Chem 100

Experiment #3
Light and Energy
Introduction
Theelectromagnetic (EM) spectrumis described in your text as the entire range of
radiant energy including gamma rays, X-rays, uloit, visible, infrared, microwave, and radio
radiation.

In this experiment we will gain an understandingh& visible portion of the EM spectrum and,
by analogy, an understanding of other parts offespectrum. We will:

» Use mathematics to describe the relationship betweewavelength, frequency,
and energy of light

» Separate white light into its colored components

* See how white light interacts with colored solutson

* Examine the transmission and absorption of ligh&lxplored solution

» Examine the visiblepectrafrom several sources of light

* Study the quantum mechanically determined flamession spectra of several
elements.

Background:

During this laboratory, we will usewsible spectrophotometer A spectrophotometer is
an instrument that is used to separate light istdifferent colors, and measure it. Single cglors
described by their characteristic wavelengths r@guencies and energies), interact with the
sample. A photodetector determines the amounglbf that is absorbed by the sample.

A spectrophotometer consists of a light sourcgaeelength selector (a grating or
prism), a sample, a detector, and a read-out delvigare 1 illustrates this:
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Figure 1. Spectrophotometer.
By rotating, a wavelength selector can send light of different colors toward the sample
and detector.
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Experiment | : Emission Spectra

1. DEMONSTRATION IN THE LECTURE ROOM!

The first part of this experiment will take placethe lecture room at the start of the lab periatthe
front of the room are four light sources:

a. tungsten bulb

b. mercury source

c. sodium source

d. fluorescent lamp

You will be given a small piece ddliffraction grating".  Your instructor will show you how to look
through this so as to see a spectrum from eadiesktsources. It will take a bit of practice, Yyt
should be able to describe the spectra (rainboargpWhich you see.

Briefly describe what you see for each of these smes in Table I.

Table | :

Light Source Colors Observed

tungsten bulb

mercury source

sodium source

fluorescent lamp

2. EXPERIMENT IN THE LAB!
1. Set up (and possibly adjustBansen burner.

2. You will need a piece afichrome (or platinum) wire inserted into glass rodand asmall test
tube partly filled withdilute hydrochloric acid (HCI). This is used to clean the wire.
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3. First heat the fretp of the wire in the burner flame till it glows redd plunge the hot wire into
the hydrochloric acid.

4. Thenheat the wire again

5. Repeat this cycle of heating and quenchinig acid till the flame is not discolored when thie is
introduced into it.

Your wire should be cleaned this way between eacli thhe suggested solutions for best results.
PLEASE NOTE: The chemical solutions you will needy be labeled by the full name or maybe just
by the chemical symbol. In this experiment you@ily concerned with the metallic part of the name
(the cation) and thus you don't care whether theisa is sodium nitrate, sodium chloride, or sadiu
sulfate, just that it has SODIUM in it, etc. yliu have any questions, please ask!
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6. Placea small drop of the solutiong(in turn) directly on théoop at the end of the wireandheat
them in the flame.

7.1n Table Il , write down youobservations concerning the colors of the flameesulting from each
of the metal ions. You may well wish to repeansaf the metals more than once.

8. Identify not only the colors of the flame but teow long the color persists or its brightness

Table Il :

Known Metal Atoms Color(s) Observed Relative Brightness

barium (Ba)
boron (B)

calcium (Ca)

copper (Cu)
lithium (Li)

potassium (K)

sodium (Na)

strontium (sr)

9. Dip thenichrome wire directly into your unknown and based upon the resultsTiable 11,
identify the metal present. Place your resulf&able IlI .

Beware! There are traces of sodium almost evieeygy so don't be fooled by a slight sodium flame.

10. Check your results with your TA.

Table Il :

Unknown number | Predicted metal WHY ?

TA checking answer : Try # 1

Try # 2
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Experiment Il: Determining the Color of the Wavelengths

1. Place the cuvette with the white plastic (i@ bfottom) in the spectrophotometer and set the
wavelength ab60 nm

2. Look down into the cuvette to observe Wiate plastic and_the reflected lighte.light of 560 nn

Rotate the cuvette to maximize the reflected lighiind leave the cuvette in this position.

Everybody in the group should look down into the cuette to see the reflected colors!!.

3. Write down the color observed in Table V.

4. Without touching the cuvette set the spectrophotometer to the other wavelsrigtied inTable
IV and determine their color.

5. After all the wavelengths have been recordedemove the cuvette containing the white plaskic.
nobody in your group detects a color, mark thabsgwith a large X.

Table IV :
Wavelength Color Wavelength Color Wavelength Color
400 nm 520 nm 640 nm
440 nm 560 nm 680 nm
480 nm 600 nm 720 nm

Experiment Il : Collecting a Transmission Spectrum of a Colored Sotion

Background :

The spectrophotometer detects how much light pabksesgh the sample to the detector. We measure
the extent to which light of a specific waveleng#n pass through a sample in percentage. We call
this the percent transmittance and define it devi:

. ransmittan f sam
Percent transmittance (%T)t—a > t.ta ce ot Samt.1gg
transmittance of blar

Percent transmittance is measure of what fractionfathe incident light passes through the
sample To accomplish this we first measure the transmde of a blank.

We will use water as our blank. Water is clear and colorless so we will say thet perfectly
transmitting of visible light. Therefore to caldbe our spectrophotometer, we must set it so viater
perfectly transmitting. We do this by filling awette with water, placing it in the spectrophotoenget
and setting the read-out to 100 percent...fullggnaitting.
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Procedure for Experiment Il
1. There should bievo clean cuvettesn a beaker by your spectrophotometer.

2. Fill one withdeionized water(this is the BLANK) and put in the spectrophotoerdb calibrate
the spectrophotometer with the wavelength selesgtbat400 nm

a.Setthe % T to 100 % See the instructor or TA for help with this.
Save the cuvette filled with water because yol€kdh to calibrate the spectrophotometer at every
wavelength you measure (this is because the intyeoisihe light source and the sensitivity of the
detector vary with wavelength).

3. Fill thesecond cuvettewith thecolored solutionat your deskRED OR BLUE).

4. Place the cuvette with the colored solutiorhm $pectrophotometer and measure it's percent
transmittance (% T).

5. Record the data in Table V.

6. Change the wavelength to 440 nm. Blank tleetspphotometer with water. Measure the % T of
the colored solution and record the data.

7. Continue this process for the rest of the wavelen$ and record your data in Table V.

8. Obtain the data (from another grgupr the solution (red or blue) that you did nctasure.

Table V: REMINDER: MEASUREEITHER THE RED OR BLUE DYE.
Obtain the data for the othdugon from your neighbor.
You will predict the %T of the green solution in alater step

Circle the solution (either red solution or bludusion) that your group measured.

Red Solution Blue Solution Predicted Green Solution
Wavelength %T Wavelength %T Wavelength %T
400 nm 400 nm 400 nm
440 nm 440 nm 440 nm
480 nm 480 nm 480 nm
520 nm 520 nm 520 nm
560 nm 560 nm 560 nm
600 nm 600 nm 600 nm
640 nm 640 nm 640 nm
680 nm 680 nm 680 nm
720 nm 720 nm 720 nm
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9. For the red and blue solutiopsepare a plot of wavelength (on the x axis) vs. % (onthey
axis) using your data in Table V.

a. Place both of these spectra on Graph |. Vpes of graph is called spectrum.

Graph I: Graph of wavelength vs % T for the colored solubns
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10. In the small table below, write thelors associated with each wavelength (the data ffaivie
V).

400 440 480 052 560 600 640 680 720

Color

Colors are from Table IV.

11. Based on your results with the red and bluetmrls - which colors (and wavelengths) are
absorbed and which are transmitteanake a prediction of what you think the spectrum wi look
like for a green solution.

a. Predict“low”, “medium” or “high” transmittance at each of the wavelengths listed.

b. Put your prediction in Table V (previous page)

SEE NEXT PAGE!!
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12. Table VI : Answer the following questions usi@yaph I.

Question Red Solution Blue Solution

Which colors of the visible
spectrum have the highest
transmittance ?

Whatwavelengthsare associated
with these colors ?

Which colors of the visible
spectrum have the lowest
transmittance ?

Whatwavelengthsare associated
with these colors ?

Was the red solution very effective
at absorbing red light ?

Was the blue solution very effectiv|
at transmitting blue light ?

THE END ©



