Stoichiometry and Heat of Reaction: Acid - Base


When two compounds react, they release or absorb energy. The amount of energy released or absorbed depends on the moles of the reactants. If the total volume of the reactant solutions is held constant, the energy change will be proportional to the change in temperature of the reaction mixture. The maximum change in temperature should occur when the reactants are in the same mole ratio as the coefficients in the balanced equation since both reactants are completely used. If the reactants are not in the same mole ratio as the coefficients in the balanced equation, than one of the reactant will be in excess and some of that reactant will be left over at the end of the reaction. Less energy will be released and a lower change in temperature will occur. In this experiment, we will use equal molar concentration solutions so the volume ratio of the solutions will be the same as the mole ratio. The total volume of the solutions will be held constant so the total number of moles will be constant. By varying the volume ratio, and thus the mole ratio, and measuring the temperature change, we will determine the coefficients in the balanced equation. You will react aqueous solutions of HCl and H2SO4 with an aqueous solution of NaOH.

Procedure:
Obtain two graduated cylinders and label one acid and one base.

1. Attach the CBL temperature probe to the CBL in Channel 1.

2. Attach the CBL to the calculator using the unit to unit link cable. Attach the voltage adapter to the CBL.

3. Turn on the calculator and CBL.

4. Press [PRGM] on the calculator.

5. Use the down arrow to the program HEAT. Press [ENTER].
6. The “PRGM HEAT” will appear. Press [ENTER].
7. For the seconds between points type in 2. Press [ENTER].
8. Prepare your reactants.

9. Place a foam cup calorimeter in a 400mL beaker.

10. Carefully measure the volumes of the reactants needed in the two labeled graduated cylinders to the nearest ml.

11. Pour the solution with the larger volume into the calorimeter.

12. Put the temperature probe through the cover and into the solution. Cover the calorimeter.

13. Press [ENTER] on the calculator. The temperature will be displayed on the CBL and the data graphed on the calculator.

14. After 2-3 data points have been collected, lift the cover and quickly add the other solution. Replace the cover and gently but continuously swirl the beaker and calorimeter. It is important the the mixture be swirled through the entire time data is collected and to keep the probe in the solution.
15. When the CBL unit display shows that it is DONE, press the [TRACE] key on the calculator. Use the arrow keep to move the cursor along the graph. The coordinates of each point will be displayed below the graph.  Record the initial constant temperature rather than the first temperature value from the list and highest constant temperature reached in the data table. Calculate the change in temperature and record the value in the data table.

16. You can also press the [STAT] key on the calculator. EDIT should be highlighted. Press [ENTER]. The Time should be in L3 and the Temperature in L4. Record the initial constant temperature rather than the first temperature value from the list and highest constant temperature reached in the data table. Calculate the change in temperature and record the value in the data table.

17. Rinse and dry the calorimeter and temperature probe.

18. Repeat steps 4-17 with the other reaction mixtures.

Data Analysis:
1. Clear data lists L1 and L2 on the calculator as follows:


a. Press [STAT]. EDIT is highlighted.


b. Press [ENTER].

c. Using the arrow keys, move the cursor to highlight the L1 column heading.


d. Press [CLEAR] then [ENTER].

e. Repeat steps c & d with L2.

2. Enter the volume of HCl solution in L1 and the temperature change in L2.

3. a. Press [STAT PLOT], then select: Plot1. Press [ENTER]. 

    b. Select Plot1 = On, Type = scatter,

    c. Set Xlist to L1 , set Ylist to L 2 , and the mark type to dot. 

    d. Press [GRAPH], then [ZOOM]. Select: ZoomStat. Press [ENTER].
4. If more than one graph appears, check to see if more than one plot is turned on and turn 

    them off. If more than one graph still appears, press [Y=] and clear any equations 

    present.

5. Sketch the graph.


6. To find the point of intersection that will give the volume of HCl corresponding to the maximum temperature change, run the program INTRSECT.
a. Press [PRGM].
b. Use down arrow key to find the program INTRSECT. Press [ENTER].
c. The name of the program “prgm INTRSECT “ will appear. Press [ENTER].
d. You will be asked if the data is in [L1] and [L2]. YES will be highlighted. If you have entered the data in these lists, Press [ENTER].  If you have not, select NO, Press [ENTER], enter the data, and rerun the program.

e. Follow the prompts for setting the left and right boundaries using the arrow keys to move the cursor. Press [ENTER] after each selection is made. The program will display the two selected portions of the graph with the linear regression lines drawn through them and will show where they intersect. The x and y value of the point of intersection will be displayed. The x-value should be a good estimate of the ml of HCl solution that would give the maximum temperature change.

f. Record the volume of acid needed to produce the largest temperature change.

g. The graph and the point of intersection can be printed using the TI Graph Link.

h. Press [ENTER] after you are finished observing the graph or printing the graph.

i. The screen will show (DONE).

7. Calculate the volume ratio of NaOH to HCl that corresponds to the maximum change in temperature, which should be the same as the mole ratio. The total volume of the reaction mixture is 100.0mL so the volume of NaOH is 100.0mL – the volume of the HCl.

8. Repeat the data analysis with L1 as the volume H2SO4 and L2 as the change in

    temperature.

9. Sketch the graph.


10. Calculate the volume ratio of NaOH to H2SO4 that corresponds to the maximum change in temperature, which should be the same as the mole ratio. The total volume of the reaction mixture is 100.0mL so the volume of NaOH is 100.0mL – the volume of the H2SO4.
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Data Table
Attach graphs to your lab report.

	Volume HCl

          ml
	Volume NaOH

          ml
	Initial Temp.

        oC
	Final Temp.

        oC
	Change in Temp.   oC

	10
	90
	
	
	

	20
	80
	
	
	

	30
	70
	
	
	

	40
	60
	
	
	

	50
	50
	
	
	

	60
	40
	
	
	

	70
	30
	
	
	

	80
	20
	
	
	

	90
	10
	
	
	


	Volume H2SO4
          ml
	Volume NaOH

          ml
	Initial Temp.

        oC
	Final Temp.

        oC
	Change in Temp.   oC

	5
	95
	
	
	

	10
	90
	
	
	

	20
	80
	
	
	

	30
	70
	
	
	

	40
	60
	
	
	

	50
	50
	
	
	

	60
	40
	
	
	

	70
	30
	
	
	

	80
	20
	
	
	

	90
	10
	
	
	


1. Volume of HCl _______ ml and volume NaOH_______ ml required to produce the maximum temperature change.

2. Volume ratio and mole ratio of NaOH to HCl required to produce the maximum temperature change ___________________.

3. Write a balanced chemical equation for the reaction of HCl with NaOH.

4. Volume of H2SO4 _______ ml and volume NaOH_______ ml required to produce the maximum temperature change.

5. Volume ratio and mole ratio of NaOH to H2SO4 required to produce the maximum temperature change ___________________.

6. Write a balanced chemical equation for the reaction of H2SO4 with NaOH.

Temperature Change


(oC)





Volume HCl (mL)
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