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CH30H(g) 22 CO(g) +2 Hy(g)

The reaction system represented by the equation is allowed to achieve equilibrium at a different temperature. The
following table gives the partial pressure of each species in the equilibrium mixture.

Substance Partial Pressure at
Different Temperature
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Use the information in the table to calculate the value of the equilibrium constant, Kp, at the new temperature.
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The following equation represents the decomposition of N,Os, for which the rate law is rate = k[NZOS].
2 N,0s5(g) — 4 NO(g) +05(g)
A sample of pure N,Os(g) is placed in an evacuated container and allowed to decompose at a constant

temperature of 300 K. The concentration of N,Os(g) in the container is measured over a period of time, and the
measurements are recorded in the following table.

(a) Determine the value of the rate constant, k. for the reaction. Include units in your answer.
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HCOOH(aq) + HyO(l) 22 H30™(ag) + HCOO (ag) K, =1.8x 10"

Methanoic acid, HCOOH. ionizes according to the equation above.

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

(b) Calculate the pH of a 0.25 M solution of HCOOH.
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When a catalyst is added to a solution of HCOOH(ag), the reaction represented by the following equation

oeeurs: HCOOH(ag) — Hy(g) + CO,(g)
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)
B

Total Pressure (atm)

Time (hours)

(f) The reaction occurs in a rigid 4.3 L vessel at 25°C, and the total pressure is monitored, as shown in the
graph above. The vessel originally did not contain any gas. Calculate the number of moles of CO,(g)
produced in the reaction. (Assume that the amount of CO,(g) dissolved in the solution is negligible.)
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When a catalyst is added to a solution of HCOOH(ag), the reaction represented by the following equation

oeeurs: HCOOH(ag) — Hy(g) + CO,(g)




image14.png
(i) A single photon with a wavelength of 4.00 x 10~ m is absorbed by the Si sample. Calculate the energy of

the photon in joules.
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Power

Source
Mg (1) Half-Reaction E° (V)
— B Mgt +2 ¢ —Mg | -2.37
&,
o4 Cl+2e —2C1 [ +136
;3 RORES L+2e +
Molten MgCl,

Molten MgCl, can be decomposed into its elements if a sufficient voltage is applied using inert electrodes. The

products of the reaction are liquid Mg (at the cathode) and Cl, gas (at the anode). A simplified representation

of the cell is shown above. The reduction half-reactions related to the overall reaction in the cell are given in the

table.

(a) Draw an arrow on the diagram to show the direction of electron flow through the external circuit as the cell

operates.

(b) Would an applied voltage of 2.0 V be sufficient for the reaction to occur? Support your claim with a

calculation as part of your answer.
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The compound BrCl can decompose into Br, and Cl,, as represented by the balanced chemical equation below.
2BCl(g) 2 Bryg) + Cly(g) AHP = 1.6 kI/mol,
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Calculate the bond energy of the Br-Cl bond, in kJ/mol, using AH® for the reaction (1.6 kJ/mol,,) and the
information in the following table.

Bond B‘)('S/En.‘«;el;gy
Br - Br 193
ca-a 243
Br-cl B
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The student reads in a reference text that NO(g) and NO,(g) will react as represented by the equation below.
Thermodynamic data for the reaction are given in the table below the equation.

NO(g) + NOy(g) & NyO3()

A ASsos AGrs
—40.4 kJ/fmol,,,, | —138.5 J/(K-mol,,,) |0.87 ki/mol,,,
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‘The student begins with an equimolar mixture of NO(g) and NOy(g) in a rigid reaction vessel and the
mixture reaches equilibrium at 298 K.

(i) Calculate the value of the equilibrium constant, K, for the reaction at 298 K.
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Voltmeter

Cr(s),

Ag(s)

Cr¥(ag)

Ag*(ag)

A student sets up a galvanic cell at 298 K that has an electrode of Ag(s) immersed in a 1.0 M solution of
Ag*(ag) and an electrode of Cr(s) immersed in a 1.0 M solution of Cr*(ag), as shown in the diagram above.

(a) The student measures the voltage of the cell shown above and discovers that it is zero. Identify the missing
component of the cell, and explain its importance for obtaining a nonzero voltage.

Half-Reaction

E (V)

Ag'lag) + e — Agls)

+0.80

Cr*(ag) +3 e~ = Cils)

?

(b) The student adds the missing component to the cell and measures Egy to be +1.54 V. As the cell operates,
Ag" ions are reduced. Use this information and the information in the table above to do the following.

(i) Calculate the value of E° for the half-reaction Cr**(ag) +3 e~ — Cr(s).
(i) Write the balanced net-ionic equation for the overall reaction that occurs as the cell operates.
(iii) Calculate the value of AG® for the overall cell reaction in J/mol,,.
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(f) The atmospheric pressure in the lab was 0.980 atm at 22.0° C. The vapor pressure of water at 22.0° Cis 0.026 atm. Calculate the
pressure of dry gas in tube X.




image22.png
2H;0(1) — 2Hy(9) + O2(9)

To generate the Hy(g) and the O5(g), a student performs electrolysis of water, represented by the equation above. The student collects the
gases in tubes and then adjusts the position of one of them so that the water levels inside and outside of the tube are the same, as shown in the
following diagram

Source
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Movable Piston

A student investigates gas behavior using a rigid cylinder with a movable piston of negligible mass, as shown in the diagram above. The cylinder
contains 0.325 mol of Os(g)

(a) The cylinder has a volume of 7.95 Lat 25" C and 1.00 atm. Calculate the density of the Oz (g), in g/L, under these conditions.
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Number of Molecules

Molecular Speed (m/s)
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[G) ‘The molecular masses of the gases, because the gas molecules have the same average kinetic energy and mass can be calculated using the equation K Eyyy ;vmﬂ
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“The graph above shows the distribution of molecular speeds for four different gases at the same temperature. What property of the different gases can be correctly ranked using information from the graph,
and why?

(A)  Thedensities of the gases, because as the density of a gas increases, the average speed of its molecules decreases.

The pressures of the gases, because the pressure exerted by a gas depends on the average speed with which its molecules are moving,

(©  The volumes of the gases, because at a fixed temperature the volume of a gas can be calculated using the equation PV = nRT.
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H,NCONH,(s) = H,NCONH,(aq)

The dissolution of urea is represented by the equation above. A student determines that 5.30 grams of HyNCONH, (molar mass 60.06 g/mol) can dissolve in water to make 5.00 mL of a saturated
solution at 20.°C.

(c) Calculate the concentration of urea, in mol/L, in the saturated solution at 20."C,
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Ammeter

A
V\ ‘ ‘ /Pb
V2 Pb2*
Salt Bridge
Reaction 1 V' (ag) +2¢ — V(s) B =-118V
Reaction 2 Pb?'(ag) +2¢ — Pb(s) B =013V

Net Reaction;

V(s) + Pb?' (ag) — Pb(s) + V*' (aq)
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® ©®

® O

Bt = E'et — 210 Q.
-1
AG" = —nFE"

AG" = AH® —TAS"
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The vanadium+lead galvanic cellin the diagram above initially operates under standard conditions according to the net reaction shown in the table below the diagram. The cell operates for 1.0 minute ata
constant known current. Which of the following mathematical relationships would be most useful for determining the change in mass of the V(s) electrode after 1.0 minute of the cell's operation without
having to use a balance?
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“The diagram below shows the experimental setup for a typical electrochemical cel that contains two standard half-cells. The cell operates
according to the reaction represented by the following equation

Zn (s) + NiZ* (ag) — Ni (s) + Zn2* (aq)
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What would be the effect on the cell voltage if the concentration of Zn“" was reduced to 0.100 Min the half-cell containing the Zn
electrode?




image33.png
The compound BrCl can decompose into Bry and Cly, as represented by the balanced chemical equation below.
2BrCl(g) = Bra(g) + Cla(9) AH" =1.6kJ/mol,,

A0.100 mole sample of pure BrCl(g) is placed in a previously evacuated, rigid 2.00 L container at 208 K. Eventually the system reaches
equilibrium according to the equation above.
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After the system has reached equilibrium, 42 percent of the original BrCl sample has decomposed

(f) Determine the value of Ky for the decomposition reaction of BrCl at 208 K.
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3) 1£93.75% of a radioactive isotope of technetium-99 remains after 24 hours, what is the half-life?

An 0457187 = dnlps] = -K (24ms) i
Lo EEE K 4;/1.'“ Teo71 a58 s
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Which of the following pairs of mathematical expressions can be used to correctly calculate the pH and pOH of a 0.0015 M KOH(aq) solution at 25°C?

®  pH— —log(14.00 — 0.0015) and pOH — —log(0.0015)

@

pH — log(0.0015) — 14.00 and pOH — —log(0.0015)

PH = 14.00 — ( — log(0.0015)) and pOH — —log(0.0015)

PH = —( — 10g(0.0015)) and pOH — 14.00 — ( — log(0.0015))
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Given the physical properties in the table, calculate the quantity of heat that must be absorbed to increase the
temperature of a 0.105 g sample of dry HC7H5O3 (molar mass 138.12 g/ mol) crystals from 25°C to the
melting point of 159°C and melt the crystals complelelyA‘
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A student prepares a lactic acid-sodium lactate buffer solution by mixing 40. mL of 0.50 M HC3H;Os(aq) with 200. mL of 1.0 M NaC;H503(aq). The pK, of HC3H; Oy is 3.08. What is the pH of
the resulting solution?

® 208
3.08
© =38
® 408
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H,0(1) + H;0(1) = HyO" (ag) + OH (aq)

At5.0°C, the value of K for the equilibrium shown above s 1.9 x 10~ and the value of pK,, is 14.73. Based on this information, which of the following is correct for pure water at this temperature?

®  [H0']=y19x10 "

@

pH = —log(1.9 x 10 %)

1473 = [H50'],,[OH ,,

® O

pOH — pH + 14.73
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For the correct calculated value of either ¢:
Accept one of the following:
® Qg =mcAT = (0.105 g)(1.17 J/(g - °C))(159°C - 25°C) = 16.57

1mol M 27.1007
138.12g " 1mol

® Qo =0.105gx =20.67

For the correct calculated value of the other ¢ and the total heat:

Goal = Ghear + Qe = 16.51+20.61=37.1T
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For the correct calculated value:

pK, = —10g(6.3 x107°) = 4.20
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(i) For the correct stoichiometry (may be implicit):
AS i = ZAS products = ZAS® regctants

A8, = (A5°cogg) + 28Ry )~ (A cron) )

For the correct calculated value:

= — J
AS°,,, =198 +2(131) - 240. = 220. 74—

(ii) For the correct calculated value:
AG°=AH° - TAS®

AG°=90.0 m*{m - (375 K)(0.220 9 —) = +7.5kI/mol,,
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For the correct calculated value:

X - (Poo)(By,)” _@s4
(Fegor) @D

: =110
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For the correct expression:

¢ - [H07][HCOO ]
‘ [HCOOH]

For the correct calculated concentration of H;O™:

HCOOH + H,0 = H;0* + HCOO™

1 0.25 0 0
C - +X +X
E 0.25-x x x

x2

Let [H,0°] = x, then 1.8x107 = ———

(0.25-x)

Assume x << 0.25, then 1.8x10™ = 0’% = x=00067M

For the correct calculated value of pH:

pH =—log[H,0"] =—10g(0.0067) =2.17
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For the correct calculated value of the pressure of CO; (may be impli

24 atm total x 1 atm CO, /2 atm of product = 12 atm CO,

For the correct calculated number of moles of CO»:

PV=nRT

PV (12 am)(4.3 L)

"= RT " (0.08206 L atm mol” K™)(298 K)

=2.1mol CO,
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For the correct calculated value:

2.998x10° ms™

E=hv=h|<|=6.626x10 Jos | =5
A 4.00x107" m

]: 4.97x10™ 7




image2.png
Solubility in HyO at 25°C 22 ¢/l

Specific heat capacity 1.17 J/(g-°C)
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Electron flow should be indicated only in a counter-clockwise direction in the external
circuit, from the Cl> anode to the Mg cathode.

Mg(l>\|

Power
‘ Source

-—

ool

CL(e)

S

Molten MgCl,

()  For the correct answer and calculated value:
No, because 2.0 V is less than 3.73 V, which is the minimum voltage needed for electrolysis
‘o occur.
ELy=-237V+(-1.36 V)=-3.73V

(©  For the correct calculated value of moles of electrons (may be implicit):

ImolMg _2mole”

X2~ 0.165 mol &~
2430gMg 1 mol Mg

2.00 g Mgx

For the correct calculated number of seconds:

06.485 Cx 1s
Imole” 5.00C

0.165 mol e™ x =3180s
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(g) Calculate the bond energy of the Br-Cl bond, in kJ/mol, using AH° for the reaction (1.6 kJ/mol,,,) and
the information in the following table.

Br- Br 193
Cl-cl 243
Br-Cl ?

AHe = X (bond energies), ., — z (bond energies);, ,eq

1.6 kJ/mol = 2(Br—Cl bond energy) — (193 kJ/mol + 243 kJ/mol) 1 point is earned for a correct
(436 + 1.6) kJ/mol = 2(Br—Cl bond energy) calculation of the Br-Cl bond energy.

Br—Cl bond energy = 219 kJ/mol
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AG®=—RTInK
K= o AGIRT
70 Yol

K=o @3MInd KHEBK)
k=070
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(a) The student measures the voltage of the cell shown above and discovers that it is zero. Identify the
missing component of the cell, and explain its importance for obtaining a nonzero voltage.

The salt bridge is missing. The salt bridge allows for the 1 point is earned for the correct

migration of jons to maintain charge balance in each half-cell answer and a valid explanation
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(b) The student adds the missing component to the cell and measures Egy to be +1.54 V. As the cell

operates, Ag" ions are reduced. Use this information and the information in the table above to do the
following.

(i) Calculate the value of E® for the half-reaction Cr¥*(ag) + 3 e~ — Cr(s).

Egy = Epg(cathode) — Ejyy(anode)

+1.54V=40.80V —x 1 point is earned for a correct calculation of Ejpy

=+0.80V —(+1.54 V) =074 V

(i) Write the balanced net-ionic equation for the overall reaction that occurs as the cell operates.

1 point is earned for the correctly balanced equat
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(iii) Calculate the value of AG® for the overall cell reaction in J/mol,,

. 3mole” c 1
AG = —nFE = 7(7] (96.435 )(l 54 E) 1 point is earned for the correct

1 mol,

ran mol e™

calculation of the value of AG®.
=—4.46 x10° J/mol,
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The response provides the correct calculated value.

Pyas = 0.980 atm — 0.026 atm — 0.963 atm




image54.png
320060,

0.325mol Oy x oE™ ~10.4g0p

D=2 _lnf_131g/L

OR

p_om _ POD)  (10am)(2008/wol)
VT TR T eosmsE)esK)

—131¢g/L
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The molecular masses of the gases, because the gas molecules have the same average kinetic energy and mass can be .
O] calculated using the equation K By = 3mu?

Answer D

Correct. Because the gases are at the same temperature, the average kinetic energies of the molecules i each gas are the same. Solving

KEyyg = mu? for m produces the equation m — Y2XE. which shows that m and v are inversely proportional to one another. Thus the

larger the average speed, the smaller the mass of the gas molecule. Therefore, going from left to right on the graph, the molecular masses.

ofthe gases are ranked highest to lowest
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The response meets both of the following criteria.

O The response shows the following calculation.

5.30 g HNCONH; x ghiaet. — 0.0807 mol

O The response shows the following calculation.

0.0807 mol
m T =1719M
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The student researches benzoic acid (HC7Hs0;) and finds that it has similar properties to salicylic acid
(HC7H503). The K, for benzoidacid is 6.3 x 107>, Calculate the value of pK, for benzoic acid.
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Correct. Solving the equation  — 4 for charge yields the equation g — I'. From g, the amount of charge that passed through the cell, the
number of moles of electrons transferred can be determined. Since two moles of electrons are transferred for every mole of V(s) that is
‘oxidized and goes into solution, the moles of V(s) consumed can be calculated. Finally. using the molar mass of V. the mass lost by the
V(s) electrode Is easily calculated
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1 point eamed for indicating that Ecel/increases (is larger)

1 point earmed for recognizing that @< 1 and/or that the term X1 [;‘:: must be added to the £
Ecell= £ - Bpp 21
ER

When the [zn2+] s lowered to 0.100 M, then Q< 1. The value of the cell potential under these nonstandard conditions is more positive than
£ (under standard conditions). The cell voltage increases.

An argument involving LeChatelier's principle is also acceptable: the decreased [Zn2+] increases the “potential” for the reaction to proceed
1o the right.
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The student response earns two of the following points:
1 point earned for indicating that Ecellincreases (is larger)

1 point eamned for recognizing that @ < 1 and/or that the term

[zn*']
Ni*']

must be added to the Fo

Ecell=F -

[zn*]
INi*']

When the [zn2+] s lowered to 0.100 M, then Q< 1. The value of the cell potential under these nonstandard conditions is more positive than
£ (under standard conditions). The cell voltage increases.

An argument involving LeChatelier's principle is also acceptable: the decreased [Zn2+] increases the “potential” for the reaction to proceed
1o the right.
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Bt decomposed — (0.42)(1.22 atm) — 0.51 atm
Pirc1 remaining = 1.22 atm — 0.51 atm = 0.71 atm
2z — 0.51 atm — = — 0.26 atm Br(g) and 0.26 atm Cla(g)

O The response shows the following calculation.

00020 _
K= O~ 013
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Answer C

Correct. KOH s a strong base that completely onizes in aqueous solutions, producing one mole of O~ ions per mole of KOH dissolved
As a result, [KOHJ,4,, — [OH ] = 0.0015 M and pOH — —log(0.0015). At 25°C, pH + pOH — 14.00; hence, pH — 14.00 — ( — log(0.0015)).
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Answer D

Correct. After mixing, the ratio of [C3H; 05 | to [HC3H;0s] is equal to 10. Using the Henderson-Hasselbaich equation,
pH = 3.08 + log(10) = 4.08.
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Answer A

Correct. The mathematical expression of the equilibrium constant for the autoionization of water is Ky = [H,0"],,[OH ],,. Based on the
stoichiometry for the equilibrium, [H;0*],, = [OH",, for pure water and K, = [H,0°[%,. s0 [£,0%],, = V1.9 x 10
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ATOMIC STRUCTURE v
) = energy
-#3 RRQ a0 # 20 v = frequency
2 = wavelength
Planck’s constant, h = 6626 x 101
Speed of light, ¢ = 2.998 x 10° ms~!

Avogadro’s number = 6.022 x 10 mol™!
Electron charge, e = ~1.602 x 10 coulomb

EQUILIBRIUM
-
= [CIDI here a A+ 5B = cC+dD Equilibrium Constants
[AT'[B]

K, (molar concentrations)
4 FRe 0. # a.i, K, (gas pressures)
T FRR 7 Baak Haldens K, (weak acid)

#a FRL20 1ok K, (weak base)
L ™ K, (water)

HB']
K [B] N
(K, = [HF[OHT] = 10 x 107 a25°C 4422
K,x K,
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&4

i el N A
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CoH=pK, togffil 322 e 1 9.A |pH of leckk buffer
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GASES, LIQUIDS, AND SOLUTIONS

3.4 VSR 7 ,}km:w.u*\}
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w3 @702 ™R L

3.5
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CH;0H(g) 2 CO(g) +2 Hy(g)  AH®= 90.0 kJ/mol,,
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THERMODYNAMICS/ ELECTROCHEMISTRY

[q=medT 73\ 200 P | &
Zl

"o acfe
40 A= S0 ot - S s

)

heat

mass

specific heat capacity
temperature

standard entropy

standard enthalpy

standard Gibbs free energy
number of moles

standard reduction potential
= current (amperes)

charge (coulombs)

AG® = )" AG; products — > AG; reactants

)4
A EAEETAS 5 203 Fe Acil ,
CESRTWK M 208 FRR Aol q
GZmpEeee2 208 YRR L 1 = time (seconds)
Q = reaction quotient

Qh‘l Ap Topic 79,10 q
. ar
'\‘?—*\g A Toack A 1 volt = Ldoule 6

Za- N cel 1 coulomb
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The values of the standard molar entropies of the compounds involved in the reaction are given in the
following table.

Substance (J/(K-mol))

(i) Use the data in the table to calculate the value of the standard entropy change, AS®, in J/(K-mol,.,).
for the reaction.
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(ii) Calculate the value of AG®, in kJ/mol,.,,, for the reaction at 375 K. Assume that AH® and AS® are
independent of temperature.




