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Table 1 Lennard-Jones parameters of argon.

o/1010 | (go8)/ (do?) |
(db /K | e/102tJ
m MPa atm
111.84 1.54 3.623 32.5 320
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Fig. 2. Pressure vs. temperature obtained by MD simulations.
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Fig. 1. Average potential energy vs. temperature.

Critical constants of argon.

T /K | pcfatm | v /(cm¥mol)
EOSV5 | 164 79 72
exp 151 48 75
MD 148 41 01
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Table 3 Triple point of argon.

T4/K |psfatm |p /(glcm®) g H /(J/g)
EOS v5| 84 0.68 1.179 26.4
exp 84 0.68 1.417 28.0
MC 77 0.32 1.182 26.0
MD 74 0.58 1.205 24.0
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Fig. 3. Phase transition pressure vs. temperature for argon. Fig. 4. Phase transition T vs. number density for argon.
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Theoretical Study of Glucose Hydrolysis Mechanisms
using RISM-SCF-SEDD

(Nagoya Univ, Institute of Transformative Bio-Molecules) OArifin, D. Yokogawa, and S. Irle

[Introduction] The aim of this study is to investigate the important factors of glucose
hydrolysis into 5-hydroxymethylfurfural (HMF), in order to increase and develop the
production ways and utilizations of this reaction. Many computational and experimental
studies have been conducted to learn about this reaction, but we still lack a detailed
understanding about how the chemical reactions proceed.

A byprod ucts

Previously proposed mechanisms

for conversion of glucose into o’iOD o "0
HMF, as giving in Scheme 1, m b/\ s b—b“ = e

OH +H,0

suggest that glucose needs to be frctose unudeo;,mN s /' 6 hydrogmethylururl
. H
first transformed into fructose (B) e S,
. >
whereas fructose directly converts OH
into HMF (A) [1]. These Buw
H -Cr.,
mechanisms were suggested on z:onc’a P— LOJQ/L ] k_% =, w o
the basis of reactions in " o OH OH

glucose putative enediolate intermediate fructose 5-hydroxymethylfurfural

alkylimidazolium chloride ionic
liquids, such as [BMIM]CI and
[EMIM]CI. Before modeling the
reactions in ionic liquids, however, we decided to first investigate the reaction mechanisms
in acidic aqueous environments.

Scheme 1. Previously proposed mechanisms via open ring [1]

Besides the open ring mechanism, cyclic or closed ring mechanisms have been proposed by
experimental and theoretical works [2] as the reaction pathways of glucose isomerization
into fructose. In the present work, we consider both cyclic (Scheme 2) and open ring
mechanism and further dehydration of fructose into HMF.
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Scheme 2. Proposed cyclic mechanisms



[Computational Details] To tackle the complexities of the reaction paths, originating from
the solvent effect, we applied RISM-SCF-SEDD [3] as the solvation theory in combination
with DFT and coupled-cluster electronic structure methods. RISM-SCF-SEDD method is a
combination between statistical mechanics for molecular liquid and molecular orbital (MO)
theory. All of the geometries were optimized with RISM-SCF-SEDD-B3LYP/6-31+G(d) level of
theory. The energies were evaluated at RISM-SCF-SEDD-CCSD(T)/aug-cc-pVDZ. All
calculations were performed by a modified version of the GAMESS program package.

[Results and Discussions] Figure AG

27.00 TSZ_3
1 shows the free energy surface of ' TSe;

the glucose isomerization into
fructose, via cyclic mechanism, at
room condition (1 atm, 298.15 K)
and experimental condition (10
MPa, 473.15 K). The free energy of
activation (TS,23) for this
mechanism are 25.87 kcal mol™
and 22.70 kcal mol?, respectively
for room and experimental

-, 200 10 MPa, 473.15 K
condition.
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Free energy diagram for fructose Figure 1. Free energy surface of glucose isomerization

transformation into HMF is shown

in Figure 2. There are at least two possible reaction pathways involving different transition

states. The free energy of those transition states were very close each other.
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Figure 2. Free energy surface of fructose hydrolysis into HMF
More details will be given in the oral presentation.
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5l 21X, poly(N-isopropylacrylamide) (PNiPAm)/K
AR D2 50X, meso diad (m)Lb23HE 2 5 1296
RT3 5[1]. 2L, mBLEDS racemo BLiE kL
RLHEBKETH D0 EHER S, FEEE &
KET MEEME W TIE, m BYEERD
K VHBUKIITH D Z & DR I NT[2]. ARWF%E
TIE, @7 e —7EE O CLRTIE S 7
PNiPAm $T0F O RSB 2 JE L, 2K
HAWE & &0 T OBBMOBREZT~S. #t
Tu—7 L LT, BEREIEICR A
NoE T REEAND.

[ERER] ¥ o7 I FFEKE=LEF ) ~—
N-[2-[[[5-(Dimethylamino)-1-naphthalenyl]sulfonyl
] amino]ethyl]-2-propenamide (DAEP)% Scheme
2R L7e FETHK LIZ[3]. DAEP & &/ +
—OfEAZ A 1000 : 1 & L, SEARFREMED ©
VITUHNERIZEST, TR HTEY
fi - 3K EE & f L 72 PNiPAm,
Poly(N,N-diethylacyrylamide (PNdEAm) % 15 7=
(Scheme 2(b)). HF oo 7D m X
'H-NMR HIEIZ L~ T, AF L e—27 0%t
SRS A WV CIRE L. 30 A~ hVHIE
ICRWTIE, REHEEZ 1.0x10°M & L, il
R 1T 340 nm & V7. BESRAEE L, [FRE
DRI DN T, R 650 nm DR L—H—
SO & JE U7z, iF iR R fhiiR o &
DIRRKERDEEDIREET. & LT,

[#8] Table 1 [ZG A L7 PNiPAm, PNdEAm
DXy T 72— a U ERO—HERT.
'H-NMR JUEDFER, m S 46~58 % TH T
&0 AT EFREE O PNiPAm 2345 H 7z,
PNdEAm (Z2WTH m Ay 56~90 % ThHr+
& T ESMNFEREOREIN G LN, 85
TSN LTREE 2 5 TRVWERED T, % g
L72EZA, Lm0 o T35 —
BL, 7-UvEnToEmNn FIEE S TR T,

A TO—TRICKBIKBAMEDERLDT7IIILTIFRED FDE
EHDHE
WA E
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atactic

Scheme 1. Stereoregularity of acrylamide polymers.
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Scheme 2. Preparation of DAEP and fluorescent-labeled

polymers with stereospecific polymerization.

Table 1. Characterization of the polymer samples

ID Polymer m /! % M,/ 10* My, / My
i-46f PNiPAm 46 39 13
i-56f PNiPAm 56 53 13
e-56f PNdEAm 56 2.6 14
e-90f PNdEAm 90 6.2 13




WIFEAEEBE LN EbhoTlz.

Fig. 1.3 X Fig. 2.1, PNdEAm /KR &
PNiAm KIEIFIZHOWT, #EH DR (A &
BEEOEERFIEEZ B LT b D& /R LTz,
PNAEAm ZK{EHK Clx, ZbFENZ/ L AEs
2D T LU T M OB TOREEY 7 F3 i
ZoTWDER, EREMT T. 2 OIaE D ik
MICIE 25~30m FE L7 b9 5. ZNETO
e 6 Z DR R 7 ME, 7 e —7
O OFEBEREECT b b RATIRBEER AL
WCERTDZ EDRbhoTWAE. LIRS T
PNdEAm KR OHE1E, T, LT OIRETO
PR K FO SRR DA Sy B & S L, BUC
L5 &S OBKTNT TARERIC RV T
2725, EWH ZEDBH LN, Flom
@L< b &, Ay &BBBOIRERLFEN
SR EIRMICEE T 57217 TF OB
Bl ERbhoTz.

PNiPAm D45 1%, m=46 %D ¥ > 7 )L Tl
KRN 2 7R T A DIREZ RITZ IR R D2
FIER O KO Z > TR, BiAKFn & F8 55 B
MNEFFICHEITL TS, —F m A E< o
TV & Ay D3 < BB TR R LD B IR &
(ZfEBE L T &, m=58 % CILBiAFnAHH 5y B
E0ENPRVKBEMTEZ > TWNDHZ EvE
fiESiLD. ZDZ LiE, PNiPAm DA, T8
D SEARBLE O 225 8 3 1 8L O KM - BRI
B X DDIHIR BT, BRSO B R 1 F
THELZRMIFLTVWDHZ EEZRL TV,

Fig. 1. 3 X N Fig. 2.2 ik % &, PNiPAm
& PNAEAm O/KFN - M BEEFRIZZE LU
ERHDLIENDND. BEERIND m bt
® PNiPAm (e-46) & PNdEAm (i-56) D /KIAHE D
MABEHREERN T WD, 2O 50K Y ~—I%
RSP EERT EEZ LN TNDD, 40t
Tu—T7%HOTHARSL Z & T, OB
BB LOED m KA s 2 &
B GMNEIRoT.

[1]1 M B. Ray et al., Polymer J. 2005, 37, 234. [2] Y.
Katsumoto et al., J. Phys. Chem. B 2010, 114, 11312.
[3] K. J. Shea, Macromolecules. 1990, 23, 4497-4507
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Fig. 1. Comparison the temperature dependence of the
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stereocontrolled PNdEAm with that of the transparency of
the 650 nm light.

mean center of fluorescent

—_ 1-46f 100
540 - |
| 50
520}
0
500 100
540 - |
50
520}
0
500 100
540 =
1 g
€ »
50
< s0f 2
& §
500 (1’00 d
540 |- | T
I 50
520}
0
500 100
540} |
50
520}
500 L— : - 10
10 20 30 40 50

Temperature / °C
Fig. 2. Comparison the temperature dependence of the
probe attached to
stereocontrolled PNiPAm with that of the transparency of
the 650 nm light.

mean center of fluorescent



2D09

Tz L MORBSREFRNFESI T UNERICESB-AOT Y S RED
RENVERS A 20 RADEA

(FEHEX - #)

OBEEA, aHB#—

Vibrational relaxation dynamics of f-carotene in the Sz state

as observed by femtosecond time-resolved near-IR stimulated

Raman spectroscopy

(Gakushuin Univ.) oTomohisa Takaya, Koichi Iwata
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Sy IRBEDITHRIEBFHE T ~ L A7 FAVZMIE L, CC MHFRE DIREI OWIE %

AT

[E8R] BRI NZ7 = A b
BFEy 7747 L—F— (F
£ 800 nm, 2L AME 100 fs) O H
N —LAT7Y v HZ—T3D|C
T, D 1 D% 480 nm
F770132400 nm [ZEHL L TRV
YL A 200D b,
—FEHXNT AN v 7 RS
IZEAL, YA AN
RRRA 7 ¢ VX — (T3 LT
W T~ ReTYE (EE 1190
nm, A-27 hJUINE 3 em ') (ZZ5HR
L7z, 7=, %8 AR
Xk aBIcERL, KE
1300~1550 nm D&y % 7 4 IV H
—THYVHLTTe—70E L

0.1 96|

Raman gain

1

1776

1574

1248

1032

1800

NS SRS RNl SNl ER RS SR
1600 1400 1200
Raman shift / cm "'

1000

-0.24 ps

0 ps
0.06 ps

0.12 ps
0.18 ps
0.30 ps
0.42 ps
1 ps

10 ps

B-0 T v D7 = SRR I AR T
7o, MU T IV A ENEHRIER <o 227 . IR 480 nm T 5.



BT L7k, BUBHZHRS LT,
BRI BN LT,
w5 CHIE L7z,

O =730 OB IE 2RI L,

1850 cm ' I
0 ps IZHBNT,

RNTTv R 7THBLOR T v —7 UL 2 % [H
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[1] P. Kukura, D. W. McCamant, and R. A.
Mathies, J. Phys. Chem. A 108, 5921 (2004).

[2] A. Sakamoto, S. Matsuno, and M. Tasumi,

J. Raman Spectrosc. 37, 429 (2006).

(2T CHREE R LT=.
1574 cm™ BL 1776 em™ DRV RiZFHEN Sy 4k
B END Z L
Z, - uT v EWEE 400 nm DR T HT Sy IREEL

LU DRFIEI AL % it8

T T,
N L THIEZITo 72, %
T 71 I i i [
(a) Pump: 480 nm !
031 | | A
o 1574
- M
£ 02 h i 0ps
S | |
c) ] 1 11
% M
£ 041 o i 0.12ps
o P i
0.0 M 0.24 ps
—— —
(b) Pump: 400 nm | |
0.15 = i17I36 1558 N
z MMW“MWNMMMMW
= ! ¥ 0 ps
S oo i
(@] ] i i
c 1
g M 0.12 ps
EEU 0.05 ' E ii
0.00 M 0.24 ps
[+ 0 1 [ |
1800 1700 1600 1500

Raman shift / cm’’
2 W RERINE R T ~ 2 AT hv
D C=C {HHFREN B DR 2. bt &1
(a) 480nm, (b) 400 nm TH 5.



2D10
URY—LEE ZHER O R X —BEEFEO SOV &R XL D
B ANFEEO Y VB OWTO Y a B SR T ~ AL L D
A
(FEBER - 2 ORIREL, SHEFEA, SH—

Difference of energy transfer characteristics between gel phase and liquid crystal
phase of lipid bilayers formed by six phosphatidylcholines: picosecond
time-resolved Raman study
(Gakushuin University) OYuki Nojima, Tomohisa Takaya, Koichi Iwata
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[£&3C#K] 1. Y. Nojima and K. lwata, Chem. Asian J., 2011, 6, 1817.
2. K. Yoshida, K. Iwata, Y. Nishiyama, Y. Kimura, and H. Hamaguchi, J. Chem. Phys., 2012, 136, 104504.
3. K. Iwata and H. Hamaguchi, J. Phys. Chem. A,1997, 101, 632.
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