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AP* Gas Law Free Response Questions KEY

1971

Pco = Pagm - Proo = (752 - 19.8) torr = 732.2 torr
PV (732 .2torr )(0.242L) 3
n= = — — =9.620107" mol
(62.4 m)(295.15K)

2mol HCOONa  68.0g

2mol CO * 1 mol
0.654 2/0.964 g x 100 = 67.9%

9.620010” “mol oo

=0.654¢g

1971
(a) Peenis = % P°cons = (*/50)(75 torr) = 73.5 torr
(b) 1)T = X,Potol. + Xpobenz
= (*/4)(22 torr) + (*/4)(75 torr) = 35.3 torr.
( /4)(T5torr)
Toens. =35 3500m 000

1972
(a)

n= —= = 0.0100mol CO,
RT 0.08205Lam, (295K)
( mol_K)

K2C03 +2 HCl - 2 KCl + COZ + HzO

0.0100mol CO , 1mol K,CO5 138.2g K,CO4
o0 o0
I'mol CO, 1 mol K,CO,

=1.38 g K2C03

1.38 g K,CO,4

— 0100%= 27.7% K ,CO4
5.00 g mix

() KOH + HCl - K"+ CI" + H,0

0.100L HC1 2.0 mol
0 T = 0.200 mol HCI1

2(0.0100 mol) = 0.0200 mol HCl reacted with K,CO4
1 mol NaOH = 1 mol HCI

0.0866L. NaOH 1.5 mol
© T = 0.130 mol HCI excess

mol HCl reacted = (0.200 - 0.0200 - 0.130)mol = 0.050 mol

0.050mol HCl 1mol KOH 56.1g KOH
[o'e] o0 = 2.81g
Imol HCl Imol KOH

(1) AP" is a registered trademark of the College Board. The College Board was not involved in the production of and does not endorse this product. (2) Test Questions
are Copyright © 1970-2008 by College Entrance Examination Board, Princeton, NJ. All rights reserved. For face-to-face teaching purposes, classroom teachers are
permitted to reproduce the questions. Web or Mass distribution prohibited.
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2.81 g KOH
5.00 g mix
KCl = (100 - 27.7 - 56.2)% = 16.1% KCl

0100%= 56.2% KOH

1973
(a) 6.19 g PCls / 208.22 g/mol = 0.0297 mol PCls

nRT  (0.0297 mol )(0.08205 5 y(525.15K)
v 2.00L

=0.640 atm = 487 mm Hg

(b)  Ppciz =P = X; Ppeis = (0.640 - X) mm Hg
Pr=1.00 atm = (0.640 - X) + X + X
X=0.360 atm = Ppci3 = Pcpp
Prcis = (0.640-0.360) atm = 0.290 atm = 220 mm

1976

Useful realtionship is: M= (gRT)/(PV). Significant intermolecular attraction exists at temperatures not far above
boiling point.

Therefore, the compressibility of the gas is greater and the value of PV is smaller than predicted.

This would lead to a higher value for the molecular weight than the true value.

1982
a) 2 points

Real molecules exhibit finite volumes, thus excluding some volume from compression.

Real molecules exhibit attractive forces, thus leading to fewer collisions with the walls and a lower pressure.

b) 3 points
SO, is the least ideal gas.
It has the largest size or volume.

It has the stongest attractive forces ( van der Waals forces or dipole-dipole interactions).

¢) 3 points
High temperature results in high kinetic energies.
This energy overcomes the attractive forces.

Low pressure increases the distance between molecules. (So molecules comprise a small part of volume or
attractive forces are small)



o

1984 - 47 -

Scoring Standards for Question #7- - - = - - - - - - =

Constant a is related to the attractive forces
that exist between real molecules.

Constant b is related to the fact that real
molecules occupy space or volume.

HZS has -a larger a value

because HZ is a polar molecule and therefore

has stronger intermolecular forces.

HZS has a larger b value because of its
additional atom.

The constant a correlates with the boiling point

since it is related to the intermolecular forces
which must be overcome in the process of boiling.

% 1 point granted in the absence of an explanation only
if the comstant is correctly identified somewhere

in the discussion.

**% Explanation not required for point’ provided

constant is correctly identified somewhere in the

discussion.
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(8 points total)

1 point

1 point

1 point*

2 points

1 point#*

1 point*

1 point
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Question 3. 9 points. Average score 5.18 1986

Three volatile compounds X, Y, and Z each contain element
Q. The percent by weight of element Q in each compound
was determined. Some of the data obtained are given
below.

Percent by Weight
Compound of Element Q Molecular Weight
X 64.8% ?
Y 73.0% 104.
VA 59.3% 64.0

(a) The vapor density of compound X at 27°C and 750.
mm Hg was determined to be 3.53 grams per liter.
Calculate the molecular weight of compound X.

(b) Determine the mass of element Q. contained in 1.00
mole of each of the three compounds.

(c) Calculate the most probable value of the atomic weight
of element Q.

(d) Compound Z contains carbon, hydrogen, and element
Q. When 1.00 gram of compound Z is oxidized and all
of the carbon and hydrogen are converted to oxides,
1.37 grams of CO, and 0.281 gram of water are
produced. Determine the most probable molecular
formula of compound Z.

Part a: PV = (grams/m wt) X RT

m wt = (3.53 grams/liter) (0.0821 liter-atm/mole K)
X (300 K) (1/[750/760}) = 88.1 grams/mole
(3 points)
OR
(3.53 grams/liter) (760/750) (300/273) x
(22.4 liters/mole) = 88.1 grams/mole

OR other equivalent solutions

Part b: gram Q/mole X = 0.648 X 88.1 = 57.1
gram Q/mole Y = 0.730 X 104 = 75.9
gram Q/mole Z X 0.593 x 64.0 = 38.0

One correct (1 point)
All correct (1 additional point)

Part ¢: Masses in (b) must be integral multiples of
atomic weight. Largest common
denominator is 19. (1 point)

Note: Credit given for incorrect at. wt. if consistent
with values in (b).
Part d: 1.37 grams CO, (1 mole/44.0 grams CO,) N
= 0.0311 mole CO, = 0.0311 mole C

0.281 gram H,0 (1 mole/18.0 grams H,0) .
= 0.0156 mole H,0 = 0.0312 mole H (2 points)

1.00 gram Z (1 mole/64 grams) = 0.0156 mole Z

Each mole Z contains 2 moles of CH, or

26 grams, which leaves (64 — 26) = 38

grams, corresponding to 2 moles of

Element Q. Mol. formula is C,H,Q,. (1 point)

Note: Other equivalent solutions received credit.
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1990 -
numoer of molzs of Hy and the number of moies of O are equal. The total pressure is 1,146 milimeters mercury.
(The equilibrium vapor pressure of pure water at 25° C is 24 millimeters mercury.)

The mixture is sparked, and H, and O, react until one reactant is completely consumed.

(2) Identify the reactant remaining and calculate the number of moles of the reactant remaining.

(b) Calculate the total pressure in the container at the conclusion of the reaction if the final temperature is 90° C.
(The equilibrium vapor pressure of water at 90° C is 526 millimeters mercury.)

() Calculate the number of moles of water present as vapor in the container at 90° C.
) 2H, + O —= 2420 _

W\—&QD—A HL: WQ;_/; OIMMQW‘QMO‘QHz

roock dro 2oty woleof 020 L Oa ol Q

Prat = Maro, +Puo
S I r?&,_-s-o?_ + 21 . , N (1)
?‘4;*63,_: a2 w\‘k& .
2z MM/‘l' = ?o,_ ./QD-%* ([lzo'?t;‘x.o;_uw w72m>
Po, = 290.5wman ()
PV Pa e/ T OR PV=nRT Y

e

(a209)(sD = fbaniVe . . | Goshredem b5 =
v Toead T oBuddy 2athy
= 0.169R /2.4 S .

= 7.5S ;\Lo-swzQA | n =7.>‘S'3<lo_3 »Wg,-—Q | .m
) ?Oz(‘?cf\ - 2805 oOR. 'F:(‘[.S‘S;tw-3 mﬁ\(.o?zb(?éa
Tses 2% Rl
P, (ac") = 342 wﬂﬁc) . P= 342 M
= =(Po,_+?,4,_o e S
. 3342+ 526 e e e )
=263 pam HCS o T (y

Q) Vuo(51®) 25 Zéhniﬁ@ 273 OR_ a* (52 6/r0)ot5, (o.504)
| e B 0.081( -2\ (3 (3h0) o
Voo iEEGa0 T (oot E>< Aq o
Ni,o = o.zéo_,_Q/zz.q,Qm-Q" nz 0.0 mak
= .06 wmed
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STANDARDS

recuces e averege feinebc %le}j (o—/‘ velo a'%;) ! ot
of/@?@s olecides . THis wonded resluce fha
purnber (or A?jW\— ) of colliiens oF ges molecules
with He surdace 047‘0 be Uloon (oR decrease tfe
prsmentfum Mp«yv et occens coken ﬂc—jbf /H“
motewles shibe e bildor S'M/Au_o> Ln onelen

bo muitae a st presire 17 He etfermad
/r&&:’u/\.a,, He vetume rnst— deerneane .

z { = other 2 pts not awarded ]
@)@ s of e gas do hawe viluwma 1 pt
Whav. Hag ez cortled TP =
te fovci of mﬁ%lﬁs
CQ)WMW”’ ‘,//4744— ane in cendlarttc
pitorn go He HCL pmd My diffuse 2%
%7779{&7‘;4&. UW%’/; e, My L
Ko MY,

/% A/Wm/mﬂé?o&m /p?‘.‘
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1994 CHEMISTRY

STANDARDS
Question 3

PV (721)(0.090) _ -3
(a) n = 5 (62.4)(298) 3.49 x 10 mol H,
25°C —— 298 K (1 pt.)
745 - 24 = 721 mm Hg (1 pt.)
calculation of moles of H, (1 pt.)

(23.8)(0.090)

" - -4
(b) (62.4)(298) 1.15 x 10°% mol H,0 (1 pt.)

(1.15 x 1074)(6.03 x 10%23) = 6.92 x 10'9 molecules H,0 (I pt.)

(c¢) The average kinetic energies are equal, so

1 1
(gmvz)HZO - (§mVZ)H2

VH, - MMHZO - 18 - 3 (1 pt.) for formula
VH,0 MMH2 2 (1 pt.) for calculation
- . 3RT
Note: credit also given for correct use of vy = m
(d) Hp0 deviates more from ideal behavior. (1 pt.)
Explanation:
EITHER
i) The volume of the HyO0 molecule is larger
than that of the H, molecule
OR (I pt.)

ii) The intermolecular forces among H,0 molecules are
stronger than those among H, molecules
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QUESTION 2
(9 pts.)

a) CH, + 50, > 3CO,+4H,0

Notes: ignore phases (even when wrong)
multiples are OK
if balanced wrong, parts b and ¢ should be consistent

b) 100 g CH, x LB G _ 4007 1m0l o,

441 g C,H,

0227 mol CjH, x —2% 9% _ 13 g0,
1 mol C,H,
-1
y = (1.13 mol 0,)(0.0821 L-atm-mol"-K")(303 K) - 281 L0,
1.00 atm . A

281L0, x 200Lar _ a4y 4

210L O,

Note: answer must be consistent with part a
c) AH,, = Y AH;(products) — ¥ AH) (reactants)

—2,220.1 kJ = [4(—285.3 k) + 3(=393.5 kJ)] — [5(0 kJ) + AH (C;Hy)]
—2,220.1 kJ = —1,141.2 kJ ~ 1,180.5 kJ — AH(C,H,)
—2,220.1 kJ = —2,321.7 kJ — AH°(C H,)

~101.6 kJ = AHY (C;Hy)

Notes: answer should be consistent with part a
1 point deducted if negative sign missing from answer
1 point deducted if —2,220.1 kJ substituted for AH? (C;Hy)
no points earned if coefficients are inconsistent and not
set equal to AH°

Lmol CH, 22201k

d) 300 g C,H, x
441 g CH, = 1 mol C,H,

= 1.51 x 10° kJ

1.51 x 10° kJ = 1.51 x 10° J = (8,000 g)(4.18 J-g"-K'}AT)
45.1 K (or °C) = AT

Notes: must correctly substitute into ¢ = mcAT for 1 point
1 point earned if g value wrong but AT consistent

(I pt)

(I pt)

I pt)

(I pr)

( pt)

( pt)

( pt)
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1996

QUESTION 5
(8 points)

G000
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Represented above are five identical balloons, each filled to the same volume at 25°C and 1.0 atmosphere
pressure with the pure gases indicated.

(a) Which balloon contains the greatest mass of gas? Explain.

(b) Compare the average kinetic energies of the gas molecules in the balloons. Explain.

(c) Which balloon contains the gas that would be expected to deviate most from the behavior of an ideal gas?
Explain.

(d) Twelve hours after being filled, all the balloons have decreased in size. Predict which balloon will be the
smallest. Explain your reasoning.

(a)

(b)

(©)

@

Scoring Guide

Question 5
CcO

because all contain same number of molecules (moles), and CO, molecules
are the heaviest

2

(Note: total of 1 point earned if CO, not chosen but same number of
molecules (moles) is specified) ’

All are equal

because same temperature = same average kinetic energy

(Note: just restatement of “same conditions, etc.” does not earn second point)
60

it has the most electrons, hence is the most polarizable }
it has the strongest intermolecular (London) forces

2

either one

(Note: also allowable are “polar bonds”, “inelastic collisions”; claiming
larger size or larger molecular volume does not earn second point)

He

greatest movement through the balloon wall
smallest size

greatest molecular speed

most rapid effusion (Graham’s law)

any one

29

1 point
1 point

1 point
1 point

1 point

1 point |

1 point

1 point
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AP® CHEMISTRY

2002 SCORING GUIDELINES (Form B)

Question 2

10 points

2. Arigid 8.20 L flask contains a mixture of 2.50 moles of H, , 0.500 mole of O, , and sufficient Ar

so that the partial pressure of Ar in the flask is 2.00 atm. The temperature is 127°C.

(a) Calculate the total pressure in the flask.

2811, T &2.50 mol)(0.0821 =2 )(4OOK) 0
Py, = =G =G mol =10.0 atm
eV g % 820L +
%)
8302RT0 &0.500 mol)(0.0821 = altrrl)(400 K) 2

=2.00 atm
8.20 L +

Q
mon

Ta
Ppr=2.0atm

Pr= PH2 + PO2 + Payr=10.0 atm + 2.0 atm + 2.0 atm = 14.0 atm

1 point earned
for the partial
pressure of H,

1 point earned
for the partial
pressure of O,

1 point earned for
the total pressure

(b) Calculate the mole fraction of H, in the flask.

89 molH2 9
Mol fractlonH2 %mole + molo2 + mol Ar
= 2.50 mol

molyy 5

molo2 = 0.500 mol
e 0
VG 2. 200) -
molp, = §79 =C (2.90 itmt)(S o) = 0.500 mol Ar
é(o 0821 - a rrl)(400 K) H

molH2 + molO2 +molp, = 2.50 mol + 0.500 mol + 0.500 mol
= 3.50 mol total

e molgy, O 5950 mol 0
%mole +molg, + mOlAr— g3.50 mol g

Mol fractlonH2 =0.714

1 point earned
for mol Ar

1 point earned
for mol fraction
Of H2

Copyright © 2002 by College Entrance Examination Board. All rights reserved.
Advanced Placement Program and AP are registered trademarks of the College Entrance Examination Board.
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AP® CHEMISTRY
2002 SCORING GUIDELINES (Form B)

Question 2 (cont’d.)

(¢) Calculate the density (in g L~1) of the mixture in the flask

2.016 g Hyp
250molHy ¢ 7 +=504gH
2 &1 mol Hy gt

0.500 mol O aéhz'ogozd 16020
. mo - = .
2 &1 mol Oy £%2

0.0 g Arg
0.500 mol Ar m‘fa ~ 200 g Ar

total mass = 5.04 g+ 160g+200g = 41.0¢g
_ agotal mass O §I.O 20
density = C———+= == 500gL"!
Y 8 volume g €820Lg g

1 point earned
for mass of
all species

1 point earned
for density

The mixture in the flask is ignited by a spark, and the reaction represented below occurs until one of the

reactants is entirely consumed.

2 Hy(g) + O,(g) ® 2H,0(g)

(d) Give the mole fraction of all species present in the flask at the end of the reaction.

2Hy(@) + Ox(g) ® 2H;0(g)

I 2.50 0.500 0
C -1.00 - 0.500 2(+0.500)
E 1.50 0 1.00

total moles after reaction = molH2 + moly 07 molp = 1.50

mol + 1.00 mol + 0.500 mol
= 3.00 mol total

mol fractionH2 = ?% g— 0.500

mol fraction )= %§= 0 (not necessary)
mol fractionp, = E‘k%%: 0.167

mol fractionHzo = &e%%= 0.333

1 point earned for 1.00 mol H,O

1 point earned for total moles

1 point earned for any two mol
fractions, excluding O,

Copyright © 2002 by College Entrance Examination Board. All rights reserved.
Advanced Placement Program and AP are registered trademarks of the College Entrance Examination Board.
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