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“,,,,Q Cohen L mot of 0 bolls, , how exa
N P\ﬁ;i v onvedyed T Wecamuwe,
:;«442% H&u hggo{h@d\ﬂummainN

“Hpn =

Shn2H

uﬁwm.n~ sbmhmwduc

A H je = sbordard mvearQ:r%fKolpy of )ﬁxmahm (k%e))

a4

Q‘llé’SJzTM

= -095.83 hS/mrP
W‘“Natm K=oC+B3IS |

_AH4O0

T;HS d\aplm 1S o Contonuation, of C/\ap%m 6 (Chem 10| — see Vlo‘@o)

WfE%mwjmpku-ﬁhm basio o Thermedynamico - ‘ﬁksﬁx@dfemwgy
‘hamsﬁ and WW okom&e.a ot acwmpamy pM.ﬂCa.Q vchomead

me o

19~

Pt

¢

" EHMPY S e MWMWW

cess s erdoffemnic (@bsoibs erengy)
" AH <O reachm or\(;mcw we/(o'fﬁo'\rmrr (Meaoesm)

‘ H;LOCP\ '—3 Hng)
M(Q>'eudw~ QHg_%)'* O;z(?) -'BQHJO@)
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d@dombw/vwm
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Whot dets *H; Ha0(g) = ~241.83 kT/imd meam ¢

Ansiser-  (Ofen | mod of Ha0) ISM’IQW\ elomerds i,

their stwdad skiles,, 24183 k3 of hat is relooad
arasc

Ha @) +;LO,1(?)—>1 HoO@g) + 24163 kI

h\u.o‘l' ,Ge
“one "

Nog: A eJerN/vCE i Then stamdhd stolis have. ‘H§°=¢o
- Element stdand st

dvo Ha C))
Z\? 7 89. Q)
)
"hm y Sr\gCS)
Carbm C (94apluﬂ, s)

° @Mdo:}nw
So what Hm\—ﬁx H0@) - 10(3)? A«%%WM‘QS°Q

At = (1)(2 He wogy) = CD(2Hf 1,00))
= -4l 23 w/me - (-8 &3 RJ /et
= +H4.00 hs/m&
Wecam cordl: HaO@) + HH,00 IS — Ha0(@) \
How much heot re%w/\o_d to contat 100, mbL o-fw&:]-u@ o gow
of 25°C 7 1
FLo
Plom: (1) Fond mobes oj HaO ¢ mLDm;tcg —2 mef
@ Uoe “Hp “oford heot.
Denscty Feo B
7 kY = 100 mL. H;D . | q . [met H,0 B +44,00 3
[ 'mL " T8Og W0 Imef HpO

= 244 kY
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mz Ao io 2 Hg 15 MO, becouse

P e et S

QHQ(‘D + Oagp — 9»”;0(6;3

"C‘Q “Hg ”20@ (Q»‘ H;u@)* "‘ HpQﬁ)
=(2x -2H.83 )@‘/M) ?
= ~H83.bb kI

. Wecamwidi: Mg+ Cagy > QMO + HE3.bb kT
 How mack e s el f?wsw‘a%&;“?“”w

 ox 35°C my\mwmo{e){w oxygen

7 heot released = zooau o dmodly | H3. “’"h" < BOLS

20”93 H;x X mot H,y e

wkaiwmg}gamo«“*mi? tw® EQWMUM%MC{

redooard. 19 hod cnbed, kot o AHp, when 700
wwo.d7' He amswer pould hawe been, Al—lm\:.—]b@Cb

= ﬁw a Q»cm% whase talue. is defumuned 0h|A1 b “/‘ﬂe-f‘lﬁi.
i~ a du‘&,ﬁmcﬁm depend only on mdu»—t b i

o Sii, & ot on hoo He Stili, Loas reached. (e poth). |

“?Ftts’r Lowo oJTf\em\odan The tohl erongy of e wnwerse Lo orofant

(:D How much heat o modied e combushin of €7

‘%?H

amlichos ane de&qnwk_d by o CapLM Jite, )
not ¢ guee jeot |
)

. where, sysTum wv\dmm%dq + Swmwnqus = wnavere
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Now to Chagit 19 :

Sponhmeoun reochm or procsas : oine. Yhat occuns in Y {rward dinachi.
witk oud inderverdion, .

Note: (oul He reactm g0 ﬁrwan:! Unid, H\eMM reackan s miumed ©
| Naf NLCLODQ/\.A—[A’! it vaul go o e%uﬂl(mim\ where reacknls convet
o produds Juot as-put as oducl Fuan o reoctond: =
produdl s P
E_Xom»p{u : ‘
product favned  HCL + NaOH 22 NaCl+ Hy0  emsentolly goeo to Completun
reoctont famed  CUzCCOH@p 22 Hiogy + CH3(007  siea. CH;COOH s wetok.

AH alone does not detamine if o reachm is sprdamesuo -
Ancthen key factor is o change in The fieedom of motan.of patcles in o
syStom. cnd in the dupersal of fheir energy of mofim.

‘er\o:" does o meam

Eoery otom, moleade or 1on hoo C6AA@M+| 5{d (hof CO’Y\M(AO@) elechonic,
enery Lovels amd Kinehe energy levels — vibrimal , o tahmal and
Homs latiarol. The humber of These dutinet munoscopic stadks
(mitroshate) 1s desigrated W.

(C:eroth (s), a thermodynamic state ﬁlmd‘lhx., cam be colcudoded

S=kIhW whee ks Bo(’/@ma/mcﬂvwimct
= 1381 <1072 J/K

Not @ well see K again amonofshH
k=?ﬁ58!%7l€;‘23 J/k = b02x 107 = €314 J/NQ.K

As W moreages evdmm (S) inneoses.  The moe mucrostales There ane
{;J\O\Sys'(?)m\) ‘H\chq}m‘ﬂxe dupnsed of eregy and maller. , the
greater is e entopy.
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_ To sumphfy, The wand “dhooder” is woed ao syronym for extropy.
et Eamgls . lower enbepy o> Wakor exdo
T a/va 4 e mmosiu%\o{ M"\om mwﬁuﬁo

b more. oxder mae donder
° phose d\amqt Soid —> JJ%uLd —>_qoo
e duwob-wwi Sott:  NaCl ) o Nal Qq@ + CL (o)

K

* Chonucol change : Nqu(q)—% A N0 (9) |

2CE)+ Oug > 2C0@  [lookat meleo gas]
L mdusdor S%/Ca‘n\pﬁw\ , CHy < CHsCHo CH.CHa
orpootune, " Ho®@) ot 10°C < H,0(t) ot 80°C
- Volume Imed No@yin 1L < [mel AL@ In 8L

(Hhio 10 why ob?ﬂ%[m» hoppens)
'Hg&p do we. knawo whot Hfe volue of entopy o6 o SubStance ?
Look o up im afable @ oforhopy o |
g 1o The obseliy, stndard molar exhopy.  H io the meaawa of e

ke iooden” (ho. of micestatio) in 4 inede of Crmpound ot A5°C

SR X -

o S (TeK)  Nehioll Sy wolue
I N6 Sphase dffoarce. " ore posttue,

_ Ta@ 206 L |
. Cla@ 223, > sap digoionce

7 we cool & perfect oystol of Tafe) fo abseluty gero (inrealily-impossible.)
| There b less 4 Loss moton, , mow v more. ovder , entiopy opproacks 2o
Wuth oo oo

Thinde fouo oPW@rmo%y;wﬁQm + The emhopy of o pure, perfet
orystolling Substance aero ot abselule O K.
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— Howdowe caleulste, 2Spg 1 & reachun @1 procass ¢
] Uoe Ness' Lo - ﬁ,pe colemlatun wourg fabulokd dofa.smee S i

 Exarmgle: Caleslat, 2S5, fon followsirg 1eachin,
L 3Nog = NDg + Now@

o See(T) a0 aNF 2400
ASmg = S NS Producty SnS,

=-l724 J/K |

. Snconendim s if A4S+, erfropy(Giader) increases
I if 2S-, enhopy (disonder) decreawes

s " Does fhe sign of 4S pmoke Serse here?  The systim storfs witk
| S mow gao — 2mebis goo ard becorres mae. oxdinsdl /Dus0 Londered.
So, Yes ~ Make Serse. : o

(Wkoi W %S f0 NoOg+ Nosgy> 3NO @) 7 Ans. +I172H %)

What poat does entropy plasy in p/\nd«dmg Sporfenedy 7
_ Secnd law of T‘\umod‘., nmica | amy sperdameous reachm., Hes

| erhopy/Munter of the Wwnivtwe incgoats.

: i “Sunumse. = AS?)'S*&"\J' 25 Surrourdirgs

=t Ccolulatd oo by Hfrz(sfgn

. BExplaratun of ASsuret For om exollourmac rrn (2H<0 ), _

1 heot is rlessd fo Sumawndngs | the Enhopy of Sunuundings hoeosss
1 (2520). To remeve e Yemprodune “Hu dumdd by abseluts T

A
E
03

Skt ﬁmch'm B

reoctomnls - '
_ (D@9 + (N200] ~ 3(20.7)

mi,_ (K). Io mesh the Sign covventino, %:dh)zqm S?’r\ 1w Ofoh o, .
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Eme\PLQ Detrmune. i te reachi. 3N - N,0) + NOa(q)

S Spovctomeous.
Plam: (1) Calcwbate ASSys (done.) Allc,st
Sswr T T

@ colonldte Sy fom * Hsyst
(3) f 2Sunmverse. > O, reachon. is spdameouo.

M ‘SSF = - 1724 J/K

(@
o 3NOg = NOeo + NO2 @)
He e OIS 5205  33.9
(hﬁ‘l/ch)
“Hpn= 2 Hsysr = [(108203)+(1D(33.00f - (B (F0:25)
= ~155.5 kT
AS. - - (IS5 b))
NwAS Koo - .
Im mane Wwﬂ‘ unLo
= +(. 5‘2’15 (Q—S/K S'wmf hQnL( 917 S

Froblofm.”.)_

=-1F2H Tk +521.5
= +3Liqol T/K

, >/es, te reachm 1s Spodovneous , soee. 2SS = O.
Tathor Hom deok with. “the susTm and swnerndings Jo prodict
Y dirgs fo prashet” .

Spavﬁemémp Wwe com ok wilk a hﬁw‘{'ﬁ«mwdﬁmvmc

the sylom . Gibbs Free Sv\erq\/ , &

 Gibbs Free Sangy , & ¢ thermedyname shilte . of o Sysom.
wich, w\dica'%o e amawunt o-/dveva @uﬂﬂm a;fs"@y\ywtc
Ao toeful Wok.

| 633 ASl&mW\S{. = ASsysM+ ASsm.
= =134 J/, + OSZZIS
| K
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. ambe dm:NlZ o reachi of amstud Tand P o o skl "({tmdm\
L WA : k3ot Vo can be cokeudodd form fabulaed 4G, e

e ﬂAG.;,aqg IS ﬁﬁ S‘hh\da‘f\d W\O{C\I“ﬁjﬂl qu O{ﬁm\a'hﬂ\f\..Oj_J\S-‘,C p VOJ.MU)
b artin T Appendix . Thi i The fie enery: % 1 met of
. substmce IS foured fiam elemends in S stz .
Neéte = ‘f@;=©ﬁejmwv¢5iv\%3mwdﬂ'ﬂ-

A AGp, = 2G5 wnchaodn 4 spontens # reacton or physical charge
“-_i]‘?;é9 <0 mmnffmmﬁw and pndl Fﬁrwwm
7 %o
(we dont knowo how fost)
L 26 20 the rxh w nom SPGVQLM\EG\AA
(ruense en IS Spdvx‘iameﬂuo)
-‘\\C AG =0 the rxn i oi‘egujfrbnm reaciily =2 onducjb

26 TN “Cprthsto — £ 026 racknl

Exmplz s Colodote 460, 1o 3NO0gg— N0 @ +NC. @)
Isthe rxn Spovfomesus 7

. 3 NO@) = M.O@) + NO.@)
b ] 26 (W) 857 o4 513

L G (X042 +(0X(5LDT- @ (865F) = ~IOH2 KT
| Swme 4G <0, mnuw spodomesuo.

L s there andlien wou fo Coleuloti, 267 Vep | Gibbs-Helmhely Spu.
L ~-°6- = AH-T2S |

~ Sucoweolrtody hnow *Hpw ard S 0 N0 NoD+ MO,
et see if fte 4Gy, cloulakd here . Y @ @
_oqreas itk the Value Just caleudated!
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,, MM”

- 4555&:? = (20215 K (- 1724 @)
- -ISS. 5 kT — (2085 K)(-0. 1725 fas/lé)
I = -IS5.5 kI + 5[4 K]
o = —|OH.] R _

TTE 5o, volua 01 5 G Ogree. silkiin. roumding €.
LE’iB look closer of Hhe ﬁrmuﬂa‘- 2G dopendo on Jempmotine “H, S
AH = TAS = «G |

5 bs
ch heod H\dm&m, of
ot g«v\f;imd P ob So T g"m"’“qe in. Sponitneity
. Coml =H<O | AS>O 46 must be <O
- e*é"‘w“‘b VMUL dunder rxh o Spond ot oL T
. Caxd “HzO, NG *G il be <O ot lower T
Py e kSSd‘SU\deV‘ mae oder M Sport. of lower T
. Cose3  4H>O A4S 2 O AG will be4O of hghen T

; emmmm m& duorder FXnio Spont of afea T

A-che ‘f afl >O AS<O Awanht\stA be <O
ud»-i&exwt. less disowder, inms odor yn © ng:&pmd'mm

lf we. ook ot our veachm., 3NOp —> NyOggy + N 0.9)

... _“H<O %‘ﬁiwwmc, B
. AS<0O. gj{:«; s bcwwwry z@wo thondend , hoee doned

% wehave Cose 2 and rn lS,SPdvd’,Oi woT

A‘:Y"om OUA colmdojzma we knw ‘h’ie IXn (o ony\‘bmem oi QS°C o
Al ow Caloakatms uaed dojaﬁm#e ApporQuy — set ot gog =
S o (MK

et e = < ¢
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iE.XO/Y’\p(o,‘- Over whot afure ronge vl te reaction. be
~ Spodomesus Y 3NO@ = NO@ + NOq)

Plan: Find ‘f'f&e“k/n\p.uo:hue, of Lohich fRe rxn i oieﬂudtbrm
Use Cose 1-H Yo deftamine if mn 1o Spmtonesus ot Tomp.

above or below eﬁullb‘uum\.“‘kmp
At ‘hbr‘l‘wm.) A6m\=o= AH-T,28
e O I

=
% A5
= ~ISS.S kS be stre

-0 1724 R /mﬂa
= 9020 K

Swea Hhio o Cone 2 (2H40, 2S<0), yn o s pondomeguo 03
Kover fmpeotunss.  Therepre, mn o spontanows ot
T<Qo20 K.

We. cam we Hhese sovme pm\dp(u Yo estomdte. phase ch Wam&
(bﬁ\hﬂq pourt ﬁe%/mejﬁ,}q P+, Subli : ‘\'\PT) moj'm
WMA ) “ﬂ\e sysfo?n\ Is ot e%».u,bm

Exompla: Usethermodynamic dota o estomale Fhe pormol bouung
Pomd' Chovrm-o. meany ot | a‘l‘m}, ASSMM. AH,A\S u\dﬁ_pmdp,yd‘ 0{ T

At the paling pt, Ligud + goo phases are ot eauill(n;um\ : AG=0
| Ha0@) 2 HaOced
~G6=0= 2H- T2S

AH

‘S,p)- .’.rb:Te_%: ag
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AR = (nd)(2He o) = (o) CHS 1ogy)
= () (18 kT fmel) ~ CImet)(= Z?SS‘K)‘/M)
+44.0 LY |
N erdstforic Dwmmmm’)
HaO®) +H4 Y = H.0@)

mn ‘n n

| AS,,, = (| WQSH;c@ Clm&)suzokx)
= (o) (188. 7 T/mot.k) = ((met)(69:Q1 J/iet )

=+18.8 J/K ‘ 5
'td»oo\duvr\um.oivxg Doeo o mote sense T

 AHe _ HHO BT - 370, K

S 5_51;“*‘ O IB8 Ry

tdwrﬁuur\ib
T ()= 320 K- 273 = Q7°C  chx o 00T

T‘\em’ro{‘rfqokopbunu he covered 1w Condext -~ Otswecﬂ,dw‘od‘

i UpComlm? O‘\n.p‘}w



