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AR AW S| AR BT 5f B O N SRR 4R oo/ A BN
SRR R o LAY B Bk, AR L R T SR A
HOZB AR5 1y AP BB 7Ot B A3 0 B H A L

B OWRAR IS T AWM R I 45 1), & B (acetylene) 45 849 F1 T = #i
(butatriene) &5 14, {HPIFN S5 KRR AR, R AERI JF, T Zbeghth fig & 5
i BL 2l T HMORE 1 5 M R 2 5 I R R, — BRSO AT sz Bostl
FEE i B=BIEE T i k. AEFRIRAESY L, Parry™ R 9 i (I Hiicke B R 44 1 58
TR T RE T A A, EAREIHT N 1.22 eV, LESEINME 2.34 eVIHENE 2
Suhai*" | Ji] Hartree-Fock J7 ¥ V1 5 T 3 = B B A Be Al 4544, 0L T 4321 B A
5.791 eV, LLSCBEERTG 2, Abe s A\ B AL & K A% CoulombAH B 15 F (1) SSH
FERIWESGY T3 — O PSS T = AT Race® A 225 ] Pariser-Parr-Poplefi
RV 128 = CHUPRRE MUK A, (A1 315 — OPIER T BRAUh 1.33 eV.

EEH:HHJXJH*#ZJ&Q@?T@EE’J@L’BEE%TVF%}%quﬁﬂ GRARAE e
Ber s BREEL MR e BT MRS T, o HAS A AR LR M O BUR IIE SAR X R
o BES I LRI GER R R, BRATE ST T AR R I — 2 I SSHIE X B &
WARIRY ) SO S R 3y A N W L S A BT AT TR, DA A O A
.
1 #EEFAK

Vi g e — Y G5 Ry (R LB SR &4, PDA%E T % Peierls At 245 L 1 i
H (e-ph) R A5 1 FH 53 i 22 A2 — SR AT T L S R I &5 4, Wil 1 o,

1T PDA PA 0 — S FH U (1) s B 45 ) LA S P - A R 5 R 2 R AN [), R
) = ZRAGHRAE w A v AR, FRATDO) o H =R S e, o - A i SR
4 Faml, 2% - Coulomb AHEAEH, 4568 = LHn ARG, 76
ML A T T LA i an T SSHJE A LAY Hamilton:

H= ztnn-#l( n+lans+C;s n+1s) ZK ( Uy —Uy) > (1)

Hrp

byt =lo =y iy (U =10, ) +2, (1), ()
XA Cy (C M n Mg BT EGER) AT, ¢, B n HEE n+ 1D
ST RERIEARIY, 6y T RGBS SN A AR RS iR T L R ERITRRY S w,,
W n &AL, RIE 1) T w 5 v a,, LT - A RS G 8 L
ST T AR R B RS K, N o BERRT A SRR R, Rk T 2R
AR IR Al ks SEPEBE IO AR AL o, (n) AR FRIEBER S8 W N AR, a,,. .
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N
Vs = 2 Znu|m)- (3)
A DASRAGAAE T FE A
_tn,n—lzn—l,,u _tn,nJrIZrHl,,u = g,u,sZn,,u' (4)
A ou, =(-1)"@,, HRLBEE RN ITE B F I RER 5 SS R AR 2 1,
R

1 N
E=E,+E = ZSM +EZK"’”H (s + rt )2~ ©)
1,8 "

M FRGE T IERSE G (00 ) 30 T R A REREIOBLAMEL, LR RRATT T
SIS GRS 2 10T 26 £

Zzan—l,n (_1)" Zn—l,ﬂ,sZn,y,s + Zzan,nﬂ (_1)"*1 Zn,,u,sZnH,y,s + Kn—l,n (40,(,) + q)g—l )
s s

+Kn,n+1 (¢S+1 + ¢2) =0. (6)
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SRR SUR TS SUR SN
Uy = Uy, (7)
ZN+1,,u,s = Zl,y,s’ (3
HAE TS R —HIOLIE { @, } 5, I FEA)RI6) PTL AR, 1 2= AH AR M Ik
BEARMBE R 2 25/ T 107 eV
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F T FRATTECR ) S R A &5 48 3 (] PR IR HR -, 2R = SR A gty ot 5 o U
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2
atz%ad=47.3 eV/nm, Ktz(%j K, =2800.0 eV/nm? te, =1.0eV;
a(zu—i-vj K[zu-kvjz
d|l % TV d| 4™
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(M +V) +v
(U} Up T Vo
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Horb g A1 vy A 1) C IR ZRAIARRE M, X RHEUE T PDA =
ANTRI BRGSO . BB P I AR BRI A s S K 1, 2 TR B 1(a) o BEH A
SER ) sp-sp® o B Hsp-sp® o fl AT 23] AR o T R AR 40 it s B L Ui
TE = TRANZ AT 22 HA S0 FR P B e 1.
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21 BN ]
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HEy =1.15eV, BTN Ey = 1135 V.

3l RE A XA DY i 5 R 1 Ji BRI T 3R 2 T A A R DY R
HIEEPYAS C Rl —A> PDA R oo, t—4efeir Bgn 5, AN o' = 4a
(a AT i 22 T8 B 23 B 0 ) ) — 24 P W AR FOREAE Bl i 0 R i b o B it

k,=——, n=%l, +2, -

, )
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i

tH PeierlsAH AR G T AN, 525 BE 2 HE 51 1) — 4 F L 144 R R A Peierls A
AR R T P RO 1K R Ak, TR T R4 K, Fermilfl b H B R DA K B
FERAR R G MR , IXOE R R S (s AL st TR 2k, TR
2 Wi HCIE T BEM o BB 28 45K (B 1(a)) B R A FRYERL B, fedr Bl 7 A
KR 75 4548, R RGiRe I R ILBRAK, PeierlsAl B IKAR TR, Bealy
(0 VU -ty 6 K o B D0 B 5. = RUEE ) 2 e A AR AR AR e R
HARETE R R SHEIRE ) — 1, L RETE B D J5 I it ks &5 4. DAL, 2R —
SHDU JE SR dib ks gl 40 o T DU 1At IR e AT 45 4.

22 MUFIRRLFHES

PE 2 S (RS AR T I LR G4, 3R LB SR AE LR AR SR I L - dib b
WA AE, BRI AT i sl s 26, 5L AER IR G FE T LUE
JEAR AL T B AL T AR L MR, X AEAR G FE P th D e BEsE B2 Y
5 25— A HL 1 EOR TUN TE BR SE RAG T, 35 2% WS HL 1 B R TR D A XA
. B3 B2 A B T B SR A 1) A A7 TS FAT B B 20 F W 7 i
i, WTLAE H, BRI LT 58 A AR AU AL 1 IR ks I AR A R, TS
J2 8 S

WERAEB R Z AT R G RBE R A E,, AL AR E Kok 2 5 I R 58
e LR B NGO 77 A B BEn] e U

AE = E, - E,. (10)

BTAIHEAF R, R = LRt A 1 7 AR RE N AE, =1.159 eV, XU T 1)
FAERE N AEgp =2.11 eV. HT 2AE, —AEgp >0, WP A PIAS AL 1 L™= 24— A
KURRAL - It 0 210 e i 2w, TR R 45 2 W A W I A2 e 2 — S XU Ak 71 A
PIARAL T 77 AR RE I R /N St T e OR 7 AR IR A 2y R

T kR LR PR OO IR e T, FRATT T T B Ak R XU AL T R R
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KUBA T IR 2 e LA
Egp =E, —AEgp, (12)

ot B, 95 CHIEAS T HOHEBRAE, A1/ 8) EF =0.046 eV, Ep =0.3eV.
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Coulomb I HAE ), FFI15 2% 5 i) 2 25 g 489 o 2 B 7= 21 g &
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PRI, DAL BE (K /N AL IR 2 8 A% W A 0] 45 2% VL7 (1 R A R S SR
FEREBOR, B8 7 1S P wllinn, REUae s, hatssae. mT—1
MU AL T IR A eI KT P4 7 R 4T g, IRLIE 5 2% A HL 7 T XU AL
T EOINASGE K, I LA W AR 0 5 4 HL 1 ) SR A R A U A Tl
T KT T, XA CRE S A R 0 ek, fnlE 4.
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S8 S AR AN U XU AL 1 5

SR FATT R 73 B R AE R FE L -7 Coulomb AHEL/EHT A HTHE T HEAT Y,
W AT Ko 7 2 1 AR LA, R AR XU A TR A T 2 ) e i T
Coulomb Hi/5/EHITIAL R 48 5 e TH iy, BEMTH A REHY K, WA REFRAR, XUk
T IR E AR L A AR EEZ B SE M, AEXURLAT 5 28 I FE T g DL AT L L
PHE AR Z 18, (HZ AT M ol I DU R, R SREE ek 73 B
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3 it

WRAE LSRRI FILIR SR = > TR I B Ak, s or T BAR
IR~ LW SSHIE R A AR A, AZ MR R X T A R Al A 1220 5
NG I, 5 TREAT RN, O HORB TR T Lok = R A R (KR R
TS P49 20 2 i B LA DY 7 iy (1 By 45 A 38 5 S B L SIE B 5 M AR DL PG 3 —
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AW T R OB A&, MR RE, PR T AR AL TR
SRR NE, RISRAL T 17 A B ZAR TP A 7 1 2R RE. 54k,
DN SR RE I i A% IR A 0 45 % R AT S R R S PR AR, R SRR PRI — A A
&, ROREERERI TR, XU AL 7 R 4 e i KT AL 7, R 1S
TE XA 45 2R I 77 A2 — A XU AL 1 S LE A Wk 1A e I 4 e, BARTRATT 2 A
2% - L CoulombAH ELAE FY K DL N EAT F 18, EDRE T A 7 RIEXUR 16
TARE MR AT AE PR DL # 2 IE .

B

Burroughes J H, Bradley D D C, Brown A R, et al. Light-emitting diodes based on conjugated polymer.
Nature, 1990, 347: 539—541[DOI]

Pei Q, Yu G, Zhang C, et al. Polymer light-emitting electronichemical cells. Science, 1995, 269(5227):
1086—1088

Xie S J, Ahn K H, Smith D L, et al. Ground-state properties of ferromagnetic metal/conjugated polymer
interfaces. Phys Rev B, 2003, 67: 125202—125209[DOI]

Reed M A, Zhou C, Muller C J, et al. Conductance of a molecular junction. Science, 1997, 278: 252—254
[po1]

RIEA, EWR. AHUEA L RER2EEOR R AL, 1999. 303

Rughooputh S, Bloor D, Phillips D, et al. One-dimensional exciton diffusion in a conjugated polymer. Phys
Rev B, 1987, 35: 8103 —8112[DOI]

Halady J, Bak G W. Drift mobility of charge carriers in some organic materials. J Phys C: Solid State Phys,
1987, 20: 5809 —5818[DOI]

Seminario J M, Zacarias A G, Tour J M. Theoretical study of a molecular resonant tunneling diode. J Am
Chem Soc, 2000, 122: 3015—3020[DOI]

Katagiri H, Shimoi Y, Abe S. A density functional study of backbone structures of polydiacetylene:
destabilization of butatriene structure. Chem Phys, 2004, 306: 191 —200[DOI]

Sebastian L, Weiser G. Electric field modulated spectra of polydiacetylene single crystal (PTS). Chem Phys
Lett, 1979, 64: 396—400

Murashov A A, Silinsh E A. Energy levels of ionized states in a polydiacetylene crystal (PTS) studied by
photoemission. Chem Phys Lett, 1982, 93: 148—150[DOI]

Comoretto D, Moggio I, Cuniberti C, et al. Long-lived photoexited states in polydiacetylenes: the
photoinduced-absorption spectra of PDA-4BCMU. Phys Rev B, 1998, 57(12): 7071—7078[DOI]

Moses D, Sinclair M, Heeger A J. Carrier photogeneration and mobility in polydiacetylene: fast transient
photoconductivity. Phys Rev Lett, 1987, 58(25): 2710—2713[DOI]

Sebastian L, Weiser G. One-dimensional wide energy bands in a polydiacetylene revealed by
electroreflectance. Phys Rev Lett, 1981, 46(17): 1156—1159[DOI]

Cojan C, Agrawal G P, Flytzanis C. Optical properties of one-dimensional semiconductors and conjugated
polymers. Phys Rev B, 1977, 15(2): 909 —925[DOI]

Kurihara Y, Aoki Y, Imamura A. Calculations of phase transition of polydiacetylenes using localized
molecular orbitals by elongation method. J Chem Phys, 1998, 108: 10303 —10308[DOI]

Abe S, Schreiber M, Su W P, et al. Excitons and nonlinear optical spectra in conjugated polymers. Phys

www.scichina.com


http://dx.doi.org/10.1038/347539a0
http://dx.doi.org/10.1103/PhysRevB.67.125202
http://dx.doi.org/10.1126/science.278.5336.252
http://dx.doi.org/10.1103/PhysRevB.35.8103
http://dx.doi.org/10.1088/0022-3719/20/34/016
http://dx.doi.org/10.1021/ja992936h
http://dx.doi.org/10.1016/j.chemphys.2004.07.033
http://dx.doi.org/10.1016/0009-2614(82)83682-8
http://dx.doi.org/10.1103/PhysRevB.57.7071
http://dx.doi.org/10.1103/PhysRevLett.58.2710
http://dx.doi.org/10.1103/PhysRevLett.46.1156
http://dx.doi.org/10.1103/PhysRevB.15.909
http://dx.doi.org/10.1063/1.476491

504 hEFEE GH# WY Jiir R 536 4%
Rev B, 1992, 45(16): 9432—9435[DOI]

18  PengJ C. Coulomb interaction and optical absorption in polydiacetylene chains. Phys Rev B, 1989, 39 (11):
7620—7625[DOI]

19  Parry D E. Electronic band structure of model polydiacetylene chains. Chem Phys Lett, 1976, 43: 597—
599

20 Suhai S. Green’s-function study of optical properties of polymers: charge-transfer exciton spectra of
polydiacetylenes. Phys Rev B, 1984, 29 (8): 4570—4581[DOI]

21 Abe S, YulJ, Su W P, et al. Singlet and triplet excitons in conjugated polymers. Phys Rev B, 1992, 45 (15):
8264—8271[DOI]

22 Race A, Barford W, Bursill R J. Low-lying excitations of polydiacetylene. Phys Rev B, 2001, 64: 035208-1
—035208-9[DOI]

23 Su W P, Schriffer J R, Heeger A J. Solitons in polyacetylene. Phys Rev Lett, 1979, 42: 1698 —1701

24 b & RYERERSYH R ). PO R, 1985, 5: 467—503

25 Cade N A, Movaghar B. Polaron states in polydiacetylenes. J Phys C: Solid State Phys. 1983, 16: 539—
550[DOI]

26  Akai-Kasaya M, Shimizu K, Watanabe Y, et al. Electronic structure of a polydiacetylene nanowire
fabricated on highly ordered pyrolytic graphite. Phys Rev Lett, 2003, 91: 255501-1—255501-4[DOI]

27 Dellepiane G, Cuniberti C, Comoretto D, et al. Long-lived photoexcited states in symmetrical
polydicarbazolyldiacetylene. Phys Rev B, 1993, 48: 7850 — 7856[DOI]

28 Xie S J, Mei L M, Lin D L. Transition between bipolaron and polaron states in doped heterocycle polymers.

Phys Rev B, 1994, 50: 13364 —13370[DOI

SCIENCE IN CHINA Ser. G Physics, Mechanics & Astronomy


http://dx.doi.org/10.1103/PhysRevB.45.9432
http://dx.doi.org/10.1103/PhysRevB.39.7620
http://dx.doi.org/10.1103/PhysRevB.29.4570
http://dx.doi.org/10.1103/PhysRevB.45.8264
http://dx.doi.org/10.1103/PhysRevB.64.035208
http://dx.doi.org/10.1088/0022-3719/16/3/014
http://dx.doi.org/10.1103/PhysRevLett.91.255501
http://dx.doi.org/10.1103/PhysRevB.48.7850
http://dx.doi.org/10.1103/PhysRevB.50.13364

