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Eowtepkn) Evepyera & Kataotatikeg Xovaptnoeig

I I ————
1°¢ Nopog tng Ogppodovapikng: H ovvolwr) eowtepkr) evepyewa (E) evog
AIIOPOVOHEVODL OLOTNPATOG elvat otabepn).

H petaPolr) g eontepikng evepyelag evog ovoTtpatog ovopadetat puerafolrn
evépyerag (AE). H petaPolrn) evepyelag avtuipoomIievel T Owagopda otnv
EOMTEPIKL] EVEPYELA METASL TNG TEAIKNG KAl TNG APXIKNG KATAOTAONG €VOG
OLOTHATOG,.

AE=Efjpq — E
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Eowtepkn) Evepyera & Kataotatikeg Xovaptnoeig

[
Onoladnnote evepyela peet Ao To OLOTNHA P0G TO HNEPPANAOV EXEL APVITIKO
IIPOOCHO, Y1aTi TO COOTNHA TV XAVEL

Avtibetwg, onmoladnmote evepyela pEeL Ao To HePPANNOV IIPOG TO OOOTNHA EXEL
Oetiko mpoonpo, ylatt to ovotnpa TV kepOilet.

CHy(g) + 205(g) — COy(g) + 2HyO(g) + 802 k] energy AE = —802K]

H napanave eSlomorn detyvel OTL TA IPOTOVTA EXOLV YAPNAOTEPT) EVEPYELA ATIO
Ta avtdpwvia. Oa npenet va onpetobel OTL 1) COYKEKPIHEVT] ALTE] ITOCOTNTA
evépyelag anelevbepwvetat otav avtiopacoov 2 mol O, pe 1 mol CH,.



Eowtepkn) Evepyera & Kataotatikeg Xovaptnoeig

H eowtepikn) evépyela evog ovotrpatog ovopadetat karaorariky] €§i0won yiatl 1)

T g eSaptatatl povo aro TV Dapovod KATAoTdor] TOD CLOTHATOG.

Kataotatikn efiowon: Eivar pua eSiowon (1) dwotmta) mg omolag n Tipn
eCaptatatl povo aro TV Ndpovod KATAOTAO! TOV OLOTIHATOSG KAt OXl Ao TV

000 IOV YP1OHOIIOU)ONKE Yyid VA QTACEL TO OOOTHHA 0TV IIAPOVOA KATACTAOT).



Evepyera & EvOalmia
s

[a pua xnpwn aviidpaon mov mpaypartomoteitat vmo otabepr) Imieon, 1
petaPolrn) Oeppotntag ovpPoAifetar wg AH xat ovopaletar BOeppotnta
avtidpaong 1) petaBorn evlaimiag tng aviidpaong.

Movo 1 petaPolAn) evialmiag elvat onpavtikn ya pia avtidpaor), OnAadr):

AH = Hpmducts o Hrea-:tants

2T1g XNpKeEG avidpaoetg, 11 petaPoln evbaimiag (AH) eivat oxedov ion pe
petaPoArn g eowtepikn|g evepyetag (AE).



IIpotonn Oeppodovvapikn Kataotaon

H tipn mg petaPolrng evbaimiag AH etvan 1) moootnta tng Heppotnrag moo
arelevbepwvetal 11 aroppoPATAl OTAV TAd AVIWOP®VIA HETATPENIOVIAL OTd
rpoiovta oty idwa Beppokpaocia xat Oty 0wOTr) OTOLXEIOPETPLd.

Otav  avagepetat omowadnmote petaPolr) evOaimiag, 6Oa mnpémet va
Otevkpvifovtal KAt ot KAataotdoelg (oteped, vYPO 1] déPlo) avTOPWVIMV KAl
IIPOTOVI®DV.

C3Hg(g) + 505(g) — 3COy(g) + 4H,O(g)  AH = —2043k]
C3Hg(g) + 505(g) — 3COy(g) + 4H,O(I)  AH = —2219k]

H dwagpopa tev 176 k] nmpoxorrtet enedr) 1) PeTATPOII) TOL DYPOL VEPOL O AEPLO
AIIaltel evepyetd.

H,O(I) — H,0(g) AH = 44.0K]
or  4H,0() — 4H,0(g) AH =176k



IIpotonn Oeppodovvapikn Kataotaon

Ortav avagépetatr pua petaBolr) evbalmiag, emurpoobeta pe T KATAOTAOELS
avtopwvtev/npoiovieov, Ba mpemet va xabopifoviat xai 1) mieon Kat 1)
Oeppoxkpaota.

[a va drtao@aliotel 0Tt OAeg Ol PETPI|OELS AVAPEPOVTAL PE TOV 1010 TPOIIO, £XEL
oplotel eva ovbvolo ovvOnkmv, to oroio ovopadletat mpotomnr Oeppodovapik)
kataotaon (riieon 1 atm, Oeppoxkpaocia 25 °C).

Ot petpnoelg g petaPoAng evialmiag mov yivovtat boo avteg Tig ovvonkeg
oopPoAiovtatl wg AH® kat 1) Tipn) oo mpoxovitet ovopdaletat mpotomny) evlalmia
avtidpaong.

CaHg(g) + 505(g) — 3COs(g) + 4H,O(g)  AH® = —2043 K]



EvOalnieg Xnpikwv Metafolmv

H evbBaAmia 1) Oeppotnra aviidpaong eivat eva petpo por)g Beppotnrag peoda 1)
e amo eva ovotnpa voo otabepr) mieon. Eav ta mpoiovia £xoov mepLoocoTePT)
eviaimia am’ oTt ta avidpwvid, TOTe £xel €0pevoel Beppotnta amo To
nepPpallov peoca oto ovotnpa (+AH). Avtég ov avtdpaocelg ovopalovrtat
ev000eppeg.

Ba(OH), « 8 H,O(s) + 2 NH,Cl(s) —
BaCly(aq) + 2 NHs(ag) + 10 H,O(I)  AH® = +80.3k]

Eav ta mpoiovta eyoov Atyoteprn evbaimia am’ OTt Td avtidopmvid, TOTe £Xel
ekpevoel Oeppotra ano to ovotpa oto ImepPaldov  (-AH). Avteg ot
avtdpdaoelg ovopalovtal e§mBeppeg.

2 Al(s) + Fe,05(s) — 2 Fe(s) + Al,Os(s)  AH® = —852K]



O Nopog tov Hess
N

Enedr) n evBahmia etvatr xkataotatikn eSioworn, 11 AH plag avtidpaong etvat
101a, eite n aviidpaon IPAyPATOHOELTAl O £vd, €lTe O MEPLOCOTEPA Prjpatd.
Etot, 0 vopog tov Hess dnAavet ot 10 aBporopa tov AH tov {eyopiotov Pruatov
uiag akoloobiag avridpaoceav wovtar pe T AH 1116 ovvolikng avtidpaong.

Step 1. 2Hs(g) + Na(g) —— NoHa(g) AH", =7
Step 2. _NyHz(g) + Ha(g) —— 2NH;(g) AH" = —187.6K]
Overall

reaction 3 Hj(g) + Na(g) —— 2 NHj(g) AH® oction = —92.2 K]

Since AH°; + AH" = AH" o.ction
then ﬁHDI = l'ﬁhH'Dr~eai:ti1:-ﬂ o ﬂHDE
= (—92.2k]) — (—187.6k]) = +95.4 k]
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Intermediates H: ks N:_H\1

Reactants 3H, + N,

Product 2 NH,

(Step 1)
AH® =954 k]

(Step 2)
AH® =-187.6 k]

(Overall)
AH® =-92.2 K]




Ewoaywyn otnv Eviponia

[
H noootmta popraxrg atadiag o' eva ovotnpa ovopdaletat eviponia (S). H
evtporia £xel povadeg J /K. 'Ooco peyalvtepn etvat 1) evrporia, T000 peyalvutepn)

Kal 1 atadia tov oopatidlov o’ éva ocvoTpd.

Ta agpra éxoov vywnAotepn atadia, apa KAt eVIPOIId dIlo Td DYPA KAl Td bypda
AIIo Td OTePEd.

H petaPolr) evrpomiag oopPoliletar wg AS. Otav avlavet n atalia to AS eyet
Oetikn) Tipn) eve OTav pelmVeTAl £XEL APV TIKI) TIHL).

AS = Sfinal — Sinitial
[f AS is positive, the system has become more random (Sgna = Sinitial)-

[t AS is negative, the system has become less random (Sgn. << Sinitial)-
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Less disordered,
lower entropy

~ More disordered,
~ higher entropy



Ewoaywyn otnv Eviponia

[
Avo napayovteg kabopifovv tov avfopunTIopo pag ynUIKng petaBoAng o eva

ovotnpa: arelevbepwon 11 amoppognorn evepyelag (AH) xat avdnorn 1) Helwor)
NG poplax)g atasiag (AS).

[a va dwamotwbet mote pa depyaoia etvat avboppntr, kat n eviamia xat
evtporia Oa npemet va Angboovv vmoyn.

SPONTANEOUS PROCESS Favored by decrease in H (negative AH)
Favored by increase in S (positive AS)

NONSPONTANEOUS PROCESS — Favored by increase in H (positive AH)
Favored by decrease in S (negative AS)



Ewoaywyn otnv Eviponia

[
Na onpewwbet 0Tt 01 dvo napayovteg dev wbovv eva cvoTpa HAvVIoTe OV 1O

katevdovon. Anhadr), pra aviidpaon pmopel va pnv eovoeitat amo Ny

evialmia (fetiko AH), al\a evvoeitat amo v eviporia (Betiko AS).

Ba(OH), - 8 HyO(s) + 2 NH,Cl(s) —> BaCly(ag) + 2 NHsag) + 10 HyO()

3 mol solid reactants 3 mol 2 mol dissolved 10 mol
dissolved ions  molecules liquid

water molecules
AH® = +80.3 k] «— Unfavorable

AS® = +428 |/K «— Favorable



Ewoaywyn otnv EAevbepn Evepyera
[

[Na va Angbovv kat ot dvo mapayovteg (AH, AS) ovmoyrn otav opiletat o

avbopunTiopog plag aviidpaong, £xel oplotel pla moocotnta Iov ovopaldetat
petaPoln eAevlepng evépyerag too Gibbs (AG).

Free-energy Heat of Temperature  Entropy
::hange reaction (in kelvin) change

~ N\ | P

S ”
TSAG = AH - TAS“

H tipr g petaPolrng tng elevbepng evepyelag elval eva YEVIKO KPLTHPLO
avboppntiopoov pag xnuikng dtepyaotiag.

AG <0 Process is spontaneous
AG =10 Process is at equﬂibrimn—neither Spontaneous nor nonspontaneous

AG >0 Process is nonspontaneous



Ewoaywyn otnv EAevbepn Evepyera

I I ——

To yeyovog ott o mapayovtag TAS oty eStoworn eaptatat amno T feppoxkpaoia
vrmodnAmwvetl 0Tt 0 avboPPNTIOROg OPLOPEVAOV XNHIK®V Olepydoiwv eSaptatat
aro Tt Oeppokpaocta.

M evdOBeppn Otepyaoctia, yia mapadetypda, moo dev elvatr avBopuntn oe
xapnAr) Oeppokpaocia propet va oopPet avBopunta av i Oeppoxpacia avinbet.

- —
F— — AS°=+220]/(K-mol)  (Entropy increases) '— —_—
AH® =+6.01 k] /mol (Endothermic) -
; Spontaneous above 0°C r

i . Spﬂntaneﬂus below (0°C
) i A5 ==-220]/(K - mol) (Entropy decreases) w
E AH" =—6.01 k] /mol (Exothermic) —
Solid water Liquid water
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