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Consider the following unbalanced oxidation reduction reaction for the next three questions.

7 €0, +|JHCI - ZCL + (H0 + ZCiChy

1. The oxidation state of Cr in CrO; is .
W)  ®H @2 @2 @
2. The oxidation state of Cr in CrCl; is .
(a) +6 (b) +4 (©)-2 (d)+2 (e)@
3. The complete balanced equation in for the reaction has the following stoichiometry coefficients:
CrQ; + - _HClI — Cl, + H,O + CrCl;

The stoichiometry coefficients, in order are

@@ 1,3 >3,3,1 ®) 3,12 -3,9,3 © 1,3 53,3,1
2, 12 53,6,2 © 1,4 52,21 (ab)2,10 —3,5,2
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Consider the following reaction for the next 3 questions. About four percent of hydrogen gas
produced worldwide is created by electrolysis. The majority of this hydrogen produced through
electrolysis is a side product in the production of chlorine. The overall reaction occurring in the
electrochemical cell can be formulated as shown below:

2NaCl(ag)+ 2H,O(1) > 2NaOH(agq) + Hyg+ Clg)

4. In which one of the following electrochemical cells the reaction would take place? Note that all
the ions below are assumed to be in aqueous media (aq sign omitted)

(a) Na(s) | Cla(g), CI" || H2O()), H', Hx(g) | Ptls)  (b) Na(s) | Na', CI || H;O(1), OH | C(s)
(©) Pt(s) | Clo(g), CI" || HO(), H', Ha(g) | PX(s) @ (s)| Cho(g), CI || HO(l), OH', Hy(g) | C(s) €~
\

rellode 21,0 Y22 = H, +20H < His peducHon
_ - OCCei ks
anod.  Clp t2e — 2ol
h=2

5. What would be E°y in the above cell at 25°C?

(a)-0.83 V ) 271V (c) 2.19V (d1.36V 2.19 A% (ab)-3.54 V

E('«aHsO&(.Q = - 08 3 \/
FCoode = + L3538V
- o o : ar
Eall = Fobod - Eoob = -0 83~ (.358=2138
lx~-2.]19V
6. Based on E°; what would be AG® for this reaction (per mole of reactions)?

(a) 160kJ (b)-523k]  (c)-423k]  (d)-262KJ e)423kJ (ab) 683 kJ

AGS = - vJ:E? » h=2 /paa/fq/e)
= <2 g445L, - /—-— 2 BV) =422605 37 ~#23 LI

7. Which of the following solids is commonly used as an inactive electrode in electrochemical cells?

(a) zinc hite (c) iron (d) sodium
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Consider the following electrochemical cell for the next 4 questions:

_fO.
- 0.,

10.

il

Co | CoClx(aq) || Hg:Clx(s), NaCl(aq) | He(l)

What is the name of the aqueous ionic compound in the compartment on the left?

(a) copper (II) chloride @oobalt (I1) chloride (c) copper perchlorate
(d) cobalt (IIT) chloride (e) copper(l) chloride
What is E°y ?

() 0.55V 0.55 V. (©)0012V  (d)-0012V  ()028V  (ab)-028 V

28 C2ttacls H&.,,(“‘é + 26 — g}ﬁj + 200

28 a wodl COZ# foe — (o
Fabl 2 0.268 "/-' 0-23) =40.598 x m
What is Ecey when [NaCl] = 1.0 M and [CoCl,] = 0.010 M?

@-055V  ()049V  (©-061V  (D093V ()06l v} O

Efbode = Eluudy = 0268 [E-F" W[n])

— El T - p 0059,, : o
Foodp = -0-28 — &@Zi] 0.284 220 [2)-

= —0.28- 005/ =-0.339/ V
Eell = 0.268-(-0.329/) = 0.607V =[06/V

What is the overall reaction occurring in the cell when current flows?

(a) CoCl, (aq) + Hg,SO4(s) > 2 Hg()+ Co(s)+ 2 Cl(aq)
(b) 2 Heg(l) + CoCl, (aq) - HgCl (s) + Cofs)

(c) 2Hg(l) + Cofs)+ 4 CI" (aq) - CoCl, (ag) + Hg,Cl, (s)
Hg2C12 (s) + Co(s) — 2 Hg(l)+ CoCl; (aq)

(e) Hg:Cl (s) » Hg'(ag) + 2CI (aq)

(ﬂ"«.) = @/’Lﬂe ) - /% w//(? >
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Consider the following unbalanced reaction for the next two questions:
+Y -3 0
6 NOg) + ENHi(®) —~Ni® +|2H:0e)

12. If at a given moment the rate of change of NOy(g) = -0.100 M/s, what is the rate of change of
Nj(g) at the same time (you will need to balance the reaction to answer this question)?

g; ﬁgg) 1\.}:14128 g ;361325%5 () +0.133 M/s d)) 0.117 M/s
/\/ +‘fe
S
60%7 iig;zj S#of N chould & euen

AT -7 Hf0T XL

. § aE ”"%m)e: 0 /167 zw/

13. The rate of the above reaction has been determined by experiment to be 2™ order in NO,, 1% order
in NH;, and third order overall. What is the rate law for this reaction? (Read carefully, some of
the answer ¢ flces are very similar.)

Z IS prssy
(@ e "N NH] 0 @meskNOJINHD () me=K(NHOD
(d) rate = K[N][H;0] ((e))rate = k [NO;I'INH;]

14. The rate law for the following reaction is rate = k[SO,CL]:

SO:,Ch(g) — SO(g) + Chg)

If the rate constant for this reaction is 2.20x10™ s at 593 K, what percent of SO,Cl, will remain

after 2.00 hr at this temperature?
(a) 50% {b)92% ) 15% 5% {e) 8%
. ~S7
[goz Ch ]LZ Lkt 52750 2200¢
— - e =e = 083
[so,cl, T,

0.353 /o0 / = P55
Z Ar - 7209 ¢
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15. The following data was obtained for the reaction:

2ClOoag) + 20H(ag) — ClOs(ag) + ClO;(ag) + H,O

initial [CIO,], M initial [OH], M initial rate, M/s
0.060 0.030 0.0248
0.020 0.030 0.00276
0.020 0.090 0.00828

What is the rate law for this reaction?

e = kICIO,J'{OH] (b) rate =K[CIO,]'[OHT () rate =k[CIO,]"
(d) rate = k[CIO,][OH] (¢) rate =k[CIO,][OH]

bow (9.06 )X_ 00278 .,
[wn 2 0.02) T o o027¢

y 3 *9 > x=x= 2
Faw?® (a 09), 0.00828
ront \o0z/ " Toszze 3 SyTED y T

16. For the reaction shown below, calculate the equilibrium constant (from standard free energy
change) at 298 K. Is this equilibrium established in nature?

C(graphite) 2 C(diamond)

Data: AH(diamond) = 1.895 kJ/mol; S°(diamond) = 2.337 J mol™! K};
S°(graphite) = 5.740 Jmol ' K,

K=O.3 1;no (b) K=3.2; no () K=0.46; no
(d) K=0.31; yes (e) K=0; yes, in coal mines
° e — o i — 2334 =5 #v0
- H - -/ 89¥ -p ) - ;- / _
AG - AH - Tag, ﬂ ) 29¢ ).

=2 999 «-J/../
_AG _ 2909

- e RT- - - 5,2/91'?98/3’:; D 2/ /,;:i‘/ﬁ'
/ \ . . .
dow b Find Jasids 4 conl (<255 1) o

it 15 kot este Oisted

%4/ W
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17.  Cyclobutane decomposes to ethene in a first- Wl o]
order reaction. From five measurements of the :
rate constant k£ (measured in s7) at various St . ----- o o
absolute temperatures 7, the accompanying * gl.. ... e o
Arrhenius plot was obtained (In & versus 1/7, = . . .
shown on the right). What is the approximate A SR o @
value of the rate constant obtained at the P R
lowest temperature measurement? " “"——"‘7
-9 + + —
0.00125 0.0013 000135 0.0014 0.00145

hglst L
Wq;arw( T

18.

1T (1K)

(@2.5x10%s" (b)83s’! (c)82x107s" (d)-3.7s" .5>< 10% s
fo h/(Z;‘S][ 7‘ => foﬂl 57[ //7{_'

~ 000!Y(

b k = -8.3

-8-%

, =Y ./
K- e =~ /2 Y9 - JO s

Which one of the following changes would cause the value of the rate constant, k, for a reaction to
INCREASE?

(a) Decreasing the temperature of the reaction.
Decreasing the activation energy required for the reaction.
~t¢) Increasing the concentration of a reactant.
(d) Decreasing the concentration of a reactant.
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Consider the following transition state diagram for the reaction Ox(g) + Ox(g) — O;(g) + O(g) for
the next two questions.

406 k) - _ =

392 k- - )
A

oy M

Reaction Progress

19, What is the activation energy for the reverse reaction, O;(g) + O(g) = Ox(g) + Ox(g) ?

14kJ (b)-406 kJ (c)392KJ (d)-392kJ (e)406 kJ
yo¢ - 392 - /1y

20. What is located at point (B) in the diagram?

(a) Ox(g) + Oxg) {b) Os(g) + O(g) @he transition state for the reaction
(d) the equilibrium state for the reaction e) a reaction intermediate
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EQUATIONS and ADDITIONAL INFO

AGfm = '_'nFEr.m Ecetl = Ecarkade mEamxie Em = Er(')xn -

F = 96485 coul/mol e- R = 8.314x10”kJ/(mol-K)

At
AG® =—-RTInK K=e ¥

AG" =3 AG} ot = DG regctams
AS" =D S rohirs ~ D Sreactans

AG® = AH® - TAS®

En
Arrhenius equation: k = ke *7

InQ=E, -

00591 log Q at 298K

Q —reaction quotient  n — number of electrons

AH® ‘ZAH}pm _ZAH}WM

Order: elementary process Firstorder: A > B
Rate law rate = k[A]
Integrated rate law [A] =[A]o exp(-kz)

Second order: A+A—>B
rate = k[A]
[A] ={Al/([A]o &t + 1)

Integrated rate law in straight line form  In[A], = -k¢ + In[A], 1/[A]c= kt + 1/[A]o
Half life (In2)/k 1/(k{A]o)
Half Reaction E° (V)
Ag'ag) + € - Ag@s) +0.799V
Av’'(ag) + 3e- —  Au(s) +1.50 V
Clg) + 2e- — 2ClI(aq) +1.358 V
Co*(aq) + € — Co*(aq) +1.82V
Co*'(aq) + 2¢ — Co(s) 028V
Cu'(aq) + e- — Cu(s) +0.520 V
Cu*'(aq) + 2e- — Cu(s) +0.340V
Fe*(ag) + 2e- — Fe(s) 044V
Fe*'(aq) + € — Fe’'(ag) +0.771V
Fe(CN)s>(aq) + e- — Fe(CN)*(aq) +0.361V
2H'(ag)+ 2e- — Hy(g) 0.000V
2H,O()+ 2e- —» Hyg)+20H -0.83V
Hg,*'(aq) + 2e- — 2 Hg(l) +0.796 V
Hg:,Cly(s) + 2e- — 2 Hg(l)+2 Cl(aq) +0.268 V
Na'(aq) + ¢ — Na(s) 271V
Ni¥(aq) + 2¢ — Ni(s) 0257V
Sn’*(ag) + 2¢ — Sn(s) 0.138V
Sn*'(ag) + 2¢ — Sn*'(aq) +.13V
Zn*'(aq) + 2e- - Zn(s) -0.763 V




