Chapter 11

Liquids, Solids, and Materials



Phase Changes

Gas

Liquid



Properties of Liquids

surface tension — the energy reguired to
overcome the attractive forces between
molecules at the surface

capillary action — the process whereby aliquid
rises in a small—-diameter tube due to

noncovalent interactions between the liquid
and the tube’ s material

viscosity — resistance of afluid to flow



Surface Tension

Fewer forces act on
surface molecules,

More forces act on molecules
completely surrounded by
other molecules.

#



Surface Tensions of Some Liquids

11.1 Surface Tensions of Some Liquids

Surface tension

Substance Formula (J/m?* at 20 °C)
Benzene CsHg 2.85 X 1077
Chloroform CHClI; 2.68 X 107 °
Ethanol CH;CH,OH 2.23 X 10772
Octane CgHg 2.16 X 1077
Mercury Hg 46 X 1072
Water H,O 7.29 X 1072



M eniscus

The meniscus (the liguid
surface) is U-shaped
(concave) because the
forces between the water
and the glass are stronger
than berween water
maolecules,

(a) Pipette

(b)

Glass tube

The meniscus on the
surface of the mercury is
dome-shaped because the
attractive forces between
METCUrY aloms are stronger
than the attraction between

the mercury and the glass.




Vapor vs. Liguid States

volatility —tendency of aliquid to vaporize

vapor pressure — pressure of the vapor above
the surface of aliquid

Lower T

Higher T  Kinetic energy
threshhold for escape

Number of molecules —m

Kinetic energy —»
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Liquid & Gaseous Molecules

Some of the liguid phase molecules
are moving with a kinetic energy
large enough to overcome the
intermolecular forces in the liquid

and escape to the gas phase.

At the same time, some
molecules of the gas
reenter the liquid surface,




Properties of Liquids

vapor pressure

* The pressure exerted by avapor in
equilibrium with its solid or liquid phase.

liquid-vapor equilibrium

 both liquid and vapor of the liquid present
N the same container user stable conditions



Propertiesof Liquids
boiling point

 the temperature at which the vapor pressure
of aliquid equals the applied pressure

normal boiling point

 the temperature at which the vapor pressure
of the liquid is egual to 1 atmospheric
pressure



Propertiesof Liquids

enthalpy of vaporization — The amount of heat
required to convert aliquid at its boiling
point into vapor without an Increase in
temperature.



' Molar Enthalpies of Vaporization and Boiling Points for

~ Some Common Substances
Number of AH .
O ar Substance clectrons  {(kKl/mol)® Boiling point oot
Polagr molecules
| |
SO, 32 26.8 —10.0
nthalpies of s
H(I 18 175 —Ban
n n NH, 10 25.1 —334
Vaporization oW m
HBr 35 193 —H6.5
Hi 34 21.2 —331
Noble gases
He 2 808 — 2500
MNe 14 18 — 24614
Ar 18 5.3 —i8z g
Xe 24 126 — 7.1
Nonpolar molecules
Ha, 2 0.90 —2328
O, 16 6.8 — 18303
F> 18 6.54 —188.1
Cl; 34 2839 —%45
Bt 70 2854 B
CH,; (methane) 10 89 —I6E5
CH;—CH; (ethane) 18 15.7 —88.15
CH;—CH,—CH; (propane)} 20 196G —431
CH;—CH,—CH,—CH; (butane) 34 243 —0.3

*AHY,, is given @t the sonsxl boiling point of the Tguid.
1 Boiling peint is the temperarare at which vapor pressune = 750 mmn He



Vapor Pressure, torr
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Clausius-Clapeyron Equation (Ch. 18)
IN(Po/P1)=(AHya/R)(L/T1 - 1/T))



Phase Changes

Melting and Freezing

enthalpy of fusion — heat absorbed by the
substance in changing solid into aliquid
without raising its temperature



Molar Enthalpies of Fusion

Melting Points and Enthalpies of Fusion
of Some Solids

Enthalpy

Melting of fusion Tvpe of
Solid point (°C ) (kJ/mol) intermolecular forces
Molecular solids: Nonpolar molecules
O, —248 0.445 These molecules have only
F» —220 1.020 London forces (which
Cl: —105 6,400 increase with the number
Br, —-7.2 10.794 of electrons).
Molecular solids: Polar molecuies
HC1 —114 1.990 All of these molecules have
HBr —87 2,406 London forces enhanced by
Hi —51 2870 dipole-dipole forces. H.O
H,O 0 6.020 also has significant
H,S —86 2.395 hvdrogen bonding.
fowic solids
NadCl 800 321 All ionic solids have strong
NaBr 747 25.69 attractions between
Nal 6062 21.95 oppositely charged ions.
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Generic Phase Diagram

”" “Vapor-pressure
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Temperature (°C) —»
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Phase Diagram for Carbon Dioxide
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Critical Point

critical temperature - the temperature above
which there Is no distinction between the
gas and liquid states

critical pressure - the pressure above which
there is no distinction between the gas and
liquid states



Unusual Properties of Water
PYABLETTINA Unusual Properties of Water

Comparison with Importance in physical and
Property other substances biological environment
Specific heat Highest of all liguids and Moderates temperature in the
capacity solids except NH; environment and in Organisms;
(418Jg 'K H climate affected by movement
of water {e.g., Gulf Stream)
Heat of fusion Highest of all molecular  Freezing water refeases farge
(333 J/g) solids except NH; quantity of thermal energy;

used to save crops from freezing
by spraying them with liguid

water
Heat of vaporization Highest of all molecular  Condensation of water vapor in
(2250 J/2) substances clouds releases large guantities of
thermal energy, fucling storms
Surface tension Highest of all molecular  Contributes to capillary action in
(7.3 % 10 * I/m™) liquids plants; causes formation of

spherical droplets; supports
insects on water surfaces
Thermal conductivity Highest of all molecular  Provides for transfer of thermal
06]s "m 'K h liquids energy within organisms; rapidly
cools organisms innmersed in
cold warter, causing hyvpothermia




Solids

crystalline solids
 solids with long-range ordering

* homogenous solid formed by a repeating, three-
dimensional pattern, having fixed distances between
constituent parts

amor phous solids
 |acking definite form
 solidswith no long-range ordering



CsCl unit cell

CsCl Crystal
|_attice




NaCl Crystal Lattice

Notice that the Na™ and
CI” ions touch along each
edge of the cell, and so
the edge length is the sum
of the diameters of the
wo ions.




Unit Cdll

 repeating pattern of atoms, molecules, and
lons that can be repeated by shifting an edge
dimension along Its axes



Three Different Cubic Unit Cells

Motice that the spheres
at the corners of the
body-centered and face-
centered cubes do not
toech each other.

Vg atom at

1at ;
center &facas

ﬂlﬁb(ﬁ?—ﬂﬁﬂfit&it&g centered cell touches spheres in the

» Rather, each comer atom in ...and each comer atom in the face-
touches the center atom,. .. cengers of three adinining faces.




Number of Atoms per Unit Céll

- atoms at corner of unit cell count 1/8
- atoms at center of aface count 1/2
- atoms at center of the body count 1



Number of Atoms per Unit Céll

primitive cubic - 8(1/8) =1
BCC - 8(1/8) +1=2
FCC - 8(1/8) + 6(1/2) = 4



L attice and Units Cdlls

L attices
7 types
4 most common types.

cubic
orthorhombic
monoclinic
triclinic



Each layer ks formed by
packing the spheres as chosily
as prsailbe—eanch sphere
toucles six others,

Close *

Packing of
Spheres Er

%

/\

atonmes n the first Lvyer, hiobe= in the first layer,
forming an ahabh fearmimgg s eabcoriy

The third-Layver wonmes are The third-layer atoms jne
pleced directly above the placed directly abowe the
armEngerenl, arrirgzement
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X-ray Diffraction from a Crystal

o 7\ Detector

% !
%
%

Planes
>0f atoms

. or ions
dsin 0




Bragg's Law

NA = 2d sinB
where n - order of diffraction
A —» X-ray wavelength
d - spacing between layers
of atom
0 - angle of diffraction



What is the spacing between

copper atoms if X-ray radiation of wavelength
1.54A diffracts in the second order at 58.42°7

nN=2 A=154A 6=5842° d=7?
NA =2d sind

d = (N\)/2sin0 = (2 x 1.54A)/(2 x Sin(58.42°))
= 1.54A/0.852 = 1.81A



Metallic Solids

Atoms of the metal form the 3-D pointsin the crystal

Common Properties
— high electrical conductivity
— high thermal conductivity
— ductility and malleability
— Insolubility in water and other common solvents
— luster



Bonds to
Bands

Number of Electronsin  Energy

atoms metal atoms levels
1 ] ]
2 a a
2 9

¢ As atoms are added to the crystal. ..

3 o9

2

..the number of orbitals available
to merge into bands increases, ...

Many

gand the electrons move into the
lowwvest energy levels available,




Band Conduction
Theory P

-—-—ﬂBand-—--¢
gap

Valence
band

Conductors Insulators Semi-
conductors



Doping of Silicon

In the perfect crystal, all

In a crystal doped with a B atom,
of the atoms are alike,

a hole exists that a neighboring
electron can move into, thus
causing electrical conductivity.

In a crystal doped with an As
atom, an extra valence electron
is available to conduct electricity.

00&0
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P-N Junction

p-njunction

Positive Negative
battery ¥ = hattery
terminal terminal
Negative Positive
battery == + battery
terminal terminal

p-type n-type

semiconductor semiconductor









Networ k Covalent Solids

- atoms covalently bonded to the surrounding
atomsin a 3-D network

- graphite — sp? hybrid C, planar
- diamond - sp® hybrid C, 3D
- quartz, etc.



Ceramics

o class of materials created from clays or
other natural earths that are hardened by
firing Inakiln



Glasses

« amorphous solids created by heating of
oxides such as SIO,, B,0O,, GeO,, or P,0,

» soda-lime glass is made by heating soda
ash, sodium carbonate, with silica sand,
SO,

e must be slowly cooled, annealed, to prevent
cracking or shattering



Fiber Optics

o fibers, thin rods of glass, or some other
transparent material of high refractive index
used for the transmission of light

Light Clad/ding glass

Core glass



Modern Materials;

o Semiconductors. LED, Solar cell, Transistor
 Nano materials. Self-assembly materials, etc.
* Photonic crystal

e Liquid crystals

e Superconductors

e €lc, etC...
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