
8 APPLICATIONS OF GIBBS FREE ENERGY

1] THE 200 LAW AND STABiLiTY
AS IN A RECENT EXAMPL, CONSiDER A BODY IN THERMAL
CONTACT WITH A LARGE RESERVOIR THAT CAN ABORBS LOTS

OF ENERGY CITOUT SIGNiFICANT CHANGE IN TEMPERATORE.

ASSUmE PRESSURE AND TEMPERATURE Of THE BODY AND RESERVOIR

ARE ThE SAME AND FiXED.
RESERVOIR

FoR BODY
FOR RESERVOIR

CH = T d S (sce dp=0)
dHa = - dH (BY ENERG COUSERVATIN)
TdSe - TdS

SO TOTAL ENTROPY CHANGE IS
O ≤ CSTorA = dS + dSe = dS + (-#du)
20 LALO =-# (dH -TdS)

BuT GIBBS FREE ENERGY IS G = H-TS
→ dG = dH - TdS - SdT die dH- TdS

So O≤ dSTOnAL = -#CG (ISOTERMAL, ISOBARIC)
THAT IS TO SAY, WHILE ENTROPY ALCUAIS TENDS TO
INCREASE, THE GIBBS FREE ENERGY ALCUAYS TENDS
TO DECREASE.

A SYSTEM WILL ALLAYS EVOLUE TO MINIMiZE G.
IF G IS NOT AT ITS MiNIMUM IT IS "UNSTABLE.



2] VAN DER COAALS: EQ" REVISITED

REcALL (P+aT) (V-bN) = NkT EG® STATE
FOR LIQUID A GAS GALALiTED)

WiTH CRiTICAL POINT AT VE = 36N, kT. = 76 , Pe=26
IN NON-DIMENSiONAL FORM C A R = =こ 、 い ・ 京 、 千 ・ 売 6 6

0   f i P • 8 7(30-1) -

3 m
 y

IF T I l , THE FWAD CAN EXIST
0.6-

WITH 3 POSSIBLE VOLUMES IF P IS 0 4

IN A CERTAIN RANGE (C.g. 05= F{0.7 ABOUE).
DETERMINE THE STABiLITY OF EACH STATE USTNA GIBBS FREE ENERGI

dT=o

c G = - S c T + Vo P = V o rALONG ISOTHERM T ,→ (24)+
USE (OV) EVA AND INTEGRATE BOTH SIDES WURT I

- 247V

》 G s R V I - 譬 h n （ 3 i - i ） + 警
TEMPERATURE - DEP.

C O U S I M S

NUMERICALLY AT LEAST, ONE CAN USE
AS GIt, F) IN D.
FOR TAl, A TYPICAL ROT IS:

G
TO R E C A S T

5

3

G I T , V ）
2,6

0.4 0 . 6 0 . 8

BUT COE HAVE SEEN GALWAYS TENOS TO ITS MiNIMOM VALUE CITA F, E FiVED.
So ThE SYSTEM WiLL EVOLVE STRAINE FROM STATE 25→6, SKIPPIN 3,4,5 etc
DURING PrASE CHANGE dT = dP=0 = dG= -SdT + VoP =0
S o   0 = 1 2 9 3 9 1 5 5 4
SO IN PV-DinGAM ARGA 12-3-41 = AREA14-5-61 [MANUEL'S CASTRATION]



3] THE CLAUSIUS - CLAPEYRON EGNATION P ФСР

RECALL PT-DiAGRAM SHOWING PHASE TRANSiTIONS
WILL USE GIBBS FREE ENERGY TO GAIN INSIGHT INTO PHASE BONDNES

Ar BONDARY BETCUEEN 2 PHASES (eg. LOUD A GAS) THE SUBSTANCES
ARE EQUALLY STABLE AT SAME P E T , 50 G IS THE SAME.

dG = - SedT + Ve dP = - SydT + Vg dP
= dP = Sy-Se = → E COULD ALSO BE SOLIDSLIDI

SOLD G A S

Vg - Ve AV

IT IS MElt COMENIENT TO WATE AS = 7 = 77T , IN CUHICH

l IS THE LATENT MEAT AND M THE MASS OF SUBSTANCE

dP = IM CLAUSiUS - CIAPEYRON EQUATiON
dT T AV (GIVES SLODE OF PrASE-CHANEL, LNES EU PF-DIAGAM

SPECiFICALLY FOR WATER + VADOUR TRANSITION
TAKE l= lU = 2.26 x 10" 5/S " CONSTANT

TA K E AV = Vg
FROm IDEAL GAS LALO Vg= C = RUT R

HERE RU IS GAS CONTAT FOR H2O: Ru=Mio

(FoR TE 100°C)

8 . 3 1 5   m z .   K
0.018 кура= 462

So
SOLVING → P = E EXPLRV7] 6   C O N S T A N T

и 100°c

To FaD CONSTANT, COE KNa T= T8= 313K AT

P= Po = lATM
P(T) = PO EXPL RVlv (4 -4)]
THE VADOUR PRESSURE EQUATiON

(GODO, ASSUMENG lY E CONSTANT)



6 0
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EXAMPLE: AT CUMAT TEMPERATURE DORS CUATER BOIL AS YOU GO
TO HIGHER ALTITUDES?

SoLT
IGNORING STORM SYSTEMS, etC, WE WiLL RELATE ALTITUDE TO
PRESSURE USENA HYDROSTATIC BALANCE: P= Po CZ/p
IN WHICH LOE COLL TAKE Hp =8 km.

INVERTING THE VAPOR PRESSURE EQUATION TO WRITE T
IN TERMS Of P GIVES

T e ） ~ L ⾔ ⼀ 系 ⼀ （ ） ” .
^ L 吉 ⼗ 系

T   ） = 万 （ 1 強 ）
IN WrICH F = Hplv/ (RuTs)~ (8000 м) (226 × 10 7)/[462 гк)(373K/]

= 1.05 x 10m = 105 km

EVEN GOING UP TO ThE TOP Of EVEREST Z « 7 .
S o A R P R C X M A T E （ I + 弄 ） ⼆ 1 - 叠
→ T/2) = TB (1 - 3) = (373K)[ I - TO Kn]/

IN ARTICULAR, IN JASPER (2 1000M ABOVE SEA LEVEL)
WATER BOILS AT 373 (1 - 105) = 369k = 96°C
(SO THINGS TAKE A LiTTLE LONGER TO COOK.)



4] VAPOUR PRESSURE Of CUATER IN AIR.
THE CLAUSIUS - CAPEIRON EQUATION CAN ALSO BE APPLIED
FOR MiXTURES OF CUATER VAPOUR AUD AIR.

# MOLECOLLS H20
LET V = MOLECULES H2O + ADR BE THE "VOUME MiXING RATiO
DEFINE C= UP TO BE THE "PARTIAL PRESSURE OF

WATER VAPOR, I.e. THE PART Of PRESSURE DUE TO 420.

LET ES BE THE "SATURATION VAPOR PRESSURE, CARCH MEASURE
THE MOST AMOUNT OF WATER NAPOUR THAT AIR CAN HOLD AT PRESSRE, P.
AS WIM PURE HEO, ES SATISFIES THE CLAUSiAS -CADETRON EDE:

des = lv es
d T Rv T2 LRul To+ 7).

T C H I C H CO I TO ARE DETERMINED DY MEASUREMENTS.

E.g. AT To = 273m Co= Es(To) = 6ll MBAR.
GRAPMENG O 6 6 三Rv = 2.50 x10 kg

4 0 FOR TRO°C
20

→ T (°c)
- 4 0 - 2 0 20 40

(NoTE ATR CAN HOUD MUNI MORE WATER VAROR AT HIGH TRMAGRATURES)

KNOWING eS FrOmD, WE CAN DEFiNE ThE "RELATiVE HUMIDITY"
R.H. = C/es = V/US = MOLECUrES 420)/"MOLECOES H20 AT SATURATION)

IF MY IS MASS Of VAPOUR IN MASS MA OF DRY AIR, ITS "MiXING
RATiO" IS WE ma.
IN TERMS UF PARTiAL PRESSURE: C= UP = md/MAR + Mi/Miro

WHERE E= MATRMAro ~ 188071 = 0.622, AND USED WERE MR. Wa 59 H20

So 悲 • Q p .
"DEw POINTOCCURS AT TEMP Ta wim R.H.=1 → W=Ws ° I C E L R2 % （ 売 ⼀ 番 ） ］



4] (CoNT'd)
ExAMPLE D :

AIR CONTAÑUS WATER VAPOR WiTH A MiXENA RATIO OF W=5,5g/KJ
AND THE DRESSERE IS 1026.8 hPa AND T= 20°C.
WHAT IS THE VAPOUR PRESSURE AND RELATIVE HUMiDITY?

e = V P   =   ( ร ร 0 . 6 2 2 ) ( 1 0 2 6 8 6 )   =   9 . 0 L P a ( 9 0 - b e )
AT 20°C, SATURATION VAPOUR PRESSIE EI

es = （ 6 . 1 1   M B x e ） E X P ［ 發 發 等 （   ⼀ 碗 】 = 2 3 8 m b u z462 J/(4K)
Co= es (0°c)

SO RELATiVE HUMiDiTY IS es = 23,7 = 0.38
38% HUMiDiTI

FOR THE ABOVE PROBUM, WHAT IS THE DELO POINT?
SowWANT Th SUCH TIT W= WoEXPLRI(t-t)]

WHERE WO= P COIS MiXINA RATIO AT TET.
=   0 0 0 5 s
0 . 0 0 3 7 0

2 7 5 k - 9 6 2 處 0 . 0 0 5 5 -1
Ln

2 . 5 × 1 0 6 号 (0.62) 611 more) 10268 m82))|
= 273K [1 - 5.48x107 LA (1.49) ]-1
= 273K [ 1.02]
= 2 7 9 K

So DEO PaiNT IS ~ 6°C



5] EQUIVALENT POTENTiAL TEMPERATURE
AS MOISTURÉ-LADEN. AIR RISES AND COOLS, SOME OF THELATER VAPOUR CONDENSES (FORMINA CLOUDS) COMICH RELEASES

HEAT INTO THE AIR. I F THE DROPS ARE SO MINUTE THAT
THEY CONTINUE TO RISE WiTH THE AIR, THE PROCESS IS ADiABATIC.BUT IF THE DROPS LITERALY RAIN OUT, THE PROCESS IS "PSEUDOADiARATi".
HOCO THE TEMPERATURE OF A SATURATED (100% HOMIDTTY AIR PARCEL
CHANGES AS I T MOVES THROUGH DECREASING PRESSURE ALL
THE WHiLE LOSING MOISTURE IS GIVEN BY THE EQUIVALENTPOTENTIAL TEMPERATURE, De

A N D

I N   C H i C H   N E   ( =   W , E X P I ,   ( $ - $ ) 1 )   I S   S A T U R A T O   M Y E L   R A T S   T "

NOLO ASSUME RELATIVE CHANGE OF TEMPERATURE IS TINY COMPARED
TO RELATIVE CHANGE OF WS : 《 或Ws

→ Ln (0 /0e) = - lus / (GT)
→ l u Ws

C H E R E   O E   I S   I T E G R A T I O N   C O N S T A T

Oe IS DEFINED 50 O→ De AS * → 0.
So De IS THE POTENTiAL TEMPERATURE OF A PARCEL
OF A I R AFTER ALL THE CATER VAPOUR HAS CONDENSED
AND THE SATURATION MiXING RATIO (WS) IS ZERO.



5 (coNTd)
TO ELUCiDATE THE INTERPRETATION OF DE, CONSODER THE
FOLLOWING 3 SCENARiOS
1) A PARCEL OF DRY AIR AT SOME HEIGHT HAS 4

POTENTiAL TEMPERATURE O. THIS MEANS IS
T, P = 0
T=0, P.

WiLL HAVE TEMPERATURE T=O CUMEN BROUGHT TO THE GROUND.

2) A PARCEL OF SATURATE AIR (WiTH W=WS) MAS
POTENTIAL TEMPERATURE O. AS ABOVE, IF T , P

Đ → 8

w 回

う ー Dey

BROUGHT STRAIGHT TO GROUNS ITS TEMPERATURE ฟ ะ อ   1 1 T : 0 2 0
1 1WiLL BE T'=O (NO CONDENSATION, 50 NO HEAT RELEASE ).

HOWEVER, IF BROUGHT UPWARDS UNTIL IT ORYS OUT, ITS
POTENTIAL TEMPERATURE BEOMES De = 0 EXPLAI] > 8. IF
THE PARCEL THEN DESCENDS TO GROUND REMAINING ARY,
ITS TEMPERATURE WILL BE T"= Ge > O=T.
(LATENT HEAT RELEASE HAS WARMED THE AIR)

3) A PARCEL OF MOIST (BUT UNSATURATED) HAS
POTENTiAL TEMPERATURE E . IT IS BROUGHT

T A T E W = W S
T, PUPWARDS UNTiL IT HAS COOLED TO

TEMPERATURE TS AT WHICH IT IS SATURATED พ ะ อ

(W:WS). THEN IT CONTiNUES TO RISE UNTiL ALL THE MOISTURE
CONDENSES AND RAINS OUT. DURING THIS PROCESS THE POTENTiAL
TEMPERATURE INCRASES TO De. IF BROUGMI TO GROUND
THE TEMPERATURE WiLL BE T"= De= 0 EXPLaI] ≥ o.
INORE TS, NOT STARTINA TEMPERATURE T IN EXPONEUTiAL

THE LAST SCENARiO GIVES A PARTiAL EXPLANATiON FOR THE WARMTH
OF CHINOOK WINDS. AS MOISTURE LADEN AIR FROM CUEST IS

PUSHED UPWAR ER MOUNTATUS, RAN FRISAT COME DERANDAR



5] (CONTd)
EXAMPLE D : AIR AT T;14°C AND P950 MBAR HAS A MiXING RATiO

oFw,-8g/Kg. IT RISES ADiABATICALLY UNTIL IT BECOMES
SATURATED. FIND AN IMPLICIT EQUATION FOR THE TEMPERAGE,

Ts, AT SATURATioN.
Soir

FIRST NOTE THAT THE SATURATiON VAPOR PRESSURE IS
e s , = e o E X P L % , ( 하 ) ]=   ( 6 . 1 1 M B R )   E X E L H A S S   E E R   2 8 7 4 ) ]

= 14.6 MBAR
SO THE MIXING RATIO AT SATURATION FOR T, = 14'C AND P= 950 mGR
I S WsI= PiesI = 450 mAR 14.6MBAR = 9.59x10-3

→ WI= 9.59 9/Kg AT INITIAL HEICHT OF PARCELSINCE WSI > W. = 89/Kg THE PARCEL IS INDEED UNSATURATED.
AS PARCEL RISES, ITS POTENTIAL TEMPERATURE. I S CONSTANT

UP TO BECOMING SATURATED: 0 = T (%) * = T (F)-x
→ P = P. (T/T,)x

AT SATURATiON W=Ws = Fes = Ee. EXP [Ri (to t)]
IN TERMS OF P → P = E, CS = W, Co EXPLat $)]
EQUATING (4) I (HX) GIVES AN IMPLiCIT EQUATION POR T : Ts

E （ T / T . ）   = 品 e 。 E x P ［ 急 （   ⼀ 六 ）

(**)

IN PRACTiSE THIS MUST BE SOLVED NUMERICALLY. (FINT TS ~8CAT PS-80MBR)
HOWEVER, ATMOSPHERE SCiENTISTS OFTEN TAVE A STIOR-CUT
BUt FINDING INTERSECTIONS OF LINES OF
CONSTANT O AND SATURATiON MiXINA RATiO WS

Ws = CONST

< 0= CONST
O N A "SKEW T-LOP" CHAG OR A "TEPHiDiAGRAN"



6 6
5 (coNTd)

EXAMPLE 2 : A SATURATED AIR PARCEL AT 950 MBAR HAS
A TEMPERATURE OF 5°C. FIND ITS POTENTiAL TEMPERATURE
AND ITS EQUIVALENT POTENTiAL TEMPERATURE.

THE POTENTiAL TEMPERATURE IS
0 = T (P/Po) *= (278 к) [ 1050 мвл- 7-217

= = 282 K
(SO AIR WILL HAVE TEMPERATURE ~ 9°C IF BROUGT TO GRaND.)

FoR D e , NEED TO KIND WS.
w s   z 多 e ~ 号   e E P L 幾 信 ⼀ 划

= 952MBAR [ 8.73 MBAR] = 0.00572
(i.e. Ws = 5.72 9/kg )

So Ge = 0 ExPLa#]
^ 282K EXP [0.04637

2 9 5 K

(SO IF ALL THE MOISTURE CONDENSES AND RAINS OUT,
THE AIR TEmPERATURE COULD BE 22°C IF
BROUGHT TO THE GROUND. THE LATENT HEAT
RELEASE AMOUNTS TO A 13°C RISE IN TEMPERATURE.)


