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1. For this question, use the periodic table. 

(a)  How many moles of Mg are present in a sample containing 10
22

 Mg atoms?   

(b)  What is the mass of 10
22

 Mg atoms? 

(c)  K-40 is one of the few naturally occurring radioactive isotopes of elements of 

low atomic number. Its percent natural abundance is 0.012%. How many K-40 atoms 

do you ingest by drinking one cup of milk containing 370mg K? 

(d)  During a severe air pollution episode, the concentration of lead (Pb) in the air 

was observed to be 3.01g Pb/m
3
. How many Pb atoms would be present in a 0.5L 

sample of this air (the approximate lung capacity of a non-smoker adult)? 

2. A steel cylinder of mass 2 kg contains 4 L of liquid water. Find the total mass and 

volume of the system. 

Density of steel: ρ = 7820 kg/m
3
 

Density of water: ρ = 997 kg/m
3
 

3. Naturally occurring boron has an atomic mass of 10.811g. It is a mixture of the 

isotopes 
10

B with an atomic mass of 10.0129g and 
11

B with an atomic mass of 

11.0093g. What is the mole fraction of 
10

B in the mixture?  

4. A solution of sugar (sucrose, C12H22O11) in water is 20% sugar by weight. What is 

the mole fraction of sugar in the solution? 

5. An aqueous solution of an unidentified solute has a total mass of 0.1029 kg. The 

mole fraction of the solute is 0.1. The solution is diluted with 0.036 kg of water, after 

which the mole fraction of the solute is 0.07. What would be a reasonable guess as to 

the chemical identity of the solute? 

6. In the example solved in class (regarding the usage of the first law of 

thermodynamics), it is given (by an independent observation) that for constant 

volume, an infinitesimal change in the pressure of the system leads to an 

infinitesimal change in the energy, as follows: 

dU=(3/2)*VdP. 

(a)  Calculate the energy of the state E with P=5*10
4
 Pa and V=8*10

-3
 m

3
. 

(b)  Calculate the heat transferred to the system in the process in which it is taken in 

a straight line (on the P-V diagram) from the state A (as described in class) to the 

state E referred to in (a). 

7. Question 1-8.3 of Callen (see below). 

8. Question 1-8.4 of Callen (see below). 

9. Question 1-8.7 of Callen (see below). 
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