Introduction to Bonding’ and Properties_of Ionic and Molecular Covalent
Compounds
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1. lonic Bonding

- lonic solids are generdly stable and the bonds are rdatively strong.

- eectrodtatic attraction between oppositely charged ionsforming a 3-D cryddlinelattice  dructure

- ice energy is the energy liberated when one mole of anionic crystd isformed from the
high stability reached when energy islogt.

Pr
- mnduct an dectric current in the solid state, why?
- uid phase, i.e when molten, they are relaively good conductor of an electric  current,

wi
- uble in water form good electrolytes, why?
- relatively high M.P. and B.P. (>500°C, >100°C)

- mw vaporize at room temperatures. These solids have reatively low voldility, low vapour

pr )s also indicates that a...
- ily broken under stress, why?
2. ULAR CRYSTALS

nding, the sharing of eectronsis known as an intra molecular force.
P
- pe lids nor liquids conduct an eectric current. Thisindicates ...
- ist as gases a room temperature or as volatile solids and liquids, indicating ...
- MP"and B.P. are rdatively low, thusindicating ...

- Solidsarésoft and waxy
- Mnt of energy required to decompose in Smple substance, indicating ...

COVALENT BONDING

How; deithese work?

C@ondi ng occurs between atoms that have quite high dectronegativities, i.e. between two non-
m

Exampi H+H —— > H-H

In bonding the two atoms involved share some of their valence dectrons.

The attraction of the two nuclei for these shared dectrons results in the atoms being bonded together.
The eectrons in the bond spend enough time in the Space between the two atoms to provide the “glue”’
that holds the atoms together.

Each nucleus is attracted toward the region of high eectron density between them.

The bonded atoms come together for their electron clouds to overlap.
Only one pair of electrons with their spins paired can be shared by two overlapping orbitals.
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The attraction of the two nuclel for these shared electrons results in the atoms being bonded together.
The region of high electron density represented by the overlap indicates the covaent bond.

The possibility for bond formation exists when two atoms can approach each other in such away that
occupied orbitals with similar energies are able to come into contact or overlap.

The greater the amount of overlap, the stronger the bond, lower the energy of the atoms (more stable the

bonds)
1 ial Energy Curvefor the formation of H,

T\ment bonds between atoms constitutes a double bond, e.g. O,

Al ent bonds between atoms congtitutes a triple bond, e.g. N,
Ngte: bofid length and type of bond, eg. C—C, Cc==C, =C
154 pm 134 pm 120 pm

m ent Bonds
en two atoms bonded together covaently are the same eement, the sharing of those dectronsis

ecm bond is said to be a pure covaent bond. Compounds made of different elements, with
differentieleetronegativities will form a polar bond. The eectrons will be atracted to the stom with the
hiﬁer electronegativity, more of thetime.

EﬂHF

gordinate Covaent Bond (Dative Bonds)
up ow we have aways assumed that each dement found in a covaent bond was responsible for

ne eectron each to the bond. In a coordinate covaent bond, both e ectrons are contributed
, 0.

by one
N H,O** CO N,O NHO,

A coordinate bond differs from a covaent bond in only one respect. What isthis?



Resonance Structures

Single bonds are longer than double bonds. Double longer than triple. (Look up the bond lengthsin
your Data Book)

Consder the Lewis structure for SO;:

All of the above structures are equivaent, each has a double bond and two single bonds.
So you would expect that if the bond lengths were measured there would be some differences, right!
V\m'zsn’t the case. The bond lengths are dl the same.
It ed that one pair of dectronsis spread over dl three bonds.
mled delocalized electrons.
mjpounds with fewer than eight outer shell ectrons per atom
Wi ements with fewer than four outer-shell €ectrons per atom form compounds they usualy
I eectronsto form ions. However, for smal atoms, the relevant ionization energies may be so

high that Covaent bonding occurs instead. Since there are fewer than four eectrons available for
shmwill be fewer than eight outer — shell dectrons per atom in the resulting compound.

,and Al"® have the smallest radii. Thisimpliesthat ionisation energies are high, therefore
Sare least likely to be formed.:

Element . E; (kJmol™Y) ionic radii (102 m)
m Be 900 30 (Be™)
B 799 168 (B*)
e Al 577 45 (AI*3)
1
ng Lewis gtructures for the following:
BeCl, BF; AlCl

Hm outer-shell €ectrons are there around the centra atom?

T molecules exigt in certain conditions, but in each case there is atendency for the ‘ stable
reached by means of coordinate bonding.
The molecule formed by the combination between NH; and BF;

H3N + BF3 _— H3N —_— >BF3

F ond period elements Li — > F, which have only sand p orbitds available, 8 is
the maximum number of valence electrons that can be accommodated.

Covalent compounds with more than eight outer-shell electrons per atom

If the noble gas rule or the octet rule dways applied, no atom could have more than eight dectronsin its
outer shell. As aresult, no alom could have more than four single covaent bonds (or the equivaent)
associated with it. The octet rule aways applies for dementsin the first two periods of the Periodic
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Table (H to Ne) but many other e ements show a covalency greater than four in some of their
compounds.

Examples.

PFs Bri Sk, SF¢3 PClg? IF, XeF;

Outermost shells of twelve dectrons are quite common.

Only in the third and subsequent rows can do this because they make use of the unused
iy >
El n Period 2 can never exceed an octet, because their valence shell (n = 2) can have 2 = 8

nmof eectrons.
T er noble gases do form afew compounds. Why?
%the University of BC prepared the first Noble gas compounds.
etism
Compounds with unpaired electrons, example NO, exist. In these compounds one or more electrons
r ed, the total number of valence ectronsis an odd number.

ClO,, 19 vaence dectrons, unstable and explosive, red-yelow gas, mp =- 59°C,
b.p=9.9°C

Luructur%for Molecular Covalent Compounds

isiSinuctures are used to show which atoms are bonded together in amolecule. A single bond
hefilveen & oms occurs when one pair of electrons (i.e. two electrons) are shared between 2 atoms. A
do

plebond results when two eectron pairs are shared and the sharing of three eectron paisisatriple

ZQOR LEWIS STRUCTURE CONSTRUCTION

STERI=IDEEi de which atoms are bonded together and arrange the atoms on your page to reflect your
decision, (see the “skeetd Structures, p.225). It helpsto first determine a“central atom”, an atom to
which many of the other atoms are bonded. Usudly, the centrd atom is the atom which requires the

m to complete its vaence octet. Another way to determine the central atom is usudly the least
d ive(i.e S inSF, or Sin SOCL,) Caution - this does not dways work, especially where

hy isinvolved. Hydrogen in never the centrd atom.
unt al the valence dectrons.

Exampl

B: x 3vaencedectrons=3 e F: 3aomsx 7 vaencedectrons=21e

T enceeectrons =24 e

NOTE: The charge on an ion indicates whether it contains extra eectrons (negative ions) or has lost

electrons (pogtive ions). Be sure to take these gains and losses into account where necessary.

Example: SO,*

Add two eectrons to the total number of vaence eectrons contributed by one atom of S and four
atoms of O
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Ex. NH,
subtract one eectron from the total number of vaence eectrons contributed by one atom oh N and 4
atomsof H

STEP 3- Place 2 eectrons (i.e. one pair of eectrons) in each bond.

STEP 4- Complete the octets of the atoms attached to the central atom by adding eectronsin pairs.

mﬂ!ace any remaining ectrons on the central atom.

ﬁlf the centra atom does not have an octet, form double bonds. If necessary, form triple
bonds.

N here are EXCEPTIONS to the Octet Rule
1. aence shdl for H is completed by 2 electrons (1 dectron pair).

2 IESFR&Vdence shell for Li and dll members of its family is completed by 2 dlectrons (1 electron pair).

3. Thevdence shell for Beis completed by 4 eectrons (2 bonding pairs). NOTE: Although Beisan
earth metal and therefore expected to form ionic compounds with non-metals, its
ion energy istoo high for thisto occur. Ingtead, it forms covaent bonds with a high degree

ﬁic character.
4, dence shdl for B is completed by 6 eectrons (3 bonding pairs).

- Although the other members of its family will form ionic compounds with most
etas, B doesn't for the same reason sited above for Be. It, too, will form covaent bonds

ahigh degree of ionic character.
e

5. electrons of dements of the third and subsequent rows of the Periodic Table may
rb enough energy during bonding so that some or al are excited into their own unfilled

d-orbital (one electron per orbital).

-
up't

that many more bonds than expected may form. (e.g. P with 5 vaence eectrons may form
nds and S with 6 valence eectrons may form up to 6 bonds.)

6. e atoms, ions and molecules have orbitals containing a single unpaired eectron. These are
agnetic because the unpaired dectron(s) idare affected by a magnetic field.

Param ic substances have an ODD number of valence eectrons so no matter how hard you try,
is structure will dways show an unpaired dectron. eg. NO and NO,

Assignment

1. Draw the Lewis eectron dot structure for:

(@) CH, (b) CH,Cl, (c)PCl, (d)PO,® (e) BrO;t (f)NO' (g) HCN (h) CH,O
2. Draw the Lewis dectron dot structure for:

(@ S0; (b)O; (c)NOgt (d)NO,T () CO2 (f) HCOO?



Shapes of Moleculesand lons: Valence Shell Electron Pair Repulsion Theory (VSEPR)

Molecular geometry has become an important area of study. For instance, the effectiveness of many
drugs can be attributed to their geometry being just right so they can either aid or hinder some biochemica
process.

Many drugs today are first being designed theoretically on a computer. A sound knowledge of the
geometry of molecules is necessary.

Once a drug has been designed in theory, it is then up to the bench chemist to design a synthesisin as few

st ible. Some drugs are found accidentally through empirica evidence.
Fimiructure of these moleculesis also necessary in order to learn what kind of action it may have

on et molecules.

Tm understanding molecular geometry is knowing what arrangement atoms or groups of atoms
wi ound the central atom(s) in amolecule or an ion.

A ﬁwhich issurprisingly accurate called Valence Shell Electron Pair Repulsion Theory or
VSE r short.

I B
The molegular shapes are named according to the geometric shapes of the solid figures defined by the
b(*n the central atom and the atoms attached to it.

T i¢ premise of the method is that electron pairs in the valence shell of a polyvaent ion (an atom
forming more than one covaent bond) are always arranged in away so as to minimize the

SioRs,between them. This arrangement applies to both bonding pairs (shared) and non-bonded pairs

M ain concepts of VSEPR:
fﬁe geometric shape of a molecule can be predicted by focussing attention on the structure's

tral atom(s) and the mutually repulsive valence shell eectron pairs surrounding it. This
ﬂiﬁh is known as the vaence shell eectron pair repulsion (VSEPR) approach.
inds of valence eectron pairs may populate the central atom(s) of a molecule:
IEbonding pairs and non-bonding pairs (lone pairs). Repulsions between adjacent pairs of electrons
vary in strength depending upon whether they are bond pair-bond pair (BP-BP), bond pair-lone
pair (BP-LP), or lone pair-lone pair (LP-LP). The repulsion order is considered to be:

2.

BP-BP < BP-LP < LP-LP

ange themselves to be as far gpart as possible, bond pair-lone pairs are next, and bond pair-
nd pairs are found to be the closest.
the VSEPR approach, electron pairs on the central atom(s) are viewed as assuming positions
und that atom that minimize electron pair-electron pair repulsions. The resulting eectron pair
metry about the central atom determines the placement of the atoms bonded to the central
m(s). The resulting arrangement of bonded atoms determines the molecular geometry.
olecular geometries may be classified according to the number of lone pairs and bonding pairs
of electrons surrounding the central atom. e.g.:
two bonding pairs = linear; three bonding pairs = trigonal planar; two bonding pairs and one lone
pair = angular (bent); and so forth.
5. Molecules containing one or more polar covalent bonds may either be polar or non-polar, based on
the extent of the bond polarities and molecular geometry.

Gis concept helps explain the spatial distribution of electron pairs; lone pairs spontaneously

3.
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6. The shape and polarity (or lack of polarity) of a given molecule helps determine the general
properties of the substance composed of these molecules.

Assignment
1 Using al the Lewis structures that were drawn, predict the shape of each of the structure.

2. The molecules SF,, SF,, and XeF, al have molecular formulas of the type XF,, but the molecules
have different molecular geometries. Predict the shape of each molecule and explain the origin of

w differing shapes.
3. e three species NO,*, NO,, and NO,* al have a centra nitrogen atom. The O-N-O bond
wlﬁ in the three species are 180°, 134°, and 115°, respectively. Explain this variation in bond
les.

4. eH — P—H bond anglein PH; is93°; in PH,* it is 109.5. Account for this difference.

PrediCting the Polarity of Molecules
Usethe molecular structures that were derived from the VSEPR model along with electronegativities to

erer or not molecules are polar.

R thet polar bonds involve an unequal sharing of eectrons, the presence of which, in certain
co can make the molecule polar.

o determineif a moleculeis polar:
1. (Deteffine if the molecule has polar bonds.
2. ine the shape of the molecule.

AWth& contains polar bonds will not necessarily be a polar molecule.

If theyshapegef a molecule is such that the polar bonds are symmetrically arranged around the central
at ir effects may cancel, i.e. their dipoles will cancel and there will be no charge
, thus the molecule as a whole will be non-polar.

=
Sy ical Molecules have the following basic geometries:
ﬁ trigona planar, tetrahedrd, trigond pyramida, octahedral.

melecule is one of these shapes- with identical atoms attached to a central atom, the molecule is
@ symmetrical and non-polar.

ecule to be polar:
It tain polar bonds, and its shape must be such that the dipoles do not cancel out.
The dipale moment is a measure of the polarity of a molecule.

( ment is measured in units of Debye)

Non-polar molecules have a zero dipole moment.

The more polar a molecule, the greater the dipole moment.



Assignment
1. Using dl the Lewis structures that were drawn, predict the shape of each of the structure, and
further predict whether each molecule is polar or non-polar.

2. The PF; molecule has a dipole moment of 1.03 D, but BF; has dipole moment of zero. How can
you explain the difference.
3. Despite the larger electronegativity difference between the bonded atoms, BeCl,;, has no dipole

moment whereas SCl,, does possess one. Account for this difference in polarity,

In olecular Forces of Attractions (IMFA’S)

nding, the sharing of eectronsis known as an intramolecular force.

ecular: these forces are within the molecule.

e dedt mainly with these, however we will now look & intermolecular forces. These

aret ﬁth&[ exis between one molecule and ancther.

T?mgen referred to as Van-der-Waals forces after Johannes Van der Wads, a Dutch scientist

these forces and lived between 1837 and 1923.

gje will refer to the individua forces using separate names.
Int lar forces are responsible for changes of state, and al other physica properties such as

jnt, boiling point, solubility and conductivity.

Wi

lj _— ligud ——> gas
ermolecular forces Weak intermolecular forces

There are three principa types of intermolecular forces: dipole — dipole forces, London forces, and
hydrogen bonding.

1. @ pole-Dipole Force

Th ces exist between polar molecules, i.e. those with a permanent dipole. Whether or not a
m adipole depends not only on the bond polarity but aso upon the molecular geometry and the
pr lone—pair electrons.

T ly negatively charged end of one molecule with dipole moment is eectrostatically attracted to
th iadly positively charged part of another molecule. (That'swhy it is caled dipole - dipole, there
mu least two molecules with dipoles!!!)

The dipole — dipole attraction must be overcome in melting a solid or vaporizing aliquid, it thereby
influences the melting point, heat of fusion, boiling point, and heet of vaporization.

These forces are not that strong, only about 1% of the strength of your average covalent bond.

The strength will depend on:  difference in electronegativity, i.e. strength of the dipole moment.



The following table illustrates the effect of dipole — dipole forces.

Slane, SH,, phosphine, PH;, and hydrogen sulphide, H,S, al have similar molecular mass, however
silane, SH, is non-polar and hence has the lowest melting point, boiling point and the lowest heats of
fusion and vaporization.

Phosphine, PH;, and hydrogen sulphide, H,S, are both polar, however hydrogen sulphide has a dipole
moment twice that of phosphine, PH;, and thus has the highest melting point, boiling point and the highest

heat,of

ion and vaporization of the three compounds.

operty silane, SiH, Phosphine, PH,; | Hydrogen
non-polar polar sulphide, H,S
polar
lecular mass (g mol ) 32.09 <%} 34.08
le moment (D) 0 0.55 11

ance Colourless gas colourless gas colourless gas
paint (°C) —185 -134 —85.6

iling Point (°C) -111 -87.8 -60.8

ondon Dispersion Forces (Named after Fritz London.)
cesact on ALL atomsand ALL molecules.

L
ches is the only intermolecular force present in non-polar molecules.

London forces are responsible for the condensation, at low temperatures , of even monatomic noble
g

Sometimes London forces are referred to as “van der Wads attractions’. Sometimes also referred to as
“ oqaersi on forces’.

Landon forces are the result of momentary shifts in the symmetry of the electron cloud of amolecule, i.e.
th Nn cloud becomes polarized. In alarge collection of molecules, at any given moment collisons

ar lace, with resulting polarization of the molecules.
A adight positive charge is produced at one end of one molecule, it induces a dight negative

c ne end of the molecule next to it — resulting in an induced dipole.
Thus, a temporary force of attraction exists between these molecules.

London ferces are the forces of attraction due to temporarily induced dipoles in atoms and molecules that
ar ose together.

Since London forces are the forces of attraction between fluctuating dipoles, they are extremely weak.



The strength of London forces depends on two factors:
1. The size of the molecule, they increase with number of electrons, i.e. with increasing molecular mass.

Similar molecular geometry, increasing molecular mass :

property methane, CH, slane, SH,
polarity non-polar non-polar

mo mass (g mol )

% (°C) — 161 —11

2. metry of the molecule, they increase with surface area of molecule:
Li ranched chain molecule: alarger region gives greater opportunity for dipole interaction than

when a :all amount of contact is possible, (because spheres can make contact at only one point).

ular mass, decreasingly compact shape:

Pentane, C;H,, dimethylpropane, C;H,,
m H3C_CH2_CH2_CH2_CH3 H3C_C (CH3)2_ CH3
(°C) 36 95

es of compounds above, the increase in boiling point is due to increasing London forces.

en Bond
ust a specia case of the dipole-dipole interaction.

happens when you have BIG dipoles.

MQen atom is covalently bonded to an electronegative atom that strongly attracts the shared
elestromypaingthe small hydrogen atom is left with very little electron density around it.

Ti!;, the hydrogen atom carries a small positive charge and can act as a bridge to another

elnatlve atom
A r@gen bond is the attraction of a hydrogen atom covalently bonded to an €l ectronegative atom for

a aectronegatlve atom. HCl

Str rogen bonds form between hydr ogen atoms and the big three highly electronegative € ements:
F ime; Oxygen , Nitrogen; which are small and have their negative charges highly concentrated in a

smdl v e.

T gen is basically stripped of its electrons leaving

Thi the positive end will form an attraction to just about anything negatlve like ...

Hydrogen bonds are the strongest intermolecular forces.

It is the strength of the hydrogen bonds in water that is responsible for the unique properties of water.
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The hydrogen bond between hydrogen and the most electronegative eement, fluorine , is the strongest
type of hydrogen bond:

The effect of hydrogen bonding on the properties of compoundsis clearly evident when comparing the
properties of the hydrogen-bonded, second period hydrides ammonia, NH;, water, H,O, and hydrogen
fluoride, HF, with the non-hydrogen-bonded third-period hydrides phosphine, PH; , hydrogen sulphide,

H.,S, and hydrogen chloride, HCI:

In the comparable pairs from the same periodic table family:
sand PH, H,O and H,S HF and HCI

th nd with the smaller molecular massiis less volatile, and has the higher boiling point.

to the extra energy needed to break the intermolecular hydrogen bondsin NH;, H,O and HF.

T

|4

ph of Boiling Points of Hydrides of period 2, 3, and 4 versus Molar Mass

IA

woo|jede)
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Assignment

1. What type of IMFA are found in each of the following molecules:
a) CO, (b) CH, Cl,  (c) NH; (d) CH, (e C,HsOH (O 1,

2. The norma bailing points of N, O,, and NF; are —196EC, -183EC, and -129EC, respectively. Explain
why the boiling point of NF; is substantially higher than the boiling points of nitrogen and oxygen.

3. For the following substances, determine which one has a higher melting point.
(ame (b) SbH; or AsH, (c) CH,or CHyp (d l,orF, (e) NH;or PH,
f

4. lowing fluorides of xenon have been well characterized:

m XeF, XeF, XeF;

{he Lewis structure for each, state the molecular geometry for each. Determineif eachis
0

r non-polar, and hence state the important intermolecular forces in each.

5. Theimolagmass of methanol (CH,OH) is very close to that of ethane (CH;CH;). Which of these
substanceswill have the higher boiling point. Explain.

some of the properties of water that can be attributed to hydrogen bonding.

6 :
7.ﬁ:the intermolecular forces that exist between the following species:
al, HCHO and H,O b. CS, and CCl, c. BrF and BrCl
ﬁe following elementsin order of increasing London dispersion forces: Xe, Ar, Kr.
0. bstance pair should have a higher melting point: (&) I, or Br,, (b) O, or Cl,. Judtify!

10Wu expect to find significant hydrogen bonding between molecules of :

JIRHIN D) CHF c) HBr
11..One of the following substancesis aliquid at room temperature, whereas the others are gases. Which
ol think isaliquid?

a\ CH b. C;Hg c. N, d. N,O

12."Wold you expect to find a significant degree of hydrogen bonding between molecules of :

d) Q b. CH,OH c. HBr

13. [lowing compounds al have very smilar molar mass. Rank the following compounds in order
ofji o:
i. Solubility in a polar solvent ii. Bailing point

CsHs, CH,CHO,  C,H.OH

14. Explan the order of the following boiling points:

Molecule b. p. (°C)

CeHq 80 C,Hs-Cl 132
C Hs-Br 156

C,H<OH 182
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