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HOW IS a molecule or
polyatomic ion neld
together?

Why are atoms distributed at
strange angles?

Why are molecules not flat?
Can we predict the structure?

How Is structure related to
chemical and physical
properties?




» [here are 2 extreme rorms ofn
connecting or bonding atoms:

—Ccompiete transrer o

1 or more electrons from one
atom to another

e Covalent—some valence

electrons shared between
atoms

* Most bonds are
somewhere in between.




Essentially complete electron
transfer from an element of
low |E (metal) to an element
of nilgn zifinity for electrons
(ronrreizl)

2 Na(s) + Cly(g) >

2 Nat + 2 CI-

Therefore, ionic compds. exist
primarily between metals at
left of periodic table (Grps
1A and 2A and transition
metals) and nonmetals at
right (O and halogens).




Bond is a balance of attractive and repulsive
forces.

Interatomic Interactions

» He +H

==k




are to
Jnaerstand:

1. valence e-distribution In
molecules and ions.

2. molecular structures

3. bond properties and their
effect on molecular
properties.




G. N. Lewis
1875 - 1946

dot structures

> Valence electrons
are distributed as

shared or BOND
PAIRS and
unshared or LONE
PAIRS.



H—T(:ZII

- />
el lone pair (LP) z
bond pair

This is called a LEWIS
ELECTRON DOT structure. —

™~



A bonad can result from a “head-te-n

O atomic orpitals on
neignpnoring atoms.

H."‘.C::I: —_— Hg Cl

Overlap of H (1s) and CI (2p)

Note that each atom has a single,
unpaired electron.




Core =[He], valence = 2s2 2p?

Br [Ar] 3d™® 4s® 4p° :Br.
Core = [Ar] 3d%9, valence = 4s2 4p° |

[Ar] 3d10 452 4p5
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*For Groups 1A-4A (14), no. of bonad pairs =
group humaper.

e For Groups 5A (15)-7A (17), BP's = 8 - Grp. No.

 [He]2s22pl . [He]2s22p3




%I

*NO. o Valence electrons of an atom = Group
numober

*For Groups 1A-4A (14), no. of bond pairs =
group num.oer

 For Groups 5A (15)-7A (17), BP’s =8 - Grp. No.

*Except for H (and sometimes atoms of 3rd
and higher periods),

BP's + LP's = 4

This observation is called the

& & %

//\\\s



1. Decide on the central atom: never H.

Central atom is atom of lowest affinity
for electrons.

Therefore, N Is central
2. Count valence electrons
H=1andN =5
Total=(3x1)+5
= 8 electrons / 4 pairs



Bufllelinie] et Dot SitfLlciffe

3. Form a single bond o
between the central atom and H—N—H
each surrounding atom |

4.  Remaining electrons form )
LONE PAIRS to complete octetas H—N—H
needed. |

3 BOND PAIRS and 1 LONE PAIR. H

Note that N has a share in 4 pairs (8 electrons),
while H shares 1 pair.



3x0 = 3x6= 18

Negative charge = 2

TOTAL = 26 e- or 13 pairs
Step 3. Form bonds O

10 pairs of electrons are ‘
now left. O0—S—0O




Remaining pairs become lone pairs, first
on outside atoms and then on central
atom.

:?:

0—Ss—o0

Each atom is surrounded by an octet of electrons.



Central atom =

Valence electrons O ___ palrs

Form pbonds.

O——C—— (O This leaves 6 pairs.

4. Place lone pairs on outer atoms.

0—C—O



5. So that C has an octet, we shall form
DOUBLE BONDS between C and O.

The second bonding pair forms a pl ( )bond.
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1. Central atom =
2.

3. Form double bond so that S has an octet
— but note that there are two ways of doing

s, bring in OR bring in

leftpair (T4 g\ rightparr
O—S5—0O




Sulfur Dioxide, SO,

bring in OR bring in

left pair r\ ﬁright pair
IQ—S— O

This leads to the following structures.

0=5—0 +>:0—5=0

These equivalent structures are called

RESONANCE STRUCTURES. The true

electronic structure is a HYBRID of the two.






1. Numpber of valence

2. Draw sigma bondas.




)- +/+

5. Place remaining
molecule.
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) [C ( ALOT NCtTe +1
bond. 1 ooizt wiin coubls




B and elements of




T
S

ne B atom has a
nare in only 6 pairs of

e
B

ectrons (or 3 pairs).
atom in many

molecules Is electron
deficient.




» Central atom =

: 5 pairs around the S
\ 5 atom. A common

F F occurrence outside the

' ' 2nd period.




molecule is the one with charges as close
to 0 as possible.

1 "2 3456+ . 3 /
, o 3 # /



5 Y
O—C—=0.

f

4 - (1/2)(8) -0 = 0



rellow = negati ve & red = positive
Relative size = ﬁ@lJad tive charge



6 - (1/2)(2) - 6 = -1 5-(1/2)(6) -2 =0

. }
.S—C=—=N:
>

4-(1/2)(8)-0=0



S—C=N: S=—C=—N:

S=Cc—N

Which is the most important resonance form?



All atoms negative, but | . — -
most on the S |S C=N.



F F:
What if we form a B—F double
bond to satisfy the B atom octet?



Calc’d parti
F is negative

positive






Pair Repulsion theory.
« Most important factor in

Molecule adopts
the shape that

minimizes the
electron pair
repulsions.

determining geometry Is
relative repulsion between

electron pairs.







No. of e- Pairs
Around Central

Atom

Example

Geometry

40



No. of e- Pairs
Around Central
Atom Example

Geometry

2 F—Be—F
~__~
180P

linear

41



No. of e- Pairs
Around Central

Atom Example Geometry
2 F—~Be—F linear
~___"
180P
F
| planar
3 trigonal

42



No. of e- Pairs
Around Central
Atom

2

planar
trigonal

tetrahedral






1. Draw electron dot structur
2. Count BP's and LP's =4 H

3. The 4 electron pairs are at the
corners of a tetrahedron.

«~ lonepair of electrons
In tetrahedral position



corners

«~ lonepair of electrons

H_N_H In tetrahedral position
H S

The ELECTRON PAIR GEOMETRY is
tetrahedral.



The electron palr geometry Is tetranedral.

«~ lonepair of electrons
In tetrahedral position

The MOLECULAR GEOMETRY —the
positions of the atoms — is PYRAMIDAL.



2. CountBP's and LP’'s =4 H D H

3. The 4 electron pairs are at the corners of
a tetrahedron.

The electron pair
geometry is
TETRAHEDRAL.




The electron pair
geometry Is
TETRAHEDRAL

The molecular
geometry Is
BENT.







ANCO > at C

3. There are 3 electron “lumps” around C at
the corners of a planar triangle.

e electron pair geometry
with




The electron pair
| geometry is PLANAR

/C\ TRIGONAL
H H

The molecular geometry
Is also planar trigonal.




angles

H-C-H = 109°
C-O-H = 109¢°
In both cases the atom Is

surrounded by 4
electron pairs.




H

H-C-H = 1099 ki 180
C-C-N = 180°

One C is surrounded by 4 electron “lumps”
and the other by 2 “lumps”









Often occurswith Group
3A elements and with those
of 3rd period and higher.




Consider boron trifluoride, BF;

The B atom is surrounded by onIy'.I.:_
3 electron pairs.

Bond angles are 120°

Geometry described as

planar trigonal



120P

F—P
T
=

5 electron pairs



s NUmber of valence

electrons = 34
e Central atom =S
e Dot structure

Electron pair geometry

--> trigonal bipyramid
(becausethereare5 pairs
around the S
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Buckyball in HIV-protease




Dounile nonad = -
Single bend

Trple
PENA




The N—O bond order =1.5

ol @riEr = Total # of e - pairs used for a type of bond ‘

Total # of bonds of that type

Bond order = =€ ParsinN — O bonds ‘

2N — O bonds










H—CI

Bond distances measured
using CAChe software. In
Angstrom units where 1 A =
102 pm.




Bond distances measured
using CAChe software. In
Angstrom units where 1 A =
102 pm.







C=C 602
ceC 835
N°N 945

The GREATER the number of bonds (bond order) the
HIGHER the bond strength and the SHORTER the bond.







- energy evolved when bonds are made

H—H = 436 kJ/mol
Cl—CIl = 242 kJ/mol
H—Cl = 432 kJ/mol




H—H = 436 kJ/mol

CI—CI = 242 kJ/mol
H—CI = 432 kJ/mol

Sum of H-H + CI-Cl bond energies = 436
kJ + 242 kJ = +678 kJ

2 mol H-Cl bond energies = 864 kJ
Net= H = +678 kJ - 864 kJ =-186 kJ



Is the reaction exo- or endothermic?

Which is larger:
A) energy req’'d to break bonds

B) or energy evolved on making bonds?




rea

break 2 mol O—O bonds =2 (146 kJ)

Mol o UO— onas =

TOTAL ENERGY to break bonds = 2144 kJ |

TOTAL ENERGY evolved on making O=0 bonds
and 4 O-H bonds bonds = 2350 kJ



Net energy = +2144 kJ - 2350 kJ = - 206 kJ

The reaction Is exothermic!

More energy is evolved on
making bonds than is
expended in breaking bonds.




Bolling point = 100 C

Why do water and methane
differ so much in their
boiling points?

Why do ionic compounds dissolve in
water?







HCI IS
nas a positiv
negative end.

+d -d Cl has a greater share in
H—Cl: bonding electrons than
L does H.

Cl has slight negative charge (-d) and H has
slight positive charge (+ d)



Ssoftware, shows that H Is +

(red) and Cl is - (yellow).

Calc’d charge is + or - 0.20.
(On CD see PARTCHRG folder
in MODELS.,)



Due to the bond OOJrlrJF/, the

H—CIl Dona energy Is
GR EATER than expected Tor a
“pure” covalent bond.

BOND ENERGY
“pure” bond 339 kJ/mol calc’d
real bond 432 kJ/mol measured

Difference = 92 kJ. This difference is
proportional to the difference in

&% & $ &8, C.




7) ¢

Cisan I 1 DIty of an atom In a
molec Ct ctrons to itseir.

Concept proposed by
Linus Pauling
1901-1994




)l 50(35), 5900

The only person to receive two unshared Nobel
orizes (for Peace and Chemistry).

Chemistry areas: bonding, electronegativity,
orotein structure







1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

e F has maximum C.

e Atom with lowest C Is the center atom In
most molecules.

e Relative values of ¢ determine BOND

POLARITY (and point of attack on a
molecule).



Whnich ponad Is more polar (or DIPOLAR)?
O—H O—F

D 1.4 05
OH Is more polar than OF
-d +d +d -d
O H O F
- | | -

and polarity is “reversed.”



Figure 9.15



Peter Debye (1884 -
1966). Rec’d 1936
Nobel prize for work on

x-ray diffraction and

dipole moments.




Why are some molecules polar but others
are not?




CUles will e polar i
DONdS are polar
AND
the molecule 1s NOT “symmetric”

All above are NOT polar







CO, Is NOT polar
thougn the CO
S are polart

 CO, Is symmetrical.

,j
~
)

)

Positive C atom
IS reason CO, +

H,O gives +1.5
H,CO, |
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B atom IS
positive and
- atoms are

negative.

B—F bonds in BF; are polar.

But molecule is symmetrical and
NOT polar




B atom Is
positive but H
& - atoms are

negative.

B—F and B—H bonds in HBF,
are polar. But molecule is NOT
symmetrical and is polar.




100

Methane is symmetrical and is NOT polar.



C—F bond is very polar.
Molecule is not symmetrical and
SO IS polar.




« C—F bonds are MUCH more polar than
C—H bonds.

e Because both C—F bonds are on same
side of molecule, molecule is POLAR.



« C—F bonds are MUCH more polar than C—H
bonds.

« Because both C—F bonds are on opposing
ends of molecule, molecule is NOT POLAR.



