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THE KINETIC PICTURE OF GASES

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

LOW DENSITY!
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0/\\/ b/\/ o Gas molecules are constantly in motion. They
move in straight lines in random directions and

with various speeds.

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

Boyle's Law: P \/ =~ GonS Hm'\' B

‘ True at constant temperature
P\\}\-_-_ (_0,\_;'\_.,,\" P’L\/'L: Cons "hn}‘
|

\

Ly \Ql V) = p—,_,\/—;ﬂ True at constant temperature

L) True at constant pressure, and
~ lonCtun using ABSOLUTE temperature

Charles's Law: \/
_T

\__> \/\ _ \/'L True at constant pressure, and
— - — |using ABSOLUTE temperatfure
L T —




205 Combined gas law: T
? P\/ Must use ABSOLUTE
T Lo~ Font temperature units!
\ _
\I/
\’3\ Vy Q'L N Must use ABSOLUTE
- —_ temperature units!
( \ [ 1.
A
Avogadro's law: L °-‘"‘"""i (”:I‘is ) oF gy mush be
Cons fan |,

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

/\‘/V"\D\ g S mole ¢ ylog @ O°C and ﬁ_ ot m ”STPh
Standard

V ()\u\m e = L. Ll L \ Lenrgpero’rure
/ Pressure

1.7
=224L

11.1°
11.1°



206 |deal gas law:

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

- CO’\ Sx—ﬂ‘{\ OngSI J
T

—y = Y\*R

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

| V =volume L
T = ABSOLUTE temperature K

P\ = kT

R = ideal gas constant

N = number of moles of gas molecules
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A balloon is taken from a room where the temperature is 27.0 C to a freezer where the
temperature is -5.0 C. If the balloon has a volume of 3.5 L in the 27.0 C room, what is
the volume of the balloon in the freezer. Assume pressure is constant.

\ Vv, _Va v 2 3,SL
%\"l 8(\/1 > =3 \ 6/ — 1K
T T, T T,200.0°C= %00
3S5L _ Va Vo ©
Tooak  2bEIK Ty < = C0% < L6SK
Y/_Snl L \ g \/L J

2.25 L of nitrogen gas is trapped in a piston at 25.0 C and 1.00 atm pressure. If the piston
is pushed in so that the gas's volume is 1.00 L while the femperature increases to

31.0 C, what is the pressure of the gas in the piston?

PV PV
T T

(. |.0v m\rm\ (’1 L SL) -

29€ .2
‘ T.50 Atm

P, (\ooL)
204, LK

= Po

Pli \.0U akm

~ LS
T\ 258.0°CT29%.7 K
Prx ©

Vin DOVl o
7 0Yy.
a < 31 0°CE



208

X
Calculate the mass of 22650 L of oxygen gas at 25.0 C and 1.18 atm pressure.

@ 097 .12235) wol Oa X

R O *Volume of a 10'x10'x8'
O-,,'.'S?‘.oo:j 09 2mal Oq oo
1) Use the IDEAL GAS EQUATION, PV=nRT, to find moles of oxygen gas.
2) Convert moles of oxygen gas to mass. Use FORMULA WEIGHT.
@ Pv=nkT Pz Liatm /= 226S0C
L -oném
Y R/_ QO.0%206 ol -l
®T | T=728.0°C =2782K
- (%arm) (22068
0gL06 2D
(o.0% S (19%-2k)
— 3<.0 Kﬁ
BleOﬁOrL :\’580009 OeL ~ [6

mo\ O.L



" CHEMICAL CALCULATIONS WITH THE GAS LAWS FW (0. = $1 007 glmel
3

H']_SOL( (twl)*?',\]o\ HCD\;K S )"\) ’)-k\'bou\ +1C,01 (3) + No\q_SQ«,\ (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 sodium bicarbonate to moles. Use FORMULA WEIGHT.
2) Convert moles sodium bicarbonate fo moles carbon doxide. Use CHEMICAL EQUATION.
3) Convert moles carbon dioxide to volume. Use IDEAL GAS EQUATION.

© 4,000 o Mo HO3 = mo) MaHLO7 @) Linsl MaH(0y = Lmol (0g

Nak (0 Limo| CO
2804 MNaHl 04 x ol > e ~ 0.2§2SGULYE| mo) COq
3 %b\,OUj %NAY\(Og 7 mu) ’\/AHCU:S
@ ®
@ PV=nRT N=0.299SGHUE| mo) COq R=0.0%w( L-ats
_ T _ mo)l -l
V V% T225.0°0 =2, 020,950 ah

L -afm
v =(0 2§9SGUYYE| mo) COq ) 0.0¢20; === ) (W621)

O-950 aatm
¢ (o
V17,G7LC016Q3\0\,‘* LS. 0 (,/O.ffﬁoh 78]
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What volume would the gas in the last example problem have at STP?

(Ooclim+ﬂ\)
P P. = 0.9So oot m pq}: 1Ml—’h
WYy P - : _
T, ’—(—TL v,* 2.67L0 0 3

Tl—_'lc/cé.'l}( Tllou(‘?rr?%,ll(

(0.9%0 wtm) (7.67L) (1 altm)Va
2o ic W I

19% .1k
Vé_é') L STPl= Vo
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2500 L of chlorine gas at 25.0 C and 1.00 atm are used to make hydrochloric acid. How many
grams of hydrochloric acid could be produced if all the chlorine reacts?

H, o+ Cl, = L HC

1 - Convert 2500 L chlorine gas to moles. Use IDEAL GAS LAW, PV=nRT
2 - Convert moles chlorine gas to moles HCIl. Use CHEMICAL EQUATION

3 - Convert moles HCl to mass HCI. Use FORMULA WEIGHT,
- T ~ - 0,0 Loafm
(DPU V\'R | ~ ]/()0 ﬁ\.‘\-yp\ (Z %’Z-Oé mol-L(
n =< MY \JZ’L%EOL T=< ZS"OOC:’)_‘)%_’LN

RT
AN
Y\C\ = (\.oo ov‘"'ﬂ'\)(’L OOL‘) I |O7_-|(,Lié(783 . (|'L
L-atfm
(0.05106 552 ) (2196.2K)
@Vr\o] Clq = L o) M| @HU - M I¥X ook
GV 28.4¢

36-"|5%co Ja|c| = Vr\u| HCI

Tmod HCO) 36 UST g HA o) H
02 . 145 ( =[7150 4 NC]
[02.16969%3 mal Clq x ol (1 A TR !
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TR * Na 0y —7 COy Hy O + L V(|

If 48.90 mL of 0.250 M HCI solution reacts with sodium carbonate to produce 50.0 mL
of carbon dioxide gas at 290.2 K, what is the pressure of the carbon dioxide gas?

1 - Convert 48.90 mL of 0.250 M HCI to moles. Use MOLARITY.
2 - Convert moles HCI fo moles carbon dioxide gas. Use CHEMICAL EQUATION.
3 - Convert moles carbon dioxide gas to pressure. Use IDEAL GAS LAW

D0 250mol Hel = mblz 10730 (D Zmol H| = mal (04

-1
L,|%'qumtyl0 on:zxom,mu no\ (09 5 05118 ma| (0,

X
m L L L mol HO
Q) @

®PV=nRT | n= 00061128 ma) (0, T =290.2K

- T
Penld R=0.09206 2™  v=500ml=0.0S00L
V mo) <k

P=(0.006n2gma (U) [ 0.0%20¢ L’?*’;’()(Q%l ic)

O.o0So60 (L

= 2,C7| a¥ m ,




