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Abstract

Quantum dot (QD) materials, owing to their exceptional optoelectronic properties, have been widely
applied in fields including light-emitting diodes (LEDs), solar cells, and biological labeling. However,
most metals such as cadmium, lead, and arsenic exhibit high toxicity, posing severe environmental
pollution risks. Thus, guided by the principle of green, non-toxic, and environmental friendliness,
this study synthesized bare core CulnSz QDs and CulnSz/ZnS (CIS/ZnS) core-shell QDs with shell for-
mation times of 60 min, 70 min, 80 min, and 90 min via high-temperature thermal decomposition.
Using the pressure difference method, CIS/ZnS core-shell QD-doped liquid-core fibers were fabri-
cated, which were then placed in an ambient temperature range of 20°C to 80°C for temperature
stability testing by adjusting relevant parameters. The results show that when QDs with a 90 min shell
growth duration were employed as the fiber dopant, the fiber displayed the strongest emission in-
tensity and the slowest attenuation with increasing temperature, corresponding to the highest tem-
perature stability. For fibers with shorter lengths, smaller diameters, and lower doping concentra-
tions, although the emission intensity was reduced, the temperature stability was further enhanced.
Additionally, the effects of two solvents, toluene and tetrachloroethylene, on temperature stability
were compared under the same parameters. It was found that the optical fiber doped with tetrachlo-
roethylene had a stronger emission intensity, and its peak wavelength and peak intensity were more
stable with temperature changes. Under the optimal parameter system (sample with 90 min shell
growth, 30 cm fiber length, 50 pm fiber diameter, and 10 mg/mL doping concentration), the relative
redshift of the fiber’s emission peak wavelength was only 0.38% with increasing temperature, and
the relative intensity attenuation rate was 3.91%, following a nearly linear dependence on temper-
ature. In contrast, the non-optimal parameter system showed a redshift of 0.96% and an attenuation
rate of 90.54%, accompanied by significant nonlinear attenuation.
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1. 5|8

CulnSy/ZnS (CIS/ZnS)#% 7% & T s R H A BT A IR, HoR 6 K ml i ik 18 1 pl 7 F R F HEAT 1R
¥, TERPHBE R AW AAR b F AR AR U2 B )72 QTR 1]-[5]. XM=k =, $21% CIS/ZnS
st i 7SS e RO IR R e 1, B0 W B PR TR T A R e F s A I Ve RE AN AT S0 . 9 g
B RUOC IR Y, FRE IR RE AT ORI R OB E PRI AR M AT 5 BE (AR 8 PR 6]-[9], IEK A 1A
P, BEARAE P2 BAR[10]-[12], A HES &7 25 R % B R RAE SR BRI vz L[ 13] [14]
TEAE IR, JETIREREN CIS/ZnS #ZFcs T G LFHil & L BEak,  RE0E FERG vk ks ) &% Fh 4 3
Rkt i, B AR I R R B 15]-[17]. Nik—B 408 CIS/ZnS ¥5E &1 MGt e 41 1 B i
G, AR IR R YRR T RGERT 5T

ASCKH il Ao fiiE:, @I e CulnS, (CIS)MAZ &1 i HALE AN FI (A ZnS 522, A R CIS/ZnS
BB, R RS 2 GIEVI 452 CIS/ZnS BT AIIMEE LR i THEAFRI LT ERE. K
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JERMBHIRIZ S, AL T B A UG 2T B B ARG A SO TR . IRTTAE CIS/ZnS 87 st
2RO IR LR E VEAR X B R L S8, IR AL R IS, X B M A A Rl LI 0 i BE A
SEVEIIREM . IS5 B RS R SRR B4, X P T IR R MR T I Bl . I O ST R T
JCEF R AR BT 3R AR B AR E TN 255

2. HEmEHFREAHIE

BT ARSI E, AR FRELFH 1.50 g BEARRREE AN 24 mL IE+ AR EEIN =3B,
ERAIME T INAE 100C, FREMM 15 min ZFEREEN, ZUH5ER T ZnS GTIKAEZE 6] .
M, KA EEAD A R CIS % T A18]. K FRE LR 113 mg MUK . 175 mg B ERHA DL
K 8 mL IE+ “EREEINAZE =#UH IR A . HE A 10 min. JBE/S 10 min WG, IR IR 2% 55
BRA, MAZHRIEE 130 CHFRLLNA 10 min, FEEREZEAWT &, BEMIERNSIG 20, B
B ARSI SRR R A TSRS 200°CHFFLLIN# 30 min, MEETVREGERAIG RN AW E. 155
RAHBH CIS BAZE T HICIERES A HHEL 6 mL ZnS ATIRARIERIE NS CIS B E T BN =
Fipei T, FREEBEREINIE 200°C HEAE E N 60 min, 15 i 1SR CIS/ZnS Hist BT SRR, 10/E A-
1, B BRSSP E, EREMA 70min f5, 152K A-2, 80 min 513 2IFEM A-3, 90 min 51524
i A-4o S3AIEL 0.5 mL BIRE S A et 4 AMAERE T, AN 0.5 mL PUE ZME/HR, B8R .
PR E O R EE fS . F 3000 t/min fOETE N B0 2 mine KRR LEEW, WU BUE 0.5 mL PUS
CIE/RoRT, RS )G, A RRERAE 2, SR8 SR IS M R IR, K FL ) A ]
TR PE T AR B A

BT ABCEORE HIE: ERARKEMARRBERPZ ST, BHEABREEA LT, H AB K
KKGICLT ARGk B, TR R BRI e AP R AAE R & Sk — MR L. (8 0.2 mL T E 1 =
T RUVEBEHNRE G SR 5 — 0, R ) 2R NS B4,

3. CulnSy/ZnS BFmADNA LB EREMHAR
3.1. EFRHERNMRREIT

BFEBALAE A ) TL A 51 RURE Sl IROZE S L S B (TEM) U AN ] 1 s« 1] 1(a) y CIS B 1 5,
R HIRAR A — 8, HAEE, PFHEEN 2.42nm. 8 1(b)~(e) N CIS/ZnS #F BT A, A5 A2
H~ 60 min. 70 min. 80 min. 90 min, T EAAHIN 2.51 nm. 2.58 nm. 2.63 nm A 2.74 nm. 7] LAN%E
B 5 ASFEM I g SR B0, A (AL BT B A 2544 CIS &+ s(JCPDS No. 47-1372)F)(112) & [f

Table 1. Relevant parameters of five groups of samples

= 1. DAMNRPEXEH

P i WU /nm KV /mm Wt A% /nm U 58 /mm
A 535 671 136 124.0
A-1 464 605 141 106.0
A-2 455 598 143 105.5
A-3 443 592 149 105.0
A-4 436 589 153 104.0

K H UV-5500PC %8 41 UL 40 6% 5 i+ A1 OmniFluo900 % 56 3% 1 A% 23 51l W 5E 43 #5746 DU 50 2 0
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M FRARR IR &G, B DL T8 23 b 25 L 78 I TR] B B Do o XSS Z5 R, & ROtk ]
DLd It A RST R 2 B TR gk AT U458

Wavelength(nm)

Figure 1. TEM images of samples A (a), A-1 (b), A-2 (c), A-3 (d), A-4 (e) in TCE and their Abs and PL spectra (f)
1. TCE 145 A (a), A-1 (b)s A-2(c)s A-3(d). A-4 (e)#J TEM Elf& K E Abs F1 PL iZ(f)
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Figure 2. Experimental system and optical path diagram for testing the emission characteristics of QD-doped liquid-core optical
fibers

E 2. BT E FREBRROT LRI RGN E

Wk 2 B R T B RO RSO RE ) SEIAL SR SO BRI RIS AR AU B K
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T G Y R RO
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IR IGIE B, 1 3(a)~(o) NANFNREE B IDGEF R ik . AT RLE Y, D'k i e {8 56 52 B A s 52 1) T v T P
I, HOGEFAC BRI i 5 T8 A R
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Figure 3. The emission spectra of A-2 doped fibers at different temperatures when the fiber lengths are 30 cm (a), 40 cm (b),
and 50 cm (c), respectively; The relationship between peak intensity (d) and peak wavelength (e) of different fiber lengths with
temperature (green data and curves represent the situation of sample A-2 solution, and solid lines are curves obtained from fitted
data); (f) The variation of peak wavelengths of Abs and PL spectra of sample A-2 solution with temperature (illustration: Stokes
shift with temperature variation)

& 3. AKESHIH 30 cm (a)s 40 cm (b). 50 cm ()BT, B2k A2 HEBXAETFREE TR EIE; TRNLT
KERTHIEERE(OMEEFRKEMEEENTUXR(GEIEBMMERTHR A2 BRNER, SEAUNESHE
BRELZ); () ¥ A-2 A& Abs # PL JCi RIS ESR KRB R T L (BE: Stokes MFBFHREHIZT L)

TG, BT RUAMAEIR T i 2 AR RO R K [19]. ana(1) P
IPL (T) = IO - (1

1+ Adexp| — E, +B| exp Eo -1
K,T K,T

Kot 1, (T) L, 52 B5IEE TR0 K W PLIOBUNRIE, E, NiALRE: m Al E,y 5 5INS 58T
BRI T - S LO)E THORULRAE T, K, ABREBMHL AR B 4 B RAMGE R R 5
SESTHRT IR L. ()T, BT SO SR B IR TR A, 1 3(d)h A2 kT A
FRO U 1 P2 5 PR 2R Mt S T 3 — . SRTT, W40 098 o O P2 S0 7 T 0 T KA T,
KR T 5T AR 2SN, AP S BB . I 3(DTTBAEH, B E T,
BT AT SRR B LR T B TR, WRSOR R S 2 ) BB AT . R B T4
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KT, FESCET AL I RE TP EOR R B B 7 R B FE RN BORCRANRE IR 2 100%, FIFESBEOL
PRI MIBEAR. 35k, Zhang SE[201 NIGER AT TR (K143 17 73 A1 i /2 i UL 2 7K B 8L

g(@,z){jzg))] B (n) @

S, P (1 2) WEEBNRMIE, ¥, BE—E, A

27 [

Vj :7 nnore _nczladrj (3)
R, n, g, S BUAEFSAERH 3 . 2T 1 R I DI A
M P, (n M 2
Ps(ﬂ):;Ps(f/”%): [JS((V))]Z ;[‘]00//)} )
4’ r )
M(T) = 7':ncore (T)_nclad (T):' (5)

A, MDA ST REAE, SRR r ARSI 1 e iEmrsk. TRUEH,
R SR E 5@ AL R SRR, TS S OGS Z T R R e B . A CIS/ZnS
BT RIRRA RN, HEIREMTHS, CIS/ZnS &1 sy 2 FEREH21], R i EE
W, BT RFASESRA ROGRE . SR KA, SR i IR - R AR,
MR IR OR, RBUR R T PR R

N T HERANFE TR ] NI CIS/ZnS & sB4F I R e B IR AR B B, 2] T IEA R L 4F
KRERS, B AN A1 A-2. A-3. A-4 BIRIBEECER R G W B i K DL R WA 5 T I P2 8 Ak,
Kl 4 .

ME] 4(a)~(d) T LUE H, fEREM RO T, VU ET s R e e 3 KBS Y 4K R
MARAELHEINGR, RIRE A FEZE TR BRI - KSR, &AM m, Hk
W - FER SR IG N, TN T BRI R a s . MM KEMERRE T, i K5 R
FE (BG5BT S R R T Rl RS 80 . AR X TH] 9. (20°C~50°C) I £ Jit EAL 2 HH ks #A i K
FHEIG RS HR4E Varshni 58 A5

al?

E(1)=E,0)0- 51

Hrf, E,(0) NETRAE 0 K WHIZEHTEE: o M1 g NIESHL R SMERHEMKIF S, T vii
(K)o URLFET: iy 31 RS Bk /N, MTT 5 80E T R R I IE JR K 20 R [22] (23], 141 3(D ¥ PL it 2k o] LLIE
X — . AL, BT AR s A A B IR T R T N 3(D), SRR TR RS A
ARAGIS 7= A ZORSOR SRR SR N, R EOCLT RO A O . AR R m iR X E](50°C~80°C), dE
TSN A B IE D OE TG & A, B AR B, R EORA T IR - RS I R,
NG| BRI R [24].

Kl 4(e)~(h)R M, TRIEAHFRS, DUZH T fUB 6L IR R O o B WA B 25 Y 21 B2 i 3G i 3 . 72
FAFIRICECRE N, i (e 5 FE Bl 25 0 2 () B9 I 7T FEAIC . A-4 FF i (BLFEIN TB] A 90 min) B 2R (ROGEF KO
TRIE Ao, HBEEE A RS, RNRERGE RS .. ROt E LA KB R IR i, X T
B RDGLE, KOCHREE BIRESS, (BRI THREREM. BBR A4 FERmEDLAENRAKE N

(6)
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Figure 4. The relationship between the spectral peak wavelength and temperature of sample A-1 (a), A-2 (b), A-3 (c), and A-
4 (d) doped liquid-core optical fibers at fiber lengths of 30 cm, 40 cm, and 50 cm; (e) The relationship between peak intensity
and temperature of four sets of optical fibers (solid lines are curves obtained by fitting experimental data)
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33. AR REREMAN

PAVUSE @A, B A-2 T A-4 ROREF 557, 1E A5 2%K E N 13 mg/mL. J4FKFER 30 em,
HAFEAZ N 50 um. 75 pm. 100 pm BF, AR T B4 8T 2B 2SO GAT B IR P AR K R S . 1A
5 HEIR TOREF B T A BT AUB A0S 627 (1 B A e PRI

W 5(a) B S(0)Fw, EAHFRE T, K SH6EIE I WEAE K B E AT BRI INmG R A8 . KR
KERCA IR L M REB, KT AR 1A BUE RS, IITTHY 58 T 679 TR e
EMFEDCAEART, AR, EERKE R KT M3, 15 BIAR:—IEE50°C) 2 J5
WA B, X—IREZ AT A AR, K 5). B 5(d)RM, 15 A2 fl A4 FERB
FRIICLErh, R S P (W (A G o Y6 27 ELAR B3 I i 3 i, LG 5 S FE (3 0 i ek 55 o A S i P B e
BRI o A B B T RO AR T ORI R USRI T, R EBARE TR, ARG EE
WA ALK N A E 2 WE T, AMem TR RE. H4h, S EAMK, A 5REE IR
B iR E R IS A R X R A K AR A s R R 2, AL A TR AR R, 2R B T i
XL SRS HROE TR RL “ 2 s R 8, SRR IR E N RIZ . 25 BRTIR, A-4 FEf(RLR
BFIE A 90 min BNFIELF R OGIREE feok, HLBA IR E S e, AR R E e . T EAR/NE
oF, ROGERE RIS, (RSP RT TR EREE . BB A-4 FERIGAERAF HAR Y 50 um B
R e A
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Figure 5. The temperature dependence of peak wavelengths of samples A-2 (a) and A-4 (b) under different fiber diameters;
The temperature dependence of peak intensities of samples A-2 (c¢) and A-4 (d) under different fiber diameters (solid lines are
curves obtained by fitting experimental data)
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3.4. BRREMNREREMLRITM

PAVY S 2 57, 1E G 2F AR N 100 pm K BEDA 30 em, 544K FE 4 71125 10 mg/mL. 13 mg/mL.
16 mg/mL B, AT A2, A4 BT R B ARSI BRI RS . 15 6 IR T B4R T4
Al BT B O R R e YRR . Wi 6(a) FE 6(b)Fas, fEMIFNRE R, BEEBRIRER
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Figure 6. The temperature dependence of peak wavelengths of samples A-2 (a) and A-4 (b) at different doping concentrations;
The temperature dependence of peak intensities of samples A-2 (c¢) and A-4 (d) at different doping concentrations (solid lines
are curves obtained by fitting experimental data)
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Figure 7. Variations of the peak wavelength (a) and peak intensity (b) of emission from A-4 sample-doped fibers with temperature
under two distinct solvent conditions, along with temperature-dependent changes in the peak wavelengths of Abs and PL spectra
and the Stokes shift of the A-4 sample (c) (solid lines are curves obtained by fitting experimental data)
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Figure 8. Temperature-dependent changes in peak wavelength (a) and peak intensity (b) of emission from optical fibers under
optimal parameters and in the control group
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