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' GASES

- Gases differ from the other two phases of matter in many ways:

- They have very low viscosity (resistance to flow), so they flow from one place
to another very easily.

- They will fake the volume of their container. In other words, gas volumes are
variable.

- They are the least dense of all three phases.

/

- Most re tfran rent, and many are invisible. ~
ost gases are fransparent, and many are Sb?%kermw| ewfarsSion,

- Gases show a much larger change of volume on heating or cooling than the
other phases.

- Gases react to changes in temperature and pressure in a very similar way. This
reaction often does not depend on what the gas is actually made of.
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KINETIC THEORY
- is a way to explain the behavior of gases.
- views the properties of gases as arising from them being molecules in motion.

- Pressure: force per unit area. Units: Pascal, bar, mm Hg, in Hg, atm, efc.
h Meugure ncheg |
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- According fo kinetic theory, pressure is caused by collisions of gas molecules with
each other and the walls of the container the gas is in.

/

/

%

This collision exerts a force on
the walll




1%- Temperature:;

- a measure of the average kinetic energy of the molecules of the gas
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- The faster the gas molecules move, the higher the tfemperature!

- The temperature scales used when working with gases are ABSOLUTE scales.

- ABSOLUTE: scales which have no values less than zero.

- KELVIN: metric absolute tfemperature scale.

Quick comparison of \\/ DRSNS O(..

temperature scales!

LT |00 1772 Water boils
7 —7 1 S (Lc) % Room temperature
Y2 O 7773 Water freezes
—H60| 1793 O Absolute zero!
oc | °C K
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THE KINETIC PICTURE OF GASES

o Gas molecules are small compared to the space
between the gas molecules!

LOW DENSITY!



0/\\/ b/\/ o Gas molecules are constantly in motion. They
move in sfraight lines in random directions and

with various speeds.

* Attractive and repulsive forces between gas

molecules are so small that they can be neglected

/ except in a collision.

()
/ o) - Each gas molecule behaves independently
\ / of the others.
© \/° l/ Collisions between gas molecules and
each other or the walls are ELASTIC.

@ The average kinetic energy of gas molecules is proportional to the absolute temperature.

How does this picture explain the properties of gases?
- Gases expanding to fill their container? Agrees with kinetic picture, since gas molecules

are independent
- Thermal expansion of gas at constant pressure? Agrees, because the container has to

EXPAND to keep the pressure (from collisions) constant when the gas molecules move
faster.

- Pressure increases with temperature at constant volume: Agrees, because the number
and force of collisions increases with molecular speed.



GAS LAWS
- were derived by experiment long before kinetic theory, but agree with the kinetic picture!

Boyle's Law: P \/ -~ GonS *an'}' B

\ True at constant temperature
P\\) = Coashnt P'L\/’L: Cons bun -
|

— \pt V, = pL\/—L True at constant temperature

L i True at constant pressure, and
>~ (onCTun using ABSOLUTE temperature

Charles's Law: \/
_T

\.% \VA N Vo |True af constant pressure, and
—— - — — |using ABSOLUTE temperature
T T —




1“0 Combined gas law: T
2 P \/ Must use ABSOLUTE
T (lo~S§ Yont temperature unifs!

) _
\I/

7, Vy Q'L N Must use ABSOLUTE

— - —_ temperature units!

_T \ ‘. 1
A
Avogadro's law: L °-‘"“"’"i (”:lfs ) oF yug mugh be
Cons fan |,

- a mole of any gas at the same condifions has the same volume.

/\‘,vr\()\ c/(,\,g md\f CU\’f @ Oa(, a/\.A_ ﬂ_ au}'yy\ ”STP"‘
Standard

V ()\u\m e = L 0. Ll L \ Tergpero’rure
an
/ Pressure

1.7
=224L

11.1°
11.1°



4 |deal gas law:

P \] .. but this constant actually depends on the amount

-~ (oOn shont ofgos' |/
T

—y = Y\‘LR

The ideal gas constant.
o Lot L-atm
O
O.0% el
.. combining these fogether ...
P/\}- - N ({
.T
P P =pressure af

| V =volume L
T = ABSOLUTE temperature W

PV = kT

R = ideal gas constant

N = number of moles of gas molecules
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CHEMICAL CALCULATIONS WITH THE GAS LAWS FW Neh (0, 1007 9 [mol

H'LSOL( ((Ml)*lNO\ Mcogk S )"‘>) THL0(0) +LLOq (3) + No\-;_s()l,\ (aq)

Given 25.0 g of sodium bicarbonate and sufficient sulfuric acid, what volume of carbon
dioxide gas-would be produced at 25.0 C and 0.950 atm pressure?

1 - Convert 25.0 grams of sodium bicarbonate fo moles using FORMULA WEIGHT.
2 - Convert moles sodium bicarbonate to moles carbon dioxide using chemical equation.

3 - Convert moles carbon dioxide to VOLUME using IDEAL GAS EQUATION.
§4.007 5 NaH(0y = mel MeHCOy | 2ol NakCOy = Lot (04

mol Mo HEO Vel (O
’)_§,O NO\HLO X 3 q P :Olc/)SC/‘f'lLtﬂ
5 l %4.0073 NAH(OB 7—ww|(£/&\Hfos o) (D'L
®
o = 1‘)gr?’;(

Q) pV=nRT | N=0.29759114€] mav (0, T=25,0
v = nRT| p= 0.0%106 L,,fl:m:( 00,950 abn
1
L-akm
_(0.29759414€] ma (DD(O 0%106 —V h,)(wlc]g 2 1) o

\/ ) (O}’/SO c«h’ﬂq) CG')_
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What volume would the gas in the last example problem have at STP?
STP: "Standard Temperature and Pressure” (0 C and 1 atm)

Let's use the COMBINED GAS LAW 1o solve this one.

PIV\ ~ Pm\jz kal_rl pf 0.950 abm
T T’L / T, pl :Ufz’ \[\T 7,(,'}(_
T, = 198, W
P'Ltﬂ,mlﬁn
_|—rL: 273,72 W

\/11-?

\/(L . (O()SO Am)(’),(ﬂd(’l?&l V) :6'67 ([ (Oq
(296.24¢) (1 abam) @ STP

Alternate solution: Since we know the number of moles of gas (from the previous
problem), we could just use the ideal gas equation with the STP temperature and
pressure. We'll get the same answer if we do it this way. (Try itl)
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2 NAGNO3 (93— LN, tg) + 0, 05) « HH0(g)

At 300%C, ammonium nitrate violently decomposes to produce nitrogen gas, oxygen gas,
and water vapor. What is the total volume of gas that would be produced at 1.00 atm by
the decomposition of 15.0 grams of ammonium nitrate?

To simplify this problem, we'll calculate the TOTAL MOLES OF GAS instead of looking at each
product individually.

1 - Convert 15.0 grams amonium nitrate to moles using FORMULA WEIGHT,
2 - Convert moles ammonoium nitrate to TOTAL MOLES OF GAS using chemical equation.
3 - Convert TOTAL MOLES OF GAS to volume using the ideal gas equation.

80. 043 g Mg MOy < ml BHGNIS 1D ol MM =T md gag (24169)
nw| NH(’MOS 7mu\ g G{
5 r %0. ou“s%j Vhe, /uo?) ) m%mqw&

.0 4 MALNG o « =0, 6558971774 mal gas

Q) VehlkT | n =0, 65589 1177 mil gas T2300°C < STIN
[ R = 0.0 g 06 e P21, 00alm

mol s
\/ = (0,655694172 il gos ) (0- 04106 20 (5930) ho.gL]
(\,OOA\'M} 3:\5

* More than 2000x the size of the original
solid!
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- The empirical gas laws (including the ideal gas equation) do not always apply.

- The gas laws don't apply in situations where the assumptions made by kinetic
theory are not valid.

- When would it be FALSE that the space between gas molecules is much
larger than the molecules themselves?

- at high pressure, molecules would be much closer together!

- When would it be FALSE that attractive and repulsive forces would be
negligible?
- at high pressure, aftractions and repulsions should e stronger!

- at low temperature, affractions and repulsions have a more
significant affect on the paths of molecules

fast (high T) slow (low )
0= o v
W
-The gas laws are highly inaccurate near the point where a gas changes

to liquid!

- In general, the lower the pressure and the higher the tfemperature, the
more |IDEAL a gas behaves.



