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o WM F R B P ——3Z S (2 AK)

o BAIZE 58 B -FH——naTIE (2 )

o LIZR M SHATF 1(2 AK)

o AR R B A AL F—— T 1(2 K), BT (2 &)
o WEH N FEB—IET (2 &)

o BFaMAaF AME—=F T HIE (3 )

o fLFsEAany T, SR M——aIZE 1I(3 A)
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* A% (system): M Fle—FoMnbEEaHm K57, WEXIFpmtEasdh
Ji (Fe= i) ARA RGBT (’Xﬁ‘%)

3 (surroundings): 5 R L@ FANRT, H5RAE AKX LRk
a9 J5 B 2R R T .

2% (boundary): R4 F GAIRIEE) R d@.

18 (phase): R AT Al F W RAANR AR —3R 5, MA—A 487
JTREER . R

T (ANFREER)

EFHANEG AF BRAl SR THAEKREWNE=Z32% CARKRFH, N Af Bla&L
ol 3R A
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o
o W= A x A
o ZUMIFHMIA: W <0, RAKEY, HHEAED
o W=W,+ W

* RUGAIIRZ M AR E W XK EWREE
o M Q<0, R, KERE

dU =6Q + 6W (1)
3P A AARG A F A R R R 6 R
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H=U+pV, AH=Q, (2)
o ERiTAE: FHE U
AU = Qv
o faEitfE: FJE H
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Hess Ef#E

E#HE: Qy=AH
, W Qy =AU
Qp = Qv + An)RT (4)
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L R GARAR

F‘} 3*1

, T
e

&
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B8 (Hess ER)
EEERFEL Wr=08, F—RFREFEE—FT TR, LEFTEFTTR, H*
A B AR .
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Boltzmann /2 &,
S=klnQ (5)
A A (Sp) BI4A B (Sg) 8969 AS 5 TA A 2| B a9 T#i3A209 IR
ﬁéﬁlé‘%‘:o
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Sg—Sa=S5a8= Z(

e (6

I (Clausius A~F1)
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i

-
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o FiBitfL

xt 32 A A AR
Vo V2
AU =0, QR——WR——/ —pdV =nRT In —
Vi Vi

@r Vo P1
AS= —=npRIn—= =nRln—
T Vi P2

T AT
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R : Gibbs B ®AE. M
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PNFB=TEER

EIE (RIFE=ERR)
EERE (0K) M, 5% Rk H%ETE,
FrRNE A B &
o RERE S(g) > S(I) > S(s)
o NTARK, MEA, SAKK
o Bl FAK, IFARMARS, S {AAR)
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Gibbs EHRE

G=H-TS
AG=AH—TA,S

HITIRE

T=As6(T)

E=T

2022 10 B 5 H FEMERARE HFMER

WERE A E—RIWR

15 / 43



FE_EFMNAEE

000000000 0e

WFF
T AR AR

dD + eE — gG + hH
# van't Hoff 5 i& 77 4%
AGn = AGO(T)+ RTIn Qf

WA F K
AGO(T)=—RTInK?

K, = K.(RT)A"

Kp _ KXpAn
K, = KC(RpT)An

E=T

(10)
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Helmholtz EFHEE

BAEARNBEA Ty ORBRBRKE 6Q
0Q

ds — >0 (12)
sur
BN Q=dU —sW
—6W < —(dU — T, dS) (13)
1Bi% A RBERT
—6W < —d(U — Teu,S) (14)

EX (Helmholtz EHHIEE)

A=U-TS (15)
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Helmholtz EFHEE

EX (Helmholtz EHHEE)

A=U-TS

FiRidAZE, HIN AR LM R KAF T I Helmholtz & B AE &I

FERFEFMHT, HM A RAEMYR KIFEIKAF T Gibbs A B AL a9V o
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A RENAIRIR R

WA FRHIN AKX F B Legendre K4

H=U+pV
G=H-TS
A=U-TS

stFHA ARG, W =W,.=—pdV, ZHFH—2EkTH

AU =5Q + W, = 6Q — pdV (16)
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A RENAIRIR R

dU =6Q — pdV
Wk g R, dS =%
dU = TdS — pdV
RN 2 LK
dH = dU + pdV + Vdp
= TdS + Vdp
) 32 ¥ %
dA = —SdT — pdV
dG = —SdT + Vdp

E=T

(17)

(18)
(19)
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fRE:. eMFE. REZRERBE R GER MR —HIORIA K, Wi-5X
FlotR 150 S ey W6 — 4~ ) DR 25 28 ke T e o LA B 3 FofootR 50 4 1 B3R — AN AR 2SR 4 T 2% 0K
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B 246 Xk 8 BE AR T R B [R]  . BBR b A R — B R — A LA T A S Lo AR
i BT RER S HUbRME— R E MR IERT I IR S . BN — B rERE
1
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(9) #RER TR —ERTEHEHLRE,

(9) i, AABMRETMBREE N HBEA,AS =0, RE—TARF
WA ,AS >0, WMRAMEHRLR PH — AT, R G E 0, 68 = A2
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FE—EAREER
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SRS IITE

o FMAAR: ARG FARAR, oL 840 BAF T WA 2wk
o B (IRE, HETRZL)

® Boyle's Law: n, T —%&, pV :Constant

® Charles-Gay-Lussac's Law: n, p —&, <+ =Constant

® Avogadro's Law: T, p — &, ; Constant
o M AARIRE HAL:

pV = nRT (20)
o fRERS (STP): T =273.15K, p=1.00 atm = 101.325 kPa
ARG, NXPa T 33K Kelvin i&AR

® LI AAKAY van der Waals 7742 (FHIFZ £ &K IR, RAA—FEEH X)

2
(p+av2)(V—nb):nRT (21)
o REERTF Z=FL, TRAFHERFUASEATLNGE
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00@00000

Kelvin ;&R

The volume(V) of a sample of a gas is a function of
temperature( T) at constant pressure. The observed
straight-line response of V to T illustrates Charles’ s
law. The volume of a particular sample of a gas (red
= line) is 1.0 L at a temperature of 0 °C. Another sample
s of a gas (blue line) held at the same pressure takes up
7 / more volume at 0 °C but shrinks faster as cooled. The
percentage change in volume is the same as that of the
0 first sample for every degree of temperature change.
Extrapolation of the trends (dashed lines) predicts that
2: Kelvin &A% the volumes of the samples go to zero at a temperature
of -273.15 °C. Similar observations are made regardless
of the chemical identities of the gases.
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o AR TR MAANZH, HAPHTESR
o TR ALIEF ARG B IER T AR AT
Dalton 22 4#: T,V —%&
P:ZPIZP1+P2+P3+"' (22)

Amagat SRR EHE: T, p — &
V:Z\/;:V1+V2+V3+"' (23)

Dalton % /& & ## 4= Amagat 5 HRAE R RE —A2 4% A
Graham ##e#: fBEAMT, 4=, /to = /o

V2
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[e]e]e]e] e]ele)

E=T

Clausius-Clapeyron 742

PP D 11

- R T T
—MBABE. Aap Hm 2 P74 380 B K ) B3 R

A8 R %
W RBE (To): WREAASTARISHRFHRE
s RIEAR (po): W iR BB AR SR iR AL 9 AR R 7%

(24)
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Raoult & # (dF4E K M8 3 7 & LR #vh):

PA = PaXa (25)
Henry = # (& X MR G EME):

pB = kx,BXB (26)
BB K ATy = Kemp

ﬁ%,ﬁ‘ﬂ’gj: ATb = Kme
van't Hoff A~ X.: IIV = ngRT
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Raoult E&2E. Henry EiE

FE—EARER

[e]e]e]e]o]e] Jo)

Py Raoult’s law.
Py
7/ \
// \
// \\
// \
Z \
7 \
Henry’s law
X, =0 X, —> X, =1
X, =1 X;=0
3: Raoult ®#., Henry &
FEF
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1 atm

Solvent vapor pressure

Vapor pressure
of pure solvent

Vapor
pressure
of solvent

in solution

AT,

AP,

T, Ty

Temperature

4: RSB

Solvent vapor pressure

FE—EAREER

0O000000e

Vapor pressure of
Vapor pressure  pure liquid solvent
of pure solid
solvent

Vapor
pressure

of solvent
in solution

Ti-T¢

AT =

Temperature

5: %t B m K
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Maxwell-Boltzmann 9575
0Oe0000

N3

EX (ERT)

/ab f(x)dx

JUMTE, EXTTUREMBAE x=a. x=>b. y=0. y=f(x) BHHa 3 EFE
#2
f(x)dx TTAERT [x,x + dx]x [0, f(x)] # & 4R

%)ﬂ f( )%%*@f‘ﬁ'}ﬂx (}ﬂ \ﬁﬁi"\/ﬁﬁ?}fﬁig—), ﬁ]']}j,{%,ii}l]x],ri’ Hpéﬁlfﬂﬁﬂln\
A1, sEABmERE Q
f(x)dx & TFBAEL x ML 6%
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Maxwell-Boltzmann 9575
[e]e] lelele]

Maxwell-Boltzmann 9545

B8 (Boltzmann 437h)
ST B MG RESH

XP e MR T ¢ T

FEST-FFh Ak . . .
€= imvf + imv}? + imvz2 (28)
RRE e REZY, KAPTARS
va +mvy +mvz2 mv2 mvf mv2
flv)=Ke — = = Ke™ 2kT @ 2kT @ 24T (29)
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Maxwell-Boltzmann 9545

B x,y,z ZANT7 w693 AR

2

Fvy) = Kye 267 (30)
B E B ECHLEN M (& F RSN 1), BTARLEH K

m 1 m\//g

() = (o) i 5 (31)
St A P ARAR ORI AL A A AR B ) SR AAT

m 3 mv2

f(v) :47r(m)5v2e_ﬁ (32)

gy 202510850 PEMNFRAKY LEMER

WEERE A FXRITR 39 /43



Maxwell-Boltzmann %5
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Maxwell-Boltzmann 9545

/Low temperature
or high molecular mass

/ Intermediate temperature or
/ molecular|mass
L~

/ /\ \ 'j)i\?uhn:i"l‘:l:iratureor
[/ ] Ki e

Speed, v

Distribution function, flv)

\

6: f(v)-v B1%
FE¥
WEFE A ERIE
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Maxwell-Boltzmann %5
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Maxwell-Boltzmann 9545

Vo = (2RTIM)'?
Vo= (BRTIRM)2
v, = (BRTIM)™2

Ru)an(MI2rRT)"?

(4/m)2 v/(2RTIM)'?

B 7 FsmE, Sadkkd, REARE
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[1]
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[4]
[5]
[6]
[7]
[8]

E=T

AT (F =hR). FRALIE. F BEAF K K5 & mAt

AT T & o B « IR (F 4 0R). RALfE. F BAFHER KF Bt
Ll RIS AMRA. AL AL TR K A
YT B ATy k. AR LR KF At

Physical Chemistry (9 edition). Peter Atkins. Oxford Press

Principles of Modern Chemistry (8 edition). Oxtoby Gillis Butler

AT (5 BRR). AERRF

N1 F 53R F [TH](H k). RIC A5 B Rt
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Thanks for Your Attention!
Any Questions?
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