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New measurements and literature data on polysiloxanes covering heat capacities, transition 
parameters, enthalpies, entropies and Gibbs energies are presented and critically reviewed. The 
ATHAS computation method is used to bring heat capacities into agreement with an 
approximate frequency spectrum. The various crystal and mesophases are discussed. The 
ATHAS (1990) recommended data are as follows: For poly(dimethyl siloxane) the glass 
transition is at 146 K with an increase in heat capacity of 29.24 J/(K mol). The completely 
crystalline sample melts at about 219 K with a heat of fusion of 2.75 kJ/mol. For poly(diethyl 
siloxane) the glass transition is at 135 K with an increase in heat capacity of 34.48 J/(K mol). The 
completely crystalline sample changes to a condis crystal at 206.7 K with a heat of disordering of 
2.72 kJ/mol. The transition to a poorly characterized "viscous crystal" with thermodynamic 
properties close to the melt occurs at 282.7 K with an enthalpy of transition of 1.84 kJ/mol. Final 
fusion occurs'at 308.5 K and a small endotherm of about 231 J/tool. Tables of heat capacities, 
enthalpies, entropies and Gibbs energies are given from 0 K to 550 K. 

Of the poiysiloxanes only poly(dimethyl siloxane), PDMS, and poly(diethyl 
siloxane), PDES, have found major attention. In the 1980 A T H A S  data bank of 
heat capacities of macromolecules [1] only few data on semicrystalline PDMS and 
PDES could be presented [2]. The follow-up analyses and fitting of the data in the 
solid state to approximate vibrational frequency spectra done with many other 
polymers [3] could not be carried out before because of lack of data and 
understanding of the phase behaviour. This paper, largely based on the 
experimental work of one of us (J.P.W.) [4] and the continuing A THA S collection 
of thermal data, brings PDMS and PDES into the group of close to 100 well 
characterized polymers [5]. 
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Poly(diethyl siloxane) is known to exhibit multiple first-order transitions in the 
temperature range of 200-310 K. There have been several reports in the literature in 
which the nature of these transitions is described based on thermal techniques. 
Karasz in 1975 [6] and Lebedev in 1984 [7] used adiabatic calorimetry to estimate 
the thermodynamics of the transition from one crystal form to another and 
Suggested that dimorphism exists in the crystalline portion of PDES. Although 
Turdakin [8] reported the specific heat capacity of PDES in the temperature range 
55-300 K, no explanation was provided for the endotherm in the 170-210 K 
region. Differential scanning calorimetry of PDES with varying thermal history 
showed a series of transitions that suggested that a stable condis mesophase (a 
conformationally disordered and mobile state [9]) exists in the temperature range 
from about 200-280 K [10]. Recently K6gler et al. [11] supported the existence of 
the condis phase by solid state NMR data. In addition, molecular mechanics 
calculations suggested details about the nature of the low-energy rotational isomers 
[12]. Beyond the condis state a,"viscous crystalline" or "liquid crystalline" state 
with only slightly different entropy and enthalpy than the liquid was reported, up to 
about 310 K [13]. Its nature is still not fully understood, but may be caused by a 
temperature-dependent fraction of rigid chain segments caused by intramolecular 
steric hindrance [12]. Additional DSC results were reported by Lee [14] and Papkov 
[15, 16]. While Lee had provided no interpretation of the results, Papkov proposed 
that two crystal polymorphs exist at low temperature (0~1, ill)" At high temperature 
these become ~2 and r2 polymorphs (condis crystals in our nomenclature). While 
the crystal polymorphs could also be verified by solid state NMR, there was only 
one condis spectrum [11]. 

Poly(dimethyl siloxane) is used as a related model-polymer that shows none of 
the mesophase complication of PDES. Based on a combination of computed and" 
experimental heat capacities of PDMS for crystals and liquid, and of PDES for 
crystals, mesophase and liquid it is possible to recommend tables of heat capacity, 
enthalpy and free enthalpy (Gibbs function). The transition temperatures and 
thermodynamic parameters of the transitions are summarized and critically 
reviewed. 

Experimental 

Samples: The sample of PDES was originally provided by Boyer (Midland 
Macromolecular Institute and Dow Chemical Company) and is the same sample 
that was characterized by Beatty and Karasz [6]. The molecular mass of this sample 
was reported to be ~r = 112,000. The sample of PDMS used for reference 
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purposes was a commercial product, General Electric SF-96 (350) dimethyl silicone 
fluid without further known characterization. 

Equipment." DSC measurements were made with a modified Mettler TA-2000 B 
instrument fitted with a TA-11 cell, TA-34 and TA-341 coolant controller and a 
ME-70329 liquid nitrogen evaporator. The TA-34 and TA-341 were modified to 
improve the low temperature stability of the instrument. The nitrogen coolant gas 
flow-valve was machined and hand fitted and the time constant for the liquid 
nitrogen evaporator was modified to provide a more gradual "turn-on" and reduce 
over-pressuring the Dewar vessel and surging. With these modifications a stable 
isotherm was obtained at 105 K. Both temPerature and heat-flow scales were 
calibrated using the standard procedures and materials (naphthalene, benzoic acid, 
indium, p-terphenyl, tin and n-hrexane for temperature and sapphire for heat 
capacity). 

Calibration and measurements: For measurements of the heat capacity, the 
baselines of the empty pan and sapphire-reference were measured and compared to 
the heat-flow measurements ot ~the PDES and PDMS samples. The repeatability of 
the sapphire (A1203) heat capacity measurements was within • 0.1%. The overall 
error was estimated to be about + 3% [17]. Enthalpy calibrations were also carried 
out using benzoic acid, p-nitrotoluene, water, chloroform and n-hexane as 
secondary standards and were curve fitted to an inverse quadratic function. The 
standard heating rate was 10 K/min. 

The temperature range for measurements of heat capacity was 110 to 343 K for 
PDES and 110 to 373 K for PDMS. Isothermal baselines were determined at the 
two extremes. 

Sample treatment: Samples of different thermal histories were prepared. 
Isotropic liquids at 343 K and 373 K, respectively, were cooled at rates ranging 
between 1 to 30 K/min to get sample of varying crystallinities. For PDES, the 
crystallinity ranged between 34.1% and 58.5% and for PDMS the samples cooled 
at 1-2 K/rain were highly crystalline (with 89-99% crystallinity) while sample 
cooled at 10 K/min had a low crystallinity of 6.2%. PDMS samples of intermediate 
crystallinity could not be prepared. 

Amorphous PDES samples were prepared by quenching the melt from above 
340 K with liquid nitrogen. Th e quenched sample was then quickly placed into the 
DSC cell, prior equilibrated at 105-108 K. It could not be avoided that small 
amounts of water condensed as frost on the sample in this procedure. The small 
amount of external water caused difficulties in the 270-280 K temperature region, 
with the heat of fusion of water superimposing on the PDES trace. Attempts were 
made to quench the mesophase of PDES (200-280 K). For this purpose, the 
mesophase was obtained by slowly cooling PDES from its isotropic liquid state to 
the rigid crystal and then reheating the sample through T d to 240-243 K, where the 
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mesophase could be equilibrated. The mesophase was then quenched with liquid 
nitrogen. Isothermal annealing experiments were carried out in the temperature 
range from 258 K to 271 K for 1 hour each. 

Transitions: The glass transition temperature, T~, is chosen at half-devitrification 
when judged by the heat capacity increase. For the melting peaks, three 
characteristic temperatures that are usually considered are the onset, the peak 
(maximum), and the melting-end temperatures. In this paper, all melting peaks are 
characterized by their extrapolated onset temperature. The area of the melting peak 
above the heat capacity base-line was used to determine heat of fusion. The fraction 
crystallinity was determined from the equation: 

o wC = AHt,a.s/AHt .... (I) 

The limiting values for amorphous and 100% crystalline samples were obtained 
from experimental plots of ACp and AHtra,s for different crystallinities reported 
earlier [10]. 

Results and discussion 

Thermal analysis experiments 

(a) Poly(dimethyl siloxane) PDMS: The DSC curves on heating of PDMS 
crystallized at different cooling rates and the sample quenched from the isotropic 
melt are shown in Fig. 1. Amorphous PDMS (trace A) shows a glass transition at 
146 K followed by a broad exotherm characterized by the onset temperature T c of 
about 185 K. The onset of the melting transition peak, Tin, appears at 219 K. 
Samples cooled at 10 K/min (trace B) were found to be only about 6% crystalline 
(estimated from the heat of fusion) and showed a DSC trace similar to that for 
amorphous samples. The PDMS samples crystallized on slow cooling at 2 K/min 
(trace C) were highly crystalline (89-99%) and showed a sharp melting endotherm 
with" a peak at Tm= 219 K. A small glass transition was also detected and was 
attributed to the presence of a small amount of amorphous phase in these samples. 
~ince eitheronly highly crystalline or only amorphous samples were obtained, the 
analyzed poly(dimethyl siloxane) seems to need a well defined nucleation step so 
that samples of intermediate crystallinity could not be prepared. The glass 
transition and melting transition temperatures observed were close to those 
available in the A THAS,literature review of r ecommendedgxperimen:_al data [2], 
Hence the recommended transition temperatures have not been altered by the new 

experiments. 
(b) Poly(diethyl siloxane) PDES: The results of the DSC experiments with 

poly(diethyl siloxane) prepared with different sample histories have already been 
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described in an earlier publication [10]. PDES samples cooled from the isotropic 
liquid (crystallinifies ranged between 34.1% to 58.5%) show a glass transition 
between 134-136 K, a disordering transition from the rigid-crystal to condis- 
crystal at Td between 194-199 K, followed by the major melting transition 
(Ti = 258-269 K). As described above, Tm does not lead to the isotropic state, but 
to the little explored "viscous crystalline" state which at 300-310 K changes with a 
small and broad endotherm to the isotropic state (equilibrium melt). 

J 
f 

k _  c 

B 

I ~ I 
100 200 300 

Temperature ,K 

Fig. 1 DSC curves of poly(dimethyl s i loxane)  quenched to the amorphous  state (A), cooled at 
I0 K/rain (B) and slowly crystallized at 2 K/min (C) 

At the slowest cooling rates the transition temperatures correspond to the upper 
ends of their reported ranges and sharper transitions are observed. Amorphous 
samples, obtained by quenching the liquid, show a cold crystallization exotherm for 
a supercooled liquid-to-mesophase transition at about 160 K. Annealing of PDES 
samples just below Tin' at temperatures ranging from 258-272 K for 1 hour, showed 
an increase in T~ from 255 K for an unannealed sample to 276 K for the sample 
annealed at 264.8 K [10]. Further increase in annealing temperature resulted in 
increasing fusion, which on cooling leads to recrystallization, and double melting 
peaks on renewed thermal analysis. The transition temperature T d was found to 
increase from 197 to 206 K as the annealing temperature was increased to 264.8 K. 
This increase in Ta parallel with an increase in T~ is in direct conflict with the report 
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of  a lower T a t ransi t ion correlat ing with the higher Ti [15]. A higher T i can be 

produced solely by anneal ing  the condis state. 

In  order to arrive at a recommended  set of  da ta  for the t ransi t ion parameters,  the 

results of  K6gler  et al. [11] and  Papkov et al. [15, 16] were critically reviewed and  

compared  with the results obta ined  from our  labora tory  [10]. The data  are listed in 

Table  1. The two t ransi t ion peaks in the 200 K and  the 270 K temperature  region 

are listed separately whenever assigned to different polymorphs.  The anneal ing  

behaviour  just  discussed and  the solid state N M R  results [11] suggest, however, that 

it is possible that  at  least the two condis phases differ only in perfection. In  addi t ion  

to these more  recent data,  the adiabat ic  calorimetry data  of  Beatty and  Karasz [6] 

and  Lebedev et al. [7] carried out  on semicrystalline samples are also listed in Table 

1. They showed the existence of only single first-order transit ions.  Also the X-ray 

diffractograms show only minor  differences between the proposed different 

crystals. To  arrive at a single set of  recommended  t ransi t ion temperatures,  an 

average of  all reported t ransi t ions was taken and  is listed in Table 1. Also listed are 

the reported t ransi t ion enthalpies and estimates of  the t ransi t ion entropies gained 

by dividing the t ransi t ion enthalpies by the observed (non-equi l ibr ium) transi t ion 

Table 1 Reported thermodynamic transitions of poly(diethyl siloxane) 

Beatty Papkov et al. K6gler et al. Wunder- Lebedev Recom- 
and [15, 16] [11] lich mended 

et al. [7] 
Karasz[6] s-form fl-form :~-form fl-form etaL[10] average 

AH,, (kJ/mol) - -  - -  0.276 - -  0.186 - -  - -  0.2314 
AS,, 0/mol) small 0.9 0.9 0.6 0.6 small - -  0.75 c 
T x (K) 293 319 319 310 310 ~300 - -  308.5 c 

AH i (kJ/mol) 1.02 1.73 2.14 1.79 1.85 1.72 2.62 ~ 1.840 
AS~ (J/mol) 3.78 6.20 7.39 6.41 6.40 6.23 8.88 a 6.47 c 
T~ (K) 270 280 290 279 289 276 295 282.7 c 

AHn (kJ/mol) 3.37 2.86 2.65 2.97 2.88 1.69 2.63 a 2.72 c 
AS d (J/mol) 16.84 13.35 12.88 14.0 14.0 8.2 12.95 a 13.17 ~ 
T a (K) 200 214 206 212 206 206 203 206.7 c 

ACp (J/K mol) 17.35 37.0 - -  - -  - -  30.95 34.513 b 34.475 d 
Tg (K) 130 136 - -  - -  - -  135 135 135 

a Values recalculated using 78.6% as the corrected crystallinity. 
b Obtained using calculated Cp data for solid (data agrees with author's data with an average and 

RMS deviation of -0.40• from 40-120 K) and author's melt data. 
c Values obtained by averaging the data reported by the various authors. 
d Recommended value obtained from calculated solid data and the recommended experimental liquid 

data ( A TH A S  data bank, 1990). 
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temperature, The solutions to the questions of the transition temperatures for the 
two polymorphs ~1 and fll and the existence of the condis polymorphs ~2 and f12 are 
left for future work. 

Equilibrium thermodynamic transitions 

(a) Poly(dimethyl siloxane) PDMS: The limited experimental data on ACp and 
AHm were best described by a linear function: 

ACp = 25.90-9.421 • 10 -3 AHm [in J/(K mol)] (2) 

and the limiting values of Eq. (2): AC ~ = 25.90 J/(K mol) and AH ~ = 2.75 k J/tool, 
were used for completely amorphous and crystalline PDMS. As approximation of 
the transition temperatures 146 K was chosen as the glass transition and 219 K for 
the equilibrium melting temperature. The final ATHAS recommended ACp at 
146 K for 29.24 J/(K tool) was obtained from the heat capacity, difference 
calculated for solid PDMS using the calculation scheme, and the experimental data 
for the liquid. 

(b) Poly(diethyl siloxane) PDES: To determine the limiting values of ACp and 
heat of transition for PDES, the experimental value for the various semicrystaUine 
samples of PDES analyzed in our laboratory were fit into the linear function: 

ACp = 30.65- 18.12 x 10 -3 AHd [(+ 13.3%) in J/(K mol)] (3) 

ACp = 31.25- 18.14• 10 -3 A n  i [4- 12.6%) in J/(K tool)] (4) 

Both show only random deviations from linearity, thereby indicating the absence of 
a "rigid-amorphous fraction" in PDES [10]. The values of AC ~ obtained for 
completely amorphous sample from both equations were found to be in close 
agreement. This suggests that crystal order is set at the Tc/T~ transition and the 
ordering of the mesophase to the solid crystal is nearly complete. In addition, 
annealing near the 200 K (Td) transition had no effect on either Ta or T~, supporting 
the above statement [10]. The average value of ACp = 30.95 J/(K tool) at 135 K 
(To) was taken as the experimental value and is compared with the results of other 
authors in Table 1. The reported Tg and A Cp of PDES by Beatty and Karasz [6] were 
much lower and are apparently for a semicrystalline sample of unknown 
crystallinity. The final A' THA S recommended A Cp at 135 K of 34.48 J/(K mol) was 
obtained from the heat capacity difference calculated for solid PDES using the 
calculation scheme, and the experimental data for the liquid (to be described 
below). 

The low value of 1.69 kJ/mol of Eq. (3) for A H ~ of the transition from the rigid- 
crystal to the condis-crystal was compensated in the average of Table 1 by the value 
reported by Beatty and Karasz [6] which is most likely to high. The recommended 
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average is thus perhaps the best choice. Assuming the experimental peak 
temperatures not to be too far from the equilibrium transition temperatures, the 
entropy of transition is 13.17 J/(K mol). This is a value typical for a fully ordered to 
"conformationally disordered" crystal transition [9] and agrees well with a 
discussion of the possible motion in the condis state [12]. 

The average value of the A H  ~ the enthalpy of transition of the condis phase to 
the "viscous crystalline" state is less than A H  ~ and the estimated entropy of 
transition ASi is, because of the higher transition temperature, about half of ASa 

(Table 1). The heat of transition to the ultimate, isotropic melt is only about 
0.231 kJ/mol and the entropy change, about 0.75 J/(K mol). 

Heat capacities o f  P D M S  and P D E S  

a) Recommended experimental data: The newly measured heat capacity of 
Poly(dimethyl siloxane) for the molten state [4] agreed closely with the 1980 
A T H A S  data bank [2]: 

Cp(solid) = (5) 

= exp [0.0189189 (In T) 3-  0.402175 (In T)2+ 3.35144 (lnT)-4.78444] J/(K mol) 

Cp(liquid) = 0.1215 T+ 81.55 J/(K mol) (6) 

Equations (5) and (6) represent the PDMS heat capacity from 5 to 146 K (To) and 
from 146 to 340 K, respectively. 

The liquid-phase heat capacities for poly(diethyl siloxane) in the temperature 
range of 290 to 360 K were obtained by averaging the results of six new 
experiments. The averaged data points were fitted to the equation: 

Cp = 0.2365 T+93.75 [(+2.3%)in J/(K mol)] (7) 

At lower temperatures the 1980 A T H A S  data bank contained heat capacity data 
reported by Beatty and Karasz [6] and Turdakin et al. [8]. These differed by 2-9%, 
so that no recommendation had been made at that time. Since the Lebedev et al. [7] 
have reported on additional adiabatic calorimetry for a semicrystalline sample 
(recalculated to be 78.6% crystalline) from 10 to 330 K. 

All these beat.capacities of PDMS and PDES were again critically reviewed and 
combined to the recommended experimental heat capacity data (1990). The details 
of.this will appear in a separate publication that represents the overall update of the 
1980 A T H A S  data bank and its expansion to almost 150 polymers [18]. The 
recommended experimental heat capacity data ( A T H A S  data bank 1990) of 
PDES from 10 to 360 K is listed in Table 2. As will be shown later, the use of the 
extrapolated melt data to represent the heat capacity of the mesophaSe is a 
reasonable al~proximation. 

J.. Thermal Anal. 35, 1989 ~ 
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Table 2 Recommen6dedexperimentalheatcapacitydata 
of poly(diethyl siloxane) 

Temp., K Cp, J/(K mol) 

10.0 2.477 
15.0 6.112 
2O.O 10.789 
25.0 16.081 
30.0 20.979 
40.0 30.837 
50.0 39.678 
60.0 47.789 
70.0 55.440 
80.0 62.630 
90.0 69.360 

100.0 75.630 
110.0 81.440 
120~0 87.409 
130.0 94.158 
135.0 Tg 97.532 
135.0 Tg 127.721 
140.0 128.863 
150.0 131.147 
160.0 i 33.432 
170.0 I35.717 
180.0 138.001 
190.0 140.286 
200.0 142.571 
210.0 144.855 
220.0 147.140 
230.0 149.425 
240.0 151.709 
250.0 153.994 
260.0 t56.279 
270.0 158.563 
280.0 160.848 
290.0 163.133 
300.0 165.417 
310.0 167.702 
320.0 169.986 
330.0 172.271 
340.0 174.556 
350.0 176.840 
360.0 179.125 
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b) Computed data tbr the solid state: Heat capacities were calculated for solid 
PDMS and PDES using the available A T H A S  (1990) recommended experimental 
data and the well established A T H A S  computation scheme [19] as described in the 
last publication of  this series [3c]. The reported vibrational spectrum of  PDMS [20] 
was, as a first approxirfiation, separated into 20 group and 10 skeletal vibrations 
(Ns). For  the skeletal vibrations two low frequency bending vibrations of each 
backbone atom and three of each of the methyl groups were considered. The group 
vibrations expressed in kelvin (1 K = 0.695 cm -1 = 2.08 x 10 -5 Hz; hv /k  = O) 

were based on the IR and Raman spectra of  PDMS and are listed in Table 3. The 
experimental heat capacity from 10 to 25 K gave upon inversion to a Debye 
frequency spectrum a 0 D that ranged between 132.41 and 199.01 K (Ns = 10). The 
lowest value of  0D was chosen. The uncertainty in 0 D is not expected to introduce 
large errors in 03 since the 0t and 03 is recalculated in the Tarasov approximation. 
Subtracting the group vibrational contribution of  the heat capacity, as computed 
from the data in Table 3, the experimental skeletal heat capacity in the temperature 
range 40 to 110 K was well represented by a 01 = 508,55+5.6 K and 
03 = 67.55 + 0.36 K. Using thi~ approximation of  10 skeletal vibration, almost all 
of the experimental heat capacity below 1 I0 K was found to be due to the 10 
skeletal vibrations. In fact, even close to the glass transition temperature, at 130 K, 
only 2.5% 9f the heat capacity was attributable to the contributions of  the group 

vibrations. 
Since several of the thus chosen skeletal vibrations were reasonably well known 

from the IR and Raman data, 0x and 03 were recalculated using only 6 and 4 skeletal 
vibrations, i.e. adding 4 and 6 of  the original skeletal vibrations to the group 
vibrations of  Table 3. For  N = 6 two skeletal vibrations for each methyl group, of  
frequencies between 550 and 830 K, assumed to be close to C-Si-C bending 
vibrations, were added to the group vibrations. For N = 4, two additional 
vibrational modes at about 296 K (corresponding to CH3-torsion ) were added for 
each - - - C H  3. Values of  0~ = 307.1 • 14.2 and 03 = 66.96+ 1.56 for the temper- 
ature range 15 tO60 K were obtained for N = 6. For  N = 4, the variation in 01 and 
03 was more erratic and the average for the narrow temperature range from 15 to 
40 K was 207~99 + 10.88 and 65.78 + 1.8 K~ respectively. Heat capacities Co were 
calculated for all the three sets of  computations. The Cp to Cv and Cv to Cp 
conversions were made using the modified Nernst-Lindemann equation with an 
average A o value of  3.9 • 10- 3 (K mol)/J [21]. Using 6 and 4 skeletal vibrations, the 
deviation of  the calculated Cp from the experimental data of Table 2 was much 
higher than the experimental.uncertainty of perhaps • 5%. Heat capacity for solid 
PDMS was, therefore, calculated using the original choice o f N  s = 10 and 01 and 03 
values of  508.55 K and 67.55 K, respectively, and the group vibrations of Table 3. 
The so-calculated Cp agrees with the experimental C~ in the temperature ranges 
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Table 3 Group vibration frequencies in kelvin (hv/k) a 

1923 

Polymer Approximate vibrational mode N Frequency, K 

Poly(dimethyl siloxane) 

Poly(diethyl siloxane) 

CH 3 as. stretch 4.00 4259 

CH 3 sym. stretch 2.00 4180 
CH 3 as. bend 4.00 2043 

CH 3 sym. bend 2.00 1813 

CH 3 rock 4.0 1273 
Si-CH 3 as. stretch 1.00 1158 

Si-CH 3 sym. stretch 1.00 1022 
Si-O asym. stretch 1.00 1540 

Si-O sym. stretch 1.00 712 

CH 3 as. stretch 2.00 4262 

CH 3 as. stretch 2.00 4259 

CH 3 sym. stretch 2.00 4147 

CH 3 as. bend 2.00 2107 

CH 3 as. bend 2.00 2101 

CH 3 sym. bend 0.50 1987 
0.76 1973-1987 

0.74 1973 

CH 3 rock ( + C H  z wag) 1.10 1453-1521 
0.90 1453 

CH 3 rock 1.30 1361-1393 
0.42 1333-1361 

0.28 1336 

CH 2 as. stretch 2.00 4213 
CH2 sym. stretch 2.00 4085 

CH2 bend 2.00 2094 

CH z wag 0.36 1876 
0.~, 1842-1876 

0..8 1846 

CHz twist 0.66 1722-1791 

(CH 3 rock) 1.I0 1695-1722 

0.24 1695 

CH 2 rock 1.04 1222-1295 
0.96 1289 

Si-CH2 as. stretch 1.00 1158 

S i g H  2 sym. stretch 1.00 1022 
Si-O asym. stretch 1.00 1540 

Si-O sym. stretch 1,00 712 

Sources of  the listed approximate frequency ranges: 

Poly(dimethyl siloxane) - F rom the IR  and R aman  spectra as evaluated in Ref. [20]. 
Poly(diethyl siloxane) - F rom the normal-mode calculation of  polypropylene [3d] and from that of  

PDMS. 
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15-30 K and 40-120 K, with an average and RM S deviation of (3.10 + 1.16) % and 
(-0.71 + 0.57)%, respectively. Figure 2 shows the calculated heat capacities from 
0.1 to '500 K. The deviation of the calculated Cp from the experimental Cp is 
depicted in Fig. 3. 

A 

t Athas calc. heat capacity contribution z~" 
320 Poly(dimethyl si[oxane) t z~ z~z~ 

l -  o Skeletal z~,,, z~ 
280[_ �9 Group t,~ 

>~ 2401-- A C v ,~a ''z' 
~ _ zx Cp _ _ ~ -  ..~t~zxzxatxzxA ~ ~  

g 2od 

()0 0 m- 

Temperature ,K 
Fig. 2 Heat capacity of crystaline poly(dimethyl siloxane) computed from an approximate vibrational 

spectrum. Curves from botton to top: 1. Group vibration contribution (frequencies given in 
Table 3). 2. Skeletal vibration contribution (Tarasov treatment 03 = 67.55 K and 
01 = 508.55 K). 3. Heat capacity at constant volume and 4. Heat capacity at constant pressure 
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Fig. 3 Heat capacity difference Cp(calculated) - Cp(experiment)/Cv(experiment). Curve A is for PDMS 
(open circles) and curve B is for PDES (filled circlesj 
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Fig. 4 Heat capacity of crystalline poly(diethyl siloxane) computed from an approximate vibrational 
spectrum, Curves from botton to top: 1. Group vibrations contribution (frequencies given in 
Table 3). 2. Skeletal vibration contribution (Tarasov treatment 03 = 87.4 K, 0s = 480 K). 
3. Heat capacity at constant volume and 4. Heat capacity at constant pressure 

The heat capacity of the solid state was similarly calculated for poly(diethyl 
-siloxane) using the newly recommended heat capacity data. Out of the total of 48 
vibrational modes, 14 lower energy vibrations were assigned to the skeletal modes. 
The 34 group vibrations were retrieved from the vibrational spectrum of PDMS 
and normal-mode calculations of polypropylene [3d]. To evaluate the skeletal 
contributions to the heat capacity, the low temperature heat capacity from 10-25 K 
was approximated by an average value of0o = 178.14 K. Using this value of 0o, 
the experimental heat capacities in the temperature range 30-120 K upon fitting to 
a Tarasov function, gave a 0t = 466.7+ 15.3 K and 03 = 110.05-1-1.86 K, If, 
however, only the 10 K value of 01, = 154.32 K was used, a relatively more 
constant 01 and 03 resulted. From 25-120 K, 0 a = 480+6.7 K and 
03 = 87.4~0.6 K. Using aga!n, the universal A o = 3.9x 10 -3 (K mol)/J, the 
calculated Cp shown in Fig. 4 agrees with the experimental Cp from 10-30 K with an 
average and RMS deviation of 2.46 ~: 3.93 %. A much better fit was obtained over 
the te.mperature range 40-120 K (average and RMS deviation was 
-0 ,40 i0 .58%).  The deviations as a function of temperature are also shown in 
Fig. 3. 
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The relatively larger deviations in calculated Cp in the low temperature region for 
PDMS and PDES are caused by errors in measurement of experimental heat 
capacities, which are typically greater than 5%. Variation in 03 (which is a measure 
of the intermolecularly coupled vibrations) from a value of 67.5 for PDMS to 87.4 
for PDES having similar backbone structure, suggests the need of still lower C v data 
to approximate the skeletal heat capacity contribution. In addition, it is necessary 
to establish the change in heat capacity with crystallinity that becomes substantial 
at lower temperature (below 50 K). The choice of 01 for the two polymers indicates 
that, as observed in the other polymers analyzed in the A T H A S  laboratory, the 
group vibrations derived from normal-mode calculations or from IR and Raman 
spectra Can well represent the heat capacity contribution of the intramolecular 
vibrations. The value of 0~ is usually much less or not at all dependent on crystallinity. 
The 0~ value of 480 K for PDES is lower than t[aat of PDMS (0~ = 508.5 K) 
because of the larger mass. Assuming that the intramolecular force-constants do 
not change significantly between the polymers, the 01 value for PDES would be 
expected to be even lower (433 K) because of the larger mass. Although the 
experimental uncertainty in 01 is considerable, one can suggest that the relatively 
large value of 01 for PDES is due to its stiffer back-bone chain, caused by 
intramolecular steric hindrance [12]. 

c) Heat capacity of the mesophase of PDES: An attempt was made to determine 
the heat capacity in the mesophase region (210-250 K) of PDES. The crystallinity 
in this region was determined from the experimental A H  d values [4]. 

xm - j H o  (8) 

X., was found to vary between 0.377 to 0.565 for the samples crystallized on slow 
cooling and were comparable to the crystallinities calculated from the heat of 
transition of the condis crystal to the viscous crystal (X c = 0.341~).585). 

The contribution of the mesophase to the heat capacity was then obtained from 
the equation: 

Cp,., = Cp, exp-  (1 - Xc)Cp, 1 (9) 
x~ 

Figure 5 shows that there is considerable scatter in the mesophase Cp data about the 
values for the liquid heat capacity extrapolated from the melt region. In all cases the 
mesophase heat capacity was considerably higher than the solid heat capacity 
calculated from the approximate vibrational spectrum. In Fig. 6 curve A is the DSC 
trace of the 264.8 K annealed sample of crystaUinity X,, = 0.71 over the total 
temperature region. One can assume that there is a latent heat contribution over the 
entire mesophase region. Curves B and C for PDES samples crystallized on cooling 
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Temperature ,.~ 

Fig. 5 Adjusted experimental heat capacity of PDES in the mesophase region calculated using Eq. (9), 
From botton to top: 1. Crystal heat capacity (for reference). 2. Liquid heat capacity (for 
reference). 3. Sample of crystaUinity 43A%. 4. Sample of crystallinity 46.9%. 5. Sample of 
crystallinity 47.2%. 6. Sample of crystallinity 58.5% 
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Fig. 6 DSC curves of PDES samples prepared under different conditions. Curve A: annealed at 264.8 K 
(w c = 0.71), curve B: cooled at 10 K/min ( ~  = 0.49) and curve C: quenched from the melt 
(,r = o )  
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Table 4 Thermodynamic functions of crystalline poly(dimethyl siloxane)* 

Temp., K C r, J/(K mol) ~HT-CHo, J/tool ~S0, J/(K mol) "Ho-G, J/too| 

0.10 0.000 0.00 0.000 0.00 
0.20 0.000 0.00 0.000 0.00 
0.30 0.000 0.00 0.000 0.00 
0.40 0.000 0.00 0.000 0:00 
0.50 0.000 0.00 0.000 0.00 
0.60 0.001 0.00 0.000 0.00 
0.70 0.001 0.00 0.000 0.00 
0.80 0.001 0.00 0.000 0.00 
0.90 0,002 0.00 0.001 0.00 
1.00 0.003 0.00 0.001 0,00 
1.20 0,005 0.00 0.002 0.00 
1.40 0.008 0.00 0.003 0.00 
1.60 0.01.1 0.01 0.004 0.00 
!.80 0.0i6 0.01 0.005 0.00 
2.00 0,022 0.01 0.007 0.00 
3.00 0.075 0.06 0.025 0.02 
4.00 O. 179 O. 18 0.060 0.06 
5.00 0.349 0.44 0.116 0,15 
6.00 0.600 0.90 0.201 0.30 
,7.00 0.936 1.67 0.318 O. 56 
8.00 1.357 2.81 0.469 0.95 
9.00 1.855 4.41 0.657 1.51 

I0.00 2.414 6.54 0.881 2.27 
15.00 5.662 26.57 2.464 10.39 
20.00 9.021 63.34 4.552 27.69 
25.00 12.244 116.48 6.908 56.22 
30.00 15.331 185.41 9.403 96.68 
40.00 21.268 368.60 14.640 217.02 
50.00 27.057 610.36 20.016 390.47 
60.00 32.700 909.27 25.452 617.83 
70.00 38.125 1263.40 30.899 899.53 
80.00 43.298 1670.86 36.336 1236.00 
90.00 48,153 2128.49 4 t. 723 1626.54 

100.00 52.669 2632.84 47.031 2070.27 
110.00 56,862 3180.58 52.246 2566.43 
i 20.00 60 792 3769.12 57.367 3114.97 
130.00 64.506 4395.87 62,384 3714.10 
140.00 68.009 5058.60 67,293 4362.38 
146.00 70,052 5472.6l 70,184 4774.33 
150.00 7t .394 5755.60 72.100 5059.39 
160.00 74. 686 6486,13 76,816 5804.38 
170.00 77.914 7249.20 81.439 6595.42 
180.00 81.103 8044,12 85. 978 743 I. 91 
190.00 84.276 887 i. i 1 90.452 8314.83 
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Tabk 4 Cont. 

Temp.,K C r J/(Kmol) CHT-CHo, J/mol CSo, J/(Kmol) CHc-G,J/mol 

200.00 87.450 9729.80 94.858 9241.86 
210.00 90 .638 10620.26 99.200 10211.83 
219.00 93.528 11448.80 103.059 11121.16 
220.00 93.851 11542.58 103.490 11225.28 
230.00 97.094 12497.35 107.736 12281.95 
240.00 100.374 13484.68 111.936 13379.88 
250.00 103.693 14504.80 116.095 14519.04 
260.00 107.054 15558.59 120.232 15701.74 
270.00 110.457 t6646.18 124.338 16925.20 
273.15 111.538 16995.84 125.624 17318.36 
280.00 113.904 17767.79 128.41! 18187.25 
290.00 117.396 18924.34 132.473 19492.84 
298.15 120.274 19892.90 135.769 20586.58 
300.00 120.932 20116.03 136.5i ~ 20837.87 
310.00 124.513 21343.05 140.532 22221.79 
320.00 128.142 22606.36 144.546 23648.46 
330.00 131.819 23906.21 148.548 25114.67 
340.00 135.547 25243.01 152.537 26619.47 
350.00 139.328 26617.17 156.515 28163.22 
360.00 143.168 28029.66 160.498 29749.73 
370.00 147.070 29480.89 164.477 31375.43 
380.00 151.041 30971.40 168.449 33039.36 
390.00 155.088 32501.81 172.420 34742.00 
400.00 159.221 34073.34 176.403 36487.72 
410.00 163.449 35686.70 180.388 38272.59 
420.00 167.786 37342.78 184.377 '40095.63 
430.00 172.249 39042.68 188.372 419'~7.47 
440.00 176.855 40788.14 192.389 43863.04 
450.00 181.628 42580.49 196.419 45808.09 
460.00 186.598 44421.45 200.463 47791.63 
470100 191.80t 46313.07 204.527 49814.46 
480.00 197.284 48258.29 208.626 51882.15 
490.00 203.110 50260.04 212.755 53990.15 
500.00 209.363 52322.01 216.919 56137.56 
510.00 2i6.151 54448.91 221.126 58325.45 
520.00 223.686 56647.39 225.399 60560.14 
530.00 232.256 58926.17 229.742 62837.00 
540.00 242.426 61297.87 234.173 65155.49 
550.00 255.518 63784.12 238.730 67517.38 

* The significant figures in this table are purely for computational reasons and do not reflect the 
precision of the data (see text). 
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at 2 K/min (X m = 0.491) and quenched from the melt with cold crystallization, 
respectively, show mesophase heat capacities closer to the extrapolated liquid data. 
Hence, it was assumed that the heat capacity for mesophase of PDES can be 
approximated by the heat capacity of the liquid, extrapolated to the mesophase 
temperature region (Eq. (7)). Similar high heat capacities have also been observed 
for condis crystals of other molecules [3i]. The high heat capacity seems to be 
coupled to the large amplitude molecular motion in the mesophase that approaches 
the level of the liquid. While X-ray diffraction studies [16] indicate that positional 
order of the mesophase is high, both nuclear magnetic resonance [11, 22] and 
dielectric constant measurements indicate considerable molecular motion and a 
volume increase in the mesophase [23]. 

d) Thermodynamic functions: Thermodynamic functions (enthalpy, entropy 
and Gibbs function) were determined for all phases of PDMS and PDES by 
integration of the recommended heat capacities. The results are listed in Tables 4-7. 
Below the glass transition, calculated crystalline heat capacities were assumed to be 
the same as the glassy heat capacities. Usually below 50 K the amorphous heat 
capacities are higher than the crystalline ~ values. For example, in the case of 
polyeth~clene, 03, which describes the intermolecular contribution to the heat 
capacities, varies from 80 K for the amorphous state to 158 K for the crystalline 
state [3d]. The value of 01 which, in turn, is a measure of the intramolecular heat 
capacity, remains constant at 519 K. This variation in heat capacity at low 
temperature is, however, not expected to affect the integral valiaes significantly since 
absolute heat capacities are small in .this temperature range. 

For PDMS the enthalpy for the solid crystal was evaluated from the equation: 

Tm T 

CHr-r176 = ! C~dT+AH,,,+ I Cp, dT (10) 
Tm 

while for PDES which shows multiple phase transitions, the enthalpy of the various 
states was represented by 

Td Ti 

~HT-~Ho = I Cr*dT+AHa+ ~ Cp,,dT+AH,+ 
0 Ta 

(11) 
Tx T 

+ ~ CpadT+dHx+ ~xCpa dT 

where Cpc is the calculated crystalline heat capacity and Cpa is the recommended 
experimental liquid heat capacity. 

To determine the residual entropy of amorphous materials at 0 K the crystalline 
heat capacity for PDMS and the mesophase heat capacity for PDES up to the 
temperature of isotropization to the melt were integrated. The residual entropy is 
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Table 5 Thermodynamic functions of amorphous poly(dimethyl siloxane)* 

1931 

Temp., K Cp, J/(K mol) "Hr - Clio, J/mol aS o, J/(K mol) Clio - G, J/tool 

0.10 0.000 1154.32 3.496 - 1153.97 

0.20 0.000 11"54.32 3.496 - 1153.62 

0.30 0.000 1154.32 3.496 - 1153.27 

0.40 0.000 l 154.32 3.496 - 1152.92 

0.50 0.000 I 154.32 3.496 - I 152.57 

0.60 0.001 1154.32 3.496 - I 152.22 

0.70 0.001 1154.32 3.496 - 1151.87 

0.80 0.001 1154.32 3.496 - 1151.52 

0.90 0.002 1154.32 3.497 - 1151.17 

1.00 0.003 1154.32 3.497 - 1150.82 

1.20 0.005 1154.32 3.498 - 1150.12 

1.40 0.008 1154.32 3.499 - 1149.42 

1.60 0.011 1154.33 3.500 - 1148.73 

1.80 0.016 1154.33 3.501 - 1148.03 

2.00 0.022 1154.33 3.503 - 1147.32 

3.00 0.075 1154.38 3.521 - 1143.81 

4.00 0.179 1154.50 3.556 - 1140.28 

5.00 0.349 1154.76 3.612 - 1136.70 

6.00 0.600 1155.22 3.697 - 1133.04 

7.00 0.936 1155.99 3.814 - 1129.29 

8.00 1.357 1157.13 3.965 -'t123.41 

9.00 1.855 1158.73 4.153 - 1121.35 

10.00 2.414 1160.86 4.377 - 1117.09 

15.00 5.662 1180.89 5.960 - 1091.49 

20.00 9.021 1217.66 8.048 - 1056.70 

25.00 12.244 1270.80 10.404 - 1010.70 

30.00 15.331 1339.73 12.899 -952.76 

40.00 21.268 1522.92 18.136 - 797.48 

50.00 27.057 1764.68 23.512 -589.08 

60.00 32.700 2063.59 28.948 -326 .7!  

70.00 38.125 2417.72 34.395 - 10.07 

80.00 43.298 2825.18 39.832 361.38 

90.00 48.153 3282.81 45.219 786.90 

100.00 52.669 3787.16 50.527 1265.54 

110.00 56.862 4334.90 55.742 1796.72 

120.00 60.792 4923.44 60.863 2380.12 

130.00 64.506 5550.19 65.880 3014.21 

140.00 68.009 6212.92 70.789 3697.54 

146.00 70.052 6626.93 73.680 4130.35 

146,00 99.289 6626.93 73.680 4130.35 

150.00 99.775 7025.06 76.370 4430.44 

160.00 100.990 8028.88 82.848 5226.80 

170.00 102.205 9044.86 89.007 6086.33 

180.00 103.420 10072.99 94.884 7006.13 
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Table 5 Cont. 

Temp., K Cp, J/(K mol) ,aHr-CH o, J/mol aSo, J/(K mol) CH 9 - G, J/mol 

190.00 104.635 
200.00 I05.850 
210.00 107.065 
219.00 108.158 
220.00 108.280 
230.00 109.495 
240.00 110.710 
250.00 111.925 
260.00 !13.140 
270.00 114.355 
273.15 114.738 
280.00 115.570 
290.00 116.785 
298.15 117.775 
300.00 118.000 
310.00 119.215 
320.00 120.430 
330.00 121.645 
340.00 122.860 
350,00 124.075 
360.00 125.290 
370,00 126.505 
380,00 127.720 
390,00 128.935 
400,00 130.150 
410.00 131.365 
420.00 132.580 
430,00 133.795 
440,00 135.010 
450,00 136.225 
460,00 137.440 
470.00 138.655 
480.00 139.870 
490.00 141.085 
500.00 142.300 
510.00 143.515 
520.00 144.730 
530.00 145.945 
540.00 147.160 
550.00 148.375 

11113.31 
12165.73 
13230.29 
14198.80 
14307.05 
15395.93 
16496.92 
17610.09 
18735.47 
19872.94 
20233.72 
21022.53 
22184.35 
23140.18 
23358.23 
24544.32 
25742:57 
26952.94 

'28175.44 
29410.12 
30656.98 
31915.95 
33187.04 
3447033 
35765.78 
37073.35 
38393.04 
39724.93 
41068.99 
42425.16 
43793:45 
45173.93 
46566.59 
47971.36 
49388.25 
50817.34 
52258.59 
53711.96 
55177.45 
56655.14 

100.509 7983.40 
105.907 9015.68 
111.101 10100.92 
115.616 11121.11 
116.110 11237.15 
120.950 12422.57 
125.635 13655.49 
130.179 14934.66 
134.594 16258.97 
138.886 17626.28 
140.214 18065.73 
143.066 19035.95 
147.144 20487.41 
150.394 21699.80 
151.123 21978.67 
155.012 23509.40 
158.817 25078.87 
162.541 26685.59 
166.190 28329.16 
169.769 30009.03 
i73.282 31724.54 
176.731 33474.52 
180.120 35258.56 
183.454 37076.73 
186.734 38927.~2 
189.963 40811.48 
193.142 42726.60 
196.276 44673.75 
199.367 46652.50 
202.414 48661.15 
205.421 50700.21 
208.390 52769.37 
211.323 54868.45 
214.219 56995.95 
217.081 59152.25 
219.911 61337,28 
222.710 63550,61 
225.478 65791,38 
228.217 68059,73 
230.928 70355,26 

* The significant figures in this table are purely for computational reasons and do not reflect the 
precision of the data (see text). 
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Table 6 Thermodynamic functions of crystalline poly(diethyl siloxane)* 

Temp., K Cp, J/(K mol) CHT--CHo, J/mol cso, J/(K m01) CHo.-G, J/tool 

0.10 0.000 0.00 0.000 
0.20 0.000 0.00 0.000 
0.30 0.000 0.00 0.000 
0.40 0.000 0.00 0.000 
0.50 0.000 0.00 0.000 
0.60 0.001 0.00 0.000 
0.70 0.001 0.00 0.000 
0.80 0.001 0.00 0.000 
0.90 0:002 0.00 0.001 
1.00 0.002 0.00 0.001 
1.20 0.004 0.00 0.001 
1.40 0.007 0.00 0.002 
1.60 0.010 0.00 0.003 
1.80 0.014 0.01 0.005 
2.00 0.020 0.01 0.007 
3.00 0.067 0.05 0.022 
4.00 O. 1-59 O. 16 0.053 
5.00 0.310 0.39 0.103 
6.00 0.535 �9 0.80 0.178 
7.00 0.849 1.49 0.283 
8.00 1.257 2.53 0.422 
9.00 1.764 4.03 0.599 

10.00 2.370 6.09 0.815 
15.00 6.507 27.65 2.511 
20.00 11.465 72.53 5.057 
25.00 16.455 142.36 8.145 
30.00 21.295 236.82 11.566 
40.00 30.481 496.12 18.963 
50.00 39.239 844.92 26.723 
60.00 47.585 1279.48 34.624 
70.00 55.458 1794.75 42.549 
80.00 62.791 2386.73 50.442 
90.00 69.526 3048.78 58.241 

100.00 75.671 3775.34 65.891 
110.00 81.215 4559.94 73.359 
120.00 86.321 5398.09 80.648 
130.00 91.006 6285.12 87.754 
135.00 93.246 6745.72 91.230 
140.00 95.407 7217.21 94.652 
150.00 99.597 8192.39 101.378 

�9 0 ~ 0 0  

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o:oo 
0.00 
0.00 
0.00 
0.~ 
0.00 
0.00 
0.00 
0.02 
0.05 
0.!3 
0.27 
o.s.o 
O.85 
1.35 
2.06 

10.02 
28.62 
61.27 

110.17 
262.39 
491.21 
797.98 

1183.68 
1648.65 
2192.90 
2813.74 
3509.51 
4279.64 
5122.84 
5570.34 
6034.!4 
7014.29 
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Table 6 Cont. 

Hr Ho, "S o, Temp., K Cp, J/(K tool) ~ - ~ J/tool J/(K mol) ~Ho- G, J/mol 

160.00 163.620 9208.83 107.944 8062,25 
170.00 107.541 10264.60 114.344 9173.83 
180.00 111.400 11359.19 120.593 10347.52 
190.00 115.232 12492.36 126.718 11583~98 
200.00 119.079 13664.13 132,735 12882.90 
206.70 121,714 14470.63 136.701 13785.52 
206.70 ~44.101 17190.63 149.867 13785.52 
210.00 144.855 17667.4I 152.156 14285.36 
220.00 247.140 19127.38 158,947 15840.96 
230.00 149.425 20610.2i 165.538 17463.53 
240.00 151.709 22115.88 171.946 19151.16 
250,00 ~53,994 23644.4t 178.186 20902.09 
260.~0 |56.279 25195.78 [84.270 22714.42 
270.00 ~58~563 26769,98 190.211 24586.99 
273.15 159.283 27270.59 192.054 25188.96 
280~ t6~.~48 2~367,~6 196,019 26518.26 
282.70 16,I.465 28802.17 197.565 27049.46 
282.70 ~61o465 30642A7 204,035 27049.46 
290~ ~63,133 3~826,95 208.173 28543.22 
298.15 164,994 33164.07 212,720 30258.40 
300.00 ~6514~7 33469.70 213.742 30652.90 
308.56 ~67,359 34884.00 218.391 32489.62 

* The significant figures in this table are purely for computational reasons and do not reflect 
the precision of  the data (see text). 

then giver~ by 

Tx 
aSo "~" S (Cpc-Cpa)d ( In T ) +  ASx (12) 

o 

where T x is the melting temperature, 219 K for PDMS, and the recommended 
isotropization temperature of 308.5 K for PDES. The corresponding entropy 
change is ASx. For the amorphous state of PDMS the residual entropy thus 
obtained was 3.5 J/(K tool) and was found to be much lower than that of PDES 
[8.4 J/(K tool)]. Since every mobile unit in a repeating unit of a polymer contributes 
at an average about 2-4 J/(K tool) to the residual entropy [24], one can assign two 
mobile units for PDMS and four in case of PDES, indicating that the side chain 
mobility constitutes two additional mobile units that freeze at the glass transition. It 
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Table 7 Thermodynamic functions of amorphous poly(diethyl siloxane)* 

1935 

Temp., K Cp, J/(K mol) ~ J/tool ~ J/(K mol) CH o - G ,  J/mol 

O. 10 0.000 2801.38 8.433 - 2800.54 
0.20 0.000 2801.38 8.433 - 2799.69 
0.30 0.000 2801.38 8.433 - 2798.85 
0.40 0.000 2801.38 8.433 - 2798.01 
0.50 0.000 2801.38 8.433 -2797.16 
0.60 0.001 2801.38 8.433 -2796.32 
0.70 0.001 2801.38 8.433 -2795.48 
0.80 0.001 2801.38 8.433 -2794.63 
0.90 0.002 2801.38 8.434 -2793.79 
1.00 0.002 2801.38 8.434 -2792.95 
1.20 0.004 2801.3$ 8.434 -2791.26 
1.40 0.007 2801.38 8.435 -2789.57 
1.60 0.010 2801.38 8.436 -2787.89 
1.80 0.014 2801.39 8.438 -2786.20 
2.00 0.020 2801.39 8.440 -2784.51 
3.00 0.067 2801.43 8.455 -2776.07 
4.00 0.159 2801.54 8.486 -2767.60 
5.00 0.310 2801.77 8.536 -2759.09 
6.00 0.535 2802.18 8.611 -2750.52 
7.00 0.849 2802.87 8.716 -2741.86 
8.00 1.257 2803.91 8.855 -2733.07 
9.00 1.764 2805.41 9.032 -2724.13 

lO.O0 2.370 .2807.47 9.248 -2714.99 
15.00 6.507 2829.03 10.944 -2664.87 
20.00 11.465 2873.91 13.490 -2604.11 
25.00 16.455 2943.74 16.578 -2529.29 
30.00 21.295 3038.20 19.999 -2438.23 
40.00 30.481 3297.50 27.396 -2201.66 
50.00 39.239 3646.30 35.156 - 1888.50 
60.00 47.585 4080.86 43.057 - 1497.44 
70.00 55.458 4596.13 50.982 - 1027.39 
80.00 62.791 5188.11 58.875 -478.11 
90,00 69.526 5850.16 66.674 150.50 

100.00 75.671 6576.72 74.324 855.69 
110.00 81.215 7361.32 81.792 1635.80 
120.00 86.321 8199.47 89.081 2490.26 
130.00 91.006 9086.50 96.187 3417.81 
135.00 93.246 9547.10 99.663 3907.40 
135.00 127.721 9547.10 99.663 3907.40 
140.00 128.863 10232.55 104.662 4420.14 
150.00 131.147 11458.61 113.063 5500.84 
160.00 i33.432 12840.80 122.056 6688.16 
170.00 135.717 14157.26 129.992 7941.38 
180.00 138.001 15569.90 138.150 9297.10 
190.00 140.286 16887.34 145.104 10682.42 
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Table 7 Cont. 

Temp., K Cp, J/(K ~ol) "H T -cl io ,  J/mot ~Sc, J/(K tool) CH o - G ,  J/tool 

200.00 142.571 18360.91 152.813 12201.69 
206.70 !44.101 19291.97 157.314 13224.84 
210.00 I44.855 19812.79 159.938 13774.19 
220.00 147.140 21t98.76 166.161 15356.66 
230.00 149.425 22740.84 173.207 17096.77 
240.00 151.709 24217.22 179.393 18837.10 
250.00 153.994 25789.80 185.968 20702.20 
260.00 156.279 27267,15 191.484 22518.69 
270.00 158.563 28900.61 198.880 24526.99 
273.15 159.283 29371.93 199.501 25121.77 
280.00 160.848 30512.44 203.801 26551.84 
282.70 161.465 30873.54 204.779 27017.48 
290.00 163.133 32117.57 209.372 28600.31 
298.15 164.994 33425.40 213.697 30288.37 
300.00 165.417 33775.09 215.054 30741.11 
308.50 167.359 35115.37 219.134 32487.47 
310.00 I67.702 35425.92 220.402 32898.70 
320.00 169.986 37085,06 225.540 35087.74 
330.00 172.271 38840.41 231.142 37436.45 
340.00 174.556 40500.53 235.750 39654.47 
350.00 176.840 42316.77 241.298 42137_53 
360.00 179.125 44067.30 246.090 44525.10 
370.00 181.410 45914.03 251.364 47090.65 
380.00 183.694 47665.54 255.664 49486.78 
390.00 185.979 49573.16 260.920 52185.64 
400.00 188:264 51415.07 265.435 54758.93 
410.00 190.548 53353.20 270.448 57530.48 
420.00 192.833 55196.09 274.498 60093.07 
430.00 195.118 57195.09 279.518 62997.65 
440.00 197.402 59128.39 283.807 65746.69 
450.00 199.687 61157.90 288.605 68714.35 
460.00 201.971 63092.17 292.450 71434.83 
470.00 204.256 65182.57 297.273 74535.74 
480.00 206~541 67207.25 30t.375 77452.75 
490.00 208.825 69328.15 305.993 80608.42 
500.00 211.110 71353.81 309.667 83479.69 
510.00 213.395 73535.58 314.325 86770.17 
520.00 215.679 75651.66 318.268 89847.70 
530.00 217.964 77863.94 322.734 93185.08 
540~0 220.249 79980.98 326.261 96199.96 
550.00 222.533 82254.14 330.778 99673.76 

* The significant figures in this table are purely for computational reasons and do not reflect the 
precision of the data (see text). 
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is o f  interest to note that this doubl ing o f  mobile units is not  reflected in the change 

in heat capacity at the glass transition. For  P D M S  ACp is 29.24 J / (K tool) and for 

PDES 34.48 J/(K rnol). 
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Zusammenfassung - Neue Messungen und Litoraturangaben yon Polysiloxanen fiber Wgrmekapa- 
zit~it, Umwandlungsparameter, Enthalpien, Entropien und Gibbssche Energien werden vorgestellt 
und kritisch betraehtet. Das Reehenverfahren ATHAS wurde benutzt, um die WLrmekapazitiiten 
mit einem ann~hernden Frequenzspektmm in Einklang zu bringen. Es wurden die versehiedenen 
Kristall- und Mesophasen diskutiert. Die yon ATHAS (1990) empfohlenen Werte shad wie folgt: 
Fiir Poly(dimethylsiloxan) betr~t der Glasumwandlangspunkt 146 K bei Zunahme der Wirmeka- 
pazit~it um 29.24 J/(K.mol). Die vollstgnding kristalline Probe sehmilzt bei etwa 219 K mit einer 
Sehmelzw/irme yon 2.75 kJ/mol. Ftir Poly(diethylsiloxan) betr/igt der Glasumwandlungspunkt 
135 K bei Zunahme der W~mekapazit~it um 34.48 J/(K.mol). Die vollst~ndig kristalline Probe 
wandelt sieh bei 206.7 K urn, die Fehlordnungswgrme betr~igt 2.72 kJ/mol. Di e Umwandlung in 
einen wenig verstandenen "viskosen Kristall", dessert thermodynamische Eigensehaften denen der 
Sehmelze gleiehen, erfolgt bei 282.7 K mit einer Umwandlungsenthalpie yon 1.84 kJ/mol. Letztend- 
lieh verl~uft das Sehmelzen bei 308.5 K mR einem kleinen endothermen Effekt yon etwa 231 J/mol. 
W/irmekapazitiiten, Enthalpien, Entropien und Gibbssehe Energien sind flit den Bereieh 0 K - 550 K 
tabellarisch angegeben. 

P e 3 1 O M e  - -  I'lpeRcTaB.rleHbl H KpHTHtleCKH o6cy~leHbl .rlHTepaTypHble ~aHHble H HOBble H3MepeHHa 
HOJIHCH.HoKcaHOB, BIUIIOtlalO1RHe 3HaqeHH~l TelLrlOeMKOCTe~, napaMeTpoB nepexo;aa, 9HTaMblIHf, 
3HTpOUHfi H 3Heprn~ FH66ca. BblqHC~HTe~bHblfi MeTOll a THAS 6bLa HCFIO:Ib3OBaH, qTO6bl npHBeCTH 
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TerLqOeMKOCTti a coraacne c KartlM-Yltl60 Ilptl6.aHxerlnblM qaCTOTHbIM ClIeKTpOM. O 6 c y x ~ e u u  

pa3~nqHue KpHCTa_q.qbl rl Me30~a3bl. H a ~ e a r t u e  MeTO~IOM A THA S (1990) ~anHble aaa  noan~nMeTna- 

cn~orcana  6 b ~ n  c~e~yromne: TeMnepaTypa CTeKJ1OBaHrDI COCTaa:~aaa 146 K c yae~HqenneM 

TeHnOeMKOCTtt ;IO 29,24 aTK/K" MOab. HoanocTbm gprlcTa~Ylriqecrae o6pa3ttb~ UnaBrIJltiCb npa  219 K c 

Tenao+ofi nnaBaeuna paBno~ 2,75 r~>r/MO~b. ~a~  noan:anaTn~CnaorcaHa TeMnepaTypa CTer~OBaHHn 

Ha6atoaaaacb npn 135 K c yBennneaneM TennoeMrOCTn ao 34,48 :lx~/K'Mo~b. HO~HOCT~O 
~pncTanattqecrne o6paattb, nBMeaflnrlcu ~o ttepexoanoro rpncTa.ana ripn 206,7 K c TennoTo~ 

pa3ynop~taoqenn~ 2,72 K~)K/MOYlb. FIepexo~ Zto ttB~BXoro rpncTa.ana>~ c TepMo~tnnaMnqecK~tMn 

CBO~CTBaMa 6aHBKHMn X pacnaaBy np0ucxo~nT npn 282,7 K c anTa~,tine~ nepexoaa paauo~ 

1,84 KaXX/MOn~. OKouqaTen~noe naaB~emie npoacxo~tIT npn 308,5 K c ae6oal,tuo~ aHaOTepMo~ 
orono 231 ~)K/MOflb. l-IptIBegenbl ganHue ~ a  TenaoeMxocTefi, aHTa~bII~l~, aUTpOnafi n aneprnfi 

Fn66ca a TeunepaTypnoM Hnxepaa~e 0-550 K. 
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