
This article was downloaded by: [University of Haifa Library]
On: 17 August 2012, At: 19:35
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Raman Study of Mixed-
Stack Charge Transfer Films
of 2-Octadecyl-7,7,8,8-
Tetracyanoquinodimethane
and 3,3′,5,5′-
Tetramethylbenzidine Prepared
by the Langmuir-Blodgett
Technique and Donor Doping
Young Mee Jung a , Shin-Ichi Morita a , Masanobu
Ogane a , Teruki Ikeda b , Hideo Tashiro c & Yukihiro
Ozaki a
a School of Science, Kwansei Gakuin University,
Nishinomiya, 662-8501, JAPAN
b Spectroscopic Products Division, JASCO Co.,
Ishikawa-cho, Hachioji, 192-0032, JAPAN
c Photodynamics Research Center, RIKEN,
Nagamachi, Aoba-ku, Sendai, 980-0868, JAPAN

Version of record first published: 24 Sep 2006

To cite this article: Young Mee Jung, Shin-Ichi Morita, Masanobu Ogane, Teruki
Ikeda, Hideo Tashiro & Yukihiro Ozaki (1999): Raman Study of Mixed-Stack Charge
Transfer Films of 2-Octadecyl-7,7,8,8-Tetracyanoquinodimethane and 3,3′,5,5′-

http://www.tandfonline.com/loi/gmcl19


Tetramethylbenzidine Prepared by the Langmuir-Blodgett Technique and Donor
Doping, Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 327:1, 225-228

To link to this article:  http://dx.doi.org/10.1080/10587259908026819

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
9:

35
 1

7 
A

ug
us

t 2
01

2 

http://dx.doi.org/10.1080/10587259908026819
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mnl. Crysr. Liq. Cryst.. 1999. Vol. 327. pp. 225-228 
Reprints available directly frnm the publisher 
Photocopying permitted by license only 

0 1999 OPA (Overseas Publishers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
Rinted in Malaysia 

Raman Study of Mixed-Stack Charge Transfer 
Films of 2-0ctadecyl-7,7,8,8- 

Tetracyanoquinodimethane and 
3,3’,5,5’-Tetramethylbenzidine 

Prepared by the Langmuir-Blodgett Technique 
and Donor Doping 

YOUNG MEE JUNGa, SHIN-ICHI MORITAa, MASANOBU OGANEa, 
TERUKI IKEDAb, HIDE0 TASHIRO‘ and YUKIHIRO OZAKIa 

aSchool of Science, Kwansei Gakuin University, Nishinomiya 662-8501, 
JAPAN, bSpectroscopic Products Division, JASCO Co. Ishikawa-cho, Hachioji 
192-0032, JAPAN and ‘Photodynamics Research Center; RIKEN, Nagamachi, 

Aoba-ku, Sendai 980-0868, JAPAN 

(Received June 30, 1998; In final form July 15,1998) 

Raman, FT-Raman and ultraviolet-visible-near infrared (UV-vis-NIR) spectra have been measured 
for mixed-stack charge transfer (CT) films of 2-octa~yl-7,7,8,8-tetracyan~u~~methane 
(octadecyl-TCNQ) doped with 3,3’,5,5’-tetramethylbenzidine (TMB) deposited on CaF2 
plates and Au-evaporated glass slides. The 1064 nm-excited PT-Raman spectra can be 
observed clearly even for the one-layer CT films deposited on CaF2 plates because the excita- 
tion wavelength is located within a broad CT band centered near 1550 nm. The degree of the 
charge transfer determined by a shift of the C=N stretching band of the TCNQ chromophore 
suggests that the CT complex films are in a quasi-neutral state. 

Keywords: Langmure-Blodgett films; charge transfer; Raman spectroscopy; tetracyano- 
quinodimethane 

ITRODUCTION 

Recently, great interest has been paid to mixed-stack organic charge-transfer 

(CT) complexes, composed of alternatively stacked donor (D) and acceptor 

(A) molecules because they show a variety of physical properties. such as 
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nonlinear electrical and optical properties, and an anomalous dielectric 

response"'. It is also notable that a neutral to ionic phase transition induced 

by pressure or temperature is observed for a number of mixed-stack CT 

complex crystals. 

We have been studying the structure, morphology, and thermal behavior 

of the mixed-stack CT Langmur-Blodgett (LB) films consisting of octadecyl- 

TCNQ (A) and TMF3 (D) (Figure 1 a, b) by use of ultraviolet-visible-near 

infrared (W-vis-NIR) and infixed (IR) spectroscopies and atomic force 

microscopy (AFM)l2.''. The CT films we investigated show non-linear 

electrical conduction. The purpose of the present study is to provide a 

further insight into the structure and properties of the mixed-stack CT films of 

octadecyI-TCNQ doped with TMB by u ~ e  Of Ra~nan and FT-Rman 

spectroscopy. 

EXPERIMENT 

A detailed experimental procedure for preparing a LB film of octadecyl-TCNQ 

and the CT films was described previously'*'. The 488.0 nmexcited Raman 

spectra of the LB and CT films were measured at a 4 cm" resolution with a 

Raman system consisting of a ARC Instruments SpectraPro 275 Triple 

Monochromator/Spectgraph and CCD detector (LNICCD-I 1 OOPBUVAR, 

Priceton Instruments). The 488.0 nm line from an argon ion laser (Spectra- 

Physics 2016) was used as an excitation source for the Raman spectra. FT- 
Raman spectra were obtained at a 4 cm" resolution with a Nicolet Magna 

Spectrometer 860 equipped with an lnGaAs detector. UV-Vis-NIR spectra 

were measured with a Shimadzu W-visible 3101 PC spectrophotometer. 
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RAMAN STUDY OF CT FILMS 221 

RESULTS AND DISCUSSION 

Figure 1 A shows the 488.0 run-excited Raman spectra of a 7-layer CT film of 

octadecyl-TCNQ doped with TMB (a) and a 7-layer LB film of octadecyl- 

TCNQ (b) both deposited on Au-evaporated glass slides. It is of note that 

bands at 2221, 1618, and 1461 cm" due to CtN, C=C (ring), C=C (wing) 

stretching modes, respectively, show a shift upon the formation of the CT film. 

The degree of charge-transfer (p) can be determined From the shift of the CIN 

stretching bandr4'. 

are in a quasi-neutral state. 

obtained from our previous LR study 

It was calculated to be 0.42, suggesting that the CT films 

The calculated value is very close to that 

Figure I B compares the 1064 nm-excited FT-Raman and 488 nm-excited 

Raman spectra of 7-layer CT films of octadecyl-TCNQ doped with TMB 

FIGURE 1 A. The 488 nm-excited Raman spectra of a 7-layer CT film of 

octadecyl-TCNQ doped with TMB (a) and a 7-layer LB film of octadecyl- 

TCNQ (b). B. The 1064 nm (a) and 488 nm-excited Raman (b) spectra of 

a 7-layer CT film of octadecyl-TCNQ and TMB deposited on a CaF, plate. 
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deposited on CaF, plates. An FT-Raman spectrum can be obtained even for 

a one-layer CT film of octadecyl-TCNQ and TMB (the spectrum, not shown). 

This is because the excitation wavelength is located within a broad band near 

1550 run assigned to a CT excitation between octadecyl-TCNQ (A) and TMB 

(D) molecules[*'. Thus, the 1064 nmexcited Raman spectra of the CT films 

are pre-resonance Raman spectra. 

The excitation wavelength dependence of Raman spectrum of the 7-layer 

mixed-stack CT film can be observed in Figure 1 9. The spectral changes 

with the excitation wavelength arise from the fact that the 1064 nm-excited 

spectrum is pre-resonanced with the CT band near I550 nm while the 488 nm- 

excited spectrum is pre-resonanced with a band due to an intramolecular 

excitation of TCNQ molecules. Of note is that bands assignable to TMB 

(1343 and 1608 cm-') are observed only in the 1064 nm-excited Raman spectra. 
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