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Sspire and use Graham's Law of diffugton, (Understanding)
gt and use Dalton's Law of Partial Pressures, (Uniderstanding)
some of the implications of the Kinetic Moleeular Theory, such as the
nolecules and Graham's Law, (Applying)

s method for the liquefaction of gases. (Unders SRS,
surcand give itsdifferentunits, (Remembering) o
andexplainplasma formation. (Understanding) -

r_‘ 4 -'."Iu :

Introduction
What 1s mattec? Matter is anything which has mass and occupies space. Matter is
classified by its physical state as solids, liquids, gases and plasma. Under normal
conditions, most matter on earth exists in one of three physical states, namely, solid,
liguid, 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 still close together but move freely.
Theirmolecules have greater attractive forces than gases but less than solids. Gases
neither have definite volume nor definite shape. They occupy all
the available space of the
contamer. Their molecules are
nieither close together nor fixed n
place duc to weak attractive
forces. The gases occupy about
;-l% (99.9% empty space)
Whereas liquids and solids occupy
#oout 70% (30% empty space) of
M€ total volume at room
‘hperature and one atmosphere

Phisiin

-lonlmioq-) J

L -
#Essure. Our body contains m
“hatter in ' ical states: & Freeing —
i (boa“ three physical statés: m e
v, 2 hau', muscles etc.), Figure 4.1; Riagram showing possible changes
(b]ood and bOdy ﬂUidS), of stafies of matier

¢ 835 (the gases we inhale and exhale and the gases that are produced in the
- line). The particular state of a substance is determined by temperature and
e under which they exist. For example wates changes 10 solid (ice or snow)
. W 0'C and changes to gas (steam) above 100"C. The physical state of a
ﬁsually means its state at room temperature (about 20°C to 25°C) and at

(135)
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ONE atmosphere pressure. At room temperature :m‘d e ulrﬂmphcre Pressiyre
physical state of water. milk and vincgaris “q,md; switRacl), SURAr (sug 52
gold is solid: and that of oxygen, carbon dioxu{c and methane 15 235, The
form of matter is the gaseous state, The most of the {11ul.lcr arow?d US 18 i) fh
State. The liquid state of any substance exists only with in a relatively 5T,
oftemperature and pressure, A fourth state of matter, called pl:{sma, 15 fess fapy
Plasma is ionized gas mixture. Stars are made of plasma, Fire is ay eXamy
Plasma. Most of the universe is composed of plasma. Plasma, |ike 2508 hay
indefinite shape and an indefinite volume
( Outof 118 elements onl y Il clements are gases under normal conditiouy

they “are hydrogen, helium, nitrogen, oxygen. fluorine, neon. chlorine, g
Krypton, xenon and radon.

Table 4.1: Some Compounds

Found as Gases at Room Temperature (25°C) and One A
Pressure

WD

———

| ﬁf@tﬁomdﬂ :

4.1 Kinetic Moleahr'l'heory of Gases G) |
KMTG was proposed by Swiss Mathematician Bernoulli. In 1738, he sugees
that gaseous molecules are ina ¢ '

ontinuous state 0
In 1857, Rudolf Clausius (1822-1888

for better understanding the be
by James Maxwell (1§31-18
Waal. This theory '

f motion. o
) postulated 'Kinetic moleculdr

haviour of £ases. This theory was further de Ef‘

The main postulates of this theory are:
1) All gases consist of very large humber
molecules.

i) The molecules of gases are Sl |
the volume of the gas is emply space %’ni.epa!"dted from each other. Hen =

compressed andmixes complogere . . CAY 99.96%). That is why 265 |
11) The actual volume of o ?h Other,

of tiny particles called #

R

¥
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.\~olumc(vf'lht‘ £as or volume of its container,

o Gas molecules are i constynt random motion in
\ bt lines. Their direction of motjon changes only
::" they collide with one another or witly the walls of

aainer. That is why gases quickly ang completely fill
;m.wmaincr in which they are placed. Pressure exerted ¢ P
b.v'gas» s due (o collision of molecules with one another |
arwiththe walls of container. \ ]‘ &
vl The collisions of gas molecyes dare completely \

phstic. This means that total energy of

molecules before 4 7
and afier the collision remdins same. | other words. o

r
energy can be transferred from one molecule to another Gas Molecule  congaier
siaresultofa collision. However, the toal eper ry of all Figyre 4.2:
E ’ X &) Random motion
fMemolecules in a SYstem remains the same. Thereforg, of gas molecules
te average kinetic energy of gas molecules is not
dffected by these ¢

ollisions and remains constant as

meg s there is no change in temperature.
) Due to large intermolecular distance, no attractive or repulsive forces are
Mesentamong gas mol

B ecules. Therefore, they are independent in their behavioyr.
f‘" Gas molecules have kinetic energy. This is due t
“EEsing temperature, the average kinetic energy of gas

molecules increages. Any
mu«-a the same temperature will have the same average kinetie energy. Gas
Wic]

L mMove faster as the lemperature increases, hitting the walls of the Container
- O foree ang producing higher pressures.

0 constant motign. By

Ine
8%,

(" oy E . :
ng Information:

Wdﬂys, Oxygen gas molecules move fuster than a jet airplane at an average
ey, 200U 1660 Ky per hour, But those oxygen gas molectles are unable 1o eros
Wler,. 1Y {2t because each molecule of gas has about 5 to 6 billion collisions wigh

(L ~_%Sinonesecond, #
% it UK and s Units - .
M‘Wlhemom Important properties of any £as is 1ts pressure. Gas: pressurc' i a

“UTCeexerted by the collision of particles with the walls of the container,
| (137)
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TR v e PR 1, o0
‘IIL h,“\( k‘\k.'l'h_'dh\ L'\l"\”l\”k‘\".!il,“ pe it ares par s cond | l,\‘.”L,dgﬂgpm

Stmply pressure, |
Vachium *"‘"L '

Force (F)
Area (A)

The pressure exerted by Earth's
atmosphere can be measured with a barometer.

Pressure(P)

{
!

e iy

Armesplienic
Peessure

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 mosl
familiar instrument for measuring atmospheric
pressure (The force exerted by atmosphere On
unit area is called atmospheric pressure), How
atmospheric pressure is measured? Mesesy (He)

Barometer is constructed by filling 8  pigyre 4.3: The height of men
glass tube with liquid mercury (Hg). and then column in the barometr

inverting it into a mereury containimg dish. The )
mercury in the tube on inverting, flow outinto the container, creating & vac

the top (closed end) of the tube due to the force of gravity. This t‘allbeéﬁmiﬁf,
{he force exerted by the atmosphere which balances the gravitational forceisd
atmospheric pressure. ‘ : :

The length of tube (column) measures atmospheric pressure. At oo
pressure varies from place to place and with changing weather ¢
Therefore some standard pressure must be taken. The standard atmosphertel
pressure is the force exerted by 760 mm of mercury on an area of ¢ o a0
the average atmospheric pressurc atsea level, |
Units i
A number of different units are used to measure pressure. The commat &
pressure is millimeters of mercury, symbolized mmHg. The P
millimeter of mercury (mmHg) is also called the torr in the honor of E
Torricelli (1 608-1647), the ltalian mathematician and physicist who %%
parometer in 1643. Thus we have the follow ing relation:

1 atm =760 mmHg =760 torr i

The Sl unit of pressure is the Pascal (Pa), named in ponor &

(138)
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T N "R R =

b))  We km;\{ thal,

Hencee,

<) We know that,
Hence,

d)  We know that,
Hence,

¢)  We know that,

| atm = 101325Pa

147 psi =
14.7 psi 101325 Pa
1013254
Lpsi 14—7’;M
? Lo Hi”?:'l‘ % 35psi
G
241250Pa
147 psi = 1atm =101.325kPa
14.7 psi = 101.325kPa
: 101.325kPa
=L 14.7psi :
35 ey I(JI.BZSk?a X 35psi
14.7psi
= 241.250kPa
147psi = 1latm = 101325 bar ‘
147psi = 1.01325 bar |
D= 1.01325bar
4. 7psi s
. 1.01325 bar : l
35 psi = 14.7psi X 35psi .
= 241250 bar

14.7psi = 1atm = 760 torr

Hence, 14.7psi = 760 torr
 fi = 760torr
14.7psi
35 i 760 torr X
14 7psi Ak
= 1809 .52torr
Practice Exercise I; |
The pressurc.of almosphere on
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42 Boyle's Law(Pressure-Volume Relationship)
jn 1662, the proneering English scientist Robert Boyle and
pis assistant Robert Hooke (1635 - 1703, used a J-shaped
glass tube closed at one end to measyse the volume of gas at
difterent pressures. They kept temperature constant. They
observed an mverse relationship between volume and
preSSUrE-an INCTease in one results in 4 decrease in the other.

This law can be stated in two ways:

it g

The volume of a fixed amount of as I8 inverse ——
il th' CG amount of gas is mversely Robert Boyle
propartional to pressure at constant [Cmperature. (1627-1691)
Ifthe gas pressure is doubled. the volume is halved: ifthe
pressure is halved, the £as volume doubles. Mercury
added

Vi -ll,- (at Constant Temperature)

V= K—lr Where K is proportionality Constant
o

PV = K

With the help of this equation, the Boyle's
¥ canbe defined as:
At constant temperature, the product of

Pressure and volume is constant for the
BIVen masg of gas,

Hathematical}y,

f:lvga PIVZ = p3V3 =K Hg
Meang : S
B “thﬂl, P, is the initial pressure and Fgired
0p . "ilia] Volume. If we increase pressure Verification of Boyle's Law

P, . .
B Yohume will reduce to V, and if we
Ner 2

",.n ‘ ——
: (('tha

s
¥

| Check Point:

-

o
A
A > | \
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When .

p\r:}:\':"‘it::'g::‘:‘:ﬂ -i\"uur class fills helivm gas inside the balloon, it inflates,

A ey \'Oluan \tl: ¢ K.hc l)l’lll()oll hecomes equal to external pressure, Bﬁcﬂusg i

A air)L-O ‘1C||lm| is less than the mass of same volume of air {j.c. helium;

Bl at constant temperatute and pressure. Because of this, it riges yn

@0 s1isi '5' on lra\(:lln?g until the pressure inside and outside becomes equgy.
PSnsing and remains in one place in the atmosphere. K

graphical Representation of Boyle's Law | 13 &
1) Ifagraph is plotted between pressure on " JF‘ A T
the x-axis (abscissa) and volume on the y-axis | ‘
(ordinate). then a curve is obtained, which
shows that, pressure is inversely proportional
to volume. This curve is called isotherm or
hyperbola. (Iso means same; therm means

s 2

e Yolugne (LY —>
] 7 .4 l
i lied

heat). i

ii) The process in which the temperature of Sasamenne
the system remains constant is called H;:r‘e‘“‘;‘;”"’- .
isothermal process. Graphical rcprescnta!it;n.offﬂﬂvkg

~ 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 (o 2.504
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:
PV,
PlV| = PIVZ or V.3= Pz

By putting the values we get,

(1.25 atm)(25 dm’)
Va=" 350am
g (142
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f g prc.\_.\‘lll\‘ volume ol gas deg reases, hence final volume is less than
‘l

,;mlmlumt‘-

Exercise 2:

shane gos found in Sui Gas (Natural gas) contains a volume of 70dm’ ata
{_.,‘,J&F-;sm: What volume would the gas oceupy if the pressure is
ceased by four times? The temperature of gas remained unchanged,

d Charles’s Law (Temperature-Volume Relationship)
11787, 2 French physicist Jacques Charles, who was the
s prson to fill a balloon with hydrogen gas and who
ae the first solo balloon flight, found a relationship
sieenvolume and temperature of a gas (volume increases
emperature increases and decreases as temperature
weases). This relation is called Charles law. In 1848, a
wsh physicist William Thomson (1824-1907), whose 3
kvas Lord Kelvin, proposed an absolute-temperature Jacques C Bt
&, now known as the Kelvin scale. He identified (1746-1823)

.?5:!5" C as absolute zero, theoretically the lowest attainable temperature. In
®of the Kelyin scale, Charles's law states: Volume of a fixed amount of gas is

Proportional to absolute lemperature at constant pressure.
- lically,
V:; T8

V=

; P| = |atm PZ = latm

(At constant pressure)
K.T '

-A :%"’ l(i”I’foportiormlity constant |
Pk

r
rm?"m‘ﬁ“ﬂe is changed fromT,

' 'mecbﬂﬂge:s fwm V| 10 Vz,

v V, =4L g
#* Kooang V2 1) = 208K iy
| and -< = K

1,

t (143)

Figure 4.6: Verification of Charles's LW

Sconned with CamScanner



So.
ll. = }’_.l = K
.l.l T:

The law can also be stated as:

For the eiven mass of a gas, the ratio ol volume and temperature %

constant at constant pressurc.

_—____‘__________————-—___—_\” R

Keep in Mind | : '
The word degree and the symbol for degrees () are not used with the Kelvinse be.Th

kl(elvin (absolute) scale mustbe used in all gas law problems involving temperaty o

_.—.__—E—________._____._..————-—_———-—"-x—
Caonceptual Check Point:

NN

' . v ."
\ ™ I e S
e B BN A ) e e S & - L3 TR
,“ ‘£Xeris moi<
PPN P TDT A <s @8 M & STttt ey 23 -y
ure ot Ziarat?
e ol A L T e -

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

temperature on x-axis and volume on y-axis %
for the sample of a gas, a straight line is
obtained which mtersects the temperature

axis at _273.15"C. This shows that if the

n

sample of gas is cooled to -273.15°C, the
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) Temperniure {0 »—
at which volume of @ gas 1s considered as  Figure 4.7: The graph bel‘;‘j:r";'m@
zero 18 called absolute zero or zero of temperature for three & o,
K elvin or absolute scale. This lowest possible temperature could be 3‘:‘:;.~ ok
the substance rfamams N gaseous stafc. Since all real gases are converte® 4
<tate before this temperature, therefore, this is not possible for real &

aw of Conservation of Mass,

(144)

-

— Volume (L)—>

’L 200
-273.15°C

i
o

against the L
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. Kelvin and a degree Celsius have the same magnitude. Thus, while we add 273.15

fo the temperature in °C to get the temperature in Kelvin, a change in temperature in
Gelsius is equal to the change in temperature in Kelvin, Atemperature of 25°C is the
S as. 226, 108, A “h‘_"‘gc ' temperature of 25°C, however, is the same as g
change intemperature of 25 K.

o Inmostcaloulations we will use 273 instead 0f 273,15 as the term relating K and °C.

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

\,

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. The absolute zero is difficult to attain. Anyhow,
ecently 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
' Isius (°C). The temperature on Celsius scale has negative values (below 273,15
Relvin). If we put negative values of temperature in to the equation, we get negative
rumes. The negative volume for matter (gas) is not possible. In order to ensure
hat only 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
deStraight line, This is because, greater the number of mole of a gas, greater would
¢lhe volumeofa gas. '

"‘—‘y Ja:‘
_Keep in Mind )
l'w =2 :

! \

"¢ Scientists prefer the Kelvin scale to the Celsius, and certainly to the Fahrenheit

IFthe Kelvin temperature of a gas is doubled, its volume has doubled as well.
¥ s8me cannot be said if the temperature were doubled from, say. 25°C to 50°C, or
o TFto 122°F, since neither the Celsius nor the Fahrenheit scale can be used w0
2% the volume of gas. Y,

j—.«'.h Jl “3

»‘ " s =&
oy 001 is inflated to a volume of 1.5 dm’ at room temperature (25°C). What
'.‘m'bel the new volume of the balloon when it is placed in a hot water
o Te60°C)? The pressure stays constant,

g Vn]mnc A v' s |_-,5de

(145)
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lnitiallcmmm\ur«: =T, = 25°C+273 = 298K
Final volume =N, =1

Final temperature = T, = 60°C+273 =333K
Pressure = P = Constant
According to Charles' law.,

ViV, AR e

_I:“ -—'T-; or V,; = Tl_-i-.lz

By putting the values we have,

| Sdm”
L P
8K

V, = 1.68dm"

The final volume is greater than initial volume. because, accordingg
\_Charles' law, volume increases by increasing Kelvin temperature. -
Practice Exercise 3: |
A child blows a bubble that has a volume of 25 cm” at 10°C. As the bubble s
it comes across the hot air where the temperature is 30°C. What is the volume
the bubble, if the pressure does not change? .

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 deg AVOIE
was proposed in 1811 but it was not generally accepted Am(?ﬂﬁ»lsgﬁ
until after 1858, when an Italian chemist, Stanislao Cannizzaro, set vp 3"4

system of chemistry based on it. The law is approximately valid for real
sufficiently low pressures and high temperatures.
Avogadro's law canbe stated in three ways:
i) Equal volumes of different gases contain equal numbers of molccu]‘?s
same temperature and pressure.
- 3 N ‘ W
One dm” of hydrogen gas conta ¢ : , cue
>dm’ of geng In the same number of moles (or me!
one dm’ of helium, nitrogen, oxygen or any other gas at fixed emper
p]'chLlfC.

(145)
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4 numbers of molecules of different gases occupy equal volumes at the
i crature 'mdpn SSUIe.

il

o+ mole (6. 02x10°" molecules) of hydrogen gas occupies the same volume
" 4dm Yasaone »mole ofoxygen, argon orany other gasat STP

\

Table 4.2: Molar Volumes of Some (Jabcs at STP.

3 VY PRSSY D - =
v1 0] " Via ‘ '
RYAare IR IR VA

s _ 22,01 ; 602 107
.' °°a 4401 | 2225 ’ 6.02% 10" |
S = ' " ,' 6.02x 10"

';." Yolume occupied by one mo]c of an idcal gas at STP is called molar
T | Itlsequalt022 4l4dm Itis always constant.

w‘“g fo Avogadros law, the volume of an ideal gas at a constant
H, “mperamre depends on its molar amount. If the amount of the gas is
"n Volume is doubled; when the amount of the gas is tripled, the
53% g the amount is halved, the volume is halved; when the amount of

‘* %’:' mperature and pressure)
5 the number of moles and K is the proportionality constant.

i"- | (147)
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V. = Kn or
0
n
Have you ever inflated balloo

law. With each cxhaled breath, you ad
balloon, increasing its volume. The more 8% you would put into the bljog ¢

grcater its yolume would be. because the volume of the balloon is the volumea
trapped gas. I a hole 1s poked in the palloon, the gas €sCapes, decreasing bug:

amount of gas and the volume. |
ne temperature and pressure, the rek

For two samples of gas al the sat
les can be represented as: 3

between volumes and numbers of mo
Vl = Vw ‘

PSS e —

=K
n? 1f yes. then you EXPErience Ave
d more gas particles to the inside g

) i'

Where, V,and n, are the initi

are the final volume and number of moles.

In calculations, we use Avogadro's law in a manner similar to the othe

al volume and number of moles of the gas
andn,

laws.

Conceptual Check Point:

CALT ey A y

e Why chi
" Example 4.4

Nitrogen p,groxide gas contains 0.1 moles in 2.24 dm balloonat STP. ';
moles of this gas are present when the volume of gas becomes 112005

o A RTET

temperature and pressure?

Solution: :
n, = 0.1 mol, V; =224 dm’
ny = V,=11.2dm°
According to Avogadro'slaw.

Vi ¥ n
= or Datiss —+ Vs
ny iy = V hi8

1
(148)
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mlmg the values, : H

O.4mol . 1 2m'
i a24dm”

ny = 0.5mol J

N

ngercise 4: |

Al constant temperature and pressure 10 moles of ammonia gas occupies a
24000mL volume in a closed container with a moveable piston. What will be
henew volume of the gas when 2.5 moles of gas is removed from the container?

\§ Ideal Gas Equation

[deal gas equation is a relationship between pressure, volume, temperature
wmumber of moles (amount) of a gas without assuming that any of the parameters
iconstant.
Al Derivation of Ideal Gas Equation

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

According to Boyle's law:
V& % (atconstantnand 7) ......(i)
According to Charles law:
¥a T (atconstantmand P) ...... (11)
| $Wdlng to Avogadro's law, '
By i (atconstant Tand P) ......(1ii)
fombining the above three equations, we have
V.o AT
P

MRy o .
*quation indicates that the volume of a gas s directly proportional to the
Mml"lzﬂles of gas and to the temperature of the gas, but :1s iqvcrsgly
My, ‘hF Pressure of the gas. We can replace the proportionality sign with
¥ incorporating R,
i

P
My o;
“Mging the aboye equation we get,
(148)
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Sconned with CamScanner



A T S S PP (1v)

Where P is pressure, V is volume, nis number of moles, R g Eehery
constant and T is temperdture.

Equation (iv) is called ideal gas equation and Ris called genera] op
gas constant. This equation is also called general £as quAtion or perfecy g,
The Ideal gas equation can be used to calculate the value of any one of the p
variables P, V. T, anc n. when the values of the other three variablesare given:

General gas equation can be used to predict what happens when the P
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 samg
the gas sample before and after the change. Hence, for one mole of gas, equatigy

can be written as.
PV = RT or
PV
B

If P, V and T are changed for a gas from P, V, and T, to P, V, and T,
equation will become: _ i

PVi _r

T |
BV, _ g

T
Therefore,

R SR S 1 S O (V)

T T

This is another form of an ideal gas equation. This equation can beso'l"lv
any one of the six variables if the other five are known and is useful in GEE8
the pressure-volume-temperature relationships of gases.

- is . 5 - ,H,"-.
However, each of the quantities in the ideal gas equation must be o

in the units within R. A

Pressure (P) must be expressed in atmospheres, volume (V) :n
decimeters cube, amount of gas (n) in moles and temperature (T) 10 Ke

19«
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Appllcntions of Ideal Gas Equation

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

since,  _ Mass of gas(m)
Molecular mass of gas(M)
By putting the value of # in PV = nRT. we have

Py = %RT or

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

Therefore,

M — dg .............................. (Vll)

X P
1) Ideal gas equation can be used to calculate density of the gas.

By re-arranging the equation (vii), we have,
| _PM
RT

. Thedensity of a gas is directly proportional to pressure and molar mass but
mg Pfoportiona! to temperature. The higher the molar mass and pressure, the
alm] M€ gas. The higher the temperature, the less dense the gas. When we have
&' molarmasses of two gases at the same pressure but different temperatures, the
o 53518 less dense than the cooler one.

~Onceptug) (;f‘|eck-f;<;int: |

£ls Constants and its Units

Ras a1 - JU8tiON 5 ysed 1o determine the value of R. Thé value of R for one mole of
Scalculated a5: :

L STP
(150)

.

a
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P =latm
V =22 414dm’
n = I1mol

i, "o il

T =273.15K
RE="9
F :
ormula used: PV
PV= nRT or PR we—
nT

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

= 0.08206atmdm‘mol 'K’ ‘2
If pressure is expressed in Newton per meter squarc (Nm*) and volumj

cubic meter (m’), then we find that,

P = 101325Nm™
V = 0,0224m’
n = Ilmol
T = 273.15K
R.=%
Formula used: PV
PV= nRT or =

Tl

By putting the values, we have

~ 101325Nm° x 0.022414m’
1molex273.15K : *

Since, = 831Nm mol 'K
Therefore, :
R = 831Jmol'K’
Since,
lcal = 4,184)
Therefore, Rl
R = %184

1.986cal mol 'K

132)
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Practice Exercise §:

A sample of H,S gas has a volume of 1. 7dm’ ata lemperature of 3+
“has 3 moles, what will be the pressure of the gas?

_ Example 4.6 TERGEEASESRL e ls
What is the molar mass of 134 grams of a gas at -73°C? The Pressure ofy
is 10 atm and its volume is 5 dm'. 4
Solution: .
Molarmass = M = ? "
Massof gas = m = 134g

Temperature =T = -73°C +273 =200K

Pressure = P = l0atm
Volume -V = 5dm’
mRT
F laused M = ——
ormula us =
By putting the values,

_ (134g)(0. 08206atm dm’mol 'K~ ')(2001()
(10atm)(5dm’) -

M

[
Densityof HSgas = d =7

| Temperature = T = 0°C+273=273K
Pressure | = P = 960mmHg / 7T60mmHg atm ' = 12&"“
Molar mass of H,S gas M = 34g mol’!

\ PM
Formulaused: d = SR A

(154)
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By putting the values,
d =

gmol

(0.08206 atm dnv’mol 'K)273K)
o d = 1.9] g mol™ > ——
Whatis the density in g/dm’of butan (C,

:*.' ‘ . ~
Behaviour
aws 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 or real 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 Deviation of Real Gases from Ideal Gas

The gases which obey gas |

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 sec 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
‘owded closely together and the intermolecular repulsions become operative, and
¥ doubling the pressure cannot halve the total volume. As a result, the actual
‘lume 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
ipproaches | only at very low pressures (< 10 atm.) for real gases,

The extent of deviation depends on the nature of the gas, temperature and
essure under which the behaviour of a real gas is studied. The deviation

$ ) from ideal behaviour is most significant at high pressures and low
“Mperatures, that is, near the conditions under which the gas liquefies,

) Deviation at high pressure
“T'10 check the ideality of a gas we plot a graph between pressure on X-axis
ind mmpl‘eSSibility factor (Z) on y-axis for four real gases and an idea| gas at a

(153)
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SIVen temperature. In case of ideal gas
4 straight line parallel o x-axis 18
obtained. But all real gases (H,. He, N,
and NH.) has been found to show
marked deviation from ideal PV

behaviour, 2
At one atmospheric pressure
(and room temperature), most gases
behave nearly like an ideal gas, because 0 —
1) The molecules are moving so Figure 4.8: [Uis clear from the gty
rapidly and are so far apart that the gc;"a!'°“_ of gases hf;;"’ the i
- : chaviour 18 greater at Nigh presa,
attractions between them are very weak is due to more attractive forces ¥
ornegligible. temperature.

11) The space between the molecules
18 s0 large that the volume occupied by
the molecules themselves is
insignificant (negligible).

At high pressure, the gas volume decreases and the empty spaces amoes
‘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 con
total volume of the gas) and hence cannotbe neglected.

Different gascs deviate differently from ideal behaviour. The devi ¥
real gases from ideal behayiour is higher for polar gases and lower for
gases. For gases such as hydrogen, helium, nitrogen, neon, or oxygen
from the ideal gas behaviour are less than 0.1 percent at room temperi®™
atmosphere pressure. Other gases, such as CO., SO,, NH.. or H.O. have 3
intermolecular forces and hence show greater deviati(;n from ideal hehaviow |
ii) DeviationatLow Temperature
As the temperature of gas molecules decreases, the kinetic energy and !
gas molecules decreases. As a result of this, the number of collision® decr®
the gas molecules come close to each other thus forces of attractions
molecules become effective, Henee at very low temperature, near the

under which the gasliquefies, the gases deviate from ideal behaviourt

(156)
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4.6.2 Causes for pe
The deviation is due o two faulty assumplions:

1) Theactual volume of the gas is very small as com
orthe volume of the container |

1) 'ljhcrc is o foree of attraction among gas molecules. ’ R

I'he l’f}:“flﬂmc (1) is responsible for \lhe deviation at very higli:p sssure and
postulate (ii) is responsible for the deviation at very low temperature.. e
4.7 Vander Waal's Equation
Th? Dutch physicist Johannes Van der Waals, in 1873, at the
Umversity 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 perd; orming the volume correction and pressure
correction. He gota Nobel Prize in 1910 for his work,

viation

: ;
. 5 el o ¢
= ,I.‘.',

Johannes Van der Waals
i)  Volume Correction U 8a7-1923)
! . Higlt Pressure
{When an actual gas is compressed, the molecules come close
1o each other and a stage comes when it is not possible to g
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 molecules per mole
of @ gas is b, then the available (free) volume to gas [+ ¢ s « « D

molecules is the volume of the container minus the volume N\t * * * . }
(’fBBS molecules. Effective Volume ‘b’ ;
= Figure 4.9 E
vﬁu B container anlcculc\ .
o P’ will be proportional to the number '

¥ Vfuc T vconuu'ncr -b propo

of molecules per unit volume
colliding with the walls of container
N b S e .. (1) |and also to the number of molecules
g per unit volume dragging them.

This equation can be written as:
Vea

Where, 'n' is the number of moles and
Miseffect ve or excluded volume of gas. The volume occupied by one mole of'a gas
M highly Cbmpressed state is called effective volume, [tis four times of the actual
olume ofthe gas molecules.

b=4 v '

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

| (157)
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ii) Pressure Correction

Consider g molecule in the interior of a gas 1s atiracted by other molegy
Sides and there is no net attraction on the molecule. When such mol |
With the walls of container, it cannot exert full pressure due to backwm-dwn'
molecules, So these molecules do not collide with a force with Which jy o
collide. Hence less pressure is exerted on the wall than actugl Pressury i
pressure). 4

or P =P _+P

Py, is observed pressure, P;is ideal gas pressure and P* s decreasejay
pressure '

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

oo By N
Pocvxv

or

or

n
P' = a—
V2
Where, “a” is proportionality constant.
By putting the value of P' in equation (i1), we have

Pi = P"bs - éav'% Ty St e = ey (ili)

By putting the value of equation (i) and equation (iii) in WM
equation (PV=RT), we have

o2
(P, + 7"2)<V—nb)=na~r

This is Vander Waal's equation where ‘g’ and b’ ar¢ &
determined constants called Vander Waal's constants, When 'a' and D

(158)
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the van der Waal's equation reduces to the ideal gay cquattomlm IS ¢
T, and-n represent the measured values of prcssure.volume', ten &
number of moles, respectively, justas in the ideal gasequation.
Thevalues pf constants ‘s’ and b for real gases are given inthe le

I'.ablcj ¥ Vi der Waal's Constants for Some Real (‘_;mo

- b= T O NI Y o s
NS g }‘,‘ é‘qv:' ,"I‘”‘._,.?“,. 1
$e=v ¢ P33y ol AR RERS U

) J T -

4
- ] !

H; 0.244

e | ooW
B N T iy g

) 1360
B A
CHy | 2.253.
_NHy | 4170
HO | s4me

_CHel sl (G | 6040{__ ]

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,

“ Dalton's Law of Partial Pressure

ni&En_glish scientist John Dalton (1766-1844), in 1803, made an important

sntnibution 1o the study of gaseous mixtures, Dalton's law of partial pressures

Haes that the tota) pressure exerted by a mixture of non-reacting gases is equal to
ofthe partial pressures of all the gases present in the mixture,

e ¢ n a system three gases A, B, and C are present. The partial pressures of
4= Patial presure of gas A
o0 Pantial pressure of gas B

Pf'. = Partial pressure of gas €

. Dalton's law may be mathematically writtenas:
s /7= PytBy 4D, +

m"?eil’ i

o Pristhe total pressure of mixture of gases.

on

Webreathe is a mixture of about 78.084%n itrogen, 20.948% oxyaen,

(I59)
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o argon and, 0.033% carbon dioxide and other \ il":“'"?“i"b
A ! o . Horm;
SA8€S (Hydrogen, helium, methane, krypton. carbon _ 0T Matjgy,
Monoxide, xenon, ozone, ammonia, nitrogen dioxide,
suphur dioxi ster v $) in trace amounts. |~
[)‘ dloxfdc and water vapours) in trace d altitude, bup g

UE 10 the force of gravity, molecules making up the pressure decreases o
atmosphere are most concentrated near Farth's surface. | The partial pregsyp,
In dry air, total pressure is the sum of partial pressure of [OXygen in air (g

: decreases with inere
N, O, Ar, CO, and other gases.

: | altitude, and it is this g
Mathematically. it can be expressed as. that leads to difficuhy §

Pmm - P\&, - Pr»,"" Pt Peo P s breathing at high e'lm ]

Suppose the partial pressure of nitrogen, oxygen, argon, carbon dioxide
other gases in the air is 593 torr. 159.5 torr, 7.14 torr, 0.23 torr, and 0.13 it
respectively. So the total pressure of the gases in the air will be;

Piw = 393+159.5+7.14+0.23+0.13

P, = 760torr pr

A partial pressure is the pressure of an individual gas in the mixture of g
This law says that the pressure of a gas remains same whether gas is aléﬁ&"f;
with other gases at constant temperature and pressure. .

Put another way, pressure of a gas is due to collision of molecules. It
upon number of molecules or moles of 4 gas present in the mixture. Great!
number of moles (molecules) ina mixture, greater would be the pressure.I et

P xn '

So, pressure of a gas is directly proportional to the number of molesofi#
For instance, if we have 1000 gaseous molecules at 50°C in a containerad

exert a pressurc of 0.latm, then adding another 1000 gaseous molecules?'%
substance at the same temperature to .

(0.2atm.

0.934»

W

The composition Ofi‘
not change apprecia.

-5

the container would increase the prs

Conceptual Check Pont:

Expressions for Calculation of Parjg)
i)  From general gas equation
In a mixture of gases, the partial Pressures of
oeneral gas equation when number of mo
;;l constant temperature and volume

ol
gases can be calcultlw‘lmS
les and total pressure of cach &

(160)
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Suppose IWO gases A and B are present in the gas cylinder havingpardal

wssures P and P, "l‘n"P‘fC‘in‘ ly. The number of moles of gases A and Bm n, and

1. The gcneral gus equationis PV =nRT. Since R, Tand V are same forgswlA‘m{
B hence the partial pressures of these gases are:

RT .
p, = "*7 ........................... (1)
Similarly,

RT
P, = ng T .......................... (11)

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

RT
Praat = R+ B = (4t ng) —
" V

S

=)
gas (N,) at 450 mmHg and
ses arc transferred to a single
at would be the total pressure of
T.‘fi ‘ LS _’ Ry iR ol = 4 - /
By dividing equation (i) by (iii) we get,
RT
B My
P RT
n-]' {rom 2t
B
-4 -

" * nT'Br ------- P L L

P, is partial pressure of gas A, Nix is number of moles of gas A, n. s total

;?:: l;f moles of gases and Py is total pressure of gases

Y

P, < Mg
B n',p'r

(I6f)

Sconned with CamScanner



i) From Mole Fraction of Gases
The number of moles of a particular gas l'll\"lllcdkh)’ total number of moleg o 1'
present in the mixture is called mole fraction and is represented by X, there

n

—&:-XA (I‘IT‘—‘I\A"*HB)

Ny

By putting the value ofn, /n, 1n equation (1v) we have,

Where, X , is mole fraction of gas A. This equation.tells us that the presg
of a gas in a mixture of gases is the product of its mole fraction and the total prig
of the mixture. You can determine the partial pressure of gas A (P) by multip
its mole fraction with the total pressure (P-). L
Similarly

P, = Xp.Pr

Where, X, is mole fraction of gas B.

For example, the mole fraction of oxygen in air is 0.213 hence its p
pressureis0.2latmor 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 displacement 48
Due to evaporation, some water molecules are mixed with gas and gos b
moist. The partial pressure of such gases can casily be determined by

equation of Dalton's law of partial pressure:

Pg” k& PT = WaleryEpoune

Py

= Pf = Pwh.ur Yapours . ; a“ eé,{
The partial pressure of water vapours in gases 15 C855

ion Or vapour pressurc of water.

2

tens

Table 4.4: Vapour Pressure of Water at Various Tempentures o

0 46
T el ) S 92
A s
e S0 38
Al a5 a
r/’/”?’:_( B
s (182)
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process of Respiration

M jon 15 due to difference in partial pressure of O, in air (159 torr) and lungs

R Oxygen flows from a region of higher partial pressure to a region of
107 ial pressure. The partial pressure of CO), inside the body is greater than in
T . S0 CO; comes out from the lungs.

st :
£ \thigher Altitude
“Waltitude. pilot feels uncomfortable where pressure is around 150 torr
;a'xhb" oss than 159 t.orr (at which we feel com fortable). So pilot uses pressurized
s, Onf0p of the highest mountain, Mt. Everest, the total atmospheric pressure

/.—-—'-‘_—‘” - 3 - 4 ——
.o, so the partial pressure of oxygen is only 57 torr, or about one-third of

,ﬁ[ That 1s why a human cannot survive for long at such a low pressure of
,}gmAtthal altitude, the mountaineers use an ox ygen tank and mask. which give
sncreased partial pressure of oxygen to the lungs,

i DeepSea Divers

fepartial 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
eanol be used there. So, deep sea divers use a mixture of helium (96%) and
mn(4%) called heliox that contains a lower percentage of O, than air. Helium
Eies not dissolve well in blood, and thus it is safer for a diver to inhale this
“En-fielium mixture. At the same time, the oxygen exerts the same pressure that
Huldnormally at one atmosphere pressure.

nceptual check point: )

u - O
e .« » 3
RS '.l-,b:.'4'.’~ 7
| 3 4 1
v v Ll
,

WL

q-m 1 hich has o volume of 500 mL contains 10 grams of argon and 0.5
fygye 2 T0OM temperature (25°C). Calculate the total pressure of the

[4/
v
)
(

e SSCsip

: Mofgases =V :,] SOOIDL =0.5L

NG
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Temperature =T 15°C +273 = 298K

Total pressure = Py = 7
Before going to calculate total pressure,

We should know about moles of gases.

10g
Molesof argon = ny, = — S =0.250mol
39 948gmol
0508 _ 0,025mol

Molesof neon = ny, = 20.179gmol =

According to Dalton's law,

PT = (nAr+ nNc)_

By putting the values,
(0.08206atm dm® mol 'K ~')(298K)

Py = (0.250 mol + 0.025mol) (0.50K)

Py = 13.45atm

The total pressure of gases in mmHg can be calculated as,
L P, = 13.45atm * 760 mmHgatm’l = 10222 mmHg

What s the total pressure of 3.50 grams of oxygen and 9.25 grats (12
gases a19'C?Both ofthe gases are present in 100 mL perfume botle:

4.9 Graham's Law of Diffusion and Effusion
Diffusion is the spontaneous mixing of gas
molecules by random motion where molecular
collision OCCUTs. 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
heavier ones, so 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.
sion is the escape of gas molecules through a

(164)
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=

i (small) hole o a vacuum without moleculu
colliston. Lighter molecules effuse more quickly
than heavier Ones, he rate of effusion is mversely |
proportional 10 molar mass of the gas. If we have |
awo balloons in which ong has helium and the other |
has carbon dioxide gasy A helium filled balloon
deflates rapidly as compared to carbon dioxide
filled balloon because the rate of effusion through
he tiny holes of the balloon is faster for the lighter
helium atoms than the heavier carbon dioxide
malecules.pa

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
occur. 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 15
mversely 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
fffusion and effusion of different gases, so the
Topartionality constant can be eliminated and an equation
an be formed by writing the ratio of diffusion and effusion
Eles:

Figure 4. 1((b); EMusion

Thomas Graham
( 1 X0S5-186%9)

118 rate of diffusion or effusion of gas 1,1y 1S rate of diffusion or effusion of
d, i density of gas 1, d, is density of gas 2, M, is Molecular mass of gas 1 and

(165)
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M; is Molecular mass of gas 2.
Gases with low molar masses diffuse (and

with high molar masses. Thus, H, with molar mass

than ammonia, NH,, with a molar mass of 17.
The rate of effusion of molecules from a container depends on three factors;
i) The cross-sectional area of the hole (the larger the hole, the more likely f,

molecules are to pass through the hole);
ii) The number of molecules per unit volume (the more congested the

are, the more likely they are to come across the hole): and |
iii) The average molecular speed (the faster the gas molecules are moviag

more likely the gas molecules are to escape).

Demonstration of Graham's Law
Take 100 ¢m long glass tube open at both ends. Put two cott
and NH, solutions at each end of the tube simultaneously. The vapours of

HC1 escape from their respective ends and producing a white ring of NH(:
they meet several minutes later. The distance travelled by ammonia is 59.5¢a

by HCl gas is 40.5 cm.

effuse) more rapidly fhy.
of 2 will diffuse mo‘:n:-

on plugs soakedia’

Cotton Plug g Whi _ =
soaked in HCl Soluton hite dense fumes of NH,CY

: Figurc.t&. 11: Verification of Graham's Law i
The rauq of velocities (rates) of two gases depends on their O
traveled by the different gases at the same time.

The rate of diffusionof NH; _ Distance traveled by NH; w
The rate of diffusion of HCI Distance traveled by HCI 4050

This means that the rate of diffusion S e gAY
' T of NH, gas is 1.46 times =
HC] gas, because NH, gas is lighter than HC]. ygas is 1
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Lpupkown 23S (hydrocarbon) diffuses two times as fast as SO, gas at constant
alculate the molar mass of unknown gas and m&dmfﬁﬂ"‘

m,aalune &
md“bc"
‘ i
MowmaSSOf SO, gas = My, = 64gmol
Mo],rmassof unknown gas =M, =1
pateofdiffusion of SO, gas =1g, =
pacofdiffusion of unknown gas =r, =
According to Graham's law,
G Mo,
| r$03 ‘Mx
ill;;p_uttmg_the"»ialues, 2 64gm°|-l
1 M,
Bytaking square on both sides, h
- I
1 M,
M, = 64gmol ~ _ 16gmol '
’ - o carbon atoms and has
Ibenuknowngasmmethanc because it has hydrogen and | | |
m mass }6@10]-' . | £ |

m g
re.
l lﬂo mldneedshIGh ptessm fﬁtz.SMc to cach other and at low

Allugh
pressure, molecules 0 o increase.
& aliractive fnm@sammgg“sm OIecuI:scapablc. of being liquefied by

K*w in mind, the gaseous Substance !
(I67)
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Compressing when it has a temperature below its critical temperay,
lemperature is the temperature above which a gas cannol be liquefigd fo1
much pressure is applied, 1t is denoted by Tea It room temperature js helo‘am""
temperature, the gas can be liquefied by applying sufficient P"Esmre" I
temperature is above critical temperature, then the gas can only be ligues Iy
cost of added pressure and a lowering of temperature to a value below
temperature. For example, carbon dioxide 18 a gas at room i Qﬁ
(approximately 25°C). This is below its critical temperature of 31.1°C. [cf?:*,
15 gradually compressed, a pressure will eventually be reached that wij| 0]1
CO, 1o liquefy. Gases such as O, and N, which have critical temperatures farks
0°C, can never be liquefied at room temperature. When they are Compressed 4
simply become high pressure gases. To make liquid N, or O, the gases myy
made very cold as well as be compressed to high pressures. 3
The intermolecular attraction is a finite quantity for any given subss
Below T, this force is sufficiently strong to hold the molecules together (ai
some appropriate pressure) in a liquid. Above T, molecular motion becons
energetic that the molecules can always break away from this attraction. Cri
temperature depends upon size and shape of gas molecules and the strcn;l}
intermolecular forces. The pressure required to liquefy the gas at its o
temperature is called critical pressure. It is denoted by P. The volume occupsd
one mole of a gas at critical temperature and critical pressure is called o
volume. Itisdenoted by V..
Table ‘}.5: Cntical Temperature, Pressure and Volume of Some _

> ? Rt |8 i e
e Y ik 2 ighoradi DA e g e e oL
- R - )

™ '.

8.
=

Sconned with CamScanner



The gases can be liquified by Joule-Thomson effect. According to Joule
Thomson effect “When highly compressed gases are suddenly allowed to expand,

eV pmducc cooling and the temperature of gas falls to such an extent that it

d‘mw.s,m.\liquul state.”
The process 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
aken 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

(0,and N,). Lind's Method is used for liquefaction of all gases except H, (T =33.3
KlandHe (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)
Bxpansion Chamber (iv) Spiral pipe

Cooler

_ (=222 <=,

=)
3 il
g
ﬁ u <= Fresh air

Compressor
AR e Liquid ar
Figure 4.12; Lind's method for liquefaction of air

For tha 1: $ 0 ; .
o e liquefaction of air, pure dry air is compressed to about 200 atm by a

it g, Some heat is produced due to compression. This heat is removed by
cooler. Compressed air is then passed

'ty 'hroug], water cooled pipe or ¢ | Jair i .
q%‘::f.al Pipe having a jet at the end. When the air comes out suddenly from

Pansjon takes place from 200 atm t0 latm. Inthis way, the temperature
(163)
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of gas falls and it is cooled, This cooled air goes up and cools the ;
compressed air and then retums 10 the compressor. This process is Cpeatgy |
and again till the air is completely liquefied. dag

*Keep in Mind

Liquefied natural gas (LNG) and liquefied petroleum gas (LPG) are 9
examples of liquefied gas in daily use. In both cases, the volume of the liquefied sy
far less than it would be if the gas were in vaporized state, thus enabling .
economy of transport. Liquefied gases have @ lot of applications. They are udg
heating purposes at homes and as a fuel for cars, boats etc. Liquefied hydroges g
oxygen gases are used as a fuel in rocket engines: and liquefied oxygen and mq

is used in welding. '
\ g 4

4.11 The FourthState of Matter: Plasma |
The fourth very high-temperature physical state of matter which has an ionizsy
mixture ofions, electrons and neutral atoms, is called plasma state. ui

It was first identified in a Crooks tube by British English chemistand physi
William Crooke in 1879 and he called this statc a “radiant matter”, Th
"PLASMA" was first applied to ionized gas by Dr. Irving Langmuir (18811
an American chemistand physicist, in 1929. -
 Plasma is often called the “fourth state of matter™, assuming that 90“‘}5 v
and gas are respectively the first, second and third state. Butis should be cOB=
as the first state of matter because it has been known since “Big Bang” o

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

Formation of Plasma

Matter on Earth has electrons that revolve in orbit around the n
There is a force of attraction betwecen electrons and positively chare
the electrons stay in orbit around the nucleus. The sufficient encrey 15 i
atoms o overcome these forces of attractions. Plasma comes int C-“M’
we add sufficient energy to gas until the atoms lose some or all of theire‘l 4
a result of this, atoms break apart into positive ions and electronss
even into atomic nuclei and free electrons. This state is known 8s plast™
at Jeast partially ionized. The degree of ionization does not have ©© i
the size of the plasma formation is big enough. Even a partially ioniled_ :
as littleas 1% of the particles are ionized can have the charactefiSﬁCS::’?

onse to magnetic fields and high ¢lectrical conductiv ity) The © el
gleet™

lleus in ﬂ

resp :
10 change gas into plasma can be of various origins: thermal;

(170)
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ultraviolet light or intense visible light froma laser), 151> P
properties of Plasma T el
piasmas have their own unique qualities justas solids,liquidsand gasesdoy. "
jj Plasma state 1S overall neutral because it has equal number of electrons a?ﬂ? =
positive 10Ds. CWOHS_ 3 |
jj) Plasmas are good conductors of electricity and are affected by magnetic fields
becausc they are composed of ions (negatively charged electrons and positively
charged nucler). ] ’
i) Plasmas neither have definite shape nor definite volume like gases because the
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.

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: e,
I} Plasma is different from a gas, because it is made up of groups of positively

—— e

‘nd negatively charged particles and are strongly influenced by electric and "”ff;
‘magnetic ficlds while neutral gases areniot. _ ks 'S:
i) Gases are excellent insulators due to absence of charged particles while é

Plasmas are good conductors of electricity due to presence of charged particles.
Applications of Plasma | | =
Plasmgg occur naturally but also can be easily produced in a laboratory and in

ustry, Numerous technologies make use of plasma. .
B : ; rs and electronic
3) They light up our offices and homes, make our computers and ele

Huipment wq .
[) 'l.‘be_y d,g::;m help clean up the environment, and make tools corrosion-

i)

"\
Sl
I

.ig. found in fluorescent lamps (o produce light. When electric current is
’hﬂmgh 4 tibe cbntaining"ncon gas at low pressure, the neon atoms absorb
“Nergy and use it to excite electron from the (filled) second shell to a lc..ss slab.lc
Pt shel) Iying much farther from the nucleus. The electron doesn't stay in the far

o long, When it comes back from the higher energy empty shells to the proper
(17)
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lower energy shell, it releases the exta gnergy as visible light of varioug go
The predominant colour of the light emitted by neen is orange-red. “Negput
having other colours use a different gas Of colored glass. In particu!af-‘ ‘
krypton, and xenon are also used in some “neon’” lights. _l_'l“)fl_rpgen,gag,gl
green colour, helium glows with pink colour, nitrogen glows with 1 ,_,{.
MM bluecolour.  HG, Hel > NP AR
V) Itcanbeused forclean&_{;;n.&s_'lerilization of food and operation , ‘
v)  Plasmacan be used to destroy bacteria, Viruses, fungiand spores.
¢ devices work on the basis of

vi) Our computers and electront
well aware of plasma TV and cell phones which are manufactured using plasmg
ed in clothing, and advanced pack

vii) Most of the synthetic fibers us

materials are plasma treated.

viii) It is used in automobile industry in paintin

made up of plastic.

ix) Plasma is used for the treatment of exhaust gases and also for the treams

‘burns, ulcers and other skin diseases. ‘

x) Plasma torches are used in industry to cut metals. y
Plasma is expected to soon be widely used in surgery. decon ami

sterilization of surfaces and devices, and air and water streams, as Well:

treatment of skin discases L

g the bumpers and otherp

.
e —
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» Cbarless law states that the volume ol a sample of gas is directly propomonal
‘ to ,g\,absoluu. temperature al constant pressure, |

’ vaT {atconstant pressure) '
'» Avogadro's law states that the volume of a sample of gas is directly
] .

pmpomonal 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 latm 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-reactmg gases is the sum of the partial pressures of thc,

components,

R e e ) e

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

) The kinetic molecular theory of gases isa model that accounts for ideal gas

~ behavior. The behavior of most gases is nearly ideal except at very high

 pressures and low tcmperatures

* Diffusion is the mzxmg of two or more gases whereas effusion is the escape of

| %,, s molecules from a container through a small hole into an empty chamber.

:..Q departure of a real gas from ideal gas ‘behavior is called deviation.
:‘ 1.\ ion ﬁom 1deal gas behavior increasé in magnitude as pressure increases

s ﬂﬂd volumeofreel gases

““nbe liquefied by applying | pressure at critical temperature or below it.
* N'tbe liquefied above critical temperature.

,{v; e is considered as the fourth state of matter. It consists of ions, electrons |
al particles. About 9% of the visible universe is made up of plasma.

- — e miiia
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Q.1

L = & I

4
Four answersare given for cach g uestion. Select the correct one;
i) Matter exists in the number of states:
(a) Two  (b)three (c) four (d) five

i) The STunit of pressureis:

(a) Atmosphere (b) Pascal

(¢) Newton (d) Torr l
iii) The value of gencral gas constant, R in ] system 15: :
(a) 831NmK 'mol” (b)&.31atm dm’mol 'K '
(c) 0.0821Nm™mol”  (d)0.0821atm dm’mol 'K’ |

iv) The instrument thatis used 10 measure the atmosphere pressure s ‘

(a) Thermometer (b) Manometer

(c) Barometer (d) Voltmeter l

v) When the Kelvintemperature of agas is doubled, the volume will

(a) Remainsame (b) be doubled ;

(¢c) reducetoone half  (d)increase four imes
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) reducetoone-fourth (d) increase four times.
vii) Whichone of the following gases diffuse more rapidly:
@ N» (OCH, (90 (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) Themolarvolume of CO, is maximum at:

(a) S;TP (b)127°Cand 1 atm

(¢) 0°Cand2atm (d)273°Cand 2 atm
(74 |
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02 Fillinthe blanks with suitable words given in the bracketss
i The variable that siays constant when using the Charle’s Iaw
e (J’rusmc‘Tcmpcmlurc) ,
i) When the number of moles of a gasis. - the volume will be
doubled. (doubled/tripled) ‘
iti) Partial pressure of oxygen in the at one atm is 159 torr.
(lungs/air)

iv) Gases have

(definite/indefinite)

v) Mathematical expression for Boyle's law is

(PV=K/VecT)

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

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

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

pressureseparately (same/diflerent)
ix) Charles' law established a relationship between volume and
in 1787. (pressure/temperaturc)
X) A gas can be liquefied by applying pressure when the temperature is
its critical temperature. (above/below)

W3, Labelthe following statements as True or False.

) Gasescontracton heating and expand on cooling,
i) The collisions of ideal gas molecules are perfectly elastic.

i) ngh temperature and low pressure make the gases non-ideal.
V) The value of general gas constant at STPis 0.08206 atmdm’mol 'K .
") The rate of diffusion varies directly to the square root of its fioler

Vi) At constant temperature and pressure one mole each of N, and O,
Eases have same kinetic energy-

“i) nghte( as md,ﬁ‘usemoreqmckly than heavierone.
‘“") gags lsm the one which docs not obey gas laws strictly at all

'%dm eatiire
%) V::sd: ;GV’::E ua::: g::ed to calculate the pressure and volume
?'%“‘sases e

mesca]e atwhich boiling point of water is taken is 212°F 1s known as

shape and indefinite volume.

e ———

e e — | e 7

(173)

|
Sconned with CamScanner



Q.4
Q.5
Q.6

Q.8
Q.9:

Q.10:
Q.11:

Q.12
Q.13:

Q.14
€:-15:

Q.16:
Q.17:

Q.18
Q.19:

Q.20:
Q.21:

Q.22

Define pressure and give the conmaen uirils or pressure.

\\.f'h.'n i harometer”? How docs il measure l|1L.-.c<|nu~|ilu_.'|'lc Pressure)
Name tour elements and fou compounls thal ¢xist as pasey at
lemperature.
What are the basic assumptions of the kinelic molecular theory O age
Which asstumption 1s incorrect af Very high pressures?
Which one is incorrect at low temperatur

Describe Boyle's law of gases? Give !
graphical representation of this law.

Describe Charles' law of gases? Give the mathematical expression °fd
law. b
Explain absolute temperature scale on the basis of Charles Law. 1
What is Avogadro's law of gases? Describe an experiment 0 demonsin

it.
Derive ideal gas equation. Desc
Calculate the numerical value 0

of'agas:
(a) When the pressure s in atmosphere and volume isindm’.
(b) When the pressureisin Pascal and volume is in m’.
Define the molar volume, how will you calc ulate it?

What is compressibility factor? The compressibility factor values e
less than or more than one forareal gas. Justify your answer. '
Describe the difference between an ideal gas and a real gas. Under v
conditions does a real 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 ammoni2 and
dioxide are non-ideal atroom temperature and one atmosphere
Define Van der Waal's equation and derive it forreal gases:
What is meant by the partial pressure of a gas? Explain Dalton’s
partial pressurs and desiibe its important applications.
Define mole fraction. Does mole fraction have units?

(a) Whatis the differcace between effusion and di ffusion?

(b) Whatare the factorson which the rate of effusiondepends” g
Define and explain Graham's law of diffusion and effusion and 55
experiment to'demonstrate it

cs”’
he mathematical expressios o1

ribe the applications of ideal gas equatii
[ideal gas constant R at STP foronend

Sl
Sl

(176)
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What 18 crracal lemperature? What is.its importance for liquefaction of
pases” Why a gas can'y be liquelied above its eritical lemperature? ;
y04: \.\fh;u i5 meant by liquefaction of gases? Discuss the Lind's method of
* jiquefaction of gases, What are the examples of iquefied gas in daily use?
s Define plasma and describe some of 1s properties. How can you
iz differentiate between plasina and gas?
g.26: Where i the universe are plasmas commonly found? Where can plasmas
are found on Earth? What are 1)y applications of plasma?
127 Answer the following questions,
a) Why is mercury a more suitable substance to use in a barometer than
water?
b) Whatis 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?
¢ Explain why -273.15°C js the lowest possible temperature.
f) Explain why pressure increases as a gas is compressed into g

@23

h) Explain why a helium filled weather rubber balloon expands as it
MS€Sin the ajr. Assume that the temperature does not change,

I Two identical balloons have same volume of gases al STP. Onpe
ballogn g Mitrogen gas and the other has carbon dioxide gas.
%"hbauoonhasmommoloculcs?

i.) Why do deep-sea divers breathe a mixture ofhelium and oxygen?

ﬁﬂe‘ €N a gas is collected by the downward displacement of water, is a

b g Myes, thenwhy, ifnot, then whynot?

. Exp Why the second story of a double-story building is often
nmw"" 4ground story during hot summer days?

(m) .
»)wh'c" 88 will ‘a student smell first, the ammonia, NH,, and
m%?gen Sulphide, H,S? When both are released together across a class

‘l)wh_

Yare the rates of di fusion and effusion of CO&N, the same?

. (177)
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Q.28:

Q.29:

Q.30:

Q.31

.32:

Q.33:

: Whatis the effect on the volume of a gas i f you simultaneously:
: The weather balloon is inflated toa voltme of 605 dm’ at STP Thet®

- What is the volume Oceupiedby 2,75 moles N gasat STP?
NGRS

(0) Which gas has stronger intermolecular forces, argon (T

(p) The temperature ofa hi

expand into a vacuum =
(q) We often experience pain in our ears because of rapid Change,
altitude, why? )

(t) Would it be easicr to drink apple juice with a straw on top oy,
Everest or at the base? Explain 7
of helium gas in the neon sign is 7.6emHg. Wha ks
pressure of this gas in the neon sign in psi and mbar?
Atwhat pressure would neon gas occupy 2,85 dm’ if it occupies 14246
atapressure of 2.22 atm? (The temperature does not change). ’
A Freon gas (used in the refrigeratidn systems) has a volume of 2.5
pressure of 76 mmHg, What is the pressure of this gas when it is expm
until its volume is 12.5dm"? Assume the temperature of gas doss 8
change.
A sample of gas at 10°C and 760mmHg contains a vo,lumc'oiﬁ—i,

What is the volume of this gas at 43°C and one atmosphere pressure’
The volume of a bubble is 2.5mL. Ifits temperature increases fron
70°C. whatis its final volume? 3
The volume of argon gas at 120°C is 380mL. The gas is‘heatn'd-w'?af
of 560mL. What will be the new temperature of gas ifthe press
constant? s

The pressure

a) Halve ftspmsureanddouble its Kelvin temperature?
b)  Halveitspressurc and halveits Kelvintemﬁommre?
¢) Doubleits pressure and doubleiits Kelvin temperature”

is heated 10 35°C. What would be its volume at 76emHg’

A 0.75 moles of hvdrao % e

volume o?lez; :1:‘:;22%3:.335 contains a volume of 1‘6‘*“8@.’ A

. 115 gas at constant temperature and P
temperature

{178)
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Q¥

Q3%

Q.40;

A4l

.Q“-"}.

Q43:

Q44

045

Q46

0.48:

149»

The behum Blled balloons are used 1o record --.“..,._'.ff
relative humidity. and wind velocity in the upper atmosphere, A
halloon 1s l.lllﬂChLd at a room temperature (25°C) and 760
yolume is 3.5m” at ground level, What will be its volume at he
miles where pressure is 40mmHg and temperature is -40°C. ;

The volume of laughing gas ( N,O) at 480mmHg and 100°C is 800m!
sas is cooled to a volume of 300mL al 760mmHg. What is its -
temperature?

The volume of nitrogen gas inan automobile air bag is 25 litre at-20°C and
| .50 atm, 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

310" mL Calculate the molarmass of the gasat32°C and 506625 Nm
What is the molar mass of a gas that has a density of 5.75 g/Lat STP?

What are the densities of Nyand He at STP?

What is the total pressure in a cylinder filled with air if the pressure of the

oxygen is 250mmHgand the pressure ofnitrogen 1s 51 OmmHg”
A CNG eylinder contains a mixture of methane and ethane gases. The total

pressure of the gases is 6.5 psi. What is the partial pressure of methane gas,

ifthe partial pressure of ethane gas 15 2.5 psi?
Caleulate the partial pressures of 2. 5g Hydrogen. Sg Neon, and 15g

Kryptonat STP.
Calculate the ratio of effusion rates of hehum and nitrogen gases at same

temperature and pressure.

‘Oxygen gas effuses 1.173 timeS as. smﬁ as at the rate of an unknown gas
through a balloon. Calculate the:
it This gas is produced during
‘methane.

molar mass of unknown gas and identify
the combustion of hydrocarbons like

H, effused 2.82 times faster than an unknown gas. What was the molar
mass of the unknown gas?

(179)
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