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

Homework 1@ e unit of Newton?
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.
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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.
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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.
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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

ViV,
T, T

35L _ Vo _ ., @
250K 400Kk

Y
1-5-3 Gay-Lussac’s law
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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 °kpa

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 Cu

8l y> d>)o e )L’J\‘o.»uz_cl.,ag (n) Sl CL)}’}A dde L&QLWQT&DWT EUJL,.AHO.A

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

V1
- (1-8)
Homework 2:Inas ans, 50.0 g of oxygen (O:) 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 ks’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=273 K,V =21 @
nRT
®

pV = nRT,OR,V = T

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

Example: Calculate the density of ammv'&&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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