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Abstract Single crystals of a family of 3d-4f Ln-Mn (Ln=lanthanide element) hetero nuclear bimetallic 

[Ln Mn] complexes [Ln2Mn(2,6-dipic)4(H2O)8]·10H2O (Ln=La, Ce, Pr, Nd), (2, 6-dipic = pyridine-2, 

6-dicarboxylic acid anion) were designed and synthesized. Unique novel structure of the complexes is a 

Z-shaped one-dimensional chain. In one unit, the carboxyl group (-COO) of the anion in pyridine 

dicarboxylic acid chelates one Ln3+ ion (trans) and one bridged Mn2+ ion (cis) in a cis-trans chelation 

mode, respectively. As a result, one Mn2+ion connects two Ln3+ units in the form of a cis-cis bridge. 

The magnetic properties of the complexes were studied, the antiferromagnetic exchange interaction 

between adjacent paramagnetic ions was discovered. The magnetic data of the complexes were fitted 

using the Least Squares Method, and the estimated strength of the antiferromagnetic exchange 

interaction was obtained. At the same time, the spin orbit coupling phenomenon was explained. 

 

Keywords: 3d–4f Ln-TM hetero-metallic complexes, 2, 6-pyridine dicarboxylic acid, Single crystal, 

Antiferromagnetism, Spin-orbit coupling 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1. INTRODUCTION 

Lanthanide transition metal (Ln-TM) bimetallic 3d-4f complexes have shown significant 

application value in fields such as biological imaging, magnetic materials, industrial catalysis, 

and anticancer drugs due to their unique electronic structure, magnetic characteristics, and 

photophysical properties[1-7]. These systems combine the rich electronic configurations and 

variable oxidation states of 3d metals with the unique magnetic anisotropy, strong spin-orbit 

coupling, and characteristic optical properties of 4f metals, giving rise to exceptional physical 

and chemical behaviors that are unattainable in homometallic counterparts. In recent years, 

3d-4f hetero nuclear bimetallic magnetic materials have attracted great attention due to their 

enormous potential in high-density information storage devices, quantum computers, 

spintronics, and magnetocaloric materials[8-19]. 

In the field of coordination chemistry, for the high ground state spin value of transition 

metal ions themselves, introducing transition metal ions into rare earth complexes can enhance 

their magnetism. The orbital coupling between rare earth ions (4f electrons) and transition 

metals (3d electrons) can generate unique magnetic exchange interactions, forming complex 

magnetic ground states. In addition, the high coordination number 8-12 of rare earth ions can 

enhance the structural stability of complexes, making them suitable for multifunctional catalytic 

systems[20-22]. The structure and properties of ligands directly determine the spatial composition 

and application value of complexes.  

Pyridine-2, 6-dicarboxylic acid, as a multifunctional ligand, combines the structural 

characteristics and performance advantages of both pyridine and carboxylic acid groups. The 

carboxyl oxygen atom can bind to metal ions through various coordination modes such as 

monodentate and bidentate. With strong coordination ability and multiple coordination modes, 

it not only endows the complexes with rich structural morphology, but also significantly 

enhances the stability of the framework[12-25]. The deprotonated partially or completely carboxyl 

groups allow the ligand to exist in different forms such as monovalent anions, divalent anions, 

or neutral molecules, resulting in diverse coordination configurations. In addition, the rigid 

structure endowed by the pyridine ring complements the rotatable and flexible orientation of the 

carboxyl group, enabling it to form porous polymers with regular topological structures. These 

advantages make pyridine-2, 6-dicarboxylic acid an ideal structural unit for constructing 

coordination polymers and play a key role in the synthesis of coordination compounds[26-32]. 

Our group have been studying mononuclear and binuclear metal complexes of the mixed 

dipic ligand[33]. Two heterometallic coordination polymers H3O[LnMn2(2,6-dipic)3Ac2 

(H2O)6]·3H2O (Ln: Ho, Dy) were synthesized. Ln and Mn ions were inter linked by the oxygen 

atoms of pyridine-2, 6-dicarboxylic acid and acetic acid, forming a special semi-staggered 

network. The magnetic behaviors of the complexes were revealed. While in this work, a series 

of different complexes [Ln2Mn(2,6-dipic)4(H2O)8]·10H2O (Ln=La, Ce, Pr, Nd) with a Z-shaped 

one-dimensional chain were reported. The magnetic properties and thermal stability of the 

complexes were studied. The structure- activity relationships in these complexes were explored. 



2. EXPERIMENTAL 

2.1 Physical measurements 

The single crystal structure data of the complex was determined by a Smart 1000 X-ray 

single crystal diffractometer under the conditions of a tube voltage of 30 kV and a tube current 

of 100 mA. Fourier transform technique and SHELXL-97 program were used to analyze and 

refine the single crystal structure data. The temperature dependent magnetic susceptibility of 

the complexes was determined by quantum SQUVID-VSM, with a field strength of 1000 Oe 

and a measurement range of 2-300 K. Using a Fourier transform infrared spectrometer (Type 

Spectrum GX Fourier transform infrared spectrometer) Perkin Elmer Company collected IR 

absorption data of free ligands and complexes in the range of 4000-400 cm-1 using KBr pellets 

with a resolution of 2 cm-1 at room temperature. The DSC curves of the complexes were 

measured using a DSC-141 differential scanning calorimetry. Nitrogen was used as the 

protective gas, with a heating rate of 10 K·min-1 and a nitrogen flow rate of 50 cm3·min-1. The 

analysis temperature range was 300-800 K. The TG curves of the complex were measured by 

an SDT-Q600 thermogravimetric analyzer, with nitrogen as the protective gas, a flow rate of 50 

cm3·min-1, a heating rate of 10 K·min-1, and an analysis temperature range of 300-1100 K. 

CaC2O4·H2O was used as the reference material and calibrated using SMR. 

2.2 Synthesis of the complexes 

All complexes [Ln2Mn(2, 6-dipic)4(H2O)8]∙10H2O,(Ln=La, Ce, Pr, Nd,) were obtained 

using the same method. Ln(NO3)3·6H2O (1 mmol), MnCl2·4H2O (1 mmol), 2, 

6-pyridinedicarboxylic acid (2 mmol) were added to 20 mL of deionized water under magnetic 

stirring condition to obtain a clear solution respectively. NaOH solution (1 mol L-1) was added 

to the two metal salt solutions until the precipitation point was reached. the pH value of the 

carboxylic acid solution was adjusted to about 8 by NaOH solution (1 mol L-1). Two metal salt 

solutions were mixed, then the carboxylic acid solution was added dropwise and heated in a 

water bath at 90 °C for 1 hour. The above solution was filtered immediately and collected in a 

culture dish. After a few weeks, the colored crystals were obtained. 

3 RESULTS AND DISCUSSION 

3.1 Crystal structures of the complexes 

The crystal structure formula of this complex family is [Ln2Mn(2, 6-dipic)4(H2O)8]∙10H2O 

(Ln=La, Ce, Pr, Nd). Given the high similarity in the structures of all family members, the 

complex [Nd2Mn(2, 6-dipic)4(H2O)8]∙10H2O is taken as an example for detailed structural 

analysis, and its characteristics can serve as a representative structural description of the entire 

series of complexes. 

The structure of the complex [Nd2Mn(2, 6-dipic)4(H2O)8]∙10H2O is shown in Fig. 1. The 

coordination units of rare earth ion Nd3+ and transition metal ion Mn2+ were shown in Fig. 2. 

The stacking structure diagram of the complex along three directions (a, b, c) were shown in 

Fig. 3. The crystallographic data obtained from single crystal measurements of the complex 

were listed in Table 1. Other information, such as the selected key length and key angle of the 



product, can be found in Tables 2. The data for the other complexes is provided in the 

Supporting Information (Tables S1-S3). 

Table 1. Crystal data and structure of the four complexes a,b,c 

 Ln = La Ln = Ce Ln = Pr Ln = Nd 

CCDC reference numbers 2444256 2444255 2444253 2444254 

Empirical formula C28H48O35N4MnLa2 C28H40O34N4MnCe2 C28H32O32N4MnPr2 C28H44O34N4MnNd2 

Formula weight 1333.46 1311.20 1273.33 1328.12 

Crystal system monoclinic monoclinic monoclinic monoclinic 

Space group C 2/c C 2/c C 2/c C 2/c 

a(Å) 25.410(11) 25.308(3) 25.2505(13) 25.2014(18) 

b(Å) 16.023(6) 15.9335(15) 15.9194(7) 15.9037(11) 

c(Å) 12.431(5) 12.4316(12) 12.3869(6) 12.3898(9) 

α(°) 90 90 90 90 

β(°) 96.095(14) 96.260(3) 96.417(2) 96.576(2) 

γ(°) 90 90 90 90 

Volume(Å3) 5032(3) 4983.0(8) 4948.0(4) 4933.1(6) 

Z 4 4 4 4 

Dc (mg/m3) 1.760 1.759 1.709 1.788 

F(000) 2652.0 2628.0 2508.0 2644.0 

Measured reflections 38204 11094 10878 22102 

Independent reflections 4496 4399 4329 4356 

Goodness of fit on F2 1.026 1.087 1.090 1.054 

Final R indices[I˃2σ(I)] aR1 = 0.0614, 

bωR2 = 0.1706 

aR1= 0.0307, 

bωR2 = 0.0839 

aR1= 0.0487, 

bωR2 = 0.1563 

aR1= 0.0363, 

bωR2 = 0.0963 

R indices(all data) aR1 = 0.0835, 

bωR2 = 0.2051 

aR1= 0.0369, 

bωR2 = 0.0879 

aR1= 0.0647, 

bωR2 = 0.1716 

aR1= 0.0425, 

bωR2 = 0.1015 

o c o/ .a
R F F F    

 1/ 222 2 2 2
o c o[( ) ] / [( ) ]b

wR w F F w F  
 

c Estimated standard deviations in the last significant digits were given in parentheses. 

 

 

 

 

 



 

Table 2. Selected bond lengths [Å] and angles [°] of Nd complex 

Selected bond lengths [Å] of [Nd2Co(2, 6-dipic)4(H2O)8]·10H2O 

Nd1-O1 2.514(3) Nd1-O5 2.507(3) Nd1-O10 2.492(3) 

Nd1-O11 2.532(3) Nd1-O7 2.462(3) Nd1-N1 2.570(4) 

Nd1-O3 2.482(3) Nd1-O9 2.549(3) Nd1-N2 2.578(4) 

Selected bond angles [°] of [Nd2Mn(2, 6-dipic)4(H2O)8]·10H2O 

O1-Nd1-O9 79.65(11) O3-Nd1-O9 133.23(12) O7-Nd1-N1 135.81(12) 

O1-Nd1-N1 62.59(11) O3-Nd1-N1 62.89(12) O7-Nd1-N2 63.01(12) 

O1-Nd1-N2 134.01(12) O3-Nd1-N2 70.36(12) O9-Nd1-N1 119.97(12) 

O3-Nd1-O1 125.33(11) O5-Nd1-O1 76.35(11) O9-Nd1-N2 123.54(12) 

O3-Nd1-O5 82.54(12) O5-Nd1-N1 70.57(12) O10-Nd1-O1 90.91(12) 

O3-Nd1-O9 133.23(12) O5-Nd1-N2 62.35(12) O12-Mn1-O8 87.94(17) 

O3-Nd1-O10 73.59(12) O7-Nd1-O1 152.74(11) O12-Mn1-O11 92.70(18) 

O3-Nd1-O1 125.33(11) O7-Nd1-O5 125.32(11) C14-O8-Mn1 122.8(3) 

O3-Nd1-O5 82.54(12) O7-Nd1-O10 81.64(12) C6-O1-Nd1 124.9(3) 

Note: i Represents the position (11/2-X,3/2-Y,1-Z). 

 

Fig.. 1 Crystal structure of [Nd2Mn(2, 6-dipic)4(H2O)8]·8H2O. Due to the structural similarity of all complexes, a detailed 

description of the structure of the complex (Ln = Nd) were considered as a representative structure of the whole family. 

 



        
(a)                                                          (b) 

Fig. 2 (a) Coordination unit of the rare earth ion Nd3+ (b) Coordination unit of transition metal ion Mn2+ 

        

 

 

 
Fig. 3. Coordination mode 2, 6-pyridyldicarboxylic acid with Nd3+ and Mn2+ 

The molecular structure of the complex [Nd2Mn(2, 6-dipic)4(H2O)8]∙10H2O was shown in 

Fig. 1. This complex belongs to the C2/c space group of the monoclinic crystal system. Each 

coordination unit consists of two rare earth ions Ln3+, one transition ion Mn2+, four 

2,6-pyridinedicarboxylic acid anions, and eight coordinated water molecules. 

Each Ln3+ center is in a nine-coordinate environment and surrounded by five oxygen 

atoms from three ligands, two nitrogen atoms from two ligands and, two oxygen atoms from 

two coordinated water molecules. The bond lengths of two tridentate chelating ligands (O1, N1, 

O3) and two pyridine-2,6-dicarboxylic acid anions (O5, N2, O7) were Nd1-N1 [2.514(3)°], 

O2

Ln

Ln



Nd1-N2 [2.578(4)°], and the bond angles were N1-Nd1-N2 [116.20(12)°], O1-Nd1-O3 

[125.33(11)°], and O7-Nd1-O5 [125.32(11) °], respectively, as shown in Fig. 2 (a) and Fig. 3. 

Two O (O9, O10) in H2O coordinate with Ln3+ions. Another O11 comes from the carbonyl 

group of another pyridine-2,6-dicarboxylic acid anion, coordinated with adjacent Ln3+ ions, 

with bond angles of O1-Nd1-O1 [65.66(13)°] and Nd1-O1-Nd1 [114.34(13)°], showing 

O1-Nd1-O1-Nd1 (μ2:η2:μ2:η2). 

Each Mn2+(3d5) ion is in a six-coordinate environment and surrounded by six oxygen 

atoms, forming an octahedral unit-cis-[Mn(H2O)4(COO)2]. Four H2O (two O11 and two O12) 

and two COO- (two O8) of two pyridine-2,6-dicarboxylic acid anions coordinate with one Mn2+, 

with bond angles of O8-Mn1-O8 [95.4(2)°], O8-Mn1-O12 [87.94(17)°], and O12-Mn1-O12 

[179.8(3)°], respectively. Two O atoms along the same side of a squwere (cis). One Mn2+
 forms 

a cis-cis carboxyl bridge conformation (-LnantiO7-O8synMnsynO8-O7antiLn-), with Mn2+ serving as 

the center of the conformational chain, as shown in Fig. 3 (b). According to crystal field theory, 

ligands COO- and H2O were weak field ligands. When the ligands COO- and H2O coordinate 

with Mn2+ (3d5) ions, the crystal field splitting energy (Δ) is less than the pairing energy (P) , 

forming a high spin complex. 

 

(a) 

 

(b) 



 

(c) 

 

(d) 

Fig. 4 The packing diagrams of [Nd2Mn(2, 6-dipic)4(H2O)8]·10H2O from a (a) b (b) and c (c) direction and along the direction of 

the chain, which show the parallel of coordinating pyridine-2, 6-dicarboxylic acid anion (d). 

The stacking diagrams of the complexes from four different directions were shown in Fig. 

4, which shows that the complex [Nd2Mn(2,6-dipic)4(H2O)8]∙10H2O is stacked along a 

Z-shaped chain. Two pyridine-2, 6-dicarboxylic acid ligands and one Ln3+ ion were parallel to 

the direction of the chain (Fig. 2 (a) and Fig. 4 (d)). Fig. 4 (d) shows the parallel coordination of 

pyridine-2, 6-dicarboxylic acid along the chain, which is beneficial for the stability of the 

complex structure[33]. 

3.2 Magnetic properties 

The magnetic properties of four series of similar complexes were studied, and the molar 

absorptions of the four complexes (Ln=La, Ce, Pr, Nd) at temperature (χM-T, χMT-T and 1/χM-T) 

were plotted in Fig. 5 (La), (Ce), (Pr) and (Nd), respectively. 

Taking Ln = Nd3+ as an example, in Fig. 5 (Nd). From the χM curve in Fig. 5 (Nd), it can 

be seen that when the temperature decreases from 300 K to 25 K, the χM value increases from 

0.0283 cm3 mol-1 to 0.239 cm3 mol-1. As the temperature continues to decrease, the value of χM 

increases rapidly. When the temperature decreases to 5.4 K, the χM value reaches its maximum 

value of 0.996 cm3 mol-1. The increase in molar magnetization with decreasing temperature 

indicates a lack of long-range ordering in spin and no anomalies. 

Fig. 5 (Nd) shows that the molar magnetic susceptibility χMT increases steadily with 

decreasing temperature.The decrease in χMT value from 300 to 50 K is very slow, and when the 

temperature reaches 2.0 K, its value reaches 9.9 cm3∙K∙mol-1. For a free Nd3+ ion (J=(9/2), 



S=3/2, L=6, g=8/11, μeff = 3.62 B. M) and a free Mn2+ center (S=5/2, L=0, g=2, μeff=5.92 B.M), 

the expected effective magnetic moment is 6.93 B. M).(μeff=√μ
eff(Nd3+)
2 +μ

eff(Mn2+)
2  ).Fig. 5 (b) 

shows that at a temperature of 300 K, the χMT product of the complex Nd3+is 8.488 cm3∙K∙mol-1. 

The calculated effective magnetic moment μeff is 8.239 B.M, (μeff=2.828√ χMT ), which is 

consistent with the expected value. 

In Fig. 5 (1), the variation of 1/χM with complex T is linearly fitted using Curie Weiss 

law from 50 to 300 K, with χ= C/(T-θ)   (1). The effective magnetic moment, Curie constant 

(C), and Weiss temperature (θ) of four complexes were calculated and listed in Table 3. The 

negative value of Weiss temperature (θ) indicates a widespread antiferromagnetic correlation 

between spins [34, 35]. For the complex (Ln=Nd3+), within the temperature range of 310 K (8.389 

cm3∙K∙mol-1) to 5.4 K (5.420 cm3∙K∙mol-1), the value of χMT shows a continuous decreasing 

trend with temperature, and the value of Weiss temperature is always negative. This means that 

even in zero field, a spontaneous moment at finite temperature will be formed. Both phenomena 

can be explained by antiferromagnetic exchange and spin orbit coupling effects. 

To estimate the strength of the antiferromagnetic effect, we used the following nonlinear 

equation (2) and least squweres optimization method to fit the χMT value, and the results were 

summarized in Table 2. Among them, A1+A2=C (where C is the Curie constant), E1 and E2 

correspond to the activation energies of spin-orbit coupling and antiferromagnetic exchange, 

respectively[36]. This equation well describes spin-orbit coupling; This coupling leads to the 

splitting between discrete energy levels and the exponential low-temperature divergence of 

magnetization[37]. 

χ
M
T =A1exp (-

E1

kT
)+A2exp (-

E2

kT
)    (2) 

In the high temperature range, the value of C is consistent with the value obtained 

according to Curie-Weiss law, (table 4) while the value of E1/k is consistent with the spin orbit 

coupling effect and position distortion (E1/k is on the order of 100 K) given in the literature [38]. 

When Mn2+(3d⁵) coordinates with weak field ligands COO- and H₂O, an octahedral cis 

structural group cis-[Mn(H₂O)₄(COO)₂] is formed. Due to their weak field ligands, COO- and 

H2O only undergo small crystal field splitting. The crystal field splitting energy (Δ) of COO- 

and H2O is lower than the pairing energy (P) of Mn2+, Δ<P. It can be inferred that all four 

complexes (Ln=La, Ce, Pr, Nd,) were high spin complexes. 

In Mn2+ centered carboxylic acid bridged complexes, the exchange coupling strength is 

closely related to the conformation of the carboxyl bridge. The syn-syn carboxyl bridge 

conformation (-LnantiO1-O2synMnsynO2-O1antiLn-) corresponds to strong antiferromagnetic 

coupling, while the syn-anti conformation (-MnsynO2-O1antiLn-) corresponds to weak 

antiferromagnetic coupling. In both conformations, antiferromagnetic coupling is transmitted 

through carboxyl bridges. Current research has shown that antiferromagnetic exchange 

coupling is commonly present in such complex chains, and the strength difference is essentially 

due to the regulation of electron delocalization pathways by carboxyl bridge conformation[39]. 



According to formula (3) and in combination with Julius' rule,where z is the number of 

newerest neighbors, S is the spin value and J (single J format) is the newerest-neighbor 

exchange strength. For the antiferromagnetic Mn2+ (S=5/2) chains that had two newerest 

neighbors (z=2) yielded J/kB = ‒3.39 K (for Nd3+ complex). The magnetic exchange constant is 

negative (J<0), and there is antiferromagnetic coupling between Mn2+and Ln3+. The absolute 

value of J is relatively small, indicating that the two metal centers form weak antiferromagnetic 

coupling through bridging ligands. This is because the linear arrangement of metal ligand metal 

in the syn-anti structure weakens orbital overlap, leading to a significant reduction in exchange 

interaction. 

θ(S)=
zS(S+1)J

3kB
   (3) 

 

 

Fig.. 5 (a) The (χM-T), (χMT-T), (1/χM-T), curves of the [Ln2Mn(2,6-dipic)4(H2O)8]·10H2O, Ln=La，Ce，Pr，Nd. 

Table 4. Different parameters obtained from the fitting of the magnetic data for the complexes. 

Complexes C 

cm3∙K∙mol-1 

Θ 

K 

A1+A2 A1 E1/k 

K 

A2 E2/k 

K 

Ln=La3+ 3.89 -9.95 4.10 0.38 305.50 3.72 6.09 

Ln=Ce3+ 10.84 -19.78 12.18 4.25 159.60 7.90 1.17 

Ln=Pr3+ 8.88 -23.17 9.59 3.93 109.98 5.66 1.09 

Ln=Nd3+ 8.81 -19.78 9.84 3.46 156.68 6.38 1.06 

3.3 Infrared spectrum analysis  



The infrared spectra of the complex [Ln2Mn(2,6-dipic)4(H2O)8]·10H2O and ligand 2, 

6-dicarboxylic acid were shown in Fig. 6, and the characteristic absorption peaks of the free 

ligand and the complex were shown in Table 5. The strong peak near 3411 cm-1 in Fig. 6 comes 

from the stretching vibration of O-H in the coordinated water and free water[40]. As shown in 

Fig. 6, the strong absorption peak of the ligand at 1700 cm-1 is attributed to the C=O stretching 

vibration of free carboxyl groups. This peak completely disappears in the complex, while new 

strong absorption bands emerge at 1614 cm-1 and 1578 cm-1, which are assigned to the 

asymmetric stretching vibration of carboxylate groups (νₐₛ(COO-)). The intense peaks at 1431 

cm-1 and 1387 cm-1 correspond to the symmetric stretching vibration of carboxylate groups 

(νₛ(COO-)), demonstrating that the ligand is fully deprotonated and coordinates with metal ions 

Mn2+ and Nd3+. The wavenumber difference (Δν) between the asymmetric and symmetric 

stretching vibrations of carboxylate is less than 200 cm-1, revealing that the carboxylate groups 

of the 2,6-dipic2- ligand coordinate with Nd3+/Mn2+ via a bidentate bridging mode, and there 

exist two distinct coordination modes for the carboxylate anions in the ligand[41]. The presence 

of weak band around 527 and 432 cm−1 can be assigned to the stretching vibration of the Ln–N 

bond and Ln–O bond. 
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Fig. 6 The IR spectrum of the complexes [Ln2Mn(2, 6-dipic)4(H2O)8]·10H2O and ligand 2, 6-dicarboxylic acid 

Table 5. The characteristic peaks of the free ligand and the complexes. 

Compound absorption band band 

assignment 

absorption band band 

assignment 

Δν1 Δν2 

H2dipic 1706 υ(C=O) 1267 υ(C-O)   

Ln=La3+ 1618 1574 υαs(COO¯ ) 1438 1388 υs(COO¯ ) 180 186 

Ln=Ce3+ 1622 1570 υαs(COO¯ ) 1437 1394 υs(COO¯ ) 185 176 

Ln=Pr3+ 1620 1565 υαs(COO¯ ) 1435 1387 υs(COO¯ ) 185 178 

Ln=Nd3+ 1614 1578 υαs(COO¯ ) 1431 1387 υs(COO¯ ) 183 191 



 

3.4 Thermal stabilities 

The DSC and TG curves of the complexes were shown in the Fig. 7. Due to the similar 

thermal behavior of the four complexes, taking Ln=Ce3+ Fig. 7 as an example. The mechanism 

of compound decomposition can be mainly divided to be two stages.  

In Fig. 7(Ce), from 303 to 445 K, there were two endothermic peaks in the DSC curve, 

and the TG curve can be divided into two small stages, which due to the loss of the 10 free 

water molecules and the 4 coordinated water molecules, respectively, with a total weight loss 

ratio of 22.47% (theoretical value is 24.57 %). 

From 445-1015 K, there was a large exothermic peak (2) attributed to the decomposition 

of the ligand pyridine skeleton. While the TG curve had one big stage, 26.45% (theoretical 

value: 26.54%), which due to the breakage of C-O and C-N bonds. The final products were 

inferred to be Ce2O3, MnO and C. 

 

[Ce2Mn(2, 6-dipic)4 (H2O)8]·10H2O                   [Ce2Mn(2, 6-dipic)4] 

 

 

   [Ce2Mn(2, 6-dipic)4]                    Ce2O3 , MnO and C 

 

 

 

Fig. 7 The DSC-TG-DTG curves of the [Ln2Mn(2,6-dipic)4(H2O)8]·10H2O, Ln=La，Ce，Pr，Nd 

303～445K 

22.47%(24.57%) 

445～1085K 

26.45%(26.45%) 



 

4 CONCLUSIONS 

A new family3d-4f Ln-Mn bimetallic [Ln-Mn] complexes [Ln2Mn(2, 

6-dipic)4· (H2O)8]·4H2O [Ln=La, Ce, Pr, Nd,] were successfully synthesized and studied. These 

complexes belong to the monoclinic C2/c space group, and they were all isomorphic. The 

carboxyl groups O (O8, O7) of dicarboxylic acids were bridged in a bidentate cis trans manner 

to connect Ln3+and Mn2+. Two O 8 in two pyridine dicarboxylic acids coordinate with one 

Mn2+to form a cis-cis carboxyl bridge conformation (-LnantiO7-O8synMnsynO8-O7antiLn-), with one 

Mn2+at the center of the conformational chain. As a result, a Z-shaped chain was formed. The 

coordination parallel structure of pyridine-2, 6-dicarboxylic acid enhances the stability of the 

complexes. The results of infrared spectroscopy analysis were consistent with those of X-ray 

crystal analysis. The study on the thermal stability of the complex shows that it has good 

thermal stability. The magnetic properties of the complexes were studied, and the 

antiferromagnetic exchange interaction between adjacent paramagnetic ions was discovered. 

The magnetic data of the complexes were fitted using the Least Squares Method, and the 

estimated strength of the antiferromagnetic exchange interaction was obtained. At the same 

time, the spin orbit coupling phenomenon was explained. 
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CCDC: 2444253-2444256 contains the supplementary crystallographic data for the complexes 
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http://www.ccdc.cam.ac.uk/ or from the Cambridge Crystallographic Data Centre, 12 UnionRoad, 

Cambridge CB2 1EZ, UK [Email: deposit@ccdc.cam.ac.uk]. 
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