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The gaseous state

* Gases are described as molecules that have[};igh kinetic energy/—
@rapid motion of molecules. >

* Gas molecules exert relatively.small.forces-on-each-other
(molecules try to act independently of one another).

£

General properties
* A gas mixes rapidly and completely with any other gas.
* A gas uniformly fills any container and assumes its shape

(volume). Yy S ;
* Gas 1s the only state that is compressible. Rurs Y

 The vigorous motion produces a pressure called vapor pressure.
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Pressure units

Sr

~. o L
* The Sl unit s the@l (Pa) where: *\u T
1Pa=1Nm?> e
* The relationship of other commonly used pressure
units to the Pascal 1s as follows: ol

| . @Q&))

11 bar = 10° Pa QQ

a1 mmHg =1 torr = 133.32 Pa (,OC,;

&
Q1 atm = 1.013 x 105 Pa >y
1 psi =6894.76 Pa

* Standard atmospheric pressure 1s 760 mmHg = 760
torr =1.013 bar=1.013 x 10° Pa
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Ideal gas

* Ideal gas 1s a gas where no intermolecular
interactions exist and collisions are perfectly
elastic, and thus o energy1s exchanged during
collision.

* The properties of the 1deal gas can be described
by the general ideal-gasslaw, which 1s derived
from Boyle, Charles and Gay-Lussac laws
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https://youtu.be/OhWzGImik7A?si=alS_Ib1lmiynAGhzZ

Ideal gas

Boyle’s law states that

Pulling up increases

the volume and pressure < T
. . A pressure
of a given mass of gas 1s :

t Pushing down
. . ¥ decreases the
inversely proportional at oy r G
a constant temperature
(1.e. when the pressure of

a gas 1ncreases, 1ts

ST |
-Pa - or PV=k : .
V _In the smaller space the particles suffer more
collisions with the walls of the container - it is this that
P V P V we measure as 'pressure exerted by the gas'.
11 272

P: pressure, K: constant,
V: volume



Ideal gas

. j/The Charlwtates that the volume and absolute
temperature of a given mass at constant pressure are

directly proportional: @%Q@
i —
VaT o V=KT
. &+ Z F<

https://youtu.be/WtoF 2C_f8Qo?si=qjw8wtOU7R45fsT_

Volume (V1) Volume (V2)
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Ideal gas

. @}\ay-Lussac's law/ states that the pressure of a
given mass of gas varies directly with the
absolute temperature of the gas, when the

'volume] 1s kept constant:

\L P/T k https://youtu.be/snS7BNgIHK4?si=WrpQzNOqgxsjjOXjR
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https://youtu.be/ADMMZ17ATZ425i=840Qk5dKyKu3-aQR

. { Avogadro s law

* Equal volumes of gas at the same temperature and
_‘r\/\r\/‘/—\r\r\/\ .
pressure contain the same number of molecules.

\J V1/nl =V2/n2

* 1 mole of 1deal gas occupies 22.4 L regardless

the 1dentity of the gas under standard temperature
and pressure.

* The volume of gas 1s directly proportional to the
number of moles

V o<n at constant T and P




https://youtu.be/2hfoOhU3uCk?si=02Xv8H3QwqPoie_c

Ideal gas

. @, @c andalaw can be

“leecombined to  obtain he  familiar
e
? relationship:

! / PV, P, sz

e s
T, T,

* T: kelvin scale (0 °C=273.15K)
S P, /g/\/o e
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Ideal gas

Example i

* In the assay of ethylnitrite spirit, the nitric oxide that 1s
librated from a defmite quantity ogipirit and collected
In a gas burette occupies a volume of 30.0 ml, at a
temperature of 20 °C and a pressure of 540 mm Hg.

. VD § T 40 R3 . \
Assuming the gas 1s 1deal, what 1s the volume at 0 °C

and 760 mm Hg? @WM}Q@@;
= .
740300 _ 760XV, |7 T ”
273420 273 SN A=
)

R\

V,=27.2mL




General ideal gas law

* General 1deal gas law (also called equation of
_state) relates the pressure, volume, and
temperature of a given mass of gas.

Cib"ﬁh)vwffi—\ N
P, V, _ PV

— — =R
T
 R: the molar gas constant value for the PV/T
ratio of an ideal gas. o

* For[nmoles the equation becomes:

% https://youtu.be/zo--jm9zWel?si=SVIYrt1rMOi4oNvo



General ideal gas law

The volume of 1 mole of an 1deal gas under standard
conditions of temperature and pressure (1.€., at 0° C

and 1 atm) has been found by experiment to be
22.414 liters.

Substituting this value in general 1deal gas law:

PV _ 1x22414
=—= = 0.08205(atm |
R=— = ——— 0.08205(atm L/mole K

The molar gas constant can also be expressed by
energy units:

R =8.314 Joules/mole K or |~ (AL

R = 1.987 cal/mole deg | 1 atm = 1.0133 x 10¢ dynes/cm?
’ @/D 1 Joule =1 N.m =1 Pa.m?

— 082 5y 1 cal = 4.184 Joule




General ideal gas law

Example: Calculation of volume using the ideal gas law

* Whatis the volume of 2 moles of an ideal gas
at 25°C and 780 mm Hg?

e 780 mm Hg/760 mm Hg = 1.0263atm

« 25°C+273=298K
nRT 2 x0.08205 x 298

e PV=nRT > V= = =076 =47.65L

E




General ideal gas law

Example: Calculation of pressure using the ideal gas law

Calculate the pressure at 25°C within an aerosol
container of internal volume 250 cm3 containing 160
cm?3 of concentrate above which has been introduced

"7 0.04 mol of nitrogen gas. Assume ideal behavior.

)Mo
Pyl 2
JL e }BDM..Att.stt'(’r Iy %%QZO Opio ©
0 PV =nRT —
g =rel 0.04 x8.314 x 298

])

= = (250-160)x 10°¢
\WC)”% - . 7 4
s P=1.01x10°Nm™ (or Pa)



General ideal gas law: Molecular weight of gas

The approximate molecular weight of a gas can be
determined by use of the ideal gas law:

PVSORT
since n=g / M then: https://youtu.be/w-WCWnagNeU?si=vée_htCltvhI23pl
M
RT
M =E—



General ideal gas law: Molecular weight of gas

Example: Molecular weight determmation using the ideal
gas law
®

If 0.30 gl of ethyl alcohol in the vapor state occupies 200
mL at a pressure of 1 atm and a temperature of 100 °C,
what is the molecular weight of ethyl alcohol?

100°C+273=373K
200 mL+ 1000 mL=0.2 L

" gRT 0.3 xXx0.082 x 373 16 g
PV 1% 0.2 " mole




Ideal gas

Kinetic Molecular Theory

Kinetic molecular theory explains the behavior of gases according to
the ideal gas law and to lend additional support to the validity of the

gas law: ~— —

» Gases are composed of particles called atoms or molecules, the total
volume of which 1s so small (negligible) in relation to the volume of
the space in which the molecules are confined.

» Gas molecules exert neither attractive nor repulsive forces on one
another

» The particles exhibit continuous random motion. The average
kinetic energy, E, 1s directly proportional to the absolute temperature
of the gas, or E=(3/2)RT. Te DT 7D hph: o

» The molecules exhibit perfect elasticity; there is no net loss of speed

or transfer of energy after they collide with one another and with the
walls of the confining vessel.
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Real gas

Real gases do not mteract without energy exchange, and

therefore dosn@P follow the laws of Boyle, Charles, and
Gay-Lussac. )oe \besh N

__//__P

Real gases are mot composed of mfmitely small and
perfectly elastic non-attracting spheres.

They are composed of molecules of a finite volume that

tend to attract one another. /-,
i %4?,(//@’; \i)\ Q&J\%V“ géGQ-QS

The significant molecular volume and the mtermolecular
attractions between gas molecules affect both the volume

and the pressure of a real gas respectively. By



