CHM 212
Experiment #2

Determination of the Molecular Weight of an Acid/Base by Titration
In this experiment you will use a pH electrode to follow the course of an acid-base titration. You will observe how pH changes slowly during most of the reaction and rapidly near the equivalence point.  You will compute the first and second derivatives of the titration curve to locate the end point. You are referred to page 210 – 211 of the textbook. From the mass of the unknown acid or base and the moles of titrant consumed during the reaction, you can calculate the molecular mass of the unknown and provide the identity thereof. 
Reagents:

(1) Standard 0.1 M NaOH and standard 0.1 M HCl that you prepared in experiment 1. 

(2) Bromocresol green and phenolphthalein indicators (from expt. 1)
(3) pH 4, 7 and 10 buffers – for the calibration of the pH meter
(4) Unknown acid or base obtained from TA. Store in a dessicator

Possible unknowns:

Acids: potassium hydrogen phthalate (FM 204.23g/mol), 2-(N-morpholino)ethanesulfonic acid (MES, FM 195.24 g/mol), imidazole hydrochloride (FM 104.54 g/mol), potassium hydrogen iodate (FM 389.91g/mol)

Bases: tris (FM 121.14 g/mol), imidazole (FM 68.08 g/mol), disodium hydrogen phosphate (FM 141.96 g/mol), sodium glycinate (97.05 + x(18.015) g/mol).  Sodium glycinate may be available as the hydrated salt and one of the objects here will be to determine the number of waters of hydration based upon the molecular weight.

Procedures:

1. Choose one of the unknown acids or base.  Make sure you record the unknown number and note if it is an acid or base.  Be sure to put your unknown number on your report sheet or you TA will not be able to provide you a grade. Weigh the recommended amount into a 250 mL volumetric flask. You need to accurately weigh (USE THE ANALYTICAL BALANCE) and record the amount of your unknown, you will need it later.

2. Dissolve the acid or base in distilled water and then fill to the 250mL mark on the volumetric flask – ensure that the bottom of the meniscus is on the line.  Mix well by capping the flask and inverting several times.

3. Calibrate the pH meter and the glass electrode using the buffer solutions provided. Be sure to follow the instructions provided with the meter or follow the directions of the TA.  Rinse the electrode well with distilled water and blot dry with tissue or kimwipe before placing it into another solution.

4. You should perform a rough titration to determine the approximate endpoint volume. To do this you should pipet 25.0 mL of your unknown into a 125 mL Erlenmeyer flask.  If you are titrating an unknown acid, add 3 drops of phenolphthalein indicator and titrate with your ~ 0.1 M NaOH (from experiment 1) to the pink endpoint using the 50-mL buret. If you are using an unknown base, add 3 drop of bromocresol green and titrate with your standard HCl solution from experiment 1. Titrate to the green end point.
5. Add 0.5 mL of titrant at a time to estimate the end point to within 0.5 mL.
6. Next, pipet 100.0 mL of unknown solution into a 250-mL beaker containing a magnetic stirring bar. Position the electrode in the liquid such that the stirring bar does not strike the electrode.  If a combination electrode is being used, be sure to immerse the electrode such that the hole near the bottom is in the liquid.  Allow the electrode to equilibrate with stirring at least one minute before proceeding.  
7. Record the initial pH of the solution.

8. VERY IMPORTANT!!! Add 1 drop of indicator to the solution. Remember, if you are titrating an unknown acid, you need to add phenolphthalein. If using a base, then you need to add bromocresol green.

9. VERY IMPORTANT!!! Remember, the equivalence volume is going to be four times greater than your rough titration in step 4 above.  Add ~ 1.5 mL aliquots of titrant and record the exact volume, the pH and the color 30 s after each addition.  When you are within 2 mL of the equivalence point, add titrant in 2-drop increments, recording the pH after each addition.  When you are within 1 mL of the equivalence point, add titrant in 1-drop increments, recording the pH after each addition. Continue with 1-drop increments until you are 0.5 mL past the equivalence point, recording the pH after each addition.  The equivalence point has the most rapid change in pH. Add 5 more 1.5 mL aliquots of titrant and record the pH after each.
10. Construct the titration curve, first and second derivative plots as described under the data analysis section below. From the determined equivalence point, and the accurately recorded unknown mass (step 1 above) determine the molar mass and identity of your unknown.

Data Analysis
You are to use a graphing program such as Excel for this portion of the experiment. Hand-drawn graphs will not be accepted.  If you are not familiar with the use of Excel for the graphing of data then you should see your TA for assistance.  Excel is available in the computer lab in the chemistry department and you are welcomed to use these computers to work up your data.
1. Construct a graph of pH (y-axis) versus titrant volume (x-axis).  Mark on your graph where the indicator color change(s) was (were) observed.

2. Compute the first derivative (the slope, (pH/(Volume vs. Volume) for each point within ±1 mL of the equivalence volume.  From your graph, estimate the equivalence volume as accurately as you can.
3. Compute the second derivative (the slope of the slope, ((slope)/(V vs. V).  Locate the equivalence point as accurately as you can.

4. Go back to your titration curve from step 1 and mark where the indicator color changes were observed. Compare the indicator end point to the end point estimated from the first and second derivatives.

5. From the equivalence volume and the mass of the unknown, calculate the molecular mass of the unknown.  Identify your unknown. You are to submit all of your graphs as well as representative calculation with your report.

In addition to the requested information on the report sheet that follows, you are to construct and attach the following graphs to your report:

(1) A graph of pH vs. titrant volume (titration curve).  Mark on your graph where the indicator color change(s) was/were observed.

(2) A graph of the first derivative of your titration curve.  From your first derivative estimate the equivalence volume as accurately as you can.

(3) A graph of the second derivative of your titration curve. Locate the equivalence point as accurately as you can.

(4) Go back to your titration curve from step 1 and mark where the indicator color changes were observed. Compare the indicator end point to the end point estimated from the first and second derivatives. Offer possible explanation(s) for the difference.

N.B. Report sheets without graphs WILL NOT be accepted!!!

Due: Thursday, October 11th, 2007

Name:_________________

Grade:_________________

UNKNOWN #:__________

CHM 212

Experiment 2 Report Sheet

Determination of the Molecular Weight of an Acid/Base by Titration

Show all calculations performed in this experiment. Use the back of the sheet for additional space if necessary.

Mass of unknown: 


____________

Volume of titrant (rough titration):
____________

Approx. endpoint vol for 100 mL: 
____________

Actual vol. (color change):

____________

# moles NaOH/HCl consumed: 

____________

# moles unknown based on titration:
____________

Show calculations of # moles unknown:

Equiv. vol. from first derivative plot:
____________

Equiv. vol. from second derivative:
____________

Calculate the molecular weight of your unknown acid/base. Show the calculation below. 

HINT: The equivalence volume determined is for only 100 mL of unknown. Recall that you took the entire mass of your unknown and dissolved it into 250 mL. You must factor this into your calculation.

Molecular weight of unknown: _______________________

Identity of unknown: _______________________________
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