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Experiment 9.  Thermochemistry 1:  Determination of the Specific 
Heat of a Metal 

Procedure, Assignment & Mini-Report Guidelines 
 
 
READING:   Experiment & Chemistry, 6th ed. by Silberberg: Section 6.3 or General Chemistry, 
5th ed. by Olmsted and Williams:  Section 6.4.   
 
 
PROCEDURE / DATA /CALCULATIONS / RESULTS 
 
 
Determine the specific heat of a metal. 
 
1. Before coming to lab, prepare a data table like the one below in your lab manual: 

 Trial 1 Trial 2 Trial 3 
Additional 

Trials 
(if needed) 

Mass of calorimeter     

Mass of calorimeter + 20 ml water     

Mass of water     

Initial temperature of cold water (in 
calorimeter) 

    

Mass of metal spheres     

Initial temperature of hot metal spheres     

Final temperature      

Calculated specific heat (CP)     

Average specific heat (CP)  

Relative range (of the consistent trials)  

Identity of metal & Literature value for CP  

Percent error  

 
 

2. Set up a hotplate with a 400-600 mL beaker half full of water.  Heat the water to boil.   

3. Measure the mass of the metal spheres or cylinders.  Your instructor will tell you how much 
to use (about 12 cm3).  Put the massed metal into a test tube, which is placed into the boiling 
water bath.  If there are enough samples, heat two or three sets of metal at the same time. 

4. Measure the mass of the calorimeter and add ~ 20 mL water.  Measure the mass again 
(calorimeter + 20 mL water).  Calculate the mass of the water. 

5. Once the metal in the test tube, have been in the boiling water at least ten minutes, use your 
thermometer to measure the water temperature.  Record this and set the thermometer into a 
beaker of cold water. 

Prepare in  
LAB 

NOTEBOOK. 
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6. Measure the temperature of the cold water in the calorimeter.  Add the hot metal.  
7. Swirl the water and record the temperature once the water temperature has stabilized.   

8. Dry off the metal and repeat the experiment to obtain three good trials (relative range of the 
specific heat < 10%).  Alternatively, run the next trial with heated metal. 

9. Rinse and dry the calorimeter with cold DI water in between trials to obtain three good trials.   
10. Calculate the specific heat capacity of the metal (Show one complete calculation).  Assume 

the heat absorbed by the calorimeter is negligible. 
11. Report your value to the instructor.  You will be provided with the identity of the metal. 

Based on the literature value of the specific heat, calculate your percent error. 
 

DISCUSSION QUESTIONS 
1. If we had accounted for the heat absorbed by the calorimeter, how would that have affected 

the calculated value for the specific heat?  Would it have been larger or smaller?  Be specific, 
referring to how heat is transferred and the equation(s) used to calculate the specific heat 
capacity. 

2. Considering your answer to number 1, does the loss of heat to the calorimeter account for the 
error you observed in the experiment? 

 

POST-LAB QUESTIONS   As assigned by your instructor. 
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Experiment 10.  Thermochemistry 2:  Determination of Heat Capacity 

of Calorimeter  
Procedure, Assignment & Mini-Report Guidelines 

 
 
READING   Experiment & Chemistry, 6th ed. by Silberberg: Section 6.3 or General Chemistry, 
5th ed. by Olmsted and Williams:  Section 6.4.   
 

BACKGROUND 
 

The calorimeter   
 
In the next experiment, we will determine the heat of various acid-base reactions.  The 
calorimeter that we will use to carry out our chemical reactions will consist of two nested 
Styrofoam cups and a lid.  However, before we can make us of the calorimeter, we need to 
determine the heat capacity of the calorimeter – how much heat the calorimeter absorbs for every 
1 °C change in temperature.  We will accomplish this by mixing hot & cold water in our 
calorimeter.  The heat lost by the hot water should equal the heat gained by the cold water and by 
the calorimeter.  We can write this as an equation: 
 

− qlost = qgained 
 

− qhot water = qcold water + qcalorimeter 
 

Because water is a substance for which we know the specific heat capacity, we can replace the 
heats for water with qwater = mCpΔT.  However, because the calorimeter is an object, we need 
to measure its heat capacity (Hc).  We can replace the heat of the calorimeter with         
qcalorimeter = HcΔT. 
 
 
PROCEDURE / DATA /CALCULATIONS / RESULTS 
 
Determining the Calorimeter Constant of your coffee-cup calorimeter: 
 
1. Prepare a data table to include the following for multiple trial (minimum 3, leave room for up 

to 6):  volume of cold water, temperature of cold water, volume of hot water, temperature of 
hot water, final temperature of the mixture, and the calculated heat capacity.  

Note:  Measure all temperatures in this experiment to the correct precision.  Use the same 
thermometer for all measurements to minimize error. 

2. Obtain two styrofoam cups, a lid and a thermometer.   
3. Heat 300-400 mL of water to 75-80 ºC.  This will be the hot water.   

4. Place 50.0 mL of cold tap water into the stacked styrofoam cups (calorimeter). 
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5. Measure out 50.0 mL of hot water in the graduated cylinder, and measure the temperature of 
the water in the center of the graduated cylinder.  The temperature will drop significantly (up 
to 10 ºC in the graduated cylinder).    

6. Put the thermometer into a cold water bath to cool it, then measure the temperature of the 
cold water in the calorimeter.  

7. Pour the hot water into the calorimeter and record the final temperature of the mixture.   

Note:  Always measure a rising temperature, as it gives you a more accurate reading.  If the 
thermometer is in the hot water, transfer it to cold water for several seconds before using to 
measure cooler liquids.   

8. Rinse and dry the calorimeter with cold DI water in between trials to obtain three good trials. 

9. Use your data to determine ΔTH and ΔTC.  From these, determine the heat capacity 
(calorimeter constant) for your calorimeter.   Assume the density of water is 1.00 g/mL and 
the specific heat of water is 4.18 J/g•°C.  You should get calorimeter constants between 20 
and 100 J/°C.   

Repeat this experimental determination until you obtain at least three consistent values 
(within 10-15 J/°C of one another).  Average these closest three values and use the results as 
your calorimeter constant.  
 

Save your 
calorimeter for the 
next experiment! 
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Experiment 11.  Thermochemistry 3:  Calorimetry and the Heat 

of Neutralization of Acid-Base Reactions 
 
 
INTRODUCTION 
 
In this experiment, you will determine the molar heats of reaction (ΔHneutralization) of four acid-base  
reactions: 
 

• Strong acid/strong base   HCl / NaOH 
• Strong acid/weak base     HCl / NH4OH 
• Weak acid/strong base     HC2H3O2 / NaOH 
• Weak acid/weak base       HC2H3O2 / NH4OH 

 
BACKGROUND 
 
Acid-Base Reactions 
 
When acids and bases combine with one another in a neutralization reaction, heat energy is produced and 
liberated.  We can measure the amount of heat energy released (q) by use of a simple calorimeter.  The 
heat produced by the reaction can then be used to determine the molar heat of neutralization (ΔHneut), 
which is the heat released per mole of acid or base reacting. 

   
The Bronsted-Lowry concept for an acid is any molecular species, which increases the concentration of 
H+ ions in aqueous solution.  Bases increase the hydroxide ion (OH-) concentration in aqueous solution.     
 
A strong acid is an acid, which easily and frequently dissociates, i.e., easily generates protons (H+ ions) in 
solution.  Hydrochloric acid is an example of a strong acid.  HCl nearly completely dissociates into H+ 
and Cl- ions in solution.  A weak acid infrequently dissociates in solution.  Acetic acid is an example of a 
weak acid.  It dissociates according to the reaction:  HC2H3O2 ⇔  H+  + C2H3O2

-.  The equilibrium lies far 
to the left.  At any given moment, there are only a small percentage of acid molecules dissociated.   
 
In a similar manner, we can speak of bases as strong or weak depending on their tendency to separate into 
a positive ion and OH-.  Sodium hydroxide (NaOH) is a strong base that completely dissociates into Na+ 
and OH- ions when dissolved in water.  Ammonium hydroxide (NH4OH), produced when ammonia (NH3) 
dissolves in water only partially dissociates into ammonium and hydroxide ions:  NH4OH(aq)  ⇔ NH4

+
(aq) 

+ OH-
(aq).  This equilibrium lies far to the left; therefore, a small percentage of the hydroxide ions are 

released into solution. 
 
When an acid and base are combined, water and a salt are produced.  We will consider only monoprotic 
acids and bases with a single hydroxide in this experiment.  Therefore, our general reaction will be:  

  
HA(aq) + BOH(aq)  ! H2O(l)  + B+

(aq)
 + A-

(aq)    
 
Heat is generated as the hydrogen ion and hydroxide ion combine to form water.  The bond between H+ 
and OH- in water is strong, generally stronger than the bonds in weak acids or bases, causing the reaction 
to be exothermic.  Because of the great excess of water solvating the ions, the attraction of B+ toward A- 
is weak, at this point we will assume it is zero. 
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When both the acid and the base are strong, or fully dissociated into ions, the net ionic equation for the 
neutralization reaction follows.  The energy released is high.  

 

H+
(aq)

   + OH-
(aq)

  ! H2O(l)
                                                   (Reaction 1)   

 

When the acid or the base is weak, the net ionic equation must show the weak acid or weak base together, 
and not dissociated.     
 

  HC2H3O2(aq)
  + OH-

(aq)
  !   C2H3O2

-
(aq)

    +   H2O(l)
       (Reaction 2) 

 

  NH4OH(aq)
  + H+

(aq)
  ! H2O(l)

  + NH4
+

(aq)
                              (Reaction 3)   

 

Additional energy is required to pull the H+ from the rest of the weak acid (reaction 2), or OH- from the 
rest of the weak base (reaction 3).  We would expect less heat released in the neutralization, as some heat 
is required to break the bond in the acid or the base.   
 
We can refer to the energy of the neutralization reaction as a difference of bonds broken and bonds 
formed.  In other terms, ∆H = (reactant BE's – product BE's).  For a strong acid and strong base; the 
energy of reaction is the energy of formation of H2O only.  For a weak acid reacting with a strong base we 
have to consider two reactions: 
   

HC2H3O2(aq)
   ! C2H3O2

-
(aq)

  +  H+
(aq)   (Reaction WA)   

H+
(aq)

  + OH-
(aq)

   ! H2O(l)
         (Reaction 1)    

HC2H3O2(aq)
  + OH-

(aq)
   ! C2H3O2

-
(aq)

   +   H2O(l)
        (Reaction 2)   

 

The energy of reaction will be the energy released to form water – the energy required to break HC2H3O2 
 (Reaction 2)  = (Reaction WA)  +  (Reaction 1)   

 
For a weak base reacting with a strong acid, we also have two reactions: 

 

NH4OH(aq)
   !  NH4

+
(aq)

  + OH-
(aq)

     (Reaction WB)   
  H+

(aq)
   + OH-

(aq)
   ! H2O(l)

                    (Reaction 1)       
NH4OH(aq)

   + H+
(aq)

   !  NH4
+

(aq)
  + H2O(l)

      (Reaction 3)   
 

The energy of the reaction will be the energy to form water minus the energy to break NH4OH.   
 (Reaction 3)  = (Reaction WB)  +  (Reaction 1)   

 

If we have a weak acid and a weak base, we must consider three energies:  the energy to form water 
minus the energy to break apart the weak acid and the energy to break apart the weak base.   

 

HC2H3O2(aq)
   ! CH3COO-

(aq)
    +   H+

(aq)          (Reaction WA)   
NH4OH(aq)

   !  NH4
+

(aq)
  + OH-

(aq)
            (Reaction WB)   

H+
(aq)

   + OH-
(aq)

   ! H2O(l)
                      (Reaction 1)    

HC2H3O2(aq)
   + NH4OH(aq)

  ! NH4
+

(aq)
  + CH3COO-

(aq)
   +   H2O(l)

          (Reaction 4) 
 

(Reaction 4)  = (Reaction WA)  + (Reaction WB)  +  (Reaction 1)   
  

We can put all of this together in Hess’s Law:  "If a reaction is the sum of two or more other reactions, the 
enthalpy change for the overall process is the sum of the enthalpy changes for the constituent reactions."   
 
If we know the enthalpy change for a strong acid and strong base, strong acid/weak base, weak 
acid/strong base and weak base/weak acid, we can separate out the various enthalpies of reaction, as 
shown above.  Note:  The energy required to break the bond for the weak acid or weak base is positive 
(energy required = endothermic).  The energy produced from the formation of water (reaction 1) is 
negative (energy produced = exothermic).  
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Measuring the heats of neutralization by calorimetry 
 
Heat is generated by our reacting system.  We will assume all of this heat goes into two functions – 
heating the liquid in the system and heating the calorimeter.  We can express the heat of the reaction as 
follows:   

−qsystem = qsurroundings 
 

Our reaction is the system being studied.  The reaction transfers the heat it produces to the surroundings: 
the calorimeter and the solution.   

−qreaction = qsolution + qcalorimeter  
 

The “solution” in this equation is the mixture of the solutions of acid and base.  The solutions are not 
“pure" water.  Use the density of 1.03 g/mL and specific heat of 4.05 J/g•°C in calculations.  The mass of 
the solution is just the combined masses of the acid and base solutions.  For the calorimeter, you will have 
already determined its heat capacity. 
 
In each neutralization reaction, you will be working with 50.0 mL of 2.00 M acid and base.  From these 
values, you can determine the moles of acid or base reacting.  You can then use the heat of the reaction 
previously determined to calculate the molar heat of neutralization: 

    ΔHneut      =    qreaction   
        molacid 

 
 
PROCEDURE 
 
Determining the Heats of Neutralization for various acid-base reactions: 
 
You will examine the following combinations of acids and bases: 

• Strong acid/strong base   HCl / NaOH 
• Weak acid/strong base     HC2H3O2 / NaOH 
• Strong acid/weak base     HCl / NH4OH 
• Weak acid/weak base       HC2H3O2 / NH4OH 
 
1. Prepare prior to lab a table for the four reactions, listing volume acid, volume base, and initial and 
final temperatures.  The initial temperature of acids and bases should be the same (room temperature).  
Note:  When the acid and base are combined, there will be an increase in temperature. 
 
2. Label four beakers or flasks (strong acid, weak acid, strong base, weak base) and collect ~200 mL 
of each solution and return to your desk. 

 
For each acid/base combination, you will carry out the following steps: 

 
2. Measure 50.0 mL of the 2.0 M acid and place in the calorimeter.   

3. Measure and record the temperature.   

4. Measure 50.0 mL of the 2.0 M base.   

5. Pour the base into the calorimeter and very carefully stir the acid and base with your 
thermometer.  Record the highest observed temperature.   

6. Rinse and dry the calorimeter with cold DI water in between trials to obtain good trials. 
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7. The solutions are no longer "pure" water.  Use the density of 1.03 g/mL and specific heat of 4.05 
J/g•°C.   

8. Calculate the heat produced by the reaction (q) and the molar ΔHneut for the acid / base 
combination.   

9. Report your data to your instructor to provide to the full class for interpretation. 

10. Obtain full class data. 
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THERMOCHEMISTRY EXPERIMENT 3  •  PRE-LAB ASSIGNMENT  
 

Reading 
! Lab manual pages 
! Chemistry, 6th ed. by Silberberg: Chapter 6 or General 

Chemistry, 5th ed. by Olmsted and Williams:  Chapter 6.   

Pre-Lab Assignment 

! Begin the pre-lab on a new page of your laboratory notebook.  
ALL elements of the pre-lab MUST be completed 
before an experiment is started. 

! The COPY page from your notebook will be collected as you 
enter the lab.  The original pages must stay in your notebook. 

Heading 
! Title of experiment and number 
! Your name and partner 
! Dates of the experiment 

Purpose ! Briefly, but specifically explain the purpose of the experiment.  
In this experiment, there is more than one.  

General Strategy ! Summarize the procedure of the experiment 

 

Chemical Reactions 

! In your notebook, provide both the MOLECULAR 
and the NET IONIC equations for each reaction we 
will carry out.  

! Note:  Treat strong acids and bases as being completely 
dissociated in water, and weak acids and weak bases as if they 
do not dissociate as reactants (but will be dissociated after the 
reaction).  

 
• Strong Acid / Strong Base:  HCl(aq)   + NaOH(aq)   ! 

 
• Weak Acid / Strong Base:  CH3COOH(aq)   + NaOH(aq)   ! 

 
• Strong Acid / Weak Base:  HCl(aq)  + NH4OH(aq)   ! 

 
• Weak Acid / Weak Base:   CH3COOH(aq)  + NH4OH(aq)   !  

Data Tables 
! On a NEW page, prepare a table for each part of the 

experiment that includes space for recording each quantity you 
will measure in the lab.  

Answer to Pre-Lab 
Questions 

! Answer the Pre-Lab Questions at lab handout 
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Thermochemistry Experiment 3     Name:       
 
PRELAB QUESTIONS   
 
 
1. Based on the notion of weak and strong acids and bases, which of the following three reactions would 

you expect to produce the largest (most negative) ΔHneut?  The smallest ΔHneut?  
 

A) HCl(aq) + NaOH(aq) ! 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B) NH4OH(aq) + HC2H3O2(aq) ! 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
C) NH4OH(aq) + HNO3(aq) ! 

 
(continued on next page) 
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2.  Buffy carries out a neutralization reaction in her Styrofoam cup calorimeter, with a heat capacity of 41 
J/°C.  She mixes 25.0 mL of 3.0 M acid solution and 25.0 mL of 3.0 M base solution at 22.3 °C.  (Assume 
the density and the heat capacity of her solutions are the same as those in your experiment.)  The 
temperature rose to 36.5 °C.  
 

o Calculate the heat energy absorbed by the solution (qsolution).  
 
 
 
 
 
 
 
 

o Calculate the heat energy absorbed by the calorimeter (qcalorimeter).  
 

 
 
 
 
 
o Calculate qreaction. 

 
 
 
 
 
 

o Calculate the number of moles of acid reacting. 
 
 
 
 
 
 

o Calculate the ΔHneut of the reaction in Joules/mole. 
 
 
 
 
 
 

o How does the qreaction value differ from ΔHneutralization?  Which value is an intensive 
property?  Explain. 
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Error Analysis Questions for Thermochemistry 3  
 

1. How should the two ΔHneut between NaOH and the two acids HCl and HC2H3O2 compare?  Why? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. A student while transferring the 2M solution of HCl into the calorimeter already containing the 2M solution 
of NaOH splashed the upper sides of the cup.  How would this error affect the final calculation for the 
ΔHneut?  Explain your reasoning.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3. A student noticed while doing the neutralization experiment that the calorimeter kept getting warmer.  How 
would this error affect the final calculation for the ΔHneut of each reaction?  Would it be overestimated, 
underestimated or remain unaffected?  Explain your reasoning.   
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LAB REPORT GUIDELINES  
 
The lab report section includes work recorded during the lab, your analysis and discussion of data and results, and 
your conclusions. The discussion and conclusion sections should be word-processed.  Other parts of the report - 
calculations, etc. may be typed. 
 

Heading 
! Title of experiment and number 
! Your name and partner 
! Dates of the experiment 

Data/Observations/ 
Results 

! ORIGINAL QUANTITATIVE DATA (signed data 
pages from your lab notebook) 

Calculations 

Show calculations for the following quantities in your 
report (use proper format for labeling and showing 
calculations in a formal report):  

! Show calculations for the ∆H of the acid-base 
reactions in your report.  Use the proper format for 
labeling and showing calculations in a formal report.  
Show a full calculation for at two systems.   

! In your notebook, summarize the full results for the 
ΔH of the four reaction systems that you determined 
in the lab.   

Discussion 

Your discussion should include: 

! Briefly explain, in terms of heat exchange, how you 
determined the head capacity of the calorimeter. 

! Briefly explain, in terms of heat exchange, how you 
determined the heat of neutralization qreaction. 

! How does the qreaction differ from ΔH neutralization?  
Which value is an intensive property?  Explain.   

! Do your values of ΔH for each reaction follow the 
expected trend? 

! Does it take more or less energy to break the weak 
acid bond or the weak base bond?  (Compare ΔHWA, 
ΔHWB)?  Are the reactions endothermic or exothermic?  
Why? 

! Discuss two sources of error. 

Conclusion ! In prose, summarize the full results for the ΔH of the 
four reaction systems that you determined in the lab. 

Post-Lab Questions 
 

Answer the questions on the POST-LAB Questions 
Handout.  Write all answers on that handout and turn in 
with the Lab Report.  Show ALL units and work. 
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Thermochemistry Experiment 3     Name:       
 
POSTLAB QUESTIONS – Discussion of Individual & Class Data and Application of Hess’s Law 
 

1. Complete the following table: 
 

Molecular Equation 
System 

Net Ionic Equation 

∆H (kJ) 
(your data) 

∆H (kJ) 
(class average) 

 
#1 

SA/SB 
 

  

 
#2 

WA/SB 
 

  

 
#3 

SA/WB 
 

  

 
#4 

WA/WB 
 

  

 
2. Do your values of ΔH for each reaction follow the expected trend?  Do the class average values of 

ΔH for each reaction follow the expected trend?  Briefly explain. 
 
 
 
 
 
 
 
 
3. Given Hess’s Law, you should now be able to determine the ΔH for Reaction WA below, and 

Reaction WB.  
 
  CH3COOH(aq)  ! CH3COO-

(aq)   +   H+
(aq)    (Reaction WA)   

  H+
(aq)  + OH-

(aq)  ! H2O(l)           (Reaction 1)    
  CH3COOH(aq)  + OH-

(aq)  ! CH3COO-
(aq)   +   H2O(l)   (Reaction 2)   

  
    ΔH2  =  ΔHWA   + ΔH1    or    ΔH2  - ΔH1 =  ΔHWA    
 

Using the class average values above, calculate the value for ΔHWA . 
 



Skyline College Chemistry 210 Laboratory Manual (Spring 2016 Revision - JM) 15 

4. In a similar manner, and using class average values, calculate ΔHWB.  Show the setup of the Hess’s 
law determination, as in #3 above. 

 
 
 
 
 
 
 
 
5. Does it take more or less energy to break the weak acid bond or the weak base bond (compare ΔHWA & 

ΔHWB)?  Are the reactions endothermic or exothermic?  Discussing bond breaking / forming, explain 
why. 

 
 
 
 
 
 
 
 
6. You should now be able to verify that your experimental ΔH4 agrees with ΔH4 calculated from the 

weak acid dissociation, weak base dissociation, and the reaction of hydrogen and hydroxide ions: 
 

CH3COOH(aq)  ! CH3COO-
(aq)   +   H+

(aq)             (Reaction WA)   
NH4OH(aq)  !  NH4

+
(aq) + OH-

(aq)                (Reaction WB)   
H+

(aq)  + OH-
(aq)  ! H2O(l)                          (Reaction 1)    

CH3COOH(aq)  + NH4OH(aq) ! NH4
+

(aq) + CH3COO-
(aq)  +  H2O(l)            (Reaction 4) 

 
Calculate a value for ΔH4,calc?  

 
 
 

 
Determine the % difference between your calculated and experimental values for the ΔH4. 

 
 
 
 
7. Given H+

(aq)  + OH-
(aq)  ! H2O(l)   ΔH1,   = -286 – 0 – (-230) = -56 kJ, using heat of formations. 

Use -56 kJ as the real value for Exp 1, what is your % error? 
 
 
 
 
8. Would a smaller or large heat capacity of your calorimeter get you closer to the real value for exp 1?  
 


