Intro to Gases

N
Pressure ( U ): the _tTovcCe per unit area on a surface.

= The pressure of a gas is the force that the gas exerts on the walls of its container.
1. A b afoteYed is used to measure atmospheric pressure. When you see the word “barometric” or

barometer”, it's telling you the pressure. o EL

2. Units for pressure: , 1 atm = 760 mmHg = 760 t;l—';}: 10><I(Pa
| B &

*note: mmHg = torr! (same exact unit, two names)

Temperature { T ): a measure of the average Kin e he energy of the particles in a sample of matter.
AV e W v

e Kinetic energy (X[ ) is the energy of Mmotion

A g a ; 3 1 2
e Kinetic energy is given by the following equation: ~ KE = S mv

Temperature < Kinetic Energy
. Same Temp — Same (average) KE (!!)
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Particle diagrams with _V ecto (S can be used to illustrate differing kinetic | o -
o-
energies at differing temperatures: the l ongev the vector, the i o ©
v " I
OCe atev the kinetic energy. | s Q
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Low Temperaturs
There are two temperature scales to be familiar with: T
ahren
1. Celsius (°C) scale: the temperature based on water e 100°
1 ]
a. H;0:freezes at °Cand boilsat_| 0D __°C ' 1
Really cobd outside Rraily bot outvide
2. Kelvin (K) scale: the absolute temperature scale used in the vs
scientific community. Cobius
a. There are no negative values on the Kelvin scale!! t ltllo°
i
b. H0:freezesat <13 Kandboilsat 213 k. P D:,,
c. ALS“‘V‘* ¢ teflo is the theoretical lowest
temperature possible at which all molecular motion stops. Vs
Kelvin
d. To convert between °C and K use the formula: ° 100
[ ]
[K=°C+273\¢.«,F.C I 1
o Desd Dead
Standard Temperature and Pressure: | ITp ) standard conditions of 1.0 atm, 273.15 K .

STP = 1.0 atm (pressure), 273.15 K (temperature)
| ]
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Two factors affect the speed (velocity) of gas particles:
molar mass and temperature!

Variation of Velocity Distribution
Variation of Velocity Distribution with Molar Mass with Temperature
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in summary,

1. Atthe same temperature (i.e. same kinetic energy), heavier gas particles are S ' oWelr than light particles.

2. The same gas particle will move S lovier

at low temperatures and -pﬂi Ster

Kinetic Molecular Theory ( KMT): In Five Postulates
Ideal gases are assumed to behave according to these postulates!

at high temperatures.

1. Gas particles sml | , space between them lﬁr"ge ; - .. A
e Gas particles = negligible volume b v s 3
s Gas are compressible because of large spaces between particles ‘ s Cee @
2. Gas particles bounce off walls (and each other) with h© _ loss of . A%
energy . g e )
-2 “ elaShc " collisions
Force of particles hitting wall = gas pY eSure ! .
F—r] |
i i i 'h Ol TN
3. Gases particles are in constant, rapid, random ™o N g

4. Gas particles do NoT attract or repel each other!

Gas particles can easily
{IMFs) are insignificant

\id

past each other because attractive forces

®

5. AVERAGE kinetic energy of agas is J‘)\re?c«f Y onsl

velocity of its particles. HE&’( o wp, SP{“’ Com V?\‘ .

to the
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Ideal vs. Real Gases

1. Ideal Gas:an 74 1naY Y gas that perfectly fits all the assumptions of the kinetic-molecular theory.
Ide = i

2. Real Gas: a gas that ;loes NoT behave completely according to the assumptions of the kinetic-molecular theory.

¢ The more ?ol a1 {(more ITME ) the gas molecules = greater the deviation from ideal behavior.

o Pressure willbe [0W¢ than predicted because of intermolecular attractions.

! ! . - - - - -
- At _‘_"_"f_ temperatures, gas particles have insufficient kinetic energy to overcome attractions (IMFs).

o Pressure willbe |®Wer than predicted because of intermolecular attractions.
L s
e At _hi_f}!”_ pressuregl, distance between particles in likely to be small relative to the size of the particles.

R
o Volumewillbe _"'%97¢ 7  than predicted because of non-negligible particle size.

Nonideal Behavior: The effect of intermolecular forces Nonideal Behavior: The effect of particle volume
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Gases behave most like ideal gases when they have:

1. High Temperature - because KE overcomes IMFs

Pressure (atm)

2. Low Pressure — because gas particles are relatively g"‘" apart (molecular volume is low relative to container volume)

3. Small Intermolecular Forces (IMFs):

a. Small particles (low London dispersion forces)

b. Non-polar (no dipole-dipole IMFs)

interpreting Data from Non-ideal Gases

— eit—

Data

What happened?

Because ldeal Gas doesn’t account for:

J P (than predicted by KMT)

¥ Tor  IMFs (or both!)

Attractive forces between particles

4V (than predicted by KMT)

LT or _’I:_IMFS {(or both!)

Attractive forces between particles

PV (than predicted by KMT)

TP or tiny container

Size of particles
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Graham’s Law of Diffusion and Effusion

‘iﬁusion: the _MiXin4 of gases. The rate of diffusion is the rate of the mixing.

Effusion: the passage of gas through a tiny n5'¢  into an evacuated chamber {as shown below). The rate of effusion
measures the speed at which the gas is transferred into the chamber.
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e The rates of diffusion and effusion of a gas are related to the average /¢ 0L *j of its particles.

* For gases at the same temperature, this means the rate of gas movement is inversely proportional to the square root
of its molar mass.
1
VMM

rate of gas movement <

> L“_D'!H—fr gases (lower molar mass) diffuse and effuse more rapidly.

-

. Notej'heavier” = “bigger”. Be very careful about word choice when a-nsweriroblemsi

Let’s Practice!
1. Consider two 1.0 L balloons at STP: one is filled with helium gas and the other with carbon dioxide gas.

a. Do the atoms in the helium sample have the same average kinetic energy as the atoms in the carbon

dioxide sample? Justify your answer.
|
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b. Do the atoms in the helium sample have the same average velocity as the atoms in the carbon dioxide
sample? Justify.
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¢.  Which balloon will deflate faster? Explain.
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