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of geometry-driven curvature effects using 1D uneven
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A first-principles consideration of energetic stability

of peanut-shaped fullerene polymer

Mathematical analysis of low-dimensional nanocarbon
materials focusing on the hierarchy of lattice defects
Math behind Cgol

Green function of boundary value problem and the best
constant of Sobolev inequality

On discrete constant principal curvature surfaces

Math behind CgolII
Mathematical and computational science governing the

functions of molecules and materials in nature
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(Openning: geometry, algebra and nanocarbons)

ARIFFER THRRIEAICE T 28 R TIV) DfRDIRD &, SR <R L T

I will review our workshop ”Geometry and Algebra in Material Science I-IV” and describe the theme of
this meeting.
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(Theoretical prediction and experimental demonstration of geometry-driven curvature effects using 1D
uneven structured Cgg Polymer)
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We have reported that 1D Cgp polymer with a concavo-convex periodic curved structure [1-3] formed from
electron-beam-irradiation (3-7 keV) of a Cgg film exhibits physical properties arising from 1D metal [4].

The behavior of the free electrons on the curved surface is characterized by the Hamilton operator of the
following equation (quantum mechanics of submanihold).
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Here, g = det[g;;] represents the metric tensor. The first term is an operator corresponding to the kinetic
energy of electrons, and the second term consisting of the mean curvature h and the Gaussian curvature
k appears like a scalar potential (the second term does not appear in the 1D plane surface). It has been
unclear whether or not this curvature term affects the behavior of electrons since 1950s. We theoretically
predict the effect of the geometric curvature term on the electronic behavior of the above 1D Cgy polymer
[5] and then experimentally demonstrate it [6]. In this talk, I will introduce the quantum mechanics of
submanihold of the 1D Cggpolymer when compared to the other nanocarbons such as fullerenes, nanotubes,
and grephene.
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(A first-principles consideration of energetic stability of peanut-shaped fullerene polymer)
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In a previous experimental study, it was reported that a peanut-shaped fullerene polymer (PSFP) with a
pseudo-one-dimensional structure can be formed by electron-beam irradiation to Cgg thin films. However,
atomic-level structure of the PSFP is still unclear, and various PSFP models have been proposed in
previous theoretical studies. In this study, we performed first-principles calculations based on density
functional theory, and evaluated energetic stability of various PSFP models. The relationship between
the energetic stability and geometrical structure of the PSFP was revealed by computational results.
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(Mathematical analysis of low-dimensional nanocarbon materials focusing on the hierarchy of lattice de-
fects)

RIFZETIX, MR TFEEANWTS S 72> — b+ (Graphene Sheet: GS) D f2ERRHE % RIS
% Z LA H L7 o il aEHT B R B D RELIC R 2R 2 G T 5 C e 2 HINE L, 0 FEI%
REMOTRRZ T RIFEGT 5 GS OREMIEE 7 V2 BHEIER L, £ ORMERIE & HFHRHE
DOEERFN 217 5. BMAERHEIC SO T O iR e 7y iR, HRHEIC B W CENES 1210
ERT VT VI ANF =GO EITS. £z, BESPHEOZ FHIETFRIGOREEME) <Xk 5
FREOREERT 2. X018, BIMCK > TRONLT — X0 o, RAZLRRHE & FHRHEOHER
ROERZHAA, T/ MR OBBENZ XD —EHhT 2 E 2 5.

In this study, the objective is to obtain knowledge that will lead to the establishment of a fundamen-
tal theory for designing curved surfaces, focusing on the representation of the mechanical properties of
graphene sheets (GS) using differential geometry. We create several stable structure models of GS with
different lattice defects using molecular dynamics and perform mathematical analysis of their geometric
and mechanical properties. For the geometrical properties, we measure the mean curvature and Gaussian
curvature of the curved surfaces, and for the mechanical properties, we analyze the internal stress distri-
bution and potential energy distribution. Changes in mechanical properties due to changes in structure
and arrangement (especially hierarchy of lattice defects) are also considered. Furthermore, the obtained
results will be used to explore the interrelationships between the geometrical and mechanical properties,
which will further pioneer the mathematical analysis of nanomaterial mechanics.
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In this two slot, I will review the article of B. Kostant
https://www.ams.org/notices/199509/kostant . pdf

with a fascinating title “The Graph of the Truncated Icosahedron and the Last Letter of Galois” appeared
in Notice of American Mathematical Society in 1995 July. The organizer of this workshop noticed an
intimate relation and suggested me to introduce this paper for broad audience. A topic in this paper is a
graph coming from objects like Cgg, whose symmetry is described in groups. Several special groups play
an important role.
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(Green function of boundary value problem and the best constant of Sobolev inequality)

YARL 7 ARERE, B0 FREEROERT VY v LT ILF — OB TS 3 FEATH 5. AEK
DHESZERT 2 RERE REBEMERD . FRIITRPBD b A LR T 2B iR 05t
R D 5. RO ) — VBB S S 3 2. 70 — BIRNEEY) e b v~UL b 220 » NRE 2 RE
S5, HAKE L TONEZAT 2. HAEFRNCY 27 VY AEREEHT 52T, YRL 7AEAMN
HBHEhs, RECHEREBEZZ ) -V BITRATE 5. COMEESHICHERBIET, Cyp 77—
L > OE BN AT T IS 2 BERRD Y R L 7 A ERX 2B 2 7. B AL 7 AERE, HF o PR
B ODENE, Coo RIERDKT V> v LI INF —DEBETIMIT 2 FEFXTH 5. HHRICE, Co D
TebBEEBMFAET 5. 37 —AFF VLTRSS NS, B R L 7 PEROFS BERT 2 R EE
%t%ﬁdﬁb»dﬁu—yﬁﬂfﬁéﬂé.%Eﬁﬁ@éﬁﬁ?%?»@rﬁkéj%m?%@t%i%
%.

The Sobolev inequality shows that the supremum of a function is estimated from above by a constant
multiple of the potential energy. We have found the best constant and function, which attain the equality.
In the background, there is a boundary value problem of the linear differential equation corresponding to a
bending problem of a string or a beam. The solution is expressed by using the Green function. The Green
function is the reproducing kernel for a suitable set of a Hilbert space and an inner product. Applying the
Schwarz inequality to the reproducing relation, we have the Sobolev inequality. The best constant and
function of the inequality are also expressed by using the Green function. As an application, we consider
the discrete version of the Sobolev inequality corresponding to a classical mechanical model of the carbon
molecular Cgp fullerene. The discrete Sobolev inequality shows that the square of the maximum of the
deviation is estimated from above by constant multiples of the potential energy. In the background, there
is a bending problem of a classical mechanical model. The solution is expressed by using the Green
matrix. Using the Green matrix, we have the best constant and the vector, which attain the equality. It
is considered that the best constant represents the rigidity of the mechanical model.

2. BHEK (REEXAZE) On discrete constant principal curvature surfaces
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In this talk, we will study the discrete surface theory on a full 3-ary oriented tree and introduce the
notion of discrete principal curvatures on them. In order to investigate the geometric meaning of discrete
principal curvatures, we will also define a discrete analog of principal directions on discrete surfaces. At
the end of the talk, we also show some examples of discrete constant principal curvature surfaces.
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(Mathematical and computational science governing the functions of molecules and materials in nature)
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The author has been involved in the design of molecules and materials in the fields of industry, government,
and academia. The methods are quantum chemistry, molecular dynamics, and first-principles calculations.
Recently also applied is a data science (DS) approach. From that experience, I have been fascinated by
photosynthesis that embodies "natural intelligence” and the splendor of pigment molecules that exist in
nature. “Natural intelligence” is beyond the current artificial intelligence. Aiming at this understanding,
the authors will present the results on the as yet unexplored mechanism by which photosynthesis generates
oxygen from water and converts COs into starch. In addition, I will report on research that attempted to
design by learning from the naturally occurring pigment called porphyra-334. I would also like to touch
on strategies guided by category theory.





