Journal of Thermal Analysis and Calorimetry (2019) 136:873-883
https://doi.org/10.1007/s10973-018-7686-9

@ CrossMark

Rare earth complexes with 3,4-dimethylbenzoic acid and 5,5’
dimethyl-2,2’-bipyridine

Synthesis, crystal structures and thermal behavior
Min-Min Zhu'? - Ning Ren? - Jian-Jun Zhang'?

Received: 17 April 2018/ Accepted: 17 August 2018/ Published online: 24 August 2018
© Akadémiai Kiado, Budapest, Hungary 2018

Abstract

The combination of 3,4-dimethylbenzoic acid (3,4-DMHBA) and 5,5'-dimethyl-2,2'-bipyridine (5,5’-DM-2,2'-bipy) with
rare earth nitrate under the room-temperature conditions results in two novel complex formulated as [Ho(3.4-
DMBA);(5,5'-DM-2,2"-bipy)(H,0)] (1) and [La(3,4-DMBA);(3,4-DMHBA)(5,5'-DM-2,2'-bipy)]»(2), respectively. The
structures were confirmed by single-crystal X-ray diffraction. Two complexes are all characterized with elemental analysis
and PXRD. Interestingly enough, because of the lanthanide contraction phenomena, the complex 1 is a mononuclear
molecule with the coordination number of eight, but the complex 2 is a binuclear molecule with the coordination number of
nine. The thermal decomposition mechanism for two complexes was discussed by TG-DTG technology. In addition, the
three-dimensional infrared accumulation spectra of the evolved gas during the thermal decomposition for title complexes
were investigated via the simultaneous TG/DSC-FTIR techniques. Beyond that, the heat capacities of complexes were
measured by DSC. And the smoothed value of heat capacities and thermodynamic functions (Ht-Hyg.15) and (St-S»9s.15)
were calculated according to the fitted polynomial and thermodynamic equations.

Keywords Lanthanide complexes - Crystal structure - TG/DSC-FTIR - Thermodynamic properties - 3,4-dimethylbenzoic
acid

Introduction structure and effective transitions of 4f—4f and 5d—4f, the

lanthanide ions are known to possess many attractive
properties such as magnetic materials, long lifetimes, cat-
alysts, ligand-dependent sensitization, thermodynamics,
and high conversion efficiency [4-7]. It is generally known
that trivalent lanthanide ions possess high coordination

As we all know, the rare earth industry in China is huge
and important domestically elsewhere around the world
[1-3]. Because of the unique 4f electronic energy level
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have higher thermal stability and stronger luminescence,
for example, 5,5'-dimethyl-2,2’-bipyridine.

In this paper, the 3,4-dimethylbenzoic acid (3,4-
DMHBA) was chosen as the first ligand and 5,5'-dimethyl-
2,2'-bipyridine (5,5'-DM-2,2'-bipy) was selected as ancil-
lary ligand to coordinate with Ln(III) ions. And we have
successfully synthesized two novel innovative lanthanide
complexes  [Ho(3,4-DMBA);(5,5-DM-2,2'-bipy)(H,0)]
(1) and [La(3,4-DMBA);3(3,4-DMHBA)(5,5-DM-2,2'-
bipy)]l, (2). Because of the lanthanide contraction phe-
nomena, the structures of two complexes are very different.
In addition, two complexes can be all assembled into a 1D
and 2D supramolecular structure. What is more, the ther-
mal decomposition mechanism of title complexes was
investigated via the TG/DSC-FTIR technology. And the
heat capacities of complexes were measured by DSC.
Finally, the thermodynamic parameters, the enthalpy and
entropy of the title complexes relative to the standard
reference temperature 298.15 K were calculated.

Experimental
Materials and general methods

All reagents and solvents were purchased from Beijing
InnoChem Science & Technology Co., Ltd., at a high
purity and used as received without further purification.
Element analyses (C, H and N) were measured with the
Vario-EL II element analyzer, and the metal content was
obtained using an EDTA titration method. Single-crystal
X-ray diffraction data were collected by Smart 100
diffractometer with graphite monochromatic Mo Ka
(A=071073 A and /=154178 A) at 298(2) and
293(2) K. The structures were solved using SHELXS-97
program (direct methods) and refined with full-matrix least
squares on F? using the SHELXS-97 program. And the
powder X-ray diffraction was measured by a Bruker D8
ADVANCE X-ray diffraction over the scanning range of
5-50° (20) with Cu K radiation (1 = 0.71073 A) at 298(2).

The thermogravimetric (TG), differential thermogravi-
metric (DTG), differential scanning calorimetric (DSC)
and Fourier transform infrared (FTIR) analyses of title
complexes were carried out under a simulated air atmo-
sphere at a heating rate of 10 K min~' by a TG/DSC-FTIR
system, which was the combination of a NETZSCH STA
449F3 instrument and a Bruker TENSOR 27 Fourier
transform infrared spectrometer.

Synthesis

A mixture solution composed of 3,4-DMHBA
(0.06 mmol), 5,5-DM-2,2’-bipy (0.02 mmol) and 95%
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ethanol (6 mL) was adjusted by the prepared NaOH solu-
tion (1 mol Lfl) over the pH range of 5-7. Then, the
mixture solution was added dropwise into 3-mL aqueous
solution of Ln(NO3);-6H,0 (0.02 mmol) under stirring and
deposit them for 12 h. The powder of complexes was
obtained by filtration and drying, and the single-crystals
were acquired via the method of solution evaporation at
room temperature. Element analysis for C;oH4;N,O,;Ho
(%), Calced: C, 57.50; H, 5.07; N, 3.44; Ho, 20.24. Found:
C, 57.57; H, 5.05; N, 3.48; Ho, 20.27. For CogHogN4O 5.
Lay(%),Calcd: C, 62.61; H, 5.36; N, 3.04; La, 15.09.
Found: C, 62.63; H, 5.38; N, 3.00; La, 15.09.

Results and discussion
Description of the structures

The single-crystal X-ray structures of two types of com-
plexes were determined. The most important crystallo-
graphic data and selected bond lengths for title complexes
are listed in Tables 1 and 2, respectively. Obviously, because
of the lanthanide contraction phenomena, different central
ions result in different crystal parameters and structures. In
order to make a comparison, the structures of single-crystal
complexes 1 and 2 will be described in detail, respectively.

[Ho(3,4-DMBA);(5,5'-DM-2,2'-bipy)(H,0)]

Based on the analysis of single-crystal XRD, the single
crystal of [Ho(3,4-DMBA);(5,5'-DM-2,2'-bipy)(H,0)] is
mononuclear molecule and crystallizes in the triclinic with
P1 space group. Each asymmetric unit consists of one
Ho(III) ion, three 3,4-DMBA™ ligands, one 5,5-DM-2,2'-
bipy ligand and one coordinated water (Fig. 1a). The central
Ho(IIT) ion is eight-coordinated with six oxygen atoms (Ol1,
02, 03, 04, 05 and O7) and two nitrogen atoms (N1 and
N2), which is consistent with the element analysis. Four
oxygen atoms (O1, 02, O3 and O4) are from two bidentate
chelating 3,4-DMBA™ ligands with the average Ho—O bond
distance of 2.379 A. The remaining two oxygen atoms (O5
and O7) are from one monodentate 3,4-DMBA™ ligand and
a coordinated water molecule with the distance of Ho-O
bond over the range of 2.235-2.339 A. The two nitrogen
atoms are from one bidentate chelating 5,5'-DM-2,2"-bipy
ligand with Ho-N distances in the range of 2.496-2.526 A.
All these above display a distorted triangular dodecahedral
geometry (Fig. 1b) [11-13].

It is worth mentioning that two adjacent Ho(III) ions can
be linked via two strongly identical O-H---O hydrogen
bonding interactions to generate a binuclear building unit
[14, 15], and the binuclear building unit will be as the
minimum unit of one-dimensional chain (Fig. 2a, b). Then,
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Table 1 Crystallographic data

and structure refinement for title

complexes at pressure

101.3 kPa

Complex

1

2

Molecular formula

M (g mol™")
T/K
Wavelengthfl&
Crystal system
Space group
alA

bIA

c/A

al(®)

BIC°)

VAQ)
Volume/A®

Z, calculated den

Absorption coefficient/mm™

F(000)

Crystal size/mm?®

sity/Mg m—

1

0 range for data collection/°

Limiting indices

Reflections collected/unique

Completeness to 0 = 66.05° or 0 = 25.02°

Max. and min. transmission

Data/restraints/parameters
Goodness-of-fit on F2

Ry

wR,

R (all data)
wR, (all data)

Largest diff. peak and hole/(e A73)

C39H,HON,0O4
814.67

CosHog LaN4O16
1841.60

293(2) 298(2)

1.54178 0.71073
Triclinic Monoclinic

Pt P2(1)/n
8.9266(6) 14.1072(12)
12.8879(8) 15.7992(13)
16.4513(11) 19.8315(18)
75.8590(10) 90

80.917(2) 91.6680(10)
84.382(2) 90

1808.8(2) 4418.2(7)

2, 1.496 2, 1.384

4.501 1.021

824 1888

0.16 x 0.14 x 0.08 0.30 x 0.19 x 0.17
3.54-66.05 2.17-25.02
—9<h<10 —16<h<15
-1l <k=<15 —18<k=<18
—18<i<19 -23<i<17
11,342/6310 21,875/7787
[Rinty = 0.0503] [Rinyy = 0.0789]
99.8% 99.7%

0.7147 and 0.5329 0.8455 and 0.7492
6310/0/525 7787/0/532
1.088 1.075

0.0501 0.0480

0.1142 0.0841

0.0702 0.1007

0.1254 0.1129

0.555 and — 0.763

1.926 and — 0.684

Table 2 Selected bond lengths of complexes 1 and 2

Complex 1 Bond length//g; Complex 2 Bond length/A
Ho(1)-0(5) 2.235(4) La(1)-O(1)#1 2.445(3)
Ho(1)-0O(7) 2.339(4) La(1)-O(5) 2.486(3)
Ho(1)-0(4) 2.359(4) La(1)-0(3) 2.504(3)
Ho(1)-0(3) 2.366(4) La(1)-O(4)#1 2.505(3)
Ho(1)-0O(1) 2.368(4) La(1)-0(7) 2.531(4)
Ho(1)-0(2) 2.423(4) La(1)-0(2) 2.538(3)
Ho(1)-N(1) 2.496(4) La(1)-N(2) 2.724(4)
Ho(1)-N(2) 2.526(4) La(1)-N(1) 2.768(4)
La(1)-O(1) 2.836(3)

the binuclear units are further connected by the other two

identical C-H:--O hydrogen bonding

interactions to

assemble the molecules into a one-dimensional chain

Fig. 1 a Crystal structure of complex 1 and b coordination geometry
of Ho (III) ion

supramolecular structure along c-axis direction (Fig. 3).

Finally, the 2D network structure is furthermore stabilized
by =---m stacking interactions (Fig. 4).
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Fig. 2 a Crystal structure of a
complex 1 and b the minimum
unit of one-dimensional chain

~Te o

-

Fig. 3 1D chain structure of complex 1 along the c-axis
[La(3,4-DMBA);(3,4-DMHBA)(5,5'-DM-2,2"-bipy)],

Single-crystal X-ray structure analysis shows that complex
2 is a novel binuclear molecule with the monoclinic P2(1)/
n space group, which is different from that of the complex
1. It is interesting that the binuclear molecule is made up of
two La(Ill) ions, six deprotonated 3,4-DMBA™ ligands,
two unprotonated 3,4-DMHBA ligands and two 5,5'-DM-

Fig. 4 2D layers of complex 1
were connected by -+t b
stacking interactions in ac plane C‘i

a

@ Springer

2,2'-bipy ligands, which is rarely reported before (Fig. 5a).
The carboxylic groups in complex 2 adopt three different
coordination modes: monodentate, bridging bidentate and
bridging tridentate (Fig. 6) [16, 17]. The coordination
environment of the central La(IIl) ion is nine-coordinated
with seven oxygen atoms (O1, O1A, 02, O3, 04, O5 and
O7) and two nitrogen atoms (N1 and N2), which exhibits a
distorted monocapped square antiprismatic coordination
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Fig. 5 a Crystal structure of

complex 2 and b coordination a
geometry of La (III) ion
Fig. 6 Coordination modes of
3,4-DMBA™ ligand for complex
2
J/
/
A

geometry (Fig. 5b). The average length of La—O is 2.549
A, and the average distance of La—N bonds is 2.649 A In
short, we can see that the average bond distance of La-O is
shorter than that of La—N. Thus, it has been considered to
the result of 5,5'-DM-2,2"-bipy ligand is always lost earlier
than 3,4-DMBA™ in thermal decomposition process
[18, 19].

As shown in Fig. 7, the packing diagram of complex 2
was linked as supramolecular 1D chain via two strongly
same offset face-to-face m---m stacking interactions from

A
't.‘e

t.f.

a

<

C!

¢

B C

two six-membered rings of 5,5-DM-2,2'-bipy ligands
along a-axis direction.

Then, the chains were assembled via C—H---O hydrogen
bonds interactions to form a 2D network supramolecular
structure along ab plane (Fig. 8).

X-ray powder diffraction

Figure 9a, b shows the powder X-ray diffraction (PXRD)
patterns of the complexes and ligands, which compared

e "“‘o

Sl
~;1.

Fig. 7 1D chain structure of complex 2 along the a-axis by m---m stacking interactions

@ Springer
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Fig. 8 2D layers of complex 2
were connected via C-H:--O
hydrogen bonding interactions
in ab plane

with the corresponding simulated single-crystal diffraction
data, respectively. It can be clearly seen that the diffraction
peaks of the complexes 1 and 2 are different from that of
the ligands in the aspect of numbers, location and intensity,
indicating that the two complexes are not the mechanical
adduct of the ligands peaks, that is to say, new phases have
been produced. Beyond that, the curves of complexes 1 and
2 are essentially in agreement with the simulated ones,
respectively, suggesting the pure samples of complexes 1
and 2.

Thermal analysis

TG/DTG-DSC thermoanalytical methods are regarded as
one of the most important characterization methods that
explore the chemical changes and physical changes of
single crystal in the aspect of chemical phenomenon like
dehydration, oxidation reduction decomposition and
physical phenomenon such as vaporization, absorption and
adsorption sublimation [20]. Thermal analysis of title
complexes was investigated at a heat rate of 10 K min™" in
the temperature range of 300—1200 K under a simulated air
atmosphere. The title complexes are stable at room tem-
perature, and begin to decompose gradually with the
increase in temperature. Thermal curves TG/DTG-DSC for
title complexes are shown in Fig. 10a, b, and the data of
thermal analysis are listed in Table 3.

The TG curve of the complex 1 has three-step mass loss
processes (Fig. 10a). The first step occurs over the tem-
perature range of 379.15-395.15 K with a mass loss of

@ Springer

2.21% against theoretical mass loss 2.19%, which belongs
to the dehydration with a small endothermic peak in DSC
curve (Tp = 391.55 K; AH =33.67] g_l) [21]. The sec-
ond step takes place between 395.15 and 609.15 K with a
mass loss of 22.58% against theoretical mass loss 22.61%,
accounting for the loss of one 5,5'-DM-2,2'-bipy, mean-
while, the DSC measurements show an exothermic peak
(Tp = 466.45 K; AH = — 147.7 J g~ '). The last mass loss
process is the decomposition of 3,4-DMBA™ ligands
(Calcd: 51.65%; Found: 51.99%) in the temperature from
609.15 to 984.15 K with a evident big exothermic peak in
DSC curve (Tp = 838.35 K; AH = — 4887 J g~ ). Finally,
the complex 1 is completely decomposed into the metal
oxides (Ho,03) with mass percentage of 23.58% against
theoretical mass of 23.19%.

For complex 2, there are two stages in the thermal

decomposition processes (Fig. 8b). The first stage of
weightlessness is mainly ascribed to the removing of 5,5'-
DM-2,2"-bipy and part of the 3,4-DMBA (or 3,4-
DMHBA) (Calcd: 34.28%) over the temperature from
338.15 to 562.15 K with an exothermic peak (Tp =
47185 K; AH=191.6] g_l) on DSC curve. The second
stage of weightlessness is on account of the remaining 3,4-
DMBA™ ligands (Calcd: 47.61%) between the 562.15 and
1249.15 K with a obvious big exothermic peak (Tp =
818.55 K; AH = —5031J g ") according to the DSC
curve. Leaving behind the residue is La;Os3. In the end, the
total mass percentage of 81.89% was consistent well with
the theoretical mass of 82.31%.
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Fig. 9 a Experimental PXRD patterns of complexes 1 and 2 and
ligands (x5,5'-DM-2,2"-bipy 3,4-DMHBA;) and b experimental and
simulated PXRD patterns of complexes 1 and 2

FTIR

Stacked plots of the FTIR spectra and signal infrared
spectrograms of the evolved gas products for title com-
plexes during the thermal decomposition under simulated
air atmosphere were worked out and are shown in Fig. 11a,
b. Because the decomposition processes for title complexes
are different, the complexes 1 and 2 will be researched in
detail.

For complex 1, in the first step at 390.15 K, the IR
spectra of evolved gaseous products show two main
absorption bands (3431-3951, 1283-1572) cm™! only for
the coordination water decomposition. In the second FTIR
spectra at 478.15 K, the characteristic doublet bands over

DTG/% min~"
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Fig. 10 TG/DTG/DSC curves of complex 1 (a) and complex 2 (b)

the range 2263-2399 cm ™' and 653 cm ™' were observed,
assigned to the stretching asymmetric and bending vibra-
tions of carbon dioxide molecules; and some other char-
acteristic absorption bonds are also observed such as ve_c
at (1433-1678) cm™', von at (1373) em™', vy at
(2838-3129) cm ™" and yc_y at (769-869) cm™'. In addi-
tion, there is still some small molecular absorption, for
example, H,O (3581-3899) cm™ . In the last FTIR spectra
at 846.15 K, we can see the obvious strong absorption
bands of CO, (2213-2404 and 668) cm™ ', which suggests
that the decomposition of the 3,4-DMBA™ becomes the
main contribution of the CO, signal. Besides, some bands
of gaseous organic molecules fragments were found in the
FTIR spectra, which may be due to the undecomposed
ligands.

For complex 2, there are only two characteristic
absorption processes as shown in Fig. 12a, b. However, the
typical characteristic absorption peaks of complex 2 are
similar to that of complex 1; therefore, complex 2 will not
be studied in detail.

@ Springer
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Table 3 Thermal analysis results of complexes 1 and 2 at pressure 101.3 kPa

Complexes Steps Temperature DTG Tp/K  Mass loss rate/%  Probable expelled groups Intermediate and residue
range/K s
Found  Calcd
1 I 379.15-395.15  391.55 2.19 221 H,O [Ho(3,4-DMBA);5,5'-DM-2,2'-bipy]
I 395.15-609.15  466.45 22.58 22.61 5,5'-DM-2,2'-bipy [Ho(3,4-DMBA);]
I 609.15-984.15  838.35 51.65 51.99  3(3,4-DMBA") Ho,0;
76.42 76.81
2 I 338.15-562.15  471.85 34.28 - 2(5,5'-DM-2,2'—- [La(3,4-DMBA)4 ],
bipy) + x(3,4-
DMBA™)
II 562.15-1249.15  818.55 47.61 - 8-x(3,4-DMBA™) La,03
81.89 82.31

Molar heat capacities, molar enthalpies
and entropies

The experimental molar heat capacities of title complexes
were obtained via adiabatic calorimeter in the temperature
range from 253.15 to 345.15 K at a heating rate of
10 K min~' under the nitrogen atmosphere in Table 4.
From Fig. 13, it is not difficult to find that the curves of two
complexes are all smooth, indicating no phase transfor-
mation or thermal abnormality [22, 23]. In addition,
Fig. 13 shows that the average molar heat capacity of the
complexes increased with the increase in temperature,
which may be the result of the molecular vibrations. As a
result, the title complexes are all stable in this area. What is
more, at the same temperature the C,, of complex 2 is
higher than that of the complex 1, that is because that the
molar mass of binuclear molecules is higher than that of
mononuclear molecules and not newly added other ligands,
indicating that the molecular vibration is the most impor-
tant contribution of the heat capacity [24].

The average molar heat capacities were fitted to the
following polynomial equations with the reduced temper-
ature () by the method of least squares (x = [T — (Tpjax-

+ Toi) 2V [(Tmax— Tmin)/2]), where the T means the
experimental temperature, Tp.x stands for the highest
temperature and Ty, stands for the lowest temperature.

Complex 1 [Ho(3,4-DMBA );(5,5'-DM-2,2-DIPY)(H,0)]

Cpm/J mol " K™! = 792.76872 + 100.96462x
4 94.76276x* 4 67.75555x°
—231.61254x*— 128.08016x°
+324.4738 x° + 86.74624x7
—162.27101 x®

R*> =0.99996 SD = 0.29552
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Fig. 11 a Stacked plot of the FTIR spectra of the evolved gases for
complex 1 and b FTIR spectra of the evolved gases of thermal
decomposition of complex 1 at different temperatures



Rare earth complexes with 3,4-dimethylbenzoic acid and 5,5'-dimethyl-2,2’-bipyridine 881

r 2.0

Absorbance

b
[0
o
C
©
2 824.15 K
o
(%]
£
<C A A
489.15 K
—r————————— :

I
1000 1500 2000 2500 3000 3500 4000
o/cm-1

Fig. 12 a Stacked plot of the FTIR spectra of the evolved gases for
complex 2 and b FTIR spectra of the evolved gases of thermal
decomposition of complex 2 at different temperatures

Complex 2 [La(3,4-DMBA);(3,4-DMHBA)(5,5'-DM-
2,2'-DIPY),],
Cpm/J mol ™" K™! = 1823.11559 + 64.93533x
—9.41469x*—10.19167x° + 2.2076x*
+ 45.03913x°—22.48063x°
—18.67954x” 4 9.25713x"
R* =0.99985 SD = 0.94365

In the above, R? stands for the correlation and SD stands
for the standard deviation. Then, the fitting polynomial
equations and the following thermodynamic equations
relative to the standard reference temperature 298.15 K,
are used to calculated the smoothed molar heat capacities
and thermodynamic functions of complexes 1 and 2, and

Table 4 Experimental molar heat capacities of complexes 1 and 2

/K Complex 1 Complex 2
Cp/J mol™" K™ Cpm/J mol ™' K™
253.15 690.75 1721.27
255.15 703.31 1730.05
257.15 711.63 1738.12
259.15 717.59 1745.43
261.15 722.14 1752.11
263.15 726.09 1758.24
265.15 729.86 1763.97
267.15 733.51 1769.26
269.15 737.41 1774.11
271.15 741.22 1778.55
273.15 745.06 1782.59
275.15 748.50 1786.34
277.15 752.16 1789.87
279.15 755.91 1793.24
281.15 759.77 1796.56
283.15 763.58 1799.79
285.15 767.31 1802.88
287.15 771.08 1805.79
289.15 774.61 1808.60
291.15 778.08 1811.40
293.15 781.87 1814.29
295.15 785.72 1817.27
297.15 789.64 1820.30
299.15 793.39 1823.24
301.15 797.46 1826.11
303.15 801.76 1828.89
305.15 805.93 1831.56
307.15 810.94 1834.09
309.15 817.41 1836.57
311.15 825.37 1839.05
313.15 832.97 1841.61
315.15 839.91 1844.20
317.15 846.64 1846.79
319.15 852.88 1849.33
321.15 859.12 1851.81
323.15 865.50 1854.29
325.15 871.57 1856.82
327.15 877.60 1859.43
329.15 884.09 1862.10
331.15 890.94 1864.78
333.15 898.24 1867.47
335.15 905.38 1870.17
337.15 913.06 1872.91
339.15 921.11 1875.69
341.15 928.90 1878.47
343.15 937.13 1881.19
345.15 945.62 1883.89
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Fig. 13 Experiment molar heat capacities of complexes 1 and 2 at
different temperatures

the data with an interval of 2 K are listed in Tables S1 and
S2.

T
Ht — Hyg. 15 = / ComdT
298.15

T
St — Sa98.15 = / ComT™'dT
208.15

Conclusions

The reactions of rare earth nitrate with the 3,4-DMHBA and
5,5'-DM-2,2-bipy synthesized two novel lanthanide com-
plexes  [Ho(3,4-DMBA);(5,5'-DM-2,2"-bipy)(H,0)]  (1);
[La(3,4-DMBA)3(3,4-DMHBA)(5,5'-DM-2,2-bipy)]»(2).

The complex 1 is mononuclear molecule with a coordination
number of eight, which act in a distorted triangular dodeca-
hedral geometry, while the complex 2 is binuclear molecule
with the coordination number of nine, displaying a distorted
monocapped square antiprismatic coordination geometry. In
addition, each central La(IIl) ion of complex 2 was coordi-
nated by three deprotonated 3,4-DMBA™, one unprotonated
3,4-DMHBA and one 5,5-DM-2,2'-bipy, which has rarely
been reported before. The thermal decomposition mechanism
for two complexes was discussed by TG-DTG technology. In
addition, the three-dimensional infrared accumulation spectra
of the evolved gas during the thermal decomposition for title
complexes were investigated via the simultaneous TG/DSC-
FTIR techniques. Beyond that, the heat capacities of com-
plexes were measured by DSC. The smoothed value of heat
capacities and thermodynamic functions (Hy-Hyog 15) and (St-
S»08.15) were calculated according to the fitted polynomial and
thermodynamic equations.
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Supporting information

The numbers of the two complexes (CCDC 1832477 (1),
CCDC 1832478 (2)) contain the supplementary crystallo-
graphic data for this paper, which can be obtained free of
charge from the Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif.
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