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Effect of ,/-substitution on the thermoluminescence properties 
of terbium(nO acetylacetonate complexes with l,lO-phenanthroline 
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The coordination compounds [To(NO3)?acac(phen),] H.,O (where acac is acetytacetone or 
its derivatives substituted in tim 3,-position) were synthesized and studied by hlminescence. 1R, 
and UV spectroscopy. Thermohlminescence of the complexes containing acetylacetonate. 3- 
phenylthio-2.4-pcntadioffate, and 3-lp-methoxyphenylthio)-2,4-pentadionate was found. Tile 
structural and electronic aspects of the cr2,'stal therrnolummescence were discussed. 
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T h e r m o l u m i n e s c c n c e  (TL)  of  crysta l lophosphors  and  
organ ic  c o m p o u n d s  is well studied.  I It has been  s h o w n  
that  T L  o f  ion ic  c~-stals, glasses,  and polymers is re la ted 
to t h e r m a l  release of  e l ec t rons  captured dur ing i r radia-  
t ion f rom traps.  A p ro longed  after-glow is due to re-  
c o m b i n a t i o n  o f  charged  part ic les ,  resulting in the  for-  
m a r i o n  o f  e l e c t r o n - e x c i t e d  molecules  emit t ing pho tons ,  z 
Pub l i shed  da ta  on the  T L  15roperties of  complexes  o f  
r a r e - e a r t h  e l e m e n t s  ( R E E )  are virtually lacking, al-  
t h o u g h  t he  use o f  l a n t h a n o i d  complexes  in t h e r m o l u m i -  
n e s c e n c e  dosimetr3,' has several  advantages over  tha t  o f  
the  k n o w n  o rgan ic  I u m i n o p h o r e s  and c rys t a t lophosphor  
c o m p o u n d s  (a high sensi t ivi ty ,  m onoch r om a t i c i t y  o f  
TL, and  t he  possibi l i ty to use them as t o w - t e m p e r a t u r e  
de t ec to r s  o f  working e l e m e n t s  mad devices based oil 
h i g h - t e m p e r a t u r e  s u p e r c o n d u c t o r s  operat ing in ion iz ing  
rad ia t ion  fields).  3 

It has previously been found  4-5 that coordinat ion c o m -  
pounds  o f  T b  TM and Dy I11 with acetylacetone and 1,10- 
phenanthro l i l~e  exhibit in tense  TL and can accumula te  the 
enemy  of  U V  and X-ray radiation. Explaining the  T L  
effect, the  au thors  of  Refs. 4 and 5 concluded that  the  
charge c a n  be separated in diffi:rent parts of a heterol igand 
complex.  It wa.s of  interest  to  reveal the factors favoring 
the  a p p e a r a n c e  of  the T L  propert ies  in REE complexes,  in  
this work ,  we studied t he  effect of "t-substituents o f  
a ce ty l ace tone  M e C O C H R C O M e ( R  = Me, Ph, S - - P h ,  
S ~ P h - p - O M e ,  S--F_t) orl the  t hemmluminescence  prop-  
erties o f  [ T b ( N O ; ) z a c a c ( p h e n ) 2 l H 2 0  complexes. 

Experimental 

The complexes were synthesized by the known method. 4 
C,H-Elementa t  analysis was carried ottt by burning a weighed 

sample m a quartz tube in an O+ atmosphere in the presence of 
catalysts. The content of nitrogen was determined by tile Dumas 
ntethod, and tile presence of sulfur was conlirmed by qualita- 
tive analysis (the reaction with I-tNO~). IR spectra were re- 
corded on a Specord 751R spectrophotometer as Nttjot suspen- 
sions in the 400--40(10 cm +1 region 

Low-temperature spectra of htmincscence and lumines- 
cence excitation were recorded on an installation assembled on 
the basis of an SDL-t spectrometer and an MDR-23 mono- 
chromator: DRSh-250 and Tungsram-2500 lamps were used as 
excitation sources. X-ray luminescence and X-ray thermolumi- 
nescence were studied on a URS-01 apparatus (25 kV. 20 mA, a 
Ni anticath,.xleI through a window of beryllium foil. The dose 
power on the sample was 1800 R min t .  Samples for study- 
ing TL were prepared as pellets (diameter 3 ram, thickness 
0.3 ram). A sample was placed in a vacuum cryostat for 
measurements in the 80--650 K temperature range. The beat- 
ing rate during thermoscintitlation was 0.3 Ks  -1. The TL 
intensity was detected by an FEU-106 photoamplifier working 
in the photon colmting mode. The spectral series of peaks was 
recorded ~,imultaneously with detection of TL by the previously 
described procedure. ~ UV irradiation of samples was performed 
by non-filtered light from a DPT-250 mercury lamp. 

Tile I R spectra of the complexes contain absorption bands 
of the NO 3 group (1480 cm - I )  and C=C double bonds (1508 
cm -I) and two bands at 850 and 863 cm -L, which are charac- 
teristic of 1 ,10-phenanthrol ine .  Absorption bands of the 
carbonyl groups of acetylacetonates  wilh subs t iments  in the 
y-position lit in the 1550--1580 cm -I region. 

Results and Discussion 

Tile [ ' I ' b (NO3) : acac (phen)21H20  c o m p l e x  (1) pos-  
sesses intense X-ray and  p h o t o l u m i n e s c e n c e ,  and,  un -  
Like the known ~ -d ike tona t e  complexes ,  Tb  3~- can accu -  
mula te  the energy of  X- ray  and  UV i r rad ia t ion  at  low 
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Fig. !, TL glow curve R:) and spectra of hnninescence (b) and 
thennostimulated luminescence (c) of [To(N O~)2acac(phen)2 ] tt 20 
~77 K). 

temperature  (77 K). 4 When it is heated after preliminary 
X-ray and photoirradiat ion,  the accumulated energy is 
l iberated as a light beam: an intense green luminescence 
is observed at low" temperatures  (Fig. I, a). The spectral 
c o m p o s i t i o n  of  T L  of complex  I coincides with the 
X-pay and pho to luminescence  spectra and is due to the 
Stark t ransi t ions between the 5 D4 7Fj levels of the Tb 3~ 
ion (see Fig. 1. b). ,,Mmlysis of  the TL glow curves 
indicates the recombina t ion  mechanism of thermolumi-  
nescence.4-5 

The bands in the luminescence  excitation spectra 
(Fig. 2) were assigned on the basis of analysis of the 
spectra of  c o m p o u n d s  ck)se in composi t ion in which the 
nearest e n v i r o n m e n t  was successively changed. Along 
with the complexes  under  study, we examined the spec- 
tra o f  T b ( N O 3 )  3 - 6 H 2 0 ,  T b (NO~I  3"2phen .  and  
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Fig. 2. Luminescence excitation spectra (ke~ c = 545 nm. 77 K) 
of [TbtNO3jzacac-y-R(phen~]H~O, where R '= H ( I~ Me (.23, 
Ph (3). S--Ph (41. S--C6H4-p-O~Me (&, and S--Et (6). 

Tb(acac) 3 �9 2phen. Excitation spectra of these compounds  
exhibit bands due to the intraconfigurat ion f - - f - t rans i -  
tions of Tb >~ and t ransi t ions associated with the energy 
and electron transfer from the acac and phen ligands to 
Tb 3". Analysis showed that the band in the 380--400 
nm region is observed in the presence of  the acetyl-  
acetonate group and its y-derivatives and virtually co in-  
cides with the maximum of  the f - - f - t rans i t ion o f T b  >- at 
382 nm (5[.)3~-7F 6 transi t ion).  The shoulder at 390 nm,  
which was observed only for complexes 1, 4, and 5 with 
TL properties, was at tr ibuted to the charge transfer band 
(CTB). The bands at 370 and  346 nm correspond to 
transit ions between the phen ligands. The complexes 

Table 1. Elemental analysis data and relative intensity of luminescence (It,,, ~) of synthesized 
compounds 

Compound Fqun~_ (%.} 11 .... (%1 TL 
Calculated " 

C H N 

[Tb(NO 02acac(phen)2] H 20 (1) 4775 
45.72 

[Tb/N O~ }2acac-,,- Me(phen )21H ,O t 2 ) _48.43 
48.19 

[TblNO3)2acac-y-Ph(phen):lH,O (3) 4_9 8~ 
50.17 

[Tbt NO3)2acac-y-S Ph(phen)zl H.~O (4) 48.41 
48.33 

[Tb(NO?,)2acac-,t-SC~Hz-p-OMe(phen)2 ] H 20 (5) 48.51 
48.05 

[Tb(NO 0 2acac-,,-S Et (phen)2] H 20 (6) 4564 
45.31 

3.40 10.17 100 + 
3.90 9 95 

.~9~ I 0.86 29 - 
3.75 11).85 
_3_.6 ~ I 0.13 47 - 
3.58 10.03 
3.~8 9.73 20 + 
3.45 9.67 
L~8_ 8 93 28 + 
3.56 9.34 
3.08 J0.47 15 - 
3.65 10.23 
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with TL are characterized by a relatively higher intensity 
of the band at 370 ran. 

It follows from the data in Table I that complexes 4 
and 5, as the starting complex i. exhibit TL along with 
intense photoluminescence. Special studies are required 
to obtain direct data on the structure of traps in which 
electrons captured during ionization of the coordination 
compounds under study are localized; however, it can 
be assumed that TL is due to the specific features of the 
geometric and electronic structures of the adducts. 

C o m p o u n d s  1--6  are isostructural  to the 
[Dy(NOa)2acac(phen)21H20 complex, which pos- 
sesses TL properties and whose crystals are built  of  
Dy(NOa)2acac-(phen)2 molecules with 1420 connect -  
ing the Dy atoms by O--H. . .O bonds to form iqfinite 
chains a~ong the y axis. The Dy atom is bidentately 
bound to five ligands (CN = 10): two phen, two NO 3 
groups, and acac. The ligands are a'rranged around Dy 
as a "five-blade propeller. "7 In the xz planes arranged 
at the 1/4 and 3//4 levels along the y axis, monomeric  
molecules are packed in such a way that the hydrocar- 
bon parts of the acetylacetone ligands are arranged 
between the phenanthroline ligands of the adjacent 
molecule .  The specific features of packing of the 
z-conjugated systems provide a possibility of electron 
tral~sfer via the chain: donor (acac) ~ reaction center  
(Ln 3~) --~ acceptor (phen). It is noteworthy that the 
Tb(NOa)3!phen)2, Tb(NO3)sacac. Tb(acac)aphen, and 
Tb(acac)aH20 complexes, close in composition but 
different in structure, do not exhibit TL. 

Despite the isostruetural character of compounds  
1--6, complexes 2, 3. and 6 do not exhibit TL. The 
efficiency of TL depends on several factors, including 
the easiness of photoionization of the complex mol- 
ecule. Analysis of the influence of the ,v-substituent on 
the ionization potential of la-dikctones shows that com- 
plex I possesses the most intense TL. According to the 
data of photoelectron spectroscopy, its stmctttre has an 
important specific feature; a small energy gap between 
the partially filled 4f(Tb3"), O2p(acac), and N2p(phen) 
orbitals (close values of the ionization potentials of 
acac, pheit, and f b  3'-i. s-9 

The data obtained show that introduction of a sub- 
stituent into the y-position of acac sharply decreases the 
light sum of the complexes. On the other band, inter- 
pretation of the photoelectron spectra and quan tum-  
chemical analysis of the electron effects of v-substitu- 
tion indicate their  rather considerable (0 .2- -0 .35  
eV) effect on the d isp lacement  of the n - - .  n ~-, and 
:t3-MO. 8.10 Similar effects were observed for the acac 
complexes of AI, Co. and others. For example, when H 
is substituted by SCH2CHa, two upper ~3 and n -  levels 
are shifted by 0.23 eV. s.t~ lit any case, the shift of the 
n- - ,  n +-, and aa-orbitals during -t-substitution in acac 
results in an increase in the width of the energy gap 
between the 4f(Tba~-) -, O2piacac)-, and N2p(phen)-  
orbitals (Fig. 3). The important role of closeness of the 
ionization potentials of the ionized molecule is addi- 
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Fig. 3. Energy diagrams of valent MO: 1.10-phenanthroline 
(a): TbCI_~ (hi; acctylacetonate (c); and 3-methylthio-2.4- 
propanedionate td). 

tionally assumed by the absence of TL in the complexes 
synthesized whose composition is similar, but acac is 
substituted by other ~-diketone with a higher ionization 
potential. 

We have previously found s by ESR the specific 
features of the electron state of complex 1 in tile 77-- 
300 K temperature region. The ESR signal with ,g'elr = 
2. t3 was attributed to the radical anion state of the 
coordinated phen molecule. It is most likely that this 
signal is related to few molecules localized near defects 
of the crystal lattice Father than all molecules of the 
coordination compound. The disappearance of the sig- 
nal with geff = 2.13 in the dark upon temperature 
decrease (190 K) indicates reversible thermal electron 
transfer to the phen radical anion to form the phen 
dianion. An increase in the electron density on the 
phen dianion should favor the efficiency of photoion- 
ization of the complex at low temperature. 

Thus, close energies of the orbitals of Tb 3., the 
electron-rich acac group, and electron-deficient phen, as 
well as the specific features of the structural packing, 
favor, most likely, an incre,'~se in the efficiency of photo- 
ionization of complexes 1, 4, and 5. Electron transfer 
from one Tb(NO3)2acac(phen) 2 molecule through the 
bridge of the H20 molecule (O--H.. .O hydrogen bonds 
bind the Tb atoms along the y axis to form infinite 
chains) to the trap formed by another 
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TblNO3)2acaclphen)  z. molecule ,  which is due to some  
detect of  the cry, stal lattice, also seems highly probable_ 

The authors thank E. V. Gukhman  for kindly pre-  
sented samples of - / -der iva t ives  of  aceDlacetonc.  
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