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Preparation and performance of natural dyes for dye-sensitized solar cells

ZHANG Shenghan LI Yanging " LI Xiaomin XU Petyao
(North China Electric University, Baoding, 071000, China)

Abstract: In dye of dye-sensitized solar cells ( DSSCs), the dye confers good light absorption
capability in the visible region to the anode, thereby improving the efficiency of DSSCs. This paper
utilized plant tissues with natural dyes, and established a preparation method which was efficient and
simple for natural dyes in DSSCs. The preparation method included plant tissue processing, pigment
extraction and dyes preparation. For the plant pigment extraction, were compared three extraction
methods (ultrasonic, stirring and soaking ). The experiments showed the ultrasonic extraction of
natural dyes had the best extraction results. Natural dyes were prepared from 23 types of natural
plants using ultrasonic method and their UV-Vis absorption spectra were measured. The natural dyes
of green, purple and red had preferred light absorption properties. The main components were
carotenoids, anthocyanins and chlorophyll a from the position of absorption peak. Based on the
absorption peak wave length, spinach, rape, mulberry, purple cabbage, peel mangos teen, dragon
fruit skin, rosella were selected as plant for the extraction of DSSCs sensitizer.
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REURIE NS LA A7 FR SR () B Al 2 (0 DR RE IR AR R 1) Jr 1w T R BH BB AR Ay 4 €, B TR
T S Y RHEE K FHAE HL L ( DSSCs ) J2 8170 ()« =BG 250, vh B R el il >l BH A | e g o A0 X Hi
PR A kb DSSCs AR 22—, HAE FH R AT WL AT (3 Z W iR | Wik B AT D e
FEA G TR, YR R P RE B0 25 X 4 A2 B G HL R A ROR L 25 s MR T R AR R
FEBAEFIN DSSCs WFFEAIHA LA HE S 1 T RFE R, B DSSCs He il A 2R B e A E M
JEHAAR T, I H KSR GBI A AR B AU S50 i, B IR AE i s

ARSCHESTHIATAE S DSSCs Y RHEL A A 4 R SR YRR i 6 Atk T, DAY RS IR I BE ) ks e
PR i B ARt 7 35 T DSSCs 19 1 8501 ] LR R SR Yookl 48 7 s R FIZ T I A 23 TR SR A v
il g Gt I E 2 UV-Vis SOGTEHEFTYCICIE R AE | 43 BT W S0 B2 U (W Y6 2 1) /N, 40 25 e B
Ti&EFHT DSSCs By RIRGL L2 A1

1 SZEG¥B4) ( Experimental section)
1.1 RERYCEH il 28 7 %

MRS i AE SRS e U A L 2R, 3 ik X R SR A ) 2 A TAR B SR AE ) € % 4
B RIRGRHE 25 09 3 A A K IRGRE i AN 1 B,

e BYRE 2 J AR KRR
HEEH Ty s L TREBA L pehydration plant
Fresh plants Washing and cutting = Drying fragments
s
Grinding
FREH FEYIRAR
Extracting agent Plant powders
A HRER
Ultrasonic extraction
i33E | Filter
PRI ERUNEE S

Natural plant pigment

Wi il

Concentrate Preparation
A

KRG}
Natural dyes

B 1 RIRGRH & i e A

Fig.1 The flowchart of natural dyes preparation

TERLY) AR EBCE IR, A HIXF A 0.5 h 40 CHEIRBEIPEFE 1 h FISEKEIR5EIZ 0 48 h 45 3 i
By AT OB ARG AR Y h i & E R AR AR X5, MR R S EFEE NS R AW T
IK AR U, A6 2 B w A HAb (6 R A 50% £ B4R BURHE B M1k 1 ¢/100 mL
(BI 1 g FEPRY AT 100 mL $2BORA- ) i 2 K AR Juphk da 5 805 o 2 4%

1.2 23 FpRAR YR il 5

VERCH R R 1) 23 FORSRAHYI AR if FESCRSESF A4, ik | Uin St R SRR 46
R BOZMEOR R 1197 PR AR B R O (6 R 805, 8 KSR kL.

1.3 RERGLRHEM I A Ty v

LRSI 23 Fh IR YURHA M B E R 1 2/500 mL, R FH4E4M- 1] WAMEERE T (T6 Hrik4d)
W2 BEFP R ARYLRHE 300—800 nm P K T B UV-Vis WOGHE , BT Em et R R
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F1 23 FRIRYRE UV-Vis WL KRG
Table 1 UV-Vis absorption peaks and absorbance of 23 types of natural dyes
UV-Vis i

LER/RUEN KIRGERY WAL/ Abs (eSS

UV-Vis absorption

Plant color Natural dyes peaks/nm Peak absorhance Pigment species

133 432,668 1.97,1.151 K PR MK a

QU 293 432,668 1.055,0.616 KA MR HE a
3 EHE 668 0.119 LT
4 FiE 545 1.34 HER
5% HE 545 0.605 HH

EJUEN 6 SR KL 545,665 0.359,0.11 HHEE MFEEa
7 S 545 0.226 HHHE
8 A 538,662 0.28,0.139 HEHR,HER a
9 LT B 545 0.909 HHER
10 K Fo e pe 436,545 0.757,0.903 FlH PR EEHR
11 i&BHAE 545 1.02 HHR

AL 12 BeiAe — — —
13 A 436,667 0.214,0.127 i PR S E a
14 PHLT I 403,429 0.324,0.323 THEER KA MR
15 N — — —

[ 16 B35 — — —
17 BZRE — — —
18 #1%. 662 0.06 4R a
19 Hk4E 662 0.134 HERE a

HR 20 HFE51E 662 0.068 M43 a
21 4x4RAE 662 0.102 MR a
22 &AL 662 0.061 M43 a
23 ik 662 0.088 MR a

T “—" FORTE PRI G 1% S B P R B %, Note: “—” means that the absorption peak does not appear in the spectral

range detected

2 ZEHL 5398 (Results and discussion)

2.1 RERYLR} skl & T SR 2

DAGESE A, F 3 Fh o5 e il o8 Bl 3 v i ok, LS5 o 9 3-8 75 SR - T | D SRR 6 o A Y
WY T UV-Vis BSOGTE I a2, an &l 2 Brzs. 3 F il £ Jr 8 il 45 38 32 G b 14 W 6 38 335 11 X 7
435 nmF 668 nm A WML 535X S 8 N ZR4R 3 a B4R I Wi L vl P 4 B ) &
FIGERE AT B RO, ]I 22 0 ok PR R o . DAL IE vT LA HE R 75 4R BB 5 SR SR AR 0 e Rl 2 e 0 1 il 5
ES

PR 7 SR B R YR e R (25 °C) TGS BMEATE, ARG 1 JEM 1 K UV-Vis TRISOERE, 45 58 0
& 3 BTN SR YR B ) 5 JRI I P, L UV-Vis BRSO T I 06 057 B K W G B8 (B B AR AR e ] i3 B
I s B0 PR Ak 19 i sF [0 e A FEE S A AR /DN | AR 1k il 5 1) e el el el i) LA e

YER DSSCs BUALT , KRR G RIXHE A R MiA 75 A 30 AR SO R E R R (25 °C) F ot &
HAROE IR ST B CE 40 b, H UV-Vis IBOERE N 4 FroR. 855 o ARXE T8 s, 6 BR R 1 4L
B OGRE A BTN AEI8 MR FE AR B N 15.15%. [R5 R0 D& AE 0 °C 25 C 40 C & T
B BEHEAT 40 h, H UV-Vis WO INE 5 fis. & 5 4 3 B R Abos i 28 AR/, Hod 0 ¢
125 CXER A IZ LT A, 110 40 °C 2% T 15 w0 2. B e o] LA TA Ry AR S 56 1) 48 1) KSR YL ek
HACWPERETE 0—40 °C R Fl N 2L Bty i e e k.
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Fig.2 UV-vis absorption spectra of spinach
dye by different preparation method
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Fig.4 UV-vis absorption spectra of spinach
dye under different light conditions
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Fig.3 UV-vis absorption spectra of spinach
dye after different storage time
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Fig.5 UV-vis absorption spectra of spinach

dye at different temperatures

FEUE R 300—800 nm i [l I AE T 23 FlORAR YRR UV-Vis BOKETE (K] 6) W BE A RN e e
e 2R B ARG, i AR PR A0 P 457 DU B T S b T A G A AR ST 3R 1 23 R R AR YLRLAY UV-
Vis WAL UG Ko ot 1oy W 56 BEAFL , - EL AR I IR AC e 2t ok 17 1) € R S L b 8 N R i 8 1 ik
SR KO R Rl O EE(E A 1.97 .1.055 0757 (EH R S EE K ARE SH
Rz WAL K e SR e OGR4 00K 1.34.0.605 ,0.909 . 1.02,0.903 ; KR YL bbbt 44 % a

R WS G, OB R 4 1.151.,0.616.
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Fig.6 UV-vis absorption spectra of 23 types of natural dyes
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DSSCs ZERGUELXT AT WG BAT 58 ZU A EMSCRAE | P It MR 46 19 23 b R A% okl rp 8 B ml DL D' X
ORI B B SRR EA T 20, 1AL 7 Bz AL 7 il AR OB R R Sk (B 2R SR R
LI RN RKIR YR}, 0 A0 S8 A SEAE 432 nm A1 668 nm ALA B4~ W b AR ML UG | 3] S S ) 8

N ZFIH LR EE a AORAIEM IO | SEIT 2R 6 R SR SR b E 2 2800 8 b KR4 a WU Fb
AREOER R ORI REE FH W % B I 545 nm A W BEUTIX 4 Fh 5 6 R 1Y)
A AT R S A K TE 665 nm AbIREA — U LB R S IR R as LA R
TP AL KT R BT 545 nm R4 Wi | PR 3 Fh el 22205 18 &, ok KOl R B re
435 nmAbie A —DEEA R N FXF I IR B T DSSCs 2 A FHAE FL I , MR WSOKR FROG Y 2 22 gLkt i
LA DSSCs H i JRHEE IR A0 TSR O I B 1 BIAR e S A B 3R T HE R Mk
JEZIR. 1 23 FhIRIRGLH IO T S BRI G BE mT LA A5 1 E WO PR AL IR gl il o R VR H
W AR e K e R B K as AAE A 7 Fh G b & DSSCs I dRHE L.
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Fig.7 Visible absorption spectra of natural dyes

(a) Green series, (b) purple series, and (c) red series

3 758 ( Conclusion)

e A e S BEPE R 3 AR s ARG 1B 3 Bk A5 O S 4 T DA B R Y
B xE UV-Vis BBOGTE RYIIRE , 75588 75 SRR IO BE R 5 SR HTE P R Ok il 4 19 G D i e
RS 18] | 7L 3 0 IR A5 PR R HAT B B RS 1, D IR 75 4 BB e I B 4R U0 k. SR R A 3 LR
LRI 23 FPRARAEY Pl s Gekh, I H UV-Vis WIBOGIE , Fici B oe i ar i e e R R 8
FAMIZL A R B R 0 b WS g A 37 A B 2 2 8 DR BT R 2% R a I HAR
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SO AR WG BEAEL R R/, WA R WOEME B T3 SR R BT P e RO R B s
FERE T BRI S 2 B G RHE A DSSCs I dRHBET).
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