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Taiwan is short of natural resources and thus sustainability and the use of green
renewable energy are crucial. In light of global warming and environmental pollution,
our energy policy must promote the decrease of CO2 emissions. The science and
engineering of advanced materials remain at the forefront of finding viable solutions for
the complex energy problems. In order to harness the full capacities of renewable energy
sources, e.g., solar and wind which are inherently intermittent (especially in the south
of Taiwan where there is abundant sunlight), clean and sustainable energy storage and

production are needed [1].

Electrochemical energy technologies, such as batteries and electrolyzers, are some
of the most viable for the clean storage and conversion of energy—but we are far from
utilizing their full potential [2]. Fundamental understanding of materials is crucial for the
development of these clean-energy technologies, which represents the overarching theme

of my research. My interests concern three distinct yet related areas: (1) development



Clean-Energy Technologies
& Porous Materials

Grid-Scale Conductive Porous Materials
Multivalent-ion Porous for Photocatalysis
Batteries Materials

L
Mg,M, 0,

Figure 1. The overarching research theme for emerging clean-energy technologies,
focusing on materials properties, electrode architectures, and mechanisms.

of materials for grid-scale multivalent-ion batteries, (2) design of conductive porous

materials, and (3) development of porous materials for photocatalysis (Figure 1).

Grid-scale energy storage is emerging as one of the largest potential applications
for electrochemical devices and will require abundant, low-cost, ultra-stable electrodes.
Increasing needs in high energy density and limited excess to lithium resources may
require the discovery of new electrochemistry beyond lithium technology (Figure 2).
New secondary battery systems based on multivalent cation charge carriers, such as
Mg2+, Zn2+, Ca2+, and Al3+ ions, which involve more than one electron transfer, may
lead to higher specific capacity and energy density [3]. They are also relatively abundant,
inexpensive, and offer superior safety compared to lithium when exposed to air. Despite
these advantages, finding electrode materials that can reversibly insert multivalent cations
is a great challenge, due to strong Coulombic interactions of the multivalent cations with
the surrounding electrolyte and electrode materials [3]. With proper electrode design and
architecture, novel advanced materials, e.g., those having a highly open framework, [4]

which can undergo multi-electron redox reactions with improved electronic and ionic

- BENT
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Charge (energy storage}) —f=- e-

L
e- —=sf—— Discharge (power to the device)

2 Gatliode

Electrolyte

e

e

gt

G ; i

Al current collector
Cu current collector

Separator

Figure 2. General operation princiole of a rechargeable battery [6]. Electrodes with
porous structures can provide pathways for high ionic diffusion rate and capacity.

transport may be developed (Figure 3). New synthesis techniques may also be proved

useful in applications for multivalent-ion batteries [5].

Porous materials are a fascinating class of compounds which possess properties far
superior to those conventional solids. This is due to the fact that they can interact with
atoms, ions, and molecules not only at their surfaces, but throughout the bulk of the
material [7]. Metal-organic frameworks (MOFSs) are a class of highly porous crystalline
materials, arising from self-assembly of the inorganic metal ions/clusters and organic
bridging linkers to form an extended coordination network. Among the numerous
properties which can be possessed by solids, the redox and electrical properties have
received significant attention over the years due to their practical applications in our
everyday lives. By introducing charge mobility into crystalline porous materials, a new
class of hybrid compounds would show promise in applications such as high-capacity
electrodes, size-tunable electronic devices, and solid-state sensors [7]. Due to the
ability to design and fine-tune such solids in terms of the pore sizes, shapes, structural

diversity, and functionality, conductive porous materials with well-designed charge



transport pathway may be materialized, and this essentially opens up many application

possibilities.

The splitting of water into oxygen and hydrogen by using solar energy is recognized
as one of the most promising solutions to address the worldwide environmental and
energy crisis in a carbon-neutral fashion. It is inspired by the photosynthesis of green
leaves in nature, which is the use of solar energy to convert carbon dioxide and water into
hydrocarbons and oxygen. Water splitting is a challenging process because it involves the
loss of four protons (H+) and the transfer of four electrons (from two molecules of water)
in combination with an O — O coupling, and thus is considered as a “holy grail” in solar
energy conversion [8]. Due to the presence of catalytically active metals and functional
organic linkers in MOFs, the easily tailorable physical and chemical properties, together
with the large surface area and robust pores/channels, these porous solids may potentially
anchor or encapsulate photosensitizers and catalytic moieties in the extended frameworks

[9]. Via the rational design of organic building blocks and framework architecture, MOFs

Figure 3. (a) and (b) Structure of Mo2.5+yV0O9+z (M = Mo and V cations predicted
theoretically with different oxidation states and occupancies: green, Mo5+/V4+; red,
Mo6+/V5+; orange, Mo5+; and purple, Mo6-+). (c) to (e) Bond valence sum (BVS)
maps showing the conduction pathway of multivalent cations in the channels of the
microporous framework [5].
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may be explored as functional solid-state photocatalysts (either for water oxidation and

proton reduction).

The need for sustainable and clean energy is one of the biggest challenges facing
our society. As a global issue, it is expected to become more urgent in the coming
decades with the combined and increased effects of population growth, climate change,
and fossil fuel decline. Clean-energy technologies offer the tantalizing possibilities of
highly efficient, zero-emission energy conversion and storage; they can be realized by
understanding and optimizing materials properties. Advanced design of porous functional

materials may lead to superior energy conversion and storage.
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# A #2016, 10. 28~2017. 10. 1948 s 43t &

01T ReBH1:2017TF11A118

Wk | R o | ow g |V TR EE wmu RPN

0170911030 | BOGOID | itk 1, 000 - 2., 000
20170427012 | BO46O34 | E4u 1, 000 1,001, 000
20171016038 | BOGO34 | EAu 30, 000 - 1, 031, 000
20161100050 | BOATOI8 | s 3,000 71,000
0161215117 | BOAT02T | s - 500, 000 7,307, 000
20170518025 | BOATO2T | Fdel 500, 000 7,807, 000
0171011034 | BOAT02T | sl - 500, 000 8,307, 000
20161130112 | BOATOAT | sk 2, 000, 000 6. 847, 806
20170124003 | BOA906 | Atk 12, 000 - 63, 834
20161102042 | BOS1043 | Bk 500 10, 000
20161222118 | BOS1046 | il 19, 045 - 858, 088
20170427013 | BOS1046 | 700 858, 788
20170511022 | BOS1046 | il 19, 045 - 907, 833
20170925031 | BOS1046 | 5 19, 045 956, 878
20161112004 | BO32018 | s 10,000 - 33, 000
0161112072 | B052025 | Hedh— 1,000 204, 000
20161112088 | B032061 | #7%x 2, 000 - 350, 000
20161100054 | B033038 | s 10, 000 807, 500
20170427015 | B033038 | 45 1, 400 808, 900
20171019046 | B033038 | s 10, 000 - 818,900
20161100053 | BO34025 |  Hkinh 10, 000 240, 000
20170330006 | BO33015 | &k 5. 000 - 60, 000
20161112060 | B033039 | ik 10, 000 120, 980
20161130110 | BO33045 | skitk 3,000 - 83. 000
20161100057 | BO33046 | 3% 120, 000 731,023
0171019042 | BO36025 | ke 10, 000 - 2,881,000
20170427011 | BO36095 | H=r 1, 000 578, 500
20170406007 | BO5705 | %%k 30, 000 - 909, 200
20170427016 | BO57055 | %% 700 909, 900
20170504017 | BO5705 | %%k 20, 000 - 929, 900
0171019045 | BO57055 | %% 90, 000 1,019, 900
20161208113 | BO38009 |  SHiRi 1,000 - 65. 005
20161110059 | B039025 | %o % 1,000 21,000
20161109049 | BOGOOS0 |  seuee 10, 000 - 160, 000
20161102045 | B0G2029 |  s#Lsy 5,000 155, 000
20161102047 | BOG207TI | it 2,000 - 1,500
20170427014 | BOG2072 | sk 1, 400 1,900
0171011032 | BOG3034 |  %Ex 10, 000 - 94, 000
20170821020 | BOGAOIT | EEX 5,000 16, 000
20171019041 | BOG4053 | i 10, 000 328, 600

$-E fJ\’é“’r $4, 077, 835
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# A #2016, 10. 28~2017. 10. 1948 2k 43t &
01T ReBH#:2017TF11ALlR
CE Y TES &
wmkws | F ow | owo o |V SRR wmu RPN
20161112100 B065005 B e 35 2, 000 - 5,000
20161112095 | BOG5006 | sz 30, 000 201,000
20161112099 B065014 A ek 3, 000 - 3,000
20161112076 | BOG5020 | sk 10, 000 20, 000
20161112078 B065021 RARAR 2,000 - 2,000
20161112081 | BOG5023 |  Aress 1,000 1,000
20161112086 B065025 EREE s 3, 000 - 3,000
20161112083 | BOG5030 | Fisw 2,000 2, 000
20161112082 B065047 R T 2, 000 - 5, 857
20161112085 | BOG305Y | £ A 3,000 3,000
20161112075 B065065 1 % o 2,000 - 128, 357
20161112080 | BOGS068 |  #ikk 3,000 3,000
20161112079 B065073 T 10, 000 - 10,000
20161112073 | BOGS0T6 | phxcsh 2, 000 2,000
20161112067 B065083 E ) 12,000 - 131, 834
20161112084 | BOG3084 | %46 3,000 14, 500
20171019040 B066015 Pk 20,000 - 140, 500
20161222119 | BOGBOOG | andifs 6. 000 39, 000
20161109056 | BOGYOIZ | 250, 000 901, 000
20171011037 B069091 HESUAR 3, 000 - 3,000
20170420009 | BOT2050 | e 3,000 18, 000
20161112066 B073034 B 20,000 - 307,000
20170112002 | BOT049 | iz 2, 000 3,000
20161208115 B073073 F BB 1,000 - 4,500
20161111063 | BOT307T8 | phk# 5. 000 55, 000
20171011033 B0T4102 Bg 3 10, 000 - 105, 000
20161100051 | BOT5012 | ke 10, 000 6. 000 28,000
20171016039 BOT5016 Ay 1,000 - 8,400
20161102044 | BOT023 | wmxk 12, 000 16, 000
20161112074 B0T5032 pail & -} 6,000 - 26, 378
20161103048 | BOTH034 | sk 3,000 10, 000
20161112103 BOTH07T K AE 2, 000 - 7,000
20171011035 | BOT5082 | hss 5. 000 31,000
20161111061 BOT5086 F LR 3, 000 - 30,000
20161112008 | BOT5090 | s 3,000 1,000
20171011036 B075102 B 2,000 - 31, 000
20170504020 | BOT6002 | #E 5. 000 5,000
20171019043 BOT6011 TR 50,000 - 50,000
0170712027 | BOT6O1O | Ak 100, 000 129, 000
20171019044 BOT6019 FH 10, 000 - 439, 000

AR N3t $640, 000




# A #2016, 10.28~2017.10. 1948 s 4t &

01TFEREGBH:2017TF11A1lR

M e - P &F

Wk | F om | w5 |7 IR RE wmu RPN

20170504019 BOT6028 # A 2, 000 - 2, 000
20161100055 | BOT6032 | #1448 200, 000 1, 436,100
20170504018 BOT6032 ¥ 5 #E 200, 000 - [, 636, 100
20161112070 | BOT6089 |+ 10, 000 209, 744
20161208114 BOT7009 AR A 1,000 - 18,000
20161111060 | BOT8OA2 | 3k 2% 5. 000 31,000
20161111064 B0T8083 H7 54 3L 20, 000 - 51,000
20170628026 | BO7T90GA | M 3,000 19, 000
20161109052 B080012 #H BRI 30,000 - 51,000
20161112003 | BOS0D2I | e 2, 000 1,000
20161112091 B080054 SO 2, 000 - 18,000
20161112106 | BOSOOST |  sakit 3,000 1,000
20161130111 B083026 FiE 20,000 - 64, 000
20161112077 | BOS3I0OL | #Ew 10, 000 22,000
20170518024 B083101 AR 4,000 - 26,000
20161112101 | BOBS006 | Bk 3,000 3,000
20161112087 B085019 g 3, 000 - 3,000
20161112102 | BO8052 |  #ide 6., 000 6. 000
20161112097 B08505T & 10, 000 - 10,000
20161112068 | BOBS038 |  dkisin 5. 000 5,000
20170309005 B085062 A R 3, 000 - 15,000
20161112006 | BOSS07T3 | st 20, 000 52, 000
20161112104 B085086 S 3, 000 - 3,000
20170821028 | BOSS088 | st 50, 000 63, 000
20161112092 B085089 FAM 2,000 - 2,000
20161112000 | BOSTOSS | w3 2, 000 1,000
20170105001 B088081 FREAE 30,000 - 371,000
20161112065 | BOSYOAA | 4 10, 000 72,000
20161112105 B090047 IR 3, 000 - 4,000
20161110058 | B09009T | sk 5. 000 5,000
20170209004 B091029 A 1L 3, 000 - 6,000
20170406008 | B091029 | e 3,000 9,000
20170511023 B091029 A 1L 3, 000 - 12,000
20161112107 | BO9IOAL | #lecss 3,000 3,000
20161112089 B092174 Bl 2, 000 - 2, 000
20170427010 | B093024 | A% 3,000 6. 000
20161112071 F201601 il 1,000 - 1,000
20161215116 | F201602 | sk 3,000 3, 000
20161112108 GBO80#& BO& ] 4t & 25,000 - 25,000
20161111062 | MOT4009 |  #5c 10, 000 12, 000

AR N3t $762, 000
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# A#2016.10.28~2017.10. 1948 s 42t &
2017TF Re B H1: 201711 A1l 8

4
A - WEhF G
. . SRR SR VIR R : o . S
Wk mowm | E o | om g | FRER £51 5% 23t &%
20161102043 MOTT7018 Z3m iR 2,000 - 2, 000
20161102046 MO91085 W T 2,000 42,000
20161130109 M092061 PR 2, 000 - 6,000

AR D3 $9,000

P1-PAsa &3t &80  $5, 488,835
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TEL : 02-2555-6661 FAX : 02-2558-5135

Email : croslene@croslene.com.tw
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