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and the Y---Cu separation is about 6.3 A. There are no hy-
drgen bonds between neighboring ribbons. Addition of Cu
(acac), to the benzene solution of Y(hfa),(H,0), yields the 1
:1 adduct of [Y(hfa),(H,0),])[Cu(acac),] connected through
intermolecular hydrogen bondings. This adduct dissociates
to the each component by adding polar solvents. The cry-
stal structure shows that [Y(hfa),(H,0),)[Cu(acac),] molec-
ules have one-dimensional networks by intermolecular hy-
drogen bondings. Further studies on the control of 1:2 or 1:
3 ratio of Cu to Y metal complex through intermolecular in-
teractions are in progress in our laboratory.
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Barium titanate (BT) is considered an attractive material
as its ceramics are widely used in electronic components
such as multilayer capacitors and nonlinear resistors.'? In
order to produce high-quality ceramics, the starting powders
require 10 have a uniform particle size and shape.’ Similarly,
the powder of barium titanyl oxalate (BTO), known as the
precursor of BT, need to have a uniform particle size and
shape. In order to obtain BTO powder with such a high
quality, a homogeneous precipitation method has been
adopted.

A common way of homogeneous precipitation methods
are the controlled release of precipitants by another chem-
ical source in the solution. Diethyl oxalate (DEO), which
can slowly decompose to yield oxalate ions, had been used
as the precipitant source by present authors*® and was
found to produce BTO particles of spherical shape with a
narrow size distribution. Unfortunately, the DEO is spar-
ingly soluble in aqueous solution at room temperature and
is not practical for BTO powder production.® Later, present
authors employed the thermal decomposition of dimethyl ox-
alate (DMO}) in nitrate ion systems as an alternative to DEO.

In this case, however, the morphology of BTO was found
to be multisized instead of being monosized. The final bar-
ium titanate (BT) powders were about 3 pm in diameter
and consisted of different phases.”

In the present study, dimethyl oxalate (DMO) and chloride
ions were chosen as an oxalate anion source and as sup-
porting anions tespectively. The primary purpose of present
study is to investigate systematically the influence of experi-
mental variables such as DMO concentrations, chloride con-
centrations, temperatures, aging times and etc. on the pro-
perties and morphology of the BTO particles produced.

Experimental

A stock solution of barium chloride was prepared by dis-
solving the salt of reagent grade (Katayama Chem. Co.) in
deionized water to give the nominal barium concentration
of 0.2 M. A stock solution of titanium tetrachloride of
reagent grade (Yakuri Chem. Co.) was prepared by adding
2 160 mL volume of the reagent slowly to a cold distilled
water stirred rapidly and diluting to 1 L. The exact titanjum
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content was determined gravimetrically by the hydroxide
precipitation method.” The final solution was stored in a re-
frigerator.

Cation stock solutions and the conjugate acidic solutions
of supporting anions were added to a beaker in predet-
ermined quantities to adjust the concentration ratio of
[Ba?*]/[Ti*], to 1.00 along with a sufficient amount of dis-
tilled water to bring the total volume slightly less than 200
mL. The beaker was covered and placed in an isothermal
bath that was set at the desired temperature. The predet-
ermined amount of DMO of reagent grade (Katayama
Chem. Co.) was added. The solution was brought exactly to
200 mL. The time to onset of precipitation, manifested as
the appearance of bluish tint, was recorded for each ex-
periment and adopted as the critical nucleation time.

Small aliquots were collected and quenched to 0 °C at
regular time intervals to observe development of particle
morphologies and growth kinetics. The particles were sep-
erated from the supernatant liquid by centrifugation and
washed twice with deionized water and twice with ethanol.
During the ethanol wash, particles were dispersed with a
sonic disruptor. A drop of suspension in ethanol was placed
on an aluminium foil and dried for observation of BTO mor-
phology by scanning electroscope (JEOL JSM 5800 LV).

A 5 mL of precipitated portions settled on the bottom of
the beaker were also collected and quenched to O °C period-
ically to observe the overall morphology of the accumulated
precipitates at given aging times.

The whole precipitates settled on the bottom of the beak-
er at given aging times were quenched at 0 °C and were fi-
nally seperated from the supematant liquid by centrifugation,
dried at 100 °C for 12 h and calcined at 900 °C for 2 h to
produce BT powders. Crystallinity and phase purity of the
powders were determined by XRD (Rigaku, D/MAS-3C) us-
ing Ni-filtered Cu Kot radiation.

Results and Discussion

In the present study, homogencous precipitation is con-
trolled by the hydrolysis of DMO to generate oxalate anjons.

CH;O;CCO;CH3+2H20 - 2CI".3[)].'I.+C2()42_'l'zl'l+ (1)
C,0,%" +Ba,,+Ti* — Ba-Ti-Oxalate (BTO) 2)

The oxalate concentration at any time t is a function of the
combinations of experimental variables such as the initial
concentrations of DMO, concentrations of barium and ti-
tanium ions, pH, temperature and concentrations of sup-
porting anions as described previously.” This is equivalent
to saying that oxalate ion concentration increases with time
t for a given combination of pH, temperature, and intial con-
centrations of DMO and ions such as Ba®*, Ti** and sup-
porting anions. And the precipitates will appear at a critical
nucleation time te. Since the critical supersaturation value
for BTO is observed to be approximately same for all ex-
periments, the reciprocal of the time, 1/tc. represent a sort
of averaged rate of approach to nucleation and is referred to
as “rate-to-nucleation (RN)' as described elsewhere.”

RN values for various combinations of experimental par-
ameters for chloride solutions at ([Ba*]+([Ti*],)=0.04 M
are given in Table 1. The higher initial concentration of
DMO are, the higher values of RN are obtained. These
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Table 1. Variation of generation rate for oxalate ions with vari-
ous experimental parameters for chloride system

Run  chloride  Temperaure  [DMO] ’aie :"
no. system °C) ([Bab]o-#[Ti“]n] nuc .ea-110n
(min" ")

L 2 0.01

2 25 4 0.10

> {C171,=0 8 0.17

4 (distilled 2 0.16

3 water) 40 4 0.20

6 8 1.00

7 2 0.24

8 50 4 0.50

Ed 8 1.50

10 2 0.02

11 25 4 0.03

p 8 0.05

ii {cr)=01 M i i ggg

(0.1 M-HCl) .

15 8 025

16 2 0.33

17 50 4 0.33

18 8 0.50

19 2 058%10°
20 25 4 154x10°?
21 8 1.59x 1072
A T SR SR el

0.3 M-HCl) . ;

bo 8 2.48x 10
N 2 1.54x107°
26 50 4 222x107°
44 8 3.10%x 1077

results are similar to those for the formation of ZnS pre-
cipitates by homogeneous method.”

Table 1 also shows that the higher chloride concentrations
are, the slower tates to nucleation are obtained, probably be-
cause of formation of more stable species. Below RN=2X
10°2 min~!, it usually took exceedingly long times for pre-
cipitation to start (~50 min) and agglomerates of particles
were observed especially at relatively higher temperatures
and at longer aging times as shown in Table 1 and 2.
However, depending on the relative value of RN above RN=
2x107? min~' and on aging times, either unimodal, bi-
modal, or broad unimodal distributions of particle size were
observed.

Figure 1 shows a SEM micrograph taken at the aging
time of 15~60 min after precipitation had started for run 2
(T=25 °C, ([Ba*]+[Ti"])=0.04 M, [C1"]=0.0 M, [DMO]¢/
([Ba™)+[Ti**]))=4) corresponding to a RN value of 0.10
min~!. Here precipitate morphologies were found to be com-
posed of broad unimodal particles of 50-200 nm that were 2
litile fused together, probably because the growth process of
particles is predominant. Growth of these particles with ag-
ing time is given in Table 2. The bimodal distribution for
this run 2 at the longer aging time of 75 min is a result of
formation of second generation of particles, as may be ob-
served in the SEM micrograph of Figure 2. The occurrence
of bimodal particle morphology at the longer aging time
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Table 2. Particle Size Distribution with Various Combinations of Experimental Parameters

Supporting Temperature Concentration Aging time
anion (°C) DMOl,
([Ba")[Ti"]) 30 60 20
[C17]5=0 25 4 unimedal unimodal unimodal bimodal
(distilled Dwater) and agglomerated and agglomerated and agglomerated 1.5 um, 0.2 pm
~0.2 pm ~).2 um ~0.2 um
25 broad unimodal bimadal bimodal
2 ¢4m, 1.2 um 2.5 ym, 0.8 um 4 pm, 1 pum
25 bimodal bimodal unimodal bimodal
15 ym, 05 um 22 um, 1 um 2.7 um 3.5 um, 0.5 um
[C17)=0.1 M 235 unimodal bimodal bimadal
(0.1 M-HC)) 3 um 38 ym, 1.2 ym 3.8 um, 1.2 um
40 untmodal bimodal unimodal aggromerated
1 um 1 um, 0.2 pm 1 um
50 unimodal agglomerated agglomerated agglomerated
1 pm
25 bimodal bimodal unimodal
27 pm, 0.5 pm 2.5 um, 0.8 pm 0.6 um
[Cl']=03 M 25 unimodal bimodal unimodal unimodal
(0.3 M-HCI) 0.3 pm 2.2 pm, 0.4 um 04 pm 0.2 pm
25 bimodal agglomerated agglomerated
2 um, 0.5 pm

suggests that a second generation of particles forms as a
direct consequence of growth rate not keeping up with ox-
alate ion generation. The larger particles (first generation)
were found to be formed of dense aggregates of smaller
freshly nucleated particles as described elsewhere."!

Another perhaps more sensitive parameter on the particle
size distribution is the temperature as shown in Table 2. At
higher temperature the generation of oxalate ion and the nu-
cleation of precipitates were so rapid that particle size de-
creased and the degree of agglomeration increased. The par-
ticles were agglomerates of smaller particles, and significant
necking between particles was observed (not shown). Table
2 also gives the result of particle size distribution measured
in chloride supporting anions at various aging times, initial
concentrations of DMO and different temperatures. At the
ordinary temperature, the change of morphology occurred at

Figure 1. A micrograph of the precipitate obtained in distilled
water solution with aging time of 15-60 min at temperature of 25
°C and [DMO),/([Ba™)y+[Ti*"],) of 4.

shorter aging time than that at lower temperature even und-
er the condition of lower DMO concentrations. As tem-
perature increased in a given supporting anion, both the nu-
cleation and agglomeration of precipitates were so high that
optimization of particle size was difficult.

A further study for aging times was carmried out in 0.1 M
HCI solution under the condition of temperature of 40 °C
and {DMO}y/([Ba™)e+[Ti*];)=4. The micrographs of BTO
particles at various aging times are shown in Figure 3.
When the aging time was 15 min, the particles were un-
imodal as shown in Figure 3(a). At aging time of 30 min,
the change to bimodal morphology have occurred as shown
in Figure 3(b). At the aging time longer than 60 min, an ag-
glomeration of monosized and spherical particles was ob-
served (Figure 3(c)).

In order to find a possibility for the preparation of BT

Figure 2. A micrograph of the precipitate obtained in distilled
water solution with aging time of 75 min at temperature of 25 °C
and [DMO]y/([Ba®"],+{Ti*'],) of 4.
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Figure 3. Micrographs of precipitate obtained at temperature of
40 °C and [DMO]/([Ba""],+[Ti**]y) of 4 in 0.1 M hydrochloric
acid solution with aging time of (a) 15 min, (b) 30 min, (¢) 60 min.

powders, the whole unimodal precipitates given in Figure
3(a), settled for 15 min on the bottom of the beaker after
the nucleation had started, were collected and treated as des-
cribed above under "Experimental Procedure’ . A SEM mor-
phology and a XRD patterns of BT powders thus obtained
are given in Figure 4 and 5, respectively. These results give
the possibility for the preparation of BT powders with
monosized particle distribution and high qualities.

Conclusion
Particle morphology of BTO was influenced by chloride

jon concentrations as well as other experimental variables
such as aging times, temperatures and [DMO]y/([Ba™]o+

Figure 4. A micrograph of calcined BT prepared from BTO
which obtained at temperamure of 40 °C and [DMO]y/([Ba™]s+
[Ti**]e) of 4 in .1 M hydrochloric acid solution with aging time
of 15 min.

(101)

Intensity
(211)

in
(200)

20 50 80
26(°)

Figure 5. A XRD pattern of BT prepared from BTO which ob-
tained at temperature of 40 °C and [DMO]y/([Ba™)y+[Ti");) of 4
in 0.1 M hydrochloric acid solution with aging time of 15 min.

[Ti*}). At the very low chloride concentration, relatively
smaller particles of BTO about 0.1 um in diameter were
produced. Whereas, at higher chloride concentrations the
faster nucleation for precipitation was found with higher
temperature and with the higher ratio of [DMO]y/{([Ba*]+
[Ti*]o), corresponding to the faster transformation of re-
latively larger particles 0.5~2.5 pm in diameter from un-
imodal to bimodal or to broad unimodal. BT powders ob-
tained from accumulated precipitates at 0.1 M HCl far 15
min of aging time demonstrated a possible synthesis of
monosized BT powders with high qualities.
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In recent years, the coordination chemistry of the group 16
heterocycle ligands of furan, thiophene, selenophene, and tel-
lurophene opens up new research area.! Especially the chemi-
stry of thiophene transition metal complexes has been exten-
sively studied® as models for industrially and environmen-
tally important hydrodesulfurization (HDS) of sulfur com-
pounds found in crude oil. Among organic sulfur com-
pounds, aromatic thiophene derivatives are the most difficult
to desulfurize. This has led to many model studies of the
reactions of thiophene and its derivatives with heterogeneous
and homogenous systems. The first concemn for the HDS ca-
talysis is the binding mode of the thiophene to the catalyst.
Three types of coordination modes of the group 16 hetero-
cyclic five membered ligands are most commonly proposed:
via the hetero-atom only, as an n’-coordination involving the
unsaturated carbons, or the entire 7m-system in an n’-fashion.
The need for developing more efficient HDS catalysts re-
quires some novel approaches to obtaining new mechanistic
information. One approach is the use of aromatic chalcogen
complexes as substitutes for thiophene molecules. The other
interest is to investigate the similarity and dissimilarity
between the chemistry of thiophene and tellurophene tran-
sition metal complexes. Tellurium is an attractive sulfur
analogue because of its NMR spectroscopic properties. '*Te
has a 7.03% natural abundance and a nuclear spin of 1/2.}
The existence of the NMR-active isotope '*Te makes pos-
sible to assign tellurophene bonding modes to the transition
metals. The telturophene is able to coordinate metals through
the entire 7 system as n° bonding mode. In this paper, the
synthesis of m’tellurophene coordinated Ru complex and
NMR studies of this bonding mode have been reported. In
addition, the first X-ray structural determined 1’-coordination
mode of tellurophene has been reported.

Experimental

General Procedures. All reactions were performed

under Ar atmosphere in reagent grade solvents, using stan-
dard Schlenk techniques.‘ Diethyl ether (Et,0) was distilled
from Nabenzaphenone, CH,Cl,, and acetonitrile (CH,CN)
from CaH,. MeOH was distilled from Mg, The solvents were
stored over 4-A molecular sieves under Ar. The ‘H and C
NMR spectra abtained on Bruker DPX-250 spectrometer with
CDCl, as the internal lock. The Te NMR spectrum was re-
corded on the Bruker BZH-300 spectrometer at room tem-
perature and referenced to tellurophene (8=782 ppm). Micro-
analysis was performed with a Perkin Elmer 240 elemental
analyzer. Fast atom bombardment (FAB) spectrum was ob-
tained with use of a VG70-VSEQ mass spectrometer.

The following compounds are prepared by literature
methods: [Cp*Ru(CH,;CN),J(OTEYCp*=CsMe;, OTf=0,SCF,),*
Na,Te.® All other compounds were purchased from com-
mercial sources and used as received.

Synthesis of tellurophene (1). Compound 1 was
prepared by a modified literature methods.®” To a degassed
5 N sodium hydroxide solution {80 mL) was added Ron-
galite (sodium formaldehydesulfoxylate dihydrate; HOCH,
SO;Na-2H,0, 26.6 g, 0.17 mol} and tellurium (10 g, 78.4
mmal). The solution was refluxed for 2 h under Ar at-
mosphere. The sodium telluride as a wine-colored solution
was formed. After the solution was evaporated under va-
cuum, the yellowish white sodium telluride was obtained,
This sodium telluride is very air sensitive. To the yellowish
white powder, dry degassed methancl (160 mL) was added
and the mixture was stirred until the solid dissolved (system
A). The butadiyne was prepared separately in a three-neck
flask a gas inlet, and a condenser connected through a trap
to a column (40x2.5 cm) filled with anhydrous calcium
chloride and outlet needle. To a degassed solution of po-
tassium hydroxide (5 N, 150 mL) was added 1,4-dichloro-2-
butyne (25.2 g, 205 mmol) in dioxane (20 mL) (system B).
Systems A and B were connected and flushed with a slow
stream of dried Ar. The solution in system B was heated
under reflux with vigorous stirring and the butadiyne was



