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Objective

The goal of this project is to determine which orange juice has the most vitamin C: home-made fresh-squeezed, premium not-
from-concentrate, or juice made from frozen concentrate.

Introduction

In this project, you will determine the amount of vitamin C in various types of orange juice. You'll use a method called titration,
which is a common technique in chemistry. Titration is a way to measure the unknown amount of a chemical in a solution (the
titrant) by adding a measured amount of a chemical with a known concentration (the titrating solution). The titrating solution
reacts with the titrant, and the endpoint of the reaction is monitored in some way. The concentration of the titrant can now be
calculated from the amount of titrating solution added and the ratio of the two chemicals in the chemical equation for the
reaction.

Let's go through the titration process with a specific example: the titration of vitamin C by iodine. The chemical name for vitamin
C is ascorbic acid. When iodine and ascorbic acid are combined in solution, a chemical reaction takes place. In this chemical
reaction, the ascorbic acid molecule loses electrons, which are transferred to the iodine molecule. Chemists call this type of
reaction an oxidation/reduction reaction (or redox reaction for short). The ascorbic acid is oxidized to dehydroascorbic acid, and
the iodine is reduced to iodide ions. Oxidation-reduction reactions always occur in pairs like this. The molecule that loses
electrons is oxidized, and the molecule that accepts the electrons is reduced.

So how can you use the iodine-ascorbic acid reaction to determine the amount of ascorbic acid (vitamin C)? If you start with a
known concentration of iodine, and carefully measure the amount of the iodine solution that you add, you can calculate how
much ascorbic acid was present. How do you know when the iodine-ascorbic acid reaction is complete? You add an indicator to
the solution. In this case, the indicator is soluble starch. When iodine reacts with starch, it turns the solution a blue-black color. If
ascorbic acid is present in the solution, iodine will react with it, and not with the starch, so the solution will not change color.
However, once all of the ascorbic acid has been oxidized, added iodine will be free to react with the starch, producing a distinct
color change.

Which do you think will have more vitamin C (ascorbic acid): freshly picked oranges, or oranges that were picked one or two
weeks ago? Does it matter if the oranges are stored at room temperature or in a refrigerator? You can find out for yourself with
this project!

Terms, Concepts and Questions to Start Background Research

To do this project, you should do research that enables you to understand the following terms and concepts:

e Titration
e Stoichiometry
e Vitamin C

e Iodine
More advanced students should also study:

e Oxidation-reduction (redox) reactions

e Redox potential
Questions

e What happens when iodine is added to a starch solution?
e What happens when iodine is added to a starch solution that also contains vitamin C?
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Materials and Equipment

To do this experiment you will need the following materials and equipment:

e Samples of three different kinds of orange juice:

a.

home-made fresh-squeezed (which means you'll need to buy some oranges),

b. premium not-from-concentrate juice (e.g. Tropicana® or Florida's Natural®), and

C.

made from frozen concentrate (following instructions on the concentrate can).

e Juicer for extracting juice from oranges (manual or electric is fine)

e Cheesecloth

Vitamin C tablets
Distilled water
Transfer pipettes

Masking tape

e Permanent marker

Small funnel (do not use for food after using it for chemistry)

e The following items can be ordered from Science Kit & Boreal Laboratories or Home Science Tools:

[e]

o
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Chemical safety goggles
Lab apron
Rubber (latex) gloves
Iodine solution, use one of the following:
m Lugol's iodine solution (part # CH-iodine from Home Science Tools) or
= jodine solution for starch test (part # WW9704606 from Science Kit &Boreal Laboratories.

Soluble starch

50 mL graduated cylinder
250 mL gradulated cylinder
500 mL graduated cylinder
50 mL Ehrlenmeyer flask
50 mL buret

Ring stand

Buret clamp

Plastic transfer pipettes (or eyedropper) for adding drops of starch indicator solution

e Electronic kitchen balance (accurate to 0.1 g)

e Glass jars for iodine (300 mL) and starch solutions.

e Optional: you can obtain more accurate results if you use a 250 mL volumetric flask for making your vitamin C standard solution.
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Disclaimer: Science Buddies occasionally provides information (such as part numbers, supplier names, and supplier weblinks) to assist our users in locating specialty
items for individual projects. The information is provided solely as a convenience to our users. We do our best to make sure that part numbers and descriptions are
accurate when first listed. However, since part numbers do change as items are obsoleted or improved, please send us an email if you run across any parts that are no
longer available. We also do our best to make sure that any listed supplier provides prompt, courteous service. Science Buddies receives no consideration, financial or
otherwise, from suppliers for these listings. (The sole exception is any Amazon.com or Barnes&Noble.com link.) If you have any comments (positive or negative) related
to purchases you've made for science fair projects from recommendations on our site, please let us know. Write to us at scibuddy@sciencebuddies.org.

Experimental Procedure

Note: iodine solution is poisonous. Avoid skin and eye contact. See the Materials Safety Data Sheet for complete information. Wear chemical safety goggles and rubber
gloves when handling the concentrated solution. Iodine solution will stain clothing; a lab coat is also recommended. For more information on how to properly use a
balance and different titration techniques see Chemistry Lab Techniques.

1. Do your background research so that you are knowledgeable about the terms, concepts, and questions, above.

2. Wear gloves, chemical safety goggles, and a lab coat or apron when using the iodine solutions in this experiment.

3. Dilute the Lugol's solution 1:10 in distilled water to make your iodine titration solution.

a.

Pour the 30 mL Lugol's solution into the 500 mL graduated cylinder.

b. Add enough distilled water to bring the total fluid volume to 300 mL and mix.

C.

Store the solution in a clean, tightly covered glass jar that is clearly labeled. Store it in a location that is protected from light.

4. Make a starch indicator solution.

a.
b.
c.
d.

5. Make a fresh vitamin C standard solution (1 mg/mL). Do this on each day that you make vitamin C measurements from oranges.

a.

This can be anywhere from 0.5 to 1.0%. The exact amount of starch is not critical.
For a 0.5% solution, add 0.25 g of soluble starch to 50 mL of near-boiling distilled water.
Stir to dissolve, and allow to cool.

When cool, store the starch solution in a clean, tightly covered glass jar that is clearly labeled.

You will use this solution to "standardize" your iodine titration solution. You will measure how much of your iodine solution it takes to oxidize a known
amount of vitamin C. You can then use your iodine titration solution to determine the amount of vitamin C from test samples of juice from oranges.

b. Crush a 250 mg vitamin C tablet, and dissolve it in 100 mL of distilled water.

C.

Pour into a graduated cylinder and add distilled water to bring the total volume to 250 mL.

6. Titrate 25 mL of vitamin C standard solution.

a
b.

o

http://www.sciencebuddies.org/science-fair-projects/project ideas/Chem p044.shtml?fave=

Use a clean 25 mL graduated cylinder to measure 20 mL of vitamin C standard solution.

Pour this into a 50 mL Ehrlenmeyer flask (the shape of this flask allows you to swirl the solution to mix it without spilling).

Add 10 drops of starch indicator solution.

Set up the 50 mL buret on the the ringstand.
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e. Use a funnel to carefully fill the buret with your iodine titration solution. Tip: the fluid level should not be past the graduated markings on the buret.
f.  Write down the initial volume of the iodine titration solution in the buret.

g. Place the Ehrlenmeyer flask (containing the vitamin C and starch solutions) under the buret.

h. Carefully release the spring clamp of the buret to add iodine solution drop by drop.

i. Swirl the flask to mix in the iodine solution after each addition.

j. The titration is complete when the iodine creates a blue-back color in the solution that lasts for longer than 20 seconds.

k. Record the final volume of the iodine solution in the buret.
I. The difference between the initial volume and the final volume is the amount of iodine titration solution needed to oxidize the vitamin C.
m. Repeat this step three times. You should get results that agree within about 0.1 mL.
7. Here's how to prepare fresh-squeezed orange for testing.
a. Use a juicer to squeeze orange juice from two (or more) oranges.
b. You need 20 mL of juice per titration, and you should do at least three titrations per storage condition, for a total of 60 mL.
c. Filter the orange juice through cheesecloth to remove any pulp and seeds.
8. Titrating an orange juice sample is quite similar to titrating the vitamin C standard. Here are the steps:
a. Tip: if any of the orange juice samples contain pulp, filter them through clean cheesecloth before doing the titration.
b. Use aclean 25 mL graduated cylinder to measure 20 mL of the fresh-squeezed juice.
c. Pour this into a 50 mL Ehrlenmeyer flask (the shape of this flask allows you to swirl the solution to mix it without spilling).
d. Add 10 drops of starch indicator solution.
e. Set up the 50 mL buret on the the ringstand.
f. Fill the buret nearly full with your iodine titration solution.
g. Write down the initial volume of the iodine titration solution in the buret.
h. Place the Ehrlenmeyer flask (containing the vitamin C and starch solutions) under the buret.
i. Carefully release the spring clamp of the buret to add iodine solution drop by drop.
j. Swirl the flask to mix in the iodine solution after each addition.

k. The titration is complete when the iodine creates a distinct color change in the juice/starch solution. This color change will be harder to see than with the
vitamin C solution, since the juice starts out orange. The color will change from orange to grayish brown when the endpoint is reached. If you continue to
add iodine, the color will darken further. You want to note the volume of iodine added when the color first changes.

I. Record the final volume of the iodine solution in the buret.
m. The difference between the initial volume and the final volume is the amount of iodine titration solution needed to oxidize the vitamin C.
n. Repeat this step three times. You should get results that agree within about 0.1 mL.
9. For each juice (fresh, premium, or from-concentrate), calculate the average amount of iodine needed to titrate a 20 mL sample.
10. You can calculate the amount vitamin C in your samples by setting up a proportion. Here's an example (with made-up numbers) to show you how:
a. Let's say that it took an average of 8.5 mL of iodine solution to titrate 20 mL of 1 mg/mL vitamin C standard solution, which means 20 mg vitamin C total.
b. Let's also say it takes an average of 6.8 mL of iodine solution to titrate a 20 mL test sample of orange juice.

c. We'll call the amount of vitamin C in the orange juice sample x. You can find what x is with the following equation:

Xx/6.8 mL = 20 mg/8.5 mL = 16.0 mg

11. Did one type of orange juice have more vitamin C than the others? Can you explain your results?
Variations

e Measure the amount of vitamin C in fresh fruits and vegetables. Which ones have the highest vitamin C content? Which ones have the lowest? Puree a 100 g
sample of the fruit or vegetable, and strain it through cheesecloth with about 50 mL of distilled water. Add distilled water to bring the total volume up to 100 mL.
From your measurement, you can figure out how much vitamin C there is per 100 g of the fruit or vegetable you sampled. You can use typical weights of the fruit
or vegetable to calculate how much total vitamin C there is in each fruit or vegetable you test.

e Measure the vitamin C content in fruit juices. Do the amounts correspond to what is on the label? Design an experiment to find out.

e Does the amount of vitamin C in fruit juice decrease during refrigerated storage? Does the type of container (e.g., glass bottle, or paperboard carton) matter?
Design an experiment to find out.

e For a experiment on how storage affects the amount of vitamin C in oranges, see the Science Buddies project Do Oranges Lose or Gain Vitamin C After Being
Picked?
e For more science project ideas in this area of science, see Chemistry Project Ideas.
Credits
Andrew Olson, Ph.D., Science Buddies
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e University of Canterbury, date unknown. "Determination of vitamin C Concentration by Titration," Science Outreach Programme, College of Science, University of
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Career Focus

If you like this project, you might enjoy exploring careers in Chemistry.
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Everything in the environment, whether naturally
occurring or of human design, is composed of
chemicals. Chemists search for and use new knowledge
about chemicals to develop new processes or products.

Chemical Technician

The role that the chemical technician plays is the
backbone of every chemical, semiconductor, and
pharmaceutical manufacturing operation. Chemical
technicians conduct experiments, record data, and help
to implement new processes and procedures in the
laboratory. If you enjoy hands-on work, then you
might be interested in the career of a chemical
technician.

Join Science Buddies

Become a Science Buddies member! It's free! As a member you will be the
first to receive our new and innovative project ideas, news about
upcoming science competitions, science fair tips, and information on other
science related initiatives.

Register now.

Support Science Buddies

If this website has helped you, won't you consider a small gift so we may
continue developing resources to help teachers and students?

Donate Now
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Chemical engineers solve the problems that affect our
everyday lives by applying the principles of chemistry.
If you enjoy working in a chemistry laboratory and are
interested in developing useful products for people,
then a career as a chemical engineer might be in your
future.
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