RKEMERIZH T2 HEHZ XL
¥ — B OBk

I HLFEEORERREH

KEFWEBRC B THRBELEE TS5 IWLT, FANRDLHEY
RITDLDODO—2RBNEND D, BANFOERETH 5 _>DOERAD 5
B, FAEREFI1EN =3 AF - FEDEAELE LT, IBFLOEEDL R
ZRTHOTHBHHN, TREH LT, FENF2EANOEKRLZMTEL, €
DERICHN, ThE2ERAT5E0%%b 5 ETRIE, »ith ORKH
LB ET S,

#2313, WEROHRMEL CRUBNEL) ©I3WLT, 2hi
=EAF—-HUER L LTCOFIBEMECRVGRIETS E WS, Whid b=
ZAF—BLOREBIZHL, TOBLEXEENRCREATSHIDOLLT
=V —DOREKEEYL-TLTWAEN, FDTELSER=V R E—
DF OB E L, Ibic, FFH EHEELDIZ, BLOE ST
LT, R ELoEEDOFEEL LTHVSA~VARLYHEH=F L F —
BIVFTAHRA=RIAF—DEETH S, Lnd, BH=FA1F¥F~—31L
FEDFOHETACK TR ZEDTERVWRELIERELBRETHICH
bF, THRFACL-TEBDRIIZAELENLOTHYD, TI2T, F4
RFEFC—RBITEY®RDV, BRCHENDZ LI ZDHEDTH D,

—e, BIETR, MBS bHEME~NLERYRETIHOHN
B\, BNEOREBRIVEREBCSWTHE= AV ¥F—-2HBETIEC
b, ¥F, =3 A F¥-HELEERL, FRAWBRHZWUD Iesib, TOHHE
MEBEBRYERIZI > L TI2RROED TR L 5T D e, EFUCERR
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Shic=F N F—-EBREANCH LTELEZHMEHNTHI S LOHRYRVTL
E5D0THDe LD, BEEROEREZIELIMIEL, BERORER
DFRXELLEEL, TOBRELXYELERTSRLE, FIGRyEL
WZ EREWRTTH D,

LIRE 530D, RFEWFERDEEL L - T, BH=XAF—-DIEL
WEHBRBEH#EOCX S5 THD, LELIEBEAILIAEL, FLEBRIEE
WMTHLIBHFLH ., THORELVEMROLVEE, EAEALEELE
WHER, ETETFEEOYHGRY LEF R LN TET, HHviE, HphZ
hEEEMELME, FTEMAELET T2 bCRECERCET S TH
55 LDREICHFBECI 5T, HLOKMYBEET 5, 2% 8
S5XDERE” LWOHI (?) TAHBDOTHS,

BAMZEIBRAZEH T 52 RERNRBRO Leir- T, HBEcCHAH L
THAMDOBERBBLOTH D00, & 2 BR{THBOEELOHBRT
Lk, TOMGEHEELOBERLYEMTIZ LANFETH B, £EI,
FOBEREMEITZ0, HRH=FALF—0OFEB B TEH LVWEOR
RKrAA~ D,

WRDOFEFEC LT, ~VaRlYHB=RAF—A%

A=E-TS (1-D
LERL, ¥TAHA=XVF—-G%
G=E-TS+PV=H-TS 1.2

EEREL, ChooBEBEFROERCOWTETYEDTS (E AW
=xAx—~, T #H4RE, S:=vievr—, P:EN, V:4&HE,
H:=vzre-), EFEIZ, ToFHEEXFL, ETFFENBETARL
O GOHEMER LB CER L BT, F4aHEN EOBRBEFRTE
BIREFEECOCTEFTHHEYRE TS, COFHERIE, ¥
ENBE L EOERRNEERFITHZ LA TE, shEBERA0EHLELY
LbDENRD, FEORHEIEVEMTELIDLELND, ZOFED
FIRIZ, 2 CBERGBNDFEORZOREBLTLIMI>DLEEZD,
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I Bz xArx—#l&oREBREE OB

B (m:BE, v WEOEHEE) Tk r¥—-Tedf8%x 521
i3 Thomas Young' (1807) T o tee —mo* %illBy=FA%— &k
A 7202 William Thomson (Lord Kelvin) & Tait®? T, #5359 T
=ANF~HERBIECBEAL, ThieROBRH= 15 —7cbi
STHRER Lichd, OBt XEHE =K V¥~ (intrinsic nvgy) s
72t

BDEBMBAYRELICE I ADHFEA Joule® DB X - T, %
LELRBERBORI D= FIANF—THDI EARENTI, Ostwald® 235
ZIc=FF—-DERRD “=F AV F—-IABTHD, =FAF—i3dEH
LDIEVH IR, FTRRIEBFRCERTEILDTHS” LWiHLDTH T,
Maxwell” (2 Biftiiz, “Energy is a capacity for doing work” & L
ept, mAAE - RIBRIL L O TR, BHREMTHETE b EBRNE
k& Thic, ;

bhbhoREWEORERI X hE, WERINAFCT L TRILADMERE
T 5 L &IZ, TOREBENENLT S, FLREBREFLUALLD=
FNF—NEZDONWDd, 20ODFEFRDHD, RECHARNLEZL = FAF
—NEzZ2bhT, Lt REFEL BRI E TR, RBRMEFEXTR

5 Z LIZLEL FRTHETH B, Ostwaldiz, Th#xiE 1 ERABBITRATRED
FE LV, ZhXBNFEDE 1EAl LIt oT, LichioT, REFD
SEE IERINL, fFEwE T L 2R, FO=FAF-EEIE I

dE=g—w (2-1)
ThidhiEin b, ERMERACEEREIR TV ZEEO=X ¥ —T
Hboe TDEMT, EIIWNE=x1+— (Internal energy) & % Xi¥h,
72 LT 1 BRI S huic,

BADMAEY S % {1 OEKBBEOERYEEICHEL T/ Sadi
Carnot® 2, Bd RO BRI TTHBBETHA Z L &P L, Th
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BEHEIh-EmBETH 2, ZhrbBIFEOHE 2 BRI DX
Hrhiz, Clausius® 218504 2 §18H, Berlin Academy of Science ©
BECEWT, BOTARIND I3 WAL - TH2ENMEYERL,
ZTh%FAFE3 AL 4 BeBIR L1, T, William Thomson'® i3 Clausius
DX & Bz, ATHEBIOZHRIZOWTD Carnot FEIEZE L
TobRELLN, H2HAIDAIEEE LToZEIZ Clausius T~
PDTHDZ EEZMEC Lice 2 LT, BNFEOEBOMEIZ Clausius
& Thomson T 5 DTH D,

18525, Lord Kelvin' =% 1 ¥ —B{LDEE (principle of dis-
sipation of enengy) #HH L, ficfILOBRIET = L7, £F
DR THHEENER LIRS BRI ATHENTHE LD TH 5,
ZOEENRE2ERONRE It 57, Lord Rayleigh'? | Royal Institute
Lecture @ C= % F—RILOFEBEZE4 OB S biiRien, oz
~DHEARELDTHERAT, SLDALEEFE LR, ThEFEOETER
ERTIE, SFECBAERTHAD LEBbh D,
CHHEH=FAF-EHER=F 1 ¥ —BLOoFE L OBELEET S\ THE
A Mo PAIMELIZED=RAF—~2IEE2, HE=XLF—DEH
E=RXNNF —ADEBEP = IV F—RILTHD LI, £ T, RORE
FENERTHEHCTebhs L2, R 12K AOHFE wr (maximum
amount of work) 7725 DT, ZTIANROEH=FALF—-DOEL 44
THLT2HOTHBEEZEL DR, Tiabb

wr=4A (or AF) : (2-2)
ThbH, AIBPELEB Tz bhsd maximum work 7543 Clau-
sius X 53D THY, HREBFHHWELLCE - TLbh 5t
LT Nerntst' RBEE5 A% A\, Lord Kelvin (1875) % “motivity
for the possession, the wast of which is called dissipation” &\~
TDOREH=FANF-DL L THhote BRH=AAF—13%IT H. von
Helmholtz" Xk 2bDTH B, Chica LT, TOMELDLIHDS
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7z, puissan motrice (Carnot, 1824; Le Chatelier, 1894) action
maximum (Clapeyron, 1834), force (mayer, 1842; Saint Robert,
1865), motivity (W. Thomson, 1879), power of working or work-
producing power (Tait, 1877), available energy (Maxwell, 1871),
work function (Fowler, 1929) 7t & TH %,

B (E—~TS) ORANERAERCHELTL I LR BEDTRB LD
2 Maxwell'® C, ZhieW LTHEH=F L F -2 bB% 52, 18765,
Gibbs!" 22 E¥ D 3 oDEERE BT,

{=e4py [=E+PV=H] 2+ 3)
P=ec—1tn [=E-TS=A] (2+4)
C=e—in+pv [=E-TS+PV=G] (2+5)

+% % heat function at constant pressure,
—¢ % force function for constant temperature
EXAK, § WiRBEE L oTzp, Thidtkic Duhem® 2305 & 2
HDBIFERRT o T @ Th-T, LIELITE zeta potential & § L iE
htco G. N. Lewis® QBB (A+PV) i LTCHH=Z AV F - 54
5%, ¥i- Butler® 0ZFEL I hitff-oTw5%, ORI G=F—
TS+PV oz L ThBH b, BtHR=FAF-2 I 5DRELLKRL,
Bz R L F—~DLFHMA LW E, Partington® 135 5, KEic by, E—
TS=A *BH=31F¥F—-¢HT2O0ThHIIX, GEEZ

G=E-TS+PV

=FE+PV-TS

=H-TS (2+6)
THH0Db, rLAGEBHHEEE (free heat content) H 2\ iLHH=
VERE—EIERETHESL S,

IEoBESEREEYBET 52, x0T T 50 EED

HVREFBHOMROMRICY - C, ThZhRAa2HBLAY, ¥
SOEHRE LT, HEDC &3, BAu3EXRE L oBEKRFELC
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BHENEL ORI ETHD, TAOLORILRBEETIE SR THD,
bhbhBiBIFBLHRUEE, LB OBEREXBER LicFu, BMvE
U, FREEERETOREBEIQVREBEFEBLFCLLES, o8 tH
RBERZELRTHEEDR G, 2E¥DEELZ, HBOEFBCETHO
DRI BEAMLTIE L T,

ZDoFE¥HB W, H. Von Helmholtz MBH=F 1 F— X FH i 7-BE
L TREBEBFZAHV, ThxEtEEE (work function), JIE¥ (force
function), £ZE4E (work content) HAWWIEEKAAE (maximum
work) ME L XIFLERAFTARAVDL LS5 TH S, LZHT, BHE(E
—TS+PV) #BrHBE=XALF-L I, Thed L<EBF2HAV5%
EEL DT, TEbbLV, ZOBARBF TABH=FAF—LIE
T\, Fie, THAEBNEHRT VO T7LELIAT, Z,0,G LD
EETHACVLZ ENE DN, REBEOELIZHEICLT, £ H, 5%
WIRALBDFHR T v 7 Ar0REERTOT, GRETKR, ZORKE
E2 503KV BU LR V2oV EFHIT Fower i - THEE-TS
PHEBERE IV, Fhied LT Nernst @t TREBAYAVSEZ LT
T3, HHWIE, LIXLE, ThEx~AVa2rAbYDBRH-FAF—E3 L
ST ERT D, ¥, AR TCREBEGEZF 7 AERA=RALF—-HDHTH
e FNF—-LILZ LT 5,

BHFECETHHE= R 0¥ — OFEOmMIILE, ThiIs 28]
DERTH B, IO X 5, F2HANBEIBEOYROPIE LS &
OO THEANKERE»DIRENCAEAN LWV 5 THEE TRV, TIhb
BRI RE L, = vt e~ OSENEASHhS L, I
VRGBT ERHFEZ= Y e C—ROFHIED, RO=F1F
—RAEFE~OFBMECRVTEIET S -5 Lord Kelvin @ FEE»
Nize LT, BEH=FAF-DOBENFEAINRDL I Lo feh, &
DYURFE W2 ED, TP L THRIBSE T2/ {, Lord Rayleigh ©
IO BERBE L OBECS VW THMIMC IR BXEL 0D TH D, BT
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Fokid, HELEELTZ, ER0—FIBEAHEZI -0 TH

D, ZhiIURo L ivbhiditbitl,

Lord Kelvin @ = ) v ¥ —B{L O JFE OREIZ1852FTH », Maxwell
MBI (E—TS) 23 o THH=F A F —2EBHLLONISTIETH 5 1z
2, FRECRGEORANTNI, £ O/, WEEEROBEM
ha iR, TOEBURAOERNRRAADN, FHL Gibbs 23D
NERREE L OBEC SV THEH= RV F~DEBRBLXELTHERAT,
BOZOEBIKCCEREL, SHOEELERERTETEE 7, &
ODEFENFERE B2 57 b, FENFETLIHECL, =51+ ¥F—E(L
ODEBEIVEBEH=FI VX —-OfSY T7EM LI LT, BRULTETED
FOHERBBREADIICTIONFHTHB L, EERIELS,

I BHESIVX—HBE0EERICSv ToRE

HE= XX —~RBEONFRCAERNEOLBCE - TRLEELES
TH20hb, BANFEOROLRL G L BERBERED D, LiioT, F
ENIhEFETLIEECE, BAO0T7 /e ~725623TTHDSH, &E
BCHREEAEREE L, EEXEORETHHER, BU»LEKOER
AEXAVCTE, BDLAERARZEIERTILRELSEBLDTHB, £
DT FRAEE D - Tl hEi bisv, & O¥EHR % { DR
EUNBLETERMAREE IR EbTWH, EBALOHRET AEE
Th, RERIERAOWENZERLER LT binnnb, Tk
NOULAHBEINKREWTSS 5, E?,%%o%ﬁﬁoﬁW%&%m%
TR LT, EE0HE: LERNERA S,

1 #RO%EBFE

Prigogin and Defay®* 0B BB CTEHOLHHANDLDOT, =2
2, EhE5IHTS. BNFoFE2HEANRB—RBETCH B L LR
ki 5 E ks LT,
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ds=—‘;f1— (AT (3-1)
CH B, CORBFO=Y b r E—r BREEEEEAL, HHRELE
HTHLDOTHD, BHEATE, REREKRT, V, § ©X-THESR
B i

§'=8' (T, V, ¢ (3-2)
THb, AFAR T 3R E LT LT3
ds>-0%- () (3+3)

TH Do

o, Clausius ©H-T, HTILWBE dg¢ #EBEATH, TR
ﬁﬁmﬁﬁéiwsadqa®%%%¢%®f,?nmﬁwﬁ%aao%
it

ds—-0 = 90_~¢ CRaie) 34
LEHSRD, (BeD r (3-3) LuMaeng
_dq , dq_ .
ds= T T (3:5)

AEoLE dg'=0
Al oE x dg'>0
L ic b, Clausius 2 dg’ % uncompensated heat ¢4 S 1. T i3,
DRICIEEAETH D, 2% b, dg'=0 e b&MTHHELEHREL,
IR RELY R > BEW dg>0 ¥FAW50ThHh B,
E1EHORK, dg=dE+PdV iz (3-5) #RATHIE, FASERCET
LIRS b L,
dE+PdV=TdS—dq’ (3-6)
55, S dga >0 THDH,
(3-6) ZHH{ILFEAELORLIREEHIE LT, Bars o
BLENTED, TORDRBNFHRT Vo7 LTHALNTWAH
LWEI SRR 2 B A T 5,

x & [T extent of reaction % %\+{Z reaction co-ordinate & Ii¥h 2D
T, {LERIEOETEXEW®RT 5, 1 X I/NSWETH S,
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3, (3-+6) i
dE=TdS—PdV—dq’ (37
LB ENTESND, SKIVVR—ERFRILhLTWSLEE (ds=0,
dv=0) &3 HEleH L Tid
dqg’'=—dE >0 | (3-8)
Litd, Tithdh, B=virt—, ERTONITHELIIAT= %1
F-DOBIELDLI) P2, AR=FAF—BSHITVRE—ETD
5&E, BLORTHMPYETORE L LTCOBEERIT, 2%, WP
=X AF—~X, TOBRGFOBNERNRT v Eind,
o &HET TRLZEMCH LTiE, FAFOREIR-TMOBEBHEA
THENTE B,
=V ALY —DEEIT

H=E+PV (3:9
THEMhb, (37 X -
dH=Tds+ VdP—dq’ (3:10)

LELIENTEDS, P2, SEKIUVPH—EOHEONRAHELITH
LT

dq'=—dH>0 (3-11)
THbo LIcHioT, ZOBEORUBLIT= v 21 E—-OB X &
RIS, LT, =y ALY~ ZWEERS # X0 P BT 5 BIIFE
T UV RN EWNWS T ENTE B,

T, ~AAKAYVHHEFRAF —ALF T AR AAF-GLED

X oK X - TEHETH*,

A=E-TS (3-12)

G=E-TS+PV=H-TS (3-13)
hi (3-7) efRATHIE,

% Prigogine and Defay IRz AL £— iR LCU, ~vatvyHET
FNEF - TCFERAWTW5,
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dA=—SdT—PdV—dyg’ (3-14)

dG= —S8dT + VdP—dq (3-15)
E18B0 TRERIVVR—EDOE GO MEbext LTz

dg’ = —dA>0 (3-16)
THY, THIVUPHR—~EOSEGOARTME I LT

dg’ = —dG>0 (3-17)

TH%. EBARERT, VEeHETAEBNERNERT v > THDY, BN
G3T, PRTHBNFEHNRT v > TH D,

2 WMEHMPBERITILEE

HIHE R Lick 5, fERoFEEE TR, BH= 51 F -5 LT (3:12)
BIO (3:13) BnEZ2ZDNTLE 5DOT, ZAEZILTOWMEHE®RLYETS
&R, TERERLEBDIR (3:16) F XUV (3-17) 2AA#MELE
RETHHEMHRNE LTEBRACTAHEAIETS, BVELEND X 51,
FHEM (3-12) & (3:13) OEBEAVNE PN EAERE L, EBrThE
FBETILIZILEEZEONKYITH B, £OIDIIZEBENEFICDo\WTEE
SDORERTH D, oEMAL LTXEOHEBEEERSECY 514F,
LZVRMEERICC L 2BEROERENBFELTHA 5,

2-1 [koEdlE ZFoHBEERSESR T LThHEH &
AT 5. B, THhEITAHHTHEL EELLRSEA, Thi
EETAMEL LRI B L0k »C, R, TH¥EEOBEE Y
EBRET5, BHEEZ, 2¥elds~rakly HH= 34 ¥~ 2R
TE5ET, ZbHEDREFTHY, FARE S TERLERLTIZRGOF
TABH=FAF-DFECIR I LOTERVEHREHETDH 5,

Hl@okiic, € fAZHECEEREY AN, £EZEERMECET S,
AN EEEEOMCIREEIZWIDOLT S, ) 0BEEYHONICERL S
THEFHNBEC L - CHEEAFNCE R b 2B FTLETFR, 20t X, K
FEEM X Y BEE ¢ 2T B S LR, ARICHL THBw TR S,
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% i |
G o m
AR LN SCi .ﬁ
Ak | i s
( a ) ( b )
X

AW TERBEBRETH 200 (@E/AVIr=0Th5b, Tibb, BEX—E
R TWIUE, BRICE » TS AL F—RELEV. LT, 8Bl
FERIDX dE=q+w BT dE=0 ThHHNDH, g=—w Licth, DFbhH, [&K
PAFCHL TiIT ) TERBwRTANERNCBTR L IcBB qiLE LV, 29X,
ChEERITEFNCERLTER o2 d DB aicd £, Sk E, R4
RHDETAHHABERR, BEOL EARIIHLCITI - AERBw LEU T, mE
BRI ZFTH S, £LC, RERE, FICBERLCHAREFERD ¢ »IERMHC
5Ex%, zoR, IR, r2)Ricd, EREFHCIMALOELIKRITIC,
TARTNZELI S EOREICEEENS, Lo - T, Z0BEFBRITLCAHENT
Hb

T, H1wokiie, R+ o2HBOEIAFTEL, NMBaBENGEWHT 5
AREYFEYHEL 2 202 HEE5, EBHEZEL L, ThCEKE AR, TR
REAXEET AR, TOAFEZH IEL, &KRITE - T 7 XARFERAMEKIE
BT D, CNHATEOEHEBEETHD, CoLE, AEKIATLT by, ¥,
FAEIBETAER T B0, NEIFAF—OENINOT, BEERT5Z &
g, (g=0) ,

DEIC, ThZEEAELCI S, ERFFENCERT S, ThicE B wipnE
THhHERKAERRILRE ¢ RHEENE, ZOHR, £ ) RBABw i B
L, HEMZEIERE I ELOLRD1E, AREEAIC D EORBITEL Tiol,
ZIZT, AREBR- T DOHREHEToDICE, BEIRZEL2ICEEwICESR
THEEFEARRFERLV, L, FREBELIEMOFRIC X - TRERERD

Thbd, LichoT, [EKOHBEERIATETHS,

2:2 ~ARLLKAYEHATIALF—53IHEEE SR, OB R
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W3, AR L THEEYTbitWiE0BHEEY, BRKOBEY
TR LIk oL % Bie 5 SEAMAEE LR LTHAL, AdEc
BWT=x2nrF—DEFAOFHAMELACCET TE202EB@EIL5,

FECEL, REBCBEECTHLAHERBNDOEEOIEERAES TV L, R
AHELTOAERERITOET2ABELTCOLAEREN I - THIB EWD
HRAFECESTEHBTHEDOITL ZETiEhv,. 2hbDz L BEL T,
DEDHALXAAL D,

~

TEDOHHB RIS B Thhblicl, —iRC, BRAUEIZ., Fhisici
HITENETEBRE, TOEAIDLEHHESEY B2 X TEE L, BENMHE
BICBANKNDEAD, ThEEEENRERABRETDOZ L Th-T, FIrbLML
BB IERL V-, R 2BEORENEATABAICL, FhiZREST
BIEGFDZ ETHHT, B EBEISLAONTM ., S TS EEE=LZ A4
VR ETFD LM, PrESEPONEZIIEEL D WRRICASERHHE LD
oz & THB,

BEXAAOBHBEETIAT L /L, BoBRR L WiISHT, AE ML ©
Wh, LZANR, RICEBOEMTS - T, tha SRS T b,
HAFRIOVBBeZBRL T, HBwrT/d, Lind, ZOBESOBNAE, KT
CHFBERRRTHD, LT, BRNEILEZEIVDRENCEDCRAET T
FIEERTFHBIETH S Z ERNbh 5,

HDHDOEEE Vo, KD DOERIEEY Vo L3, SETENRECY - TRER
TR S HEIR

wag=—RT Iny® (3-18)

Thbd, CDEE, ARNLBETI#Z emy BRERTHD, 0% b, ZEAY
HBEETERIBWRUCAR L VARSI L, RLPEMNCHER TR 5 DTH
Ho IR, HOABRNENSETE I BB IEROEAEAYEAL., FhrBLHE
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h o TWzicighT, BHERE VS REERERYEA 2 I, FO4EER]
BRELIWETLRTT, AbotkBdiThbitvoTths, 2% b, [ERIT
HMEKICHETRE I Y koo L iin s, Fiebh, b Zo0BRICEVWTHEERE
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A New Way for Learning the Concept of
Free Energy in the Earlier Years at College

by Ken-ichi Ouchi

Whereas the First Law of Thermodynamics seems easy to und-
erstand, since the idea of conservation of energy is familiar in
elementary learning, this is not the case with the Second Law.
During their earlier years at college most of the students find
difficulty in learning the meaning and content of the Second Law
and in appreciating its usefulness for other branches of natural
‘sclences.

The idea of the Second Law of Thermodynamics is closely related
to a general principle of dissipation of energy, stating that all
irreversible changes tend to produce unavailable energy and degrade
the capacity for doing work. Although students have trouble in
understanding the concept of entropy, which is introduced to
express quantitatively the dissipation of energy, they find even
more difficulty in catching the meanings of Helmholtz and Gibbs
free energies. These two free energy are known as the thermo-
dynamic potentials which serve as indicators for the irreversible
change, depending on the various experimental conditions under
which the physico-chemical changes take place. Students are the-
Tefore discouraged in working out the concept of free energies
which are very important for chemistry.

General speaking, most theories of thermodynamics are developed
from abstract concepts to practical problems. In textbooks the
definitions of free energies are described in relationship to other
thermodynamic functions, thus giving the students the impression
that the definition are abstract. But the students would not have
difficulties, if they properly understood the mean ings of definitions
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and their theoretical development to practical problems. However,
the concept of free energies does not seem easy to understand
correctly so that it is likely to cause misunder-standing. Thus in
many cases students can not improve in their effort to learn, for
they proceed in their learning without a full understanding of
free energy.

Even though theories in the natural sciences are developed from
abstract concepts, it is very important to appreciate the relations-
hips between theory and reality, for natural science is human thin-
king based on a sensual recognition of the nature. The author
proposes a new way of learning free energy, in order to incorporate
the concepts mentioned above. The author’s proposal for learning
free energy is to reverse the traditional learning procedure taken in
the textbooks published up to the present time. The students
should learn the meaning of free energy first and then the students
should drive for themselves the formula for free energy funcitions,

A=E—-TS (1

G=H-TS (2)
where A and G are Helmholtz and Gibbs Free Energies respectively.
The author believes that his proposal for the learning procedure
suits the historical development of free energy concepts which are
described in this article.

In order to explain free energy, several practical examples are
given, including free exansion of a gas, work done by osmotic
pressure and electrical work done by a chemical reaction. From
these the important relationship :

G=A+PV 3
is derived. It is also explained in detail that the relationship
between G and A holds even in the pure state of the ideal gas.

The contents of this article are as following ;

I. A reason why a new method of learning should be proposed.
II. The historical development of the concept of free energy.
III. A new proposal for learning free energy.
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IV. 1 Traditional procedure of learning.
2 A new way proposed for learning.
2.1 Free expansion of gas.
2.2 Holmholtz free energy or work function.
2.3 Gibbs free energy or available energy.
a. Work done by osmotic pressure.
b. Electrical work done by a chemical reaction.
2.4 Free energy of gas.
2.5 Thermodynamic functions and conditions of equilibrium.
V. Summary
In physical chemistry, Helmholtz and Gibbs free energies play
very important roles as indicators for physico-chemical equilibriums.
According to the traditional descriptions of equilibrium are derived
from the free energy functions given by Gibbs. However, the same
conclusions are obtained directly from Clausius’s original idea for
the free energy which is described by the relationship;

Wr=A or sWr=dA (4)
where W is the maximum work done by a reversible change in
the system at constent temperature and A is the free energy change
of the system. If the only external work is due to a volume
change, Wr=-PdV, therefore

(PAV+dA)r=0 B)
This gives the condition for equilibrium at constant temperature
and volume (PdV=0), since reversible change is possible only if
the system is in equilibrium

(dA)r.v=0
For an infinitesmal change, (3) gives

dG=dA+PdV+VdP (7
But if 7" is constant,

(dG)r=(BA+PdV)r+ (VdP)r (8)
and (5) gives for equilibrium

(dG—VdP)r=0 €))

and hence if P is also constant (dP=0)
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AdG)zr. p=0 (10)
and again it is inferred that (9) is the condition of equilibrium at
constant temperature and pressure. Thus it is advisable to und-
erstand the physical meaning of equations (3) and (4) first in
elementary learning, because the equilibrium conditions are derived
directly from these equations.



