Content

1. BASIC THERMODYNAMICS ...ttt sttt 5
1.1. Terms in thermMOTYNAIMICS........ccueiiieieiieie e see e se et reeee e nes 5
1.2. The state of the thermodynamicC SYStEM.........cccoiiiiiiiiiiiie s 8
1.3. Internal energy, the first law of thermodynamics............ccccoovveveiieriiiic i 13
1.4, 1deal gas (PEIrTECT QAS) ...couerreriiiieriiiie ettt be e e 19
1.5. Relation between Cpp and Cry (Ideal gas) .......ccoviiiviiiiiiiicee s 21
1.6. Reversible changes of ideal gases (isobaric, isochor, isothermal)...........ccccccocveriennenn 21
1.7. Adiabatic reversible changes of ideal gases..........ccccevvereiiieiieeie s 25
1.8. The standard reaction enthalpy ..o 28
1.9. Measurement of heat Of reaCtioN.............ccoiiiiiiieie e 31
1,00, HESS S JAW ...ttt sttt ettt nre s 32
1.11 Standard eNthaIPIES .......ceoveiieieee e 34
1.12. The first law for open systems, steady State SYStEMS.........cccvrvverierrerieiienieerie e 36
1.13. The second law of thermodyNamiCs ..........cccocveieiiieiieiie e 38
1.14. Change of entropy N ClOSEd SYSIEMS.......ccuiiiiiiiieiiee e 40
1.15. The second 1aw and ENTIOPY .....ccveieereeieiiese e see e et e e e e e e e eneesreenae s 42
1.16. Statistical approach OF ENIIOPY.......cceeriririierinie e 45
I IR [ - To | - o SRS SSTRSSSSN 50
1.18. The third law of thermodyNamiCS..........ccooieiiriiiieiiee e e 53

2. THERMODYNAMICS OF SYSTEMS ...ttt 56
2.1 The HelmNOItZ free €Nergy (A) . ..o oottt 56
2.2 GIDDS re ENEIGY (G) .ovveiiieie ettt nre e enes 58
2.3 The first and second derivatives of the thermodynamic functions ............c.cccceeevenee. 60
2.4, P-T Phase diagram..........cccvoiiiieiicie e ste e nneenes 64
2.5 Thermodynamic interpretation of the p-T diagram (the Clapeyron equation) ........... 66
2.6. One component liquid-vapor equilibria, the Clapeyron Clausius equation................ 69
2.7 Standard GibDS free BNEIGIES ........covi i e 72
2.8 Gibbs free energy of an ideal gas..........cccvviviieri i 74
2.9 The chemical POLENTIAL...........ooiiiiie e s 75
2.10. Conditions for phase equIliDria..........c.ceciiieiieiie e 81
2.11 TE PRASE TUIE ... et rs 82
2.12 Equation Of state fOr real GaseS .........ccevveierieerecie e 86
2.13 The principle of cOrreSpoNding StAteS..........eerveriirirrieie e 89
2.14 The Joule-ThomSon eFFECT .......ccoiiiiiiiiee s 92

S MIEXTURES ...ttt sttt s e s et e e bestestesbenbeeneeneeneas 97
3.1 QUANLIES OF MIXEUIES ...ttt e e be e sar e e sbe e saneesbeenneas 97
3.2 Intermolecular INTEraCLIONS .........c.ooieiieieiie e e 99
3.4 Determination of partial molar qUANTITIES ...........cccveveiiieiiiece e 106
3.5 RAOUITS TAW ...ttt be s reereeneas 108
3.6 Deviations from the ideality...........cccovveieiieiicic e 111
3.7 Chemical potential in HQuid MIXTUIES.......cceciviiiiiieee e 113
3.8 Entropy of mixing and Gibbs free energy of mixXing.........ccccoovveiininiiininiinieees 118
3.9. Vapor pressure and boiling point diagrams of miscible liquids ...........c.ccccoveivennen. 124
3.10 Thermodynamic interpretation of aZEOtIOPES .........cceviriririeieeiee e 130
3.11 Boiling point diagrams of partially miscible and immiscible liquids...................... 133
3.12 Solid - liquid equilibria: simple eutectic diagrams ............ccooveviererenerenine s 137
3.13 Solid-liquid phase diagrams............cccecveiieiiiic i 140

© Grofcsik Andras, Billes Ferenc www.interkonyv.hu




4 Physical chemistry 1

4. ADVANCED CHEMICAL THERMODYNAMICS ........cccooiiiiiininieieeese e 146
4.0 COllIQAtIVE PrOPEITIES ....viivieiieeieeeiiesiee ettt sttt b e sreeste e sbe e e 146
4.1.Vapor pressure lowering and boiling point elevation of dilute liquid mixtures........ 146
4.2 Freezing point depression of dilute SOIULIONS .........cccoviiiiiiiiiiniee e 151
4.3 OSMOLIC PIESSUIE .. vveveerveeseesteesteaseesseesteaseesseesseassesseesseaseesseesseassesseessesseesseessessessseensens 152
4.4 ENthalpy OF MIXING ..oveiiiiiiiie et nae s 155
A5 HENMYS TAW ...ttt st e te et easeesteenaeereenteenae s 160
4.6 SOIUDTILY OF QASES....cueeeiiieiiee ittt sbeeae s 162
4.7 Thermodynamic stability of SOIULIONS ..........ccccooviiiiiiiiie e 163
4.8 Liquid - liquid phase eqUIlIDrIa..........cccveiiiiiiiec e 165
4.9 Distribution eqUITTINA.........oooiiiii s 168
4.10 Three component Phase diagramS.........cueieerreeieieeieeiesee e ereseesre e sreesreeeeseesaees 171
4.11 Activities and standard STALES.........c.ccveiriieieeie e 176
4.12 The thermodynamic equilibrium constant .............cccooovvieiieie i 178
4.13 Chemical equilibrium in gas Phase..........ccceveieiiieneie s 181
4.14 Effect of pressure on eqUIlIDriUM .........ccooiiiiiiie e 183
4.15 Gas - solid chemical equiliDrium ... 185
4.16 Chemical equilibria in liquid State ..........ccceeveiiieiieir e 188
4.17 Temperature dependence of the equilibrium constant.............cccoeieninniniiinenn, 193

www.interkonyv.hu © Grofcsik Andras, Billes Ferenc




