REPRESENTATIVE CARBON COMPOUNDS:
FUNCTIONAL GROUPS, INTERMOLECULAR

FORCES, AND INFRARED (IR)

SPECTROSCOPY
SOLUTIONS TO PROBLEMS

o0+ O-

21 (a) H—F or H—F (¢) Br—Br

_ w=0D
5+ o8-

(b) I—Br or I-—Br (d) F—F

| u=0D

2.2 VSEPR theory predicts a planar structure for BF;.

m
\,_w»;
F~ OF
u=0D

! The vector sum of the bond moments of a trigonal planar structure would be zero, resulting
in a prediction of ;. = 0 D for BF3. This correlates with the experimental observation and

confirms the prediction of VSEPR theory.

2.3 The shape of CCl,==CCl, (below) is such that the vector sum of all of the C—Cl bond
moments 1S Zero.

CLY, A
/ F T O/
a* Xa
24 The fact that SO, has a dipole moment indicates that the molecule is angular, not linear.
N .
To YN ok not .0=8=0.
U= 1.63 D i = oD
An angular shape is what we would expect from VSEPR theory, too.
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L/\wa
Br
(b) ¥< (c) \‘/w_.

. . 2.10 (a) F
2.6 In CFCl; the large C—F bond moment opposes the C—Cl moments, leading to a net dipole n N (b) Ci
moment in the direction of the fluorine. Because hydrogen is much less electronegative than # ¥/
fluorine, no such opposing effect occurs in CHCl;; therefore, it has a net dipole moment (c) Propyl bromide :
that is larger and in the direction of the chlorine atoms. (d) Isopropyl fluoride

18 REPRESENTATIVE CARBON COMPOUNDS
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2.5 Again, this is what VSEPR theory predicts.
2.9 Amv </\ Br and

ke B LT e

(e) Phenyl iodide
i |
2.11 (a) OH and \_/\
I H o_uw H NN OH
or” X o
Smaller net F.E.mﬂ net OH

dipole moment _

F F H F *

ﬂ/ \V net dipol N\ ..\\«\ OH W
— pole — —

2.7 (@) \O|O/ » moment (5) % O/ h=0D 2.12 (a) >\Om (b) \_/ i
H H F H W

213 (a) N0 b) N0 N :
i
¥

H F F :
© /O _ mu\\ ., net dipole @ ﬂ/ \M h=0D ©) P \ﬁ _ﬁ.
) 4 .//»,m moment W\ .//»/ ) O (d) Methyl propyl ether “
(¢) Diisopropyl ether (f) Methyl phenyl ether mw
2.14 (a) Isopropylpropylamine (b) Tripropylamine W
(c) Methylphenylamine d) Di :

H N .\\A Br H N y H | H o Y Br © (d) Dimethylphenylamine
28 (@ / L=< ¢=¢ nMo“ww_w C HO/ u=0D NN () CH;— ~_4 —CH; or (CH3;3N

H x//), Br Br \\\1 xﬂ,’/ WH\\\\., H C mw ]

. C1S « trans
net dipole N \ e \_/
moment Cis-trans isomers @ N
|
B 1 CH;
1 B C B
(b) fdm M\ o wz//m m\\«\ " net dipole ﬂ/o o_.\n 0D 215 (a)
— — — H= 15 (a) (e)only (b) (ac)
moment () (b,df,g)
wH\»\\. //»/O_ Cl 7 . N Cl H w_\\\\ f/,O_ CH
net dipole \ C18 y _,,_.mwm J _ 3 A_umu
moment Cis-trans isomers 2.16 (a) CH;— Hﬂ * + H—Cl: —> CH;—N-—H + :CI:~
_ .

CH,
(b) sp’

(c) \_lom

CH,
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2.17

2.18

2.19

2.20

2.21

2.22

-

(a) CH;CH,CH,CH,O0OH would boil higher because its molecules can form hydrogen bonds
to each other through the — QO —H group.

(b) CH3;CH,NHCH; would botl higher because its molecules can form hydrogen bonds to

each other through the — N —H group.
|

(c) HOCH,CH;CH,OH because by having two O H groups, it can form more hydro-
gen bonds.

Cyclopropane would have the higher melting point because its cyclic structure gives it a
rigid compact shape that would permit stronger crystal lattice forces.

If we consider the range for carbon-oxygen double bond stretching in an aldehyde or ketone
to be typical of an unsubstituted carbonyl group, we find that carbonyl groups with an oxygen
or other strongly electronegative atom bonded to the carbonyl group, as in carboxylic acids
and esters, absorb at somewhat higher frequencies. On the other hand, if a mitrogen atom
is bonded to the carbonyl group, as in an amide, then the carbonyl stretching frequency
is lower than that of a comparable aldehyde or ketone. The reason for this trend 1s that
strongly electronegative atoms increase the double bond character of the carbonyl, while
the unshared electron pair of an amide nitrogen atom contributes to the carbonyl resonance
hybrid to give it less double bond character.

Exercises
(a) Ketone  (b) Alkyne  (¢) Alcohol  (d) Aldehyde
(e) Alcohol  (f) Alkene

(a) Three carbon-carbon double bonds (alkene) and a 2° alcohol
(b) Phenyl, carboxylic acid, amide, ester, and a 1° amine

(c) Phenyl and a 1° amine

(d) Carbon-carbon double bond and a 2° alcohol

(e) Phenyl, ester, and a 3° amine

(f) Carbon-carbon double bond and an aldehyde

(g) Carbon-carbon double bond and 2 omﬁw groups

Br
NN \_< L/\wn lea

1° Alkyl 2° Alkyl 1° Alkyl 3° Alkyl
bromide bromide bromide bromide

:
:
7
M-l .
3
i
w.._m.
:
i
1
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T w Jo

1° Alcohol 2° Alcohol 1° Alcohol 3° Alcohol
Ether Ether Ether
2.24 Any four of the following:
O O H,C —CH, 0
| | | /\
CH;CCHj; CH,CH,CH H,C —O H,C—HC—CH,
Ketone Aldehyde Ether Ether
ENO/
CH,=CHCH,0H CH,=CH—0—CH; \OEOE
H,C
Alkene, alcohol Alkene, ether Alcohol

2.25

2.26

2.27

The ketone carbonyl absorption is in the 16801750 cm™! range; that for the aldehyde is
found in the 1690-1740 cm™! region. The C—O absorption for the ethers is observed
at about 1125 cm~!. The C=C absorption occurs at approximately 1650 cm™!. Ab-
sorption for the (hydrogen-bonded) O—H group takes the form of a broad band in the
3200-3550 cm™! region.

@1 ®2° (3 (@3 ()2
@2 ®m1° (3 dh2° (2° (@3

Problems

(a) CH30CH,CH,CHj omwommomu CH,CH,OCH,CH;,4
CHj
ENO,,/
b) | _CH—CH,0H CH, =CHCH,CH,0H CH,CH == CHCH,OH
H,C
) | CH (@ | >Cc—CH;
O O

| |
Aav mli.ﬁulloul.ommﬂmw OmeIOIiOIIOmm
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(f)y CH3CH,CHCH,CH,Br

P

Omw C Omw — Br

|
CH;

(g) CH3;CHCH,CH,;CHj3

|
Br

CHj

|
QG Omwﬁmm —C—Br

|

CH;
0
i

(i) CH;CH,CH,CH,CH

]
(j) CH3;CCH,CH,;CH;

(k) CH3CH,CH,NH,
(1) CH;CH,NHCH;,
0
I
(n) H—C— NHCH;

omwﬂ_umommnmuwﬂ

CH;

CH;CH,CHCH,CHj

|
Br

O
|

CH,CHCH,CH

|
CH;

0
CH;CH,CCH,CHj
CH;

|
CH,;CHNH,

(m) (CHs3)sN
0O
I
CH;— C~—NH,

Omuﬂmwomommmwﬁ

|
CH;

CH;

|
CH3;CHCHCH;

|
Br

0
|

CH,CH,CHCH

|
CHi

O
I

CH,CHCCH;

|
CH;

2.28 (a) \/\9.H because its molecules can form hydrogen bonds to each other through its

|O|I group.

(b) EO/\/ OH because with two — O — H groups, its molecules can form more
hydrogen bonds with each other.

(c) .~ N OH because its molecules can form hydrogen bonds to each other.

(d) _V|OE [Same reason as {c)].

2.29

2.30
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NH
(e) because its molecules can form hydrogen bonds to each other through the

— N —H group.

|
(f) 2 ¥ because its molecules will have a larger dipole moment. (The trans compound
I will have 4 = 0 D.)

O

(g) \Q_/ OH [Same reason as (c)].

(h) Nonane, because of its larger molecular weight and larger size, will have larger van der
Waals attractions.

(i) vn O because its carbonyl group is far more polar than the double bond of vn

(a) The alcohol would have a broad absorption from the O—H group in the 3200 to
3500 cm™! region of its IR spectrum. The ether would have no such absorption.

(c) The ketone would have a strong absorption from its carbonyl group near 1700 cm™! in
its IR spectrum. The alcohol would have a broad absorption due to its hydroxyl group
in the 3200 to 3500 cm™~! region of its IR spectrum.

(d) Same rationale as for (a).

() The secondary amine would have an absorption near 3300 to 3500 cm™! arising from
N—H stretching. The tertiary amine would have no such absorption in this region since
there 1s no N—H group present.

(g) Both compounds would exhibit absorptions near 1710 to 1780 cm™! due to carbonyl
stretching vibrations. The carboxylic acid would also have a broad absorption some-
where between 2500 and 3500 cm™! due to its hydroxyl group. The ester would not
have a hydroxyl absorption.

(1) Theketone would have a strong absorption from its carbonyl group near 1700 cm™! in its
IR spectrum. The alkene would have no such absorption but would have an absorption
between 1620 and 1680 cm™' due to C=C stretching.

0 0 0 0
(@) o:uomwﬁ__uzmm omwﬁ_,wzﬁumw m%zomwomu E_WzOmu
R o
A B C D

(b) D, because it does not have a hydrogen that is covalently bonded to nitrogen and, there-
fore, its molecules cannot form hydrogen bonds to each other. The other molecules
all have a hydrogen covalently bonded to nitrogen and, therefore, hydrogen-bond
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2.31

2.32

2.33

2.34

.

formation is possible. With the first molecule, for example, hydrogen bonds could
form in the following way:

i
O:----H—N:
4 N\
CH3CH,C \\oommomw
N—H---=0"

(c) All four compounds have carbonyl group absorption at about 1650 cm™!, but the IR

spectrum for each has a unique feature.
A shows two ZII bands (due to symmetrical and asymmetrical stretching) in the

3100-3400 cm ™! region. o |
B has a single stretching absorption band in that same region since 1t has only a single

N—H bond.
C has two absorption bands, due to the H—C bond of the aldehyde group, at about

2820 cm~! and 2920 cm™—!, as well as one for the N—H bond. |
D does not absorb in the 3100-3500 cm™! region, as the other compounds do, since it

does not possess a N—H bond.

The molecular formula requires unsaturation and/or one or more rings. The IR data exclude

| Nee”

C — |
the functional groups: — OH, < "™ and ™. Oxygen (O) must be present 1n an
ether linkage and there can be either a triple bond or two rings present to account for the

low hydrogen-to-carbon ratio. These are the possible structures:
HC= OOINOOmu HC= Ooomuomu CH;C=COCHj;

ﬂ_@ @ o, :

CHj

O
_ | |

C—O0—C— (acyclicester)
rAOE

|

Nun

The attractive forces between hydrogen fluoride molecules are the very strong dipole-dipole
attractions that we call hydrogen bonds. (The partial positive charge of a hydrogen fluoride
molecule is relatively exposed because it resides on the hydrogen nucleus. By contrast, the
positive charge of an ethyl fluoride molecule is buried in the ethyl group and 1s shielded
by the surrounding electrons. Thus the positive end of one hydrogen fluoride molecule can
approach the negative end of another hydrogen fluoride molecule much more closely, with
the result that the attractive force between them is much stronger.)

The cis isomer is polar while the trans isomer is nonpolar (& = 0 D). The intermolecular
attractive forces are therefore greater in the case of the cis isomer, and thus its boiling point

should be the higher of the two.
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2.35 Because of its ionic character—it is a true salt—the compound 1s water-soluble. The organic

2.36

2.37

2.38

2.39

cation and the bromide ion are well-solvated by water molecules in a fashion similar to
sodium bromide. The compound also 1is soluble in solvents of low polarity such as diethyl
ether (though less so than in water). The hydrophobic alkyl groups can now be regarded as
lipophilic—groups that seek a nonpolar environment. Attractive forces between the alkyl
groups of different cations can be replaced, in part, by attractive forces (van der Waals
forces) between these alkyl groups and ether molecules.

(a) and (b) are polar and hence are able to dissolve ionic compounds. (¢) and (d) are non-polar
and will not dissolve ionic compounds.

I/ — H._ \Q muo/ )
(a) H _\O —F (e) . \O \ > (h) T.Y\O :
H F H;C
F
He. / A_u_ No dipole TN
b _C + (f) i) 4+ O:
I\\ \ x\w.,/ moment /
F Cl Cl H
.\m m/
L . Nodipole , N
(c) H OA....._,m () F—Be—F (j) \O O.
F H
\m.
(d) F— O.......___u No dipole
/ moment
F
For absorption in the infrared to occur there must be a change in the molecular dipole

moment during the stretching process. The 3-hexyne molecule is symmetrical about the
triple bond and so there is no change in the dipole moment accompanying the stretching.
Hence, there is no IR absorption.

(a) Dimethyl ether: There are four electron pairs around the central oxygen: two bonding
pairs and two nonbonding pairs. We would expect sp> hybridization of the oxygen with
a bond angle of approximately 109.5° between the methyl groups.

(b) Trimethylamine: There are four electron pairs around the central nitrogen: three bonding
pairs and one nonbonding pair. We would expect sp> hybridization of the nitrogen with
a bond angle of approximately 109.5° between the methyl groups.
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2.40

2.41

2.42

243

i

(¢) Trimethylboron: There are only three bonding electron pairs around the central boron.
We would expect sp? hybridization of the boron with a bond angle of 120° between the

methyl groups.

(d) Dimethylberyllium: There are only two bonding electron pairs around the central beryl-
lium atom. We would expect sp hybridization of the beryllium atom with a bond angle

of 180° between the methyl groups.
HiC—Be—CH; p=0D

This is a special case of a Lewis acid (Agt) — Lewis base (alkene) reaction. The product
N\ c A
can be represented by | I, Ag | - The filled 7 orbital of the alkene overlaps with the

L./ O/ _
empty Ss orbital of Agt to form a ¢ bond. A 7 bond results from the overlap of the filled
4d orbital of Ag* with an empty antibonding n* orbital of the alkene.

Without one (or more) polar bonds, a molecule cannot possess a dipole moment and, there-

fore, it cannot be polar. If the bonds are directed so that the bond moments cancel, however,

the molecule will not be polar even though it has polar bonds.
Crixivan has the following functional groups:

3°Amine 2°Alcohol

S 4@%@@9

—.._l.
Aromatic ﬁI.
amine .
C(CHj); Amide

Hydrogen bond

iy

O---H IO
/ N\
CH3CHy; —C

C —CH,CH;
N

Hydrogen bond

B

gy

i

e -.._"?'ﬂﬂ"._ *EI.-:-_’: it
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2.44 There are two peaks as a result of the asymmetric and symmetric stretches of the carbonyl

groups.
O O O O
c,u A__u@ H E
N0 TN \0/ 0~
Chalienge Problems
| 0
S
O { >=0 _Y
2.45 m o/
H
A B B’

The 1780 cm~! band is in the general range for C=0 stretching so structure B’ is considered

one of the possible answers, but only B would have its C=0 stretch at this high frequency
(B’ would be at about 1730 cm™!).

H OH
frans

(b) The cis isomer will have the 3572 cm~! band because only in it are the two hy-
droxyl groups close enough to permit intramolecular hydrogen-bonding. (Intermolecu-
lar hydrogen-bonding is not possible at high dilution in a non-polar solvent like CCly.)

2.47 (a) OH
S

CH;
C

(b) enantiomers

A
f )

OH HO
~CH;  H3Cu.

“CHy  H;C™
H H

OH HO
il Omw mmo { [T

> diastereomers

(Enantiomers and diastereomers
are defined in Chapter 5.)

CH; H;C |

L 7
Y

enantiomers

—— .

b Pyl = =y S
L1

Mo AL 1
RN O T - 0 -

i et o N S LT RO LN T

P ryeyiotippe. ey WO b PR+ MLy iy 1
ol Eaivexs gin i

e . i

e =T
= a U =
TR -
P

R Lo i T o L L T
v, g . ey . . k
! by - NI RN

A T T R W - i o e A e T

et

Sy kR e e B TR o el
T L L i HC .
r g T, S R

T e, Pyt — =
FATY 1I| - 1 ' - 1 r '

ot ey
Lait Ty XTYY

~
.
1 -
|
.mll_.
1o
=4
#- -“.
—- =i
L |
wu._“
ot
k
.
r__._..u
5
]
EEET
_a
Pt
aai
+7.
i
L
£
o
e
[
Fa
oz
1.3
i
e
[ 3
i
)
p
“
f




