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Reflect

What’s in Your Cell Phone?

Watch the Chapter 1 opening video to get a glimpse of how chemistry plays a central role in
controlling the properties of electronic devices.

a. List some desirable attributes of a cell phone, and some that you would like to see in the future.
b. Cite two elements that combine to form a substance important to your cell phone.
c. What is the expected lifespan of your cell phone?

https://www.viddler.com/embed/c8ca1594/?f=1&player=arpeggio&secret=59037080




Chapter 1
Portable Electronics: The Periodic Table in the Palm of Your Hand

@3

« What are the different components in your portable electronic device made from?

* How does the periodic table of elements guide us in the design of your device?

« What are rocks, and how do we isolate and purify metals from these natural sources?

« How is ordinary sand converted into silicon—the fundamental component of processor chips?

« How is sand converted into glass, and how can its structure be modified for crack-resistant screens?
« What are the environmental implications of fabricating and recycling your portable electronic device?



How Do Touchscreens Work?

» Electronic devices and other consumer goods rely upon properties that are based
on the from which they are made.

lead to physical and chemical properties.

Your Turn 1.1 Touchscreen Response

Taking care not to damage your screen, use a variety of materials to touch the screen of
your portable electronic device. In addition to your finger, items that may be used include a
paper clip, a plastic pen, a key, a battery, fabrics, pencil lead, a sponge (wet and dry), a

pencil eraser, a coin, a glass marble, paper, cardboard, or any other items. Did any of these
materials other than your finger cause a response?



HOW DO
TOUCHSCREENS

WORK?

.
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https://youtu.be/wKugNuzM10M?si=UfO04XShOSj6IWI4




What’s the Matter with Materials?

» Everything around you is matter.

« Matter is considered to be anything that occupies space and has mass.

Water vapor




Properties of Matter

Check out an interactive simulation of atoms and molecules in different states:

States of Matter: Basics

Answer the following questions for solids, liquids, and gases. Provide an
example to support each of your answers.

a. Does the phase have a definite volume?
b. Does the phase have a definite shape?
c. Will the phase take the shape of its container?

d. Will the phase completely fill its container?



What’s the Matter with Materials? .
Matter can be classified by phase...

Liquids Gases Solids Plasmas

Matter

Table 1.1 Macroscopic Properties of Solids, Liquids, and Gases

Takes the shape | Completely fills Definite Definite
of its container? | its container? volume? shape?
Solid No No Yes Yes

Liquid Yes No Yes No
Gas Yes Yes No No



What’s the Matter with Materials? .

...or can be classified by composition:

Matter

Pure
substances

| ‘ . |
| ) | | | |

Mixtures

Elements Compounds Heterogeneous Homogeneous

Pure substances may be

elements (containing atoms of the same type — for instance, silicon (Si)).

compounds (containing 2 or more different types of atoms — for example, silicon dioxide
(Si0,.))

Mixtures may be

* Heterogeneous (with a composition that varies throughout, such as gravel).

 Homogeneous (with a uniform composition throughout, such as solutions of sugar
dissolved in water).



A substance that cannot be broken down into two or more simpler substances
by chemical methods is called a(n):

compound
mixture
. element

oo W

Isotope



Which of the following substances below are considered molecules?

A. AgCl
B. FeCl,
C. NO,
D. LiCl



Classifying Matter

Classify each of these as an element, a compound, or a

mixture:
carbon dioxide fluorine
nickel table salt
cocaine soap

water sea water



What differentiates a compound from a mixture of two or more elements?

O

The elements in a compound may be present in varying
proportions.

A compound does not exhibit the individual properties
of the elements of which it is composed.

A compound is made up of only one element.

. A compound cannot be made up of more than two

elements.



More Practice with Classifying Matter

Your Turn 1.4 Classification of Matter

Watch a video (www.acs.org/cic) to further
familiarize yourself with classifying matter. Then
use the classification scheme shown in Figure 1.2
to categorize the following:

a. Your cell phone.
b. Aluminum foil.
c. Red wine.

d. Chlorine gas.

e. Stainless steel.
f. Table salt.

g. Sugar.

Copyright © McGraw-Hill Education. Permission required for reproduction or display.
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Groups of the Periodic Table

Group 1: alkali metals

Group 2: alkaline earth
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The Periodic Table: Chemical Symbols

1 to 2 letter abbreviations for elements.

Most are straightforward (O = oxygen, Si = silicon, etc.).

Others are based on Latin or Greek names. For instance:

Pb = lead (plumbum in Latin).

Hg = mercury (hydrargyrum in Greek).
Cu = copper (cuprum in Latin).

Fe =iron (ferrum in Latin).

K = potassium (kalium in Latin).

Sb = antimony (stibium in Latin).

Ag = silver (argentum in Latin).

Au = gold (aurum in Latin).



https://youtu.be/-0jcm3I1f987?si=niF8zQf2Y4eblH-R




Your Turn .

Your Turn 1.3 The Periodic Table Inside Your Cell Phone

a. Survey the periodic table shown in Figure 1.3. Which
elements do you think are found in your cell phone?

b. The majority of materials that comprise your cell phone
may be classified as metals, plastics, or glass. Using the
Web as a resource, describe where these materials come
from (both the region(s) of the world where they are
produced, and the raw materials used in their fabrication).

The chemical elements of a smartphone




https://youtu.be/66SGcBAs04w




INTEREST

The chemical elements of a smartphone @ Shallond

Elements colourkey: @ Alkalimetal @ Alkaline earth metal

SCREEN O

Transition metal

Touch: Indium tin oxide
Used in a transparent film over
the phone's screen that conducts
electricity. This allows the screen to
function as a touch screen. This is the
major use of indium.

Glass: Alumina and silica
On most phones the glass is
aluminosilicate glass, a mix of
aluminium oxide and silicon dioxide.
It also contains potassium ions which
help strengthen it.

La Tb Colours: Rare earth metals
| | Avariety of rare earth metal-
containing compounds are used

to help to produce the colours in
Dy asmartphone's screen. Some of
Wk SELL these compounds are also used to

help reduce light penetration into
the phone. Many of the rare earths
Gd occur commonly in the Earth’s crust,
Gadolinam but often at levels too low to be
economically extracted

BATTERY O

@ Group1z @ Group15 @ Grouplé @ Halogen @ Lanthanide

O ELECTRONICS

Wiring and microelectronics
Copper is used for wiring, and for
micro-electrical components along
with gold and silver. Tantalum is
the major componentin micro-
capacitors.

Microphones and vibrations

Nickel is used in the microphone and
forelectrical connections. Rare earth

Dy

element alloys are used in magnetsin
the speaker and microphone, and the Tb
vibration unit. T

The silicon chip
Pure silicon is used to manufacture
the chip, which is then oxidised to
produce non-conducting regions.
Other elements are added to allow As P
the chip to conduct electricity. s | | s
Connecting electronics Pb
Tinand lead were used in older
solders; newer, lead-free solders use Lead

a mix of tin, copper and silver.
O CASING

and graphite (carbon) as the negative electrode. based. Plastics will also include flame-retardant

Sometimes other metals, such as manganese, are used compounds, some of which contain bromine, whilst
Al in place of cobalt. The battery casing is often made of nickel can be included to reduce electromagnetic
Asisiom aluminium. interference.

www_compnundchem_com © Andy Brunning/Compound Interest 2023 |

Most phones use lithium-ion batteries, which are Magnesium alloy is used to make some phone cases.
g composed of lithium cobalt oxide as a positive electrode Many others are made of plastics, which are carbon-




VERSUS FE,O,

Fe O, is iron(ILIII) oxide,
also known as hematite also known as magnetite
EEEEEEEEEEEEEEEEEEREEN EEEEEEEEEEEENEEEEEER

Appears as a black solid

Appears as dark red or bric

red solid powder powder
EEEEENEEEEEEEEEEEEEDR EEEEEEEEEEEEEEEEEEELS
Has both Fe "and Fe™

34
Has Fe oxidation state
oxidation states

EEE N EEEEEEEEEEEEEEESN EEEEEEEEEEEEEEEEEENES
Molar mass is
231.531 g/mol

Molar mass is
159.687 g/mol
EEEEEEEEEEEEEEEEEEER EEEEEEEEEEEEEEEEESES
Melting point is 15 Melting point is 1597
EEEEEEEEEEEEEEEEEEES EEE NS SN EEEEEEEEEEEESN
Decomposes at high Boiling point is 26
temperature
EEEEEEEEEEEEEEEEEESR EE NS EEEEEEEEEEEEEEESR
Paramagnetic Ferromagnetic
EEEEEEEEEEEEEEEEEENEN EEEEESEEEEEEEEEEEEEN
Can be attracted to ¢

oa smmg.
xternal magnetic field

Can be attra

external magnetic field
EEEEEEEREEDR EEEEEEES EEEEEEEESEEEEEEEEEEEDS
ohedral Has a cubic, inverse spinel

Alpha phase has rhot
structure, and gamma phase

has a cubic structure

structure

EEEEEEEEEEEEEEEEEEESN
Good electrical conductor and

Comparativley less electrical
6
the conductivity is about 10

conductive
times higher

Visi

Eric Tischler/Alamy Stock Photo; © B.A.E. Inc. / Alamy; Ted Foxx/Alamy



Measuring the Invisible

Elements and compounds are made up of atoms — the smallest building
block that can exist as a stable, independent entity.

Atoms are extremely small — the cobalt atoms that make up the logo
below are each 0.00000000014 meters in diameter!
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»
»

»
»
»
»
2
»
»
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Check out this link to see how scientists “see” atoms:
How Can You See an Atom?

Source: US National Institute of Standards and Technology.



https://youtu.be/ipzFnGRfsfE




Scientific Notation

Scientific notation makes working with very small or very large numbers
easier Use powers of ten to account for zeroes in a number.

AN AR ARARA
Ver ery
aral  0.0000001 2 large 230000000 0.
#s UuUuuUuuU VIRV R VEYAY
(<<1) [ 3 5 7 > 2 7 ﬂ5 301
1.2 % 10—7 23X l()()
Other examples: 11000 = 1.1 x 10*

0.00021 = 2.1 x 10™*
0.001021 = 1.021 x 1073
1730 = 1.73 x 103

602,200,000,000,000,000,000,000 = 6.022 x 1023



Shortcutting the Shortcut: Prefixes

* In the metric system, prefixes are used Table 1.2 Metric Conversions
to shorten written numbers even further

than scientific notation. Multiplication Symbol
» Prefix symbols are used in conjunction  EXI4{U§

'\&vith the base unit (for example, m, g, or 10° giga G
)' 10° mega M

* For example, ; ,
1x103gis1kgand1x 10" ®mis 1 pm 10 kilo k
10 hecto h
« Dimensional analy_sis is used to 10' deka da

convert between units: *
_ 107" deci d
1x107°m
32 M x——————=32%x10"m 107 centi C
lmﬁ

10 milli m
10° micro 88
107~° nano n



What Makes Atoms Tick? Atomic Structure

« Although indivisible by chemical and physical means, atoms are
composed of yet smaller pieces called subatomic particles.

 Protons and neutrons are found in the center of the atom, the
nucleus.

 Electrons are located outside the nucleus.

Table 1.3 Properties of Subatomic Particles.

proton 1.67x107%
neutron 0 1 1671077
electron —1 0* 911x107"

* This value is zero when rounded to the nearest whole number. The electron
does indeed have mass, though very small!



Atomic Structure

For neutral atoms, the # electrons = # protons (charges must balance).

Hydrogen atom (left): Helium atom (right):

Atomic #: 1 (1 proton) Atomic #: 2 (2 protons)

Mass #: 1 (1 proton, O neutrons) Mass #: 4 (2 protons, 2 neutrons)
H atom He atom

2 %o

Nucleus
Nucleus

Electron Shell Electron Shell

Comparison of the atomic structures for hydrogen and helium, showing the
location of protons @ Neutrons @. and electrons ).



Your Turn

Your Turn 1.8 Atomic Structure.

Determine the number of protons and electrons in each of the following
atoms:

a. Ga b. Sn c. Pb d. Fe

Determine the number of protons, neutrons, and electrons in each of the
following atoms:

a. H (mass number of 2).

b. Cr (mass number of 52).
c. Al (mass number of 27).
d. As (mass number of 75).
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A Look at the Elements in Their Natural States -

Metals are isolated from natural rock formations.

* For example, aluminum is isolated from bauxite ore.

A 200.0 g of bauxite sample contains several minerals:
100.0 g gibbsite, 50.5 g boehmite, 49.5 g iron oxide.

As a percentage, these minerals are:

100.0 g gibbsite

X 100% = 50.00% gibbsit
200.0 g bauxite ore % /o gibbsite

50.5 g boehmite

x 100% = 25.3% boehmit
200.0 g bauxite ore % /0 boehmite

49.5 g iron oxide
200.0 g bauxite ore

X 100% = 24.7% iron oxide

©Doug Sherman/Geofile



A Look at the Elements in Their Natural States

Earth’s crust is mostly composed of O, Si, Al, and alkali/alkaline earth
metals.

» But these aren’t as pure elements!

* Present as rocks or ores:

Ore Formula Groups 1-2 Other Al

(11%) (1%) (8%)

Galena PbS

Chalcocite |Cu,S e (5%) (28‘7)
Magnesite |MgCO, \ O
Cinnabar HgS

Sphalerite |ZnS /
Hematite Fe,O,

Magnetite |Fe;0O,

Dolomite CaMg(CO,), 47%) %




Chemical Change to Obtain Pure Metals

* Smelting chemically reacts metal ores
with reactants such as carbon with high
temperatures to produce pure metal:

CuO(s) + C(s) » Cu(l) + CO(g)

» Since the chemical composition of the
copper oxide is changed, this is a
chemical change.

 If the physical state is changed without
changing the composition, such as
melting solid copper to liquid copper, it
is a physical change.

Minnesota Iron Mining Process

https://youtu.be/7foK-wVNSMw

US Library of Congress



Your Turn

Your Turn 1.10 Physical versus Chemical Change.

For each of the following, indicate whether a physical or chemical change
has occurred:

a. Burning a match.

b. Baking a cake.

c. Cracking a piece of glass.

d. A piece of apple darkens after being cut.
e. Boiling water.

f. Rusting of iron.



From Sand to Silicon

The processing chips in your electronic devices are made primarily of
very pure silicon ... which comes from sand, SiO,:

SiOz(s) + 2 C(s) - Si(s) + CO(g)

« This produces metallurgical grade
silicon (95 to 98% pure).

* However, higher purity is needed R o 8
for processing chips, so additional ’ '
purification is needed.

» Purities of up to 99.9999999999%
can be achieved, or 12N!

From Sand to Silicon: the Making of a Chip

Shutterstock / Peter Gudella



y
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https://youtu.be/Q5paWn7bFg4?si=veXhLrpes Iwfg4r




From Sand to Glass .

Sand is also used as a raw material to make glass.

+ Si 0O, the primary component of many gemstones.

» Colored crystals are due to the presence of trace amounts of metals.

Citrine (above) and amethyst
(below) both have trace amounts
of iron that give them their color

What Causes the Colour of Gemstones?

Gemstones

©Sabrina Pintus/Getty Images; ©Tinalmages/ShutterstockAlexander; ©/Shutterstock Alexander Hoffmann



THE CHEMISTRY OF GEMSTONE COLOURS

Gemstone colours stem from their chemical structures, which absorb different wavelengths of light. Their hardness is measured on the Mohs hardness scale (1-10)

TURQUOISE OPAL e PERIDOT GARNET
Formula: CaCO, :

Formula: Al(PO,),(0H),.4H,0 Formula: Si0,.nH,0 Formula: NaAlSi,O,
Mohs hardness: 2.5-4.5

Formula: Mg,SiO,
Mohs hardness: 5.0-6.0 Mohs hardness: 6.5-7.0

Mohs hardness: 5.5-6.0 Mohs hardness: 6.5-7.0

Formula: MgAL(Si0,),
Mohs hardness: 6.5-7.5

Produced in soft tissue of shelled

molluscs. The thinner the layers of

the pearl, the finer the lustre.

Colour caused by the presence
of copper ions coordinated to the
hydroxide ions and water.

‘Play of colours’ caused by
interference and diffraction of
light passing through structure.

Colour from chromium and iron
impurities. The mineral nephrite
is also referred to as jade.

Colour caused by iron 2+ ions
replacing magnesium ions in
some locations in the structure.

Colour caused by iron 2+ ions
replacing magnesium ions in
some locations in the structure.

Ty

AMETHYST CITRINE TOURMALINE LIRCON AQUAMARINE EMERALD

Formula: Si0, Formula: SiO, Formula: Na,Li,Al,(BO,),(Si0,)F,

Formula: ZrSiO,
Mohs hardness: 7.0 Mohs hardness: 7.0 Mohs hardness: 7.0-7.5

Formula: Be Al (SiO,),
Mohs hardness: 7.5

Formula: Be;Al(Si0,),
Mohs hardness: 7.5-8.0

Mohs hardness: 7.5-8.0
Colour caused by irradiation of iron
3+ ions in place of silicon in some

locations in the structure.

The yellow colour of ditrine is
due to the presence of either

Colour due to manganese Many colours depending on
aluminium or iron impurities.

ions replacing lithium and impurities. Colourless forms are

Colour caused by iron 2+/3+
aluminium ions in some sites. popular diamond substi

ions replacing aluminium ions in
some locations in the structure.

@ @ @

SPINEL TOPAZ ALEXANDRITE RUBY SAPPHIRE DIAMOND

Formula: MgAlLO, Formula: Al,Si0,(F,OH), Formula: Al,BeO,
Mohs hardness: 7.5-8.0 Mohs hardness: 8.0 Mohs hardness: 8.5

Colour caused by chromium
ions replacing aluminium in
some locations in the structure.

Formula: Al,O,

Formula: Al,O,
Mohs hardness: 9.0

Formula: C
Mohs hardness: 9.0

Mohs hardness: 10

Caolour caused by titanium and Colourl
iron ions replacing aluminium ions
in some locations in the structure.

Avariety of colours are possible,
caused by impurities such as iron,
chromium and nickel.

Pure topaz is colourless; blue &
brown varieties are caused by
atomic level imperfections.

Colour caused by chromium ions
replacing aluminium in some sites.
Colour varies in different light.

Colour caused by chromium ions
replacing aluminium ions in some
locations in the structure,

can be faintly coloured
by the trapping of nitrogen or
boron atoms in the crystal.

© COMPOUND INTEREST 2016 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem @@@@
This graphic is shared under a Creative Commons Attribution-NonCommercial-NoDerivatives International 4.0 licence.

BY NC ND




From Sand to Glass .

Properties depend on composition and structure.

* Most glass is amorphous, but quartz is crystalline:

Sharp melting point g *#

Broad melting point
Straight fractures
Likely to shatter
Tend to be harder

Crystalline SiO, Amorphous SiO,



From Sand to Glass .

Sand is heated to temperatures in excess of 1000°C and
cooled rapidly to form a disordered glass.

« Quartz sand has a very high melting point (>1300°C),
so additives are used to lower the melting point, so
the glass is easier to mold.

 Additives to lower the melting point such as Na,CO,,
CaCO;, and MgCO, are called flux.

» Other additives are used to give other properties such
as color and thermal stability.

ex) Pyrex glass contains Si, O, B, Na, Al and K.

https://www.acs.org/education/resources/undergraduate/chemistryincontext/int
eractives/portable-electronics/formation-prince-ruperts-drop.html

©John S. Kirk; ©James L. Amos/Science Source



THE CHEMISTRY OF COLOURED GLASS

Glass is coloured in 3 main ways. It can have transition or rare earth metal ions added:; it can be due to colloidal particles formed in the glass; or
it can be due to particles which are coloured themselves. This graphic shows some of the typical chemical elements that are used to colour glass.

COMPOSITION !
Si0, 70-74% ,
SILICON DIOXIDE ‘ ' | | !
Ca0 10-14% \ |

CALCIUM OXIDE IRON IRON-SULFUR COPPER CHROMIUM NICKEL GOLD COPPER-TIN
Fe?* Fe-S Cuz* Cr3* Ni2* Au Cu-Sn

Na,0 13-16%

SODIUM OXIDE
MANGANESE COBALT URANIUM NEODYMIUM ERBIUM SELENIUM-CADMIUM CADMIUM
Mn3* Co?* Y56 Nd3* Er3* Se-Ccd as Cds

Soda-lime glass is the
These are typical colours, and can be affected by the type of glass as well as the concentration of the colourant.

most common glass
type, making up an
Combination with other elements and compounds can also have an effect on the final colouration of the glass.

estimated 90% of all
manufactured glass. Its
uses include containers,
windows, bottles, and
drinking glasses. The
above percentages are
a general composition
only; other compounds
are also present in
smaller amounts.
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From Sand to Glass .

To increase strength of glass, the structure of the glass is
changed at the surface.

« Corning’s Gorilla Glass soaks glass in molten KNO; bath to
replace sodium ions with larger potassium ions, increasing
compression at the surface.

o o ° ° KNO; BATH
e s - Glass Surface
\
Whereas normal glass can LA W
withstand a force of 7000 J\’ eV g o
psi, Gorilla Glass can 0 oo % o 0%, 1 S
. . 4 S N/ Q@ Al
withstand >100,000 psi! »Q g {5 S e R
R & ® A 1 o ! @ Na* (radius: 0.97 A)
= i bt
Q —J{ > I A
oo

https://www.acs.org/education/resources/undergraduate/chemistryincontext/interactives/porta
ble-electronics/creation-qgorilla-glass.html




Apple Watch Series 9 Apple Watch Hermes

Apple Watch Series 9 Apple Watch Series 9

lon-X glass Sapphire glass



Three Pillars of Sustainability

Environmental: pollution prevention, natural resource use.
Social: better quality of life for all members of society.

Economic: fair distribution and efficient allocation of resources.

» Sustainability 7
————————————————————————————————————

Economic
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Cradle-to-Cradle Recycling

A sustainable life cycle for portable electronics is “cradle-to-cradle.”

» End of usefulness of one product dovetails with the beginning of the
life cycle for another product.

Over 90% of cell phones are
sent to landfills or are
collected at homes.

* Only 3% are recycled!

baranozdemir/Getty Images



Cradle-to-Cradle Recycling

Metals

Polymers (plastics)

Organic chemicals and solvents
Ceramics

Glasses

Gases

High temperatures
High-energy light

Electricity

Metal ores

Sand

Limestone

Fossil fuels (electricity &
plastics fabrication)
Water

High temperatures

e g

Material
extraction &
processing

CO,, NOy, SO, emissions
waste from mining

P
iy

MR

Electricity and energy for
disassembly

Electricity and energy for

materials recycling

(chemical and/or thermal treatment)

Cell phone
fabrication

Recycling
and/or disposal

@

CO,, NOy, SO, emissions
Gaseous, liquid, and solid waste

Electricity used by

cell phones, routers,
base stations, switching
stations, administrative

offices
Discarded packaging

Electromagnetic radiation
from cell phones & towers

Use by
consumers

oo B
\m

,b

Fl

Solid waste in landfills

Particulate matter (PM), CO»,
Volatile organic compounds (VOCs)
Emissions from incineration

Apple has 18 final assembly
facilities + >200 raw material

suppliers

- Si for chips purified in Michigan,
USA

- Circuit board built in CA

- Li in battery mined and purified in
Chile

- Plastics synthesized in China

Environmental footprint
11-inch iPad Pro (1064 GB)
= 184 kgCO2e (kg of
equivalent CO2) during its
lifespan
= 84% from manufacturing +
11% from transportation + 5%
from consumer use + <1%
recycling



The Importance of Recycling

An average cell phone contains:
« 300 mg of silver.
« 30 mg of gold (30 times more concentrated than in gold ore!).

The process of recycling electronics to recover
metals is referred to as urban mining

While much electronics recycling is done by
hand, some companies are developing
disassembly robots to make the process safer
and more environmentally friendly.

The Recycling Rates of Smartphone Metals

E.D. Torial / Alamy Stock Photo



RECYCLING RATES OF SMARTPHONE METALS

COLOUR KEY: @ < 1% RECYCLE RATE

SCREENO

TOUCH: INDIUM TIN OXIDE

Used in a transparent film over
the phone's screen that conducts
electricity. This allows the screen to
function as a touch screen. This is
the major use of indium.

GLASS: ALUMINA & SILICA
On most phones the glass is
aluminosilicate glass, a mix of
aluminium oxide & silicon dioxide.
It also contains potassium ions
which help strengthen it.

COLOURS: RARE EARTH METALS
A variety of rare earth metal-
containing compounds are used
to help to produce the colours in
a smartphone’s screen. Some of
these compounds are also used
to help reduce light penetration
into the phone. Many of the ‘rare
earths’ occur commonly in the
Earth’s crust, but often at levels too
low to be economically extracted.

BATTERY O

Most phones use lithium ion batteries, composed
of lithium cobalt oxide as a positive electrode
and graphite (carbon) as the negative electrode.
Sometimes other metals, such as manganese, are
used in place of cobalt. The battery casing is often
made of aluminium.

1-10% RECYCLE RATE @ 10-25% RECYCLE RATE (@ 25-50% RECYCLE RATE @ > 50% RECYCLERATE () NON-METAL (OR RECYCLE RATE UNKNOWN)

O ELECTRONICS

WIRING & MICROELECTRONICS

Copper is used for wiring, and for
micro-electrical compeonents along
with gold and silver. Tantalum is
the major component in micro-
capacitors.

MICROPHONES & VIBERATIONS

Nickel is used in the microphone
and for electrical connections.
Rare earth element alloys are used
in magnets in the speaker and
microphone, and the vibration unit.

THE SILICON CHIP
Pure silicon is used to manufacture
the chip, which is then oxidised to
produce non-conducting regions.
Other elements are added to allow
the chip to conduct electricity.

CONNECTING ELECTRONICS
Tin & lead were used in older
solders; newer, lead-free solders
use a mix of tin, copper & silver.

Magnesium alloy is used to make some phone
cases, whilst many others are made of plastics,
which are carbon-based. Plastics will also include
flame retardant compounds, some of which contain
bromine, whilst nickel can be included to reduce
electromagnetic interference.

© COMPOUND INTEREST 2015 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem
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Rare Earth Metals: A Needed Resource

Rare earth metals are
used for applications
such as:

* Rechargeable
batteries.

* Magnets.

» Speakers.

* Memory chips.

* Fluorescent lighting.

« Catalytic
converters.

 Advanced
electronics.

 Advanced
weaponry.
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Where Are the Rare Earths?

China controls most of the world’s supply of the rare earth metals.
* Over 90% comes from China who holds 50% of the world’s reserves.
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Your Turn.

Your Turn 1.15 Group Activity.

Now that you have learned about how your portable device works and
what it is made from, form a group to think about the impact that replacing
these devices every year or two has on people and Earth.

a. What are the most significant challenges that face the widespread
adoption of urban mining for electronics?

b. Using the Internet as a resource, find out whether we would be able to
meet our rising needs for new electronic devices by urban mining
practices alone.

c. How does the fabrication and use of portable electronics affect air
quality (the topic of our next chapter)?



Example topics that you can delve into further

1) Study more details about your smartphone materials

What are their components? What elements are required? How has each
element been purified and fabricated? What are the economic and
environmental costs involved in each process? Which process needs to be
improved? What ideas are people testing and researching? What'’s your idea?

2) For your future phone, what attributes are desired? Which material or
component of your phone needs to be improved for them? What are
researchers doing for improving those properties? Will the new techniques or
materials cost more environmental footprints?



