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The near-IR luminescence properties of two Er'l-containing
coordination polymers, namely, [Er(btc)(H,0)53.5H,0]..
[(btc)®>~ = 1,3,5-benzenetricarboxylate] and [Er,(bdc)s-

(H20)4] [(bdc)?~ = 1,4-benzenedicarboxylate] were investi-
gated with the aim of testing their potential use as optical
materials. Because both present relatively small quantum
yields and short excited-state lifetimes, factors influencing
their luminescent properties were deciphered in an effort to
improve their luminescent properties. Thus, three other fami-
lies of compounds were also investigated: (i) the two corre-

sponding dehydrated compounds with respective chemical
formula [Er(btc)] and [Er,(bdc)s].. for evaluating the impor-
tance of O-H vibrators, (ii) the heterodinuclear compounds
[Ers_oxYox(bdc)3(H20)4]- (x = 0.2, 0.5, 0.8 and 0.9) for estimat-
ing the role of intermetallic quenching and (iii) the heterodi-
nuclear compounds [Ery o,Ybsy(bdc)3(H20)4] (x = 0.2 and
0.5) for checking whether Yb™-sensitized up-conversion can
be induced or not.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

Introduction

Historically, interest in the near-infrared (NIR) emission
properties of lanthanide ions has been strengthened by the
development of optical fibres and laser amplifiers used for
long-distance telecommunication.! =3I Actually, the Er™ ion
exhibits a 4f intrashell transition from its first excited state
4,3 to the ground state *I;s5, which occurs at a wave-
length of 1540 nm. Optical 4f intrashell transitions are par-
tially forbidden in the free Er''! ion. However, when incor-
porated into solid hosts, the crystal field of the host induces
a mixing of states, thus relaxing the selection rules. In matri-
ces devoid of high-energy vibrations, particularly OH or
NH, but also CH,™ the Er(*I5,,) lifetime is in the milli-
second range and may even reach 24 ms.>] This makes Er-
doped materials attractive for laser and optical amplifiers
operating at 1540 nm, which is one of the standard telecom-
munication wavelengths. Initially, these devices have mostly
implied purely inorganic compounds such as silica, alumina
or LiNbO; or nonoxide glasses as host matrix.[®*! Since the
discovery of electroluminescence in poly(para-phenylene-
vinylene)!' lanthanide complexes, organic ligands have
been doped into various polymers in attempts to produce
cheaper and more versatile optical materials for telecommu-
nications and light-emitting diodes.[''] Metal-organic infi-
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nite frameworks containing luminescent lanthanide ions
connected by multifunctional organic ligands®! may consti-
tute an alternative approach for designing such devices. In-
deed, some of the drawbacks encountered with the doped
condensed phases or glasses can be avoided with these
metal-organic frameworks. For instance, the spatial distri-
bution of the lanthanide ions is perfectly controlled in coor-
dination polymers, and compounds with as much as 50 wt.-
% of lanthanide ions can be designed. However, although
the number of reported luminescent lanthanide-containing
coordination polymers is steadily increasing,!'?! relatively
few of them have been specifically designed for emission in
the NIRI!3-13] and quantitative data are scarce.''l In order
to evaluate the potential interest of Er-containing coordina-
tion polymers for optical applications, we present here a
study of two Er™-containing coordination polymers,
namely, {[Er(btc)(H,0)s]:3.5H,0}.. [btc*™ = 1,3,5-benzene-
tricarboxylate (CoH30g)* ", hereafter referred as 1-Er], and
[Ery(bdc)s(H,0)4l.. [bde*> = 1,4-benzenedicarboxylate
(CsH404)%, hereafter referred as 2-Er]. The structures of
the ligands are given in Figure 1.

The crystal structures of both compounds are known:
{[Er(btc)(H,0)s]-3.5H,0}.. (1-Er) consists in the juxtaposi-
tion of neutral 1D chain-like molecular motifs!'® (Fig-
ure 2), whereas [Ery(bdc);(H,0)4.. is 3D (Figure 3).
There are two Er'" ions per unit cell in {[Er(btc)(H,O)s]:
3.5H,0}.., that is, 2.5Er'™ jons per 1000A3 or
2.5%x10%! ionsem™3, and eight Er™™ ions per unit cell in
[Ery(bdc);(H>0)4].., representing 3.35 Er'™ ion per 1000 A3.
Moreover, there are five coordination water molecules and
three and a half crystallization water molecules per erbium
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Figure 1. Schematic representation of the (btc)® (left) and (bdc)>
(right) ligands.

ion in the latter, whereas there are only two coordination
molecules and no crystallization water molecules in the for-
mer. Finally, as shown in Table 1, the intermetallic distances
are substantially different in the two structures.
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Figure 2. Projection view of a molecular motif of {[Er(btc)(H,O)s]:
3.5H,0}.. (left); projection view along the ¢ axis of the crystal
packing (right). {[Er(btc)(H,0)s]3.5H,0}.. crystallizes in the mo-
noclinic system, space group C2/c (n°15) with a = 147396(15) A, b
= 16.9874(15) A, ¢ = 14.4591(14) A, [ = 118.754(9)°, V =
3174(1) A3 and Z = 8.

Figure 3. Perspective views of an extended unit cell of [Ery(bdc)s-
(H,0)4].. (left) and of the crystal packing (right). [Ery(bdc)s-
(H»0)4]. crystallizes in the triclinic system, space group Pl (n°2)
with @ = 6.153(3) A, b = 10.008(6) A, ¢ = 10.035(4) A, «
102.03(3)°, = 91.61(3)°, y = 101.20(4)°, ¥V = 591.4(3) A* and Z
2.
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Table 1. Ten shortest intermetallic distances in 1-Er and 2-Er crys-
tal structures.[

1-Er 2-Er
Symmetry code Er-Er/A | Symmetry code Er-Er/A
05-x,-05+»05-z 8.517 1+x,0z 6.142
X, =), —Z 9.901 1 -x,-1-y-1-z 5.093
05+ x05--05+z 7.556 “1-x-1-y-=z 5.025
-x, 5,05~z 6.928 “1+xz 6.142
05+x,05+yz 11.245 2-x,-1-y-1-z 7.824
05-x,05-y =z 7.225 X, -1 —-y-1-z 8.131
X, -05+z 10.175 —x,-1-y =z 7.938
-x, 1 -y, —=z 11.973 2-x,-1-y,—=z 7.934
05+x,05+yz 11.245 2+x, )z 12.284
X, 1=305+z 12.200 2+x )z 12.284

[a] For both crystal structures all distances are relative to the
erbium atom with (x, y, z) symmetry code.

It is well established that hydration and/or intermetallic
distances play an important role in luminescent properties
and that the number of Er''! ions per unit volume is a key
parameter in waveguide amplifiers. All these reasons led us
to select 1-Er and 2-Er for investigating the effects of these
parameters and for testing their interest for NIR-lumines-
cent materials.

Results and Discussion

The emission spectra of 1-Er and 2-Er recorded under
direct excitation into the Er(*Fy),) level at 488 nm and at
both 295 and 10 K are depicted on Figure 4 (top). The cor-
responding excitation spectra recorded for deuterated com-
pounds 1-Er(D,0) and 2-Er(D,0) are shown at the bottom
of Figure 4. They feature both f-f transitions and a broad
band from the ligand, pointing to some ligand-to-metal en-
ergy transfer in these compounds.

For the two investigated compounds, the characteristic
Er(*1;3,—1,55) transition in the NIR region appears as a
broad band with full-width-at-half-maximum (fwhm) of
about 70 (1-Er) and 40 nm (2-Er) at 295 K, another inter-
esting feature of these compounds with respect to potential
optical applications. The emission of 2-Er is more intense
compared to that of 1-Er, as may be inferred from the sig-
nal-to-noise ratios seen in Figure 4. At low temperature, the
lines are narrower and crystal-field components are clearly
evidenced, in particular for [Ery(bdc)s;(H,0)g4]... In the latter
case, eight major and two to three minor components are
identified; because the maximum splitting of *I;5,, in low-
symmetry crystal field is eight, this means that the chemical
environments of the Er''" ions are reasonably homogeneous.
The lifetime of the Er(*/,5/,) excited state is ca. 1 ps for 1-
Er and less than 0.1 ps (the limit of our apparatus) for 2-Er
(Table 2). The overall quantum yield of 2-Er was estimated
according to Wrigthon’s method!"®! to Q. = 0.0013%, a
value which increases by a factor of 10 upon deuteration of
the sample in 2-Er(D,0). In contrast, the emissions of both
1-Er and 1-Er(D-,0) are too low in intensity to obtain reli-
able quantum yield data.

Eur. J. Inorg. Chem. 2009, 4491-4497
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Figure 4. Top: *I,3,—"*1,5/> transition for compounds 1-Er (left)
and 2-Er (right); A = 488 nm; bottom: excitation spectra of 1-
Er(D,0) and 2-Ex(D,0) at 295 K (4 = 1.54 pm).

Table 2. Photophysical data for the investigated compounds.[!

Compound Toosk | 1S Tiok /s 10*Q%,,, (295 K)
1-Er <0.1 <0.1 L)
1-Er(D,0) 0.64(1) 0.89(1) o]
[Er(btc)] 1.0(1) 2.3(1) 0.45(2)
2-Er <0.1 n.a. =0.13
2-Er(D,0) 2.50(1) 2.80(1) 1.3(6)
[Ers(bdc)s].. 4.91(4) 5.01(4) 2.2(1)

[a] Standard deviations (2g) between parentheses; Aex. = 355 nm (7)
or 305 nm (Q). [b] Too weak to be measured.

These very-low quantum yields are not surprising, be-
cause both compounds contain several coordination or
crystallization water molecules, and O-H vibrators are very
efficient inhibitors of NIR luminescence. We have thus ther-
mally dehydrated these compounds. As shown pre-
viously,['”-19-211 dehydration of 1-Er provokes the collapse
of the molecular framework and leads to a quasiamorphous
phase with chemical formula [Er(btc)] that reversibly binds
water to reform 1-Er. Despite great efforts, this phase has
not yet been structurally characterized. In contrast, dehy-
dration of 3D 2-Er leads to a well-crystallized phase with
chemical formula [Er,(bdc)s;].. that has been previously
structurally characterized!'”-??l (Figure 5).
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Figure 5. Left: Projection view along with numbering scheme of an
extended asymmetric unit of [Ery(bdc)s]..; right: perspective view
along the ¢ axis of [Ery(bdc)s].. Er coordination polyhedra are
drawn. [Ery(bdc)s].. crystallizes in the triclinic system, space group
PI (n°2) with @ = 10.1508(8) A, b = 8.9181(6) A, ¢ = 7.4031(5) A,
a = 106.749(4)°, f = 98.832(5)°, y = 107.279(5)°, ¥ = 591 A3 and

The luminescence spectra of both dehydrated com-
pounds are presented on Figure 6. They are in line with the
structural properties. For instance, [Er(btc)] gives rise to a
broad spectrum at 295 K (fwhm = 45 nm), which does not
resolve into sharp crystal-field components at 10 K and
thus is characteristic of an amorphous material. In contrast,
although the emission of [Er,(bdc)s;] remains broad at
295 K (fwhh = 40 nm), it displays eight sharp transitions in
the range 1.52-1.57 um, reflecting a compound with high
crystallinity and with one chemical environment for Er!™,
We tentatively assign the three bands in the range 1.62—
1.64 um to crystal-field components of the 4S5,—*Iy/, tran-
sition. The lifetimes of the Er(*l;55,) level in [Er(btc)] is
about 10 times longer than that of the hydrated compound
(Table 2) and even reaches 2.27(3) us at 10 K; the quantum
yield is now measurable, QFz. = 0.0045(2)%. This is still
very low, but as expected, dehydration has substantially in-
creased the luminescence properties of the compound. For
[Ery(bdc)s).., the overall quantum yield is 17-fold larger
than that for the analogous hydrated compound 2-Er and
well in the range of reported values for erbium complexes
with organic ligands, 0.01-0.03%.['!] Because the Er'"! con-
tent is similar in both hydrated (3.35 Er/1000 A%) and dehy-
drated (3.40 Er/1000 A3) compounds the improvement in
photophysical properties upon dehydration is solely due to
removal of the quenching water molecules. On the basis of
these results, we decided to concentrate further investi-
gations on 2-Er because it is more promising than 1-Er.

Another phenomenon can be responsible of a weak
quantum yield is the so-called intermetallic quenching. It is
generally admitted that the closer to each other the metallic
centres are, the more efficient this phenomenon is.>*>4 Co-
ordination polymer 2-Er belongs to a recently described”
wide family of 1i3sostructural compounds with gegeral chemi-
cal formula [( Y In)(CsH404)3(H,0),].. with >, x; = 2 and

i=1 i=1
in which Ln’ represents one of the lanthanide ions com-
prised between La and Tm (except Pm) or Y38 Therefore,
we synthesized several heterodinuclear compounds with ge-
neral chemical formula [Er, .Y, (bdc);4H,0].. with
0=x=1. All these compounds are isostructural to 2-Er
4493
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Figure 6. I;3,—*I}5), transition for compounds [Er(btc)] (left) and
[Ery(bdc)s]. (right); Aexe = 488 nm.

and are hereafter referred as 2-Er, »,Y,,. In these com-
pounds, the Y™ and Er'™ ions are randomly distributed
over the metallic centres of the crystal structure. There is
neither segregation nor order and each metallic centre is
structurally best described by a fictive atom Er, 5, Y5,. Y
ions are optically inactive and their introduction produces
only a dilution of the Er' ions.

In 2-Er, a given Er' ion is surrounded by 26 other Er
ions, as shown in Figure 7. The average of these 26 dis-
tances (dg, = 10.3 A) was assumed to be a good estimation
of the mean distance between two erbium ions. In the frame
of this assumption, the mean distance between two erbium
ions in compound 2-Er; .Y, is: dg,, vy, = ded(1 — x)
(Table 3). ‘

The emission spectra of compound 2-Er, ,,Y,, (x = 0,
0.2, 0.5, 0.8 and 0.9) were measured (Figure 8). Unfortu-
nately, the small emission intensities do not allow the deter-
mination of lifetimes of the excited states nor quantum
yields. However, from Figure 8, it is apparent that the lumi-
nescence intensity does not significantly vary from one
compound to another. This suggests that the dilution of the
Er'" ions improves their luminescence. Actually, the lumi-
nescence intensity remains unchanged, whereas the Er!!!
content is reduced by a factor of five.

Because the NIR luminescence of Er'''-containing sys-
tems can be improved by sensitization through Yb"! we
synthesized compounds with general chemical formula
[Ers 5. YD, (bdc);(H>O)4... X-ray diffraction diagrams of
several samples with x varying between 0 and 1 are pre-
sented in Figure 9. From this figure it is clear that com-
pounds with general chemical formula [Er, »,Yb, (bdc)s-
(H,0)4].. are obtained for 0=x=0.8 and compounds with
formula {[Er, »,Yb,,(bdc);(H,O)g]-2H,0}.. are obtained
for 0.9=x=1.0, much as when reacting Yb"' with
(bdc)* (x = 1).P1 [Yb,(bdc)3(H,0)g2H,0].. crystallizes in
the triclinic system, space group PI (n°2) with a =
7.539(1) A, b = 10.05333) A, ¢ = 10.04578(3) A, a =
87.7870(10)°, f = 82.5510(11)°, y = 86.2800(16)°, Z = 2 and
V = 783.92(4) A3. For x values between 0.8 and 0.9, dif-
ferent situations were encountered and it was not possible
to find any rationalization (Figure 10). In this “rule-less”
field, some microcrystalline powders have been identified,
for example, [Er; 5, YD, (bdc)3(Hy0)4)s, [Ery 5, Ybs,(bde)s-

111

111
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Figure 7. Perspective view along the b axis of a central Er atom
with symmetry code (x, y, z, black spheres) and its 26 surrounding
Er atoms (grey spheres). The Er-Er distances relative to the central
atom are listed hereafter: Distance [A] (symmetry code): 6.142 (-1
+x, 0 2); 6142 (1 + x, y, 2); 7.938 (—x, -1 — y, —z); 5.025 (-1 — x,
~1 -y -2); 7934 (-2 - x, -1 — y, —z); 8.131 (—x, -1 — y, -1 — 2);
5.093 (-1 —x, -1 —p, -1 -2);7.824 (-2 — x, -1 — y, -1 — 2); 13.308
(—x, 2-y,-1-2);10.594 (-1 — x, 2 -y, -1 — 2); 11.081 (-2 — x,
2 -y -1-12);12799 (1 + x, -1 + y, z); 10.069 (x, -1 + y, z);
10.697 (-1 + x, =1 + y, 2); 14.735 (—x, -2 — y, —2); 12.436 (-1 — x,
-2 —y, —z); 12948 (-2 — x, -2 — y, —z); 10.568 (—x, -y, —z); 9.931
-1 = x, =y, —z2); 12.689 (-2 — x, -y, —2); 10.697 (1 + x, 1 + y, z);
10.069 (x, 1 + y, 2); 12.799 (-1 + x, 1 + y, 2); 12.567 (—x, -y, -1 —
z); 11.935 (-1 — x, =y, =1 — 2); 14227 (-2 — x, =y, -1 — 2).

Table 3. Characteristic structural parameters of several compounds
2-Er27>\,Y2'\, with 0=x=1.

Compound X Er/1000 A3 der, v | A
2-Er 0.0 3.35 10.3
2-FrosYoo 02 2.68 12.9
2-Erg.sYo.s 0.5 1.67 20.6
2-FroYos 0.8 0.67 51.5
2-Ero, Yoo 0.9 0.33 103.0
2-Y 1.0 0.00 -
Vv /10% cmr!
6968 6.7 6.6 65 6.4 6.3 6.2 6.1
[Er24Y2x(bdc)s] ..
145 150 155 160 165
A/ um

Figure 8. Luminescent spectra at 295 K of 2-Er, 5, Y, (x =0, 0.2,
0.5 and 0.8).
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(H,0)g2H,0l.., [Ers 5, Ybs(bde)s(H20)el>' %) or mix-
tures of these phases. This illustrates the great versatility of
the terephthalate/lanthanide system.

=)

Figure 9. X-ray diffraction diagrams of Yb/Er-containing heterodi-
nuclear compounds.
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Figure 10. Structural types of the microcrystalline powders vs. x.
The symbols on the bottom of the figure symbolize the analyzed
microcrystalline powders.

Samples obtained for 0 =x=0.8 were analyzed in detail
by X-ray diffraction, elemental analysis and SEM measure-
ments according to a procedure previously described.[*’]
This analysis clearly shows that they are monophasic and
have the expected chemical formula and structural type.
This result confirms the large stability of this structural
type.

The luminescence spectra of [Er, 5, Yb,.(bdc)3;(H,0)4].
compounds (x = 0, 0.2 and 0.5) are reported in Figure 11.
The three spectra are almost identical. Comparison be-
tween luminescence spectra of homologous compounds
[Ery 5. Lns,(bdc)3(H>0)4l.. with Ln = Y and Yb seems to
indicate that Yb"" ions and Y™ ions play a similar role
when the compounds are excited in the ligand levels: they
act as spacers and no improved sensitization by transfer
through Yb™ is observed up to x = 0.5 when Yb'! ions are
involved. Above x = 0.5, the overall shape of the emission
band changes substantially, indicating a structural change.

Eur. J. Inorg. Chem. 2009, 4491-4497
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Figure 11. Luminescence spectra measured for [Er, 5, Yb,,(bdc)s-
(H,0)4].- (x =0, 0.2, 0.5 and 0.8).

Conclusions

The potential interest of Er'-containing coordination

polymers based on di- and tricarboxylates was evaluated
with respect to their NIR luminescence. The latter is largely
enhanced upon dehydration of the initial {[Er(btc)(H,O)s]
3.5H,0}.. and [Er,(bdc);(H,0)4].. coordination polymers,
and the quantum yield of [Er,(bdc)s].. reaches a value in
the range of those previously reported for complexes with
organic ligands. An interesting point lies in the fact that
Er'™™ can be diluted by Y in a proportion to 1:5 without
apparent loss of emission intensity. However, the presence
of C-H oscillators is the main weakness of these organic—
inorganic hybrid materials, which are still far from the per-
formances displayed by inorganic clusters such as (thf)4-
Er;0S6(Ses)sle, 27! which presents a lifetime as long as 3 ms
and an intrinsic quantum yield of 78 %, QF g, = Top /749 =
OF 1 Msens, Where 774 18 the efficacy with which the ligands
transfer energy onto the metal ion. In our case, the intrinsic
quantum yield is only about 0.4% (taking 7™ = 12 ms).
However, in view of the advantages that coordination poly-
mers could present, particularly with respect to their intro-
duction into nanoparticles,!!”! we are now pursuing the pro-
ject by trying to obtain such Er'-containing coordination
polymers devoid of C-H vibrations, namely, by replacing
C-H bonds with C-F or C—Cl bonds.

Experimental Section

Synthesis: Terephthalic acid H,(bdc) and trimesic acid H;(btc) were
purchased from Acros Organics and used without further purifica-
tion. Sodium terephthalate (or trimesate) salt was prepared by ad-
dition of 2 equivalents (or 3 equiv.) of sodium hydroxide to a sus-
pension of terephthalic (or trimesic) acid in deionized water. The
obtained solution was then evaporated to dryness. The resulting
solid was suspended in ethanol, and the mixture was stirred at re-
flux for 1 h. After filtration and drying, a white powder of disod-
ium 1,4-benzenedicarboxylate (or trisodium 1,3,5-benzenetricarb-
oxylate) was collected in 90% yield. CgH4Na,O4 (210.10): caled. C
45.7, H 1.9, Na 21.9, O 30.5; found C 45.5, H 2.0, Na 22.0, O 30.5
[or CoH;304¢Nas (276.09): caled. C 39.2, H 1.1, Na 25.0, O 34.8;
found C 39.1, H 1.0, Na 25.3, O 34.5.
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Hydrated lanthanide chlorides were prepared from the correspond-
ing oxides according to literature methods.”®! Lanthanide oxides
were purchased from Strem Chemicals and used without further
purification.

Microcrystalline powders of the coordination polymers were ob-
tained by mixing at room temperature stoichiometric amounts of
mixtures of lanthanide chlorides in water with the sodium salt of
terephthalic (respectively trimesic) acid. Precipitation immediately
occurred. The white precipitates were filtered and dried in air. The
yields of the reactions were close to 100%. FTIR spectra show the
expected strong characteristic absorptions for the symmetric and
asymmetric vibrations of benzenedi(tri)carboxylate ligands (1650—
1550 cm ™! and 1420-1335cm™!') and the coordinated water mole-
cules (3460 cm™'). They show no absorption band of any proton-
ated ligand (1715-1680 cm™'). [Er(btc)(H,0)s-3.5H,0].. (524.48):
caled. C 20.6, H 3.3, Er 31.9, O 44.2; found C 20.5, H 3.2, Er 31.8,
O 44.5. [Ery(bdc);(H,0)4]. (898.926): caled. C 32.1, H 2.2, O 28.5,
Er 37.2; found C 32.0, H 2.0, Er 37.5, O 28.5. [Y,(bdc);(H>0)4]..
(742.22): caled. C 38.8, H 2.7, O 34.5, Y 24.0; found C 38.5, H 3.0,
0 34.5,Y 24.0). [Yby(bdc)3(H,0)s2H,0].. (1018.58): caled. C 28.3,
H 3.2, O 34.6, Yb 34.0; found C 28.5, H 3.2, O 34.5, Y 33.9.

The results of the elemental analysis of the heterodinuclear coordi-
nation polymers are summarized in Tables 4 and 5. Deuterated
compounds 1-Er(D,0) and 2-Er(D,0) were obtained from the an-
hydrous complexes [Er(btc)] and [Er(bdc);].., which were suspended
in D>O and stirred for 20 min. The resulting solids were filtered,
washed with [Dglacetone and left to dry overnight. All operations
were carried out in a glove-box with nitrogen atmosphere.

The obtained microcrystalline powders were all assumed to be
respectively isostructural to the previously described compounds
[Er(btc)(H,0)5:3.5H,01..,[1"  [Ery(bdc);(H,0)4)..  or  [Ery(bdc)s-
(H,0)5:2H,0]..>!1 on the basis of their X-ray powder diffraction
diagrams. The homogeneity of the heterodinuclear samples was
checked by SEM measurements. The results confirm that all the
particles forming the microcrystalline powders have the same chem-
ical formula than the powders.

The monophasic character of the heterodinuclear compounds was
established on the basis of their X-ray diffraction diagrams. The
diffraction peaks on the diffraction diagram of the heterodinuclear
compounds show no splitting. Furthermore, there are neither ad-
ditional peaks (characteristic of a superstructure) nor broadening
of the peaks (characteristic of disorder). This indicates that, in
these heterobinuclear compounds, there is no order or segregation:

In these compounds, the metallic ions are randomly distributed on
the metallic sites.

The thermal properties of [Er(btc)(H,0)s:3.5H,0].. and [Er,(bdc)s-
(H,0)4].. have already been described.l'®!”1 According to these
studies, the anhydrous phases were thermally obtained by heating
the hydrated phases in a furnace at 300 °C for 30 min. [Er(btc)]
(374.377): caled. C 28.9, H 0.8, Er 44.7, O 25.6; found C 28.8, H
1.0, O 25.5, Er 44.7. [Er,y(bdc)s].. (826.867): caled. C 34.9, H 1.5,
0O 23.2, Er 40.5; found C 34.5, H 1.80, Er 40.5, O 23.3. The struc-
ture type of the (bdc)? -containing anhydrous compound was as-
sumed on the basis of its X-ray diffraction powder diagram.

X-ray Powder Diffraction: The diagrams were collected by using a
Panalytical X'Pert Pro diffractometer with an X'celerator detector.
The typical recording conditions were 40 kV, 40 mA for Cu-K, (4
= 1.542 A), the diagrams were recorded in 6/0 mode in 60 min be-
tween 5 and 75° (8378 measurements) with a step size of 0.0084°
and a scan time of 50 s. The calculated patterns were produced by
using the Powdercell and WinPLOTR software programs.[>* 32 The
patterns were taken as experimental data in REFLEX module of
the MS Modeling Software.?3! Then, they were refined by using
Rietveld refinement®**3 with Pseudo-Voigt profile to compute re-
fined cell parameters for each compound.

Scanning Electron Microscopy (SEM-EDS Analysis): The powder
measurements of the heteropolymetallic coordination polymers
were performed by using SEM. All observations and measurements
were carried out with a JEOL JSM 6400 scanning electron micro-
scopy (JEOL Ltd.Tokyo Japan) with EDS analysis system
(OXFORD Link INCA). The voltage was kept at 9 kV, and the
sample were mounted on carbon stubs and coated for 5 min with
gold/palladium alloy using a sputter coater (Jeol JFC 1100).

Solid-State Luminescence Measurements: Excitation of the finely
powdered samples was achieved at 488 nm with a Coherent Innova
argon laser. For emission in the NIR, the emitted light was ana-
lyzed at 90° with a Spex 1870 single monochromator with
950 grovesmm ! holographic gratings blazed at 900 nm. Light in-
tensity was measured with a NIR photomultiplier Hamamatsu
H9170-75 cooled by Pelletier effect at —60 °C (range 930-1700 nm)
and coupled to a Stanford Research SR400 photon counting sys-
tem. Data were transferred into a PC and emission spectra were
corrected for the instrumental function regularly updated. Lumi-
nescent lifetimes were determined upon excitation at 355 nm pro-
vided by a Quantum Brillant Nd:YAG laser equipped with fre-
quency tripler. The output signal of the NIR photomultiplier was

Table 4. Chemical analysis results for [Er, »,Y»(bdc)(H,0),).. with 0 < x <I.

X MW / gmol™! Analysis caled. (found) / %

Er Y (6] C H
0.2 867.584 30.8 (30.9) 4.1 (4.2 29.5(29.4) 33.2 (33.1) 2.3(2.3)
0.5 820.571 20.4 (20.4) 10.8 (10.9) 31.2 (31.1) 35.1 (35.1) 2.5(2.5)
0.8 773.558 8.6 (8.8) 18.4 (18.5) 33.1 (33.0) 37.3(37.2) 2.6 (2.5)
0.9 757.887 44 (4.4) 21.1 (21.0) 33.8 (33.8) 38.0 (38.0) 2.7 (2.8)

Table 5. Chemical analysis results for [Er, 5, Yb,,(bdc)(H>0),].. with 0 < x <I.

X MW / gmol ! Analysis caled. (found) / %
Er Yb (0] C H
0.2 901.238 29.7 (29.8) 7.7 (7.5) 28.4 (28.5) 32.0 (32.2) 2.2 (2.0)
0.5 904.706 18.5 (18.5) 19.1 (19.1) 28.3 (28.0) 31.9 (32.2) 2.2 (2.2)
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fed into a Stanford Research SR-430 multichannel scaler and trans-
ferred to a PC. Lifetimes are averages of three independent determi-
nations. Quantum yields were determined on solid samples with a
Fluorolog FL3-221 spectrofluorimeter from Horiba-Jobin—Yvon-
Spex at 295 K, under ligand excitation, according to an absolute
method®** using a home-modified integration sphere.l*”] Each sam-
ple was measured several times under slightly different experimen-
tal conditions. The estimated error for quantum yields is 10 %.
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