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ZE3Y 2| HT W4 AREIME 7|20 YRS E0| St E S 58 4 9l= Mixed—-Reference Spin—Flip Time—-Dependent

=
Density Functional Theory (MRSF-TDDFT)0|| CH8t Account =22 2183 &LICE [20255 485, DOI:10.1002/bkes.70011]

MRSF-TDDFT: A new tool in quantum chemistry for better understanding molecules and
materials

Quantum chemical theories are essential tools

for predicting the properties of complex quan-

tum systems without the need for prior empirical M RS F a8 TD D FT
data. While traditional theories have long domi-
nated the field, their applicability is often limited
in complex scenarios, particularly for systems
involving excited states. Mixed-Reference Spin- o 5
Flip Time-Dependent Density Functional Theory A N ew TOO'. In C h emi St ry
(MRSF-TDDFT) addresses these challenges,

offering a robust, accurate, and computationally

efficient framework for studying both ground and excited states of large molecular systems. MRSF-TDDFT
achieves predictive accuracy on par with much more computationally intensive quantum chemical methods.
Notably, it successfully describes the doubly excited states, a limitation of conventional TDDFT, by naturally
incorporating key doubly excited configurations within its response space. This capability also enables
MRSF-TDDFT to accurately reproduce the correct asymptotic behavior of bond-breaking potential energy
surfaces. Furthermore, it resolves critical photochemical features, such as the conical intersections, which
elude both TDDFT and Complete Active Space Self-Consistent Field (CASSCF) methods. Despite its ad-
vanced predictive power, MRSF-TDDFT retains computational efficiency comparable to traditional TDDFT.
With the development of custom-tailored functionals, its accuracy can be further enhanced, extending its
potential applications. This innovation represents a significant advancement, empowering researchers to
uncover intricate molecular behaviors and facilitate the design of novel materials with unprecedented pre-

cision.
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Mot 98 wa AFE0IME HAl2d 712 ZHAQ| 2|F02M2| U & B ZUH2 20 40|l Pt Review =E2 210}

R&L|Ch [2026'F 28, DOI:10.1002/bkes.70105]

Machine learning interatomic potentials for lithium battery electrolyte design

Lithium-ion batteries have dominated the energy storage landscape for decades, driven by their high en-
ergy density and operating voltage. However, increasing demands for wide operating temperature ranges
and fast charging push current technologies to their limits, requiring next-generation lithium batteries with
superior safety and extended cycle life. In this context, the rational design of electrolytes remains a major
challenge, as intricate bulk and interfacial mechanisms govern system viability. Specifically, solid-state
electrolytes struggle with low ionic conductivity, while liquid electrolytes are limited by complex chemical
interactions. Machine learning interatomic potentials (MLIPs) address these issues by combining first-prin-
ciples accuracy with computational efficiency. These models allow us to simulate atomistic interactions
and interfacial reactions that were previously impractical. We summarize recent advances in the application
of MLIPs, focusing on bulk and interfacial phenomena in solid-state and liquid electrolytes.

MLIP-Driven Electrolyte Insights

Liquid Electrolytes Solid Electrolytes
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SRUTW SEiS 14 ATFER MER Zintl & STl HEA L HETE T MATZE BAT17| Qo LEHEL0|2 7] AlitS
ABNGHOIA
™ =

L|C}, [2025 12€5, DOI:10.1002/bkes.70075]

Tunable bandgap and ultra-low thermal conductivity of the Sr/Zn co-substituted Ca,;AlAs;-type
Zintl phase

Nine new Zintl phase thermoelectric (TE) materials in the Cas-xSrxAli-vZnySbs (0<x=<1.55(4); 0<Y <
0.06(1)) system were successfully synthesized by arc-melting and the Pb-flux methods. All the title com-
pounds adopted the orthorhombic CasAlAss.type phase (space group Pnma, Pearson code oP28), where
three distinct cationic sites and one tetrahedral anionic site exhibited the mixed occupancies of Ca/Sr
and Al/Zn. Interestingly, the Sr-substituent preferred to fill the largest M2 site, then the M3 site, reaching
the M1 site only at higher overall loading, which was consistent with the ionic size-factor criterion. A series
of DFT calculations by the TB-LMTOASA method on the three model structures: CasAlSbs, Ca1.5Sr15AISbs,
and Ca1.5Sr1.5Alo.7sZno.2sSbs, indicated (1) the Sr substitution widened the small bandgap, (2) the Zn sub-
stitution pushed Er through the valence-band region yielding p-type character while maintaining a narrow
direct gap at I', and (3) the valence-band flattening between I and Z, and T and Y increased effective
mass. Optical reflectance study using the Kubelka—Munk function gave the bandgap of 0.28 and 0.30eV
for CasAlSbs and Caz.003)Sr1.00AISbs, respectively, which corroborated the calculated results. TE property
measurements showed an increase of electrical conductivity o with temperature and the positive Seebeck
coefficients S between 303 and 850 K. Atomic disordering through the Sr and Zn substitutions strongly
suppressed total thermal conductivity kit down to 0.46 W/mK at 873 K for Caz.4s2)Sro.52AISbs. The maxi-
mum ZT value was obtained for the Zn-doped CasAlo.ss(1)Zn0.04Sbs, and this enhanced result should be
attributed to the synergy of enhanced o, moderated S, and reduced Kuot.
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Effect of co-substitution on complex thermoelectric compounds: The Zintl phase
Bai-xSrxZn2.,CuySh. system

Three co-substituted quaternary and quinary Zintl phases belonging to the Bai-xSrxZn2.,CuySb2 (x=0, 0.09;
0.24<y<0.42) system were prepared by the molten Pb metal-flux method. Co-substitution using the
cationic Sr and anionic Cu for Ba and Zn was initially applied to lower the thermal conductivities and to
improve the electric conductivities of these title compounds simultaneously. The homogeneities of single-
phase products were verified by powder x-ray diffraction analysis, and the BaCu2Sz-type orthorhombic
crystal structures with the Ba/Sr and the Zn/Cu mixed-sites were refined by single crystal x-ray diffraction
analysis. Structural selectivity for the observed BaCu2Sz-type phase was rationalized by the radius ratio
of cationic and anionic elements, where r./r->1. DFT calculations using the three structural models re-
vealed that the Sr and Cu substitutions can increase the structural stability and the hole carrier concen-
tration. A series of temperature-dependent electrical transport property measurements for BaZn1.76Cuo.24Sb2
and Bao.s1Sr0.09ZNn1.70CuU0.30Sh2 successfully proved that the co-substitution using Sr and Cu enhanced elec-
trical conductivities, but reduced the Seebeck coefficients resulting in the slight change in power factor.
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Facilitating CO oxidation reactivity via potassium intercalation on a single-atom gold cata-
lyst supported by graphite

Heterogeneous single-atom catalysts (SACs) have gained significant attention due to their high catalytic
activity and tunable reactivity, which are strongly influenced by the choice of support material. In this study,
we employ density functional theory calculations to investigate CO oxidation on Au SACs adsorbed at sin-
gle-vacancy (SV) sites of various carbon-based materials, including graphene, graphite (Gr), and K-inter-
calated graphite (K@Gr). Our computational results reveal that K@Gr provides enhanced catalytic stability
and activity compared to other carbon-based support materials due to strong electrostatic interactions be-
tween intercalated K atoms and the carbon atoms surrounding the Au atom adsorbed at the SV site. The
CO oxidation mechanism follows a sequential pathway involving the Langmuir-Hinshelwood and Eley—
Rideal mechanisms, in which K@ Gr exhibits superior performance in stabilizing key reaction intermediates
and thereby provides a more favorable reaction energy profile along the entire reaction pathway. These
findings highlight the potential of Gr interaction compounds, such as K@Gr, as promising support materials
for SACs, offering both structural stabilization and enhanced catalytic performance through tunable elec-
trostatic interactions.

Adsorption
of Au
IFonnation ° %
of SV
¢
C—00—00—00—00—0
R ¢ Electrostatic interactions due to

intercalated K may contribute to
enhancing catalytic reactivity of Au SAC.

K-intercalated graphite (KCg) <%
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2 AEIOIM = CHyst S 2|2]Hl0) EHE rutiled TiO, 2ate| FHlol| LHE AR HIE U HBIL0|E A|

L|C}, [2025% 425, DOI:10.1002/bkes.70014]

El

Impact of film thickness on the geometric and electronic characteristics of ultrathin rutile-
TiO2(110) films supported by metal substrates

Titanium dioxide (TiOz) has received significant attention due to its importance in a wide range of applica-
tions, including photocatalysis, solar energy conversion, and chemical sensing. The physicochemical prop-
erties of TiOz2 can be finely tuned using a novel platform of ultrathin oxide films. In this study, a
computational study based on density functional theory (DFT) calculations is performed to investigate the
thickness-dependent geometric and electronic properties of ultrathin rutile-phase TiO2(110) films supported
by five body-centered cubic metal substrates: W, Mo, Ta, Nb, and V, oriented along the (100) plane. The
DFT calculations suggest that W and Mo may serve as optimal metal substrates for the formation of ultra-
thin TiO2 films, in which lattice mismatch along the long axis plays a significant role. Furthermore, the in-
terfacial electronic structure of the TiOz film, primarily characterized by charge transfer from metal to the
TiO2 layer and the formation of metal-included gap states (MIGS), can be used to rationalize the thick-
ness-dependent variation in the work function of ultrathin TiO: films on metal substrates. Our results pro-
vide valuable insights into the effect of the film thickness on the geometric and electronic properties of

TiO: films grown on metal substrates.

(1x1)-TiO,(110)

Film thickness
as a controllable parameter

PDOS (arb. unit)

(2x1)-0@W(100)

Ultrathin rutile-TiO, film supported
by tungsten substrate E-E;: (eV)

2026. 09 CHEMWORLD 49




Vol.45 No.11 p.906-910 / Article

AREIME 2 7|8t L= R 0| BB EN2 finite-difference time—-domain (FDTD) AIE3
1

123, DOI:10.1002/bkes.12904]

Broadband plasmonic response of silver nanomaze-based nanogap-enhanced absorber

This study introduces a novel nanogap-enhanced plasmonic absorber (NEPA) structure generated using
the Gray—Scott algorithm. Finite-difference time-domain simulations analyzed NEPA's optical properties,
varying top pattern thickness from 10 to 300 nm. The simulation results demonstrate exceptional broadband
absorption, with rates exceeding 60% across the 90-300 nm thickness range and reaching a peak of
96.73% at 160 nm. The nanogap-mediated plasmonic nanomaze array exhibits multiple resonance features
and complex electric field distributions due to various plasmonic modes. The nearly uniform spacing of
the nanomaze pattern maintains consistent plasmonic properties. This innovative approach shows great
potential for enhancing plasmonic devices, with applications in solar cells, photodetectors, surface-en-
hanced Raman spectroscopy, metamaterials, imaging, energy harvesting, and nanoantennas. Our re-
search advances nanophotonics, offering new possibilities for high-efficiency optical and optoelectronic

devices across various applications.

Light source
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24D 0]21Y W4 MElO|A = of2] 12| WHEY Etste A (polycyclic aromatic hydrocarbons) 712t A4 thermally acti-
vated delayed fluorescence (TADF) 224 E 4ot HIE! AENQL SE AEHO| Zotd] E42 LT REI4L0|E ALto 2 siA 6
&LICE [20244 125, DOI:10.1002/bkes.12793]

Boron- and nitrogen-embedded blue multi-resonance emitters with low triplet energy

B,N-doped multi-resonance (MR) thermally activated delayed fluorescence (TADF) emitters are of signif-
icant interest for realizing the high efficiency and remarkable color purity of optoelectronic devices. Due to
their moderate singlet-triplet energy gap, managing triplet state (T+1) energy is important to enhance the
performance of these devices. Herein, polycyclic aromatic hydrocarbons (PAHSs), such as pyrene and an-
thracene, are appended to the t-DABNA structure, resulting in -DABNA-PAH compounds, namely t-
DABNA-pyr and t-DABNA-ant. Both compounds display sky-blue fluorescence which lacks TADF
characteristics while preserving high photoluminescence quantum yield (PLQY) and high color purity. The
compounds possess low T1 energy (~2.0eV), which is advantageous for suppressing the accumulation of
undesirable long-lived T+ excitons. Particularly, -DABNA-pyr exhibits emissions with a narrow full width
at half maximum (~33nm) and a high PLQY (~100%) in both solution and rigid states. Theoretical studies
further suggest that the low-energy T+ state is localized at the PAH moiety.

1.04 —{-DABNA
s, B . —— t-DABNA-pyr
—_— N@,N Be = 10°
ik & 0.8- ; TADF
t-me--——  t-DABNA %‘ L toasna @)
i S 06- 10*|| +DABNA-pyr ( 12D
[ =
B 04 g
E ) 10'
£ o2
5 | 200 400 600 800 1000
z /s
0.0' 1 T
400 500 600 700 800

Ti  t-DABNA-pyr o
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&l Sgal FEOME AYmaabak | (circularly polarized luminescence)E Hdot, £2to] 2Hl$Hracemization)
HAFS QICEHBEA Q|2 7|HE H|AFS 0| 261 2AIGIEL|CE [20241E 485, DOI:10.1002/bkes.12824]

Molecular dyad exhibiting strong multi-resonance blue fluorescence

A multi-resonance (MR) fluorophore exhibiting circularly polarized luminescence (CPL) holds a significant
promise for enhancing the utility of organic light-emitting devices. To meet this demand, we have devised
molecular dyads having azaoxaborin MR emitters based on homochiral (R)- and (S)-1,1'-bi-2-naphthol.
The synthesized 12,12'-di-tert-butyl-9,9'-bi(8,8’-dioxa-4b,4'b-diaza-14b,14'b-diborafluorantheno[1,2,3-
deltetracene) products (TBNBOCz) exhibit strong blue fluorescence, with a remarkable 100% fluorescence
quantum yield and an extremely narrow full width at half-maximum of 22 nm. However, unexpectedly, TBN-
BOCz exhibits negligible electric circular dichroism and CPL activities. Chiroptical investigations into the
reaction precursors reveals an occurrence of racemization in the borylation step. This result emphasizes

the importance of understanding synthetic processes and their impact on the chiroptical properties.

Molecular Dyad Exhibiting Multi-Resonance Blue Emission

Aem =470 nm

B;Ij @[:r borylation
o —

FWHM =22 nm

o0 | ehge
racemization

with B—C bond formation

(R)-/(S)-3 (rac)-TBNBOCz
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ElolM= BHE L HIE 7 FEEY 218718 TP carboranyl AU ESS BT, 0|0 FB2
& 4
MHE

L|C}. [2024'E 285, DOI:10.1002/bkes.12804]

k1
X
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ox

0l

A geometric key for enhancing the radiative efficiency of ortho-carboranyl luminophores:
Indolocarbazole- and m-terphenyl-ortho-carboranes

In this study, we introduce two ortho-carboranyl compounds, namely ICzCB and mTPCB, which exhibit
different planarity in their appended t-conjugated aromatic groups, to investigate the influence of geometric
effects on the regulation of the radiative efficiency. Both the compounds are fully characterized, revealing
distinct geometric differences (planarity) in their single-crystal structures. While ICzCB presents strong
ICT-based emission in the solid (film) state, mTPCB displays dual emission in the high- and low-energy
regions that originates from locally excited (LE)- and ICT-based processes, respectively. Quantitative
analysis of the photophysical characteristics of the compounds shows that the ICT-based radiative effi-
ciency in ICzCB is higher than that in mTPCB. Consequently, these findings demonstrate that the planarity
of the m-conjugated aryl group appended on o-carborane, which is represented by planar ICzCB and dis-
torted mTPCB, is an important key to control the ICT-based radiative decay efficiency.
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