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Materials Genome Initiative (MGl)
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COMBINATORIAL CHEMISTRY INORGANICS GO COMBINATORIAL

Progress in dynamic combinatorial chemistry, Combinatorial synthesis is leading to new alloys,
polymer-supported reagents, microwave heating, catalysts, and magnetic semiconductors
functional studies, and deconvolution advance the

field RON DAGANI, CREN WASHINGTON

STU BORMAN, C&EN WASHINGTON

HIGH-TECH FILMS This molecular beam epitaxy system at Pacific
Northwest National Laboratory was used to grow high-quality films of

MANY AT A TIME Program head Andreas Marzinik (front to back) a room-temperature magnetic semiconductor discovered by a
and lab specialists Raphael Gattlen and Urs Rindisbacher of Novartis Japanese team using the combinatorial approach.
Pharma AG, Basel, Switzerland, pipette coupling reagent into 96-well PACIFIC NORTHWEST NATIONAL LABORATORY

reaction blocks.

Chemical & Engineering News, August 2001
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Combinatorial chemistry
Solid-phase peptide synthesis (EEXTFFE /L)

R.B. Merrifield,
J. Am. Chem. Soc. 85, 1963, 2149- 2154

[CONTRIBUTION FROM THE ROCKEFELLER INSTITUTE, NEW YORK 21, N. Y]

Solid Phase Peptide Synthesis. I. The Synthesis of a Tetrapeptide!

By R. B. MERRIFIELD
RECEIVED JANUARY 31, 1963

A new approach to the chemical synthesis of polyvpeptides was investigated. It involved the stepwise
addition of protected amino acids to a growing peptide chain which was bound by a covalent bond to a solid
resin particle. This provided a procedure whereby reagents and by-products were removed by filtration, and
the recrystallization of intermediates was eliminated. The advantages of the new method were speed and sim-
plicity of operation. The feasibility of the idea was demonstrated by the synthesis of the model tetrapeptide
L-leucyl-L-alanylglycyl-L-valine. The peptide was identical with a sample prepared by the standard p-nitro-

phenyl ester procedure.
v Merrifield [F—BIDEER TR GRTFREERTHAMEMLFEZFRE,
INIZKYI98AFE(Z/—NILIE R EFZE,

vV COBZEFERE-BIEXRATLFIASNATNS,
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v K. Kennedy, T. Stefansky, G. Davy, V.F. Zackay and E.R. Parker,

Determination of a ternary-alloy phase diagram using
e-beam co-evaporation, Journal of Applied Physics 36, 3808 (1965).

v Miller et al.,
Au-SiO, composition spread fabricated by co-sputtering,

APL 10, 86 (1967).
v’ Hanak, J.J.

“Multiple-sample concept,”
Journal of Materials Science 5, 964 (1970).
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v Discovery of high T, superconductivity

led to development of automated high ' ' .
throughput synthesis techniques.

A Combinatorial Approach to Materials Discovery

X.-D. Xiang,* Xiaodong Sun, Gabriel Bricefo, Yulin Lou,
Kai-An Wang, Hauyee Chang, William G. Wallace-Freedman,
Sung-Wei Chen, Peter G. Schultz*

A method that combines thin film deposition and physical masking techniques has been
used for the paraliel synthesis of spatially addressabile libraries of solid-state materials.
Arrays containing different combinations, stoichiometries, and deposition sequences
of BaCOj,, Bi,0,, Ca0, CuO, PbO, SrCO,, and Y,0; were generated with a series of
binary masks The arrays were sintered and BsSrCaCuO and YBaCuO superconductlng
films were ldentnf ed. Samples as small as 200 micrometers by 200 micrometers in size

e e Ml af AN ANN Al an mme amiara inakh Tha . A s —— 4

A method that combines thin film deposition and physacal maskmg techmques has been
used for the parallel synthesis of spatially addressabte libraries of sniu:i Etate matenals

Science 268, 1738 (95)
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A Publication of the Materials Research Society
April 2002, Volume 27, No. 4
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COMBINATORIAL APPROACH TO MATERIALS

b

Large scale
synthesis /

Thin-film deposition i e = FU Atvsis
techniques, or parallel _, e "2 ‘

injection delivery systems Processing

temperature,
( atmosphere,

pressure Variable temperature

parallel / scanning
detection system




COMBIG & COMBIT — micropipette dispensing system
( High-throughput powder preparation by solution processing )

COMBIG (prototype) COMBIT

i : S S. Suehara, T. Konishi, K. Fujimoto, T. Takeda,
K. Fujimoto and M. Watanabe, M. Fukuda, M. Koike, S. Inoue and M. Watanabe,
Measurement Science and Technology 16, (2005) 41-45. Applied Surface Science 252 (2006) 2456-2460.
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Combinatorial Electrostatic Spray Deposition System

» Atomized mixture solution by applying high voltage is able to deposited as powder or
film formation on a grounded and heated substrate.

“M-ist Combi” system

2

N 3
/9 4 |l L
n

Syringe pump
Manifold

Stainless steel nozzle
High voltage power supply
Substrate

6 Heating element 8 Computer
7 Temperature controller 9 Triaxial robot system
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Various preparation mode by “M-ist Combi” system

Thin film library preparation mode Powder library preparation mode

3000 ~ 4000V :
P> e
~ 3 min. / sample

()-

o Ex. mlcroplate




Comblnatorlal high- throughput XRD System in laboratory level

T PSPC
( Position-sensitive
proportional counter )

i ii '-:.
r E -""" .II-': o
. » .
L % __ 4
5 ks

Y-axis

» Reaction plate can put directly on the slidable X-Y stage.
» A number of X-ray diffraction patterns can obtain automatically.




High-throughput functional materials exploration

Powder Library preparation Phase identification Composition analysis
(M-ist Combi) (High-throughput XRD) (ICP, XRF etc.)

Resolution : c.a.0.03°

| & _ J
~ >
Pseudo quaternary Li-Ni-Co-Ti oxides reaction phase diagrams (@7002C) CoOyps
® single phase of layered-type structure Tio, 4
® single phase of spinel-type structure s
® single phase of rock salt- type structure

multi phase compound

“Combiview” program; C. J. Long, et al., Review of Scientific Instruments 78 (2007), 072217.
“XRDSuite” program; |. Takeuchi, et al., Review of Scientific Instruments 76 (2005), 062223.

K. Fujimoto et al., Mater. Res. Soc. Symp. Proc. 1024E, 1204-A01 (2008).
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Markr h chen aus Glas Nr. 14
mit blauer Lo h h ibe verpackt

Mark-tubes made of glass
as -..mwmu«mf-?wmﬁ;:m

Diamet_e_r 0.2 mm
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