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USEFUL INFORMATION: 
R = 8.314 JIK*mole 1 amp = 1 Cis F = 96,500 C/mol N = 6.02x1023 

1 V = 1 J/C N = 6.022 x 1023 Kw = lxlO-14 

pKa = -log(Ka) pOH = -log[OR] Kw =[H30 +]*[OR] 

pH = pKa + lOgl( [A-] J 
. [HA] 

Y 
- b ± .Jb 2 - 4ac 

= 
2a 

~GsYSlem = ~G.OsYSlem - RTlnQ ~GOsYSlem = -RTlnK 

Eeell = EOcell - (0.0592/n)logQ 
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Part I. (25 points) Short Answers 

1.	 (3 points) A solution was prepared by dissolving CH3CH2C02H (aq) and CH3CH2C02K (s) in 1 L of water. 
Write the net-ionic chemical equation for the reaction that occurs when 1 drop of 1.0 M HN03(aq) is added 
to the solution. 

2.	 (3 points) How many mL of 0.383 M NaOH are required to titrate 75.00 mL of 0.23 M benzoic acid 
(C6HSC02H) to the equivalence point? L1 -, ­

volume . { '" L 
( 0 I 'lJ fI'\) (,~, 60""L--;> 

(0, JOJJ M) --;;­

3. The oxidation state of Fe in Fe2(C03)3 is }.3 and the oxidation state of Cis .+L. (4 pts) 

4.	 The oxidation number of S in S042- is (Circle one: ~e pos~ the same as, less positive than) the 
oxidation number ofS in S032-.(2 pts) 

5.	 Write the half-reaction that is used as a reference in electrochemistry. In other words, write the half-reaction 
for the process that has EOred = O. Be sure to include the states of the species involved. (3 pts) 

.~ H)rCO--1 ')J- :;2.~ - -?' f-l 1)L 

6. Considering the following half-reactions: 

Lt (aq) + 1 eO --7 Li(s) EO 
red = - 3.05 V 

Ne+ (aq) + 2 e- --7 Ni(s) e red = - 0.28 V 
Ti2+ (aq) + 2 e- --7 Ti(s) EO 

= - 1.63 V red 

I\. )' 'L}­
a.	 Which species is most easily reduced (at standard conditions)? _,_"'-'-- (2 pts) 

Lib. Which species is the strongest reducing agent (at standard conditions)?	 (2 pts) 

l)' U 
c. What species will react with Ti (s)? ----,-''''---L.-) (2 pts) 

7.	 In the following electrochemical cell, 
AI(s) IAP+ (0.0500 M) II Ga3 

+ (0.10 M) IGa (s) 

the anodic reaction involves the (Circle one:~duction)of 4---"---'-'---------'-.(4 pts) 



Part III. Problems (51 points) Show all calculations for full credit. No calculations, no credit. 

8.	 Benzoic acid (C6HSCOzH) has aKa = 6.46 xlO-S. 

a.	 (10 points) How many grams of potassium benzoate (C6HSCOzK) must be added to 75.00 mL of 0.23 M 
benzoic acid (C6HSCOzH) to form a solution with a pH of 4.06? 

r rt-:=. pY--", \.-- [0 (£:1-,6 \e.-) \	 mass of C6HSCOzK ~. O~ 
t ~£;~JJ)
 

~-t OL, ~ ~ 0<' etc i-Jh'J. -~ k (0 ~ \
 
v ''''0 I \:0 '2~) 

Y.Dlo ~ Y,l'1' +\ (J:-) . 
} 0,7) 

-	 D.l ~ - /4/ (Lfh ') 
, () - (0 7 D. 2-) 

b. (8 points) Determine the pH of the solution after 49.50 mL of 0.383 M NaOH is added to 75.00 mL of 
0.23 M benzoic acid (C6HSCOzH). 

\ S. lJ5'(~t \l . ,r rJv»H "? 
~ /-(6.2,)~)(IS.DD.,J"\ 
rJ I. 'turc... ~ j, :/ \0,1£'] ~~) ['11,~D~~)

I.., N")""-O \	 I, ~d\ 

-ll ~~,
 



c.	 (8 points) Sketch the curve for the titration of 75.00 mL of 0.23 M benzoic acid (C6HSC02H) with 0.383 M 
NaOH. Be sure to label the axes. 

1. Mark the equivalence point of the curve with a " ® " 
2. Mark the point on the curve where the pH =pKa with a "!". 
3. Mark the point on the curve where the pH only depends on the [C6HSC02H] with a " L1 " . 
4. Mark the point on the curve where the pH only depends on the [C6HSC02-] with a "# ". 
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9.	 (10 points) A constant current of 1.16 A was passed through 735 mL of a solution of Al(CI04h After 45.0 
minutes, all of the Al(CI04)3 was consumed. What was the initial concentration (in M) of the Al(CI04h 
solution? 

f\ 0	 Li.1 'l "j...,IO·-L forV).en (<:1°9'. ~ A\ ~}- ..f-- ] C)D'-	 Initial [Al(CI04h] ,..- ­
~ II	 L 

\Pt.	 
'1,r 

Y S-f - --?' ,A\ 

[/r\' '\ t-J ~ JV)u\ ~ ,.., 



10. (13 points) What volume (in mL) of 0.383 M NaOH must be added to 75.00 mL of 0.23 M benzoic acid 
(C6HSCOzH, Ka =6.46 xlO-S) to obtain a solution with a pH of 5.25 assuming that all of the NaOH will be 
consumed? 

Volume of NaOH 1-( l 
~ }-\~ H -t-­

(0.'&1 ~\)(1.S-,DQ.L) 

", MlY'tll o 

o 



11. What is the pH of a saturated solution of manganese (II) hydroxide (Ksp = 1.6 )(10-13)'1 (10 points) 

pH of Mn(OH)2 solution Cj. 0'1 
f"\7-CDl+ \ C» --i:'? M j n~) .+ :JDln"} ') 

o 0 

~r -;.- c,,') HJCoW] z. 
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12. (16 points) On the cell diagram below: 
a. Label the cathode and the anode. 
b. Use an arrow to indicate the direction in which electrons will flow. 

ci+ (aq) + 3 e- ~ Cr (s) EOred = -0.74 V 

In+ (aq) + 1 e- ~ In (s) EOred = -0.14 V 

Cr ~ :::::r-----, ~~W 

-·1------­
m 

~~--O.65MIn+0.025 M Cr3+ ­

c. Write the balanced cell reaction. J. C:rt'"\+- J- Ie - -=7 J"""r'),) hO~j ~ -O.ILj V 

c, ~ 0)t-+3~_> C~";k -/ JrD,{L} V 

d. Calculate the Ecoell . "3. -r"f -'- Lt' 0 C("') ~I- -r'l G~'I -;-+D.lPU V 

e. Calculate the expected Ecell at 25°C for this system. Q.6'2V
Ecell _ 

(6 [C r ~~ 
r l!~J1 

f. As current flows through the cell, the mass ofCr(s) will (Circle one: increas1e, remain the same, 

~ 
g. If a large amount of water is added to the In+ IIn cell, the value of the Ecell will (Circle one: increase, 

remain the sameerea~ 


