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Chapter 09: Gases
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Gas Pressure [9.1]
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Pressure Units

1Pa=1N/m?
pascal (Pa) recommended IUPAC unit
kilopascal (kPa) 1kPa=1000 Pa

pounds per square inch (psi)

air pressure at sea level is ~14.7 psi

atmosphere (atm)

1atm =101,325 Pa
air pressure at sea level is ~1 atm

bar (bar, or b)

1 bar = 100,000 Pa (exacty)
commonly used in meteorology

millibar (mbar, or mb)

1000 mbar = 1 bar

inches of mercury (in. Hg)

1in. Hg = 3386 Pa
used by aviation industry, also some weather reports

torr

=1
1 torr = 7603tm

named after Evangelista Torricelli, inventor of the barometer

millimeters of mercury (mm Hg)

1 mm Hg ~1 torr

Table 9.1




xt Pecssues Aerr Crwvans ws [fX'. 2.151

a A typical barometric pressure in Kansas City is 740 torr. What is this pressure
in atmospheres, in millimeters of mercury, inkilepaseals, -and-in-bar?
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é Calculate the height of a column of water at 25 °C that corresponds to
normal atmo?-\eric pressure. The density of water at this temperature is
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Figure 9.5 A manometer can be used to measure the pressure of a gas. The
(difference in) height between the liquid levels (h) is a measure of the
pressure. Mercury is usually used because of its large density.
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sphygmomanometer (Greek sphygmos = “pulse”). It consists of an inflatable
cuff to restrict blood flow, a manometer to measure the pressure, and a
method of determining when blood flow begins and when it becomes
impeded (Figure 9.6)



Relating Pressure, Volume, Amount, and Temperature:

The Ideal Gas Law [9.2] CP4st/4(5T
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Volume and Temperature: Charles’s Law FV = [L
Volume and Pressure: Boyle’s Law ’_F = -—[\-/—

Moles of Gas and Volume: Avogadro’s Law
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The Ideal Gas Law
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@ Standard Conditions of Temperature and Pressure
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Stoichiometry of Gaseous Substances, Mixtures, and Reactions [9.3]

Density of a Gas + OTHEIL SA~PLA cAlcul AT UIAS
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C: (@) A chemist is preparing to carry out a reaction at high pressure that
requires 36.0 mol of hydrogen gas. The chemist pumps the hydrogen into a
fs-(%L rigid steel container at 25°C. To what pressure (in atmospheres) must
the hydrogen be compressed? (b) What would be the density of the high-

pressure hydrogen? R
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¢ ope P,
A 280.-mL sample of neon exerts a pressure of 566 torr at 26°C. At what
temperature in °C would it exert a pressure of 940. torr in a volume of

440. mL?
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Molar Mass of a Gas ? A 5 r
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A cylinder was found in a storeroom of a manufacturing plant. The label on the r
cylinder was gone and no one remembered what the cylinder held. A 0.00500-

gram sample was found to occupy 4.13 mL at 23°C and 745 torr. The sample

was also found to be composed of only{carbon and hydrogen. Identify the g@
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Molar Mass of a Gas

X, (CL - Chc MW [Wwa: 12-5% <0
! Acylinder was found in a storeroom of a manufacturing plant. The label on the
c cylinder was gone and no one remembered what the cylinder held. A 0.00500-
gram sample was found to occupy 4.13 mL at 23°C and 745 torr. The sample
was also found to be composed of only carbon and hydrogen. Identify the gas.
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¢ \What is the volumeJof a gas balloon filled with 4.00 moles of He when 248 W
the atmospheric pressure is 748 torr and the temperature is 30.°C? "’ ‘/ /
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¢' What is the volume of a gas balloon filled with 4.00 moles of He when
the atmospheric pressure is 748 torr and the temperature is 30.°C?
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é_ A helium-filled weather balloon has a volume of 7240 cubic feet. How
many grams of helium would be required to inflate this balloon to a
pressure of 745 torr at 21°C? (1 ftA3 =28.3 L)
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é_ A helium-filled weather balloon has a volume of 7240 cubic feet. How
many grams of helium would be required to inflate this balloon to a
pressure of 745 torr at 21°C? (1 ftA3 =28.3 L)
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The Pressure of a Mixture of Gases: Dalton’s Law
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i A 10.0-liter flask contains 0.200 mole of methane, 0.300 mole of
hydrogen, and 0.400 mole of nitrogen at 25°C. (a) What is the pressure,
in atmospheres, inside the flask? (b) What is the partial pressure of N2?

T Yo
0.200 of_ Cllq @ f’r\[‘: h_fﬂ'r
0.%0 v th

P,___nfl‘\‘
o= v

0.400 v N, P - (0-%’0 +0.%40 40. 400 Vle) | 0.0%2 k= . | 293 |1 _ 2.'10“*"

298 L (0.0 L_ | wat | ”
0oL
AN P - o400 | 2Wakn ?
helX, = Fw as Pzl = _o - _ o 18 ala.
3 e /PT b0 |
— Ok —

PMVN‘:V\',KT-Q? p'J: V\CKT:
~N

O.M‘\Ll 0.0%2L ﬂ*t-L,l Z“.X'L R th‘a‘q‘«u

| . |woLr

f/A(ST



Collection of Gases over Water
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IGL — COLLECTED OVER WATER [w9.ex12-19, in text]

(EX) ¢ Hydrogen was collected over water (Figure 12-7) at 21°C on a day when the atmospheric pressure
was 748 torr. The volume of the gas sample collected was 300. mL. <(a) How many moles of H 2 were
present? (b) How many moles of water vapor were present in the moist gas mixture? (c) What is the

mole fraction of hydrogen in the moist gas mixture?> What would be the mass of the gas sampile if it
were dry?
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Chemical Stoichiometry and Gases Creee /430
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(EX) STOICHIOMETRY OF A GAS USING VOLUME. [ex9.17b]
¢An acetylene tank for an_oxyacetylene welding torch provides 9340 L of
acetylene gas, C2H2 ,Gat 0 °C and m.‘]—low many tanks of oxygerfhach

providing 7.00 x 10A3 L of O2 at 0 €C and™ atm, will be required to burn
the acetylene?
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¢Sulfur dioxide is an intermediate in the preparation of sulfuric acid.
What volume of SO2 at 343 °C and 1.21 atm is produced by burning I.

00 kg of sulfur in oxygen?
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Effusion and Diffusion of Gases [9.4]
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(EX) CALC EFFUSION TIME [ex9.21b]

¢ A party balloon filled with helium deflates to 2/3 of its original volume in 8.0
hours. How long will it take an identical balloon filled with the same number
of moles of air (M = 28.2 g/mol) to deflate to 1/2 of its original volume?
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The Kinetic-Molecular Theory [9.5]
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Kinetic-Molecular Theory Explains the Behavior of Gases, Part |

lecular Velocities and Kinetic Energy

Kinetic-Molecular Theory Explains the Behavior of Gases, Part I

n-ldeal Gas Behavior [9.6]



e“f(- Ml-lw\

Sﬁw U&oab_

Ke of o Ioa?t-d’-k £ mass () and S)a»f Cw) =

®

Ke = 4

2=

)

Y

Arms = l (VI 4 e U
n
iy 1 e el
e L -
[Lt/(vé ol l’l/\ukus @Ktw = 2 &T
2




@ K¢ =

®

Cpanes . SPacp

L
2

—

\/

nasy

o2
s

L [T
muw-

]
/
S pasd

2L

® TL z_g:zh&.

EMU w, SP"I:(
0o e =37)
4
nolead, Ho Lo 33

beafe s toum g5, ol
S5



e gua IL()‘\-'\ .. /M-QS;
(Aowaahr, o CRA%A4S LA )

fg?{—'
E W S "s (j
9«‘-15‘\ I—'# B %vhs E f M-A
Wy

— V“ﬁ <LL/”lriQ')
_ Tep

_ kA
p / n

—



MOV~ Tp4ar  CAkas ("Q&A—L LD ".>

PU=n T 20
2_—” ) ﬁ_V_ Ly /
RT 2le
0.5
bec—ﬁﬂ.«. (('\ o
HFDL‘ K'QWL
PUu=~nRT
(F’-ﬁ-_q’v_u_‘?‘ > (V_ h[,) = mwRT
VL
7 I
covah Lo covuds o
IM)L»-\ 4#"’-{\/“- ‘/"L“"‘“ "‘t
kaslonde

24 e conshuds

[}



