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ABSTRACT

Employing low temperature thermal measurements, heat capacities (C,) in the crystal and
liquid states, and phase transition data, T,, and AFH_, the condensed phase thermodynamic
properties, (G,— Hg)/T, H — Hg, §, and C,, in the temperature range 0-360 K were
evaluated for the following eleven alkenes: ethylene, propylene, l-butene, cis-2-butene,
trans-2-butene, 1-pentene, cis-2-pentene, frans-2-pentene, 2-methyl-1-butene, 3-methyl-1-
butene and 2-methyl-2-butene. The sources of experimental data, methods of evaluation, and
the calculated results are described in detail.

INTRODUCTION

Although the simple alkenes like ethylene (C,H,), propylene (C,H,) and
butylenes (butenes, C,Hg) are important feedstocks for the manufacture of
organic polymers in chemical industries, low temperature thermal measure-
ments using modern technology are unavailable for these substances. Conse-
quently, for evaluation of the thermodynamic properties C,, S,, H, ~ H¢,
and (G, — H°)/T for eleven alkenes in the carbon range C, to C,, old
thermal data from the literature were adopted. The eleven alkenes selected
for evaluation of thermodynamic properties in the crystal and liquid states
are: ethylene, propylene, 1-butene, cis-2-butene, trans-2-butene, l-pentene,
cis-2-pentene, trans-2-pentene, 2-methyl-1-butene, 3-methyl-1-butene and 2-
methyl-2-butene.

The low temperature thermal data needed are heat capacities (C,) of the
given substance in the crystal and liquid states, the melting temperature
(7). and the enthalpy of fusion (A H,,). Employing these basic data and the
standard thermodynamic relationships, the condensed phase thermodynamic
properties for each of the alkenes were calculated.

0040-6031,/83 /303.00 © 1983 Elsevier Science Publishers B.V.
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CALCULATION METHODS

For old C, data, temperature scale and molecular weight corrections were
applied. Whenever possible the heat capacities reported were corrected to
base upon the International Practical Temperature Scale of 1968 as de-
scribed in ref. 1. The molecular weights of the alkenes were calculated using
the International Atomic Weights of 1979 [2]. In all computations, recent
physical constants, 1979 Atomic Weights (C = 12.011 and H = 1.0079) and
SI units [3] were employed.

In low temperature heat capacity measurements, the sample is sealed in a
calorimeter with a small amount of inert gas, e.g. He or H,, to aid heat
transfer. The measured heat capacity is denoted as C,.

High temperature heat capacities at constant pressure, C,, for propylene,
1-butene, cis-2-butene and 1-pentene in the liquid state were determined by
Sage and co-workers [14,16,18]. The reported heat capacities (C,) were
derived from measured q/dT values for each substance. We derived the
corresponding C, values for these compounds from the reported ¢/dT data
points, employing the equations

Car =(.@_111)(_1—_w VIC L 7924 (V,)(dV) )
i) =\ T dT/ (n,—n,) <0197 | aT dT

Cony= G~ T(%) ?3_5* @)
Gw=Cpt ( ddh]r’"R ],, G)
Cs(g)=T%§ )

where the quantities ¢,/d7 and ¢,/dT represent the net electrical energy
required per unit temperature change of a constant-volume calorimeter with
sample weights 7, and n, of the given compound, respectively.

The terms ¥, and ¥V, are molar volumes of liquid and vapor of the
compound at temperature 7 under equilibrium conditions. The necessary
volumetric data, including the ratio of change of bubble-point and dew-point
specific volumes with temperature and rate of change of vapor pressure with
temperature, were taken from recent data available in the literature [4-8].

In egn. (3), the quantity C;,, is the heat capacity at constant pressure of
the substance in the perfect gas state, which is obtained by statistical
mechanical calculation; Hy is the residual enthalpy, i.e. the enthalpy dif-
ference between the real gas and the perfect gas at temperature 7 and
constant pressure P. The value of Hy is evaluated from an equation of state.

The term dS/dT in eqn. (4) is the rate of change of entropy with
temperature. This equation was used for evaluating C,, for propylene,

s(g)
where the entropy data of this compound as a function of T were available

(6].
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The low temperature C, values are fitted into algebraic heat capacity
equations for derivation of condensed phase thermodynamic properties. The
heat capacity equation adopted was

Co=a+bT+cT?+dT*+ eT?

for fitting the expertmental C, data points by the least-squares method.

To achieve a better fit of C, data in the heat capacity equations, the
adopted C, data points in each condensed phase, crystal or liquid, for the
given substance were divided into several groups. Each group of data points
covered a narrow temperature range. Within each temperature range, the
heat capacity points were fitted by a simple polynomial as shown above,
where a, b, ¢, d, and e are numerical coefficients. Each C, datum was
weighted for evaluation.

The least-squares method simultaneously determined the coefficients of
the required heat capacity equations for the same condensed phase. The
calculation method met the constraint that the two derived heat capacity
curves of the adjacent temperature regions joined smoothly at the intersec-
tion.

Division of each condensed phase temperature range into regions and the
degree of polynomial to be used for fitting the heat capacity data within each
region were determined by trial and error. The set of heat capacity equations
which fitted the experimental data points with least deviations from the
least-squares criterion was selected for each alkene.

The selected heat capacity equations together with the best values of phase
transition data, 7, and AH,_, were employed for calculating the required
thermodynamic properties. The formulas used for evaluating these thermo-
dynamic functions have been described in textbooks on chemical thermody-
namics and will not be repeated here.

SOURCES OF DATA
Ethylene (ethene)

Egan and Kemp [9] measured the heat capacities of ethylene in the crystal
(16.00-103.83 K) and liquid (106.67-168.68 K) states. They also determined
the melting point and enthalpy of fusion. Their results were adopted for
evaluation of the thermodynamic properties of ethylene in the temperature
range 10-170 K.

The low temperature thermal measurements on ethylene in condensed
phases were reported by Eucken and Hauck [10]. Pall and Maass [11] made
specific heat measurements for ethylene near the critical point. However, the
C, data of Eucken and Hauck were 3 to 17% higher than those of Egan and
Kemp. Therefore, the data of Eucken and Hauck were not adopted for
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evaluation. The heat capacities reported by Pall and Maass were not used
because of uncertainties 1nvolved when extrapolating these data to the
normal boiling point of ethylene.

Propylene (propene)

Employing an aneroid calorimeter, Huffman et al. [12] determined the
heat capacities of propylene in the crystal (68.9-81.6 K) and liquid
(93.1-210.3 K} states. The values of T, and A H  were reported to be 88,2 K
and 16.67 cal g~ ', respectively, where 1 cal = 4.184 J.

Powell and Giauque [13] measured the condensed phase heat capacities
(14.18-86.19 K, Cryst.; 93.93-223.44 K, liq.). melting point (87.85 K) boil-
ing point (225.35 K), and enthalpies of fusion (717.6 cal mole™') and
vaporization (4402 cal mole™') for propylene. Their results were adopted.

The isobaric heat capacity along the bubble point has been determined at
temperatures in the range 80-160°F (299.42-344.26 K) for propylene by
Auerback et al. [14]. The reported g/dT data points were converted to C,
values, as mentioned previously, for evaluation. The adopted C, data were
combined with equal weight for each point and fitted into heat capacity
equations.

I-Butene

For evaluation of the thermodynamic properties of l-butene, the low
temperature thermal measurements reported by Aston et al. [15] (12.86-
258.50 K) and Schinger and Sage [16] were employed. The given ¢/dT data
points in the temperature range 101.93-187.65°F (132.00-359.62 K) were
calculated as C, heat capacities, using the method described previously. The
two sets of heat capacity data were applied along with temperature scale,
molecular weight, and energy unit corrections as usual, and combined with
the proper weight for each datum for fitting into €, equations.

Todd and Parks [19] determined the specific heats, 81.3-253.4 K, and the
fusion data for liquid l-butene with an aneroid calerimeter. These results,
combined with estimated missing data, were employed for calculating the
entropy. enthalpy, and Gibbs energy of formation at 298.1 K for l-butene
(g). Because they were unable for unknown reasons to crystallize the 1-butene
sample, which was kept at 78 K for several days, their heat capacities were
not adopted for evaluation.

cis-2-Butene
The heat capacities of this compound have been measured between 93.6

and 266.6 K by Todd and Parks [19]. Later, Scott et al. [17] determined the
specific heat of crystalline and liquid cis-2-buten¢ from 15 to 300 K. The



289

values of the triple point (7;,) and AH, at T, were reported as 134.26 K
and 7309 J mole™*, respectively. For internal consistency, the results of Scott
et al. [17] were used.

Schlinger and Sage (18] investigated the isobaric heat capacities () at the
bubble point in the temperature range 133.15-366.48 K for this compound.
The data above 300 K were adopted for recalculation to C, and added to the
low temperature data of Scott et al. [17] for fitting into heat capacity
equations.

trans-2-Butene

Todd and Parks [19] measured the heat capacities of srans-2-butene in the
crystal (93.6-149.5 K) and liquid (176.0-259.6 K} states. The entropy and
Gibbs energy of formation at 298.1 K have been derived from these results
in conjunction with other data for srans-2-butene {g).

Guttman and Pitzer [20] investigated the potential barrier to the rotation
of a methyl group attached to an olefinic structure. They determined the
heat capacities of this compound in the crystal (14.56-160.40 K) and liquid
(170.66-271.03 K) states. The values of T, and AH_ were obtained as
167.62 K and 9757 J mole™", respectively. This set provided more data and
covered a wider temperature range than that reported by Todd and Parks. In
this work, the results of Guttman and Pitzer were employed for evaluating
the thermodynamic properties for trans-2-butene.

Pentenes

Low temperature calorimetric studies have been made on six pentenes.
over the temperature range 12-300 K by Todd et al. [21]. Their results were
employed for calculating the condensed phase thermodynamic properties for
l-pentene, cis-2-pentene, trans-2-pentene, 2-methyl-1-butene, 3-methyl-
1-butene and 2-methyl-2-butene. Table I gives the temperature range and
number of C, data points in the crystal and liquid states, and the phase
transition data, T, and AH_, for each pentene, which were adopted for
evaluation.

Schlinger and Sage [16] determined the isobaric heat capacities of 1-pentene
at the bubble point in the temperature range 91.40-204.97°F (306.15-369.24
K), using three different weights of sample material in the calorimeter. The
reported g/dT values were converted to C, heat capacities using the method
described previously. The results were added to the low-temperature heat
capacities of I-pentene reported by Todd et. al. {21] for evaluation.

Parks and Huffman [22] have made low temperature calorimetric studies
on 2-methyl-2-butene over the temperature range 92.7-293.9 K and have
also made measurements on liquid 2-pentene which was a mixture of cis and
trans-2-pentenes. Because of uncertainty in the sample purity these results
were not adopted for evaluation in this work.
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TABLE 3

Condensed phase thermodynamic properties for alkenes

T(K) ~(G,-H3y/T  H,-HS s, o
(J K "mole ) (J mole™ }) (K "mole™ ) JK '"mole™ )
Ethylene (crystal}
10 0.087 25 0.339 0.966
20 0.617 338 2.305 6.10
30 1.808 138.0 5.409 15.12
40 3.637 3340 11.987 23.74
50 5.912 608.2 18.076 3091
60 8.456 949 24.27 37.15
70 11,156 1349 3043 42,85
80 13.947 1806 36.52 48.40
90 16.791 2321 42.58 55.44
100 ' 19.869 2944 49.12 71.13
103.97 20.869 3253 52.26 88.04
Ethylene (liquid}
103.97 20.869 6604 84.38 69.31
110 24.46 7020 88.28 68.99
120 30.03 ' 7708 94.26 68.46
130 3518 8390 99.72 67.96
140 39.98 9067 104.74 61.57
150 44.45 97.42 109.39 67.31
160 48.65 10414 113.7 67.2
170 52.60 11087 117.8 674
Propylene (crystalj
10 0.203 5.6 0.764 2.06
20 1,250 60.8 4.288 9.65
30 3.182 207.8 10.110 19.91
40 5.783 455.2 17.162 29.05
50 8.783 780.5 24.39 35.88
60 11.978 1170.7 3149 4208
70 15.262 1620.6 38.41 47.86
80 18.581 2129.1 45.19 34.46
87.85 21.201 2588 50.66 62.62
Propylene (liquid)
87.85 21.201 5591 84.84 93.04
90 22,75 5791 R7.09 92.63
100 29.68 6708 96.76 90.92
110 36.17 7610 105.36 89.55
120 42.27 8500 113.10 88.49
130 47.99 9381 120.15 87.73
140 53.38 10256 126.63 87.25
150 58.46 11127 132.64 87.02
160 63.28 11997 138.26 87.04
170 67.85 12868 143.54 87.28
180 72.19 13743 148.54 8172
190 76.34 14623 153.30 88.35

200 80.30 15511 157.85 89.15
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TABLE 3 (continued)

7(K) —(G,— Hg)/T H, — Hy S, G
K" mole™ ) {J mole™ ") JK 'mole™ ) (JK™ ' mole™ ")
210 84.10 16407 162.22 90.09
220 87.74 17313 166.44 91.17
230 91.26 18231 170.52 92.36
240 94.64 19161 174.48 93.6
250 97.91 20104 178.33 95.0
260 101.08 21061 182.08 96.4
270 104.14 22032 185.7 97.9
273.15 105.09 22341 1869 - 98.3
280 107.12 23018 189.3 99.3
290 110.02 24019 192.8 101
290.15 1123 24846 195.7 102
300 1128 25034 196.3 102
310 115.6 " 26066 199.7 104
320 118.3 27129 203.0 109
330 120.9 28254 207.0 117
340 123.5 29491 210.0 131
1 - Butene (crystal)
10 0.113 33 0.440 1.26
20 0.808 44.7 3.044 8.16
30 2.370 177.5 8.285 18.49
40 4.669 413.7 15.012 28.57
50 7.465 742.4 22,31 36.70
60 10.546 1141.7 29.57 43.23
70 13.776 1605.5 36.71 49.31
80 17.077 2122 43.60 54.24
87.82 19.677 2574 48.99 62.74
1 - Butene (liquid)
87.82 19.677 6423 92.81 108.66
90 21.48 6659 95.47 108.53
100 29.46 7741 106.87 107.86
110 36.97 8816 117.12 107.12
120 44.04 9884 126.41 106.42
130 50.71 10945 134.90 105.81
140 57.01 12001 142.73 105.38
150 62.97 13053 149.99 105.22
160 68.62 14106 156.78 105.39
170 74.00 15163 163.19 105.99
180 79.12 16228 169.28 107.09
190 84.02 17306 175.11 108.76
200 88.72 18405 180.74 111.09
210 93.23 19528 186.22 113.38
220 97.58 20670 191.53 114.96
230 101.78 21825 196.67 115.97
240 105.83 22988 201.62 116.5
250 109.76 24155 206.38 116.8
260 113.57 25324 210.97 116.9

270 11726 26493 2154 117.0
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TABLE 3 (continued)

T(K) ~(G, - H)/T  H,—H; S, o
(K™ ' mole™ ) (J mole™ 1) (J K" mole™") (J K™ 'mo
273,15 118.39 26861 216.7 117.0
280 120.84 27663 219.6 117.1
290 124,31 28836 223.7 117
298.15 127.1 29796 2270 118
30 127.7 30014 2277 118
310 131.0 31202 231.6 119
320 1342 32406 2355 121
330 137.3 33632 239 124
340 140.4 34888 243 128
350 143.4 36185 247 132
360 146.3 37534 251 138
cis-2 - Butene (crystal)
10 0.087 2.5 0.340 0.99
20 0.641 36.3 . 2453 6.74
30 1.925 147.5 6.842 15.72
40 3.861 3524 12.672 ‘ 25.22
50 6.273 648.8 19.25 33.83
60 9.004 1025.4 26.09 41.33
70 11.938 14725 32.97 47.95
80 14.993 1982.2 39.77 53.88
90 18.118 25484 46.43 59.30
100 21276 31672 52.95 64.42
110 24.446 3836.3 59.32 69.41
120 27.614 4555.1 65.57 74.34
130 30.771 5323.7 71.72 79.46
134.26 32,111 5667 74.32 81.80
cis- 2 - Butene (liquid)
134.26 32.111 12976 128.76 114.08
140 36.172 13629 133.52 113.40
150 42925 14758 141.31 112.44
160 49.303 15878 148.54 111.74
170 55.342 16993 155.30 111.31
180 61.073 18105 161.66 111.12
190 66.527 19217 167.67 111.18
200 71.728 20330 173.38 111.47
210 76.699 21447 178.83 111.99
220 81.461 22570 184.05 112.73
230 86.031 23702 189.08 113.68
240 90.43 24844 193.95 114.8
250 94.66 25999 198.66 116.2
260 98.75 27170 203.25 117.9
270 102.70 28358 207.7 119.8
273.15 103.92 28736 209.1 120.5
280 106.53 29567 212.1 122.1
290 110.25 30802 216.5 125
298.15 113.2 31829 220 127

300 1139 - 32065 221 ) 128
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TABLE 3 (continued)

T(K) —(G, - Hg)/T Hs—Hl? Ss G
(J K "mole™ 1) (J mole™ 1) J K~ male™") J K 'mole™ "
310 117.4 33362 225 132
320 120.8 34698 229 136
330 124.2 36077 233 140
340 127.4 37505 238 145
350 130.6 38988 242 151
360 133.8 40533 246 158
trans-2 - Butene (crysial)
10 0.067 2.0 0.268 0.808
20 0.541 325 2.165 6.321
30 1.727 138.3 6.337 15.003
40 3.549 331.7 11.843 23.516
50 5.810 605.6 17.923 31.122
60 8.352 951.7 24.214 37.990
70 11.070 1363.5 30.549 44.27
80 13.899 1835.7 36.846 50.12
90 16.796 2364.9 43.073 55.69
160 19.731 2949 49.222 61.12
110 22.689 3587 55.302 66.57
120 25.659 4281 61.334 72.20
130 28.634 5033 67.346 78.15
140 31.614 5846 73.371 84.72
150 34.601 6733 79.486 92.98
160 37.602 7713 85.807 103.41
167.62 39.91 8536 90.83 113.04
trans-2 - Butene (liquid)
167.62 39.91 10868 104.75 110.04
170 40.83 11130 106.30 110.21
180 44.64 12236 112.62 110.87
190 48.38 13348 118.63 111.47
200 52.03 14465 124.36 112.08
210 55.61 15589 129.85 112.76
220 39.10 16721 135.11 113.56
230 62.52 17861 - 14018 114.56
240 65.86 19013 145.08 115.79
250 69.12 20178 149.84 1173
260 72,32 21361 154.47 1193
270 75.44 22565 159.0 121.6
273.15 76.42 22949 160.4 122.4
280 78.51 23795 163.5 124.4
I- Pentene {crystal)
10 0171 4.9 0.659 1.85
20 1.163 61.5 4238 10.60
30 3.211 2254 10.725 22.22
40 6.060 502.6 18.625 32.89
50 9.403 877.2 26.95 41.76
60 13.020 1333.2 35.24 49.27

70 16.776 1859.6 43.34 55.50
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TABLE 3 (continued)

T(K) —(G,—H/T  H~H3 5, ol
K 'mole™ ") ( mole™ 1) (JK- ! mole™ ") (G K " mole 1)
80 20.591 24493 51.21 61.93
90 24418 3096.6 58.83 67.50
100 28.230 3798.8 66.22 72.95
107.90 31.221 4393 7193 77.40
1 - Pentene (liquid)
107.90 31.221 10200 125.75 129.04
110 33.05 10471 128.24 128.97
120 41.46 11759 139.45 128.72
130 49.40 13046 149.75 128.64
140 56.91 14333 15928 128.74
150 64.03 15621 168.17 129.03
160 70.81 16914 176.52 129.50
170 71.26 18212 184.39 130.17
180 83.42 19518 191.85 131.04
190 89.31 20833 198.96 132.12
200 94.97 22161 205,77 133.40
210 100.40 23502 21232 134.90
220 105.63 24859 218.63 136.61
230 110.68 26235 224.74 138.55
240 115.56 27361 230.68 140.7
250 120.28 29049 236.47 1429
260 124.85 30489 24212 145.2
270 129.30 31952 247.6 147.5
273.15 130.68 32418 249.4 148.3
280 133.62 33439 253.0 149.9
290 137.83 34950 2584 152
298.15 141.2 36200 262.6 154
300 141.9 36486 263.6 155
310 145.9 38047 268.7 157
320 149.9 39633 273.7 160
330 153.7 41243 279 162
340 157.4 42878 284 165
350 161.1 44537 288 167
360 164.7 46219 293 169
cis- 2 - Pentene {crystal)
10 0.140 4.0 0.539 1.52
20 0.958 51.1 31,515 8.95
30 2.692 193.9 9.154 19.78
40 5.184 446.3 16.34 30.49
50 8.194 799.2 24.18 39.88
60 11.525 1240 32.19 48.12
70 15.048 1759 40.17 55.43
80 18.680 2346 43.01 62.05
90 22.367 2998 55.68 68.20
100 26.07 3710 63.17 74.11
110 29.78 4480 70.51 79.88
120 33.48 5306 77.69 85.21
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TABLE 3 {continued)

T(K) ~(G,-H)/T  H—HS s, o
(J K= ' mole™ ") (J mole™ 1) (JK ' mole™ ") (JK 'mole™ )
121.78 34.13 5458 78.95 36.09
cis-2 - Pentene (liquid)
121.78 34.13 12570 137.35 134.37
130 40.94 13669 146.09 133.24
140 48.80 14996 155.92 132.22
150 56.25 16315 165.02 131.55
160 63.32 17629 173.50 131.22
170 70.04 18940 181.45 131.20
180 76.44 20253 188.95 131.45
190 82.55 21570 196.07 131.97
200 88.39 22894 202.86 132.72
210 94.00 24225 209.36 133.68
220 99.39 25568 21561 134.91
230 104.57 26924 221.63 136.40
240 109.57 28297 227.47 138.12
250 114.40 29687 233.2 140.05
260 119.08 31099 238.7 1422
270 123.61 32532 244.1 144.5
273.15 125.01 32988 245.8 145.3
280 128.00 33989 2494 147.0
290 132.28 35471 254.6 149.6
298.15 135.68 36699 258.8 151.8
300 136.44 36981 259.7 152.3
trans-2 - Pentene (crystal)
10 0.112 33 0.440 1.28
20 0.830 46.7 3.164 847
30 2.444 182.3 8.521 18.82
40 4797 422.1 15.35 28.95
50 7.647 757.8 22.80 38.00
60 10.810 1179 30.46 46.11
70 14.166 1677 38.13 53.39
80 17.635 2245 45.69. -59.95
30 21.166 2874 53.10 65.93
100 2472 3562 60.34 71.47
110 28.28 4303 67.40 76.72
120 31.83 5095 74.29 81.78
130 35.36 5938 81.03 86.77
132.93 36.39 6194 82.98 88.24
trans- 2 - Pentene (liquid)
132.93 36.39 14546 145.81 127.58
140 42.08 15449 152.43 127.99
150 49.73 16732 161.28 128.70
160 56.97 18024 169.62 129.58
170 63.83 19325 177.50 130.63
180 70.36 20637 185.00 131.83
190 76.58 21962 192.17 133.19

200 82.53 23301 199.04 13471
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TABLE 3 (continued)

T(K) —(G,— H3)/T H - Hj S, G
(K "mole™ ) (J mole™ ) (J K !mole ) @K ! mole ")
210 88.24 24656 205.65 136.37
220 93.72 26029 212.03 138.18
230 99.00 27420 218.22 140.14
240 104.09 28832 224.23 14223
250 109.02 30266 230.1 144.47
260 113.78 31722 235.8 146.8
270 118.40 33203 241.4 149.3
273.15 119.83 33674 243.1 150.1
280 122.89 34709 246.9 152.0
290 127.26 36242 252.2 154.7
298.15 130.74 37512 256.6 1570
300 131.52 37803 257.5 157.6
310 135.67 39394 262.7 160.5
2- Methyl- ] - buiene (crystal)
10 0.155 45 0.606 1.75
20 1.125 61.6 4.204 10.69
30 3.176 2247 10.666 21,75
40 5.986 490.8 18.25 31.20
50 9.224 843.9 26.10 39.21
60 12.686 1271 33.87 46.08
70 16.256 1763 41.44 52.10
80 : 19.863 2311 48.75 57.56
20 23.469 2913 55.84 62.77
100 27.05 3566 62.71 61.77
110 30.60 4268 69.39 72.51
120 34.10 5016 75.90 77.13
130 37.56 5810 82.26 81.74
135.60 39.48 6275 85.76 84.37
2-Methyl- | - butene (liquid)
135.60 39.48 14186 144.10 133.09
140 42.84 14771 148.34 133.00
150 50.18 16101 157.52 132.99
160 57.16 17432 166.11 133.24
170 63.81 18766 174.20 133.74
180 70.16 . 20107 181.86 134.49
190 76.23 21457 189.16 13545
200 82.05 22817 196.14 136.62
210 ' 87.64 24190 202.83 137.99
220 93.03 25577 209.29 139.54
230 98.22 26981 215.53 141.27
240 103.23 28403 221.58 143.17
250 108.09 29845 227.5 145.24
260 112.79 31309 233.2 1475
270 117.35 32795 238.8 149.8
273.15 118.76 33268 240.6 150.6
280 121.79 34306 2443 152.4

290 126.11 35843 249.7 155.0
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TABLE 3 (continued)

_(Gs—HS)/T HS_HOO Ss Cs
(K" mole™ ") (J mole™") (J K™ mole™!) ( K~ 'mole™")
298.15 129.54 37115 2540 157.3
300 130.32 37407 2550 157.8
3- Methyl- 1 - bulene (crystal)
10 0.174 49 0.669 1.87
20 1.175 61.5 4,248 10.36
30 3.192 219.9 10.521 21.25
40 5.943 480.3 17.96 30.66
50 9.117 828.0 25.68 38.56
60 12517 1248 3332 45.33
70 16.023 1732 40.77 51.33
30 19.570 2274 47.99 56.93
90 23.119 2870 55.01 62.34
100 26.65 3519 61.85 67.57
104.71 28.31 3844 65.02 70.36
3-Methyl-1 - butene (liquid)
104.71 2831 9203 116.20 121.81
110 3268 9348 122.20 . 12178
120 40.59 11066 132.80 121.96
130 48.06 12288 142.58 122.41
140 55.14 13515 151.68 123.13
150 61.86 14751 160.20 124.08
160 68.26 15997 168.25 125.24
170 74.37 17256 175.88 126.59
180 80.22 18530 183.16 128.10
190 85.82 19819 190.13 ' 129.74
200 91.20 21125 196.83 13150
210 96.39 22449 203.29 133.39
220 101.39 23793 209.54 135.41
230 106.22 25158 215.61 137.56
240 110.90 26545 221.51 139.34
250 115.44 27955 227.3 142.27
260 119.85 29391 232.9 144.8
270 124.14 - 30853 238.4 147.6
273.15 125.47 31319 240.1 148.5
280 128.32 32343 2438 150.4
290 132.40 33862 249.2 153.5
298.15 135.65 35123 253.5 156.1
300 136.38 35413 254.4 156.7
2- Methyi- 2 - butene (crystal)
10 0.147 4.2 0.567 1.60
20 1.017 54.6 3.745 9.53
30 2.853 203.8 9.647 20.43
40 5.450 . 4611 16.98 30.80
50 8.538 815.9 24,86 40.00
60 11.926 1258 32.89 48.24
70 15.494 1778 40.89 55.67

80 19.163 2369 48.78 62.46
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TABLE 3 (continued)

T(K) -(G, - H(?)/T H,— Hg Sy C
(J K™ mole™ ) (] mole™") (J K" mole™ ) (J K~ ! mole™ !

90 22.884 3026 56.50 68.75
100 26.63 3743 64.05 74.61
110 30.36 4517 71.42 20.12
120 34.09 5345 78.63 85.51
130 37.79 6227 85.69 91.01
139.40 41.24 7108 92.23 96.47
2-Methyl- 2 -butene {liquid)

139.40 4124 14705 146.73 132.24
140 41.69 14785 147.29 13221
150 49.04 16105 156.41 131.96
160 56.02 17425 164.92 132.02
170 62.66 18746 172.93 ) 132.35
180 69.00 20073 180.51 132.91
190 75.06 21405 187.72 133.67
200 80.87 22747 194.60 134.58
210 86.44 24098 201.19 135.65
220 91.80 25460 207.53 136.92
230 96.97 26837 213.65 138.38
240 101.95 28228 219.57 140.02
250 106.77 29637 225.3 14184
260 111.44 31066 230.9 1438
270 115.97 12514 236.4 146.0
273.15 117.37 . 32975 238.1 146.7
280 120.36 33986 241.7 148.3
290 124.64 35480 247.0 150.7
298.15 128.04 36717 251.2 152.8
300 128.80 37001 252.1 153.3
310 132.86 38547 257.2 156.0°

RESULTS AND DISCUSSION

Table 1 indicates the temperature range and number of data points for the
heat capacities of each alkene in the crystal and liquid states together with
the phase transition data, 7,, and AH_,, which were employed for evaluation
of the condensed phase thermodynamic properties of the eleven alkenes
selected.

The coefficients for heat capacity equations obtained by fitting the
adopted C, data points for each alkene appear in Table 2. The heat capacity
equation C, = dT> + eT* was used for extrapolating the C, heat capacities in
the lowest temperature region to ¢ K for each alkene (cryst.). The number of
significant figures reserved for each coefficient listed in Table 2 is sufficient
for preserving accuracy in computer calculations.
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The condensed phase thermodynamic properties evaluated for eleven
simple alkenes in the carbon range from C, to C; appear in Table 3. These
results are obtained by employing recent physical constants, temperature
scale, and molecular weights. Our C, and H, — Hg values are also consistent
with those apppearing in the recent work of the Engineering Science Data
Unit [23].
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