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1. —Fh YRtk Bt ] b Ak — TLaEAk —He A% 5% 55 T 0 K 2T 4 JE 1) ) 4% 7 2%, Hobs
TEAE T2 IR AT

1) B PVAC B 70 & B 15wt. % Y DMF Y960, R FR k DMF Y9 25% 112 3 1
) Triton X-100, Jii& 2 £ T PVAc 1) TiP, LLA B 1. 5 % T PVAc [ C,H,sNbO, I\ F DVF
TR 20 Bt 8h 31T T10,/Nb,0, 56 AT IR BE R, I H BEvR BCH e iR 78 FTO 3
IR T — E IR E

2) Bl PVAc JI E 7 S 11, bwt. % [ DMF ¥, B AR DME %59 15% HIR S
PEF) Triton X-100, LA JF & 1.5 /% T PVAc ) C,oH,:NbO, I A3 DMF ¥ 7, £ 08 1) 1+
8h 3£1F Nb,O; I IKAST 223 (1) sECH] PVAc T 20 & &0 11. 5wt. % [ DMF %, AR
g DMF Y598 15% BIERTHIE 7] Triton X-100, K81 4 DMF %5 10% [¥) HAc, UL &2 i 2 f5F
PVAc 1] TiP N\ E DMF ¥, 8 i Bidte 8h 3k43 110, ATIR AL 2230 (2) 4 AT IR 1491 42
LD FC2) 43 2 NBIFESSA% (3D (4D o, 7E Rl 22 3k (5) FBiicke & (6) R I i
JE (7D, 7 LB AE F 3 IO E R S I B B (9 3T 7 ) % RO S 4l At Pk By 49 28 (8D A
(9D 73 AR (3D FT (4 [HF I ZE B A W RI4E A, WS 4l VAL [ A0 T BedZ — Se 45 i I 4T 4
DLTE RS BRI AR L R AL FE Y FTO 5 FLEEHE (10D LIRS A 41 4ERE (1), FTO 55
(10) FHERZEE (6) [H 52 53D 9742 30min J&, BRI AT 4 (11D T JE NS Ih 4 e
g5, LL 10 Comin ' EER TR E 5000 C JERIE Lh, £ RIS 451 T10,/Nb, 05 20K £F 4ERE

2. MRHERBCRI TSR 1 FTid () —Fh el itk vt A — S0 Bk — TR A R 5 5 g K 47
YEFEL )26 Tk, SLRREAE T T D3R 1 FP R A e U IE R 2000 min ', FEVRE(R]
A 30s.

3. MRHRRCRIEESR 1 BT ik () —Fh epl itk v it A — S0 8K - TR R 5 5 9K 47
YERR IR 2% 7715, HRRIEAE T TR P 3R 2O P iy S 38 (ORI SE 2 M HF HE A8 0.570. 7
ml/h, B IE (9O B2 IHF HHIE %0 0. 470. 6 ml/h.

4. WRARBCRE R 1 ik i —Fh ekl fits ] S0k - LA R e 4 F K &1
YL il £ 7325, HRFEAE T :T10,/Nb, 0, 25 45 i 9K £T iR 2241 DSSC 5 Ti0, 44K ET
YEPBZHAE11) DSSC AR LL, e AL R 7 $2m T 24% 33%.
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FRHEL A L - AFE N D RAAFT S R T4
FRAYHI & A&

B
[0001] AT BT K K BH Rl A& H3 AR U, o 3l e — P QORMBAL Lt F — 28408k - 1o
A L 5T AR DK ET HE TR IR 1 9% 538

B=EA

[0002]  BlA Hhax R TF R RS A JE, ANTT PR AR Be s o O ok 55 H R Al , NSRRI AEAF
MR R IE TG AT AT AR A ki . S4BT AT A AR BRI O 3k M I . PR AG 5, Mk
B MK BH R IR SRAT 1 BE A 9 N REIEH AR 10 J3 i, PRI, KEH BE AT AR
R R U IR . R T2 AR pn 45 IR BRI K BH it i B TR AR S B
HU e 1 A K K BH HL it AL R 28 AR OE IR AP IR o R s ve AR AR 2 B AR
KA RIS . Ik, EERVEE AT A DGR AT IS a2 i 1k
[0003] 20K, Bl 40K £ A XS, — S8 AL R BH fi ith RV R 80tk K BH L il
(DSSC) Mz . 1991 4, Gratzel EIRIE T LLET B SR A BALT 1 2 3 AR 40K
TS PH it , FO AR HICR R T 7%, SR RME T 2 RTE, S 5 = AUKBH i, 22
WFFEE% 5, /I RS DSSC 1 55 e i 45 803 LI 1%, 5 = ek v r b PR 7K P A 24, T AR AN
PUREHLET 1/5, FEfa U B0 AL SR ] (8 (il T2, DSSC BURFAE AR AR IRl A i
A e L AT T se S, R I B

[0004]  DSSC HIZR 5RO BHAR . FTO T RBCHR IS AR ARA el | R i A A X HELAN
Ao HITARRBEMT SULGRRBOERE, T S ERIT RIS sFTO _E R BH AR A
N T2 WO A T, [N, Jebl oy AR B i R A T /1, ish i 1 4k
LR AL S GRL T IR U T i R IR, T R AR A B B T e
J5, AT S 0t AL A2 S AR o

[o005] b, JGRHARIE AL DSSC HIRZ Lol 73 FHEE I FUR G, FLAE A& XS Bk 73 T B0 Y
L IEAT BRSO AR Ao AR O AR B 5 LA — S4B BR (T10,) oK o Jsok) . 3 20 4F,
KEWTFE XK S OC R BEAT T Fp SR AN RIBFIT, W e T AR R S 46 1 46 T
o AEIRME PHAR R AR A7 ARG — SB[ BRFE , 5 A2 0K et bt 1) 47 25 KB I8 57 EER TR
ER, RS H R E FJOUER T EBHER, A2 Al 7 M AR sy il &, &
A LI, H A5 BRI e DI, X 9K 6 BH AR IR BEAT ) BEAL 2 B R AL
PR IR A2 42 51 DSSC MERER B kAt FRAFEB AL TiCl, AbHE R 55 7%,
[0006] R =FhTEA, TP B S . AL, B0 it R 142 =y LS R TiCl,
AEBR R B2 B E (B EAE T e i A BIRAEN BRI ROR EAEL R 2%, B P REY
fEm s /), BRI IEFE AT Z A0, I mWes| 72 MFGe. i TaR il ik i
SE R, PECTIO0, 3 T H RS AR BOR R T T R AR R AT . AR A
IEAE ]2 DSSC R i i) B A 52 ik, — P98 2l ARG K 5 3R T A 78 HA B iy e
P E 6 B E AR JZ Y % — 76 (Core—shel DERIE/NE G0 BILL Ti0, A%, DL E

3
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ALY (ZnONb, 0, A1,0,Mg0 55D A 5ERIGEHE . AT, B AL o A1 7 )2 T e &
L2400 T10, 17 HL 7~ 5 YUk M r AR T R S B AEAZ 58 S T AL T AR AR 2 R i v 1 9
TEANRE . LR BT, NbOs R HURELFH—F. WA Zaban SEHIRBLEXS T10, 49K
A Nb,O; B AL PE, A F. Nogueira 55 FIBEAL — W EGEAIAT M A7, DSSC IR 13 3
i B

[0007] kIR, B R0 K 25 Kt /2 DSSC YGRS T2 77 1] o 4 SR LLG K2R 4
KA KA G — AR G AE AR b, E T T 8 D, AT Rk b b g R i &
XA H - AR ER, S A 525 5 G RN B A oK S5 A1 2 DSSC O BH AR AT 93 1) BB
Jile R CAAOKER KA AR S — AR G AR AR &, BT e AT i S D,
A R P R 2R T AR BT D6 AL B RO AR, S LT 52 A, BRSO AR
e, HE M b K M RE

[0008]  BR—4ELIKEGEHGHN, ik ST 22 AT HVHE— 4k T10, K T YERIT AR T a6 ] T
DSSC PR . Hhits b, X PGB BT 5 FR— 4R gK 45 M AR R BUR . 4G
TAEF BB YR S. Ramakrishna, #E M D. Y. Kim MIHAR S, Shiratori %)L
AN R T10, BRI R A AR AT YRR B HDTBUE FT0 FE1k L, Loped
TG o fEAS— RS2, # i 97 22 BOR i A7 — IURr ik 1) [m) 2t e 2 T 25, R S )2
5% 22 £, 1) 2% H N AR AN R — 58 (BORRBZ — BSR4 BT, X— L2212
T B R K LT 4 B 2% o K e H T LA R AT 2 &6 g, 5 7)) 2% 1 g 22 Al e
iR, T2 LU AT 2 2%, I b, A REA 2 1J4RE, S0 D. R, Chen
SEHLYT ) [ LiCo0,/MgO [RI 2N KT 4, BI1H] MO SN B i it iE AR A} LiCoO, A7
Mo BLEABATHI R T10,/S10, 0 [FAh2K T 4E ] T Aot . 95 b HED, 45 B [=]%h fe 25
Fpadt, Tt th e R LL T10, A A%y, LA Nb,O5 Ky 72)2 M4 K 47 4k, Sl i .78 FO 2R, (1
H BT SA AEf3X 5 T R IE

XAAR
[0000] A BT H 2 St — Bl geb il fa it — Bk - Ttk — e S gk
EFUERR IR 2% T

[0010] AR BIRHIH AT £

[0011] 1) ELHlEZRY) PVAC (B8 TR LHER) U E 43 & i 0 15wt. % [¥ DMF (N, N-
S FR ROV H AR DM A0 25% (R TR MEA) Triton X-100 CHIRLED, B 2 f5 T
PVAc [y TiP CBRER S AT, LA JFUR: 1. 5 55 - PVAC ) CooloNbO; (ZARUBEHE) I DMF ¥
Wb, G I 8h RT3 Ti0,/Nb,05 &4 WK AR FEMR I, I FH ek (0% FEBEIRAE FT0 S
P BB 2 BERE , BER AR 20000 « min™, BEWRIN A4 30s ;

[0012]  2)FEC i PVAc Jii & & 43 &8 11. bwt. % 1) DMF YW 1Rk DME Y9 15% (1%
T3 P57 Triton X—100, BA KSR 1.5 % T PVAc i C,H,NbO; I 2 DMF ¥/, 2208 )
$FE 8h $R1F Nb,0; (FL4 —H0) ATIR AL £23 <BL ikl PVAC TR PVAC i 1 43 & i g
11. 5wt. % 1] DMF 700 H4ARFAk DMF ¥R 15% KR & PEF) Triton X—100, A4 DMF %
B 10% [¥) HAc (VKSR , LA R BURE: 2 /% T PVAC 1) TiP AN B DMF ¥, 220 )45+ 8h 3k
13 Ti0, ATIRAAGT L2 545 Nb,O5\ T10, WA AT SR AR GT 2238053 7] 2ee N B WY 71550 28 7, 5[] 4l
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W% &2 Sk RN W50 8 TR) o s LS., 1 FELVBRAE LS P TR o IR ) 5 100 3 T 7K g Bl 4
it FH AN BB T S 25 0 ) 4 S O e T DX AR 47 2 9 IR HH TR 5 Bl 8 YRS A, % S 4
WIE Az 5e G5 4T 4, LAOC RS B ICERAE A TEIR ALY FTO LB IR R G 4T
YEBL, FTO 338 Fh 2 O B [ E

[0013]  3)%j%2 30min J7 Chf NBE4S 5 (IR E B2 29 28 10 wm, BRSO FRAR A 20 D, %
e B 1 52 A T i T SR TN T b e s, L L C e min'' (IR THEE 500 C 5
1h, 13 2252 45K ) T10,/Nb,05 44K £T 4EIE

[0014]  FH Ti0,/Nb,0; BZFe &5 i AN K ETHERE AN T10, A KETYENE . N719 Bk gkl T /1, Fr
YHE FELAA T S B Pt AT PR 4 2 vt , OB AT AH DGR AE FHIMR , I Bl 5 99 28 s 1) (1) Tk R 22 5
PR AR 7V B iR RO R . 71 i IR 2R G e BH 6B AR
BT IERSGA R, B 7-v gk, w15 2] st (R % U (V0 R I (7,0 3R T R
(AP TSR Cn D) TASEL o, B deoR o 2 R0 K PH Bt otk B8 1) S 2 A S 40,
& XN R KT TR (P, SR P, 2 W, il AR itH 2 = P,/
P = FFPXIXV,)/Pye JCHUAE G IPCE 5 NSOGB IR 0 R 2k, @it QE/
IPCE 5 R 400 52« ATiE ) IPCE RIS B T~ — ML T AL 0%, 52 Sk B A6 B[] Py 7=
A A B Ve 5 N 50 B Np 2 HE, 52 ()2 FE AR AN [ ¥ K AL 1R Ol FR B AL IS
T, 2 S M R LU 7, IR OSBRI 22 . TPCE W] LLR /R A =AM 1 3R, B IPCE (1) =
LHE(A) X @, X @, i LHE (A ) RAGHIRECR, @, AR THENSCR, @, WK
HL T IR R

[0015] A& BH HA A 2 AR A2

[0016] 5 54 AR 43 BT Uk Ko, X e PHAR R AT 38 T A0 78 S8 BEAL 224540, DL CTF R BT
R PRGN K G5 R BB EE , 4082 ST DSSC P BE B i A B B 2 o A IR SR FH MUy 11 [0 A L 27 4
AHil & A T DSSC JGRAM IR T10,/Nb,05 B2 Fe G5 M ANK LT YL o 3XFp T 20T [A] I S Bt —
YK BE R TR 1 LA S 0 AT A 150 2 L B A B Bl R o Y — 4E K S5 R I il S
b BT G H T S AL S UL YRl B R T 2 AR T (R A BRI N T R
LR @, 385 T IPCE LU B I /..o FMEIITEE R V,, BT Ti0, HEF KR
FL AR TR R AL B JE G L 2 22, Nb,0, 582 IS, #8181 Ti0, K41 4 I [ ME 3 K RE 2, &
R IR 7, S0 T o AHRHE, Mt SR AR A B R, TTOL, I FAE A
RE B b i T R R

R 152 AR

[0017] K1 EffEgi 2 d IR ER. EIF 1. Ti0, BTSRIAST 238, 2. Nb,0; ATIk kg5 22
W, 3 TE 2%, 4 VEES 2%, 5 W22 3k, 6 IO R, 7. R LR, S LRV E R FR, O e
W3, 10 S HBIE, 11 A4 YEE.

[oo18] & 2 S Siiifs] 1 73] T10,/Nb,05 #Z5EE A A K AT YERE KT SEM (B B .
[o019] & 3 A iifsl 1 {51 T10,/Nb,05 25T G5 F AR ET 4 M 1) XPS el Bl & TEM GZ S
HLBE)

[0020]  [&] 4 S jtisl 1 43 () T10,/Nb,05 4 5e &5 M A K ET Y 5 T10, 40K 2T 4 i 21 22 1
DSSC [ IPCE Jt FLynt A F 1S E

o1
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[0021] & 5 Ay Htifsl 1 #1531 Ti0,/Nb,0, #% 5 L5 M GIK R 4E R 5 T10, 40K 4 4 B 21 251
DSSC [#) 7=V Rk 2 XS b .

BAXHEA

[0022] " [ &5 G B RIRA S5t ) %o A e BHAE 3E— 2D U BH o

[0023]  SEjfs] 1 -

[0024]  # 0.68g PVAc JIAZ] 4ml DMF HHLAFITH L EE &8 16wt. % KR,
TEZAHE PN Il Triton X-100,1.36g TiP, LK 1. 02g C,oH,NbO., ZoHi ¥k 8h 3k15
PG REAR 1) T10,/Nb,05 54 T SRR BEVR VL 5 FF FHE Vv 0K L e v 70 28 T4 Ji AN 7K & Tt
FEIHYE FTO T RS FIE R — R M BERZ , BER (U A 2000 » min™, BT FH HER I [R] 4
30s,

[0025]  #£0.52g PVAc AR 4ml DMF HJE BB & H 73 & 504 11, bwt. % IV, [FIAERE
FEECHI Py, B T A 1T B 1 NN 0. 6ml Triton X-100H10. 78g C,oH,sNbO;,
f 34 FE 8h 34T Nb,O, BT IRAAYT 229 1 7R 1T A 0. 6ml Triton X-100,0. 4ml HAc,
DLR 1. 04g TiP, #E 18 F: 8h 3815 Ti0, ATOKIAST 223 2. ¥ Nb,O, RTIR AT 223 1 1 Ti0,
BTLRAK S 4295 2 43 S N B AN 548 3 F0 4 v, 76 [l ms 22 3% 5 FIcsE & 6 1Al 0 16KV
(1) v FEL 5 1% 22 Sk )R SOBR 140 B 25 A2 1 2em, HF FEVRIR AE FLIZ HOE R S B B B R T 9K )
TE RS A B S TR SR 8 T 9 J Bl il P Ny S 28 15T O R, JLh s 2B
AN 0. Tml/h, B2 Z B R 0. 4ml/h s BEAE W RI4E A W8 b 40 A 1 4 T2 A — 52454
[IEF 4, LT PP IR S BRI E L eI AL BE R FTO S RIS 10 LIRS A4 11, K
1 FT7R 34742 30min Ji , KRR BN R A AT e 11 TR S5 ION S 34584, LL 1 Cemin ' (1)
HORTHE A 5000 C {5 1h, 53 Ti0,/Nb,0, # e Mgk P 4. B 2 RiZscitifs] 75
[ T10,/Nb,05 % FE 5 F A K LT Y 1 L B e

[0026]  J] Ti0,/Nb,0, #%5¢ S5 R K AT YE AN T10, 40K £T4EE NT19 ALk 17/ 1, bR
AR T A B Pt XS FEAR 20 256 it , UEAT AHOCSRAE RN IR, JF by Rt ) i e e 22 o B
3 A TSGR ETHERR TG XPS Re it B SOE S BT A, UESE T Ti0,/Nb,0, %5 45 M T 1 s
4 g LHE T 2 DSSC 6 HEL A B Rt e, 26 T Ti0,/Nb,0, BHARFE ) DSSC ) TPCE & T
afi 710, 1K) DSSC ; K&l 5 UK DSSC 1) 7-V e Pk Xyt . 40 Ti0, [ DSSC i) V., =
0.78V, 7., = 7.4mA » cm %, FF = 61%, 7 = 3.5%;1fi Nb,O, 5285 V,, = 0.85V, 7, = 8
mA scm®, FF = 66%, 7 = 4.5%, o, EOCER IO ROR N 3. 5% $E B 4. 5%, FEm T
28%.

[0027]  SEjfs) 2 -

[0028] ¥4 0.68g PVAc MIAZE| 4ml DMF A HLE L BT 1 40 5 &4 16wt. % %R,
TEZAHP N Iml Triton X-100,1.36g TiP, LI 1. 02g C,oH,-NbO., 280 )1k 8h 3k 15
PEVE REAR 1) T10,/Nb,05 55 AT SR AR BEVR VL 5 I FHBE v 0K L e v 18 228 TR i AN DG 7K & Tt
PTG YRR FTO ‘3 LIS EIE R — E e, BER (U 2000 » min™, fT FH BERR I [R) 4
30s,

[0029]  #£0.52g PVAc IR 4m]l DMF HH I i & 1 20 & o8 11, Swt. %KV, R REI 7
FEECHI Py B T A 1T B 1 0N 0. 6ml Triton X-100H10. 78g C,oH,:NbO;,

6
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fd 345 8h 3545 Nb,O; BT SRAALT 223 1o fER T A 0. 6ml Triton X-100,0. 4ml HAc,
LAK 1.04g TiP, @ Ji¥iHe 8h 351F Ti0, ATIKIALT 223 2. FF Nb,0, RUIKAZT 223 1 I T10,
BTORAK DT 2295 2 43 S N B AN 528 3 F0 4 vy, 78 [l 4l s 42 3k 5 FIcEE & 6 [A) 00 16KV
V1 o LS, 5 2 Sk ) i RO 4D 8 8 2 1 2em, 7 HEL R E FL IO R e IR E B R T ok
TR AR HH P 6 R S AR 8 R 9 43 Al PR ANV 5 2% BB tH I 6, Hoh 52 )25
BN 0. 6ml/h, 7 E B HHE RN 0. 5ml/h s BEAE WA K, W5 4090 [ AL T 1 52 45 14
(RIETYE, LIRS EAR AR L FER AL TR FTO S 3% 5 10 B E S 4T4EE 11, il
1 TR 59742 30min Ji , KRR B R A 4P eI 11 TG ON T 3k s, LL 1 Cemin ' Y
HRTHE A 500 C JaffiE 1h, 753 Ti0,/Nb,0; #% S 45 9K AT 4ifs . B 2 1% 52 i 9] 15
[ T10,/Nb,0, B Fe &5 M AR AT Y R B R o

[0030]  H Ti0,/Nb,0, #Z5EE A UK AT HERR AN T10, DK ETYEE NT19 Bk gkl T /1, brdk
HL AR BT S B8 Pt XS FUAR 20 2 ity , BRAT AH DGR AE RN IR, FF LU R s g e 2 57 .
TiE55 T REINSR (1) L FE B 2 S5 SE R 1 A AR RL, AH DS ER i R B A R 41 SLrp, S BRI
HL B33 N 3. 5% $ =131 4. 66%, PR T 33%.

[0031]  SEjsfs) 3 -

[0032] ¥4 0.68g PVAc IIAZE| 4ml DMF A HLEEFIH I BE H 73 % 84 16wt % ISR
TEZAH PN Il Triton X-100,1. 36g TiP, LI 1. 02g C,oH,-NbO., 280 J ¥k 8h 3k 15
VG RS ) T10,/Nb, 05 524 AT IR AR BELR AR 5 I FH BE VR 03CH e v 76 22 T4 B AU 7K £ B
PG YRR FTO ‘3 IS EIE R — E M BERZ , BEER (U A 2000r » min™, fT FH BERR I [R) 4
30s,

[0033]  #£0.52g PVAc MIAE 4ml DMF Al Tt i 15 40 7 B4 L. Swt. % IRV, FRIRE ()3
FEBCHIPI By, B T A 1T B 1 0N 0. 6ml Triton X-100H10. 78g C,oH,:NbO;,
f 344 8h KA Nb, Oy BTURAAYT 223 1o fEASHE TP A 0. 6ml Triton X-100,0.4ml HAc,
LLK 1.04g TiP, @i Hidk 8h #5158 Ti0, ATIRIKYT 4 2. HF Nb,O, RTIRIALT 423 1 F1 Ti0,
RTIKARZT 2235 2 3 T BEN BP0 2% 3 4 b, 76 [t 22 3k 5 FIEzIfche & 6 [A)n 16KV
(i o L RS, 5 22 Sk B RO R D 8 8 2 1 2em, 117 PRI A R IOV R S8 IR L B R R T ok
TR R . B SRR SR 8 R 9 43 BRI N 5 2% i B 3, Hoh S 2B
N 0. 5ml/h, ¥ 2 B HHIE RN 0. 6m1/h B WA A, W5 40 970 ] A0 7 b 52 45 4
(KT YE, LIRS ERE R L FER AT FT0 S I 10 ERRE G4 YEE 11, K
1 7R 59742 30min Jo KRR B R A 4T e 11 TS ON S 305845, LL 1 Comin ' (Y
HORTHE A 500 C Ja R 1h, 753 Ti0,/Nb,0; #% TS 45 9K A 4efs . B 2 1% 52 i) 15
[ T10,/Nb,0, % Fe &5 M AR T YE R B o

[0034]  H] Ti0,/Nb,0, #Z5E G A UK AT HERR AN T10, DK ETYEE NT19 Bk gk} T /1, prdk
HLAR BT S 5% Pt XS FUAR 20 2 it , BRAT AH DGR AEFN IR, FF LU R i g e 22 5. R
TiE55 T REDNSR 1)L P2 S 2 SR 5 S ] 1 A AR AL, AHSCE R R B i R 41 e . o, B OB
TR 3. 5% $2 B 4. 34%, $2m T 24%.
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