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Prediction of Properties of Silicon, Boron, and Aluminum Compounds

Kenneth H. Myers and Ronald P. Danner*

Department of Chemical Engineering, Pennsylvania State University, University Park, Pennsylvania 16802

Because of the lack of experimental results, organometallic compounds often have not been included in
studies of data prediction methods. On the basis on an extensive search and compilation of experimental
data, many of the thermodynamic and transport property prediction methods have now been extended to
include silicon, boron, and aluminum compounds. Almost all the methods are based on chemical structure,
involving atomic, bond, or group contributions. A strong emphasis has been placed on developing prediction
methods of this type because a minimum number of experimental input data are required to apply them.
This was an important criterion because of the scarcity of experimental results in the literature on organometallic
compounds. Organometallic predictive methods have been developed for the following properties (reliability
estimates are given in parentheses): ideal gas enthalpies of formation (2.3% ), enthalpy of vaporization (4.8 %),
ideal gas heat capacity (4.0% ), ideal gas entropy (1.3%), critical temperature (1.9%), critical pressure (4.7%),
critical volume (6.2%), thermal conductivity (6.7%), and surface tension (6.2%).

Introduction

The increasing application of organometallic compounds
in the specialty and commodity chemical industries has
created a greater need for property data for these compounds
by design engineers. Unfortunately, the number of exper-
imental data in the literature for these compounds is sparse.
When experimental data are difficult to obtain, data pre-
diction methods become an invaluable alternative. Fre-
quently organometallic compounds have been ignored in the
development of data prediction methods. This paper presents
the results of a project undertaken to develop methods for
predicting thermodynamic and transport properties of or-
ganometallic compounds containing silicon, boron, and alu-
minum. These particular compounds were chosen, on the
basis of their importance toindustry, as well as the availability
of experimental data needed to develop the prediction
methods.

For organometallic compounds, the scarcity of experimental
data on most properties has virtually eliminated the possibility
of developing predictive methods that require data on other
properties. For instance, a method to predict the thermal
conductivity of a compound which requires viscosity and
surface tension data is of little use if these data are not
available. Thedifficulties incurred in obtaining experimental
property data for these compounds have been partially
overcome by the development of prediction techniques which
are based on structure and which require little or no other
experimental data. The literature contains a plethora of
structural prediction methods that are applicable to organic
compounds, but few give any treatment to organometallics.
These methods, however, can be readily modified to include
these compounds if sufficient experimental data are available.
Except for thermal conductivity, the methods presented in
this paper are all based on the structural contribution concept.
The cited references for each method should be consulted for
the specifics not related to organometallic compounds.
Alternatively Danner and Daubert (1) present all the basic
methods. The aspects of each method pertaining to orga-
nometallics are discussed in detail in this paper.

Structural Prediction Methods. Structural prediction
methods are essentially based on three types of contribu-
tions: atomic, bond, or group. The chemical structure of a
compound is required to identify the contributions contained
in a compound. These contribution values are summed to
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determine a characteristic parameter which is then used in
an equation to predict the desired property. For instance, a
parachor is determined from atomic contributions, and this
parameter is then used in an equation with the density to
predict surface tension. Methods employing group contri-
butions are typically the most accurate, but require a large
data base todevelop. Considerable effort was given todevelop
group contributions for all of the properties covered in this
work. Unfortunately, an adequate number of experimental
data were not available to do so. Since bond and atomic
contribution methods require less data and are found to give
reasonable results for some properties, these methods were
used as appropriate.

Data Base. A comprehensive data base was generated in
order to develop and evaluate the predictive methods. Over
200 references were consulted in order to obtain the most
recent and reliable experimental dataavailable. The complete
data base, with references, is presented in the Appendix. The
data are divided by property into separate tables each
containing the experimental data for all of the compounds
used to develop each predictive method. These tables also
contain a compound by compound evaluation of the predictive
methods covered.

Development of the Methods. The data bases for each
of the seven properties of interest were used to evaluate any
prediction methods currently available for organometallic
compounds, to revise the methods when necessary, and to
extend existing prediction methods that were not applicable
to organometallic compounds.

For each of the structural methods, the group, bond, or
atomic contributions were determined in the same general
manner. Thenonorganometallic contributions in an existing
method were not redetermined; these values were used to
isolate (by subtraction) the organometallic contribution
values. The values for the organometallic contributions were
determined by a series of stepwise nonlinear regressions. The
contributions occurring most frequently in the organometallic
compounds inthe data base were determined first. Additional
groups were added to the regression in order of decreasing
frequency of occurrence. Some contributions were found to
be present in only one compound, and could not be regressed.
These contributions are noted in the tables; the reliability of
predictions using them is questionable.
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Ideal Gas Enthalpies of Formation at 298.15 K

For ideal gas enthalpy of formation predictions, the group
contribution technique developed by Benson et al. (2) has
been shown to give reliable results for organic compounds.
This method is applicable to certain organometallic com-
pounds; however, it has been found to give results far less
reliable than for other classes of organic compounds. This
can be attributed to the scarcity and inaccuracy of data on
organometallic compounds accessible to Benson and his co-
workers when the method was developed. The quantity and
quality of organometallic enthalpy of formation data have
improved significantly, making it possible to refine this
prediction method by determining new contribution values
for silicon, boron, and aluminum compounds.

Group Contribution Method for AH®( 35s. Enthalpy of
formation predictions by the Benson group contribution
method require the use of the following equation:

AH®( 998 = Z”iAH ® 5,208 M

where AH®; 05 is the enthalpy of formation of the ideal gas
at 298.15 K. v;is the number of groups of type i, and AH®; 5205
is the type i group contribution. The group contributions for
organometallic compounds are found in TableI. Contribution
values for all nonorganometallic contribution are given by
Benson et al. (2).

The Benson method requires the use of a correction factor
to account for steric hinderences in a compound. These
corrections, known as gauche corrections, are frequently
required for branched compounds. Gauche corrections are
only necessary for first-row elements. Benson attributed this
to the greater bond lengths that occur with increasing
molecular size. Hence, they are unnecessary for the second-
row elements such as aluminum and silicon, although
corrections for their substituents may be required. Boron
being a first-row element requires the use of gauche correc-
tions. Benson incorporated many of these corrections into
the values of the groups. In the development of the new
group contributions for boron compounds, gauche corrections
were not combined with the group contribution values. This
was done in order to avoid any confusion that may arise as
towhether or not a gauche correction should be directly added
to the sum of the group contributions in a heat of formation
calculation. These corrections should always be accounted
for explicitly.

Bond Contribution Method for AH®355. The enthalpy
of formation of some important silicon compounds, such as
aminosilanes and silazanes, cannot be estimated using the
group contribution method because of the lack of parameters
for necessary groups. A sufficient number of data could not
be obtained to determine these group contributions. Arevised
bond contribution method, based on a bond method also
developed by Benson (3), was extended and is presented as
an alternate procedure.

Enthalpy of formation predictions for silicon compounds
by the bond contribution procedure require the following
equation:

AH®;p03 = Z"i(X‘Y)i (2)

where AH® 05 is the enthalpy of formation of the ideal gas
at 298.15 K, v; is the number of X-Y bonds in the compound,
and (X~Y); is the bond contribution of atom X bonded to
atom Y. The organometallic bond contribution values are
given in Table II. Additional contributions can be obtained
from Benson (3).

Evaluation and Comparison of the Methods for
AH®;20. The group and bond contribution methods for
enthalpy of formation predictions were evaluated against a

Table I. Group Contributions for the Prediction of the
Enthalpy of Formation (AHP(293) at 298,15 K for
Organometallic Compounds#?

AH®; 5208/ AH® £ 208/
group (kJ mol-1) group (kJ mol-1)
Si-(C)(H)s -39.4 C-(B)(C)2(H) 4.7
Si-(C)2(H) -21.7 C-(B)(H)3 -42.2
Si-(C)3(H) -38.6 B-(Cg)s -155.6
Si-(C)s -60.4 Cg-(B) 25.8
*Si-(Si)(H)3 40.0 B-(0)3 -279.5
*Si-(Si)z(H)e 40.9 B-(0)(H) -150.4
Si-(8i)2(C)2 -18.3 *B-(0)(H): -34.7
Si-(S1)(C)s -55.8 B-(B)2(0); -142.2
*Si-(Si)4 169.9 0-(B)(C) -170.9
C-(Si)(C)(H), -17.3 0-(B)(H) -255.7
C-(Si)(C)2(H) -2.2 0-(B)(Cp) -173.6
C-(Si)(H)s -42.2 0-(B)(0) -54.1
Si-(C)(CD); -487.2 *B-(C)2(0) -103.5
*Si-(C)2(Ch), -364.0 *B-(Cp)(0)2 -218.5
*Si-(C);(C -227.3 B-(S); -279.5
*Si-(C)(F)3 -1190.5 S-B)(C) 67.2
*Si-(C)s(Br) -166.7 *S-(B)(Cg) 88.1
*Si-(C)3(D -80.4 B-(N); -279.5
*8i-(C)(H)(CD), -359.8 B-(C):(N) -131.3
*Si-(C)o(H)(CY -208.3 *B-(C)(N)(O) -199.5
*Si-(0)(F)s -1274.0 N-(B)(C), 95.7
*8j-(0)3(CD -656.8 N-B)(C)(H) -126.0
*Si-(Si)(F)3 -1183.0 *B-(0)(F); -834.9
*Si-(Si)o(F)2 -795.7 *B-(0)2(F) -531.3
*Si-(Si)(Cl)s -493.2 *B-(B)(F); -715.9
*Si-(Si)(0)3 -238.3 B-(C)(F); -806.2
Si-(0)3(H) -98.3 *B-(N)2(CD -357.5
Si-(C)(0)3 -196.0 *B-(N)(C]) -412.7
Si-(C)2(0)2 -144.1 *B-(B)(Cl); -244.6
Si-(C)3(0) -95.5 B-(0)2(CY) -321.4
Si-(0)4 -256.3 *B-(0)(CD), -374.7
*0-(Si)(0) 914 *B-(C)2(C) -175.2
0-(Si), -357.0 *B-(Cg)2(C) -283.2
O-(8i))(C) -190.8 B-(Cp)(CD), -343.5
O-(Si)(H) -283.1 B-(C)2(Br) -111.8
*Si-(Si)(C)(0); -494.8 *B-(Cp)2(Br) -199.1
*C-(Si)(0)(H), -1.8 *B-(Cp)(Br), -224.2
*Si-(Cpg)s -57.1 *B-(C)o(D) -35.8
*Si-(Cp)2(Cl)2 -404.3 Al-(C)3 45.3
*Si-(Cp)(0)3 -196.2 C-(A)(C)(H); -284
Si-(Cg)2(C)(H) -38.6 Al-(C)2(H) -9.0
Cz-(Si) 28.7 Al-(C)2(CD) -265.2
O-(Si)(Cp) -217.6 C-(AD(H)s -42.2
B-(C)3 3.7 *Al-(AD(CD. -405.9
C-(B)(C)(H): -13.2
Ring Corrections
[o} c-C
s 62.9 +| s 41.2
[+ c-C

@ Group assignments are C-(Si)(H); = C-(B)(H); = C-(A)(H)3 =
C-(C)(H)s3, Si-(Cp)2(C)(H) = Si-(C)3(H), and B-(0);8B-(N); =B-(S)3
= P-(0);. ® An asterisk indicates a group determined by a single
compound.

data base containing experimental enthalpies of formation
on 227 organometallic compounds. The group contribution
method was evaluated by employing organometallic group
contribution values from threesources: the new groups given
in Table I, the groups given by Benson et al. (2), and groups
developed by O’Neal and Ring (4).

Forsilicon, the new groups produced predictions that were
superior in accuracy and were applicable to a greater number
of compounds than those given by O’Neal and Ring. The
shortcomings of the O’Neal and Ring method can be attributed
to the manner in which they had determined their silicon
contribution values. Their group contributions were deter-
mined by a data base that consisted of enthalpy of formation
data that were calculated by another method (5). In effect
their group method is an estimation method based on another
estimation method. The 43 new silicon group contributions,
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Table II. Bond Contributions for the Prediction of the
Enthalpy of Formation (AHP¢2s) at 298.15 K for
Tetravalent Silicon Compounds#

X-Y)i/ X-Y)/
bond (kJ mol-1) bond (kJ mol-!)
(Si-N) -53.1 *(Si-S) 87.2
(Si-C) -9.3 Si-F) -403.7
(Si-H) 8.6 (Si-C) -165.7
(Si-Si) 25.1 (Si-Br) -103.9
(Si-0) -218.8 (Si-I) -27.6
(Si‘cphenyl) 15.5
Ring Corrections
by c-C,
c si 68.2 | s 45.4
o] c-C

¢ An asterisk indicates a group determined by a single compound.

Table III. Evaluation Results of Prediction Methods for
the Enthalpy of Formation at 298.15 K2
silicon boron aluminum

av % % of av% % of av% % of

method dev compds dev compds dev compds
Group Contributions
Benson N/A N/A 5.3 57 6.2 44
O'Neal and 5.4 37 N/A N/A N/A N/A
Ring
New 1.9 84 4.8 100 2.1 100

Bond Contributions
O'Neal and 17.3 86 N/A N/A N/A N/A
Ring
New 5.7 88 N/A N/A N/A N/A

2 Compounds with applicable data: silicon, 148; boron, 20; alu-
minum, 9.

however, were determined solely from the experimental data
of 124 silicon compounds. The original Benson et al. method
did not contain any group contributions for silicon.

For boron, 40 group contributions were determined, and
for aluminum, 6 groups were determined. These groups,
which are given in Table I, were compared with the boron
and aluminum groups given by Benson et al. (2) by comparing
the predicted values given by each method with the literature
values given in the data base. Table III contains a summary
of results. Improvements in the reliability and applicability
of the method were realized from the new group values.

A comparison of the boron and aluminum contribution
values developed by Benson et al. with those given in Table
Iwill, in some instances, reveal large differences. In addition
to the expected variations in group values associated with
differences in the experimental data used in the regression,
the greater quantity of data allowed for eliminating and
changing some of the group assignments made by Benson et
al. (2). This had a significant effect on group values overall.

Table II contains 11 silicon contribution values for use
with the Benson bond contribution method. These values
were determined from the experimental data of 131 silicon
compounds. Similar work was originally done by O’Neal and
Ring (6). A comparison between the new bond contribution
values given in Table II and those recommended by O’Neal
and Ring was accomplished by comparing the predicted values
with the literature values for each compound in the data base.
Greater accuracy was obtained with the new silicon bond
contribution values. The large errors given by the O’Neal
and Ring contributions are the results of their use of data
from old and less reliable sources.

A compound by compound evaluation of the predictive
methods discussed in this section is presented for 148 silicon
compounds in Appendix Table A.1. Similarly, Table A.2
contains an evaluation for 79 boron and aluminum com-

pounds. The percent deviation is defined in terms of the
absolute difference as 100{|Hexpu = Healedl/ [ Hexpul}:

Sample Calculation. Sample calculations are given below
to illustrate the use of the group (second-order) and bond
(first-order) contribution methods. A prediction of the ideal
gas enthalpy of formation of triethylsilane [(C;H;);SiH] is
shown using each of these methods.

Group Contribution Method

group contribution  no. of groups v;AH®; ¢ 208/ (kJ mol-1)
Si~(C)s(H) 1 1(-38.6)
C-SH(C)(H); 3 3(-17.3)
C-(C)(H)s 3 3(-42.2)

AHCg 995 = =217.1 kJ mol-!
Bond Contribution Method

bond contribution  no. of bonds 1i(X-Y);/ (kJ mol-1)
Si-C 3 3(-9.3)
Si-H 1 1(8.6)
c-C 3 3(11.4)
C-H 15 15 (-16.0)

AH® 993 = —225.1 kJ mol-!

An experimental value of -216.5 kJ mol-! is given by Voronkov
et al. (7).

Enthalpy of Vaporization

A group contribution method for the prediction of enthal-
pies of vaporization at 298.15 K has been evaluated and
subsequently modified for use with organometallic com-
pounds. This method, originally developed by Ducros et al.
(8-11), is unique among prediction methods currently avail-
able for this property. A majority of enthalpy of vaporization
methods are based on corresponding states, which require
critical property input data that are not readily available for
organometallic compounds. Thegroup contribution method,
however, only requires a chemical structure, and is therefore
very appropriate for predictions of this property for orga-
nometallic compounds.

In order to evaluate the group contribution method as
presented by Ducros et al., reported experimental enthalpy
of vaporization data at 298.15 K were collected from the
literature for organometallic compounds containing silicon,
boron, and aluminum. Poor results were obtained in the
evaluation, suggesting the need to revise the organometallic
group contribution values. These results can be attributed
to the fact that only some of the experimental data available
for these compounds were utilized in the original development
of the organometallic contribution values.

An additional enthalpy of vaporization prediction technique
for organic compounds requiring an acentric factor and
reduced temperature developed by Katinas and Danner (12)
has been evaluated and is presented as an alternative to the
group contribution method for organosilicon compounds.
Since critical property data are not readily attainable for boron
and aluminum compounds, and predictive methods are also
somewhat restricted, this method could not be evaluated for
these compounds.

Group Contribution Method for AHP, 55s. Predictions
of the enthalpy of vaporization for organometallic compounds
at 298.15 K by the revised Ducros et al. group contribution
method require the group contributions given in Table IV
and the following equation:

AH, 95 = Z"iAHi,v,zss &)

Here AH, g is the enthalpy of vaporization at 298.15 K, »;
is the number of groups of type i, and AH, , o3 is the type i
group contribution. The method requires additional group
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Table IV. Group Contributions for the Prediction of the
Enthalpy of Formation (AH, ) at 298.15 K for
Organometallic Compounds=?

AH; 208/ AH; 208/
group (kJ mol-?) group (kJ mol-1)
Si-(C)(H); 18.74 N-SiH(C)(H) 10.13
8i-(C)2(H), 11.65 N-(Si)(C)2 1.12
Si-(C)3;(H) 11.17 N-(Si)2(C) -7.19
Si-(C)4 10.85 Si-(N)(C)(H), 10.13
C-(Si)(C)(H), 1.89 * N-(Si)2(H) 0.96
C-(Si)(C)o(H) -1.94 * Si-(N)3(H) 13.30
C-(Si)(H)3 5.65 * N-(Si)3 -6.26
Csi-(C)o(H), 1.43 B-(C)3 3.27
Csi-(C)s(H) -3.35 C-(BXC)(H). 3.12
Csi-(0)(C)(H), 1.71 C-B)(C)o(H) 1.57
* Cgi-(0)(C)2(H) -10.19 C-(B)(H); 5.65
Si-(Si)(C); 1.94 0-(B)(C) 4.23
C-(81)2(C)2 -3.85 B-(0)(C); 8.88
* Si-(Si)4 -22.40 B-(0)2(C) 3.99
Si-(0)(C); 6.08 0-(B)(H) 14.10
0-(Si): -9.19 * B-(B)(C); 4.40
Si-(0)9(C)2 2.94 B-(B)(0), 2.49
Si-(0)3(C) -2.55 B-(8)3 5.06
O-(Si)(C) 5.69 S-(B)(C) 11.35
* O-(Siy(H) 22.52 *B-(C)2(Cl 12.29
Si-(0), -6.86 B-(0)2(C) 12.24
Si-(Si)(H); 9.37 B-(0)(Cl), 21.27
Si-(Si)2(H), 10.20 B-(C)(CD), 18.20
Si-(0)(C),(Ch 16.27 *B-(B)(CD)2 15.50
*Si-(Si)(F)3 13.60 B-(C)o(Br) 21.67
*8i-(Si)o(F). 9.60 *B-(C)2() 17.14
Si-(C)(F); 14.87 *B-(C)(Br). 29.11
Si-(C)o(F), 14.89 *B-(N); -0.95
*Si-(C)3(F) 25.35 *N-(B)(C)2 4,65
Si-(C)(Cl)3 28.31 *B-(B)(N); -4.60
Si-(C)(CDz(H) 22.98 B-(N)(C). 4.65
Si-(C)o(C), 25.53 *B-(0)YN)(C) 10.96
*Si-(C).(CH(H) 17.20 *N-(B)(C)(H) 31.53
Si-(C)a(Ch 15.32 *B-(N)o(H) 6.80
Si-(C)(C)(F) 23.41 *B-(N)o(F) 6.90
Si-(CYCH(F), 20.03 B-(N)(C]); 22.16
*Si-(CYChH(F)(H) 23.65 *B-(N)2(CD) 9.90
*Si-(C)o(CI)(F) 17.10 Cg-(B)(Cp): -13.40
*Si-(C);3(Br) 15.65 Cq-(B)(Ca)(H) 5.29
*Si-(C)(H)2(Br) 22.85 Al-(C) 46.55
Si-(0)(Cly, 24.76 C-(A(C)(H), 3.29
*Si-(ONC)(C)), 15.01 C-(AD(H); 5.65
Si-(Si)(CD); 23.45 * Al-(C)o(H) 34.17
Cg-(Si)(Cg)2 -6.48 Al-(C)2(0) 12.82
Cq-(Si)(Ca)(H) 3.37 0-(AD(C) 4.23
C-(Si)(Cy)(H), 0.18 *Al-(C)2(C)) 11.90
Si-(N)(C); 3.27
Ring Corrections
C C—C‘
* sl 7.34 «| i 891
4 c-¢

s Group assignments are C-(Si)(H); = C-(B)(H); = C-(A)(H); =
C-(C)(H)3, Si-N)(C)(H): = N-(Si)(C)(H), N-(B)(C). 8 B-(N)(C),,
B-(8); 8 N-(C)3, and O-(Al)(C) = O-(B)(C). ¢ An asterisk indicates
a group determined by a single compound.

contributions that are not presented here; these can be
obtained from Ducros et al. (8-11).

Two modifications of the Ducros et al. method for organo-
metallic compound predictions were made. First, separate
carbon-hydrogen contributions were developed to be used
exclusively with alkyl and alkoxy silicon compounds. These
special group values are designated by an Si subscript on the
group and are to be used only when a silicon compound is
exclusively made up of alkyl or alkoxy substituents. When
a compound contains halogens, nitrogen, and other non-alkyl
or non-alkoxy substituents, the standard group contributions
are to be used. Boron and aluminum compounds do not
require these special groups. Second, central organometallic
group contributions involving double-bonded or aromatic

Table V. Evaluation Results of Prediction Methods for the
Enthalpy of Vaporization at 298.15 K=

silicon boron
av % of av % of
method % dev compds % dev compds
New Groups 5.3 100 34 100
Acentric Factor 8.3 37 N/A N/A

s Compounds with applicable data: silicon,151; boron,52.

carbons are equal to the contributions that had only single-
bonded carbons. For instance, the groups Si—(Cg)2(C); and
Si-(C)4 have the same contribution value.

Acentric Factor Prediction Method for AH, 555, The
acentric factor method for the enthalpy of vaporization is
given in complete detail by Katinas and Danner (12). To
apply this method, an acentric factor and critical temperature
of a compound must be obtained. These properties are
required in order to determine a dimensionless enthalpy of
vaporization (AH.M/RT.). This dimensionless parameter is
given as a function of the reduced temperature (T;) and the
acentricfactor. If experimental critical property data cannot
be obtained, they can be predicted by methods presented in
this paper. This method is applicable to temperatures other
than 298.15 K; however, it was evaluated using an enthalpy
of vaporization data base containing data only at 298.15 K.
Consequently, the expected reliability at other temperatures
is not known.

Evaluation of the Methods for AH, ;53. The modifica-
tions and revisions of the Ducros et al. group contribution
method, for organometallics, have resulted in a significantly
improved means of predicting the enthalpy of vaporization
for these compounds. A total of 93 organometallic group
contributions were developed from the experimental data of
211 compounds. This represents a significant improvement
in the number of groups available when compared to that of
Ducros et al. who have reported 52 such groups. The
regression of new contribution values has also greatly im-
proved the reliability of this method. This is borne out by
theresults of a comparison of predicted data against literature
values givenin Table V. Only eight compounds wereavailable
for the determination of the aluminum group contributions.
The resulting deviations were very small except for HAI(:-
C4Hg);. (See Appendix Table A.4) The acentric factor
method was also evaluated to predict AH, 295 but only for the
silicon compounds. When compared against experimental
data, the method gave an average error of 8.3% and a percent
bias of +6.1%. The percent bias indicates that this method
has a tendency to overpredict. The method could not be
used to predict the enthalpy of vaporization for all silicon
compounds in the data base because of limitations in vapor
pressure data and the applicability of the critical property
predictions. A complete evaluation of the group contribution
method and acentric factor method is given in Appendix
Tables A.3 and A.4.

The revised group contribution method of Ducros et al. is
recommended as the primary method for enthalpy of va-
porization predictions at 298.15 K for organometallic com-
pounds containing silicon, boron, and aluminum. This
method has been proven to be more applicable for a greater
number of compounds and has been shown tobe more accurate
than the acentric factor method. Theacentricfactor method
should be used for silicon compounds only if the group
contribution method cannot be applied. The reliability of
this method has been verified at 298 K only; therefore, strict
judgements on its applicability at other temperatures cannot
be made.
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Table VI, Atomic Contributions (8;1) for the Prediction of
the Heat Capacity (C°;) for Organometallic Compounds

Table VII. Evaluation Results of Prediction Methods for
the Ideal Gas Heat Capacity*

6;7/(J mol-* K-1)

T/K Si Al B
300 17.5 16.6 10.5
400 19.8 19.1 13.7
500 22.3 21.0 16.1
600 2211 22,56 17.8
800 24.5 24.0 20.5

1000 24.6 245 21.6

1500 240 25.0 22.7

Heat Capacity Prediction Methods

A zero-order atomic contribution technique for isobaric
ideal gas heat capacity estimations of various organic and
inorganic compounds, developed by Harrison and Seaton (13),
has been revised by redetermining contribution values for
silicon, boron, and aluminum. This procedure predicts C,at
seven temperatures between 300 and 1500 K for a wide range
of organic and organometallic compounds. A data base
consisting of over 900 experimental values was obtained in
order to develop the 21 new contribution values and to
evaluate the reliability of this method in its original and
revised forms.

The compound under consideration is decomposed into its
constituent atoms. The ideal gas heat capacity is then
estimated by the summation of a constant and the individual
heat capacity atomic contributions as in the following
equation:

Copr=Kr+ Zl’ioi,T @

Here C°,r is the isobaric ideal gas heat capacity at a
temperature T, K1 is a constant at temperature T, »; is the
number of atoms of type i, and 6; r is the atomic contribution
of the atom at temperature T. Theatomic contribution values
for silicon, boron, and aluminum are listed in Table VI for
seven temperatures between 300 and 1500 K. Additional
contributions are given by Harrison and Seaton (13). When
a prediction is required at a temperature other than those
listed, Harrison and Seaton recommend a linear interpolation
between the listed temperatures.

Harrison and Seaton have suggested that their atomic
contribution method is capable of being used in conjunction
with group contribution methods. They claim that the
method will provide suitable values for any missing group
contribution that is required in a prediction. This is done by
building a molecule which contains the group contribution
that is desired, as well as contributions whose values are readily
available. Theheatcapacity of this moleculeis then predicted
by the atomic contribution method. The group contribution
values that are known are then subtracted from the predicted
C?, value, leaving the contribution of the unknown group.
This value can then be used to predict the ideal heat capacity
of other molecules. This kind of approach would result in a
hybrid of the methods with an accuracy that lies somewhere
between the two, but retaining the wide range of applicability
of atomic contribution methods.

The contribution values for silicon, boron, and aluminum
developed by Harrison and Seaton were compared against
the revised contribution values givenin Table VI. Predictions
for both methods were computed and compared against a
data base containing over 300 experimental values spanning
a temperature range of 300-1500 K. A summary of results
is given in Table VII. A detailed evaluation of the method
using the revised contribution values is presented in Table
A.5 in the Appendix. Modest improvements were realized.

silicon boron aluminum
method av % dev av % dev av % dev
Original 4.2 44 5.8
Revised 3.8 3.7 5.4

¢ Data points used: silicon, 458; boron, 298; aluminum, 148,

Table VIII. Extended Benson Bond Contributions for Ideal
Gas Entropy Predictions at 298.15 K#

X-Y)/ X-Y)y/
Bond (J mol-! K-1) bond (J mol-! K-1)

(Si-C) -58.47 *(Si-C=N) 104.30
(Si=Cophany) 109.10 *Si-N=C=8) 147.90
(Si-Si) -47.98 B-C) -42.38
(Si-0) -29.27 (B-0) -5.90
(Si-H) 57.05 (B-B) -20.08
(Si-F) 76.89 (B-H) 67.60
(Si-C)) 89.15 (B-FH 88.49
(Si-Br) 99.71 (B-CD 99.55
* (Si-D) 109.04 (B-Br) 112.86
*(Si-C=CH) 107.40

¢ Asterisk indicates a group determined by a single compound.

Table IX. Evaluation Results of Prediction Methods for
the Ideal Gas Entropy at 298,15 K2

silicon boron
% of % of
av % dev compds av % dev compds
van Dalen and 0.6 27 N/A N/A
van den Berg
O’Neal and Ring 1.1 71 N/A N/A
New 1.3 100 1.1 100

¢ Compounds with applicable data: silicon, 68; boron, 20.

Ideal Gas Entropies at 298.15 K

A procedure for predicting ideal gas entropies at 298.15 K
has been developed for use with silicon and boron compounds.
This predictionscheme is an extension of a bond contribution
method developed by Benson (3). For silicon, 12 bond
contribution values were determined from the experimental
entropy data of 68 compounds, and for boron, 7 bond values
were determined from 20 compounds. Unfortunately, suf-
ficient experimental data to determine aluminum contribution
values were not available.

The bond contribution procedure will predict the ideal gas
entropy at 298.15 K of pure silicon and boron compounds.
The method requires the use of the bond contribution values
given in Table VIII and the equation given below:

S®p95 = Z"i(x‘Y)i -Rln¢ )

Here S°;; is the entropy of the compound, (X-Y); is the
bond contribution of atom X bonded to Y, »; is the number
of (X-Y); bonds in the compound, R is the gas constant, and
¢ is the symmetry number. Additional bond contributions
are given by Benson (3).

The new bond contribution method was compared with
two similar prediction methods for silicon compounds de-
veloped by O’Neal and Ring (6) and by van Dalen and van
den Burg (14). The complete results of the evaluation of
these methods against experimental data values for 68 silicon
compounds are presented in Appendix Table A.6. Table A.7
contains an evaluation of the new contribution method for
20 boron compounds. Table IX contains a summary of these
results. For silicon compounds the reliability of these three
methods is very similar. The new contribution method is
applicable to a greater number of silicon compounds, however,
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than the other methods and gives more accurate predictions
when it is directly compared for the same limited number of
compounds. In addition, only the new contribution method
contains values for boron compounds.

Critical Properties

Structural contribution methods for critical property
predictions have been enhanced for application to silicon-
containing compounds. These predictive schemes have been
amended by either revising existingsilicon contribution values
or developing new silicon contributions that were previously
unavailable. These modifications were possible because of
the existence of a more comprehensive and reliable silicon
critical property data base. Sufficient experimental data on
critical properties were not available to develop methods for
boron and aluminum compounds.

A data base consisting of critical temperature and pressure
data was employed to regress silicon contribution values for
use with the prediction methods developed by Lyderson (15)
and Ambrose (16, 17). For critical temperature, 5 silicon
contribution values for each method were determined from
the experimental data of 45 compounds. Similarly, 4 con-
tribution values for critical pressure were determined from
31 compounds. The Lyderson and Ambrose methods were
selected because of their simplicity and reliability. For critical
volume predictions, the Fedors method (18) was extended to
include silicon compounds. This method was modified by
regressing three contribution values for silicon from a data
base consisting of 31 compounds. The Fedors method was
chosen over more elaborate prediction methods for two
reasons. First, the amount of experimental data available
was limited. Second, critical volume measurements tend to
be imprecise.

The most significant modification to the predictive methods
discussed above was the development of separate silicon
contribution values for siloxane compounds. These values
were regressed independently of the other silicon contribu-
tions. As aresult, all contributions were subsequently made
more reliable. The original Ambrose prediction methods for
critical temperature and pressure were not evaluated, since
they were applicable to only a limited number of silicon
compounds.

Critical Temperature. Critical temperature predictions
employing the Lyderson method require the following equa-
tion:

_ T,/K
10567+ Y A (Y ap%

Here T. and T, are the critical and boiling temperatures,
respectively. LAy is the sum over all groups present of the
Lyderson critical temperature contributions. The Ambrose
method uses the following equation:

T/K ®)

T,
= o
7o, = L2t > ar )
where T, and T, are the critical and boiling temperatures,
respectively. LA7® is the sum over all groups in the molecule
of the Ambrose group contributions.
Critical Pressure. The Lyderson prediction method for
critical pressures requires the following equation:
P/MPa = 0.101325M _ ®)
[0.34+ ) _4p)]

Here P. is the critical pressure of a compound, M is the
molecular weight, and LZApis the sum of the Lyderson critical
pressure group contributions.

Table X. Group and Atomic Contributions for Critical
Property Prediction Methods

Critical Temperature

Lyderson Ar Ambrose A°r
| |
~Si- 0.026 -Si- 0.138
l
| |
—SliH 0.040 xSliH 0.371
~SiHg 0.027 ~SiH; 0.195
| |
~Si=O- 0.025 -Si-0- 0.159
| |
[-Si~0~] eyaic 0.027 [~SHO-] cyetic 0.131

Critical Pressure

Lyderson Ap Ambrose A®p
| |
-Si- 0.468 -S 0.0461
| |
| |
-SiH 0.513 -SiH 0.0507
| |
—Sli-o- 0.730 -sli-o- 0.0725
| |
|
(—’Si-o-] cydiic 0.668 [-Is HO-] cyetic 0.0663
Critical Volume
Fedor Ay
Si 0.086174
Sisilozane 0.126483
icyclic siloxane 0.094576

The Ambrose method is recommended by Danner and
Daubert (I) as an alternative to the Lyderson method,
particularly for alcohols, ketones, mercaptans, and sulfides.
Predictions are made by the following equation:

10°M
[0.0339 + (Y41

Here P. is the critical pressure of a compound, M is the
molecular weight, and L Ap° is the sum of the group contri-
butions determined by Ambrose.

Critical Volume. The method of Fedors for critical
volume predictions requires the following equation:

V,/(m® kmol™) = 0.0266 + D _A, (10)

Here V. is the critical volume of a compound and LAy is the
sum over all groups of the Fedors atomic contributions.
The new silicon contribution values regressed for the above
methods are listed in Table X. Additional contributions can
be obtained from the original references or from Danner and
Daubert (I). The improvementsin accuracy and in versatility
attained by revising and determining new silicon contribution
values for critical property predictions are borne out by the
evaluation results presented in Table XI. Critical temper-
ature predictions by the Lyderson method have been improved
by almost 1% overall and by over 1.5% for siloxanes. The
extended Ambrose method gave less accurate results. Only

P/MPa = ©)
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Table XI. Evaluation Results of Prediction Methods for
Critical Properties®

T. P, Ve

av % of av % of av % of
% dev compds % dev compds % dev compds

method

Overall
Lyderson 268 88 494 93 N/A N/A
Rev. Lyderson 1.92 100 4.66 100 N/A N/A
Ext. Ambrose 3.10 100 4.76 100 N/A N/A

Fedor N/A N/A N/A N/A 6.17 100
Siloxanes
Lyderson 3.50 90 1.87 90 N/A N/A

Rev. Lyderson 198 100 158 100 N/A N/A
Ext. Ambrose 2.72 100 1.62 100 N/A N/A
Fedor N/A N/A N/A N/A 390 100

¢ Compounds with applicable data: (overall) T, 43; P, 27; V., 31;
(siloxanes) T, 27; P, 10; V,, 12.

slight improvements were made in the Lyderson method for
critical pressures, because of the relatively modest size of the
critical pressure data base which contained data for only 27
silicon compounds. The extended Ambrose method for
critical pressures gave similar results. Critical volume pre-
dictions by the Fedors method were compared against
literature values for 31 silicon compounds. An average
deviation of 6.17% was obtained. Thislower overall accuracy
is areflection of the decreased reliability of the experimental
datafor critical volumes. The complete critical property data
base and detailed evaluations of the predictive methods
discussed are presented in Appendix Tables A.8-A.10.

Liquid Thermal Conductivity

An estimation technique for liquid thermal conductivities,
based on a scheme devised by Baroncini et al. (19), has been
developed for application to specific organosilicon compounds.
This method was chosen because of its simplicity and accuracy
of predictions for silicon compounds. Experimental thermal
conductivity data were obtained from a literature search and
used to regress correlative prediction formulas for (chloro-
alkyl)- and alkoxysilanes. The (chloroalkyl)silane prediction
formula was determined from the data of 18 compounds.
Similarly, the alkoxysilane formula was determined from 19
compounds. Unfortunately, additional formulas for other
silicon compound classes could not be developed because
experimental data for these compounds are virtually non-
existent.

These prediction formulas typically require the critical and
boiling temperatures of a compound in addition toa molecular
weight. If the critical temperature is not available, the
predictive methods for critical temperature presented pre-
viously must be used.

The prediction equations for thermal conductivity of silicon
compounds at various temperatures are presented below:

alkoxysilanes

T K6/5 1-T 0.38
k/(W m™ K™) = 0.00482 (T'/X) ¢ !

MI/Z(TC/K)I/G Tr1/6
(11)

(chloroalkyl(aryl))silanes

(Tb/K)6/5 (1 - Tr)0.33

-l w-ly =
BIW ™ K) = 06510 P =i

(12)

Here k is the thermal conductivity of a liquid at a temperature

Table XII. Evaluation Results of the Correlative
Prediction Formulas for the Liquid Thermal Conductivity
of Silicon Compounds

no. of no. of
compound class av % dev compds data points
Alkoxysilanes 7.2 19 150
Chloroalkyl-(aryl)-silanes 6.2 18 18

Table XIII. Atomic Parachors (P;)/(mN!/¢ m!!/¢ kmol™!)
for Organometallic Compounds

Si 30.3 B 13.2
Sisilanes 43.3 Al 34.9

T, Tyis the boiling temperature, T, is the critical temperature,
T, is the reduced temperature, T/T., and M is the molecular
weight of the compound. Poor results will be obtained if the
predictive formulas, given above, are applied to silicon
compounds other than those for which they were intended.

Thermal conductivity data predicted by the Baroncini
method were compared with the experimental values for all
of the silicon compounds in the data base. A summary of
results is given in Table XII. The complete evaluation is
given in Appendix Table A.11. For 37 silicon compounds,
the method gave predictions with a combined average
deviation of approximately 7%.

Surface Tension

A method for estimating surface tensions has been refined
for application to organometallic compounds. The method
is based on the combined work of Macleod (20) and Sugden
(21). Macleod has proposed a functional relationship among
the surface tension, density, and parachor of a compound.
The parachor is a temperature-independent constant, char-
acteristic of a compound. Sugden had developed an atomic
contribution method to predict this parameter. The com-
bination of these ideas results in a surface tension prediction
method that requires only the density and chemical formula.
By employing a data base consisting of experimental data for
surface tension and density on 100 organometallic compounds,
contribution values for silicon, boron, and aluminum were
regressed for parachor predictions. Regression of a single
contribution for all silicon compounds gave poor results.
Therefore, a special contribution value was developed to be
used exclusively with silanes of the form SixHsx_;. Since
atomic contribution methods are applicable to most chemical
compounds, and density data are easily obtained or measured,
this prediction method is well suited for organometallic
applications.

Predictions of surface tension require the contribution
values given in Table XIII. The equation below is used to
predict the parachor, P, which is used along with the density
topredict the surface tension. The density andsurface tension
predictions are at the same temperature:

P=) P, (13)

where v; is the number of contributions of type i, and P; is
theatomic or structural contribution value of i to the parachor.

o/(mN m™) = [(P/1000)p,]* (14)

Here o is the surface tension, P is the parachor (mN?/¢ m!1/4
kmol-'), and pr. is the liquid density at the temperature of
interest (kmol m-%).

The parachor prediction method for silicon, boron, and
aluminum compounds predicts the parachor of a compound
with a high degree of accuracy. The average percentage
deviation for predicting parachors was 1.6%. When these
predicted parachors were used with density data to predict
the surface tension of the compounds in the data base, an
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Table XIV. Evaluation Results of the Parachor Prediction
Method for Surface Tensions

Si B Al
av % no. of av % no. of av % no. of
dev compds dev compds dev compds
6.2 96 5.8 21 11.1 3

overall deviation of 6.2% was obtained as shown in Table
XIV. The small deviations in predicted parachors are
magnified whensurface tensions are estimated. These results
were obtained from the complete evaluation given in Appendix
Table A.12.

Conclusions

Thermodynamic and transport property prediction meth-
ods have been developed for organometallic compounds,
creating a valuable supplement to the prediction methods
currently available in the literature. These methods, with
the modifications presented here, are believed to be the most
reliable and complete prediction methods available forsilicon,
boron, and aluminum compounds.
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Appendix

This Appendix contains the complete data base used to
develop and evaluate the new organometallic predictive
methods. The data base is the culmination of an extensive
literature search for experimental data. The data aredivided
into 12 tables, primarily by property.

For each compound, reference numbers are listed denoting
the sources of the experimental data. These reference
numbers refer to the references listed under Data References
following the Appendix rather than those listed under
Literature Cited. For most compounds more than one data
reference isindicated. For these compoundseach of the data
references was critically evaluated in order to select the ones
providing the most reliable data values. These references
are underlined in the tables.

Table A.1. Predictions of the Standard Ideal Gas Enthalpy of Formation at 298.15 K for Silicon Compounds®?
O’Neal and O’Neal and
new group Ring group new bond Ring bond
exptl contribution contribution contribution contribution
compound -AH° -AH° % dev -AH% % dev -AH°c % dev -AH; % dev ref
(CH3)sSiH 163.4 165.1 1.0 175.3 7.3 163.3 0.1 212.3 29.9 45, 66, 141,
170, 181, 182
(CH;)sSiH 216.5 217.1 0.2 214.0 1.2 225.1 4.0 273.9 26.5 141, 142, 143,
182, 188
(C3H-)sSiH 280.0 279.1 0.3 275.9 1.5 286.9 2.5 335.7 19.9 188
(C4Hy)sSiH 341.0 341.3 0.1 337.8 0.9 348.7 2.3 397.5 16.6 188
(CsH11)3SiH 402.0 403.4 0.3 399.7 0.6 410.5 2.1 459.3 14.3 188
(CeH13)3SiH 466.0 465.5 0.1 461.6 1.0 472.3 14 521.1 11.8 188
(C7H15)38iH 529.0 527.7 0.2 523.5 1.1 534.1 1.0 582.9 10.2 188
(CsH;7)sSiH 591.0 589.8 0.2 585.4 1.0 595.9 0.8 644.7 9.1 188
(CoH10)3SiH 651.0 651.9 0.1 647.2 0.6 657.7 1.0 706.5 8.5 188
(C1oHa21)5SiH 713.0 714.0 0.1 709.1 0.5 719.5 0.9 768.3 7.8 188
(i-C4Hg)sSiH 355.0 357.3 0.6 355.8 0.2 348.7 1.8 397.5 12.0 188
(i-CsH11)3SiH 413.0 4194 1.5 417.7 1.1 410.5 0.6 459.3 11.2 188
CH;3(C:H;).SiH 200.0 199.7 0.1 201.1 0.5 204.5 2.3 253.4 26.7 188
CH3(C3H+):SiH 240.0 241.1 0.5 242.4 1.0 245.7 24 294.6 22.7 188
CH3(C4Hy),SiH 283.0 282.5 0.2 283.6 0.2 286.9 1.4 335.8 18.7 188
CH3(CsH,,):SiH 325.0 324.0 0.3 324.9 0.0 328.1 1.0 377.0 16.0 188
CH3(Ce¢H15):SiH 366.0 365.4 0.2 366.1 0.0 369.3 0.9 418.2 14.3 188
CH;[CH3(CHy)s),SiH 531.0 531.1 0.0 531.1 0.0 534.1 0.6 583.0 9.8 188
CHj(i-C3H7)2SiH 255.0 253.8 0.5 235.3 7.7 245.7 3.6 294.6 15.5 188
(C3H7)2(CoH5)SiH 259.0 258.4 0.2 255.3 14 266.3 2.8 315.1 21.7 188
(C4Hg)2(CoH5)SiH 301.0 299.8 0.4 296.5 1.5 307.5 2.2 356.3 18.4 188
(CsHyy)2(C.H)SiH 340.0 341.3 0.4 337.8 0.7 348.7 2.6 397.5 16.9 188
(CeHi3)2(CoH;)SiH 381.0 382.7 0.4 379.0 0.5 389.9 2.3 438.7 15.2 188
(CsH17)2(C.Hs)SiH 468.0 465.5 0.5 461.6 14 472.3 0.9 521.1 114 188
(C1oH21)2(C2H;5)SiH 545.0 548.4 0.6 544.1 0.2 554.7 1.8 603.5 10.7 188
(i-C3H7)2(CoH5)SiH 270.0 271.1 0.4 248.2 8.1 266.3 14 315.1 16.7 188
(i-C4Hg)2(CoH5)SiH 315.0 310.6 1.4 308.6 2.0 307.5 2.4 356.3 13.3 188
(i-CsH11)2(CoH5)SiH 358.0 352.0 1.7 350.0 2.2 348.7 2.6 397.5 11.0 188
(CH3):SiH, 94.7 106.0 11.9 103.8 9.6 97.4 2.9 131.8 39.1 45, 66, 141, 181, 182
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Table A.l. (Continued)

O’Neal and O’Neal and
new group Ring group new bond Ring bond
Exptl contribution contribution contribution contribution
compound -AH® -AH°; % dev -AH®: % dev -AH®: % dev -AH; % dev ref
(C.Hs),SiH, 182.5 140.6 23.0 129.6 29.0 138.6 24.0 172.9 5.2 66, 141, 142,
143, 181, 182
CH3SiH; 29.1 81.6 180.0 33.9 16.5 31.6 8.5 51.2 76.1 45, 66, 141
C.H;SiH3 116.9 98.9 154 46.3 60.0 52.2 55.4 71.8 38.6 66, 181, 182
(n-C4Hg)SiH; 133.8 140.3 4.9 88.0 34.2 93.4 30.2 113.0 15.6 181
(i-C4Hy)SiH; 129.6 145.6 12.3 94.1 274 934 28.0 113.0 12.8 181
Si(CHj), 229.0 229.1 0.0 247.3 8.0 229.2 0.1 292.8 27.9 29, 45, 66, 141,
142, 143, 170, 181,
. 188, 189, 190, 191
Si(CoHz)4 297.0 298.3 0.4 298.9 0.6 331.6 4.9 375.0 26.3 66, 86, 141, 142,
143, 181, 182, 184,
188, 189, 190
Si(CsH7)4 378.0 381.1 0.8 3814 0.9 394.0 4.2 457.4 21.0 188, 189, 190
CH;Si(C;H3), 281.0 281.0 0.0 286.0 1.8 291.0 3.6 354.5 26.1 188, 189, 190
CH3Si(C3H7)3 343.0 343.1 0.0 3478 14 352.8 2.9 416.3 214 188, 189, 190
(CH3)2Si(CoHz)2 263.0 263.7 0.3 273.1 3.8 270.4 2.8 333.9 27.0 188, 189, 190
(CHy):Si(C3Hn), 306.0 318.3 4.0 314.3 2.7 311.6 1.8 375.1 22.6 181, 188, 189, 190
(C3H5)2S1(C3Hy) 341.0 339.7 04 340.1 0.3 352.8 3.5 416.2 22.1 188, 189, 190
(C:H;)3SiC3H 319.0 319.0 0.0 319.5 0.2 332.2 4.1 395.6 24.0 188
C.H;Si(C3H7)3 360.0 360.4 0.1 360.7 0.2 373.4 3.7 436.8 21.3 188
(C3H»);Si(CHy). 423.0 422.5 0.1 422.6 0.1 435.2 2.9 498.6 17.9 188
C3H-Si(C4Hy)s 444.0 443.2 0.2 443.3 0.2 455.8 2.7 519.2 16.9 188
C.H;Si(CHj); 247.4 246.4 0.4 250.2 5.2 249.8 1.0 3134 26.7 66, 141
Si[Si(CHg)sl4 559.3 559.3 * 695.0 24.3 588.4 5.2 762.5 36.3 142
(OCHjy);SiH 797.5 797.2 0.0 - - 876.4 9.9 940.4 17.9 66, 146, 182
(0OC;H;5)sSiH 903.4 903.9 0.1 - - 938.2 3.9 1002.2 10.9 66, 146, 182
(CHj3)3Si0C,H; 499.0 490.5 1.7 - - 487.5 2.3 556.1 114 7, 93, 182, 188, 190
(CHj3)3;Si0C;H- 521.0 511.2 1.9 - - 508.1 2.5 576.7 10.7 93, 182, 188, 190
(CH3)3SiOCH(CH3). 524.0 525.2 0.2 - - 508.1 3.0 576.7 10.1 66, 93, 182,
188, 190
(CH3)3Si0(t-C4Hy) 564.8 564.4 0.1 - - 528.7 6.4 597.3 5.8 182
(OC;H5);Si(CHs3), 775.0 765.5 1.2 - - 745.8 3.8 8194 5.7 66, 93, 179,
182, 188, 190
(OC.H;):Si(C3Hy), 852.0 841.5 1.2 - - 828.2 2.8 901.7 = 5.8 93, 179, 183, 188, 190
CH3Si(OCHjy); 944.0 937.1 0.7 - - 942.3 0.2 1020.9 8.1 93, 178, 182, 188, 190
CH;Si(OC:Hs)3 1045.0 1043.8 0.1 - - 1004.1 3.9 1082.7 3.6 93, 188, 190
Si(OCH,), 1180.0 1188.2 0.7 - - 1268.0 * 1263.6 7.1 66, 93, 146,
180, 188, 190
Si(OC;Hs)4 1314.6 13304 1.2 - - 1262.4 4.0 1346.0 24 62, 66, 93,
146, 182, 190
Si(OC3H7)4 1397.0 1413.3 1.2 - - 1344.8 3.7 14284 2.2 93, 188, 190
Si(0-i-CsH7)4 1442.8 1469.0 1.8 - - 1344.8 6.8 1428.4 1.0 146, 182
Si(OC4Hy),4 14820  1496.1 1.0 - - 1427.2 3.7 1510.8 1.9 188
(OC2H:)sSiCl 1176.5 1176.5 * - - 1112.5 5.4 1168.4 0.7 62
CH;SiF; 1232.7 12327 * - - 1434.1 2.9 1278.3 3.7 29
(CH,),SiCl, 448.3 448.3 * - - 446.0 0.5 464.4 3.6 35, 66, 79, 141,
142,143, 148, 182
(CH;)38iCl 353.8 353.8 * - - 337.6 4.6 378.6 7.0 7, 8, 10, 35, 66,
141, 142, 182, 191
(CH,)3SiBr 293.2 293.2 * - - 275.8 5.9 322.1 9.9 8, 35, 66, 141,
142, 143, 182
(CHjy);Sil 206.9 206.9 * - - 199.5 3.6 248.9 20.3 141
(CH;);Si(OH) 499.5 505.1 1.1 - - 503.7 0.8 550.1 10.1 8, 35, 141,
142, 143, 182
(C2H5;),8i1(OH), 825.9 829.2 0.4 - - 819.4 0.8 848.6 2.5 179
CH;3SiHCl, 402.0 402.0 * - - 380.1 5.4 383.9 4.5 35, 66, 79, 142, 143, 182
CH;Si(CH.C))Cl, 521.7 521.7 * - - 460.9 11.6 479.2 8.1 66
(CH;):SiHC1 292.6 292.6 * - - 271.7 7.1 298.1 1.9 66, 79, 142,
143, 182
CH;SiCly 571.8 550.1 3.8 - - 554.4 3.0 550.2 3.8 29, 66, 141,
142, 143, 182
C,H;SiCl; 512.7 529.4 3.8 - - 575.0 12.2 570.8 10.2 64, 66, 182
Si;OF g 2905.0  2905.0 * - - 2815.8 3.1 2845.1 2.1 155
SioHs -79.9 -79.9 * -79.9 0.0 -76.3 4.5 -71.5 10.5 55, 66, 77, 141, 191
SizHs -120.9 -120.9 * -119.7 1.0 -118.2 2.2 -113.8 5.9 55, 78, 141, 191
SioFg 2366.3 2366.3 * - - 23974 1.3 2382.6 0.7 6, 141
SiaFs 31614 31614 * - - 3180.0 0.6 3158.4 0.1 141
SioClg 987.4 987.4 * - - 969.4 1.8 926.4 6.2 66
Si2(CHj)s 363.1 364.6 0.4 358.2 1.4 319.0 12.1 411.6 13.4 66, 86, 141, 142,
143, 170, 182
Siz(CeHs)s 381.1 468.4 22.9 435.5 14.3 442.6 16.1 534.9 40.4 182, 184
Sis(CHj)s 470.4 467.3 0.7 472.1 0.4 408.8 13.1 530.4 12.8 141, 142, 143
189, 191
Sis(CHa)1o 568.4 569.9 0.3 586.0 3.1 499.6 12.3 649.2 14.2 141, 142, 143
Siz(OCHa3)s 1874.2 1874.2 * - - 1745.2 6.9 1867.8 0.3 180, 182
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Table A.l. (Continued)

O’Neal and O’Neal and
new group Ring group new bond Ring bond
Exptl contribution contribution contribution contribution
compound -AH®: -AH°: % dev -AH° % dev -AH% % dev -AH; % dev ref

MM 8154 801.0 1.8 - - 737.4 9.6 8744 7.2 7, 35, 67, 86, 141
MDM 1380.7 1386.5 0.4 - - 1245.6 9.8 1456.0 5.5 141, 142, 143, 182
MD.M 19346 19719 1.9 - - 1753.8 9.3 2037.6 5.3 141, 142, 143, 182
MD;M 2567.9 2557.3 0.4 - - 2262.0 119 2619.2 2.0 141, 142, 143, 182
MD'M’ 2232.6 23003 3.0 - - 2434.1 9.0 26645 196 178,182
Si;0(0OCHj)s 2267.5 22674 0.0 - - 2163.6 4.6 2330.0 2.8 180, 182
Si304(0CHj3)g 3380.3 3346.7 1.0 - - 3147.2 6.9 3397.6 0.5 180, 182
[Si(OCH3)2(CHa3)1. 1752.8 1752.8 * - - 1269.8 27.6 1382.4 21.1 178, 182
[Si(OCH3)2(CzH5)1.0 1789.4 1799.8 0.6 - - 1729.4 3.4 1886.3 5.4 178, 182
(C;H50)38i1(CH;);NH; 11339 1047.1 7.7 - - 1012.2 10.7 1090.4 3.8 182
(C:H50)38i1(CH,),CN 1075.3 924.7 14.0 - - - - - - 182
Si(CeHs), -333.9 333.9 * - - -333.9 * -175.7 474 14, 169, 182,

183, 184
O[(CHj;)2Si(OH)1, 1385.8 1380.1 0.4 - - 1242.4 10.3 1388.9 0.2 67
(CeHs)2SiCl, 208.8 208.8 * - - 164.4 21.3 230.2 10.2 35, 143, 148, 182
(C¢Hs)2(CHy)SiH -113.0  -114.7 1.5 - - -118.3 4.7 -21.9 80.6 188
(CeHs5)2(CoH;)SiH -94.0 -92.9 1.2 - - -97.7 3.9 -1.3 98.6 188
(CH;3)3Si0CsH5 385.0 374.3 2.5 - - - - - - 188
(CH3)3Si(2-CH30C6Hy) 418.0 407.3 2.6 - - - - - - 188
(CH3)3Si(3-CH30C¢H,) 422.0 407.3 3.5 - - - - - - 188
(CH3)3Si(4-CH30C6Hy) 418.0 407.3 2.6 - - - - - - 188
(CH3):Si(OCsHs)2 542.0  533.1 1.6 - - - - - - 188
(CH3)2Si(2-CH3CeH,0); 605.0 594.1 1.8 - - - - - - 188
(CH3)2Si(3-CH;3C¢H,0), 609.0 5989 1.7 - - - - - - 188
(CH3)28i(4-CH3CeH,0), 605.0 598.9 1.0 - - - - - - 188
CH;Si(0OCeHs)s 698.0 695.1 0.4 - - - - - - 188
CH,;Si(2-CH3CeH,0)3 800.0 786.8 1.7 - - - - - 188
CH;Si(3-CH3CcH,0)3 810.0 7939 2.0 - - 188
CH;Si(4-CH3CsH,0); 791.0 814.8 29 - - - - - - 188
(CeH;)Si(C.H50)3 904.0 904.0 - - 881.4 2.5 928.0 2.7 188, 190
(CeH;COOCH,)Si(OC.H;); 1265.0 1265.0 * - - - - - - 93, 188, 190
(CH3)3SiO0C(CH3)3 486.4 486.4 - - 438.8 9.7 507.3 4.2 145, 182
Si(OCgHs), 1315.0 1333.6 14 - - - - - - 188
Si(2-CH3CeH,0)4 989.0 987.8 0.1 - - . - - - 188
Si(3-CH3C¢H,0)4 1002.0 997.3 0.5 - - - - - - 188
Si(4-CH3CsH40)4 976.0 997.3 2.2 - - - - - - 188
Si(CH3);NH(CHj3) 227.1 - - - - 245.1 79 356.4 56.9 8, 35, 141,

142, 143, 182
(CH3)3SiN(CHy), 2477 - - - - 2434 17 3547 432 8, 10,85, 141,
142, 143, 182

(CHg)3SiN(CoHs), 329.5 . . - - 2846 136 3959 202 32, 142, 143, 182
(C2H3)3SiN (CoHs), 331.7 . . - - 346.4 44 4577 380 95,182
[(CH3)sSil,NH 476.6 - - - - 460.9 3.3 683.5  43.4 8, 35, 141, 142, 143, 182
[(CH3)3Si1,N(CHy) 448.3 - - - - 459.2 2.4 681.8 521 8, 35, 141, 142, 143, 182
[(CH3);SilsN 670.3 - . - . 675.0 0.7 10089 505 8, 35,141, 142
(CH3)3SiSC4H, 340.9 . . . - 340.9 * . - 35, 141, 142
SiH, -34.3 - . . . -34.3 * 29.2 149 29, 66, 141, 191
SiFsH 1225.9 - . . . 1202.5 1.9 1197.8 23 29,51, 141
SiF.H, 804.2 - . - - 790.2 1.7 788.8 19 29,51, 141
SiFH; 4159 . . . - 378.0 9.1 379.8 87 29,51, 141
SiF, 1614.9 1614.8 1606.8 0.5 29,66, 141, 191
SiCl, 662.8 . . . . 662.8 * 636.0 40 29, 66, 141, 191
SiCl;H 499.2 - . . - 488.5 2.1 469.7 59 29, 53, 66, 141, 191
SiClH, 315.1 - . . . 314.2 0.3 303.4 3.7 29,53, 141
SiClH; 135.6 . - - - 140.0 3.2 137.1 11 29,53, 141
SiBr, 415.5 . . - - 415.6 * 410.0 1.3 29,66, 141, 191
SiBr;H 303.3 - . - . 303.1 0.1 300.2 1.0 52, 141, 142, 191
SiBr,H, 180.7 . . - - 190.6 5.5 190.4 54 29,52, 142
SiBrH; 64.0 - - - - 782 221 80.6 259 29,52, 142
Sil, 110.5 . . - . 110.5 * 117.2 61 29,141
SiFCls 841.0 - - . - 900.8 7.1 878.7 45 29,141
SiF;Cl 1318.9 . . . . 1376.8 45 13641 35 29,141
CH,
HoC, Si(CHa 138.2  138.2 * - . 138.2 * - - 35, 141, 142, 143
CH;
HC=CH,
| sich, 181.6  181.6 * - - 181.6 * . - 35, 141, 142, 143
R,C~CH,
av % dev 1.9 5.4 5.7 17.3
% bias 0.2 -1.5 -2.0 12.4

@ All AH® 295 are in kilojoules per mole, and deviations are absolute. Accepted references are underlined. Molecule abbreviations: M =
(CH3)38i00.5, D = (CHj),8i0, M’ = (CH3) (OCH3)28i0¢ 5, D’ = (CH,) (OCH3)SiO. * Asterisks designate compounds from which a group contribution
value has been directly derived. The percentage deviation would then, of course, be zero.
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Table A.2. Predictions of the Standard Ideal Gas Enthalpy of Formation at 298.15 K for Boron and Aluminum Compounds*?

new group Benson group
exptl contribution contribution

compound -AH%¢ -AH®; % dev -AH®; % dev ref
B(CHj); 122.8 122.8 0.0 122.7 0.1 35, 57, 75, 191, 142, 143, 160, 182
B(C2Hs)3 148.8 152.3 2.4 150.6 1.2 35, 57, 75, 191, 142, 143, 160, 182
B(C3H7); 236.7 214.5 9.4 212.7 10.1 35, 57, 75, 142, 143, 182
B(i-CsH1)s 252.1 213.9 15.2 225.5 10.6 35, 67, 75, 142, 143, 182
B(C4Hy); 290.6 276.7 4.8 274.8 5.4 35, 67, 75, 142, 143, 160, 182
B(i-C,Hs)s 278.3 292.7 5.2 291.0 4.6 35, 75, 142, 143, 160, 182
B(s-C,Hy); 245.0 267.3 9.1 267.5 9.2 35, 75, 142, 143, 160, 182
B(CsHi1)s 378.5 338.7 10.5 337.0 11.0 15
B(s-CsH11)s 381.8 354.8 7.1 363.1 49 35, 75, 142, 143, 182
B(C¢Hi3)3 3974 400.8 0.9 399.1 0.4 35, 57, 75, 142, 143, 160, 182
B(C7H15)3 456.8 463.0 14 461.2 1.0 35, 67, 75, 142, 143, 160, 182
B(CsHi7)a 515.2 524.7 1.8 523.3 1.6 35, 57, 75, 142, 143, 160, 182
B(s-CsHi7)s 518.8 515.7 0.6 526.0 1.4 35, 75, 142, 182
B(OCHa); 900.1 918.7 21 896.5 0.4 35, 56, 75, 191, 142, 182
B(OC:H:)s 1001.7 1025.4 24 1003.2 0.1 35, 57, 75, 191, 142, 161, 182
B(OC3:H7)3 1076.4 1087.56 1.0 1065.3 1.0 35, 57, 75, 142, 182
B(OC,Hy)s 1147.0 1149.6 0.2 1127.5 1.7 35, 56, 75, 142, 182
HB(OCH;), 580.7 576.5 0.7 582.5 0.3 34, 35, 57, 75, 191, 142, 182
HB(i-OC;H7), 732.2 715.3 2.3 721.2 1.5 12,57, 75
B.(OCHs), 1126.1 1136.7 0.9 - - 142
B(SCHa)s 156.2 204.4 30.9 206.0 31.9 35, 57, 59, 75, 142, 182
B(SC:Hs); 280.8 275.4 1.9 276.9 1.4 35, 57, 75, 142, 182
B(SCs;H7); 3334 337.5 1.2 339.1 1.4 35, 57, 59, 75, 142, 182
B(SC4Hy); 394.1 399.6 14 401.2 1.8 35, 87, 59, 75, 142, 182
B(SCsH11)s 462.9 461.7 0.3 463.3 0.1 35, 57, 59, 75, 142, 182
BNOCyH;; 553.2 553.2 * - - 65, 142, 182
B(N(CHj)2)3 245.4 254.4 3.7 276.2 12.6 35, 57, 142, 182
(CH3);BNH(CH3) 340.6 383.8 127 - - 143
(CyH;5);:BNH(C.H5) 550.6 431.8 20.5 - - 143
(C3H7):BC;HgN(CHy), 251.0 178.8 28.8 177.1 29.4 182
(CsH7):BN(C3H7), 372.4 368.7 1.0 . - 182
(C4Hy):BN(C,Hjy), 447.7 451.6 0.9 - - 182
(N(CH3);):BC1 334.8 334.8 * 351.8 5.1 35, 67, 75, 142, 182
(N(CHj3)2)BCl, 401.3 401.3 * 410.2 2.2 36, 57, 75, 142, 182
H.B(OH) 290.4 290.4 * 15, 144
HB(OH), 640.5 661.8 3.3 883.2 37.9 15, 144
B:(OH), 1317.8 1307.2 0.8 - - 15
(C4H,):B(OH) 552.8 552.8 * 546.4 1.2 75, 142, 143, 160, 182
F.BOH 1090.6 1090.6 * - - 75, 191
FB(OH), 1042.7 1042.7 * - - 15, 191
CH3BF; 832.6 848.4 1.9 828.3 5.3 160
F;BC;H; 874.5 874.8 0.0 837.6 0.6 160
F.B(@i-C3H) 887.0 895.5 1.0 865.9 24 160
B.F, 1431.8 1431.8 * - - 29, 57, 75, 76, 191
B.Cl, 489.1 489.1 * - - 29, 57, 191
O(BFy), 1898.1 1898.1 * - - 29
(CH30),BCl 746.3 750.5 0.6 748.2 0.3 35, 57, 75, 142, 182, 191
(OC;H;),BCl 819.8 818.7 0.1 819.3 0.1 35, 57, 75, 142, 161, 182, 191
(OC:H:)BCl, 623.3 623.3 * 624.5 0.2 35, 67, 75, 142, 161, 182, 191
(C4Hy):BCl 368.8 368.8 * 363.9 1.3 35, 87, 75, 142, 161, 182, 191
(C4Hy);BBr 305.2 305.2 * 297.8 24 35, 57, 75, 142, 143, 182, 191
(C4Hy):BI 229.4 229.4 * 222.5 3.0 35, 57, 75, 142, 160
(t-C4H05),B 1016.7 1087.2 6.9 - - 182
8-C4Hy0:B(OCHy): 1104.6 1063.5 3.7 - - 182
(S-C4H902)2BOC4H9 1062.7 977.4 8.0 - - _]_.§2
B(CgHs); -129.9 -129.9 * - - 35, 567, 68, 142, 182
B(OCgHs); 591.9 593.1 0.2 - - 56, 182
B(SC¢Hs); -191.9 -191.9 * -211.2 10.1 35, 56, 59, 75
B(m-CH3CsH,0); 690.2 703.1 1.9 - - 182, 199
B(p-CH3CsH,0)3 680.5 703.4 3.4 - 182, 199
Ce¢H5BCl, 266.0 249.5 6.2 - - 35, 87, 58, 75, 142
(CsHs)2:BC1 93.5 93.5 * - - 35, 57, 58, 142, 182
(0-CH3C¢H,)BCl, 253.8 280.0 10.3 - - 60, 182
(p-CH3C¢H,)BCl, 294.1 282.4 4.0 - - 60, 182
B(m-CIC¢H,0)s 706.2 688.6 2.5 - - 182, 199
B(p-CICsH40)3 711.3 688.6 3.2 - - 182, 199
CsH;BBr; 129.3 129.3 * - - 35, 57, 58, 75, 142, 182
(CsH;):BBr 9.4 9.4 * - - 35, 57, 68, 142, 182
(CeH5)B(OH), 635.0 635.0 * - . 75
{(C¢H;):B1,0 266.0 266.0 * - - 75
Al(CHa)s 81.3 81.3 0.0 88.1 84 35, 120, 142, 143 160, 182, 191
Al(CoH5)s 163.6 166.4 1.7 156.8 4.2 35, 142, 143, 153, 160, 182
AlC3H7);3 239.1 228.5 4.4 2189 8.4 142, 143, 156, 182
Al(i-C/Hy)s 255.2 263.4 3.2 2563.8 0.5 154, 182
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Table A.2. (Continued)

new group Benson group
exptl contribution contribution
compound -AH® -AH®; % dev -AH®; % dev ref
HAI(C.H5): 146.5 150.1 2.5 - - 142, 143, 153
HAI(-C4Hy): 247.1 243.7 14 - - 142, 153
(C2H;),AICI 415.1 406.3 2.1 - - 152
(i-C4Hs)AICI 491.0 499.9 18 - . 154
AlLCl, 811.7 811.7 * - - 1
Boron Compounds
av % dev 48 53
% bias -0.5 0.2
Aluminum Compounds
av % dev 21 6.2
% bias 0.2 -1.2

@ All AH®; 205 are in kilojoules per mole, and deviations are absolute. Accepted references are underlined. > Asterisks indicate compounds
from which a group contribution value has been directly derived. The percentage deviation would then, of course, be zero.

Table A.3. Predictions of the Enthalpy of Vaporization at 298.15 K for Silicon Compounds=?

group method acentric factor method

compound exptl AH, 298 AHyoes % dev w AH, 28 % dev ref
(CH3)sSiH 24.4 28.1 15.2 - - - 141, 181
(C.H5);SiH 36.4 33.8 7.2 - - - 141, 142, 188
(C3H7)3SiH 39.1 38.1 2.6 - - - 188
(C.Hy)sSiH 42.9 42.4 1.2 - - - 188
(CsH1)aSiH 48.1 46.7 3.0 - - - 188
(CeHi13)3SiH 51.0 51.0 0.0 - - - 188
(C7Hy5);SiH 57.4 55.2 3.8 - - - 188
(CgH17)sSiH 59.8 59.5 0.5 - - - 188
(CoH9);SiH 61.8 63.8 3.3 - - - 188
(C10H21)3SiH 65.3 68.1 43 - - - 188
(i-C,Hy)3SiH 40.0 40.7 1.7 - - - 188
(i-CsH11)3SiH 43.8 45.0 2.7 - - - 188
CH;3(CoH;)SiH 34.6 31.9 7.8 - - - 188
CH;(C3H7).SiH 35.9 34.8 3.2 - - - 188
CH;(i-CsH7),SiH 32.4 35.5 9.7 - - - 188
CH;3(C Hy),SiH 36.2 37.6 3.9 - - - 188
CHj;(CsH 1).SiH 40.3 40.5 0.4 - - . 188
CH3(CgH,3).SiH 42.6 43.3 1.7 - - - 188
CH;[CH;3(CH2)s12SiH 57.4 54.8 4.6 - - - 188
(C3H7)2(CoH5)SiH 37.9 36.7 3.3 - - - 188
(C4Hg)2(CoH5)SiH 39.9 39.5 1.0 - - - 188
(CsH11)2(C2Hs)SiH 41.2 42.4 2.8 - - - 188
(CeH13)2(C.H5)SiH 44.8 45.2 1.0 - - - 188
(CsHi7)2(CoH5)SiH 47.3 50.9 77 - - - 188
(C1oH21)2(C:Hs)SiH 58.7 56.7 3.5 - - - 188
(i-C3H7)2(CoH5)SiH 38.1 37.4 1.8 - - - @
(i-C4Hyg)2(CoH;)SiH 39.8 38.4 3.5 - - - 188
(i-CsH11)2(CoHs)SiH 42.6 41.3 3.2 - - - 188
(CH3);SiH, 21.3 23.0 7.1 - - - 141
(CoHs):SiH, 30.0 26.7 10.9 - - - 141, 142, 181
CH;SiH; 18.4 24.4 32.6 - - - 141
C4HySiH; 28.5 29.1 2.2 - - - 181
(i-C4Hg)SiH; 29.2 28.6 2.1 - - - 181
Si(CHj), 26.1 33.5 28.4 0.239 24.5 6.3 39, 61, 141, 142, 170, 174, 181, 188, 190, 191
Si(CoHs)4 39.8 41.0 3.0 0.463 474 19.0 39, 141, 142, 174, 188, 190
Si(CsH7)4 42.2 46.7 10.7 - - - 188, 190
CH;3Si(CoHs)3 40.5 39.1 3.4 0.411 41.5 2.5 174, 188, 190
C3H7Si(C.Hs)s 46.5 424 8.7 0.518 51.7 114 174
C,HgSi(CoHs)3 49.0 43.9 10.5 0.522 55.3 12.8 174
CsH1:Si(CoHs)3 52.0 45.3 12.9 0.609 59.9 15.2 174
CsH13Si(C2H5)3 53.3 48.2 9.6 0.674 65.9 23.6 174
CH3Si(C3H7)3 42.6 43.4 1.9 - - - 188, 190
(CH3)58i(CHs) 38.9 37.2 4.3 - - 188, 190
(CH3)2Si(C3H7). 40.2 40.1 0.3 - - - 188, 190
(CoH;5)28i(CsHr)2 41.5 43.9 5.7 - - - 188, 190
(C4Ho)2Si(CH1); 44.0 49.6 12.7 - - - 188
C,H;Si(CHy)3 30.1 35.3 17.4 - - - 141, 174
C3H+Si(CH3)s 32.8 36.8 12.1 0.351 35.4 7.8 174
C4HsSi(CHy)s 39.0 38.2 2.1 0.410 40.3 3.2 174
CsH,1Si(CH3); 41.5 39.6 4.5 0.443 43.9 5.7 174
CeHi3Si(CHj)s 44.6 414 7.9 0.513 49.6 11.2 174
C:H,5Si(CHy)s 48.0 42.5 11.5 0.549 53.3 11.0 174
CsH7Si(CH3)3 53.9 43.9 18.5 0.631 59.3 10.1 174
C.H;Si(C3H7)s 41.0 45.3 10.5 - - - 188

C3H8i(C:Hs)3 40.0 424 6.1 - - - 1
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group method acentric factor method

compound exptl AHy9e  AH,g08 % dev ® AH,%s % dev ref
C3H,Si(C4Ho)3 45.0 51.0 13.4 - - - 188
(CHj3)3Si(OH) 45.6 45.6 * - - - 36, 141, 142
Si(OCH3), 414 38.5 7.2 - - - 93, 188, 190
Si(OC:Hs)4 48.5 45.3 6.6 0.628 54.2 11.7 93, 174, 190
Si(OC3H),4 49.8 51.1 2.5 - - - 93, 188, 190
Si(OC4Hy)4 52.0 56.8 9.2 - - - 188
(CH;0)3SiCH;, 34.3 37.1 8.2 - - - 93, 188, 190
(C,H:s0)3SiCH;,4 45.1 42.3 6.3 0.651 50.8 12.6 93, 174, 188, 190
(CqH;0):Si(CHjy), 43.1 40.3 6.4 0.519 42.9 0.5 93, 174, 188, 190
(C2H50):8i(C3H7), 46.5 47.0 1.2 - - - 188, 190
(CH3)38i0C.H; 38.4 36.1 6.0 - - - 93, 174, 188, 190
(CH3)5SiOC3H;, 34.3 31.5 9.4 - - - 93, 188
(CH3)3Si(0-i-C3H7) 31.8 318 * - - - 93, 188, 190
Si2(CHa3)s 374 37.8 1.0 - - - 141, 142
Sis(CHa)s 46.0 45.2 1.7 - - - 141, 142
Si4(CHa3)1o 52.3 52,7 0.7 - - - 141, 142, 174
Si(Si[CH3ls)s 53.1 53.1 . . . - 141, 142
MM 373 36.9 1.2 0.419 31.17 11 35, 61, 74, 141, 142, 150, 175, 177, 191
MDM 39.7 41.9 5.6 0.513 46.2 16.4 61,141, 142,174
MD:M 48.1 47.0 2.3 0.645 55.9 16.2 61,141, 142, 174
MD;M 53.1 52.0 2.0 0.741 62.7 18.0 61, 141, 142, 174
MM’ 49.4 51.2 3.6 0.649 52.5 6.3 174
M'DM’ 56.3 56.2 0.1 0.759 60.3 71 174
M“M” 42.7 46.0 7.6 0.363 41.6 2.5 164, 174
M“DM” 50.2 51.0 1.6 0.506 51.6 2.8 174
M“DM” 55.4 56.1 1.2 0.654 61.6 11.2 174
[CL:Si);0 45.0 495 100 0354 541 202 174, 200
[Si(C2Hs):Cl1:0 59.0 53.5 9.3 0.577 62.4 5.8 164
SioHg 19.2 18.7 2.4 - - - 141, 200
SigHs 28.0 28.9 34 - - 141, 190, 191
SigHio 39.6 39.1 1.2 - - - 174
SizCls 46.9 46.9 . - . . 174
SioFs 27.2 27.2 . - . . 141
SisFs 36.8 36.8 . . . . 141
C.H;SiF; 22.7 22.4 13 0.392 22.3 1.9 15, 48, 174
C3H,SiFy 26.8 274 2.2 0.380 26.0 2.8 16
i-C;H,SiFy 25.0 24.2 3.1 0.329 24.0 4.2 20
CHsSiF; 31.9 32.4 1.5 0.398 30.1 5.6 19
(CHjy).SiF, 24.9 26.2 5.2 - - - 21
(C.H;)SiF, 32.1 30.0 66 0349 306 45 48,174
(CH,);SiF 28.0 28.0 » . - . 21
CH3SiCl, 31.0 34.0 9.5 - - - 18, 90, 141, 142, 174
C.H,SiCl; 31.7 35.9 49 0300 368 24 15,90, 174
C3H-SiCl; 41.6 40.8 1.9 0.351 38.8 6.8 16
i-C3H1SiCl, 38.0 377 0.9 - - - 20,174
(OC;Hs)SiCl, 36.9 40.7 10.3 0.421 40.5 9.7 174
(CH3)HSICl, 28.0 28.6 2.2 - - - 17, 35, 90, 142, 173, 174
(C.Hs)HSICl, 31.3 30.5 2.5 - - - 80
(CH,)2SiCl, 34.3 36.8 74 - - - 21, 35, 90, 141, 142, 174
(C;H;):SiCl, 43.7 40.6 7.1 0.325 41.1 5.9 90, 174
(OC.H;)(CH3)SiCl, 36.6 36.6 * 0.390 38.8 6.0 174
(CH3):HSiCl 28.5 28.5 * - - - 142
(CH,);SiCl 30.1 32.3 7.2 - - - 21, 35, 90, 141, 142, 174, 191
(C2H5)38iCl 42.2 37.9 10.1 0.405 44.6 6.7 174
CH;SiCl,F 98.4 29.1 23 - . . 18
C.H;sSiCl.F 31.1 31.0 0.5 - - - 15
i-C3H4SiCLF 34.9 32.8 6.1 - - - 20
C4HgSiCL,F 39.3 40.9 4.1 0.406 40.2 2.3 19
C:H,SiCIF, 27.4 217 09 - . . 15
i-C3H7SiCIF, 31.0 29.5 49 0.313 28.3 8.7 20
C.HySiCIF, 36.1 37.6 4.2 0.399 35.2 2.6 19
CH;HSIiCIF 29.3 29.3 . - - - 17
(CH,);SiCIF 28.4 28.4 » . - - 21
(CHj)3SiBr 32.6 32.6 * - - - 35, 141, 142
CH,SiBrH, 28.5 28,5 . . . - 46
(CsHs)(CH3)SiH 64.6 60.4 6.6 0.536 69.6 7.8 174, 188
(CsHs)2(CoH5)SiH 66.1 62.2 5.8 - - - 188
(CeH5)(CH3)oSiH 44.9 44.2 1.5 0.373 46.3 3.0 174
(CeH:)(CH3)28i0C.Hj5 49.9 55.1 10.4 0.321 46.2 74 174
(CsH5)(OC2Hj5)2SiCH3 59.2 62.2 5.8 0.717 67.1 13.3 174
CeH:sSi(CoH50)3 58.3 67.0 15.0 0.835 74.2 27.3 174, 188, 190
CeH;SiF3 36.0 36.6 1.8 0.385 37.9 5.2 48,174
(CeH5)(CHa3)2SiCl 50.1 48.4 3.4 0.398 53.1 6.0 174
(CgHs)(CH3)SiCl, 50.5 53.0 4.9 0.406 55.2 9.4 174
(CeH5)2SiCl: 69.5 69.1 0.6 0.536 74.3 6.9 35, 90, 141, 174
(C,Hj)Si 42.7 42.6 0.3 - - - 188, 190
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Table A.3. (Continued)

group method acentric factor method

compound exptl AH, 99 AH, 298 % dev w AH, 208 % dev ref

(CH3)3S8iC:H; 33.1 35.7 7.9 - - - 188, 190
(CoH50)3SiCsH3 50.2 44.5 11.3 0.731 56.1 11.8 90, 93, 188, 180
(C3H,0)38iC.H; 52.3 48.8 6.7 - - - 93, 188, 190
(CoH3)(C.H;)SiCl, 39.6 38.1 3.9 0.366 41.9 5.9 0
(H,C=CHCH:)(C;H5)SiCl, 42.5 43.2 1.6 0.428 46.9 10.3 174
(H,C=CHCH,):SiCl; 45.8 45.7 0.2 0.467 50.4 9.9 174
(CH3)SiCl, 34.0 36.2 6.6 90
CH,=CHCH:SiCl; 39.8 38.4 3.5 0.367 40.9 2.7 90,174
(CH3)3SiN(CH3)H 36.0 36.0 0.0 - - - 35, 141, 142
(CH3)N(SiH3): 27.7 27.9 0.9 - - - 174
(C2H5)N(SiH3), 29.5 29.3 0.7 - - - 174
(CH3)3SiN(CHz)2 31.8 32.6 2.6 - - - 35, 141, 142
(C2H5)3SiN(CqHs)2 41.8 41.0 1.9 - - - 94
(CH3)N[Si(CHa3)sls 38.9 38.9 0.0 - - - 35, 141, 142
(CH3):NSi(CH3)H, 28.2 28.2 0.0 - - - 46
HN[Si(CH3)3]2 414 41.4 * 0.527 43.6 5.0 35, 43, 74, 141, 142
[(C;H5)oN1:SiH 58.6 58.6 * - - - 94
N(Si(CHs)sls 54.4 54.4 . . - . 35

FHe
HC Si(CH)z 34.7 34.7 * - - - 35, 141, 142, 143

CH,
HC=CH,

| :Si(CH,)2 37.7 31.7 * - - - 35, 141, 142, 143
H,C~CH,
av % dev 5.3 8.3
% bias 0.8 6.1

@ All AH, 55 are in kilojoules per mole, and deviations are absolute. Accepted references are underlined. References from which vapor
pressure data were used to determine the acentric factor are italic. Molecule abbreviations: M = (CH3)38i0ps, D = (CH3):Si0, M’ =
(CH3)9(OC2H5)Si0g.5, M” = (CH3),ClSi005. > Asterisks designate compounds from which a group contribution value has been directly derived.
The percentage deviation is zero.

Table A.4. Predictions of the Enthalpy of Vaporization at 298.15 K for Boron and Aluminum Compounds*?

group method group method
exptl % exptl %
AH, v,288 AH, v,298 dev ref AH’: 208 AH v,208 dev ref
B(CH;), 20.2 20.2 0.0 9, %&33?’6 ?69,123, 142, C,H;0BCl, 35.1 35.8 1.9 35, 75, 142, 198
B(C.H:). 36.8 29.6 19.6 31, 35, 39, 75, 107, 142, CL,BC.H,BCl, 42.2 42.7 1.1 185
143, 160, 191
B(C;H7), 41.8 44.5 6.5 9,35, 39, 75, 142, 143 B,Cl, 31.0 31.0 * 75,186, 191
B(i-C Hy); 418 419 0.2 9,31, 35, 39, 75, 142, 143 (C,H;);BBr 52.3 59.1 13.1 35, 75, 142, 143, 160
B(C,Hy); 61.9 59.5 3.9 35,39, 75, 142, 143,160 (C,H,),BI 54.4 54.4 * 35,75, 142, 143
B(i-C,Hy), 59.8 55.6 7.1 35, 39, 75, 142, 143 (C4Hy)B(OCH;)N(C.H;), 58.2 58.2 * 142
B(s-C;Ho): 60.6 56.8 6.2 35, 39, 75, 142, 143 B[N(CH,);l; 46.9 46.9 * 27, 35, 75, 142, 197
B(C:H;)); 74.1 74.4 04 75 B2[N(CH,),)¢ 54.6 54.6 * 23
BC]ﬁH;};; 71.9 70.5 1.9 35,& (CHS)QNB(CHa)Z 31.9 31.9 * @
B(C¢Hi3)a 88.7 89.3 0.7 35, 75, 142, 143 (C.H;).BNH(C.Hj5) 60.7 60.7 * 143
B(C-Hy5)s 102.0 104.3 2.2 35,75, 142, 143 [(CH3).N].BH 38.7 38.7 27
B(CyH,7)3 1155 119.2 3.2 35,75, 142, 143 [(CH3):N1;BF 38.8 38.8 * 2
B(s-CsH,7); 1129 116.6 3.3 35,75, 142, 143 (CH;);N]BCl, 37.3 38.1 2.2 35,75, 142, 197
(CH,),BOCH; 52.3 54.6 43 33 (CH;CH,);NBCl, 41.8 40.8 2.4 138
(CH;0),BC;H,B(OCH;), 54.3 53.7 1.0 185 [(CH3):N1.BCl 41.8 41.8 * 36,76, 142, 197
(CH,),BC.H,B(CH.), 35.4 35.4 0.0 185 CgH;BCl, 33.9 33.0 2.7 35, 60, 75, 142, 143
CH,B(OH), 36.7 37.8 31 25 (CsH;):BCl 414 41.8 1.1 35, 142, 143
(C4Hy),BOH 62.7 60.4 3.6 75, 142, 143, 185 C¢H;BBr;, 43.9 43.9 * 35,75, 142, 143
B,(CH.), 31.4 314 * 174 (C¢Hs),BBr 60.3 51.2 15.0 35, 142, 143
B,(CH;0), 44.7 44.5 0.4 22, 142, 196 (CH;):BC;H; 315 30.5 3.3 140
B:(C.H;0), 62.7 62.9 03 22 B(C;H3); 33.1 334 1.0 140
B(SCH,); 54.0 56.1 3.8 35, 75, 142 (CH3)B(C,H,;), 29.3 28.7 2.0 140
B(SC.H;). 61.5 63.2 2.8 365,75, 142 Al(CH;); 63.2 63.2 0.0 9, 35, 39, 49, 80, 142,
143, 160, 204
B(SC;H7); 87.0 78.1 10.2 35,75, 142 Al(C,H:5);3 73.2 73.1 0.2 35, 39, 142, 143, 204
B(SCHy); 95.8 93.1 2.8 35,75, 142 Al(C;H,); 88.2 88.3 0.1 142, 143, 204
B(SC;H,;); 1046  108.0 3.3 75,142 (CH3),AICI 23.2 23.2 * 4
(C4H,),BCl 50.2 50.2 * 35,75, 142, 143, 160 HAI(C.Hs), 57.7 57.7 * 35,142,143
(CH;0).BCl 34.3 32.0 6.7 35, 75, 142, 191, 198 HAI(i-C,Hy). 42.3 69.4 64.0 35,142, 143
(C,H:0):BCl 38.9 41.2 5.9 75,142, 191, 198 (C,H;)2A10C.Hs 48.6 48.6 0.0 142, 143
CH;0BCl. 31.8 31.2 2.0 191,198 (C;H;)2A10C;H 53.5 53.5 0.0 142, 143
av % dev 34
% bias -0.7

a All AH, g4 are in kilojoules per mole, and deviations are absolute. Accepted references are underlined. ® Asterisks designate compounds
from which a group contribution value has been directly derived. The percentage deviation would then, of course, be zero.
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Table A.8. Revised Harrison-Seaton Method for Prediction of the Ideal Gas Heat Capacity for Organometallic Compounds®

300K 400 K 500 K 600 K 800 K 1000 K 1500 K
ce, % ce, % ce, % C, % ce, % ce, % ce, %
compound (exptl) dev (exptl) dev <(exptl) dev (exptl) dev (exptl) dev (exptl) dev (exptl) dev ref
SiH, 42,99 55 5147 -22 59.2 -50 6588 -94 7671 -94 84,51 -89 9547 7.6 29, 45, 66, 70,
117, 136, 191
SiF, 73.83 06 8314 3.0 89.63 29 9409 43 9943 3.7 102.29 34 10538 0.3 29,66, 117,136, 191
SiF;H 63.70 42 7366 4.3 80.92 29 8619 27 9312 1.7 9733 13 10259 -1.7 29,66, 117, 191
SiF,H, 5448 9.0 69.71 -24 72.58 23 7861 04 8712 -09 9270 -14 100.03 3.4 29,66, 117
SiFH; 47.39 105 5719 35 65.23 00 7178 -3.5 8166 -46 8843 -48 97.67 54 29,66, 117,
’ 130, 136, 191
SiCl, 90.42 0.7 96.79 -0.3 100.37 1.1 10253 0.7 104.84 1.8 105.97 13 10713 0.1 29,66, 70,117,
136, 148, 191
SiClH 75.64 40 8366 1.5 88.85 1.5 9247 -0.1 97.21 0.2 100.16 -0.4 10397 -1.6 29,66, 70, 117, 191
SiCLH, 62.38 83 7152 26 78.03 1.0 8294 -1.7 8997 -21 9465 -2.6 10098 3.3 29,68, 70,
117, 136, 191
SiCIH, 51.29 10.1 6099 15 68.03 -07 7401 46 8309 -52 8941 -54 9814 53 29,66, 70, 117
130, 136, 191
SiBr, 97.12 3.4 101.32 -0.8 103.55 1.8 104.86 2.3 106.22 4.2 106.88 4.2 107.54 1.0 13,29, 66,
117, 136, 191
SiBr;H 80.57 14 8716 09 91.40 1.9 9438 1.1 9840 2.0 100.97 1.8 104.36 0.8 29,66, 117, 191
SiBr.H, 65.73 58 7401 19 79.88 1.2 8436 -1.0 908 -08 9527 -1.2 101.29 2.8 13, 29, 66,
117, 136, 191
SiBrH; 53.05 83 6202 14 69.06 -0.8 7480 -43 8359 -45 89.75 -47 9830 -51 13,2966,
117, 136, 191
Sil, 100.65 -3.2 103.61 -0.7 105.13 3.7 106.00 4.6 106.89 9.6 107.31 9.7 107.74 6.8 13,29, 66, 117
Sil;H 84.02 04 8964 0.1 93.23 28 9579 24 99.32 59 101.63 5.8 104.69 35 20
Sil,H, 68.15 47 17584 1.0 81.25 1.7 8540 -0.1 91.51 20 95.71 1.7 10149 01 29
SilH, 54.58 69 6322 04 69.98 -0.8 7551 -40 84.06 -3.2 980.08 -3.2 9846 -3.6 13,29 66,117,
130, 136, 191
SiFCl; 90.23 -5.0 96.33 -27 99.87 -0.7 102.08 -0.1 104.51 1.2 105.74 1.2 10701 -04 29
SiF.Cl 79.57 -26 8826 0.1 93.85 0.7 9750 1.9 101.69 2.3 103.85 2.2 106.13 -06 29
SiCl;Br 92.26 -16 98.03 -0.6 101.25 1.2 103.18 1.1 105.23 24 106.23 2.0 107.24 0.2 13, 29,66,
’ 117, 136, 191
SiCl,Br, . 9401 -24 99.20 -0.7 102.09 1.3 103.76 1.5 105.60 2.9 106.48 2.7 107.36 0.4 13, 29, 66,
117, 136, 191
SiClBr; 95,56 -2.9 10029 -0.8 102.84 1.6 10435 1.9 105.94 3.6 106.69 34 10745 0.7 18, 29, 66,
117, 136, 191
SiCL,I 93.26 -1.7 9874 -0.7 10175 1.6 103.51 1.6 105.44 3.7 106.36 34 107.32 1.6 117
SiClI; 98.37 -29 102.13 -0.8 104.10 29 10523 3.6 106.44 7.6 107.03 7.6 107.61 50 117
SiBryl 97.86 -3.2 101.88 -0.8 103.93 2.3 105.14 29 106.36 56 106.98 5.6 - - 13,66,136
Si(CH.)4 143.80 -11.7 17280 -7.6 199.00 -49 21970 -2.7 25590 -0.5 283.20 0.6 - - 13,29, 45,66, 71,
117, 136, 137, 191
Si(CH,):H 119.80 -11.0 145.20 -8.8 16570 -5.8 183.50 -4.5 21210 -1.7 234.80 -0.8 - - 13, 45, 137, 168, 191
Si(CH).H, 92.40 -6.7 11200 -6.2 12970 -5.3 144.80 -56 168.10 -3.6 186.00 -2.7 - - 13, 45, 66,
137, 168, 191
CH.SiH; 66.20 -0.7 8110 -42 93.50 -43 10420 -58 121.30 -4.5 13430 -4.0 - - 45,66, 137,
158, 167, 191
Si(OCH,), 175.73 -1.8 213.38 0.9 242,67 39 27196 4.3 317.98 45 351.46 4.3 401.66 1.9 126
CH,SiF, 90.34 -39 104.77 -0.6 116.18 03 125.02 1.6 13811 2.1 147.23 23 160.74 -0.1 13, 29, 66,
117, 136, 159
Si(CH;).F, 10891 -8.0 127.70 -3.9 14355 -1.9 156.69 -0.5 177.15 1.0 192.46 1.5 - - 11,13, 66, 168
Si(CH,)»F 123.09 -7.7 14682 -38 16795 -1.7 187.77 -1.6 214.64 1.0 236.73 1.5 271.42 0.0 13, 66, 168
CH,SiCl; 102.64 -3.5 11470 -2.1 12390 -0.4 131.13 -0.2 14195 1.2 149.84 1.3 162.00 0.0 29, 66, 71, 117, 159
C,H;8iCl; 124.56 -4.1 14242 -2,0 156.86 -0.1 168.61 0.5 186.86 1.7 200.37 1.7 221.08 03 72
Si(CH,).Cl, 11765 -79 135.06 -5.2 14945 -27 161.34 -1.8 180.20 0.3 194.51 0.9 272.09 -20.2 11,13,71,
s 117, 136, 148
Si(CH,).Cl 129.24 -89 15230 -55 17226 -2.8 189.33 -1.7 216.81 0.4 238.03 11 - - 13,66,71,
117, 136, 166
Si(CH;),Br, 122.13 -9.6 13845 -6.0 15196 -3.0 163.30 -1.7 181.42 0.7 195.35 14 - -1
Si(CH.),1, 125.19 -104 141.17 -7.0 154.18 -3.2 165.06 -1.7 182.67 1.8 196.19 2.6 - - u
Si(CH;).HF 102.76 -9.3 12297 -74 139.16 -53 15255 -41 17364 -1.8 189.62 -0.8 - - 1
Si(CH,).HCl 106.52 -8.7 12631 -7.7 142,05 -5.6 154.85 -4.7 17518 -2.2 190.71 -1.1 - - 1
Si(CH;).HBr 107.28 -84 12585 -6.6 141.08 -43 153.85 -3.4 17435 -1.1 190.04 -0.2 - - 11
Si(CHy).HI 10845 -85 12698 -6.9 142,09 -4.3 154.72 -3.4 17497 -0.5 190.46 0.4 - - 1u
SiyClg 152.21 -4.7 161.80 -6.9 167.19 -5.0 17041 -6.6 173.89 -49 17556 -4.7 177.32 -0.6 124
SiyHg 74.73 -04 - - 104.47 -7.6 - - 13196 -88 14405 -83 160.29 -7.6 66, 137, 191
SiyHy 10468 -1.1 - - 149.20 -83 - - 18723 -8.6 203.72 -8.1 - - 137
i-SisH,, 142,17 -6.7 - - 195.23 -9.3 - - 24234 -84 263.05 -79 - - 137
neo-SizHyy 177.65 -154 - - 241.00 -17.2 - - 29761 -17.2 32259 -17.2 - - 137
(CH)H.Si,H, 91.25 4.0 - - 134.77 -3.7 - - 17481 -4.7 19259 -44 21824 -4.8 137
(CH,),HSi,H; 111.55 3.3 - - 166.10 -1.8 - - 217.57 -2.1 240.87 -2.0 27531 -2.9 137
(CHy)3Si.Hj; 126.82 7.0 - - 194.22 1.1 - - 258.74 0.2 288.07 0.0 331.54 -1.3 137
(CHy)H.Si;H,(CH:) 110.54 4.3 - - 166.19 -1.9 - - 217.74 -2.2 241.00 -2.0 275.39 -29 137
(CH.),HSi,H(CH3), 150.54 3.7 - - 228.49 0.5 - - 303.05 0.8 337.44 0.8 3%0.12 -0.8 137
(CH,)4Si,H(CHy) 146.06 6.9 - - 225.60 1.8 - - 301.62 1.3 336.48 1.1 389.66 -0.7 137
(CH.),;Si,H(CH,), 164.98 7.0 - - 256.02 2.7 - - 343.97 2.3 384.34 2.0 446.85 -0.1 137
(CH.):8i2(CH3), 179.66 9.6 - - 283.38 4.5 - - 384.68 3.5 431.33 3.0 503.63 05 137
Si,O(CHy)¢ 244.30 -14.7 295.77 -11.1 336.77 -7.4 370.49 -5.1 424.13 -1.6 465.26 -0.2 530.94 -0.8 13,123, 136,
- 148, 150, 191
Si(CsHs)4 372.38 -5.1 489.53 -3.9 58576 -2.6 661.07 -2.0 769.86 -1.1 84517 -0.8 949.77 -0.2 125
Si(C¢H:)4Cl 301.25 -4.6 389.11 -3.1 460.24 -1.5 518.82 -14 60250 -0.8 65689 -0.2 740.57 -0.4 125
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Table A.5. (Continued)

300K 400 K 500 K 600 K 800 K 1000 K 1500 K
ce, % ce, % ce, % ce, % ce, % ce, % ce, %

compound (exptl) dev (exptl) dev (exptl) dev (exptl) dev (exptl) dev (exptl) dev (exptl) dev ref
CqH;SiCl; 15845 -1.8 19267 -14 21945 -0.3 24020 -0.3 269.62 0.3 289.32 03 31740 0.0 125
SiH;CCH 72,556 -12.6 - - - - - - - - - - - - 191
SiH,CN 85,70 -7.3 76.11 14 8434 -1.7 9114 -1.2 10257 1.3 109.50 1.2 97
SiH;NCS 7962 -7.8 92.97 -86 10334 -65 111.71 7.8 12426 -6.5 13288 -5.2 - - 149
SiH 3008 -60 3004 -60 3048 -31 3117 -96 3271 -76 3401 7.8 36.08 -43 29 66
SiC, 4568 -11.0 4883 -56 51.29 07 5326 -1.1 56.08 2.2 57.87 26 6013 7.2 29,66
SiF 32.67 8.0 33.87 95 3484 106  35.53 64 3640 6.1 36.89 46 37.52 3.2 29,66, 191
SiF, 44.59 7.6 4846 9.9 51.11 104 52.89 9.5 54.96 9.4 56.05 88 57.21 6.3 29,66, 191
SiFy 59.77 1.5 66.34 47 70.84 60 73.89 55 7748 53 79.37 50 8139 19 29,66
SiCl 35,80 10.0 36.44 9.1 3683 109 37.09 54 3740 56 37.59 37 3791 35 2966, 191
SiCl, 51.31 95 53.89 89 5530 104 56.13 7.8 57.00 86 57.42 76 578 69 29,66, 191
SiCl; 70.35 3.7 17538 29 17788 43 79.37 3.2 8095 42 81.72 3.5 8250 23 29,66
SiBr 38.75 4.2  39.03 4.5 3890 76 3874 35 3853 51 38.45 40 3852 29 29,66
BH; 36.27 -106 3893 -58 4204 -27 4545 -1.7 5234 -0.1 5840 05 6860 06 29
BF; 50.59 57 5749 99 62.88 81 67.05 9.6 7257 6.8 75.86 58 17959 26 29,88,129, 191
BHF, 42.48 93 4886 11.2 54.50 81 59.14 80 65.88 49 7034 39 7633 14 29
BCl, 62.76 48 68.79 36 7264 3.0 7227 71 7832 24 7991 20 8186 1.8 29, 88,129, 191
BHCI, 49.78 98 5648 58 6145 34 6512 2.1 170.16 1.1 7343 06 7790 07 29
BBr, 67.94 1.2 72.65 2.2 75.63 29 7757 3.6 79.81 43 80.93 44 8211 2.7 29,88,132 191
BHBr, 53.38 6.1 59.45 38 63.80 2.7 6697 23 7136 2.2 74.26 22 7830 12 29
BI; 70.87 0.8 7498 14 7741 4.1 78.96 52 80.66 91 8152 9.5 8239 82 88,132, 139, 191
BCIF, 54.59 54 6165 6.8 66.14 6.2 69.78 7.2 7439 54 77.56 40 8028 23 29,129
BBrF, 56.57 3.5 6274 6.6 67.30 59 70.69 7.2  75.07 58 77.60 52 8048 25 1,129,191
BCL,F 59.17 4.2 6534 49 7030 3.2 7274 46 76.54 36 7850 33 8090 21 29,129
BBr,F 62.44 20 67.84 40 7157 42 7422 52 7151 49 79.29 48 8132 26 1,129,191
BBrCl, 64.56 34 70.08 3.1 73.70 29 176.07 3.0 7885 3.0 80.29 2.7 8182 21 1,29,129, 191
BBr.Cl 66.14 24 7130 28 74.63 3.0 76.79 34 79.28 3.7 80.59 36 8198 24 1,29, 129, 191
BF,0H 52.16 109 61.51 109 69.37 76 75.61 7.6 84.31 50 89.89 40 9765 04 29
B:H; 58.40 2.7 74.26 -24 8868 -56 101.33 -7.2 12166 -7.8 13639 7.7 1575656 -7.7 29,191
B,F, 7714 -0.6 88.72 49 97.54 4.5 104.16 6.9 11282 59 117.81 5.5 123.55 23 29
B.ClL, 95.06 -2.1 10480 -09 11131 -0.1 115.68 0.8 120.79 1.9 12347 1.9 126.37 16 29
B:H, 94.51 149 130.21 42 16137 -1.7 18761 -46 22737 -64 25440 -7.1 29107 -82 29, 191
ByH;, 180.96 47 24995 -36 30643 -74 35166 -89 41719 -87 460.36 -87 517.82 -9.2 29,191
HBO 3533 -82 3892 79 4185 7.2 4434 71 4841 60 5150 -55 56.21 -4.2 29
HBS 36.88 -14 4131 -5.8  44.67 -4.8 47.24 -6.9 50.97 -5,0 5358 -45 5742 -29 29
BF 2961 -5.2  30.58 06 3172 14 32.77 1.6 3436 04 3539 02 3672 19 29,191
BCl 31.69 1.5 33.34 04 3451 -02 3532 -21 3631 -25 36.8 -2.7 3757 1.0 29 191
BBr 32.82 1.0 34.37 0.3 35.36 0.3 36.00 -1.1 36.75 -09 3716 -08 37.71 1.6 29,191
BO 29.20 -84 2957 37 302 -1.0 3108 -13 3268 -08 3393 -14 3574 05 29
BN 2946 -7.5 3028 -57 3133 -34 3236 -58 3400 -47 3511 -47 3663 -05 29 191
BS 30.07 20 3138 0.6 32.63 31 3366 -05 3506 0.7 3590 02 36983 24 28
BF, 40.63 03 4441 58 4749 54  49.83 7.1 52.84 6.0 54.54 61 5646 54 29
BCl, 47.46 3.2 5092 2.8 53.07 3.0 5444 2.8 55.96 33 56.73 34 5755 52 29
BO, 43.36 -12.0 47.50 -108 50.78 -10.1 5326 -95 5649 -83 5833 7.6 6044 -65 29
HBO, 42.33 36 4755 46 5216 46  56.07 47 6214 45 66.51 38 17333 15 29, 191
B,0; 59.55 0.9 69.53 06 7677 0.9 82.26 1.5 9015 1.7 95.10 0.8 10143 -16 29,133
B.S, 8049 -108 8748 -94 9221 -40 9568 -4.0 100.08 0.3 102.59 08 10543 01 133
H;BO, 65.56 16 76.86 20 86.36 1.9 94.02 3.4 105.50 4.7 113.80 53 12676 3.2 29
B0, 5742 -153 62.87 -108 6672 -74 6982 -55 7458 -3.0 7787 -31 8235 -38 29
(BOF); 11544 -59 13579 -26 151.57 -29 16345 -1.1 179.00 -1.3 18797 -1.8 19830 -48 29
(BOH), 8820 -06 10775 -1.8 12429 -3.3 137.74 -3.6 15738 -3.7 170.42 -43 18795 -62 29
KBO, 59.13 -25 6399 -13 6760 -04 7039 -0.1 74.30 0.7 76.78 05 7981 -01 28
LiBO, 57.37 0.5 62.82 0.5 66.76 0.9 69.74 08 7388 1.3 76.48 09 17676 01 29
NaBO, 5835 -1.2 63.50 -0.5 67.26 0.1 70.13 0.2 74.13 09 176.66 0.7 76.86 0.0 23
B(CH,), 88.49 5.9 - - - - - - - - - - - - 191
BH(OCH,), 8791 93 - . . . . . - - . . - - 191
BH.CO 59.45 -11.1 - - - - - - - - - - - - 191
B(CH.);NBH, 12795 -4.1 - - - - - - - . - - - - 191
(CH.,),NB.H; 117.73 0.6 153.39 1.3 18440 -5.0 21009 -54 24967 -5.0 278.02 -45 32000 -51 111
AlF, 62.61 -4.9 68.53 01 7246 0.5 7514 4.1 7821 3.6 79.86 41 816 2.9 151,191
AlCl, 71.59 04 75.73 1.2 17812 21 79.50 3.3 8100 3.3 8176 3.2 - - 41, 108
AlBr, 75.44 -0.8 78.37 1.7 79.91 3.6 80.83 5.3 81.63 6.2 8226 6.2 - - 41, 194
All, 77.14 0.5 79.48 25 80.71 59 8141 78 8215 114 8250 11.7 82.86 10.3 28,191
AICl,Br 72.93 0.1 76.65 1.3 78.74 2.5 79.96 3.9 81.30 42 8192 4.2 - - 40
AICIBr; 7418 04 7749 1.5 79.33 3.1 80.41 46 8155 5.1 82.09 5.2 - - 40
ALF 133.11 -14.2 14872 -84 15853 -69 16486 -23 17204 -1.5 17572 -0.5 17961 -24 29,191
ALCls 156.89 -11.5 166.71 -85 17200 -62 175.12 -3.6 17840 -20 17999 -1.5 18160 -1.9 38
Al,Brs 168.62 -14.1 17405 -90 17698 -54 17866 -2.2 180.75 0.1 181.59 09 18242 -1.0 194
ALl 172.07 -12.7 17648 -82 178.69 -3.3 179.94 0.1 181.22 5.1 181.82 6.1 18243 43 29
AlLO, 67.31 -9.6 73.05 -8.5 7627 -6.2 78.20 -3.6 80.26 -1.2 81.27 00 8230 1.8 29,191
AlH 29.38 -7.6 30,04 -9.0 3100 -95 32.01 -11.3 33.75 -123 3502 -11.0 3684 -36 28,191
All 36.14 11.1 3678 100 37.12 111 37.33 103 3760 104 37.78 9.5 3811 10.8 29,191
AIN 32.40 3.0 3402 -02 35.09 0.2 35.81 -1.7 36.66 -20 3715 -2.1 37.80 25 29
AlO 30.91 6.3 32.49 4.2 33.75 3.3 34.69 2.0 36.00 -0.3 37.21 -23 4128 .74 29,191
AlS 3343 100 34.87 60 35.75 78 36.35 5.1 37.42 3.7 38.88 00 4371 -82 28,191
OAlH 34.67 11.2 39.92 3.3 4449 - 17 4809 -4.6 52.95 ~7.4  55.82 -76 5919 -52 29
OAIOH 50.27 -0.6 5642 -23 6095 -25 64.27 -14 68.77 -0.5 7L77 03 76.34 05 29
AlLO 45.75 81 49.13 78 51.53 84 53.18 89  55.09 87 56.12 85 57.22 105 29,131, 191



Journal of Chemical and Engineering Data, Vol. 38, No. 2, 1993 191
Table A.5. (Continued)

300K 400K . 500 K 600 K 800 K 1000 K 1500 K

ce, % c°, % c°, % ce, % c°, % ce, % ce, %
compound (exptl) dev  (exptl) dev  (exptl) dev (exptl) dev (exptl) dev (expth dev (exptl) dev ref
AlO, 4997 -114 63.68 -10.9 56.00 -9.7 57.61 -8.2 59.47 -7.0 60.44  -6.1 6147 -43 29
LiAlF, 93.89 -2.3  105.76 -0.2 11344 -09 11847 1.6 124.24 1.0 127.20 13 13035 -08 37
Al(CHy), 80.33 24.2 - - - - - - - - - - - - 122
AL(CH)s 14016 389 . . - . . . - . . - . - 16,187
NaAIF, 106.00 -13.4 . . - - . . . . . . . - 98
av % dev 6.2 4.2 3.8 3.8 3.8 3.6 2.8
% bias -0.4 -0.6 -0.4 -0.5 -0.3 -0.2 -0.3

Al C°;, are in kJ mol-! K-1. Underlined reference numbers indicate references from which the accepted values were taken. Italic reference
numbers indicate where only one heat capacity value at 298.15 K is available.

Table A.6. Predictions of the Ideal Gas Entropy at 298.15 K for Silicon Compounds=*?

Van Dalen-
exptl extended Benson O'Neal and Ring Van den Berg

compound S8 S°208 % dev SC208 % dev S°9s % dev ref
SiH, 204.1 207.5 1.7 208.6 2.2 204.6 0.2 29, 45, 66, 70, 117, 137, 191
SiF, 2827 286.9 1.5 285.6 1.0 - - 29, 36, 66, 117, 137, 191
SiF;H 2773 278.6 0.5 277.9 0.2 - - 29,117,191
SiF;H, 262.1 262.1 0.0 262.0 0.0 - - 29, 117
SiFH, 2384 2389 0.2 239.4 04 - - 29, 66, 117, 130, 137, 191
SiCl, 330.8 3359 1.6 331.3 0.2 330.8 0.0 29, 66, 70, 117, 137, 191
SiCl;H 3138 3154 0.5 312.2 0.5 313.1 0.2 29, 66, 70, 117, 191
SiCl;H. 285.8 286.6 0.3 284.9 0.3 286.5 0.2 29, 66, 70, 117, 137, 191
SiClH; 260.56 251.2 0.3 250.8 0.1 251.5 0.4 29, 70, 117, 130, 137, 191
SiBr, 3776 3782 0.2 371.7 0.0 - - 29, 66, 117, 137, 191
SiBr;H 348.0 3470 0.3 346.9 0.3 - - 29, 66, 117, 191
SiBr;H, 310.1 307.8 0.8 308.0 0.7 - - 29, 66, 117, 137, 191
SiBrH, 262.5 261.7 0.3 262.4 0.0 - - 29, 66, 117, 137
Sil, 416.4 4155 0.2 422.8 1.6 - - 29, 66, 117
Sil;H 3756.0 375.0 0.0 380.8 1.6 - - 29
SilH; 271.0- 2711 0.0 273.7 1.0 - - 29, 66, 130, 137, 191
SiFCl, 366.1 335.2 84 3314 9.5 - - 29
SiF;Cl 308.7 310.7 0.6 308.6 0.1 - - 29
SiCl;Br 363.5 358.0 1.3 354.4 0.3 - - 66, 117, 137
SiCl;Br; 370.0 372.0 0.5 369.4 0.2 - - 66, 117, 137, 191
SiClBr; 376.56 379.1 0.7 377.6 0.3 - - 66, 117, 137, 191
SiCl3l 363.0 3674 1.2 366.7 0.8 - - 117
SiClI; 405.2 407.1 0.5 411.5 1.6 - - 117
SiBr;l 400.5 399.0 04 400.5 0.0 - - 66, 137
Si(CHs), 366.7 356.6 0.0 358.9 0.6 357.6 0.3 29, 45, 66, 71, 117, 136, 137, 150, 191
(CH;)sSiH 332.5 3309 0.5 332.8 0.1 331.9 0.2 45, 66, 136, 168, 191
(CH,):SiH, 300.6 297.0 1.2 298.6 0.6 297.5 1.0 45, 66, 136, 168, 191
CH,SiH; 256.1 256.3 0.1 25677 0.6 255.7 0.2 45, 66, 136, 158, 191
Si(CH3)F; 315.5 3159 0.1 315.4 0.0 - - 29, 66, 71, 159
Si(CHj)oF; 3356 336.6 0.3 3317.1 0.5 - - 11, 66, 168
Si(CHy)sF 350.7  350.7 0.0 352.1 0.4 - - 66, 137, 168
Si(C.Hs)Cly 3924 3920 0.1 389.0 0.8 3924 0.0 72
Si(CH;)Cl; 351.3 352.6 04 349.7 0.5 349.5 0.5 29, 66, 71, 117, 159
Si(CHj;).Cl2 369.5 361.2 0.5 360.0 0.1 359.8 0.1 11, 71, 117, 137
Si(CH3)sCl 359.4 363.0 1.0 363.5 1.1 363.0 1.0 11, 117, 137, 166, 191
Si(CH3);Br; 384.1 3823 0.5 383.2 0.2 - - 11
Si(CHj).I 403.4 4009 0.6 405.8 0.6 - - 11
Si(CH3).HF 3210 3226 0.5 323.6 0.8 - - 11
Si(CH3).HC1 3323 3348 0.8 336.1 0.8 335.3 0.9 11,137
Si(CHj3).HBr 3459 3454 0.2 346.7 0.2 - - 11
Si(CH,).HI 3539 354.7 0.0 358.0 1.1 - - 11
(CH3)SiHF 286.7 285.3 0.5 286.1 0.2 - - 11
(CH;)SiH;Cl 298.3 2976 0.2 297.5 0.3 289.2 0.4 11
(CH;)SiH,Br 310.2 308.1 0.7 309.1 04 - - 11
(CH3)SiH,I 3187 3115 0.4 320.4 0.5 - - 11
Si;OF 382.7 3788 1.0 425.0 11.0 - - 156
Si:Clg 4794 4629 34 - - - - 124
SiHg 271.5 270.3 0.5 - - - - 66, 136, 191
SizHs 341.8 336.4 1.6 - - - - 136
i-SigHo 399.7 390.0 24 - - - - 136
neo-SizH;o 451.0 43565 34 - - - - 136
(CH3)H:SiSiH; 3184 3225 1.3 - - - - 136
(CHj):HSiSiH; 353.7  359.7 1.7 - - - - 136
(CH3)3SiSiH3 3726 3879 4.1 - - - - 136
(CH3)H,SiSiHz(CH3) 358.8 363.1 1.2 - - - - 136
(CH3);HSiSiH,(CH3)  397.7  406.1 2.1 - - - - 136
(CH3):HSiSiH(CH3); 4270 4376 2.5 - - - - 136
(CHj3);SiSiH2(CH3) 417.1 4343 4.1 - - - - 136
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Table A.6. (Continued)

Van Dalen-
exptl extended Benson O’Neal and Ring Van den Berg
compound S°508 S°208 % dev S°298 % dev S°598 % dev ref
(CHj3)3SiSiH(CHs). 452.3 471.5 4.3 - - - - 136
(CH3)3SiSi(CHs)3 466.6 493.9 5.8 - - - - 136
(OC,Hj;),Si 535.6 540.3 0.9 502.8 6.1 - - 126
Si;0(CHjy)g 532.1 483.3 9.2 534.9 0.5 - - 73, 123, 137, 150, 191
Si(CeHs)4 648.5 643.7 0.7 - - 626.4 34 126
Si(CsH5)3Cl 573.2 578.3 0.9 - - 558.2 2.6 125
Si(CgH5)Cl; 420.8 4244 0.9 - - 420.8 0.0 69
SiH;CCH 269.4 269.4 * - - - - 66, 191
SiH;CN 266.3 266.3 * - - - - 66, 97
SiH;NCS 309.9 309.9 * - - - - 66, 149
av % dev 1.3 11 0.6
% bias 0.1 0.2 -0.1

4All §°205 are in J mol-! K -1, and deviations are absolute. Accepted references are underlined. ? Asterisks designate compounds from which
a contribution value has been directly derived. The percentage deviation would then, of course, be zero.

Table A.7. Predictions of the Ideal Gas Entropy at 298.15 K for Boron Compounds*?

extended Benson

exptl exptl extended Benson
compound  S°g S°298 % dev ref compound S°208 S°28 % dev ref
BF; 254.6 250.6 1.6 29, 36, 88, 129, 191 BBr;F 310.2 314.2 1.3 1, 29, 129, 191
BHF. 244.0 244.6 0.2 29 BBrCl, 310.8 312.0 0.4 1, 29,129, 191
BCl3 289.9 283.8 2.1 29, 88, 129, 191 BBr,Cl 322.1 325.3 1.0 1, 29, 129, 191
BHCI; 268.3 266.7 0.6 29 BF,0H 269.2 265.7 1.3 29
BBr; 330.3 323.7 2.0 29, 88, 132 B.F, 318.5 316.6 0.6 29,191
BHBr, 292.3 293.3 0.4 29 B:Cl, 358.9 360.8 0.5 29, 191
BI; 349.4 349.4 * 29, 88, 132, 139, 191 B(CHa)s 314.6 316.3 0.6 191
BCIF; 272.8 276.5 14 29, 129, 191 B(C:H;); 437.6 434.3 0.8 191
BBrF, 287.5 289.8 0.8 1,29, 129, 191 HB(OCHj), 323.8 327.9 1.3 191
BCL,F 285.2 287.6 0.8 29, 129, 191 B(OCHy)y 384.9 375.5 24 191
av % dev 1.1
% bias -0.1

a All S°5p5 are in J mol-1 K-!, and deviations are absolute. Accepted references are underlined. ® Asterisks designate compounds from which
a contribution value has been directly derived. The percentage deviation would then, of course, be zero.

Table A.8. Predictions of Critical Temperatures for Silicon Compounds*°

revised extended
exptl Lyderson Lyderson Ambrose
compound Ty T. T. % dev T. % dev T. % dev ref

SiF, 187.2 259.0 284.2 9.7 285.6 10.3 296.7 14.5 4, 5, 112, 157
SiCl 330.8 508.1 504.7 0.7 507.2 0.2 530.7 4.4 4, 5,112, 135, 157
SiCl3H 285.4 438.6 - - 439.3 0.2 441.1 0.6 4, 5, 112, 135, 157
SiBr, 427.1 663.1 675.7 1.9 679.4 2.5 685.2 3.3 4, 5, 112, 135, 157
SiBr;H 382.1 610.0 - - 604.5 0.9 590.6 3.2 4, 5, 112, 135, 157
Sil, 560.5 944.0 877.3 7.1 881.9 6.6 899.2 4.7 4,5
SiFCl; 285.4 438.6 434.9 0.8 4317.1 0.3 452.3 3.1 4, 5, 112, 157
SiF.Cl; 240.9 369.0 366.7 0.6 368.5 0.1 381.8 3.5 4, 5, 112, 157
SiF;Cl 203.1 307.7 308.8 0.3 310.3 0.8 321.9 4.6 4, 5, 112, 157
SiCl;Br 353.5 540.0 544.1 0.8 546.8 1.3 567.1 5.0 162
SiCl;Br, 371.5 585.0 586.2 0.2 589.3 0.7 605.6 3.5 162
SiClBr; 401.0 618.0 628.5 1.7 631.8 2.2 643.3 4.1 162
CH;SiH; 215.6 352.5 - - 352.5 * 352.5 * 4, 5, 167
Si(CHj), 299.8 448.6 450.9 0.5 453.0 1.0 455.0 14 4, 5, 82, 114,

115, 157
Si(CoHj)4 427.9 603.7 593.6 1.7 595.6 1.3 600.2 0.6 4, 5, 61, 81, 157
Si(OCHj), 394.7 - 562.8 545.6 3.0 547.5 2.7 535.1 4.9 5, 157, 193
Si(0C.Hs),4 438.7 592.2 572.8 3.3 574.1 3.0 569.1 3.9 5, 157, 193
Si(OC3Hy), 502.0 647.7 630.9 2.6 631.8 2.4 630.2 2.7 5, 157, 193
CH;3SiCl; 338.8 517.4 515.1 0.5 517.6 0.0 533.7 3.2 5, 157, 165, 171
(CH3)28iCl, 343.5 520.4 520.3 0.0 522.8 0.5 532.1 2.3 4, 5,157, 172
(CH3)28iCl 333.2 497.8 502.9 1.0 505.3 1.5 508.2 21 4, 5, 157, 172
CH;SiH,Cl 280.0 517.8 - - 517.8 * 517.8 * 4, 5, 157
C;H;SiCl; 371.6 560.0 551.9 1.5 554.4 1.0 569.7 1.7 4, 5, 157,172
(C.H;):SiCl, 403.6 595.8 584.7 1.9 587.1 1.5 596.1 0.0 4, 5,157,171
H,CISi(CHy)sl» 407.0 573.9 559.8 2.5 563.6 1.8 570.8 0.5 5,116
Si(CH3)3].0 372.7 516.6 512.2 0.8 525.8 1.8 530.2 2.6 4, 5, 42, 157,

201, 202, 203
Si3(CHz3)s0, 425.0 562.9 549.3 2.4 568.7 1.0 576.7 2.4 4, 5, 42, 61,

157, 201
Siy(CH3)1003 465.0 599.4 578.9 3.4 598.1 0.2 608.7 1.5 4, 5, 42, 61,

157, 201
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revised extended
exptl Lyderson Lyderson Ambrose
compound Ty T, T, % dev T. % dev T. % dev ref
Sis(CH;)1204 502.0 629.0 615.0 2.2 621.2 1.2 629.2 0.0 4, b, 61, 157, 201
Siy(CH;3)1003 465.0 599.4 578.9 34 598.1 0.2 608.7 1.5 4, 5, 42, 61,
157, 201
Sis(CH3)1204 502.0 629.0 6150 2.2 621.2 1.2 629.2 0.0 4, 5,61, 157, 201
Sis(CHj)1405 536.0 653.2 659.5 1.0 659.9 1.0 666.5 2.0 4, 5, 61, 157, 201
Si7(CH3),1606 561.0 671.8 707.7 5.3 686.7 2.2 684.5 1.9 4, 5, 61, 157, 201
Sig(CHj)1507 584.0 688.9 772.5 12.1 718.1 4.2 701.3 1.8 4, 5, 61, 157, 201
HSi;(CH3)-0; 415.8 553.4 - - 558.8 1.0 559.3 1.1 128
CH;Si[OSi(CH3)s)3 464.7 597.0 578.5 3.1 597.8 0.1 608.3 19 61
Si[0Si(CH3)3]4 494.9 623.2 606.3 2.7 619.4 0.6 629.7 1.0 61
Siz2(CoH;5)0 504.0 693.0 642.1 73 651.7 6.0 661.7 4.5 4,5
Siy(C2Hg)1003 598.0 788.0 738.2 6.3 731.9 7.1 727.5 7.7 4,5
Si5(C2Hs)1204 633.0 823.0 820.8 0.3 785.6 4.5 751.8 8.7 4,5
[(CH3)8i0]; 409.6 554.2 542.2 2.2 562.9 1.6 575.9 39 61
[(CH3):Si0], 448.0 586.5 567.0 3.3 587.0 0.1 604.1 3.0 4, 5, 202, 203
[(CH3),8i0]s 483.0 617.4 595.9 3.5 611.6 0.9 630.4 2.1 4,5
[(C.H;):8i0]; 520.0 673.0 649.5 3.5 662.5 1.6 678.0 0.7 4,5
[(C:H5):Si0]4 569.0 698.0 696.5 0.2 700.9 0.4 712.2 2.0 4,5
Overall
av % dev 2.68 1.92 3.10
% bias -0.79 -0.24 1.08
Siloxanes
av % dev 3.50 1.98 2.72
% bias -1.37 -0.48 0.41

o All T, and T. are in kelvin, and deviations are absolute. Accepted references are underlined. ® Asterisks designate compounds from which
a group contribution was directly derived. The percentage deviation is zero. ¢ Dashes indicate compounds for which a value cannot be
determined because of missing groups.

Table A.9. Predictions of Critical Pressure for Silicon Compoundss?

Lyderson revised Lyderson extended Ambrose
compound exptl P, P, % dev P, % dev P, % dev ref
SiF, 3.720 3.343 10.1 3.632 2.4 3.636 2.3 4,5,112
SiCL 3.593 3.690 2.7 3.949 9.9 3.957 10.1 4,5
SiCl;H 4,170 - - 4.175 0.1 4,181 0.3 99, 112
SiFCl; 3.580 3.650 1.9 3.918 9.4 3.926 9.7 4,5
SiF.Cly 3.500 3.584 24 3.861 10.3 3.868 10.5 4,5
SiF3Cl 3.460 3.485 0.7 3.769 8.9 3.774 9.1 4,5
Si(CH3)4 2.821 2,976 0.9 3.036 7.6 3.039 7.7 4,5, 82,114
Si(CzHs)4 2.602 2,012 22.7 2124 18.4 2.122 18.4 4,5, 81
Si(OCH3), 2.873 2.616 8.9 2.779 3.3 2.770 3.6 5, 193
Si(OC:Hs), 2.045 1.897 7.2 1.981 3.1 1.975 34 5,193
Si(OC3Hr), 1.696 1.488 12.3 1.539 9.2 1.534 9.6 5, 193
CH;SiCl; 3.430 3.545 34 3.806 10.9 3.813 11.2 4, 5, 157, 165
(CH3)2SiCl; 3.490 3.356 3.8 3.615 3.6 3.621 3.7 4,5,172
(CH3);8iCl 3.200 3.111 2.8 3.364 5.1 3.368 5.3 4, 5,172
C.H;SiCl; 3.330 3.148 5.5 3.356 0.8 3.360 0.9 4,5,172
(CH;)SiCly 3.060 2.701 11.7 2.868 6.3 2.869 6.2 4,5
H.C[Si(CH3)3]: 1.990 1.795 9.8 1.980 0.5 1.985 0.3 5, 116
[Si(CH3)3];0 1.910 1.901 0.5 1.956 2.4 1.956 2.4 4, 5, 42, 201, 202
Si3(CHj3)g0: 1.420 1.429 0.6 1.437 1.2 1.436 1.2 4, 5, 42, 201
Sig(CH3)1003 1.150 1.142 0.7 1.134 1.4 1.134 14 4, 5, 42, 201
Sis(CH3)1204 0.950 0.951 0.1 0.937 1.4 0.936 1.5 4, 5, 201
Sig(CH3)1405 0.800 0.814 1.8 0.798 0.3 0.797 0.4 4, 5, 201
Si7(CH;)160s 0.680 0.712 4.7 0.694 2.1 0.694 2.1 4, 5, 201
Sig(CH3)1507 0.620 0.632 2.0 0.615 0.8 0.614 0.9 4, 2,201
HSi3(CH3)-0, 1.481 - - 1.481 0.0 1.480 0.1 128
[(CH3)5i0]4 1.340 1.307 2.5 1.289 3.8 1.288 3.9 4, 5, 81, 116, 203
[(CH,):Si0]5 1.035 1.076 3.9 1.061 2.5 1.060 24 5, 116
Overall
av % dev 4.94 4.66 4.76
% bias -2.68 0.90 0.91
Siloxanes

av % dev 1.87 1.59 1.62
% bias 1.24 0.06 -0.01

@ All P are in megapascals, and deviations are absolute. Accepted references are underlined. ? Dashes indicate compounds for which a value
cannot be determined because of missing groups.
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Table A.10. Prediction of the Critical Volume for Silicon Compounds*

exptl pred exptl pred
compound V. Ve % dev ref compound V. \'A % dev ref
SiCl, 0.326 0.324 0.6 4, 5,99, 112,135, 135 C,H;SiCl; 0.403 0.386 4.2 4, 5, 157, 172
SiCl;H 0.268 0.280 4.6 4,99, 135 (C2Hj5)2SiCl, 0.455 0.448 1.6 4, 5,157, 171
SiBr, 0.382 0.400 4.7 4, 5,99, 135 H.CI[Si(CH3)s], 0.644 0.623 3.2 5
SiBr;H 0.305 0.337 10.6 4, 5,99, 135 [Si(CHj)s],0 0.629 0.672 6.8 4, 5, 42, 61, 115, 116, 157
Sily 0.568 0.498 10.7 4,5 Si3(CH3)g02 0.906 0.942 4.0 4, 5, 42, 61, 115, 157
SiCl3Br 0.346 0.343 0.9 162 Sis(CH3)1003 1.209 1.213 0.3 4, 5, 42, 61, 115, 157
SiClyBr; 0.364 0.362 0.6 162 Si5(CH3)1204 1.509 1.483 1.7 4, 5, 61, 115, 157
SiClBr; 0.384 0.381 0.8 162 Sig(CH3)1405 1.807 1.754 2.9 4, 5, 61, 115
Si(CHy), 0.362 0.361 0.4 4,5,61,82 114,157  Siy(CHs)1¢06 2133 2025 5.1 4,5, 61,115,157
Si(CoH:z)4 0.495 0.572 16.2 81, 157 Sig(CH3)1807 2,469 2.295 7.0 4, 5, 61, 115, 157
Si(OCHjy)4 0.445 0.442 0.7 5, 157 CH;Si[OSi(CH3)3]s 1.125 1.213 7.8 61
Si(0OC;Hs)s 0651 0.653 0.3 5, 157 Si[O8Si(CH3)s3]4 1.400 1.357 3.1 61
Si(OC;Hy), 0.853  0.864 1.3 5, 157, 193 [(CH),8i015 0.707 0.743 5.1 61
CH3SiCls 0.348 0.333 4.1 4, 157, 165, 171 [(CH3)2Si0], 0.985 0.982 0.3 8, 61, 81, 82, 116, 157, 203
(CH3):SiCl; 0.350 0.342 2.2 4, 5,157,172 [(CH3),S8i015 1.287 1.220 5.2 5, 61, 116
(CH3)3SiCl  0.366  0.351 4.0 4, 5,157, 172
Overall
av % dev 6.17
% bias 0.07
Siloxanes
av % dev 3.90
% bias -0.11
¢ All V, are in cubic meters per kilomole, and deviations are absolute. Accepted references are underlined.
Table A.11, Predictions of the Thermal Conductivity k for Silicon Compounds*
exptl pred
compound TwK TJ/K T/K k/(10-! W m-1 K-1) k/(10-1 W m-t K- % dev ref
Si(OCH3)4 394.7 562.8 283 1.626 1.525 6.2 87
293 1.609 1.496 7.0
313 1.557 1,437 7.7
333 1.486 1.377 7.3
353 1.436 1,318 8.2
363 1.409 1.287 8.6
Si(OCzH:3), 438.7 592.2 260 1.443 1.572 8.9 87
273 1.419 1.538 8.4
293 1.359 1.481 8.9
313 1.316 1.426 8.4
333 1.269 1.372 8.1
353 1.218 1.318 8.2
363 1.199 1.291 7.7
Si(OC3Hy) 4 502.0 647.7 303 1.542 1.567 1.6 2
323 1.518 1.515 0.2
343 1.472 1.464 0.5
363 1.441 1414 1.9
383 1.396 1.363 2.4
403 1.358 1.312 34
423 1.320 1.260 4.6
443 1.278 1.206 5.6
463 1.240 1.152 7.1
Si(0-iC3Hr)4 461.2 588.4 303 1.534 1.366 10.9 2
323 1.512 1.315 13.0
343 1.470 1.264 14.0
363 1.439 1.212 15.8
383 1.390 1.160 16.6
403 1.350 1.106 18.1
423 1.317 1.050 20.2
443 1.271 0.993 21.9
463 1.234 0.931 24.5
Si(0C4Hy), 550.7 678.1 303 1.568 1.612 2.8 2
323 1.544 1.562 1.2
343 1.519 1.513 0.4
363 1.492 1.464 1.9
383 1.455 1415 2.7
403 1.409 1.366 3.0
423 1.369 1.317 3.8
443 1.318 1.267 3.9
463 1.274 1.216 4.6
Si(0-iC4Hy)4 531.7 659.2 303 1.564 1.534 1.9 2
323 1.547 1.485 4.0
343 1.528 1.436 6.0
363 1.480 1.388 6.2

383 1.448 1.339 7.5
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Table A.11. (Continued)

exptl pred
compound Tw/ K TJ/K T/K k/(10-1 W m! K1) k/(10-1 W m-! K-!) % dev ref

Si(0-iC4Hy)4 531.7 659.2 403 1.407 1.290 8.3

423 1.367 1.241 9.2

443 1.314 1.191 9.4

463 1.270 1.139 10.3
Si(0-sC4Hg)4 525.2 651.1 303 1.556 1.505 3.3 2

323 1.540 1.456 5.4

343 1.524 1.408 7.6

363 1.481 1.359 8.2

383 1.452 1.311 9.7

403 1.403 1.262 10.0

423 1.364 1.213 11.1

443 1.309 1.162 11.2

463 1.268 1.110 12,5
Si(OCsH, 1) 615.2 753.1 303 1.579 1.751 10.9 2

323 1.552 1.703 9.7

343 1.534 1.656 7.9

363 1.492 1.609 7.9

383 1.464 1.563 6.8

403 1.426 1.518 6.4

423 1.374 1.472 7.2

443 1.326 1.427 7.6

463 1.292 1.381 6.9
Si(0-iCsH )4 598.2 732.6 303 1.569 1.681 7.1 2

323 1.544 1.633 5.8

343 1.530 1.587 3.7

363 1.494 1.541 3.1

383 1.462 1.495 2.3

403 1.426 1.449 1.6

423 1.370 1.404 2.5

443 1.330 1.358 2.1

463 1.280 1.312 2.5
Si(0-sCsH )4 576.2 705.7 303 1.572 1.591 1.2 2

323 1.546 1.544 0.2

343 1.532 1.497 2.3

363 1.490 1.452 2.6

383 1.459 1.406 3.6

403 1.420 1.361 4.2

423 1.370 1.315 4.0

443 1.323 1.269 4.1

463 1.288 1.223 5.1
Si(0CeH,3)4 630.2 779.1 303 1.582 1.696 7.2 2

323 1.569 1.651 5.2

343 1.544 1.607 4.1

363 1.497 1.564 4.4

383 1.468 1.521 3.6

403 1.427 1.479 3.6

423 1.384 1.437 3.8

443 1.345 1.395 3.7

463 1.306 1.353 3.6
Si[OCH,C(C,H;5)HC:H;]4 605.2 743.8 303 1.574 1.597 1.5 2

323 1.564 1.552 0.7

343 1.539 1.509 2.0

363 1.494 1.466 1.9

383 1.466 1.423 2.9

403 1.427 1.381 3.2

423 1.381 1.339 3.1

443 1.340 1.296 3.3

463 1.297 1.254 3.3
Si(OC7H;5)4 670.7 851.0 303 1.596 1.754 9.9 2

323 1.571 1.711 8.9

343 1.545 1.669 8.1

363 1.504 1.629 8.3

383 1471 1.589 8.0

403 1.430 1.549 8.4

423 1.382 1.511 9.3

443 1.343 1.427 9.6

463 1.326 1.433 8.1
Si(0CsH,7)4 689.7 914.1 303 1.628 1.743 7.0 2

323 1.604 1.703 6.1

343 1.572 1.664 5.8

363 1.546 - 1.626 5.8

383 1.504 1.589 5.6

403 1.470 1.553 5.6

423 1.432 1.517 5.9

443 1.376 1.482 7.7

463 1.358 1.447 6.5
Si[OCH.C(C:H5)HC4Hsl, 639.7 831.3 303 1.616 1.562 34 2

323 1.598 1.523 4.7



196 Journal of Chemical and Engineering Data, Vol. 38, No. 2, 1993

Table A.11. (Continued)

exptl pred

compound Tw/ K TJ/K T/K k/(10-' W m! K-1) k/(100T W m! K-1) % dev ref

Si[OCHC(C.H;)HC,Hs], 639.7 831.3 343 1.569 1.485 5.4

363 1.529 1.448 5.3

383 1.492 1.411 5.4

403 1.458 1.375 5.7

423 1.410 1.340 5.0

443 1.367 1.304 4.6

463 1.352 1.269 6.2
Si(0C1oHa1)4 758.2 1168.4 303 1.660 1.848 11.3 2

323 1.628 1.813 11.3

343 1.607 1.778 10.7

363 1.589 1.745 9.8

383 1.564 1.713 9.5

403 1.534 1.682 9.7

423 1.478 1.652 11.8

443 1.436 1.622 13.0

463 1.409 1.594 13.1
Si(OC12Has)4 809.2 1644.4 303 1.682 1.916 13.9 2

323 1.647 1.885 14.4

343 1.621 1.855 144

363 1.593 1.827 14.7

383 1.570 1.800 14.7

403 1.539 1.774 15.3

423 1.494 1.749 17.1

443 1.447 1.725 19.2

463 1.424 1.701 19.5
C.H3Si(0C.Hs); 476.5 576.7 305 1.55 1.65 6.7 91
C.H;Si(OCsH:)s 432.1 573.1 305 1.55 1.46 58 91
(CHy)38iCl 333.2 497.8 305 1.26 1.33 5.6 91
(CH,)2SiCl, 3435 520.4 305 1.30 1.27 2.3 91
H(CHj;)SiCl, 315.1 483.2 305 1.21 1.26 3.9 91
CH,SiCly 338.8 517.4 305 1.42 1.17 17.3 91
C.H;SiCl; 371.6 560.0 305 1.26 1.20 4.8 91
C;H-SiCl; 359.9 577.2 305 1.21 1.18 2.6 91
C4HgSiCl; 422.1 603.6 304 1.13 1.17 4.0 91
CsH,18iCl; 4442 623.3 304 1.13 1.16 2.6 91
CyH58iCl3 506.1 667.7 304 1.05 1.08 2.5 91
(C;H;).8iCl, 403.6 595.8 305 1.34 1.28 4.3 91
(CsH;1)8SiCly 556.3 732.6 304 1.00 1.19 18.3 91
H(C.H;)SiCl, 314.1 470.2 305 1.21 1.15 4.6 91
CH,=CHCH,SiCl; 381.1 558.5 305 1.21 1.15 4.8 91
(C.H:)(CoH3)SiCl, 429.3 579.8 305 1.30 1.27 2.7 91
CoH;SiCl;, 363.8 545.2 305 1.30 1.18 9.1 91
CeH;SiCl; 474.1 687.5 305 1.26 1.22 3.3 91
(CsH5)2SiCl, 577.0 798.3 304 1.13 1.22 8.0 91
CgH11SiCl; 481.2 690.1 304 1.09 1.21 10.7 91

Compound Basis
av % dev 6.7
% bias 0.3
Data Point Basis
av % dev 7.1
% bias 0.6

¢ Deviations are absolute. Critical temperatures predicted by the Lyderson method are italic.

Table A.12. Predictions of Parachors for Organometallics?

temp range exptl pred

compound pts Tiow Thigh parachor % dev parachor % dev ref
Si(CHj)4 1 293.2 293.2 261.1 - 252.3 12.8 119
Si(CoHs)4 8 285.2 398.7 411.6 1.5 412.3 1.1 119, 176
Si(CsH7)4 4 287.2 358.7 565.0 0.5 572.3 5.3 176
Si(CeHsz)4 4 518.2 552.2 787.4 0.2 788.7 0.7 176
(C.H;)3S8iH 2 293.2 298.2 339.4 0.3 332.3 8.1 110
(CH3)3SiCgsH5 7 293.2 323.2 388.6 1.8 386.4 2.4 3, 118
(CH3)28i(CsHs), 7 293.2 323.2 516.5 1.8 520.5 3.2 3, 118
Si(OCHa3)4 4 291.2 334.2 330.6 2.0 33L.5 2.2 176
Si(0C.H;), 6 289.7 333.7 485.3 2.3 491.5 5.3 119, 176
Si(OC3H7), 2 293.2 303.0 632.3 0.1 648.9 8.8 119
(CH3)28i(0C3H7)2 5 288.2 328.2 453.4 0.5 451.9 1.3 105
(CH3)98i(0OC4Hy): 5 288.2 328.2 532.3 0.8 531.9 0.8 105
CoH;8i(0OCoH;)3 5 288.2 328.2 464.6 0.3 471.7 6.2 105
C.H;Si(OC3H);3 5 288.2 328.2 586.2 0.7 591.7 3.8 105
C.H;Si(0C Hy); 5 288.2 328.2 703.3 0.7 711.7 4.9 105
(CoH;),Si(0OC3H7)2 5 288.2 328.2 527.3 0.6 531.9 3.5 105
(CoH5)28i(0CHy)o 5 288.2 328.2 605.5 0.7 611.9 4.3 105
CeH5Si(0OC:Hs); 5 288.2 328.2 558.3 0.7 565.8 5.5 105
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Table A.12. (Continued)

temp range exptl pred

compound pts Tiow Thigh parachor % dev parachor % dev ref
(C¢H5)Si(OC4Hg)3z 5 288.2 328.2 792.1 0.7 805.8 7.1 105
(CeH:)Si(OC.Hs)2 5 288.2 328.2 633.0 0.7 640.1 4.5 105
(CeH:)2Si(0C3H7)2 5 288.2 328.2 710.6 0.7 720.0 5.4 105
(CgHs)2Si(0OC4Hy), 5 288.2 328.2 790.7 0.7 800.1 4.8 105
(CeHs)C3HgS1(OCoH5)3 8 293.2 363.2 692.2 0.2 705.6 8.0 44
HSi(0OC;Hs)3 1 208.2 298.2 388.9 - 391.7 2.9 110
(CH3);SiOH 1 293.2 293.2 229.56 - 226.6 5.0 147
CH;SiCl, 8 293.2 363.2 249.2 1.1 251.4 7.2 147, 165
(CH,):SiCl, 1 293.2 293.2 256.1 - 251.7 6.7 147
(CHj3);SiCl 3 293.2 314.2 259.0 2.4 252.0 10.3 119, 147
C,HsSiHCl, 2 293.2 208.2 254.7 0.4 251.7 4.6 110
(C.Hs),SiHCl 2 293.2 208.2 299.7 0.0 292.0 9.9 110
Si(OC;H,C)), 1 293.2 293.2 648.1 - 650.3 14 92
Si[OCH(CH.Cl),]4 1 293.2 293.2 947.1 - 954.3 3.1 92
(CHj3)3SiBr 3 298.2 318.2 273.4 0.4 264.8 12,0 118
(CHj3);SiBr. 3 298.2 318.2 282.9 0.5 2717.3 7.7 118
(CH,)2(CeHs)SiBr 3 298.2 318.2 392.7 0.6 398.9 6.5 118
(CH;3)(C;H5)2SiBr 3 298.2 318.2 347.0 0.3 344.8 2.5 118
[C¢H 13(CH3)2Sil.NH 7 293.2 353.2 813.6 0.4 799.8 6.5 103
[C;H,5(CHj3)2Sil.NH 7 293.2 353.2 893.5 0.4 879.8 5.9 103
[CsH17(CH3):Silo:NH 7 293.2 353.2 968.9 0.2 959.8 3.6 103
[(CH;)aSilo:NH 13 298.2 368.2 437.2 14 423.6 11.8 74, 127
(C;H50)2(CH;3)Si(CH,).CN 7 293.2 353.2 457.3 1.6 463.5 5.6 102
(C4Hy0)2(CH3)Si(CHy).CN 7 293.2 353.2 615.3 1.2 623.5 5.5 102
(CsH130)2(CH3)Si(CH,).CN 7 293.2 353.2 776.4 1.1 783.5 3.7 102
(CsH,70)2(CH3)Si(CH,).CN 7 293.2 353.2 938.1 1.0 943.5 2.3 102
(C10H210)2(CH3)Si(CH,).CN 6 298.2 348.2 1096.2 1.0 1103.5 2.7 102
(C4H30)3Si(CH).CN 6 208.2 348.2 742.2 0.4 763.3 11.9 101
(CsH130)3Si(CH,).CN 6 298.2 348.2 980.2 0.7 1003.3 9.8 101
(CgH170)3Si(CH;),CN 6 298.2 348.2 1220.9 1.0 1243.3 7.6 101
(C10H2,0)38i(CH,),.CN 6 208.2 348.2 1454.6 1.4 1483.3 8.1 101
SisHg 1 293.2 293.2 259.8 - 254.3 83 54
SizHyo 1 293.2 293.2 329.3 - 328.7 0.7 54
HSi(SiH3); 1 293.2 293.2 323.2 - 325.0 2.3 54
HSi(SiHj3)(SioHs) 1 293.2 293.2 398.7 - 399.5 0.7 54
SisH)2 1 293.2 293.2 401.3 - 403.2 1.9 54
HSi(SiH3)2(SisH7) 1 293.2 293.2 475.2 - 473.9 1.1 54
SigHi,4 1 293.2 293.2 474.3 - 477.6 2.8 54
SivHe 1 293.2 293.2 549.4 - 552.0 2.0 54
SiCl, 8 296.2 328.2 240.2 1.3 251.1 194 134
SiHCl; 18 273.2 313.2 207.5 0.6 211.4 7.8 110, 134
SiH,l, 1 288.3 288.3 266.4 - 241.9 32.1 47
SiH;l 1 288.2 288.2 182.0 - 167.1 29.0 47
MM 22 272.1 358.2 422.3 1.8 413.4 8.2 3, 63, 68, 85, 119, 192
MDM 4 273.2 303.2 582.8 2.5 574.5 5.5 63, 68, 85, 192
MD;M 4 273.2 303.2 743.5 2.3 735.6 4.2 63, 68, 85, 105, 192
D;:M 4 2732 3032 907.9 2.3 896.7 48 63, 68, 85, 192
MDM 3 273.2 298.2 1068.6 2.3 1057.7 4.0 63, 85, 192
MD:M 3 273.2 208.2 1229.0 2.8 1218.8 3.7 63, 85, 192
MDsM 3 273.2 208.2 1392.5 2.3 1379.9 3.5 63, 85, 192
MD-M 2 273.2 273.2 1559.6 0.9 1541.0 4.7 63, 192
MD,M 1 273.2 273.2 2041.1 - 2024.3 3.3 63
MD;:M 2 273.2 308.2 2831.9 0.6 2829.7 0.6 63
D, 10 273.2 313.2 645.7 1.3 651.4 3.6 84, 119, 127, 192
Ds 4 273.2 301.7 802.0 1.9 808.5 3.3 84, 119, 192
Ds 2 273.2 208.2 958.8 4.4 967.3 4.6 84, 192
D, 2 273.2 298.2 11184 2.6 1127.6 34 84, 192
M“M” 6 333.2 383.2 958.9 1.2 949.8 3.8 108
M“D'M 6 333.2 383.2 1001.7 24 976.8 9.5 108
M“D'M 6 333.2 383.2 1117.3 3.1 1110.9 3.4 108
M«“D’'M’ 6 333.2 383.2 1138.5 2.6 1110.9 9.3 108
M“D'M’ 6 333.2 383.2 1267.6 3.0 1245.0 6.9 108
M“D’'M” 6 333.2 383.2 1223.9 0.9 1245.0 7.1 108
M“D’.M” 6 333.2 383.2 1494.9 1.2 1449.6 11.6 108
[(C2H5)3Si],0 1 303.2 303.2 631.5 - 653.4 14.6 68
Sis(C2H5)1003 1 303.2 303.2 1104.6 - 1135.6 11.7 68
Si5(CHs)1204 1 303.2 303.2 1334.7 - 1376.7 13.2 68
[CeH13(CH3)2Si]1.0 7 273.2 353.2 811.5 0.1 8134 0.9 103
[C;H,5(CHj3)2Si]1.0 7 273.2 353.2 897.3 0.4 893.4 1.8 103
[CsH17(CH3)2Si].0 7 273.2 353.2 966.2 0.2 973.4 3.0 103
[CoH,9(CH3)4Sil.0 7 273.2 353.2 1039.9 0.7 1053.4 5.3 103
[C-H;5(CH3):SiOSi(CH3):]120 7 273.2 353.2 1217.2 0.5 1215.6 0.7 103
[CsH19(CH3)2Si0Si(CH3),]1:0 7 273.2 353.2 1367.9 0.3 1375.6 2.3 103
FD; 7 273.2 353.2 750.0 0.7 762.2 6.6 104
F.D; . 7 273.2 353.2 860.3 0.3 874.0 6.5 104
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Table A.12. (Continued)

temp range exptl pred

compound pts Tiow Thigh parachor % dev parachor % dev ref
Fi;D 7 273.2 353.2 971.2 0.4 985.8 6.1 104
FsD, 7 273.2 353.2 1114.8 1.0 1143.9 10.9 104
FD 7 273.2 353.2 1226.5 0.3 1255.7 9.9 104
B(C:H5)s 8 273.2 323.2 306.9 0.7 299.7 9.0 100, 106
B(CHy); 1 306.2 306.2 526.1 - 539.7 10.7 83
B(@-CsHi1)s 1 306.2 306.2 659.3 - 648.8 6.1 83
B(C;Hi11)s 1 306.2 306.2 683.7 - 659.7 13.4 83
B(C¢Hy3)3 1 306.2 306.2 795.6 - 779.7 7.8 83
B(OCH3)s 5 298.2 333.2 234.8 0.9 239.1 7.2 30, 50
B(OC.Hjs)s 8 298.2 363.2 356.9 1.3 359.1 3.8 30, 50
B(OC3H7)3 11 298.2 403.2 474.3 1.3 479.1 4.1 30
B(0-iC;H7)3 10 298.2 403.2 471.0 2.6 472.5 2.8 30
B(OC,Hjy); 11 298.2 423.2 595.9 2.0 599.1 2.7 30
B(0-iC4Hs); 11 298.2 423.2 589.4 0.8 592.5 2.1 30
(CH;);NBCl, 14 233.2 298.2 251.4 1.0 252.1 1.4 24
(C.H;);NBCl, 11 283.2 333.2 331.9 1.1 332.1 11 138
B(OC.H,Cl)3 1 273.2 273.2 488.1 - 478.2 7.9 92
B[OCH(CH,Cl):]s 1 273.2 273.2 722.2 - 706.2 8.6 92
(C4Ho,BO)s 9 273.6 303.3 640.2 0.7 640.2 0.7 113
BF3(C;H5):0 4 218.2 248.2 305.4 0.6 302.3 4.0 195
B:Hg 6 165.0 302.7 121.9 0.6 119.4 1.1 100, 163
BF; 5 153.2 173.2 87.1 0.3 91.5 21.6 195
BBr; 10 295.2 357.2 220.5 0.8 217.2 6.1 89, 100
Al(CHa); 7 273.2 413.2 208.4 0.5 2014 9.2 204
Al(C.Hs)s 7 273.2 413.2 314.5 0.3 321.4 11.1 204
Al(C3Hy)s 7 273.2 413.2 429.4 0.6 441.4 12.9 204
av % dev 1.1 6.1
% bias 0.3

@ All T are in kelvin, parachors are in mN%4 m1/4¢ kmol-!, and deviations are absolute. Molecular abbreviations: M = (CH3)38i0g5, M’ =
(CeH5)(CHj)28i005, D = (CH3)5Si0, F = (CH3)(CF3CHCH,)8i0, M” = (CH3)(CeHs)28i00.5, M = (CgH3)38i0p5, D’ = (CH3)(CeH:)Si0
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