States of Matter-| (Gases) — 141

 STATES OF M ATTER-|
[GASES] -

Qr: Ijef' ine 9aseaus stabe What are the characbenst/c propert;gs of
ases’ :

| m Definition: The hlghest enerqy state oF mabber having no defi-
nite shape and volume is cal!ed a gaseous state-’

Characbenstms Prapert:es af‘ Gases:

Most of the gases are colourless,’ odourless and tasteless

Gases expand by heating or decr'easmg ext:ernal pressure

All gases exert pressure: ' -

Gases have low densities as compared to solids and l:qwds
Non-reacting gases diffuse.into each others:

All gases can effuse through:a hole in the wall of the contamer
Gases have weak intermolecular attractive forces:

Gases .can be liquefi ed by increasing external pressure and decreas-

DND N R W

ing temperature: .
9-- Gases can be compressed -by. increasing external pressure

Q2: State basic postulaf;es of kinetic mafecu!ar theory of gases:

(ETEA: 2002, BISE D:| Khan 2017)

m The kinetic molecular theory of gases was first postulated by Da-
niel Bernoulli [SWed:;h physicist’ 8/2/1700 - 77/3/1782], which was

further developed by James Maxwell and Boltzmann to explain ti:he van-_
ous properties of gases [ Berﬂoull: presented KMT in 7738]

m ' - ul
ain_Postulates: Al invisible partfcfes ca/led molecules:

I~ All gases are composed of s e

2. Gas molecules are far away (#3) from each 0

A Bas maoleenles have highet K-E than those of liquids and solids- -

4 Gas moleculés are w;dely sepameed from each others: One mole
e £ its own diameter from the:

O times 0O

’ 30
cule is at a distance of dfsf:ance among molecules, volume of

Due to /0”9

other molecule-
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the gas consists of mostly empty () spaces-

5- The volume of a single 9as molecule-is very very small as compared
to the total volume of the gas: OR volume of one molecule js
- negligible as compared to total volume of the gas:
6' = The attractive or repulsive forces among the gas molecules are
' negligible: Therefore, every gas molecule behaves independently:
7+ Gas molecules are in constant random motion They collide with
each others and also with the walls of the. container- The pres-
sure of gas molecules is due to the collision of molecules-
8- All the collisions of a gas molecules are elastic i-e* no 9am or loss
- of energy ‘takes place _ ) :
9 The average kinetic energy of gas molecules is d:rectly proporb.-onal |
to absolute temperature:
10~ The molecules of different gases have the same kmef;.rc energy at
the same temperature ‘and pressure: - %
Tl

Force of gravity has almost no effect on the gas molecules-

' Q3: Defi ne pressure: What are its umts" Explain the informations used
For the measurement’ of pressure- (BISE Malakand 2079 .
Pressure: '? -

.Forcle per unit area is called pressur_e'

.+, Pressure (P) 5%’_—%%
' g Area |

b 4

A

The apparatus used for the measuremenbs 9as pressure are:
o Manometer

2+ Earameter .

Fs

A common type of barometer is the Torm:e/han barometer ([talian
scientist  Evangelista Torricelli who

_invented the barometer]- Torricellian
barometer-is shown below: ‘

“Take 700cm [Im] long glass tube
having ‘cross sectional area of Tem?
Fill this tube with mercury (hydragy-
rum - Hg] and p'lal‘j:e it invertedly in

A

Vacuum
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a dish of mercury: The Mmercury in the column 7* come downward due

Definition: “The pressure exerted by 76cm long mercury column upon
le area at sea level and at 0°C [273K] is called 7-a£maspheri;: pres-
sure-” - . . , § e

Explanation: ﬁbmospherjic pressure is the pressure exerted by earth’s

‘atmolsphere- The af;n;;osphere is- the thick 'blénkét of air [gases]" sur-
rounding the earth, which gxekt pressure on the edr"_'f:h surface Gra-
vitational force attracts air molecules- "The force ekperienc:ed by -an;y
area exposed z':a'earbhh’f:atmo_spﬁere is é.qu.a/ to the wé.:’gh_t of the_’-

o —

column of air above. it
Atmospheric pressure at sea level is about 'equq! to the weight of 7-03
kg ma-rss' per square —}:ghtimei;er of surface _IOR 707.325KN/m2- " The
p}'essure of -the étmosﬁheré is the we:?kt' of the gases that compéSe-
the atmosphere-.‘ Atmospheric pressure is' the sum of the individual
pressures of the-van‘ous -gas‘es', [N = 78%, O = 21% and other gases =
%] in atmosphere- The act&al val&e. of atmosPher{c pressure_depends.
on location, be‘héper;atuw and u{éa_ther ca‘nd:fbfon_s- '

Units of Pressure: (BISE Bannu 2017) ‘ o |
The SI unit of forée is the Newton and the unit of aen is HY 90

P:f_—. N . ."2.
7o g

\"--.-_-__.
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Pascal (Newton per Pa | Sl pressure unit,
square meter » : 1By _73}2_
Millimeter of mer- mmHg | Pressure that support a Imm
cury) : Hg column in a barometer-
Torr o torr = | 7 torr = TmmHg
Atmosphere . atm Average atmospheric pressure at
| sea level at 273k
17 atm = 760mmHg.
7 atm = 760 torrs
7 atm = 101325 -Pascals
7 atm-= 7-01325 x 10°Pa
. _ |7 atm = 701-325 K-Pa
Pound per square inch ‘psi |7 atm = 74-716/in2
ot R s 7 atm = 1437 psi
Bar | | Bar~ |7 atm = 1-01325 bar _
7 atm = 76cmHg = 760mmhg = 760 torrs = 707325Pa = 7‘»“7"_:95:’ 14

EXAMPLE -1

The pressure. oF ‘a gas is 49 torr Conw:r-b th;s pressure mto both at-|
.mospheres and pascal- P

Solution:

7

)T - atm pres?ure. - 760 torrs -.

Pressure in torr = 49 torrs

As - . 760 torrs =1 atm,,

.1 torr = ————7 i _ 6 ¥ it
e 760 torrs . 2 : ,
7 atm
49 X 49 torrs = (0-06
ﬁer/ oy ( S i &

~ (6-447x1072atm)

(i) Pressure in atm = 6 447 x 102 a

We know that 1 atm = _707325 Eascals
6-447 x10 *atm = 101325 x 6:447 x 102 Pascal
= [6:5327 x 10° Pascals] -

= .
NAMNADN J * ‘~ v,

: \ - oy ? =\ /',‘. g F\’ S~
g - VVVVVV. Pel 1Z4U.COoMm
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 sure in (a) torr ( b) PasceI

Solution:
Giveh pressure = 2-27atm

(a) We know. that,
‘7 atm = 760 torrs
2:27 atm = 2:21 x 760 = (16796 torrs)
(b) We know that, T ©
7 atm = 7107325 Pasca/s
2:21 atm = 2:27 x 707325 Pasca/s
(223928 Pascals)

@4: State and explar‘n Boyle’s law-

m Boyle's Law: - -
In 1662, Robert Boyle gave the re/ai‘:fonshxp between the pressure and
volume of a fixed mass of a 9as, at consbant temperature

Stabement )
“At constant temperature, the volume of the given mass of a. 9as s
inversely proport;onal to z‘:he external pressure applred on :t '

Mabhemab;cal Form:
'3

V o | [T and mass = constenb]
V=K — [ K = proport:ana/n‘:y constanb]
PV = K '

It means t/mt: ‘the product of pressure and volume is a constant quan-
tity- ‘

Experimental Verification: ‘ _
Take @ gas in cylinder having moveable pfstor? The cﬂmder s at-
tached with a manometer to read the pressure of the gas directly- A

Weight equal to two m‘:mospheres is placed on the paston Let its ini-
tial volume (!/,) is 2dm® and initial pressure (P,) is 2atm- (When pres-
Ure (P,) on the piston becomes double by placing two weights on the '
Piston, volume (V,) of the gas is reduced to 1dm’ and so on-

vaw.perfect24u.,com
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According to Boyle's law equation,

N it

nuaarne
Coabin pressine A atin pressure (oaten pr

o

R

1"
i n
A il n“ H'n:,“
"'.,I nnn"'

UHH-H“U H'pf"::
u"‘u "I“-I"HU""

I )]!I“

i L} t
T[]
. 0 [T L )
2H"C

Fxperimental Verification of Boyle's Law

PV, = 2atm x 2dm’ = 4atm + dm’
PVL= 2atm x1dm' = datm « dm’
It means that PV, = P_,Vg daivsasenss PV: y »

Graphical Representation:

(Uhen pressure of the given mass of a gas -
is plotted against its volume, a curve T
called hyperbola is obtained- As the tem-
perature remains constant, so this graph is
also called isothermic graph: This graph in-

dicates that: V" “is inversely praport:onai
to the applied pressure:

EXAMPLE 4:2;

What pressure is required to comprcss Sdm’ of a gas at Tatm pressure
to Idm’ at constant temperature?

Solution:

Initial volume (V) = 5dm’

Initial pressure '( P) = latm

Final volume = (V,) = Tdm’

Final pressure (P,) = ?
Using Boyle's equation

Py, = P,

. PV, Tatm x 5 dm®

- e B (G QL)
V, 7 dmn’?

www.perfect24u.com
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05 5{;;:{;‘8 and explain Charles law-

Charles Law:
in 1787 a French physicist  Jg,
dently observed re!atronsh;p bet
stant external pressure-

ques Charles and Gay-Lussac indepen-
Weern valume and temperature at con-

Statement:

«The volume of the FXed mass of gas is drrect!y praportronal to’ the'
absolute temperature at constam’: pressure

- Mathematical Form:

Mathematically it can be wrrtten 855 < .
V o T[Pressure & mass = Constan{;]

V= KT [K pmport:onahty constant]

v
T

._.K,

It means that the ratio be-
' tween volume to bembera- _'\_;_1;;(
g ’ 1

| ture ‘rema:'ns constant- _
| :
; N

Exper:mentai Vem" cation:

| Conszder a. gas is em:/osed
in a- cylmder, fitted w:bh a maveab!e and Fr;cb:orless pzston ‘and a
constant pressure is apphed When the gas is heabed K-E of :ts

molecules mcreas- :

& as a result JRaC T ey ' | o

the piston moves Q.2 o o 2

Ypward and thus 0 9 o . |

olume of the 'gas . R TOEmI - Sy =2mmL 'V, = S46ml.
3 T = 135K T = 189K T, = 378K

Nreases- Byt tl;ze '

"o of volume to temperature (V/T) rema;ns constant-
o V L
Lo P, KJ[U 273k _ .k J{ L 2 _zmx‘

T 135K A b P

)

\

7 T TR
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v BB Vv | )
It shows that B Eane - (Charles equatio

-

From the above equation, the Charles law can be defined as "'the
ratio between the volume and absolute temperature of the gjy,,

(1]
mass of a gas is constant at constant pressure

—_—

Graphical. Representation: T

When volume is plotted against tempera- ! |
ture, a straight line is obtained- [t indi- ' _

cates that “V" is directly proportional to

‘ ’ i
the absolute temperature “T7- —

[ &00cm® - of a _gas“at 400 torr pressure and 60°C

heated until the volume of the gas was 2000cm’® at the sam,
pressure- What is the final temperature of the gas? |

—

Solution:

_

Initial volume (V,) = 800cm® |

Initial temperature (T,) = 60C K = ¢ + 273 . ;
¥ : | K =60+ 273 = (333K)

Final volume (V,) = 2000cm® | '

Final temperature (T,) = 7

Using Charles law’s equation;

l/] 2 5 V T
2 abd-L) E 2!
T,\J> o V
2000cm® x 333K .
T, = - = .
‘ 800cm® - (832:5K1

B—]

Q6: Write a note on absolute zero-

m Absolute Zero: - . |
“The hypothetical (5°}) s tlrcoret:'caj %:emperature at which the W“.
lume of a gas becomes / considered to be zero js called absolute zero"
‘ Absolute zero means zero ‘temperature on absolute [ Kélvin] scale: (&
Value (s O K or -273°C- This temperature is just theoretical and can
not be achieved practically, because before reaching this temperature

- gas will'either change to liquid state or solid state- |

o

www.perfect24u.com


https://www.perfect24u.com/
https://www.perfect24u.com/

- chemiSt" Notes — 1*' Year . = '

States of Matter-| (Gases) — 149

uaﬂg,f;atlve Stabement of Charles qu ,
_mcques Charles and Joseph Gay- Lussac inde
pred 4Uanb:tat:ve relationship bebWeen volume and t

¢XP" riments show that all gases expand to the s
eate d to the same temperature

pendently discov-
emperature: Their
ame extent when

_5ta¢¢ment..

wgy constant pressure, the volume of the fixed mass of a gas increases

by 1/273 of the original VO/ume at O"C For each degree Celsius ( C")
rise 1 temperature

similarly, at constant pr eSSUPe the volume of the erd ‘mass of a gas
decreases by 17273 of the ongmaf volume at 0°C For each degree Cel-

sius fall in temper ature: EqUat:on used to calcu!ate the va!ume oF a
ygs at various temperatures is as Follow

T
= 7+ ——
=Yg ( " 273)

Where Vr i‘_'vo/ume of _the gas at temperature T
W, = valu_me of the gas at e .
T= {:emperéture on Celsius sca/e-

The volume of "a -gas at O°C js 546‘cm We can ca!culaf:e
the new volume of a gas at various. temperature

At temperature 7= 7"C _ _ _
. 7 | (274) 3

v, =546 1+ |5 96 = 546, (7 003) —548cm

o 273) - ‘

2 73
“ollow L rules here -
I temperature T = 10°C: = - o
=546(74+ 19 )= 546 (283 566 m*
V573 273 |
5r'l’m'!arly for decrease in temperai:w‘ﬂ'
It temperature T = -273°C: P T
v s ( 273)) - 46 29 _|= Ocm’
~273¢° P 546[ | 3795 5 273 '

king o the above calculatxons, the volume of a gas at O"C is
e At 1°C it becomes 548cm’- It means 1°C rise in temperature

ay :
,s“\the volume of t‘he-- gas ‘to increase bb’ ?__cm "_”d 2. an It‘must

"
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be noted that volume does not intreases in direct proportion to the

- Celsius temperature: For example when temperature is increased ten
times ie- from 10°C - 100° C, the volume does not increase ten times
but increases only From 566 - 746¢m’ Look at- the table-

Temperature (K) | Volume (cm®) W/T = K

i

273 546 7092 ; | 2em’-K!
700 373 746 ——— | 2em’K'
70 : 283 | 966 ———— | 2em’-K?
-4 274 548 ——— | 2emP K
- . 273 |5%6 —— | 2em? K
1 LT 272 |8 —— | k!
70 e 287 v ¢ [BRE ——i Y] Sppdper
-100 - N i< |36 —— | 2o KT
275 - ] . s | |

It means that Charles law does not obey_the.' C_élsi_us scale tempera-
ture: According ta the data m table., ‘

- [v=566em at T, = fore:-
LY, = 746em? av T, = 100°c

/-?pplymg Charles equatmn,
Vi V. _ 566 746

7, 7, _ 10 " 700

As a result a new temperai:ufe scale has been deVefoped It " starts
from -273°C which is called absolute zero-

Relationship bebufeen Kelvin Scale and Ce.!sms Scale.:
K= & 273
Now according. to the data in table; -
V, = 566cm’ T, = 10°C equal to 283K
V, = 746cm’ T, = 100°C equal to 373K
Applying Charles equation;
Y VY, _ 566_746 _, .,

Bt N 283 373 .
' ‘ When temperature is taken in Kelvin scale then Charles !aw s obeyed

Ot
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573°C. this line ctuts the tempergture axis at -273°C, which is the

ol ~d Sy

~west possible tempercture: The line breaks before reacting the tem-
mercture OF & gas to -273°C- [t means that at this temperature all
tme gaoSes kave zero volume or not in- gaseous state- ﬂre.gases.are
condensed and con erted into liguid or solid- Therefore gas laws cannot
ts zoplied on them- All gases liguefies before this temperature: |

ire must be used in-all gas laws problems involving

Ebsolute temperctul &
sermpersiures The B-P, FP and absolute zero on Fahrenheit, Celsius
end Kehsin scales zre given below:

Kelvin

00C
oc

Absolute zero | - -459F -273¢C

Q7: Stote and explain Avogadro’s law [1813]
(ETEA: 2008, 20710, 2014-15)

m Statement: : .

“At the sume temperature and pressure equal volumes of different
> ’ b2
sases contain the same number of molecules or atoms: OR

d] mass of a gas is directly proportional

“The volume of the given [fiXe
perature and pressure-"

to the number of moles at constant tem

Mathematical Form:
VaN [Tand P= constant]
V = Kn ,

www.perfect24u.com
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1 ] tant .
/ K = proportionality cons
Zxcr:naw that, 1 mole of any gas at STP occupy a volume of

22-4dm’ '
OR 22-4dm’ = 7 mole

I

22:4dm’ = 6-023 x 10*° molecules

6023 23 _
5 ————— x 1OZ molecules
7dm3 T

7dm’ = 0-268 x10%° = (2-68 x10* molecules ) _ .
If we ha-v.g one dm’ [1dm’] of each, H,, O, N, and CH, in. separate

containers at STP, then the number of molecules in each case will

be 268 x 10%-

We know ‘that 1dm’ of H, at STP = 0:08999ms and 1dm® of oxy-

gen gas at STP = 1-44 grams- But their number of molecules is the

same: Although oxygen molecules is 16 times heavier than hydrogen

but this does not affect volume- [t s becaGse gas molecules are far

apart and one molecule is approximately at a distance of 300.times
of its own diametér from its neighbour at room temperature-

QE: Derive an ideal gas equation / expression- Write

- ideal gas equation-”

down the appli-
cations of 'ideal gas ‘equation- (ETEA: 2013,15,18,19) -

@ [deal Gas Equation / General Gas Equation:

Definition: “The combine equation of four variables
pressure, temperature and number

i‘e* volume,
of moles of a gas,

Derivation:

General gas equation can be

. derived by combining Boyle’s law,
Charles law and Avogadro’s law-

According to Boyle's law, “the volume of the fixed mass of a gas is

‘the applied external Pressure at constant
temperature-"

7 e - L
UIE. [constant temperatur'e] (i)

“the volume of the given mass of 4 gas

bsolute temperature at constant exter-
nal pressure-” '

WWW.perfectz4u.cons
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VT [P = constant] o (ii)

Aecording to_ Avogadro’s law, “the volume of the given mass of' a -

gds ,5‘ d!rect/y Propartfona[ to the ﬂumber OF males ab'consbant
ressure rmd temperature-" .

Vo n [T P.-= constant] ‘ _ (m)
combining all thﬁ three equat:orzs ire (.r) (u) and (m)
I/ «< -7— T n ‘

P
V= Constant : -;; Tn

V = R-—ﬁ' T'n [R=General gas constant or universal gas constant]
PV = RTn - . :
PV = nRT_ (iv) re- arra@mg
Equation (iv) is called 9eneral .9as equation- : :
Since standard moles for any gas, n.= 7 50 equatmn ( rv) becomes,

PV = RT T
ETZ-R " (V)

The ideal gas equation is uSeFul For problems thab do not mvoIVe :
changes in P, UV, T and n Far a gas samp!e Samet:mes, haWeVer we "
need to deal with changes in pressure, va!ume and temperature or
even the number of moles- When cond:t:ons changes we. must em-
ploy a modified form of the ideal gas equab:on

For :mtml staf:es equat:on '€ v) .can be wntten as;

—%—'E R — & w)
For final states equab;an ( v) can_be written -as; .
Y, _ _
7_2 R ( Vn) . |
Combmmg equat;on 4 w) and equation ( w:) o \“,\\_.
v _ Bl - '
T

This js the generalized form of ideal 9as equation-
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750cm’ of a 9as at 300mmH9 and 50"6 is heated until the w.:h.m;e
is. 2000cm’ at a pressure oF 700mmH9 what is the final|

—

LA

| of gas 1
temperature of. the gas?: _4
5olub:on. = B0 TL T G
| = 750cm? P, = 300mmHg T SQ°C# 273 323K
v = 2000cm® = P, = 700mmHg . T, = 7.
Hccordmg the 9ene.ral gas equatmn, 5 o
Y. PV, ‘
o Ty g
By cross multiplication; .
PYT, = PV,T,
. BYLT,
Tai= -7 ’ ,
T = 700mmHg - 2000cm® - 323K
2 - 300mmHg-750cm®
T, = 2010K |
. Applications of General Gas _Equation [PV = nRT]:
General gas equation can be used to determine: -
- To_caicu!a'te units and values of “R" at 5TP- % -

 To' calculate units and values of “R” in. system mtemat:onal

To calculate mass of a gas (m)-

 To caleulate concentration of gas (C)- .
To caiculate mo!ecular mass of gas (M) S

7.

2%

3: |
4. To calculate density of a gas (d)-
s b

6

4

Calculab:on of Units and Valuss of “R” a

t STP: _‘

Standard tempe;aturel =T=00C- 273K

~ Standard volume = V = 22-4dm?
Standard pressure = P = Jatm

Standard number of moles =n= 7rnole.

" According to the general gas equab:on,
PV = nRT -
PV .

R=""
wi -
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_ Tatm x 22-4dm®
R =
Tmole x 273K

R = 0-0827 atm -dm® - mol™ - K’

2. Calculation of Value of “R” in International System:

In international system of units, it is known that, -
Standard temperature = T = 273K [R5l unit of temp]
Standard pressure = P = Tatm —>707325Nm —>5/ umb ' :
Amount i-e- number oF moles = n = 7 mole '
Volume = V = 22-4drm’— 0-0224m° [divide 22-4 by 71000]

The general gas equation is, PV = nRT-

| PV
R ==
(OR) nT
e 101325Nm™ - 0- -0224m?
) _‘ Tmole - 273K ¢
R =8&3INm?-m° ~mol™ “K™
R = 837Nm mol"’ K"’
IR-837J mol KT [wm—J]
. _R_-‘-.-_ jf‘; Calor: maf’ K’ " [TCal = 4 18 joufes]
‘ -'R=7987Ca/mar’!<’ 4 |
V =.224dm’®"

22
v—_—f-o—-[oozzrfm]-

Tatm = 76'0 torrs

7 torr = 733 32Nm , :
760 torrs = 760 x.133: 32Nm'2 = [707325Nm"—’ ]

'- So_[fatm = 101325Nm™] -

3- Calculat:on of /ﬂass oF a Gas ( m)

PV = nRT |
Spy . Mg PR L S m—>-.rnass_. o

A T, T8 ‘M — molar mass .
PUM = mRT S P
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M = m L OR |m = M .‘
| RT % RT
F 4 Calculation_of Dens;tq of a Gas (d),-'.'
PV =-nRT ' i
. m _ " m - |
e = K As |n = — ‘
pv = LRT =2 A
pm=ZRT | e Sl ey, ey
PEyRT |
P ="‘dRT s [d = ﬂ
-Pm 3 OR |d-= fﬂ- |
RT RT |
5 Calculab:on of Cancentrab;on oF Gas (C)
PV = nRT _
= SRT T c="
ot M I HS vV
| P=-CRT- and gre I s
' ___RT

6 Cakzulabmn aF MOlecuIar Mass of Gas ( MJ
" PV= nRT 7 . -
Pyt
PUM = mRT
_mRT |

M L

PV

B oracrice PROBLEM .7 ‘ T '
spondin“g pres-

Reading on barometer is 2 2Tatm Calculata the Cor‘rg

sure in ( a) torr (b) Pasca/

3

Soiutmn

' (a) We know that 7atm 760 torr _

50 2:27atm will be =

(b) We know that, A |
7 atm = 101325 Pascals e "

= 221 x 760 tarrs = (7679 6 torrs)
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| E_ jauab ChErm_strg “‘itf_j M{.gqr States of Matter-| (Gases) = 18/

%0 2:21 atm = 2-2] » 107325 Fascals

2:21 atm = (223928.25 Fascals)
[PrRACTICE PROELEM 4-2;
(i) Find the value of “R" -, mmHg-dm’-mol’ K’
(i) Find the value of “R* in torr-dm®-mol’-K'
(iii) Find the value of “R" i, torr-cr®-mol’ K’

Solution:
Using the g;nera/ gas equation, PV = pRT
OR R = ';7—_
2 o Tatm - 22-4dm?
Tmole - 273K
R = 0-0821atm-dm’-mol’- k7

|

() R = 00821 x 760mmHg-dm’-mof "K' [As Tatm = 760mmHg]
R = 62-4 mmHg-dm? -mol’- K" , |
(i) R= 624 torrs-dm’-mol’-K 7 - [As TmmHg = 7 60?‘:‘]
(i) R = 624 x 1000 torrs-crm’-mol’ K7 [As 1dm’® = 1000cm’]
- R = 62400 torrs-cm®-mol’-K'
PRACTICE PROBLEM 4-3: ' 8
What pressure will be exerted by 0:400 mol of a gas in a 5dm’
containers at 17°C? ‘ P '
Solution: Pressure = P = 7 - 'p= 0:400 mol - V= 500dm’
Tlr76+ 278 240K | R ~L020E21 athy-di- Ik hich
We know that,' ' o ; ,
PV =nRT = pP-= Lii

S | |
p = 0-400 pr51- 0-0821 atm - grii* it " 4" x 290K

- 500 g
(P = 0-0790 atm) )

Calculate the mass of T1dm® of NH, gas.at 30°C, and 7000mmHg
Pressure, considering that ammonia is behaving ideally-

l

Solution: _ : :
V= 7dm’ T=30°C, 30 + 273 = 303K

P& 1000mmHg _7;05002 = 7376 atm

www.perfect24u.com
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- R =0-0821 atm-dm*-mol’"-K’
Molar mass of NH, = 14 + 3 = 179/mol

By using the relation;
Pum

RT
7-316 mﬁqumM
0-0821 ptih -giri® - ol W x 303K

(m = 0-971 grams)

m:

m=

What is the dcns:f:y in g dm .of 50, at 20"6 and 750mmH9 pres-

sure?

Solution:

750 ‘
= — = 0:98 atm
- P = 750mmHg =

T = 20°C = 20+ 273 =.293K - g
Molar mass (M) of 50, = /H W2 32 = 649/!370/
Using the dens:by Formula, |
_ Pm -

RT -

"d =-0-98 atm x 6%q-mol’
0-08271 atm-dm®-mol” K’ x 293;-(
(d = 2-609-dm™ )

l PRAcTICE PROBLEM %-+ ~
| Calculate the density in g- dm 3 of NH3 at 2506 and 72abm '
Solution:

|= ?
P= 7:2 atm

T= 25°C—+25 + 273 = 298K
My, =14+ 3= 17gmo™
. : R =0 0821 atm- -dm>-mol™ K™’
Usmg the dens:ty Farmula |
Pm -
d =
ART
7-2 atm x179:mol”
" 0-0821 atmdm®mol" K 2 298‘!4

(d = 0-833g-dm wd

09 What are ideal and non-deal 9ases’-’ Why do real gases [non-
ideal] deviate from ideal behaviours? Exp!am with a. graph

B /deal Gases: (BISE Swat 2017)

—1

erfect24u.com
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jaw]
a d high temperature:

_ M’—’-’Lﬁﬂl / Real Gases:

*Year |
—'——_——-__________

States of Matter-I (Gases) — 159

sGases which obey all gas laws [Boyle's law, Charles law, ﬁvogadra s
at all temperatures and pressures are called ideal gases-" For
ample; hydrogen, helium and nitrogen are ideal at low pressure

“Gases Wh“fh do not obey gas /aws at all bemperature and pressure
and called non-ideal / real gases-’ '

“Gases which 05‘69 gas laws under aertam condition oF temperature

and pressure are called non- ideal gases:”

Non-Ideal Behaviour:

WThe behaviour of a gas
which -do not obey gas
laws at all.tempefatufes"-' '
and pressures is called

non-ideal behaviour”

By plotting a graph be- |
tween PV/RT and pres-
sure’ the graph ..is a |

_straight: line for -an ideal
gas but’ the graph-shows

OR

. AN 2.0

1.5 +

A
ol
- He’

»

(Ideal Line)

05 4

200 ' 300, -

- P(atm)

deviation for real gases" The graph platted at 0"6 is. shown above
~ The above 9raph Shows that. mtrogen gas shaws negat:ve deviation
- at low pressure but -at high pressure. all three gases show positive

deviation- Now- Ioak at the graph drawn at 700"

The *_next graph .

100°C”  shows . thqb at
high pressure .all the
three gases shows pos:-"‘-

tive  deviation- - The

abqve d:scussron JfVes :

the following. results:

I Gases are ideal .at
low pressure- / |
2 Gases are non- -ideal
wh pressure:

N2 |
H»
He

' (Ideal Line) -
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3 Gases are ideal at high temperature:
4- Gases are non-rdea/ at low temperature:
For an ideal gas PU/RT equals 7 under all cond;i:ions This ratio js

d compressibility factor (Z) :

calle 60_ P Molar velume of gas at same T and P (PV}
z = Molar volume of ideal-gas at. same Tand P |\ RT

A Tatm-22:4dm® |

RT  0-0821atm: dnr® mol K x273K

Campressrbrl:by Factor “Z":
“The extent to which a real gas deviate from the Jdeal behaviour

" may dgpfcf:ed (shawn) in t‘:erms of .a new function ca/led the com-
pressibility factor, denoted by o Ad Mabhematmaﬂy :t is wnbten as;

PV
. z = o | |
The deviation From :dealfty. may be -shown by plotting compress:b:ht:y
factor -(PV/RT), versus “P”. For an ideal gas, Z =1 and it is inde-
pendent of z‘:empemture and pressuré: The dewatzon from ideal be-
haviour of a real gas will be determined by the value of “Z" being

9reaf;er br- less than one (7)- The difference between unity and the
value of the campress:b;hty factor of ‘a-gas is a.measure of the de-

gree of non- fdea/rty of the gas:

Causes of Deviation: |
The real gases show non-:’dea! behaviours at low temperature and

1t s due 0 two mcomplete assumpbmns of kinetic

‘ high pressure:

theory of gases:
7- - The volume of a single gas moiecule is negligible as compared to

’ " total volume of the gas-
2' Gas molecu!es have no force OF abbract:on

Very Low Temperature: : .
At very low temperature the K-E and velocity OF gas molecules de-
 creases, -thus force of attraction ‘increases and ‘the point of KMT

does not hold true- Theref'ore gas shows non-ideal behaviours-

Very High Pressure: ' .

Uﬁder normal COﬂdl!’ﬂOﬁS, the actual voluine of a 9as is negligible a5
compared to volume .of contamer But at very . high pressure it I3
not true becau;e actual volume becomes: significant- At high pressurc

[E— |

-

P
o 111
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- the 9‘75 "molecules come Closer 'empty spaces are redUCed 7 Meaﬂf
ghat the 945 mbletules. have some’ Voluma at high pressure: 5o the

pint -of KMT is wr "”9 ag h’?” pressure: Therefore gas shows non-.
ideal behaviour: : . R R I LA

r SN Y T e ." g '\"I. .. r‘ :
1o o - .| Attraction : ¢ ’
... ’;’ NO et e " ! N . L ‘ - ' -. 'y ) ' ) .‘
- at:tract_iqn T ] = ;. , N\fcﬁlfl[?rl]tge i Sad T
. l."-'“ e ., L '. - ..'_ .
High temperafure Low tempei'ature "I Low preésure: ; ' l—ll h pressure
No attractive force | Strong attraction negligible volume. gag mﬁalecule have
[Gas is ideal] [Gasis non-ideal] . | ‘ofa single gas- srgmﬂcant volume
W £ e “molecule i
Q10: Tcrive non ideal gas equation- The Vander Waal’s 'equatian' .
ETEA: 2014, 2018, 2019 eiigate. i p ks

m Vander Waal's Equatmn., [ 7873 Dutch sc:ent:st] )

“A modified [albematNe] kinetic. equation used to- calculate pressure
or volume of a real gas under non-ldeal conditions is called Vander
Waal's equation-" l/ander Waal SUggest:ed that pressure and volume
factors in the idea gas equation / general gas equatzon needs correc-,
tion in order to make it appl:ca&le 1':0 real gases- . ' ' "

1

I- Volume Correcbmn"'? e SN B A ¢
The molecule of an :deal gas has zero vo- | A Effeetive'volume
lume: Thus _the volume of -an" ideal 4as . .| ofmolecule (b)

(V) consists of free space and is equal to
the volume of the container- However molecules of real gases have. a

definite volume- This volume cannot be neglected at high pressure

If the effective Volun‘Je of the gas. molecules per mole is “b” then
the free space available to gas molecule is: V = b L -
For “n” moles we have; U,,, =V-nb AN )

2 Pressure Correction: Sb® > Ak = _‘
At high pressure émd low s N r f
‘emperature attraction among ‘e o u.-..l :
95 molecules - increases: A B 0

Molecyle striking rwtth the | - - == _ I
walls of the container is at-- lde_a.;lg—és'_l.'”D'amldumiE' _HL s M

\h_;
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. ‘ Nauab Chemistry Note

. c ll | ' ’- I ] y- he ob-
5 I'Ved P‘ essure ’.5 ,e'l / I‘ / ssure (‘ |) Ey an a”’ount’ “
e -

- ¢ Pf "' '
Pab:zrvd = P‘ =.F

p =P+ P’ (ii) -
up'n s the decrease in pressure due to attraction among

where
real gas molecules at low temperature and high pressure: The de-
crease in pressure “P'" depends upon the concentration of hitting

and dragging of molecules:

g g JLall 2 =concentration

vy o S " ,

P = as—z- (i) - (a = coefficient of _qttra;tian)
© Putting the value of “P'" in equation (i)

P=P+ta—s PR <) LIRS

i V2 . ‘ ’ . | 7
Putting the values of corrected pressure and corrected volume. in ideal
gas equation [PV = nRT], we have, G ® . i

PV = nRT .,

(P + fl/"?J (V - nb) . nRT : ~ (when n= ! then)

(P + 52-] (V -b)=RT f\Put'Férwér;d‘b_y_Vénde_r Waal in 1879
" This is called Vander Waal’s equation- The constant “a” and “b” ure
characteristic of each gas- E " /i1 |
Proof of P’ = an’/\R: | |
-Leb we have a gas in a container- There are two types of molecules
in the @:xture-- (A) Type molecules are striking the walls and (B)
type molecules are pulling them inward- Let ¢, and Cg are molar

concentrations of (A) type and (B)
type molecules: - . : B B
Pac P =" 1 s ' ‘
Pal.l - B
o ) B B
AR ;
PI‘___ d-{’— ' ‘o : '
IFn =17 then (P"= —a_J o | 1 |
: ; .V2 : i ': 1 -
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States of Matter-| (Gases) - Tﬁﬂj

, _an
e have, P = 723
_ PV , atm (dm?)* . 3
a= =3 (ol ? —= (atmdm®-mol * )

[
Ynit_of “b:

V=nb=0

v volume
= — —> 3, -1
° n mole > [dm™mol™ ]

Qif: State and explain Daltons law of partial pressure:
TEA: 2005,2006,2008,2075-17, BISE D- Khan 2079

m Statement: | B
“At constant temperature and volume, the total pressure exerted by
a non-reacting gaseous mixture s equal to the sum of the partial
pressures of all the gases present in the mixture-” ,

Dalton presented /' summarized his observations in. 1803-

Partial Pressure: Ry )

“The pressure exerted by one kind of gas molecules in a mixture is
clled partial pressure of that gas-” - = : :
Let we have three non-reacting gases i-e- A, B,-C present / taken in
separate containers at the same temperature: Their partial pressures
are Py Pp P, respectively: Uhen these three gases are mixed to-
gether in a single container of the same volume at the same temper-
abure, then according to Dalton’s law of partial pressure, total pres-
sure (Pz) of the mixture is the sum of the partial pressure of all
the gases present in the mixture i-e-- ' B '

=9

v .
%1 ‘_.

: ta Iy ) oy VY

o lo o o o o
® O [ 9@
© o o L fys pC i ©

PT=PA+PB+PC

5i PTI:PH*'PB*LPC |
!milarly P = P, +P o+ ,Pcé +P,,. gases

atm

Qa:tml pressure of each gas depends upon the amount / number

-www.perfect24u.com
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tion; PV = HRT o | | i

P = - [As R,T,l/'ar:e constant for all gasesj

P «n -
It means that higher the number of moles of a gas in the 9aseous
mixture, greater will-be its pressure and. wce versa:
Example: If we have a mixture of three non-reacting gases A, B and
C, exerting part;al pressure of 300¢torr, SOOtarr and 450torr re-
' spect:vely, the total pressure will be 7350tarr -

Pz By APt B \ - '

P, = 300torr + 600torr + 450torr =( 7350tarr)

EXAMPLE 4-5:

A gaseous mixture cantams 9-6% NH3, 22:6% N and 67-8% H2 9ases If
its total pressure is 50atm, fi nd the partial pressure of each gas:

5o!ut:on

Partial pressure oF NH 2 f) x50 “[-_‘f & atm]
"3 .. 226
Part;_gl pressure ?F Ny,= 120 x50= [77- 3 atm]
el 5 | _ 678 v .
Parbral pressure of H, _—' 700 x50 = [33-_9_abm] |

: P PNH +P +P
P, -48+773+339 [SOabm]

Q72 (a) Explain the terms diffusion and effusion-
(b) State and explain Graham’s law-
ETEA: 2007 2017, BISE mqrdan 2079

m Diffusion: i : N
Definition: . “The random mmng oF two ' ‘
or more than two different gas mole-
cules in order to form d. homogenous

mixture s -called diffusion-"

Explanation: For example, spreadmg of
fragrance of rose:. Although the mole-
cules of the gas move with great / ‘ =
‘high speed but the diffusion process is Diffusion of twa Gages .

TV e

I
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. bursting and puncturing of a vehicle

N

_States of Matter-I (Gases) - 165

oW Jt takes relatively long time to occur-

; For example; when a
pobtle of perfume is opened at op, O oF P

a room, it take some

gffusion: | :

“The " escape (Uﬂ) OF_.Oﬂe kind of gas
molecules [pure’ gas] from high pressure
region to - vacuum ([low pressure region]
one by one through a hole [hole size js
eéuaf to molecule size] in the wall of
the container is called effusion-” |

A general example to differentiate be-
tween diffusion and’ effusion is the

Small”” |4 «°

opening

" Gas Effusion

tyre: During bursbiqg gas molecules spread suddenly and this ‘pheno-
menon is called diffusion- While during puncturing gas molecules spread

by escaping through.a small kole, bhfs phenomenon is called effusion:

Rate of Diffusion and Effusion of a Gas: | | -
ETEA: 2005,6,8,17,19, BISE D-| Khan 2077, Malakand 20178,
Swat, Abbottabad 20719 Y 4 -
“The distance covered 7 travelled by a gas molecu
called rate of diffusion or effusion of a gas-” '

le per unit time is

The rate of diffusion of a gas is directly proportional to its enerqy

and inversely proportional to its mass: It means that heavy molecules
will diffuse slowly as compared to light molecules- ‘

. Graham’s Law of Diffusion and Effusion:”

In 71832, the SCottis'h Cchemist _Thomai érath p_r_oposed his law of

diffusion of gases-

Statement: L i | - L :
Bt e temperature and pressure the rate of diffusion of two
different gases is inversely proportional to the square root of their

densities or molecular masses-” .

HNathematical Form:

-

d

g

i

A

r

(i)
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Derivation:

According to the statement;

Rate of diffusion of gas-A r, o \/_d__
" g ,:,

Rate of diffusion of ﬁs-_B ‘.rg' o«

= K=
rs,I. \/Z k &
”BXEFK__._;- (u) '

D.'wde equatmn ( i) by equatron ( i)

iy K

xr K.

rﬂx H':l -
rg x\d, N
o
| rﬁ_'ds -
o __..._...'._.___ i
s \dy (i)

As dens:by of gas molecule is d:rectly proportzona! to its molecular
mass so, the above reaction ( m) can alsa be written as,
oo | |
rpioo M,
“Where; r, = rate of diffusion of -gas-A molecules
re = rate of diffusion of 9as-B molecules
 d, = density of gas-A molecules
dg = density of gas-B molecules

O.COITI
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M = molecular mass of gas-A fnolecules F
Mg = molecular mass of 9as-8 fnolecules

Note:
@rahﬂm s law mathematzcal {-'orm verif cat:an / dcnvabmn can also be
arried out as; |

We know that d = _l/_ ' (Q)

Where “m” is the molecular mass of the 9as
According to the ideal gas equat:aﬂ,

PV = nRT . |
PV = RT | Gi) whenn =/
Re-arranging equation (i) we get '
oni . !
. P _
Naw pub bhe value of “V” in equatran (i)
2 mP |
* B 7 or d
For gas-ﬁ moleculels. d, = m”P
s g L R
For gas-B molecules: d, = mF
o P PN . s
Putting the value of “d," and “d,” in equation (i) i-e-
i d,
G- \/mgP -mAP
rr,. +XRT . RT
Lo_ |mP .x' RT
rg RT ) mﬂP
I  where mgy = Mg, my = M,
Fe mﬂ . s ' ; :
- Therefore we can write the above equation as; - |
f -:’T : (,/Gl.u"mub'fcf ?c:-uﬂu:")u:’»)
g8
b —

.
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e -
X . - 1 ” i
. . L ..
b .
e
. -

tion of Graham Law -of DIFFus.'on

Exper;mental VenF ca

- - - 100cm - 1
T , < HCl
SNH=> sk, %6 BCH .
o NH, (17g.mol") 60cm . 40cm - HCI -365¢
N S dw (d.Tﬁg!cih') g 2 & T .d”('--=_1'653'/°mj'
§ 2 ; NH.CI :

ol TOOCm Iong 9[;;55 tube open ‘at both ends place” one cotton plug

' sovked (,,,uf ) in ammonia solutmn at one end of the-tube and anoth-

er .cotton’ plug soaked it HCI solution . at ‘the .other end of the tube
s:mu/taneously The two 9ases escape Fram the cotton plugs- A white
dense smoke of ammoniumn’ chloride [NHQCI] is Formed af: the point

" where the two dases met: .

T NHy #HE—— NHG T |
Hmmamum chlonde is: Formed at a d:stance -oF about GOcm From NH

_end and 40cm from HCl end The- rat-:o oF VeJoc:t:es of two gases de-

pends on"their distance travelled by the respect:ve gases: Let

r@' = rate of drFFus;on aF ammama
! 3

= dens;ty oF NH, -

MNH h -molecular mass of NH

- W 7 e rate ‘of d:FFusmn of HCI

dycp= dens:by oF HCI _ o
My = molecular mass of HCl. =~ ‘ &% g
Velocity of NH, d:stance cow.rec? by NH

Velocity of HCI ~ distance cow:red by HCl

_ 60cm |
~ 40cm

It shows that ammonia Vapours d;FFuses 15 times Faster than HA
vapours* '

‘Applying Graham’s Iaw

T, _ 7 66 h l ' ‘
/ Hel I'S | theoretical result
/ HEl_ f = 7- 48

= (7-5) [Expemmental result]

1-5 | theoreticat resu.’é

I

A5

111
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as experimentally and theoreticaql y, | Ry
verifies Graham’s law of diffusion-

the results are the same, so it

Determine the relative rabes of diffusion of equal volumes of H, and

0, under the same conditions of temperature and pressure:-

Solution:
Molecular mass of H. =2
Molecular miass of co, = 44

According to Graham’s law of diffusion;

B, _ Mco:
feo, mf-:_j_

 faq 55 469 4.7
CNZTNT T T = %,

7
The ratios of rates oF diffusion of hydrogen and carbon d:axrde has
been observed as 47 = 1- [t means that hydrogen’ mo/ecu!es diffuse
4.7 times faster than . CO under similar conditions-

PRACTICE PROBLEM 4-5:

Calculate the rates of d:FFusmn of carbon dioxide and sufphur d:ox:de
from the same container and at_same temperature and pressure:

Solution:
Molecular mass of €O, = 44 |
Molecular mass of 50, = 64
Applying Graham’s law;

[0, 502 / V 4545 ro, =121, |.
CO

It means that €0, d:FFuses 72 times Fasber than 50, under the

same conditions:

| @ Write down bhe appl:catmns of KMT- (BISE Bannu 2019)

@ Root Mean Square Velocity:

In the equation from the kinetic molecular theory of gases, the aver-
“9e velocity of the gas particles is a special kind of average:

Definition:

“The square root of mean square velocity is called root mean square
= VVXMP—%&GMHTGGHQ—
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velocity” It is represented by U,

__ 17[}

]

- Explanation:
We know that mean square veloc:by is bhe average of squares oF al

the possible velocities: It is represented by u’-Let there are «,, |
numbers of - molecules having velocities V,, Vs, Vg, Viisice V Mea
square velocity of all the gas molecules will be written as;

\ l/2 +V2 +l/“ +V2 ,,,,,,, V:e (,) |

A -2
| k- u

n | _ |
" We also know that the square root.of mean square velocity is knowp
= " as root mean squa}-e velocity: So it can be written as;
H S u,, = Ja? (i)
o Now puttmg the value of u"From equation (i) mta equahon (i ) we
get, ' :
g \/[/"“ + U‘? + U2+ [/2 ......... V2

.n
“u” :‘s thus. the root mean square velac;ty or RMS Veloc:ty

Value of RMS Ve!oc:f;g at _given Temperature:

The value of RMS velocity at a g:Ven bempemture can be- ca!culated
From the kmef:.-e gas equation-

S o
- N .

PV = -émNu"z A\ Y & (7)

. UWhere P = pressure of the gas

g il A s volume of the gas. ‘
' m = mass of each molecule

| - N = number of molecules

u?= mean square veloc:ty

Solving /' re-arranging equation ( 7), we 9et

e T YT T

B 2 L _ 3PV
L_ . Bk T — - . (2) :
F}ccardmg to ideal gas equatron
PV = nRT p =gchals
L Forn=1T,PV= RT 3
» Putbmg thest;:f#e of “PV” from equation (3) into equation 7B (a geh
‘ 5 .
; mN

If “N” s Avogadro’s number theb; |

.:-i--_j _ F WA = \ . J,i'
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mN = M (molar mass of 4, gas)

5 SRT
T = , (%)
e know from equatian (ii) that
i R -
urms' B “ " (5)

Putr‘:mg the va!ue of “u? " from equatmn (% ) into equation (. 5) we
get,

. |3RT - '

Ums =\ I
~ Putting f:he vaIUes of R, T and m, the value o{-‘ rms Veloc:ty can be
ca/culaf:ed : '

2: Denvatron of Gmham's Léw‘of‘ Diffusion: |

Graham law states that “the rate of diffusion of two gases is in-
- versely pr‘oportrona/ to the square root of the:r densities / molecular
mass at the same tempemture and pressure:’

Hccordmg to KMT of .gases “at the same temperature and pressure,
the ma/ecules of different gases have the same kinetic energies-"

If we have two gases, then K-E of gas-1 molecules w:ll be equal to

K-E of gas-2 molecules-’ -
K'E of gasT = K-E of gas-2

We know that,

K = é'm,v,2 | (1) and
KiE, = ;;nvé SN >

Putting the values of K-E and K-&; from equabrans (2 ) and (3) in-

‘to equation (7), we get, Sl
7 : _ .
~2—mrl/;2 = _;— sz; o .

Cancelling %ab both sides of the equation

2 2
m,V, ."mzvz _

2
A
2
V2 m,

Taking square robt at both sides of the equation :

T ¥ [ F J /111 'aY 8
| J 4 ) |
f- Y >
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Nauab Chemist
0L . - r;“ .
V, m,

As numencally masses (m, m) are equal bo rnolecular masses ( M, M,) so,

= m, and m, = M,
u : M, '
= . 7
v sz =4 (7

" We know that, 2
S VAR § V Kr, . i T T
And V, < r, ; Krz; . Sty
Where r; =  rateioF d:FFusmn of gas-? and
ra = rate of diffusion of gas-2

Puttmg the values oF “l/" and V" in equabmn ( )%

Kr,
}< r_,_,_ /ﬂ,

B M et (5 )- '
o \m T
Molar masses of gases are: d:rectly proport:onal to: dens;b:es of gases,
M < d : . B '
Therefore h /5 e e (6)
‘ N4 : G

- Equations (5) and. (6) are bhe mathemab:cal F'orms of Graham s law

of diffusion _ oyt : - S _ |
Q14: Write a note on l:queFactron of gases- ( ET EA: 2019, B’ISE /Hdn 207@

m Liquifaction of Gases :
Definition: “The pro::ess of conversion of a 9a$ into its liquid _t,‘i;q{;g by

* increasing exte.rnal pressure and decreasmg temperature is caﬂed hque

faction of gases+"

Explanation: A gas cah be converted into its liquid state by incregsing

external pressure and decreasing temperature simultaneously-
| . FU.CUITII

‘b?. -
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closer By dgcre-asmg temperature the K-E decreases due to which at-
Lractive forces increases: As'q resyle

nd the molecules crowded together so ¢
forces between them causes them to cond
s obtained by compressor machines.

the molecular motion slows down
losely that the attractive
ense: The increased pressure

‘l’ e =
— —_ P
Gas not o .
liquefied €1° . © , .o [—> Expansion
.J, 0°" o Chamber
Compressoro ' o o n
e ; _5—)' Liquid gas -

Since expansion of gases causes cooling, therefore the low tempera-
ture is obtained by reéleasing the compressed gas to-expehd--For every
gas there exist a temperature above which it 'canncﬁ‘t‘: be _liguefied ‘by
applying / inc:feasmg pressure alone: [t is because K-E is so greater
that it can overcome the attractive forces between them- |

Critical Temper;aburé"( 1:): | , o Rl

“The temperature above which a gas cannot be liquefied by increas-
ing/ applying external pressure alone is called critical temperature:"
Critical Pressure ( Pg_): = [ 1B o

“The minimum pressure that is required to liquefy a gas as its criti-
cal temperature is called critical pressure:” |
Critical Volume (V.): -' | I it i
“The space occupied by one mole of a gas at critical temperature and
critical pressure is called critical volume:"”

The critical temperature, critical pressure “and critical volume are
called ¢ritical constants of the gas: | | ’

.‘qt) critical temperature and critical pressure the gas is in a state
Which is intermediate between gaseous and liquid state called critical



https://www.perfect24u.com/
https://www.perfect24u.com/

“ Nayab Chemistry Notes ~ 1" Year

Critical Temperature and Critical Pressure 0

States of Matter-) (Gases

£ some Gases

) -

17

5:No P I T D
K “Oxygen gas 118-8C 47-7atm
2 Nitrogen gas -?‘?7-_70' 33:5atm
{ 3 Hydrogen gas -239-9C° 12-8atm |

The critical temperature of a gas depends upon its size, shape and
 intermolecular attractive forces: The non-polar gases have low critical
temperature and polar gases have high critical temperatures:

ect: (ETEA 2016, 2019) |
“When a compressed 9as is allowed to enter from high pressure region
to low pressure region, it expands: This, sudden expansion causes cool-
£ the gas' The phenomenon of producing lowering of temperature
known as Joule-Thomson effect "

oule-Thomso

‘JN P
-
s

ing o
by sudden expansion is
Joule-Thomson Experiment:

The molecules of a highly compressed gas are very ¢
er These have strong attractive forces: When a gas is expanded sud-

denly, molecules move away from each other: This requires-energy in
order to break forces of attraction: This enerqy is taken from the

gas itself, hence gas is cooled down*

lose to each oth-

Bn insulated tube'is fitted with a porous plug in the middle and two
frictionless pistons on the sides: The gas is forced through the porous
‘plug by a slow movement of piston: The gas in the right hand cham-
ber is allowed to expand- The change in temperature is found by tak-
‘ing readings on the two thermometers: Most gases were found to
undergo cooling on expansion through the porous plug- Hydrogen and
helium were exceptions as these gases showed a warming up {nsb‘ead
of cooling* | |

Lind’s Method of Liguefaction of Gases / Air:

Lind’s method is used for liquefaction of all gases except H; and he
lium- This method is usually applied for the liquefaction of air+ The
apparatus consists - of .

(7) Compressor
(2) Cooler

(3) Spiral pype

e ———

www.perfect24u:com
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%) Expansion chamber .

s method is based on’ Joyle- Thomson effect-

The air is compressed to 200atm by q compressor-
Heat is pr oduced dw‘fﬁ9 compression of the ajr
The heat is removed by coolep-

Then #he compressed air passes thr;OUgh a spiral pype having a
jet at the end: "y P

2y (O=2en—
Fresh Air
1
T
)
T

® N

) ;
Tosst B e
$ -] A.Inlet of air
‘L _J : B. Cchmpressor
—~) | - C. Coﬂ'densing coils
_______ - ' 'D. Receiver for water
ey ”—> Liquid Air '| E. Copper spiral pype with a Jet )
: - | F. Liquefied air chamber

L!nde,Apparatus G.Outlet for liquefied air = -

5. When the air comes out of the jet into low pressure area [ex-
pansion Chambef]. ( Tatm) it éXpdnds Freeiy-" The pressure de-
creases from 200-Tatm- A T, L

6 Thus air is cooled down due to Joule-Thomson effect: - ‘

7 The cooled air movfés up, cool the :‘ncomihg-‘air (9as) of the jet
and then again enters into the compression pump, to be com-
pressed again® . L ko S

By repeating cam;::réssion and expansion process air is liquefied except

H, and He- T S Py

Water vapours .are condensed c_;.hd removed at the start-

@ Write down a comprehensive note on plasma state of matter-
ETEA: 2074, BISE Mardan 2018, Malakand 2073 . \

Plasma means shapeless or formless matter: [t is the fourth
state of matter: |t was .:'deﬂbiﬁed by an English scientist Willium
Crooks in 7379- Plasma is a Greek word which means diffused, unclear

o Semi-transparent matter:
S —
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. Definition: B s : | oo ™ i
- De . Lter, consists of equal number of positive iops,

“ state of M4 _
- 4 neutral particles as well is called plasma state:"”

electrons an

Origin: g;naﬂy applied by lrvmg Langmwre in 71928,

The term plasma was ori
Since an ionized gas cannot exist at room

for an romzed mixture:
" that is why, it was abserved for the " b;mg in an

temperature,
electrical discharge at high ﬁ‘cmperature ,

Formation_of Plasma:
Plasma is formed after the ionization of atoms or. mo{ecufes When a

solid is heated, it changes ©o liquid state: ‘On further heating liquid is
ours: When vapours are further heated, some of

converted into vap
them loses electrons and positive -ions are formed-

Definition: “Plasma is a m:xture oF neubral partmles pas;t;ve ions aad

free electrons:” o
There are two main -methods. for the Farmat:an oF plasma

7. When more heat is given to a substance, then most of its
atoms / molecules are ionized and plasma is Farmed

2. When electric current is passed through a gas. [nean etc] the
 both hghb and p!asma is Formed -

Note: e

Plasma is neutra! as a whofe, because it is-a m:x:‘:ure af’ ‘equal number
of positive ions, and free electrons [cations = negabrv.e electrons] Due
to free moment. of electric charges plasma is good conductar of elec

tricity. : 7 .

~ Occurrence of Plasma:
__1-. _Plasma is present in the region around sun and stars:
About:99% of-the known universe is p'lasma'-' |
Sun'is 1-5 million kilometer ball of plasma-
Occurs in ionosphere [upper region of atm]-

On the earth p/asma is /fm:ted to /rghtenmg bulbs, flames f"‘”d

SN

- neon signs-

- Applications:
7- A fluorescent tube is consisting aF long glass tube, filled with

‘neon gas: Neon gas in plasma form is used for lightening The
colour of p/asma depends upon the gas used-

___-'—",b’
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Plasma is used in semi-conductors, sterilization of some ‘medical
products [surgical instruments], fluorescent lamps, lasers, di-

amond coated films, high power macrowavcs sources and pu/5ed
power switches: .

Used in computers and telews:ons ( ﬂ/)
Micro-plasma wefdmg is a method which is used to join paper
and thin sheets of meta/s' 16 is mainly used in the preparation

of stainless steel, ‘water sborage tanks and k:bchen equmenf;s
Cold plasma is used in sterilizers:

Used to make plastrcs atbracb or repel liquids, wh:ch is used in
_printers: ~ . {0

Plasma spray .is a process whrch enab/e us to coat -any matena/
onto any other surface such as;

a Metal ont;a /nef:al T:tamum onto stee! f:o preVent corro-
- sion: : _

b+ Metal onto Non-Metal Copper onto parce/am used in capa-
c;bors i $ :

¢+ Non-Mental onto /nebal Alumina onto st:am!ess stee/ to
reduce wear and tear (U#)7) on stainless sz‘:eel | '

d- Non-Metal onto Non-Metal: Teﬂon onto ceram;cs r‘:a pre"
_vent corrosion by acids:’ :

Plasma

,Sohd

Example Example

" Example . .
_ Steam .. lonized gas

Ice

@ Molecules & & lons ) Electrons
The four states of Matter: P!asma is sometlmes referred to as the fourth state.

(,‘%3 /,u.__,/w) -'ltzfu”" Jf'aff’ U835 1 '

(,@uub/._./?)_‘:.ﬁﬁ M 4= F S S el 5 Ly u

(85 oy o) Kty S 6T L £ o de i P

- (Josd‘u/’)_c.dbdt.ﬁﬂi/j:qffﬂd‘(ﬂﬁ/ﬂ'-f.ﬁ/mr_alJU:VM(;LE—” I:l
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EXerase

/: Choose thie_correct option from ‘the ‘qiv.en options:
7. f absolute temperature of a . gas is daub!ed and the Pressury.
' reduced to one-half, the volume of the gas w:/l

¥ {4) Remain unchanged \‘ " (b) Be doubled .
(c) Reduced to half - v d) Increase four fnmes
2. One dm’ of hydrogen at 57'P weighs approximately: .
(a) 007899 .. . . (b)-0:0799g
(c) 0-0987g -/ (d) 0-08994

Be:.lna Factary producmg liguid .air, -one of the’ pipes carrying d,
air at. "8‘0"6 :s blocked bwth a wh;te sohd Thrs whn':e sohd is:

- (a) Argon (’b) lee
(¢) Nitrogen -~ .=~ J(d) Carbon dioxide - . -
4 The spreadmg of perFume or. scent in air is due ta
¥ (a) Diffusion - (b) Effusion . .
(c) ﬁtcracbfoh: with-air '(d) Low density 3

‘ 5 A gas has certain Volume at 10°C How much temperabure shoul
 be raised to double its volume? .

/(a) 566K (b) 283K (c) 293K (d) 283°C
_As10°C = K =10 + 273 = [283K S Double of 283-|566K

-6 The rat:e oF d:FFUSfan OF hydragen ( H;_) compared with he/ﬂiﬂ

(He) ist E 3 e
(a) 0:5 Jnrmejs' s i.‘ | v (b) 7-4 times ot ’
_(c) 2 times "l 3 (d) 4 t,‘mes
-H,;* e 4 2 ) .
,‘:>——,= eRT e E; Ll
Ne H Z, o

7 ’The non-:dea/ behawaurs results ch:eﬂy from:

- (a) /ntermo/ecular attraction and infinite vo!ume
© (b) Elastic collisions and finite volume .

V(¢ lntermafecufar atbract:ans and -fi nn':e volume -
¢ d) /ntermo!ecu/ar attractmn only

| -vaw.pe'rfe_c_t24u.co'm |
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. (b) 25°¢
/(9 € and 0:500m (d) 40 Z;j 23255: o
atm .

g (Which statement about ¢} behawow

not correct? OIF the particles in a gas is

(a) They are able to Move at great speed' | ;
(b) Force of abtractzon betWeen partitles ‘are neglfgfble
(¢c) There is large space among the particles

/ (d).They are arranged in regular pattem

70- At the same .temperature and pressure whith of the following
gases has the greatest density- ;

(a) CO, . (b)) 50, J(c) cl, '(d) s
77 Weight of 7dm of. 0, at STP is: el Gk
Y (a) 7435‘49m_ L DY 74394gm e
(c) 1163849 . (d) 133845
72: The value of ideal 9as constant in dm’-torr-K’ -mol’~
(a) 0-0821 () 1198722
L(e) 62-36% 5 (d) 83143
13- 760 torr is equal to:: R LT el .
(a).760 Pascals. . (b) 76 Pascals
v (¢) 101325 Pa Y (d) . 1°01325 Pa-

4 At 50"6 a..gas has- fat':m “pressure, and 20dm valume, its vo-

lume. at-STP will be .

/(a) 16-94dm’> (b) 70-92dm3_ |

(c).3-66dm". - (D% .2dm’

T = 506""333!( P‘?atm l/"'20dm,l/ =P
=Qc = 273K, P; © 7af:m | :

PM" Bl
R - -
AT, Mﬁlﬁﬁ (16-9%dm* )
- o 7-’;;,2 - 333K x T atm ‘
% BRECLLIL

15 Which of the following gases will have the Fastesb effusion rate?
J(a) CH, (b)) NHs (c) €O, .. (4O
WWW. perfect24u com
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- Short Questrons |

QI: Just:Fy that lem® of hydrogen and Tem’ ‘of methone at STp il

have. same. \number of. molecules,. although - one: molecule of CH, i 8.
times heavier than that of hydrogen-

IR According to Avogadro’s law, equal volume. oF all gases contaiy
equal . number of molecules -at - the same temperature -and pressyp,.
The mass and size of m.o!ecu_les do: not - affect the volume: Thus sjp;.
larly one molecule is approximately at a. distance ‘of 300 times of ji;
own diameter from its near. neighbour. at. room. temperature Thus we
may say that Tem® of H, and 7cm of CH at STP. will have the same

number of molecules

Write down these postulates:

| @2: Do you think that some postu!ates oF K/HT oF gases are Foulﬁ

| 4Ans: }/es,_ ! thmk that two postulates of KMT of gases are faulty

These points are actually incomplete and needs detail These are;
7- * There are no attractive and repulsive forces among gas molecules:

2+ Volume of a single gas. molecule is oegl:g:ble as compared to total

~volume of the container-

Q3 Why hlgh pressure and low temperature make the gas non-ideal?

i When, pressure is increased, molecules come doser, the empty

spaces among them reduces and thus the volume ofa smgle gas mole-
‘cule is no longer neghg:b/e and possess effective vo!ume S0. at high
pressure volume of a single molecuie catinot be neglected -as compared
to.total volume OF the container:

" Similarly by decreasmg temperature, the K E of molecu!es decreases,

their motion become slow, and the molecules com closer- When the

- molecules come closer, attractive Forces !!?Cf‘ea&‘es wh;ch make the gas

non-ideal-

1% becomes clear that at Iow temperature and h:gh pressure gases be

come non-ideal (real)

' Q‘/ What s your: opinion._about rapid -expansion of gases causes coo@

LG When the compressed gas suddenly expands, the molecules move

—

\A/J AY T J II' e N
U Wi U I |
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~ qway from each others- During expansion,
cular forces needs ‘energy, which

the breaking of intermole-
is obtained from the gases itself,
cnergy becomes lowerand thys 9ases are cooled down / liquefied-

@5: Why do you. think that hghter gases can dfﬁ‘use more rapfdfy
than heavier onhes? 2 _

m According to Graham’s law of diffusion .of gases, the rate of dif-

fusion. of two gases js inversely propartmnal to bhe 54“‘"' e roog of
their densities or molecular masses-

W

It means that rate of dfFFus.ron of .a gas depends upon the’ dens:{:;es /
molecular -masses of the gas molecules- Higher. the molecular mass,
!ower will be the rate of diffusion and lower the molecular mass,
Faster will be the rate of diffusion- It means hghter gases. will diffuse
 quickly as compared to heavier gases- !

» NH, diffuses 1-5 times faster than Hcl
» H,_ d:FFuses 7 4 trm'es Faster than He ( he./:um)-r :

Numencal Quest:ons‘ :

Ql: A mass of gas is under a pressure of 760 torr, and .occupies vo-
lume " of 525¢m®+ If the pressure is doubled, what volume would the
gas now occupy? ﬁssume the temperabure is canstmnb 1B

Solution:
Initial pressure ( P, ) = 76060#5
Injtial volume (V) = 525¢cnr’
Final pressure (P) = 7520torrs
Final volume (V,) =
According to Boyle s Iaw,

PV, = PV, |
760torrsx5256m [262 5¢:m ] S
f5206m

Q2: H, gas diffuses through a porous plate at a-rate of. 500cm per
Minute at 0°C- What is the rate of diffusion of oxygen gas through
the same porous plate at_0°C?

—
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Solution: infys B | 0
Rate of szFus;on of H, = = 500cm  per m;qube at 0°C
Rate. of diffusion of -O; = 1, = ? cm per .m:'nute.at O"C

fo, |
Molecular mass of H, =,mH: =_2amu
Molecu!ar mass of 0= M, = 32amu

Hccordzng to Graham’s law of dfFFusxon

i = _2 o}- .E._ Ji— =,
ra | 'dr s r
o= |2 x 500cm

* 32

[ro, = 725¢m- min” |

I}

@3: It was desired- to obbam a Volume of TOOOCm of oxygen at
7100°C and 640mmHg- How many moles of oxygen would be required?
Solution: !

Volume =V =-zoooam5 = 7dnm’ '

Temperature = T = 100°C = 100 + 273 = 373K

Pressure = P = 640mmHg 0- 842atm
- Number of moles = n = ?

z:%carding to' general gas equation;
- PV =nRT
. A
RT _

| 08‘42,5% x 14
0-0821 gt - ifi® - mol™ - %’/x373}(

[n = 00275 mole]

Q4: Calculate the dens:ty oF CH, at O°C and 7m':m-' | j

Solution: |
Density =d =7
Temperature = T = O"C——e» 273K
Pressure = P ="Tatm
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Molar mass of CH, = 164/mo| "

 general gas constant = 0-0827atm.dpm? -mo/"-j{f
. the density formula: CEL vats

Jsing ) pm
47 RT

47 00821 atmdmmol KT 5 2735 (0:714g:dm)

ﬂP’G of Ar HPf?On:‘_‘_W."ﬁh‘na‘ volume of 6-25dm® and a pressure

¢ 765¢0rT and.a -temperature of 20°c s expanded to a volume of

;_55dm:’: and a pr ESSlE e of 375¢torr: 'tht_‘si M’l{ be its final tempera-

tolution: P T

o - 625dm T

P = 765torrs — 7-006atm :
T, = 20°C = 20 + 273K = 293K
v, = 9:55dm° ot -

P, = 375torrs = 0-493atm
According to generaf." gas equatioh;"\ :
- PY._RV,
RUT, = RV,T, [Cross multiplication]
fe BT Tl e
B B

- 0-493 atm x 9-55dm® x 393K
1006 atm x 6-25dm’
[T, = 219-40K]

* Descriptive Questions i

¥ (a) Explain the concept of diffusion and effusion of gases- '
(F) Apply the knowledge of: kinetic molecular. theory of gases and'dg- ,
e an expression of Graham’s law of diffusion- . . :
(©) e rate of effusion of an unknown gas' through a pinhole is

ﬂ’“l-\tg be 0-279 times, the rate of eFfusir)n of H, through the

hll.,
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| : unknow :
Calculate the molecular mass of bhe. m

FIB (a) Please see question number 72 _
(b) Please see question number.13 part (2)
- (c) Rate of effusion of an unknown 9as = I, =‘ 0'279

Rate of effusion of hydrogen = r, =1T.

same pinhole:

i . - o . =g
. Molecular mass of unknown gas = M, = 7,
" Molecular mass of hydrogen = .M, = 2amu,

.F)ccora’:'ng to-Graham’s law of  diffusion; =" == "

'I-I - M2 __.r'Lf_z. : _mx o e -' o
rzl S\, L 'mn‘., e w

Taking square at both sides

_ rzHg _ M,
réx WH; _ | -
2 .
' : H
mx : rr2X2 < _MHz :
- . qR g Rt 7 P e —
M, = X2= 7285 x2

— X2
© (02797 " ° T 00778
M, = 2570 amu] | | f
50 molecular mass - of '_thé_ unknown as is 25 ‘7amu which is approx-

imately equal to 26amu- . ,

Q2: (a) State Dalton’s law of partial pressure- Write down the ap-
plications of Dd!tan"s law- | r. = ) 9

(b) Explain significance of é'bso!ui.:e zero, giving its value in degree
Celsius and Kelvin- ‘ ST i .

(¢) What pressure js exerted by a m:'xf;’ure of 2grams of helium
(He), 16grams of oxygen (0,) and 10grams of " carbon dioxide (C0.)
at 10°C in a 5dm? Vessel? : ' ¢k '

' m (a) Dalton’s Law:
Statement:

— |

“The total pressure exerted by a mixture of non-react:’
gaseods _mixture s equal to the sum of ¢

the gases present in that mixture-”

he partial pressures of '
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s

ﬁgphmbmns of Dalton's Law

4%

4""')

f [
When a gas is collected over the surface of water, it becomes
wet and water vapours mixes with the gas molecules and forms

a homogenous mixture: The pressure of dry gas can be . calculated
by using Dalton's law- "

=P, & _

Pew = Pr = P,, [ W'v—> water vapours]

77?6 respiration of animals depends upon partial pressure of gaS'
es* The Pm‘i‘!al pressure of oXygen 9as in  human’s lung.
116g/em® and in” air it s 1599/¢cmd- - So oxygen ‘moves from hrgh
pressure region (air) into low pressure region ( Iungs) Similar—is -
the case for CO, gas, which tomes out of the Iungs because n':s
partial pressure inside the lungs is Iugher than that in air:

At high altitudes, partial pressure of oxygen is low [7509/cm3]
so pilots feels uncomforbable in brem‘:h:ng 771us p:!ots must use

- pressurized cabins-.

Deep see d:vzrs use mixture oF axygen ‘and any inert gas for
breathing: The reason is that after e.Very 700 -feet depth the ..
pressure increases three times than normal- Moreover due to in-

~ Crease in"_pressure, nhitrogen  diffuses into blood- Due to the

(4)

.above reasons, divers cannot use normal air for breathing-

Absolute zero is important because, when a gas is cooled to ab-
solute zero its molecules stop moving / molecular motion ceased
up- This is a theoretical concept- It is the lowest possible tem- -

' perature. where nothing could be colder and no “heat energy re-

(c)

mains in a substance
Absolute zero [O K] = -273°C and - ~459°F

Solution:

Mass of He = 2grams
Mass of 0, = 7_6'_gram_s
Mass of 60:2 = 704

n - 2 — —;-:,5 [0'5 m0f85]

et
S W
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Inoz -‘.EE 2 .
o 2= [ 00227, mofe‘] K 2amt 2P
o Heo, 44 5 0 5+0 227—[7 227 mO/es]

*“ Total number of moles' ( nr) 0

Volume of the container.=V = 5dm’
'Temperature. = T=10C + 273 = 283K
According to ideal gas equatmn, PV = nRT ey
P= f%,i g poly
iy 7227 mo!e. X 0 08‘27 atm dm mol K X 283K 3 [5 ki atm]
S " 5dm’ _

Q3: (a) How wauld you re!ate temperature to the average K-E of|

the part:cles in a substance’-’ | o
| (b) Explain Lmd s methad for the I:quefact:on of' 9ases
(¢) Give two pamts of evidence to show that gases do not behaVe

ideally under all conditions of temperature and pressure:

; m (a) ‘As stated in the kinetic molecular theory of 9ases that av-
erage -kinetic energy- oF molecules is directly proportional to absalute '
‘temperature: “50 temperature and average K-E of molecules are di-
rectly related When a substance absorbs heat, the molecules move
Faster so the average kinetic energy, and thereFore the temperature

H'?CFBGSB

ﬁctuaﬂy temperature is bhe measuremmt of t‘:he aVerage kmetn:
- energy of the molecules in a system |

(b) Please see quest:on number 74

() - All gases ‘are ideal under certain cdndzt;ons oF ternperature and

pressure but gases do not behave ideally under aII condxt:ons oF tem-

perature and pressure It is because: '

~7- - At very low temperature attractive forces among gas molecules
exist and gases show non-:deahty at low temperature-

2- At high pressure the volume of a single gas molecules cannot be
neglected -and has some volume [effective volume] S0 gases show
naﬂ-:deal:ty at high pressure

\/ V/ ' - —— -
) - T . 1 11
. :
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o (@ ) Write the Vander (aqf ‘equation for real gas: Clearly explain

Ly cnter into a low Pressure vacuum (explain]-
. Define and describe the prope'rb_i_qs_,'a-P.pfastfm_'-

(a) Please see ‘question” nurmber 70.
") The-:gempemt‘fq:re‘qu‘ 'd“ réal''gas’ Iﬁsdéﬁ-y"'drops when .it is- allowed
to anter int0 4 10 proSsure Vegion 18 s because, th ifeculéd oF
highly wmpressed gaSes?are very “close” and 'haVe vé’fg.{f“s'éfoﬁg‘. forces of
attraction” When this gas. suddenly 'expands; then “molecules " move
apart and _energy _'i‘s' required to bf?e:'d‘!{':'dfférfﬁé_/eéd-}&f ‘forces / attrac-
vions: This enerqy is taken from . the gas itself, thus | t_empe'}" ature of

the gas drops and cool down- A 25
(c) Please see question number 15 for this s'é‘cztz‘d_n-_" : :
05: (a) State basic postulates of KMT of gases- ~ . .
| (b) Explain how gas laws can be deﬁ’vedgfrbm- k:hqéic\.mble__c.ular |
theory of gases: . o ) y s e b
(c) Explain absolute zero on the basis of Charles law- :
I8 (4) Please see question number 2- L
(b) Gas laws can bé derived from KMT as;
(i) Deriva_?:icn of Boyle’s Léw;_- ./ L : - x|
According to KMT, pre_ssur‘-é of the gas is due to the number of colli-
sions of molecules per unit area- When' volume of the gas is reduced |
by one half- of its original volume at constant temperature: The .
number of collisions- on the walls of the container becomes double: It
Means that ‘pressure of the gas became double: This is the statement
0f Boyle's law, that when volume decreases pressure:increases, i-e:
5 b i | A .
i R L

(i) Charles Law: s | i : o '
Aecording o KMT, average K-E of gas molecules is directly propor
“onal to absolute temperature: By increasing temperature,. K-E of
Molecules increases, which will exert more pressure on the walls of
| the container as well as-upon . the piston: As a result the'piston
ﬂ‘i":‘s_fpwtvrd and thus the volume will be increased- It shows -that

| B
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volume is directlyproportional to absolute temperature, which S tha

statement of (Charles law: This relation can be represented as;.
T o« K-E .oc molecular motion < no of. colhs:ons -—>mbernal pressure &

~ volume
+ (i) Dalton's Law of Partial Pressure
Hccordmg to KMT, there are .no .attractive and repuls;Ve forces

among 4as moiecuies Therefore, molecules of each gas .in. the mixture
behave independently- These will move freely and will exert their owp

pressure (individual / partial pressure]:. Thus botal pressure of the
non- reacf;rng gases will be equa/ to the ‘sum oF the partial pressures

of all the gases present. in the m:xf:ure, wh:ch is the statement of

Dalbon s law-

(iv) Graham's Law of D:fi"us:on . |
According to KMT, at the same temperature, molecu!es of every gas

have the same average A‘met;c energy- Let we haVe two gases, then
K-E of 9&5-7 molecules will be equal ta K-E of 9as-2 mafecules

KE = KE,

% r‘/zz-_z‘%mz_v.;

V:_om  Z

v: £ X m,

N my, e

Taking square root at both sides of the equation

U - |m; '

v \m

Tais zquation, shows th“t the average velocity of gas: molecules is in
versely proportional to the squere root .of their masses, “which is the
statement of Graham'’s law- As numerically masses are equal to mole-
cular masses so,

__Fo,.(z Rk

(c) Please see question number 6-

If you rest you will rust. If you work, then you will shme
When you shine, the world will give you credit.
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