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Abstract—The low-temperature behavior of the heat capacity and photoluminescence of the earlier structur-
ally characterized binuclear pivalate complex [ Eu,(Bath),(Piv)¢] (monoclinic crystal system, /2/a) (I), where

Bath = 4,7-diphenyl-1,10-phenanthroline, Piv = (CH;);CCO,, is studied. The temperature dependence of
the heat capacity in a temperature range of 5.96—302.88 K is measured by adiabatic calorimetry, and the ther-
modynamic functions C;( 1), S°(T), ®°(T), and H°(T) — H°(0) are calculated. The absence of low-tempera-
ture phase transitions in complex I is shown. In a temperature range of 98—295 K, complex I demonstrates a
high temperature stability of the integral photoluminescence intensity of the 5D0—7Fj (j = 0—6) transitions of

the Eu’" ion.
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INTRODUCTION

Molecular lanthanide complexes with organic
ligands have unique physicochemical properties and
attract significant interest due to high prospects of
their practical use as functional components of inno-
vative materials in diverse fields of optics, magnetism,
sorption, sensorics, etc. [1—4]. One of the most
important physical properties of coordination lantha-
nide compounds with organic ligands is narrow-band
(fullwidth at half of maximum, FWHM ~10 nm) pho-
toluminescence (PL) in the visible or near-IR spectral
range, whose specific mechanism provides high quan-
tum vyields. At present, serious attention is given to
studying optical properties of the molecular Eu®*
complexes due to their possible practical use as light
conversion molecular devices (LCMD). These devices
can find use, for example, as functional components
of light-emitting composite materials, optical sensors,
luminescent labels for bioanalytical applications, etc.
[1, 5—8]. Numerous Eu®" complexes with organic
ligands were studied in rather detail, but an absolute
quantum yield of 40—60% is still rare for Eu** coordi-
nation compounds. According to the commonly
accepted concept of sensitized luminescence, in lan-
thanide complexes with organic ligands the excitation
energy is absorbed by the chromophoric groups of the

organic ligand, then is transferred from its t* or n* lev-
els to the corresponding closely lying 4f levels of the
Ln’*" ion (S, —» S, —» T, — Ln*, “antenna” effect)
inside the molecule, and is emitted (due to f~ftransi-
tions) as a set of PL bands characteristics of this lan-
thanide ion [2, 8—10]. The excitation energy transfer
Sy — §; = Ln* occurs in some cases [11—15]. The PL

intensity of the Ln?* complexes is determined, on the
one hand, by the excitation energy transfer from the t*
or n* levels of the ligand to the resonance level of the
lanthanide ion and, on the other hand, by nonradia-
tive relaxation channels of the excited levels of the
ligands and excited levels of the lanthanide ion, the
existence of which is caused by the ligand nature,
influence of the temperature and solvent, and others
factors. The character of the excitation energy transfer
from the ligand levels to the excited levels of the lan-
thanide ion is activation: the efficiency of excitation
energy transfer increases with increasing temperature.
The nonradiative relaxation channels are also acti-
vated with temperature. As a result, depending on the
activation energies for each channel, both a decrease
or an increase in the PL intensity and a more compli-
cated dependence, sign-variable with respect to the
first derivative of temperature, can be observed in a
specified temperature range.
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We have recently reported on a possibility of the
synthesis of binuclear pivalates [Eu,(Bath),-
(Piv)¢]-xSolv  (where Bath = 4,7-diphenyl-1,10-

phenanthroline; Piv = (CH;),CCO,;; Solv = EtOH,
H,0; x = 0—2) having the same composition of the
internal sphere of the lanthanide ion and different
molecular and crystal structures and on their
thermal behavior studied by differential scanning cal-
orimetry and thermogravimetry and PL properties
[16, 17]. In particular, the differences in the molecular
geometries of the Eu’" ions in the complexes
[Eu,(Bath),(Piv)s]-xSolv were shown to induce no

decrease in a high luminescence intensity of the Eu®*
ion in these compounds at 300 K [16]. In this work, in
order to establish the presence or absence of possible
II order phase transitions capable of affecting lumi-
nescence, the temperature dependence of the heat
capacity of the complex [Eu,(Bath),(Piv)s] (mono-
clinic, 12/a) (I) in a temperature range of 5.96—
302.88 K was studied by adiabatic calorimetry. In
addition, the temperature stability of the integral PL
intensity of the Eu** ion >Dy—"F; (j = 0—6) transitions
in a temperature range of 98—295 K was studied for
complex I and complexes [Eu,(Phen),(Piv)s] (II),
where Phen = 1,10-phenanthroline and [Eu,(Bpy),-
(Piv)¢] (IIT), where Bpy = 2,2'-bipyridine, exhibiting
significant intensity and monochromaticity of PL at
300 K [18, 19].

EXPERIMENTAL

Binuclear pivalates I-III were synthesized using
known procedures [16, 18]. The following reagents
were used in the synthesis: HPiv (=98%, Acros Organ-
ics), Eu(OAc);xH,O (99.99%, Alfa Aesar), Bath
(99%, Chempur), Bpy (99%, Alfa Aesar), Phen (99%,
Alfa Aesar), and EtOH (96%). The H,O content in
Eu(OAc);xH,0 was determined by thermogravime-
try. Phase X-ray diffraction (XRD) analysis of
[Eu,(Bath),(Piv)s] was carried out on a DS§
ADVANCE X-ray diffractometer (CukK,, Ni filter,
LYNXEYE detector).

The heat capacity was measured by vacuum adia-
batic calorimetry on a BKT-3 low-temperature calori-
metric setup (AOZT TERMIS, Mendeleevo, Moscow
region). The measurements were carried out in the
automated mode using a system consisting a computer
and an Aksamit-9 control unit for analog data pro-
cessing. A sample was placed in a thin-walled titanium
cylindrical container with an inner volume of 1 cm?.
The container was filled in a special chamber in a
helium atmosphere at a pressure of 10 kPa. The calo-
rimeter temperature was measured with a resistance
iron—rhodium thermometer. The sensitivity of the
temperature measuring system was 10~ K, and the
sensitivity of the analog-digital converter was 0.1 uV.
To check the measurement procedure, the heat capac-
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ity of the standard sample of benzoic acid (class K-2)
was determined in a temperature range of 5—350 K.
The measurements show that the accuracy of heat
capacity measurement is £2% at helium temperatures,
decreases to £0.4% with increasing temperature to
40 K, and amounts to +0.2% in a range of 40—350 K.
The sample was weighed for measurements with an
accuracy of 2 x 107, A weighed sample of the sub-
stance for measurements was 0.23413 g, and the
molecular weight was accepted to be 1575.42 g/mol.
The design and principle of setup operating and mea-
surement procedure were described in detail [20, 21].

The experimental values of heat capacity for com-
plex I measured in a temperature range of 5.96—
302.88 K are listed in Table 1. The experimental data
obtained by adiabatic calorimetry were smoothened
using Eq. (1) [22], the coefficients of which are given
in Table 2.

5
C,(1) = AU, Uzln(%), (1)
0

where A and j are the coefficient and exponent of the
logarithmic polynomial dependence of the heat
capacity, respectively. Equation (1) was also used for
the calculation of the entropy S5°(7), change in
enthalpy H°(7)—H°(0), and reduced Gibbs energy
®°(7) of complex I. The thermodynamic properties of
complex I are given in Table 3.

The PL excitation was induced by an UV light
diode with a wavelength of 340 nm, and the FWHM of
11 nm. The compounds were grinded, sealed in a glass
capillary, and placed in optically transparent Dewar
flask above the level of boiling liquid nitrogen. The PL
spectra of the compounds were recorded during natu-
ral heating of the sample in a temperature range of 98—
295 K on an Ocean Optics Maya2000 Pro spectrome-
ter, and the BS-8 color glass filter was placed between
the spectrophotometer and sample. The temperature
was measured with a K type thermocouple mounted in
the Dewar flask near the sample. The thermocouple
voltage was measured by a microvoltmeter and recal-
culated to the temperature taking into account the
cold junction temperature (microvoltmeter terminals
at room temperature) using ITS-90 tables [23]. The
obtained spectra were corrected to the spectral sensi-
tivity of the apparatus and reduced to the quantum
spectral density by energies (frequencies). To estimate
the PL intensity of the Eu* ion caused by the brightest
bands of transitions from the >D; level, integration in a
wavelength range of 564—880 nm corresponding to the
luminescence bands of the *Dy—"F; (j = 0—6) transi-
tions was performed in each measured spectrum. The
lifetimes of the 3D, level of the Eu’" ion (1) for the
complexes at 98 K were calculated using the Mott
model according to which the lifetime of the excited
level 1 is determined from the equation [24]
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Table 1. Experimental heat capacities for complex I (in J K~' mol™})

T.K c, T, K c, T.K C, T. K C,
Series 1 181.85 1020 7.92 20.0 49.15 339.0
79.20 507.4 185.15 1037 8.54 24.1 50.77 353.7
82.04 527.9 188.45 1054 9.20 27.6 52.39 368.8
84.09 531.9 191.76 1070 9.87 32.1 54.02 386.3
86.15 541.3 195.06 1087 10.56 36.43 55.64 406.7
88.20 566.7 198.35 1102 11.25 41.32 57.27 424.6
90.26 574.2 202.06 1125 11.96 47.79 58.90 425.9
Series 2 206.17 1146 12.67 55.90 60.55 436.6
95.05 584.4 210.28 1168 13.41 61.24 62.19 440.4
97.93 607.9 214.38 1193 14.16 66.06 63.84 439.0
99.99 618.0 218.47 1217 14.92 72.62 65.49 440.5
102.66 629.3 222.56 1242 15.69 77.24 67.14 446.4
105.94 644.8 226.64 1266 16.46 83.09 68.79 451.1
109.22 653.3 230.67 1291 17.24 88.09 70.44 456.9
112.51 668.9 234.75 1316 18.05 95.13 72.33 460.0
115.79 685.1 238.86 1341 18.83 100.4 74.39 469.4
119.08 700.0 242.93 1367 19.61 107.6 76.45 481.2
122.38 715.2 246.99 1391 20.88 125.4 Series 4
125.67 730.6 251.04 1416 22.37 136.9 82.52 519.5
128.97 745.9 255.08 1441 23.88 149.9 85.40 531.7
132.26 762.5 259.10 1465 25.41 158.1 87.48 555.5
135.57 778.4 263.03 1487 26.94 172.1 89.55 567.2
138.87 794.5 267.04 1514 28.49 187.7 91.63 576.0
142.17 811.7 271.03 1539 30.04 206.8 93.71 584.2
145.48 829.6 275.01 1564 31.61 215.3 95.79 591.5
148.79 846.1 278.98 1588 33.19 225.4 97.87 601.7
152.09 863.7 282.89 1612 34.76 231.0 99.95 612.6
155.40 880.8 286.83 1637 36.34 247.6 102.65 623.8
158.70 897.7 290.75 1661 37.90 262.8 105.96 640.3
162.01 915.0 294.64 1684 39.49 272.8 109.27 656.0
165.31 934.4 298.53 1708 41.08 282.8 112.59 671.3
168.62 950.8 302.88 1740 42.68 292.5 115.91 687.0
171.93 967.7 Series 3 44.28 302.2
175.23 986.0 5.96 4.83 45.92 314.0
178.54 1002 7.37 15.7 47.53 326.4
Table 2. Coefficients in Eq. (1) (in J K~' mol™")
£\ :
= (kk + koe”] : ) ’ Y
0 0.24187743 x 10*
1 0.293056027 x 10*
where kjp is the radiative relaxation probability 2 0.19822891 x 10*
-E, 3 0.771613903 x 103
(6.7 ms)~! for the >D, level of the Eu* ion [25]; ke ©” 4 0.151844376 x 103
is the nonradiative relaxation probability; 7'is the Kel- 5 0.116113962 x 107
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Table 3. Thermodynamic properties of complex I
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T K C(D $2(D) H°(T) — H°(0) D°(7) — D°(0)
’ JTK=! mol~! J K~ mol™! J mol™! J K~ mol™!
10 35.71 12.84 96.17 3.218
20 112.7 59.73 816.9 18.88
25 156.7 89.59 1490 29.98
30 199.5 122.0 2381 42.58
35 239.9 155.8 3481 56.33
40 277.7 190.3 4776 70.91
45 313.0 225.1 6254 86.11
50 346.0 259.8 7902 101.7
60 406.6 328.3 11670 133.8
70 461.9 395.2 16020 166.3
80 513.6 460.3 20900 199.0
90 563.1 523.6 26280 231.6

100 611.4 585.5 32150 264.0

110 659.2 646.0 38510 295.9

120 706.9 705.4 45340 327.6

130 755.1 763.9 52650 358.9

140 803.8 821.6 60440 389.9

150 853.3 878.8 68720 420.6

160 903.8 935.4 77510 451.0

170 955.2 991.8 86800 481.2

180 1008 1048 96620 511.0

190 1061 1104 107000 540.5

200 1116 1160 117900 570.1

210 1172 1215 129300 599.7

220 1229 1271 141300 628.9

230 1287 1327 153900 658.0

240 1346 1383 167000 687.3

250 1406 1439 180800 716.1

260 1468 1496 195200 744.8

270 1530 1552 210200 773.7

280 1593 1609 225800 802.6

290 1657 1666 242000 831.5

298.15 1710 1713 255700 855.1

300 1722 1723 258900 860.3

vin temperature; £, and k, are the activation energy of RESULTS AND DISCUSSION

the channel and initial probability of activation,
respectively; and k is the Boltzmann constant. The
lifetimes of the Dy level of the Eu3* ion (T) for the cor-
responding europium complexes at 295 and 77 K
obtained earlier [19] were used in the calculation. The
calculated lifetimes T for complexes I, II, and III at
98 K were 1.77, 1.57, and 1.53 ms, respectively.

In the structurally characterized binuclear com-
plexes [Eu,(Bath),(Piv)¢]-xSolv (where Solv = H,0,
EtOH; x = 0—2) having the same composition of the
internal sphere of the metal ion, the central fragment
Ln,Piv, has two structural types: Ln,(u,-Piv-x?0,0"),
(A) and Ln,(u,-Piv-x?0,0"),(1,-Piv-k?0,0,0"), (B)
(Scheme 1).

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY Vol.49 No.12 2023
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Scheme 1.

The Ln,Piv, central fragment has the structural
type Ln,(u,-Piv-x?0,0"), (A, Scheme 1) in carboxyl-
ates [Eu,(Bath),(Piv)4]-xH,O, where x = 0 and 0.75
(monoclinic, 12/a), [Eu,(Bath),(Piv)s] (monoclinic,
P2)), and [Eu,(Bath),(Piv)¢]- xEtOH, where x = 0 and
1.5 (monoclinic, C2/c) as in dimers [Ln,(HPiv)¢-
(Piv)¢]-HPiv, where Ln=La, Sm, Eu, Gd, and Tb [13,
16, 18, 19, 26, 27]. The coordination environment of
each metallocenter (coordination number 8) is sup-
plemented by ligands Piv-x20,0' and Bath-x?N,N' or
Piv-x'O and HPiv-x'O, respectively. The Ln,Piv,
central fragment has the structural type Ln,(u,-Piv-
k20,0"),(l,-Piv-x?0,0,0"), (B, Scheme 1) in pivalate
[Eu,(Bath),(Piv)¢]-2EtOH (triclinic, P1) and dimers
[Ln,L,(Piv)¢], where Ln = Sm, Eu, Gd, Tb, and Er;
L = Phen or Bpy [10, 16, 18, 19]. The coordination
environment of each metallocenter (coordination
number 9) is supplemented by ligands Piv-k?0,0' and
Bath-k2N,N' or Phen-«?N,N' and Bpy-k2N,N’,
respectively. A unique feature of the thermal behavior
of the complexes [Eu,(bath),(piv)¢]-xSolv upon heat-
ing in an inert atmosphere below the decomposition
temperature (~320—325°C) of desolvated pivalates
[Eu,(bath),(piv)e]-xSolv is they are exhibit phase tran-
sitions, namely, the 0D-0D single-crystal-to-single
crystal transitions (SCSC), polymorphic transitions,
and melting. The thermal behavior upon heating and
structural transitions of europium pivalates with the
Bath ligand were described in detail [16].

The low-temperature behavior of complex
[Eu,(Bath),(Piv)¢] (I) was studied by adiabatic calo-
rimetry in a temperature range of 5.96—302.88 K. The

temperature dependence of the heat capacity (C;’(T))
for complex I is shown in Fig. 1. The standard thermo-

dynamic functions C,(7), $°(T), ®°(T) — ®°(0), and
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H°(T) — H°(0) of complex I were obtained from the
experimental adiabatic calorimetry data and are given

in Table 3. The C;(T) dependence exhibits a mono-
tonic (without sharp changes corresponding to hypo-

thetical phase transitions) decrease in C;’ indicating no
phase transitions for complex I in the studied tempera-

ture range. A similar behavior of the CZ(T) depen-
dence is demonstrated by complexes [Ln,(Phen),-
(Piv)g], where Ln = Sm, Eu,and Tb [18, 19, 28], in the
temperature range 5— Tppen removal (~263°C). It can be
confirm that the absence of conjugation between the
Ph and Phen fragments of structurally nonrigid
ligands Bath in complex I induces no thermal changes
in the conformation of Bath coordinated on the metal
in a temperature range of 5.96—302.88 K. Unlike this,

the C;’(T) dependences in a temperature range of 5—
Tpr removal (~ 1480C) of COl’l’lplCXCS [Ln2(BPY)2(PiV)6]’
where Ln = Sm, Eu, Gd, and Er, containing the con-
formationally labile ligand Bpy exhibit anomalies
near 233 K (—40°C) related to thermal changes in the
conformation of the Bpy ligand [18, 19, 28]. The
absence of structural changes in the temperature range
5—T eutral tigand removal K fOT the series of binuclear com-
plexes [Ln,L,(Piv)s] (where Ln = Sm, Eu, Gd, Tb,
and Er; L = Bpy or Phen), as well as
[Ln,(HPiv)4(Piv)¢]- HPiv (where Ln = La, Sm, Eu,
Gd, and Tb), which are related to defreezing degrees
of freedom of the Piv anionic ligands [18, 19, 28, 29],
makes it possible to expect a structural stability of the
[Eu,(Bath),(Piv)¢]-xSolv complexes in a temperature
range of 5.96—302.88 K.

We have previously shown that the heterocyclic
N-donor ligands Bath, Phen, and Bpy exhibiting
intense absorption bands in the near-UV spectral
range efficiently sensitize the PL of the Eu?' ion in
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Fig. 1. Temperature dependence of the heat capacity for
complex I.

binuclear pivalates [Eu,(Bath),(Piv)4]-xSolv,
[Eu,(Phen),-(Piv)] (II), and [Eu,(Bpy),(Piv)] (III)
and provide high absolute PL quantum yields (~60%)
upon PL excitation in the spectral range correspond-
ing to the ligand absorption [16, 17, 19].

The low-temperature behavior of the integral pho-
toluminescence intensity of the *Dy—"F, (j = 0—6)
transitions of the Eu** ion for complexes I-III was
studied by luminescence spectroscopy in a tempera-
ture range of 98—295 K. The PL spectra of complexes
I-III at 295, 193, and 98 K are shown in Fig. 2. Upon
UV excitation at a wavelength of 340 nm, complexes
I-IIT demonstrate a bright red luminescence of the
Eu?* ion. The spectra of the compounds contain nar-
row PL bands characteristic of electron transitions of
the Eu®* ion from the D, level to the sublevels of the
fundamental term 7F, (J = 0—6). As the temperature
decreases, the spectra of complexes I-III exhibit a
decrease in the width of all spectral lines of the transi-
tions of the Eu’" ion, except the zero-phonon line of
the >D,—F, transition due to a decrease in the interac-
tion of Eu’* ions with phonons of the crystalline lattice
[30]. No substantial changes in the Stark structure of
PL bands of Eu®* ions are observed in the PL spectra
of complexes I-IIT at 193 and 98 K as compared to the
corresponding PL spectra of these complexes at 295 K.
This indicates that the local electric field of the Eu®*
ion is retained [31] in a temperature range of 98—
295 K in complexes I and I, as well as in complex III

for which an anomaly on the C;’(T) dependence was
found near 233 K. The anomaly is related to intra-
sphere thermal changes in the conformation of the
Bpy ligand [28].

We have found that complexes I and II demon-
strate a high temperature stability of the integral PL
intensity in a wavelength range of 564—880 nm corre-
sponding to luminescence bands of the *Dy—"F, (j =
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Fig. 2. PL spectra of complexes (a) I, (b) 11, and (c) III at 295
((1) multiplied by 9), 193 ((2) multiplied by 3), and 98 K (3).

0—6) transitions of the Eu** ion in a temperature range
of 98—295 K. As the temperature decreases from 295
to 98 K, complexes I and II demonstrate a monotonic
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decrease in the integral PL intensity being no more
than 7 and 3% for complexes I and II, respectively.
Moreover, as the temperature decreases from 295 to
193 K, the integral PL intensity for complexes I and II
decreases only by 2.4 and 2%, respectively. Note that
the change in the absolute PL quantum yield is
directly proportional to the change in the PL intensity
[32]. Thus, in a temperature range of 98—295 K, com-
plexes I and II retain high absolute PL quantum yields
being at least 55.8 and 58.2%, respectively. The abso-
lute PL quantum yields of complexes I and Il in a tem-
perature range of 193—295 K (from —80 to +22°C) are
at least 58.6 and 58.8%, respectively. The proximity of
the corresponding energy values of the S1 and T, states
of the Bath ligand for variety of complexes
[Gd,(Bath),(Piv)¢]-xSolv [17] allow one to expect
close absolute quantum yields for variety of complexes
[Eu,(Bath),(Piv)¢]-xSolv in a temperature range of
295—98 K. Note that on decreasing temperature from
295 to 98 K the lifetime of the 3D level of the Eu*" ion
increases by 29 and 3.7% for complexes I and II,
respectively. Since no corresponding increase in the
PL intensity is observed for pivalates I (29%) and I1
(3.7%) with decreasing temperature from 295 to 98 K,
it can be assumed that the channel of ligand—metal
excitation energy transfer is deactivated along with the
quenching channel of the > D, level of the Eu** ion (by
6.7 and 36%, respectively) with the temperature
decrease for complexes I and II, which compensates
the temperature effect on the PL intensity in a tem-
perature range of 295—98 K. That is, despite the fact
that the fraction of radiative relaxation of the >D, level
to the 71*} (j = 0—6) levels increases with the tempera-
ture decrease, the 3D, level is populated with a lower
probability with the temperature decrease. For com-
plex III with decreasing temperature from 295 to
193 K, a monotonic decrease in the integral PL inten-
sity by 30% is observed, and then some increase is
observed with the further temperature decrease to
98 K. The total change in the intensity in a range of
295—98 K is 25%. Thus, in the temperature range from
98 to 295 K, the absolute PL quantum yield of the
complex is at least 41%. Taking into account that with
decreasing temperature from 295 to 98 K the lifetime
of the 3D, level increases by 4%, we can assume that
the channel of ligand—metal excitation energy transfer
undergoes deactivation by at least 29% in a tempera-
ture range of 295—98 K. This deactivation explains a
decrease in the PL intensity in a temperature range of
295—193 K. The deactivation of the quenching chan-
nel of the 3D, level becomes appreciable in a tempera-
ture range of 193—98 K where the PL intensity
decrease changes by an increase when the temperature
decreases.

To conclude, the absence of low-temperature
phase transitions in a temperature range of 5.96—
302.88 K was shown, and the most important thermo-
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dynamic functions C,(7), $°(T), ®°(T), and H*(T) —
H°(0) were calculated for complex I. In a temperature
range of 98—295 K, complexes I-III retain high abso-
lute quantum PL yields being at least 55.8, 58.2, and
41% for complexes I-III, respectively. The absolute
PL quantum yields of complexes I and II in a tempera-
ture range of 193—295 K (from —80 to +22°C) are at
least 58.6 and 58.8%, respectively. An insignificant
decrease in the integral PL intensity corresponding to
the luminescence bands of the °Dy—’F; (j = 0—6) tran-

sitions of the Eu** ion with decreasing temperature for
complexes I-III is due to the mutual compensation of
the temperature activation of the channels of ligand—
metal excitation transfer and channels of nonradiative
excitation relaxation for these complexes. The results
obtained in this work (in combination with the results
of our studies of the photophysical properties and
thermal behavior of the binuclear europium pivalates
in a temperature range of 30—600°C [16, 18, 19])
showing the thermal stability of the complexes, a sig-
nificant monochromaticity, and high absolute PL
quantum vyields of the binuclear europium pivalates
with ligands Bath, Phen, and Bpy, as well as a high vol-
atility of the binuclear lanthanide pivalates [10, 13—15,
33—36]) indicate that complexes [Eu,(Bath),-
(Piv)¢]-xSolv, II, and III are promising functional
components of new luminescent materials in a tem-
perature range of 98—295 K.
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