CHM 212
Experiment 3

Analysis of a Mixture of Carbonate and Bicarbonate


In this experiment you will be issued an unknown that is comprised of two individual compounds one of which is a carbonate (Na2CO3 or K2CO3) and the other a bicarbonate (NaHCO3 or KHCO3).  You will perform two sets of titrations.  In the first step you will determine the total alkalinity of the unknown where total alkalinity (=[HCO3-]+2[CO32-]) is measured by titrating the mixture with your standard HCl solution from experiment 1.  You will titrate this solution to a bromocresol green end point.  The pertinent reactions are as follows



HCO3- + H+ ( H2CO3


CO32- + 2H+ ( H2CO3

In the second step you will determine the original carbonate content of your unknown.  Here you will use a separate aliquot of the unknown that is treated with excess standard NaOH (experiment 1) to convert HCO3- to CO32- where the pertinent reaction is as given below:


HCO3-  + OH- (  CO32-  + H2O

Then all the carbonate is precipitated with BaCl2:



Ba2+  +  CO32-  ( BaCO3(s)

The excess NaOH is immediately titrated with standard HCl (experiment 1) to determine how much HCO3- was present.  From the total alkalinity and the bicarbonate concentration you can calculate the original carbonate concentration.

Reagents:
(1) Standard 0.1M NaOH and O.1M HCl (prepared in experiment 1)

(2) CO2 – free water: boil 500 mL of distilled water to expel CO2 and pour the water into a 500 mL plastic bottle. Screw the cap on tightly and allow the water to cool to room temperature.  Keep tightly capped when not in use

(3) 10 wt% aqueous BaCl2: 35 mL/student

(4) bromocresol green and phenolphthalein indicators

(5) Unknown carbonate/bicarbonate mixture. Be sure to record your sample number and the mass.  Store you unknown in a dessicator, but Do not heat your unknown.

Procedure:
1. Accurately weigh and record the mass of your unknown.  Using a funnel transfer all of your unknown into a 250-mL volumetric flask rinsing the funnel with small amount of CO2-free water to ensure that all sample is transferred.  Remove the funnel and dilute to the mark with the CO2-free water.

2. Total alkalinity: pipet a 25.00-mL aliquot of unknown solution into a 250-mL flask and titrate with standard 0.1 M HCl, to a bromocresol green indicator endpoint.  Repeat this procedure with two more 25.00-mL aliquots.

3. Bicarbonate content: pipet 25.00-mL of unknown and 50.00 mL of standard 0.1 M NaOH into a 250 mL flask.  Swirl and add 10 mL of 10 wt% BaCl2, using a graduated cylinder.  Swirl again to precipitate BaCO3.  Add 2 drop of phenolphthalein and immediately titrate with standard 0.1 M HCl.  Repeat this procedure with two more 25.00-mL aliquots of the unknown.

4. From the results of step 2, calculate the total alkalinity and its standard deviation.  From the results of step 3, calculate the bicarbonate concentration and its standard deviation.  Using the standard deviations as estimates of uncertainty, calculate the concentration (and uncertainty) of carbonate in the sample.  Express the composition of the unknown in the form 63.4((0.5) wt% K2CO3 and 36.6 ((0.2) wt% NaHCO3.
Due: Thursday, October 18th, 2007
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Grade: __________________

CHM 212

Experiment 3 Report Sheet

Analysis of a Mixture of Carbonate and Bicarbonate

FOR FULL CREDIT you MUST show all calculations performed in this experiment.  Use the back of the sheet for additional space of attach no more than 1 additional sheet if necessary.

Molarity of NaOH (expt. 1):

____________M

Molarity of HCl (expt. 1):

____________M

Molecular weight of Na2CO3

____________g/mol

Molecular weight of NaHCO3
____________g/mol

Part 1: Total Alkalinity
Recall: TA = [HCO3-] + 2[CO32-]





Titration 1
Titration 2
Titration 3
Vol. of unknown:

________
________
________

Vol. of titrant (HCl) added:
________
________
________

Total moles of base:

________
________
________

Total Alkalinity in mol/L:
________
________
________

Average TA:


________

Standard deviation:

________

Sample Calculations:

Part 2: Molarity of HCO3-






Titration 1
Titration 2
Titration 3
Volume of unknown:


________
________
________

Volume NaOH added:


________
________
________

Moles NaOH added:


________
________
________

Hint: Remember, NaOH will only react with the bicarbonate (HCO3-) and there will be an excess of NaOH.  This excess NaOH will then be back-titrated with HCl.  The difference between the number of moles of NaOH added and the number of moles of HCl titrated gives the number of moles of HCO3-.  You calculated total alkalinity in part 1 (look at the definition of TA) so you can now find the amount of both CO32- and HCO3-.

Volume of HCl titrated:

________
________
________

Moles of HCl added to endpoint:
________
________
________
Moles HCO3-:



________
________
________

[HCO3-]:



________
________
________

Average [HCO3-]:


________
________
________

Standard Deviation:


________

Sample Calculations:
Using standard deviations as estimates of uncertainty calculate [CO32-] and report the uncertainty/error. Show your uncertainty calculations.

[CO32-]:



________ ((_____)

Finally, express you unknown concentrations as weight percentages, reporting uncertainties/errors.  Show your calculations.
Mass Na2CO3 in 25 mL unknown:
________ ((_____)

Mass NaHCO3​ in 25 mL unknown:
________ ((_____)

ANSWER:

______ wt% ((_____) Na2CO3; ______ wt% ((_____) NaHCO3 
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