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Passage II 
 
 Graham’s Law of Effusion is a mathematical relationship that applies to gases and confirms that “lighter” 
gases, those with lower molecular weights, will travel faster than “heavier” gases, those with higher molecular 
weights. A student decides to conduct an experiment using two highly soluble ionic solids to determine whether a 
similar relationship exists in aqueous solution. To discover a relationship, she prepared several experiments. In all 
cases, the reaction involved taking a sample of potassium iodide (KI) and lead (II) nitrate (Pb(NO3)2) and placing 
each at opposite ends of a circular petri dish.  
 In aqueous solution, the net-ionic equation for this reaction looks like:  Pb2+

(aq) + 2I-
(aq)  → PbI2(s) 

 Relevant data:  atomic weight of lead = 207; molecular weight of iodide = 127 
 
Experiment 1 
 
 Varying amounts of potassium iodide are added to the far left side of the petri dish while 2.00 g of lead (II) 
nitrate are added to the far right side of the petri dish. The diameter of the petri dish is 10.0 cm. The dish contains 
50.0 mL of water at 20°C prior to the introduction of the two salts. The results are presented in Table 1. 
 

Table 1 
 

Trial Quantity of  
KI (g) 

Quantity of 
Pb(NO3)2 (g) 

Time for Reaction Front to 
Appear (sec) 

Distance of Reaction 
Front From KI (cm) 

1 1.00 2.00 6.0 7.3 
2 2.00 2.00 6.1 7.2 
3 4.00 2.00 6.0 7.4 
4 8.00 2.00 5.9 7.3 

 
Experiment 2 
 
 Experiment 1 was repeated; however, in each case 2.00 g of each salt was introduced to opposite ends of 
the dish as the temperature of the water was varied. The results are presented in Table 2. 
 

Table 2 
 

Trial Temperature 
(°C) 

Time for Reaction Front to 
Appear (sec) 

Distance of Reaction Front 
From KI (cm) 

5 20 6.0 7.2 
6 30 5.4 7.3 
7 40 4.6 7.4 
8 50 3.6 7.3 

 
 
Experiment 3 
 
 Experiment 2 was repeated, but this time varying the amount of lead nitrate differed in each trial as 
illustrated in Table 3. 
 

Table 3 
 

Trial Quantity of 
KI (g) 

Quantity of Pb(NO3)2  
(g) 

Time for Reaction 
Front to Appear (sec) 

Distance of Reaction 
Front From KI (cm) 

9 2.00 2.00 6.0 7.3 
10 2.00 4.00 5.9 7.4 
11 2.00 6.00 6.0 7.4 
12 2.00 8.00 6.0 7.2 
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8.  Based upon the data collected, which of the 
following conclusions can be drawn? 

 

 F.  In each case the reaction occurred closer to 
 the lead nitrate; therefore, the lead ion 
 traveled faster than the iodide ion. 

 G. In each case the reaction occurred closer to 
 the lead nitrate; therefore, the iodide ion 
 traveled faster than the lead ion. 

 H. In each case the reaction occurred closer to 
 the potassium iodide; therefore, the lead 
 ion traveled faster than the iodide ion. 

 J. In each case the reaction occurred closer to 
 the potassium iodide; therefore, the iodide 
 ion traveled faster than the lead ion. 

 
9.  In experiment 2, the variable is 
 

 A. temperature. 
 B. time for the reaction to appear. 
 C. distance of reaction from the reaction front. 
 D. quantity of potassium iodide. 
 
10.  Which of the following graphs depicts the 

relationship between the temperature of the water 
in which the reaction occurs and the time for the 
reaction front to form? 
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11.  Considering all data collected in all trials, if a petri 
dish with a diameter of 20 cm were used with all 
other conditions being the same, the average 
distance the reaction would occur from the KI 
would be 

 
 A.  3.7 cm. 
 B.  7.3 cm. 
 C.  14.6 cm. 
 D.  29.2 cm. 
 
12.  If a student wanted to suggest a new experiment to 

confirm the results observed in this experiment, the 
best suggestion might be to 

 
 F.  select two different salts where one is not  
  soluble in water. 
 G.  select two different salts of the same atomic  
  weight where both are soluble in water. 
 H.  select two different salts of differing atomic  
  weights where both are soluble in water.  
 J.  use the same salts but vary the volume of  
  water in the petri dish. 
 
13.  Based upon the results collected in all three 

experiments, if potassium chloride were substituted 
for potassium iodide, and trial 1 were repeated 
using KCl instead of KI, knowing chloride has an 
atomic weight of 35.4, the most likely location of 
the reaction front would be 

 
 A.  9.0 cm from the KCl. 
 B.  7.3 cm from the KCl. 
 C.  5.0 cm from the KCl. 
 D.  2.4 cm from the KCl. 
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