AP® CHEMISTRY
2009 SCORING GUIDELINES (Form B)

Question 3 (10 points)
2H,05(aq) — 2H,0() + O4(9)

The mass of an aqueous solution of H,0, is6.951 g. The H,O, in the solution decomposes completely according
to the reaction represented above. The O,(g) produced is collected in an inverted graduated tube over water at

23.4°C and has a volume of 182.4 mL when the water levels inside and outside of the tube are the same. The
atmospheric pressure in the lab is 762.6 torr, and the equilibrium vapor pressure of water at 23.4°C is
21.6 torr.

(a) Calculate the partial pressure, intorr, of O,(g) in the gas-collection tube.

Patm P02 + PHzo = P02 = Patm_PHZO

One point is earned for the correct answer.

P 762.6 torr — 21.6 torr = 741.0 torr

2

(b) Calculate the number of moles of O,(g) produced in the reaction.

- - PV
PV =nRT = n = RT
P = 741.0torr x lam _ 0.9750 atm One point is earned for
760 torr the correct substitutions.
T = 273.15 + 23.4°C = 296.6 K
V= 1824mL x — <L~ 01824 L One point is earned
1,000 mL for the correct answer.
o, - % _ (0.9750 am)(01824 L) 7304 x 103 ol
(0.0821 L atm mol* K~1)(296.6 K)

(c) Calculate the mass, in grams, of H,0O, that decomposed.

One point is earned for

the conversion of mol O,
2 mol HZOZ x 34.0 g H202 = 0.497 g HZOZ to mol HZOZ'

1mol O, 1 mol H,0,

(7.304 x 10~3 mol O,) x

One point is earned
for the correct mass.

(d) Calculate the percent of H,0,, by mass, in the original 6.951 g agueous sample.

0.497 g H,0,

x 100 = 7.15% One point is earned for the correct answer.
6.951 g sample
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AP® CHEMISTRY
2009 SCORING GUIDELINES (Form B)

Question 3 (continued)

() Write the oxidation number of the oxygen atomsin H,O, and the oxidation number of the oxygen atomsin

O, in the appropriate cells in the table below.

Substance

Oxidation Number
of Oxygen Atoms

H,0,

O,

In H,0,, the oxidation number of O is —1.

In O,, the oxidation number of O is 0.

Two points are earned for
the correct oxidation numbers
(1 point each).

(f) Write the balanced oxidation half-reaction for the reaction.

H,0,(aq) — O,(g) + 2 H*(aq) +2 e~

One point is earned for the correct reactant and products.

One point is earned for correct balancing.

© 2009 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.




24,
2 H,05(aq) = 2H,0() + Ox(g)

3. The mass of an aqueous solution of H,0, is 6.951 g. The H,0, in the solution decomposes completely
according to the reaction represented above. The O,(g) produced is collected in an inverted graduated tube
over water at 23.4°C and has a volume of 182.4 mL when the water levels inside and outside of the tube are

the same. The atmospheric pressure in the lab is 762.6 torr, and the equilibrium vapor pressure of water at
23.4°C is 21.6 torr.

(a) Calculate the partial pressure, in torr, of O,(g) in the gas-collection tube.

(b) Calculate the number of moles of O,(g) produced in the reaction.

(c) Calculate the mass, in grams, of H,O, that decomposed.

(d) Calculate the percent of H,0, , by mass, in the original 6.951 g aqueous sample.

(e) Write the oxidation number of the oxygen atoms in H,O, and the oxidation number of the oxygen atoms in
O, in the appropriate cells in the table below.

Substance Oxidation Number
of Oxygen Atoms
H,0, -1
L% 0

(f) Write the balanced oxidation half-reaction for the reaction.

.45! A H,0,, O, N=130.4 L wher rlymwis Mt eme

’) ba ,(D +DY‘r' QJ.lp th‘ &ZMI"/ vp °p @

{\\ ?\.\- = Pn + Pu\
7 ) *Al Vg_ \3}]

Qb dove-© P s b her
120 = 791 dor

-14- GO ON TO THE NEXT PAGE.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 3

)  PN=a®T  T= 29L4K

R =624 £ Pore ol 'K

V=0.1824 ¢

P= 7491 forv

b ) 184) = n (b2:4)( 20 A)
n=0,0073i

F”-g‘ x ’Oyzmc\\, 01

-3 2 _
Q) A0 o) 0y X T = b1k wmal HyD,
amel
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Ol o) - 2 71447 3 Hs0, |

«"1> "L“'—I %_H}O.,

g \0 -
b5 3 T ll-l“fo H;O;'»«.L“_SJ

. ok MB — 0. + e 4%’
R R > X “J+OU L — L i
-P) m —> 0, + ¢+ &H*‘\
A W R 7
-15- GO ON TO THE NEXT PAGE.
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2 H,0,(aq)

3

—= 2H,0()+ O,(g)

3. The mass of an aqueous solution of H,0, is 6.951 g. The H,0, in the solution decomposes completely
according to the reaction represented above. The O,(g) produced is collected in an inverted graduated tube
over water at 23.4°C and has a volume of 182.4 mL when the water levels inside and outside of the tube are
the same. The atmospheric pressure in the lab is 762.6 torr, and the equilibrium vapor pressure of water at

23.4°C s 21.6 torr.

(a) Calculate the partial pressure, in torr, of O,(g) in the gas-collection tube.

(b) Calculate the number of moles of O,(g) pfoduced in the reaction.

(c) Calculate the mass, in grams, of H,0, that decomposed.

(d) Calculate the percent of H,0,, by mass, in the original 6.951 g aqueous sample.

(e) Write the oxidation number of the oxygen atoms in H,O, and the oxidation number of the oxygen atoms in

O, in the appropriate cells in the table below.

Oxidation Number
Substance of Oxygen Atoms
0, o

(f) Write the balanced oxidation half-reaction for the reaction.

terr « 0.5 (€ afm

a) Lo - T626+206_ 292
he2 Z T

a o, - mele 2 mo| H O, 14,016 9 H.04
I mof 0, 1 ol Ho0,
L =
-14- : GO ON TO THE NEXT PAGE.
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2 H,05(aq) — 2 H,0(]) + Ox(g)

3. The mass of an aqueous solution o/f ,H\quisj\?_S/l\g“ The H,0, in the solution decomposes completely
according to the reaction represented above, The Q,(g) produced is collected in an inverted graduated tube
_over water.at 23.4°C and has.a volume.of 182.4.ml, when the water levels inside and outside of the tube are
e same, The atmospheric pressure in the lab is 762.6 torr, and the equilibrium vapor pressure of water at

23.4°C s 21.6 torr.
e I

(a) Calculate the partial pressure, in torr, of O,(g) in the gas-collection tube.

(b) Calculate the number of moles of O,(g) produced in the reaction.
(c) Calculate the mass, in grams, of H,O, that decomposed.
(d) Calculate the percent of H,0,, by mass, in the original 6.951 g aqueous sample.

(e) Write the oxidation number of the oxygen atoms in H,O, and the oxidation number of the oxygen atoms in
O, in the appropriate cells in the table below.

| Oxidation Number
‘ Substance of Oxygen Atoms
H,0, — |
0, O

(f) Write the balanced oxidation half-reaction for the reaction.

Ne2 b—2t6= Y4l .0

r\,' ;7
(0\3 \ ?() y‘f 2k \/
|

v Y ?

one,) /]AH _ O(&orr)

B e N =234l
0 1824 L 0, = O-\%D—A(X%_ bol- Oy
0.00% wiol. D>
ppc) 000 mel

I

14 GO ON TO THE NEXT PAGE.
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AP® CHEMISTRY
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Question 3

Sample: 3A
Score: 10

This response earned al 10 points: 1 for part (a), 2 for part (b), 2 for part (c), 1 for part (d), 2 for part (€), and 2 for
part (f).

Sample: 3B
Score: 6

Thisresponse earned 6 of the possible 10 points. In part (a) the point was not earned because the partia pressure of
thedry O, gasisincorrectly determined as the average of the two pressures provided. In part (b) both points were

earned for using the incorrect pressure calculated in part (a) to correctly determine the number of molesof O,. In
part (c) only 1 of the 2 points was earned; the incorrect number of moles of O, is used consistently, but the molar
mass of H,O, isincorrect. In part (d) 1 point was earned for calculating a percent by massin the original sample

consistent with the mass calculated in part (c), with an acceptable number of significant figures. In part (€) 2 points
were earned for the correct oxidation number of the oxygen atomsin each substance. In part (f) no pointswere
earned because a balanced oxidation half-reaction is not given.

Sample: 3C
Score: 4

This response earned 4 of the possible 10 points. In part (a) 1 point was earned for the correct partia pressure of the
dry O, gaswith an acceptable number of significant figures. In part (b) neither point was earned because the number
of molesof O, gasisdetermined by using the molar volume at STP. In part (c) 1 point was earned for multiplying
the number of moles determined in part (b) by the correct mole ratio. The second point was not earned because the
mass is not determined. The point was hot earned in part (d). In part (€) 2 points were earned for the correct oxidation
number of the oxygen atomsin each substance. In part (f) no points were earned because a correctly balanced
oxidation half-reaction is not given.
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