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— AU MDD - RES FHD HFxr bo b —iak



© van der Waalsxb DL &
* Joule-ThomsonZNRFTHGER) ¢ | wr <0 : BIRTIRE LHS

wr >0  IRTERE TP

WIMBE D=0 > w=AU | qu=cdr+ oy G918)
(2D-5)
A 2
=al|l= 3-9-17)
Uy a(V) ( ) i

rTl Vl n 2 n 2
A= chT+f a(V) v e dU=CVdT+a(V) v (3-11-12)

To Vo

CyDIBERL LI X

___________________________

A 4

| sehkuk

| au
AU = 3-11-13)| | | 7y = (a_> =0
—_— E V T

A 4

w<0-AU<0 |
. ! e 2l
Hﬁigﬁ ° » AT O i %’fn\\£4h
VO < Vl E AU — CvAT




1

w = AU = Cy(T; — Ty) — an? <Vl - V—) (3-11-13)
1 v a=0DL X, ELEXMAE

N
-
0 P Vi T

a5 Evan der Waalsxudb 2 kN5,

Wragak TR T, W TR E TR &,
SEEXM Lvan der Waalsxff, EH t?)O)jjyb)(mj#ybx VT
PHRB?2ZOMHALE LRI,
(1) sex4E (2) van der Waals&44 B ELLELF IRV
N y,
P

kAL LI TERRIZELLEVWESIZHE LT HRFEN



3-12 #7588 3¥EH] (The Third Law of Thermodynamics)
Iy bt —l3RiER - BREZRODILEHTED
BB 3 A

IZRATRTOMEOLY hub—iZT=01IZ2BWVWT0THA]

Seafnim (perfect crystal) ¢ 9 FOMRHANE U < B2H U 7ol
(BGEB) P « 2ZZRINELN DB — BLHEZ D320

—“ETEH &+« BOBEIWMN50)=0 | RTRE

et o) 6 B4

T=0 - W=1:5%4%#m (perfect crystal) I'=
- \ . AT
5 THRIR ) BGEBAR — LS AR

0
+
i

\

ML (T35 E—  SERARNRIE TR b 2/ AHO = 0 |




310 BT b b

- BR¥ET. > b o B'— (Standard Entropy)

BEHEIRTE(] bar)D Y b E— | 1% 159 Hifif 1 JK!

- BR¥EE )L . b B'— (Standard Molar Entropy)

ERHRIRTEE (1 bar) O 1 molD .Y b B— | |

kS HESHURHE LD D

« PEEUE 2 oI > b1 B — (Standard Reaction Entropy)
ERERIRFE(] ban)lIZHB T AL RINIZ LAYy b b —2&1t

LSO= D veiSmi® — ) ViASmi© (121) (3B-2)

Product,i Reactant,j

k%t o Ne—H
EZ IOV E—LRL




SmeEMH L

% 21-2 298.15KICBUI 2SS WHEOERELZY Fub—(5°) «

Y & S°/I K ! mol™! Y g S°/I K~ mol™!
Ag(s) 42.55 HCl(g) 186.9
Ar(g) 154.8 HCN (g) 201.8
Br,(g) 245.5 HI (g) 206.6
Br, (1) 152.2 H,0 (g) 188.8
C(s) (F1 x> F) 2.38 H,O (D) 70.0
CTI774E) 5.74 Hg (1) 75.9
CH.(g) 186.3 I, (s) 116.1
C,H,(g) 200.9 I, (g) 260.7
C,H,(g) 219.6 K (s) 64.7
C,Hs(g) 229.6 N, (g) 191.6
CH;OH (1) 126.8 Na(s) 51.3
CH;Cl(g) 234.6 NH;(g) 192.8
CO(g) 197.7 NO(g) 210.8
CO:(g) 213.8 NO;(g) 240.1
Cl,(g) | 223.1 0,(g) 205.2
H,(g) 130.7 0;(g) 238.9
HBr (g) 198.7 SO, (g) 248.2
#2231

T hba b —oftxtHtl, 0KDEXIZOTHS
— 2WEIZXF LS, ©(298.15K) # 0

(

M (T3 50— R RERE TR S KRB AHO =0 |




3-13 [LERIBICBI BTy hob—
TN E—LEFERIC, ERRILOTY bu bt —#{LE2RDDH LB TE S,
aA+bB+ - - xX+yY+ -

AS© = 2 Vp,i Sm,i® — z VR ASm,j®  (3-13-1) (3B-2a)

Product,i Reactant,j

BUKIRNCHS & 0 A5 = (xS(X) +yS(Y) + ) — (aS(A) + bS(B) + )

B) KOBEAERT bbb —2RDLIWV, F212ZHWHT L

1
Hy(8) +50,(8) = H,0()

1
AI.Se = 70.0 — (130.7 + —-205.2 | = —-163.3] K 1 mol™1
/ \°

SmC[H,0(D] SmC[H,(g)] Sm®[0,(8)]

CDRIE. [P BEBITIRD DT,




L2 T, —f%IZ
(%D FE KInDBRE) HENERAT hub—KE\ ]

 RE3-14 N2 el - A

2N,0(g) — 2Ny(g) + Ox(g)

2z, RE—EDRGE L. HHERRRPIDO X S5IZRDOGND LT5
e | || ® || |l e | (| |

i @ ]
® |l e
@ @
BB IE IR (.

@ @0

W =6X2m¥1a2) W =




AN

TROREOTY fu b —2k
TN —LFHRDGIETRDD ZLHTE S,

aA+ bB+ -+ - xX+yY + -

e /
-

Reactant dA + bB

AS©(Ty) Product c¢C+ dD

A.SO(T) = ASOg + A SO(Ty) + ASSp  (3-13-2)

d
RIELMETF (dp = 0) Tid. BUTARIERIS [ | As = f 2 s

ifilg%ﬁ 5q = (2-10-4) .—{

To Cyr T Cop
ASOp = f ——dT  ASSp = f —=dr (3-13-3)
T T,

Cp DIRERAAEP S RGO bu =LA RDHND



BiIRE ¢ 1 bar, 500 KIZHBITFHCH,OAERLTY hub—zRdb K, 727ZL, 298K
BT BSOIILL DY ThHbH,
§©(C) =574 S°S(H,)=130.7 S©(CH,) = 186.3] K~ 1mol™1
C(graphite) + 2H,(g) —» CH,(g)

C,(graphite) = 16.9 + 4.77 x 1073T — 8.54 x 107°T*
Cp(Hz) =27.3—3.30x 1073T + 5.00 x 107°T*

22 C,(CH,) = 23.6 + 4.79 x 1072T — 1.90 X 107572

=
T Ac
(3-13-2) # ArSS(500 K) = AcS® + Aaln—+ Ab(T — To) + —- (T2 — T3)

0

AeS© = 186.3 — (5.74 + 2 x 130.7) = —80.84

Aa =23.6 —(16.9+ 2 x 27.3) = —47.9

Ab = {479 — (4.77 — 2% 3.3)} x 1073 = 4,973 x 1072
Ac ={—-19 —(—8.54+2x0.50)} x10™°> = 5.64 x 10~°

500 , 5.64x 1075 ,
AfS = —80.84 — 47.9In— + 4.973 x 1072(500 — 298) + > (5002 — 2982)

AeSO(500 K) = —91.0 ] K 1 mol~1

ZOKX. A;HO(500 K) = —84.3 kj mol 1 Th 3
AeH < 0,A:S <0 TORINFS0KTERZ S ? — 48



-4 HiERIZBT Sy bub—%&{k
k2HDOIT L AN E—LEBEDOEZT
ST 6¢ = dH — BuIREEBI %L

PAAL] I

) dH
AS:j q;fev (3-5-2) — AS=f— (3-14-1)

. p. 131,132

TN

W

T

AN )y dH = 7 f—a| W

Cp E3B:1 BAEEF— L HOLY OV —0itH. (a) &
AS = | =dT BRED C/T ORIEEIE. (b) T F 0¥ —DREEL.
T HLEETIZBTSZ Y Fa¥—8(T) X, OK»HmET
30 () Ol C(T)/T O FOBFOMBIZ, EHIZH
AHEBZNZNOLY POE— AgS ZMATHDIZHF
LS %2B.
E!g A — N a
X () DIFED X (b)D s X v
A
trs
AersS = = (3-14-2)
trs
A » _Ka v, O
BRhOHHRETTOL hub'—

Ttys T
S(T) = S(0) _|_J CP(S) dT_I_AfusH +j Cp(l)

0 T Tfus Tfus




BilRE ¢ VYV F— LITHE OFMBEEE % K 5 RS DR Y >
NIET, NOGE. B Bt BAREIZEENS,
VY F—ALFBEEZ EIF5 L755°CTEMNT S, FORE
A sHO = 509Kk mol 1 TH B, A SCERD, 75.5°cuj:f
VIVF =B EDLSOIIRBIZIZ > TVANPEE LI,

Fgl > MBI E L& R E —E — 6 = dH
A cHO 509 x 103

2 Ao S© = = =1.46 kK] K Imol 1 >0
LD Bus To. 27315+ 755 JK="mol = >
(3 13 4)]

5% >[ S=kinW (321)]——»{Atrs —Rln

l

Lysozyme

(B 2 2B D2R  3IRIEZEDEL) 1.46 x 10 = 8.31 x In W
- Y ';5@% . l
VJ._.—-*L  TAATA VYT WHTP

S TEN LISV E ?ﬁﬂmihﬁ,?ﬂ‘t?ﬁ = 1.82 X 1076

HEEEFL W BeExEHo
Witp

SNTEDTA—NTr T

http://db.tagen.tohoku.ac.jp/php/forweb/outline.php?lang=ja&no=2035



BWIEDFE LD
Ty haob—s REER

Boltzmann® & 3% S=kInW <« Zt1EDLEE

ClausiusOA %A, oq oq
Eirmar) ST AS= |+

e 2 R
ASUniv >0 - Q%ﬁ%ﬂ:
Joule-Th Ry = (6T> . V-T (av)
ouic- omson T = | = e — — -
= \op), G oT )

#NHFB 3L S0)=0

gL bub—so  F#Ee) Ty bub—5,©




BIEDE LD

~N

p
2EBEDRM - AHREDO L X, AU, AH, g, w TR TOKDIZ, T HEE
IR AD1EAH ?

ASyniv > 0

KIZOCLLETAKIZIZD T E, 0CELFTRIZESTEODIXIZELS S ?
% OKIZH2 % DUXH TR TE B 0 LA~ OZALIZHIITE AL

S >0 | KK ROSHHNT B0
v =0 L ok—ok § ROHBWST B0 5

FlED20°COKENOCOKRZRES L. 60CCOKRDBEND LD, ITETF
DEL2WMDOBE QOCOKRPREEIZEVIEBENLTINS) HEZSIVDIT
A Sl

k2B IEHITIEEHTE Wy BuhZE21EHl (AS > 0)

3 HEODOEER : 500 KIZBIF B C(graphite) + 2H,(g) » CH,(g) DRI,

AH <0,AS<0 ZORNIEIA?
\__ y,




