Question 1 (1% points) Name beey

Drwaw stable structures that match each of the following descriptions:
A, {4 pts)  Any structurs which has both a primary amine and a carboxylic acid,

Tt
= L1}
H N~ CH - G- aH

B, (4 pts)  J-secbutyl-3-Muore-2-hesene

c. (4pm) I-cvelopropyl-2-butanal

X

OH

Give the correct IUPAC name for the following molecule. You may use common names for any
substituents.

d. {4 pes)
B gkl = £ 130 propyl - 3, - dimeilyl ©THne

e, {2 pts) How many primary and tertiary carbons are in the molecule shown in part d?

Mumber of primary carbons 9 Mumber of tertiary carbons S



Question 2 (17 puints) Maine ke Y

4. (3ps) Rank the following malecules in erder of increasing C-N bond length.

Hi:.C—C=MN CHaaM —
) (CHz)s H/G N:I'_!

HPye-Lami = HY T S > (eHz1,N
shortest longest

b. (3 pts) Which molecule, 2,2-dimethylbutane or hexane, has the higher boiling point?

X AN

42 di.mf_ﬁ.-.,_rl burane e rane
h-s'ﬂl‘.r b'P'

c. (I pts) What type of molecular interaction explains your answer to part b? Use as few
words a5 possible,

Van der Wealt forcs - 10duced dipow - inducad dipale

Diraw stable Lewis structares for the follawing molecules. Include all lone pairs and formal
charges, if necessary, Note: lhe atoms may not be bonded in the order listed,

d. {4pts) CHaNz* H-.:;n.;:,e,;”
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e. {4ps) COH
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Question 3 (22 points) Name ey

Answer each of the following by circling T if the statement is TRUE or F if it is FALSE. (2 prs

each)
a, CHyCl; has a melecular dipole moment. @ r
b. Cyclopropane is [ree of strain. T @
c. Alkane A_has a lower heat of combustion than alkane B; therefore
alkane A is less stable than alkane B. T ®
d. Compounds with smaller pK,'s are weak acids. T @
e, Ammonia, NH;, is both a Brensted-Lowry base and Bransted-Lowry acid. @ F
f. (6pts) A carbon-oxygen double bond is shorter than a carbon-oxygen single bond, yet all
the C-0 bonds in the carbonate 1on {C{J;Lj have been experimentally determined to be of
equal length. Explain this observation, using mostly drawings and as few words as possible.
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A oo o~ ° 6- ©-
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Coz~ hes 3 equivalend  resomance Shrchess, 80 Fae
-y ‘oumds tn LO 2 are equivalesh. MNoHL e C-0
Londs are i~ lothorea & Siagie bend ad o double '2ond.
g (opts) Indicate lhe hybrdization of each carbon, oxygen, and nitrogen in the following

molecule,
w0 2p?
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Question 4 (14 points) Name

Draw a three dimensional representation in the lowest energy conformation of the following
malecules. Also, show the hvdropens on the starred carbans.

a. (apts)

CH,CH,4 M
@ -
"™C(CHy)q

Cyclohexane A

B. {5 pts)

{HEG}E.D"“'O—'CHzCHa

Cyelohexane B

€. {2 pls) Are substituents in cylohexanes & and B eir or trans to cach other?

Bobe A« B have *rany Scldkhuesiy

d. {2 pts} Which cvclohexane, A or B, is more stable?



Question 5 (10 points) MName "{""f

Consider L.5-dimethylhexane amd sight down the C3-C4 bond from C3 o C4. Skerch an
appreximate potential energy diagram for each 60 rotation about the C3-C4 bond from 0° w
360° starting with the highest energy conformation at 0°, Also, draw the Newman
projections for the conformations at 0°, 60°, and 180" in the boxes below.

If you draw a structure for 2,3-dimethylhexane on this page, make sure that it is complete and
comecl.
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Question 6 (L1 points) Name Hey

Determine & molecular orbital pieture for HoO=C=C=CH,, 1.2,3-butatriene, as follows:

a (4 pts) Sketch all the g bonds.

! H
c’
C e IC

< R

L)

b. (53 pts) Sketch the © bonds. Indicate the relative orentation of the w bonds.

Tt T bond behucan C, v, 1§ prpeadieder o lnc
1 lwond behweesn T, v O3, e T bond brhwcen G vz
?g_ngpd'.r_u"l&r o Pt T bond lthueeata v Cy

¢. {2 ps}  Are all four hydrogens in 1,2,3-butatriene in the same plane?

l—i'ES



Question 7 (8 points) Name he.exy

Using bond dissociation energies, caleulate the AHL, for the reaction shown below, Somc
usaful BOE s are listed helow.

:
H
HBr+ H,0—C=CH, —— H,C—CH-CHq

Bond Energy (KJfmol

C=C g611
C-Cx 234
CCo a7z
C-C 377
C-H 410
C-Br 284
H-Br 366
Bonds Broken Bonds mode
H=-Ber c-gr
C-E C-H
‘&'*Hurm = ',l BDE: For oords beokis - # BDLs Fer bondy tmade

BPE (H-3c) v B {(e-cw) - BDE (e-Br) - BRE (c-H)

L 1]

3ol v 23y -~ aB4 -4Yo

= —Gl"l k;frhu'l



Extra Credit (10 points) Name k"'“ﬂ
In this problem vou will vse both atomic otbitals and hybrid erbitals w propose bonding moedels
for the water moelecule,

a. Write the ground state electron configuration of oxygen, Which orbitals contain the unpaired
electrons for oxygen?

i 1
LN .
LI
b. What is the geomeirical relalionship between the two orbitals containing the unpaired
clectrons? i',,,..- -
q
" 9c°

¢, If the unpaired clectrons in oxygen pair up with oo hydrogen atoms, what shape is the water
molecule? What is the H-0-H bond angle in this waler molecule (ignore VSEPR theory for

the moment)?
H
oﬂ
He %

Bi—=—"14

d. The actual bond angle is 105" {closer (o the bond angle of 4 errahedral atom). If your angwer
in parl ¢ is 109.5% then you do not need to consider hybridization. It your answer is

significantly differant, then hybridize the appropriate atomic orbitals of oxygen to penerate
the correct band angles in water.

Zex Lpy dop

j}zl hth'ﬁdimm _11_1\: 1'#_ j__ 1 E,FB
TS 'ML”-
grovas Shak

e. Why does hyhridization give the correct bond angles around the oxyzen atom?
Two of We hybrid srmtali wesld bl Uid For banding
four of Haem Liouid ‘ot direeed as For aperh

Gn it
9. & e WHJ wooid 2L close

Prom euch DMaer o3 posnble.

e 10A7 4



