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Abstract

CdS/CdSe/PANI ternary nanocomposite electrode materials were prepared by in-situ chemical oxi-
dation polymerization for the construction of a supercapacitor energy storage system. The micro-
structure and crystal structure of the composites were systematically characterized by scanning
electron microscopy (SEM), X-ray diffraction (XRD), and Fourier transform infrared spectroscopy
(FTIR). The energy storage performance of the constructed supercapacitors was comprehensively
evaluated by means of cyclic voltammetry (CV), chronopotentiometry (CP), and electrochemical im-
pedance spectroscopy (EIS). The experimental results show that the ternary composite material ex-
hibits a typical core-shell coating structure. The continuous conductive network constructed by pol-
yaniline (PANI) has a synergistic effect with the pseudocapacitance effect of CdS and CdSe semicon-
ductor nanoparticles, which significantly improves the energy storage performance of the electrode.
In a 5 mol/L KOH electrolyte, when the current density is 1 A/g, the electrode specific capacitance
can reach 587.03 F/g; when the current density is increased to 10 A/g, the specific capacitance can
still maintain 355.65 F/g, showing good rate performance. After 7 days of charge-discharge cycle
test, the final capacitance retention rate is 57.5%. After 1200 charge-discharge cycles, it still main-
tains 50% of the initial specific capacitance, indicating that the composite material has excellent
electrochemical performance and cycle stability, and has potential application value in the field of
supercapacitor electrode materials.

Keywords

Supercapacitor, Cadmium Selenide, Cadmium Sulfide, Polyaniline, Electrochemical Performance

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 518

B REIR I RF S AR SR BT Qe H s R, PR TR I RE A e S Al s I 2
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PR A i 1 UL REAE B Dl P2 VI A A8 AR SR L3, ARV 9l 1y sl Sl TR K s A %2
AU I R AR AR [L]o (HAREC T A 7 i, B A AR I RE R A A W AR, XA
HEAET 2 T EREEHIA R P UM T . BRI, fEZERR S DA i RN S T RE R, RO
R 2% FL 7 A T T AR % A SRERBE (1 A% Lo S AL o

R RIS B S MO A B it R e A R E AR REAT I R B 3R o AR FE A A7 i SR,
WALy S —FORAREE I F W P T B R R AT e RE R BR A, 53—l 3R i pR g i
SR N TR R R A AORLL] . BT R R R R) S P E RS RRE Ik, (HILHO A 2 IR T Bk
B, T KRR J1; M SHRESY. SRS B S I B A ARE, R I v AT
R S FE ST B e B LT A R, S BT SR ) R [2]

RIREZ(PANNE R i R &Y, IR SRR SR ZMIE. Ba/his ad e nT
Wk SR SERT AL, AR A AR R FU R 32 B2 56T [2] . B4l PANI FE R B SR it e, 71
B o R AR S U, AT, BE I R BRI R [3], IX — il AU EL R A 1 LSRR
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Tt A 5 (CAS) il 4L 52 (CdSe) ¥ & T Jm B AL S 0 vh i B e B 944 . 9K RUEER CdS A CdSe
AMEA TR LR T, HR R 7 B S B A a1, e 9 R A 7 S N SR g 3 A s
[4]-[6]. CAAWIFERY], CdS HEMAT SBIGEMIEM BRI R )5, R85 s AR 0 s i 4 R 5 i3 ml
WE[7]; CdSe M BRH A e B A e RS R B, 706 AL 2 A% RS e AR S A ISR B SR 1 [8], (L H T HLAE
TR 2 LA 4 U N PR R A AT R

BT BB IR S AR AR B IR T IR AR SR SR AL = oK B A AR R
RARFEIATBI AL 38 P YN AT 471 . 3@k XRD. SEM S5 RAEF BEHIMT & A4 R4 A A4 RS o0
FEHURFIE, R CV. CP K EIS AL =AM E, PR AR AL IE IR BE 1 . 88 T imissh 115 [
Fm AT RS R, BN T RREM S SR R sk REfE RS R BT SR, $R
KR SIS

2. SEWERSY
2.1. SRR FFRA SR

2.1.1. sEBRF
ARS8 B S SR B B AR RS S22 RNk 1 R, AR BT, R T R
b

Table 1. Experimental reagents
=1 SR

744 B ¥ G AFETRK
I CsH7N 99.5% iR FE AR R A F
ik Se 99.9% iR MR R A F
S CdCl. AR R AR PR
Sk KCl AR R AR PR F
3-FiHEREL(MPA) C3Hs02S 99.01% E AR E R A F
2l C2HsOH AR I 2540 350 A R A
AN NaOH AR I 2540 30 A R A D
F A 3. 2.9% (PVDF) (CH2F2)x / it A B AR I A PR A
N-FR 5Ltk i 52 Bl (NMP) CsHsNO 99.5% iR EARH B E R A
WA LBEZ (TAA) CaHsNS 98.0% R R T A AR B A BR A
TR R K2S208 AR LT R B Th e A A IR A ]
DRG] NaHSOs 58.5%~65.0% REE AL TR A R A =]
DIRZS AR A KaFe(CN)s 99.5% i SR A BR A F
PR K3Fe(CN)s AR IR
R / / SR

2.1.2. SEHR{YER
KA P AX E WA 2, PTG AR AT AT R R, A DR I Bctie (R R
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Table 2. Experimental instruments
2 2. LR

D EA N GRS AP
HAb 22 T AR, CHI660D R ER AR
ISR R N HARE 7 45 4 3% DF-101D ST FHAXEEA BR ST A
SRV Cenlee16K R WISL R A A B A 7]
FL AL I R A DHG-9011A R 2 SR B A IR
R R S-4800 HAH A RAE
e EL AR 3 2T A A iS50 5 [ e BHALACE AT PR A 7]
X S ATHAX Ultima IV R AT
W R FA1204B MR R IR A IR A
RAHE / B LRSI A ]
JE AL T725009 B LR S AT BT B 7]

2.2. GRARIEHIE

2.2.1. CdS Bl &

KAL) % CAS YK pRL, (£ O A SCERBE 7 s hl EE T 2000, BRI : #RE0.73
g CdCl, A& & F 250 mL =#ikeiir, AN 200 mL KA H 584 va M, BE)JS NN 860 ul 3-5i 5 iR
(MPAYE RIS, BibE3 50 5 a4 & Aol AU 15 min, PABR B3R %< . A 2 mol/L ff) NaOH
BWRATTARR pHEE 11 24, B 0.32 g iR OBEHIZ(TAA)ZIZ I FIRERH, Hidk s ek =
Rt B T EIR/KIE T, 78 80°CKMF TRV 2h, RGN, RMVEHRE, A2 = RAEREIA
Bedhr, IINZARFIITEK OB, TNUKAR A UIRE 12 h, BT s i Kotie B G HE T B0 b,
B E A 6 min, Bl JEH KK FITE K S5 BT E0R, BE RIGWREEEW . BT oo
N HLAAEIR AT, 75 80C AL N1 12h, T 5 UGBS s kR, B T UKAR TR R A7 5 H
[51-[7]1.

2.2.2. CdSe Hosll&

ZHBAH TR TV CARAL, il CdSe 49KM k), BAREEIEM R : FREL 3.556 g NaHSO; 1 0.553
g Se M B TR A, A 70mL oK, KB R E TEIERAB T, £ 75°C %M T 8h,
H145435) 0.1 M ] NapSeSOs ¥, 4% FH . FREX 1.256 g CACl, & T =ik, A 200 mL —X/KIEfE,
BEJE M 474 pL MPA, KH] 1 M NaOH V7148 & pH E 2 11, 8 n R R s N B AR A
BN 10 mL S5 47 1) NaoSeSOs i, M RIBETH R 75°C, KRB 2h JEERAS ot RVZ5 R
JE HARAHE=R, MASERIK R, TBNKFEDIRE 12 h, BEEHET B0, HIKCEEM K
KRG EK, B FIEREEE W BRRE R DTE N BAVER T8, 76 75°CA&MH4 T 12
h, BRI ER AR CdSe YIKMRL, TNIKFEEEIRAT % FH[8] [9]-

2.2.3. CdS/CdSe/PANI £ &+ RIS &

K RS AT A1) %% CAS/CASe/PANT = e K R A4k, TEBUA SCk T 226 htk k47t
[10]-[12]. BAALS BT . FEERRT A 10 mL —JOKA 5 mL KK ZEE, 1ERRNA G, BEEiE
CdS:CdSe: Zf% = 1:1:1 (EE/RLE, 2 BIFRKEUE & CdS. CdSe GKM KR e A N, Pkl
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SVERFE I RIRE . RAERRPIIN 0.10 g W BEREE N AT, e e 2R, R NARR
BT 0C~5CHIRIRIEE, Hidr RN 24 h, AR BGEEIFR. RNGHRE, 755 H = 00KMTK S
BER BT ER, LA BRAR RS BRI R 5, Bl SR P N B R IE R TR AR, 7E 60°C %A R TR
12 h, TS RJGHTEE RS aR ok K, EIJA CdS/CdSe/PANI =tk E &Rl RN, S8 OH ik
W5, H%&4 PANI BERR[11], 1E X EE A T 5 Sat Ag it .

2.3. EBRARIAHIE

2.3.1. KRR

TPRARAE N AR SR A, HLAR T V5 B R A 1) rAb 2 ME RS, DG TR AT FAR B,  RAAD IR
WR: BRI BT 1.0 cm x 4.0cm (KT T #E A, TS 5146500y, 7ES R BN 43 73 25 0.5 cm
x2.0cm, AR 1.0 cm x 1.0 cm FISRHRAT AN . KBy iF TR iR N 5%l Fs sh i i, it
TR AL, DLRBRERIEME KA B G RTEK CEE. UOK S BIRHATEE RIS e, RIS e )
4 30 min, 5JE F K CEERUGEYE, BRARRR SRR IR, (TR TH. BE T
FBON B AVEIR TR, 78 60°C 41 T 12 h, TS UEECE, RFFRE D E R

2.3.2. TEsRRAYHIE

PG AR 5 B R R R (PVDF) = 8:1:1 KL, 43 BIFRKEUE R CdS/CdSe/PANI & A444
Bh CREEFD PVDF, B THHEAT 7RIS, BRI VE N-F RN el (NMP), 48220 BS IR A
TGRSR IR o N4l 46 47 (1 28 ST AT TE TAL 2R 58 S VAR IR A X 45(1.0 cm x 1.0 cm), 2
HTNEE 10min, FREWEEER, BERNBRIERTEA T, 7€ 60CHAM F T 12h, RBREEF
MET . TIESERE, KRR BN R AL, 76 10 MPa & 77 F i 10's, A AR AR 5 iE R
meEL, BRI TR, KE S TR ORE, 10 8dE, WP E 2, R

TEM R S
24. BULEMERERNE
FTA R AL R RE I I A SR A T EAT, SR =Rk &, HrhZ oy Ag/AgCI Rk,

X AR B 22 A, A FAR il 45 4 1Y) CS/CASe/PANIAE AR LK o

PEAR Z A (CV)E 1~6 M KOH HLfE AT, W Rl Bl e 802V £ 0.6 V, HHEE R
€N 100 mV/s~400 mV/s. 38 Ze A B IR Al (B4, BRI - A Bl 28, AR i 28T A 50
TERFE, AR B 2247 . S 5 s B T 338 1 % H A A7 A AL [13]

LAk 2E BH BT (EIS) E 5.0 mM Ks[Fe(CN)s]l/Ka[Fe(CN)e] 5 0.1 M KCI FITR A M HEAT,  MlalaoisR
a2y 0.01 Hz~100 kHz, #RMEA 5 mV, ik BHHTRE B o A1 Al 1) s P AR RE 71 B 19 G % K S i
R R R [14]

T AL IR(CP)TE 5 M KOH FEE HR AT, J8 I % Bl itiin 0.5 A/g~10 A/g 18 E HLIR, 103k
PLBE I [R]ARAh 28, RS 7O -2 IR S, TR AR b 2, DAl AR R ) S B i B
15 R AT I 1A [15]

3. R5iT1ie
3.1 FEMMRRA

ALERA SEM. XRD. FT-IR =FhRAEF-BL, MFMIESH . SR ik Sl e = AN 4EfE, Xt
CdS/CdSe/PANI E &M BT R RAE, MR MERER 0 AT SR AL TR 8 S % .

»

S

DOI: 10.12677/ms.2026.167160 109 kLR

o


https://doi.org/10.12677/ms.2026.167160

o T BB (SEM) IR B St TSR SR T, 4RI Ik T, VOIS 2 bR 0
KRS, T oA, TR PANI ZETEHLOVK R T R 0 LB IR S TLBAMTRFE. X AHRAT
SHXRD)EILIES: X SHAAERDRHGR L IORTAERI S RIE, REO S PR IARALBR S AR, Acsi
B T CdS I CdSe HPRRLT AL, KIS PANI AT, HIIL £
XETHLAL S 6 2 RO o {00 RS S (FTIR) FLFT 40 T XL AN IR E G, SRR Ko
HLFEE S AR, A MPA B USRI B IE B . PANI 40T o LEF SR FhRaE, JFBL I
BB AL, ATATHL - NS Z IR RN TR . =ML T BANTEA e R, MRS
WAL bR O LERIRHE, IR S BRI AR BB G T KR 16).

3.2. RIEHR

S 4 &;‘-1 - i :v~
* o S
Figure 1. SEM images of CdS/CdSe/PANI composites
[ 1. CdS/CdSe/PANI E&#1%} SEM

] 1 v CdS/CdSe/PANI =t & & M EHEA [FTECRAEEC T 1) SEM EHR . MK SEM B4 (20,000,
1) LAEH, SEME RO BN R ERTEA, R MEREE, BT A g1l
PR =4 2 FLIN A S50 . X FREAA 22 LI Z5 G R T FURVR S - ) FEUAR B IR, RBEE D FRAL S RO
PRALE 2 (VG VE IR [17], [ A R T 22 A 70 i R R I AR AR AR (b, X R T ra A LAk R L &

K% 50,000 £ )5 (4 1(b)), EAMEHIROIEILLE T 5 EW . WE N A K E RS ROy —
M ERTE RO, Fife 3 EEHEHPLE 50~100 nm ZJ8], FFEGPURMBH RS RHE. BURLR RS, %05 Ik
DT BRI, T2 A I SRS, IX 2 PANI £E CdS. CdSe 44K Hi 12 I SR A7 38 & .78 i 1) 7y
TESURAIE . (EAFERMZ, G RERR I B IAH > SIS, BEEA #REE 1) CdS B CdSe KM f Ak,
WA AT PANT EERAA, B 2R % AR AE OGN T R I SE L 1 B8 R A B R T LA CdS.
CdSe WL SR NZ . PANI A5 (A% 7 s 3 4514 18]

EIRFURL 2 [MAFTE R R IR, (AR T R R i, JOURE (8] B 5 FLE J5 I vl W AR =
ZEAPRISZEL T AP (PAND S TEHLAE(CAS. CdSe)fELNK R E IS E 4, PANI 78 EAMYBEWS )
GUELEI) ML, (R3EETAEHI[17], EREA NS CdS 1 CdSe KA EIFFR I #2 ¥ 415K 5 R
AL, NAEMIL S 0 rAL S R R SR T A R TSR

2(a)y CdS. CdSe J PANI 44 XRD &, Wi rT AE i, CdS 7F 20=26.5°. 44.0°, 52.1°
b B =A BT, A3 A RESE T IR 45 A1 (111) (220). (311)&kTHI, ‘5 JCPDS #rifi+ A No.10-
0454 —34[7], RWIHIEM CAS GKbi 7 A7 NEH . CdSe 7E 20 = 25.4°, 42.0°. 49.7° &b HIfiT 5+
W, V) FALJT INEE AL CdSe f9(111)y (220). (311)4#THI[4], UESEH %5 H) CdSe 9N AKML T [FFE N SLT5 N

DOI: 10.12677/ms.2026.167160 110 FHER2


https://doi.org/10.12677/ms.2026.167160

N
=1

o

sHe A
B &

BET AR AL PP CALARRL T AT I BN B, R ERRSTEDN, e TYeRRE, 5 SEM Mgz
iR

2(b)>ly CdS/CdSe/PANI EA KL XRD #EE . ik XRD wEEAMH L, EA#EH CdS 1 CdSe
PIRFAEAT ST VAR AR T LIS BT HE A, (BTS00 5 B k55, X2 T PANI .7 ZE X LA K KL T AT
WHMES A T —E HERAE R . FIR, {E 20=20°~25"Y5 [ A B — D TEAb R BATS L, % ATET )R
T PANI ()05 TR A5 W BN, 3281 PANI FEE SRR UG @ TERSAFAE . Uil IR & 1455 PVP. SDS
HWBVRAIG, fTatessps it — bR, UiB R MR I NE PANI G782 5 i 21[10], SNk
LT (IR TR 5, IX 5 5 2R r A 2 P BRI 45 SRAH T B o

— CdS
T CdSe WWW
— PANI
CdS/CdSe/PANI/SDS
3 ; x%
£ £ CdS/CdSe/PANI/PVP
: NVMW :
L L
M‘ CdS/CdSe/PANI
T T T T T T T T T T T T
10 20 30 40 50 60 70 80 20 30 40 50 60 70 80
2Theat/degree 2Theat/degree
(@) (b)

Figure 2. XRD images of nanomaterials

& 2. ghR#RE) XRD Elf%

3(a)’y CdS. CdSe 5 PANI H4A& K] FT-IR %K. CdS 5 CdSe ¥ FTIR £+, 7F 3410~3458 cm™
BT B 0, iU )T TSR T B 7K S MPA B2 TR -OH B 4aiR2); 1632 em ™ Ab RIS ISR B AR TR
MRS ARG RS ; 1135 cm L ALIME 5 AT RN C-O [4itiRal, ik &% REBIAFTE, IESE T MPA
X} CdS. CdSe gk 3R S IEMR[4], SIEEMEIE BLE 28— 2. PANI SR K] FTIR 1% &,
1555 cm1 1 1480 cm™t &b 73 il A BB A 5 2R FA ) C = C iRz, 1290 ecm™ [ty C-N (4R Rz,
1135 cm™ 1 800 cm™ BT (R IR WAL UG 23 53l B C-H TN 25 I RSN AT A0 25 TR0, 1X e85 /2 PANI 4t T8
FASRHRFE(S S [2], REHIE R4 PANI B R0 S ke

| 3(b)>ly CAS/CdSe/PANI A #EIT] FT-IR & 5584k FTIR i EIMHLL, E&MEH PANI [FEE
IHNZRIRHE I 73 9] 2185 &5 1545 cm ™ A 1475 em L T, IR AL AZLF2 2 B PANI 5 CdS. CdSe ToHlak
BT 2 [EAFE BRI AR EAE A, 53 PANI 70 755 BT = % R AR [10], #E—BAiEsL T AL
- AL S Z [P [FIVE - [FIESE, CdS. CdSe IR ERHEIETE R & 5 A Frifss, 1X2&m T PANI 2
BEEDG T NGO RL T RENE R, —DUE YRR 74 PANI 20604, 5 SEM Fl XRD
FALGE FAH ELEIE

254 SEM. XRD. FTIR =FRAEFEZE R Al LIS H, ARSI 5 T CdS/CdSe/PANI =t
KEEFEL SEM UESEE A4 KL EA LL CdS/CdSe % PANI N5E 13 &)t 8 450 X 2 fLIE 3 XRD i
NT CdS. CdSe GKALF (13277 INEED A R A R G AR AR, PANI LUG B TOIRSAEAE T EAM B
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FTIR WA 7 Z 7R T AL - oL W2 & 5 P AR EAE A, Dvja sk i fe 2 e g o st

TR SR SR
\ 1568.65 4 4| 800.74
\ 3233.58 2929.10 1488.05 1541104 1135.07
= 29477 =
3 3435.07 3
2 3
9 <9
2 g
£ £
g = 2924.84 164675 1275.
g £ 154757 1398.30
5 - {155 3307
= 3458.20 E |a
p Y 520
{76 \_ 292783
/1400 342176 353597 157139 4 / \ 623.84
3410.44 1555.97 ‘1502.011297.517‘\1 . 822.30
T T T T T ‘I
4000 3000 2000 1000 4000 3000 2000 1000
Wavenumber/cm™! Wavenumber/cm™!
(a) CdS/CdSe/PANI (b) CdS/CdSe/PANI/PVP

Figure 3. FT-IR images of nanomaterials

3. PARMRLEY FT-IR Efg

3.3. HLFEMHEED
3.3.1. FEMEA AL

CdS 5 CdSe N BT TR, 22 MPA 21 J5 2 1 7 B 1R R 6 - 9 KORE 1~ 97 AT R4 FR 7K
U R RAAAERR YA o rh T AT R 1, IR S e R T UKL TR . BEE R ER

N, ARG TR AR A,
-~ PANI AFEIZ5E4514[19] [20].

X
i

WIBELEARRL T R IE A KIFZ P E, TR, CdS A CdSe v

MFTEAE RS, PANI 85 LGRS 58 T AR RSO B , 7 &30 5 UK 73Rl 5™ 4 n-d
LA MPA HISREE SRS TICAL. IR S PANI BT RUERE, #E— B HEe AL - THLA IS &
SREZ, fHE AR LR A 5 R A5

Z=ICE REA 2 HEA I E S CdS AT CdSe $& 4k LU R AN ZR SR AL i, HoP Ay
YEA T R e R, PANI AR IESE G L 244 JF I8 L B B S8 IE R S DTk A . PANI S22 4100 1 TohL
RLF AR S 1, NI TCHURZ A0S T PANI TE8B 28535 Al B2 vh R Z0A IR 5l . AL - 6
WL o1 57 T Al A LA 52 5 AT RS VD ), (RS APRHE LU L (R R ML REMIEIA 3 i L30T 5 —

4oy,
3.3.2. EIMRZZEMIK 54

7E 5 mol/L KOH Hf# H, %F CdS/CdSe/PANI A MM AT 2 51 ME AR 2R, Mtas SR anla] 4
fioRe M CV HIZRIBAATEARE, SN 00 23 0 25 BRAR A [ X0 2 FU RS AE, 2B — 5% B
RN JF g, X R ARG R R LA R SR IR A N R T, F BT PANI 13528/ Ti45 44 I . LA
J% CdS. CdSe g KALFZRTH HI AT A AL S5 [ B, 53 PR R 2H BCRFAE— 2

TEARFIE AT, CV IR MG TR B FR . 3530y 10 mV/s B, A AKIELI067 T 0.50 V, ik 5 igZY)
LT 035V, WEHALZEZN 150 mV, B4 U BE R B PANI 7EA RS ALAS Z H 4648 DL K2 CdS. CdSe
YKL R TH ) BS FIR S RE R B el g, X R T AR A R e M R R . BE
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i

TR, AAIEIRETER, EIEERE R, WEREEARRY K. S E 50 mvis i, AIEIERE
#1053V, EFRIEMEEL 032V, EEEEY E4) 210 mV; 3T E 200 mV/s i1, ALIEC& % 0.55
V DAL, EJEIERZEE 028V BLF, WEEIEERRT 270 mV. WA (A IR UE T m R AR A 8 i
PEES OH B FRA K 82 AR FLBRIR AL, FOA R R 78 B R T i ) ) - g, e S |19
Bz A e, SSRGS . WEIREEY K. 4 E G B Rt s 7 AR A T e A (LA 4(c)), —
BRI BUF IR IERR, 53R W A A S Hicks i e i 2
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Figure 4. The CV curve and the relationship between scan rate and current under the concentration of 5 mol/L potassium hydrox-
ide
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Figure 5. Cyclic voltammetry test specific capacitance under different concentrations of potassium hydroxide: (a) Specific
capacitance at different scan rates; (b) Specific capacitance at a scan rate of 10 mV/s
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Figure 6. Electrochemical impedance test of different materials (Figure (b) is partial enlarged view of Figure (a))
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Figure 7. Chronopotentiometric method test diagram: (a) CP curve at different current densities; (b) Specific capacitance at
different current densities; (c) Under different conditions with different surfactants; (d) In different proportions
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Table 3. The comparison of electrochemical performance under different proportions
2 3. TEILLBITHIEB (LS M RERTLE

CdS. CdSe 5 PANI &L 1 A/g Lb L% 10 A/g ELHLZE PRERR
1:1:1 587.03 F/g 355.65 F/g 60.58%
2:2:1 131.66 F/g 4351 F/g 33.05%
1:1:4 373.47 Flg 34.16 F/g 9.15%
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Figure 8. Stability test
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Table 4. Comparison of this study with other literature methods
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