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CHEMISTRY 1420 FOURTH EXAM 100 POINTS

Each multiple choice test question is worth 3 poims. Read each question very carefully.
There is no partial credit for the muluiple choice test questions. The four numerical questions on
the exam are worth 10 points each. On the four numerical questions (i.e., non-multiple choice
questions) partial credit will be past upon the work shown. NOTE: TO RECEIVE PARTIAL
CREDIT FOR ANY NON-MULTIPLE CHOICE PROBLEM, THE WORK SHOWN
MUST BE CONSISTENT WITH THE ANSWER GIVEN!! '
Question 1: Which of the following is not a conjugate acid-base pair?
(a) H:CO;JHCO;{
() NH{/NB;
(¢) HSIS*
(d)  H:POJ/HPOS
(e) All of the above are conjugaie acid-base pairs

Question 2: Which of the solutions would represent a buffered solution?

(a) A solution prepared by dissolving 0.100 moles of H:PO4 and 0.100 moles of HCl in }
liter of distilled water

(b) A soluion prepared by dissolving 0.100 moles of H:POa and 0.] 00 moles of Na;HPO, in
1 liter of distilled water _ '

{©) A solution prepared by dissolving 0.100 moles of HC;H:0: and 0.100 moles of
NaC,Hx0; in 1 liter of disiilled water

() A solwion prepared by dissolving 0.100 moles of NaC213:0; in J liter of distilled water
(e) None of the-above are buffered solutions.

Question 3: Phosphoric acid, H3PO,. is a wriprotic acid. Which of the following
stalenents periaining 10 the pH tiiration curve of H:PO, with NaOH is correct?

(2)  Halfway 10 the first equivalence point [H:07] = Ka
" Halfwav between the irst equivalence and second equivalence points [H30+] = Kai

c Halfwayv between the second equivalence and third eaquivalence poims H:0'1=Ka
) g :



(d)  Halfway berween the cecond equivalence and third equivalence points [H:0"1=Ka
(e)  Atthe firsi equivalence point [H:07] = Ka

Question 4: The acid dissociation constans of 19:PO, are Ky = 7.5 % 107 (pKay = 2.12)

Kg=62% 107 (pKao = 7.21); and Ka: = 3.6% 1077 (pKy = 12.44). Which of the
i;ol’;%v}xing sets of chemicals would be needed 10 prepare a buffered solution having a pH

(a)  Only H:POq

(b)  Both HiPOs and NaH,PO4

(<) Roth NaH:PO, and Na;HPO4

(@)  Both Na;HPOq and NazPOq

(e) Only Na:PO4

Question 5: Which of the following statemens pertaining 10 buffers is not true?

(g)  Buffersusually consist of approximately equal quantities of 2 weak acid and its conjugate
base, or a weak base and its conjugaie acid

(b) A Buffer is a chemical sysiem (hat resists changes in pH when a Jlimited amount of base
is added 10 it.

(c} A Buffer is a chemnical sysiem {hat resists changes in pH when 2 limited amount of acid is
added 10 il i

(d) ABufferisa chemical systemn that resisis changes in pH when the soluion volume is
increased modestly.

(e) A Buffer is prepared by dissolving oniy the sodium sal of a weak acid n distilled water.

Question 6: What is the balanced chemical yeaciion corresponding 10 the second
equivalence point in the titration of BzPO4 with NaOH

(@)  HiPOug+ NaOHuq - > Na;HPOusg + 2 H20
()  2H:POsaq+ NaOHug - > NasHPOusq + 2 H20
(@)  HsPOueq+ 2 NaOHug -7 > NasHPOseq + 2 H20
(@)  HiPOuaq + NeOHuq - > NaH:POau = 1120

(e) H_:PO.‘ha(_\‘a'_ ..:..\‘:BOHlaq) B .\.'a'-PO.’.[gq - SH:O



Question 7: Which of the following expressions corresponds 10 the Henderson-
Hasselbalch equation?

@) pH=pK,~ logLEOTIHgaIE base)

[conjugare acid]

(b) ])H - pKal ';PK,,::

{c) pKa=-log K,

{conjugare base]

(d)  pH=pK, +log— :
([conjugate acid]

&

(¢)  None of the above equations are correct

Quesiion 8: How many males of acetic acid, HC;H;02. remain unreacted whenever 10
mls of 0.100 Molar NaOH is added to 50 mls of 0.100 Molar HC;H30, ?

(a)  0.00400 moles

{b) 0.0667 moles

(¢}  0.00300 moles

(d)  0.075 moles

(¢)  None of the above answers are Correct

Question 9: Which of the folJowing equations correspond 10 the solubility product, K, of
Ag:.PO.q ?

() Ke=[Ag>][PO:]
()  Ke=[Ag"F [PO:]

(©)  Ke=[AgF POV

. _14g'T[PO."]
RS AN VP TN

{e) None of the above answers are corTect

Quesiion 10: Which of the following siaiements penaining 10 enropy is not rue ?



(a)
(b)

(c)
(@
(¢)

Entropy usually increases when a pure liquid or solid dissolves in a salvent
b P

Entropies of jonic solids that have similar formulas are smaller when the attractions
among the ions are weaker

Entropy decreases when a gas dissolves in a solid
Entropies of gases are usually much larger than those of liguids

Entropies of liquids are usually larger than those of solids

Question 11: For which of the following processes with entropy not increase ?

(a)
(®)
(e
(d)
(e)

MeCOssotiey === > MgOuaiiy + COzza0
2 COggas) ====--" > 2 COuag + Ongas)
H20cotigy =====--==> H;O(su)

Hagasy + Oa(gas) --------- > H;0i(gas)

1 mole of Hj gas in 1 liter --~-en-oes > 1 mole of Ha gas in 2 liters

Question 12: A process o7 reaction must always be spontaneous for which of the

(a)
(b)
(c)
(d
(e)

following sets of thermodynamic chan ges?
AHP is negative and AS° is negative

AH® is negative and AS° is positive

AHP is positive and AS® is negative

AH® is positive and AS® is positive

AG® is positive

Question 13: For which of the following chemicals

(a)
(b)
()
(d)

Hages) » H:0(ig), B taq: Ozegss)
is the standard Gibbs energy of foymation, AG{ not equal 10 zero?
Both Hzgas) and O2(gas)
Onlv HaOuig)
Both HaOytiqy and H  izq)

0}11}" H— |z,q]

da



(e)  None of the above answers are correct

Question 14: What is the numerical value of the equilibrium constant at 25 °C for the
equilibrium:

Nogasy + Ongasy <oeremm=mm= > 2 NO(gas)
AH® = 180.5 k] and AS° =24.772 J/K
(ay 18.30
()  0.0547
©) 1.799x10°
@  1.799x 107
€ 4.679x107

Question 15: What is the AG® at 25 °C for a reaciion having an € uilibrium constant of
q

K.=3.5x%10%7?
(@) 42.56 k] |
(b) -42.56k]
{c) -3.57kl
d 357K
(¢) 4201

Question 16: The <econd law of thermodynamics stales:

(a) That energy cannol be created nor desiroved — that is the total energy of the universe is
constant

(b)  Thatin an ordinary chemical reaction, one cannot create nor destroy maner

(c) That the 101al entropy of the universe (a sysiem plus surroundings) 1s conunually
increasing

(d) That all exothermic reaclions must be sponaneous

(¢) That if the equation for a reaction is the sum of 1he equations for two or mare other
reactions. then AH® for the first reaction must equal the sum of the AH"values of the

other reactions. -

{0



Question 17: The solubility product of AgClis Kyp=1.8x 1077 . What is the solubility

(a)
(b)
(©)
(d)
(e)

of AgCl in distilled water?

1.8% 107 molar

1.34 x 107 molar

9.74 molar

5.56 % 10”° molar ’

2.68 % 10”° molar /'

Question 18: The solubility product of AgClisKep=1.8x 107'® . What is the solubility

(a)
(b)
(c)
(d)
{e)

of AgCl in an aqueous 0.010 Molar CaCl, solution? (Calcium chloride is a sirong
electrolyte.)

9.0x% 107
1.8x 10
5.65 % 10™
5.65% 10

1.34 x 107

Question 19: What would be the change in entropy in the surroundings for the following

(a)
®
(c)
(d)
(e)

chemical reaction:

COuasy + 2 Hagas) -~ > CHaOHpiq + 1281 kI

i 1he reaction were 10 occur a1 25 °C ? The AM® = -178.1 kJ (exothermic) as indicated
above

0.430kl/K

-0.430 kJ/K

5.124 kJ/K

-5.124 kI/K

-128.1kJ

Quesiion 20: At what 1emperatie would the reaction:



(2)
®)
©
(@
(@)

2 AgaOsotity === > 4 Agsoicy ¥ O2gas)

Swiich from being reactam-favored to product-f; avored?
do not depend on temperaure. Information given is AH°

273.61K
4679 K
2137.0K
667.9K

Cannot be calculated with the information given

Assume that both AH® and AS®
=62.1 k]l and AS®=132.71 VK



NUMERICAL (NON-MULTIPLE CHOICE) QUEST] ONS: Each numerical question is
worth 10 points. Remember partial credit is based on the work shown. and 10 receive partial
credit the work must be consistent with the answer shown.

Question 21; (10 Points)
What is the solubility of AgzCrOa (K¢ = 9.0 x 10°7) in distilled water?



Question 22 (10 Points)
Show by calculation whether

10°12) would precipitate first if one were 10 slo
Molar CI" and 0.01 Molar CrOa™.

AgCl (Kep=1.8x 10" or AgaCrOq (Kgp=9.0%
wly add Ag" ions 10 a solution containing 0.020



Question 23 (10 Points)
Calculate the AG® a1 298.15 K for the reaction

C:Hugesy + 3 O2igasy -7 > 3 COupesy *+ 4 H204ga0r

Given the following siandard Gibbs energies of formation at 298.15:

For

CSH Bipas)
C02lgas‘|
H‘.?Olgas':
H200uiq)

: AGf_ggg_Is}qo =.23.49 kl/mole

: AG{"}QE_]S]{O = . 623.08 k¥mole
: Aszzga_;s};n = - 228.57 kl/mole
. AG{_}Q&}SKQ =.237.13 kJ/mole



Question 24 (10 Points)
Calculate the equilibrium constant

298.15K

for a reaction having a value of AG®=-10.32 kJ at

11
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