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Table VI. Atomic Parameters Used in the Calculations 
atom orbital Hii, eV f2 cla cza 
H 1s -13.60 1.30 
B 2s -15.20 1.30 

2p -8.50 1.30 
Ta 6s -10.10 2.28 

6p -6.86 2.241 
5d -12.10 4.762 1.938 0.6815 0.5774 

a Contraction coefficients used in the double-{ expansion. 

pounds are so far unknown (see Table I), although at- 
tempts to obtain them were not abandoned until recent- 
ly.1-3*6J0 The same situation exists for the borides MB2 
with the A1B2 crystal structure for d5-dlo metals.14 

Our calculations of the net charge in the hypothetical 
symmetrized Ta3B4 structure indicate that the largest 
negative net charge (-1.21) is located on the lateral Ta2 
atoms (see 15), the Tal atoms bearing smaller negative 
charge (-0.765). Thus the lateral site should be preferred 
for a more electronegative substituent than Ta, from the 
point of view of the topological charge stabilization rule.4850 
In the case of ternary borides M o C O ~ B ~ , ~ ~  MoRu2B4?l 
M o M ~ ~ B ~ , ~  M O F ~ ~ B ~ , ~  WMn2B4,& and other TMB with 

(63) Ishi, T.; Shimado, M.; Koizumi, M. Inorg. Chem. 1982,21,1670. 
(64) Kuz’ma, Yu. B.; Nuch, 0. V.; Skolodra, R. V. Izu. AN USSR, 

Inorg. Mater. 1966, 2, 1975. 

the Ta3B4 structure, these should be more stable with the 
more electronegative metal atom occupying the 4(g) site, 
in comparison with compound WzFB2,65 MozFeB4,l0 and 
W2MnB4,” in which the stoichiometry does not permit the 
more electronegative atom to occupy the 4(g) site. These 
considerations do not take into account a variation in the 
valence electron count. 
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Appendix 
All the calculations are of the extended Hiickel type, 

with a tight-binding approach.26 The atomic parameters 
for H, B, and Ta atoms are listed in Table VI. The k point 
set used for the calculation of average properties consists 
of 18k points and was chosen according to the method of 
Ramirez and Bohm.@ 

Registry No. Ta3B4, 12045-92-0. 
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Copper-thorium oxides (Cu/Th > 0.25) prepared by coprecipitation of hydroxides and calcination at 
1073 K contain Cu2+ ion pairs. Since the two ions are nonequivalent, the ESR parameters of the dimer 
spectrum change with the recording temperature. No correlation exists between the ESR spectra of the 
dimer and the single ion as its precursor. 

Introduction 
In previous work14 it has been shown that the Cu2+ ions, 

occupying different sites in the CuThO catalysts, exhibit 
different behaviors and reactivities toward hydrogen 
and/or oxygen treatment. 

For a low copper content (Cu/Th < 0.01), the Cu2+ ions, 
occupying substitutional (S) sites both on the surface (S, 
or A, signal) and in the bulk (Sb or Az signal) of the CuThO 
solids were not susceptible to hydrogen reduction even at  
high temperature (873 K). On the other hand, for atomic 
ratios Cu/Th > 0.25, the Cu2+ ions, occupying sites on the 
catalysts surface (MI, M2, and D signals), were easily re- 
duced by hydrogen. In the case of the copper(I1) ion pairs 
(D signal) only one of the Cu2+ ions was susceptible to the 
redox treatment, whereas the other one, corresponding to 
the Cu2+ ion in the substitutional surface (S,) site, re- 
mained stable toward the reagents. 

The results mentioned above have been obtained from 
the ESR spectra recorded only at  room temperature (293 
K). Therefore, it is interesting to study the behavior of 

* To whom correspondence should be addressed. 
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Cu2+ ions in the CuTh oxides a t  low temperature (77 K) 
and, in particular, the copper(I1) ion pairs. 

Experimental Part 
The different solids were prepared at room temperature by 

coprecipitation of hydroxides by ammonium hydroxide from 
copper and thorium nitrates up to pH = 6.0. The CuTh oxides 
were obtained by calcination of the coprecipitated hydroxides at 
1073 K for 5 h in a flow of dried air. Samples with different Cu/Th 
atomic ratios were prepared. 

ESR spectra were obtained with a Bruker ER 200D spec- 
trometer operating at X band (9.3 GHz) and using 100-kHz 
modulation. The spectra were recorded at 77 and 293 K. The 
g values were measured relative to “strong pitch”: g = 2.0028. 

Results and Discussions 
Figure 1 shows the ESR spectra recorded at  77 K for 

CuTh oxides in the oxidized state with different atomic 
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Table I. ESR Parameters of Cuz+ Ions in CuTh Oxides at Different Atomic Ratios Cu/Th 

Abou Kais et al. 

CuTh oxides RII i i l  Ai), G A 1 . G  
A signal 

A1 2.2760 2.0445 

A2 2.2470 2.0970 
MI signal 2.2174 2.0568 
M2 signal 2.2920 2.0296 

D signal 2.2037 (77 K) 2.0419 (77 K) 
Am, = 1 2.1928 (293 K) 2.0464 (293 K) 

Am, = 2 A293 K) = 3.9830 

9 = 2.0028 

--y-*- A2 

A 
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Figure 1. ESR spectra recorded at 77 K of CuTh oxides: A 
(Cu/Th < 0.01); B (Cu/Th > 0.25). 

ratios. For a low copper content (Cu/Th C 0.01), the ESR 
parameters of the A spectrum (A, and A2 signals) are 
similar to those obtained at room temperature (Table I). 
These constant ESR parameters can be explained by the 
strong stability of Cu2+ ions in their substitutional sites 
either in the bulk (S,) or on the surface (S,) of the solids. 

On the other hand, for a higher copper content (Cu/Th 
> 0.25), a significant change of ESR parameters of cop- 
per(I1) ion pairs spectrum has been observed when the 
temperature of recording spectra changes from 293 to 77 
K (Figure 2, Table I). 

As mentioned previously,2 the copper(I1) ion pairs are 
generally identified by the form of the signal obtained at 
Am8 = 1 (allowed transitions) and the presence of a weak 
signal at half-normal field intensity which is produced by 
forbidden transitions at Ams = 2. 

If we suppose that the hyperfine interactions will not 
be included and the Cu2+ ions have axial symmetry and 
that both ions in the pair have the same spin Hamiltonian 
parameters and principal axis, the spin hamiltonian for 
the pairs can be written 

H = ~ I I P ~ Z S ,  + g,P(KS, + HYSY) + 
D(SZ2 - f / ,S(S + 1)) + JSlSz (I) 

where S1 and S, are spins of electrons 1 and 2, S is the total 
spin of the two electrons, D is the zero-field splitting tensor, 
and J is the isotropic exchange interaction constant. 

The intensities ratio of the forbidden to the allowed 
signal is given5 by the following equation: 

144.0 
153.8 15.66 

@Cd+ 
65cu2+ 

18.36 155.0 *Cd+ 
165.0 W U 2 +  

82.8 13.5 
80.1 13.0 
80.5 (293 K) 
83.2 (77 K) 

24.0 (293 K) 
22.0 (77 K) 

g(77 K) = 3.9705 
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Figure 2. ESR spectra recorded a t  293 and 77 K for Cu/Th > 
0.25. 

C is a constant [C = (21 f 2) X 109, r (nm) is the interion 
distance, and Y (GHz) is the microwave frequency. The 
I,, value was obtained by double integration of the signals 
observed at Ams = 2 and Ams = 1, respectively, and r can 
be derived from the eq 11. 

On the other hand, spectra shown in Figure 2 give a 
direct experimental evaluation of d, and dll parameters, 
which are defined by 

(111) 

If we assume that D is due only to dipolar interaction with 
no contribution from anisotropic exchange, the value of 
D obtained from eq I11 can be used in the following 
equation to also calculate r:6 

d, = D/gJ dll = 2D/g,1P 
0 = Bohr magneton 

(5) Eaton, S. S.; More, K. M.; Sawant, B. M.; Eaton, R. G. J .  Am. 
Chem. SOC. 1983, 105,6560. 
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Since the relative variation of d ,  and d with the tem- 
perature is significant (Figure 2), the r values calculated 
from the dipolar interaction are more accurate than those 
from I,! (eq 11). Then, the difference between the r values 
derived from spectra recorded at  293 and 77 K must be 
also significant. r is equal to 0.51 nm at 293 K and changes 
to 0.55 nm when the spectra are recorded at  77 K. The 
r values are independent of the Cu/Th atomic ratio 
(Cu/Th > 0.25). 

I t  has been shown3 that the copper (11) ion pairs are 
formed from one Cu2+ ion occupying a substitutional bulk 
(Sb) site and another one present on the solid surface (SJ, 
which is easily reducible by hydrogen. Since the first 
species is very stable toward temperature and reactant 
agent, it seems that the variation of the distance r in the 
copper(I1) ion pairs versus the temperature is due only to 
the Cu2+ ion which is accessible to the reduction. It is then 
evident to suppose that the copper(I1) ion pairs in CuTh 
oxides are formed from two nonequivalent Cu2+ ions. 

I t  has been found' that if both ions were equivalent in 
the dimer and if the pair axis was the same as one of the 
principal axis of one single ion, the precursor of the dimeric 
species, the spectra corresponding to those monomer ions 
should have the same g tensor as the g tensor of the dimer 
and the splitting constant tensor of the dimeric spectrum 
should be half that of the single ion. In addition, the 
variation of the copper(I1) ion pairs signal intensity versus 
the temperature can be studied. Indeed, the population 
P of the triplet state will be governed by the Boltzmann 

(6) Abragam, A,; Bleaney, B. Electron Paramagnetic Resonance of 

(7)  MBriaudeau, P.; Clerjaud, B.; Che, M. J. Phys. Chem. 1983, 87, 
Transition Zons; Clarendon: Oxford, 1970; p 508. 

3872. 

distribution and the Curie law following the equation" 

P = T 3 erp[ g] 
By comparison of ESR spectra intensities recorded at  77 
and 293 K of CuTh oxides, the J value has been calculated 
from the above equation. This value (J = 46.5 cm-') is 
larger than Aieo (41.4 X lo4 cm-') of the copper(I1) ion 
pairs. Consequently: the splitting constant of the single 
ion signal, if it is present, must be double that corre- 
sponding to copper(I1) ion pairs. In fact, it is not the case 
for the ESR parameters of all signals previously charac- 
terized in CuTh oxides.'l2 In particular, the A, signal has 
been attributed to Cu2+ ions observed after reduction of 
the copper(I1) ion pairs and found as its precursor. On the 
contrary, the two Cu2+ ions of the pairs evidenced in CeO2lo 
were shown to be equivalent. A correlation between the 
precursor single ion and the copper(I1) ion pairs has been 
established. The ESR parameters of the copper(I1) ion 
pairs in CeOz did not change with the temperature as 
observed in the case of Thoz. 

In conclusion, it seems that if the two ions in one dimer 
are nonequivalent, the ESR parameters corresponding to 
this species change with temperature and no correlation 
can exist between the ESR spectra of the single ion and 
this dimer. In this case, eq I cannot describe correctly the 
system. 
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Composites containing nanometer-sized metal particles with a narrow particle size distribution, ho- 
mogeneously dispersed in a Si02 matrix, are prepared by a three-step procedure: In the first step materials 
of the composition L,M[X(CH2)3Si03 z]y.xSiOz (4) are obtained by sol-gel processing of an alkoxysilane 
of the type X(CH2)3Si(OEt)3 (X = Nd2, NHCH2CH2NHz, CN), a metal salt (AgN03, AgOAc, Cd(N03)2, 
CO(OAC)~, CU(OAC)~, N~(OAC)~, Pd(aca~)~,  or P t (a~ac)~) ,  and, optionally, Si(OR)(. In the second step the 
polycondensates 4 are heated in air, and thereby the metal oxide/Si02 composites MO,.(x + y)Si02 (5, 
MO, = AgzO, CdO, COO, CuO, NiO, PdO or PtO) are formed. The oxidation temperature is optimized 
by TGA. Reduction of the metal oxide particles of 5 by hydrogen in the third step produces nanocomposites 
M.(x + y)Si02 (6, M = Ag, Co, Cu, Ni, Pd, or Pt). The metal particles in 6 are homogeneously distributed 
in the Si02 matrix. Depending on the metal and for some metals also on the metal loading, the metal particle 
sizes are in the range 2-60 nm, as determined by scanning transition electron microscopy. The smallest 
particles (2-4 nm) are obtained for Cu, Pd, and Pt. The particle size distribution is very narrow and of 
a Gaussian type. While the size of the metal particles and their size distribution in the Pd Si02 composites 

increasing metal loading (from 5.9 nm for 2.7 wt 70 Ni to 57 nm for 44 wt % Ni). At  low and high Ni content 
the particle size distribution is monomodal and, in between, a bimodal distribution is found. 

is hardly affected by its metal content, the mean size of the metal particles in Ni/Si d increases with 

Introduction 
The sol-gel route, originally directed toward the syn- 

thesis of purely inorganic materials from metal alkoxides, 

is increasingly extended to prepare organically modified 
materials by using organically substituted alkoxides, such 
as alkoxysilanes RSi(OR')B. Materials with both interesting 
physical and chemical properties are obtained if the or- 
ganic substituent R bears a functional or polymerizable 
group. The functional group may also be a metal complex 
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