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H igh-resoluti on photo acoustic spectra of trinitrato- bis[N -(2-pyri dyl -
methylene )- N 0 - benzoyl- hydrazine ]R( I I I ), (R = La, Ce, Pr), and binitrato-

bis[ N -(2- pyridylmethylene )- N 0 -benzoyl- hydrazine] R(I I I ) nitrate (R= Y , N d,
Eu, Y b, Tb, Gd, H o, Dy , Er) comple xes, in the visual region, w ere studied
for p owder samples . Very intense photoacousti c spectra of various shap es
w ere attributed to the intraligand transitions of the ¤ ¤ Ê typ e located

mainly on the C= N group and the n ¤
Ê transitions lo cated on the car-

b onyl group. T he intensity of these transitions essentially depends on the
typ e of rare earth ions. T he existence of f f electron transition s could in-

Ûuence the relaxatio n pro cesses, w hich play an imp ortant role in intensity
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determination of the above transitio ns. For many investigated samples the
energy levels of excited states of rare earth ions w ere identi Ùed ( f À f electron

transitions ). T he radiation energy for some of the rare earth ions w ere com-
pared with the d À d electron transition s of certain copp er(I I ) organometall ic
complexes, which are very imp ortant in biogenic systems. T he correlation
b etw een ions with localiz ed and extended wave functions is suggested.

PAC S numb ers: 78.20.H p, 32.70.{n

1. I n t rod uct io n

The inv estigati on of physi cal pro perti es of new organometa lli c com plexes
wi th the tri valent lantha ni de ions is rapidly expandi ng. Rare earth com plexesstud-
ied by photo acousti c spectro scopy (PAS) to gether wi th lum inescence spectro scopy
al lowed determ inati on of the intra molecul ar energy tra nsfer and the relaxa ti on
pro cesses [1]. Much of the interest in the lantha ni de' s organom etal li c com plexes
is due to thei r prom ising technological and biological appl icati ons [2{ 4]. For ex-
am ple, gadol ini um(I I I) chelates have been under intense scruti ny for thei r use as
contra st agents f or magneti c resonance im aging appl icati ons [5, 6]. Euro pium (I I I)
compl exes are used as pro bes for label ing of D NA [7] and pro tei ns [8], and in lu-
m inescence resonance energy tra nsfer studi es [9]. Ano ther use of lantha nide(I I I)
compl exes is in the sequence-speciÙc cleavage of nucl eic acids [10]. It is well kno wn
tha t local therm al pro cessesduri ng cancer pl ay a very importa nt ro le. Som e of the
organometa l lic com pounds wi th rare earth com plexes havi ng f À f electroni c tra n-
siti ons could be used as the local probe of heat form ed by l ight appl ied to destro y
cancerogenic ti ssues. It is very im porta nt to study radiati on and non-radi ati on
tra nsiti ons and thei r relaxati on pro cessesby the photo acousti c (P A) spectro scopy,
especial ly i f organi c com plexes of rare earth and tra nsiti on m etal ions are in-
vo lved. Recentl y, the PAS metho d was used to study the spermidi ne copper(I I)
compl exes [11, 12]. These com plexes are very importa nt in the l ivi ng biological
system , as they are inv olved in inf orm ati on tra nsfer to D NA. In the vi sual region
of the electrom agneti c wa ves the absorpti on due to d À d electro n tra nsiti ons and
the spli tti ng by the crysta l Ùeld wa s observed and analysed. It wi l l be very inter-
esting to study the rare earth organi c com plexes by PAS in order to observe the
f À f electron tra nsiti ons in the same region. The wave f uncti ons of rare earth ions
are m ore local ized tha n for tra nsiti on meta l ions and thus thi s radi ati on could play
a very im porta nt role in biological pro cessesin the l ivi ng system s.

The aim of thi s wo rk is to investigate PA spectra of two typ es of lantha -
ni de chelates: tri ni tra to -bis[N- (2-pyridyl meth ylene)- N -benzoyl -hydra zine]R(I I I),
(R = La, Ce, Pr), designated as [R(N O PicBH , and bini tra to -bi s-
[N- (2-pyri dinylm ethyl ene)-N -benzoyl -hydra zine]R(I II)ni tra te (R = Y, Nd, Eu, Yb,
Tb, Gd, Ho, D y, Er), designated as [R (NO Pi cBH NO .
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2. E x per i m en t a l

The tri ni tra to -bis[N- (2-pyri dylm ethylene)- N 0 -benzoyl -hydra zine]R(I I I), (R =
La , Ce, Pr), and bini tra to -bis[N- (2-pyri dylm ethy lene)-N 0 -benzoyl -hydra zine]R(I I I)
ni tra te (R = Y, Nd, Eu, Yb, Tb, Gd, Ho, D y, Er) compl exes were prepa red
under anhydro us condi ti ons by the di rect reacti on of a soluti on of the l igand
2-pyri di necarboxa ldehyde benzoyl hydra zine (Pi cBH) wi th a soluti on of the lan-
tha nide sal t as described previ ously [13]. Al l synthesi zed com plexes were crys-
ta l l ine sol ids, stabl e in dry ai r for at least one year. The crysta l structure of two
compounds, wi th Ce and Er ions, has been determ ined by the sing le crysta l X- ray
di ˜ra cti on techni que [14, 15].

The crysta l of the Ce compl ex wa s monoclini c wi th space group P 2 =n and cell
constants a = 1 8 : 6 3 4 2 (1 9) ¡A, b = 1 1 ¡A, ¡A, ,
and . The chemical structure of inv estigated com plexes is presented in Fi g. 1.
There are two independent m olecules of the com plex com pound in the asymm etri c
uni t of the structure. The m etal ato m is twel ve-fold coordi nated by eight oxygen
and four ni tro gen ato m s in an i rregular icosahedra l arra ngement, whi ch m ay also
be described as a very di storted six- capp ed tri gonal anti pri sm. The Ce{ O di s-
ta nces range between 2.525(4) ¡A and 2.759(4) ¡A and the Ce{ N distances between
2.725(4) ¡A and 2.848(4) ¡A [14].

The crysta l of the Er com plex is monoclinic wi th crysta l lographi c sym -
m etry and cell consta nts ¡A, ¡A, ¡A,

, and . The envi ronm ent around the erbi um ato m can be
best described as a di storted bi capped square anti pri sm. The erbi um ato m is
10-coordi nate by l inki ng to tw o tri denta te 2-pyri di necarboxa ldehyde benzoyl hydra -
zone l igands and two bidenta te ni tra te ligands. The Er{ O distances range between
2.361(3) ¡A and 2.465(3) ¡A. Simi larl y the Er{ N distances range between 2.535(3) ¡A
and 2.603(3) ¡A [13]. The l inki ng of the hydra zone (Hdr) ligand to the m etal a tom
is accompl ished thro ugh the pyri dine ni tro gen, the azom ethi ne ni tro gen and the
carbonyl oxyg en in al l compl exes.

The PA spectra of polycrysta l l ine powder sam ples have been obta ined by
usi ng a m odi Ùcati on of the PAS m etho d ini ti al ly proposed by G.J. Papadopou-
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los and G.L. R . Ma i r [15]. A Xeno n arc lam p wi th 1 k W power and a 1/ 4m
OR IEL m onochroma tor were used as a l ight source, wi th bandpa ss wi dth of 5 nm
(at 500 nm ). The l ight, intensi ty m odul ated wi th a chopper at frequency of 10 Hz,
wa s di rected into a photo acousti c cell equipped wi th TR EVI EM2 7 microphone.
A dual SR830 lock- in am pl iÙer m easured ampl itude and phase of the PA signal
detected on the m icro phone. D ata acqui siti on ensured tha t each value was an av-
erage of 20 runs at the sam e wa velength of the inci dent l ight. A carbon black was
used as a standard to re-cal ibrate the Ùnal spectrum . The PA spectra of a ll the
compl exes were recorded at ro om tem perature in the range of 300{ 700 nm .

3. R esul t s an d d iscu ssio n

Fi gures 2 and 3 present, as an exam ple, PA spectra registered for the sampl es
wi th La and Nd ions, respecti vel y. In general , the PA spectrum coul d be seen as
form ed by three com ponents: (a) in near UV range by very intense spectra ari sing

Fig. 2. Photoacoustic absorption spectrum of [La(N O3 ) 3 ( Pic BH ) 2 ] . T he w avelengths

(in nm) of three charge- transf er PA peaks are indica ted.

Fig. 3. Photoacousti c absorption spectrum of [N d(N O3 ) 2 ( PicBH N O . The w ave-

lengths (in nm) of charge- transf er (Ùrst on the left) and transitions are indicated .
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from ¤ ! ¤ Ê tra nsiti ons located on the C=N group and in near blue part com ing
from n ! ¤ Ê tra nsiti ons located on the carb onyl group; (b) in near IR by a very
bro ad band; (c) f À f tra nsiti ons in some of the inv estigated sam ples.

The values of the positi ons of the absorpti on PA spectra to gether wi th thei r
relati ve intensi ti es are presented in T ables I and I I. The PA spectra were obta ined
by detecti ng the heat generated thro ugh the non-radiati ve relaxa ti on released by
the sam ple absorbi ng the modul ated incident l ight. The PA spectrum intensi ty (I)
is given by the relati on [16]:

I = (1)

where is the absorbancy of the sam ple, is the probabi l i t y for non-radiati ve
tra nsiti ons after exci tati on, and is a coe£ ci ent whi ch is determ ined by the ther-
m al properti es of the sam ple and the spectrom eter.

T ABLE I
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T ABLE I (cont. )

R 3 +
1 =Ñ I m a x =I I m ax 1 =Ñ n (opt) I o p t Band

[cm À 1
] [arb. units] [cmÀ 1 ] [16] assignati on

Eu 31350 1.00 50 33560 1.618 ¤ ! ¤
Ê

30300 0.98

28740 0.95

24330 0.50 24690 1.732 n ¤ Ê

21830 0.18

15700 0.13 band

14700 0.16 band

13800 0.19 band

Gd 30860 1.00 59 33222 1.241 ¤ ¤
Ê

28650 0.88 29150 1.239

24700 0.41 26809 1.777 n ¤
Ê

16000 0.11 band

14900 0.14 band

13800 0.16 band

Dy 31300 1.00 62 33112 1.156 ¤ ¤ Ê

29200 0.80 29150 1.586

27300 0.20 27777 n ¤ Ê

21700 < :

16300 0.11 band

15000 0.13 band

13500 0.14 band

Y 33230 1.112 ¤ ¤
Ê

31450 1.00 104 29590 1.010

28900 0.85 27777 1.076 n ¤
Ê

25300 0.10

21700 < :

15600 0.11 band

14600 0.13 band

13600 0.12 band

H o 32370 0.90 33222 1.229 ¤ ¤ Ê

31180 1.00 62 29240 1.264

28000 0.90 26455 1.252

24250 0.86 24270 1.258 n ¤
Ê

15800 0.12 1.272 band

14700 0.14 band

13600 0.15 band
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T ABLE I (cont. )

R 3+ 1 =Ñ I m ax =I I m ax 1 =Ñ n (opt) I op t Band

[cm À 1
] [arb. units] [cmÀ 1 ] [16] assignati on

Er 33333 1.716 ¤ ¤
Ê

31400 1.00 59 30770 1.589

0.80

0.15 24691 2.083 n ¤
Ê

21500 < :

0.12 band

0.14 band

Y b 31200 1.00 72 33333 2.009 ¤ ¤ Ê

29300 0.89 31250 1.532

24500 0.14 24875 1.680 n ¤ Ê

< :

16500 0.10 band

15000 0.15 band

14000 0.14 band

C e 31300 1.00 98 ¤ ¤ Ê

29000 0.85 27470 0.486 n ¤
Ê

22700 0.15

15600 0.12 band

14700 0.12 band

13400 0.12 band

Tb 33800 33112 1.137 ¤ ¤ Ê

30300 1.00 73 29070 1.112

28500 0.92

24200 0.22 24272 1.019 n ¤
Ê

16700 0.12 band

15500 0.17 band

14000 0.20 band

13200 0.20 band

Al l PA absorpti on spectra were assigned based on the lantha nide spec-
tra summ arized by Dieke and Cro sswhi t [17]. The PA band in the region of
(30 cm whi ch is assigned to the tra nsiti on of Hdr is sig-
ni Ùcantl y stro nger tha n tha t of the free-base Hdr. Thi s is due to the fact tha t
the electron conjugated system of the com plex is m uch larger tha n tha t of the
free-base Hdr and has a hi gher m olar absorpti vi ty . The m axi mum of the values
of PA spectra of tra nsiti on of C=N group coul d be di ˜erent tha n the



308 N . Guskos et al .

T ABLE I I

T he f À f electron transitions .

R 3+ 1 =Ñ I m ax ( La ) = I 1 =Ñ n (opt) I op t f À f transitions

[cm À 1 ] [cm À ]

N d 20600 0.10 20964 I G

19270 0.12 19493 1.015 I G

17150 0.19 17271 I G ; G

15800 0.10 15950 1.276 I H

14600 0.12 14727 I F

13500 0.18 13553 1.625 I F , S

12500 0.20 12531 I F , H

H o 22300 0.38 22270 1.272 I K

20620 0.21 20661 I F

18620 0.09 18691 1.095 I F

15550 0.17 15600 1.119 I F

Er 20490 0.10 20580 1.366 I F

19270 0.10 19305 1.963 I H , S

15400 0.12 15408 1.216 I F

one obta ined from UV spectroscopy and one of the reasons could be tha t the in-
tensi ty of lam p l ight below 300 nm is very low. The higher values of PA spectra
were im possibl e to record due to techni cal probl ems. The m ost intense PA l ine is
observed at about 31000 cm except for the sampl e wi th Tb ions (30300 cm )
whi le the rati o of the value of intensi ti es is essentially di ˜erent [100(La ) : 67(Pr) :
65(Nd) : 50(Eu) : 59(Gd) : 62(D y) : 104(Y) : 62(Ho ) : 59(Er) : 72(Yb) : 98(Ce) :
73(Tb)] . From the above relati on i t is seen tha t for the rare earth(I I I) com plexes
wi th electron tra nsi ti on the PAS l ine is essential ly less intense (T able I). The
relati on (1) shows tha t the intensi ty of PAS could be inÛuenced by three di ˜erent
facto rs. The inÛuence of the therm al pro cess( ) and the absorbance ( ) on the
intensi ty of the above PAS l ine are com parabl e and the non-radi ati ve tra nsi ti on
( ) coul d be inv olved m ainly in expl anati on of the observed di ˜erences in the PA
spectra intensi ti es.

It is cl ear tha t a com pound in the excited state wi ll relax by the two typ es
of pro cesses:radiati ve and non-radiati ve. The PA spectrum only responds to the
non-radiati ve rel axati on pro cesses, whereas the PA signal of metastabl e energy
levels, whi ch relax by radiati ve pro cesses, wi l l be very weak or absent. The obta ined
values of electron tra nsiti ons are given in Tabl eI for m olecular levels and in T ableI I
from ionic levels ( electron tra nsi ti ons). Three rare earth ions (La , Ce, and Y)
do not ha ve m etastable ioni c energy levels. Thus in the higher energy state they
have the same absorpti on line and usual ly i t is m ore intense tha n in other studi ed
sam ples.
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In T able I I the values of f À f electron tra nsiti ons are shown only for three
compl exes wi th neodym ium (I I I), holm ium(I I I), and erbi um (I II) ions because for
them they are m ore intense. The PA peaks of rare earth ions do not apparentl y
shi ft in di ˜erent hosts because the wa ve f uncti ons f À f are well local ized and the
e˜ect of envi ronm ent on the bands 4 f is very smal l.

Am ong the energy levels of Pr(I I I) ion, the lum inescent levels are 1G 4 and
3P and very weak absorpti ons at vi sible region of radi ati on are expected [16].
The electron coul d be in the exci ted levels and after radiati on. For ex-
am ple, when electrons are excited to they could relax nonra diatevl y to
and levels fol lowed by the tra nsiti on to level or [18, 19]. Some very
weak absorpti on coul d be observed at lower and hi gher region of wa velength radi -
ati on but they are comparable to the absorpti on band from the m olecular electron
tra nsiti ons.

The Nd(I I I) ion has the lum inescent level and i t coul d posses
three di ˜erent radiati on processes l ike: , and

. The PA spectrum of neodym ium ion is very ri ch in di ˜er-
ent tra nsiti ons (Fi g. 3 and Tabl e I) inside of ionic levels. T abl eI shows the exci ted
states, whi ch ta ke part in tra nsiti ons to the ground state. The model of interm olec-
ul ar energy relaxa ti on pro cesses f or neodi mium (I I I) sal icylate com plexes has been
presented by Wu et al . [20]. In PA spectra , some intensi ti es are very weak and
other pro babl y so weak or overl appi ng tha t we could not detect them . The PA
m easurements have given more inform ati on tha n UV measurements about physi -
cal pro cesses for our m ateri als. There are a lot of di ˜erent relaxati on tra nsi ti ons
observed for thi s sam ple and PA spectrum is the most com pl icated in compari son
wi th other sampl es in thi s series. The neodym ium (I I I) ions in vari ous hosts are
often appl ied in lasers and the intensi ti es of PA spectra of electron tra nsi ti ons
are greater tha n for other rare earth ions.

The PA spectra of m olecular electro n tra nsiti ons for the sam ple wi th Eu(I I I)
are in good agreement wi th the energy levels of thi s ion in a large D TP A- l ik e
compl ex [8]. The ground state of Eu ion is spl it into seven com ponents ( { )
due to the Ùrst order spin{ orbi t coupl ing wi th 6. The Ùrst excited level
of Eu is situa ted at cm above the ground level . In the
absorpti on spectrum of Eu ion only very weak lines in the vi sibl e and in the
ul tra vi olet regions are observed. In the region of free-base Hdr the absorpti on l ine
is less intense tha n for other com plexes because of the existence of many
tra nsiti ons ari sing in the UV region. Exci ta ti on of Eu aqua ion wi th near UV
l ight resul ts in Ûuorescence ori ginati ng not onl y from the level but a lso f rom
the exci ted level. Ho wever, the intensi ti es of the tra nsiti ons are
m uch lower tha n tho se of the tra nsi ti ons.

For the tri valent gadol ini um ion the ground state is and i t has
the fol lowing nearest exci ted states: , , and . For the sampl e
GdCl 6H O the Ûuorescence peak at 28570 cm (wi th l if eti me ms)
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wa s identi Ùed to be the exci ted level 6P 7 = 2 [21] and at thi s reg ion an intense band
of PAS coming from the m olecular tra nsiti ons is observed, m asking the f À f tra n-
siti ons.

The excited energy level wi th the longest l if eti me for D y3 + i s 4F 9 = 2 . Opti cal
characteri zati on of Dy 3 + in yttri a stabi l ized zirconia single crysta ls has given the
fol lowi ng values of the exi ted states: = | 12563 cm , = | 13358 cm ,

= | 22200 cm and = | 23745 cm [22] whi ch are cl ose to our ener-
gies obta ined from very weak lines of PAS. The PA spectra for charge molecular
tra nsiti ons are sim i lar to tho se observed in R ef. [4].

Am ong the energy levels of Ho (I I I) ion, the lum inescent levels are:
and . Ho(I I I) ion could have two radiati ve pro cesses: and in the
second case . A lot of tra nsi ti ons are observed for thi s compl ex,
sim i larly as for Nd and Er ions, and they could be very importa nt in laser
acti on appl icati on.

The tri valent ceri um ion has the ground state = ( ) and one exci ted
state = wi th the energy of 2200 cm . Onl y charge tra nsfer tra nsiti ons are
observed and they are very intense.

The tri valent erbium is one of most used lantha nides ion in laser appl icati ons.
Er ion in YAl O :Er and YAG: Er has two tra nsiti ons: = = and = .
The obta ined PAS has shown tha t the positi ons of tra nsiti ons recorded for
zi rconia single crysta ls doped wi th Er in opti cal m easurements are shifted in the
di recti on of lower wa velengths [23].

The tri valent ytterbi um ion has the ground state = ( ) and one exci ted
state = wi th the energy of 10100 cm . No PAS l ines were observed in the
vi sibl e region of the radi ati on.

PAS study of holm ium oxi de, erbium oxi de and R doped polyvi nyl alcohol
Ùlms (R Ho and Er ) have shown tha t tra nsi ti ons are in the same
positi ons but thei r relati ve intensi ti es are di ˜erent [24]. Thi s reveals tha t in other
hosts the electro nic{ vi brati onal intera cti on is much stronger tha n in ioni c oxi des.
In our m atri x wi th holm ium and erbi um the essential di ˜erences are observed in
the relati ve intensi ti es of PAS as com pared to the rare earth oxi des [24]. These
ki nds of phenom ena are very im porta nt especial ly for bi ogenic system s.

La rge di ˜erences are observed between energies of charge tra nsfer and
tra nsiti ons obta ined from UV and PA spectroscopies. The UV spectra have been
recorded for com plexes in a soluti on. Usual ly the PAS lines are shifted to wards
lower energies. Pro babl y the coupl ing energy between m etal and l igand is stro nger
for these compl exes in the soluti on. The chargetra nsfer PA spectra are a few orders
of magnitude m ore intense tha n spectra attri buted to tra nsiti on. As could
be seen from the spectra the absorpti on PA l ines of charge tra nsfer tra nsiti ons are
m ost intense for compl exes wi th lantha num, i tri um , and cerium ions. Relaxa ti on
pro cesses tha t involv e the interm ediate tra nsi ti ons m ight be responsibl e for
thi s e˜ect. These ki nds of pro cessescoul d pl ay a very im porta nt ro le in biological



Charge T ransfer and f{f T ransi tions Studi ed . . . 311

T ABLE I I I

The energies of d À d electron tran-
sitions in p olyamine copp er(I I ) com-
plexes [11, 12].

Comp ound 1=Ñ 1 1=Ñ 2 1 =Ñ 3

[cmÀ 1 ] [cm À 1 ] [cmÀ 1 ]

Spn323 20700 17600 14400

Spn333 19300 16400 13700

Spn343 22800 17700 14700

Spm323 20600 17700 14900

Spm333 17500 14300 12600

Spm343 20100 17200 14500

system s. La ntha num (I I I) ion has no electron in orbi ta l and the l igand relaxes
radi ati vel y or non-radiati vely di rectl y to the ground state. The tri plet sta te of
the ligand is meta stabl e, i ts l i feti me is not reduced and the relaxa ti on ti m e has a
greater value.

T able I I I shows the values of electron tra nsi ti ons for six copper(I I)
compl exespl ayi ng a very im porta nt ro le in biogenic pro cesses: three sperm ine cop-
per dini tra te (Spn323, Spn333, Spn343) and spermine copper sul phate (Spm 323,
Spm 333, Spm 343) com plexes. Surpri sing ly these values are in very good agreement
wi th certa in tra nsiti ons of rare earth ions in organic com plexes (T ab. I I).

In our previ ous work i t was shown tha t PAS could resolve the tra n-
siti ons of Cu ions and they could be used for determ inati on of the electro nic
structure for num erous copper compl exes pl ayi ng an im porta nt ro le in biological
pro cesses [11, 12]. The and tra nsiti ons attra cted parti cular attenti on due
to thei r ro le in anti tum or acti vi ty and in di ˜erent patho logical pro cessesin livi ng
bi ological system s. In contra st to compl exeswi th copper, in case of rare earth ions
the non-radiati on tra nsiti ons should proceed inside ioni c orbi ta l . Co mpari son of
PA spectra f or the com plexeswi th copper and rare earth ions reveals tha t the PAS
l ines of charge tra nsfer bands are at di ˜erent wavel engths and essential di ˜erences
of intensi ty are observed. The PAS lines of Cu ( tra nsi ti ons) were bro ader
and more intense tha n tra nsiti on ari sing from the crysta l Ùeld spli tti ng. The
relaxa ti on pro cesses involving copper ions are m ore com pl icated and suggest exi s-
tence of probably another molecular orbi ta l wi th lower energy tra nsi ti ons and thus
cro ssrelaxa ti on pro cesses.Som erare earth ions ha ve a very com pl icated electro nic
structure and theref ore there is m uch m ore combi natio ns of tra nsi ti ons. They
are thus m ore suita ble for appl icati ons in laser acti ons.
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4 . Co n cl usion s

In the present work PAS has been appl ied to determ ine the acousti c reacti on
to the electro magneti c radi ati on in the vi sual range of electro magneti c radi ati on.
Except of charge tra nsfer tra nsiti ons for compl exes wi th La, Y, Yb, and Ce ions,
also intense f À f peaks were registered for Nd, Ho , Er com plexes and assigned to
tra nsiti ons between speciÙc levels. Thi s ki nd of studi es by PA spectroscopy could
give an importa nt inf orm ati on useful for techno logical (e.g. laser) and biological
appl icati ons. These wi l l incl ude the energies of charge tra nsfer tra nsiti ons and
f À f tra nsi ti ons in sol id state. It would also help in expl aining the m echani sm of
relaxa ti on pro cesses and the intera cti on between m etal ion and l igands.

In m ost l ivi ng system s, coexi stence of di ˜erent organi c meta l com plexeswi th
f conÙgurati on of the open shell m etal ion can be evi nced. From the PAS mea-
surements i t coul d be seen tha t beside intense spectra in the UV region, a weaker
absorpti on occurs in the vi sual reg ion. Two importa nt physi cal phenomena for the
organi c meta l compl ex com pounds in l ivi ng system s may be inferred f rom these
observati ons. Fi rst, i t is the radi ati on e˜ect in the vi sual region and second, the
therm al tra nsports e˜ect. It is not clear whi ch thei r preci se ro les in the biologi -
cal pro cesses are. Now we wi sh to address and stress certa in pro blems, whi ch are
di £ cul t to study by the other wel l -known m etho ds. W e put forwa rd an idea tha t
the electron tra nsi ti ons between ato m ic levels (ground state and exci ted states)
could play a ro le of a very sensiti ve " channel selector" , especial ly f or tra nsi ti on
m etals ions wi th extended wa ve functi ons. As copper(I I) com plexes in polyami nes
are im porta nt in the inf orm ati on tra nsfer in DNA system s, a questi on arises about
the ro le of the exci ted state of copper ions, e.g. in the carci nogenic pro cesses. D oes
the existence of the exci ted states of copper ions m ake these pro cesses faster?
El ectron tra nsfer between m etal compl exes bound to DNA, especial ly wi th pro-
tei n (polya mine is im porta nt here) is one of the m ost wi dely studi ed subj ects in
bi ophysi cs [25].

Addi ti onal resonance processesbetween rare earth ions (wi th local ized wa ve
functi ons) and tra nsiti on m etal ions (extended wa ve functi on) are present in the
l ivi ng system and are essential for the relaxa ti on phenom ena. The typ e of host
for rare earth ions is very importa nt and the electro n{ phonon intera cti on depends
stro ngly on i t. Intense absorpti ons connected wi th f À f electron tra nsi ti ons have
been reordered for the sampl e conta ini ng tri valent neodym ium ions and these ions
in other hosts are often used as lasing media. An essential ro le of the non-radi ati on
tra nsiti ons in the relaxa ti on phenom ena has been pro ved in these inv estigati ons. In
a f uture work we wi l l check the usefulness of these m ateri als in laser appl icati ons.
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