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FE. ¥ SnS 4Kl SnSe AUk S5EG-THEMEN-2,5-—3E) (P3HT ) B &4 T P2 ICHL/A DLE A8
SnS/P3HT # SnSe/P3HT, /] XRD., SEM. EDS #l Raman (il X HpEAT T 4E, #%T SnS 8 SnSe & (L)
P3HT i WA, TR ) X SnS/P3HT 5k SnSe/P3HT HL T34 | 21 3g RECFITIR A F W2, TEM T SnS/P3HT
BA W AE R AR P IR . Z5RER, SnS 4KAiE SnSe 41K A5 P3HT MR A NHHIRE.
SnS(4%)/P3HT (SnS it H 4% ) MIIEHTHRA, H3.33 pW/(mK?), b P3HT #iE (2.80 pW/(mK?) ) 4275
T 18.9%; SnSe 4K SnSe/P3HT Hitsrifthzs, HAIRFLE SnSe & RATHE MG, FELAH 2RKIE
FERRAR, ARBESE = DPR - SnS(4%)/P3HT HYZEPERHL S-S M FBBE 1.5 kQ IR 1 DI 16.7 nW;
WA A28 4 mm BF, SnS(4%)/P3HT & A WHEZT 1000 YRAYES fEH)E, Hoe HARXHmZE(E R 23.15%.
K4 HEERRL; SnS; SnSe; (3-CLIEMEWF-2,5-T3K); B AW, ThEEREL
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Prepar ation and ther moelectric application of
SnX (X=S, Se)/P3HT compositefilms

ZHANG Jiyun, WU Qinggang, ZHA Keyu, LI jiging, HAI Jiefeng, LU Zhenhuan"
( Guangxi Key Laboratory of Electrochemical and Magneto-Chemical Functional Materials, College of Chemistry and
Bioengineering, Guilin University of Technology, Guilin 541004, Guangxi, China )

Abstract: Inorganic/organic composite films SnS/poly(3-hexylthiophene-2,5-diyl) (P3HT) and SnSe/P3HT
were synthesized from combination of SnS nanobelts and SnSe nanoflakes with P3HT, respectively, and
characterized by XRD, SEM, EDS, and Raman spectra. The effects of SnS or SnSe content (based on the
mass of P3HT, the same below) on conductivity, Seebeck coefficient, and power factor of the composite
films were analyzed, and the application performance of SnS/P3HT composite film in flexible thermoelectric
device was evaluated. The results indicated that the combination of SnS nanobelts or SnSe nanoflakes with
P3HT was through physical mixing. SnS(4%)/P3HT (SnS content 4%) showed a power factor of 3.33
pW/(m-K?), 18.9% higher than P3HT film [2.80 pW/(m-K?)]. The dispersion of SnSe nanoflakes in
SnSe/P3HT was poor, and the agglomeration degree of SnSe nanoflakes increased with the increase of SnSe
content, resulting in a significant decrease in the conductivity and failure to improve the power factor.
Therefore, the SnSe/P3HT composite film had no value for thermoelectric applications. The maximum
output power of the SnS(4%)/P3HT flexible thermoelectric device was 16.7 nW when the external load
resistance was 1.5 kQ; When the bending radius was 4 mm, the relative resistance deviation of
SnS(4%)/P3HT composite film after 1000 times of bending cycles was 23.15%.

Key words. thermoelectric materials; SnS; SnSe; poly(3-hexylthiophene-2,5-diyl); composite films;
functional materials
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STE&BETEI (EDS ), f&[E Bruker 2 F]; DXR A
e A WA 2 Y (Raman ), S2[E Thermo
Fisher Scientific /%) ; RST-9 BYXCHL PU4REMY, T~
N PURE R A BR 2 A 5 Keithley 2400 £ JR4% ,
% E Tektronix 23 H) o
12 Ak
1.2.1 SnS #= SnSe % K At 84 4] &

SnS KA # SnCle2H,0 (1.517 g,
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SnSe #IKFHITHlA : K SnCL-2H,O (1.120 g,
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1000 uL J&7 B, 7E 40 °CFHiHE 12 h IR GBI A E 1S
FWEW C; Fea, RMEHE XK HEW C %
WRAE WAL BT PET B L, A48 T 445 %) P3HT
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1.2.2.2  SnS/P3HT & & Wil 4 i £
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WAE AL 4F 1 PET IR B, HAA TG 2
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S FEE, R, KA 5 44 SnS(2%)/
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1.2.2.3  SnSe/P3HT & 4 Wi Ayl 5

L) SnSe(5%)/P3HT Bl 4 A, TEM AW C H
JIA 0.50 mg SnSe 442k IR A Bt £ 39 245 2 43 WUk
E R 85 7 20K 3 B0 E T8 U 78 WAL BT/ PET
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P3HT. SnSe(20%)/P3HT.
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B F IR B R Dy vk i & ) P3HT . 5 Fp
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%2 (AT, K) M= AENEEZE (Upem, Vo KHRX
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AT = ThorTcold (1)
S = Uperm/ AT (2)

YR 5 M AT THEAFE] Uperm, SRJG 221
Uerm-AT MMEFFHATLRIERLS, 53] L BAPR
RIAZE DL 58 R 80 MRAIEIZ T & AT Sk, MR SCk
7511145 SnSe/PEDOT : PSS & & T, 755
§=22.2 uV/K, 53CHR[31]89 21.0 pV/K AL, FH L
-5 I T A 2 SR AT S

BT 28 0w R B 5 A

Fig. 1 Photo of Seebeck coefficient measurement platform
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2.1.1 XRD & #F

2a Jy SnS 9K P3HT WK . SnS(4%)/P3HT
1 SnS(10%)/P3HT ) XRD ¥ [&] .

a

w
(111) P3HTHE
A (040

1 Ih‘/ | SnsgkA

N ”‘ S?S (JCPDS No. 39-0354)
L | . .

P I I R

10 20 30 40 50 60 70
20/(°)

b SnSe(10%)/P3HT

P3HT
(11— i

(400)

M SnSe (JCPDS No. 89-0232)

[ [ B | 1 !

10 20 30 40 50 60 70
200°)

B 2 SnS #KiHF . P3HT M. SnS(4%)/P3HT Hl SnS
(10%)/P3HT f XRD & (a ); SnSe 44>k i . P3HT
MR . SnSe(5%)/P3HT 1 SnSe(10%)/P3HT f¥J XRD

& (b)

Fig. 2 XRD patterns of SnS nanobelts, P3HT film, SnS
(4%)/P3HT and SnS(10%)/P3HT (a); XRD patterns
of SnSe nanoflakes, P3HT film, SnSe(5%)/P3HT
and SnSe(10%)/P3HT (b)

M 2a 7] LA H, SnS 44Ky o4z, H 5 SnS
1EAZ 5 & SRR FRMEFR B (JCPDS No. 39-0354 ) )
A, BRI RY SnS M4, P3HT ££ 20=15.2°H1
23.0°F PRZH B TE I RRIE AT 5 e, Herh 20=15.2°40 19
15 St s 1) R 524 TS SnS/P3HT J5 728 9%, 568 P3HT
2 SR GG . SnS B AR AE AT S 0 AE B A
SnS/P3HT H TG %% . {H 4l SnS & 20=31.5°4b 447 5t
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SnS AT Y43 A T R T B P2
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P3HT F1 SnSe(10%)/P3HT A XRD 4 .

ME 2b ATLIFE L, SnSe 4K F B4t 545
R F (JCPDS No. 89-0232) 54 W4, UilIHl &
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g CUE TS ) A 20=31.1°4b 87 5% (138
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P3HT 1 P3HT 45 i PERS MK, SnSe 9K F oA
IR T B .
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AR A AT SR TR R B2 SnSe & fik 42 e i W E 44

X SnS(10%)/P3HT (&l 3c¢) Al SnSe(10%)/
P3HT (& 3g) ) SEM K&, 45& XRD 45258,
SnSe 442K F AT 1M SnS 44 KA1 45k 14 5] iy JL R ] fig
S, WAHRZEMAY SnS R AE K, 5 TRA
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TETEVS WD, AT % A ik 2 09 J SO0 T FR 7 e e
FiH ., K, 78 SnSe(10%)/P3HT 2 1h H PR &5 1Y
SnSe P ; 734, SnSe(10%)/P3HT & & ¥ IR M
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BRI LREREN], JEHURESH Y SnSe 12 &1
JRE e 0 43 BICE E AN AN A 94 KR Y SnS,

=N
%Sy

> R w e 2.5
m s e =

K3 SnS 4K (a). SnS(4%)/P3HT (b ). SnS(10%)/P3HT (¢ ) i SEM K F1 SnS(4%)/P3HT [ EDS-mapping & (d );

SnSe & 4 BIA] B 3E T4 P3HT U455y, Al gt H
HL 2 RN ZE DL 58 RBU™ 500

20 im

SnSe 29K F (e ). SnSe(5%)/P3HT (). SnSe(10%)/P3HT (g) HY SEM [KIHI SnSe(5%)/P3HT ) EDS-mapping &l (h)
Fig. 3 SEM images of SnS nanobelts (a), SnS(4%)/P3HT (b) and SnS(10%)/P3HT (c); EDS mapping images of SnS(4%)/
P3HT (d); SEM images of SnSe nanoflakes (e), SnSe(5%)/P3HT (f) and SnSe(10%)/P3HT (g); EDS mapping images

of SnSe(4%)/P3HT (h)

2.1.3 Raman 5 #7
& 4 4 SnS 44K . SnSe 4K H . P3HT JHifiE |
SnS(4%)/P3HT Fil SnSe(5%)/P3HT 1) Raman Jt:il% .
ME 4 7 LIFEH, SnS F1 SnSe fYAE 200 cm'
BT A5 R 55 0% . SnS(4%)/P3HT Al SnSe(5%)/P3HT
H SnS Al SnSe HYfE S AR A UL, HBLE 1450 cm ' Fff
VT TAR SRR P3HT W, JZIEXT R T C=C XU

(R4 dRsl, 5 P3HT il Ay Al th A B 3A AL
o XAlReem T, EaEkm, iy m
FRUR T, I8¢ PIHT 7 55 o tH ] L, 7 SnS(4%)/
P3HT % SnSe(5%)/P3HT 1) P3HT 45 SnS 5 SnSe
WA s, HERAiY e A, XEWRE R
ME M REA RAE W B%, Wi, 246 WEErEhE
PETHIR AR
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— SnS

JL'\“W*\* T
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1 |
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5l 4 SnS #KAF . P3HT #ifE . SnS(4%)/P3HT 1) Raman Y% (a ); SnSe 44K i, P3HT # % . SnSe(5%)/P3HT [ Raman

i (b)

Fig. 4 Raman spectra of SnS nanobelts, P3HT film and SnS(4%)/P3HT (a); Raman spectra of SnSe nanoflakes, P3HT film

and SnSe(5%)/P3HT (b)
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2.2.1 SnS/P3HT #4 # ¥, 1 4k

B 5 5 Fh SnS/P3HT F1 P3HT I it FA e 41
FERE
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N

PF/[uW/(m-K2)]

B 5 P3HT JifEA SnS/P3HT I S  ZEN &S (a)
FLIREF (b)

Fig. 5 Conductivity and Seebeck coefficient (a) as well as
power factor (b) of P3HT film and SnS/P3HT

M 5 AL, SnS/P3HT HL K% SnS
gh KA B 3G I B P3HT MR AY 33.3 S/em & ¥
%2 SnS(10%)/P3HT A 5.0 S/cm (& 5a), X F %
MR, SnS Yk SPHAT P3HT LS M, X0
TAEH = A A RE M . ZE DL s REUFEE SnS 9KAF
TN H P3HT MRS 29.0 wV/K N3
SnS(10%)/P3HT # 40.2 pV/K (& 5a), HIIZEKNT
SeTHERE (18 5b), SnS(4%)/P3HT ML 13k 5|
B K, N 333 pW/(m'K*, H P3HT ¥ Ay
2.80 uW/(m-K?), $255 T 18.9%, FHIH EA Hur i
FHRG S . B ORIZBUE AN U SCHRAR T8 A ) 5 1 45 1)
Bi,Tes/P3HT [ PF=13.6 uW/(m'K?) ) B3, {AHE>
AR SRR Z R —E S %, L,
P3HT ZE Ul 3 RECARA S Tt 5 SnS & A ifif
233 . SnS A 18 7 i A LU SnS/P3HT 1 ZE D1 78
R R S R R B, SRR E A

JEE ) DI 2
2.2.2 SnSe/P3HT & # ¥t 48
& 6 Jy 4 Fh SnSe/P3HT F1 P3HT 38 JIE Y HAu i AH

a Eocomm S

w
(=

[\)

o

S

(=]
SIV/K)

o/(S/cm)
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w
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[\]

—_

¥l 6 P3HT [ H SnSe/P3HT & & MW S% | 201 7
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Fig. 6 Conductivity and Seebeck coefficient (a) as well as
power factor (b) of P3HT film and SnSe/P3HT

MIE 6 T LLFE Y, SnSe/P3HT Hi 5% [ % SnSe
YK B i ARG iR BN, SnSe(5%)/P3HT [&
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(20%)/P3HT iA#HA%, 4 0.5 S/em, FEJFEK ] fig
J&, SnSe AU A X PIHT 4% it P it i K5 i
/Wi SnSe & A BT W2 T4 P3HT 1945 5, M+
M2, 2.1.2 7 SEM RAFLS RBEIE T X — 1.
FED L RBBEE SnSe HUK F- 7 ik (13 T D) 325 17 184
fn, i P3HT MR 30.0 pV/K 3413 SnSe(20%)/
P3HT 1 70.0 uV/K. i385 Zh R H 7l — 7
TR, SnSe/P3HT AHXf P3HT Wi R AEFS R4,
AU, SnSe/P3HT H5e K 114 ) A5k L 5 38 7™ i P AIK
2.3 FHEHEBBGHNA

YT SnSe/P3HT A H AT N M, HA
SCHXF SnS/P3HT 1y 2 M i i HHEA THR 1 o



e84 A% 4m 4 T FINE CHEMICALS

42

7 hy TR B (IR 7a SR ) ER IR IR 22
(AT, K) FHIIE (Uy, mV) FIfE AT=50 K
T HIR (P, nW),

10+2 —O— SnS(4%)/P3HT o
---- HEHmE
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