

Revised 1/08, RJE
Ionic Compounds #3

pH and Acid/Base Neutralization Reactions

This lab is split into two sections:

1)   The mathematical definition of pH 

2)
Strong acid/strong base neutralization reactions

I.
Acids and Bases

Acids and bases are defined in various ways.  Here we will define an acid to be a compound that dissociates to form H+ in water (sometimes denoted as H3O+) and a base is a compound that dissociates to form OH- in water.

MATERIALS

	Vernier computer interface
	100 mL beaker

	computer
	250 mL beaker

	Vernier pH Sensor
	600 mL beaker

	Vernier Conductivity Sensor
	100 mL graduated cylinder

	ring stand
	10 mL graduated cylinder

	clamp
	1.0 M NaOH solution

	wash bottle with distilled water
	1.0 M HCl solution


PROCEDURE

A.   pH and conductivity

1.
Plug the pH sensor and the conductivity sensor into the Vernier computer interface and start the LoggerPro software.  Use the 0-20000 toggle switch setting for the conductivity readings.

2. 
Pour ~ 50 mL of 1.0 M NaOH into a 100 mL beaker.  Measure and record the pH and conductivity of this solution.  You must measure the pH and conductivity separately (don’t have both sensors in the beaker simultaneously) for accurate measurements.  Rinse the sensors carefully with distilled water after use, letting the waste collect in a 600 mL rinse beaker.

Note:  the pH Sensor includes a “glass bulb” at the end.  This bulb is fragile.  The sensor is designed to protect the bulb, but please use care when handling the sensor.  Letting the sensor hit the bottom of the beaker can break the bulb and ruin the sensor.

3.  Dilute the NaOH solution by a factor of ten and measure the pH:

a)
measure out 10.0 mL of NaOH solution into a well-rinsed, mostly dry 100 mL graduated cylinder.  Pour the leftover solution into a 600 mL waste beaker.

b)
dilute the 10.0 mL with distilled water to 100.0 mL final volume

c)
transfer to a well-rinsed, mostly dry 250 mL beaker

d)
measure the pH and conductivity of the solution – gently swirl the solution with the sensor in solution for 15 seconds, then set the sensor in the beaker and wait for the reading to stabilize (this typically takes 30 seconds or more).

e)
record the pH and conductivity values and rinse the sensors carefully

f)
use the solution to make the next diluted solution; discard unused portions into the 600 mL waste beaker

4)  Repeat step 3 above to create a series of solutions in which the solution is 10( less concentrated than the previous one.  Careful rinsing of glassware and sensors is needed or you will contaminate diluted solutions with small amounts of concentrated solutions, which will degrade your results.  Record your observations in the table below:

	Conc. of NaOH solution
	pH
	Conductivity

	1.0 M
	
	

	0.1 M
	
	

	0.01 M
	
	

	0.001 M
	
	

	0.0001 M
	
	


Repeat steps 2 through 4, using 1.0 M HCl instead of NaOH.  Record your observations:

	Conc. of HCl solution
	pH
	Conductivity

	1.0 M
	
	

	0.1 M
	
	

	0.01 M
	
	

	0.001 M
	
	

	0.0001 M
	
	


Questions
1)
Using LoggerPro and the file “Find the Relationship” determine a linear mathematical relationship between pH (y axis) and a function of concentration for the HCl data.  See the instructions for the experiment in Week 1 if you do not remember how to do this.  Fit your data and record the equation for the best-fit line.

(a) For your equation, what quantity corresponds to y (in y = mx + b)?

(b) For your equation, what quantity corresponds to x (in y = mx + b)?

(c) Write the equation for the linear mathematical relationship between pH and a function of the concentration of HCl, including the slope and intercept values (rounded to 2 sig fig’s).

(d) Using your answers to (a) – (c), what is the mathematical definition of pH?


pH =

2)
Determine a similar linear mathematical relationship between pH and a function of concentration for the NaOH data.  

(a) Write the equation for the linear mathematical relationship between pH and a function of the concentration of NaOH, including the slope and intercept values (rounded to 2 sig fig’s).

(b)  Name two differences between the two linear mathematical relationships above.

3)
How does conductivity vary with successive serial dilutions?  


Why does the conductivity vary in that manner?

II.  Acid-Base Neutralization Reactions (Titration)
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A titration is a process used to determine the volume of a solution that is needed to react with a given amount of another substance. In this experiment, your goal is to carry out a titration reaction between a strong acid and a strong base and explain the results.

Write total and net ionic equation for the reaction between HCl(aq) and NaOH(aq).
Total Ionic Equation:












Net Ionic Equation:











What molecule is formed during this reaction?  _______________

Atomic level pictures of the titration

1.
In this experiment, you will be reacting HCl(aq) in the beaker with NaOH(aq) from the buret.  The following two sketches represent your system before the titration has started. 

(a) Draw an atomic level sketch of the beaker that contains the HCl(aq). Use 4 formula units of HCl in your sketch. 

(b) Draw an atomic level sketch of the buret that contains the NaOH(aq). Use 8 formula units of NaOH in your sketch.

2.
In this experiment, you will slowly add the NaOH(aq) from the buret to the beaker containing HCl(aq). 

(a) Sketch a beaker where 2 formula units of NaOH have been added to the original 4 formula units of HCl. Clearly differentiate between ions dissolved in solution and molecules formed during the reaction. This represents an early portion of the titration.

(b) Sketch a beaker where 4 formula units of NaOH have been added to the original 4 formula units of HCl. Clearly differentiate between ions dissolved in solution and molecules formed during the reaction. This represents the equivalence point of the titration, where the molar amounts of added NaOH and HCl are equal.

(c) Sketch a beaker where 6 formula units of NaOH were added to the original 4 formula units of HCl. Clearly differentiate between ions dissolved in solution and molecules formed during the reaction. This represents a late portion of the titration (past the equivalence point).
(d) Sketch a beaker where 8 formula units of NaOH have been added to the original 4 formula units of HCl. Clearly differentiate between ions dissolved in solution and molecules formed during the reaction. This represents an even later portion of the titration.
MATERIALS

We will use a buret, pH Sensor, and a magnetic stirrer assembly.

	Vernier computer interface
	100 mL beaker

	computer
	250 mL beaker

	Vernier pH Sensor
	600  mL beaker

	50 mL buret
	10 mL graduated cylinder

	buret holder
	1.0 M NaOH solution

	ring stand
	1.0 M HCl solution

	utility clamp
	1.0 M HNO3 solution

	wash bottle with distilled water
	1.0 M H2SO4 solution

	magnetic stir bar and stir plate
	


PROCEDURE

1.
Carefully add 5.0 mL of 1.0 M HCl to a 100 ml beaker along with 45.0 mL of distilled water and three drops of phenolphthalein. CAUTION: Handle acids and bases with care.
2.
Connect the pH Sensor to CH 1 of the computer interface.
3.
Open the Logger Pro program on your computer. Open “Experiment 24a Acid-Base Titration.”

 4.
Obtain a 50 mL buret.  Follow the steps below to set up for the titration.

a. Rinse the buret with several mL of distilled water.  Drain the rinse solution through the stopcock into a 600 mL waste beaker.

b. Rinse the buret with a few mL of 1.0 M NaOH. Again, drain the rinse solution through the stopcock into a 600 mL waste beaker.

c. Attach a buret holder to a ring stand and clamp the buret in the holder.

d. Using a funnel, carefully fill the buret with 1.0 M NaOH to a level slightly above the 0 mL mark on the buret.  Take care not to over-fill the buret.

e. Adjust the buret level to 0.0 mL (read the bottom of the meniscus) by draining the NaOH solution through the stopcock into the 600 mL waste beaker.

5.
Assemble the apparatus.

f. Place the magnetic stir plate on the base of the ring stand.  Place the 100 mL beaker containing the HCl solution in the center of the stir plate.  Add a stir bar to the 100 mL beaker.

g. Support the pH Sensor with a utility clamp and immerse the sensor in the 100 mL beaker containing the HCl solution.  The sensor must be completely immersed in the solution but it must not touch the stir bar.

h. Adjust the position of the buret so it is lined up with the beaker in the center of the stir plate.

6.
Turn on the stirrer motor so that the stir bar is stirring at a fast rate.

7.
Click the “Collect” button on the upper toolbar.

8.
To collect your first data point hit “Keep” and type in 0 for the volume.  This is your starting pH value.

9.
To begin your titration, add 0.5 mL of 1.0 M NaOH from the buret by slowly opening the stopcock and carefully adding the NaOH until a buret reading of 0.5 mL is obtained.  Wait for the pH reading to stabilize. Click “Keep” and type in 0.5 mL for the volume.

10.
Continue to add 1.0 M NaOH in 0.5 mL increments until you have collected six data points after the dramatic change in pH.  Hit “Keep” after each addition and type in the appropriate volume.  Be sure to wait for the pH reading to stabilize before you “Keep” your data point (may take a minute or more). When finished collecting data, click “Stop.”  What happened to the solution color during the titration?  When did this change occur?

11.
Select Store Latest Run from the Experiment menu. 

12.
Pour the beaker contents into the 600 mL waste beaker.

13.
Repeat the titration using 1.0 M nitric acid (HNO3) solution in step 1 (instead of 1.0 M HCl) and then again with 1.0 M sulfuric acid (H2SO4) solution in step 1.  Refill the buret with 1.0 M NaOH to 0.0 mL before each titration. Be sure to select “Store Latest Run” before beginning a new titration.
14.
Now suppose that you put 1.0 M HCl in the buret and 1.0 M NaOH in the beaker.  What would the titration curve look like?  Sketch your answer below.

15.
Repeat the titration experiment one more time, but with 1.0 M HCl in the buret and 1.0 M NaOH in the beaker.  Be sure to rinse the buret with 1.0 M HCl before beginning your titration.  Was your prediction above correct?  If not, explain.

16.
Click anywhere on the graph.  Choose “Options” from the upper tool bar, then “Graph Options.”  Select “Connect Points.” This will draw a smooth curve through each titration curve.

17.
Print out your titration curves. Choose “Print Graph” from the list of options.

WASTE:  NEUTRALIZE THE COMBINED ACID AND BASE WASTE IN THE 600 mL BEAKER AS DESCRIBED BY YOUR INSTRUCTOR AND DISCARD APPROPRIATELY. 

Post-Lab for Ionic #3

NAME: 










Section: 



1)
Write molecular, total ionic, and net ionic equations for the three acid/base neutralization reactions:


a)  HCl titrated with NaOH (you did this one earlier)


b)  HNO3 titrated with NaOH


c)  H2SO4 titrated with NaOH

2) 
Based on your results for the pH for serially diluted HCl solutions, what should the initial pH of the solution be for the HCl titrated with NaOH? Why?

3)
For each of the three acids titrated with NaOH, explain why the pH is (a) low before the equivalence point (the sharp rise in pH), (b) close to pH 7 at the equivalence point, and (c) high afterward the equivalence point.  Recall your beaker pictures!

4)
Based on the titration curves of an acid titrated with NaOH, when is the reaction “complete”?

5)  Why is the titration of HNO3 with NaOH similar to that for HCl? (HINT: Look at the chemical equations you wrote in Question 1 on the previous page).

6)
How is the titration curve of H2SO4 with NaOH different from that for HCl?  Why are they different?

7)
Look at your answer to Question 14 on page 8.  With that answer in mind, how would the titration curve differ if you started with 1.0 M H2SO4 in the buret and 1.0 M NaOH in the beaker?  Sketch the curve below.

LAB PRACTICAL QUESTIONS


1.  Are any of the chemicals used today listed as possible unknowns on the LAB PRACTICAL assignment sheet?  If not, skip questions 2-4 this week.  If yes, proceed to question 2.

2.  Which chemicals used this week are possible unknowns?

3.  Do these chemicals have any unique characteristics that could be used to distinguish them


(a)  from chemicals in other groups?  Explain how.

(b) from other chemicals in the same group?  Explain how.
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