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1. Isomers: different compounds that have the same molecular formula

2. There are two isomeric compounds with molecular formula C.H0:

1) dimethyl other:  a gas at room temperature, does not react with sodium.

2) ethyl alcohol: a liquid at room temperature, does react with sodium,

Table 1.1 Properties of ethyl alcohol and dimethyl ether

Ethyl Aleohol Dimethyi Ether
CHO CHO
Boiling point, °C* 7R.5 -24.9
Melting point, °C -117.3 -138
Reaction with sodium Displaces hydrogen No reaction

* Unless otherwise stated all temperatures in this text are given in degree Celsius,

: 3.. The two compounds differ in their connectivity: C-O-C and C-C-O

- Ethyl aicohol Dimethyl ether
i H o H H
HitH H H

Ethyl alcohot Dimethyt ethar

ure .1 Ball-and-stick models and structural formulas for ethyl alcohol and
dimethyl ether
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SEC. 1.16 POLARITY OF MOLECULES

1.15 Polarity of bonds

Besides the properties already described, certain covalent bonds have another
property: polarity. Two atoms joined by a covalent bond share electrons; their
nuclei are held by the same electron cloud. But in most cases the two nu:lei do not
share the electrons equally; the electron cloud is denser about one atom than the
other. One end of the bond is thus relatively negative and the other end is relatively
positive; that is, there is a negative pole and a positive pole. Such a bonc. is said to
be a polar bond, or to possess polarity.

We can indicate polarity by using the symbols 6, and §_, which indicate
partial T and — charges. (We say "delta plus” and ""delta minus™.) For example:

& 5.

&, 6. 0O N
H-F ‘5+/ N3 8,/ | 8.
H H H I H

Polar bonds '

We can expect a covalent bond to be polar if it joins atoms that difer in their
tendency to attract electrons, that is, atoms that differ in electronegativit .. Further-
more, the greater the difference in electronegativity, the more polar the bond will
be.

The most electronegative elements are those located in the upper right-hand
comer of the Periodic Table. Cf the elements we are likely to encounterin organic
chemistry, fluorine has the highest electronegativity, then oxygen, thea nitrogen
and chlorine, then bromine, and finally carbon. Hydrogen does not differ very
much from carbon in electronegativity; 1t is not certain whether it is r ore or less
electronegative. “

Electronegativity F>O0>CIL,N>Br>C,H

Bond polarities are intimately concerned with both physical anc. chemical
properties. The polarity of bonds can lead to polarity of molecules and thus
profoundly affect melting point, boiling point, and solubility. The pclarity of a
bond determines the kind of reaction that can take place at that bond, and even
affects reactivity at nearby bonds.

1.16 Polarity of molecules

A molecule is polar if the center of negative charge does not coincide with the
center of positive charge. Such a molecule constitutes a dipole: two equal and
opposite charges separated in space. A dipole is often symbolized by -+, where
the arrow points from positive to negative. The molecule possesses a dipole
moment, u, which is equal to the magnitude of the charge, e, multiplied by the
distance, 4, between the centers of charge: :

L= e S
in in in
debye e.s.u. cm
units. D
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In a way that cannot be gone into here, it is possible to measure the dipole
moments of molecules; some of the values obtained are listed in Table 1.4. We
shall be interested in the values of dipole moments as indications of the relative
polarities of different molecules.

e Table 14  DIpoLE MoMENTS, D

H, 0o HE 175 CH, 0
0, o0 H,0 1384 CH,Cl 186
N, 0 NH; 146 cCl, 0
Cl, 0 NF; 024 Co, 0
Br, 0 BF, 0

It is the fact that some molecules are polar which has given rise to the
-speculationthat some bonds are polar. We have taken up bond polarity first simply
because it is convenient to consider that the polarity of a molecule is composite
of the polarities of the individua] bonds.

Molecules like H,, 0,, N,, Cl,, and Br, have zero dipole moments, that is,
are non-polar. The two identical atoms of each of these molecules have, of course,
the same electronegativity and share electrons equally; e is zero and hence y is
Zero, too.

A molecule like hydrogen fluoride has the large dipole moment of 1.75 D.
Although hydrogen fluoride is a small molecule, the very high electronegative
fluorine pulls the electrons strongly; although d is small, e is large, and hence uis
large, too.

Methane and carbon tetrachloride, CCl,, have zero dipole mcments. We
certainly would expect the individual bonds— of carbon tetrachloride at least—to
be polar; because of the very symmetrical tetrahedral arrangement, however, they
exactly cancel each other out (Fig. 1.16). In methyl chloride, CH,Cl, the polarity

H ¢l Cl
-+ , I e . I "
H e H”//( o Uf;’/i—-—-(l “//—(-——H
\ N\ X
H (] H
w= 175D In =)D w=0D #-:I_Sf)D
Hydrogen Methane Carbon Mett yl chloride
fluoride tetrachloride

Figure 1.16  Dipole moments of some molecules. Polarity of bonds and of molecules.

of the carbon-chlorine bond is not canceled, however, and methyl chloride has a
dipole moment of 1.86 D. Thus the polarity of a molecule depends nct only upon
the polarity of its individual bonds but also upon the way the bonds are directed,
that is, upon the shape of the molecule.

Ammonia has a dipole moment of 1.46 D. This could be accounted for as a
net dipole moment (a vectorsum)resulting from the three individual bord moments,

)<
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and would be in the direction shown in the diagram. In a similar way, we could
account for water's dipole moment of 1.84 D.

Dipole moments
expected from
bond moments alone

Ammonia Water

Now, what kind of dipole moment would we expect for nitrog2n trifluoride,
NF;, which, like ammeonia, is pyramidal? Fluorine is the most electronegative
element of all and should certainly pull electrons strongly from nitrogren; the N—F
bonds should be highly polar, and their vector sum should be large— ar larger than
forammonia with its modestly polar N—H bonds.

Large i 051 omert
xpecled from
bond moments alone

Nitrogen trifluoride
-
What are the facts? Nitrogen trifluoride has a dipole moment of onl y024 D. Itis
not larger than the moment for ammonia, but rather is much smaller.

How are we to account for this? We have forgotten the unshared pair o
electrons.In NF; (as in NHs) this pair occupiesan sp° orbital and mast contribute
a dipole moment in the direction opposite to that of the net momert of the N—F
bonds (Fig. 1.17); these opposing moments are evidently of about the same size,

4=146D QLD £=024D
1 i tord
Ammonia Water Vitrogen
tr:fluoride

Figure 1.17  Dipole moments of some molecules. Contribution from un-
shared pairs. In NF,, the moment due to the unshared Ppair oppcses the
vector sum of the bond moments.




L83  Indoctive effects

fn 2 covalent bond between wo different atoms, the electrons in the
G-bond are not shared equally. The elertions are atracted iowards the
mest elecronegative afom, Ap atow drawn above the line representing
the covalent band can show this. {Sometimes an arrguw drawn on the
line) Electrons are pulled in the dircetion of the arravs,

When the aon 8 more J When the atom (Z) i

econegative than cm b erecvonegarive than carbon

} electrons uttructed (o X clectrons aitracied 1o ¢

-1 groups + groups
H=Br, CL NO,, OH, OR, SH., Z=R (alkyl or uryly,
SR, NH,, NHR, NEz. N, COLH, metals (e.e. Lior Mg)
CHO, Clo)R
The mors electronegative the The more electropositive the
atom (X), thie swonger the -1 cifect aton (7, the stronger the 47 effect

Paiding electronegativity seafe | Theindutiive cffect of the stom rapidly !

K=08 7t i | diminishes ay the chain lengil increasey F
C=25 B i J 8bs  88: sl gl
=30 ! H;?-CH:—(ZHZ—EH:—C! |

4.0
| The higher i value, the more
electronegative the arom

B

experiences a experisaces a
negligible — offect strong — effect E

The overali polarity of a molecule is determined by the individua
bond polarities, formal charges and Tone pair conteibutions, and this can
be measured by the dj pole moment (1), The hi gher the dipolé miomeny
(measured in debyes ¢ D), the more pelar the compound.

1.6.2 §-Iypercunjuga:ioa

A g-bond can stabilise 1 ne; ghbouring carbovation (or pasitively charged
carbon) by dorating electrons to the vaeant p-orbital. The posizive chrurge

is delocalised or ‘spread qur,

and thiz stabilising effect is known as
resonGnee,

C-H
-bond The electrons iy the -bong
spend some of the rime in
e vacant p-orbjtal

Vacant peorbilaj




