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TITRODUCTION

Monolayers of certain dyes can be used to cover the surflace o[ wide band-gap semi-
condttctors Such as colloidal (nanocrystalline) TiO: films emptoyed a, .le.irodes, in-

.creasing, in some cases dramatically, the degree of conyersion of photons into elec-
trical curt-ent- It was shown II] thar when certain colored compleres (panicirla;-ly
those of ruthenium and osmium) are used, rhe sensitizing effect is more pronounced.
In c'rder to be an effrcient sensitizer, the complex shoulcl be able to undergo light-indu-
cecl electron injection from its excited state into the conduction band of the semi-conduclor {the absorplion of visibie light is related ro a metat-to-ligand charge-transfer
transition). In this way it is possible to produce relatively inexp'ensiu*, long-lasting andefticient TiO2'solar cells (Griitzel-type ce.lls). Among the rurhelium cornplexes wSich
have been tested so far, the title compbund * cri-di(thiocyanaro)bis(2,z,-bipyridyl-4,4,-
dicarborylaie)ruthenium(II) dihydrate * has been shown iz] to exhibit rhe n:ost remer-
kable efficiency as a sensitizer. Sorne fiagmentary data on the Fourier-tiansforn infra-red G-TR.) spectra af this compound ur.-gin.,, inRef ?. '; - -'

since lrvo of us i8.5. and.M"T.) have been, for quite soille tirne, involved in the st*dyoIthe infrared spectra of bipyridine complexes, on the one hand, and of crystallohyci-
rates, on the other [i-?J, it seemed natural to attempt to.studi, in some;i;i.;r.

, detail than previously done [2], the FTm, spectra of rhi tlir. .o*il".a.ii r*J.;l;;
" to pay parlicular attention to the regions where the thiocyu,1^to and the v/ater. bands

are expected to appear.
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EXPERIh,IEN TAI-

The sludied cornpound rvas prepare.d as previously' [2] described.

'lhe Fourier-transform ir:frared spectra were recordecj, kom idBr pcllets, on a. I,ri):ir -

Elrner ?000 IrTIR system boih al rooiri terxperature (P.T) and at lemperatures do.;,,;, g1

ti:e boiling iempe;'ati:re of IiquiC nitrogen (Ll;T), the Iatte:- measui'eil'renis beir..o, ner:-:"-

cuiariy import;ir:t in the course olthe siucil, oibands arising lroii: e:<r.e;nal vibiarioiis c;'
ihe water molecr":ies
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Fig" l. FTIR specrra oi cls-di{tiriocyar:irto)bis(?,2'-bip'r r iiiyl-4,4'-riicar'oo::i -

late)ruthe niunr(ii) dihi'drate rccorded frorn F.-I" do'.r:r to i.i'i I-
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T afing into s.ccount th* cornplexity * f
rhe huilding units {bipyridine ffi*ietinsn

carb*xy'late and thiocyanale grsupr, ttrna-

L*r rTiolecules) es ,'vett as rire expected

1o,,'1 cveraLl synr*let'ry f*r th* conlplex as

e rvhole, the $pectra er& su rprisi;rgly

sinrpi*. F{owev€,r, all.the characreristic

spectral f,eatu res c f the strt,cturai i: ni ts

firs prtisertt as will be shown far tire cese

cf the bands to be discussed in ffi* {-n

derail belsw. As Figs. I and Z sh*',r,', e

strang band (o., Jath*r, e practicaliy uft-

rnsolved duublet) foll*wed by a nt:*h
wefrker satellite Is found ln the ? 15fi-

-l '21il* cfft ' t*gian of th* spectra. it
should, perhaps, be pointed *ut that we were unable ts firrd tuo sepuate bands (at
1125 and ?093.*'') in this region as previously [2] repoited. It is easily seen that the

s'rrong band is ientperature-sensitive and shifts towards higher fiequencies when the

ternperature is lowerrd" Whereas the strcng band undoubfedly arises from one of the

lh.iocyanale stretching vibrarions,.ir is practically certain that the rveak band is due to a

second-CIrder transition of some sort. Such a conclusion is based not only.on the inten-

sity *f the satellite, but als* on its independencs en the temperature.

The frequency of the srrong band (?11? cm-l is the value for the main peak at LllT) is

consistent with the assumption of l/-bonded thiocyanato groups in the struclure, In
line wirh such a c*nclusion are the Iiequen*y and the int*nsity of the;ard :.:;earing
around 772 cm't already observed and assigned to a rnode which is pred*minantly C=S
stretchiilg in charact*r l?]. It is, thus, almost cerlain that the thioeyanato groups are

indeeei b*nded eo the nrrhenium atorn via their nirragen end.

TIte rcsults of the elemental analysis of th* title conrplex [2] indicated thai the coni-
pbund is a dihydrate. This is somewhat surpiising since one expects that with four ni-
lrogen aloms lrom t}'re trvo bipyridine rings and lwo nitrogen atoms f,rom the'two thia-
cyanato groups, the co-ordination sphere araund the ruthenium atom ,.vould be cont*
plete and that waler molecules would not bs able to enler it. Flowever, the spectra un-
equivocally .show thal water rnolecules are lndged presenl and $at lhey lorm an

inlpgral part *f the srnrcrur.e of the..sludied compound."I$.imely, in both the RT and:

LNT spebtra, strCIng bands are seen i* the region where the stretching vibrations of the

waler moiecules flre expecred to appeffr {Fig. ia). The.main maximum in lhe RT spec-
tra is found arountJ 340S r*'', accompanied by an almost invisible shsulder ar lov/er.
frequencies. On rhe other hand, at LN I the high-freqlre&cy band is cleariy split inro at

least two cornpsnents and the lqwer-fiequency shoulder becomes clearly visible (and,

apparently, alro split). $uch a behavi*ur- is strongly indicative of pre:e*ce of water
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inclividual' complex nrole_
cules. The hydrogen boncis
are, cbv!cusly, of dif;^erenl
strength The high_freqilen_
cy LhlT doublet nrusr b*
due to the OH stretchjns
vibrations af groups whorl
p i"o Lons form relatively
rveak bond, whereas consi_
d erably strcilger hydrogen
b o n ds aie resp onsib tre fo,
the appearance of the low_
er*frequency coniponen ts of
the complex feature fbunC
in the v{CH} region..

That the water molecules form an integral part of the structure is even m.re cleariv
demonstrated by the appearance of at'least two bands which are practic.,t, i"U'5,-'-1
RT but gain considerably'in intensity and shift towards highbr h*qu.n.i*, *r..n ii.temperature is lowered down to LNT flg. 3b). The descr;uea temperature u.ir*"i;-,
is, namely, characleristic of,bands which rr* iu* to librations (hindered rotarions) ofstructural water mslecules be they co-ordinated and hydrogen-bonded or onJy hydro-
gen-bonded.
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