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A Gas

- Uniformly fills any container.
- Mixes completely with any other gas

- Exerts pressure on its surroundings.

Pressure

- is equal to force/unit area

- SI units = Newton/meter? = 1 Pascal (Pa)

- 1 standard atmosphere = 101,325 Pa

- 1 standard atmosphere = 1 atm =
760 mm Hg = 760 torr

/ﬂ.}w = 760 mn /_/}

\ o |- 1m? column of

| ‘ | air (mass = 10* kg)

Gravitational| | | |
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Vacuum

h=760mm Hg
for standard
atmosphere
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Table 5.1 Common Units of Pressure Normal Atmospheric Pressure
J Unit at Sea Level and 0°C

Normal Atmospheric Pressure pascal (Pa); kilopascal (kPa) 101325X10° Pa; 101,325 kPa
Unit at Sea Level and 0°C atmosphe 1 atm
pascal (Pa); kilopascal (kPa) 1.01325%10° Pa; 101,325 kPa millimeters of mercury (mmHg) 760 mmiig*
torr 760 torr
atmosphere (atm) 1 atm pounds per square inch (Ib/in® or psi) 14.7 Ib/in®
millimeters of mercury (mmHg) 760 mmHg* ar 1.01325 bar
tort 760 torr*
s per squate inch (i orps o “These are exact quontiles: in calculaions, we use a5 mony sigaficont fgures a5 necessary.
bar 1.01325 b 5.14  Convert each of the pressures described below to atm:

These are exact quantiles;n calculations, we use as many significant figures as necessary. () At the peak of Mt. Everest, atmospheric pressure is only 2.75x102 mmHg.

8  Convert the following: {A]

5. x  fills her bike tires to 86 psi.
VO mm A .
() 0.745 atm to mmHg ﬂ. ? qb"h—\ > _,"—¢_, ;Sx ”lJJ (c) The surface of Venus has an atmospheric pressure of 9.15x10° Pa
(b) 992 torr to bar (d) At 100 ft below sea level, a scuba diver experiences a pressure of 2.54x10* torr.

(c) 365 kPa to atm
""M_ = 0. 3‘

A’) p-3 .7)— x/ﬂ‘pm’{’ 7 5
PLO

(d) 804 mmHg to kPa b

‘ 3 }“ - .‘0 }/\ -~
TR e in” PO £) 86 psi x lotn : 5B ain
* I'/.'I%.:

Boyle’ s Law’

Pressure x Volume = Constant (7 = constant) 100 2
—~ N slope = k
PV, =P,V, (T=-constant) < [ £
Q
Py
Ve 1/P (T = constant) 5| 0 | | | -
0 20 20 60 0 0.01 0.02 0.03
~— 1/P (in Hg)
(*Holds only at very low pressures.) VF;V
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Charles’ s Law

Charles’ s Law

The volume of a gas is directly proportional
to temperature, and extrapolates to zero at
zero Kelvin.

(P = constant)

V = bT | (P = constant)
b = a proportionality constant

He
6 -
Avogadro’ s Law
5 =
CH, For a gas at constant temperature and
4 pressure, the volume is directly proportional

to the number of moles of gas (at low
pressures).

V=a

V(L)
N w
T T
ok
(e}

a = proportionality constant
V= volume of the gas

i I I I | |
-300 | -200 -100 O 100 200 300

C -2713.2°C > T(°C)

Ideal Gas Law 520  What s the effect of the following on the volume of 1 mol of an ideal gas? /A
(a) The pressure is tripled (at constant 7).
- Anec 1 for a gas. (b) The absolute temperature is increased by a factor of 3.0 (at constant P).
i A T e e T T gasata (c) Three more moles of the gas are added (at constant P and 7).
- e” is the 1
given time.
PV = nRT “‘) P‘ V, p.:. V:.
— ___/7
) . ; [] J* CN
20820655 pv = PV
e Lol [ N

<
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4 A weather balloon is filled with helium to a volume of 1.61 L at 734 torr. What is the volume of the balloon after it has

been released and its pressure has dropped to 0.844 atm? Assume that the temperature remains constant, {&

V=1L Vi

,F = 93¢ tr g 2 0.89Y 0}n
PV, Rl

/ : —

24 zZ%

IR A4 . )(73¢ b
T T e¥ terr
* s 184 L

HO torr |

__—d
1 -t

0.8 atn . G Y forr

DEO torr > O mmb) = [abm

Standard Temperature
and Pressure

1 STP”

P =1 atmosphere
=0°C

The molar volume of an ideal gas is 22.42
liters at STP
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28 A gas cylinder is filled with argon at a pressure of 177 atm and 25°C. What is the gas pressure when the temperature of
e 2177 atm

- rd
7, :25%¢

the cylinder and its contents are heated to 195°C by exposure to fire? {A:
eng)
PV=nRT

_&'/‘52:_!5_ .ﬁ--_pi 7;:”(':

T AR T T f:7
useamrr

A L_.—;,_X_/ Pz 277 atn
T, ¥. 1v°Kk) =

Ideal Gas Law

PV =mR

R = proportionality constant
=0.08206 L atm K-! mol-!

P = pressure in atm

n=moles

Holds closely at P < 1 atm

532 Asample of Freon-12 (CF,Cl,) occupies 25.5 L at 298 K and 153.3 kPa. Find its volume at STP. {A
o SRy s WO R R
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5.34 A sample of chlorine gas is confined in a 5.0-L container at 328 torr and 37°C. How many moles of gas are in the

sample? ]

PV:nﬂT P>32”fa~'xx"‘ :0.Y8

T =32%
V:§0L
PV (o9 ahXs0) p:?
T (00’”4-——;;52 273432 K

= 0.08Y ol 4
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5.36

You have 357 mL of chlorine trifluoride gas at 699 mmHg and 45°C. What is the mass
(in g) of the sample?{A:

FZ/;nQT P:C?‘l.nnﬂ)-
V = dy2 ~l

I/; vjs.oc_

- )
Q@
/\“-%:M P He 4Om
T (o.aszoai'_’fifxﬂib‘/—)
A swer t

PV T

MV:-—;"

n= "M

- & ”,\;51 22 ana
e (13032
= 0.012C ~el CIF c’ = /,/J(

: 6.8 2
0.0%20C L2 0y * a
0.012 ~IClE zﬁ.‘flcfz - /_on CIE ( ,,.,J )
14 >

—

5.50  When an evacuated 63.8-mL glass bulb is filled with a gas at 22°C and 747 mmHg, the bulb gains 0.103 g in mass. Is

oJ:e:m 555  How many grams of phosphing (ke
P V= nR 1
- —

the gas Na, Ne, or AT?

whien 37.5 ¢ of phosphorus and 83.0 L of hydrogen gas react at STP? {47

Py(s) 4H.(g) —AJPH,(g) [unbalanced]
n: Pl . 0.00257 m w =2
nt W 0,302 wid Py 4

AW s _f_.m;-'z =39%% A-

3.2027 i H
0-0027 1 sl m . 3
]
()83
n=P 3 m—————
= (020 Y570

Y 37.493.’,”'0_ w Al
X 7 -2 /2
O.362 Mr"f, _/ﬁ; x ; ,l' 92

Dalton’ s Law of
Partial Pressures

557  Aluminum reacts with excess hydrochloric acid to form aqueous aluminum chloride and 35.8 mL of hydrogen gas over
water at 27°C and 751 mmHg. How many grams of aluminum reacted? {A:

2R, + cuc:m -2 mclf'qf slla"
|f?*l wel &
7.-"";; -P P 36 ral
=" o
PV=nRT

A z e-' PII,O nl‘l'
= 7.{/.-') ‘%7—-4:721.3r—5 T

For a mixture of gases in a container,

Prjr = Py TP+ P+ ...
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Composition of Clean, Dry Air at Sea Level
:
== Partial Pressure

Nitrogen (N2) 0.78084

Oxygen (02) 0.20946
0.00934

. e': ’,t“ P-, oteeto-s The partial pressure of a gas equals the mole
Helium (He) ' 524x10-6 ﬁ' . .

Methane (Ct1) 106 action of the gas time the total
;‘r}:’!on :I(;r‘zl a 0”’”("”‘) T.:;m—h - «01”1‘"‘ g

Hydrogen (Hz) 5x10°7 pres sure.

il 5x10-7

S Ao
Ozone (03) Vw lﬂ 2x10-8
‘Ammonia (NH3) _———' 6x1077

10mat0ty R

6x10710
210710
2x10-10

: c Yolpomv 0.2%. 2%
P _’; N ‘(3’- E
Pt

$G, Q. « w?s 06.20 pre

Carbon Dioxide, an imponant greenhouse gas, is currently
Fareon dosie o hre e n 101 of A2 ST Kinetic Molecular Theory
Eaf ‘Xem P'r Py, nRT . Volume of individual particles is =~ zero.
——
ﬂ P Vv . Collisions of particles with container
@, ,1 T walls cause pressure exerted by gas.
¢00 ‘“” ot . Particles exert no forces on each other.
/0‘ ) ,).:
. Average kinetic energy o« Kelvin
- Jooxd” ,,/'n temperature of a gas.
(
,,,‘)(/ oL)
,wmoé (:27&4’)
T 195 00" Tl B tyh 7;
GO ke B 75 71 N 2 Pe
SLA melec’ ) 2 T s
=7 : ’ﬂo‘“ . 7, 7’ KE ZL mv Ar

Volume is decreased

|| Temperature is increased
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ext

Energy (heat) added

Pext

Increase volume to |
return to original |}
pressure

Moles of gas
increases

Relative number of O, molecules

with given velocity

4 |
0 4x102 8x102
Molecular velocity (m/s)

273K

A 1273k

Relative number of N, molecules
with given velocity

0 1000 200;) 30IOO /ﬂ
o4

Velocity (m/s)
n1 kf}/r

The Meaning of
Temperature

Kelvin temperature is an index of the random
motions of gas particles (higher 7' means greater
motion.)

| sion: describes the mixing of
gases. The rate of diffusion is the
rate of gas mixing.

: describes the passage of

gas into an chamber.
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Effusion:
Rate of effusion for gas 1

Rate of effusion for gas 2 -

Diffusion:
Distance traveled by gas 1
Distance traveled by gas 2

Real Gases

Must correct ideal gas behavior
when at (smaller
volume) 2nd

(attractive forces become important).

Real Gases

corrected pressure  corrected volume

- -
\V4 \/

P ideal Videal




