Introduction

Organosilicons are most extensively used in such modern technologies as rocket
building, the airspace industry, and radio electronics [56, 76, 79, 81, 88]. Despite
comparatively high cost, organosilicons recently started to oust traditional materials
in the shipbuilding and fabric industries [56], the construction industry, medicine, and
other branches of science and industry [31, 47, 77, 78, 80]. Organosilicons are widely
in use as coatings [79, 81}, lubricants {76, 88], and heat-transport mediums [19, 118].
Their unique properties give them advantages over existing substances.

In the literature, both in Russia and abroad, papers concerned with systematization
and generalization of thermophysical properties of organosilicons are almost completely
lacking [70, 92]. This is because we lack pertinent experimental data.

While there is rather extensive literature available on the chemical structure and
physical, chemical [9, 12, 24, 28, 35, 49, 82, 119], and thermodynamic properties [46, 66,
75, 76, 93, 95], the thermophysical property-data are very scarce and remain practically
unclassified. Sufficiently detailed information is available only for a few compounds [84—
87, 118]; for most organosilicons experimental data are available only for a single state,
e.g. at T = 293.15 K [51, 89].

The knowledge of various properties of organosilicons in a wide range of thermody-
namic parameters is necessary both for engineers—to predict the parameters of tech-
nological processes [9, 19, 31, 77, 89] and the ranges of application of substances—and
for the scientist—to investigate the relation between a substance’s chemical structure
and its properties.

Presently, due to the lack of a sufficiently rigorous theory of the liquid state, the
properties of a new substance cannot be predicted from existing theory. At the same
time, in most cases, experimental data that are of interest for designers are scarce or
completely lacking.

For the reason listed previously, there is a need to develop semiempirical methods
for estimating properties of substances. There are many methods presently available
for estimating thermophysical properties, which fall into two groups. The first group
is estimations based on thermodynamic similarity [97-107]. The second group includes
those methods that are based on the additivity of the contributions made to properties
by molecular structural elements [17, 100, 102-110]. Each of these has advantages and
disadvantages, and in some cases are supplementary to one another.

Calculations based on the thermodynamic similarity principle imply that a number
of scaling factors are known, which are suitable for estimating a wide variety of pro-
perties and states of a substance in a sufficiently wide region of reference parameters.

The additive principle can be used for calculations of a number of properties, such
as critical temperature pressure and volume, latent heat of evaporation, boiling tem-
perature at ambient pressure, etc.

In developing the additive calculating procedure to predict the properties of sub-
stances, the authors of refs. [17, 100, 102-110] have confined themselves to a few sep-

arate examples.
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By applying existing methods for estimating a number of thermophysical properties
of particular chemical compounds, organosilicons, the authors of the present handbook
hope to generate property-tables for wide regions of thermodynamic parameters. These
should be sufficiently accurate for practical usage.

In most cases, a straight forward application of both estimation methods was im-
possible and we had to introduce a number of modifications into these methods to
allow for the peculiarities of organosilicons.

One of the primary goals of correlating experimental data is selecting a method of
classification of the objects under investigation. A wide variety of silicon compounds,
in particular, create some difficulties in the development of a unified nomenclature
system [48, 65]. At present, there are several different nomenclatures, and one of the
primary goals of the International Union of Pure and Applied Chemistry (IUPAC) [65]
is to bring together the nomenclatures and terminology that exist in different lan-
guages.

Nomenclature of organosilicon compounds, according to IUPAC rules, is based on
the precedence of atoms and atom groups and is outlined in refs. [64, 65, 68]. Chem-
ical names, along with a short description of organosilicons commercially available in
Russia, are summarized in a number of sources [27, 31, 35, 40, 77].

A nomenclature system most widely used for silicones is a substitutive one, where
a hypothetical carbon open-chain, or carbon cycle compound, serves as a parent com-
pound, and silicon heteroatoms substitute in part or completely for silicon heteroatoms.
Among groups with the same central atom, the group with the higher degree of oxida-
tion of this atom receives precedence [64, 65, 68].

Of a wide variety of organosilicons available, only two main types-silicon hydrides
and their substituted siloxanes with a —Si—0O—Si—0—Si— skeleton have been selected
for discussion in this handbook.

A typical feature of silicones is the presence of a central silicon atom, to which a
variety of groups and atoms, such as SiHy; (CH3)3SiCl, can be attached. Compounds
of the general formula H3Si-SiH3;—(disilanes) or (SiHsz),—(cyclosilanes) have not been
included.

Compounds containing a —Si—O—Si— skeleton with then remaining silicon bonds

occupied by organic radicals, are commonly termed oligoorganosiloxanes or polyorga-
nosiloxanes [9, 35, 89]. Such compounds, holding no functional groups for subsequent
polymerization and containing closed end-groups, remain liquids in a wide temperature
region—regardless of their molecular mass which can range from several hundred to
a few thousand. Such substances, commonly termed organosilicon liquids, have found
wide applications owing to their thermal stability, unique physical properties, and good
capacity for lubrication and insulation, etc.

The rules of classification of oligoorganosiloxanes cannot be considered as complete-
ly established [24, 35, 39, 47, 68, 80]. Indeed, there are different accepted classifica-
tions—based on the chemical composition and molecular structure, on properties and
areas of application (as lubricants, electrical insulators, heat transfer agents) and on
other keys [56, 76, 95, 116)].

The properties of liquid oligomer systems are primarily affected by the compo-
sition and structure of the end groups. In principle, the basic properties of oli-
goorganosiloxanes can be modified solely by substituting end groups and by changing
their composition.
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Figure 1.1: Structure of organosiloxane molecules.
a—linear, b—cyclic, c—branched

Structurally, oligoorganosiloxane molecules can be linear, cyclic or branched
(Fig.1.1). Linear molecule compounds have lower viscosities than cyclic compounds and
relatively weak physical properties-temperature dependencies, and branched-molecule
compounds occupy intermediate positions [9, 89]. Below, organosilicons with linear,
cyclic, and branched molecules are termed linear, cyclic, and branched, respectively.

The handbook includes thermophysical properties of the following oligoorganosiloxanes:

1. Oligodimethylsiloxanes or polydimethylsiloxanes can be linear, cyclic, or
branched. Technical-grade mixtures of such compounds are labeled according to their
kinematic viscosity values at 293.15 K, given in centistokes [84, 89]. Polyorganosilox-
anes have lower intermolscular forces compared to other oligoorganosiloxanes as well
as lower vitrification temperatures and melting temperatures [69, 84, 89, 117].

2. Oligodiethylsiloxanes or polydiethylsiloxanes have a looser structure than poly-
dimethylsiloxanes. This is because of the larger volume occupied by the radicals C;Hs
compared to that occupied by CHg [9]. They can be either linear or cyclic. The main
peculiarity of polydiethylsiloxanes is their good compatibility with mineral oils, which
enables them to be used widely as a component of compound lubricants [69, 76, 84, 88].

3. Combined compounds such as polydimethylsiloxane-polydiethylsiloxane, where-
in the radicals CH; and C;H; alternate, have properties similar either to those of
polydimethylsiloxanes or to those of polydiethylsiloxanes, according to which of the
radicals prevails in a molecule. Such compounds can be either linear or cyclic [51].

4. Oligomethylphenylsiloxanes or polymethylphenylsiloxanes can be derived by the
introduction of phenyl groups into the dimethylsiloxane chain [9, 89]. Such compounds
offer elevated thermal stability, low saturated vapor pressure, low evaporativity, and
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high ignition temperature [77]. The properties of polymethylphenylsiloxanes are depen-
dent on the number of n (CH3) and m (CgHs) (¢) radicals in a molecule [42, 43, 86, 117].

5. Organosiloxanes with halogen-containing organic radicals have more pronounced
polar properties than their parent liquids [9, 89]. The presence of halogens in these
compounds provides improved lubricating properties [88], alters both their solubility
and compatibility with organic media, and reduces inflammability [20, 87]. Such com-
pounds can be linear, cyclic, or branched. The ratio of the number of halides n (Cl) to
the total number of atoms in a molecule.

Halogen-containing organosiloxanes are complex mixtures of molecules, differing
from one another by degree of both polymerization and composition. Depending on the
type of halogen present, these fall into three groups: oligomethylfluoroorganosiloxanes,
oligomethylchloroorganosiloxanes, and oligomethylfluorochloroorganosiloxanes.

The thermophysical properties of such compounds depend both on the degree of
polymerization of constituent molecules and on their composition and structure.

An inherent feature of such compounds is a stronger dependency of viscosity on
temperature. This is explained by the increase of intermolecular interaction inten-
sity due to the additional attraction of polar carbon halide bonds and to a certain
correlation between the halogen and silicon atoms of adjacent molecules.

6. Oligoorganoalkoxisiloxanes are derived by introducing alkoxi-groups into oli-
goorganosiloxane molecules. This enhances their lubricating ability and compatibility
with other organic compounds. Their thermal stability is dependent on the nature of
the substituents of both silicon atoms and alkoxi-groups. These organic radicals, their
volume and nature, have a major effect on the properties of the resulting oligomers.

The thermophysical properties of oligoorganoalkoxysiloxanes are related to the e-
lasticity and rigidity of molecule chains as well as to their conformational mobility.
This may result in unwinding the molecular ball due to a temperature rise.

7. With a hydrogen atom present in an oligomer molecule, polydimethylsiloxane
hydride- and polydiethylsiloxane hydride-liquids will be formed. Such compounds are
widely used as water-repellent coatings for various surfaces and objects. The protective
coatings thus obtained can withstand temperatures as high as 580 K and do not mix
with water or organic solvents [77, 81].

8. Bis(organocyclosiloxi)polydimethylsiloxanes form a separate group of “cellular”
polymers with dumbbell-like molecules. The results of experimental studies of such
compounds are summarized in refs. [7, 9, 36, 38].

The analysis, systemization, and generalization of available experimental data en-
abled us to put necessary improvements into the estimation procedures offered in
refs. [17, 72, 99-107], to allow for the structure and composition of organosilicon mole-
cules. Based upon such analysis, the correlation equations and numerical values of
constants appearing in these equations were deduced and the thermophysical property
tables were calculated. The errors of the data estimations do not exceed 10 percent.
The correlations thus obtained can be used to predict thermophysical properties of
newly synthesized compounds.





