Ch.5 Gases

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

Measurements on gases
1. Volume , Amount, and Temperature
The ideal gas law
1. Volume is directly proportional to amount.
2.Volume is directly proportional to absolute temperature.
3. Volume is inversely proportional to pressure .
Gas law calculation
1. Final and initial State Problems
2. Calculation of P,V, n,or T
3. Molar Mass and Density
Stoichiometry of gaseous reactions
Gas mixtures : partial pressures and mole fractions
1. Wet Gases ; Partial Pressure of Water
2. Partial Pressure and Mole Fraction
Kinetic theory of Gases
1. Molecular Model
2. Expression for Pressure P
3. Average Kinetic Energy of Translational Motion,Et
4. Averag Speed ,u
5.Effusion of Gases ; Graham,s Law
6. Distribution of Molecular Speeds
Real gases
1. Attractive forces
2. Particle Volume



Gas Properties Explained

v Gases have indefinite shape and volume
because the freedom of the molecules
allows them to move and fill the container
they’re In

v Gases are compressible and have low

density because of the large spaces
between the molecules



Properties — Indefinite Shape
and Indefinite Volume

Because the gas
molecules have
enough Kinetic

energy to overcome

attractions, they

keep moving around

and spreading out
until they fill the
container

As aresult, gases
take the shape and
the volume of the
container they
arein.



Properties - Compressiblility

Gas Liquid

Because there isalot of unoccupied space in the structure
of a gas, the gas molecul es can be squeezed closer together



Properties — Low Density

=
g
- Convert liquid to gas

(1 can of soda) (1700 cans of soda)

Because there isalot of unoccupied space in the structure
of agas, gases have low density



The Pressure of a Gas

v result of the constant
movement of the gas
molecules and their
collisions with the surfaces
around them

v the pressure of a gas
depends on several factors

onumber of gas particlesina |

given volume
ovolume of the container

Oaverage speed of the gas
particles

9 Lower pressure

9
@
9 |

= 3 @ 2 Higher pressure
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Some Substances Found as Gases at 1 atm and 25°C

Elements

Compounds

H, (molecular hydrogen)
N, (molecular nitrogen)
O, (molecular oxygen)
O; (ozone)

F, (molecular fluorine)
Cl, (molecular chlorine)
He (helium)

Ne (neon)

Ar (argon)

Kr (krypton)

Xe (xenon)

Rn (radon)

HF (hydrogen fluoride)
HCI (hydrogen chloride)
HBr (hydrogen bromide)
HI (hydrogen iodide)
CO (carbon monoxide)
CO, (carbon dioxide)
NH; (ammonia)

NO (nitric oxide)

NO, (nitrogen dioxide)
N>O (nitrous oxide)

SO, (sulfur dioxide)

H,S (hydrogen sulfide)
HCN (hydrogen cyanide)*

* The boiling point of HCN is 26°C, but it is close enough to qualify as a gas at ordinary atmospheric conditions.

74 §



§ 5-1 Measurements on Gases
Volume (V’ n, T, P)?ff: §8 P 2

6 1L=103cm3=10-3m3
Mass

oW=Mw" n
Temperature

many calculation involving the physical behavior of

gases. Temperatures must be expressed on the
Kelvin scale

TK - T. + 273
Pressure
Force per unit area
unit : psi(pound per square inch.)

74 §



Measuring Air Pressure

v Use a mercury barometer
(figh5.1), Torricelli

v The pressure exerted by the
mercury column exactly
equals that of the
atmosphere.

v force of the air on the
surface of the mercury
balanced by the pull of
gravity on the column of
mercury

Vacuum

760 mm
(29.92 in)

|

Glass tube

gravity

tmospheric
pressure



EXpress gas pressure

1.Gas pressure Is measured , it Is often express Iin
Millimeters of mercury (mmHgQ)

2.Gas pressure is the standard atmosphere, (atm)
this is the pressure exerted by a column of
mercury 760 mm high with the mercury at O C

3.The standard unit of pressure is the pascal (Pa)
1.013bar=1latm=760mmHg



Common Units of Pressure

Unit Average Air Pressure at

Sea L eve

pascal (Pa) 18525

kilopascal (kPa) 101.325

atmosphere (atm) 1 (exactly)

millimeters of mercury (mmHQ) 760 (exactly)

Inches of mercury (inHQ) 29.92

torr (torr) 760 (exactly)

pounds per square inch (ps, |bs./in?) 14.7




Ex 5.1 : A balloon with a volume V = 2.06 L contains 0.368 g of
Helium at 22°C and 1.08 atm. Express

(a). the volume of the balloon in cubic meters,

(b). the amount of He in mole (n)

(c). the temperature (T) in K, and

(d). the pressure (P) in both bars and millimeters of mercury
v Sol:

-3 3
A 206 M _506" 10°m?
1L
D). n,, =0.368" - _ = 00919 mo
y 4.003 g
c). T=22+273=295K
d. P =1.08atm" 0 mmHg _ 821 mmHg
latm
p =1.08am " 223 _ 4 o9par

latm



§ 5-2 The ideal gas law

1.Volume is directly proportional to
amount.%ﬁf BE AT
(Avogadro’s Iaw)
o6 V=k;"n (constantT > P)
2.VVolume Iis directly proportional
to absolute temperature

% 12 %_= (Charles’s law)
6 V=k,” T (constantn > P)
3.Volume is inversely
proportional to pressure.
O # 113 z_= (Boyle law)
6 V=k,/P (constantn - T)
V =constant” » il

6

Volume (L)
w

0 0.1 0.2
Number of moles

(a)

© 2004 Thomson - Brooks Cole

(b)

® 2004 Thomson - Brooks Cole

0.3



Avogadro’s Law
v volume directly proportional to
the number of gas molecules

OV = constant x n

oconstantPand T Vi Vo
omore gas molecules = larger — |
volume N1 No

v count number of gas
molecules by moles

v equal volumes of gases
contain equal numbers of
molecules

Othe gas doesn’t matter



Avogadro’s Law

m
I | I | I | 1 | I | I | I

e 1 v 1 ¢ 0 T g1 ¢ 0 o3
0 02040608 1 12 14

Number of moles (1)

Copyright © 2008 Pearson Prentice Hall, Inc.




Example: Information
A 4.8 L sample of helium gas Given:V, =4.8 L, n,;=0.22
contains 0.22 mol helium. mol
How many additional moles of _
y V,=6.4L

helium must be added to
obtain a volume of 6.4 L?

Find: \,, Mol and added mol

Eqgn: ™ M2
v Write a Solution Map:
Vl’ V2, nl » I n2 I
Vl - V2
ng Ny

when using this equation, the

units of V,; and V, must be the same,

or you will have to convert one to the other
the units of n, and n, must be moles




Dependence of volume on amount
of gas at constant temperature and pressure

Gas cylinder

&P  \ & @ P .| ®P
| Removey | - Add gas [ | 1
l gas | ._n(rﬁlaicul:esj V. €
= | : = . (Volume s
=2 Volume | | |1 e, _ Yt d
decreases) Valve 'ncreases)

Avogadro’s Law

v= (B RT
(5 n

p IS constant

5.3



Charles’ Law

v volume Is directly proportional
to temperature

oconstant P and amount of gas V]_ ~¥ V2
o graph of V vs T Is straight line T F T
v as T increases, V also 1 2
INcreases
v Kelvin T =Celsius T + 273

vV =constant x T
oIf T measured in Kelvin



0.6 -

0.5 -
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Volume, L
o
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|

=
N
|

0.1

0

Charle's Law & Absolute Zero

m Volume (L) of 1 g O2 @ 1500 torr
@ Volume (L) of 1 g O2 @ 2500 torr
A Volume (L) of 0.5 g O2 @ 1500 torr

e Volume (L) of 0.5 g SO2 @ 1500
torr

-300

-250

-200

-150  -100  -50
Temperature, °C

100

150

20




Heating or cooling a gas at constant pressure

@P Lower @@ P Higher &P

temperature temperature 1
l - e

(anume il = (Volume = =
¥¥,. r¥decreases)* *; s increases) + ¢ &
Chﬁrles slﬁaw
V= (‘%} T % is constant
Heating or cooling a gas at constant volume
P Lower @ P Higher @ P
l temperature ] temperature l

e v (Pressure b 15 2 (Pressure -n.';-,-'

."*.*decreases) '« * . increases) «s *s*

Charles s Law

P = ﬂ T H_R
(V) v is constant

‘Charles’s

Law

0.3



Variation of gas volume with temperature
at constant pressure.

50 == P]

40 — P2
30 — :
Ps Charles’ &
® Tamisc . / ) Gay-Lussac’s
| Law

=300 =200 -100 0 100 200 300 400

V(mL)

VaT
V =constant x T

VT, =VLIT,

Temperature must be
In Kelvin

- T(K)y=t(°C)+273.15 ¢,




Boyle’s Law

pressure of a gas Is inversely
proportional to Iits volume

oconstant T and amount of gas
ograph P vs V is curve
ograph P vs 1/V is straight line

as P Increases, V decreases
oy the same factor

P X V = constant
P, XV, =P, xV,

<

<

'||~ == gd = = = }i —
Up-stroke Down-stroke

Volume increases Volume decreases
Pressure decreases Pressure increases



Pressure, inHg

140 -

120 -

100 -

80 -

60 -

40 -

20 -

Boyle's Expt.

10

20

30

Volume of Air, in®

40" 9 -




Increasing or decreasing the volume of a gas
at a constant temperature

@ P ™ P @ P
Volume Volume l
decreases increases
- #
(Pressure ¢ e (Pressure A

v:.o¥% increases) ., ':decreases) s ¢,«

Boyle’s Law
P= (nRT) %nHTis constant

' Boyle’s

Law

5.3



Boyle's Law

|

|
0.3 atm — — 1 —

|

|

I

2L 4L v 1
Vv

Pal/V
P X V = constant
P, xV;=P,xV,

Constant temperature
Constant amount of gas

5.3



Example: Information

A cylinder equipped with a Given:P, = 4.0 atm V, =6.0 L
movgable piston has an P, =1.0 atm

applied pressure of 4.0 atm

and a volume of 6.0 L. Find: V, =71
What is the volume if the Eq’n: P, - V=P, V,
applied pressure is
decreased tg 1.0 atm?
v Write a Solution Map:
Pl’ Vl’ P2 > I V2 |
Pl . Vl — P2 . V2

when using this equation, the units of P; and P, must be the same,
or you will have to convert one to the other

for the same reason, the units of V, must be L to match the unit of V,




ldeal gas law

vV=k;" n V =K K Ky n1

vV=k, T P

v V=K,/P . n’ T
= g O

PV — NRT



The conditions 0 °C and 1 atm are called
. @ standard temperature and pressure (STP).

Experiments show that at STP, 1 mole of an ideal
gas occupies 22.414 L.

PV =nRT

PV _ (1atm)(22.414L) |
nT (1 mol)(273.15 K)

R =0.082057 L - atm / (mol * K)

5.4



Table5.1 Values of R In different Units

v(Gas law 0.0821 R
mol K
Ener 8.31. .
\/ :
9 mol K
v Molecular speed
2 2
, m m
8.31° 10°— v R

s’mol k S



5.3 Gas law Calculations

The ideal gas law can be used to solve a
variety of problem.

o The final state of gas, Knowing its initial state
and the changes in P, V, n, T that occur.

O0ne of the four variables P, V, n, To
Given the values of the other three.

O The molar mass or density of a gas



Final and Initial State Problems

v To determine the effecton V, P, nor T of a
change in one or more of these variables.

o Starting with a sample of gas at 25°C and 1.00atm -
you might be asked to calculate the pressure
developed when the sample is heated to 95C at

constant volume. Bo il >
o Initial state : P,V=nRT -
| g . Py Ty
o Final state : P,V=nRT,
. T 9527 3
P,=P  _“=1.00atm =1.23atm
Zo - AlS

1



Ex:5-2 A 250mL flask, open to the atmosphere,
contains 0.0110 mol of air at 0" C .on heating,
part of the air escapes; how much remains In

the flask at 100°C?(37> 3 »x#cF )
Olnitial state : PV=n,RT,
oFinal state : PV=n,RT,
on,T,=n,T,

0 . T2&73
100+ 273

n=n " =0.0110 mol *

2

=0.00805 mol



2.Calculation of P, V, n, &= T

v Values are Known for three of these quantities
(perhaps V> n > and T) ; the other one (P)
must be calculated.

vir eV, nk TEP
vin eV, nk PRT
vz e awP, nx TRV
v il P, V& TRn




Ex5.3: Sulfur hexafluoride is a gs that we will have a great
deal more to say about in chapter 7(covalent Bonding ) If
2.50g of this compound is introduced into an evacuated
500.0ml container at 83 What pressure in atmospheres is

developed?

Sol: h
V =500 .0mL = 0.500 L
1000 mL
T =83 + 273 = 356 K
n=25g —™  _0.0171 mo
146 .07 g

NRT 0.0171 ~ 0.0821 ©~ 356 K
= = 1.00 atm
V 0.5000 L

P =



3.Molar Mass and Density

PV =nRT

DRT



Ex:5-4 Acetone is widely used as a nail polish remover.
A sample of liquid acetone is placed in a 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
weighs 5.87 g » (a) What is the density of acetone
vapor under these conditions b) Calculate the molar

mass of acetone

@n=PY - (1.02) " (3.00L) -

RT  (0.0821L.atm/mol .K)(368K)
(b)m=MM "~ n
5.87 = MM “~ 0.101mol
MM =5.87/0.101 = 58.1g / mol




- (c )Acetone contains the three elements C,H and O. When
1.000g of acetone is burned, 2.27g of CO2 and 0.932¢g
of H20 are formed. What is the molecular formula of

acetone?
massC = 2.279C0,” —2999¢  _ 56199 C
44.019C0,
massH =0.932gH., 0" 2.0160H =0.104g H
18.016gH.,0

massO =1.00g - 0.619g - 0.1049 =0.2/7/9g O

22 : ol : ULTT = 0.0515:0.103:0.0173
12.00 1.004 16.00

= 3: 6:3




D (Density) = e

v Pressure;
oCompressing a gas increases Its density.
(F Rgd REGHBRE € H e o)

v Temperature
OFRBRRIcBRER | > Uz g Ao

v Molar mass

oHydrogen(2.016g/mol) has the lowest molar
mass and the lowest density -



5.4 Stiochiometry of Gaseous Reaction
(% B F Jpenis £ F)

A balanced equation can be used to relate
moles or grams of substances taking part in a
reaction. Where gases are involved, these
relations can be extended to include volumes.



Example:

v How many liters of oxygen gas form when 294 g of
KCIO,; completely reacts in the following reaction?
Assume the oxygen gas is collected at P = 755
mmHg and T = 308 K

2 KClO4(s) ¥84® 2KCI(s) +30,(q)




Example: Information

How many liters of O,(g) form | Given:294 g KCIO,

when 294 g of KCIO, Po, = 755 mmHg, T, = 308 K
completely reacts? Assume Find: Vg, L

the O,(g) Is collected at P =

/55 mmHg and T = 308 K
2KClO5(s) 384® 2KCI(s) +30,(g)

v Collect Needed Equation and Conversion Factors:
The relationship between pressure, temperature, number of

moles PV =nRT

and volume is the Ideal Gas Law

We also need the molar mass of KCIO; and the mole ratio
from

the chemical equation
1 mole KCIO4 = 122.5 g KCIOj,
2 mol KCIO; ° 3 mol O,




Example: Information

How manv liters of form Given: 294 g KCIO,
ow many liters of O,(g) fo P., = 755 mmHg, To, = 308 K

when 294 g of KCIO4 Find: V,, L

completely reacts? Assume Eq’n: PV=nRT

the O,(g) Is collected at P = CF: 1 mole KCIO, =1225¢

755 mmHg and T = 308 K 2 mole KCIO; ° 3 moles O,

2KClO5(s) 384® 2KCI(s) +30,(g)

v Write a Solution Map: PTR

g KClO; > Nkcios > | Nop l * | Voo

1mol KCIO4 3mol O, PV=nRT
1225gKClO,4 2 mol KCIO,

when using the Ideal Gas Equation, the units of V must be L;

and the units of Pmust be atm, or you will have to convert
the units of T must be kelvin, K




Example: Information
How many liters of O,(g) form | &ven: 294 g KCIo;
Py, = 755 mmHg, T, = 308 K

when 294 g of KCIO, Find: V. L

. 021
completely reacts? Assume Eq’n: PV=nRT
the O,(g) Is collected at P = CF: 1 mole KCIO, =1225¢
/55 mmHg and T = 308 K 2 mole KCIO, ° 3 moles O,
2 KClO4(s) ¥#® 2KCI(s) +30,(Q9) SM;\g — mol KCIO;— mol O, — L

L

v Apply the Solution Map:
o find moles of O, made

1mol KCIO; ., 3moal O,

= 3.60 mol O,
122.5g KCIO5 2mol KCIO4

294 g KCIO3”




Example: Information
How many liters of O,(g) form | &ven: 294 g KCIo;
when 294 g of KCIO Pop = 795 MMAG, To, = 308 K,
g 3 Ng, = 3.60 moles
completely reacts? Assume Find: V,,, L
the O,(g) Is collected at P = Eq’n: PV=nRT
755 mmHg and T = 308 K CF: 1 mole KCIO, =122.5¢g
2 KClO4(s) ¥5® 2KCI(s) +30,() S 101c KEU. e eSO
SM: g — mol KCIO;— mol O, — L
2
v Apply the Solution Map:
o convert the units
., latm
P=755mmHg =0.99342 atm

/60 mmHg




Example: Information
- Given: 294 g KCIO,

HEW n;gr;ry I'tir; 8:((? 2 (GJplonm Py, = 0.99342 mmHg, T, = 308 K,

WiEN = 3 Ng, = 3.60 moles

completely reacts? Assume Find: V,,, L

the O,(g) Is collected at P = Eq’n: PV=nRT

755 mmHg and T = 308 K CF: 1 mole KCIO, =122.5¢g

2 KClO4(s) ¥5® 2KCI(s) +30,() S 101c KEU. e eSO
SM: g — mol KCIO;— mol O, — L

O2

v Apply the Solution Map:

P.V=n-R-T
L-at

nR-T_\,_ (3.60 mol)(o.0821 mol_”;)(zgs K)
p 0.99342 atm

V =90.7L




Example: Information
How many liters of O,(g) form | &'ven: 294 g KCIO;
when 294 g of KCIO Poz = 795 mmHg, Te, = 308 K,
9 3 No, = 3.60 moles
completely reacts? Assume Find: V,, L
the O,(g) Is collected at P = Eq’n: PV=nRT
755 mmHg and T = 308 K CF: 1 mole KCIO; =122.5¢
2 KClO4(s) ¥342® 2KCI(s) +30,(g) 2 mole KCIO; ° 3 moles O,
SM: g — mol KCIO;— mol O, — L
~2

v Check the Solution:
VO2 =90.7L

The units of the answer, L, are correct.

It is hard to judge the magnitude with so many variables,
but with more than 1 mole of gas at pressures near 1 atm
and temperatures near 273 K — it IS reasonable to
have morethan 22.4 L




Calculate the volume occupied by 1.00 moles
of an ideal gas at STP.

PXV=nxXRxT

(1.00 am) X V = (1.00 moles)(0.0821 5" (273 K)
V =224L

v 1 mole of any gas at STP will occupy 22.4 L

v this volume is called the molar volume and can
be used as a conversion factor

o as long as you work at STP
1 mol° 224 L



Ex 5-5 A nickel smelter in Sudbury, Ontario, produces
1% of the world’s supply of sulfur dioxide by the
reaction

2NIS, +30,, ® 2NIOQ +230,,
What volume of SO, at 25 C and a pressure of one bar

IS produced from a metric ton of nickel (II) sulfide
Sol: 10° 1ol

n,. =1.00metricton’ _ =1.10" 10"°mol
Imetricton 90.76g
n. =1.10" 10'molNis” 2™ _4 1097 10¢ 0,
? 2moINIS
Pressurein aotm=1.0bar - gl 5 0.987 atm
13bar

V. = nRT _1.10" 10°mol ~ 0.0821" 298K

P 0.987atm

=2.73" 10°L



Ex:5-6 Octane,(CgHg, )is one of a the hydrocarbons in

gasoline. On combustion (burning in oxygen), Octane
produces carbon dioxide and water . How many liters
oxygen ,measured at 0.974atm and24 " C,are required

to burn 1.00g of Octane
2CgH 154y 230, ® 16CO,,, t18H,0,

, WmolCHy, | 25m0l0, _ o0

n, =1.00 0
i 114.229CH7 4 Z@L@H
NRT
Vo, = —P—
_ 0.109mol O, X0.0821L xatm/(mol XK ) X(24 + 27/3)K

0.9/7/4atm
=2.73L



The law of combining volumes, proposed by Gay-Lussac In
1808:The volume ratio of any two gases in a reaction at
constant temperature and pressure Is the same as the
reacting mole ratio.

2H C)(|) ® 2HZ(Q) C)2(9)

The volume of hydrogen produced is twice that of the
other gaseous product, oxygen.

At constant temperature and pressure . The volume ratio
must be the same as the mole ratio given by the
coefficients of the balanced equation.



EX5. 7:Consider the reaction

2H,0,, ® 2H,,, + Oy,

(a) What volume of H, at 25 ‘C and 1.00 atm is required to react with
1.00L of O, at the same temperature and pressure?

(b) What volume of H,O, at 25 OC and 1.00 atm (d=0.997g/mL) is
formed from the reaction in (a) ?

(c ) What mass of H,O is formed from the reaction in (a) > assuming a
yield of 85.2957

Sol: (a).volume H, =1.00LO," 2H,

2
(b).n0, = Pv _ (1.0atm)(1.0L) e
RT (0.082)(298K)
2molH .0
2
18.02g , 1.00mL
Imol  0.997¢g
18.02g.

= 2.00LH,

0.0409m0l.0,

= 0.0818molH,,0

nH,O = 0.0409mol.0,”

=1.48mL

V,, o =0.0818mol.H,0’

(c)yield.H,0 = 0.0818molH,0" 0.852=1.26gH.0



5.5 Mixtures of Gases

The ideal gas law applies to all gases, You might expect it to

apply to gas mixtures . According to Kinetic Molecular Theory,
the particles in a gas behave independently.

v AlIr Is a mixture, yet we can treat it as a single gas
v Also, we can think of each gas in the mixture independent of

the other gases

O though all gases in the mixture have the same volume and

temperature

v all gases completely occupy the container, so all gases in the mixture
have the volume of the container

% In Air, % In Air,
Gas Gas

by volume by volume
nitrogen, N, /8 argon, Ar /8
oxygen, O, 21 carbon dioxide, CO, 21

53



Partial Pressure

v each gas in the mixture exerts a pressure
Independent of the other gases Iin the
mixture

v the pressure of an component gas in a
mixture is called a partial pressure

v the sum of the partial pressures of all the
gases in a mixture equals the total

pressure
Pir = PD'P VY)% Pﬁ\rgr?)l ﬁ%\?r% U(S%ﬁatm 1.00atm
c)IZ')total gas A T Pgas B Pgas T



Finding Partial Pressure

v to find the partial pressure of a ga:
multiply the total pressure of the < g
mixture by the fractional

iy <
composition of the gas <

v for example, in a gas mixture that | @ )
is 80.0% He and 20.0% Ne that @
has a total pressure of 1.0 atm, th @
partial pressure of He would be:

P, = (0.800)(1.0 atm) = 0.80 atm Gas mixtur;tf():“fol;lea& 20% Ne @)

. " Py = 0.80 atm
o fractional composition = percentage Pre = 0.20 atm

d IVI d ed by 100 Copyright ® 2006 Pearson Prentice Hall, Inc.




5.5 Mixtures of Gases
Gas Mixture :partial pressures and Mole fractions

RT RT RT RT
I:%otal Nigtar X 7 - (nA L nB) 7 — Ny XV d Ng X—— Y,
P, = Partial pressure A = NaRT
V
Ny RT

PB = Partial pressureB =

Paa =P+ P

atal



Dalton’s Law of Partial Pressures
The total pressure of a gas mixture is the sum of the partial
pressures of the components of the mixture.

(&™) | |
"\-. : ’)‘,. I.'-__ .-I__.-

Vand T

are
constant

Combining -

the gases

PA PB I:)total - I:)A s I:)B

5.6



2.\Wet Gases ;Pressure of water -k s14 &

It picks up water vapor; molecules of H,O escape from the liquid
and enter the gas phase. Pr=Po, +Py o

The Partial pressure of water vapor PH,Ois equal to the vapor
pressure of liquid water. It has a fixed value at a given temperature

Bottle being filled with oxygen gas

\

KClO; and MnO,

Bottle full of oxygen
gas and water vapor

2KCIO, (s) —— 2KCI (s) + 30, (g)
\ Pt =Po, *Ppo / 5 6



Collecting Gases

v gases are often collected by having them
displace water from a container

v the problem is that since water evaporates, there
IS also water vapor in the collected gas

v the partial pressure of the water vapor, called the
vapor pressure, depends only on the
temperature

O S0 you can use a table to find out the partial pressure
of the water vapor in the gas you collect
v Vapor pressure > Is an intensive physical property. if you
collect a gas sample with a total pressure of 758 mmHg
at 25°C, the partial pressure of the water vapor will be
23.8 mmHg — so the partial pressure of the dry gas will be
/34 mmHg



400
—~ 330
50
L 300
250
200
150
100

Pressure (mm

U1
o O

Vapor Pressure of Water

1 | | | | l | | I | 1 I | I I

10 20 25 30 40 50 60 70 80

Temperature (°C)

Caopyright & 2006 Pearson Prentice Hall, Inc.

Temp.,'C |Pressure,
mmHg
10 0.2
20 17.5
25 23.8
30 31.8
40 55.3
50 92.5
60 149.4
70 233.7
80 355.1




Ex5-8:A student prepares a sample of hydrogen gas
by electrolyzing water at 25 C .She collects 152mL of
H, at a total pressure of 758mmHg.Using Appendix 1
to find the vapor pressure of water, calculate

(a) The partial pressure of hydrogen.

(b). The number of moles of hydrogen collected.

(@R, =R

o). = (Riz)V _ (734/760atm)(0.152L) _  voson "
RT (0.082)(298K)

- PHZ = /58mmHg - 23.76mmHg = 734mm Hg




3.Partial Pressure and Mole Fraction

Consider a case in which two gases, A and B, are in a container of volume V.

P, = DART n, Is the number of moles of A @

X 4

e T8 Ng Is the number of moles of B

T
oy
[

PT - PA " PB I:%ot = o Al PA — —nA O; oo 000
V P n :
total ot o
— nA o © ©
PA - XA PT XA = : n.
n, + ng mole fraction (X;) = -
— 1 -

Nay + Np

P.= X.P The partial pressure of a gas in a mixture is equal to its
So - /IS mole fraction multiplied by the total pressure. 56



Example 5.9 : When one mole of methane - CH, is heated with
four moles of oxygen , the following reaction Occurs:

Assuming all of the methane is converted to CO,and H,O , What
are the mole fractions of O,, CO, and H,O in the resulting
mixture? If the total pressure of the mixture is 1.26 atm , What

are the partial pressures? CH,+20,® CO, +2H.,0

Sol: All the methane is consumed
Ny, =0 Ng, =1.00 n, =200 n, =4.0-2.0=200

Thetotal number of moles=1.0+2.0+2.0=5.00

=100 0200 X,,.=2%-0400 x. =22 =0400
5.00 5.00 : 5,00

co,

B, 0 =0.400" 1.26atm = 0.504atm
Feo, =0.200" 1.26atm = 0.252atm
F,, =0.400" 1.26atm = 0.504atm



A sample of natural gas contains 8.24 moles of CH,,
0.421 moles of C,H,, and 0.116 moles of C;Hg. If the
total pressure of the gases is 1.37 atm, what Is the
partial pressure of propane (C;Hg)?

P, =X, P+ P, =1.37 atm

0.116

Xpropane = 824+ 0421 + 0116 = 0.0132

Phropane = 0.0132 X 1.37 atm = 0.0181 atm

5.6



5.6 kinetic theory of gases

1850-1880, James Maxwell, Rudolf Clausius , Ludwig Boltzmann,
and other developed the Kinetic theory of gases.

They based it on the idea that all gases behave similarly as far as
particle motion is concerned.




1.Molecular Model

Gases are mostly empty space.
OB F BT FHMAMBY LG -
Gas molecules are in constant, chaotic motion. # %2
R SR s A A
Collisions are elastic
OFHMATHFRP AR > 2 T A A
Gas pressure Is caused by collisions of molecules
with the walls of the container

iR SR R RS g e



Kinetic Molecular Theory

@

[*

>

Q

1 Collection of particles in constant
motion

2 No attractions or repulsions
between particles; collisions like
billiard ball collisions

3 A lot of space between the particles
compared to the size of the
particles themselves

4 The speed that the particles move
increases with increasing
temperature



Source of Gas pressure

v Gas pressure Is caused by collisions of
molecules with the walls of the container.




Expression for Pressure ,P

Vv ST HRALRRET F R RS A R 4

\V/ %%ﬁf‘ - L+ m,"/\Vfoiré'Alﬁgﬁi o
Vxrk 38 e » FHadE g

DP=mV, - m(-V,)=mV, + mV, =2mV,

2

EL ﬁ: {8 EEER 3l s GV |V g

Nmu
3V

v 1.N/V the concentration of gas molecules in the container. The more molecules
there are in a given volume, the greater the collision frequency and so the
greater the pressure.

v 2.mu?is a measure of the energy of collision , this equation predicts, pressure
is directly related to mu?

P =










Average Kinetic Energy of Translational Motion E,

- 3PV _3RT _SRT_

2N 2N 2N,

1. At a given temperature, molecules of different gases must all
have the same average kinetic energy of translational motion
ER-EART AR ARG R SERES DT kR o

2. E,Is directly proportional to the Kelvin temperature > T
FRA G A T o i EBr e B BT 1 ©



Average Speed ,U

mu® _ 3RT . 1 3RT r 1 3RT
2 2N , mN , MM
averagespeed, u
3RT
u=(=—)°
MM

Directly proportional to the square root of the absolute temperatur e.

u T.
_2:(?2)1/2
1

ul
Inveersely proportional tothesquare root of molar mass(MM )
u_B — (MM A)1/2

u, MM,



Ex5.10: Calculate the average speed U of an
N, molecule at 25" C.

_ 3RT
= 2
Mw
| 38.31X10°, %™ x(25+ 273)

]
U1
=
Ul
3
~
»



Effusion of Gases;
Graham’s Law

s Effusion:
s Itis flow of gas molecules at low pressures
through tiny pores or pinholes

rateof effusonB _ ug
rate of effusonA u, u, MMg
rateof effusonB _ MM .../,

rate of effusionA_(MMB)

- 235
rate of effus!onzggUFs _ (352-0)1/2 _1004
rate of effusion?yUF, 349

=( )
M

/ FEEBRT F Migicnid F(moltime)s § 3 B

VERSION 1

100%

|}

Vacuum
chamber

TE 2 3973 T F L

© 2004 Thomson - Brooks Cole

+ The equation was discover by the Thomas Graham in 1829 .Among them

the separation of the components of air. Graham’s law

s At a given temperature and pressure , the rate of effusion of a gas, in
moles per unit time, is inversely proportional to the square root of its molar

mMass.



Ex:5.11 In an effusion experiment , argon gas Is allowed to
expand through a tiny opening into an evacuated flask of
volume 120mL for 32.0s. At which point the pressure in the
flask is found to be 12.5mmHg. This experiment is repeated
with a gas X of unknown molar mass at the same T and P . It
IS found that the pressure in the flask builds up to 12.5mmHg
after 48 s. C alculate the molar mass of X -

rate Ar _ %2.03 — @ =1.50

n
rate X AS.OS 32.0
Applying Graham'slaw

MMX )1/2
IV”VIAr

MM =(39.95g/mol)” (1.50)° =89.9g/mol

1.50 = (




Molecular speed (m/s)
© 2004 Thomsen - Brooks Cole

T i BB B EHE R T 3 A gL

IME R BT AR HT S A KL o

At 25 °C more molecules are moving at about
400 m/s than at any other speed.

1.0
L5
=i O, at 25° C
g
o 0.8
g
(-
S
2 06
g _—0,at 1000° C
= d N\ At 1000° C many, many
Y 04 . more molecules are moving
'% /// ”‘x,\ at 1600 m/s than at 25° C.
E fx/ \\K

0.2 S/ N

/“/& %\\‘\x
v
" )/~ ~.
0 200 400 600 800 1000 1200 1400 1600 1800 2000



N, (28.02 g/mol)

Number of molecules

500 1000 1500

Molecular speed (m/s)

The distribution of speeds
for nitrogen gas molecules
at three different temperatures

The distribution of speeds
of three different gases
at the same temperature

o
Cl, (70.90 g/mol)

Number of molecules

He (4.003 g/mol)

|
500 1000 1500 2000 2500

Molecular speed (m/s) 5 7



Distribution of Molecular Speeds

mu’® _3RT
2 2N,

> _ 3RT
MmN ,

3RT
Mw

u

u:

_ 3RT
Mw

Eelative nurmbeer of muclecules

{1

0.6

0.4

0.2

/ f;’ . at 1600 mys than at 25° C.
|f : / - 4 ||\
ll_l,.-"#ll h--hl""\-\._\_.
E -H-L-_\_-_ = "o —

At 25°C more molecules are moving at about
400 mys than at any other speed.

0, at25°C

Dy ar1000°C
/ ALLOO0" C many, many
. more molecules are moving

o
0

00 400 600 800 1000 1200 1100 1600 1800 2000

Molecular speed (m/s)

1 1104 Travssasih - Feneian Cold

1.Temperature increases, the speed of the molecules increases.

2. Mass o f moles increases , the speed of the molecules decreases.



5.7 Real Gases

Molar volume =V_, =V/ n; ideal gas law V°_=RT/ P

Table 5.2 the deviations from ideality become larger at high
pressures and low temperatures; Ideality become smaller

at Low pressures and hight temperatures.

1.In general - the closer a gas is to the liquid state, the more it
will deviate from the ideal gas law. § 25 #4 i 44T £ §
B2 4250 o
o Height temperature ~ Low pressure(z-i& %)
O GHTRHMMAH > MELBF M EFLL~ -
2.From a molecular standpoint , deviations from the ideal gas law arise
because it neglects two factors:
v (1). Attractive forces between gas particles.
v (2) . The finite volume of gas particles.



Attractive forces

vF G e A S T A S e
FEAL > & R 3 ?fé{ﬁa 0] A A



Practical Volume

2.0

0
0O 100 200 300 400 500 600 700 800
Pressure (atm)

© 2004 Thomson - Brooks Cole



Deviations from Ideal Behavior

CH,

20 — H,
1 mole of ideal gas 0 //' '

Repulsive Forces

PV = nRT

Attractive Forces

() 200 400 600 800 1000 1200
P (atm)

5.8



Van der Waals equation
nonideal gas

(p+2&Y )(v— nb) = nRT

—
Corrected corrected
pressure volume

Van der Waals Constants ﬂ'
of Some Common Gases JI;
a b E
am (2=} (L) g
mol mol/ | =
He 0.034 0.0237
Ne 0.211 0.0171
Ar 1.34 0.0322
Kr 2.32 0.0398
Xe 4.19 0.0266
H, 0.244 0.0266
N, 1.39 0.0391
0, 1.36 0.0318
Cl, 6.49 0.0562
CO, 3.59 0.0427
CH, 2.25 0.0428
CCl, 20.4 0.138
NH; 4.17 0.0371
H-0 5.46 0.0305

5.8
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Kinetic Molecular Theory

v the particles of the gas, (either atoms or
molecules), are constantly moving

v the attraction between particles is negligible

v when the moving particles hit another
particle or the container, they do not stick;
but they bounce off and continue moving In
another direction

olike billiard balls



Kinetic Molecular Theory

v there Is a lot of empty space between the
particles

ocompared to the size of the particles

v the average kinetic energy of the particles
IS directly proportional to the Kelvin
temperature

oas you raise the temperature of the gas, the
average speed of the particles increases

vbut don’t be fooled into thinking all the particles are
moving at the same speed!!



Kinetic Molecular Theory

@

[*

>

Q

1 Collection of particles in constant
motion

2 No attractions or repulsions
between particles; collisions like
billiard ball collisions

3 A lot of space between the particles
compared to the size of the
particles themselves

4 The speed that the particles move
increases with increasing
temperature



Gas Properties Explained

v Gases have indefinite shape and volume
because the freedom of the molecules
allows them to move and fill the container
they’re In

v Gases are compressible and have low

density because of the large spaces
between the molecules



Properties — Indefinite Shape
and Indefinite Volume

Because the gas
molecules have
enough Kinetic

energy to overcome

attractions, they

keep moving around

and spreading out
until they fill the
container

As aresult, gases
take the shape and
the volume of the
container they
arein.



Properties - Compressiblility

Gas Liquid

Because there isalot of unoccupied space in the structure
of a gas, the gas molecul es can be squeezed closer together



Properties — Low Density

=
g
- Convert liquid to gas

(1 can of soda) (1700 cans of soda)

Because there isalot of unoccupied space in the structure
of agas, gases have low density



The Pressure of a Gas

v result of the constant
movement of the gas
molecules and their
collisions with the surfaces
around them

v the pressure of a gas
depends on several factors

onumber of gas particlesina |

given volume
ovolume of the container

Oaverage speed of the gas
particles

9 Lower pressure

9
@
9 |

= 3 @ 2 Higher pressure




Measuring Air Pressure

v Use a barometer Vacuum

v column of mercury -
supported by air
pressure

v force of the air on s
the surface of the
mercury balanced
by the pull of gravity
on the column of
mercury

Glass tube
gravity

Atmospheric
l pressure



Atmospheric Pressure & Altitude

v the higher up in the atmosphere you
go, the lower the atmospheric
pressure Is around you

Oat the surface the atmospheric pressure
IS 14.7 psi, but at 10,000 ft is is only
10.0 psi

v rapid changes in atmospheric
pressure may cause your ears to
“nop” due to an imbalance in T

pressure on either side of your ear
drum



Pressure Imbalance N Ear

IN pressure across
the eardrum membrane,
the membrane will be
pushed out — what we
commonly call a
“popped eardrum.”




Example 11.1.
Converting Between
Pressure Units



Example:

v A high-performance road bicycle is inflated to a total
pressure of 125 psi. What is the pressure In
millimeters of mercury?




Example:

A high-performance road
bicycle is inflated to a total
pressure of 125 psi. What
IS the pressure Iin
millimeters of mercury?

v Write down the given quantity and its units.
Given: 125 psi




Example: Information

A high-performance road Given: 125 psi
bicycle is inflated to a total
pressure of 125 psi. What
IS the pressure Iin
millimeters of mercury?

v Write down the quantity to find and/or its units.
Find: ? mmHg




Example:

A high-performance road
bicycle is inflated to a total
pressure of 125 psi. What
IS the pressure Iin
millimeters of mercury?

Information
Given: 125 psi
Find: ? mmHg

v Collect Needed Conversion Factors:
14.7 psi = 760 mmHg




Example: Information
A high-performance road Given: 125 psi
bicycle is inflated to a total Find: 2 mmHg

pressure of 125 psi. What

IS the pressure Iin

millimeters of mercury?

CF. 14.7 psi = 760 mmHg

v Write a Solution Map for converting the units :

pS




Example: Information

A high-performance road Given: 125 psi

bicycle is inflated to a total Find: 2 mmHg

pressure of 125 psi. What CF: 14.7 psi = 760 mmHg
IS _the pressure Iin SM:  psi — mmHg
millimeters of mercury?

v Apply the Solution Map:

125 pst” = mmH
kol 14.7 ps .
= 6.46259 x 10° mmHg
e Sig. Figs. & Round: = 6.46 x 10° mmHg

the 760 Is an exact number
and does not effect the
significant figures




Example:

A high-performance road
bicycle is inflated to a total
pressure of 125 psi. What
IS the pressure Iin
millimeters of mercury?

Information

Given: 125 psi

Find: ? mmHg

CF:. 14.7 psi = 760 mmHg
SM: psi— mmHg

v Check the Solution:

125 ps = 6.46 x 10° mmHg

The units of the answer, mmHg, are correct.
The magnitude of the answer makes sense
since mmHg are smaller than psi.




Boyle’s Law

pressure of a gas Is inversely
proportional to Iits volume

oconstant T and amount of gas
ograph P vs V is curve
ograph P vs 1/V is straight line

as P Increases, V decreases
oy the same factor

P X V = constant
P, XV, =P, xV,

<

<

'||~ == gd = = = }i —
Up-stroke Down-stroke

Volume increases Volume decreases
Pressure decreases Pressure increases



Boyle’s Experiment

v added Hg to a J-tube
with air trapped inside

Length of Air | Differencein

In Column Hg Levels
v used length of air (in) (in)
column as a measure of 43 0.0
T— 44 2.8
added 40 62
36 10.1

I 32 15.1

| 28 21.2

Gas Gas 24 297

/ | / 22 35.0
h

aﬂg



Pressure, inHg

140 -

120 -

100 -

80 -

60 -

40 -

20 -

Boyle's Expt.

10

20

30

Volume of Air, in®

40" 9 -




Inverse Volume vs Pressure of Air, Boyle's Expt.
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100

80

60

Pressure, inHg
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T T T T T T Y \J. — T f"
0 0.01 0.02 0.03 0.04 0.05 0.06 Oror—— 0.08 Mﬁa
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"l-' .
Inv. Volume, in~® ‘i .
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Boyle’s Experiment, P x V

Pressure|Volume(P xV
29.13 48| 1400
33.50 42 1400
41.63 34| 1400
50.31 28| 1400
61.31 23| 1400
74.13 19( 1400
87.88 16( 1400

115.56 12| 1400




When you double the pressure on a gas,
the volumeiscut in half, (aslong asthe
temperature and amount of gas do not change)

V =1 liter V = 0.5 liter



Boyle’s Law & Breathing

v Inhale
o diaphragm & rib muscles contract
O chest cavity expands - volume increase
O pressure inside lungs drops below air pressure
o air flows into lung to equilibrate pressure
v gases move from hi pressure to low
v exhale
o diaphragm & rib muscles relax
O chest cavity volume decreases
O pressure inside lungs rises above air pressure
o air flows out of lung to equilibrate pressure

v hormal healthy person can generate a lung
pressure of 1.06 atm



Boyle’s Law and Diving

Depth = 0m
P =1atm

v Since water IS denser
than air, for each 10 m
you dive below the
surface the pressure
on your lungs
Increases 1 atm

6 at 20 m the total
pressure Is 3 atm
v If your tank contained
air at 1 atm pressure
you would not be able
to inhale it into your Syt 2008 Pecron boes el e
lungs




Boyle’s Law and Diving

v scuba tanks have a
regulator so that the air
In the tank is delivered at
the same pressure as
the water surrounding
you

v If a diver holds her
breath and rises quickly,
so that the outside
pressure drops to 1 atm;
according to Boyle’s
Law, what should
happen to the volume of

air in tho hinAne?




Which Way Would Air Flow?

N e W

o s )
= |

.-.-_‘:.
i



Is this possible at a depth of 20 m?

Copyright © 2006 Pearson Prentice Hall, Inc
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Example 11.2:
Boyle’s Law



Example:

v A cylinder equipped with a
moveable piston has an
applied pressure of 4.0 atm
and a volume of 6.0 L. What
IS the volume if the applied
pressure is  decreased to
1.0 atm?

I

K
\/




Example:

A cylinder equipped with a
moveable piston has an
applied pressure of 4.0 atm
and a volume of 6.0 L.
What is the volume if the
applied pressure is

decreased to 1.0 atm?. . . .
v Write dowri the given guantity and its units.

Given: P;,=40atm V,=6.0L
P, =1.0 atm




Example: Information

A cylimgcler e_quippﬁd with a Given:P, = 4.0 atm V, =6.0 L
moveable piston has an _

applied pressure of 4.0 atm 0 Vg
and a volume of 6.0 L.
What is the volume if the
applied pressure is

d dto 1.0 atm? . . : .
v Write down tﬁemquantlty to find and/or its units.

Find: V,, L




Example: Information

A cylimgcler e_quippﬁd with a Given:P, = 4.0 atm V, =6.0 L
moveable piston has an _

applied pressure of 4.0 atm . e

and a volume of 6.0 L. Find: Vo=2L
What is the volume if the
applied pressure Is

decreased to 1.0 atm? :
v Co ectﬁ\leede@Equaﬂon:

The relationship between pressure and volume is Boyle’s

Law
- Vi=h -V,




Example: Information

A cylinder equipped with a Given:P, = 4.0 atm V, =6.0 L
movgable piston has an P, =1.0 atm

applied pressure of 4.0 atm

and a volume of 6.0 L. Find: V, =71
What is the volume if the Eq’n: P, - V=P, V,
applied pressure is
decreased tg 1.0 atm?
v Write a Solution Map:
Pl’ Vl’ P2 > I V2 |
Pl . Vl — P2 . V2

when using this equation, the units of P; and P, must be the same,
or you will have to convert one to the other

for the same reason, the units of V, must be L to match the unit of V,




Example: Information
A cylinder equipped with a Given:P, =4.0atm V,=6.0L
moveable piston has an P, = 1.0 atm
applied pressure of 4.0 atm Find: V,=2L
and a_volume of 6.0_L. Eq'n: P,- V,=P,- V,
What is the volume if the .
. . SM: P,V,P,—V,
applied pressure IS
de rea ed to tm?
y the ?utlon Map:
ﬂ Vi=h-V;
Pl ' Vl — V2
» Sig. Figs. & Round: ¥
(4.0am)- (6.0L) _ v, =241

@Dmm)




Example: Information

A cylinder equipped with a Given:P, =4.0atm V,=6.0L
moveable piston has an P, = 1.0 atm

applied pressure of 4.0 atm Find: V,=2L

and a_volume of 6.0_L. Eq'n: P,- V,=P,- V,
What is the volume if the .

applied pressure Is

SRR e &4 hion:
V,=24L

The units of the answer, L, are correct.
The magnitude of the answer makes sense -
since the pressure Is decreasing
the volume should be increasing.




Temperature Scales

100C |—— 373K F—— 212F ——  671R|—— BP Water
0C —— 273K —— 32F —— 459R——  MP Ice
389C ——  2341K [—— -38F —— 21R——  Bp Mercury
-183C —— NVK—— 29TF —— 162 R——  BP Oxygen
P60C e o I Ters o I . 7R __BP Helium
269C =— o73c 4K =— oK -2F—— 459 F 'R—=ugfREa1 T %

Cdsus Kelvin Fahrenheit Rankine zero



Standard Conditions

v Common reference points for comparing
v standard pressure = 1.00 atm

v standard temperature = 0°C
62/3 K

v STP



Volume and Temperature

v In a rigid container, raising the
temperature increases the pressure

v For a cylinder with a piston, the pressure
outside and inside stay the same

v To keep the pressure from rising, the
piston moves out increasing the volume
of the cylinder

oas volume increases, pressure decreases



Volume and Temperature

Asagasis heated, it expands.
This causes the density of the
gas to decrease.

Because the hot air in the
balloon is less dense than the
surrounding air, it rises.




Charles’ Law

v volume Is directly proportional
to temperature

oconstant P and amount of gas V]_ ~¥ V2
ograph of V vs T Is straight line T F T
vas T increases, V also 1 2
INCreases
vKelvin T =Celsius T + 273

vV =constant x T
oIf T measured in Kelvin



Volume, L

Charle's Law & Absolute Zero

0.6
0.5 +
m Volume (L) of 1 g O2 @ 1500 torr
0.4 1 ¢ Volume (L) of 1 g O2 @ 2500 torr
A Volume (L) of 0.5 g O2 @ 1500 torr
0.3 1 e \Volume (L) of 0.5 g SO2 @ 1500
torr
0.2 -
0.1 +
0 : | | | | | | | |

-300 -250 -200 -150 -100 -50 0 50

100 150
Temperature, °C

129




: : BN
We’re losing altitude.

Quick Professor, give your
ecture on Charles’ Law!




Absolute Zero

v theoretical temperature at which a gas
would have zero volume and no pressure

OKelvin calculated by extrapolation
vOK=-273.15C=-459 F=0R
v never attainable

othough we’ve gotten real close!

v all gas law problems use the Kelvin
temperature scale!



Volume (L)

I
ek
-

Determining Absolute Zero

50 .

- William Thomson,
40 - the Lord of Kelvin,
30 B extrapolated the

- line graphs of
20 & Volume vs. Temp.
10 Absolute zero of to determine the

i temperature. theoretical temp.

0 - —273°C = 0K agaswould have

1 N N NN NN NN SN S B avolume of 0.

o R S o o T O e o

©C H 0 AN O O N o0 <=H

TTTT -

l
Temperature (°C)



Example 11.3:
Charles’ Law



Example:

v A sample of gas has a
volume of 2.80 L at an
unknown temperature.
When the sample is
submerged in ice water at
0°C, its volume decreases
to 2.57 L. What was the
Initial temperature In
kelvin and in celsius?
(assume constant

NnNraocli IV‘Q\




Example:

A gas has a volume of 2.80 L
at an unknown temperature.
When the sample is at 0°C, its
volume decreases to 2.57 L.
What was the initial
temperature in kelvin and in

Is?
v Write down the given guantity and its units.

Given: V;=280L
V,=2.57L t,=0C




Example:

A gas has a volume of 2.80 L
at an unknown temperature.
When the sample is at 0°C, its
volume decreases to 2.57 L.
What was the initial
temperature in kelvin and in

Information
Given:V, =2.80 L
V,=257L

t,=0C

celsius

Y, I’I'[’é down the quantity to find and/or its units.
Find: temp,, in Kand C




Example:

A gas has a volume of 2.80 L
at an unknown temperature.
When the sample is at 0°C, its
volume decreases to 2.57 L.
What was the initial
temperature in kelvin and in

Information

Given:V, =2.80 L
V,=257L t,=0C

Find: temp, in Kand C

ISIuS? .
v Collect Needed Equation:

The relationship between temperature and volume is

Charles’ Law

Iy

Vi_

\

T




Example:

A gas has a volume of 2.80 L
at an unknown temperature.
When the sample is at 0°C, its
volume decreases to 2.57 L.

Information

Given:V, =2.80 L
V,=257L t,=0C

Find: temp, in Kand C

B3 A
What was the initial EqQ'n: ?1:T—2
temperature in kelvin and in 1
celsius? .
v Write a Solution Map:
Vl’ V2, T2 > I Tl |
Vl — VZ
Tl TZ

when using this equation, the units of V, and V, must be the same,
or you will have to convert one to the other

the unitsof T, and T, must be kelvin, K




Example: Information
A gas has a volume of 2.80 L Given: V;=2.80L
at an unknown temperature. V,=257L t,=0C
When the sample is at 0°C, its Find: temp, inK and 'C
volume decreases to 2.57 L. Eqn: -2
What was the initial C
temperature in kelvin and in SN Vi, Vel Sl
ius?
S/e[&'ﬁ%ly the Solution Map:
Vi Vs

To(K) =t,(°C) + 273 T T

T, =0+273 Vi-T, o (280L) (273K) _ -

T, =273K Vp  C (257L) ¢

297K =T,




Example: Information
A gas has a volume of 2.80 L Given: V;=280L  T,=297K

at an unknown temperature. V,=257L t,=0C, T,=273K
When the sample is at 0°C, its Find: temp, in Kand C
volume decreases to 2.57 L. Eqn: -2

1 2

What was the initial

temperature in kelvin and in S Vi Vel i

us?
S/e[&'ﬁ%ly the Solution Map:

O convert to celsius
t,(°C) = Ty(K)- 273

t, =297- 273
t, =24°C




Example: Information
A gas has a volume of 2.80 L Given: V;=2.80L T,=297K

at an unknown temperature. V,=257L ,=0C, T,

When the sample is at 0°C, its e |
volume decreases to 2.57 L. Find: te@gl\T/_m KandC
1 2

What was the initial Eq’n:

temperature in kelvin and in SM: VLT, T,

ISius? .
S/(egHséck the Solution:
T,=297Kort; =24 C

The units of the answer, K and "C, are correct.
The magnitude of the answer makes sense -
since the volume is decreasing
the temperature should be decreasing.




The Combined Gas Law

v Boyle’s Law shows the
relationship between pressure
and volume

o at constant temperature

v Charles’ Law shows the
relationship between volume £H§ (Vl)

absolute temperature (T1)
O at constant pressure

v the two laws can be combined
together to give a law that
predicts what happens to the
volume of a sample of gas when
both the pressure and

tamnaratiire rhanne




Example 11.4.
The Combined Gas Law



fo15.6 8§ 1t (H0)Lp ¥ % W Ry

BT im0 325°C o latmeig &7 » g4

z\lOOngg r TR U gugE ta?2dH F R
|

» 2 Oz(aq) ® Oz(g) + 2| O(I)

o, ® Ny o ®m, o

_ PV _ 1.00atmX1..00L

N, = =0.0409mol O,
> RT  0.0821L xatm/(mol XK )25+ 273)K ‘

o, = 0.0400m010, 212202 = 6 6818malH,0,

1mol O,

34.02gH.,0,
1molH,O,

=0.0818molH 0, %

=2.78gH.0,



Example:

v A sample of gas has an initial volume of 158 mL at
a pressure of 735 mmHg and a temperature of 34°C.
If the gas Is compressed to a volume of 108 mL and
heated to 85 C, what is the final pressure in mmHg?




Example:

A sample of gas has a volume
of 158 mL at a pressure of 735
mmHg and a temperature of
34 C. The gas is compressed to
a volume of 108 mL and heated
to 85°C, what is the final

el Hg? . . .
PU Wiite down the given guantity and its units.
Given: V,;=158mL, P, =735 mmHg, t, =34C

V, =108 mL, t,=85C




Example: Information

A sample of gas has a volume Given: V; =158 mL, P, =755
of 158 mL at a pressure of 735 mmHog,

mmHg and a temperature of t,=34C

34°C. The gas is compressed to V,=108mL, 1, =85C
a volume of 108 mL and heated
to 85°C, what is the final

p(‘?Wﬁé”dBU’vH%ﬁe guantity to find and/or its units.
Find: P,, mmHg




Example: Information

A sample of gas has a volume Given: V; =158 mL, P, =755
of 158 mL at a pressure of 735 mmHg,

mmHg and a temperature of t,=34C

34°C. The gas is compressed to V,=108mL,t,=85C
a volume of 108 mL and heated | Find: P, mmHg

to 85°C, what is the final

ressure in mmHQg? .
PU Collect Needed Equation:
The relationship between pressure, temperature and
volume is the Combined Gas Law

(R)- (V1) _ (P2)- (Vo)
(1) (T2)




Example: Information

A sample of gas has a volume Given: V, =158 mL, P, =755
of 158 mL at a pressure of 735 mmHg,

mmHg and a temperature of ;=34C

34°C. The gas is compressed to V,=108mL, t,=85C
a volume of 108 mL and heated | Find: fPp-iaff2Hg

. ) S |1 T,
to 85°C, what is the final Eq’n:
ressure In Hg?
PUWiite a Soldtion Map:
. V., T8 > | P, |
RV, _ RV,
T, T,

when using this equation, the units of VV,; and V,, and the units of P, and P,,
must be the same, or you will have to convert one to the other

the unitsof T, and T, must be kelvin, K




Example:

A sample of gas has a volume
of 158 mL at a pressure of 735
mmHg and a temperature of
34 C. The gas is compressed to
a volume of 108 mL and heated

Information
Given: V; =158 mL, P, =755
mmHg,
t,=34C
V,=108 mL,t,=85C
Find: PP, _miHg

A |- T
to 85°C, what is the final Eqon: & ¢
ressure in mmHa? . SM: P,V,V, T, T,—>P,
7 ,&pply the g%lutlon Map: PV; _ AVA
T,(K) =t,(°C) + 273 L 12
T, =34+273 L Yoo’ o
T, =307K .

(755 mmHg)- (158mL)- (358K )

Tz(K) - tz(OC) + 273
T2 =85+ 273
T, =358K

(307K)- (108 mL) B

1.25" 10° mmHg=P;




Example: Information

A sample of gas has a volume | Gven: V;=158mL, P, =755 mmHg,
of 158 mL at a pressure of 735 L Y
mmHg and a temperature of Fin(;/'Z § 1;)8 erm:Zg‘ 8o T-= /B K
34'C. The gas is compressed to| ... "BV, _PVs

a volume of 108 mL and heated LER P

to 85°C, what is the final SM: PV, Vo, Ty, T, —~ Py

' ?
PCEReck The Solution:
P, = 1.25 x 10° mmHg

The units of the answer, mmHg, are correct.
The magnitude of the answer makes sense -
since the volume Is decreasing and temperature is increasing
the pressure should be increasing.




Avogadro’s Law
v volume directly proportional to
the number of gas molecules

OV = constant x n

oconstantPand T Vi Vo
omore gas molecules = larger — |
volume N1 No

v count number of gas
molecules by moles

v equal volumes of gases
contain equal numbers of
molecules

Othe gas doesn’t matter



Avogadro’s Law

m
I | I | I | 1 | I | I | I

e 1 v 1 ¢ 0 T g1 ¢ 0 o3
0 02040608 1 12 14

Number of moles (1)

Copyright © 2008 Pearson Prentice Hall, Inc.




Example 11.5:
Avogadro’s Law



Example:

v A 4.8 L sample of helium gas contains 0.22 mol
helium. How many additional moles of helium must
be added to obtain a volume of 6.4 L? (assume
constant pressure and temperature)




Example:

A 4.8 L sample of helium gas
contains 0.22 mol helium.
How many additional moles of
helium must be added to
obtain a volume of 6.4 L?

v Write down the given quantity and its units.
Given: V,;=48L n, =0.22 mol
V,=6.4L




Example:

A 4.8 L sample of helium gas
contains 0.22 mol helium.
How many additional moles of
helium must be added to
obtain a volume of 6.4 L?

Information
Given:V, =4.8 L, n;=0.22
mol
V,=6.4L

v Write down the quantity to find and/or its units.
Find: n,, mol; and moles added




Example:

A 4.8 L sample of helium gas
contains 0.22 mol helium.
How many additional moles of
helium must be added to
obtain a volume of 6.4 L?

Information
Given:V, =4.8 L, n;=0.22
mol
V,=6.4L
Find: n,, mol and added mol

v Collect Needed Equation:

The relationship between temperature and volume is Avogadro’s

Law

Ny

Vi_

\

No




Example: Information
A 4.8 L sample of helium gas Given:V, =4.8 L, n,;=0.22
contains 0.22 mol helium. mol
How many additional moles of _
y V,=6.4L

helium must be added to
obtain a volume of 6.4 L?

Find: \,, Mol and added mol

Eqgn: ™ M2
v Write a Solution Map:
Vl’ V2, nl » I n2 I
Vl - V2
ng Ny

when using this equation, the

units of V,; and V, must be the same,

or you will have to convert one to the other
the units of n, and n, must be moles




Example: Information
A 4.8 L sample of helium gas Given:V, =4.8 L, n;=0.22

contains 0.22 mol helium. mol

How many additional moles of V,=64L

helium must be added to Find: Y,_Mol and added mol
obtain a volume of 6.4 L? Eq'n: ™ M2

SM—V Vo, ny=1,

v Apply the Solution Map:

V; _ Vs

N Ny
Ve _(6.4L)- (0.22mol)
L ain) ’ (4.8L)

N, =0.29 mol




Example: Information
A 4.8 L sample of helium gas Given:V, =4.8 L, n;=0.22

contains 0.22 mol helium. mol

How many additional moles of V,=64L

helium must be added to Find: Y,_Mol and added mol
obtain a volume of 6.4 L? Eq'n: ™ M2

_ SM—V, V,, =1,
v Apply the Solution Map:
oto get the added moles, subtract n; from n,

added moles=n, - ng
added moles=0.29- 0.22
added moles=0.07 moles




Example:

A 4.8 L sample of helium gas
contains 0.22 mol helium.
How many additional moles of
helium must be added to
obtain a volume of 6.4 L?

Information
Given:V, =4.8 L, n;=0.22
mol
V,=6.4L
Find: ¥,-Mol and added mol
Eg'n: M M

v Check the Solution:

SM—V Vo, ny=1,

n, = 0.29 moles; added 0.07 moles

The units of the answer, moles, are correct.
The magnitude of the answer makes sense -
since the volume is increasing
the total number of moles should be increasing.




ldeal Gas Law

v By combing the gas laws we can write a general
equation

v R Is called the Gas Constant

v the value of R depends on the units of P and V

owe will use 0.082%% and convert P to atm and V to
L

v use the lIdeal Gas law when have a gas at one
condition, use the Combined Gas Law when you

have gas (/H)pf\e/):c:méﬁtioor; IS Fc):\h/a:?]ggr
(n)- (T)




Example 11.7:
The ldeal Gas Law
Requiring Unit Conversion



Example:

v Calculate the number of moles of gas in a
basketball inflated to a total pressure of 24.2 psi
with a volume of 3.2 L 8325C

f/ \




Example:

Calculate the number of
moles of gas in a basketball
Inflated to a total pressure of
24.2 psi with a volume of 3.2
Lat25C

v Write down the given quantity and its units.
Given:. V=32L, P=242psi, t=25C




Example: Information

Calculate the number of Given:V =3.2 L, P = 24.2 psi,
moles of gas in a basketball t = 25°C

Inflated to a total pressure of
24.2 psi with a volume of 3.2
Lat25C

v Write down the quantity to find and/or its units.
Find: n, mol




Example:

Calculate the number of
moles of gas in a basketball
Inflated to a total pressure of
24.2 psi with a volume of 3.2
Lat25C

Information

Given:V =32 L, P =24.2 psi,
t=25C

Find: n, mol

v Collect Needed Equation:

The relationship between pressure, temperature, number of
moles and volume is the Ideal Gas Law

(P)- (V) _ R or PV =nRT

(n)- (T)




Example:

Calculate the number of
moles of gas in a basketball
Inflated to a total pressure of
24.2 psi with a volume of 3.2
Lat25C

Information

Given:V =32 L, P =24.2 psi,
t=25C

Find: n, mol

Eg’n: PV =nRT

v Write a Solution Map:

PV.T,R

g

PV =nRT

when using the Ideal Gas Equation, the units of V must be L;
and the units of Pmust be atm, or you will have to convert

the units of T must be kelvin, K




Example: Information

Calculate the number of Given:V =3.2 L, P = 24.2 psi,
moles of gas in a basketball t =25°C

Inflated to a total pressure of Find: n, mol

24.2 psi with a volume of 3.2 Eq’n: PV =nRT

- GlHZC SM: PV.T.R— n

v Apply the Solution Map:
O convert the units

TK)=t°C)+273  P=242ps’ —AM_ _1 6462 am

T=25+273 14 ZEN8
T =298K




Example:

Calculate the number of
moles of gas in a basketball
Inflated to a total pressure of
24.2 psi with a volume of 3.2
Lat25C

Information

Given:V =3.2 L, P =1.6462
atm,
T =298 K
n, mol

. PV =nRT

v Apply the Solution Map:

P-V=n-R-T

P-V
= N=-4

ATV

PALTHR—n

(1.6462am)(3.2L )

R:-T

n=0.22 mol

0.0821 =™ [208K )

mol- K




Example:

Calculate the number of
moles of gas in a basketball
Inflated to a total pressure of
24.2 psi with a volume of 3.2
Lat25C

Information
Given:V=3.2L,P =1.6462
atm,
T =298 K
Find: n, mol
Eg’n: PV =nRT

SM:— PV,T.R—n

v Check the Solution:

TVI.

n=0.22 moles

The units of the answer, moles, are correct.

It is hard to judge the magnitude with so many variables,
but with avolume lessthan 22.4 L at pressures near 1 atm
and temperatures near 273 K — it IS reasonable to
have less than 1 mole of gas




Molar Mass of a Gas

v one of the methods chemists use to
determine the molar mass of an unknown
substance Is to heat a weighed sample until
It becomes a gas, measure the temperature,

pressure and volume, and use the Ideal Gas
Law _
massin grams

mol es

Molar Mass =




Example 11.8:
Molar Mass Using
The Ideal Gas Law and
a Mass Measurement



Example:

v A sample of a gas has a mass of 0.311 g. Its
volume is 0.225 L at a temperature of 55°C and
a pressure of 886 mmHg. Find its molar mass.




Example:

A sample of a gas has a
mass of 0.311 g. Its volume
IS 0.225 L at a temperature of
55°C and a pressure of 886
mmHg. Find its molar mass.

v Write down the given quantity and its units.
Given: V=0.225L, P=886 mmHg, t=55C
m=0.311¢g




Example: Information

A sample of a gas has a Given: V=0.225 L, P = 886
mass of 0.311 g. Its volume mmHg,
iS 0.225 L at a temperature of t=55C, m=0.311g

55°C and a pressure of 886
mmHg. Find its molar mass.

v Write down the quantity to find and/or its units.
Find: molar mass (g/mol)




Example:

A sample of a gas has a
mass of 0.311 g. Its volume
IS 0.225 L at a temperature of
55°C and a pressure of 886
mmHg. Find its molar mass.

Information
Given: V=0.225L, P = 886
mmH(g,
t=55C, m=0.311g

Find: molar mass, (g/mol)

v Collect Needed Equations:

The relationship between pressure, temperature, number of
moles and volume is the Ideal Gas Law

V =nRT

The relationship between mass and moles is the molar

mMass

Molar Mass =

massin grams
moles




Example: Information

A sample of a gas has a Given: V =0.225 L, P = 886 mmHg,
mass of 0.311 g. Its t=55C,m=0.311g¢g
volume is 0.225 L at a Find: molar mass, (g/mol)

temperature of 55°C and a Eg’n: PV =nRT; MM = mass/moles
pressure of 886 mmHg.
Find its molar mass.

v Write a Solution Map: Mass

P1V1T1R 5 n . & I/IOIar Ma4

PV =nRT

when using the Ideal Gas Equation, the units of V must be L;
and the units of Pmust be atm, or you will have to convert

the units of T must be kelvin, K




Example:

A sample of a gas has a
mass of 0.311 g. Its
volume i1s 0.225 L at a
temperature of 55°C and a
pressure of 886 mmHg.
Find its molar mass.

Information
Given: V =0.225 L, P = 886 mmHg,
t=55C, m=0.311g
Find: molar mass, (g/mol)
Egq’n: PV =nRT; MM = mass/moles
SM: P,V,T,R — n & mass — mol.
mass

v Apply the Solution Map:

O convert the units
T(K) =t(°C) + 273

latm

T=55+273 P =886 mmHQg" =1.1658 mmHg

T=328K

/60 mmHg




Example: Information

A sample of a gas has a Given: V=0.225 L, P = 1.1658 atm,
mass of 0.311 g. Its t=328K, m=0.311g
volume is 0.225 L at a Find: molar mass, (g/mol)
temperature of 55°C and a Eg’n: PV =nRT; MM = mass/moles
pressure of 886 mmHg. SM: P,V,T,R — n & mass — mol.
Find its molar mass. mass

v Apply the Solution Map:

P.V=n-R-T MolarMaSS:massmgrams
moles
P-V _ _ (1.1658atm)(0.225L ) .
R-T_n_ L. am Molar Mass = - _g
0.0821 4™ [328K ) 0.7406" 10° moles

3 Molar Mass = 31.9 g/mol
n=9.7406" 10 mol




Example: Information

A sample of a gas has a Given: V=0.225 L, P = 1.1658 atm,
mass of 0.311 g. Its t=328K, m=0.311g
volume is 0.225 L at a Find: molar mass, (g/mol)
temperature of 55°C and a Eg’n: PV =nRT; MM = mass/moles
pressure of 886 mmHg. SM: P,V,T,R — n & mass — mol.
Find its molar mass. mass

v Check the Solution:
molar mass = 31.9 g/mol

The units of the answer, g/mol, are correct.
It is hard to judge the magnitude with so many variables.




|deal vs. Real Gases

v Real gases often do not behave like ideal
gases at high pressure or low temperature

v ldeal gas laws assume
1) no attractions between gas molecules
2) gas molecules do not take up space

N

O based on the Kinetic-Molecular Theory

v at low temperatures and high pressures
these assumptions are not valid



|deal vs. Real

Ideal gas conditions Non-ideal gas conditions
sHigh temperature *Low temperature
*Low pressure *High pressure

o

- Intermolecular
Interactions

@

&

o

* Particle size small compared to *Particle size significant compared to
space between particles. space between partu:les:
*Interactions between particles *Interactions between particles

are insignificant. are significant.



Mixtures of Gases

v According to Kinetic Molecular Theory, the particles
In a gas behave independently

v Alr Is a mixture, yet we can treat it as a single gas

v Also, we can think of each gas in the mixture
Independent of the other gases
o though all gases in the mixture have the same volume

and temperature

v all gases completely occupy the container, so all gases in the
mixture have the volume of the container

% In Air, % In Air,
Gas Gas

by volume by volume
nitrogen, N, /8 argon, Ar /8
oxygen, O, 21 carbon dioxide, CO, 21

185



Partial Pressure

v each gas in the mixture exerts a pressure
Independent of the other gases Iin the
mixture

v the pressure of an component gas in a
mixture is called a partial pressure

v the sum of the partial pressures of all the
gases in a mixture equals the total

pressure
Pir = PD'P VY)% Pﬁ\rgr?)l ﬁ%\?r% U(S%ﬁatm 1.00atm
c)IZ')total gas A T Pgas B Pgas T



Finding Partial Pressure

v to find the partial pressure of a
gas, multiply the total pressure
of the mixture by the fractional a
composition of the gas <

v for example, in a gas mixture @ >
that is 80.0% He and 20.0% %
Ne that has a total pressure of 9

1.0 atm, the partial pressure of

. Gas mixture (80% He @, 20% Ne @)
He would be: P = 1.0 atmm

P,.. = (0.800)(1.0 atm) = 0.80 P geime

t Copyright ® 2006 Pearson Prentice Hall, Inc.

o fractional composition =
percentaae divided bv 100




Mountain Climbing & Partial Pressure

v our bodies are adapted to
breathe O, at a partial pressure
of 0.21 atm

o Sherpa, people native to the
Himalaya mountains, are adapted
to the much lower partial pressure
of oxygen in their air

v partial pressures of O, lower

than 0.1 atm will lead to hypoxia
O unconsciousness or death Hypoxia

v climbers of Mt Everest must
carry O, In cylinders to prevent
hypoxia

o on top of Mt Everest, P,
Aatm sn P.. =0 0RK atm

1.0—100% oxygen at surface
1.4—Maximum (exertion)

0.21—Air at surface
1.6—Maximum (rest)

b
X
o
-
w
|
—
S

2.0

Oxygen
toxicity

Copyright © 2006 Pearson Prentice Hall, Inc.

= 0.311



Deep Sea Divers & Partial Pressure

v Its also possible to have too much O,, a condition
called oxygen toxicity
6Py, > 1.4 atm
O oxygen toxicity can lead to muscle spasms, tunnel vision
and convulsions

v Its also possible to have too much N, a condition
called nitrogen narcosis

o also known as Rapture of the Deep

v when diving deep, the pressure of the air divers
breathe increases — so the partial pressure of the
oxygen increases

o at a depth of 55 m the partial pressure of O, Is 1.4 atm

o divers that go below 50 m use a mixture of He and O,
called heliox that contains a lower percentage of O, than
air




Partial Pressure vs

Dracciliro
L '_"“=\\

T
y B y
/ \ ."/ I
| ! |
".\ \\.\ l'-. \
\ r |
\
h -f \\.
[ ( ol lII f i
p 4 L
= ~ » ==
P - * " iy @ m-‘“\ V- . ® '. : : Hx“\\
/ - * 0 Surface / a®e S ® \ 30 m
/ ee ® goe@ \II / @ ..q. o, e \
/ @ \  Ppe=1atm WO e S \  Pyi=4atm
/ ® 8 -- L I". tot / - -. =. ... ® e \ tot
. “ B ~"0 Py, = 078 atm | ®fee ®ao®s | | Py =312am
® ® ® ‘.( ‘ PJ—U | n t:- .: .-.-..( :_
| .'l'l -.b e ®e o | 0, = 0.21 atm | =..l.‘ ‘-::. \ ‘l P, = 0.84 atm
{ | | @ ® | | @ e | I
f

||
Copyright © 2006 Pearson Prentice Hall, Inc

At adepth of 30 m, the total pressure of air in the divers
lungs, and the partial pressure of all the gasesin the air,
are quadrupled!



Collecting Gases

v gases are often collected by having them

VA

t

v i

t

displace water from a container

ne problem is that since water evaporates,
nere Is also water vapor in the collected gas

ne partial pressure of the water vapor, called

ne vapor pressure, depends only on the

temperature

O SO you can use a table to find out the partial

pressure of the water vapor in the gas you collect

v If you collect a gas sample with a total
pressure of 758 mmHg at 25°C, the patrtial
pressure of the water vapor will be 23.8
mmHg — so the partial pressure of the dry gas
will be 734 mmHg



400
—~ 330
50
L 300
250
200
150
100

Pressure (mm

U1
o O

Vapor Pressure of Water

1 | | | | l | | I | 1 I | I I

10 20 25 30 40 50 60 70 80

Temperature (°C)

Caopyright & 2006 Pearson Prentice Hall, Inc.

Temp.,'C |Pressure,
mmHg
10 0.2
20 17.5
25 23.8
30 31.8
40 55.3
50 92.5
60 149.4
70 233.7
80 355.1




PN N NN N NN N NN

Zn metal reacts
with HCl(ag) to
produce H,(g).

Hydrogen plus
water vapor

The gasflows
through the tube
and bubbles into
the jar, where it
displaces the
water in thejar.

Because water
evaporates, some
water vapor gets
mixed in wi th
the H.. - 1‘

..-'f

Copyright © 2006 Pearson Prentice Hall, Inc.




Reactions Involving Gases

v the principles of reaction stoichiometry from
Chapter 8 can be combined with the Gas Laws
for reactions involving gases

v In reactions of gases, the amount of a gas Is
often given as a Volume
o instead of moles
O as we’ve seen, must state pressure and temperature

v the Ideal Gas Law allows us to convert from the
volume of the gas to moles; then we can use
the coefficients in the equation as a mole ratio



Example 11.11.
Gases In Chemical
Reactions



Molar Volume

1 mol helium at STP
Volume = 224 L
Mass =4.00 g

@ 0 9O

1 mol xenon at STP
Volume = 224 L
Mass = 131.3 g

Copyright © 2006 Pearson Prenlice Hall, Ing.

There s so much
empty space
between molecules
In the gas state,

the volume of the
gasis not effected
by the size of the
molecules, (under
Ideal conditions).



Example 11.12:
Using Molar Volume
In Calculations



Example:

v How many grams of water will form when 1.24 L of
H, at STP completely reacts with O,7?

2H,(g) +0,(9g) ¥#® 2H,0(g)




Example:
How many grams of water will

form when 1.24 L of H, at
STP completely reacts with

9442 (g) + 0,(g) #:® 2H,0(g)

v Write down the given quantity and its units.
Given: 1.24LH,@ STP




Example: Information

How many grams of water will | Given:1.24 L H,
form when 1.24 L of H, at
STP completely reacts with

9442 (g) + 0,(g) #:® 2H,0(g)

v Write down the quantity to find and/or its units.
Find: mass H,0, g




Example:

How many grams of water will
form when 1.24 L of H, at
STP completely reacts with

9442 (g) + 0,(g) #:® 2H,0(g)

Information
Given: 1.24 L H,
Find: gH,O
CF: 1 mol H,0 =18.02 g
2 mol H,0° 2 mol H,
1 molH,° 224 L
SM: L — mol H, - mol H,O0 — g H,0

v Apply the Solution Map:

1mol H, .

2mol H,O, 18.02g H,0

=0.988g H,0

L24LH, oo
. 2

2mol H,

1mol H,0




Example:

How many grams of water will
form when 1.24 L of H, at
STP completely reacts with

9442 (g) + 0,(g) #:® 2H,0(g)

Information
Given: 1.24 L H,
Find: gH,O
CF: 1 mol H,0 =18.02 g
2 mol H,0° 2 mol H,
1 molH,° 224 L
SM: L — mol H, - mol H,O0 — g H,0

v Check the Solution:

1.24 L H,=0.988 g H,O

The units of the answer, g H,O, are correct.
It is hard to judge the magnitude with so many variables,
but with lessthan 22.4 L we have less than 1 mole of H, -
with amole ratio 2:2 we should expect to make less than
1 mole of H,O
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