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Synthesis of molecular magnetics based on cobalt trisoxalate. 
Structural and magnetic properties of NBun4[MnHCoHI(C204)3] 
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Bimetallic oxa ate-bridged complexes Q[MIICo(C~O4)d (Q = MeaN +, BunaN *, PhaP+; 
NI I1 = Mn, Co, Ni, Cu, Zn) were synthesized Singie crystals o f  {NBufi4l[MnU(~oln(C~O4)~] 
were studied by XRD. Unit cell parameters a = b = 9.242(3) A, c = 54.524(13) A;"space 
group R3c. Magnetic measurements indicate the absence of a magnetic phase transition up to 
the temperature of liquid helium. The XRD data confirm the presence of CO I11 ions with a 
low-spin configuration in the crystal. 
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D e v e l o p m e n t  o f  spat ia l ly  ordered  (with respect  to  
magne t i c  ions)  h i g h - d i m e n s i o n a l  s t ruc tures  is an impor -  
t an t  f u n d a m e n t a l  task.  Po lyden ta t e  l igands b ind ing  para-  
magne t i c  3 d - i o n s  to fo rm ex tended  geomet r i c  s t ruc tures  
play a specif ic  role  in t he  fo rma t ion  o f  these structures.  
Several c o m p o u n d s  have  been  synthesized,  1,2 which com-  
pose a family o f  new  m e t a l l o c o m p l e x  fe r romagne t s  with  
genevat f o rmu la  [NBun4] IMnCrn I (C?O4)31  , where  M = 
Mn ,  Fe, Co ,  Ni ,  a n d  Cu.  Studies  o f  these c o m -  
p - o u n d s  3 - 6  have  s h o w n  tha t  they possess a layered 
s t ruc tu re  and  are t w o - d i r n e n s i o n a l  fe r romagnets  by the  
cha rac t e r  of  t h e i r  e x c h a n g e  in terac t ions .  A similar  series 
of  f e r r imagne t i c  c o m p o u n d s  based on [MFelII(C?O4)3]--  
(M = Mn ,  Fe,  and  Ni)  has been synthes ized and  
studied.  7-9 In th i s  work ,  we synthes ized and  s tudied 
b imeta l l i c  c o m p l e x e s  based  on t r i soxa la tocoba l t a t e (m)  
Q [ M I I C o ( C 2 0 4 ) 3 ] ,  whe re  Q = Me4 N+,  Bua4N+, and  
Ph4P+; M n = M n ,  Co ,  Ni ,  Cu,  and Zn.  

Experimental 

to the filtrate: Bun.NBr or Me4NBr m 5 mL of water or 
Ph4PBr in 5 mL of [V~leOH. The reaction mixture was stored for 
5--8 h, the precipitate that formed was washed with ice-cold 
water or a MeOH--H?O mixture in a 1 : 2 ratio (for the 
systems with the tetraphenylphosphonium cation) and dried for 
l day in vacuo above P,O 5. Data on the synthesis and element 
composition of the bimetallic cobalt trisoxalates synthesized are 
presented in Table I. 

X-ray diffraction analysis was carried out on a KM-4 
single-crystal diffractometer (KUMA DIFFIL,\CTION). The 
c~'stal 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[MIICo(C204)3] compounds 

Q M n Conditions Yield Found (%) 
of synthesis (%) Calculated 

t/h T/~ C H N 

Me4N + Mn 24 12 74.70 26.50 2.70 3.1! 
26.57 2.66 3.10 

The starting compound K3[Co(C~O4)3] - 3H~O (1) was s vn- Co 24 12 72.50 26.28 2.65 3,10 
thesized by the described method I~ using P60~ (analytical 26.34 2.63 3.07 
purity grade),  glacial  acet ic  acid (reagent grade), and Bun4 N+ Mn 18 10 72.27 4257 ,5.85 2,28 
H , C 2 0 4 . 2 H 2 0  (reagent grade); CoCO 3 and K~C704" H~O 42.61 5.81 2.26 

W I I  - r  were prepared by the kno n procedures. For-synthesis o f  Co 24 9 64.06 42.33 5.7~3 2 "~4 
cobalt complexes, we used Bun4NBr (Aldrich), Ph4PBr (Fluka). 42.34 5.76 2.24 
methanol (reagent grade), MnCI 2 �9 4H20 (reagent grade), and Ni 66 9 9.17 42.33 5.75 2.23 
Co(NO3) 9-61-120 (reagent  grade); CuCI~- 2H~O and 42.35 5.77 2.24 
ZnCI~- l._gH20 Were obtained by the described-proceclures, n Cu 0.5 10 74.90 42.05 '570 2.23 

Elemental analysis for C, H, N, and O was carried out as 42.03 5.73 2.23 
described previously. 12 The content of K, Co, and Mn was Zn 0.75 10 77.00 4193 ,5 .70  2.20 
determined by atomic absorption spectroscopy on an AAS-3 41.91 5.71 2.22 

instrument. Ph4P* Mn 24 10 73.00 ,50.27 2,80 -- 
Synthesis of Q[MIICo(C204)3 ] complexes. A mixture 50.24 2.79 -- 

(20 mL) of aqueous solutions of  the salt of a bivalent metal Co 24 10 71.00 50.00 2,80 -- 
(2 retool) and i (2 retool) was stored for 2 h and filtered. A 49.97 2.78 -- 
solution of rite salt of  an organic cation (2.2 retool) was added 
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Table 2, Coordinates of atoms (xl04) and their isotrop~c 
thermal parameters (~'eq) in crystal 2 

Atom x y Z L~q. 103/X 2 

Co 0 0 2(2) 51(3) 
Mn 3333 6667 - 4 ( I )  42(3) 
O(I) -27(20) 1739(19) 179(3) 9(3) 
O12) 1525(25) 1734(23) -190(4)  30{5) 
0(3) 1303(31) 4447(41) 186(5) 71(8) 
0(4) 2915(25) 4526(23) -237(3)  28(4) 
C(I) 1239(34~ 3226(34) 104~5) 27(71 
C(2) 2058(66) 3113(74) -106(8)  58(14) 
N 0 0 1044(18) 76(22) 
C(3) 0 0 1358(10) 126(33) 

* L/q were determined as 1/3 of the trace of orthogonalized 
tensor U o. 

The [NBu"4][MnCo(C204) 31 cDstal (2) has the tbrm 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 arums 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 similar 
compounds. 7 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 z(T) was carried out on a 
polycrystalline sample of I within the 78--300 K temperature 
range on a vibration magnetometer (PARC) in an external 
magnetic field H = I T. The dynamic magnetic susceptibility 
"/.at( 73 (v = I 11 Hz) was measured for the same sample within 
the 4.2--300 K temperature range. 

Results and Discussion 

Synthes is  of  b imeta l l i c  complexes  with a bui lding 
unit  based on c o b a l t ( m )  t r isoxala te  has several specific 
features.  Unl ike  c h r o m i u m ( m )  and  i ron( In)  tr isoxalates,  
s tar t ing complex  1 is very p h o t o -  and  thermosens i t i~e .  
There fore ,  all p r o c e d u r e s  of  p r epa ra t i on ,  mixing,  and 
f i l t ra t ion of  the  so lu t ions  and  growing  o f  crystals  of  
magne t i c s  f rom freshly p repared  c o m p o u n d  1 were car-  
ried out  in the  da rk  in an inert  a t m o s p h e r e  at 9 - - 1 2  ~C. 

The  na ture  o f  the  b iva len t  meta l  plays a substant ia l  
role in the  f o r m a t i o n  o f  b imeta l l i c  t r isoxalates .  Complex  
f o r m a t i o n  is mos t  rapid in the case o f  C u -  and  Zn-  
c o n t a i n i n g  coba l toxa la tes  (see Table  I), and  tha t  of  Mn-  
and  C o - c o n t a i n i n g  complexes  requires  s o m e w h a t  longer 
t ime.  The  synthes is  o f  the  nickel  c o m p l e x  is the  slowest 
and  gives a polycrys ta l l ine  powder  with a cD'stal size of  
<0.01 m m  in a yield o f  9%. A c c o r d i n g  to the  data  of  
powder  d i f l ' rac tometry ,  the  spect ra  of  the c o m p o u n d s  

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(m) trisoxalate with iron(u) because 
the initial building unit was destroyed during the reac- 
tion regardless of the synthesis conditions, and the more 
stable Fe2C204- 2H20 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 I). 

Our experiments showed that tile following proce- 
dure is optimum for the synthesis of single crystals of 2: 
compound 1 (03034 g) in water (15 mL) was mixed with 
an aqueous solution ( 5 m L )  of  manganese(u) salt 
(0.1319g). The mixture was stored for 2h, and an 
aqueous solution (5 mL) of  Bun4NBr (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 tile reaction flask. Ac- 
cording to the data of powder diffractometry and el- 
emental analysis, the admixture phase is COC204- H20. 
Single cD'stals of 2 were washed with ice-cold water and 
dried in vacuo above anhydrous Na2SO 4 for 24 h. The 
admixture phase was found m all polycD'stalline samples 
oF the synthesized bimetallic oxalates 2--4 months after 
storage in an inert atmosphere at 12--15 ~ Instability 
of the Q[MIICo(C204)3] compounds that t~)rmed is also 
indicated by their gradual transformation into 
CoC20 a" H20 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 
consists of alternating anionic and cationic layers (see 
Fig. I, Tables 3 and 4). The crystal structure of similar 
compounds has been discussed in several works3-7: there- 

Fig. !. Fragment of the bilayer of complex 2. 
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"Fable 3. InteraHomic dis tances  f,ti in [M()r potyhedr,I 
o f  complex  2 

[:lorld 

Co -- O( 2 I 
( 'o 0(  2 ) a 
( ' o  -- O( 21 t' 
C o  - O r  I i a 
(70 --O( I ) 
Co - O (  I )" 
()( [ } - -C( I )  
{)~ 3 ) - -C t  I ) 
C( 1 I - C ( 2 )  

d;' \ B,,rld d. A 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I,~4(2~ Mn--(h31 c 223(3) 
84(2) kin -()(3i 2.2313) 
~4(2) Mil-  0(3)  :~ 2 2"q3'~ 
887i 14) M n -  O!4V 222(2) 
.,';S 7( 14 ) Mn--()14r s 2.22~2~ 
.8s;'7~ 14~ M n -  O~4) 2.22(2) 
. 3 5 ( 3 )  ( ) i I i -  C~2,  I 2016t 
19(4i  ( ) t l ) - C t 2 ,  I ~5i01 
.40(4)  

e--y .  x -- y. L 
" " ~ ,  § V. - t  * ] . ~  

a - r  ~- I..~. - v *  l, Z. 

Table 4. Bond angle~ (,.,) m IMO,,! pulvhcdtzi ~ff complex 2 

..\r'~gle , , /dec  .-\nglc <.~,'dc~ 

0 ( 2 ~ - - ( ' o - - ( ) f 2 )  ~ 911)(gt O i3 ) -Mn - -O~4 r  t65 3(')) 
O ( 2 ) - - C o - - O I  I) a ,k9 9t;J) ()14ys-.Mn--Ot41 '4;1 -II% 
O~ 2J--Co--()( I ) ~"; 1r Ot "~l- C( I I--O( I ) 117i3) 
O ( 2 ) - C o - -  O(  l i  ~ 174 i ) (10)  O ( 3 t - - L  / I ~ - - ( / 2 1  [27,1 i  
O( l ) - -Co- -Of  I i ~- %.1t71 O111 C( I t -  ( (2 )  I1313i 
O ( ~ i - - M n - O ( 3 ) .  IO0.o(q) ()12) - ( (2 i - .0~4 t  12.h3) 
(_)(3}--Mn--Ot4)  75 St')) ()!2~--('~21- ( ' i l l  110~5, 
OtJ i - -Mn - -O t4Y  / q4 6f9) ()(.11-- (12~-- ( (  I I 116~4i 

u -  t- t y --A-. ~ " 
t ' - - ) ,  v -  v, .L 

' - ) ' *  l , x -  v , -  I, :. 
, / _  x- . y . - - x  ~ I ,  Z 

fore, v,c wi l l  not d e s c r i b e  the i r  stnlcture Its dlsi i l ]ct i ' ,e 
feature is a .short in tera tomic  cob:f l t ---ox}gen distance, 
wh ich  indicates the low-sp in  slate o f  (70111. 

T h e  ~A,'eiss c o n s t a n t  d e t e r m i n e d  f rom the t e m p e r a -  

l u r e  d e p e n d e n c e  o f  the  i n v e r s e  s ta t ic  s u s c e p t i b i l i t y  

Z - ~ ( 7 )  is c l o s e  to z e ro .  w h i c h  i n d i c a t e s  t he  a b s e n c e  o f  

n o t i c e a b l e  s p i n - s p i n  in ierac lmn_, ,  in c o m p l e x  2. A c c o r d -  
ing  to  m e a s u r e m e n t s  o f  Za , ( / ' ) .  no  Fl la \ l lna were  ob-  

s e r v e d  o n  t h e  p lo t  o f  t he  Z.,c (7") | t m c l t o n .  v, 'hich indi -  

c a t e s  t h e  a b s e n c e  o f  t h e  m a g n e t i c  p h a s e  trana~lion 
d o w n  to the temperature  o f  l i qu id  h e l i u m  This result i~, 
cons is tent  w i th  the c ryg ta l lograph ic  data on the C o - - - O  

d is tance o f  185 ,.%,, wh ich con f i rms  the Io '~-spin con- 
f i gu ra t i on  o f  the Co III ions in the octahedra l  f ield and. 
c o r r e s p o n d i n g l y ,  the nonmagne t i c  ground state (3' = 
0). "[he magnet ic  Mn  tl ions ~'3; = ",'~ 3, =i are  . , ,eparated b~ 

t h e  n o n m a g n e t i c  ( 'O Ill tollS, and l h e  ,ac:ik %,|nll--Mi111 

i n t e r a c t i o n s  o f  the s e c o n d  neighbors are t he  o n h  ..,ig- 

n i t ( c a n t  in t e rac t ion . ' ,  ) n s ide  t h e  laver .  

T h u s .  the  n a t u r e  o f  the  m e t a l  in s t a r l i n g  c o r n p l e x  I 

s u b s t a n u a l l y  a f fec ts  lhe  p r o p e m e s  o f  the  m a g n e t i c s  o b -  

h t i n e d  U n h k e  l b r r o m a g n c t s  i o r m c d  in t he  :;,,,stern w h c r e  
M = ( ' r  s` i4 and t e r rmmgne t : ,  in t he  s.v-,tcm w h e r e  NI = 

Fe"',: t he  t h ree -dunens iona l  s t r u c t u r a l  o r d e r i n g  o f  c o -  

balt  and i n a n g { t l i c t e  IORD, In t i le s~,steni under cons ide r -  
3t ion does (+el rc',Ull ill n lagl let lc  order ing d o w n  to  

hchun+ tempcrature.s due to the nonmagnet ic  g ro t l nd  
~late o f  the cobal l  i i tom, 
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