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Key Scientific Issues

Rational Design of Molecules

Molecular Aggregations

Fundamental Properties of Molecular Aggregations
Exhibit New Size-Based Properties

Physical Measurable
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Aggregate Nanostructures of Organic Molecular Materials

Ace. Chem. Res. 2010, 43, 1196-1508
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Toluene, <4

SEM images of BPY ZnP in CHCI,/CH OH(1/1)

Angew. Chem. Int. Ed. 2006, 15, 3639



SEM and TEM images of the TPDC2 prepared in CH,Cl,/ CH,OH (1:1) at the temperature
of a) b) 20 ° C for 30 min, 35 ° C for ¢) d) 30 min, e) f) 45 min, g) h) 60 min, i) j) 90 min,
and k) I) more than 120 min. The scale bar 1s 500 nm.
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Adv. Mater. 2009, 21, 1721
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Schematic growth processes of the vesicles and their derivatives.
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Chem. Commun. 2010. 46. 3161
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(@) molecular structure of TEOP, (b-c) Crystal structure, (d) SEM images of
TEOP pattern with well-ordered morphologies. Scale bars: 500 nm.

Adv. Mater. 2010. 22, 3532, Ace. Chem. Res. 2010. 43, 1196
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SEM surface images of TEOP ordered

SEM images of TEOP film pattern with different well- _
pattern film.

ordered morphologies (a) from 30to 40 ° C,
chloroform: isopropanol: water =10:10:2, (b) from 20
to40° C, (c)30° C, chloroform and isopropanol, (d)
30 ° C, chloroform: isopropanol: water = 10:10:0.5.
Scale bars: 1 um.



(d) bilayer assﬂe'mbly, (e)
tetralayer assembly (f) trilayer assembly, (g) top surface, (h) cleaved edges, (i) layer by
layer, (j-1) multilayer. chloroform: isopropanol: water =10:10:1
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SEM images of TEOP pattern prepared by thermal treatment mode Iin (a) 5 min, (b) 6

, (€) 9 min, (f) 10 minScale bars: 2 um.

(c) 7 min, (d) 8 min

min

Adv. Mater. 2010, 22, 3532
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Schematic outline of the growth and assembly procedure of TEOP film with
ordered pattern. The inset depicts the crystal structure of ZnTEOP



S =-43x10"° m/W n,=

a 1.30 - b
1.05 -
Q@
o 8
= £ 1.02-
£ £
,}i E E 0.99-
= 4
= = 0.96
2k b - B
At L;f N 0.93
L]
u E Euga
l z S 7
N D!s T . T . 1 . 1 ¥ 1 . 1 ¥ L] u.aT T T T T T T T T T T T
;}‘F’ 3 20 10 0 10 20 30 -30  -20 10 0 10 20 30
X Z Position (mm) Z Position (mm)
C 10 d

60 40 20 0 20 40 60 75 50 25 0 25 50 75
Z Position (mm) Z Position (mm)
f=1.5x10" m/W n,=-2.53x10"° m?/W

Nonlinear optical properties of TPP (a) NLO absorptive properties of the TPP well-
ordered film under an open-aperture configuration and (b) the closed-aperture
configuration, (c) NLO absorptive properties of the TPP solution under an open-
aperture configuration and (d) the closed-aperture configuration.



Normalized Transmittance

0.70

0.954
0.904
0.85+
0.804

0.75

‘Jr

(b) .‘Ff‘ﬂ]iéi 3

3 20 40 0 10 20 30

Z-position (mm)

D FMRBETHARGHIRIBIES A F R

J. Am. Chem. Soe. 2003. 127, 12452 J. Am. Chem. Soc. 2003,

Chem Commun. 2012,

18. 9011

125. 107914

J. Am. Chem. Soc. 2002.121. 13370




1150 3008 T T Sosian, o 3 b e it a0 g
Large-area SEM and TEM images of BTN-6: microtubes (a—b), microrods (c—d),
microcrystals (e—f). Microrod structure of BTN-7 (g—h).

; —I

Rd= rate of diffusion
Re = rate of crystalline
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Schematic representation of the PL images of microstructures of BTN-6 (a) and BTN-7 (b). (c)
self-assembly processes Microarea PL images (d) Corresponding PL spectra in c.
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€ How to control the aggregation, morphologies and size to
achieve controllable properties and functions.

€ Strong junction effect for realizing synergistic (1 +1 > 2")
performance.

Chem. Soc. Rev. 2011, 40. 4506 Angew Chem. Int. Edt. 2010. 19, 2705



PPY




_ - *“" | VT

® @
ML l

TEM and HRTEM images of PPY/CdS heterojunction nanowires




)3
z& " : { CS Crystal CdS crystal surface absorbed The interface of CdS crystal
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Models of CdS surface (C) HRTEM image of CdS crystal and CdS-PPY interface.
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Chem. Soc. Ree. 2011, 40, 4506
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SEM images (A-B), CLSM image (C-F) of TEM images (A-C), SAED patterns and (D) HRTEM
PANI/CdS heterojunction nanowires. image of PANI/CdS heterojunction nanowires.

Inorg. Chem. 2011. 50, 7719
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TEM images, SAED patterns and HRTEM image



CLSM images
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Bottom-up growing

Increasing of deposition time

Adv. Mater. 2008. 20, 2918
J. Phys. Chem. C 2009. 113. 12669
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SEM images and EDS pattern of PPY/PbS/PEDOT p-n-p heterojunction nanowire arrays




TEM, HRTEM and CLSM images of PPY/PbS/PEDOT p-n-p heterojunction nanowire



PEDOT+PbS

(4)

)

(1) —(2)

PEDOT+PbS+PPy

growing stages

Models of the PPY/PbS/PEDOT p-n-p heterojunction nanowire in different
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Angew Chem. Int. Edt. 2010, 49, 2705-2707
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CuTCNQ nanowires film

15 20 25 30 35 40,45 50 55 60

E(Vpum D)

Field emission J-E curve of the CUTCNQ
nanowires and the corresponding FN plot
(inset), turn on field 3.13V

TEM images of CUTCNQ nanowires

J. Am. Chem. Soc. 20053, 127. 1120
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AgTCNQ nanowires film

TEM images of AgTCNQ nanowires. Field
emission J-E curve of the CUTCNQ
nanowires and the corresponding FN plot
(inset), turn on field E,,= 2.58V /u m

J. Am. Chem. Soc. 2005, 1277. 1120
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Field Emission Properties of Cu-TCNAQ Nanoarrays

Materials E. J max
CATERY 3.13 0.6
nanowires
AETERS 258 3.2
nanowires
SR 4.5 10.9
nanowalls
Polydiacetylenes 8.2 6
PTh nanowires 3.5 0.1
AlQ3 nanowires 10 15
Carbon 15 10
nanotubes
ZnO nanorods 6.5 50
CuS nanowalls 8.5 2.4
ZnS nanobelts 3.5 12
GaN nanowires 12 0.02
AIN Nanorods 3.8 7
SiC nanowires 5 83
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Review: F. Diederich Adv. Mater. 2010, 22, 803
M. M. Haley Pure Appl. Chem, 2008,80, 519
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Expanded radialene scaffolds

An expanded cubane
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Alleno-Acetylenic Macrocycles
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Pyridine s

Cu foil

Chem. Commun. 2010, 46. 3256
Ace. Chem. Res. 2010. 43. 1196



Conductivity: 10-3-104 S m-1

W57 42

(a) SEM images of ;
graphdiyne. (b) Low- AFM images of graphdiyne film
magnification TEM
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The manuscript by Li and Liu et al reports a very interesting development of graphdiyne chemistry. The Cu-
film catalyzed formation of macroscopic (up to 3.61 ¢ graphdiyne (GD) films is truly a great discovery.
The GD films are multilayered up to 970 nm and have beenextensively characterized by spectroscopic and
microscopy techniques and show semiconductor properties. The results are highly interesting and will open
a route to large area GD films for nancelectronics applications. | am very pleased to support the
publication of this very nice work in ChemComm virtually as it is. Howeyer the author could comment with a
few lines the mechanism of the coupling reaction taking place on the Cu-film. This coupling reaction
(Glazer, Hay, Eglington) formally proceeds via Cu(l) catalysts, yet here the GD film is formed on (and
suggested by the authors catalysed by) the Cu(0)-film. Is the reaction indeed catalyzed by the Cu(0) film or
the oxidized and dissolved minute amount of Cu(l) ions. state be possible? It
would be interesting to know if indeed Cu(l) could be found (by AAS or APS or mass spactrometry).
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Flat-packed carbon
10 May 2010

Synthesising and isolating new forms o
pure carbon, allotropes, has been the
focus of much research during the last
two to three decades

Not lzast because of the discovery of the fulerenes, carbon
nanclubes, and more recently graphene. | is the possibiity of
synthesizing thin fims akin to graphene, but with nove!

connectivity that piqued the interest of researchers in China
whe have now produced a nove! aliotrope called graphdiyne [Li
etal, Chem Commun., 2010, 46, 3256-3258; DOI: 10.1039/b822733

—

Energy

Magnetic materials
llechanical properties
Metals and alloys
Nanotschnology
Optical materials

Polymers and soft
materisls

Surface science
Events & Training

Jobs

Reglster‘ NOW for

our monthly e-alerts

The interest in carbon allstropes fes in finding simple, inexpensive and readily

accessible materiais with novel electrical, aptical and magnetic properties. In the oS
1990s, chemists pondered on the idea of consiructing non-natural carbon HETHS & IKTE
alotropes with  dincetylenic and suggested that graphdiyne might be the most FOR RESERRCH
“synthetically approachable” M QNWSTH

Carbon atoms can bond in three distinct ways as single bonds, which resut in |

Gi
tefrahedral structures as seen in diamond and double and friple bonds that give k Seapiimo '7]
rise fo the myriad array of organic molecules, fullerenes, graphite and graphene g 50,’]
sheels. Vi arganic chemists are proficient at using carbon as a bukding biock | | Related Stories 5

to make distinct molecules, producing materials containing only carbon ks more of ‘ P
& challangs. The gynthasis of a stable graphdiyne form of carben has until now Graphene at home with defects
Teramedouske A feam of rescarchers at the Universty of South
Florida (USF) created a new defect that just might
be a solution to a growing challenge in the

of future electronic devices. [Lahiri
et al, Hature Nanotech., (2010),
doi-10.1038/nnano 2010 53 Latter ]

The Chines< team has made a thin fim with an area of 360 mm*2 using @
relatively straightforward approach, They first preduced the monomer
hexaethynylbenzens in good yisid (62%) by addition of
fluaride to 2 tetrahydrofuran solution of hexakis{(trimethyisiyljethynylbenzene
for just three days at 80 Ceisius. The graphdiyne was then grawn on a coppar
foil surface in the presence of pyridine by a cross-coupling reaction of lhe:
hexaethynylbenzene two days at 60 Celsus under a nirogen atmosphere

Thermopower has more energy
A team of scentists at MIT have discovered a

ron microscopy to characterise the thin films of graphdiyne.
-dispersive X-ray (EDX) spectroscopy suggests that the
nly of slemental carbon, They ale employed Raman Semiconductor advances

& qualty and uniformey of graphdiyne on the surfacs  Stable, non-volatile computer memory could

previously unknown phenomenon

(¢ charactenatic bonds between carbon atoms emerge from research that involves depesiting S———
(¢ of graphdiyne. amorphous carbon on to eiicon, gay US wmm
reseaichers —_—

2, which has & conductivity of 2.518 = 10"~

&e'nv:ondudurb-havmur The team Bendy, see-through electrodes

BN EFE TR AR ZFI0FRI 51,
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BRI RN E A Bk,

EXBmAL, AERMERINAERES
H. 3%, PEMERA—MEZENTE
BT3.6 FHERMAEHRER......
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Showeasing research from Yuliang Li's laboratory,

Institute of Che mistry, Chinese Academy of Sclences,
China.

As featured in: |

Ehmn(:ﬂmmi

Architecture of graphdiyne nancscale filmz

A, risay Carbion STotope - graphiyre - wal sy hesized and
pradicted ta e the mast stasle of non-natural carbicn
allatispes,
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Unit cell

Unit cell
X,=16.385 A
y,=9.46 A Xo=2.47 A
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Graphyne Nanowebsi# 7K ¥ 4t

Hoonkyung Lee,# &
(JPC,2012, 116, 20220)

Markus J. Buehler (MIT)


http://pubs.acs.org/action/showImage?doi=10.1021%2Fjp306222v&iName=master.img-002.jpg&type=master
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AFM images of different thickness GD films (A) 540 nm, (B)42.6 nm, (C) 22nm and (D)15nm




Optical microscopy images of different thickness GD films (A) 540 nm,
(B)42.6 nm, (C) 22nm and (D)15nm




—
]
1357cm.11589cm’1
5um
2.0x10°- LL
1.5x10°+
1.0x10°
5.0x10°+
1000 1500 2000 2500
A
— 540 M
: —_—d 26 nm
1367 cm’ :
300k - 1568 cm’ 22 nm
/\/& 15 nm
1362 em” 581 em”
| ]
N 200k -
==
e
| s—
100k -

1600

2400

Raman Shift (cm™1}

404.0k 4
402.0k 4
400.0k
398.0k 4
396.0k 4
394.0k 4
392.0k 4
390.0k 4
388.0k 4
386.0k 4
1900 2000 2100 2200 2300
— 540 AM
—d2.6 nm
22 nm
15 nm
1840 em” 2171 cm’ e
100.0K s
| |
N 2171 em’
=i
| oon 1930 em”’
ey
1923 :I'I'I-II 2171 :I'I'I-lI
50.0kd 1921em” 2971 em’ e
 J | J
2000 2500
Raman Shift {cm™")




T: 540 nm

-------

4.0x10
2.0x10
E 0.0
2.0x10
4.0x10
L} L) L) L} L
10 5 0 5 10
Viv)

S:1, 700, 1200, and 1600 S/cm

| [A)

-1.0e10™
-2.0x10™
-3.0x10™
-4.0x10™

4.0x10™ -
3.0x10™ -
2.0x10™ -

1.0x10™ 4
0.0

T: 42.6nm

31.50+
31.40+

31404

I{A)

31.30+

I1.20

31.304

T: 15 nm

y Y v T v Y v Y
0.0 0.5 1.0 1.5 2.0

V(V)



Si02

4.94%10"

Sample

4.79*10™
3.63*10™

Drain
Insulator

3.51*10

2.38*%10™

|Drain 1|(A)

Output Curve

2.30%10"

1.18*10™

1.13*10™

Transfer Curve

-80 -60 -40 -20 0 20 40

GateV (V)
T: 22.6 nm

u p=~30 cmzV-1st




| 20 pm . EUH""'_ |
Optical microscopy images of bottom-gate transistors fabricated

by different thickness GD films (A) 540 nm, (B)42.6 nm, (C) 22nm
and (D)15nm
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Transfer characteristics (Ids-Vgs) and Current-voltage (Ids-Vds) curves for
the device of GD films with thickness of (A-B) 540 nm, (C-D) 42.6nm.
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