55 CharlessLaw

« At constant pressure (P) the volume (V) of a
fixed amount of gasis proportiona to its

absolute temperature (T)

V = k@ k¢® constant (dependson P)
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» Assume two states of agas at constant P

—state1® T,,V,

—state2® T, V,
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Example: A balloonisfilled with 5.0 L He gas
at 15°C. Thetemperature is changed to 35°C.
What is the new volume of the balloon?

T,=15°C=288K  V;=50L

T,=35C=308K  V,=?

v o ViT. _50L" 308K
27T 288 K

=53L

At constant volume (V)
the pressure (P) of afixed High tempetinie,
A 1gh pressure
amount of gasis
proportional to its absolute
temperature (T) &
P = kaeT
k@® constant (depends -
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» Assume two states of agas at constant V

—state1® T,,P;

—state2® T, P,

Pl P2 Pl P2
—=k®® —Z=k& b =2
Tl T2 Tl T2

Example: A cylinder containing N, gas at
15°C and 50 atm is moved to anew location at
35°C. What isthe new pressure in the cylinder?

T,=15°C = 288K P,=50atm
T,=35°C = 308K P,=?

_ RT, 50atm” 308K
T 288 K

P, =53 atm

5.6 Avogadro’'s Law

* At constant temperature (T) and pressure (P)
the volume (V) of agasis proportional to its
amount (n)

V =kéh kat® constant (dependson T, P)
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* Molar volume (V,,)) - the volume of one mole
of asubstance

V,=V/n




» Avogadro’s principle - equal number of moles
of different gases occupy the same volume at
constant T and P (molar volumes of gases are

very similar)

» Assume two states of agasat constant T and P
—statel® Vq,ng
—state2® V,, n,
Lokw ok b L=
n1 2 n1 n2

5.7 Theldeal GasLaw
Y, :k% Boyle's Law

V = k@ Charles's Law
V = kd@h Avogadro's Law

Combination of the three laws:

T
V = Rn? R - proportionality constant
PV=nRT ® ideal gaslaw

R® gas constant

* ldeal gases- obey theideal gaslaw
* Real gases behave asideal gasesat low
pressures (in the limit of zero pressure)

* Risdetermined experimentally
R =0.08206 L -atm/mol-K
R =8.314 Jmol -K
» Assume two states of agas
—statel® Py, Vy,nq, Ty
—state2® P, V,,n,, T,
Plvl P2V2

Plvl P2V2
=R — =R b =
anl n2T2 anl n2T2

* Example: A5.0L gassampleat 1.0 atm
and 10°C ismoved to a2.0 L container and
heated to 300°C. What is the new pressure?
P,=10atm V,;=50L T,=10°C=283K
P,=? V,=20L T,=300°C =573K
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» Example: A 3.0 g sample of methane, CH,,
isplacedina 2.0 L container at 22°C. What is
the pressure in the container?

PV =nRT
V=20L T=22°C =295K
moles of CH, (n):

, & molCH,0

=30gCH, ¢ ———*+=0.19mol CH
: 9= 316.0gCH4a Hah

0.19mol © 0.08206 LHm'ZQSK
_ﬂRT_ .19 Mol A
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5.8 TheMolar Volume of |deal Gases
V _nRT/P _RT

™ n n P

* Standard temperature and pressure (STP)
P=1.000atm; T =0°C =273.15K
e V,aSTP.

008206 =AM 7315k
VAL oL S =241 —
moPp 1.000 atm mol




