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» Collecting Gases over Water
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EJ%ple 5.11 i
ydrogen gas is produced according to the following reaction: =
2HCl(aq) + Zn(s) —> ZnCly(aq) + Hy(2)

The gas is collected over water. |If 156 mL of gas is collected at
19°C and 769 mmHg total pressure, what is the mass of hydrogen
collected?|The vapor pressure of water at 19°C is 16.5 mmHg|.¢..-
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Example 5.11 Galculating the Amount of Gas Collected over Water

Gaining Mﬁgy Toolbox

Critical Concept 5.11

When gases are collected over water,
there will always be water molecules
(water vapor) present in the gas mix-
ture. The partial pressure of water vapor
depends only on temperature.
Solution Essentials:

« Vapor pressure

« Dalton’s law of partial pressures

« Ideal gas law

« Units of pressure (Table 5.2)

« Kelvin temperature

Hydrogen gas is produced by the reaction of hydrochloric acid, HCI, on zinc metal.
2HCl(aq) + Zn(s) —> ZnCly(aq) + H(g)

The gas is collected over water. If 156 mL of gas is collected at 19°C (two significant
figures) and 769 mmHg total pressure, what is the mass of hydrogen collected?

Problem Strategy The gas collected is hydrogen mixed with water vapor. To obtain the
amount of hydrogen, you must first find its partial pressure in the mixture, using Dalton’s
law (Step 1). Then you can calculate the moles of hydrogen from the ideal gas law (Step 2).
Finally, you can obtain the mass of hydrogen from the moles of hydrogen (Step 3).

Solution
Step 1:  The vapor pressure of water at 19°C is 16.5 mmHg. From Dalton’s law of
partial pressures, you know that the total gas pressure equals the partial

pressure of hydrogen, Py, plus the partial pressure of water, Py .
P =Py, + Pypo
Substituting and solving for the partial pressure of hydrogen, you get
Py =P — Pyo= (769 — 16.5) mmHg = 752 mmHg

Step 2:  Now you can use the ideal gas law to find the moles of hydrogen collected.

The data are

Variable Value
P 752 maHg X ——2_ _ 0,989 at
PIHE % 760 mmHg o o
V 156 mL = 0.156 L
T (19 + 273) K = 292 K
n ?
From the ideal gas law, PV = nRT, you have
989 atm X 0.
A S OOBIREMVAVII, . i 5 v

T RT 0.0821 L-atm/(K-mol) X 293 K
Step 3: You convert moles of H, to grams of H,.

202gH,

: H, X ——
0.00664 mol H X =

=0.0130 g H,



Exercise 5.11 Oxygen can be prepared by heating potassium chlo- ' See Problems 5.87
rate, KCIO;, with manganese dioxide as a catalyst. The reactionis , and 5.88.

2KClOs(s) 55> 2KCl(s) + 30(g)

Mn()

How many moles of O, would be obt: uned from 1.300 g KC105? l ®

[fjthis amount of O, were collecte - waterfat 23°C and at a Cn
g, what volume would 1t occup) —&m

¥ P\l WR{— —p 09

00159 = M - 0.4os8L
0.0% x ( 23 +975.15)

pHd = POz + Puden

Vugmmﬂs - PO2 + NN wmnlg_ ol

" igooaKClOS Y 1 X : =0.0159
199 55 2 mol (a




V{An unknown gas was collected by water displacement. The
ollowing data was recorded: T = 27.0 °C; P = 750 torr;
V=37.5mL; Gas mass = 0.0873 g;

PHzO(vap) =26.98torr |, d>2los

Determine the molecular weight of the gas.

A. 5.42 g/mol
B. 30.2 g/mol
C. 60.3 g/mol
D. 58.1 g/mol
E. 5.81 g/mol



» Kinetic-Molecular Theory

According to this theory, a gas consists of molecules in constant
random motion.

Kinetic energy, Ek,Qs the energy associated with the motion of|an
object of mass m)

"t}

E, = %m X (speed)?

5.6 Kinetic Theory of an Ideal Gas (o

» Postulates of Kinetic Theory
Kinetic-theory model of gas

Postulate 1: |Gase§ ar_e Compo§ed of pressure According to kinetic theory,
molecules whose size is negllglb/e gas pressure is the result of the bom-
comparedlwith the average distance bardment of lhfi container walls by
between them. Most of the volume constantly moving molecules.
occupied by a gas is(empty space)
This means that you can usually ignore
the volume occupied by the molecules,

l . h‘l




Postulate 2:

Molecules move randomly in straight lines in all

directions and at various speeds.
chis means that properties of a gas that depend on the motion of
olecules, such as pressure, will be the same in all directions.

Postulate 3:

=3 vl
The forces of attraction or repulsion between two

molecules|(intermolecular forces)|in a gas are very weak or

negligible, except when they collide~* r;fm&

This means that a molecule will continue moving in a straight line

with undiminished speed until it|collides jwith another gas molecule
or with the walls of the container.

Postulate 4:

WAV
When molechidé with one another, the

collisions are elastic. In anelastic collision, the total kinetic
energy remains constant;(no kinetic energy is lost)

ostulate 5:| The average kinetic energy of a molecule is

P

portionallto the absolute temperature




/CONCEPT CHECK 5.5

Consider a sealed glass bottle of helium gas at room temperature. If you im-
merse the bottle in an ice water bath, how will this immersion affect the pressure
of the gas?

8585 Sl adan,
asabigdl &lhd olalabaal

I. Pressure increase

II. Pressure decrease )
& dsladl lhaas

3Ll daya yalaasl,

III. No pressure change
The best explanation for your answer is?
a The force of the collisions of the helium atoms with the container walls increases
with decreasing temperature.
b The helium atoms have significantly greater volumes at lower temperatures.

¢ The frequency and force of the collisions of the helium atoms with the con-
tainer walls decrease with decreasing temperature.

d The average kinetic energy of the helium atoms remains constant when the
temperature decreases.

e The concentration of helium decreases, resulting in a decrease in the frequency
of the collisions with the container walls.



» The Ideal Gas Law from Kinetic Theory B e
n " oA Tempaatare | A'OQQYIO bt one Tlde
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5.7 Molecular Speeds; Diffusion
and Effusion
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Example 5.2
(@) Calculate the rms speed of O, molecules in a cylinder at
21°C and 15.7 atm %

(3% 831 kg - m/(s>K-mol) X 294 K
‘e 32.0 X 1072 kg /paol

Number of molecules

>~ =479 m/s



ﬁ&ercise 9.13 At what temperature do hydrogen molecules, H,,
have the same rms speed as nitrogen molecules, N,, at 455°C?

At what temperature do hydrogen molecules have the same

average kinetic energy? Icm

Determine the rms molecular speed for N, at 455°C (728 K):
! o  (Speed)
'-u _ (3RT)2 _ (3 x 831 kg « m*/(s*s Ko mol) x 728 sz

M 28.02 x 10~ kg/mol = 804.81 m/s

2 u'M (804 81 m/s)*(2.016 x 10~ kg/mol) _
I'= 3R (3)(8.31 kg e m?*/s” « K « mol) =924 Ke mderl

Any two gases at the same temperature will have the same
average Kinetic energy

to onl

Becausi the average kinetic energy of a molecule is|proportional

9



» Diffusion and Effusion

v| Diffusionl|is the process whereby a gas|spreads out|through
another gas to occupy the space uniformly.

v'|Effusionl|is the process in which a gas|flows throughla small
hole in a container ,

Average speed

: IRT
v |Graham'’s law of effusion u= |5
lRate of of molecules (for the same container at constant
MI” v
Y T and P)
»7 Fec{}e () > _ ﬁ} ~
///—_ - _———

o
if«\& Rate (2) To) M o)



(QY) Calculate the ratio of effusion rates of molecules of carbon
|0X|de CO,, and sulfur dioxide, SO, from the same container
3.
and at the same temperature and pressure. Examp[e 513 /

l r\w\ QOQ < Mm "Q"m“

Rate of effusion of CO, VM, (CO,)

Rate of effusion of SO, I E E-WuSM v 4 E-K)usion
\/Mm(.SOE)

Rate of effusion of CO, M, (SO,) \/64°1 g/mol =121

Rate of effusion of 8O3 '\ M,,(CO,) 44.0 g/mol

«Qulfur dioxide effuggee 0.82644 timeg alower than Carbon dioxide
«carbon dioxide effuses 1.21 times faster than sulfur dioxide

. r <@l
Wcise 5.12 What is the rms speed (in m/s) of a carbon tetrachlo- ' See Problems 5.89, / CC L"
L’Hen

ride molecule at 22°C? : 5.90,5.91, and 5.92.

l 3RT 8x831ﬁ 298 _ 919 5
Mw 153.82 407

11
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Z{ercise 5.14 If it takes 3.52 s for 10.0 mL of He to effuse /m :
rough a hole in a container at a particular temperature and ~~
pressure, how long would it take for 10.0 mL of O, to effuse from
the same container at the same temperature and pressure?

(Note that the rate of effusion can be given in terms of volume

of gas effused per second.) I'{m He Z f(m Ox
Rate of effusionof O M, (He) 4.00 g/mol of dhﬂ:
' = \NA©n - 32,00 gmol 5 032 9= L
Rate of effusion of He n (2 00 g (”u, L= He )
éf effusion of O, = 0.35 x rate of effusion of He.
Volume of OZ _ O 35 Volume of He * %‘!‘A uC 7 8P€CO\OQ
Time for 02 R % Time for He ¥ T—Vmg |-\e < TVM(’ OQ
10.0 mL 10.0 mL . )+ 3529<996 S
: = 0.35 x : 11
Time for O, 3525
_ 3.52s < /
Time for O, = =9.96s 12

0.35355




?e{cise 9.15 If it takes 4.67 times as long for a particular gas to
ffuse as it takes hydrogen under the same conditions, what is

the molecular weight of the gas? (Note that the rate of effusion is
inversely proportional to the time it takes for a gas to effuse.) /

Rate of effusion 6f Hj time forgas  |M (gas)
Rate of effusion of gas timEforHyD M (H))

L]

CHem

=4.67

M _(gas) = (4.67)? x M_(H,) = (4.67)? x 2.016 g/mol = 43.96g/mol

(Q’{ For the series of gases He, Ne, Ar, H,, and O, what is the

order oflincreasingrate of effusion?
e

Substance He N Ar H, O, 7/
MM 4 20 40 2 32

Lightest are fastest: H, > He > Ne > O, > Ar
Same as: Ar < O, < Ne < He < H, %Qg i

Swall > hig)'\

13




Important Terms

\‘(‘3 - W ) S;# pressure

pascal (Pa)
bW A‘\mosbhcvic Rressurc
manometer -
\L“C' }‘ — millimeters of mercurA
Qe ,\>‘§\ atmosphere (atm)__ 5
S bar \a+W\ -_ P |O) X |0 Pns
. - .0l KpPas
mpirical Gas Laws s PV, . pr \f‘, (—r N)
W Express Boyle's law in words and as an equation. Boyle’s law
= Use Boyle’s law. Example 5.2 Charles’s law A
= Express Charles’s law in words and as an equation\b Avogadro’s law —7 AT %‘VGW.STl P)

g

« Use Charles’s law. Example 53 (PN *) — ; . STp 1=0€

molar gas volume (V,

Express the combined gas law as an equation, "W Jp svandard femperature and pressure (STP
« Use the combined gas law. Example 5.4 \ P- fd’}m
« State Avogadro’s law. \,E - P VvV Lwole = 2242

Defingstandard temperature and pressure (STP). T

(NE wWRT

T e \J\ume o@owe wole o@ Mw gas
LY

(- 224
molar gas constant (R) < 0032V (ghm.L { ol x)
ideal gas law WY (kg - -- -

Derive the empirical gas laws from the ideal gas law. °
Example 5.5

Use the ideal gas law. Example 56__— PHW\ = AQ,T Y
Calculate gas density. Example 5.7

Determine the molecular weight of a vapor. Example 5.8
Use an_gquation to calculate gas density.

toichiometry Problems Involving Gas Volumes

\dume

Solve stoichiometry problems involving gas %CLS —>5 \mole P \’YC\C — RT

volumes. Ewtfple 5.9 T
5.5L@&as Mixture; Law of Partial Pressures ’ =P dﬁ‘}on‘s W

Learn the equation for Dalton’s law of partial pressures. partial pressure

Define the mole fraction of a gas. Dalton’s law of partial pressures

Calculate the partial pressure and mole fractions of a mole fraction

gas in a mixture. Example 5.10 Hidv\(c

Describe how gases are collected over water and how to
determinefthe vapor pressure of water.| §

Calculate the amount of gas collected over water.
Example 5.11

/—\ =
.ﬂ,@% i = Puctter « P g0s Ka . DA Pea ('r, \]s) cowslant




Kinetic Theory of an Ideal Gas

= List the five postulates of the kinetic theory. kinetic-molecular theory of gases (kinetic theory)
= Provide a qualitative description of the gas laws based
on the kinetic theory.

5.7 Molecular Speeds; Diffusion and Effusion / l‘-mv - Po"lma.p T ’

escribe how the root-mean-square (rms) molecular root-mean-square (rms) molecular speed
speed of gas molecules varies with temperature. diffusion
« Describe the molecular-speed distribution of gas effusion
molecules at different temperatures. | CohEnEEs R | > (Rnlc )( ‘zaji@)
=« Calculate the rms s cules. Example 5.12
= Define effusion and diffusion Gntainev AO‘ v . ﬂ,, Same Con
= Describe how individual gas molecules move ! v (’Qj“‘m r\m 7 Mm
undergoing diffusion. 3 LA P )'(CMW'IC
= Calculate the ratio of effusion rates of gases. HW\ C ) 1} < M m

Example 5.13 QOhC d« E@“Siov\ - Mm C D 4 ‘Y\\lﬁ'\ﬁelij “

Key Equations

PV = constant (constant n,T) ng, P,

mo‘ o‘ 3 Mole fraction of 4 = — = —
QS —b

E. constant (constant n,P) =
T /’ Volume = 22 - /3R ( )
V,, = specific constant™ ST P

(depending on T, P; independent of gas) * Rits oE R —— 1
PV = nRT

}j‘" VM,
M, = dRT
Sw*

(same container at constant 7, P)
P=PA+PB+PC+... # x(

=

)(V—- nb) = nRT *



I'M A DUCKTOR

Dovte bey: oJoud Jaber



