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TR R RYPE BRI R TR SR AF B SR T ™ A W PR R B9 sl . b a7 e i <A
AR IR, T LATER] c~ VY2 CL Hoh VO 05 2825 R R AR, C o SR v A 7
(Callen,1985) . X} T3t R aliA T A id R HH OB W SR UL » o 36 B IR B0 JT4F

1.3 A AR AR

FH AL — D HER T 2 0 M BB E TR R T — R R AR . i
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b FR B, W Eugester, Wones(1962)) ,

TEMDAG BT R FA ) 2 5 A e S A — R R T A 1 2
J7 T 8 25 T B R F QR AGTE L Lavenda(1978)) #4424 3R AN F8 HL - iy
REME W . XFE, BEIR I 24 3AA & X AR R A 2 S A 206 1 — A~ 22
T R R T 2 ok U, 2/ DA S P I . BRI — [l R, A 1 e A
e R RPIPG £ B (Constantin Carathéodory, 1873~1950) 5| # T A& Z& 1Y
WS, MR TR AR E M AT 0. BT R R A R R
A S BT R A A 2R R S RN A i A A 2 Bl . 4 R R A bR
P14 DA S S T AN () A 28 g S A R o DU 8 gl B 0T T30 ) PR ) 25 171 5 1 1 Ay
XA ORI AR ZR T v A [l R R AL 8 — AL i P AR S R . T
“UH AR R A — S N B TR S SGAR M

PR L PR N . T ETEMRETE. | AR EEIK
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ANTARZR AR ESEFICE = > ED . IAFR $it F 5T A0 2 2 A
JEAS R D3 — T AT A — 5 AR S A S R R B RN TS SG il an e g
TR E SRR, TR EA P B SRR R AL A AR R AT —
F14) 5 P A 5 LAt a5 (AR TR

B TR — Rl B AR RO UL, A AT AR B 5 L ILH0 ) — s AR AT
PFURA e, B, R E =V e Ry 1= £ )3 (P) s i dn
R E=THRCA)  WILEEAS R = R8T (o) s #5 E =K (L), W IL5eA8 &>
I1=J1(F),

1.4 3

Wy B SO AU 2 AR FE SN IVE R T AR 45 . I AEH ) F
()7 1) 55 AR B 1 5 Tl AN TR) S D P R/ NG B2 TEAE L 1 F AE AR 88 O 1) |
511, B F FEPRIE x i AX (5 B rfoh #4850 WILAE x b B4 ) F L o
T, S5 F F M AX FFEFL. A

W=F « AX=FAXcosl (1.4.D

Hob g AR 1 5008 D5 1) 2Z [l (B (B 1. 2) o TR Sy 2 A8 A iy . 32 1 8% 4
PRI xR & x, T haE T

W= J F.dx (1.4.2)

CAn 2R R% 5 i 2 0y e 2 f 2R i AR RU 45 1) O TR Fodx, Lol 75
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158 N, T 5 A T 1 Y R Dy 1807 (&L 1. 2) ., P . O BT MY 3 4 T
mgcosl80°Ah = — mgAh(AR=>0),

mg

\4

B 1.2 #BYEinKFEFEBHNERND(F)BIIREE
I3 mg BTT TR 0 4 bR g R

TEIT 2 P R RS2 W S L& . — MR R AT LA B0y FR45 to ]
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YEFERTRE A ESE N P ARYENS 26 FAVE R It P 3l LG ZEny AL A
(B F= PA) ., QSRG A SR AR NI A 8 Po s W SURSIEAK . 00 SR AKASAR
P AR FERL Bl A 5 BRI R AN F— 250 SR IR I v S sk Jovk 58, SR, dn
A R L0512 LA 2 i — 250, MG ZEMALE i B ah 3 x.  SARIHI T A

W= J (P, A)dx (1.4.3)

X1

PN Adx S5 TUMAMATRICTS N BUEE d Vo B USUUR B9 98 2 T A 375 2 43r
TS A

W*:JVZ P, dV (1.4.4)

V1

BE ATy oW = Pod V. 6 f R i LR B » XA B i) 2

WSy W™ = = P, dV. iz iR EA SUSUIBRER F900 8 A i ZOIR 2 - i HLide

PO T ROX MR A A iR AR . — PR U » A 9 R/ NI R T 5 B s IR S e
e 5 .
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Pz Dy as, nl FHIE 1.3 ILABERE . B SRR A B B ke AR AK .
IR SR TSk PAV R 45 i BISE TR A T B IR 3 4 L 9
ELAIT AL A TR s TR AT DUt i B 2 A R REZRR) PAV R
gt BT LATRI AT A T AR 45 S mT T S R RE R BT e 9 T BROR R R

A )

|4

E1.3 S#E—EgfRERNERTEMIITEE
LUrSE A BB KR I S B AB SEECT W A Ik R B L G TR AR A 5 2
AHUTELGEIR I B [BIF) A B WTETE FEFIF L AR A—>B—A LA BT 0 v 2 U e
M A RN B 1S4 R £ T BB 1 THT ARG

b TR AEER TR R AR TR (L. 4. D FR ST CF 48R 1 % 7] 2
U, Fermi(1956) B3ER) . %5 4. Zemansky 1 Dittman (1981) 58 3% T 1% )7 FA7E
DU 2544 T o7 : OANE TE ZE R0 4 BE 22 [ TOBE IR A AE s O NS IR R o2 A 23k
BUBR A AT 33 5 R AN A rp ) TSR 5 1y — o BRI BHLI kSR K 1 40
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B /N RT L A 2 HhoAH [ Y He sk 3236 B

SW~ =—-PdV (1.4.5)

MARIZAKEE , d V>0, R oW~ <0, BEXHA Z 48 T a2 (U6 SR8 T IE D) 5 24
SRR . dV<<0, ] W~ =0, BIXHA R A8 T 15,

B T R e W R Ik A8 B BISE H T 6RY PV D LAAh iR A oA — 22 0
(14 HEHEAE F 3 W (5 RS T AB oy o 0 el Hl A7 25 1 R 1o B sl BT 80 H 7 2 5 1%
] SRR S S, PN, Y2 E A O B B o B A Bk 1 Eh s
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TR EREZENER. UL EABZENTHE T KR PV DL A /Y
HA— 55 w SRR HF R IE 5B f PV Dh—FER 3 .

SI@1.1 % 1mol WEMEAK, HRAFTEN PV=RT. Lo R ZAKEH
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RN B R T R B x =0, BIEE Ty, AR TR NR T
T HIR3IEE El R R

Ev(n)z(n+%)hu (1.6.2)
Foob SRS TR0 b RIS = 6,626 X 10 1 + ),y SR
Ko (/2 hy HEEEE. X EY n =0 BHRER . BB 5T I A8 e
RIZER . — MR T ROIEsh AR AT i 7 0 BORR sh R ) Tl s o, — e 5
10" ~10", XHE 288 FaCOB IR TS IR S RE R AEZ S Be S L n] 43 B AR [F]
ROTEIE . 1.6 s T —MBa B RUR T4 TR AT IR F AR RIPR S RED
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I

Rt
E1.6 RRABERFEENVEFSFHORBEEBLMIRINGERL TSE

SR AR TR T — R Bl AN & 2 T B I s ikl . 58 b ARSE
FEIE 1Y P S BE 2T AR XS B 5 ELBEE & 5 B3 76 PR 3 RE L = (8]
el fds /N . AN, I 1.7 Fo8 TR0 T RSB BEM RSN RES . i TRIERL
L S E AR H 55 R AAE R RIRIEAL L A% B 5o . AR ZARIERY .
NGOtk . RN LB I R v 4 20 J5 7 1) T 25 06 8 A A% St i 1) 17 O f8 2
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Tl g (LAY,
E (kJ/mol)

0 i ' ' &)

-2001
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E1.7 EFSANETHSFHEMLNIR (LX) MERITEER (RETEL)

HEL AT IR T KPR AN TR TABSL. TR T L R PR B AL iR B0 5

FAREF ARSI A AE IR AT (McMillan. 1985)

TE SIS TP 2 IR SN ER A SC 10 S P A A SE A 19 B 1412 3 & B0 i
ARPREATI o K BEAT AR A S A T« o O B S B S SR R A S R (I
L.8) . e SR A A AR . JERIE BAT R, R i 3 2 = iR T
B A » P BAT R AR AR DR = B AR AR 3k

FeA S
8(v) AN
PN g
A-l/ v

E1.8 BESEFEEETEE
TR g () Av IR TAER/IMIUR I Av P EIIETR T4

AR Bl L B LA 2 IR DT 3E (Einstein, 1907) 2852 . bR T A & [
bR o R RE AR S . ISR IR AN E T RS
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Cahn function

Darcy velocity

Darken’s quadratic formulation

Debye-Hiickel limiting law

Debye-Hiickel extended formulation

Eh-pH diagram
Flory-Huggins model
Griineissen parameter

and Earth’s interior

and temperature gradient

thermodynamic
H-theorem
Kraut-Kennedy relation/law
K-components
Lindermann-Gilvarry relation
Margules parameters
pH
Pitzer equations/model
Redlich-Kister relations
Roozeboom plots
Schreinemakers’ principles
Van Laar model

Williamson-Adams equation

Wilson formulation (solution model)

Wulff theorem

Beta decay

Ehrenfest relations
Einstein temperature
Onsager reciprocity relation
Ostwald ripening

Half cell Celectrochemical)

Asscociated solutions
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217~218
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204
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Peritectic point (temperature) 250,258
system 250,254
Standard state 163,175,179.239
of a gas 179
properties of ions 310
of a solute 309~310
Surface energy 354,359,363
Surface tension 336,340~345
Boltzmann relation 24,27,204,382
Bernoulli equation 148
Irreversible
process 2,125,151,156
decompression 150,151~154
flow 145,150,151
expansion 152
Inexact (imperfect) differential 52,375~376
Incongruent meltiong 250,255,258,260
Long range Supercritical order parameter 95,97
Superecritical fluid 73
Superecritical liquid 73
Nucleation 359~360
Exsolution
coherent 191
lamellar 193
modulated 194
Preliminary Reference Earth Model 126,278
Elastic collsion 26
Reciprocity relation 376
Debye temperature 11
T to the power third law 61
Isenthalpic 145
assimilation 281
temperature change 51,145
Isentropic
process 51,130
decompression 125,136~138
cooling 67
melting 135~138
condition 139
temperature gradient/change 131~132,135,136,
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Eutectic

point/temperature

pressure dependence of

system
Low velocity zone
Seismic wave velocities

Seismic parameter

141,142,151,152

249,260
262~263
249,254~255
143
125,139~140
140,141~142

Second law 2,16,18,23,27,50,155,231,281,367,378

and adiabatic process 130
Bridgman paradox 33
combined statement with first law 35
and equilibrium condition 36,44~45
Third law 2,58~59
and abosolute zero 67
entropy 59,65,384
First law 2,16,17~18,35,52,69
Electrochemical cell 325
Emf of a call 326~327
Electronic transitions 64
Dufour effect 370
Duhem’s law 234
Dulong-Petit limit 61
Convective 81
flows near plutons 79
heat flux by fluid 79
Corresponding states 84
Polyedral approximation 383~385
Multisite mixing 224
Multicomponent (solution) models 224
Second oreder phase transition 95,96,98,105,106
Binary solutions
activity relations 166,175
critical condition 185~190
mixing properties of 169~171
partial molar properties of 158~162
stability conditions of 180~183
Reaction
extent of 229
line 260,262
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progress variable
quotient
Extent of reaction
Affinity (of a reaction)

and entropy production

Now Random Two Liquid Model

Fick’s law

Distribution coefficient
pressure dependence of

Closed system

Fourier’s law

Hess’s law

Lever rule

Work
conversion to/from heat
dissipation of
duue to volume change
electrical
free energy available for
gravitational
surface

Azeotropy

Cotectic

Isolated system

229

236

229

231

367~369

217~218

371
32,284~287,299
301
3,22~23,232,234,276
371

69

254,255
4~7,17~19,27,35
16,19,37

40

6,18

326

46

5

336

252

258~259
3,17,18,22~25,33~34,
36,281,367~369

Guggenheim polynomial for solutions 209,228
Solvus 185~192,195~196,215,253,257~258
thermometry 195~196
intersection with melting loop 257~258
chemical and coherent 192~193
Solidus curve 249,258
Regular solution 210
Transition zone 128,143
Excess thermodynamic property definition of 169~171
Helmbholtz Free energy 42,46,90
Enthalpy
definition 43
of formation 68
of mixing estimation 168
of reference states 69
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Hund’s law
Henry's law
Hooke’s law
Granite melting minimum
Volatile ascent
Consolute temperature
Volume of mixing
Miscibility gap
Activity
determination of
mean ion
Activity diagram
Activity coefficient
definition of
and excess free energy
mean ion
in a reciprocal solution
retrieval from phase equilibria
of species in sea water
Integrating factor
Gibbs-Duhem relation
Gibbs-Thomson equation
Gibbs free energy
change of a reaction
definition of
evaluation at high pressure
of formation of a compound
minimization of
of mixing
particle size effect on
of a solution
Cluster variation method
Geyser eruption
Simple mixture
Reciprocal solution
chemical potential in
Reciprocal activity coefficient
Exchange equilibrium
Joule-Thompson coefficient

Contact angle
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172~175,180,290,296
8

260~261
153~154

185

188

185
163,174~175
166~167
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327~330

165

170
307,316,317
204~206
273~275
332

21,378

160

354

231

43
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70
276~277,281
169,171,224,227
363

168,183

217
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Throttling process
Crystallization
equilibrium
fractional
Interfacial tension
Venus
Optic and acoustic lattice modes

Lattice dynamical theory

Anharmonicity of lattice vibration

Lattice vibrations
Crystal field splitting/effect
Absolute

temperature scale

zero (unattainbility of)
Adiabatic

decompression

flow

process

wall/enclosure
Adiabat
Carnot cycle
Kelvin temperature scale
Open system
Korzhinski potential

Reversible process/path

work
Clayperon-Classius relation
Diffusion

coefficient

and entropy production

matrix

thermal

thermodynamic factor of

up-hill
Lagrange transformation
Lagrange multiplier
Raoult’s law
Landau potential

Ton activity product

145

254

256
339,343,350,355,359
241

10

61~63

9,50,61~62

8~10

13,387

19~21
67~68

151~153
40,145~147
18,19,24,51,67
3,17,23,36
132~133,151~153
19~20

20

3,47,280
281~282
2,21,23,35,37,44,
125,151,156,367
17,35

105,230
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42,156,280
276~277
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Tonic solution/model
Ideal mixing
Properties of ideal solution
Critical end point
divergence of water properties
V-P/T relations
Critical exponents
fluctuations
opalescence
Zero-point energy
Aluminum avoidance principle
Maxwell relations
Density fluctuations
Molarity
Neel temperature
Endreversible
Energy balance equation
Nernst
equation
distribution law
relation
Reverse osmosis
Recurrence theorem Poincaré
Pauli exclusion principle
Partition coefficient
estimation of
metal-silicate
Partial dervative/differential
Partial molar properties
Equilibrium
displacement of
reaction
stable and metastable
thermal

Equilibrium constant

203~208,250,269,276
251

170
73~75

76

75

77,101

77

77

9

30
47,48,376
78

306

66

38

149

3256~326
290

326

200

34

11
290,291~292
295~297
297~303
374
158~162

267
112
7
36

173,177,214,222,235~237,

239,243,238~239

and solubility/ion activity product 311
Mean field theory 97
Mean salt method 314
Barometric formula 197
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Exact differential 46,56,375
Intensive variables 3,93,232,234
Siderophile element 297
Chondrites 242
Total derivative/differential 144,146,150,156,
199,301,307,374,377~378
Heat pump 38~39
refrigeration efficiency 39
Thermal boundary layer 128
Thermochemical cycle 71
Heat engine 37~38
in Earth’s mantle 39
in hurricane 40
limiting efficiency 38,40
Thermodynamic
facor (in diffusion) 371
potentials 45
square 47~48
systems (definitions) 3~4
temperature scale 19~21
variables 4
walls(definitions) 3
Themal expansion coefficinet 51
negative 51
pressure dependence of 56
of water near critical point 80
Heat capatities (Cp and Cv) 52~54
Einstein and Debye theories of 61
estimation of 381
functional behavior 53,61~63
non-lattice contributions to 64~65
Heat flux 370
Thermal pressure 125~154
Solubility product 311
Critical condition of a solution 186~189
Solution stability of 180~182
Melting
batch 292
fractional 292
loop 258
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minimum

modal

non-modal
Melt productivity
Wetting angle
Tricritical point

Tricritical condition

Tricritical transition/transformation

Ternary
eutectic
interaction parameter
solution
systems
Entropy
additive property
configurational
and disorder
electronic contribution to
estimation of
external and internal
fluctuations
magnetic contribution to
microscopic interpretation of
of mixing
production
residual
in a sublattice model
and third law
vibrational
Osmotic coefficient
Osmotic pressure
Sound velocity

Phonon

Phonon Density of states (phonon)

Arrow of time
Double bridge method
Binodes

Binodal condition
Dihedral angle

Soret effect

260

291

292

136
348~351

96

98
98,100~101

258~259
224,226
161,224,226
258~259
22

28

27,32
27~28
64~65
381~384
22~23
25

66

24
29,169
23,231~232
59

205
59~60
31~33
201~202
201
139~140,340
25
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187~190
343~345
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Solar nebula 238~240
Taylor series 379
Carbonate compensation depth 312
Temkin model 208
Bulk modulus 51,53,54,90

divergence near critical point 76~77

pressure derivative of 91,118

relation with sound velocity 139~140
Assimilation 279
Degenerate equilibria 121
Perfect differential(See also Exact differential) 376
Trace element 290~292
Potential temperature 136~137
Exsolution lamellae coarsening of 357
Athermal solution 217,223
Adsorption 337~338

Gibbs equation of 338
Rare Earth Element pattern 293
Line integration 376
Order of phase transformations 95,96,98,99
Coherency strain 191~195
Phase Rule 93~94,136,232~233
Harmonic oscillator 8,9,60~61
Spinodes 182~183,185
Spinodal decomposition 193
Spinodal condition 186
Compressibility 50,56

factor 84

temperature dependence of 56
Subreguar model/solution 211~213

supercritical fluid 73
Sublattice modek 205
Magma ocean 297~300
Liquidus curve 249,257
Fugacity 48~49,240,246,271,273

relation with activity 164~165

of water in silicate melt 176~178
Implicit function 76,377~378
Cryptoperthites 193
Strain energy 295

e 429 -
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Ordering
Reduced variables
Lunar basalts
Meteorite
Vibrational
disordering
energy
entropy
frequency
modes
properties/data
states
Dispersion of vibrational frequencies
Vapor pressure
Molality
of ions in sea water
mean ions
Neutrino
Equations of state
Redlich-Kister relations
Redlich-Kwong (R-K) &. related
van der Waals
Vinet
Virial and Virial-type
State function
Quasi-chemical model
Quasi-harmonic approximation
Quasi-static process defined
Chemical potential
of a component within a bubble
within a small particle
in a surface
in electrolyte solution
in a field
and matter flow
molar Gibbs energy
Compound energy model

Azeotropic minimum

28~29
84

261
242,360

33

9,31

31~33
9,11,111

11,55
8,53~54,211,381
27,59

60
48,165,172,174
306

333

307

17

89,118
85,119

83

92

88
18,22,37,375
214

9
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155~159,265,270,279~282,338

354

356

353
306~307
196~199
158,372
167

205
252~253



