Chpt_ One_Properties of Gases

1- The properties of Gases

PhysChem For 2" Year UGS_1°t SEM

((A gas is a phase of matter where atoms of a substance are in motion and immediately

fill their container))

A solid is a form of matter that adopts and maintains a shape that is independ %@e

container it occupies.

A liquid is a form of matter that adopts the shape of the part of the contwcupies
pial

(in a gravitational field, the lower part) and is separated from the uno

container by a definite surface.

A liquid and a solid are examples of a condensed state

examples of a fluid form of matter: they flow in respon

are applied

part of the

matter.t liquid and a gas are

fees (such as gravity) that
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e 1atm =760 torr =760 mmHg =76 cmHg Q: >
e 1atm=1.01325bar=1 bar %

e 1latm=101325Pa(1Pa=1N.m?

®
Table 1-1: Pressure units \

Unites of measuring the pressure

Name Symbol Value

pascal 1Pa %\L N m2, 1kg m s
bar 1 b\a-r 105 Pa

atmosphere \1 101.325kPa

torr ° ’blforr (101 325/760) Pa=133.32... Pa
millimetres of mercN mmHg 133.322... Pa
pounds per sq}far:e\im@ 1 psi 6.894 757... kPa

e unit of Newton?

Homework 1@
The volum; ? easure of the quantity of space the sample occupies (unit: 1 cubic
m 3

eteryf m3).ML=dm3=103m3=103Cm3=1000 mL

%

entities (atoms, molecules, or formula units) present (unit: 1 mole, 1 mol).

t of substance (number of moles), n, a measure of the number of specified

Temperature, T, is formally a property that determines in which direction energy will
flow as heat when two samples are placed in contact through thermally conducting

walls.
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1-2 The properties of gases
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Figure 1: lllustrates the directions of gas’s particles colloid between themselves and with th@ their container.

1-3 Classification of gases %
®
1. Real gas or non-ideal gas.

2. Perfect gas or ideal gas (High in p and low'in.T),

a. The perfect gas is the one that obeiskrtain law as boyle’s law, Charle’s law

Gay-Lussac’s law and Avogadro’;
b. The volume occupied b les themselves is negligible as compared

with the total volume a%ﬁum and temperature.
c. The intermoleculax\ n is almost absent under all conditions.

oo OlSYl e (§ Ayl e ghads L1 olojad! jls
401 Byl dsbol gl Dogisall (§ Loasw Y olivpandl o L3l (568 plokasl

1-{ &ﬁtes of gases
@wples of a substance that have the same physical properties are in the same

state. The state of a pure gas is specifically giving by it’s:

1

Volume (V), how big is the container?

2

Pressure (p), how often do hit the sides?

3

Temperature (T), how fast do the particles move?
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4- Amount of substance (n) number of moles (How many particles)?

Each substance is described by an equation of state:

p =f(T, V, n) The general form of an equation of state.
Y Wlpasall 0 (e Jasy3 Aolaall odag Al Aslasy Cog Bole S

1-5 The gas laws
1-5-1 Boyle’s law Q)

) oo Bodme AiSy Al 8)ly> Ay e dlaiysg | x> (o 48l 4% Ol lda M= e

d=>)d dis dhaid ae (Inversely proportional) [RERIH] %@g &) e g 1in oa9]
[(Ve@ 1/p) ool 3l (p0 dueSg 8515

pV = T (proportional constant)\’ (1-1)
p (pressure), V (Volume) & T (Temperatur,
° " \ 2 Inereasing

a O temperature, T
)
=] > /
% \

AN B
0 ‘____‘____—ﬁ |

0 Volume, V

w 2: The pressure-volume dependence of a fixed amount of perfect gas at different temperatures (pV =
@ftant) and is called an isotherm.

elis s Jass Gyl cwlidl (> G p 3V@g§“&|wbﬂldlomiﬁw|éw1ﬁ@
L8 S9luds (@I ALl d8Mall (£459 (Isothermal process )l 8=l Az @9l (532 (@) dddaall (£5
.(Isotherm). 8)l,>J! d>)ys
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bais die Hl diin U el = V) ol e p1 tais die Hl diiy G el = Vp 08 1Y)
(S il Dolaadl OB T 8yly=edl dys gy 2
p1V1 = constant, also p.V: = constant

Due to the temperature and the mass are constant then the equation will be as

2

°
following: \
B p1 Vs E }
piVyi = PZVZ»OR»p =V, V 2)

The above equation is used when it’s needed to calculate the p or \% antT &n.

Example: A 2.5 L container has a gas pressure of 4.6 atm. If t is decreased to

1.6 L, what will be the new pressure inside the containet?
®

Solution:V1=2.5L,V2=1.6 L, p1=4.6 atm and p,=? atm
\’
(4.6 atm)(2.5 L) = p,(1.6 L),.K: *19 atm
1-5-2 Charles’s law Q’b

5 ygrameadl HR (e AuS @m0 (o 0PN yaiy |

Y
The volume of the confi S ectly proportional to its temperature provided its
pressure remains constant.

o

[(V a T) 8)lyodt dayo Bobiss sloje <ol

Detreasing

- Extrapolation

Temperature, T

Figure 3: The variation of the volume of a fixed amount of gas with the temperature at constant pressure. Note
that in each case isobars extrapolate to zero volume at T = 0, or -273 OC
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V
T = p (proportional constant) (1-3)
Vi ¥y
T, T, -4
Example: A 3.5 L flexible container holds a gas at 250 K. What will the new volume be
if the temperature is increased to 400 K? .\

Solution:V1=3.5L,V2=?L, T1=250 K and T>=400 K

Vi _ Vs

250K 400Kk
Y
1-5-3 Gay-Lussac’s law

[(paT)@eepmmlstna@agj LS ity 3 daid &) e pai ]

g = V (proportionality c

G OH pgzme B b By A ; 4] e pai S pgdl 0936 I dlug) (£ Juogs
A e deud 095 pasd! lgan g Jelas

t) (1-5)

3 Il 7
(2] VOIarr A
E 3 c
Q s I
o
o
Q.
L
ol
o}

Temperature, T

Figure 4: The pressure also varies linearly with the temperature at constant volume, and extrapolates to zero at T =
0(-273 0°c).
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Example: The pressure of a gas in a rigid container is 125 kPa at 300 K. What is the new
pressure if the temperature increases to 900 K?

Solution: T1=300 K, T2=900 K, p1= 125 kPa and p,=?
PL_ P2
T, T, \
125 kPa D2

300K~ 900K 2 °kra

1-5-4.1 Avogadro’s laws Q)

[(V a n) nae Je @Y g0 dds an byl canlidy (ol Jadusg 815> bﬁ%—" px> O] de pai]

V = Xn (proportionality constant) ° (1-7)
Sl g0 due Jisd N

8l y> d>)o e )L’J\‘o.»uz_cl.,ag (n) Sl C)}j}ﬁ dde L&QLWQT&DWT EUJL,.AJ\OA

onil Jariog
Van atpandT(constants) @
n/V = constant Q

V1
- (1-8)
Homework 2:Inas ans, 50.0 g of oxygen (0:) take up 48 L of volume. Keeping

e constant, the amount of gas is changed until the volume is

ow many grams of gas are now in the container?

Answe V1- 8L,V2=79L,n1=50.0 g and n2 =? mol

Q
nl_nz

Note that the rest of the solution is as a homework 1.

Homework 3: A 250 mL balloon contains 0.35 moles of N2 gas. If 0.45 moles of N> was

added to it, what will be the new volume?
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1-6 Standard Temperature and Pressure (STP)

W o0 8xSs (V = 22,4 L) px>9 (p = 1 atm) So= Jarud die 095 O 90 6l duulut)] g il
[T=0°C+273 =273 K] &1 (273 K) Sgxall yinall &3 dicy ¢(n =1 mol)

®
1-7 The ideal or perfect gas equation 6\

ul.c- S 3)35551 0_93@3 .i‘l.wﬁ.l L";- éAJJ)Le‘b 0_93@6%()_93@ oD (o

1) Va 1/p, according to Boyle’s law.

2) VaT,according to Charles’s law. %

3) p a T, according to Gay-Lussac’s law %0

4) V a n, according to Avogadro’s law

The relation between these four equations &s’one equation and as follows:
pV = constant X nT { (1-9)
pV = RnT,(Idealorp %ls law) (1-10)

4 ool e R dasd ety clilal) pladl Cold)) R o

So, if the pressureisin a \C %atm), volume in liter (L), number of moles (n) and
temperature is in kelvi KX? =0.082 L.atm/mol.K.

n
By applying the abﬁ ion of the perfect gas pV = nRT, then
R=(1atmx% mol x 273 K)

|
1- R=0.082 L atm/mol K, for Chpt_1_

K{lﬂ‘BZS N m2 x 0.0224 m3)/mol x 273 K

- R=18.314 J/(mol K), where J = N.m. so pascal = N.m2 and 22.4 L (0.0224 m?3)

3- R=1.98 cal/mol K, where [1 calorie= 4.184 Joule, so (1.98 = 8.314/4.184)]
1 O ol (§ HAY plall g puticy

1- Mass (m).

2- Molar mass or molecular weight (M).
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3- Density.
V RT,pV m RT
= n ) —_ —
4 p M
m
pPM= v RT,thenp M = dRT
®

Where d represents the density and it equals to = % \
Example: Calculate the volume of one mole of a perfect gas under @ eric

pressure 1 atm and temperature 0 °C (273 K)?

Solution: p=atm, T=273K,V=?1L @
nRT
®

pV = nRT,OR,V = T

mol X 0.082 atin L —tg-19273
Vv = - s—=224L

Example: Calculate the density of ammy'&&s under pressure of 752 mmHg and

temperature 55 °C.

Solution: p=732 mmHg, T: 5%8%7 g/L.
First step, it should be§\\the unit of pressure from mmHg to atm.
6

P = (atm x 752 m&@ g = 0.989 atm

2" step, t

it temperature should be converted from Celsius to Kelvin.

T %27 =328 K

d = [0.989 atm (17 g moel™)]/[(0.082 atm L mel™ K*)(328 k)], d = 0.625 g L™

The End Of 15t Lecture
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1-8 Mixtures of gases (Dalton’s law of partial pressure)

5Sal) S aaeadl(pi) didizdl booisall goazee olus (pr) SHAY S baiiall & e an))

((daul
°

When dealing with gaseous mixtures, we often need to know the contributionb ch
component makes to the total pressure (pr) of the sample. The partial % , of a

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

bi = XiPr 0 (1-11)

where yi 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 sa ¢

_ M
X =, ° (1-12)
Where nrrepresents na+ ng+nc+--- - - ?b\
pr=pa+ps+pc+----etc Q
_ ® D
Example: The mas e? mposition of dry air at sea level is approximately N2:

75.5; Oa: : 1.3. What is the partial pressure of each component when

ressure is 1.20 atm?

Methot We'lexpect species with a high mole fraction to have a proportionally high
sure. 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

mass of the sample, so we can choose the latter to be exactly 100 g (which makes the
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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, O,, and Ar are 75.5 g, 23.2 g, and 1.3 g, respectively, are
Y

N,) = 7559 = 2.69 mol \
n(Nz) = 28.02 g mol-1_ <7 H°

oy - 2329 .. Q
n(02) = 33700 g mol 1 mo ch
1.3¢g
n(Ar) = = 0.033 mol

39.95 g mol-1

The total is 3.45 mol. The mole fractions are \ned by dividing each of the above
amounts by 3.45 mol and the partial press

mole fraction by the total pressure @

s are then obtained by multiplying the

Type of gas N2 (07 Ar
Mole fraction (xi) 0.780 0.210 0.009
Partial pressure/atm 0.936 0.252 0.012

3

e that the gases are perfect: partial pressures are defined as

T, for any kind of gas

We have not had t

rk 3: 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 (p:V = niRT) and for the second gas (p:V = nzRT, .\

Where n1 & 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 + nz)(RT/V) 0: D
Dividing the partial pressure by total pressure then %
p1=[ni1/(n1+ nz)] x pr
Qe
P1=X1pT
P2 = X2 pr °
Where x1 & x2 represent the mole fraction o[%two gases and the Z xi= 1

1-9 Graham’s law of eff X@
Y
Which states that the ra\@hn is inversely proportional to the square root of
sity.

the molar mass and den

3!3 «(effusion) 3 sed W) dius digul 9| b 32 S e J 0L ddas Byas
NG| EY RSN %ﬂ LY L T lalaiie 090 _piuall wgadl M- 40 0da jLI Oloy> Obw
BLW| Jdae uly GBI (e 48 dde BUBL] Cunld ddas luld 1829 plal)S @llal (g1
\ P gde T gl dic lgblsd Lf‘»’f’jdb‘j'?d‘&“w iy lylad)
r dz 1
: > — = (—)2
T (dl (1-13)

Jlsdl e Wy JoII 0 51 (p) 48US da 9 di Sy 2 9 1 o)l G| Jame Do 12 5 11 Jiker
1S (B9 pall udl Cxig
(il doladl Aslandl I £o2 b elldg 0 g3lal Ao 48T Ailen d8Me e Jguazdl (Sasg
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m=2% opa =YP
- p ) ) _RT

AL Dolaall e Juamid odel Dolaadl oy d dasd o (5o

T M, 1
— = ()2
ra M,
Jledl Je 3l JoVI 3l & gl

1AW Aslaall 3 o ge WSy Jeditll HW ope BLOLI & ¢
tZ dZ 1 MZ 1
—_ = ((—)2 = (—)2
‘ (dl) (Ml) (1-14)

BB e o of Jokma o LeaSle asality (yo3li Wi B9 251 ww\%‘ | a3l Jiad 1 9t
Thus, in the case of the gases, oxygen and hydro at equal pressures, oxygen
molecules are 32/2: 16 times slower (denser) than tho 3f hydrogen. Therefore,
hydrogen (lighter gas) effuses 4 times as fast as Man.(heavier gas):

Rateqa)/Rateoz) = Vdioz)/ Vdma) = VM2 VMa) = V32 & mek! / V2 & mek'= 4

Example: Exactly 1 dm? of nitrogen, u 5r01355ure of 1 bar, takes 5.80 minutes to

effuse through an orific ng will it take for helium to effuse under

the same condit%
Solution: p = 1 bar, Vn, =\ .80 min.
rn2/ He = the /tnz2 = (Mlzn%

the = tnz X (Mue/Mn2)Y

tHe = 5.80 min ( g mel1)1/2

tHe =2.19 %
Exam*: Calculate the average molar mass of air at sea level and 0 °C if the density of
he air is 1.29 kg m™3.

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

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

M = 28.9 g mol?
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1-10 Real gases (non-ideal gases)

pase JUedl HW ] T Adball bl e (95585819 3hLe clling) (£ cbga) danII OHI clg3 ks
by o V) Jledl 5l dslas ol wYslall odg) s Y dudidsdl wliladl @ Lo pV = nRT dolasld
33 LS TS Bl 9909 Jladl S e dSahan 3 Byomin (Judisdl JW O Lhos g dn
J925 dgan B9 o (39 oyl damydl jelomil Y Cus diylya Ay Cagainilg Hlad
w9 drjlally Ablud! cpdlod! eadd wledl gk (Jaad Cusw Adlas dilue Caom 1 I eyl

JOHB Dslas lgrag xSl 2 gl W BAS Cadro

1-12 Van der Waals equation
®

Jbadl Hlal dslae) &gl GBI ggaas pae dadlas (3 JTg OMWlaadl ST o JWB)u38 dslae pias

g Al e} Jlodl Sy Lguuds dryladl & K’oﬁ S Jleal 52 &3 3 Cod) O oy
slae! JHaLaYU yaw S oy bylue L3l o Ol lae! o5 Jladl S Dalae Gadad dind
dapla) e Moy g Led (3Ll)

3 ST eliaig loled dlaie &33! bzl O
ldag ¢ innn Hyly> dzydg Jasss um\@ o= (3Sas hladl O Tlas dg G (L1 lioznll
dde x> el A3l “’@j Juog il Oloiad! (n O3l dupls- 5929 e Ju
pV Jbedl 3Ll Aslae 255 \,)w\ OB ey 5Ll Jladl ol o 325 Y 35lax) oda Oy
ropbole I S 1dag dols bg & cx3 Y = nRT
o lgans ¢ %Q )l 0555 Lonkie Aol lloa] (5 Y iyl iy 305 (58 s -1
{(High P) 4l bgasall
5 W08 ledie dols- Lasls dladl Sy Y Gz Jad x> L)Wl Glojae) lliad -2
S dogize S sle gl @amm ) danidl L gummo Sl (K1 el iy s Jle
Al BB e Gludsb mawy JSao Jhall S Aslas Jodad ©92) (0 el dile -3
QU1 UK gy Wi 31 O3l 58 I a3LaYL

an?
(p+ W) (V- nb) = nRT (1-15)
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e Gy OF Gom ko) S el 51 Dolae gaudas poya) dude
0950 Wl dd Hymis OF oSy G ol OB ezl sy Jadi Hadl bioi &) b A
e deami (S5 Ol Jid g summell @) (6 glun s Sl I sl (30 S8
Jlall oz
el 0980 Buse . Bl Olisr (e d>ly Jgo Jid e Jgiiial) eaxad! JieS b OF yoyaid \
a0l GByan o 1y cnb 9o jLl Oloy> e n Y gl e due Jid (0 J gicdine]|

Vi Jba)l ezl ey e excluded vol Q
Vg = (V;—nb) Q (1-15A)

(OLdl as 2y gszJ‘L?a:«.E.zﬂ ‘Q:e.?:.“) o VR Cu>
g ) oy o I'$9d) s .B

3o 0550 ey Sl gz & Ssluidl )31 ol@Wm 56l Sy bl

\ o lgale do3ladl By3

B 85L] (59 ) o 45 el

dw‘ baall e Jgaxl u‘w_xﬂ bl
leog= Sl slegll jluar i 098
oo Jgaine]| P@\J@VQS\S‘&.' - b9 JSU Olijerl ade ae byl llis
p™ eomad! d> o3 09 W@jww Buie S Wbz oo Jgo n Jub

2NV 3T gy n2JV2 23U oye o byl Taaelis
p~ =an?/V?where esents a proportional constant and it is specific for each gas.

so, when iti @ for the equation of ideal gas then

COloiadl g Q3! 893 Jhey ol a Cu>

2
Q\m =(pr + % (1-15B)

G i 5Ll JI8,506 Wslan BUS Sy el
an?
(p+ W) (V- nb) = nRT (1-15)
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nRT an?

:L”;S!Sgafbjw\ o0 419 Jged dwddb J18)uild dlolae LUS Sas A
a RT a
(p+ 372)(V=b) =RT,OR,p = W—b) V2 (1-17)

e pzally Ll Glisg (2 g9 51 £55 e daiad byolieg J)05l colsi b g a \&
Jig
Example: Calculate the pressure exerted by 0.300 mol of acetic acid irﬁ?tainer at
40 °C using: Q

A) The ideal gas law. %

B) Van der Waals equation (a = 17.71 atm L2 mor%b:p.ozy L mol?).
Solution: n=0.300 mol, V=2 Land T = (40 °C +<)= 3 .

®

nRT
A) pV = nRT,OR,p = 7 \t
0.0300#610.082 atm L 313 K
p = oL = 3.85 atm

nRT  an?

B) P= W_nb) " vZ e ’\bQ

_0.0300 #:010.08 —1313 K (17.71 atm L% mel=2%)(0.030m06l%)
P="%1 03 00287 L mol=t) 412

p = 3.863 atm

atm = 3.464 atm
Jlalt 31 zu.»ﬁ%,’._.m Jaiall oo J31 90 (3.46 atm) JBHB Aoslas (e zySeiwel! adsall
JBB B e Sy L»;’J\ Oloeouaill 2o (391950 99 (3.85 atm)

The End Of 274 Lecture
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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. \
vV
7 =2
Vi

Where Z represents the compression factor, and (Vm = V/n) and Vg represent the molar
" 4

volume for real and ideal gas respectively.

dl ol Jledl 3Ll VI )Y gl paeadl ST o

0 RT ®
Vin = 7 (1-19)
RT \.
7 = Ve ( (1-20)

VN _
AW Aslaall I o Aol Sy ol 5Ll 5V gadl sl BB Jilas Sig
\ Y2

e NS
7 = T ,For Re% (1-21)

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

Jlall G pasll e al:w)“ 9,.4 1 daid (ye CBlomiVlg ey pall a3 7= 1 dadd O el 31l
\(\ (5) 03y JSadl e hazs p oud ilie Z o oy i 3l
Uglune Lo,a3 L) Ll ol dagd 05559 Jlall Hladl SEWI graz gk dos &blgll bgasall wie
duaaie)l ubu},@}u\ pezaly 7> 1 L) 095 Wl auez 08 Al bgisall dics . (Z = 1) d>ly JI
o_s.,w;ussjwn Oloiz (o 3Ll 568 0 JWby dlall Bl ddgall pazeaedl ya yo ST 05SS
m:n:a, 0653 LAl (868 &1 I Tdne Z < 1 dad 03555 Wl plane $1b Aawgindl bgisall dis Lol
pgzeadl ) & dntiadiodd] Ll ddgall pozead! Julis e Joad o O3l $gdy Gl bz o
(69 5) 03y JSadl J) st ddledl @l dd gl
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Compression factor, Z

0 200 400 600 800

platm
Figure 5: The variation of the compression factor, Z, with pressure for several gases at 0 °C. %has Z=1
at all pressures. Notice that, although the curves approach 1 as p - 0, they do so with difx S.

[ N

2.0

-
[V}

—_
o

Z=PV/nRT —>

0"

100 200 300 400 500
P (atm) —>

Figure 6: hydrogen, methane\ n dioxide attain a deeper absolute minimum? (greater deviation from
Z=1).

Homework 4: Wh% e graph of compressibility factor(z) vs pressure increases
%eaching the minimum?

dasd Jazo OB (as e aaall 5oL O ddasde (S 6 95 Sl oy :duods!
: Qy,u@w AL B o4 O (aa 1429 €Oz 9 CHa 3 CoHa JI 5 €3 Jlis (RT > pVim) O
m) ST 419 50 ST Z 08 0955 S apezr O 2D 58T S assall 5ol disg . Jlall
A9 dibolg b gids (65 Lai Juiall gl el O LSy Azl 3 OF Sl S Ailgilg
Adle gyl

18 [ Page By Dr. Abduljabbar I. R. Rushdi 2024-2025



Chpt_ One_Properties of Gases PhysChem For 2" Year UGS_1°t SEM

Homework 5: 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 predominat@as?
Solution: n=10mol,V=50L, p =10 bar (atm) and T = 500 K%
pV..=RTZ

a) (1-22)
OR %’

pV V

—-—m - =
Z= RT Vi comesfromn (%0

“

b) If the value o al to one, this means ideal gas, and if Z is not equal to one,
this m %
real. V

pulsion forces are dominated.
gttraction forces are dominated.

as. So, for the above value of (Z =1.22) indicates that the gas is
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1-14 The law of corresponding states

wPls> (@ (Te domyd! Byl A 9 Ve =l prsdly pe o) Laidll) domydl oyl O Qg ymall 40
BW Jol Grg )l oo 4] Y] Bylyadl Aoy exdly aiuall Lobide olaiel (Say 1 @l 80
0 (yo S ddzug Tr Astseall il domyag Vi sl paxsly pr Jiisell Jasuall (29 4y

01 &1 4 bl ! cold! e Loganiio pudsell patell Alaulgy A

P
Pr=_- % (1-23)
Vi N\
V=3 % (1-24)
T
= (1-25)

Jreall Vr i g (1 &l oliladl OF o 01 JB | 9 diisall 00 plusciul Jol> cye Jol
Byl el Yl Ogili s yag L X\p,wwhlwdfzd\ Tr o Gy
wbé@g@éjwwyafgﬁﬂb' ,salubw&w’uts&m‘uwug
[ s.xslé oS O 5o dudaill 9l g SN ol 3ol
Jolie GBI (e de gazma) Jrseall ddoliaiNl Jole o

r, Z
o
%,

ion facter,
o

TR
e Nitrogen
w
\ @ 0.4 Methane
£
e Propane
S0.2 P |
e Ethene
0
0 1 2 3 4 5 6 7

Reduced pressure, p/p,

Figure 7: 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.
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Bliaall (39 all (o dawely 39u (3 OB muad Loyas Liglusin Zp @i ST Sl (30 guaivg

pTVT'
RT, (1-26)

H(1-27) dslaall de oz (1-17) JB 500 dslas L} TraVr9 prpgxi

®
RT a
P=w-n 77 %\U

RT.T. a
b

P=PrPe =5y 7o Sj
JBy 2\]3&

Z, =

dolly JoYl darawll dsb

-RTc Za
( o,,p) 3 dazian (2-28)

T (Vc'b)z \
%*p RTc 2a v rar s
<()T> (V -b)z V3 %\ Aol déiical/ (1-29)
c

Te= 27bR \Q
EQ Zy>d! ez (1-31)

! vl (1-32)

Aoyl Bylymedl dyd (1-30)

27b2

\e Wil Sl JI ! g,Q.MiJ U‘i‘“y L@.Q}Q Ls‘j‘ 8yly=dl Ay P rdo- ool Byl yoed| d=yd

emperature: The temperature above which a vapor cannot be liquified by

tssure alone.
dz)d9 Jaiss dis laguam o cpdrlgie JSLudly SUI cpyglall ope 5 lgud (& Aol (o domyond| Al
{Onkean Byly>
Because of a = 3p/V? =3p. (3b)? =27 p, b? (1-33)
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Ve
= — 1-34
b= (1-34)
R= 8a 1-35
~ 27T.b (1-35)

i e Juax (1-35) Uslas (3 (1-33) Uslaogagang
RT,

~ 8p, @
27R?*T?
a=—° (1-37)
64p,
RS

(1-31) 5 (1-30) &JI &M Yolaadl I $92Jb9 b 9 @ o Aslas 5VC o pasgailly

° tde ua=i (1-32) 9
ap, 8aTr a (1-38)
27b% _ 27b(3bV,b) 9b2v?\ . ]

8Tr 3

Pr= m (1-39)
°

b sa ool o lae JB)usls dolas J dglive odlel dalasll

b

Binall e el ooyl 0g3lallg JUy3l6 o (33193 Al 3929 Jo
i e Jhaz (1-25) 9(1-24) 9(1-23) dolae § Te 9 Ve 9 pe pog=i

@bz Pr Geamli haall - (1-40)
Q vV = 3bV, (Jdiom)) el (1-41)

8a

T=37rb
For critical point: -

v, Az Bylymel dmys  (1-42)
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a = 3p V2 (1-43)
b=-V, (1-44)

®
_8p V,
ZC — pC Vc _ 3 &(1'46)

RT, 8
Example: The pressure of Ar and CO; are (par = 23 atm and @ respectively)
and temperature is (Tar = 150.7 K and Tc.. = 405 K), andithe critical constants

of argon and co: are (p.= 48 bar and 72.9%\ctively) and (T. = 200 K

and 304.2 K respectively). Calculate the reduced pressure and temperature
®

of argon and carbon dioxide?

Solution: ’é
The reduced pressure of Ar and CO; culated from the following equation:
r2 . AQ
AN

23 atm
Dr= 78 lso the same value for CO, = 0.48

_200.0K

E—m = 1.33, also the same for CO, = 1.33

End of 39 Lecture and Chapter One
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