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YSeiss was synthesized by vapor transport technique and its crystal structure was determined. The structure was
ispstructure of LaTe;-,, which was layered structure consisting of two-atom thick layers of YSe with distorted NaCl-
type structure and one-atom thick layer of Se. The substructure of YSe,s; was tetragonal with space group of P4/nmm
and a=4.011(2) and c=8261(3) A with final R/R, =64/6.9%. The superstructure With @upe =24, bapr=060 and cupr=2¢
was found. The measurements of electronic and magnetic properties of this compound indicate that it is an electronic

insulator and diamagnet.

Introduction

Layered transition-metal dichalcogenides have been exten-
stvely studied for their interesting low-dimensionality and
resulting anisotropic properties.'* Many phases of layered
structures lead to rich intercalation chemistry with many
potential applications. The electronic and magnetic properties
of some dichalcogenide MX,; (M=V, Nb, Ta, X=chalcogen),
especially d' compounds, are closely related to structural
transitions. It has been known that the structural transition
in d' transition metal dichalcogenides is related with CDW
{Charge Density Wave) instability and the single d-electron
coupled with two-dimensional character was found to be the
driving force for CDW3

However, rare earth compounds such as DySe; and GdSe,
are inverse analogies of d' transition metal dichalcogenides,
since there is one hole in Se p-band. Many rare earth di-
selenides and ditellurides display nonstoichiometry owing to
deficiencies of chalcogen sites. Some supercells® due to the
ordering of chalcogen vacancies in this nonstoichiometric
compounds were also reported. In a previous study, an inco-
mmensurate superstructure in DySe, i was found and it was
assigned to be the CDW type’

During the investigation of YSe system to find new low-
dimensional compounds, a new phase, YSe, 33, was found. The
structure of YSe,s; is closely related to LaTe, and NdTe;’
The structure of NdTe; can be described as consisting of
two-atom thick layers of NdTe with distorted NaCl-type and

two-atom thick layers of Te with sequence of layers along
the ¢ axis being -~ Te NdTe, NdTe, Te, Te, NdTe, NdTe,
Te ---. However, the LaTe, structure consists of the sequence
of layers, --- Te LaTe, LaTe, Te, LaTe, LaTe, Te . It has
been known that the LaTe, phase displays a solid solution
region up to near LaTe;; and that there is the tellurium
deficiency resulted from the removal of Te from pure tellu-
rium layers.

In the Weissenberg and rotation photographs of the titled
compound, superstructure reflections were indicated, but
these reflections were not strong enough to refine structure.
Thus, only the substructure is reported in this work. The
electronic and magnetic properties are also reported.

Experimental

Sample of overall composition Se/Y=183 was prepared
directly from elemental yttrium (99.9% Strem Chemicals) and
selenium (99.999% Aldrich chemicals). The mixture of two
elements was sealed in a evacuated quartz tube and heated
at 800 T for two weeks. The product obtained was home-
geneous platelike polycrystals with reddish metal luster.

Single crystals of YSe s were grown by chemical vapor
transport technique with iodine. The starting elements, yt-
trium and selenium with the ratio of S¢/Y=2.0, and iodine
(~1 mg/cm®) were sealed in a evacuated quartz tube, which
then were placed in a two-zone furnace with temperature
gradient of 30 T. The starting materials were placed at high
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temperature end. The sample was heated at 800 ¢ for 2
weeks and then cooled to 400 T with the rate of 2 T/hr.
Rotation and Weissenberg (Cu Ko radiation) photographs
were taken to check the crystallinity, lattice type and cell
parameters of superstucture. All the measurements for the
structural refinement were made on a Enraf-Nonius CAD4
X-ray diffractometer with graphite monochromated Mo Kol
radiation (A, =0.7093 A). Data collection and structural refi-
nement were performed with the aid of SHELEX-93 crystal-
lographic software package. And the cell parameter was de-
termined by the least-square type analysis using reflections
observed in 20 range of 30°-50°.

Powder X-ray diffractometer data were taken using a Sie-
mens X-ray diffractometer and Fe filtered Co Ka radiation.
Diffraction data were analysed using Rietveld-type full profile
refinement technique® Electrical resistivity measurements
were made for single crystals and pressed pellets of bulk
YSe,a; using standard four-probe technique.

Electrical contacts to the sample were made with indium
for the pellets and silver paste for the single crystals. The
magnetic susceptibility was measured at room temperature
using Guoy balance.

Combustion analysis was carried out at 800 T by oxidizing
YSe s and weighing the final product Y.0s.

Results and Discussion

A plate shaped crystal having dimensions of 0.235X0.250
%0023 mm® was mounted on a glass fiber with epoxy ce-
ment. Weissenberg and rotation photographs indicated a very
weak superstructure reflections corresponding to gspe=24.
Osper=6¢ and s =2c. The cell parameters and orientation
matrix for data collection obtained from the least-square
method in the range of 30<20<50, corresponded to a tetra-
gonal unit cell with =4.011(2) and ¢=8.261(3) A. The refle-
ctions from superstructure were too weak to determine the
structure, thus only substructure was determined here.

A data set was collected on the tetragonal subcell by using
w—26 reflections with 3°<28<60°. Based on the obtained
systematic absences (hk0: A+k=2x#+1 absent), the space
group was determined and found to be P4/nmm. Atomic sca-
ttering factors for neutral atoms were taken from “Interna-
tional table of x-ray crystallograph”, An empirical absorption
correction was applied on the basis of y scans. Intensities
of standard reflections did not decay throughout data correc-
tion. Yttrium and selenium atoms were located using direct
methods. Previously reported DySe;gs structure was used
in devising structural models for refinement.” Details of X-
ray data collection and information about the structure deter-
mination are given in Table 1.

The isothermal parameters of selenium and yttrium atomn
in the distorted NaCl-layer were acceptable values and the
occupation factors did not deviate from unity within standard
deviation, thus its value was fixed at unity. The anomalously
large isothermal parameters were found for Se(2) atoms in
the square sheets, and refinement reached to 83% occupancy
with minimum R, value. The anisotropic thermal ellipsoids
of Y(1) and Se(l) in the distorted NaCl-layers were found
to be elongated along the c-direction. However, the thermal
ellipsoid of Se(2) in Se sheets was flattened in the c-direction
(Figure 1). Of the several possible distortions from ideal 4m2
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Table 1. Summary of the Structure of YSe s Crystal Data, In-
tensity Collection and Refinement

Crystal shape Flat plate

Crystal volume (mm?) 0.235<0.250 X 0.023
Radiation Mo Kai (A2=0.7093 A)
Determination of cell parameters

no. of reflections used 20

6 range (degree) 1.5-30.0
Cell parameters at room temp.(R) 4=4011(2)

¢=8.261(3)
Space group P4/nmm
Z 2
Calculated density (g/cm®) 6.168
Intensity data collection
Scan mode w-20 _
Standard reflections 110, 110, 112, 112
Unique reflections (F>26(F)) 212
Linear absorption coeff. (cm™") 490.7
Transmission 0.142-0.770
Structure refinement
no. of parameters refined 12
R 0.064
R. 0.069

(a (b)

Figure 1. (a} The substructure of YSe,«. (b) Single sheet of
Se(2). In (a), for clarity, the Se(2) atoms are drawn as flattened
thermal ellipsoids, in (b} the reported thermal ellipsoids are
shown.

symmetry site, the thermal ellipsoid of Se(2) in Se square
sheets was found to be distorted along either a or b direction
and this result was consistent with the previous report on
DySe;55.° Such distortions indicate a shift of Se position away
from any Se-Se bonds, thus this feature excludes the possi-
bility of Se-Se dimerization in Se square sheets as previously
observed in some rare earth dichalcogenides.

There are two types of Se and one type of Y (Table 2).
Each Se(l) has five nearest neighbors, at 2.945(4Y) and
at 2945 A (1Y). Each Y is surrounded by nine nearest
neighbors at 2.945 A (4Se(1)), 2970 A (1Se(1)) and 3014

(4Se(2)). The seleniums contacting the basal plane are
considerably shorter than the other Se-Se distances and this
indicates that these seleniums have considerably strong me-
tallic-covalent character (Table 3). If the ionic radius for Se?*”
is taken as 2.2 A and the metallic radius is taken as 1.4
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Table 2. Refined Atomic Positions, Fractional Occupancies and Thermal Parameters (32 of YSeyq

Atom Position x y z Occupancy Un Un Uy
Y 2 0.25 0.25 0.7277(4) 1.00 0.0056(9) 0.0056(9) 0.036(2)
Sel 2 025 0.25 0.3682(3) 1.00 0.0056(8) 0.0056(8) 0.021(4)
Se2 2a 0.25 0.75 0.00 0.415(1) 0.16(1) 0.027(4) 0.010(2)
Se2' 23 0.25 0.75 0.00 0.415(1) 0.027(4) 0.16(1) 0.010(2)

Table 3. Interatomic Distances of YSeis (A%

Y-15e(1) 2.970(4)
Y-4Se(1) 2.945(3)
Y-4Se(2) 3.014(2)
Se(2)-4Se(2} 2.836(2)
Se(1)4Se(2) 3.644(2)

Table 4. Summary of the Structure of YSe,s from Powder
X-ray Diffraction Data Refinement by Rietveld Analysis

Atomic position % Occupancy
Y(1) % (1/4, 1/4, 0.3713(7)) 84
Y(2) 2c (174, 1/4, 0.8571(5)) 100
Se(1)1 2 (1/4, 1/4, 0.180%(7) 34
Se(1)-2 % (1/4, 1/4, 0.6888(5)) 100
Se(2)-1 2a (1/4, 3/4, 0) 80
Se(2)-2 2b (174, 3/4, 1/2) 53
Temperature factor %) 0.3009

Rw=2355%, R=2.66%, space group: P4/nmm, cell parameters
A): a=4011(2), c=16.485(5)

4, the bonding can be considered as about 70% metallic-co-
valent’ These results are consistent with the results of the
LaSe; and ErSe,-type compounds. It has been known that
infinite chalcogen sheets play an important role in these ma-
terials. Previously, the selenium dimers, Se*”; in RuSe; were
observed in Raman experiments® In the disulfides such as
LaS; and pyrite, the sulfur sheets are distorted to form insu-
lating $2°, dimers.” In ditellurides metallic structures are
generally built up from cubes or square sheets of Te atoms,
and such tellurim sheets are not distorted and their electri-
cal properties are metallic.'! it has been known that the re-
sistivity of LaTe; is 0.3-0.7 of LaTe,, rationalizing the metallic
properties originated from Te sheets” The square sheets
of Se atoms found in DySe,s; are expected to have compro-
mised properties between distorted insulating dimers and
undistorted metaltic infinite sheets.

Starting with the substructural information obtained above,
the powder patterns were analysed using Rietveld-type re-
finement technique, The powder diffraction pattern for this

hase could be indexed with tetragonal unit cell of a=4.0121
A c=16.485 A. The superstructure reflections indicated dou-
bled unit cell ¢. The space group P4/nmm was also valid
in the powder pattern. In this refinement, scale factor, zero
point, back ground parameters, cell parameters and atomic
positions were the variables (Table 4). The result of powder
X-ray analysis on site occupancies was different from that

2
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Figure 2. The Rietveld refinement results for YSe,x. Compari-
son of the calculated pattern {top) and the observed pattern (be-
low), Vertical strokes indicate calculated Bragg peak positions.
Bottom lines indicate the difference between the observed and
calculated patterns. R,=4.5%, a=4.011(2) and ¢=16.485(5) A,
space group=Pd4/nmm. Star marks represent the superstructure
reflections.

obtained from the single crystal analysis. The occupancies
in two repeating Se layers in the unit cell appear to be a
littte different, and also partial occupancies on Y and Se in
YSe layers were revealed (Figure 2). Star marks in Figure
2. represent the superstructure reflections and the peak at
26.5° (20) was especially sensitive to the concentration of
the vacancies on the YSe layers. The composition calculated
from powder X-ray refinement result was in good agreement
with the composition obtained from the combustion analysis
(YSe2: 0.03 vs. YSeyz7+ o02)-

The resistivity measurement was carried out for single
crystal and the property of this material was found to be
an insulator. The magnetic susceptibility measurements
showed diamagnetism (x=—4.3X10 * emu/g). The insula-
ting property seems to be originated from the ordering in
defect Se sheet.

In summary, single crystal of YSe;s; was prepared by va-
por transport technique and its crystal structure was deter-
mined. The structure was isostructural of LaTe,,., which is
a layered structure consisting of two-atom thick distorted
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NaCl-type layers of YSe and one atom thick layer of Se.
The substructure of YSe g is tetragonal with P4/nmm symme-
try with a=4.011(2) and ¢=8.261(3) A with final R/R,=
6.4/6.9%. The superstructure with @upr=248, bupr="00 and
Cuper=2¢ was found. The complicated superstructure reflec-
tions observed in Weissenberg photogragh suggested the fur-
ther ordering within Se layers.

In the powder X-ray diffraction analysis, the superstruc-
ture with gupe=a, bupo =0 and cupy=2 was found and the
occupancies in two repeating Se layers in the unit cell appear
to be a little different, and also partial occupancies on Y
and Se in YSe layers were revealed. The measurements of
electronic and magnetic property indicate that this compound
is an electronic insulator and diamagnet.
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Template Synthesis of New Nickel(Il) Complexes of 14-Membered
Pentaaza Macrocyclic Ligands: Effects of C-Alkyl and N-Hydroxyalkyl
Pendant Arms on the Solution Behaviors of the Complexes
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New square planar nickel(l) complexes with various l-alkyl {4a-dc} and I-hydroxyalkyl (4d-4f) derivatives of the
14-membered pentaaza macrocycle 8-ethyl-8-nitro-1,3,6,10,13-pentaazacyclotetradecane have been synthesized by two-
step metal template condensation reactions of ethylenediamine, nitroethane, formaldehyde, and appropriate primary
amines. The nitro group and/or hydroxyl group of 4a-4f are not directly involved in the coordination. The nickel(I})
complexes exist in coordinating solvents such as MeCN, Me,SO, and H;O as equilibrium mixtures of the square
planar [Ni(L)]*' (L=4a-4D and octahedral species [Ni(L)S,J?*(S=solvent molecule). Although the ligand field strength
and redox potentials of the complexes are not affected by the nature of the substituents, the formation of octahedral
species for 4d-4f in MeCN is strongly restricted by the hydroxyl group. Synthesis, characterization, and solution

behaviors of the nickel(Il) complexes are described.

Introduction

Since properties of polyaza macrocylic ligands and com-
plexes are closely correlated with their structural characteri-
stics, a variety of research has concerned the synthesis of

new types of such compounds. Especially, macrocyclic com-
pounds with functional pendant arms such as hydroxyalkyl
group have received much attention, because the introduc-
tion of a functional group into a macrocyclic compound often
causes a considerable change in chemical properties.'™®



