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1. An acid-base buffer consists of . (Pick the one answer that always is
true.)
(a) a weak acid. ‘ ] o
(b) a conjugate acid base pair. ¢~ ©¥io o al Mi,,i;t LC c:i‘ :xi.\ Hiome
{€) mixture of a weak acid and a weak base. Pﬁ'aww 2 e '
a weak base. o |

) Ha\ [C\" ot

(€) a mixture of a strong acid and a strong base. v @xavnin :
y()&\w-""- ; Yo

Hlar g > mal vinadet O oS fen

2. What buffer component ratio, base/acid, is needed to make a pH 10.00 buffer solution

using a mixture of [CH,NH,]Cl and CH;NH,? -
(2) 0.21 (b)3.7 () 4.8 .27 (€) 0.56
KL o Oy b, = 27 > a7
-t !
Ko o CHabm? @ Koo | 1ood =™ 220200
<o B S aaTt

(P\CA = "'\Q‘S e, « -"{;_5&'2_ D I RS N = fD‘"S”ZK”
Vi owale \ (10.00 - 10,565)
AARALIN .
ID(P = 1D = 0.27

3. How many grams of HCI would need to be added to 250. mL of a 0.10 M aqueous
solution of CH,;NH, to make a pH 10.00 buffer? [A longer question. You may want to
come back to it.]

@57g  ()016g (c)37¢ d12g .72 g

CH;NH; 4 Hod — CH&W;*’ . O
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Consider the following titration for the next 5 questions.

30.0 mL of 0.030 M formic acid, HCO,H (in the flask), is titrated with 0.045 M NaOH (in
buret).

4. What is the gverall reaction occurring in the titration?

(@) HCOZH(aq) + HO0() - HCO,(ag) + H;O'(aq)

(b) HCO,H(ag) + NaOH(ag) - H,0() + Na'(ag) + HCO, (aq)
(¢) H,0°(aq) + OH(ag) ~ 2H,0()

(d) HCOH(aq) + NaOH(ag) -~ H,0() + Nafaq) + HCO,(aq)
(6) HCO,H(aq) + NaOH(aq) ~ H,(g) + HCOyaq)

5. How many ml of the NaOH solution need to be added to reach the equivalence point of
the titration?

(@50mL  (5)100mL (c)15.0 mL ((d)20.0 mL () 30. mL

S—Cc_ Fora~ & & 0

6. Which of the following is present in the flask after 5.0 mL. of the NaOH solution has been

added? Mark all correct answers. LEFD me oot @ T

(" @HCO,H(aq) (b) NaOH(aq) () HCO,(aq)
{@aHICO, e) (&) HCO,(aq)
‘ z/ Serwa e st (Qf/s A= l"\'{o‘z,,- (“"b)
7. How is the solution best characterized after 5.0 mL of the NaOH solution has been added?

(a) solution of a strong acid (b) solution of a strong base
(c) solution of a weak acid {d) solution of a weak base
@)uffer solution (ab) neutral solution

TY)\): @(/ e onde e \"\CD-L\A: Careh {ww;\ao(d

")‘C O'L,’ - Mp-ﬁﬂ..@) ‘oﬁ}u*{ .F»c.\
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Continuation of the titration question from the previous page:

30.0 mL of 0.030 M formic acid, HCO,H (in the flask), is titrated with 0.045 M NaOH (in buret).

8. What is the pH of the solution in the flask after 5.0 ml. of the NaOH solution has been
added?

7(2)3.26 (©)9.78 ©1.71 @ 4.22 (e) 10.74
ulter SOtetin— wle lAeancdons i VEs s @l baag
- e
A

Ola = oy . - — o (L8> 10"y = 1.7
JAC O 7 — ‘A&L\
gfﬁ*‘/ e ; \ Pt \oene Vo ory A o
S-‘ ZOw\J\ MC\Q(A 3’/@, e [ L
vt MNeao VW
= Ya = O 213
ph= BT o0 % 2) = 2,26 )
9. Consider the adjacent titration curve. Which one of the following statement is true? The
titration curve corresponds to the titration
ofa ... - ij\)—m“c = \o{)\v\—h&utb\
) ) H 5_’,:_“ 50 wie e [Flege
(a) weak acid (flask) with a strong base D L M%_ i
(buret). e ]!
10 — I =
(b) weak base (flask) with a strong acid o —— —— I € golu‘\,
(buret). x '_, T VNVILIVW )
|
(c) strong acid (flask) with a strong base T SR Gl |
(buret). [ AR B ST N TSN
| L ef —L |
ﬁ: ong base (flask) with a strong acid —— 1 ~ 1
buret). 0 ‘
|
0 5 10 15 20

L Vol added from buret }
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10.  What is the K, expression for chromium(Ill) fluoride?

(2) [Cr]F ] e (©) [CrFIF)

(d) [CrP[F] (e) [CrF,]
[CrsF} [COIFT P

Cr Py — O 4 2F

11.  The solubility of chromium(IIl) fluoride in water at 25 °C is 1.25x10"°M. What is the K
value for chromium({ll) fluoride at this temperature?

@.mo*“ (b) 7.8x10°° ©) 1.6x10° (d) 82 x107

(e) 5.6x10°7

7/

12.  What will happen if HCl is added to a saturated aqueous solution of chromium(IIl)
fluoride in water? ("Saturated solution” means that there is solid chromium(III) fluoride
present and the system is at equilibrium.)  ¢ee TiLw & , B 1)

(a) Nothing happens.

(b} The chromium(J11} flucride solubility equilibrium shifis to the RIGHT and more
chromium(I) flucride precipitates out of solution.

(c¢) The chromium(IIT) fluoride solubility equilibrium shifts to the LEFT and more
chromium(1iT) fluoride precipitates out of solution,

e chromium(1I) fluoride solubility equilibrium shifts to the RIGHT and more solid
chromium(IIT) fluoride dissolves.

(¢) The chromium(il) fluoride solubility equilibrium shifts to the LEFT and more solid
chromium(IiI) fluoride dissolves.
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Consider the following for the next two questions. Iren (II) forms an
orange-red complex ion with three phenanthrolines, abbreviated
"phen". (Structure shown to the right.)

13.  What is the K;expression for formation of the complex ion?
Careful. Some answers are very similar.

(a)  JFe(phen);] (b) [Fe*P[phen]
[Fe] [phc:n]3 [Fe(phen),*"]
[Fe(phen),™] (d) [Fe*][phenf (e) [Fe(phen),*7’
[Fe™ I[phen} € en

See Fornn & OO

14.  The concentration of iron(If) can be determined by adding excess "phen" to an aqueous
solution to d complex ion. To do this analysis, a standard solution

g 4.46x10 > MFe’* was prepared. After addition of excess phen, the absorption

solution’= 0.682 at 508 nm.

Tg..&fé%e [Fe**] in an unknown solution, 5.00 mL of the solution was diluted to 25.0
~mL After addition of excess phen, the absorption of the standard solution = 0.264 at 508
" nm. What is the [Fe’*] in the original (undiluted) solution?

(2) 9.65x10"*M (b) 4.83x10°M (c) 241x10° M

(d) 1.73x10°M '63x10~sM
\> h: ele —=» & - B o 068 = 1,526 A0

< Ym0
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c-= . 0ret

A\

L2710 m -

T T T
CR Lg7raxto
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CLGKL - (\M\/M - \717 ”(BYM (‘Zf,()w{,\

Viewn o { f,Oyv-L)

= &(—)}: 07m |




Chem 201 Exam 2 - Form A page 6

Fall 2009
URL(D} N\(MD%}L

15.  Will mixing an aqueous solution of sodium carbonate and nickel(Il) nitrate likely result in
a precipitate? If so, what will precipitate?

(a) Na,NO, (b) Ni(CO,), @)} iCO, {d) NaNO,
(e) there will likely be no precipitate o - :
M v CDJ — + ’7_1 @ "“1_ Vv

T TR exped o~
N“LCOE x o (MOn)L P it eI

N 7

Ne ooy - U sl tems |, Dok @xeprck o~
P‘PC*\(D\"*‘"J.:Q

16.  5.00 mL of a 2.0x10°* M sodium chloride solution is mixed with 5.00 mL of a solution
containing 2.0x107°M copper(l) and 0.10M lead(IT). What happens?
K, of copper(l) chloride = 1.9 107" M and K, of lead(Il) chloride = 1.7x107°M

a) nothing
ﬂ)‘ nly copper(l) chloride precipitates
¢) only lead(Il) chloride precipitates

(d) both lead(Il) chloride and copper(l) chloride precipitate Ve (AVVINN PPN Y

Corys maus - (Soom) (onso)s (| omism
Fot' v 1O, O vt

[Cwrd 7 ptlnt o (Ti00m) (2071S7M) 2 021072 m
et 1N O wad

[Pt = M e (50D ( O 1ow) = O.05e ™
ot s/ YOO vl

Ol Vo prachancs = C&A«ACU'ST‘ Groyfo'5>(ho>lb’l)
= voroF DKy
‘ Se CumtlA tpWa»-Lpa#W@,
e T ] sy &
Py v © rschan X = CP‘\@“:}.CC\"A = (©.05e) (WO ~107F)
= Seo= 10°¢ < K-‘p
Lo PW'}, CQ!’!»-S oy
17.  All physical processes tend to towards \/\\@,ﬁ entropy and \oLven energy. P cai Cantam

The answers in order are

(a) Digher, lower (b) lower, higher {c) higher, higher {(d) lower, lower
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18.  Place the following in order of increasing S°

PCly(g) PCly(g) PCL(J)
(a) PCl(g) <PCl(g) <PCLY) (b) PCly(g) < PCly(g) <PCL)
(c) PCLy(1) < PCly(g) < PCly(g) () PCL(1) < PCly(g) <PCl(g)

(e) PCL(g) < PCL{I) < PCly(g) Vee Torm fo ¥

Consider the folowing reaction for the next 2 questions.
Ny(g) + Ofg) = 2NO(g)
19.  What is AS® for the above reaction?

(a) 185.8 J/K @4.9 1K © -1858JK (&) -2497JK
(e) 421.4 JK

o [
Z_)—bo = 2 "goyub gy~ \g Moty T s O+ rﬂ)
= (2\0\’) U'/KB - LN 3"/\4 - 205 3_/\<_

- \Ei\c" Sy

20. What is AG® for the above reaction at 500 K?

(a) 180.4 kJ (b) ~168 kJ @68 kJ (d)-127kJ
(e) 127 kJ

PAYAE VNI PN
\ 25 ° wvo
hoed Yo Qm‘”’: \t © - &HO
ot = LOME oty T 2 £ sy £ Orts)
= L (02 k) - O -0 = (Tt
AG? = |F6.M kS - (gou\@)(z“*-qj/\r)(‘rg'g

= ez ) o
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Consider the following titration for the next 5 questions.

(e Aerdd SThwnng Vo +€
30.0 mL of 0.030 M formic acid, HCO,H (in the flask), is titrated with 0.045 M NaOH (in
buret).

1. What is the overall reaction occurring in the titration?

() HCO,H(ag) + NaOH(aq) - Hy(g) + HCO,(aq)

(b) HCOH@ag + HO0) - HCO,(ag) + H,0'aq)

© H,07(aq) + OH(aq) - 2H,0()

HCO,H(aq) + NaOH(ag) - H,0() + Na'(aq) + HCO, (aq)

() HCOH(aq) + NaOH(ag) - HO0() + Naag) + HCOMaQ) ¢~ | .op
C s rdff

2. How many mL of the NaOH solution need to be added to reach the equivalence point of
the titration?

(a) 30. mL @0.0mll ()15.0 mL (d)10.0mL (e) 5.0mL
'Cd QGD;U\\v o\l Va2 wnol \'"’\(0}_\'*“-

CN«U‘H' vwaa"r"‘ = C A 0D \/\»ﬁ A
Vieow # C"-’V"'k“\/%')'zv\. > (O.u}a@(m,amq

Clroas ONCEES
= 20 R o W-\i—nm)
Which of the following is present in the flask after 15 mL"0f the NaOH solution has been
added? Mark all correct answers, N Cerone Eouwy. €1
(a) HCO,(aq) (b) NaOH(aq) @COZH(aq)
(d) HCOy(aq) (HNG[HCO; (aq)

note Same as N at(ag) *—H(ogmt\J

4. How is the solution best characterized after 15.0 ml of the NaOH solution has been added?

Py OF (ofcde Gt W(OLRN o porad bare YO,
\Xg &

(a) solution of a strong acid {b) solution of a strong base = )

(c) solution of a weak acid d}-solution of a weak base o
{e) neutral solution @ buffer solution &~



Chem 201
Fall 2009

Exam 2 - Form B

Continuation of the titration question from the previous page:

page 2

30.0 mL of 0.030 M formic acid, HCO,H (in the flask), is titrated with 0.045 M NaOH (in buret).

5.

What is the pH of the solution in the flask after 15.0 mL of the NaOH solution has been
added?
(a)3.26 (b) 10.74 () 2.30 @4.22 (e) 9.78
\OVCLC-V’ s leMuvin = Ly \"\‘('?V'\d.e/\:,m ey el \meod
Voe e
[ ooy Voy 2222
v v e d
A .
P\<“: "\‘-"_J Woa - ‘“‘QbC\\g 10 ); :7))-7%%
\'\;:‘:{a Yral e 3/
g < > e v Gviy W evea A
A T i T b
ST L Laon 200wt ved o Ve avey vt a e
PP P IP N

Consider the adjacent titration curve.

Which one of the following statement is
true? The titration curve corresponds to
the titration of a

.....

(a) weak acid (flask) with a strong base
(buret).

(b) weak base (flask) with a strong acid
{buret). :

@tmng acid (flask) with a strong base
uret).

(d) strong base (flask) with a strong acid
(buret).

e \pesw\

-3

5 10
Vol added from buret

15
cwl\c

L. S
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7. An acid-base buffer consists of . (Pick the one answer that always is
true.)

a) mixture of a weak acid and a weak base.
) a mixture of a strong acid and a strong base.
(c) a weak acid.
(d) a weak base.
(€) a conjugate acid base pair. & — notre Haty 15 owly Covvedk ‘ff vhs
A efadl Cuony. acia~Vaw Péc
Aomsmp————

8. What buffer component ratio, base/acid, is needed to make a pH 11.25 buffer solution

using a mixture of [CH3NI{§]C1 and CH3NH)?
P Lhse

(a) 0.27 (b)1.8 (©)3.7 (d)0.21 @).8
P
\Ca'\ﬂa?ﬁ [ o Craphotty = T o ) 7 =7
7 Vo ’L Keo of, Celquny® = Kw - L oe& 0O - e
< 2.y
‘P\(a': -\ob Vo = \O.865

- hr o

¥ -\ & ’ (\nn_r 0 .56 ) i
\o . e LD AN
2. el e

9. How many grams of HC! would need to be added to 250. mL of a 0.10 M aqueous solution
of CH;NH, to make a pH 11.25 buffer? [A longer question. You may want to come back
to it.}

(@)37g @16 e (o)12g @d 0.72g () 57 ¢

(Hapu, x nce — Crsion 4 @
Vrmer D D28 M. O

Cintam gt - - ___f..f:-
€ eqd 0.5 15 > S >

L-. u i
LEO nall [ - OO ™AL v - O, 028 mol
1500 wade L.-

From previows gpastionn  Crubmts g o o 0,020 °X
e Cant sy DMLY >
C> Li\g w® - 0. ch - o - e WHC(’- Voo

! X 15 Mm%
C.8gx = O.015 LA
16, Hed gty

)
x T 00T = 421710 Twed e By
< .K prarl
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Consider the following for the next two questions. Iron (II)
forms an orange-red complex ion with three phenanthrolines,
abbreviated "phen". (Structure shown to the right.)

10.  What is the K expression for formation of the complex ion?
Careful. Some answers are very similar.

() _ [Fe(phen),] (b) _[Fe*F[phen] phen
[Fe][phen]’ [Fe(phen),™]
(c)  [Fe(phen),”']’ (d) [Fe’]{phen}’ (e)_JFe(phen);”’]
[Fe”|[pher] “[Fe"Trpher®
T4
FC LA N phe-~ T2 S:'-’( P"‘f“\\g
W = [ FelpveN "\

e A e
11.  The concentration of iron(Il) can be determined by adding excess "phen" to an aqueous

solution to fo eelol:eg complex ion. To do this analysis, a standard solution
containi . N Aﬁer addition of excess phen, the absorption

L S . S _‘,_..-4-""'

To determme [Fe?*] in an unknown solution, 5.00 mL of the solution was. 0.0
mL  After addition of excess phen, the absorption of the standard g6lution = 0.738 at 508
/ nm. What is the [F e2+] in the orlgmal (undlluted[ solutlon'? P

(a)863><10 M (b) 3.46x10°M (©) D.65%10" M
7 (d)4.83x10°M (e) 1.73x10°M

.’-:l ‘-i
> P e 2> cR =B 0682 L IS0
< YHer o7

.
o

\\ A red sowe(he
. .
C=h __ O Y 8L1x10 m
ER WS4 ko™
O\”D SOV e C(owu\/(‘uv\.( - Cd}\)\ Vol-:#\

C . Cas Voo . %ﬂ*\dfvx/‘_‘i?_:.&m

fowe {
OIS W

\/(‘ohc

‘Eb‘fv\o““m ]




Chem 201 Exam 2 - Form B page 5

Fall 2009
M Oy cCO Y \4 \J 0
12.  Will mixing an aqueous solution of sodium carbonate and potassium mtrate likely result in
a precipitate? If so, what will precipitate?

{a) K,CO; (b) K(CO3), (c) K,NO; (d) KNO;,
@\ere will likely be no precipitate .
WOy - + \ C e X -\ Cowviiuon~
TN Vi 2 Lo Yutoe
>
‘\J“L(O"L ~ e MD:’ . -
R _j‘ oD Prngcy YT

.\<'\~(OB - 4’\ Cad v & ""2, P s A
M\(tj Sotu g

13.  5.00 mL of a 0.20 M sodium chloride solution is mixed with 5.00 mL of a solution
containing 2.0x107* M copper(l) and 0.10 M lead(Il). What happens?
K,, of copper(l) chloride = 1.9 x10"”M and K, of lead(Il) chloride = 1.7x10°M

(a) nothing
(b) only copper(l) chloride precipitates
(c) only lead(II) chloride precipitates

oth lead(Il) chloride and copper(l) chloride precipitate Frarn B2 CA
[avD =z w0 o (5:00n)(020m) o O™
VT T =T
Yor V | D.0 ~~

CC\J‘\'X = v GO :(S\OO ““‘X__Z;OMD‘SN'\-:- \‘Dy\d’lm

ot /S VOO vl
hr %Y -
[Pod = rer O (900 oue P2, 5 oom
o v [ B JD JECAY

(. CA lna prodd = EC{IXEC\"’L - (\\0>\d}3(0\\t::>
= Voot o Kee
v so CanlA \pvﬁkx\p‘*mh
P\OC\L Vo DA = C?\Q’MSCCA‘S = CO O(BCO. ‘\) = €, DVIO
> Xse

‘f\\ocf\‘x, PUred ok ede
14.  All physical processes tend to towards lOLuM energy and entropy

The answers in order are

(a) higher, lower @wm‘, higher (c) higher, higher (d) lower, lower
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What is the K, expression for chromium(IIT) fluoride?

' lj HEP (b) [Cr'PIF™) (©) [Cr)[F ]

(d)_LCr]3[F] (e) __[CrF)
[CriF] [CPPIFE T

Ce¥atn— C.%+r LF7 ‘<2

16. The solubility of chromium(IIT) fluoride in water at 25 °C is 1.25x10* M. What is the K,
value for chromium(Ill) fluonide at this temperature?

(@) 7.8x10° (b) 8.2 x10°2 () 56x10 " (d) 5.6x10°7
(€) 1.6x10°6
Lo < -
C" T;.L.n > C‘( b %F xt Sa\ﬁ-\’:hx\\\‘j
x Sx

¥ap: Lce*dCFDT ¥ (2x° = 27"

V< sp : 7.7(\&?*‘0'13“ > lé.éﬂo"‘\

e Stan ¢ &. -
17.  What will happe added to a saturated aqueous solution of chromiom(Il)
fluoride in water? aturated solution” means that therc is solid chromium(IIl) fluoride
present and the system is at equilibrium. }) CeFa —s G2+ y LE-e W rede

\’)a.&f_
(a) Nothing happens. @ F7a WVyur — W+ W0 (HFE s
a® Come TF AL, Ten © et BT e

(b e chromium(IIf} fluoride solubility equilibrium shifts to the RIGHT and more solid
chromiuvm(IH) fluoride dissolves.

{c)} The chromium(1ll) fluoride solubility equilibrium shifts to the LEFT and more solid
chromium(I1I} fluoride dissolves.

(d) The chromium(Ill) fluoride solubility equilibrium shifts to the RIGHT and more
chromium(TIl) fluoride precipitates out of solution.

(¢) The chromium(l1l) fluoride solubility equilibrium shifts to the LEFT and more
chromium(TIT) fluoride precipitates out of solution.
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18.  Place the following in order of increasing S°
PClL(g) PCli(g) PCL(1)
(&) PCli(g) <PCly(g) < PCL(})

(b) PCly(g) < PCly(1) < PCly(g)
(©) PCL(D) < PCly(g) < PCly(g)

(d) PCL() < PCly(g) <PCly(g)
(e) PCly(g) < PCly(g) < PCL()

\D voo. ™ \‘%4}\6*3 h(-ﬂ\’ﬂ \QWCJ\
3 Crntve Py Yeaon Aosies

S P\ { .2:) nas B
<, erd et o .S @
Comnsider the following reaction for the next 2 questions. trove Complicakemdh \ v o
P o\ L Vs ve Ve e
Nog) + 209 = 2NOf®), o\, 0q e less
. o . € Lo A ag el ¢ o e M v cad e,
19.  Whatis AS® for the above reaction? ‘
v  PCAa (<L PC\g (3)
@Q 121.5 JJK (b) 121.5 /K () 15659/ (d) 156.5 J/K
(e)480 J/K
AN

2 5% 0 () ~ Sof“t“b '—2—-3‘(5‘0.,(3\9
= 2 (24e) - lalLs - 2 (105 Q)

:Mg Yk (

20. What is AG® for the above reaction at 500 K?

(2) 168 kJ (b) -168 kJ (c) -127kJ 27kJ

() 66.40

DO = A8 ST ST

e Yo \cviow INMC oy toetd
LM = LOH Boursy = DL gy = 2AHG, g

= 2 (%%.2)3) - O - ’2/0) = 66 NS

DL =

\l

b6.M\T - (E‘ODKM"’“J%M\%
L}Q‘? kfl




ADDITIONAL INFORMATION

Some K, Values at 25 °C

K, Ko K

CH,CO,H 1.8 %10

CH.COH 6.3 x10°F

H,BO, 5.8 %1071

H,CO, 43 x1077 5.6 x10°Y

H,C,0, 5.6 x10°2 5.4 x10°

HCO,H 1.8 <10

H,PO, 7.5 x10°3 6.2 x10° 48 %10
H,80, very large 1.2 x107?

HF 3.5 =107

Some K, values at 25 °C

Ky
NH, 1.8 x10°°
CH,NH, 3.7 %1074
(CH;),N 64 %1073
CHN 1.7 x10°°

Thermodynamic Information at 25°C (298 K):

Compound AH%, k] AG®;, k] se /K
Hy(g) 0 0 130.6
HNO,(aq) -206.6 -110.5 146
H,0(g) -241.83 -228.60 188.72
H,0(I) -285.84 237.19 69.94
NH.(g) -45.9 -16 193
N,(g) 0 0 191.5
N,O(g) 82.05 104.2 219.7
NO(g) 902 86.6 210.7
NOL(g) 33.2 r 51.3 240.0
o4 0 \ 0 205.0




EQUATIONS

KK, =K, =1.008x10""

pH = pK + log—m—[base]

[acid]

pPK, = —log(Ka)

AH® = EAHfoproducts - E AHforeactants
AS® = Z Soproducts - Z Soreactam.f
AG® = Z AGfoproducts - 5_: AGforeacrants-

AG® = AH° - TAS°

AS

= AS+AS,,

tot

AG = AG® + RTInQ or AG = AG° + 2303RTlogQ

AG® = - RTInK or AG® = - 2303RTlogkK

AG® AG®

K= RT or K =10 2303RT

K, = 1.00§x10" R = 8.314x10"? kJ/(mol’K)

0°C=273.15K



