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® 9 TMAS} NH,s}9] 714} d88) w22 in-situ FTIR 23122 3sjeic) A% spectroscopic
reaction cell stainless-steel#] 2 2} ] 2}&l hexagonal-port chamber 4] 2702) NaCl window& 4 2% 3}~
A2 3ted 1100°C713] 7 o slom it ofe} A ¥& EoA 3ol 7Hrkich TMAS} NHye
E3 ZA] w23t TMA: NH; adductE AAdshdeny, 500°Co A 2 adduct’} AR €& FTIRR &
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TMA : NH; adductel] ddted Abel4 @A% IR bandE2 F8NF W2z} assigndlgdct TMAY o
#afel i} kinetic dataZ¥-e] o] Hlge] 12422 defdd & 5 Ut

ABSTRACT. The thermal decomposition of trimethylaluminum (TMA) with ammonia has been inves-
tigated by in-sifu Fourier transform infrared spectroscopy. The spectroscopic reaction cell, which permits
heating internally up to 1100°C, consists of stainless-steel hexagonal-port chamber containing twoe NaCl
windows installed in parallel. In this work, the stoichiometric reaction between TMA and NH, is found
to be completed immediately after mixing. FTIR spectra observed in the range of temperature 25~1100°C
show that TMA and TMA : NH; adduct .ecompose into methane as a predominant product around 500°C.
The assignments of the IR bands due to the gaseous TMA, NH; and TMA : NH: adduct are attempted
on the basis of the published data. Furthermore, the decomposition of TMA can be described as a first-
order reaction. Kinetic data about the decomposition of TMA and TMA : NH; adduct will also be discus-
sed.
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Fig. 6. FTIR spectra of TMA+NQ during thermoly-
sis, Temp.: (a) 25°C, (b) 600°C, (¢) 700°C, (d) 1000°C.
Initial vapour pressure: 2.0 torr TMA+ 1.0 torr NO.
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Fig. 7. FTIR spectra during thermolysis of TMA at
470°C as a function of time. Time.: (a) 25 sec, (b) 214
sec, (€} 533 sec, (d) 988 sec. Initial vapour pressure:
20torr TMA.
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Fig, 8. Plots of InP ps. time during thermolysis of
20torr TMA. Temp.: (2) 470°C, (b} 500°C. Assump-
tion: The decrease of IR band intensity (Al-C sym-
metric stretching: 568 cm™!) with time is related to
the change of TMA vapour pressure.
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Fig. 9. Plots of P »s. time for the CH, production du-
ring thermolysis at 500°C. Initial pressure: (a) 2.0 torr
TMA, (b) TMA+ NH;=0.7 torr, Assumption: The inc-
rease of IR band intensity (CH, asymmetric stret-
ching: 3018 cm™"} with time is related to the produc-
tion of CH..
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Fig. 2. FTIR spectra of TMA during thermolysis.

Temp.: (a) 25°C, (b} 400°C, (c) 500°C, (2) 800°C. Initial
vapour pressure: 2.3 torr TMA.
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Table 1. Assignments of IR vibrational frequencies for
NH;, TMA and TMA : NH, (All vapours at 25°C)

IR Absorption bands observed, cm™'

Assignments’ 10202

NH; TMA  TMA:NH;
3334 w NB;: sym str
2939 vs 2924w CH; asym str
297 m CHs sym str
2854 sh 2825sh  Overtone (2XCHy)
1628 w NH; asym def
1254 m (b} CH; sym def
1209 vs (1) CH; sym def
1198s  CH; sym del
968 m NH; sym def
931l m NH; sym def
774vs (b) 735s CH; rocking
703 vs () AIC, sym str
694w AIC; sym str
651 sh (1) CH; rocking
609 m (O CH; rocking
585s {t) CH; rocking
568 vs (1) AlC; sym str

Abbreviation: asym=asymmetric, sym=symmetric, str
=stretching, def=deformation, b=bridge, t=terminal,
vs=very strong, s=strong. m=medium, w=weak, sh
=shoulder,
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thyl718] 273 93t R 2 4=, o)) 2%
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7z} he} t2 FAlEHd)

Table 241 Kvisle 570l 2|3} dimeric TMA%} mo-
nomeric TMAS IR &5} 2 assignment& 1}
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Table 2. Assignments of IR vibrational frequencies for

.dimeric and monomeric TMA’

Dimeric TMA  Monomeric TMA
Can symmetry Dy, symmetry Assignment’
vapour, 298 K vapour, 40K
- 2971s CH; asym str
2944 s 2948 s CH;z asym str
2904 m 2905 m CH; sym str
2845w 2830 w Overtone {2XCHy)
1430 v 1430 vw CH; asym def
1255 m (b) - CH; sym def
1208s () 1196 s CH; sym def
774s (b) 742s CH; rocking
650 vw (t) 643 w CHs rocking
609 m (t) - CH; rocking
- 689 s AlC; asym str
700 vs (t) - AlC; sym str
567s () - AIC; sym str
480 m (b) - AIC; sym str
368s (b) - AlC; sym str

Abbreviation: asym=asymmetric, sym=symmetric, str
=stretching, def=deformation, b=bridge, t=terminal,
vs=very strong, s=strong, m=medium, w=weak, sh
=shoulder,
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Fig. 4. FTIR spectra of NH; during thermolysis.
Temp.: (a) 25°C, (b) 400°C, (c) 800°C, (d) 900°C. Initial
vapour pressure: 3.0 torr NH,.
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Fig. 5. FTIR spectra of TMA+NH; in excess of NH,
during thermolysis. Temp.: (a) 25°C, (b) 300°C, (¢)
400°C. (d) 500°C, (e} 800°C. Total vapour pressure
(TMA+NH;) : 1.0 torr.
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