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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 *an'}' B

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

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

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

Charles's Law: \/
_\__

\.% \/\ _ \/'L True at constant pressure, and
— - — |using ABSOLUTE temperature
W T —




1% 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 conditions 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°



0 |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,

P\V' _,Pz—,\{:é ) PCM.S()’WH'/ 50 \i_—"\}i
T T, L)

(’S,SQ _\[/L \/FZ-QL \],L:?
(Bovzk) labsak) T =2%0%=3002K  To=-S.0°C=268.2K
3

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 temperature increases 1o
31.0 C, what is the pressure of the gas in the piston?

L — \} 77 ...Is The volume in the freezer,

o
Wy Py Pu= oo ube Py
— = ‘11'—/ Vi = 2.26L Vo= l.60L
| T, 22809 =29%.2K To= 3100 = BOH. 2K

\

(I.oba+m)(7—=LSL) _ pg_(|,0()L) 5 - 7) 304
(29,2 K) ~ (3o4.2K) 'UOQ i
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X
Calculate the mass of 22650 L of oxygen gas at 25.0 C and 1.18 atm pressure.

’\\— O *Volume of a 10'x10'x8'

02252,00¢ 09 2mal Oy oo

1 - Calculate the moles of oxygen gas using the ideal gas equation.
2 - Convert moles oxygen gas fo mass using formula weight.

B Loatm
Satmy,  R=0.04206— v

py=nRT | P=
" :_P,V,, \/ = 2650 =0S.0% =29¢,2LK
RV

On, = Qgatm) (22650L)

(0.0 92065240 )(295.2X)

n

= 109221235 mo) 0,

%21,003 02
mol 05

@1092. 21235 mol 04 :\%5500301\(%S,<>}<5j 0,

7771,
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CHEMICAL CALCULATIONS WITH THE GAS LAWS FW N(AP\LO3: CH 0ol g [ mol

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 to moles carbon dioxide gas. Use CHEMICAL EQUATION

3 - Convert moles carbon dioxide gas to volume. Use IDEAL GAS EQUATION.

O %007 y NaHtoz=mol NaH(og @ Lmol NaHtog="2mol COy
wol NaH(C0< Lol (02
2S.0aNa RO X X
>.0gNaTtl3 B1.0004 Mg H(04 L wmo\ NiuHCo

=0 EISIHIHG | o €O,

O @ 3
@P\/——Y\RT W=O0 MY mpl €O, Tz 25 .69 = L9%8.2LK
_ L s at

/= (6.2975TU2LUS| mo\ (05) (0. 04206 L2%T > (29¢.2K)
~ ol

L6.950 atm)
< 7.6 L of (0, @25.05 ,0.950atm
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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)

PV p/L\)_L_ P|:O.9S0m+m pi: ﬂ—d‘i'l/h
%ZT— v =2-60L V= P
| z| 7,219%.2K ,=0°C=173.2K

(0950 abm)(7.60L)  (Ladm)Vo
294 .2 ) a (173.2K)

V, =667 L@ STP

Alternately, you can use the ideal gas equation to find this volume. Use the
number of moles carbon dioxide calculated in the problem, and use the STP
pressure and temperature...



2 NHGNO3 (93— LN tg) + 0 (5) «HH0(g)

At SOO?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?

We'll simplify the calculation by calculating the TOTAL Fw NM,,) /\/0‘1 1 go L0 g ']_ 3/
MOLES OF GAS, since that's what determines gas volume! V"O]

1 - Convert 15.0 g ammonium nitrate to moles. Use FORMULA WEIGHT.
2 - Convert moles ammonium nitrate to TOTAL MOLES GAS using CHEMICAL EQUATION.
3 - Convert TOTAL MOLES GAS to volume using IDEAL GAS EQUATION.

© 60,052 o NHy V03 =md NHNog @ Lmol NHyNo3=T7ma\ gas (2+144=7)

)S.DﬂNHH NO. mo | NHypo . Imo\ gas

<0, L
%0'051ﬂNHL)/\/03 Q'V"‘b\NHL/NOB 655%137| IGmJ\gd.S

© @
V:Vlﬁj R=0.0¢204 b st P =100 4tp,
P %

V=0.6558237146 m,\ gas) (0-06200 L‘y;j.mk)(g” <)
(100 atim) ,FO“%L ‘




