AP Chemistry Review Packet

“Equilibrium Problems”

**This packet contains various types of “Equilibrium” problems
from previous AP Chemistry tests. There is always one of the Free-
Response questions that will be very similar to the ones in this packet.
Put in the time and effort into this packet and reap the benefits on the test.
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[490( | The solubility of iron(I) hydroxide, Fe(OH), is 1.43

solubility equilibrium.
lity product constant,

(c) Calculate the pHof a saturated solution of Fe(OH), at 25" C.

00 % 107 *-molar FeSO, solution is added t
tate of Fe(OH); form? Explain and show calculations

0”3 gram per liter at 25° C.
e s .-.e-m--‘“"

(a) Write a balanced equation for the
Ksp. and calculate its value.

(b) Write the expression Tor the solubi
o 50.0 milliliters of 4.00 ¥ 10~ ®-molar

(d) A 500-milliliter sample of 3
{0 support your answer.

NaOH solution. Does a precipi



qul ' | The acid ionization constant, K, for propanoic acid, C;HsCOOH, is 1.3 x 1077,

(a) Calculate the hydrogen ion concentration, [H*], in a 0.20-molar solution of propanoic acid.
(b) Calculate the percentage of propanoic acid molecules that are ionized in the solution in (a).

(¢) What is the ralio of the concentration of propanoale ion, C;HsCOQ ™, to that of propanoic acid in a buffer
solution with a pH of 5.20 7

(d) Ina 100.-milliliter sample of a different buffer solution, the propanoic acid concentration is 0.35-molar and the
sodium propanoale concentration is 0.50-molar. To this bufTer solution, 0.0040 mole of solid NaOH is added.
Calculate the pH of the resulting solution.



o
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2 NaHCO,(s) = Na,COs(s) + H,0(g) + CO-(g)

Solid sodium hydrogen carbonate, NaHCO,, decomposes on heating according to the cquation above.

(a) A sample of 100. grams of solid NaHCO; was placed in a previously evacuated rigid 5.00-liter container
“" and heated to 160.°C. Some of the original solid remained and the tolal pressure in the container was

7.76 atmospheres when equilibrium was reached. Calculalt the number ol moles of H,0(g ) present at
equilibrium.

(b) How many grams of the original solid remain in the container under the conditions described in (a)?

(c) Write the equilibrium expression for the equilibrium constant, Kp, and calculate its value for the reaclion
under the conditions in (a).

(d) If110. grams of solid NaHCO, had been placed in the 5.00-liter container and heated 1o 160.°C, what
would the toial pressure have been al equilibrium? Explain.



CH,NH; + H,0 = CH;NH;* + OH”

Mcthyiaminc; CH;NH,, is a weak base that reacts according Lo the equation above. The value of the ionizalion

constant, Kp, is 525 X 10~ 4. Methylamine forms salts such as methylammonium nitrate, (CH,NH; ¥ }(NO; 7).

{a) Calculate the hydroxide ion concentration, [OH 7], of a 0.225-molar aqueous solution of methylamine.

(b) Caiculate the pH of a solution made by adding 0.0100 mole of a solid methylammonium nitrate 1o
120.0 milliliters of a 0.225-molar solution of methylamine. Assume that no volume chanpge occurs.

H or HClI (state clearly which you choose) should be added 1o the solution

(c) How many moles of either NaO
hat no volume change occurs.

in (b) to produce a solution that has a pH of 11.00 ? Assume 1

(d) A volume of IOOI_ milliliters of distilled water is added to the solution in (c). How is the pH of the solution

afTected? Explain.



(b

MgF;({} = Mg"(.aq) + 2 F(ag) .

In a saturated solution of MgF, at 18° C, the concentration of Mg?* is 1.21 x 107 molar. The equilibrium is
represented by the equation above.

(a) Write the expression for the solubility-product constant, Ksp. and calculate its value at 18° C.

Calculate the equilibrium concentration of Mg* in 1.000 liter of saturated MgF, solution at 18° C 1o
which 0.100 mole of solid KF has been added. The KF dissolves completely. Assume the volume change

is negligible.

Predict whether a precipitate of MgF, will form when 100.0 milliliters of a 3.00 x 107-molar Mg(NQ,),
solution is mixed with 200.0 milliliters of a 2.00 x 107-molar NaF solution at 18° C. Calculations to support

your prediction must be shown.

(c)

(d) At 27° C the concentration of Mg in a saturated solution of MgF, is 1.17 x 107 molar. Is the dissolving of
MgF: in waler an endothermic or an exothermic process? Give an explanation to support your conclusion.



)

H,(g) + CO,(g) < H,0() + CO(g)

When H,(g) is mixed with CO,(g) at 2,000 K, equilibrium is achieved according to the equation above. In
one experiment, the following equilibrium concentrations were measured.

[H,] = 0.20 mol/L
[CO,] = 0.30 mol/L
. [H,0] = [CO] = 0.55 mol/L

(a) What is the mole fraction of CO(g) 1n the equilibrium mixture?

(b) Using the equilibrium concentrations given above, calculate the value of K., the equilibrium constant for
the reaction. . :

(c) Determine Kp in terms of K. for this system.

(d) When the system is cooled from 2,000 K to a lower temperature, 30.0 percent of the CO(g) is converted
back to CO,(g). Calculate the value of K¢ at this lower temperature.

(e) In a different experiment, 0.50 mole of H,(g) is mixed with 0.50 mole of CO,(g) in a 3.0-liter reaction
vessel at 2,000 K. Calculate the equilibrium concentration, in moles per liter, of CO(g) at this temperature.



HoBr = R+ + Osr_'

. Hypochloraus acid, HOCI, is a weak acid commonly used as a bleaching agent. The acid-dissociation const
: i s ¢ ¢ onstar
i farihe reaction represented above 1S 3.2 x 1078 ‘ 1

1 (a) Calculalc the |H* of a (.14-molar solution of HOCL

(b) Write the correctly balanced net ionic equation for the reaction that occurs when NaOCl 15 dissolved in
water and calculate the numerical value of the equilibrium constant lor the reaction.
1

(c) Calculate the pH of a solution madc by combining 40.0 millititers of 0.14-molar HOCL and 10.0) milliliters
of 0.56-molar NaOH. : '

(d) How many. millimoles of solid NaOH musl be added to 50.0 milliliters of 0.20-malar HOCT 10 obtaim o
bulfer solution thal has a pH of 7.49 7 Assume that the addition of the solid NaOH results in a neglipible
change in volume. EHE

(¢) Houschold bleach is made by dissolving chlorinc gas in walcr, as represented below.

Cl(g) + H,0 = H* + CI7 =+ HOCl(ag)

Calculate the pH of such a solution if the concentration of HOC! in the solution is 0.065 molar.



l ' —l 2. The overzll dissociation of oxalic acid, H,Cy0y, is represented below. The overall dissociation constant is also

indicated.

H,C,0 = 2H"+ 5 o K =378 x 10
{a) ‘What volume of 0.400-molar NaOH is required to neutralize completely a 500 x 107*-mole sample of
pure oxalic acid? ;

the first and second dissociations of oxalic acid. Calculate the value of the

(by Give the equations representing
d dissociation constant, Ky, 15

first dissociation constant. K,, for oxalic acid if the value of the secon
6.40 x 107

(c) Toa 0.015-molar solution of oxalic acid, a strong acid is added until the pH 15 0.5. Calculate the (C,0.7]
in the resulting solution. (Assume the change in volume is negligible.)

(d) Calculate the value of thc,cqu'llibriur.n constant, Kp, for the reaction that occurs when solid Na;C204 15

dissolved in water.



ok vinine ._:Wriﬁ: the balanced chemical equation for the dissociatio

l '.'S-o.l;c the fo.H&.Jwing problem related 10 the solubility cquilibria of some metal hydroxides in aqueous solution.
(a) “The S.o'lubilil'y of Cu(OH),(s) is 1.72 % 107¢ gram per 100. milliliters of colution at 25°C.

n of Cu(OH), (s) in agueous solution.

liter) of Cu(OH), at 25°C.

'(ii) Calculate the solubility (in moles per
constant, K. for Cu(OH), at 257

(ii1) " Calculate the value of the solubility-product

(b) The value of the solubilitf—producl constant, K. for Zn(OH); 18 7.7 % 107" a1 25°C.

(i) Calculate the solubility (in moles per liter) of Zn(OH), at 25°C in a solution with a pH of 9.35.

4 with 50.0 milliliters of 0.300-molar NaOH. '

(i) A125°C, 50.0 milliliters of 0. 100-molar Zn(NO3); is mixe
lution once equilibrium has been established.

Calculate the molar concentration of Zn**(ag) in the resulting sO

Assume that volumes are addiuve.



I\IH-); LnB)-t- wo(L) = DHJ(OT}). + cﬁ{-\‘(cx%)

Yo In aqueous solt_l_libn; ammonia reacts as represcated above. In 0.0180 M NHj(aq) 25°C, the hydroxide jon
concentration, {OH ] . is 5.60 X 10~ M. In sasworiag the following, assues that temperature 1S constant at

25°C and that volumes are additive. .

(2) Writc thc equilibrium-constant expression for the reaction represented above.

(b) Determine the pH of 0.0180 M NHs(aq)-
(c) Detr,nninc thcv‘a\luc of the base ionization constant, K, . for NH4(aq).

(d) Determine the percent onization of NH, in 0.0180 M ‘NHaq(ag)-

(e) Inan experiment, a 20.0 mL sample of 0.0180 M NH.(ag) was placed in a flask and titrated (o the
equivalence point and beyond using 0.0120 M HCl(ag)- _
(i) Determine the volurne of 0.0120 M HCl(agq) that was added to reach the equivalence point,
(i1) Determine the pH of the solution in the flask after a total of 15.0 mL of 0.0120 M HCl(ag) w

(iii) Determine the pH of the solution in the flask after a (étal of 40.0 mL of 0.0120 M HCl(ag) wa.



!

13070) 1 | A 2 H,5(g) = 2Hy®) +lsz(8}

— i

1. When heated, hydrogen sulfide gas decomposes according to the equation above. A 3.40 g sample of H,S(g) is

introduced into an evacuated rigid 1.25 L container. The sealed container is heated to 483 K, and 3.72 x 16°Z mol

(i Of S,(g) is present at equilibrium.
(a) Write the expression for the equilibrium constant, K., forthe decomposition reaction represented above.

| (b) Calculate the equiiibri\irﬁ concentration, in mol !, of the following gases in the container at 483 1.
(i) Ho(g)
(ii) HyS(@)

(c) Calculate the value of the equilibrium constant, K .. for the decomposition reaction at 483 K.

(d) Calculate the partial pressure of S,(g) in the contaiﬁcr at equilibrum at 483 K.

(e) For the reac_tion Hz(g) + —;—_Sz(g) = H,S(g) at 483 K, calculate thﬁ value of the equilibrium constant, K; -



1. __kn::w'cr Lhe follawing guestions

rclatng 1o he soluDIlLy of the chiorides Of s1tver A 1eae.

@y AL10°C.B9X 107 g ol agCiGe) will dissolve i 100. . of wier

' (i) Write {he cquetion for the dissociation of AgQI(s) in waler

A % (ii) Cdicﬁ]w:tinsnlubilhy; in mol L"‘ of AgCl(s) in water at 10°C.

(i‘ii) Calculate the value of the solubility-product constant. K for AgCl(s) at10°C.

(by At25°C. (he valuc of K, for PbClz(s}' is 1.6 1073 and the value of &£ for ApCl(s) is 1.8 % 10710

(ij If 60.0 L of 0.0400 M NaCl(ag) is added 10 60.0 mL of 0.0300 M PUNO;) (ag), will & precipitate
form? Assume that volumes are addidve. Show calculations 10 support your answer.

(i) Calculute the cquilibrium valve of [Pb?*(ag)] in {.00 L of saturated PbCl, solution to which 0.250
mole of NaCl{s) has been added. Assume that na volume change occurs.

(i) 1f0.100 A NaCl(ag) is added slowly to 2 beaker containing tioth 0.120 M AgNU,(aq) &nd 0.150 M
PHINO;);(ag) & 25, which will preciplmte first, AgQl(s) ot PbCl,(s)? Show calculations Lo

SUppOrt YOUT answer.




HOBr(aq) H'(ag) + OB~ (aq) K, =23x107

Jr. Hypobromous acid, HOBr isa wcakaad that dessocixics m walcer, as represented by the equation above.

(a) Calcu]atc thc value of [H"] inan HOBr solution that has a pH of 4.95.

' (b ) Write the cq ulhbnum constant expression for the ionization of HOBr in water, then calculatc the

concentration of HOBr{ag) inan HOBr solution that has [H cqual to 1.8 x 107> M.
X
(c) A solunon of Ba(OH), is titrated into a solution of HOBr.

(i) Ga'lcu]atc the volume of 0.115 M Ba(OH),(ag) necded to reach the equivalence pomt when titrated

into a 65 0 ml samp]c of 0.146 M HOBr(aq) ,
(i) Indicate whcthcr the pH at the oquwa]cncc pomt is less than 7, cqua] to 7 or grut::r tm 7 Explain.

that would have to be added to 125 mL of 0.160 A WOBr

(d) Calculate the number of moles of NaOBr(s)
00 x 10~% M. Assume that volume change is negligibie.

to produce 2 buffer solution with [H'] = 5.

(c¢) HOBr is a weaker acid than HBrO, . Account for this fact in terms of molecular structure.



DR sy CﬂHﬁNHz(ﬂg) -+ HQO(D C6H5NH;(HQ) & OH_(U—?)
Anﬁme 3 weak base, mcumﬂnmmdmgmmemcucnrcprmwd

(a) Write the cqmlibnum con.stzm expression, K, , for the reaction represented above.

| (b) A szmple of Zniline is dissolved m water lo;rodnralﬁ 0 mL of 2 0.10 M solution. The pH of the solution
is 8.82. Calculate the cquﬂ.ﬁmmnc:onsum K, , for this reaction.

(c) The solulion prcpamd in part (b) is titrated with 0.10 M HCL Calculate the pH of the solution when 5.0 mL
of the acid has been added. : .

(d) Calculale the pH at the cquivalmcepo'mi of the \Litraiicniinpaﬂ (©).

(¢) The pk, values for several indicators are given below. Which of the indicators listed is most suitable for this
titration? Justify your answet. :

Indn::ator
Errttn‘osmt
Litmmus
Thymolphthalein




‘_)( CHEMISTRY
2 OO0 Section 11

(Total time—90 minutes)

Part A
Time—40 minutes
YOU MAY USE YOUR CALCULATOR FOR PART A.

CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS.
It is to your advantage to do this, since you may obtain partial credit if you do and you will receive little or no credit if
you do not. Attention should be paid to significant figures.

Be sure to write all your answers to the questions on the lined pages following each question in the booklet with the
pink cover. Do NOT write your answers on the green insert.

Answer Question 1 below. The Section II score weighting for this question is 20 percent.

1. Answer the following questions relating to the solubilities of two silve:r‘ compounds, Ag,CrO, and Ag,PO,.
Silver chromate dissociates in water according to the equation shown below.
Ag,CrO,(s) 2 2AgHag) + CrO/(ag) K = 2.6 10712 gt 25°C
(2) Write the equilibrium-constant expression for the dissolving of Ag,CrO(s).
(b) Calculate the concentration, in mol L, of Ag*(ag) in a saturated solution of Ag,CrO, at 25°C.
(c) Calculate the maximum mass, in grams, of Ag,CrO, that can dissolve in 100. mL of water at 25°C.

1

(d) A 0.100 mol sample of solid AgNO, is added to a 1.00 L. saturated solution of Ag,CrO,. Assuming
no volume change, does [C1‘042'] increase, decrease, or remain the same? Justify your answer.

In a saturated solution of Ag,PO, at 25°C, the concentration of Ag*(ag) is 5.3 % 107> M. The equilibrium-
constant expression for the dissolving of AgsPO,(s) in water is shown below.

K, = [Ag1*[PO,]
(e) Write the balanced equation for the dissolving of Ag;PO, in water.
(f) Calculate the value of K, for AgsPO, at25°C.

(g) A 1.00 L sample of saturated AgzPO, solution is allowed to evaporate at 25°C to a final volume

of 500. mL. What is [Ag*] in the solution? Justify your answer.
£

'—1—“\_\‘ :"""_, ; N -_! !_‘ ’ y 1)‘:’-—*
¥ f —~ e ]
3] W= gl [Crls ]

[ e

el

GO ON TO THE NEXT PAGE.



CHEMISTRY
\ - Section 11

NTotd] time—90 minutes)

\
2
3

s Part A
Time—40 minutes
YOU MAY USE YOUR CALCULATOR FOR PART A.

CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS.
It is to your advantage to do this, since you may obtain partial credit if you do and you will receive little or no credit if
you do not. Attention should be paid to significant figures.

Be sure to write all your answers to the questions on the lined pages following each question in the booklet with the
pink cover. Do NOT write your answers on the green insert.

Answer Question 1 below. The Section II score weighting for this question is 20 percent.

HC,H,0x(aq) 2 C3Hs0, (ag) + H*(ag) K, = 134x /i g
1. Propanoic acid, HC;H;0, , ionizes in water according to the equation above.

(a) Write the equilibrium-constant expression for the reaction.
(b) Calculate the pH of a 0.265 M solution of propanoic acid.

(c) A 0.496 g sample of sodium propanoate, NaC,;H;0,, is added to a 50.0 mL sample of a 0.265 M solution
of propanoic acid. Assuming that no change in the volume of the solution occurs, calculate each of the
following.

(i) The concentration of the propanoate ion, C3HsO,™ (ag), in the solution

(ii) The concentration of the H*(ag) ion in the solution

The methanoate ion, HCO, (ag), reacts with water to form methanoic acid and hydroxide ion, as shown in the
following equation. : o STHEEE 5
HCO, (ag) + H,0()) & HCO,H(ag) + OH(ag)

(d) Given that [OH™]is 4.18 x 10~ 6 M in a 0.309 M solution of sodium methanoate, calculate each of the
following.

(i) The value of K, for the methanoate ion, HCO, (aq)
(i) The value of K, for methanoic acid, HCO,H

(e) Which acid is-stronger, propanoic acid or methanoic acid? Justify your answer.

GO ON TO THE NEXT PAGE.




CHEMISTRY
Section I1
(Total time—90 minutes)

Part A
Time—40 minutes
YOUMAY USE YOUR CALCULATOR FOR PART A.

CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS.
It is to your advantage to do this, since you may obtain partial credit if you do and you will receive little or no credit if
you do not. Attention should be paid to significant figures.

Be sure to write all your answers to the guestions on the lined pages following each question in the booklet with the
pink cover. Do NOT write your answers on the green insert.

Answer Question 1 below. The Section II score weighting for this guestion is 20 percent.

1. Answer the following questions that relate to solubility of salts of lead and barium.

(a) A saturated solution is prepared by adding excess Pbl,(s) to distilled water to form 1.0 L of solution at
25°C. The concentration of Pb**(ag) in the saturated solution is found to be 1.3 x 1073 M. The chemical
equation for the dissolution of Pbl,(s) in water is shown below.

PbL(s) & Pb*(ag) + 21 (aq)

(i) Write the equilibrium-constant expression for the equation.

(if) Calculate the molar concentration of I7(ag) in the solution.

(iii) Calculate the value of the equilibrium constant, K, .

(b) A saturated solution is prepared by adding Pbl,(s) to distilled water to form 2.0 L of solution at 25°C. What
are the molar concentrations of Pb?*(ag) and I~(ag) in the solution? Justify your answer.

(c) Solid Nal is added to a saturated solution of Pbl, at25°C. Assuming that the volume of the solution does
not change, does the molar concentration of sz*(aq')" in the solution increase, decrease, or remain the

same? Justify your answer.
(d) The value of K;_p for the salt BaCrO, is 1.2 X 10719, When a 500. mL sample of 8.2 x 10-% M Ba(NO,),
is added to 500. mL of 8.2 x 107® M Na,CrO,, no precipitate is observed.

(i) Assuming that volumes are additive, calculate the molar concentrations of Ba’"(ag) and CrOf‘(aq)
in the 1.00 L of solution.

(ii) Use the molar concentrations of Ba2*(ag) ions and CrOf‘(aq) ions as determined above to show
why a precipitate does not form. You must include a calculation as part of your answer.

GO ON TO THE NEXT PAGE.



ZCD”-\L‘ CHEMISTRY
Section II

(Total time—395 minutes)

Part A
Time—»55 minutes
; YOU MAY USE YOUR CALCULATOR FOR PART A.

CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS.

It is to your advantage to do this, since you may obtain partial credit if you do and you will receive little or no credit if

you do not. Attention should be paid to significant figures.

Be sure to write all your answers to the questions on the lined paces following each question in the booklet with the
L : i q : pag 2
£ pink cover. Do NOT write your answers on the green msert.

Answer Questions 1, 2, and 3. The Section II score weighting for each question is 20 percent.

HF(ag) + H,0(1) 2 H;0%(ag) +F(ag) K, =72x107°
1. Hydrofluoric acid, HF(aq), dissociates in water as represented by the equation above.

(a) Write the equilibrium-constant expression for the dissociation of HF(ag) in water.

- (b) Calculate the molar concentration of H;O™ in 2 0.40 M HF(ag) solution.

HF(ag) reacts with NaOH(ag) according to the reaction represented below.

HF(ag) + OH(ag) — H,0() + F(aq)

A volume of 15 mL of 0.40 M NaOH(ag) is added to 25 mL of 0.40 M HF(ag) solution. Assume that
volumes are additive.

R R T 3 T

(c) Calculate the number of moles of HF(ag) remaining in the solution.

" (d) Calculate the molar concentration of F~(ag) in the solution.

(e) Calculate the pH of the solution.



200 % CHEMISTRY
Section I
(Total time—95 minutes)

Part A
Time—55 minutes
YOU MAY USE YOUR CALCULATOR FOR PART A.

CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS.
Tt is to your advantage to do this, since you may obtain partial credit if you do and you will receive little or no credit if
you do not. Attention should be paid to significant figures.

Be sure to write all your answers to the questions on the lined pages following each question in the booklet with the
pink cover. Do NOT write your answers on the green insert.

Answer Questions 1, 2, and 3. The Section II score weighting for each question is 20 percent.

C(s) + COy(g) & 2CO(g)

1. Solid carbon and carbon dioxide gas at 1,160 K were placed in a rigid 2.00 L container, and the reaction
represented above occurred. As the reaction proceeded, the total pressure in the container was monitored.
When equilibrium was reached, there was still some C(s) remaining in the container. Results are recorded
in the table below.

Tiitie Total Pressure of Gases
(hours) in Container at 1,160 K
(atm)
0.0 5.00
2.0 6.26
4.0 7.09
6.0 7.75
: 8.0 8.37
: 10.0 .37

(a) Write the expression for the equilibrium constant, Kp , for the reaction.

(b) Calculate the number of moles of CO,(g) initially placed in the container. (Assume that the volume of the
solid carbon is negligible.)

(c) For the reaction mixture at equilibrium at 1,160 K, the partial pressure of the CO,(g) is 1.63 atm. Calculate

(i) the partial pressure of CO(g) ., and

(ii) the value of the equiﬁbﬂum constant, K,,.

-8- GO ON TO THE NEXT PAGE.

L :



CHEMISTRY
Section II
-+ (Total time—95 minutes)

Part A
Time—55 minutes
vOU MAY USE YOUR CALCULATOR FOR PART A.

CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS.
Tt is to your advantage to do this, since you may obtain partial credit if you do and you will receive little or no credit if
you do not. Attention should be paid to significant figures.

Be sure to write all your answers to the questions on the lined pages following each question in the booklet with the
pink cover. Do NOT write your answers on the green insert.

Answer Questions 1, 2, and 3. The Section II score weighting for each question is 20 percent.

1. Answer the following questions that relate to the chemistry of halogen oxoacids.

" (a) Use the information in the table below to answer part (a)(i).

Acid K,at298 K

HOCI 2.9 %1078

HOBr 24 %107
|

(1) Which of the two acids is stronger, HOC! or HOBr ? Justify your answer in terms of K, .
(ii) Draw a complete Lewis electron-dot diagram for the acid that you identified in part (a)(1).

(iii) Hypoiodous acid has the formula HOI. Predict whether HOI is a stronger acid or a weaker acid than
the acid that you identified in part (2)(1). Justify your prediction in terms of chemical bonding.

(b) Write the equation for the reaction that occurs between hypochlorous acid and water.

(c) A 1.2 M NaOCl solution is prepared by dissolving solid NaOCl in distilled water at 298 K. The hydrolysis
reaction OCl(ag) + H,0() 2 HOCI(ag) + OH (ag) occurs. '

(i) Write the equilibrium-constant expression for the hydrolysis reaction that occurs between OCl™(ag)
and H,O(]).

(ii) Calculate the value of the equilibrium constant at 298 K for the hydrolysis reaction.

(iii) Calculate the value of [OH™] in the 1.2 M NaOCl solution at 298 K.

(d) A buffer solution is prepared by dissolving some solid NaOCI in a solution of HOCI at 298 K. The pH of
the buffer solution is determined to be 6.48.

(i) Calculate the value of [H 0*] in the buffer solution.
3

(ii) Indicate which of HOCl(ag) or OCl (aq) is present at the higher concentration in the buffer solution.
Support your answer with a calculation.

-6- GO ON TO THE NEXT PAGE.
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CHEMISTRY
Section IT
(Total time—95 minutes)

Part A
Time—55 minutes
YOU MAY USE YOUR CALCULATOR FOR PART A.

CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS.
It is to your advantage to do this, since you may obtain partial credit if you do and you will receive little or no credit if
you do not. Attention should be paid to significant figures.

Be sure to write all your answers to the questions on the lined pages following each question in the booklet with the
pink cover. Do NOT write your answers on the green insert.

Answer Questions 1, 2, and 3. The Section Il score weighting for each question is 20 percent.

1. Several reactions ar ied 0 ing AoBr,
product constm{) ¥ 1018 gt FOR X, -

(a)
(b)
(c)

(d)

(e)

(5

cream-colored silver salt for which the value of the solubility-

Write the expression for the solubility-product constant, K, of AgBr.

Calculate the value of [Ag*] in 50.0 mL of a saturated solution of AgBr at 298 K.

A 50.0 mL sample of distilled water is added to the solution described in part (b), which is in a beaker with
some solid AgBr at the bottom. The solution is stirred and equilibrium is reestablished. Some solid AgBr
remains in the beaker. Is the value of [Ag;'] greater than, less than, or equal to the value you calculated in
part (b) ? Justify your answer.

Calculate the minimum volume of distilled water, in liters, necessary to completely dissolve a 5.0 g sample
of AgBr(s) at 298 K. (The molar mass of AgBr is 188 g mol™.)

A student mixes 10.0 mL of 1.5 x 107% M AgNO; with 2.0 mL of 5.0 x 107* M NaBr and stirs the resulting
mixture. What will the student observe? Justify your answer with calculations.

The color of another salt of silver, Agl(s), is yellow. A student adds a solution of Nal to a test tube
containing a small amount of solid, cream-colored AgBr. After stirring the contents of the test tube, the
student observes that the solid in the test tube changes color from cream to yellow. ¢

(i) Write the chemical equation for the reaction that occurred in the test tube.

(ii) Which salt has the greater value of K,: AgBr or Agl? Justify your answer.
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