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Ch. 5 Gases
The Greeks:
Four fundamental element of nature: Air, earth, water and fire.

Vo f(P,T,n)P PV =nRT

§ 5-1 M easurementson Gases (V, n, T, P)

Volume;
1L=10ecm* =10 m®

Amount: The amount of matter in a gaseous sample is expressed in terms of the
number of moles.
n: mol
m=MM "~ n m: mass MM: molar mass

Temperature: in any calculation involving the physical behavior of gases,
temperatures must be expressed on the Kelvin scale.

T, = T"C + 273 .15
b Te = T +273  ArEFHEIHIY T BN K B ETE
\-— absolute temperature
Pressure:

Force per unitarea. #ifF : Ib/ . p psi  (pound per square inch)
In

Mercury barometer:
Constructed by E. Torricelli + EI=JF]| in 17th century.

“— JH[ % B Fig.5.1 atmospheric pressure

At or near sealevel, atmospheric pressure: 740-760mmHg
1 atm = 760 mmHg = 760 torr
P 1 mmHg =1 torr

International system P 17 1  : Pascal (Pa)

1Pa=1 '\%nz

gy

1 atm = 760 mmHg = 1.013 bar = 1.013" 10°Pa = 14.7 psi
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1 bar = 10°> Pa= 0.987 atm

Ex 5.1 : At room temperature, dry ice (solid CO,) becomes a gas. At 77°F, 13.6 0z
of dry ice are put into a steel tank with a volume of 10.00 ft®. The tank’s
pressure gauge registers 11.2 psi. Express (a). the volume (V) of the tank
in liters, (b). the amount of in CO,in grams and moles (n), (c). the
temperature (T) in °C and K and (d). the pressure (P) in bars, mmHg, and

atmospheres.
Ans.
a). V= 1000t ° 28?; L _2e32L
b). m=1360z° 25°°9 —3g6¢
loz
386
=——= 8.77mol
"o, = a2
Q). T = 7-32 _ 550
18
T, =25+273= 298K
d). P=11.2ps ~ =M _ (762 am
14.7 psi
p=0762am’ ~OMMI _ 579 1imHg
lam
p=0762am” 03P _ 770 par
latm

§ 5-2 Theideal gaslaw

v ° f(n, T ,P)
1. Volume is directly proportional to amount.
V =kn (constant T, P) ?ﬁﬁ W o E - (Gay-Lussac law)
P. 106 Fig 5.3 (a)
Notice that the graph is straight line passing through the origin.

2. Volume is directly proportional to absolute temperature

V =k,T  (constant n, P) ﬁ[:ﬂt@ (Charles law)

3. Volume is inversely proportional to pressure

V:E (constantn, T) LI/ 3EE (Boyle law)

V=kn V=k,T, V:%



n" T

b V = constant ~

Avogadro’s law: equal volumes of all gases at the same temperature and
pressure contain the same number of moles.
3
\  The constant must be the same for all gases.

\ PV=nRT Ideal gaslaw

R: O0C lam p STP: standard temperature and pressure
n=1 V=224L
PV 1 224

p R=——-= =0.0821 L>at — HT G d5gh R il g
nT 1 (0+273) Dot — 11 7

_ L xat
R = 0.0821 m/ml «
— bar
= 008314 bar/
= 8.314 J/moI « 1L >atm = 101.3J
_ c a9 _ g 9N
8.314° 10 < sl XK 1J=10 .

§ 5-3 Gaslaw calculations

1. The final state of a gas. Knowing itsinitial state and the changesin P, V, n
orT.

2. Calculate one of the four variables, PV, nor T. PV=nRT
3. The molar mass or density of a gas. PMM=DRT

§ Final and initial state problems.

Startingagas at 25C, 1 atm, when the gasis heated to 95°C at constant
volume. b final P=?

PV _ nRT,
PV  nRT,

n,V = constant

= 3% -1 28atm
298

U

Ex 5.2 : A sealed 15.0 L steel tank is used to deliver propane (CsHg) gas. It isfilled

with 24.6 g of propane at 27 °C . The pressure gauge registers 0.915 atm.
4



(Assume that the expansion of steel from an increase in temperature is

negligible.)

(a) If the tank is heated to 58°C , what is the pressure of propane in the
tank ?

(b) The tank is fitted with a valve to open and release propane to
maintain the pressure at 1.200 atm. Will heating the tank to 58 ‘C
release propane ?

(c) At 200 C, the pressure exceeds 1.200 atm. How much propane is
release to maintain 1.200 atm pressure ?

Ans:
P _P
(@. 2=-2 PB=0915am; T, =273 +27=300K
Tl T2
T, =273+ 58 =331K
0915 _ P,
300 331
P, =1.01am
(b). Q P, <1.200am \ thevavewill not open.
(©). LA P =0.915am; n = - 24.6 — = 24.6 =0.558 mol
nT, nT, 12.01 3+1.008" 8  44.09
T, =300K; P, =1.200 atm; T, = 200 +273 = 473K
0915 _ 1.200
0.558" 300 n,” 473
n, =0.464 mol

m, =0.464 ~ 4409=205¢g MM, = 12.01° 2+1.008" 8 =44.09
Dm=24.6-205=4.1¢

§ Calculationof P,V,nor T

Ex 5-3: Sulfur hexafluoride, SF,(g) isagas used as along-term tamponade (plug)
for aretinal hole to repair detached retinas in the eye. If 2.50 g of this
compound is introduced into an evacuated 500.0 mL at 83°C, what
pressure in atmospheres is developed?

Ans: MMy =3207+6  19.00 = 146.07 g/mol

PV=nRT V = 500 mL= 0.500L
P~ 05000= 220 ° 00821~ (83+273)
146.07
0.5000 P= 00171 ~ 0.0821 ~ 356
P=1.00 atm

§ Molar mass and density



All you need to know is the mass of a sample confined to a container of fixed
volume at a particular temperature and pressure.

Ex 5-4: Acetone is widely used as a nail polish remover. A sample of liquid
acetone is placed in 3.00 L flask and vaporized by heating to 95°C at 1.02
atm .The vapor filling the flask at this temperature and pressure, the vapor
weight is 5.87g.

a) What is the density of acetone vapor under these conditions?

b) Calculate the molar mass of acetone?

c) Acetone contains the three elements, C, H and O. When 1.000 g of
acetone is burned, 2.27g C0O,(g) and 0.932 g H,0(g) are formed. What
Is the molecular formula of acetone?

Ans:
D i = _rna$:5'_87 =1. g
a) ensity v 300 96 K
b) PV=nRT
1.02 °~ 3.00=n " 0.0821 = (95+ 273
n = 0.101 mol
= l :5'_87 = g
n= o b 001==C b MM =581 /mol

C %% CO,(9)
H %% H,0(g)
12.01gC

=227 9> 0619
e 44,019 CO, J
m, =093~ 200GH 50,4
18.02 g H,0
M, = 1.000 - 0.619 - 0.104= 0.277 g
C:H: O = 069 . 014 . 0277
12,01 1008 ~ 16.00
= 00515 : 0103 : 0.0173
= 3 : 6 . 1
CH,~C— CH,
\' CHO b O F.

§ Density



PV =nRT

pv=—"_Ry
(MM)
m
P(MM) = ' RT
P(MM) = DRT
5= P(MM)
RT
\ Pt Dt
T Dl
MM? D17

§ 5-4 Soichiometry of gaseous reactions.

Ex 5-5: Hydrogen peroxide, H,O,, is acommon bleaching agent. It decomposes

Ans :

quickly to water and oxygen gas at high temperatures.
2H,0,(1) ® 2H,0(1) + O,(9)

How many liters of oxygen are produced at 78 ‘C and 0.934 atm when
1.27 L of H,0, (d = 1.00 g/mL) decompose?

Mo =127L " 290N -4 gogmL = 1270
N, o = _ 1270 — =37.3mol
*» 1.008" 2+ 16.00" 2
Nyo N, =2:1
313 :n, =2:1
N, =18.7 mol
v, = nRT _ 187" 0.0821" (78+273) _ 5771
P 0.934

Ex 5-6: Sodium bicarbonate (baking soda) is widely used to absorb odors inside

Ans:

refrigerators. When acid is added to baking soda, the following reaction
occurs:
NaHCO,(s) + H" (aq) ® Na'(aq) + CO,(g) +H,0
All experiments here are performed with 2.45 M HCI and 12.75g of
NaHCO; at 732 mmHg and 38 C.
(@) If an excess of HCI is used, what volume of CO, is obtained?
(b) If NaHCOs isin excess, what volume of HCI is required to produce
2.65 L of CO,?
(c) What volume of CO; is produced when all the NaHCO; is made to
react with 50.0 mL of HCI?
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(8). Muarco, = 12159 — = 12.75_ 4 1518 mol
* 22,99+ 1.008+ 12.01+16.00° 3 84.01
nNaHC03 : nC02 = 1 : 1
01518:n,, =1:1
Neo, = 0.1518 mol

V,, - MRT _ 0.1518" 00821 (38+273) _, 0,
5 7321760
PV _ 782/760 " 265 _ 100mo

b). n., = =
(B). Neo, RT  0.0821° (38+273)
Ny ‘N, =101

n,. :0100=1:1

n, = 0.100 mol
n
V., =-—H = w =0.0408 L =40.8 mL
H M 2.45

50.0.
c). N., =N , =V ., xM , = —
©). Neo, =N, H H" 1000

2.45=0.123 mol
0123:n, =1:1
Neo, =0.123 moal

o, = nRT _ 0.123" 0.0821" 311 _ 3961
P 732/760

V,

§ Law of combining volumes 5 A[F%‘*ﬁ%:@’
The first stoichiometric relationship to be discovered was the law of
combining volumes, by Gay-L ussac in 1808.

The volume ratio of any two gasesin areaction at constant T and Pis the
same as the reacting mole ratio.

T, P = constant

3‘<

Ex 5-7: Consider the reaction
2H,(g) +O,(g) ® 2H,0(1)
(a) What volume of H,(g) at 25°C and 1.00 atm is required to react with
1.00 L of Ox(g) at the same temperature and pressure ?
(b) What volume of H,O(l) at 25 ‘C 1.00 atm (d = 0.997 g/mL) is formed

from the reaction (a)?
(c) What massof H,O(l) isformed from the reaction in (a), assuming a
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Ans:

(a).

(b).

yield of 85.2 % ?

T, P= constant na V
\ oy, oy, =102
100 v, =1 : 2
V,, =200L

2H,(9) + O,(9) ® 2H,0(1)

1.00 L —— R NI nFRETY
- PV
O RT
_ 1.09 100 _ 4 0409mol
0.0821" (273+ 25)
r]OZ . r]HZO = 1 : 2

0.0409 : n,, =1 : 2

(©).

n.o =0.0818 mol
m, , =0.0818" 1802=147 g
1.47

V, . = —"_=147mL
"0 0.997

m, , =0.0818" 18.02" 85.2% =1.269

§ 5-5 Gas mixtures. Partial pressuresand mole fractions

The ideal gas law appliesto all gases, you might expect it to apply to gas
mixtures. For a mixture of two gases A and B, the total pressureis given by

the expression
. RT . RT
Ptot = Mot 7 = (nA+nB) 7
= n.’ E+n E
Ay By
_ _.RT ___.
P, = n, v = partial pressure A

P =

tot

= ng’ g = partial pressure B

P, + P, Dalton’slaw of partial pressure

§ Dalton’s law of partial pressure:

Thetot

al pressure of a gas mixtureisthe sum of the partial pressures of

the components of the mixture.



§ Wet Gases; Partial pressure of water
~RPGIH, > A PR R R R
Ptot = PHZO + PH2
\-— vapor pressure of liquid water

Ex 5-8: A student prepare a sample of hydrogen gas by electrolyzing water at 25 C.
She collects 152 mL of H, at atotal pressure of 758 mmHg. Using
Appendix 1 to find the vapor pressure of water , calculate

(@). the partial pressure of hydrogen?
(b). the number of moles of hydrogen collected?
(FromAppendix 1 p find vapor pressure of water B, , at 25°C = 23.76

mmHg b PR,)
Ans:
a8 By = F)H2 + PHZO
758=R, + 2376 b R, =734mmHg

734/
R,V 0152
b) n, = "= re0 = 6.00"10°° mol

RT 00821 (25+273)

Vapor pressure of water:
25C PR,, =23.76 mmHg; 40C P,, =553 mmHg

70C R,, =233.7mmHg, 100C PR,, =760.0 mmHg

§ Partial Pressure and mole fraction
nA

P,=X,P X, =
A A nA+nB

A" tot

X ,: mole fraction

Ex 5-9: When one mole of methane, CH, ,is heated with four moles of oxygen, the
following reaction occurs :
CH,(9) +20,(9) ® CO,(g) +2H,0(g)
a). Assuming all of the methane is converted to CO, andH,0, what are the
mole fractionsof O,,CO,,and H,O inthe resulting mixture?

b). If the total pressure of the mixtureis 1.26 atm, What are the partial
pressures ?

Ans:

CH + 20 #e CO,, *+2H,0,

4(g) 2(g) 2(g)
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B 100 4.00
T = 0.00 (4.00-200) 1.00  2.00

No, + Ny, + Ny o =2.00+1.00 + 2.00 = 5.00 mol

_2.00 _1.00 2.00
=277 0400 X, = =— =0.200: X, . = = =0.400;
% 500 500 "0 5,00

P, =126 " 0.400 = 0.504 atm
P, =126 0.200=0.252am
P,o =126 * 0.400= 0504 atm

§ 5-6 Kinetic theory of gases ;’?nﬁﬁrb‘hﬁ.%

1880, James M axwell, Rudolf Clausius, Ludwig Boltzmann , and others
developed the Kinetic theory of gases.

M olecular M odel
1. Gases are mostly empty space. The total volume of gas moleculesis negligible.
(R WA | s
2. Gas molecules are in constant, chaotic motion.
3. Callisions are 100% elastic. (5t = %%ﬁ‘[‘%’ﬁ%)
4. Gas pressure is caused by collisions of molecules with the walls of the container.
(553 R B o )
5. The interaction between gas particles is negligi bIe.(%n’ﬁ% S =R SRR
[dis
6. E<inetic energy(é*rﬁt), K.E. a T Atthesametemperature, all gases have the
same kinetic energy. (H T NARE %’gggﬁﬁ:ﬁl[ﬁj.)
”f' "6%!#?‘/ —>Idea|gas

§ Expresson for pressure, P

A& (™ mu— (-mu) =2mu
E)_T: j@% = IJI 2| [/W@;E:Eﬁ‘li
S BRI e Vet = f

1



f= """ =2mu’~ — =
t 21 |
2
AT
n %8 0 P*'/H
F[%%Ff 61 _F _ N, m?
P__z__ 2-
| 3 1< 1
\ p Nmu2
3V

1. Theratio N/V expresses the concentration of gas molecules in the container.
2. The product mu? is a measure of the energy of collision ; Hence as this equation
predicts, pressure is directly related to mu? .

§ Average kinetic energy of trandational motion, Et

E[:%muz p= N e o B’F)TV
=g% PV = nRT
:BEET N=n" N,

E, = 2? R;N, b congtant

b EaTA

1
\ ElzgmuzaT

\ 1. Atagiven T, molecules of different gases must all have the same average
Kinetic energy of translational motion.

2. The average translational kinetic energy of a gas molecule is directly
proportional to the Kelvin temperature, T.

§ Average speed. u

E = 1 2= 3RT
2 2N,

w= SR mN, = MM
MmN ,

3RT
= — average speed
u */MM (average speed)
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1. Average speed is directly proportional to the square root of the absolute
temperature, for agiven gas at different temperatures,T, and T, ,the
guantity MM is constant.

2. Average speed is inversely proportional to the square root of molar mass

(MM)

U, _ I;— MM, = |m, _ Dl_EL
u, T, MM, m, D, t,

Ex 5-10: Calculate the average speed, u, of an N, molecule at 25C.

Ans:
_ [3RT _ qa1’ 103 §XM°
u = /W R=8.31"10 < srol XK

3831 10°" 298
= =515
J 28.02 r%

uinmil/h b 515 3600 , 1609 =1.15" 10°> mile/h
(1 mile = 1609 m)

§ Effusion of Gases: Graham’s law

1. High concentration diffuse to one of low concentration.

2. Therelative rates of effusion of different gases depend on two factors : the
pressures of the gases and the relative speeds of their particles. If two
different gases A and B are compared at the same pressure, only their
speeds are of concern, and

U _ [MM,
u, MM,

3. Graham’slaw : At a given temperature and pressure, therate of
effusion of a gas. In moles per unit time, isinversely proportional to
the squareroot of its molar mass.

(5-7)

Ex 5-11: In an effusion experiment, argon gas is allowed to expand through a tiny
opening into an evacuated flask of volume 120 mL for 32.0s, at which
point the pressure in the flask is found to be 12.5 mmHg. This
experiment is repeated with agas X of unknown molar mass at the same
T and P. It is found that the pressure in the flask builds up to 12.5 mmHg
after 48.0 s. Calculate the molar mass of X?

120 mL Argon MM =39.95g/mL; ta, = 32.0 s, P=12.5 mmHg
gasX atsameT. P, ty =48.0s p molar mass of X.
Ans:
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MM, _t, , [39.95 _ 320_ ..
MM, t, \MM, 480

3995 _ s

MM,

MM, =898 9/

§ Distribution of Molecular speeds

O, a25C  u=400m/
O, a100C u= 1000/

number of moleculs

molecular speed

§ 5-7 Real gases
1. Table5.2 {X3fl F,Il ’E’tﬁﬁﬁ*ﬁifﬁlﬁlﬂn’ﬁ ;—:: W;Jﬁgﬁg W, Tk
ik ;p:’.J;—r -,

2. T S PR R TR (AL il (VB (S5
Real gases behave close to ideal gas.

Deviations between real gas and ideal gas are caused by:
1. Attractive forces between gas particles.

2. The finite volume of gas particles.
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