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Abstract

Two-dimensional transition metal dichalcogenides (TMDs) have unique physical and chemical
properties due to their unique electronic structure, diverse chemical composition and good mate-
rial properties, and have been widely studied and applied in the fields of catalysis, electronics, bi-
osensing, energy conversion and storage. Therefore, based on the research progress of preparing
composite films for wearable electronic devices based on two-dimensional materials, we have
prepared composite films based on ZIF-8@MoS: nanoparticles and applied them to wearable elec-
tronic devices. Compared with traditional optoelectronic materials, MoS2 layered materials have a
larger application space in the field of flexible devices due to their good mechanical flexibility.
ZIF-8@MoSz2/PDMS composite film is used as a high-efficiency TENG electrical material, which can
effectively increase the output performance of TENG. Experiments show that the maximum peak
short-circuit current (Isc) and open-circuit voltage (Voc) of this TENG can reach 6.2pA and 194V,
respectively, when ZIF-8@MoS: particles are incorporated. When a resistor from 0 Q to 103 MQ
was used as an external load to evaluate the electrical output performance of TENG prepared
based on ZIF-8@MoSz/PDMS composite film, it was found that the output voltage also increased
with the increase of resistance, and the output peak value was much higher than that of TENG
prepared by pure PDMS. In addition, both the short-circuit current and open-circuit voltage in-
crease with frequency from 1 Hz to 10 Hz, peaking at 10 Hz and about 6.2 pA and 194 V, respec-
tively. The experimental results also show that this electronic device has good stability and output
performance, which provides a certain reference value for the development of flexible wearable
devices in the future.
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HORNGRTAR, AT A B8 5 v 23 (14 3 10D P Ay 5 Pk Bl K. TEARAL 3B 20K T, BFO@PDMS & 4 i fist
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A s : ANEE, DR 20 F I SO Rl B 2 2 T A 4 oK 25 1 SR I ne e Ak i 3 B, AT 4
P T LT 2 5 o AR AT AR AL TAERREE, 5INEJEE L REE, flin, st fl g oo i & e m
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2)1.9eV MBI, 20, 1Ev—F BB BRI 4k f ik, & W S0 A R R A B —
MEL, R HER A T RO RSB L. 5 3 RA SIS T ENIAR, BT EEE
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/NEHLAE 1990 AEAR B URE SUXMELLIK, B BN AR B AT TG [ 12] o 10 4 8 71 s R LD
BB 2R, CMEnEE 20,000 4~ MOFs, HAT 2 HLH & 1) L R EAVRIFLER 2, mTRIFLAR 4SS
FERi[13]. DRk MOF JZ BT AP Ay B AR il T 4Mimikss. ZIF-8 i
MOFs R —Ff, & —Mah A 2 LR, BA dEE B 7 FHDK e H2 A 2H B 1) S Ve I 4 450 . e R
HARRIWRTA mALR R S b Ot A, JEOmRIIN . 2T ZIF-8 F1 MoSJE/Rs & H
MRRRRIR S, S T4 L HI & TENG [ TAEREE, RWSCRA T ZIF-8 7£ MoS, bR A A K TE R
ZIF-8@ MoS; 4K Fikr, FEIHET ZIF-8@ MoS, HK kil #% th TENG, $XJ5 LAZ Rl T7 V5% Hdh 47 %
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(b, EdEbTh TR AIA R A E), HEREE( A, B 255 Eb s alGn A PR A |D), 2- BRI (o B 4,
TR TG R A A, B LIEMEE e (A A, BRI AR A IR A F]), PDMS TR
W Hrat, TERET)

2.2. ZIF-8@MoS; B9 & R

AL FEER K54 B ZIF-8@MoS,, B Ak RETR, #4 1.356 g PU/K-&4HIR BN 2.66 g it
SEAVAMRAE 35 mL DI 1, JFEE A IS BEJE R BRI O MK N2, 200°C R A 10 he
AR EREH R 2 M R, S 30min, B&FEYEL IR DI Pl 3 Yk A8 R 40 M A AL
TEVKIE RS MoS, 992K &k 30 min, Fifi Jooks Ab 38 (1) MoS, 99K &R (1 mL, 1 mg/mL)¥s i3] 20 mL DI
oo 4 0.4 mg PVP SN EVA M IFEE A 15 min, Bl 544 0.08 g Zn (NOs)2-6H,0 (5 mL =B F7K) i in#) 1
R BEHE 20 min 5, ¥ 0.22 g 2-HIILBKPEIAARLE 5 mL DI 1, FFETE @ B HE T\ B RS
K10 N G, KA 03t DI ik . 60°CHU R TR i EP AT 43 2 ZIF-8@MoS;.

2.3. ZIF-8@Mo0S,/PDMS BY& R

B, FREC 1 g PDMS HiEY), BEAFISHEMFIFREN N 1:10, BHEREIEEMA 1 m%o
ZIF-8@MoS, g KMtk , 1R -& 4t £ f5 H 300 um &1 JJERAR o B )5 BN L2 BEAR 4l 3128 15 min, #¢JE 7E 90°C
R T8 2 h i .

2.4. TENG BIE R

K % 1) ZIF-8@MO0S/PDMS B & IR UIEI K/ 3 x 3 em?, it M FE Cu fH2E I AR kA4 kL,
A RN Cu $6 .

25. GRS R EMRAE
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i B, 7 2 W85 (FESEM, - ZEISS Gemini SEM 300) L 22 ZIF-8@MoS, 44 K Jki i P4 55

2.6. BLENE

1 FH B0 2% (HE AS-20) A FUUES S AA R o ZE DRI, R A A 7 A 5 DAREAT S0 f e 0 . i 1)
BTG I A (MDO3014) A sk 75 HA I8 AT B OK 2% (SRS WriH 45 SR570) K i 4E TENG f) HL R AT R (S

=}

T o
3. &R5118
3.1. FRAYIIRREE

FR 4 2 B B8 SE 3 173 ZIF-8@MoS, 44K HKL » ZIF-8@MoS, 44K Miki 1 ZIF-8@MoS,/PDMS &
G TG pad BRAE S o th . 8] 1(a)7sth 1 ZIF-8, MoS, #1 ZIF-8@MoS2/PDMS ] X S 247
B(XRD)EI%. H, 7E ZIF-8@MoS2 (1) XRD B Hnf LLE 2, HIL 32.7° kb 5a AT 5 1 )& T ZIF-8,
58.3° I SR ATHTIE B T M0S,, IXRHKINBN T ZIF-8@MoS, 9K Fiki . 3L 13 s 85 (SEM) K% fir i
BIREMIESE R, W& 1(b) s ol %0 Bl 453 1) ZIF-8@MoS, 4K Mk Frotk g5 ¥y, JogkHy 147 i S bt
&, KW MoS, DI . X5 TR CAIIHl4 1 ZIF-8@MoS, YIKMKLA ZIF-8@MoS,/PDMS
=R
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Figure 1. (@) XRD pattern of ZIF-8, MoSz2. ZIF-8@MoS2; (b) SEM image of ZIF-8@MoS:
[# 1. (a) ZIF-8. MoS2. ZIF-8@MoS: i XRD [&; (b) ZIF-8@MoS: #J SEM

3.2. T ZIF-8@MoS,/PDMS E & EEHIBRY TENG AV EEMK

TENG = /2 b BEFke v = A vy, PO I e Pl R S 77 A W A 2 (4 P fr i AR e, AT 7 A LA o
WIS s PR A R A S, UG o R RE . DRI, BRI RE b R X T R SR RE ) RO R
Z A AR ARy L, TENG A DA TAEBE, 205 B i - 70 BB, AP ah i, s
WA S A . T B - B 2 PRI R R, LR IR P AR AR T 2 ANl TR )
A R RN 2 85, ABAE N IRIRIE ) TENG, 7EWCEESR Shsph 7= 28 sl Be 77 T B A R EIE L .
R TEZA N R SIS, LT E &SRR E R 4%, HatRceim. K
P AN AR R TSR B RN EE IR RE, TER T A B G M MR A A5 4
TEFEAETE SERRE RS A 55 . Horh, BTSSRt HAT mIA 20 70.6% 1 BE I B B AL iR [F
FEXS I B BB A R T PR s AT B P AR RN RS o BRI RS S RO — A R E R 2 b, 5 — AN AT AU AT
WTE NS B, WA RIS, AR . AEYIRIAL RS . NS B R R8s 2 B IR AL IRy
TSN 2 O Z RS iR, L E A B 2 AN EASAT I (X Bk AT AR 2 %
DR B [0 ) PR IZ B0 7 AR M R RE, 8 7E 3 Z IR I — 2 A FR I B (R — g A1 PR, AT 2 FH i
FHJE . Ao )2 2 T AU RE e -

MEREG R FRATTR I, ZIF-8@MoS, KMURI B N\ AT L — @ F2 B L3 5s TENG [ Hffr i MERE . an ]
2(a)F1% 2(b) Fr il £5 8] TENG S RUEAE 264 tH L (Voc) FHAT B 4 HH HLIA (1se) 23 ) T LIS 3T 194 V A
6.2 pA.

FLFH 2 HAE 0 Q & 108 MQ 4N B £ 2k LU PE 2L T ZIF-8@MoS./PDMS & 4 il £ ¥ TENG [ HL
S RE . W 2(c)FraR, BEAE FEBH I, i AR (Vo) B2 38 I, 7E L FH Y 103 MQ B, it
FE (Voo) AT BAIX 2] 180 V, H % Dh R IE(E i i = T 4 PDMS #il4 1 TENG, X2 TFHA
ZIF-8@MoS; FikL )5, HT MoS, BA M5 I HF1& A LR HAE N —Fh RIFII T2k, Bt fd
TENG WU = £ T H PR I 20 B, A s A i - 0O M E S, Mfiigs 73
PERE A Th 2 . [FIRT, BT MoS; AWM, RefS4h v TENG R REFE, Aebs 5 g
R R R RE, PR T 3T ZIF-8@MoS, 49 K kL il 4 [ TENG T RE . It 4h Fo a7 fifs 7 25 5L A
JEE A RL AR P 2 S L R D Mo S UKL 4B A3 LIS AN K 7, X2 TENG 15 st Re 32 = 105
Wz —.
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Figure 2. ZIF-8@MoS2/PDMS composite film prepared with TENG maximum (a) open-circuit voltage (Voc); (b) open-circuit
current (Isc); (c) voltage and current under different external loads

2. (a) ZIF-8@Mo0S2/PDMS & & fEHI& [ TENG JxK(a) FFEEHEE(Voo); (b) FEEER(Is); (¢) AEIIMBLETHE
E. BR

3.3. FEISAZEsT TENG #1890

] 3(a) 7 7 1E 1 Hz & 10 Hz ARSI N B 5 8% Fiit . A0 B v IR Bt A A3 (1 3G i 84 m, 7 10 Hz
F, P2 AR R R FIR LN 6.2 pA. JT g U BB AR I AN G 0, £ 10 Hz B, P2 AR T % H R 2
A 194 V, il 3(b)FiR. 3T ZIF-8@MoS/PDMS & & il 45 1) TENG F %6 1% H I AN T 2% oL 1R A0 BE
F TAESRR MBI 0, X — IR AT 82 KA MoS; () 45 200K 2 SR A4, AT DUR 3 (10 388 4 J6 740 1
R, [FRBCR I BB . HABGE MBI LB A, M 7E B2 402 5 0 i A8 A5 Fe g ARt A5 Lo
Po A, BT ZIF-8 LUK MoS, ZIRTE AR 4, MR BRI N E S, FHtmEtE T
A 73 B A, RN SE 7 TENG [ BE3E Fl, 52 st B ae (R H 2%, IF ik sets A 2dg = TENG
SZERIN I EE R AR LA ALAE, AN TENG RS HA ML S ik Re, Be MR B gLig A i,
EFE T pRGE, TAEREE M.

DOI: 10.12677/japc.2024.133054 505 Ly PR R=Svi


https://doi.org/10.12677/japc.2024.133054

PRIGAR,  E R

a 200
@ (b)
150
4r 5Hz
- _ 100
L, =
= T S0t
= 3Hz )
8 1Hz | | & \
5 0 'F"I"I""-I'LFLFLCJ\JT‘ I‘.‘ || § 0 bl u
1Hz '
2} 50 3z SHz
10Hz
4 L L -100 : ' '
0 2 4 6 8 0 2 4 6 8
Time(s) Tlme(s)

Figure 3. (a) Open-circuit voltage (Voc) and (b) short-circuit current (Isc) of TENG at different frequencies
@ 3. TENG E;Flﬁlfﬁﬁﬁ"ltﬂ’il(a) ﬁﬂ%Eﬁ,E(Voc); (b) ;;E:_E%Eﬁjﬁ(kc)

4, 4Eip

g5 LR, 4 ZIF-8@MoS,/PDMS 52 & A FIAE =i AL TENG HAEL, 0T LA i3 in TENG 1)
i ERE . TR ZIF-8@MOS; J&, #1151 TENG f5 A V& (B T % 4 H RS (Vo) AN I B HH FELIAR (1sc) 2091 T
PUAZIT 194 V 1 6.2 nA. Bl R EH IS0, frh i e ol 36 0, 7E s FE 9 103 MQ B, i s AT DL
IEF] 180 V, HArH ThE I (E i i = T4l PDMS #1451 TENG, XRI T HT ZIF-8@MoS,/PDMS &
G HEHIE TENG Ml AT 1. Bh4h, 78 1 Hz 3 10 Hz ANFESTR R AR R, 6 2 F 0 Bl 2 A3 1) 386
MR hn, 7610 Hz i, PR AR IR AN 6.2 nA. JT % H IS o b 5 2 (O g 8 by, 78 10 Hz i,
PSR ZN 194 Vo FEMATEJVEMS IR, BT Z4ebbRliil & 2 & WA 107 7 3 748
FRRIEPARR, T MoS, RIUFHI AR AR 8 R DA R 4R E0IR P SR R, DA ZIF-8 {ER
MOFs 1 B A i Y Eb R AR FIFLER A, AT FLAR 5 A S50 A — i, (A3 2 A1 B TENG 2R 1T
Fo et vy, 00T 7 022 455 8 I A5 45 R A5 A 0 43 AR . 7E TENG I o ZIF-8 P& MoS; 2 JH]JE
BRI, EAMEARDE A RS R E S, FERR AR BRI SR B AR, R Th K
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