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Ph,P(CH),PPh;; dppeS,, SP(Ph,)CH,CH,P(Ph,)S; dppm, diphenylphosphinomethane; Hbta, bezotriazole; LSM, least squares method; m, mass of the sample; M, molecular
mass; mcyt, 1-methylcytosine; Mes[9]aneNs, 1,4,7-trimethyl-1,4,7-triazacyclononane; morph, morpholine: NH(C4Hg)O (coordination via N); mpy, 2-Me-Py; NTMSI, N-
trimethylsilylimidazol; P, pressure; P*, hypothetical pressure of the compound, which is computed on assumptions that (1) full amount of the compound exists in the system in
the gaseous state, (2) any reactions of the compound are neglected; PhA, N-phenylacetamide; phen, 1,10-phenantroline; pic, 4-methylpyridine; pip, piperidine CsH11N; Pyoal,
total pressure (usually this quantity is measured experimentally); py, pyridine CsHsN; pyz, pyrazine C4H4N,; quin, quinuclidine; R, universal gas constant (8.314J mol~' K1,
0.0821atmK~1,62,400 Torr mlK=1); S(pz),, bis(pyrazolyl)sulfane; T, temperature, K; terpy, 2,2',2"-terpyridil (2,6-di-2-pyridylpyridine); TEU, tetraethylurea; THF, tetrahy-
drofuran; tmeda, tetramethylethylenediamide; tmpH, 2,2,6,6-tetramethylpiperidine; tmtu, N,N,N’,N’-tetramethylthiourea; tmu, N,N,N’,N’-tetramethylurea; tu, thiourea; V,
volume of the system.
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Donor-acceptor molecular complexes (adducts ADy) play important role in modern technology. They are
prospective single-source precursors for the synthesis of solid phases by the chemical vapor deposition
(CVD) method. Stability of the complex in the gas phase is an important issue for many practical appli-
cations. High-temperature thermodynamic data for adducts are not readily available, which underlines

the fundamental need for the systematic study of processes which adducts undergo upon heating. Such

Keywords: processes are: the congruent or incongruent vaporization (sublimation), the reversible dissociation in
Donor-acceptor complexes . . . g .

Adducts the gas phase into the components and the irreversible thermal destruction (pyrolysis).

Structure The static tensimetric method with membrane null-manometer is unique method for studying

Thermodynamics
Vaporization
Dissociation
Tensimetry
Static method

donor-acceptor interactions both in gaseous and condensed phases. It is a useful method for: (1) the
evaluation of the complex composition ADy; (2) characterization of the nature of the main process which
the complex undergoes upon heating; (3) determination of the thermodynamic characteristics of such
processes. The static method allows to achieve the true equilibrium state, it is applicable both to the
heterogeneous and homogeneous systems and allows one to measure the vapor pressure—temperature
dependence for the pressure range 1-1000 Torr and temperatures up to 1100 °C. For the homogeneous
systems (processes in the gas phase), the vapor composition and the vapor density can be determined,
which allows to calculate partial pressures of three molecular forms in vapors and determine the equi-
librium constant at a given temperature. From the temperature dependence of the equilibrium constant,
the enthalpies and entropies of the respective process can be evaluated.

In the present review the application of the static tensimetry method for the determination of the nature
of the process, vapor composition and thermodynamic characteristics is illustrated on the following
examples:

® Sublimation (vaporization) of the adduct without decomposition.

® Reversible gas phase dissociation of the adduct into components.

® Sublimation (vaporization) of the adduct accompanied by its reversible dissociation into components.

e Complete congruent dissociation of the adduct into gaseous components upon heating.

® Incongruent dissociation of the adduct (subsequent dissociation of the solid AD, adducts into solid
AD,_; and gaseous D).

e Appearance of the upper temperature limit due to the irreversible thermal destruction (pyrolysis) of
one of the components.

Our results on systematic studies of the thermal decomposition of adducts of group 4,5,13,14,15
element halides (chlorides, bromides and iodides) with group 15, 16 element-containing donors are
presented. Experimentally obtained thermodynamic characteristics of vaporization and dissociation for
more than 50 adducts are summarized for the first time.

Current approaches towards estimation of the sublimation enthalpies of donor-acceptor complexes
are critically evaluated. It is shown, that the widely used approximation (sublimation enthalpy of the
complex equals the sublimation enthalpy of 1 mol of the ligand) generally performs very poor and may
result in large (about 70 k] mol~1) errors. Its application is not recommended. Moreover, reported values
for the gas-phase metal-ligand bond dissociation energies, based on such approximation, are incorrect
and should not be trusted. Approaches based on the structural information appear to be more perspective.

The structural features of the DA complexes of group 4,5,13,14,15 element halides both in gaseous and
solid states are also summarized for the first time.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

High-temperature gas phase chemistry plays an important role
in modern technology. In particular, the chemical vapor deposition
(CVD) method [1-4] is widely used for the production of binary
and composite materials, such as semiconductors and refractory
nitrides and oxides. Donor-acceptor (DA) molecular complexes
ADy (also called adducts) [5] formed by Lewis acids A and Lewis
bases D are prospective single-source precursors for the synthesis
of the solid phases [6-14]. Donor-acceptor interactions often stabi-

lize unusual structures. For example, inorganic heterocycles of the
N3P2, NgAs, NyP series have been stabilized by Shulz [15-17].
Saturated vapor pressure of the single-source precursor and its
stability in the gas phase are the two most important issues for its
practical application. Thus, there is a fundamental need for the sys-
tematic study of processes which adducts undergo upon heating.
Such processes are: congruent or incongruent vaporization (sub-
limation), reversible dissociation in the gas phase (into donor and
acceptor components) and irreversible thermal destruction (pyrol-
ysis). Homogeneous gas-phase dissociation of the DA complexes is
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