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

(a)
                                         (b)



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

Energy is emitted, since the energy of the atom with an electron in n = 3 is higher than the energy of an electron in n = 1.

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?
ΔE = hc/lambda = (6.626 x 0^-34 x 3 x 10^8) / (530 x 10^-9) = 3.75 x 10^-19 J
The difference in energy between an electron in n = 3 and n = 1 is 3.75 x 10^-19 J.
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?

ΔE = hc/lambda = (6.626 x 0^-34 x 3 x 10^8) / (700 x 10^-9) = 2.84 x 10^-19 J

The difference in energy between an electron in n = 3 and n = 2 is 2.84 x 10^-19 J.
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?

No, the Uncertainty Principle tells us that we cannot know the position of electron in an atom or the position of a pencil with 100% certainty. 
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?
Assuming the smallest possible uncertainty in momentum for both professors, Professor Naomi has the greater uncertainty in the momentum of the proton. We know this because the Uncertainty Principle tells us that with decreasing uncertainty in position, we have increasing uncertainty in momentum. Since Professor Naomi has a smaller uncertainty in position than Professor Zack, she has the greater uncertainty in momentum.
4. (2 points) Which has a bigger wavelength, a giraffe or a carbon atom? What tells you this?
The wavelength of particle of mass is inversely proportional to its mass and velocity. Though a carbon atom moves much more quickly than a giraffe, the mass of the giraffe is so much larger than the mass of a carbon atom that the wavelength of the carbon atom is much much longer than the wavelength of a giraffe.
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.
The approximate uncertainty in the position of an electron in an atom in 10^-10 m. The approximate wavelength of an electron in 10^-10 m. The approximate radius of an atom is 10^-10 m. Since the uncertainty in position and the wavelength of an electron are approximately the same size as the radius of an atom, we must think of electrons as waves when thinking about electrons 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?

1s



   2s




  3s

n = 1, l = 0


n = 2, l = 0

       n = 3, l = 0

Smallest Radius






Biggest Radius
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.



   2s


    2p(x)


   2p(z)

           2p(y)
n = 2, l = 0, ml = 0
  n = 2, l = 1, ml = -1
  n = 2, l = 1, ml = 0
   n = 2, l = 1, ml = +1
b) Do the 2s orbitals and 2p orbitals have the same shape? 

No. Because these two orbitals have different values of l, they have different shapes.
c) Describe the shapes of an s-orbital and the shape of a p-orbital.

The 2s orbital is spherical. The 2p orbitals are dumbbell shaped.
d) Do each of your three 2p orbitals look the same? If not, how are they different?

No, they look different. Each one has a different ml, which means they have a different orientation. 2p(x) is centered along the x-axis, 2p(y) along the y axis, and 2p(z) along the z axis.
8. (6 points) Consider an electron with n = 5

a) What are all possible values of l?

l can equal all values from 0 to (n-1). In this case, all possible l values are 0, 1, 2, 3, 4.
b) Assume the electron has l = 3. What are all possible values of ml?

ml can equal from –l to +l. In this case, all possible ml values are -3, -2, -1, 0, 1, 2, 3.

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

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

The total number of electrons that can fit in orbitals with l = x is 4x +2. In this case, the total number of electrons that can fit a 5f orbital (and any f orbital) is 4(3) + 2 = 14.

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

The quantum number ms tells the spin of an electron, which can equal +1/2 or -1/2.
9. (1 point) What is the Golden Rule for placing electrons in orbitals in the ground state of an atom?
The Golden Rule says that we place electrons in orbitals in the ground state of an atom such that the overall energy of the atom is as low as possible.

10. (36 points) For each of the atoms or ions below, write the electron configuration

a) Using a noble gas abbreviation

b) Using an energy-level diagram

c) Using a box diagram

i. He / He2-






     
ii.
Li / L+
He: 1s2


He2-: 1s22s2



Li: [He]2s1

Li+: [He]


He:



He2-: 




Li: [He]


Li+: [He] 


  1s



   1s    2s




 2s



















iii. N / N3-






iv.
O
N: [He]2s22p3


N3-: [He]2s22p6

O: [He]2s22p4




N / N3-:[He]


                    O: [He]                         




2s            2p





 2s


   2p



















v. Ar





         vi..
Ti / Ti+
Ar: [Ne]3s23p6


                        Ti: [Ar]4s23d2
   Ti+: [Ar]4s13d2

Ar [Ne]


                 Ti / Ti+: [Ar]                         


3s            3p




     4s


      3d



















vii.
Cr4- Bad question, don’t worry about it

v. Cu2+







Cu2+ : [Ar] 3d9

(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)
These two electrons have the exact same set of four quantum numbers, which is not allowed by the Pauli Exclusion Principle.

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)

There are two electrons in a 2p orbital with ml = -1, and no electrons in the 2p orbital with ml = +1. Since each 2p orbital has the same energy, by Hund’s Rule we know that we should place one electron in each ml before adding two electrons to any of them.

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)

The Golden Rule of electron configurations says that we should put electrons in the lowest-energy orbitals possible (while still obeying the Pauli Exclusion Principle). In this case, we have an electron in a 3p orbital, whereas the lowest-energy orbital available is 2s.
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