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Syntheses, Crystal Structures and Magnetic Properties of Fe(l), Co(l)
and Mixed Valence Mn(I/Mn(l) Complexes Based on a
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Abstract: The Schiff base hmmpH, (hmmpH,=2-[(2-hydroxyethylimino)methyl]-6-methoxyphenol) was synthesized
by o-vanillin and ethanolamine. Complexes [Fe,(hmmp),(hmmpH),] - 1.5CH;CN -0.5H,0 (1) and [Co,Na((hmmp),(N3),
(CH;0)(CH;0H),] (2) were synthesized by using hmmpH, ligand. The Schiff base hmdbrpH, (hmdbrpH,=2-[(2-
hydroxyethylimino)methyl]-4,6-dibromophenol) was synthesized by 3,5-dibromosalicylaldehyde and ethanolamine.
Complex [Mn(II) Mn(Il), (hmdbrp), (0,CPh),(CH;OH),] - 2CH;CN - 2CH:OH (3) was synthesized by using hmdbrpH,
ligand. These complexes were fully characterized by elemental analysis and X-ray single crystal diffraction, and
complexes 1 and 3 were also studied by magnetic investigation. The structural analysis indicates that in complex
1 two six-coordinated Fe(ll) ions are bridged by two alcoholic hydroxyl atoms to form a dimer structure. In

complex 2, Co(ll) is six-coordinated with an octahedral coordination environment and the two Co(ll) ions are
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bridged by two O atoms from CH;OH constructing a binuclear complex. The complex 3 is a mixed valence

trinuclear structure, with three Mn ions in linear array. Magnetic study indicates that the antiferromagnetic

interaction exist between Fe(ll) ions in complex 1, and in complex 3 antiferromagnetic interactions exist between

the Mn(Il) and Mn(l) ions in the trinuclear manganese unit. CCDC: 1534804, 1; 1534805, 2; 1534806, 3.

Keywords: Schiff base; mixed valence; crystal structure; magnetic property
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Table 1 Crystal data and structural refinements for the complexes 1, 2 and 3

Complex 1 2 3
Empirical formula CasHsisFexN55015 CsHyCo,NgNaO, CsiHsoBr,MnyN,O
Formula weight 957.1 706.42 1501.49
Crystal system Triclinic Orthorhombic Triclinic
Space group Pl Cme2, Pl
a/nm 1.024 2(2) 1.601 1(3) 0.779 62(16)
b/ nm 1.380 8(3) 1.745 5(3) 1.182 0(2)
¢/ nm 1.663 6(3) 1.104 1(2) 1.702 6(3)
al () 87.38(3) 90 78.18(3)
B 84.49(3) 90 88.46(3)
1G] 74.23(3) 90 75.67(3)
Volume / nm’® 2.253 32(200) 3.085 7(10) 1.487 4(5)
Z 2 4 1
D./ (g-cm™) 1411 1.521 1.676
w/ mm™ 0.712 1.15 3.383
F(000) 1 000 1 456 751
Crystal size / mm 0.18x0.14x0.10 0.14x0.12x0.10 0.18x0.16x0.10
6 range / (°) 2.46~25.02 3.45~25.02 1.82~25.02
Limiting indices “12<h <12 -19 < h <18, 9<h<9,

-16 < k < 16, 20 < k < 20, 12 <k < 14,
-14<1<19 11 << 13 14 <1<20

Reflections collected, unique 15 295, 7 889 12 029, 2 697 10 200, 5 206
Completeness to 6=25.02° / % 99.20 99.70 99.20

Max. and min. transmission
Data, restraints, parameters
GOF on F?

R, wR, (I>20(1))

Ry, wR; (all data)

Largest diff. peak and hole / (e*nm™)

0.932 2 and 0.882 5

7 889, 55, 605
1.046

0.044 9, 0.137 1
0.053 3, 0.144 2
1275 and —415

0.893 7 and 0.855 6

2 697, 40, 228
1.01

0.027 8, 0.070 5
0.0315,0.074 5

270 and -175

5206, 6, 371
0.883

0.030 8, 0.066 3
0.045 0, 0.068 1
649 and -552

0.728 5 and 0.581 1

k2 BEYINEEEKER
Table 2 Selected bond lengths (nm) and bond angles (°) for complex 1

Fe(1)-0(5) 0.194 3(2) Fe(1)-0(2) 0.194 8(2) Fe(2)-N(4) 0.215 1(3)
Fe(1)-0(6) 0.201 0(2) Fe(1)-0(3) 0.201 3(2) Fe(2)-N(3) 0.215 3(3)
Fe(1)-N(2) 0.215 3(3) Fe(1)-N(1) 0.215 3(3) Fe(2)-0(6) 0.200 8(2)
Fe(2)-0(8) 0.193 6(2) Fe(2)-0(11) 0.194 1(2) Fe(2)-0(3) 0.203 5(2)
0(5)-Fe(1)-0(2) 102.53(10) 0(5)-Fe(1)-0(6) 156.07(9) 0(3)-Fe(2)-N(3) 90.08(10)
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0(2)-Fe(1)-0(6) 93.72(10) 0(5)-Fe(1)-0(3) 97.53(10) N(4)-Fe(2)-N(3) 172.12(10)
0(2)-Fe(1)-0(3) 152.13(9) 0(6)-Fe(1)-0(3) 74.23(9) 0(11)-Fe(2)-N(3) 90.45(10)
0(5)-Fe(1)-N(2) 84.64(10) 0(2)-Fe(1)-N(2) 94.11(10) 0(6)-Fe(2)-N(3) 95.33(9)
0(6)-Fe(1)-N(2) 76.69(10) 0(3)-Fe(1)-N(2) 106.94(9) 0(3)-Fe(2)-N(4) 97.58(10)
0(5)-Fe(1)-N(1) 87.95(10) 0(2)-Fe(1)-N(1) 84.67(10) 0(8)-Fe(2)-N(3) 86.44(10)
0(6)-Fe(1)-N(1) 111.21(10) 0(3)-Fe(1)-N(1) 76.86(9) 0(6)-Fe(2)-N(4) 88.62(10)
N(2)-Fe(1)-N(1) 172.06(10) 0(8)-Fe(2)-0(11) 101.16(10) 0(11)-Fe(2)-N(4) 87.56(10)
0(8)-Fe(2)-0(6) 94.3(1) 0(11)-Fe(2)-0(6) 163.80(9) 0(6)-Fe(2)-0(3) 73.80(9)
0(8)-Fe(2)-0(3) 167.25(9) 0(11)-Fe(2)-0(3) 91.11(9) 0(8)-Fe(2)-N(4) 86.47(10)
C(7)-0(2)-Fe(1) 134.4(2) C(10)-0(3)-Fe(1) 113.18(18) C(10)-0(3)-Fe(2) 128.23(18)
Fe(1)-0(3)-Fe(2) 105.16(10) C(17)-0(5)-Fe(1) 135.3(2) C(20)-0(6)-Fe(2) 129.5(2)
C(20)-0(6)-Fe(1) 114.36(19) Fe(2)-0(6)-Fe(1) 106.25(10) C(27)-0(8)-Fe(2) 134.8(2)
C(37)-0(11)-Fe(2) 132.2(2) C(8)-N(1)-Fe(1) 127.6(2) C(9)-N(1)-Fe(1) 113.81(19)
C(18)-N(2)-Fe(1) 127.7(2) C(19)-N(2)-Fe(1) 114.1(2) C(28)-N(3)-Fe(2) 124.7(2)
C(29)-N(3)-Fe(2) 119.7(2) C(38)-N(4)-Fe(2) 123.5(2) C(39)-N(4)-Fe(2) 120.2(2)
x3 BEEV2HNEEEKER
Table 3 Selected bond lengths (nm) and bond angles (°) for complex 2
Co(1)-N(1) 0.187 2(3) Co(1)-0(2) 0.188 3(2) Co(1)-N(2) 0.194 6(3)
Co(1)-03) 0.192 2(2) Co(1)-0(4) 0.191 9(16) Co(1)-0(5) 0.193 8(17)
Na(1)-0(1) 0.252 1(3) Na(1)-0(2) 0.227 6(2) Na(1)-0(5) 0.251 3(3)
Na(1)-0(6) 0.232 7(6)
0(2)-Co(1)-0(4) 92.37(11) N(1)-Co(1)-0(3) 86.01(11) 0(2)-Co(1)-0(3) 178.30(9)
0(4)-Co(1)-03) 86.05(10) N(1)-Co(1)-0(5) 174.62(11) 0(2)-Co(1)-0(5) 87.66(10)
0(4)-Co(1)-0(5) 80.56(8) 0(3)-Co(1)-0(5) 91.44(10) N(1)-Co(1)-N(2) 91.78(12)
0(2)-Co(1)-N(2) 90.42(12) 0(4)-Co(1)-N(2) 172.87(11) 0(3)-Co(1)-N(2) 91.07(11)
0(5)-Co(1)-N(2) 93.01(11)
x4 BREVINETEEKER
Table 4 Selected bond lengths (nm) and bond angles (°) for complex 3
Mn(1)-0(1) 0.188 9(2) Mn(2)-0(2) 0.216 5(2) Mn(1)-0(2) 0.189 3(2)
Mn(2)-0(4) 0.217 4(2) Mn(1)-0(3) 0.194 2(2) Mn(2)-0(6) 0.218 3(2)
Mn(1)-N(1) 0.199 2(2) Mn(1)-0(7) 0.220 8(2) Mn(1)-0(5) 0.218 9(2)
0(1)-Mn(1)-0(2) 172.83(9) 0(1)-Mn(1)-0(3) 88.74(10) 0(2)-Mn(1)-0(3) 97.63(10)
0(1)-Mn(1)-N(1) 89.72(11) 0(2)-Mn(1)-N(1) 83.84(11) 0(3)-Mn(1)-N(1) 177.98(11)
0(1)-Mn(1)-0(5) 91.97(10) 0(2)-Mn(1)-0(5) 91.25(10) 0(3)-Mn(1)-0(5) 90.90(9)
N(1)-Mn(1)-0(5) 90.45(10) 0(1)-Mn(1)-0(7) 89.91(10) 0(2)-Mn(1)-0(7) 87.01(10)
0(3)-Mn(1)-0(7) 87.99(9) N(1)-Mn(1)-0(7) 90.70(10) 0(5)-Mn(1)-0(7) 177.80(9)
2 ZER5e Pl 2R, A& 1 DR XUE [Fey(hmmp),
(hmmpH),| ¥ 7T (1.5 > ZHE 53 FF1 0.5 oKk 53+ 5
2.1 R S Fask e 1 s, K ECAA hmmpH- E Y OB
2,11 BLEWY 1 ARy iU T O12 FATE A2 T, B TAEB I 250
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RS )Gl T C1-HIA--01 ,C15-H15---01 Z 4

1 AW 1R SR IRSE I (3093 K F)
Fig.1  Crystal structure of complex 1 with thermal
ellipsoids at 30% probability level

Fig.2 Hydrogen bonding interactions in complex 1

Ve 3 132 1 — 4 IR 254
2,12 FEAY 2 MRS

LAY 2 B TIERZMAR , Cme2, Z5 B H 2 4>
ESLYIN hmmp? 2 A L FCAR Ny~ 2 4~ CH,0H #4 hY
XAZ LR AR E 3 s A BCAR hmmp® 1
1) & BERE C I (C8.C9 . C8A [COA) LA Je H 4 5 |
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All hydrogen atoms of ligands and all solvent molecules have
been omitted for clarity; Symmetry codes: A: —x+2, v, z
B3 BAY 2 0 Rk (0% BER KT
Fig.3  Crystal structure of complex 2 with thermal
ellipsoids at 30% probability level
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Fig.4 Hydrogen bonding interactions in complex 2
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Fig.5 Crystal structure of complex 3 with thermal
ellipsoids at 30% probability level
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Fig.6  Hydrogen bonding interactions in complex 3
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Fig.7 Plot of yy vs T for complex 1
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Fig.8 Plots of yyT vs T and yy vs T for complex 3
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