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1. (54 points)

A. (10 points) Consider the following six beakers. All have 100 mL of aqueous 0.1 M solutions
of the following compounds.
Beaker A has HI
Beaker B has HNO;
Beaker C has NaOH
Beaker D has Ba(OH)
Beaker E NH4C!
Beaker F CszNHz
.. Answer the questions below, using LT (for is less than), GT (for is greater than), EQ (for is
o " equal to), or NI (for more information required).

[ R o) &L 1. ThepHofbeaker B the pH in beaker A.
o

k&é’/ / LT 2 ThepHinbeakerC the pH in beaker D.

(5T 3. ThepHinbeakerC the pH in beaker F.

LT 4 The pH in beaker B the pH in beaker E. (or rrefs 10 e, A
ea — e e bl 12 0T
[ 5. Percent ionization in beaker A the % ionization in beaker C.""rJ “

B. {8 points) What is the pH of a solution obtained by diluting 15.0 mL of 0.115 M solution of
Sr(OH), to 285 mL of solution? ) G US e 2 ol GV
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C. (8 points) A 4.90 x 10™ mol sample of a weak acid HY is dissolved in enough water. To
form 0.095 L of solution. If the pH of the solution is 2.65, what is K, for the weak acid?
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D. {10 points) Ascorbic acid (HC¢H;O5, MM = 176.124 g/mol) is also known as vitamin C, and
it is a weak acid. A solution of ascorbic acid is prepared by dissolving 2 00 g in enough
water to make 100.0 mL solution. If the K, of ascorbic acid is 7.6 x 10° calculate the

following
1. The concentration of [H'] in solution _
. . 1] e FHA » byviaake ooy, Q{gq e |
fOf ol o WA 290G 16 2ue
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2. The pH of the solution.
3 pused 0N cnswoes T
ot = ~log (29 xloT0 B
, A
AT = 2.9 3 #
A S }
e
- Al or nothineg.
2.53
E. (8 points) State whether a 1 M solution of the following salts in water will be acidic, basic, or
P neutral.
(/ .\(_.:7. basia 1. K3PO,

. -0 . . - e
”/ch.fara,. 2. NHHCO; Ko =~ S.bxio Vo Wi SV PO

/ 3. NaCiO,

('J.C,‘J.g L ie- 4. LiHPO,
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F. (10 points) Thiamine hydrochtoride (C12HsON4SClz) is a water soluble form of thiamine. lts
acid dissociation constant is 3.37 X 107, A solution of thiamine hydrochloride has a pH of
3.50. How many grams of thiamine hydrochloride are needed in a 15.00 mL solution to give
the same pH?  {mwt o B WTONY SCA. = AT ag‘”\ et
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lIl. (49 points)

A. (12 points) Answer questions 1 — 4 below, using LT (for is less than), GT (for is greater
than), EQ (for is equal to), or Ml (for more information required)

Beaker A has a weak acid (K; =1 x 10'5)

Beaker B has HCI

The volume and molarity of eac; écid in the beakers are the same. Both acids are to be
titrated with a 0.1 M solutions of NaOH.

&1 1. Before the titration starts, the pH of the solution is Beaker A is
the pH of the solution in beaker B.

N1 2, Athalf neutralization (halfway to the equivalence point), the pH of the
solution in Beaker A the pH of the solution in beaker B.

G 3. When each solution has reached the equivalence point, the pH of the

solution in Beaker A the pH of the solution in Beaker B.
= g 4. Atthe equivalence point, the volume of NaOH used to titrate HCI in Beaker
_ B the volume of NaOH used to titrate the weak acid in beaker A.

Place your answer on the line provided.
. 5. A buffer may be prepared from a weak acid. Which of the acids below is
best for the preparation of a buffer with a pH of 4.007?

(A) sulfurous acid , H2S0s; Ka = 1.7 x 1072

{/\,";f’g (B)hydrofluoric acid, HF; K, = 6.9 x 10™
o e (C)benzoic acid, HC/Hs05; K, = 6.6 x 107
oy ¢ (D) dihydrogen phosphate ion, H,PO, K, = 6.2 x 10°®
{E) ammonium ion, NH,"; K, = 5.6 x 10°"°
Fx 6. All of the following statements are false for the titration of a strong base by

a strong acid EXCEPT
(A) the equivalence point occurs at pH 7.

(B) there will be at least two equivalence points, one for the base and
one for the acid.

(C) the equivalence point and the end point are identical, regardiess of
what indicator is used.

(D) equal masses of acid and base are required to neutralize the
solution.

(E) it is impossible to neutralize a strong acid with a strong base.

1
| 2~
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B. (8 points) If added to 750.0 mL of 0.243 M HOCI, which of these would form a buffer? On
the line provided write YES or NO. | | e o L @24
~ e H %‘- 15 @é foc ) = 150l K
1. _7E5 010 mol NaOCI PWe

./'/ ,«:_/U“)/ 2. NO 0.10 mol HNO, e i MR
- w f o - .
\\\\\\ 3. 7ES 010 mol KOH G.q 85

4. AO 020molKOH - »_\

C. (15 points) A buffer solution is prepared by dissolving 15.00 g of sodium benzoate
(NaC-H502, MM = 144.10) in 425 mL of 0.249 M HC;HsO2. Assume not volume change

after NaC-HsO, is dissolved. K, of HC7HsO, = 6.6 x 10°°. i
1. Calculate the pH of this buffer. s byned B B ¥
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2. Calculate the pH of the solution after 0.0255 moles HCl is added to this buffer. Assume
no volume change. _
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D. (14 points) A 25.0 mL solution of lactic a0|d HC3Hs03, is titrated with 15.00 mL of
0.186 M Ba(OH),. K, of lactic acid is 1.38 x 10™*.

1. Write a balanced net iohic equation

| 2. What are the spemes present at the equwalence point? . _ .
Jp— (\\gw } ‘/‘c@*’ noewing HaO s O¥-
</2,{3‘—‘r>;; Va0 | Tt S For exiva opedias
.w__.‘.-/
3. What is the molarity of the initial lactic solution? e
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ill. (47 points)

A. (8 points) Predict whether the forward or reverse reaction or no change will occur
when the equilibrium is disturbed by

O PbCl(s) = Pb*(aq) + 2CI{aq) | AH =23.4 kJ
\‘ - g}}y““ J  rescrse . addition of 1 M Pb(NO), solution
: forwa S 9 increase in temperature.
torward 3. addition of Ag®, forming AgCl.
Yo L4, Addition of 1 M HCL.

B. {8 pomts) The solubility of an ionic compound M;Y3;, (MM of MyY; = 245.0 g/mol) is
3.6 x 107 g/L. What is the solubility product constant, Kep, for this compound?

Lo mell) = 0l Wl M2 TR e 5 e

oc g :
| 2209 (2pts |
P \;\ 'i‘\_ ,i :l.\“! 305 \ - :;.. ':2_ ¥t A 3) A L%-\) ,_J) \l g - (\L{f /\ Mo \g)

(%?jj/ Csps Cmst 1 Ty 2170 (as) (_35‘:») 108 % (1.5 %0
| (W:;:z 6;?;%; Ty AT >
N

T @- v
C. (6 points) What is the solubility of solid Caz(PO.4)2 (Ksp = 1.3 x 10°%) in a 0.20 M NazPO,
solution. ) . )
31 P o [aaed TRog3 )T w3
< f’:» ._ L (e (020) * Amist-
(QOQ,)P./ r'C_CtyZ'TJ = A x (:DMH A 35 1§
..... -y o™ V‘{\;z /L © w25 K o et

D. (5 points) A solution containing potassium bromide is mixed with a solution containing
lead acetate to form a solution that is 0.013 M in KBr and 0.0035 M in Pb{C.H30,),. Wil
a precipitate form? K, for PbBr. is 4.0 x 10°°. {SHOW YOUR CALCULATION)

G = (003 200035

e ~ BY x\O 4_1443%10

0N ??%
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E. (8 points) Consider the following equation:
Cu(OH)a(s) + 4NH; (ag) = Cu(NH3)4**(aq) + 20H(aq)
Kep for CU(OH)z = 2 x 107"® and K; for Cu(NHz),** = 2 x10"

1. What is the equilibrium constant, K, for the reaction given above?

L - . TR i -
7L o IR « LxilONE Ly ke /
f 2. %}le ﬂs,»._j(v\‘ vy
AN 7 "
i\ﬁ ,A”What is [NHs] at equilibrium when 1.68 g of copper(ll} hydroxide (97.561 g/mol) are
dissolved in 500.0 mL of solution?

#1 cd vl e Caalvyyy =
i ¢
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F. {12 points) Solid Na;,CrQ, is slowly added to a solution that is 0.0100 M in Pb** and
0.0062 M Ag*. Ky, of PbCrQO, = 2.0 x 10 Ksp of AgaCrO4 = 1.0 x 1072

1. Which compound will begin fo precipitate first? Determine the concentration of CrO4* to
precipitate each cation?

M{(—’
—y7) o = - . o I ”AI_ : - 4 i =
o Lo o L (000 b)Y TorogtT) T LErodT s DL b Xl .
(AP® ) aowie L Looiee’ terod T 3 Ter0u d s 2.0 xt0
L I - N
L T T > s 2t G CL s
s ( :):) P”T‘:} - t 5 e " . i, 2’
, LT Y 2‘. (~ A " B 0 2 e % 5“ C) e -
[CrO4] to ppt Ag2CrOy = & - o X 10 [CrO4~] to ppt PbCrO, = Q zphs ;

2. What percentage of first cation precipitated when the second cation starts to precipitate?

Lox o L mperEl (2-oxlo” ¥
ST [ P i } = DT x %i(:f'ub v ()*P%b//
g‘_‘) Q i . R e o
K i DS XY sleo L 0.3% /e
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Equilibrium Constants for Weak Acids and Their Conjugate Bases

Name

Acid K, Base Ky
Suffuraus acid H,S0; 1.7 x 107 HSOs 59x10"°
Hydrogen sulfate ion HSO, 1.0x10? SO~ 1.0x 10"
Phosphoric acid HaPO,4 7.1 x10° H.POs 1.4x10™
Hexaaquairon(lil) ion Fe(H,0)" | 6.7 x10° [Fe(H,O)sOHI** 1.5 >& 10"
Hydrofluoric acid HF 6.9 x 107 F 14x 10"
Nitrous acid HNO; 6.0x 10" NO, 1.7 x 10"
Formic acid HCHO, 1.9x 10 CHOy 5,3 x10™"
Lactic acid HC:HsOs | 1.4x10% CaHsOy 7.1 x10™"
Benzoic acid HC/HsO, | 66x10° CHsO7 15x107°
Acetic acid HC,H:0, | 1.8 x 10° CoH0z 5.6x 107"
Hexaaquaaluminum (111 ion | AlH,0)s™ | 1.2 1078 [Al(H;0)s0H)** 8.3x10™"
Carbonic acid H,CO; 44 x107 HCO5 | 2.3x 10
Dlihydrogen phosphate ion H,PO4 6.2 108 HPO,” 1.6 x 107
Hydrogen sulfite ion HSO4 6.0x 10 S05° 1.7x 107
Hypochlorous acid HCLO 2.8x10° Cto 3.6 x 107
Hydrocyanic acid HCN 5.8x 10 CN’ 1.7 x10°
Ammonium ion NH," 56x 107" NH, 1.8x10°
Tetraaquazine (I1) ion Zn(H,0)%* | 3.3x 107 [Zn(H;0);0H]" 3.0x 107
Hydragen carbonate ion HCOy 47 x10" CO¥ 2.1x10*
Hydrogen phosphate ion HPO” 4510" PO 2.2 x 107




