Experiment 3

SAMPLING AND ANALYSIS OF A DRAIN CLEANER BY TITRATION WITH HYDROCHLORIC ACID

2 lab periods

An important factor in any analysis is the collection of the sample. How this is done depends upon the use to which the analytical data will be put, upon the accuracy and precision desired, and upon the costs incurred in getting suitable samples.  In most cases determining how and when to sample is a difficult problem.  Fortunately, sampling procedures have been established for many situations by such organizations as the American Society for Testing of Materials (ASTM) and the Association of Official Analytical Chemists (AOAC). These sampling procedures have been developed to insure the collection of a representative sample, even from heterogeneous mixtures.

One reason for care in sampling arises from the equation:
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where s2 is the variance (the square of the standard deviation, s). When the variance in sampling is large, a highly precise analysis is wasted, since s2sampling >> s2anal and s2total ~ s2sampling.  Generally, the variances due to the analysis and the sampling steps should be similar in order to minimize analysis costs.

A common sampling problem occurs when the analysis of a heterogeneous mixture is attempted.  Examples of such a system include soils, coal, and biological tissue. The biggest difficulty is insuring that a representative sample has been obtained for analysis. If we assume that the mixture is randomly distributed, the size of sample needed can be estimated. For discrete particles of comparable density:
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where s2 is the sampling variance desired, N( is the mean composition of species x in the mixture, n is the number of particles required, and f is the fraction of species x in the mixture of x and y: 
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Thus, if we know the approximate composition of the sample and set a desired sampling variance, the number of particles is determined, and also the necessary sample size.

Analysis of a typical drain cleaner will illustrate the points discussed above. Drain cleaners are mixtures of sodium chloride, sodium hydroxide and aluminum metal. We will analyze a typical drain cleaner for sodium hydroxide content. The analysis step will be a titration with the standard HCl prepared in Experiment 2. The reaction is:

NaOH  +  HCl  (  NaCl + H2O

or more exactly:


H3O+  +  OH-  (  2H2O

since the Na+ and Cl- ions do not take part in the reaction.  The indicator phenolphthalein will be used to locate the end point of the titration.
To investigate the variances due to sampling and due to the titration, three samples of drain cleaner will be titrated. For each sample, the analysis will be repeated three times, in order to estimate the titration variance.

Prelaboratory Assignment

A 1.248-g drain cleaner sample was dissolved in 35 mL of distilled water and transferred to a 50.00-mL volumetric flask. After dilution to the mark and mixing, a 5.00-mL aliquot was taken and titrated with 0.1127 M HCl. A volume of 25.93 mL of HCl was required. Determine the percent sodium hydroxide in the sample.

Apparatus

· 50-mL buret

· desiccator

· 3 50-mL volumetric flasks

· 3 250-mL Erlenmeyer flasks

· 100-mL graduated cylinder

· 5-mL volumetric pipette

· 3 100-mL beakers

· 3 weighing bottles

Chemicals

· phenolphthalein solution (0.1% in ethanol)

· standard HCl (from Experiment 1)

· drain cleaner

Procedure

1. 
The standard HCl prepared in Experiment 2 is used in this experiment.

2. 
Into each of three labeled 100-mL beakers, weigh to the nearest 0.1 mg 1.0 to 1.2 g of drain cleaner. Record the weights.

NOTE: 
The sodium hydroxide in the drain cleaner is very hygroscopic. An opened can of drain cleaner should not be exposed to the atmosphere for longer than is necessary. Store the drain cleaner in a covered weighing bottle in the desiccator between uses.

3. 
Add about 35 mL of distilled water to each of the beakers and swirl carefully to dissolve as much of the solid as possible. The black aluminum pieces will not dissolve.

4. 
One at a time, quantitatively transfer the entire contents of the beakers to labeled 50-mL volumetric flasks. Wash the beakers with 1-2 mL of distilled water, and include these washings in the volumetric flasks.

5. 
Carefully dilute each 50-mL flask to the mark. Then mix the solutions well by repeatedly inverting the flasks. Pieces of aluminum will not dissolve but they can be ignored.

6. 
Using a pipette, take a 5.00-mL aliquot from one flask, and place it in a 250-mL Erlenmeyer flask. Add about 50 mL of distilled water and 2 or 3 drops of phenolphthalein indicator.

7.
Fill the buret with standard Hcl and then titrate the aliquot to the end point (pink to colorless). Take care, as the end point is very sharp and easy to miss. Record the volume of HCl used.

8. 
Repeat steps 6 and 7 twice more for the solution contained in the first volumetric flask. Speed up the titrations by delivering all but about 1 mL of HCl needed very quickly. Then wash down the sides of the flask, and carefully locate the end point as before.

9. 
Repeat steps 6 through 8 for each of the other solutions contained in the other volumetric flasks.

10. Store your excess HCl for future use.

Data and Calculations

1.   
Use the nine end point volumes to calculate the molarity of sodium hydroxide in each flask.

2. 
From the molarities and the sample weights, calculate the percentage of NaOH contained in the drain cleaner for each of the nine analyses.

3.  
Using the results of analyses for each flask separately, calculate a mean and standard deviation for each sample of drain cleaner (in percent NaOH).

4. 
Average the standard deviations obtained in step 3 above. This is sanal. Report this value with your other results. Calculate the variance sanal2; this value should have one significant figure.

5. 
Now take the three sample means obtained in step 3. Calculate the average of these values. Report this result as your estimate of the percent NaOH in the drain cleaner.

6.
Calculate a standard deviation by using this average as the mean, and the three sample results as the individual trials. This standard deviation is ssamp . Report this value with your results. Calculate the variance, s2samp; this value should also have one significant figure.

7.  
Now take all nine results for the percent NaOH, and calculate a mean and standard deviation. This standard deviation is stotal. Calculate the variance, s2total; again, use one significant figure.

8.  
Finally, check your results by verifying equation 1.  Report your values for the mean percent NaOH from consideration of all nine titrations, and your values for the three different standard deviations (as well as their relative standard deviations) determined above.

9. 
Report your results on the form provided.
10.  Include sample calculations for concentration and % purity.

Experiment 3.



Name:  _____________________________

Analysis of a drain cleaner

Purpose

Sample 1   weight: ____________ g


	    Replicate
	          1
	             2
	            3

	Volume of HCl, mL
	
	
	

	Conc. of NaOH, M
	
	
	

	% NaOH in sample
	
	
	


Average percent NaOH in sample: _______%
Standard deviation:  __________

Sample 2   weight: ____________ g


	    Replicate
	          1
	             2
	            3

	Volume of HCl, mL
	
	
	

	Conc. of NaOH, M
	
	
	

	% NaOH in sample
	
	
	


Average percent NaOH in sample: _______%
Standard deviation:  __________

Sample 3   weight: ____________ g


	    Replicate
	          1
	             2
	            3

	Volume of HCl, mL
	
	
	

	Conc. of NaOH, M
	
	
	

	% NaOH in sample
	
	
	


Average percent NaOH in sample: _______%
Standard deviation:  __________

Statistical Information

Mean percent NaOH in drain cleaner
:                             %

Standard deviation due to analysis    
: ___________  Variance (s2anal)      : ___________

Standard deviation due to sampling
: ___________  Variance (s2sampling) : ___________

Total standard deviation

: ___________   Variance (s2total)     : ___________    

Questions

1. Is the total variance equal to the sum of the variances due to the analysis and sampling? Why?
2. What is the major source of error in this experiment? How can you tell?

3. Justify the number of significant figures that you used for the standard deviation and variance in your lab report.

� EMBED Equation.3  ���
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