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» lonic Bonds 9.1 Describing lonic Bonds “ @

v An ionic bond is a chemical bond formed by the I\‘l
electrostatic attraction between positive and
negative ions.

v' The bond forms between two atoms when one
or more electrons are transferred from the
valence shell of one atom to the valence shell of
the other.

v' The atom that loses electrons becomes a cation
(positive ion), and the atom that gains electrons
becomes an|anion|(negative ion).

v" As a result of the electron transfer, ions are
formed, each of which has a noble-gas
configuration.

A
Na([Ne]3s') + Cl([Ne]3s*3p”) — Na " ([Ne]) + C1~([Ne]3s°3p°)
]

L—

M: anoble qes cohficauml—{ow

Low ionization E  High electron affinity



» Lewis Electron-Dot Symbols

v' is a symbol in which the electrons in the valence shell of an
atom or ion are represented by dots placed around the letter
symbol of the element

Na /f* Cl —— Na™ + [: (23:1:]_

Table 9.1 Lewis Electron-Dot Symbols for Atoms of the Second and Third Periods

1A 2A 3A 4A 5A 6A 7A 8A
Period ns! ns?2 ns?np! ns?np? ns?np3 ns2np*4 ns2np> ns2np©
Second Li- ‘Be - B C N O F Ne
Third Na- ‘Mg - LAl Si- P :S- :Cl- At :

(Q) Use Lewis electron-dot symbols to represent the transfer of
electrons from magnesium to fluorine atoms to form ions with
noble-gas configurations

5

;.F.‘. - .Mg.

et ‘Fi— [F:]7 + Mg** + [(F:]”



» Energy Involved in lonic Bonding

v Formation of an ionic bond between a sodium atom and

a chlorine atom:
(1) Nag, =2 Na*, +e  AHi.e =+ 496 kd/mol

(2) Cl, + e =2 Cly, AH E.A = - 349 kd/mol

v The overall energy is (496 — 349) = + 147 kdJ/mol

—>the process requires more energy to remove an electron from
the sodium atom than is gained when the electron is added to
the chlorine atom.

—> formation of ions from the atoms is not in itself energetically
favorable.

BUT When positive and negative ions bond —>energy is released

to make the overall process favorable.

_ k0.0,

r 4

Coulomb’s law E




Coulomb’s law states that the potential energy obtained in
bringing two charges Q1 and Q2, initially far apart, up to a
distance r apart is directly proportional to the product of the
charges and inversely proportional to the distance between them.

kOO

r

E =

k=8.99 x10° J.m/C?

The charge on Na* is +e and that on CI” is —e.
e=1.602x107"° C

r = distance between Na* and CI" =282 pm, or 2.82 x 10719 m.

o —(899X10°T-m/C?) X (1.602 X 10 C)
- 2.82 X 10710m

= —8.18 X 1077 7J

v" The minus sign means energy is released
v This enerqy is for the formation of one ion pair
v Multiplying by Avogadro’s number, 6.02 x 102° > —-493 kJ/mol
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v The lattice eﬁ*é)rgy is the change in enerqy that occurs (required)
when an ionic solid is separated into isolated ions in the gas phase.
v' For sodium chloride, the process is:  NaCl(s) — Na"(g) + C1 ()

I mol Na* + 1 mol CI-

Step 1
I mol Na + 1 mol CI 147 kJ
Step 2a
—493 kJ
Stei 2
= 630 k] |—> —F%+1YF (geggzgie of
< (net energy 1 mol Na*Cl™ ion pairs latti
> attice energy) . .
&6 released) L latlice energy is PoSlHV"
5
Step 2b
-293 kJ

\ 4 I mol NaCl(s) : f : f

v" The negative sign shows that there has been a net decrease in energy,
which you expect when stable bonding has occurred.

v" lonic bond forms between elements if the ionization energy of one is
sufficiently small and the electron affinity of the other is sufficiently large



» The Born-Haber Cycle for NaCl (Energy diagram)

Direct

1- Sublimation of sodium Na)  +[ 3CLe) —oe— NaCli)
2. Dissociation of chlorine Stepl‘ swpz\
3. lonization of sodium - —

4. Formation of chloride ion (E.A.)
5. Formation of NaCl(s) from ions

Step 3 ‘ Step 4‘

Step 5

Na“(g) 3 + IRCL (2}
Na(s) — Natg) AH, = 108kJ
ICL(g) — Ckg) AH, = 120kJ
Natgy — Na<g)+e~+g) AH; = 496Kk]
Ckg) +e+g —— Cl«g) AH, = —349Kk]J
NatgJ + Cl~gJ — NaCl(s) AHs = —U
Na(s) + $Cly(g) —— NaCl(s) AH° = 375kl = U

AH® = AH°, , + AH® + Y#Z AH°, + AH°_, - U,
enthalpy of formation determined calorimetrically = - 411 kJ
375k -U=-411k] - U=375+411)k] =786 k]



» Properties of lonic Substances

v" Strong ionic bonds (strong electrostatic interaction)

- high-melting points of ionic solids. @aw?]m:ﬁuamm
m.p of MgO (2800 °C) > m.p NaCl (801 °C) . k0,0,
charges (Mg2Yand O2):¢-k %, charges (Na® and CI@)¢E=£2_r@i oy

v The liquid melt from an ionic solid consists of ions, and so the
liquid melts conducts an electric current.

v" lonic liquids have low m.p (RT) because the cations are large
and non-spherical - weak ionic bonding




9.2 Electron Configurations of lons
» lons of the Main-Group Elements

Table 9.2 lonization Energies of Na, Mg, and Al (in kJ/mol)*
Successive lonization Energies

Element First Second Third Fourth

Na 496 A 4562 6.910 9,543
Mg 738 1451 4 7,733 10,542
Al 578 1,817 2,745 4> 11,577

v" Valence electrons are easily removed

v Much higher energy is needed to remove further electrons.

- No compounds are found with ions having charges greater
than the group number. e.g : Na%*, Mg3**, Al**( Doesn’t exist)

v Boron (Group 3A) doesn’t form ionic compounds with B3* ions,
the bonding is normally covalent.

v' The remaining elements of Group 3A do form compounds
containing 3* ions because of decreasing ionization energy.

v' Thallium in 3A, Period 6, has compounds with 1* ions and
compounds with 3* ions

TI([Xeldf 14561'1065‘26p1) —> Tl+([Xe]4f 1454 10632) + e
11" (txex WP ed®) + 2¢e



v The first three elements of Group 4A (C, Si, and Ge) are
metalloids and usually form covalent rather than ionic bonds.

v Tin (Sn) and lead (Pb) (group 4A) commonly form ionic
compounds with 2* ions. si?sionic si™, covslent \ P siaic Pb - covslent

v Tin formstn(ll)chlorlde SnCl,, which is an ionic compound
and tin(1V) chloride SnCl, which is a covalent compound.

v" Bi (group 5A) forms ionic Bi®* cpds and covalent Bi°* cpds.

v" Anions of Groups 5A to 7A gain electrons (large EA) to form
noble-gas or pseudo-noble-gas configurations.

v Hydrogen forms compounds of the 1~ ion, H™ (hydride ion).

v" Although the electron affinity of nitrogen (2s°2p3) =0
N3~ ion (2s22p°) is stable in the presence of Li* (Li;N)and other
alkaline earth elements ions (MgzNy). 7 uith 17 el g

(Q)Write the electron configuration and the Lewis symbol for N3-.

N: [He]2s22p3 N3 [He]2s%2p° Sn: [Kr]4d105s25p2
. Sn?* : [Kr]4d195s?

[21V:] Sn** : [Krl4d™0 1



» Transition-Metal lons
v' M ?2* is a common oxidation state as two electrons are removed from the
outer ns shell. re.1A]452306

Fe?*:[Ar]3d® loses 4s electrons first
Fe3*:[Ar] 3d> then loses 3d electrons

(Q) What are the correct electron configurations for Cu & Cu#* ?
[Ar] 4s23d°, [Ar] 3d° efceP‘"""
[Ar] 3d194s' [Ar] 4s73d8 Cu: (A3 34° Ys!

.[Ar] 3d1%4s, [Ar] 3d° a cacd 3

. [Ar] 452349, [Ar] 3d1%4s' o

K] 4s23d°?, [Ar] 3d°

mo o

(Q) What are the correct electron configurations for zirconium(ll) and
zirconium(lV) ions? ) Zzr - (el 65 4d*

- | | . 2VI::I\
A. [Kr] 5d 2 [Kr] 4d LY P 744 Ced “d b & 8w | oe

LA - Li | Be i ric B|C|N|O| F [Ne
Ar 4d 2 [Ar] 582 el Z; : U rl il ol Rl N
I Na | Mg Al |Si| P

3 4 5 6 7 8 9 10 n 12
- - Sodwm " m | e OWB O VE VIE VIR O VIIR VIR O viiIRE 1l ums | mumini Sl Ph o Sulh
2 :2 S | Megoess ns B ve vie viig viiie viiig viiig 18 8 uminium | Sucon | Phosphons it
- | S | 9 20 2 22 - 23 24 25 26 7 28 - 29 30 n 32 3 34

K|Ca|Sc|Ti|V |Cr(MnlFe|Co|[Ni|Cu|[Zn|Ga|Ge|As|Se | Br | Kr

s Scand wn | Cheomum oppee Gl SJermasium | Arsenic Selenium romne Kryptoa

Kr 5S2 4d 6 Kr 4d 6 7 38 39 40 “ 42 43 44 45 46 a7 48 49 50 51 52 53 54
N LANE Rb|Sr|Y |Zr [Nb/Mo|Tc |[Ru|Rh|Pd|Ag|Cd|In |Sn|Sb|Te| | | Xe
Rubideum Strontium Yotrioen | Zeconiu m Niobium Molybdenum Techeetium Ruthenium Rhodus Paladium Sdver Cadmium ndum Tin Antimony Teldurium Nenon

moow

- - 2 55 56 2 3 74 e 7% ” % 7 80 8 82 83 - 84 8!
Ba|:z»|Hf | Ta| W |Re|Os|Ir |Pt Au|Hg| Tl |Pb| Bi |Po| At |R
Krl 4d Kr Cs|Ba | a e|Os| Ir u 1| Po n




» 9.3 lonic Radii
Determining the iodide ion radius in the lithium iodide (Lil) crystal

A4 lonic radius of I’
=426 /2 =213 pm

A three-dimensional view
of the crystal.

Exercise 9.6 Q e

arrange the following ions in order of - _
increasing ionic radius: Sr2*, Mg2*, Ca2*. | [Hel2s°2p%s [He] 25%2p°

Mg?* < Ca?* < Sr*+
o"ecwa ‘
in vasus Cl
(size) [Ne] 3s23p3 [Ne] 3523p°




v" lonic radii increase down any column because of the addition
of electron shells.

Table 9.3 lonic Radii (in pm) of Some Main-Group Elements

Period 1A 2A 3A 6A 7A
2 Lit Be2t 0% F-

60 31 140 136
3 Na* Mg+ ABY S2- Cl-

95 65 50 184 181
4 K* Ca®* Ga®* Se2~ Br~

133 99 62 198 195
5 Rb* Sr2t In3* Te2~ I

148 113 81 221 216
6 Cs* Ba2* T3+

169 135 95
H| i He
Li [Be B Ne
Na IMg 3 4 5 6 7 8 9 10 n AI ‘ 1Ar
K|[Ca|Sc|Ti|V |Cr Mn|Fe|Co| Ni |Cu Ga Kr
Rb|Sr| Y |Zr |[Nb|Mo| Tc |Ru|Rh|Pd |Ag In | | Xe

— vediss ) + vodius

13



» Pattern across a period | |
Cation Nat Mg2* AP Anion S2- Cl-
Radius (pm) 95 > 65 > 50 Radius (pm) 184 181

v All of these cations have Ne configuration 15%2s%2p° but
different nuclear charges (they are isoelectronic).

v’ Isoelectronic refers to different species having the same
number and configuration of electrons wis di#femu nuckor chege

9.47 Arrange the following in order of increasing ionic radius:
As’", Se*", Br™ withinan isoelectronic series, the

Br - < Se?” <As®" radius of ions increases as the

I‘A 3 2 = V:::A
——0Or As® > Se? >Br~- atomic number decreases 2

H He
Hydwogen u“;\ II1I3A I:/‘A \‘/: V‘IGA V'II7A '''''
1008 4002002
3 - 4 5 6 7 8 9 10

Li | Be B|C|N|O|F |Ne
Lithium Berylum Boron Carbon Ntrogen Oxygen Floorine eon
LS 20780 wn §] 2o oo Wi | MM P ile 4
n 12 13 14 - 15 16 7 18

Na Mg| . . . . i . . | ) ~|Al|Si|P|S|[Cl|Ar
oo | Megpesum ns ve vB viB viis viie viiie viiie 18 ns Auminum | Speon | Frosehons | Sullur Chiorme Argen
19 20 21 22 - 23 24 25 26 27 28 - 29 30 K1) 32 3 34 35 36

K|Ca|Sc|(Ti|V [CrIMn|Fe|[Co|Ni|[Cu|Zn|Ga|Ge|As|Se | Br | Kr
Potassium Calcium Scandium Tianium Varnadaam Cheomiu m Manganese kon Cobalt Nockel Copper nc Galium Gormanium | Arsenic Selenium Bromine Krypton
IN0%) L0078 449549508 &TH8T 209408 S1L9%61 54930044 588 | sSAan e L) 81548 6538 o 72830 TS ™ TR0 arre
37 38 39 40 4 42 43 44 45 46 47 48 49 50 51 52 53 14 54

Rb|Sr| Y |Zr|Nb/Mo|Tc [Ru|(Rh|Pd|Ag|Cd| In |Sn|Sb| Te | |4/ Xe
Rubudiam Strontium Yetrwen | Zeconium Niobium Molybdenum | Techmetium Ruthemum Rhodwm ladium Sdver Cadmium Indium Tin Antimony Telluraum lodine Xenon
85480 82 58 00484 N34 92 9063 9595 9¢) WLo? W2 90550 20442 WIess2 NnLase nass nano N0 160 2044 1293




(Q) arrange the following ions in order of decreasing ionic radius:

F-, Mg?*, O%"
isoelectronic series> Mg?* (z=12) < F~ (zz9) < O?" (z=8)

9.49 Arrange the following in order of increasing ionic radius:

F-, Na*, and N3

isoelectronic series> Na* (z=11) < F~ (z=9) < N3~ (z=7)

9.48 Which has the larger radius, N3~ or P3-? P3-
NOT isoelectronic

leasty Z
hicﬂh%\' f

18
1A VIIIA
1 2
Myde 13 14 15 16 17 Meliom
ogen "
'xc-.\e IHA HA IVA VA VIA VIIA 40024
3 5 6 7 8 9 10
Li | Be B|C|N|O|F|Ne
Berylium Boron arbon Ntrogen Oxygen Fluorine Neon
™ 0% n 0 on Woo? W W 99840193 099
12 13 l 15 16 7 18
g 3 “ 5 6 7 8 9 10 n 12 SI P S l r
Sodum Magnesium Aluminium Silcon Phosphorus Sultur Chiorine Argon
22 sa9r02a 24305 ns VB VB viB viis viie viie viiis 18 ns uminiur P Phosphorus s - Argen
19 20 21 22 - 23 24 25 26 27 28 - 29 30 Kl 32 3 34 35 36
Potassium Calcium Scandium Tianium Vanadem Cheomium Manganese ron Cobalt Nickel Copper Zinc Gallum Gormanium | Arsenic Selenium Bromine Krypton
%0%) 40078 44 9459%08 &7887 509418 S1L9%61 54930044 b e SA8804 61 548 6538 e 72830 T92%S A Te04 ayrse
37 b 38 39 40 41 b 42 43 44 45 h 46 d a7 48 d 49 50 51 b 52 53 54
Rubudium Strontium Yetriom Zeconium Niobium Molybdenum Techretium Ruthensum Rhodwm aladium Sdver Cadmium Indum Antimony Teluraum lodine Xenon
8544878 8782 58 90584 N2 92 90837 9495 (98) W0Lo? W2 90550 0842 W eas2 N2 a4 LI L Y 11080 127860 49044 131293




> Covalent Bonds
v' a chemical bond formed by the sharing of a pair of electrons
between atoms.

9.4 Describing Covalent Bonds o '

H(g) H(g) H,(g)
‘/ . Figure 9.10 A
The w The electron probabhility distribution for the H, molecule
between n u CI el at The electron density (shown in red) occupies the space

around both atoms.

minimum enerqy

Is called the bond Q?w.mwe Q@ O @
Iength of H2. occurs. ok winivain poledbial ‘} |

Bond dissociation energy

Potential energy —»

Figure 9.11 <«

Potential-energy curve for H, The
stable molecule occurs at the bond BO“‘ile“gth - -
distance corresponding to the mini- & ﬁ'pm

mum in the potential-energy curve.

P

Distance between nuclei —



> Lewis Formulas

H-+-H——>H:H

. H: Cl: <—[lone pairs]
H-+-Cl: — w7 s
. bonding pair

bz
H
3H- + -N: — H:!N:
H

» Coordinate Covalent Bonds 2t ges Ak

v’ is a bond formed when both electrons of the bond are donated
by one atom uud e other som gives an. empty. orbital
A-+-B—> A:B H

H'™ +ONH; — |H:N:H

A+:B— A:B

17



» Octet Rule

v' The tendency of atoms in molecules to have eight electrons in
their valence shells (two for hydrogen atoms)

» Multiple Bonds

M) W e MEEIOH o w—c=con

H H H H Acetylene
Ethylene

9.5 Polar Covalent Bonds (Polar Bonds)

v’ is a covalent bond in which the bonding electrons spend more
time near one atom than the other.

H : H H :Cl: Nat :Cl:~

Nonpolar covalent Polar covalent Ionic

Litference in &[eol-raneaal-iuil-& = Polo«\rbom(
no difference in Aadwnggal{uil—?.—; non—poler pondl "



> Electronegativity is a measure of the ability of an atom in a

molecule to draw bonding electrons to itself.
~IE +EA.

2

v F has large E.A. and large .E. - large electronegativity
v Li has small E.A. and small .LE. = small electronegativity

v Mulliken electronegativity (x):

v Pauling’s electronegativity (X): depends on bond enthalpies

v' Electronegativity increases from left to right and decreases from
top to bottom in the periodic table. e i clecterephily

v Metals are the least electronegative elements (they are
electropositive) and nonmetals the most electronegative.

v The absolute value of the difference in electronegativity of two
bonded atoms gives a rough measure of the polarity of a bond
H—H, H—Cl, and Na—<Cl = e
Ax: 0.0 0.9 2.1 H—Cl
on-pelor pelar onie Polar molecule

19



» Writing Lewis Electron-Dot Formulas

Ly firsk = checkC the ockel rule
L> secand. » check the formal chorge

These will be done in class:
H,O, NF,, CCI,F,, CO,, SCI,, POCI;, COCI,, HSO,Cl,
CO;%, NH,*, BF,-, H;0*, CIO,.

/CONCEPT CHECK 9.2

Each of the following may seem, at first glance, to be plausible electron-dot
formulas for the molecule N,F,. Most, however, are incorrect for some reason.
What concepts or rules apply to each, either to cast it aside or to keep it as the
correct formula?

a FNNF b FNNFI/ C :.F:::N:N:.F::
d FNNF e FNFN f FNNF
L) /VF o o 2 -
» € -N=N_F imbee
U= loHd=24e” P T

IA-6=9 9-3-2=0 6-7-2=0
20



|- ﬂmo{ Hae Ua.léw &lecl—rans ‘for aJl a}vms n H\& foV'Vnu)a.-

Lsadd one for cach ueaahue C’L‘”ﬁe’ ond swbdvack e dor each Fosi)—-’ue clma&
ex. Hhos Ux2)eb=2e Nog = S+ (3x8) +l =2Ue” W{f@ O LYul) -l = €

2 dhaw skelea) dor He shruckwe . put the “least electronegpivity! ohom i the anber
(with f,xce‘?han for 1) aluess o He ’“""““(‘”3’ “he one Hed form more bovds’

3. diaw simﬂle bond  bekwen He cenber wd the Swrouw(ivg atome

“1- Cm«-p,&l'é acl'f,l' )Qol’ €QOL‘- aJ—om .Sl'ar\’l\a?, 'ﬂVUlM. H\{/ sumuholihg_s_ L(’/)(C,BP}’ H- for 26/_)

6 dwo  double or Friple Youd it needed (whan wlpnce decvons  Puich ael the conber
s aboms Hwkodlan form multiple bond =>CiN)O,S @.)om WSP”‘ WM H“-C oal—&l-n&l—l)

& ;Oorwa‘ olvvze Pov }Laa,-ow:

Volace e — —;——(bam("h? elechvons ) — vion—bonding elechrons —— compukoé Yor cach

a\—bm ohn i}-’s oL .



| H0 Vo= @) th= B¢~ 2 NFs  Ue= S +(#+) =26 3. CClF2 Ve, = U+@7F)(2:8)= 326
. . e P
H"O—'H ?—-,}\J-—F Q\-C*él
'.F‘- l
Y. COr Ueg = Y ¢l2b) = lbe™ ) v
. SCl’b Ve = 6*(27‘7')720&—
O — C—0¢ =) - € n
© v < > .0=C=0" cl— S—¢l:
g f;’j““d /| -
and C _
veach ocket 6- CO;Z Ve = 4 +(3¢6) ¥2= 24e
yule $0— -2
F T ve= 5%~ i_s/, L"Q”Ct‘c-?] -
) o
K- "I)"H ¢ ]
P N o A - el -
. @

3 ’394— W/ 3+Q‘f)‘7-) +l= 32 this 5 called vesomonce
£ T a- H30+ le= 3%6-[=¥e™

I
F - IB & . +
. — O0-H
7 F "i I{-‘ l ]
H




10- 0'07: e = 4+|’L+l=2¢95—
[6-a-0]

12 . POC(Z Ve :09-(-61-9‘::32@_

O
° o .o
el -P-¢cb
g »
A’

.0
A
[

(]

: dossh fallos the ockek vule .
Has is an oraeption for P — Lefpaud ocked)

L Yo rea[)« u,.w))ﬁ_ %"““')""“”'3"'
3. HSO Ol = )+ belg+F =32

. COCl. Y= Yeb+l=24e
_——— hasit reached Vo odeh rde

.Cl — C—CI
y ‘
:Q:
'
S @Gl b el o
2'3 ) cs Y-4=0 ¥

o> F-1-6=0¢

d= 2-1-6=0¢

o= 6—2-—‘/=0‘/
il ¢ Pormed double oond
ul“‘- 0#46( dJ'DM I’WO

& the foncel M\ac wont be
zeo K

bo — 30-' O —# — oxcepl—iow 'ﬂo\roc}el' wile

y
(0.

Lex(mﬂl ccheh)



9.7 Delocalized Bonding: Resonance

Ozone (O;) 07 o w00 07 57N
v The lengths of the two oxygen—oxygen bonds (that is, the

distances between the atomic nuclei) are both 128 pm.
v delocalized bonding

qae
CO32- ’ 2 yeasonance
q 4 1§+2¢ 24e
= 2 yeasononc
NO, 2
6*]%4’“2‘/5.-
- 21




9.8 Exceptions to the Octet Rule

P;L’Q“W‘*l . .
These will be done inclass: lﬁ ) }T ) 1‘:
PF5! SFG, XeF4, SF4 :.F:_I|3§‘q:l—> F=I|3 «—> F—]ﬁ ><
BF3, BeC|2, 116:0:1:: B Sk
“;—1—6=0 o

ee _2_1-b2©
P/ 5 / XC — e)(FaV\O{ OC/LGI"(Y"W/@MAM ie’) :F/:J l

o | e | o
B/Be — “"C"Vf]r’/)‘éx Ool'&l“o%ﬁﬁmgﬂ") :F_B/’zg_l_ ‘N—H :

F—B : N—H
v | A
74’5:0 . . . .
: .l:f\‘.»z,t—é:O H : F : H
\ coordinate covalent bond

mosk shable

AICIl; @ RT & at melting point (very low 192°C)
o a o
"N Oaf  twoof the Cl atoms are in bridge positions
. N

o o Promctes the shebilig For Phe
ST T T Shrchure.
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L PR, le=b5+ 36 40e”

°= F: ¢a.. | g’ [M Oél'd') .. to ;

° A/
F—V .

65:0
I

?E:

S- SFD/ U(/96 «7/3-—7‘{6’

: _ . be
-;\" /7“10& (cx‘)owlzl ockef ) R Y /: U"C””d’l@k’ ad@)—)

§-5—F

l

5. 22Cl, Ue=2+(4=l6e
T "f&"(,incar"p

| —Be -Gl
cl -Be-¢

3-2=0

g- Xerq %5 °g+ 298 = 36
l@!’ﬂ cd'@/’) o. .f. ._o.



9.9 Formal Charge and Lewis Formulas

COCl, ; él—(ljzb (':'1=(|:—6 S éfl—(||:—6:
:Cl: . CI: :Cl:
: (.j.l—(|3=6 S) (.3.1=(|j—:(§ ) : (.3'1—(”2—:(:) S
-Cl: . CI: - CI:
g g s
RULE A Whenever you can write several Lewis formulas for a molecule,
choose the one having the lowest magnitudes of formal charges.

RULE B When two proposed Lewis formulas for a molecule have the same
magnitudes of formal charges, choose the one having the negative formal

charge on the more electronegative atom.

RULE C When possible, choose Lewis formulas that do not have like charges
on adjacent atoms.

(Q) Write the Lewis formula that best describes the charge
distribution in the sulfuric acid molecule, H,S0O,, according to the
rules of formal charge. (HNO;, H;PO, HCN) ’



Q. WO U= |+ D+ 19= 2ie”
Y=+l
- p-2-40

-0+ ’ i ..
o H- U-G-F
2=l

H-0O— 20"
5\;—410 .é.é—éo 1?‘
.Z;u’o 6’2/'490

7 WOy = 3¢5«2=32¢ Y. Hell  Ve=

b~2-420



(Q) Draw three resonance structures for the molecule nitrous
oxide, N,O (the atomic arrangement is NNO)

3 e -+ +.

..+ + .. 5—
N=N=0 : N=N—0: : N—N=0:

(a) wcst z&?zr{wlr- one lea{}-( cl%):orl—a«*- one

Structure (b) is the most important one because the negative
charge is on the more electronegative oxygen atom.

Structure (c) is the least important one because it has a larger
separation of formal charges. Also, the positive charge is on the
more electronegative oxygen atom.
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> 9.10 Bond Length and Bond Order Qe Bond Lengths of

Some Common Single,

74 pm 161 pm Double, and Triple Bonds

M H Bond

Bond Length
\L “ He sum of Hhe couslont vodii  Type (pm)
. it of akoms Aand 5 predicks the  CH 07
2 C0 143
covalent radius: A-B bond lenph C=0 121
Covalent radius of an atom X = half of the . o
covalent bond length of a homonuclear X-X C=C 120
single bond. g:;l :‘:Z
If covalent radius of (C =76 pm) & (CI =102  _ 6
pm) > bond length of C-Cl = (76 + 102) = N—O 136
178 pm chloromethane, CH;Cl, 178.4 pm; giH fz

tetrachloromethane, CCl,, 176.6 pm;

Bond IengthS'

the shorked s Hhe the lo nﬂésl' sthe wealest

Triple bond < Double Bond < Single Bond
3 2 1 ®




> Trends for atomic radii
_» beom lefl bo right

1. Within a period, the covalent radius tends to decrease with increasing atomic number.

2. Within a group, the covalent radius tends to increase with period number.
jY Proim 1"0;0 to beotlop |

(Q) Consider the molecules N,H,, N,, and N,F,. — deid diw Jeis shucke
Which molecule has the shortest nitrogen—nitrogen bond?
Which has the longest nitrogen—nitrogen bond?

O _ _ - © _2=
1z ,Loo o q,,\/(7 OG 3 v G- 3

9/1’ 9/” i 97 ,6/3”” .” A 7 ;H _4=0
H H
N2H4 N2 N2F2 -
\p = (o =1V e U = log Vo= 10 +1Y=21€
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9.11 Bond Enthalpy (BE) —- iv-por o
“bond enthalpy” and “bond energy” are often used interchangeably

H H

H—(IZ—H(g) — H—(I:(g) + H(g) AH = 435k]J
o o

H H H H

| |
H—(lj—(|3—H(g) — H—(I:—c|(g) +H(g) AH=410Kk

H H H H f;
CH,(g) —> C(g) + 4H(g); AH = 1662 kJ H— C = = G, +1H,
Poy U bands H
> BE(C—H) = 3 X 1662 kJ = 416 kJ
Por | o

v' Because it takes energy to break a bond, bond enthalpies are
always positive numbers.

v' Bond enthalpy is a measure of the strength of a bond:
the larger the bond enthalpy, the stronger the chemical bond
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(Q) Use bond enthalpies to estimate the enthalpy change
for the following reaction:

CH,(g) + Cly(g) —> CH;Cl(g) + HCI(g)

Given that bond enthalpies (kJ/mol) for:
(C-H) =413, (CI-Cl) = 242, (C-CI) = 328, (H-CI) = 431,

H—C—H|+|C1—Cl

AH = BE(C—H) + BE(CI—Cl) — BE(C—Cl) — BE(H—CIl)

H

|
— H—C+H+Cl+Cl

|
H

= (413 + 242 — 328 — 431) kJ

= —104 kJ

In general, the enthalpy of reaction is (approximately) equal to the sum of the
bond enthalpies for bonds broken minus the sum of the bond enthalpies for

i

H—C| +H+Cl+ Cl — H—C—CI

H

i

= dc said His is
]"3’ oZ/U&Si-iol/LA;

|
H

bonds formed.

sum oF broKen bovJ S gufflm’pi&s

&
nfl M(Vﬂ
57@ rea cl{ own

sum of Pormed bonds gn)'La)figs




Exercise 9.18 Use bond enthalpies to estimate the enthalpy change
for the combustion of ethylene, C,H,, according to the equation

C2H4(g) + 302(g) — 2C02(g) + 2H20(g) = the € will be

Yuen and we
Given that bond enthalpies (kJ/mol) for: Godd de e
(C=C) =614, (C-H) =413, (0=0) =498, (C=0) =804, (O-H) = 463
N
C=C + 30, — 20=C=0 + 2 H H

H

AH = {[614 + (4 x 413) + (3 x 498)] - [(4 x 804) + (4 x 463)]} kJ
= -1308 kJ
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9.85 Use bond enthalpies (Table 9.5) to estimate AH for
the following gas-phase reaction.

H H H H

| |
C=C + H—Br — H—C—C—Br

| |
H H H H

AH = BE(C=C) + BE(H-Br) — BE(C-C) — BE(C—H) — BE(C-Br)
= (614 + 366 — 348 — 413 — 276) kJ = —57 kI



