EAE - HeAd - A
ATYUHEEE QAT
*oftheta o) sjelet shea)
AP E Q&R

Interrelation on the Electronic Structure and
Spectroscopic-Photoelectric Characteristics
in the Cyanine and Merocyanine Dye(Il)

Se-Mo Son, *Tae-Sun Gwon, **Sun-Yeop Kawk
Dept. of Graphic Arts Engineering, Pusan National University of Technology,
Pusan 608-739, Korea
*Dept. of Chemistry, Yeungnam University, Gyongsan, 712-749, Korea
**Dept. of Printing & Publishing, Pusan Junior College,
Pusan 616-737, Korea

Abstract

Spectroscopic and Photoelectric Characteristics in the Cyanine and Merocyanine
Dye according to systematically change of their structures were experimentally
discussed.” As result, in solution, Hetero atoms(X) of Cyanine and Merocyanine
dye were participated in resonance X of d obital rather than X of pobitaleffected
in resonance and contributed in extension of conjugated system.

In solid filmnew spectracalled eximer-fluorenscence,were appeared in 3-
dimensional fluorenscence of high density of Cyanine dye but not of
Merocyanine.The activational energy of conductivity in Merocyanine dye was
lower than in cyanine, on the contrary,the drift mobility was higher and the
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former in photoelectric characteristics was more effec-tive than the latter.

In this paper,authors invertigated the changes of dye structure by molecular
obital method to confirm the results of spectroscopic and photoelectric
characteristics in the Cyanine and Merocyanine Dye acco-rding to systemati-
cally change of their structure, and counted total energy on dihedral angle and
dipol moments of dyes in So and Si.
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Fig.1 Molecular structures of cyanine and merocyanine dye(X=0,S,Se).
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Fig.2 Potential energy map of cyanine dye.
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Fig.3 Molecular conformations of cyanine dye.
Lower side : ground state(S,)
Upper side : exicited state(S;)
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Fig.4 Molecular conformations of merocyanine dye.
Lower side : Ground state(S,)
Upper side : Exicited state(S;)
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Fig.5 Bond orders of cyanine dye in chromophore.
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Fig.6 Bond orders of meroyanine dye in chromophore.
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Fig.7 Potential curves dependent on dihedral angle in cyanine dye.
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Fig.8 Potential curves dependent on dihedral angle in merocyanine dye.
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Cyanine, Merocyanine§ 4] 3% Aol digk AxpFzebe] ARRAI) 11
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Table 1 Photophysic characteristics of cyanine and merocyanine dye in MeOH b

X o f T(sec) Kf tf(sec) d AS
0 0.073 1.30x10-10 5.64x108 1.77x10-9 20.0 15
Cyanine S 0.060 3.10x10-10 1.94x108 5.16x10-9 24.0 16
Se 0.043 4.23x10-10 1.02x108 9.82x10-9 26.7 18
O 0.008 9.54x10-11 7.96x107 1.26x10-8 280 23
Merocyanine S 0.003 1.62x10-10 1.88x107 5.31x10-8 32.7 26
Se 0.003 3.00x10-10 1.09x107 9.17x10-8 35.3 32
of : Fluorescence quantumn yields T ! Lifetime of excited state
Kf : Rate constant 1f : Lifetime of fluorescence
d : Half width AS : Stocks shift
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Table 2 Heterocycle conformation

X X-C 2CXC
0 1.377 106.727
Cyanine S 1.763 90.659
Se 1.898 86.874
0 1.378 111.514
Merocyanine S 1.758 91.308
Se 1.938 87.543

X-C : Bond length(A)
2 CXC : Bond angle(degree)
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Table 3 Photoconductive characterstics”

X Ip-1d Ip/1d [dl/dV?3] ud(cm?V - sec) Ea(eV)
0 261x10™" 185 2.72x10°%° 9.83x108 0.872
Cyanine S 494x10°3 19 2.88x10°" 6.09x10™" 0.760
Se 151x10° 2686 2.11x10™" 494x10™" 0.715
0 7.62x107 21.1 1.99x107° 6.33x10 7 0.645
Merocyanine S 1.35x107° 82.0 555x10™M 4.33x10°® 0.630
Se 569x10° 8820 4.17x10 2.12x10 ° 0.529

Ip-Id : Difference between Ip and Id

Ip/1d : Photoconductive sensitivity

[dl/dV?] : Slope of Id vs V*

ud(cm?/V - sec) : Drift mobility

Ea(eV) : Activation energy for conductivity

<12+ S) = S+ <-1>or <+1> + 5 = S + <+1>
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Fig.9 Potential curve of Sy and +1.
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Table 4 Total energy gaps(eV).

X (8—+1)  (+1-S,) AEh (So—-1) (-1—S.) AEe
O 4.68 -3.28 1.40 -2.74 3.17 0.43
Cyanine S 4.89 -3.89 1.00 -3.13 3.37 0.24
Se 460 -3.61 0.99 -3.28 3.58 0.30
O 7.98 -7.10 0.88 -1.91 2.33 0.42
Merocyanine S 7.86 -1.22 0.64 -2.09 2.57 0.48
Se 762 -7.30 0.32 =211 2.59 0.48
TPA 3.00 -7.29 0.71 -0.11 0.44 0.33

AEh AEe : Energy for structural change(hole or electron)

T FAHEA o il carrierA o] doltr] st A= o744 e 9} anion 2tz
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Table 5 Energy gaps between excited and radical state.

X E(S; @ +1) AE(S; : -1)

(0] 3.18 342
Cyanine S 384 3.70

Se 4.09 393

(@) 498 459
Merocyanine S 531 452

Se 5.33 456
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Fig.10 Partial charge distribution of cyanine dye.
Lower side : ground state(S,)
Upper side : exicited state(S;)

Ground state(So)

Excited state(S;)

Fig.11 Partial charge distribution of meroyanine dye.
Lower side : ground state(S,)
Upper side : exicited state(S))
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Table 6 Dipole moments in Sg and S;

X So S

0] 11.67 14.80
Cyanine S 10.84 14.90

Se 10.16 1591

O 7.22 21.73
Merocyanine S 6.41 22.16

Se 6.24 22.62
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