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H] ab initio HF } DFT B3LYP 5k, % 6-
31G(d) 341, NKD . TKD . PKD . CKD P4 Fh ik 4 ¥y
HEAFEALITE . L% ab initio HF F1 DFT B3LYP

Chemical structures of D-mr-A compounds (CKD, TKD, PKD, NKD)

PIRITIEAE 6-31G (d) Fe2] ERYIFR LR, ol i
ENTRT LR 4k, #ER A KA ZE 0. 003
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Table 1  Optimized parameters of ground state(S,) and the lowest excited state(S,) for NKD [ bond lengths in 10 ™'° m, bond
angles and dihedral angles in (°) ]
HF B3LYP CIS HF B3LYP CIS
Bond parameter Bond parameter

6-31G(d) 6-31G(d) 6-31G(d) 6-31G(d) 6-31G(d) 6-31G(d)
R(1,2) 1.3320 1.3527 1.399 8 A(3,5,6) 130.199 7 131.218 0 130.202 2
R(1,11) 1.465 2 1.452 7 1.399 3 A(7,6,10) 112.889 7 113.237 8 112.927 0
R(2,3) 1.480 4 1.476 9 1.439 0 A(1,11,12) 119.373 6 119.419 4 120.586 0
R(3,4) 1.201 7 1.234 5 1.223 2 A(1,11,16) 123.983 2 123.986 2 123.716 4
R(3,5) 1.492 8 1.483 9 1.485 6 A(11,12,13) 122.339 2 122.354 6 122.467 1
R(5,6) 1.3290 1.3529 1.3332 A(12,13,14) 120.857 3 120.774 8 121.2127
R(6,7) 1.777 4 1.784 4 1.779 6 A(13,14,15) 116.995 1 117.174 1 117.086 8
R(6,10) 1.779 3 1.787 6 1.776 4 A(13,14,17) 121.643 7 121.507 2 121.105 1
R(7,8) 1.816 1 1.836 7 1.819 1 A(14,15,16) 121.241 6 121.162 3 121.737 9
R(8,9) 1.5213 1.523 8 1.5223 A(15,16,11) 121.916 7 121.935 8 121.795 4
R(9,10) 1.8115 1.831 4 1.8112 D(1,2,3,4) 10.848 3 8.8750 2.8270
R(11,12) 1.3955 1.407 8 1.434 6 D(2,3,4,5) 177.573 7 178.075 9 176.391 7
R(12,13) 1.375 8 1.386 6 1.3545 D(4,3,5,6) -150.197 7 - 158.600 1 -148.178 1
R(13,14) 1.406 2 1.4153 1.4326 D(5,6,7,10) 177.795 3 177.844 3 178.309 9
R(14,17) 1.382 8 1.3814 1.358 0 D(7,8,9,10) 47.218 0 47.680 8 46.939 8
R(14,15) 1.406 2 1.418 8 1.417 1 D(2,1,11,12) 178.030 1 179.325 8 178.585 9
R(15,16) 1.375 8 1.384 2 1.364 0 D(2,1,11,16) -2.2139 -0.725 6 -1.757 2
R(16,11) 1.3955 1.409 9 1.4377 D(11,12,13,14) 0.280 2 0.199 3 -0.158 7
A(1,2,3) 119.998 7 120.179 8 119.944 8 D(13,14,15,17) 179.436 4 179.854 6 -179.957 5
A(2,3,4) 121.681 9 121.876 3 119.609 8 D(17,14,15,16) -178.497 7 -179.147 0 -179.738 4
A(43.5) 117.4739  117.5099  118.3318
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Table 2 Vibrational analysis of NKD,TKD,PKD and CKD

Compound Frequency/cm ™' Intensity/ (km + mol ")
PKD 12.2322 21.794 8 24.700 9 1.709 2 0.130 7 0.892 8
NKD 18.661 3 26.944 3 32.178 3 0.549 9 0.7319 0.326 7
TKD 10.211°5 21.193 4 24.875 6 1.2452 0.252 0.097 4
CKD 9.9336 22.529 4 23.758 3 1.379 8 0.629 4 0.264 2

3.3 EBXHTHESH
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Table 3 B3LYP/6-31G(d)-calculated frontier molecular orbits and energy gap

Compound
Orbital
PKD NKD TKD CKD

LUMO +4 -0.246 1.273 -0.298 0.003
LUMO +3 -0.316 0.116 -0.403 -0.246
LUMO +2 -0.384 -0.119 -0.471 -0.368
LUMO +1 -0.535 -0.239 -0.546 -0.421

LUMO -1.856( -2.701) -1.575( -2.635) -1.812( -2.755) -1.605( -2.702)

HOMO -5.169( -5.095) -5.053( -5.089) -5.043( -5.481) -5.041( -5.657)
HOMO -1 -5.899 -5.796 -5.917 -5.749
HOMO -2 -6.068 -6.121 -6.250 -6.174
HOMO -3 —-6.369 -6.764 -6.412 -6.567
HOMO -4 -6.517 -6.775 -6.826 -6.778

Energy gap(ev) 3.313(2.394)*

3.478(2.454)

3.230(2.726)

3.436(2.955)

a The values in brackets are from experiment values' '’
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IR 53~ F0 85 5 JLARTAG B 1) ety B335
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FH BSR40 B RE T 25 5 4 S B 34 (ATP ) | B X
PR 235 R0 B S 5 JUAT 8548 20l A T O A I BH 2
TR F IR 25 T HL R FIH (VEA) , B
HPE g3 JLATAE BT [ 88 5 F o 7 i RE B 22 5 48
PO RIS (AEA) , BI3FF0 B B J LA 454
TG R B RE s 25 . AR 4 ha] L,
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Table 4  Tonization potential (IP) and electron affinity (EA)

for the compounds PKD, NKD, TKD, CKD

Compound vIpP AIP VEA AEA
PKD 6.531 170 6.265834 -0.47527 -0.662 05
NKD 6.530 766  6.408 594 -0.13629 -0.378 65
TKD 6.294 321 6.218289 -0.48 198 -0.75 007
CKD 6.633 433 6.547426 -0.31489 -0.48 555

DUFfb A 0 1) 2 BT PR B AR 446 A0 P B 34 22 R
K TR MG IR A 6, o TH90 i TR
JIHRRER , BT R £, 1T PO R Ak A, TKD
LR A R
3.5 MR

AR EERE b, 75T A T ook
ko H5 IR AT B0 0 K KA LW & BT o
75 4 TD-DFT J736%F B3LYP LAk 528
aEim it A AR 2 4L &4 PKD NKD , TKD
CKD Ml i . fb4& 4 PKD f5 Kot i &
& HOMO — LUMO #9 BK i, H BR 3T B 43 o
67.3% ;A5 NKD e KISOGE 22 HOMO—
LUMO [R5, HLBR T B4 7 64. 9% , HOMO-1—
LUMO #8435 11.2% ; fbG4 TKD fe KW IO
% FEJE HOMO—LUMO KT, HBRAT 4 o5
66. 1% ;{L54 CKD fe KIS 32 222 HOMO—
LUMO [R5 , FLBR3E B 43 i 66. 3% , HOMO-1—>
LUMO #4315 12.5%  MWELEA R BT ol A, X
PGP B RS AR o™ o MBS
YR R SETE A AR % B PKD > TKD > NKD >
CKD [ AR BN , 3538 1) A8 Ak e 34 5 5258
{EIY—3 X FIPEFEEEH/NA NKD il CKD Tiij
& AT OIS S e AL A P E, R AR
LRI UEA

&5 L&A1 PKDNKD,TKD,CKD Hy3L56 R it 5 By i K IR YIS £ R B L 32
Table 5 Comparison of calculated and experimental data of A, (exp)/A,,, (cal) for the compounds PKD,NKD,TKD,CKD

[8]

) ] Exp. Caled. relative o
Compound Configuration o Transition feature
Ao (exp)/nm A, (cal)/nm deviation
PKD HOMO—LUMO(67.3% ) 422 452 0.45 0.066 7o (Sy—S,)
NKD HOMO-1—-LUMO(11.2% ) 419 423 0.85 0.009 T—m " (Sy—S;)
HOMO—LUMO(64.9% )
TKD HOMO—LUMO(66.1% ) 422 447 0.68 0.056 w7 (Sy—S,)
CKD HOMO-2—LUMO(12.5% ) 400 413 0.64 0.031 w7 (Sy—S,)

HOMO—LUMO(66.3% )

3.6 REHLEMBAFNENZIE

6 T 2Rz sk FIR G2 RT3
() PKD \NKD, TKD , CKD %5 1k 15 ¥ 16 A [ ¥ 51
HR A G T, OF S SR AR T IR AR
P& S, 2z iR OLYP Al BLYP 31509 & Gt
e K E R A2 R B3LYP K. R
ZRAEOL N, L AH B2 T2z kAR G2

bR B3LYP RYIHREZ 8] o A e ARAR M 1 50 o
NKD #5256 A5 262 eh T HI 00 R O 1 i
ZEAF] 10 nm, 771 76 M PR3 57) A TKD 9 52 58 i
FR &2 o 9 TF 5 B AR W #%3E. X T PKD Al
CKD, 7E AR AR A 7 770 Y R0 7Y 0wk i v, 692 e
IR 15 12 o8 ) Y- 42 B 15 552 96 (B AR 22 8 LA 98
Ko WU HE SZHBE LB 10% IR 512 o8
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®6 AREMXZHR-BEXZHEITERNLEY PKD NKD, TKD,CKD K3 & 5 ki 5 LR EA L E
Table 6  Fluorescence-emitting spectrum (A, ) using different XC functional for PKD,NKD, TKD, CKD as compared with the

experimental data( Ay ) (2]

A/ DM
Toluene” THF* CH,CL*
Compounds } ' [
X N’ Xea’
Ao A .
OLYP BLYP B3LYP OLYP BLYP B3LYP OLYP BLYP B3LYP

PKD 547 593 602 494 560 606 613 504 599 606 613 506
NKD 472 478 484 428 488 479 479 433 521 478 486 434
TKD 481 537 544 471 496 548 556 479 533 550 558 481
CKD 460 496 502 428 468 494 499 434 474 495 500 435

a) The solvents in which the emitting spectra were measured; b) calculated at the TDDFT/6-31G(d)//CIS/6-31G(d) level.
£7 AAREMZH-EXZHITER PKD #1 CKD B35 E 5L (A, ) 5L (A, ) BIELE
Table 7 Fluorescence emission spectrum (A, ) calculated using different XC functionals for PKD and CKD as compared with

the experimental data (A,,,) (e

Toluene" THF*

Compounds A At

Aoy BLYP OLYP MPWIS TPSSh B3LYP A., BLYP OLYP MPWIS TPSSh B3LYP

(0 (0) (6%) (10%) (20%) (0)°  (0)  (6%) (10%) (20%)
PKD 547 602 593 564 525 494 560 613 606 574 535 504
CKD 460 502 496 474 448 428 468 499 494 478 454 434

a) The non-polar solvents in which the emitting spectra were measured; b) calculated at the TDDFT/6-31G(d)//CIS/6-31G(d) level; c¢) the

numerals in parentheses denote the amount of HF exchange energy contained in the corresponding XC functional.

IERESL LB HA AR 4 R RR M R L5 1Y
AR AR R R R

(1) il id BIg I3 F B & BE, R DFT-
B3LYP/6-31G(d) fl TD-DFT/ B3LYP/6-31G (d)
J7iWEgE CKD, TKD, PKD FI NKD PUFfifL 454
AL SRt B LA R R RSO T

(2) fEAG R AL B Al T3 T TR 20 1

(3) RIS P A AN AR 22 3 BE 12 K
TR TR G, 5 LR AR I R
TR BB HERR R BN 2O A P S P K e
T P, 76 & T AE TDDET 15 o K 58 fif 2 it
TR BERTAE ) 0 JER e aE Y XC 2 ek, 1 . [+]
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Theoretical Investigation on Novel Donor-acceptor Materials
with Organic Light-emitting Diodes
Based on -Cinnamoyl Cyclic Ketene Dithioacetals

WANG Xiao-feng, LI Hui-xue, YUAN Kun, DONG Xiao-ning, LI Xiao-dong, ZHU Yuan-cheng
( College of Life Science and Chemistry, Tianshui Normal University, Tianshui 741001, China)

Abstract: Donor-acceptor (D-A) organic molecule is one of the most important conjugated organic materials,
which have attracted much academic and technological research interests. In these compounds the electron-do-
nating and electron-accepting groups are connected through a conjugated linker. Tuning different donor moiety
or acceptor moiety in a D-A molecule can modify its physical and chemical properties.

A novel family of a-cinnamoyl cyclic ketene dithioacetals ( CCKDA) derivatives were synthesized with

asymmetrical structure (D-A) in a simple and low-cost way by Claisen-Schmidt condensation reactions



555 EhRIE, 5 BT o-PEEBERS L6 B — B4R ) — 208 8 D-A LR R LS 657

between the donor-containing aldehydes and the electron-withdrawing by Peng, Sun, et al. Four novel donor-
acceptor molecules: ( E)-1-( 1, 3-dithiolan-2-ylidene ) 4-( 10-ethyl-10H-phenothiazin-3-yl ) but-3-en-2-one,
(E)4-[ 4-( dimethylamino ) phenyl ]-1-( 1, 3-dithiolan-2-ylidene ) but-3-en-2-one, ( E)-4-[ 4-( diphenylami-
no ) phenyl ]-1-( 1, 3-dithiolan-2-ylidene ) but-3-en-2-one, (E)-4-(9-butyl-9H-carbazol-3-yl)-1-(1,3-dithio-
lan-2-ylidene ) but-3-en-2-one were studied at the B3LYP/6-31G(d) level of density functional theory ( DFT)
and ab initio-HF. Adiabatic and vertical electron affinities, adiabatic and vertical ionizing potential were ob-
tained. Absorption spectra were obtained by time-dependent density functional theory( TD-DFT). CIS/6-31G
(d) method was used to calculate the first singlet excited state(S,) of the four compounds and to analyze the
relationship between their energies and emission spectra. The emission spectra were calculated in solvent and
compared with experimental data. According to the different compounds the exchange-correlation( XC) func-

tions were chosen properly, and the reliable emission spectra for PKD,NKD,TKD, CKD were obtained.

Key words: donor-acceptor molecules; photoluminescence; electroluminescence ; time-dependent density functional theory; pro-
portion of Hartree-Fock exchange energy
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