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Surface-Enhanced Raman Scattering of Charge 
Transfer Thin Films of 

Tetracyanoquinodimethane Derivatives on Metal 
Surface 

YOUNG MEE JUNG~, HIDETOSHI SATO~, TERUIU IKEDA~, 
HIDE0 TASHIROb and WKMIRO OZAKIa 

'School of Science, Kwansei Gakuin Universiq, Nishinomiya 662-8501, JAPAN, 
bDepartment of Research Fundamentals Technology, The Institute of Physical 

and Chemical Research (RIKEN), Wako 351-01 98, JAPAN and 'Spectroscopic 
Products Division, JASCO Co. Ishikawa-cho, Hachioji 192-0032. JAPAN 

The 488.0 and 1064 nmcxcited Raman spectra have been measured for dipping films of 
2-octadecyl-7,7,8,8-teeacyanoquinodimethane (octadecyl-TCNQ) and docosylpyridi- 
num-TCNQ salt and mixed-stack charge transfer films of octadecyl-TCNQ doped with 
3,3',5,5'-tetramethylbenzidine (TMB) deposited on silver mirror. The 488 nm-excited Raman 
and 1064-nm excited FT-Raman spectra of dipping Nms of octadecyl-TCNQ and docosylpy- 
ridinum-TCNQ salt and CT film of octadecyl-TCNQ doped with TMJ3 on the silver mirror 
gave very intense Raman bands with a high signal-to-noise ratio owing to the SERS effect. 
From the hquency of a CsN stretching band of the CT film of octadecyl-TCNQ doped with 
TMJ3 on silver mirror, the degree of CT can be calculated to be 0.42, suggesting that the CT 
film is in a quasi-neutral state. The C=N stretching band of the dipping film of docosylpyrid- 
inium-TCNQ salt indicates the strong interaction of TCNQ group with silver mirror surface. 

Keywonis: surface-enhanced Raman scattering; thin films; charge transfer; tetracyanoquin- 
odimethane 
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Detailed p.oced\ms fbrpeparingthe silvaminw, dipping filmsof oCta8ecyl- 
TCNQ and ~ocos~~@~~LuII-TCNQ Salt and CT film Of octadecyl-TCNQ 
doped with TMB on the silver minn WR descn’bed p ~ i o ~ ~ l y . ~ ‘ ~  The 488 

nmcxcitcd Raman spectra w e  measllFcd a! a 4 cm” resolution with a JASCO 
NRS-2100 Raman systun and liquid Ihgelwm led CCD &tcctor. The 1064 

nmecited lT-Ranm spedra m obtabd at a 4 cm’l resolulion with a 
Nimlct Uagna Spectrnmeta 860 equipped with an InGaAs dekcbr. 
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SERS OF CT FEMS 

RESULTS AND DISCUSSION 

317 

% 488 macited Raman spectia of a dipping film of omdecyl-TCNQ and of 
a CT film of OCtadecyl-TCNQ doped with TMB on silver mina show very 

intense Raman bands with ahigh signal-to-noise ratio owing to the SERS effect 
as shown in Figun 1A (a) and respectively. It is of note that bands of the 
dippins film Of octadecyl-TCNQ at 2221.1608, and 1447 d d u e  to CIN, C=C 

(nng), and C=C (wing)s$etching modes, respectively, showashift upan the 
formation of the CT film The depe of chsrge-tlansfer @), detarmned . h n  

the shiftof the CtN stretching band, is 0.42, -that the CT film is in a 

quasi-neutral state. The p value is vay closeto those obtained inourplwious 

IR and  ama an studies.R3' The 1064 macited r am an specmm of a CT film 
of octadecyl-TCNQ dopd with TMB on silver mirror also shows a maticed 

SERS effbct (Figwe 1A (c)). It is suggested that the silver minWmethod is a 

a m  um iam izm 
R W A N  SHFr I an" 

c 

n m  *' Um lbm ' 
R W A N  S H F I  I an.' 

FIGURE 1 A. (a), (b); The 488 m-excited Raman spectm of a dipping film of 
octadecyl-TCNQ (a) and of a CT film of octadecyl-TCNQ doped with TMB (b) 
on silver minor. (c); The 1064 m-excited FT-Raman spectnrm of the CT film 

B. (a). 'Ihe 1064 maci ted  Raman specimm of the cast film of 

spectnrm of a dipping film of docmylpyidinium-TCNQ salt on silver m h r .  

of octsdecyl-TCNQ Qoped with TMB OII silver *. 
~ l p y ~ i d i n i ~ - T C N Q  salt on caF,plate. (b). 'Ihe 488 nmexcited Raman 
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p o ~ ~ t o ~ l a X g e S E R S ~  Itisnotedthatthe1064mrr 
excited Raman qxcha of the CT films on a gold empomkd glass slide and a 

CaF,platewhichanp.ansanrmcedwithaCTbendnarr1540nm&natshow 

Strong Raman spectra like the SERS spamm forthe d ~ ~ .  
F i p  I9 shows (a)& 1064 d t e d  Raman spechrpn ofthecast film of 

docasyIpy~idinium-TCNQ salt on a caF,plate and (b) the 488 nmexcited SERS 
spectra on silver k. From the comparison of the fkqwncy of the ChN 
StFetChing naode of -1pyidim-TCNQ dt betwear C& films an the CaF, 
plate and goldevaporated glass slick (the specha, not h w n )  and the dipping film 
on the silver mirror, it is suggested that the TCNQ grwp irderacts strongly with 

positive chargadon the silver mirror surface. 

This stdywasperfbnnedtbmugh Special coordiaaton Funds for promotion 
Science and techno log^ of the Science and Technology Agency of the Japentse 
Gowmment. 
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