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Computational study on the control of electron excitation
properties of triphenylamine sensitized dye
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Abstract : In order to enforce the electron withdrawn ability of traditional ethylene bond = bridge, focusing on the intramolecu-
lar reflux phenomenon in the electron transfer process of the classical D-A-n-A triphenylamine sensitized dye RL1, four differ-
ent conjugated units, including benzene, thiophene, oxole, and pyridine, were added separately between the additional receptor
Benzothiadiazole and n-bridge. Then the control regulation of the excitation property of dye RL1 was investigated based on First

Principle Calculation. The results show that Benzothiadiazole could push and pull on the electron as the extra receptor.
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However, due to the strong electron-withdrawing ability of benzothiadiazole, the electron reflux will happen in the electron
transfer process. Compared with dye RL1, the four conjugated units not only weaken the electron-withdrawing ability of
benzothiadiazole, but also play a role as an electron donor, so the electron-withdrawing ability of cyanoacetic acid group can be
significantly enhanced. So the research result can provide theoretical basis for further improving the photoelectric transforma-

tion efficiency of dyes in the design and preparation of dye molecules.

Keywords : quantum chemistry; sensitized dye; triphenylamine; First Principle Calculation; electron transfer
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Fig.1 Optimized configuration of five dyes
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Tab.1 Key bond length and dihedral angle data of five dyes
with stable configuration
ZH RL1I RL1-B RL1-T RLI-O RLI-P
a P EEK /A 1.407 1412 1410 1410  1.411
b irEgR/ A 1.470  1.476  1.473  1.474  1.474
gk /A — 1.477  1.457 1444 1.454
dfrEsi/A 1.445 1458  1.431  1.421  1.417
OfrEIeMm/(  —31.7 —349 —33.4 —33.5 —33.9
OfrEJIMm/ ) —31.2 —346 —33.4 —335 —32.2
ONLE TS/ 34.0 2.4 —1.0 —14.1
(OIVA-2.3 - VA 179.3  27.1 180.0 177.5  179.6
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Fig.5 UV visible absorption spectra of five dyes
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Tab.2 Electronic transition parameters of five dyes

Bkl R WERE/eV WUk K /nm e T3 & BRIEPE T
So—>S1 1.808 2 685.69 0.622 5 H—L (99.7%)

RLL So—>Ss 2.966 5 117.95 0.518 8 H-1-L(77.1%) H—>L+1(21.3%)

4 So—>S7 3.779 8 328.02 0.174 6 H—>L+2(52.4%) H->L+3(18.5%) H-7>L(11.6%) H-5—>1(9.4%)

So—>Ss 3.818 1 324.73 0.104 3 H->L+3(62.6%) H-7>L(27.5%)
Se—>S; 1.978 9 626.54 0.541 0 H—>L (96.6%)

RLLE Sp—>S; 2.9211 424.44 0.667 5 H-1->1(97.3%)
So—>Ss 3.339 6 371.26 0.106 5 H-1—-L+1(94.2%)
So—>Ss 3.6317 341.39 0.516 9 H—>L+2(78.5%) H-3—>L(5.4%) H-2—>L(5.1%)
So—S1 1.793 8 691.19 0.727 8 H—L (98.7%)
So—S; 2.640 7 469.51 0.664 3 H-1-L (84.6 %) H—>L-+1 (14.1%)
So—>Sy 3.236 1 383.13 0.158 9 H-1-L+1 (86.7%) H-2—~L (5.4%)

RL1-T
Se—>Ss 3.486 8 355.58 0.143 5 H-2—~>L (78.9%) H-1>L+1 (5.1%)
So—>Ss 3.629 5 341.6 0.246 3 H—L-+2 (61.5%) H-7—L (30.9%)
So—>Se 3.711 5 334.05 0.145 9 H-7>1(44.3%) H—>L+2 (22.4%) H-4—~L (19.1%)
Se—>S1 1.829 7 677.62 0.638 1 H—L (98.7%)
So—>Ss 2.642 7 469.15 0.541 0 H-1-L (81.8%) H—~L-+1 (16.7%)

RLLO So—>S. 3.213 8 385.79 0.193 3 H-1-L+1 (86.8%) H-2—~L (5.3%)
So—>Ss 3.516 5 352.58 0.131 4 H-2—>L (71.7%) H>L+2 (10.1%) H-3—>L (7.7%)
So—>S; 3.634 6 341.12 0.341 8 H—>L+2 (65.1%) H4—>L (17.5%) H-2—>L (11.9%)
Sy —>Sg 3.694 5 335.59 0.192 8 H-4—L (73.0%) H—>L+2 (17.6 %)
So—>S1 1.904 6 650.98 0.636 0 H—L (98.6%)
Se—>S; 2.671 2 464,15 0.489 5 H—>L+1 (52.9%) H-1->L (45.6%)

RL1-P So—>S, 3.251 6 381.3 0.325 7 H-1-L+1 (85.9%) H-2—~L (7.7%)
Sp—>Ss 3.534 6 350.77 0.140 3 H-2—L (75.8%) H—>~L+2 (9.4%) H-1—>L+1(5.2%)
So—>Sr 3.662 9 338.49 0.447 9 H—L+2 (78.6%) H-2—>L (8.8%)
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RL1-P B F B DABSR LB 1.1 A2 3 7R RL1 A BT, S, MAS .91 161%,
158%,75% M 19%, S WA, BT RL1-O ekl 4 ,RL1-B,RL1-O #1 RL1-P 9 5 Bt A2 158 F4 1t RL1
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Tab.3 Hole-electron analysis of five dyes in S; and S; excited states

PR RS ER-ETHE Crole=C o Sr R IE D/A Sr t/A
Agﬁ

Si 6.03  0.503  2.673
RL1

S5 3.37  0.717  —0.270

Si 8.33  0.382  4.620
RL1-B

S 3.71  0.694 —0.928

S 7.793  0.443  3.858
RLI-T

S 2.480  0.740 —2.166

S 7.160  0.448  3.437
RL1-O

S; 2.235  0.724 —2.041

Si 6.690  0.464  2.885
RL1-P

S; 4.652 0.609 0.185
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Tab.4 Net electron transfer amount of each fragment of 5 dyes under S; and S; excited states

- .- H B Wil A2 BT L
A iy
D Al x A2 D REBF A/ %
S —0.779 60 0.509 65 0.180 07 0.089 88 11.5
RL1
Sy —0.386 75 0.222 23 0.113 53 0.050 99 13.2
S —0.828 70 0.456 42 0.137 97 0.234 30 28.3
RL1-B
Sa —0.217 10 —0.043 73 —0.,011 97 0.272 80 125.7
S —0.777 17 0.354 75 0.190 34 0.232 08 29.9
RL1-T
Ss —0.259 75 0.181 64 —0.034 85 0.112 96 43.5
S —0.768 82 0.407 09 0.204 45 0.157 29 20.5
RL1-O
Sy —0.268 46 0.247 35 —0.005 12 0.026 23 9.8
S, —0.660 10 0.171 16 0.079 26 0.106 68 16.2
RL1-P
Ss —0.505 56 0.322 50 —0.009 57 0.192 64 38.1
3 & i

A SCEF X2 ) DA A R = IR S YRR 43 F O PR B L 38 S AR B A Z AR 2 0 22 TR 1 Ik ) 3
HE2A TR T A M A Yk 4T, FIF DET F1 TD-DFT 73k % B 45440 . B 3 4375 L BB 2% . 48 41 1T T R lic
IR R BB HEAT T BB R & /G T i B 82 T GBI R S F I BUR R AR, B AL T QLR R
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