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CODsider the foUowiDllUlballlnced oxidatioD reduction reaction for the Dext three questions. 


crCh 

1. 	 The oxidation state ofCr in cr03 is __' 

(b) +4 (c) -2 (d) +2 (e) +3 

2, 	 The oxidation state ofCr in crCh is __' 

(e6)(a) +6 (b) +4 (c) -2 (d) +2 

3, 	 The complete balanced equation in for the reaction has the following stoichiometry coefficients: 

__cr03 + _>_HCI -+ 

The stoichiometry coefficients, in order are 

(a) 1,3 -+3,3,1 (b) 3, 12 -+ 3, 9, 3 (c) 1,3 -+3,3.1 
@2, 12 -+3,6,2 (e) 1,4 -+2,2,1 (ab) 2, 10 -+ 3,5,2 
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Consider the following reaction for the next 3 questions. About four pereent 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 chloriDe. The overaU reaction occurring in the 
electrochemical ceU can be formulated as shown below: 

2 NaCI (aq) + 2 H20 (I) ~ 2 NaOH (aq) + H2(g) + Ch(g) 

4. 	 In which one ofthe 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) ICh(g), cr II H20(l). H+, H2(g) IPt(s) (b) Na(s) INa+, cr II H20(l), OIr IC(s) 

(c) Pt(s) ICh(g), Cl-II H20(1), Ir , H2(g) IPt(s) (ffJf-(S) ICI2(g), cr "H20(1), OIr, H2(g) IC(s) ~. 
\ 

r< {loA.L 2 Hi 0 i 'L~ --, H"L -4- 2,0 H-~ f{,'5 tedlt(1v~ 

«~ GIl- T Le - 2C'-	 _'/ J 
h-=2. 

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

(a) -0.83 V (b) 2.71 V (c) 2.19 V (d) 1.36 V @-2.19V (ab) -3.54 V 

- O·t S V 

- + L 55" '& V 


I. ?s8 =-2 .'38~ 

r~- z ./[) V7 
6. 	 Based on EOoell what would be AGO for this reaction (per mole ofreactions)1 

(a) 160kJ (b) -523kJ (c) -423kJ (d) -262kJ @423kJ (ab) 683 kJ 

A C;O = - k-t: E"'= i =- 2 Ii-u ~)h 

- 2 . J {4t~..£ . (-- 2 JI) V) >:::-y2Uil ~ ..;,,( ::::t'tn !.J,"_01 	 ~ 

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

(a) zinc 	 ~hite (c) iron (d) sodium 



Chem201 EXAM 3 - Form A page 3 
Fall 2010 

Consider the following eleetroehemieal eell for the next 4 questions: 

Co ICoCh(aq) II H~Ch(s), NaCI(aq) IHg(l) 

f 
8. What is the name ofthe aqueous lonk compound in the compartment on the left? 

(a) copper (ll) chloride @cobalt (ll) chloride ( c) copper perchlorate 
(d) cobalt (ill) chloride ( e) copper(I) chloride 

9. What is EOceu? 

(a) -0.55 V @0.55 V (c) 0.012 V (d) -0.012 V (e) 0.28 V (ab) -0.28 V 

0.28 


Ii
Q 

~( z 


10. What is Ecell when [NaCI] = 1.0 M and [CoCh] =0.010 M? 

(a) -0.55V (b) 0.49 V 

- -0. 2~- O.o5Y/ =-O.1?9/ V /~ 
E'cvlf = (!). 2{g - (- 0 .31 (II) :::- O. 6tJr V~~ 

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

(a) CoCh (aq) + H~S04(S) ~ 2 Hg(I) + Co(s) + 2 Cr(aq) 
(b) 2 Hg(l) + CoCh (aq) ~ H~Ch (s) + Co(s) 

~2 Hg(l) + Co(s) + 4 cr (aq) ~ CoCh (aq) + H~CI2 (s) 

(WH~Ch (8) + Co(s) ~ 2 Hg(l) + CoCl2(aq) 

(e) H82Ch (8) ~ H822+(aq) + 2 cr (aq) 
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Consider tbe following unbalaneed reaetion for tbe next two questions: 
+-v -3 0 

6 N(h(g) + 8NH3(g) ~1Nig) + 12H20(g) 

12. Ifat a given moment the rate ofchange ofN(h(g) = ~0.1 00 MIs, what is the rate ofchange of 
N2(g) at the same time (you will need to balance the reaction to answer this question)? 

(a) +0.100 MIs (b) +0.150 MIs (c) +0.133 MIs @0.117 MIs 
(e) ~.050 MIs (ab) +0.075 MIs 

... 

14. The rate law for the following reaction is rate =k[S(hCh]: 

Ifthe rate constant for this reaction is 2.20x 1 O·s S·I at 593 K, what percent of S(hCh will remain 
after 2.00 hr at this temperature? 

(a) 50% (b) 92% (c) 15% ~5% (e) 8% 

-S'"[~D2 C~Jt -kt - 2,7IOJ~1. 72tJ{)>", 
e e ~ o,fS~ 

[~Dz ell 10 
O.lS"3 . /00% ~ RS-X 
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15. 	 The following data was obtained for the reaction: 

initial [Cl02], M initial [OIr], M initial rate, MIs 

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? 

(b) rate =kICl~]2[OIrf 
(e) rate =k[Cl02][OIr] 

Jr <..cA\... t 	 0. 02 yg ....,.,.~.06 r­-	 ""'- 9 
(~l o.oL 0.0/)2-1' 

k" 
3 ~:J :> x- z 2 

r (..V¥.. S (~. 09)d~ o.oo82g 
't. 

y~ ( 0.03 O.O lJ 216 - 3 if :'.t :::> ! = I 

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) ~ C( diamond) 


Data: AH'rO(diamond) = 1.895 kJ/mol; SO(diamond) =2.337 J mor' K-'; 

SO(graphite) = 5.740 J mor' K-'. 


@K=o.31;no (b) K=3.2; no (c) K=O.46; no 
(d) K=0.31; yes ( e) K =0; yes, in coal mines 
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17. 	 Cyclobutane decomposes to ethene in a first­
order reaction. From five measurements ofthe 
rate constant k (measured in sol) at various 
absolute temperatures T, the accompanying 
Arrhenius plot was obtained (In k versus liT, 
shown on the right). What is the approximate 
value of the rate constant obtained at the 
lowest temperature measurement? 
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kt 7&t 5 t 000 Ilf r,
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18. 	 Which one ofthe following changes would cause the value of the rate constant, k, for a reaction to 
INCREASE? 

~ 
a Decreasing the temperature ofthe reaction. 


(b1Decreasing the activation energy required for the reaction. 

Increasing the concentration ofa reactant. 


(d) Decreasing the concentration ofa reactant. 
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Consider tbe following transition state diagram for tbe reaction 02(g) + 02(g) -+- 03(g) + O(g) for 
tbe next two questions. 

kJ _ 

19. 	 What is the activation energy for the reverse reaction, 03(g) + O(g) -+- (h(g) + 02(g)? 

@14 kJ (b) -406 kJ (c) 392 kJ (d) -392 kJ (e) 406 kJ 

'to (- 3q 2 ;- /Y 
20. What is located at point (8) in the diagram? 

(a) 02(g) + (h(g) (b) 03(g) + O(g) /{cUbe transition state for the reaction 
(d) the equilibrium state for the reaction (e) a reaction intennediate 
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EQUATIONS and ADDITIONAL INFO 

aG!" =-nFEr;cn EeelJ = EcatIwde - Eanode Er;cn = E!" - :; lnQ =E!" - 0.0:91 10gQ at 298K 

F = 96485 coullmol e- R = 8.314x 10·3kJ/(mol.K) Q - reaction quotient n - number ofelectrons 

Mf' 
aGo = -RTlnK K = e RT aGo = tJr - TllSo 

aGo =raGjprodalcts - raGin?t1Ctams Mr =rMljproducts - rMlin?t1Ctams 
llSo = LS~s -LS~tmItS 

_E. 

Arrhenius equation: k = koe RT 

Order: elementaIy process First order: A -+ B Second order: A + A -+ B 
Rate law rate = k{AJ rate =k[A]2 
Integrated rate law [AJ, =[A]o exp(-kt) [Alt =[A]oI([A]o kt + 1) 
Integrated rate law in straight line form 1n[A], = -kt + 1n[A]o lI[A]t =kt + l/[A]o 
Half life (1n2)/k lI(k[AJo) 

Half Reaction 
Ag+(aq) + e" -+ Ag(s) 
Au3+(aq) + 3e- -+ Au(s) 
CI2(g) + 2e- -+ 2 Cr(aq) 
Co3+(aq) + e" -+ Co2+(aq) 
Co2+(aq) + 2e" -+ Co (s) 
Cu+(aq) + e- -+ Cu(s) 
Cu2+(aq) + 2e- -+ Cu(s) 
Fe2+(aq) + 2 e- -+ Fe(s) 
Fe3+(aq) + e" -+ Fe2+(aq) 
Fe(CN)l-C aq) + e- -+ Fe(C~4'(aq) 
2 W(aq) + 2 e- -+ H2(g) 
2H20 (I) + 2 e- -+ H2(g) + 2 011 
H~2+(aq) + 2e- -+ 2 Hg(l) 
H~Ch(s) + 2e- -+ 2 Hg(l) + 2 Cr(aq) 
Na+(aq) + e' -+ Na(s) 
Ni2+(aq) + 2 e" -+ Ni(s) 
Sn2+(aq) + 2 e' -+ Sn(s) 
Sn4+(aq) + 2 e' -+ Sn2+(aq) 
Zn2+(aq) + 2 e- -+ Zn(s) 

.EOO 
+O.799V 
+1.50 V 
+1.358 V 
+1.82 V 
-0.28 V 
+0.520 V 
+O.340V 
-0.44 V 
+0.771 V 
+O.361V 
O.OOOV 
-0.83V 
+0.796 V 
+0.268 V 
-2.71 V 
-0.257 V 
-0.138 V 
+0.13 V 
-0.763 V 


