EXPERIMENT
11
Atomic Spectra and Atomic Structure

INTRODUCTION

In the Beer's law experiment, you measured the r@itiem spectrum of a compound. This spectrum was
continuous. the molecules absorbed light of all wavelengththe range from about 300 — 700 nm. ékmnission
spectrum is produced when electromagnetic radiation is mief rather than absorbed. A prism or diffraction
grating can be used to separate the light givemudfits component wavelengths. The emission spetfrom
the sun is continuous; the visible part of thiscépen is a continuous range of colors commonly knas a
rainbow. Different colors correspond to differerawelengths of light; the visible spectrum extendsfabout
400 nm (violet light) through about 700 nm (rechty

When a gas absorbs energy from an electrical digeh# can also emit electromagnetic radiationweleer,
for gaseous elements, the emission spectrum prddsce®t continuous. Rather, only a few, separated
wavelengths make up the spectrum, with gaps indwtwso that it appears as a series of lines.tyjmsof
emission spectrum is known airge spectrum. Each element has a unique emission spectrum; ahusmission
spectrum can be used to identify elements. In 188&nnes Balmer discovered a relatively simple fitem
relating the wavelengths present in the visibldiporof the emission spectrum of hydrogen to aeseof

integers:
1 1 1
1= Fu (3 )

In this formula is the wavelength of light, Rs the Rydberg constant, ands an integer. Each of the four
wavelengths in the visible portion of hydrogen’sigsion spectrum is associated with one of the g&8§, 4, 5,
or 6. Hydrogen also emits light outside the ranesible wavelengths (e.g., in the ultraviolethése
additional lines can be incorporated into a geierdlversion of Balmer’s equation, known as thelieyd

equation:
AE =hv=R L1
— W= n{ ng

In this equationn; andn are integers (In the Balmer equatiops 2, andn is justn. In the Rydberg equation,
the energies may be negative (if energy is lodtjlenn the Balmer equation, only positive valuéd. anake
sense.)

Niels Bohr came up with a theory to explain therog#n spectrum, and the success of the Rydbergifarat
reproducing the experimentally observed lines. blgtydated that the electron in a hydrogen atonmig o
allowed to take on certain energy values. Anothay wf stating this is to say that he postulated tth@aenergy
in the atom iguantized. The allowed energy values are knowreaes gy levels, and are associated with a
guantum numben. Bohr also postulated that an electron can chénoge one energy level to another by
emitting or absorbing energy in the form of a plmof@\lthough other parts of Bohr's model are nogenpart
of atomic theory, these two principles—that thergnéevels of an atom are quantized, and that the &mits
radiation when it goes from a higher to a lowerrgpdevel-were an important step in understandig t
hydrogen spectrum, and are part of the currentiattiraory.]

In Bohr’s theory, the atoms of hydrogen are norynglthe lowest energy level, n = 1. The atom dasoab
energy from an electrical discharge, which caulsestectron to make a transition (“jump”) into gltér energy
level (n =2, 3, 4...). Then, the energy will be reemittedHe form of electromagnetic radiation (light),ths
electron changes (or “jumps down”) into any of khveer energy levels. The second part of the proéesshich
the electrons emit energy on their way to a lowergy level, is depicted in the diagram below. Eacbw
represents one of the possible transitions anreleatight make. The Balmer series consists ofdmesitions



that end at the level = 2; the energy involved in these jumps happeraltevithin the range of wavelengths
that we can detect with our eyes (the visible portf the spectrum). The energy of the photon enhiith a
given transition is equal to the difference in gydbetween levels: (for example)

AE=EB-EK= Ephoton: hv

wherev is the frequency of the photon= c/A, S0 Enoion= hCh

Since the atom can only occupy certain “allowed®rgy levels, there is a limited number of transisidhat
can be made. Each of these corresponds to a speeaiielength, and it is only these allowed wavelkaghat
are seen in a line spectrum.

Elements other than hydrogen are more complicateduse of the additional particles present (the mos
common isotope of hydrogen is composed of justgyo&on and one electron!). However, the same géner
principles apply: only certain energies are alloyatl the wavelengths of light present in an emisspectrum
correspond to transitions between these allowegldev

In this lab, you will use a spectroscope to obs#ineeemission spectra of several elements. Therggeope is
used to measure the wavelength associated withlieecim the spectrum. It consists of a box witklinat one
end for letting light in, and a diffraction gratinghich, like a prism, splits up the incoming lighto its
component colors. When you look through the opeanirtfpe other end of the spectroscope, you willtkedine
spectrum on a numerical scale. This scale allowstyaneasure the wavelength of each line in thetspm.
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How a spectroscope works

Image from: http://www.wellesley.edu/Chemistry/CHgyfémanual/Lab03/lab03_howitworks.gif

You will observe the spectrum from gas dischargepls, as well as from flame tests of various sxltst will
note down the colors you see and the numericakbvaluthe wavelength, and use your observations to
determine a value for the Rydberg constant. Irflimae tests, the atoms absorb energy from the fldinea emit
energy in the form of light, just as the atomsdesihe lamp absorb electrical energy and then gmaitons.
Finally, you will use your observations from tharfie tests of known cations to identify an unknown.

n=7
4‘ n=6

n=5

n=4

n=3 YVYVYY

n:2 vy

n=1 ""VVL"V
Lyman Balmer  Paschen
Series Series Series

(ultraviolet)  (visible)  (infrared)



RELEVANT PROBLEMSFROM THE TEXT (Chang, 10e): 7.30, 7.31, 7.33, 7.34
PROCEDURE

1. Obtain a spectroscope from the stockroom.
2. Lamp observations will be easier if the room lights off.
For the hydrogen lamp:

a. Make sure that the lamp is plugged in. Turn itB@® NOT TOUCH THE TUBE ITSELF.

b. Point the spectroscope at the lamp so that thesdiited up with the lamp tube.

c. You should see a series of 3 or 4 lines. (The viole can be quite hard to see; you can still
complete the lab without it, if you and your partaee unable to see it!) Record the color and the
numerical reading for each line that you see, ¢ortharest £0.01. (If you see a faint, fuzzy,
yellowish line, ignore it!)

3. For the mercury lamp:
a. Make sure that the lamp is plugged in. Turn itB® NOT TOUCH THE TUBE ITSELF.
b. Point the spectroscope at the lamp so that thesdiited up with the lamp tube.
c. You should see a series of lines. Record the @drthe wavelength reading of each line that you
see, to the nearest +0.01.

Flame tests:

4. Obtain 5 mL of 0.1 M NacCl solution in a clean degt tube. Do the same for EACH of the remaining
solutions, KCI, CaGl BaCh, and an unknown: Place 5 mL of each solution sefarate test tube. Be sure
to label all the test tubes.

5. Dip the wire loop in the NaCl solution and placéithe hottest part of the Bunsen burner flamet(@bove
the blue inner cone).

6. Observe and record the color of the flame.

7. Dip the wire in HCI solution, and burn it off ingHflame, to clean the wire.

8. Repeat steps 5 — 7 for the other solutions, angidar unknown. Determine the identity of the unkmolvy
comparing the color observed with those of the kmewaiutions.

9. Results: You will use your data and the Balmer ¢éiquato determine a value foryR

1 1 1
1=z 7)

This equation can be rearranged to have the sammeaf® the general equation for a straight jremx + b
1= RuptRums

with y = 1A, x = 1/rf, and m =—R_ You will make a graph of your data to determine R
a. The spectroscope readings are in nm ¥;1Bat is, a reading of 4.00 corresponds to 400@omvert
your readings to nm, then to meters.

From your hydrogen lamp data, calculéltdn m .

For the Balmer series, the hydrogen atoms end tipeienergy leveh = 2. Each line in the
spectrum represents a transition from a differeitiail energy level, witm = 3, 4, 5, etc. Identify
the initial value o for each of the lines you observed. That is, whiicé corresponds to the= 3
to n = 2 transition? (This transition has the LOWESErgyy: Which color, out of those you
observed, does this correspond to?) The diagrameatamd in the textbook on p. 286; Chand" 10
ed) may help.

d. Calculate% for each value of n.

e. Plota graph oi versus%.

f. Draw a best-fit line and determine the slope oflthe. Report your value of [Ro the appropriate
number of significant figures.
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DATA

Hydrogen lamp

Name:

Section:

Unknown number:

Color of line

Wavelength Reading

Mercury lamp

Color of line

Wavelength Reading

Flame Tests:

Solution

Color of flame

Wavelength Range for
this color (look it up!)




RESULTS

1. Hydrogen lamp

Wavelength in
nanometers

Wavelength in
METERS

o | =

n
(integer)

Graph 14 versus I#* (columns in bold) on the graph paper provided.

Calculation of slope:

Value of R:

The true value of Ris 1.0737 x 10m™. Calculate the % error in your value of.R

% error =

|lexperimental value—true value)|




2. Mercury lamp: Convert your values to nm by multiptyby 100 and list them below.
The literature values for some of the lines in meyare 435.8 nm, 546.0 nm, 576.9 nm,
and 579.0 nm. Compare your values with the litesavalues. Did you observe these
lines? How accurate are your readings?

3. ldentify the ion(s) present in your unknown solatio
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