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Think to yourself

e - .
Hoew do gas particles move/behavior?

rAWhat is the Kinetic Molecular Theory?
X Gases are mostly empty space

2 Particles have no attractive or repulsive
forces

- XRapid constant random motion (really fast)
X Elastic collision (no lost energy)
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ture abhors a vacuum
istotle 384 - 322 B.C.

Ne live submerged at the bottom
of an ocean of air.

""E'vangelista Torricelli 1644
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1. Gases

-,

substances that exist in the gaseous phase under
normal atmospheric conditions

T =25°C p=1atm

0

2

He

A IVA VA VIA VIIA|ao0s

5 6 7 8 9 10

B C N O |l F | Ne

10.81 12.01 14.01 16.00 [[|19.00 || 20.18

13 14 | 15 16 || 17 18

Al Si| P S ||CI] | Ar

IIB IVB VB VIB VIIB VIIIB IB IIB | 2595|2809 /| 3097 3206 |l2545 || 32 a5

23 | 24 25 | 26 | 27 28 | 29 | 30 31 | 32 33 | 34 | 35 36

V |[Cr | Mn| Fe | Co| Ni|Cul|Zn| Ga| Ge| As | Se | Br | Kr

50894 | 5200 | 5494 | 5585 | 58.93 | 58.70| B3.55| B5.368 | 69.72 | 7259 | 74.92 | 78.96 | 79.90 (| 85.80

41 | 42 | 43 44 | 45 | 46 | 47 48 | 49 | 50 | 51 52 | 53 | 54

Nb| Mo| Tc | Ru| Rh| Pd A% Cd| In| Sn| Sb | Te | | Xe

92.91 | 95.94 (98) 101.1 | 102.9 | 1068.4 | 107. 1124 | 114.8| 118.7 | 121.8 | 127.6 | 126.9 || 131.3

73 | 74 75 | 76 77 | 78 79 | 80 81 | 82 | 83 | 84 | 85 86

Ta | W | Re | Os| Ir | Pt | Au H% | Pb|Bi | Po| At | Rn

132.9 | 137.3 | 138.9 | 178.5 180.9 | 183.9 | 186.2 | 190.2 | 192.2 | 195.1 197.0 | 200. 204.4 | 207.2 | 209.0 (209) (210) (222)
87 88 | 89~| 104 | 105 | 106 | 107 | 108 | 109
Fr | Ra| Ac| Rf | Ha |Unh|Uns Une

(223) [(226.0)| (227)




HF, HCI, HBr, HI ﬂ‘

BOiCO,
CH,, NH;, H,S, PH,

\
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NO, NO,, N,O o

2 2 ‘&

SO,



Jupiter lo
(Hy, He) (SO,)



Helix Nebula

Orion Nebula
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molecules/atoms of gas are constantly in motion
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Atmospheric Pressure l

' Pressure IS
_ all around us
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Standard Atmospheric Pressure

| Atmospheric
pressurce 760 mm at 273 K at sea level

Torricelli

barometer 1 atm = 760 mm Hg = 760 torr

Temperature = 0 °C
pressure of the atmosphere is balanced by pressure exerted by mercury



Otto Von Guericke exper/m ent
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1654 he designed a vacuum pump to
ithdraw air from vessels.



S| units

< pressure = force
. drea
p=F/A
Atmosphere (atm)
Millimeter of mercury (mmHg) | atm = 760 mmHg
Torr (Torr) = 760 Torr
Newton per square meter (N/m?) = 101,325 N/m’
Pascal (Pa) = 101,325 Pa
Kilopascal (kPa) = 10L.325kPa |
- Bar (bar) = 1.01325 bar
LMillibar (mb) = 1013.25 mb
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pressure measurement |

— - b — ¢ )
Pgas o Pbar. pgus 2ig Pbar._+ Al Pgas & pbur._+ Al
(AP = 0) (AP < 0)
(a) Gas pressure equal to (b) Gas pressure greater than (c) Gas pressure less than
barometric pressure barometric pressure barometric pressure

manometer



Factors that influence
gases

1.Pressure

2.\Volume

3. Temperature

~ 4.Number of particles (moles)

p, V, T, n



Boyle' s Law

pressure — volume
relationship

(temperature is constant)

Boyle
(1627-1691)






P x1/\V
l

é p = constant/V

P x V = constant

-
R

AN
P, x V, = constant P,x V, = constant

\/

P, xV,=P,xV,
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1 Sample Problems

Argas at 750 mm Hg pressure and a volume of 2.56 L
essed to a new pressure 820 mm Hg. Find
ew volume

0 Qas @ STP is changed to a volume of
L. Find its new pressure in mm Hg



Charle’ s Law

temperature — volume
relationship

(pressure is constant)

1746 - 1823
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V& T
l

% V =constant T
s |

V/T = constant

)
%.

N
V, /T, = constant V, /T, = constant

\/

VI T,=V, /T,



+ Gay-Luassac’s Law

\ 3

P./T,=P,/T,

-

Temperature T Temperature 3T



Avogadro’ s Law

amount — volume
relationship
(pressure and temperature

are constant)

Avogadro
(1776-1856)
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ne V
|

t %n = constant x V
p |

: n/\V = constant

)
%.

N
n, / V, = constant n, / V, = constant

\/

n,/V,=n,/V,



SUMMARY

Boyle' s Law

Pox1/V

Charles’ s Law

VT

Gay-Luassac’s Law

Pox T

Avogadro’ s Law

N V

114



@ a constant pressure find the new
volume if a gas with an initial
volume of 2.8 L @ a temperature
.22°C if the gas is cooled to 0°C

'@ a constant volume of 1.0 L the
pressure of a gas is 2.4 atm @ 0°C.
Find the new temperature if the
pressure is increased to 4.0 atm.



1. IDEAL GAS EQUATION

(1) p = 1V Ve 1/p
. d
(2)V T = VoeoT

-

(3)n =V ’ V © n
N\

VeoTxn/p

pxV=constxnxT



pxV=constxnxT ‘:
ko l

pxV=RxnxT
{, - l

“PXV=anxT

" ideal gas equation



pxV=nxRxT
(_[RI=[p] x [V]/ [n] x[T]

.

atm mol K

~ [Rl=atm xL/mol xK

[R] = atm x L/ mol x K



- [R] =

R=OO821atme/monK

atm x L/ mol x K

ideal gas constant



2. MOLAR VOLUME

;What IS the volume of 1 mol of a gas at
273.15 K (0°C) and 1 atm (760 mmHg)?

tandard temperature and pressure
(STP)

pxV=nxRxT
V=2241L



tefnnperature IS Independent on the gas type




5. DALTON' S LAW

pure gases

gas mixtures

(atmospheres)

Dalton
(1801)



L=

T

DALTON’ S LAW

)it """31" | pressure of a gas mixture, p, is the sum of the

' ‘5
-

res of the individual gases (partial pressures) at a

constant temperature and volume

p:pA+pB+pC+....
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p)(\/anRXT

b,
PAXV =Ny XxRxT — pa,=n,xRxT/V
PgXV=ngxRxT —— pg=ngxRxT/V

P=Pat Pg

L p=(Matng) XxRXT/V |
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p)(\/zanXT
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pr:(nA+nB)xRxT i
T
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PA=Ny XRXxXT/V

Pa/ P =Na /(N +Ng) = Xp

mole fraction

X <1

Pa=XaX P




2 KCIO, — 2/KCl + 3 O, 1

Gas volume
measurement

Gas collection

(b)
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1. Kinetic Molecular Theory of Gases |

macroscopic

(gas cylinder)

microscopic

(atoms/molecules)

Maxwell Boltzmann

(1831-1879) (1844-1906)
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Kinetic Energy of Gases 4

R

physical properties of
gases can be described
by motion of individual

gas atoms/molecules

each macroscopic and
microscopic particle in
motion holds an energy

(kinetic energy)




Assumptions of the Kinetic Theory of Gases 4
1. gases aregcomposed of atoms/molecules which are

separated from each other by a distance | much more than their
own diameter d

d=10"m

"= 10 e few m

molecules are mass points with
negligible volume
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2. gases are constantly in motion in random reactions!!l
X and hold a kinetic energy ' -

\

gases collide and transfer
energy

(billiard ball model)




3. gases atoms/molecules

5

%
do not exert forces on each other

absence of intermolecular interactions)

p(inter) =0



Gas Diffusion

Remove

2
¢
o) ] barrier

Gases start
to mix
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2. Distribution of Molecular Speeds ]
| % |

/\ O, at 273 K

O, at 1000 K

Relative number of molecules

H, at 273 K

I | |
1000 2000 3000 4000

Speed., m/s

MaxweII-BoItzmann distribution



3. Real Gases

%
b

oxV=nxRxT (n=1)

deviation of ideal gas law
at high pressures

Ideal gas

Compressibility factor, PV/nRT

I I I I I
200 400 600 800 1000

Pressure, atm




