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Higher-order Lagrangian perturbation for structure formation in the Universe
Takayuki TATEKAWA*

(Received February 8, 2013)

The structure formation in the Universe has been known as one of the most important problem

in modern cosmology. The formation causes its self-gravitating instability and cosmic expansion.

Therefore when we analyze the structure obtained by the observations, we would know the evolution

of the Universe. We have derived fifth-order perturbative equations in Lagrangian perturbation the-

ory for a cosmological dust fluid. These equations are derived under the supposition of Newtonian

cosmology in the Friedmann-Lemaitre-Robertson-Walker Universe model. The application of the

fifth-order perturbation leads to a precise prediction of the large-scale structure.

Key words : Universe, Large-scale structure, fluid dynamics, cosmology
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Study on Evaluation of Outdoor Thermal Comfort within Fukui Station Square in

Summer Season Using a Field Observation

Shinji YOSHIDA*

(Received February 8, 2013)

This paper describes to investigate effects of the present condition on the thermal comfort in the

space around Fukui railway station using the field observation. The meteorological condition and the

thermal environment on both of the rest places in east and west sides in the station were measured

during the summer season in 2010. From the observational results, it is attempted to evaluate effects

of the countermeasure techniques against the severe hot environment in the station square.

Key Words : Station Square, Outdoor Thermal Comfort, SET*
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Effects of Saline-Water Volume on Production Performance of Tubular Solar Still

Hiroaki TERASAKI®, Takahiro YAMAJI'* and Teruyuki FUKUHARA"*

(Received February 8, 2013)

A solar still can make distilled water, not only while daytime, also after sunset due to remaining

solar heat (designated as production inertia). In order to better understand the production inertia,

we measured the production, evaporation and temperatures in a Tubular Solar Still (TSS) by

turning infrared lamps on and off under three different radiant intensity, R;, and two different water

depths in a trough, 7, (amount of supplied water). The amount of production due to the production

inertia, M,,, after six hours of infrared heating, was about from three to four times greater for H,~=

0.04m than for H,=0.01m, regardless of R,. This result may be caused by the fact, evaporation

from the water surface during the production inertia was relatively greater for /,=0.04m because

the water temperature fell more slowly for H,~0.04m than for 4,=0.01m. Furthermore, the ratio

of M, to the total production over the experiment became large with the decrease in R;. It could be

seen that the effect of the production inertia on the daily production of the TSS cannot be

disregarded.

Key Words : Tubular Solar Still, production inertia, solar energy, desalination, evaporation, production
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Present Sea-Breeze Hazards in Okinawa and

Examination of Possibility of New Business Creation Derived from Its Countermeasures

Hiroaki TERASAKI", Chiming CHU"* and Teruyuki FUKUHARA

(Received February 8, 2013)

This study describes the possibility of new business creation of countermeasures against

sea-breeze hazards based on a survey in Okinawa.

Consequently, it was found that (1) sea-breeze hazards are serious and results from inherent

properties of weather and topography of Okinawa, especially weak rainfall and strong wind due to

typhoon, (2) washing away is the best way to reduce salinity hazards, (3) a compact washing/dryer

and halotolerant mechanical parts have a high potential to create a new business, and (4)

understanding history, economy and people character of Okinawa is essential to extend a new

business in Okinawa.

Key Words : Okinawa, New business, Sea-breeze hazards, Weather condition, Washing away
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Actual Conditions of the Repair and the Dining-Living Room Composition
in “Public Housing” at TAIPEI City

Chiming CHU", Hiroaki TERASAKI"* and Yoshinobu KIKUCHI™*

(Received February 8, 2013)

This article was analyzed for repair conditions and characteristics of dining-living room

composition according to building time, dwelling unit area, acquisition pattern and plan type,

respectively. All results carried out for 14 national housing estates, 262 households, based on

observing and hearing survey in Taipei city. This result showed that over 80% tenants repaired

their house, and over 40% tenants selected extension work, and the repair cost is 5~40% of house’s

cost, and the rate of repair execution is high in small-size and old houses. And we cleared that the

repair execution has influence on the composition of space and function in dining-living room.

Key Words : Taipei City, Public Housing, 2nd gradual plan, Repair, Dining-Living Room
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Public Research of Urban Housing Development in Modern Society

—Comparative survey analysis based on residential housing complexes, in Japan, Korea, Taiwan and Thailand—

Chiming CHU*, Hiroaki TERASAKI** and Yoshinobu KIKUCHI"*

(Received February 8, 2013)

In this study, we paid attention to the “multi-housing complex” developments in Osaka, Japan,

Taipei, Taiwan, Busan, Korea, and Bangkok, Thailand. In these cities, the “multi-housing

complex” is the most major type of residential development. The purpose of this research is to

examine how residents from these types of urban housing developments have selected their

primary residence, and to determine the underlying factors involved in the selection process of

being part of those residential communities in these four countries.

Key Words : multi-family housing, Consciousness, Osaka City, Pusan City, Taipei City, Bangkok City
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Synthesis and Oxygen Permeability of Fluorinated Poly(diphenylacetylene) Derivatives

Minoru SATO*, Toshikazu SAKAGUCHI" and Tamotsu HASHIMOTO"

(Received January 22, 2013)

High-molecular-weight poly(diphenylacetylene)s were synthesized by metathesis polymerization,

and their membranes were prepared by solution casting. F-containing membranes were synthesized

by fluorination of poly(diphenylacetylene) membranes using fluorine gas. Gas transport properties

of these membranes were measured. Fluorination of Si-containing polymer by fluorine gas did not

proceed, while the other polymers were fluorinated in the same conditions. Fluorination increased

gas permeability of membranes, and the oxygen permeability coefficients of fluorinated polymer

membranes were approximately twice as large as those before fluorination.

Key Words : Fluorination, Fluorine Gas, Membrane, Gas Permeability, Poly(diphenylacetylene)
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Table 1. Polymerization of 1a-¢ by TaCls/n-Bu,Sn ¥

Yield (%) M, © M,/ M,°
1a 80 2,810,000 2.25
1b 69 1,810,000 2.85
1c 75 221,000 3.69

a) In toluene at 80 °C for 3h; [M],=0.20 M,
[TaCls]y = 20 mM, [n-BuySn]y = 40 mM.

b) Methanol-insoluble product.

¢) Measured by GPC.
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Figure 5. IR spectra of membranes before and after
desilylation
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Figure 6. IR spectra of membranes before and after

fluorination of 2a and 2b by F,-gas
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Figure 7. IR spectra of membranes before and after
fluorination of 3a,3b and 2¢ by F,-gas
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Table 2. Gas permeability coefficients of membranes
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Py Po," Pcoy”

Polymer (barrer) (barrer) (barrer) Pra/ Pox
2a 916 1740 6470 1.9
2aF50 878 1690 6490 1.9
2b 682 1340 4560 2.0
2bF50 530 850 2450 1.5
3a” 413 910 - 2.2
3aF 736 1410 4610 1.9
3b 690 1220 4650 1.8
3bF 1120 2160 8130 1.9
2¢ 619 1200 4390 1.9
2cF 1340 2220 7850 1.7

a) In the units of 1x10™°cc(stp) cm cm™ 5™ emHg' (=
1 barrer ) .
b) Date from reference [3].
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Nitration and Amination of Poly(diphenylacetylene)s

and Their Properties

Yusaku SHINODA", Toshikazu SAKAGUCHI" and Tamotsu HASHIMOTO"

(Received January 22, 2013)

Poly[ 1-phenyl-2-[p-(trimethylsilyl)phenyljacetylene] [PTMSDPA] was synthesized by metathesis
polymerization. PTMSDPA was nitrated using the mixture of sulfuric acid and nitric acid to give a

nitrated polymer. Amination of the nitrated polymer was achieved by the reduction of nitro groups

with SnCl, * 2H,0 using polymer membrane. Nitration and Amination were comfirmed by

comparison of IR spectra before and after reaction, although the molecular weights of polymers

were decreased during nitration reaction. Nitrated poly(diphenylacetylene) exhibited high gas

permeability. Aminated polymers was much higher the CO, permselectivity of than that of the

other poly(diphenylacetylene)s. Aminated polymers exhibited high CO, permselective and

relatively high gas permeability, and hence they are promising candidates for CO, separation

membranes.

Key words : Poly(diphenylacetylene), Gas Separation, Gas Permeability, Nitration, Amination
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Scheme 1. Polymerization of monomer 1
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Scheme 2. Nitration of polymer 2
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Table 1. Result of polymerization®
Monomer Yield(%)” MM My MM
1 93 2,060,000 429,000 4.81
a)At80 °C for24 h,
M, = 0.5 M, [TaCls] = 40 mM, [n-Bu,Sn] = 80 mM.
b) Methanol-insoluble product.
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Table 2. Molecular weight of polymers

Time

PO]}'mel' .“Iw x‘[n 1‘.’[\\'/1‘[]1
(hour)

2 - 2,060,000 429,000 4.81

3a 0.5 355,000 105,000 3.36

3b 1 248,000 25,600 9.67

3c 2 689,000 49,400 13.94

3d 3 601,000 53,300 11.27

Ar-SiMe,
c=c: Q2 | SiMle

|
Degree of |
|

Nitration Desilylation |

(3a) 13%  18% - ;

(3b}) 32% 29%

(3¢) 33%  32%

M1 %

(3d) 54 %

L L ! Il

3,900 3,400 2,900 2,400 1,900 1,400 9S00
Wavenumbers { cm)

400

Figure 1. IR spectra of polymers
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Table 3. Molecular weight of polymers

Polymer My My Mw/Mn
2 2,060,000 429,000 4.81
3d 601,000 33,300 11.27
4d Insoluble
Ar-SiMe, ..
No, v SiMes

(4d)

v\\ . PR

3,900 3,400 2,900 2,400 1,900 1,400 900 400
Wavenumbers { cm™)

Figure 2. IR spectra of polymers
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Figure 3. IR spectra of polymers
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Table 4. Solubility of the resultant polymers

Polviner Hexony Toluene EO CHCL EtAc THF Acctone DMF DMSO MeOH H,0

2 A Q o © x O x x X x x

3n x O O O @] O x X X

3b X A X A A A X A b % %

3c x X % A @] A x Q x X X

3d X A k3 A O (@] x Q x x x

4d X X X X X X X X X x X
O:suluble Azpartlysoluble X :insoluble
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Table 5. Gas permeation of the resultant polymers

3
Polymer (Duf) PNY PO PCOY  POYPN, PCOMPN,

g
(gfem’)

a3 - 9260 1800 4700 Ly 7.0 0.906
3a 13 104 1800 7400 1.8 7.4 0,938
3b 32 1800 3100 12000 1.7 6.7 0.908
3¢ 33 1400 2600 (1000 L.y 7.9 0.927
3d 41 oo 2100 9800 1.9 8.9 0,955
42 13 19 350 1800 3.2 16 1075
+h 32 76 260 1500 3.4 20 1.064

PDPAY - 300 1300 5300 L6 6.6

a) Degree of substitution.

b) In the units of 1 X 10™ ce(stp) cm em? s emHg!
(=1 barrer ).

¢) Date from reference [14].
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Synthesis of Novel Polymers Containing Fluorenes and Their Gas Permeability

Tatsuoki MUROGA*, Toshikazu SAKAGUCHI* and Tamotsu HASHIMOTO*

(Received January 22, 2013)

To develop new membrane materials, poly(fluoreneethynylene)s [PFEs] having alkyl groups at

9-position of fluorene were synthesized by ADIMET polymerization. PFEs with 2-ethylhexyl groups

(2a) and dodecyl groups (2b) were obtained in high yields and their weight-average molecular weights

were as high as 524,000 and 781,000 , respectively. The obtained polymers were soluble in CHCl, and

partly soluble in toluene and THF. Polymer (2d) was synthesized by Pd/Cu-catalyzed polymerization.

The free-standing membranes of (2a) and (2d) could be prepared by solvent-casting method, and the

gas permeability was measured. Their gas permeability was almost the same as that of

poly(p-phenyleneethynylene)s reported previously.

Key words: ADIMET Polymerization / Membrane /Gas Permeability / Gas Separation / Fluorene
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ORNENH DT OERERRD LN HEITTH 5.
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2R 7 A RFEEORY) v —BNEH S, &
RSy BEEAT L B YRR B LIRA B~ DI A DR &
NTE 7 WU R ICKEDOHBEEZERT D72
DICITREEEEREN R E L, [UEFEBRENS
WRESHEEANE L STV, Fx OFE=ET
BIRY (5 7=l E=Lr)[PPV], KU (7
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TH Y, Polymers of Intrinsic Microporosity
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RyFo ZEBFD LIRS TRHETLIZENSE
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A7 NVAVAZER L. JAF LD 9D
RFIT sp RETH Y, 9 LORFBITHED LT B
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PEZ TR RICTNA LD 9 (MDREL EHIC
WAL I IR L AR v —% /L,
Zh b OREEEM ZRE LT,
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el S i el I Tl HOs, Has0e Y~
§ W PP PekialP O O W
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g ] "R
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---u:"---ml
PACLIPPh,)y . Oul . PPhy _ ¥ ﬁ Meeee 7 HaH ‘;, P
NEY B 7 iotene 5
o "
neBuLT, CHyl 115 1 LY,
—TJ'“HF_!—- AWEENE K - R« 2-ethylhexyl  (1a)
W dadecyl {1b)

Scheme 1 Synthesis of monomer (1a), (1b)

\
= Mo(CO)E /7 \
,,-Ji y <
f )--./}\ 4-chlorophenol A=
o-dichlorobenzene R
/n
s
R= and AN S

AR,

Scheme 2aDIMET polymerization

) N~

j\;—” 1,4-dibromobenzene ( e e C‘C{;}
> A 1 3
‘gi _: Grignard reaction = A ), ————— %,

Y N, CHCl,, H,S0 CATY
| 3 4 1}
g o L
B
= 1c
N Ry “?_‘{ :‘\“‘T!' ( )
m_,/-,_v/-.._‘__,-uv\/- \;__'__4_\ Py
AlC, PANO, T Y
,\-.i‘-_,-‘) Nl
=
(1d)
Scheme 3 Synthesis of monomer (1¢), (1d)
X _:I"_ Gyl r A P :I
HO—{ M __.ﬂ..., CiMs0— 00y MC dab—f o,
KOH , DMSO N CH,COOH , CCl, \ 7 :
I
_;‘I-"m CuMi CoHpl,
PACL{PPhy); , Cul , PPhy 27N /. NaH B !
NEty : =% toluene Sl
OC. i+ BC.
Scheme 4 Synthesis of monomer (1e)
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AL AL T
- o PACI(PPhy), , Cul At .
! 7 = L — . . U, om 5
o e w{ NEY; , toluene 1]

Scheme 5 Polymerization of (1c¢), (1d) and (1e)
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K-315-N) & VT HEIR (25°C) T%E, ¥, b
IRFIWCDNTIEREEZWPE L. KAEERAEE (D
IXEFIRETOMEE I L VRO KA (D)
i FA LT EICEYRO) ERHNTRD .

D=1%/66 (1)
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S=P/D )
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7 b R(MN) 722 VIRAT L) RT VT A
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leile=ldile=1:1). ZI~EARETHA L
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#(5) 1330 (2) AV TRD I eI
Tablel. ADIMET Polymerization ¥
monomer yield[%] M, 9 M, M, /M.
(1a) 78 17,100 524,000 30
(1b) 87¢ 19,800 781,000 39

a) In 1,2-dichlorobenzene at 150°C ; [M],=0.1M,

[Mo] =1.0mM, [phenol] = 100mM,
b) Methanol-insoluble part.
c) Methanol/acetone-insoluble part.
d) Measured by GPC,
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Figure 1 GPC curve of 2d
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Figure 2 TGA analysis of polymers
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Table2. Gas permeability and density of polymers

71

Py, Py, Pcos Density
polymer (barrer) (barrer) (barrer) Poz/ Pz Peoz! Py (g / cm3)
2a 1.00 4.70 18.3 4,70 18.3 1.01
2d 3.50 11.4 54.5 3.26 15.6 1.07
-
K= 126 4.85 17.5 385 139 0.98
‘}_/
i
Lotz
K =} 585 16.6 74.3 2.83 12.7 0.94

C!IrH';.'u

(1 barrer = 10%cm3(STP)cm/(cm?- s: cmHg))
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Synthesis of Poly(vinyl ether) Thermoplastic Elastomers

Having Functional Soft Segments

Tsuguto IMAEDA*, Michio URUSHISAKI*, Toshikazu SAKAGUCHI*
and Tamotsu HASHIMOTO*

(Received January 28, 2013)

The ABA-type triblock copolymers consisting of poly(2-adamantyl vinyl ether) [poly(2-AdVE)]
[poly(AcHVE)],
poly(6-hydroxyhexyl vinyl ether) [poly(HHVE})], or poly(2-(2-methoxyethoxy)ethyl vinyl ether)

as outer hard segments and poly(6-acetoxyhexyl vinyl ether)
[polyMOEOVE)] as inner soft segments were synthesized by sequential living cationic
polymerization. Despite the presence of polar functional groups such as ester, hydroxy, and
oxyethylene units in their soft segments, the two polymer segments of these ABA-type triblock

copolymers were segregated into microphase-separated structure, so that the block copolymers

73

formed elastomeric films.

Key Words : Block Copolymer, Cationic Polymerization, Living Polymerization,

Vinyl Ether, Functional Groups, Thermoplastic Elastomer
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By G, 1#&) BT RIEERZ L (bp =
71 °C/S mm Hg), 7> 7 /L5 L THTERE THRIFEL
7. n-7FAE =)L —F /L (NBVE) (A AN —/3A
FT# ; MW =100.16 g/mol, d=0.764 g/mL) %, 10
wt%KE b7 - U U LOKERIR ORBE LT b U ¥ A F
J, 1R T 1AL RO THRIERA 725 £ TKT
WL, KA Y UL G 2 M%) E TRl
%, KFIAINV T A LET2REFEZL (bp=94°C),
Ty 7INED LT TRIFE L. 6-7T 7 ¥
~F L E =)V — T )L (AcHVE) MW = 186.24
g/mol, d = 0.944 g/mL) 1%, NaOH W24 2 B i3 7=
WREEMATZ3OAT7 I Raiz, 7 o~FH,
6-t FueF o ~F L ¥=,Lx—F,(HHVE) (3L
FH ML MW = 144.18 g/mol, d = 0.903 g/mL) & F
VZFNT IvE AN, KIBETHOCIZmPL, A
Z—F—THhIXA LN S CaCl, WLIRE 20
e Tr— bR 0ELTEF A (Fit, Hik) 208
TL, 20% 30 00 <iXA LTER LIz, RUGER
BIKICHEE, WEERSE-%, AMEZKT4E
Wk L7z, Ve OF BRI b= AR L —& —

ERAOCTEEEREL, AW ERES U U A
AR) (Fnde, k) L C—Whizk Uiz, KB H LV
7 A T2 BEUREAE (bp=115°C/17mmHg) L, 7
CTNVED LTI TIRAF L7z, 2-((2-4 F ¥ )
T hFV)TF A=z —F /L (MOEOVE) (L3
£ F; MW = 146.18 g/mol, d = 0.923 g/mL) i, X
FAN T s BT 2 ENEEAR L (bp = 80 °C/20
mm Hg), 7 7 Vikd L THRRE CTRIE LT, 1,4-
ERXRAU-TERFFCNFT)TE
[CH;CH (OCOCH;) -O[CH,],0-CH (OCOCH;) -CH;]
(BDAE) 1%, B#EMmEE 2RO Tz 28 75
AN 14-TEPF - ATV = —T )L
(Aldrich) & WEEE (Fn¥e, 14 & AL, 60 °C T 3 [HE[H]
S G/ LY 2% KENINS TN T
3 [EREARE (bp =85 °C/0.35mm Hg) L, b= T
1.0 MIZHIRL, 7Ty Aihed LB CRIEL
. T F AT NI AERAFIE T AR
(Et, sAICl 5) (Aldrich, 1.0 M ML= 8830 1, TR
mEEODEET TNVEED L CHRBRETREL, *
DFEEFEH L. Bifr=F /v (Fodt, 1 #&; MW = 88.11
g/mol, d=0.90 g/mL) 1%, LA/ b (Fnde, kK
SRER) LT B, KBV T A T2
BIZZE L (bp = 74 °C), T 7 NaEd L CHIEHET
RIELT=. T v 7 U 0%, 1L %20, wiEk G,
1%)50 mL, A 7 > 2Z#7K 300 mL, 10 wt%/KER{k 7~
kU 7 A KESHE 300 mL T Z DNETE 3 m%E L.
D%, A &AW TR P 72 5 F T
L, kAT A TR LI, Z20%, KEL
F 0 1T 2 ENEEZEEE (bp = 76 °C/10 mm Hg)
L, 7V NVED LTHIBTRELE. ~7 2
J6, 1R, BRRR, A A ATHAK, 10 wt%skER LT
U T AKERRONETE 3 mIPeE LiZ. Z0%, A
A BEWIK TR DS I A2 B TERE L, Hbh
T A TR LT, 0%, KBLIALY
UAET2EZEEL(bp = 99 °C), T 7 AED L
THEBECRELE. My Foe, 1), Bh
I b BT S, KFELHINVS T L T
AR L (bp = 111°C), EEEITORNCHEKSZLD
NN ETEELUTERLE. 2o g
REh&EZOFE EHEHLE.
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BEEI400°C TS HM_—F T E Liz=FHav s
EROAMT R T S A2 AWT, GREES
FST, 0°C Titofz. ROV 7 bRY v—F S
AVIRI)w—IZi b€/ ~v—Ths NBVE,
AcHVE, % 721X MOEOVE & itz ko> CH;COOEt
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Scheme 1. Synthesis of ABA-type triblock copolymers.

£7/2IX THF 2 &¢eE€ ./ ~—O ML UK 4 mL
W2, W MV o ERAWCHRE L ZEReE DR
#4%| BDAE 1A% 0.5 mL, &It = 2 VTR
Bl L 7= Et, sAIC), s A% 0.5 mL %nuzfﬁ/—\%ﬁﬁﬁ“ L
7 (EEWHESmL). EAMIIIFKRT Licd ZATH
fAlN— KRRV =—&F A MZ/25 2-AAVE ZH1 %
EAL, ABAB N oy aR)w—%ELE
(Scheme 1). BV EOT =T KEMZ T2 A
F)—=NEMNZ, PLIEALTEIELE #FiLE
IR AL A F 1L THRL, 0.1 mol/L HEEE/K
R C 1 [EIBEERE, fFitR LT h U o AJKEEE Tl
TR HYEIZ 72 5 & Ot LTz, RIS R OFMBIRIE
NOZARL—F—E2ANTHEERELBREL, 61
BEZBRIER) v—ZER L. BomR <
—1X, THFIRIKZE A X ) —NVIHETFTLTRY v~—%
WS EAZ TR LE. ZO®%BIETEL, 2.5
WBIZRB LR ~—@ EE 7T 7 E—/L N E
X ¥ A ML, ZBIRTHRIKELZ. XU (2-AdVE) -b-
AR U (NBVE)-b-R U (2-AdVE) DREIZix b= v
%, BV (2-AdVE) -b-R V (AcHVE)-b-7~ U (2-AdVE)
O WEIZ X THF %, &K U (Q2-AdVE)-b-A U
(MOEOVE) -b-7R J (2-AdVE) DHE 21X 7 v v Fv
LAV, BERER LERICEAEROT v
PROR Y =—mBoniz. /ol T 4 VLARAK

Y =—ZBEREL TRERB L LTHNE.

2.3 AR U (2-AdVE)-b- = Y (AcHVE)-b- K U
(2-AdVE) DI R TN DETIZL DAY
(2-AdVE)-b-78 U (HHVE) -b-R UV (2-AdVE) ®
AR

WFe— 2R 4T FAT7 T 22 l2kHFERY

FULTNI=UL 0135 g (AT NAEIZK LT3

ZLZE)ZTHF6 mLIZIAZAZ —F—F v T HHANT

KsH 0°C THLiFAL, WY (2-AJVE)-b-K U

(AcHVE) -b-7R U (2-AdVE) 0.30 g % THF 6 ml |{Z¥&2>

LR =—BRE#ETe— ATy -< O

T L7 4N <ITA LR, KIGEKREEZ A b

AHBL, AEHHTNARL—F—E2RAWTEEL R

ELTCHRY~—%EIRLE. BonzRY~w—0

THFERKRZ A Z J—NMCHET LAY v— 20k E

BRLEZ. 67 AY (2-AdVE)-b-H U

(HHVE) -b-7" Y (2-AdVE) % BE804% L, THF/ A & /

—b (11 vv) DIREEEIEICEN LT 2.5 wi% DR Y

v —RIRICRARL, T7arE— A FRCERY R b

L, EERCREL . BEESERE L% a5

DT 4 NVEIRDRY = —BELNE. Bonlz7 4

R ARY = —Z R U CRIERE E LTAW
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Table 1. Characterization of ABA-type Triblock Copolymers

GPC Monomer composition DSC TG-DTA
Calculated  Polystyrene Monomer of . 5 Agve
a calibration LALS Inner Block T, T
M2 MM, MM, Caled Obsd © (°C) (°C)
poly(2-AdVE), s;-b-
poly(NBVE),q-b- 124,000 95,800 1.22 111,000 1.08 700 : 300 700 : 309 -51 331
poly(2-AdVE),;,
poly(2-AdVE),5,-b-
poly(AcHVE),,-b- 184,000 109,000 1.47 139,000 1.23 700 : 300 700 : 311 -68 316
poly(2-AdVE),;,
poly(2-AdVE), s,-b-
poly(HHVE), g,-b- 154,000 49,100  1.48 176,000  1.09 - . -47 (142)
poly(2-AdVE),;,
poly(2-AdVE), s,-b-
poly(MOEOVE),,-b- 156,000 93,800 1.41 88,400 1.07 700 : 300 700 : 267 -70 272

poly(2-AdVE),;,

a) Measured by GPC with polystyrene calibration.

b) Measured by LALS(Low Angle Light Scattering)-GPC in THF.

c) Based on 'H NMR peak intensity ratio.

d) Glass transition temperature (on second heating scan).

e) Temperature of 5 % weight loss of the sample (under nitrogen atmosphere).

2.4 W ®
£BE)w—DEEGR|L, HR7u<w NS5 7 44—
(GC) ZRHWT, 1L L7 ISR 0 PNEZ %D

TRFVUCEREIA~NTE U EE ) v —DEFEDL
DHEHE U RIKiZiE, BEMMEFTMIR 7 o<
N7 4 —GC-8A A L. R ~—DKFEY

SFE (M) BIUOELHE MJ/M) M, : EE

KSR (X, FA—ITo— gy suw b S
77 4= (GPC) ZANWT, 1EEFRY XF L (HF

& : 775000, 355000, 168000, 50000, 17700, 2800) i= L

DER LT- BB AEICRY RF LU BE TR,

GPC A{FIC BE/ERTIL LC-10AD, /REEHEH (RI)
I\ BERUERTRL RID-6A % V>, BEFIE TS Shodex
K-G7U T LIBMIMEBEBIRR) RF LA S
2 Shodex K-807L, K-805L, K-804L % |z D7z ¥,
B 7 ma ks L% VT, 0.5 wilvol %IZ 358 L
TeRBHER B ICEA L, & 1.0 mL/min, 18
40°C THRIE L. R =—0EFRIZ, EA
WELRIHEE & RI #8850 2 7= GPC(LALS-GPC)
EFRAOVWTHELRE. GPC AEIC B BB EFRTR
LC-10AD, 717 AIZHEFfME LAY XF L7k
7 A Shodex KF-806M, JERELIR HEFIZ R T 7 R A A
84 Viscotek 270, RI #&HHZRZ GL science  RI
Model 504 %, BtHEY 7 b U =TT 7 A
# OmniSEC #fEf L7=. A2 THF 2 v, » 5
LIBEEIE 40 °C, 0.5 wit/vol %I AR L /- BBHsik %
HFEBEICEAL, i 1.0 mL/min THRIE L2, EEK

FI/GR T b (NMR) 1%, BARETFR LA-500
FT-NMR A7 MV A—Z—%fERA L, NEELEIZ
T RITAFAYT UERAY, SETHEELRZ. BE
B, RV 2-AdVE)-b- & U (NBVE)-b- R Y
(2-AdVE), R U (2-AdVE)-b-7R U (AcHVE)-b-7 Y
(2-AdVE), & U (2-AdVE) -b-7~ U (MOEOVE) -b-7K U
(2-AdVE) 137 au kv bhd %, RY (2-AdVE) -b-7R
Y (HHVE) -b-3 V (2-AdVE) i THF-dg & CD;0D DR
BREERV. R w—0 T,1%, REEEHREH
£ (DSC) WX VEIE L., REITiX, Vs
Thermo Plus DSC 8230L % fff L, {Z¥#EY 7 izid
TNVIFEANTETAIANCERN, BEFRKT
THIE L7z, IBERLORELX, BENLREBEEE
10 °C /min T 250 °C (T L7=%, 5B, FBIEEE 5
°C/min T-100 °C 725 250 °C O#FH CHRIE L=, RV
v —OBGERE (T,) 3RAEERE —~EBDHT

(TG-DTA) IZXDHE L. REIZITY H o8l
TG-DTA8071Gl A L, EES I T LI
FTOANST=ZT T FF 2 AVERFEHK T CHIE
L7z Tyt 5 EEHBREFOEE & L.

3 MEREER

3.1 AV (2-AdVE) -b-7 V (NBVE) -b-
AR Y (2-AdVE) DA FE
BDAE & Et;AIClL s Z#iAGbem) BV IEE
BAtEHIZ AWTC, IRIEE L L TEEB—F VOEE
T, b H, 0°CIZTIT57. NBVED Y B 7



RIV~—%EZ2EARTEKRTLEEZAT
2-AAVE %ML, EATHZ L TABAR N T
vrZaR)v—ER L. B 1A)IRT LI,
2-AdVE OWMBITER LR Y v — Do FEST
ffRIx, BEM TR, WM CE L T ER
27 ML, WE/ —DFRERY) v —0OEKITIT
CAERBNEPoT. T b ABA B R
oy laR)e—RNERLEZ ERDhoTz. &
2(A) iT R U (2-AdVE) 150-b- AR U (NBVE) 709-b- 78 U
(2-AdVE) 150 'THNMR 227 kL ERY. 227 b
ML, RU (E=x—F ) E#EB L OMIEO 7
2o FNEE -7 FAREICHETEE—73H5
A7z, 2-AdVE & NBVE BEALOMEREZ, 0.95 ppm
fTATITF+ 541 5 NBVE BAL ORISHRIE A F /1D B —
7 0 IZXt3 3 2-AdVE LD ——7 VEEHR T T
HEHDAF b LABHDORAT ¢ (32 ~ 3.8 ppm)
& ORESFRELLLNOR O, Z 2T, 2-AdVE HALD
T—TIVBRCHEETIFEHEHDO AT b L HIHD 2
F e & DY —IEX, NBVE HEALORIA A
FADOE—2 o & FEIZKRDH = NBVE BLOT—F )b

) 2-AdVE addition
— poly(2-AdVE)se-b-
poly(NBVE)q-b- \
Poly(2-AdVE)ys, \ === Poly(NBVE);
M, = 95,800 M,=72400
MM, =1.22 . MJM,=1.18
—— L e
100 105 104
MW(PSt)
B) 2-AdVE addition
— poly(2-AdVE)y5-b- A
poly(AcHVE);e-b- N - — - poly(AcHVE);,
- A
Poly(2-AdVE);s ' M, = 95,400
M, = 109,000 \ MM, =1.34
i 1 1
108 108 10
MW(PSt)
(c) 2-AdVE addition
—— poly(2-AdVE)sy - S
poly(MOEOVE};gq-b- \, = = - poly(MOEOVE
Poly(2-AdVE),s, N poiyt oo
\ M, = 56,900
M, =93,800 Y =
MM, =1.41 MM, =14

10°
MW(PSt)

Figure 1. GPC traces of the products: synthesis of
(A) poly(2-AdVE)-b-poly(NBVE)-b-poly(2-AdVE),
poly(2-AdVE)-b-poly(AcHVE)-b-poly(2-AdVE) and
poly(2-AdVE)-b-poly(MOEOVE)-b-poly(2-AdVE)
with BDAE/Et, sAICl, /CH;COOEt in toluene at 0
°C: [NBVE], or [AcHVE], or [MOEOVE]; = 1.4 M;
[2-AdVE], = 06 M; ([BDAE], = 2.0mM;
[Et, sAICI, ], = 40 mM; [CH,COOEt], or [THF], =
1.0 M.

MBICHELEEHEHOATF LV k EAEOAF L]
DE—7BE% 32~38ppm IZABND E—7 Dif
ENbELI ZETRDEZ, '"H NMR A7 h b
X 0 k7R INBVE]/[2-AAVE] X 700/309 T
HY, ZhiTtidAk (INBVE]/[2-AdVE], =
700/300) & k< —BL7z. £7-, LALS-GPC 124V
BIE Lo F 81, 111,000 THY, Ve JE
EHHEEZ I L TRO o FE 124,000 &b E<—
H L (Table 1). ZHHDORERLY, ABA® N T
Oy aRyv—%GRTERLIERLMoT.

3.2 "V (2-AdVE) -b-R U (AcHVE) -b-
ARV (2-AdVE) DEFE

BDAE & Et;AIClL s A A5bEF VBV TES
BRLEEIZ VT, WIMERE L L TR F VOEE
T, bz, 0°CITTIT-7z. ACHVE DU B
TRV —h EZEAENIERTLEELEZAT
2-AdVE 2L, BEATHI L TABAR N 7
vr7aR)v—%2aKLE K 1®IITRTLIIE,
2-AdVE DOEMBIZAER LR Y ~—005 T BoH
HiARIE, BUEME O, IRMATIC TR o7&
—‘{?ﬁ,-rl:ﬁ-}m{cﬁ,-ﬂ:ﬂiﬁ(cu,-ll:nﬁs

o I 01 I 2 adefg,
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o~y o | ™ms
] ekl J |
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Figure 2. 'H-NMR spectra of (A) poly(2-AdVE)-b-
poly(NBVE)-b-poly(2-AdVE), (B) poly(2-AdVE)-b-
poly(AcHVE)-b-poly(2-AdVE), (C) poly(2-AdVE)-
b-poly(HHVE)-b-poly(2-AdVE) and (D) poly(2-
AdVE)-b-poly(MOEOVE)-b-poly(2-AdVE)
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27 bL, BE/—DOFRERY ~—D4EFKITIF
ENERLBNRENoT-. ZDZ B ABA LR
TaysaR)w—RBEKLEZ ERbhoTz.
2(B) TR U (2-AdVE) 15p-b- 1 U (AcHVE) 790-b-78 U
(2-AdVE) 150 '"HNMR A7 kL %573, A2 |k

3.3 AR Y (2-AdVE)-b-7~ U (HHVE) -b-
AU (2-AdVE) DA X
R U (2-AdVE) is-b- B U (HHVE) yoo-b- U
(2-AdVE) 150 WX 1& 5172 B U (2-AdVE) (59-b- R U
(ACcHVE) 1p-b-R U (2-AdVE) 5o 3T L, TAT /L

Table. 2 Solubility of Triblock Copolymers and Related Homopolymers?

n-hexane toluene CHCI, THF acetone DMSO MeOH H,O
poly(2-AdVE);q, X O O O x X X X
poly(NBVE),q o) o 0 o} x x x x
poly(AcHVE);, X @) @] O (@] x x X
poly(HHVE),,, X X x O x (@] O X
poly(MOEOVE),;, X O o o (0] O o O
poly(2-AdVE),g-b-
poly(NBVE),q,-b- X O O (@) b4 X X x
poly(2-AdVE),g,
poly(2-AdVE),g,-b-
poly(AcHVE),,-b- X O O O X X X X
poly(2-AdVE),g,
poly(2-AdVE),go-b-
poly(HHVE),,-b- X X X O X x X X
poly(2-AdVE),s,
poly(2-AdVE),g,-b-
poly(MOEOVE),y,-b- X O O O X X X X

poly(2-AdVE),g,

a) O : soluble, X : insoluble.

MZiE, R (E=xz—F ) ZB L ORIBEO 7
H= o FNEL AcHVE BALDT V3L L O
EFARKIZHEET I E -7 BNHR BT, 2-AAVE &
AcHVE B DRk %, 4.05 ppm Uiz H B b
AcHVE BUV DT X T VI OBEFIZHE LA F L
YDOY—7 qiZxtd b 2-AdVE BL O = —TF LR
WCEET AEHDOAF b LD AF ¢ 32 ~
38 ppm) & OFELSMELL N LR, T T,
2-AdVE BAL O —T NVIBRICHET 2 EZHO A F
Vb LREDOAFY ¢ LOY—75E X, AcHVE
B OT AT NVEOBEICHEL-AF L O —
7 q #EITRDTZ ACHVE BAL O —F )LEREEIZ B
BELEFEHOAF Uk EHMEOXAF LI OE—
FEEE A 3.2 ~38 ppm ICA BB B —7 DIREDN S 3E
L3I Z &TRd7=. '"H NMR 227 MLk vk
7okt [AcHVE] /[2-AdVE] X 700/311 TH Y, =
AITAIA Z b ([ACHVE] o/ [2-AdVE], = 700/300) &
X< —F L7 F7, LALS-GPC I LV HIE L7-#
XX, 139,000 TH Y, U B EAHE L I
WL TROE-SFE 184,000 (23 METS - 7= (Table
D. Ih6oiERELY, BEY DY 7 AT AV
MZEXAFNVEEFZEALE ABA M N) T oy ra
R v —% G TEZ ERbhotz.

Ere Fox o VEIE#BT L L TRELE. &
e L 72 U (2-AdVE) j5p-b- K U (HHVE) 59-b- K U
(2-AdVE) 150 '"HNMR A7 ML %R 2(C) (2R,
AT MiZiE, R (= —7 ) FHEHBI O
DT F< 2 F )V & HHVE BELD T L5 )V EE B
IOt FaF I VEICHET D AF LIk TS
E— 7 RAHRBNI RIGRTOR Y (2-AAVE) 5-b-K U
(ACHVE) 709-b-7R U (2-AdVE) 150 ® '"H NMR &A% |
N 2(B)] & iz LT, AcHVE BAL0 2.05 ppm £
IR BNTET2FLEDAFNOY— 7 Bk
KHEKRLTWAZ L, 405 ppm TR 57z
AcHVE BNLOT AT IVEIZHEELEZAF Lo
— 736 ppm MU~V T7 h L7zl ENLERNAR
TRTNEOE FoF o VE~DOEBRBHEGER T T,
%72, LALS-GPC |2 X 0 /& L 7= #ast4y 781k
176,000 T v, FHEIZL UKD/ FE 154,000 I
TVMETH Y, RICHS D FRESAMITHEEN % MR
LTWBZ ENDLEHOLMR EDRIKNITE T -
TWRWEEDbNE., ZnoO/RERLY, B Y
ThEZANIE FaF U LEEREA L ABA
BRYyT7ayraR)w—RNEGNEZ Enbho
7=



3.4 RV (2-AdVE) -b-F Y (MOEOVE) -b-
R Y (2-AdVE) DA%

BDAE & Bt AICL s ZHAELELY BV IES
BALEHI % AWV T, WER L U C THF OFET, b
S, 0°CIzTiT>7-.MOEOVE ® V) BV 7R
Vv—% 52 BEAEEHKRT LI Z AT 2-AIVE &
WL, BAT22LTABAREINY ey af
V~—%&m L7, 1(D)iZRF L 5z, 2-AdVE

DEMBICER LR Y = — 040 FBAAmMRITIE,

&4y FEAlIC 2-AdVE OFER) v— L EBbihd
— 7B TNCR BN, FNIZIMAT, 2-AdVE #s
METOFR Y (MOEOVE) It AL 7 1 v 7
HEES L TRV MOEOVE OFERY v—DFE
PRty aF—NnRE Nz UL, BINgiicie
RCEE—IBESFEANCTT7 FLTWDHZ ED
Hh ABA B N T oy arRye—0RNERKLIEZ &
Thhot. 2(D) 12 A U (2-AdVE) (5p-b- 78 U
(MOEOVE) 700-b-R U (2-AdVE) 50 ® 'H NMR &%
N ETRY. AR A, R (E=rxz—F
W EEBLIOMEOT ¥~ orFrikltfsros
VUBICAEFRT A -7 BAE DT, 2-AdVE &
MOEOVE B O#A L%, 3.35 ppm AHTICA i
% MOEOVE HALD A F v =F L AAIEE KNG A F /L
DE—7 piZktT 3 2-AdVE BELO = —F LEEHRIT
BeEd 5 EEHDOAF b LAEDOAF 2 ¢ (32~3.8
ppm) & OFEDREL N HRDTZ. T I T, 2-AdVE
BT —F VEBRICEET 2 EHDO AT b &M
FHDOAF v e L O —7 REIX, MOEOVE BALD A
FOTF L ANEERIA FAOE—2 p 2 EITRKD
72 MOEOVE iD= —F VERFRICHERE L= EHD
AF Lk EAEOFF L ZF L UEF DT L,
m, n, o DE—JEE 32~38ppm (CHOLNDH Y
— 7 OBENHZELBIC Z & TRD. 'H NMR A&
~ 7 kv & sk =R [IMOEOVE]/ [2-AdVE]
X 700/267 T H YV, T hoid A Ak
(IMOEOVE]/[2-AdVE], = 700/300) & TV METZ >
7=. ¥£72, LALS-GPC (Z & 9 HIE L7 f#estoF &
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Figure 3. DSC thermograms of poly(2-AdVE),
poly(NBVE), poly(AcHVE), poly(HHVE),
poly(MOEOVE),  poly(2-AdVE)-b-poly(NBVE)-b-

poly(2-AdVE), poly(2-AdVE)-b-poly(AcHVE)-b-
poly(2-AdVE), poly(2-AdVE)-b-poly(HHVE)-b-
poly(2-AdVE), and poly(2-AdVE) -b-
poly(MOEOVE)-b-poly(2-AdVE); mecasured by DSC

on second heating scan.
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# 2 W IBEICERER S L 72V iR U (NBVE)
i3, IERMAEAEIC R S A TH Y, MRIERE A~ D%
fRPEIFIR D o 72, ZRICHRI LT AT VEZEA L
7R Y (AcHVE) X, n-~FYV AZRE, 7 ki
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Synthesis of Cyclopoly(divinyl ether)s with Various Pendant Substituents
by Cationic Cyclopolymerization

Kazuhiro MORITA*, Michio URUSHISAKI", Toshikazu SAKAGUCHI"
and Tamotsu HASHIMOTO"

(Received January 28, 2013)

Cationic  cyclopolymerization  of

5,5-bis(vinyloxymethyl)-2-bicyclo[2.2.1]heptene (2),

2,2-bis(vinyloxymethyl)bicyclo[2.2.1]heptane

1,
1,1-bis(vinyloxymethyl)cyclohexane (3),

and 4,4-bis(vinyloxymethyl)cyclohexene (4), divinyl ethers with notbornane, norbornene,

cyclohexane, and cyclohexene units, respectively, were investigated with BF;OEt, initiator in

toluene in the wide range of temperature (-30 ~ 70 °C).

All the cationic polymerizations

proceeded in cyclopolymerization manner to give almost completed cyclized polymers

(cyclopolymers).

At higher polymerization temperatures, the molecular weight distributions

(MWDs) of the obtained cyclopolymers became narrower, indicating that the degree of

cyclization of the polymers could be higher at higher temperatures under the present

polymerization  conditions.

Cyclocopolymerizations

of divinyl ether 1 with

2-vinyloxymethylbicyclo[2,2,1 Theptane (5), n-butyl vinyl ether (6), n-decyl vinyl ether (7),

2-methoxyethyl vinyl ether (8),

2-(2-methoxy)ethoxyethyl

ether (9), and

vinyl

2-[2-(2-methoxy)ethoxy]ethoxy ethyl vinyl (10) were carried out to produce a series of new

cyclopolymers with a variety of pendant substituents.

Key Words : Cationic Polymerization, Cyclopolymerization, Vinyl Ether, Divinyl Ether,

Cyclopolymer, Glass Transition Temperature
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Fig 1. MWD curves of the products obtained by the
g p A

polymerizations of 1 with BF;0Et, in toluene: [1]y =
0.30 M; [BF;0Et;]p = 5.0 mM.
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Fig 2. MWD curves of the products obtained by the
g p N7

polymerizations of 2 with BF;0Et; in toluene: [2], =
0.30 M; [BF;0Et,]o = 5.0 mM.
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Fig 3. 'H NMR spectra of (A) 1 and (B) Poly(1) in
CsDsCD3.  Polymerization condition: [1] = 0.30 M,

[BF;0Et,]o = 5.0 mM, in toluene at 70 °C.



Table 1. Thermal Property of Cyclopolymers”
Polymer Temp, °C MY M,” M,/M,” RE 7", °C
-30 95400 418000 438 179 325
Poly(1)
. 60 47600 337000 7.08 194 350
-30 67200 325000 4.83 167 265
Poly(2)
60 50600 545000 10.78 183 274

o Polymerizations were carried out with BF;0Et, in toluene: [Monomer]y = 0.30 M, [BF;0Et ], = 5.0 mM.

®) Measured by GPC with polystyrene calibration.
© Measured by DSC.
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conversion, % part, % M, ”f. mol % 0
50 2.0 100 - -
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road
%0 2.0 o 35200 '
gelation b 10.98
-M\’Vl)
90 2.0 0 21000 T1
100 8.23 narrow

L ] 1 1 3
107 106 105 104 10°
MW(PSt)

Fig 4. MWD curves of the products obtained by the

polymerizations of 3 with BF;0Et, in toluene: [3], =
0.30 M; [BF30Et; ] = 5.0 mM.
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90 5.46
100 / ~ narrow

1 L [l [l
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Fig 5. MWD curves of the products obtained by the
polymerizations of 4 with BF;OEt, in toluene: [4], =
0.30 M; [BF;0Et ]y = 5.0 mM.
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Fig 6. MWD curves of poly(1)-based copolymers by
copolymerization of 1 with comonomers 5 — 10 with
[1]o = 030 M,
[Comonomer], = 0.30 M; [BF;0Et;]; = 5.0 mM.
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Fig 7.

with

'H NMR spectra of poly(1)-based copolymers
(A) 5, B) 6, and (C) 8 in C¢D;sCD;.
Polymerization conditions: [1], = 0.30 M, [Comonomer],
=0.30 M, [BF3;0Et;], = 5.0 mM, in toluene at 60 °C.
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Synthesis and Polymerization of Multifunctional Monomers

with Hemiacetal Ester Linkages
for Degradable Thermosetting Resins

Junko MIZUGUCHI"* , Michio URUSHISAKI", Toshikazu SAKAGUCHI"
and Tamotsu HASHIMOTO"

(Received January 29, 2013)

The reaction of methacrylic acid with vinyl ethers with an epoxy group, 4-vinyloxybutyl
glycidyl ether (VBGE) and cyclohexane dimethanol vinyl glycidyl ether (CHDMVG) provided
two sorts of triple functional monomers with a polymerizable vinyl group, a curable epoxy group,
and an acid-sensitive degradable hemiacetal linkage (GBEM and GMCHMEM, respectively).
GBEM and GMCHMEM were polymerized with 2,2’-isobutyronitrile (AIBN) to give relatively
Poly(GBEM) and poly(GMCHMEM) were then cured
through their pendant epoxy functions with amine curing agents at 100 °C for 2 h to produce the
insoluble crosslinked poly(GBEM) and poly(GMCHMEM) thermosets.
were glassy and tough polymers and underwent degradation to give poly(methacrylic acid) and

high-molecular-weight soluble polymers.

These cured thrmosets

crosslinking chain residues via acid-catalyzed hydrolysis of the hemiacetal ester linkages in the

polymers at room temperature.

Key Words : Multifunctional Monomer, Methacrylate, Hemiacetal Ester, Epoxy Resin, Vinyl Ether,

Thermosetting Resin, Degradable Polymer

1. ¥ &

BEF{LVERIIE T D =R F VRN, =R X R
EEOTRI AWM ET I e EOTELH & & E
BLESEDRZLICL > TAESN, BEICEBLE
SRTOMAEEERE LTS, U FlzE, vx
Tx/)—)v-A B REFUBEREOEERICAE
LT, REWHEBEET T AF v 7 RSB REIKRE
DT EMB A EET A DOEERNH 5. B =

Y REFIR LEFRRARIB R T EE K
* Materials Science and Engineering Course, Graduate

School of Engineering

AR B, BIRETH D MEECHEK LI D
BATWDEWIFIERSH S, BB UL, FE,
RRTH D DERBRBERET D5 Z & BRBETDH
v, WHOBFRADCHTIZR-Tns. M HL, =
WSS ER%, BEOSRMN T CHfE, WAl
TEZE, FEhhEHAoRIR, BRIRIZ&ELD.
E 5T, SRAERY BT R X RO FRHIF]
BT25IINIFA b ARRICR G, O

Foxix, BBOERICE Y DEFTRER T & & — N HE
EERBFTAEYRTZ7 /) —N-A BBLIO /) RT v 7
BMoOTRFVRIEEARL, 7 {bFZHAWT
Wi L7z R g 2 AR L7z, P 2 o ek
BOERICI VoL, SERMELTHEDT



92

;.::'.':('I. | 0 {, iz : \\
= 7 \ \ o ‘I
v} \ £
o) \ o /n
R No Solvent *1 AIBN _| {
s atd0~50°c ¢ in THF at50 °C S
HO ! +
) MA / 4
"0 "
cH o
I o, G
R c|h2 [-' ‘.j R (l:HQ A H,N L N ‘ﬂ 1] - Nﬂ=
L Y o l W s B
CH; CHz L or in air at 100 °C
VEGE chpmve GBEM GMCH’MEM o for2h
O
HyN ™ ‘*-‘-*'DDM"- “ " NH, |
A 1.0 moliL-HCI

HO
poly(MA)

Scheme 1.

REVEIBEORETHAER T ) —-A & R
Tyl ERNETERLE. P LER-T, =R S
VE )OO ERRESEAT A D LT
L0, ZOELBELBICL Y DML, SMARDIX
BRIARTRER Z L ¥bholz. & 2 CARPFE T,
BT R R X VIR OB D125, LB
WRABEAWDAZ 7 UIVE, SMEME L 2B~
TSI —NVTRATNAEE, SBEERALIZR AT RE v
KEETASLERODIRIE ) ~—%AK LT,
EbIZ, ARLEET / v—%AZ 7 UNLEDTIH
NEHIZLYFR)~—{EL, 2WTT7 I kA%
RAWTHL L7z=R X UBiig e AL, FonE%
BEfL7=. 20LC, BOERICLY, ~I7k8F—
NVHED T B BIRANIIAKR DML, Z DR x5
DI E R U YA TIVRTEEMN E D DokEt L=,

2. £ B

2.1 & X
HEAMEZRA- Y =X TF AT LT
— 7 /V(VBGE) X, KFEHI NV T A ETRIERSE
L (64 °C/0.3 mmHg), BT IV EIZAN, #H
ERTE CHRE CHRE L. hERmEFHY 7 o
NFY DAY )NV T Y v —F L
(CHDMVG) IE, Z#OEEERA L. A&7 UV LEE

o T
A 'ﬁ" 3 Ho~j7 Vi
L ol T Ayt §L4H‘
. ' da
HO OH

Crosslinking Chalns

in THFfH,0 (9/1 viv)

atrt.for24 h
Cured Polymer

Synthesis and degradation of methacrylate-type epoxy resins with hemiacetal esters.
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Table 1. Radical Polymerization of Multifunctional Monomers GBEM and GMCHMEM
Monomer [AIBN], (mM) Time (h) Conversion (%) M2 M M /MD
GBEM"” 8 3 16 171000 396000 2.3
GBEM” 8 5 29 183000 473000 2.6
GMCHMEM® 5 3 27 168000 426000 2.5
GMCHMEM® 5 5 34 158000 417000 2.6
® Measured by GPC, polystyrene calibration.
®) At 50 °C in THF : [GBEM]y= 1.0 M, GBEM : AIBN =200 : 1.
9 At 50 °C in THF : [GMCHMEM];=1.0M, GMCHMEM : AIBN =200 : 1.
b a4 e b ; c.f.g.h
I o g J o R
c-d H‘-lﬂ 0“50 e d DMS0
"o b b il \, M | AH0 k\
o " i | L5 il "Ll |
# j“lll 1 ", “.L L,l g l‘/ l Tms
"\ 7 6 5 2 1 ° g = e — DAV h"._'“' —
K Kk T 5 S 2 1 o
S L y R HO  puso s
=] o 2y | m ping
c ---': d ,—*_Aﬁ \ e —l d n
i : [ «Cl \l ka
n!:‘-}h 1.od(1) zj L JJ] ; ue 1. 0(1)
° A V \ .f\\ h o>| _J
i - = S X -—————/ \-__.
f{:n 7 [) [ 4‘ ’ppm :D“ [ 5 Mppm 3 2 1
. 1
Figure 1. 'H NMR Spectrum of GBEM and Figure 2. 'H NMR Spectrum of GMCHMEM and
poly(GBEM). The reaction conditions for the synthesis poly(GMCHMEM).  The reaction conditions for the

of GBEM: [VBGE],
The reaction conditions for the
poly(GBEM): at 50°C in THEF;
GBEM:AIBN=200:1; M, =
M /M,=2.8.

: [MA]p=1: 1.5, at 50 °C for 66 h.
synthesis  of
[GBEM]p=1.0 M;
119000, M, = 414000,

bhd., ZOdov—7 LE#HREDOHEDOERY
MDY —2 OFBEARY (GBEM) 28 1:12.2, R Y
(GMCHMEM) 28 1: 19.4 720, ZH b OWHEND
BRI DMEL (1:12 & 1:18, Figurel & 21
DF vy aPIZRT) IIEF—BL, BHORY <—
PEMTE -,

3.2 bR

AU (GBEM) & 7R U (GMCHMEM) (3 i35 o i
{bAI TEPA & DDM i2 k- T, #hEFni— Mo
WRAKIZEE Y, HOQDEBICRERE -T2, &
DZELY, Bohi 4sEEOMLMIL, TID
TEMEKSR & =R % U RSBSOS L CHE B s % 1
DRI —ThdLEZIbND. £72, IRAL b
JVRTE K0 TRV A OGS A @At L, W{EETO R
V~—&liig L7z, Figure 3 (R4 X 52, ik

synthesis of GMCHMEM: [CHDMVGE], : [MA], =
1.5, at40 °C for 68 h. The reaction conditions for the
synthesis of poly(GMCHMEM): at 50 °C in THF;
[GMCHMEM]y= 1.0 M; GMCHMEM : AIBN = 200 :
1; M, = 168000, M,, = 426000, M,,/M, = 2.5.
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Zz 55,

3.3 BRUHE
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Table 2 |ZF OFERERT. HLATIOR Y ~—ThH 5
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Figure 3. IR Spectrum of cured poly(GBEM): at 100

°C for 2 h with TEPA or at 100 °C for 2 h with DDM and
cured poly(GMCHMEM): at 100 °C for 2 h with TEPA
or at 100 °C for 2 h with DDM.

Table 2.
Monomers, Their Polymers , and Their Cured Polymers

Thermal Properties of Multifunctional

Curing 7" T,”

Polymer
Agent (°C) (°0)
GBEM - - 141
Poly(GBEM) = 0 176
Cured Poly(GBEM) TEPA 64 184
Cured Poly(GBEM) DDM 61 198
GMCHMEM - - 137
Poly(GMCHMEM) - 2 198
Cured Poly(GMCHMEM) TEPA 65 190
Cured Poly(GMCHMEM) DDM 67 189

9 Measured by DSC on second heating scan.
® Measured by TG-DTA, 5 % weight loss.

T 4 5 Cured Poly(GBEM) &  Cured
Poly (GMCHMEM) @ T,iX 65 °CHi%&TH Y, (L
ko TH 65 cCHEmLz. LaL, MIgHDOFRX
R—P—NTF L UETHDID, 7 a~FH B
THDHNE, TIHEVEELR, oI, TERTO
A Y (GBEM) & & YV (GMCHMEM) O #\ /3 fif i B
(Ty) %, 176 °C & 198 °C TH Y, L L=RY
(GBEM) & 7% U (GMCHMEM) @ T,i%, 190 °C Hijf4
Thol-. WARWESRIBEZ TR LIZDX, &
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(a) Cured Poly(GBEM} with TEPA

b a
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)
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Yield 78% |
| b
in DMSO-d; 1,',( Why,
B 4 57 ppm .

b) Cured Poly(GMCHMEM) with TEPA
¥
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. "

Yield 80% |‘|
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/W J A _1_ . IR
6 4 §{ ppm 2 0
Figure 4. 'H NMR Spectra of degradation products.
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Synthesis of Trifunctional Poly(propylene glycol) with Acetal Linkages

and Properties of Chemically Recyclable

Crosslinked Polyurethanes Prepared Therefrom
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The synthesis and characterization of chemically recyclable crosslinked polyurethanes were

studied in this work. Acetal units were introduced into polypropylene glycol having three

hydroxyl terminal groups (PPG) by the reaction of the hydroxy groups of PPG with 4-acetoxybutyl

vinyl ether followed by conversion of the acetate groups into hydroxy groups.

Crosslinked

polyurethanes were prepared by the reaction of the acetal-containing polyols (PPG-acetal-OH)

with tolylene diisocyanates (TDI) at 120 °C under vacuum. The obtained polyurethanes formed

elastomeric films and exhibited good mechanical properties.

The treatment of the polyurethane

films with aqueous acid at room temperature caused smooth hydrolysis of their acetal units to give

PPG as a degradation product.

Key Words : Polyurethane, Polyol, Poly(propylene glycol), Degradable Polymer, Acetal,

Chemical Recycling
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Scheme 1. Synthesis and chemical recycling of acetal-containing crosslinked polyurethanes.
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Table 1.

Characterization of PPG, PPG-acetal-OCOCH; and PPG-acetal-OH

MD  MJM? M, (titration)”  DP,of PPG chain (NMR)”
PPG 6410 1.14 5210 =
PPG-aceta-OCOCH; 7810 1.12 s 70
PPG-acetal-OH 7500 1.10 5090 70

 Measured by GPC, polystyrene calibration.
® Measured by acetylation method.

9 Based on 'H NMR peak intensity ratio: peak e/peak h in the spectra of PPG-acetal-OCOCH; and PPG-acetal-OH

(Figure 1).
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Figure 1. 'H NMR Spectra of PPG,

PPG-acetal-OCOCH; and PPG-aceteal-OH in CsDsCDs.
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Figure 2. MWD curves of PPG, PPG-acetal-OCOCHs,
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PPG-acetal-PU.
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Figure 3. Stress-strain curve of PPG-acetal-PU.
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Figure 4. "H NMR Spectrum of degradation product of
PPG-acetal-PU in C4D5sCDs; the degradation was carried
out by the treatment with 0.1 mol/L aqueous HCI
(THF/H,0 (v/v) =9/1) for 42 h at room temperature.
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Study Diary Making Support System Using The Web Technique
Taiki KONDO* , Haruhiko SHIRAI** | Josuke KUROIWA™***,
Tomohiro ODAKA* and Hisakazu OGURA***

(Received February 8, 2013)

A study diary for necessary to study. However, the study record is not regarded as important now
in Japan. And it may not become the evidence of the study. A record with the paper is common
now. However, there is a problem of preservation, and hard to search, the simplicity in a paper study
diary.

In this study, we build a study diary making support system. By this system, we improve in-
clusion characteristics, search characteristics, preservation characteristics, simplicity. This system is
comprised of an input function and an editing feature. By the input function, one can take the record
quickly and settle a database. By the editing feature, one can make a sentence easily using the data
of the input function.

One can record and carry the data from the various places by using this system. And accurate input
and a quick search are possible. However, there is a problem of proof characteristics and preservation

characteristics. Because data may fail, backup is necessary.

Key words : Study Diary, Web Techniue, Intellectual Property Rights, Working Memory, Experi-

ment Notebook
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The Group Work Project Management Supporting System
Wataru TAKAHASHI* , Tomohiro ODAKA* ,
Jousuke KUROIWA' and Haruhiko SHIRAI**

(Received February, 8, 2013)

In this study, we built the information sharing assisting system. This system assist the learning
for building and operating network system. The learning for building and operating network system
is a kind of groupwork. Most educators don’t instruct in project management before they provide
learners practical group work education. If Learners have never experienced groupwork, they will
be struggled to share information. In such a case, they can’t concentrate on primary purpose of the
education. Our purpose is making learners concentrate on primary purpose of the education.

This system have two functions for task management function and update management function.
The task management function assist communication and collection of basic working information
in the learning for building and operating network system. Main purpose of this function is that
simplifying and unifying the format of work reporting.

The update management function automatically collect detailed working information in the
learning for building and operating network system. This system reduce the information sharing
burden on learner by these functions. We built this system by web technology and Bash. We con-
firmed through experiment that working hours for information sharing were shortening. As a result
we succeeded to reduce the burden on learners for information sharing on groupwork by using our

system.

Key words : Project Management, Group work, information sharing, network
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Intruder Detection Method By Evaluating The Input Command Sequence
-New Approach To GUI System-

Kodama MIYAZAKI* , Haruhiko SHIRAI** , Josuke KUROIWA***,
Tomohiro ODAKA* and Hisakazu OGURA™***

(Received February 8, 2013)

In this research, we focused on the characteristics that some people how use the mouse or key-
board when they using interactive software. Especially when people use a mouse device, how do
they move on different from other people, such as coordinates, trajectory, speed and movement click-
ing speed. We saved up mouse clicking’s log data and used it to extract features of the individual.
We propose a new intruder detection method that used mouse clicking’s log data.

In this intruder detection method, we evaluate the input command sequence for authentication
using the transition probability table. This method has two steps. First step, we divided the collected
into two sets , as the data in the first half of the training data, and used it to created a transition
probability table. Next step, make the second half data into validation data, and used the transition
probability table to take the average of the total. We appropriate the average value’s height to judge
who is real user.

This method is easy to implement to an ordinary computer. Using this method in conjunction
with traditional authentication methods such as password system. And it can help system security

be stronger than before.

Key words : Mouse Clicking, Intruder Detection Method, Command Sequence, Transition Proba-

bility Table, Authentication, Security
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R IN—71TOERRE

dataldata2 | fEBRE 1 | HEERE 2 | HEERE 3 | HEERE 4 | HBRE 5 | W& 6
R 1 0.564 0.305 0.419 0.223 0.340 0.234
R 2 0.327 0.712 0.215 0.356 0.232 0.282
R 3 0.368 0.211 0.495 0.347 0.217 0.332
R 4 0.158 0.260 0.201 0.387 0.163 0.208
R 5 0.221 0.331 0.194 0.243 0.466 0.331
HiBRE 6 0.323 0.298 0.177 0.333 0.212 0.361

& 8: J)—7 2 TORERER
dataldata2 | #ERTE 7 | #EERE 8 | HEERTEE 9 | #EERE 10 | #HERE 11 | #5RE 12
FHERE T 0.512 0.379 0.421 0.323 0.416 0.366
1R 8 0.419 0.610 0.390 0.338 0.459 0.478
HERE 9 0.510 0.412 0.588 0.392 0.356 0.465
#EE 10 | 0.389 0.340 0.322 0.476 0.401 0.299
B 11 | 0331 0.321 0.284 0.371 '0.449 0.268
WERE 12 | 0419 0.292 0.367 0.338 0.444 0.535
£9: F)V—7 3 TOFERR
dataldata2 | #ERFE 13 | #ERE 14 | #ERE 15 | HEBRE 16
HERE 13 0.672 0.446 0.523 0.492
WBRE 14 0.688 0.901 0.701 0.693
B 15 0.416 0.556 0.774 0.498
HiBRE 16 0.525 0.497 0.539 0.793
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