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Intermolecular Forces Affect 
M Ph i l P tiMany Physical Properties

The strength of the 
attractions betweenattractions between 
particles can greatly 
affect the propertiesaffect the properties 
of a substance or 
solution.



ViscosityViscosity
• Resistance of a liquid 

to flow is calledto flow is called 
viscosity.

• It is related to the ease 
with which moleculeswith which molecules 
can move past each 
other.

• Viscosity:Viscosity:
 Increases with 

stronger 
intermolecular forces

 Increases with the 
size of the molecules

 Decreases with 
i i

Two methods of measuring viscosity:
1. Timing the flow of a liquid through an 

increasing 
temperature.

opening.    
2.  A disk or drum type viscometer



ViscosityViscosity

Viscosity of hydrocarbons at 20°CViscosity of hydrocarbons at 20 C



Surface Tension
Surface tension 

lt f th tresults from the net 
inward force 
experienced by theexperienced by the 
molecules on the 
surface of a liquid.q





Surface TensionSurface Tension
Drops of liquid on a coin

H d f li idHow many drops of liquid can you 
put on a coin?



Surface TensionSurface Tension
Drops of liquid on a coin

More on detergents and will be explained 
in the discussion of colloids 



Vapor PressureVapor Pressure

Due to both temperature 
effects and energy 
t f f lli itransfers from collisions, 
molecules on the surface 
of a liquid are able to gain q g
sufficient kinetic energy to 
escape into the 
atmosphereatmosphere



Vapor Pressure
• At any temperature, some molecules in a liquid have 

enough energy to escape.
f f• As the temperature rises, the fraction of molecules 

that have enough energy to escape increases.



Vapor PressureVapor Pressure

If the container is open to 
the atmosphere, the 
molecules simply escape.  
This process is calledThis process is called 
evaporation.
As molecules escape from 
h f h kthe surface, they take 
energy with them resulting 
in a cooling effect on the g
liquid.



Vapor PressureVapor Pressure

A desert water bag (left)g ( )
A desert canteen (center)
An Army canteen (right)



Vapor PressureVapor Pressure
If the container is closed to the atmosphere, as more 

l l th li id th th tmolecules escape the liquid, the pressure they exert 
increases.



Vapor PressureVapor Pressure
Eventually, the air space in the container becomes saturated with 
vapor moleculesvapor molecules.
The liquid and vapor reach a state of dynamic equilibrium:  as liquid 
molecules evaporate, vapor molecules condense at the same rate.  
This is called the vapor pressure equilibriumThis is called the vapor pressure equilibrium



Which Will Evaporate First?Which Will Evaporate First?
What factors affect evaporation?

Water          methanol       ethanol             2-propanol



Which Will Evaporate First?Which Will Evaporate First?
What factors affect evaporation?

Water          methanol       ethanol             2-propanol

Effect of molecular weight:Effect of molecular weight:
H2O = 18         CH3OH = 32       C2H5OH = 46           C3H8OH = 60

Eff t f l itEffect of polarity



Vapor PressureVapor Pressure
• Vapor pressure p p

increases with 
temperature.

• When the vaporWhen the vapor 
pressure of a liquid 
equals the  
atmospheric pressureatmospheric pressure, 
the liquid boils.

• The normal boiling 
point of a liquid is thepoint of a liquid is the 
temperature at which 
its vapor pressure is 
760 torr760 torr.



Vapor pressure of water at various temperatures



Atmospheric pressure at various altitudes

Feet Meters Atm Mm Hgg
0 0 1.00 760

328 100 0.99 752
500 150 0.98 747
656 200 0 97 743

Sea level 

656 200 0.97 743
1000 300 0.96 734
1312 400 0.95 725
1500 450 0.94 719
2000 600 0.93 706
2500 750 0.91 694
3000 900 0.89 681
3500 1070 0.88 668

Tucson 

4000 1220 0.86 655
4500 1370 0.85 645
5000 1520 0.83 633
5500 1680 0 81 620

Denver 

5500 1680 0.81 620
6000 1830 0.80 610
6500 1980 0.78 597
7000 2130 0.77 587
7500 2290 0.76 577
8000 2440 0.74 564
8500 2590 0.73 554



Phase Changesg



Energy Changes Associated with 
Ch f St tChanges of State

The heat of fusion is the energy required toThe heat of fusion is the energy required to 
change a solid to a liquid at its melting point



Energy Changes Associated with 
Ch f St tChanges of State

The heat of vaporization is the energy requiredThe heat of vaporization is the energy required 
to change a liquid to a gas at its boiling point.



Energy Changes Associated with 
Ch f St tChanges of State

The heat of sublimation is defined as the energy gy
required to change a solid directly to a gas.



Energy Changes Associated with 
Ch f St tChanges of State

Temperature p
remains constant at 
the melting and 
boiling pointsboiling points
 Energy needed to 

break the 
intermolecular forcesintermolecular forces 
between the 
molecules.

 H = 601 kJ/mol Hfus H2O = 601 kJ/mol
 Hvap H2O = 40.7 kJ/mol
 Added kinetic energy 

f li idfor liquid or gaseous 
states. 



Phase Diagrams
Phase diagrams display the state of a substance at 
various pressures and temperatures and the places 

h ilib i i t b t hwhere equilibria exist between phases.
Each substance has its own unique phase diagram. 



Phase Diagramsg
• The AB line is the liquid-vapor interface.
• It starts at the triple point (A), the point at which all 

three states are in equilibrium.



Phase Diagrams
The critical point (B) is the highest temperature and 
pressure where the liquid form of the substance can 

i texist.
Above the critical temperature and critical pressure the 
liquid and vapor are indistinguishable from each other.



Phase Diagramsg
Each point along this line is the boiling point of the 
substance at that pressure.substance at that pressure.



Phase Diagrams
• The AD line is the interface between liquid and solid.
• The melting point at each pressure can be found along this line.

The s bstance represented in this phase diagram tends to• The substance represented in this phase diagram tends to 
decrease in volume on freezing, the melting point line slants to the 
right.



Phase Diagrams
• Below A the substance cannot exist in the liquid 

state.
• Along the AC line the solid and gas phases are in• Along the AC line the solid and gas phases are in 

equilibrium.
• This is called the sublimation curve.



Phase Diagram of Waterg

• Note the high critical 
temperature and critical 
pressure:
These are due to theThese are due to the 

strong polar bonding 
between water 

l lmolecules.
• Water expands on 

freezing so the meltingfreezing, so the melting 
point line slants to the 
left.



Phase Diagram of WaterPhase Diagram of Water

• The slope of the solid–
liquid line is negative.
This means that as the 

pressure is increased atpressure is increased at 
a temperature just 
below the melting point, 

f lidwater goes from a solid 
to a liquid.

This is why an iceThis is why an ice 
skater can skate on ice.



Phase Diagram of Carbon DioxidePhase Diagram of Carbon Dioxide

Carbon dioxideCarbon dioxide 
cannot exist in the 
liquid state at 
pressures below 
5.11 atm
CO2 sublimes at 
normal pressures.



Phase Diagram of Carbon DioxidePhase Diagram of Carbon Dioxide
The low critical 
temperature and criticaltemperature and critical 
pressure for CO2 make 
supercritical CO2 a 
good solvent for 
extracting nonpolar 
substances (such as (
caffeine).
Supercritical CO2 is 
b i d f dbeing used for dry 
cleaning of clothing, 



Liquid CrystalsLiquid CrystalsLiquid CrystalsLiquid Crystals



Liquid Crystals

• Some substances do 
not go directly from 
the solid state to the 
liquid stateliquid state.

• In this intermediate 
state, liquid crystals Cholesteryl benzoate
have some traits of 
solids and some of 
liquids

Cholesteryl benzoate

liquids.



Liquid Crystals

Molecular structure and liquid crystal temperature range for two 
liquid crystalline materials



Cholesterol



Cholesterol Liquid Crystals

cholesterol

cholesterol chloride cholesterol benzoate



Cholesterol Liquid Crystals

cholesterol pelargonate

cholesterol oleyl carbonate



Liquid Crystalsy

Unlike liquids, molecules in liquid crystals have some 
degree of order.



Liquid CrystalsLiquid Crystals



Liquid Crystalsy
In smectic liquid 
crystals, moleculescrystals, molecules 
are ordered in two 
dimensions, along the 
long axis and inlong axis and in 
layers.

Molecules are 
standing on end 
ith ti ll teither vertically or at 

a tilt.



Liquid Crystals
In nematic liquid 
crystals, moleculescrystals, molecules 
are only ordered in 
one dimension.
The molecules 
possess a high degree 
of long-range order g g
with their long axes 
approximately parallel, 
but without the distinctbut without the distinct 
layers of the smectic 
crystals.

Both smectic and nematic liquid crystals are temperature sensitive



Liquid Crystalsy
In cholesteric or lyotropic liquid crystals, 
nematic-like crystals are layered at angles to each 
other.

Lyotropic liquid crystals are both pressure and temperature sensitive



Mood RingsMood Rings

Dark blue: Happy romanticDark blue: Happy, romantic 
or passionate 
Blue: Calm or relaxed 
Bl S h tBlue-green: Somewhat 
relaxed 
Green: Normal or average 
Amber: A little nervous or 
anxious 
Gray: Very nervous orGray: Very nervous or 
anxious 
Black: Stressed, tense or 
f li h i dfeeling harried 



How does the mood ring work?How does the mood ring work?
The ring conducts heat from your finger to the liquid 
crystals in the "stone "crystals in the stone.  
The color green, signifies "average“, it is the 
approximate surface temperature of a typical person, pp p yp p ,
82F (28C). 
If your surface temperature varies, then the liquid 

t l i th t lt h t hcrystals in the stone alter enough to cause a change 
in the color reflected. 
If you take a mood ring off it will normally change toIf you take a mood ring off, it will normally change to 
black unless the ambient temperature is very high.



Mood RingsMood Rings
Dark blue: Happy, romantic ppy,
or passionate 
Blue: Calm or relaxed 
Blue green: Somewhat

warmer

Blue-green: Somewhat 
relaxed 
Green: Normal or average normal

82F
Amber: A little nervous or 
anxious 
Gray: Very nervous or 

8
(28C)

y y
anxious 
Black: Stressed, tense or 
feeling harried colderfeeling harried colder



S h ti fSchematic of 
an LCD 

Polarizer
Top plate
LC layer
Bottom plate

watch 
display

Bottom plate
Polarizer
Mirror

display Current on:
Molecules aligned, 
light blocked, 
dark region

Current off:
Molecules not 
aligned, 
light passes, 
bright region



Schematic of 
an LCD TV 

displaydisplay



Liquid Crystals
These crystals can exhibit color 
changes with changes inchanges with changes in 
temperature.



Li id t lLiquid crystal 
mixtures

How to make a liquid crystal display



Solids



Bonding in SolidsBonding in Solids

• There are four general g
types of solids.

• Metallic solids share 
a network of highly 
delocalized electrons.

• Ionic solids are sets 
of cations and anions 
mutually attracted tomutually attracted to 
one another.



Bonding in SolidsBonding in Solids

• Covalent-network• Covalent-network 
solids are joined by an 
extensive network of 
covalent bonds.

• Molecular solids are 
discrete molecules that 
are linked to one 

th l banother only by van 
der Waals forces.



Solids
• We can think of 

solids as falling into 
two groups:
Crystalline—

particles are inparticles are in 
highly ordered 
arrangement.

Although these structures appear to be planar in the 
drawing, they are actually in a tetrahedral arrangement.



SolidsSolids
Amorphous—no 

particular order in theparticular order in the 
arrangement of 
particles.



Crystal LatticesCrystal Lattices

One can deduce the 
pattern in a 
crystalline solid by 
thinking of thethinking of the 
substance as a 
lattice of repeating 
h f d bshapes formed by 

the atoms in the 
crystal.y



Crystal Latticesy

The individual shapes 
of the lattice, then, 
f "til " itform "tiles," or unit 
cells, that must fill 
the entire space of 
the substance.



Crystal Lattices
There are seven 
basic three-
dimensional 
lattices:
 Cubic Cubic
 Tetragonal
 Orthorhombic
 Rhombohedral
 Hexagonal
 Monoclinic
 Triclinic



Crystal Latticesy
Within each 
major latticemajor lattice 
type, additional 
types are 
generated by 
placing lattice 
points in the p
center of the unit 
cell or on the 
faces of the unitfaces of the unit 
cell.



Crystal Lattices
There are 14 variations 
of the  seven basic 
three-dimensional 
lattices. These are 
called the Bravais 
lattices after Auguste 
B i (1811 1863)Bravais (1811 –1863), 
a French physicist, 
known for his work in 
crystallography in 1845crystallography in 1845-
1850



Crystal LatticesCrystal Lattices
Once one places atoms within a unit cell, the 
structure of the compound can be seen by bondingstructure of the compound can be seen by bonding 
the atoms to one another across unit cells.



Metallic Structure

The structures of many metals conform to one of the 
cubic unit cells. 



Cubic Structures
One can determine how many atoms 
are within each unit cell which latticeare within each unit cell which lattice 
points the atoms occupy.



Attractions in Ionic Crystalsy
In ionic crystals, ions pack themselves so as to 
maximize the attractions and minimize repulsionsmaximize the attractions and minimize repulsions 
between the ions.

H l l Cubic closeHexagonal close-
packed structure

Cubic close-
packed structure



Atom Packing in Unit Cells



Crystalline Solids
Looking at the order in 
a crystal, we will focusa crystal, we will focus 
on the repeating pattern 
of the cubic unit cell.
S fSome variations of the 
cubic unit cell are 
diagrammed below.g



Cubic Unit Cells of Metals



Simple Cubic Unit Cell

• Each atom is at a corner of a unit cell and is 
shared among 8 unit cells.

• Each edge is shared with 4 cells• Each edge is shared with 4 cells
• Each face is part of two cells.



Atom Sharing 
t C b F d Cat Cube Faces and Corners

At h d i At h d i fAtom shared in corner: 
1/8 atom inside each 
unit cell

Atom shared in face: 
1/2 atom inside each 
unit cell



The Cubic Unit CellThe Cubic Unit Cell

Lattice points in a unit cell are considered to be at the p
nuclei of the atoms making up the unit cell.
A simple (or primitive) unit cell contains one atom.
Body-centered and face-centered unit cells contain 
two or more atoms enclosed in the unit cell.



Units Cells for Metals



Unit cell structures are determined by 
t ll hx-ray crystallography

Single crystals or powdered 
crystals can be usedy



X-ray DiffractionX ray Diffraction
• Sir William Henry Bragg and his 

son Sir William Lawrence Braggson Sir William Lawrence Bragg, 
1913

• Bragg’s law made it possible to gg p
calculate the positions of the 
atoms within a crystal from the x-
ray diffraction of a crystal lattice W. H. Braggray diffraction of a crystal lattice. 

nλ = 2d sinθ
wherewhere
n =  an integer determined by the order of the x-rays 
λ  =  the wavelength of x-rays 
d =  the spacing between the planes in the atomic

lattice

W. L. Bragg

lattice 
θ  =  the angle between the incident ray and the  

scattering planes



X diff ti tt X diff ti ttX-ray diffraction pattern 
for a single alum crystal

X-ray diffraction pattern 
for powdered alum



Photo No 51 of DNAPhoto No. 51 of DNA 
taken by Rosalind 
Franklin
This photograph made itThis photograph made it 
possible for Watson and 
Crick to determine the 
structure of DNA

Another X-ray diffraction 
photograph of one form 
of crystalline DNA takenof crystalline DNA taken 
in the early 1950’s



Solving the Structure of DNA: 
Hi tHistory

R li d F kli h i l h i t• Rosalind Franklin- physical chemist 
and x-ray crystallographer who first 
crystallized and photographedcrystallized and photographed 
B-DNA 

• Maurice Wilkins- collaborator of 
Franklin

• Watson & Crick- chemists who 
combined the information fromcombined the information from 
Photo 51 with molecular modeling to 
solve the structure of DNA in 1953 Rosalind Franklin



Solving the Structure of DNASolving the Structure of DNA

• Photo 51 Analysisy
 “X” pattern characteristic 

of helix
Diamond shapesDiamond shapes 

indicate long, extended 
molecules

Smear spacing reveals 
distance between 
repeating structures

Missing smears indicate 
interference from 
second helix

Photo 51- The x-ray diffraction 
image that allowed Watson and seco d e g
Crick to solve the structure of DNA

www.pbs.org/wgbh/nova/photo51



Solving the Structure of DNASolving the Structure of DNA

• Photo 51 Analysisy
 “X” pattern characteristic 

of helix
Diamond shapesDiamond shapes 

indicate long, extended 
molecules

Smear spacing reveals 
distance between 
repeating structures

Photo 51- The x-ray diffraction 
image that allowed Watson and 

Missing smears indicate 
interference from 
second helix g

Crick to solve the structure of DNA
seco d e

www.pbs.org/wgbh/nova/photo51
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Solving the Structure of DNA
• Information Gained from Photo 51

 Double Helix
 Radius: 10 angstroms
 Distance between bases: 3.4 angstroms 
 Distance per turn: 34 angstroms

• Combining Data with Other Information 
 DNA made from:

sugar
phosphates 
4 nucleotides (A,C,G,T)

 Chargaff’s Rules
• %A=%T
• %G=%C

 Molecular Modeling

Watson and Crick’s model



Crystalline SolidsCrystalline Solids
We can determine the 
empirical formula of an 
ionic solid by 
determining how manydetermining how many 
ions of each element 
fall within the unit cell.

How many atoms are 
contained in the unit cellcontained in the unit cell 
shown on the right?



Ionic Solids
What are the empirical formulas for these 
compounds?compounds?
(a)  Green:  chlorine;  Gray:  cesium
(b) Yellow: sulfur; Gray: zinc(b)  Yellow:  sulfur; Gray:  zinc
(c)  Green:  calcium;  Gray:  fluorine

(a) (b) (c)

CsCl ZnS CaF2



Types of Bonding in 
C t lli S lidCrystalline Solids



Table 12.2T f Table 12.2Types of 
Bonding in 
CrystallineCrystalline 
Solids



Covalent-Network and
M l l S lidMolecular Solids 

• Graphite is an 
example of a 
molecular solid, in 
which atoms are 
held together withheld together with 
van der Waals 
forcesforces.
They tend to be 

softer and have 
lower melting points.



Covalent-Network and
M l l S lidMolecular Solids 

• Diamonds are an 
example of a 
covalent-network 
solid, in which 
atoms are covalentlyatoms are covalently 
bonded to each 
otherother.
They tend to be hard 

and have high 
melting points.



Metallic Solids
• Metals are not covalently 

bonded, but the attractions bonded, but the attractions 
between atoms are too strong 
to be van der Waals forces.

• In metals valence electrons• In metals, valence electrons 
are delocalized throughout the 
solid - think of a metal as a 
group of cations suspended ingroup of cations suspended in 
a sea of electrons.

• The electrical and thermal 
conductivity, ductility, and 
malleability of metals is 
explained by this model.



A Molecular-Orbital Approach

A th b fAs the number of 
atoms in a chain 
increases, the 
energy gap between 
molecular orbitals 
(MOs) essentially(MOs) essentially 
disappears, and 
continuous bands of 

t t ltenergy states result.



Molecular Orbitals in LithiumMolecular Orbitals in Lithium

The 2s orbitals in 
lithium atoms 
combine to form 
molecular orbitals.
In a metallic solid, 
th bit lthe orbitals are so 
close, they merge 
to form bands ofto form bands of 
molecular orbitals



Molecular Orbitals in Lithium



Depending on the solid material theDepending on the solid material, the 
bands can be continuous or separated 



SemiconductorsSemiconductors
In the closely packed 
molecular orbitals in 
these compoundsthese compounds, 
there is a gap between 
the occupied MOs 
( l b d) d th(valence band) and the 
unoccupied ones 
(conduction band).
These Group IVA 
elements have gaps 
between their valence 
and conducting bands 
of 0.08 to 3.05 eV (7 to 
300 kJ/mol).)



DopingDoping

By introducing very 
small amounts of  
i iti th t himpurities that have 
more (n-type) or fewer 
(p-type) valence(p-type) valence 
electrons, one can 
increase the 
conductivity of a 
semiconductor.



Semiconductors
By doping a metal, such as silicon, the energy 
gap between the valence bands and conduction 
bands can be modifiedbands can be modified. 



Alloysy
• Alloys are combinations of two or more elements, 

the majority of which are metals.
• Adding a second (or third) element changes the 

properties of the mixture to suit different purposes.



AlloysAlloys

• In substitutional alloys, a second element 
takes the place of a metal atom.

• In interstitial alloys, a second element fills a 
space in the lattice of metal atoms.



PolymersPolymers
Polymers are molecules of high molecular mass 
made by sequentially bonding repeating units calledmade by sequentially bonding repeating units called 
monomers.



Rubber, 

Natural latex is found in 

A Natural Polymer

the inner bark of many 
trees, especially those 
found in Brazil and the 
F E tFar East. 
Latex will turn into a 
rubbery mass within 12 
hours after it is exposed

A rubber 
plantation in hours after it is exposed 

to the air. 
The latex protects the tree 
or plant by covering the

p
Vietnam

or plant by covering the 
wound with a rubbery 
material like a bandage.



Rubber consists of polymeric chains which are 
joined in a network structure and have a high degree 
of flexibility.



Upon application of a stress to a rubber material, 
h t t hi it th l h i hi h isuch as stretching it, the polymer chain, which is 

randomly oriented, undergoes bond rotations 
allowing the chain to be extended or elongated.g g



Why does a ball bounce?y



Cross-Linkingg

Naturally occurring rubber is too soft and pliable y g p
for many applications.



Cross-Linkingg

Ch l G dCharles Goodyear
Developed 
vulcanization process 
in 1839

In vulcanization, chains are cross-linked by short 
chains of sulfur atoms, making the rubber c a s o su u ato s, a g t e ubbe
stronger and less susceptible to degradation.



Some Common Polymers



Polyethylene: 
A Additi P lAn Addition Polymer

Addition polymers are made by coupling the 
monomers by converting  bonds within each 
monomer to  bonds between monomers.



Properties of Polymersy

Interactions 
between chains of a 
polymer lend 
elements of order to 
the structure ofthe structure of 
polymers.



Properties of Polymersy
Stretching the polymer chains as they form 
can increase the amount of order leading tocan increase the amount of order, leading to 
a degree of crystallinity of the polymer.



Cross-LinkingCross Linking

Chemically bondingChemically bonding 
chains of polymers 
to each other can 
stiffen and 
strengthen the 
substance.



Condensation Polymers
• Condensation polymers are made by joining two 

subunits through a reaction in which a smaller 
molecule (often water) is also formed as a by-
product.

• These are also called copolymers• These are also called copolymers.



Polyurethane
R-N=C=O     →     R-N-C=O H = hydrogen

+                                 |   |                          C = carbon
H-O-R                        H OR N = nitrogen

O = oxygen
I t + l h l U th R h d b

The 
general 
reaction

Isocyanate + alcohol          Urethane R = a hydrocarbon group

The 
reaction 
shown 
in class

H H
| |

The 
reaction | |

R-N=C=O  +   H-O-H     R-N-C-OH      R-N-H   +  CO2
||
O

forming 
carbon 
dioxide



Nylony
First produced on February 28, 1935, by 
Wallace Carothers at DuPont's research 
facility at the DuPont Experimental Station

Nylon is one example of a condensation polymer.



Nanoparticles

Different size particles 
of a semiconductor 
(lik Cd P ) it(like Cd3P2) can emit 
different wavelengths 
of light, depending on 
the size of the energy 
gap between bands.



Nanoparticles
Finely divided metals can 
have quite different 
properties than larger 
samples of metals.

The diameter of goldThe diameter of gold 
nanoparticles determines the 
wavelengths of light absorbed



Carbon Nanotubes

Discovered in 1952, and again noted in subsequent years, they were
l k d til b t 1991 C b t b ti ll h toverlooked until about 1991. Carbon nanotubes are essentially a sheet

of graphite rolled into a seamless tube approximately 1 nm in diameter.
They have very high strength and high electrical and heat conductivity.
(Multi-wall carbon nanotubes have been synthesized.)( y )
Uses include wires or structural elements, special conductors,
transistors, computer memory elements, nanoscale motors, and
medical delivery systems.



Graphene
Graphene is a single planar sheet of carbon 
atoms that are densely packed in a honeycomb 
crystal lattice. Graphene is the basic structural y p
element for all other graphitic materials 
including graphite, carbon nanotubes and 
fullerenes. 
Made by high temperature reduction of SiC and y g p
also by microelectronic methods, it was made 
in 2004 when physicists from University of 
Manchester and Institute for Microelectronics 
Technology, Chernogolovka, Russia, found a 

Above: A 
sheet of 
graphenegy, g , ,

way to isolate graphene by peeling it off from 
graphite with Scotch tape and optically identify 
it by transferring them to a silicon dioxide layer 
on Si. 

graphene
(note its 
rippled 
structure)

Right: An
Graphene's high electrical conductivity and 
high optical transparency make it a candidate 
for transparent conducting electrodes, required 
for such applications as touchscreens, liquid 

Right:  An 
atomic force 
microscope 
image of 
graphene

pp , q
crystal displays, organic photovoltaic cells, 
and Organic light-emitting diodes.



Ferrofluid
• Ferrofluids are colloidal liquids made of 

nanoscale ferromagnetic, or g
ferrimagnetic, particles suspended in a 
carrier fluid (usually an organic solvent). 

• Each tiny particle is thoroughly coated 
ith f t t t i hibit l iwith a surfactant to inhibit clumping. 

• A ferrofluid becomes strongly 
magnetized in the presence of a 
magnetic field.magnetic field.

• The magnetic attraction of  the 
nanoparticles is weak enough that the 
surfactant's Van der Waals force is 
sufficient to prevent magnetic clumping 
or agglomeration. 

• Ferrofluids usually do not retain 
magnetization in the absence of anmagnetization in the absence of an 
externally applied field


