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Synthesis of molecular magnetics based on cobalt trisoxalate.
Structural and magnetic properties of NBu",[Mn!ICo!l{(C,04)3]

N. A. Sanina,* G. V. Shilov, N. S. Ovanesyan, and L. O. Atovmyan

Institute of Problems of Chemical Physics, Russian Academy of Sciences,
142432 Chernogolovka, Moscow Region, Russian Federation.
Fax: +7(096) 515 5420. E-mail: sanina@icp.ac.ru

Bimetallic oxalate-bridged complexes Q[M!'Co(C,0,);] (Q = Me,N*, Bu" N*. Ph,P*;
MU = Mn, Co, Ni, Cu, Zn) were synthesized. Single crystals of (NBu"“][Mn”C?o‘“(C204)1]
were studied by XRD. Unit cell parameters a = 6 = 9.242(3) A, ¢ = 54.524(13) A: space
group R3c. Magnetic measurements indicate the absence of a magnetic phase transition up to
the temperature of liguid helium. The XRD data confirm the presence of Colll ions with a

low-spin configuration in the crystal.
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Development of spatially ordered (with respect to
magnetic ions) high-dimensional structures is an impor-
tant fundamental task. Polydentate ligands binding para-
magnetic 3d-ions to form extended geometric structures
play a specific role in the formation of these structures.
Several compounds have been synthesized, 2 which com-
pose a family of new metallocomplex ferromagnets with
general formula [NBu® MUCr(C,0,);], where M =
Mn, Fe, Co, Ni, and Cu. Studies of these com-
p-ounds3—% have shown that they possess a layered
structure and are two-dimensional ferromagnets by the
character of their exchange interactions. A similar series
of ferrimagnetic compounds based on [MFe!l}(C,0,);]~
(M = Mn, Fe, and Ni) has been synthesized and
studied.”™ In this work, we synthesized and studied
bimetallic complexes based on trisoxalatocobaltate(in)
Q[MUCo(C,0,)41, where Q = Me,/N™, Bu",N*, and
Ph,P*; Ml'= Mn, Co, Ni, Cu, and Zn.

Experimental

The starting compound K;{Co(C,0,),] - 3H,0 (1) was syn-
thesized by the described method' using PbO, (analytical
purity grade), glacial acetic acid (reagent grade), and
H,C,0,-2H,0 (reagent grade); CoCO, and K,C,0,-H,0
were prepared by the known procedures.!! For synthesis of
cobalt complexes, we used Bu"4NBr (Aldrich), Ph,PBr (Fluka),
methanol (reagent grade), MnCl, - 4H,0 (reagent grade), and
Co(N03)2-6HZO’ (reagent grade); CuCl,-2H,0 and
ZnCl, - 1.5H,0 were obtained by the described procedures !

Elemental analysis for C, H, N, and O was carried out as
described previously.1? The content of K, Co, and Mn was
determined by atomic absorption spectroscopy on an AAS-3
instrument.

Synthesis of Q[M!'Co(C,0,),] complexes. A mixture
(20 mL) of aqueous solutions of the salt of a bivalent metal
(2 mmol) and 1 (2 mmol) was stored for 2 h and filtered. A
solution of the salt of an organic cation (2.2 mmol) was added

to the filtrate: Bu” NBr or Me,NBr in 5mL of water or
Ph,PBrin 5 mL of NicOH‘ The reaction mixture was stored for
5—8 h, the precipitate that formed was washed with ice-cold
water or a MeOH—H,0 mixture in a | : 2 ratio (for the
systems with the tetraphenylphosphonium cation) and dried for
1 day jn vacuo above P,O;. Data on the synthesis and element
composition of the bimetallic cobalt tnisoxalates synthesized are
presented in Table 1.

X-ray diffraction analysis was carried out on a KM-4
single-crystal diffractometer (KUMA DIFFRACTION). The
crvstal structure was solved and refined using the X-ray pack-
age of the $86 and SHELXL 93 programs.13

Table 1. Conditions of synthesis and elemental analysis data of
Q[M!!Co(C,0,),} compounds

Q MU Conditions Yield Found (4
of synthesis (%) Caiculated
h  T/PC C H N
Me,Nt Mn 24 12 7470 2650 270 31l
26.57 2.66 3.10
Co 24 12 7250 2628 265 310
2634  2.63 307
Bu"m,N* Mn 18 10 7227 4257 585 228
4261 581 226
Co 24 9 64.06 42 573 24
4234 576 2.24
Ni 66 9 9.17 4233 573 223
4235 577 224
Cu 05 10 7490 4205 5370 223
4203 373 223
Zn  0.75 10 7700 4193 370 220
4191 571 2122
Ph,P* Mn 24 10 73.00 5027 280 —
. 50.24 279 —
Co 24 10 71.00 3000 280 —
4997 278 —
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Table 2. Coordinates of atoms {x10%) and their isotropic
thermal parameters (Ueq)“ in crystal 2

Atom X ¥ z Ueg* 103/A2
Co 0 0 2(2) SH(3)
Mn 3333 6667 —4(1) 42(3)
o) =27(20) [739(19) 179(3) 9(3)
o) 1525(23) 1734(23) -190(4) 30(5)
O3) 1303(31) 4447(41) 186(5) TiI(8)
O4) 2915(25) 4526(23) =237(3) 28(4)
c 1239(34) 3226(3%) 104(5) 27
C(2) 2058(66) 3113(74) —106(8) 58(14)
N 0 0 1044(18) 76(22)
C(3) 0 0 1338(10) 126(33)

* U were determined as 1/3 of the trace of orthogonalized
tensor U

The [NBu"J[MnCo(C,Q,),} crystal (2) has the form of a
truncated pyramid with a maximum size of 0.1 mm. The
positions of heavy atoms were determined by the Paterson
method, and those of deficient atoms of the anionic part of
structure and the N atom of the cation were found by a series
of the difference Fourier syntheses. For determination of coor-
dinates of C atoms of the cation, problems appeared that were
similar to those for the solution of the structure of stmilar
compounds.” As we mentioned in the previous works, they are
due to the twinning of the crystals, whereas the experimental
set of structural amplitudes is limited. The experimental set of
data obtained in this work was small, which impeded the
determination of the positions of the C atoms in the cationic
part of the complex. The coordinates of the atoms of complex
2 are presented in Table 2. The coordinates of the C atoms of
the cationic part are not presented, because they were not
revealed adequately distinctly in the Fourier syntheses.

The static magnetic susceptibility x{( T) was cacried out on a
polycrystalline sample of 1 within the 78—300 K temperature
range on a vibration magnetometer (PARC) in an external
magnetic field H = 1 T. The dynamic magnetic susceptibility
1{ D (v =111 Hz) was measured for the same sample within
the 4.2—300 K temperature range.

Results and Discussion

Synthesis of bimetallic complexes with a building
unit based on cobalt{in) trisoxalate has several specific
features. Unlike chromium(iti) and iron(in) trisoxalates,
starting complex 1 is very photo- and thermosensitive.
Therefore, all procedures of preparation, mixing, and
filtration of the solutions and growing of crystals of
magnetics from freshly prepared compound 1 were car-
ried out in the dark in an inert atmosphere at 9—12 °C.

The nature of the bivalent metal plays a substantial
role in the formation of bimetallic trisoxalates. Complex
formation is most rapid in the case of Cu- and Zn-
containing cobaltoxalates (see Table 1), and that of Mn-
and Co-containing complexes requires somewhat longer
time. The synthesis of the nickel complex is the stowest
and gives a polycrystalline powder with a crystal size of
<0.01 mm in a yield of 9%. According to the data of
powder diffractometry, the spectra of the compounds

obtained do not coincide with those of the diffraction
patterns characteristic of trisoxalatocobaltates of other
metals studied. We were not able to prepare the bimetal-
lic complex of cobalt(in) trisoxalate with iron(u) because
the initial building unit was destroyed during the reac-
tion regardless of the synthesis conditions, and the more
stable Fe,Cy0,4-2H,0 compound was formed instead.
We also established that a change in the size of the
organic cation has no substantial effect on the course of
the formation of bimetallic oxalates (see Table 1).

Our experiments showed that the following proce-
dure is optimum for the synthesis of single crystals of 2:
compound 1 (0.3034 g) in water (13 mL) was mixed with
an agueous solution (S ml) of manganese(i) salt
(0.1319g). The mixture was stored for 2h, and an
aqueous solution (S mL) of Bu® NBr (0.2362 g) was
added to the filtrate. Two weeks later, dark-green single
crystals of the main phase and a minor quantity of
transparent pale-pink single crystals of the
microadmixture were formed in the reaction flask. Ac-
cording to the data of powder diffractometry and el-
emental analysis, the admixture phase is CoC,0, - H;0.
Single crystals of 2 were washed with ice-cold water and
dried in vacuo above anhydrous Na,SO, for 24 h. The
admixture phase was found in al polycr\stallme samples
of the synthesized bimetallic oxalates 2—-4 months after
storage in an inert atmosphere at 12—15 °C. Instability
of the Q{MCo(C,0,)5] compounds that formed is also
indicated by their gradual transformation into
CoC,0; H,0 during storage of the reaction mixture
with the already formed magnetics precipitate for 2
weeks under the same conditions.

The crystal structure of compounds 2 is layered and
consisis of alternating anionic and cationic layers (see
Fig. |, Tables 3 and 4). The crystal structure of simifar
compounds has been discussed in several works3—7; there-

Fig. 1. Fragment of the bilaver of complex 2.
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Table 3. Interatomic distunces (J) 1n {MO, ] poivhedra
of complex 2

Bond drA Bond d. A
Co-O(2) 1.84(2) AT O TR 2233
Co O2)¢ 154 Mo -O) RRRTRY!
Co--Ot )" I 842 M -0 2235
Co--0O( 1" 1 8870 14) M- Oy RIS}
Co--0O1h | 587 (1) Mn—O4) 222
Co-0ch)? FSS701 4 M- O 222
O())—C(1) [.35(3) O2i-C 1 2046y
OL3)—-Ceh 1194 Oy -C( | 3306)
Cih—C(2) 1403

R W SRl Sy
Coy X L
R U S PR B U B

d-p s, -v+ 1z

Table 4. Bond angles (o) in [MQO, | polvhedra of complex 2

w.deg

Angle w/dep Angle

O —Co—-0O(2)° 91 019y O3 =Mn--0O04) 163 39)
O —Co—0ct)?  K99¢) O = Ma—0O3) 9 4T
O 23—Co--0Ol) 83 [(9) OL=-C(hH--0¢h 11703
O(2)=Co--011> 1740010 O =Cih=Cy 1204
QN —-Co-—-O(1Y 9. 1(7) Oy -Ch-C(2) (IRIRY
O —Mn~0(3)"  100.0(9) O -C(Hr--0Och [RETRE
QN —NMn--04) 75 8N O2)-Cei-- Cihy 116151
O(H—-Mn—OhY 94 6(9) O —C2y--C(h fleuds
4 ry,oN L

by v — v, o

RSO D O 2 T B

R SR TR 2 T

fore, we will not describe their structure. [ts distinctive
feature is a short interatomic cobalt--oxygen distance,
which tndicates the low-spin state of Co'll.

The Weiss constant determined from the tempera-
ture dependence of the nverse static suscepubility

77 T) is close to zero, which indicates the absence of

noticcable spin-spin interactions in complex 2. Accord-
ing to measurements of 4, (7). no maxuna were ob-
served on the plot of the x (7) function. which indi-
cates the absence of the magnetic phase transttion
down to the temperature ot iguad helium. This result i
consistent with the crystallographic data on the Co--0
distance of 1.85 A, which confirms the low-spin con-
fizuration of the Co"'! jons in the octahedral field and.
correspondingly, the nonmagnetic ground state (§ =
0). The magnetic Mn'h 1ons (§ = 3/2) are separated by
the nonmagnetic Co''ions. and the weak Mn!'-- Mu!!
interactions of the second ncighbors are the only sig-
nihcant interactions inside the laver.

Thus. the nature of the metal in starting complex 1
substantially affects the properties of the magnetics ob-
taned. Unhke ferromagnets formed 1n the system where
M = Cr¥* Moand fernmagnets in the system where M =
Fe* .7 the three-dimensional structural ordering of co-
balt and manganese 1ons in the svstem under consider-
auon docs not result in magneuc ordenng down to
helium temperatures due to the nonmagnetic ground
state of the cobalt atom.
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