
  

CHEMISTRY 
Section II  

Time—1 hour and 45 minutes 
7 Questions 

YOU MAY USE YOUR CALCULATOR FOR THIS SECTION.  

Directions: Questions 1–3 are long free-response questions that require about 23 minutes each to answer and are 
worth 10 points each. Questions 4–7 are short free-response questions that require about 9 minutes each to answer 
and are worth 4 points each. 

Write your response in the space provided following each question. Examples and equations may be included in 
your responses where appropriate. For calculations, clearly show the method used and the steps involved in  arriving 
at your answers. You must show your work to receive credit for your answer. Pay attention to significant figures.  

  Na2S2O3(aq) + 4 NaOCl(aq) + 2 NaOH(aq) → 2 Na2SO4(aq) + 4 NaCl(aq) + H2O(l)

 

  

  2018 AP® CHEMISTRY FREE-RESPONSE QUESTIONS 

1. A student performs an experiment to determine the value of the enthalpy change, DHrxn , for the
oxidation-reduction reaction represented by the balanced equation above.

(a) Determine the oxidation number of  Cl in  NaOCl.

(b) Calculate the number of grams of   Na2S2O3 needed to prepare   0.500 M Na2S2O3(aq)100.00 mL of .  

 In the experiment, the student uses the solutions shown in the table below. 

Solution 
Concentration 

(M)  
Volume 

(mL) 

Na2S2O3(aq) 0.500 5.00 

NaOCl(aq) 0.500 5.00 

NaOH(aq) 0.500 5.00 

(c) Using the balanced equation for the oxidation-reduction reaction and the information in the table above,
determine which reactant is the limiting reactant. Justify your answer.
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  The solutions, all originally at 

 

  2018 AP® CHEMISTRY FREE-RESPONSE QUESTIONS 

20.0°C, are combined in an insulated calorimeter. The temperature of the reaction 
mixture is monitored, as shown in the graph below. 

(d) According to the graph, what is the temperature change of the reaction mixture? 

(e) The mass of the reaction mixture inside the calorimeter is 15.21 g. 

(i) Calculate the magnitude of the heat energy, in joules, that is released during the reaction. Assume that 
the specific heat of the reaction mixture is 3.94 J/(g·°C) and that the heat absorbed by the calorimeter is 
negligible. 

(ii) Using the balanced equation for the oxidation-reduction reaction and your answer to part (c), calculate 

the value of the enthalpy change of the reaction, DHrxn , in kJ/molrxn . Include the appropriate algebraic 

sign with your answer. 

The student repeats the experiment, but this time doubling the volume of each of the reactants,  as shown in the  
table below.  

Solution Concentration 
(M)  (mL) 

Volume 

Na2S2O3(aq) 0.500 10.0 

NaOCl(aq) 0.500 10.0 

NaOH(aq) 0.500 10.0 

(f) The magnitude of the enthalpy change, DHrxn ,  in kJ/molrxn , calculated from the results of the second  

experiment is the same as the result calculated in part (e)(ii) . Explain this result. 

(g) Write the balanced net ionic equation for the given reaction. 

GO ON TO THE NEXT PAGE. 
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Question 1 
 



A student performs an experiment to determine the value of the enthalpy change, D rxnH

0 , 

 

for the 

oxidation-reduction reaction represented by the balanced equation above. 

(a) Determine the oxidation number of Cl in NaOCI. 

+1 1 point is earned for the correct answer. 

(b) Calculate the number of grams of Na2S20 3 needed to prepare 100.00 mL of N½S20iaq)0.500 M 

 

.

100.00mL 
0.500 mo! Na2S20 3 

1000 mL 
158.10 g Na2S20 3 

1 mol Na2S20 3 

 

1 point is earned for the correct number 
of moles of Na2S20 3 (may be implicit). 

1 point is earned for the correct 
calculation of mass of Na2S20 3 

consistent with the number of moles. 

In the experiment, the student uses the solutions shown in the table below. 

Solution 
Concentration 

(M) 
Volume 

(mL) 

Na2S20iaq) 0.500 5.00 

NaOCl(aq) 0.500 5.00 

NaOH(aq) 0.500 5.00 

(c) Using the balanced equation for the oxidation-reduction reaction and the information in the table above, 
determine which reactant is the limiting reactant. Justify your answer. 

NaOCI is the limiting reactant. 

Given that equal numbers of moles of each reactant were 
present initially, it follows from the coefficients of the 
reactants in the balanced equation that NaOCl will be 
depleted first. 

1 point is earned for identifying the 
limiting reactant and providing 

a valid justification. 
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Question 1 (continued) 
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The solutions, all originally at 20.0 C, are combined in an insulated calorimeter. The temperature of the 
reaction mixture is monitored, as shown in the graph below. 
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( d) According to the graph, what is the temperature change of the reaction mixture? 

From the graph the final temperature is 32.5 C . 

T = Tf Ti = 32.5 C 20.0 C = 12.5 C 
1 point is earned for the correct value of T. 

(e) The mass of the reaction mixture inside the calorimeter is 15.21 g. 

(i) Calculate the magnitude of the heat energy, in joules, that is released during the reaction. Assume 
that the specific heat of the reaction mixture is 3.94 J/(g· C) and that the heat absorbed by the 
calorimeter is negligible. 

q=mc T 

= (15.21 g)(3.94 J/(g· C))(l2.5 C) = 749 J 
1 point is earned for the correct calculation of 
q consistent with the T value from part (d). 

(ii) Using the balanced equation for the oxidation-reduction reaction and your answer to part (c), 

calculate the value of the enthalpy change of the reaction, rxnHD 0 , in kJ/molrxn. Include the 
appropriate algebraic sign with your answer. 
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Question 1 (continued)





rxnHD


   

 

 

 

 

     

nNaOCI = 5.00 mL O.SOO mol NaOCl = 0.00250 mol NaOCl 
1000 mL N aOCl 

nrxn = 0.00250 mol NaOCl 
I molrxn 

4 mol NaOCl = 0.000625 mol,:xn 

0 0.749 kJ 
= ----- = 1.20 

0.000625 molrxn 
103 kJ/mol,.xn 

1 point is earned for correctly 
calculating the value of molrxn 

consistent with the limiting 
reactant in part (c) . 

1 point is earned for a negative 

rxnHD 0 obtained by dividing the 

calculated value of q by the 
calculated value of mol

l'.Xn' 

The student repeats the experiment, but this time doubling the volume of each of the reactants, as shown in the 

table below. 

Solution 
Concentration 

(M) 
Volume 

(mL) 

Na2S2Oiaq) 0.500 10.0 

NaOCl(aq) 0.500 10.0 

NaOH(aq) 0.500 10.0 

(f) The magnitude of the enthalpy change, rxnHD 0 , in kJ/mol,.xn, calculated from the results of the second 

experiment is the same as the result calculated in part (e)(ii). Explain this result. 

By doubling the volumes, the number of moles of the reactants are 

doubled, which doubles the amount of energy produced. Therefore 
the amount of heat per mole will remain the same. 

 OR 

 In the second experiment, DH~xn = --- = --- = HC::Xn  
2 Δ

2

mc T

n
 

Δmc T

n
D . 

Thus the magnitude is the same as calculated in the first experiment

1 point is earned for a valid 
explanation. 

(g) Write the balanced net ionic equation for the given reaction. 

S2O/ (aq) + 4 OCl (aq) + 2 OH (aq) 2 SO/ (aq) + 4 Cl (aq) + H2O(l) 
1 point is earned for the 

correct net ionic equation. 


