Study Guide for Test 2: Electrons in Atoms – 90 possible points, graded out of 50
Practice Test Date - Thursday, October 27, 2011
Test Date - Tuesday, November 1, 2011
Review Material – 

1) This handout

2) Practice test

3) Homework
4) Chapter 11.1 – 11.10

5) Class website

a) ‘Lesson Slides’ – Lessons 7, 8, 9
b) ‘Main Points’ – Lessons 7, 8, 9

On the test, you will be expected to – 
Bohr Model of the Atom:

· Draw a Bohr model of an atom and label different orbits (n = 1, n = 2, etc.)

· Draw an energy-level diagram corresponding to a Bohr model of the atom

· On a Bohr model and energy-level diagram, 
i. draw what happens to an electron when energy is absorbed
ii. draw what happens to an electron when energy is emitted

· Given the energies of different orbits, calculate

i. the energy emitted or absorbed when an electron jumps between different orbits
ii. the wavelength of light emitted or absorbed 
Uncertainty Principle and Electrons as Waves
· Describe the relationship between the uncertainty in position and the uncertainty in momentum

· Estimate the relative wavelengths of different objects

· Give two different reasons why we must think of electrons as waves in atoms

Modern Model of the Atom:

· Describe how orbitals are different from orbits

· Define and list the possible values of the quantum numbers n, l, ml, and ms
· Draw two orbitals with different values of n

· Draw two orbitals with different values of l

· Draw two orbitals with different values of ml
· Use arrows to show two electrons with different spin

Electron Configuration

· Give the number of electrons in a neutral atom of every element
· Name an orbital after being told its n and l values

· Give the n and l values of an orbital

· Write ground-state electron configurations
i. Using the noble-gas abbreviation
ii. Using energy level diagrams

iii. Using box diagrams

· Give the n, l, ml, and ms values of an electron presented in an energy level diagram
· Write the ground-state electron configurations of ions

· Write the ground-state configurations of chromium and copper

· Identify and describe mistakes in incorrect electron configurations
Helpful Information
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Bohr Model of the Atom





Energy-Level Diagram (Bohr Model)
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Energy Emission / Absorption Calculation

De Broglie Equation for Wavelength of Particles
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Heisenberg Uncertainty Principle
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Electron configuration of Li:

In noble-gas abbreviation – 


In energy-level diagram - 
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Practice Problems – 

1. (12 points) Draw a Bohr model of the atom …
a) … with an electron in an n = 3 orbit

b) … with the electron in part (a) falling from n = 3 to n = 1

c) Is energy emitted or absorbed in part (b)? How do you know?

d) If the wavelength of light emitted in part (c) is 530 nm, what is the difference in energy between an electron in orbit n = 3 and n = 1?
e) If 700 nm light is emitted when an electron falls from n = 3 to n = 2, what is the difference of energy of an electron sitting in these two orbits?

f) Assume the energy of the n = 1 orbit is 0 J. Draw an energy level diagram including the correct energies for each orbit (n = 1, n = 2, n = 3).

g) On your energy-level diagram in part (f), draw the following two processes

i. An electron jumping from n = 1 to n = 3

ii. An electron jumping from n = 2 to n = 1
Is energy absorbed or emitted in these processes? Draw a picture of a light wave either coming in or going out of your energy diagram representing either absorption or emission. Write the energy and wavelength of the light wave above it.
2. (3 points) Can we know the position of an electron in an atom with 100% certainty? Why or why not? What about the position of a pencil?

3. (2 points) Professor Naomi measures the position of a proton in the nucleus with an uncertainty of 10-11 m. Professor Zack measures the position of the same proton with an uncertainty of 10-10 m. Assuming the smallest possible uncertainty in momentum, which Professor has the greater uncertainty in the momentum of the proton? What principle tells you this?
4. (2 points) Which has a bigger wavelength, a giraffe or a carbon atom? What tells you this?
5. (4 points) What is the approximate uncertainty in the position of an electron in an atom? What is the approximate wavelength of an electron? What is the approximate radius of an atom? Write a sentence clearly explaining why we think of electrons as waves in atoms.
6. (8 points) Draw one example each of a 1s, 2s, and 3s orbital. 
a) List the value of n and l for each orbital. 

b) Which orbital has the biggest radius? 

c) Which has the smallest?
7. (11 points) Draw an example of a 2s orbital and three different 2p orbitals.

a) List the value of n, l, and ml for each orbital. 

b) Do the 2s orbitals and 2p orbitals have the same shape? 

c) Describe the shapes of an s-orbital and the shape of a p-orbital.

d) Do each of your three 2p orbitals look the same? If not, how are they different?

8. (6 points) Consider an electron with n = 5

a) What are all possible values of l?

b) Assume the electron has l = 3. What are all possible values of ml?

c) What do we call an orbital with n = 5 and l = 3?

d) How many total electrons can have n = 5 and l = 3?

e) What does the quantum number ms mean? What values of spin are possible?

9. (1 point) What is the Golden Rule for placing electrons in orbitals in the ground state of an atom?
10. (36 points) For each of the atoms or ions below, write the electron configuration

a) Using an noble gas abbreviation

b) Using an energy-level diagram

c) Using a box diagram

i. He / He2-
ii. Li / Li+
iii. N / N3-
iv. O

v. Ar

vi. Ti / Ti+
vii. Cr4-
viii. Cu2+
11. (5 points) Identify the problems with the ground-state electron configurations of each of the atoms below. Justify your answer with at least one of the following principles or rules.
a) Golden Rule (energy-ordering)

b) Hund’s Rule

c) Pauli Exclusion Principle

i. A Helium atom with 2 electrons having quantum numbers (n, l, ml, ms)

1. Electron 1: (1, 0, 0, +1/2)

2. Electron 2: (1, 0, 0, +1/2)
ii. A Nitrogen atom with 7 electrons having quantum numbers (n, l, ml, ms)

1. Electron 1: (1, 0, 0, +1/2)

2. Electron 2: (1, 0, 0, -1/2)

3. Electron 3: (2, 0, 0, +1/2)

4. Electron 4: (2, 0, 0, -1/2)

5. Electron 5: (2, 1, -1, +1/2)

6. Electron 6: (2, 1, -1, -1/2)

7. Electron 7: (2, 1, 0, +1/2)

iii. A Lithium atom with 3 electrons having quantum numbers (n, l, ml, ms)

1. Electron 1: (1, 0, 0, +1/2)

2. Electron 2: (1, 0, 0, -1/2)

3. Electron 3: (3, 1, 0, +1/2)
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