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CHEMICAL THERMOOywAMICS ; OH, &5 Av0 O 6
( ABASIC GOAL OF CHEMfSTR/ 1S TO PREOD/cT WHETHER OR

NOT A REACTION WILL OCcUR WHEN REATANTS ARE Mixep

THAT 15, IS THE REACT/OW $POW TAVEOOLS !

CHE MISTS USE THE TECH MIQUES 0 F THERMODY ~#AM/< S

7O AVSWER THIS QUESTION . WE Et'lpt,o)/ THE QUAWTITIES

OH, E,IVTHALP)’ ” 05, em‘neoﬁy ANVD D ¢, FREE EIUEIE’&}/

OMH, THE ENTHAU‘/ CHRNVGE
FOR R REACTION CARRIED ooT AT CONSTANWT PRESSORE AVO
TEMPERATVRE, THE HEAT ORENWNERGy FLOW 1S EQRUVAL TO THE

OIFFEREMCE 17 ENTHALPY BET WEEW IPRODVETS RNVY
REACTAWTS

F 3 D = — =
1, o Hl’koOocTs HRem:mv-rs HEAT Flow (fo'vsr 7,'I°)

WE DISTINVGUISH BETWEEW EWNODOTHERMIC REACTION S
AHF s POSITIVE | HEAT FlLows FROM THE SORROL WD Ines I wTO
THE Sy sTEM , AVD ENTHALPY 0F PRONOCTS » ENTHALPY OF REACTARA

Awvn
EXOTHERMIC REAcTIOVS &l s VEGATIVE , HEAT Flow s FROM THE
REACTION IWMTO THE SURROVND It Awo U Rencmws> W g
THE em';muoy CHANGE FORRAREACTIOW CAN RBE CAlLCOLARTED
FROM MOLAR HEATS oF FoRmATION , AH,
THE MOLAR HEAT oF FORMHTION OF A COMPOUNWY |S THE
EwWTHAL P/ CHAWGE WHEW L MOLE OF THE compProown Is

(= FORMEO FRom tHE ELEmENTS.
AOH_ ANO ALLTHE OTHER USE FUL THERMO DY WAMIC QUAN TIT/ES
ARE TARULATED |w YOUR BOOK, APPEWDIX
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THE ENVTROPY OF A SUBSTANCE /S AMEASURE OF How
>|‘)"OR06REO',TI-/E SOBsrAnWcCcE /S. (oW EmTﬂop}/ (S

OCROEREY SOBSTAWCES HAWD

( MSOoCIATED Wi TH HI6HLY
Hey O/ISORDERED SULBSTANCES

/141614 ENTROP}/ witTH HiI6
CRYysTALS —> RHIGH ORVER = Low ENTROPY

GASES — LOw ORDOER —= HI&H EnvTROPY

THE EwTRoP}/ CHAWGE ASSOCIATEYD WITH B REACTIOV /5 :

LS = - S

S
Pfovoct g REACTANT S

FOR |wsT AVCE , THE PHASE C/Mlv&e
Hy 0, (&) LS s posiTIvE

CLEARY, ABOvE O % <) THIS PROCESS 1§ sPonTAMEDL S
SO, &S COMPENSATES FOR THE EWNOOTHERMIC OH
STANOARD MOLAR ENVTROPIES
( ABSOLUTE VALUES FoR TH= ENVTROPy OF A SOB STANVCE
CAW BE OBTHWED | Wg Qg FIvE THE EWTRoPLY OF A
PORE SUBSTANMCE, AT ABsolwTE 26R0 (T=0%) 70 BED
STANDARD MOLAR ENTROPIES S° ARE MEASOREQD 11

JouLes /%K (moLtg) AND ARE EQUAL TO6 THE ENTROPY o FOnEL

MOLE OF ASURBSTAWCE |w TS STAVDARD STATE .
For n SOBSTANCE —™ PURE 50657ANCE /47-”] e
FOR A DISSOLVED SPECIES =m | M sororion A Se

30L10S HAVE towER ENTROPY THAW LIQRUVIOS, wipic v TORW,
HAVE LowER szaP/ THAV GASES

Sifs) 127 3/
I4 0(4) 67? J/k

$O,(s) 2449 T/e
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S VALUES
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I TIS TEMPTIV(G TO SAY EXOTHERMIC REACTIONWS ARE
SPONTANEODS ANO Ew O OTHERMIC REACTIONS ARE WoT
( P To AROLT 100 yEARS ACo THIS WAS THE PREVAILIV ¢ 1054
FOR EXAMPLE !
R/
2H, gy t 0&; ey 4¢0(,<}

OH = = -
M= 2AX Ol (ulo@) §72 kI
OR THE NWEOTRALITZTATIONW RERCT/ON :

H(/?Q) +0h’ Chg) 7 M, ° (1)

OH: DHe (hoY) = 24, (ong,,) REALL THAT
B e o Sen?Y DHF(H%):O

HOWE VER, THIS SimpPLE ROLE FAILS RATHER orren

/Fa& EXF)MIULE/ Wi TH PHRSE CHAWGES :

( H,0p) = HG(&) OH= +¢ kT
OR

H 61) = Ho0,. CH: +Y0 ¢kT
{7e) alll’) fat, e

A, PPIN

ALSO, THis REACTIONW :
—> - {
Cal S(S) Cq%)-f Co&(g) OH=+ 178 kT
IS WOV SPONVTANEIWS AT Room TEMPIERATORE RoT

SPONTANEOUS AT /7100°%k EVEW THovGH DH 15 sTIte
1+ /7810,

7O DECIDE WHETHER AGIVEN REACTIOWN WitL RE
G SPonvT AN E OLS ATHA 6IVEW TEMPERATURE AwVD PQES.SOQE'.)

WE Must con gInER ANVITHER FRCTOR . THE Em'moﬂy
CHRAVLE, N G
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|WA REACTION , THE S(6w 0F &S CAV OFTEw BE

PREDICTED VSIVEG THE Foltow) ve GCOIDE :

( EWTROPY IWCRERSES WHEW:
1) A MOLECULE 1S BROKEW IVTO TWO oR MORE MoLSCOLE §
:z) A REAcTIOV PRODULES KW IWVCREASE IV MOLES OF ¢-A 5

3) A soulp = LiQUID OR L]l Quio— GAs

FOR EXAmPLE

3””’(5) + Co, ) - VH,comh, 30) + A0 (2)

C + CO
s Cle T ey ‘o
QUANTITF}rwec,y " ) DS IS
", & .
LS = S PRORVocTS SRE?‘K—THWS
OSIVG THE TABLE N CALCOLATE THE

(TWTROPY CHAWGLE FOR THis REAETION:
AVH,y oy 1'qu(J) — WVH,ComH, (p) %)

STAW)ARRD EnTROPIES 50
v / g,
Co& (?) 9 X
WH CovH, (4) 114 JI/«
10 70 S/k

2 X(193) + 214 —(/74/-!70) =
As & 7 S pres = 2~ S°pener
5% (n4+20) — (ax193 + 24)

G L53%: Juyg - oD
INSP= = 356 Jp



EnTROPY CHANGE FOR B PHASE TRANSIT/IOW @
NECARVSE PHRSE FRANSIT/IonS ARE EQRuILIBRIO M
( PROCESSES THE IVCREASE |V EWTROPY RESOLTS oney
FROM ABSORPTIONW OF HEAT.
FOR THE MELTIVE OF ICE, THAT HEAT IS KHEARTOF

FOSION , L)I-l‘c iy & X/033'
B B8 oGy ATk
vsive THE TABLES , }/au cAnN

NOwW CRALCULATE LS FOR AW}/ PHASE TRAWS /ITION

AwvQ THE ABoOVE RECATIOWSHIP CANV BEVSED TO

RELATE & S, OH, AvO 7T

70 Do so, wC INTRODUCE A WEW TERM G, THE

GIBBS FREEEWERGY . G Is QEFIVED AS G H-TS
( AWD, Mo RE U.SEFULL)/I DG &OH -TAg

THE CHAVEE |V FREE ENVERGY O6 1S THE Frvge
MENSURE 6 F SPOVTAN EIT)’ IVA REAcCTION. |/ &C
/S _’Ye &Arlvg, THE REACT 10N [S SPONVTrAwEovs V-2
/5 POSITIVE, THE REACTIONW IS Now sPonvTawe ous .
THE STAVOARD FREE DC° = OH°-TAHS® FeR
SUBSTANVCES IV THE STANV DARD STARTE .
AWO, i REACT'O'VI it 41’30004; Gnencmmrs
IV OTHER WORDS , O 6G /S A MEASVRE OF TRE QRIVIVG
FORCE OF A REACTION. REACTIONS, ATCOnSTAVT TAVDP,
6O IW SUCH N DIRECT oW AS TO DECREASE THE FREE
¢: EWERGY OF THE sysTEM., SO, THE DIRE CTION 0 FA REALTION
[S OETERMIVED aymg RELATIVE FREE ENERGIES OF
PROOVCLTS AwO RERCTANTS,
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Vov cAWV USE STANOARD FREE ENEREGIES AGP wWHICH
HAVE BEEW TABULATED APPENDIY C

o-‘ (] o
: e XMAGF peon ~ = M O peAer
FoR EXAMPLE:
CRLCVLATE D6° FOR THE comBosTiow OF | MoLE or
crnAavol (¢ HOHR) AT 25°% Awo (ATM

(-] o
Dels ITm OE peoo 2 m ADCrepct

AG; FrROM TABLE /8.2 I KI/mae

CHsoH -114 ¢ .
(2% O —=n O G°FR ELEMENTS O

Co,  -394¢
Hio -2a2¢%¢

C, H
¢ .\’:0/4‘() - 3 30a(9) R ?\COlg +3H’~Olj}

D¢
Fo =114 o AC394y)  3(-228.¢)kT
o _ o
A"o =om Oc proa ~ & DG RERCT
B67: A(319q)r3(nee) — (4, t)

s A
DE°s -nqq?ks- Tt teg

THE LARGE NVEGATIVIE OG’ |WOICATES A VERY SPOWTAWEDOS RXW
CALCULATE LG’ FOR THE FoLtow i we RERCTION

Cq 603(5) v Cﬁ 0(5) 7 Coa

(g)
NG
C«CO3 -1128%.¢ Perl Rl €O03.5-39%.4 ~(-1128.%)
CqO -60nN.§

AYASE +/30.9 |
. ')
Co, -394.¢
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WHAT Js THE STANOARD FREE ENERGY CHAWLE ,INC) FoR

THE FoLLOWIWE RERCTION

( N:,g) + 3”;@5)

— JNVH

35)

o o
cAatcveaTe DOH Avne &S

% 191 +(3)(130.¢)  2( 193) T/k

o-
AH = & OHpeop =2 OHpener

= - 9. k5 - £
DH= -91. ¢k

(DS
o ¢
JAY So= ZM DSP‘M—' Zm ASREHCT
5% 2(1?3) — (191.5 + 3(/30.6)
= - J8 - 3¥33
D $°: —111.3 I/«
56

SUBSTITVIE IVTO O¢ £ guATion D¢.°: AHO- TOS®

D% -a1.815 - (298)o0.1m kS /ic )
T *NER - = 80.7
& 5 298 I KT
ME Avive R SPONTAVEOUS REACTION
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LOOKING AGAIV AT THE RELATIONVSRIP BETWEEW Em-r;.m‘p%
ENMTROPy AWO FREE EVERGY
( ADAGC=> DK -TLS
S0 & 6 DEPEWDS Ov TWO QUANWTITES, THE EWTHALRY
CHAWGCE DUVE To THEMAKIVG AVO BREAK IVe 0F Rowvd0s, ANO
THE PRODUCT OF THE CHANEGE (v RANDOM WESS (OS) Awo T
THERE ARE TwoO FACTORS wWHICH TENO 7o MANE & 6 WEGCATIA
AmD THERE FORE LEAD TO A $PONTANE OUS REACTION

1) AnvEcATIvE VALYE FOR A1 (EXoTHERMIC)

) A POSITIVE vRLvE OF &S ( PROD (ES30R0ERED THAN REACT)

EXAMPLES win EREEvreoP}/ 1S THE ORIVING FORCE
1) FORMATION OF A SotuTion, AN O DS PosiTive
) METIVG AVO VAPoRI2
I
¢ 2AH +, L8 +

( » some RERCTIONS DK DOMINVATES Arvd &1 NEAR 2ZERO
1
/ :
DH=_-2¢8 ks
D S=0.01 l(:y/o,(

MORE COmmo
€ 'W—/V, BoTH DH Ay MmAKE covTRIGUTIONS 70 D6
SOME EXAMPLES :

CRICULATE IS® Awd £G-° FOR THIS REACTION - DH: -SSIRT
+ 8
H. (A&) T OHpey~—3 Hy0y )
AN e i g o o -
S S (*‘h{’()) (S H@Q) *SOHAQ)
@ A% 6a.93/k (0 + /0.5 T/k)

5= o9 I &
o
OC = DH-TDS = =554 1T - (1) 0.0891) - — 79 KT
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EFFECT 0o F T OPOW REACTION SPOVTANEITY
IvCcREAS VG T MAy oR mn}/ WoT CHANVECE THE

( DIREcT/IOon (nV WHICH THE REACTION PROCEEDS

| (Po/vTArvsw:,L)/, | T DEPEWOS onv THE RELATIVE
S16nvs 0F DH AvD DS
IE DM AVO DS HAVE THEOPPOSITES/I6N, IT IS
IMPOSS 1B LIE TO REVERSE THE DIRECT/ION OF
590'\/1’/4”&/7)/ B/R CHAWGE I~ T, BECAUSE THE
TWo TERMS , O H AVDO-THS REINVFORUS EACH 0THER
JF & H AvD bDs HAVE 7THE SAMES/IGNVS , THE D/RECTIoN
OF SPoW T/MIEIT}/ REVERSES AVO DG CHANGES SI¢WV
AS TEMPERATURE INCREASE S

HewcCE , FOR ICE MELTING AnD WATER VRPORIZIW ¢

¥ Hgy = Hoy) = %)
DS+ 25k DS + 1|9 T/A
QH-«+ (SKS DH= +40. ¢kT

SO, FOR ICE AT LoOw TEMPERATVRE LD H DOMIVATES
RUT AT HIGHER TEMPERATVRE -TAOS DOmIwWATES,

D6 CHAMLES FRom + To — AVD ENTROPY DRIVE S
THE PHARSE cCHANEE,

SU MM ARIZINVCG

AHO Aéo AN CoOMmMMENTS

s + - SPovTAVEOUVS ATALL T
(s + - 15k VoW sPownTAVEQUs ATALL T
- o + OR - SPONTANEOCS AT tow T

MNON SPONTAVEOYS AT HIsH T

WA P e S et kS i el and
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AS ANOTHER EXAMPLE O F AREACTION FOR WHICH DH
ANVD DS HAVE THE SAME SIéV :

Dl = PIgNd
AS = 1couT /g

so Ne®= 11vks - T (1coy 3'/k)
Wow WwWE WIiLL BRSSUME THAT OH Awvo LD s powerl
CHAVGE WITH TEMPERATVRE (o»w./ Afﬁkox,mnreu/rkue:

WHEW A RERCT/ON IS COMPLETE , 2DD6G=0

Ne 0= OH-THS'

SOLVE FORT
T- & H

& B L
oo JRBND :
I(o.qJ'/k' LLagr yw

THIS IS TIHE TEMPERATORE WHERE Ca COs BE¢/nvS
TO DECOMPOSE

Fimvacey RELATING O6G To THE EQULIL) BRiom CoysTAVT K
OC ISRELATED TO kK AS FoLcow s

D6%= -RT Iw K
OR,ATAS’e ANG': -85.71 tock (Arasc

IEI5¢is NECATIVE | LOG K

¢ IS Posimive = sponrAvesws
2 lE £ 614 POSITIVE

L0¢ k 15 NEGATIVE ® NowsPInTAYES
IEDEIS O Log k=0 K=l = AT EQuiLi BRIOM
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MORE QUAWTIT ATIVELY , RELATION S KO BETWEE w 256° Awo I

, AT As'%e
( O6°(k3) -1a6 -86 - 4o o Yo vo o
K (xpot ™ vt 1t 1T 1™ et

AS AV EXAMPALE OF THIs T/Pé’ OF CALCULATIONV:
CALCULATE O6¢° ATAS C

- H0 Ko=lvro'”

g

o
DG":-85.71 x toek

f-
" (ag)

D6°: -571 % 1900 = - 7%.9 k5 (As PReviovsc.,
CALCULATEDN

FOR THE REACTI0WN :

1’\’"59)* CO,. (9) — bHICDNH"(ﬂq) + H*Oﬂ)

DE: - 1R.4KT
DE°%= - 81 ,(43/(
-13.¢ = '5'7"17k
. miEE . a3
fgne o

K< /02'3* or k- 2.¢-/x;o‘
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FIND THE VALUE OF IK FOR THIS RE ACTrow AT 2000°C

(
ollb.(j) + OQ(J) o 2 IUO(’)
l) Fivo & §
191.€ + 2050 = .z(zlo.c)
39C.5 2 427.2
DS Y11.2-39¢.5 « 29.7 T [fk
) Fivo AH: ’Va(aj 4-0.1(3) - 1"'0(7) MAy BE
B o0 -2(70.3) L_oolu-:o Ve
O < 1%.¢

AH; e /%0.(-0 =/80.¢ K5

3} SUBSTITUTE InTOo G = AHO— TAs' GIBBS-HeemHoer 2

E QuATION
&6%= 180.¢cky - (29.7) (2273 %)
= [§0.¢ - SC.1kT

O6° <IAYS KT AT 2000°c
4) sotve For k
D6 -RTX 2.303 o6k
ek et
- %31%2273 ¥2.303
,(?k; ~l24.5 KY

K = /520%‘: l.4 %10 :

s = —-2.86¢



