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Question 4: Short Answer 4 points 

(a) For the correct calculated value with units:  

q = mc∆ =T (15.0 g)(0.72 J/(g ⋅ C))(39.7 C− 22.0 C) =190 J  

1 point 

(b) For the correct calculated value of the moles of reaction, consistent with part (a) (may be 
implicit):  

q qsys = − surr

1 kJ 1 mol
− ×190 J × rxn = 0.00012 mol

1000 J −1650 kJ rxn

1 point 

For the correct calculated value of the mass of iron:  

4 mol Fe 55.85 g Fe0.00012 molrxn × × = 0.027 g Fe  (0.026 g if decimals are carried) 
1 molrxn 1 mol Fe

1 point 

Total for part (b) 2 points 

(c) For the correct answer and a valid justification:  

Greater than. A greater mass of iron provides a greater number of moles of reaction, which 
would transfer a greater quantity of thermal energy to the same mass of sand and therefore 
lead to a greater maximum temperature. 

1 point 

Total for question 4 4 points 
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Begin your resporyse to QUESTION 4 on this page. 

4Fe(s) +3Oz(g) ➔ 2Fe2OJ(s) Ml0 = - 1650kJ/molrxn 

4. A srudent investigates a reaction used in hand wanners, represented above. The student mixes Fe(s) with a 
catalyst and sand in a small open container. The student measures the temperarure of the mixture as the 
reaction proceeds. The data are given in the following table. 

1ime (min) Temperature of Mixture (°C) 

0 22.0 

I 25.1 

2 34.6 

3 37.3 

4 39.7 

5 39.4 

(a) The mixture (Fe(s), catalyst, and sand) has a total mass of~ and a specific heat capacity of 
0.72 J/(g-°C). Calculate the amount of he.at absorbed by the mixture fro~ 0 mlnuces to 4 minutes. 

rr,-:. cJ."72 • to· ~.7 .. '2.. "lJ 

m::~ 

(b) Calculate the mass of Fe{s), in grams, that reacted to generate the amount of heat calculated in part (a). 

- \ <,t;O \<.J ~6" ~ ------=- -;: V\101 
4F--" 

Unauflortud oopytng or reuw of 1h11 page ii N,.i. Page 12 GO ON TO THE NEXT PAGE. 
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Continue your response to QUEST10N 4 on this page. 

(c) In a second experiment, the student uses twice the mass of iron as that calculated in part (b) but the same 
mass of sand as in the first experiment Would the maximum temperature reached in the second experiment be 
greater than, less than, or equal to the maximum temperature in the first experiment? Justify your answer. 

~ ~ trtm ~ ~ ~ ~~, ~~
4"h<---- ~ \i.,o·v(J ~e ~ ~~
~J. w'fl-'½ ~ vnr; ~ 6:C r~, 
~ hacA- wr~l ~ f'tA~vJ. 

 
 

Unauthonzed cop)'lng or l'8UM of Ihle pege le ~ - Page 13 GO ON TO THE NEXT PAGE. 
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Begin your response to QUESTION 4 on this page. 

4Fe(s) + 302(8) ➔ 2Fe203(s) M/0 = - 1650kJ / molrxn 

4. A student investigates a reaction used in hand wanners, represented above. The student mixes Fe(s) with a 
catalyst and sand in a small open container. The student measures the temperature of the mixture as the 
reaction proceeds. The data are given in the following table. 

nme (min) Temperature of Mixture (°C) 

0 22.0 

I 25.J 

2 34.6 

3 37.3 

4 39.7 

5 39.4 

(a) The mixture (Fe(s), catalyst, and sand) has a total mass of 15.0 g and a specific heat capacity of 
0.72 J/(g•°C). Calculate the amount of heat absorbed by the mixture from 0 minutes to 4 minutes. 

· · ~ •mt 6, 

\. ~ (\ 'i .o,) (c.1,.l/41-•L)( ~., - i2.0°c. ') 

-::. I~ 1-lloJ 
1, =- l~C)j 

(b) Calculate the mass of Fe(s), in grams, that reacted to generate the amount of heat calculated in part (a). 

-llo~~II..) A l.i. ~c,\::. ~ ; • (,{,(X)\.tl 
I mo\ ' ( 

Unuhonzed ocpving or - ol 1hla page i. llegal. Page 12 GO ON TO THE NEXT PAGE. 
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Begin your response to QUESTION 4 on this page. 

4Fe(s) +302(8) ➔ 2Fe2O3(s) tlH° = - 1650kJ/molr.rn 

4. A student investigates a reaction used in band warmers, represented above. The student mixes Fe(s) with a 
catalyst and sand in a small open container. The student mea.wres the temperature of the mixture as the 

reaction proceeds. The data are aiven in the following table. 

nme (min) Temperature of Mixture (°C) 

0 22.0 

1 25.1 

2 34.6 

3 37.3 

4 39.7 

s 39.4 

(a) The mixture (Fe(s), catalyst, and sand) has a total mass of 15.0 g and a specific beat capacity of 
0.72 J/(g•°C). Calcutatt the amount of heat absorbed by the mixture from 0 minutes to 4 minutes. 

a ~Ple,lll Jr~ b't,) 
-~ Q _,,~ 

'(,,-; /S~ .. 'J~ • 17• 7 t I 7. 7 

t~, Ii KJ" 
(b) Calculate the mass of Fe(s), in graim, that reacted to ~nerate the amount of heat calculated in part (a). 

~S.D Q -4 r'tol es Fe x ----.;:..J~tc - 221.11 Q Fe 
J~DI le - ..J 'm,I~, Oz X _31.a0z. :: q,!J 02-

I ..,__Je•1. 

,~.o Y ,~,•fo = 10. 5~ Fe 

Unauflorlnd ~ 0t _ ol .. P1191 II llegal. Page 12 GO ON TO THE NEXT PAGE. 
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AP® Chemistry 2021 Scoring Commentary 

Question 4 

Note: Student samples are quoted verbatim and may contain spelling and grammatical errors. 

Overview 

Question 4 involves the catalytic oxidation of elemental iron inside a small container of sand to produce Fe2O3. 
Part (a) asks for a calculation of the heat absorbed by the iron/catalyst/sand mixture given the change in 
temperature of the system (ENE-2.D, 5.F). In part (b), the student must calculate the mass of iron required to 
generate the amount of heat produced in the previous part. Two points are possible for this part: one for 
determining the number of moles of reaction (ENE-2.F, 5.F) and one for the calculated mass of iron (SPQ-1.A, 
5.F). Part (c) asks the student to predict how the maximum temperature would change, if at all, if the quantity of 
iron were doubled (ENE-2.D, 2.F). 

Sample: 4A 
Score: 4  

This response earned 4 points. In part (a) 1 point was earned for correctly calculating the heat absorbed with the 
correct unit. Part (b) earned 2 points. Part (c) earned 1 point for indicating that doubling the mass of Fe increases 
the moles of reactants and more heat is released, which increases the temperature. 

Sample: 4B 
Score: 2  

This response earned 2 points. In part (a) 1 point was earned for correctly calculating the heat absorbed with the 
correct unit. Part (b) earned 0 points; the number of moles of reaction is not calculated and the molar mass of Fe 
is not used to calculate a mass of iron. Part (c) earned 1 point for stating that the temperature would be higher 
because “the amount of heat released is according to the moles of Fe(s)…and the more moles of Fe(s), the more 
heat will be released.” 

Sample: 4C 
Score: 1  

This response earned 1 point. In part (a) 1 point was earned for correctly calculating the heat absorbed with the 
correct unit. Part (b) earned 0 points; the first point was not earned because the number of moles of reaction is not 
calculated and the second point was not earned because the moles of reaction are not used to calculate the mass 
of Fe. Part (c) earned 0 points for stating that the temperature would be less than because “there would not be 
enough sand to react with the iron.” 
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