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INTRODUCTION
General:
Always read and study the relevant experiment before coming to the laboratory. Check out appropriate references to help you understand the chemistry underlying the procedures you will be carrying out.


Attendance at all laboratory sessions is compulsory.

Learning lab techniques must come from experiencing lab techniques. Experience is gained form carrying out experiments, and laboratory manual is written as a guide to your experiences. You will need to plan for your lab session, and think about what you are doing (and why) while you are in lab.


Use past experiences to develop new skills.

You will gain new skills with new equipment and learn more about the chemical concepts you hear about in lecture, but the skills that we expect you to develop the most during these experiments are general scientific skills that should be transferable to any other scientific discipline and to your daily life. Theses skills developed in the laboratory are fundamental to the world of work because industries depend on the laboratory to maintain a level of quality, which enhances the company’s reputation, as well as for product development.


The lab is a part of the learning process.

Laboratory Schedule
Once the semester begins, you will have to balance your laboratory study time with all of the other demands that you have. Most of the experiments have been scheduled so that the average student can finish everything (including the report) required in the laboratory period. 


You are expected to attend all scheduled laboratory periods and make-up labs will not be scheduled. 
RULES FOR KEEPING YOUR LABORATORY NOTEBOOK

Notebook

Obtain a hard cover science notebook.
Table of Contents

The first two pages of the notebook should be reserved for a table of contents. Fill in your table of contents as you go through the semester. Include the experiment name, date performed and page numbers used.

Use Ink

All work must be done in pen, not pencil.

Completeness

All data should be recorded in your laboratory notebook. No data should be recorded on loose sheets of paper.

In-group experiments, each person's lab notebook should be a complete record of all data recorded. If labour has been divided among group members, you should pause to exchange data at a convenient point prior to attempting the lab report.

Neatness

Your lab notebook should be legible and well organized BUT it is not supposed to be a work of art. If a mistake is made, simply draw a line through the error and write the correction below.

Pre-Lab Preparation
Short Summary. You will be expected to prepare a short description for each experiment performed. This should include information about concepts or calculations that are related to the experiment and a sentence or two about the objective of the experiment. This summary should help you recognize the goals of the experiment. Keep it short and simple.

Procedural Outline. Each separate experiment in your notebook should include an outline of the procedure you will follow when you perform the experiment. Summarize the procedure in your words. The procedure should be clear and concise, yet allow someone who has completed this course to perform the experiment efficiently. Some techniques (such as pipetting a volume of liquid) are considered "standard". 

When you recognize the need for data tables or graphs, and you can determine the size of these items before lab, it is prudent for you to prepare space for these things in your lab notebook.

Recording data in your Notebook

Data refers to any quantitative and / or qualitative observations made while performing the experiment. Quantitative observations are obtained through measurement, such as recording the temperature of a solution or measuring the mass of a solid. Qualitative observations provide non-numeric, descriptive information. What colour was the solution? What happened to the temperature of the solution when the solid was added? Even, from which reagent bottle did you obtain a sample? Often, qualitative information will help you and your lecturer recognize why your experimental results are not what you expect.

Collect the best set of data you can.
General Rules for Data Collection:
· Record all data in your notebook at the time it is obtained. Never record data on paper towels or loose paper. Your neighbours may think these papers are good for cleaning up their mess or think that these papers are trash. Never rely on your memory to fill in the details; chances are you will have forgotten some, or all, of the information by the time you need it.

· Provide as much detail as possible. It is not common for a seemingly trivial observation to become important later on in the experiment. Be thorough!

· Organize your data in a straightforward manner. Make sure that all sections of data collection are labelled clearly.

Preparing Your Report
The report should be well organized and your lecturer should be able to find important information quickly and easily. Each major section of your report should have a heading. Underline headings to draw attention to them.

Each report includes a set of numbered questions. The numbered questions also have a title associated with the question. Write the number and the title of each question immediately before your answer.

Reporting Your Results
You will report the results you find in the laboratory. There are three ways to report your results. You should use the method that is appropriate for the type of result that you have.

(Note: Do not just write a number somewhere in your notebook and expect your lecturer to find it.)

· A short statement.

Write a short sentence.

Example: the concentration of acid in unknown #4 is 1.81(0.3M.

· Refer to a table.

Tell the reader where to look and what the contents of the table are going to be. The table has a title and the columns have names.

The identities of the unknowns are summarized in Table 1.

Table 1

The identity of the unknowns.

	Unknown  #
	Identity

	1
	Copper sulphate, CuSO4.5H2O(s)

	2
	Sodium chloride, NaCl(s)

	3
	Potassium nitrate, KNO3(s)


· Refer to a graph.

Tell the reader what the graph indicates and the important conclusions you reached regarding the graph.

The relationship between mass and volume is linear (see Graph 1). (the graph is not shown in this example.)

Figure 1: Apparatus that you will be using in the laboratory
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CHEM 140 PRE – LAB WRITE UP FORMAT

DATE

Name:

Experiment #: 2

Title: Preparation of n-Butyl acetate

Objective(s):
. To prepare n-butyl acetate form butan-1-ol and ethanoic acid



2. To purify the product by distillation



3. To determine the yield of product obtained

Introduction/Theory:

Materials:
· Butanol

· Glacial ethanoic acid

· Conc. H2SO4
· 100ml round bottom flask

· separatory funnel

· conical flask

Methods:

1. E.g., see lab manual pg 6.

Results:
Volume of Butanol used:

ml

Volume of ethanoic acid used:
ml

Volume of conc. H2SO4 used:
ml

Volume of water used in first washing:
ml

Volume of sat. aqueous Na2CO3 used:
ml

Volume of water used in second washing:
ml

Mass of empty sample bottle:

g

Mass of sample bottle with ester:
g

Mass of ester obtained:

g

Boiling point of ester:

oC

Calculations:

1. Moles of butanol used

2. Moles of ethanoic acid used

3. What is the limiting reagent?

4. From the equation and mole ratios, how many moles of ester will be formed?

5. What mass of ester will be produced?

6. Percentage yield: [ actual mass of ester formed/ theoretical mass produced] x 100

Discussion
The discussion should include any error analysis encountered in the experiment.

Answers to questions (if any)
Conclusion:

1. The actual yield of ester was:

g

2. The percentage yield was:

%

3. Boiling point of ester was:

oC

SAFETY IN THE CHEMISTRY LABORATORY

The chemistry laboratory is a dangerous environment in which to work. The dangers are often unavoidable since chemists regularly have to use hazardous materials. However, with sensible precautions the laboratory is probably no more dangerous than your home, is it house or apartment. You MUST AT ALL TIMES OBSERVE THE ENTIRE RULE stated in this manual.
Essential Rules for Laboratory Safety

The essential rules for laboratory safety can be expressed under two simple headings: 

ALWAYS AND NEVER
ALWAYS

· Familiarize yourself with the laboratory safety procedures.

· Dress appropriately.

· Wash your hands before leaving the laboratory.

· Read the instructions for the laboratory protocol carefully before starting any experiment.

· Handle all chemicals with great care.

· Keep your working area tidy.

· Immediately inform your instructor about spills. 

NEVER

· Eat or drink in the laboratory

· Smoke in the laboratory

· Inhale, taste or sniff chemicals.

· Fool around or distract neighbours.

· Carry out unauthorized experiments.

Laboratory Safety Procedures

Your laboratory will have certain procedures, which you must be familiar with. Make sure you know where all the exits from the laboratory are, in the event of an evacuation because of fire or other incident. Locate the SHOWERS and eyewash stations and know the type the fire extinguishers that are in the laboratory and how to operate them.

Dress Code
· Wear a Lab coat.

· Wear approved safety goggles or safety glasses when in the lab.

· Avoid floppy garments; avoid things that dangle. These get tangled up in equipment or glassware and cause accidents. 

· Avoid long, loose hair styles for the same reason. When Bunsen burners are in use, long hair sometimes catches on fire. 

· Avoid open footwear & high heels. So sandals & thongs are unacceptable. 

Laboratory Techniques

Handling of Acids or Bases
· In addition to the dress code above, personal protective equipment, such as Vinyl" gloves or "nitrile" GLOVES SHOULD be worn. 
· For even more dangerous liquids, thick "nitrile" gloves should be used. These are very safe. 

Become acquainted with handling laboratory safety equipment e.g.
· Fire Extinguishers 

· Fire Blanket 

· Eye-wash Fountain 

· First-Aid Kit 

Become acquainted with using of the FUME HOOD
· Use the HOOD for reactions that give off vapours, especially smelly vapours. 

· The draft of the HOOD will sweep away vapours so that the lab itself maintains reasonable air quality. 

Locate the Safety Shower and understand how it works
· Shower should be used for dire EMERGENCY only! 

· If you are ON FIRE, or suffer a massive spill of a dangerous chemical, and need to get it off rapidly. 

Position yourself under the safety shower and pull the handle—a deluge of water will result.
Immediately clean up Broken Glass
· Sweep it up right away 
· Place the broken glass in a "SHARP’S CONTAINER. 
· This is a thick walled carton that will be sealed and discarded as such. 
Student Use of the Laboratory

· No UNAUTHORIZED experiments! These are terrible dangers in unskilled hands
· No EATING or DRINKING in the LAB. A good practice is to assume everything in the lab is toxic. 
· DO NOT drink from lab equipment.  NOT EVEN distilled water. 
· When using pipettes, DO NOT suck the liquid into the pipette directly by mouth. 
· Frequent mistakes, even by skilled lab workers, lead to the liquid reaching the mouth. 
· Do NOT smell the flask directly. 
Housekeeping:

· STUDENTS MUST CLEAN UP AFTER THEMSELVES.

· Paper and trash must not be left in the room, thrown into drawers, sinks, on the floor, etc.

· When the equipment boxes are on carts, students who take a box form the cart to do an experiment must put everything back into the box neatly and put the box back on the cart.

· If you absolutely must test the odour, carefully waft the vapour from the flask toward your nose with your hand, keeping the flask quite distant from your face. 
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· Make sure that reaction tubes, e.g. test tubes, are not directed toward yourself or other persons. The chemicals may splatter out the tube. 
[image: image4.jpg]



DO NOT add WATER to CONCENTRATED ACID. The heat generated may cause splattering. If necessary to prepare certain solutions, DO add ACID to WATER (instead of the reverse order of addition). The heat generated will be less, but splattering still may occur. A good practice in all lab operations is to keep things at arm’s length. 

GETTING STARTED

For each laboratory period, including the first, you will be required to:

· Study the entire experimental outline in the Laboratory Manual. It includes specific directions concerning laboratory philosophy and protocols.

· Prepare your Laboratory Notebook. Include a summary and a procedural outline for your experiment (see "Rules for Keeping Your Laboratory Notebook" and Instruction in the experiment outline). 

· Bring your safety goggles. These provide adequate protection against accidental splashing of corrosive chemicals.

· Come to lab dressed appropriately
A GOOD PRACTICE: 

Read the experimental procedure ahead of lab. 
Avoid horseplay. In a laboratory setting, horseplay, even if good-natured, is absolutely unacceptable. 
· No pushing! 

· No shoving! 

At the end of the lab period: Exit the lab in an orderly manner. Again: no running, no pushing, no shoving.
LABORATORY 1

Reaction Rate Lab – Sulphur Clock
INTRODUCTION:

The rate of a chemical reaction will be viewed quantitatively. Rate is taken to mean a change per unit of time.  For our purposes, the rate of a chemical reaction will be expressed as millimoles (0.001 mole) per second. The reaction is the decomposition of the thiosulphate ion in the presence of hydrogen ions.

S2O3 2-(aq)
+
2H+(aq)
↔
S(s)
+
H2SO3(aq)

The solid sulphur produces a colloidal suspension, so that the solution becomes cloudy and opaque. The timing for the reaction begins with the mixing of the two solutions. The timing is stopped when an X mark under the beaker is no longer visible.

Reaction times will be recorded for various initial concentrations of the thiosulphate ion and different initial temperatures.

APPARATUS & MATERIALS:
· 0.25M Na2S2O3
· 0.1M Na2S2O3
· 2.0 M HCl
· 100mL Beakers [2]
· Marker
· 100 mL Measuring Cylinder
· 10mL Measuring Cylinder
· Water Bath

· Test tube

· Ice Bath

· Conical Flask

· Stopwatch

· Distilled Water

PROCEDURE:
PART I ‑ Varying the Concentration of Na2S2O3
The first part of this experiment involves varying the initial concentration of the sodium thiosulphate solution while keeping the concentration of the hydrochloric acid and the temperature constant. 

1. Place 50.0 ml of the 0.25M thiosulphate solution into the conical flask. 

2. Set the conical flask on the "X".

3. Obtain 5.0 ml of the 2.0M HCl solution ([H+] = 2.0M ).

4. When you are ready to start the reaction, pour the hydrochloric acid solution into the sodium thiosulphate solution. Gently swirl the conical flask. Begin timing the reaction upon the addition of the acid solution. Stop the timing the moment the X is totally obscured from sight. Repeat the reaction to ensure consistent timings. 

5. Repeat steps 1-3 this time reducing the concentration of the S2O32- ion by taking only 40.0 ml of 0.25 mols/L Na2S2O3 and enough water to make the total volume 50.0mL.

6. Continue in this manner, each time reducing the [S2O32-].  Trial 3 will use only 30.0mL of 0.25 mol/L Na2S2O3.

7. Trial 4, 20.0mL and trial 5, 10.0mL. For each of the trials add enough water to bring the volume to 50.0mL.

Table 1.

	Volume of Na2S2O3/ mL
	Volume of H2O/ mL
	Volume of 2.0M HCl/ mL
	Time/ s

	50
	0
	
	

	40
	10
	
	

	30
	20
	
	

	20
	30
	
	


PART II ‑ Varying the Temperature

The sodium thiosulphate solution is 0.10M and the hydrochloric acid solution is 2.0M. The temperatures for the water baths are:

· 10 ±2°C

· 20 ±2°C

· 30 ±2°C

· 40 ±2°C

· 50 ±2°C

n.b. Use the “X” mark as indicated in Part I.

1. Set up a water bath for your assigned temperature.

2. Pour 50.0 ml of the 0.10M sodium thiosulphate solution into the marked beaker.

3. Pour 5.0 ml of the 2.0M HCl solution into a test tube.

4. Place the beaker and the test tube into the water bath.

5. When the sodium thiosulphate solution has reached the assigned temperature, add the hydrochloric acid solution. Begin the timing with the mixing of the two solutions. The timing is to be stopped as soon as the X is no longer visible (while looking through the mixture of solutions).

6. Repeat the reaction to assure consistency in your timing. (Your teacher will assign work groups.)

n.b. BEFORE leaving the laboratory collect class data.

	Volume of Na2S2O3 used ______ mL

	Volume of HCl used ______ mL

	TEMPERATURE
	TIME

	10 ( 2oC
	

	20 ( 2oC
	

	30 ( 2oC
	

	40 ( 2oC
	

	50 ( 2oC
	


CALCULATIONS:
Varying the Concentration

1. Calculate the molar concentrations [S2O3 2- (aq)] for each trial in PART 1.

(McVc = MdVd )

2. Plot a graph of time vs. [S2O32-].
3. Experimentation has shown the amount of colloidal sulphur that must be produced to obscure the X is 0.00025 moles or 0.25 millimoles. In other words, all the timings represent the time required to produce 0.25 millimoles of sulphur. Calculate the rate of reaction for each mixture in Part 1 (Rate is expressed as millimoles of sulfur per second).

4. Plot a graph of initial rate vs. [S2O3 -2(aq)].

Varying the temperature

5. Calculate the rate of the reaction for each temperature in Part 2. (Assume 0.25 millimoles of sulphur are produced.)

6. Plot:
a.   Reaction Time vs. Temperature

b. Rate vs. Temperature

7. What effect on the rate is there for a change of 10°C?

LABORATORY 2
pH/ Acid-Base Indicators/ Buffers
AIM: 

· To standardize a pH meter and then use it to determine the pH of various solutions. 

· To determine the pH at which various indicators change colour. 

· To compare the pH changes which occur when small quantities of acid and base are added to equal volumes of water and buffer solutions. 

INTRODUCTION:
The pH Scale

The pH scale is used to measure the acidity and basicity of a solution. Knowing the concentration of hydronium, H3O+, ions in a solution, the pH can be calculated using the formula:

pH = - log [H3O+]

Where, [H3O+] is the concentration of H3O+ ions in moles/L.
Acids are substances, which react with water to produce hydronium ions, H3O+. There are two types of acids:

· Strong acids such as HCl and HNO3 react essentially completely with water to produce hydronium ions. 

· Weak acids such as CH3COOH and carbonic acid, H2CO3, only a small fraction of the molecules produce hydronium ions. 

Likewise with bases, there are two types of bases:

· Strong bases such as NaOH and KOH react essentially completely with water to produce hydroxide, OH- ions. 

· Weak bases such as NH4OH, only a small fraction of the molecules produce hydroxide, OH- ions. 

The pH of strong and weak acids or strong and weak bases may be measured with a pH meter.  The pH of solutions may also be measured using acid-base indicators. These substances change colour at certain pH values.

Buffers

Buffers are solutions which resist pH changes when small quantities of acid or base are added to them. Buffers are made by mixing weak acids and their salts. For example, a buffer can be prepared by dissolving CH3COONa in CH3COOH solution. Likewise, buffers are made by mixing weak bases and their salts. For example, a buffer can be prepared by dissolving NH4Cl in a NH4OH solution.

APPARATUS:

· pH meter 

· Top loading balance 

· Burette 

· Retort Stand

· 10 mL graduated cylinder 

· 100 mL graduated cylinder 

· 100 mL beakers [2]
· 50 mL beakers [2]

· Teat pipettes
· Stirring rod 

· Pipette

· Pipette Filler

· HCl: 0.1 M, 0.01 M, 0.001 M 

· NaOH: 0.1 M, 0.01 M, 0.001 M 

· 1 M CH3COOH solution 

· 1M NH4OH solution 

· Phenolphthalein, methyl orange, bromothymol blue 

· Buffer solutions (pH 4, 7 & 10)
· Sodium acetate, CH3COONa 

· Vinegar 

· Coca-cola 

PROCEDURE: 

PART A - pH of Common Substances

1. Standardize the pH meter in the acidic range as demonstrated in the lab. 

2. Measure the pH of each of the acidic solutions provided as on the data sheet. Rinse the probe with distilled water after each sample. 

3. Measure the pH of the basic solutions provided as on the data sheet. Rinse the probe with distilled water after each sample. 

4. Recalibrate the pH meter and measure the pH of the other common household substances.

PART B - Acid-Base Indicators

1. Fill one burette with 0.1 M NaOH solution and another burette with 0.1 M HCl solution. 

2. Transfer about 25 mL of 0.1 M HCl solution into a 125 mL Erlenmeyer flask and add 3-4 drops of indicator. 

3. Add the base solution to the acid solution and observe the full range of colour change of the indicator. Record the full range of change in the colour in the data sheet. (Example: red to orange.) 

4. In order to measure the pH of the solution at the onset of colour change, you need to add some acid solution to the Erlenmeyer flask so that the colour of the solution reaches the in-between colour of the colour change. (Example: the in-between colour of red to orange is yellow.) This is the end point of the titration for this particular indicator. 

5. Transfer a portion of the solution from the Erlenmeyer flask into a small beaker and measure the pH. Record the pH on the data sheet. 

6. Repeat steps 2 to 5 for each of the indicators provided.

PART C - Buffers

1. Prepare a buffer solution by mixing 50 mL of 1M acetic acid, CH3COOH, solution and 4.5 grams of sodium acetate, CH3COONa. 

2. Measure the pH of the buffer solution. Record the pH measurement on the data sheet. 

3. Divide the buffer solution into two 25 mL portions. 

4. Add 20 drops of 0.1 M HCl solution to one portion, mix and measure the pH. Record the pH measurement on the data sheet. 

5. Add 20 drops of 0.1 M NaOH solution to the other portion; mix and measure the pH. Record the pH measurement on the data sheet. 

6. Pour 50 mL of distilled water into a small beaker and measure the pH of the water. Record the pH measurement on the data sheet. 

7. Divide the distilled water into two 25 mL portions. 

8. Add 20 drops of 0.1 M HCl solution to one portion; mix and measure the pH. Record the pH measurement on the data sheet. 

9. Add 20 drops of 0.1 M NaOH solution to the other portion; mix and measure the pH. Record the pH measurement on the data sheet. 

DATA:

Part A - pH of Common Substances

	Solutions Tested
	pH
	Acidic, Basic or Neutral?

	Water
	 
	 

	Tap water
	 
	 

	Distilled water
	 
	 

	Acids
	 
	 

	0.001 M HCl
	 
	 

	0.01 M HCl
	 
	 

	0.1 M HCl
	 
	 

	0.1 M CH3COOH
	 
	 

	Bases
	 
	 

	0.001 M NaOH
	 
	 

	0.01 M NaOH
	 
	 

	0.1 M NaOH
	 
	 

	0.1 M NH4OH
	 
	 

	Common Household Substances
	 
	 

	Coca-cola
	 
	 

	Vinegar
	 
	 


Part B - Acid-Base Indicators

	Indicator Tested
	Endpoint pH
	Colour change observed

	Phenolphthalein
	 
	 

	Methyl orange
	 
	 

	Bromothymol blue
	 
	 


Part C - Buffers

	
	Original pH
	pH after adding 20 drops
of 0.1 M HCl
	pH after adding 20 drops
of 0.1 M NaOH

	Distilled water
	 
	 
	 

	buffer solution
	 
	 
	 


POST LAB QUESTIONS:

1) Explain the differences in the pH of the following solutions: 

a) HCl and 0.1 M CH3COOH

b) NaOH and 0.1 M NH4OH
2) Suppose you tested 3 samples of an unknown solution "X", with each of the three indicators used in this experiment and you obtained the following results:

a) On adding methyl orange, the solution is yellow 

b) On adding bromothymol blue, the solution is yellow 

c) On adding phenolphthalein, the solution is colourless

Using the information you obtained with regard to the pH at which these indicators change colour, deduce the pH of the unknown solution "X".
3) How does the pH of a buffer solution change when acid or base is added to it compared with when the acid or base is added to distilled water? 

LABORATORY 3
Solubility Product
AIM: To determine of the Ksp of Ca(OH)2. 

INTRODUCTION:
Calcium hydroxide is an ionic solid that is sparingly soluble in water. A saturated, aqueous, solution of Ca(OH)2 is represented in equation form as shown below. 

Ca(OH)2 (s) ↔ Ca2+ (aq) + 2OH– (aq)

The solubility product expression describes, in mathematical terms, the equilibrium that is established between the solid substance and its dissolved ions in an aqueous system. The equilibrium expression for calcium hydroxide is shown below. 

Ksp = [Ca2+][OH–]2
The constant that illustrates a substance’s solubility in water is called the Ksp. All compounds, even the highly soluble sodium chloride, have a Ksp. However, the Ksp of a compound is commonly considered only in cases where the compound is very slightly soluble and the amount of dissolved ions is not simple to measure. 

Your primary objective in this experiment is to test a saturated solution of calcium hydroxide and use your observations and measurements to calculate the Ksp of the compound. You will do this by titrating the prepared Ca(OH)2 solution with a standard hydrochloric acid solution. By determining the molar concentration of dissolved hydroxide ions in the saturated Ca(OH)2 solution, you will have the necessary information to calculate the Ksp. 

APPARATUS & MATERIALS:
· saturated Ca(OH)2 solution

· 100 mL beakers [1]
· 250 mL beakers [2]
· 100 mL graduated cylinder
· 0.02 M HCl 

· 50 mL Burette
· Filter paper

· Filter funnel
· Ring stand

· 250 mL Conical flask
· Burette 
· Retort Stand
· Methyl orange as indicator

PROCEDURE:
1. Obtain about 50 mL of a saturated calcium hydroxide solution.

CAUTION: Calcium hydroxide solution is caustic. Avoid spilling it on your skin or clothing. 

2. Set up a ring stand, ring, filter funnel, and filter paper. Filter your sample of Ca(OH)2 solution into a clean beaker. Measure out 15 mL of the filtered solution into a 250 mL conical flask. 

3. Obtain about 100 mL of 0.0200 M HCl solution.

CAUTION: Handle the hydrochloric acid with care. It can cause painful burns if it comes in contact with the skin. 

4. Titrate saturated OH- with HCl.
5. Record volume of HCl used.

6. Perform titration in triplicate

DATA ANALYSIS:
1. Calculate the [OH–] from the results of your titrations. Explain your calculations.

2. Calculate the [Ca2+]. Explain your calculations. 

3. Calculate the Ksp for calcium hydroxide. Explain your calculations. 

4. Find the accepted value of the Ksp for calcium hydroxide and compare it with your value. Discuss the discrepancy and suggest possible sources of experimental error.
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