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Introduction

In the fast-paced world of high school chemistry, theHEAT (High school Educational Advancement and Training)
curriculum stands out for its rigorous approach to laboratory work. Students who tackle CHEM 12 HEAT

chemistry laboratory experiments answersoften find themselves juggling theoretical concepts with hands on
practice. This article serves as a comprehensive guide, offering clear explanations, step by step solutions, and
practical tips to help you master the lab portion of your CHEM 12 course.

Why Lab Work Matters in CHEM 12

While textbooks provide foundational knowledge, laboratory experiments translate abstract ideas into tangible
experiences. They reinforce concepts such as:

 Stoichiometry and mole calculations

e Acid—base titrations

* Redox reactions and electron transfer

e Thermodynamics and energy changes
e Spectroscopy and analytical techniques

Mastering these experiments not only prepares you for college chemistry but also hones critical thinking, data
analysis, and safety skills—attributes valued by universities and employers alike.

Common HEAT Lab Experiments in CHEM 12

The HEAT curriculum typically includes the following core experiments:

Preparation of a standard solution by titration

Determination of the concentration of an unknown acid or base
Quantitative analysis of metal ions using complexometric titrations
Measurement of the rate of a chemical reaction

Isolation and purification of a compound via recrystallization
Analysis of an organic compound by IR spectroscopy

Calculation of Gibbs free energy from equilibrium constants
Electrolysis of aqueous solutions
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Below, we provide detailed answers and solutions for each experiment, ensuring you can confidently complete your
lab reports.

Experiment 1: Standard Solution Preparation by Titration

Objective
Create a known concentration of a sodium hydroxide (NaOH) solution using a standardized acid (hydrochloric acid,
HCI) as the titrant.

Materials



e 10 /mL burette

e 10 /mL pipette

e Erlenmeyer flask (250 /mL)

¢ Phenolphthalein indicator

e 10 /mL of 0.1 /M HCI (standardized)

¢ 10 /mL of NaOH (unknown concentration)

Procedure

Rinse the burette with the HCI solution, then fill it to the 0 /mL mark.
Measure 10 /mL of NaOH with the pipette and transfer it to the flask.
Add 2-3 drops of phenolphthalein.

Titrate until the pink color persists for 30 /seconds.

Record the final burette reading.
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Answer & Calculation
Assume the burette reading drops from 0.0 /mL to 12.3 /mL. The volume of HCl used is 12.3 /mL.

Using the titration equation:

n<sub>acid</sub> = n<sub>base</sub>

Let CNaOH be the unknown concentration.

0.1 /M /x/0.0123 /L /= ICNaOH /x /0.010 /L
Solving for CNaOH:

CNaOH /= /(0.1 /x /0.0123)/0.010 /= /0.123 /M.
Thus, the NaOH solution concentration is 0.123 /M

Common Mistakes & Tips

« Ensure the burette is free of air bubbles.
¢ Use a consistent endpoint color; avoid over titration.
* Always rinse the pipette with the NaOH solution before measuring to avoid dilution errors.

Experiment 2: Determining Unknown Acid Concentration

Objective

Use the prepared 0.123 /M NaOH to find the concentration of an unknown HCI solution.

Materials
e Same as Experiment 1
e Unknown HCI solution
Procedure

1. Measure 10 /mL of the unknown HCI with the pipette.
2. Transfer to the flask and add phenolphthalein.

3. Titrate with the 0.123 /M NaOH until the endpoint.

4. Record the burette reading.

Answer & Calculation



Assume the burette reading changes from 0 /mL to 9.8 /mL. The volume of NaOH used is 9.8 /mL.
Using the stoichiometry of the reaction HCI + NaOH !" NaCl + H ,O (1:1), we have:

CHCI /x /0.010 /L /=170.123 /M /% /0.0098 /L

CHCI /=/(0.123 /x /0.0098)/0.010 /= /0.12054 /M.

Rounded to three significant figures, the unknown HCI concentration is 0.121 /M

Experiment 3: Complexometric Titration of Calcium

Objective

Quantify calcium ions (Ca? z) in a water sample using EDTA as the titrant.

Materials

e 10 /mL burette (EDTA solution, 0.01 /M)
e 10 /mL pipette

e Erlenmeyer flask (250 /mL)

e Eriochrome Black T indicator

e Water sample containing Ca? z

Procedure
1. Prepare a 0.1 /M NaOH solution to adjust pH to 10-11.
2. Add 0.1 /M NaOH to the water sample until pH ~10.
3. Add 2-3 drops of Eriochrome Black T.
4. Titrate with EDTA until the solution turns wine red to purple.
5. Record the final burette reading.

Answer & Calculation
Suppose the burette reading is 15.6 /mL.

Using the equation:
Ca2z /+ [EDTAt{ /" [[Ca—EDTAJ]? { (1:1)
Ca? z concentration = (0.01 /M /x /0.0156 /L)/0.010 /L = 0.0156 /M.

Thus, the water sample contains 0.0156 /M Ca? z

Experiment 4. Rate of Reaction — Decomposition of Hydrogen Peroxide

Objective

Investigate how temperature affects the rate of H ,O , decomposition in the presence of MnO , catalyst.

Materials

e 50 /mL beaker

10/mL of 3/% H ,0,

MnO , catalyst (0.5 /g)

« Ice bath and water bath (30 /°C, 60 /°C, 90 /°C)
e Timer

e Graduated cylinder



Procedure

1. Place 10 /mL of H,O, in the beaker.
2. Add MnO, and start the timer.
3. Measure the volume of O, gas produced every 30 /seconds.
4. Repeat at each temperature.
Answer & Interpretation

Plot volume of O, vs. time for each temperature. The slope of the line represents the reaction rate.
Typical results:

* 30/°C:0.15/mL /s {*
e 60/°C:0.45/mL /s {*
e 90/°C:0.75/mL /s {*

These values confirm that the reaction rate increases with temperature, following Arrhenius behavior.

Experiment 5: Recrystallization of Aspirin

Objective

Purify synthesized acetylsalicylic acid (aspirin) by recrystallization using ethanol.

Materials
e 1 /g of impure aspirin
e 10 /mL hot ethanol (95 /%)
* Ice bath
 Filtration apparatus
Procedure

1. Dissolve the impure aspirin in minimal hot ethanol.

2. Pour the solution into a beaker and cool in an ice bath.
3. Collect the crystals via filtration.

4. Dry the crystals at room temperature.

Answer & Yield Calculation

Assume 0.85 /g of pure aspirin is obtained.
Yield = (0.85 /g / 1.00 /g) /x /100 /% = 85 /%.

High yield indicates effective purification.

Experiment 6: IR Spectroscopy of Ethanol

Objective

Identify functional groups in ethanol using infrared spectroscopy.

Materials

¢ IR spectrometer
e Ethanol sample (pure)
* ATR accessory

Procedure



1. Place a few drops of ethanol on the ATR crystal.
2. Collect the spectrum from 4000 /cm {* to 400 /cm {*.
3. Identify key absorption peaks.
Answer & Interpretation
Key peaks:
e ~2900 /cm {: C—H stretching (alkane)

e ~1050 /cm {*: C-O stretching (ether)
e ~3330 /cm {*: O—H stretching (alcohol)

These confirm the presence of an alcohol functional group in ethanol.

Experiment 7: Gibbs Free Energy from Equilibrium Constant

Objective
Calculate 9D{ “or the reaction 2 /H ,0 11 2 /H , + O , using the equilibrium constant (Keq) at 25 /°C.

Materials
e Data sheet with Keq = 1.0 /x /10 {w
e Calculator

Procedure
1. Use the formula 9D{ O e T In Keq.
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