
FOCUS 2

MOLECULES

2AJ (a) 5; (b) a; @) 7; (d) 3

2L.3 (a) [Ar]; (b) tArl3d'o4r'; (c) [Kr]4d5; (d) [Ar]3d104s,

2A.5 (a) [Ar] 3d10; (b) txelaf'u5d'o6s'; (c) [Ar] 3d10;

(d) [xe] 4fr45d'o

2A.7 (a) [Kr]adtosr'; same; In* and Sn2* lose 5p valence electrons;
(b) none; (c) [Kr]4d'o; Pd

2AJ (a) Co2*; (b) Fe2*; (c) Mo2*; (d) Nb'*

2Â.ll (a) Co3*; (b) Fe3.; (c) Ru3*; (d) Mo3.

2A.t3 (a) 4s; (b) 3p; (c) 3p; (d) as

24.1s (a) -2; (b) -2; (c) +1; (d) +3; (e) +2

2L.17 (a) 3; (b) 6; (c) 6; (d) 2

2A.19 (a) tl(rl 4dr05s2; nounpairedelectrons; (b) [Kr]4dto; nounpaired

electrons; (c) [Xe]4ft4Sdo; fo.r unpaired electrons; (d) [Ik]; no

unpaired electrons; (e) tAr] 3d8; trvo unpaired electrons
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2B..3

td:r-o-Fi {b):F- N-F :l"
H

(c) : O-$i:O : Br-Fl"
ol-o

28.5

(a) H-

H

I
B

I
H

H (b) :b;-ô.

(c) r-i.i-']

28.7 The structure has a total of 32 electrons; of these,2l are accounted for by

the chlorines (three Cl x seven valence electrons each); of the 1l electrons

remaining, six come from the oxygen. This leaves five electrons

unaccounted for; these must come from E. Therefore, E must be a

member of the nitrogen family and since it is a third period element E

must be phosphorous (P).

2B..9

F i{ ,çi,.
K+

J- F.. ..-l -
N8r [çr-9.1(a) (b) P K* (c)

K+

28.11

:o:
ll

H-C-H
H

I(b) H-c-3i
I

H

(a) H

(c) H
I

C
I

H

:o:il ..
-c-.o-HH_N_

I

H
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2L.21 (a) tArl; no unpaired electrons; (b) [Krl4d105s2; no unpaired

electrons;(c)[Xel;nounpairedelectrons;(d)tKr]adto;nounpaired

electrons

2L.23 (a) MgrAsr; 1u) In2q; (c) AlHr; (d) HtTe; (e) BtF:

2A.25
i, f' et'. 5o

ta
A13*

. a ,-:S:-
al

tat:ôf rl3+ igt t-cJ t (b) t

t a

(c) B*2* a
rt ?*Oi

zJ.zlThecoulombicattractionisdirect$proportionaltothechargeoneachion
(Equationl)sotheionswiththehigherchargeswillgivethegreater

coulombicattraction.Theansweristherefore(b)Ga3-oo,-.

z^.zgTheLi*ionissmallerthantheRb*ion(58vs149pm).Becausethe
latticeenefgyisrelatedtothecoulombicattractionbetweentheions,it
willbeinverselyproportionaltothedistancebetweentheions(see
Equation2).Hencethelargerrubidiumionwillhavethelowerlattice
energy for a given anlon'

2B,.l
:ôi:

I

:o:

,'6l-lj-6"(a)
(b)

:CI -c-
CI:

CI:

(d) .'t'.1..:!-11-5.:
(c) 'd.:ï-i':
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28.19
0+l + 0 0 -1 +1(a):N:o: (b):N:N: (c) :c:o:

-l 2- -1
C

0
N(d):c:c: (e)

28.21 Two possible structures for hypochlorous acid are:
+l-1 00
aaH-CI-O: H-O-CI:

gurr;on for-uf rn-r., rn.'r*"*.. on the right is the most likely.

2B..23

(a)
00
o:ç1-"ll

0

o
I
H

-1+20
:o-cl-o:tt:o:. Hr r -l:o:0

lower energy

000
(J-L-ù

-1 0+l
.V V-P.(b)

lower energy

00(c) H-c-N:
lower energy

-1 +l
tr v-r\.

zc.l Radicals are species with an unpaired electron, therefore only (b) and (c)

are radicals since they have an odd number of electrons. (a) and (d) have

an even number of electrons allowing Lewis structures to be drawn with
all electrons paired.
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28.|3Therearefourpossiblerosonancestructuresonecandrawforanthracene
(theatomshavebeennumberedtoaidyouinseeingthedifferences

between them):

HH
..Lt-r".rL

H
HHH

" -,é.1\3.li3.liç, "ïrLr
",Ë- {;?'-i'3-.,(7-,HHH
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t-Lo I
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H
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,/7
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I

/7c
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H

28.15
:ô: :o:'ï' :-.. ,g-[!-.6i,b'-N-c.l:

InbothstructurestheNhasaformalchargeof+landthesinglyboundo
has a formal charge of -1' All other atoms have formal charge of 0'

2]B.|TThetwofesonancestructuresforcyclobutadieneareshownbelow(the
carbons have been numbered for clarity):

H
c-
ll

H H H
4

1

C

il
C
3

C c
Icj

è I('-
,/z

H
c/z

H H H

i
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ô: -r
l*,As-
I
o: ''l

-1

:o

Just as in part (a), including one double bond to oxygen lowers the formal

charge at As from +l to 0. There are four resonance forms that include this

contribution.

:o: I:: ll ..' I!O-As-O! Ir"l-t :o: IJ

J- 5- :o: J- .. -1:o:
:: | ..!O-As:Ot"

J-

-t
I

As
il

I
:o o

:o: -l :O:

2C.5 The Lewis structures are

(a) ts1-'6t (b) aa.cl-o-o-cl:

ô'

I
N(c) o
-o-cl:

Radicals are species with an unpaired electron, therefore only (a) is a

radical.

2C.7

(a) t
t

+ (b)
9J -.-

C1:
cl-r-cl:aa

I

I
't - cl:

:CI

Ihas2 bonding pairs
and 2 lone pairs

I has 4 bonding pairs
and 2 lone pairs

CI:
t.rl
l'
CI:

:cl
(c) (d)

'Pi -- liei,
CI : :cl::CI

I has 3 bonding pairs
and 2 lone pairs

I has 5 bonding pairs
and I lone pair
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(a)TheperiodateionhasoneLewisstructurethatobeystheoctetrule:
-12c.3
:o:

-r I -t

, ô-ï3-Q"t
:o:

-1

The formal charge of at I can be reduced to from +3 to 0 by including

three double-bond contributions' thereby giving rise to four resonance

forms.

o
:o:

:1 ll ...6-l:0'll:o:

:o:
I:l--
ll

o

o+o'
:o:

o: :o o

o

-1

one Lewis structure that obeYs the

@) The hYdrogen phosPhate ion has

). The inclusion of one double

octet rule (the first structure shownbelow
at P from +1 to 0' There are

bond to oxygen lowers the formal charge

three resonance forms that include this contribution'
2

-1 2 :o:
) :o:

:o: :o: -1 :o
o

-D -o' :o- P
+1 o: :.q -P -o':o- P :OH

:OH :OH
:OH

(c) There is one Lewis structure that obeys the octet rule shownbelow at

the left. The formal charge at chlorine can be reduced to +1 by including

one double bond contribution' The formal charge can be reduced to 0 if

there are two double bond contributions' These contributions give rise to

the following resonance structures'

r c -l
aa'o'

o. ll., rr'l
H-o-cl-o i ¤+

f 
' 

t' t'

o
ll
CI50,:o:

r. l-, " -l

H-ô-cl:o " 
ê

tl r' t'

$#O-
ta

(d) The arsenate ion has one Lewis structure that obeys the octet rule'
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2C.15
(a)

H
:1 ..*1 I 6o-s-o:" |-1 "

:o:

(b) o,o, H
:l ll*, I oo-s-o:"l
-r'9'

lower energv

[,t'"1* i, I-l:o-s-o: I

| ,,À, l

2C.17 (a) In the first structure, the formal charges at Xe and F are 0, whereas, in

the second structure, Xe is -1, one F is 0, and the other F is +1. The first

structure is favored on the basis of formal charges. (b) In the first

structure, all of the atoms have formal charges of 0, whereas, in the second

structure, one O atom has a formal charge of +l and the other O has a

formal charge of -1. The first structure is thus preferred.

zD.t In (1.78) < Sn (1.96) < Sb (2.0s) < Se (2.55)

2D.3 BaBr2 would have bonds that are primarily ionic. The electronegativity

difference is greater between Ba and Br than between B or Be and Br,

making the Br--Br bond more ionic.

2D.5 (a) The bond in HCl would be more ionic. The electronegativity

difference is greater between H and Cl than between H and I, making the

H-{l bond more ionic.
(b) The bonds in CFo would be more ionic. The electronegativity

difference is greater between C and F than between C and H, making the
C.-F bonds more ionic.

0

In
I .l ..0 |l:O-S-OllL :o:o

lower energy
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2c.9 i:
I

Xe

t'.t.

(a) ,*{i2r'-;/i\i',
.;..t.

(b)

12 electrons 10 electrons

''.':.-t.-i'..T.'
iËl1'-ît,

:É:

(d) : p] -l e.- Y,l'
.. / \rr.:cl Vl.

(c)

12 electrons
10 electrons

2c.tl

(a) :o:ll ".:F -xe.-L'
2lone Pair

(b) :.F.:-..r2!'
,'f.-T:-F:

2 lone Pair

(c) 
'n.-- fi>r'
.:Ë/T:\Ë':

1 lone Par

\

I

\

2C.13 (a) In BeClz' there are 4 electrons around the central beryllium:

:A-B'-ôi:

(b) In ClOz there are ùrL odd nurnber of electrons around the central chlofine:

1.:o.-cl-o.:
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three Lewis structures that have azero formal charge at S. Each has one

S-O double bond and two S-O single bonds. Because these S-O
bonds would have a substantial amount of single bond character, they

would be expected to be longer than those in SO, or SO,. This is

consistent with the experimental datathat show the S-O bond lengths in

SO, and SO, to be 143 pm, whereas those in SOr2- range from about

145 pm to 152 pm depending on the compound.

(c) CH,NH2 > CH2NH > HCN

The C--lrl bond in HCN is a triple bond, in CHrNH it is a double bond,

and in CH3NH2 it is a single bond. The C-N bond in the last molecule

would, therefore, be expected to be the longest.

2D.15 Of Cq, CCl4, and CBro, CFo is predicted to have the strongest C-X
bond; it is the shortest of the three bonds. Note that electronegativity and

polarity arguments would predict the C-F bond to be the weakest.

2D.17 (a) The C-O bonds in carbon dioxide are double bonds. The covalent

radius for doubly bonded carbon is 67 pm and that of O is 60 pm. Thus we

predict the C:O in CO, to be ca. 127 pm. The experimental bond length

is 116.3 pm.

(b) The C-O bond is a double bond so it would be expected to be the

same as in (a), 127 ppm. This is the experimentally found value. The

C-N bonds are single bonds and so one might expect the bond distance

to be the sum of the single bond C radius and the single bond N radius (77

plus 75 pm) which is 152 pm. However, because the C atom is involved in

a multiple bond, its radius is actually smaller. The sum of that radius (67

pm) and the N single bond radius gives I42pm, which is close to the

experimental value of 133 pm.

(c) The O-Cl bond is a single bond so we expect the bond distance to be

74 pm+ 98 pm or I72 pm. The experimental value is 169 pm.
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2D.1

2D.9

respectivelY

(c)CandShavenear$identicalelectronegativities,sotheC-sbonds
wouldbe expected to be almost completely covalent' whereas the c--o

bonds wouldbe more ionic'

(a) The electronegativity difference between K and Cl (2'34) is greater

than that between Al and Cl (1'55)' so KCI should be more soluble in

waterthanAlCll.(b)TheelectronegativitydifferencebetweenMgando
is 2.13 while it is 2'55 when comparing Ba and O' therefore BaO should

be more water soluble than MgO'

Rb* < Sr2* < Be'*;smaller, more highly charged cations have greater

polarizing power' The ionic radii are 149 pm' 116 pm' 27 pm'

2D.11 02- <N3- < Cf < Br- ; the polarizability increases as the ion gets larger

andlesselectronegative.Theionicradiiforthesespeciesarel40pm,lTl

Pm, 181 Pm' 196 Pm' resPectivelY'

2D.13 (a) co.'?- > co, > co

COr'-will have the longest C--O bond length' In CO there is a triple

bondandinCo,theC--obondsaredoublebonds.Incarbonate,the

bondisanaverageofthreeLewisstructuresinwhichthebondisdoublein
oneformandsingleintwooftheforms.Wewouldthusexpectthebond
ordertobeapproximatelyl.3.Becausethebondlengthisinverselyrelated
tothenumberofbondsbetweentheatoms,weexpectthebondlengthto
be longest in carbonate'

:']'||,i;j"i,*? used ror these molecures as in part ,t^tl to'

andSo,,theLewisstructureswiththelowestformalchargeatShave

doublebondsbetweenSandeacho.Inthesulfrteion,however,thereare
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2F,.3

(a) :N=c-H linear

F:
(b) I

C
tetrahedral

'Ft'/ $f

2F,.5 (a) The shape is angular; the electron pair on the central Cl atom results in
a trigonal planar arrangement. (b) The bond angle will be slightly less

than 120o.

2F..7 (a) The shape of the thionyl chloride molecule is trigonal pyramidal.

(b) The O-S-CI angles are identical. The lone electron pair repels the

bonded electron pairs equally thus, all O-S-CI bond angles are

compressed equally. (c) The expected bond angle is slightly less than

109.5'.

28.9 (a) T-shaped; (b) slightly less than 90o

2E.tt
(a) :cl: (b) 'clr:

II:
t'
CI:

(c) (d) :o:il ..t]I'=o
:o:

:CI
I
S:

I

:CI ;>.il:CI
!cl:

(a) The sulfur atom will have five pairs of electrons about it: one

nonbonding pair and four bonding pairs to chlorine atoms. The

arrangement of electron pairs will be trigonal bipyramidal; the nonbonding
pair of electrons will prefer to lie in an equatorial position, because in that
location the e-e repulsions will be lowest. The actual structure is described
as a seesaw. AX4E.
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(d)TheN--Clbondisasinglebondsowepredictthebonddistancetobe
75pm+gSpmorlT3pm.However,becausetheNatomisinvolvedina
multiplebondwithoxygen'itsradiusshouldactuallybesmaller.Thesum
ofthatradius(60pm)andtheClsinglebondradiusgivesapredictedbond
length of 158 Pm'

NOTE:Parts (b) and (d) of this question raise an interesting point

concerning the radius to use for the A-X single bond in y=6-{' The

doublebondthatAformswithYshrinkstheAatomdowntoasmaller
s\ze, andeven though the A-X link is a single bond' there is a strong

argumentforusingthedouble-bondradiusofAinpredictingtheA-X
bond length' In many cases this assumption comparos reasonably well

with the experimental values seen' suggesting that the A atom has indeed

been shrunk by its formation of a neighboring double bond' A caveat does

warrant mention here: this assumption is based on a high degree of

covalent character being present in the A-X bond; as the amount of ionic

character increases, so does the bond length. This is reflected in the actual

experimental value of 198 pm seen for the N-Cl bond' In fact' NOCI

behaves as if it was actually 6:11+- C- in many of the reactions it

undergoes,demonstratingthatthereexistsahighdegreeofionicoharacter

not accounted for in the simple model used here'

zD.lg (a) '17 Pm + 58 Pm: 135 Pmi

(c) la1 Pm + 58 Pm: 199 Pm'

going down GrouP IAIIV '

(b) 111 Pm + 58 Pm = 169 Pm;

Bond distance increases with atomic size

2î'.1 (a) Must have lone Pars; (b) MaY have lone Pars'
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(c) The shape of IOr- will be a trigonal pyramid, so the O-I--O bond

angles should be less than 109.5". AX3E.

(d) The structure of NrO is linear with a bond angle of 180o. AX2 .

28.15 The Lewis structures are

(a)

:CI

:Ë':t..
-c-F.t"

:F:

(b) :ôi:
l.iCl-TeLCl!l"

:.c.1:

(c) :o

F -c-F.

(d) tr
I

(a) The shape of CFrCI is tetrahedral; all halogen-C-halogen angles

should be approximately 109.5o. AXo;

(b) TeClo molecules will be seesaw-shaped with Cl-Te-Cl bond

angles of approximately 90o andl2O".AX*E;

(c) COF, molecules will be trigonal planar with F-C-F and o--{-F
angles of 120o. AXr;

(d) CH3- ions will be trigonal pyramidal with H-C-H angles of

slightly less than 109.5'. AX3E.

2î.17 (a) slightlylessthan 120'; (b) 180'; (c) 180'; (d) slightlyless

then 109.5'

2E,.19 (a) tetrahedral, bond angle of 109.5"

(b) tehahedral about the carbon atoms (109.5'); C-Be-C angle of 180o

(c) angular, H-B-H angle slightly less than 120"

(d) angular, Cl Sn-Cl angle slightly less than l20o

2F,.21
(a) H-C-H and H-C-C angles of 120". H

/
C
\

H

\ c
H

H

l
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28.13 The Lewis structures are:
(d) ;:N-'ci.:

and

îi:N:ij.
(a) (b)

:cl

(c)

(resonance forms' Possible)

(a)Thelrmoleculeispredictedtobelinear'sothel-I-Iangleshould

equal 180o. AX2E3 '

(b) The POCI3 molecule is tetrahedral' All bond angles should be

109.5'. AX4

@)Likethesulfuratomin(a)'theiodineiniodinetrichloridehasfive
pairsofelectronsaboutit'butheretherearet\ilolonepairsandthree
bonding pairs' The arrangement of electron pairs will be the same as in

(a), and agairrthe lone pairs will occupy the equatorial positions' Because

thenameofthemoleculeignoresthelonepairs,itwillbeclassifiedasT-

shaPed. AX3E2 '

(c)TherearesixpairsofelectronsaboutthecentraliodineatominlFo-.

of these, two are lone pairs and four are bonding pairs. The pairs will be

placedaboutthecentralatominanoctahedralarrangementwiththelone

pairsoppositeeachother.Thiswillminimizerepulsionsbetweenthem.

The name given to the structure is square planar' AX4E2 '

(d) In determining the shape of a molecule' double bonds count the same

assinglebonds.TheXeo.structurehasfour.oobjects,'aboutthecentral

Xe atom: three bonds and one lone pair' These will be placed in a

tetrahedral arrangement. Because the lone pair is ignored in naming the

molecule, it will be classified as trigonal pyramidal' AX3E '

:o

I:t I
l'

:J.:

:o:ll..
-p-cl'i"

:.CJ:

iO-
II:
Io:

i

I

l

1

I
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2F,.27 (a) pyridine:polar; (b) ethane: nonpolar; (c) trichloromethane: polar

2J.29 (a) Of the three forms, I and 2 arepolar; only 3 is nonpolar. This is

because the C-Cl bond dipoles are pointing in exactly opposite directions

in 3. (b) The dipole moment for I would be the largest because the C-Cl
bond vectors are pointing most nearly in the same direction in I ( 60'
apart) whereas in2 the C-Cl vectors point more away from each other (

l20o), giving a larger cancellation of dipole.

2F.l (u) rp', orbitals oriented toward corners of a tetrahedron (109.5" apart);

(b) sp, orbitals oriented directly opposite to each other (180' apart);

(c) sp3d2, orbitals oriented toward the corners of an octahedron

(interorbital angles of 90o and 180');
(d) sp2, orbitals oriented toward the corners of an equilateral triangle

trigonal planar anay (angles = 120o); trigonal planar

2F.3 (a) 2 obonds. 0 nbonds (b) 2 obonds. 1 nbonds, there is also a

resonance structure that includes 2 o'bonds. 2 æ bonds.

2F.5 (a) sp; (b) sp2; (c) sp3; (d) sp3

2F.7 (a) sp2; (b) sp3; (c) sp3d; (d) sp3

2F.9 (a) sp3; (b) sp3dt; (c) sp3d; (d) sp3

2F.11 The Lewis structure of tetrahedral Pois:

.<i\\/>p'
P:

(a) Each phosphorous is attached to three other phosphorous atoms and a

single lone pair, therefore its hybridization is sp3.

gZ Focus 2 Molecules

(b) Linear, 180'

(c) Tetrahedral, 109'5o Q'{ote: Both are

acceptable Lewis structures; the presence of

the double bond makes the second molecule

the more stable Lewis structure')

:o :o

CI
I
P

I -çi, :ôj-ll
P

I

CI

C1 CI

(d) The arrangement of atoms about each N

is trigonal pyramidal giving H-N-H and

H-N-N bond angles of approximately

107'.

HH

'-l-,lt-'

2F,.23 (c)(a) :ô:t..:ôi-Sp-9J:
I

:9J:

(b) :ô

o
I
S

I -cl.
CI

tetrahedral tetrahedral see-saw

Note:otheracceptableLewisstructuresarepossible(thosewithdouble

bonds between the central atom and oxygen' which are more stable

structuresduetotheloweringofformalcharge)buttheydonotchangethe
shape of the molecule

2Î'.25 The Lewis structures are

(a) q (b)
1..:ôi-c-tt :.c.1

I
:.CJ:

(d) ;ôr:

'Çi --1,
,pi/ |

:CI:

:cl (c)

I
C

I
CI

Molecules (a) and (d) are polar; (b) and (c) are nonpolar
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P,Py+ P'r- trrn"+sPz- PzPx+ P,Py- P:)dT

Of course, this integral of a sum may be written as a sum of integrals:

lt'a" -ltpdr + I sprdr - lsp"dc +...

Because the hydrogen wavefunctions are mutually orthogonal, the

members of this sum which are integrals of a product of two different

wavefunctions are zero. Therefore, this sum of integrals simplifies to:

! s' ar -[ niac +l r',a, -l f"a"= l-1 + I - 1 = 0

(recall that the integral of the square of a normalized wavefunction is one.)

cosd
In the HrO molecule, the bond angle is2F.21 'We are given:),=

cos'1yre1'

104.5o. Therefore, )" =0.67 and the hybridization is spo'ut.

zc.l The molecular orbital diagrams are as follows (only the valence electrons

are shown):

(a) 
o"u 

(b) 
oïo 

(c) 
o;o

o2"

Li2 BO =+Q) = 1; diamagnetic, no unpaired electrons

Li2* BO = +(1) = |;pararnagnetic, one unpaired electron

Li2- BO = +(2- 1) = l; paramagnetic, one unpaired electron

6zp

frzp

n-,

6zp

frzp

n\
6zp

frzp

o;"

o2so2"

fi 2p

2s

2G.3 (a) (i) (or,)'(or,*)'(or)' (or)o (ho*)o(orr*)'

(ii) (or")'z( or,*)'(oro)' (rro)o (,rro\t

I o I
itI G2,

(a)

(b)

(c)
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@) While each P within this structure is polar (due to the presence of a

single lone pair on each phosphorous)'Pois nonpolar due to the 3D

orientations of those lone Pairs'

2F.13
H H The first two carbons (CHz and CH) are spt hybridized

withH-C-HandC_-c-Hanglesofl20..Thethird
carbon (bonded to N) is sphybridized with a C-C-N

Therefore, to show these

H

/
C

c
N\.

angle of 180'

2F.15Asthes-characterofahybridorbitalincreases,thebondangleincreases.

2ll.|llnformaldehyde,boththeCandtheoaresp,hybridized.TheH__C-o
bond angle is 120'; the molecule has three sigma bonds (one each

connectingthetwoHandototheC)andonepibond(betweentheCand
the O).

o
il

"'"-t

2F.lg Atomic orbitals a and b are mutually orthogonal if

!a.bdt=0(assumiîga+b)wheretheintegrationisoverallspace.
Furthermore, an orbital, a' is normalized\f !a' dr =t

In this problem, the two hybrid orbitals are:

h= s + p,* py+ P, andhr= s- P'+ Pv- P"

trvo orbitals are orthogonal we must show lkh' at =0'

Jhh dr =l(s+p' + Pvt p')(s- P't P'- p')dc --

t 

Ju' - spx+ spy- sP"* sp'- p1 * p,Pv- P'P'+ sPv-
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Energy level diagram for NO*

o 2p

n.,

"... ll....q)::'ll t 1,"
\,it |lL,..';,,

ArIt.---'2s J,,lr o2"

Orbitals on N Orbitals on O

(c) The electrons in the bonding orbitals will have a higher probability of
being at O because O is more electronegative and its orbitals are lower in

energy.

zc.ll (a) B, (6 valence electrons): (o,r,)' (oi)' (oro)' ,bond order: I

(b) Be, (4 valence electrons): (or,)' ( orl)' , bond order : 0

(c) f, (14 valence electrons): (or)' (o\)' (or)' @r)o (oi) , bond order: I

2G.13

co, (o,")'( o,,)'(o,,)^ (o*)' tbond order = 3

co.' (o,,)' (4,)'(",,)- (o*)'; bond order = 2'5

Due to the higher bond order for CO, it should form a stronger bond and

therefore have the higher bond enthalpy

2G.15 (a) - (c) All of these molecules possess unpaired electrons and therefore

are paramagnetic. Br- and Br* have an odd number of electrons and must,
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(iii) (or,)2 (or,*)'(oro)' (or)o ('t o*)o(o'o*)'

(b) (i) 0.5; (i) 1'5; (iii) 0
(c) (i) and (ii) are Paramagnetic'

(d) ofor(i) and (ili), r for(ii)
with one unPaired electron each

2G.5 The charge on C\- is -2 and the bond order is 3

lno --lrz+++z-z)=l'

2G.1HeH-wouldnotbeexpectedtoexistbecauseitsbondorderis0;
Bo:,/,(2_2):0.HeH*ontheotherhandwouldhaveabondorderofland
thus be lower in energY'

2G.9 (a) The energy level diagram for N' is as follows:

,' tlt,.:.......

AIlT 02"

,ll r,
'- ljt o2"

(b) The oxygen atom is more electronegative' which will make its

orbitals lower in energy than those of N. The revised energy-level diagram

isshownbelow.Thiswillmakeallofthebondingorbitalsclosertoothan
toNinenergyandwillmakealltheantibondingorbitalsclosertoNthan
to O in energy
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2G,21 Given the overlap integral,S = JY^,"Y" r,dr ,thebonding orbital

Y = Yo," * Vu," , and the fact that the individual atomic orbitals are

normalized, we are asked to find the normalization constant N which will
normalize the bonding orbital Y such that:

t wrvrac =ffrj(yo, " 
+y 

"r,)2 
dr =r

,lr'J(Yo," +Y,r,)z dt = lrtj(Y1," +2Yo,,Y ur, +Yzu,")dr

= "'(J*: ,,tu +2[Y ot,Y sr,dt + [v' ,"ar)
Given the definition of the overlap integral above and the fact that the

individual orbitals are normalized, this expression simplifies to:

N21l+2s+1)=1

ITherefore, ly' = 2*25

2.1 Atoms for which no formal charge is shown have a charge of zero:

it

o 2- :o:

C

2-

2-

(a)
-1

:o ./9. -tzô/
C

il

\c?9'
I

:o:.. -l:o:

ô:
I

oz
,:o:

I

ô?"\"
I

:o

-1

'5?ct 
".t?i
o:

(b) lii -:,i l.
-1 2-(c.) :c-c
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therefore,haveatleastoneunpairedelectron;indeed,bothhaveonlyone

unpaired electron' B, has an even number of electrons' but in its

molecular orbital energy level diagram' the HOMO is a degenerate set of

nroorbirals that are each singly occupied' giving this molecule trilo

unpairedelectrons'ForB,-'onemoreelectronwillbeplacedinthis

degeneratesetoforbitals,causingoneoftheoriginalunpairedelectronsto

nowbepaired.B'-willthereforehaveoneunpairedelectron.Likewise,

Br* will have one less electron than B'; thus one of the originally

unpaired electrons will be removed, leaving one unpaired electron in this

molecule as well'

2G.|7(a)F,with14valenceelectronshasavalenceelectronconfigurationof

(or,), (or,*)'(or)' (rr)o (,ko\owith a bond order of 1' After forming

$- from F*arrelectron is added into a o'0. orbitaL The addition of an

electrontothisantibondingorbitalwillresultinareductionofthebond

ordertol/2(SeeProblem2G,3).$willhavethestrongerbond.(b)8,

will have an electron configUration of (or,)'(or,*)'(")' with a bond

orderofl.RemovingoneelectrontoformB,*willeliminateoneelectron

inthebondingorbitals,creatingabondorderofll2,B2willhavethe

stronger bond.

zc.lg cz* (or,)'(or,*)' (or)t;

c2 (or,)t (or,*)' ('r)o ;

cz- (or,)" (or,*)'(o')o (o')t ;

C,-isexpectedtohavethelowestionizationenergybecauseitselectronis

lost from a higher energy MO (o'o) than either C'* or C' (n'o')'
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H \c
il

zN\ /H t-. *o*. H \c
ll

zc
"\" /Hc

I

c
il Ic I\cz\'

I
H

H /"
I

\tt tzc--'"?
I
H

\n
H

H \.
I

z,cN

zH "\

H

N\Ni
I

H *\" /H t-. zN\N..
I

\c
lt

c
il
c

c
ll
N

il
.N

I

\\tt t/ \cz\'
I
H

H

H H

'h-*\"'.ill
'.*:"Zt-"

I
H

H .il="rt .i-*
il

\Nl
I

z7N.'

H

ll

*\\c
il

N"
I

.N
I

-.*z\' .N\c 'o-n2c\tt
I
H

.ï.\*..ill
"N-.*z\'

(+ suitable resonance forms)

2.rt (a)
:o

I

2-

H ZC\
""
I

,/

C

il
C t"2"

I:o:

\n

(b) All the atoms have formal charge 0 except the two oxygen atoms,

which are -1. The negative charge is most likely to be concentrated at the

oxygen atoms.

zH

\n

\c
lt

zc

H

H

H
Iz"\"

I

-/"
I
H
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2.3

i

Iron(II!chloridewouldbeexpectedtohavethegreaterlatticeenergy.
Theiron(III)ionishigherinchargeandsmallerinsizethentheiron(Il)
ion,thustheattractionbetweenitandthechlorideionwillbegreaterand

' hence the lattice energy will be greater'

2.5
bh,
I .J

2- ën,
I

t "2"-'é^,

2-

fi"
..zc:. n'izcs-l Hzc cH.z

The Lewis structure for Nl is'possible without having multiple formal

chargespresent.Thefirstofthethreeresonancestrucfuresshownbelowis

themostimportantLewisstructure,sinceinitnotwolikechargesarenear

2.7

each other. +l
+1 :1 +l 1+1

:x:N-ii-N=N: ti:N:N--N-N'

+l +l -1

:N=N_N:N: N

2.9 H-si-sl-rr
(a) H-c:c-H H-c=si-H

û-r.:N; 3Y:1'
(b) The structure of benzene is shown in the box below:
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Lattice Energy vs d(K - X) for KF, KCI and Kl

6
E
P*o,
oc
lrJ
o(J
E
oJ

850

800

750

700

650

600260 280 300 320

d(K - x), pm

340 360 380

y=-2.0877x+1389

The data fit a straight line with a correlation coefficient of greater than

99%. (b) From the equation derived for the straight line relationship

Lattice Energy = -1.984 d*_* * 1356 and the value of d*_", = 338 pm, we

can estimate the lattice energy of KBr to be 693 kJ.mol-t .

(c) The experimental value for the lattice energy for KBr is 689 kJ.mol-l ,

so the agreement is very good.

2.17

R H
I
C

H
II

H
I
C

Rt R
I

I
H
I
C

H
I
C

H
I
C

R'

II

-L-Ia

R H
I
c

H
I
c

H
I
C

Rr

-c-H

2.te (a) I: Tl2Or; II: TlzO; (b) +3;+l; (c) lxQa/asdo; [Xe] 4/4sdt06s2;

(d) Because compound II has a lower melting point, it is probably more

covalent, which is consistent with the factthatthe +3 ion is more
polarizing.
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(c) The protons will bond to the oxygen atoms' Oxygen atoms are the

mostnegativesitesinthemoleculeandactasLewisbasesduetotheir
lone pairs of electrons' The resulting compound is named hydroquinone'

:ô-n
It-"'"\

il
C

I

/H

H ,"-/"
I

\lt

:o-H

2.r3 +1 ;l,-O-a:C-o.3(a) n-.ô-îi:c:31
u-ô:îi-d:3i

+1 -1

H
H

)c:ii-tQ: (c)
+l

N
-1 ):; N=N:

(b) -3'-ô +1

H H H

+1 -l
(d) ô:N:c:N.

2.15 d(K- x)
271 Pm

319 Pm

358 Pm

Lattice EnergY, kJ/mol

826

7t7
645

Fluoride

Chloride

Iodide

\
lr
lr
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result is reasonable because oxidation numbers are assigned by assuming

ionic bonding.

2.23 (a) Compare the length of a S-S bond to that of a Cl-Cl bond. From

Table 2D.3, the Cl-Cl bond length is 199 pm; here the S-S bond

length in SzFz is reported to be 190 pm. From Table 2D.3 it can be

determined that, on average, an X-Y bond is approximately 20 pm

longer thataX:Y bond; this suggests that the S-S bond (which is 9 pm

shorter than a Cl-Cl single bond) has some double bond character.

(b) and (c) The Lewis structures for the two possible S2F2 are:
+1 -1

:F

favored

<---.> isomer l

<+ isomer 2

2+

i{:- Tl :1.\s-s.
/

If resonance is occurring, then one would expect that the S-S bond

length is indeed between a single and a double bond in length.

2.25 (a) The CN bond inCHrNH, would be expected to be longer. The C-N
bond in HCN is a triple bond, in CHTNH, it is a single bond, thus it

would be expected to be longer.

(b) The PF bond in PF: would be expected to be longer. Bond distance

increases with atomic size. Phosphorous is larger then nitrogen, thus it
would be expected to have the longer bond.

2.27 (a) The Lewis structures are:
+

H

H

I
C

I
H

HH

H
I
C

I
H

H

H

I
C

I
H

H

I
C

I
H

H

I
C

I
H

H

I
C

I
H

oË.

.'E'

104 Focus 2 Molecules

2.21 (a)

[ :O:l..rt..I:o-Cl:OI .. r+l "
I -t tôt -'L"

1'flljttltlL
o*
-t

Cl=O
ll+l "

ô
I

o

0

:0:ll"
O:Cl--O:
" l+t "-l

:O: -l

:o:lt..
-cl-o:ll+l "-r

:O:

.Tl-t1ï]L
-r:ô:

t..
O:Cl:O"' l+r "

:O.l -t

t-..tot"trl
:o:
I
CT

I

:o:
o

-1 :O:t..
O:Cl=0il"

:o: ïL
- -1 -[:o:lt..,rtlI oJct =o Il" [ " 

1l:o:j
:o

-t ;

o-
.i'

l:o

o:I ..-rcl-o:
i+3 "
9.:-,

t:O
O-Cl:O

l+z "-l :O:-l ïLo*cl^-o.' l+2 "-t tQt-,

: Cl:
l+t

-l:O:
. -l

:O*Cl-*O'. ll+/ "-t :o:

-t
0 o

:C): 't

Thefourstructureswiththreedoublebonds(thirdrow)andtheonewith
four double bonds are the most plausible Lewis structures according to

formalchargeargumentsbecausethesefivestructuresminimizethe

formal charges' (b) The structure with four double bonds fits these

observationsbestsinceitsbondlengthswouldallbel40pm'oronly4pm
shorterthantheobservedlength'However,thefourstructureswiththree

double bonds also fit because, if the double bonds are delocalized by

resonance' we can estimate the average bond length to be

+(170pm)+}(1a0pm)-_|4T,5pm,orjust3.5pmlongerthanobserved.
(c) +7; The structure with all single bonds fits this criterion best'

(d) Approaches (a) and (b) are consistent but approach (c) is not' This

I

I
li
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(c) The bonding and antibonding orbitals for HF appear different because

a p-orbital from the F atom is used to construct bonding and antibonâing

orbitals whereas in the H2 molecule s-orbitals on each atom are used to

construct bonding and antibonding orbitals.

2.33 (a) The expected molecular orbital diagram for CF is

" 
r" 11.

lJ'.
'-J"r"

The bond order for the neutral species is 2.5 because one electron occupies

a nro* -orbital. Adding an electron to form CF- will reduce the bond

order by ll2 to 2, while removing an electron from form CF* will
increase the bond order to 3. Because bond lengths increase as bond order

decreases, the C-F bond length varies in these molecules in the following

manner: CF* < CF < CF- . (b) The CF* ion will be diamagnetic but both

CF and CF- will have unpaired electrons (one in the case of CF and two

in the case of CF-).

2.35 The Lewis structure of borazine is:

¤
H

i I :i-':,'",C2p -L-L----'!""- "i.
'i.:''...11 :'r;Jll,l,-l.,o\.J[ |lL,,",,

ol"

"'- 6 2"

1{

H
It-*zu:*-"

til
H

B:,
N/
I
H

B\u/
*-t
B-..

H
It-"-uo

lt

tzB.-'*?
I

H
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CHr*

CHo

CHr-

CH,

CHr'*

CHr'-

2.29

molecule is Polar'

Bondins

0)Allofthesespeciesareexpectedtobediamagnetic.Noneæeradicals.
' bond angles in each species based upon the Lewis

\, 1c; fne predicted bono angtcs r' wow' ÙHvvr:- --
i 

structure and VSEPR theory will be

trigonal Planar 120o

tetrahedral 109'5o

pyramidal slightly less than 109'5o

angular slightlY less than 120o

linear t80o

angular less than 109'5o ' 
more so

than CH,- due to the

Presence of two lone Pairs

The order of increasing H-C-H bond angle will be

c1r'- < cHr- < cHo < cH, ( cHr* <cH"*

(a) The elemental composition gives an empirical formula of CH*O'

which agrees with the molar mass' There is only one reasonable Lewis

structure; this corresponds to the compound methanol' All of the bond

angles about carbon should be 109'5' ' The bond angles about oxygen

shouldbeclosetol0g.5obutwillbesomewhatless,duetotherepulsions

by the lone pairs' (b) Both carbon and oxygen are sp' hybridized' (c) The

AX3

AX4

AX3E

AX2E

Ax2

Ay^zE2

Antibondine
2.31

(a)

(b)

Ia
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2.43 (a) The Lewis structure of benzyne is
H
It-'é'?"

I

"-':'\

tp'

ctP

./c'o
I
H

"p2

(b) Benzyne would be highly reactive because the two carbon atoms that

are sp hybridized are constrained to have a very strained structure

compared with what their hybridizationwould like to adopt-namely a

linear arrangement. Instead of l80o angles at these carbon atoms, the

angles by necessity of being in a six-membered ring are constrained to be

close to 120'. A possibility that allows the carbon atoms to adopt more

reasonable angles is the formation of a diradical:
H
It:"1:"

til
"'tc1'-c

I
H

2.45

o tp2

c (C 2sp2, o 2sp2) and

o(C2sp2,C n(C2p,O2p)

H H

o(C2sp2,H ls)<i o (C 2sp2 ,H ls)
H H

o (C 2sp2 , C 2sp2) and
n(C2p,C 2p)

All atoms in this molecule have a formal charge of zero.

2.47 (a) A possible Lewis structure for [Strn,]-based on the information

provided is as follows:
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Itisnearlyidenticaltothatofbenzene.Itisobtainedbyreplacing
alternatingCatomsinthebenzenestructurewithBandN(althoughnot
shown,eachBhasaformalchargeof-landeachNhasaformalcharge
of +1). The orbitals at each B and N atom will be sp2 hybridized'

2.3TTheantibondingmoleculaforbitalisobtainedbytakingthedifference
betweentwoatomicorbitalsthatareproportionaltoe-,lo'.Halfiray

betweenthetwonuclei,thedistancefromthefitstnucleus,4,isequalto

the distance to the second nucleus' 4 '

proportionalto Y ne-'loo -"-'!o' =o'

and the antibonding orbital is

,t 6
2.3e (a) o

goes from

the same order(b) The overlap between the orbitals will decrease as one

o to xto ô, so we expect the bond strengths to decline in

Theeffectofchanges(a)and(b)willbesimilar.Theoverallbondorder
willchange.Inthefirstcase,electronswillberemovedrromlt-orbitals
so that the net n-bordorder will drop from three to two. The same thing

will happen in (b), but because two electrons are added to antibonding

orbitals,anettotalofonea-bondwillbebroken'Basedonthissimple

model,theionsformedshouldbeparamagneticbecausetheelectronsare

added to or taken from doubly degenerate orbitals'

2.41
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each axial atom. I" has a VSEPR formula of AXzEz; its four electron

pairs adopt a tetrahedral electron geometry, which is consistent with sp3

hybridization.

2.53 The molecular orbital diagrams for each of diatomics and their respective

cations are shown below:

(a) *
c2P c2P

îEn 2p 2p

it rt
6zp

frzp

62"

o2s

il I 6zp

fr2,

JI
it

JT

it
o 2s

62,

c2 C;
Bond order changes from 2 to 1.5, resulting in a longer bond in the cation.

C, is diamagnetic; loss of an electron to give Cimakes that species

paramagnetic.

(b)**
o2p 62P

ît 2p

rt Ijt tt
6zp

frzp it il.
6zp

frzp

o2"

o2"

JI
JT

jt
rt

o 2s

o2"

N2 Ni
Bond order changes from 3 lo 2.5, resulting in a longer bond in the cation.

N, is diamagnetic; loss of an electron to give Nl makes that species

paramagnetic.
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:F

.l'.\ +1 ;Ë:

,,I..-r{)L:-t -'l'
. .8.

Sb

:F

EachSbhasaformalchargeof-lwhilethebridgingFhasaformal
charge of+1.

(b) Each Sb atom in this structure has a hybridization of sp3d'

(NOTE: the crystal structure of this ion has been done for both the

poturriornandthecesiumsalt;toreadmoreaboutthiscontroversialion'

see S.H' Mastin and R'R' Ryan (1971) "Crystal Structure of KSb'$' On

theExistenceofthe[SUrfr]-ion"'InorganicChemisW'!ï'1757'

2.49 A possible Lewis structure for [Bi,Clo]t- is as follows:

+l 2-

CI

cl
.. ,/'. \..

-Bi 
Bi.; \ô.r:; -cl'

+1

Formal charges for the bridging Cl atoms and the two Bi are shown'

ApossibleLewisstrucfureforl,_thatfitstheconditionsgiveninthe2.51

problem is:
g
..-.r'!:b

-: I
I

'.1.:.,..
. .1.d ..

e

In this structure, two atoms (16 and Ia) have a formal charge of -1' one

atom (I") has a formal charge of *1' and two atoms (Io and I') have no

formal charge; the ion has an overall charge of -1' To explain the shape'

It andld arc sp3 dhybridized (trigonal bipyramid) with the attached atoms

occupying axial positions, which results in a bond angle of 180o around
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2.63 Angles a and c are expected to be approximately 120'. Angle b is expected

to be around 109.5'.

2.65 (a) The Lewis structures of NO andNO2 are:

.q (best possible structure)

-l +l +1 -l
:.ô_i_'rj ê -ri_N_5i:

(equivalent resonance strucfures)

From Table 2D.2, the average bond dissociation onergy of a N:O bond is

630 kJ mol-l, which is right in line with the Lewis structure of NO. The

bond dissociation energy of each NO bond in NOz is 469 kJ mol-l, which

is about half-way between a N-O double and an N-O single bond,

suggesting that the resonance picture ofNOz is a reasonable one.

(b) An N-O single bond should have a bond length of 149 pm while an

N-O double bond should have a bond length of 120 pm (values are

obtained by summing the respective covalent radii values from Figure

2D.ll). From Table 2D.3 the length of a N-O triple bond can be

estimated to be between 105 and I l0 pm. Since NO itself has a bond
length of 115 pm, this suggests that its actual bond order is somewhere

between that of a double and a triple bond.
00

(c) 0 i{

I
N

o

o
-l

0 (d) \'-*-*2"tl:.q: :.9:
-1 -l

0 +l

(e) NzOs(g) + H2O(1) ) 2 HNO3(aq); Nitric acid is produced

(D

##ffi' #ffi :7.50 x ro-2morHNo,4.05 g N2O5 x
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(c)
c2P

czP

_î_ I
$ ll-

2p

Itl lI 1l 2p
îE

-e 6zp
(,2p jt

If
II

\ jt
rt
IT

fi2p
1t zp

6i"

CI2"

o 2s

o2t
r

,o)
lBondorderchangesfrom2to2.S,resultinginashorterbondinthecation.

O, is paramagnetic; loss of an electron to give Oi does not change that

(although Oi will be less paramagnetic than O' because it possesses

fewer unPaired electrons)'

2.55 (a) sp3d3; (b) sP3d3f ; (c) sP2d

2.59

(a) H

H
I
C

I
H
-i'-u @) ï.:c:i.

H

(c) :bi- I
C

I
H

CI

(a) The Lewis structure for HOCO is:
2.61

H-9.-ç:9.
(b) It is a radical since the C has an unpaired electron on it'

li
I

\
t.,
I



FOCUS 3

STATES OF MATTER

3A.1 (a) 8xlOe Pa; (b) 80 kbar; (c) 6x107 Ton; (d) 1x106lb'ina

34.3 Pressure is defined as the total weight of the air, which is proportional to

total air molecules, per unit area. At a higher altitude, there are fewer air

molecules per unit area than a same unit area at a lower altitude.

3A.s (a) The difference in column height will be equal to the difference in

pressure between atmospheric pressure and pressure in the gas bulb. If the

pressures were equal, the height of the mercury column on the air side and

on the apparatus side would be the same. The pressure in the gas bulb is

0.890 atm or 0.890 x 760 Torr.atm-l - 676Ton. The difference would

be762 Torr- 676Torr: 86 Torr: 86 mm Hg. (b) The side attached to

the bulb will be higher because the neon pressure is less than the pressure

of the atmosphere. (c) If the student had recorded the level in the

atmosphere arm to be higher than the level in the bulb arm by 86 mmHg

then the pressure in the bulb would have been reported as762 Torr + 86

Torr: 848 Ton.

3A.7 dr4= drL

74.7 cm" 13'6g'cm-l =924cmor 9.24m
1.10 g .cm-'

3A.9 (20.in)(l0. in)(t4.7lb.in-2) =2.9xI03 lb

tll Focus 2 Molecules

7.50 x 10-2 mol HNO" = 7.50 " 10-2 mol'Ll HNOI
MolaritY 1.00 L

(g)Theoxidationnumberofnitrogenforthevariousnitrogenoxidesæe
as follows: NO: +2; NO2: +4; NzOr: +3; andNzOs: +5' An oxidizing

agent is a species that wants to gain electrons; based on oxidation

nutnber,Nzosshouldbethemostpotentoxidizingagentofthenitrogen
oxides,asitpossessesthemostpositiveoxidationnumberforNofthe
group.


