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College Chemistry: Part-I rimental Technigues in ¢y,
m

(iii) Differentiate b/w adsorption & partition chromatography.
(iv) What are different methods used to dry crystals?
(vl Write down the uses of chromatography.
(vi) What are the major steps for complete quantitative determination of a sample?
tvil) Name the solvents commonly used in crystallization
(vill) How the undesirable colour can be removed in the process of crystallization.
{ix) Differentiate between qualitative and quantitative analysis
(x) Name the substances that can be purified by the process of sublimation.
(xi) Write down the distribution equation for the distribution of I, b/w CCl, and H,0?
(xii) What is analytical chemistry?
Q3. Answer any Eight parts from the followings.
(i) How does Gooch Crucible increases rate of filtration?

(i) Why fiuted filter paper is used?

[iil) Why concentrated HCl and KMnO, solutions cannot be filtered by Gooch Crucible?

(iv)- Write the names of the major steps involved in the crystallization?

(v)] What is mother liquor?

(vi) What is the safe and reliable method of drying crystals?

(vii) Why crystallization is used?

(vill) Write down the main characteristics of the solvent used for crystallization?

(ix) Define distribution Law or partition Law?

(x) How the mixture of naphthalene and sand is separated?

(xi) What is ether extraction?

(xii) What is paper chromatography? What are its types? |

Q4. Answer any Six parts from the followings.

(i) How R, value is calculated?

(i) Define sublimation with an example?

(iill) State solvent extraction and give its importance?

(iv) How filter media is selected for filtration? ;

(v) How value of distribution coefficient affects the separation of components of a mixture in chromatogrep

(vi] Why hot fitration is necessary during crystallization?

(vii) What is chromatogram?

(vili) Describe method to collect crystals from mother liquor?

(ix) How iodine is dissolved in water? | d

Section - 1l (Attempt any three quuﬂom) (8x 3)=24

Q5. (a) Write down five characteristics for an ideal solvent for mtallimtlen?

(b) What is the disadvantage of slow cooling in cwstnﬂhtipn? :
(c) What is the basic principle of crystallization? v _

Q6. (a) What is distribution law? Give emmples w
(b) Define the following P
(i) Sublimation (if) Chromutography V.

Q7.(a) What are the important considerations for a good filtrallon process. - eingl¢
(b) Why repeated extractions using :mnller portinm of sﬂlvent are more beneficial than using® (
extraction with larger volume of solvent?. | |
(¢) How solvent extraction is carnried out?

Q8.(a) How many different ways ate there to carry But paper chromatography? Briefly descr!
procedure for ascending paper chmmatogmph

(b) Stem &f funnel in filtration should be several inches long. Why?
(c) What type of substances cannot be filtered through Gooch crucible using filter paper’

Q9. (a) What are the common laboratory experimental techniques?

(b) A solid organic sempound Is soluble in water as well as in chloroform. During its PreP?
in aqueous layer. Dascribe a method to obtain it from this layer.
(b) How will you prepare a fluted filter paper?
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TATES OF MATIER

Matter.@xists in four states.
(1) Gas (1) Ligquid (ii1) Solid (iv) Plasma

Liquids are less common than solids, gases and plasmas. It is because the liquid state of
any substance can exist only within a relatively narrow range of temperature.

NProperties of Ggses

1. Indefinite Volume: Gases have indefinite volume. The volume of the gas is equal to
the volume of container.

2. Indefinite Shape: Gases have indefinite shape. They adopt the shape of the
container in which they are stored.

3. Low density: Gases have low densities than solids and liquids. Thus gases bubble
through liquids and tend to fise up. |

4. roule-Thomson Effect: When gases expand suddenly, they cause cooling. This effect
is known as Joule-Thomson effect. This effect is used in the liquefaction of gases on
industrial scale.

5. Effusion & Diffusion: Gases can effuse and diffuse.

6. Effect of Temperature: Gases expand on heating & contract on cooling i.e., Increase
in temperature increases the volume of gas & vice versa. Liquids and solids do not
show considerable increase in volume by increasing temperature.

7. Effect of Pressure: Gases expand on decreasing pressure and contract on increasing
pressure.

8. Gas Pressure: Gas molecules are in constant random motion. During their motion,
they collide with the wall of container. These collisions develop a pressure called Gas
Pressure

9. Intermolecular Forces: Gases have very weak intermolecular forces.

1. Definite volume: Liquids have definite volume.
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2  Indefinite Shape: Liquids have indefinite shape. They adopt the shape
| container in which they are stored.

| ; A All gases behave uniformly. WHen pressure and temperature are changed, the volume of
3. Constant motion: In liquids, molecules are m_ constant Motion. Evaporation and gases is changed. The gas lawsdéseribe this uNET beh@our ol asiecs.
| diffusion properﬁes of liquids are due to this motion. The relationships between volume of gases and the external conditions like -
The densities of liquids are greater than gases and close to solids. temperature and pressure are called the gas laws. r.
4 Densities: | he o | i —
' | forces among the liquid molecules 4, X
5. Intermolecular forces: The mtermoIeo:ﬂm ‘ Lo e Beercioc 0.4, (on | @_. 1
tronger than gases but weaker than solids. The melting poin g points g hot @Eovic’s il o D . e #?)5 :
ronger e's law of gases? Gives : \&
liquids depend upon the strength of these forces. What yle’s gas lves its experimental verification

. . : : :
6. Spaces: The spaces among the liquid molecules are negligible just like solids _
. Spaces: Liquid molecules have K.E. Liquids can be converted into solids b Robert Boyle gave this law in 1662, It states,
1. Klozlel::; ::c;?éecggsing the KE of it o os At constant temperature, volume of a given mass
C X

of gas Is inversely proportional to
Collisions: Molecules of liquids collide with one another and exchange energy. Hhe piagure exegicd ‘"'1' 2
ons: I : : <4 - . T bod
g. Dl: on: Liquids can diffuse into other liquids. However, the rate of diffusion & ‘ . Mgthemahcally Va 5 (When ‘T" and ‘n’ are constants)
smaller than that of gases. N
P
: or PV=k _(1)(When ‘T’ and ‘n’ are constants)
1. Definite shape: Solid have definite shape. ' > _' - Eq (1) gives another statement of Boyle's law
2. Definite volume: Solid have definite volume. .y " | At constant temperature, the product of pressure and volume of a given mass of a gas
| Molecules of solids are very close to each other. They are tightly packed. Is always constant.
3. Spaces: Molecules R 4 L If the pressure of a given mass of gas is ‘P, and volume V', then by changing pressure
4. Incompressible: Solids are incompressible due to tight yacking. e b ctir il b U it .
5. Intermolecular forces: Solids have strongest interm_olemlar forces.l | So P, V, = P, V,
6. Vibrational motion: Solid particles only show vibrational motion.
7.

Diffusion: Solids have negligible rate c:f .diffu_sign'.

Experimental Verification of Bovle's Law

* Consider a gas in a cylinder fitted with a movable piston at 25°C. The cylinder is fitted
with a manometer to read the pressure of the gas directly.

Let the initial volume of gas enclosed in cylinder is 1 dm® and pressure is 2 atm.

ressure and Units of Pressure

Pressure is the force per unit area. i.e. P = F/A . 2

| is Nm -2 ( Paécal ). 1Pa=1Nm*.
The Sl unit of pressure is Nm~* ( Pascal ) | il S
The unit pound per square inch (psi) is most cammonl? used in engineering
The unit millibar (mb) is commonly used by materologists.

‘ - ure.
In chemical work, pressure is defined in terms of standard atmospheric press

The pressure of air that can support 760 mmklg eolumn at sea level, is called one am oshphere.

It is the force exerted by 760mm or 76cm long column of mercury on an area of 1cnut o°C

&« ©° @& @

1i2 am

gph”
. el -~ da ne atmo

It is the avefage presiure of atmosphere at sea level. Its symbol is ‘atm’. 50, O

can support 760 mm column of mercury at sea level. |
lnmmmcn'd'm_rjow pressure units 1 395 K"

' _ 10
1 atm = 760 torr 2260 mm of Hg = = 101325 Nm® = 101325 Po
(kilopascal) = 14.7 pound inch 2 = . fibars:
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because, at high temperature, the yolume oF giseslis increased.

PV,=2x 1=2amdm" atm=Kk

Similarly, if curve is plotted &f furthefihigher temiperature, then the curve furtt

T . its volume becomes half. ther goes
e 'When pressure is doubled on the gas, its vol R frosn the two axes, -_ 3
ThusP = 4 atm and V = %2 dm’ ‘ | cdtr
b A2 :
Thereiore . Exercise Q.4. (b): =W Ty 25 | r
PVp=&x 2= 2atmdm” =k _ | Why do we get a strgight line"When pressures exerted on a gas are plotted against inverse of
e Similarky if pressure is tripled (i.e. 6 atm) on the gas, IS volume is reduced to 1/3. volumes? This straight lifle changes its position in the graph by varying the temperature
- Justify it.
PV,=6x 13 = 2 atm dm® = k Graph betwween P and 1/ V
’ -_ The plot gl pressure{P) on Y-axis against inverse volume (1/ V) of : :
ot of P and V is always constant. Hence Boyle’s law is verified. A ' SDTES" | | g me (1/ V) ol 3
Since product of gas. on A-axis gives a straight line. It is because increase in pressure
ﬁ : F . * e B
Example 1: decreases the Wolume hence inverse of volume increases. Thus, ‘P’ is
- 'rrect] ' J
A having a volume of 10 dm” is enclosed in a vessel at 0°C and the pressureisli _d : K Pragrtional to lV |
m::' : This gas is allowed to expand until the new pressure is 2 atmosphera & At higher temperature straight line becomes closer to Y-axis. It is
What will be the new volume of this gas, if the temperature is maintained at 273 K? | because at higher temperature volume of a gas is Figure, A plot between P and 1/V
Solution: : - ® The straight line passes through the origin because when the pressure is close to zero
V; = 10dm V= ¢ then volume is so high that 1/V is very close to zero.
P,= 2.5 atm P, = 2 atm

Since the temperature is constant (T, = T,), thus according o Boyle's law Graph between PV and P

¢ A plot of ‘P’ on X-axis against 'PV’ on Y -axis will give a
P\Vi = PV, straight line parallel to X- axis. The straight line shows that 'k’ f is a
p.V constant quantity. PV K
Vp = ;, | | | | * At higher temperature, volume of gas is increased. But new
: " n value of PV also remains constant. Thus, a straight line parallel e to
3 0 . X-axis is again obtained at higher temperature. P —
Vy = oo x 7o g * This straight line helps us to understand the non-ideal e reTeDre
2 atm - behaviour of gases. and product of PV

Graphical explanation o Bovle's lau

What are Isotherms? What happens. to the positions of isotherms when they a f

high temperature for a pafiglor g7 S8 Sl

— T e

o The plot of yolume of a gas on Y-axis and pressure on X- l \
axis at cofistant temperature (eg, at 0°C) gives a curve

called isotherm. '

o If this graph is plofted at higher constant temperature (e.g.,
at 25°C), then the guve qoes away from both axis. It is

Boyle's law is only applicable to ideal gases. % %
(P

Exercise Q5 (a): v
What is the Charles’s law? Which scale of temperature is used to vertfy that V/T = K
(pressure and number of moles are constant)?

CHARLES'S LAW. » s e

“1enc ||"| \ thiS'W'

[t states
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Al constont pressure, &taohcdaﬂndmdwbd’mpmpomonahﬂ[he

shsolute (empercture.
Val at constant ‘P’ and 'n )
V=kI
e 1)
- i

Aiso Vi_Vz_y

T: Tz

Eg. (1) also shows that

At constant pressure, the ratio between the volume of a given mass of a gas and its
absolute temperature is always constant.

'

The graph between V' of a given mass of gas and “T" will be a straight line. It is because
V' is directly proportional to the absolute temperature.

/

« Consider s gas, enclosed in a cylinder fitted with a moveable piston. At temperature T
the volumne of gas is V.

By haeumg the temperature to ‘T,’, its volume is increased to ‘V,’. The pressure 07 the

College Chemistry: Part-]

Itis observed that ratio betwe
constant at constant pressure

1.e;

(ases

° en volume'ot a

ven mass of tem |
Siven mass of gas and lemperature remains

Mo

The miathematical fornd ©f Charles's law is

-
T

This eguation onlp holds if temperature is on Kelvin scale
Example:

Consider the following data for a gas when the temperature is on Kelvin scale.
Vidm') 746
373

T(K)

VT (dm’K ')

V

Hence value of T is always constant.

However, if temperatrue is taken on Celsius scale, then the above relation is not satisfied.
€.8. Consider the following data for above gas when the temperature is on centigrade scale.

F.

Vidm') 846 746
T("C) 150 100
VT (din'’ "C ') 4 I 5.64 7.46

V |
Hence, value of -~ does not remains constant.

Thus, Charles's law is only obeyed if temperature is on Kelvin scale.

w
E“amp" 2: |

:::.ﬁm' of hydrogen Is cooled

s2tant, Caleulate the new volume of the gas at low temperature.

from .127°C to -27°C by malntaining the pressure

vl)(J"ffl “/2 o P
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College Chemistry; Port-1 104 "
' Caye,
Tl - 1270C+273 - 400 K T' — ‘270C+ 273= 246 K

According to Charles's law

Vi.Y2
TI T?
V K«Tﬁ
Vr‘ o i -
-~ TI
v, u 220 X240 _153.8 em? = [0.1538 dm®
) 400 |

Exerclse Q6. (a):
What is Kelvin scale of temperature? Plot a graph for one mole of a real gas to prove that o
gas becomes liquid, earlier than -273.16°C. (Graphical Explanation) |

Absolule Zero _

The hypothetical temperature at which the volume of all gases becomes zero is called
absolute zero,

:'_2134.1_@0(;:"%

For routine calculations the value of absolute zero is taken as -273°C

Its value is

Mathematical Explanation: Quantitative statement of Charles'’s law

- At constant pressure, the volume of a glven mass of an Ideal gas Incréases o
| decreases by 1/273 of its orlginal volume at 0°C for every 1°C rise or fall in temperatur

e —

| respectively. | |
Thus Volume at TC = \Jy = Vf,[ &0+ T) (1)
. 2l T & _
I where Vi = Volume at T°C T=Temperature in °C '

Therelore at -273°C

273 - 273
V.273 Vu( 7 -) = ()

* The temperature =273 °C s callgd AbsolufeZero of Kelvinscale. Thus volume of @ g>

becomes zero al absolute zero. |ue
* Absolute zero can never be achieved, It is considered as the lowest temperature. Its V@
s Independent of the nature of gas.

* Charles's law s nol gbeyed when the temperature is on Centigrade scale. For !
Kelvin scale was developed with 0 K = » 273 "

is, reasd’

College Chemistry: Part-|

Graphical Explanation

m Gases

e According to Cl?afless law, whene@ graph s CNE
plotted between V' and ‘T’ for a/gas, a Straight i
line is obtained X /
o This line intersects the témperatute axis af
—273°C, which is consifleted as t‘he lowest ; /
temperature. Ve PR
e This temperature istachieved ifsthe substance mre e oo e
t°C —»

remains.in the gaséous form. But all gases liquefy
before reaching this temiperature,

o Thus, the lines of all the gases‘are extrapolated. They meet
‘T' axis atw=273 °C atihich the volume of all gases
becomes zero. Mowever, it can never happen for a real
gas. Thus, -273 °Clis taken as zero of Kelvin scale and it is called absolute zero.

o Generally, greater the mass of the gas greater will be the slope of the line. It is because
greater number of moles of gas occupies more volume.

absolute zero

Fig(3.7) The graph between volume

and temperature (' C)

SCALES OF THERMOMETRY

The branch of science which deals with the measurement of temperature is called
thermometry.

‘There are three measuring scales of thermometrv.
(1) Centrigrade or Celsius Scale (i) Fahrenheit scale (11i) Kelvin Scale
(1) Centigrade or Celslus Scale (°C)

The temperature measured on this scales is represented by °C.

On this scale freezing point of water is marked as 0 °C and boiling point as 100 °C. The
distance between these two ends is divided into 100 equal parts. Each part is equal to 1°C.

(1) Fahrenheit Scale: (°F)

The temperature measured on this scale is represented by °F.

On this scale, the freezing point of water is marked as 32 °F and boiling point as
212 °F . The distance between these two ends is divided into 180 equal parts, Each part is

equal to 1°F.
(1) Kelvin scale (K)
The temperature measured on this scale is represented by K.

Interconversions of different scales of thermometery

- 5 - 4
Fahrenheit to Celsius - 9 (°F -32)
. . 9D n A
Celsius to Fahrenheit 'F = 5 "C+32

Kelvin to Celsius and vice versa K= *C + 275, 16




Exercise Q.7. (a):

What is the general gas equation? Derive it in various forms? v
GENERAL GAS EUQATION ==

Derivation
For a given mass of gas, the three variables i.e.; pressure, temperature and volume cap, t,
inter-related by one equation known as “General Gas Equation™ or “ldeal Gas Equation "

According to Boyles' law

“At constant temperature, volume of a given mass of a gas is inversely proportiong]
to the pressure exerted on it” i.e;

Vaé (at fixed T & n) (19

According to Charles’ law

“At constant pressure, the volume of a given mass of a gas is directly proportional to
the absolute temperature.” 1.€;

VaT (Atfixed P & n) (2)
According to Avogadro's law

“The volume of a gas iIs directly proportional to the mass (moles) of the gas af
constant temperature and pressure 1.e;

Van  (Atfixed T&P) (3)
Combining eg. (1), (2), (3),

nl
So Vu—P—
or v=n__Rl'__
P
or PV = nRT (4)
here ‘R’ is constant kng S Univ gas constant.
£q. (4 ) is known as general gas equation
For 1 mole of 2 gas

HPV &T are changed for 2 gas from PV, &T, 10 P,V,&T,

Thes PV, PaV;
g Tl Tz

[f T * and 'n’ are constant thef Pl k (Boyle's Law)

RT
P

If ‘P’ and ‘n’ afécenstant then V = kT (Charles’s Law)

n
or V=

or _ il
P sl
If ‘P’ and T" &
an are constant then V = k n (Avogadro’s Law) \ %;,
Exercise@7 &)1, T

Can we determine the molecular mass of an unknown

gas if we know the press
lemperature and volume along with the mass of the gas. o

—_'___——__.____—_____
Wolecular Mass of Gases|

The general gas equation is
PV = nRT (1)

Since

Number of moles = n= Given RS A

Molecular mass M

So equation (1) becomes

PV = = xRT 2
Tia ___(2)
mRT
or M = —_— (3)
=, Elo-I
Thus knowing, pressure (P), volume (V), temperature (T) and mass (m) of a gas, its
Molecular mass (M) can be calculated. % :i?
Etel"l:'bg Q7 (c): -
How do you justify from general gas equation that increase In temperature or decrease of

Pressure decreases the density of the gas?




The general gas equation 5
pj — HRT F 1 /
| (stvern mass m
5‘::’1!’.& Fi - I ES——
Molecular mass M

So eq (4) becomes

11
PV =—xRI (Z)
v i
. PM = - xR (3)
v - TelE
m

Since, d = v 50 eq. | 3 ) becomes

CIense iy VInime

IDEAL GAS CONSTANT ‘1

¢ Dumernical value of ¥ is ttally independent o the natute of the qas,

¢ Hdepends onihe units AV and V',
¢ The value of W s caloulated lor one ke of 5 gas m STV usitla Avogadid's Lav
Petoniing \ ognind s b, M STV one mole df w ams occupies 22414 drn”

A TP _
f= 11 muhe T=PCS 2] 1.0 st
V=722414 dni? =7
. p Y 1x@2414

i 4x275
K = 00821 dim’ atrn ol K

51,,..‘;

: 7 3
o B= 024 dm’ mm of Ha mof* K '
g B = 624 dm’ torr mol" d
u B = 62400 cm’® torr mol® K

g s

At STP |
P=1 atm = 101325 Nm™* e m— "
Since | B
T=273.16 K 1 atm = 101 .325 N2 g
n=1.0mole Im® = 1000 dnt | | ;;
V=22414 dmPe0022414 m? :
R="7

o R= PV - 101325 »0.022414
d = ﬂd_ (4) nT 1x273.16
RT ‘ SB=82140 Nm mol’K' or R=83143J mol'K"
Hence %: | :

o Fnowing, pressure (P), temmperature (T) and molecular mass (M) of gas, its density (d) cai | Since v 1 cal. = 4.18 )

be calcifated |

. _ " ¢

¢ The equation shows that density of an ideal gas is directly proportional do s moleculss ] 50 - 8.3143 cal K ol

mass and pressure and irwersely proportional 1o the temperature. So, increase in M arc 4,18

V', increases the density while increases ‘T" increases decreases the depsity aue @ o B= 1,987 cal mol' K’

Thus unit of ‘R’ are thus expressed in terms of “ energy mol “ 'K ~!

r.d : . edr
hysic il -‘ugn}hrnnrr Hf value ”_’ '

The value of ‘R’ in 51 unit is #.3143 J mol” K. It shows that if one mole of an ideal aas is
Present at 275 ¥ and 1 atmospheric pressure and its temperature Is increased by 1K, then
will absorts #4143 J of energy

: Thg value of ‘R’ in non-S1 unit is 0.0821 dm® atm mol” K. It shows that if one mole of an
een) Uas 18 present at 273 K and 1 atmospheric pressure and Its temperature Is Increased
bV 1K, then it will absork 00821 dm’ atrn of eneray. (dm” atm is the unit of energy)

v—_
m‘“’”ﬂk 4

10 ple of nitrogen gas ls enclosed In o veasel of volume 380 em’ at 120°C pressure of
uﬂ, Nm™*, This gas ls transferred L0 a 10 dm® flask and cooled to 2 7°C. Caleulate the

6 In Nm™ exeried by the gas at 27°C. (Cupranwala Board, 2008; Multan Board, 2012)




L
Or P PV, Ty
) P e
T Y
{ X c 3
5 - 101325 x 038 300 s 293:-9 .Z_de_ |
: 393 =10

Example 4

CM:MM:#CH,@«:O‘CM! atmospheric pressure. What will happen 0

hM!(d_WHWmZ?C, (b) the
atmospheres at 7°C.

T=(’C+273K=273K
P=1atm

pressure increased Lo Z {

‘ Md'eallarMass of N

e ———— | e —— " e — ——

() Density at Z atmospheric pressure and (°C

T=0+273=2]3K
P =2 ot

Density is given by e formuls

L
g M
241

2 716

6.0821 » 273

d =|1.427 dm™

; ; ‘ @
Example 5

Calculate the mass of 1 dm’®
that NH, is behaving ideally.

P =1000 mm Hg = B
760

V=1dm®

of NHy gas at 30°C and 1000 mm Hg pressure, considering

(Multan Board, 2012: Lahore Board, 2014)

atm = 1.316 atm

T =30°C + 273 K=303K
Hy =M= 17gmol™*

R = 0.0821 dm? atm K™ mol™*

Mass of the gas is given by

py -1
il

0908 g |

ol




Exerciee Q9. (a):

What Is Avogadro’s low ¢ ¥ - 14

S0, number of moles of a gas is directly proportional to its volume. Let partial pressures of differént gases in » Mixture are P, P
Le_: y 5 o Dd_wnls IB-W, tOtaj pressure Of th[_fj mixmre. ” giver'l by €r 2 Pl b N then amrding (o o
* It shous that same number of moles of all gases occupies same volume af ame Fy= Pyt Pyt Py g0 _
temperature & pressure. The volume occupied by one mole of any gas at STP is r;-a:i}a'f- |
molar volume and Is equal \o 22 414 dm’. The pressure of each gas in a pilxture of gases is called ” 9
» One mole of any gas contains constant nnumber of molecules. This number is called . al pressure of that gas.
Avogadeo's number. Its value is 602 x 107 f
L agimnigrle s amd F splanation ' are enclosed separately in three |
| cylinders at th
moke A O, =320, = 22414 dm® 28 STP = 6.02 » 1072 molecules of O, r L.éh F’r ML o, ;
Imoke oA Hy, =2016gH, = 22414 dm® at STP = 6.02 » 10% molecules of H, Pasure 0F M Is 490 tom, pressure of CHy is 500 torr and pressure of O, is 100 =
’-' cylinder at the same temperature. then |
R i re of gases will be 4
! mole of O, and H, occuples sare volume at STP, although O, Is 16 times heavier than H; |
it s because molecules in gases are widely separated from one another and have 1277 '
empty spaces. The distance between two molecules Is approximately 300 times the diamae &8 Since there are no attractive among the molecul these gases
of the molecule. Therefore, size and masses of gas molecules do not affect their volums = @Very gas exerts its own individual gfm?f ;3:1: otf:tal pressure lI: t:::tr: l'c:refﬁ imifdﬂ::i
Hence, equal moles of all gases occupy same volume at STP., | pressure of these gases. |
A}
J Due to lnwdemndent motion of molecules, general gas equation can be applied to each gas
hf.ffr | Fmate .
| Thus
| 23 l
s  One dm’ of every gas at STP will have molecules = E—Q-Qil-g— =2.68.x 1072 molecul®® RT
22,414 | Pug V= nyy, RT 01 Py, =y, 7 2
if temperature and pressure are changed equally for all gases, each gas will have safl RT
2.68 « 107* molecules. ' Pm4v=nm4m o P‘«'}*i:ncm-v_
R 2.016 3 fOzaI | RT o
¢  Onedm” of H, at STP weighs 0.0899 g. (since 2414 = 0.0899¢g) and one dm” © Po,V = no, RT or Po, = noa -
- T
STP weighs 1.4384 g (since -—2-5-:%1]- = 1.4384g) but they contain equal numbér RT and V' are constants for all gases In a mixture
molecules (l.e. 2.68 « 107%). | Therefore Py, @ ny,
Pey, @ ney,
Pgp, @ ngp,




The total pressure of mixture of gases will be
Py= Py, +Pcy, +Po,

P.V=nRl

This eauation shows that the tolal pressure of the mbdure of gases Is directly proportion:
1o the total resmber of moles of the gases.

Exercioe Q10 (b):

Derive an equation 1o find out the partial pressure of a gas knowing the Individual mola s
wes and the wtal pressure of the mixture,

oriernt ¢

e idation of Partidd Pressture of o €as.

i & misare of gases, parial pressire of any gas can be caloilated if mass or o2
the gas, iorzl pressare mnd total numbber of moles of the gases are inovin.

Comeidder two gases A and B lorming a mizture of gases.
Lt il pressure of the micture is P, and number of moles a
while  Vartial preseure of gas A Is P, and number dimoles n,
Partial pressure of gas B is Py and number of tnoles ny
Then we can urite

Total no, of moles

ne)

- P.Vﬂn,RT
-EQ&ELEEEEILQﬂMJAZ / ‘Eﬂ!

fiumper
supstance

ﬂi"«’i-“lﬂ‘é' by total numper
ab, #Mpies
suUDStances
he mixture.
“ It is denote by %

the

P,V-n'm______“, moles wof

P‘V*ﬂﬁm ____{2)

1 x13
PsVangRT (37

| Lo (0.082] %310
80, the total number of moles of H, He and CH, = 0.51 moles

MMQO{H;

rne

all
present

where, X,, and Xy @e the mole fractions of gas A and B respectively. Thus, partial pressure
of a gas I8 equal to its mible fraction multiplied by the total pressure.

ﬂmeequaﬂonsca.nbe used to determine the partial pressure of the gases in a mixture
& Generally for I gas in a mixture of gases, we can write P, = X, x P,

- i
There is a mixture of hydrogen, hellum and methane occupying a vessel of volume 13 dm’
at 37°C and pressure of 1 atmosphere. The mass of H; and He are 0.8 and 0.12g

a -AM. Calculate the partlal pressure In mm Hg of each gas In the mixture.
d Volume of the mixture of gases= V= 13 dm’
Temperature of the mixture

Pressure of the mixture

= T=37°C + 273 = 310K

= P= ] atm

- =7

R = 0.0821 dm"® atm K*' mol
Total number of moles is given by

=08g
Molar Mass of H, = 2.016 gmol”

Divide eq. (2) by (1)
- 4 (see Ch#9, Solutions)
daetails.

for more

= 0.51 moles




-1
g5
P

08g
H, = ————————— =0.396 moles
Number of moles of H, 20169 5
Mass of He =0.12¢g
Molar Mass of He = 4 g mol™
0.12¢g
Number of moles of He= —————— = 0.03 moles
4 g mol

No. of moles of CH, = Total moles - ( mole of H; + moles of He)

= 0.51 - (0.396 + 0.03)
= (.084 moles

Mole Fractions can be calculated as
No.ofolesof H,  0.396

————e
— ——

x o —————————————————————————————————
"2 Total Number of moles 0.51

No.of molesofHe _ 008 _ 4cg

Xyyy = ———e
Total Number of moles 0.51
No. of moles of CH;

| —
m— e e e e e e e e ——— sy

hee Total Nmber of moles
Partial Pressures can be calculated as
Py, =%y, P
= 0.776 x1.00 = 0.776 atm

- 0.776x760 = 58576 mm g

F’.ﬁ. = XHe P
= 0.058x1.00 =0.058 atm

- 0.058x760 = @408 mm g

Pow =Xay P
= 0.164x1.00=0.164 atm

- 0.164x760 = (264 mm g

0.084
0.51

0.776

=0.164

Applications of Dalton's law of Partigd Pressure

1.

- i'%fﬁiff]fifl!-

Respiration process depends on the difference in partial'pressures.

|

Partial f gater than h
pTESSUTE 0 OXxyaen Iin air (15 o
9 0rr) is greate in the iunga (116 lory)

Therefore, O?rygen ’7’0""% from air into the Tungs Fhe partial pressure of CO). | |
greater than in the air. Therefore, it movesout from the Tungs into the air Uy in lungs is

s eathing At Hiah Altitude

At sea level, the partial pressure of “#ygen in air is 159 torr and breathing is easier. At

high altitude, the partial pressure of Oxygen s low. It mak ' ” :
oilofs use pressurized cabin during flying es breathing difficult. That's why

;;quired lim;Jts. Actually, In'Sea after 100 feet depth, the diver experiences 3 atm pressure
us, nonmal air cannot be breathed in depth of sea. Moreover. the | ease:s*
in depth of sea and it diffuses in the blood. s e s

B lettion OF Gases Ouer Water

Gases are usually collected over water. During this process vapours of H,0O are mixed
with the gas.

The total pressure (P,....) of this mixture (HgO\upours + gas) will be
Pmt=Pg+ e vapours
- The partial pressure of vapours in gases is called aqueous tension.
Thus, Paoit = P, + aqueous tension
or Py = Pueist — aqueous tension

DIFFUSIONAND EFFUSION
Diffusion

The spontaneous intermixing of molecules of different gases, due to collision, at a
glven temperature and pressure Is called gaseous diffusion.

Why gases diffuse?

When different gases are mixed together, they wish to have same pressure everywhere.
Thus, they go on mixing to form homogenous mixture until their partial pressures become

*qual everywhere.




Exampiles:
The smell of rose or a scent spreads due to diffusion.

The mixing of NO, (a brown gas) and O, (a colourless gas) is also due t,
diffusion as shown in the fig. The diffusion occurs by random motion and collision

—_—

It was given by an English Sc

daseqy; The Graham's law states

inversely proportional to the gquare root

It is the escape of gas molecules one by one, without collisions
through a hole of molecular size, into a region of low pressure.

Why gases effuse?

The escape of gas molecules in not due to collision. It is due to EIHEITTE

their tendency to escape one by one. Gas molecules are habitual in
colliding with the walls of vessel.

When a molecule comes in front of a hole, it enters into the other portion of the vessel. Thi
%[
?/r |

How do you differentiate between diffusion and effusion? Explain Graham'’s law of diffusion.

escape is called effusion.

Exercise Q10 (d):

Difference between Diffusion and Effusion of gases
Dilfusion I Husion

The spontaneous mixing of molecules
of different gases is called diffusion.
of low pressure.

moleculés with the wall
container. During collision,

In this, gas molecules move from an
area of s higher concentration to an
area of s lower concentration,

e e

Gases diffuse E/“ra;dt;m motion and
collision. S
Diffusion takes place in all directions.
Ex;;r;pie: The smell of rose or a scent
spreads due to diffusion

Gases effuse without collision.

--—-.'_--_.-

|

e — —

Fffusion takes place through 2

e —

Explanation

It is the escape of gas molecules, one
by one, without collision, through 5
hole of molecular size, Into a 1egion

It is due to the collidir;g Rabit of
of the

wheﬂ

molecules come in front of a b
the escape, ——

.——4‘—'-'-’-‘
hole

of molecular size. —
Example: Escape of gas molec”
frorn punctured tyre. e

ientist, Thoffias Graham 13805 - 1869 ).

of its density or Molecular mass,

oL 1 Or 1
r T~ r O
Jd M

Thus, lighter gases diffuse more rapidly than heavier gases.

Example:

NH; gas (molecular mass 17 ¢ mol?) diffuses more rapidly than HCl gas

(molecular mass = 36.5 g mol)

Consider two gases A & B.

For gas ‘A’ let its rate of diffusion is ry, density ‘d,’ , and molecular mass ‘M,’.
For gas ‘B’ let its rate of diffusion is r,, density ‘d,’ , and molecular mass ‘M,

Then according to Graham's law
For gas ‘A’

1 A

A== Or = — (1)
I \/d—l' § \/d—l' T R

For gas B

)= (2)

Constant K is same for all gases at same temperature and pressure.

Dividing (1) by (2), we get

n_ |dz

12 di
Slmllariy

n_ [M

r; YM

Where M, and M, are molecular masses of gas A and gas B respectively.

, the rate of diffusion (or effusion) of a gas is




' i & yilicCocrl i ¢} lll‘t!hi“” » ’HH

Take a 100 cm. long glass tube, opened at both ends.

Plug a cotton piece, soaked in NHy solution at one end and a cotton plece, soaked in HCl
solution at other end.

The vapours of both these gases escape into the glass tube simultaneously.

The vapours of both NHg & HCI are invisible. But when they meet with each other, the,
produce white fumes of NH,CI.

NHy + HCI —> NH,Cl| (white fumes)
Determine the distance travelled by NH, and HCI.

White fumes of NH C!
40.5 cm

59.5 cm
—

NH, HCI
100 cm

vernhcation ol Grahiam s law of ditfusion

Calculations
Molecular mass of NHy; = 17 g mol "

Molecular mass of HC| = 36.5 g mol -*

According to Graham's Law
T ps _ Mua
Ho MI‘H;
595 36.5
L 05 V17
146 = 146

Hence, Graham'’s law is verified

Example 7 _ 3
mm‘o!thccmuphafhpdmgmeﬂ'umfmﬂmummpldlym250 em® of
unknown gas. CMWWM#MPMgu.

' ‘ranwala Board, 2014: Sargodha Boar d,______.,-? 01
“ r——— -

e ——

9

Rate of effusion unknown gas =
Rate of effusion of H, gas - _
Molar mass of H, gas =

Molar mass of unknown gas | — -

According to Graham's law '

re M,

To explain the physical behaviour of gases, a theory has been proposed known as
Kinetic Molecular Theory of gases.

Kinetic Molecular Theory was proposed by Bemoulli ( 1738).

]hjs theory was used by Clausius ( 1857 | to derive the kinetic equation. He explained all
the gas laws with this equation.

It was further developed by Maxwell, Boltzmann and van der waal
Maxwell gave law of distribution of velocities

Boltzmann studied the istribution of energies among the gas molecules.

The main points of this theory are :

- All gases consist of very small particles called molecules. Gases like He, Ne, Ar have

Monatomic molecules.
The molecules of gases are widely separated form one another, therefore, these have large

€Mpty spaces between them.
The actual volume of the gas molecules is negligible as compared to the total volume of

the gas.
There are no attractive forces among the gas molecules. Therefore every gas molecule

behaves ind
ependently. | |
The average K.E. of gas molecules is directly proportional to the absolute temperature i.e.

KE. ¢ T




6. At the same temperature, molecules of every gas have same average kinetic enerq, ' P
7. Gas molecules are in constant random motion. They change their direction onjy ;. 3RT
they collide with one another or with the walls of container. Cm:y; M
8. The collisions of gas molecules with one another and with the walls of contajne, are where, M= molecular mass o
erecw M_ i §as T = AbS(}lU[E Temperamre
9. The pressure of a gas is due to collisions of gas molecules with the walls of container s <h
10. The motion given by force of ity is negligible as compare to the moti iver h This equation shows that higher the tem Ry |
given by gravity is negligi par On given b, ETaliie areatet the velocities of the _gas molecules. |
FXPLANATION OF G. i
1
e Kinetic eq. for@an ideal gas is -
S— | _ 1 :
RJ. Clausius derived the relationship for the pressure of an ideal gas known as kinetic WPV = Emch (1)
eguation_ It is given as I : 9
1 | ‘ : According to kinetic molecular theory of gases, the kinetic energy of gas molecules i e
PV = -é—mch EmNc’ is directi proportional to the absolute temperature, ‘T".
where - - -];.ITIN(?EIT
P = Pressure of gas, V = volume of gas, m = mass of one molecule of gas P .. @
- I g | 1 ~
N = pumber of molecules of gas in the container, ¢* = mean square velocity . 5MNc*=KT 2)
I U
£ WanddivideR_H.S,c}feq.’lib',*angm
Defimition PV = = s
The mean of squores of oll the possible velocities Is called mean square velocity. ’. - 2 3
£ there are n, molecules of 2 gas with velogty c,, n, with velocity ¢, and 50 on, then 1z W:-z-x-'(-l-m‘\:_?- 3
Tear square wiocsy s given by 32T, .
F oty 2
¥ el S mC; “M2C*MacCz Puti
I' fodig mr*retn : | * €q-(2) in eq. (3)
I . S >
Where  ny+ny+ny... = N = tofal number of moletules. | PV:E
¥T = constant
Then PU= K

Mﬁﬁoyle’s low. It shows that at constant temperature, the volume of a given mass of
| ‘ﬂlbhuendypmporm' nal to the pressure exerted on it

|I S Fcrles’s o
| l""“ﬁl:eﬂ.':l.f::'lrralr:idea.n]ga.'r-i'.'i

1 i’
f W:Emch
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¥ P = constant then
V=KT
VaT _ |
This is Charles’s law. It shows that at constant pressure, the volume of a given mass of ‘ " Tbus, equal volume of both gases under the same conditions of temperature and
ons s dicect ional to the absolute temperature. | Pressure, contain equal number of molecules, which is Avogadro’s law.

Crcions Law of Diffusion

equal volume of two gases under the .wne condifions of temperature * Kinetic equations for the two gases will be

For gas 1, mass is m,, velocity ¢, md number of molecules N,, 1 ]
and For gas 2, mass is m,, velocity ¢, and number of molecules N, PV=-§mNc3 (1)

Kmm[oruwmmwmbe For 1 mole of gas N = N, and N,m= M = Molar mass of gas, therefore

3

= :
N s




. ‘ - oty Fartd

Multiply and divide RH.5. of eq, (1) by 2. die aet

: )
W=-;M(;‘ / .
3 PV = gf%mr-l 7

g _ PV Z | 1
M P\ = EN"(E'ITI C‘F}I

Taking square root

- .
PN Put eq (2) in (3)
Ve =5 2

- PV = :—3* A N E_;‘

J

3P 3P _ -
\ e J.a_ since % = d = density Let N=N, = Avogadro's Number

&= |
\7\/ 2
W=§KNAE;; (4 )

Root mean square velocity is actually the rate of diffusion of gas
Therefore, at constant pressure According to general gas equation for 1 mole of a gas

- PV=RT (D)
2P ~ Compare (4) and (5)

= |—
d 2
= XNaEy = KT

ruﬁ | ®
- _ v
. or Eh— 3R KT

It shows that at constant temperature and pressure, the rate of diffusion (or effu?ianj of "N,
: - | hich is the Graham’s law .
gas Is Inversely proportional to the square root of its density, which ¢ 'I Thus there is a direct relationship between translational K.E. and absolute temperature.

KINETIC INTERPRETATION OF TEMPERATURE ~ Conclusions
Consider the kinetic eq * The temperature of a gas is directly proportional to the average translational K.E. of its
molecules,

’ Thus, a change in temperature changes the motion of molecules of a gas

| ' The process of heat transfer from hot body to cold body is due to collisions of molecules

Where
m = mass of one molecule of gas N = number of melecules With each other. During collisions, hot molecules transfer their K.E. to colder molecules
_ the average translational K.E. of the two bodies become equal. Thus, the T of two

¢ = mean square velocity P& pressure of gas 0 les becomes equal, |
hen I = 0 then Eyx = 0 i.e. motion of molecules stops, which is not possible, This

V = volume
’ Mperature is called absolute zero, It can never be achieved. The lowest temperature

For one molecule the K.E dug fo transiational motion Is glven as anmm. temperature is the measure of average translational K.E. but in solids,
m #1he measure of only yibrational KE.

E.L;El’"f: {2).

P =%mNc'2 Q)

where
by = average anslationsl K.E, of molecules




General Principle of Liguefaction
The conversions of gases Into “r]uid.‘i require high Pressure and low lemperaiure
e High P brings the molecules close to each other

Low temperature decreases the K.E. of molecules. Thus, attractive forces are developeg
among them and gas is converted into liquid.

The highest temperature at which a substance can exist as a lHquld Is called critical
temperature,

It is denoted by 1

The minimum pressure required to liquefy the gas at the critical temperature Is called
the Critlical pressure

It Is denoted by P,

Critical Volume

The volume occupled by one mole of gas at T, and Py 1s galled Critical Volume.

It iIs denoted by V,

Cxample.

o ForCO, Te w 31.1°C, Po = 72.9 atm, V¢ = 95,65 cm® mol *

Importance of eritical temperature

o FPor every aas, there Is certaln temperature above whichaa gas cannol be lig
ternperature is called critical temperature,

Examples: T, Yor O, 1s 154.4 K (-<118,75°C). Similarly, T for COzs 51.1°C.
gases can be liquefied only below thelr Te. Hente, these miust be cooled below
and then pressure s applied to liquefy them.

S0, 1hcrfr
[I|Hi|’ lf-

Effect of Polarizability on eritlical tamperature

¢ Non polar gases have low polarizabllity and have ayery low Teeg. Te of Arls 1
(«122.26 °C).
Polar gases have bigh polarizailiipand comparatively high Te e.g. Te of NHs 18
(132.44°C). _

Thus, polar gases are easiiy converted into liquids.

50,9 K

4060 h

wefled. This

§ i ‘ 7 3 4 4 - L] i sall & &
Fuble 8.2 Crteal Femperatures wnd € vitical Pressures of some Subatanes

. - Eritical Prvssurs
Substinee Concal Temperature 1, (h

' (atm)

Water vapours, HyO 647.6 (374 30

'-_—-—l-'-_"—_

ﬁmﬂ]ﬂlliih NI[; 405 H0132.44 J."I’ J

LS = - i r.._

Preon-12, CClLk; 184. 74001 .54 °C)

p———

- ——

Carbon dioxide, CO;,

Mg (3).142500

f)!yi;l:ﬂ. (), |54 4 1511875 Y ,

l Argon, Ar 1509 (~122.26 °C)

Nitrogen, N, 126,1 (~147.06 °C)

Methods Jor Liguefaction of Gases
Uarious methods ate used for the liquefaction of gases. These methods’are generally

based upon Joule Thomson effect.

Ioule Thomson l:"H':.*H

When a compressed gas Is allowed to expand suddenly, It produces cooling. This Is
called Joule ~ Thomson effect.,

k. Iﬂlalan: In a compressed gas, molecules are very close 1o each other and have attractive
' f(m_e_i. When a gas Is expanded suddenly molecules move away from each other. This

process recjuires energy, which ls abtained from the gas itself, hence it Is cooled

Linds Method

Itis based upon Joule Thomson effect.
Lind liquefied air by this process

The compressed alr (about at 200 atm) s passed
through a water-cooled pipe where the heat of  chamber

Compression Is removed. sl

ltn
This compressed alr is then passed through a spiral
tube having a jet at the end. When the gas cOmes
Ot of fet into low pressure area (1 atm) , it suddenly  sETETEIEEE

expands and is cooled due to Joule~ Thomson effect the Kiquefaction of ai

The cooled air moves up, cools the incoming gas of the 42
e, and then again enters Into the compression purmips 0 D8 COMPTRIRES Sameh

B '¥peating compression and expansion again and agal
Al dases except Hy and He can be liquefled by this process

n. alr Is liquefied.




PV :
For Na —T first decreases below idealdine and then'

+ (00, also shows unusual behaviour.

mamﬂmdwiaﬁonsdependupmthenamreofgas

#drmpﬂm

At high tempefature, ﬂwgaphofmeserea]gasescome
wbﬂnendealhm.Thus thegasasbm:e.rdeal

Hence

Conditions for Ideal and Non-Ideal behaviour of gases
. Gmarem_g_d_@atmghp essure and low temperature.
Gma'eﬁg]atl ow pressure and high temperature.

Ideal Gas Non-ideal gas

tebeys gas laws under all
conditions of temperature and
aressure

“fThere are no attractive or
K& repulsive forces among the gas A
icles

It does not obey gas laws under
conditions of temperature and pressure

There are attractive and repulsive forces

among the gas particles particularly at
low T & high P.

Actual volume of gas particles Is not
negligible as compared to the total

udumeofgmpardcular}ya!low’r&

P's

e

Actual volume of gas particles is
negligible as compared to the total
volume of the gas.

Thnmdmulbﬂ!yfacbrh‘l’.brmldealwataﬂtempemiureandprwe. |
PV

Tm,bmmnm;mnmm;ﬁ- onY-axIsandPonXa:b.
sakahi g s obtained parallel 1o pressure axis

I e T : i
N s ,
w 1"." -.-l -_I + p .,

3

Foran ideal gas P _
RT

Py Foran ldeal gas WV 7 » constant

It is an imaginary gas and does g% It is a real gas and exists in nature.
not _exist in nature. il ¢.g; SO, NH, etc.

tant

]
e e
At

| * For He, -mm d‘nwmmmewhaubngﬂw | . E“’““Qla B): :
{ ideal line. However, at very high P, value of fm f‘ | 0o yo, think that some of the postulates of kinetic molecular theory of gases are faulty? Point
m M‘h“epostulat&s

bun-dbundnmmdm-\dmﬁmdwuﬁon <

F -

Van der Wﬂ&l (1873) pointed out that two ideal assumptions in the kinetic molecular

01y are responsible for these deviations.
m Thc actual volume of the gas pamcles is neg[iglble as compared to the total volume of gas.




(ii) There are no attractive forces among the gas particles.

At high pressure and low temperature, gas molecules come closer to each ohg, - or Pb=P+P/ (2)
develop aftractive forces among them. Moreover, at high pressure volume of a gas does nnd M
remain negligible. So, the behaviour of real gases is not according to kinetic rrioleculm
theory of gases and PV=nRT. Thus gases show deviations from ideal behavioyr 4 h:::;t | then it will be attracted inward By molecul

. en Q¥ moiecules
temperature and high pressure. forces of attractions between ‘A’ and ‘B’ Henz:
concentrations of A type and B type molggules.

ke a4 P'a B .CAV (3)

ype B'. Therefore, P / depends upen the
net force of attraction is proportional to the

Exercise Q.14 (a):

Derive van der Waal's equation for real gases. Let ‘n” is number of méles of A &n B present in a total volume ‘V’. then concentrations

van der Waal's Equation for Real Gases | of Aand B w'u be given by

van der Waal made volume and pressure conecuon to remove the defects of ideal gas f Ca=7 pand
model, and gave an equation of state for real gases E v

L'.ufuuu' Liult‘t‘lfﬂn PUt eq ( 4 ) in eq ( ‘3 )
Van der Waal pointed out that gas molecules | o S

a=-3'_____(4)

have definite volume. Although volume of gas X V'V
molecules is very small as compare to vessel but it -
is not negligible. Thus, when pressure is increased
on gas molecules, they oppose it. So, if V .4 is
the total volume of gas and ‘b’ is the volume of
gas molecules per mole (exciuded volume), then ()
the volume available for compression will be volume occupiéd by gas molecules

(Vs = b) and not V.,

i y V2

" For 1 mole of a gas

P/= 2 (5)

Ve
Hence Vi = Veea = 0 (1) Where a = co—efﬁ;:ient of attraction or attraction per unit volume
Thus V., is the volume available to gas

R iy { _ ;;, O : g::;!.:sz!;!:;h :thr;g)intezmolecular forces value of ‘a’ is high.
Where constant * b’ is the characteristic of each gas. Its valugis . -
b=4V_ where V_ is the molar volume  © | P,=P+—52- (6)
D’ is the effective volume or excluded volume. It is the volume occupied by & | Th v
molecules in highly compressed state but not in liquid state. . . Us, ideal gas equation for 1 mole will become
' ] ' (P+-5—i- V-b)=RT

Mequﬂﬁonlsmlled van der Waal's equation of state. This equation is applicable to real

For 4o .
FW‘R mole of a gas [P+E-J2_ V -nb)=nRT




i

“miwﬂ:f' 11 _p_l.'{ml,
1 ! fl*

e

_ 00266 dm® mol . It means 1 mole of Hg gas (2.016 g) occupies 0.0266 ()  When the gas Is ideal, general gas equation is applied

- )
* at closet approach in gaseous siale ' i g
dm” a ' ie the least (0. due to its non-polar character and small size. ~ V = 250 cm® = 0.25 dei®

S n = 1 mole
1 ) T - 300 K
3 ol R =#0.0821 dm® atm¥®"™! mol -
Units of b: m™ mol ™
Units of a: According to general gas eq.
P U:z N m zir_naf N m'z ITII& N 4 -2 nRT
a = - — - - m mOl P et L
: mol’ mol . v

n
+  Non-SI units 5 - 1x0.0821 x 300
- 0.25

Units of b: dm® mol ™"
F =[98.5 atm @

Units of a: |
(li) When the gas is behaving as non-ldeal, we should use the van der Waal’s equation.
' P=7?

= 1 mole
R = 0.0821 dm® atm K-! mole’,
V= 0,25dm?
T=300K

‘a’ and ‘b’ can be determined by noting P .V and T under two different

‘" i ki )

b = 0.0428 dm® mol ™"

" A TN AL T r
d abide S8 van e W ol s cemsbants oy somme Conii 1
a= 2.253 atm dm® mol *

According to van der Waal's equation

vz

2
(P-i-f-n— V - nb)=nRT

One mole .o] methane gas s maintalned at 300 K. Its volume Is 250 em’. Caleul
pressure exerted by the gas under the following conditions,

() When the gas ls ideal

(H) Wbmlhcpahm-ldnd
o = 2.253 ate ded® mol®, b= 0.0428 dm® mol .
Beonrd 2012: Guranwaio Board, 2




2463 2253
0207 0.0625

)
P«11899 - 36.05
P« 82,94 atm.

Thus pressure lessened from ideal behaviour=98.5 #2.94= 15,56 atm

PLASMA STATE

A mixture of neutral particles, positive lons and negative glectrons ls called Plasma,

rmatbon of Plasmd

L

JE £

@ N

o

O heating 3 solid, it is converted into liquid. On further heating,
the liguid is converted into vapours. Thus, the phase of matier
chanaes from solid 1o liguid and then liquid to vapours.

Now i vapours ae further heated some of them lose electrons
and positive loms me fommed. Hence a mixture of neutral
partickes, positive ions and negative dlectrons are produced. This
s callerd Plaseris

The lonization s produced by high temperature or by radiations.

rrence oA Pliasii o1 Where Plasma Vot

Moot T8 of the universe s made up of Plasma. ‘

8 present evenyshere i sun and stars

The sun is 2 1.5 million km ball of plasma. It Is heated by nuclear fusion.

i s the monst abundant form of matier. It is the@uff of stars '

it Is present in everything from sun to quarks (quarks the smhallest particle of universé)
Majority of the matter in inter-stellar space is plasmia |~

All he shining stan me plasmes B L
On waeth, it s very limited. It is Jegind in lightenifig bolts, flames, auroras and 0T
ghts, neom signs ek | -

and light.

When an dectrit current if pasied through neon gas, it produces both plasma

I’._
& .

ah -..tl"
> e

r—
# r [
o
20 LN L A

Guyese

Characteristics of Plasma

1 It consists of a significant number of gharge natticles. Thus it mnpnf*.d (0 both electric and
maanetic fields |

2. Motion of particles in the plasma Pdduces flelds and electric current within plasmas
density. It refers to the dghsity of sharged Parficles.

3, Plasma has@complex B8t of iflteractions, It is a unique fascinating and complex state of
matter.

4. It Is macroscopicaliineutralbAltheliah it contains lons and electrons but their number is

gqual, |
Natural and Artilicial Plasme
Artificlal Plasma
o JIEIS Broducedibydsing electrical charges on a gas ¢.g. In neon slans

: !  Plagtna bt low T is hard to maintain, It is because outside a vacuum, low T plasms
_reacts raghelly with any molecule, Thus, it Is both useful and hard 1o use

- Natural Plasma

/

b

¢ [t only exists at high temperature or low temperatisre vacuums, It does not break
down oragact rapidly

N a0 These are extremely hot (over 20,000°C minimum )

B

. They have so much energy, that they can vaporize any material

- Since plasma can respond to both electric and magnetic fields, it can have many uses

L A fluorescent bulb is different from regular light bulbs, It consists of a long tube filled with
gas. When electricity is passed through gas, it charges up the gas. The charging and
€xciting of gas creates glowing plasma inside the bulb.

- Neor signs are glass tube filled with gas. When electricity is passed through the tube, it
Ch&fﬂﬁ the gas and creates glowing plasma inside the tube. The colour of plasma

depends upon the gas used

ThW are used for plasma processing of semiconductors, sterilization of some medical
Products, lamps, lasers, diamond coated films, high power microwave sources and

Pulsed power switches,

: Th‘V are helpful for generation of electricity from fusion pollution control and removal of
huardm chemicals. Thus, it helps to clean up the environment.

. Phﬂmn “ghl up our offices, homes. It hﬂlp! in mrklng of CO'ITIW"I'I. glectronic
“Quipment

t drives lasers and particle accelerators

: I'. €an be used (o pasteurize food
s Used to make corrosion resistant tools




f icccwr Horiron
Scientists are working © use slasma effectively
For effective use
» it should have ow energy
o [t should survive for sufficient ime without reacting and degeneration.

Jor nvolve the use of plasma. The magnetic fields creats
mz!m Wﬁ#mble state of molecules. These will then react with
another molecule with right energy. Thus these molecules can survive long enough to react
with desired molecules. These metastable particles are selective in their reactivity. Thus.
these can be used o solve problems like radicactive contamination.

Scientists are working on mixture of gases to use as metastable agents on plutonium and
uranium.

OBJECTIVE AND &

HORT ANSWER OUF ] NS
Q.1. Multiple-choice questions

; Pressure remaining constan?. at which tem | |
| m(wiuafwhatlti-atﬁ"t. '.mm.hmm'af.“mmm
(a) 546°C (b).200°C (c) 546 K id) 273K
(Bahawalpur Board, 2009) 2011 B (D.G. Khen Board, 2012, (Sargocha Board, 2012) (Gutrarwalia board, 2070 2013, 2014
(if) Number of m~lzcules In one litre of water is close to:
! 6.02 1204 & . 18
a . b 23 s U S .
()224“0’3 (b) 55w " 10 (c) 554 102 (d) 556 x 6.02 x 107

[D.G. Khan Board, 2010) (D.G. Khan Board, 2012) (Rewalpindi board, 2012) (Lahore board 2013)

(iif) Which of the following will have the same number of molecules at STP?
(80280 cm*iof CO3 and 280 cm? of N,O (b) 11.2 em® of O, and 32 of g O,

(Gufranwala board, 2012)

(c) Hgof CO,and 11.2 dm® of CO (d) 28g of N, and 5.6 dm® of Oxygen
- (lV)@-qholuh'tmpmmu of a gas Is doubled and the pressure Is reduced to one half,
the volume of the gas will
(a) remain unchanged (b) increase four times
(€ reduce to % (d) be doubled

" [Ratalpindi Board, 2010) (Multan Board, 2011, 2012)

(V) How should the conditions be changed to prevent the volume of a given gas from
expanding when its mass is increased?

(@) Temperature is lowered and pressure is increased
(b) Temperature is increased and pressure is lowered
(€) Temperature and pressure both are lowered

(d) Temperature and pressure both are increased

(vi) The molar volume of CO, is maximum at

(a) STP (b) 127°C and 1 atm
ma(c)- 0°C and 2 atm (d) 273°C and 2 atm
1o Khan Board, 2009) (r Board, 2009) (Lahore Board, 2010) (Sargodha Board, 2010, 2012, 2013, 2014)
(G"ﬁ“'“""‘ﬂbmrd.zorqj) g™
{vi) The order of the rate of diffusion of gases NHy, SO,, Cl; and CO, Is:

(a) NHJ > SO, > Cl! > CO: (b) NH3 > CO: > so’ > Cl’

- Cl, > 50, > CO, > NH, (d) NHy > CO, > Cl; > SO,
Mﬁﬂm 2007, 2008) (D.G. Khan Board, 2012) (Gujranwala board, 2009)

(w") Eq“al masses of mﬁti‘m and oxygen are ml“d in an Cmpty container at 25‘0. The

fracti d b en is
(a) 173 i tof;; E;r;"m “?3'!1/9 J3 (d) 16/17

.fMuhan.M 2010) (Rawalpindi board, 2012) (Gujranuwala board, 2012)




| Gelless Chemletry Fart]

T the order, Cly80,>COy»NH, T, -
(Ix)Gases deviate from ideal behaviour at high pressure, Which of the following |, Therefore, r-:}:lt( r::r u.i'djllll:';mn will be in the inverg F Hilies mole fraction e, = - , and
| 1.9, pr Ly 2y ,
correct for non-ideality? o _ _ 9 &
(8) Al high pressiirg, the gas molecules move in one direction only e fraction of €M, - a
(b} At high pressure, the collision between the gas molecules are increased manifold . Since mole fraction of O is 173, therefore. its pressire 2
(¢} AL high pressure, the volume of the gas becomes insignificant PN also be 1/3 of 1otal pressurs
(d) At high pressure, the intermolecular attraction become significant
) The devie des R -
(x) . 1tlt.m of a goas from ldeal behaviour Is maximum at . AL high Pamoleculos of @88 come clasr together Osses thow devisions Bea It i T T =
[BJ - l(f(l Hﬂd 5 () ﬁtﬂ'l (b) - ICPC ﬂﬂd 2.0 Htrn 11}‘.“7“}”, “u)‘ form interholecular rf_l'l"',";"h Ht'l!'l'.r_ K.A4s lempersiure wd b 1!’]; DICSSAAnE
‘c} IWC am 2 Bml (d) mc am 2 atrn | Md:\flmn from Hjl'."' h‘fh.\'“j”l’ ini(s) lf[npq-;‘{u” i3 lowest and pIessuse 15 I ,h{ai (h i
M (D) ic)and (d
(0 ahore Boord, 2008 [).C. Khan Board, 2012, Multan Board, 2012) (vi) Anseth)
‘0" measiiies atirsctiog Bmong the yas molecyles Lirger "a'°, presler stiractions
(xl) A real ges cheylog van der Walls cq_yuﬂun will resemble Ideal gas I b* mediilfes volume oBRBIcd by gas molecules. Larger ‘b’ greater volume dccupied
fa; i.',)t}[}i " ﬂ“d b Ale Lnrge ”’JJ both a and b are 51"!13“ For 8 g 1o behave as o) Well pas volume of gas molecules should be negligible and there should be o forces of
- : ' l o' j : i s M Wi shoyld b I i
c)assmall and b islarge (d) als large and b is small LNERRCNR0g s MigpeTios Heoce, o o b showidbesmell e te e

iabvauaipnw Board, 2010 . N |
‘,'-'.QrZr . n“ in th‘ b'ﬂﬂki

() The product PV has the 5.1, unit of

AN IR EERIN AN BRI IIAY

’ ” 1":“ . YT | (1) Blaght arams each of O, and H, at 27°C will have total KE in the ratio of
~~ sy QA OF Wyer = 3 kg - ¥ _ ey | ——
Y § AP TT=2T3 K Maolevadr mass of waler = 18 g mal 7 ' i “m Smell of f}fﬁf}klnﬂ (1a8 dllﬂﬂf; li-‘iil-'.ﬁgﬁ from (1S r:yliru'hrr is detected because of the
Loy QiU Uis v iation Y ‘ é | _prrj . .
. i o P . i - r'y l"'jf
Y o f o tAgies Of w ks Y 99 5% miles joe =
. o - . :
HM'F% :'v’ AW b Aew | ke of sviey Contsns=6 7 % 17 molBalce l _ “V) l*..qu.::nl of des! anases al he same lempersture arvl pressure contain
/14, 65 55 mkes will contaloe, * €5 5 607 X I ‘ | number of molecules
| iAo l .
! ) The lemperature above, which a subsiance exists only &5 a ges, 5 called
i) Ans: (h) | ‘

I At Bt bt gN6 bors. il b5 Ay o1 ppm RN Aswery;

Fapod solvintas of W8 gaens o foom pais o wnis w1 T eed whhasix)y ltagr A 1y P | ) N “r _ , :
ﬁ Pt " A e Bas oA A e al Y ;-r F s (116 (i) diffusion (iv) volume, equal (v) critical temperature

J A : ’4
| b

S 10 p, il AIT, s e gl W STV
l Soslins, thoy 4 Sovs sanss aanile M Measslas Fhess o (50 Qeiied wid 0 I (sohvscd fer AN | V4. Label the followlng sentences as true or Ialss
| ' | = e oo it Wil rrwtm forde Npmsins 1

i () KE of molecles is zero st 'C
() A gas in a closed comainer vill exert much higher pressure at the bottom due to

3 UHT?Z i 4 l

‘ . v . 4 't f.,. L ) -II'IH é mavltv “’lﬂ” ﬂ! ”'I‘:' ”'I’
Fhrragmem w smmc A gae nedeguin e st b 1 f g g | . ol
"hpsafoma iy fangy v SOMATARE B ASaA prapel Be Smes Vit ‘-5 | 4 , “") REG’ nses sherw ideal ans Behaviour st b pressure and }rl{fh lernperature

oot gut ] e Al s g g , : { e lar or
| NP S DO S5NSMSS & YoM H'-ljml (d), pragsdive i3 Wighy, therefons, votuine will ”V) [—‘quﬂ'fﬂtﬁﬂn hf (ASes inur;le decrease In inte rmoleculat spaces,

he lesii Thaormson affec
hf”ﬂm,ﬂﬂﬂl#'! 1% bevir, et iy (V) fatrper Mt e s H ‘U) An ]{_’Qﬂl Gas on f.#zp_ﬂ“:;i“” U.a'”l SHc PN ,}h‘l;lg’ [hf.lfﬂ\rflfl £ ”t_-_'{ !

#hiey Wl Yianes motmr volimme of COy will be
Nt svrvemns i (D)
28N {4 fid)
Mwm ter F ‘s ) m,‘ resuve, wﬂll

pressuce of 5 gas i & miietare of gases is directly
proporiionst 6 its mole fraction P ur, H

LoV squinl mnsses of CH, and Oy me 32 g each Ths B
will b 7 mokes of CHy and | medes of Oy H

' »

LIV 'Illl* Ii-ll -i'ﬁl"

of dvffomom of & gas in

mmmﬂmmmum
| @ 'I-

’ I"H

Sinee Moleculer mmsses 4

() Valse (1) True




Sclved on Page 99
() What ore tsotherms? What happens to the positions of lsotherms when they 4,
WmWwwijquw?

f;r.»lﬁed on Poge 100

(e} Why do we get o stralght llm_r when prma exerted on a gas are plotted againg

| friverse d m? m 'l.fd-‘,bl llﬂ" W ll-l Pﬁ.‘i-‘ﬂﬂ In lh‘ ﬂfﬂph b'v Ifﬂ"v‘ﬂﬂ I}u
temperature. Justify It _ _

Solved on Poge 101

(d) H(:.Hb wll_l ﬁ#ﬂ_ cx;;&u!n that the value ;j' _ﬂu caﬁ;lém K in (PVsK) In Boyle's low
depend upon e _

(1) Temperature of the gas
According to Boyle's law PV=K at constant iemperature, When temperature &
increased  volume of A given mass of gas Is increased, | herefore, the product PV hence

k uill slso Increase
(1) Quantity of the gas

Aecording 1o Boyle's law PV=K at constant lemperature. When quantity of gas L
I . e, the product | /

incrensed . volume of aas 18 Increased at consant temperature, Therelon
and hence K uill also increase.

_____________——————-————""',;'""

fy Aho¥

08 (w What 1a the Charles's law? Which scale of temperature da used 1o U8

V= 150 ml Vi = 100 mL

T, = 2°CA2715 = 298 K, Tg="7
Merending 1o Charles’s law e |
Vg V ) T 298 g &,
4 L T [, =V, %ok = 100 S22 0198.7 K]
LI ) s Y, 150 & 8 -
—— ' - - . — - d— "W e ot e e ' oy []
(e) Do you think that the volume of uny quantily of a gas become zero at 4 7!5‘,;.;:1::“

nert agatnet the luw of conservation of mass? How do you deduce the Idea ©
B )i h i AR, IR

My wohurne of ﬂﬁ fm!ﬁrbgm o D
agpinst the lmw oA comsetuntion of rases which Siates
Mase can nelther be trsutad nor destroyed

VIT = k (pressure and number :i moles are conatant)? A

folved on Page 100

(h) Aw; o_jﬂarb;nm;xld-p;mnplu 160 ml. -
comatant pressure untll It occuples 100 ml., What ls the new _lmﬂmmu 2

Solution;

_ ———— |{
14°C, since mass of gas vill be destroye

vaers
. D72 . w
W‘_ m~WﬂUJ”ﬂ 2]5C I INnaininne ol 1 e i lowes letperatiye | neredore, |
 laner) Bt Absolute zero of Kelvin scale. Thus, aitolste zevals defined B
The WMJ“.[ temperature af which the wolymes of all gases Decome zero lo called
dholute zers.

ﬂ—__g——“———-—————
Q6. (a) What s Kelvin scale of temperaturg? Plot a graph for one mole of an o real gos

Lt that a gas becomes Hguld, earlier than -2 ?_’3.16" o
Solued on Page 104

H Throw some Hght on the Jactor 1/273 In Charles’s law

Aecording 1o quantii@tive statemient of Charles's law,

Al congtant pressure, the volume of a glven mass of an Ideal gas Increases or decrenses
by V27801 its ofginal voliume at (FC for every 1°C rise or fall in temperature respectively

| |
| '_.-‘m' " i "lﬁ‘fﬂ 273 dre’ of & (s al (°C.. then s :
v 2753

| %273 dm’ = 1 dm®
273

pan uill e

r%.!orww 1'C rise or {all in temperature, volume will incréase or decrease by 1 dm”,

L{ Aso, I wehave 546 dm’ of a ans al °C., then )iz l L ¥ BA6 dm’ = 2 dm’
| = 274

- 214
’ "l*m 1°C rise or fall In temperature, volume will increase or decrense by 2 dm?,

[.; - In both cases |f lermperature Is decreased 1o - 274°C, the volume of the gas will becorme |
B0, Thus, - 274°C s 1aken ns zero of Kelvin scale and Is called Absolute zero, Mence, this y
| factor V273 has helped in the development of Kelvin Scale -

[#H" will be

: What 1s the general gus equation? Derlve It In varlous Jorma?

| l‘“ﬂmﬂgf’ag‘a 10
i - cm we .d_lf'_l;lrmln- the molecular mass of an unknoion gas If we know the pressure,
| k‘*-ﬂ&“!"ff‘f and volume along with the mass of the gas.

 hon Page 107 T T T
| W do you Justify from general gos aquation that Increase In temperature or

| -\‘“—\m“"‘"«' Q,P{"lll[g decreases the denalty of the gas! | a

N Page 104
| ?h' do w;ful uﬁm}uﬂﬁbh In -xpr;aring-lira duﬁ#llir_a uf ﬁfl;il In the unite of wdm'
\"i:L.h‘Lngp_! glom”, vt N
by UAses, rriolecyles are widaly separated from each

it iy

‘i A large volume, Therefore, values of densities W

[

other, and small amount of gas s
| ba much smaller, if exprassed In
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Qagey

(c) H,dn;u J hdtun:t Mcd:t room temperature, but SO, and CI, gre non-:J;f
How do you explain it? _ (Rawalpindl Board, 2007, 2010: Lahore Board, 2013

H, and He have very low liquefaction temperatures. (Hy= - 252.87°C He = - 268'934*’(37

While SO, and Cl; have sufficiently high liquefaction temperatures, which are close t
room temperature. (SO, = -102°C Cl, = -34.6°C)

Due to very low liquefaction temperature of Hy and He, their molecules have negligible
attractions for each other at room temperature. Hence, these gases behave ideally at roon
temperature.

While liquefaction temperature of SO, and Cl, are close to room temperature, therefore
at room temperature, their molecules have appreciable forces of attraction. Hence SO, and |
Cl; are non-ideal at room temperature. |

Q.14 (a) Derive van der Waal’s equation for real gases. .

Solved on Paoge 132

(b) What is the physical significance of Vander Wall’s constants a and b give their units.
(Multan Board, 2013

«l.'

in van der Waals equation 'a’ is called as the co-efficient of attraction or atiracton & |
unit volume. [t indicates the strength of intermolecular forces in gases. Stronger
intermolecular forces, higher the value of ‘a’ and vice versa. Its units are Nm*mel™*

bl

|

in Van der Waal's eq, b’ is called as the effective volume (excluded volume) OCC“P‘Bd r
oy gas molecules in highly compressed sate but not in liquid state. It depends upon the 5 |
dgmmwmd@mm“ﬂmﬂwmﬂof‘b'ww
versa. Its units are dm® mol - b

Q.15: Explain the following facts . p 4 = ‘
with a fixe?

(0 Thplddﬁlm?hamdght!mamhnﬁtumpemmmd 2012
number of moles of an ideal gas. (DG Khian Board, 2012 Azod Kashmir Boare, ©—
According to Boyle's Law B .

At constant T, the product of pressure and volume of a fixed mass of gas 5
constant. ie. PV = K . A S it |

W.Hamhmmm?mx'-aﬂsmWonY—axiS.the"aswght .
puaHbX-axkhobtainﬂ.MMPqu!misawnstantquantity- |

(i) The straight line In (@) is parallel to x-axis and goes away from the pressure =

higher pressure.

For real gases, when pressure is incrgased. the val

higher pressurg. WOIECU'E‘S _Gf gases come closer together, develop forces of attraction, and
thus show deviation from ideal behaviour. Hefige, at high P, the straight line changes to
curves and goes away from thepressure axis. The nature 'of curve depends upon the nature
of real gas.

147
Goses

ue of PV does not remain constant. At

_— =

———

(i) The van der Waals constant ‘b’ of a gas is four times the molar volume of gas.

The gas molecules are incompressible spheres. Thus when gas molecules are packec;
together like spheres, thére remains some empty spaces in between the spheres which are
also incompressible.

Hence.'_ the incompressible volume ‘b’ is actually more than the actual molar volume of
gas moleculles. Actually, it is four times than their molar volume.

ie.b=4V,_

~
D =
,._'_I' .

a"-l,—' **_—_',--_.- ~ S AT e e
- (i) Pressure of NH, gas at given condition (say 20 atm pressure and room temperature)

l! lmﬁ as calculated by Van der Waal’s equation than that calculated by general gas
_Equation, (Lahore Board, 2012)

NHy is a polar gas. Its molecules have forces of attraction. Thus, it shows non-ideal

container. Thus, these exert less pressure than expected ideal pressure.

-

k behaviour. Therefore, molecules of NH, are attracted inward while striking the wall of

Hence, real pressure of NH; as calculated by Van der Waal's equation is less than the
ide;l pressure,

RO oo % o el hui L e AR )
() Water vapours do not behave Ideally at 273 K.

—— (D.G. Khan Board, 2007: Lahore Board, 2012: Gujranwaia Board, 2013, 2014)
273 K is the freezing point of water. At this temperature, vapours of water have

ggﬁdable forces of attraction between them. Hence water vapours behave non-ideally at

60— o

S0; is non-ideal at 273 K but behaves Ideally at 327°C.

(Multan Board, 2008: Lahore Board, 2011, 2013)

At low temperature of 273 K. molecules SO; gas (- 10.2°C) have considerable
MWactions for each other and thus SO, gas behaves non-ideally.

When temperature is increased to 327 K, the forces of attractions among SO, molecules
deum and hence SO, gas shows ideal behaviour at 327°C.
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NUMERICAL PROBILEMS (Eaercise)

Q.16. Hellum gas in a 100 cor® container at o pressure of 500 torr is transferred to a
container with a volume of 250 em’. What will be the new pressure (a) if

change In temperature occurs (b) Is temperature changes from 20°C to 15°C.

ggluﬂon:

Vi o Va (a) When the T Is not c:l-a-anged |
Th T2 \ &

no

Vi =.100'¢m? Vs = 250 cm?®
PiVi _P2Vz : < " -

T T2

M= mRT d = PM - According to Bayle's law

PV =
van der Waal's Equation . .- 7V, =PV,

PV = nRT

P;=500t0rr Ptz?

_PiV;
> =

| V2
To find the number of particles { atoms, ions, molecules or formula units )

number of particles = Sy sy % Na

Molar Mass

or number of particles = molesx N,

olar Mass may be Moleculz aASs Or atomic mass or formula mass or lonic mass

V, = 250 cm®
Dalton’s Law of Partial Pressure ' Py =7

Pe=Py+ Py + .. Ty =20°C + 273=293K T, = 15°C + 273= 288K

According to general gas equation

PiVi _ P2V
T; T2

oy PiVi_ Ty
i V

500x100 288
o m—— —196.6 torr
203 250 (1966 ton]




-

P =1401325N m-*?

T =273K Molar mass =M = 2 g mol-!
P =101325Nm-? 2

| | =ﬁkgmol"=0*002kgmol"
Molar mass= M = 16 g mol! s

= R = 8.314 J mol- 'K-*
o ‘—l'ikﬂ mol™" = 0,016 kg mol-? i i
1000

d=7?
R =8314 J mol 'K-?

d =7 | "rmdm“tvo"fgulsglvenby
The density of gas is given by ' '

_d RT = 8314273
4. PM 1013250016

d < PM _101325x0.002

RT  8314,273

- (o855 i °
-\ ] il gl \‘*
%%merﬂm to their molar masses.

Des 15ity of

portion to thelr molar masses.
a gas is directly proportional to its molar masses.
Since molar masses of 0,

NH,, the molecules of NH, become widely separated. As 2 result,
on between NH, molecules become less and hence it behaves ideally.

s, A sample of Krypton with a volume of 6.25 dm® and a

pressure of 765 torr and o
' “"'Plfﬂtuu of 20°C s expanded to a volume of 9.55 dm” and a pressure of 375
| tory,

'W What will pe its final temperature ( in °C )

L]

V= 6.25 dm? Vy= 9,55 dm®




s oew.
JeeReAN.
' -

P,=765 torr P,= 375 torr

T =20°C+273=293K  T,=? M = 2.0121x 0.0821%298

0.01316 % 0.255

According to General Gas Equation

PiVi _ P2V;
T T2

Tz= Lk

= x P,V
P1Vi i

Moles of Hz =ny,, =
293

a7y

" Massof N, = 8
% 375%9.55 - o ’ 8

| .- _ __MﬂlﬂUsz =Nz = 28 = ().286 moles
Ty = 21946 K - ¥y B

| Total number of moles = n, = Mgz + Nyge
Hence Tin °C = K~ 273 = 21946 -273.16 = [~ 53.7 °C | @ =1 + 0.286 = 1.286 moles

y Volume of mixture = V= 10 dm®
Q.19. WM“WM#MWammmbumwuhamlm
dﬂlafdaTdM’CmdmdﬂﬂmmmbuIboflﬂ torr. The gos *' A AIch
12.1 mg. What Is the molecular mass of this gas? R= 0.0821 atm dm® mol -* K*
Solution; . '

e Total pressure = P,= ?
= ' o ’ = |
V = 255 cm 7000 dm® = 0.255 dm® Vs | According to General Gas Equation
T= 25°C+273 = 298K ¢ N

i - PV=n RT
P= 10 torr = Ze0 2m= 001316 atm,

_ p, =« D70
_ . S
Mass of the gas= m= 12,1m-ll%g-o.omg. a -

D = 1.286 » 0.0821 x 273
R= 00821 atm. dm® mol' K' o ¥ 10

, . A e
MOI_ Mm O‘fgu == M-? | | | | w“
< | 4 '@ The relative densitles of two gases A and B are 1 : 1.5, Find out the volume of
According to general gas equation B. which will diffuse in the same time In which 150 dm’® of A will diffuse?

M « -FV— Since relative densities of gases Aand Bare 1: 1.5
-, Hence relative density of gas A = d, = 1

And relative density of gas B = dy= 1.5
Volume of gas A diffused = 150 dm”




=7

Volume of gas B diffused
According to Graham's Law of diffusion of gases

B _ [da

n Vde
Since rate of diffusions are directly proportional to the volume of gases diffused
hence

volume of gas B diffused _ |da
volume of gas A diffused ds

= volume of gas B diffused _ =
150 15

volume of gas B diffused = -1—15x150= o

e e e

m%mﬂwnpﬂ@ﬂ;‘mnmoJ'JOOml’pcrmlnuuatO'C._
What is the rate of diffusion of oxygen through the same porous plate at 0°C

e e — e e e e e e e e e e S = e e et

Solution:
Rate of diffusion of hydrogen = 1y = 500 cm®/min
Rate of diffusionof oxygen =r15="7

Molecular Mass of H, = My, = 2gmol !
Molecular Mass of O, = Mg, = 32 gmol -!

According to Graham's Law of diffusion of gases

e,
e —

=Tp = 0.279

| Then Rate of effusion of unknéwn gas
Molecular mass of hydrogen
Molecular mass of unknown gas A

According to Graham’s law of effusion

r "Of

or

[
1
B
r
L
l k
A
=
b
-
-
i .
»
=

Hz _
rs

My
E:

Ma
MHz2

Ma

Mtz

Z
TA
\
(_'_'ﬂz
A )

1 y
”(b’é"fé) %

2

MH= 12.85 X 2

o

l \——m
Q22 Calculate the number of molecules and the number of atoms in glven amounts of

il 000

B R

(%MMM!@

V=20crn“=

20

\ R
KLM. at 0°C and a pressure of 700 mm of Hg

dm® =

T=0° + 273 = 273K

P = 700 mm of Hg

700

= —a

0.02 dm®

tm = 0.921 atm

R = 0.0821 atm dm?® mol~' K"

=?

Amrdlnﬂ to general gas equation

PV=nRT

Nn=

BV
RT




" = 0.921x0.02 = 0.000822 mol Number of molecules = 10*°
0.0821x 273 Mass of Hydrogen = ?

1 mole of CH, contains molecules = 6.02 x 10 ince 6.02 x 10* moléculesofH, = 2
0.000822 mo;es of CH, contains = 6.02 x 10* x 0.000822 pin . : S 9
= 4.95x 10® molecules L Therefore 10** molecules of H, = e x 10%

1 molecule of CH, contains atoms =5 | | g 6.02 x lO” X
4.95 x 10* molecules contains =5 x 495 x 10 =(3.322 x 10-*g]

=(2.475 x 10*' atoms A s -
o For O,

e ——
—————

. — " T Number of molecules = 10
(b) 1 ml of NH, at 100°C and a pressure of 1.5 atm S Mass of RN =7

Since | 6.02'%x 10* moleculesof O, = 32¢q

Thetefore 10* molecules of O, __J2 x 10°°

" 6.02x107

. =(5.3152 x 10-%g |

Number of molecules = 10%°

e

il

cm® = -ib%a dm® = 0.001 dm?®

1

100°C + 273 = 373K

1.5 atm

0.0821 atm dm® mol~-* K!
?

e et et et e —-———— ——— e ——

s DU- <
o N

_, 6.02 x 10* molecules of CO, = 44 g
~ Therefore 10 molecules of CO,

44
= 6021078 107
=7.3084 x 10-°g |

PV=nRT

ey
RT

1.5x0.001

= e = 49 x 10® mol
0.0821 %373

n

According to general gas equation L ;dﬁfeo{ Carbon dioxide = ?
i .

1 mole of NH, contains molecules= 6.02 x 102 . oy Ulate the pressure exerted by the gas assuming that
0.000049 moles of NH; contains = 6,02 « 102 x 0.000049 i, g >¢haves like an ideal gas
2.95x 10" molecules | % behaves like a real gas
- \80' a =417 atm dm® mol* b = 0.0371 dm’ mol”
1 molecule of NH; containsatoms &4 . ' o
2.95 = 10" molecules contains =44 295 x 10" & \W\_____________————————————————-——
hen the ga is ideal
| ] V=5dm®
| STP'W n = 2 mol
Q23. Cadlculate the masses of 107 molecules of each of H,, O, and CO; 2 300 K
will happen to the masses of these gases, when the T of these gases Is 11 T=27°C+273=3 Ig-1
bplﬂfcwmm&dccrmd-‘w 100 mm of Hg 7 R = 0.0821 atm dm® mol’

Solution: | , P=7?
& 4 ’ ‘ According to general gas equation

PV = nRT

Horvty




HELLO! Mr. Question here/ ‘
vultiple Choice Questionsfrom PAST PAPERS

i If “a” and “b” are zero for certain gas then 025 1S: (Lahore board, 2014
(2) Ideal (b) Hea €)_Non - ideal (d) May be any diatomic gas
7 Escape out of gas molecules one by one through tiny hole Is: (Lakere board, 2014)

m Diffusion (b) Effusion = (c) Osmosis (d) All of these
PR 3 The spreading of fragrance or scent in air is due {0 (Rewalptndt board, 2011)
27°C + 273 = 300K {a) Effusion (b) Diffusion. (c) Osmosis (d) Density
0 0R21 atm ,_?H,_r mol- ’_K" L S 4 Partial pressure of 0, in lungs (in torr) is: (Gufremesla board, 2008)
17 2tm dm* mol~* b = 0.0371 dm™ mol (a) 150 (b} 760 o 116 ) 159
. U der Waal's eq 5. The constant factor in Charle's [aw is: (Gujrameala board, 2008)
s sl - . (2) volume (b} femperature (c) pressure (d) all of these
': {V - nb) = ni] 6. Pamial pressure of oxygen in human lungs in torr is; (Gujraswala board, 2011)
(@) 161 (b) 116 . {c) 159 (d) 760
_ n; _';m I. The S.1. unit of pressure is expressed in (Rawsbindl Bosed, 2013) (Muitan Bosed, 2013)
or A% ) Nm’* (b) Nrn* (c) Nm™ (d) mm Hg
o P - & Which gas will diffuse more rapidly: (Labore Board, 2009) '

-
= -

R L |

A &k

g o

" W—ob) WV
(V - nb) v {a) CO, (b) NH, (c) HCI (d) SO,

Putting values ] o
200821300 4.17x2° 2 “lasma is conductor of electricity: (Fatsalabad Board, 2009)
e 371) ~ 1a) Bad (b) Poor (c) Good (d) None

(5-2x00371) 5 e
‘s-l“"ﬁ_ﬁfpimure iS: (Rawealpind! Board. 2009)
l,“" torr (b) mmHg (c) N (d) pound inch®
H-Density of an ideal gas can be calculated by the formula. (Faisalabad Board, 2011)
@) d = nRT (b) d=—2 (c) d=—=RT '
2 A RT M
| Absolute zero is equal to (Lahore Board, 2007)
= 2 atm mfﬂ)ﬁac (b) -273°C (c) 0°C ) 2 g L
(c) 'Dowuatﬁum_ﬂnmdmcmafpmmwhmzmduofﬂﬂs [T Ve
o volume of 40 dm” and T of 27°C_ o 0 '
il the volume of the gas is increased to 40 dm®, then the press

compared to that calculated above inl pant (a). :
It is because since volume is large, therefore molecules will be more widely sp¢
before and they will have lesser forces of attractions. Hence gas will be more

pressure difference form ideal behaviour will also be small,

— . S—— —




15. An ideal gas has volume 1 dm® at 303 K. Keeping pressure constant, at which Kelvin
temperature its volume becomes 2 dm? (Sargodha Board, 2011)

(a) 240 (b) 303 (c) 330 (d) 606
16. Which gas will diffuse more rapidly (Sargodha Board, 2014)
(a) CO, (b) NH, (¢) HCI (d) SO,

Answers to Multiple Choice Questions from Past Papers.
O# | Ans | Q# | Ans | Q# | Ans
() b | 4 | ©
(b)
(b)

s

(b) 10

135

Detailed Explanation of Past Papers MCQs &
answers to all Past Papers SHORT QUESTONS in

COLLEGE CHEMISTRY OBJECTIVE BOOK:I

SHORT & LONG QUESTIONS FROM PAST PAPERS

—

PRESSURE, BOYLE'S LAW, CHARLES'S LAW r
Short Questions -

; . y
(1) Define pressure. Give its units. (Lahore Board, 2009: Multan Board, 2009: D.G. Khan Board, 20!
Sargodha Board, 2012) OR Compare the different units of pressure. (Sargodha Board, 200?1013}
(2) Define Boyle’s law. Give its expression. (Fatsalabad Board, 2009, 2012: Gujranwala Board, 2

s
(3) The product of pressure and volume at constant temperature and number of moles

constant. Why? (Sargodha Board, 2009) ey
(4) Why the graph plotted between pressure and volume moves atway from pressure

higher temperature. (Sargodha Board, 2013) of 9%
(5) Why do we get a straight line when pressure are plotted against inverse volume

(Bahawalpur Board, 2009: Gujranwala Board, 2011; Rowalpind! Board, 201 3) he pr ossUrt
(6) Greater the temperature of the gas, closer the straight line of P versus 1/V to the P

axis. Justify it. (Lahore Board, 2007)
(7) State Charle's Law and write its mathematical form (Multan Board, 2012) 273°C. Why!

(8) Volume of a gas is doubled when temperature is raised from 0°C to
(Bahawalpur Board, 2008)

Long Questions |
Define Boyle's law. Give its experimental verification. (Bahawalpur Board, 2011)

E= ——, d

AVOCADR G S T

&&9\'3’-"‘ W, DALTON'S LAW OF PARTIAL PRESSURE AND ITS APPLICATIONS.
Uestions ————— e T h '

(1 260?:] e quanrlmnue deﬁnftfon Gf Char les’s law? (Falsalabad Board, 2008:

9) What do you mean by absolute zero? (Fatellasa Board, 2008: Bahawalpur Boord, 2008
' » . ur " Y

Sargodha Board, 2009: D.G. Khap Board, 2012) OR What is absolute zero? What happens to
real gases while approaching it? (Sargodhea Board, 2012: Fatsalabad Board, 2013)

3) The volume of a given mass of a gas becomes theores o
% (Rawalpindi Board, 2007, 2009: Lahore Board, 2014) eorefically zero at -273°C Justify it

Bahawalpur Board,

R

SCALES OF THERMOMETRY -
uestio

(1) What are different scales of thermometry? or What is thermometry? Name the scales and

device used  for. thermometry. (Multan Board, 2011) OR How the various scales of
thermometry can be. interconverted? (Lahore Board, 2007)

(2) Eﬁ ﬂ: lmp?;té:or;t) scales of thermometry. How are these related? (Lahore Board. 2008:

(8) =273°C is regarded as the lowest possible temperature. Justify it. (Gujramwala Board 2010)
(4) Volume of real gas cannot be zero at any temperature. Why? (Sargodha Board mn

(9) Convert 80°C to Fahrenheit scale. (Faisalabad Board, 2010) |

(6) Convert 40°F to Kelvin temperature (Bahawalpur Board, 2010)

(7) Convert — 40°F to (a) Cenigrade scale  (b) Kelvin scale (D.G. Khan Board, 2011)
8) Convert 40°C to °F (Fatsalabad Board, 2012)
%) Convert 40°F temperature to kelvin temperature. (Rawalpindi Board, 2012)
==NERAL GAS EQUATION, IDEAL GAS CONSTANT
{"QQM = T
52; g’hﬂt is general gas equation? Derive it in various forms. (Multan Board, 2010)

€rive the unit of ‘R’ in general gas equation when the pressure is in atmosphere and

Yolume in dm® (Multan Board. 2012)

8) Calculate the value of R in SI units OR Derive the units for gas constant R in general gas

€quation when pressure is in Nm* and volume in m’ (Lahore Board, 2008, 2013: Gujranwalo
2010." 2011, 2013, 2014: Multan Board, 2008, 2012: D.G. Khan Board, 2009: Rowalpindl Board, 2009,

(4) Der; Board, 2012, 2013)
V€ generaql gas equation for one mole of a gas? (Gujranwala Board, 2011) ’

(1)
) Wha‘t IS AUOgadro 's law Of gases? (Rawalpind! Board, 2010: (Sargodha Board, 2014: Lahore Board,

20 _ :
) D;; OR Explain Avogadro’s law with example (D.G. Khan Board, 2012)

ne Dalton’s |aw of partial pressure. Give an example. (Lahore Board, 2009: Gujranwala
Board, 99,4. Bahawalpur Board, 2011) OR_Define Dalton’s law of partial pressure. Give

?,?’emaumt expression (Faisalabod Board, 2011: Azad Kashmir Board, 2012)
V€ that P — P, X, (Lahore Board, 2014)




(4) The process of respiration obeys the Dalton’s law of partial pressure, Just
Board, 2012: Sargodha Board, 2013)

(5) Why pilots (or we) feel uncomfortable breathing at high altitude? (Fatsalabad Bo,
Sargodha Board, 2010, 2011)

(6) Why regular air cannot be used in divers tank? (Lahore Board, 2010) OR Explain
of sea divers breath. (Rawalpindi Board, 2011)

(7) How Dalton’s law of partial pressure is useful in determining pressure of a gas collected
at water? (D.G. Khan Board, 2010: Multan Board, 2011)

(8) Explain two applications of Dalton's law of partial pressures. (D.G. Khan Board, 209;.
Gujranwala Board, 2012) Ans: Combine S1 and §4 ‘

(9) Calculate fraction of total pressure exerted by oxygen when equal masses of CH, and 0,
are mixed in an empty container at 25°C. (Lahore Board, 2014)
Long Questions

(1) Describe Dalton’s law of partial pressure. Write its two/three/four applications. (Lahore
Board, 2010: Falsalabad Board, 2011: Lahore Board, 2013: Gujranwala Board, 2013)

(2) What are the applications of Dalton’s law of partial pressure? (Sargodha Board, 2014) OR
Write down the applications of Dalton’s Law of Partial Pressure. (Rawalpindi Board, 2010)

rd, 200;.

Procedyre

DIFFUSION, EFFUSION, GRAHAM’S LAW OF DIFFUSION
Short Questions
(1) Define diffusion and effusion. (Faisalabad Board, 2013: Sargodha Board, 2013)

(2) Differentiate between diffusion and effusion of gases. (Faisalabad Board, 2007: Bahawalpw
Board, 2012)

(3) State Graham'’s law of diffusion and write its mathematical form.
Rawalpindi Board, 2012)

(4) Rate of diffusion of NH; gas is more than HCI gas. Why? (Bahawalpur Board, 2011) OR

Lighter gases can diffuse more rapidly than heavier gases. Why? (Gulranwala Board, 2005
2009: D.G. Khan Board, 2009)

Long Questilons

(1) Define and verify Graham'’s law of diffusion of gases. (Faisalabud Board, 2010: D.G. Khe"
Board, 2011) )

(2) State and explain Graham'’s Law of diffusion of gasés: (Mu Board, 2011)

(D.G. Khan Board, 2012:

_—-"'—'-

KINETIC MOLECULAR THEORY OF GASES S N !

(1) List four postulates of kinetic molecular thedrj) of gases. (Falsalabad Board, 2011: Lahore
Board, 2013)

. . v |
(2) Give mathematic expression of Kineti¢ equation and root mean square velocity. M
Board, 2012) |

A ity
(3) Give mathematical expression for mean square veloeity and root mean square veloc
(Rawalpind! Board, 2009)

(4) Why gases do not settle down in a ﬂml? }Gwn Board, 2008)

(5) What are elastic collisions? Give an example. (Multan Board, 2007)

(1) What Is Kinetic molecular tﬁéary of gases. Give its Postulates. (Sargodha Board, 2019

—

—

ff}). (D.G. Khar

' CRITICAL TEMPERATURE, PRESS

| (3) What is critical temperatu

" (4) State Joule-Thomson e

(2) Apply kinetic molecular thebry to explain the Avogadrg’s Law.

. i ‘ (Sargodha Board, 2011 )
' ive Graham’s law of diffusi i
| (3) Derlbzez o) fidiffusion from kinetic molecular theory of gases. (Gujramwala

Long Questions
(1) Define Graham silawaExplain Graham'’s law
(D.G. Khan Board, 2010)

(2) Exp!al'n Avogadro's daw and Graham's law of diffusion on the basis of Kinetic Molecular
Theory of gases. (Multan Bogrd, 2011)
i T # ? W b . w .

(3) (lﬁ!hat is klﬂ;tici :gﬁfculﬂr theory of gases? Derive Boyle’s law from kinetic equation.

(4) Haow are Bovyle's law and Charle’s law derived
fMuﬂan Board, 2013)

of diffusion according to kinetic equation.

from kinetic molecular theory of gases”

URE, LIQUEFCATION OF GASES, LINDE'S METHOD

S_M'“ Questions

P(M Dejine critical temperature and pressure. (Sargodha Board, 2010) OR Differentiate between
a

- critical temperature and critical pressure. (Gujranwala Board, 2012)

Vdﬂ)ﬂWhat is the critical temperature of a gas? Give its importance for liquefaction of gases
(D.G. Khan Board, 2008: Falsalabad Board, 2009 Bahawalpur Board, 2012)

re? It depends upon what factors? (D.G. Khan Board, 2010: Mul
Board, 2013) S 4 i NoF

ffect. What is its applications? (Lahore Board, 2010: Falsalabad Boord,
5 2010; ?ﬂhmlpur Board, 2010: Gujranwala Board, 2012)
) Explain Linde’s method of liquefaction of gases. (Multan Board, 2010)

(6) Joule-Thomson effect is operative in the Linde’s Method of Liquefaction of air. How?
~ (Lahore Board. 2007)

1 State Joule-Thomson effect. Why it is not applicable to H, gas? (Lahore Board, 2011) OR

Mmonia gas can be liquefied quite easily than H, gas. Justify it. (D.G. Khan Board, 2008)
estions

1) Describe Linde’s method of liquefaction of gases. (Lahore Board, 2013)
IDEAL AND NON-

s———AND NON-IDEAL GASES, CAUSES OF DEVIATION r
-w 4

g; m:at Is compressibility factor? What is its value for an ideal gas? (Multan Board, 2007)
at are faulty points in kinetic molecular theory of gases? (Faisalabad Board, 2008: Lahore
+ 2009: Bahawalpur Board, 2011: Lahore Board, 2012) OR Describe two causes of deviation
g:im fdeﬂ"ty- (Gujranwala Board, 2009: Rowalpindl Board, 2011, 2013) OR Why real gases
mfaf?fe from ideal behaviour? (Bahawalpur Board, 2010: Falsalabad Board, 2010: D.G. Khan Board,

| a Board, 2011, 2012, 2014) .
) Why, high pressure and low temperature make a gas non-ideal? OR Gases deviate

q :
2010, Falsalabad Board, 2011, 2012: Multan Board, 2012: Multan Board, 2013)




. iting, cutting, erasing, using lead gencil will Risult
(1) Why real gases deviate from the ideal behaviour? Discuss USes. (Sargodhe Boarg te: Over writing, cutting, erasing, using lead pencil will pesult in loss of marks.
’ P | S01) g:' Each question has four possible answers. Choose the correct answer and encircle it.

bsolute tempe mduwhdouthdmdt}wmum' also doubled.
| — ) If & . | _ IS the volume of the gas will
VAN DER WAAL'S EQUATION (b) increase fourtimes (c) reduce to %  (d) be doubled

Short Questions . (i) Charle's law is applicable to

(1) Why the pressure correction is done by van der Waals? (Rawalpind! Board, 2007. Mute | (b) real gases’ . (c) all gases " (d) none
Board, 2009: D.G. Khen Board, 2010) (i) Partial pressure of O, indungs (in tom) is?

(2) Give (S.1) units of ‘a’ and ‘b’ in van der Waals equation. (D.G. Khen Board. 2009, 201, (a) 150 (b) 760 (d) 159
Rewalpind! Board, 2012: Multan Board, 2012: Faisalabod Board, 2013: Rowalpind! Board, 2013) | (iv) 1f2 moles of an ideal gas at 546 K occupy a volume of 44.8 liters. the pressure must be

3) Gases deviate more from ideal behaviour at 0°C than at 100°C. Why? (Lahore Board, 2008) (B) 3atm (c)4atm  (d) 1atm
Long Questions (v} The rate of diffusion of H, compared with He is
(1) Derive Vander Wall's equation for real gases. (Multan Buard, 2010: Bahawalpur Board, 2010) {a) % tigses (b) 14kimes"  (c) 2 times (d) 4 times

2) Derive Vander Wall’ * : (M) The constant factor in charle’s law is:
(<) all's equation for real gases and give the physical significance of van der e (5) Whaerature S T

Woal's constants ‘o’ and ‘D", (Sargodha Board, 2013) ) m%mdhmmhﬂsdmm
o .[a) 100°Cand 1 atm  (b) 25°C and 0.25 atm [c) 0°C and 0.5atml  (d) 40°C and 0.5 atm
PLASMA STATE ;ﬁ'-%ﬂhw;lmnmtdbyanumbmofncnimcmg' gases is equal to the sum of the partial pressures
Short Questions / _Of'the gases under the same condition is known as
(1) What is plosma state (or fourth stote of matter)? How it is formed? (D.G. Khan Board. 2004 | [a)Boglelslaw  (b) Avogadro's law  (c) Charle's law

Bedasciper Board, 2009 Multan Board, 2011) {} = An ideal gas has volume 1dm® at 303K keeping pressure constant at which Kelvin temperature its
2] Where & the plosma formed (or found)? (Bebowolpur Boord, 2008: Multon Board, 2008 " wohime will become 2dm®

Cajramocic Seard. 20091 &) 240 (b)) 33 lc) 330
3 What cre charogteristics of plosma” (Muitan Board, 2008: Azod Koshmir Board, 2012 ”-r Wdﬂﬂwﬂm@mﬂ&w ighest rate of diffusion?
) What is piosma? Write four uses (or gpplications) of Plsma. (.. Khen Bewrt 2007 N (L (@0, ©COy * AN

Soard, 200, 212 Bobowoiper Board, 2012 D.G. Khan Board, 2012 Rowclpindl Boed NIZ The van der Waal's equation explains the behaviour of

Guagramonic Bocrd, 012, 2014: Labore Board, 2011, 2013: Sargodhe Board, 2013) (2] ideal gas .

D Ste wher 8 norurs and arghioal plasma (Feisalabed Board, 2012)
LMy (aesisioms
L What & picsmiz” Give three applications of plasma. (Sargodhe Board, 2010)

(B) 2731SK (b)) 273.15°F (d) 0°C
The value of R is Sl units is

(2} 0.0821 dm® . atm. J*! mole™

(€ 831 dm® atm. K mole™

(b) 16g !
The volume of 1 mole of N, is maximum at
RI0Cand2atm (b) STP () 100°C and 1 atm

£ ¥ F% § B

7

&/

FEs=g
FEFE




College Uhembsery. Port

Cases behave ideally at high temperature and Low pressure. Why?
vi! MHow does heal ransfer from a hot body to cold boavy?
Vi) Fyove Grahams Law of diffusion of gases
i) Differentiate between an ideal & a non ideal gas.
ix) Dalton's law of partial pressure s not obeved by polar gases. Why?
) 1dm®of M, al STP weighs 0.0899g & 1 dm® of Oy, at STP weight 1.3438 g but they have same Volume
(xi) Calculate the value of R in Sl units
Xil) Why gases diffuse into each other!
QF. Answer any Six parts from the followings.
Why the graph between 1/V on x-axis and P on Y-axis is a straight line?
) What Is the effect of increasing temperature on isotherm of a given mass of a gas?
() The graph PV on y-axis and P on x-axis is a straight line parallel to x-axis. Why?
(v) What is the general ¢quation?
(v) Why pilots feel uncomfortable breathing at high altitude?
(vi) How can Charles's law be obtained from the general gas equation PV = nRT?
(vil) What is the effect of temperature and pressure on the density of a gas?
(vill) Dalton's law of partial pressure is not obeved by a mixture of NHg and SO, gases. Why?
(ix) Why gases collected over water are impure gases?
(x) How is artificial plasma produced?
(xi) Why fluorescent tube produce light?
(Xii) Lighter gases diffuse more rapidly than heavier gases explain?
Q4. Glve the short answers (only 06 questions).
(1) Why real gases deviate from ideal behaviour?
() Why did van der walls correct the pressure in the general gas equation?
(i) The product of pressure and volume at constant temperature and number of moles is constant why?
(v) Why spiral pipe is used in Lind's apparatus for liquefaction of gases?
(v) Why high pressure and low temperature make gas non ideal?
(vi) In solids, liquids and gases, temperature is the meausre of which kind of energies?
(vii) Define Critical temperature and critical pressure?
(vill) The volume of the given mass qf a gas becomes theoretically zero at 273°@, justify it?
(ix) Polar gases have high critical temperature. Why? '
Section - Il _(Attempt any three questions) (8x 3)=24 02
Q5. (a) How general gas equation can be used to determine the molecular mass.of a gas. _ P
(b) Calculate the mass of 11.2 dm? of H, at 0°C and 2 atm pressure gonsidering hydrogen 1o be ideal u{nﬂﬂ}
these condition ‘03}
(¢) Prove Avogadro's law using kinetic equation of kinetic méleculartheory. (04)
Q6. (a) Derive van der Waals equation for real gases : (04)
(b) Three moles of SO, are enclosed in a 5 dm? flask at 27°C.
(i) Calculate the pressure exerted by the gas assuming that
(a) Gas behaves like an ideal gas
(b) Gas behaves like a real gas  For SO, a = 6.1704tm dm® mol® b = 0.0564 dm® mol™*
(1) Also caloulate the amount of pressure lessened due 1o fores of attradions af these conditions of - volume and
Q7. (a) What are ideal and non-ideal gases? Why do real gases deviale from idesl behaviour? Explain with graph
(b) What pressure is exerted by a mixture of 2 g of He. 16 gof €}, and 10 g of CO, at 10°C in a 5 dm® vess&l’
(¢) Write a short note on Absalute zero.
Q8. (a) What is the role of critical temperature in thelliquefaction of gases? Describe Lind's met
liquefaction of gases. - |

whu?

(b) Write down the postulates of kinetic mblecular theory of gases.
Q9. (a) Give experimental verification. of Graham's law.

(b} Derive

(c) Th
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