Chemistry 11

Unit VI

Problem Set 6.1 - Charles’ Law and the Kelvin scale

Throughout this unit remember that gases are a special form of matter.  Despite the fact that their chemical properties differ, much of their physical behaviour is the same.  Avogadro’s hypothesis already showed us this when he stated that ANY gas which has the same volume, pressure and temperature contains the same number of particles.  
We later used this same hypothesis to show how 1 mole of ANY gas occupies 22.4 L at STP.  In this unit we will see that the nature of the gas is normally irrelevant – all gases will behave in the same way.
At the end of the unit, we will take a quick look at when some gases differ, but normally it doesn’t matter what the gas is.

In any of our calculations, it is important to convert all temperatures into Kelvin.  If we do not, the P/T ratio is not constant, and the values we calculate will not be correct.

If we use Kelvin, then, the ratio of the pressure to the temperature is constant.  This means that the pressure and temperature are directly related.  As the temperature goes up for a sample of gas, if the volume stays the same, the pressure will go up (this is why a closed system when heated will pop its top)

So, 
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When this is combined with the information from Boyles law (P1V1= P2V2), we see that volume and temperature should also be directly related.  

So, Charles’ Law states:
If the absolute temperature is increased, the volume (if it is able) will also increase proportionally.
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Note:  when writing the temperature in Celsius, the correct usage is “degrees Celsius”, as in “the temperature at which water freezes is 0.00 degrees Celsius”.  This is commonly abbreviated with a “o” symbol, as in 0.00 oC.  For the Kelvin scale, on the other hand, since it is the standard temperature scale, the “degrees” are unnecessary.  So, it is best to say “ the temperature at which water freezes is 273.15 Kelvin”, and not “273.15 degrees Kelvin”.  As a result, 273.15 K is correct, 273.15 oK is not technically correct.
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6.1	Convert the following temperatures into Kelvin.


	a) standard room temperature, 25 oC


	b) body temperature, 37 oC


	c) the boiling point of oxygen gas, -183 oC


	d) the temperature of a bunsen burner flame, 850 oC





6.2	Convert the following temperatures into degrees Celcius


	a) the boling point of Helium, 0.9 K


	b) the temperature at the north pole, 238 K


	c) the sublimation point for dry ice (solid carbon dioxide), 194 K


	d) the boiling point of 189 K





6.3	Explain why throwing an old spray paint can into a fire would be dangerous.  (hint the can has a fixed volume).  Make reference to pressure and temperature in your explanation.





6.4	A balloon has a volume of 2.5 L at 20 oC.  What is the temperature of the balloon if the volume is 


	a) 5.0 L					b) 1.5 L





6.5	A balloon has a pressure of 2.10 atmospheres at 20 oC.  What is the temperature of the balloon if the pressure is: 


	a) 10 atm				b) 0.45 atm





6.6	What is the volume of 1 mole of gas at 25 oC?





6.7*.	Explain the following observation.  A propane tank is used to heat a barbeque.  As the bbq runs for a while, condensation appears on the outside of the tank, and eventually turns to frost.





6.8*.	Create one formula where P, V and T are all related.  Use it to solve the following:  A 2.3 L balloon at STP is warmed to room temperature at the top of a mountain where the pressure is 93 kPa.  What is the new volume of the balloon?	











