Chapter 1
Carbon and Its Compounds

CHECKPOINT PROBLEMS
Practice Problem 1.1

a) S— 1s22s?2p53s23p*
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b) Cl— 1s?25?2p®3s%3p°
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Practice Problem 1.2
a) Count valence electrons.
CH3CH,NH,
2 carbons (group 4) 2X4= 8

7 hydrogens (group 1) 7X1= 7
1 nitrogen (group 5) 1X5= 5

20 valence electrons

Build a basic bonding framework and account for electrons used.

I B {9 bonds =18 bonding e !

H-C-G-N

|l| |l| |l| 20 valence e - 18 bonding ™ = 2 non-bonded e”

Add remaining electrons and check for formal charges.

The molecule has a lone pair on the nitrogen. All other electrons are bonding electrons.

b) Count valence electrons.

CH3S(O)CH3  (oxygen is connected to sulfur only)

2 carbons (group 4) 2X4= 8
6 hydrogens (group 1) 6X1= 6
1 oxygen (group 6) 1X6= 6
1 sulfur (group 6) 1X6= 6

26 valence e’

Build a basic bonding framework and account for electrons used.

" @ M .-{9bonds = 18 bonding e
H-C—-S—C—H
|l| Ill 26 valence e - 18 bonding e = 8 non-bonded e”
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Add remaining electrons and check for formal charges.

______________________

There are formal charges on the S and O atoms. They can be removed by making an
additional bond between O and S.

""""""""""""""

The molecule has a lone pair on the sulfur and two lone pairs on oxygen. All other electrons
are bonding electrons.

c) Count valence electrons.

CH5;CH,CN (nitrogen is connected to one carbon only)

3 carbons (group 4) 3X4=12
5 hydrogens (group1) 5X1= 5
1 nitrogen (group 5) 1X5= 5

22 valence €

Build a basic bonding framework and account for electrons used.

-1 8bonds =16 bonding e”

______________________ !

H H
H_ﬁ_E_C_N 22 valence e — 16 bonding e = 6 non-bonded e"
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Add remaining electrons and check for formal charges.

______________________

H H } _______________________
H-G-G-0(N
HHA

______________________

______________________

The formal charges on C and N show the carbon needs more electrons and the N has too
many. Forming two more bonds between C and N alleviates this problem.

_____________________

_____________________

_____________________

The molecule has a lone pair on the nitrogen. All other electrons are bonding electrons.

d) Count valence electrons.

(CH3)ZCHO@

3 carbons (group 4) 3X4=12
7 hydrogens (group 1) 7X1= 7
1 oxygen (group 6) 1X6= 6
1 negative charge 1X1=_1

______________________

The oxygen atom has three lone pairs and a positive charge. All other electrons are bonding
electrons.
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e) Count valence electrons.

(CH314N

4 carbons (group 4) 4X4=16
12 hydrogens (group 1) 12X 1 =12
1 nitrogen (group 5) 1X5=5
1 positive charge 1X-1=-1

32 valence e~

Build a basic bonding framework and account for electrons used.

H _______________________
H H- C H H -116 bonds = 32 bonding "
H— C—N—C H
H H- C H H
H

32 valence e - 32 bonding e = 0 non-bonded e~

Add remaining electrons and check for formal charges.

H H-C=-H H
| 1® |
H—C—N‘—C—H

U AP Ja e Aol A
The ion has a formal positive charge on the nitrogen. All electrons are bonding electrons.
f)  Count valence electrons.

HSO? (hydrogen is connected to oxygen only)

1 hydrogen (group 1) 1X1= 1
3 oxygens (group 6) 3X6=18
1 sulfur (group 6) 1X6= 6
1 negative charge 1X1= 1

26 valence e~

Build a basic bonding framework and account for electrons used.

______________________

@)
H—O—é—o 26 valence e - 8 bonding € = 18 non-bonded e~
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9)

1-6

Add remaining electrons and check for formal charges.

______________________

______________________

_____________________

There are formal charges on the sulfur (+1) and two of the oxygens (-1). These can be
reduced by forming a double bond between sulfur and either of the oxygen atoms carrying a
formal charge.

9o 10

WO L
H-0-8-O% OR H-0-S=0

The ion has seven lone pairs on oxygen atoms and one lone pair on sulfur. All other
electrons are bonding electrons. One oxygen has a formal negative charge.

Count valence electrons.

HSO? (hydrogen is connected to oxygen only)

1 hydrogen (group 1) 1X1=1
3 oxygens (group 6) 3X6=18

1 sulfur (group 6) 1X6= 6
1 positive charge 1X-1=-1

24 valence e”

Build a basic bonding framework and account for electrons used.

______________________

(0]
H—O—é—o 24 valence €™ - 8 bonding € = 16 non-bonded e~

Add remaining electrons (on oxygen first) and check for formal charges.

______________________

______________________

______________________
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There are formal charges on the sulfur (+3) and two of the oxygens (-1). These can be
reduced by forming double bonds between sulfur and both charged oxygen atoms. This
expands the octet of the sulfur but, since it is a third-row element, this is allowed.

The final ion has six lone pairs on oxygen atoms. The sulfur has a formal positive charge.
All other electrons are bonding electrons.

Practice Problem 1.3

a) Lewis Structure

H
L& valence =9 (9H) + 16 (4C) + 7 (1CI) = 32 &- 5:CH3
| . -
H-C-C-Cl: . H;C-C-Cl
0oL *  32valence e - 26 bonding e-= 6 non-bonded e- ('|.2H3
/C\
H |_|| H 4 -
dipole

b) Lewis Structure

e N
'T'Q,) H reduce formal charges 'T' (.? 'T'
H-C-C=C-H > HEGmCmGTH

valencee =9 (9H) + 12 (3C) + 7 (1Cl) =28 e~
28 valence e-— 18 bonding e” = 6 non-bonded e-

d-
) |c|) ) dipole
HzC—C—CH,

d+
) H
'T' lT' |T|CI)|T| valence e =12 (12H) + 20 (5C) + 6 (10) =38 €
H=G=G=G=G=CH : ing & = -
HHH A 38 valence e - 34 bonding € = 4 non-bonded e

6+
H .
:Cl):57 I H-O bond dipole

|
HoG~CH,~CH,~C~CH,

Y l C-0 bond dipole
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d) reduce formal
O charges

valence e =10 (10H) + 20 (5C) + 12 (20) =42 ¢”

42 valence e - 32 bonding e = 10 non-bonded e~

d- £ K OHOHCH
H—occcccod-
ceoad+ T T g+ ot
HHHH

d+

(S _______________~ i~

H-O bond dipole; {C-O bond dipole | .C O bond dipole |
Practice Problem 1.4

In the solutions, “BG” is used as an abbreviation for “bond group” and “LP” is used as an
abbreviation for “lone pair.”

) {3BG\trigonal Hléhé'r'g'ééfr{ét}{/,

| H ___________________________________
.. HC=0=--{2BG + 1P\ trigonal planar geometry:
‘*/C_C\ _H
H  Ce o rrrmmmmmme e
H' 4 7"1_4 BG \ tetrahedral geometry ;
b) i Gy 3
-7 H/ ® /C_H _____________________________
¢ H>( —C\‘ WO . 3 BG \ trigonal planar geometry-
/l He o S TTTTTTTTTTTTTTTTTTT e
.' ks
1 4 BG \ tetrahedral Q_e_cirf‘?_tD{
©) (4 BG \ tetrahedral geometry |
® Hy HH
CH3CH,CNH  — H'/C—C\ ®
H N3H

valence e =6 (6H) + 8 (2C) + 5 (1N) - 1 (+ charge) =18 e

18 valence e - 16 bonding €™ = 2 non-bonded e~
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Integrate the Skill 1.5

All carbons have four bonds and so will not have lone pairs. Lone pairs are added to the nitrogen
atoms according to the formal charges indicated. “BP” refers to shared pairs of electrons in
bonds between atoms where each atom formally has one of the electrons.

______________________________

________________________________

=3 (3BP) + 2 (1LP)

The geometry of the atoms can then be established for all of the atoms.

' 2BG+2LP\ !
! bent :
H, '\Kj*\\ H . X
H-C @ C=H ' AllCH,groups
,""é‘é‘é'\"":____,/(':\\ /(|3<H ' 4 BG \ tetrahedral !
 trigonal planar; Ho N
ST
! bent :
Practice Problem 1.6
) " (786 +2 1P\ bent
H \ /H77 /, ____________
\C /C “«-- ::;i\\\
" 3BG\ ] 0.
gonalplanar ;O L N
H / H \4 BG \ tetrahedral .
L B
b) H
H\ \C/H
— _»C - i\: \\\\\\\\\
Lsp2 i~ I 0 <1 sp? |
\*/C - C(/,,
H I\,
H
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Integrate the Skill 1.7

a) Accounting for all of the electrons leaves four non-bonded electrons to add as lone pairs.

These are added to the oxygen first (most electronegative), leaving the carbon with a formal
positive charge.

valence & = 5 (5H) + 8 (2C) + 6 (10) - 1 (+ charge) = 18 &

18 valence e - 14 bonding € = 4 non-bonded e~

H. e
H-C-0-C
H

—H

b) Electron geometry:

N

_______________________________________

__________________

l:tetrahedral \sp®

________ Tm—————

_______________________________________

, tetrahedral \ sp® !  trigonal planar \ sp?

d) The charged carbon is not saturated, so a second bond to the oxygen can be formed. This
moves the formal charge to the oxygen atom.

H H
1 ®
H—CIZ—(;z(IZ@H ~—— > H-C-0=C-H
.o | .o |
H H H
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This leads to the following geometries for the new structure.

_____________________

___________________

___________________

_____________________

____________________

_____________________

_______________

L | tetrahedral \ Sp3 i
Practice Problem 1.8

a) _ .o ..@

(OI 10
-
[H3C™ “CHs4 H;C @ CHj,
b) 1 :oy X
@ | .o - Y
N @ /N\\
HsC” Qo HsC™ O
O [ G 61
AT
[HsC™ “CHj HsC @ CH,4
> N S el N
HsC”™ “NH H,C ®>NH, HsC™ SNH
3 L2 3 b 3 ® 2
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Integrate the Skill 1.9

Drawing the basic structure leaves a formal positive charge on the carbon atom and lone pairs on
each nitrogen atom.

valence e =6 (6H) + 4 (1C) + 15 (3N) - 1 (+ charge) = 24 e
24 valence e - 18 bonding e” = 6 non-bonded e’
NH,

@

HoN NH,

Three more resonance forms can be produced by forming a double bond between each of the
nitrogen atoms and the central carbon atom. This leaves the formal charge on a nitrogen atom for
each of these new forms.

a0 ® o
NH, NH, NH, NH,

Lot ~— L .- .
HZNJ\[\!HZ HZNJ\I_\;H2 HZN%\NH2 H2N/§NH2

Practice Problem 1.10

a) i) O H i)
%N\ T

b) i) CHyCHCH(CH,CH3)COCH,NHCH; i)  CHsCH,CH,CCCHg
c) i) o i) HH
H ?: E ('c?: ?: H H-C H H H
————— \
R peC-g-C
H—/C\ :Q:H
HH
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Integrate the Skill 1.11

The formal charge can be on the carbon or the oxygen. Both are acceptable Lewis structures.

T
H\%wH

h_uHO@H

o

)
T-O-T
H\&\ﬂ\H
T-O-T T
T-O-T T-O-T
T-O-T O-8-T
T-O-T O

T OO

T-O-T
5 g HA_YO‘H
T-O-T

T H\%\H
I-O-T T-O-T
@%\ﬂ\H H\%\H

o T

)
T-O-T
H\&wﬂ\H
T-O-T
T-O-T
T-O-T
T-O-T

T

1-13
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PROBLEMS

1.12
a) 2» 4+ — —
2s JFL'

1s —4#
b) The ground-state configuration is 1s?2s?2p*.

c) Boron has four valence orbitals.

» 4 — — <

| valence
1
2s 1 D T :\electrons,

1.13

a) Hydrogen has one electron. In the ground state, it is contained in the 1s orbital. An electron
in the 2s orbital would have to be an excited state of the hydrogen atom.

b) Carbon has six electrons. Its electron configuration is 1s22s22p?. Therefore, the valence
electrons are in 2s and 2p orbitals. The 1s orbital is a core orbital.

1.14
a) The degenerate sets of atomic orbitals are indicated below.

d — — — — —
A
/3p - T

_____________ 3s —

' degenerate 1.*
.sets of orbitals!. _

______________

2p @ — @ — @ —

2s —

1-14 Copyright © 2018 Nelson Education Limited



b) The 3p orbitals are lower in energy than the 3d.

c) The 3s orbital should be spherical, as are the 1s and 2s orbitals, but larger.

d) The 3p orbitals should be similar in shape to the 2p orbitals, but larger.

e) The ground-state electron configuration of silicon:

w b —
33—4#

» 4 4 4
234%

13#—

f) The ground-state electron configuration of silicon is 1s22s22p®3s?3s?3p?.

g) Silicon has four valence electrons (3s23p?), the same as carbon. The Lewis dot diagram of

silicon would therefore be

$i

Copyright © 2018 Nelson Education Limited
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h)

T-0-O-T

i) Anintermediate structure is useful in determining the final structure.

H
IO O .. ..
H-C—-N=C-0° ——»  H-C-N=C=0:
IRNCCR i

3(3H) + 8(2C)+ 5(N) + 6(0)=22 ¢
22 e -12bondinge =10 LP e

) H D[
H-C—H H
i w o
H-C-C-C-H H=C-C-C-H H=
HOH Ho A
k) HH
H H
1.16

H +hon-bonding e’

1.17

a) A molecule of formula C2HsN having no formal charge on any atom:

He.
H-C-N-H
H H

b) A cation of formula CoHsN™:

H
H-G-N=C-H
H
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c) An anion of formula C2F30™ having a C=0 bond:

O:

I‘I'I—('I)—TII
(0]e)

d) Two neutral molecules of formula C2HsN, both having a C—N triple bond:

H Ho o
H—(IZ—CEN : H—-C—N=C:
|
H H

1.18
a) (CHz).CHCH:NH:

H H
| | |

H-C—~C—H-

H ‘ H
H-C~H
H

I-Zz-T

b) HO(CH).CH=C(CH2CHa)2

1.19

a) yH HH H

\ 7/ \ 7/

HO ¢ ¢__o:
CY Y

|
:OH CH, H

no formal charges

b) ..
H—éz(':—(I:@CH3

CH;

c) H3C\§l>,CH3
1l

/C\
Hs;C CH3

Copyright © 2018 Nelson Education Limited

c) CI,CHCH2CONHCHz3

HHO H

A S N TR L
:CI—C-C—-C—N-C-H

| [ [ [
:CtH  H H

d) NH(CH.CN),

d)

A
tN=C-C-
H

1-17



a) _OH c) HH_ "OH
H H:N"- I 1© 0o
H-C-C-C-C-C—H
H H HHH H
O:HH H H
b) HH . d) W
H\C/C\ /O\ /H H_C_C_N_C_C_H
T 07 Sy VNI
HH—(II—HH
H
1.21

Electronegativities are provided in Figure 1.6.

a) The N-H bond would be more polar due to the larger electronegativity difference between
N(3.0) and H(2.2) than between B(2.0) and H(2.2). The distinction between them is that the
N-H bond is polarized toward the nitrogen, while the B—H bond is polarized toward the
hydrogen.

b) i) i o i) iv) 10
P )LI AR ﬁj\m

Br H L ~&
C) 1) i moste deficientC i) [ u
\ \
~br { most e deficient C
i) O iv) o)
)AJ\H )fj\ Cl
: most e~ deficient C | { most e deficient C
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3) tetrahedral]
Hy R
H-C-C=C-C—N—-C—H
| 4 4 | | |
HA AHHH
(trigonal planar
2 elrahadral
N ‘6-
................ R
trigonal planar -~ _ ' L™ "rigonal planar
- Ned N
A
tetrahedral]
1.23
3) sp hybrids
Hy R
H-C-C=C-C—N—-C—H
| A 4 | | |
HA A HHH
ST
\sp” hybrids;
b) (sp” hybrids |
\ N
on? Fubridsi "\C,/ \(,3//“\ ----------
WOPTIWONASs - G— Tisp? hybrid
® COn
/\\ ‘l
(sp® hybrids !
1.24
a) HHHH
/C\ 7 ~ /H
H C (
HHSH

Copyright © 2018 Nelson Education Limited

d)

d)

_______

.......

___________________

1all tetrahedral except'
I as indicated '

___________

___________

___________________

all sp® hybrids :

- except as indicated _:
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c H/ H <. H H/ H HH
) thEAnS e) T H
H " CCTH H~C” " C~H
HHH H H-C. _C=H
H S H
d) G
H HC
/C\ < /H
H C‘@ C
HHH H
1.25

In each diagram, the hybridization, electron pair geometry, and bond geometry for the non-
hydrogen atoms are indicated.

_____________________________

a)  valence electrons: 4 BGO LP
' electron geometry: tetrahedral i

' bond geometry: tetrahedral '

E valence electrons: 2 BG 2 LP E Q LY Oy

' electron geometry: tetrahedral | HOCH,CHCHC(=0O)CH,CH;

| bond geometry: bent A
+ valence electrons: 3 BG 0 LP : valence electrons: 1 BG 2 LP I
| electron geometry: trigonal planar! | electron geometry: trigonal planar
1 bond geometry: trigonal planar ,: \bond geometry: none ,-

valence electrons: 2 BG 0 LP'
electron geometry: linear
bond geometry: linear

b)

; ; Pl i electron geometry. linear '

(@)
I
w
@)
=
>0
T
@
@)
@)
@)
I
N
@)
T
N
@)
Z

 valence electrons: 4 BG 0 LP
' electron geometry: tetrahedral
\ bond geometry: tetrahedral

——— e e =

_______________________________

E valence electrons: 3 BG 0 LP '
' electron geometry: trigonal planarl
' bond geometry: trigonal planar ;

v Co 4 ielectron geometry trigonal planar.
- H3CHC ¢=0: ' bond geometry: none |

+ valence electrons: 4 BG 0 LP |
' electron geometry: tetrahedral i H C_'*(IJH _______________________________
| bond geometry: tetrahedral Z7ONS 2
“lvalence electrons: 3 BG 1 LP
relectron geometry: tetrahedral
'bond geometry: trigonal pyramidal
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 valence electrons: 2 BG 1 LP i
' electron geometry: trigonal planar,
' bond geometry: bent L

_______________________________

d)

| valence electrons: 3BGOLP |

electron geometry: trigonal planar,

_.+ bond geometry: trigonal planar :

_______________________________

valence electrons: 4 BG 0 LP
electron geometry: tetrahedral
bond geometry: tetrahedral

€) valence electrons: 4 BG 0 LP

bond geometry: tetrahedral

a) [CH3CHCHCHCHCH3] (3 forms)

_______________________________

. valence electrons: 3 BG 0 LP

bond geometry: trigonal planar

______________________________

I
|
\

H H H H H H
H,C — HsC ) ® HsC Y S)
— CH, o: CHs © CH,
H H H H H H
b) CH3C(NH)CH; (2 forms)
.-N,H 'N’H
A A
HsC~ “CHs H3C @ CH,4
¢) (2 other forms)
® oH t OH :OH
_C. _C. G
HC CH <> HCTECH L HCSCH
' H,C. _CH H,C. _CH
H2C\C/CH 2250 2256
H, Ha Ha
d) (1 other form)
H H
 Co L8
:0” SCH @O/ CH
HiCo CH, — HC. CH
2 \C/ 2 2 \C/ 2
i Ho Ha

Copyright © 2018 Nelson Education Limited

electron geometry: tetrahedral f--*(CH3)3C<--—4: electron geometry: trigonal planari
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e)

|

f)

:OH

9)

d)

Copyright © 2018 Nelson Education Limited
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)

9)

1.29

T OF
H-ﬁuH T {
I-O-T I-O-I

”&" Hu&uH
HuﬁuH HuﬁuH
I-O-T I-O-I

T T

i) o
”m"
T O-T
S
T H-ﬂuH o
O-T 0-0
Il // W\
. T T-Q P T
7D ©7Q
I T T I

a)
b)

T
. nnun
I-O-T
-0
-0
b
S
Hln_.ulH
HIP_VIH
T
[
m"
Ir-0O
BlCIH
Hlﬂ_ulH
O-I
I HIN_V
T-O6—b-1
u“n Hln_.uIH
T
0)

1.30

d) CH3CH20CH2CH2N(CHs3)

a) (CH3)CCHCH,CH,CH(CH3)CHO

COCH(CHs),

e) CHsCH2CH.CH2CN

b) CeHsCOOH

f) CH3CH.CCCHCHCH:OH

¢) (CH3)2CHCHCHCOCHBICH,OCHO

1-23
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D HHHO: H
H-C-C-C-C-0-C—H
| | .o |
HHO H
b) B H\ /H
“Br /C:C\ H
"¢ £=0-C-H
H c=¢ ® 4
H H
1.32

©
a) [CH3CH,CHCOOCH;]

| @
b) [CHsO%CHCHCHBrCHCH]
B

Note the use of the bracket drawn above this condensed structure to indicate the ring in the
molecule. The bracket denotes the connection between carbon atoms A and B, which are
actually beside each other in the molecule but are located at opposite ends of its condensed
structure. All six carbon atoms in the ring are, therefore, in the bracket.

©
¢) [(CH3),CHNCH(CHs),]

d) CH3CH2CON(CHs3)2

1.33

? \)\:)T&H
b) \

1-24

c)
d)

:0: .
H
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1.34

H2N OH o<

NH,CHC(CHs;),0OH (CH3)2CH(CH,)30CH3

Br Br

O - OHO

AL

CH3CH,COCH,C(OH)(CH3)CH,COCH,CH5

BrCH,CH,CH(CH,CH,Br)CH,CH,Br

1.35

a) The geometry at each non-H atom in the above molecule appears below. Carbons are

numbered in the diagram for clarity.

8 9 . \

7 + C1, C2, C5 - trigonal planar |

2 5 &2 ' C3, C4, C8, C9 - tetrahedral !
1 5 4 i C6, C7 - linear
1 O - bent (120°

@O\H . ( _____) _____________

b) Hybridizations for each non-H atom:

8 9 ’
! C1,C2, C5-sp?
2 6/7 !
G 72 ' C3,C4,C8, C9-sp®
1 3 ' C6, C7 - sp
@ H 1 O - sp?

Bond descriptions:
Bond 1 — C sp*- C sp? s-bond

Bond 2 — C sp?- C sp? s-bond
+ C p- C p =n-bond

Bond 3 — C sp*- C sp® c-bond

Copyright © 2018 Nelson Education Limited

Bond 4 — C sp*- C sp? c-bond
Bond 5 — C sp?- C sp 5-bond
Bond 6 — O sp?- H s 6-bond
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1.36

a) Lewis structure of formamide with filled valence atomic orbitals and formal charge:

29:

_C. ' H
AN
H

formamide

b) Formamide resonance forms:

)? 97

CotH =——  _COH
Heo N Ho N
H H

1.37

a) Boron has three valence electrons.

b) Lewis structure and geometry of BHs:

H

|
_B. trigonal planar
H H

c) Hybridization of a boron atom:

Boron has an incomplete octet, since there are only three shared bond pairs with hydrogen

atoms.

1.38

A bonding = molecular orbital has electron density between the bonding atoms (when occupied)
and strengthens the bond between them. An anti-bonding = molecular orbital has reduced
electron density between the atoms (when occupied) and weakens the bond between them.

1-26
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MCAT Style Problems

1.39

Answer: (a). There is an undrawn H atom implied on the carbon atom in this representation.
1.40

Answer: (d). In order to have complete octets on all the CH groups, one of them needs a lone
pair, giving the carbon atom a formal negative charge.

Challenge Problem
1.41

Assigning the valence electrons as single bonds and lone pairs would lead to the following
intermediate Lewis structure:

.07 : 0%

)@\.@_/@K

Forming bonds with the lone pairs to reduce the formal charges would lead to the resonance
forms for the molecule, as shown below.

!O::.CSG:) :O::0: 26@101

This shows that the two oxygen atoms and the central carbon atom have negative charges in one
of the resonance forms. They will be the most likely sites to act as electron donors in reactions.
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