Chemistry in the
Library: Acid-Base
Chemistry

Website: http://mdchem.org/citl/CitL_main.html
e-mail: chemists4fun@yahoo.com

Introduction to pH

What is pH paper?

Also known as litmus paper, this is a special type of paper containing a chemical that will tell you
the pH of a substance by the color it turns when it is dipped into the substance. pH paper color
codes can be different depending on the manufacturer - check your pH paper container for the
color code.

What does pH mean?
This is a measure of how acidic or alkaline a substance is. The initials pH stand for "Potential of

Hydrogen." Acids have pH values under 7, and alkalis have pH values over 7. If a substance has
a pH value of 7, it is neutral-neither acidic or alkaline.
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How is the pH of a substance measured?
A pH can be measured by dipping a pH paper into solutions such as water or other liquid
substances.

Safety Rules

Wear safety goggles. This means from when you're told to put them on until you're fold they can come off.
Detect odors safely. Use you hand to wave fumes to your nose. Never stick your nose directly into anything.
Wash spills immediately.

No running, pushing, or shoving.
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Clean up your mess!

Get help. If you have any questions, please ask before proceeding.

No eating or drinking.

No unauthorized experiments. Only do the things the leader tells you to.
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Experiment #1. Introduction to pH

Materials:
\ 5 vials with different liquids in them \ 5 pieces of pH paper \ pencil \

This table shows the color code for the pH paper we
are using today:

pH indicator stips non-blgeding

pH is a chemical property of liquids that
tells whether the liquid is an acid or a

colorpHast® pH 0-14 base. Distilled water is neutral with a
- Dt o pH of 7. As this diagram shows, pH
”"‘_‘jp:"‘““k“*,‘",ﬁ?':" —_—— ranges from O to 14, with 7 being
s e i A P neutral. pHs less than 7 (pH of 1-6) are
]l acidic - acids have free hydrogen ions.
al ] 1 | pHs greater than 7 (pH of 8-14) are
........ alkaline (basic) - bases have free
[ hydroxyl ions. From this table, you can
yd # * = see that acid rain can be very acidic, and
Battery Lemon Wik BhakingZoda, |Ammoda Liye ) . )
beid  Jice Sag Watar it can affect the environment in a
Vinigar Mzﬂ;f;;a negative way. Not only does the pH of a
Acid Rain | stream affect organisms living in the
A R Normal Range of water, a changing pH in a stream can be
Die Gty Stream Water .. . . .
St ou an indicator of increasing pollution or
Affected  Normal Range of :
Precipitation some other environmental factor.

See the table below - you will be measuring the pH of water and other liquid samples.

Sample pH Acid or Base?
1 | Water from the sink
2 | Coca-Cola®
3 | Vinegar
4

Hand Soap Solution
5 | Glass Cleaner

Questions:

1. How do the pHs' of the different liquids compare to each other? (Which ones are acids &
which ones are bases?)
Which liquid has a pH most like pure water? (pH of 7)
What is a common taste of acidic foods? Salty? Sweet? Tart?
What do a lot of food companies do to cut this taste of acidic foods?
Did you know? Strong Acids are used as cleaning agents (soda)
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Experiment #2: Mixing Acids & Bases

Materials:
‘ 1 vial with vinegar ‘ 1 vial with glass cleaner ‘ 1 piece of pH paper ‘
Procedure:
1. Fill in the pH of each liquid from your previous experiment in the following table.
LIQUID pH Acid? or Base?
Distilled Water
Vinegar

Glass Cleaner

New Mixture : Vinegar + Glass Cleaner

Which one is the acid? the base?
What do you think might happen to the pH if an acid and a base are mixed together?

Test your hypothesis by pouring one into the other. Swirl the vial gently to mix the two.
5. Test the mixture with a clean piece of pH test paper and record the results in the table.

Hwn

Questions:
1. What was the approximate pH of the mixture?
2. Based on the pH, what did mixing the acid & base together do?

Experiment #3: Digestion Experiment

Materials:
1 vial with vinegar in it | 1 vial with antacid powder in it |1 piece of pH paper |1 cup

Procedure:

1. Now let's model your stomach. Take your vial that is 3 full of vinegar and pour it into the
cup. (The cup will simulate your stomach and the vinegar will simulate the hydrochloric
acid in your stomach.)

2. Sometimes people get stomach aches and take an antacid tablet to help. Let's
experiment why. (I have already done this: Wrap an antacid tablet in a piece of paper
and carefully stomp on it until it is crushed.)

3. Pour some of the antacid into the cup, swirl the cup around to mix things up.

4. Test the pH:

Questions:
1. What happened to the pH in the "stomach"?
2. I gave you a crushed up antacid tablet. What part of the digestive process would you
have simulated by stomping on the antacid?
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Experiment #4. Acid Rain

What is
Acid Rain?
all knowe what rain is. It is water that
falls freen the sky. But what is acid rain?
Acicl min comes from air pollution. it
lacks st like regular rain. Although it has very lintl=
effect en us, itmakes a big difference for plants and alse
zats away slowly at stons, metal, and buildings.

Acid rain is not new. it was first noticsd in England
about 200 years ago. Most of the citizs in England ars
quite cld and have many buildings with marble carvings
and statues. Marble is a beautiful stons that stands up
wiell aver time, Many of the statuss carved by the
ancient Greeks and Romans still stand. But marble dis-
solves in acid rain (se= "Disappearing Statuss”, tothe
righit). During the late 18005, pecpls b=gan to notice
thiat markle statuss and carvings were slowly starting to
dissalve. Fine details were gone, and langer features on
the statues, such as noess and ars, were disapp=aring,
Scentists tumed to chamistry for the answer By testing
raimwater, they were able tofigure cut that it contained
an acid and that the acicl was reacting with the statues.

At that time, most people used coal to cock thair
focd and stay warm through the winter The coal that
they us=d had a lot of sutfur in it that bumed to form
sulfur dioxide. The sulfur dicside floated up inte the air
with the smoke fram the fire ard mixed with water
vapor in the clouds, When sulfur dicsids and water mix
in air, they react to make sulfuric acicl. The sulfuric acid
stays mixed in the water vapor and falls to the ground
as “acid rain”. Add rain can also come from ather
sources, such as exhaust fumes from cars and ather
gas-powenad engines.

Acid rain also affects plants and animals. Along
thie east coast of the United States, where acid rain is
a problem, some tress have begun to loose their leaves
or nesdles, Mew trees have also been slow to grow,
and few se=ck are able to sprout. Pondks and streams
have also been contaminated, which causes problams
far fish.

In the United States, maost of the pollution that
causes add rain comes from electric power plants that
bum coal to make ensmy. Recently, chemists wordrg
far the power plants have begun to install “scrubbers”
on the coal fumaces. The scrubbers wash the exhaust
fumes with water to remave the sulfur dicside. Some
ather pollutants remain, but the amount of pollution
produced has b==n greatly reduced.

Acid rainqroducing pollution from cars has also
ben reduced in recent years. All new cars sold inthe
United States must have a “catalytic converter”
install=d. It is a device that gets rid of the pollutants
thiat make acid rain. Chemists at gasoline campanies
have alse been working hard to invent detergents and
other additives that kesp car motors clean on the
insicle. Cleaner engines work betrer, use less fusl, and
produce less pollution.

We can help to prevent acid rain in many differart
ways. For example, we can switch from gaspowerad
lawr mowers and l=af blowers to tools powered by
electricity. Last year, lawn mowsrs procduced about one-
terth of the air pollution in the United States. We can
also cut down on air pollution by walking, carpocling,
or taking pubslic transportation. Finally, we can lack for
cleansrbuming fuels. Chemists and engineers are
developing new t=chnologiss, such as hydrogendueled
cars, gas/electric hybrids, and more efficient <lectriz
matars.

I we all do cur part, we can make the planet a bet-
ter place to live, and we can ensurs that future gensra-
tions will have dean air, water, and soil.

'Disappearing Statues

Adds are substances that have a sour taste and

I strong smell Lemon Juice and vinegar are common
adids. Acid rain is formed when pollution in the air
mixes with the rain and falls to the ground. In this

| activity, vinegar will represent acid rain, and an
antacid tablet will represent a marble statue in a city
park. Both the antacid tablet and marble are made

| of the same chemical: caldum carbonate.

8. Thoroughly clean the waork area. Pour the liquids
down the drain, and rirse the containers. Throw
away any other trash, including undissalved tablets.
Be sure to wash your hands,

£ What Pid You

Materials - Obgerve?
l * Pencil
# ? antacd tablets Look at the Ingradiants sbal What happened te the antacid tablet
on the back of the bottle. The active Ingradgient should when you dropped water onto it? ks
ba caloum carbonate. ) the picture that you drew on the tablet
l still there, or did it dsappear?

#* Small disposable paper plats

# 2 digposable paper or plastic cups 3 0z)
l # Masking taps

% [arking pen

l * 2 doppers or pipettes Diraw- s picture of the antacid tasletwith
#* [Jeasuring spoon itablespoon) water on top.
& \Water

I % "Jin=gar

NOTE: It is best to use antacid tablets without any acids
I among the ingredients, Look en the back of the botde
to see if the word “acid” appears in the list of inert
ingredients. Less expensive generic or store brands
l usually work best for this activity

What happened to the antacid tablet

To prevent spills, a cupcake pan when you dropped vinegar onto it?
ADAPTATION may be used in place of cups. A Is the picture that you drew on the
l magnitying olass may ba hapful tablet still there, or did it disappear?

to see the reactions. In addition, a rubber stamp and
inkpad may be used to make a design on the antacid
l tablats—but be sure o use waterproof ink

Be sure to foliow Mili's Safety Tips
l SAFETYl and do this activity only with aduft
supenision! Do net drink any of the
liguid samples in this activity. Keep your face away
from the cups. Eye protection must be wom by
everyone doing this activity

Draw a picture of the antacid talet with
wineqgaron top.

l Procedure

1. Using the pencil, draw aface or picture on the smoath
side of sach antacid tablet.

l 2. Place the two antacid tablets on a paper plate with
your drawings facing up. One of the tablets should be
on the right side of the papergate, and the other

l should be on the let.

3. Usingthe masking tape and marking pen, label cne

wp “water” and the other “vinegar”. > Where's the
l 4. Ask your adult partner to help you pour 1 takblespaon s chemistry?

of waterinto the cup labeled “water” and 1tablespoon

of vinegar into the cup lab=led "vinegar”

5. Uze the marking pen to lzbel ane of the droppers with The tablet treated with vinegar is eaten away in

a "W" forwater and the other dropperwith a " for much the same way that acid rain eats away at
RS FL amarble statue, only faster, The vinegar [s react-
I & Usingthe dropper labeled "W, carefully place three ing chemically with the calcium carbonate inthe

dmops of water onto one of the antadd tablets. Watch g
what happens to the tablet, andwrits your chserva- antacid tablet. The caldum carbonate s used up,

I tions in the “What Did You Observe?” section. and a gas called carbon dioxide is formed. Acid
7. Using the dropper ldeeled ™", carsfully place three rain is more addic than normal rain and is caused
drops of vinegar anta one of the antacid tablets. Watch Fv boltion i thiak
I what happens tothe tablet, and write your chserva- LED
tions in the "What Did You Observe?” section.
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Experiments To Do at Home with a friend and/or a parent:
o When working at Home: ALWAYS remember the safety rules!!
o When working at Home: ALWAYS ask a parent before you start any experimentl!
o When working at Home: ALWAYS remember to work on a surface that is easily cleaned -
never work directly on a table. Working on a wax paper or plastic surface will minimize
any problems with cleaning up afterwards!

Experiment #1 (To Do at Home!): What else do we eat that is acidic?
In experiment #1 in the Library, we learned that acidic foods taste tart or sour. What are
some other foods that we eat that are likely to be acidic? See if you can list 4-5 different
foods (solid or liquid):

1.

ohwn

Using the pH paper that we gave you, test a couple of these foods if the food is readily
available. Were you correct that each liquid was acidic?

Experiment #2 (To Do at Home!): Cleaning Pennies

Many of the cleaners that we use are either highly acidic or basic. Some of our foods are
highly acidic. Two of the highly acidic foods that come to mind are tomato sauce and orange
Jjuice.

Materials:

3 dirty pennies Soap & water Tomato sauce
Orange juice Paper towel

Procedure:

e Taking 1 of your dirty pennies - try to clean it with soap & water.
e Taking another 1 of your dirty pennies - try to clean it with the fomato sauce.
e Taking the last 1 of your dirty pennies - try to clean it with orange juice.

Questions to ask yourself:
1. What ‘cleaner’ was the most successful at cleaning the penny?
2. What ‘cleaner’ was the least successful at cleaning the penny?
3. Test the pH of the different liquids. What has the strongest pH (most acidic)? Was
this the liquid that worked the best?
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