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Note 

Isobaric heat capacities of five dimethylsiloxane oligomers at 303.15 
and 323.85 K from sound velocity and pVT data 

IAN A- McLURE 

The isothermal compressibiiities & derived from recent measurements in this 
laboratory of the specific volumes V and isochoric thermal expansion coefficients~v 
of the first five members of the dimethyIsi!oxane (DMSO) oligomeric series differ 

from values calculated by Weissler’ from his velocity of sound data using the equation 

where IV is the veIocity of sound, T is temperature, and z,, and cP are the isobaric 
thermal expansivity and specific isochoric heat capacity, respectively_ Subsequent 
study has revealed that the discrepancy arises, at least in the case of the first member 
of the series - hexamethyldisiloxane, from errors in the c,, and aP data used by 
Weissler. A comparison showing the quantities involved at 303.15 K is given in 
Table 1 where (V/W*) is shown more wnventionaliy as the isentropic compres- 
sibility &_ Weissler quoted his cP results for no substances other than hexamethyl- 
disiloxane and so the analysis given in Table 1 cannot be repeated for the other four 
DMSO oligomers discussed here. However, it seems likely that similar weaknesses 

beset aii his & vaiues_ Nevexthekss. his W values appear accurate and, together 
with more recent DMSO pvT data, they permit the calculation of c, at the two 

TABLE I 

CXAMPARISCP~ OF T?ERMODYXAStKC DATA 0% ~lSJ.DXASG AT 303-15 K 



T = 303JS K 
M* 1.731 1.741 2134 1.976 321 
Ma IJIS 1317 I-&Or 1.964 I.744 412 
M*DiI IA03 I.404 I.699 I.766 1.682 5& 

M2D2 f-332 I.333 I.611 I.659 1 .w.# 610 
Mdh 1_27, IL264 Is% I sss 1.651 75s 

temperatures - 303, f 5 and 323.85 K - at which W has been measured_ Aithough cP 
is much better obtained calorimetricaIIy. no such data appear to exist and it is to fill 
this gap that the present report is made. 

TabIe 2 contains the results and some of the intermediate quantities_ The 
different DMSO oligomers are denominated in column I by Wilcock’s notation 

whereby M2D,_z is the open-chain DMSO oligomer containing x silicon atomb; x 
car-~ be regarded as a measure of the chain-length of the oligomer. Columns 2 and 4 

contain the #?s and & CaIcuIated from thepKfdata from this laboratory & = @v). 
All of the coefficients refer effectively to zero pressure_ Cohuuns 3 and 5 contain the 
analogous quantities reported by Weisster; his measurements of cP were carried out at 

303-E K only and thus he records only &(303.15 K)_ Column 6 contains cP calculated 

viaeqn (I). Finaily cohm~~ 7 contains mokrr isobaric heat capacities C, cafculated 
using mofar masses based on H = 1.008c, C = IZOI I, 0 = 1X999,,, and Si = 
28_086, It is difficuft to - the effect of the accumulated errors of all the quantities 
appearing in the expression for cP but taking the unbind in the accuracy of /Jr and 

fisl the feast well determined of the set, as around ;1-2OA it seems safe to take the 
error in cP to be around f5 %. The difference & - j3s) diminishes with chain-length 

and thus the inaccuracy in c,, increases with chain-Iength. The materials used in the 
pVT studies were ali pure single substauces but in Weissier’s work M=D, was a 

viscosity-c- cut containing M2Dd as a principal component only. Ahhougb 
this does not noticeably affect the treud of W or j3s with chain-Length, it should be 
borne in mind as representing the limit of the calcuIation of cP from WeissIer’s data. 

From the results in Table 2 a comparison can be made with the cg(M2) studies 

at the Bureau of Standards*; the present va!ues at 303.15 and 323.85 K are higher by 



155 

24 and 4,8x, respectively fweissler*s value at 303.15 K is 26 % lower than the 

Bartlesville value)_ Despite this discrepancy, it is believed that the present results are 
no more than 5% inaccurate with ouo exception to be discussed ROW. 

The chain-tengtb dependence of oIigomer heat capacity is better discussed in 

terms of the specific heat capacities cP rather than of the mohu heat capacities C,, 
in which the molar mass plays a distracting role_ Figure I shows cP as a function of 
chain-length x; the error bars reflect the &5% inaccuracy limit given earlier, It is 

clear that the c,,-x curve is smooth save for cP(M,D,); the two values shown fall 
below the best line through the others,this is believed to be due to a slightIy low 

yv(MZD3) the effect of which becomes more serious at high x as already noted. tnter- 
restingiy, the limiting value quoted by Weissler for material of molar mass 4000 of 
cP(303_15 EC) = 1.63 J K- ‘g-’ is ciose to the asymptotic value to which our vaIues are 

tending. The drop in cP with x is expected for an oligomeric series. 
A pfausible case can be made out for taking tetramethyfsifane as the first 

member of the DMSO series. Thus on extrapolating the c,,-x curve back to x = I 
one might expect to obtain the value for CP (tetramethylsilane)_ The value obtained 
by a 13 K extrapolation of the resutts of Aston et aL5 is approximately 24 3 K’ ‘g- ’ 

and it can be seen on the figure that this vafue is not inconsistent with the trend of the 

c&v) function. 
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