NAME: Chemistry 1500
POST-TILT

Preparation for Group Activity (Pre-Activity Assighment):
The Line Spectrum of the Hydrogen Atom and Bohr Theory

Purpose: The goal of this assignment is to familiarize you with the quantifiable properties of light
(electromagnetic radiation). Describing these properties is important because of their use in spectroscopy,
the branch of science studying how light interacts with matter. Spectroscopy is the most important tool in
chemistry for following the course of chemical reactions and for identifying compounds, which you will see
in an upcoming CHEM 1501 lab. Learning about spectroscopy of one type or another will be part of every
course in the chemistry curriculum.

GENAI Usk: In addition to strengthening your knowledge of light properties, this assignment will help you
develop the fundamental skill of connecting chemical concepts to quantitative properties via calculations.
Throughout the general chemistry series, you will use and interpret a variety of symbolic equations. As
you’ve seen in class, we’ve practiced connecting equations to chemical concept with calculations using
pencil and paper and an approved calculator, just as you would on an exam. Using GenAl to complete this
assignment will cause you to bypass the practice of this essential chemistry skill—thus GenAl tools are not
permitted for use while completing this assignment. Note that textbook examples are provided within the
tasks below to continue to support your familiarization with the format of documenting calculations.

CRITERIA: Refer to the rubric at the end of this document for this assignment’s learning objectives, taken from
the Chapter 3 study guide. Qualitative feedback will be provided on a Canvas version of this rubric to reflect
your learning progress.

TASKS:

1. Read sections 3.1 and 3.2 of the OpenStax textbook. After reading, state in words the precise meaning

of the equations below. Be specific. Don’t just say “frequency”—state the frequency of what object.

Observe the examples in a. to see how to properly interpret symbolic equations. In cases with multiple
equal signs, it is appropriate to say “This is also equal to...” as is shown in the second example. When
calculating with a compound equation like the second example, you may focus on the parts that are
relevant to your data, e.g. A=C.

Examples:
a. v = i A wave’s frequency (v) is equal to the speed of light (c) divided by the wave’s wavelength (A).
A=B=C The fruit apple (A) is equal to the fruit banana (B). These also equal the fruit cantaloupe (C).
hc
b Ephoton = hv = T

C. Ephoton = AEelectron = Ef—Ej


https://openstax.org/books/chemistry-atoms-first-2e/pages/3-1-electromagnetic-energy
https://openstax.org/books/chemistry-atoms-first-2e/pages/3-2-the-bohr-model
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As described in section 3.2 of the textbook, Bohr postulated that an
electron in a single-electron atom orbits around a positively charged
nucleus. The electron “orbits” (levels) are expressed as an integer n (i.e., 1,
2, 3, etc.). The electron has an energy of Ey,, as shown in the equation below.

ZZ
E, = —k(—z), where k=2.179 x 1078 )
n

a. What does Z represent?

b. Calculate the energy of orbit n =2 or E;, for a hydrogen atom. Observe Example 3.4 in your textbook
to see how to properly perform and document your calculations: show the symbolic equation, insert
values and units into the equation, and provide the final answer with appropriate units.

Below is the emission line spectrum of hydrogen, like Figure 3.13 in your textbook. The wavelength of
each line is given in nanometers. Calculate the frequency of each colored line (400 and 750 nm are not

necessary). Observe Example 3.1 in your textbook to see how to properly perform and document your
calculations: show the symbolic equation (re-arrange it if necessary), perform relevant conversions,
insert values and units into the equation, and provide the final answer with appropriate units.

A 400 nm 750 nm

410 nm 434 nm 486 nm 656 nm
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https://openstax.org/books/chemistry-atoms-first-2e/pages/3-2-the-bohr-model
https://openstax.org/books/chemistry-atoms-first-2e/pages/3-2-the-bohr-model
https://openstax.org/books/chemistry-atoms-first-2e/pages/3-1-electromagnetic-energy#CNX_Chem_06_01_2spectra
https://openstax.org/books/chemistry-atoms-first-2e/pages/3-1-electromagnetic-energy
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4. Complete the following multi-step problem. Make sure to properly perform and document your
calculations as described in Tasks 2 and 3, above.

Consider waves a and b, representing electromagnetic radiation: ~—16x107"m——
i. Calculate the wavelength of both waves. Hints: Recall what \/\/\/\/
“wavelength” means and note the distance scale at the top of the Wave a

figure to help with your calculations. How many waves (peak-to-peak)

“occur” for that distance? \/\/\/\/\/\/W

Wave b
Wave a:
Wave b:
ii. Which wave has the longer wavelength? Circle one: Wavea / Waveb

iii. Calculate 1) the frequency and 2) the energy for each wave. Which wave has the higher frequency
(v) and larger photon energy (Eghoton)?

Wave a frequency and energy:

Wave b frequency and energy:

iv.  Which wave has the greater velocity? Hint: Velocity (m/s) is synonymous with speed.

v.  What type of EM does each wave represent? Refer to Figure 3.3 in your text.

Wave a: Wave b:
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https://openstax.org/books/chemistry-atoms-first-2e/pages/3-1-electromagnetic-energy#CNX_Chem_06_01_emspectrum

RUBRIC for Preparation for Group Activity (Pre-Activity Assignment):

The Line Spectrum of the Hydrogen Atom and Bohr Theory

Does the work demonstrate thorough
understanding of the concepts? Does
the work meet the expectations
outlined in the assignment?

YES

well communicated?

[ Is the work complete and]

G

o
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Is there evidence of
partial understanding?

—

Gl

aJ

Excellent

Meets Expectations

Progressing

Not Assessable

The work meets or
exceeds the expectations
of the assignment.
Communication is clear
and complete. Mastery of
the concepts is evident.
There are no nontrivial
errors. This work could be
used as a classroom
example.

Understanding of the
concepts is evident
through correct work and
clear, audience-appropriate
explanations. Some
revision or expansion is
needed, but no significant
gaps or errors are present.
No additional instruction on
the concepts is needed.

Partial understanding of
the concepts is evident,
but there are significant
gaps that remain. Needs
further work, more review,
and/or improved
explanations.

Not enough information is
present in the work to

determine whether there is

understanding of the

concepts. The work is
fragmentary or contains
significant omissions. Or,

there are too many issues

to justify correcting each
one.

Tasks 1 and 2

LO 3.5. Recognize the
Rydberg formula in terms
of energy levels (see the 3™
equation listed in section
3.2 of the text) and explain
its relationship to the
hydrogen atom spectrum.

All equation symbols
are clearly and
correctly defined.
Symbols are
correctly related to
an object or
concept.

Equation symbols
are clearly and
correctly defined.
Symbols are not
related to an object
or concept or are
related to these

Equation symbols
are incorrectly
defined. Symbols
are not related to
an object or
concept or are
related to these

Equation
symbols are not
defined. Symbols
are not related
to an object or
concept or are
related to these

In this formula, distinguish incorrectly. incorrectly. incorrectly.
between n, E;, and AE.

Tasks 3 and 4 Correct problem Correct strategy, i.e.

LO 3.1. Calculate the strategy (shown via equation provided, Correct strategy is Equations,

wavelength of EM radiation
from frequency or the
frequency from
wavelength. Be able to
calculate the energy of a
photon from its frequency
or wavelength.

symbolic equations
provided) +
calculation work
shows values w/
units inserted in
equation + correct
final numerical
answer w/units.

that would lead to
the correct
numerical answer,
but either some
elements of work
are missing or a
calculation error is
evident.

evident and/or a
numerical answer
with (or without)
units is provided,
with no
demonstration of
calculations

values, or work
provided does
not relate the
given question
and/or the work
is incomplete

Task 4

LO 3.2. Classify the types of
light in the electromagnetic
spectrum (i.e., gamma, X-
ray, UV, etc.) and rank their
relative energies,
frequencies, and
wavelengths.

All calculated
wavelength values
are interpreted
appropriately to
match the correct
type of
electromagnetic
radiation.

All calculated
wavelength values
are interpreted,
with some errors in
matching to the
correct type of
electromagnetic
radiation.

Wavelength values
are interpreted,
but with
substantial errors
or reversing the
relative rankings.

Wavelength
values are not
interpreted and
the type of
electromagnetic
radiation is not
provided.
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