


THE COVALENT BOND

134. You've already learned that atoms tend to lose electrons to
form positively charged ions if the have 1, or
electrons in their valence shell.

on the other hand, atoms that have (or)

(or) electrons in
their valance shells tend to gain electrons to form

charged ions.

1, 2 or 3
6 or 7; negatively

135, Consider the following atoms: .

OF W) @

=

ox.) OF)) @
&*ﬂ//// ge- o -’/// ge- . \M—d’/// 8 e-

(a) Which of the above atoms will lose electron(s) to form
positively charged ions?
{b) Which of the above atoms will gain electron(s) to form
negatively charged ions?
(¢) Which of the above atoms has a complete valence shell?

P I

(d) You know that such elements with a complete valence shell are
usually

unstable ad reactive
stable and unreactive

(a) H, Mg, Al; (b) Cl, $; (¢} Ne; (d) stable and unreactive




136. Atoms with four or five electrons in their valence shell tend
to share electrons.

when atoms share electrons, they form a covalent bond.

which of the atoms below would form covalent bonds? (check the

appraprlate boxes)
\\ \ \\
\ 9\228-\\ e~
!
ge- 4 N/ | 4e- } ge-
/ / // /
(a) . (b) — (<)
b and ¢C

137. Atoms with four or five electrons in their valence shell tend
to share electrons. 1f under some conditions those with more o
fewer electrons in their valence shell may also share electrons.

When one atom loses an  electron and another atom gains that
electron, the ions thus formed are held together by

an ionic bond
a covalent bond

an ionic bond

138. When two atoms share electrons, they are held together by a
bond.

Wwhen two atoms share electrons, no ions are produced. Will the
resulting compound be an electrolyte or a non- electrolyte?

covalent; non-electrolyte

139. Compounds containing an ionic bond will be {electrolytes/non-
electrolytes) .

electrolytes; non electrolytes

140, The carbon atom, atomic number 6, has 4 electrons in its
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valence shell. \\\\\

since the carbon atom has 4 electrons in its wvalence shell, it
needs electrons to become staple. It
can get these electrons by sharing. The 4 electrons in the valence
chell of the carbon atom may be represented as pelow, with on dot

for each electron n the valence shell.

4

141. When atoms share electrons, they always try to reach a stable
configuration of electrons in the valence shell.

The only exception to this rule is the hydrogen atom, which reaches
a stable configuration when it has two electrons in its valence
shell, which is also its outer shell. This first shell can hold

only electrons.

2

142. Consider the carbon atom with 4 electrons in its valence
shell. Wwith how many hydrogen atoms can it share electrons to

reach a stable configuration of 8 electrons in its valence shell?
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143. The four hydrogen atoms cal share electrons with a carbon
atom to form a compound of the following type:

£ : C: H or {‘IH'*'EIN‘EI’
: ()

where there are electrons arcund the carbon
atoms and eiectrons around each hydrcgen
atom.
g, 2

144. When two hydrogen atoms combine, they share electrons to form

30

where each hydrogen atom now has electrons
around it.

2

145. In this compound, what is the total number of covalent bonds?
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146, The chlorine atom, atomic number 17, has
electrons in its valence shell.

Tme 7 electrons in the valence shell of chlorine atom may ke
indicated as

cl

when 2 chlerine atoms combine, they share electrons to reach a
stable configuration of 8 electrons in the valence shell of each

atom, or

147. What type of bond is there between the two chlorine atoms?

-

covalent

148. The covalent bond is frequently indicated by a short line
rather than by dots representing shared electrons. Thus, the
hydrogen mclecule may be represented as

H: Hor H~-H

The compound CH4 may be represented either as
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complete the second representation of the chlorine molecule, ClZ.
cr :+ €1 or
ci1~Cl

149. The carbon atom, atomic number 6, needs how many electrons
to complete its valence shell?

since the carbon atom has 4 electrons in its valence shell, and
since it will tend to share these electrons, how many covalent
bonds will a carbon atom form?

4:4

150. The carbon atom, therefore, must have four covalent bonds or
must have four bonds attached to it. These bonds may be indicated
as follows:

-C= -C= -C= =
5 §

i

Note that each carbon atom has four bonds attached to it regardless
of how these bonds are arranged.

The hydrogen atcm has one electron in its valence shell, the first
shell. When the hydrogen atom shares electrons, how many more does
it need to complete that outer shell? .

1

151. The oxygen atom, atomic number 8, has
electrons in its wvalence shell.

when the oxygen atom shares electrons, how many more electrons does
it need to complete its valence shell?

Therefore, each oxygen atom must have how many bonds attached to
it?

5; 2; 2
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152. Draw the structure of the compound formed when four hydrogen
atoms bonds with a central carbon atom.

153. Consider the following arrangement of carbon atoms:
c - C

This indicates a bond or a shared electron pair between two carbon
atoms.

How many hydrogen atoms may be attached to the left carbon atom
and the right carbon atom? .

3; 3

154, Diagram all the hydrogen atoms attached to this structure.
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check the total number of bonds. How many bonds does each carbon
atom have? .

How many bonds does each hydrogen atem have?

O-— 5

H
l
H-C-C-H 4; 1

b R

i
H

155. Consider the fecllowing arrangement of carbon atoms:
C=C~C

(a) How many hydrogen atoms may be attached to the left carbon
atom?

{p) How many hydrogen atoms may be attached to the center carbon
atom?

(¢) How many hydrogen atoms may pe attached to the right carbon
atom? .

ta) 3; (b} 2: (¢} 3

156. Diagram the compound containing three carbon atoms attached
together, indicating all the hydrogen atoms connected to those
carbon atoms.

C-C=C~
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157 Consider this arrangement of carbon atoms!:

AR

C

c
(aj Ecw many hydrogen atoms may pe attached to the right carbon
atom: .

(b} How many hydrogen atoms may be attached to the left carbon
atom? .

(¢) How many hydrogen atoms may be attached to the upper carbon
atom? .

(d) How many hydrogen atoms may be attached to the lower carbon
atom? .

(e} How many hydrocgen atoms may be attached to the center carbon
atom? R

(a) 3: (b) 3; (c) 3: (d) 3: (e} 0 (or none)

158. Diagram the structure of the compound containing the
following arrangement of carbon atoms, indicating all the hydrogen
atoms.

c

|

Cc~C~-C
|
c

It already has four bonds.
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consider the following arrangement of carbon atoms:

[t
n
i}

c = C

There are two bonds {a double pond) between rne carbon atoms.

A bond (2 gingle bond) represents one shared pair of electrons.

a double bond represents .

Two shared pairs of alectrons

16¢. To come stable, the carbon aton must form how many covalent
ponds? .
In the structure below, how many hydrogen atoms may be attached toO
the left carpon atom? .

c=C

Diagram rhe structure of the compound containing two carbon atoms
connected by 2 double bond, showing all +he hydrogen atonms.

when you have completed your diagram, check it bY counting the
number of bonds arocund each carbon atom.

49




consider the following arrangenent of carbon avoms:

161,
c=C~C
(a) HoW many nydrogen atoms way pe attached to the left carbon
atom? .
tey carbon

e attached to the cen

Y

{p) HOW many hydrogen atoms may b

atom?
s may be attached to o

{c) How many hydrogen atom

atom?

he right carbon

(a)y 2i (b 1: (c) 3
162, complete the structure of the following compounad, showing

all the hydrogen atoms.

¢=C-C
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153. Consider the £51lowing arrangement of carpbon atoms!

c-C=C-C

{a) How many hydrogen atoms may be attached to the 1eft carbon
atom?

{pb) How many hydrogen atoms may be attached to the carbon atom at
left center? .

(¢} How many nydrogen atoms may be attached to the carbon atem at
right center?

(4) How many nydregen atoms may pe attached to the far right carbon
atom? .

tay 3; (b} 1i (¢ 1; (d) 3

164. Complete the structure of the following compound showing all
nydrogen atoms.

Check your diagram. Each carbon atom should have now many bonds?

HHHEBE

N

He w00~ H
|

H H
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155. Censider the following arrangement of carbon atoms:

cC=EC

There are three bonds (a triple bond) between the two carbon atoms.

A single bond represents on pair of shared electrons.

A double bond represents

A triple bond represents

two shared pairs of electrons; three shared pairs of electrons.

166, Tn the structure below, how many hydrogen atoms may be
attached to each carbon atom? .

C=cC
1
187. Complete the structure below, adding all the necessary
hydrogen atoms.

c=C

H~C = C=H
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158,

C=C~-C=C-C

check your diagram for the correct number of bond
carbon atom.

Complete the structure of the following compound:

s arcund each

H
|
H-C = (C=C=C-C-H
]
HHH
165. Complete the structure of the following compounds by adding

the necessary hydrogen atons:

Vs VAN
C [ c c c
Ll | I |
C\ /C C\ /C\ /C
\C \\C C/

Check the number of bonds arcund each carbon atom.

i il
i i
C, C. c
H-c/’/; \ct“ﬁ H-éé \C/ i}:-
a—é é*ﬁ Hwé: j:!‘ ai:wf{
\\?, \\_{?/ N
;; o




Cl4, where

70, Diagram the structure o¢f carbon tetrachloride,
each chlorine atom has one bond attached to it.

Ccl
¢l-C-Cl

Cl

171. Diagram the structure of chloroform, CHC13.

Ccl
ci-C-H

cl
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2. Diagram the structure of the water molecule, H20.

~t

H~-0-H
173. HNitrogen atomic number 7, has electrons
in its valence shell and so nust have bonds

attached to it.

Diagram the ammonia molecule, NH3.
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FUNCTIONAL GROUPS IN ORGANIC COMPCUNDS

174. The OH group in an lonic compound is called a hydroxide icn.

The OH group in a covalent compound is called an alcohol group.

The OH group has the following bonds:

-0 -H

It is frequently written as -CH with the bond between the hydrogen
and the oxygen being understood and not written. Note that the
oxygen atom still has two ponds attached to it.

175. Check each of the following compounds that is an alcohol.

HHH H
e |
H-C=C~C-0H H-C~H
L
HHH H H
|1
H-C~-C=-C=~H
S o
H OH H
B
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all of them (A, B, C)

176. A compound that contains a CHO group is called an aldehyde.

H

l

-C=0

Note that in the aldehyde group the oxygen atom has a double bond
attached to it.

177.

The compound above is an: (check one)
alcohol
____aldehyde

aldehvyde
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check the correct name for each of the compounds in the next five
frames, and explain why you ~hose the answer you did.

i78. HHH ? ___ alcohol
H»%—é«%—%wOH ____aldehyde
é é % é ____ some other type
wWny?

alcoheol; it has the -OH group.

179. H ? ____ alcochol
ﬁmé»éxe ___ aldehyde
é ____ some other type
why?

aldehyde; it has the H group. (or equivalent answer)

~C=0
1840. § H . alcohol
!
i ]
H-C~ ﬁ - C - H aldehyde

. |

H 0 H some other
why?

some other type; It has neither the -OH group or the H group
%
-C=0
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181, ﬂ
i
C. alcohol
7\
H=-C C - H aldehyde
. ”"‘
H - C C -L =20 some other type
N/ —
tC
|
H
wWhy?
aldehyde, it has the H group
i
~C=0
182. H
| H
47C\\ [ alcohol
1
H - C ¢ - C - CH aldehyde
| | H —
H - C\\ /fc - H some other type
\\ C
1
H
Why?
alcocheol; it has the ~-ORH group.
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183. A compound that contains the following group is called a
ketone.

&
H
O
'
"

Note that the ketone group contains a carbon atom with a double-
bonded oxygen attached to it, and that this carbon atom is between

rwo cother carbon atoms.

184. (a} An alcohol contains the group.
(b) An aldehyde contains the group
group.

{cy A ketcne contains the

fa) CH; (b) CHO; {C) C—ﬁwc
O

mes as alcohols, aldes,

Identify the compounds in the next seven fra
or ketones.

185. H H H H H alcohol
| { | | | ~___ aldehyde
HwC=¢C=¢C~-C~C~- H ketone
§ l R
H H H OH H
alcohol
186. H H H H alcohol
§ | ! | aldehyde
H-C=-C~-C=-C=20 ketone
R
H H H
aldehydehyde

&0




187.
H H H H
: H | H
| | v ;
H~C=-C=~-C=-0C=2ZC
g i ; !
f |
H H O H H
ketone
188,
H H H
E H £
L
4-C-C=-¢C~-H
o
H | H
H-¢=-H
OH
alcohol
189.
H H
o
|
H /| l\
i//H H A
C C=
f'\.\H H
H O\ E/
C - C
L
H H
ketone

&L

aicohol

aldehvyde

ketone

alcohol

aldehyde
ketcne

alcchol

aldehyde

ketone




190. H H H H H alcohol and Ketone

aldehyde and alcohol

javl
i
e
t
3
;
i
O
I
.
i
o

H H H OH é ketone and aldehyde

aldehyde and alcohol

191.
H H H H H H alcohol and aldehyde
N |
y-C~-C-¢C=-C=¢C~- ? - C - H aldehyde and ketone
| z | | P |
H H O©OH H H o H ketone and alcchel

ketone and alcohol

The COOH group may also be written as;

0 OH
I |
- ¢ - OH OR - C =0

A compound containing a CHO group is called

a compound containg a COOH group is called

an aldehyde; an acid.
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133. A compound centaining an OH group is called

e

A compound containingning a C-C-C group is called

I

o

an alcchol; a Ketone

194. A compound that contains a NHZ, group is called an amine.

In the NHZ group.,
H

e

- N
AN

H

the nitrogen atom has bonds attached to
it.

195. (a) An acid is a compound containing a
group.

(b) A compound containing an NH2 group is called

(c) A compound containing an COH group is called

(d) A compound containing a CHO group is called

(e} a compound containing a ¢c-C~C group is called

o

(a)COOH; {(b)an amine; (cjan alcchol; (djan aldehyde: (e)a ketone
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Tdentify the compounds in the next six frames as to type. Write
+me reascn for your choice on the lines provided.

196, H H H alcohol

< B
! é ! amine

H

H-C=-C=-C-H ketone
§ | E " aldehyde
H KH2 H acid

Why?

amine; it contains the NH2Z group.

197. H H H o] ____alcohol and acid
| % 3 il ~ " amine and acid
H~-¢C~C~-C=-C - 0OH —_ ketone and acid
| E | ____aldehyde
H NH2 H
why?

amine and acid, or amino acid; It contains both NH2 and COCH
groups.

198. H H H H H ketone and alcohol
| i | | | aldehyde and alcohol
H-¢C=0C = Cow—(C - C ~ CH acid and alcohol
! | | | | amine and alcohol
H H NH2 H H

[

why?

amine and alcohol, or anmino alcohol; It contains both NH2 and OH
groups.
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199.

— ("’] J— m
O T

1
- O T
i

oH

e ()= R

WHY?

[T

alcohol and acid
amine and alcchol
alcohol and aldehyde
ketone and alcohol

Alcohol and aldenyde; It contains both CHO and CH groups.

200. H H H H
1 |
H-C=-C~-C=~C=-C~-H
; ; g T
b i i
H OH H Q H
why?

amine and alcohol
acid and alcohol
alcohol and aldehyde
alcohol and ketone

[

alcohol and ketone; It contains both

201. H H
|
c - C,
H/! I\
| OH H
C cC =0
| H H
H L
c-cC
P
H H
Why?

OH and C—?—C groups.
|

0

acid and alcohol
alccheol and amine
ketone and acid

alcohol and Ketone
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alcohel and ketone; It contains both CH and C_ groups

v

cC =290
C

552. A compound that contains a COOC group is called an ester.
This group may also be written as;

c -0 -C or or

O O 0

0
i

cC -0 ~-C=20 or c -0 +-2C

The following compound 1s an ester because it contains the COOC
group:

SUMMARY OF FUNCTIONAL GROUPS

Indicate the formula and the name of the functicnal groups
following, as is done in the first example.

203. H H (group) GH
| i
H~C~-¢ - OH (name) alcohol
L
H H
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204 . H H O
% | i
H-¢C~-C~-C - OH
s
H H
COCOH: acid
205. H e} H

COCC; ester

206,

c-C-C; ketone

1

0
207. H
|
H - C -~ NH2
!
H
NE2: amine
208. H H H
| |
H~-C=-C=¢C=0
| |
H H

CHO: aldehyde




