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» lonic Bonds 9.1 Describing lonic Bonds “ @

/mj\‘[
° @
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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.
g e
Na([Ne]3s') + CI([Ne]3s*3p”) — Na™([Ne]) + CI~([Ne]3s°3p°)




> 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 4+~ Cl: —> Na* + [:C.]:]

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> ns2np! ns>np> ns*np? ns*np* nsznp> ns2np®
Second Li- ‘Be - ‘B- o IN- L0 - F- ! Ne:
Third Na- ‘Mg - . Al- 2§+ : P G < Cls :Ar:

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

Fe 4 Mg A F: — [F:]” + Mg?* + [:F:]



» Energy Involved in lonic Bonding

v Formation of an ionic bond between a sodium atom and
a chlorine atom: teraskion ony)
(1) Na, = Na*,+e”  AHi.e =+ 496 kd/mol

(2) Clg + e > Cl,, AH E.A = - 349 kJ/mol
@of’n‘&'mi“‘ﬁ Oﬁ&’j o

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

—>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
iaverable. (jon\2ak g |

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

to make the overall process favorable. = »y -3

kOO

F 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.

DA A kQ0, e .
R R BE T gRNRI
k = 8.99 x10° J.m/C? Nl r
The charge on Na* is +e and that on Cl-is —e. N/ = @l « 16\
e=1.602x10"° C et” =61 x b0

r = distance between Na* and CI" = 282 pm, or 2.82 x 10710 m,

B —(8.99 X 10°J-m/C?) X (1.602 X 107" C)?
2.82 X 107"m

v The minus sign means energy is released 0ot/
 a— .

v Multiplying by Avogadro’s number, 6.02 x 102° > —-493 kJ/mol
Ro{ A 5

o} o0 Q(‘fx\l

= —8.18 X 1071 ]



v' The lattice energy is the change in energy that occurs (required)
when an ionic solid is separated into isolated ions in the G se
v' For sodium chloride, the process is: NaCl(s) — > Nat (g) + CI (g)

| mol Na*+ | mol CI°

\ Step 1
mol Na + | mol ClI 147 kJ = ‘W\&le
Step 2a
E [N COO\“"’"" > _49[; k]
enefayof Poising Step 2
' imol o¥ fows —786 kJ
= —-639 kJ ! of
“'i (net energy | mol Na*Cl” ion pairs ) lattice energy)
26 released)
5 S Q{
Q\LO‘(\‘\L uhen e || Step2b || ——= [4fice N 055
Bt \atficv -293 kJ 1]’8 b KS
\ go\rw\(,d 5 b -~ %
/ I mol NaCl(s) /7

v The WeégaiiVlesign. shows that there has been aTighdeoreaSeimeneigy;
which you expect when stablé®bonding has‘occuirred.

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

(ALY



» The Born-Haber Cycle for NaCl (Energy diagram) fect-ct = 2 7

Lel» Q
. . . most (s + « Direct NaCl(s
1- Sublimation of sodium Stable fovin &= N0 HEACE) T rgue > Nl
. T . N-\'ao . J |
2. Dissociation of chlorine S*CP" Swv-l )
3. lonization of sodium . o
4. Formation of chloride ion (E.A.) | ‘ 5 ’J
. . Step 3 Step -
5. Formation of NaCl(s) from ions .
Na'(g) +. Cl(g) s
Na(s) — Nafg) AH, = 108k]J
1Cly(g) — Clg) AH, = 120k] = gy 2o¥
NatgT —— Natgj+e+g) AH; = 496K]
Ckgl +e4g1 — ClHg) AH, = —349Kk]
Na~gJ + Cl~+g) — NaCl(s) AHs = —U
Na(s) + 3Clo(g) —— NaCl(s) AH° = 375k1—U
AH" = AR, + AR + 172 AH + AH, % U,
enthalpy of formation determined calorimetrically - - 411 kJ
7

375kd-U=-411kd - U=(375+411)kd =



The Born-Haber Cycle for NaCl (Energy diagram)

AH®,, AHC,
: Na(s) — Na(g) — 4 Na"@)

AH®4 AH®

€a

\

_}

l

AH®,

” NGC'(S)

AH®, = AH®, + AH®, + 1/2 AH® + AH®,, + U,

-411 = 109 + 496 + 1/2 (242) + (-349) + U,

U, = -788 kJ/mol

o

e

U, = Lattice Energy

You must use thé correct stoichiometry and signs to obtain

the correct lattice energy.



v" Strong ionic bonds (strong electrostatic interaction)
—> high-melting points of ionic solids.

m.p of MgO (2800 °C) > m.p NaCl (801 °C) k0.0,
charges (Mg?* and O?%°), charges (Na* and CI"), oy

v The liquid melt from an ionic solid consists of ions, and so the

liquid melts conducts an(electr@ current.
feom
/ lonic liquids have low m.p (RT) because the cations are large




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 | 4562 6.910 9,543
Mg 738 | 1.451 7.733 10,542
Al 578 1.817 2745 | 1577

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 —f L/\ \’(3

TU([Xe)df 45d'06s26p") —> TI([Xeldf 145d'%6s) + 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) commonl;{gform lonic
compounds with 2*ions. VRN |

v" Tin forms tin(ll) chloride, SnCl,, which is an ionic compound
and tin(IV) chloride Sﬁbl4 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 offfiitrogen (2s22p3) =0
NS: ion (2s22p%).is stable in the presence of Li* (Li;N)and other
alkaline earth elements ions (Mg;N,).

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

N: [He]2s?2p3  N3-: [He]2s%2p° Sn: [Kr]4d105s25p2
. Sn?* : [Kr]4d105s2

LA AT Sn* : [Krjdd™0 v



> Transition-Metal lons

v M ?2*is a common oxidation state as two electrons are removed from the

(Q) What are the correct electron configurations for Cu & Cu?* ?
4s23d°, [Ar] 3d°
3d"%4s' [Ar] 4s'3d8
3d1%4s?, [Ar] 3d°
4s23d°, [Ar] 3d194s]
(K] 4s523d°, [Ar] 3d°

A
B
C

D

E.

outer ns shell. Fe: [Ar] 4s23d ©
Fe2* : [Ar] 3d 6
Fed*: [Ar] 3d°

Ar]
Ar]
Ar]

Ar]

loses 4s electrons first
then loses 3d electrons

(Q) What are the correct electron configurations for zirconium(ll) and
zirconium(lV) ions?

A.

B
C.
D
E

[Kr
. [AY]
[Kr
NG

- [Kr]

5s24(d 2
552 4d 6 [Kr] 4d ©

[Kr] 4d 1

[Ar] 582
[Kr]

[Kr]

| Ht|Ta [ W [Re

' Ni
",P.d
i P ;

Tilv /|

Au

, | He

‘Cl'l :

Hg| Tl

Ga

- p

Ge [As 'Se | Br
=
Pb [ Bi [Po At

.kr
| Xe

'.h'n

(B[C[N[O[F[Ne
. |AI|Si| P S |CI|Ar




> 9.3 lonic Radii \’\Q\Q( e Aistang, betwien twe cearef d Fuo st/

(GV\S

Determining the iodide ion radius in the lithium iodide (Lil) crystal

426 pm
. S
Lit I~ Lit

1~ Li* L=

A three-dimensional view
of the crystal.

Exercise 9.6
arrange the following ions in order of

increasing ionic radius: Sr#*, Mg?*, Ca?*.

Mg?* < Ca?* < Sr¢*
Mg < Ca <9V

lonic radius of I
=426 /2 =213 pm

Anion > neato] ahem
Cotion < neatel ofer

@ e

Na Na*
[He] 2522p%3s! [He] 2522p°

o @

o Cl™
[Ne] 3s23p° [Ne] 3s23p©




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 Be* 0> F-
60 31 140 136
3 Na* Mg Al S C:
95 65 50 184 181
4 K* Ca?* Ga'* Se*” Br~
133 99 62 198 195
S Rb* Sr2t In®* Te~ I
148 113 81 221 216
6 Cs* Ba®* T
169 135 95

1 8
1A VIIIA
1 2
2 13 14 15 16 17 e
Mydeogen Helum
1608 1A A IVA VA VIA VIIA 4002602
3 4 5 6 7 8 9 10
Li | Be B|C|N|O|F|[Ne
Lithwam BeryBum Boron Carbon Ntrogen Oxygen Fluorine Neon
L I L7 L N . L S L1 14007 15999 4 99840193 20797
n 12 13 I 14 - 15 6 7 I 18
g 3 4 5 6 7 8 9 10 n 12 S l P S r
Sodem Magnesium Aluminiu m Silcon Phosphorus Sulfur Chiorine Asgon
2290000608 20308 ne ve ve vie vie viie viie viie 1] ns 209038308 20008 20973005008 %208 348 oY
9 20 21 22 - 23 24 25 26 27 238 - 29 30 Kl 32 3 34 35 36
Potassium Calcium Scandium Titanium Vanadeam Cheomium Manganese kon Cobal Nickel Copper Zinc Galium Germanium Arsenic Selenium Broenine Krypton
I9.0%83 40078 44955508 &TH8T 509418 S19%61 54938044 55845 5491314 586934 &) 548 6538 8073 72630 TS AN TR904 83 7%
7 b 38 39 %0 4 b a2 43 44 45 h 46 d a7 48 d 49 50 51 b 52 53 54 1 3
Rubidum Stroatium Yetriom Zeconium Niobium Molybdenum | Techmetium Ruthersum Rhodium Palladium Sdver Cademium Indum Tin Antimony Telurium lodine Xenon
854678 8262 5800584 924 9290637 9598 08 0107 290650 108,42 wrsesr | maan 148 a0 121760 12260 2esoesr | sz




» Pattern across a period |
Cation Na* Mg>* APt Anion S2- ) g
Radius (pm) 95 > 65 > 50 Radius (pm) 184 181

v" All of these cations have Ne configuration 1s522s22p° but
different nuclear charges (they are isoelectronic).
v’ Isoelectronic refers to different species having the same
number and configuration of electrons
9.47 Arrange the following in order of increasing ionic radius:
As3, Se’,Br- ’
Br - < Se? < As3-

1 18
* Or As® >Se? >Br-
r S e r :
" 2 13 14 15 16 17 Helium
ogen 1A A IVA VA VIA VIIA e
3 5 6 8 9 0
Beryhum Boron Carbon Netrogen Oxygen Fluorine Neon
™ 01290 wa 2om 14007 1" 4 9384019 Poila 4
12 13 l 14 - 15 16 7 18
g 3 “ 5 6 7 8 9 10 n 12 SI P s ' r
Sodiam Magoesium | @ IWVRB VR  wVIR wviR v vnmie o oviie om0 uma | Aumin m Silcon Phosphor Sulfur Chiorine Asgon
.:wnw:.?:n 24 m-.“ ne v Ve vie viie viie viie viie 18 8 :ﬂum--..\:a 20085 )owm":: \Umu 2545 25.948
19 20 21 22 - 23 24 25 26 27 28 - 29 30 3 32 3 34 35 36
Potassium Calcium Scandium TiRanium Vanadem Cheomium Manganese ron Cobalt Nockel Copper Zine Galium Gormanium | Arsenic Selenium Broenine Krypton
390083 40078 44955008 &2087 209415 519961 54938044 55843 5893314 S48 e 6538 072 3% 74,9299 N 79904 3798
37 b 38 39 40 4 b 42 43 44 45 h 46 d a7 48 d 49 50 51 b 52 53 14 54
Rebuciiam Strontium Yitrwen | Zeconiu m Niobium Molybdenum Techretium Ruthenium Rhodum aladium Sdver Cadmium Indum Tn Antimony Tellurium lodine Xenon
854478 8782 58 90584 N4 92 90837 94,95 (98 o? W2 90550 0842 W ess2 N2 a4 TI48% naMno N 12180 1890447 s




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

Foo Mg, 0% yoy (Ne] [

isoelectronic series> Mg?* (z=12) < F~ (z=9) < 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 radiu P3-

NOT isoelectronic

1A VIIIA
2
2 13 14 15 16 17 e
Mydeogen Helium
b A A IVA VA VIA VIIA el
3 4 5 6 7 8 9 10
Li | Be B(C|N|O|F|Ne
Lithwsm Berylum Boron Carbon Ntrogen Oxygen Floorine Neon
694 01280 wet | w2on 14007 15999 4.99840)%: 2007%
n 12 13 14 - 15 16 7 I 18
a g 3 4 5 6 7 8 9 10 n 12 I s l P S r
Sodam Magnesium Aluminium Sicon Phosphorus Sulfur Chlorme Argon
e A ns VB vB viB viis viie viiis viiie 18 s o oo | Fhespners il o Argon
19 20 21 22 - 23 24 25 26 27 28 - 29 30 K}l 32 3 34 35 36
Potassium Calcium Scandium Tianium Varnaduam Cheomium Manganese kon Cobalt Nockel Copper nc Galium Gormanium Arsenic Selenium Bromine Krypton
390083 40078 44959908 &7087 209415 519961 54938044 35,848 S8.90304 586004 £3.548 38 7. 30 2492408 890 79904 837%0
37 b 38 39 40 4 b 42 43 44 45 h 46 d a7 48 d 49 50 51 b 52 53 54
Riciaam Strontium Yitriun | Zeconium Niobium Molybdenum | Techeetium Ruthenium Rhodium Paladium Sdver Cadmium Indum Tin Antimony Tedurium lodine Xenon
85467 53 00584 122 92 90637 9595 (98) W0L07 02 90550 108.42 Wrsss2 12414 1483 AN 121760 12260 2690447 | 131293




» Covalent Bonds
v’ a chemical bond formed by the sharing of a pair of electrons

between atoms.
o K 0 Q
H(g)

9.4 Describing Covalent Bonds
H,(g) \)0

Figure 9.10 A

The electron probability distribution for the H, molecule
The electron density (shown in red) occupies the space
around both atoms.

v

Bond dissociation energy

Potential energy ——»

Figure 9.11 <«

Potential-energy curve for H, The
stable molecule occurs at the bond
istance corresponding to the mini-
mum in the potential-energy

0 74 pm

Distance between nuclei —



> Lewis Formulas

H-+-H—— H:H fb'\}

H'Clil‘ PQ\
ai'e % 5 N '
ool — . 4
. H
3H: + -N: —> H:N:
H

v is a bond formed when both electrons of the bond are donated

by one atom
A-+-B—> A:B H "
+ . . .
A+:B—> A:B i +NH; H:N:H
H

17
% R T\



VoWyy C oricavv

> OctetRule Yo/ 00" o ol o ital bat
it’s empty-

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

» Multiple Bonds

‘ o H>C=C<H H(C(:)C)H o H—C=C—H

H H H H Acetylene
Ethylene

9.5 Polar Covalent Bonds (Polar Bonds)

Y

H : H H :caf Nat :qQ:-

Nonpolar covalent Polar covalent

WA

18



> Electronegativity is a measure of the ‘ability of an‘atom in a
molecule to draw bonding electrons to itself. i Pertodic Tl

v Mulliken electronegativity (¢):  x = L£: ZE'A- 1,

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

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.

H—H., H—CI, and Na—ClI s i
0.0 0.9 2.1 H—C]
Polar molecule

19



» Writing Lewis Electron-Dot Formulas

These will be done in class:
H,O, NF;, CCl,F,, CO,, SCI,, POCI;, COCl,, HSO,CI,
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 @FNNF c FNNF
d FNNF e FNF\J f FI\NFN2,§
, Nl 2%
(Q O \ AN 0+ = 24
g e VT Lo
RN I X

(/ 20



%Cl |(‘F]\(_2L%\/§ >
3 %O'\(?—/é)

§*<*(1VE) (28
- \QZQ_

Q:

J
’ Q-/f)\ al
i §

L

L ¢

S' V/
S

&\D

{




9.7 Delocalized Bonding: Resonance RV
) ) WS
r'y - O O
Ozone (0O,) ‘0. 0. and O ,, o O/‘""\\O
A
v The lengths of the two oxygen—oxygen bonds (that is, the
distances between the atomic nuclei) are both 128 pm.
v delocalized bonding
D e i 2— e =\ |2—
(H) (I) (|)
CO.,?%" C =4 C = C
’ o, 0 ‘0, 0 0/~ 0" o «o®
L ' o
02,6 O-| o-' Q rel’O““M&'
p;): 2.% fi " @



9.8 Exceptions to the Octet Rule @ - :x{ 3A

These will be done in class: 'ﬁ'»\ QA f\ - T
F.,, SF;, XeF,, SF, F—Bae— P=B :_F_—rHs’\
BF,, BeCl,, E: 3 TILANNES PR
i . .o — Y.
. ( .
f—i—(;m{‘i)“—_%\o . ’B\‘;:—’Z‘\z}s\‘
A /\O F H F [4 H
R s P—F‘ :F—B + :N—H — F—B : N—H
g i | | A
r ‘F 'F: H F:|H
. | coordinate covalent bond
1 3N

AICl; @ RT & at melting point (very low 192°C)

.- BF3, ‘B’\E/CTI& G [L\Lt{l) ‘F:

s e =Y ‘ : _ . .y
V8€ 2 ha w@2Y L s Clatoms are in bridge pgsitions
v ¢ ‘.O+
:.l-"—.B‘ + :} ) ,1' %{0‘\ .. \
X @\ ' 0""‘; .\ = B(:
— C Oq‘ %0 2| 22




9.9 Formal Charge and Lewis Formulas

COCl, T e oy o AN L+
cl: V Il :Cl: X

o S0 C—C=0 @Cl=C—0:0 :CI—C—0:0
ot Gk -G -Cl: . %

F 2
3 - O . C( F‘ C /—~O‘
RULE A Whenever you can write several Lewis formulas for a molecule, .-

choose the one having the .

RULE B When two proposed Lewis formulas for a molecule have the same

ainitudes of formal charies, choose the |

RULE C When possible, |

e

(Q) Write the Lewis formula that best describes the charge

distribution in the sulfuric acid molecule, H,SO,, according to the
rules of formal charge. (HNO,, H;PO, HCN)

23



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

o 2 ST S

—-o cr 1+ .. — 95—
N=N=0 : N=N—0: : N—N=0:
(a) (b) / (c)

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.

24



> 9.10 Bond Length and Bond Order [ s flond Leagths of

Some Common Single,

74 pm 161 pm _. , Double, and Triple Bonds
-~ S \é L Bond

' " W@ o 0 send s
' N . Type (pm)
H, HI e g:g I.‘Z
C=0 121

cC—C 154
C=C 133

C=C 120
single bond -
If covalent radius of (C = 76 pm) & (Cl = 102 g:: :?z
pm) = bond length of C-Cl = (76 + 102) = N—O 136
178 pm hl hane, CH,Cl, 178.4 pm: e "
chloromethane, 11, 4 pm; O—H \ 96

tetrachloromethane, CCl,, 176.6 pm; C

Bond lengths:

PR
5



. N (7
> Trends for atomicradii ¢ Soe fj
as S\e

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.

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

Which has the longest nitrogen—nitrogen bond?

H I\|I 1\|1 H :N=N: :F—N=N—F:
H H
N-,H,4 N, N,F,



9.11 Bond Enthalpy (BE)
“bond enthalpy” and “bond energy” are often used interchangeably

H H
| I

H—?—H(g) — H—clz(g) + H(g) AH = 435K] Q)\J\;O
H H

H H H H

|| [ V]
H—(E—?—H(g) — H—(f—?(g) + H(g) AH = 410Kk]

H H H H

CH,(g) — C(g) + 4H(g); AH = 1662 kJ

> BE(C—H) =3 X 1662 k] = 416 kJ

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

Ihe shovtex” (€ s

27



(Q) Use bond enthalpies to estimate the enthalpy change
for the following reaction:

CHy(g) + Cly(g) — CH;Cl(g) + HCl(g)

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

H H H H
H—(lz—H + Cl—Cl — H—clz +H+Cl+Cl H—~C| +H+Cl+Cl — H—(IT—CI + H—CI
| | h !
AH = BE(C—H) + BE(Cl—CIl) — BE(C—Cl) — BE(H—Cl) \
= (413 + 242 — 328 — 431) kJ (+)= r"é*!
= —104KkJ (=) = @5

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

bonds formed.

28



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

C,Hy(g) + 305(g) — 2CO,(g) + 2H,0(g)

Given that bond enthalpies (kJ/mol) for:
(C=C) =614, (C-H) =413, (0=0) =498, (C=0) = 804, (O-H) = 463

\ /H /O\

7\

AH = {[614 + (4 x 413) + (3 x 498)] — [(4 x 804) + (4 x 463)]} kJ
= 1308 kJ

H

29






