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HIROSHIFUKUMURA',HIROSHIMASUHARA'*AM>YASUOIMAMSHlb 

bHitachi Reseaxh Laboratory, Hilachi Ltd., Ohmika, Hitach, lbarala 319-12, Japan 

INTRODUCIlON 

Space-hted st~ctlnes of Organic molecular associates have atbcted much attarton, 
because migation of excibm, holes and electrons in their structures is different from 
that in bulk matetials in order to limited fkdom of tk motion. 'Ihe migmion behavior 
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60 Y.  HOSOKAWA P I  ul 

was studied for evapomted thin G h ,  Langmuir-Blodgett films, etc. I". Multihped 
ultradun films, fabricated by orgaruc molecular beam deposition (OMBD) techmque, 
have an advantage for investigahng excim dynarmcs in space limited structure because 
of variable thickmzss of layas. In this wo&, we have applied femtmxmd mient 
absorption spectroscopy to the muhilaymi tilrns, composed of CuPc and " K D A  with 
dze unit layer thickness of a few nanometer. photaphysics of p h t h a l m  has been 
studied quite widely in view of scientitic intezest and its potential application. Recently, 
in our kboratg: uhafast excitation enedgy daxation p~~cesses in CuPc solid have 

NTcDAwas chosen as a molecule to fabricatealternatively with W c ,  as NTCDA has 
small lame mismatch for CuPc. 'Ihe excited state dynam~cs in the multilayxxl film 

been mealed by transient regular rektion qxctmqy p - 5 1  .ontheotbe€hand, 

with dlfh3lt  unit layal.llKh is discussed. 

CUPC/NTCDA multilajwd film 0) with seveaal unit layx thicknesses of d nm 
was fabricated on (1oO)cleaved plane of a poolsslum chloride single crystal by using an 
OMBD techruquedescnbed in a previous and layer number was varied for 
each sample to keep almost the same optical path length. 'zhe list layer of the 
multtlayd 6lm on the crystal was CuPc, and afterward NTCDA and CuPc layers 
weae altmatively deposited. "he rnulhlayxd stxuctm was confund by transmission 
electm miamcopy and X-ray photdedmn spxmxmpy. A CuPc film and a N K D A  
film, whse thicknesses m 10.5 nm, wae also fabricated by the OMBD technique 
under*condition. 

Dmls of our kmtcsemnd absorption spectrosoopic measurement have been 

nm) of Ti: sapphk laser system (34  ml/pulse, FWHM 150 fs, 10 Hz) was used as an 
excitation light some. 'Ihe induced hansient abscnpt~on change was probed by the 
femtaecond white light continuum. All masmmmts weae performed unda vacuum 
condt ionatmtempatm(23  "c ). 

described in previous lrports p? Fundamenral light (780 nm) OT second harmonic (390 

RESULTSANDDISCUSSION 

G r o u n d s t a t e a ~ n s ~ e c l r a  
The specEral shape of the ground state ahsorphon in visible region ( 5 0  nm) 
depends on the unit lajvrthlclmess, as shown in Figure 1. h is known that visible 
absorptionqxmum due to Q-band of CuPc is sensitive toa molecular stacking mnw 
m, hen~e it is suggested that stacking structurechanges alittle m g o n  d. 
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U L T R A F A S T  E N E R G Y  T R A N S F E R  I N  FILMS 61 

CuPc layas are excited by 780 nm pulse, while NTCDA laym are mainly excited by 
390 nm pulse even fOrA4QQ. 

Wavelength I nm 

FIGURE 1. Gnxlnd state absorption spectra Of (A - C )  ML(d), @) WC, and (E) 
NTCDA f h s .  

Tramientabsorptionmectra of the W c  h a n d  the NTCDA film 
Figun: 2 shows hansient atmphon specha of the CuPc film excited at 390 nm and 780 
nm Excitation wavelengdl ckpndena of spectral shapes was not obsaved at each 
delay time. The hansient specha contain two species; a short W&im species with the 
positive band at 520 run and a long lifetime Species with the band at 670 nm 
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Wavelength I nm 
FIGURE 2. Transient absaphon specha of CuPc film The spectra by 780 nm 
excitation (broken he) and those by 390 nm excitation ( d i d  he) are nomahed at 520 
nm 

From the res~lts of pnxous inmtiwon 5* ''I, it is consideard that short and long 
lifethe species are due to an ekctmuwlly excited state (exciton) and vibrationally 
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62 Y. HOSOKAWA ei ul. 

excited state of the electronically ground state (hot band), lespectively. 'The hot band may 
be formed via excitonexciton annihilation, which is a b d y  m n s i w  as one of the 

Tmsient absorpaon spectr;l of the NTCDA film by 390 nm excitation show that, 
after mpid decay of the broad absinphon band in the range shorterthan 570 MI, the 
positivebands around 450 nm and 650 nm w x  remained ove rsed  n a n d .  A 
tlatabscnphonobsmdat 1 -4pscanbeleproducedbyasumofeadyandlate 

responsible to tmnknt absorpm spectta of the NTCDA film. The short lifetime 
spa with the band around 550 nm is amsidend as an ekhunically excited state of 

lclaxahon processes of excited CUPc film "'1. 

componenD; as simulated in Figure 3. Illis means that only two & a t  SpeCKs alE 

N T c D q b e c a u s e t h e b a n d w a s o b s e r v e d ~  . yafterexcitation. 

400 500 600 700 
Wavelength I nm 

FIGURE 3. Transient absorptlan specks of NTCDA film by 390 nm excitation (solid 

bnsient absorption spechum at0 - 1 ps, and that at20 - 200ps in the NTCDA Elm. 
he), and least square fitted specha@roken line) using two component spectra; the 

Tmmient absor_Dtion SDeCtra ofcupc/NI%DA mrltilavered filns 
figwe 4 show transient absorption spectra of ML(1 A). Roughly, the spectral shape and 
ttreirhmeevolution obtained by both excitation lookedsimilarto those of the CUPC film, 
however, hansient absoqhon specha by 390 nm excitation and thase by 780 nm 
excitation wete difhmt mund 520 nm within a few picoseconds after excitation, 
which is asclibed to a charactenstic bansient species of W1.8) only m t e d  by 390 
nm excitation. 

lhehansient abxnpt~m spectral shapes of CuPc solid are @y chmuned ' bythe 
qxctral shage of bleachmg due to the grwnd state absorphon "'. The difference 
between transient absorption spectraof the CUPc film and thme of W1.8) m y  be due 
adif€ixmx betwen theirgnxlndstate absorption specha 'Therefole, it is teasonable to 
consider that the &ent abxnpt~on spectra by 780 nm excitation at the early time are 
assigned to the CuPc excited state as only CuPc can be excited. 
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ULTRAFAST ENERGY TRANSFER I N  FILMS 63 

On the other hand, NTCDA is mainly excited with 390 nm light and the diihmce 
between hamitmt spectm of Wl.8) and those of the CuPc film was in good agreement 
with the band of NTcDAexcited state showp in Figure 3. Thus, it is amsidaed that the 
additidband by 390nmexcitationis assipedtothe NTCDAexcited state. 

Fuafiermore, there is apossibility that the band i n d u c e d  by 390nm light is due to a 
NTcDAanion. To confirm assignment of this band, we measlned hansient absorphm 
specha of NTCDA solutions. Ihe spectra) shape of 550 nm band of the NTCDA film 
was in good agmmmt with the ttanSjent spectr;l of the " K D A  solution in 

solution Since xylene is a good electron cbnor CORlpafed with tehahydmhran, the 
fonmer should be due to excited state and the Iana " C D A  anion. Thus, the band 
induced by 390nmexcitatimcannot be ascribed to thel\FTcDA anion. 

tehahydrOliIaQ a l h &  thedi&rent tIansknt spectrum was obsaved in the xylene 

t 
400 500 600 700 

Wavelength I om 

FIGURE 4. T h a t  absorption specha of W1.8) .  ?he specba by 780 nm excitation 
(broken line) and those by 390 nm excitation (solid line) arenormaliaed at 620 nm 

Figun: 5 shows timepfiles of transient abso@lonof t h e m  film and rkfL(d) 

compafison with that at 520 nm Wilh declleaslngthe unit layrdnckness, although both 
obtaud with excitation at 390 nm. For W1.8) ,  the rise at 620 nm delayed in 

lises of CuPc film coincide with each other. The NKDAmcited state appeared in the 
range shutix than 550 nm as shown in Egm 3, while t h e e  time evolution of the 
negative band in Wd) mund 620 nm qments the populahon of the CuPc excited 
state. Ihe delayed rise at 620 nm indicates that the CuPc excited state is not duectly 
gemated by the 390 nm light 'Ihetefore it is concluded that the enagy of NTCDA 
excited statps is trans- to CUR with the time scale of 1 ps, although the 
cmqmdugdecayof the NKDAexcited state at 520 nm was notobsaved because 
of spectral ovalap with theband ofthecupc excited stabe. FidmmoG 6um the fact 
that the riseat 620nm of MI-(% coincided nearly with thatofcuPc tih, it is consi- 
that the dhafistemg transtixtakesplace in theNKDA layrrof about 2 nm at the 
cuPcNKDAinterfaCe. 
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64 Y.  HOSOKAWA et (11 

FIGURE5 Time profiles of theposltiveband at 5U)nm(.) and of the bleaching at 
620 nm (0): (A) CuPc film, (B) W 5 ) ,  (C) My1.8), and (D) M41.8). Excitation 
wavehgthwas390nm 

llus wnk is partly defiayxl by a Gtant-in-Aid for Sclentific Research on Priority A m  
on '- 'on Dynarmcs" h m  the Muistry of Education, SCKnce, Spcnts, and 
C u l t ~ ~  (06239101). Yl thanks lndushial S c l a  and Technology Fimtia Rogram by 
New Energy and industrial Technology Development Organhhon for partial s u p p t  
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