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Methods for synthesizing large amounts of polycrystalline
A, V304 (A = K, Rb, and NH,) are introduced. Crystals of Rb,V,0,
have been grown in a RbBr flux and the crystal structure has been
confirmed by single crystal X-ray diffraction. Magnetic susceptibil-
ity data of these fresnoite-type vanadium oxides are presented. All
three compounds exhibit short-range magnetic correlations below
10 K. The susceptibility data are analyzed based on a two-dimen-
sional square-planar model. The interactions are antiferromagnetic
and the magnitude of the exchange (—J/k) decreases in the order

K,V304, Rb,V;0;, and (NH,),V305.  © 1995 Academic Press, Inc.

INTRODUCTION

Fresnoite (Ba, TiSi,04) has a two-dimensional structure
that consists of layers of corner-sharing Si,O, groups and
TiOs square pyramids with the large cation (Ba?") lying
between the layers in the pentagonal prismatic channels
(1-3). Ba,VSi,Oy (4) and the A,V ;0 family (A = K (§),
Rb (6), Tl (7), and NH, (8, 91 have been known to adopt
this structure in which the magnetic V** ions form isolated
VO, square pyramids. Ba,VSi,O; appears to be a simple
paramagnet at temperatures down to 5 K (10). Except for
(NH,),¥,0; and K,V,Q4, which have been the subjects
of recent ESR (EPR) studies and very limited low-temper-
ature magnetic susceptibility measurements (8, 11), little
was known about the magnetic properties of the A,V,04
family. The preliminary work suggested a possible antifer-
romagnetic interaction with estimated Curie temperatures
8 = —1.3 K for (NH,),V,0, (8) and 3.7 K for K,V,0;
(11).

The fresnoite-type vanadium oxides are interesting be-
cause of the pseudo-cubic arrangement of the magnetic
ions. The crystal structure of a fresnoite-type 4,V,0, is
shown in Fig. 1a and projected along the c¢-axis in Fig.
1b. To distinguish the magnetic V4* ions from the nonmag-
netic V°* ions only the square pyramides of V*' are
shaded in Fig. 1. Each V** ion has six nearest neighboring

¥ To whom correspondence should be addressed.

magnetic ions, It will be shown later that the ratio of the
nearest V4" - - - V*#* distance within a layer to that be-
tween the layers ranges from 1.128 for (NH,),V,04 to
1.198 for K, V0. Therefore the magnetic sublattice can
be roughly considered a simple cube. This family is thus
similar to Ba,CrO; which has been shown to undergo a
3D magnetic phase transition at 7, = 8 K (12}. In this work
new methods to synthesize large quantities of powder
specimens of A,V,04 (4 = K, Rb, NH,) are described
and magnetic susceptibility data are presented.

EXPERIMENTAL

Materials Preparation

V,0, was prepared by reducing V,0; (Cerac, 99.9%)
under H, at 900°C. KV, was preparcd according to the
method described in reference (13). A stoichiometric mix-
ture of predried K,CO, (BDH Chemicals, assured) and
V.05 was heated in a Pt crucible at 365°C overnight, at
500°C for I hr, then at 100G°C for 1 hr, and finally, furnace
cooled. RbVO,; was prepared by heating a stoichiometric
mixture of Rb,CO, (Johnson Matthey Catalog Co., 99.8%
on metal basis) and V,0; at 600°C for 24 hr. Moisture-
sensitive materials K,CO,, Rb,CO;, KVO;, and RbVQ,
were handled in an argon-filled glove box when necessary.

K, V;G,. A mixture of KVO,, V,0,, and V,0;, which
were weighed in the glove box in an 8:1:1 molar ratio,
was ground intimately, pelleted quickly in air, and sealed
in Pyrex under a 107* Torr pressure. The mixture was
heated at 550°C for 24 hr and cooled slowly. A deep violet
product of K,;V,0y was abtained.

Rb,V30;. It was prepared in a similar way to K,V;0
using an 8:1: 1 mixture of RbVO;, V,0,, and V,0;. This
phase was also obtained as a mixture with about 80%
Rb,V, 0y when a 2:1 mixture of RbVQ; and V,0; was
heated at 550°C overnight in a sealed tube. Pure Rb,V,04
is also deep violet.

(NH),V30¢. One to two grams of a 9:1 mixture of
NH,VO, (purified Fisher Scientific) and V,0, was ground
intimately, pelleted, and sealed in Pyrex (11.5 mm o.d.
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FIG. 1.

{(a) The structure of fresnoite type A,V;04 (A = K, Rb, T1,
and NH,) and {b) projection down the c-axis. The shaded poiyhedra are
V{IVIO, square pyramids and the unshaded are V{V)Q, tetrahedra.
Shaded circles are Rb atoms.

and 1 mm thickness) under a 10~* Torr pressure. The
sample was heated slowly at 2°C/min to 250°C and soaked
for 6-12 hr, and then furnace-cooled. Once cooled, the
tube was immediately and cautiously cut open with a
diamond saw, Deep violet specimens were obtained. Con-
densed moisture was observed on the walls of the tube
and the presence of ammonia gas was evident,

Crystal growth of Rb,V;0;. About 2-g mixtures con-
taining 5 to 10% Rb,V.04 by weight, or 15% of the 20%
Rh,V;0; + 809% Rb,V,0, mixture with RbBr (99.9%,
Cerac. M.P. 693°C), were evacuated and sealed in
quartz under a 10~* Torr pressure, heated to 750°C slowly
(~5°C/m}, and cooled at a rate of 6°C/hr to 500°C, and
finally at 30°C/hr to room temperature. The flux was
removed by washing with distilled water. Plate-like
crystals of Rb,V;0, were obtained,

X-ray Diffraction and Magnetic Mesurements

Preliminary examinations were performed using a Gui-
nter-Hagg camera with CuKe, radiation and a Si standard.
The Guinier data were read with a computer-controlled,
automated LS-20 type line scanner (KE} INSTRU-
MENTS, Taby, Sweden). Magnetic susceptibility data
were obtained using a Quantum Design SQUID magne-
tometer in the temperature range 3 to 300 K for
(NH,),V;04 and 5-300 K for other samples. The proce-
dures for single crystal X-ray diffraction have been de-
scribed elsewhere in detail (10).

RESULTS AND DISCUSSION

All the polycrystalline specimens of 4,V;0; (A = K,
Rb, and NH,) were phase-pure and well-crystallized as
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- shown by their powder diffraction patterns (Tables 1-3).

Derived cell parameters are compiled in Table 4 together
with some literature values. They agree well in general.

Previously reported methods for the synthesis of
(NH,),;V;04 mainly involve chemical or electrochemical
reduction of V,0; in ammonium salt solutions (14, 15).
Single crystals of (NH,},V;0; have been grown by hydro-
thermal methods (8, 9). None of the methods is simple
and suitable for preparing relatively large amounts of pure
polyerystalline (NH,)LV:0;5. Solid state methods were
generally considered not applicable because of the low
thermal stability of ammonia vanadates. A rather early
reference suggested that (NH,),V;0; could be prepared
by reacting a stoichiometric mixture of 2NH, VO, and VO,
at 250°C in sealed tubes (15). Our repeated experiments
suggested that it was not possible to make a single phase
(NH,),V,04 by that method. Instead the product con-
tained ap to 409% NH,V,0,. Excess NH, gas was evident
and condensed water was observed when the tube was
opened. Apparently the decomposition of NH,VO, had
occurred.

NH, VO, starts to decompose at ~200°C under normal
pressure according to

INH,VO; ~25 V,0, (s) + 2NH, (g) + H,0 (). [1]

To take advantage of the formation of V,0; in this decom-
position reaction, V,0, was used to convert it into VO,
by an anti-disproportionation reaction. Thus a new solid

TABLE 1
Powder X-ray Diffraction Pattern of K;V;0;
h k i dical) d{obs) I(obs)
0 0 1 5.247 5.242 39
1 1 1 4.029 4.027 4
2 1 0 3.9768 3.9764 15
2 0 1 3.3924 3.3915 26
2 1 1 3.1693 3.1688 100
3 1 0 2.8121 2.8118 37
0 0 2 2.6234 2.6226 15
3 1 1 2.4785 2.4774 9
3 2 0 2.4663 2.4661 3
4 Q 0 2.2231 2.2232 7
4 1 0 2.1567 2.1566 6
3 3 0 2.0960 2.0956 4
4 1 1 1.9948 1.9937 7
4 2 0 1.9334 1.9887 14
5 1 1 1.6549 1.6556 12
2 1 3 1.6010 1.600% 12
5 2 1 1.5751 1.5752 15
4 4 0 1.5720 1.5717 7
3 0 3 1.5063 1.5061 5
3 1 3 1.4851 1.4847 5
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TABLE 2 TABLE 3
Powder X-ray Diffraction Pattern of Rb,V;0; Powder X-ray Diffraction Pattern of (NH,),V10q4

h k ! dical) dlobs) Hobs) h k ! dlcal) d(obs) I(obs)
1 1 0 6.308 6.298 2 0 0 1 5.577 5.571 100
0 0 1 5,541 5.535 3 2 ) 0 4,430 4,453 6
1 1 1 4.163 4.160 3 2 ! 0 3.980 3.979 58
2 0 1 3.4745 3.4714 24 2 0 1 3.4782 3.4780 15
2 1 1 3.2376 3.2370 100 2 ! ! 3.2396 3.239% 92
2 2 0 31539 31,1526 10 3 1 0 2.8141 2.8144 33
3 ! 0 2.8200 2.8205 40 0 0 2 2.7887 2.7893 19
0 0 2 27708 2.7705 12 3 1 1 2.5124 2.5127 20
3 i 1 2.513% 2.5149 3 3 2 I 2.4681 2.4693 3
3 2 0 2.4741 2.4736 2 i 2 2.2838 2.2835 7
2 0 2 2.3535 2.3540 3 3 2 i 2.2570 2.2572 5
2 1 2 2.2756 2.2758 6 4 2 0 1.9899 1.9897 14
3 2 I 2.2591 2.2586 3 3 1 2 1.9808 1.9816 12
4 [ 0 2.2301 2.2301 6 4 2 i 1.8742 1.8747 8
4 1 1] 2.1635 2.1634 16 § 1 G 1.7452 1.7451 &
3 3 O 2.1026 2.1023 i1 § 1 1 1.6656 1.6655 8
4 1 1 2.0154 2.0155 . 2 1 1.5844 1.5848 9
4 2 0 1.9947 1.9945 i2 4 4 G 1.5731 1.5732 10
3 1 2 1.9766 1.9765 12 3 1 3 1.5512 1.5511 7
3 3 1 1.9658 1.9658 7 4 4 i i.5141 1.5139 8
0 0 3 1.8470 1.8468 2 3 2 3 1.4850 1.4847 6
5 ! 4] 1.7495 1.7491 2 6 ! 0 1.4630 1.4631 4
4 4] 2 1.7372 1.737¢ 2 6 I { 1.4i51 14155 3
2 0 3 17065 4 4 2 1.3702 1.3704 5
4 1 2 { .7?122} 1222; 12 6 i 2 1.2955 1.2953 6
Ry s 5L 3 L um !
5 | 1 1.6683 1.6187 2 4 4 3 1'2009 1'2012 5
4 2 2 1.6188 1.5871 17 ) ’
5 2 1 1.5871 1.5769 6
4 4 0 1.5769 1.5208 3
5 3 0 1.5299 1.5170 K
4 4 1 1.5167 1.4866 6 could be seen sometimes in the bulk pellets, though not
é 0 0 1.4868 1.4662 3 detectable by X-ray diffraction. Thus the best molar ratio
6 ! 0 1.4665 1.4049 4 is between 9:1 and 9.5:1. The product was relatively
4 1 3 1.4048 1.3881 3 . . )
3 3 3 13877 13668 6 well crystallized and pure as determined by X-ray diffrac-
6 5 i 1.3669 13511 3 tion, Uts powder X-ray diffraction pattern (Table 3)
5 4 1 1.3511 1.3100 5  matched in principle that reported by Bernard and co-
6 0 ? 1.3100 1.2434 4 workers (16). Derived cell parameters are slightly larger
g ; g :%ﬁ; }gig ; than theirs, but are comparable with those of single crys-
- 2 0 12253 I 1990 ,  tals obtained by hydrothermal methods.
4 4 3 1.1993 1.1715 3
7 3 0 11713

state method for the preparation of (NH,},V,0; was pro-
posed according to

250°C
10NH,VO,; +V,0; seated tae 4(NH,),V;04 (s) 2]

+ 2NH; (g) + H,0O (g).

In practice, when a 10:1 mixture was used, trace
amounts of tiny white particles (presumably NH,VO;)

TABLE 4
Cell Parameters and Axial Ratios for A,V0,
(A = K, Rb, and NH,)

Compound PIEY oA V(AY) & =alV2  alte Reference

K, V405 8.3925(6) 5.2468(6) 414.%1) 6.2879 1.198 This work®
8.87{6) £.215(% 410.3%5) 6.272 1.203 {5]"

Rb, V404 8.9205(3) 5.5411(5) 440,94(8) 6.3077 1.138 This work?
8.9229(T1 5.5449(9) 441,501} 6.3094 1.138 (6)*

(NHViOp  B8990()  5.5773(8) LD 6.2925 1328 This wark®
8.891(4) 5.582(2) 441.3(3) 6.287 1.126 ®*
8.885(2) 5.5640(5) 439.2(1} 6.283 1.129 9P

C5,V,04 B94U3) 59646  476.7(8) 6322 1060 (7

? Values from Guinier X-ray diffraction datd, See text for details,
b Data obtained from single crystals,
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TABLE 5
Summary of Crystallographic Data for Rb,V;0,

Color, habit

Crystal size (mm?%)
Crystal system
Space group

Unit cell dimensions

brown/pink, plate

0.083 x 0.063 x 0.025
Tetragonal

Pdbm

a=891401N A, c = 5.536() A

Volume 439.9(3) A3
¥4 2
Diffractometer used Siemens P3
Scan type and range w, 0.06°

Variable; 2.00 to 29.30

AgKa (0 = 0.56086 A)

Graphite

Semi-empirical
0=h=13,0=k=13-8=1<8§
1593

863 (R, = 3.81%)

380 (F = 4.00(F))

Fuil-matrix least-squares

Scan speed (°/min)
Radiation
Monochromator
Absorption correction
Index ranges
Reflections collected
Independent reflections
Observed reflections
Refinement method
Quantity minimized SwiF, — F .}

Weighing scheme I/w = o%(F)

No. of parameters refined 37

Final R indices (obs. data) R=373%,R, =2.57%
Goodness-of-fit 0.75

Data-to-parameter ratio 10.3:1

A recent study reported the synthesis of the previously
unknown Cs,V,03 by an electrochemical deposition
method (17). [t was said to be isostructural with fresnoite
as well, A preliminary experiment using the method de-
scribed for the synthesis of K,V,0; and Rb,V,04 produced
only the Cs,V,0, phase.

Crystal Structures

K,V,0, and (NH,),V,04 have been shown by single
crystal X-ray diftraction to have the fresnoite structure
(3, 8, 9). Just when our single crystal work on Rb,V,0q
was completed, another report on its crystal structure
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determination appeared (6). Our results are essentially
the same as those reported, confirming that crystals grown
in 2 RbBr flux are indeed Rb,V,0;. The crystallographic
data are summarized in Table S and atomic parameters
in Table 6. The metals (Rb and V) were located by direct
methods and oxygens by difference Fourier. Important
bond lengths for K,V,04, Rb,V,04, and (NH,),V;0; are
compared in Table 7. The V(2)O, tetrahedra in the three
compounds are nearly of the same size. The V(1)O; square
pyramid in K,V,0;, however, appears to be slightly
smaller than those in Rb,V,04 and (NH,),V,0;.

All the vanadium oxides mn this family have an ordered
fresnoite structure; 2/3 of the vanadium ions are V3* and
form the isolated VO]~ tetrahedra and 1/3 of them are
V4 and form the VO! square pyramids as shown in
Fig. 1.

Magnetic Properties

Temperature dependencies of the magnetic susceptibil-
ity and inverse susceptibility of K,V,04, Rb,V,04, and
(NH,),V,Ogare shown in Figs, 2—4, respectively. All three
samples have a relatively broad susceptibility maximum
below ~15K, indicating short-range magnetic correla-
tions,

The high temperature data fit well to the Curie—-Weiss
law plus a temperature-independent term, x,, = CHT —
@) + xyip- The fitted parameters are compiled in Table 8.
Consistent with the trend in the susceptibility maximum
temperature, the magnitude of ¢ decreases in the order
K,V;0;, Rb, V304, and (NH,),V,0;. The observed Curie
constants are only slightly lower than the spin-only value
of 0.375 emu-K/mole for an § = 1/2 system, confirming the
existence of V(IV) as suggested by the crystal structure.

It is worth noting that the Curie temperatures (#) for
K,V,0;4 and (NH,),V,0; are substantially more negative
than those estimated from the EPR data (8, 11). The pre-
viously reported susceptibility data for (NH,),V;04 are
only available for the temperature range of 1.5 to 4.(

TABLE 6
Atomic Coordinates and Temperature Factors? (A x 10°) for Rb,V0,

x y o Uleq) Uy Un Uy Vi Uy ty
Rb 0.6698(1) 0.1698(1) 0.65 29(1) 32(1) = 23(1) —17(1) o) =Up
V(l) 0 0 0.1196(12) 16(1} 13(1) = U, 21(3) 0 0 0
V(2) 0.3670(2) 0.1330(2) 0.1235(8) 14(1) 1I(1) = 21¢2) o 1IN = /s
O(1}) a 0 0.4020029 23(4) 20:6) = Uy 28(8) Q 0 ¢
Q(2) Q.193%(7) 0.0842(7} 0.0133(11) 2002) 14(4) [3(4) 33(3) —-2(3) —-1(3) —5(3)
3(3) 0.5 4] 0.0035(22) 17(3) 14(5) = U 248 o7 0 0
0(4) 0.3701(8) 0.1295(3) 0.4135(16) 21{2) 17(4) =Ly 28(3) 2(5) 3(3) = Up

* Equivalent isotropic U defined as % the trace of the orthogonalized Uj; tensor. The anisotropic displacement exponent takes the form

=2z ¥Ra* Uy, + . . . 2hka*b*U,y).

# The z value for Rb was fixed to the arbitrary value ip order to compare with reported results (6).
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TABLE 7
Tmportant Bond Lengths (A) and Angles (°) for A,V,053 (A = K, Rb, NH,)*
Rb, V.04 (NH,),V,04
Compound: K,V,04 This
Reference: (5} work (6 (8) (N
A-O(1) 2% 3.512(6) 3.583(6) 3.576(2)
A-0(2) 2x 2.875(8) 2.983(6) 2.996(3)
A-OQC) 2x 3.191(6) 3.263(6} 31.284(3)
A-OD Ix 2.794(5) 2.901(8) 2.911(3
A-OQ(4) 2% 2.907(11) 2.996(7) 2.984(3)
A-O(4) 1% 2.769(11) 2.844(10) 2.911(3)
Mean 3.053(M 3. 140(7) 3.150(3)
V(D-0(1) 1% 1.582(5) 1.564(17) 1.594(6) 1.650(8) 1.576(5)
V(1)}-0(2) 4x 1.945(5) 1.974(7) 1.970(2) 1.962(3) 1.972(2)
Mean 1.872(3} 1.892(9} 1.895(3) 1.900(4) 1.893(3)
V(2)-0) 2% 1.699(3) 1.715(7) 1.711(3) 1.709(3) 1.721(2)
V(2)-0(3) Ix 1.794(4) 1.804(5) [.8086(5) 1.793(2) 1.803(2)
V{(2)-0(4) 1% 1.628(11) 1.606(10) 1.631(4) 1.660(5) 1.618(3)
Mean 1.705(6) 1.71(H 1.715(4) 1.718(3) 1.716(2)

2 Atom [abelis are rearranged according fo this work,

K and are apparently different from the observed data
presented here.

To understand the origin and type of the magnetic ex-
change interactions in these systems, the three basic
short-range models; 1D (nfinite linear chain), dimer, and
the 2D (square-planar) were tested to fit the susceptibility
data. The dimer model is apparently unlikely based on
the c¢rystal structure, but was tested for completeness.
These oxides are § = 1/2 systems. There is no zero-
field splitting. From previcus EPR results, at feast in the
K,V,0; and (NH,}, V.04 systems, the g-factors are only
slightly anisotropic (8, 11). Thus the Heisenberg model
was used for the data fitting. The best fit was obtained

1.20 BOO
Lo0 i K.Va0y 1700
—— —
€ 00 § oxoo graemmsd oo E
‘é‘ : — F5003

[=]
LY A —t -
= 0.60 40000 Observed L400 E
rl:: Lurie-¥ejss Fii 200 8
2 0.40 [ =
\E 200
> 0.20
E100
0.00 -+t O
0 50 100 150 200 250 300

TEMPERATURE (K)

FIG.2. Thermal variations of the magnetic susceptibility and inverse
susceptibility data of K,V,0q.

with the 2D model. The formula used in the 2D fitting can

be written as
[i] C -1
[3){ +y x__”nl] +

n=1

C

r—e

_ Nugg?

Xm = W [3]

+ XTip>

where x = kT/2lJ|S(§ + 1), ] is the exchange parameter,
g the powder-averaged g-factor, uy the Bohr magneton
(Nuk/k = 0.3751), S the spin quantum number, and C,
are constants which have been tabulated by Lines (18).
The first term is the high-temperature series expansion
for a 2D Heisenberg system according to Lines (18), the
second Curie-Weiss term corrects for contributions from

1.40 ] 5800
1.20 g Rb:Va04 700
= 7 Laoo =
g 1.00 - 00000 gb?]er’\‘(eld 600 g8
e ool & — - {5002
£ 0. b X v ]
£ : g m— [ 400 g

0.60 - 00000 Observed _ |. el
by - Curie—Weina Fit 300 €
2 &
~. 0.40 j Logp —

3
TR0 4  TTteteesenngen ] %100
0.00 +——rr 0
0 50 100 150 200 2560 300

TEMPERATURE (K)

F1G.3. Thermal variations of the magnetic susceptibility and inverse
susceptibility data of Rb,V05.
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FIG. 4. Thermal variations of the magnetic susceptibility and inverse
susceptibility data of (NH,),V,0;.

trace amounts of impurities that were sometimes observed
at very low temperatures, and yrp is the temperature-
independent paramagnetic susceptibility. The 1D (19) and
dimer (20) models have been described previously. The
fitting resuits are summarized in Table 8. The low temper-
ature range of the abserved and calculated susceptibility
data for the three compounds is shown in Fig. 5, and the
whole temperature range is shown individually in Figs.
2—4. The calculated data for the 1D and dimer models are
omifted for clarity.

Judging from the R-factors, it is clear that the dimer
model was not appropriate at ail. Though the 1D model
couid fit the data reasonably well, it is not as good as the
2D model. The latter is consistent with the two-dimen-
sional structure of these fresnoite type vanadium oxides.
Even though their magnetic ion sublattice is a close ap-

TABLE 8
Summary of Magnetic Parameters for A,V;0,
(A = K, Rb and NH,)

Compound C 1 xqp X 100 Jk x7ip X 104 R4
model {emu-K/moh {K) {emnimol) (K g {emuimol) [E3)
K;V]Os
Curie-Weiss 0.346 -157 1.71 cI172
D -629 188 1.82 Q453
1D -89 182 3.37 1.15
Dimer -7.39 143 12.4 11.1
RbaVy0%
Curie-Weiss 0.33%0 -12.4 2.19 0.175
D ~496 183 3.03 0.829
1> —7.48 178 4.03 1.35
Dimer =719 151 10.1 T.08
{NH Y0y
Curie-Weiss 0.332 ~1.7 2. 0.2i9
2D -3.85 173 4.74 1.79
1D —500 164 725 383
Dimer —4.88 140 13.2 9.26
“The agreement factor R is defined as R (%) = 100

v 2(Xr.vl:»sx - XCal)zfzxgbs-
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FIG. 5. Comparison of observed and fitted susceptibility data in the
low temperature range for A,V;04 (A = K, Rb, NH,)

proximation to a simple cubic lattice, as can be seen from
the axial ratios (a'/c) in Table 4, magnetic exchange inter-
actions within the layers perpendicuiar to the ¢-axis are
expected to be much stronger than those between the
layers. Within the «b plane, magnetic super-exchange
would most likely occur through the V(¥ -
O-VQP -O'-V{I¥*" or VUIP* or (VI -0-0"-V(1)**
{face diagonal in Fig. 6a) pathway. It is not possible to
draw separate “‘chains’ because the two diagonals are
equivalent due to the tetragonal symmetry. Such a mecha-
nism is thus two-dimensional. One-dimensionai exchange
coupling would only be possible between the V** ions of
adjacent pianes as suggested by Theobaid and co-workers
(8), that is, through a one-oxygen (V-0 - - - V') pathway
involving the axial oxygens indicated in Fig. 6b using the
dotied lines. Because that pathway would involve the
extremely long O - - - V' distance (~3.665 A for K,V,0),
the interaction would be expected to be extremely weak.
Thus it can be concluded that the short-range order is
antiferromagnetic and two-dimensional, at least for

FIG. 6. Possible pathways for magnetic superexchange interactions
in A;V304 (A = K, Rb, NH,). {a) Within a layer perpendicular to the
c-axis; {b) between the layers.
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FIG. 7. Magnetization curves for K,V;0; and Rb,V,0; at 5 K show-
ing a possible spin-flop transition.

K,V,0; and Rb,V,0;. The fitting for (NH,),V,0; was not
very satisfactory, especially in the low temperature range.
Its magnetic behavior may have some 3D character. How-
ever, there is not enough evidence at this point to conclude
that the susceptibility maximum at ~3.5K for (NH,),V,04
is due to the onset of long-range magnetic order.

The refined g-factor for K,V,0g, 1.89, is rather close
to the EPR value of ~1.94 (11}, while the refined value
for (NH,).V,04 (1.73) is apparently smaller than the EPR
value of ~1.94 {11). The correlation of the exchange pa-
rameter |J|/k with the ¢-axis and the V-0 bond lengths
is clear for K,V,0¢ and Rb,V,;0,, but not quite so for
(NH,),V;0¢. The a-axis for (NH,},V,0; is shorter than
that for Rb,V,0;. It is not clear why |J|/k is smaller for
{NH,),V ;04 than for Rb,V,04.

The magnetization curves for K,V;04 and Rb,V;0; at 5
K (Fig. 7) appear to show positive deviations from straight
lines at higher magnetic fields, suggesting a spin-flop tran-
sition although the effect is not dramatic, Thus these mate-
rials may eventually undergo long-range order like Ba,
CrOs (12) but at a lower temperature. The difference in
the magnetic behavior between the A,V,0; family and
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Ba,CrOs is clear. Short-range correlations are important
below ~15 K for the former, while they appear to be
absent above T in the latter.
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