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Abstract

Dynamic properties of heavy water (D,O) confined in mesoporous silica glass MCM-41 C10 (2.04
nm), C12 (2.38 nm), and C14 (2.83 nm) were investigated by neutron spin echo (NSE) spectroscopy.
The NSE spectroscopy that detects a small energy change as a phase shift in the Larmor precession
on neutron spin in a magnetic filed is available for examining a large area (in time and space) in
condensed matter physics. Because DSC data showed no crystallization of D,O confined in C10 in a
temperature range between 298 and 180 K, NSE for C10 sample was measured in a temperature range
between 298 and 180 K. For all the samples, the intermediate scattering functions from the NSE echo
signal are fitted by the Kohlrausch-Williams—Watts stretched exponential function, which implies
that confined supercooled D,O exhibits a wide distribution of relaxation times. For C10, C12, and C14
samples, between 298 and 240 K, the relaxation times of supercooled D,O follow remarkably well the
Vogel-Tammann-Fulcher equation; for C10 sample, below 240 K, the relaxation times of nonfreezing
D,O show an Arrhenius type behavior. From the present experimental results, a transition from high-
density (fragile liquid) to low-density (strong liquid) hydrogen-bonded structure around 220 K for su-
percooled D,O confined in MCM-41 C10 and the second critical point of water were discussed
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Table 1. Spin quantum number (1), coherent scatter-
ing lengths (b.), coherent scattering cross
section (0,), incoherent scattering cross sec-
tion (o), total scattering cross section (o)
and thermal absorption cross section (o,) for
typical nuclei

Nuclei I bJffm ofbarn o/barn oJ/barn o,/barn®
'H 1/2 -3.7423 1.7583 80.27 82.03  0.3326
H 1 6.674 5592 2.05 7.64  0.000519

0" 5805 4.232  0.000 4.232 0.00019
YAl 52 3449 1495 0.0082 1.503  0.231
Si? 415071 2.1633 0.004  2.167  0.171

1) natural abundance
2) for 0.0253 eV
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Table 2. Wave length and energy of neutron (A y, E)
and electromagnetic wave (A, E)

Xrays UV,VIS IR farJR  micro wave
A 1 10 100 | 10° | 10* | 10° 10° 10°

EleV | 12400 | 1240 | 124 | 124|124 | 0.124 | 0.0124 | 0.00124

Ay | 0.0025 | 0.008 | 0.025 | 0.08 | 0.25 | 0.81 | 2.55 8.07

thermal neutron  cold neutron
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Figure 1. Schematic diagram of neutron spin echo
spectrometer™
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Table 3. Characteristic properties of MCM-41 C10, C12,

and Cl14
C10 Cl12 Cl4
Surface area (m’g™) 1069 1300 837
Pore diameter (nm) 2.04 2.38 2.83

Pore volume (cm’g™")  0.496 0.443 0.926




<
)

0.0/ 1(Q.0)

g
o

0.4L L

103 102
t/ns

107! 10°

Fig.2 Intermediate scattering functions normalized by the intensity of ISF at 50 K for D,0O adsorbed MCM-41 C10
at 200 (O), 220 (@), 240 (A), 255 (A), 270 (O), and 290 K (M) in the vicinity of the first peak at 0 = 17 nm ™.
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The Q-dependence of the relaxation times of D,O confined in MCM-41 C10, C12, and Cl14 obtained from the
fits with the KWW equation.
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Table 4. Relaxation time 7,(Q), constant D(Q), and
ideal glass transition temperature T,(Q) ob-
tained by least-squares fits with VTF equa-
tion over a temperature range of 290 — 220K
for D,O in MCM-41 C10, C12, and Cl14 as a
function of Q.

0/ nm’ ©(Q)x10%s  D(Q) 7(0) | K
C10
14.1 11 +12 169 £ 079 1966 + 124
154 44 +39 258+ 086 1859 + 10.3
167 7.0 £50 226+ 064 189.7 + 84
179 91 +47 186 + 039 197.2 + 5.8
192 92 +49 188 + 042 1957 + 6.3
C12
14.1 15+ 18  1.35 £ 073 2011 + 12.8
154 81+ 71 196+ 068 1927 + 9.4
167 22 +12 123+ 031 2049 + 54
179 99 +55 164+ 036 1989 + 53
192 96 +52 179 +040 1953 + 5.8
Cl4
14.1 88 +93 061 04 2142 + 129
154 31 +67 244+ 177 1900 + 20.1
167 26 +19 105+ 036 2107 = 7.7
179 40 +31 103 + 039 210.0 = 7.8
192 52+ 71 246+ 125 1874 + 150
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DIRETIIKRFEEE Ry NT—7 MR L 2IREET —



D4 F N RFRNGEE T 5858 (BHEF) 2Rt
NzEBZEND. I BT, FESFITKMLU =R
KOFHFREEBRTIE, Widom & DKM TIZ/AKDIE
MEAELRESE N FEL TB 0, KRR OREKE
Hidstrong B &R L, —7F, &IRMEITIE, EEAK
ML EN T 5N THB O, LR OIREKRE
fragile Mz R L TW2™M, ZDZ &H 5 KD IEME
RIERIREE & BRSBTS REE D B 0, MK DOBE
TH, B/ 0X A+ —/N—|ZLDL—HDL O TH
5 A gEME DY E .

BT OKSTOEFDWEEMN SNV OMEE %%
T A ICIIRIED D B 0%, MILKDUTLEHED TN <
&, %, no-man’s-land TIZ/N)L 7 D i KR g
MEFERCHEIELBVONEVNIFERICER DT ENT
E, Z2In6, NV OKOREZEMHT 2 &30]
REICIR2 /A5, £/, REZEML, FEEOMHAE
ERZEZE I E5E, MkotExEDLSiIcE
ET 200, HIFLKICET 3 EKIIR E /20,

5. HYIC

Wi &5 A F 2 7 2Dl DEHRHEF S NS T
HELO FRIIMMO S FE TR/ s NABNnWIZ—F
[EMEIEM L, PRI ARESRE N 2RIETZ &
13, HELBNEDDLZETHD. Lrl, HETOMH
HRNEIME Y (RERABIZNLE LT D), R/
B GURHDFEZBREMFOHIR) 7mEDT AU v
oy & R 2RI U TR ZE 217 S 785132 <
2. ZH5OREEMRRT AL, ETRILE—
THERIFFCHERE & 0 AR 7 JIBF 25 B FE MR 3 1L [R) © Rk
B TN s iE (J-PARC) O@FRZHED TS,
Pk 1 MW O FE— L ZFIH L 72 iR RE o
JOVAHETZFIH TE2E - ARl EiRian
KL RGAICH AT D, CNETRETEAN>2
WL RV F = fREE, MW REE, & kT
I EDOMMRIRRE, PENZEDOY —)L &L ToOHH
THELOBE N SREN ICH T2 EEbh s, /T
r)ay—, SATHA LR, TRIF— - REH
W ETHZBRYA T ANERL, BEmEo—K
TL—0 2= b Z E& L2,

Bt

AR THRAL TS /ML OB A A D P T
2 ¥ > a—#lEIZILL @ experimental proposal
(6-02-353) & L T N, We ks & (Ml
BRR), WOy & (mMAK), Prof. M.-C.
Bellissent-Funel (CEA-CNRS), Dr. P. Fouquet
(ILL) L DEFETIT>72HDTH 5.
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