NOTES #34  THE IDEAL GAS EQUATION, R, AND APPLICATIONS

Historically, the research of three scientists led to the relationships between four variables, P, V, T and n. 

By holding two variables constant these scientists displayed how the remaining two variables affect each other.

BOYLE’S LAW:

________________(________________
(constant n, T)

CHARLE’S LAW:
________________(________________
(constant n, P)

AVOGADRO’S LAW:
________________(________________
(constant P, T)

We can combine these relationships to make a more general gas law:


V ( nT/P

R, the proportionality constant 
V = R(nT/P)      
The values for R are 

it relates these units together:



0.0821 L-atm/mol –K
or











8.314 J/mol-K

Rearranging the equation leads us to the familiar ideal gas equation:

	PV = nRT




APPLICATIONS:
GAS DENSITY AND MOLAR MASS.

· Gas density has the units of mass per unit volume.  Rearranging the ideal gas equation leads to a new equation revealing mol/vol.

n/V = P/RT    (units are mol/L)

We can multiply both sides of the equation by M, molar mass (the number of grams in 1 mol of substance).

nM/V = PM/RT

What are the units for the left side of the equation? _________________________________ That’s density!

A new equation could be:


	d = PM/RT




· To find the molar mass if the density is known, simply rearrange the above equation.

	 M= dRT/P




Ex 1: What is the density of carbon tetrachloride vapor at 714 torr and 125(C?

Ex 2: Calculate the average molar mass of dry air if it has a density of 1.17 g/L at 21(C and 740.0 torr.

Applications cont.

GAS MIXTURES, PARTIAL PRESSURES and MOLE FRACTIONS

· Gas mixtures and partial pressures:

John Dalton (remember him from atomic theory?) observed that the total pressure exerted by a mixture of gases is equal to the sum of the pressures that each gas would exert if it were present alone.
This is referred to as Dalton’s Law of Partial Pressures:

Pt = P1 + P2 + P3 + . . . .

Each of these gases is subject to the gas laws and behaves independently.  

So, P1 = n1(RT/V). This applies to all of the gases in a mixture. . . .
Pt = (n1 + n2 + n3 + . . .)RT/V  or  
= nt(RT/V)
· Mole Fractions:

It is then reasonable to assume that a gas behaves as a portion of the whole based on its presence in moles.

P1      n1RT/V        n1
Pt      ntRT/V         nt
n1/nt is called the mole fraction of the gas.  The symbol X1 will be used to designate this.  The mole fraction is a dimensionless number

used to represent a percentage as a decimal.

P1    =   (n1/ nt)Pt  =  X1Pt
Ex 3:  Air is 78% nitrogen gas (the mole fraction of nitrogen is 0.78).  If the pressure is 1.00 atm, what is the partial pressure of nitrogen in torr?

Ex 4: When mountain climbing, the thin air soon reveals a lack of oxygen.  What is the partial pressure of oxygen at the summit of Mount Everest (mm of Hg) when the total pressure is 338.6 millibars.  Assume the oxygen content is 21%.

Ex 5: What is the partial pressure of oxygen (mm of Hg) at STP?  Still assume 21% oxygen.

DIAGRAM FOR COLLECTING GASSES OVER WATER:

