


















Chapter 18: Thermodynamics 

Question 18: 
Fill in the following table. Assume no two rows are the same 

LiH LiS LiG Low Temp High Temp 
- t - '.>/'"'1~> Spa ,1~:> 

- - Temp. dependent Sp<,11)~ Non-spontaneous 

+ + Temp. dependent f¼il•<,p•~<M,..,., Spg,~'> 

+ - -t 11•A ··S,,,-i\<:111w:, •lv,1-~)"-~ 

Question 19 (18.25): 
Heating some metal carbonates, among them magnesium carbonate, leads to their 
decomposition. 

LiSr° MgO = 26.85 J/mol K 
ss: CO2= 213.74 J/mol K 
LiSr° MgCO3 = 65.84 J/mol K 

MgC03(s) -> MgO(s) + C02(g) 
LiHr° MgO = -601.85 kJ/mol 
LiH,° CO2= -393.51 kJ/mol 
LiH,° MgCO3 = -1111.69 kJ/mol 

(a) Calculate 1'1rG0 for the reaction. 

brG·0 
::: ilrH0 -T DrS" .: 111.,.~3~ ·- l'i8,IS'I~ ~ 0,(l't1'5'~1, =\Gt~ 

·------- Dr"° :: 2 bn/ (fr<><\Js) - 2.D. ~j· (r~~) :: .,. GoL8S ~ - 3~3/J I ~11 ·- (-11\U,1 '!!j) ~ 11'4' '1,'s ~~I 

f>.,<;0 ·= ,l bSi lfr-.'-\;,h) ·-zbS/fre .. ~\...) !:: lC.,8~ 111-; i- '.lll7't;!,,, -- ~5,24l~ C'; )14.1<; 1ik 

(b) Over what temperature range is the reaction predicted to be product-favored at equilibrium? 
bh = i) 'Vk,, - Dl1 (1(.,,,5:, t<,'.y"'ll\ 

' I :: M ::. D,ll'fl'> 92 .::.. C~S. ·it< 
l'llit'i 

A~ T ;,tt1>t6.}f.<,, Db· ktll'i:>' )0 DG- < 0 ~ T > U'a.1 I<; 

(c) What is the equilibrium constant of the above reaction at T = 500 K? R = 8.314 J/mol K 

-1'?,iol 
e ~ 1..~-1 .,; 10~1 

Toni

Toni
64.23



Question 20 (18.31): 
For the synthesis of ammonia from its elements at 25 °C, N2(g) + 3 H2(g) -> 2 NH3(g) 
!::if G0 N2 (g) = M G0 H2 (g) = 0 kJ/mol !::if G0 NH3 (g) = -16.37 kJ/mol 

(a) Calculate !::ir G0
• Is the reaction product-favored at equilibrium? 

br&" :: 2 b,, C prJv0~ ·- L L'irC r~b .:: - ll..3 1?1 - LO 1'.H, t- O ~) -~ - l /,,,1;,7 t~i 

(b) Calculate 1::irG when the reactants and product are each present at a partial pressure of 0.10 
atm and the reaction is at 350 K. Is the reaction spontaneous under these conditions? 

:2. 1. 

Q .,;~ :: (O.lbuh.)) ~ /OD 

(P.;J(Pu/ (0.10 ,f-.,)'t ·, 27 ,s5 w,u~ 
C ·-1 (,, .J ~ - 0 ,{)OO-'\ I 110\1", i' 

3$oi,S "(Ot; 

= -JYH,2 ~ 
"'ol 

Question 21 (18.33): 
For each set of compounds below, circle the one of highest entropy. Assume that all are at the 
same temperature. Briefly explain your reasoning. 

(a) HF(g) HCl(g) 

(b) NH4Cl(s) 

SJvlil;.,~ ~ ~]('(Pk ~ ~ sokb 

(c)~') N2(g) 

&ih-of 'j i,W.'<'A~S t,,1fi.. y11v\etlcr (4-.tlei11 
(d) NaCl(s) ~}) 

• 5Jit\ h4',e \o,vet e,,i,~ ~ j""')e,S 

(same molar mass) 

Toni

Toni
-32.74

Toni

Toni
-32.74

Toni

Toni
ln(100)

Toni

Toni
-19.34

Toni



Chapter 19: Electrochemistry 

Question 22 (19.21): 
Consider the followin half reactions 

Half Reaction E0 V 
+ 0.34 V 

- 0.14 V 

- 0.44 V 

- 0.76 V 

- 1.66 V 

(a) Based on E° values, which metal is the 
most easily oxidized? 

/41 (s) 

(b) Which metals on this list are capable of 

reducing Fe24(aq) to Fe(s)? 

(c) Write a balanced chemical equation for the reaction of Fe24(aq) with Sn(s). Is this reaction 
product- favored or reactant-favored? 

~ HC4tl -t S,.h) -"; ~/\at,) t f-eCs) 
[le,~ :;: -6,•t'-iV -(-0,t'iV) .: - O,?,o\/ 

-f tie {'litJ;.,1 ;"' re...kt- ~-~ 

(d) Write a balanced chemical equation for the reaction of Zn24(aq) with Sn(s). Is this reaction 
product- favored or reactant-favored? 

k 1t(u{) t S,,,(s) •--=> S,., 2.+(w,,,) t Z.,,ls.) 

E{zj; ·-= - 0.1W - C-o.,w) = -O,Col v 
1 ~ rec,J,'o,, i"' reub~ ~°'~ 

Question 23 (19.33): 
One half-cell in a voltaic cell is constructed from a silver wire electrode in a AgNO3 solution of 
unknown concentration. The other half-cell consists of a zinc electrode in a 1.0 M solution of 
Zn(NO3)2. A potential of 1.48 V is measured for this cell. Use this information to calculate the 

concentration of Ag4(aq). 
zn2+ (aq) + 2e- -> Zn (s) 
Ag+ (aq) + e- -> Ag (s) 

E0 = -0.76 V 
E° = 0.80 V 

.,.,.. l) • ' f::ul1 '; b,8oV -- (-o.7w) ,; l,S(,V 

CZn*] (1 ,:- _____.., 
[i¾ '']Z- 

r :: IO·- ~l11(a) 
~I bi:eii (\ 

I t1 (6l) :::~l) ( f4'11° ·- ~11) 

f11(t:;J~) ~~~zn)(i,sw-lttiv) =: l.n~ 



Question 24 (19.37): 
Use standard reduction potentials below to calculate the value of Ksp for AgBr (s) 

• AgBr(s) + e- -> Ag(s) + Br-(aq) 0.0713 V 
• Ag+(aq) + e- -> Ag(s) 0.7994 V 

C,;i,Apiek R~'i;., · 

A~ 8,.(>'> ~ t(.:i I t 13..- lai) 

fw1 :: 0 .\.fl 13 V ~ o, 1'Vitt v' 
- -o,1n1 v _ u,,.lgl 

~1 _,,, e 

Question 25 (19.49): 
Electrolysis of a solution of CuSO4 (aq) to give metal Cu (s) is carried out using a current of 0.66 
A. How long should electrolysis continue to produce 0.50 g of copper? 

,l ,..,\ C %i'lSc. 
'A ----- t( --- 

, ..,,1 c., 1,4 c:·  

J 
r"' 'i1.'1Zt.c. 
r --- 1.-.,· · 

Question 26 (19.3 & 19.5): 
Balance the following redox equations. (a) is in acidic solution (b) is in basic solution 

·t SW:l?3° -tjJ½:15' H~ SS0112- +j5#A'.+V 

J ~,.11,- + S~t~5-- Hf' -'> Ji,4t,/'-t 114i-O •t Ssc.1/·- 

(b) Fe(OH)i(s) + Croi-(aq) -> Fe(OH)3(s) + [Cr(OH)4r(aq) 

( Olf&o t Fe(olH)s) ➔ k (olHis) + e-) x ~ 

CrO/- (<itl + ~1{1,0 (at) t 3e- - ---')- [Cr {~i),t]- 1- I.fol( r~il 

Jol~t' t- 3 f-e(oU)
2 

C,) ·~ ~e(;..,lf)3(<,) +,Y 
-1· CrO,((a1) t ~U,° C«tHY ---'"> [C.-(~).;1 -r }fol.( &t> 

·-------------·---· 
Doit(at) t HeColi-}f'»> 'ti+l.o(«i) -~ [Gr(d~l'l.1 .. t ~ Cou}/'>) tcir{'"ll 



Chapter 25: Nuclear Chemistry 

Question 27: 
Give an example of each of the four types of nuclear reactions (a emission, r3 emission, 
positron emission, electron capture) for 2~~U. 

'/.-','} ,_,;;, 4oL r ;Ji,j ·fti ev,.,,i,io,, 11 U 2 '10 

fo Cv,u'\.'>i,,, ).'1, .4 ~/1> t- iJNp '\1 U 

f"'I~" i2HA1',<,;',·1 
1%', () 2.?fi p, 
i). u ~ If> t 'li "' 

ek~ li,r~ J.>,i:; + C) e. ').1,"i 
'iJ. u -1 ~ '11 fc_, 

Question 28 (25.15): 
The uranium-235 radioactive decay series, beginning with 2~~U and ending with 2~iPb, occurs 
in the following sequence: a, [3, a, [3, a, a, a, a, [3, [3, a. Write an equation for each step in this 
series. 

Question 29 (25.19): Predict the probable mode of decay for each of the following radioactive 
isotopes, write an equation to show the products of decay, and briefly explain your reasoning. 

(a) bromine-80 

!~ B, 
,5 r,..,lvn:,, 41 ,wkw,, 

Y\ ~ > f > bek 0.t'\,'<i'>io.,, 

3cJ O 12 Po 'jt 
5<; er ~ -1 t' f 3<. ">r 

(c) cobalt-61 

~I Co 
27 

l1 F"'\-i'hl 3'1 M1l-.w1~ 

fl>7f, ~k *"'il.l<M 

Ct.I / ,_:., C {), t ~I N' .n l.-0 -1 r is t 

(b) califomium-240 
)'ioa 
'jg 

~ 3 f"J-,i,.,~) l➔ l ~') 

tt f"'\,v.':> ). 12, Cl.~~ v,111s;.,\:>v, 

;i.~1. 4 'f o<. r 211:, G 
<tv 't 1 ,6 ., 

( d) carbon-11 

I((, 
(., 

C, rJ"rf,J ~ (14,hw, '> 

~ reJb,l lkwi ~i) J 

fD~)~A ewiir.'•,;•o'I, (d eb~ (J;lv,..t/. 

ilC ➔ llo 0 5P 



Question 30: Given }H = 1.00783 amu 5n = 1.00867 amu, calculate the binding energy per 
mole of nucleons for the following. 

(a) 11B (11.00931 g/mol) 

u B : If ~-)) ) ro 

G{j +sf '" (. l I ,0081, 7 S;.,,l) + i;(l,.;0Jt:, Y, ... 11 
.::: u.0•111? :v""113 

Lim i (11,<f\1(7 -iLov'i}i) ¾il3 ;; c),C;s!t(, ~~13 "' &' I?& ttt>·S\18 

~ 
(b) 4°Ca (39.96259 g/mol) 

'10 . eo. : 16 ~ )',, JJ) t~,, ~ Jc) rrul--o,,., 

io(l 1-lof :::. J.o(l,v0il>7 'J;,...,,1 tl.oc?{I>:1/,,.~ 

~ Lio, n '.3/w,1 <... 

.l\Vl'l.: (4M'>-3'l,'k.LS'1)f'l"4<.:. :; 0,¼'1"tt\G.,:: 3,<.'7i.t ~10··~ 

··j' 

(c) 160 (15.99492 g/mol) 

I(,, 0; j ~ (ll,rk,,,'>, 2 ,,u.;~'> a,J 8 ~,s 

8~ + '8p :: g ( [.01, ili..7 ¾.,t + l,o-0H3<.i1.,,.i) 

,:: lb,132 ~o 
D•"": lt,,,132.; l'>,WtGl 3.. ,:: OtHotl. 

~(} I'd() rh,if) 

:: I. ~7,g ~,,. ~t.... D 

Question 31: Gallium-67 (t112 = 78.25 hours) is used in the medical diagnosis of certain kinds of 
tumors. If you ingest a compound containing 0.015 mg of this isotope, what mass (in milligrams) 
remains in your body after 13 days? (Assume none is excreted.) 

3.'IB'? 
rwts'> ~/\jj 2 O,o6Vj ¥ (½) 

-; O,ooo'i% "'j 

.::: 1 /-f ~ }( Io -\(lj 

MelW l 
o,GA3 o.(.~3 • 1 )~:; - ::: __ ::. O,ao~la~~ 
hi.. 7z,ist,.. 

I? \ :1t1l0 I I , .,,j,,." -~ -: su ~'1> "'c 

!11 (l'lw,) _:: - ht t I., lr,l;h~,.) 
\,,,lVI\~<»)::: -o.ooizc;.h.-1v:?.12.hf,. -i-l11(0,.;iS) 

!"1((1,lA!~)"' - G,:~i?3 


