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High Thermal Conductivity AIN Synthesized by LAMSAS

lt

The AIN powder and sintered specimen fabricated by LAMSAS

240 18
/‘ 6] 4 AIN:powder (C)
3 / < e AIN: powder (H)
§ — // § 149 -~ Kanari equation ,‘
= < 124 ® /
B g / sintering temperature : 1900C 'g 10.] ° i ,
= |1 A soaking time : g
S —e— 180 min S 81
o 5 A X 4
= 180 —u— 90 min 8 &
8 —4—30 r_nln T 4] ;
= —v— 5 min 1S A
£ 1604 reheating temperature: 1800C 2 2 P
3 carbon content in AIN " oo —— . . . . .
E 4o packing powder: 0.5wt% 0 10 20 30 40 50 60 70 80
o 40 s 120 160 200 Filler Content (vol%)

Reheating Time (min)
The thermal conductivities of the sintered AIN specimens and AIN/epoxy composites fabricated by LAMSAS
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Thermal conductivity W/imk

Dimension : 9.5 x 9.5x 1 mm
The AIN/glass LTCC and LED chip submount manufactured by LAMSAS
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B. Nitride Phosphors Synthesized by LAMSAS
C32Si5N8 : Eu

CaAlISiN; © Eu

wavelength (nm)

C. TiO; Photocatalyst Synthesized by LAMSAS
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— 32
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The absorption spectra of the LAMSAS TiO,

Absorption spectra
Emission spectra
A 3, =3600m
M‘{" | 3 iy =H60NM
] | =
s
% L g
)1 f H
<
20 00 400 500 oo 0 om0 4m st &0 a00 &0 0
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Absorption spectra
').‘ Emission spectra
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Y “ " 3 o toonm,
s | °
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p i VRN H
=
20 %0 00 500 &0 700 w0 450 500 580 00 P 200

wavelength (nm)

Abs.

»=1.0
»=2.0
»=1.8

LAMSAS TiO,
—=— ¢=1.67
$=0.83

Commercial TiO,,

time (min)

The degradation capability of LAMSAS TiO,

WA ok g
electrode -%WWe

Counter
electrode +%W e

2 Tiog

dwe

Conducting transparent layer

Conducting transparent layer

Slass
Type of TiO, Source BET SA (m%/g) Band gap eV Voc(V) Jsc(mAcm™) Fill factor n (%)
P25 Germany 50 3.1 0.76 8.1 0.60 3.70
STO1 Japan 300 3.2 0.74 5.0 0.64 2.36
LAMSAS-001 NCKU Taiwan 120 2.7 0.57 0.9 0.57 2.13
LAMSAS-002 NCKU Taiwan 120 2.9 0.75 11.7 0.58 5.43

The performance of DSSC fabricated with LAMSAS TiO,.

12




R ER BT -V E R R A Y
Influence of hole injection capacity with SAMs in PLEDs
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Fig. 4. J-F characteristics for the ITO/Ag/HY-PPV/AI (@) and
ITO/THF-modificd AgfHY-PPV/Al dovices (&) with (---) and
without (—) heat treatment at 120°C for 1 hour. The inset is the
Fowler-Nordheim plots for the devies.,

o 200
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Fig. 7. J-¥ (a) and L-¥ (b) characteristics for the TTO/Ag/HY-
FIG. 3. IV (a) and L-V (b} characteristics for the Ag/HY-PPv/C PPV/Call2 nmifAg(17nm) (@) and ITO/THF-modificd Ag /
(12 nm)/Ag (17 nm) and Ag/SAM/HY-PV/Ca (12 nm)/Ag (17 nm) de HY-PPY/Ca(12 nmi/Ag{lTom) devices (). The insct is the
vices. The inset is the lumincus efficiency (LE) characteristics of the top minous efficiency (LE) characteristics of the tap-emissive PLED
emitting devices. devices.,

App. Phys. Lett. 2007 Org. Eletro. 2008
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Solar cell application
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Figure 3. AFM images of P3HT:PCBM deposited on (a) the PEDOT:PSS through
fast-grown film: (b) the PEDOT:PSS through slow-grown film; (¢) the SPDPA

Polymer 2008
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through fast-grown film: (d) the SPDPA through slow-grown film
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Fig. 9. Cyclic voltammograms of (a) PANI-Pt and (b) PANI-PSS-Pt in 0.1 M
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Fig. 5. The variation of AE for PDMA (Il) and PYPDMA (@) at various
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concentrations of CHsOH in 0.5 M H>SO4: 0.1 M: 0.5 M: 1 M: 2 M: 3 M.
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Multi-Functional Polymer Lab.
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SPE based on polysiloxane and PFPE modified PU
(Macromol Chem Phys, 2002)
(J Polym Sci Part A: Chem Ed, 2002)
(Macromolecules, 2002)
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(Macromolecules 2004)
(Macromol Chem Phys, 2004)
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H3P04-doped hybrid membranes
(J Polym Sci Part B: Poly Phys, 2006)
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$PE based on crosslinked epoxy-siloxane polymer

(J Polym Sci Part A: Chem Ed, 2002)
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Epoxids linked polysil d polyether networks

SPE based on polyether-siloxane hybrid
(Polymer, 2004)

Perflueresulfonated membranes with polysiloxane framework
(Macromolecules, 2007)
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SPE based on epoxide-crosslinked polyether networks
(Polymer, 2003)

SPE based on erganic-inorganic hybrid networks
(J Polym Sci Part A: Chem Ed, 2004)
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PEMs baed on SMA-modified membranes Perfluorosulfonated memhranes with polyamine-modified CNTs
(Polymer, 2008) (Chem Mater, 2008)
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uniform silver NPs
(JPCB, 2003)
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(Langmuir, 2006)
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silver NPs protected by silicon copolymer  PE|-based polymer micelles and Au NPs

(JPCB, 2004)

Gold nanoplates
(Langmuir, 2007)
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wellstructured aggregate
(PEFIR, PEI2R)

(JPCB, 2005)

Reversible assembly and disassembly of Au NPs

Pt NPs protected by dumhbell like polyamines
(JPCB, 2006)

o ppertod P cail

Pt catalysts portected by

B PV campren

P p—

polyamine-modified carbon
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Carbon-supported Pt NPs protected by dendritic PEI

(JPCB, 2006)

Pt catalysts supported on sea urchin-like carbon
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Water-soluble polysiloxanes
(Colloid Polym Sci, 2001)
(JPCB, 2004)
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ABA-typr of dumbbell-like PEI i

(J Polym Sci Part A: Poly Chem, 2003)
(Colloid Polym Sci, 2006)
(J Colloid Interface Sci, 2006)
(JPCB, 20086)

Acrylic copolymers with pendant hydrophilic groups
,2001)

(Macromol Chem Phys

SIS (PPSINS)

Thiophosphate-polysiloxane copolymers
(J Polym Sci B: Polym Phys, 2002)

(JPCB, 2003)
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Antiwear performance of polysiloxane
(Wear, 2003)
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Hyperbranched PEI
(J Polym SciPartA: Poly Chem, 2001)
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Alkylated PEI
(JPCB, 2005)

(Langmuir, 2007)
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X-Ray diffractometer (crystal structures determination)

PHepT melt-crystallized at WAXD patterns of PHepT melt-crystallized at
various temperatures with T,,,=150°C various temperatures with T,,=110°C
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Critical Supersaturation Sc

Electrospray: % ¥ % 7 % Bl

Exp : positive charged
Exp : negative charged
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B : neutral
theory : neutral particle
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The effect of charge on the
supersaturation required for the
heterogeneous nucleation of water
on SiO2 nanoparticles
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Preparation of CdS and CdS-Cu Semiconductor Thin Film
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Cds400 A Pump
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X
— Temperature
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co-evaporation method

thermal evaporation

TRERT AR CdS W AFZE R T 4 £ AJE R

A. carbon thin film deposited on
one third area of quartz substrate

Step 1 Strep 2 Srep 3
deposit carbon deposit Ga thin film T
(by PECVD) (by PVD) = ?az();
D’ thermal ;
- oxidation

| ith water vapor GaO-
quartz substrate with water vapor 203
B. carbon thin film deposited on

full area of quartz substrate

Step 1 Srep 2 Step 3
deposit carbon deposit Ga thin film -
(by PECVD) (by PVD) TR0y

/

(B4 3 |

oxidation
auartz substrate with water vapor

Two kinds of depositing C/Ga203 thin fims. A carbon thin fim was deposited on
partial area of quartz substrate. B. carben thin fim was deposited on partial area
of quartz substrate

SEM photography of the surface morphology of
C/5a203 thin fims. (&) carbon thickness of 200 A, {b)
carbon thic of 500 16« SEM photography of the surface morphology

for Ga,0- that oxidizing with water vapor
\onddizing with water vaper carried by dry sir. (a) dry air, (b) Hs
005, (c)Hs - 01, (d)Hs : 02, (e) Hs : 0.5.

SEM of the surface morpholegy for Ga203 that
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Process Synthesis and Design: Our researches are mostly concerned with the design of optimal
structures for water-using networks, heat recovery and utility systems in chemical processes. In
recent years, we are also interested in developing: (1) design and maintenance strategies for
control and instrumentation systems in industrial plants, (2) process integration methods for
waste minimization and cleaner production and (3) optimal scheduling strategies for batch
azeotropic distillation networks.

22%
Leg22 DECANTATION
So TASK 5
78%
W s .
=T LR B o

16% 84% i
wQ MIXING
& TASK 1 1

Batch azeotropic distillation network: Ethanol-water-toluene system; State-Task Network represents the order

o n

of operation (left); Operating line represents the mass balance and process condition (right).

Process Safety Assessment: The main thrust of our effort is to automate several widely-adopted
safety assessment procedures. We have successfully integrated FTA/FMEA/HAZOP into a
digraph-based generic software. Recently, we also have developed mathematical programs for
designing multi-layer protective systems with optimal maintenance schedules.
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PRV
Shutdown Alarm
Subsystem Subsystem

Multilayer protective systems: General framework of a protected process (left); A CSTR with multilayer

protective system (right).

Fault Detection and Diagnosis: These issues are critical in enhancing operational safety in
chemical plants. Our interests are diversified, e.g. (1) the application of EKF, neural network,
fuzzy logic and digraph in fault diagnosis, (2) the synthesis of optimal alarm logics, and (3) the
development of multi-variate run rules for statistical process control, etc.

kL

CV-01 Y Y
E*I_ _
h(t)
T-01 V-02 | e

Fault evolution sequences: Flow diagram of a single-tank storage system with feed-forward level-control loop

(left); The corresponding SDG model (right).

Supply Chain Management: The management of a large network of interconnected production
and transportation units is an important issue for the petrochemical industries. In recent years,
we have developed a generic mixed-integer linear program (MILP) to synthesize the best
multi-period planning strategy for any given petroleum supply chain to satisfy the specified
supplies and demands.
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Supply chain in petrochemical industries: A typical single-train BTX supply chain.
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Parameter estimates
Parameter estimates
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Real-time estimation results for a second-order process under feedback control by (a) the proposed on-line
algorithm; (b) the recursive AFCLOE method (Ind. Eng. Chem. Res., 2008).
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Monitoring of a second-order process based on EWMA control charts of (a) noise v(k); (b) prediction errors x(k).




(a) (b)
14 T T T T T T T T
_ = 2r Actual response Pl
ko 1 | e Hammerstein prediction H
: \ 1wk - Wiener preqiqtion ; _
Critical operation point ’ *== Linear prediction i
1F g 4 5 :
’ 16 F ld e
!
08 §
C ey
s <, C,
06 | 4 B
/
/
04 e
Actual steady-state curve
--------- Method of Harris et al.
0.2 = — Hammerstein identification |
y --O- Wiener identification
0 1 1 1 1 1 1 1 1

0 20 40 60 80 100 0 0.1 0.2 0.3 0.4 05
F Time

Identification results of a CSTR: (a) approximations of the steady-state curve; (b) model predictions versus the
actual response to step-input changes.
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Streamlines with asymmetric surface charge P
distribution (Langmuir, 2008). EOF map for two uniformly charged strips.

Bk iz k3 BB

Experimental setup for microfluidic chips. Particle assembly observed in a micro-electrode design.
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(Opto-m and Information lndustw
1. Large-Area Flat Panel Display Nanowire Transistors

(High Mobility, Atmospheric Manufacture, Transparent)
2. Namowire Light-Emitting Diodes
(Low Cost, Robust, Large Area)
3. Light-Emitting Diede Displays
(Ultimate Displays - Long Life, High Brightness, Very Thin)
3. Flexible Devices and Displays
(RFID, E-Paper, Flexible Displays, etc.)
4. Nanowire Solar Cells
(Robust, High Efficiency, Cheap, Green)
5. Optoelectronic Integrated Circuits (QEIC)
(Combination of III-V (InGaN) and Si in a single chip)
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Mobile Information Industry

1. Roll-to-Roll Printing Technology faor Patterning of
Flexible Devices (Flexible Displays, RFID, E-Paper, etc.)
2. Self-Assembly Technaology for Seamless Imprint
Maold Fabrication (Low Cost and Easy Fabrication)
3. Transparent Conductive Plastic Film
(Bendable, Endurable, Low Cost, High Conductivity &

Transparency)
4. Organic Light Emitting Diode Devices and Flexible
Memaory Devices (Single-layer Organics, High Efficiency)
5. Antireflective Optical Films and Biomimetic Devices

1. Atmespheric Plasma (Deposition, Treatment & Etching)
2. Novel High-Density Plasma Generation (Low Cost,

Large Area and Easy Fabrication)
3. Functional Thin Films (Super-tough Nanocomposite Films,
Carbon Nanotubes, Silicon Carbide, Cubic Boron Nitride,

Diamond-Like Carbon, Nanodiamond, etc.)

28



AFHHELFERTHE
ABEBREFTARSLUT SRS B
>3 RUEH LS X S A S TEE R :
4 R Rk S 5

HwnN

Datahase

Q Micro array

mip sensing

R P IR a: T TR TR S : Selis
ER L S SR : Rop

Template

>

ﬂj g — |
Telemetry signal p
‘quiﬂlrahun
Recelver Micra hattery

i

. o SRR F = P TR
Y 5%#&%4%@- gn¢ﬁﬁau

) ;}71,47\ F EILF ST
J%'A R Y Ay bw

CHDY - o i I -ﬁ’ﬁﬁ@%}ﬁlh"ﬁ R éé}ié%V?#%;“i%‘:l“?@:E A B o) I 2 A
30 20 =
typical QCM = binding of % Test#1 Sensing of bilirubin from
sanjp el_sigrlal fromthe | = | creatininefromMIP | € 1 Teso el 'Kng;"cpg"étGegM A)
‘ detection = | intwo-compou % y Au electrode
bilirubin = mixture S
-0 | =12 =
= solvent 2 g o
g/ % g 15 — -
Y 60| S 08 g ¥ g
= 3 10— {
0 S 04l s -
£ s 51—
om o
00w w0 0 w0 °° 0 '
CrnCr —
Time ) CrmN CrnP 5400 6000 -6600 7200 Creatinine
- _._Time (s) caused the
_glgnk (D,\fg—o) " . the fluorescent |argest
— romo-; 1 IC annyaride
2500 S e T monomer 0.08 |- fluorescence
— 4-methylamino-N-allylnaphthalimide ’ ' quenching
2 . ; 006 N: N-hydroxysuccininjide
o synthesis of fluorescent = P: 2-pyrrolidinone
g monomer with high = Crn: creatinine
£ 1000 intensity for the 0.04 Cr: creatine
reparation of MIP with
S0l fluorescene 0.02
0 s
1 1 1 1 I m bgl 0.00

550 600 650 700 750 800 o " om o N P
Wavelength (nm)



FREBEOE AR R

HE iR

100 250 200
e * s calibration line
80 |- 100 j\\ \\\\\ o U )é;_s(z)_ggzg 320 I {
- :\\\\;\_7__—""7 ’ . 20 e 150788 0!! i; e 5z ® I
60 sk ‘ T e 385 X 100 M ’>‘ 9
— - | E E
g MRS R g j g 5
R\
° 20 F 13: 52 £ 50 J\\\\‘* 7777777777 — 122X10%M § 100 g
............ Lomys . g .
Som /: \\:\\‘-«*—¥—-~_ 3.85x10% M or
0 frosreees ome -100 | T ——— laxi0w =
385x10%M
I , , , , , , , N
0.0 04 0.8 12 16 0 40 80 120 160 -6 5 -4 3 2 5 10 15 20 25 30 35 40 45
Potential (V) ime (sec) Urea concentration (LogM) Time (day)
Calibration curve
Ky brbosl B ood 4
f}_ ‘ff 7*‘— w fé it S
40
—a— Ani/0-PD=8:1
CNTs
30 |-
%
2
> 20 ?/
§ maximum power R %
£, | / density of 38 yW/cm %
was achieved at current %
stage. %
0 | | | |
0.0 01 0.2 03 0.4 05 g
Operation voltage (V) %
%
.
CNTs %
04 J‘f:
? 03 L Schematic biofuel cell
£ device
§ 02
g
5
01
0-0 | | | | | HCHY 1008V XE0L000  W0em m
0 o 120 1 10 20 20 polypyrrole nanotubes x
Current density (uA/cm?) 60 , 000

FFEH

9095100 105110 115120 |
meter (om)

bare nanomagnetic small unilamellar
liposome vesicles

particles

multilamellar multilamellar

PEG-DMPE liposome PEG-DMPE li
vesicles vesicles

..... g 0

“"$ilica oxide coated
posome nanomagnetic
particles



WEE  RE

SR SR EW
AR (EH) 12

T AE(ER) 1A%

Email: hteng@mail.ncku.edu.tw
Tel:06-2757575-62640
g v k4810 H 93A12 (f MR E)

O Lppaxrfrkdizmy

%F*;‘ £ A dr ﬁ@;(Perovskite)ﬁ%’—iﬁ NaTaOz;# 2 ¥ JE¥ % F Ta—0-Ta L%\
B A B¢ 3 NaTaO; #1#L 3k 3% ¥ s (photoluminescence) 3t & &2 # sk & f2-k & &

SRy e

a

A N EES o~ . ' !

;1‘-%'55 n-type WO; 32 T i F 3] p-type Cl,O MR FBREFHEf  vRHE A7V ALR
H—‘L‘ _,EL‘ "ﬁ éi’ 2_ fél_fl- /'Fc"fi ° o tstrun____ 2nd run 3rd run

e e

evacuation—s, |+— evacuation
H y —
E (vs. AgiAgCl at pH=7) £ Lo '
- = ED25/WO. Visible light J
3 6 = = ~ e
H EDBS5MWO,
E, [y, % '
& 4
. - H,© @ HO
438 reduction g, ! 00,
Wo, 2] ! ¢ A\ iy
CCuWo,
R ___Hzmzo o T T T T ! T T p-Cin, O
‘G} S 0 40 80 120 40 80 120 40 80 120 w0k hv
0.01 4 Visible light Time (min) MYAYY /58
057 d——— S L [ ) S H,0/0, Rkl P rrr——— SA® /S
1 —— ED2S electrode/wo: alectrade 7o %

= 0
E -0.01

+2.54 @h £ 002
G 0. &

H,0 (, Visible light s bt
s -0.03 — L hole scavenger
oxidation g light off £ hole scavenger
S o4
-0.05 — T T

-0.5 -0.4 0.3 -0.2
Potential (V vs. Ag/AgCl)

31



mailto:hteng@mail.ncku.edu.tw�

@ 2 ua - §F L REEI AR A ST

S
-
N
]

d gk R ﬁf']%ﬁ&ﬁﬁ%.%&i}ﬁ{r% ,%f#_?bg.ﬁ_i: § L AKiT S BT
PP RETA LT RERBLT

anatase

Photopotential (V)
0 01 0@ 03 04 05 06 07 08

25 T T T T T T T
20+
£
_ £ 154
g 2 10
= 4 5 10— H240+P25 1 =095%
2 & 5 H240 1=862%
= H = 54 . Light
= b H = 5240n = 8.23%
g £ £ g{—pis = 589%
E 5 &
H 54 Dark
&

T T T T T T T
o 01 -02 -03 -D4 -D.5 -0.6 -0.7 -0.8
Applied potential (V)

T T T 7 T T T T T T
40 E o 70 1000 200 300 400 500 600 FOO 500 900
2-theta Raman shift (em)

Trapstates € & = § * 4t % £ 3+ 224 trapping/detrapping process @ # 3¢ + @
oo - § L4 WY ¢h trap states B I A »’ﬁ BA T 3 MRl o

0.3

P -
E fuf oy
£ 3
Trapping/detrapping process £ H 240
& g .
E £oor
£ ()}
R 0003+ T T
0 1 2 3 35 0+ w* 104 10"
Radial distance / A Photon flux / cm’s*

FE-FRIMA R LS

% § % chtrap state ¥ &3> § it 4%7

@ :imirakd s En

Mﬁhﬁl%ﬁ_" ’ 'h&&tp’s,uﬁﬁ-ﬂkﬁ-’ T' 3*1{:
Ei'? BAFIS TR RGBT > BT ﬁfﬁé"r‘%'l [N
®RER -

i ers ARE > @A

HE T
c HEFIEA EZRNUIAIREFAL T

= I

AAARE S K ARREEL G F HSEM B
2K AR E 2 TR R 40 TEM §]
A Akl 17 T 48 & kol 49 i Nvauist ]

(@)
'-l.‘

&L_Jg}‘ “ s
y :‘_‘”H‘o .: Bare fiber

Re Rp [ ()

Im(Z) (€2

CNT-grafted fiber
Bare fiber

===== CNT-grafted fiber

T T T T T ° T T
o 1 20 30 1 2 3 4
Re(Z) (£2) Re(Z) (€)




SFIA RGO RARERE

DFTEF SRR E AR
FI*EBHES I RS REIFWERLSF REFGYAHUAE AR R BRI RS
RN S L EE S BEZEEL R AE TLAT LS L) RAS S BN X

Counterions x -+ ®
* X Negatively
L2 J +
charged
vy, e char
* g x DNA
Positively charged

catanionic vesicle

Cnll::nle Anionic lon Pair Catanionic - i [-I-‘] n;& _rﬁ}% *

surfactant surfactant Amphiphile vesicle
20 10° 50
15} g g0 EE DNA WE R
e .z 3 ° g 30
210 8 10 0° 2
£ o &° £
g ° 20
2 o%o
5 -
10
0 0
-150 -100 -50 0 50 100 150 1 10 100 -60 -40 -20 0 20 40 60
Zeta potential, mV Time, day Zeta potential, mV

151 g i ¢ /DNA
BE%




Jﬁ/'gﬁ‘l W/ ke FREHEL K7 5 thFsd

i # X & Bz ik L AF(Brewster angle microscopy, BAM) £ & bt-wx fz 3% &= #F &% sk 3 3 e (Infrared

reflection-absorption spectroscopy, IRRAS) » s& (7 /i Fr o + BA S A E2 A F R F| 7 5 ehb 7 0 UK
i R FG FEeEIHE R G EALL B2 66 R G E B

IR Spectrometer

Mirror

BRI A1* PRtk

no reflection reflection

Detector

I'IIT"II"'I'"I_FI'II'I'I'I

TLIHLT
]
Langmuir Film Balance

AR VY 9 | F S-S o fh Sk B |

ERS LU
f1* Langmuir-Blodgett (LB) AfH#M#-F i h o tchE A3 EEA I AMAF L > NHFEE S
3R B R K E

Suhstme\' Upward :]m
=

= Air S|E = | — 0]
Elumwb’; R l

Liquid .

0.2 Q

. - — 0.4 X
. LBRBARTEE | Y

pm

AL LBWHAFM Bl |

DA ¢ R R
AN $1}+ﬁﬁlﬁlémﬁ’(:§1§p\¢4u AR T IRE @Lpﬁi#&%lﬁp\fi‘z&.rﬁﬁéi ) . )

& TIRRE R TAISTHCE E 2 B zeta potential (PR o
U,

+ 4+ + +tERTE + + + +

0 50 100 150 200
time

BETRMRGE TINRRLE TG Y B
34 ¢ zeta potential

BEE S PR






mailto:chiwang@mail.ncku.edu.tw�

2. %43 AML Ry I

ARES rheometer used in this lab.
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Typical Hv scattering pattern for iPS
observed by small-angle light

by POM. scattering.

Typical morphology for

TEM micrograph of sSPS/CNC=95/5
sPS/iPS 50/50 blend at 300°C nanocomposites. The inset shows the

observed by OM. The inset
shows the FFT pattern.

primary CNC particle with a diameter

of ~50 nm.
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-SO3H (35%2.6) < -COOH (4113.3) ~ Au (44%2.9) (platelets/1000pm?)
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Double flaps assures
position of stent is
maintained after stent
placement.
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Il Polymer-coated magnetic nano-adsorbent

* high adsorption capacity ; fast adsorption/desorption rates; can be
magnetically manipulated; particularly useful for macromolecules
* recoverable catalyst support

polyelectrolytes

covalently binding

Fe,0,
Magnetic nano-adsorbent A Carboxymethyl Chitosan

[l Biomolecule/drug-nanoparticle conjugates

* enzyme immobilization
* bio-detection/ biolabeling
* bio-separation

* drug delivery/targeting Nanoparticles Biomolecules/drugs
- pH-triggered release EE@C’)A”’ g proteins, enzymes,
. 3Us
- two-photo triggered release DNA, drugs

B Flurescent nanoparticle

* biolabeling
* two-photo excitation

oluminescent Si -
nanocrystals with oxide surface passivation 4green photoluminescent Fe,Si nanocrystals




B Core-shell and alloy metal nanoparticles

* optical & magnetic properties
* biomedical: gene transfer, magnetic targeting, therapy
* conducting/EMI filler
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Dual-frequency EM wave absorption
of Ni@Ag nanoparticles

@ :uppemstlgasy

2D-3D superlattice of Fe oxide/Au nanoparticles

Fabrication Applications
sol-gel surface coatings/modification

optical devices (UV/VIS/NIR)
optoelectronic devices
conducting devices
electrochemical devices
photo/catalytic devices
biosensors

dispersion/casting
layer-by-layer self assembly
electrophoretically deposition

§i-8i0, core-shell NPs thin film

E‘;‘
)

o iis T R SR S s T

SEM images of pure AZO thin film (a) and Ag
nanoparticles-containing AZO thin films with
Ag/Zn=0.05(b), 0.10 (c), and 0.15 (d) at%.
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* Process R&D for nanoparticle-dispersed functional textile

ux  Low temperature PL
v spectra of Si@Si0,

n

i thin film

usteum iy (2w}

4 500
Wavelength (=m)

* Membrane separation processes

* Solvent extraction and ion exchange 42
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. Dissociatively
Chemisorption

. Diffusion

. Interface Adsorption
& Polarization
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® Langmuir-Blodgett Film Deposition

Spreading the molecules or particles at air/liquid interface, compression to an organized

state, then transferring to a solid substrate.

st

# B R
—g—

SiO; nanoparticles LB film. Au nanoparticles LB film.

(J. colloid Interfacial Sci., 2007)

® Layer-by-Layer assembly of raspberry-like particulate film

e e e 0000

Protonated 3-AMDS 0.5um SiO,
modified Glass

3-AMDS silianization
and acid treatment

O
e
Pasticuldea e -l SAM (Langmuir, 2007)
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® Quantum Dots-Sensitized Nanocrystilline Photoelectrodes for
DSSC and Water Splitting

— 1 R |
- (R 1
TCO TiO2 QD Electrolyte Pt e B~
T, Al . : 1.TeV. H,
’ H IHz T 2.25ev ﬁ%
A H,0/0, #-F o2 L T
S 2010, e ; . H.O
< oy, 22 - b “Q z
25 3T || W \
1‘ Tio, CdS CdSe
Visible light
VS. NHE(V) Anode Cathode

i0,/CdS(3)/CdSe(4)/PY
10,/CdS(3)/CdSe(4)/ZnS/Pt
10,/CdS(3)/CdSe(4)/ZnS/Au,

H, generation rate : 220 umole/cm’ - h
(5.36 ml/ cm® - h)

(Adv. Fun. Mater., 2008)

® In-Situ Scanning Tunneling Microscopy-Electrochemical mode
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(Langmuir, 2008)
HS-C¢-OH on Au(111)
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ZnO Nanorods ZnO Nanotubes ZnO nanorods/ZnO film o siisic X COMIPU ] TiOz Nanorods
(Adv. Mater. & JPCB, 2002) (APL, 2002) (Adv. Funct. Mater., 2004)  (Adv. Matet., 2002 & Adv. Funct. Mater., 2005) (JPCB, 2004)

Ga

Ga203 Nanowires (Adv. Mater., 2004) Ga20;-TiO2 Nano-Barcodes  (Adv. Mater., 2005)

‘v Room-temperature Ferromagnetism in Well-Aligned Zn;.,Co,O Nanorods (APL, 2004)
(Appl. Phys. Lett , 2004)
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'# Photocatalytic Properties of the nc-Au/ZnO Nanorod Composites
(Appl_ Catal. B’ 2006) Photodegradation of methyl orange (MO) under 365-nm irradiation
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-'# Determination of the Carrier Concentrations of the ZnO Nanorods using Impedance

Spectroscopy (Adv. Mater., 2007) ‘
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@ ZnO Nanowire Array/Nanoparticle Composite Dye-Sensitized Solar Cells
(Appl. Phys. Lett., 2007; Nanotechnology, 2007; Cryst Growth & Design, 2008)

ZnO Nanowire-nanoparticle .'.__ | 12}

Uil I TiO, NP
composite films

II ZnO NW/NP

4t
I 7zooNW
I L=55 pen
%.U 0j1 0. 2 0‘3 : 0.5 Ufs 0.7

Voltage (V) '

FTO ZnONW  ZnO/LBZANP  TiO, NP dye Cathode (P1) — - b - v v
-] - i
@ o | —_— 1
P25.NP anade Zn0 NW anade ] et
E Lifeime
it - ———
% = onf —=— Zn0 NW/NP DSSC !
g ——7n0 NW DSSC
® —&—Ti0, NP DSSC
Anode Elcctroly -
T Anode I, I, cotrolyte 2 i * Transit Time }
o Y W, ] g
-3 '3 N 5 )
cbar, clr, chr, Pt o .
= 1E4 ]
A - - =
R r i i Il Il i i i 1
v | E————— 30 40 50 60 70 80 90
ML { Potentiostavrra |

Light Intensity (chm'z)

& Fast-Switching Photovoltachromic Cells with Tunable Transmittance

70 I 5 I 60 T T T T T T T L
— 1~5 cycles
e —— 196~200 cycles 55 80007000 800%
ITO TiO, Dye 50
J _—
50 T asf
<
gl
40
£ s}
=
30 = 30f
g
= 25|
L =
20 Ew
10 ~ 15
. . . . 10 ) 2 . ) A . A .
0 100 200 300 400 0 100 200 300 400 500 600 700 800

Time (sec) Time (sec)



Liquid-Crystalline Phase (Myelins)
£ k% s AR
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Surfactant-rich Phase
Micellar solution
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H Extraction
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Performance of the L;-phase extraction
51 on hydrophobic solutes such as polycyclic
aromatic hydrocarbons (PAHs).
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Selected Publications:

(1) K.—C. Hung, B.=H. Chen, “Application of L; Sponge Phase in Extraction of Polycyclic Aromatic
Hydrocarbons”, AIChE Journal, 53(6), 1450-1459 (2007).

(2) K.—C. Hung, B.=H. Chen, Liya E. Yu, “Cloud-Point Extraction of Selected Polycyclic Aromatic
Hydrocarbons by Nonionic Surfactants”, Separation & Purification Tech., 57(1), 1-10 (2007).

(3) D. Carr, P.R. Garrett, D. Giles, G. Pierre-Louis, E. Staples, C. A. Miller, B-H Chen,
“Solubilization of Triolein by Microemulsions Containing C1,Es/Hexadecane/Water;
Equilibrium and Dynamics”, Journal of Colloid and Interface Science, 325(2), 508-515 (2008).

(4) M.-K. Chang, C.-H. Chen, B.-H. Chen, “Characteristics of Magnetic Nanoparticles Fabricated
by Electroless Nickel Deposition”, Ind. & Eng. Chem. Res., 47(9), 3021-3029 (2008)

(5) J.—L. Li, B.=H. Chen, “Effect of Nonionic Surfactants on Biodegradation of Phenanthrene by a

Marine Bacteria of Neptunomonas naphthovorans”, J. Hazardous Materials, (in press).
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Investigating the Formation of Inclusion Body in Recombinant
Escherichia coli with a Bioimaging System

F L i
. <

Fig. 1 Visualization of G7 protein fluorescence emitted by E. coli giant protoplasts. Panel (a)
corresponds to fluorescence microscopy under white light; panel (b) corresponds to
fluorescence microscopy under UV light, both with 400-fold magnification. P1 is the
protoplast without fluorescence. P2 and P3 are the protoplasts emitting blue

fluorescence.
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Fig. 2 Visualization of the inclusion bodies of G7 protein. The left series correspond to
fluorescence microscopy under white light; the right series correspond to fluorescence
microscopy under UV light, both with 400-fold magnification. The inclusion bodies
recovered by detergent treatment are shown in (a) and (b). The inclusion bodies
recovered by osmosis shock are shown in (c) and (d). The inclusion bodies recovered
by sonication shock are shown in (e) and (f).

100

80 1

60 -

40 -

20 A

Fraction of inclusion bodies (%)

0 2 4 6 8 10
Time after induction (h)
Fig. 3 Effect of temperature on the formation of inclusion bodies in E. coli giant protoplasts.
E. coli protoplasts were incubated at pH 7.0. IPTG was added with a final

concentration of 0.5 mM. Symbols: close circles, 30°C; close squares, 25°C; close
triangles, 20°C.
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(/157 PNVF/SDS

Air-water surface

. BAF- & EA L3I F* (Polymer-Surfactant Interactions )

Provided that the polymer interacts with the surfactant, surfactant molecules form micelle-like aggregates at a
well-define concentration (cac) which is always lower than the regular cmc of the surfactant.

FILAE: 37 F-Ro BRI s FLIPRLIFEFH -ZLF/ETRB

2 2 2
] © © 0000 000000000000

Surface tension
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on the polymer (CAC.Ty)

.
pure SDS critical micelle —3p* — -~ — — — — — 2
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using pyrene fluorescence
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[SDS] (M)

The cac of the surfactant in the presence of polymer can be detected

i



. B A F PR =K (NMR and Polymers)
The two-dimensional NOESY NMR experiment is an effective tool to elucidate the supramolecular structure of
the polymer-surfactant complex.
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Polymer surfactant aggregates

. B 43 /83 84% (Polymer-Stabilized Quantum Dots )
The color of poly(vinylamine)-stabilized CdS quantum dots can be tuned either by changing solution
composition or pH.

pH of cosolvent pH of cosolvent
> 5 s 1 s
" MHAEEENR A LLEL ] Conformation of PVAm.HCI in solution
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g“!-;!l. . uv!“!....
AEE T s T TR w
E E——
g 06 ! . L; ,. . ., o ,.“ - - ,;i - - fully extended coil partially extended coil Compact globule
=
I mmEmEm S ELLTT |
o F il 1o i K . E (A)Low pH value of solution - ------- > High pH value of solution
o e PVAm-HCI i d solvent —------=3 “HCl i
Bright field Fluorescence (B) m in good solven > PVAm-HCl in poor solvent

|| s

CdS QDs stabilized by PVAm-HCl
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High aspect ratio (AR=8) (a) PDMS mold,

Array of (a) silicon microneedles, and (b)
and (b) PMMA replica.

PMMA nanonozzles.
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Formation of (a) nanorings, and (b) lines
via capillarity

DNA nanowires

Manipulation of Biomolecules

0
O
=
Top -
o e 20 0 40 50 60
* (um)
Sup;erhydrophobici“[.y I ‘ I l I l i I } I }
A B C D E

-1

5um
Dynamics of single DNA molecules induced by electrokinetics
N (around the stagnation point inside a cross-slot flow device)

Superhydrophilicity

~200 pm

Experimental and simulation results of rotation of liposome
nanoparticles due to electrokinetic interactions.

If your research does not generate papers, it might just as well not have been done. “Interesting
and unpublished” is equivalent to “non-existent”.

--by Prof. George M. Whitesides from Harvard University
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20
XRD pattern of Fe;O4 nanoparticles

PS-PVP neat block copolymer  PS-PVP/1% Fe;0, particles  PS-PVP/10% Fe;0, particles



Orienting the Microphase Effect of THF solvent annealing on neat block

Separated Neat Block Copolymer copolymer and its composite
and Its Composites in Thin Film PS-PVP PS-PVP/1% Fe,0,
Architecture Swelling
coefficient
Optical microscopy of neat block Q~15

copolymer and its composite thin films  mg/cm3
under solvent annealing

Q~ 1.5 mg/cm? Q ~ 3.0 mg/cm?

Effect of solvent annealing time on
the morphology of block copolymer
. 3
thin ﬁ' (Q ~ 2.0 mg/em’) _ Synthesis and Magnetic Properties of

Magnetic Nanorods

Multiple injections of the precursor
to synthesize magnetic nanorods

40 nm

Six times injection Eight times injection
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& Biomimetic Syntheses

A simple concept to synthesize inorganic materials under benign conditions.
I. Nanospheres
Synthesize silica, AgBr, AgBr/silica core shell, and hollow spheres using self-assembled

% ,f‘ i | ...,,
I1. Porous oxide materials
Synthesize porous oxide materials with different morphology using secondary structures
(e.g. a-helix and p-sheet) adopted by polypeptides and/or self-assembled block
copolypeptides as templates (Hawkins et al JACS 2004; Jan and Shantz Chem Commun
2005; Jan and Shantz Adv Mater 2007).

Helical polypeptides templated silica Sheet-like polypeptides templated silica
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¥ Self-Assembly of Block Copolypeptides
Formation of supramolecular assembly by block copolypeptides at different processing and

solution conditions (Gaspard, Jan, Silas, Shantz 2008 submitted).

200

200
—pH 7
s
== pH i1
150 = a 150 il
E —
£ 100 E 100
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50 H 1 50
0 I o
1 2 3 4 5 1 2 3 4 5
Cycle # Cycle #

& Gene and Drug Delivery
Block copolypeptides are potential gene and drug carriers due to their low cytotoxicity
(Jan PhD dissertation; Jan and Shantz US patent 2007).

Bare Polymers Complexed Polymers
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& Microrheology
Particle tracking microrheology is a technique that measures the viscosity response (e.g.
chain size and conformation) of solutes in solution, so it is suited for studies such as
polyelectrolyte-counterion interactions and folding/ unfolding of proteins (Jan and
Breedveld Macromolecules 2008).
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(fluid control) ~ # $ & 547142 (sample treatment)Z % # iB|(detection) e

Pump & Mixer

Fluid control: microlfuidic valve Surrounding

Valve

Cells only entered the first chamber
but not the second one due to the
microlfuidic valve.

Around 200 cells can be trapped

in the first chamber in 2 minutes.




Cell treatment: flow through electroporation
(a) Constant DC Power Supply

Cell and Small Molecules / DNAs 70

)
m
v gg
. - 40
30
20
)

10

~ .
Y\\T/' Glass Slide
X
Inlet Reservoir  Receiving Reservoir
(b) m B
2 GND +
SoH-— /
T S >/ | ¥
=X N — s
] L.

Configuration A, B or C

(a) The schematics of flow through electroporation using a microfluidic device
(b) The side view of the microfluidic channel

(c) The relative field strength (V/cm) inside the microfluidic channel

(d) The picture of fabricated channel

A cell expanded inside the microfluidic channel due to electroporation.

Detection: cell contents detection

O
) GND
Q l cell
buffer
—_— lysate
—
40 pm OR=R 70 um
40 pm
O l membrane (a)

(a) The schematics of cell cytometry based on electroporation. (b) A cell was lysed and released
its contents into the electrophoresis channel. The cell contents were then analyzed by on-chip
electrophoresis downstream.
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A Nanoscale Drug Entrapment Strategy for the Development of Drug-eluting Stents
Cross-sectional View of DES

o Y sirolimus aggregates

crosslinker matrix

hydrophobic block Pq‘j’
I~ + ‘e —_— z’»&'k V“tk —_—
© ~
N S O %“ 1
hydrophilic blocks lipophilic drugs A L? ‘é“"'l
Pluronic L121 ¢

drug-loaded micelles

micelle

nanoscale drug-entrapment stent matrix
in the hydrophilic matrix
sirolimus/chitosan blended stent

micelles

U

stent matrix : I

cross-section of stent matrix :
thin film w/ I

matrix strip mandril drug-loaded I

..... micelles :
EUUAAD «— — I
self-expandable fixation/crosslinking |

drug-eluting stent process !

stent w/ sirolimus-loaded micelles

Self-expansion Property of DES Deployment Procedure

temporary shape water absorption stent elongation crimped state expanded state

ﬁ_

artery

Fl'ech sheath

Y

permanent shape _shape recovery f stress dissipation

—

stent deployment

artery

Puring deploy:

150s 1208 9%0s
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In Vitro Drug Release Profiles

Drug Activity Study
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Preliminary Animal Study

Vascular Response to Stent Implantation at 6 Weeks
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Introduce magnetic field
Large-scale 3D aligned cell rods

Superparamagnetic PLGA yarns
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Electrospun Superparamagnetic Yarns for Tissue Engineering Applications
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