Chapter One Physical Chemistry For UGS-2" Year 1% Semester

1-8 Mixture of gases (Dalton’s law of partial pressure)
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When dealing with gaseous mixtures, we often need to know the contribution that each
component makes to the total pressure (pr) of the sample. The partial pressure, pi, of a

gas i in a mixture (any gas, not just a perfect gas), is defined as:

bi = XiPr (1-11)

where y;i is the mole fraction of the component i, the amount of i is expressed as a

fraction of the total amount of molecules, n, in.the sample:

Xi= o (1-12)

Where nrrepresents na + ng + Ne.+#=- -~ etc

Pr=pa+ps+pc+----etc

Pr = Zm (1-13)

Example: The mass percentage composition of dry air at sea level is approximately N2:
75.5;0,:23.2; Ar: 1.3. What is the partial pressure of each component when

the total pressure is 1.20 atm?

Method: We expect species with a high mole fraction to have a proportionally high
partial pressure. Partial pressures are defined by equation (1-11). To use the equation,
we need the mole fractions of the components. To calculate mole fractions, which are
define by equation (1-11), we use the fact that the amount of molecules i of molar mass

Mi in a sample of mass mi is ni=mi/Mi. The mole fractions are independent of the total
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mass of the sample, so we can choose the latter to be exactly 100 g (which makes the
conversion from mass percentages very easy). Thus, the mass of N, present is 75.5 per
cent of 100 g, which is 75.5 g.

Answer The amounts of each type of molecule present in 100 g of air, in which the

masses of N2, Oz, and Ar are 75.5 g, 23.2 g, and 1.3 g, respectively, are

755g 755
N.)= - 1=2.69 mol
MN)= 8 02g mol T~ 28.02 ™ mo
2328 232
_ - 1=0.725 mol
"0:)= 33 00g mol* ~ 32.00 ™ mo
1.3 1.3
n(Ar)= 5 = mol=0.033 mol

39.95g mol™'  39.95

The total is 3.45 mol. The mole fractions are obtained by dividing each of the above
amounts by 3.45 mol and the partial pressures are then obtained by multiplying the

mole fraction by the total pressure (1.20 atm):

N, 0, Ar
Mole fraction: 0.780 0.210 0.0096
Partial pressure/atm: 0.936 0.252 0.012

We have not had to assume that the gases are perfect: partial pressures are defined as

Pi = Xipr. for any kind of gas

Home work: When carbon dioxide is taken into account, the mass percentages are
75.52 (N2), 23.15 (02), 1.28 (Ar), and 0.046 (CO2). What are the partial
pressures when the total pressure is 0.900 atm?

Answer: 0.703, 0.189, 0.0084, 0.00027 atm.
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Example: Assume that you have a system consists of two gases (1&2) at constant T and
V. What are the partial pressures of p: and p2 of these two gases respectively?

Solution:

From the equation of ideal gas pV = nRT.

Accordingly, for the first gas (p1V = n1RT) and for the second gas (p2V = n2RT)

Where n:1 & n; represent the no. of moles of the gases (1&2) respectively.

According two Dalton’s law (pr = p1 + p2)

pr = n1(RT/V) + n2(RT/V), then = (n1 + n2)(RT/V)

Dividing the partial pressure by total pressure then

p1=[n1/(n1+n2)] x pr

P1=X1PpPT

P2 = X2 Pt

Where x: & x2 represent the mole fraction of the two gases and the 2 i = 1
1-9 Graham’s law of effusion

Which states that the rate of effusion is inversely proportional to the square root of

the molar mass and density.
Ol 9 «(effusion) BLUYL s ks OIS daus Dgsl ol (2luws 2> IUS (e LI 0L Ados Bya3
S Braadl (olgsdl tpe BLUSYI dag Tuz ladiiie (1950 wiuall Gt M- (e 04 Ul Sl OLw
BB Jdas & gpogisinly GBI o S sue BB ) ddas luld 1829 plal,S Wl (5,2
P9y T g wie S (2ol Hdandl e LSl ity I

— = (d—1 z (1-13)

Jldl e 3Wly JoI1 o Sl (p) 43S da 9 d1 Je39 2.9 1 oyl B3] Juae OMiea 12 9 11 Jieo
[ Lalall Dslasll JI 92,0b clldg 0g5lal daidle 4T Alilae 2Me e Jgmamddl Song
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m=" opa =YP
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Lo @) =G (1-14)
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Thus, in the case of the gases, oxygen and hydrogen at equal pressures, oxygen
molecules are 32/2: 16 times slower (denser) than those: of hydrogen. Therefore,
hydrogen (lighter gas) effuses 4 times as fast as oxygen (heavier gas):
rate(Hz)/rate(02) = Vp(02)/ Vp(H2) = VM(O2)/ VM(H2) =V32/Vp2 =
Example: Exactly 1 dm3 of nitrogen, under a pressure of 1 bar, takes 5.80 minutes to
effuse through an orifice.. How long will it take for helium to effuse under
the same conditions?

Solution: p =1 bar, Vn, = 1. dm?, t ='5.80 min.

In./ The = the [tn. = (Mue/Mn.) Y2

the = th. X (Mue/Mn,) Y2

the = 5.80 min (4 g mel'/28 g mel )2

the = 2.19 min

Example: Calculate the average molar mass of air at sea level and 0 °C if the density of
the of air is 1.29 kg. m3.

Solution: It can represent the pressure of see level equal to 1 atm.
dRT

p
M =1.29 x 10% g m> x (0.082 atm L/mol K) 273 K because of 1kg = 103g and 1L = 103 m3

13| Page By Dr. Abduljabbar I. R. Rushdi 2021-2022



Chapter One Physical Chemistry For UGS-2" Year 1% Semester

1atw
M = 28.9 g mol™

1-10 Real gases (non-ideal gases)
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1-12 Van der Waals equation
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an?
(p + W) (V— nb) = nRT

(1-15)
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(1-15A)

p~ = an?/V?>where (a) represents a proportional constant and it is specific for each gas.

so, when it is applied for the equation of ideal gas then

an?

P1=(P+W

(1-15B)

3V s 5 J806 Dsle BUS (,Sey U

an?
(p + W) (V— nb) = nRT

(1-15)

15| Page By Dr. Abduljabbar I. R. Rushdi 2021-2022



Chapter One Physical Chemistry For UGS-2" Year 1% Semester

nRT an?

OR P =W _nb) V2
Y6 i Sl (n 1y ) il JU86 Ulae S Sy el

(1-16)

+ a V- b) = RT,OR,p = RT a
(P + 7z)(V-b) =RT,OR,p = V—b) V2 (1-17)
&M\jh&d\@\bj@@lbggjb’d\&93&5&»&:3L%33L5.n3d@)d&lé@|§ b 9 a culgll Ldyas

.Lﬂjl}ﬂl
Example: Calculate the pressure exerted by 0.300 mol of acetic acid in 2 L container at
40 °C using:
A) The ideal gas law.
B) Van der Waals equation (a = 17.71 atm L2 mol?and b =.0.0237 L mol?).
Solution: n=0.300 mol, V=2 Land T = (40 °C + 273) =313 K.

nRT
A) pV = nRT,OR,p = —
|4
0.0300 #1101 0.082 atm L mol " *K~%313 K
P = 2L =3.85atm

nRT  an?

B) P= W_np) 12

_0.0300 120l 0.082.atm Lol K313 K  (17.71 atm L* mel=%)(0.030-mel*)
P = 751.(0.300 el X.0.0237 Lmol=t) 412

p = 3.863 —0.983 = 3.464 atm
JGall Sl Dolan e zayStiuadl Jasuall (e 3T 92 (3.46 atm) JUyuld Dolas (e zySeined! Jadyall
BB S 110 Cunyd (J Olomnsaid! o (381950 929 (3.85 atm)

1-13 Compression factor or Compressibility factor (Z)

It is a correction factor which describes the deviation of a real gas from ideal gas
behaviour. It is simply defined as the ratio of the molar volume of a real gas to the molar

volume of an ideal gas at the same temperature and pressure.
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Vi
Z = Vo (1-18)

Where Z represents the compression factor, and Vi, = V/n and V3, represent the molar
volume for real and ideal gas respectively.

dl sl JUadl 36U VG, ©Y sl el O s

. RT
Ve, = > (1-29)
_ RT
Z = - (1-20)
gl iy i S (G Al gy 5al) ol B8 oo o
PV
Z = RT ,For Real Gas (1-21)

Also, (1-21) equation can be written as follows:
PVm=RTZ (1-22)

JUedl Gl e Sl sa3 1 dagd (pe BlmiYly B9 pall guar Coxd 7= 1 ded Gl JLall 5L
[(4) pd) SSidl Yo duam p b hlie Z 0 oy s 5l
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dudaisdl whlal) ddgall pammdly 7> 1 L) 0588 Wl prez 08 )l bgasall ey (2= 1) 4=y I
8Ll (o 0S5 Sl Wiz 8L 593 O JUby Al Bl ddgall pgzsdl oo (pe AST 9SS
Bl (2 095 3l (598 O U1 Tido Z < 1 dagd 0555 W plase O Aawgiall bogiall dic Ll
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(59 4) 03y Sl J) sl 4dlall lilad) dd gl

Compression factor, Z
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Figure 4: The variation of the compression factor, Z, with pressure for several gases at 0 °C. A perfect gas has Z = 1
at all pressures. Notice that, although the curves approaches 1 as p -» 0, they do so with different slopes.
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Figure 5: hydrogen, methane, and carbon dioxide attain a deeper absolute minimum? (greater deviation from
Z=1).

Homework 1: Why does the graph of compressibility factor(z) vs pressure increases

after reaching the minimum?

Of aes 919 (o JB1Z daid Jazm il Gaad dassall 8505 OF dlasMe oSax 5 9 4 JKadl oo 1ol
S e AST bl abB il sdadl G2 1429 CO2 9 CHa 9 CoHq J1 58 lld JLs (nRT > pV)
(NRT < pV) &1 d=1g o0 ST Z @b 0S5 OB auazr OF 1axM 58T Sy Jaiuall 8oL disy . Sl
A9 diboly Lgbo giud 5SS Loaie (Ul 2 glud) el Of LgiSey ! il O Joall S Lilgilug
Adle L)y

Homework 2: The attraction forces between the gas molecules enable liquefaction of
the gas but these attractions are still lower than the attractions between
the molecules of the liquid Why?

Example: 10 moles of a gas is contained in a 50 L container at a pressure of a 10 bar
and a temperature of 500 K.

a) Calculate the compression factor, Z?
b) Determine if the gas is ideally-behaved or real?

c) Determine if repulsions or attractions is predominated in the gas?
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Solution: n=10 mol, V=50L, p = 10 bar (atm) and T = 500 K.

a) PVa=RTZ (1-22)
OR
pV Vv  50L
Z= R—;,", V,, comes from = Tomol

50 L
s 0% 10 mel
atm. L ’
(0.082 £7%2 (500 )
Z =122

b) If the value of Z is equal to one, this means ideal gas, and if Z is not equal to one,
this means real gas. So, for the above value of (Z =1.22) indicates that the gas is
real.

C) Z > 1 Repulsion forces are dominated.

Z < 1 Attraction forces are dominated.

1-14 The law of corresponding states

wels> (@ (Te domyd! Bl 3395 9 Ve =l parsdly pe o) Laidll) domydl Colgtll O g yaall 40
B L3l x9Sl Y] bylymdl dmpsg exadly Jaial) Lol Waslazel ooy 1 ohlidd 83ae
0 (yo (S 3dzug Te AUiseall 8yl dpag Ve JFseall ezxadls pr Jiell Lasadll (29 Busd s

51 6T & lall ol ol e logundio fintioed) paiall Aol gy dsienl) ol piciall

_p

Pr= E (1-23)
1

V.= V. (1-24)
T

T,= T. (1-25)

19| Page By Dr. Abduljabbar I. R. Rushdi 2021-2022



Chapter One Physical Chemistry For UGS-2" Year 1% Semester
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Figure 6: The compression factors of four of the gases: Plotted using reduced variables. The curves are labelled with
the reduced temperature T, = T/Tc. The use of reduced variables organizes the data on to single curves.

B)lall a9 sl o daulyg ajb@u_)laﬂe.nzdbﬂ Dylude Z; oud 5 &)f Sl (e aing

7 = PV
" RT, (1-26)
(1-27) Dstaol e Jaazs (1-17) JUb 056 Dslaa § Tr 5 Vi3 pr asga
y RT a
P=w-p 2 (1-17)
RT.T. a
P=PrPc= 3 b 2 (1-27)

JBy51 Aslae) &l J o9 darawdl dsb

RTe Za 3 ddziuall (2-28)
(ﬁp)T (V-b) ‘Jj )
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d’p\ _ RTc 2a L At 1.9
0%v T_(Vc-b)z_Vf - (1-29)
.= 2% Ayl By Ay (1-30)
C= 57bR >yl §ylydl )
Vc=3b B el (1-31)
=_2 | daiall (1-32)
Pc= 2712 & :

0d>g) aaall pldstiel Jile JI Hlsedl CadSS oS Y Lgd98 (JB)laell &5 1daryad! Bylyzell dyd
Critical Temperature: The temperature above which a vapor cannot be liquified by

the pressure alone.

dzy39 Jaip dis laguian o (pdzlgie SLulg S Guyshall ope S lgd (31 Al (o dayoedl el

e B)ly>
Because of a = 3p.V: =3p.(3b)%? =27 p. b? (1-33)
Ve
b=— 1-34
3 (1-34)
R= 02 (1-35)
"~ 27T.b )
i de Juas (1-35) dslas (§ (1-33) Uslas pasgaig
b= il (1-36)
8p.
27R*T?
a=—°F¢ (1-37)
64p,.
(1-31) 5 (1-30) &JW! U ©Yslaedl Sl g9bo b s @ @B Aslas (o P 9 TC 5 VC o 92l

ide duaxi (1-32) 9
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ap, _ 8aTr a
27b% ~ 27b(3bV,-b) 9b2V2

(1-38)

15355 dall Dslaall pling Lo o b 9 @ Bl day JUWI Sl I Alnall 0 Jiiig
_ 8Tr 3
-~ (3V,-1) V2

Pr (1-39)

Ualaodl 0dd Ju39 c@alandl oo BI> uB b 9@ ol of le JB)u5l Uslas JI dglin oMel Uslasll
Bl Mol ooyl O gilally JW8yu ¢y, 3815 A S99 e
ide duaxi (1-25) 9(1-24) 9 (1-23) Aslas G Te 9 Ve g pe pos2

a
- 28]l lasall 1-40
V = 3bV, @*bm x| (1-41)
T Sa 174 duddoell Bylysd) dyo (1-42)
= -] -
27Rb " AN )
For critical point: -
a = 3p.V? (1-43)
1
b=3V, (1-44)
8p. V.
R = 1-45
T (1-45)
p.Ve 3
Z,=——=— 1-4
C RTC 8 ( 6)

Example: The pressure of Ar and CO: are (par = 23 atm and p «.. = 35 bar respectively)

and temperature is (Tar = 150.7 K and Tc.. = 405 K), and the critical constants
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of argon and co; are (p.= 48 bar and 72.9 bar respectively) and (T. = 200 K
and 304.2 K respectively). Calculate the reduced pressure and temperature
of argon and carbon dioxide?

Solution:

The reduced pressure of Ar and CO: can be calculated from the following equation:

_P
Dr= .
23 atm
p’:48atm = 0.48,also the same value for CO, = 0.48

The reduced temperature of Ar and CO; can be calculated from the following equation:

T_T
T'_TC
T—ZOO'OK—133a1 th forC0, = 1.33
r=Tso7 k1 so tne same for (O, = 1.

End of 2rd Lecture and Chapter One
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