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Structure analysis of nano-ice crystals in rapidly frozen sugar solutions
using polarized small-angle neutron scattering

Takayuki Kumada', Rintaro Nakabe', Hiroshi Nakagawa'

Spin-contrast-variation (SCV) small-angle neutron scattering (SANS) is a technique that determines
nanostructures of composite materials from the proton-polarization-dependent polarized neutron scattering curves.
We utilized the SCV-SANS technique to determine the structure of nano-ice crystals generated in rapidly frozen sugar
solutions. We found that the nanoice crystals generated in saturated glucose solutions have a planar structure with a
thickness of 2-3 nm, which was close to the critical nucleation size of ice crystals in supercooled water.
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DI X 2 KA SRR X H = X 2 OWfFEHL% o NG 228 7 BTG S OFEE O TN L3\
LNTWV5. WIS o TBY, TOWA LRI BT 5K O
REH miZ 1) HAEFJIEZE 5 SE R

H AR I WE g8 B S b Japan Atomic Energy Agency (JAEA), Ibaraki, Japan

T 319-1195 FOREIRBTHRATHEAT 17 2-4
Tel: 029-284-3834
Email: kumada.takayuki@jaea.go.jp



14 FEH  wz, WD RORES, I i

WEZBHET 2L EbNTVE. Mo FER T D
DG L RVOMENEH DS 5 DTIE Rl bEZ
bNb. EO—FHT, ZhF CREWET OB A KON
T BN T E 7GRS E T, AFRED R L
M##: (Shimada & Furukawa, 2018) Z W CdhH7<4 7
T A — MU EOKRSE LABITE v, Xk T
1%, JELPE I-Scherrerfll] 2 B W COKAE B O BT € — 7 DL A
02550 nmPA TREEEDOREF P AL P ORE I 2 RDOD Z
ENTEDLD, EBIIZTENT 7 AKDEFOELRY %
EbHoTHLW. MEPRETIUITITL, SRR
H LRSI & D 5T RAHEAER DA O, ) 2 38O
L RIGEOREAR e wolovra 2 aY y 7 R ER
ARERDEN T+ BV —TBRICKE R HELZ 525 L)1
V), AU IRERNC X 2RO E X = X
MRS E P> TLED.

2. SCV-SANS&

ZOEIBEROT, BANHEETTOTCELAY
ya v b7 A MER (SCV) Htkf/Mu#ELE (SANS) % H
WL, F/ AT =V ORMEEDPBITE S LIRS
DTE k% 2 72 (Kumada ef al., 2023). SCV-SANS
E, T OBAKERISKH T 5 BELREA A ¥ 2 NI
WAES B ME ()1 2RI L7z, BAME O ST T
Thb. AETOKEEAE VMRBEPAIG U TELT
LHBOWE Y — V2 fEMTT 5 2 LT, BEEMEHIZ
BUAEGTEOMEL ZNEOMAEVIREE YT
5T ENTED(N2).

SCV-SANS#: 12 I\ 5 9% £0.6 nmilL £ o & T 0 fR
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TR EEIR % UL R ¥ — a8 b s, —75,
WRE—RAY FDBBEBTAE VD660 2% WKEREA Y
Y OREAES TIE R L, 1K, 3 TOMRIREGGS T T #
P T TR 1202%IC L S v, 22T,
SR HA 2 W CRER ISR L 2B T AL V2 5
AE Y NORBBEI &) EPHEEARPOMAE D
TRt AZ K& <Gl & RIF 2B A € VR (DNP) %
A% (3) (Kumada et al., 2009).
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Figure 1: Upper, coherent scattering lengths of unpolarized thermal
and cold neutrons against hydrogen and deuterium; Lower, spin-
dependent coherent scattering length of thermal and cold neutrons
against hydrogen.
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Figure 2: SCV-SANS reveals nanostructure of each component of
composite materials and entangles among the components from the
P,-dependent polarized-neutron scatterings.
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Figure 3: Mechanism of DNP and enhancement of proton
polarization. Whereas electron spin polarization (P,.) of 99% is
obtained, P, is only 0.2% at the thermal equilibrium condition at 1
K and 3.3 T (Upper left). However, by irradiating microwave with
energy corresponding to the sum of Zeeman energy of electron and
proton spins, the electron and proton spins are excited. Whereas the
electron spins relax within milliseconds, the relaxation time of proton
spin amounts to minutes to hours. When the excitation rate far exceeds
the nuclear-spin relaxation rate, proton polarization increases close to
P (Lower Left). The right shows enhancement of H-NMR signal after
irradiation of the microwave.
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Figure 4: Rapid-freezing apparatus for sugar solutions. After
solidifying liquid nitrogen in the Dewar by pumping, we parged
with helium gas and dropped the 1 wt% TEMPOL-doped sugar
solution samples through the needle to prepare 3-mm-diameter frozen
beads. These beads were filled in the sample cell and set to the DNP
apparatus while maintaining cryogenic temperature.
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Figure 5: (a)—(d) SCV-SANS curves; (e)—(h) calculated values of p,,
po and py; (i) variation of scattering intensity at O = 0.33 nm ' with
P, for h-glu/D,0. The narrow solid lines in (a)-(d) show the fitting
curves (Kumada et al., 2023).
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