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Figure 2. X-ray diffraction pattern on the ultimate product 
formed in the thermal decomposition of W2(q-cy-C6Hil)s after 
heating to lo00 O C  under a He flow. The identifiable species are 
W(m) and WOz as shown by W and 0 in the figure. 

first seen by Bradley and Factor3b in their pioneering 
studies of the thermal decomposition of Zr(O-tert-amylj4. 

The stoichiometry of the oxide M203 (M = Al) or M02 
(M = Mo and W) reflects the influence of the metal in 
achieving a thermodynamically stable oxide. There is no 
known oxide of formula W203, and only recently has 
Mo203 been mentioned in the literature.8 

The partitioning of products between M02 and Mo2C 
or W(m) as a function of R = t-Bu versus cy-Hex indicates 
the potential versatility of metal alkoxides as single source 
precursors and that much needs to be learned before 
product formation is predictable. 
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The organometallic chemical vapor deposition (CVD) 
of metallic platinum films has potential applications in 
microelectronics and in wear protection and has been the 
subject of several recent Qualitative observa- 
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Figure 1. Stacked FTIR spectra recorded during the CVD of 
platinum from ~is-[PtMe~(MeNC)~1 at 250 OC. The growth of 
the peak due to methane [u(CH) = 3017 cm-l] and the decay of 
the stronger band due to the N=C stretch of 1 [u(N=C) = 2216 
cm-'1 were monitored with time. The latter was complicated by 
the growth of a broad band at 2232 cm-' due to a polymeric 
material. 

tions with several precursors have indicated that CVD can 
be enhanced by the presence of H2, by W irradiation, and 
by other methods, but no kinetic studies of platinum CVD 
have been reported. This article describes the use of FTIR 
and UV spectroscopies to monitor the rate of CVD of 
platinum with ci~-[PtMe~(MeNC)~l ,  1, as precursor. 

Thermal CVD was monitored by FTIR using an evacu- 
ated 10-cm path length Pyrex cell, fitted with KC1 win- 
dows. The cell was heated with electric tapes and insulated 
with aluminum foil. The tapes were arranged so that the 
windows, while hot, were at a temperature below the de- 
composition temperature, while the central part of the cell 
in which CVD occurred was at  250 "C. No deposition 
occurred on the windows, and continuous platinum films 
were formed in the central hot zone. The temperatures 
a t  several positions on the cell were monitored by using 
iron-constantin thermocouples. The products were 
methane [v(CH) = 3017 cm-'1, platinum, and an involatile, 
insoluble oily polymer derived from the methyl isocyanide 
ligands that gave broad IR absorptions at  2232 and 2172 
cm-' (Figure 1). Using the precursor cis-[Pt(CDJ2- 
(MeNC)2], 1', the volatile product of CVD was CD3H [v- 
(CD) = 2291 cm-'1 with no CD4 [v(CD) = 2259 cm-'1 de- 
tectable. In a similar way the product of CVD from l in 
the presence of D2 was shown to be CH3D. The kinetics 
of CVD from cis-[PtMe2(MeNC),] were studied by mon- 
itoring the appearance of methane or the disappearance 
of ~is-[PtMe~(MeNC)~l ,  which has v(N=C) = 2216 and 
2195 cm-' (Figure 1). Since several minutes were required 
to heat the cell to 250 "C, the kinetics of the earliest part 
of the reaction, where any induction period would be ob- 
served, could not be determined. The following are the 
major observations for CVD in the absence of UV light: 

(1) In the absence of hydrogen, the rate of formation of 
methane or decay of complex 1 was first order in 1 with 
kob = (6.0 f 0.4) X 10" s-l. 
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Figure 2. Plot of 100(A, - A,)/(A, - A,,), where A is the ab- 
sorbance due to methane, versus time during CVD of platinum 
from C ~ ~ - [ P ~ M ~ ~ ( M ~ N C ) ~ ]  at 250 "C under the following condi- 
tions: (a) no preformed Pt film and no H2 present; (b) no pre- 
formed Pt film but H2 (200 Torr) present; (c) preformed Pt film 
and H2 (200 Torr) both present. 
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Figure 3. Half-order plots for the decomposition of cis- 
[PtMe2(MeNC)2] at 250 OC in the presence of H2 at the following 
pressures: (a) 66, (b) 99, (c) 132, (d) 198, (e) 264 Torr. 
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Figure 4. UV-visible absorption spectrum in the gas phase of 
C ~ - [ P ~ M ~ ~ ( M ~ N C ) ~ ]  at 150 OC. The major absorption is centered 
at 200 nm with a secondary maximum at 290 nm. 

(2) The relative rates of thermolysis of 1 and l', carried 
out as a mixture of the two complexes with monitoring of 
both CH, and CD,H formation, gave a secondary isotope 
effect kH/kD = 1.35 f 0.1. 

(3) The reaction was strongly retarded in the presence 
of free MeNC. Quantitative studies were not possible 
because MeNC is not thermally stable under the experi- 
mental conditions (decay has tlIz - 7 min) but with [ l ]  
ca. 1 Torr and [added MeNC]/[l] = 0.54 the initial re- 
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fitted with Suprasil windows, and using the incident UV 
radiation from a W-visible spectrophotometer, which was 
also used to monitor the disappearance of 1. The UV 
spectrum of 1 is shown in Figure 4, and the decrease in 
absorbance at  220 nm was used to monitor the reaction. 
When a Pyrex target was installed, platinum was selec- 
tively deposited on the Pyrex surface when illuminated by 
radiation with X < 300 nm. Irradiation at  longer wave- 
lengths gave negligible deposition. Figure 5 shows the 
absorbance vs time plots for CVD in the presence or ab- 
sence of UV radiation (A = 220 nm) at  150 OC. The 
photochemical enhancement of CVD is immediately ob- 
vious since, as seen in Figure 5, thermal CVD at  150 OC 
is very slow. 

In terms of the mechanism of CVD, the strong inhibition 
by free MeNC strongly suggests a preequilibrium involving 
reversible dissociation of MeNC from 1 to give cis- 
[PtMez(MeNC)], which then undergoes rate-determining 
thermolysis or hydrogenolysis.6 Similar effects have been 
observed, and similar interpretations made, for the ther- 
molysis of alkylplatinum complexes in s o l ~ t i o n . ~ ~ ~ ~  The 
labeling studies show that the extra hydrogen atom needed 
to convert a CH3Pt group to CHI is not derived from the 
second CH3Pt group but is derived from Hz, if present, or 
probably from a CH3NC ligand if Hz is a b ~ e n t . ~  The 
remaining observations and kinet$c data strongly indicate 
a major heterogeneous component to the reaction mech- 
anism.6 Further progress requires direct observation of 
surface bound species in UHV, using IR absorption and 
thermal desorption methods, and such experiments are in 
progress. 
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Faure 5. Absorbance due to CL-[RM+(M~NC)~] at 220 nm from 
a sample under CVD conditions at 150 OC as a function of time. 
Closed squares, no irradiation except while recording spectra; open 
circles, with UV irradiation at 220 nm. 

tardation is at least a factor of 2.5 and, a t  higher concen- 
trations of MeNC, CVD was too slow to measure. 

(4) The reaction was accelerated in the presence of Hz, 
but the kinetics became more complex. Typical absor- 
bance vs time plots for methane formation are shown in 
Figure 2. In the early part of the reaction the order was 
-0.5 in complex 1 (Figure 3) and -0.85 in Hz. 

(5) A platinum film was deposited in the central hot zone 
of the cell by CVD using localizing heating. The cell was 
then evacuated, fresh precursor was admitted, and the cell 
was reheated to the CVD temperature by using the 
standard conditions. CVD occurred more rapidly (Figure 
2) and to a major extent on the film whereas, if no pre- 
formed film was present, platinum was deposited more 
extensively over the cell walls. This indicates a surface 
reaction but proof of this is not possible in the present 
equipment. 

Studies of the photochemically enhanced CVD were 
carried out a t  150 OC using a 2-cm pathlength UV cell, 

(4) To observe fist-order kinetica for thermolysis of cie-[PtMe2- 
(MeNCI2] according to this mechanism, the concentration of free MeNC 
must be approximately constant. Since MeNC is formed by the ther- 
molysis but then decomposes to involatile products, this is not an m- 
reasonable situation. 

(5) The hydrogen could be derived f r m  dissociative adsorption of H2 
or CH,NC on already-deposited platinum film, for example, or direct 
hydrogenolysis of PtMe2(MeNC) could occur. The reaction CHB + H2 - CH, + H is endothermic, and so radical formation of methane cannot 
occur. Isotopic labeling of the MeNC ligand haa not been carried out and 
is necessary to prove the source of the extra hydrogen atom in the 
methane formed. 
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