
Monssar Aree a £20 RE A PCtemisrey 
SPONTANGAK = THER ModynA mi Acer 

7 7 VORACLE AS IM, Hib pa He NAMICS FA c HEM 
4 HK (9 | SONAR OT A Porn ewenay, Nor MECES A ay 

| GUARANTEES “73 HAPPEN, 

Same EVENTS ARE SPONTANEOUS, Tar IS, THEY HAPPEN ON 

titer OWN GIVEN CrexAiw CIRCUMSTANCES. yor EXAMPLE, HoT 

COLEE COOLS VEE, A PROPPED GLASS SHATTERS, 

c 

Some EVENTS Alte NON —CSPhanNTANEOUS AND ErreHet Neve 

Haren (A SHATTERED Guns: REASEMECES) Of oniy HAPPEN 

Ic Cireumsrances CuanGe (ice meLTS IF vou Ash AAT 

For Stas Soup BELOn) or). 

We CAN YEC(DE Wier A CHEMICAL REA, FoR Ex. (S 

seonTaneous (A TECHN (CAL TERM) On THe BASIS OF 
( tte ASSsociaTes CHange (NS ENTICOPY oF THE S¥sTem 

ANnb (TS GURRUMOINGS, We te DEFINE ENrieofyY (N A 

momen). S PECI FI ALLY, WHEN THE TOTAL ENTRY UF 

THe UNIVERSE (NCREASES In A PRocesS THEN tT /s 

SCONT AN EOS, 

E NTRoPy 1S QUANTIFIED (Q@NORANCE, [7 1s CVTERALLY 

IMPossiBie “to KNOY THE LocaATN (x ye Coots, Att, 

VELociry OF EVERY FAKTICLE IN A SAMPLE OF GAS. 
IN FACT, Miny YACIATIONS ON THE PoseTmNs ANB WELOciries 
BE PARTICLES ARE PossiRee Forze Same Voume (V) 
FESS URE (P) NUMech. OF MOLES (un), AND rene (T), 

© 
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ENTROPY ACCOUNTS Fore mis lo6NORAMCE KB/ 

coun ane CrHeeReT (cAuy, AT LEAST) “The NUMBER 

OF WATs [ (n)) THE MoOLcecres CAN GE ARRAN GED © 

(as 70 posi non ANS VELociTY erc.) 1 THOOT 

ALTERING V, r n, oh To 

i Nirory uses THE VARIABLE 

l is THE ont ZVMNN CONSTANT k= [sexo Ty 

= kly gar frenix C S = kein lw) Fou 
hoe A wsl of No av ABA THE STanpAR> ENT (S °\ 

(S 4ar/k. A cconoing Te THE EQUATIN ABOVE THIS MEAN < 

Liars (4x27 
THRE ARE - W=e* = OQ, OH = eC 

As THIS tS A Ber HARD T GRASP LETS LONE AT A SIMPLER 

SG (TUANON | Four PARTICLES (A K Curd ) IN Two 
f ( 

CONNECTED § Baxes, “THe Entroey Can BE THOURKT OF AS 

THe NUMGEPR OF [NDISTINGUISHAQLE MICROSTATES Fort 

A GWEN MACROSTATE; Tete ARE Five MMAcRosraTEs. 
4 2 $ q 

ALL on ste LEFT Son THE CERT | Td ON BACK S/ SE fact THE LEFT) ALC ON THE RiGur 
[ on HE RIGHT | 0 WiceosraTESs 

[ Micka snare 4 microsrAares 6 Sourae C67 | (rictosrart 

i | | 
cw | 
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THe MENsuCeE of ENTROPY 1g Tire NUMBEC & MicKkesTares 

C WHICH MAKE AN EQUIVALENT MACKOST ATE: TAkE M4crosr are. 

zs IN THe SCENA@\O AT THE Rontard of HE PREV. PC, 

Two paetcces IN cACH & Tho Boxes CAN HAPPEN # 

sora. oF Cyc wars, Maceesraves T Ans S” Eact HAVE 

ony one microsrate, [acrosrare % MAS THE 
MAximngr EnrmoPr iN TMS ScenARio, Any (F THE 

paerieves move FREECY KETween tHe Roxes IT IS 

Also ~rte MosT PROBABLE STATE + Six our OF ScTEEN 

TAL Wicrosrames HAVE C Paerieces (N EACH Rox. 

Joy G0 WE SEE THE CONNECTION BETWEEN ENT IeOPY ANS 

Peocatreiry, 1 te REASW WHY Sperems “TEND TOWARD 
Maximum ENTRY IS SIMPLY BEGUsE THE STATE 

LWJITH THE HlgHEesT ENTROPY (S THE Mo sr PROBABLE, 

Cememigen, PARTICLES ARE IN CONSTANT [ZANDOM /OTION. 

As 4 Resuer PARTIeLES IN A SycTEM "Extuotte" THE 

PHASE SPace o& ALL THE DIFF. dis7RiGUTIONS OF 

Posi Tn, Vevociry AND ENERGY [Hey Rucker Move 
7O THE MosT PRBABLE oR HIGHEST ENTIUP/, STATE 

REecnuse THEY ARE ALLE AMOWAIG Sv FAST: 

Go THIS IS WHY Sous dISsorveE: THERE ARE MANY. MANY 
MWGe © POStTIANIS AVAIL. ‘TO FAICLES IN THe cae VENT 
THAN Wen THey ARE CONEINEB IN A Chey TAL, 

5 1S WHY tHe 7 [te 4 THE SMELL OF FRESH Cookies SeREMS 
SS THe oom. THE SCE T ppolewwies FREELY ve 

AND S2 (TS Woe PROBABLE FA THem TO Deo PERSE 
TNAS 12 Gray Fur 
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Maceoscarre Deen tTION & CE psrreeP7 
wen see’ et eh ea 

ponenang he seen RRA OCT Catt IS 
a pene Beamer 

lS (PRACT UI CAL Th CALC VALUES oe ENrioF7 (Ss) 

USING S = k- nw) alc ITS Wmposs ave 78 ACTUNY © 

coust tHe WWNyrs Paces cAN BE ARRANGED. 

INSTEAD, WE OSE ‘THIS DEFINITION OF THE CHANGE 
( (Misys ) OR — Suraraund«NGS (Scan), 

IN gnrhoey oF Tie srs7T6M 

LJ) HERE q_ (5 HEAT +RANSFERRED 

AS = = At QNSTANT TEMP, (6) 

AS I$ 4 STATE FUNCTION - AS=S¢ -S; 

eice AY, WHICH CAN ONLY BE GIVEN as A CHANGE ABSocurE. 
and 

VAives, 0@ STAN DAC ENTIoP és ( Se) Ae TARULATES 

par VARs MATERIALS AT STANDARD ~rEWP, AND PRESSUICE 

Ad AAI), STRPED Herre Gaur M 20% ov-06 
( Aaim A y >) 

O 

Ann A wel/i 

The Cans oc [ Hecmopynarties 

Fiest Law) : E Nery IS NerTHEe? CREATED No® BDESrRo‘eb, 
OR 

THE ENERGY QNTENT OF TIE UNIVERSE (S$ CONSTANT, 
GC 

AEsrs = L tw 
if 

Second Law: Pen Cory K evvins' No PROCESS IS POSSiBye (Nn WJM | Ce 

Je Sore RESULT IS THE ABSoReTION OF HEAT 

FIOM A feesernvorR AND 17S ComPLETE CONVERSION 
+O ouerey,. 

Ok. 
IN ANY REAL Process Ermer THE ENTROPY OF O 
THe SysTEm 0% THE SURROUNDINGS (ar Bor) 
INCREASES, [He ENTROPY OF THE UNIVERst 
AlLWhys (NCRE4 Sec. (4) 



M B606-04-06 APenem 
o& 

Ton 4 PROCESS “8 BE SPwwrangpus THE ENTROPY 

C IK “Tite «(UNIVERSE MUST INCREASE 
of® 

AS oaiv ~ Los + A Score > DB 

THe Law : (THis ONE (5 4 BIT niet ) 

THe EN TRoPy yb A Perrecr COYSTAL AT ABSOLUTE 

BER (Bik J IS PRO, [ts is Be THERES 

ONey ONE Uday 4s ARANGE PARTICLES - C= kInlw 

anp klali) = @, (We NEEDED THIS CLAW TO LE 

ARLE “Io TARULATE STANDARD ENTEOPES | S°). 

MME 6 cy, rn 

Vour TEXTBoK Covers A Bit oF THE History of Tre 

( DEVELoPmenT oF THERMabYNAmics, WHICH Goes BACK 

A@or AOD Years, A+ TNAT TIME STEAM ENGINES WERE 

NEW) AND PlysrcisTs AND ENGINEERS WERE (NTERESTEH 

[IN OBTAINING THE MAXI mum AMOUNT oF Wok FoR A 

GIVEN AMOUNT OF Cofc RBuaNEd, ( Hear (s TURNED INro 

Wonk, FoR EX., By USING A FIRE 1S Hear A GAS So IT Kaos 
Boneh EXPANDS (8 A PICTON, WHiag! AMKES A WHeEec TURN i teen? 

Het 

vd in AD They eunp ‘thar THEY Quis ACHIEVE A CON VetGion Foo CE. 

Hear ro wee oF S ~/O4 (Leré say), Movers GASocine- 
POwens> Chres Aree AD-46% Epricient: 
Go (& THe Preset Fiesr Law {S TRUE, WHERE DID THE 

C Rest oF THe ENERGY Gol THE Stier ANGER 1S THI 
THe HEAT ENERGY NOT “TURNED (NTO “ple (nN STEAD 
(Nekence> ENTROPY, S 



\n PRACTICAL TERMS, THE INch. (IN ENTRoefr (S SEEN 

Inv How THE UNIFORMLY MOVING PISTON (NCICEASES THE 

FANDOM MOTION OF ONS Mevecutes (NSS (9 IT. OK, 

IN How tear WAKES THe ENGINE AND THE 0 
SURRDUNGINGS HOTTER, OR, IS Ho A MACHINE FROPEWED 

Ry THE ENGINE S2ows yo A HAT, (TS ENERGY OF 
MoT BECOMING HEATT 

“T He look biscusses AN IDEAL ICE VERSIBLE ENGINE, TMs 

1S A THOULWT ExeERIMENT WHiek (S gaye TO ILLUSTRATE 

Hoo Heat [S A DIFFERENT CONCEPT FRIM ENTROPL 

It Menidoes THis AS Fotos! IN ORDER ro oPereuTE 

Ars ENGINE WITHOUT (NcREASING ENTROPZ JT MUST 

WORK IN THE Fong WAY IT must OPERATE 

(SO THERWUULYy (oR. WITHOUT CHANGING TEMPERATURE), O 

IT MUST MOVE ONLY IN INFIN/TESS (MALLY SAMLL 

GTEPS Go thar I(T ALWAYS REWWYING AT EQUI LIRRIUM, 

[iF AN ENGINE CHarGes TEMP. of OPERATES W ITH 

Nokvae MOTIONS IT Witt CAUSE ENTROPY Th (NCKEASE, 

WHicH SHES THE ENGINES EFFicyeNcy, ANd So we 
DEman sTRaTE THE Necessiry THAT No REA PROCESS 

Coy Occue WHICH DOES NUT Arco imcReace ENTICOPY. 
“T ee S, WE DEMWISTAATE THe Seton LAW), 

©
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f reAcican, Marth: IT ($ OFTEN USeEFU 7 KNEW THE 

C STANDARD CHANGE IN ENT(ZOP ( AS?) FoR, A CHEMICAL 

(CEACT IOAN, Tals is AS PR THe lip cALIzen) CIR COMSTANCES 

(Y Wited WE ALE REACTANTS UNDER STANDARD CeND/ TINS 

ACD ORReeT CONdI TiS FA PRabduers RACK TO 

ST> canpinens ( P= lain, Tr-29¥K [xJ= 1m), 

STanwacts ENTRoPy VALUES (S°) ARE “TABULATED (N Arrenync C., 

THINGS TO Nore: 

() UN irs ARE % Ge Temot ) (gore near, ) 

(®) S° ts NEVER Zeno, EVEN FuR ELEMENTS Mar EID DING. 

(Ate IS ZERO, yy MAT REMEMBER | For. 

ELEMENTS BC IT 1S THE EWTHALPY CHANGE ‘T° 

( FORM AN ELEMENT FROM IT SEcF) 

D ENTROPY VALUES TRACK ws /rt PHAGE OF Warren: 

o) ae °) 

Den >> LIQ. > Seo. 

® GoRSTANCES ITH A HIGHER Mozar Wives 
Anvofon A LARGER NX OF AMS wie 
HAVE A Laraer S° 

(| se vuts FOU 1A Far. AS ban ° 

9 

AS eve ~ 2 V\ Sterwsvers 7 2m Creeact ants) 

Same, &x. (45° py FOF Cure. AS? Far Shay + Nag QU3¢4) 

Hy S°= (30.6 Y-aal a ; 

C M 62 = (4A S/p al ASia= 2092.5) -[3G0.6) + 1(\aal] 

Oo. — —l4Vy sa 

NU, S IAS TH, ao Nove ¢ S DECREASES an Rx 

(7) Goes FRom YUwol GAS 12 Arvel As 
Sree Here GaveX b) Q0ab-O4-08 " *



Te Ger A Feel Far How ENTROPY WORKS (TS HELPFUL 

1) COps( DER SOME QiWMuTaTIVE DISCUsSSioNSs oF 

AS gar VARS SITUATIONS, O 

Hou AS DEPENDS ON) AT 

lr Teme. INCREASES Cnrroey (Nel. (Fore +AT, AS ist) 

le TEMP DECREASES ENTROPY Becr( For -AT, ASs-) 
“T hts (S fare ~TWwo REASOASS - 

|. As Teme, INCREASES THe NUMBER OF AVAILAR CE 
SPEEDS A MOLECULES MAY HANE INCREASES: 

No, Lost 
OF 

Mov€cuces ibe 

ss 

Steen os Rovaic. C) 
mM Od. Ar K(Guer TEMP MOLECULES VIR RATES MORE. 

VigoRousey erkeseutinG AN pick, (s AVAIL, 
Micko STATES : 

fb Ai 
m AS rory PS YRS 

(UOrATION S ViBRaryon s 

SEE Moves (4a) 

Hava AS DEPENDS ON AV SITE ONUNE 

An (NeR, (IN VOLUME Means Mort AVAILARCE MICROSTATES 

go «ce {AV ts Pos TIVE, AS wre Be foserve, Ane 

le AVis =) AS ts Aego =. 
fea EXAMPLE, ENTROPY (NCR. Witten 4 Gas EXPANDS 0@ (S$ 

FoRmies (IN A CHemica REN, Entropy (nce wien A Sorib 
bissouves 5 AS rHE Paer eves DiScorve THE AVAIL, Vol. |NCREASES. ® 

©
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Nod AS vepenvs on Ay 

C ln Chemical REACTIONS Tite TeT nl NuMeER & 

moceces «May CHANGE. Any luce, (A THE NO, OF 

PART IC Le Gives A bP VALUE For AS: 

xily0 —> Qt + On 

ol Mole une “S Morecvees 40 t+tAS 

Ay rece. in THE NO. OF PARTICLES GIVES & — Wave we AS 

No + CHa => oe Nil, 

Lf mor|™e OVLES of Molecures $0 —AS 

How S PEPENDS ON THE DisraBuTon OF ENERGY 
—ae 

le tCNecoy (S GNCENTICATES (IN A SMALL VoL UME 

OR with A Swace NU. OF PARTICLES IV (Ss A 

( LOW - ENT RoPy SITUATION, SD IF PARTICLES SPREAD aur, 

JR tc le THEIR ENERGY {S THANSFERRED TO 4 

Lage pyPULATION IT Wile PLECRESEAT AN [NCIt EASE 

jy EsTRory. For Ex, IF ONE END OF A Mera GAR 

iS HEATED THES AT THAT ENS Aros VIBRATE MoE 

y NEN ELY, Ac THE FAST-VIRRATIWG ATOAS COLLIE Gu 1TH 

SpguerR NEIGHBORS THE Hear (S Qnpucres AJAY YNTTL ‘v 

if UNI FarmLy «DISTRIRVTED IN THE EAR, 

As A TEST CASE, CONS IDEM HadwJ S CHAS GES a5 4 SUESTANCE 

cuanoes eNase, (5) > LZ) (3). 

, S INcR. AS 1 (NCREASES (eines store aP ), 

Tear 1s x 6G TP WN Lum (5) 

‘6 (2) AS FR eEeQy~n OF MOVEMENT 

(N CREASES, 

“[ tere 1s 4 VERY (ARGe JUMP Us IN 

G Fron (e) 1 (5) Re Votume 

[WChEeAses So Muck, IN AphindN 7D (® 

GREATER. MOVEMENT Freep, 



| Heeenonen Aric Pavone Bier 

Sent TA Nery IN Cremer AND ysten CHasoes 

Tyee ARE TWO THINGS CHEMISTS WAC FROM THIS O 

Theatr OF “THEE MOdDrNAMICS - 

|. Onvec Guar Gmorrons A PROCESS LS SPonTANEOS 
9, How Much ENERGY IS Recensed OR AGSeeBE BY 

A (eoces2, TAKING ENTROPY (NTO ACcaWT 

ANY Process Fore WHIcH ENTROPY IhcrEAsES WsuLd BE 

SCONT AN E0US, [wv OTHER worns 1F AS ts t A PRocESS 

(S$ Spav. For EXAMPLE DESPITE Tite ENTHALPY OF SoLuTmN 

Foe NO; BEING Pos mvt, (T DisSsunes REAvLY ‘bE 

YO THe CAtbe (Nc. IS ENT Rory AS THE sfanss SPREAS 

‘HRoweHer THE Souvsrich, ON THE oTtHec HARD, ENTROPY O 

beceesses (-AS) FR A L/QUS THar Freezes BUT 

THis HAPPENS SeantangouscY Berod THE MELTING PAINT, | 

THe ANSWET “TO TMS AMBIGUITY 1S THaT IT ISNT 

QYsr AS 5y< thar Ares: THE €nrroPY of THe 

SURROUNDINGS ALS CHANGES [ AS een) Asp THESE TOGEM (EE 

Ane Yoo dive THE ENTROEX CHANGE OF THE UNIVERSE - 

As cong 4s ras Su 
ASouw = - ASevs * Neuen ¢ Posinve, 4 meocees IE | 

__ SPop, T nare EON) LAW, 
[He Quasi ies ASouiy AN AS. (Mars 7ie sean’ 

aceon ame! 

CAN Be Hakp > measure. [o Be USEFUL, ALL THE VARIABLES 
WE USE NEED 10 BE CASED ON TH System. So, We 

aN Gj. NEW — , THE Giees Free Energy O 

ots vA bana (6 THE NVAKIMUM Wekic 

sy, A SysTth Gb bo 

Ar 100% EFFICIENCY. 
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(Wma (S NG. Ble From THE SysTEMé Pont OF Viéw 

4 YHE ENEAGY Léaves THE SysTem) 

Now, OIELE USE A Gene 76 (CEE INE ASuunv 

= ~ AG. = Als, « 
ASoniy > As SURR 4 

i TO yset 
CO Gs WAS ITS 

DEFIN (TON ALREADY ) 

Now, LETS KE-GOR ITE THE S econ CA! 

A Suv = NS soon + ASsye (> ©) 

fan tae ( 
Go&sTl \ ~ 

AAUL T)NPLY THitovGtH 

cy -T 

Task, “Ay —TAS ys 

[ Aber: = Albrs -TASsrs [ 
Tas 65 THE FUNDAMENTAL EQUATION oF 
CHemicee THERMODYNAMICS. 

YA
IR
 

For, 4 ASunr y THe VAeueo AG 6s NEGATIVE 

ANS 4 PROCESS (5 

For —ASuany THe VAcue of AG 3 Posrrve 
AND A Pacess IS NON - SOON, 

C AG <@ > SPonranieoss PCA, THERMO DYNAM CACLY 

AG = 
LAG = 

—> SeEaN. IN Reveece 
a) 

SPENT ANEOUS



AG (no Cracut) MEANS THE CHANGE IN FREE ENERGY 

UNDER ARBIHRARY ONnDs 770NS (nor- NEecessAeier 

P= law, [x] IM, T= Q9VK ow sTapaRn canine rea 

AG* (wire A cireve) MeANs pHE CHASGE (N FREE 

ENEt@y UNDER STANDARD canorrvonss, 

“usr AS Mp GW CALC. L\H vs USING ENTHACPY oF 

ForwATron) = VALvES ( see APPEN D/ x C) %u CAN CALC, 

AG Rect USING FREE ENERGY oF FoemmiTins VALUES, 

WHICH IC tHe free ENERGY jrecensen OR ARSOREED 

UPON FoemmaTen OF Awol G A SuBsrance FROM 

(TS ELEMENTS ONDER STANDARD COND/ TON. 

As uy (TH ANe , AGe =@ FoR Pure ELEMENTS, O 

AGaas = 2 \ AGS Ceraovers) _ 2 DCE (ecrensonc) 

fluorite wy “O CALC. AG Seem (¢ TO USE KNeUWN 

Vaewes FoR AHR, ants AGue (ie x HAVE ‘7Hem) 

Avy us AG° = AH?-TAS® Ar a4K. You cm 
USE Au? ANd ASs° VALUES ALONG Wy (TH HA DIFFEtENT- 

TEMPerATURE TO CALC, AN APPROK Value For AG ° 

(9 ORDER 10 40PGE StenTAterry AS ‘TEMP KISES OR FALLS. 

STOPPED HERE Gaur Y 202b- O4-0F co fe)
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He Eseecr or | EmMPeATURE oN Cran Taner 

C Cs AA T reewonin Amc Yaver Syerry 

I) ten WE LEARNED AGT CHEMICAL EQUIUBLIUM 

We Cruvin Le Cubreuce? Frincipce, Wirt Recpecr 

TS WHeTHee A Ren WAS ENDO- oR ExorTnErm! C 

Wc SAly [teacranTts of PRabUcTS WERE FAVORED 

AS TEMP, Rose oR Felt, ia Free ENERGY C G ) 

We Nod Nave 4 WAT to QUANTIFY THESE CHANGES. 

Exotic C Werte mic 

Keg Dew AS | Rises Keg Incr As | Rises 
of af% 

( Ac reses THE JON A« “TO rises THE [XN 

REeamt SrenrAnEus _N 
In @evence (+AG) Becomes SPONTANEOUS rarnuned. | AG 

Keg wiser. as | FAecs Keg pen As 7 eas 
oR. OR 

Ac Teas pte Rx A, “T FAs THe Row 
7 s aie oF Vax BECOMES Shans tANEOS IN REVERSE 

ARS —AG) _(+4G) 

Ms cw use AG = AU -TAS @ RND Te TEE. 

Av Waicll A Ren ts SPAN, NerrmeR FoWARb Kole. 

IN (KE CES AG dye FAH ANY TEMP dove. 1s SCON, ANI 

AnD (oes el as (S eon). IN [REVERSE, For. —Ax 

ANY TEMP deve 1S Sean IN REVERSE ANS ANY ‘TEMP 
Bédow 1S SPONTANEOUS. Gme REACTIONS ARE SON. 
AY Al TEMPS tND Se AT NO TEMP (2) 

C



“To bo THIS Ler AG=O AND Gorve FR L : 

Ae AS /LLUSTRATION RELEVANT ‘oO 

qe TAGLE CEcow, COnsIOER A 

DEMONSTRATION OF “THIS REACTION: 

O 

STRETCHED CONTRACTED 
MURR ER =— Rubee 

BAND BAND 

AG =AU-TAS 
Allee AS | HEN AG | WHICH MEAS 

| + “Always —_ A RKN IS SPonranevvs 

s Ar ALL TEMPECATULE 

| : 
‘Acways A texm 15 SPN. AT NO | 

| os | TEMATIRES Geow. (NS KEV, \ O 

DEPENDING EXPET FOR ExoTHermte Reps) 

it oe Shun. AT con TCAs WE - 

ON ‘TEMP. NON Sen. AT HCG aa — 

Seon. ar HUGH T” (4s we 
EXPECT pea ENDOTHERMIC Roaus) 

Non - 5PM AT Low Tv 
9 ere ne neath Ql Re AR eR Pee ee as eee ~ 

HEN A Yaw AND AS HAVE “THe SAME SIGN! 
| Born - +) 

| Bort =; 
PRocess (S$ SPONTANEOUS AT HGH TEMP on | Tas|> | Ay 
P Recess 15 SPONTANEOUS AT 1 an TEMP So Tas{<laylo 

(@



WW loa - 04-08 AP Chem 
(Ce: urge Savy +AH oe wane 

Cqrcererte = Contracréb Crest 7% 
4AG o% -AG 7 

és CORA CTING Shen A MEO j 

Races ON THESE ANSWERS DECICE 

cumerter irs tAS ox —AS 

INHEN A KuRbee BAND CONTRACTS” 

Ne RULER BAND Mocecues Moa orperer (of ORDERLY, THAT IS 

Mave CowEr ENrr oy) WHEN STRETCHED OR CONTRACTED? EXPLAIN. 

Ace RawbS FORMING OR BREAKING WHen THE RAND Conrters 7 Ex Pcain, 

- AAT Car Ber Sete ste woe 

Free E Neroy AnD E RUILIRRIUM 

svmears with A lime carece Men They KePREesemr 4 VALUE 

Under STANDACD conbrmows ( datun J pol/L. LIKK) 

AG? AH’ AS° 

Symeanes W /THovT & Ci@ere ARE For VALVES UNDER. ote. 
SE 

COND tT70N Ss. 

AG At AS 

TECHNICALLY, AG? [SFR RIK ONLY, However Ir IS 
OfTEN USEFUL. 7p ose AH? any AS° ALenG WJ 1TH SOME 
OTHER TEMPERATURE. , td Esty AG? 
A CHANGE 1) C 

AS (T (RESPANISS ‘70 

©



Fon EKAMPLE , ICE meets AT AAS KK (asc) so AG? 

(¢ NEG. Form THS PRocéss 

AH = +6.e2kiwl AS2, =+ 2a0I/K O 

co AGS = 4b oakl — aaeK (22232 ko 
AAA Rte OR OMe a 

~ veneer en ME 

[AG _ ~O.54 kT Im! | [ RECARO LESS OF THE SIZE 0% 
NAG rvet, AG° 1S NEGAT WE. 

° (T 1S SPONSTANEOUS FOR 

CE 78 meer AT AS°C.) 
be aS estimare AG? ar ALEK ( OR °C); 

AG? = 6.0a - 680,022) 
No? = + O.lak Saal (7S positive So Iee does 

oT SPINTANEOUSLY MELT 

AT ABK x -S°C) 

Aur Avr QYSK tce and Warm ACE (N EQUILIBRIUM O 

bo IT 1S SPONTANEOUS NErTHEe TD MET NOR TOFREERE- 

Ngo bod = F5(0082) = B be ce can) 
A een raves RACK, WHEN AG wis DEFINES (7 SAYS THAT 

tr cquiiseim, [AG = Bk Io |. 

For “itis 2EASOM, iy can EST. A SUBSTANCES MELTING 

Powys By Serng AGS = AH? -TAS? =D 
AND SOLVINS FORT, 

Sin CE AG Does Nor JusT PEPeNS on) “T~ WE AlExy A 

Why ~6 ACCOUNT” for. DIFFERENT PRESSURES OR CONCENTRATING 

AG =AG? +KT In Q | 
CBM Tey Ce THe cercrIon QuoTT ENT 

a ( Keg EXPRESSION FREED (Nn WITH 

T (n K) I ETIAC Not EQUIL. CONCENTRATIONS) 

&
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NG = LG? +RTMR 
C Q =] UNDER STANDARD Con! TIONS Che conc = iK 

AND Arc GAS PARTIAL PRESS ORES = cpt) 

Co UNDER STANOARD AONB IT ONS | AG = AG? 

isl c lw 1 = Gg. (Tus (S leery Lote cAc ), 

AG = AT EQUILIBRIUM AND te CAN USE THIS 

pe, To RecaTE THE VALUE & Keg 7 AG °: 

AG> AG° + RTIn Q Dwr CHANGE 

DQ ~ AG? 4RTM Keg 
an wee 

JAG = — RTM Ki) 

( We Cin) RELATE CHANGES 10 CQ 18 CHANGES IN AG 

(uss TURN ‘18 SHIFTS OF CONCENTRATIONS AS A SYSTEAN 

Moves ToWARD EQUILIERION ), 

Kememsen, A LOGARI THM O& A FRACTION Gives 4 NEGATIVE RESUT 

(o * = log (0°! = —| 

A LoGAR (THN OF A NuMbER GREATER THAN ONE 

Gives A POSiTWWE CESuLT™ 

log (20 = log 10° = +62 | 

Tins aor)» AG= AG? + RTIRQ (a fe) 
Ours ce STANDARD CONDI TINS Q=4L AND AG = AG° 

WW Hen a <1 tite KXN 15 Heavier. oN FMEA CTANT Gane. So TH 
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