Chpt_One_Properties of Gases PhysChem For 2™ Year UGS_I*' SE

1- The properties of Gases

(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 independent of
the container it occupies.

A liquid is a form of matter that adopts the shape of the part of the. contdiner it
occupies (in a gravitational field, the lower part) and is separated fromthe unoccupied
part of the container by a definite surface.

A liquid and a solid are examples of a condensed state of matter”A liquid and a gas

are examples of a fluid form of matter: they flow in response toforces (such as gravity)
that are applied.
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Unites of measuring the pressure

e 1atm =760 torr=760 mmHg =76 cmHg
e 1atm=1.01325bar =1 bar

1 atm =101325Pa (1 Pa=1N.m?)

Table 1-1: Pressure units

Name Symbol Value

pascal 1Pa 1 Nm™, 1kg m™ s2

bar 1 bar 105 Pa

atmosphere 1 atm 101.325kPa

torr I.Torr (101 325/760) Pa=133.32... Pa
millimetres of mercury I'mmHg 133.322... Pa

pounds per square inch 1 psi 6.894 757... kPa

Homework 1: What is'the unit of Newton?

The volume, V, a measure of the quantity of space the sample occupies (unit: 1 cubic
meter, 1 m3). 1L =dm?=103m3=10°Cm3 = 1000 mL

The amount of substance (humber of moles), n, a measure of the number of specified

entities (atoms, molecules, or formula units) present (unit: 1 mole, 1 mol).
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 the walls of 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 obeys certain law as boyle’s law, Charle’s law
Gay-Lussac’s law and Avogadro’s law.
b. The volume occupied by the molecules themselves is negligible as compared
with the total volume at all pressure and temperature.
c. The intermolecular attraction is almost absent under all conditions.
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1-4 The.states of gases

Two samples 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?

4

Amount of substance (n) number of moles (How many particles)?
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Each substance is described by an equation of state:
p =f(T, V, n) The general form of an equation of state.
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pV = T (proportional constant) (1-1)

p (pressure), V (Volume) & T (Temperature)

I

nelcaoaiimty

|
T
temperature, T

Pressure, p
S

0 Volume, V

Figure 2: The pressure-volume dependence of a fixed amount of perfect gas at different temperatures (pV =
constant) and is called an isotherm.
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p1V1 = constant, also p.V: = constant
Due to the temperature and the mass are constant then the equation will be as

following:

The above equation is used when it’s needed to calculate the p or V at constant T & n.

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

1.6 L, what will be the new pressure inside the container?
Solution:V1=2.5L,V2=1.6 L, p1=4.6 atm and p2=? atm
(4.6 atm)(2.5L) =p,(1.6 L),p, = 7.19 atm

1-5-2 Charles’s law
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The volume of the confined gas is directly proportional to its temperature provided its
pressure remains constant.

Detreasing

Volume, V

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

74
— = p (proportional constant) (1-3)

T
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== (1-4)

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,T:=250K and T.=400 K

ViV,
T, T,
3.5L v,

250K = 200K 0L

1-5-3 Gay-Lussac’s law
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T = V (proportionality constant) (1-5)
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Figure 4: The pressure also varies linearly with the temperature at constant volume, and extrapolates to zero at T =
0(-273 0°C).

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, T>=900 K, p1 =125 kPa and p2=?
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PL_ P2
r, T,
125 kPa D2

300K~ 900K 2 °kpa

1-5-4.1 Avogadro’s laws
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V = Xn (proportionality constant)

)La.” Q)’}A dde M n <u=>

8l y> d>yy e &l > ac by (n) Sl C)}j}ﬁ dde daclias Q;Lg bemu QT US":? oMe] dalaol! OR

(ol daduog
Van atconstantpandT
V/n = constant
Vy v,
n, = n, (1-8)

Homework 2: In a sample of gas, 50.0 g of oxygen (0O:) take up 48 L of volume. Keeping
the pressure constant, the amount of gas is changed until the volume is
79 L. How many grams of gas are now in the container?

Answer:V1=48 L, V2=79.L, n1.=50.0 g and n2 =? mol

Vi Vs

ny n,

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?
1-6 Standard Temperature and Pressure (STP)

Sl (50 8uSy (V = 22,4 L) x> (p = 1 atm) (s bois die 055 Of 98 jlal) dewlll B
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[T=0°C+273 =273 K] &1 (273 K) S5l y2sall 42y Licg ¢(n =1 mol)
1-7 The ideal or perfect gas equation

e iz 9506531 05389 Hlwg) (£ o sHLs 053 g g2 0538 ed 30
1) Va 1/p, according to Boyle’s law.
2) VaT, according to Charles’s law.
3) p aT, according to Gay-Lussac’s law
4) V a n, according to Avogadro’s law
The relation between these four equations can be as one equation and as follows:
pV = constant X nT (1-9)
pV = RnT,(Ideal or perfect gas law) (1-10)
rdedSiuall Gl gll e Rdasd daiaiy colill pladl Coldl IR Gy
So, if the pressure is in atmosphere (atm), valume in liter (L), number of moles (n) and
temperature is in kelvin (K), then R = 0.082 L.atm/mol.K.
By applying the above equation of the perfect gas pV = nRT, then
R = (1 atm x 22.414 L)/(1 mol x 273K)
1

R =0.082 L atm/mol K, for Chpt_1_
R =(101325 N m?%% 0.0224 m3)/mol x 273 K

N
1

R = 8.314 J/(mol K), where J = N.m. so pascal = N.m? and 22.4 L (0.0224 m?3)

w
1

R =1.98 cal/mol K, where [1 calorie= 4.184 Joule, so (1.98 = 8.314/4.184)]
100 ‘)sg,:l.w.:- ‘3 Oyl ‘al.dl Ol S

1- Mass (m).
2- Molar mass or molecular weight (M).
3- Density.
pV = nRT,pV = E RT
M
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m
PM= 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 atmospheric

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

Solution: p=atm,T=273K,V =?1L

nRT
pV = nRT,OR,V = —
p
mol X 0.082 atmm L mel—*K~*273 K

Example: Calculate the density of ammonia gas under pressure of 752 mmHg and

temperature 55 °C.
Solution: p=732 mmHg, T=55°C, M =17 g/L.
First step, it should be converted the unit of pressure from mmHg to atm.

P = (atm x 752 mmHg)/760 mmHg =.0.989 atm
2"d step, the unite of temperature'should be converted from Celsius to Kelvin.
T=55°C+273=328K

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

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

2 4Sa)l B grazd(pi) il bogiial paecme ol (pr) S I lakall & o pai))

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:

Pi = XiPr (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 sample:

n;
Xi = n—T (1-12)

Where nrrepresents np+ ng+ nc+-- - - - etc

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

br = zpi (1-13)

Example: The mass percentage composition of dry air at sea level is approximately N.:
75.5; 02: 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

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, Oz, and Ar are 75.5 g, 23.2 g, and 1.3 g, respectively, are

75.5 g

n(N2) = 2802 gmol 1~ 267l
23.2 g

n(0,) = 32.00 g mol * = 0.725 mol
1.3¢9

n(Ar) = 39.95 5 mol 1 = 0.033 mol

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):

Type of gas N 0; Ar
Mole fraction (x;) 0.780 0.210 0.009
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

Homework 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 (pz:V = n2RT)

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 = (n; + n;)(RT/V)

Dividing the partial pressure by total pressure then

P1=[ni1/(n1+ ny)] x Pr

P:=x1Pr

P> = x2Pr

Where x: & x2 represent the mole fraction of the two gases and the Z xi = 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.
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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(na)/Rate(oz) = Vd(02)/ VdH2) = VM(02)/ VM@2) = V32 g mell / V2 g meli= 4
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, V. = 1 dm3,t =5.80 min.

rn2/ Fhe = the /tnz = (Mue/Mnz)Y/?

the = tnz X (Miue/Mn2)Y/2

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 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 % 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)
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1-12 Van der Waals equation
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(p+ W) (V- nb) = nRT (1-15)
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Vi Jl ezdl Jaay J5use excluded volume

Vavaitabte = (Vcontainer — ND) (1-15A)
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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

(il g Al 893 Jiar coba Cum

an?
pr = (pr + vz (1-15B)
Y6 st Hal) J8y506 Wslao S Sy )
an?
(p+ 7) (V- nb) = nRT (1-15)
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nRT  an?
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(P + 7 (V-b) =RT,0R,p = W—b) V2 (1-17)
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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 mol2 and b = 0.0237 L mol?).
Solution: n=0.300 mol,V=2Land T = (40 °C + 273) =313 K.

nRT
A) pV = nRT,OR,p = N7
0.0300 #610.082 atm L mol 1 K=2313 K
p = 21 = 3.85 atm

nRT . an?

B) P= W_np) V2

_0.0300 #20f 0.082 atm L mol— K313 K  (17.71 atm L* mel=2)(0.030-#0!%)
P =37 2(0.300 06l x 0.0237 Lmol=t) 412

p = 3.863 atm —0.983 atm = 3.464 atm
(Jladl 3L Dolao (ye zySeiuall Jaduall oo J51 92 (3.46 atm) JB;uS dslas (1o zySiunel! Jasyall

JBHoB L8 e sz L”;'Jl O leouaill 20 (391950 929 (3.85 atm)

The End Of 2nd 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.
Vin

Z = Vo )

Where Z represents the compression factor, and (Vi = V/n) and Vg3, represent the molar

volume for real and ideal gas respectively.

dl sl Jladl 56V (Y g0dl @axedl O apan

Vi = ) (1-19)
PVm
Z = RT ,For Real Gas (1-20)

Also, (1-20) equation can be written as follows:
PVm=RTZ (1-21)

ALl Bl e Sl a3 1 daid (ye Bl dg pall e s Z = 1 dagd O JLall 3Ll
(5) @ Sl e Juazi p o8 ke Z 08 oy s jl)
Dglue Loy85 L bliaiYl Jolas dod 095 Jlall gl Bl aex sl dus dibolgll bgaall wis
Lol Ohl ddgall pozelly Z > 1 1g) 05558 Ol aez 0 Al bgiuall dicy (Z = 1) Ay JI
Builudl (2 0655 Hal Wl o 8Ll ($98 Ol YWy ALl WhLU ddgall pgmall (40 o0 AST0gSS
BaSLl (2 0S5 3lmill (598 O I Tides Z < 1 dagd 0555 Wl plase O Aawgiall bgiall dic Ll
ozl () deud duddisdl Ol ddgoll pgzesell U5 e Jasd odd Q3lill (5989 Gl woliase o
(69 5) 8y JSadl J] el 4dball ol dd gall
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Figure 5: 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 approach 1 as p - 0, they do so with different slopes.

’_Nz H2

1.0

IDEAL GAS Z= 1

| | 1 | 1
100 200 300 400 500

P (atm) ———>

Z=PV/nRT —>

Figure 6: hydrogen, methane, and carbon.dioxide attain a deeper absolute minimum? (greater deviation from
Z2=1).

Homework 4: Why does the graph of compressibility factor(z) vs pressure increase

after reaching the minimum?
G d>19 e JBT 7 dad Jazo GBI pans e Jaisall 55L) Of dasDe (S 6 95 S5l ¢pe 1o NI
Sadhgpe AST bliaidl als il ds O gas 1dag €Oz 3 CHa 9 CoHaJl 5e €3 Jlis (RT > pVim) Of
(RT < pVim) ST a9 (30 ST Z 08 0555 hladl auazr O LaoD5 AST IS Jaiall 8503 sy . Jlioll
)39 diblg lgb g $9S5 bodie Jlal) I gludl el Ol LgiSan dudidsdl il Of Jgall o Ses dolgdbg
Adle (gl >
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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 predominated in the gas?
Solution: n=10 mol, V=50L, p =10 bar (atm) and T = 500 K.
a) pV,.=RTZ

(1-21)
OR

pv vV 50L

Z= R—;_,n,Vm comes from ; =m
50 L
7 0% T0amel
atm. L ’

(0.082 7—"-2)(500 K)

Z = 1.22

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.
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1-14 The law of corresponding states

poles (@ (Te dampadl Bilyaedl A2y 9 Ve ! pansddly pe ool Jasdll) damyaedl colghl OF Cagyaall 0
B Jlsol Gyanall o 4] Y] Bylyzedl dmyg exadlly Jakall Loliie Lalais! (Ses I Sl Snes
0dd (po S auoug Tr dsiseall 8)lyodl dzyng Vi Jiseedl paxadly pr Jiseell aiuall (pg Suousr Silgiiie

01 &1 4 bl gyl cold! e Toganio sl i)l Aaslgy Alsseall ol piciall

Jrseall Vi pud g (8! diatiell OB ST e Gl I 5B @Il g dasylall i alusciwl J9l> ¢ype o
Byl ledl Sl Og3lis 13 CByag Lo yas Jiseadl pr (uits Jakd dfsead! Ty pudd iy
V> § o o ) Cuo ddad Y D98 Oliojr (o BgSedl ORI ez Jo Falain & o Uy

&bl AN oawy (y0 Wil ol piciall 00 alisciul 551 (s O (Sang dudadll of dug SWI il jzll
7 Sl 3 S dalise T s pr blie bl e de gammal Jiieadl ddbolinaidl Jale o

1
N 0.8
S
Q
L 0.6
C -
= e Nitrogen
(2]
;g_ 0.4 Methane
£
e Propane
30.2 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 pall (3o dasly 390 (§ O aud Loys Liglusin Zp @i OF JSadl oo gaivg

_ prVr

Zr RT, (1-25)

1(1-27) Aslaadl Je Juass (1-17) JB H68 Uslas 3 Tr 9 Vi 9 pr pingan

_ RT a
P T W b) 75, (1-17)
B _RLT, a
p_prpc - Vr [/c'b-V%V% (1'26)
JBy Walasd 43N oY1 dained) dsb
g, -RTc Z2a
o o B S ddidiall 2-27
@), w72 o (227)
621)) RTc 2a
— | =——— ol ddiia! 1-28
(0211 . (ve-b)? V2 (1-28)
.= 5% Aoyl Bylyoudl iy (1-29)
= -] -
€= 27bR I bl dz)
Ve=3b ! el (1-30)
S— ool il (1-31)
PC=27p2 C ]

odsg) Laaall aldsoiel Jile JI Hlsedl CadSS oSer Y Lg398 (1 Byyaell dzys (  1dayadl Bylyoedl dyd

Critical Temperature: The temperature above which a vapor cannot be liquified by

the pressure alone.

Ay Jais die lagans ae (pdrlgio JSludlg 3l opyelall (pe S Lgud Lﬁ"” U P 1l | |

e Byly>
Because of a = 3p.V? =3p. (3b)* =27p, b? (1-32)
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|74
b= ?C orV.=3b (1-33)
R= Sa (1-34)
~ 27T,b )
i e Juaxs (1-35) dolas (§ (1-33) dolas jasgaing
RT,
b= (1-35)
8p.
27R*T?
a=——-— (1-36)
64p,.
(1-31) 9 (1-30) dJul & Yslaadl Sl g92Jbg b 9 @ ud dolas o P 9T 5 Ve & pasgadby
rde Jwaz (1-32)
a 8aTr a
Pr (1-37)

27b%2 _ 27b(3bV,-b) 9b2V2

:8)5Sdall Aslaall pling lauy ob. 9 @ B day S Sl J) Dslaall od JFisg
8Tr 3

Pr="3y 1) V2

olae)l 0da JuSg c@olasdl (o lbds> d8 b g a (ol Of lae JB)us dolas J dglive odleT Ualasl!
8,50 Yl LS‘-’)-"-*” O3y JBB, 5l s (38195 Ul> D99 A
ide dwaz (1-25) 9 (1-24) 5(1-23) dolas § Tes Ve s pe pogxi

a

= —— adodl lasaall 1-39
P=5-17Pr Fddl Ll (1-39)
V., = 3bV, Fudnd| eoxx| (1-40)
8a V dddodl Bylyzedl d>yo (1-41)
= [} =
27Rb " RN ?
For critical point: -
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a = 3p.V? (1-42)

b=V, (1-43)
R= 82;1/“ (1-44)
Z, = ';;;,’c = 2 (1-45)

Example: The pressure of Ar and CO: are (par = 23 atm and p... = 35 bar respectively)
and temperature is (Tar = 150.7 K and T... = 405 K), and the critical constants
of Ar and CO: are (p.= 48 bar and 72.9 bar respectively) and (T. = 200 K and
304.2 K respectively). Calculate the reduced pressure (P;) and temperature
(T:) of Ar and CO.?

Solution:

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

_P
Dr= D
23 atm
Dr =Gt = 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
r— Tc

_200.0K

T, =150 7K = 1.33, also the same for CO, = 1.33

End of 3 Lecture and Chapter One
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