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OBJETIVO|E|:
[El proposito de este curso es dar conocimiento para el estudio ¥ comprension de la guimics
estado solido. El curso se enfoca principalmente a los sdlidos inorginicos y los de interé
en la vida moderna. Dado gue las propiedades de los solidos son fuertemente dependientes de
estructura ¥ de la gquimica de ellos, la importancia de este curso s basa en los siguiente
pbjetivos: Ofrecer a los estudiantes una educacién comprensiva en los fundamentos de la
riencias guimicas, principalmente las relaciones sintesis-estructura-desarrollo de propiedade
by aplicaciones a los diferentes tipos de solidos inorginicos. La preparacion necesaria para lo
métodos de caracterizacion de solidos cristalinos ¥ no cristalinos. Desarrolle de habilidade
ara la investigacion ¥ aplicacion de los solidos ya existentes, modificacién, prediccion
imicas y fisicas.

1. NTRODUCCION A LA QUIMICA DEL ESTADOD SOLIDO
1.1, Importancia y evolucion de la Quimica del estado 86lido.
2, Importancia industrial ¥ de investigacion en Méxioo.

1.3. Areas cientificas interrelacionadas con la Quimica del Estado
Bolido,
Mtimos avances en la Quimica del Estads Bélide.

1:30T-3L ?
4:30 h 2 Bolidos elementales |Tabla Pericdical.

Bolidos en nuestro planeta |[Corteza terrestre |Litofilos
oaloofilos) Niacleo (Biderofilos|.
Minerales |[Bilicatos, oxidos, sulfatos, fosfatos, haluros
hematita-magnetita, grafito, corundo, otros).
Bolidos Cristalinos ¥ no cristalinos.

BINTESIZ

3.1, Eeacciones en estado solido

2. Bol-gel

4.3, Frecursores ¥ guimicsa suave.

3.4, BMétodos de transporte en fase vapor.

3.5, Intercambio & intercalacion.

3.6. BMétodos electroguimicos.




3.7, MEtsdo hidrotermil ¥ alta preaibn.

3.8 Vidrisa ¥ Tandidoa.

. MODELD DE EMPAQUETAMIENTO DE ESFERAS RIOIDAS

2.1 Empague cibdes ¥ hexigonal campacton.

222, Fastar de eficiencia del empigoe, demiidid § valomen.

2.3, Belasiin del parimetrs do red reapects al radis.

24 Arreglon ns oampacton.

2.5 Deupaciin del eapicis, intersticdsa o hustoa octaddrlooa
wiraddrico (resarditaris d8 i relicién de radlsa § omers de
eaardinasiin).

2.8, Eatrosturaa Hpe! Batrocturia basadas en POC. a) Nall, &) Zn8
(blenda), =] CaF: ¥ Navd. Estrostoraas Baaadas en BCP a) Nida
Bl InS (wurtedbi), <] AlsDa, d) Imendta, =] Tile j(rotils)
Cembdnadaa a) Red,, ABX, B AB2E,.

5. FUKNTOS, DIRECOCIONES ¥ PLANOS RETICULARES
5.1. Indicea de Miller pata celdian cfbdeai.
5.2 Indleea Jg Miller-Bravala para seldaa hexagonalea.

5. SISTEMAS CRISTALINOGS
G.1. Conseptsde Latboes o celda erlatalna.
E.ﬁ. Siwbernaa Ol ki B .

Simetria externy ¢ Interna. Farma ¥ hikbdboa erlatalnc.
Elementsa ¥ O peraciznea.
firopoa puntoalea, namenslatura § proyescionea.
Haotuzibn de gropza lli]-.lﬂlhl.

Representa=iSnen olan

La acliciin aflida - imperfeccidén guimisa, aslosién adHd
aait tosd anil & interatedal
Dedecton Puntoalea: Prenkel ¥ Schottky.
Candustividad ¥ Difuaidn en aSHdoa
[efectca e&n wGna SHmenaddn, Hogalea o Halssasdsnea
delarmasidn mesinca (vester de Burgera).
Defectca en doa dmenmadsnea o plinarea ¥ propledidea de
i'u]:-rl'i'.'h |bardea do grans, bordea de macla).

- erhitalnss, wHdrisa, coaaisrhitalea

Hmitacienea ¥ Hps do reaultadsa.

Difraccién de rayos-X do crlatal asls ¥ muea'traa pol erlabilinaa.
Fluareacensia de rayos-X, iplisacisnea ¥ Hmitacionea. Oijet
de i MNosreacensia en misroassp i,

Microasopiin: Spbica, de polurisaciin, MEE, TEM Y HTEM
Poerea AtShmdsa, obria.

Bgted s tErmissa: DTA, TO, DEC.

Proshaa mesinicaa, elctrican, magniticaa, de auperfiecie




10, NTERPRETACION DEL EQUILIBRIO DE FASES
10.1. Equilthrio. Regla de los Fases de Gdbhs.
10.Z, Representoclén de dogramas de un componente,
10.3. Representaclones de dos componentes.
10.4. Puntos iovarlantes ewtéctico ¥ perltéctico.
10,58, Froductos de enfrlamiento lente ¥ bruseo (quenching).
10,6, Froceso de sloterlzaclén,
11. FROPIEDADES ¥ APLICACIONES
11.1, Térmicas ¥ mecinleas.
11.Z, Eléctricas ¥ magnéticas.
11.3, Optleas
11, Cuimlcas
11,8, Apllcaclones Sélldos estructumles: cementos, refroctarlos.
Alslantes; conductores; semiconduectores ¥ superconductores.
Mogneticos, Ceramicas Duras,

SUniAr 48T + 48L = 96 h
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1. Rap; €. N. R, Gopalakrishnan, J. ¥ew Drections in Solld State Chemistry, New Yorlo
Combridge Unlversity Press, 2o, Edlelén, 1997,

2, West; A R Basic Solld State Chemistry, Zod Ed, Joho Wiley, 1999,
Smart; L.} Moore;, E. A, Solld State Chemistry, An introduction, Boeca Roton, CRC
Press, 20085,

4, Askelond, Dooals B, CIENCIA E INGENIERiA DE LOS MATERIALES, Méxlco,
Iotermotionol Thomson, 15998,
Donn, & E. Reactions and Choracterization of Solids. New York, J. Wley, 2002,
Ellls;, A B.; Geselbmeht, M. J.;, Johnson, B, J.; Lisensky, &. €., ¥ Eoblnson;, W. R
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Bpplety, 1593,
Yonohlda, R., Houmoto, K., Mlyoyama, M v ¥Yamaoda, H. The Chemistry of Ceramilcs.
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Progmma de compute; CaRloe Srystallographp 3.1

Intermote; L. V. v Smith, H. Chemistry of Adrvanced Materdal 5. New Yorlk, Wiley VEH,
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Vellottl, J. B New Research on Solld State Chemistry, Nova Sclenee Pub., 2007,

SUGERENCIAS DIDACTICAS
Ayudorse de retroproyector o de otre medio viseal come proyecclén por cdmputo, para
mostrar estructuras cdstalinos prinelpalmente.
Hlminos con fotos de mineroles ¥ proyecclones,
Hases en forma de exposielén, en forma de seminodo; preguntas ¥ respuestas; problemas,;
mimenes sorpresa: Ylsltas Industrlales.

FoORMA DE EVALUAR
Laboratorlo 33%, exdmenes perlédicos como forma de evalear £l porcentaje de aprendlzaje.
Gerles de problemas.
Exposiclones de los alumpos con alghin tema particular;, pam ewvaluar iewestlgoaclén de
Informaclén; sintesls;, comprenslén de lo iowestgado, adquidende el lenguaje aproplado




pira una exph=iciin frente al grupa.
Partisdpacifm de loa alumnoa en laa discuadones de laas expoaiciones de laa clasea, o de
algtin artizuls que a8 deje imvestigar, evaluands el eatudis, i investigasién ¥ I

=mentiris pertnentea.

Inveatiga=iin de alyin 'bl.1:|:|:l.ll.1:|]:|:l.1'tii1:|1l.1' evialidar :h:'l'll:l'H]_:l.ltﬂm de Infarmasis&n, ainteala,
[ p = 8 = -

Algunos recursos (software) para las cristales

CARINE:

http://carine.crystallography.p OURCES_TRIAL_VERSIONS.html

VESTA:
http://jp-minerals.org/vesta/e

Crystalmaker:
http://www.crystalmaker.com/

Diamond:
http://www.crystalimpact.com/diamond/

Mercury:
https://www.ccdc.cam.ac.uk/solutions/csd-system/components/mercury/



Acuerdos de clase:

a) Horario



Pregunta:

¢Por qué un curs



ELEMENTS OF A SMARTPHONE

ELEMENTS COLOUR KEY: @ ALKALI METAL @ ALKALINE EARTH METAL TRANSITION METAL

SCREENO

BATTERY O

Li
Lithium
[

C

Carbon

12

Al

AT

Indium tin oxide Is a mixture of
indium oxide and tin oxide, used
in a transparent film in the screen
that conducts electricity. This allows
the screen to function as a touch
SCreen.

The glass used on the majority of
smartphones is an aluminosilicate
glazs, composed of a mix of alumina
(ALO.) and silica (5I0,). This glass
also contains potassium ions, which
help to strengthen it.

A wvariety of Rare Earth Element
compounds are used in small
guantities to produce the colours
in the smartphone's screen. Some
compounds are also used to reduce
UV light penetration into the phone.

The majerity of phones wse lithium ion batteries,
which are composed of lithium cobalt oxide as a
positive electrode and graphite (carbon) as the

Oxygen negative electrode. Some batteries use other

metals, such as manganese, in place of cobalt.
The battery’s casing is made of aluminium.

@ CROUF1Z @ GROUP14 @ GROUP1S ) GROUP 16 @ HALOGEN @ LANTHANIDE

OELECTRONICS

Copper is used for wiring in the
phaone, whilst copper, gold and silver
are the major metals from which
microelectrical components  are
fashioned. Tantalum is the major
component of micro-capacitors.

Mickel is used in the microphone as well
as for other electrical connections. Alloys
including the elements prasecdymium,
gadolinium and neodymivm are used
in the magnets in the speaker and
microphone. Neodymium, terbium and
dysprosium are used in the vibration unit.

Pure silicon is used to manufacture
the chip in the phone. It is oxidised
to produce non-conducting regions,
them other elements are added in
order to allow the chip to conduct
electricity.

Tin & lead are used to solder
electronics in the phone. Mewer lead-
free solders use a mix of tin, copper
and silver.

Magnesium compounds are alloyed to make
some phone cases, whilst many are made
of plastics. Plastics will also include fame
retardant compounds, some of which contain
bromine, whilst nickel can be incduded to
reduce electromagnetic interference.

D COMPOUND INTEREST 2014 - WWW.COMPOUNDCHEM.COM | Tv
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smpoundchem | Facebook: weww. facebook. comfcompoundchem




e CHEMISTRY: ELEMENTS / ENGINEERING: ELECTRICAL

CELL PHONE
CHEMISTR

A look at the elements that
make up your smartphone

typical cell phone containg some of
the most valuable elements on Earth
With everything from gold to silver,
it's ke having a litthe treasure chest
n your pocket

A smariphone is packed with ot least 40
elements, says Andy Brunning, a chemistry
teacher in Bournemouth, UK. His webaite,
Compound Interest, ilusirates the chemistry of
everyday items, like phones. “As far as everyday
chemistry goes, the cell phone that most of us
carry around ks up there,” he says.

Check out the diagram to find out about
some of the elements and compounds that put
the amarts in your phone.

—Andrew Klem

KEY

[ Alkodi matols B8 Other metols
Tranasithon | Nonmaelals
Inner transition
metals *Dencles a gas

BATTERY

CIRCUITRY

The cireut board has gold,
copper, and silver—good
eloctrical conductors. The
connectors (pine thal join
cireuts to the circult board)

ore coated in gold becouse t's
highly resistant to corrosion. The
wiring is copper. Solder—an
alloy of tin, silver, and copper—
binds parts of the cireuit board

COMPUTER CHIP

TOUCH SCREEN

; -EI-_ ’ — T

A thin layer of indium tin cxde—a
minture of indium cuide (In,0,) and
tin oxde t&no*j—ocmchc.ln
elecincity, When you touch the
screen, a change in the electrical
fisld ocours and communicales your
finger's location fo the phone's chip.

Senartphone screens contain aluminosilicate
glass, made from the compounds alumina
[A.I=O:J and silica {Swt)']. H you've ever
dropped your phone and its screen has
stayed intact, you can thank potassium ons
(atoms that have gained or lost slectrons)
They help strengthen the giass.

DISPLAY

I8 &7 83

Y | ke £ Eu
Yitrium |

=T 1389 | w20
[

B4 (1]

Gd Th || Dy

1873 : L { m
A cell phone’s display contains several rare
aarth alemants. These slemants are spread
out widely in Earth's crust, making them
hard o mine. Small quantities of yirium,
suropium, and dysprosium help produce the
colors on the phone's liquid crystal display
{LCD) screen. Gadolinium, lanthanum, and
terbium give the screen its glow

MICROPHONE AND SPEAKERS

The microphona’s wafer-thin daphragm, which
wbrates when sound waves strke if, is made of
nickel The vibrabons are converted into an
slactrical current that becomes the audio signal

Magrats vibrate in the speaker to create
sudible sound. Magrets of necdymium (Md,Fe B}
are used because they're the strongest magnets,
so even though they're small, they're powerful.

When you turn on your phone, poaitively The chip ia the phone’s brain. it has many iransisiors made of antimony,
charged lithium ions move through a lithium:-salt phosphonus, and gallium arsenide (GaAs) Transistors act as paths and
sclution that conducts slectricty. Electrons flow switches that tell the phone 10 follow or stop following commands. The
oul of the battery, producing the slectric current chip is embedded with silicon —which has low condusctiaty —to channal
that powers your phone. The rechargeable slectricity only through the conductive transistors.

battery’s casing is made of aluminum

© CORE QUESTION

What are three elements used in a cell
phone? What are their apphcationa?

18 Lamusry 12,2005 WWW.SCHOLASTIC.COM/SCIENCEWORLD 19




Glass
——I|TO Glass

200 300 400 500 600

Wavelength / nm

ductive_film.htm https://commons.wikimedia.org/wiki/F




WHERE THEY END UP

If you laok hard enough, an iPhone can be a lesson in high school chemistry. The davice
Inchsdes several rare-earnh minerals that do everything fram making the reds on the
soreen pop to having the phone vibrate when a call comes in

Color Screen

O Lanthanum
O Prassodvmium

O Gadolinium
-0 Terbium

Glass Polishing
Q Lantha

L) Praseodymium

Phone Circuitry

im

O Praseodymium

O Gadolinium

Speakers

O Praseodvmium

O Gadolinium
£ Terbiam

Vibration Unit

O Terbium




Sn % in nanowires
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Sensores:

Heated Oxygen Sensor

Heater [onfact

Healer

iExlends into tip) Zrconium Dicide
Ceramic Thimble







Celda unitaria del YBa,Cu;0,




A new era for chemical
superconductors

Lowest recorded
ground temperature on
Earth, 1983

HgBaZCaZCugoal May 1993
7
TI,BayCasCuz01q T/Feb. 1988
|
BiSrpCaCu,0g @ Jan. 1988
I
|
|

|
YBayCuz0; ® Feb. 1987

Liquid N,

La-l‘sSrU_aCaCuzoa
®

|
|
|
|
|
I
|
[
|

e Dec. 1986
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NbNNf?’S"' BaPby 55Big fgpsl Nd,_,Ce, CuO,
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_.0_-—.—___ SrT|03_x .. |
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Year

Elemental Inter-metallic Oxide
solids compounds superconductors




Existe un aspecto econdmico que es muy
importante y mueve muchas cosas:

EU en el que edor del 38 %
del PNB de su pais estaba en deuda con la MC (y
el estado sdlido)



Ficure 20.13

(a) Schematic

diagram and (b) x-ray
of an artificial total hip
replacement.

Acetabular
cup

— Fixation

N, agent

Fixation
agent

Femur

Ficure 20.14 Photograph
showing two artificial total
hip replacement designs.




El comercio mundial de imanes en 2004 alcanzo 49X10° USD



Algunos asuntos de interés comun

Captura de CO,

00, Adsorbed (mimalig)




E/(V vs. NHE) I

S

CO, + e + H* (at cathode surface) = HOCO" (dioxymethylene ion)| ™~
HOCO + e+ H* = H,0 + €O (carbon monoxide)
CO + e + H*= HCO
HCO + e + H*= CH,0 (formaldehyde)
HCHO + 2e- + 2H*= CH,0H

Overall: CO, + 6H* + 6e- = CH;0H + H,0

CO; + e + H* = HCOO (formate ion)
HCOO + e"+ H* = HCOOH (formic acid)
HCOOH + e"+ H* = HCO + H,0
HCO + e” + H*= CH,0 (formaldehyde)
HCHO + 2e- + 2H+= CH,OH

Overall: CO; + 6H* + 6e- = CH;0H + H-,0




Obtencion de celdas combustibles

HYDROGEN




Ruptura de agua para la obtencion de H

E
HO SRR | g
Photocatalyst
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d" transition metal oxides d'0 typical metal oxides

SrTi0,, A, Ti,0,,(M=Na, K, Rb)

H.-Ti.i{lq. A:[J.;TIF{}I_D,IAIH..MEHI .‘1:'“:131[1.{ M=Ca, ﬁl‘, In)
K,Ti,0,, Na,Ti 0, Gay(,

il v | Cr Ga'| Ge

4+ 5 [ Min,0,(M=Ca, Sr) 3+
@*_ Zr | Nb | Mo IJII:{]IL.A:IM]I,MA.I In| Sn

Na)
b,

TI | Pb
(o) |

ANb,O, (A=K, Rb) [ M,Sn0 (M=Ca, Sr}] NaSh(),, MSh,0,
SryNb,0,.Cs,Nb,0,, M,Sh,0,(M=Ca, Sr)

ATa0(A=Na, K)

MTa, 0, (M=Ca, Sr, Ba)

Sr,Ta, 0., ACa,Ta,0,,(A=HNa,Ca),
AsrTa (O enH, 0 (A=H,K,Rb)
ALnTa,0); (A=H Na,Rb,

Ln=l rﬂ-Ndl-l.Bﬂ,’,T' 4{}“; I‘:_,T.anjlh;




La Corrosion y sus costos:

B Highway Bridges

B Gas and Liguid Transm. Pipelines
O Waterwavs and Ports

O Hazardous Materials Storage

W Airports

Railroads

B Gas Distribution

O Drinking Water and Sewer Systems
B Electrical Utilities

B Telecommunication

O Motor Vehicles

O Ships

W Aircrai

B Railroad Cars

B Hazardous Materials Transport
W Oil and Gas Expl.and Production
B Mining

O Petroleum Refining

O Chem., Petrochem., Pharm.

O Pulp and Paper

O Agricultural

O Food Processing

O Electronics

O Home Appliances
B Defense

B Nuclear Waste Storage

10 320 530 540
Cost O Corrosion Per Analyzed Economic Sector, (5 x billion)



COST OF CORROSION IN INDUSTRY CATEGORIES Infrastructure
($137.9 BILLION)

INFRASTRUCTURE (S22.6 BILLION)

16.4%
(5$22.6 billion)

34.7%
(547.0 billion) Hohﬁg_:dduﬂ
(58.3 billion)

Utilities

Production and UTILITIES ($47.9 BILLION)

Manufacturing
12.8%
(517.6 billion)

Transportation Electrical Utilitics Gas Distribution

21.5%
5290.7 billion) 18% A
(56.9 billion) (55 billion)

Drinking Water and
Smal_} 55

{536 billion}




10 datos ilustrativos sobre corrosion: Fuente:

US Army gasta 2,000 millones de délares sélo en pintura Invisible Enemy", Engineering, September 2003.
anticorrosiva

El costo de la corrosion de Automaéviles (USA) es de 23.4 mil Office of Infrastructure Research and
millones de doélares Development, Report FHWA-RD-01-156,
September 2001.

Costo de la corrosién en los puentes de Is Performance, March 2002, p.31.
Norteamérica 30 000 millones de dolare

En Japén el costo estimado de la itute for Materials Science (Japan).
(PIB)

En ductos de transporte de prod ucture Research and

gastan 7 000 millones anuales p port FHWA-RD-01-156,

Suiza invierte el 3-5 % del GNP ( dated 1999).

Suizos por afo, previniendo cor

En Estados Unidos de Norteameéri basada en Batelle news release,
estima en 4 % del GNP (mas de 100

(300 000 millones de dodlares por ano)

En Estados Unidos de Norteamérica, el co IV FHWA-RD-01-156, September 2001.

corrosion se estima en 3.2 % del GNP (279 00
por afo)

En Estados Unidos de Norteamérica, el costo directo total de la Akron Section of the American Chemical
corrosion se estimé en 5 000 millones en 1941 Society), April 1996

Tan solo en lo relativo a vehiculos de autotransporte se destina el Materials Performance, March 2002, p.31.



Report FHWA-RD-01-156

Telecommunication

Electrical
Utilities

'$17.6 billion
~ PRODUCTION &
MANUFACTURING

12.8%

$47.9 billion Sistribution

$20.1 billion
GOVERNMENT
14.6%

$22.6 billion Drinking Water &
INFRASTRUCTURE $29.7 billion

16.4% TRANSPORTATION
21.5%

FHWA funds Cost of Corrosion Study.
Total Direct Cost of Corrosion in Analyzed Sectors: $137 9 billion/year ?998;
Extrapolated to U.S. Economy; Cost of Corrosion is $275.7 billion/year (1998

info@corrosioncost.com

COST OF CORROSION

IN THE USA:$276 BILLION/YEAR




Algunas bondades de los magnetorresistores gigantes y colosales

Signal

write

IBEM Products
* MR Heads
* GMR Heads

11.6 Ghitsfin 2
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. Travelstar 40GN
IBM Areal Densit in !

Areal Density
ManmahitealinD

1970 1980 1990 2000 2010

Production
Ed Grochowski at Almaden

96 MB Flash Camera

T N SRS Flash

Range of Paper/Film
0.1

Price/MByte, Dollars

0.01

0.001
3.5" HDD

0.0001
1980 1985 1990 1995 2000 2005 201¢

Year

Ed Grochowski at Almaden



Celda unitaria de BN

Basic Parameters for Zinc Blende crystal structure

Femarks
tal structre Zmec Blende

Group of syrmmetry

d— Fdim

Mumber of atoms in 1 cm”
Debye temperature 1700 K

Density 3 X-ray

Lattice constant, a 10} & H-ray

I E:]_tj_ﬂ_g 1 oitit, Tra
Bulls modulus i o

Hardness on the Maohs

Surface hardness = ) 500 K

Second order elactic modul, oy ! 2 300 K, mnterpolated from
i} values of other
I compound

300 K, Faman

300 K, Faman




Basic Parameters for Hexagonal crystal structure

E1y, nfrared acti

Side surface view
b




Table 20.5

Thermal Protection Systems Employed on the Space Shuttle Orbiter

Material Generic Name

Minimum

Operating

Temperature, Temperature,

°C (°F)

Maximum

Operating

2 (::F]

Material
Compaosition

Orbiter
Locations

Felt reusable surface insu-
lation (FRSI)

Advanced flexible reus-
able surface insulation
(AFRSI)

Low-temperature reusable
surface insulation
(LIRSI)

High-temperature reus-
able insulation (HRESI)

Keinforced carbon-
carbon (RCC)

—130
(—200)

—130
(—200)

—130
(—200)

—130
(—200)

No lower
limit
identified

100
(750)

815
(1500)

650
(1200)

1260
(2300)

1650
(3000)

Nylon felt, silicone rubber
coating

Quartz batting sandwiched
between quartz and
glass fabrics

Silica tiles, borosilicate
glass coating

Silica tiles, borosilicate
glass coating with 518,
added

Pyrolized carbon-carbon,
coated with S1C

Wing upper surface, up-
per sides, cargo bay
doors

Upper surface reglons

Upper wing surfaces, tail
surfaces, upper vehicle
sides

Lower surfaces and
sides, tail leading and
trailing edges

Nose cap and wing lead-
ing edges

Source: Adapted from L. J. Korb, C. A, Morant, R. M. Calland and C. 5. Thatcher, “The Shuttle Crbiter Ther-
mal Protection System,” Ceramic Bullefin, No. 11, Nov. 1981, p. 1188, Copyright 1981. Reprinted by permission of
the American Ceramic Society.

Materiales de aislamiento térmico (solo los
ceramicos) que se emplean en el transbordador
espacial




Tahile 2 5. Hardness Scales
solid Wohs Yickars Knoop

Talc ] 27 NS A
Graphita 1.3 37 Dl A
Gypaum 2 ] Il A
Fingarnail 2.5 102 117
Calcita 3 157 164
Fluorita 2 313 327
Apatita 3 533 364
Konife blada 3.5 (3l T3
Faldspar &) g17 B3

Prrax glags B.3 G2 G2g
Quartz ! 1,161 INSA
TopazPorcelain G 1,367 Il A
mapphira/Corandum G 2,033 WY
Diagmond 10 [NIA [NIA

MAA indicates the hardness value is abova'balow the sccaptabla rangs of the particolar
hardnass scale. Values were obtainad from the conversien site: htipawww.efundacom!
units/hardnagsiconvart_hardnass. cimHD=HM & Cat=5te2l#Convinto




Fig. 1. High-resolution transmission ekectron micmecopy image of a Tids

nanotube consisting of four layers.,
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re 0.5. Decrease in the melting point of gold nanoparticles with decreasing diameter. It should be
>d that the melting point of bulk gold is 1,064°C! Adapted with permission from Unruh, K. M. et al.
elting Behavior in Granular Metal Thin Films,” Materials Research Society Symposium Proceedings.,
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Figure 6.1. The 13 sites of the National Nanotechnology Infrastructure Network (FY2004-FY2009).
Reproduced from http://www.nnin.org.
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Formas alotropicas del Carbono




Fig. 3 TEM Images of Nanotubes grown from ferrocene saturated
¥ylene-ferrocene mixtures [8]
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