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‘ ’3‘* ‘ Characterization by XRD
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Chemical & Engineering News, August 2001



Combinatorial chemistry

Solid-phase peptide synthesis (EfHXTFFERL)
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 polvpeptides 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 [E—EDEBR THRALGRIFREZEMTINEMNLGFEZIRE,
vV COBEIXEE -BIEXFRTHIFAA,
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COMBIG (prototype)

K. Fujimoto and M. Watanabe,
Measurement Science and Technology
16, (2005) 41-45.
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» Atomized mixture solution by applying high voltage is deposited
as powder or film formation on a grounded and heated substrate.
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“M-ist Combi” system

> Actual image > Software



Various preparation mode by “M-ist Combi” system

Thin film library preparation mode Liquid library preparation mode
. ov
9000V l ~1min. [ sample
‘ Sample :ZnO b
—_— =

Ex. microplate

‘ | | ‘ Powder library preparation mode

A
;3000 + 4000V 35 mm
. =@
~3min./sample L
: : e A

- 35 mm



Combinatorial XRD System

PSPC
( Position-sensitive
proportional counter)

X-Y stage —

Incident angle: 10 degree
1 XRD pattern = 1min.

Y-axis

X-axis

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



Establishment of reaction phase diagram

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

. J Resolution : c.a.0.03°

n o

“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.



Why we focused on layered type Li(Ni,Co,Ti)O, ?

@ Inthefield of Liion secondary battery
Layered-type LiCoO,
"—— toxicity and expensive

@ To avoid these problem
Layered-type LiNi, ;Co, ,0, 1]
{ Layered-type Li (Ni;sCo,,5Mn,5)0, 21, etc......
[2] T. Ohzuku, et al., Chem. Lett. (2001), 642-643. etc......
In exploring newly functional material,
candidate materials are heading to multi-components compounds

. LiNiy gCoy 1Tig 10, []

iNi i (4] [3] H. Arai, et al.,J. Power Sources 90 (2000), 76.
L!N!°-8000-2"4’_YT'YMQYO2 [4] B.V.R. Chowdari, et al., Solid State lonics 140 (2001), 55.
LiNiy /C0, 5 Tig 0sM3g 050, 1° [5] V. Subramanian , et al., Solid State lonics 148 (2002), 351.

improved cycling performance and enhanced thermal stability.

@ Established Li-Ni-Co-Ti reaction phase diagrams
& evaluated electrode property for finding newly cathode materials

[1] J. Cho, et al., J. Electrochem. Soc. 146 (1999), 3671-3676. etc....



Pseudo quaternary
Li-Ni-Co-Ti oxides reaction phase diagrams (@700°C)

©(a)

700°C  coo0,,

105

©(b) TiO * _
NiO ® single phase of layered-type structure
single phase of spinel-type structure
e single phase of rock salt- type structure

~500 samples multi phase compound
LiNig g, Ti,Cog ,0,(0< LiO
07 T Nio (a) 05 (b)
H. Liu ,etal.,

Electrochimica Acta 49

(2004)11 u

K. Fujimoto et al., Mater. Res. Soc. Symp. Proc. 1024E, 1204-A01 (2008).



Charge-discharge property of
LiNi040006-xTix02 (X=0 ~ 0.2) <@ 70000 >
4.5

4.5
- LiNi; 4C0,,60; - LiNij 4C0, 5Tio 1O
= 4 < 4
a = O N
7)) o n o
;35 & Ti=0 ;35 [// Ti=0.1
P o —1st - 5th
S 3 [ B 5 3 — 30th —40th
S 7| -3t —dom \ QE = 50th WiL( 121
25 L 2.5 : ‘
0 50 100 150 0 50 100 150
Capacity / mAh-¢ 1 —capacity / mAh-g'1
4.5 Table. Electrode property of LiNi, ,Co0, 4., Ti, O, (x:0~0.2)
j HiNIo.4C00.4Tlo 105 First disch it Retention rat
= 4 , — == iIrstdischarge capacity etention rate
?'i N (mAh-g) of dischaz‘g? capacity
Z3.5 Ti=0 135 79
o —1st — 5th
RS 0
S 50th W\ (103 Ti=0.2 103 89
, | Avavs
-9 ‘evgvrIAVAVA
0 50 100 150 i~ a7 AVA
Capacity / mAh-g'1
K. Fujimoto et al., Sci. Technol. Adv. Mater. 12, 054203 (2011). LiCo LiTi



Ti-dope effect in charge-discharge property

First discharge capacity (mAh- Retention rate of discharge capacity (%)
g LiNi LiNi  (after 50 cycles)

B Cation effect was large
__| Obse T ed & Rock salt Phase

oo 04 o oo 04 o LiTi

v Layered-type compounds with including 10% Ti in octahedron is a promising as

candidate cathode materials.
K. Fujimoto et al., Sci. Tech. Adv. Mater. 12, 054203 (2011).



52 =553Li(Ni,Co,Fe), ;Ti, ,0,R K

AirSSHE S T 700°CHER Y / 0,5 FE S F700°CHEK

<

\_

B LUV IEEBMPEHRSR

Fig. Li(Ni,Co,Fe), 5Tig 150, RS
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1) K.Fujimoto et al., Mater. Res. Soc. Symp. Proc. 1425 (2012) 704-708.




5= 55 %Li(Ni,Co,Fe), T, ,0,REE B &V EEHEHER

LiNig gTip 20,
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BE=5TRLI(Ni,Co,Fe), sTio ,0,RIGEH & U EBHEHRS

g _____ Nio (\gé ----- CoO g

2 ~ =~ LiNiO, s --- LiCoO, &

R
S oy % U P )
A B —— y=0.1 A - —— y=0.1 & = y=0.1
£ — y=0.2 £ —— y=0.2 E y=0.2
2 2 2

3| AR 3 | K 3 | $EKE

§ EFO E X Licoo, £ ™ Fe;0;
% NiO 7~ \ y=0.1 § CoO — <\l 30 2 5 Fes0, N ~y=0.1
g y=0.2 2 =" 3 X

: - : —y=01 3 y=0.2
s LiNiO, Ty=0.2 g

g S S

Z Photon energy /eV < Photon energy /eV <

Photon energy /eV

Fig LiNig,Co, 4.,Fe, Ty ,ONi,Co,Fe KIRURi#H%EFLVEXAFSZ/RI ML

Table LiNiy 4,Co, 4. Fe, Ti,
C TOMmE

#HP Ni Co Fe
y=0 2.8 3.0 -

y=0.1 2.9 3.0 3.0
y=0.2 2.9 3.0 3.0

LB TEIRDIEIMES
TiEE Mz
AMipELIZEZD

LibBx
0.88
0.84
0.84

> NiH\—Ef2{MDIREEZENDDFH T
Co,FelX(Z(F3{MDIRRE

> Ti(IV)BHA(CL B BIETHE
LilGBRREDCL0EN B2 RIE




B =5c3RLi(Ni,Mn,Ti),0, R X
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[3] Q. Zhong et al., J. Electrochem. Soc., 144(1997)205. [4] R. Alcantara et al., American Chemical Society, 15(2003)2376.



55 =5 FLi(Ni,Mn,Ti), 0, RIGES & O TEEHBHES

MIRLEINEFLT-
CombiView7 045 L

Visualize

Fig. LiNi,O,-LiMn,O,-LiTi,0, X/t

[6] C.J. Long et al. , REVIEW OF SCIENTIFIC INSTRUMENTS., 80 (2009) 103902.



55 = 5T FLi(Ni,Mn,Ti),0, RIGES & O TEAEH BHES

Table 'J— ML MEATICRAWEABEET )L
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55 =5 FLi(Ni,Mn,Ti), 0, RIGES & O TEEHBHES
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Materials Genome Initiative (MGI)
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