CHEMISTRY 1A
Spring 2011

EXAM 3 Key
CHAPTERS 7, 8, 9 & part 10

You might find the following useful.
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For each of the following, write the word, words, or number in each blank that best
completes each sentence. (2 points each)

1.

The condition of an atom that has at least one of its electrons in orbitals that do not
represent the lowest possible potential energy is called a(n) excited state.

A(n) antibonding molecular orbital is formed from out-of-phase interaction of two atomic
orbitals. This leads to a decrease in negative charge between two nuclei where the atomic
orbitals overlap and leads to less +/— attraction between the negative charge generated by
the electrons and the nuclei.

Isomers are compounds that have the same molecular formula but different molecular
structures.

A(n) unsaturated fat is a triglyceride that has one or more carbon—carbon double bonds.
Hydrogenation is a process by which hydrogen is added to an unsaturated triglyceride to
convert double bonds to single bonds. This can be done by combining the unsaturated
triglyceride with hydrogen gas and a platinum catalyst.

A polar molecule or ion (or a portion of a molecule or polyatomic ion) that is attracted to
water is called hydrophilic.

Of the two ionic bonds, Al-S (in ALS;) or Cs-S (in Cs,S), the Al-S bond has the most
covalent character.

Of the two ions, S~ and Ca*", the ¥ is larger.



9. There are disagreements among chemists as to how Lewis structures should be drawn.
Some feel that we should try to minimized formal charges, others feel we should
emphasize the “octet rule”, and others feel that for most of the uses for Lewis structures,
it doesn’t make any difference. As an example, consider the prediction of the molecular
geometry and molecular polarity of sulfur trioxide, SO;. (10 points)

a. Draw a reasonable Lewis structure for SO; that minimizes formal charges. This
structure does not have resonance. Draw the geometric sketch, including
representative bond angles, predicted from this structure. Predict whether, based on
this structure, the molecule is polar or nonpolar.
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b. Draw a reasonable Lewis structure for SO; that has eight total electrons around each
of the atoms. Identify all formal charges. This structure has resonance, so draw a//
the resonance structures and the resonance hybrid. Draw the geometric sketch,
including representative bond angles, predicted from this structure. Predict whether,
based on this structure, the molecule is polar or nonpolar.
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10. Draw geometric sketches, including representative bond angles for the three isomers of
difluoroethene, C;H,F,. Label the cis and trans isomers. (8 points)
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11. Write abbreviated electron configurations for each of the following, (4 points each)
a. Copper atom, Cu [Ar] 3d'° 4s!
b. Iridium(1l) ion, Ir*"  [Xe] 44 5d
12. Consider the following Lewis Structure for the resonance hybrid for nitric acid, HNO:;.
(13 points)
O

H-O-N=0;

a. What is the hybridization for the left oxygen atom? sp’
b. What is the hybridization for the right oxygen atom? sp?
C. What is the hybridization for the top oxygen atom? sp?
d. What is the hybridization for the nitrogen atom? sp?

e. Write a description of the bonding, stating whether each bond is sigma, pi, or part of a
delocalized pi system and by stating which atomic orbitals overlap to form the bonds.

1 sigma O-H bond due to sp’-1s overlap

1 sigma O-N bond due to sp’>-sp® overlap

2 sigma N-O bonds due to sp>-sp* overlap

1 delocalized pi system due to 3 p orbitals overlapping, one on the nitrogen atom,
one on the top oxygen atom, and one on right oxygen atom

f. What is the name of the electron group geometry around the left O? tetrahedral
g. What is the name of the electron group geometry around the nitrogen? trigonal planar

h. Draw a sketch with bond angles.
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13. Consider the following Lewis Structure for C;Hs. (11 points)
H—C=C—H

|
H H

a. With reference to the assumptions of the valence bond model of covalent bonding, and
using orbital diagrams for the valence electrons of carbon, explain how carbon atoms are
able to form the bonds in C;Hs. Describe each bond as a sigma or pi bond and tell how
cach is formed from the overlap of atomic orbitals.

Only the highest energy electrons participate in bonding.
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Covalent bond form to pair unpaired electrons.

Two sp” atomic orbitals for each carbon overlap 1s orbitals of the hydrogen atoms

to form 2 sigma bonds.

One sp? atomic orbital for each carbon overlaps an sp* orbital of the other carbon
to form a sigma bond.

The unhybridized 2p atomic orbitals of the carbons overlap to form a pi bond.
b. Explain why one of the bonds in the double bond is weaker than the other.
The p orbitals, which form the pi bond by parallel overlap, overlap less than the sp*

atomic orbitals, which form the sigma bond by end-on overlap.

Less overlap leads to less of an increase in negative charge between the nuclei and
therefore, less of a stabilization of the molecule.



14. For each of the following, write the name of the type of attraction holding these particles in
the solid and liquid form. Indicate the formula in each pair that represents the substance
that you would expect to have the higher melting point and boiling point. (3 points each)

a. Iodine trifluoride, IF;
type of attraction dipole-dipole and London forces
or ethyl amine, C;HsNH,
type of attraction hydrogen bonds and London forces
higher melting point and boiling point? C.HsNH,
b. 2-aminopropane, CH;CH(NH,)CHj;
type of attraction hydrogen bond and London forces
or 2-aminodecane, CH;CH(NH,)(CH,),CH;
type of attraction hydrogen bond and London forces
higher melting point and boiling point?  CH;CH(NH.)(CH.),CHj;
C. Ammonium hydroxide, NH;OH
type of attraction ionic bonds
or octane, CgHis
type of attraction London forces
stronger attractions? NH4sOH

15. Ammonia and carbon dioxide combine to produce urea, NH,CONH,, and water through
the following reaction. About 90% of the urea is used to make fertilizers, but some is also
used to make animal feed, plastics, and pharmaceuticals. The concentration of ureain a
typical liquid fertilizer is about one molar NH,CONH,. What minimum volume of NHj;
at 190 °C and 34.0 atm is needed to make 3.5 10%L of 1.0 M NH.CONHS,? (8 points)

ZNHg(g) + COz(g) - NH2CONH2(S) + Hzo(l)
1.OmolNH2CONH2][ 2mol NH, j
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Answer the following in short answer form. (8 points each)
41. Explain why larger molecules have stronger London Forces.

Larger Molecules

More electrons ™ Electrons in larger molecular orbitals
Instantaneous dipoles are more likely Electrons farther from nuclei

Highest energy electrons
less attracted to the nuclei

v

Easier to distort electron cloud

More instantaneous dipoles — i)

Larger charges on both instantaneous
% dipoles and induced dipoles

More and stronger attractions
between dipoles

v

Stronger London forces



42. Explain why lowering the temperature of a gas and/or why increasing the concentration
of a gas (by adding gas to a container and/or decreasing the available volume) leads to a
greater difference between the pressure calculated from the ideal gas equation and the real
or measured pressure. (8 points)

| Diecreased temperature | - Increased number of gas particles
l and/or decreased volume
Diecreased average velocity l
of the gas particles Increased number of gas particles
L volume
Decreased chance of an l
attraction being broken Decreased average distance
\ between particles
'

More and stronger attractions between particles at a given time

}

Just before a particle hits the wall, there is a greater
pull back toward the center of the container

}

Drecreased force

5100

Diecreased pressure compared to the presure when
there are no attractions berween the particles.
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