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I Hydrocarbon Compounds

Having studied this chapter and done the problems you should bc ab!e to T
1. Characterize a hydrocarbon. ( Whot (s & 0"‘{ dro casrbon? 5 25-1
{
8 CO@@QW CO/vOoOJ‘!ﬂﬁ 8’ oumarily ( arbon « /}/adr%:)e/)
2. Draw electron dot structures of simple alkanes. 0}/ 25-1
Example: Draw the electron dot structure for ethane (C,Hy).
H H
H:C C H
HoH
3. Recognize structural, condensed, and molecular formulas of the continuous-chain hydrocarbons  25-2
containing up to ten carbons. { Nome tHhe f{)llOu-J!hQ)
Xn :
fll b. CsHi pentone
il
e H_?ﬁH Methone ¢. CH,—CH,—CH,—CH, b(,d'ome/
H
d. CH,(CH,),CH, decane
4. Givcn the structural formula of an alkane, alkene, or alkyne, name it according to IUPAC rules. 25-2-
( Noe Lhe molecud L,) 255
fIJHs fIJHs (IfHa
a.
CH,—CH— CH—CH—CH, 2,34 -trimedhylpentane
i * 3 4 5 /
L
O
b H—(Il—(ll-—(lj-C=C—(|3——H 4-edhyl -2 - hexene
6 T
H HH—?—H H
2
H—(IZ—~H
H
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5 Gwcn the IUPAC names of an alkane, alkene, or alkyne, dra_w its struclur‘il formula. 25:2-25-5
4-methyl-1-pentyne N o

;!
< i
B
E
-
-
E

i _
(E¢=-C- c-C- ©OR ZA VN
3 |
i -
i
opticod
6. Distinguish between structural isomers and geometric isomers. 25-4-25+6
L | o N C"SI/%MS‘ edample: "
Prrer images S SN W,
example: /C’"C ?" \ :
H A
¥ i ¢
A trons Cis
[ ] C ; :
F/ A \BF‘Br '\I—
<)
8. Iejs:ibj the bondmg and structure of benzene. o 25-8
7\ <« @ Ke Kile sylmaﬁare
Use words Q (resonance

v a/%crngd/';ﬁ dowlolt and _5{/1?/& bhonds in o Fm% %/ b corkony e

¥ /(C/Cz,ud Slrucfures m%%nwd dodbdc:hbe/ghow SVQLCM% w
and heas wowld ks conardoned resonance sfrucluneo omce
e dpckbe bonds arenot locked in befucson WAe sama conbon s

9. Name and draw the structures of simple cyclic and aromatic compounds. 258
* ;.yName this compound.
i

@-Cﬁzmcm c%q!bmjﬂ_ene or /mmy/@mm

|

%;, Draw 2-phenylpentane. Hg’_i (";. 91_. (IIL_ I-C!‘ =
|
=
10. Describe the formation of petroleum and natural gas deposits. (¢ reo f,; S NE fu'! ) 25:9

They originated in marine life buried in ocean sediments millions of years ago Heat, pressure,

© Addison-Wesley Publishing Company, Inc. All rights reserved.

and bacteria changed this residue into petroleum and natural gas.
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Name Section Date
2 5 Hydrocarbon Compounds
Skillsheet
Understanding Chemical Terminology |l H H H H
This Skillsheet explains how simple hydrocarbons |
and their related compounds are named. H—C—C=C—C—H but + ene
Hydrocarbons, compounds containing only hydro- | = hulene
gen and carbon, are named by the number of carbon H H = 2-butene
atoms and the way they are bonded to each other. (The number refers
Hydrocarbon molecules can form a variety of pat- to the double bond
terns: chains, branched chains, or rings. on the second
The first step in naming a straight-chain hydrocar- carbon.)
bon is to count the number of carbon atoms. The Figure 1
prefix corresponding to this number is the first part
of the name. The prefixes are as follows: Practice Problems
Number of carbons Prefix Name the following;:
1 meth- H H H H
2 et L
3 prop- H—C—C—C—C—H
4 but- | | ]
5 pent- H H H H
6 hex- ‘ taine
7 hept- _E.i“‘_‘_\__
{_
g . 2 H H H HHHH
0 dec. 1 A I

Next, determine how the carbons arc bonded.

1. If all bonds between the carbons are single, the
name of the compound ends in -ane. The general
name for these compounds is alkanes.

2. If there is a double bond in the chain, the name
ends in -ene. The general name for these compounds
is alkenes. The location of the bond is shown with a
number.

3. If there is a triple bond in the chain, the name
ends in -yne. The location of the bond is shown with
a number. The general name for these compounds is
alkynes.

Examples.
H
I
H— | —H meth + ane = methane
H
H H H

T
T

H H H

prop + ane = propanc

3. H H H
|| |

H—C—C—C=C—C—H

H H H
A-pent yne
Figure 2

Figure 3 shows an example of a branched chain.
Notice that there are seven carbon atoms in the com-
pound. They are arranged in a straight chain of six
carbons with the seventh on a branch. Number the
carbons in the straight chain. If you start at the left,
it is carbon #2 that has the branch attached. If you
start at the right, the branch is on carbon #5. Now
compare Figures 3, 4, and 5. These diagrams repre-
sent the same molecule as “seen” from different direc-
tions, or rotated into different positions.
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|
H—C—H
RN
|
H#C——(li*(':—?—c——(lj—H
|
H H H H H H
Figure 3
|
H—C—H
H H H H H

RN
T

H H H H H H
Figure 4

H HHHHH
[ I

R
H H H H H
H—C—H
H
Figure 5

It is very important to be able to recognize the
same molecule from different perspectives. One way
to do so is to apply the following rules in naming a
compound.

1. Count the carbons in the longest chain. Count
from both directions. Choose the direction that results
in the lower number for the carbon to which the
branch is attached. (In Figures 3, 4, and 5 the number
of the carbon with the branch is 2.)

2. Now count the carbons in the branch. In the exam-
ple, there is one carbon in the branch. The prefix for
one carbon is meth-. Add -yl to the prefix for the
name of the branch. Thus, the one-carbon branch is
named methyl.

3. Select the prefix appropriate for the number of
carbons in the straight chain. In the example there
are six carbons in the chain, so the prefix is hex-.

4. Select the correct ending depending on the type
of bonds between the carbon atoms. In the example,
the ending should be -ane because all the bonds be-
tween carbon atoms are single. The name of the com-
pound is 2-methylhexane.

312 Skillsheel 25

The 2 indicates to which carbon the methyl group is
attached. The word hexane describes the longest
straight chain.

Practice Problems

Using the four-step procedure given above, name the
following compounds.

SN T T
Ea 4 /
H—C— C(fﬁ 5—c—— —C—
R I ]
H H H H H H
H— ? H

H

A -methyl heptane
o m

|
H—C
fli H H H

|

H—C—C—C—C:—C—C—C—C—H
r 5
LU L ]

H HHHUHHHH

ﬁf~c%%//acfanc

|
H—C—

H
H
H
I

6. Name the following molecules.
a. H H H

H H H
propane.
1 13

b. H H

H—(iZ%C=(f—H

H H

IOfOIDU?C
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Name Section ____ Date
Solution  Write down, in a horizontal row, the number of carbon atoms corresponding to
the parent compound (pentane, 5 carbons)

C—C—C—C—C

Number the carbon atoms in the chain from left (o right, then add the alkyl groups to the
correct carbon atoms.

Finally, add the correct number of hydrogen atoms so that each carbon has four bonds.
CH,4

I
CH, — CH — C — CH, — CH,4

|

CH, CH,
|
CH,
You Tyy It
3. Write the structural formula for 3,5-dimethyl-1-hexene.
s

= (CH—cH— HY,—~(H— CH
CHs T

Problems For You to Try

4, Name the following hydrocarbons.
a. CH;—CH, —CH— ;(;:H'f! — CH,

B T 3 '6%\{ |p€ﬂtome,
CH, — CH,
b. CH,=CH—CH — CH — CH, — CH,4
[ i 3'| ‘ll s (e
CH, CH, 3- ‘ffch'mc\thj/ ~I-hexene.
¢ H H
N i &
7 C1s-a - pentene
CH, CH,CH,

d. CH3—"CH2_CEC‘_'CH3 O’IFP@Q‘,L[/”Q_
¢. CH,—CH,— CH—CH—CH,— CH—CH
] 3 ;L 2 3[ "{’I 5, 2 & 3

CH, CH, 1CH, 3,4 o -Hrimethyloctone
é i 5 8 cH,
3 ?H3—; (‘:H2 | |H2—Cl-12—CH3
,CH —'CH |
c|113 C|)H3 3 4-dimedh t]//hz/omﬂe,
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5. Write structural formula for these hydrocarbons
4-methyl-1-pentene

3,3-dimethyl-1-butyne

34-diethylhexane

trans-2-heptene

2,3.4,5-tetramethylnonane
3,5-dimethyloctane

e an o

5a) )
C:C~D*%*C

4

OR
CHs
HC =00~ CHg
|
CHs

C
oR
/\)\

/Cszzwzc% 6}

e C\
-/ T
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Name

Section

Date

Hydrocarbon Compounds

25

Reviewsheet

A. Completion

Use this completion exercise to check your knowledge of the terms and your understanding of the concepts
introduced in this chapter. Each blank can be completed with a term, short phrase, or number.

The branch of chemistry that deals with 1

compounds is called
_ 2 chemistry. Carbon makes stable 3  bonds with other
carbons to form chain and ring compounds. _ 4  are compounds con-
taining only carbon and hydrogen. Many hydrocarbons exhibit 5
isomerism. Structural isomers have the same _ 6 formula but
different molecular __ 7

Alkanes contain only carbon—-carbon _ 8  bonds. The groups
attached to single bonds in continuous—chain alkanes rotate freely about
the bonds at room temperature. Alkenesare 9 hydrocarbons. That
is, they contain one or more carbon—carbon _10 bonds. Alkynes are
also unsaturated compounds. They contain one or more carbon—carbon
_11 bonds. Rotation about the multiple bonds of alkenes and alkynes
does not occur at ordinary conditions.

Aromatic hydrocarbons, or 12 , are related to the hydrocarbon
_ 13 . Benzene is rather unusual among hydrocarbons. As a result of
_14 , theinterior bonds of the benzene ring are somewhere between
ordinary single bonds and double bonds. Benzene is less reactive than
ordinary alkenes because of this unusual bonding. . elroleum

_15 , or open—chain, hydrocarbons come from l Aromatic
hydrocarbons come from coal. Many useful hydrocarbons are obtained
directly from crude petroleum by 17 . The molecular structures of

the hydrocarbons present in natural petroleum can be reorganized into

other useful products by the 18  process.

Cmclung

1. C&Fb@ﬂ 25-0

.. (rgonic 25:0
J

3. covalent 251

i h\jﬁdroco;rbons 250
5. Structuwrod 254
6. _moleculos 254
7. Shuctures 254
g. Single 252
\J
9. WNSOLode o 254
10, double 254
1. Triple 254
12. Our;:,ne. 25-8
3. benzene 258
14, resenanrce. 25-8
5. dKane 25.9
16. ;-:’/’;fL:i"if‘Df LNy 259
i € u[‘z'nm,gr 25-9
1. _Croeling 259
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B. True-False
Classify each of these statements as always true, AT; sometimes true, ST; or never true, NT.

19, The first organic compound synthesized by Friedrich Woehler was urea.

20. Because a carbon atom contains 6 valence electrons, it forms 3 covalent bonds.
21. The methane molecule has a tetrahedral shape.

22. Continuous chain alkanes contain 10 carbon atoms in a straight chain.

23. The IUPAC system uses common names such as acetylene.

25. An alkane with one or more alkyl groups is called an alkyne.
26. Hydrocarbons are numbered from right to left.

27. When naming branched chain hydrocarbons, the names of the substituent alkyl groups
are listed in alphabetical order,

28. Hydrocarbons are saturated.

29. Arenes contain 6 carbon atoms.

30, Benzene is the simplest arene.

31. Allhydrocarbon compounds which do not contain rings are called aliphatic compounds.

32. Meta—xylene is another name for 1,3—dimethylbenzene.

zZ| RERE2 BhREREIEE]

33. Carbon monoxide is the product of the complete combustion of a hydrocarbon.

C. Questions

Answer the following questions in the space provided.

34, Name the following compound.
H
I
H_?(TH
HE—C—HH H H
I L T
H=—C = ¢ r—CE—C:C—-*H
[ J* [F #® 0
H H H

- mcslhjr/' /-hexene

318 Reviewsheet 25

24, A substituent can take the place of a hydrogen atom on a parent hydrocarbon molecule.

250
251
251
25:2
25:2
253
253
253

25-3

255
25-8
25-8
25-8
25-8

259

25-3, 25-5
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Name Section ___ Date

35. Draw the structural formula for the following compound: 2,4,9u[rimethyl—7gethyl—S—decync. 255
36. Draw' the structural formula for para—dichlorobenzene. ' 25-8
37. Draw three structural isomers of pentane. B 5 H 1 25-4
38. Balance the equation for the incomplete combustion of pentane forming CO and H,0. 25-9
9 C H Ly 2 50 + HD
e 55 2 @ @
g
; £ D. Additional True—False 2 C H .y 0, = (00O + 12HO
Z Classify each of these statements as always true, AT; sometimes true, ST; or never true, NT.
i A1 39. The trans configuration has substituted groups on opposite sides of the double bond, 256
5 NT 40.cn, H
o % #
£ C=cC has cis and frans isomers. 256
: / \
B CH, H
@ 3: — 41. Compounds whose molecules contain an asymmetric carbon have handedness. 257
< g .
?é: NT 42, Stereoisomers are the same as structural isomers. 257
=)
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E. Additional Questions

Answer the following questions in the space provided.

43. Identify the asymmetric carbon in this compound.

H

|
CH3_'CH2_CH2_C “—CH3

F

44, Draw the cis and frans isomers for 3-hexene.

320 Reviewsheet 25

257

256
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Name Section _ Date

2 6 Functional Groups and Organic Reactions

Objectives Worksheet
.
Chapter Objectives
Having studied this chapter and done the problems, you should be able to:
1. Recognize and identify a molecule’s functional groups. 0 261
, | : ‘
a.” CH,—CH,—Cl a/K ha 0/6 c. CH;—C—OH Qarbo%\ﬂlc ocid  0)
% Yella Tl
o (/’MJO‘ IKane) " (SPecanaJ[j ocetic ot
I I :
b. CH,—C—CH,—CH, _ Kelone d. CH;—N—CH, (MYUN&
2. Relate differences in physical properties of alcohols to molecular structure. 26-5
3. Characterize a substitution reaction. ( U(j.:?g,;-*{%)a_) 26-3
* N alom Ora Jc?f up of adoms s [0 laced bj’ another o fom Or 9r0up
o4 atoms
4. Identify an alcohol as primary, secondary, or tertiary. { L[ ,}JV wr g 1 ( bonds 26-4
Examples:
< (|:H3 b. CI-l3—CH2—(!3H—CH3 secmde
3 J
3 a. CH;—C—OH OH
E
ED CI'{:), C. CH:;*'*CHZ_CH?_'_OH rj\
3 fertiary / maﬂj/
¢ 5, Write structures for the products of an addition reaction. 26-6
S B
oo {
é H—C—C=C 4+ HOH — H~C—'E—'C=H
2 H }I; \1-1 A
z H H H
2
o
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Name Section —_ Dale
2 6 A Functional Groups and Organic Compounds
Extra Practice Problems

Naming Functional Groups

Many organic compounds are hydrocarbons, containing only the elements carbon and
hydrogen. Other organic compounds may also contain oxygen, nitrogen or a halogen.
These compounds are typically identified by a functional group. In fact, each general class
of organic compounds, such as the alcohols or the ethers, has a characteristic functional

group.

Example B

Write a general formula for a compound with the following functional group. 26-1
a. hydroxyl (alcohol)

b. carbanyl (ketone)

¢. ester (ester)

Solution
a. R—OH
b. 0
I
R—C—R
c. o)
|
R—C—O0—R
You Try It
1. Write a gencral formula for a compound with the following functional group. 26-1

a, amino (amine)
b. ether (ether)
c. carboxyl (carboxylic acid)

@\&Wﬂna R-NH- b) edher c)cmrbonqthlc&J

Q-0-R_ T

(sl e

Example B

Identify the functional group in each of the following compounds. 26-1
a. CH,—O0—CH, elher
b. CH,— CH,—Cl haloatKane

0

C.

H \ .
CH,— CH,—CH,— C—OH . C(lv"oO)L\{h(’. OuLLc(
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You Try It
2. Identify the functional group in each compound. 261
a. CH,—CH,—NH, (QUnint !

b, 0
I

old ehg de

CH,— CH, —CH,—C—H

| ¢. HO—CH, —CH,4 a,{C(OhQ/@

z Problems For You to Try /

o 3. Write a structural formula containing three carbon atoms for each type of compound. 26-1
a. aldehyde @) oldehyde by mint c) ester

= amine 0

ester

ether
fluorocarbon

0
alcohol d) ether e} fluoroarbon  §) aleohol

carboxylic acid
KO CHgCH-0-CHs My CHCH, CH,CH,CH-0H
)

=

CHOOHE-H CHCHLHNH, CHy G- 0= CihCHs

BT ST i O

aj\ Carbowlic neid h) .

Il
CH;C/HLC-OH I
CH3C4CH3

4. Identify the functional groups in the amino acid serine. o 26-1

HO — CH, — CH — COOH i, i

|

B R ;L o trbolic oci
2

hydroxyl, amino, carboxylic acid R OJMiM,

5. Identify the functional groups in ascorbic acid (vitamin C). 261

e

@ 5 ester
' )

HOCH, — C — CH

3 ™
ooy o] | &

W aleohol 7 A

CiO

2O T

o
olkene

© Addison-Wesley Publishing Company, Inc. All rights reserved.
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You Try It

1. Name this compound. 261
CH,CH,CHCH,CHCH,COOH
CH, Cl
|
GH,
Your Solution
Example B
Name the functional group of each of these: 26-1

a. butanal old Uﬂl{dﬁ
. 2-pentyne OLHC\.‘ ne )
hexanoic acid (o boyyliC ﬂ-(',fc,

. 3-pentanol o colho

~ PO

You Try It
2. Write the formula for a 3-carbon organic compound with the indicated functional .
i 26-1

= S a)ester b) aJane C) Ketone

b. alkyne ”O b

¢. ketone

- CH3COCH; ¢ =c —cH, PRl ik
Example C
Write formulas for the compounds in Example B. 261
Solution
a. Four carbons with a — CHO group.

CH,CH,CH,CHO

b. Five carbons with a triple bond between carbons 2 and 3.

CH,4C = CCH,CH,
c¢. Six carbons with a — COOH group.
CH,CH,CH,CH,CH,COOH
d. Five carbons with a — OH group on carbon number 3.
CH,CH,CHOHCH,CH,

330 Extra Praclice Problems 26C
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Name Section
You Try It
3. Name the compounds in Problem 2.

Your Solufion

Example D
Draw and name the structural isomers of C3HgO

Solution

a. CH,CH,CH,OH I-propanol

b. CH,CHOHCH; 2-propanol

¢. CH,CH,0CHj, ethylmethyl ether

You Try It
4. Draw the seven structural isomers of C4H ;0. Name cach isomer.

Your Solufion

Problems For You to Try x

5. Name these organic compounds ©Of2 Cl“j' >
2. CH,CH,CH,COOH carboxylic owcid”
b. CH,CH,CH,0CH,CH,CH,CH;~ ¢\ her
¢. CH,CH — CHCH,

| haloouKane

c Cl
d. CH,CH,CH,CH—CH, @IKene or |[- P entene
e. CH,CH,CHCH,CH,CH,0H

(‘% olcohal

f. CH,CH,CH,CCH,

[

a8, "
) T U oW coirung

I Ketone oR ’oen%anone_
0
g. 0

CH,CH,C — O — CH,CH, ester

h., CH,CH— CH— C=CCH,
5 |‘4 |3 Z J

Chapter 26  Functional Groups and Organic Reaclions
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6. Write formulas for the following compounds. (dr'&\ WESYR f;\
3,5,7-trimethylnonane

a.

b. 4-chloro-1-butene b) 4-chloro -|- bu_‘l:(’,ﬂﬁ,
c¢. 3-methylhexanal

d. methylformate H \ 'i* Hl

e. 3-bromopentanoic acid Ee Pl s =L
f. 3-pentanone (diethylketone) H 7 [ | [

g. 3,3-dimethyl-1-butanol H H H

f—
=

dimethyl ether

a) 3,5, 7 ~trimethylnonane C) 3-methyl hexonol

! 0
s SRS
B B T hc-C-C~c-Cc—C-H
bt T
|
Lty | Cils
¢~ -C-
[ |
o 0&\ g ?1-'d!‘me#h\flﬂlfbuﬂu‘wf
[ 4 -pentonone ~ CH,
[ I i i
I B -c-C-C-C-0OH
= LAl - ] | 'l |

| ”- ] | C,H3

332 Extra Praclice Problems 26C

261

© Addison-Wesley Publishing Company, Inc. All rights reserved.




Name Section ___ Date
43, Simple sugars are aldehydes that have numerous hydroxy groups attached. 26-13
44, In the nucleic acid DNA, the base thymine bonds (o adenine. 26-17
. d45. The bonding between the base—pairs of RNA is covalent. 26:16
D. Questions

Answer the following questions in the space provided.

46. Identify the functional group in each of the following compounds. 26-1
OH 0] -
| | (;’-wo G rm;{b&)
a. CH, — C — CH, c. sl 2o B ol
: /
a.  (dcohel e. phenyl / aldehyde
i ) g i !
0 / 0
I I
b. CH; — CH, — C— CH,4 d. CHy—CH,—CH;—C—O0H
; .
b. _ Kedont d. carbovylic acia
47. Identify the following compounds as primary, secondary, or tertiary alcohols. 264
OH OH
I l )
. a. CH,—CH,—C—CH, Alcoh of 8. OB~y CCH; MCOM‘Q/@
I l
CH, H
o _terliary e. _Secondary
CH, <
| / \/
b. CH—CH,—OH 1 [c0hol d. CH—C—CH,  Alcong
|
OH
b PrIMary .  ferbiory
/ v o
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