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- a mole of any gas at the same condifions has the same volume.
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4 |deal gas law:

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

-~ (oOn shont ofgos' |/
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—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( (_bwl)*lNO\ MCO\'}K S ) _'_>) ')‘k\'bol.q,) +'2-«CO'L (3) + NG\'LS {)L\ (.6\5‘)

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 g sodium bicarbonate fo moles using formula weight.
2 - Convert moles sodium bicarbonate to moles carbon dioxide using chemical equation.
3 - Convert moles carbon dioxide gas to VOLUME using IDEAL GAS EQUATION,

€Y. 007 o Va Mc()3 T ol A Mco3 7 o) Mol (03 <~ Lno) (O

ol AL HCO
1S'OSN“HC05 ¥ " }  (Led (O 5 g9y
%Ll- OO'] f-j (VA HCO'S 11/\'\05 NO\H (03 m o CO')__

O @

P\ =nkT | n<o.197944 8fmx oy P20.950abm [ = Thisvolume i

_ R7 0.0%706 =™ st
V=i el K

_/P, T225,0°C<19%. 0 ¢

= (029757048 mat co (009206552 (¢ L) P
(0.950abm ) co-)_
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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 COMBNED GAS LAW 1o solve this!

PV, P Vy O\\j\ T 0= 0.950ahm VoY b
I ] - _ \/ \J\'~7,E>7L T -
A Flqeaagan K

\[ _ (qusomm\b,m L) (173,2 ))
- (1%.1Hj(ﬁhr@

z]m L (0, @STP

Alternate solution: Since we know the number of moles of gas in the previous problem, you
could plug into the ideal gas equation with the new conditions. (You'll get the same answer
that we goft here!)
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F\'JNHM NOa = G0 043y 3}»«\0\
1 NH"‘\ M03 () —> ():,M'Lttj) {‘/Ole) +’:{ H'LDL?)

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 50.0 grams of ammonium nitrate?

To simplify the problem a bit, we will calculate the TOTAL MOLES OF GAS instead of
calculating each gas separately.

1 - Convert mass ammonium nitrate to moles using FORMULA WEIGHT.

2 - Convert moles ammonium nitrate to TOTAL MOLES OF GAS usiing chemical equation.
3 - Convert TOTAL MOLES OF GAS to volume using IDEAL GAS EQUATION

0. ob|3u[9 WHy 0q < mol MHG VO3 | 7 o) NHy 207 7] o] s ('Z*HLf)

mul MH V0 ] mol us
$0.0 , N0 173 J _ C
9T T Wy 0y N T ol Wi W0 = 21863157 ml g

O, €
BV =0T 1221662139 mlges T=300%L= S73K
P | Rx0.05206 costn P2 100 i

Yap( e

(rl 1%6%\3 -J—Sn'\o an\(O 05106 =27 m:l’”;\’ (g 73 ;'()
L\ 09 m\’l'n} X L VA




145 REAL GASES
- 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.



“yan der Waals equation

- an attempt to modify PV = nRT to account for several facts.
- gas molecules actually have SIZE (they take up space)
- atfractive and repulsive forces

\.

P \I N (< T _Jldealgosequo’rion

—_—

L
LA - van der Waals
Qp + (\/ - V\\n> =N RT equation
W

\/’L

|

L —

attempts to account for molecular size

— affempts to account for atfractive / repulsive forces

*'a" and "b" are experimentally determined parameters
that are different for each gas. P 1L0%

Me - o= O ,O'&b[(,, b2 O,61)§ tiny, no special attractive forces

q small, but sfrong aftractions

, - - L0304
H10" a < S. S‘57/ b= 0 between moleculres

larger, and strong attractions between
(Hy (oM a= V1S6 b= 00810 1 Siecules
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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
kilograms of hydrochloric acid could be produced if all the chlorine reacts?

H,o+ Cl, =2 2L HC

1 - Convert volume chlorine gas to moles using IDEAL GAS EQUATION
2 - Convert moles chlorine gas to moles HCI using chemical equation.
3 - Convert moles HCI fo mass using formula weight.
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X
Calculate the mass of 22650 L of oxygen gas at 25.0 C and 1.18 atm pressure.

t O, *Volume of a 10'x10'x8'
room

1 - Find moles of oxygen gas using ideal gas equation.

2 - Convert moles oxygen gas to mass using formula weight.

M PY= n QT ?:\‘\%mkm R 0 0%10()L &J‘h;(
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