
Covalent Bonding and
Electron-Dot Structures

Only (a) is labeled incorrectly. The bonds in SİCI4 are polar' covalent.1

H is positively polarized (blue). 0 is negatively polarized (red). This is consistent with
the electronegativity values for 0 (3.5) and H (2.1). The more negatively polarized atom
should be the one with the larger electronegativity.

7,,2

٠)(

ID
μ = Q X r = (1.60 X 10_’ و ()0 228 X 10_'2 m) = 10.94 D,3

,-303.336x 10' c.m
6.08 D

٥/ο ionic character for AgCl = X 100% = 55.6%
10.94 D

Lİ-H ΔΕΝ = ΕΝ(Η)-ΕΝ(Τ1) = 2.1 - 1.0=1.1
Η-Ε ΔΕΝ = ΕΝ(Ε) - ΕΝ(Η) = 4.0 - 2.1 = 1.9
Based on the larger ΔΕΝ value, you would predict that HE would have the higher % ionic
character. The calculations below show the opposite is in fact the case.

7.4

1t ID
μ = Q X r = (1.60 X 10-.5 C)(160 X 10_'2 m)LiH; = ٦.E٦D

З.336х10_з٥с-т
6.00 D% ionic character for LiH = xlOO»/٥ = 78.2٥/o
7.67 D

( )

ID
μ = Q X r = (1.60 X 10-او C)(92 X 10_'2 m)EH؛ = 4.41D

З.336х10-з٥с -m
1.83 D% ionic character for HE Xl00٥/٥ = 41.4٥/٥
4.41 D

(c) H:S:H5

(b) SiCl7.6 (a) OF2 4

(a) is incorrect, the least electronegative atom (F) should be placed in the center,
(b) correct
(c) Is incorrect, oxygen does not have a complete octet,
(d) is incorrect, there are 2 too many valence electrons.

7 7
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(b) :ا’خ—Al—Cl:
I

7, (a) (c)H اا:0:
Η-Ç—٠Fا;٠

:Cl:
;0—C1-Ö:ا:F Ю:

!ỏ.(d) (e) أ1٠ع:)ج( HFF.I ا
:Cl—ؤ—1٠ع::أ(لأ

..:1ع\را;ه
Η-Ν-Ηا

H

7.9 (d) :CeO;

7.10 (e) Both (b) and (c) are correct.

11 (c) is the correct structure because it has 19 valence electrons, the two oxygens have
conrplete octets, and the odd electron is on the chlorine.

7.12 .is a radical and the presence of an unpaired electron leads to a highly reactive species ~ا0

(c) H-g—Ö-Η (d)7.13 (a) H (b) HHIا HH

Η-Ν-Ν-Η
ا

H—C-N-H

HH

H—с=с_н

7.14 HH H Hا اا ا
—Ö-Η and H—Ç-0_c_Hا اH—Cا ا

HH H H

ة\.٦ Molecular formula: C4H5N3O
Ổ:

N-C
Η١.. \

Ν-ΗN_c
\ /H. c
/ \

H H

7.16 (a) Hا
:Ν-Ηا I

H Н\л/С^/Нc!ا ا
C C \๙الا ا

H
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(b) H H ÖJ

Η-Ν-¿—c—ซ-Ηا h-ô;-L?ÍLhا
HH

7.17 (a) N N=o:

(b) p.
N=N=0: N—N = 0:

n.
N N O: N^N —O:

7.18 (a) S
จ

S

:
ة:ص '0::0

(b) 2٠ 2٠ ده:0:.2 :0:

-ГЛ c
จ: '0من :٠ ะ0 0.'

)ء( د
в в- в - в.-

<>?: :F> F

7.19 (a) Ö:H
H  H
Nا\ c ,c HصH c c O

/\/\
N HN \\ا 

HH H
This is a valid resonance structure.

(b) H 0:H  H
Nا\ c H,H '0'١١c c

/\/
N HN —c \\ا 

HH H
This is not a valid resonance structure. The N with two double bonds has 10 electrons,
not 8.
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7.20 (a) H

H ,0, H

H

H

cمنH H

H

(b) HH

ÖةH c H HH ١من
’C ’C HHJC - HH
cمن cH H HH

HH

HH

c,ة HH ,0, HH من H'C H
HH-

cنممن' H HH H

HH

7.21 îN=c=öiًا

For nitrogen: Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge = 5-  -1 =4-)4(2ا؛

5
4
4

For cai'bon: Isolated carbon valeirce electrons
Bound carbon bonding electrons
Bouird carbon nonbonding electrons
Formal charge = 4 - ' 2ا)8( - 0 = 0 

4

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6-  0 =4-)4(2اا

6For oxygen:
4
4
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r7.22ة١ (a) ٢٠٩ CN= c:ة -

.Г) о,
N C о:оN -

(b) [;N = c = 0

For nitrogen: Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge = 5- '/2(4) - 4 1

5
4

Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Foi'mal charge = 4-  0 =0-)8(2/؛

For carbon:

For oxygen: Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6- '/2(4)-4 = 0

6
4
4

N=c—0:

For nitrogen: Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge = 5- '/2(6)-2 = 0

5
6
2

For carbon: Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge = 4- '/2(8)-0 = 0

4
8

For oxygeir: Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6- '/2(2)-6 1

6
2
6

:N c 0:

For nitrogen: Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge = 5-  -2 = -62(2/؛(

5
2
6
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For carbon: Isolated carbon valence electrons

Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge = 4- '/2(8)-0 = 0

4

For oxygen: Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6-  +1 =2-)6(2اا

6
6
2

2

ö:ة N = cN=c N—c = 0:- -

The first two structures make the largest contribution to the resonance hybrid because the
-1 formal charge is on either of the electronegative N or 0. The third structure has a tl
formal charge on 0 and does not significantly contribute to the resonance hybrid,
(c) Carbon-nitrogen because of the triple bond contribution to the re٠sonance hybrid.

7.23 0:

H H
All atoms in this structure have 0 formal charge.c O'H

H

1
:0:

1
/H H

0H

H

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6-  -1 =6-)2(2/؛

Isolated oxygen valeirce electrons
Bound oxygen bonding electrons
Bound oxygen noirbonding electrons
Formal charge = 6-  +1 = 2 -6(2اا(

All the other atoms in this structure have 0 formal charge.

The structure without formal charges makes a larger contribution to the resonance hybrid
because energy is required to separate + and - charges. Thus, the actual electronic
structure of acetic acid is closer to that of the more favorable, lower energy structure.

6For top oxygen:
2
6

6For right oxygen:
6
2
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7.24

! IH H H

\ Hمتة ,0 H  H .0 HH Hمتc 'C c.
\

H H H\ \- -
H H H,c c ,c.تم ١c Hاتم. H H H H H

H H H

2 3!

Ali atoms in structures 1 and 2 have 0 formal charge.

In Structures:

For carbon: Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge = 4-  -26(2اأ( 1

4
6
2

For oxygen: Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6- ٠12-)6(2ا؛=

6
6
2

All the other atoms in structure 3 have 0 formal charge.

The structures 1 and 2 without formal charges make the larger contribution to the
resonance hybrid because energy is required to separate ؛ and - charges.

7.25 (a) ΔΕΝ(Ρ=0) = 1.4 and AEN(P=S) = ٥.4. Both bonds are polar covalent, but the
phosphorus-oxygen bond is more polar,
(b) For the reaction between the organophosphate insecticide and the enzyme to occur,
the phosphorus atom must bear a positive charge. Greatei. positive charge leads to
increased rate of reaction and increased toxicity of the insecticide. Since oxygen is more
electronegative than sulfur it has greater ability to pull slrared electrons toward itself.
Therefore, the molecule with the p=0 bond is more toxic due to the greater positive
charge on phosphorus.

٦.Τ6 For the reaction between an organophosphate insecticide and the enzyme to occur, the
phosphorus atom must bear a positive chai-ge. Greater positive charge leads to increased
rate of reaction and increased toxicity of the insecticide. The more electronegative the X
group, the more positive the phosphorus. (a) Cl (b) СРз

7.27 Phosphorus is in the third row of the periodic table and can utilize d orbitals to hold extra
electrons, and therefore form more than four bonds.
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7.28 C„Hí٠N2PSO:
H

HH
\.

H

c c. HH
HH ١ H٩ /s HN

'C
٠/ Hpصc HoH

ะ0 —c, H
H c. H

H
H

7.29 H H١/'o: H.c
c. Hp —0

Hc
\\h
HHH

H

Isolated phosphorus valence electrons
Bound phosphorus bonding electrons
Bound phosphorus nonbonding electrons
Formal charge = 5-  0 =(-0102ا؛)

5For phosphorus:
10

6Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6-  0 =4-)4(2ا؛

For top oxygen:
4
4

6Isolated oxygen valeirce electrons
Bound oxygen bonding electrons
Bound oxygen ironbonding electrons
Fonual charge = 6-  0 =4-)4(2ا؛

For right oxygen:
4
4

Isolated fluorine valence electrons
Bound fluorine bonding electrons
Boimd fluorine nonbonding electrons
Formal charge = 7-  0 =6-)2(2ا؛

For fluorine;
2
6
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For carbon: Isolated carbon valence electrons

Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge = 4- '/2(8)-0 = 0

7.30 (a) 1
H H١/:0: 1 Hرمص

/
.c

p = 0 c. H
H

C

\\h
HH H

H

For fluorine: Isolated fluorine valence electrons
Bound fluorine bonding electrons
Bouird fluorine nonbonding electrons
Formal charge = 7- '/2(2)-6 = 0

2
6

For phosphorus: Isolated phosphorus valence electrons
Bound phosphorus bonding electrons
Bound phosphorus nonbonding electrons
Formal charge = 5-  0 =(-0102/؛)

5
10

For top oxygen: Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6- '/2(2)-6 = -1

6
2
6

For right oxygen: Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electroirs
Formal charge = 6- '/2(6) _2= 1ا

6
6
2

(b) 1
H H١/+ 1 :0مل H,c

ة H
Hc

\\แ
HH H

H
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7Isolated fluorine valence electrons

Bound fluorine bonding electrons

Bound fluorine nonbonding electrons

Formal charge = 7-  4-)4(2ا؛= 1؛

For fluorine:
4
4

Isolated phosphorus valence electrons
Bound phosphorus bonding electrons
Bound phosphorus nonbonding electrons
Formal charge = 5-  0 =(-0102اإ)

5For phosphorus:
10

6Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6-  62(2ا؛(- ٠1

For top oxygen:
2
6

6Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6-  0 =4-)4(2ا؛

For right oxygen:
4
4

The problem 7.29 structure without formal charges makes the largest contribution to the
resonance liybrid because energy is required to separate + and - charges.

Conceptual Problems

7.31 (a) A (d) cB)ء((b)D

C-D is the stronger bond. Α-Β is the longer bond.

As the electrostatic potential maps are drawn, the Li and Cl are at the tops of each map.
The red area is for a negatively polarized region (associated with Cl). The blue area is for
a positively polarized region (associated with Li). Map (a) is for CH3CI and Map (b) is
for CH3Lİ.

7.32

7.33

(b) ethane (c) ethanol (d) acetaldehyde7.34 (a) fluoroethane

(a) is ionic; (b) and (c) are covalent.ةلآ.٦

7.36 (a) CgHşNO 2

H:ة H
\ /cH
/ H

Hc—NO c١ \ HH
/  \

H H
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7.37 (a) С)зН]٥^0^
H HH H.0: H١/ //H ص c

/ع-\
/  /\/

c 'C
o:

c ,cЧ, ١sc H NH
/ \

0: :0 HH

7.38 H
H/۵H,c

I!

:0 H
H

H'نم:0 c ,cةص'نم'H
H

H H H

7.39
H

H :0
:0, cمن

\H  H
0:\/

H
'Όت٠م١ ,c

H\H—o: H

Section Problems
Covalent Bonds (Sections 7.1)

7.40 (a) ionic (b) nonpolar covalent (c) covalent

7.41 (a) Attractive forces between the positively charged nuclei and the electrons in both
atoms ОССШ when the atoms are close together and  a covalent bond forms.

Strengths of Covalent Bonds (Section 7.2)

7.42 C-F 450kJ/mol AEN = EN(F)-EN(C)^4.0-2.5 = 1.5
N-F 270kJ/mol ΔΕΝ = EN(F)-EN(N) = 4.0-3.0=1
0-F 180 kJ/mol ΔΕΝ = EN(F) - ΕΝ(0) = 4.0 - 3.5 = 0.5
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-F 159kJ/mol ∆ΕΝ = EN(F)-EN(F) = 4.0-4.0 = 0
In general, increased bond polarity leads to increased bond strength.

F-

∆ΕΝ = EN(F) - EN(C) = 4.0 - 2.5 = 1.5
∆ΕΝ = EN(Cl) - EN(C) = 3.0 - 2.5 = 0.5
∆ΕΝ = EN(Br) - EN(C) = 2.8 - 2.5 = 0.3
∆ΕΝ = ΕΝ(Ι) - EN(C) = 2.5 -2.5 = 0

450kJ/mol
CCI 330kJ/mol
CSr 270kJ/mol
Cl 240kJ/mol

In general, increased bond polarity leads to increased bond strength.

-F7.43

7.44 Ν-Η ΔΕΝ = ΕΝ(Ν)-ΕΝ(Η) = 3.0-2.1=0.9
0-Η ΔΕΝ = ΕΝ(0) - ΕΝ(Η) = 3.5 - 2.1 = 1.4
ร-Η ∆ΕΝ = EN(S) - ΕΝ(Η) = 2.5 - 2.1 = 0.4
In general, increased bond polarity leads to increased bond strength. Ehe most polar bond
is the 0-Η bond and should be the strongest of the three.

All three bonds are nonpolar. In general, the longer the bond length, the weaker the bond.
I > Br > Cl. Ehe Ι-Ι bond is the longest and should be the weakest of the three.

7.45

Polar Covalent Bonds: Electronegativity (Section 7.3)

Electronegativity increases ftom left to right across a period and decreases down a group,

z = 119 would be below francium and have a vety low electronegativity.

7.46

า.4า

K < Li < Mg < Pb < c < Br7.48

Cl > c > Си > Ca > Cs7.49

EN = 4.0
EN = 2.1

ΔΕΝ=1.9

fluorine
hydrogen

7.50 (a) HF

HF is polar covalent.

EN = 2.5
ΕΝ = 21

iodine
hydrogen

(b) HI

HI is polar covalent.ΔΕΝ = 0.4

ΕΝ = 3.0
ΕΝ = ^

ΔΕΝ = 0.8

(c) PdCl chlorine
palladium

2

PdCİ2 is polar covalent.

EN = 2.8
EN = 20

bromine
boron

(d) ВВгз

ВВгз is polar covalent.ΔΕΝ = 0.
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Na^-OH-ỉsỉonlc
oxygen
hydrogen

EN
(e) NaOH

OH-  = 3.5
ΕΝ = 2.1

ΔΕΝ =1.4 OH" is polar covalent.

(f) CHjLi lithium
carbon

EN=1.0
EN = 2.5

ΔΕΝ=1.5 CHjLi is polar covalent.

Ehe electronegativity for each element is shown in parentheses,
(a) C (2.5), H (2.1), Cl (3.0): Ehe С-С1 bond is more polar than tire C-H bond because
of the larger electronegativity difference between the bonded atoms,
(b) Si (1.8), Li (1.0), Cl (3.0): Ehe Sİ-C1 bond is more polar than the Sİ-Lİ bond because
of the larger electronegativity difference between the bonded atoms,
(c) N (3.0), Cl (3.0), Mg (1.2): Eire N-Mg bond is more polar than the N-Cl bond
because of the larger electronegativity difference between the bonded atoms.

7.51

S- δ +
C-H

δ+ δ-
c - Cl

δ- δ.
Si - Li

δ+ δ-
Sl - Cl7.52 (a) (b)

δ- δ+
(c) N -Cl N - Mg

δ- δ-δ. δ. δ- δ+
C1 - Pd7.53 (a) (b) F)ء( H Ι -Η

δ- δ.
Br - Β

δ- δ.
0-Η

δ- δ.
C - Li(d) )ج( (f)

7.54 (a) MgO,BaCl (b) P,4 (c) CdBr2, ВгРз, NF3, POCI3, LiBr2

55 (а) CaCI, NaF, LİF (b) S; (c) 80С12,СВг4,ВгС1,АзН3

7.56 (a) CCI4 chlorine
carbon

EN = 3.0
EN = 2.5

ΔΕΝ = 0.5

(b) BaCİ2 chlorine
barium

EN = 3.0
EN = 0.9

ΔΕΝ = 2.1

(c) EiCl3 chlorine
titanium

EN = 3.0
ΕΝ=1.5

ΔΕΝ =1.5
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(d) CI2O EN = 3.5
EN = 3.0

oxygen
chlorine

∆ΕΝ = 0.5

Increasing ionic character: CCI CIO2 < TİCI3 < BaCl:4

7.57 (a) NH nitrogen
hydrogen

EN = 3.0
ΕΝ = 2.1

3

ΔΕΝ = 0.9

(b) NCI nitrogen
chlorine

ΕΝ = 3.0
EN = 3.0

3

ΔΕΝ = 0.0

(c) Na3N nitrogen
sodium

EN = 3.0
EN = 0.9

ΔΕΝ = 2.1

(d) ΝΟ2 EN = 3.5
EN = 3.0

oxygen
nitrogen

ΔΕΝ = 0.5

Increasing ionic character: NCI3 < N๐2 < ΝΗ3 < NajN

7.58 (a) MgBr2 (b) РВгз2

7.59 (a) CaCl (b) SiCl2

؛( ID
μ = Q X r = (1.60 X 10-اآل c)(2!3.9 X 10_'2 m)7.60 = 10.26 D

-303.336x 10' c-m
0.518D% ionic character for BrCl = xl00٥/٥ = 5.05٥/٥
10.26D

( 1ID
μ = Q X r = (1.60 X 10_او c)(!62.8 X 10_2ا m)7.61 = 7.81 D

З.336х10-з٥с٠т
0.887 D% Ionic character for CIF = Xl00٥/٥=11.4٥/٥
7.81 D

A Comparison of Ionic and Covalent Compounds (Section 7.4)

7.62 (b) and (c) are ionic compounds؛ (a) is a covalent compound and is most hkely a gas at
room temperature.

7.63 (a) and (b) are covalent compounds; (c) is an ionic compound and is most likely a solid at
room temperature.
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Eíectron-Dot Structures and Resonance (Sections 7.5-7.7)

7.64 The octet rule states that main-group elements tend to react so that they attain a noble gas
electron configuration with filled s and p sublevels (8 electrons) in their valence electron
shells. The transition metals are characterized by partially filled d orbitals that can be
used to expand their valence shell beyond the normal octet of electrons.

٦.6ة (a) A1Cİ3 Al has only 6 electrons around it. (c) PCI p has 10 electrons around it.

(a) jŞrî (b) :ا٠ع—N-Ć.1: (c)

—اة؛ ^rj

5

(d)HH
I .. ا  Fا —Hا Clí:Cl:

:F—В—ا

7.66

٠Fا;٠HH:Br: F

(f) ج(ا.٢( Ю
2

":N=0;]"f:]—ö;

(а) . ع٠1٠ —š٠b_c٠l; b(า.ต(;!؛—؛؛%٠—٠؟٠؛  0—Cl —0 ะ :)ا)٥
:Cl:

Ю:(d) se :ة—)f()ج( Cl:ا
Η-ổ—p—Ö-Η

اc?ا V',F о
I

H

7.68 (c) is the correct electron-dot for XeFj' because it accounts for the required number of
bonding (10) and lone pair (32) electi'ons.

7.69 /١ H
н + Hн؛о؛ H:0؛H

hydronium ion

0 Ö::
Η-Ö—c—c—Ö-Η

.CSj has two double bonds  ؛:C=S٠؛S٠=

٦.٦لاً

7.71

า.า1 (a) The anion has 32 valence electrons. Each Cl has seven valence electrons (28 total).
The minus one charge on the anion accounts for one valence electron. This leaves three
valence electrons for X. X is Al.
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(b) The cation has eight valence electrons. Each  H has one valence electron (4 total).
X is left with four valence electrons. Since tlris is a cation, one valence electron was
removed from X. X has five valenc٠e electrons. XisP.

7.73 (a) This fourth-row element has six valence electrons. It is Se.
(b) This fourth-row element has eight valence electrons. ItisKr.

٠1—c—Ö-c—H:ج
7.74 (a) (b) Hا

H-C—C^C-Hا
HH

0ذ  H

H—C-N-H

٦٠٦؛١ةا  (b) Hا
H—Ç—C=N-Ö:ا

H

Η-Ν=Ν-Η٦.٦6 Η Η
Ν-Ν

ΗΗ'

Ν2Η2 has the stronger Ν-Ν bond because of the higher bond order.

:0—Ň=0:٠؛Ν=δ٠ îO=N-Oî7.77

NO has the stronger Ν-0 bond because of tire higher bond order.

٦^ %٦.٦ ’.Ĩ ·sLp;:F. f
IF

(b) Hا .0:

ا \
ะ0:H

tỡktổ-H

ö—H:ا;ع—¿—¿—
 Hلأ.؟؛

٦.٦آل
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7.80 Hا
H—c—Hا

:Ổ 0:
H Hا I H I

I H NΗ\ I١CC C H
I Il H I I

H—C C-Hн^٩с / \
Hh HI /\

HHH

7.81 H
IH TT HHH I ١

'C

H

7.82 CH٠3I:0١ O:؛ H H ỌII H H\/
Ổ. ,C C ١ Hrv. N .C,'C 'C 'C C|H

Hلآ:ةيII I C ١
0؛ H Cمن H.c.

H ١
H

7.83 HH HI
H  'C

I IH

أرء١همء١لالآ/ا<١
I H I U H I

Ç\i/C\/C١H٠.١H

ỡص

I

H :

H
d H I

H
I

H  H

Resonance (Section 7.9)

7.84 (a) ί>■ا\
H —Ν = Ν^Ν: - H —Ν = Ν = Ν: - H—N—Ν^Ν:
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(b) ة: :ة: )اً:0: - ss sكدة:قة:ح :ة О::0'о:

(с) f. /)
SN S N = c — S :N-

ท .7.85)ااا>ا (а Ν=Ν :( :ة :nо: neo:- :ν=Ν -

(b) ئد٠ة N4 ■■■>

)ء( σρι۶:ي:
- ٠ΝN

О::0:

(d)
Г//0:У

:о::о:
// чة: > ะ о:ة Ν= ΝΝ-Ν -N —N

١Оا١ا
\٨๐ О

(d) yes7.86 (а) yes (b) по (c) yes

7.87 (а) yes (b) по (c) yes

7 HHH
0'f:0

H HHH H  H ش 'C cب

h صت
-4■ ■-»I

c.cc
HHHc H  HH

HHH

7.89 H HH  H
Л

c Nc c —N -

HH H  H
HH
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7.90 (a) H H

H H  H HآلC راC''ص -
Г)ص,c cчH H  H H

HЦ

(b) ii)

7.91
ÎÖî-ا -ذ0ذ اا-؛0أ
؛0ذ Ю: Ю +ا ا II

ะ٥=ร—0ذ ذ0=8-0أ :S—Ö—0:ل
+2

For ا0
ا:»

ะช=ร่—Ö:
For oxygen:
(top)

Isolated oxygen valence electrons

Bo'und oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6- '/2(2) - 6 = -1

6
2

For oxygen:
(middle)

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6-  0 =4-)4(2اا

6
4
4

For oxygen:
(left)

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bouird oxygen nonbonding electrons
Formal charge = 6-  0 =4-)4(2/؛

6
4
4

F01' oxygen:
(right)

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bomrd oxygen nonbonding electrons
Formal charge = 6- 1/2(2) -6 = -1

6
2
6

For sulftrr: Isolated sulfur valence electrons
Bound sulftir bonding electrons
Bound sulfur nonbonding electrons
Formal charge = 6- 1/2(8) _0 = +2

6

0
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ÎÖ؛
I

For

ا
s=Oî_0؛

For oxygen:
(top)

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Forjnal charge = 6-  6 -2(2/؛( 1

6
2
6

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6- '/2(4)-4 = 0

6For oxygen:
(middle) 4

4

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Foraral charge = 6- '/2(2)-6 = -1

6For oxygen:
(left) 2

6

6Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6- 1/2(4)-4 = 0

For oxygen:
(right) 4

4

6Isolated sulftrr valence electrons
Bound sulftir bonding electrons
Bound sulftir nonbonding electrons
Formal charge = 6- /2(8)-0 = +2

For sulfur:

ะซะFor
I

Юاا
:0—s—0:

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6- 1/2(2)-6 = -1

6For oxygen:
(top) 2

6

6Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Forjual charge = 6- /2(6)-2 = +1

For oxygen:
(middle) 6

2
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For oxygen:
(left)

Isolated oxygen valeirce electrons
Bound oxygen bonding electrons
Bouird oxygen nonboirding electrons
Formal charge = 6- '/2(2)-6 = -1

6
2
6

For oxygen:
(right)

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6-  -1 = -62(2/؛(

6
2
6

For sulfur; Isolated sulfur valence electrons
Bound sulfur bonding electrons
Boimd sulfur nonbonding electrons
Formal chai'ge = 6- '^(8) - 0 = 2ا

6

7.92 (a) H H

H Hمت C''تم

c c
H c H

H H

(b) H H II II

H cمت H  H c H
متل\ 'تم
วام
-

,c c cمتH H  H 'C H

H H H H

7.93 Structures (a) and (b) are resonance hybrids of tire same molecule.

Formal Charges (Section 7.10)

iC=Cĩ7.94
For carbon; Isolated carbon valence electrons

Bound carbon boirding electrons
Bound carbon nonbonding electrons
Formal charge = 4- '/2(6) -2 = -1

4
6
2
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Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Foiroal charge = 6-  2-)6(2اا= 1؛

6For oxygen:
6
2

7.95 (a) Hا
H—N—0—H

For hydrogen: Isolated hydrogen valence electrons
Bound hydrogen bonding electrons
Bound hydrogen nonbonding electrons
Formal charge =1- 0-)2(2ا؛= 0 

1
2

Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge = 5-  0 =2-)6(2ا؛

5For nitrogen;
6
2

6Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6- '/2(4)-4 = 0

For oxygen:
4
4

(b) Hا
Η-Ν-c—Hا

H

1Isolated hydrogen valence electrons
Bound hydrogen bonding electrons
Bound hydrogen nonbonding electrons
Foi-mal charge =1- 0-)2(2/؛= 0 

For hydrogen:
2

Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge = 5- '/2(4) - 4 1

5For nitrogen:
4
4

4Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge = 4- '/2(8)-0 = 0

For carbon:

0
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)ء(.٠٨٠ ا
P—ä:

I
:Q■

أهذ
For chlorine: Isolated chlorine valence electrons

Bound chlorine bonding electrons
Bound chlorine nonbonding electrons
Formal charge = 7- '/2(2)-6 = 0

7
2
6

For oxygen: Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6-  -1 = -62(2/؛(

6
2
6

For phosphorus: Isolated phosphorus valence electrons
Bound phosphoms bonding electrons
Bound phosphorus nonbonding electi'ons
Formal charge = 5- '/2(8) _0 = +l

5

7.96
jO—CI-Oî

For both oxygens: Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6-  -1 = -62(2/؛(

6
2
6

For chlorine: Isolated chlorine valence electrons
Bound chlorine bonding electrons
Bound chlorine nonbonding electrons
Formal charge = 7- '/2(4) -4 = tl

4
4

0=اج—ج؛
For left oxygen;

]
Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6-  -1 = -62(2اا(

6
2
6

For right oxygen: Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6-  0 =4-)4(2/؛

6
4
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Isolated chlorine valence electrons

Bound chlorine bonding electrons
Bound chlorine ironbonding electrons

Fonrral charge = 7-  0 =4-)6(2ا؛

For chlorine:

4

า.ฑ اا؛0؛
но—s—он

For sulfur: 6Isolated sulfur valence electrons
Bouird sulfur bonding electrons
Bound sulfur nonbonding electrons
Foirnal charge = 6-  0 =2-)8(2اا

2

6Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygeir nonbonding electrons
Formal charge = 6-  0 =4-)4(2ا؛

For doubly
bound oxygen: 4

4

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6-  0 =4-)4(2اا

6For oxygen
bound to
hydrogeir:

4
4

Isolated hydrogen valence electrons
Bound hydrogen bonding electrons
Bound hydrogen nonbonding electrons
Formal charge = 1 -  0 =0-)2(2اإ

1For hydrogen:
2

اأ٠ة؛
НО—S—ОН

For sulfur: 6Isolated sulfur valence electroirs
Bound sulfur bonding electrons
Bound sulfur nonbonding electrons
Formal charge = 6- 1ا=2-)6(2ا؛

6
2

6Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6-  -1 =6-)2(2اإ

For oxygen not
bound to
hydrogen:

2
6

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6-  0 =4-)4(2اا

6For oxygen
bound
to hydrogen:

4
4

Copyright © 2020 Pearson Education, Inc.166



Chapter 7 - Covalent Bonding and Electron-Dot Structures

For hydrogen: Isolated hydrogen valence electrons
Bound hydrogen bonding electrons
Bound hydrogen nonbonding electrons
Formal charge = 1 -  0 =0-)2(2/؛

1
2

7.98 (a) H\c N=N
H

For hydrogen: Isolated hydrogen valence electrons
Bound hydrogen bonding electrons
Bound hydrogen nonbonding electrons
Formal charge =1- 0-)2(2/؛= 0 

1
2

For nitrogen:
(central)

Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Foi'mal charge = 5- '/2(8) _0 = +l

5

For nitrogen:
(terminal)

Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal chai'ge = 5-  4 -4(2/؛( 1

5
4
4

For carbon: Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge = 4-  0 =0-)8(2/؛

4

(b) H\
C-N=N:

H
For hydrogen: Isolated hydrogen valence electrons

Bound hydrogen bonding electrons
Bound hydrogen nonbonding electrons
Formal charge = 1 - ؛/г(2)-0 = 0

1
2

For nitrogen:
(central)

Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electroirs
Formal charge = 5- '/2(6)-2 = 0

5
6
2

For nitrogen:
(terminal)

Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge = 5- 1/2(4) -4 = -1

5
4
4
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For carbon: Isolated carbon valence electrons

Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge = 4-  +1 =0-)6(2اا

4
6

Structure (a) is more important because of the octet of electrons around carbon.

7.99 ااأ0ذ
C\ ./H

ا
H

For oxygen: Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6-  0 =4-)4(2ا؛

6
4
4

For left carbon: Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge = 4- '/2(8)-0 = 0

4

For right carbon: Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge = 4-  -1 =2-)6(2/؛

4
6
2

íổì
I

c.ا /Hr/ ا
H

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6- '/2(2) -6 = -1

6For oxygen:
2
6

For left carbon: Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge = 4- '/2(8)-0 = 0

4

For right carbon: Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge = 4- '/2(8)-0 = 0

4

0
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The second structure is more important because of the -1 fojmal charge on the more
electronegative oxygen.

7.100
Oj ؛îCl ..ا اا 

JCl—C-N-Oj

jCiîîÖj-

jCi—¿—N=ỔJا
jCIj jCIj

For chlorine: Isolated chlorine valence electrons
Bound chlorine bonding electrons
Bound chlorine nonbonding electrons
Formal chai'ge = 7-  0 =6-)2(2اا

7
2
6

For carbon: Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge = 4-  0 =0-)8(2ا؛

4

For nitrogen: Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge = 5- 1/2(8) -0 = +l

5

For oxygen:
(double bonded)

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6- /2(4)-4 = 0

6
4
4

For oxygen;
(single bonded)

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Boimd oxygen nonbonding electrons
Formal charge = 6- /2(2) -6 = -1

6
2
6

7.101 lö-N=ëi٠fỊì—0؟=Ν

For chlorine:
(single bonded)

Isolated clrlorine valence electrons
Bound chlorine bonding electrons
Bound chlorine nonbonding electrons
Formal charge = 7- /2(2)-6 = 0

7
2
6

For chlorine:
(double bonded)

Isolated chlorine valence electrons
Bound chlorine bonding electrons
Bound chlorine nonbonding electrons
Formal charge = 7- /2(4) -4 = tl

7
4
4
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For nitrogen: Isolated nitrogen valence electrons

Bound nitrogen bonding electrons

Bound nitrogen nonbonding electrons

Formal charge = 5-  0 =2-)6(2اأ

5
6
2

For oxygen:
(double bonded)

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6- 1/2(4)-4 = 0

6
4
4

For oxygen;
(single bonded)

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Fomal charge = 6- 1/2(2)-6 = -1

6
2
6

Ö=N-Clî is the larger contributor to the resonance hybrid because it has no formal

charges.

7.102 H
/

H  :0: H

c cH H

All atoms have 0 formal charge.
H

+Ị H
/ Hمل1  :0 H

H c H

H 11 H
Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal clrarge = 6- 1/2(6)-2 = 11

6For oxygen:
6
2

Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carboir nonbonding electrons
Formal charge = 4- 1/2(6)-2 = -1

For carbon: 4
6
2

All other atoms have 0 fom^al charge.
The original structure is the larger contributor.
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7.103 H H

N

H c H

c

c Hمن c H

H
All atoms have 0 formal charge.

H 11
N 1

H c H
'C ’C ١٢١ 1

,c Hمن c H

H
For nitrogen: Isolated nitrogen valence electrons

Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Fornral charge = 5-  8(2اا- 0 = 1؛(

5

For carbon: Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon noirbonding electrons
Formal charge = 4-  -26(2ا؛( 1

4
6
2

All other atoms have 0 formal charge.
The original sti'ucture is the larger contributor.

7.104 (a) reactants

ا
НзС—Ọ—СНзF—Вا

F
For boron: Isolated boron valence electrons

Bound boron bonding electrons
Bound boron nonbonding electrons
Formal charge =3- 0-)6(2ا؛= 0 

3
6

Copyright © 2020 Pearson Education, Inc. 171



Chapter 7 - Covalent Bonding and Electron-Dot Structures

For oxygen: Isolated oxygen valence electrons

Bound oxygen bonding electrons

Bound oxygen nonbonding electrons

Formal charge =6-'/2(4)-4 = 0

6

4

product
Fا .CH٠ 3

F—B—oi
Снзا

F
For boron: Isolated boron valence electrons

Bound boron bonding electrons
Bound boron noirbonding electrons
Formal charge =3-)/2(8) -0 = -l

3

Isolated oxygen valence electrons
Bouird oxygen bonding electrons
Bound oxygen nonbonding electrons
Fomral charge =6- )6(2/؛- 2 = 1+ 

6For oxygen:
6
2

7.105 (a)
H—CeN—٠รโ

For hydrogen: Isolated hydrogen valence electroirs

Bound hydrogen bonding electrons

Bound hydrogen nonbonding electrons

Formal charge = 1 -  0 =0-)2(2/؛

1
2
0

For carbon: Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge = 4-  0 =0-)8(2/؛

Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Foimral charge = 5- 1/2(8) _0= 1؛

5For nitrogen;

Isolated sulfur valence electrons
Bound sulfur bonding electrons
Bound sulfur noirbonding electrons
Formal charge = 6- 1/2(2) -6 = -1

6For sulfur:
2
6
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(b) H-N=c=Sî
For hydrogen: Isolated hydrogen valence electrons

Bound hydrogen bonding electrons

Bound hydrogen nonbonding electrons

Formal charge = 1 -  0 =0-)2(2اا

1
2

For nitrogen: Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bouird nitrogen nonbonding electrons
Fornral charge = 5- ' 2-)6(2ا= 0 

5

2

For carbon: Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge = 4- '/2(8)-0 = 0

4

For sulfur: Isolated sulfur valence electrons
Bound sulfur bonding electrons
Bound sulfur nonbonding electrons
Formal charge = 6-  0 =4-)4(2/؛

(c) H-N=C=Sî is more stable because it has no formal charges.

6
4
4

7.106 H H ..ا '

اH—C-N=C=Oiا-؟—N^cH؛0—
H H

Hا
For H—C-N=C=Ö:ا

H

For hydrogen: Isolated hydrogen valence electrons
Bound hydrogen bonding electrons
Bound hydrogen nonbonding electrons
Formal charge = 1 - '/2(2)-0 = 0

Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge = 4-  0 =0-)8(2/؛

Isolated nitrogen valence electrons
Boimd nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge = 5-  0 =2-)6(2/؛

1
2

For carbon:
(left)

4

For nitrogen: 5
6
2
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Isolated carbon valence electrons

Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge = 4- '/2(8)-0 = 0

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6-  0 =4-)4(2/؛

4For carbon:
(right)

6For oxygen:
4
4

Hا
N^c_0î—؟-For H ا

H
Isolated hydrogen valence electrons
Bound hydrogeir bonding electrons
Bound hydrogen nonbonding electrons
Formal charge = 1 - '/2(2)-0 = 0

1For hydrogen:
2
0

Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge = 4- '/2(8)-0 = 0

4For carbon:
(left)

Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge = 5- '/2(8) _0= 1ا

5For nitrogen:

0

Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge = 4-  0 =0-)8(2/؛

4For carbon:
(right)

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Fomral charge = 6-  -1 = -62(2/؛(

For oxygen:
2
6

-- (3) -٠ł
27.107 (a)(1) гГ. ٥]" ،ไ-0=C=N

(b) Structure (!) makes the greatest contribution to the resonance hybrid because of the
-1 formal charge on the oxygen. Structure (3) makes the least contribution to the
resonance hybrid because of the tl formal charge on the oxygen.

:ะ0—CeN.؛؛
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Multiconcept Problems

.ỔĨ (b):0.7.108 (a) )ء(
١٠٨٠ةئ ٨٠.ổìN—О—N

ب >؛<+ا٠ص—ö—؟:ج N—ö—اجئ*اك ؟0' о ذباً..باً
(d) (e) (f)i ,ỔỈ١ةئ .Ổì 0ะ

N=Ö—n/..
ب^ئب

Ν=0-Ν
๕^ ب +\N—О—Ν\اًأاك 0ذ٠ة ذباً

(g) (h):٩
N

ồ٠: S:آل
—ö=î< ب\ب

0
N—0=1/

ب۶ي:ب
+\٨٠.:

Structures (a) - (d) make more important contributions to the resonance hybrid because of
only-1 and 0 formal charges on the oxygens. A tl formal charge is unlikely.

7.109 (a) Assume a 100.0 g sample. From the percent composition data, a 100.0 g sample
contains 47.5 g s and 52.5 g Cl.

ImolS
47 1.5 gSx .48 mois

32.065 gS
Imol Cl

52.5gClx = 1.48 mol Cl
35.453 g Cl

Because the two mole quantities are the sanre, the empirical formula is SCI.

؟Cl—s—s—Cl؛

For sulfur: Isolated sulfor valence electrons
Bound sulfirr bonding electrons
Bound sulfur nonbonding electrons
Foi'mal charge = 6- '/2(4)-4 = 0

6
4
4

For chlorine: Isolated chlorine valence electrons
Bound chlorine bonding electrons
Bound chlorine nonbonding electrons
Foi'mal charge = 7- '/2(2)-6 = 0

7
2
6

7.110 (a) Assume a 100.0 g sample. From the percent composition data, a 100.0 g sample
contains 47.5 g s and 52.5 g Cl.

1 mol s ImolN
69.6gSx = 2.17molS؛ 30.4gN X = 2.17 mol N

32.065 gS 14.007gN
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Because the two mole quantities are the same, the empirical formula is SN.

The empirical formula weight = 47.07

molecular weight

empirical formula weight

The molecular formula is S4N4.

184.3
Multiple = 4.00

47.07

)b(لأ-;ر 
N sا ا

Νΐ
ร/ỵN

For sulfur:

(1 lone pair)

Isolated sulfirr valence electrons

Bound sulftrr bonding electrons

Bound sulfur nonbonding electrons

Formal charge = 6-  +1 = -26(2/؛(

6
6
2

6For sulfur:
(2 lone pairs)

Isolated sulfur valence electrons
Bound sulfur bonding electrons
Bound sulfur nonbonding electrons
Formal charge = 6-  0 =4-)4(2/؛

4
4

For nitrogen:
(1 lone pair)

Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge = 5-  0 =2-)6(2اا

5
6
2

For nitrogen:
(2 lone pairs)

Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge = 5-  -1 =4-)4(2/؛

5
4
4

s—N,
N ะระاا

ะร٠4ะ؛ا NلكN—S'

For sulfirr:
(lione pair)

Isolated sulhir valence electrons
Bound sirlfur bonding electrons
Bound sulfirr nonbonding electrons
Formal charge = 6- '/2(6) - 2 = tl

6
6
2

6For sulfirr:
(2 lone pairs)

Isolated sulfur valence electrons
Bormd sulftjr bonding electrons
Bound sulfijr nonbonding electrons
Foi-mal charge = 6-  -1 =4-)6(2/؛

6
4

Copyright © 2020 Pearson Education, Inc.176



Chapter 7 - Covaíent Bonding and Electron-Dot Structures

For nitrogen: Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge = 5-  0 =2-)6(2ا؛

5
6
2

molecular weight
empirical formula weight

The molecular formula is ร2٩. Two possible structures are shown here.

92.2
(c) Multiple = = 1.96 = 2

47.07

N=٠s٠ Ν-Νا ا Il I
s—ss—N؛

ìỌ—H7.111 (a)
:.-Η

(b) The oxygen in OH has a half fi lled 2ρ orbital that can accept the additional electron.
For a 2p orbital, n = 2 and/=!.
(c) The electron affinity for OH is slightly more negative titan for an 0 atom because
when OH gains an additional electron, it achieves an octet configuration.

7.112 (a) (4 orbita!s)(3 electrons) = 12 outer-shell electrons
(b) 3 electrons

2ρ  82ق8ا تc((
d))؛χ؛؛χ؛ 

6. :X:

7.113 (a) า
ะ0٠ ะ0

II اا
:0=Cr—ซ—čr=0;

Ю: ;0:

All formal charges are zero except for the two single bonded oxygens which each have a
formal charge of-1.

(b) Each Cr atom has 6 pairs of electrons around it.
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