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Development of New Propylene Oxide Process

Sumitomo Chemical Co., Ltd.

Planning & Coordination Office, Petrochemicals & Plastics Sector
Junpei Tsun

Petrochemicals Research Laboratory
Jun Yamamoro
Masaru IsHINO

Rabigh Project Office
Noriaki Oku

There had always been a strong demand for the development of new PO-only process. The conventional
processes - chlorohydrin PO-only process and organic hydroperoxide process that generates huge amount of
co-products - have been causing headaches for the PO manufactures due to the generation of environmentally
unfriendly wastes, and to the dependence of product price on the fluctuating market of co-products.

Owing to the development of high performance Titanium epoxidation catalyst by our researchers, we have
succeeded in establishing the novel PO-only manufacturing process where cumene acts as the oxygen carrier.

The new PO Cumene process is considered as one of the “Green processes” since it gives higher yields
than the conventionals with only small amount of by-products produced.
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Propylene glycol Polyols

Unsaturated polyester resins Polyurethane (rigid forms)
— building materials — refrigerator, insulator

Industrial use Polyurethane (flexible forms)

— antifreeze, lubricant — car seat, mattress, carpet

Pharmaceuticals Non forms
— toothpaste, cosmetics — elastomer, adhesive, paint

BGEEEN  Uses for Propylene oxide (PO)
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BEE Asian PO demand forecasting (excluding
Japan)

Total 6740kt/y
(2003. Estimated)
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Nihon oxirane
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BEEEN  Global PO supplier and capacity (1000t/y)
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Nihon Oxirane
SKC Chemica .
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N New PO process _/

BGEEM PO production technologies
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1 Comparison of commercial PO production
processes

Process 1st generation  2nd generation 3rd generation
(1910~) (1960~) (2003~)

Chlorohydrin PO/SM Sumitomo
method Co-production PO only production
Oxidate source Chlorine Ethylbenzene Cumene
Byproduct CaClz Stylene -
& its production 2.0 2.5 ~0
(t/tPO)
Propylene selectivity Low Low High
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TS-1 cat. Sumitomo Ti cat.

BEENE Comparison of C3'/CMHP epoxidation ac-
tivity between TS-1 catalyst and Sumitomo
Ti catalyst

Total surface area

TS-1cat. Sumitomo Ti cat.
Micro-pore Meso-pore
(5~6A) (1~20nm)

Comparison of micro/meso pore structure
between TS-1 catalyst and Sumitomo Ti
catalyst
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Tetrahedral peak
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No octahedral peak
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(after 350°C drying)
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Ti coordination state : Tetrahedral — active site
Octahedral — inactive site

BEEEEN XAFS spectroscopy of Sumitomo Ti cata-
lyst
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1178 Newly developing PO production proces-
ses

Process & typical example company

Hydrogen peroxide (by Anthraquinone ) route Dow (Enichem)/
C3’ + H202 — PO + H20 BASF/Solvay/
TS-1 cat., MeOH solv. Degussa/Uhde
In-situ hydrogen peroxide route Lyondell, BASF
C3’+ H2+ O2 — PO + H20
Pd/TS-1 cat., MeOH solv.
Vapor phase direct oxidation route Dow, BASF,
C3’+ H2+ O2 — PO + H20
C3’ + 1202 — PO
Au/TS-1, Ag/CaCOs3 etc.

Bayer, Lyondell,
NipponShokubai
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Cumene PO process

Air
}\ OOH
CUM 6 6 CMHP

Oxidation

Epoxidation Cs
Hydrogenation
OH
H2
<]
CMA PO

Hz202 (AQ) PO process

Hydrogendtlon R
R-HAQ R-AQ

A1r Oxidation H20:2

Epoxidation

P()

BGEEEN  Comparison of PO production process be-
tween Cumene route and Hydrogen perox-
ide (H202) route (AQ : Anthraquinone)
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Recent Innovations in ArF Sumiresist®

Sumitomo Chemical Co., Ltd.
IT-Related Chemicals Research Laboratory

Ichiki TAKEMOTO

Kunishige EpaMATSU

With increasing development of electronic equipments in the highly information-oriented society, the litho-

graphy has been making significant advancement. As a result, photoresists that play a critical role in lithogra-

phy are required high-performance functions to control the feature size, line width roughness (LWR) and

defects. We have been developing ArF photoresists since 1996, and led to commercialize the ArF photoresist,

PAR-101 in 1997. As critical dimensions get smaller, much effort has been continued to create innovative

materials and to optimize photolithography process conditions. The series of ArF Sumiresist® is evolving to

fill all sorts of demands in the ArF photoresist market.
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PBGEE  Sumiresist®PAR-855 top view SEM image
(70 nm Line & Space patterns, 140 nm
pitch)
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BGEENE Cross-section SEM image of Sumiresist®PAR-855

ArFO0O0O000®000

0000000000000000000000O0
0000000000000 Odefect0000000
0000000000000000000000O0
00000000000000000000000
00000000000 000000000000
00000000000 000000000000
0000000000000 O00000O00O00O0
00000000000 000000000000
00000000000 00000000000O0
000000O0O0OoO0ooooo
0000000000 000000000000
00000000000 00000000000O0
OD00O0O0O0O0O0O00®PARSS5000000000
0000000000000 0DOFDOOOLWRE
00000000000 000000000000
000 O O Fig. 601

000000®PAROOODO

1. 0O0oOooooooo
ooooobOoOoOoooooooboobobOOonooooon
coooooooobOooboooOooboOoobooon
ooooooOooOo0oooooooooooboooTgO
cboooooooooOooobooOooboOoobOoon
oooooooooooooooobooooTgoOOO
0000 Table 10 MHGBO MAMA/HAMA/GBMA =
50/25/250 00 Tgh 1900 00000000000
cbOooooooooOooobooOooboOoobobooon
Ooo0oo07TghooooOoooooooooooon
ooooooooooo
oboooooooooboooooboboboooo
cbOooooooooOooobooOooboOoobobooon
gooooOoOoOoooOOO0O0AFOOOOODODOOO
cbOooooooobOooboooOooboobooon
OooooooooooooooooTgooooon
000000 00oooooMAMADOOOOOOO
Oo0ooOoO0oO0oOo0ooOoO0o0oo0o0o0o0oo0O0TgoO
O0O00O0O000Fg. 70000000000O0O0OO
Ooo0o0o0oooooMHGBOOOOOOoOoooO

+0.10pum +0.20pum

13



ArFO0O0000®00O0

ooooooo40000000C00000000O0
O000OO0O0OTable 10OOFig. 800000000
oO0ooO0oo0ooO0ooO0TgoOOoOOO0OO0OO0O0O0O0O
OO0O0Tg0oOoOooooooooooooOoon

1N The characteristics of the methacrylate
polymers

Polymer Monomers Muw PD Tg(°C)

MHGB  MAMA/HAMA/GBMA 9400 1.59 188
Resinl AMAMA/HAMA/GBMA 11700 1.66 156
Resin2 PMAMA/HAMA/GBMA 11700 1.84 137
Resin3 BMAMA/HAMA/GBMA 14400 2.02 105
Resin4 ~VMAMA/HAMA/GBMA 13400 1.86 96

CHs3 CH3
(‘3H3 ‘ (‘?sz ‘
CH2=C —CO2 CH2=C —CO2(CH2)nCO2
MAMA n=1:AMAMA
2 : PMAMA
3: BMAMA
4 : VMAMA
CH3 CHs3

CH2=C —CO2 CHzCC()zj;>
HamA 1O ceMA o Y

Methacrylate Monomers

MHGB Resin 1 Resin 2

BEEEEN  Comparison of 150nm 1: 1 L/S of resists

MHGB Resin 1 Resin 2

0 1 1 1 1 |
COMMHGB) C1(Resin1) C2(Resin2) C3(Resin 3) C4(Resin 4)

Number of carbon atoms

BGEEXE  Correlation of Tg with the number of car-
bon atoms
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IEEELN  Comparison of 180nm 1: 0.5 and 1 : 3 contact holes of resists

14

oooog 2006-1



150nm Hole/600nm Pitch
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IEEEEN Thermal flow of contact holes with Resin 1
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For implantation
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Implant 330nm F.T.
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reflective
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AX-5243

Hole, Via

IEEEEN  Sumitomo positive tone ArF resist lineup
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P | PARS35 500nm FT.
AJ-6131 350nm F.T.

AJ-7891 180nm F.T.
Thermal flow process

AJ-3144 p| CH/Via

-7332
/’ A

150-220nm F.T.

CH/Via
PAR-824
300nm F.T.

PAR-823

250-200nm F.T.
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Development of Value Added Acrylic Film
‘TECHNOLLOY®’

Sumitomo Chemical Co., Ltd.
Basic Chemicals Research Laboratory
Shinsuke OcHial

Yousuke TSUKUDA

Koji Kovama

Technolloy® is an acrylic resin (PMMA) film with extremely smooth, hard, and highly glossy surfaces.

Because of these characteristics, Technolloy® film is widely used for automobile interior and household elec-

trical appliance parts, often as an alternative to organic solvent paints. In addition, this film is suitable for use

as a substrate film for coating; its potential for use in optical film applications is extremely promising.

In this paper, we review some basic performance characteristics of our Technolloy® film, and provide some

examples of its application.
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LN Properties of S001 (125um thickness)

Method Unit S001

Optical Total transmission JISK7105 % >92
Haze JISK7105 % <10

Yellowness index - - <05

Thermal Tg JISK7121 °C 103
Shrinkage * % 15+1

Mechanical Tensile strength JISK7113 MPa > 60
Tensile expansion JISK7113 % >25

Others Pencil hardness JIS K5400 - H
Density JISK7112  g/em® 117

* Measured by our original method. Condition : 100°C x 10min.
Direction : machine direction
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BGEEW  Spectral transmittance
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a1 -322] Chemical resistance of S001

Chemical Condition Resistance
10% ethanol 20°C, 24H o[
Petroleum benzine 20°C, 24H o[
Dioctyl phthalate 60°C, 168H oo
0.1N H2SO4 20°C, 24H o
0.IN NaOH 20°C, 24H o
Hair dye 60°C, 24H oo

o ---nochange, [0 --- slight change

Fig.6000000®00100000000000
gopoooopooooooooloommOOodoon
0ooooooooooo4000000D0O0O0O0OOo

gooobobpbooooobboooobobbooo
gobobooooooobbooooobobbooo
gobobooooooobbooooobobbooo
gooboboobboooobbbboooooobobbod
gobobooooooobbooooobobbooo
0000000000000 000000000®00
goboboooooooobboooooobbooo
goboboooooooobboooooobbooo
gogboobobooboobbooboo

oooo 2006-1

0000000000000 o0oooo®ooa

— e s
= DD W
=1 (=} =] (=1

=

Thickness (um)

<

0 200 400 600 800 1000

Width direction (mm)

BGEENEE  Thickness fluctuation of S001

Fig. 700 00000000O0O0OOOOOOCO
oooooocobOoOoooboooobOoOoooon
ooooooooooooboobooooooo

00000000000000®00000000
cooobooooooboooooooooooooon
coooooooOOObOO0mOoOoooooooobooo
cooobOoOoOOo0ooooooooboobooooobooooo

00000000®000007um000000
ooooooooooooocoooi1zsumbOOOn
cbooooooooboooboooOooobooobooon
ooobooooooooobooboooo

IZ um

Device : Contact type 3-D surface roughness measuring device
Results :

Ra:0.022

Rz:0.120

Rmax : 0.156 (um)

Surface roughness of S001
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L) Laminated structure with use application

Typel Type2

| Technolloy® —1 Technolloy®

|- Printing ink
—— ABS, PVC, PP film

- Backing sheet
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BGEEEM Mechanism of surface irregularities under
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IGEELN  Whitening level after heating vs. rubber size
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IEEEEN  Impact resistance vs. rubber size
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G  Observation of whitening part by SEM
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L Properties of S013, S014 (125um thickness)

Method Unit  SO013  S014
Optical ~ Total transmission  JIS K7105 % >92  >02

Haze JISK7105 % <10 <10
Yellowness index - - <05 <05

Thermal Tg JISK7121  °C 100 96
Shrinkage * % 15+1 25+1

Mechanical Tensile strength ~ JISK7113 MPa >55  >40
Tensile expansion ~ JISK7113 % >40 >30

Others Pencil hardness  JIS K5400 - F HB
Density JISK7112  g/em® 117 117

* Measured by our original method. Condition : 100°C x 10min.
Direction : machine direction
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L8 Properties of Matt grades (125um thickness)

Method ~ Unit S00IM20 SO0IM30 S014M20

Optical ~ Total transmission JISK7105 % > 85 > 85

Haze JISK7105 % 68+5 5545 685
gloss (60°C) JISK7105 - 20+4 305 20+4
Thermal Tg JISK7121  °C 103 100

Shrinkage * % 15+1 15+1 25+1

Mechanical Tensile strength ~ JISK7113 MPa  >60 > 60
Tensile expansion  JIS K7113 % >25 >25

Others Pencil hardness ~ JISK5400 - 2H 2H
Density JISK7112 g/em® 117 1.17

* Measured by our original method. Condition : 100°C x 10min.
Direction : machine direction
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IEEEEN Falling ball impact test

7000000®000

0000O0®0000000000000000O
goobboobooooobbbooooobboboboo
goboogoobooobod

00000000D00®0000Fig. 140000
00000®000000Table6O0 00000

00000®000000000000075umO
gsooumO 0000000000000 0OOODOO
0o000o0oo0ooo0ooo0ooooooOgoodsooum
goboboboobooooobbbooooobbobboo
goboboboobooooobbbooooobbobboo
gooogo

oooog 2006-1



IEEEEE  Technolloy® film roll

110 Thickness, width and length of Technolloy®

products
Grade Thickness (um) Width and length (mm)
S001 75,125 1050 x 1000
1115 x 1000
250 1115 x 500
650, 800 1200 x 250
(Possible in sheet form)
S013, S014 125 1050 x 1000
1115 x 1000
S001M 75,125 1115 x 1000
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Stabilization of Thermoplastic Resins by Using

Sumilizer®GP

Sumitomo Chemical Co., Ltd.
Fine Chemicals Research Laboratory
Kenji KimMura
Hideaki Awa
Naoki Inul

Sumilizer® GP, which has a unique structure with both a phenolic antioxidant moiety and a phosphoric
antioxidant moiety in a single molecule, can efficiently prevent degradation of thermoplastic resins during
processing. In this review, the possibility of new applications for thermoplastic resins is introduced, as well as
stabilization of thermoplastic resins, such as polyolefin resins, polystyrene resins and so on, is introduced

during processing.
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P-0 OH
/
0 CHs

Ca2H6104P
Exact Mass : 660.43
Mol. Wt. : 660.91
C,76.33;H,9.30;0,9.68; P, 4.69

BEEER  structure of Sumilizer ®GP

Process stability?

——GP
—&—P-1
Resistance to D
hy drolysisl) > Loading level
n
Resistance to X Resistance to NOx
Blooming? dlSCOlOI‘athIlD
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BEEEE  Typical Performance of GP for LLDPE
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XeWOM condition :

B.PTemp.: 63°C, no water spray
~5 Exposure
< Time (hr)
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Development of Spherical Polyamide Fine
Powder

Shinto Fine Co., Ltd.
Research and Development Department
Masachika HiraNO
Takeshi YAMASAKI

Specialty Chemicals Division

Hiroshi Imal

A new synthesis and decoloring process of polyamide fine powder has been developed. The polyamide fine

powder manufactured by this process have a spherical shape and purely white color, and the distribution of the

particle size (5 to 10um in diameter) is narrow. The powder is mainly used for cosmetics. We granted the

license of this technology to SH Chemical Co., Ltd. (Korea), and the company started to manufacture the pow-

der.

The other types of polyamide powder have been also studied. One example is a spherical particle with 20 to
100um in diameter. The new polyamide product will be commercialized for industrial use.
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(1) : Ring-opening polymerization
(2) : Condensation polymerization

BGEEEM  Schematic process of polyamide
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11N Characteristics of Shinto Fine’s polyamide

fine powder

Item Characteristics ~ Test Method

1) Description Pure white powder JCIC
2) Identification Recognize the JCIC
Infrared Absorption characteristic

Spectrum absorption
3) Heavy Metals Content  10ppm (Max.) JCIC
4) Arsenic Content 1ppm (Max.) JCIC
5) Residue on Ignition 0.5% (Max.) JSCHI
6) pH 6.0-8.0 JSCHI
7) Water-Soluble 0.2% (Max.) JSCLHII

Substances

8) Apparent Density 3.0-6.0mL/g JISK-5101

9) Average Particle 6.0 -9.0um Laser Diffraction
Diameter Particle Size Analyzer
10) Particle size 20um (Max.) Laser Diffraction
Particle Size Analyzer
11) Melting Point 165 - 180°C Differential Thermo
Analysis
12) Color 85% (Min.) Chroma Meter
13) Water Content 1.0% (Max.) JSCHI

JCIC : Japanese Cosmetic Ingredients Codex

JSCI-II : The Japanese Standard of Cosmetics Ingredients, Sec-

ond Edition
JIS : Japanese Industrial Standard
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11578 Use of polyamide fine powder 8)

Use Market (%) Examples

Cosmetics 96 Foundation cream, Face powder,

Eye shadow, Hair care products,

Body shampoo
Others 4 Ink additives,
Lubricating oil additives
Total 100

B Example of final products using polyamide
fine powder
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1 Manufacturing process of polyamide
powder

Classification of
process

Characteristics Reference

Chemical Dissolve or disperse polyamide in solvent, 1), 9), 10)
grinding method  and cool it or add poor solvent therein to
be precipitated as fine particles.

Grind polyamide by a grinder. 1)

Mechanical Pour fused polyamide on a disc rapidly 11)
grinding method  rotated, and splash it to get fine particles.

Polymerization Polymerize monomers in solvent directly,  4), 5), 12)
method and disperse the reacted polyamide as fine
particles.
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Fine : }

powder Polyamide
I 0%0 [[0© Particles with
SEN 50 I SS9 %S°:‘/20~1oopm
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Particles with 20~100pum
in diameter

PEEELN Manufacturing process of polyamide par-
ticles with 20 to 100um in diameter

IEEEEN  Spherical polyamide particles
(scanning electron microscope)
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Numerical Prediction of Multiphase Flow with

Chemisorption

Sumitomo Chemical Co., Ltd.
Ehime Works
Naoki SHIMADA
Tatsuya OzAk1

Process & Production Technology Center

Tetsuya SuzuTa

A new computational fluid dynamics model was developed for application to compressible bubbly flows
with chemisorption by taking into account the dependence of phase densities on components. Then, a numeri-
cal method for solving the model was developed. The proposed method was verified through a sample calcula-
tion, i.e., (1) a simulation of a bubbly flow in a uniformly heated column of 10 m in height, (2) a bubbly flow
with CO2 absorption in NaOH solution and (3) a chemisorption in a bubble column. As a result, it was con-
firmed that the proposed method gave good prediction for the effects of pressure, temperature and chemical
components on phase densities and for the time evaluations of chemical components and gas holdup.
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1k:1155 8 Basic Equations of the proposed model
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volume fraction X
(XG+Q‘L+21(XBm =1
o=

conservative equation of [for bubbles]
mass Q0 __ Omm Duwpinm
ST V- (0tgn Vem) = P V>

[for continuous liquid phase]

dou. V-(ouVe) = - 2L Depr | 1

ot p. Dt

[for continuous gas phase]

N
cB cB AE
ZIFBmBm‘— T'GBm— FLBm]

=

N - ;
S - rGALLj

JdoiG y__0c Depe | 1 _ AE]
5t +V-(acVo) = oo Dt T 6L
conservative equation of [for bubbles]
momentum Won |y VVi=- L VP g- (Milo + Mis)
ot PBm
[for mixture of continuous phase]
. N
Ve Y Ve L VPR Fige S (Mi+ M)
ot pc pcoc m=1
conservative equation of [for bubbles]
w E
energy DryTom _ _ 1 V- (OBagun) + Qrn+ Qr};)m B 1 (@ QL)
Dt OBmPBmCBM OBmPBmCBm OB PBmCBMm
[for mixture of continuous phase]
Ve 0E+ om N
DeTe _ 1 g (qeq) + Q@@ 1 $on L o)
Dt oepeee ocpece et
conservative equation of [for bubbles]
component DonYimi _ _Momi__ {ownwsmi — (1 = Yomi) Bromi} — Pomi
Dt OBmPBm

[for continuous liquid phase]
DC CIj 1

Dt oupL

[for continuous gas phase]

= V'((XLPLDUVCU) + Wi + OT

aCLi DCTC aCLi DCP J

[EBLB’””BCJ{BTC Dt ' oP Dt

DcYoi = 1 V-(opcDeiVYai) + S {ogwei — (1= Ya) Bei} + @i
Dt oGPG oGPG
equation of state [for gas phase]
1y Y
p 7 pi(PT)
[for liquid phase]
Px= 2 Cii Myi
1
equations for mixture of O = Olg + oL
continuous phase Ve=Ve=T
Te=Tc=TL
pe = PLOL+ PcOiG
oL + O
cg _ CEOCLpL + C(];(XGPG

oLpL + 0Gpc

subscripts G = continuous gas phase, L = continuous liquid phase, Bm =bubble groupm (m =1, 2, ..., N), subscripts of
T = two phase for transfer (e.g. LBm ~ transfer from Bm to L).

variables o = volume fraction, ¢ = time,

p = density, T'CB=mass transfer rate due to coalescence and

breakup, T“F=mass transfer rate due to absorption and evaporation, P =pressure, g = acceleration of gravity,
MTg,, = force between m'h bubble group and liquid, Mg, = momentum transfer due to I, F" = viscous and

turbulent diffusion, FS = surface tension,

T = temperature, ¢ = heat flux due to molecular and turbulent

diffusion, @!%, = heat transfer between mt bubble group and liquid, Q.= energy transfer due to TGBm, QW =
work due to pressure, QF = other energy source, Q" =heat generated by friction, Y = mass fraction, C=
molar concentration, w = mole production rate due to reaction, D = diffusion coefficient, Bis»i = component i

transfer rate between bubbles and liquid, Bci

component i transfer rate due to I'em, Dsm/Dt - Dc/Dt = material derivative, M = molecular weight

= component 7 transfer rate between gas and liquid, ®Bwi - ®ci =
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(Equation of state) e Temperature
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[Correlative equations]
eInterfacial transport term
e Chemical reaction rate
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101 Parameter values for cyclohexane oxida-

tion

No. Reaction Reaction rate
1 CHX + O2 — R* + RO2* 0.0266
2 R* + O2 — RO2* 1.0x 109
3 CHX + RO2* — HPO + R* 9.3
4 2RO2* — AN + AL + O2 1.55 x 106
5 2R0O2* - D 0.2 x 106
6 HPO — AL + 0.502 0.0048
7 HPO - AN +D 0.0013
8 AL + 0.502 — AN + H20 0.5
9 AN +1.502 > D 0.37

10 HPO — RO2* +D 1.5x 104
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BEEEEN  Simulation of cyclohexane oxidation
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Bioconcentration Prediction under the Amended Sumitomo Chemical Co., Ltd.

Chemical Substances Control Law of Japan

Environmental Health Science Laboratory
Shunji NakAI

Kotaro TAKANO

Shoji Sarto

Bioconcentration of organic chemicals in fish is considered to be one of the most important factors deter-

mining the fate of chemicals in aquatic environment, and thus, the exposure levels to human and environmen-

tal organisms. Under the Chemical Substances Control Law of Japan, bioconcentration testing is, therefore,

one of the principal requisites for the registration of a new chemical of which the intended volume is beyond

the specified criterion. On the other hand, in order to reduce the burden of laboratory testing and also to pro-

vide early warning for possible hazard of a chemical, bioconcentration predictions by utilizing such a descrip-
tor as 1-octanol/water partition coefficient can be partly applicable to the registration purpose under the law.
This report presents an overall picture of applicable methods for the prediction especially that based on
restricted permeability of molecules, which we have contributed partly to the introduction of a new criterion

through the national survey project funded by METI.
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D Cytosis
D-1: Pinocytosis
D-2 : Phagocytosis
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Ps = (Ndp?/ (12Na) dcdm)) - (1-dc/dp)? -
{123 B - [1/F(dc/dp,B)2B B} (Eq.1)
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Pm =Dm - Km/dm (Eq. 2)
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Daq = 1.326 x 104/ q 14 0.59) (Eq.3)
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Dm o« 1/ MW1/2 (Eq. 4)
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Pobs =1/(1/Pm + 1/Paq)
=Dm - Daq - Km/(dm - Daq + 2daq - Km - Dm)
(Eq. )
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Pobs = Daq/ (2daq) (Eq. 6)
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L1578 Various pathways through a gill in consid-
eration of its morphological structure

Respiratory Pathway

Nonrespiratory Pathway
(through chloride cell etc.)

Transcellular ¢ Related compounds :

o Related compounds :

pathway Small molecules (Hydropho- ~ Hydrophilic macromolecules
bic and hydrophilic mole- ¢ Estimated mechanism :
cules) Energy-dependent active
¢ Estimated mechanism : transport or vesicular
Simple diffusion in the mem-  transport through the
brane of respiratory cells tubulovesicular system of
o Estimated controlling factor:  chloride cells
Hydrophobicity and the e Estimated controlling factor :
steric size of molecules Uncertain
Paracellular ® Related compounds : e Related compounds :
pathway Hydrophilic small molecules ~ Hydrophilic small molecules

(excluding ions)

o Estimated mechanism :
Flux or Diffusion in aqueous
phase through the deep tight
junction between respiratory
cells

o Estimated controlling factor :
Steric size of molecules

(including ions) and
hydrophilic macromolecules
e Estimated mechanism :
Flux or Diffusion in aqueous
phase through a shallow tight
junction (a leaky junction) or
the tubular reticulum in
chloride cells.
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0000000200000 Effective cross sectional

1:151 8 Threshold values with regard to MW proposed for the uptake of several compounds

No. Researcher Compound Fish species Threshold
(Year) [Related BCF]
1 Zitko et al. (1976)1® 11 halogenated biphenyls and 2 halogenated benzenes Atlantic salmon MW 600
(MW: 223~546) [BCF 0]
2 Anliker et al. (1988)19 23 disperse dyestuffs, 16 halogenated aromatic hydrocarbons,2 ~ Unexplained MW 500
organic pigments, 1 optical brightener and 1 triazine herbicide [BCF < 100]
(MW: 147~944, logP : 1.77~11.20)
3 Dimitrov et al. (2003)29 610 nonionic compounds, 84 ionic compounds Unexplained MW 700
(MW: Unexplained, logP : -3.98~13.98) [BCF < 100]
4 Martin et al. (2003)2D) 5 perfluorocarboxylates, 2 perfluorosulfonates Rainbow trout Uncertain
(MW: 400~714, Number of fluorine atoms: 13~27, (MW > 700)
Perfluoroalkyl chain length: 6~13)
5  Brooke et al. (1986)22  ca. 30 Chlorohydrocarbons Unexplained Uncertain
(MW: ¢a.100~ ca.400) [Maximum BCF at
around MW 300]
6  Yakata et al. (2003)29 7 Aryl fluoroalkyl ethers Carp Uncertain
(MW: 292~498) [Maximum BCF at
MW 300~430]
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The minimum diameter of the circular cylinder circumscribing
the conformation of a molecule which is optimized by molecular
mechanics etc., or the second-longest axis of the box (y axis)
which circumscribes the optimum conformation. The diameter
is also expressed as the “minimal internal cross section”.

PEEME  Effective cross sectional diameter (Deff)
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BN Relationship between logBCF and MW of
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Numerical Study of Materials for Optical
Properties
— Predictions for Materials Design —

Sumitomo Chemical Co., Ltd.
Tsukuba Research Laboratory
Yasunari ZEMPO
Masaya IsHIDA
Nobuhiko Akino

Time dependent density functional theory has been applied to the study of optical responses in the conju-

gated polymers such as poly(9,9-dialkyl-fluorene) and dielectric responses in semiconductors such as C, Ge,
Si, and AlGaAs. In this study, real-space and real-time calculation techniques are used for the electronic states
instead of the conventional basis-expansion techniques. Our method seems more efficient since a relatively

small number of meshes is required for obtaining results with reasonable accuracy, which depends on an

adjustable parameter, the total number of time steps. The methods and the calculations of optical and dielec-

tric properties will be described in detail.
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Vo (7 D) (7 1) =i 2

5 Vi (7 1) (Eq. 2)

oooobobooooooobooooooooDbon
oooooooooooOobocoooooboOooooon
oooooooooooOobocoooooboOooooon
oooooOooooobOocOoooooboOooooon
oooooOooooobOocOoooooboOooooon
oooooOooooooobooooooodTDDET
oooooOooooobOocOoooooboOooooon
oooooOooooobOocOooooooOoonooon

54

gobooOooooooocooooobcOooooboooo
ooooooocoooooobooobcod
00000000000 00000000O Gaussian
gooooooboobobooboooobooobOoobooo
ooooooooTIDbrFrooooocoooooon
gooooooboobobooboooobooobOoobooo
000WOOoDO00000000000000000
gooooooboooboobooooboooboobonoo
gooooooboooboobooooboooboobooo
gooooooboooboobooooboooboobooo
gooooooboooboobooooboooboobooo
000000000000000 120
cooboooooooooboobooboboooo
O0Gaussian0 00000000000 OODODOO
oooooOooooooooocoOoOoTDDFTOOO
0000000000000 0000000000®¥O
gooooooboooboobooooboooboobooo
goboooooooooon

uggboboaobooodaon

OCOOLEDOOOODOOODOOOOCOOOCOOOn
gooooooooooooDOOLEDO Fig. 100
gobooooooooboooooobooooobooog
gobooooooooboooooobooooobooog
goobooooooobooooooocoooobooog
gooooooooOoOoLrLEDODOOOOOOOOoO
goobooooooobooooooocoooobooog
000000000000000000000¥O

Substrate (Glass)

Hole Injection Layer
Light Emitting Layer
Cathode (Metal)

BGEEEM  structure of Polymer LED

Thickness < 1lum

000000000000 0000o0o0oooon
00000000000000000000TDDET
0000D00D0O0D0OO0LEDODODOODOODODOO
0000000000000 000000®o
00000000000000o0oooooooon
0000000000000 d Local Density Approxi-
mation : LDA®- 90 0000000000Eq. 100

oooog 2006-1



oboooOooOooooobOOoobOOobobOOooon
oboocoOooooooobOOoobOOoobobOoonoon
oboocoOooooooobOOoobOOoobobOoonoon
oobooooooooooooOoocOoooooon
oobooooboooobooooooooboooonogon
d003A0 000000000000 000O0OO
ooooooooooooooooooboolevoOonO
oboooOoooooooobOOoobOobobOOooDOon
ooooo

Wi t=0) =™ y; (0) (Eq. 3)

obooboooooooobOoobOobobOooDoon
00000.*00x000¢-0000000000x0

obobooboooboobooooobooooooooon

oobooooooooooocoobooooonn

W; @) = ey, 0) (Eq. 4)

00000000000000000000000
OO0 HO0p4000 Taylor0 OO DOOO0ODOO0O
0oQ
00000000000000000000 S()
00o0o0o0oo0ooooog

S@) =29 Hm g () (Ea. 5)
Tthe
00000 (w)Doooooooog
1 —iwt
a(m)_;jdte b () (Eq. 6)

ooooooooooop@UoOoooooooo
goood

2 .
bt = ihjdt lan(7,t) (Eq.7)
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