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Magnetism originates from the spin of the unpaired electrons and their interaction with the
unquenched orbital momenta. Thanks to the development of quantum mechanics, the magnetic
properties are deeply understood. It has been a cut-edge research field to manipulate the spin
behavior of paramagnetic centers from chemical and physical approaches.

For the chemical methods, | will introduce the molecular design and trial for single-ion magnet,
which behaves strong axial magnetic anisotropy. The magnetic anisotropy of metallic ions results
from the crystal field interaction. We have designed the crystal field of axial symmetry as well as
low-coordinated environment to realize chemical spin manipulation on transition metal and rare
earth ions*-41,

With respect to the physical approaches, we performed a pulsed EPR study incorporated with the
electric field on a Ce®* doped Yttrium Aluminum Garnet (YAG) crystal. By employing the electric
field pulse with variable lengths and strengths, the quantum phase of the rare-earth ion could be
guantitatively manipulated. With the optimized operating condition, the bang-bang control, the
guantum Zeno effect and the Deutsch-Jozsa algorithm are demonstrated based on this electric field
effect(>-6l,
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To understand the Nature, scientists have viewed the world from different angles and built various
research frameworks according to the level of inquiry, e.g., macro and micro sciences for studying
bulk substances and molecular species, respectively. A philosophical linkage here is the
reductionism conjecture, assuming that the former (i.e., a bulk substance) is reducible to the latter
(i.e., simpler molecules). The reductionism approach has harvested great success but does not
always work well. For example, when molecules are aggregated, the aggregate may show totally
different behaviors or properties from its molecular constituents. Some luminogens, for instance,
do not emit light upon UV excitation as molecular species, but their aggregates luminescence
efficiently. This photophysical effect is known as aggregation-induced emission, which manifests
that a new property can emerge at aggregate level. In contrast to reductionism, properties of an
aggregate are not necessarily a simple, linear addition of those of its molecular components, but
affected in a convoluted fashion by different factors, such as quantity (number of constituents),
geometry (size, shape and dimension), morphology (amorphous or crystalline) and interaction
(attraction or repulsion). Decipherment of such a complex system calls for the development of
aggregology, a new scientific framework for aggregate study. Understanding the operations and
interplays of antagonism, synergism, emergentism, multiplicity, etc. in an aggregate system is of
great scientific value and has far-reaching technological implications. Aggregology study will
generate new laws, rules, models, hypotheses, diagrams, etc. and create new knowledge to boost
our comprehension of natural processes and to solve the issues and problems unsolvable by the
traditional reductionism approach. The establishment of new fundamental principles and working
mechanisms at the aggregate level will enable rational design of novel aggregate systems and
judicious development of new advanced materials. It is envisioned that aggregology study will
lead to a paradigm shift in research epistemology and methodology and open up new avenues for
exploration and innovation at higher levels of structural hierarchy and system complexity. (2
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G FIERIG D TR, FHESKREE R T = AR 3 AT 645 2 o /8B 90K AL
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A FAE, THETEMENFHE. MnARIMFREN S FHRRIT. A&, AEEHE
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BEEAMFE A, 20165 FE N RUFRRT T 0 TNHTRH =8 W: KEF, @S
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Hlo Bltm, &4t R F R AR R A SRR T I AR NA ST T E. MATIHA
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(Framework Nucleic Acids)Z 4, AT T @ % 8 ALK EM T 5, X LAEZZR A H &
B EMEE, MEZTEZARHWEN L. CHEREEERETNAKE TE 6
Bk, TUR— SR FINBNIRE LN, KRREFEELALE AR FELZRI
BNKMA. £40 Fomfagek g A7 amm e,
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iz BT R R R, Flae, & EAECM B9 mRNA BT @ % o 5 B3y
A%, RAMRRKGATR. AHBRZHNKBARTTRNEY LEREECRNGWNERE
EffEFRetE, MEAAENSEWERLTMCE R, BRAY L5 FEUSERE B Z %
X5E, DRHBERAEEFMEANE A B AL 20 YK EH R R MEH T HE
I R e T FT IR W o YLK, Wi R A BE AR, L EFEMENIETRE? B
X b T ST T 3R S B A B R U SR S R, dn (T SEHLAR N 2 M b SR B A R e R A
B ?
X QUK BRI 5 B AW E AT 20 SRR R A £, RATEE R L X E#R Bt
KT WA FE A G R e REAOR R X — BRI T W, BT R O
A AR AR LR, BT AR BN N THEY. HREER., U fEEE
BRFETRGMER, KRBT BMIARE L, g 2 T o B8 A48 % fn/ R 5 1 78 BR
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EMMAKER AR AMA G F AL ERG AR L, RNRE T F = RaeapEExs
TAEEM R G PR APILE, EARKRAGYREZ AR A RNARE A%
BN ARNBNER T %, WA RE LM ERFE, FIRRERA. pH. BH F MR E®
ML, IR SR SR, SEI e ik X A ] E A . UL DNA 49K AL & A Hl, &
KREERA Y FEZNT PARNEERAN R B R &K, WILRE. BELME S £ M 2k
BHATIET . A, FATAIK DNA YR ILEFR ez fuRR e hfl, 2T 28 A% Z%
B, EFEARGET RFWIFIERZETHR. FRARBEARREMRBREHHEZ
FHE BB S, Eea kMR, B, B, RFER, HEXIANRN G E
IE AR
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FEMFERUFHAAAAXLR. FERFRRE., ARFERNFRIT
T A THRENEPNRBAERZRELIE. FELHHAEERFHE G F T
BER.EAFL. FENFEAHEEAEMT . BUFRARA BB ZHHAR,
AETHFARETHA#HRSEA, EXRT 0 TR A ENE FAREEN.
FEAFERARFFTEARBRIAR, BATREZEAM A EHEGNEXRE L
FLEBRMBEETEFAMBAERERNARE, BITHET R mHRAX
L RBME. 2 BEMYUM B FES FEMEARMBE, AT EMAL
4%k, 7£ #3F Nature Comm., Acc. Chem. Res. , PNAS, Angew. Chem., JACS
EFRFIMAERFARX 004K, HFHRHEEREZE “BAFaHBRE T
WMARERF” o EF JACS Bl 4. FEMF-F % Acc. Chem. Res.
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