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 What’s in the Mix?
 Liquid Color Spectroscopy Lab

(Randy Landsberg & Bill Fisher)

Introduction:  There is more to a color than a name.  Color can tell us lots of information.  In
this lab you will use a spectrophotometer to actually measure color.  How do you measure
color?  One can measure what “color” the color is and also how intense it is.  Different colors
of light have different wavelengths.  A soft drink like grape Kool Aid appears colored because
it absorbs some wavelengths of visible light and transmits others.  A spectrophotometer is an
instrument that can measure what colors (or wavelengths) of light a solution transmits or
absorbs and how much it absorbs or transmits.  You will use the spectrophotometer to
explore what makes colored liquids look different, and to explore what they are made of in a
manner which is very similar to how astronomers figure out what is inside stars.

You will discover:
• What colors go with what number wavelength?  (What wavelength is blue?)
• Why it would be useful to define a color by a wavelength rather than a name?
• If there is a relationship between the absorption curve and the transmittance curve of

any given colored liquid?
• If there is a relationship between the color you see and the colors absorbed or

transmitted?
• How can we use a spectrophotometer to figure out what is in a colorful mix?
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What’s in the Mix?:  Background

Spectroscopy is an incredibly powerful tool that uses light or electromagnetic
radiation to probe a vast variety of samples for many different types of information.
Spectroscopy can tell us about the color of an object, the temperature of an object, how big
or how small an object is, how fast an object is moving, etc. Spectroscopy can even tell us of
what types of atoms and molecules the object is made. Spectroscopy is a useful tool on an
enormous range of scales: from the inner workings of atoms to the truly cosmic scales of the
universe.  In this laboratory we will focus on colors and use visible light spectroscopy. The
visible part of the electromagnetic spectrum is, not surprisingly, so named because it is the
range that humans can generally perceive with their own eyes.  We will use ordinary white
light in the lab, but we will break it up into its component colors to probe different solutions.

Visible Light Spectrum
Wavelengths from approximately 400-800 nm (nm is the abbreviation for nanometer,

one thousandth of a millionth of a meter, 10-9 meter in scientific notation, or one-millionth of a
millimeter) make up the visible light spectrum.  (Note: for reference, human hairs are
between 40,000-120,000 nm thick, e.g., about hundred times wider than wavelengths of
visible light.)  The various wavelengths of this spectrum appear as different colors to our
eyes. A mixture of all wavelengths of visible light, such as sunlight, appears white to us
unless there is some medium such as water, a prism, or a diffraction grating present to
separate the light into its colors. All electromagnetic radiation can be simply described by
providing either its wavelength, commonly represented by the Greek letter lambda (l), or its
frequency, represented by the Greek letter nu (n).

Liquid Spectroscopy 101
Spectroscopy can be used to determine both the identity and quantity of a substance

in a solution.  This is done by measuring the amount (intensity) of a given color (wavelength)
of light that is transmitted through the solution. Using a machine called a spectrophotometer
or spectrometer, this measurement can be done for a variety of colors/wavelengths.  The
spectrophotometer measures the relative change of light intensity of a particular wavelength
of light as it passes through a solution.

Sample

More light Less Light
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Spectrophotometers
All spectrophotometers have the same basic principle of operation and the same basic
components:

*  light source
*  monochromator

- entrance slit
- dispersing element
- exit slit

*  sample compartment
*  photodetector (light detector)
*  readout device

Let's look inside a generic spectrophotometer.

 ENTRANCE SLIT 
LIGHT SOURCE 

WHITE LIGHT  

DISPERSING 
ELEMENT COMPONENT COLORS 

EXIT SLIT 

SAMPLE COMPARTMENT 
PHOTODETECTOR 

READOUT DEVICE 

The light source, usually a lamp with a tungsten filament, emits white light.

The monochromator (the area within the dotted lines) isolates narrow bands
of wavelengths.  [mono=one + chromo=color] The three main parts of the
monochromator are: the entrance slit, which narrows the light into a beam; the
dispersing element, either a prism or diffraction grating, that separates the light
beam into various wavelengths of the spectrum (colors); and the exit slit that
passes only a narrow band of the wavelengths through to the sample
compartment.

The sample compartment places the cuvette, a small test tube holding the
sample, in the path of the light between the exit slit and the photodetector.
When the narrow beam of light exits the monochromator, it is able to pass
through the sample.

The photodetector measures the amount of light transmitted through the
sample.

The information from the photodetector is sent to the readout device in the
form of an electrical signal.  The readout device may be either a meter or a
digital display.
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The spectrophotometer gathers data about a substance by measuring the transmittance.
The transmittance is the ratio of the intensity of the light leaving the sample to the intensity of
light that enters the sample.  The percent transmittance scale goes from 100% (all light
transmitted) to 0% (zero light transmitted).  Since transmittance is a relative measurement,
we need to have a standard to which we compare subsequent readings.  That standard is a
blank reference solution (blank). The blank is the solvent in your test sample solution.  For
example, if your solution were one of water and some solute (a substance dissolved in a
solution), your blank would be water. Or, if your solution were one with alcohol as the
solvent, then your blank would be alcohol.  Diagram A below represents the blank solution.
We assume that the blank transmits 100% of the light entering it. Diagram B represents a
sample, which in this example transmits only half the light that the blank, A, does – that is,
50% transmittance.

I a I b
I a

I b
=  100%

I a
I a

=  50%I c

LIGHT INTENSITY IN a( I   )

LIGHT INTENSITY OUT bI I c&( )

A

B

I c

     
(assumed)

In industry, spectrophotometry is used for analysis of drinking and waste water, food,
beverages and drugs; and for color and consistency quality control of plastics, paints, fabrics,
paper, food products, etc. In astronomy, spectrometers can be used to measure the
elemental composition of stars, distances to galaxies, and the atmospheres of other planets
(e.g. the Cassini probe of Saturn).

(source http://saturn.jpl.nasa.gov)

blank
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Part I: Identifying the Colors and Wavelengths
of the Visible Spectrum

Wavelengths from approximately 400 to 800nm make up the visible light
spectrum, the portion of the electromagnetic spectrum to which our eyes are
sensitive.  The various component colors of the visible spectrum, from longest
wavelength to shortest (lowest frequency to the highest) are: Red, Orange,

Yellow, Green, Blue, Indigo, and Violet (ROY G. BIV). For example, since violet is the
shortest wavelength, it has the highest energy and frequency.  Each of these colors can more
precisely be defined by a wavelength or frequency.

This part of the lab will enable you to identify each color with its corresponding wavelength
(l).  You will use the spectrophotometer in funny way and bounce the light up to your eye to
look at instead of using the detector.

You will need:
Spec 20 sandpaper or coarse surface
cuvette chalk/or white paper lens wipes or tissues
graph paper(lab notebook) colored pencils, markers or crayons

Goal:  To make a scale that shows what color corresponds to what wavelength (nm) that can
be used in part two to graph %Transmittance vs. wavelength.

Procedure:
1. Cut a piece of chalk to approximately 1.25 cm (1/2 inch) long.  Using a small piece of fine

sandpaper or other rough surface, rub a smooth 45 degree angle on one end of the piece
of chalk.  (See diagram A.)

2. Place the chalk in a cuvette.

3. Set the wavelength control to 400 nm.

4. Carefully wipe the cuvette clean of dust & fingerprints.

5. Place the cuvette into the sample compartment.  Do not close the cover of the sample
compartment.  Make sure that the 45 o angled edge of the chalk is facing the light source
on the right side of the compartment. (See diagram C) The angle of the chalk will reflect
the light up to your eye.  You will be able to see the color of the light that is transmitted at
400 nm.

6. Use a sheet of graph paper in your lab notebook and label the longer axis the x-
axis with the wavelengths in nanometers (400-800 nm).

7. Leave the cuvette in the sample compartment and observe and record  the color
of each wavelength at 10 nm intervals from 400 to 800 nm with crayons or other
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colored writing tools. Color the corresponding spaces on the graph with the colors
observed.

A

       

B

sample 
compartment

B

line up

symbol

LIGHT SOURCE

C

Take a Reflection Break:

Which color has the longest wavelength(l)?

Which color has the shortest wavelength(l)?

Does one color have a wider band of wavelengths than the others?

?
400 nm 800 nm
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Part II: The Relationship of a Liquid’s
Color and the Light it Transmits

A solution's color is the result of the wavelengths of light that are selectively transmitted and
absorbed by the solution. In this part of the lab we will examine the relationship between the
colors transmitted, colors absorbed, and the colors we see.

You will need
Spec 20 cuvette tube holder colored pencils, markers or crayons
stock food coloring solutions graph paper (in lab notebook) distilled water

Goal:  Determine a pure color’s transmittance and absorbance spectra and graph both on the
color/wavelength scale created in part I.

Procedure  (NOTE:  Refer to the diagram in the “Using a Spectrophotometer” section
to adjust controls on the Spectronic 20 as you work through this portion of the lab.)

1. Turn Spec 20s on 15 min in advance.

2. Fill one cuvette 2/3 full with distilled water.  This is your blank that will be used to calibrate
the Spec 20 at each wavelength.

3. Fill another cuvette 2/3 full with one of the stock food coloring solutions. (Your group will
pool data later, so make sure as many of the different colors as can be are tested.)

4. Record which stock solution you have chosen, describe its color, and predict what color
light it will transmit.

5. With the sample compartment empty and closed, adjust the readout to 0% T(transmission
of light) using the power switch / zero control. (REMEMBER: This needs to be done
only once during your work session.)

6. Set the wavelength control to the desired l starting at 400nm.

7. Set the Spec 20 to "transmittance" mode by pressing the mode select button until LED
status indicator light in front of "transmittance" is showing.

8. Insert your blank (water) into the sample compartment and close the sample compartment
door. (REMEMBER: Each time you insert the cuvette into the sample holder, wipe it clean
of fingerprints.)

9. Set the transmittance to 100% T using the transmittance / absorbance control.

10. Remove the blank and replace it with the cuvette of stock solution.  Close the
compartment door.
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11. Read and record the % transmittance (%T) in the data table in your lab notebook.

12. Press the mode select button until the LED status indicator light in front of absorbance
is illuminated.  Read & record the Absorbance in your data table.

13. Repeat steps 6 through 12 and record % Transmittance, Absorbance and Wavelength
at 20 nm intervals up to 800nm.

14. Using the graph paper on which you recorded the colors of the spectrum in the previous
part, graph your data. Plot wavelength on the x-axis then graph % Transmission on the y-
axis. Then plot absorbance vs. wavelength on the same plot.

Example DATA TABLE (record data in your lab notebook)

l (nm) Transmittance (%) Absorbance

FOOD COLOR 400
ANALYZED: 420

440
_________________ 460

480
Guess of colors that it 500
will transmit: 520

540
__________________ 560

580
600
620
640
660
680
700
720
740
760
780
800

Take a Reflection Break:
1. Describe the relationships you observe among transmittance, absorbance and color.

What color was your sample? What color light does it transmit? Absorb?

2. Compare your results with those of other teams.

3. What do you think would happen to the transmission & absorbance plots if twice as much
food coloring was added to the water?  Half as much?

4. If you could only look at one wavelength ( l) what do you think would be the best  l for
testing for the type of food color that you analyzed?  Why?

?
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Part III: The Mystery MIX
We have discovered that the colors of liquids depend on what region of

the spectrum they are transparent in (and what other colors they
absorb).  Blue food coloring, for instance, is very transparent in the blue
region of the spectrum but absorbent in the yellow-orange-red regions.
Yellow food coloring that is transparent in the yellow-orange-red
regions is very absorbent in the blue-violet regions.  Can we use our
knowledge of pure dyes to discover what food colorings are in mystery
mixes? What color light does a green solution transmit? Absorb? What
about a purple solution?

You will need:
Spec 20   colored pencils, markers or crayons   cuvette graph paper
distilled water    food coloring dye mixes (green, purple…)

Goal:  To use earlier data to determine what FD&C dyes are in an unknown mixture.

Procedure:
1. Turn on the Spec 20.  Set the wavelength to 400 nm and allow it to warm-up for 15

minutes.

2. Using a cuvette with distilled water as a blank, adjust the Spec 20 to 100%
Transmittance.

3. Fill a cuvette 2/3 full with one of the mystery solutions.

4. Starting at 400 nm, measure the Absorbance of the mix.  Increase the wavelength by 20
nm and repeat until you reach 800 nm.  Record the data in your lab notebook in a table
similar to the one used for the pure food coloring (e.g., wavelength & Absorbance).

5. Graph wavelength vs. Absorbance for the mystery mix on a scale that is the same as your
graph of the pure food coloring

6. Compare the mix to the pure dye graphs.  Which dyes do you think are in it? Which are
not and why?

Take a Reflection Break
1.  Color is a very important factor in marketing a new product, and exact color
compositions are closely guarded trade secrets.  Suggest a way that you might figure
out what gives Gatorade its distinct color.

?
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Reference: Using the Spectrophotometer
We have already taken a generic look at the internal parts of a spectrophotometer, but you'll
need to work your way around the exterior of the machine.  You will be using Milton Roy
Spectronic 20D’s (the “D” stands for digital).  Let's simplify the structure of the exteriors and
explore the function of each part.

MILTON ROY SPECTRONIC 20D

B

C

D

A

F

G H

E

A.  Digital Readout - this area displays the wavelength and data readings (transmittance /
absorbance.)

B.  Status Indicators - these four LED lights indicate which mode is active: transmittance,
absorbance, concentration or factor.  For our purposes, we will be using transmittance and
absorbance only.

C.  Mode Select - this button allows you to select the mode (transmittance, absorbance,
concentration and factor).

D.  Decrease and Increase - these are used in the concentration or factor modes to lower or raise
the value.  Since we will not be using these two modes, we will not be using these two
buttons.

E.   Sample Compartment - the cuvette with the sample is placed into this compartment.
F.  Wavelength control - this knob selects the wavelength.  The selected wavelength is indicated in

the LED display on the left side.
G.  Power switch / Zero Control - this is the main ON/OFF control knob.  You will also be using

this control to "zero" the machine at 0% transmittance readout when the  sample
compartment is empty and the compartment cover is closed.  This is done right after the
machine warm-up time period ends.  You won't use this control again until you turn off the
machine at the end of the work session.

H. Transmittance / Absorbance Control - when a blank reference solution is placed in the blank
sample compartment, you set the percent transmittance (%T) to 100% or absorbance (A) to
0.0 with this control.  THIS MUST BE RESET EACH TIME THE WAVELENGTH IS
CHANGED.  When you're using a fixed wavelength for an extended period of time, it is a
good idea to check the 100% T or the 0.0 A periodically.

Always allow the instrument to warm up.  The light source will be erratic until it has stabilized.

A blank must be used at each wavelength whether making absorbance or transmittance measurements.
The blank should be a clear solution of the same solvent used to make the sample.


