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Dalton’s Law of Partial Pressure (s bl o sl o) 5i8)

- The relation between the pressures of the mixture of non-reacting
gases enclosed in a vessel to their individual pressure is described
IN the law.( ol ous sle s b 3asm sl Aeliiall e ) Lk L g (g 2830
O 48 ea sa (53 411,)

- The law was given by John Dalton in 1807 (c osils oo 8 ge o 5d) jaa
VALY ale u_«)

- At constant temperature, the pressure exerted by a mixture of two
or more non-reacting gases enclosed in a definite volume, is

equal to the sum of the individual pressures which each gas

would exert if present alone in the same volume.( * s s a0 e
Uisbasa ¢ 23n anay Ualae Aleliiall e <l 5l o ST ol (il e Tl s sley (53 Laraall (555 ¢

paall i 803 ey 1353 50 OIS 13) Sle S Ll ) A jdl) Lo siall § ganal,)

- The individual pressures of gases are known as partial pressures.(
® 4 jall Ja grcally < Sl A Jall da gacall (o ya,)

- Mathematically( wab, o sa)
If P is the total pressure of the mixture of non-reacting gases at
temperature T and volume V, and Py, P,, P3 .... represent the
partial pressures of the gases, then (Ui 13 P el sl J<I laall 5

3yl all da e Aleliidl ye T analis Vo5 ¢ Ppo Py e Palll. dd)all gl Jias
O3 ¢ @l all)

P = P+ P+ Pyt ... (T, V are constant)

Partial Pressure in terms of Mole Fraction( s sl dus (e Sl i)

Mole fraction (X) defines the amount of a substance in a

mixture as a fraction of total amount of all substances.( <

s nll (X) sl o Adlaa ) 4ol (e 6 5 Ll e L) 8 30l 1S 28

If n =1 moles of any substance is present in n moles of the

mixture, then mole fraction of the substance, (wisiin =1 geds

e aasasesabe 5 N e aalall sl o ) ()5S Baiad ¢« Tl he Y 50)

X]_:n]_/n
X1:P1/P
P]_:X]_XP
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Question:

A 2.5 litre flask contains 0.25 mole each of sulphur dioxide and
nitrogen gas at 27°C. Calculate the partial pressure exerted by each
gas and also the total pressure( & oe JSUdse +, Y0 o (ssiny 51 Y,0 dan 390
S5 Sl JS s ey 631 i al) Tl ol Ay sia a0 YY e gy il e 5 Sl
S Taall),

Solution:

Partial pressure of SO,

Psos =NRT/V =0.25% 8314 x300/2.5%x 10° =2.49 x 10° Nm~
2=2.49 x 10° P,

Similarly Py, = 2.49 x 10° P,

Following Dalton’s Law

Prow = Pna + Psoz = 2.49 x 10° P, + 2.49 x 10° P, =4.98 x 10° P,
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H.W) A vessel of volume 22.4 dm? contains 1.5 mol H, and 2.5
mol N, at 273.1 K. Calculate (a) the mole fractions of each
component, (b) their partial pressures, and (c) their total
Pressure(YY.¢ sasstes AM® Use 1,0 e sy H2 dsa Y0 5 Ny ol YVYF,) e
S et () 5 ¢ oty Ledainia (<) ¢ 0580 ISV A ) 5l () ),

Real gas(. i) )
A gas which obeys the gas laws and the gas equation PV = nRT

strictly at all temperatures and pressures is said to be an ideal gas.
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The molecules of ideal gases are assumed to be volume less
points with no attractive forces between one another. But no real
gas strictly obeys the gas equation at all temperatures and
pressures. Deviations from ideal behaviour are observed
particularly at high pressures or low temperatures(gx=s ¢ Sl o) Ji
Sl Adaas S Gl @ PV = NRT e 5o sa Laawall g 5 all Gla o gaen 3 43y
lemny O s 58 5a s e ge Bl (e JBl aaa I Wl AN Sl 0685 G iy
Taad5 Ll s 5 pall ey gpen 3 S Asbeey By o5 SR Sl s Y oS )

Yimiaiall 5l jall a5 5f Mol Tl sie Aala Wl gLl e i) aiY),

Ideal Real
Low Pressure High Pressure
“olume of gas is “olume of gas is
negligible significant

The deviation from ideal behaviour is expressed by introducing a
factor Z known as compressibility factor in the ideal gas
equation. Z may be expressed as Z = PV / NRT (e <lai) e il 23
daladl Jlas) PP e JEl gl 7 (S A0 3l dlslae 8 Blacai) dele audy Ca g el
oo il Z<Z =PV [ nRT)

o Incaseofideal gas,PV=nRT ~.Z=1
5 Incase of real gas, PV #nRt . Z # 1

Thus in case of real gases Z can be < 1 or > 1( ¢ &daall ol s 3 g
058 o oS Z) <l ) e )

- When Z < 1, it is a negative deviation. It shows that the gas is
more compressible than expected from ideal behavior(s s e Z

<L ) S ghal) o x5 Law Unlizall ST S5l o) jedag) Wl Bl jad) o S5
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When Z > 1, it is a positive deviation. It shows that the gas is less
compressible than expected from ideal behavior(s o5& bxe Z> 1«
S Ll e a8 i g Law Unliail S8 ) of sy o) )l 543.)),

Question
1 mole of SO, occupies a volume of 350 ml at 300K and 50 atm pressure.

Calculate the compressibility factor of the gas(dJe Yo« Laa disy cu Sl sl S8 e Jse)
Gsahia s STt

S Labeail Jalaa qaal),

Solution:

P =50 atm

V =350 ml = 0.350 litre

n=1mole

T=300L Z=PV/nRT
~Z=50x%0.350/1x0.082 x 300 =0.711

Thus SO, is more compressible than expected from ideal behaviour.

Van der Waals’ Equation of State for a Real Gas(.iis) il (i s dales)

This equation can be derived by considering a real gas and ‘converting ' it to

an ideal gas( e sle ) mabimst 5 ks Sle ) el Asbed) o3a Bl (Sa),

Volume Correction(sal) mass)

We know that for an ideal gas P’V = nRT. Now in a real gas the molecular
volume cannot be ignored and therefore let us assume that 'b' is the volume
excluded (out of the volume of container) for the moving gas molecules per
mole of a gas. Therefore due to n moles of a gas the volume excluded would
be nb. \ a real gas in a container of volume V has only available volume of
(V - nb) and this can be thought of as an ideal gas in container of volume (V

- Nb).(Ludl Sl dilly 4 olas gas PV = NRT. ¢ il aasll dalas oS ¥ sl Sl 8 oY)
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O s Lses s P C el S e Jse JSIAS jaidl Sl clly jad (Rysad) aaa (e) ndivsal) aaall s

OsS daivall aaall 8 ¢ S e Jse 230 2sa ) 15k NP\ aaas ele 5 8 sl Sl VL e aas 4
(V - nb) sl isls 8 0Ea e ey el oSars (V- ND).)

Hence, Ideal volume

Pressure Correction(fsxal mas)

It can be seen that the pressure the real gas exerts would be less than the
pressure an ideal gas would have exerted. The real gas experiences
attractions by its molecules in the reverse direction. Therefore if a real gas
exerts a pressure P, then an ideal gas would exert a pressure equal to P + p (p

Is the pressure lost by the gas molecules due to attractions). ( sl of daste oSa
danl 5 cdal) Jalse sl Sl aay | JEd) 5Ll 4 jley 8 @Al rcall (e J81 ()5S sl Sl 4w jley 530)

Uai aall Sl Gule 13) ¢ G Sall laa¥) i 4ty o P3G slse Ut Gl M) 5 s« P+ p

(P 23 Jal s sy SR iy 0385 (53 aal) 5a).,)

Therefore p oc n/v (concentration of molecules which are hitting the
container's wall)(« A3 p N/ v (sl Dlas o 0 @l sall 58 5))

P o< n/v (concentration of molecules which are attracting these molecules) =
P oc NPV (PN TV (sl ada s ) iy 5al 55 5) p N2 / v2)

P = an’/v® where a is the constant of proportionality which depends on the

nature of gas. (P = an2 / v2 ¢us @ Jlll dxuds o aaia (53 il ol 5a.)
Pi=(P+an’/ V% ..o, (ii)

Here, a = A constant whose value depends upon the nature of
the gas(Pi = (P +an2/V2) ... ........... (i) wa = o 4iad aaies culs

Sl Zala)
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Substituting the values of ideal volume and ideal pressure in ideal gas
equation i.e. pV=nRT, the modified equation is obtained as( Ju aaall o Jas)

@l ¢ A S Al b M) Jaaall s PV = NRT @aad) dsbad) e J geanll 2% <)

2
(P + %][V —nb) = nRT

OR

nRT n2.a

V—nb V2

The constants a & b(« & i <l s)

Vander Waals constant for attraction (a) and volume (b) are characteristic for a
given gas. Some salient feature of a & b are( s e uals Lo (@) aaally (1) @3l (s jail s
155, landl Gy e Sl @ & D 2):
For a given gas Vander Waal’s constant of attraction ‘a’ is always greater
than Vander Waals constant of volume (D)( ¢ caall el 5 ¢ guma Sle ) daally @™ il
<l e S Vander Waals st (b)),

The units of a = litre? atm mole? & that of b = litre mole

Some Other Important Definitions (s sV dsled) iy jaill (ass)
Critical Temperature (T.)(3a3.2)
It (T,) is the maximum temperature at which a gas can be liquefied i.e. the

temperature above which a gas can’t exist as liquid((TC) I i sl 3, al 4a 2

JILS ) aal g o oSar Y LeBb 351 ad) As5a gl ¢ S AL baie oS4,

T.=8a/27Rb

Critical Pressure (P¢)(z s bxz)

It is the minimum pressure required to cause liquefaction at T( oe Y1 2 4
Adle 5 da L vie Jued GilaaY slladl laaall)

P, = a/27b*
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Critical Volume(zs ~2)

It is the volume occupied by one mol of a gas at T, and P (Jse 4y 53 aasll 5
v Jdl geasls T s Pc)

Ve=3b

Q) find the pressure of 2.00 moles of carbon dioxide gas at 298 K in a 5.00 L

container. The van der Waals constants for carbon dioxide are: a = 3.592 L*

atm/mol® and b = 0.04267 L/MOL.() cAlS YaA sic &SI sl 36 e G Jsa ¥, v Jaim o

Y AY,eAY = s Sl sl B J6 g il o, s dygla B),
nRT n’.a

V—nb v?

_ (2M0L)(0.0821L)(298K) (2MOL)?

~ 5L — (2MOL)MOL.K(0.04267L) (5)2

P =

= 9.38atm

Compare this to the pressure calculated using the ideal gas law( sl 13 o8
S Sl ¢ 8 ARl s gandll)

_ (2Mol)(0.0821L)(298K)

(5L)mol.k = 9.77atm

Q) The critical constants of ethane are pc = 48.20 atm, Vc= 148 cm and Tc =
305.4 K. Calculate the van der Waals parameters of the gas (a, b)

b=+1V,

(148 cm?® mol') = 49.3 cm® mol~' = [0.0493 dm’ mol !

a = 27p.b*=27(48.20 atm) x (0.0493 dm®* mol')* =|3.16 dm® atm mol >
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H.w) The critical constants of methane are pc = 45.6 atm, Vc = 98.7 cm®,
and Tc=190.6 K. Calculate the van der Waals parameters of the gas( i

o diadllis =l pe = 45.6 atm Ve = 98.7 cm®s« Tc = 190.6 K. dtlas il VAN

der Waals ).
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