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Abstract—The covalent derivatives [Et,M-PEt,]; (M = Ga, In) have been prepared from
Lewis acid-base complexes, R;M.PHELt,, by alkane elimination and characterized by
elemental analyses, IR, 'H and *P NMR spectroscopy. Features of the mass spectra reveal
a trimeric form and the strength of the [M-P], ring. For the compound [CIMeGa-PEt,),,
spectral data are consistent with a weakening of the [Ga—P], chain, in good agreement with

the pyrolysis results.

Group I1I organometallic trialkyls, MRy(M = Al,
Ga, In; R = Me, Et) and group V hydrides (AsH,,
PH,) are generally used to elaborate III-V semi-
conductor materials by the organometallic Chem-
ical Vapour Deposition process.! The formation of
intermediates such as Lewis acid-base complexes
and covalent compounds in the chemical
mechanisms?® led us to use directly these species to
simplify and sometimes to improve the process.*’

The goal of our investigations is to foresee
whether organometallic compounds can be used as
precursors in this process from their physico-
chemical properties. The principal adduct lim-
itation, as source of III and V elements, seems to
be the relative fragility of the donor-acceptor
bonds.* Consequently, molecules with covalent
bonds between the III and V elements were inter-
esting to test since covalent bond strength is
generally more important than donor-acceptor
bond strength.

The reaction of group III trialkyls with ligands
containing acidic hydrogen yields adducts which
* readily eliminate alkanes to produce unsaturated
covalent intermediates. Usually, cyclization occurs
to give dimeric or trimeric more stable compounds.

R,M + HXR;~R,M.XR;H—~RH!
+[R,M — XRj],

‘Such nitrogen-derivatives are’ very numerous and
various®® whereas related dialkyl phosphino com-

“*Author to whon}"' correspondence should be ad-
dressed. -
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pounds were essentially studied only by Coates et
al‘lo,ll

In this paper we describe the preparation and the
characterization of the cyclic compounds
[Et,M-PEt,}; (M =Ga, In) and [CIMeGa-PEt,),
and discuss the stability of the [M-P], ring.

EXPERIMENTAL

Starting materials

All compounds were handled under purified
nitrogen or argon atmosphere. Solvents were
purified by conventional means."? Triethylgallium
(b.p. 140°C/745 mm,; lit. 143°C/760 mm) was pre-
pared from the Ga,Mg, alloy by a Grignard reac-
tion.!* Triethylindium was obtained by reaction
between InCl, and an excess of ethyllithium in
diethyl ether and purified by distillation (b.p.
64°C/4mm; lit. 53°C/3mm). The chloro-
dimethylgalliom (Ventron) and diethylphosphine
(Stream Chemical, Inc.} were not purified prior to
use. All complexes were prepared by following the
same procedure.

Preparation of complexes

(1) [Et,Ga-PEt,];. A slight excess of HPEt.
(52.6 mmoles) was slowly added to GakEt.
(49.0 mmoles) and cooled to —20°C. The mixture
was stirred 15 min at this temperature before being
warmed. The temperature was increased and eth
ane was slowly evolved from 100°C. Heating was
progressively increased and controlled in such ¢
way that a regular ethane evolution was observec
in the bubbler at the outlet of the apparatus. The
volume of alkane was measured with a gas burett



582

F. MAURY and G. CONSTANT

Table 1. Analytical and IR data

Analysis found (calced.) (%)

degree of

Sublimation

Compound C H P Ga/In C1 association temperature IR bands (cm-])

[EtzGa - PEt2]3 43.6 9.3 13.6 32.9 - 3 100-110°C/0.05 mm 1418, 1243, 1184, 1040, 1029,
(44.3) (9.2) (14.3) (32.2) 990, 973, 959, 930, 889, 754,

739, 646, 527, 498
[CIMeGa - PEtZ]n 27.6 5.7 13.9 30.7 16.6 2.6b 150-160°C/0.05 mm 1420, 1250, 1195, 1040, 1030,
(28.6) (6.2) (14.8) (33.4) (16.9) 970, 945, 920, 890, 850, 815,

755, 660, 580, 560
[EtZIn - PEt2]3 38.2 8.0 12.6 40.8 - 32 visc. Tiq. 1418, 1242, 1160, 1040, 1025,

(36.7) (7.6) (11.9) (43.8)

995, 970, 952, 919, 886, 754,
735, 620, 467, 450

a) obtained by mass spectrometry ; b)

connected to the apparatus and heating was main-
tained until the theoretical volume corresponding
to quantitative reaction was obtained (required:
1098 cm®). In these conditions, the reaction mix-
ture was heated at 100-150°C for Shr. After
cooling to room temperature, the remaining white
solid mass was dissolved in dry benzene, filtered to
remove insoluble particles due to some decom-
position, recrystallized and dried under vacuum.

(2) The reaction between HPEt, and GaMe,Cl,
led to methane elimination in the range 100-180°C
during 24 hr (volume evolved, found: 1180 cm’,
required: 1228 cm®). The white solid compound
[CIMeGa-PEt,], was obtained by recrystallization
from methylene chloride.

in benzene solution, by cryoscopic measurements.

(3) The formation of [Et,In-PEt,]; was easier
since ethane was briskly evolved from 20°C. Heat-
ing for 2hr was necessary and the maximum
temperature reached at the end of the reaction was
100°C. Removal under vacuum of diethyl ether
traces, coming from triethylindium, led to a vis-
cous oil which was subjected to physical mea-
surements (Table 1). ’

Spectra

IR spectra were recorded as Nujol mulls by
using KBr plates in the range 4000—400cm~' by
means of a Perkin—Elmer model 457 spectrometer.
Proton magnetic resonance spectra were recorded
at 250 MHz on a Cameca spectrometer and *'P

Table 2. 'H and *'P NMR data®

Metal Phosphine s3p
Compound
CH, CH, CH, CH,
[Et,6a - PEt,],  0.50 m (J(GaH)2) 1.15 ¢ (8.0)  1.75 q (7.2) 1.13 m (J(PH)14) - 7.5
[Et,In - PEt)], 0.63 q 1,29t (7.8)  1.83q (7.5)-  1.22m (J(PH)14.5) - 74.3 s
[ClMeGa - PEL,] - 0.54 s 2.4 m 1.64 m -68.2m
0.65 s

.Solvent CDC]3 3a) chemical shift (ppm, relative to TMS for ]H and to H3PO4 for 3]P spectra), multiplicity

(s =

singlet, t = .'Erip]et_, q = quartet, m = multiplet), (coupling constant (Hz)).
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NMR spectra were obtained at 36.44 MHz on a
Brucker instrument. Mass spectra were recorded
either on a VG micro mass 70-70 or 305 F mass
spectrometer at a ionizing potential of 70eV, a
source temperature of 180-200°C and using direct

insertion into the ion source.

RESULTS AND DISCUSSION

According to previous works,”!! the alkane elim-
ination was easier with indium than gallium as
metal atom. Moreover, a chlorine atom in place of
an alkyl group on the gallium atom seems to
increase the difficulty of alkane elimination since
the quantitative formation of [CIMeGa-PEt,], re-
quires 24 hrat 100-180°C but only 5 hrat 100-150°C
for [Et,Ga-PEt,]; derivative. Thermal decom-
position in a sealed tube, at high pressure of
reactants, leads frequently to polymer formation"
whereas our procedure led to the isolation of
crystalline compounds, as indicated by X-ray pow-
der diffraction pattern of the two gallium deriva-
tives.

IR spectra of these compounds were recorded
(Table 1) and the quantitative elimination of al-
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kane from adducts, R,M«PHEt,, was verified by
the absence of P-H stretching vibrations in the
range 2350-2450 cm~'. The characteristic bands of
PEt,, MEt, (M = Ga, In) and GaMeCl groups
were identified on the basis of previous studies.*!!
Thus, two intense bands are found at 1040 and
1029 em™~! for P-CH, rocking vibrations and a
sharp doublet at 754 and 739 cm™! for the P-C
stretching modes. Furthermore, the symmetrical
and antisymmetrical metal-carbon stretching vi-
brations require more energy in the case of
[CIMeGa-PEt,), than for [Et,Ga—PEt,];, 560 and
580 cm ! and 498 and 527 cm~!, respectively. This
probably correlates with the difference between the
bond strengths of Ga-Me and Ga-Et and is in
good agreement with the difficulty to eliminate the
methyl groups without breaking of the Ga—P bond
in the thermal decomposition experiments.’
NMR data of these compounds are reported in
Table 2. The *P NMR spectra of [Et,M-PEL,],
(M =Ga, In) are constituted by just one peak
whereas a complicated multiplet is obtained in the
same range for [CIMeGa-PEt,],. The integrations
in the '"H NMR spectra conformed to the the-

Table 3. Mass spectra data

[EtzGa - PEt2]3

m/e rel. intensity assignment m/e rel. intensity assignment
625, 623, 621, 619 2,65 9; 4 GagPaEt, )t 757 5 IngPaEt, "
565, 563, 561, 559 125 331 GagP,Et,o" 555 4 In P Ete"
467, 465, 463 2; 4; 3 Ga,PyEtg" 527 2 In,PEt H
407, 405, 403 17; 47; 35 Ga Pt 523 7 In,P,Etg"
379, 377, 375 15 3; 2 Ga P EtcH" 511 3 In,PoEtCH, "
367, 365, 363 1; 3; 2 Ga P, Et CH" 495, 493 47; 4 InPEt,"
347, 345, 343 145 31; 21 GaPEt, " 467 1 In,PEteH"
337, 335, 333 1;3; 2 Ga,PEt,CH* 437 7 IngPEte"
319, 317, 315 1; 2; 2 GazPEt5H+ 435, 433 13; 1 In,PEL"
289, 287, 285 2; 5; 4 GaPEL," 409 1 In,P,Et,H*
249, 247 55 7 GaP,Et," 405 1 In PEL"
221, 219 3; 4 GaP £t H" 377 n In,PEt,”
189, 187 23; 36 GaPEt," 319 9 InzPEt2+
160, 158 4; 6 GaPEL," 233 12 InPEL "
129, 127 32; 51 GaEt,’ 204 3 InPEt,"
101, 99 6; 10 GaEtH* 201 12 InEty" (-H)
90 17 PELH' 173, 17 75; 3 InEt,"
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oretical ratios of the different types of proton on
the basis of simple monomers. The coupling be-
tween gallium (I = 3/2) and hydrogen atoms bound
to the alpha carbon appears in the spectra of
[Et,Ga-PEt,]; (J(GaH) 2.0 Hz) whereas for the
others a broadening of the quartet peaks, at about
0.6 ppm, is only observed. The peaks assigned to
CH,-M with [Et,In-PEt,]; are shifted downfield
compared to those of [Et,Ga—PEt,);, which indi-
cates that the size of the metal atom is more
important than its electronegativity.' Further-
more, the substitution of an alkyl group on gallium
atom by a chlorine atom enhance, by inductive
effect, the deshielding of CH,—P.

The '"H NMR spectra of [Et, M-PEt,), are con-
sistent with a trimer cyclic structure with, in solu-
tion rapid inversion at room temperature between
two chair forms of a six-membered ring. On the
contrary, for [CIMeGa-PEt,],, the two peaks in the
intensity ratio 1/2 assigned to CH,-Ga and the
complexity of the other signals can be interpreted
from a mixture, in solution, of two compounds in
the ratio 1/2. Cryoscopic molecular weight mea-
surements in benzene solution of this compound
give M = 556, 533 and a mean degree of associ-
ation equal to 2.6 that corresponds exactly to a
mixture of dimer and trimer in the ratio 1/2
according to the proton NMR results.

The mass spectroscopic data are summarized in
Table 3. Those of [Et,M-PEt,]; (M = Ga, In) show
that the primary ions are always fragments derived
from trimeric molecules by loss of one Ethyl
group followed by competitive loss of either MEt,
or PEt groups. In both spectra the more important
peaks are those of M* and MEt;} followed by
M,P,Et}, M,PEt;, M,PEt; and MPEt;. The ion-
fragments obtained by M-FEt and P-Et cleavage
are numerous and their abundances suggest a
relatively simple fragmentation pattern due to the
stability of [M-P], ring.

The mass spectrum of [CIMeGa-PEt,], is more
complicated and ions derived from trimeric mole-
cule are not detected. Fragments arising from
dimeric species are observed (Ga, Cl, P, Et; Me*
Ga, Cl, PEt; .. ) but also ions such as Ga Cl, P C;
Hj; due to ion-molecule side reactions, and several
ions containing bromine and coming from im-
purities in GaMe,Cl. A Negative Chemical Ioniz-
ation mass spectrum with methane displays char-
acteristic quintuplets at m/e =623 and 491
assigned to [CIMeGa—PEt,);,-H and [Ga; Cl; P, Et,
Me,], respectively. Next to these trimeric species,
this spectrum reveals ions containing bromine and
Ga, Cl,,, entities which are very enhanced and
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numerous corroborating a recent work on this
spectrometry.

In conclusion, the trimeric covalent compounds
[Et;M-PEt,}; (M = Ga, In) have a similar fragmen-
tation pattern and the preferential process, which
involves M—Et and P-Et bond cleavage, implies
considerable stability of the [M—P], ring. The frag-
ility of this chain seems to increase with the
number of polar functions. Thus, with
[CIMeGa-PEt,], a weakening of the Ga—P ¢ bond
strength is assumed to explain the complexity of
the fragmentation. These results are in good agree-
ment with the pyrolysis study of these or-
ganometallic molecules® since no GaP coating was
obtained from [CIMeGa-PEt,],, probably because
the Ga—P ¢ bonds are broken in the vapour phase,
whereas the two other compounds led to III-V
semiconductor layers.
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