AP: Calorimetry of Zinc with Silver Nitrate

(revised from Pacific AP Institute by Marv Blevins & submitted by Jim Poirier)

Purpose: 

Determine the Molar Enthalpy of Reaction (∆Hrxn) when zinc dust is added to a solution of silver nitrate.  Calculate this Heat of Reaction in kJ per mole of Zn, for the reaction:

Zn(s)   +   2 Ag+(aq)   --->   2 Ag(s)   +   Zn2+(aq)

Procedure:

1) Place 100.0 cm3 of a 0.400 M solution of silver nitrate in the reaction chamber of the calorimeter.  Note: use caution handling silver nitrate because AgNO3 stains skin and clothing.

2) Insert the thermometer into the cover of the calorimeter.

3) Stir the solution in the calorimeter continuously throughout the timing by swirling the calorimeter.

4) Take the time-temperature readings and record every minute for a pre-run time of 5 minutes.  

5) Now add approximately 1.00 g of zinc dust (30 mesh) or granular zinc to the silver nitrate solution.  Cover and continue taking time-temperature readings, and record every 30 seconds for 3 minutes and then every minute until a maximum temperature is reached.

6) To stop the reaction, filter the reaction mixture quickly into a 250-cm3 (or 500-cm3) volumetric flask.  To do so, first decant the supernatant liquid through the filter paper, and then wash and filter the residue in the calorimeter with at least four 10 cm3 volumes of distilled water.

7) Then dilute the filtrate in the volumetric flask by adding water up to the mark on the throat of the volumetric flask to give a solution of 250 cm3 (or 500 cm3).  Cover the mouth of the flask with parafilm.  Shake and invert the flask several times.

8) Measure exactly a 25.00 cm3 aliquot of this reaction mixture into an Erlenmeyer flask.
9) REMEMBER TO ADD 5.0 cm3 of the ferric alum indicator to each aliquot before titration.  (The indicator was prepared by dissolving about 10.0 g of iron(III) ammonium sulfate, NH4Fe(SO4)2•12H2O in 100. cm3 of 6 M HNO3.  The acid prevents the hydrolysis of the iron(III) ion and thus keeps the solution nearly colorless.)

10) You will titrate the aliquot of this reaction with the 0.1000 M KSCN solution provided to determine the number of moles of the Ag+ that remained after the reaction reached equilibrium.  

11) Record the initial volume of the 0.1000 M KSCN solution in the buret.

12) The titration reaction is:

Ag+(aq)   +   SCN-(aq)   --->   AgSCN(s)

When all the Ag+ has been reacted, the thiocyanate ion reacts with the ferric ion to form the familiar blood-red thiocyanoiron(III) complex ion at the endpoint.  The indicator endpoint reaction is:

Fe3+(aq)   +   SCN-(aq)   --->   FeSCN2+(aq)

13) Add KSCN with the buret and take care when you start to observe the honey-brown color that forms at the splash site in the flask.  This titration should be stopped at the appearance of the honey-brown color throughout the entire flask.  Record the final volume of KSCN solution in the buret.

14) After the first trial is complete, perform two more trials by repeating steps 8 through 10 for each trial.

15) When finished, clean up as indicated by your instructor.

Possible Student Difficulties:

1) Failure to add the sample of zinc dust quickly to the silver nitrate solution will result in a low ∆T value because of the loss of heat to the environment during addition.

2) The reaction mixture must be stirred thoroughly so that the zinc will react as rapidly as possible.  If the time required for the reaction is too long, a low ∆T value will result because of heat loss to the environment.

3) If any of the zinc used contains hard granules or if the zinc dust clumps together when added, the ∆T will be low, because not as much of the zinc added will react.

Calculations:

1) Calculate the number of moles of Ag+ remaining in the reaction mixture for each trial using the reaction data.  

2) Calculate the average number of moles of Ag+ used in your three trials (if one of the trials is an outlier, do not include the trial in your average calculation).

3) Calculate the actual number of moles of Ag+ and Zn used in the thermochemical reaction, using stoichiometry.

4) Determine the change in enthalpy for your thermochemical reaction using the experimental data and the information given below.

5) Finally, calculate the Molar Enthalpy of Reaction, ∆Hrxn, in kJ/mole for the zinc reacted.  (Indicate the proper sign to show whether the reaction is exothermic or endothermic.)

Thermochemical Values and Properties:

Density of AgNO3 solution = 1.01 g/cm3

Specific Heat of AgNO3 solution = 4.14 J/g•OC


Specific Heat Capacity of Zn = 0.389 J/g•OC

