10.1  In the gas phase molecules are far apart, while in the liquid they are touching.

(a)

(b)

(c)

10.2 (a)

(b)

(c)

A gas is much less dense than a liquid because most of the volume of a gas is empty
space.

A gas is much more compressible because of the distance between molecules.

Gaseous molecules are so far apart that there is no barrier to mixing, regardless of
the identity of the molecule. All mixtures of gases are homogeneous. Liquid
molecules are touching. In order to mix, they must displace one another. Similar
molecules displace each other and form homogeneous mixtures. Very dissimilar
molecules form heterogeneous mixtures.

Because gas molecules are far apart and in constant motion, the gas expands to fill
the container. Attractive forces hold liquid molecules tegether and the volume of the
liquid does not change.

H,O and CCl, molecules are too dissimilar to displace each other and mix in the liquid
state. All mixtures of gases are homogeneous. (See Solution 10.1 (c).

Because gas molecules are far apart, the mass present in 1 mL of a gas is very
small. The mass of a gas present in 1 L is on the same order of magnitude as the
mass of a liquid presentin 1 mL.

106 Using the relationship derived in Solution 10.5 for two liquids under the influence of gravity,
(d % )y = (d % h)y,. At752 torr, the height of a Hg barometer is 752 mm.

1.20g ,

1mL 1id

13.69
1mL 1.20 g/mL

% 760 mm; hy, = 12:09/ML X 752MM _ g 53 x 10° mm = 8.52 m
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10.18 (a) P and V are inversely proportional at constant T. If the volume decreases by a
factor of 3, the pressure increases by a factor of 3.

(b) P and T are directly proportional at constant V. If T decreases by a factor of 2, P
also decreases by a factor of 2.

(c) P and n are directly proportional at constant V. If n decreases by a factor of 2, P
also decreases by a factor of 2.

cording to Avogadro's hypothesis, the mole ratios in the chemical equation will be
volume ratios for the gases if they are at the same temperature and pressure.

“ Ny(g) + 3Hy(g) = 2NH,(g)

a 3wlH
3.6L or 2 ratio, so either can be
1.2L 1vol N, .

used to determine the volume of NH,(g) produced.

The volumes of H, and N, are in a stoichiometric

1.2LN, x

10.26 n =g/ PV =nRT = gRT/# 7 = gRT/PV.
2-L flask: 7 = 4.8 T/2.0(X) = 2.4 T/X
3-L flask: 7% = 0.36 T/3.0 (0.1 X) = 1.2 T/X

The molar masses of the two gases are not equal. The gas in the 2-L flask has a molar
mass that is twice as large as the gas in the 3-L flask.

10.30 Find the volume of the tube in cm?, 1 cm®=1mL.
r=di2=45cm/2=225=23cm; h=53m=5.3x 10" cm
V = 1rr?h = 3.14159 x (2.25 cm)? % (5.3 x 102 cm) = 8.429 x 10°cm’ = 8.4 L

pv= 9RT: g= 7PV p=203tor x 2™ =2621x10° =262 x 107 atm
VA RT 760 torr

-3
_2018gNe ,  Kemol  , 2.67x10°aimx8.429L _ o154 Ne
TmolNe = 0.08206Leatm 308K

dhalyze/Plan. Given: mass, conditions (P, V, T) of unknown gas. Find: molar mass.
=gRT/PV. Soive:

o per - ORT _1.012g , 0.08206L-atm , 372K, 760t0m Hoq 4 g/mol
- PV 0.354L Keatm 742tor  1atm -

PyV
1046 N, = —2; P=814tor x —2M = 1,071 =1.07 atm
RT 760 torr

Yo n. =1.071 atm x —<emol___ 84.5L 5760 =2 76 mol H
{ Hy 0.08206Leatm 305K ' 2

1molCaH, 42.10gCaH,
x

=58.1 g CaH,
2mol H, 1 mol CaH,

2.760 mol H, x

1

| .36 veo
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10.52 (a) The partial pressure of gas A is not affected by the addition of gas C. The partial
pre§sure of A depends only on moles of A, volume of container and conditions;
none of these factors change when gas Cis added.

(b) The total pressure in the vessel increases when gas C is added, because the total
number of moles of gas increases.

(c) The mole fraction of gas B decreases when gas Cis added. The moles of gas B
stay the same, but the total moles increase, s0 the mole fraction of B (ng/n,)
decreases.

-----

10.57 Analyze/Plan. Mole fraction = pressure fraction. Find the desired mole fraction of O, and
change to mole percent.  Solve:
Po, _ 0.21atm _

xO: = 'E" - m = 0.025; mole % =(0.025 x 100 =2.5%
l .



10.67 (a) Plan. The greater the molecular (and molar) mass, the smaller the rms speed of the
molecules. Solve: In order of increasing speed (and decreasing molar mass):

CO, = N,O <F, <HF <H,

P.5 (b) Plan. Follow the logic of Sample Exercise 10.14. Solve:
' _ [3RT _[ 3x8.314kg-m?¥s?-Ksmol 2
“‘4 Uy, ® P [ g e\ SO0 =1.92x10°m/s

2.02 x 1072 kg/mol

_[ 3x8.314kgem¥s2eKemol x 300K | "
Ueo ‘[ =4.12 x 10 m/
GP # 44.0 %103 kg/mol m
@

As expected, the lighter molecule moves at the greater speed.

10. i i
83 The fact that gases are readily compressible supports the assumption that most of the
volume of a gas sample is empty space.

10.71 Analyze. Given: relative effusion rates of two gases at same temperature. Find: moiecular
formula of one of the gases. Plan. Use Graham's law to calculate the formula weight of
arsenic (I1l) sulfide, and thus the molecular formula.  Solve:

r

rate (sulfide) {389 |
= _ =0.28
rate (Ar) 7(sulfide) |

T2

77 (sulfide) = (39.9/ 0.28)% = 510 g/mol (two significant figures)

The empirical formula of arsenic(lll) sulfide is As,S,, which has a formula mass of 246.1.
Twice this is 490 g/mol, close to the value estimated from the effusion experiment. Thus, the
formula of the vapor phase molecule is As,S;.

10.72 The time required is proportional to the r_eciprocal of the effusion rate.

rate(X) _ 105s _ 3290,
rate (O,) 31s T

V2 s
} . ,=32g0,x% i:lt_io‘té}h = 370 g/mol (two sig figs)

d amount of CCl(g) aré given. Plan. Use ideal-gas equation andvan

10.79 Analyze. Conditions an af |
alculate pressure of gas at these conditions. Solve:

der Waals equation toc

= ____——0'03206"'3""‘ x EE'—(- =0.917 atm Check. The van der Waals result indicates that the real pressure will be less than the ideal
- P=tomal X Kamdl 28.0L pressure. Thatis, intermolecular forces reduce the effective number of particles and the real

nRT an? _ 1.00 x 0.08208 x 313 _ 20.4(1.007 0.866 atm pressure. This is reasonable for 1 mole of gas at relatively low temperature and pressure.
) = Yonb  yZ 260-(100x0.1383) (2807 —

10.86 If the air in the room is at STP, the partial pressure of O, is 0.2095 x 1 atm = 0.2085 atm.

Since the gases in air are perfectly mixed, the volume of O, is the volume of the room. '_
(12Pin® , (2.54°cm® 1L

fit> in® 1000cm?®

=1.812 % 10*
=1.8x10°L

V=10.0ftx 8.0ftx8.0ftx

< &
mPV 320090, =~ Kemo 0.2085atm x 1.812x 10°L _ 5 4 x 10°g O,
RT mol O, 0.08026 Leatm 273K

g=
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‘;4 = AP Chemistry Review
MEL’{/C O"L/L/‘l' NJ g Class Period: A L

Answers for which the appropriate work is not shown will receive no credit.

l 1. Methane can be used in the production of acetylene, according to the equation:

2 CHy (9) > CiHp (9) + 3 H; (9)
A 50.0-L steel vessel, filled with CH, to a pressure of 10.0 atm at 25°C. is heated to 1600 K to crack CH, and
produce C,H,. a. Find the mass of C,H, that can be produced. Pv=un 7

V\(,HZ_EY _ 1Dioah~ (S0. o) w lwolCalh 20 045 Cath -
1 1 O%Lla');ﬁ%[L) fl""""v}'iu"‘.l J,‘f-::_:"f'_'l, wéd

b. Find the pressure of the reactor at 1600 K after the reactlon is complete.

i (UI' iAo d‘!\ HL( —> L' vl vl 2 ‘ﬁ ]ﬂ/'\,f () .
P = niLT
Z(ﬂé (L, Y Jwollythy X H = + rf-,»"-'\ mol<s = FOqmles = ) .
) Bl e 1boo / & :
Zb-otgluty P ifﬁ” o7
2. Benzaldehyde is a fragrant molecule used in artificial cherry flavoring. Combustion of 125 mg of ”ﬁc\ ’

benzaldehyde gives 363 mg of carbon dioxide and 63.7 mg of water. In another experiment, a 110-mg

sample is vaporized at 150°C in a 0.100-L bulb. The vapor produces a pressure of 274 torr. Determine the
molecular formula of benzaldehyde.

[ 07 y lmollo ¢ [Bvagl. aeoovegy  gny 12S vg
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3. Bronze is an alloy of copper and zinc. When a 5.73-g sample of bronze was treated with excess aqueous— -
HCI, 21.3 mg of H, was produced Find the percentageé)y mass composmon of the bronze.
HCl vl pac W/ 2 noetdw Actv it SoepndesS)

i"

02134 H o’ b, e
' L > | vin ol (4 > [w~ ol i~ IANCACY 2 n +2 g/
é '1‘013‘[_‘_L e 4,1_)( T____d_: =. %9 ﬁ’ZL—\
8L, o EL0 Yy 2N 61 Swry,.L 880 ’CK
bl P — ‘6 ‘1 5 '.}3 “‘\,_______________,_
e 3 S ]

4, Calculate the molarities of all ions present in a solution made by mixing 150.0 mL of 2.00 x 102 M
) : > :
Ba(OH), solution with 100.0 mL of 5.00 x 102 M HCI solution. BQ@J'DZ 4 ?,[-1LC} —- 39‘- (I . 4 2t

\60L~ ){ ] 0100\"\'\0* B'(OH)'Z OOBDU WD] %J\'f ,-\'.;7
= gl g |
L.

oo L X+ OGS 09nolHe| = 5
.00 vl Ba

e 1{@ ';3“\

, 0UC mul C - =5 - OLbo : T8 .'},‘S*{)L_..
1{' " -2, q ] I-r' =._\.‘ s ____.. —_"__"_0‘—__'___“ o~ -
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gag F6, —2 H—; + Sow

5. Cinnabar is an ore of mercury known to contain only Hg and S. When a 0.350-g sample is heated in
oxygen, the ore decomposes completely, giving 0.302 g of pure Hg metal. Find the empi__rical’form a of

cinnabar. .
—~ ol 20054
. 6d S wol S
oAb 2 =
6 CH, (g) + 2 0, (g) © CO, (g) + 2 H,0 (1) N AH =-890.4 kJ \
A YHOL.
Calculate how many grams of water are produced if enough CH, is oxidized to release 4452 kJ. €50.4
£ ol C{‘l Zlfb-oi u‘J,"LO |6.02.4 e o , (D
'17\/__“________ V. __,L.' 60 'Z(K-Jj/
| a of( U‘u? | ol ﬁ-:.(} \ ___,_«——
7. Gases are sold and shipped in metal tanks under high pressure. A typical tank of compressed air has a
volume of 30.0 L and is pressurized to 15.0 atm at 298 K. What work had to be done in filling this tank?
[Hint: what volume did the air occupy before it was compressed?] W = PAV
- | f »
V\-/'f— |F§.-O£\1"I'-" :._:.\f-) "\‘J::. 'l,/f ,.V!' = '3[)‘0?_ —’_L{'Q‘D{.— <
s = O C L—{lou)lm’gj | 1€ e o
W Som Aﬂ X J W T nnT
e a 'L\_ 1Qu u_J
. V1 = PaVa
@nw’rﬁsg}ah !9@ Y, = PrY2 =lso,
8-9. A home swimming pool contains 155 m3 of water. At the beginning of swimming season, the water °/
must be heated from 20.0°C to 30.0°C.
a. Find the number of joules of heat energy that must be supplied.
AH = msATT
! L
pr = 1SS w3y e g (udetz 10:i0% = byaxio 3
M 3 T'f —— g 690
j c &(_./ & b, qﬁo O 09, _{

YRS

&

2%

|

L.
b. If this energy is supplied by a natural gas heater with an 80% heat transfer efficiency, hwo many grams
of methane must be burned? [The heat of combustion of methane is -803 kJ/moI]

@p} X (- 6) % looo:I = 6,H20,0003 b,440,000, boO N C-"*"L'l
J L kj —" 9 G, 4o, 000

X 1603y

o™

10-11. Use redox techniques to balance the following equations:
a. AlH;+H [Co AR+ + CH;0H (basic medium)
b. Se + Cr(OH); > Cr + Se0;% (basic)

"’g — 4 3 e /0 T - -—
Ql—\' =R ?‘T‘@ + YH +Be X% [ e —2 Seop, *+ M tye

. s 1
+ H‘LCO — C [-;1,)0&-—! ) L{ CQ” 4 L Uy :‘LL{.«'O _) --C"‘g(/r" /
zl'l’a-fr [ov D =rmy Cr’ +3HL°/>/(’(

Alv 4 .."];. + L{L{_L_(__-q — ;\1 -I—L{CH3HJ

b L,{M ke % TR Uyott) | ng £t + qer(orl)y =2 33’,03 ¥
18Y

i' tL(J-h,NL

Lb“ +;$c +L{Cv(0“‘;3 - 3&03 +9 i

k____:._\. U - f

- o ———— L’ L

2




12. In a series of experiments, the U.S. Navy developed an undersea habitat. In one experiment, the mole
percent composition of the atmosphere in the undersea habitat was 79.0% He, 17.0% N, and 4.0% O,.
What will the partial pressure of each gas be when the habitat is 58.8 m below sea level, where the pressure

is 6.91 atm? )(He '[40 )(ru z.110 Xo = 0. OL{O

PTCX,D :?L« (0@’“4”(/1%0’) p %4,41[1(3(& 1 (_ 0"@ PoL\
LAl atef 00) = (P = l mm‘w Z 0 z,@m»\j

13. A mixture of KCI (s) and KCIO; (s) having a mass of 18.17 g is heated to convert the KC103 to KCI according tc
2 KCIO;3 (s) — 2 KCI (s)+ 3 0, (g). If the mixture has a mass of 12.62 g after heating, then what is the mass

percentaﬁqe of KCIO; in the original mixture? A1~ musS @ 0= [9g+ T TS
18 .
- 1261 , (_..Li-liy{oo \
255500 ¢ w00 Amalfllig passyielon o, glllny | 1B
3209402 3%-0101 | v ol 1£L[63 =Y léC(ﬂ}

= 76-’2’
14-15. O O - O O OV
Co, 0, He N, CH,

[From a previous A.P. Test] 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. (vecr AU Contein e Sanne 45‘ I}
a. Which balloon contains the greatest mass of gas? Explain. LA 6 { iS )

(Copybas Trebiast .
b. Compare the kinetic energies of the gas molecules in the balloons. Explain.

ey dre 0l = KE = foare +orn ) = S tnse
ey are KE =1t Suwerom e

c. Which balloon contains the gas that would be expected to deviate most from the behavior of an ideal
9as? Explain. , gp "/agw oL von - Nolae, Nawte gt L\'«L-es I
|
"pby;w‘ﬂ‘r@ L oo Dy SN Focwea. | T am Q A Dpegs v ”‘jff

d. Twelve hours after being filled all the halloons have decreased in size. Predict which balloon will be the Z

smallest. Exﬂmmmmammmd_]rc}
T)\(OU;L‘ U USET”\, Ne Svm:xi,{:.'/' !--_-"f..-"f-';'z' QU DA S SR ¢ “ro."

{ 6TOovS | aTC>r,
16. A reaction'mixture contains 25.0 g of PCl; and 45.0 g of PbF,. What mass of PbCl, can be obtained from the
following reaction? 3 PbF, + 2 PCl; — 2 PF; + 3 PbCl,

15.04 Pelyylmdfels  3molPhely
} [%’)Z’g,;j P&I 2 vu-._-," ﬂ;Cr 3

il Phfy x J-elPole
s, L 40 Fmal PoT2




17-19. These questions are part of a question that was on a previous AP test.

CeHsOH (s) + 7 0, (g) = 6 CO, (g) + 3 H,0 ()

When a 2.000-g sample of pure phenol (C¢HsOH) is completely burned according to the above equation, 64.98
kilojoules of heat is released. Use the information in the table below to answer the questions that follow:

Standard heat of formation
) at 25°C (kJ/mol)

C (graphite) 0.00
CO(g) -393.5
H. (9) 0.00
H,O(/) -285.85
0, (9) 0.00
CgHsOH (s) ?

a. Calculate the molar heat of combustion of phenol in kJ/mol at 25°C.

TR TR <
1‘6003 Yamo | | ol IL’MO}

b. Calculate the standard heat of formation, (AH°), of phenol in kJ/mol.

—-3,058¢3 = é_[faC&H{‘Coz,)-lr 2(a8¢ s.»z,o)] ;chﬂ,aimﬂ* + (4 %)]
~-3058KT] :ﬂ}’l’%f F%S"J.Sé’l = Xé"-“*""ﬂ‘ .
—3056 =[-3218.6L3 ) —X XQG&@KJ/M! =4 Rp" phomof

c. If the volume of the combustion container is 10.0 L , calculate the final pressure in the container when the
temperature is changed to 110.0°C. (Assume no oxygen remains unreacted and that all produc}s are gaseous.)

e -5 ' F
PV:M(L7 ? __h:’;‘( n = 'Z.O’OCQIPL\MO!VI.WG'EU““’ :_OU'}:

P:_-: ‘[ﬂ[’léoel()gé3 - [ 060 atu
oo

20. Oxygen is collected over water at 25°C in a
2.00 L vessel at a total barometric pressure of
765 torr. Calculate the number of moles of oxygen
collected. The vapor pressure of water at 25°C is

—
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