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S and use Graham's Law of diffusion, (Understanding)
wuse Dalton's Law of Partial Pressures. (Understanding)

e some of the implications of the Kinetic Molecular Theory, such as the

fmoleculesand Graham's Law, (Applying) A
d'smethod for the liquefaction of gases. (Und '

R on of gniesy (Uingasinnding) gl L)
: __;;End.g[vcxtsdlﬂerentumts. (Remembering) r‘;;.ﬁ‘fa E IR
pefineandexplain plasma formation. (Understanding) WA

llntroducﬂon

What 1s matter? Matter is anything which has mass and occupies space. Matter is
classified by 1ts physical state as solids, liquids, gases and plasma. Under normal
conditions, most matter on earth exists in one of three physical states, namely, solid,
liquid, or gas. Solids have both definite volume and definite shape. Their particles
are close together and fixed into place due to the greatest interaction forces. Liquids
have definite volume but have no definite shape. They adopt the shape of container
in which they are placed. Their particles are stll close together but move freely.
Their molecules have greater attractive forces than gases but less than solids. GGases
neither have definite volume nor definite shape. They occupy all
the available space of the
container. Their molecules are

Plasmu

meither close together nor fixed in L
place due to weak attractive i
forces. The gases occupy about 25
0.0% (99.9% empty space) i

Whereas liquids and solids occupy
bout 70% (30% empty space) of

the total volume at room 3,%
“perature and one atmosphere &f Ao
Hessure, Our body contains m
. I all three physical statés: m e

"?(bonei hair’ muscles etc.), Figure 4.1 Ringram showing possible changes
S (bIOOd and body ﬂUidS), of states of matier

+ F BAs (the. gases we inhale and exhale and the gases that are produced in the
eStine), The particular state of a substance is detgrmined by temperature and
‘, e ‘e under which they exist. For example wates changes to solid (1ce or snow)

& ".hw 0°C and changes to gas (steam) above 100°C. The physical state of a
Whstance l"filk’tlly means its state at room temperature (about 20°C to 25°C) and at

(135)
.k =
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one atmosphere pressure. Al room temperature .-m’d one zlllnl'los‘phere Presy
physical state of water. milk and vinegar I I 'q.md; bu_“ \natal, 28T (sue
gold is solid: and that of oxygen, carbon (lIOXId.C and mmhanc 1S gag, .The il
form of matter is the gaseous state, The npsl of the 1'nutltcr arour?d US 18 iy gl
State. The liquid state of any substance exlsts‘only withina rclatwel?: NATTOY,
of temperature and pressure. A fourth state of nmtlef. called pla.smg, 1S legs fa
Plasma is jonized gas mixture. Stars are made of plasma, FlTC.lS an ey; b
plasma. Most of the universe 1s composed of plasma. Plasma, |ike 24505 haa
indefinite shape and an indefinite volume.

( Outof 118 elements onl y Il clements are gases under normal cﬂﬂ(ﬁﬁOﬁ’
they “are hydrogen, helium. nitrogen, oxygen. fluorine, neon, Chlﬂfine,_
krypton. xenon and radon.

Table 4.1: Some Com
Pressure

-

pounds Found as Gases at Room Temperature (25°C) and One Al

Hydrogen chloride Carboﬂon—v@ A
Hydrogenbromide Carbon dioxide
 Nitrous oxide
Hydrogen sulphide | s

4.1 KlneﬁeMolecnhrTheory of Gases

KMTG was proposed by Swiss Mathematicjan Be

that gaseous molecules are in 4 continuous state o
In 1857, Rudolf Clausiys (1822-1%88

for better understanding (he behaviour of gases. This theory was further devel
by James Maxwel| (1831-1879), Ludwig B |

: oltz -1906), and V¥
Waal. This theory sometimes called R; Mann (1844 )

f motion. ]
) postulated 'Kinetic moleculart®

The main postulates of this th
:t)lolecAulllefaseS o A ey large Humber of tiny particles called #%
i) The molecules of gages
the volume of the gas is e,
compressed and mixeg comp
ii1) The actual volume of g

Cory are:

1€ Widely separateq from each other. Hen®™

Pty Pace (nearly 99 96041 That is why g8
letely witp cach other,
45 Molecye ;
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meofthe gas or volume ofjis container,

L o e . :
o Gas molecules are in constant random moLon in
i ' R | e
qraight Jines. Thet .d"'u“tm o1 motion changes only
‘ben they collide with one another or wiyhy the walls of
“‘ »

okainer. That is why gases quickly and ¢ mpletely fill /\ L
aveontainer nwhich they are placed. Pressure exerted f =" ,
by gas 18 due to collision of molecyles with one another o

arwith the walls of container, 3 0\} f &

¢ The collisions of gas molecules are completely

elastic. This means that total energy of molecules before 4 7 " N
‘and after the collision remaing same. In other words. / e
energy can be transferred from one molecule to another Gas Molecule  conpajner

szresultofa collision. However. the total energy of all k,g:f’ol::f,:ozn St
‘themolecules ina System remains the same. Therefore, of gas molecules

the average kinetic energy of gas molecules is not

dfiected by these collisions and remains constant as

‘Mg a5 there is no change in temperature,

’ﬂ) Due to large intermolecular distance. no attractive or repulsive forces are
Tesentamong gas molecules. Therefore, they are independent in their behaviour.

" Gas molecules have kinetic energy. This is due to constant motign, By
fetcasing tmperature, the average kinetic energy of gas molecules increases. Any
0 gases gy the same temperature will have the same average kinetie energy. Gas

€ container

oS move fagier as the temperature increases, hitting the walls of th
dproducing higher pressures.

"'; More for Cean

b Wdays, OXygen gas molecules move fuster than a jet airplane at an Average
Sy 'bem 1660 Km per hour. But those oxygen gas molecules are unable 10 Cross

Pheryyor- Y 85t becanse each molecule of gas hasabout 5 to 6 billion collisions wigy

< 'l"“‘““inonc second, ’

e o SSUrFe ang its Units _ :

S e.most Important properties of any gas is its pressure. Gas pressure is a

e Orce exerted by the collision of particles with the walls of the container.

| 130

.
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'jhc lOl'k‘(‘\‘\L‘l‘tL‘d |\\ 0 Qs ]ll{‘ll_“.'”l‘-" pet Mt arch par sct o s :_:;'_ilc.(l gaspr :
SIMply pressure, ( ‘
Vacuum @"'L\- i

Force (l‘ )
Arca (A)

The pressure cxerted by Earth's
atmosphere can be measured with a barometer.
A simple barometer is one meter long glass tube
which is closed at one end and open at the other
end. The barometer is probably the most ‘
familiar instrument for measuring atmospheric |
pressure (The force exerted by atmosphere on

unit area is called atmospheric pressure). How ‘

atmospheric pressure is measured? Mercury (HE)
Barometer is constructed by filling a Figure 4.3: The height of mef

glass tube with liquid mercury (Hg), and then colum in the baromets

inverting it into a mercury containing dish. The
mercury in the tube on inverting, flow outin to the container, creating a vatl

the top (closed end) of the tube due to the force of gravity. This fal lbecomw
the foree exerted by the atmosphere w ‘hich balances the grav 1tauonal fon:es

Pressure(P) =

f
}

O iy

Atmosplicric

Peeasure

|
|

atmospheric pressure.
The length of tube (column) measures atmosphenr. pressure, Atme _ f

pressurc varies from place to place and with changing weather cOPt
Therefore some standard pressure must be taken. The standard atmosphﬂl"6
pressure is the force exerted by 760 mm of mercury on an area of Lem atle
the average atmospheric pressure at sea level,

Units
A number of different units are used to measure pressure, The com

pressure is millimeters of mercury, symbolized mmHg. The pres>
millimeter of mercury (mmHg) is also called the torr in the honor OfE "
Torricelli (1 608-1647), the Italian mathematician and physicist who 1Y
harometer in 1643. Thus we have the followi ingrelation:
1 atm =760 mmHg =760 torr f
The SI unit of pressure is the Pascal (Pa), named in hono"

(138)

moll :
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| atm = 101325Pa

_ B)" Weknow that, 147pst = ° 81 P,
/ Hence, 14,7 pst = ]“'14- ¢
101325Pa
LPAL ﬁl—'l?psi
: 101325Pa 1506
35 psi = —147;;‘ T D
= 241250Pa
¢)  Weknow that, 147psi = latm=101.325kPa
Hence. |4.?psi - 101.325kPa
| 101.325kPa 1
B T 14 7psi |
101.325kPa :
35 psi = —— % 35psi
LT, e P
= 24]1.250kPa
d) Weknowthat, 14.7psi = 1atm = 101325 bar
Hence, 147psi = 1.01325 bar
e 1.01325bar
psi = -
4. Tpsi :
32
35 el = [.01325 bar % 35psi 1
b 14.7psi
= 241250 bar ‘
¢) Weknowthat, 14.7psi = | atm = 760 torr
Hence, 14.7 psi = 760 torr
i = 760torr
14.7psi
Fal
< HERL 35psi
14.7psi
\ | = 1809.52torr
Pracﬂeel':xe;dse 1: ,A
The pressure o ‘almosphere.omheto . AT e
e 3 'Op of Mt, Everest is 270 tort. Rep"
X pressurein (@) atm, (b) mbar, and (c) Psi.
(140)
L—A
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42 Boyle's Law(Pressy re-Volume Relationship)
1662, the proneering English sciengist Robert Boyle and
his assistant Robert Hooke (1635 - 1703) used a J-shaped
glass tube closed at one end to measure (he volume of gas at
different pressures. They kep lemperature constant, They
ghserved an mverse relationship between volume and
pressure-an MCrease in one results in 4 decrease in the other.
This law can be stated in two ways:

) The volume of a fixed amoun( of 2as 15 inversely
propartional to pressure at Constant temperature. (1627-1691)
Ifthe gas pressure is doubled. the volume is halved: ifthe
pressure is halved, the gas volume doubles.
l

Vo P (at Constant Temperature)

Mercury
added

) S : T
M KT,- Where K is proportionality Constant

PV = K

With the help of this equation, the Boyle's
chan be defined as:

W At constant temperature, the product of
Pressure and volume is constant for the
SV mass of ga,

Malihcmatically_.

T.Vﬁ BV, =PV, =K
L Meang that, P, is the initial pressure and

WS tha ;. Figure 4.4

op Mitia] Volume, [f we increase pressure Verification of Boyle's Law
1 ; .

i . Volume will reduce to V, and if we

. o 3

Cise Pressure 1o P.. the volume will
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SR vu[ﬁ‘ S mhldc l_he bqllnon becomes equal to external p'u_::a_.sur.u. BGCﬂUSe
e !I}E'Qt helium is less than the mass of same volume uffur‘u.u.. heliyms
b “~ “ air) at const@ﬂ tcmpcrulurc and pl'czﬁsurc. B‘ccugsc of this. it mcg,
‘a O0n carry on travelling until the pressure inside and outside becomes equal ¢
StOpsnsing and remains in one place in the atmosphere.

1 »

Graphical Representation of Boyle's Law | a
1) Ifa graph is plotted between pressure on » -¥ i :

the x-axis (abscissa) and volume on the y-axis
(ordinate). then a curve is obtained, which
shows that, pressure is inversely proportional

r""

— Volume (L) —>
= :..0 s

to volume. This curve is called isotherm or =

hyperbola. (Iso means same; therm means = 1 .
heat). s -

ii) The process in which the temperature of e 4 s acater
the system remains constant i1s called Fi’;::t:’—"
isothermal process. Graphical representation of Boyle'

~ Example 4.2

A green colour balloon occupies a volume of 25dm” when the gas press
1 25atm. What will be its volume if the pressure is increased to 2.308
constant temperature?

Solution:
Initial volume =V, =25 dm’
Initial pressure = P, = 1.20atm
Finalvolume =V, =7
Finalpressure = P, = 2.50atm

According to Boyle's law: :
Plvl = P2v2 or VZ.': P2

By putting the values we get,
(1.25 atm)(25 dm’)
V=" 3 50am

sy (142)
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|'>’*dm
,,ae‘!\mbl‘m“"“ volume of gas decreases, hence final volume is less than

mlmlumt

f_"‘“j 288 found in Sui Gas (Natural gas) contains a volume of 70dm ata
ssure of 75atm. What volume would the gas oceupy if the pressure is
ceasedby four times? The temperature of gas remained unchanged.

Jd Charles’s Law (Temperature-Volume Relationshlp)
11787, 2 French physicist Jacques Charles, who was the
m person to fill a balloon with hydrogen gas and who
wie the first solo balloon flight, found a relationship
sicen volume and temperature of a gas (volume increases
\emperature increases and decreases as temperature
weases). This relation is called Charles law. In 1848, a
aish physicist William Thomson (1824-1907), whose 4
B wis Lord Kelvin, proposed an absolute-temperature Jacgues Chirles
&, now known as the Kelvin scale. He identified (1746-1823)

Bis'e 4 absolute zero, theoretically the lowest attainable temperature. In

nsom‘cKCIVm scale, Charles’s law states: Volume of a fixed amount of gas is

Rty
P“’Pt;monal 10 absolute temperature at constant pressure.
atica Iy,

,"wr
‘KT

Where v + %
Ly cr“(’5P“)P(thionality constant
ik

P, = latm

(At constant pressure)

If
,wt’l’mlure IS changed fromT,
U changes from VitoV,,

w

e

i .
E V V » 4 l. VJ -8 L
| ?L = K V«, T:"ZQSK T - 506K
. an e ] y : i
‘ : i K Figure 4.6: Verification ot Charles's Luw

L &
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EL = \.'..2 = K
'I'l ']‘.:

The law can also be stated as:

For the given mass of a gas, the ratio of volume and temperature rpas

constant at constant pressure. |
Keep in Mind | : o

The word degree and the symbol for degrees (*) are not] used‘wmwi ¢ Kclv

| Kelvin (absolute) scale must be used in all gas law problems involvingicmperatyre S

..—-—-:————-—————-—_—_—_—__-—-——_—-ET_
Conceptual Check Point:
iring the cold winter days in the C?

Graphical Explanation of Absolute Zero:
When a graph is plotted between

temperature on X-axis and volume on y-axis 6
for the sample of a gas, a straight line 15 :
obtained which intersects the lemperature

axis at —273.15°C. This shows thatf the it

sample of gas is cooled to -273.15°C, the ; MR
volume of the gas will become zero. Any
volume less than zero are not possible. The
temperature at zero volumeis-273.15°C

(0K), no matter what kind of gas is used.

This hypothetical temperature (-273.15"C)

at which velume of a gas is considered as  Figure 4.7: The graph be:\"ﬁemf:
zero 15 called absolute zero or zero of temperature for three &

4 ' ~ e 'c oL .‘.»
K elvin or absolute scale. This lowest possible temperature could be achic¥™

L g

— Volume (L)—>

)3

» N > a - l w
(he substance remains in gaseous state. Since all real gases are converte® "y
(ate before this temperature, therefore, this is not possible for real 85
: [.aw of Conservation of Mass, |

against the
(144) |
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~ Kelvin and a degree Celsius have the same magnitude. Thus, while we add 273.15
o the temperature 1n “C to }1Ct'(hc temperature in Kelvin, a change in temperature in
Celsius is equal to the change in temperature in Kelvin, Atemperature of 25°C is the
ame a8 298.15K, A change in temperature of 25°C. however, is the same as g

change intemperature of 25 K.

+ Inmostcaloulations we will use 273 instead 0£273. 15 as the term relating K and °C.

By convention, we use T to denote absolute (Kelvin) temperature and f to denote
Celsius temperature,

N—

Absolute zero can also be defined as: the temperature at which the molecular
motion ceases (stops) and a substance would have zero kinetic energy. At this
emperature, none of the particles would be moving at all. Their speed and their
kinetic energy would both be zero. Th olute zero is difficult to attain. Anyhow,
cently the temperature ag below as(10™° KY0,000001K) has been attained which is
greater than absolute zero {Charles law’is not obeyed when temperature is in degree
Celsius (°C). The temperature on Celsius scale has negative values (below 273.15
vin). If we put negative values of temperature in to the eguation, we get negative
olumes. The negative volume for matter (gas) is not possible. In order to ensure
atonly values of V=0 occur, we have to use an absolute temperature scale where
I=0. Thestandard absolute scale is the Kelvin (K) scale, ‘
 Greater the mass (no. of moles) of a gas taken, greater would be the slope of
iestraight line, This is because, greater the number of mole of a gas, greater would

- ﬂwvolumGOf a gas. —
,F"I‘—-.N'_-!'ﬂ_-."j
_Keep in Mind |

“"' the Kelvin scale to the Celsius, and certainly to the Fahrenheit
oo o5 Ifthe Kelvin temperature of a gas is doubled, its volume has doubled as well.
" SEme cannot be said if the temperature were doubled from, say, 25°C to 50°C, ot
' 0 77°F to 122°F, since neither the Celsius nor the Fahrenheit scale can be used 1o
s the volume of gas. J
. Ple 4.3 A
is inflated to a yolume of 1.5 dm’ at room temperature (25°C). What
"€ the new yolume of the balloon when it is placed in a hot water
e 60°C)? The pressure stays constant.

.
r
it
17
[
s
)
<) A
Ml

. -yammc = V' s l.sdm'!

(143)
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Initial temperature = T, = 15°C +273 = 298K
Final volume N =
Fimaltemperature =T, = 60°C+273 =333K
Pressure = P = Constant
According to Charles' law,

J 4
By putting the values we have,
V; = ﬂ‘i x 333K

- 208K

V, = 1.68dm’

The final volume is greater than initial volume. because, accord 1}11 ‘
kC harles' law, volume increases by increasing Kelvin temperature.

Practice Exercise 3: , g
A child blows a bubble that has a volume of 25 em” at 10°C. As the bubt

it comes across the hot air where the temperature is 30°C. Whatis the vo un .7
the bubble, if the pressure does notchange?

-

4.4 Avogadro's Law

(Amount-Volume Relationship)

The Italian scientist Amedeo Avogadro (1776-1856), a
professor of higher physics at the University of Turin for
many years, observed a relationship between the volume
and number of moles of a gas at constant temperature and
pressure. This relation is known as Avogadro's law. This law A mcdeo Avom
was proposed in 1811 but it was not generally accepted m(j??fp-ls:"ﬁl !
until after 1858, when an Italian chemist, Stanislao Cannizzaro, set Up 2 108

system of chemistry based on it. The law is approximately valid for real £2*
sufficiently low pressures and high temperatures.

Avogadro's law canbe stated in three ways:

i) Equal volumes of different gases contain equal numbers of molecul®
same temperature and pressure.

3 v 2] . . (! A
One dm’ of hydrogen gas contain the same number of moles (or molc‘“p-

x - . y
one dm’ of helium, nitrogen, oxygen or any other gas at fixed temper™®
pressure.

(145)
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gl numbers of molecules of different pases occupy equal volumes at the
f serature: and pu ssure.
ﬁ'[" mole (6. p2x10™" molecules) of hydrogen gas occupies the same volume
q““dm Jasaone »mole of oxygen, argon orany of hergas at STP.

Table 4.2: Molar Volumes of Some Gases at STP.

6.02% 10"
2426 1 gerxn®
22,404 1' 6.02x 107
22394 [ Go2x10”
2063 | eo2xl0” |
22004 | Teozx10) |
2256 | eozx10”

B~ e aRie |

Pmssure.
~:’em'dlﬂg fo Avogadros law, the volume of an ideal gas at a constant
Y eMmperatyre depends on its molar amount. If the amount of the gas is
b B85 volume j doubled: when the amount of the gas is tripled, the
.‘3;% " ifthe amount is halved. the volume is halved; when the amount of
Yolume is zero.

L%

ey
! ,e?m""" 'emperature and pressure)
1S the number of moles and K is the proportionality constant.

.‘“ (147)
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YV = Kn or
V
n

A

Have you ever inflated @ palloon? 1f yes; then Yo experience Ayg
law. With each exhaled breath, you add more £as particles b the inside oy
balloon, increasing its volume, The more air you would put into the bllog ¢
greater its yolume would be, because he volume of the balloon is the volumeefy

trapped gas. If a hole 1s poked in the balloon, the gas €sCapes, decreasjng.:

amount of gas and the volume.
For two samples of gas at the same terperature and pressure, the iy
hetween volumes and numbers of moles can be represented as: .

Y
n‘ “2 4

Where, V,and n, are the initial volume and number of moles of the gasn

and n.are the final volume and number of moles.
In calculations, we use Avogadro's law in @ manner similar to the otoe

laws.
Conceptual Check Point:
SR

LA ot B
maximit

e

Nitrogen p,groxie' gas contains 0.1 molesin 2.24 dm
moles of this gas are present when the volume of g

temperature and pressure?
Solution: ;
n, = 0.1 mol, V, =224 dm®
Ny .= ? V2= ll2dm3 1
According to Avogadro'slaw, :
or n2 = et b : V
l\. ‘l!-:_ 'VJ 2

(148)
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gy putting the values, : |

1ol J
b e O 11.2dim
d 2 24dm

By = (.5mol J
Nt

practice Exercise4:

Al.cmmnl.wmperalure and pressure 10 moles of ammonia gas occupies a |
24000mL volume ina closed container with a moveable piston. What will be

‘thenew volume of the gas when 2.5 moles of gas is removed from the container?

|5 Ideal Gas Equation

Ideal gas equation 1s a relationship between pressure, volume, temperature
wnumber of moles (amount) of a gas without assuming that any of the parameters
womstant.
Al Derivation of Ideal Gas Equation

Ideal gas equation is derived by combining Boyle's law, Charles law and
iogadro's law,

According to Boyle's law:
Vox % (atconstantnand7) ...... (1)
According to Charles law:
Vox T (atconstantmand P) ......(11)
According to Avogadro's law, '
Ve (atconstant Tand P) ......(iii)

¥€ombining the above three equations, we have
Vg 2T

P

(:: “Auation indicates that the volume of a gas is directly proportional tothe
Mm“";’les of gas and to the temperature of the gas, but is in?\'crsgl_v
Msi lb.e Pressure of the gas. We can replace the proportionality sign with

YIncorporating R.
Ve pir . s

P
Moaprn
a"““glng the above equation we get,
(148)

o T
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l’\" ' nR'l' ..................... (|\)

Where P is pressure, V is volume, n is number of moles, R ig Eenery
constant and T is temperdture. :

Equation (iv) is called ideal gas equation and R 1s called generg) OF tupj
gas constant, This equation is also called general gas cquation or Perfect g
The Ideal gas equation can be used to calculate the value of any ong of ther
variables P, V, T, anc n. when the values of the other three variablesare pj ;

General gas equation can be used to predict what happens when '-thtgs‘
volume, and temperature of a gas sample are all changed at once. We fing thag
value of pressure times volume divided by the Kelvin temperature is the samsg
the gas sample before and after the change. Hence, for one mole of gas, eqlﬂtiou(i
can be written as,

PV = RT or
Py
B S

|
If P, V and T are changed for a gas from P, V,and T to P, V. andT,,i;
equation will become: | g

P 1V1 - R
TI
PV, _ R
T
Therefore,
BV o e R T e (V)
T 5

This is another form of an ideal gas equation. This equation can beso
any one of the six variables if the other five are known and is useful in dealtt
the pressure-volume-temperature relationships of gases. .

However, each of the quantities in the ideal gas equation must
in the units within R. | x

Pressure (P) must be expressed in atmospheres, volume (V) 09

15

decimeters cube, amount of gas (n) in moles and temperature (T) in Kelvit

{ conceptual Check Point:
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M,plications of Ideal Gas Equation

i Ideal gas equation is used to calculate the mass of the gas, if P, V, T and
molecularmass ofthe gas1s known,

Since. . Mass of gag( m)
Molecular mass of gas(M)

By putting the value of  in PV = nRT. we have

m
By = —RT o

_ PVM
RT
ii) Ideal gas equation is used to calculate the molecular mass of the gas.
By re-arranging the equation (v1), we have
oy
PV
: M
Since, = density

Therefore,

M= dE .............................. (vii)

P
1) Ideal gas equation can be used to calculate density of the gas.
By re-arranging the equation (vii), we have,

_PM

RT

e The den.sity of a gas is directly proportional to pressure and molar mass but
“ersely proportional to temperature. The higher the molar mass and pressure, the
qua] the gas. The higher the temperature, the less dense the gas. When we have
o olarmasses of two gases at the same pressure but different temperatures, the
88815 less dense than the cooler one,

-ONceptual Check Point:

< G
,1@3:: Constants and its Units -
Bas gy g Alon s used to determine the value of R. Thé value of R for one mole of
1S calculated as: ‘

(1a1)
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P =latm ]
V =22.414dm’
n = lImol
T =273.15K
Ri=19
Form :
ula used: PV
PV= nRT or IR —
nT

By putting the values in the equation, we have
latm x 22.414dm’
Imole x 273.15K

= (.08206atmdm mol 'K’ T
If pressure is expressed in Newton per meler squarc (Nm ) and volumj

cubic meter (m’), then we find that,
P = 101325Nm”

V = 0.0224m’ :
n = Imol
T ="27315Kk
R =7
Formula used: PV

PV= nRT or R=—~
nT

By putting the values, we have

_ 101325Nm” x 0.022414m’
Imolex273.15K . <

Since, = 8.31Nm mol 'K
INm = 1]
Therefore,
R = 8.31Jmol'K" |
Since, |
lcal = 4.184)
Therefore, w3
R = 7184

= 1.986cal mol 'K
(132)
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4 What 1S the molar mass of 1%4 gmxm of a gas at ~73°C? The Pressure of u

Practice Exercise 5:
Asample of H,S gas has a yolume of 1. 7dm’ ata temperature af3
has 3 moles. what will be the pressure of the gas?

Y ¢ * 1 030 ~.j.§- SR , Feod 2 =
Vs . s e bt ol & T
~ T~ s

is 10 atm and its volume is 5 dm’.

Molar mass = M = 7
Mass of gas = m = 134¢g
Temperature =T = -73°C + 273 =200K

il

Pressure = P = l0atm
Volume =V = 5dm’
mRT

d'M = ——
Formula use =y

By putting the values,

el 34¢)(0.08206atm dm’mol 'K’ )(2001()

(10atm)(5dm’)

Calculate the density of H,S gas in g/dm’ at 0°C and 960mmHgP &

Solution:

Density of H,S gas = d =7?

Temperature = T = 0°C + 273 = 273K w.
Pressure = P = 960mmHg / 760mmHg atm ' = 126
Molar mass of H,S gas = M = 34g mol’!

PM

Formulaused: d =—

RT

(194)
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By putting the valucs, == (1 26y
(0.08206 atm dn'mol 'K )
= I
o d = 1.91gmol
Practice Exercise 7:

Whﬁfié-the-density in g/dm’ofh utanc: ( Cﬂm)gas

4.6 Deviation of Real Gases from Ideal Gas Behaviour e

The gases which obey gas laws strictly at all conditions of temperatures and
pressures are called ideal or perfect gases while those which do not obey gas laws
strictly are known as non-ideal orreal or actual gases. The behavior of a real gas is
often somewhat different from that of an ideal gas. In actual practice no gas is ideal.

All known gases are non-ideal. The gascs at sufficiently high temperature and low
pressure behave ideally.

4.6.1 Graphical Explanation

Auseful measure of how much a gas deviates from ideal gas behavior is found in its
compressibility factor. The compressibility factor (Z) of a gas is the ratio PV/RT.
From the ideal gas equation (for one mole of a gas) we see that for an ideal gas, the
ratio PV/RT=Z = |.The compressibility factor values can be less than or more than
one for a real gas. When the pressure is increased for real gas, the volume of one
mole of the gas is decreased because of strong intermolecular forces. As a result of
this, the value of compressibility factor (Z) becomes less than one (Z<1). When the
essure is further increased (i.e. at very high pressure), the gas molecules are
‘rowded closely together and the intermolecular repulsions become operative, and
% doubling the pressure cannot halve the total volu;ne. As a result, the actual
‘olume of a real gas is larger than expected for an ideal gas, and the value of
‘Ompressibility factor (Z) becomes greater than one (Z > 1). The ratio PV/RT
'PProaches 1 only at very low pressures (< 10 atm.) for real gases,

The extent of deviation depends on the nature of the gas, temperature and
Tessure under which the behaviour of a real gas is studied. The deviation
ire) from ideal behaviour is most significant at high pressures and low
E’”Pe"atures, that is, near the conditions under which the gas liquefies,

) Deviation at high pressure _
Border to check the ideality of a gas we plot a graph between pressure on X-axis
°°mpressibility factor (Z) on y-axis for four real gases and an idea| gas at a

(155)
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SIVEN temperature. In case of ideal gas
a4 straight line parallel to x-axis 18

obtained. But all real gases (H,, He, N,

and NH.) has been found o show

marked deviation from ideal pv
behaviour,

At one atunospheric pressure
(and room temperature), most gases

behave nearly like an ideal gas, because e Pressire. ——=%
1)  The molecules are moving so Figure 4.8: It is clear from the praphg
rapidly and are so far apart that the deviation of gases from the iy

: behaviour is greater at high pressee 1y
attractions between them are very weak is due to more attractive forces x iy

ornegligible. temperature,
11) The space between the molecules
15 s0 large that the volume occupied by
the molecules themselves is '
insignificant (negligible). i
At high pressure, the gas volume decreases and the empty spaces amond
‘molecules decrease. As a result of this, the volume of actual gas molecules &
significant (does not remain very small as compared to the volume of co !
total volume of the gas) and hence cannot be neglected. |
Different gases deviate differently from ideal behaviour. The devi
real gases from ideal behaviour is higher for polar gases and lower for n :
gases. For gases such as hydrogen, helium, nitrogen, neon, or oxyget devid®
from the ideal gas behaviour are less than 0.1 percent at room temperature ;‘:
atmosphere pressure. Other gases, such as CO., SO,, NH,, or H.O. ha,"?’ |
intermolecular forces and hence show greater deviation from ideal pehavit™

ii) Deviationat Low Temperature
As the temperature of gas molecules decreases, the kinetic energy and ¥
gas molecules decreases. As a result of this, the ’number of collision® de
the gas molecules come close to each olhér, thus forces of attractio™
molecules become effective, Hence at very low témperature—. nar 1 &
under which the gas liquefies, the gases deviate from ideal behaviovt

(158)
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4.6.2 Causes for Deviation
The deviation is due 1o two faulty assumptions:

1) Theactual volume of the gas is very small as compared to th
orthe volume of the container

) Thereisno force of
The postulate (j)
postulate (ii) is resp

attraction among gas molecules. - | NI
S responsible for the deviation at very h:ghpmmn*q, -
onsible for the deviation at very low temperature..
4.7 Vander Waal's Equation Ny
The Dutch physicist Johannes Van der Waals, in 1873, at the
University of Amsterdam modified the general gas equation
in order to calculate the volume and pressure of a real gas.
He recognized that the ideal-gas equation could be
corrected by performing the volume correction and pressure
correction. He gota Nobel Prizein 1910 forhis work,

i)  Volume Correction

When an actual gas is compressed. the molecules come close
to each other and a stage comes when it is not possible to {;
compress it any more. At this stage, they produce force of

repulsion, because gas molecules have definite volume. The
actual volume of gas molecules is very small but it cannot be
neglected. If the effective volume of the molécules per mole
0f a gas is b, then the available (free) volume to gas |+ o o « « 777
molecules is the volume of the container minus the volume N\t =+ * {113

Johannes Van der Waals
(1837-1923)
High Pressure

of gas molecules. Effective Volume b’
Figure 4.9
vﬁt\e ] Vc(mmmcr— Vlmlcculcﬂ
— P’ will be proportional to the number
o Vfree e Vconmincr -b

This equation can be written as:

vftal = V.dcnl > ﬂb Nt A S e

~ Where, 'n' is the number of moles and ' .
.b' ISeffective or excluded volume of gas, The volume occppt_ed by_ one mole of'a gas
4 highl}' compressed state is called effective volume., [t 15 four times of the actual

Olume of the 2as molecules,
b=4Vm

of molecules per unit volume
colliding with the walls of container
and also to the number of molecules
perunit volume dragging them,

Where, Vi is the actual volume of one mole ofa gas.

(187)
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i)  Pressure Correction
Consider a molecule in the interior of @ gas is attracted by other molecylegp
sides and there is no net attraction on the molecule. When such Molegy, m'
with the walls of container. it cannot exert full pressure due to backward '
molecules, So these molecules do not collide with a force with Which it
collide, Hence less pressure is exerted on the wall than actual Pressr, ‘
pressure). '

P, 1s observed pressure, P, is ideal gas pressure and P’ is decrease
pressure

The P' will decrease as the volume will increase due to decrease in fue
attractions. Mathematically,

e B IL
Pccv><v

or

Pllate

or - l

P! = d ;}—2
Where, “a” is proportionality constant. *

By putting the value of P' in equation (i), we have

+ an’

VZ

P =P

=P, St S

. o
By putting the value of equation (i) and equation (iii) in th° gtﬂﬂ-“ ‘.
equation (PV=RT), we have

an?
(Pops V2 V=nb)=nRT

S cquation where ‘g' and B’ m.efg v
onstants called Vander Waal's constants, When'a' and "0

(138)
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! U
the van der Waal's equation reduces to the ideal gas cqustiomlmtf;igﬁ
T, and n represent the measured values of pressure."voliiﬁié;. € ; =
number of moles, respectively, justas in the ideal gasequation,
The values of constants 'a' and 'b' forreal gases are given mﬁewﬁ_‘&.‘;

able 4.3 Van der Waal's Constants

for Some Real Gases: '

0.244 il
665:‘ S TN I
1.390 Bk Ze

1360 e

—l3<43 T .—.\' e

e e e

2318 00398

4170, " 00371

3464 (o 0308 SN

3.667 0.0408 _1'

Itis clear from the above table that polar gases have greater values of '
wn-polar gases. This is due to the presence of strong intermolecular forces in
ses as compared to non-polar gases.

8 Dalton's Law of Partial Pressure
m.e'English scientist John Dalton (1766-1844), in 1803. made an important
“ntribution to the study of gaseous mixtures, Dalton's law of partial pressures
Ries that the total pressure exerted by a mixture of non-reacting gases is equal to
B sum ofthe partial pressures of all the gases present in the mixture,
LPPOSC i & system three gases A, B, and C are present. The partial pressures of
P = Partial pressure of gas A
By = Partial pressure of gas B
- Po=Partiy) pressure of gas C
~ 'henDalton's [aw may be mathematically written as:
1 PT%P;‘.-"P[;'*’PC‘*‘...
9?,_-1’.., 18 the totg] pressure of mixture of gases.
The air Webreathe is a mixture of about 78.084% nitrogen, 20.948% oxygen,

(133)
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0.9349; argon and, 0.033% carbon dioxide and other

84588 (Hydrogen. helium, methane, krypton, carbon
monoxide, xenon, ozone, ammonia, nitrogen dioxide,
suphur dioxide and water vapours) in trace amounts.
Due to the force of gravity, molecules making up the
almosphere are most concentrated near Farth's surface.
In dry air, total pressure is the sum of partial pressure of

The partial pm;SC :

OXygen n air ‘hm‘ 3

N,,Ow Ar 2 . Sty de(':reas,es w“h s '.
2: VY5, ,(’()_,dn.dolhc.l gases. alitude, d ity
Mathematically. it can be expressed as, that leads 16 i ]

Pslﬁm = PN, T Pn,'“'L PA'+ Peo. t P EasES breathingatmghe] atigs

Suppose the partial pressure of nitrogen, oxygen. argon, carbon dioxi_dg‘"
other gases in the air is 593 torr, 159.5 torr, 7.14 torr, 0.23 torr, and 0.3 .
respectively. So the total pressure of the gases in the air will be;

P.. = 393+159.5+7.14+0.23+0.13

P, = 760torr

atm 1
A partial pressure is the pressure of an individual gas in the mixtore of g
This law says that the pressure of a gas remains same whether gas is alone ormt
with other gases at constant iemperature and pressure.
Putanotherway, pressure of a gas is due to collision of molecules. It depe
upon number of molecules or moles of a gag present in the mixture. Greatet
number of moles (molecules) ina mixture, greater would be the pressure. 1t off
P xn ‘
So, pressure of a gas is directly proportional to the number of molesoft
For instance, if we have 1000 gaseous molecyles at 50°C in a container and¥
exert a pressure of 0.latm, then adding another 1000 gaseous molecules 0°

substance at the same temperature to the container would increase the pres®
0.2atm.

Conceptual Ck Pot:
ge whatwould en if someg
cannot stop thisprocess?

Expressions for Calculation of Partial Pressure of a Gas
i)  From general gas equatigp

In a mixture of gascs, the partigl Pressures of fases can be caleul
| o . < . &
oeneral gas equation when number of mol

ated :
CSand essure of each &%
4t constant temperature and volume, otal pressure 0

(160)
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Suppose WO gases A and B are present in the gas cylinder having partial
pressures P, and P, respectively. The number of moles of gases A and B are n, and
. THE gcneral gas equation is f’v =nRT. Since R, Tand V are same for gases A and
B, hence the partial pressures of these gases are:

RT 1

PA = nAv ........................... (l)
Similarly,

| < RT i

| P, = nBT .......................... (1)

For a mixture of two gases A and B, the total pressure is given by the
expression:

------------------------

.‘q{.'

ith nitrogen gas (N.) at 450 mmHg and
of the gases are transferred to a single

RT
2 LT
P, RT

n ——

P4is partia] pressure of gas A, Ny is number of moles of gas A, n,is total
¢r of moles of gases and P, is total pressure of gases

3

(16!)
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i)  From Mole Fraction of Gases
The number of moles of a particular gas divided by total number of mojag o2
present in the mixture is called mole fraction and is represented by X, ther

n

—A = A (}nT‘—‘IlA'*'ﬂB)

ny '

By putting the value ofn, / n, in equation (iv) we have,

Where, X, is mole fraction of gas A. This equation tells us that the p i
of a gas in a mixture of gases is the product of its mole fraction and the total pregs
of the mixture. You can determine the partial pressure of gas A (P ) by multiplys
its mole fraction with the total pressure (P).
Similarly

Py = Xu.Py

Where, X, is mole fraction of gas B.

For example, the mole fraction of oxygen in air is 0.21; hence its pi
pressure is0.2latmor 1 59 5 torr at standard temperature and pressure,

~ Applications of Dalton’s Law
i) Determining the pressure of pure and dry gases _

Some gases like Hy, N, and O, are collected by downward displacemw!:_
Due to cvaporation, some water molecules are mixed with gas and gas 0¥
moist. The partial pressure of such gases can easily be determined by 5

equation of Dalton’s law of partial pressure:
Pgas = PT = P“nwrvapmm

Py = Pwa_b:rnpws ‘ .
The partial pressure of water vapours in gases |

{ension OF vapour pressure of water.

-
=
I¥

called ¥

Table 4.4: Vapour Pressure of Water at Various Temperaturés.

o A
B LA 92

h el 175
e a0 1.8
SR IR
-——*"T’f 925 J
g (182)
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Process of Respiration
i jonis due 0 difference in partial pressure of 0, in air (159 torr) and —
7, Oxygen flows 1rom a region of higher partial pressure to a region of
e pressure. The partial pressure of CO, inside the body 1s greater than in
W;: S0 CO, comes out from the lungs.
§ .Athigher»\lt_itudc
i e u,ncumfortab]c where pressure is around 150 torr
L pslesthan 159 torr (at which we feel comfortable). So plotuses pressurized
s Ontop of the highest mountain, Mt. Everest, the total atmospheric pressure

AT > o ' —
;70 tor, so the partial pressure of oxygen is only 57 torr, or about one-third of

,‘fn:lThat is why a human cannot survive for long at such a low pressure of
ppoen. Atthat altitude, the mountaineers use an oxygen tank and mask, which give
aiicreased partial pressure of oxygen to the lungs,

) DeepSea Divers
liepartial pressure of air (O, ) increases at the depth below the surface of water,
ial pressure of oxygen increases five times at the depth of 40 meters. Ordinary
ranot be used there. So. deep sea divers use a mixture of helium (96%) and
un{4%) called heliox that contains a lower percentage of O, than air, Helium
8tes not dissolve well in blood, and thus it is safer for a diver to inhale this
fEn-telium mixture. At the same time, the oxygen exerts the same pressure that
"uldnormally at one atmosphere pressure.

“neptual check point: )
‘7,2" A e =

> the partial pressure of each gas in 8 mixture when the volume is

:fh‘ Which has a olume of 500 mL contains 10 grams of argon and 0.5

%a‘ room temperature (25°C). Calculate the total pressure of the
Sisesip mmHg, .

~ 500mL _05L
1000mL/L
(163)
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TC!“PC!’;I(Ure =T =25C +273=298K

Total pressure
Before going to calculate total pressure,
We should know about moles of gases.

s 10g 7:0.250mol
39 948gmol

__ 0308 ___g,025mol
20.179gmol

According to Dalton's law,

- P =9
-ll .

Molesof argon = ny, =

Molesof neon = ny, =

PT v (nAr+ nNc)7
By putting the values,

(0.08206atm dm’ mol 'K " }(298K)

> £ 0.02
P; = (0.250 mol + 0.025mol) (0.50K)

P, = 13.45atm
The total pressure of gases in mmHg can be calculated as,

P, = 13.45 atm x 760 mmHgatm ™' = 10222 mmHg

Pra Exercise 8:

4.9 Graham's Law of Diffusion and Effusion
Diffusion is the spontaneous mixing of gas
moleculcs by random motion where molecular
collision ocCurs. When a perfume bottle is opened at
the front of a classroom, it takes some time before
everyone in-the room can smell it, because time is
required for the perfume molecules to mix with the
air. Lighter molecules diffuse more quickly than
heayier ones, S0 the first molecules you would smell
from a perfume mixture are the lighter ones. The rate
of diffusion is the rate of the mixing of gases.
Effusion 1S the escape of gas molecules through a

(164)
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| o

1y (~m.'|||'l hole o a vacuum without moleculi

collision. Lighter molecules effuse more quickly —— :
(han heavier Ones. 'he rate of effusion is inversely [ "Vaéuum |
Jwrurmtimml to molar mass of the gas. If we have f ‘:,f >
nva balloons in which ong has helium and the other oo ,:‘ o: ”
has carbon dioxide gasy A helium filled balloon s ‘:,: e i
deflates rapidly as compared to carbon dioxide ’ Pinhole "-’ :"
filled balloon because the rate of effusion through | ey

the tiny holes of the balloon is faster for the lighter

: : W e Figure 4, 10(b); EMusion
helium atoms than the heavier carbon dioxide : +:

molecules. §
The rates at which both of these processes occur depend on the speeds of gas

molecules; the faster the molecules move, the more rapidly diffusion and effusion
oecur. In 1846, Thomas Graham, a Scottish chemist, studied the rates of diffusion
and effusion of gases. He recognized that the rate of diffusion and
effusion of a gas is related to their molar masses or densities.

This relation is known as Graham's Law of diffusion and effusion, which is
stated as,

"The rate of diffusion or effusion of two gases i
inversely proportional to the square roots of their densities
ormolar masses at constant temperature and pressure”.

Graham's law is usually used to compare the rates of
tffusion and effusion of different gases, so the
Yoportionality constant can be eliminated and an equation
An be formed by writing the ratio of diffusion and effusion

Thomas Graham
( 1 805-186%)

9
-

4z
d

Phere
" 1S rate of diffusion or effusion of gas 1,1, is rate of diffusion or effusion of
4, is density of gas 1, d, is density of gas 2, M, is Molecular mass of gas 1 and

(163)
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M, is Molecular mass of gas 2.

Gases with low molar masses diffuse
with high molar masses. Thus, H, with a molar
than ammonia, NH,, witha molar mass of 17.
The rate of effusion of molecules from 2 containe
i) The cross-sectional area of the hole (the larger
molecules are to pass through the hole):
if) The number of molecules per unit v
are, the more likely they are to come across |
iif) The average molecular speed (the faster the
more likely the gas molecules are to gscape).

Demonstration of Graham's Law
Take 100 ¢m long glass tube open at both ends. put two cotton plugs soakedia
and NH, solutions at each end of the tube simultaneously. The vapours ofNH,j

HCI escape from their respective ends and producing a white ring of NH,Ci¥
they meet several minutes later. The distance travelled by ammonia is 39.5¢1 1

by HCl gas is 40.5 cm.

(and effuse) more rapidly thinl
mass of 2 will diffuse mogg

r depends on three factors,
he hole, the more likely

olume (the more congested the mol

he hole); and |
gas molecules are moving

o

NHJ(&) A HClw‘, — NHCl,

~ Catton Plug : Whi _ §
soaked in HCl Solution hite dense fumes of NHCH

: Figurcj.l 1: Verification of Graham's Law
The ratio of velocities (rates) of two gases depends on the
traveled by the different gases at the same time..

The rate of diffusion of NH;  Distance traveled by NH;

The rate of diffusion of HCI Distance traveled by HCI

This means that the rate of diffusion : : o OO
: : of N 46 times &
HCI gas, because NH, gas is lighter than HC]. gLt ]

il‘ l‘->

-

_"'—_-—_—-
‘ T —— e
conceptual Check Point: ————

s 3 = ¥ . -
e k) N P .v't‘_' “ ‘:(;.'l‘:'“:‘--
q! N v ™ 2 " \
.‘ 'L‘::! . \
£ o A ¥ 11 |
v OO
= Ry 47 -. AUAS
- = -
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aown gas (hydrocarbon) diffuses two times as fast as SO, gas at cor

‘::;’:L“““"c Calculate the molar mass of unknown gas and susgestwhatﬁnsw
1
ight ¢”
solution
\folarmass of unknown gas =M, =? ’
Rareofdiffusion of SO, gas =1g, =1
pateof diffusion of unknown gas =r, =9
According to Graham's law.
: % Mso,
: I-502 Mx
By putting the values, o ggmor'
1 > Mx A
By taking square on both sides,
, -1
e 64gmol =
1 M. |
| NC—= 64920 S 16gmol '
The unknown gas is methane, because xt-has-hydrqgenandcarbonatoms‘ ’
Molarmass 16gmol .

LRIRFERE

0 Lj o a3

t"ﬁnﬁ?::::;:g; :1{0 lxqmds is called liquefaction of gases. The conversion
rature,

4 l:? 2 osdilin pressure le::: t::;ll): close to each other and at low

' amacuveforcesamangsﬂsmolwuls capable of being liquefied by

- K"’P' in mind, the gaseous substance
(I67)
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Compressing when it has a temperature below its critical temperap,
temperature is the temperature above which a gas cannol be liquefigd o
much pressure is applied, 1t is denoted by Te. lfro'om lemperature g belny, il
temperature, the gas can be liquefied by applying sufficient Pressure Ifn
temperature is above critical temperature, then the gas can only be “qllcﬁa; W
cost of added pressure and a lowering of temperature to a valye below '?*.
temperature. For example, carbon dioxide 18 a gas at room t%
(approximately 25°C). This is below its critical temperature of 31_1°C. Ifthe
is gradually compressed, a pressure will eventually b; _reachcd that wy| Caui?‘
CO,to liquefy. Gases such as O, and N,, which have critical temperatures farbey
0°C, can never be liquefied at room temperature, When they are compresse
simply become high pressure gases. To make liquid N, or O, the gases my
made very cold as well as be compressed to high pressures.

The intermolecular attraction is a finite quantity for any given subsn
Below T, this force is sufficiently strong to hold the molecules together (uf
some appropriate pressure) in a liquid. Above T, molecular motion becons
energetic that the molecules can always break away from this attraction. Crit
temperature depends upon size and shape of gas molecules and the strcngi{
intermolecular forces. The pressure required to liquefy the gas at ils el
temperature is ealled critical pressure. It is denoted by P.. The volume occupis
one mole of a gas at critical temperature and critical pressure is called o
volume. It is denoted by V..

Table 4.5: Critical Temperature, Pressure and Volume of Some Gases
i~ e 226
H; -2399 | 128
Ny -147.1 3350
Co -138.8 3500
Ar ~122.2 480
% ~118.8 490
CHy -83.1 456 |
£ 311 a0
i 1325 5
Sh 133.9 76 <
2 157.1 THY ]
CHOH 7 1 2998 785
B 3 340 217.7

(168)
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The gases can be liquified by Joule-Thomson effect. According to Joule
Thomson effect “When highly compressed rises are suddenly allowed to expand,
thev produce cooling and the temperature of zas falls to such an extent that it
hanges mto liquid state.™

Theprocess is called Joule-Thomson or Joule-Kelvin effect.

The molecules of the compressed gas are very close to each other and have

jable attractive forces. When this gas is allowed to expand suddenly through
e nozzle of jet, then the molecules move apart from each other, For expansion,
wome amount of energy Is required to break intermolecular forces. This energy is
uken from the gas itself, therefore the temperature of gas falls and cooling is

produced.

Lind's Method
121895, Lind used the principle of Joule-Thomson effect for the liquefaction of air

10,and N,). Lind's Method is used for liquefaction of all gases except H, (T, =33.3
X)and He(T.=5.3 K) which have critical temperature values very close to absolute
0. The apparatus used for this process is: (i) Compressor (ii) Cooler (iii)

Bpansion Chamber (iv) Spiral pipe

Cooler

_

-l : -
fa—r g
Spiral Pipe §
e .
~3== Fresh air

S {}{} e

Jet Compressor

mr

e

SRR S Liguidar

Figure 4,12; Lind's method for liquefaction of air

For the liquefaction of air, pure dry air is compressed to about 200 atm by a
ig“h:' Some heat i produced due o compression. This heat 1s removed by
Ughy throygp water cooled pipe or cooler. C on.lpresse:c? ar 1.3. thcin pds\ed

ir comes out suddenly from

‘l.uhqc:m Pipe having a jet at the end. When the air co!
XPansiop takes place from 200 atm to latm. Inthis way, the temperature

(I63)
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of gas falls and it is cooled. This cooled air goes up and cools the ;
compressed air and then returns 10 the compressor. This process is FepRale y
and again till the air is completely liquefied. .

*Keep in Mind

Liquefied natural gas (LNG) and liquefied petroleum gas (LPG) are atmong
examples of liquefied gas in daily use. In both cases, the volume of the quueﬁeda
far less than it would be if the gas were in a vaporized state. thus enabling etséf'
economy of transport. Liquefied gases have a lot of applications. They mlud
heating purposes at homes and as a fucl for cars, boats etc. Liquefied hydropen g
oxygen gases are used as a fuel in rocket engines; and liquefied oxygen and pelrols

|

\_is used in welding. |

4.11 The Fourth State of Matter: Plasma |
The fourth very high-temperature physical state of matter which has an ionizely
mixture ofions, electrons and neutral atoms, is called plasma state. |
Tt was first identified in a Crooks tube by British English chemist and physi 'A
William Crooke in 1879 and he called this state a “radiant matter”, Th¥
"PLASMA" was first applied to ionized gas by Dr. Irving Langmuir ( | $81-1%
an American chemist and physicist, in 1929,

Plasma is often called the “fourth state of matter”, assuming
and gas are respectively the first, second and third state. But is should be®
as the first state of matter because it has been known since “Big Bang"

than 99% of matter in the universe is in the plasma state.

Formation of Plasma i
Matter on Earth has electrons that revolve in orbit around the nuclev® in 902
There is a force of attraction between electrons and positively charged W
the electrons stay in orbit around the nucleus. The sufficient encr=Y is P
atoms to overcome these forces of attractions. Plasma comes into o::tifvt
we add sufficient energy to gas until the atoms lose some or all oftheirel :f.
q result of this, atoms break apart into positive ions and electrons: g
even into atomic nuclei and free electrons. This state is known as plas t
at least partially ionized. The degree of ionization does not have 0P
(he size of the plasma formationis big enough. Even a partially ioniZe"e o
as little as | o/, of the particles are ionized can have the charactcristics ol g
response o magnetic fields and high electrical conductivity) THe encr.E;]’,
{0 change gas into plasma can be of various origins: thermal. © o

(170)
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(ulraviolet lightor intense visible light from a laser), \
properties of Plasma A
plasmas have their.own unique qualities justas solids, liquids and gases do. 81 ;
) Plasma state is overall neutral because it has equal number 'of electronsaid
positive ions. s
i) Plasmas are good conductors of clectricity and are afTected by magnetic fields ;
hecause they are composed of ions (negatively charged electrons and posmvély
charged nuclei).

i) Plasmas neither have definite shape nor definite volume like gases because the l
particles can move past one another,

iv) Plasmas are easily compressible because their particles are far apart from each

other.
v) Thefreeelectrons inametal are considered as plasma. |
K

Comparison of Plasma and Gas Phases
The characteristics of plasmas are significantly different from those of ordinary
neutral gases so that plasmas are considered a distinet "fourth state of matter.”

Itdiffers from gases in number of ways: |
1| Plasma is different from a gas, because it is made up of groups of positively

‘and negatively charged particles and are strongly influenced by electric and

mgnctzc fields while neutral gases are not. 22 .
i) Gases are excellent insulators due to absence of charged particles while "
45

Plasmas are pood conductors of electricity due to presence of charged particles.
Applications of Plasma ' , !
Plasmas occyr naturally but also can be easily produced in a laboratory and in

af;'d"m Numerous technologies make use of plasma.

They light up our offices and homes, make our computers and electronic

" They drive lasers, help clean up the environment, and make tools corrosion

) It is found in fluorescent lamps to produce light. When electric current 1s

ﬂlIOUgh Wi contaiﬁing neon gas at low pressure, the neon atoms absorb

Cengrgy and use it to excite electron from the (filled) sccond shell to a less stable
Pty sheqy Iying much farther from the nucleus. The electron doesn't stay in the far
1 forlong_ When it comes back from the higher energy empty shells to the proper
(i)
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energy as visible light of various eae

1 .

Ower energy shell, it releases the extia
X -red. “Neanva

d by neon is orange red. "Neonéf

The- predominant colour of the light emitte
havmg other colours use a different gas or colored glass, In particulay o
krypton, and xenon are also used in some “neon” lights. E‘)?_{Ogen‘gag—gl
green colour, helium glows with pir_l_k_c'f_’l?"?:"_“r_"gn_glows wi 3
whereas argon glows withablue colour. /G, Hef . NF. AB
1v) Itcanbe used for cleaﬁﬁgﬁaﬁ‘sﬁ:ﬁ lization of food and operation theaters.
v)  Plasmacan be used to destroy hacteria, viruses, fungi andspores.
vi) Our computers and electronic devices work on the basis of plasma, Y
well aware of plasma TV and cell phones which are manufactured using
vii) Most of the synthetic fibers used in clothing, and advanced p
materials are plasma treated.
viii) It is used in automobile industry
made up of plastic. L
ix) Plasma is used for the treatment of exhaust gases and also for thet eatmenl
‘burns, ulcers and other skin diseases. ;
x) Plasmatorchesare used in industry to cut metals. .,
Plasma is expected to soon be widely used in surgery, decontami
sterilization of surfaces and devices, and air and water streams, as Well:

treatment of skin diseases. .

in painting the bumpers and ¢
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5 C harlcs s law states that the volume of a sample of gas is directly propomonal
to isabsolute temperature at constant pressure, |
l
|
|

) vaT {al constant pressure)

' ¥

' Avogadro's law states that the volume of a sample of gas is directly
proportional to the number of moles at constant temperature and pressure. ‘
Van (at constant temperature and pressure)

» The general gas equation (PV = nRT) is obtained by combining the laws of
Boyle, Charles, and Avogadro and relates pressure, volume, temperature, and
number of moles without assuming that any of the parameters is constant.

» The temperature 0°C and 1atm pressure is known as standard temperature and
pressure (STP). |
» Dalton's law of partial pressures states that the total pressure exerted by a |
mixture of non-reacting gases is the sum of the partial pressures of the
components.

Pri=P P+ Pt

This law is used to calculate the partial pressure of gases.

» The kinetic molecular theory of gases is a model that accounts for ideal gas
behavior. The behavior of most gases is nearly ideal except at very high
1 Pmsuresandlowtemperatures

> Diffusion is the mxxmg of two or more gascs whereas effusion is the escape of

@ molecules from a container through a small holeinto an empty chamber.

* The departure of a real gas from ideal gas behavior is called deviation.
'Be"latlon from xdeal gas behavior increasé in magnitude as pressure increases

*¢an be liquefied by applying pressure at critical temperature or below it.

-- *S Can' the liquefied above critical temperature.
- Mais congidered as the fourth state of matter. It consists of ions, electrons

g el particles, About 99% ofthe vmble UNIVErse 18 made up of plasma.
( I'M

b

I S
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1. Select the correct one:

W
Q.1, Fouranswersare given for each questior : ‘
1) Matterexistsinthe number of states:
(a) Two (b)three (c) four
ii) The SIunit of pressureis:

(a) Atmosphere (b) Pascal

(¢) Newton (d) Torr '
iii) Thevalueof gencral gas constant, R
(a) 8.3 INmK 'mol™ (b)8.31atm dm’mol” K l
(©) 0.0821NmTmol”  (d)0.082]1atm dm’mol 'K’
iv) The instrument thatis used to measure the atmosphere pressuress.

(d) five

in Sl systemis:

(a) Thermometer (b) Manometer !
(c) Barometer (d) Voltmeter l
v) When the Kelvintemperature ofagas is doubled, the volumewill
(a) Remainsame (b) be doubled 'l

(c) reducetoone half  (d)increase four times

vi) When the Kelvin temperature of the gas is doubled and the
is reduced to one-half, then the volume of the gas will:

(a) Remainsame (b) be doubled

(c) reduceto one-fourth  (d) increase four times.

vii) Whichone of the following gases diffuse more rapidly:

@ N (®CH, ()0 (d) CO,

viii) All the gases can be liquefied by Lind's method except:

(a) H,andNH, (b)H,and N,
(¢) H,andHe (d)N,and O, .‘
ix) What is the rate of effusion of an unknown gas of molar ™7
compared to hydrogen gas, H,?
(a) Same (b) five times
(c) 1/5times (d) 1.5 times
x) The molarvolume of CO, is maximum at:
(a) SOTP - (b) 127°C and 1 atm
(c) 0°Cand2atm (d)273°C and 2 atm
(174)
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pillin the blanks with suitable words given in the brackets: | g

j) The variable that stays constant when using the Charle’s law 1§z
. (Pressure/ Temperature)

i) When the number of moles of'a gas is , the volume will be
doubled. (doubled/tripled) =08

iii) Partial pressure of oxygen in the at one atm is 159 torr.

02

(lungs/air)

iv) Gases have - Shape and indefinite volume.
(definite/indefinite)

v) Mathematical expression for Boyle's law is

(PV=K/VT) |

vi) Plasmaisa__ ofelectricity, (conductor/ non-conductor)

vit) The has no relationship with plasma. (moon/aurora)

viii) The number of molecules of hydrogen and oxygen is
in on¢ dm of both gases at same temperature and

pressure separately. (same/difTerent)
ix) Charles' law established a relationship between volume and

in 1787, (pressure/temperature)
X) A gas can be liquefied by applying pressure when the temperature is
its critical temperature. (above/below)

W3 Label the following statements as True or False. .
1) Gasescontract on heating and expand on cooling,
i) Thecollisions of ideal gas molecules are perfectly elastic.

i) ngh temperature and low pressure make the gases non-ideal.

) Thevalue of general gas constant at STPis0.08206 atmdm mol 'K .

" %) The rate of diffusion varies directly to the square root of its molar
k ‘mﬂss;

i Vi) At constant temperature and pressure one mole each of

N, and O,

8355 have same kinetic energy.
Jlﬁqummsamdimann
- M) Ideal gas s the one which
t m"d“lons of temperature and pressure.
|

ore quickly than heavier one.
does not obey gas laws strictly at all

)y Van der Waal's equation is used to calculate the pressure and volume

! er""lgases ]
| C)ﬁs The scale at which beiling point of water is taken is 212°F is known as
s scale,

.

(I72)
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Q.4
Q.5
Q.6

Q.8

Q.9:

Q.10:
Q.11:

0R
Bt

Q.14
Q.15:

Q.16:
Q.17:

Q.18:
Q.19:

Q.20:
Q.21

Q.22

. Derive ideal gas equation. Descri
. Calculate the numerical value of i

Define pressure and give the conmmon pints lar pressure. 1

What is barometes”? How does 1 measine theatmospheric Pressuren ]
Name four elements and f[oul compounds that ¢xist as gageg 'm A
emperature. 3
What are the bumcn.ssumptimmn1'1huLinclic mc‘»lccplurthcnryc,fg %
Which assumption is incorrect at VEry high pressures? w‘%
Which one is incorrect at low tcmpcmlurcs'.’

Describe Boyle's law of gases? Give the mathematical CXPRESSity
graphical representation of this law. : k|
Describe Charles' law of gases? Give the mathematical expression ofﬁi
law. '

Explain absolute temperature scale on the basis of Charles Law. |
What is Avogadro's law of gases’ Describe an experiment (0 demonsi

be the applications of ideal gas equatig
deal gas constant R at STP for one

of'a gas:

(a) When the pressureisin atmosphere and volume is in dm’.
(b) When the pressureisin Pascal and volume is inm'.
Define the molar volume, how will you calculate 1t?

What is compressibility factor? The compressibility factor values cas!
less than or more than one forareal gas. Justify your answet.
Describe the difference between an ideal gas and a real gas. Under "2
conditions does areal gas behave most like an ideal gas? .'
(a) Why gases show non-ideal behaviour at low temperature and %
pressure? -
(b) Why helium and hydrogen are ideal whereas ammuonis 804 ¥
dioxide are nom-ideal atroom temperature and one atmosphere
Define Van der Waal's equation and derive it for real gases.
What is meant by the partial pressure of a gas? Explain
parhal pressurs and desciibe its ill’lpor{ant applicationsh
Define mole fraction. Does mole fraction have units?

(a) Whatis the differcace between effusion and diffusion?

(b) Whatare the factors on which the rate of effusion depe ds? :
Define and explain Graham's law of diffusion and effusion apd 55
experiment 1o demonstrate it. .

Daltor's ¥

(I76)
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s What is critical temperaype? What is its importance for IJQUﬂ'ﬁcum‘“@
< pases” Why a gas can'i be ltquefied above its critical temperature? :
o4 What is meant by liquefaction of gases? Discuss the Lim}'s mcliIOd of
: liquetaction of gases, What are the examples of liquefied gas in daily use?
25 Define plasma and describe some of Its properties. How can you
differentiate between plasmg and gas?

026 Where it the universe are plasmas commonly found? Where can plasmas
are found on Earth? What are 1}y, applications of plasma?

027 Answer the following questions.
4) Why is mercury a more suitable substance to use in a barometer than
water?
b) What is meant by standard temperature and pressure (STP)?

¢) Why the Scientists prefer the Kelvin scale to the Celsius, and to the
Fahrenheit, scales?

d) Why hydrogen and OXygen gases move with different velocities at
the same temperature although their kinetic energies are same?

el Explain why -273.15°C js the lowest possible temperature.

f) Explain why pressure increases as a gas is compressed into g
smaller volume,

& Why does a helium-filled balloon lose pressure faster than an air-
filled balloon?

" Explain why a helium filled weather rubber balloon expands as it

rises in the ajr, Assume that the temperature does not change,

) Two identjcal balloons have same volume of gases at STP. One
'°°ﬂ has nitrogen gas and the other has carbon dioxide gas.

j‘;’hlchhalloonhasmorcmolccules‘?

i do deep-sea divers breathe a mixture of helium and oxygen? |
wh.cll;a'gas is collected by the downward displacement of water, is a

;‘”eksas?!f ves. then why, ifnot, then why not? ‘

v Plain Why the second story of a double-story building is often

mmu"“ 4ground story during hot summer days?

L ich 838 will a student smell first, the ammonia, NH,, and
‘ ?g o Sﬂ!pbide, H,S? When both are released together across a clags

W
wh)’afethe rates of di ffusion and effusion of CO &N, the same?

' (I77)
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Q.28:

0:29:

(.30:

Q.3
Q.32:

Q.33:

Q.34

(Q.36:

Q.37

: The weather balloon is inflated to a volym ¢ of 605dm’ at STP The®™

(0) Which gas has stronger intermolecular forces, argon (Tc%l- |

°C) or methane (T =8 1.9°C)and why W,
A | = hat j

The temperature of & highly compnss real gas that s glf < |
- i ually falls. Why? Howy

expand into a vacuumaus . .
(q) We often experience pain in our ears because of rapid chyp,

altitude, why?

(r) Would it be easier 10 drink ap
Everest or at the base? Explain
The pressure of helium £as m .
pressure of (his gas in the neon sIgN 1
At what pressure would neon gas 0ccupy 2.85 dm’ if it occupies 1424¢

atapressure of2.22 atm? (The temperature does not change). |
A Freon gas (used in the refrigeration systems) has a volume of 2 Sin's
pressure of 76 mmHg. What is the pressure of this gas when it is expanl

until its volume is 12.5dm'? Assume the temperature of gas dos

ple juice with a straw on tp 05111

the neon sign is 7.6cmHg. What js§
psiand mbar? 1

change. ;
A sample of gas at 10°C and 760mmHg contains a yolume of f4im
What is the volume of this gas at 43°C and one atmosphere presam‘? |
The volume ofa bubble is 2.5mL. Ifits temperature increases o<
70°C. what is its final volume? |
The volumeofargon gasat 120°C is 380mL. The gas is heated 085
of 560mL. What will be the new temperature of gas if the pressure®
constant? ' _

What is the effect on the volume of agasifyon simultaneously:
a) Halveits pressure and double itg K'elvintcmperatul‘e?
b) Halveitspressure and halve'its Kelvin tempemmfe?

¢) Double its pressure and double its Kelvin temperature?

i/i l:)c:;ed ‘0135°(3. Whatwould be its volume at 76emHg?
§:ol;1het? lei ;) : hydrogcn.gas contains a volume of 16.80m " ¢
umeot.23moles of this gas at constant temperature and ™
What is the volume occupied by 2. 75 moles N, gas at STP?
| N, gas o

(178)
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Q3%

Q.40:
QAl:

Q.42:

Q.43
Q44

19.45‘

massofthe unknown gas?

: Oxygen gas effuses 1.
through a balloon. Calcu
it. This gas is produced duri

The helium Hilled balloons are used to record temperat
relative humidity, and wind veloei ity m the upper atmosphc ¢
balloon s l.nmchud at @ room temperature (25°C) and 76!
volume is 3.5m" at pround level, What will be it volume at heig
miles where pressure is 40mmHg and temperature is -40°C.

. The volume of laughing gas (N,0) at 480mmHg and 100°C is 800mi
gas is cooled to a volume of 300mL at 760mmHg. What is its new. A
temperature? W e
The volume of mitrogen gas inan automobile air bag is 25 litre at—-20°C and
[.50atm. Calculate the number of moles of nitrogen gas in the air bag.

A motor cycle tube contains 10.2 grams of gas and has a volume of
3x10'mL Calculate the molar mass of the gasat32°C and 506625 Nm
What is the molar mass of a gas that has a density of 5,75 g/L at STP?

What are the densities of N.and He at STP?

What is the total pressure in a cylinder filled with air if the pressure of the
oxygenis 250mmHg and the pressure of nitrogen is 51 0mmHg?

- ACNG eylinder contains a mixture of methane and ethane gases. The total

pressure of the gases 1s 6.5 psi. What is the partial pressure of methane gas,
ifthe partial pressure of ethane gas is 2.5 psi?

. Calculate the partial pressures of 2.5g Hydrogen. 5g Neon, and 152

Kryptonat STP.

. Calculate the ratio of effusion rates of helium and nitrogen gases at same

temperature and pressure. l
173 time? as swift as'at the rate of an unknown gas
late the molar mass of unknown gas ¢ and identify

ng the combustion of hydrocarbons like

methane.
H, effused 2.82 times faster than an unknown gas. What was the molus

(I79)

Scanned with CamScanner




