)=-48.68 K/mo1; exothermic....................
ASdispersed:-AHHess/T:48682.2/298.15:163.3 J/moI/K; AStotaI=ASHess+ASdispersed:163.3-601.44: -438.14 ‘]/moI/K;

2. ASHess=AS°Hc03-AS°co2-AS°oH=-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; endoergic...........
TeAStotai=-0.43814298.15 K=-130.6 X/mo1; bound TASn«_accumulated energy in products .
3. AGHess=AG°Hco3-AG°co2-AG°on=-544.9688-(-385.98-157.2)=-1.7888 K/moi; pH=7.36; pOH=6.64
AGeqon=-ReTeIn(Keqon)=-8.3144*298.15*In(9180981.6)/1000= -39.7 X/ma ; Reaction is slow at pOH=6.64
[HCO,] Keqon=Keqca/KH20=2.993*107(-11)/3.26/10"(18)= 9180981.6; Reversible CA present; [HCO;]
ol inn] =Keqon=Keqca/ KH20=9180981.6; Ratio KeqoH[OH]=9180981.6*10"(6-64=2,103=
[C 02] aqua [oH] - T _ [C OZ] aqua
AGon=-ReTeIn(KeqoH[OH])=-8.3144*298.15*In(2.1032413768)/1000= -1.84 K/mo
[HCO3]=Keg[OH]*[CO2aqua]=2.103*0.00075125=0.00158 M;
Sum is [CO2aqua] +[HCO37]=0.00075125+0.00158=0.00223 M;
([CO2aqua] +[HCO3])/[CO2aqua_from_aIr]=0.023/0.000754=30.5 times greater with CA Carbonic Anhydrase.
Distinction of CA on Earth the bicarbonate carbon assimilation of CO: in aqua sphere decreases 30.5 times.
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THERMODYNAMICS Exercise VI through ionic channels drive reaction HsO*+HCOs to exhale CO2

Air 0.04% mol fraction [CO21.ir]=0.0004 as 400 ppm parts per million of air dissolute (see 46" page,):
[Cozaqua]=Keq*[COZTair]=1,878*0,0004=0,0007512 M.

In lungs H*+HCOs to breath out gas CO2 with water 2H,0O exothermic, athermic or endothermic?.Will be exoergic

or endoergic! <=Reverse for photosynthesis direct for oxidation=>Hz0*+HCO3=>CO2quat2H.0+Q +AG

Substance AHOHess,kJ/mol AS°Hess, molik AGOHess,kJ/moI AGHess=2AG°H20+AG°co2-AG°H30-AG°Hco3=-102 K/mol
H3O* -285,81 -3,854 -213,274599 | =2*-237,191-385,98-(-213,2746-544,9688)=-102 K/mol;
-OH- -230,015 -10,9 -157,2 AHH=2AH°H20+AH°co2-AH°H30-AH Hc03=-7,1928 X/mol

HCO3 -689.93 98.324 -586,93988 | =2*-285,85-413,7976-(-285,81-692,4948)=-7,1928 X/mol
HCOs -692,4948 - 494,768 -544,9688 ASdispersed=-AHHess/ T=7,1928/298,15=24,125 Y/mol/k;
H20 -285,85 69,9565 -237,191 AStota=ASHess+ASdispersed=756,1054+24,125=780,23 Y/molik;
H20 -286,65 -453,188 -151,549 AGH=AHH-T*ASH=-7,193-298,15*0,7561=-232,6 K/moI ;
COgzaqua | -413,7976 117,5704 -385,98  |ASHess=2AS°H20+AS°co2-AS°H30-AS Heos= 756,1054 Y/moik
CO27gas -393,509 213,74 -394,359 |=2*69,9565+117,5704-(-3,854-494,768)=756,1054 Y/moik

TeAStota=0,78023"298,15 K= 232,63 X/mol ; bound TASn accumulate energy endoergic, non spontaneous

CAIl; RBCs, kidney, osteoclasts, eye, Gl tract, lung, brain, and testis; Cytosol; Glaucoma, epilepsy, edema, altitude sickness;
Keat=1,4 x 108(s™1); kicozaqua=1,5 x 108(M~! s7!); Biomed Res Int. 2015;2015:453543. Review Article 3KS3,
VlzklcOZaqua[COZaqua]:1,5*10/\8*0,0007512:112680 st as Vlzkcat/KM*[Ei][Si] ; [Ei]:]. M; Si:[COZaqua];

CAIll: CO2aqua+2H20+AG+Q=v1A>H30*+HCO3 ; pH=7,36,
ko=K1co2aqua/ Keqca=1,5%10"8/2,9016/10711)=5,17*10/8 5-1=10/187 M-25°1;
Neutralisation velocity constant k=10"187 M-2s1; H3O*+HCO3=>CO2aqua+2H20 ;. [HCO3]  .[H307]
Ka=Keqca*[H20]2=2,902*10/M11*(55,3457339)2=8,892* 10N-B=10/-7:0512); Keqca = [C 0] aqua[H 20]2

Neutralisation H3O*+HCO3=>CO2aquat2H20 velocity according bicarbonate concentration in ocean
pOHocean=5,9; pHocean:8,l; [HCOa']:0,003 M; Haack Weltmeer Atlas 1969:
V2=kz¢[H30*][HCO3]=10M87*101(81)*0,003=119432151 s°%;
Extra Mitochondrial pH=5 v2=kz¢[H3O*][HCO3]=10"187*10"(5*0,0154=771828339786 s,
Neutralisation velocity constant is greater the slow hydroxide anions reaction kion=1,5x102 M2s1;
HCO3z=>CO2aqua+tOH+AG+Q decomposition reaction: kncos=1,5*107%/9180981,6=0,000016338 M1s71;
Keqon=K10H/kHco3=[HCO3)/[CO2aqua]/[OH]=1,5*10%? M 25 1/kHc03=8914110.
VHco3=Kncos*[HCO37]=0,00001683*0,0154=0,000000259182 s !;
CO2aquatOH=>HCO3": vion=k1oH*[CO2aqua] *[OH-]=1,5*10"2*0,0076*10"(-6.63)=0,000000267; s1;
Velocity with hydroxide kion/Kicozaqua=1,5*10"2/1,5/10"8=10"-¢ million times slower CA. [HCO,]
Favored OH- but lower at absent CA Keqon=Keqca/KH20=2,993*10"(11)/3,26/10"28=9180981,6= [C O,] aqua’ [OH]

AGeqoH=-ReTeIn(Keqon)=-8,3144*298,15*In(9180981,6)/1000=-39.7 K/mar ; Unfavored equilibrium.
AGHess=AG°Hc03-AG°0 H-AG°c02=-586,93988-(-157,2-385,98)=-43.76 K/mol;
KeqoH=Kegca/KH20=2,993*107(-11)/3,26/10"18)= 9180981,6; Kegrcos=1/Keqon=1/9180981,6=0.0000001089;
Neutralisation is faster 34463449218 times over carbonic anhydrase CA driven velocity kicozaqua=1,5*108 M1 s71;
1/Keqca=ka/K1co2aqua=10"187/1,5/10"8=33412482242; Keqca=K1cozaqualka=1,5*1078/107M8.7=2 993*10/(-11);
Exothermic and exoergic neutralization H3O*+HCO3<=>CO2aquat2H20 Hess free energy negaitive
AGneutralisation -102 kJ/mol , -43.76 kJ/mol COZaqua+OH' => HCO3', but AGminZAGeqz-ﬁo I(J/mol A -43.76 9, A
minimized -39.67 ¥/mal., reaching KeqHco3=1/Keqon=1/9180981,6=0.0000001089 G 1029
equilibrium mixture Keqon=Keqca/KH20=9180981,6.

Le Chatelier principle is Prigogine attractor free energy change minimum
reaching AGmin at mixture. Free energy minimum reaching establishes equilibrium. | N\ ™A---7----7= I
AG1/eqon=-ReTeIn(1/Keqor)=-8,3144*298,15*In(34463449218)/1000=-60 K/mo ;

CO2squa+OH" ; H3O*+HCO3 reactants products COzaqua+2H20; o537 sdmwi

Protolysis of water pH=pOH=7 GHzo++0H-=GH3o++Gon=22.44+77.36=99.8 K/mol ;

¥
A+B 50% C+2D
CA GH30+Hc03=GH3o++GHco3-=22.44+46.08=AGspcozaquat AGeqcozaqua=8.379+60.14=68.52 K/ . [1.8.14]
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THERMODYNAMICS Exercise VIII Glycine+glycine— glycylglycine dipeptide synthesis
Calculate AHH ASH AGH at standard conditions (298.15 K). Reaction is exothermic , athermic, endothermic? For
peptide synthesis polycondensation Enzyme ribosome governed reaction with amino acids glycine Gly (G) using the
data table! Mention whether the reaction will be exoergic or endoergic!  Glycine+glycine— glycylglycine dipeptide
synthesis; Q+AG +Glyag+Glyaqg—-Ribosome , GlyGlyagua+ H20
1. AHress=AH GlyGly + AH®m20-2 AH Gly=-790,99-285,85-(2*-554,56)=-1033.53 +1028.72= -32,28 W/;y exothermic.
2. ASdispersedz-AHH/T:Ar,81/298.1516.13 J/moI/K;
ASHess=AS°Gly-Gly + AS°hz20 -2 AS°cly =111+69,9565-(2*158,45)=180,957-316,9 = -135,9435 Y/mok;
3. AStota=ASr+ ASdispersed:-135,9435"‘16.13 =-119,81 ‘]/mollK;
AGH= AHH— T*ASH=-4.81-298.15*-0.1359435 = - 4,81+41,128= 35,72 “/nsi; endoergic non spontaneous
TeAStota= -119,81 J/K/mo1#298,15 K=-35,72 ¥/nq;bound accumulate energy in peptide product
Glycine carboxylic acid COOH protolysis constant: Keq=Kcoon/[H20]=1/12416,5=10/(-4094)=
HsN*-CH2-COOH+H20=> H3N*-CH2-COO-+H30*; pKcoorn=2,351 AHu =4,0 X/mor ; ASi= -139 Yk/mol
AHu=AH°H3n+cH2c00+ AH°H30-AH °Han+cH2c00H-AH H20=4 Wi Ka=Kcoon=1/224,39=10/(-2351)=
AH°H3n+cH2c00=4+AH°H20-AH°H30+AH °Han+cH2coon=4-286,65+285,81-525,06=-521,9 X/nor;
AS°Han+cH2c00 =-139+AS°H20-ASH30+AS  Han+cH2cooH=-139-453,188+3,854-1204,952=-1793,3 Y/k/mol;
AGv=AH—T*AS,=4-298,15*-0,139=45,44 “/o;endoergic
r + - H.0*].[H.N*CH.,COO ]Gl
AGeqz-R°T°ln(Keq):-8,3144'298,15'|n(10'4'094):23,37 k‘]/mol, KequH3N+/[HZO]:1/108902871:10’\('9'78):
H3sN*-CH2-COO-+H20 <=H2N-CH2-COO-+H30; pKH3N+:9,780; AHHess<=44,2 I(J/mol; ASHess<= -57 Ik/mol
AHuess=AHH2ncH2c00+ AHPH30-AH ®HaN+cH2c00-AH H20=44,2 W/ Ka=KH3n+=1/6025595861=10"(9.78)=
AH°Han+cH2c00 =-44,2+AH°HancH2coo +AHCH20-AHPH30=-44,2-525,06-286,65+285,81= -570,1 Y/
AS°H3N+cH2c00=--57+AS°H2nCcH2c00+AS  H20-AS°H30=-57,137-1204,952-453,188+3,854=-1597,3 /k/mo;
AGH=AHw—T*AS,=44,2-298,15*0,057=27,2 “/ma; endooergic
[H*].[H,NCH,COO"] [H30*]-[H,NCH,CO0"]
Kcoon=10978= [HINCH,COO ]Gy ; Keq=KHan+/[H20]=10-278/55,33=10"11.523= [H,0 ] [H3NCH,C00 ]Gly
AGeg=-ReTeIn(Keq)=-8,3144298,15+In(10-11523)=-65,773+23,37 = -42,403 K/mol,
Glycylglycine carboxylic acid COOH protolysis constant: pKcoon=3,14;AHHess=0,11 K/mol; ASHess=-128 I/k/mol
H3sN*CH2(O=C)NHCH2COOH+H20=>H3N*CH2(O=C)NHCH2COO +H30*;
AHHess=AH°H3Ngiygycoo+AH °H30-AH °H3NgygycooH-AH *H20=0,11 Y/
AH°H3Nglygy,c00=0,11+AHH20-AH°H30+AH °HaNgygycoon=0,11-286,65+285,81-737,55= -738,3 W/na;
AS°H3Nglygy,co0=-128+AS  H20-AS°H30TAS *HaNgygycooH=-128-453,188+3,854-1877,952=-2455,3 ¥//mol;
AGH=AH1-T*ASH=0,11-298,15*-0,128=38,27 Y/mo; endooergic; Ka= Kcoon=1/1380,4=10"(314);
[H*]-[H;N"GlyeyCO O Jaly [H30"]-[HsN"GlyayCOO|Gly
Kcoon=10-314= [HiN'eycy COOH] Keq=Kcoon/[H20]=10-314/55,33=10-4:883= [H,0] [H;NGlycly COOH]

AGeg=-ReTeIn(Keq)=-8,3144*298,15*In(10"(4.8831)=27 873 K/moi, Keq=Kcoon/[H20]=1/76383,6=10-4883;
Glycilglycine amonium group HaN* deprotonation constant: pKHan=8,265; AHHess=43,4 K/mol; ASHess=-16 Y/k/mol;
H3N*CH2(O=C)NHCH2COO-+H20<=H2NCH2(O=C)NH-CH2-COO+H30";
AHHess=AH °Hangygycoo+ AH H30-AH °HaNgygycoo-AH  H20=43,4 X/
AHH3Ngygyco0=-(43,4-AH Hangygycoo +AHH20-AHH30)=-(43,4+737,55-286,65+285,81)= -780,11 “/rq;
AS°H3Nglygycoo=-(-16-ASHanglygycoo +AS°H20-AS°H30)=-(-16+1877,952-453,188+3,854)=-1412,6 Y/k/mol;
AGH=AHH{—T*ASH=43,4-298,15*-0,016=48,17 ¥/ma; endoergic
Keq=KHan+/[H20]=1/10232929923=10"(100D)=;  Ka=Kn3n+=1/184077200=10"(8.265=

[HY] [HZN GlyGly COO] [H3O+] . [HZN GlyGly COO]
Khan+=10-8.265= [HNGye,COOTay - Keg= Kran+/[H20]=10829/55,33=10-1991= "] ,O0]-H,N'Gye,COOGly

AGeq=-ReTeIn(Keq)=-8,3144+298,15+In(10-001)=-57,137+27,873= -29,262 K/rmol,

Substance AH4 ¥ mol | AS°H ok | AGH ¥ mar | 1=0,1 M | 1=0.2 M Protolysis increases AG°n/mol
Glyaqua -554,56 76,45 -180,13 -177,07 | -176,08 =-176,08-42,403=-218,48
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GlyGlyaq -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
GlyGlyag -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
HsNCH,COO- -570,1 -1597,3 -65,773 | pKa>9,78 - -65,773
Average Sum -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
Average Sum | -759,205 | -1933,95 | -29,262 | pH 7,36 - -29,262
HsO* -285,81 -3,854 -213,275 - - -
H20 -285,85 | 69,9565 | -237,191 - - -
H20 -286,65 | -453,188 | -151,549 - - -Peptide synthesis:

AHH=AH Glycly+AH°H20-2AH Gly=-737,55-286,65-(2*-525,06)=25,92 “/moi=-759,205-286,65-(2*-546)=46,145 XI/mo;
ASH=AS GlyGly+AS H20-2AS°Gly=-1877,952-453,188-(2*-1204,952)=78,764 */moi;=-1933,95-453,188-(2*-1695,3)=1003,5 /molik;
ASdisperse:-AHH/T:-Zs,92/298,15: -86,94 J/(mol K) , AStotaI:ASH+ASdispersed:-86,94+78,764:-8,176 J/(mol K),
AGH=AHH-T*ASH=25,92-298,15*0,078764= 2,4365 K/mo1; endoergic;=46,145-298,15*0,10035=16,226 “I/mol;
K Lenninger=eXp(-9200/8,3144/298,15)=1/40,9=0,02445;ab) Glyaq+Glyag=> Gly-Glyaq+H20; AGabLehninger= 9,2 */mol;
Chem. Phys. CRC, 2010, 1148;BioThermodynamic,Alberty,2006.
Glyag+Glyaqg=>GlyGlyaqua+H20:AGH=AG clycly+AGH20-2AG cly= 1/
=16,2; Lehninger = 9,2; 8,16; 6,94; 6,54; 2,43 X/mol
AGHess=46,145-298,15*0,10035=16,2265 K/mor protolize;I=0 M
AGHeq=-200,55-151,549-(2*-180,13)= 8,161 X/mol endoergic;I1=0 M g 9
AGHeq=-195,65-151,549-(2*-177,07)=6,941 K/ma endoergic;1=0,1 M [ | ‘ —— ]
AGreq=-194,07-151,549-(2*-176,08)=6,541 K/mol endoergic;1=0,2 M 2 lonic strength , M R
AGHeq=-177,6324-151,549-(2*-165,8056)=2,4298 X/mal; I=1 M; 00010203040506070809 10
Hydrolysis: AGH=2AG cly-AG°clycly-AG°H20=-2,44 K/moI; 1=1 M; Kprot=exp(2429,8/8,3144/298,15)=2,665;
Hydrolysis: Gly-GlyaguatH20=>Glyagua +GlYyaqua; AGLehninger= -9,2 K)fmol; 1=0 M;
[H,;N*CH,COO]|Gly 2 K Lehninger=eXP (-AG Lenninger/R/T)=exp(-9200/8,3144/298,15)= 0,02445 synthgsis .
[H 20]'[H3N+GIyGIyCO 0]Gly =K Lenninger=€XP (-AGLehninger/R/T)=exp(9200/8,3144/298,15)=40,91= hydrolise .

Ko,2m=exp(-AGo,2m/R/T)=exp(6541/8,3144/298,15)=13,994;pH=7,36; AGo2m=-8,3144*298,15*In(14)=-6,54 K/mol
Exothermic and exoergic hydrolysis Hess free energy change negative A PYITTIEY §
AGhydrolysis = -16,23 ¥/mol , but minimized reaching equilibrium mixture at ionic strength L z
1=0,2M AGmin= AGo2m=-6,54 I(J/mol; Ko,2m=13,994. AG=0 I

Le Chatelier principle is Prigogine attractor for Free energy change minimum AGmin
reaching at equilibrium. Free energy change minimum reaching establishes equilibrium.  |ac,,.= 07495 7.5

AGHess ’ k‘]/mol

| Lehninaer

']

Reactants Gly-Glyaquat H20=>Glyaqua+Glyaqua products_a4+g 5006 2C
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AGbLehninger:-R°T°ln(KbLehninger):-8,3144*298, 15*In (220500,2)/10002 -30,5 I(J/mol; [H
Keq=Kb Lehninger=eXp(-AGbLehninger/R/T):exp(30500/8,3144/298,15):exp(12,304):220500,2:
AGLehninger=-ReTeIn (K etninger)=-8,3144*298,15*In(0,0001739)/1000=21,46 “/mo .

042_]'[AD 3_]'[H30+]
[H,0 AT P*]

[H2

o;]-[AD*]

pH<7,199.ATP3+H20=>ADP?+H2PO4; KLehninger=KbLehninger*[H3O*]/[H20]=0,0001739= [H,0] [AT 3

AGH=AG°ApP3+AG°Hp042-AG°ATP4-AG°H20=-1399,9-1057,143-(-2267,64-237,191)=47,79 X/ma;

b) ATP++2H20=>ADP3*+HPO42+H30*; AGoLenninger=-30,5 “//mo; KboLetninger=KLenninger[H20]/[H30*]=220500,2;
AGH=AG® apps+AGHposrAG Hao-AG aTpa-2AGz0=-1399,9-1057,143-213,275-(-2267,64+2*-151,549)=-99,58 W/
a) Glyag+Glyaq=>Gly-Glyaq+H20; AGo2m=6,54 K/mol; Ko 2m=exp(-6541/8,3144/298,15)=0,07146.
Ko,2Mhydrolyse=1/Ko,2m =1/0,07146=13,994;

ab)GlYaq+GlYat ATP4+H,0=>GlyGlyaq+ADPE+HPO,2+H30*AGa=AGo 2m-AGbLetminger=6,54-30,5=-23,96 <V/pnor

AGH=AG cly-cly+AG°App3+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;
Substance AH®4 ¥/ mot AS®H Ymoik AG®H, Y/ mor; =-177,632-1399,9-1057,143-213,275-(2*-165,806-2267,64-151,549)=-97,15 K/yq1;

HsO* |-28581] -3,854 |-213,275
H.0O |-285,85 | 69,9565 | -237,191
H20 |-286,65 |-453,188|-151,549
H:POs [1296,3 | 90,4 | -1130,2
H:POs |-1302,6 | 925 | -1137,3
HPO.> |-1292,14] -33,47 |-1089,28
HPO.2 [-1298,89]-810,792|-1057,143
ADP® | -2627,4| -4010 | -14247
ATP* |-3617,15] -4520 | -2292,5
ADP® | -2627,4 | -4117,11| -1399,9
ATP+ | -3617,1 | -4526,1 | -2267,64
Glyaqa | -554,56 | 76,45 | -176,08
GlyGlyag -790,99| -1 | -194,07
Glyaqa | -525,06 |-1204,95 | -165,806
GlyGlyaq| -737,55 | -1877,95| 177,632

b) ATP4'+2HZO:>ADP3'+HPO42'+H30+; AGbLehninger:-30,5 I(J/mol;
KbLehninger=220500,2; pH=7,36;

oy H
Hydrolase
¢ l)\ J

T

HN

N

e 9 9 l OO o~ Q a8
______ -p- I
o“o”o”O o 6 + 0-p-0-poO NN
°© o N_1+2H,0 R
H-O O-H H3O H-O o-H
a) Glyag+Glyag=> Gly-Glyaq+H20; AGo2m=6,54 Kfmo;
gly+gly gly-gly ¢
+ H,0 +HOP"
ATP*% Ribosome ADP® 4y oF ©

ab)Glyag+Glyag+ATP*++H20=>GlyGlyasg+ADP3+HPO42+H30";
AGab=AGo,2M+AGbpLehninger=6,54-30,5=-23,96 K mo;
Peptide bond synthesis in Ribosomes.

Keq=Ko.2mKp= 0,07146%220500,2=[GlyGly]*[ADPT*[HPO2T*[H:0*/[Gly]2[ATP+]/[H20]= 15756,9.

Free energy change minimum reaching establishes equilibrium.

Free energy change minimum AGmin reaching at equilibrium.

Keq_ao2mb=KomKp= [H,N*CH,COO ]Gly2.[H,O] [AT P *]
AGegLehninger=-ReTeIn(KegLenninger)=-8,3144*298,15*In(15756,944)/1000=-23,959 K/mo| .
KegLehninger=KLenninger[H20]/[H30*]=0,000012428*55,3457/10/(-7:36)=15756,944.
Lehninger exoergic ATP# hydrolise GlyGly synthesis in Ribosome Hess free energy
change at pH=7,36 negative AGhydrolise= -99,58 K/mot, -97,15 ¥/mal, but is minimized
AGmin=AGeq =-30,5 ¥/mo1 and =
KbLehninger=220500,2 and Keq_a0,2mb=15757. Le Chatelier principle is Prigogine attractor for

[H,NGyeyCOOJGly-[H PO T[ADP ] [H;0]

-23,96 K/mal reaching equilibrium mixture to

=15756,944 .

-99,58 “/ma

G -97,15 kJ/mm

AGmin:-30,5 k‘]/mo|
AGin=-2396 “Ina
A+2B+C 50% D+E+F+G
ATP4_+GIyaq+G|yaq+HZO
products GlyGlyag+ADP*+HPO.>+H;0";

reactants
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THERMODYNAMICS Exercise VIl a Maltose hydrolise to Glc+Glc

Calculate AHH ASH AGy at standard conditions 298.15 K. Reaction exothermic , athermic, endothermic? For the
Lactose hydrolise to Glucose and Galactose! Will be exoergic or endoergic!

Lehninger 2000 AGLenninger=-15,9 K/mor;Lactose+H20<=>Glc+Gal;pH=7,36; AGH= -20,3 X/mol ;
Maltose-hydrolise to Glucose! Will be exoergic or endoergic!

Lehninger 2000 AGtehninger=-15,5 ¥/mo1;Maltose+H20<=>Glc+Glc;pH=7,36; AGaLBeRTY= 19,9 Km0 ;

reactants => products pH=7,199; pH=7,36; 1=0,25 M

BioThermodyn 2006 pH=7,36;
Substance| AH®H K/mol [AS°H Ymolik| AG®H K/mol
H20 -285,85 | 69,9565 | -237,191
H20 -286,65 | -453,188 | -151,549
Gal -1260,14 |-2901,428 | -395,080
Glc -1263,78 | 269,45 -919,96
Glc -1267,13 | -2901,49 | -402,05
Maltose | -2247,12 | -5415,032 | -632,6312
Lactose | -2242,14 | -5423,03 | -625,27 [BioThermodyn06

AGALBERTY=AG GIc+AG°Gal-AG° Lactoze-AG°H20=-402,052-395,08-(-625,27-151,549)= -20,3 X/mol eX0€rgic;
AGALBERTY=2AG GIc- AG°Maitose ~AG°H20 =2*-402,05-(-632,6312-151,549)= -19,92 K/mo ex0ergic;

1. AHH=2AH°GIc-AHMaitoHe ~AH°H20=2*-1267,13-(-2247,12-151,549)= -135,591 X/mo exothermic ;

2. ASdisperse= AHH/T=-135,591/298,15= 454,774442 (mol k) ;

2. ASH=2AS°GIc- AS°Maltose -AS°H20 =2*-2901,49-(-5415,032-453,188)= 65,24 Y/mol/k;

3.AStotal= ASH+ ASdisperse=454,774442+65,24= 520,0144442 3/ (mol k) ;
AGH=AHH-T*ASH=-135,591-298,15*0,06524=-155,0423 K/mol X0€rgiC ;

3. T*AStotai=520,0144442*298,15=155,0423 ¥/mol TAStotal bound energy dispersed spontaneous.

K Lehninger=eXP(-AG Lehninger/R/T)=exp(15500/8,3144/298,15)=519,4=10%71%5

Keq=KLehninge =519,4 =

[Glc]-[Glc]
[Maltose]-[H,0]

Prigogine attractor minimum AGmin=AGeq=-19,9 Kol ; AGtLehninger=-15,5 K/ mol; AGHess= -155 K/mol;

Endothermic and exoergic hydrolysis Hess free energy change negative
AGhydrolysis = -155 K/mor , but Prigogine attractor favored equilibrium constant
free energy change minimum ——— AGmin= AGeq = -15,5 K/mo;

Le Chatelier principle is Prigogine attractor for Free energy change minimum AGmin

at reaching equilibrium Keq =

[Glc]-[Glc]
[Maltose]-[H,0]

=519,4;

AGmin: '15y5|kjlmol
Maltose+H20 aA4+B  50% C+D

Reactants and products
Glc+Glc .

¥

reaching at equilibrium. Free energy change minimum reaching establishes equilibrium.
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THERMODYNAMICS Exercise VIII b Lactose hydrolise to Glc+Gal reaction BioThermodyn 2006 pH=7,36
Calculate AHH ASH AGw at standard conditions (298.15 K). Reaction is exothermic , athermic, endothermic? For the

Lactose-hydrolise reaction with water to Glucose and Galactose! Will be exoergic or endoergic!
Lehninger 2000 AGutehninger= -15,9 I<J/mol; Lactose + H20 <=> Glc + Gal; pPH=7,36; AGHess= -20,3 K/ mol 1 1=0,25 M

BioThermodyn 2006 pH=7,36 reactants <=> products ;
Substance | AH®H X/mot |AS°H Y molik| AG°H K/ mol
H20 -285,85 | 69,9565 | -237,191
H20 -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
Lactose | -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/mo exothermic ;
2. ASdisperss= AHH/T=-135,591/298,15= 454,774442 /mol k) ;
2. ASH=2AS°GIc- AS°Maltose ~AS°Hz20 =2*-2901,49-(-5415,032-453,188)= 65,24 Y/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 ¥/mol TAStotal bound energy dispersed spontaneous.
K Leninger=eXP(-AG Leninger/R/T)=€xp(20300/8,3144/298,15)=3601

KooK 3601 = [Glc]-[Gal]

ea=Leninge =55UL = 1| aktoze]-[H 0]

Prigogine attractor minimum AGmin=AGeq=-15.9 K mol ; AGtLehninger=-15,9 K /mol; AGHess= -20,311 K/mo;

Prigogine attractor favored equilibrium constant by Hess law solution.
Endothermic and exoergic hydrolysis Hess free energy change negative A

- o G 155 A
AGHessHydrolysis= -155 K/mol , but Prigogine attractor favored equilibrium constant [~ 2
free energy change minimum ——— AGmin= AGeq = -20,3 K/mol
[Gle)}[Gall N G

reaching equilibrium Keq = =3601. Le Chatelier principle

[Lactose]-[H,0]
is reaching Prigogine attractor - Free energy change minimum AGmin in mixture.

Free energy change minimum reaching establishes equilibrium.  Lactose+H.0 AtB ~ 50% C+D
Glc+Gal_reactants & products.

AGmin: ‘20,3 kJ/mol
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THERMODYNAMICS Exercise IX bicarbonate neutralisation for CO2 gas evaporation

Along concentration gradients through proton H* channels [H3O*]righ/[H3O*]ieft and
through bicarbonate HCOs channels [HC Oz ]right/[HC O3 ]iert evaporation in lungs of water and CO: gas.
Substance| AH®H K/mol | AS°H ¥molik| AG®1 %/ mol Q+H30++HCO3':Channa|S H, HC03>:>H20+H20gas+COZgas+AG
HsO* -285,81 -3,854 | -213,275 | AHH=AH°H20+AH°H20gas+AH°co2gas-AH°H3o-AHHco3=54,546 K/mol;
HCOz | -689,93 | 98,324 | -586,94 | =-285,85-241,8352-393,509-(-285,81-689,93)=54,546 X/mo endoth
HCOs |-692,4948| -494,768 |-544,9688| AGH=AG°H20+AG°H20gas+AG°co2gas-AG°H30-AG°Hc03=-59,935 X/mol
H20 -285,85 | 69,9565 |-237,191 | =-237,191-228,6-394,359-(-213,275-586,94)=-59,935 k/moi eX0€rgic
H20 -286,65 | -453,188 | -151,549 ASdispersed= -AHR/T=-54,546/298,15= -182,948 /mol/k;
H2O1gas | -241,8352 | 188,7402 | -228,6 |AStota=ASH+ASdispersed=-182,948+377,966=195,016 Y/mol/k
CO2%gas | -393,509 | 213,74 | -394,359 AGH=AHH-T*ASH=54,546-298,15*0,377966= -58,144 X/moi; exoergic
CO2aq | -413,798 | 117,5704 | -385,98
ASHess=AS°H20+AS°H20 T gastAS °co21 gas-AS *H30-AS°Hc03=377,966 Imollk
=69,956+188,74+213,74-(-3,854+98,324)= 353,652-94.47= +377,966 */moik;
TeAStota=195,016 /K/moi*298,15 K=+58.144...........ccv..... K/ mol;
bound TASn« dispersed-lost energy AGreverseHess <—.Q= -54.546 X/moi spontaneous AGress =-58,14 K/mol.
channels H* : AGH=RTIN([H30]right/[H3O*]ett)
channels HCOg': AGHco3=RTIN([HCO3 Jright/[HC O3 ]iett)
ASH=-RIN(1055/0,02754)=75,42909 /moi/K...............
ASHco3=-RIn(0,0154/0,0338919)=6,55847............. Imotlk
ASH=377,966+75,42909+6,55847 = 459,954 I/mal/k..........
AGH=RTIn(10-5%/0,02754)=-22,48918 K/m.......
AGHco3=RTIn(0,0154/0,0338919)=-1,9554K/mal..........
AGH = AHH — T*ASH = +54,546-298,15*0,459954 =-82,589............... K)/mol; €X0€rgiC.............
TeASHtotal=277,004 I/K/mo1*298,15 K=-58,144-22,48918-1,9554 = +82.589 K/mol.....cveeiieeierieieiriiceeeeie e see e
bound TASn« dispersed-lost energy AGreverseness <—.Q=-54.546 kJ/mol.spontaneous AGress =-82,589 kJ/mol...

THERMODYNAMICS Exercise X. HCO3+HsO* products apparent carbonic acid H2O+H2COs

Calculate AHH ASH AGw at standard conditions 298.15 K. Reaction is exothermic , athermic, endothermic? For
transfer bicarbonate and proton through channels on membrane lung epithelia cell surface H.O+H2COs3 using the
data table! Will be exoergic or anenergic or endoergic!  H3;O*+HCOgz «Membrane_,H,5+H,CO3+AG+Q.

Substance | AHH % /mol | AS®H motik | AG®n*/mol AHHess=2AH ®products-ZAH °reactants; ASHess=2AS ®products-2AS reactants

HsO* -285,81 -3,854 -213,275 AGHess=AHHess-T*ASHess

HCO3z -689,93 98,324 -586,94  [Hres=AH°H20+AH H2c03-AH H30-AH HC03=-7,9952 X/mol;

HCO3 | -692,4948 | -494,768 | -544,9688 =-285,85-699,65-(-285,81-689,93)= -9.76 K/mol exothermic....

H2CO3 -699,65 187,00 -755,47 =-286,65-699,65-(-285,81-692,4948)= -7,9952 K/mo|
H20 -285,85 69,9565 -237,191 AGHess=AG °H20+AG°H2c03-AG°H30-AG°Hco3=-148,8 K/mol
H20 -286,65 -453,188 | -151,549 =-237,191-755,47-(-213,275-586,94)=-192,4 X/mol ex0€rgic

HoOflgss | -241,8352 | 188,7402 | -228,6 =-151,549-755,47-(-213,275-544,9688)=-148,8 X/mol eX0EIgiC

CO2%¢as | -393,509 213,74 -394,359 AStes=AS°H20+AS°H2c03-AS°H30-ASHC03=232,4 I/ molk;
CO2aq -413,798 | 117,5704 -385,98 =69,956+187-(-3,854+98,324)=162,486 */moiik;

AStota=ASi+ASispersed=26,816+232,4=259,216 Y/moik; =-453,188+187-(-3,854-494,768)=232,4 I/mol/k;
AGriess=AHpess- T*AS1e=-7,9952-298,15*0,2324=-77,3 K/l ; eX0€rgicC.

TeAStota=0,259216 I/K/mo1#298,15 K=+77,3 K/mor ; ASdisperses=-AH/T=7,9952/298,15=26,82 Y/mol/k;
bound TASn« dispersed-lost energy into products and surrounding
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THERMODYNAMICS Exercise XIII, XIV. O21gas respiration through membrane aquaporins to form O2aqua-Blood
AIR O21gas assimilation reaction for human body respiration through membrane aquaporins to form

concentration. endoergic AG+021 gas AIR+H20AUB0MN=> O 2,q1a-Blood+Q ; O2aquatQ=>0O2gas+H20+AG exoergic

Substance/AH °H */mol| AS°H Ymolik| AG°H ¥/ mol AGHesszAGOOZaqua-AGOOZgas-AGOHZO:16.4-(0-151,549):168 I(J/mol;
O2aqua -11.70 -94,2 16,40 Alberty [8];AGHAIberty:GOZaqua-GOZgas-GHZO =330-303-0=27 K/ma;

OZaqua -11.715 110,876 16,4 AHH=AH002aqua'AH°OZQas-AH°H20=-11.7-0+286,65=274,95 I(‘]/mol;
O21gas 0,0 205,152 0 ASdispersed=-AHres/ T=-274,95/298.15=-922,2 /ol ;

H3O* -285,81 -3,854 -213,275 ASHess=AS°OZaq-ASoozgas-AS°H20=-164,2 I/molik

H20 -285,85 | 69,9565 | -237,191 =110,876-205,152-69,9565=-164,2 /moik

H.O | -286,65 | -453,188 | -151,549 | AGH=AHH-T*ASH=274,95-298,15*-0,1642=323,9 K/mo endoergic;
AStotar= ASw+ ASizkliede=-164,2 -922,2= -1086,4 I/molik ;
TeASkopsia=-1,0864 K/K/mo1#298,15K= -323,9 K/mol; bound TASn« accumulate energy non-spontaneous
ELSEVIER, Rotating Electrode Method and Oxygen reduction Electrocatalysts, 2014, p.1-31,
1. WeiXingaMinYinbQingLvbYangHubChangpengLiubJiujunZhangc. As pure 1atm mol fraction is [Oz2gas] =1 .

[O 2 aqua] [O 2 aqua]

Solubility product Ksp= [0, gas 1 [H,0] =Ko2/[H20]=1.22*10-3/55.3=2.205*10-° and ratio m =Ko2 as value

1.22*10-3 M/1 ELSEVIER distribution between gas and water solubility from Air 20.95% [O2air]=0.2095
is concentration [O2aqua]=1.22*10-3*0.2095=2.556*10* M;. [O2aqua]/0.2095=1.22*10-% M; Solubility free energy
change AGsp=-ReTeIn(Ksp)=-8.3144*298.15*In(2.205*105)=-8.3144*298.15*6.414=26.58 K/ma;
Hess law is exothermic and endoergic oxygen water solubility free energy change positive AGsolubility=323,9 ¥/mol ,

[0, aqual A o A
but minimized at equilibrium Ksp= [0 qu[ﬁzo] =2.205*10-5= 10-4%6 free energy change B 323, Hl G
2 gas

value AGmin=AGeq=26.58 X/mol . Le Chatelier principle is Prigogine attractor for free energy
change minimum AGmin reaching the equilibrium.

[OZQas] -[H 20]

Evapration Keg= [0, aqual =[H20]/K02=55,3457339/1,22/10"-)=45365,4; TAGL =2658
aqua ¥ — mo
Hess endothermic and exoergic oxygen Ozgas evaporation free energy change is negative A+B 50% C+D
AGHess=-323,9 Y/mol , but minimized by evaporation equilibrium state reactants O21gastH20
AGmin=AGeg=-ReT*In(Keq)=-8,3144*298,15*In(45365,35566)=-26,58 )/mol product Ozaqua.
reaching the equilibrium state Keq=45365,4 - the Prigogine attractor for non equilibrium A A

states. Free energy change minimum reaching establishes equilibrium. Solubility from air |G ___ %239
I Hess
_____ Gl

[O2aqua]=9.77-10-° M if osmolar, ionic force Cosm=0.305 M, 1=0.25 M, oxygen air 20.95%
concentration at physiologic condition, but zero osmolar and ionic force concentration
Cosm=0 and 1=0 M like pure distilled water [O2aqua]=2.556*10-* M.

Physiologic Kozasins=[O2aqua]/[O2gas]= 9.768-10-%/0.2095=4.663*10-4=10-3-3314=10rK is

equilibrium constant. Arterial [Ozaqua] = 6-10°> M and venous [O2aqua]=0.486-10°> M AGrin=2658 Ina__§
concentrations are isooxia conditions for Human blood [Oz2aqua] concentrations . A+B 50% C+D
Avaporation AHH=AH°02gas+ AHH20-AH°02aqua=-286,65+0-11,7=-274,95 K/mol is reactant Ozaqua

products O21gastH20

exothermic exoergic AGH=AHx-T*ASn=11.7-298.15*0.399352=-77.55 K/mol.
Alberty [ free energy for hydrogen gas G°Hzgas=85.64 “/mol lets appreciate oxygen Free energy
for gas and aqua Go2gas=303.1 X/mol and Go2aqua=329.68 K/mol ,
Photosynthesis restore global atmospheric attractor [O2gas aAIR]=0.2095 mol fraction of oxygen.
At equilibrium water concentration [O2aqua]=[O2gas_ aIrR]*[H20]/Ksp=0.2095*55.3/45365=0.0002556 M maintains
atmospheric oxygen [O2gas aAIR]=0.2095 mol fraction. Photosynthesis [Ozaqua_photosynthesis]>[ O2aqua] =0.0002556 M
activate concentration in water over equilibrium: and oxygen evaporates. Photosynthesis slow down reaching
equilibrium concentration [O2aqua]=0.0002556 M, what reaches Prigogine attractor free energy change minimum in
global photosynthesis to maintain oxygen [Ozgas Air]=0.2095 mol fraction in atmosphere .
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Alberty and CRC Thermodynamic data. [81 Exel 2H202=>02aqua+2H20+Q+AG ;

Substance| AH® “/mal | AS °H Yotk [AG°HKmol|  AGeqgstandard=(E °Red-E °0x)*F*n=(0.89916 -2.08366)* 96485*2=-228.6 K/mo

Cgr 0 5.74 0 AGeqStandardeOZ aqua+GOZsp+2*GHZOBiOChemistry-Z*GH202=-228.6 |(J/mol;
Geozgr Gyr - 91.26 carbon (graphite) Ggr=91.26 K/mo;

COfqss |-110.525| 197.674 | -137.2 =303.1+26.58+2*85.65-(2* GH202)=-228.6 Wimoi; Alberty

CO21gas | -393.5 2.9 -394.36 GHZOZZ(GOZaqua+GOZSp+2GH20_Bi0chemistry-AGeqStandard)/Z:364.79 K/ mol
CO2q | -413.8 |117.5704 | -385.98 364.79 W/mol =729.58/2=(303.1+26.58+2*85.65+228.6)/2=AGH202;
HCOs3 |-692.495| -494.768 |-544.9688 GCngH4gas:GCOZgr:-GHess_COZgas-GOZgas:394.36-@291.26 Kol ;

H2aq -5.02 | -363.92 | 103.24 | G°H2ag=103.24 K/mol; Alberty R.A. Biochem. Thermodynamic’s, 2006.

Hagas -0.82 | -283.82 | 85.64 G°H2gas=85.64 K/mol; Alberty R.A. Biochem. Thermodynamic’s, 2006

Hagas 0 130.68 0 G02gas=303.1 K/mol; Hagas+1/202gas=>H20; G°H20=-237.19 X/imo;
Hatomic | 218.0 114.7 203.3 2H2gastO2aqua=>2H20 = H30*+0OH";

OH- -230.00 -10.539 -157.2 AGeqH2gas+02gas=(2 GH20-2G Hagas-G02gas)/2=-474.38/2=-237.19 X/mol ;
O21gas 0 205.152 0 AG°H20Hess=2*0-2*85.64-303.1=-474.38/2=-237.19 “/mol;
O2aqua |-11.715| 110.876 16.4 Go2gas=(-AG°H20Hess-G°Hagas) *2=(237.19-85.64)*2=303.1 K/mo;
Onaqua | 117 | 942 | 164 Oxygen aqua Gozaqu=Gozgas+ Gozsp=303.1+26.58=329.68 /ol ;

H202aqua | -191.99 | -481.688 | -48.39 Gozsp=-ReTeIn(Ksp)=26.58 K/mo ; Ksp=2.205*10- ; 3" page;[14]
H202@q) | -191.17| 143.9 -134.03 AGHessH20=G °H20-(~HessG°H2-HessG °02gas/2) =-237.19-(0+0)=-237.19 K/mol
H.O |-285.85| 69.9565 |-237.191 BioChemic background zero Gcozgaso2=GH20=0 ¥/mo;
H.O | -286.65| -453.188 | -151.549 2GoH--GH2ag-Go2aqua=2GoH--103.24-329.68=
H201gas | -241.8352 |188.74024| -228.6 H2ag+O2aq+26°<=>20H"; E°H2aq02ag=20H-=2?? VOlIts
CHaaq | -90.69 | -763.476 | 136.95 BioTherm2006 Alberty R.A. GH20_siochemistry=85,65 K/mol
CHugas | -76.46 | -648.44 | 120.56 BioTherm2006 Alberty R.A. Biochem. Thermodynamic’s 463, 2006
CH4gas -74.6 186.3 -50.5 HessGOZgaszo; HessG°H2=0; HessGongO; HessGoNZgas:O; HessG° srombic=0;

Red H202+2H202023qua+2H30 *+2 e ; absoluta E°H202aqRed=O,4495 V Alberta University classic E°H202=0,7975 V;
Eret=E® 1202+0,0591/2+1g([Ozaque]* [H3O *J2/[H20:)/[H20]2)=0,4495+0,0591/2*Ig(6*10"9* 1073621 /55 32)=0,23643 V/
Oks H20:+2H30 *+26=4H;0:E° 207q0x=1,6855 V [18]:[H202]=1 M; [O22qua]=6*10° M, [Hs0 *]=10"% M, [H,0]=55,3 M
Eox=E t2020x-0,0591/2+log([H20]¥/[H202)/[Hs0 *]2)=2,08366+0,0591/2*log (55,3 4/10(-7,36%2)*1)=1,443 V:
AGegstandart=(ERred-Eoox) *F*n=(0,4495-1,6855)*96485*2=(-1,236)*96485*2=-238,51 X/
AGaberty=-238,51 /mol; Gstandartar202=Go2aquat2* Grzo+AGaiberty=(330+2*0+238,51)/2=568,5/2=284,25 Yo ;

AGeggiochem=(Ered-Eoox) *F*n =(-0,2132-1,0455)*96485*2=(-1,2066)*96485*2=-242,9......

kJ/ mol ;

2*GHZOZ:GOZBiochem_aneriaj+2*GHZOBioChemistry+AGAIberty:330+2*0+238,51:2*284;5:56815 kJ/m0|;;
SO|UbI|Ity H2gas+H20=>H2aq AGHZSpAlberty:GHZaq'GHZgas‘GHZO Biochem:103,24'85,64‘85,6='68,05 k‘]/mol Albert!
[H2aq)/[Hagas)/ [H20]=Ksp= EXP(-AGhzspaiberty/R/T)=EXP(68050/8,3144/298,15)=10"11°, [8] Alberty

Solubility spontaneouse [Haaq]=Ksp*[H20]=107119*55 3=10"128 M, if Hagas mol fraction is one [Hzgas]=1 pure gas.

Proton reduction at hydroxonium capture electron from crystal lattice (Pt)+e". Hess free energy change

H3O*+(Pt)+e > (PtYH+H0 iS AGhesspH=Grzo++Gpy+Ge-(Gra0*Gripy)=22,44+28,525+0-(0+41,2)=9,765 “/mal.
AGeqpyn=E°1*F+1=0.10166*96485/1000= 9.81 ¥/ne give equilibrium free energy change minimum of metallic hydrogen (Pt)H
oxidation on zero scale Gpy+Ge=Gh20=Gcozgas=0 ¥/mol OF indifferent (Pt), +e-, water and COxges .

Hydrogen electrode thermodynamic standard potential E°4=0.10166 V is over classic zero E°nelassic=0 Volts.

Red: H2aq+2@ <::(>2(ﬂ)ﬂ+Hzo; AGHessigk(pt)HZZGH(Pt)"'GHzo-(GHzaq"'ZG@)22*51,05+0-(103,24+2*38,375)=-m kJ/mo|.
E’H30+=-77,89*1000/96485/2=-0,4036 V; Haaqt2(Pt) <> 2(Pt)H+H,0; 2H30 *+2e" > Haag+2H20;
Kipou=[H20]*[(POH]/[Haaq]/ [(PY)?=EXP(-AG pyn/R/T)=EXP(77890/8,3144/298,15=10"%%5. [8]

Ox: 2H30 *+2e+H20 & Hoagt2H20;AGHess H30+=2GH30++2Ge-~(Grzag* Gr20)=-58,12 M/imo1; E°H3o+=-58,36*1000/96485/2=-0,302
AE’ ggnz0+=-0,4036-(-0,302)=0,40366 V; AGeqrzo+=AE’H30+°F+2=0,40366%96485%2=77,89 ¥/mnx; Metal hydrogen insoluble
2(PYH+H0 ¢ Haag+2(Pt); Ksipon=[H2aq)/ [(PL)] 2 [H2OT* [(PYH]P=EXP(-AG py/RIT)=EXP(-77890/8,3144/298,15=10/(136):
AGppoH=E °sp(poreF+2=-0.109*96485*2/1000=-21.0 Y/moi; E°sppyri=-21.03*1000/2/96485=-0.109 V; The mol fraction of
Metallic hydrogen is one [(Pt)H]=1 and [(Pt)H]?=1. The metallic hydrogen (Pt)H [H2aq]=Ksp*[H20]=10/119*553=10/136 M
created concentration and gas [Hzaq]=Ksp*[H20]= 10711°*55,3=10"136 M hydrogen solubility, if Hzgs mol fraction is one
[Hagas]=1 pure gas. 0,000771899 M in water, than minimal is [H2gas]=0,000771899 M/107136 M=10716.7) mol fraction for gas
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THERMODYNAMICS Exercise XV. vitamin B3 H3O%in to H3O"out inter membrane space

For vitamin B3 reduced form NADH and oxidized form NADP* translocate hydrogen ions as protons through
HsO*in to out side mitochondria HsO*out inter membrane space

NADP*+NADH+H30% +Q(weak) Membrane=>NADPH+NAD*+H30*out+AG(weak) ;

membrane from inner
Substance [ AH®H,*/mot [AS°H, /moiik| AG®H K/mol
H3O%in out| -285,81 -3,854 | -213,275
NADH@aq)| -1036,66 | -140,5 -
NADH@aq)| -41,41 |-4081,784|1175,5732
NAD+(aq) -1007,48 -183 -
NAD*aq| -10,3 |-3766,008| 1112,534
NADPH | -1036,66 | 763,005 -
NADPH | -1040,78 |-4465,708| 290,6776
NADP+ | -1007,48 | 577,897 -
NADP* | -1014,07 |-4166,096 | 228,052

Proton translocating transhydrogenase (EC1.6.1.1) ENZYME

found in bacteria and animal mitochondria

that couples the transfer of reducing equivalents between
NAD(H) and NADP(H) to the translocation of protons across the membrane
AHHess=AH°NaDPH+AHNAD-AH°NADP-AH  NADH=4,4 K/mol;
=-1036,66-1007,48-(-1007,48-1036,66)= 0.0 K/moi endothermic neutral

=-1040,78-10,3-(-1014,07-41,41)=4,4 W/mol

Sdispersed: - AHHess/ T :-4,4/298,15:-14,76 J/moI/K;
...... Proofing membrane channel penetrating athermic-neutral process AHwess=0.0 K/mol in friction less manner.
...... No heat dispersion through membrane channel
AS=AS°NADPH+AS°NAD-AS°NADP-AS °NADH=-4465,708-3766,008-(-4166,096-4081,784)=16,164 */molk;
AStota=ASresstASdispersed=16,164-14,76=1,404 /moix;
AGriess=AHpess- T*AS1es=4,4-298,15*0,016164= -0,4193 X/mo1; weak exoergic.
AGres=AG°NADPH+AG°NAD-AG°NADP-AG°NADH=290,6776+1112,534-(228,052+1175,5732)= -0,4136 “/mol;
TeAStotai=0,001404 I/K/mo1+298,15 K=0,419 K/moi; bound _lost energy for proton gradient H* spontaneous weak exoergic

Ox NADP*+ H:(H*+2e’) =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%n +Q(weak) Membrane=>N ADPH+NAD*+H30*out+AG(weak) ;

AE°= E°NnapH-E°NaDH=-0,4095—(-0,4135)= 0,004 V, n is 2;
AGeq=AE°*Fen=0,004 V+2 mol*96485 C/moi =(-0,4095—(-0,4135))*2*96485=-ReT*In(Keq)=0,77188 K/mol
EXP(-AGegaerobic/R/T)=EXP(-771,88/8,3144/298,15)=0,7324=Kegaerobic;

[NAD"}INADPH]-[H,0"] B

AG egAerobic

771,88

KegAerobic= [NADH] [NADP+] [H30+] =€
Mitochondria channels
H* : AGH=RTIn([H3O*]right/[H3O]ieft) generate gradient quasi equilibrium Keq=107(55/107736)=72 44
ASeq=8,3144*In(107(55)/10/7:36))=35,609 /mol/K;

AGeq=8,3144*298,15*In(10755)/107(7:36)=10,617 “/mor;

ASHess_sum=16, 164+75,42909= 459,954 J/moI/K;

ReT

—p 8.314¢298.15 =0,7324;

Q+HsO*+HCOy=channaels H;0, H HCOg — 1) 54 1,015+ C O 1qas+AG.exhale H207gas+CO2 7 gas:
ASHess=AS°H20+AS®H20gas+AS° COrgas-AS H30-AS HC09=69,956+188, 74+213, 74-(-3,854+98,324)=377,966 Ymolik;

channels HCOs:

AGHco3=RTIN([HCO3 Jright/[HC O3 ]iett)
ASHco03=8,1344*In(0,0154/0,0338919)=-6,55847 */mol/k
AGHc03=8,3144*298,15*In(0,0154/0,0338919)=-1,9554 ¥/mql;
ASHess_sum=377,966+35,609-6,55847= 407 Imollk;
ASHess sum=377,966+35,609+6,55847 = 420,1 Y/mol/k;
=0,0591/2*log([H20])=0,0591/2*log(55,34573393)=0,051508 V
=0,0591/2*log([H20] 2)=0,0591/2*log(55,34573393"2)= 0,1030 V

55



THERMODYNAMICS Exercise XVI. NADH+H30* +O24qua «FMNE2vitamin)_, NAD*+ H20 + H2024qua+Q

For vitamin B3 reduced form NADH or NADPH flavin B2 vitamin FMN enzyme using oxygen Ozaqua as electron
acceptor for the oxidation of NADH with the production of hydrogen peroxide! CRC Handbook of Chemistry and

Physics 90th Edition CD-ROM Version 2010; eactants => products

KquEI’ObiC: [NADH] . [02] aqua [H3O+] €

Substance AH Hess,K)/mol|AS °Hess, /motik| AG°H¥/mol | H3O*+O2aqua+ NADHEMN(B2vitamin)=>H, O aqua+H20+NAD+Q
O2ag -11,70 -94,2 16,40 BioChemistry Thermodynamic 2006 Massachusetts Techn.Inst.
O2aqua -11,715 110,876 16,4

NADHaq)| -1036,66 -140,5 -

NADH@q| -1041,41 | -4081,784 | 11755732 | AHH=AHh200+AH H20+AH NAD-AH H30-AH  02-AH NaH=-150 K/mol
H3O* -285,81 -3,854 -213,275 | AHH=-191,99-286,65-1010,3-(-285,81-11,70-1041,41)=-150 K/mol;
H20 -285,85 69,9565 -237,191 =-191,17-285,85-1007,48-(-285,81-11,715-1036,66)=150,315 ¥/,
H20 -286,65 -453,188 -151,549 | ASH=AS®H20:+AS°H20+AS NAD-AS H30-AS 02-ASNaDH=-521,05 Y/molk

NAD*@q| -1007,48 -183 - =-481,688-453,188-3766,008-(-3,854-94,2-4081,784)=-521,05 Y/mol/k;

NAD*aq| -1010,3 -3766,008 | 1112,534 | =143,9+69,9565-183-(-3,854+110,876-140,5)=64,3345 Y/mol;

H2O021 | -237,129 69,91 -237,129 | AGH=AHHK-T*ASH=-150,02-298,15*-0,52105=5,33 k/moI; endoergic
H2O02aqua | -191,17 143,9 -134,03 AGH=AHx-T*AS=-150,315-298,15*0,064335=-169,5 K/, exoergic
H202aqua | -191,99 -481,688 -48,39 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/mor;;
ASdispersed:-AHHess/T:150/298,15: 503,1 J/moI/K; ASdispersed:-AHHess/T:].SO,315/298,15: 504,1 J/moI/K;
AStota=ASHess+ASdispersed=-521,1+503,1=-18 Y/moik; AStota=ASHess+ASdispersed=64,3345+504,1=568,44 I/moik;
TeAStotar=0,5684345 /K /moi*298,15 K=+169.5 X/mol ; bound TASn«dispersed-lost energy and is spontaneous

Ox O2zaquatH3O*+H-(H*+2e")=H202aquat+H20 ; 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*+0O2aqua+NAD HEMN(B2vitamin)=> H, 0 p3qua+ H20+NAD*+Q+AG

Free energy of activate homeostasis products referring to water and COzgas zero GH20=Gco2gas=0 X/mol are peroxide,
hydroxonium and anion of peroxide: GH202=284,25 */mol; GHao++GHoo-=22.44+337,8=360.24 K/mol;

AE°=E°2- EH20°1=-0,4095-0.4495=-0,859 V, n is 2;
AGeq=(E°2-EH20°1)*Fen=-0,859*2*96485C/mo1=(-0,4095-0.4495)*2*96485C/moi=-ReT*In(Keq)=-165,8 K/mo;
Kquerobic:EXP('AGquerobi/R/T):EXP(165761/8,3144/298,15)21,097*10/\29;

[NAD+] [H £, ]aqua' [H 20]

7AGquerobiC

ReT

-165761

—¢ 83140298.15 =1 097*10/2°:

Prigogine attractor favored equilibrium by Hess law solution is exothermic and exoergic

oxidation of NADH free energy change is negative AGHess = -194,56 X/mal , but " . P
- ) mol
minimized constant free energy change value AGmin= AGeq = -165,8 ¥/mol reaching - el 2
Hess
equilibrium Keqaerobic=1,097%102 ; 1 .

Le Chatelier principle is Prigogine attractor for Free energy change minimum

AGnmin reaching. Free energy change minimum reaching establishes equilibrium.

AGmin:-165,8 k‘]/mol
reactants _ HsO*+O2aquatNADH  A+B+C 50% D+E+F
and products_  H,025qua*+H20+NAD*;
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THERMODYNAMICS Exercise XVII Peroxide 2H202(aq) conversion to Ozaqua + 2H20+ Q

High rate protolysis Peroxide anions H*+HOO><"OOH+H* collision activation energy is very high Ea=79000 Y/mol versus
collision HOO=> activation energy Ea=29 /o of Catalase is low. Conversion to Ozaquat2H20+Q,
reactants 2H202(aq)<=>02aquat2H20+Q+AGH products ;
AGHess=AG°02+2AG°H20-2AG°H202=16,40+2%*(-237,191)-(2*-134,03)=-189,9......... K/mon eksoergiski
AGAIbertyHomeostasiszGOZBiochem_arteriaj+2*GHZOBioChemistry'2*GH202=88,04+2*85,64-2*284,25=-309,18 k‘]/mol;; A|bert!
Substance|AH 9/ mol| AS°w Y molik| AG®k % mol
HsO* | -285,81 | -3,854 | -213,275 |Mischenko 1972, Himia, Leningrad [26]
O2aqua | -11.715 | 110,876 16,4 AHus=2AHH20 + AH°02-2AH®H202=-202,66......... K/mol eXOthermic
Ozaqua | -11.70 -94,2 16,40 |=-11,7-2*286,65-(2*-191,17) = -202,66 K/mo
H20 -285,85 | 69,9565 | -237,191 |CRC 2010; 2.ASgisperses=-AH#/T=-(-202,66)/298,15=679,725 Y/moik
H20 -286,65 | -453,188 | -151,549
H202 @q | -191,99 | -481,688 | -48,39 BiochemThermodynamic 2006 Masachusets Technology institute
H202@q) | -191,17 | 143,9 | -134,03 |University Alberta 1997. ASHess=2AS°H20 + AS°02-2AS°H202=
H2021 |-237,129| 69,91 | -237,129 =110.876+2*69,9565-(2*-481,688)= 1214 I/moik
3. AStota=ASHesstASdispersed=1214+679,725=1893,7.......... I molik
4. AGHess =AHHess-T*ASHess =-202,66-298,15*1,214165=-564,66..... “'/mol €X0€rgIC..........
TeAStota=1,893725*298,15= +564,6.......... K/mot ; bound TASn« dispersed energy AGHess.
Red: H202+ 2 H20 =02+ 2H30* + 2 e ; E°red=E°H202=0.4495 VV Alberta University classic Eo =0,694 V;
Ox: HO2+2H30*+2e=4H20 ' E °0x=1,6855V  Suhotina classic Eoc =1,776 VV
2H202(aq) => Ozaqua + 2H20 + Q + AG;
Half reactions RedOx Nernst’s equations for biochemistry environment form balance of electrons 2 e
[H202]=1; 10719 M Biochemistry concentrations [O2zaqua]=6*10-5 M, [H3O *]=10-7-3 M, [H20]=55,3 M.
Red: Eor202=E°H202+0.0591/2¢1g(O2aqua]*[H30 *]?/[H202]/[H20]?)=0.4495+0.0591/2*1g(6*10"9*10""3"2/1/55 3%)=-0.213
OX: Eoox=E°H2020x10.0591/2<log([H202]*[H30 *]3/[H20]%)=1,6855+0.0591/2*Ig(1*10"(-7-36*2)/55,3"4)=1,0445
Homeostaze: AGeqgsiochem=(ERed-Eoox)*F*n=(-0.2132-1,0445)*96485*2=(-1,258)*96485*2=-242,7 K/mo;
AGaibertystandart=G02Biochem_arteriaj+2* GH20BioChemistry-2* GH202=78,08+2*85,64-2*284,25=-238,5 X/moI; Alberty
2GH202 =Go2aquat2*GH20+AGAlbertystandart =330+2*0+218,9=2*284,25=548,9 X/mol;;
Free energy of activate homeostasis products referring to water and COzgas zero GH20=Gco2gas=0 X/mol are peroxide,
hydroxonium and anion of peroxide: GH202=284,25 ¥/mol; GHzo++GHoo-=22.44+337,8=360,24 X/mol
AGegstandart=(ERed-Eoox)*F*n=(0,4495-1,6855)*96485*2=(-1,24)*96485*2=-238,5 K/moI ;

2
[OEL”;"" ][2H 0] =Kn202=exp(-AGeq/R/T)=exp(238510/8.3144/298.15)=10%7........

Yo Jaqua = kJ
Exothermic and exoergic H202 (g) dismutation Hess free energy change AGA|benyHomeostasﬁe/;;:"V'mems's = 2427 o
are negative -242,7 K/mor , but minimized AGeggiochem at -238,5 X/mol reaching equilibrium A
mixture constant Keggiochem=10%! Le Chatelier principle is Prigogine attractor free energy G _________
change minimum AGnmin at equilibrium state. High rate protolysis attractors pH=7,36, air |
oxygen 20,95% stay at equilibrium state, while homeostasis irreversibly continues, as is
non equilibrium state. Prigogine attractor Nobel Prize Chemistry 1977t. CATALASE
erase peroxide molecules H202 promoted 100% =6, ®=3 effency for fatty acids C20:4 | N\ = --="------=- I
elongation synthesis in peroxisomes. CATALASE reactivity is irreversible homeostasis
indispensible Brawnian molecular engine for evolution and survival.

reactants 2H202(aq) produkti_O2zaquat2H20 |AGstandar=-238,5 ol
| Y

A+A  50% B+2C

Kegstandart=
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THERMODYNAMICS Exercise VII a succinatSCoA* Oz H20. fumarate dehydrogenation reaction

SuccinatSCoA* Oz H20. fumarate dehydrogenation reaction! Will exoergic or endoergic! 1=0,25 M;
Biochemistry thermodynamic data 2006; Succinat>+0Ozaqua=>fumarate?+H202aqua+AG ; pH=7,36

Red: Succinate+2H2O=Fumarate?+2H3O* +2e-; E° red=0.2512 V Lehninger 2000; Univ.Alberta 1997;
OX: O2aquat+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 °0x02) *F*n=(0,2512-0,4495)*96485*2=(-0,1983)* 96485*2=-38,3 X/mo;
Keq=eXxp(-AGeq/R/T)=exp(38270/8,3144/298,15)=5065991 labvéligs lidzsvars.
AGHess=AG °H202+AG *fumarat-AG °02-AG°succinat=-48,39-519,4688-(16,4-522,414) = -61,845 K/ mol;

Substance AHoHess,k‘]/moI ASOHess,J/moI/K AGOHess,k‘]/moI
HsO* -285,81 -3,854 -213,275
H20 -286,65 -453,188 -151,549
H202 aq -191,99 -481,688 -48,39
O2aqua -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.K/mol exoergic

Exothermic and exoergic fatty acid A

C20:4 ethyl groups -CH2-CH2-
dehydrogenation to cis bonds
H>C=C<H in peroxisomes Hess law
free energy change AGHess is
negative -61,8 X/mor , but reachied
minimum at equilibrium mixture
AGmin:AGeq=-48,12 K3 /mol

reactants Succinat+0O2aqua

AGmin= -38,2 K/ mol
1

-61,8 K/mol

CATALASE

A

A+B 50% C+D
products fumarate?+H20:

Le Chatelier principle reaching Prigogine attractor as free energy change minimum AGmin

at equilibrium mixture : Keq

[Succinate™] [0, ]

- [Fumarate®]-[H,0,]) CATALASE _gq60691

Irreversibility in sequence of complex enzymatic reactions order providing CATALASE reactivity which peroxide

consumed to zero [H202]=0 M!/jier and process velocity limits only dehydrogenase enzyme. CATALASE in complex
reaction sequence providing stabile unsaturated essential =6 and o =3 fatty acid efficiency e 100% in peroxysomal
products because of erasing peroxide molecules H20: .

Ubiquinol oxidation — dehydrogenation efficiency e 100% providing CATALASE reactivity.

Keg=eXp(-AGeq/R/T)=exp(35490/8,3144/298,15)=90471395= 1650539 labveligs lidzsvars .

Red: Ubiquinol6+2H20=Ubiquinone6+2H30*+2¢; absoliitais potencials E°red=-1,2435 V; E uasika=-1,05 V CRC 2012 ;

Ubiquinol + O2aqua => Ubiquinone + H202aqua +AG+Q);
AGHess=AG °ubiQuinox+AG°H202-AG°02-AG °ubiQuinred=-3853,8792-48,39-(16,4-3849,6004)= -69,07 X/mol
OX: Ozaqua +2H30*+2e=H202aqua +2H20; E° 0x=0,4495 V University Alberta

Red: Ubiquinol+2H20 = Ubiquinone+2H30" +2e7; E° red=0,2656 V Lehninger 2000 ;
AGmin=AGeq=(E°Red-E°0x)*F*n=(0,2656-0,4495)*96485*2=(-0,1839)* 96485*2= -35,49 X/na;

?277?

AGmin=AGq=(E°Rred-E°0x)*F*n=(-1,2435-0,4495)*96485*2=(-1,693)* 96485*2= -336,6 K/mol;
Keq=eXp(-AGeq/R/T)=exp(336628/8,3144/298,15)=90471395=10"%875 spontaneous.
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THERMODYNAMICS Exercise XVII b Malate to Fumarate conversion dehydratation H20 BioThermod2006
Malate to fumarate conversion dehyratation H,O at temperatures 298,15 K, using the data table! Mention whether the reaction

will be exoergic or endoergic! Malate+Q+AG =>Fumarate?+H,0; 2000 AGyeminger= 3,1 “/mol; _
Substance AHOH,kJ/mol ASOH,J/mOI/K AGOH,kJ/moI 1.AHHess=AH °products-AH °reactants
HSO+ -285,81 -3,854 -213,275 Z.ASHess:ASOproducts-ASoreactants; 3.AGH=AHH- T'ASH;
H20 -286,65 | -453,188 | -151,549 AHHess=AH H20+AH °Fumarate-AH °Malate=16,586 kJ/mo|;endothermic
H20 -285,85 | 69,9565 | -237,191 |=-286,65-776,56-(-1079,796)= 16,586 K/mol
OZaqua -11,70 -94,2 16,4 BiOTherm06;ASdispersed:-AHHess/T:-16,586/298,15: -55,63 I/ molik
Succinat? -908,69 |-1295,576 | -522,414 BiOThermOdOG;ASH=AS°H20+AS°Fumarate-AS°Malate=43,5 I molik
SuccinatSCoA% - - -339,2476 |=-453,188-862,288-(-1358,976)=43,5 /molik
HSCoA3- - - -5,6616 AStotaI=ASHess+ASdispersed:-55,63+43,5: -12,3 I molik
Malate>  |-1079,796|-1358,976 | -674,624 |AGH=AHH-T*ASH=16,586-298,15*0,0435=3,6165 “/mol ;
Fumarate? -776,56 | -862,288 |-519,4688 AGH=AG°H20+AG fumarat -AGoMaIate:3,606 I(J/mol
Ubiquinol - - 3849,60 3,606 X/moi =-151,549-519,4688-(-674,624)
Ubiquinone - - 3853,88 TeAStotal =-0,01214*298,15 = -3,6195 k/mel bound to products
TASn accumulate energy

2-1.
[Fumarat® [ [H20] =i, ~ K ninge =exp(-AGea/RIT)=exp(-3100/8,3144/298,15)=0,28635=10-543 unfavored

[Malat 2]

Hess dehydratation products minus reactants unfavored free energy change AGHess=AHHess- T*ASHess=3,62 K/mo .

Endothermic and endoergic dehydratation reaction free energy change AGress
positive 3,62 X/mor , but at equilibrium reach minimum
AGmin=AGeq= 3,1 ¥/mal as Prigogine attractor constant in mixture ratio is

Keq= [Fumarat®[H;0] g 7835 . Le Chatelier principle is

Prigogine attractor free energy minimum AGnmin reacing at equilibrium A

[Malat 2]

G h

\:AGmin?ZG,SS K mol

50% B+C
Malate?- reactant

mixture. Free energy minimum reaching establishes equilibrium. i
with Fumaratez+H,0

=0,0591/2*l0g([H20])=0,0591/2*l0og(55,34573393)=0,051508 \/
=0,0591/2*l0g([H20] 2)=0,0591/2*l0g(55,34573393"2)= 0,1030 V
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THERMODYNAMICS Exercise XVIII Glycolaldenhyde H2C(OH)CHO conversion to HsCCOO- +H3O*+Q

Glycolaldehyde H2C(OH)CHO conversion to acetate H3CC=00" +H3O*+Q (25 C) 298.15 K, using the data table!
Mention whether the reaction will be exoergic or endoergic! Reactants Glyoxal => products acetate + H3O*+Q

Substance  JAH®H,“/moll AS°H,/molik| AG®H, %/ mol o n N0
H:C(OH)CHO| 212 | 2725 | -313.83 5 Nt .
H20 | -286,65 | -453,188 | -151,549 Glycolaldehyde g7 +H20=> im +HO™AGHQ

H2O@g | -285.85 | 69,9565 | -237,191 H2C(OH)CHO+H20=>H3CCOO +Hz0*+Q+AG

H30" @) -285.81 | -3,854 | 213,275 | AHpess=AH H3ccoo- + AH®H30 - AHCH20+ AH®H2coH)cHO= X/ mol

HsCCOOH | -484,3 159,8 -389,9 |~-485,64-285,81-(-212-285,85)= -273,32- K/moi exothermic

HsCCOO- | -486,84 82,23 -247,83 |~-486-285,81-(-212-286,65)= -273,16- K/mol exothermic

HsCCOO- | -485,64 87,58 -369,37 JASdisperseda=-AHH/T=273,16/298,15= 916,2 */x/mol

HsCCOO -486 85,3 -240,963 JAGH=AG°cH3coo+AG°H30 -AG°H20-AG°Hoc(oH)cHO=-31,624 K/mol
AGhess=369,37-213,275-(-237,191-313,83)=-31,624 K/ ;

ASte=AS°cHacoo+AS°H30 ~AS°H20-ASHac(oH)cH0=87,58-3,854-(69,9565+272,5)= -258,73 Y/molik ;
AStotaIZASHess+ASdispersed:918,966-261,014 = 660,236 J/moI/K;

AGH=AHH-T*ASH=-273,16-298,15*-0,25873=-196 /mol exoergic

T*AStota=660,236"298,15 K= +196 K/mo;

bound TASn«—dispersed-lost energy AGreversereaction<—Q=273,96 K/mo.......spontaneous AGress = -196,14 X/mol...
Formation in space. UV-irradiation of methanol ices containing CO yielded organic compounds such as glycolaldehyde and
methyl formate, the more abundant isomer of glycolaldehyde.

Ethylene Glycol and glycolaldehyde require temperatures above 30 K.[12131 The most consistent formation reactions seems to
be on the surface of ice in cosmic dust. Glycolaldehyde has been identified in gas and dust near the center of the Milky Way
galaxy,8l in a star-forming region 26000 light-years from EartH 11 and around a protostellar binary star, IRAS 16293-2422,
400 light years from Earth.[8119 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.[3l
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 and 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 and be released. The molecule will emit
radio waves that can be detected and 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.[2
On October 23, 2015, researchers at the Paris Observatory announced the discovery of glycolaldehyde and 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 and from purone catabolism. It can form by
action of ketolase on fructose 1, 6-bisphosphate in an alternate glycolysis pathway. This compound is transferred by thiamin
pyrophosphate during the pentose phosphate shunt. InTissue neurons; Mitochondria;

Solar-type protostar with ALMA. Glycolaldehyde (HCOCH2OH) is the simplest sugar and 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 star, through Atacama Large Millimeter Array (ALMA) observations of the Class 0 protostellar binary IRAS
16293-2422 at 220 GHz (6 transitions) and 690 GHz (7 transitions). Glycolaldehyde co-exists with its isomer, methyl formate
(HCOOCHS3), 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 and emission at the systemic velocity offset from this by about 0.2" (25 AU).
We discuss the constraints on the chemical formation of glycolaldehyde and other organic species - in particular, in the context
of laboratory experiments of photochemistry of methanol-containing ices. The relative abundances appear to be consistent with
UV photochemistry of a CH30OH-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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THERMODYNAMICS Exercise X1X Glycolic acid H2COH-COOH conversion to HsC-COOH +Q

Glycolic acid Formation 61% page 2C+2*Hzgas+1,502gas=> H2COHCOOH ; AGHzcorcoon=-403,2968 ¥/mal [8];
AGH2coHcooH=GH2coHco0H-(2Gcgraph+2GHagast1,5* Gozgas)= -403,2968 K/mol;
GH2coHcoon=-403,2968+(2*91,26+2*85,6+1,5*303)=404,9232 K/moI;

Glycolic acid H-COHCOOH+H20<=>HCOHCOO-+H30*; pKa1=3,83; Wikipedia
Keqg=[H2COHCOO]*[H30*])/[H2COHCOOH]/[H20]=Ka/[H20]=107(383)/55,3=2,675* 10" (-6)=10"(5:573);
AGeqoHccooH=-ReTeIn(Kaeq)=-8,3144*298,15*In(10/->573))/1000=31,81 X/mol .
AGegoHccoon=Gorccoo+GHzo+-( Gorccoon+GH20)=Gorccoo+22,44-(404,9232+0)= 31,81 K/mol;
Gorccoo=AGeqoHccooH-GHao++( Gonccoorn+Grz0)=31,81-22,44+(404,9232+0)=414,3 K/mo;

Substance AHHess AS°Hess AG°Hess
Glyoxylate K/ mol I molik K mol
OHCCOO- - - -426,588
H2COHCOO- - - -403,2968
H2COHCOOH - 651 318,6 -
NADH@q | -1036,66 -140,5 -
NADH aq) -1041,41 -4081,784 1175,5732
H30"(aqg) -285.81 -3,854 -213,2746
NAD*(aq) -1007,48 -183 -
NAD*(ag) -1010,3 -3766,008 | 1112534
HsCCOOH | -484,09 159,83 -531,743
HsCCOO- -486,84 82,23 -247,83
H:CCOO- -486 85,3 -240,963
H20 -285,85 69,9565 -237,191
H.O -286,65 -453,188 | -151,549

H2COHCOOH+H20<=> H2COHCOO+H30*;pKa=3,83

Gonccoo=AGeqoHccooH-GHao++( Gorccoon+GH20)=414,3 K/mar;

Exothermic, exoergic reduction
Hess free energy change
negative -161,8 X/mol or

-129,6 K/mol1, but minimized
AGmin=AGeq= -85 K /mot OF
-104 Y/mol reaching Prigogine
attractor free energy change
GHaccoon=-415,8 K/mol;
GHacco0=430,46 K/mor;
minimum AGmin at equilibrium
mixture.

A -161,8 W/moi=

AGmin= -72,65 k‘]/mol
AGmin: '1P4 kJ/mol "E”

A

A+B+C 50% D+2E+F

Acetic acid Formation 61% page 2C+2Hzgas+O2gas=>H3CCOOH ; AGorccoon=-240,963 K/moi [8];
AGH3accooH=GHaccooH-(2Gcgraph+2GH2gas+1*Go2gas)=-240,963 ¥/mo;
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]=107(476)/55,3=3,1425*10"\")=10/(-6.5);
AGegHaccoo=-ReTeIn(Kaeq)=-8,3144*298,15*In(10"(6:5)/1000=37,1 K/mo .
AGeqoHccoon=Gorccoo+GHzo+-( Gonccoon+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°oxHzconcoo=-0,033 V absolute; [23]
AGe=E°oxH2concoo*F*n=(0,033)*96485*2==6,368 K/mol;
AGeq=GHaccoo+2GH20—(Gonccoo+ GHao++GH-)=430,46+2*0-(414,3+22,44)=-6,28 K/ma;
AGeq=GHaccoo+2GH20—(GoHccoo+ GHao++GH-)=430,46+2*85,6-(414,3+22,44)=164,92 K/moi;

GH- =Gh3ccoo+2GH20—(Gorccoo+ GHzo++AGe)=430,46+2*0-(414,3+22,44+6,368)=-12,648 X/ma;
GH- =Gh3ccoo+2GH20—(Gonccoot+ GHzo++AGe)=430,46+2*85,6-(414,3+22,44+6,368)=158,55 K/mol;
Glycolate H2COHCOO+ NADH + H3O* => acetate HsCCOO+2H20 + NAD*
AGHess=AG°cHzcoo+AG°NaD++2AG°H20-AG°H2coHc00-AG°NADH-AG °H3o=-161,8 K/mol;
=-240,963+1112,534-2*237,191-(-403,2968+1175,5732-213,2746)=-161,8 K/moi exoergic...........

AGeq=(E° Red-E°0xH2coHC00)*F*n=(-0,4095--0,033)*96485*2=(-0,38)*96485*2=-72,65 *I/mol;

Red: NADH = NAD* + H(H*+2¢e"); E° red=-0,4095 VV David Harris absolute

Glyoxylate Oks: OHCCOO+ H-(H*+2e")+H30*=> 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/mo;

AGHess=AG°H2coHcooH+AG NAD+FAG°H20-AG°H2coHco0-AG°NADH-AG°H30=

=-403,2968+1112,534-151,549-(-426,588+1175,5732-213,2746)= 21,98 K/mo! ;
=-403,2968+1112,534-237,191-(-426,588+1175,5732-213,2746)=-63,66 /mol exoerglc ............... ;

=-403,2968+1112,534+0-(-426,588+1175,5732+22,44)=-62,2 ¥/moi eX0€rgic

61

-63,66 I(J/mol;



THERMODYNAMICS Exercise XX Pyruvate HsCC=0OCOO- decarboxylation HsSCCHO +HCOs"

Pyruvate HsCC=0COO- conversion to acetaldehyde HsCCHO +HCO3 (25 C) 298.15 K, using the data table!
Reactants Pyruvic acid+Q => products acetaldehyde bicarbonate + H3O*

Substance AH°H Y mot | AS®H I motik | AG®H */mol H3CC=0COO+H20=>H3CCHO+HCO3+AG+Q
H3CCH(OH)COO-| -688,29 | -1290,852 | -303,4256 BioThermodynamics06;
H3CCH(OH)COO-| -686,2 -557,71 -313.70 |CRC 2010;
H3CCH20Hgq -290,77 | -1227,764 | 75,2864
H3:CCH20H, -277,6 160,7 62.96 oL o
H20 -285,85 | 69,9565 | -237,191 NN RN
H20 -286,65 -453,188 | -151,549 H(': H-C ¢
HCOs 689,93 98,324 586,94 Lactate I “H +H,0=Ethanol ;{ “"H +HCO3 +AG +Q
HCO3z -692,4948 | -494,768 | -544,9688 exothermic............

AGHess=AG °HaccH20H+A G Hco3-AG°H20-AG  HaccH20HC00-=75,2864-544,9688-(-151,549-303,4256)= -14,71 X/mol
AHHess=AH°HaccH20H+AH °Hco3-AH H20-AH °HaccH20Hc00-=-290,77-692,4948-(-286,65-688,29) = -8,325 K/mol
Asdispersed:-AHHess/TZS,325/298,15:27,9 J/K/mol;
BioThermodynamO06 ASHess=AS°H3ccH20H +AS°Hco3--AS°H20-AS  HaccH20Hc00-= 21,51 Ymolik;
=-1227,764-494,768-(-453,188-1290,852)=21,51 Y/mol....
AStotal= ASHess+ ASdispersed=21,51+27,9=49,41 Y moi;
AGHess=AH Hess-T*ASHess:-8,325-298,15*0,021512-14,738 K/ mol exoergic ......
TeAStotar= 0,04941*298,15 K=14,73 X/moI; bound TASn ;dispersed-lost energy spontaneous
Red lactate+H2O<=>pyruvate+HszO*+H-( H*+2e") ; absolute potential E°n3cHcoH)coo=-0,0159 V;
Ox NAD*+H-(2e’)=NADH ; E°1=-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°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]-[pyruvate ]-[4 o]
—p 8.314298.15 —1(0-133-
Keaaerobic=[NAD T [lactate ] [H,0] =€ =103,

AGHess=AG°NADH+AG °Hacc=0c00+AG °H30-AG°NAD+-AG°HaccH20HC00-AG °H20=45,764 X/mol
AGHess=1175,5732-344,6168-213,275-(1112,534-303,4256-237,191)=45,764 K/mol
AHHess=AH°NaDH+AH °Hacc=0coo+AHH30-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°NADH+AS °Hacc=0c00+AS°H30-AS  NAD+-AS *HaccH20HC00-AS  H20= -547,9605 /ol
ASHess=-4081,784-846,664-3,854-(-3766,008-688,29+69,9565)= -547,9605 K/mol
AGHess=AHHess- T*ASHess=45,764-298,15*-0,5479605= 209,14.......K/mo endoergic..............
Aerobic endoergic lactate oxidation Hesa free energy change positive AGHess=209,14........ K/mol inverse pyruvate
anaerobic reduction negative AGress= -209,14........ K/mor , bet minimized inverse aerobic oxidation
AGmin=AGeqgaerobic=76......<mol and AGmin=AGeganaerobic= -76.......</mor reduction reaching equilibrium mixture
constant 4,9336¢10-14=Kegaeronic vValue.

Prigogine attractor is free energy change absolute minimum AGmin reaching equilibrium.

AGnin=76....... K/ rmol= ‘ AGeq ‘ < | AGHess ‘ =209........ K/ rmol.

Homeostasis maintain O2aqua NADH oxidase with aerobic ration [NADH]/[NAD*]=10-6 favored lactate
dehydrogenase eficiency AGaerobi=75,955+RTIn(1/106*1/1*10-7:36/55,3)=75,955-86,2= -10,245 K/l

AG egAerobic
ReT
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THERMODYNAMICS Exercise XXI Lactate HsCCH(OH)COO-aq decarboxylation HsSCCH20H+HCO3

Lactate HsCC=0OCOO- conversion to ethanol H;CCHO +HCO3 (25 C) 298.15 K, using the data table!

Reactants Lactate+Q => products ethanol bicarbonate

Substance AHCH ¥/mol| AS°H Y moiik| AG°H K/mot| HSCCH(OH)COO +H20=>H3CCH20H+HCO3+Q+AG
H3CCH(OH)COO- | -688,29 [-1290,852 [-303,4256| BioThermodynamO06; AHHess= XAH products- ZAH °reactants
H3CCH(OH)COO- | -686,2 -557,71 -313.70 |CRC2010

H3CCH20OHaq -290,77 |-1227,764| 75,2864 | ASHess=XAS products-2AS reactants; AGHess=AHHess-T*AS Hess
H3CCH20H -277,6 160,7 62.96 5\ o
H20 -285,85 | 69,9565 | -237,191 o\(I: H/O\(':_H .
H >C—H 0._ .0
H20 286,65 | -453,188 | -151,549 bg L
HCOs -689,93 | 98,324 | -586,94 ITH HHO = TITH 4+ O 4AGHQ
HCOs -692,4948| -494,768 |-544,9688| | actate Ethanol exothermic.............

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 Heos-AH*H20-AH °HaceHzomcoo-=-290,77-692,4948-(-286,65-688,29) = -8,325 X/mol
ASdispersed=-AHHess/ T=8,325/298,15=27,9 /k/mol;

BioThermodynamO06 ASHess=AS°H3ccH20H +AS°Hco3--AS°H20-AS *HaccH20Hc00-= 21,51 Ymolik;
=-1227,764-494,768-(-453,188-1290,852)=21,51 Y/mou....

AStotal= ASHesst ASdispersed=21,51+27,9=49,41 I/mol;

AGHess=AHHess- T*ASHess=-8,325-298,15*0,02151=-14,738 X/mol €x0€rgic......

TeAStotar= 0,04941*298,15 K=14,73 X/moI; bound TASn ;dispersed-lost energy spontaneous

O
°S o C3s0

®) - omolytic AN _—~C3sO-H

\\c/% igon C oxidation with o O~ H X H _
o o|° °|o‘H/ O o reduction with oH H,O\Co:o Bicarbonate

H G "TH [ H

-C- ’C\ H’C\

HITH - MH = [ H Ethanol

H H

Homolytic fission is chemical bond dissociation of a molecular bond by a process where each of the fragments (an
atom or molecule) retains one of the original covalent bonded pair of electrons.

Decarboxiation with carboxilate molecule and water molecule homolitic fission carboxilate oxidises

with HOe radical about bicarbonate ion HCOs™ and carboxilate second fragment of molecule reducing

with hydrogen radical He (Ethanol).
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THERMODYNAMICS Exercise XXII alanine HsSCCHNH3*COO- deamination pyruvate HsCC=0COO-
Physiologic conditions pH=7,36 T=310,15 K (37° C)

Alanine deamination to pyruvic acid and pyruvate H;CC=0COO~ (37 C) 310.15 K, using the data table!
Reactants Alanine ++O2aquatH20 => products pyruvate + 2NH4*+AG+Q

Substance AHCH %/ mol| AS°H Y motik| AG°H */mol CRC10 1. AHHess= ZAHoproducts- 2 AH reactants
H3CC=0COOH@q | -607,82 179,91 - Weak acid NHa*@g) + H20+ AG + Q => H30* + NHa(ag)
HsCC=0COO- -603,7 -433,54 -
H3CC=0COO- | -597,04 | -846,664 |-344,6168 BioThermodynamics 2006; MassachusettsTinstitute
H3CCHNH3s*COO-| -554,80 | -616,47 - pKa=9,245 ; AGH = -RTIn(10-PXa)= 52,77 Kol
NHa4* (aqg) -132,5 113,4 -79,3 AGeq=-8,3144*298,15*In(109245)= 52,77 K/mol
NH3gas -45,94 192,77 -16,4 AGHess=AG°NH3+AG°H30-AG°NH4-AG H20= 151,5 X/mol
N Haaq -132,5608| -739,2922 | 91,1056 |=91,1056-213,27-(-79,3+(-151,549-237,19)/2)= 151,5 X/moal
H20 -285,85 | 69,9565 | -237,191
H20 -286,65 | -453,188 | -151,549
H30"(ag) -285,81 -3,854 -213,27
O2aqua -11,715 | 110,876 16,4
OZaqua -11.7 -94,2 16,4
'd o o
H, _C=— c
WN=CH O c=o
Ho

I
D-Alanine 2 H/E‘H +O2aquatH20=>Pyruvate 2 H'E‘H +2NH4*+AG+Q;
Alkaline solution 2H3CCHNH3*COO (ag)+O2aqua +2 H20+Q=>2H3CC=0COO (ag)+2 NH3(ag)+H3O* +AG
pH=7,36 BioChemic manner 2H3CCHNH3z*COO+02aquatH20=>2H3CC=0COO +2NH4*+AG+Q
1. AHHess=2AH H3cc=0coo-+2AHnH4-2AH alanine-AH 02-AHH20=-51,13 K/mol exothermic..........ccccoeve.n....
=2*-597,04+2*-132,5-(2*-554,8-11,7-286,65)= -51,135 exothermic........................

2. ASdispersed:-AHHess/TZSl,135/298,15: 171,51 ‘]/K/mol ;

2. ASHess=2AS°Hacc=0c00-+2AS°NH4-2AS ®alanine-AS°02-AS°H20=313,8 Y/molik;
=2*-846,664+2*113,4-(2*-616,47-94,2-453,188)=313 8.......... ol

3. AStotal= ASHess+ ASdispersed=313,8+171,5l:485,31 ol

4, AGHess=AHHess— T*ASHess= -51,13-298,15*0,3138= -144,7 K/ mol exoergic...

TeAStotar=485,31 /K/mo1#298,15 K= 144,7. ¥/mo;;bound TASn dispersed energy AGreversereaction Spontaneous AGess
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THERMODYNAMICS Exercise XXIII succinate -OOCCH2CH2COO- malate OOCHCOHCH2COO-

Physiologic conditions pH=7,36 T=310,15 K (37° C)

Succinate "OOCCH;CH,COO- to malate OOCHCOHCH,COO- (37 C) 310.15 K, using the data table!

Reactants succinate + O2aqua => products malate ionic force 1=0 .

Substance AHO,kJ/moI ASO,J/moI/K AGh,kJ/mol AHh,kJ/mol Ash,J/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=
O2agua -11,715 110,876 -
1.AHK=2AH"°-00cHCOHCH2C00--2AH-00CCH2CH2C00--AH 02T it Kol
=2*-1079,8-2*-908,7-(-11,715)= -2159,6+1829,115= -330,485 eXOtNEIMIC.......cc0erverierrreieiie e K/mol.....
Z.ASdispersed: -AHh/T:330,485/310,15: 1065,565 ............... J/Klmol
N
H—CZ c=o H—cfﬁ
OQCH;C_H o\g?(l}o\
succinate 2 I + Ozaqua =>malate2 I H +AG +Q
2 OOCCH2CH2COO (ag) + O2zaqua =>2 OOCHCOHCH2COO(ag) +AG +Q
2. ASH=2AS°.00CHCOHCH2CO00--2AS - 00CCH2CH2C00-AS 02 Suiiitiiiiiiitiie e ettt e et e e rrre e e ebre e e e s earaeeeens I molik.
.................... =2*-1,3314-2*-1,268110,876=-2,6628-108,34=-111,0.....c.0eerecirercrrerccirercrercieerieresereeesenee e mol/K
3. AStotal= ASH+ ASdispersed =1065,565-111 = 954,565 ......ccvviiiiiiiiec e I molik
4. AGH = AHH — T*ASH = -330,485-310,15%0,111=-296,00.......0eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeieeeeeeees exoegic.“/mol......

T*AStota=954,565 I/K/mo1#310,15 K= 296,06
bound TASn« dispersed energy AGreversereaction Q=330,485 ¥I/mol

spontaneous AGHess = -296 K/mol...

pKeq=-10g(Keq)=-In(10)*(-AGeq/R/T)=-In(10)*(296,06*1000/8,3144/310,15)= -In(10)*79,9081= -4,38088.....
Keq =EXP(-AGeg/R/T)= 10-PXe1=10438088=2 4*104 temperature 310,15 K (37° C)

CRC Substance AHO,kJ/mol ASO,J/moI/K AGH,kJ/moI AHH,kJ/mol ACH.J/mOI/K pK pK
HOOCCH2CH2COO (ag) - - - 3.0 -121 4,207 | pKl=
“0O0CCH2CH2CO0 (ag) i X : 05 217 | 5,636 | pKo=
“OOCHCOHCH2CO0 (ag i X : 36 31 6,27 | pK2=
HOOCHCOHCH2COO (ag) - - - 1,1 -21 1,92 | pKl=
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THERMODYNAMICS Exercise XXIV xanthine CsHaN4O2 ureate CsHaN4Os3(s)
Physiologic conditions pH=7,36 T=310,15 K (37° C)

Xanthine - CsHaN4O2s) to ureate - CsHaN4O37s) (37 C) 310.15 K, using the data table!
Reactants xanthine +O2aqua=> products ureate ionic force 1=0,25 .
pKa Alberty, Robert A.Q 2006.

CRC 2010 Substance AH® 9w | AS® ok | AGH ot | AHH,mot | ACH,fmouk | PK pK
Uric acid CsHsN4O3*(ag) - - -193,84 3.0 -121 pK2= | 4,207
ureate CsHaN4O3(aq) - - - -0,5 -217 pK1l= | 5,636
ureate CsH3N4Oz37(s) -618,80 173,20 -204,41 - - pKO= | 11,3
xanthine CsHsN4O2* aq) 1,1 -21 pK2= | 192
xanthine CsH4N4Oz(s) -379,60 161,10 -429,565 -3,6 -31 pKl= | 6,27
xanthine CsH3N4O2 (aq) - - - - - pKO= | 11,1
O2aqua -11,715 110,876 16,4 - - - -
H20ag) -285,85 69,96 -237,191 - - - -
H30*ag) -285,81 -3,854 -213,275 - - - -
1.AHH=2AH°csH3ns03-+ 2AHH30 - 2AHH20 -2AHcsHanso2-AH02=-466,605 exothermic...........ccc..c...ee. K/mol....
=2*-618,80+2*-285,81-(-11,715+2*-285,85-2*379,6)=-1809,22+1342,615= -466,605.............c0scvrrrnene K fmol;
2.ASdispersed=-AHH/T=466,605/310,15=1504,449........ccoccviiiieiriiiece ettt be b sraers Ik/mol
Xanthine protonation and protolysis (dissociation)
1 /ey +20H H-O™ W 9 aqua : i)
Ji o 42H0 WO, TIZHT age ANy 2HO* = o +4H;O
! N> 2 @ SH =AY Y }O 3 = 5 2
oy o7 >N TN - _J\\ N o — ) LR
2 Ny M +2H,0 2 o N R 5
\>H H_N%N _
)\ | o'J\{r\?i | QZfO
2 +2 H20+0saque=>disoluted in water=> 2 W +2 HiO+AG+Q
Reactants 2 CsHaN4O2(aqua) +2 H20 + Ozaqua => 2 CsH3N4Os7¢s) +2 H3O*+AG +Q produkti
Xanthineaqua Ureateaqua
2. ASH=2AS c5H3N403-+ 2AS°H30 - 2AS H20 ~2AS CoHANAO2-AS T 027 11 tiiiiieiiie et et I molik
...... =2*173,2+2*-3,854110,876-2%69,96-2*%161,1=338,692-572,996= -234,304........c..coeevvevrrrrerrrerrrsrreerennn Mol
3. AStotal= ASH+ ASdispersed =1504,449-234,304= 1270,145.......cc oot I molik;
4, AGH = AHH — T*ASH = -466,605-310,15*-0,234304=-393,936......c0cecveivrirreirriieirieire e, exoergic.k/mol;
TeAStota=1270,145 /K/mo1*310,15 K= 393,94 ...ttt sttt re e ens K3/ mol;

bound TASn« dispersed energy Q=466,605 “/mol  spontaneous AGess = -393,936 K/mol...

pKeq=-10g(Keq)=-In(10)*(-AGeq/R/T)=-In(10)*(466,605*1000/8,3144/310,15)= -In(10)*180,945= -5,19810.............
Keq =EXP(-AGeqg/R/T)= 10PKea=105.19819=1 58*105 temperature 310,15 K (37° C)

5.AGH=2AG°c5H3N403-+2AG°H30-2AG°H20-2AG°csHana02-AG°02=-1215,38 eXOthermic........c.c.cccvveevveeeineenns K/ mo;
=2*-204,41+2*-213,275-(16,4+2*-237,191-2*-429,565)=-835,37-401,148= -1236,52.......c.ccceccvsvrrrrrrrarranan. K mo;
1.Alberty,Robert A.Q 2006,p463,John Wiley & Sons, Biochemical Thermodynamics Applications of Mathematica
2. David R. Lide, CRC Handbook of Chemistry and Physics, 2010, ©, p.2760
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THERMODYNAMICS Exercise XXV CH3CH2-O-OCCHs hydrolysis to CH3CH2OH+HOOCCHj3

CH3CH2-O-OCCH3+H20=>CH3CH20H+O-OCCH3;AGLehninger=-19,6 K/mol
AGress=AG°CH3CH20H+AG° cracoo-AG°CH3CH2-0-0CCH3-AGH20=75,2864-241,663-(4,9176-151,549)=-19,745 K/mor;

KLenninger=exp(19600/8,3144/298,15)=

[CH.COO " }[CH,CH,OH]
[H,0][CH,CH,00CCH,]

=2715,172

1=0,25 M, BioTherm06, pH=7,36, AGhess=AG°cHacH20H+AG chzcootAG Hz0+-AG°CHaCH2-0-0CCH3-2*AGh20= 89,8/ mo;

=75,2864-241,663-213,275-(4,9176+2*-237,191)=89,8 K/mo1; pH=7,36

CHsCH2-O-OCCH3+2H20=>CH3CH2-OH+0-OCCH3s+H30*%;

AHp=AH crschzon+AH® chscoo+AH H3o-AH chscrz00ccHs-2*AHH20=-6,42K mol

-290,77-486,836-285,81-(-485,3+2*-285,85)=-6,42 X/mo|

ASH=AS cHacH20H+AS  cracoo+AS hao+-AS °cHacH2-0-0ccH3-2*ASH20=-540,4 Ymolik

-1227,76-813,043-3,854-(-1644,15+2*69,9565)=-540,4 Y/moiik

AGH=AHH-T*ASH=-6,42-298,15*-0,5404=154,7 .%/mo| endoergic;

AHO,kJ/mol AHO,J/moI/KASH,kJ/moI AGO,kJ/moI
HsCCOO- | -486,84 | 82,23 | -247,83
HsCCOO- | -485,64 | 87,58 | -369,37
HsCCOOH | -484,3 | 159,8 | -389,9
H3CCOO- | -486,836 |-813,043|-241,663
C2H4OO0CCH3 -485,3 -1644,15| 4,9176
C2H4O0CCHs - - -11,52
CHsCH20H - - 62.96
CHs3CH20H | -277,6 | 160,7 | -174,8
CH3CH20H | -290,77 |-1227,76| 75,2864
HsO* -285,81 | -3,854 |-213,275
H20 -285,85 169,9565/-237,191
H20 -286,65 |-453,188|-151,549

KeqLehninger:KLehninger[H30+]/[H ZO]:2715, 172/55,34573*10/\(-7'36):

AGeg=-ReTeIn(Keg)=-ReTeIn(10"(567)=-8,3144*298,15* In(10"(567)=32,36 K/mo;
Endoergic exothermic CH3CH2-O-OCCHjs hydrolizeHess free energy change positive
AGhydrolise=89,8 K/mor , but minimizes AGmin=AGeq= 32,36 K/mol reaching

equilibrium mixture Keq=10/-567)=

[CH.COO™ ] [CH,CH,0H].[H30"]

[CH.COO ]-[CH,CH,0H].[H30"]
[H,0F[CH;CH,00CCH,]

=107(567) At pH=7,36

[H,0F"

[CH,CH,00CCH,]

\:,-AGmin:l32,36 k‘]/mol

A+2B 50% C+D+E
CHaCHz-O—OCCH3+2H20 reactants -

products H:O" cH3CH,OH+0OCCH:;

Le Chatelier principle is

Prigogine attractor free energy change minimum AGnmin reacing at equilibrium mixture.

Free energy change minimum reaching establishes equilibrium.
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THERMODYNAMICS Exercise XXVI1. Osmolar concentration gradient 11=ACosm in green plants
Calculate AHH, ASH, AGH and the amount of heat exothermic, athermic or endothermic reaction at standard
conditions 298.15 K. PRC Photo Synthetic Reaction Center ENZYME complex drive green plants products
CesH1206 and oxygen 602aqua. by photon E=hev absorption Aquaporin substrates oxygen 602 and water 6H20
increase osmotic pressure to outside cell 11 times as concentration in cell decreases from initial times 12=Cosm=6+6
to one glucose CesH1206 molecule Cosm=1. So total flow out of plant organisms through aquaporins increases 11
times:

B6HC O3 +6H30*+QPRCHV=>CH1,06+6 O2aquatb6H20
against osmolar concentration gradient 12/1. Oxygen 602 and water 6H20 pushed out
out of cell 6H20+602aqua<AQUaRNINS=602,qua +6H20 inside cell

through Aquaporins in the athermic AHchannei= 0 ¥//moi manners (as no heat waste) and used energy gained from
PRC Photo Synthetic Reaction Center ENZYME complexes AGrcr=3040,1 ¥/mar (Exercise 111 via absorbtion red
and blue Photon energy E=hev and through heat supply Q: p.4®"

E=hv PRC

light red
Bicarbonate + hydrogen ions + heat supply photcP slf/%thesm

6HCO3+6H30" + Q + AGHess ==

glucose + oxygen water

— CsH1206+ 6 O2+6H20
reverse reaction

Mention whether the reaction will be exoergic or endoergic! Universal gas constant R=8,3144 Y/mol/k;
AGchannel=-RTIN(Cosm[60O2aqua +6H20]ieft/ Cosm[6O2aquatbH20]righ)=-12RTIn(12/1)= -36.96 K mol.v v,
Substance before after

O2aqua [O2]=6°10° M | [O2]=6°10°M

H20 55,3457 M | 55,3457 M

AGo,=-RTIN([O2]right/[Oz2]ieft)= -RTIN(Kequitibrium)= -6.1599 ..................
........................................................................ = -8,3144*298,15*In(12/1)= -8,3144*298,15*-2.4849= -6.1599.K/mol

FOF 602aqua AGE0,= ~B.1599%6= -36.9506 ....oooooooeoeoeee oo oo e e oo K ol
AGsH:0=-6RTIN([H20right/[H20]ieft)=6*8,3144%310,15*IN(L1/12)= -36.9596.....1rrrrscrocceevererrrreeeseeoeeeeeererssee K/mol...
FOr 6 H2O AGEHIO = -8.1599%6= ~36.9596 ... oo, K ol
.exoergic......
AS60,=-6RIN([O2]right/ [O2]1et)=-8,3144%IN(1/12)=20,66*6=123.96..........oooooeeesseeeeeoeeeeeee oo Yol
AS6H:0=-6RIN([H20]right/[H20Tief))= -8,3144%IN(1/12)=123.96.....vvvvooosooeeooeoeeeeeeeeeseeeoseeee e Ymollk:
AHchannel=.0........ K00 ettt e e ettt e e e e e e e e e e eeeeeereaeeeas N0 AL WASTE. ...ttt e e ettt e e e e eeeeeeseeeeeeeraeees
TeAS60s= -0,12396+298,15=36.9596................ kJ/mol used enerqy of PRC bound TASn=3040,1 X/mot out off Ox...
TeASeH20 = -0,12396¢298,15=36.9596.............. kJ/mol used energy of PRC bound TASn=3040,1 X/me_out off H20
For 602aquat6H20 T*ASeH20+602=36.9596+36.9596=73.910............. kJ/mol of PRC bound TASn=3040,1 K/l
athermic AHC°Hess =+0 kJ/mol; Q=-0 kJ/mol ...spontaneous AG°®Hess = -73.919 kJ/mol ........

The Photosynthesis dilutes of osmolar concentration by 602aqua+6H20 consuming bicarbonate end hydrogen ions
6HCO3+6H30™* drive spontaneous flow of 602aquat6H20 through aquaporins out of PRC cells against membrane
concentration gradient 12/1 with standard free energy AGshzo+602= -73.919 ki/mol per one glucose mol CsH120s!
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THERMODYNAMICS IV Vitamin B3 the Retinol CH2-OH oxidation to Retinal CH=0 aerobic
Vitamin B3 for anaerobic ethanal reduction to ethanol product with alcohol dehydrogenase using the data table!
RetnolCH,-OH+NAD*+H;0+AG+Q=>Retinal CH=O+NADH+H;0*

Substance | AH®H K/mol | AS®H Ymolik| AG®H K/mor I=0 M:; 1=0,1 M

RetinalCH=0 1141,45 |1118,78;1135,91;
Retinal CH=0 - - 1198,9852 Thermodynamic E°®?retinoi=0,2415+0,10166=0,34316 V;
RetinolCH,OH 1195,07 [1170,78;1189,14,

RetinolCH,OH - - 1256,7164 Absolute E°Zretinoi=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 | 1112534 E°%H20 =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 |Standard potential E° voltos David Harris; KortlyShucha data
H20 -286,65 | -453,188 | -151,549 |AGHesssAG RretinaicHotAH napH FAG H30 ~AGCRetinnnoloH-AHNnap+-AH H20=
AGHess=1198,9852+1175,5732-151,549-(1256,7164+1059,11-237,191)=144,4 X/mo endoergic;
Summary Red - Ox: RetnolCH2-OH+NAD*+H20+AG+Q=>Retinal CH=O+NADH+H30*;

By convention balanced n =2 = m number of electrons 2e-AE° is expressed as E°2H20 of the electron donor minus
E°! of the electron acceptor. Because NAD™ is accepting electrons from ethanol in our example
Absolute E°?retinoi=0,34316-0,3982=-0,05504 V
AE°=E°’h20-E°1=-0,05504—(-0,4095)=0,3545 V, n is 2;
AGegaerobic=AE°*Fen=(-0,05504-(-0,4095))*2*96485=(0,3545)*2*96485=-ReT*In(Keq)= 68,4 K/mol
AGquerobic 68408

[NADH]:|retinal CHO]-[H,0* - _ o
| e ReT  =¢ 8314029815 =1,0361012=10-11985 ; Homeostasis joined

Kquerobic: [NAD+][ Retinol OH]'[H 20] =€
O2aqua NADH oxidase with alcochol dehydrogenase ratio [NADH]/[NAD*]=10 favored AG .w G M
AGaerobic=68,4+ ReTeIn(1/106*1/1%10-7.3/55,3)=68,4-86,2= -17,8.......K)/mol negative. i s
Aerobic endothermic and endoergic RetinolOH oxidation Hess law free energy change

positive AGHess= 144,4........ K/mor inverse to Retinal=0 anaerobic reduction negative
AGHess= -1444........ K/mot , but minimized inverse in aerobic oxidation

AGmin=AGegAerobic=68,4...... K/mor and anaerobic AGmin=AGegAnaerobic= -68,4....... ol
reduction reaching equilibrium mixture constants 10-11.985=Kegaerobic RetinolOH oxidation

oxidation
aerobic

,'éXGmin= ?&4 ol

and Retinal=0 reduction anaerobic 101985=Keqanaerobic. A+TB+CS0%D+E+F
Prigogine attractor is free energy change absolute minimum at Equilibrium NAD*+HsCCH,0H+ H,0
- K] _ﬂ _ W NADH+H3CCHO+H30*

AGmin=68,4....... o= AGeq ‘ < AGHess‘ =144 4........ /mol. 1504 Anaerobic
Anaerobic AGeg=AE°*F+n=-0.3545 V+2 mol*96485 C/moi= -68,4........ k)/mor favored. AG ™ Retinal A

Insufficient low O2aqua cONcentration hypoxia to anaerobic alcohol oxidation unfavored but  }=="------"" reduction
ethanal reduction to ethanol favored ratio [RetinolOH]/[Retinal=0]=1/10 homeostasis AG=0

reduction with NADH reductase enzyme as negative free energy change .Gl

AGanaerobic: -27,86 ........ I(‘]/mol
Anaeirobic homeostasis ratio [NAD*]/[NADH]=1/10 over [NADH] favore reduction:

AGpin=-684 0

1 1 55.333
AGanaerobic:-68,4+8,3l44*298,15*'n(E 10 10-7-36 ): -27,86 k/rmol ; D+E+F 50% A+B+C
NADH+H3;CCHO+H3;0*
NAD*+H3;CCH,OH+ H,0
[NAD* ][ Retinol OH][H , O] _ [NADH}|RetinalCHO]-[H,0*]

KegAnaerobic= [NADH] [Retinal CHOJ-[H,07] ; Keg Weak Aerobic= [NAD" } Retinol OH]-[H,,O] ;INADH]}/[NAD*]=770/1,

AGaerobic=68,4+8,3144*298,15*In(770/1*1/1*55,3457/10-7:36)=0,028 ¥/mol.
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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 o H 1,0l

0 14,9435 15.00 Kegl= ———— =3.26+10"18 :

> 147338 1, TN [H,0HH,O]

12 ﬂgigg 14.60 \ =10/(-13.9965)/55 3457372=3,291*10"\-18);

20 14,1669 14.40 \ AGHess=AHHess-T*ASHess=101,8967 K/mol
25 13,9965  14.20 =55,89+298,15*0,154305 =101,8967 K/moi;
30 13,8330 14.00 endoerglc_.._....: ...........

35 13,6801 A Equilibrium reached by free energy
40 13’5348 13.80 minimum at compounds mixture ratio in
45 13’3960 15,00 expression: Thermodynamic unfavored:

50 130617 1340 t(°C) L’ Alberty [8] free energy for hydrogen gas
55 131369 13.20 G°H2gas=85.64 X/mol lets appreciate oxygen free
60 13:0171 0 10 20 30 40 energy for gas and aqua

G02gas=303.1 Y/mo1; Gozaqua=329.68 K/mal , relative to homeostasis products zero GH20=Gco2gas=0 K/mor and for
GH30++0H-=GH30++GoH-=22.44+77.36=GHz0++GoH--G2aH20=-R* T*In(KH30++0H-)+2*0=99.8 K/mol hydroxonium and
hydroxide ions. [1.8.14]

" ISR H
/%/H K —3.26 10 _ﬁ + / [O H_][H3O+]

jonis

O + =~ 0 +H-0 Lt ol ek 18
\ - \ N o Keq1= =3,26°10"1
. "‘. H  HK__ =3,06810" H H. ++ @ [H,0HH,0]

neutr

[O H” ] '[H3O+]
AGeql =- R’T'ln(Keql): - R'T'ln( - . ) =99,8 kJ/moI,

[H,0}H,0]
Endothermic and endoergic water protolysis reaction Hess free energy change
AGHess=AGprotolyse =101,9 X/mol positive, but minimizes reached equilibrium

[oH"]-[HO1]

¢ AGmin= 99,8 M ol
k'S |

Keg1= [Hzo]'[Hzo] =3.26°1018 ; up to AGmin = AGeq = 99,8 Kol ATB 50% CiD

Free energy change AGress for pure compounds by absolute value in Hess law is H20+H20 reactants
greater. Reaching equilibrium mixture of compounds products HzO*+OH-
free energy change minimizes: 99,8 X/moi = | AGeq | < | AGHess| =101,9 K/ mol A A

All reactions trend to Prigogine attractor minimum of free energy change [0t
AGmin = AGeq at equilibrium mixture with active mass law inverse reactions constants:

1
"1 [Ho" 1 _ [HoHHOl 1 Y
3 26e10-8= [OH ]-[H01] =Keqp=——— = L2211 - -
[H,0HH,O] Keqz [OHT]HOT  3,068*107 o= 008

ks

Le Chatelier principle is Prigogine attractor for Free energy change minimum AGmin reaching C+D 50% A+B

at equilibrium. Free energy change minimum reaching establishes equilibrium. HsO*+OH- reactants

products H2O+H20.
Water factorial constant and concentration square Ky water constant.
Keq1*[H20]2 =3.26°10-18*55,332=10-14=Ky,
one calculates water ions factorial constant Ky = [HzO*][OH] =104,
In 1977 declared llya Prigogine attractors create order in apparent chaos of universe.
It claims that our Universe was created in perfect order and show that each process trends to
Prigogine attractor — energy change minimum in mixture of dissipated structures.
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Glucose (Glc) CsH1206, biochemical water 6H20 and oxygen 602aqua energy AGLenninger= +2840 K/mol
by oxidation generate concentrations gradients of 6HCOz-and 6H3zO* ions:
CsH1206+602aquat6H20=>6H30"+6HCO3; AGLehninger= -2840 Kfmol .

Generated 6HCO3+6H30* ions drive 602aquat6H20 through membranes aquaporins channels for osmosis against
the concentration gradients but transporting ions 6HCOs+6H3O* down the gradients through membrane bicarbonate
and proton channels .

Glc Formation 6t page C+6Hzgas +302gas=>CesH1206 ; AG° Alberty=-402,05 K/mot ; AG°HesscRe=-919 /ol ;

AG” Alberty=GceH1206-(6Gcgraph+6*GHzgas+3* Gozgas)=-402,05 X/mo ;
AG" Alberty+(6Gcgraph+6*GHzgas+3*Go2gas)=-402,05+(6*91,26+6*85,6+3*303)=GceH1206=1568 K/mol ;
AG"HesscrRe+H(6G cgraph+6* GrHagas+3* Go2gas)=-919+(6*91,26+6*85,6+3*303)=GceH1206=1051 K /mot ;
Glucose free energy by Alberty GesHi206=1568 K/mor and Alberty - Lehninger GesHi206=2268.8 X/mol. [8,6]
Free energy at quasi equilibrium calculates one using Lehninger data [6] for oxidation -2840 k/mo and
CsH1206+602aquat6H20=>6H30"+6HCO3; AGLehninger= -2840 K fmol .
-2840:-GC6H1206'6*GOZHomeostasis_arterial'6*GHZO_Biochem+(6*GH30++6*GHCOS—)
GC6H1206:M-6*GOZHomeostasis_arterial-6*GHZO_Biochem+(6*GH30++6*GHCOB-):2268.8 kJ/mol.

Free energy of glucose GeeHi206=2840-6*78.08-6*85.64+6*(22.44+46.08)=2268.8 K/mor ,
Free energy of glucose__ GceHi1206=2840-6*330-6*0+6*(22.44+46.08)=1271 X/mol ,
Free energy of glucose_ GeeHi2os =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 .
Glucose free energy by Alberty GcesHi206=1568 K/mor and Alberty - Lehninger GesHi206=2268.8 X/mol. [8,6]

Oxygen absolute Standard potential E°02=1.0868 V create arterial absolute potential 0.4349 Volts at
homeostasis attractors [H3O*]=1077:36) M, [HCO3]=0,0154 M, [CeH1206]= 5*10"¢3 M and [H20]=55,3 M:
It’s relative include in Alberty data formed scale with hydrogen absolute standard potential E*Hpy=-0.2965 V.
Note: Classic potential scale is assumed for hydrogen classic reference zero E Hptyclassic=0 V.

Nernst’s half reaction: 6H20<=> O2aquat4H30*+4e" ; E°02=1.0868 V; AGeqo2=E’02aq*F*ne-=419,3 X/ .

AGo02agAIberty=G02aq+4 GH30+-6 GH20=330-4*22,44-6*0=419,76 K/mol AGeqo2=1,0865*96485*4=419,3 X/moi:
Eo02=E°02+%9591/4e]0g([O2aqua] *[H3O]¥/[H2018) =1.0868+0-0591/,*|0g (6*10-5* 10/ 7-36™4) /55 346"\6)=0.4349 Volts .
Oxygen homeostasis energy change AGeqHomeostasiso2=E°02¢F*14=0,4346*96485*4=167,7 ¥/mol
as reductant with six oxygen molecules half reactions produce Lehninger energy change AGLehninger=-2840 K/mol.
Potentials difference is AE=AGeq/F/N=(E°ceH1206-E°02)=-2840000/96485/24=-1.2264 V.

Absolute Standard potential for glucose from Lehninger data is: E°ceH1206=AE+E02=-1,226+1,0868=-0,1392 V :

Nernst’s half reaction CeH1206+42H20<=>30H30*+6HCO3+24 e has potential E°ceH1206=-0,1392 V :

AGAibertyAbsolutecsH1206=E °ceH1206°F¢ 1224=-0,1392 *96485*24=-322 K/mq calculated is exoergic free energy
change: AGalbertycsH1206=30*GH30++6*GHco3- (GceH1206+6*Go2Homeostasis_arterial+42*GH20_Biochem)=- 1086,8 K/mo
negative AGaibertyHesscoH1206=30*22,44+6*46,08-(1568+6*78,08+42*0)=-1086,8 X/mol.
Homeostasis potential is EceHi206=E°cer1206+20%91/24¢l0g([HCO37]8¢[H3O*]3%[ceH12086)/ [H201*2)=
=-0,1392+0.0591/54*]0g(0,0154/\6*10(736"30)/5/107-3)/55 346"\42)=-0,8843 Volts and free energy change of
homeostasis is exoergic, negative AGHomeostasisc6H1206=E °ceH1206°F* 1224=-0,88427*96485*24=-2047,65 “/mol .
AGLenninger= AE*Fen=(E°ceH1206-E°02)*Fen=(-0,1392-1,0868)*Fen=-1,226*96485*24=-2840 K/moI.
AGHomeostasis= AE‘F‘II=(E°CGH1206-EOOZ)‘F'H=(-0,88427-0,4349)'F°n:-1,31917*96485*24:-3054,7 k‘]/mol.
Glucose Nernst’s half reaction AGeqcsH1206=E°ceH1206°F+1+24=-0,1392*96485*24/1000=-322,34 /ol
on Alberty data Hess calculated AGaibertyceH1206=30%22,44+6*46,08-(1271+6*78.1+42*0)=-789,9 K/mo and
Biochemistry conditions Hes s value AGHessceH1206=30%*22,44+6*46,08-(2268,8+6*78.1+42*0)=-1787,7 “/mol .
The oxygen reduction: 6*(O2aqua +4H30*+4e -« 6H20;) standard potential E°02=1.0868 Volts and Glucose
Homeostasis constant with values [HzO*]=107:3¢ M, [HCO3]=0,0154 M, /[CeH1206]=5*10- M , water [H20]=55,3
M and AGLenninger=2840 K/mor is greater about one KegHomeostasis=1074%:
~ [HCO3J8[H;0%]8 _ _ 1 .
Kequmeostasis— [CGleOe]-[Oz](-S[H 20]6—EXP(-AGequmeostasis/R/T)—EXP(2840000/8,3144/298,15—10 .
Quasi state equilibrium drived irreversibly as engine of photosynthesis accumulates free energy in products:
6H30*+6HCO3=Photosynthesis=>CeH1206+6 O2aquat6H20; AGLehninger= 2840 Kol
Using Hess law 2840 k‘]/mol:GCGH1206+6*GOZHomeostasis_arterial+6*GH20_Bi0chem-(6*GH3o++6*GHCOS—).

Free energy content of one mol glucose is Hess law calculates referring Alberty [8,15] data.
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THERMODYNAMICS V h Pyruvate Nernsta laktats HsSCHC(OH)COO:-.
H3CHC(OH)COO-+H20=>H3CC=0CO0+H30*+H-(H*+2¢e"); E°H3cHc(oH)coo=-0,0159 V;
AGegHacHc(0H)co0=E °egHacHc(0H)coo* F+2=-0,0159*96485*2=-3,068 X/ma;
AGhesschacH20H=Gracc=0c00+Ghszo++Gr-~(Ghachcorycoot Grz0)=534,2+22,44+Gy.-(668,8+0)=-3,068 ¥/mol.
AGHesscHacH20H=Gracc=0co0tGhzo++Gh--(GrachcoH)coot Ghzo_siochem)=534,2+22,44+G.-(668,8+85,64)=-3,068 “V/io.
AGesscHacH20H-Gracc=0c00-Grzo++(Ghachcomycoot Grao)=Gh-=-3,068-534,2-22,44+(668,8+0)=109,092 ¥/ mo.
AGHesscHacH20H-Gracc=0c00-Ghzo++(GhacreoH)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, 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 kK¥/mol
HsCC=0COO"| -597,4 -850 | -350,78 | Gh20_siochem=85,64 K/noi;Gr=-3,068-534,2-22,44+(668,8+85,64)=194,7 “V/ino|
H3CC=0COO"| -603,7 | -433,54 | -474,44
H3CC=0COO"| -597,04 | -846,66 | -344,62 |GH3acHc(0H)co0=534,2 X/mol;

Hs3O* -285,81 | -3,854 |-213,275
H>O -285,85 | 69,9565 |-237,191
H20O -286,65 |-453,188|-151,549
HaCHC(OH)COO-| -688,29 | -1290,9 | -303,4 |GHacHc(0H)c00=668,8 X/mol;
HsCHC(OH)COOH GHacHc(oH)cooH+=3Gco2gas+3GH20-( 3Go2gas)=2271 X/mo;

pKa=3,86; AH:°=1361,9 “/noi; GHacHc(oH)cooH=2271 X/moi;H3CHC(OH)COOH+302gas=3CO2gas+3H20;
AHc°=3Gco2gas +3GH20-(GHacHcoH)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 71t page 3C+3H2gas+1,502gas=>H3CHC(OH)COOH; GHacHc(oHcooH =-303,4 X/mal [8];
AGH3cHC(0H)cooH=GHacHc(0H)cooH-(3Gcgraph+3* GHagast1,5*Gozgas)= -303,4  X/mol;
GHacHc(oH)coon=-303,4+(3*91,26+3*85,6+1,5*303)=681,7 K/mo;
Lactic acid HsCHC(OH)COOH+H,0<=>HsCHC(OH)COO +Hz0*: pKx=3,86:
Keq=[HsCHC(OH)COO J*[Hs0*]/[ HsCHC(OH)COOH]/[H20]=Ka/[H20]=107(-386)/55 3=2 5*10A(6)=10A(5:603);
AGegH3cHc(0H)cooH=-R*T*In(Kaeq)=-8,3144*298,15*In(107(->603))/1000=31,98 /o .
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)c00-2GH30++(GLacticact2GH20)=31,98-2*22,44+(681,7+2*0)=668,8 *V/mol;

Pyruvic acid- Formation 715t page 3C+2H2gas+1,502gas=> H3CC=0COOH; AGsuccinat=-344,62 K/moi [8];

AGFumarat=GFrumarat-(3Gcgraph+2GHzgast1,5*Go2gas)= -344,62 K/ mo;

Grumarat=-344,62+(3*91,26+2*85,6+1,5*303)=554,86 “/mal; ;

Pyruvic acid Hs3CC=0COOH+H20<=>H3CHC(OH)COO +H30*; pKa1=2,5;

Keq=[H:CHC(OH)COO J*[H30*]/[H:CC=0COOH]/[H20]=K4/[H20]=107(25)/55 3=2 5*10A-6)=10"(4.243);
AGegHacc=ocooH=-ReTeIn(Kaeq)=-8,3144*298,15*In(10/(4243))/1000=24,22 X/mo .

AGH3cHc(oH)coo=GHacHc(oH)coo+2GHao+(GLacticAct2 GH20)=Gsuccinat+2*22,44-(554,86+2*0)=24,22 K/ mol;

GHacHc(oH)coo=AGH3cHCc(0H)c00-2GHao++(GLacticact2GH20)=24,22-2*22,44+(554,86+2*0)=534,2 X/ma;

NADPH = NADP* + H-(H*+2¢"); E°napr=-0,41135 V; absolute Lehninger; [6]
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H202 veidoSanas 41t page H2gastO2gas=>H202 ; AG°univAlberta=-134,03 Kol ; AG’ Alberty=-48,39 K/ mol ;
AGAIberty:GH202'(GOZgas+GH2gas):274,5-(85,64+303):-114,14 kJ/moI(-l34,03 k‘]/mol;)(:-48,39 I(J/mol)

Viela AHCH % mol | AS®H Y molik | AG®H ¥/mol
H2O2qa | -191,99 | -481,688 -48,39 Alberty nulles GH20=0 %/mol; atskaité bazeti GH202=274,5 %/mo
H202:qa | -191,17 143,9 -134,03 |University Alberta
Succinat? | -908,69 | -1295576 | -522,414 Gsuccinat=650,8 K/mol; GsuccinatFor=-522,4+(4*01,26+2%85,6+2+303=619,8 K/l
Fumarate?| -776,56 | -862,288 |-519,4688| Grumarat=554,75 /mol;GFumaricFor=-5195+4*91,26+856+2:303=537,1 K/mol

Succinat? Formation 415t page 4C+2H2gas+202gas=>(CH2)2(CO2)(CO2") ; AGsuccinat=-522,4 ¥/mor Alberty;
AGsuccinatFor=GsuccinatFor-(4Gcgrapht2* GHagast2*Gozgas) = -522,4 K/ mol;
GSuccinatFor:-522,4+(4*91,26+2*85,6+2*303):619,8 I(J/mol;

Fumarate? Formation 41%t page 4C+Hagas+202gas=>(CH)2(CO2)(CO2") ; AGrumarat=-519,5 ¥/mo Alberty;

AGrumarat=GFumaratror-(4GcgraphtGHzgast2* Gozgas)= -519,5 K/ mol;

GFumaratFor=-519,5+(4*91,26+85,6+2*303):537,1 I(J/mol; ;

Succinic acid (CH2)2(CO2H)2+H20<=>(CH3)2(CO2H)(CO2) +H30*; pKa1=4,2;

Kateq=[(CH2)2(CO2H)(CO2) T*[Ha0*J/[(CH2)2(CO2H)2)/ [H20]=Kat/[H20]=10A42)/55, 3=1,14*10A6)=10/594)

Succinat? (CH2)2(CO2H)(CO2) +H20<=>(CH3)2(CO2)(CO2") +H30%; pKa2=5,6;

KaZeq:[(CHz)z(CO[) (CO[)]*[H30+]/[(CH2)2(COQH)(COz)f]/[Hzo]:KaZ/[HZO]:10/\('5’6)/55,3:4,54*10/\('8):10/\('7’34);

(CH2)2(CO2H)2+2H20<=>(CH2)2(CO2 )(CO2 ") +2H30*; Kaeg=Kateq*Kazeq=1,14*10N-6)%4 54*1 07 (=1 0A-133);
AGegsuccinat=-R*T*In(Kaeq)=-8,3144*298,15*In(107(-13.3))/1000=75,9 K/mol .

AGsuccinat=Gsuccinat+2GH3zo+-(Gsuccinicact2GH20)=Gsuccinat+2*22,44-(619,8+2*0)=75,9 K3 mot;

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) +H30*; pkar = 3,03 ;
Kateq=[(CH)2(CO2H)(CO2) ]*[H30*)/[(CH)2(CO2H)2]/[H20]=Ka1/[H20]=107(3.03)/55 3=1,69* 10" (-5=10"(4.77);
Fumarate 2<=>(CH)2(CO2H)(CO2) +H20 <=>(CH)2(CO2)(CO2") +H30%; pKa2=4,44;
Kazeg=[(CH)2(CO,)(CO2)]*[HsO*)/[(CH)2(CO:H)(CO,) J/[H20]=Ka2/[H20]=107(444/55,3=6,57*10 N )=10\-6.18);
(CH)2(CO2H)2+2H20<=>(CH)2(CO2 )(CO2") +2H30*; Kaeg=Kateq*Kazeq=1,69*10/(-5*6,57*10(-)=10(-10.955);
AGegrumarat=-ReTeIn(Kaeq)=-8,3144*298,15*In(10/(-10.955)/1000=62,53 K/mol .
AGFumarat=GFumarat+2GH30+-(GFumaricaAct2GH20)=GFumarat+2*22,44-(537,1+2*0)=62,53 K/ mo;
Grumarat=AGrumarat-2GH3zo++(GFumaricAc+2GH20)=62,53-2*22,44+(537,1+2*0)=554,75 */mol;

OX O2zaquat2H30%+2e=H202aqua+2H20; E°0ox02_H202=-0,4495 V absolute University Alberta ;
AGAibertyox02_H202=GH202+2*GH20-(Gozaquat2*GHzo+)=274,5+2*0-(330+2*22,44)=-100,4 K/moi ;
AGquIbertyAbsoIuterOZ_HZOZZEoerxOZ_HZOZ’F'1'2:-0,4495*96485*2:-86,7 I(J/mol;

Nernst’s half Red Succinate?+2H20 = Fumarate?+2H3O" +2e" ; E°Redsuccinate=0,2512 V; absolute potential ;
Alberty AGeqgsuccinat_Fumarat=GFumarat+2GH30+-(Gsuccinat+2GH20)=554,75+2*22,44-(650,8+2*0)=-51,2 ¥/mql;
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:>fumal"atez'+H202aqua+Q+AG; AGmin=AGeqsuccinat_ H202=-38,3 K3 fmol;

Alberty Hess AGsuccinat H202=GFumarat+GH202-(Gsuccinat+Go2zaqua)=554,75+274,5-(650,8+330)= -151,55 kJ/mol;
AGmin=AGeq=(E Redsuccinate-E°0x02) *F*n=(0,2512-0,4495)*96485*2=(-0,1983)* 96485*2=-38,3 “/mor;

Nernst’s half Red Succinate?+2H20 = Fumarate?+2HzO* +2e" ; E°Redsuccinate=0,2512 V; absolute potential ;
AGeqsuccinat_Fumarat=GFumaratFort2GHzo+-(GsuccinatFort2GH20)=537,1+2*22,44-(619,8+2*0)=-37,82 K/ mmol;
AGegsuccinat_Fumarat=GFumaratFor+2GH30+-(GsuccinatFort2GH20)=537,1+2*22,44-(619,8+2* 85,64)=-209,1 K3/ mot;
AGquIbertyNernstRedSuccinatFumarat:EoeqNernstHaIfSuccinat_Fumarat‘F‘1’2:0,2512*96485*2:48,47 k‘]/mol;

Standard equilibrium state attractor for non equilibrium states
SuccinatZ+02aqua=>fumarate?+H2O2aquat Q+AG; AGmin=AGegsuccinat_ H202=-38,3 K3 fmol;

Alberty Hess AGsuccinat_H202=GFumarat+GH202-(Gsuccinat+Gozaqua)=537,1+274,5-(619,8+330)= -151,55 ¥/moi;
AGmin=AGeq=(E°Redsuccinate-E°0x02) *F*n=(0,2512-0,4495)*96485*2=(-0,1983)* 96485*2=-38,3 K/rmor;
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CH3CH:20H ethanol formation from elements:
2C+3H2gas+1/2029as=>CHSCHZOH 5 AGoAlberty=75,2864 K/ mol ; AG’Hesscre=-181 K/mol ;
AGOAIberty:GCHSCHZOH-(2(3Cgraph+3*GH29as+1/2*GOZgas):75,2864 Ko ;
AG’cre=GcHacH20H-(2Gcgraph*3*GHazgas+1/2*Gozgas) =-181 X/mol ;
AG” aberty+(2Gcgraph+3* Ghagast+1/2*Go2gas)= 75,2864 +(2*91,26+3*85,6+1/2*303)=GcHacH201=666,106 K/mol ;
AG°cre+(2Gegraph+3*GHzgas+1/2*Gozgas)=-181+(2*91,26+3*85,6+1/2*303)=GcHscH201=409,82 K/mo ;
CH3CHO acetaldehyde formation from elements: 2C+2H2gas+1/202gas=>CH3CHO ;
AG’ aberty=GcHacHo-(2Gcgrapht2*GHzgast1/2* Gozgas) =32,282 K/ mol ;
AG’cre=GcHacHo-(2Gcgrapht2* Ghagast1/2* Gozgas)= 24,06 K/ mol ;
AG” atberty+(2Gcgrapht2* Ghzgas+1/2* Gozgas)=32,282+(2*91,26+2*85,6+1/2*303)=GcHacHo=537,5 ¥/moal ;
AGOCRC‘F(ZGCgraph"'Z*GH29as+1/2*GOZQas)=24,06+(2*91,26+2*85,6+1/2*303)=GCH3CH0=529,28 Kot ;
CH3CH20H+H20=CH3CHO+H30*+H-(H*+2¢"); absolute potential E°cHscH201=-0,055 V; Kortly, Shucha; [19]
AGeqcHacH20H=E °eqnernscH3cH20H*F*2=-0,055*96485*2=-10,6 K/mol;
AGHesscH3cH20H=GcHacHo +GHzo++GH--(GcHacH20H +GH20)=537,5+22,44+GH--(409,82+0)=-10,6 X/mol.
AGHesscHacH20H=GcHacHO +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/mol.
AGHesscHacH20H-GeHacHo -GHao++(GceHacH20H +GH20_Biochem)=GH.=-10,6-537,5-22,44+(409,82+85,64)=-75,08 X/mol.

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

GcHacH0=529,28 K/mo ;

GcHacHo=537,5K/mol ;

BioThermodynam06;

BioThermodynamic,2006,Massachusetts Tecnology Institute,Alberty

Alberty GcracH20H=666,106 K/mol ;

CRC GcHacH201=409,82 X/mol ;

GH20=0 X/mol; GH-=-10,6-537,5-22,44+(409,82+0)=-160,7 “/mol.

Substance | AH®H X/mol |AS°H Ymolik| AG°H ¥/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
H3O* -285.81 -3.854 | -213,275
NAD* -10,30 |-3766,008 | 1112534
NAD* -1007,48 -183 1059,11
HsCCH,OH | -290,77 |-1227,764 | 75,2864
H3CCH,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 K/mol. GH.=-10,6-537,5-22,44+(409,82+85,64)=- 75,08 ¥/mol

NADH = NAD* + H-(H*+2¢"); E°napn=-0,4095 V; absolute David Harris; [22]
NAD*+H-{H*+2e}+CH3CH20H+H20=NADH+CH3CHO+H3O*+H-{H*+2¢");
NAD*+CH3CH20H+H20=NADH+CH3CHO+H30%;

AGmin=AGeq=(E °egNernscHacH20H-E °nap+) *F*n=(-0,055+0,4095)*96485*2=(0,4562)* 96485*2=68,408 //moI;

AGHessAlbertycH3cH20H=GNADH+ GH3z0++GcHacHo-( GNAD++GcHacH20H+GH20)=

68,02 W/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 K/mol.
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H3CHC(OH)COO +H20=>H3CC=0COO +H30*+H-(H*+2¢"); E°HacHc(oH)coo=-0,0159 V;
AGegHacHc(0H)c00=E °egHacHc(0H)coo F+2=-0,0159*96485*2=-3,068 X/mo;
AGesscHacH20H=GHacc=0c00t GHzo++Gh--(GHacHeoHycoot Ghzo)=534,2+22,44+G.-(668,8+0)=-3,068 X/io.
AGhesscHacH20H=Gracc=0c00+Grzo++Gr-~(Ghacrcon)coot Ghzo_iochem)=534,2+22,44+G.-(668,8+85,64)=-3,068 “/ro.
AGHesscHacH20H-Gracc=0c00-Grzo++(GracheoHycoot Grao)=Gr.=-3,068-534,2-22,44+(668,8+0)=109,092 X/ g
AGHesscHscH20H-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, AG=G°Hacc=0c00-+G°H30++GH--GHacHc(0H)c00--GH20= K/mol;
Viela AHCH %mol AS®H Ymoiik 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¥/mo|
H3CC=0COO-| -597,4 -850 -350,78 | Gh20_iochem=85,64 V/imoi;Gr=-3,068-534,2-22,44+(668,8+85,64)=194,7 ¥/
H3CC=0COO"| -603,7 | -433,54 | -474,44
H3CC=0CO0OO| -597,04 | -846,66 | -344,62 |GHacHc(oH)coo=534,2 K/mal; pKa=2,5;

HsO* -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 |GHacHc(0H)c00=668,8 V/mol; pKa=3,86;

pKa=3,86; AH:°=1361,9 “/noi; GHacHc(oH)coor=2271 X/mo1;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+=3Gco2gas+3GH20-( 3Go2gas)=3*0+3*0-(+3*303) -1361,9=GHacHc(oH)cooH=2271 K/mol;

Lactic acid Formation 715t page 3C+3H2gas+1,502gas=>H3CHC(OH)COOH ; GHacHcoH)cooH =-303,4 K/mor [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<=>H3CHC(OH)COO +H30"; pKa=3,86;

Keq=[HsCHC(OH)COO T*[H30*])/[ HsCHC(OH)COOH]/[H20]=Ka/[H20]=107(386)/55 3=2 5*10A-6)=10A(5603):
AGegH3cHc(0H)cooH=-ReT*In(Kaeq)=-8,3144*298,15*In(107(-5603))/1000=31,98 X/mol .

AGHacHc(oH)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 715t page 3C+2H2gas+1,502gas=> H3CC=0OCOOH; AGsuccinat=-344,62 K/mo Alberty;
AGrumarat=GFumarat-(3Gcgraph+2GHzgas+1,5*Go2gas)= -344,62 K/ mol;
GFumarat=-344,62+(3*91,26+2*85,6+l,5*303):554,86 kJ/mol; ;

Pyruvic acid H3CC=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(4243))/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=AGH3cHc(0H)c00-2GHao++(GLacticact2GH20)=24,22-2*22,44+(554,86+2*0)=534,2 X/ma;

NADH = NAD* + H-(H*+2¢"); E°nabn=-0,4095 V; absolute Lehninger; [6]-
Red lactate+H2O<=>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°ox)*F*n=(-0,0159—0,4095)*96485*2=(0,3936)*2=75,95 k/mol
Kquerobic=EXP(-AGquerobic/R/T):EXP(-75950/8,3144/298,15)=10_13’3;
AGggaerobic 759500
ReT =g 8.3146298.15 —1()-133:

~_[NADH]-[pyruvate'] 1 0*]
KegAerobic= [NAD*J[lactate ] ‘[H,0] ~ €
AGHess=AHHess- T*ASHess=45,764-298,15*-0,5479605= 209,14.......</moi 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 .

