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in a Chemical Reaction
A balanced chemical reaction equation gives the mole ratios of the reactants and the products as coefficients. When some of the chemical formulas are not known, an experiment must be conducted to help determine the mole ratios.
This experiment uses two substances, an unidentified acid and sodium hydroxide (NaOH), which react according to the unbalanced and incomplete reaction equation below.
a A + b NaOH → products
It is possible to identify the coefficients, a and b, for the reactants, without knowing the identity of the acid and the products of the reaction. The process that you will use to determine the coefficients is called continuous variations. You will prepare a series of mixtures of the two reactants. Each mixture will have the same total volume and the same total number of moles of reactants. The reaction is exothermic, thus the mixture that generates the most heat energy will be the reaction that completely consumes both the unidentified acid and the sodium hydroxide. By analyzing the results of the series of reactions, you will determine the mole ratio of the reactants.
You will also be determining whether the unidentified acid is monoprotic, diprotic, or triprotic. Monoprotic acids are able to donate one proton per molecule. Common examples of monoprotic acids are: hydrochloric acid (HCl) and acetic acid (HC2H3O2). Polyprotic acids, in contrast, can donate more than one proton per molecule. Sulfuric acid (H2SO4) and carbonic acid (H2CO3) are common diprotic acids that are able to donate two protons per molecule. Phosphoric acid (H3PO4) and citric acid (H3C6H5O7) are common triprotic acids.
OBJECTIVES
· Measure the temperature changes of a series of reactions.
· Determine the stoichiometry of an oxidation-reduction reaction in which the reactants are known but the products are unknown.
· Determine whether the unidentified acid is monoprotic, diprotic, or triprotic.
MATERIALS
Chromebook, computer, or mobile device
Graphical Analysis 4 app
Go Direct Temperature 
Stir Station and magnetic stirring bar
Electrode Support 
two 10 mL graduated cylinders
two 25 mL graduated cylinders
two 50 mL graduated cylinders
1.0 M sodium hydroxide, NaOH, solution
1.0 M unidentified acid solution
polystyrene foam cup
three 250 mL beakers
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Figure 1   
PROCEDURE
1. Obtain and wear goggles and gloves.
2. Launch Graphical Analysis. Connect the Temperature Probe to your Chromebook, computer, or mobile device.
3. Obtain about 200 mL each of the reactant solutions, NaOH and the unknown acid. DANGER: Sodium hydroxide solution, NaOH: Causes severe skin burns and eye damage. Do not breathe mist, vapors, or spray. Caution: Wear goggles and gloves, and handle the solutions with care.
4. Measure out 30.0 mL of the 1.0 M NaOH solution. Pour this solution into a foam cup and nest the cup in a beaker to help stabilize the cup (see Figure 1). Use an Electrode Support to secure the Temperature Probe on a Stir Station as shown in Figure 1. Place a magnetic stirring bar in the cup and slowly stir the solution. WARNING: Sodium hydroxide solution, NaOH: Causes skin and eye irritation. 
5. Immerse the tip of the Temperature Probe in the foam cup of NaOH solution, making sure not to hit the magnetic stirring bar. 
6. Measure out 30.0 mL of the 1.0 M acid solution. Note: Do not mix the two solutions yet.
7. Gently stir the NaOH solution until the temperature readings remain constant. Click or tap Collect to start data collection. Gently stir the NaOH solution and allow the program to gather and graph a few initial temperature readings, and then add the acid solution. Gently stir the reaction mixture.
8. Data collection will stop after 3 minutes. You may click or tap Stop to stop data collection before three minutes have passed if the temperature readings are no longer changing. 
9. Examine the graph by clicking or tapping any data point. Calculate and record the maximum temperature change.
10. Rinse out and dispose of the reaction mixture as directed.
11. Continue testing various ratios of the two solutions, keeping the total volume at 60.0 mL, until you are certain you have identified the ratio of the reactants that produces the greatest temperature change. Note: The previous data set is automatically saved.
DATA TABLE
	Volume NaOH
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	Volume acid
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	Temperature change 
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DATA ANALYSIS
1. Which solution was the limiting reactant in each trial?
2. Obtain the identity of the acid from your instructor, and then find the actual balanced chemical equation for the reaction between the acid and sodium hydroxide. Does the mole ratio that you determined in your experiment match the actual reaction equation’s coefficients for the two reactants? Explain—especially if your mole ratio does not match the coefficients.
3. Is the unknown acid monoprotic, diprotic, or triprotic? Explain your answer.
4. (Optional) Find a structure formula for the acid and draw it in the space below. Identify the hydrogen atom(s) given off as H+ ions (protons) giving this substance its acidic character.
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