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Synthesis, Crystal Structure, and Magnetic Properties of a Mn-Ce
Mixed-Metal Complex Containing Benzoic Ligands
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Abstract: In this paper, a novel Mn-Ce mixed-metal complex [Mn;Ce,(0)s(0,CPh)o(CH;0H);] - 2CH;CN (1 -2CH;CN,
HO,CPh is benzoic acid) has been synthesized using the synthetic method of oxidation Mn* ions by (NH,),Ce(NOs)g.
The obtained complex were fully characterized by X-ray single crystal structural diffraction, IR, elemental
analysis, and magnetic investigation. The structure analysis indicates that the complex crystallizes in triclinic
system, P1 space group. In the complex, two Mn** ions, two Ce** ions and four bridging us;-O atoms comprise an
irregular cubane which is further linked to the other Mn®* ion by another u;-O atom. There are no hydrogen bonds
but slightly strong 77-7 stacking interactions between clusters in the crystal cell. Magnetic investigation shows
that weak ferromagnetic interactions between Mn ions are present within the cluster, and the values of the spin
ground state S and magnetic anisotropy are 5 and —0.31 cm ', respectively. The complex do not possess

frequency-dependent on alternating-current magnetic susceptibilities. CCDC: 912993.
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Table 1 Summary of the crystal data and the refinement details for complex 1-2CH;CN
Complexes 1-2CH,CN v/ 113.346(5)
Formula CoHeg:Ce:MnsN,Oo V / nm® 3.667 1(11)
Formula weight 1793.28 Z 2
Temperature / K 293(2) D,/ (g-cm™) 1.624
Wavelength / nm 0.071 073 Absorption coefficient / mm™ 1.799
Crystal system Triclinic F(000) 1792
Space group Pl Crystal size / mm 0.10x0.20x0.30
a/ nm 1.361 3(2) 0 range/ (°) 2.62~26.32
b/ nm 1.386 0(2) Limiting indices -ld<sh<16-16<k<16-20<[<26
¢/ nm 2.193 7(5) Reflections collected 42 496 / 12 802
al (%) 100.943(7) Goodness-of-fit on F 1.184
B 95.217(7) Final R indices (I>20(l)) R=0.078 4, wR,=0.156 0

*R=SNF-ENSIE); " wR=] (I EA-FAY S w(F2P] ™.

x2 HEWI1-2CH,CNHERKER
Table 2 Selected bond lengths (nm) and bond angles (°) for complex 1-2CH,CN

Ce(1)-0(13) 0.230 2(7) Mn(1)-0(19)
Ce(1)-0(22) 0.230 1(6) Mn(1)-0(20)
Ce(1)-0(11) 0.233 0(8) Mn(1)-0(5)
Ce(1)-0(21) 0.235 0(6) Mn(1)-0(7)
Ce(2)-0(19) 0.239 4(8) Mn(1)-0(1)
Ce(2)-0(8) 0.241 3(7) Mn(2)-0(22)
Ce(2)-0(10) 0.243 3(8) Mn(2)-0(19)
Ce(2)-0(25) 0.256 7(7) Mn(2)-0(20)
Mn(1)-0(21) 0.180 4(7) Mn(2)-0(3)
0(20)-Ce(1)-0(6) 69.2(2) 0(19)-Ce(2)-0(8)
0(13)-Ce(1)-0(4) 69.3(3) 0(23)-Ce(2)-0(10)
0(23)-Ce(1)-0(4) 129.7(2) 0(5)-Mn(1)-0(7)
0(22)-Ce(1)-0(4) 73.8(2) 0(21)-Mn(1)-0(1)
0(22)-Ce(1)-0(24) 136.3(3) 0(19)-Mn(1)-0(1)
0(23)-Ce(2)-0(17) 74.2(2) 0(20)-Mn(1)-0(1)
0(23)-Ce(2)-0(22) 68.2(2) 0(5)-Mn(1)-0(1)
0(17)-Ce(2)-0(22) 90.3(2) 0(22)-Mn(2)-0(3)
0(15)-Ce(2)-0(8) 70.6(3) 0(19)-Mn(2)-0(3)

0.185 0(7) Mn(2)-0(9) 0.192 6(7)
0.186 6(7) Mn(2)-0(2) 0.199 1(8)
0.194 0(7) Mn(3)-0(23) 0.180 7(7)
0.194 5(7) Mn(3)-0(26) 0.198 8(8)
0.201 0(7) Mn(3)-0(18) 0.203 2(7)
0.180 5(7) Mn(3)-0(12) 0.206 7(8)
0.183 5(7) Mn(3)-0(16) 0.207 4(8)
0.184 9(7) Mn(3)-0(14) 0.208 9(8)
0.192 3(7)
67.9(2) 0(20)-Mn(2)-0(3) 93.0(3)
129.6(2) 0(22)-Mn(2)-0(9) 94.7(3)
90.4(3) 0(19)-Mn(2)-0(9) 92.9(3)
175.3(3) 0(23)-Mn(3)-0(16) 96.1(3)
89.0(3) 0(26)-Mn(3)-0(16) 80.1(3)
87.4(3) 0(18)-Mn(3)-0(16) 95.9(3)
89.0(3) 0(12)-Mn(3)-0(16) 83.1(3)
95.1(3) 0(23)-Mn(3)-0(14) 101.6(3)
176.6(3)
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ZAEY T &R E T Mo Fl Ce FNAF O IR
T 5T A KT 3 3 F A P A 20 R A R D Y
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F+3 0,5 4 -0 JEF 019,020,021 .,022 F1 023
J 0¥ T, WEES TR T R W R A A
IR0, AL AW TP T Mn #8275 B A\ T
A AL Xt F Mnl Al Mn2 ) Mn-O 4 K 71 o8
0.180 4~0.201 0 nm, HE K AR & MnVHY Mn-O
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(a) All hydrogen atoms of ligands and two MeCN have been omitted for clarity

B (@) BEA 10 G RGEH, (b) A 1 TR H
Fig.1 (a) Crystal strucuture of complex 1 and (b) core of complex 1 with 30% probability level
&3 AW 1-2CH,CN ¥ Mn 71 Ce B BT H
Table 3 Bond valence sum® for the Mn and Ce atoms of 1-2CH;CN
1-2CH,CN Mn(I) Mn(ll) Mn(lV) 1-2CH,CN Ce(ll) CellV)
Mnl 4.22 3.86 4.05a Cel 4.50 3.90
Mn2 4.36 3.99 4.19 Ce2 4.54 3.93
Mn3 3.18 291 3.05

“The underline value is the one closest to the charge for which it was calculated. The oxidation state of a particular atom can be

taken as the nearest whole number to the underline value.
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Fig.3 Temperature dependence of yyT for 1
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(a) Plot of M/(Nwg) vs HIT for 1, the solid lines represent the fitted result; (b) Plot of M/(Nug) vs H at 1.8 K for 1
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Fig.5 Plot of the temperature dependence of the in-phase (xy', a) and out-of-phase (xy", b)

AC susceptibility signals for complex 1 at the indicated frequencies
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