2006 AP® CHEMISTRY FREE-RESPONSE QUESTIONS

~ CHEMISTRY
Section IT
o (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 vou do and you will receive litfle 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 Ques‘uon 1 below, The Section II score weighting for th1s question is 20 percent.

1. Answer th_e followmg quqst_lpns that relate to solubility of salts of lead and barium.

{(a) A saturated solutionis prepared by adding excess Pbl,(s) to distilled water to form 1.0 L of solution at
25°C. The concentratlon of Pb* (ag) in the saturated solution is found to be 1.3 x 10~3 M. The chemical
- equauon for the dlSSOluthI] of Pbly(s) in water is shown be]ow

PbIz(S) Pb>*(ag) + 20 (ag)

(1) erte the equlhbrmm—constant gxpression for the equaﬂon

(11) .C_alculat_e_ the mqlgr concentration of 17(ag) in the solution.

(iii) Calculate the __v_alue of the equilibrium constant, KSP

(b) A saturated solution is prepared by adding Pbly(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 tb a saturated solution of Pbl, at 25°C. Assuming that the volume of the selution does
not change, docs the molar concentration of Pb2* (ag) in the solution increase, decrease, or remain the

same? Jusufy your answer.

(d) The value of K for the salt BaCrO, is 1.2 107%%. When a 500. mL sample of 8.2 x 1075 M Ba(NO,),
is added to 500. mL of 82x 107 M Na,Cr0, , no precipitate is observed.
(i) Assuming that volumes are additive, calculate the molar concentrations of Ba**(ag) and CrO,>(ag)
-."ih the 1.00 L of solution, :

(i} Use the molar concentrations of BaZ* {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.
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2007 AP® CHEMISTRY FREE-RESPONSE QUESTIONS (Form B)

CHEMISTRY
Section 11
(Total time—93 minutes)

Part A
- Time—>55 minutes
e 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 litile or no credit if
you do not. Attention should be pzud to significant figures.

Be sure to write all your answers to the questions on the lined pages following each question in the goldenrod
booklet. Do NOT write your answers on the lavender insert.

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

1. A sah1ple of solid U3Oé' is piaced in a rigid 1.500 L flask. Chlorine gas, Cl,(g), is added, and the flask is heated

to 862°C. The equ_&'ﬁon for the reaction that takes place and the equilibrium-constant expression for the reaction
are given below. :

'”Ugog(s) + __3 Cizcg> 2 3U0CLg) + Oy K,

_ (Pvo,ai, ) (Po,)
(P,

"When the system is at equﬂlbnum the partial pressure of Clz(g) is I 007 atm and the partial pressure
of U02C12(g) is 9. 734 x 1041 atm.

(a) Calculate the’partlal pressure of O,(g) at equilibrium at 862°C.
(b) Calculate the value of the equilibrium constant, K, . for the system at 862°C.
{c) Calchféte thé Gfbbs free-energy change, AG®, for the reaction at 862°C.,

{d) State whether the entropy change, AS®, for the reaction at 862°C is positive, negative, or zero. Justify
yOur answer.-

{e) State whether the enthalpy change, AH®, for the reaction at 862°C is positive, negative, or zero. Justify
YOur answer.

(f) After & certain period of time, 1.000 mol of O,(g) is added to the mixture in the flask. Does the mass of
U,04(s) in the flask increase, decrease, or remain the same? Justify your answer.
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2008 AP® CHEMISTRY FREE-RESPONSE QUESTIONS

CHEMISTRY
Section I
(Total time—935 minutes)

Part A
Time—55 minutes :
YOUMAY USE YOUR CALCULATOR FOR PART A.

CLEARIY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIV ING AT YOUR ;A;NSWERS.
It is to your advantage to do this, since you may obtain partial credit if you do and you will recetve little or no credit if
you do not. Attention should be paid to significant figures.

Be sure to write all your answers to the gnestions 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.

Cs) +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. s B -

Total Pressure of Gases
in Container at 1,160 K

10.0 8.37

(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.)
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2008 AP® CHEMISTRY FREE-RESPONSE QUESTIONS

(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
(i1) the value of the equilibrium constant, KP .

(d) If a suitable solid catalyst were placed in the reaction vessel, would the final total pressure of the gases at
equilibrium be greater than, less than, or equal to the final total pressure of the gases at equilibrium without
the catalyst? Justify your answer. (Assume that the volume of the solid catalyst is negligible.)

In another experiment involving the same reaction, a rigid 2.00 L container initially contains 10.0 g of C(s),
plus CO(g) and CO,(g), each at a partial pressure of 2.00 atm at 1,160 K. .

(e) Predict whether the partial pressure of CO,(g) will increase, deérease, or remain the same as this system
approaches equilibrium. JTustify vour prediction with a calculation. :
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2008 AP® CHEMISTRY FREE-RESPONSE QUESTIONS (Form B)

CHEMISTRY
Section II
(Total time—95 minutes)

Part A
Time— 35 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
vou 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 goldenrod
booklet. Do NOT write your answers on the lavender insert.

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

1. Answer the following questions regarding the decomposition of arsenic pentafluoride, AsFg)y.

{(a) A 55.8 g sample of AsFq(g) is introduced into an evacuated 10.5 L container at 105°C.
{i) What is the initial molar concentration of AsF.(g) in the container?

(ii) What is the initial pressure, in atmospheres, of the AsF.(g) in the container?

At 105°C, AsFs(g) decomposes into AsFa(g) and Fy(g) according to the following chemical equation.

ASFS(g) &2 AsFy(g) + Fyfg)

(b) In terms of molar concentrations, write the equilibrium-constant expression for the decomposition of
AsFs(g).

(¢) When equilibrium is established, 27.7 percent of the original number of moles of AsFs(g) has decomposed,

(1) Calculate the melar concentration of AsFq(g) at equilibrium.

(ii) Using molar concentrations, calculate the value of the equilibrium constant, X, at 105°C.

eq’

(d) Calculate the mole fraction of F,(g) in the container at equilibrium.
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2010-AP® CHEMISTRY FREE-RESPONSE QUESTIONS

CHEMISTRY
Section IT
{Total time—95 minutes)

Part A
Time—55 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 vou 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 I score weighiing for each question is 20 percent.

. Several reactions are carried out using AgBr, a cream-colored silver salt for which the value of the solub111[:y—
product constant, K,,, is 5.0 x 1071 at 298 K. ' v

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

(b) Calculate the value of [Ag*] in 50.0 mL of a saturated solution of AgBr at 208 K.

(c) 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. - :

(d) 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 L)

(e} 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.

(f) 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.

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

(i1) Which salt has the greater value of K, o AZBror Agl ? Justify your answer.
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2010 AP® CHEMISTRY FREE-RESPONSE QUESTIONS (Form B)

CHEMISTRY
Section II
{Total time—95 minutes)

Part A
Time—>55 minutes
YOUMAY USE YOUR CALCULATOR FOR PART A.

CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS.
Itis to your advantage to do this, since you may obtain partial credit if you do and you will receive little or no credit 1f
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 goldenrod
booklet. Do NOT write your answers on the lavender insert.

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

1. The compound butane, CH,,, occurs in two isomeric forms, n-butane and isobutane (Z—methyl propane).

Both compounds exist as gases at 25°C and 1.0 atm.

(a) Draw the structural formula of each of the isomers (include all atoms). Clearly label each structure.

{b) On the basis of molecular structere, identify the isomer that has the highér boiling point. Justify your
answer.

The two isomers exist in equilibrium as represented by the equation below. .

n-butane(g} 2 isobutane(g) K, =25at25°C -~

Suppose that a 0.010 mol sample of pure r-butane is placed in an evacuated 1.0 L rigid container at 25°C.

(c) Write the expression for the equilibrium constant, K ., for the reaction.

{d) Calculate the initial pressure in the container when the n-butane is first 1ntroduced (before the reaction
starts),

(e} The n-butane reacts until equilibrium has been established at 25°C.

(i) Calculate the total pressure in the container at equilibrivm. Justify your answer.
(i) Calculate the molar concentration of each species at equilibrium.

(ii1) If the volume of the system is reduced to half of its original volume, what will be the new
concentration of n-butane after equilibrium has been reestablished at 25°C ? Justify your answer.

Suppose that in another experiment a 0.010 mol sample of pure isobutane is placed in an evacuated 1.0 L rigid
coniainer and allowed to come to equilibrinm at 25°C.

() Calculate the molar concentration of each species after equilibrium has been established.

© 2010 The College Board.
Visit the Coliege Board on the Web: www.collegeboard com.

GO ON TO THE NEXT PAGE.
-6-




2011 AP® CHEMISTRY FREE-RESPONSE QUESTIONS (Form B)

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 1o 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 this booklet.

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

1. Answer the following questions about the solubility and reactions of the ionic compounds M(OH), and MCO,,
where M represents an unidentified metal.

(a) Identify the charge of the M ionin the ionic compounds above.
(b) At 25°C, a saturated solution of M(OH), has a pH of 9.15. . )
(1) Calculate the molar concentration of OH (ag) in the saturated solution.
(ii) Write the solubility-product constant gxpression for M(OH)2 . ”
(iii) Calculate the value of the solubility-product constant, K., for M(OH), at 25°C.

sp?

(¢) For the metal carbonate, MCO; , the value of the solubility-product constant, K, , is 7.4 x 1071 at 25°C.
On the basis of this information and your results in part (b), which compound, M(OH), or MCO,, has the
greater molar solubility in water at 25°C ? Justify your answer with a calculation.

(d) .MCO3 decomposes at high temperatures, as shown by the reaction represented below.
MCO;(s) 2 MO(s) + CO,(g)

A sample of MCO; is placed in a previously evacuated container, heated to 423 K, and allowed to come
to equilibrium. Some solid MCO, remains in the container. The value of K, for the reaction at 423 K
is 0.0012.

(i) Write the equilibrium-constant expression for K, of the reaction.
(ii) Determine the pressure, in atm, of CO,(g) in the container at equilibrium at 423 K.

(tii) Indicate whether the value of AG® for the reaction at 423 K is positive, negative, or zero. Justify your
answer.
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