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§1. Dispersion (London) forces

Found in all molecular substances.
It isbasically electrical in nature > involving an attraction between

temporary or induced dipolesin adj acent molecules.
Eipﬁ/‘ e df@agzgﬁf%ﬁa& v Ty rj:jf/\FFI"EJIEIJJJ—J PrEv.
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§2. Dipole force 'ﬂﬁl} J

Nonpolar molecules: 7= fii|[=" ] ]J: dispersion force
p=0

Polar molecules: dispersion force + dipole force
pE O

ﬁf[ﬁjy?% 1./ 775" > polar molecule [V b.p. > nonpolar molecule
V b.p.

Ex 9-4. Explain, in terms of intermolecular forces, why
(a). the boiling point of O, (-183°C) is higher than that of N, (-196°C).
(b). the bailing point of NO (-151°C) is higher than that of either
O, 0r No.

Ans:
a) O, ~ N2 1= nonpolar molecule .”.MM1pb b.p.t
MM : O, 32.00; Ny 28.00g/mol ..O,” bp. > N,V b.p.
b) NOp polar molecule; N: EN=3.0; O: EN= 3.5
"NO ¥ bp. > O,0orN, 7 b.p.

§3. Hydrogen bonds
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Ex 9-5. Would you expect to find hydrogen bonds in
(@) acetic acid? (b) diethyl ether? (c) hydrazine, NoH4?



AnNS :
H-bond

(@). acetic acid
I L L
s
M
(b). diethyl ether
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mk

(c). hydrazine &'

HH
HNNH
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H,O: many unusual properties.
P b.p.: 100C
specific heat: 4.18J/9.C
heat of vaporization per gram: 2.26 kJ/g
(K77 53 PORT 1 )
I oc d=0.917g/cm® -:0C d=1.00g/cm’
b PRL (. AEPIETIE S E R )

Ex 9-6: What type of intermolecular forces are present in
(&N (b)CHCI;3 (c)CO, (d)NH3
Ans:
a) N, nonpolar  .".dispersion force
b) CHCI; polar dispersion force + dipole force
c) CO, nonpolar . .dispersion force



d) NH; polar dispersion force + dipole force + hydrogen bond

Intermolecular force < covalent bond strength (primary force)
2~10 kcal/mole >50 kcal/mole
". L% secondary bond primary bond

§9-4 Network covalent solids ?ﬁf}}[ R E]‘Liﬁ“ﬁ?,,, ionic solid
and Metdllic solid
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Network covalent solids ﬁfj}[ { ﬁ[aﬁ",@
T AT [ > the entire crystal , consist of one huge
molecule.

lonic solid:
R bS5 7 Y
Metallic solid:
ﬁﬁﬂﬁ%‘(M » M2 M3+)7vF~j=4 (€)FRt 1Y see Fig 9-11.

§ Network covalent solids : ﬁ[ﬁ:

1. High melting point: m.p.>1000C.
2. Insoluble in all common solvents 3-D = ’F’Ej%ﬁ%‘]
3. Poor electrical conductors.

il

Tl Graphite 2-D; . A SRS mp>3500C; et e (=R R
d=2.26 g/cm”’.

%7, 3D;sp’ PUE PSS mp>3500C; d=3.51 g/em®.

T FIR T VR 100,000 atm 3 2,000C T .



§ Quartz 74 SO,
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1. Nonvolatile and high melting point (m.p : 600~2000C).

2. Poor conductor for electric , because the charge ions are fixed.
(£l melt or 7}‘}2?T’?TgﬁJ i ?‘T

3. Many (but not all) ionic solids are soluble in polar solvents.
Coulomb’s law : the electrical energy of interaction between a cation
and an anion in contact with one another.

E=kQ.Q:/d

d=Tcation * Tanion

The strength of ionic bond depend on:
1. The charge of ions CaOo m.p.=2927°C  (Qtm.pt1)
NaCl m.p.=801C
KBr m.p.=734C
2. Thesize of theions
Ea 1/d Onag=0.095+0.181=0.276nm
dker=0.133+0.195=0.328nm

§ Metals

Electron-sea model
The metallic crystal is pictured as an array of positive ions, for
example Na" , Mg™.

E



High electrical conductivity. %’L?:’“[:i Ag>Cu>Au>Al
High thermal conductivity
Ductility and malleability =54
Luster A5
Insolubility in water and other common solvents.
Hg & Jikfiz & .

aprowdPE

o o

Amalgams: 7 = <= metal dissolve in mercury

m.p Hg=-39C W=3410"C —HTE| T —i{aﬁfﬂq
L RV mp. 5T
Na: m.p.=98C
K: mp.=64C
Ex 9-7. For each species in column A, choose the description in column B
that best applies.
A B
j (@.CO; (e). ionic, high-melting
e (b). CuSO, (f). liquid metal , good conductor
I (c). SO, (g). polar molecule, soluble in water
f (d). Hg (h). ionic, insoluble in water

(). network covalent , high-melting
(j). non polar molecule, gasat 25C

§ 9-5 Crystal structures

Unit cell HiAF Eﬁf,ﬁ‘[; the smallest structural unit
HE A P FEME‘[
§ Metals:
Unit cell F* 57 £5= 78
1. Simplecubiccell — fEyHi= Fﬁ#,eﬁ(SC)
2. Body- centered cubic cell ’F’E}@\ By Fﬁ#,eﬁ(BCC}
3. Face-centered cubic cell o= Fﬁ#,eﬁ(FCC)



SC fijffizr 4 BCC o FCC 1t
Eff"ir'i[h’r%ﬁmi'g‘(f 8-18=1  (8-U8+1=2 (8- 1/8)+(6- 1/2)=4

ﬁ?#l’fﬁi—s{‘ﬁ (9= r iy Ej% 7 so2r J3s=4r J2s=4r
4 , 4 1 .,
1< prt TpxCs)
APF= 3 —=3 2 0.68 0.74
= 0.52

Ex 9-8: Silver isametal commonly used in jewelry and photography. It
crystallizes with a face-centered cubic (FCC) unit cell 0.407 nm
on an edge.

(a) What is the atomic radius of silver incm? (1 nm = 107 cm)
(b) What is the volume of a single silver atom? (The volume of a

spherical ball of radiusis V = gpr3)

(c) What is the density of asingle silver atom?

Ans.
(@ 4r=+/2s
-7
r= Vs = V20407 =0.144nm’ 107 cem _ 1.44 " 10°% cm
4 4 1nm

(b) V= gpr3 = g p (1.44° 10%cm)*=125" 10% cm®

(0 MM,, =107.9 g/mol
_1079g¢g . 1 mol
Ao dem 1 mol 6.022 = 10% atoms
_ 1792 10* g/atom
Ag som 1.25 " 10%® cm®

=1.792 ° 10 % g/atom

= 14.3 g/cm® xatom



§ lonic crystals

Lic’] IHail Cal
Fig. 9-18.

Ex 9-9. Consider Figure 9-18. The length of an edge of a cubic cell, s, is
the distance between the center of an atom or ion at the “top” of
the cell and the center of the atom or ion at the “bottom”. Taking
the ionic radii of Li*, Na", and Cl" to be 0.060 nm, 0.095 nm, and
0.181 nm, respectively, determine s for (a) NaCl (b) LiCl.

Ans: %ﬁc' Fig 9-18

8 NaCl: s =2[(rna)+(ra)]
=2-[(0.095)+(0.181)]
=0.552nm

b) LiCl: J2s=4(rg)

J2's=4-(0.181)
s=0.512nm
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