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ABSTRACT

The thermal stability and suitability of synthesized yttrium metallorganic complexes were studied for chemical vapor deposition
use by thermogravimetric analyses. The phase purity of the synthesized complexes was analyzed by powder X-ray diffraction
and mass spectral techniques. The equilibrium vapor pressure of screened yttrium complexes was measured over a temperature
range 319-475 K using the horizontal thermogravimetric analyzer as a transpiration apparatus. Model and model-free solid-
state kinetic methods were applied to non-isothermal and isothermal measurements to derive kinetic characteristics of the
sublimation/evaporation process of selected yttrium vapor sources in the conversion range of 0.1 < a > 0.7. The relevant results

are discussed in detail. Copyright © 2012 VBRI Press.
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Introduction

Yttria (Y,03) thin film is attractive for potential
applications in the areas of lasers, optics, and display
devices like colour television tubes [1]. Recently, yttria thin
film has become a topic of research in the broad field of
sensors, catalysts, and luminescent devices. Their high
thermodynamic stability makes them useful as thermal
barrier or reaction barrier coatings[2]. Y,Oj3 thin films meet
the above requirements because of the high dielectric
constant and good crystallographic stability of up to
2598 K. Thin films of yttria have been deposited using
various methods. Among them, metallorganic chemical
vapor deposition (CVD) is a more attractive technique for
large area growth, good film uniformity, and excellent
conformal step coverage. Metallorganic precursors for
CVD must display a number of important physical and
chemical properties, which include sufficient volatility,
solubility for liquid injection based processes, availability
in significant quantities with the required low toxicity, and
ligand stability such that clean metal-ligand dissociation is
possible at the substrate temperature [3-6]. Essentially, the
film growth rate is limited by the precursor vapor pressure.
There are several methods to measure a low vapor pressure,
such as the gas saturation (transpiration) method, Knudsen
effusion method, and vapor pressure balance method. The
conventional transpiration method is still the method of
choice for determining low vapor pressures [7, 8].
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Herein, we report the preparation, screening, and
selection of yttrium complexes for CVD process. Prior to
the vapor phase process, the vapor pressure mesurements
were carried out for the selected yttrium complexes using
the isothermal TG-based transpiration technique in high
pure nitrogen atmosphere. The non-isothermal and
isothermal evaporation kinetics of tris(2,2,6,6-tetramethyl-
3,5-heptanedionato)yttrium(l11) were determined from the
mass loss data by applying model-fitting and model-free
approaches. Applicability of some of the yttrium precursors
was demonstrated recently by CVD technique [9].

Experimental
Synthesis and investigation

Several yttrium complexes with acetylacetone [10],
tetramethylheptanedione  [11], hexafluoroacetylacetone
[12], tetramethylethylenediamine [13], polyether, and
amine as ligands were synthesized by adjusting the pH after
mixing  yttrium  chloride  (YCI;.6H,O) with the
corresponding ligand in ethanolic or aqueous solutions. The
adduct complexes of Y,(tmhd)s(A) (where A is diglyme or
triglyme) were prepared by adopting the procedure of
Drake et al. [14]. The resulting clear solution of
Y (tmhd)3(H,0) in hexane was added to glyme in a 1:1 mole
ratio and the reaction mixture was stirred for 1 h. The
solvent and liberated water were then removed under
vacuum to yield a colorless oil, which was allowed to stand
for 7 days during which a large crop of colorless crystalline
blocks formed at 293 K.

The phase purity of the precursors was studied using X-
ray diffraction analyses by an upgraded Philips PW-1730
X-ray diffraction system interfaced with VisXRD software
for recording the XRD pattern by automation. Fast atom
bombardment (FAB) mass spectra were recorded for
Y(tmhd); and Y,(tmhd)e(triglyme) by JEOL SX 102/DA-
6000 using argon/xenon as the FAB gas at an accelerating
voltage of 10 kV with m-nitrobenzyl alcohol as the matrix
at room temperature. Horizontal Perkin-Elmer Pyris-
Diamond TG-DTA thermal analyzer was adopted for non-
isothermal analysis of yttrium complexes. The TG
measurement was carried out in a platinum crucible under
high pure nitrogen, which was dried by passing through
refrigerated molecular sieves (Linde 4A) with a flow rate of
12 dm®*h™ at a linear heating rate of 0.17 K s™ in ambient
pressure.

Vapor pressure measurements

A TG apparatus with the transpiration method for vapor
pressure measurements of completely volatile B-diketonates
is presented, and the apparatus is tested with benzoic acid
[15]. Prior to the vapor pressure measurements, blank runs
were taken with a flow rate of 12 dm®h™ of dry nitrogen
gas from room temperature to 1173 K at a rate of
15 K min™* keeping both the sample and the reference pans
empty. The system was then cooled to ambient temperature
under the same conditions, which was done for heat
cleaning of the furnace. Thereafter, the sample weighing in
the range of 30-35mg was spread out on a platinum
crucible mounted for vapor pressure measurements and was
carefully flushed with N, at a rate of 6 dm® h™* at ambient
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temperature. The flow of the carrier gas was monitored
through an MKS flow controller and an MKS type 247-
channel readout multi gas controller. The initial heating to
370, 360, and 310 K was rather rapid (10 K min™) and after
allowing for temperature stabilization, subsequent changes
in isothermal temperatures in the range of 381-473,
381-474, 370-431, and 319-351 K were done at a heating
rate of 2 K min™, respectively, for yttrium complexes of
Y(tmhd);(H,O), Y(tmhd);, Y(tmhd)s(triglyme), and
Y (hfac); (Table 1).

Results and discussion

Yttrium-tmhd complexes (Table 1) are completely volatile
and highly soluble in the range of organic solvents. This
pronounced solubility even in non-polar aliphatic
hydrocarbon solvents is most likely to be due to the
coordinative saturation of the metal center in these
complexes. The phase purity of compounds Y (acac)z(H,0),
(Fig. 1), Y(tmhd)3(H0), and Y,(tmhd)e(triglyme) was
confirmed by powder XRD analyses [9]. The patterns were
compared with standard PDF files.
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Fig. 1 Powder XRD pattern of Y (acac)s(H20)z (1).

The diffraction pattern of hydrated Y(acac)s;(H,0), is
shown in Fig. 1. The interplanar distance (d-space) of
10.64 A was observed at 20 of 8.31°. The dehydration of
Y(acac); was also assessed by IR spectroscopy and TG.
The calculated unit cell parameters are a=11.40(2);
b =29.53(5); ¢ =8.87(2); a =y =90°; £ =96(2), molecular
weight = 422; space group = P21/c; calculated
lines = 2715, number of reflections = 274. The observed
full-width half-maximum (FWHM) was 0.236° at 8.31°.
The average crystallite size was evaluated using Scherrer
equation and found to be 33.8 nm. The volume of the unit
cell and X-ray density of Ygacac)g(HZO)z was found to be
2968.75 A% and 0.940 g cm *, respectively. Cunningham et
al. [16], Davis and Fackler [17] described the coordination
behavior of water molecules with the yttrium center. Three
bidentate acetylacetonate groups and two water molecules
bonded each yttrium atom to eight oxygen atoms. The third
water associated with each molecule takes part in the chain
of hydrogen bonds to link the molecules in pairs. The
coordination polyhedron of the yttrium ion was a distorted
square antiprism [16].
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The measured powder XRD analysis of Y (tmhd)s(H,0)
and d-spacing values were quite similar with JCPDS No.
46-1989 [9]. The powder pattern of Y,(tmhd)g(triglyme)
was (021), (034), and (002) at 20 values of 8.669, 9.773,
and 21.712°, respectively [9]. The unit cell parameters for
Y,(tmhd)e(triglyme) ~ were  a=20.014  (20.018 A),
b =20.078 (20.078 A), ¢ =20.670 (20.668 A); volume of
the unit cell was 8276.32 (8276.55) refined with the use of
crystallographic parameters by CELREF Version 3. The
estimated best space group (P2,/C, indexed 111, calculated
1425) corresponds to the group having the maximum
checked reflections and minimum calculated reflections.
This high coordination number is common for lanthanides
and other yttrium alkoxides or pS-diketonates. One of the
most interesting features of this structure was the triglyme
acting both as a chelate and as a bridging ligand via the
central ethylene bridge. The patterns revealed that the
synthesized compounds have purity higher than 99%,
confirmed by mass spectral and DTA analyses. The
measured melting point for each prepared complex is
summarized in Table 1.

Table 1. Thermal behaviour of prepared yttrium complexes.

Compound H:0 loss M.Pt. Dec./Eva. Sub/Vap Final mass loss
(T/K) (T/K) (T/K) (T/K) (T/K) (W/%)Nature End Phase

1. Y(acac);(H20), 363 402 408,474 - 563 29 Non-Volatile Y205+ C
2. Y(acac)s - 403 395,471 - 632 45 Non-Volatile Y20; +C
3. Y(acac)(salen) - 496 505 - 579 15 Non-Volatile Y05 +C
4. Y(tmhd); O 375 445 428 432 525 100 Volatile

5. Y(tmhd); - 448 418 433 535 100 Volatile

6. Y (tmhd)s(diglyme) - 337 347,419,432 - 531 100 Volatile
7.Yy(tmhd)e(triglyme) - 354 382,448  415% 530 100 Volatile

8. Yy(tmhd)g(tmeda) - 410 368,442,585 - 600 96 Volatile

9. Y(hfac); - 437 391, 480 354 600 96 Volatile

acac— salen— ) iamine; tmhd -
cther; wiglyme — wicthylene glycol dimethyl ether,

meda— hylencd  hfac— :Dec—d
Eva-evaporation; Sub-subl ; *Vap-

diethylene glycol dimethyl

The functional groups in the prepared yttrium
compounds were subjected to FT-IR and NMR
spectroscopy. The NMR results for complexes
Y(acac)s(H,0), and Y(tmhd)s(H,O) are given below:
Y(acac)s(H;0),: 'H NMR (8 in ppm): 1.584-2.243
(=C—C—CHy), 3.238-3.600(—C=C—CHy), 5.230-
5.481(=CH-C), 6.753(—~CH): **C NMR (5 in ppm): 24.83—
27.46(—C=C-CH3;), 30.82(=C—-C—CHj3), 100.45-103.54,
(—C=C—CHpy), 190.28-191.13(—C=0), and 202.04(=C-0).
Y (tmhd)3(H,0): "H NMR (3 in ppm): 0.932—1.152(—CHj),
and 5.452 —5.730(-CH): *C NMR (8 in ppm): 26.13—
28.64(—CHy), 39.78-40.25(—C—CHy), 89.95-90.74,
(=CH-C), 198.95(—C=0) and 200.98(=C-0).

Thermal behavior of the prepared complexes was
studied by thermogravimetry over 323-632 K under dry
nitrogen atmosphere (Fig. 2). The last six complexes
(Table 1) exhibited substantial volatility below 600 K and
Y,(tmhd)e(A) showed lowest melting and 100% weight
loss. The reason for the non-volatile nature of
Y (acac)3(H,0), is due to its unsaturation of coordination
sphere upon heating the complex, leading to
oligomerization or poor stability on heating. Enhancement
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of volatility [18] requires a minimization of polarizability,
dipoles, and chiefly interactions between molecules of
precursors in the condensed state (e.g., H-bonding). The
presence of bulky substituents on the parent S-diketones
such as MesC and tetramethylheptanedione sterically
obstructed oligomerization and monomers are formed due
to the shielding effects of these ligands [19]; bulky
aromatic groups on S-diketones prevent volatility. This is
supported by the complete volatility of Y(tmhd);(H,0) in
which the bulkiness is due to the methyl (—CHs) groups of
p-diketone (2,2,6,6-tetramethyl-3,5-heptanedione, tmhd).

100
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Fig. 2. TG curves of yttrium(lIl) complexes.

The added advantage is their excellent air/moisture
stability, making it amenable for use under ambient
conditions. Among the prepared complexes,
Y (tmhd)3(H,0), Y(tmhd)z, and Y(tmhd)g(triglyme) were
chosen for the vapor pressure measurements, as they
showed complete evaporation in TG. Owing to the
volatilities of the complexes, TG-DTA results were used
for the choice of the temperature range over which the
vapor pressure could be experimentally determined in the
present investigation. Y(hfac); was also found to be
completely volatile, since the presence of fluorine in the
complex is not considered for vapor pressure measurements
and further CVD processes. As one of the objectives of this
investigation was to evaluate the vapor pressure of the
compounds by the transpiration technique, a priori
knowledge of the molecular weight of the vaporizing
species is required. For this purpose, compounds
Y (tmhd);(H,0) and Y ,(tmhd)s(triglyme) were subjected to
FABMS studies. The FAB mass spectrum peak at
m/z = 638 is attributed to the molecular mass of Y (tmhd)s.
The following peaks at m/z = 580, 455, 397, and 273 were
due to the fragments of [YL3-C(CHj)s]" (YLz)" [YL,-
C(CHa)s]", and [YL]", respectively, from the molecular ion,
which confirmed the monomeric nature of Y(tmhd)s. The
dimeric nature of Y,(tmhd)e(triglyme) was established from
the highest molecular mass ions observed at m/z 1148 for
the species of [Y,L4(Me,CHOH)(triglyme)]*, and fragment
ions observed at 910, 682, 580, 455, 397, and 273 were due
to the fragmentation of [Y,L4]", [YL3(Me,CH,)]", [YLs-
C(CHs)s]" [YLy]" [YLy-C(CHs)s]", and [YL]". The m/z
ratios are related to the isotope of greatest natural
abundance ®Y. The fragmentation of the complex in
vacuum is still an important observation since the material
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may be used under atmospheric or plasma conditions very
effectively at low vacuum (10 Torr) conditions as a
molecular precursor for Y,0; or other electrolytic
materials such as YSZ. In addition, the passage of a stream
of carrier gas through a source material in a “bubbler” or
precursor pot prior to transporting the vapor phase reagent
to the MOCVD reactor imposes certain requirements on the
source reagent. It is essential that it have a high vapor
pressure, readiness to shed the ligand in the CVD chamber,
good gas phase transportability for maintaining adequate
feedstock of the precursor, and an indefinite thermal
stability under operating conditions. Hence, the thermal
stability, vapor pressure, thermodynamic parameters, and
kinetic analyses of the selected CVD precursors were
evaluated by employing TG-based non-isothermal and
isothermal transpiration techniques.

Vapor pressure measurements

The standard molar sublimation enthalpy 91 + 2 kJ mol ™ of
benzoic acid determined by Selvakumar et al [15] using the
present apparatus in the experimental temperature range
agreed with the wvalues recommended by various
investigators using various techniques [20—22]. The mean
value of molar sublimation enthalpy of benzoic acid from
the literature data is 90 + 1 kd mol™. The testing results of
the compound give us confidence in the present apparatus,
which has the advantages of accurate mass loss
determination, different temperature measurements within
an experiment, and smaller sample amount and shorter
experimental time than other such studies [15, 23].

5.6
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Fig. 3. Antoine correlated T—P plots for Y (tmhd)3(H20) (4), Y(tmhd)s (5),
Y (tmhd)s(triglyme) (7), and Y (hfac)s (9).

The vapor pressure measurements are carried out at a
carrier gas flow rate of 6 dm®h™. The vapor pressure so
measured  satisfies the conditions of equilibrium
vaporization and is denoted by p. If W is the weight loss of
the sample at the isothermal temperature caused by the flow
of V. dm? of the carrier gas (measured at T, = 298 K), the
vapor pressure p, could be calculated using Dalton's law
expression:

p., =WRT, / MV, 1)

where M is the molar mass of yttrium complexes
Y (tmhd)s(H,0), Y(tmhd)z; or Y,(tmhd)e(triglyme) and T,
and V. are the temperature and volume of the carrier gas.
The vapor pressure (pe) at each saturation temperature was
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calculated from the mass of the sample collected within a
definite period according to the above relation. The vapor
pressure as a function of temperature (Fig. 3) was fitted to
an Antoine expression (eq 2).

In(p.)=A-B/(+C) @

Table 2. Temperature dependence equilibrium vapor pressure (pe)r of
Y (tmhd)3(H20) (4), Y(tmhd)s (5) and Y (tmhd)s(triglyme) (7).

Runs Compound T/K W /mg [(pe)/Pa]r
1 (4) Solid Sublimation 381.57 0.05 0.03
2 391.68 0.09 0.06
3 401.82 0.21 0.13
4 412.23 0.49 0.32
5 422.59 0.96 0.62
6 432.73 1.72 1.11
7 443.11 2.36 1.66
1 {5) Solid Sublimation 381.57 0.02 0.02
2 391.68 0.06 0.04
3 401.82 0.13 0.08
4 412.23 0.35 0.22
5 422.59 0.82 0.53
6 432.73 1.52 0.98
7 443.11 3.15 2.04
1 {7) Liquid Evaporation 370.42 0.22 0.06
2 380.53 0.32 0.09
3 390.76 0.84 0.24
4 400.85 1.47 0.42
5 411.04 3.06 0.87
6 421.32 5.16 1.47
7 431.64 7.25 2.06

The vapor pressure (pe) result derived from the mass
loss of metallorganic precursors yielded straight lines when
In p. was plotted against 1/T (Fig. 4). The calcuated linear
correlation coefficients are larger than 0.97. The mass
losses observed for complexes Y (tmhd)s(H,0), Y (tmhd)s,
and Y,(tmhd)g(triglyme) were in the isothermal temperature
range of 319-474 K (Table 2). It is to be noted from the
TG plots of compounds Y (tmhd)s;(H,0O), Y(tmhd)s;, and
Y,(tmhd)e(triglyme) (Fig. 2) that weight loss in the
complexes begins at a temperature significantly lower than
the melting point and ends at a temperature higher than the
melting point. Thus, below the melting point, the vapor
pressure of the complexes is due to sublimation.
Multiplying the slopes of Clausius—Clapeyron linear fit
expressions by —R (8.314 J mol™ K™), values of 97 + 2 and
112+2kJmol™ are derived for the standard molar
enthalpies of sublimation (Ag,pH®) of Y(tmhd)s;(H,O) and
Y (tmhd)s, respectively. The Ag,H value (112 kJ mol™) of
Y (tmhd); is in good agreement with 117 kJ mol™ reported
by Tobaly et al. [24] based on the static technique. The
enthalpies of sublimation of Y(tmhd);(H,O) and Y (tmhd)s;
were compared with the other reported values 83, 151, 136
and 142 kI mol™ [25-28] and there was a considerable
spread among the various determinations. Beyond the
melting point, the vapor pressure is due to evaporation from
the molten complex (liquid). The enthalpy of vaporization
value for Y,(tmhd)g(triglyme) was found to be
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83 + 3 kJ mol™. The congruent sublimation was verified as
follows.

14
0+ i
o -1+
=
2 i
-3
-4 T T T
0.0022 0.0024 0.0026 0.0028
KIT

Fig. 4. Clausius—Clapeyron plots In pe versus 1/T of Y (tmhd)s;(H20) (4),
Y (tmhd)s (5), Y(tmhd)s(triglyme) (7), and Y (hfac)s (9).

The FT-IR spectrum and the powder X-ray diffraction
were obtained for each complex as prepared. These were
compared with the corresponding data for a sample of the
complex from which sublimation was carried out at a
temperature lower than the melting point. The sublimed
product was found to have the same XRD and FT-IR as the
initial product. After identifying complexes Y (tmhd)s(H,O)
and Y,(tmhd)s(triglyme) to be ideal precursors, they were
selected for the deposition of thin films by CVD [8]. The
complexes Y(tmhd); and Y,(tmhd)g(triglyme) are volatile,
non-toxic (e.g., halogen-free), high stability toward air,
light, thermal, and moisture. They exhibited a broad
window of stability between the temperatures of
evaporation, so that they could be efficiently transported to
the deposition zone without undergoing any fragmentation
en route. Because a metal-oxygen bond is already present in
metal S-diketonates, the deposition of metal oxides can be
theoretically achieved.

100 I + 100
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60 k60
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&S E
2 20+ F20 3
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o
20 L—20
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. . : .
350 400 450 500 550
T/K

Fig. 5. Non-isothermal TG/DTG curves of Y(tmhd)s(H,O) obtained at
different heating rates.

Non-isothermal evaporation kinetics

It should be noted from TG (Fig. 5) that the experimental
weight loss of 2.6% agrees with the calculated 2.7% in the
temperature range of 323-355 K for the loss of one water
molecule. It follows from Fig. 4 that under non-isothermal
conditions (at 6, 8, 10, 12, and 15 K min™* heating rate), an
intensive thermal evaporation of Y (tmhd)s(H,O) starts after
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melting (above 450 K), and ends completely at ~475 to
550 K depending upon different heating rates. The DTG
curves (Fig. 5) show the maximal rate of increase with an
increase in heating rate, indicating that the investigated
process follows the single-step reaction mechanism.
However, this observation is vague and further analysis is
necessary.
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Fig. 6. Isoconversional methods for evaluating solid-state Kinetics:
Flynn-Wall and Kissinger plots of Y(tmhd)s for a set of non-isothermal
curves at 6, 8, 10, 12, and 15 K min,

The non-isothermal conversional model fitting
developed by the Coats—Redfern (CR) and isoconversional
model-free methods developed by Flynn—Wall-Ozawa
(FWO) and Kissinger was applied to evaluate the Kinetic
parameters of Y(tmhd);(H,O) evaporation. The Kinetic
parameters at different degrees of conversions () were
calculated from a sample mass loss data at different heating
rates (B/K min™), from the natural logarithm of heating rate
temperature at which a conversion was reached at 3 heating
rate (T), in accordance with the FWO model-free
isoconversional method (eq 3).

1.05E,

Ing = const — = 3
)4 T ®)

For all sets of a values, the linear isoconversional FWO
plots (Fig. 6a) result in linear correlation coefficients larger
than 0.996. The activation energy derived from the FWO
technique (93 kJ mol™) is very close to the value obtained
using the Kissinger (92kimol™) and Friedman
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(73 kd mol™) methods (eqgs 4 and 5, respectively; Table 3).

1.05E,
Ing = const B 4
n-1
ﬂ AR(n(l_ a))m Ea
In| £ |=1n - ©
T E, RT,,
Table 3. Activation energy (E./kJ mol™) of Y(tmhd)s.
Non-isothermal Isothermal process
CR (R1 model) Friedman Kissinger FWO Model fitting Isoconversional
p E, E, n E, o E, Model E, o E,
6 79 65 071 79 0.1 98 F1 71 0.1 50
8 76 79 055 02 79 F2 71 0.2 35
10 73 75 053 0.3 75 F3 71 0.3 57
12 76 75 055 04 73 R1 71 0.4 60
15 72 72 054 0.5 74 R2 74 0.5 66
0.6 T4 R3 71 0.6 65
0.7 75 A2 72 0.7 65
A3 74
Ad 71
D1 71
D2 71
Average 75 73 79 78 72 60
T
1.0 am g B
0.8+ ,
064 —0—453.15K b
—8—463.15K
e 04 —0—473.15K i
' —o0—483.15K
—©—493.15K
0.2 B
0.0 B
T T T T T T T T T T T T T
0 10 20 30 40 50 60

time / min

Fig. 7. Conversion (o) vs. time plots for Y(tmhd);

Compared to other methods, FWO and Kissinger (Fig.
6b) methods present the advantage that they do not require
previous knowledge of the reaction mechanism for
determining the activation energy [29, 30]. These results
suggest that the non-isothermal sublimation process of
Y (tmhd);(H,0) follows a single-step gas phase reaction.
The Kinetic parameters for the evaporation process of
Y(tmhd)3 are determined by the CR method by using
various model functions. The validity of reaction model
functions was tested by a statistical F-test. It can be
observed that only for the geometrical contraction (Rn)
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models the calculated value of the apparent activation
energy is nearest to the value of Ea obtained by the
Flynn—Wall and Kissinger’s methods (Table 3). To derive
the Kinetic parameters of evaporation process from
isothermal TG measurements, experiments were carried out
at several isothermal temperatures as like section 2.2. The
calculated o = f(t) curves are given in Fig. 7. The rates of
conversion as a function conversion, dov/dt = f(a), were
calculated from o = f(t) data given in Fig. 7, by numerical
derivation. The statistical model and model-free techniques
are applied based on the o= f(t) curves. The Arrhenius
parameters were calculated as described earlier [31, 32]
and the results are summarized in Table 3.

Conclusion

The standard enthalpies of sublimation (Ag,H®) were
found to be 97 + 2 and 112 + 2 kJ mol™ for Y (tmhd)3(H,0)
and Y(tmhd)s, respectively. Non-isothermal model-free
techniques, such as FWO (78 kImol™") and Kissinger
(79 kJ mol™) methods, afford similar activation energies of
evaporation for Y(tmhd)s. The kinetic data of evaporation
for Y(tmhd); are reported for the first time. Complete
volatility and low temperature range of
sublimation/vaporization below 520 K for Y (tmhd)s;(H,0)
and Y,(tmhd)e(triglyme) make these compounds suitable
for use at a lower deposition temperature of substrate in the
CVD reactor. In addition, the moderate vapor pressure and
low enthalpy of Y,(tmhd)s(triglyme) than Y (tmhd)s(H,O)
makes the compound more suitable for CVD from 350 K
(77°C) to reap the benefits of lower deposition temperature
of substrates in the CVD reactor. In addition, the better
growth of Y,03 is expected from Y ,(tmhd)s(triglyme) and
the same was illustrated in our earlier communication [9].

Acknowledgement

The authors thank the Department of Science and Technology (DST),
Government of India (no. SR/S3/ME/03/2005-SERC), for financial
assistance.

References

1. Cheng, X.; Qi, Z.;; Zhang, G.; Zhou, H.; Zhang, W.; Yin, M. Phys. B
2009, 404, 146.
DO1:10.1016/j.physh.2008.10.022

2. Cho, M. H.; Ko, D. H.; Jeong, K.; Whangbo, S. W.; Whang, C. N.;
Choi, S.C.; Cho, S. J. Thin Solid Films 1999, 349, 266.
DOI: 10.1016/S0040-6090(99)00174-1

3. Jones, A. C.; Hitchman, M. L. Chemical Vapour Deposition:
Precursors, Process and Applications; Royal Society of Chemistry:
Cambridge, UK, 2009, pp. 1-17.
DOI: 10.1039/9781847558794-00001

4. Putkonen, M.; Niinisto, L. Precursors Chemistry of Advance
Materials: Organometallic Precursors for Atomic Layer Deposition;
Fischer, R. (Ed.); Springer: Berlin, 2005, pp. 129-140.
DOI: 10.1007/b136145
Kiri, P.; Hyett, G.; Binions, R. Adv. Mat. Lett. 2010, 1, 86.
DOI: 10.5185/amlett.2010.8147

6. Devi, A.; Shivashankar, S.A. J. Therm. Anal. Calorim. 1999, 55,
259.
DOI: 10.1023/A:1010173230897

7. Jacobson, N. S.; Oplia, E. J.; Myers, D. L.; Copland, E. H. J. Chem.
Thermodyn. 2005, 37, 1130.
DOI:10.1016/j.jct.2005.02.001

8. Alexander, C.A. J. Nucl.
DOI:10.1016/j.jnucmat.2005.07.013

9. Selvakumar, J.; Raghunathan, V. S.; Nagaraja, K. S. Mater. Lett.
2009, 63, 2710.
DOI:10.1016/j.matlet.2009.09.050

Mater. 2005, 346, 312.

Copyright © 2012 VBRI Press 135


http://www.sciencedirect.com/science/article/pii/S0921452608004596
http://www.sciencedirect.com/science/article/pii/S0040609099001741
http://pubs.rsc.org/en/content/chapter/bk9780854044658-00001/978-0-85404-465-8
http://www.springerlink.com/content/585l68llnv6mbtcn/
http://www.amlett.com/index.php?vol=1&iss=2&issDate=September%202010
http://www.springerlink.com/content/p2h2843728763377/
http://www.sciencedirect.com/science/article/pii/S0021961405000285
http://www.sciencedirect.com/science/article/pii/S0022311505003703
http://www.sciencedirect.com/science/article/pii/S0167577X09007320

10.

Pope, G. W.; Steinbach, J. F.; Wagner, W.F. J. Inorg. Nucl. Chem.
1961, 20, 304.
DOI:10.1016/0022-1902(61)80281-9

22.

Selvakumar and Nagaraja

Freedman, A.; Kebabian, P. L.; Li, Z.; Robinson, W. A.; Wormhoudt,
J. C. Meas. Sci. Technol. 2008, 19, 125102.
DOI: 10.1088/0957-0233/19/12/125102

11. Eisentraut, K. J.; Sievers, R. E. J. Am. Chem. Soc. 1965, 87, 5254. 23. Viswanathan, R.; Lakshmi Narasimhan, T. S.; Nalini, S. J. Phys.
DOI: 10.1021/ja00950a051 Chem. B 2009, 113, 8362.

12. Richardson, M. F.; Wagner, W. F.; Sands, D.E. J. Inorg. Nucl. Chem. DOI: 10.1021/jp900857t
1968, 30, 1275. 24. Tobaly, P.; Lanchec, G. J. Chem. Thermodyn. 1993, 25, 503.
DOI:10.1016/0022-1902(68)80557-3 DOI:10.1006/jcht.1993.1158

13. Terrematte, J.; Daniele, S.; Hubert-Pfalzgraf, L. G.; Decams, J.M.; 25. Waffenschmidt, E.; Musolf, J.; Heuken, M.; Heime, K. J. Supercond.
Guillon, H.; Richard, P. Inorg. Chem. Commun. 2003, 6, 1039. 1992, 5, 119.
DOI:10.1016/S1387-7003(03)00160-6 DOI: 10.1007/BF00618055

14. Drake, S. R.; Hursthouse, M. B.; Abdul Malik, K. M.; Miller, S. A. 26. Colominas, C.; Lau, K. H.; Hildenbrand, D. L.; Baker, S. C.;
S.; Otway, D.J. Inorg. Chem. 1993, 32, 4464. Sanjurjo, A. J. Chem. Eng. Data. 2001, 46, 446.
DOI: 10.1021/ic00072a048 DOI: 10.1021/je0003445

15. Selvakumar, J.; Raghunathan, V. S.; Nagaraja, K. S. J. Phys. Chem. 27. Yuhya, S.; Kikuchi, K.; Yoshida, M.; Sugawara, K.; Shiohara,
C. 2009, 113, 19011. Y. Mol. Cryst. Lig. Cryst. 1990, 184, 231
DOI: 10.1021/jp906204c DOI:10.1080/00268949008031767

16. Cunningham, J.A.; Sands, D.E.; Wagner, W.F. Inorg. Chem. 1967, 28. Fulem, M.; Ruzicka, K.; Ruzicka, V.; Simecek, T.; Hulicius, E.;
6, 499. Pangrac, J.  J. Crystal Growth 2004, 264, 192.
DOI: 10.1021/ic50049a014 DOI:10.1016/j.jcrysgro.2003.12.016

17. Davis, T. S.; Fackler, J.P. Inorg. Chem. 1966, 5, 242. 29. Vyazovkin, S. J. Therm. Anal. Calorim. 2006, 83, 45.
DOI: 10.1021/ic50036a019 DOI: 10.1007/s10973-005-7044-6

18. Maury, F. J. Phys. IV C5, 1995, 5, 449. 30. Chrissafis, K. J. Therm. Anal. Calorim. 2009, 95, 273.
DOI: 10.1051/jphyscol:1995522 DOI: 10.1007/s10973-008-9041-z

19. Fackler, J.P.; Cotton, F.A. J. Am. Chem. Soc. 1960, 82, 5005. 31. Selvakumar, J.; Sathiyamoorthy, D.; Nagaraja, K. S. J. Therm. Anal.
DOI: 10.1021/ja01503a065 Calorim. 2011, Online.

20. Ribeiro da Silva, M. A. V.; Monte, M. J. S.; Huinink, J. J. Chem. DOI: 10.1007/s10973-011-1754-8
Thermodyn. 1995, 27, 175.
DOI:10.1006/jcht.1995.0014

21. Glukhova, O. T.; Arkhangelova, N. M.; Teplitsky, A. B.; Sukhodub,

L. F; Yanson, I. K. Thermochim. Acta 1985, 95, 133.
DOI:10.1016/0040-6031(85)80041-1

Advanced Materials Letters

Publish your article in this journal

ADVANCED MATERIALS Lletters is an

international

JOURNAI

* VBRI pre

a rapid publication platforrn

e

journal

published quarterly. The journal is intended to provide top-quality
peer-reviewed research papers in the fascinating field of materials
science particularly in the area of structure, synthesis and
processing, characterization, advanced-state properties, and
applications of materials. All articles are indexed on various
databases including DOAJ and are available for download for free.
The manuscript management system is completely electronic and
has fast and fair peer-review process. The journal includes
review articles, research articles, notes, letter to editor and short
communications.

ADVANCED

- IVIATERIALS
- ; Letters

Structure, synthesis &
processing, characterization,
advanced-state properties

A and applications of materials
Cy
1

Adv. Mat. Lett. 2012, 3(2), 130-135 Copyright © 2012 VBRI Press


http://www.sciencedirect.com/science/article/pii/0022190261802819
http://www.sciencedirect.com/science/article/pii/0022190268805573
http://www.sciencedirect.com/science/article/pii/S1387700303001606
http://pubs.acs.org/doi/abs/10.1021/ic00072a048
http://pubs.acs.org/doi/abs/10.1021/jp906204c
http://pubs.acs.org/doi/abs/10.1021/ic50049a014
http://pubs.acs.org/doi/abs/10.1021/ic50036a019
http://jp4.journaldephysique.org/index.php?option=com_article&access=doi&doi=10.1051/jphyscol:1995552&Itemid=129
http://pubs.acs.org/doi/abs/10.1021/ja01503a065
http://www.sciencedirect.com/science/article/pii/S0021961485700146
http://www.sciencedirect.com/science/article/pii/0040603185800411
http://iopscience.iop.org/0957-0233/19/12/125102;jsessionid=468ABA609600078D733E114EC5F9DF69.c2
http://pubs.acs.org/doi/abs/10.1021/jp900857t
http://www.sciencedirect.com/science/article/pii/S0021961483711584
http://www.springerlink.com/content/uw4216h2l5630616/
http://pubs.acs.org/doi/abs/10.1021/je0003445
http://www.tandfonline.com/doi/abs/10.1080/00268949008031767
http://www.sciencedirect.com/science/article/pii/S0022024803022188
http://www.springerlink.com/content/862344503317k885/
http://www.springerlink.com/content/t51h14176g150370/
http://www.akademiai.com/content/u1126657p72356q3/

