2009 Regional Science Olympiad, Invitational

School Name _______________________________ Team Number________

Participant Names _________________________ and ______________________

General Safety Considerations

Wear protective glasses and an apron that covers down to your shoes (no open toes) at all times. Avoid skin contact with solutions. Dispose of all solutions in the containers provided. Wash your hands before leaving the laboratory.

Part 1: Answer each question as completely as possible. Show all your work. Significant figures and units count.  Put your work on your answer sheets. Nothing on this sheet will be graded.
1. 
Draw a typical strong base-strong acid titration curve, labeling the axes and the equivalence point. 
2. 
What is the concentration of a monoprotic acid if 10.0 mL of the acid was titrated with 35.0 mL of 0.500 M NaOH?

3. 
Write an equation for the dissociation of H2SO4.

4. 
0.456 grams of a monoprotic acid is titrated with 45.88 mL of 0.0500 M NaOH. What is the molecular mass (molar mass) of the acid?

5.
What is the pH of a solution with a hydroxide concentration of 1.00 x 10-2 M?

6. 
If 50.00 mL of water is added to 50.00 mL of 1.00 x 10-3 M magnesium hydroxide, what is the resulting pH and pOH? You may assume that the magnesium hydroxide is a strong base.
7. 
Which one of the following acids most readily vaporizes? (HCl, HNO​3, or H3PO4)

8. 
Which one of the following acids is present in many brands of soda? (HCl, HNO​3, or H3PO4)

9. 
Write the chemical equation for the reaction between hydrochloric acid and sodium bicarbonate.

	Indicator
	pH Range
	Quantity per 10 ml
	Acid
	Base

	Thymol Blue
	1.2-2.8
	1-2 drops 0.1% soln. in aq.
	red
	yellow

	Methyl yellow
	2.9-4.0
	1 drop 0.1% soln. in 90% alc.
	red
	yellow

	Methyl orange
	3.1-4.4
	1 drop 0.1% aq. soln.
	red
	orange

	Bromphenol blue
	3.0-4.6
	1 drop 0.1% aq. soln.
	yellow
	blue-violet

	Bromcresol green
	4.0-5.6
	1 drop 0.1% aq. soln.
	yellow
	blue

	Methyl red
	4.4-6.2
	1 drop 0.1% aq. soln.
	red
	yellow

	Bromcresol purple
	5.2-6.8
	1 drop 0.1% aq. soln.
	yellow
	purple

	Cresol red
	7.2-8.8
	1 drop 0.1% aq. soln.
	yellow
	red

	Thymol blue
	8.0-9.6
	1-5 drops 0.1% aq. soln.
	yellow
	blue

	Phenolphthalein
	8.0-10.0
	1-5 drops 0.1% soln. in 70% alc.
	colorless
	red

	Alizarin yellow
	10.0-12.0
	1 drop 0.1% aq. soln.
	yellow
	lilac


Primary References:
Lange's Handbook of Chemistry, 8th Edition, Handbook Publishers Inc., 1952.
Volumetric Analysis, Kolthoff & Stenge, Interscience Publishers, Inc., New York, 1942 and 1947. 

Retrieved from: http://chemistry.about.com/library/weekly/aa112201a.htm

10. According to the above chart, which indicator or indicators would be best used for an acid/base titration with an end point of 3.1?

11.
What is one method for preparing hydrogen gas using either an acid or a base?

12.
What are the formulas of acetic acid and carbonic acid?

13. What is the Ka of a weak acid if 10.00 mL of a 1.0 M sample has a pH of 5.0?

14.
A 3.45 gram sample of an unknown base is titrated with 40.00 mL of 0.500 M HCl.. What is the percent composition of the non-hydroxide portion of the acid?

Part 2: Titration Race
Materials:

Buret (2)

150 mL Erlenmyer Flask (1)

<250 mL Distilled Water

Stirring Rod (1)
Buret Clamp (1)


Ring Stand (1)

Funnel (2)

Phenolphthalein
100 mL of Unknown Acid

100 mL of 0.100 M NaOH

Run as many titrations as time and sample size allows. You should report the results of only 3 titrations and the standard deviation of the results. You will be ranked according to accuracy and precision. Ties will be broken by time.

Part 1: I suggest 4, 6 and 14 as tie breakers.

The base would have to be brought to the competition and a few titrations made in order to know the “right” answer.
I usually use pipets for the substance being analyzed. I may need more burets. If everyone goes at the same time I would need 20 burets. Suggestions?
