Introduction Part 1
Costs and Materials

Performing a course of legitimate, quantitative experiments for a course in chemistry cannot
be done without significant expenses for apparatus and chemicals. In this section, we describe
why this is so, what your options are, what you are getting for your money, and options for
reducing costs. We also present complete details about the items needed to perform the ex-
periments in this book. In Parts 2, 3 and 4 of the Introduction, we treat topics of the utmost
importance for those who would conduct chemistry experiments outside of a formal chemistry
laboratory—topics such as safety, storage, and disposal. Please read the entire introduction care-
fully before proceeding with any purchases or experiments.

Experiments Versus Demonstrations

A quick internet search for “home chemistry experiments” will turn up scores of sites pur-
porting to describe “experiments” that can be done at home with common materials. Many of
these activities are very interesting; some are quite astonishing. However, what one inevitably
finds is that these activities are not the kinds of experiments students need to accompany a high
school course in chemistry. In fact, a better term for these so-called experiments is demonstra-
tions. There are some key differences between experiments and demonstrations.

A demonstration can be performed without much in the way of quantitative analysis. One
prepares a few chemicals, mixes them together under certain conditions, and then watches the
amazing result. Afterward, the demonstrator might lead the viewer through the chemical reac-
tion that occurred, using the chemical equation to show how the reactants were transformed
into the products. Such demonstrations do not get very technical. The only real technical con-
tent is the chemical equation. Stoichiometry and quantitative analysis are almost never involved.

By contrast, experiments supporting the formal study of chemistry are quantitative—they
involve measurements, predictions, and more measurements. Specific quantities or concentra-
tions of reactants must be prepared before the reaction. After the reaction, careful measure-
ments of the reaction products must be made in order to compare the results to the stoichio-
metric predictions. Making measurements of volumes, masses, and temperatures requires
apparatus—graduated cylinders, burets, mass balances, thermometers and a host of odds and
ends. And for the measurements to be useful in the study of chemistry, the instruments used to
make the measurements must be reasonably accurate and fairly precise.

This is a book of experiments, not demonstrations. A book about chemistry demonstrations
isn't really needed—you can easily find plenty of them online. If you are not up for the costs
and complexities of quantitative experiments, you should focus on the informal demonstrations
instead.

This book has been designed for those seeking quantitative experiments to support a formal
study of chemistry, who desire a full spectrum of experiments at the lowest possible cost. More-
over, the experiments were designed with two additional assumptions:

1. Lab apparatus such as Bunsen burners, vacuum systems, and a wide variety of glassware are
not available.

2. Those performing the experiments are a single small student team at a school, or a single
student or group of students at home working under the supervision of parents or a tutor.
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Page 4 Chemistry Experiments for High School at Home

The first of these assumptions affects the apparatus we have specified; we have attempted to
use the narrowest possible assortment to minimize cost. The second assumption directly affects
the quantities of chemicals purchased. We have specified the smallest quantities available so
that costs would be minimized and disposal of leftover chemicals would be as simple as pos-
sible. Schools please note: If you have more than one student group working, or if you can order
chemicals in larger quantities now to lower long-term costs over several years of your program,
you will want to order larger quantities of chemicals than those specified in the charts on the
following pages. A good supplier of larger quantities of chemicals is Flinn Scientific, at flinnsci.
com.

If you intend to perform the quantitative experiments that should accompany the formal
study of high-school level chemistry, you will have to procure a basic assortment of quantita-
tive chemistry apparatus and you will have to procure quite a few chemicals. Moreover, you will
have to use personal protective items such as gloves and goggles and provide for proper storage
and disposal of all the compounds purchased for or produced by the reactions you study. This
will require an investment of several hundred dollars. For schools, this investment is not much
of a problem because the cost can be spread out over the tuition payments of many students and
the apparatus can be used year after year. But for an individual home school family, the cost can
be a much larger issue. There is no way around this except to dispense with real experiments
and stick to fun demonstrations. These are readily available online, so again, this book is not
designed to support those who decide to go that route.

Planning and Managing Costs

Which Experiments Apply to Which Students

To assist with the cost discussion below, note the following:

o The full slate of 19 experiments in this book applies only to students using Chemistry for
Accelerated Students (CAS) at a school with a physical building.

o For students using General Chemistry (GC) at a school with a physical building, Experi-
ments 13 and 14 do not apply, leaving 17 possible experiments.

o For students performing the experiments in a home environment, Experiment 18 does
not apply (as explained in the Chemical Notes section of the Introduction Part 2). This
means there are 18 possible experiments for students using CAS and 16 possible experi-
ments for students using GC.

Costs vs. Experiments

Obviously, the costs to perform the experiments depend on which experiments are performed
and the number of students involved. In the analysis below, we have assumed a single experi-
mental team, which could be any of the following:

o A small classroom of 3-5 students working in a single team

o A home school coop with 3-5 students working in a single team
o A single student studying at home as part of an online course

o A single student studying at home in a home school environment

Chemical quantities and costs discussed below assume one of these “single-team” scenarios.
As previously mentioned, at schools with more students than this the instructor should source
chemicals in larger quantities than the “single-serving” sizes listed in our chemical tables. This
will increase initial costs but reduce costs over time and reduce the amount of time the instruc-
tor needs to spend ordering supplies each year.
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For many families in which a single student will be performing the experiments, costs will
be a major factor. This situation would likely apply to individual home school students and to
students taking chemistry as part of an online course. For those whose primary consideration
is holding down costs, we have designated an “Economy Core” of 9 or 7 experiments. These
Economy Core experiments are as follows:

« For students studying in the CAS text, Experiments 2, 4, 9, 11, 12, 13, 14, 15, and 19.
« For students studying in the GC text, Experiments 2, 4, 9, 11, 12, 15, and 19.

Cost Categories

For a realistic assessment of the total cost, those planning the experiments should expect costs
in each of the following expense categories:

o Common Items: The Common Items are listed in one of the tables below. We assume these
items are already available in the home or can be purchased at a local store at minimal
expense. Costs for Common Items are not included in the cost figures tabulated below.

«  Personal Protective Gear: This gear includes the goggles, nitrile gloves, and laboratory
apron that should be worn by every person present at every experiment. There are many
sources, but items from sciencecompany.com are as follows:

Item Catalog Number Price
goggles NC-11005 $3.95

nitrile gloves NC-7026 $12.95 (pack of 100)
laboratory apron NC-4780 (medium/junior) $7.95
NC-4215 (large/adult) $9.50

Additionally, we recommend that a face shield be worn by each person present when
concentrated acids are being handled. You will find these at homedepot.com for $13.97.
Finally, you need to have one pair of gloves on hand for handling hot items. Laboratory-
grade heat-resistant gloves are quite expensive (around $100), but a good alternative is
the long-cuffed gloves sold for barbecuing. These “BBQ and fireplace gloves” can be pur-
chased at homedepot.com for $20.97.

«  Apparatus: This category includes all of the laboratory equipment needed. Students study-
ing at home may wish to substitute readily available items from the home where possible
to hold down costs. The cost figures tabulated below do not include shipping. Shipping
costs may be minimized by ordering as much apparatus as possible at one time from each
single supplier.

Plastic Bottles: For preparing the solutions (see Introduction Part 3) and collecting chemi-
cal waste, a number of plastic bottles with plastic lids (both medium-sized and small) will
be required. How many you need will depend on which experiments you perform and
whether you plan to reuse bottles by discarding leftover chemicals after each experiment.
For the many small quantities required, you can use the dropper bottles listed in the appa-
ratus list and clean them out after the experiment. Another possibility is to purchase case
quantities from a company such as sciencecompany.com. (Search under “bottle” and go
to the fourth page of the list to see the empty plastic bottles.) One way to reduce cost for
the larger bottles needed is to use sports drink bottles that have been thoroughly cleaned
and rinsed with distilled water. Note that no bottles used for chemical storage should be
reused for any other purpose. Once you are finished with a compound, dispose of the
compound properly, rinse the bottle, and recycle it. Other than the dropper bottles, costs
for plastic storage bottles are not included in the cost summaries below.
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o Chemicals: This category includes all the specialty chemicals that must be purchased from
online suppliers and a few that may be purchased at drug or grocery stores. Shipping costs
may be minimized by ordering as many items as possible at one time from each single
supplier.

o Work Area, Storage and Cleanup: As described below, these requirements may require
purchase of a fire extinguisher, protective mat for the work surface, locking storage cabi-
nets, plastic wash tubs, and other items. Specific costs for these items are not included in
the cost figures below.

Cost Summary

The following table summarizes costs for apparatus and chemicals:

Student Group Apparatus Chemicals Total Cost
Physical school with 1 lab team (3-5 students) using $410.80 $464.09 $874.89
CAS and performing all 19 experiments (+23.88 if propane burner is
needed for Experiment 3)
Physical school with 1 lab team (3-5 students) using $410.80 $456.23 $867.03
GC and performing 17 experiments (skipping 13 and | (+23.88 if propane burner is
14) needed for Experiment 3)
Single home school student performing all experiments $374.65 $404.79 $779.44
except Experiment 18 (+23.88 if propane burner is
needed for Experiment 3)
One school lab team or single home school student $320.86 CAS (9 Exps.): $92.60 | CAS: $413.46
performing only the Economy Core experiments GC (7 Exps.): $84.74 | GC: $405.60

The costs shown in the table above are based on the need to purchase essentially all of the
items of apparatus listed in the tables below. However, the tables indicate some substitutions of
common items found in the home that may be made. Using these substitutions where possible
will reduce the apparatus expense somewhat. The costs summarized above and detailed in the
tables below are obviously subject to variation or change, but we have researched pricing and
availability thoroughly so that schools and families would be equipped and prepared to make
decisions about the experiments they will conduct.

Holding Down Costs

For home school families, there are a few ways the expense of the experiments can be mini-
mized. The first is to participate in a home school coop where families can pool funds together.
A second possibility is to take the long view with regard to your own family. If the family in-
cludes two or three children, then all of the apparatus and some of the chemicals can be reused
as younger children enter their high school years. Some chemicals will have to be reordered,
either because they degrade over time or because the quantities ordered the first time are not
adequate for running through the experiments a second time. Still, when you consider that the
cost to conduct quantitative chemistry experiments can be spread out over several children, the
need for the investment can be much easier to accept.

As mentioned above, a third way to reduce cost is to use, where possible, items you may have
on hand. For example, instead of purchasing a dozen test tubes, you could use small plastic
bottles or small jars with plastic lids. In the tables below we have indicated some possible sub-
stitutions that could help reduce your cost.

Finally, you can recover some of your expense by selling your apparatus to someone else once
your family is finished with it. Most of the apparatus can be shipped, as long as glassware is care-
fully packed. However, note that there are restrictions on shipping and transportation for many
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of the chemicals, particularly the organic solvents. Do not assume that you can just toss all the
leftover chemicals into a box and ship them without checking on these restrictions. Reselling to
someone in your local community is one thing; shipping chemicals via the US Postal Service or
commercial carrier will be challenging, if not impossible.

Equipment and Chemicals Tables

The tables that follow list all of the items needed to conduct the experiments in this book,
excepting the personal protection gear and the items you may need for storage and work space.
Except for the items of general apparatus, we have indicated which experiments the items are
needed for so that you only purchase the items you need. Also, you always have the option of
reducing costs further by conducting only a few experiments.

Note that the suppliers shown were selected for price and availability, as well as for availability
of small quantities of chemicals. For most items, there are other suppliers you can check with.
However, we have attempted to identify the best value for each item in advance so that you can
save on shipping costs by ordering as many items as possible in a single shipment from a single
supplier.

Common Items List

These items are assumed to be available around the home or at minimal expense from local
suppliers. Costs for these items are not included in the apparatus and chemicals tables to follow.

Item Experiment(s) Notes

aluminum foil 9

antacid tablets 12 Try Tums, Rolaids, Maalox, Milk of Magnesia, Pepcid, various
generics at drug stores

aspirin 18 Needs to be pure aspirin (non-buffered).

B-Bs or small marbles 7

blue painter’s tape 10

butane lighter 19 Common cigarette or charcoal lighters are fine.

copper 5,17 Small pieces of any kind of copper wire (speaker wire, electrical
wire, etc., will work.

cotton swabs 3

distilled water Available at grocery stores. For general use in experiments and
for preparing solutions.

iron 5,17 Use shiny, new, small (1-inch or so) steel nails, non-galvanized.

iron supplements 16 Experiment with three or four different name-brand or generic
supplements, or as many as time and budget allow.

paper towel 18 Also used generally for clean up.

pencil 17

plastic spoons For general use transferring solid chemical compounds.

polystyrene (Styrofoam) | 13 These are only needed for students using the CAS text.

cups with lids

pure cornstarch 14 Available at grocery stores. This is only needed for students using
the CAS text.

rubber bands, small 1

sand 2 Use fine-grained sand, such as “Play Sand” available from
building supply stores.
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Item Experiment(s) Notes
scissors 17
soda can 19 Clean, empty.
sodium bicarbonate 9 This is baking soda.
spatula, small 2,18
stopwatch 7,14 The stopwatch on a smart phone is fine.
straight pin 19
table salt, non-iodized 2,3,10 Pure sodium chloride. Buy the kind without iodine added.
tape, masking For general use in labeling.
toothpicks 14

Apparatus List

The needed items of apparatus are listed in the tables on the next five pages. The general
items on the first two pages are required for performing many of the experiments, including the
Economy Core experiments referred to earlier.
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Chemicals List

The chemicals needed are listed in the ta-
bles on the next five pages. General notices
regarding toxicity and flammability are also

indicated.
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Introduction Part 2
Safety, Storage, and Disposal

Storage

It is important to plan out and arrange for your storage requirements prior to ordering chemi-
cals. Otherwise, chemicals could be placed in inappropriate locations where there is the danger
of fire or of harm to unknowing children or pets. For the chemicals used in the experiments in
this book, the most important aspects of proper storage are the following:

o Chemicals are secured from children, pets, or anyone else who could come to harm by
improper use or handling of the chemicals.

« Solvents are separated from sources of flame such as hot water heaters, sparking equip-
ment, cook stoves, people smoking, and the like.

« Nitrate compounds, which are not flammable but which accelerate the burning of other
compounds (because they are strong oxidizers), are separated from organic materials
such as paper, fabrics, compost, wood, and charcoal.

o Acids and bases are separated from each other and from all metallic materials.

o Liquids (which include solvents and some of the acids) are contained so that any spillage
from aleaking container will not come in contact with people, pets or property that could
be harmed.

Locking storage cabinets are ideal. However, a more modest storage plan may simply entail
several plastic storage tubs stored in a locking storeroom. The table below summarizes these
guidelines:

Chemical

Ideal Storage

Acceptable Storage

organic solvents (acetic
anhydride, acetone,
ethanol, hexane, toluene)

Locked flammables cabinet,
away from sources of flame, in a
ventilated, climate-controlled space

Away from sources of flame, in a
ventilated, climate-controlled space;
secured from children and pets

nitrates

Locked chemicals cabinet, away
from organic materials, in a
climate-controlled space

Away from organic materials, in a
climate-controlled space; secured
from children and pets

acids

(HCIL, HNO,, H,SO,,
acetic acid, benzoic acid,
lauric acid, salicylic acid)

Separated from bases in a locked,
non-metallic cabinet, in a
ventilated, climate-controlled space

Separated from bases in a plastic
or wooden tub or cabinet, in a
climate-controlled space; secured
from children and pets

bases

(NaOH)

Separated from acids in a locked,
non-metallic cabinet, in a
ventilated, climate-controlled space

Separated from acids in a plastic
or wooden tub or cabinet, in a
climate-controlled space; secured
from children and pets

other compounds

Locked chemicals cabinet in a
climate-controlled space

Climate-controlled space; secured
from children and pets

Waste Disposal and Clean Up

Most of the experiments in this book involve specific steps that must be taken so that waste
is disposed of properly. In many cases, you can’t just pour things down the drain. Prior to per-
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forming an experiment, be sure to read the waste disposal section at the end and have the ma-
terials ready that you will need for clean up and disposal.
Note the following important factors that apply to waste disposal:

1. If your sanitary sewer feeds into a private septic system, pouring any chemicals down the
drain should be avoided. Even small amounts of some chemicals can disrupt the proper
functioning of a septic system.

2. Never dispose of anything in the storm sewer, that is, by pouring it in the street, creeks,
streams, or anywhere else rain water is channeled.

3. In many communities, the following practices are acceptable methods of waste disposal for
small waste generators such as homes and small schools:

+  pouring small amounts of certain cations and anions' down the drain.

+ discarding of dried compounds in the trash.

 diluting and neutralizing acids and bases, followed by pouring the resulting salt and
water down the drain.

We will describe how these methods should be applied, in a fashion that is acceptable in
most locations, at the end of each individual experiment. However, note that heavy met-
als, solvents, and other environmentally sensitive chemicals may never be discarded in the
trash or the sanitary sewer.

4. Even though the procedures we will describe are accepted in many locations, yours may not
be one of them. You should contact your local officials to find out about regulations that
apply in your own community. Start with contacting the Solid Waste and Wastewater Treat-
ment departments in your city or county.

5. Some wastes will need to be disposed of at a local city or county hazardous waste collection
facility. For homes and families, these facilities usually collect waste without charging any
fee. For schools, they may charge a fee or they may require you to arranging for a private
contractor to collect your chemical waste. Either way, schools will be in much better shape
and may save money by making sure all your wastes are clearly labeled with contents, in-
cluding species and concentration.

6. Obtain two plastic containers, of size 0.5 gal to 1 gal each, with wide-mouth, tight-fitting
plastic lids. Label these as “Solid Hazardous Waste” and “Liquid hazardous Waste.” Keep
these handy for disposal of wastes throughout the course of study. After the experiments
have been completed, take these containers to a hazardous waste collection facility for dis-
posal.

Work Area

To maintain a safe work area for your experiments, here are some guidelines you should fol-
low:

1. Make sure you have adequate ventilation.

2. Protect your work surface. You can purchase a plastic mat for the purpose from a craft store.
Examples from hobbylobby.com are the 18” x 24” self-healing rotary mat for $34.99 and the
17” x 23” rotary cutting mat for $24.99.

1 These terms refer to species dissolved in water. When a chloride salt or sulfate or nitrate compound
dissolves in water, the compound comes apart (dissociates) to form positive cations and negative anions
in the solution. For example, when salt (sodium chloride) dissolves in water, the NaCl crystal dissoci-
ates and becomes individual sodium (Na") and chlorine (Cl") ions in the water. These are just individual
atoms, but they have a charge (shown by the + and - signs), so they are called ions.
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3. Keep curtains, loose papers, stored materials and other such items away from your work
area. You will be using an alcohol burner often, do not want the risk of surrounding mate-
rial catching fire.

4. Make sure you have a fire extinguisher and phone in your work area.

Safety Procedures

It is very important that everyone involved in the chemistry experiments learn the following
safety procedures and follow them conscientiously:

1. The experiments in this book involve toxic substances, flames, fragile glass, and concen-
trated acids and bases. Accordingly, students should always work under the supervision of
an adult.

2. Everyone in the vicinity of the chemistry work area should wear appropriate protective
goggles, nitrile gloves, and a laboratory apron when working with chemicals or flames.
Wear a face shield when handling concentrated acids.

3. Make your arrangements for cleanup, treatment, storage, and disposal of waste before the
experiment begins.

4. Keep the Safety Data Sheet (SDS)—formerly known as the Material Safety Data Sheet
(MSDS)—for every chemical you acquire. The SDS is supplied with the chemical when it
is purchased. Read the SDS for every chemical you use, and take note of information about
toxicity, vapors, and other concerns that will require special precautions.

5. When handling hot substances or apparatus, use tongs or wear heat-resistant gloves.

6. Never mix chemicals together randomly just to see what will happen. History is full of
people who did this, only to discover that the result was poisonous fumes, an explosion, or
some other disaster.

7. Follow the instructions for the experiments closely and do not take short cuts.

8. Be very careful and alert when you are heating items with the alcohol burner so that you
do not accidently knock the burner over. A toppled alcohol burner can spill alcohol all over
your work surface and instantly set it on fire. One of your authors has seen this happen.

9. Use great care when handling glassware. As we always say, there are three ways to break
something—improper procedures, silliness, or carelessness—and all are bad in a lab!

10. Make sure you have a phone in your work area in case you ever need to call for help.

11. Always follow written procedures, and don’t take short cuts. Do not revise procedures to
suit yourself without consulting with a responsible and knowledgeable person who knows
about the kind of work you are attempting to perform.

12. Never taste substances used in chemistry experiments, and never taste any substance result-
ing from a chemistry experiment.

13. Do not eat or drink on your chemistry work area. When it comes to the possibility of ac-
cidently ingesting a poisonous substance, take no chances.

14. Never use chemical apparatus for holding food or drink. It may look cool to drink water
from a beaker, but in beakers hydrochloric acid and water look exactly alike. Reserve the
chemistry apparatus for chemistry experiments and nothing else.

15. Always keep long hair tied back out of the way, remove jewelry, and don’t wear loose, blow-
sy, or baggy clothing while working on the experiments.

©2014 NOVARE SCIENCE & MATH LLC



Page 22

Chemistry Experiments for High School at Home

16. Make sure there is adequate ventilation in your work area.
17. Make sure you have a fire extinguisher in your work area.

18. When working with acids, keep a full box of baking soda in the area to use as a neutralizing
agent in the event of a spill. In the event of a spill, bury the liquid in a liberal application of
baking soda until the fizzing stops.

19. Exercise care in everything you do, pay attention, and avoid horseplay.

20. When preparing solutions of acids and bases, always pour the concentrated acid or base
into pure (distilled) water. Never pour water into concentrated acid or base solutions. When
acids or bases are mixed with water, a great deal of heat is released. Pouring into water dis-
perses the acid or base into the water where the heat can be absorbed. Otherwise, the heat
produced can cause dangerous flash boiling and splashing of the concentrated acid or base.

21. If smelling the vapors of a substance is part of your procedure, always gently waft the vapors
toward your nose with your hand. Do not sniff vapors by placing your nose down into a
container where vapors may be concentrated.

22. Treat unknown substances as if they were flammable, corrosive, or toxic.

23. Keep your work area tidy. If you spill a bit of water on a table, you know what it is but others
may not, and they must assume it is dangerous.

Permitting

Be advised that in some states—Texas in particular—individuals and private schools are re-
quired to obtain a permit from the state to possess certain lab apparatus and chemicals. This
requirement is a result of the rise of illegal drug manufacturing. Public schools and colleges are
exempt from the Texas permit requirement.

Two of the items on the list requiring a permit in Texas are the Erlenmeyer flask and the Flor-
ence flask. Erlenmeyer flasks are used in many of the experiments in this book. (Beakers and
other apparatus specified in this book do not require a permit.)

In Texas, the Department of Public Safety administers the permitting for so-called Precursor
Laboratory Apparatus. We contacted the DPS office to find out more about the permitting pro-
cess and were told that there is no fee and that the only result of filling out the form to obtain a
permit would be an inspection of where the apparatus would be stored. The goal of the inspec-
tion is to ensure that the apparatus is secure (that is, locked) so that it cannot be used for illicit
purposes.

Be advised also that some chemical suppliers will not supply chemicals to customers who
have given the supplier reason to suspect that the customer does not have the necessary permit.

The form for requesting a Texas permit can be obtained from the Department of Public Safety
website under Services/Regulatory Services/Precursor Laboratory Apparatus.

Individuals and private schools in states other than Texas may or may not be subject to similar
permitting requirements.

Chemical Notes

1. Quantities specified in the chemicals list are the smallest we were able to source, and are
suitable for a single student or group. Schools large enough to have several students and
who will repeat the experiments each year should consider purchasing larger, more eco-
nomical quantities.

2. Make arrangements for chemical storage before you buy your chemicals. See the Storage
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section at the beginning of Introduction Part 2.

3. Spend some time online looking around and you may find better prices for small quantities.

Lots of chemicals are available through shops on eBay.

5. If any of the suppliers listed in the Apparatus and Chemicals Lists is no longer around, try
safe-fire.com, which brokers a lot of eBay sales. Try also an internet search using the name
of the chemical followed by the word “supply” This should turn up a host of options.

6. For all ethanol applications except Experiment 18, denatured ethanol may be used. Dena-
tured ethanol has had ingredients such as methanol and isopropyl alcohol added to render
it unfit to drink, thus allowing it to be sold at lower cost without the taxes that apply to alco-
holic beverages. So-called “absolute ethanol,” required for Experiment 18, is 200 proof ethyl
alcohol, but contains trace amounts of benzene and is thus not fit for human consumption
and should never be consumed.

7. Chemical precursors: We have avoided them except for Experiment 18. Acetic anhydride is
a precursor for the manufacture of heroin. For this reason, acetic anhydride is a controlled
substance (U.S. DEA List II precursor) and it is not advisable to possess this substance at
your home. This is why we recommend that home school students skip Experiment 18.
Technically, you can possess acetic anhydride at home if you obtain the necessary permit
from your local authority (see Permitting on the previous page).

-
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Preparation of Solutions and Glass Tubing

Preparing Stock Solutions

To perform the experiments in this manual, preparation of several stock solutions will be
required. For example, 6.0 M and 1.0 M HCI (hydrochloric acid) are used in several experi-
ments, so you should plan to mix quantities of these that can be stored in plastic bottles for use
throughout the course. The first experiment requiring one of these HCI solutions is Experiment
4.

In other experiments, small quantities of solutions of soluble ionic compounds will be re-
quired. Some of these are only used once and can be prepared at the time of the experiment.
Others will be required more than once and should be prepared and stored for later use. Such
solutions are first called for in Experiment 3.

The table below (continued on the next page) summarizes the solutions that need to be pre-

pared for the experiments in this book.

Experiment Solutions Concentration Quantity
3 LiCl, NaCl, MgCl,, KCl, CaCl,, SrCl,, 05M 5mL ea
CuCl,, ZnCl,
4 HCl 6.0 M 15 mL
5 HCl 6.0 M 90 mL
5 Ca(NO,),, CuSO,, Mg(NO,),, Fe(NO,),, 02M 5mLea
FeSO,, SnCl,, Zn(NO,),, AgNO,
6 MgCl, 02M 5mL
6 AgNO, 0.1M 5mL
8 FeSO, 0.16 M 60 mL
8 KMnO, 0.05M 75 mL
8 AgNO, 0.1M 25 mL
8 Na,CO, 0.05 M 15 mL
8 H,SO, 3.0M 30 mL
9 HCI 6.0 M 10 mL
9 acetic acid, CH,COOH 0.1M 30 mL
10 NaCl, Nal, Na,SO,, Na,CO,, Ba(NO,),, 0.1M 5mL ea
AgNO,, Pb(NO,),, Cu(NO,),
10 HNO, 1.0 M 25 mL
(This solution is listed here for
completeness, but does not need to be
prepared. The item on the chemicals list is
25 mL of 1.0 M solution.)
11 NaOH 02M 150 mL
12 HCl 0.1 M 100 mL
12 NaOH 02M 100 mL
13 NaOH 1.0M 100 mL
13 HCI 0.5M 200 mL
13 HCI 1.0M 100 mL
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Experiment Solutions Concentration Quantity
14 iodine 0.005 M 30 mL
14 HCI L.OM 30 mL
14 acetone 4.0 M 30 mL
14 starch 1% 15 mL
15 NaOH 02M 150 mL
15 acetic acid, CH,COOH 0.1M 75 mL
15 oxalic acid, H,C,0, 0.1M 75 mL
16 H,S0, 1.0 M 200 mL
16 H,PO, 1.0 M 100 mL

(This solution is listed here for
completeness, but does not need to be
prepared. The item on the chemicals list
is 25 mL of 1.0 M solution. To test four
supplements, four 25 mL quantities of

H,PO, will be needed.)

16 KMnO, 0.04 M 100 mL
17 Al(NO,), 1.0M 10 mL
17 Cu(NO,), 1.0 M 10 mL
17 Fe(NO,), 1.0 M 10 mL
17 Ni(NO,), 1.0 M 10 mL
17 AgNO, 1.0M 10 mL
17 NaNO, 1.0 M 10 mL
18 H,SO, 18 M 1 mL

(This solution is listed here for
completeness, but does not need to be
prepared. The item on the chemicals list is
25 mL of 18 M solution and may be used in
Experiment 18 as is.)

18 FeCl, 1% by mass 1 mL

Summarizing the above, the preparations shown on the next page are needed if all of the
experiments are to be performed. Many of the amounts shown are only approximate, but are
estimated high so that you don’t run out of a particular solution. (Note that preparation of only
1 mL of any solution is probably not convenient. Simply prepare a larger quantity instead, such
as 5mL.)

Before preparing any standard solutions, you will need to familiarize yourself with the cal-
culation of molar mass, with the calculation of molarity, and with the procedure for mixing a
standard solution in a volumetric flask. These topics are described below and in the following
sections of the texts:

Calculation of molar mass: General Chemistry Section 2.4.3
Chemistry for Accelerated Students Section 1.5.5

Calculation of molarity: General Chemistry Section 10.3.1
Chemistry for Accelerated Students Section 8.4.1

Use of a volumetric flask: General Chemistry Section 10.3.1
Chemistry for Accelerated Students Section 8.4.1
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Solution | Concentration | Quantity Solution | Concentration | Quantity
acetic acid 0.1M 105 mL KCl 05M 5mL
CH,COOH
acetone 4.0M 30 mL KMnO, 0.04 M 100 mL
C,HO
AgNO, 01M 35mL KMnO, 0.05M 75 mL
AgNO, 02M 5mL LiCl 05M 5mL
AgNO, LOM 10 mL MgCl, 02M 5mL
Al(NO,), 1.0M 10 mL MgCl, 05M 5mL
Ba(NO,), 0.1M 5mL Mg(NO,), 02M 5mL
CaCl, 0.5M 5mL NaCl 0.1M 5mL
Ca(NO,), 02M 5mL NaCl 05M 5mL
CuCl, 0.5M 5mL Na,CO, 0.05 M 15mL
Cu(NO,), 0.1M 5mL Na,CO, 0.1M 5mL
Cu(NO,), 1.0M 10 mL Nal 0.1M 5mL
CuSO, 02M 5mL NaNO, 1.0M 10 mL
FeCl, 1% 1 mL NaOH 02M 400 mL
Fe(NO,), 02M 15 mL NaOH 1LOM 100 mL
FeSO, 0.16 M 60 mL Na,SO, 0.1M 5mL
FeSO, 02M 5mL oxalic acid 01M 75 mL
H,G,0,
HCI 0.1M 100 mL Ni(NO,), 1L.OM 10 mL
HCl 0.5M 200 mL Pb(NO,), 0.1M 5mL
HCl 1.0 M 130 mL SnCl, 02M 5mL
HCI 6.0 M 115 mL SrCl, 0.5M 5mL
H,SO, 1.0M 200 mL starch 1% 15mL
H,SO, 3.0M 30 mL ZnCl, 05M 5mL
iodine 0.005 M 30 mL Zn(NO,), 02M 5mL

Students studying at home should learn about molar mass and molarity and then explain
these topics to the adult who will be supervising the experimental work. This way the student
can take the lead in preparing the solutions, but the supervisor can check and verify the stu-
dent’s calculations and measurements.

Some of the common items of apparatus you will need for preparation of stock solutions are
shown in Figure I-1. Figure I-2 shows the mass balance, plastic spoons, and weigh boats needed
for measuring out amounts of solid compounds.

The measurement tools you will use for preparing these solutions include the digital mass
balance, 50-mL volumetric flask, 250-mL volumetric flask, and 10-mL graduated cylinder, all
listed in the apparatus tables on pages 9 and 10. We will describe the use of these items in the
examples to follow. Also required are plastic storage bottles, both medium-sized and small, as
describe in the Introduction Part 1.

Note that if you need to prepare a certain concentration of a solution, such as 0.1 M HCI, the
concentration you end up with will not be exactly 0.1 M. However, you will be able to calculate
the concentration very precisely from the measured amounts of substances that go into the solu-
tion. To prepare a given solution, you first calculate the amount of a substance (in grams or mL)
that you need. Then you measure out an amount close to your calculation, and you measure as
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