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Carbon Nanomaterials: A Review

The present chapter explored the advancement of research in carbon nanomatenals (graphene and carbon
nanotubes), in the areas of synthesis, properties and applications including el__.

Raman Spectroscopy for Characterization of Graphene

This chapter reviews recent progress in Raman spectroscopic charactenzation of graphene, a two-dimensional
hexagonal crystal of carbon atoms. Raman spectroscopy is a spectroscopic tool to probe.__.

Mechanical Characterization of Graphene

The emergence of monolayer carbon atom sheets, graphene, as a next generation advanced matenal, has potential
applications in promising fields such as composite maternals and energy storage.
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Carbon Nanomaterials: A Review
Abstract

The present chapter explored the advancement of research in carbon nanomaterials (graphene and
carbon nanotubes), in the areas of synthesis, properties and applications including electronics, field Wieww >
emission, biological and energy applications. The reported properties and applications of these PDF

carbon nanomaterials have opened up new opportunities for the future devices and matenals. The

knowledge presented here should lead to a better understanding of the key factors that can influence
the future research directions.

Cite this page
» References (354)

¥ About the Content

Title Editors

Carbon Nanomaterials: A Review Bharat Bhushan &= (1)
Dan Luo &= 2}

Book Title Scott R. Schricker = (3)

; 4

Handbook of Nanomaterials Properties Wolfgang Sigmund &3 )
Stefan Zauscher (5)

Book DOI

10.1007/978-3-642-31107-9 Editor Affiliation
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=P 21 Ccarbon Nanomaterials: A Review —

[ Introduction Fig. 21.11 Electronic band

=[P Properties of Carbon Nanomaterials structure of single-layer
graphene (Reprinted with
=-p Properties of Carbon Manotubes (CNTs) permnission from Katsnelson
[P Electrical Properties et al. [72]). Copyright (2007):

Elsevier)

[P Mechanical Properties
[P Thermal Properties

m

= Properties of Graphene
[P mMechanical Properties of Graphene
m Electrical Properties of Graphene

LF Thermal Properties of Graphene
= Synthesis of Carbon Manomaterials
=[P synthesis of CNT
[P Arc Discharge

[F Laser Ablation 0 Electrical Properties of Graphene
W* chemical Vapor Deposition COmne of_ the houest areas of graphene research focusei-‘. on the intrinsic e-_leclmnic
S sunthesi P h properties as how electrons flow through a one-atom-thick sheet under the influence
ynthesis o raphene

of various external forces [70, 71]. Graphene is great conductor, and thereby
P Thermal cvD electrons are able to flow through graphene more easily than through even copper.
[P PECVD The electrons travel through the graphene sheet as if they carry no mass, as fast as
[P sic sublimation __jusl one hu_ndredlh that of_lhe speed of light. Single—layer gu_‘aphen-v_a (SLG)is uniql._le
in electronic structure, as it shows band overlap in two conical points (K and K™) in

[P Exfoliation the Brillouin zone (Fig. 21.11) [72]. The charge carriers in this structure, known as

[P others massless Dirac fermions, are electrons losing their rest mass, me. and can best be

. - e . . . .
= [P CrEElfrrfiors o0 Srmar e srr e semals described by (2 + 1) <_11mer1514::rna_1 Dirac equations. Thus, S]__,G is expected o al*}c)w
b N L B some unusual properies, as compared with metals and semiconductors and typical
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Raman Spectroscopy for Characterization
of Graphene

Abstract

This chapter reviews recent progress in Raman spectroscopic characterization of graphene, a
two-dimensional hexagonal crystal of carbon atoms. Raman spectroscopy i1s a spectroscopic tool to
probe scattering of light by phonons in graphene and used to study the structural and electronic

properties. Crystal structure and band structure of graphene is explained. Raman spectra of
graphene and graphite are shown. A typical confocal micro-Raman spectroscopy system is shown.
Polarized Raman spectroscopy has proven to be a powerful tool in the study of the properties of
graphene. Uniaxial strain breaks the in-plane isotropy and produces many interesting effects. The » Citation
most important application of Raman spectroscopy in graphene research is to estimate the number

of graphene layers. The interference effect can be quantitatively analyzed using a multireflection

model (MRM) of the Raman scattered light. Controlling the charge carmer type and density is a key

to electronic device application of graphene. Unlike most solids, graphene has a negative thermal

Cite this page

expansion coefficient near the room temperature. Uniaxial or biaxial strain applied to a sheet of
graphene alters the interatomic distance and modifies the crystal structure, two of the fundamental
parameters that determine the properties of graphene. Since an edge of a graphene sample is a kind
of a line defect, it induces defect mediated Raman scattering. Raman spectroscopy has proven to be
an invaluable tool in graphene research owing to the unique features of graphene’'s physical

properties.

Download Chapter

» References (59)
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= Solar light driven pure water splitting of B-doped BiVO4 synthesized via a sol-gel method

{E==: Shan. Lian-wei; Wang., Gui-lin; Suriyaprakash, Jagadeesh; 2.
JOURNAL OF ALLOYS AND COMPOUNDS 3£ 636 M- 131137 HheESE: JUL 5 2015

HERFTAb a9 S=r =E=EE

Theoretical limits of thermoelectric figure of merit in n-type TiIO2 polymorphs

fE&: Bayerl, Dylan; Kioupakis, Emmanouil
PHYSICAL REVIEW B #5: 91 HA: 16 A= 165104 HEESE: APR 3 2015

=E=EE

Significant enhancement of power conversion efficiency for dye sensitized solar cell using 1Dv3D network

nanostructures as photoanodes

fE&5 - Wang, Hao; Wang, Baoyuan; Yu, Jichao; S
SCIENTIFIC REPORTS #: 5 L= 9305 HAESE: MAR 23 2015

& HRERTabaa = =E5EE

The effect of different dopants on the performance of SnO2-based dye-sensitized solar cells

B Jim, Wai Yan; Liu, Xiang; Yiu, Wai Kin; 2

PHYSICA STATUS SOLIDI B-BASIC SOLID STATE PHYSICS - 252 HA: 3 @m: 553-557 WHAeESE: MAR 2015

HERFTAb a9 S=r =E=EE

THOMSOMN REUTERS"™

ﬁ— j ﬂ.gﬁ’ni
il 2IEES I=EES

S [EER: 0
(Z=E Web of Science B4
L ER)

S [EER: 0
(Z=E Web of Science B4
L ER)

S [EER: 0
(Z=E Web of Science B4
L ER)

S [EER: 0
(Z=E Web of Science B4
L ER)

R T Y



RIRIEZR ( TIO, )

)

TiO2 "transport properties”

Home = Contactus

Refine Your Search

Data Source

=

Landolt-Bérnstein

0
7
1)
1
=
®

OO0 B EEO0O0

Biophysics
Electromagnetism

Geo- And Astrophysics
Molecules And Radicals
Optics

Particle, Nuclear And
Atomic Physics

Solid-State Physics

Thermodynamics

Properties

=
=
=

Absorption
Absorption Coefficient

Activation Energy Of
Resistivity

@ Springer

» Sign up / Log in

Springer Materials

More search tools v

2T : TIO2 "transport properties”

13

11

12

m |»

13 Resuli(s) for "TiO2 "transport properties

Page 1 of 1

Landolt-Bornstein - Group 1l Condensed Matter

Titanium oxide (TiO2): transport properties in stoichiometric TiO2
(rutile)

This document is part of Subvolume D ‘Non-Tetrahedrally Bonded Binary Compounds II' of Volume 41
‘Semiconductors’ of Landolt-Bornstein - Group Il Condensed Matter. Titanium oxide (Ti...

Landolt-Bornstein - Group Il Condensed Matter

Titanium oxide (TiO=2): physical properties of anatase

This document is part of Subvolume D ‘Non-Tetrahedrally Bonded Binary Compounds II' of WVolume 41
‘Semiconductors’ of Landolt-Bdrnstein - Group Il Condensed Matter. Titanium oxide (Ti...

Landolt-Bornstein - Group 1l Condensed Matter
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N substance: titanium oxide (TiO»)
property: physical properties of anatase
energy gap

Hie Fig- sS.

TiO->. Electrical resistivity of anatase modification wvs. temperature. Curves J1...3: p vs. 1037 for three

(unoriented) samples of differing dopant level; curves I'. 2: p vs. (1/TV* for the two (unoriented) samples of
lower resistivity [78WV].
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MSI| Eureka @ 2013 Report ID: 20417148 1.1

Al-O Binary Phase Diagram Ewvaluation

Phase diagrams, crystallographic and thermodynamic data
The AlI-O system is a part of industrially important. .. Review of experimental data for the AI-O system is presented in [

MSI1 Eureka

Phase diagram of the Al-O system

Temperature: 427 ___ 3727 °C
Concentration Range: Al conc. [100-0 at. %] f O conc. [0-100 at_%o]
Part of report on "AI-O Binary Phase Diagram Evaluation”

MSI1 Eureka

Temperature - composition phase diagram of the Al-O system

Temperature: 42¥F ___ 3727 °C
Concentration Range: Al conc. [100-0 at. %] f O conc. [0-100 at_%o]

Part of report on "Al-Fe-O Temary Phase Diagram Ewvaluation”

Landoli-Barnstein - Group |l Condensed Matter

Al,O5 y
This document is part of Subwvolume A9 “Structure Types. Part 9. Space Groups (143) R-3 - (141) 141’ of WVolume 43
‘Crystal Structures of Inorganic Compounds’ of Landoli-Bomstein - Group 1l "Condensed Matter’.
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LaFeo.g54Pdo.04605 Crystal Structure Cite this page

» Citation
Download Data
CIF File

General Information

Phase Label(s): LaFeqg g54Pdg gagO3

Structure Class(es): perovskite

Classification by Properties: —

Mineral Name(s): —

Pearson Symbol: cF5

Space Group: 221

Phase Prototype: CaliOs

Measurement Detail(s): automatic diffractometer (determination of cell parameters), X-rays, Cu Ka
(determination of cell parameters)

Phase Class({es): —

Compound Class(es): oxide

Interpretation Detail(s): cell parameters determined and type with fixed coordinates assigned
Sample Detail({s): sample prepared from La nitrate, Fe nitrate, PdCIlz, malic acid, atomic absorption
spectroscopy; 2.0 wi 2 Pd, powder (determination of cell parameters)

Substance Summary

Standard Formula: LaFeq g54Pdg gagO3
Alphabetic Formula: Feq gsalLaOsPdp gas
Published Formula: LaFeqg g54Pdp pas O3
Refined Formula: Feq gsLaOsPdg ns
Wyckoff Sequence: 221 dba
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Cell Parameters

Cell Parameters Published Data Standardized Data

Unit Cell Miggli-Reduced Cell
Space Group Prm-3rm (221) Prm-3m (221) —
a 0.393 nm 0.393 nm 0.393 nm
b 0.393 nm 0.393 nm 0.393 nm
C 0.393 nm 0.393 nm 0.393 nm
a =loky 90 90.°
B 90° 90" 90.°
v 90° 90" 90.°
ab 1.000 1.000 1.000
byc 1.000 1.000 1.000

c/a 1.000 1.000 1.000
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Standardized
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Site Element Wy ckoff Symmetny > Y s Occupation Co-Ord. Atomic Enwv.
Symbol MNo
O O 3d Afmim.m 1/2 0 (0] 1 2 collinear, Lasz
Fe. Pd 0.954Fe 1b m-3m 1/2 1/2 1/2 1 12 cuboctahedron,
+ Oz
0.046Pd
La La 1a m-3m 0 0 (0] 1 & octahedron, Og
4 | (1] | L
Transformation from Published to Standardized: Mo transformation from published to standardized cell
parameters necessary.
Published
Site Element Whyckoff Symbol Symmetny x Y d Occupation
La La 1a m-3m 0 O O 1
Fe,Pd 0.954Fe + 0.046Pd 1b m-3m 1/2 1/2 1/2 |
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v Experimental Details

Sample Details

analysis atomic absorption spectroscopy; 2.0 wt_ % Pd

samples powder (determination of cell parameters)

Measurement Details

methods automatic diffractometer (determination of cell parameters)

radiation X-rays, Cu Ka (determination of cell parameters)

Interpretation Details

investigation cell parameters determined and type with fixed coordinates assigned

Reference

Koponen M_J., Suvanto M., Pakkanen T.A_, Kallinen K_, Kinnunen T.J.J_, Harkdnen M_: Syntheitic studies of ABB'O3 (A= La, Pr, Nd; B= Fe, Mn; B'=
Pd, Pt) perovskites. Solid State Sciences 7 (2005) 7-12
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LaFes 55C006.38Pdo.05045 Crystal Structure Cite this page

» Citation
Download Data
CIF File

General Information

Phase Label(s): LaFeg s7Cog 35Pdg gps0O3

Structure Class{es): perovskite

Classification by Properties: —

Mineral Name(s): —

Pearson Symbol: c/~5

Space Group: 221

Phase Prototype: CaTiOs

Measurement Detail{s): automatic diffractometer (determination of cell parameters), X-rays, Cu Ko
(determination of cell parameters)

Phase Class(es): —

Compound Class({es): oxide

Interpretation Detail{s): cell parameters determined and type with fixed coordinates assigned

¥ Reference

Koponen M_J_, Suvanto M., Kallinen K_, Kinnunen T.J.J., Harkdnen M., Pakkanen T.A_ . Structural transformations in cubic structure of MnsCo
perovskites in reducing and oxidizing atmospheres. Solid State Sciences 8 (2006) 450-456
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T01 Result(s) for this structure

1,4-Dimethyl-Benzene

Molecular Formula: CsHqn 1-7-3-5-8(2)6-4-7

Molecular Mass: - ,Is%‘%*&?
CAS-No: 106-42-3 L \—‘L/ ~ LBYWBO-UHFFFAOY SA-N

» View substance profile » Search for this substance
YDAk
r

1R1PA 4-Methyl-
Molecular Formula: CgHs Inchl: INnChl=1S/C9H8/c1-3-9-6-4-8(2)5-7-9
Molecular Mass: - /h1.,4-TH,2H3
CAS-No: 766-97-2 Inchl Key: KSZVOXHGCKKOLL-UHFFFAOY SA-N
» View substance profile » Search for this substance

4-Methyl-Benzonitrile

Molecular Formula: CgH,MN Inchl: INChl=1S5/C8H7MN/c1-7T-2-4-8(6-9)5-3-7
Molecular Mass: - h2-5H.1H3

CAS-No: 104-85-8 Inchl Key: WVCZNMNAKNUVJWVGX-UHFFFAOY SA-N
» VWiew substance profile » Search for this substance
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Substance Profile
1,4-Dimeth
General inforn

Molecular Formula: CgHy
Element System: C-H
CAS-RN: 106-42-3

INChl: INChlI=1S/C8H10/c1

Modify display:

Bonds Between Atoms

Atoms

View >
Polyhedra Interactive
Spin Structure

Measurement options:
Distance Measurement

2 Angle Measurement
. Export JPG image
> 3 D I nte ra Cth‘ ) Torsion Angle Measurement

Export PNG image

@ pDeactivate measurement options
Export Options W More Options

Information on Springer Materials

Properties frequently appearing with 1,4-dimethyl-benzene

» Osmotic Pressure (167) » Polarization Degree (9) » Angular Frequency (1)

» Vapor-Liquid Equilibrium (151) » Luminescence Emission Linewidth (9) » Transition Enthalpy (1)

» Excess Volume (99) » Luminescence (2) » Internuclear Distance (1)

» Heat Of Mixing (91) » Diffusion (8) » Differential Scanning Calorimetry (1)

» Excess Enthalow (911 » Chemical Diffusion 8\ » Phase Transition Tembperature (11
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¥ Vapor Pressure of p-Xylene

Filter data by:

Temperature [K] :

286. 44 — | B618.15
L ] L ]
Hide Filter Tools

Temperature “Vapor Pressure State Reference

T [K] P [kPa]

286 44 0.582 “Vapor-Liguid 16. Osborn (1974)
28815 0.649 Vapor-Liguid 16. Osborn (1974)
290.62 0.755 “apor-Liguid 16. Osbom (1974)

¥ References (102)

1. Panchenkowv G_ M_, Maksareva T.5., Erchenkov YWV Temperature Dependence of Diffusion Coefficients of Some
Organic Ligquids. Zh Fiz_ Khim. 32 (1958) 2787-2791

2. Ambrose D, Broderick B.E., Townsend R.: The vapour pressures above the normal boiling point and the critical
pressures of some aromatic hydrocarbons. J. Chem_Soc A (1967) 633-641
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1,4-dimethyl-benzene

Home - Contact us

Refine Your Search

Data Source
[ Adsorption
[ Landoli-Barnstein

[ Thermophysical Properties
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» Sign up / Log in

n More search tools v

T01 Result(s)
Substance: 1.4-dimethyl-benzene

Page 1 of 36 »>

Landolt-Barnstein - Group Il Molecules and Radic als

Diamagnetic bulk susceptibility data of CgH,o

This document is part of Subvolume B ‘'Diamagnetic Susceptibility of Organic Compounds, Qils, Paraffins and
Polyethylenes’ of Wolume 27 ‘Diamagnetic Susceptibility and Anisotropy” of Landolt-Bormstein - Group. ..

Landolt-Barnstein - Group IV Physical Chemistry

Dielectric constant of the mixture (1) 2-methoxyaniline; (2)
1,4-dimethylbenzene

This document is part of Yolume 17 “Static Dielectric Constants of Pure Liguids and Binary Liguid Mixtures
(Supplement to I'VG) of Landolt-Bornistein Group IV “Physical Chemistry’.

Thermophysical Properties

Tetrachloromethane-p-Xylene Excess Volume
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Properties

000000 O@EDOC

ATlomic Fractuon
Atomic Position
Band Gap

Band Gap Energy
Band MNotation
Band Structure
Binding Energy
Bond Type

Bragg Reflection
Breakdown Field

Brillouin Scattering
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222
51

41

NDoWw N

» Sign up / Log in

More search tools v

588 Result(s) for "TiO2"

e

Page 1 of 30

dolt-Bérnstein - Group Il Condensed Matter

HQRS Data for O,Ti (Subst. No. 2454)

s document is part of Subvolume B 'Substances Containing C10H16 ... Zn' of Volume 48 "Nuclear Quadrupole

sonance Spectroscopy Data' of Landolt-Bdrnstein - Group 11l "Condensed Matter'. It contains an extr...

dolt-Bérnstein - Group Il Condensed Matter

QRS Data for O,Ti (Subst. No. 2455)

s document is part of Subvolume B 'Substances Containing C10H16 ... Zn' of Volume 48 "Nuclear Quadrupole

sonance Specitroscopy Data' of Landolt-Bdrnstein - Group 11l '"Condensed Matter'. It contains an extr...

dolt-Bornstein - Group I'V Physical Chemistry

- 1ermodynamic Properties of Compounds, SbO2 to Rh203
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TiO2

Home - Contact us

Refine Your Search

Data Source

[ Landolt-Bérnstein

Discipline

Advanced Technologies
Biophysics
Electromagnetism

Geo- And Astrophysics
Mechanics

COptics

Solid-State Physics
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Thermodynamics

Properties
Band Structure
@ Absorbance

[ Absorption

41
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41
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39
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“ More search tools v

41 Result(s) for "TiO2*
Properties: Band Structure €

Page 1 of 3 ™

Landolt-Bornstein - Group Il Condensed Matter
Titanium oxide (TiO2): transport properties in stoichiometric TiO2
(rutile)

This document is part of Subvolume D "Non-Tetrahedrally Bonded Binary Compounds I’ of Volume 41
‘Semiconductors’ of Landolt-Bomistein - Group 11l Condensed Matter. Titanium oxide (Ti...

Landolt-Barnstein - Group Il Condensed Matter

Titanium oxide (TiO=2): physical properties of anatase

This document is part of Subvolume D ‘Non-Tetrahedrally Bonded Binary Compounds II" of Volume 41
‘Semiconductors’ of Landolt-Bérnstein - Group |l Condensed Matter. Titanium oxide (Ti...
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