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“Find the good. It's all around you. Find it, showcase it and you'll start believing
in it.” — Jessie Owens, Olympic sprinter

This exam contains 17 questions on 10 numbered pages. Check now to make sure you have a
complete exam. You have one hour and thirty minutes to complete the exam. Determine the best
answer to the first 15 questions and enter these on the special answer sheet. Also, circle your

responses in this exam booklet. Show all of your work and provide complete answers to questions
16 and 17.

1-15 (30 pts.)

16 (15pts.)

17  (15pts.)
Total (60 pts)

Useful information:

A
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Part 1: Multiple Choice

1. Which of the following is not a correct electron configuration for an atom of iron? This can
be a ground state or excited state electron configuration.
a) 1s22s22p°3s23p°4523d°
b) [Ar]4s?3d®
c) [Ne]4s?3d°
d) 1s%2s?2p®3s23p®4s23d°4pt
e) All of these are correct electron configurations of an atom of iron.

2. Which of the following sets shows an isoelectronic series?
a) S,5%, S
b) Na, Li, K
c) C,N,O
d) F,CI, Ne
e) S, CIK*

3. The following five demonstrations were performed in lecture. How many of the following
represent endothermic processes? The system is underlined in each case.

e Liquid nitrogen becoming gaseous nitrogen when poured into the air.

e Water in a flower freezing when liquid nitrogen is poured over it.

e The oxygen and hydrogen gas that react together in a Pringles can rocket resulting in
a large pop and the production of flames.

e Water is heated on a hot plate until it boils.

e Two solids mixed in a beaker result in the outside of the beaker becoming ice cold to
the touch.

a)
b)
c)
d)
e)

gk wWDN B

(All are endothermic processes.)



Chemistry 101 Fall 2018
Hour Exam Il Page No. 3

4. We have seen a lecture demonstration in which soap bubbles holding natural gas (CH4) are
placed on a hand and lit with a match. This results in the natural gas within the bubbles

reacti

ng with oxygen in the air to form carbon dioxide and water. An incomplete energy

diagram for this reaction is shown below. To correctly finish this diagram, where should the

carbo

n dioxide and water be placed on the diagram to represent the energy absorbed or

released after the reaction?

Ener

A

®| CH,and 0,
before
reaction

CO2 and H20 should appear on the energy diagram...

a)
b)
c)

d)

5. Each
struct

a)

Lower in energy than CH4and O, because energy was released to the surroundings as a
result of the combustion reaction.

Lower in energy than CH4and Oz, because water and carbon dioxide react much more
easily with air than CH4 does.

At the same level as CHsand O, because energy is never created or destroyed, it simply
changes form as a result of the reaction.

Higher in energy than CH4and O, because energy was put in by lighting the match to
get the process to begin.

Higher in energy than CH4and O, because the oxygen in the air was used up in order
to make the process occur.

of the following statements represent major developments in the history of atomic
ure. Which development is not still believed today?
Atoms are not created or destroyed in chemical reactions, they are merely rearranged.

b) Atoms contain tiny, negatively charged particles known as electrons.

c)

The negatively charged electrons within an atom are found within a positively
charged cloud.

d) Atoms contain neutral particles called neutrons in their centers.

e)

Atoms of each element contain a set of unique quantized energy levels due to their
different electron arrangements.
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6. Consider a neutral atom of magnesium and its most stable ion, Mg*2. Which of the following
identifies the atom or ion with the largest radius and explains why that atom or ion has the
greatest radius?

a)

b)

Mg Mg+2
Mg: Both of the atoms and ions have the same number of protons in the nucleus, but
neutral magnesium has the greatest number of electrons, meaning the electrons will
repel from one another and result in a larger radius.
Mg: Magnesium is a neutral atom with the same number of protons and electrons.
Neutral atoms are always larger than ions of the same atom regardless of whether
those ions have lost or gained electrons.
Mg*2: This positively charged magnesium ion has gained two electrons, which means
that the greater number of electrons results in more repulsions and interactions
between the electrons, resulting in a greater atomic size.
Mg*2: The nucleus of this magnesium ion has gained two protons, which increases
the size of the atom due to the greater nuclear attraction.
Both of the atoms and ions are the same size: size does not depend on whether the
substance is an atom or ion — if atoms and ions of the same element are present, then
they are both the same size.

7. Which of the following statements regarding ionization energy is completely true?

a)

b)
c)

d)

A stable ion of sulfur has a higher ionization energy than a neutral atom of sulfur
because sulfur has extra electrons making them easier to remove.

Fluorine has a higher first ionization energy than oxygen because an atom of fluorine
is larger than an atom of oxygen.

lonization energy and electronegativity have the same meaning, so if an atom has a
higher ionization energy, it will also have a higher electronegativity.

An atom with a lower ionization energy also has a lower atomic radius because
electrons are easier to remove from smaller atoms.

The second ionization energy (i.e. energy to remove a second electron) of an element
is always higher than the first ionization energy because it is more difficult to
remove an electron from a positively charged ion than a neutral atom.

8. Which of the following statements is false about orbitals as they relate to the structure of the

atom?
a)
b)
c)
d)
€)

Orbitals present a probability map of where an electron is likely to be.

The way an electron moves and its location remains unknown.

Electrons can become excited and can move to higher energy orbitals.

A single “d” orbital can hold 10 electrons, and a single “p” orbital can hold 6.
Together, all of the orbitals in principal energy level 3 can hold 18 total electrons.
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Draw the Lewis Structures for each of the molecules listed below and use them to answer the
next four questions.

Br.O CFa NClI3 CoH4
9. Which of these molecules has a tetrahedral shape?
a) Br.0O
b) CFs4
c) NCIs
d) CoHs

e) None of these molecules have a tetrahedral shape.

10. Which two of these molecules are polar?
a) Br20 and CF4
b) Br.O and NCls
¢) NCls and CzHq
d) Br20 and C2H4
e) CFsand CoHs

11. For which of these molecules is the bond angle the largest?
a) Br.O
b) CF4
c) NCIs
d) CoHs
e) Two of the molecules have the same largest bond angle.

12. For how many of the molecules can resonance structures be drawn?
a) 0 (Resonance structures can be drawn for none of the molecules.)
b) 1
c) 2
d) 3
e) 4 (Resonance structures can be drawn for all of the molecules.)
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Draw Lewis structures for each of the molecules below and use them to answer the next three
questions.

BH3 SF4 KrCl, Cl,O

13. For how many of these molecules is it impossible to satisfy the octet rule for all atoms in the
molecule?

a) 0
b) 1
c) 2
d) 3
e) 4 (None obey the octet rule for all atoms.)

14. Select the option which identifies the strongest intermolecular force in each of the following
molecules.

BH3 KrCl Cl20
a) | London dispersion London dispersion Dipole-dipole
b) | lonic Dipole-dipole Dipole-dipole
c) | London dispersion Dipole-dipole Dipole-dipole
d) | London dispersion London dispersion London dispersion
e) | Dipole-dipole Dipole-dipole Dipole-dipole

15. Rank the molecules BHs, KrCl», and Cl>O from lowest to highest boiling point. It is possible
that two or more of the molecules are predicted to have the same boiling point.
a) BH3 =KrCl, =Cl,0
b) CI,O <KrCl, < BH3
c) Cl,O < KrCl,; =BHs
d) BH3=KrCl> <Cl,0
e) BH3: <KrCl> < CIl,0
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Free Response - please write your answers completely in the spaces below.

16. Consider the electron configurations below. Each represents the expected electron
configuration of a neutral atom, and the configuration can be written in the ground or excited
state.

a. Give the symbol of the neutral atom given by the electron configuration and give the number
of unpaired electrons in the electron configuration as written. An orbital diagram is located
on the front cover of the exam which may be helpful.

Configuration Element Identity Number of Unpaired
Electrons

1) | [Ar]4s°3d%p*
2) | 1s?2s%2p?3s?
3) | [Kr]5st4d®

b. The atomic radii of the three elements are 48 pm, 103 pm, and 190 pm (not necessarily in
that order). Match each of elements 1), 2), and 3) with its corresponding radius.

1)

2)

3)

c. Consider the element that you assigned to have a radius of 48 pm. For a neutral atom of this
element, is it possible for an electron to ever be closer to the nucleus than 48 pm? Is it
possible for an electron to be further away from the nucleus than 48 pm? Explain in each
case.

Please go on to the next page.
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d. Each of elements 1), 2), and 3) is able to form a bond with oxygen. How many of these
bonds are polar? Explain thoroughly. In your answer, be sure to:

e Identify which of the three bonds are polar and which of the three the bonds are

nonpolar.
e Explain the difference between a polar bond and a nonpolar bond. (Note: you
need to actually explain what these mean in terms of the behavior of electrons, do

not just state how to identify whether a bond is polar or nonpolar.)

Please go on to the next page.
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17. The substances XeFs and XeF.Cl, both have the same electron pair geometry, molecular
shape, and bond angles.

a. Draw the Lewis structures of XeF4 and both the polar and nonpolar forms of XeF.Cl> in
the spaces below. Use the structures you draw to completely fill out the table indicating
geometry, bond angles, and molecular shape.

Lewis Structures

A B C
XeF4 (nonpolar) XeFCl> (polar) XeF2Cl> (nonpolar)
Electron Pair Geometry Molecular Shape Bond Angle(s)

b. These three molecules (labeled A, B, and C) all have the same molecular shape, but do
not have the same boiling point. Rank them from lowest to highest boiling point in the
spaces below and justify your answer, including identifying the strongest intermolecular
forces between each molecule. Use the letters A, B, and C in your ranking.

Please go on to the next page.
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In parts a. and b., we examined structures with similar shape, but with different formulas. It is

also possible to have structures with similar formulas but different arrangements of atoms.

c. There are two possible arrangements of atoms for a molecule with the empirical formula

C2HeO. These are CH30CHs and CH3CH2OH. Draw the Lewis structure for both of

these arrangements and give the molecular geometry, shape, and bond angles around the
oxygen atom. Then determine if each molecule is polar or nonpolar overall.

. Molecular Bond
Electron Pair Overall
. Shape Angle(s)
Lewis Structure Geometry Around Around molecule
Around Oxygen roun roun polarity
Oxygen Oxygen
CH30OCHz3
CH3CH20H

d. Do CH3OCHsand CHzCH2>OH have the same boiling point? Explain why or why not,

including describing the strongest intermolecular forces present between each molecule.

If they do not have the same boiling point, state which arrangement has the highest

boiling point and justify your answer.

STOP. | You have reached the end of the exam. Nothing written after this page will be graded.
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