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To The Student

This laboratory manual has been written in the hope that it will make your study of chemistry—and
particularly laboratory chemistry—easier and more rewarding. Each chapter in the manual is designated
by a capital Roman numeral and pages are numbered with the chapter number followed by the page
number within the chapter; thus VII-35 is page 35 in chapter VII. Experiments are titled with a letter
from A through U; a brief Table of Contents which locates each chapter and experiment follows this
section.

There are eleven chapters in the manual. The first three chapters in the manual discuss course and
laboratory objectives and laboratory safety, treatment of numerical data and statistics, and the
measurement of physical properties of substances. Each of the subsequent eight chapters starts with a
general introduction to the theories and factual materials covered by the experiments in that chapter.
Sample calculations, sometimes based on representative data, are included in this general introduction.
Each experiment also has a series of introductory sections which include the learning objectives of the
experiment, what to do before coming to laboratory in order to be prepared for the experiment, an
introduction to the experiment itself (usually with pertinent equations and sample calculations), the
stepwise experimental procedure, the calculations, and a list/illustration of the apparatus to be used. Data
and report forms follow each experiment.

Past experience with this laboratory manual has shown us that the students who consistently prepare
for the laboratory before coming to lab obtain better data, usually finish more quickly than other students,
are safer workers, and have a better understanding of the experiment in terms of its limitations, the
calculations, and the design of the experiment. They are also less likely to break equipment, use the
wrong equipment or chemicals, or to misunderstand the type of data to be acquired. In short, there does
not appear to be any substitute for preparedness in the laboratory. We expect that every student, before
coming to laboratory, will have read the experiment with its introductions and familiarized himself/herself
with the background of the experiment.

Finally, a quick word about chemistry and its study. There are no shortcuts to studying chemistry.
It is a science which many students find difficult, but it is also perhaps the most central science upon
which the biological and health sciences are based and is well worth learning. The only way to learn
chemistry, and to be able to use it later, is to work at learning it now while help is available to you
through the course instructors and tutoring. Set up good study habits. Do the assigned problems and
readings in a timely manner. Prepare for laboratory and recitation meetings. Turn assignments and
laboratory reports in on time. Don’t be afraid to ask questions. And, above all, attend classes and labs.

PLEASE NOTE THAT THIS MANUAL WILL BE USED BOTH SEMESTERS.
TAKE CARE OF IT ACCORDINGLY.
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WRITING A LABORATORY NOTEBOOK

General Information

¢ Date

® Title of the experiment

¢ 5 minutes pre-lab quiz before start of each experiment

®  Must submit BOTH lab notebook and data sheets (Monday lab group will submit therr lab
notebooks on Wednesday before 3 p-m. while both the Tuesday and Wednesday lab groups will
submit theirs on Friday before 3 p.m.):; reports handed in after 3 pm will recetve a 1 point
deduction per hour late. Put your lab notebook on top of my office desk at Bowman 303. You
MUST pick up your graded notebook outside Bowman 303 on a box labelled “graded labs.”
This is important because you will need your notebook to write pre-lab sectons dunng the
weekend.

* Itis YOUR responsibility to make sure that your notebook is signed and dated by the instructor
before you begin and NOT at the end of the experiment

® Before coming to the lab, you should have all the sections up to the procedure written. You will
NOT be allowed to do the experiment without these sections. Dunng the experiment, you will
make your observations and data collection. At home, you will discuss the data and make
conclusions.

¢ Laboratory notebooks should be hardback bound notebooks — you can stick worksheets in

where needed

Start each experiment on 2 new page

Use only the nght side of the page

Wnting must be done black ballpoint pen; pencil should NEVER be used

Use plain language — passive; past tense

All entries in the laboratory notebook are to be made in ink. If errors are made, simply cross

them out with a single line. Never obliterate entries; at a later time you may find that this

information is useful. All data and observations are to be entered directly into the notebook, not

on scraps of paper.

® For each experiment, organize your notebook into sections beginning with appropriate headings.
(e.g. Title, Purpose, Procedure, Data, etc.).

ORGANIZING YOUR NOTEBOOK

Anyone should be able to pick up your notebook and understand what you have written.
"This must be the main thing - you are writing for someone else. If the writing is clear to them, then
it certainly will be to you. Achieving this requires some organization as well as a certain style.

Tite page:  Give 2 page to state your name, address (you might lose the book) and a2 brief
indication of its purpose, “Chemistry Practicals,” for example.

Table of contents:  Give two pages to the Contents so that you can list the experiments and find
them easily when needed. But you will need to number the pages; tedious but
essential. Do it when the notebook is new.

Table of abbreviations: Use abbreviations a lot - they save time and effort. If you use them, give a
table to explain them.
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Purpose
This 1s a brief description of why you are performing the expeniment and what you expect to
leam. Do not copy the purpose straight from the lab book!

Procedure

safely. Make a list of all the chemicals to be used in the expeniment and explain their hazardous
nature as noted BOTH 1n the lab manual and the web site: http://www.msds.org/. Explain how
you will handle the chemicals — the precautions, etc.
Make a hst of all the apparatus needed for the experiment

In wniting the procedure, use simple, direct statements or a bulleted or numbered list of
mnstructons. A step-by-step version written in your own words s also acceptable. This should be
detailed enough that someone else could use it to replicate the experiment. Complete sentences are
not necessary and diragrams can and should be used where appropnate.

Example:

clean crucible

dry to constant wt. w/heating

add about 5g unknown

heat gently 1st, then strongly for 10-15 min
cool-weigh-reheat-cool-weigh-repeat to constant wt.
etc

Data and Observations

Before you leave lab, all relevant measurements and observations must be recorded. Include
anything noteworthy that you observe such as color and temperature changes, formaton of a
precipitate, etc. Large collections of data should be organized into tables for clanty. All numerical
entries must have appropriate units. It 1s not necessary for this section to be extremely neat, but 1t
should be legible and in some sort of order. If you make a mistake recording data cross it out with
ONE line. If you have to cross out an entire trial use 2 large X, and include a bnef note as to why
you did it. Don't forget to record the numbers of any unknowns.

The observations you make and the data that you record will lead to the acceptance or
rejection of your hypothesis, and will decide what future experiments may be done. The
observations and data are therefore central to the whole exercise. They need to be:

e recorded honestly

e recorded as you go along, in the notebook, n ink, immediately.
do not trust to memory, even for 2 minute or so - someone talks to you, and that data's
forgotten.

¢ do not trust to memory; you do not want your mind occupied with trivial things and small
details. You need to keep the overall experimental plan in mind.

e do not use odd scraps of paper or the edge of your lab coat to record data

e the raw data is precious - the data is treated with the care you'd bestow on a family heirloom

e the data must be recorded as completely as is possible. Don't worry too much about interprenng
the data as you go along, and don't worry if some of the observanons appear banal. For an



example of how omission of even the stmplest things can dramancally affect the outcome of an
expeniment, go here.

¢ use good penmanship. Take care with numbers - never over-write, ahvays cross out erroneous
matenal with a single line and re-write the correct data.

® XNEVER use Tipp-ex or other white-out liquids.

Calculatons

Calculations should be presented in such a way that the person grading the lab would be able
to follow them. For experiments that involve more than one trial, 1t 1s only necessary to show one
set of calculanions and records the final result for each trial in a table. Be sure to include units where
appropriate. The use of tables (or graphs) for data and calculations is always recommended. This
provides a quick and easy (pictonial) way for the grader to find the appropnate information.

Discussion/Conclusion
This 15 a recap of the lab and the place to show what you leamed. A general outline of the

components of a good discussion follows. (This should all fit on one page or less.)

" Your conclusions should state

® what you found out;

¢ whether the hypothesis was supported or not, if approprate;

® the error limits on your answer(s); a quantitative assessment of error should be made if possible,
so hat you can decide whether the use of a measunng cylinder rather than a pipette, say, really
did make any meaningful difference to the result;

® suggestons for improvement in experimental design, if appropriate; the error analysis will be
useful here.

® what to do next, if appropriate.

1 Problem addressed by the laboratory: what were you trying to accomplish by this
expeniment. (Don't simply rewrite the purpose.)

2. How did you go about addressing this problem? This is not a repeat of the procedure.
Briefly describe the general technique and the principle behind the technique if approprate.

Note: the above two items can be treated in as few as one or two sentences.

Example:
This experiment was performed for the purpose of determining the concentration of acetic
acid n an unknown sample. This was accomplished by titrating the sample with a known

concentration of sodium hydroxide untl the phenolphthalein endpoint was observed.

BIBLIOGRAPHY
Make a numerical list of the sources where you obtamned your information. For example:

1. http:/ /werw.msds.org/

2. Please see examples in http://www.rod.beavon.claranet/lab_bookhtm



Remember....

“Science does not take place on the pages of textbooks or learned joumnals, but it is recorded
there. The quality of any work is only as good as the report that remembers it when the test-tubes
have long been washed up” quotaton from http://www.msds.org/

GRADING SCALE FOR LAB NOTEBOOK AND DATA SHEETS

ITEM POINTS
Date 1
Title of the expennment 1
Table of abbrewviations 1
Purpose 3
Procedure:

(a) safety and precautions 5
(b) Apparatus 4 2
(c) Instructions (written experimental procedure) » 5
Observaton 5
Data / calculations 10
Discussion /Conclusion 5
Bibliography . ‘ 2

TOTAL POINTS 40
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Figure 1 shows most of the glassware and equipment you’ll be using in the weeks ahead.

%% %&\

Porcelain crucible

Beaker Pinch clamp Screw clamp and cover Crucible tongs Pipet bulb
l
. t ~
Evaporatmg dish ‘ Pipe E
Glass -
Eyedropper ~ Watch glass Erlenmeyer Florence Test tube Graduated funnel C
flask flask cylinder / &%

"%Dm D = nn WD SAN Buret
Glass stirring rod
Test tube holder Test tube brush and rubber policeman Forceps

Litmus paper Utility clamp Triangle

/ PR D
- Funnei support
stand
)
A [
y ¥ Test tube rack
Buret clamp
@ .w C——=">
“
Bunsen burner Volumetric flask Wash bottle Wire gauze Mortar and pestle Spatula

FIGURE 1



|. INTRODUCTION

e

OBJECTIVES OF THE INTRODUCTORY CHEMISTRY EXPERIENCE

The laboratory segment of Introductory Chemistry has
the following objectives:

| To develop in students the skills necessary:
(a) to obtain and evaluate data and results;

(b) to critically evaluate different methods
of measurement; and

(c) to analvtically solve chemical problems
and calculations.

2 Toillustrate and exemplify topics which are covered
in the text and/or the lecture segment of the course.

3 To teach proper and safe laboratory practices.

SAFETY IN THE CHEMISTRY LABORATORY

Despite the image often encountered in the popular
media, chemical laboratories are not peopled by mad
scientists and laboratories are relatively safe places in
which to work. As in any other endeavor—such as driving
a motor vehicle—one needs to know what one is doing,
and one needs to exercise a reasonable degree of caution.

The following paragraphs will acquaint you with some
of the more fundamental guidelines for safe laboratory
practice. This is by no means an exhaustive list—entire
books have been written on laboratory safety—but is rather
a basic reference list for the beginning student of
chemistry. Each experiment in this manual will have its
own specific set of guidelines for carrying out the
experiment in a safe manner. Your laboratory instructor
will start each laboratory with the precautions of which you
need to be aware in the scheduled experiment. All of these
sources, taken together, will make up a safety primer for
you. In the end, though, safety in the laboratory will
depend on you and how well you understand and use the
safety guidelines that are available to you.

To begin, most laboratory accidents at the
undergraduate level occur because students fail to read
and/or beed the laboratory directions. There is no
substirute for being prepared for the experiment of the day.
The best instructor, the most well-written manual, can not
prevent the unprepared student from stumbling into unsafe
areas and practices.

observed. Take notes. Ask questions if you do not
understand the directions.

The most vulnerable part of the human body—
assuming that vou avoid eating, drinking, or breathing
toxic chemicals—is the eve. Chemicals getting into the eye
can cause severe irritation and permanent injury unless the
chemicals are removed and the eye treated promptly. Even
seconds count in determining whether an eye injury will be
merely uncomfortable or damaging.

Always wear safety glasses or goggles. Safety
glasses and/or goggles are supplied in the laboratory.

Flush chemicals from the eyes promptly with
warm water from the gooseneck faucet at any
workspace. Use hands to hold eyelids open for
thorough flushing. Do not hesitate or look tfor the
instructor—do this immediately! Students who must
wear contact lenses should notify the lab instructor at the
first lab meeting. Because of the difficulty in flushing
behind contacts, contact lenses should not be worn in lab

Always read the lab directions carefully before
coming to lab and highlight those items which deal
with safety.

Plan to be in lab on time. The laboratory
instructor's lecture at the beginning of the tab
period will cover specific precautions to be

unless there is no other choice.

Some experiments call for the use of flammable
materials or chemicals. Care should be taken in using such
materials or chemicals around open flames and hot plates.

in the unlikely event of a fire in the laboratory,
do not move toward the fire; you will only add to the
confusion and block the instructor's access.

r In case of a small fire—paper, chemical in aj
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container, etc.—the fire should be extinguished by
smothering with a cover of some sort or by
sweeping (carefully) the burning material into the
nearest sink and running water on it.

Read labels twice. Many chemical names look
alike and solutions may have the same name with
different concentrations.

Large fires will require the use of a fire
extinguisher. Leave the fire area. The lab instructor
will fight the fire. If the fire is out of control, leave
the lab and the building. Find a nearby alarm and
use it!

Never return any chemical to the container from
which it came—you may contaminate the remaining
stock.

Safety showers are located near the doors in
the laboratory. If your clothing is on fire or you have
spilled chemicals over yourself, the nearest shower
should be used to extinguish the fire or flush the
chemicals. Small fires and spills should be dealt with in
a sink with running water.

Dispose of excess or used chemicals properly.
Most will be placed in waste containers in the hood
area. Your lab instructor will show you where to
dispose of waste.

When a gas burner is well-adjusted, its flame
will be nearly invisible. Be constantly aware of your,
and other's, burners. Turn burners off when not in
use. Do not lean into or over the flame.

The most common accident in chemistry labs is the
spilling of chemicals. Many chemicals can cause damage
to clothing. books, and skin. Avoid spilling chemicals by
using care when handling them and by using the proper
techniques for transferring them. Your lab instructor will
demonstrate these techniques in the prelab lecture.

Clean up all spills promptly. Use a damp or wet
towel or sponge for small spills. For large spills,
notify the lab instructor who will use specialized
spill equipment.

Good results in the lab are often dependent on the
cleanliness and condition of the equipment used in the
experiment. For budgetary reasons it is not possible for
each student in the introductory-level course to have
his/her own glassware. Instead, students share glassware
and apparati across different sections of the laboratory. It
is essential that each student using such shared equipment
return it in clean, ready-to-use condition to its proper place
in the laboratory.

All glassware should be checked before use (and after)
for chips or cracks. The instructor should be consulted
about any glassware found to be chipped or cracked.
Usually such glassware will be discarded but some such
pieces may be repairable so it is best to check with the
instructor.

Care should be exercised in handling glassware and
other equipment. Most scientific equipment is relatively
expensive and easily broken.

Finally, below is a list of procedural guidelines which.
if followed, will make the laboratory a safer work place.

Flush chemicals from skin or clothing promptly,
either at the nearest sink or under the safety
shower. Watch where you lean, sit, or place
materials in case some other student did not clean
up a spill.

NEVER, under any circumstances, fool around
in the laboratory. This includes throwing things,
squirting liquids, combining chemicals other than
as called for in the experiment, and any kind of
horseplay.

Most spills, fires. and other accidents can be avoided
by simply being careful and knowledgeable about what you
are doing. Most errors in lab come about through failure
to read carefuliy.

Learn how to use equipment, such as balances,
properly and use such equipment gently. Do not
attempt to fix equipment; report problems to the
instructor.

Keep common areas in the lab—balance room,
hoods, benchtops, sinks, etc.—clean and neat. Pick
up and clean up after yourself.
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Wear old clothing to the lab if possible. Avoid
loose or frilly clothing which may be subject to
accidentally coming in contact with flames or
chemicals. Shorts and bare feet are not permitted in
the lab.

If you don't understand how, why, when, where,
or what you are doing, ask your instructor. Don't
rely on your fellow students to answer questions
that may affect your safety or your grade.

Spend some time getting acquainted with the names,
locations, and uses of equipment, glassware, and safety
devices. Your laboratory instructor will be pointing these
out to you and instructing you in their proper care and use.
Meanwhile, for your reference, a list of some items, along
with their locations in the laboratory, follows. "Front" of
the 1ab is defined as the end of the lab into which one
normally enters.

SAFETY-RELATED ITEMS:

Eye wash: Located on wall by entrance. (Use sink goose-
neck faucet instead.)

Exits: At front and back of lab. Back exit leads directly to
stairs.

Exhaust hoods (Hoods): In wall between exits. Used to
prevent generated fumes or gases from escaping into the
lab and to shield possible violent reactions.

Fire extinguishers: On walls near laboratory exits.
Additional extinguishers are in small lab off 301 and in 302

and Stockroom. For emergency use only!

Safety showers: At laboratory exits. Activated by pulling
triangular handle down. For emergency use only!

EQUIPMENT & CHEMICAL ITEMS.

Balances: There are two types of balances. Analytical
balances are located in a balance room at the back of the
lab. Toploading balances are on benchtops at the front and
back of the lab.

Computers: On the end bench at the front of the lab.

Distilled water: In plastic carboys on benches at ends of
lab and at back wall. Small (500 mL) colorless squeeze
(wash) bottles of distilled water are at each work station.
Use distilled water for final rinses of glassware and for
making up any solutions. Red wash bottles contain acetone,
a flammable solvent, which may be used to dry glassware
in some experiments.

Gas, natural:, ‘Available from gas cocks on bench tops at
each work station. Gas is off when handle of cock is at
right angle to nozzle, on when aligned with nozzle. A
master valve for gas in the entire lab is located on the wall
inside the front entrance.

Glassware: Standard items such as beakers (150, 250,
400, and 600 mL) and flasks (Erlenmeyer(conical) 250
mL), test tubes, etc. are located at each work station in the
top drawer closest to the hoods. Glassware for specific
experiments will be on a front bench or set out on the
work station bench tops.

Hardware: Burners, tripods, triangles, test tube clamps
and racks, burner hose, etc. will be found in the drawer
next to the glassware drawer at each work station.
Hardware for specific experiments will be on a front bench
or set up on each work station bench top.

Ovens: On the end bench nearest door at front of lab.
There are two ovens; be sure you are using the right one
for your experiment.

Setups, experiment: Chemicals for experiments will
usually be in the hoods or on the front bench. Equipment
will usually be set out or assembled on the bench top at
each work station. When necessary, equipment will be set
up in the hoods.

Utilities, laboratory: Located on bench tops, at work
station sinks, and on hood faces. Each work station has hot
and cold water, gas, compressed air, vacuum, and steam.
The compressed air is under about 90 psi pressure and
should be turned on carefully; it may have some oil in it so
shield yourself and clothing from the flow. Steam is HOT
and should only be turned on when connected to a hose
directed to the sink or a steam bath. The hoods have
external controls for gas, cold water, air, and vacuum
nozzles inside the hood.



