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the Magnetism of Layer-Structured Compound 

CU~(OD)~CH,(CH~)&OO with an 
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aDepartment of Chemistry, Faculty of Engineering, Gunma University, Kiryu, 
Gunma 376-8515, Japan and bMeson Science Laboratory, Institute of Materials 
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The microscopic magnetic local structure of layer-structured basic copper compounds 
Cu~(OD)~CH,(CH,),COO was determined by the solid-state high-resolution deuterium 
NMR above 190 K. The magnetic interaction in a copper layer was probed by the isotropic 
NMR shifts of OD- ions and could be approximated by a sum of 1D-Heisenberg chains in the 
high temperature region. Four copper chains with different exchange interactions J = - 209, 
- 201, - 122, and - 44 K were found from the temperature dependence of the four distinct 
deuterium NMR signals. The derived values of J almost reproduced the high temperature 
behavior of the magnetic susceptibility xaT vs. Tof this compound. 

Keywords: layer-structured copper compounds; magnetic local structures; magnetic interac- 
tions; solid-state high-resolution deuterium NMR 

INTRODUCTION 

Basic copper salt compounds CU~(OH)~X ( X  = exchangeable anion) exhibit 

layered structures as schematically shown in Fig. I[' , ' ' .  The copper ions are 

bridged by hydroxide ions and exchangeable anions X to form illfinite layers 
Two chemically distinct copper ions lie in different distorted-octahedral 
coordination environments: CU[(OH)~X,] and CU[(OH)~X(OH)] A variety of 
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anions X can be incorporated by anion-exchange reaction with stirring the 
suspended powder of basic copper acetate C~I~(OD)~CH~COOEI~,CJ in M X 
aqueous solutions, where 34 is an alkali inetnl ionr3]. The bulk magnetism of  

CLI~(OH)~X sensitively deperids on X and its different stacking structures 
particularly for C,,Ii2,,.~COO~14"1 In this paper, we present the solid-state 
high-resolution deutecium NMR (D-XMR) study of CL~~(OL)),CW,(~E~~)~COQ 
with a.n interlayer distance o f  24.9 

microscopic viewpoint and the mechanism of the magnetism of this conipound. 
to elucidate the magnetic interaction in a 

+ Cu-chain R 

hydmxicli: ion 1 
-a@--- Cu-chain h 

H G L W  1 
oibrtals d2-y" of unpaired electrons of Cu(II) ,on are depicted to show 
two different bridging sctieines of coppci inns for Cit-clidins A and B, 
respectively The unit? of Cul(Oi-rj&] are linked at edges ofx-y planes 
offour-coordin'~~ilCfl to form infinite Cu-cham A, while the Units 
Cu[(OH)&(OIi)] cue hnked by side3 ofthe pimer-coordination to forin 
Cu-chain I? 

Schematic irew ofa layer structure of Cu2(ODj3X Magnetic 

METHOD ANI> EXTERShENT 

Since a hydroxide ion mediates excttangz interaction ainong the copper ions, the 
paramagxtic NMR shift ofthe OD' ion: which is induced by the hyperfine 
coupling between deuteron and copper spins, must be an excellent probe fix 

elucidating t.he local magnetic stnictiires and the local magnetic interactions. 
Magic ansle spinning technique (MAS) averages the quadrupole interaction of 
deuteron and the dipole interaction between deuteron and electron spins to 
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LOCAL MAGNETIC INTERACTIONS OF CU~(OD)~CH~(CH~)&OO [397]/79 

provide the isotropic shift of the high-resolution D-NMX absorption line in the 

solid state. The observed isotropic shift in ppm scale consists of the Fermi 
contact term, the pseudo contact term and the temperature independent 
diamagnetic term as follows, 

The coefficient AD is the hyperfine coupling constant of the nucleus D in Hz[’,*~, 
which consists of Fermi and pseudo contact terms. Since the anisotropy of the 
g-tensor is small for copper complexes, the contribution of the pseudo contact 
to AD is estimated to be ca. 0.2 M H z  for a OD- ion near from copper ion[289. lo’. 

The magnetic interaction can be determined from the temperature dependence of 
F(J ,T)/  k,T Evaluation of the term F(J,T)is described in the discussion. 

The compound C U ~ ( O D ) ~ C H ~ ( C H ~ ) ~ C O O  with hydroxide ions deuterated 
more than 99% was prepared by anion exchange reaction with stirring 0.12 g of 
the parent material of basic copper acetate in 15 ml of 0.2 M heavy water 
solution of CH3(CH2)&OONa for 50 days at room temperature. Powder X-ray 
diffraction showed strong (001) lines ( I  5 4)  , indicating that the layer structure 
was maintained and the interlayer distance was enlarged to 24.9 8, by the anioii 
exchange. The distance is similar but slightly different from that of a-phase of 
protonated compound 16) .  

D-MAS N M R  spectra were measured by a similar method described in ref 
12 at the resonance frequency of 46.1 MHz and at the magic angle spinning 
speed of -10 W z  with Bruker DSX300 spectrometer. The thermometer of the 
MAS probe and an effect of spinning speed on the temperature of the sample 
were carefully caPbrated[121 Uncertainty of the temperature measurement after 
the calibration was 4K. The D-NMR shifts were measured from the external 
reference of CD,OH (3.35 ppm). Direct current magnetic susceptibility was 
measured with SQUID magnetometer (MPMS 5) at the external field of 1 T. 

RESULTS AND DISCUSSION 
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1 I \  3 

"W 

- 50 -100 -150 -200 
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FIGURE 2 Magic angle spinning deuterium NMR spectrum measured at 
303 K with the spinning speed of 10 kHz. 

There are two chemically different hydroxide ions I and U, the number ratio of I 
and U is 1.2 as depicted in Fig. 1. The D-MAS NMR spectrum of 
C U ~ ( O D ) ~ C H ~ ( C H ~ ) ~ C O O  showed four isotropic signals. The intensity ratio of 
the NMR signals including spinning side bands, whch  are spread over * 4000 

ppm, is almost 2.1.2: 1 from low- to hgh-field signals shown in Fig. 2. Here we 
note that NMR signal of D 2 0  molecule was not found. The smaller signals were, 
therefore, easily assigned to the hydroxide ions I and the larger one to U.  Since 
the hydroxide ion I is linked to the magnetic orbitals d,2-y* in Cu-chain A, it 
dominantly detects the magnetic interaction in the one-dimensional Cu-chain A. 
When the anion X was exchanged, the magnetic local structure around the 
hydroxide ion I varied largely in comparison with II as previously demonstrated 
for X = NO;, HCOO-, and C6H,C00'['03'11 This behavior suggests that an 
one-dimensional character is strong for the dominant magnetic interaction among 
copper ions in the high temperature region. Thus we assumed one- dimensional 
spin-1R Heisenberg model In this case, the term F(J ,T )  in Eq. 2 can be 
approximated by a Pade expansion series"31, 

F ( J , T )  = [ (1+  5.7979916K + 16.902653K2 + 29.376885K3 

+29.8329S9K4 + 14.036918Ks)/(1 + 2.7979916K , (3) 

+7.0086780K2 +8.6538644K3 t 4.57431 14Ks)]2'3 

where K = J/('?k,T) The above function I S  not applicable for K s -0 5 

However, it can be used for ferro- and antiferromagnetic interactions and is 
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LOCAL MAGNETIC INTERACTIONS OF CU~(OD),CH,(CH~)&OO [399]/8 

convegent for analyzing a variety of compounds CU~(OD)~X. Least-squared 
fittings of the observed temperature dependence of the isotropic NMR shifts of 
O D  ions gave best fitting curves depicted in Fig. 3, where we fvred the 
diamagnetic shift 
many diamagnetic compounds. The derived values ofJand the hyperfine 
coupling constants AD are listed in the right hand side of Fig. 3 .  A change of Sdil 
from 5 to 15 ppm gave a change of * 2 K for estimating Jvalues. The Cu-chains 
A are largely antiferromagnetic for the present compound as well as the Cu- 
chines B, whereas the Cu-chain A is ferromagnetic for X = NO; and HCOO as 
we reported The Cu-OH-Cu magnetic interaction is known to be 
very sensitive to its angle, varying between ferromagnetic and antiferromagnetic 
one around 98Oin the case of dinuclear copper c~mplexes~'~]. Although it is not 
established whether the same relation holds for infinite copper chains or not, 
similar angles were found for CU~(OH)~NO~I~] .  The magnetic interaction within 
the copper chain A seems to vary largely by exchanging the anion X, since the 
angle of Cu(1)-OH-Cu(1)can be sensitively affected by the property of the 
anion x. 

of the hydroxide ions to 10 ppm which was found for 

Exchange 
Hyperfine 
coupling 
Constant 

- 1.01MHz 

- 1.15MHz 

-1.51MHz 
0 1 (Error +- 2K) (Error +- 5%) 

1 OOO/ (T/K) 

FIGURE 3 
deuterium NMR and the parameters of magnetic interactions. 

Temperature dependence of the paramagnetic shifts of 

Values of exchange interaction Jdetermined by the D-MAS NMR almost 
reproduced the high temperature behavior of the magnetic susceptibility xATvs. 
Tof the deuterated compound, which was calculated with the same model of a 
sum of 1D-Heisenberg chains as did for the D-NMR shifts. The relation 
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xAT =(0.382/4){F(J--209K) +F(J= -2OlK)+ F ( J =  -122K)+ 4 J -  -44K)) 

was used and the functionF(J,T) is given in Eq. 3. The high temperature 
behavior of the macroscopic magnetism of the layer-structured basic copper 
compounds CLI~(OH)~X can be understood by a competition among the 
magnetic chains with different exchange interactions. 
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