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Abstract. We use tunable UV laser light in the region 200-320 nm, produced by frequency
doubling the output of a dye laser, for the decomposition of organometallic compounds.
This method has been applied to TMA, trimethylaluminum AI(CH3) 3. Only the TMA
monomer absorbs UV light for 2 > 220 rim. TMA decomposes by one-photon absorption
mainly into two channels: aluminum atoms A1 plus organic fragments, and aluminummonomethyl A1CH3 molecules plus organic fragments. The ratio [A1]/[A1CH3] is wavelength
dependent. We present a mechanism to explain the photolysis of trimethyl compounds of
group III elements (A1, Ga, In).
PACS: 81.15, 82.50

Organometallic compounds are widely used as a
source of elements generated upon exposure to energy,
which may be thermal or energetic beams in the form of
photons [1-10], electrons [11,12] or ions [13-16]. We
describe an experiment, in which we use tunable UV
laser photons of precisely defined energy for the
decomposition of gaseous organometallics, namely
AI(CH3)3. Our results show how organometallics of
the trimethyl type (A1, Ga, In) interact with UV (laser)
light.

1. Experimental Setup
A detailed description of the experimental setup can be
found in [17]. A tunable UV laser light source
photolyses the compound under investigation. Tunable UV output is generated by frequency doubling
(SHG) the output of a XeC1 excimer laser pumped dye
laser in a fl-barium-borate crystal (BBO). With this
arrangement it is possible to tune the photolysis laser
wavelength between 205 and 320 nm [18]. Moreover,
one can cover the range 200-207 nm by sum frequency
generation (SFG) [18]. Photolysis at 193nm was
performed by using an ArF excimer laser.

We use a weakly focussed KrF excimer laser
(2=248 nm) to detect the photoproducts by nonresonant two-photon ionization similar to the detection of GaCH 3 as a photoproduct of trimethylgallium
described earlier [8-1. Alternatively, photoproducts can
be detected by resonant multiphoton ionization
(REMPI). Applying this technique, it was shown [6]
that A1CH3 is a photoproduct of TMA.
• The data presented here were obtained by exposing
TMA molecules (Alfa Ventron) in the ionization region
of a laser time-of-flight mass spectrometer to the UV
laser light source described above at a pressure of
10 -4 Torr. Then, after a time delay of 200 ns, the
neutral photoproducts were ionized by a KrF laser.
2. Results

2.1. Absorption Spectrum of TMA
We used a 1.5 m long cuvette with quartz windows and
the frequency doubled dye laser as UV source to
measure the absorption spectrum of TMA, which is
shown in Fig. i. The structureless spectrum in the far
UV region points to a dissociative continuum of TMA.
The cross section begins to rise at about 250 nm until
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Fig. 2. Ratio of the UV absorption cross sections at 0.01 Tort and

1 Torr as a function of the wavelength. The cross section for
0.01 Torr is plotted for comparison

Fig. 1. UV absorption spectrum of TMA for a pressure of
0.01 Torr and t Torr, respectively. ~r denotes the weighted
average of a(TMA monomer) and a(TMA dimer). Insert: Pressure dependence of the monomer concentration in TMA for a
temperature of 295 K and 373 K (the curves were calculated
using the equilibrium constant given in [19])
220 nm, where a new channel seems to open. The cross
section is pressure dependent due to dimer formation.
F o r a given temperature, the m o n o m e r / d i m e r ratio
strongly depends on the pressure (insert of Fig. 1) [19].
F o r example, at r o o m temperature the m o n o m e r
fraction in T M A amounts to only 4% at p = 1 T o r r
while is 33% at p=0,01 T o r r (see insert), i.e. by
changing the pressure from 1 T o r r to 0.01 T o r r the
m o n o m e r fraction is multiplied by a factor 8. For
2 > 220 nm only the monomer absorbs. This can be seen
from Fig. 2, where the ratio of the cross sections at
p=0.01 T o r r and p = 1 T o r r is plotted versus laser
wavelength, showing an asymptotic approach to the
predicted value a(0.01 Torr)/a(1 T o r r ) = 8. Here o- denotes the weighted average of the individual a's of the
m o n o m e r and the dimer.

2.2. Photolysis of T M A
Typical time-of-flight mass spectra of T M A at
2 = 193 nm (ArF) can be seen in Fig. 3. Ions generated
by the photolysis laser alone (top trace) are A1 + and
AI(CH3)~-. The detection laser (KrF) itself generates
only a small amount of A1 + (bottom trace). If the
detection laser is triggered after a suitable delay of A t
= 10.2 gs with respect to the photolysis laser, the m a s s
spectrum shown in the middle trace is obtained. In
addition to the ions from the top trace, A1CH~- and
A1 + ions are detected, due to the corresponding neutral
species. Other photoproducts were not detected. The
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t~~-Fig. 3. Ion time-of-flight signal of trimethylaluminum AI(CH3)3,
induced by the photolysis laser at 193 nm alone (top trace), and
after ionization of neutral species,formed by the photolysis laser,
by a weakly focussed KrF excimer laser (detection laser) delayed
by 200 ns (middle trace)• The control experiment, with the
detection laser alone, is shown in the bottom trace (see text for
details)
enhancement of the A1 + and A1CH~ peaks with
respect to the background (bottom trace) is a measure
for the relative a m o u n t of the corresponding neutral
fragments produced by the photolysis laser. The
above-mentioned enhancement divided by the number
of photons per laser pulse gives the relative ion yield Y
of a photoproduct. The A1 ÷ and A1CH~- signals
depend linearly upon the photolysis laser energy, a
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Fig. 4. Relative ion yields of A1 and A1CH3 as a function of the
photolysis laser wavelength
fact, which strongly suggests that TMA decomposes by
a one-photon process. The obtained yields Y(A1÷) and
Y(AICH~) are shown in Fig. 4 as a function of the
photolysis laser wavelength. The threshold for A1
production is at about 255 nm, whereas the A1CH 3
yield has its onset at 230 nm. For the Case of resonant
detection of the photoproducts A1 and A1CH 3 described in [6], the photolysis laser wavelength dependence of the yields is the same [20].
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Fig. 5. The relative amounts of gaseous TMA decomposition
products as a function of photolysis laser wavelength in comparison to the absorption spectrum
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3. Discussion

Since the two-photon ionization probabilities of A1 and
A1CH 3 are different, the relative ion yields must be
calibrated in order to obtain the absolute yields Y(A1)
and Y(A1CH3). The fact that only small amounts of
AI(CH3) 2 were detected [21], suggests a TMA
decomposition mainly into the two channels A1 plus
organic fragments and A1CH 3 plus organic fragments.
Assuming TMA to have a purely dissociative transition
in the region under investigation (190-270 nm), the
sum of both fragmentation channels [Y(A1)+
Y(A1CHa) ] should fit the absorption spectrum of
TMA. Within our experimental accuracy this holds
only for
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Fig. 6. Quantum yield • for the two fragmentation channels

formingA1atoms and A1CH3moleculesand the sum of both. The
yields were calculated from c~--Y/A, where Y is the yield of a
photoproduct and A the measured absorption coefficient of
TMA at 0.01 Torr (see text for details)

Y(A1CHa)/Y(A1 )-- 1.5 Y(A1CH +)/Y(AI +),
with the factor 1.5 compensating for the different
ionization probabilities of A1 and A1CH 3 at 248 nm
(Fig. 5).
The quantum yield is ~ := N J N , where x stands
for A1 or A1CH3, N~ is the number of photons in the
x-channel and N is the total number of absorbed
photons. From the proportionalities Y~ocN~ and
A(2) oc N, for an absorption coefficient A much smaller
than 1, it follows that ~ocYx/A.

In Fig. 6 we have plotted the relative quantum
yields F x = Yx/A against the wavelength of the
photolysis laser. Obviously the quantum yield for A1
production remains constant between 225 and 250 nm.
This means, that the decomposition of TMA in this
interval predominantly leads to aluminum atoms and
organic fragments. Below 230 nm, the formation of
A1CH3 molecules becomes more and more important,
but both quantum yields sum up to a constant all the
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way down to 210 nm. Below this value, the sum of
both channels begins to decrease. A reason for this
behaviour can be the uncertainty of the absorption
spectrum
for
low
pressures
(p < 0.001 Torr).
Nevertheless, only small amounts
of other
photoproducts were detected in this region, so that we
are confident that the dashed lines in Fig. 6 reflect
the real photochemistry of TMA.

4. Dissociation Mechanism of T M A
One striking feature of our results is that aluminum
atoms are produced at lower photon energies than
A1CH3. Since the average bond energy of an A1-CHa
bond in T M A is reported to be a b o u t 2.9 eV [22], one
expects 8.7 eV to be necessary in order to separate all
three C H 3 ligands. On the other hand our experiments
show that one 5 eV photon is sufficient to isolate the A1
atom. In order to explain the energy mismatch of
3.7 eV, we propose a mechanism which sets energy
free:

, AI + C2H6"

I

(1)

The formation of C2H6 (ethane) as a direct
photoproduct seemsto be the only explanation for our
surprising experimental results. Due to the high
ionization potential of ethane (J 1.6 eV), however, the
collision free detection of C2H6 as a photoproduct is
difficult with our present experimental setup.
The mechanism for the production of AICH3 is:
AI(CH3)3+ hv

2 < 230 nm

, AICH3+ CHa + CH3,

5. Conclusion
We have shown that for gas phase T M A only the
m o n o m e r absorbs U V light for 2 > 220 nm. The decomposition of T M A by U V laser light is a one-photon
process with A1 and A1CHa as the main Al-containing
photoproducts. The ratio [A1CH3]/[A1 ] is strongly
wavelength dependent. This can be explained by the
proposed dissociation mechanism given in (1) and (2).
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