PG TEANS i/ 74X FOKH - MRHEIC X Z2hEitdis,
YLtk 3 bn Y —R RO

R SN NS I 2

[ R

The surfaces of nanodiamond particles are modified using natural castor oil-derived 12 -hydroxystearic (12-OHSt)
acid, which has thixotropic solvent properties. 12 -Hydroxystearyl chain-modified nanodiamonds (12 OHSt-ND) are spread
from a dispersion medium onto ultrapure water to afford Langmuir monolayers (a single-particle layer) of 12 OHSt-ND
exhibited a two-dimensional phase transition from an expanded phase to a condensed phase. The surface morphology of the
single-particle layer shows a dispersed form of aggregated particles, while the layered regularity of the multilayers shows
high periodicity. The surface hydrophobicity of the single-particle layer of 12 OHSt-ND is more pronounced than that of
the single-particle layer of stearic acid-modified nanodiamonds. The origin of the surface hydrophobicity of the single-
particle layer of 12 OHSt-ND is predicted to be the vertical conformation of the modified chains achieved via hydrogen
bonding between the modified chains. In addition, the stepwise multilayers of 12 OHSt-ND exhibit various structural colors
depending on the number of layers.

Further, gel coating films comprising nanodiamonds organo-modified with 12-OHSt and stearic acids were prepared
and characterized. Because molecules with 12 -OHSt groups can convert solvents into thixotropic gels, Gemini-type diamide
derivatives with two 12-OHSt chains were also introduced as thixotropic additives into the gel coating films. Although the
12 OHSt-NDs did not lead to solvent gelation on their own, they displayed an affinity for the thixotropic additive molecules.
The 12 OHSt-NDs were localized near the surface of the nanofibers formed by the Gemini-type diamide derivative in the
solvent, and the thixotropic properties of the supramolecular gel were confirmed. Nanoparticle aggregation and nanofiber
crystallinity were found to be suppressed by the effect of 12-OHSt modification in the gel coating films, making them
suitable for cosmetic coating applications.
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Fig. 1 Chemical structure and 3D model of 2C,4 (OH)-dA.
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Fig. 5 AFM images of the surface of single-particle layer of
(a) 12-hydroxystearate-modified and (b) stearate-modified
NDs.

—
N

Intensity / a.u.

4 5
20 / degree
b _
(b) d, =258 A
d =164 A

= =

= [“o01 A

=\ 51.9

2z

g

E .
13 4 5 6| _7
[CEEECREEE

1 2 3 4 5 6 7

20/ degree

Fig. 6 Out-of-plane XRD profiles of stepwise multilayers of
(a) 12-hydroxystearate modified and (b) stearate-modified
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Fig. 8 AFM images of thixotropic gel coating films
containing (a) 12-hydroxystearate-modified and (b)
stearate-modified nanodiamonds.
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Fig. 9 Out-of-plane XRD profiles of thixotropic gel coating
films containing (a) 1 2-hydroxystearate-modified and (b)
stearate-modified nanodiamonds.
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Fig. 10 AFM images of thixotropic gel coating films
containing (a) 12-hydroxystearate-modified and (b)
stearate-modified TiO,.

IRERARNCIED L, Yohi IO FRImBKTER,
DR BZEEICEVY RSN AT, K1£15nm
DTIO, L /KT 5 &, RFEEORNNE = KICTH N O FE i
P& IR B2 & 725 L, K- F b o B LB 72
, HECHIBE MGG 7 4 VARG DICE S T,

T/, FEFV b= vdic, SIMRBGELE S 2 R
TFEREALT, BELT2HNDS, MTEOELL 2
DR T L, 2 MO REIRIIEE R RS 5T %
iz, FF v b o ¥—iRn# s FEEED ¥ 7 v 25
HAEMWD Z LT, FIRT WML CRELS &, B
FEIH Z BT ICE S 72085 BiF KT ORTOREK T
WVALIIREECH - 72, fHL, R-12-v FaF T A5 7



FHEEMERIEM T / 21V E FOKHE - BELICS2BEERE L, HEEFFV FOE-ZEORRSRE

CVERIT e < IR RRFEM TH 5720, TOEMKEE
BHOREIISEMREHLMFENRS.

(51 FASZ#ER)

1) A. Fujimori, N. Honda, H. Iwashita, Y. Kaneko, S.
Arai, M. Sumita, S. Akasaka, Formation and Structure
of Fine Multi-particle Layered Organo-Modified
Zirconium Dioxides Fabricated by Langmuir-Blodgett
Technique, Colloids Surf. A, 446, 109-117, 2014.

2) A. Fujimori, Y. Kasahara, N. Honda, S. Akasaka, The
Role of Modifying Molecular Chains in the Formation
of Organized Molecular Films of Organo-modified
Nanodiamond: Construction of a Highly-Ordered Low
Defect Particle Layer, and Evaluation of Desorption
Behavior of Organic Chains, Langmuir, 31 (9), 2895~
2904, 2015.

3) Y. Yamagishi, N. Kikuchi, A. Fujimori, Occurrence of
Structural Color by Assembling Single-Particle Layers
of Organo-Modified Nanodiamond, Colloids Surf. A,
677 (A), 132309, 2023.

4) N. Kikuchi, Y. Yamagishi, A. Fujimori, Appearance
of Structural Color by the Layering of Single-Particle
Layers on a water surface of Organo-modified
Magnetite with Different Particle Diameters and Its
Layered Regularity, ChemistrySelect, 8 (42),e202300061,
2023.

5) M. lizuka, Y. Nakagawa, K. Ohmura, E. Satou, A.
Fujimori, Two-dimensional Growth of Crystalline

Nanofiber Fabricated from Gemini-type Amphiphilic

Diamide Derivative Inducing the Thixotropic Property,
J. Colloid Interf. Sci., 498, 64-75, 2017.

6) A. Fujimori, K. Ohmura, N. Honda, K. Kakizaki,
Creation of High-density and Low-defect Single-layer
Film of Magnetic Nanoparticles by Method of
Interfacial Molecular Films, Langmuir, 31 (10), 3254-
3261, 2015.

7) Y. Hasunuma, M. Maeda, Y. Mashiyama, N. Kukuchi,
A. Fujimori, Characterization of Coating Films of
Thixotropic Solvent Gel Containing Organo-modified
Nanodiamonds." ChemistrySelect, 8 (25), €202300305,
2023.

8) Y. Mashiyama, Y. Hasunuma, A. Fujimori,
Correlation between chirality and spherical particle
formation related to the loss of function of thixotropic
additive molecules, ChemistrySelect, 7, e202200918,
2022.

9) Y. Yamagishi, S. Sakamoto, A. Yamazaki, A.
Watanabe, K. Sasaki, H. Kobayashi, K. Hirai, A.
Fujimori, Effective structural color generation by
highly ordered and stacked nanoparticle layers of
titanium dioxide modified with long-chain carboxylic
acids, Langmuir, 41, 2025, in press (DOL 10.1021/acs.
langmuir. 5¢00503).

10) Y. Hasunuma, S. Sakamoto, Y. Yamagishi, A.
Fujimori, Preparation and Structural Properties of Gel
Coating Films Containing Lipophilized Nanocarbon
Particles Functionalized with Thixotropic Chains, J.
Oleo Sci., 74 (1), 107-121, 2025.



