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Chapter 19
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P.,-o Aisthubute rota h’m}zjw Vibra tienal -eZefy_y. Though

propene's TI bond canl wiate, s Sigma bondo ‘Can, so the
%M carbon can rolate, howeve fadividual atoms in
Cyclopropane Ace not-free 4o rotate siace +he rin

Cad Fhe (-H bands oreat really even icleatical 1nstceaghh),

and cyclo 1°p ane fl.adm_ly o typts: (—C, C-H. '
So propenc has mac Ways distibuje Vibrahimad enezy

ASM a iSF(M“dS) — Zs:c(ffaclﬂo#)
5 S ' negahve Siagethe

< i g

[
(13.73) +(88.3) - (502D =|152.39 T/K| Bnggy=1-0= +|

) 2 CH30H;,) 4+ 302‘,) —r 2 C'quj + 4“20;9_)

137.0 205.0 213.6 I188.853

Which 1Somer e (C3Hr would have higher molar €ahepyatz§c?

) Use Appeadix C += calculate BS°n, and txplinn thesyn of AS.

Would “brea k.., Alseo, propéne has 3 1y ofbads: C=c -G ¢(-H

) CoHuyeyy + Hacw —> CaHiey :
21a.4"7 ’ 130.5% 2 zq.é") v ﬂ':lgtc‘:f;‘ ¢ aomolgeuley
(22955) = (2194) - (13058) = -12048 - |-I120.6 T/K BAngg=-|

) NpOg,g —> 2 NO iHive since thenumbe
304.3 9 240.52 9 ' Poﬂff-gﬁs r:ft:)‘kcul& 19 Credod).
2(240s) - (304.3) =|176.% T/Kelvin } Angg = 2-1 =1

"'— . Mgmz 'l'l
BC(OH)Z > BCO(S) + HzO( ) Tive SJ'MCHQIIWAV
50.21 ) 13.7% :38’.3'39 o

2(213-6) + 4 (18883) _ 2(2376) —3(2650) =a2.%27|92.3 T/k

~

POS;ﬁVC since the Numbe If-ja/mbka.,kg | CYesses ! —A_nwzb_a
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| 19.59 l Use the given information to calculate AG” for each reaction,
en classify each reaction as spontaneous or nonspontaneous at 25°C.

(€©) 2PClyy, + Oy - > 2 POCl,, AH’rxn = -508.3 kJ/mole ~ AS°rxn =-178.4 J/K-mole

" 23
Ae = AH°— TS = -5083 —, - (79505 ¥)(-0.1384 %;)

= |_ Sinee
t"'5‘5. | )LT/MOLQJ S‘M(A(,ms@
) 2CH,0H,, + Hyy > GHgy + 2H,0y
AG°formation (kJ/mole) :  -161.9 0 -32.89 2286
ANG™ = ZAC;:C (prducts — Z A G ceactonts) Spontan eous—

= (328407 2(-2284) 2 (-10).2) - 1((P) = ~lbb2q—> M

19.61 | For parts (a) and (b), use the given information to calculate AG® for each reaction.

(@) 280y, + Oy —-- >2 80, AH’rxn = -196.6 kJ/mole AS°rxn = -189.6 J/K-mole
Aoz DHOZ TS = (1444 k3 ) ~ (29815K)(-019% “ole-k)
m
= -i0.0% — |-140.] €T Imole | (2

(b) NO,, + N,Oy - > 3NO,
AG*formation (kJ/mole) : 51.84 103.59 86.71

AGOy = £ 864 (pred) ~ £ D6g° teackonts )

= 3(863)) - 1(5).84) —) (163.59) —’D;’-}?O "T/maJe%(")

(c) Calculate Kp (Keq) for the reaction in (a) at 25°C, and classify the rxn as spontaneous or nonspontaneous at 25°C.
AGo = K?| so
Npp= -RT0nK 6°=® and K| solgpmnness

+140.0F “T/mole - 56.51 24
K= e’Nﬂ/ﬂT: e( (»0093)‘-] Elt;f-w)(l‘i?.\sm)) = e = 3"[? xlo T

i @

(d) Calculate Kp (Keq) for the reaction in (b) at 25°C, and classify the rxn as spontaneous or nonspontaneous at 25°C.
DG /RT -1oos v2.239 |
= 5 = 00821429815 ~ , ' ¢ i i
L= e g oBIEE = =y 53 %M |
| not Spmm Sinte DG =®) o /le{ Z |




(19.61 continued)
e) Use the Keq to calculate AG” for this reaction, and classify the rxn as spontaneous or nonspontaneous at 25°C.

HQH:;OZ - > H+1(aq)+C2H3OZ-l(aq) Keq=1.8x10'5. Kq A \ M A6° = @
Sou\of spmwfmuj

B6O= -RT kK = - (3214 mIde)(Z%lg)ﬂn[l.e XJD“) (e)

= 2308 T /mel 21000 %—"e{’j‘yi 27 El.;{:

(f) Use the Keq to calculate AG” for this reaction, and classify the rxn as spontaneous or nonsponta t25°C.
H*, + NO," , <-------- > HNO,q, Keq = 2200 J
Spotneous—
Ao _RTU K -
- nkK = - e
(8314 T3, )(299.15K) bn (2200) )
T 11078 — | -lavoo )« [-19
mo

l 19.65 Classify each of the followingreactions as one of the four pos- ) ('Fb(‘ WM _“y’(; 012 Hﬂlﬁmh"fa

' sible types summarized in Table 19.3:

(a) Ny(g) + 3F,(g) —— 2NFs(g) will itpe ffOﬂ'fafleW?
AH° = —249kJ; AS® = —278 /K

ALo = DHe - TNS° Bge will be negahve at lowo ¥mp ond
e © positive at pagh +emp,

) o Spoptaneous— at low T, (a)
(b) Ny(g) + 3Cly(g) — 2NCly(g) not spyit at g T

AH® = 460 kJ; AS® = —275]/K

NGO = AH® - TAS | -
Ago will be positire A7 all Hmp, |
? 7 L"’?LgPM'}me’om— ot any -/fmla&m‘vff)ﬂ,)

(c) NoFy(g) — 2NFy(g)
AH° = 85LJ; AS® = 198]/K

AC,D - AHo - TAS.D A40 will be PDS'ﬁ'I‘/( at low T od "(j”i’wﬁ//ufhf

® ® is Spsntmtous M MghT ‘ )
is pot Spmianems at ow T,

Table 193 :
AH AS —TAS AG = AH — TAS Reaction Characteristics Example
- + - = Spontaneous at all temperatures 205(g) — 30,(g)
h - + + Nonspontaneous at all temperatures 30,(g) — 20s(g)
- = + + or — Spontaneous at low T; H,0(l) — H,0(s)
nonspontaneous at high T
+ + - + or — Spontaneous at high T; H,0(s) — H,0(])

nonspontaneous at low T
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) A reachon is spmontous at 390 K.
Mpon = +23.F 7T

What can you conclude abedt the sign and magnihelc
0‘@ AS'?M . gn magn
£ the rn 1s sponintoua at 390K,
’Agm mustbe positive.]
BH Ts posMVE (vxn IS eadotheamit ), ard Hris admnc
wmld lead o a nonspoteneaw /unfavasble Nn.

so the mly way to make Hhe ~n favorable £ +o have
a favoarble Cposihwe ) AS ..

TAS  must be larg e Hhan AH'
o AS mustbe lrqe thn A

we conld Selve for Hhe minimum posrhve value of AS
Since We knas v TS st+. at 390 k :

Age= BH® - TAS® < o
233k7 - (390K)AS® 4O
Bse > 06l kT /mol-k
AS® 7 61T Imol-K

AS mustbe al l—(aa*‘lﬁts largcs
Since the ren 15 dndothemic, (+absrbs heat enemgy
Hom its  suadadings, reducing the enhopy
o i3 surmudings. "
In ordin o make the ovral ASunvese poshve
(ASuaNese = ASxn + Assufnkutﬂg

the B Sy must be a lapg -PADu.jh POGH'NC

J)

humbe o Wﬁah- for Yo n-eqatve Msum_mdmg .




19.83 Consider the decomposition of Barium Carbonate:

BaCO3(S) """ > BaO(S) + COz(g)
AH’f (kJ/mole) : -1216.3 -553.5 -393.5
S°f (J/mole-Kelvin) : 112.1 704 2136

a. Calculate AH’rxn and AS’rxn.

swme (-553.5) +(-3935) = (-12163) = |269.3 KT /mole

AS°rxn:

(70.4) “l213.6)-(nz2.) = Ll?/_q J'/m—o-e-K]

b. Calculate Kp for the rxn at 25°C.

DAgo = AHo- TOS® = (289.3) - : B
o= AH 69.) - (29815 ¥) (01319 oy ) = 213,047 KT
v -D6°/RT —~ 218048 T/met. -89

p= @ = o VI IREK = p Lé Q;L x; o* (b)

¢. Write an expression for Kp in terms of the appropriate substances. K

p= Peoz | (O
d. Calculate Kpat 1100 K

Fl'(S")L MCM AGD ‘/{' 1100 K/ ASSquf\j that AH° ond AS‘D e ;A‘?{r?m

0= 0 — = .
AGO = AHP-TAS® = (7493 ¢ imde) — (1100 KY (0471 q\ﬂ'/mc-) = $0. 2| ¥T/mole
hen cal culate Kl’

-AGo/RT -30.21 Phole -% 37 S
KP = e = e foowu kT )[nooz) = 0. 0001 W
ol lbx |01
e. Calculate the temperature range for which the reaction is spontaneous |
(that is, for what set of temperatures is Kp > 17) _— -
( 0900n, & SSuUming Ao = DHo-TAS®S =p T = 1566 K
nmt A} nd AS) 26a3-T(01719) =0 | T > [893°C
T = 15bb K 10 be Spertanemsr

f. Explain why this reaction would be expected to be more favorable at high/low temperature (which one?) based on
the sign of AH and/or AS rxn.

DY s p_nSrh\/C (mdo#\mw?)
sndothemic s ot more favorable at Mih TAhm ot o T,
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Use pedan  1n ATPC 4v 2ohmate bm'lu-:jla'l-m‘g C.He (beazene)
[CeHewy — CeHeyy) |

Arl® 49.0 $2.9 KT/ neole

Sg® 1729 2622 7 /metk
AHyvapmzahn = 2.9 —49.0 = 339 KT/mole
ASvep = (262.2-172.9)T /icmole = 6.4 T/k-mole

To find the boiling point, wWe need 1o find the Hmptat
at whuth #he voper presswe of beragene ;s OO afm_

Ko = Posn, = |
In othe wordd We need 4o had +he Ttmp at which
Keq =1 Tk DL = o ([ The +wpabrm
’ i R
AGge= MHe —TDS® =0
33.9 5  — T(o0964 ) =0

“pole
T= 389k /mee = = 3512 K &795°C
0464 KTk mole J

335k
' @) | 79 °¢c
) Acc o wikipedia ool w k’tﬂwook :

the achial bolh ot s 80. °C.
why i< fhcr‘e addﬁ‘gfp > @ ' |

The, AHV i ADSvap, value we used
wece repafera’ at %S‘C These valuer Can
change sughtly as Tewprative changes - they
ace .rhzth Adeptrden} o Hmptature. we assumed
that The by were rldg(w#fv rf ‘Hum S?t "y
s sk MU boo K value.,
pue vl 1 5P (&WJMM)




@ Z. /M'j(S) -+ 02( )"_9 2/”?0(5)
Secon L ""ﬁ that [ Franeé
W:,;ez_‘ ey I s s S

A nf’mhac V'a)u.e AS (AVIMT--'D
y,.} s shu 5Pm+an€ow "g_s' This inconsistent 7 I

N&Pef AS‘M\M{ = ASS}/S‘)‘A + ASSuMMAﬂ;‘yS
ASuawvese = ASma = 8How

+
ASpn &5 ne gative, So 4nis alore would decrease ﬁ«e
Laho #ﬁum\/ﬁde H‘DWWG" This rxn is high J
£Xo erm:c (MM mnz 2 A}ff(Myﬁ_): ~1203.6 kT

So e Y —AHm, " o will be posikive , ond

will be lager #on | OS], Sothe oveall ASuavese
will - wcrease.

In othe words, Wheathe rxn release /\wmeryy 1

S Sucroundungs, this adoled a8y (from the surtu
rehve ) il cause Sufrﬂufddn 1n Creade onbppy,
mcr{m ) 2 in the Smund.mu maove hal

¢ e cdetrtaat In 2adopy

Fhe!SysHn rxO,




