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History of Graphene

• In 1859, Benjamin Collins Brodie was aware of the highly lamellar

structure of thermally reduced graphite oxide;

• In 1916, the structure of graphite was solved;

• In 1947, the theory of graphene was first explored by P. R. Wallace;

• In 1948, the earliest TEM images of few-layer graphite were

published by G. Ruess and F. Vogt; Later, single graphene layers

were also observed directly by electron microscopy;

• in 2004, Andre Geim and Kostya Novoselov at University of

Manchester extracted single-atom-thick crystallites from bulk

graphite. Geim and Novoselov received several awards for their

pioneering research on graphene, notably the 2010 Nobel Prize in

Physics.

http://en.wikipedia.org/wiki/Graphene

Progress in Materials Science  2011,56, 1178–1271

http://en.wikipedia.org/wiki/Sir_Benjamin_Collins_Brodie,_2nd_Baronet
http://en.wikipedia.org/wiki/Lamella_%28materials%29
http://en.wikipedia.org/wiki/Graphite_oxide
http://en.wikipedia.org/wiki/Graphite
http://en.wikipedia.org/wiki/P._R._Wallace
http://en.wikipedia.org/wiki/Andre_Geim
http://en.wikipedia.org/wiki/Andre_Geim
http://en.wikipedia.org/wiki/Andre_Geim
http://en.wikipedia.org/wiki/Kostya_Novoselov
http://en.wikipedia.org/wiki/Kostya_Novoselov
http://en.wikipedia.org/wiki/Kostya_Novoselov
http://en.wikipedia.org/wiki/Nobel_Prize_in_Physics
http://en.wikipedia.org/wiki/Nobel_Prize_in_Physics
http://en.wikipedia.org/wiki/Nobel_Prize_in_Physics
http://en.wikipedia.org/wiki/Nobel_Prize_in_Physics
http://en.wikipedia.org/wiki/Nobel_Prize_in_Physics
http://en.wikipedia.org/wiki/Nobel_Prize_in_Physics
http://en.wikipedia.org/wiki/Nobel_Prize_in_Physics


According to ISI Web of Knowledge, the number of publications on

graphene increases dramatically after 2004.

Progress in Materials Science  2011,56, 1178–1271





Synthesis of Graphene

Two distinct strategies have been established to synthesize graphene:

exfoliating graphite to graphene(top-down) and building up graphene

from molecular building blocks (bottom-up)

Synthetic pathways:

• Liquid-Phase Exfoliation

• Chemical vapor deposition

• Chemically derived graphene

• Organic synthesis of graphene

Progress in Materials Science  2011,56, 1178–1271

Angew. Chem. Int. Ed. 2012, 51, 7640 – 7654



Graphene: Characterization and properties

Characterization:

• IR, Raman spectroscopy, Atomic force microscopy

(AFM), Scanning electron microscopy (SEM)

,Transmission electron microscopy (TEM), Scanning

tunneling microscopy (STM), Fluorescence

quenching technique

Progress in Materials Science  2011,56, 1178–1271



Graphene: properties and Applications

Properties:

In the past few years many fascinating properties were discovered through the 

investigation of pristine graphene:

• high charge mobility with 2.3% absorption of visible light;

• Thermal conductivity (3000W/Mk);

• Highest strength(130GPa);

• The highest theoretical specific area(2600m2/g);

• Half integer quantum hall effect even at room temperature.

Its potential applications include single molecule gas detection,

transparent conducting electrodes, composites and energy storage devices

Progress in Materials Science  2011,56, 1178–1271



Totally Organic Synthesis 

Total synthesis of graphene-like polyacyclic hydrocarbons (PAHS) has

been explored for decades

Main player in organic synthesis of graphene is Prof. Klaus Mullen in

Germany;

Advantages: synthesis versatility and the capability of grafting aliphatic

chains to improve solubility

Main challenge lies in preserving dispensability and a planar geometry

for large PAHs.

Progress in Materials Science  2011,56, 1178–1271



Conceptual Approaches to synthesize Graphene 

Ribbons from Alkynes functionality

1.

2.

3.

J. Am. Chem. Soc. 1997, 119, 4578-4593

Macromolecules 2003, 36, 7082-7089

radical polymerization

Diels−Alder polymerization 

electrophile induced alkyne cyclization



Junfa Wei

dx.doi.org/10.1021/ja413018f | J. Am. Chem. Soc. XXXX, XXX, XXX−XXX

the covalent self-sorting assembly (CSA) strategy

4. the benzannulation–cyclodehydrogenation approach

5.



Directed Electrophilic Cyclizations: Efficient Methodology for

the Synthesis of Fused Polycyclic Aromatics

Timothy M. Swager

Strong electrophiles such as TFA  and iodonium tetrafluoroborate.



20

Phenyl migration by a phenonium ion.



From Branched Polyphenylenes to graphite Ribbons

Macromolecules 2003, 36, 7082-7089

-Klaus Müllen et al

•Three-block polymer

Due to rotation about

phenyl single bond

•Diels−Alder polymerization 



Characterization of Graphene Ribbons

•Insolubility of polymer limited  structure elucidation

•The electronic and vibrational properties were 

probed by Solid-state UV-vis, FTIR and raman 

spectroscopy.

•A wide and unstructured absorption band covering

the visible range of the electronic spectrum (ìmax

800 nm) is observed, confirming the highly extended

conjugated framework.



Monosubstituted benzene rings (at 698, 750, and around 3060 cm-1) and the combination

peak at 4050 cm-1 in precursor 6 have disappeared in the spectrum of GNR 7



Raman spectrum of the material is

similar to that of the reported GNR

with two strong bands (at 1603 and

1322 cm-1), corresponding to the G

and D bands of graphite



Polyaromatic Ribbons from Oligo-Alkynes via Selective RadicalCascade: Stitching 

Aromatic Rings with Polyacetylene Bridges





Poly(phenylene ethynylene)s Benzannulation-

cyclodehydrogenation approach

Chem. Sci., 2013,4, 3973-3978



Benzannulation reaction was run with isotopically labelled benzaldehyde. As determined

by 13C NMR spectroscopy, the resulting benzannulated product contained one isotopic

label per reactive site,



Poly(phenylene ethynylene)s Benzannulation-

cyclodehydrogenation approach

Chem. Sci. 2013, 4, 3973-3978



Poly(phenylene ethynylene)s Benzannulation-

cyclodehydrogenation approach

Chem. Sci., 2013,4, 3973-3978

1. Compounds 4a-c show similar absorbance and  fluorescence properties

2. The similar oxidation potentials of each compound, along with the shift in the reduction potential of

4c relative to 4a and 4b suggest that the extended conjugation of 4c lowers its LUMO energy,

making it a better electron acceptor.



Facile Bottom-Up Synthesis of Coronene-based 3-Fold Symmetrical and 

Highly Substituted Nanographenes from Simple Aromatics

Interesting :

•FeCl3 as catalyst/oxidant and acetic

anhydride as dehydrator in a DCM/CH3NO2

solution at room temperature

•a total of 12 C−C bonds and 6 benzene rings 

are constructed in a single step

• four 3-fold transformations take place in

tandem, that is, Friedel−Crafts

hydroarylation and intramolecular

alkylation, dehydrogenative aromatization

and intramolecular Scholl reaction



Most reaction show high yields. Electron-rich aromatic aldehyde are favorable

to give the c-HBCs; while electron-poor ones hinder the assemble reaction





Several interesting examples

Nature 2010, 460, 470

besides the D and G peaks and several other peaks appearing due to the finite width

and low symmetry of the ribbons, the spectrum shows the width-specific radial-

breathing-like mode as a sharp peak at 396cm-1



Nature 2010, 460, 470



Nature 2010, 460, 470

the C1s peak consists of a single sharp component at 284.5 eV binding energy

characteristic of sp2 bonded carbon. There are no signs of carbon in other chemical

environments (blue bars)

Chevron-type GNR



The only reported example of graphene nanoribbons with coordinate metal 

----Sylvia M. Draper et al

Complexed Nitrogen Heterosuperbenzene: The Coordinating 

Properties of a Remarkable Ligand



The presence of N atoms increased

its overall electron-accepting

properties by comparison to the full-

C analogue

Complexed Nitrogen Heterosuperbenzene: The Coordinating 

Properties of a Remarkable Ligand



the authors reported complex

formation of this graphene

ligand with Pd(II) and Ru(II)

metal salts. As a result of

complexation, the strong green

emission of ligand was

quenched in the complexes.

The Pd(II) coordination in

complex 2 caused a red shift in

the low-energy absorptions.

The Ru(II) coordination

complex was a “black” metal-

ligand charge transfer (MLCT)

absorber and a near-IR emitter



-----Jishan Wu





QR-CN and HR-CN showed very strong OPA and TPA response in the NIR range

owing to the extended p-conjugation as well as the appropriate singlet biradical

character

OPA------

One-photo absorption

TPA-----

Two-photo absorption



Thank you for your attention!


