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General: When P-, V™ (inversely proportional)
Formula: P-V = constant or P1V1 =PoVo

Restrictions: P1 and P> must be in the same units
V1 and V2 must be in the same units

Convert pressures using conversion factors using the fact
that 1 atm = 760 mmHg = 760 torr = 101.3 kPa = 14.7 psi

Si _1b
PY=in2

) 101.3kPa _
Example: 730 mmHg x 260 mmHa mmHg = 97.3kPa
Graphically:

V
N
P P

In our lab, we had to add the atmospheric pressure to our
measurements because tire gauges only measure the
pressure ABOVE atmospheric pressure.

Consistent (“ good”) dataform astraight line (P vs. %).

K=°C+273 °C=K-273
Examples: 0°C+273=237K
25°C+273=298K
100°C +273=373K

300K -273=-27°C

The Kelvin scaleisused in gas law problems because the
pressure and volume of a gas depend on the kinetic ener gy
or motion of the particles.

The Kelvin scaleis proportional to the KE of the
particles... that is, 0 K (absolute zer o) means O kinetic
energy. 0°Cissimply thefreezing point of water.

Charles Law

General: When T-, V- (directly proportional)
Formula: v constant or Vi_Vo
) T T T2

Restrictions: T must bein Kelvins
V1 and V2 must be in the same units
Gay-Lussac'sLaw

General: When T- , P- (directly proportional)
Formula: L constant or P1_P2
) T T, T2

Restrictions: T must bein Kelvins
P1 and P> must be in the same units
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PV _ P1-Vi_P2:Vo

T - constant or T, T,
Restrictions: T must bein Kelvins
V1 and V2 must be in the same units

P1 and P> must be in the same units

Formula:

STP (“standard temperature and pressure”) is often used as
one of the two conditions
T =0°C = 273K P=1am = 760 mmHg = 101.3 kPa

Each of the three gas laws isreally a special case of this
law.
Example: If Ty =Ty, thelaw becomes PV =PyV>

Formula: PV =nR-T or PV =nRT
where P = pressure
V =volume

n = number of moles

R =theideal gas constant

T = temperature (in Kelvins)
The value of R depends on the P and V units used.

R :% S0 you can use the molar volume info to calculate R

oo (1013kPR)(224L) _ . LkPa

T (Amole)(273K) T T mol-K
R =624 MMHG _ 5 5gyy LM
mol -K mol -K

When you have a mixture of gases, you can determine the
pressure exerted by each gas separately. Thisiscalled
the partial pressure of each gas.

Since each gas has the same power to cause pressure (see
card #8) the partial pressure of a gas depends on how
much of the mixture is composed of each gas (in moles)

Example: Consider air, a mixture of mostly O and N2

molesOy P02 molesNp PNZ
molestotal ~ Pigtgl molestotal ~ Piotg

Also: Py = POy + PNy

Thisideaisused when agasis collected over water

Patm = Pgas + PH,0 PH,0 isfound on achart

The gas laws work (to 3 significant digits) for all gases...
that is, al gases have the same power to cause pressure.

At the same temper atur e, the KE of each gasisthe same.
KE =1/, massvelocity2... if two particles have different
masses, their velocities are also different. So...

smaLL particles move FAST mV/2
LARGE particlesmove stonty M2

We can use this ideawith numbers aswell: (Graham’s Law)
KEa =KEpg mAvA2 = mBVBZ
[another version of thisformulais on the next card]
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2 =mgvg?2 can also be used as the equation. ..
rate of effusonof A _  [Mp
rate of effusonof B~ \| Ma

Notice that the A isin the numerator in theratio of the
rates and in the denominator in the radical.

MAVA

“Effusion” issimilar to diffusion. It meansto escape
through a small opening.

Theratio of the rates (or velocities) of CH4 (mass=16 u) to

S0O5 (mass=64 u) is\/?_g =\/:1 =2

I deal gases have no volume & no attractionsfor each
other. Luckily, real gases act pretty much like ideal gases at
room temperature and pressure. The most ideal of real gases
isHe.

The REAL GASLaw is
n2
(P +7§‘)(v - nb) = nRT

where:
a corresponds to the attractions between real gas particles
b corresponds to the size of the real gas particle

Explaining the behavior of gases involves the kinetic
molecular theory. Here are the main ideas:

« al particles are in constant, random motion

 temperatureis a measure of the aver age kinetic ener gy

« pressureisdueto collisions of gas particles with thewalls
of the container

* increased temper atur e causes mor e collisons as well as
harder collisions

 some particles are moving fast, some are moving slowly

_F
P=a
Pressure is proportional to the force pushing and inversely
proportional to the area over which that force pushes.

F
P-5 Pt




