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Characteristics of gases

KGases do not have definite shapes or volumes. These
take the volume and shape of container.

KGases have much lower densities compared to solids
and liquids.

KGases are highly compressible.

AGases exert pressure equally in all directions.

AGases mix evenly and completely in all proportions
without any effort.
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~_—Measurement of properties of Gases

Moles:
Number of moles = mass in grams/molecular mass

Volume:
The volume of gas is same as the volume of container.
This is expressed in litres (L). (1L=103cm3=1dm3=
103 m3)

Temperature:

It is the degree of hotness of a body. It is expressed In
°C/ Kelvin (K)/ Fahrenheit (°F)

0 K=-273.15°C

)
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P — T

Relation between degree scale and Kelvin scale:
T (K) =1 (°C) +273

Pressure:

It is the Force per unit area. Pressure Is expressed in

atmosphere or Pascal.

At mospherjc Presstiure: Dpres
atmosphere.
1 atm = 101,325 Pa or N/m? = 76 mm of Hg = 760 mm of
Hg = 760 torr

1 bar = 10° Pa = 10° dynes/cm?

Standard temperature and Pressure (STP)
273K & 1 atm.
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1 m? column of
air (mass = 104 kg)

AThe pressure exerted by the
weight of the air above itat any | suvieton
point on the earth's surface.

AAt sea level the atmosphere
will support a column of mercury
about 760 mm high.

AThis decreases with increasing

altitude.

AThe standard value for the
atmospheric pressure at Pressure
sea level in Sl units is 101 3p@&scals Area

1 atm prassﬁ
at surface é

e

Force




. result of the constant movement

The Pressu of

of the gas molecules and their
collisions with the surfaces
around them

» the pressure @f aggas! dependsio
severdl ffactors

. number of gas particles in a
given volume

. volume of the container
. average speed of the gas

particles
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- column of mercury
supported by air
pressure

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

il

760 mm
(29.92 in)

Vacuum

Glass tube

Atmospheric
pressure

Mercury




Q. A highperformanaethioyeleitiré has @aqressuie of
132psi.Whaidslibeermrsstie tnnmmgiHg?

Solutiopny :  Given: 132 psi
Find: mmHg
[ psi J=[ atm )= [mmHg|
Llatm 760mmHg
14.7psi 1atm

1 atm = 14.7 psi, 1 atm = 760 mmHg

latm , 7/60mmHg _
14.7psi latm

132psi3 6.823 10° mmHg

Check: since mmHg are smaller than psi,
the answer makes sense



NVlaneaecess

- the pressure of a gas trapped in a container can be
measured with an instrument called a

- manometers are Ushaped tubes, partially filled
with a liguid, connected to the gas sample on one
side and open to the air on the other

. a competition Is established between the pressure of

t
-

ne atmosphere and the gas
ne difference in the liquid levels is a measure of the

difference in pressure between the gas and the

atmosphere



Atmospheric pressure

High-pressure gas

for this sample,
the gas has a
larger pressure
than the
atmosphere, so

Pressurg, = Pressurg, c net Pressurg

Pressurg (mmHg)= Pressurg, ..ne.AMmMHQ)+ differencan Hg levels(mm)
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Howltlee Pressure Veolume: Ameunt(moles)) and
temperaitiee are rekissHdloccaablottére? ?

Now that we understand the factors that affect the
behavior of gases, we will study how those factors
Interact.

Letsgot g O | D>



g Gas Laws

QBdyldd LAWY O , A x
CEIRA@I LAV O O , A x
QAvOdadidsAow 6 O , Ax

Clldeall Gas Equationn
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sayle’s Law

Ahis law is named for Charles Boyle, who studied the
relationship between pressure , p, andvolume , V, in the
mid-1600s.

- pressure of a gas is inversely proportional to its
volume

. constant T and amount of gas
. graph P vsV is curve
. graph P vs 1V is straight line
- asPincreases,V decreases by the same factor
e P x V = constamit
- P xV;=P,xV,

D
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/ Q. A sample of chlorine gas occupies a volume
of 946 mL at a pressure of 726 mmHg. What is
the pressure of the gas (in mmHgQ) if the volume
IS reduced at constant temperature to 154 mL?

Solufiomnn :
Pl X V1 = P2 X V2

P]_ — 726 mmHg P2 — f)

V; =946 mL -

P. = P, xV, _ /26 mmHg x 946 mL _ L0
: Vs, 154 mL




Ahis law Is named for Jacques Charles, who studied the
relationship volume , V, andtemperature , T, around the
turn of the 19" century.

- volume Is directly proportional to
temperature

.- as T Increases, V also increases
- Kelvin T=Celsius T + 273
-V =constantx T

. If T measured in Kelvin




V(mL)

Mass E Frozen: Mass & Press.
=
-»
S350 =
PI
30
P3
20
—273.15°C
/,:’ P4
/,/’/’,,:____
O Aegf———_‘ | |
—300 —200 —100 O 100 200 300 400

As the
temperature
Increases, the

volume

INncreases.
Conversely,
when the
temperature
decreases,
volume
decreases.

)




Q. A sample of carbon monoxide gas occupies 3.20 L
at 125 °C.At what temperature will the gas occupy a

volume of 1.54 L if the pressure remains constant?

Solution :
V1/T1 = V2/T2

V. 3001 V,=1.54L

Tl — 3981@ T2 =9

T L 1B (303 IhK
= V, 3.20 L

=192 K
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Avogadir s Law
V a number of moles (n) ¥

Constant temperature

V = constant X n Constant pressure

V,i/in, = Voln,

“ee ‘@ —€g

3H, (g) 4 N, (g) > 2NH; (g)

3 molecules + I molecule S 2 molecules
3 moles + I mole  — 2 moles

3 volumes + I volume — 2 volumes



Q. Ammonia burns in oxygen to form nitric oxide(NO)
and water vapor. How many volumes of NO are
obtained from one volume of ammonia at the same
temperature and pressure?

Solution :

1 mole NH;——1 mole NO

At constant T and P

1 volume NH;—— 1 volume NO



ldeal Gas Equation

Charl e s/@TIl(aaawnstant n and P)
Avogadr ooOasn (atmxomstant PAnd T)

V = constant xE =R E

P P

PV =nRT



Standard Tenjperatwreand
rressure

e

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

PV = nRT

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

=

R=00820521L A atm [ {(mol A K)



Q. What is the volume (in liters) occupied by
49.8 g of HCl at STP?

Solution :
PV = nRT P=1latm T=00°C=273.15K
V:ﬂ n=49.8gx tullas -
P 36.45 g HCI
1.37 mol x 0.0821 &M y 573 15 K
" mol&K
1 atm

V=30.6L



. Argon is an inert gas used in lightbulbs to retard
the vaporization of the filament. A certain lightbulb
containing argon at 1.20 atm and 18 °C is heated to
85 OC at constant volume. What is the final
pressure of argon in the lightbulb (in atm)?

Solutiosr; :

PV = nRT n, V and R are constant

nR P
v T " constant P, =120am P =2

T,=291K T, =358 K

B

E = &

T, 358 K
= —= =1 m = 1.48 atm
P, P1XT O at X291K 8 a

1



Density((d) Calculatiorss

P/ m Is the mass of the gas in g

m
d_V RT

M 1s the molar mass of the gas

Malkar Weass (M) of a Gaseous Substance

N =—— d is the density of the gas in g/L
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Q. Calculate the density of it 125°C and 755 mmHg

Solution:
P =755 mmHg, t =125 °C,

dyo,g/L="?
PMM T R=| d

_P1(MMm)

RYT

1 atm = 760 mmHg, MM = 28.01 ¢
T(K) =t(°C) + 273.15

_ PIMM
755mmHg? — o _=ogm4zatm  RYT
= (0.9842atm)§(28.01.,)
T(K) =125 C+273.1°¢ =3 = L —=- =0.852¢0/L
- (0.08206™ )11(398K )
Chok: since the density of N, is 1.25 g/L at STP, we expect the

density to be lower when the temperature is raised, and it is
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Gas Stoichioneetyy

Amount of < | Amount of
+ , 2 A Moles of — Moles of A !
reactant (grams product (grams

reactant ! product
or volume)

What is the volume of CO, produced at 37°C and 1.00
atm when 5.60 g of glucose are used up in the reaction:

CegH1,06 (s) + 60, (g) — 6CO, (g) + 6H,0 (I)

or volume)

1 mol C;H,,04 6 mol CO,

S S B I 2 S TR X =0.187 mol CO
Y 62 h RO GCH.O. ImolCHO 2
- 0.187mol x 0.0821 rl}ﬁt/;z x 310.15 K
V= = = 4761

P 1.00 atm



- when gases are mixed together, their molecules
behave independent of each other

. all the gases in the mixture have the same volume

. all completely fill the container\ AAAE CAOG6 O
volume of the container

- all gases in the mixture are at the same temperature
. therefore they have the same average kinetic energy

- therefore, In certain applications, the mixture can
be thought of as one gas

. even though air is a mixture, we can measure the pressure,
volume, and temperature of air as if it were a pure substance

. we can calculate the total moles of molecules in an air
sample, knowing P, V, and T, even though they are different
molecules




rari@al Pressue

- the pressure of a single gas in a mixture of gases Is
called its

- we can calculate the partial pressure of a gas if

. we know what fraction of the mixture it composes and the
total pressure

. or, we know the number of moles of the gas in a container
of known volume and temperature

- the sum of the partial pressures of all the gases in the
mixture equals the total pressure
- $SALOI 60 Ax | & DAOOEA]l O0OOA
. because the gases behave independently
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Daltori’'s .awOof Paritizl Pressufes P a

Vand T

are
constant




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

P,= 0t N, Is the number of moles of A

- -

NsRT . £’ +
= Ng Is the number of moles of B P e
V BT = o
n N, e
= T - Xg = -



Q. 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
(CqHg)?

Solution :
P. =X P+ P.=1.37 atm

0.116
.

Ppropane = 0.0132 x 1.37 atm = 0.0181 atm



Dnfissiorcan ccitfsision

- the process of a collection of molecules spreading out from
high concentration to low concentration is called diffusion

- the process by which a collection of molecules escapes
through a small hole into a vacuum Iis calledeffusion

- both the rates of diffusion and
effusion of a gas are related to

Its rms average velocity

- for gases at the same temperature,
this means that the rate of gas
movement is inversely proportional
to the square root of the molar mass

Partition

Diffusion

—

Effusion

—
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Grabama ilawsof Diffusionrt

- According to this law for two different gases at the same
temperature, the ratio of their rates of effusion and
diffusion is given by the following equation

ratg,sa | Molar Masg s
rat€ass Molar Masg, ;s

Graham's Law of Diffusion

Another Relation Vi_ /m2
accordingto Vs, m,
Gr ahhamos | & Were vis vel ocity of molecules and

m is mol ecular mass of the molecules.

)
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%alculate the molar mass of a gas that

effuses at a rate 0.462 times,N
Solutiong : rate nknowrgas
ratey

MM, g/mol =?

=0.462

[rateA/rateB, I\/IMNZJ — [ MM rinown ]

Molar Mass,
Molar Mass,nknown= ~22

éa atQJnknow n8

ge ratey, 9

N, = 28.01 g/mol

Molar Mass, (28_019m0|)

= =1319
o i 2 mol
géatqunowng (0'462

89 ratey, @

Molar Mass,nknown=




Properties of Gases

- expand to completely fill their container
- take the shape of their container

- low density
.- much less than solid or liquid state

. compressible
- mixtures of gases are always homogeneous
- fluid



