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La3.4Ca0.6V5Si4022 crystallizes in the monoclinic system, space group C2/m (No. 12). The unit cell dimensions 
are a = 13.448(4) A, b = 5.5879(9) A, c = 11.070(4) A, ,4 = 100.57(2)", V = 817.7(4) A3, and 2 = 2. Structural 
refinement with 817 observed reflections ( I  > 3a(l)) and 103 variable parameters resulted in R = 0.034, R, = 
0.037. The structure of La3.4Ca0.6V5Si4022 may be described as the intergrowth of vanadium pyrosilicate layers, 
V"'( Si207)29-, and rutile-like layers, (V02)42,4-. These two layers are interconnected by comer-sharing oxygen 
atoms between Si207 groups and V06 octahedra in the rutile layers along the c-axis. Distorted octagonal tunnels 
running along the b-axis are created by the network of polyhedra. The La3+ and Ca2+ ions located in these 
tunnels are statistically disordered. The magnetic susceptibility of La3.4Ca06V5Si4022 follows a Curie-Weiss 
behavior with an effective moment indicative of two localized unpaired electrons in the Vm(Siz07)29- layer. The 

rutile layer forms an extended V-V bond along the b-axis; however, La3.4Ca0.6V5Si4022 is an insulator 
with room-temperature resistivity of the order of lo6 Q cm along the b-axis. 

Introduction 

The synthesis and properties of reduced oxides whose 
structures contain a mixed framework built up from MO6 (M 
= transition metal ion) octahedra and X04 (X = P or Si) 
tetrahedra have received considerable attention in recent years 
mostly due to their anisotropic transport properties that are a 
result of the association of metallic layers (or rows) of MO6 
interleaved with insulating rows (or layers) of X04. For 
example, the recently discovered phosphate-tungsten bronzes 
were shown to display interesting low-dimensional electronic 
properties including charge density wave driven structural phase 
transitions.' The existing literature on the reduced A-M-P-0 
(A = IA, IIA, or rare earth ion) has been comprehensively 
discussed in several review articles.'g2 Although tetrahedral 
geometry is commonly observed for both the PO4 and Si04 
units, it is somewhat striking to note that only a few reduced 
transition metal silicates are known so far. To the best of our 
knowledge, (Ba3NbsSi4026),(Ba3Nbs021) with n = l3 and Ba3- 
T ~ S i 4 0 2 3 ~  are the only known reduced Nb or Ta oxosilicates. 
The prefix oxo here implies the presence of chains or layers of 
transition metal oxide networks that are isolated by silicate 
groups .3a 

A large number of reduced vanadium phosphates and 
oxophosphates have been known for some time;5-7 however, 
examples of reduced vanadium oxides containing silicate groups 
are rare. Reduced vanadium pyrosilicates such as BaVSi2O.l 
(a- and SrVSi207,9 BazVSi208,1° and Ca(V0)- 
(Si4010) . 4H20," with square pyramidal v(Iv)056- units 
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isolated by the pyrosilicate groups have been reported. 
Reduced vanadium silicates with extended V-V or V-0-V 
interactions, however, are not known yet. Furthermore, mixed- 
valent vanadium, although is known in  phosphate^,^ has not 
been observed in silicate compounds so far. In this paper, the 
single-crystal structure and physical properties of the first mixed- 
valent vanadium oxosilicate, La3.4Ca0.6V5Si4022, are reported. 

Experimental Section 
Materials. Prior to use, La203 (Aldrich, 99.9+%) was heated at 

1 1 0 0  "C for 12 h and VzO5 (Aldrich, 99.99%) at 500 "C for 6 h in air. 
CaO (Aldrich, 99.9%), CaClz (Strem Chemicals, 99.99%), and V 
(Aldrich, 99.5%, 325 mesh) were used as obtained without further 
purification. 

Synthesis. In an attempt to grow single crystals of La2CaV207 in 
CaClz flux, a reaction mixture containing La203, CaO, V205, and V in 
a molar ratio of 1 : 1 : 0.6 : 0.8 (aimed at La2CaVzO-i) was weighed 
out and thoroughly mixed with CaClz (5% by weight), and the mixture 
was pelletized by hand-pressing a dye in a He-filled drybox. The 
loosely pressed pellet was later sealed in a double-jacket quartz tube 
and then heated at 1250 OC for 6 days. Black needle crystals of Las.4- 
ca0.6V5si4022 and platelike crystals of VzO3 were recovered after 
washing the product with water. 
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A Vanadium(IIIln7) Oxosilicate 

Table 1. Selected X-ray Crystallographic Data for 
La3.4cao.bV5s4022 
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Table 2. Atomic Coordinates and E," Values for 
La3.4cao.bV5s4022 

empirical formula La3.4Cao.6V5Si4022 fw 1215.4 

a, A 13.448(4) A, A 0.710 69 

c, A 1 1.070(4) p(Mo Ka), cm-' 122.9 
A deg 100.57(2) R" 0.034 
v, A3 8 17.7(4) Rwb 0.037 
Z 2 

space group C2/m (No. 12) T, "C 20 

b, A 5.5879(9) dcdcdr &m3 4.94 

R = Z(IFoI - lFcl)/ZIFol. Rw = [Zw(lF0l - I ~ c l ) 2 ~ ~ l ~ o 1 2 1 ' n ;  w 

A semiquantitative elemental analysis with a scanning electron 
microscope (AMRAY 1400) on a number of selected needle crystals 
(including the one used for the single-crystal X-ray crystallographic 
study) indicated the presence of La, Ca, V, and Si with an approximate 
molar ratio of 3 : 1 : 5 : 4. A more accurate composition was later 
established by the single-crystal X-ray structural refinement. 

Single-Crystal X-ray Crystallographic Studies. A needle-shaped 
crystal with approximate dimensions of 0.36 x 0.02 x 0.01 mm3 was 
selected for single-crystal X-ray crystallographic study. The preliminary 
lattice parameters were determined from oscillation and Weissenberg 
photographs. The final unit cell parameters were determined from a 
least-squares analysis of the setting angles of 25 carefully chosen 
reflections in the range 20" 30" automatically centered on an 
Enraf-Nonius CAD4 diffractometer. The intensity measurements were 
collected at room temperature. Graphite-monochromated Mo K a  
radiation was employed to collect data in the range 4" 5 28 5 60". 
An 0-8 scan mode was used. Three standard reflections measured 
every 3 h showed no apparent decay in intensity during data collection. 
The intensity data were corrected for Lorentz-polarization effects. The 
linear absorption coefficient for Mo K a  is 122.9 cm-'. An empirical 
absorption correction was applied, based on azimuthal scans of one 
reflection with transmission factors in the range from 0.826 to 0.996. 
A correction for secondary extinction was also applied in the structural 
refinement. In the quadrant (fh,k,Z), 1301 unique reflections were 
collected, of which 817 reflections with I > 3u(I) were considered as 
observed and used in the subsequent structural solution and refinement. 

The centrosymmetric space group C2/m (No. 12) was chosen on 
the basis of the systematic absences (hkl, h + k f 2n; h01, h f 2n; 
OM), k f 2n) and the statistical analysis of intensity distribution. The 
structure was solved by Patterson methods (SHELXS-86)12 and refined 
on IF1 using the full-matrix least-squares technique in MolEN program 
package.13 On the basis of 817 reflections and 103 variable parameters, 
the structure was anisotropically refined to R = 0.034, R, = 0.037, 
and R(zero) = 0.097 with the La3+ and Ca2+ ions statistically disordered 
on the 4i site, (La(l)/Ca(l): 0.356 74, 0.0, 0.739 67) and (La(2)/Ca- 
(2): 0.071 46.0.0.0.745 65). These statistically disordered sites appear 
to be fully occupied with the occupancies of 0.86 for La(l), 0.14 for 
Ca(l), 0.82 for La(2), and 0.18 for Ca(2), resulting in an overall 
stoichiometry of La3.4Cao.6V5Si4022. The final difference electron 
density map was flat with a maximum of 1.5 e/A3 close to V(3) and a 
minimum of -1.6 e/A3 close to La(2)/Ca(2). 

Selected X-ray crystallographic data for La3.4Cao.bV~Si4022 are 
presented in Table 1. The final positional and isotropic thermal 
parameters of atoms are given in Table 2, selected bond distances are 
listed in Table 3. 

Physical Property Measurements. A SQUID magnetometer 
(MPMS, Quantum Design) was used for the magnetic susceptibility 
measurements in the temperature range 4-300 K with an applied field 
of lo00 G. The room-temperature electrical resistivity was measured 
with a standard two-probe technique on needle crystals. Ohmic contacts 
to the crystal were made with a conducting silver paste. 

Results and Discussion 
Structure. The unit cell structures of La3,4Ca0,6V$ii4022 are 

presented in Figures 1 and 2. As illustrated in Figure 2, La3,4- 

= l/(u21Fol). 

28 
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0.07 146(6 j 
0.50 
0.50 
0.00 
0.25 
0.1393(2) 
0.296 l(3) 
0.0204(4) 
0.2742(4) 
0.409 l(7) 
0.0692(4) 
0.1916(7) 
0.2149(7) 
0.3500(6) 
0.1436(7) 

0.00 
0.00 
0.00 
0.00 
0.25 
0.00 
0.00 
0.248( 
0.238( 
0.00 
0.236( 
0.00 
0.00 
0.00 
0.00 

atom X Y Z Beq, 
La(l)/Ca(l)b 0.35674f6) 0.0 0.73967(7) 0.50( 1) 

0.74565(7) 0.62(1) 
0.50 0.45(5) 
0.00 0.56(5) 
0.00 0.47(5) 
0.00 0.38(3) 
0.4566(3) 0.48(5) 
0.2679(3) 0.44(5) 

) 0.1275(5) 0.6(1) 
) 0.1842(5) 0.6(1) 

0.3392(9) 1.3(2) 
) 0.4139(5) 0.9(1) 

0.5959(8) 0.8(2) 
0.3583(9) 1.3(2) 
0.9877(7) 0.4( 1) 
0.9801(7) 0.7(2) 

E ,  = 8z2/3ZUipqa;a,, where the temperature factors are defined 
as exp(-2n*~hihpi*ajUu). La(1) and Ca(1) have occupancies of 
86.0(2)% and 14.0(2)%, respectively. La(2) and Ca(2) have occupan- 
cies of 82.0(%) and 18.0(2)%, respectively. 

Table 3. Selected Interatomic Distances and Angles for 
La3.4cao.6V5si4022 

Distances (A) 
1.97(1) [2]" A(2)-O(1) 
2.068(7) [4] A(2)-O(2) 
1.976(6) [4] A(2)-O(4) 
1.996(9) [2] A(2)-O(5) 
1.961(7) [4] A(2)-O(8) 
1.98(1) [2] Si(1)-0(4) 
2.006(6) [2] Si(l)-0(5) 
1.961(6) [2] Si(1)-0(6) 
1.983(7) [2] Si(2)-0(2) 
2.446(7) [2] Si(2)-0(3) 
2.548(7) [2] Si(2)-0(6) 
2.583(7) [2] Si(l).*.Si(2) 
2.484(9) V(2)-V(3) 
2.763(9) V(4)-V(4) 

2.461(6) [2] 
2.541(6) [2] 
2.686(7) [2] 
2.52(1) 
2.599(9) 
1.639(8) [2] 
1.57(1) 
1.62(1) 
1.619(7) [2] 
1.58(1) 
1.61(1) 
3.23( 1)c 
2.793(0) [2] 
2.793(0) [2] 

Angles (deg) 
0(4)-Si(1)-0(4)' 107.2(5) 0(4)-Si(l)-0(5) 114.4(3) 
0(4)-Si(l)-0(6) 101.8(3) 0(5)-Si(l)-0(6) 115.8(5) 
0(2)-Si(2)-0(2)' 110.8(5) 0(2)-Si(2)-0(3) 110.1(3) 
0(2)-Si(2)-0(6) 106.5(3) 0(3)-Si(2)-0(6) 1 12.9(6) 
Si(l)-O(6)-Si(2) 176.3(5) V(2)-0(7)-V(4) 133.8(3) 
V(3)-0(8)-V(4) 133.3(3) 

[ ] Indicates the number of bonds of this type. A represents the 
statistically disordered La3+/Ca2+ ions. Nonbonding distance. 

ca0.6V5si4022 may be formulated more accurately as La3.4- 
Ca0,6V(Si207)2(V02)4 on  the basis of its structural building 
blocks. The structure of La3.4Ca0.6V5Si4022 is built up from 
layers of vanadium pyrosilicate Vm(Si207)29- (the formal 
oxidation state of the vanadium ions will be discussed later) 
interconnected with rutile-like layers of (V02)42.4- by comer- 
sharing through the oxygen (O(2)) between Si207 and V(4)06 
polyhedra along the c-axis. The polyhedral network creates 
distorted octagonal tunnels running along the b-axis, where the 
La3+ and ea2+ ions are statistically disordered. The vanadium 
pyrosilicate layer is composed of discrete V( l)O6 octahedra and 
Si207 groups. Each V(l)O6 octahedron is linked to six Si207 
groups by comer-sharing. The V(l)O6 octahedra and the Si207 
groups are interconnected in the sequence V( 1)06-Si207-V( 1)- 
0 6  along the a- and b-axes. The rutile layer, as shown in Figure 
3, consists of two infinite chains of edge-sharing V06 octahedra 
running along the b-axis. One chain is composed of V(2)O6 
and v(3)06 octahedra stacked alternatively along the chain 
direction, while the other chain is composed of v(4)06 octahedra 
only. These two infinite chains of edge-sharing octahedra are 
linked together by comer-sharing along the a-axis. The angles 
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Figure 2. Polyhedral representation of the unit cell structure (shifted 
by cI2) of La&a06V5Si4022, viewed along the b-axis. The 
striped, shaded, dotted, and blank octahedra represent V( l)O6, 
V(2)O6, V(3)06 and v(4)06, respectively. The blank and dotted 
tetrahedra are the Si(l)04 and Si(2)04 in Si207 units, respec- 
tively. The oxygen atoms are numbered. ne statistically 

'-0 
Figure 1. ORTEP drawing (50% thermal ellipsoids) of the unit cell 
SbUCture of La3.4C%.6V5Si4022r viewed along the b-axis. The numerical disordered A( 1) and 4 2 )  (A = ~~3+/&2+)  ions are represented labels are for V atoms. Letters K and L represent Si(1) and Si(2), 
respectively. The non-bonded atoms are the statistically disordered La3+/ 
Ca2+ ions. 

by the open and solid circles, respectively. 

the range 1.97(1)-2.068(7) 8, (average 2.04 A). The V-0 
between two comer-sharing octahedra, V(2)-0(7)-V(4) and 
V(3)-0(8)-V(4), are 133.8(3) and 133.3(3)', respectively 
(Figure 3). Each v(4)06 octahedron also comer-shares with 
two Si207 units along the c-axis. 

The Si2C17~- pyrosilicate unit in La3,4Cao,sV(Si207)2(V02)4 
comer-shares with five V06 octahedra (three isolated V( l)O6 
and two edge-sharing v(4)06) through its five terminal oxygen 
atoms. The sixth terminal oxygen atom (O(5)) of the Si2076- 
unit is bonded with A( 1) and A(2) (A represents the statistically 
disordered La3+/Ca2+ ions). A similar Si2076- group was also 
observed in Baz(MO)Si207 (M = Ti or V),'OX'~ where the four 
terminal oxygen atoms of the pyrosilicate are linked to four 
M056- square pyramids in the same layer by comer-sharing and 
two remaining terminal oxygens are associated with Ba2+ ions 
located between (Mo)S i~07~-  layers. Interestingly, a similar 
pwem of linkage is rare for the P2074- group in transition metal 
pyrophosphates; for example, the P2074- group in AxMP207 (A 
= IA or IIA element) typically shares its six comers with six 
separate MO6 0~tahedra.I~ 

All four types of crystallographically independent V06 
octahedra observed in La3.4Ca0.6V5Si4022 are slightly distorted. 
V(l)O6 is a discrete octahedron with V-0 bond distances in 

bond distances fall in the ranges 1.9766)-1.996(9) A ( 
1.98 A) for V(2)O6 and 1.961(7)-1.98(1) A (average 1.97 ) 
for v(3)06. The V-0 bond distances of v(4)06 are in the 
range 1.961(6)-2.006(6) A (average 1.98 A). The average 
V-0 distance of V( l)O6 agrees well with the ionic radius sum 
(2.02 A) of V069- calculated from the Shannon effective ionic 
radii,16 which strongly suggests that V(l) has a formal oxidation 
state of 3-t. The average V-0 distances of V(2)O6, v(3)06, 
and v(4)06, however, do not agree with the ionic radius sum 
of either VOG~-  or VO6*-; instead they fall midway between 
them, suggesting that electrons are, more or less, evenly 
distributed in the rutile layer of (vo2)42.4-. The ionic radius 
sum calculated from Shannon effective ionic radii is 1.96 A 
for V06*-.16 These assessments are consistent with the bond 
valence sum (BVS)17 calculations presented in Table 4. 

The V-V bonds in the ( V O Z ) ~ ~ . ~ -  layers of La3.4Ca0.6V5Sb022 
are extended along the b-axis with a uniform distance of 2.793- 
(0) A between the edge-sharing octahedra, Le., V(2)-V(3) and 
V(4)-V(4). A similar extended metal network of V has also 
been observed in the high-temperature form (T > 340 K) of 
VO, with a regular tetragonal rutile structure and a uniform V-V 
bond distance of 2.85 A.18 The shorter V-V bond distance 

(14) (a) Moore, P. B.; Louisnathan, S. J. Science. 1967, 156, 1361. (b) 
Moore, P. B.; Louisnathan, S. J. Z. Kristallogr. 1969, 130, 438. 
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(18) Krishna Rao, K. V.; Naidu, S. V.; Ivengar, L. J.  Phys. SOC. Jpn. 1967, 

23, 1380. 
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a 

Figure 3. A perspective view of La3.4Ca0.6V$34022 along the c-axis, 
showing the connectivity of V06 octahedra in the (VOZ)~~.~-  rutile layer. 
The polyhedral representations and the numbering scheme are the same 
as in Figure 2. 

Table 4. Bond Valence Sums (BVS) and Coordination Numbers 
(CN) for the Crystallographically Independent Atoms in 
La3.4ca0.6vSs4022 

atom BVS CN atom BVS CN 
2.97* 
2.87* 
2.75 
3.51 
3.66 
3.51 
4.09 
4.19 

8 O(1) -2.15 4 
8 O(2) -2.30 4 
6 o(3) - 1.78 3 
6 o(4) - 1.96 4 
6 o(5) - 1.98 4 
6 O(6) -2.13 3 
4 o(7) -1.90 4 
4 O(8) -2.08 4 

a A represents the statistically disordered La3+/Ca2+ ions. The 
occupancies are 86.0(2)% and 14.0(2)% for La(1) and Ca(l), respec- 
tively and 82.0(2)% and 18.0(2)% for La(2) and Ca(2), respectively. 

observed in La3.4Cq.6V5S4022 compared to the high-tempera- 
ture form V02 could be attributed to differences in the number 
of d electrons per vanadium atom available for metal-metal 
bonding. Unlike in the high-temperature form of V02, which 
has one d electron for metal-metal bonding, the (vo2)42,4- 
layers in La3.4Cq.6V5Si4022 have 1.6 electrons per vanadium 
atom. According to the one-electron energy band diagram 
proposed for rutile-like  structure^,'^ the extra electrons in the 
( V O Z ) ~ ~ , ~ -  layers of La3.4Cq.6V5Si4022 populate the V-V u 
band with concomitant shortening of the V-V distance. On 
the other hand, the low-temperature form (T 340 K) of V02 
is a distorted rutile structure with monoclinic unit cell, which 
exhibits alternating long-short V-V bond distances of 3.17 
and 2.62 A.2o 

The BVS assessments for A atoms are based on the La3+ ion. 

(1% Rogers, D. B.; Shannon, R. D.; Sleight, A. W.; Gillson, J. L. Inorg, 
Chem. 1969, 8, 841. 
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L a  

Figure 4. ORTEP drawing (50% thermal ellipsoids) of the coordination 
environments of A(1) and A(2) in La3,4C~.6V$34022, where A 
represents the statistically disordered La3+/Caz+ ions. The numerical 
labels are the same as those in Figure 2. 

The Si-0 bond lengths are in the ranges 1.57(1)-1.639(8) 
8, (average 1.617 8,) for Si(1)04 and 1.58(1)-1.619(7) 8, 
(average 1.607 A) for Si(2)04. The 0-Si-0 angles are 
between 101.8(3) and 115.8(5)' (average 109.8") for Si(l)04 
and between 106.5(3) and 112.9(6)" (average 110.1') for Si- 
(2)04. The Si(l)-O(6)-Si(2) bridging angle of the pyrosilicate 
unit is 176.3(5)". These data are in good agreement with 
corresponding data reported for silicatesz1 and suggest that the 
Si04 tetrahedra are nearly ideal. The bond distances 1.57( 1) 
and 1.58(1) A for Si(1)-O(5) and Si(2)-0(3), respectively, 
are relatively short compared to other Si-0 distances in the 
Si2076- unit. These significantly shorter Si-0 distances most 
likely arise from the electrostatic interactions of the type La3+/ 
Ca2+-0(5)-Si( 1)4+ and V( 1)3+-0(3)-Si(2)4+, as compared 
to, for example, that in Si4+-O-Si4+ for the central O(6) atom. 
The low coordination number (CN = 3) of O(3) is also, at least 
in part, responsible for the short Si(2)-0(3) distance (Table 
4). Normally, the Si-Ob (b = bridging) distances are longer 
than Si-0' (t = terminal) distances in Siz07(j- groups.3a The 
reverse bond order observed for Si-Ob and Si-0' in La3.4- 
C~.6v&& may be attributed to the low coordination number 
(CN = 3) of the O(6) bridging atoms (Table 4). 

As shown in Figure 4, the two statistically disordered ions, 
A(l) and A(2) (A = La3+/Ca2+), are each eight-coordinated 
with A-0 bond distances ranging from 2.446(7) to 2.763(9) 8, 
(average 2.55 8,) for A(l) and from 2.461(6) to 2.686(7) 8, 
(average 2.56 A) for A(2). The next long A-0 contacts in 
AOg polyhedra are A(1)-0(6), 3.087 ( 5 )  A, and A(2)-0(3), 
2.974(4) 8,. The A(l) and A(2) polyhedra face-share in 
neighboring tunnels along the a-axis. Each A(l) polyhedron 
edge-shares with two A(2) polyhedra in the same tunnel along 
the b-axis. A similar pattern of linkages is also observedfor 
the A(2) polyhedron (Figures 2 and 4). Two A(l) and two A(2) 
polyhedra are each linked along the b-axis via weak interactions 
of A(1)-O(6) and A(2)-0(3), respectively. 

Magnetic and Electrical Properties. The temperature- 
dependent magnetic susceptibility of randomly oriented La3.4- 
Cq.6V5Si4022 crystals (mass -3.5 mg) is illustrated in Figure 5. 

(20) (a) Andersson, G. Acta Chem. Scand. 1956, 10, 623. (b) Longo, J. 
M.; Kierkegaard, P. Acta Chem. Scand. 1970, 24, 420. 

(21) Liebau, F. Structural Chemistry of Silicates: Structure, Bonding, and 
Classijication; Springer-Verlag: BerlidNew York, 1985; p 16. 
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Figure 5. Temperature dependent molar magnetic susceptibility of La3,4Ca0.~V~S~022. The inset shows the variation of inverse susceptibility with 
temperature. 
Variation of the inverse susceptibility as a function of tempera- 
ture is shown in the inset of Figure 5 .  The susceptibility values 
were not corrected for the core diamagnetic contributions of 
the component ions, because of the large paramagnetic moment 
of the sample 01 3WK = 2.83 x emdmol). We see no 
evidence of a long-range magnetic order down to 2 K in La3.4- 
ca0.6V5si4022. The susceptibility data in the temperature ranges 
100-200 and 2-40 K can be fitted to a Curie-Weiss equation: 

x = C/(T-  0) 
where C and 0 are the Curie and Weiss constants, respectively. 
In the temperature range 100-200 K the Weiss constant, 
estiqated from a least-squares analysis performed on the linear 
portion of the the x-' vs T plot, is 7.3 K and the corresponding 
Curie constant is 0.708 mol K / emu. The effective magnetic 
moment beff) derived from the Curie constant is 2.4 p ~ .  This 
value of peff indicates the presence of nearly two localized 
electrons per formula unit. The small positive value of the 
Weiss constant implies weak ferromagnetic correlations between 
the localized electrons. The Curie and Weiss constants evalu- 
ated from the susceptibility data below 40 K are 1.04 mol 
Wemu and -7.4 K, respectively. The effective magnetic 
moment in this temperature range is -2.8 p ~ ,  consistent with 
the presence of two localized electrons. However, the small 
negative Weiss constant indicates that below 40 K the exchange 
correlations are weakly antiferromagnetic. 

On the basis of the valence count, one would expect 8.4 
electrons per formula unit of La ~.~C~~.SV(S~~O~)Z(VOZ)~. Of 
these, two electrons are associated with the isolated V(l)O6 
octahedron, in which the formal oxidation state of V, as 
previously discussed, is 3+. The remaining electrons are 
presumed to be on the (vo2)42.4- rutile layers. Because of the 
extended nature of V-0-V interactions in the rutile-like layers, 
these electrons do not appear to contribute to the total 
susceptibility, possibly due to (a) electron delocalization in wide 
conduction bands, (b) formation of metal-metal bonds, or (c) 
antiferromagnetic correlation in the layers. Thus the observed 
effective magnetic moment is consistent with the two electrons 
associated with the V( 1)3+ ion alone. 

The room-temperature electrical resistivities of several needle 
crystals measured along the needle axis (the b-axis) are in the 
order of lo6 52 cm, indicating insulating behavior of L a w  
Ca0.6VsSi4022. This was somewhat surprising in view of the 
short V-V distance (2.793 A) in the ( V O Z ) ~ ~ , ~ -  layers of La3.4- 
ca0.6V5si4022 compared to the corresponding distance (2.85A) 
in the metallic VO2 (the high temperature form). The absence 
of metallic conductivity in h3.4ca0.6V5si4022 appears to indicate 
that the electrons in the (vo2)42,4- layer are strongly correlated 
antiferromagnetically . Neutron diffraction data on oriented 
single crystals and high-temperature magnetic susceptibility may 
be able to resolve the ambiguity in the conductivity behavior. 

Conclusion 
The structure and physical properties of a novel mixed-valent 

vanadium oxosilicate, La3,4Ca0,6V5Si.+022, are reported. This 
compound can be formulated as La 3,4Ca0,6V(Si207)~(V0~)4, on 
the basis of structural building blocks. The Vm(Si207)29- and 
(V02)42,4- building blocks intergrow along the c-axis, and the 
La3+ and CaZ+ ions are statistically disordered in distorted 
octagonal tunnels running along the b-axis. The V06 octahedron 
in the Vm(Si~07)29- building block is isolated by Siz076- groups. 
The (vo2)42,4- layer exhibits a regular rutile structure with a 
uniform V-V bond distance of 2.793 A. The effective magnetic 
moment of La3.4Ca0.6V5Si4022 can be ascribed to the two 
unpaired electrons localized in the Vm(Si207)29- building block. 
In view of the extended V-V bond along the b-axis, the 
insulating behavior of La3,4Ca0,6V$3&022 along the b-axis was 
unexpected. The insulating behavior was attributed to antifer- 
romagnetic interactions of electrons in the (vo2)42,4- layers. 
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