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ABSTRACT 

Thermodynamic functions (heat capacity, enthalpy, entropy and free energy) are cal- 
culated for methylhalosilanes, dimethylhalosiknes, and dimethyldihalosilanes in the ideal 
gas state from 298.16 to 1200 K at 1 atm pressure. Statistical thermodynamic methods 
have been used in the calculations, with functions corrected for internal rotation by the 
method of Pitzer. Agreement with other literature data, where available, is satisfactory. 

INTRODUCTION 

The recent availability of spectroscopic and structural data [l-17] has 
made it possible to estimate the thermodynamic functions -heat capacity, 
enthalpy, entropy and free energy - for a series of methylmonohalosilanes, 
dimethylhalosilanes and dimethyldihalosilanes in the ideal gas state horn 
298.16 to 1200 K at 1 atm pressure. The functions for each of these com- 
pounds were calculated by statistical. mechanical methods treating, where- 
ever needed, the internal rotational barrier contribution by the method 
developed by Pitzer [18]. The calculated results are found in Table 1. The 
functions have all been fitted to a five constant polynomial of the form 

A=a+bT+cP+dT3+eTQ 

where A is any thermodynamic function at temperature T(K). The con- 
stants a, b, c, d and e [eqn. (I)] have been obtained using linear least squares 
curve fitting methods [19], and are found in Table 2. The molecular struc- 
tural data needed for the calculation of thermodynamic functions are found 
in Tables 3 and 4. Table 5 presents a comparison of computed values 
between this and other work, while Tables 6 and 7 give the possible uncer- 
tainties in the calculated final function values. 

* Present address: Texaco Canada Resources Ltd., Willesdan Green, Ah%., Canada. 
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TABLE 4 

Molecular structural data used for methylhalosilanes 

Bond Zengfhs 
Methylmonohalosilanes (CHsSiHsX) and dimethylhalosilanes [(CH3)2SiHX], lengths in A 

X=F a x=c!i b X=Br = x=li d 

‘CH 1.090 1.090 1.090 1.090 
rC 1.848 1.889 e 1.889 e 1.889 e 
QiH 1.473 1.485 1.57 1.487 
QiX 1.600 2.050 2.209 2.437 

Dimethyldihelosilanes [( CHs)ZSiXZ ] 

X=F f x=c!l g 

rcI-I 1.09 1.093 
‘CSi 1.833 1.850 
rSiH 1.474 1.467 
rSiH 1.583 2.040 

Methyl 
mono 
halosilanes 

Dimethyl Dimethyl 
halosilanes dihalosilanes 

Product ofprincipal moments of inertia, IABC x 10-l l7 gm3 cm& 
X=F 787.7 4917.1 13 510.6 
x=Cl 2 962.0 14 078.0 79 074.4 
X=Br 7 043.8 32 802.8 455 700.3 
x=1 12 547.2 57 783.2 1693 783.0 

Reduced moments of inertia, 1~ X 1040 gm cmD2 
X=F 4.6813 5.1403 5.1884 
x=Cl 4.9886 5.1881 5.2509 
X=Br 5.0843 5.2189 5.2791 
x=1 5.1673 5.2369 5.2898 

Internal rotational barrier, V (kcai g-l mole-’ K-l) 
X=F 1.559 h 2.39 k 1.70 k 
x=c!l 1.84 i 2.56 k 1.75 j 
.X=Br 1.80 j 2.07 k 1.81 k 
x=1 1.80 j 2.18 k 2.02 k 

Molecular weight 1 

X=F 64.135 78.162 96.153 
X=Q 80.590 94.617 129.062 
X=Br 125.046 139.073 217.974 
x=1 172.041 186.068 311.964 

a Data from CHsSiHaF [ 111. 
b Assumed from SiHsCl [13]. 
c Assumed from SiHsBr [ 131. 
d Assumed from SiH3I [12]. 
i Assumed from CHsSiHs [14]. 

Assumed from CHsSiHF2 [ 141. 
s Assumed from CHsSiHClc [15]. 
h Pierce [ll]. 
i Durig and Hawley [ 3,4]. 
j Estimated this work. 
k Durig and Hawley [ 31. 
1 Molecular weights taken from ref. 23. 
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TABLE 5 

Comparison of computed values between this a and other work (ail values in Cal g-l 
mole-’ K-i) 

Compound Temp. (K) Cg so 

CHsSiHaCi 298.16 
1000.00 

(CI%&SiHCl 298.16 
1000.00 

(CHsMiF2 298.16 
1000.00 

(CH&SiC% 298.16 
1000.00 

18.39 71.29 69.4 [2] 
33.00 102.55 
25.36 79.41 77.9 [2] 
45.58 122.28 
25.95 25.17 [5] 80.21 80.21 [5] 
46.00 45.87 [5] 123.60 123.18 [5] 
28.04 85.92 85.5 [2] 
46.69 130.86 

a If reference not indicated, this work. 

TABLE 6 

Percent errors assumed in parameters for calculation of overall function error 

Compound Vlr V2r v3 a IABC vo 

(CHs)SiHzF 
(CHs)SiHaCl 
(CHa)SiH&r 
(CHs)SiHzI 

(CHa)aSiHF 
(CH&SiHCi 
(CHa)zSiHBr 
(CHs)zSiHI 

(CHa )aSiFa 
(CHs)2SiC12 
(CHs)aSiBr2 

(CW2SiI2 

5 
5 
5 
5 

5 
5 
5 
5 

5 
5 

10 
10 

5 
5 

20 
20 

5 
5 
5 
5 

5 
10 

5 
5 

a Vi=1,2,3 are the three lowest valued frequencies in cm-’ in each of the given compounds. 

TABLE 7 

Uncertainties in final function values at 298.16 K (% error) a 

Function Compound X=F C=Ci X=Br x=1 

c:: (CHs)SiHzX 0.1 0.1 0.4 0.4 
(CHs)zSiHX 0.2 0.3 0.2 0.2 
(CHs )2SiXa 0.3 0.3 0.2 0.2 

(H- @)lT (CH3)SiH2X 0.2 0.2 0.4 0.4 
(CHs)zSiHX 0.2 0.4 0.4 0.4 
(CH&SiX2 0.6 0.6 0.5 0.4 

-W-&IT (CHs)SiHzX 0.i 0.1 0.3 0.3 
(CH3)zSiHX 0.2 0.3 0.3 0.3 
(CHsMiX2 0.3 0.4 0.4 0.4 

SO (CHs)SiHzX 0.1 0.1 0.2 0.1 

(CHs)zSiHX ::: ::: 0.2 (CHsMiX2 0.4 ::: 

a All errors obtained by using % error values in parameters as suggested in Table 6. 
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DISCUSSION 

Methylmonohalosilunes 

The carefully documented gas state frequency data of Clark [l] have been 
used to calculate the thermodynamic functions of methylmonohalosilanes. 
The analysis of Clark [l] involved spectroscopic measurements of the fre- 
quencies of deuterated analogues of each compound in addition to spectro- 
scopic measurements on the compound itself. In the frequency evaluation 
process, normal coordinate analysis has been used [I], and the frequencies 
of each compound were compared with those of previous researches 
[3,4,8-105. 

The value of the principal moment of inertia product for methylfiuoro- 
silane was taken from the published microwave measurements [ 111, while 
the values for other monohalosfianes were calculated using bond lengths of 
SiHsX [ 12,131 and CHsSiHs [14] (Table 4). All angles were assumed to be 
tetrahedral, and the symmetry numbers were found by inspection to be 1. 
Table 4 shows that changes in bond lengths /with replacement of a hydrogen 
by a methyl group are at most 1.7% for the Si-H bond length and 0.25% for 
the Si-X bond length (see refs. 11,12,16 and 17). Assuming that electronega- 
tivity effects are primarily responsible for such changes (the methyl group 
serving as a source of electrons to a strongly electronegative substituent), we 
may expect that the other monohalogenated compounds, being less negative 
and neglecting all steric effects, will show less of a change in bond length. If 
the angles are tetrahedral, the error in the calculated value for the principal 
moment of inertia will be at most 1%. The effect of bond length errors on 
error of the values of the reduced moments of inertia was found to be very 
small; that is, maximum deviation of 0.04% for 0.25% error in bond lengths, 
with decrease in the direction of the increasing molecular weight. The values 
of internal rotational barriers are listed in Table 4. For the methylmonohalo- 
silanes internal rotational barrier values were available only for fluorinated 
and chlorinated compounds [11,4]. The barriers of the bromine and iodine 
derivatives were estimated by comparison with changes in barrier height with 
substituent atom for the dimethylhalosilanes, for which complete data were 
available. The errors anticipated by these estimations are probably at most 
20% which by calculation will contribute 0.5% error in the final function 
value - compare with analysis of Tables 6 and 7. 

Dimethylhalosilanes 

The gas state frequency data (Table 3) are taken from the work by Clark 
[l]. The bond length values used to calculate principal and reduced 
momenti of inertia (Table 4) have been taken from refs. 12-14. The error in 
the value of the principal moment of inertia product is estimated to be at 
most 5%. All the internal rotational barriers used (Table 4) were those of 
Durig and Hawley [ 31. 



Dimethyldihalosilanes 

For the dimethyldihalostianes, liquid state frequencies (Table 3) of a 
number of researchers were adopted [3,5-7.. The C-H frequencies of the 
brominated compounds, for which data were not available, are estimated in 
this work by comparison with the corresponding hequencies of the fluorine, 
chlorine and iodine derivatives. For the dimethyldifluoro and dimethyldi- 
chlorosilanes, bond data from the corresponding monomethyldihalosilaes 
[15,16] were adopted. For the dimethyldibromo and dimethyldiiodosilanes 
the analogous dihalogenated silanes have not been previously studied. The 
bond lengths that were therefore used were those of the methylmonohalo- 
silanes. Comparison of the corresponding bond lengths for the monohalo- 
genated and dihalogenated compounds (Table 4) shows that the bond 
lengths for the chlorinated compounds differ by less than 2%. Assuming that 
the percent difference is the same for the brominated and iodinated com- 
pounds, the errors in the principal moments of inertia are found by calcula- 
tion to be less than 9%. In case of the reduced moment of inertia, for the 
dibrominated and diiodinated compounds, for which an error of 2% in the 
bond lengths was assumed, the error was less than 0.02%. 

The Internal rotational barriers used (Table 4) were those determined by 
Durig and Hawley [3]. However, because of a coincidental degeneracy of the 
torsional mode with one of the bending modes for the chlorinated com- 
pounds, Durig and Hawley [3] were unable to determine its exact frequency 
and hence were not able to calculate the barrier height. 

In view of Lielmezs and Morgan’s [20] and Lielmezs’ [21] findings regard- 
ing the relation between the internal rotational barrier and the ionization 
energy of substituent atoms in ethyl halides and ally1 halides, the internal 
rotational barrier for the chlorinated compound was chosen as an intermedi- 
ate value between the values of the fluorinated and brominated compounds. 
The symmetry number for (CH&SiHX and (CH3)SiH2X is c = 1; but for 
(CH&3iX2 it is assumed to be c = 2. 

Comparison with other work 

In Table 5 we compare our calculated thermodynamic function values 
with those available from the literature. Agreement is quite satisfactory, 
especially for the (CH,),SiF,. For chlorinated methylsilanes, however, our 
values are higher than those obtained by Hajiev and Agarunov [2]. This 

discrepancy may well be due to the fact that their values were obtained by 
means of a bond contribution method [ 151. 

ACCURACY AND RANGE OF RELIABILITY 

In this work all values are in cal g-l mole-l K-l units and apply to the 
ideal gas state at 1 atm pressure, tabulated values are given to 50.1 ca.lgml 
mole-I K-l. However, probable errors may be huger than this. 

The percentage errors assigned to the calculated thermodynamic functions 
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are really estimates. These estimates were obtained considering two main 
sources of errors: the errors in the input parameters and errors in the 
assumptions. 

Input data errors 

One of the input parameter errors that can significantly affect the final 
results is the overall frequency measurement accuracy. 

In this work the assignments for the methylmonohalosilanes, because 
they are all gas phase values, should be considered the least uncertain. The 
frequency measurements of dihalogenated compounds, on the other hand, 
were all liquid phase measurements. By comparing the frequency differences 
in gas and liquid state measurements of Clark [l], it is found that those fre- 
quency phase shifts rarely exceed 2.5% and that the frequencies in general 
tend to be within 1% of each other. Table 6 (first column) considers this, 
showing the uncertainties that could be expected in the three lowest fre- 
quency assignments of each of the given compounds, this work. 

The assignment of possible errors of the principal moment of inertia pro- 
duct variations (Table 6, second column) was guided by the contributions of 
errors in bond length estimates to errors in the calculated values for the prin- 
cipal moment of inertia -see previous discussion on the principal moment 
of inertia calculation. 

The errors in the values of internal rotational barrier (Table 4) are esti- 
mates, as no uncertainty has been assigned to them originally. Table 7 shows 
the calculated probable uncertainties on the basis of the suggested error 
magnitudes (Table 6) in final thermodynamic function values (Table 1) at 
298.16 K. The thermodynamic functions which can be expected to be the 
most accurate at 298.16 K (Table 7) are those for methylmonofluorosilane 
and methylmonochlorosilanes which have maximum uncertainties of 0.2%. 
The least accurate are likely to be the dimethylhalosilanes, with a maximum 
function error of 0.6%. If error analysis for higher temperatures is considered 
it can be shown that errors increase with temperature for some parameters 
and decrease for others. The net result of these changes would then deter- 
mine the overall error effect with temperature. 

There are other errors, however, which do increase with temperature and 
which are the errors in calculation assumptions. 

Calculation assumption errors 

There are four sources of error in the assumptions made that may signif- 
icantly contribute to the function error at higher temperatures. These are 
generally collected under the term anharmonicity, and they affect devia- 
tions of vibrations from the harmonic oscillator, as well as effects of rota- 
tional and vibrational motion on moments of inertia and contributions to 
the functions by electronic transitions. On the basis of previous research 
[22] it is expected that these effects may contribute about l-2% to the 
error in the functions at the top end of the temperature range and less than 
0.5% at the lower end. 
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This discussion indicates that, barring major errors in frequency assign- 
ments, the expected overall error should be within the 0.3-1.096 range. This 
expect&ion is brought out by Table 7, which implies that even if frequency 
assignments are estimated (Table 3), errors in the calculated thermodynamic 
function values will be low. 
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NOMENCLATURE 

Superscript 

0 

Subscript 

P 

Angstrom 
heat capacity, cal mole-’ K-’ 
entropy unit, cal mole-l K-l 
free energy function, cal mole-’ K-’ 
enthalpy function, where h: = p at 0 K, cal mole-’ K-’ 
principal moment of inertia, g3 cm+ 
reduced moment of inertia, g cm-* 
distance, in A 
entropy, e.u. 
internal rotational barrier, cal mole-’ K-’ 
wave number, cm” 

reference state referring to the hypotherical state of an ideal gas at 1 atm 

pressure 
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