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Magnetic Susceptibility of Deintercalated Tunnel
Compound of K Cr58e8 and Méssbauer Spectra
of K,(Cry,o5 >'Feg gs)sSeg

TSUKIO OHTANI?, SHUJI KAWASAKIP, MIKIO TAKANOP,
YOSHIAKI HARIMA?, TAKASHI CHIKA® and SHUICHI KIRINO?

4Laboratory for Solid State Chemlstry, Okayama University of Science, Ridaicho
I-1, Okayama 700-0005, Japan and YInstitute Jor Chemical Research, Kyoto
University, Uji, Kyoto 611-0011, Japan

KCrsSeg has a TIVsSg-type structure, containing K ions in one-dimensional tunnels. Deinter-
calated samples of K, CrsSeg (0.32 < x < 0.93) were prepared by leaching method using
AlCI3/FeCly aqueous solution. These samples showed a broad peak of magnetic susceptibil-
ity at ca.130 K. 37Fe-Mossbauer spectra of K (Cry, 9; Fey, 05)s3eg (x = 1.0, 0.49) showed a
quadrupole doublet at 300 K. Magnetic sextets appeared at 4.2 K in both samples, indicative
of magnetic ordering. The observed isomer shift indicated that the charge of Fe is +3 in both
samples. It was proposed that Se> was partially oxidized by the deintercalation.

Keywords: KCrsSey; tunnel compound; deintercalation; magnetic susceptibility; antiferro-
magnetism; Mdssbauer spectroscopy

INTRODUCTION

KCr,Se,'! has a TIV,S, type structure (space group C2/m)¥. The structure of
KCr,Sey is characterized by a hollandite-like [CrSes] framework, which is built
up of edge and face sharing CrSe, octahedra forming large tunnels running
parallel to the b axis. K ions are intercalated within these tunnels. Shélthorn
and coworkers deintercaiated Tl jons from TIV, S, using electrochemical method',
They found that the lower limit of x was 0.33 for T1,V,S,, and suggested that TI*
is oxidized to TI™ during the reaction, the charge of the host lattice remaining

constant.  Ohtani ef al. also prepared deintercalated samples of T, V.S, (0.33 <

[843]/39
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x < L0, TLV,Se, (0.33 s x < 1.0)"Y, and TI,Cr,Se, (0.33 s x < 1.0)" by
leaching method using AlCl,/FeCl, aqueous solution. They found that TICr,Se,
and Tl,,Cr,Se, show a Néel like cusp of magnetic susceptibility, x at 52 K,
and that Tl,,,Cr,Se, a broad peak of X at ca. 100 K¥. The effective
magnetic moment of these samples was close to that of Cr”, invariable with the
Tl content.  On the other hand, Bensch et al. prepared TiCrSe, (0 = .x < 1.0)
using Br,/CH,CN solution!®. On the basis of X-ray diffraction measurements,
they argued that the charge of Tl ions is not variable during the reaction, but Cr**
partially changes to Cr*. In the present study we performed X measurements
for K,Cr,Se, (0.32 < x < 0.98), which were obtained by the leaching method. In
order to obtain the more detailed information on the magnetic properties, *'Fe-

Méssbauer measurements were performed on *’Fe doped samples.

EXPERIMENTS

Samples of K, ,CrSe, and K, (Cryys’ Fe,05)s5€; were prepared as follows. The
elemental mixtures with desired ratio were heated at 800°C for 2 weeks in
evacuated silica tubes. The products were annealed at 800°C for | week after
pelletizing.  *’Fe was obtained by H, reduction of *’Fe,0,. K atoms in these
samples were deintercalated using AlCl,/FeCl, aqueous solution (for details see
refs. [1], {4] and [5]). Deintercalated samples were not prepared by heating the
elements. The chemical compositions were analyzed by EPMA (electron probe
microanalyzer). Magnetic susceptibility was measured by using a Faraday type
torsion balance from 77 to 273 K. *'Fe-Mossbauer spectra were obtained for
"Fe doped samples at 300, 77, and 4.2 K using a "Co/Rh y-ray source. The

source velocity (V) was calibrated by using pure iron metal as a control material.

RESULTS AND DISCUSSION
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K,Cr,Se, (0.32 < x < 0.98) s L.

The lower limit of x in K.CrSe, @[ *™e * 53 *° &,

were observed to be 0.32. Fig. o Te

1 gives lattice parameters of E

K CrSe, as a function of x. Qi: * '..

Lattice parameters continuously Z ”’f KA .,

decreased with decreasing x. :: L ‘

Since the tunnels run along the b ,_,,'L R

axis, it is reasonable that values g E::" w..' L Y

of both @ and ¢ decreased with ° :E:f " % . R

decreasing x.  The other isotypic t

compounds did not show the rle

decrease of b during the : ::::L ',.'.:: LI B

deintercalation!**, coatrary to ﬂ:::: ) ) .-.‘ *e

the present results. The reason of 10 0.8 0.6 0.4 0.2
x in K,Cr;Seq

this discrepancy is not clear.

Fig. 2 shows temperature FIGURE 1 Lattice constants of K Cr,Se,.

v o x=0J32
9 K.CrsSe, . =036
e =046
8f ® =058
@ e =063
3 7r 00000,
E o7 %o0 x =087
E 0pe® t 0, oo, 0.93
. 'Y R =0,
F i . =°°n“m"°°;;;::°°., .
S .eu u.-““.-.“. “n;; % . =0.98
~ 8t It T et DL LY
2 gl LT T
L '. ‘AAAAA;“‘ ..'gg DUBB
4 Y Au“““ u'," g
37 e,
4
0 100 200

Temperature (K)

300

FIGURE 2 Temperature variations of magnetic susceptibility of K, Cr,Se,.
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dependences of x for powdered samples of K,CrSe; K 4,CrSe, shows a
continuous X -T curve, being slightly concave downwards. K, ,CrSey is
supposed to exhibit a Néel point at lower temperature below 77 K, as was
observed in TICr,Se, at 52 K, The samples of x = 0.93 showed a broad peak
of x atca. 130 K, almost invariable with x. The peak of X would correspond
to the Néel point.  The broadness of the peak may be due to the inhomogencous
distribution of K ions, originating from that the samples were not annealed after
the deintercalation. Since the X -T curves did not obey the Curie-Weiss law, we

can not discuss the magnetic properties more extensively.

X of K,(Cry 55 "Fe, o) Sey

Fig. 3 shows temperature x=0.49
variations of x of I ..
K (Crys5  Fey5)sSey (x =0.49,
1.0).  The behaviors are

. . . ) 1.0 "%,
substantially identical with ! e

those of K,Cr.Se, except Ky (Crags *7Fe o05) ¢ Sey
that the peak temperature is

lowered to ca. 100K for

"

Ko 4s(Crigs"Feq us)sSeq. The x 0 100 200 300

-T curve of K, (Cry s  Feyos)s Temperature(K)

Se, obeyed  the Curie-Weiss FIGURE 3 Temperature variations of X of
law. The Weiss temperature K (Cry 65" Feyg5)sSeq (x = 0.45, 1.0).
O was — 92K, indicative of

antiferromagnetic interaction.  The effective magnetic moment P, was 3.58ug/
(Cr,osFey s), which is close to the spin-only value of Cr'* (=3.87p,). The X valucs

of K, 4(Clys  Feyus)sSey did not obey the Curie-Weiss law even above 100 K.

Maiissbauer spectra
Figs. 4 (a) and 4 (b) show Mossbauer spectra observed at 300, 77, and 4.2 K for
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K, o(Crygs  Feqs)sSes and
K, 4(Cry o5’ Feyus)sSey,
respectively. Table I gives
hyperfine parameters
determined by fitting to
Lorenzian lines. Both
samples showed a
quadrupole doublet at 300 K.
The value of isomer shift 6
was 0.52 mm/s for both
samples, which is
comparable with the
published value for Fe* in
e.g.Y,Fe,0,,/7. This
indicates that Fe was not
oxidized to Fe* during the
deintercalation reaction.
Maossbauer spectra give no
information on the charge of
Cr ions. But, Cr* is an
unusual valent state. It is
more reasonable, thus, to
consider that a part of Se”
ions, rather than Cr" ions,
are  oxidized by the
deintercalation of K*.  Both
samples showed magnetic
sextets at low temperatures.
In Mossbauer measurements,
doped *’Fe atoms have been

used as the probes for observ-

77K vw

10 -5 0 5 10
V (mm/s)
(b)
300 K
m"\,, o~

FIGURE 4 Mdssbauer spectra of K, ,(Cr,, 4
TFeys)sS€y (8), and Ky 45(Cry o5 Fey 5)sSey
(b). Solid lines are computed spectra.
The velocity scale was calibrated against

pure iron metal.



Downloaded by [University of Haifa Library] at 09:02 16 August 2012

44/{848] TSUKIO OHTANI et al.

TABLE 1 Isomer shift IS, hyperfine field HF, quadrupole splitting QS, full peak
width at the half maximum I', and relative intensity 7 of ¥Fe-Mossbauer specira
of K, (Cry o5  Feys)sS€; (x = 1.0, 0.49).

K) ISmm/s) HEkOe) @S mm/s) I"(mm/s) )
K, u(Crl)ys“Feu.os)sseu
300 0.52 0 0.63 0.35 100
77 0.65 0 0.76 0.37 100
4 0.62 0 0.78 0.45 26
0.58 241 0 0.52 22
0.60 287 0 0.60 33
0.65 332 0 0.38 19

Ky 4s(Criyos" Fengs)sSey

300 0.52 0 0.63 0.35 100
71 - - : . .
4 0.54 0 0.79 0.45 17

0.63 237 0 0.52 9

0.66 260 0 0.80 50

0.67 323 0 054 24

ing the magnetic properties of the host matrix™®. It is, thus, considered that both
the present samples exhibit the magnetic ordering at low temperatures. The
almost identical parameters of both samples imply that the magnetic nature is
invariable with the deintercalation. The ordering temperature of the K, ,, sample
is higher than that of the K, sample. These resuits are compatible with the X
data. The spectra observed at 4.2 K showed the superposition of one doublet
and at least three sextets for both samples. The reason of the coexistence is not
clear yet. The more detailed investigations such as neutron diffraction

measurements should be needed to clarify the magnetic structures.
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