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Controlled synthesis and electrochemical performance study of

HITP-based metal-organic framework composite materials

ABSTRACT

The design and development of high performance
electrochemical materials is an important direction to alleviate the current
energy crisis and environmental pollution. As a new kind of porous
material, metal-organic frameworks with large specific surface area and
porous structure contribute to the application of their internal active sites.
However, most of the traditional metal-organic frameworks are electrical
insulators, which greatly limits the application of metal-organic
frameworks in the field of electrochemistry. With the development of
ligand selection, the emerging 2D c-MOFs have excellent intrinsic
conductivity, besides retaining the advantages of the traditional metal-
organic framework, the advantages of large pores also include high
stability, electrochemical activity, photoactivity, adjustable band gap,
excellent conductivity and so on, this makes it possible to be used as

active materials in catalysis, energy storage and sensing, but the current
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research is still in the initial stage, and the mechanism of synthesis and
application is not completely clear. In 2D ¢-MOFs, M3(HITP),, which is
constructed by a large conjugated ligand, 2,3,6,7,10,11-hexa-
aminobenzene (HITP), has attracted much attention. At present, when
M;(HITP), is used as the electrode material, it is often used in powder
form to make the electrode by combining the conductive binder with the
substrate, which hinders the rapid charge transfer. It is an important way
to design the composite electrode materials which directly combine with
the substrate to excite the application potential of M3(HITP),. In this
study, M3(HITP), (M = Fe, Co, Ni) was fabricated on different substrates
in situ, and the composite electrode was used as high performance
catalyst for oxygen and hydrogen evolution from pyrolysis water or high
sensitivity ascorbic acid (AA) sensor, and the design, synthesis and
application of the composite electrode were studied in detail.

(1) In this study, a series of Fes(HITP),/NF-x electrodes were
successfully prepared on the NF surface by an improved layer-by-layer
self-assembly method and used for efficient OER catalysis. The
Fes(HITP)2/NF-15 electrode exhibited excellent catalytic performance,
with the overpotential as low as 224 mV and the slope of Tafel as low as
45.6 mV-dec! at a current density of 10 mA-cm™. The current density

retention rate was 97.3 % in the stability test, after testing, the
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morphologies and elements do not change obviously, which shows
excellent catalytic stability and better performance than commercial
RuO;. The introduction of layer-by-layer self-assembly method can make
the active substance bind to NF substrate tightly, and can effectively
control the catalyst loading and the catalytic effect, but the crystallization
of Fe3(HITP), obtained at present is weak, further improvement is needed
to enhance the applicability of this method.

(2) It 1s very difficult to synthesize high crystalline M3(HITP),
composite electrode on NF surface directly in situ, and it is an effective
strategy to add an intermediate layer between the substrate and the active
material to connect with them, at the same time, the application prospect
can be widened by utilizing the synergistic effect between materials. In
this study, Ni(OH), nanorods were first grown on the surface of NF by
hydrothermal method, and then Ni;(HITP), nanorods were successfully
grown on the surface of Ni(OH)> nanorods by secondary hydrothermal
method, Nis(HITP)2/Ni(OH)./NF electrode was prepared and used as
HER catalyst. The synergistic effect between Ni(OH). and Ni;(HITP);
could enhance the catalytic activity of Ni(OH),/NF, which was due to the
abundant active sites of Ni(OH), and the excellent conductivity of
Ni3(HITP),. The overpotential of Ni3(HITP)2/Ni(OH)2/NF is 187 mV, the

slope of Tafel is 75.9 mV-dec™!, which is significantly lower than that of
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Ni(OH)2/NF (218 mV and 98.6 mV-dec™!), and the electrode has excellent
catalytic stability.

(3) The above two parts show that M3(HITP), has excellent
electrocatalytic activity, which also shows that it is hopeful to be applied
to the electrochemical sensing of reducing biomolecules. Compared with
NF, there are functional groups on the surface of activated CC that can
bind to metal, which makes it possible to grow high crystalline
M;(HITP), on the surface of activated CC directly and prepare composite
electrode. Not only the morphology and crystallinity of M3(HITP), can be
adjusted by adjusting the solvent system, but also the bonding state
between M3(HITP), and substrate can be adjusted. In this study, high
crystalline M3(HITP), (M = Co. Ni) was successfully synthesized on the
CC surface by one-step solvothermal method, and a series of
M;(HITP),/CC-x electrodes were successfully prepared and used for AA
electrochemical sensing. Ni3(HITP),/CC-0.3 and Cos3(HITP)./CC-3 are
uniform nanorod and sheet arrays, respectively. As an AA electrochemical
sensor, Ni3(HITP),/CC-0.3 exhibits a wide detection range of 0.0-4.0
mmol-L!, a low detection limit of 0.25 umol-L!, and a high sensitivity,
rapid response, high selectivity of 21.36 mA-(mmol-L-")!-cm™ and high
stability.

Yulong Zhou (Chemistry)
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Supervised by Xiandong Zhu
KEY WORDS: electrochemistry, metal-organic framework, layer-by-

layer self-assembly method, catalyst, sensor
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Figure 1-3 The frame structure of two-dimensional conjugate MOFs.
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Figure 1-5 The charge transfer mechanism of two-dimensional conjugate MOFs.

2D ¢-MOFs (153 T S5 0 HAAE L 3 3 EE P VPR« 3X BT

R eSS . A FRIECALE BEA R AL 71 O N Sl Se 5 & @45 G EA

[, FOALBEACANIR], AT BT A R A R RE 0 22 97, 3X X 2D ¢-MOFs

¥ At A B R B A LR . K Ah, 2D o-MOFs i RE % 3 i 4 fr) S8 HHk J5

S SEREAT XL TR, AEIRIE N 2D ¢-MOFs Y, BCAAE & gl 4k, 4L E

HEAENBOR T, A A SR mHE S P B8R TR EE . T HL AR ) [RIRE 2 BT AR 1Y)

JURTTZAREEM , BRI LR E T BT 3R 2D ¢-MOFs I JLATTEAR, TR 5

TR EARSG . BEAL, BRI R /N 5 i B 1) 25 P85 e [ 48 HE 22 v (1) L B0
SR E (1 R [F)RF RE % G R0 iR L 5 e 48,

B 1 BCAA S Y s R A A By DL K pR A T R 45 R L B R s, &R
Rk RAE N SR A B EE MR . AR ES BN d 50l S5 RA Rt
BEIE 2 [ fn-d Ze 4k 22 Fl s 27 AR Re R IC I 22 5, I TEAS [FIF2 b i
YT BB, B TR A S RIS A, GRS AR AR A R AN
IR A EE, B LT 51 B m-nHEARUAE P CSVER D438 [ R 06 HH S A S R o e ) P
A A TR R A B R AN JE S AT DL ] e 5 R R R 1 J S AR -
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ZEERENTESL, BRI AL B R SRR L AN B, 2 i PSR R EEAT RS
B R PR IR AT 2 X ASE LY, 18 D)/ EERMIT TARE ATt — D4R 7

1.4 2D ¢-MOFs B & R 75 3E

= A P ARIE ) 2D ¢-MOFs H 35 2L LUKy AR IR P RCR S HEAT LA - e AhKs
H 5 HAA BT & R AR A RN IRTT A R & RTBL ARG
J 7 %1 4% ) 2D c-MOFs Ff i JE 30 b 45 i LS8 MM RE R A R Z 7. JE
F1, R 2D c-MOFs AR ik 32 253 7K R 0 FAGR A 5 T A B 1 K3

1.4.1 FKIRAEFIRE

DMFM,0  Siower nucieation *Jv- M
Better crystailinity =

K 1-6 (a) M3(HITP), (M=Co. Ni. Cu) FI(MM’3)(HITP), &4 &K, (b
Co3(HITP)>. Nis(HITP): M1 Cus(HITP): FIfM. 24K AR s (SEMD KR, (o) i
K Co3(HITP)2. Cus(HITP), F1 Nis(HITP)2 F AN K A4 (41 4 e i A5 440,

Figure 1-6 (a) Synthesis of M3(HITP), (M = Co~ Ni. Cu) and (MxM’3-)(HITP), alloys, (b) SEM
images of micro- and nano-crystals of Co3(HITP),, Ni3(HITP); and Cus(HITP),, (c) Zoom-in SEM
images of micro/nano-crystals of Cos(HITP),, Cus(HITP), and Nis(HITP),44,

IKIASE TR ARAE — E IR EANER H ST, LA EIK O iE 7,
W FIRTR GV E TR 2 B0 PR 2R SO B — Fh & R o XA 7 VR A B A
FAT D e AR R T pH B A 58 I NSk R BEAT ], AT U BT A
2D ¢-MOFs BURLRJ LR TR . RFy RS P2 R A e SR I

LA M3(HITP), A5, 1E Ms(HITP), f& it F2 e s R &3t 5 &8 & 1 IIAd
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fr, BfJEREE L FAIRE S SR A, 2 SAE Ma(HITP), A B & 2 K 22
(¥, BRI VLB AT 7790, Chen ZMIZE 2020 fFIB I IEFIRIE G R T — R
¥ — 5t 4 J@ B 24 ) 2D ¢-MOFs M3(HITP), (M = Co. Ni. Cu) (& 1-6
(a) ), R H 558 CH:COONa HUAX & B AL 7 & 7K J§ » Nis(HITP), Al
Cus(HITP), [ 45 dh i & 3w, JRiE I IR SIS RIAT IR, E—0 4@ T
FEVIRI G R, X T A LB R RERE AT R AGE S, AT AE % k%
SO T R -TARE  E E , HE—ash RAE K. SEM EIEOR T BB
Nis(HITP), A1 Cus(HITP), ¥3 oK B 75 M JE « 1-2 pm K 0 IR & A& H B, 1
Cos(HITP), L E 9K TE 0 2 d i 2 (B 1-6 (b-c) ) o BTSSR
FOHLE PR GRS R 5.8 x 102 3R FF) 55.4 S/em, 7R HHVA T #
A LA X% 2D ¢-MOFs 4 B2, #E—5 3¢ 1 2D c-MOFs F RAL P fE .

(a) OH OH

Rl Suono
) (7). DMF/H,0
HO =1 .
oH 85°C, 24 h

OH

Oxidation state: "[T5 :‘@.:
(b)

K 1-7 (a) Cu(OHPTP)I & 7%, (b) Cuy(OHPTP)& 1A SEM FlfEi: (EDX)
BIZRE,
Figure 1-7 (a) Synthetic Scheme of Cu(OHPTP), (b) SEM and EDX images of Cuz(OHPTP)

crystalsil,
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Sporrer Z£51F- 2023 4F HEC A OHPTP FIfi; iR 41 /£ /K F1 DMF (7:3) MR A
T 85 °C AR L 24 h A % T Bk K Cuz(OHPTP) (B 1-7 () ),
SEM K18 W], Heik 2D ¢-MOF Cuy(OHPTP) K EAERMCKTE N, %N LE
K SRR B A (B 1-7 (b) ) o Cu(OHPTP)E—F p R G4k, [a]
BB 0.5eV, BA 0.1 S/em K& HLZE . 11545 KK W] OHPTP K75 Fi%
SR E TP T W) B oAl EAE G GR, A B TR SOK BRI R Y e
L, JFES TR SR IR B IR SR T 90 445 54 (R8T B 2D ¢-MOF
T L B AR ) ) £ AR R AR Hh AN A F o 3K MOFs (K R4 -F 1 iR .

WL M RHRAE B, Wb DT R R 2 R IR . lhn, VR
POEE BT BN, AL N 7 A G IR R AT, XA R E N
REE. I HLUKABFIHGES BN 2D c-MOFs 2B LI i ol % 22 ok R A7 A, 3X
PR T EAER A LRI

1.4.2 REHEE

G BV R AEPIAE S B, T A H R T A L R AR R ghK
BEF L2 R S A Bk B - T L VR VS TR AR [ 5T
o AR HNE R - S TR 3 T AR A, T SR R B
F IR BEHE K 2D ¢-MOFs fifh, T4 2.

RN e DORR SR G RIS, 7RI ERC AL A K 2D ¢-MOFs
fiE . Wu S5 521F 2016 4 -3 S 4 T FH T FET #3440 0 80% 1) -
Nis(HITP), 5. AR @D HITP. 757K & SRR = B RZ I K 3 0 #i &2
60 °C, Ni*"5 HITP BCALH7E - T H 42388 B Nis(HITP), 40K FokL (& 1-8
(a) D, BRKIEGK RIS AL/ 9 i 2 R i K i b,y T 5 i PR o 4
H, AR BUR % RO i T KR BE I 512, Rl T B A AL
MOF fLi& )37 38 fa A% (FET) (& 1-8 (b) ), KILHEIE 48.6 cm?/V's
IR e 3 R ST RS %, 145 AR 3 Hl MOF's JIEAIEE T MOFs 1) #8441 4
AL T — AR TT I

Yang 55 53F 2024 AF4E T — b 5ot (0 V-9 S DV BE 08 PUE G R AS d TE R
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UFH 2D ¢-MOFs. 1z 7l K IR G /K BKTEEAIAEALR], AR T ok
FOT (R0, IR0 28 1 RS it 1 P AR 5

(a) “NH HN (b)
HN NH
- 1 l
Phe »ed -— -
HN LI NH sc .
mHH HN N
HN  NH, e NH My n.nd |
) = ; : N
_{_ -eHCl + Nic, _EnNeee LK P Rosction misturs  jqui el interiace Srmping
HyM— { NH, NH N
\ y HN- iy - NH -
HN NHy HN._ NH — i
HH [ -
e NN 4
HN Ll “NH % ~
' NH ! “tag
'°"°u. PRI AL HECTODEE

K 1-8 (a) Niz(HITP) I A R, (b) MOF £ fL FET [ & T. 2062,
Figure 1-8 (a) Synthesis of Nis(HITP), membrane, (b) Fabrication processes of MOF-based
porous FETs[52],

2T SR G R B T A, AERUSN A ) N AR e i ) S B
BB PROH T B 2D ¢-MOFs. B Ja @ik 250 J 7 F i AH FI KA 4 59, {23 MOF W
PG BE - HERRVE T, AT AR 8 2R G5 M HAE A ST a8 SR ARk 3 o A
W T390, AR 3 20 Bl r bRos ) 2% 5 221 2D -MOFs. 1EAsEPrSHT,
Yang %5 F % 77 72 & B Pe & MOF I T 25 75 R b e J7 . F ', Cu-
CoPc R I H S m AL IEYE, B 4-FH 3K (4-NP) IBJRN 4- 2 KW (4-
AP) [FEALAZE (TOF) {4 4726 h'. % TOF {H# i 7 AESt & @ Mk, %=
Al PA/C (10 wt%) HY 180 1 o XA & BRI ok 1 MR & RSB A Rp R 45 i
PEH 2D ¢-MOFs W ECK b, 1 HEA H sl e 7 k. PR vh e
VAT, AR R

G B 0 EEORRT A A H A R L S R, (HA AR AE TS
() S FEAS G VR 1 | TR SRR P52 DL A28 1) 58 i R, AT p il — PR R it

1.5 2D ¢c-MOFs fEEB L ZF4uia A9 N2 A

1.5.1 B2 EL

R HL AL AR R St Ak S RE R (A% 0, 2D c-MOF's P H AT [
M e K AHIFLBE . RRGRIIAR . A2 Aa e YA S iy 22 e 1 S50 s A 2
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BN —RE IR AT . 2487, 2D c-MOFs 7£ HER. OER. Hib2AfiEfb %A
W IFE M (ORR) Al A LB IE J5 e v (CORR) Z5 7 THIHAA — & Wi E A
P B R S R 7

(a) E E ;E i
w-t-cmul lmwr-nnninu / ‘%b
"l '--.’*~ “‘«
() e —— -
{ o o] —cnpe / s 100mA cm?
Lal—2% / e / 0.
I [—ne ;" / | o 95.24%
- |
| o E --------
\!:: -nl [ 8 - 181 cycie
! ~ul _..'l_ _— > 1 ) P :;E::Q::m
(c)".:. > o s a1 % £.34 1o 30001H cyche
I P - Pt | ¥ ws W
- _
-
% e, - 5 041 Eu
i . =
-
- S z as{ ™ /
- — tenes F ] T T
} i e e ST N
ey 06 . : . r
S -t * - 0 10 20 30 40 50 80
" = == Time / h

Kl 1-9 (a) Ru-Cos04-NiO-NF il % 2 m K, (b) =ik T Ru-Co304-NiO-NF Z5AH K

HEALFIFE 1 M KOH R 85 % IR RIEA M%K% (LSV) & Msi & 5 —1k LSV 4k,

(¢) Ru-Co304-NiO-NF 5 HILHIE R Rus Co Al Ni F: HLAELFITE 10 mA-cm2 R {13 HL AL
ML, (d) 7E 100 mA-cm2 4b i S0 & il 28154,

Figure 1-9 (a) Schematic illustration of the preparation route for Ru-Co304-NiO-NF, (b) The 85%
iR-corrected LSV curves and the mass-normalized LSV curves of Ru-Co304-NiO-NF and other
related catalysts, (c) The comparison of overpotential between Ru-Co0304-NiO-NF and Ru, Co and
Ni-based electrocatalysts, (d) Chronopotentiometry curve at 100 mA cm204],

HER & — M EEW RN, EEmAEMKESS AR T 20k
¥, Zhang ZP4HI & T EKAE NF L1 Ru 352419 MOFs fi7 4 BB 8 A AL 57
45 Ru-Co304-NiO-NF (& 1-9 (a) ) o SLIGRAFUESE, it otk f iR ig -k
R, il % 1) Ru-Co304-NiO-NF A LA Rt 4k 7K Co-MOF R BR A4 (1) — 44K
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FTESR, RN ORFE =4k NF BINURAR 8 P, A RT3 1 7 o5 % 5% FH FEL e o A%
fn. MbAh, X TR (XPS) MIRFI% EZ R w (DFT) iFH 4R
W] Ru #7281 Co304-NiO S35t St [f AT DAL [F] 4% Ni A1 Co A7 s HL RS
MR TR A HER 33 A% A HaO W5 Bt/ B A3 1 Wbt o £ 46 Ji5 1) Ru-CosO4-
NiO-NF 7E 1 mol-L"" KOH H Hifi ft HER [ 432 = T ik PYC (20 wt%)
£ 10 mA-cm? 1 100 mA-cm™ [ B B2 T 70 0l I 44 mV A1 115 mV IS
AL (B 19 (b) ) o BBk, FRASI H S8 B ARAEHE 100 mA-cm™ ¥ H
T AR RIS 60 h IMEALTETE, HOGHH B (B 19 (o ) .

350 1.64
——Co4(HITP), ( ) = Cog(HITP)y
(2) 50, - b — o
s —Ru0, _ = RuOp
B ——HITP X 530.3 mV dec™! — HITP
o
L- e
& 200- §1.56-
2 >
G 150- =
s -
g € 1.524 1
£ 100+ 3 69.1 mV dec”
@ o =
£ 86.5 mV dec )
3 504 1484 61.4 mV dec’!
04
1.4 15 1.6 1.7 1.8 0.0 0.4 508 1.2
Potential (V vs. RHE) . Log (i/mA cm™)

Bl 1-10 (a) LSV fizk, (b) Tafel EIP3,
Figure 1-10 (a) LSV curves, (b) Tafel plotsi3),
OER /2 — MU TR, 2l K0 SRR E RS T
S E B M. Xing Z5BS T 2020 R GE [ — Bl A E S HL K 2D c-MOFs
Cos(HITP)2, & B WIRA I 22 LI 28 AR 2 AT S8 0E PR A7 2. Cos(HITP), R I
1150 S'm! ()5 AT /9, DFT B THSEARAEY] 14 B n-d 3L4EA B T AL =
(RS . R LSV BHZR4E 1 mol'L! KOH H#%%¢ [ Cos(HITP), f¥) OER %A,
£ 10 mA-em? FE A A 254 mV (B 1-10 (a) ), X HIZ45 A IEIRIER R
Z R AR L LR RuOs A1 IrO2 #H 4 HE R AR . 4k, Cos(HITP), ¥ Tafel
RN 86.5 mV-dec!, AR T HANA L, FH] Cos(HITP)2 X} OER H A RL4FHIfH
s 7% (B 1-10 (b) ) o RFASEIeSE SRR [ 4 2D c-MOFs HHAEH
FEL AL 7 LRV
Huo 515 B 1 — M BA R 300 53 5T A SE A2 A R 2D 3 A K P 1 1 e
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(ZIF-L) . ZIF-L BFZREEH AN, BASSER NMEEE T1EEE
B7 . ZIF-L-Co i AMEE K AE ZIF-L-Zn b, FI#I% | ZIF-L-Zn@ZIF-L-Co
MK RIS, FAMEAE K MOF AT A I8 /N Co 9K IIURL [ 21 515 4% ik

(NC) # %l HM-Co@NC EIH T Eonet = 0.998 V, E =0.905 V KL ORR
EPE (B 1-11 Cad ) MIEE PYC BEAFHIERZEME (& 1-11 (b) ), RFSMEAK
[¥] 2D c-MOFs J HATAEN) A E T BE IR A 5 N F 10038 284 Ho A 7RI it 1 B 4

120

-14 — NC 100 — PH/C
-l Co@NC
E o — PtIC § Buq
u -3- S—
< =
£ 4! S
—

-51 404

6-

0.2 0.4 0.6 0.8 1.0 0 2 4 6 8 10
E (V vs. RHE) Time (h)

Kl 1-11 (a) HAELLFILE O2 M 0.1 mol-L! KOH 1 1600 rpm ) LSV #14, (b) HM-
Co@NC F1 Pt/C 7£ 0.67 V (Vs. RHE) ] i-t fh£5%,
Figure 1-11 (a) LSV curves of electrocatalysts at 1600 rpm in O,-saturated 0.1 M KOH, (b) Time-
dependent currents for HM-Co@NC and Pt/C at 0.67 V (vs. RHE){53,

WA BRI AR S8 T PR E MR L, Ik, PARANR —BEEE T
TR A A N E AT . B Sl TR M A B BT WA A AR R S
DL LR AT AT SEEE, 2D -MOFs #EHZ CO2RR 51 24 L AL 77 OV FE A 1% 2
Liu Z5EEOF 2021 FEF] F — Mt T 5 B = ERER (TQ) M WA —Mlicik s
HESEE T (Cu. N A, Bl 7 2DRARGEZILHZE:
M3(HHTQ)2. M3(HHTQ)2 F] LA AF 72 Cu B Ni FCyd8 5 3 AT AE 7N 7 dib A o £
JEFEA . Cus(HHTQ)2 X CHsOH JAME— ¥ CORR I H AL 57 I EAL T
P 75 0.40 V /N B4 R, CH3OH HIVERL SRR X F] 53.6 %o Cus(HHTQ):
LE R #4 f Nis(HHTQ)2 Al 224538 i) Cus(HHTP): B A 5K 5 CO2 W i it A1 B 755 11
AL TS . AR REXS &R O AT E N B A TR 5R B AR
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Kl 1-12 (a) Ni-MOF HMEAMEHMEGUREIZE, (b)) Ni-MOF B BHEHERE, (¢ Ni-
MOF/AC SC #3414 A[F] i %5 B2 R i) GCD B4k,  (d) 2$1F1) Ragone 56,

Figure 1-12 (a) Galvanostatic discharge curves of the Ni-MOF electrode material, (b) Cycling
performance of the Ni-MOF electrode material, (c) GCD curves at different current densities of
Ni-MOF/AC SC device, (d) Ragone plots of the devicel*).

il e A ] P AR 2R 0 RR TR R 3 EARI T i fb 22, AL Rl H i ™ L
RE VR L Bh RO IR B 0] A AR . E R M ReEA R AT, BRBEER
(SCs) HI T Heva Dy 2 %5 BT N B A BT B ARG & . 2D c-MOFs B A7 PRI i)
RIS AL R AR 7. mALBRER . K L R AR 3 % 8 1) A8 3 S0 P o i AR
FFA AR SCs AR AT Rl . Zhang 28075 1k faf B (VA IR A BT 482 4R Ni-
MOF, ¥ HAE N SCs (M A kL. 7E 3 mol- L' KOH HLMFR HH kAT THER 72
I, Ni-MOF ALK e ff2 b, £ 2 A-g! T HARRMILEE
1668.7 F-g' (| 1-12 (a) ) , 7E 5 A-g' TG 5000 K5 A RFEER N 90.3 %
(B 1-12 (b) ) o MAb, 43T Ni-MOF/AC JEXTFR SCso %247 0.2 A-g!
BRI 161 F-g! E b (B 1-12 (b) ), 1E 160 W kg [T &% fF N fig
BHEIAT] 5729 Whkg! (& 1-12 (D) ) .
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1-13 (a) KR HEMRF, B S T A GCD 285575 50 45 BB 1 L 2 T
A MAHN A EL BT A, (b) AL, AR BRI E T H GCD #iZk it 5152
()& AR EL R T AR A AR R EL S 2, (o) ZEZKVEVRONTAT B FEL A 5T H 1Y) NiPe-

MOFaep@NF 3£ SCs ] Ragone F157],

Figure 1-13 (a) Specific areal capacitances and corresponding specific gravimetric capacitance of
each electrode calculated from GCD curves under various current density in aqueous electrolyte,
(b) Specific areal capacitances and corresponding specific gravimetric capacitance of
supercapacitor calculated from GCD curves under various current densities in organic electrolyte,
(c) Ragone plots for NiPc-MOF sep@NF-based supercapacitor in both aqueous and organic
electrolytel>”].

Jia 81T 2022 FE I & T —FiBHAR BLITA CAED) J77%, # NiPc-MOF
SJHBYTARAE NF 2RI Bl 4% 7 250 TR I — 4 3 # NiPc-MOFaep@NF,  F H
FIAE SCs By iK . I HLAL 245 75 T NiPe-MOFaep@NF SCs L 72 14 R,
FE7K 2R B P A LA 0 A %8 =8 115 mFrem? (J&] 1-13 (a) ) Al
22.1 mF-em? (B 1-13 (b) ) WHLER . EAPAERF, 7£ 1 mA-cm? 5
G RN, HRRZEE N 1.35 mW-em?, 7£ 0.1 mA-cm? KBRS R T,
1AL BE B % N 22.4 uwWheem! ( 1-13 (¢) ) . XL R, NiPc-
MOFaep@NF H K A B0 T VF 2 CARIE RS ES, A 2D ¢-MOFs K5 A7
ARKTFRE T — ST @A
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1.5.3 Eith

WAL S ML . B AR A TRV AR I I AR RERT TR A ik
LB I % 8 AT 4y R . 2D ¢-MOFs 1E A — 2581 8 (1) % L S A A 5
EW, A U R I T BRI R T

PR A ARG et e SN A 2 M, BRI R
%z, FEAFEESAHEI (ZABs) MER 7o (ZIBs) , HApgepE 7Y
A NI (NZBs) FIERELH I (ZMBs) o 3 Haith 32 58 A R Al b
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BE— P S R IR A T A R L OB FR A i FH DR RV TISCRRL 1 BE T B R I 9
JREAEEE Y. Pan NS RANE E & Ru T3 H MOFs [Nis(HHTP)3(H20)x]n
H N F A2 ZABs H o i3 SEM RAF K I [Nis(HHTP)3(H20)x]n 5 PR 25
(B 1-14 () ), @aFRE T EME (HRTEM) HRMHHERmEAG K
EINIDIEAE (B 1-14 (b)), ERKIGI T H LRI, AN
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Kl 1-14 (a) SEM, (b) HRTEM, (c) JiCHL/Fe HL AR il 28150,
Figure 1-14 (a) SEM, (b) HRTEM, (c) Discharge/charge cycling curves(.
P NRA RIS T SR EAMARRL —, FRUMN. 1IERE
IR AN G2 A8 ) F R AL I8 S5 50 g 7 IR 7 et — P A e o Feng S5L0ORIE | —Fh —
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I, VR A 4 W ) P R e 7 st ) L R P i S B 85, 3 1 A
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Kl 1-15 (a) CNT #1 2D MOFs/CNT K J= Hit (¥ £ % fE,  (b) 2D NiCo MOF/CNT g+ ]
ZHEALE 0.5 C FRIEAPERE, Sb@Nis(HHTP)-10 HLARAE (¢) 100 mA-g' Al (d) 1000
mA-g! R FE TR K, (e) B Sb@Nis(HHTP)2-10 BHHR AN KFFCN B A% 2H B 1) 4= £

By F B A R AL A VR REAE 0.5 ArgVRFSE RLIAL TS FAIEL R UL 7 T80 R FRLASE 23 A7 00,

Figure 1-15 (a) Rate performance of cell with CNT and 2D MOFs/CNT interlayer, (b) Cycling
performance of cells with different interlayers at 0.5 C, (c) The cyclability of the composites at a
specific current of 100 mA g, (d) The cyclability of the composites at a specific current of 1000

mA g, (e) Electrochemical performance of the full K* ion cell composed of an Sb@Niz(HHTP),-
10 anode and KFFCN cathode is a galvanostatic charge/discharge potential profiles ata 0.5 A-g’!

specific current(®],
BHE 1L 58 RV BR8P B e S LI A S A T R S o8 0 8 7 v TR
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(PIBs) R B 7 b AT AT B 5 . R0, BTBRAKK#EE 7%, PIB
FARA 52 IR T 2218 1) [ N3N 77 2% » Nazir 206015 ¥ Sb@Nis(HHTP), 2 A #4 %}
FIAE R 78 L PIBs 1) i & & itk . AEE SHPR A, Sb 9K Uk 4% 3 L MOF
Nis(HHTP,, ¥ 5 5. IR R R, M-S s, SEMEERR
HUAL R4 1 M Sb £ KSba ] KSb #1] KsSbs 1% K3Sb [RIELL Al WiAH4S . fifk)a
ff) Sb@Nis(HHTP),-10 HEL A% 7E 100 A1 1000 mA-g! i HL I %5 FBE R & #F 100 VX 1
300 5 AT & 40 A 590 AT 431 mAh-g? (B 1-15 (e-d) ) o 4 H UL
Sb@Nis(HHTP), i i FEk J AL # IEARZH B, 7E 500 mA-g ! (P45 8 L R34t 1
514 mAh-g! Al E & (B 1-15 Ce) ), R NIEATIRE F B I PIBs 1
ez —

1.5.4 BBiLZEIER

2D ¢-MOF oK Bl 3 T AR A0 = & 0 35 11 57 5 2 A2 SR AU s ok 1 43 B AL
i8. Liu S5O25a 0 — s B 1) E 45 5 SRS Ok A R T AR 42 ) 2D ¢-MOF %,
8 T H 4 SRS T LR R A AR R AR R B . Bl 2D ¢-MOF
Cus(HHTP), i JIEE E S 3% Ve 2, 14 1 1 3 &) % W Ak 2% 4% 38 B A 20600
uA-(mmol-Ly ! -em? (e REBUE (K 1-16 (a) ) , ZMRWRBERLE T
R R A SR S itE (B 1-16 (b) D) ARG T HaiER, 52Tk
TERE A RHAE LN R, BB 19 Cus(HHTP), i H Ak A5 & 38 HoA 1 =
ket (B 1-16 (o) ) o [RINEX I AR Jifil 4 F T s fh 2 18 1 K i fd
2: 2D ¢-MOF W JE SR AL 1 — b 42 ) e H g

Lei S50 4 T — Mo S S B AN E 2 E 5% (CMOF-MIPIL) AT
Xy A (BPA) sy RN &Rk 7 &4 HITP. N& R HHTP 55 £ fify
MLEC AR 82 3% 2D c-MOFs. 45 % B, Nis(HITP), B A & & (1 H -5 R A 5 K
HREE . DL Nis(HITP): &K, BPA AREHR . ILs AEAARISZHER], #4& T
CMOF-MIPIL. fE&ft5&M T, CMOF-MIPIL £/ 2% %} BPA ff6 il 28 4 5 Fl A
0.005-5.0 pmol 'L, FEULTEE N, WIS BPA WA B RIFIZMELR (B 1-
16 (e) ) KPR A 4.0 nmol'L' (S/N=3) . 5% -F MIPIL. Nis(HITP), fl
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CMOF-NIPIL & &as AL, BT 00 S B R AR AL S, 1%
FR IR AT BPA BRI GE 0k . 1277 V6 mT LRRIH T3R5 KRR . SR RI A T et
TS WFE b BPA HASI

O y{ HEIT Py c=MOFs after rocrystallinstion
(a) ‘I.E 20.0k 1 (b)lﬂ- = Orriginil Cug(HHTPYy c-MOFs

-
-‘; 16.0k4
E
‘:‘i. 120k 4
= 8.0k
=
£
# 4.0k

10 20 30 40 S0 1.0 0.5 0.0 _ 0.5 L0

Number of cycles

(€) o s0m

2 ¥ s work
-
=

CuMWONTS

15 20

I=0 LS89 C+20M
Ri-ame

o 1 2 3 4 &
0.0 02 0.4 0.6 08 BPA concentration (uM)
E (V)

B 1-16 (a) PEAEO REEZERIFEM, (b)) B4 WA EHESEME, (o 52k
TE IR R U EE A, (d) CMOE-MIPIL /£ 2% 1% DPV i1 %,

(e) CMOF-MIPIL
FRIRAFAL TN BPA YA JEE 55 U HELI Y 5% A% fl 25062
Figure 1-16 (a) Effect of number of cycles on the sensitivity, (b) Conductivity measurement
before and after recrystallization, (c) Comparison of the sensitivity of this work with the active

materials reported before, (d) DPV curves of CMOF-MIPIL sensor, (e) Calibration plot of BPA

concentration vs. peak current with CMOF-MIPIL sensor!®?],

[

IR BE R RENX
AL S AL SR B A, 25t FE RN R RIE SRS . R E.
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BN A: iy B S AT 5 25 2 B A N L, B A i Tk R R R R T AT =
FRAEAEHBYINT . Fr%i 2D c-MOFs HA LR KA B S5, BRW—4EfLiE
FNHA BT HAELM SN, EORE 5 MOFs 3 4ME B A mfssE
Ve AR s vE . OIS TE. RIS A AR, XL
SEONEEM BN T O s, Bled i, I LRSS, H
TR A AL TR AP B A BRI L AN e R . X T 2D ¢-MOFs
R AS A HE AL S F 98 RE 9% A3 203 8 H AL 52 AU IR A1 R % 0T 1R KRR B B HEZ)
MOFs # Rt — 25 K J

~0.34 nm
: ]
\J
b
oM
©C
E N

B 1-17 Ma(HITP) A RO A5/ (a) ab THIAT (b) be T
Figure 1-17 The simulation structure of M3(HITP), (a) ab-side and (b) be-side.

AR SO R I Y KL R & HITP VR NBE AN R, 75 Ma(HITP) (4584,
HITP A& B 7S EXTARVE RSP T S IR BCAA, 2R3 FARAT-NH S0t 54
JE T EAL, TERCFTH M-Na O 21, 7E be P EECALY @ IR s & 1-17
(a) Pl 48 s Z AL REE ), XNT (1000 Fif. W& 1-17 (b)
fis, |B5EZ R oAl AR Y SOZ HERR /), XFRT (001) i, A
UL S5 M A AE BARTE 2 nm Ao Aq i) —4EFLIE . 4PN LR TR Mnd
RO, T4 s AR DL K 55 45 8 -4 JE AH AR FLAE /S Ma(HITP), HA BON R
GRS

AR Ma(HITP), FIAE R PEAE OER. HER AL M i RIBUE AA fRR3e =
ANTTHBCTE A S R BT TIRABEA .

(1) JEIZRJZVELE NF R A BT Fes(HITP), BURL{E 1L OER TAEH
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e, RILHEF R AR . BE500 5] NS Y5 NF KR % 4
&, IR A ROR ML SR KA TR .

(2) KAWL KL DI AE NF R 1 & 7 Nis(HITP)/Ni(OH), & & 45
4, 13 | Nis(HITP)/Ni(OH)/NF 8 o #4 k2 8] (1) ¥ | 16 F A B R 4% T
Ni(OH), A7 5 32 5 H 7870 B F5 A Nis(HITP), HA 1 5 S e s, AR
F+7 Ni(OH)/NF [ 1L fg

(3) {EAK I AR P 2 B NAR PR BEAIC(¥) DM, ) FH ¥ 751 20 i Ih 48
CC RG4S M M3(HITP), (M = Co. Ni) FFSeBlE S, s ki
N AA AL AR REE R I KR IYE B R tHBR e RS L PR 8
e PR AN S AR E MRS e I e

AW FRAE A RS B Z T X HITP 241 2D ¢-MOFs M3(HITP), i#E47 T IR A

PR, T RAR G SR 0 A 4 T 9T R
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28 2 Z Fe3(HITP)/NF-x & B S B BT S MR

2.158|8

AL R REVR I T I 72 AR TR A TR ) R A B JF A A )5 e ) L )
TR0, A Re R — P E B SO R, KA A B AR NN 2 B 7l 5
(R RE SR EL T B L0067, OER s 7K R ™= S S B R BR AR Y S L, SR A 22 28 i
THEHETEEERE (XMN: 40H (aq) » 2H0 () + 02 (g) +4¢) B /155
@A AL R, A R SOK R AR, R, Ak OER AL I & i 5
B B S KR SRR O . HET, RuO2 Al IrO2 45 5t 4 J8 i A0 771 )3 F 42
NIz, AR RAR T HA A R, DA RUASE IR FE (09700, 3ok Y 4 J 2R A4 e 711
BT AR W, A S P R B FE AR s O e B R A 7
(SACs) HA M7 MBS e R AT A5 b 5 1 n) T SRS T 2 3k pe 1%,
DR T 44 < B ¥ P R 38 S0 AR 1) BT A2 A A B 172,

2D ¢-MOFs AJ DL# At M-Nxv M-Sy« M-Oy S5 5 (135 59 73 B % 1 A6 1
2 HT A AT 2 7 H 6 OER B S HEAG G 1 o AN 2D ¢-MOFs [# A ) fE 3
R, RILERA BT AL TEE S m7375), HITP Be i o 1 3 H 8 1O e A7 B8 0 ]
VA PR 17 701 FE i RE LTI O3 B — E KB, W Nis(HITP),™,
Co3(HITP):B1,  CoxMi(HITP),7145 L 7F OER i {4038 A Fr ik 1878791, 4 Fif ot
FEEBEAEFE NI Co &JBA1AT, 1 Fes(HITP), JEEALFIAR WLHRkIE, HIB LKA
A TREF LG SR SR &Mk, PRAS T ifRiEE s, E5 W
IR AL T S AR R R K B R A A R A m A R A T B 1B RVE R
FEJR AR B2 A4 K Ma(HITP)2 506k Cus(HHTP), 1 ZE il & F Bt U, 72 & Fh
TN BRI B A T R AT S 1) 45 e 1 A A S ) L S 77, B 3 F T HITP g
PR AR TE B0 3080811 K T AEAE NF K1 B3 5 AL TTR ] £ Fes(HITP), FIE =K
[f) OER f# 1k ®3 #) ,  JF J Zh ) % — % %1 Fes(HITP)/NF-x HL#& , JG H 2
Fe3(HITP)/NF-15 HIAR R I H AR 9L OER fi1k 14 e
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2.2 LR ES St

S8 R T A IR 32 BRSSO I N R s, BT eI N K K A B
i, Raddt—Daifk.
R 2-1 LR HA AR

Table 2-1 The main instruments.

EN L) G
IR BSA124S 8 [ € 2 )7\ )

FL AT S X 1A DHG-9410A RS ARG R % A PR A T
Akl kRt HI-6A SR TG /R A A PR A 7
HE TR DZF-6020 RS A R A 7

Ak SlibAs! DF-101S TEIREHMX a8 R A 7
Bl JW-2017H LRI SRR AT PR AT
JER P U T VA JK-300DB A B4 8 SEH UG A PR A
4l KL Smart-S15 A PR AT
HLAb 2 T AR CHI660E R BS A BR A T
XS ERATHHX D8 A 5 A
(L VESAW] it ¥ I IRPrestige21 EE N
T T A S-4800 H A B 22 /0 7]
XPS Jt: HLFRETEAX Thermo Kalpha 5 E FEER R BHE A A
B LT AR JEM-2100F HA B 7R At
7 2-2 e FFA.
Table 2-2 The main reagents.
25\ R (R0 alifE AR EV
itk Nickel Foam  MOMMIBCE gtk s
PRI HITP 97% B TR A A
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Lk 2-2
7 2 (R0 alifE A E
AAbET RuO; et By ] AT PR A =)
INIKEEACER FeCl3-6H20 vt [ 2454k [4]
AL KBr S at I 24 4 [
S KOH S at I 24 4 [
W HCI 38% [ 24 £E 14
2K NH;3-H>0 vt [ 2454k [4]
LI EtOH Ve I 24 4 [
PRI CH3COCH; Iy i el [ 24 £ 14
Ak H.0 sk S = H |
2.3 Hm R BRI &

2.3.1 NF R4 iE

F T SEI¥) NF #:89°4 10 x 10 em K/MA BT 1 LGetrd, St H B S ok
% 15 min J5 4K A =W, AR S min DL 255 NF 10 B 5 106§ K K
. ZJE M 0.1 mol-L! HCI# A %% 15 min P25 & NF 2 1 Al A 17 76 i 804k
Y, HFRAKEBR PSR =, BIK 5 min, fJa B A S 15 min. B
Y J5 ¥ NF B T 80 °CHLAI i E 12 h M. BT 5 NF 5 B A .

2.3.2 FE L% Fes(HITP)/NF-x BB1R

WK 2-1, 4% HIHERIFREL 3 mg FeCly-6H,0, 5 mg HITP T 10 mL [ 4k
F, N S mL B 4K T INSRH, A 10 min AR BITRIR T VAW S
& 15 HITP 12 B ALY K Fes(HITP), iR, Ffm i A —E =& 1 mol-L!
HCLVE AR B T K i J AL BE 5 (9 NF #5395 1 x 1.3 om LR, KR
Fr RN IR BRI B — B VR A VAR, #R B 40 min FARFERVEN, IR RO 2
KBS 75 HITP #E—P B RECAL, 65 NF BRGE S, )5 i aiKk bl %
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BRA SRS BCAR B 8 B, 65 CCHLT EAE A —MEIF . FRIEE A — A
W, Bk aA 5. 100 15 8120 IRIGH G, 53065 448 Fes(HITP)/NF-x (x
=5, 10, 15, 20) .

P 2-1 Fes(HITP)o/NF-x [ & i SR g 7 75 B

Figure 2-1 The schematic synthetic strategy of Fes(HITP)»/NF-x.

233 AR RERFE

¥ B A% Fes(HITP)o/NF-15 B T 1 mol-L! FeCls & W HH IR iR I 43 M K. 4
BE. IR EOWEE, SBOMil, HENMAKET 65 CHZTIEM T 12
h, 3% Fes(HITP) ¥y K . ¥ 5 mg Fes(HITP), B, RuO: ¥y K 73 BUAE S A 700 pL 7%
T7K 240 uL LA 60 pL nafion (5 %) M 1 mL &7, HH KB A
10 min Ji5, A SRR EE IE DR G 1 2 x 3 om NF 2R b, A0 77 672k
B 0.3-0.5 mgem 2, KHEMET 65 CHT TP T 120, HEkHERE
N 1% 1.3 em BN AR TAE B4 H

2.3.4 OER M REMIK 514

P BLAL 2RI 8 ) CHI 660E Fa A2 TAERGHEAT, RAARHER =Bk R
gt, HARGE 1.0 mol- L' KOH MR, fEMEFIM NF /N TAE AR, TAE
TAUA 1 em?, 788 1E X s, Ag/AgCl (MU KCD HAR/E NS HH,
B 7 A I T FRLRL IS AR LR A S HE N T A H AR (RHE)D -
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E(RHE) = E(Ag/AgCl)+0.059 pH+0.197 (2-1)

HAL = FEPTRE (EIS) WA G F N 0.1 Hz-100 kHz, 7EH % N 10
mA-cm? (R R . EARER R AT E A, EHERR 2% (CV) PRl
AL AR R I A (ECSAD , HIJFRE AL E, FFEHE 2Ty 20 mV-s! £ 120
mV-s'o F CV Il & (1 BH AR F A B AR B 2 IR 0 22 [ S R E R RS RS
H, HRPRETXIEZEEAE (Ca) MW K5, ¥ CaBRUUILHEA C (£ 1
mol- L B AW Cof— %N 0.04 mF-cm?#3) 753 ECSA. It4h, T R
FELREL AR 2, T B ) I 7 FEL A S R B Mt LA AL R B A 4T 8, IR BT WAk
it 2635 2K H 100% IR AMEVERATRSIE, DATEBRERIS A 12k, DLEATE— 20 4
BT, HLREE j 5T NF IR ER . 78 LSV IR /T, MR AT 75 4
CV HIMMEIR LUE B @ IR A . CV A LSV MR 133 R AE =R T 5 mVss
Tafel I Tafel 75 #2115

n=bxlogj+a (2-2)

HepnEit i, jRBREE, aZHEREEN 1 A-cm? i ik BA7,
24 ZFRE5TR
2.4.1 Fe3(HITP)/NF-x BB AR 2557 R 448 53 ¥

BB VRS HITP W H0R G 5 208 A A0 R8T (0 R B0 G B R
RIS B B IO RE T IR A i, RRE 20 A5 IRV TE B 10 T I8 /R 3%
N7 W LRI RON AR (B 2-2 Ca-b) ), FIB BT ES 75 HITP JFAGEL .
SEE AR, BT EAE TS HITP VERIR & G R E P83 VA AR
P Bk, RUIELE 75 HITP 2 [0 B A BRI ECAL BE /07870,

IR 2K Fea(HITP), IR IS5 NF 2R RAHZS &, I E RO 2 ok
B ik B 1 5 HITP [ 43S ReAL, 43 Bk B/ 76 NF R SUR L 38 51
Fes(HITP), /2. Wi 2-2 (c-d) Pizn, BHEIX T NF A /7, Fes(HITP)./NF-
15 AR R S 40 i — 2 RO R, G0 2 K5 G I AR I 7E R W Fes(HITP),
5 NF 2 (M4 6 BN .
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Kl 2-2 (a) #k&F 5 HITP MR EEHR (b) 20 f5MRVA: (o) 5 NF BARA (d
Fes(HITP)y/NF-15 HLH% (5505 8 Fr o
Figure 2-2 (a) Mixed solution of Fe ions with HITP and (b)20-fold diluted solution; Digital photos
of (¢) Fe3s(HITP)2/NF-15 electrode and (d) Bared NF electrode.
[F B o) 45 5 7 B 8 1 5 HITP BV & i AT R AR AR, B2 et
Vel S5 I ORAE NF RIS BMEATIORR 4. R Had e 55 v

Vo o IR foad

P 2-3 Fe3(HITP)o/NF-15 LRI (a) fRA5AT (b) 7&ifis SEM &l Fes(HITP) By KK (¢) %

R Al () SEM K.
Figure 2-3 SEM images of Fe3(HITP)2/NF-15 (a) Low power and (b) High power; (c) Digital

photo and (d) SEM image of Fe;(HITP), powder.
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N T — WS Fes(HITP), 5 NF Z A1 45 G450, #E4T 1 348 B8 1l
Re WK 2-3 (a-b) Fzn, NF EIH K Fe;(HITP), =72 H EAALE 100-500 nm 2 [H]
RGN URL HE AR T BRI 5 S BB 7E NF Rl BT NF BRI, o RIEF
EEfELBEAT, K5 HLA Fes(HITP)/NF-15 BT 1 mol-L! FeCls ¥ Vi 1 VA i 15 21 B 1
Fes(HITP: #p K (& 2-3 (¢) ) #HATHE»RAE. K 2-3 (d) Froni SEM K,
Fes(HITP)2 #y oR 5 HER B AR AR o

(a) (b)
NF (111
/

-~ _~

5 5

-] (-]

e’ e’

"< F<

= =

= = | |

S5 10 15 20 25 30 35 40 S *“ '
~— ~—

= = \ ‘

] ] ‘ ‘

10 40 50 10 ' 40 50

20 30
2Theta (deg.)

K] 2-4 (a) Fes(HITP)/NF-15 HHAE A (b) Fes(HITP), #1 A [ PXRD K.

20 30
2Theta (deg.)

Figure 2-4 PXRD patterns of (a) Fes(HITP)»/NF-15 electrode and (b) Fes(HITP), powder.

WK 2-4 Fi7R, Fes(HITP)/NF-15 HUAR ) PXRD &, {UL%E%] 44.5° %f NT
NF B (111 @ REENE, 7o b MAtE KDY 3-40° Y ORI, RE
P G906, KB NF 5L R T 1) Fes(HITP), 45 V5 2 H 32 NF JE i 54 R
T E X RFAENS . 7E Fes(HITP), #3 K i) PXRD A BB WS BIN T 4.7° XTRNT
Ms(HITP) A4 BF 6B (1000 @i i I, H125 3R B Fes(HITP), & i, HBOK
(U6 55 6 B Fes(HITP) BEZE 45 S, 16-30° W N K ) 5e & m] LLJA AT XRD
IR B T R T L O IR I88] G R P S I T HE— B R AE

W& 2-5 fras, £ HITP [ FT-IR i85 & 1 1436 cm! Ab X BT 83 5 48,
1286 cm! Ab5f BT+ C-N S 4 IR 20 B R AR R W%, 7F Fes(HITP)2 [ FT-IR i &
H1 3w 2 1459 cm! AT 1263 em! &b, R IAS5 K A 2048, X2 T
N 57 5B T R AR AL 381,

1E 77.15 K NINE 7 RF i i) B B/ A S5 R 2 . BT, FERE RS R
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100 °Chn# 12 hi&fk . KA BET 7775 M No@77 on Carbon Slit Pores by NLDFT
B 53 ) B LU R T AR AN LA 23 AR 186 891,

>

=
s HITP
N

<9

=]

]

N

~
E

72|

=

s Fe,(HITP),
b=

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

2-5 Fes(HITP) ¥ R IZL A 1E (FT-IR) &
Figure 2-5 FT-IR spectra of Fe;(HITP), powder.

WK 2-6 Fion, HR¥E BET 4041, Fes(HITP): 2510 28 & 5o H gAY ) 1 A Ap
TG 2k, BET RIMARZI N 196.7 m2g™'. Fes(HITP): (I FL4E 20 5N 1.14 A1
1.79 nm, FFEEE LM 1.8 nm L2, B AMARR-N LIRS, BT &
TR, R ar R IEN Ao 8T #E— 2P\ NF 3R Fes(HITP) 1
FRIE B FIH Fes(HITP) K3 AR #EAT TEM Ml 34T EDX 1491 .

(@) (b)

A —e— Absorption '_g 0.25 114
; 200 —e— Desorption ,_::
o «0.204 179
=)
£ 150 ~
- g 0.15
¥
£ =
S 100 £ 0.10
2 2
(=}
£ 504 & 0,05 -
~—
= 2
E =
S .l = 0.00
00 02 04 06 08 10 1 2 4 8 16 32
Relative pressure (P/P,) Pore width (nm)

] 2-6 Fes(HITP), ] (a) B -SSR (b) LR Ak,
Figure 2-6 (a) Nitrogen adsorption—desorption isotherms and (b) Pore size distribution profile

of Fe3;(HITP)..
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K] 2-7 Fes(HITP ¥y K (a) {ERAEAT (b) &if% TEM K.

Figure 2-7 TEM images of Fe3(HITP), powder (a) Low power and (b) High power.
WL 7 TEM Bk — B e A5 M RHE, Wl 2-7 s, K& A4 X
Y A AR 5 B B S 10 R S5, — D7 TR T v AR OB R I e A R A —
Srfds 53— 7 T MMRILH Fes(HITP), 55 2 (45 d P . A N M B HR IR 45 4350 40 vT
DAL S BB B B0 ks, 0 k4 (FFT) Ja, TH5E 0 Wi 8 & i Rl B
N 0.34nm, XtNT Fes(HITP): f) (001) KA, HFRIEEHEAH—F(,

W HAADF ’ ©

100 nm 100 nm

100 nm 100 nm

P 2-8 Fes(HITP), ) (a) HAADF. (b) C. (c) O. (d) NAl (e) Fe JLHE A

Figure 2-8 EDS mapping of Fe;(HITP), (a) HAADF, (b) C, (c) O, (d) N and (e) Fe.
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i 2-8 fiiR, EDX M4 R K C. N Ol Fe 357 4 A7 £ 7] FL 3t [l
N, i C AN SRR T RCARAREL T Fe 70 A H R, 5 Fes(HITP): ) —4E4h
PR ., 3R BH Fes(HITP), M SLTh & e, 3957 70 BRIk B8 1 G M AL mi A BY T
OER TEREMIR R . O RIH Bm M ms e, FERA T —4E LI b ik B a7
TR B 255 R 7K B At /N 3 7
X Fes(HITP)/NF-15+ Fes(HITP) ¥3 KA1 HITP #3 R FEAT XPS Mk, XT
Lo b R e R M AL . WA 2-9 (a) FI7Ri XPS 4 itk & b il DL 48
(W %% B AR LT HITP,  Fes(HITP): H oK 1 i85 [ o 47 7E Fe I H i $1L 18 U ;
Fe3(HITP)/NF-15 () i B Hf /7 7€ Fe. Ni fJ H eHiE ¥, H T NF £
Fes(HITP), ft] EDX Wl A A WL 82 31 Ni, [ Ni figk 5T NF 228, i 2-9
(e) iz, WRFAMBE T T2 NA, £ =52 ik 28 357 i i) 2=
C. N. OMIfEfE, C. N EEREHT HITP Bk, 1M O K H 5% B 7 7 K R b
ER B TH B /N3 F o Fes(HITP)/NE-15. Fes(HITP), ¥y K #1 HITP ¥y K K C 1s
FE ARG 0 AR AR, 250775 A A 52 210 B2 T HITP 4589 C=C 81 C-N
SRR U
(@)

—_~
=2
~—

(

()
N’

Nls
¥ 18 HITP HITP wa f 0
HITP
-~ o1s _ —_ ) N / \_
2 2 2 ) )
s - s CN
- 18 ~
25 |Feu(HITP), Powder s 2| Fe,@ITP), Powder 23 | Fey(HITP), Powder \
= Fe2p OIS o B~ ol \
E ] = E NH - \
e N
& FeHITP,NE-15_ ‘E &
E Ni2p =l S |Fequre,nE1s
(X NF-15
|

1200 1000 S00 600 400 200 O 204 290 288 286 284 282 410 408 406 404 402 400 398 396

20
Binding energy (eV) Binding energy (eV) Binding energy (eV)
( e)
( ( -
Fe2
Fe (HITP), Powder Fe 2e P Fe,(HITP),/NF-15 Ni(u) 21'3/11\11 2])
Fedll) 2, A
P \ . |
= \ = :
= 3 sat an - “‘
~— \ / at. i
> 2L 4 w
.a’ Fe,(HITP),/NF-15 d 7 |
& ‘
s 3}
] FelD 29, "D gy, e 20 |
= A\l osat =
= ;

740 735 730 725 720 715 710 705 890 885 880 875 870 865 860 855 850 845

Binding energy (eV) Binding energy (eV)
K 2-9 Fe;(HITP), /) (a) XPS 4. (b) Cls. (c) Ols. (d) Nl1s#l (e) Fe2p

XPS iR,

Figure 2-9 XPS spectra of Fes(HITP) (a) Wide-scanned, (b) C 1s, (¢) O 1s (d) N 1s and (e) Fe 2p.
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WK 2-9 (¢) s, HITP Ry AR N 1s K4l 7E 399.6 eV Al 401.8 eV b4
PN, 3 7] 5 HaN-C=C-NHa 45 #4 H 1) C-N A1 N-H $8 AH X B2, 5 HITP
#H . Fes(HITP)2/NF-15+ Fes(HITP) ¥ K 19 N 1s A 41 o % B F C-N B (1 U A7
BYIRAE—EmME, 25N 399.4 eV Al 399.1 eV, AN T N-H 8 1g )1 F
TH 543 T 4E 400.3 eV A1 400.6 eV Ab H HLHT 5% N T Fe-Na 5 ¥ (906 . 4 2-9

(d) Fizn, Fes(HITP)/NF-15 [¥] Fe 2p k540 1% H T Fe(I) 2pin~ Fe(II) 2psna-
Fe(Ill) 2p12 A1 Fe(IIT) 2psn B9 VU AN 23 il A 1 723.5. 710.6. 728.1 1 713.9 eV
b Fes(HITP)2 K3 K [ Fe 2p A% 403 A%k B2 (1 DU AN e 23 7l A2 T 724,64 711.5.
727.8 F1 714.1 eV &b, WA H AT . PLE 45 B 3K B Fes(HITP)/NF-15 A
Fes(HITP). ¥ K 2k 55 1B Th 5 HITP fic iz H & Fe?/Fe3 (IR & 1 4587881,

2.4.2 Fe3(HITP),/NF-x 2% OER 1% #E

2.4.2.1 Fe3(HITP)/NF-x EERBI s EFIZRHEIRE

140
o = uL
' ——20 yL
g 120 1 — oL
e 80 pLL
é 1004 —120 L
> 801
=
Z 60-
=
- 40 -
=
2 20
—
=
O 01

130 135 140 145 150 155 1.60
Potential (V vs Ag/AgCl)

Bl 2-10 AR 25 1F T il % 11 Fes(HITP)2/NF-x HLFR 1) LSV HiZk.
Figure 2-10 LSV curves of Fes(HITP)y/NF-x electrodes prepared under different conditions.
U] 2-10 B Ay il g ik 1 v 1) s S OIS [R] &K 1 mol- L HCL VR
1) LSV #h4k, 7£ 0-120 pL/mL FJIIAETEE N, £ 10 mA-cm2 b B4z 4371
260 mV (0 uL/mL) + 261 mV (20 uL/mL) 249 mV (40 uL/mL) . 243
mV (80 uL/mL) 1241 mV (120 pL/mL) ; 7£ 50 mA-cm2 kb fyad s A7 53 51 K
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299 mV (0 pL/mL) . 300 mV (20 uL/mL) . 282 mV (40 uL/mL) . 285 mV

(80 pL/mL) A1 289 mV (120 pL/mL) . 4H0AN&E AN 60 uL/mL i, LSV ik
R, HYHEFE N 50 mV-om? I EHLH RARH T A, (282 mv) , R
EEAE RS BN 10 mA-em? I, SR E IS AL BRI b, (H% B
HC A R0 B 35 i f NF R IR ik, 3% 4% 40 pL/mL (9 N 580k e LR ) 4%
FAt, IR BHATIRR . BRI I B T R RS R, BT
B JeS HITP fE /KGR RIS RN, MR SR BORD P 5E R, B0 B0 Ja A S 8L A
5 HITP 455G NS5 BB T R E/K R, RIEAE Fes(HITP)o/NF-x HL AR ) i) £ 3
PR IE 0N HCL K A 8 i 2k B 7 10K A, JF R A8 [R] B X NF 2% 47 b
H, W58 5 Fes(HITP), 45 A RE /7, {H24 HCL NN & i 45 %3 NF 22 1 i 5
— 58 B M DL S Fes(HITP) Fa i 45 &, HL ik 5 1 R 14k BF 5% [A) #F 7™ 5 5% il
Fes(HITP)2 g AKFURL T il o

2.4.2.2 Fe3(HITP)2/NF-x EE#%AY OER 1 &E

(a) 140 . (b)
o~ — Fe,(HITT),/NF-5 1.54{ = Fe,(IITP),/NF-5
‘e 120 4 Fe;(HITP),/NF-10 —_ ©  Fe,(IIITP),/NF-10
g Fe,(HITP),/NF-15 HI.SZ- 4 Fe,HITP),/NF-15
< 100 {— Fe(UIITR)/NE-20 5 v FeHITP),/NF-20 2.6mY dect
£ " 1.50 1
~ 80 > e
£ > 148
g 601 50 mA em? =146
< 40 k-]
= S1.444
g 20 10 mA em? Q?q 1421
= 0 ’
© . . . 40—
1.2 1.3 1.4 1.5 1.6 06 08 1.0 12 14 2 1.6 18 2.0
(c) Potential (V vs RHE) (d) Log (j/mA ecm™)
120 1.80
— | F 1 S .
-E 100 FesHITP),pNF ﬁms- v Fe;(HITP),-p/NF
< = 1704
< 804 ~ 92.5mV dec’,
£ @ 1651 S
k=) >
.‘E} 601 E, 1.60 4 1127 mV dec
g ]
g 0] | .S 1554
= g 150
£ 20 -
o A 145
s 0 m
] . : r r : T 1.40 : T T T T
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2-11 Fes(HITP)NF-x HEAR 1Y (a) LSV kA1 (b) Tafel &; HABEHZ () LSV
2 (d) Tafel K.
Figure 2-11 (a) LSV curves and (b) Tafel slope plots of Fes(HITP)2/NF-x; (¢) LSV curves and (d)

Tafel slope plots of other electrodes.
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Wt LSV BHZR VAN T Fes(HITP)/NF-x [¥) OER fiE{b 14 RE, JEXT Fes(HITP),-
p/NF. 75 H NF 1 RuO, M) ae #E47 7t . K 2-11 Ca) Frow,
Fes(HITP)/NF-15 H A LL H A Bl (7£ 10 mA-em? L% FE T i A7 224
mV, £ 50 mA-cm? BIREE TN 256 mV) BELFIMERERDL, AT 5 H ATiRiE K
REBOSE S BAEAAEL, IF R BUM B R ETERE (R 2-3) o 1S,
Fes(HITP)2/NF-5. Fes(HITP)2/NF-10 A1 Fes(HITP)»/NE-20 03 3 AR B () Ak 1
A&, Fes(HITP)/NF-5. Fe3(HITP)/NF-10 F1 Fes(HITP)>/NF-20 7£ 10 mA-cm? ff]
LI 25 B R i B A 20 5 264 mV. 255 mV Al 234 mV 7E 50 mA-cm [ HL i 2
FE R AL 45508 300 mVe 293 mV #1274 mV, 5T 2 A NF (10 mA-cmr
2R 448 mV, 50 mA-cm? F 582 mV) 1 RuO; (10 mA-cm? | 288 mV, 50
mA-cm? F 332 mV) . HfFEENZ, BEIR Fes(HITP)-p/NF (10 mA-cm?
310mV, 50 mA-em? F 396 mV) PEREIR T NF (& 2-11 (o) D, {HBEAK
T Fes(HITP)/NF-x 1 RuO,, FE 2K~ Fes(HITP), AR i i T HURG G 7 LUK
RIEERER S NF RJREE S, BATEBEE, WS Sk & A, Hi
A FITERE AL FR R TE O BIPhs FIBiVE « Fes(HITP)/NF-x FLARH AT 5 R
W GHONER, AR R R BIE . FIH Tafel #2355 B #EAAL )
J1%, M T RERTERE (- 2-11 (b) A 2-11 (d) ) . 5 LSV #hizk—
#, Fes(HITP)/NF-15 [ Tafel £ L% 45.4 mV-dec!, RWPHEH RN EM
OER f# 1k fk 2 3 71 % . B L T Fes(HITP)YNF-5 ( 52.6 mV-dec! ) -
Fes(HITP)/NF-10 (59.7 mV-dec) F1 Fes(HITP)YNF-20 (64.5 mV-dec') . It
4, 2 A NF. RuO: fll Fes(HITP)-p/NF [ &% 7 7 o4 92.5. 62.3 Al 112.7
mV-dec!.

N TIRN T fif Fes(HITP)o/NF-15 PEREAR 5 (K IE, A TAEMRIE A ARk 5
DI CV #2587 Ca (B 2-12 (a-d) ) , X5 ECSA 2 IEMK,
B ) ECSA AR RM 7 1 B4k 2% B8 . Fes(HITP)/NF-5. Fes(HITP)./NF-
10. Fes(HITP)2/NF-15 F1 Fes(HITP)/NF-20 ] Cafti %3 %4 1.12. 1.27. 1.33
1.28 mF-em? (& 2-12 (e) ) , XM ECSA {EH 7354 28.00. 31.75. 33.25 A
32.00. (R, B ECSA %W Fes(HITP)y/NF-15 GES 3R (L 8 Al B3 1) OER 3%
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K HEIS B 7» #r 7 OER WIFHHL 4T N . Kl 2-12 (f) Froas, 44
Fes(HITP)2/NF-x HEH 1) Nyquist B35 2B R TE B3, ARIX %2 5 79 #E
SR R 38 2 AEK I ELZR A Sy, R HOE R AR BT RE e b o i
Zview AT A 13 B AR RoAT Rec B R B3R 7 B AR AR} ) 6] 5 Eb BELRD 95 97
HIFH, RefBRRFEEAR, KRB R I, P, Fes(HITP)/NF-
15 Ry (1.23 Q) M R (137 Q) AHEN, 5 I E A B0 1 F far 5 A% i R
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R o
Figure 2-12 (a-d) CV curves, (¢) Cai and (f) Nyquist plots (Inset: equivalent circuit) of
Fe3(HITP)y/NF-x.

i UL EgE RAT LUK, BT @I 3 B A S R B R 5 NF &5
G, BJRIEEE T R AT S ROV R RS, R R I &
vk, RE T EHS NF 456 B AR08 %5 A5 & U AL PR BE A2 M
B2 ] &k R R A I3 i e AR 1) ECSA {H, AL FE R NF R = A4 5 7
SEBE TR RN & B EMER, IF H Fes(HITP)/NF-x H1 NF i (] Fes(HITP),

(RIRIURL 2 8] AT 3 22 Fo vF B oE L 1 S B, IXRIFRZS Fes(HITP)/NF-x HLAR A7
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RELF RIMEACTERE, BEVE AT R s T e A2 RE 70, Fer BRI TR AL, R
ORI RETR 7T

2.4.2.3 Fes(HITP)»/NF-15 A OER #2 & M3z

Fa o2 IR 1 AL B8 77 2 1 Ak R0 A4 kL S BN B ) B R AL, 7E 050 V (Vs
Ag/AgClD) HLJE T % Fes(HITP)o/NF-15 #H47 24 h 1] i-t £ 5 MM .

_— 35 350
(\Il a0 Initial.
_ E — After i-t test
g 30 E 250
< 25, e
E § 100
E: 20 g
'; 15 T N (;.25 1.30 1.35 1.40 145 1.50 1.55
g Potential (V vs Ag/AgCl)
= 10 e
N
:
S
5 0
o
-5 L] L] L] L] L]
0 4 8 12 16 20 24
Time (h)

P 2-13 Fes(HITP)/NF-15 HLAL ) 24 hii-t fH2E (3P it MR AT IS I LSV #iZR)
Figure 2-13 24 h i-t test of Fes(HITP)o/NF-15 electrode (Inset: LSV curves before and after test).
i 2-13 fros, MR LR 15 h BT — @ Bs), XEZEBT O EM
WM, ZJEHMEERES 10 mA-ecm? 2 A TTH B EE, LA REHIE
FECRFFTEI G IR B L 97.3 %, RIVH UM E M.
). £

Kl 2-14 i-t W05 Fes(HITP)2/NF-15 AR (a) fRA5AT (b) @& SEM K.

Figure 2-14 SEM images of Fes(HITP)./NF-15 after i-t test (a) Low power and (b) High power.
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Ak, AT 5 Fes(HITP)/NF-15 [ LSV £ 3E4T % b, AL PEREANY
oA I S B AT S Tt B — S B ME R AR T, FRIR S A 10 mA-em? I i FL AL A
224 mV [FEZE 210 mV, 50 mA-cm2 i M 256 mV £ E 247 mV.

N 2-14 Prox, 4id 24 h 8 i-t RS Fes(HITP) FURLAT 48 38 53 4K B
FE NF &I, RRWHZB %, HKET S50 A1 .

a b
( ) N 1s ( ) Fe 2p
_ C-N _

: 3

< FedlD)2p,, FedD) 2p;,
~ : pal Fe(IT) 2p,, A
;‘ = Fe(III) 2p

A @ S

z g

o ~—

= =

] _/\AF&N‘ )

— e
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Binding energy (eV) Binding energy (eV)

P 2-15 i-t Y5 Fes(HITP)2/NF-15 ff) (a) N 1s 1 (b) Fe 2p XPS il
Figure 2-15 XPS spectra of Fes(HITP)y/NF-15 after i-t test (a) N 1s and (b) Fe 2p.
W 2-15 Fron, 433 24 h 11 i-t A5 Fes(HITP)2/NF-15 HAR [ XPS B 5
K Fe A1 N 170 30 RS AR MHHT J5 FF R R A2 IR AR AL
F 2-3 AFEMHEAFIE OER v M £ (1) b .

Table 2-3 Comparison of OER activity data for different catalysts.

The electrocatalysts Electrolyte . 112)(3:/? 2 Tafel slope Ref.
]~ cm (mV-dec™)
NiC0204 1 mol-L-! NaOH 290 53 o4
NiCo-LDH/CoP/NF 1 mol-L-' KOH 253 78.3 B3]
CuO NF@G/CF 1 mol-L' KOH 320 63.1 6]
. 359 [97]
T -1

FeMOF/NiMOF/NF Lmol L KOH (00 =% o 1253
Fes-Cos-Fs 0.1 mol-L"' KOH 439 76.44 B8]
Co-MOF/NF 1 mol-L-' KOH 337 118 ]
FeNi/NPC 1 mol-L"! KOH 310 64 (1001
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238 2-3
The electrocatalysts Electrolyte . 112)(3:/? 2 Tafel slope Ref.
]~ cm (mV-dec™)
Nis(HITP), films 0.1 mol-L"' KOH 390 61 73]
. i 310 [79]
[Ni2s7Feo.13(HHTP),]/CC 0.1 mol-L"! KOH (20 mA-cm?) 97
CuCo-HITP 0.1 mol-L! KOH 400 122.3 o7
Cos(HITP), | mol-L"' KOH 254 86.5 B3]
Fe3(HITP)»/NF 1 mol-L"! KOH 224 454 This work

2.5 KB

g ERTR, ATAEERERILHRC A HITP BTN R, @35 2 5l
% 1 — &5 Fes(HITP)/NF-x B}, 1325 Ms(HITP), RIS btk K
KT 2 nm B —4EFLIE, Fe-No EAGTE AL 573 LA 7E /> B85, MO H BH 2 1 OER
fEALRE ST JUH R Fes(HITP)o/NF-15 HUARRILH 0 S AL PERE, IR FEIA
10 mA-cm? i i A7 A 224 mV, 50 mA-ecm?4b4 256 mV. Tafel £ R (K E 45.6
mV-dec's MR, Fes(HITP)/NF-15 HLARIE AL & 0 Ak i P15 25 7
OER fEfb It b B Jy 2t . 5 ECSA [E AR i BT FE RS RE T o fEALIS
PERI$E R FEAS 25 T NF 7 A IR B 75 Fes(HITP): 1 (1 8k B 1 2 [ ¥ B
FIVERS . BEAN, £ 24 h (¥ i-t FosE PR, R 2 o i 5 FE ORI LE A 4R L I 2 B
(1 97.3 %, KR AT Fes(HITP)o/NF-15 [ LSV M £k 347 %F b, AL PERE AN
R IR PR B — 2 38T, RIHE R As e i, MR 2T
Pk RuOy, R BHIR 22 1A FH e 86 R0 Fes(HITP) ALV RE . (ISR
B EETEEH THRSEE TN &R E T, HABRIM Fes(HITP), 45 & PEEL
7, Rt PR EEE .
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3 E Ni;(HITP)/Ni(OH)/NF B & i S LT S 1L A8

3.1315

A A A e R AN TG S G A I [ 44, B A R A ROE AR
1011031 HER J& 7K 2 U B B I S 82, AR - A E 2h& e, I
197 R TR, H s i B AL AR ORI 29 HER HOR R R i 29 K 3=
041, PRI, R R e s L AL TR AR A B, M T Pt S P B AL SRR
J Tz 00S), SR A v AR AR AN R P B U A R B ] A A 00, R T g
TR AT U R 0 fE AR o U AR AR Ak, AR R,
BR8] B ARG Sl MESEE . RRATER S, AEER
G ot ) Pt EEAEAG R & B AL TR T ST AN A R T8 I VAL ) L
B, T AT AL 100,

NF B =42 fLA5 M AL R T e, m R ) s A FE AR 0 A R RS
(o, SR B KBRS PEAL S BRI EE R AR, RES G InATRL 5 L 5T 1)
B A, JRD Y BOR AR IR Y, TR S AV 1, AT IR N E ROt HER
AL (REEA ) T R R, PEReME DL — P4 . Ma(HITP fE A —
% 2D c-MOFs M8}, BRAS HABRIIWRTR, F & RS A s e A
SRR, H g R LA % HOGVEE NF R E#EAK, RGeS
FEJRAT Ms(HITP) M ELE R S E A T 2, RAE LS & 1A RO .

TEAR TAEH 1 S 7E NF RHH] % Ni(OHL 9K BES, 2 G EYK A R4
K g dntE Nis(HITP) 90K R, P ARTREZ 18] B ik R4 H BB 6 A 20K S THE AL
BEJ7, [RII %% Ni(OH): & 1t A7 45 = & H. 78 73 %% 5% A1 Nis(HITP), {1 57 5 HPE Y
PRFM2, G HETF T Ni(OH)/NF KA BE

3.2 SLENER S

SEA6 T FH A AR 5 IR RS 8 AR 2-1.

39



LRI R A A 183

P GBI AN W S JE B, Rt it — b alifl.
R 3-1 S5 .

Table 3-1 The main reagents.

2 b2 () gl (kD Cd 4
VU 7K A i R R Ni(CH3C0O0)2-4H,0 SrpTal ] 24 £ [4]
3.3 M REE

3.3.1 NF EJEMALIE
NF £ P BRI FR [F] 2.3.1 /NS ATiR
3.3.2 Ni(OH)»/NF B2 ##l &%

W BE 5 I NF 3878 2 x 3em ()7, BT 20 mL 5 U980 &0 i e = M 38
WAEH, AP BEE I 10 mL 4K, i NF N7 E KR AR,
P2 b, R HERR A NF UTRERLE T IR . 2 55 A IR 25 4
FARENIN T PR KRN BT 120 )CHEAE N 12 he FIEA A EHH
AR, WK 2K, . ZBErhsE, 65 °CHET#3 3K H (4 Ni(OH)2/NF.

3.3.3 Ni3(HITP)»/Ni(OH),/NF BRI &

WE 3-1, ESEHEMFREL 10 mg HITP T 10 mL INJREH, FEF I 5 mL
HEaiK, S 10 min $4 AR I 515 )R8 GG AR VE . ML ERRIFREL 7 mg
Ni(CH3COO)24H:0, A GG IMANEARE R+, 4REEH 75 20 min 15845
EIEEANIRA TN, X 2m T N 5RARE T EFRAL, SRS —E
FEJE G B ONITIE ST o 3548 3.3.2 /N R IR 24 5 1 Ni(OH)o/NF # BT 4 1 x
1.3 cm WA fT, B BN BRI R IR RE G H B R, R S
T el . BRA LR SRR N AR RIA A 1 mL BSVAREL 150 uL NH3-H20 2218 i1
NIRRT, AE AT 5 & B T8 SR A 9T 5 NF R 78 o0 i BhAs Pl
IR A% 22 65 °CHEAR A IN#A 12 h i S RIR FC AL 3 BN S5 46 i ik . IR P45 3R
JEBCH B, KRR, B, ZEEM R, 65 °CHt T4 E A
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Ni3(HITP)2/Ni(OH)2/NF Hi4%

5 12h & /
NF Ni(OH),/NF Niy(HITP),/Ni(OH),/NF

P 3-1 Nis(HITP)o/Ni(OH)2/NF )45 Bl g 7~ =

Figure 3-1 The schematic synthetic strategy of Nis(HITP)2/Ni(OH)2/NF.
3.3.4 HER M &EMIN 54

BT AT B AL AR 35 45 F CHI 660E Ak 2% TAESREAT, SRAIFRAER) = AR R
St, FMGZLF 1.0 mol' L' KOH V&R, HMAMEILRIN NF /E A TRk, TAE
RN 1 em?, f1SBHEIE AT, Ag/AgCl (MR KCD HARAIE NSt .
AT H S IR BT B A AR R U B3 RS HE DY RHE . EIS AYMINASRAR 6
0.1 Hz-100 kHz. fEAREH 2R BTN, (] CV PPl ECSA. i LSV HiZk
BIRH 100 % IR AMEHERHATACIE, DAVHBRIRA AL 2 . MLV B j B2 T NF
R A fE LSV MR A, #F HARAE-0.50-0.50 V (Vs Ag/AgC) HLA7TEHIN
BEAT 45 A OV BRI LA B IRAES . LSV MR R EE T S mV-s
'o Tafel B Tafel J7fE (A3 2-1) 5L,

3.4 BER5TTR
3.4.1 Ni3(HITP)2/Ni(OH)»/NF EE #2557 & H%8 53 #f

2% B 58 R 25 7K B 4% Nis(HITP)2/Ni(OH)o/NF HLA%, NF 5 4 H
IR BT TR m . g RS S . |k, 1E 120 °ClK
ML EFE T Ni(OH)/NF, 1 3-2 (a, b) , Ni(OH) 4K F 3 44 HEFI1E
NF K, R, BHALE 1-2 um 208, JEABAF S Ni(OH), 49Kk i 5 NF
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I B IERE . RJGAE 65 °CHIE I FE N T 7E Ni(OH)/NF )3 1l J5 AL & B
T Nis(HITP) 99K #E, Wl 3-2 (¢, d) , #B4 Ni(OH) 49K F # Nis(HITP), Bt
ARV FE I 4k 22 25 K B B B IR 25 0, 9 KB (1 B AR 7E 20-100 nm Z [H],

Nis(HITP) 49K H#: 15 Ni(OH)2 44K Fr 2 [A) S 35 7% 4% .

,’ / <A "‘.;H//“- v

] 3-2 Ni(OH)o/NF ] (a) &AM (b) &if%; Nis(HITP)/Ni(OH)2/NF ] (¢) fKAfEF (d)
Fifi SEM B,
Figure 3-2 SEM images of Ni(OH)2/NF (a) Low power, (b) High power and
Nis(HITP)/Ni(OH)2/NF (c) Low power, (d) High power.

A, A TAE R I 29X 7 7£ Ni(OH)/NF 3£ [l 4 K Cos(HITP), Al
Fes(HITP),, BRI 2 kL2 AL &, X T Nis(HITP), 5 Ni(OH), 2
[RJE SR (R 45 A e 7T o

i3 w2 HE TEM BIE— D e FLASHRHE, 7218 3-3 (a) HREBEIE I
3 Ni(OH) 4K AR &, i A FI B 52 8 48 K AR E 1 Nis(HITP), #it
Ki, BT CATE LT Y R A 23 )48 203 J&E T Ni(OH)2 1 Nis(HITP), [ fn i 45 44, &
I TH S E AR AR A 1.80 A 0.27 nm, 43 X N T Nis(HITP), {5 (001) &4
I Ni(OH): ) (100) &1 . il 3-3 (d-h) Fizn, EDX 458E0 C. N. O A
Ni 851 A e FTMYa Y, b O A1 Ni BB 20 A5 o8 5%, W Ni(OH):
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il

TLESERE, CHNKET HITP Bik.,

N
i
&
s

P 3-3 Nis(HITP)/Ni(OH)o/NF ] (a) f&f5F (b-c) @miff TEM E;  (d) CIoZE oK.
(&) NILENMIK. (O OxEMME. (g) NigtEMiEM (h) EDX %A,
Figure 3-3 TEM images of Ni3(HITP)2/Ni(OH)2/NF (a) Low power and (b-c) High power; EDS
elemental mapping of Niz(HITP)2/Ni(OH)2/NF (d) C, (¢) N, (f) O and (g) Ni; (h) EDX pattern.

W 3-4 (a) AR, Nis(HITP)/Ni(OH)o/NF [#] FT-IR % & w3 H B0 7Y > 1
BHEAE, HALLT 3440 em B DEIERS B F-NH F [ £ 1630 cme! Ab F X
T 2RI B AR E A s 1350 eme! AR R UEERT BT C-N S 4EIR3h: 3640
em! Ak R U S B0 T I SR ) R -OHL B )RR AE RO 06 . DL B 5 IR S5 SR
Ni3(HITP), #£ Ni(OH)»/NF & 1 [ I & 1o

(a) ; ; (b)
Ni,(HITP),/Ni(OH),
[y
=
S ~
< 3
S g
5 Zliss sz *
s - f— e
= 7 4
£ S Simulated of Ni,(HITP),
Z E | v v
s o ¢ ¢ Ni(OH), (PDF # 14-0117)
= . o
= | 1 ! ¢ A4
Ni(OH) * Ni (PDF # 04-0850)
T i T T T T T T T T T | T l T T *|
4000 3500 3000 2500 2000 1500 1000 500 10 20 30 40 50 60 70 80
Wavenumber (cm™) 2Theta (deg.)

K 3-4 (a) FT-IR KAl (b) PXRD it

Figure 3-4 (a) FT-IR spectra and (b) PXRD patterns.
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K 3-4 (b) Fizn, 7 Nis(HITP)o/Ni(OH)2/NF [ PXRD ¥t m] LLI i )
EH445° . 51.9° F76.4° 4b NF BRI, [FBE 10-40° 5 A FECOCE
HFRENS A BIBONTEEY 19.3° « 33.1° f138.5° 4b Ni(OH) (i, mHTIEETt
I 58 Nis(HITP) Jii & 5 A%, ToVE4R BRI Riffig . R 1 mol- L FeCls
¥ Nis(HITP)2/Ni(OH)2/NF H1 ] NF %, Si4E Nis(HITP)2/Ni(OH) ¥ AR H ik AT
MR . 7E Nis(HITP)o/Ni(OH)2 ¥y K ) PXRD #5045 T % 5 Ni(OH)2 A% B [ 4 b it
A ULTEM R E BN T 47° . 94° L 124° | 163° . 27.1° Abayr Bkt T
Nis(HITP), S AL R ) (1000 « (2000 . (2100 . (201) . (001) i
(R AT, A IS AR UL L),

Q) ——— — (b) V o

Ni(OH),/NF
O18

Intensity (a.u.)

Ni(OH),/NF

Intensity (a.u.)

C1s

1200 1000 800 600 400 200 0 294 202 290 288 286 284 282 280
Binding energy (eV) Binding energy (eV)

(d) Ni 2p

Ols Ni,(HITP),/Ni(OH),/Nk Nidl) 2p;,

) Ni(IIT) 2p, , /]
NI 2 312
Sﬂ i(I1D) PnﬂNi(II)me s;.

Ni(OH),/NF ND) 2py,

NilID) 2p,., NidIT) 2p,,
a Ni(I) 2p,, Sat. \

~
()
-’

Intensity (a.u.)

Ni(OH),/NF

Intensity (a.u.)
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Binding energy (eV) Binding energy (eV)

K] 3-5 (a) XPS AR, (b) Clsifl. () O 1siEEM (d) Ni2p i,
Figure 3-5 XPS spectra of (a) Wide-scanned, (b) C 1s, (c) O 1s and (d) Ni 2p.
%} Nis(HITP)2/Ni(OH)2/NF F1 Ni(OH)»/NF H AT T XPS ik Man&l 3-5

Ca) Fro~ @y XPS 4= 3t & vh o] BLiE 2 19 M %2 2] A 8 T Ni(OH)2/NF ,
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Nis(HITP)2/Ni(OH)»/NF [ XPS A= b i 7 L[R]3 A 1 Ni 2p 1 O 1s 1) H g5
WS BL T N Is B BIEMM C s AR Ems, R\ T
Nis(HITP)2/Ni(OH)»/NF HE Al 2% [H] HITP BC {4 [ 47 7£ « Ni3(HITP)2/Ni(OH)2/NF Fl
Ni(OH)/NF M Lt, C Is #5403 (B 3-5 (b) ) H7E 284.5 eV AL I T X M F
C=C BERIHLIEIE, O Is kgt (B 3-5 (¢) ) H7E 531.8 eV AL HBL T X N T C-
O BEMHEIE. WK 3-5 (d) Az, Ni(OH)/NF 1) Ni 2p A& 4 A J5 T Ni(II)
2pi2~ Ni(I) 2ps2~ Ni(IID) 2pi Al Ni(IID) 2psn I PY AN 23 547 F 873.1. 855.6+
875.0 A1 857.1 eV Ab; Nis(HITP)o/Ni(OH)»/NF ) Ni 2p A& 4k o 5of N f) PY AN s 43
Wl AL F 8734 . 855.6 . 8758 Al 857.1 eV b U1, DL | g R % B
Nis(HITP)»/Ni(OH)»/NF Hi A} £ it % [ Niz(HITP), 1 Ni(OH)» F e h & i . 3
HLAR R B 13 2 N2YNSTR G A, Nis(HITP)2/Ni(OH)2/NF H Nid* A 5 b
1] B 2 FEAIS, 29 Nis(HITP), & i A2 HC A4 T e g Nid 8 7 Sk 114,

3.4.2 Ni3(HITP)2/Ni(OH)2/NF EE#% HER 14 &

(a) (b) 040
“."-\ 0- & NF
0314V O Ni(OH),/NF p
g /:87 v 0.354 o Ni@EITPR2 NOmNF gF
-20 4 s\ &
< A
E —— NF ~ G 1052mV dec”
~ _40 4 —— Ni(OH),/NF Tj' 0.30 -
E} —— Nig(HITP),/Ni(OH),/NF = '
& -60 &0.251 97.6 mV dec @
5 )
< £
= 804 £0.20 4
= > 75.9 mV dec’!
& o
=-100 4
= 0.15 -
O-IZO r T r T T T T T T
05 -04 -03 -02 -0.1 0.0 0.1 0.0 0.5 1.0 1.5 2.0 2.5
Potential (V vs RHE) Log (j/mA cm?)

P 3-6 NF. Ni(OH)2/NF il Nis(HITP)»/Ni(OH)»/NF [¥] HER 1£fE (a) LSV BZEF1 (b) Tafel
K.
Figure 3-6 Electrochemical performances of NF, Ni(OH)»/NF and Ni3(HITP)»/Ni(OH)2/NF (a)
LSV curves and (b) Tafel plots.
WISTE 5 mV-s! HEREF TR LSV I ZPFA) T NF. Ni(OH)2/NF Fl
Ni3(HITP)2/Ni(OH)/NF [ HER f# fb ¥ g& . 0 3-6 Ca) Jiomw,
Ni3(HITP)2/Ni(OH)o/NF 1 Lt H A i) (7E 10 mA-om? HLI % B R ik s A7
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187 mV, £ 50 mA-cm? HLJiL % B2 T 24 238 mV) HAKA ()i FL AL, NF
Ni(OH)2/NF 7E 10 mA-cm™ ] FLIR % FE R ik A2 5073108 314 mV #1218 mV, £
50 mA-cm? [} HLR B R I AL 4 0 388 mV Al 284 mV ., fE NF K [ Ji fir A4
K Ni(OH): J5, thfe B B4 T+, K I 7 Ni(OH): 1 = 0 #E L fE JJ -
Niz(HITP)2/Ni(OH)2/NF [ & 35 1% g 3 ZL4E T Nis(HITP). 49K # 5 Ni(OH)2 44K
7 TR B R AR A B8 . Ni(OH)2 R 1 A2 K Nis(HITP)2 f5, Ni(OH) 45K fr B A H
REEVETAR,  SEF 5 WA A S B AP IR AT R FE R ), 427 HER Mg A
HRMAER . Tafel REFZVEN MR H— D EESH, RS HTHELL
2%, S TR (K36 (b)) . 5 LSV Lk —,
Ni3(HITP)2/Ni(OH)2/NF [#] Tafel #t# &A%, 7 759 mV-dec!, RIHHAFGHRKR
ff) OER ALk 2250 /1% . BT Ni(OH)NF (97.6 mV-dec') 1 NF (105.2
mV-dec!) .

TEBLPE VR Tafel I 72 F ZAFEHA LR BB R BT 72 3-1 1
Volmer /% ., Tafel {3 120 mV-dec™, 5§ =5 735l %F N F 77 F2 3-2 1 3-3 11
Heyrovsky 5% Tafel 2%, Tafel %4 40 5% 30 mV-dec™'.

H,0+e <> H'+OH" (3-1
H'+H,0+e <> H’+OH +* (3-2)
H +H <& H’+2% (3-3)

Nis(HITP)2/Ni(OH)/NF ] Tafel & %4 75.9 mV-dec” £ 40-120 mV-dec”! Z
6], FEAH HER RN HFE 2R g 2P BN Volmer-Heyrovsky [ Mo

N TN T fif Nis(HITP)2/Ni(OH)o/NF [P REL A AIHLEE, AW AR SR E R
AL XA B CV i 2 i H H Ca & ECSA i . Wil 3-7 fr7x, NF.
Ni(OH)2/NF Al Nis(HITP)2/Ni(OH)/NF [f] Ca &% 38 11.91 38.1 #1 50.9 mF-cm-
2, X N ECSA fH 4r 7l A 297.5 . 95255 Al 12725 . AR,
Ni3(HITP)/Ni(OH)»/NF B 5 &= /) ECSA {f, 3B Nis(HITP)2/Ni(OH)./NF fEf%
FRALEE 5y TR ¥ OER VETEAL s, IR+ ) HER W& ok B T 5 R B B B2 V& L 1
e
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Figure 3-7 CV curves of (a) NF, (b) Ni(OH)2/NF and (c¢) Nis(HITP)2/Ni(OH)2/NF; (d) Ca.

5] B A TAF K EIS 4387 1 Nis(HITP)2/Ni(OH)2/NF #1 Ni(OH)2/NF 1] 5 H

RESTo

& 3-8 1

o  Ni(OH),/NF
O Ni,(HITP),/Ni(OH),/NF

Rs CPEY

Ret

15 20 25 30 35
Z' (ohm)

SHLALA 170 mV B 1) Nyquist B & H

40 45

LEER R

Figure 3-8 Nyquist plots and its equivalent circuit at the overpotential and 170 mV.
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Wi 3-8 Fran, Nis(HITP)/Ni(OH)2/NF [ Ry (1.32 Q) Fl Ry (1.25 Q) 1H
B /N T Ni(OH)2/NF f] Ry (1.34 Q) Hl R (3.79 Q) 18, ViHATLEA FIFHIH
R A, Nis(HITP): BN A BRI #2 TH Ni(OH): 1 B A AL 5 e 1. 45 R &
B, Nis(HITP)2/Ni(OH)2/NF [#] HER 4 6 (142 =y ] LR T T H R g AR . &
TP BH) 7 2 e FE AN R ) H ter B A5 i

(E\) (fll) Initial
— i i J nitia

& 0] — Ni,HITP),/Ni(OH),/NF & o e

£ £

& 1>} 204

< -10- <

= £

- ~ 40

220 I~

'z ‘2 60

g g

= -301 =

- w =80 1

: ;

£ 0] £-100 1

= =

© 50 : . ' ' “ 120 . . . . . '
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& 3-9 Ni3(HITP)2/Ni(OH)2/NF ) (a) 20 hi-t MR EHZE AT (b) i-t WAl 5 #) LSV £k,
Figure 3-9 (a) 20 h i-t test and (b) LSV curves before and after test of Niz(HITP)»/Ni(OH)»/NF
electrode.

& 3-9 s, AE 20 h 1 i-t BE MR, Nis(HITP)2/Ni(OH)/NF ) HLifR
FRETE 20 mA-em? /247 B B2k, RV BRI AR B . thAh, Kk
AT LSV #i &R AT XL, PR R R HOLBH & N . Bt il 3-10 Fros
¥ SEM &, Nis(HITP)»/Ni(OH)o/NF 7R J& 2 M 8 AL 77 T SR AR 3 R 4o

(@ o v

S4800 5,0kVA7.5mm x40.0k SE(M,LAQ), b 4N . i

& 3-10 i-t MR J5 Nis(HITP)2/Ni(OH)o/NF ] (a) {&A5A1 (b) ffis SEM K.

Figure 3-10 SEM images of Nis(HITP)2/Ni(OH)2/NF after i-t test (a) Low power, (b) High power.
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3.5 RE/NEE

Zi BT, A AR SR B P B K i B Th 7E NF R DH i 4 7 =4 IR
Nis(HITP)/Ni(OH), 45 ¥4 » 1 4% dib M Nis(HITP)2 44 K #: £E Ni(OH)2 44K Fr F 1Hi 1
K, A B ONE % . Nis(HITP)Ni(OH)/NF (1) ¥ [ 1F B F i & 3% 7
Ni(OH), i P47 32 5 HL78 7> 2 55 A Nis(HITP), BAT I8 57 S i rEf e s, i il
(ISR RN, AT AR %, RE RS AT RO It HE A S PR AR AR B, o) b ]
DARE 2 5 0 AL T AR RGE MO i, R s 454, NF IS NRIREIR
HL AR B L R AT R . AL RE DN, Nis(HITP)»/Ni(OH)o/NF 7RI H 1L
S HER PEBE, HRZE LI 10 mA-cm? i i A7 4 187 mV, Tafel # R E
75.9 mV-dec!, & FE KT Ni(OH)2/NF ] 218 mV 1 98.6 mV-dec”, [HH}EA 1L
SR ENE, AR —FBLE R S 2 HER ML KL
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28 4 F M3(HITP)/CC (M =Ni. Co) BIEH 5B LFIERK

415|5

AA XA R C, 2 NRDLTRRVE TR, AT A A 0w 2 017, 4k
FEREVE . MRIE TR B RO R E R 22568 0T R Y A B R IR A
VE D8], A PN IE 5 WK FE A 34-114 pmol-L-1118l, JFR AT 5E . A 20K AA K60 77
2, SRR AA IR0 B A fg R R A L

LAY S A SR A R LB AR T 5 mm R, RS 5 )2 Ok, Ry
SR SR R A SR T PR 1200, A R LA 0 e 1) SR U R R
HETHEAR. Bethz. FEe b, BFZEIR 02220, JERE RS 7
AFREEVBNZYS, BAREMIRREN, BHEXE R H 5 TAAHI24125, 7
ZRNAT AR R BN, A A I AR, H 1 £ %
B BHERTIAR, AR, W& RE R, Bk H A I s A
Z LA B AR 3 iy B AL AR SRS M R 1) — AN 5 T 26127,

AT B AR, Ms(HITP)2 MR AT Bl B ARG 57 o ) s sk e A 7, 9F
RO RIFHMERE, X R BABORIENIEERE ST, A B SBUHEA
P IEFPRE ] FARI AA . (B 725 S e Ma(HITP) 4R ) 45 f Ho 5 NF L6 (145
ERA AR . CC AL R M2 S HRE R, 8 BC /340 % 3 se o8 1
SRS AR R 45 & Re 70, AR E SR T AR K i 45 i PE M(HITP) B4 K} R 7T
BEo A TAEEL S A R RINTE CC 2RI & i H A w45 o FE AN 5 S 1
JEFI Nis(HITP)2 Fl Cos(HITP): KEF1, FEARILHAR 57 17 AA £ PERE

4.2 KR EE S5

S P T FH A AR 5 IR RS 8 AR 2-1.
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P GBI AN W S JE B, Rt it — b alifl.
R 4-1 25 2.

Table 4-1 The main reagents.

2y i e (AR afifE CRUA%D G
] Carbon Cloth 7K EVEBR AR R A IR A
VK ABERREY  Co(CH3COO0)y4H,0 et 245 [4]
S NaOH Ve Il 24 4 4]
PUA LR Ascorbic Acid e BTz TR A B A 7
RN Glucose e B T 74T BR 2 )
RE Urea vasiie 1] 24 42 4]
L-BA L-Glutamic Ve AEstE RERH A IR A
L[t 2R L-Cysteine vaniea AEstE RERH A IR A
A WEH ik Glutathione vt P )
FIEIR Citric Acid vt By T A PR A
=REN Melamine sy et By TR PR A
L- R A5 L-Aspartic Acid vaniea b5 E R A IR A
IRER IR Sulfuric Acid vt ] 24 5 4]
IRTHIR Nitric Acid vt I 24 4 141
DMF Dimethﬁ’fljénami o o [E 245
4.3 Hm R EARE &

43.1 CC HEKaiE

TS CC FEAF FH AT B /a4 15 x 15 em B4R v #874 3.5 x 4.5 cm )7y
Fro BEFREEMP, e HRENRIEES 15 min, JEVMEERTNKELE
ML, A FHAKIZ I A IR, R 10 min, #55 FJG/K BRI 75 9
W, AR 10 min, £F 70 °CHUAE R HCT 12 h G REIR 0 CC. F— T CC
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RO TG A AL B, R v 4 A B AT IR B BR AR A IR AR A EE D 3:1 VR &V 52
RV R 120 JFEU, PR R SRIRIE, TRV RS RS nR A
BT JE 13 24 L RS 1 CC

4.3.2 Niz(HITP),/CC-x BB ¥Rl

N c_2+ cc “ H,0/DMF I
" Ni — Ni,(HITP) /CC
S | I — e
» <
D-\‘:\s\ (] 65°C 6h J /—\)A —\)\_\
< ﬂ‘b - &—‘ /-J
HITP Co? T L‘)
&= e L &

Co(HITP),/CC

B 4-1 M3(HITP)o/CC-x 165 BRI 7 5 B o
Figure 4-1 The schematic synthetic strategy of M3(HITP)2/CC-x.

W 4-1, H5EHERFREL 10 mg HITP T 10 mL AR A, ORI x mL
HAi/KF (5-x) mL I DMF (x=4. 45, 47. 5) , B 10 min KA AR
B ENR I OTARIA I . S HEF AR 7 mg Ni(CH3COO)-4H,0, 121 75 i1 %
Ni(CH3;COO)2-4H20 & M A BCARIAE TR+, RS2 75 20 min ¥ Ni(CH3COO),-4H,0
R, RENREVER. KT CC BB/ A 22 x L6 em /M T, 4 CC J
BB B GEERS CC £Fden st i 148 5 R 5 NIRRT 1
mL B HL 200 L NH3-HoO Z218 I AVEIR AR S I SO 21 IR &
5 CC R A Heful, UL ECAL R BT URHEAT , VOS] gl 7 (. ik
I PRHCHS TN AR A2 2 65 CCHLFE PIINF 6 ho SOLEE o Ji5 5 HUHS FILAR K IR
AR, W ZEErSE, 65 CCHLTIF R ik, Shi ISR K (1 CC %
T AR ol Rt . 19 3 1) AR AR 48 & 0 77K & o DMF I & 1 X, 43 1
#ir 4 4 Nis(HITP)/CC-x (x=0. 0.3, 0.5. 1) .

4.3.3 Cos(HITP)o/CC-x BB #R &I &

Cos(HITP)o/CC-x L% B ] 4% 14 72 5 b 9 BT 38 Nis(HITP)/CC-x F % ] 4% 1t
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FREEA—2. FTH4&)EE N Co(CH;CO0),:4H20, R & E 1A R H DMF N
wmEOMAN L. 2. 3. 4mL, FHBEMAEKRH S EWRD NG EAN
Co3(HITP)/CC-x (x=1. 2. 3. 4) .

4.3.4 FEREMEBEMIR 5214

BT AT B AL R 35 456 F CHI 660E oAk 2% TAESSEAT, SRAIFRAER) = AR R
4, HEWEER 0.1 mol- L' NaOH &, Ms(HITP),/CC-x 1 N TAE M, TAE
AR 1 em?, 42 4F 5t )k, Ag/AgCl (HIA KCD HMk{E NS k. %
F CV A0 - VR E AR B e

44 FER5TL

4.4.1 M5(HITP)/CC-x BBIRFZ57 IR 4

:

Intensity (kCounts)

2

Cuika

M.i 1 A

T
0 5 15 2

10
Energy (keV)

] 4-2 Nis(HITP)/CC-x ] (a-d) SEM KF1 (e) EDS it

Figure 4-2 (a-d) SEM images and (e) EDS spectra of Niz(HITP),/CC-x.
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A 2 AR R — 2381 % M3(HITP),/CC-x HiMl, CC1FE 7y sl It B A
SR E. ERMEGI S, A EREAEEE TR AR S &REE T
ity MAEMEHTY SO 8 b Se i Ae e &7 . E e R NP EH & %4 —
A4 T 8 R R A R R R A T PO AR Nis(HITP)2/CC-x H i) : Nis(HITP)./CC-
0. Ni3(HITP)2/CC-0.3+ Ni3(HITP)2/CC-0.5 #1 Ni3(HITP)/CC-1. ‘EA1) SEM K
WE 4-2 (a-d) Fion, FE4AKAK & Nis(HITP) £ CC 1A KN HiL Y (R 4 K 25
S, B TAELKERT A, NixHITP), 5 CC 4 &he /i, REEI
R T SAE A BEAS CC KTl AKERI 0 A e AN A, AR 43 AR
. Ni3(HITP)2/CC-0.3 ' Nis(HITP). E I S A gk iR 454y, 1T DMF )
N, ABGEEE FIAE A RS TARTESR, AR s 7 AR S
FR Z A B RN, #1453 Niz(HITP), £ NF #2514 K, {HiE% DMF A
IR Nis(HITP) JESR UGB A RN, SR GERIA RS, AKER
TIE R EEE R K. IXRRE DMF N RE A 24243 Nis(HITP), 5
CC K45 A RE/MEZ NI 2 £ ™ 5 f2 0 Nis(HITP), 145 i, HERIZ5/fE
AL FEOUEVETARRAR, 5RO S 35 V5 K FE M E T . Nis(HITP)2/CC-
0.3 1 EDS Jti &l 4-2 (e Fion, C AN HIIEFZRE FRA, O Mg
kB FRERPH 1 H20 S5/ 07, Ni IAF7ER B Nis(HITP), 258 [ o

P 4-3 Nis(HITP): /) (a) {&f5A1 (b-c) @iff TEM ;s (d) CItEA M. (o) NILES
AL (D) O JmRMAEM (g) Nijuz A Kl
Figure 4-3 TEM images of Nis(HITP) (a) Low power and (b-c) High power; EDX elemental

mapping of Niz(HITP) (d) C, (e) N, (f) O and (g) Ni.
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i 2 HF TEM Bt — 0 e A HRFAIE, 72181 4-3 (a-b) RERSTH N
M % | Nis(HITP): W fh 4% 25 80, 1HH 80 E f A& 1A #E 0y 1.80 nm, Xf M
Nis(HITP): () (001) fhifi, 76 4-2 () FAERSIE 2 M ELH Nis(HITP), 1L
BRZER, EAE 1.80 nm I RALIGUREA B0 AoV il Id, AT AR A 3
PR BTG AL . W 4-3 (d-g) Pin, EDX IS RKH C. N. O M Niy
SIAGETTALYE B A, C M N SR B T HITP Bcdk, O ik B T 4812 1 e B 1 &2
SN T

[ spectra from Area 21

Spectrum

?

Intensity (Counts)

CopKa

& 4-4 Co3(HITP)2/CC-x ] (a-d) SEM EAil (e) EDS Jtitt.
Figure 4-4 (a-d) SEM images and (¢) EDS spectra of Cos(HITP)»/CC-x.
AR Co?* [FIFEAEH & S A 48— 1l 2 T 3 o 8 B AR &R & e 1 DY A
Cos(HITP)2/CC-x Hi#%: Cos(HITP)2/CC-1. Co3(HITP)2/CC-2. Co3(HITP)2/CC-3
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F1 Cos(HITP)/CC-4. EA1H SEM E U 4-4 (a-d) Fizn, 5 Nis(HITP)/CC-x
RIF], DMF {E 54 i Cos(HITP), A CC 21 A4 K Fht 3 7 A1 24 5 3 (1
fERI . Cos(HITP)/CC-3 1 Cos(HITP), R HL H ¥ 51 194K Jr 4544, DMF A
AR T MEITES, FIREE REITRE T AR S SR 2 TR B A RN,
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Figure 4-5 TEM images of Cos(HITP),-x (a) Low power and (b-d) High power and EDX
elemental mapping of Co3(HITP), (¢) C, (f) N, (g) O and (h) Co.
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Figure 4-6 PXRD patterns of (a) M3(HITP)/CC-x and (b) M3(HITP), powder.
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4-7 (a) Ni(HITP), f1 (b) Cos(HITP), ¥} K 1] FT-IR Yt i .
Figure 4-7 IR spectra of (a) Ni3(HITP), and (b) Co3(HITP), powders.
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Figure 4-8 XPS spectra of M3(HITP),/CC-x (a) Wide-scanned, (b) C Is, (¢) N 1s, (d) Ni 2p and (e)
Co 2p.
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Figure 4-9 CV response curves of different electrodes before and after addition of 1.0 mmol-L"!
AA (Scan rate: 30 mV-s).
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Figure 4-10 (a) CV curves at different scan rates and (b) Fitting curves between current and v!2.
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Figure 4-11 Fitting curve between peak oxidation potential and Inv in CV curves.
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4-12 (a) IIAARFHKE AA J5 Nis(HITP)/CC-0.3 [f) CV £ F1 (b) #h&HiZk.
Figure 4-12 (a) CV curves of Ni3(HITP),/CC-0.3 after adding different concentrations of AA and

(b) Fitting curves.
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Figure 4-13 The current response of Niz(HITP),/CC-0.3 at different potentials after AA was
continuously added.
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Figure 4-14 (a) Ampere response of different Ni3(HITP),/CC-x electrodes when different
concentrations of AA were continuously injected (Inset: ampere response when low concentrations

of AA were added) and (b) Standard curve between concentration and response current.
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Figure 4-15 (a-d) CV curves, (¢) Ca and (f) Nyquist plots of Nis(HITP)»/CC-x.
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Figure 4-16 Standard curves between concentration of AA and response current of

Co3(HITP)./CC-x.
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Figure 4-17 The current response of Niz(HITP)./CC-0.3 electrode at 0.55 V was investigated by

adding 1 mmol-L' AA and various interferences alternately.

T SE B BRI S B0t A I TG SRIBPAFAE IR B L R AL

65



74 MREVNCS TR S A

\\

AN T, PR AR IR AA MBI EE RS H. WK 4-17 FiR,
£ 0.55V TAEHAL T 1.0 mmol-L! AA 5 2.0 mmol-L! T34 CEziph. JR&.
L. A H k. L-AER. iR, =%&8. L-REAR) L8N
NI TN AA B H 3B 2 1 HL IS 63 0 T 0N BI040 B o 1 267 3 AR Ay A TR A7
FE— 58 W TP B2 A B AR Tom 2, H T PUom B A i AR AL & AA, R
Ni;(HITP)»/CC-0.3 %f AA K% B A BRI I0RE 1. BhAh, 3w B s
8w, HRCAEIARECR, AA BEPUETEFE, WRS BB AT & .

(@) (b)
101
80
<
& 60+ g
X - 6
~ =
= &
- 401 ; 44
@)
204 24
0+H— . ' : r ' ' 04+— . ' ' '
0 5 10 15 20 25 30 1 2 3 4 5
Time (days) Numbers

K 4-18 (a) 30 RHIFEMERT (b) 5 AN HAR I P47 SE 5.
Figure 4-18 (a) Stability within 30 days and (b) Parallel experiments with 5 identical electrodes.
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Figure 4-19 SEM images of Ni3(HITP),/CC-0.3 after i-t test (a) Low power and (b) High power.
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HEB R 08 A B SR TG PE AL SR B BR . B BRI AR B A AL AA TR RE
F1, BN FEIZEBR b iF AR A 17 . U2 Nis(HITP)2/CC-0.3 15 AA HL
AL R AR R I 0.0-4.0 mmol- L (1) KA IITE . 0.25 pmol- L BICAS H PR |
21.36 mA-(mmol-L")"-cm ¥ 1= R B . PR S K e 128 6 1 A v e ME SR AL 57
VERE. Z5 BPTR, AR TAEMIIME CC KM AE K H A & 45 5 B I B A B A FLN Y
S 2D c-MOFs M3(HITP): 51, FEARTLH AR 7 (1 AA fE R IERE, X e 45 i P
(¥ Ma(HITP), M4 BHE s JEAL AR K2 JAH G i R AR RS 1 B & R A
HEMSERE L.
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IR SRE

AR SCUL R FEHERC A& HITP AR AR AN &, IRANRER T T 2D c-
MOFs # K} Ms(HITP): (& 55 BB 7E,  E S 50U R B R 7K/
I RGESE 2 M F B TR R M R AL A B Fes(HITP)2 « Nis(HITP),
Cos(HITP), =Fpbr Bt il 28 B AR IR N2 418 L 7E PR 10 7K 2L A T I 1 A
P ISR U L 0, IR R T s U A A R s R3S, EEAE R
LU

(1) JEIZZVEAE NF LRI Fes(HITP), BUkL/E AL OER TAF H .
Forr, Fes(HITP)o/NF-15 REAR R I AL A A0 EAL R BE, RV E 00 10 mA-cm?
)ik AT (K ZE 224 mV, Tafel RERALE 45.6 mV-dec!, 7F 24 h [ i-t £ MR
B AL ORI TE UG FRR B B2 1 97.3 %, MG MBS S B I as
FER I AR, DU R R M, PEREAR TRk RuOa. 3t HIAR I
&S, BEENGINEREED RS NF EREELE S, JFaeief 2om
AR B S M ROR o (HTE 200 1 223 b 1 75 V20V B A T Nis(HITP), Al
Cos(HITP), K& H T, HAS ) Fes(HITP), 45 S th e 55, A £33k — 5 ootk DL
BR1Z T G F

(2) K H W2 K #3% i T 7E NF 2 1 ] 4% 1 Nis(HITP)/Ni(OH), & & 45
4, BCINTE Ni(OH)2 992K Fr R TH $5) 5] A & Nis(HITP) 4K #% . A4 kEZ (] 9 [F)
YER [EII & 4% 7 Ni(OH)2 i& A7 i3 & Ho 78 70 B 58 Al Niz(HITP), A 7 T H
PERIOLH, A RFETT T Ni(OH)/NF HIEILAEE 7T, Nis(HITP)/Ni(OH)o/NF HAR A
HL % FE IR 10 mA-cm2 i i EAZL A 187 mV, Tafel AHERAKZE 75.9 mV-dec! &3
ik T Ni(OH)2/NF [#) 218 mV #1 98.6 mV-dec!, [FI BAH N RMMEILFEE M. X
R 2D c-MOF B T R FH A& B i AL AR N AR 2 4h, IR R 54
S R e R MR, WAL TS MR S E A AR 45 & 1E N B AL )[R R
REEAE AT A BB E 7 Ao ik AR B 46170 5, 7E NF R B4 AL & L
0 225 d R Ma(HITP )2 A4 1] 25 A 00 AR AR R, 7E BRI 5 TR PR A R 2 J]
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NGRS 5 35 B2 1) v 8] S A R SR, [) I ] ) R Rk T £ A [ 2880 P 4
T L H AT

(3) TEAK ) Bl A R 5] AR BRI DMF, IV I8 6 E CC
KK M3(HITP), (M =Co. Ni) MINSEBIES A, A Nis(HITP)/CC-
0.3 F1 Cos(HITP)2/CC-3 43 I ATE CC T A= K 1¥ 351 5 KLU 14 40 2K A AN hg oK v o6
H, BB EESSETE R AL R R R, MR T R R AA IRE . L
H Niz(HITP)2/CC-0.3 E A AA FEAL AR KGR R I H 0.0-4.0 mmol- L i A Il i
Fil. 0.25 pmol-L- A PR . 21.36 mA-(mmol-L1)1-cm™ ) i RABEE . B i
JS7 % fe R M RN A PSR e . BRI & S, MELT NF, i
CCRIEAAERE SR G M E A, 157N RH A K wiE
M(HITP), #4 } I i £ 18 15 A% i A AT o a8 o 1 28 08 70 4k R A4S ]
Ms(HITP) (TS S 45 di i, [RIRE BE VARSI R T ik R b 5 BRI 0 45 A RS

AW FRAE A RS B Z T X HITP £/ 2D ¢-MOFs M3(HITP), i#E47 T IR A K]
WHFL, PTLIONJE SR I AR 40 96 B T30 A s Ve R S 1 S8 B . iR, A
F# X 2D c-MOFs [ F MRS DB B, 5t L S LB I AN 58 i i, G
MU IEA T, 72U I TAE Rl AR J LA J7 1A 35T«

(1) RAWFFT 2D c-MOFs [ 3 HiL 38 5 & 52 0 PR 38 0 <2 Ja 28 -1 AT A4 1)
BN AW B REEREE R, FE iR TR T RS LB
HAEZEE L.

(2) HATECAR A BB FL, MATECAR & BURAR R &, AT 2D ¢-MOFs
R R R H

(3) FIH 2D ¢-MOFs £ & 1 PE, AR FHAET, AHEESF
TWIKIEC N Er

(4) IRAFF 2D c-MOFs S H H/E LR, W] R R AL RAET-Be . 3h7)
o BOEV R T BORATIR AT, RO R AR R S R A
HEE T,
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