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ABSTRACT

For ethylene, propylene, each of the four butenes, six pentenes, and 17 hexenes,
and for the higher normal 1-alkenes, values are presented for the following thermo-
dynamic properties to 1,000° or 1,500°K: The heat of formation from the ele-
ments, AHf®; the free energy of formation from the elements, AFf°; and the
logarithm of the equilibrium constant of formation from the elements, logXJf.
For each of the 6 pentenes and 17 hexenes, values are also given to 1,000° or
1,500°K, for the following properties: The heat-content function, (H°—H,°)/T;
the free-energy function, (#°— H,°)/T'; the entropy, S°; the heat content, H°— H,°;
and the heat capacity, C,°.

Equilibrium constants and concentrations are given in tabular and graphical
form for the isomerization of the 4 butenes, 6 pentenes, and 17 hexenes, as a
function of the temperature to 1,000° or 1,500°K. Iquilibrium constants are
also given in tabular and graphical form for some reactions of hydrogenation,
dimerization, and alkylation.
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I. INTRODUCTION

As part of the work of the American Petroleum Institute Research
Project 44 and the Thermochemical Laboratory at the National Bu-
reau of Standards, values have been calculated for the heat-content
function, the free-energy function, entropy, heat content, and heat
capacity, of the 6 pentenes and 17 hexenes in the gaseous state to
1,000° or 1,500° K, and for the higher normal 1-alkenes in the gaseous
state to 1,500° K. These data have been combined with similar
values calculated for ethylene, propylene, and four butenes, all in the
gaseous state, to 1,500° K [1],* and with the previously reported
values of the heats of formation at 25° C, from the elements, of all
the monoolefin hydrocarbons through the hexenes and of the higher
normal 1-alkenes [2], to obtain, for the corresponding temperatures to
1,000° or 1,500° K, values of the heats, free energies, and equilibrium
constants of formation of the 29 monoolefin hydrocarbons through
the hexenes and of the higher normal 1-alkenes, values of the free
energies and equilibrium constants of isomerization of the butenes,
pentenes, and hexenes, and values of the equilibrium constants for
some reactions involving hydrogenation, dimerization, and alkylation.
The results are presented in this report in tabular and graphical form.

II. UNITS AND CONSTANTS

The unit of energy, atomic weights, and values of the fundamental
constants used in this report are the same as those previously de-

scribed [3].

III. HEAT-CONTENT FUNCTION, FREE-ENERGY FUNC-
TION, ENTROPY, HEAT CONTENT, AND HEAT CA-
PACITY

1. METHOD AND DATA USED IN THE CALCULATIONS

Details of the statistical calculations not described here may be
found in references [1, 3, 4].

(a) ETHYLENE, PROPYLENE, AND THE FOUR BUTENES

The values for these six monoolefins are taken directly from refer-
ence [1].
(b) PENTENES AND HEXENES

As no appropriate calorimetric data nor complete spectroscopic
data for the pentenes were available, an approximate method of cal-
culation was used for these molecules, similar to the method used for
the pentynes [4]. This method involves the addition to the values
for 1-butene (modified as described below) of contributions arising
from appropriate structural increments determined from the lower
members of the paraffin and monoolefin series, with cognizance being
taken, where necessary, of differences in the symmetry numbers and
in the potential barriers restricting internal rotation.

The only potential barriers restricting internal rotation that re-
quire special consideration in this report are those involving the rota-

4 Figures in brackets indicate the references at the end of this paper.
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tion of an ethyl or larger alkyl group that is attached to a doubly
bonded atom. All other barriers restricting internal rotation were
taken to be the same as in the corresponding paraffin or lower olefin
hydrocarbons. The barriers restricting internal rotation of an ethyl,
n-propyl, or isopropyl group attached to a doubly bonded carbon in
the pentenes were taken as indicated in figure 1 and table 1. In
figure 1, the several barriers are given by the following relations:

Type (a): _
V=(1/2)(1—sin 3¢)2400 cal/mole; 0°<¢$<240°
=2400 cal/mole; 240°<$<360° (€))
Type (b): :
V=(1/2)(1—sin 3¢)2400 cal/mole; 0°<¢$<240° 2)
=o0 cal/mole; 240° <¢< 360°
Type (c): ¥
V=(1/2)(1—sin 3¢)2400 cal/mole; 0°<$<120°
=2400 cal/mole; 120°<¢<360° 3)
Type (d): \
V=(1/2)(1—sin 3¢$)2400 cal/mole; 0°<$<360° 4)

A potential barrier of type (a) was used in the case of 1-butene [1].
The equations of tables 1 and 2 for the pentene and hexene isomers
in which the skeletal rotation adjacent to the ethylenic group is
essentially the same as in 1-butene do not mention potential barrier
type (a) explicitly, as the effect of this hindering potential is included
in the functions of 1-butene.

For calculating the contribution to a given thermodynamic prop-
erty arising from the restricted rotation in the foregoing cases, the
classical partition function may be used, since the moment of inertia
of the rotating group (ethyl or propyl) is considerably larger than that
of the methyl group:

Q:[(%IkT)I/Z/nh]ﬁ'e-m%, 5)

Q=the classical partition function for internal rotation
T=the reduced moment of inertia of the rotating group
k=the Boltzmann constant

T'=the absolute temperature

n=the symmetry number for the given rotation
h=Planck’s constant

V=the potential energy of the rotor, a function of ¢
R=the gas constant

¢=the angle of rotation.

where

The integral in eq 5 was readily evaluated for each case in terms of
Bessel functions.

The equations for calculating the thermodynamic functions of
pentenes and hexenes are given in tables 1 and 2.
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Fiaure 1.—Potential barriers restricting internal rotation.
See text for explanation,
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TABLE 1.—Components used in the evaluation of the heat-content function, (H°
— H3)/T, the entropy, S°, the negative of the free-energy function,— (F°— Hg)/T,
and the heat capacity, C,°. for the pentenes

No. Compound Components

I Gl-Rentiene-"=- S5 IO RSN 00 8 1-Butene+-(n-butane—propane).

27 1 cls-2-Penten® =< .- zr il s ey 1-Butene*+(type b internal rotation for the ethyl group)-+
(cis-2-butene—propylene)-+Rin2.

3 | trans-2-Pentene._ ... ______.. 1-Butene+-(frans-2-butene —propylene) - RIn2.

4 | 2-Methyl-1-butene.___________. 1-Butene*--(type c¢ internal rotation for the ethyl group)-+
(isobutane —propylene)- RIn2.

5 | 3-Methyl-1-butene________.___. 1-Butene*-(type d, internal rotation for the isopropyl group) -+
(isobutane—propane)+ RIn(3/2).

6 | 2-Methyl-2-butene...._________ 2/;; : (cis-2-Butene+-trans-2-butene+-isobutene) — (propylene)+
?In4.

a See figure 1 and the text for the description of the potential barriers restricting internal rotation. The
term involving RlIn is to be included for the entropy and the negative of the free-energy function but dis-
regarded for the heat-content function and the heat capacity. The asterisk on 1-butene indicates the value
not including the contribution arising from the internal rotation of the ethyl group in I-butene. For cis-2-
pentene, the particular set of components chose results in a much smaller net restriction on the internal
rotation of the ethyl group than is apparent at first glance.

TaprLe 2.—Components wused 1in the evaluation of the heal-conlent function
(H°—H,)|T, the entropy, S°, the negalive of the free-energy funclion,
— (F°—H,;)|T, and the heat capacity, C,, for the hexenes

No Compound Componentsa
R IO B2 13 2 (2> (51T St e et R S0 1-Butene+ (n-pentene—propane).
2 | cis-2-Hexene . cis-2-Pentene+(n-butane—propane).
3 | trans-2-Hexene. trans-2-Pentene+(n-butane—propane).
4 | cis-3-Hexene ... cis-2-Pentene-(cis-2-pentene —cis-2-butene) — Rin4.
5 | trans-3-Hexene..._._.__.__._.. trans-2-Pentene+- (frans-2-pentene —trans-2-butene) — RIn4.
6 | 2-Methyl-1-pentene_..________ 2-Methyl-1-butene+ (n-butane —propane).
7 | 3-Methyl-1-pentene 3-Methyl-1-butene+(2-methylbutane—isobutene) — RIn(3/2).
8 | 4-Methyl-1-pentene 1-Pentene+ (2-methylbutane—n-butane) — RIn2.
9 | 2-Methyl-2-pentene._._ cis-2-Pentene- (isobutene—propylene)+ RIn2.
10 | cis-3-Methyl-2-pentene..._.___ cis-2-Pentene--(isobutene—propylene)+RIn2.
11 | trams-3-Methyl-2-pentene._ . ___ 2-Methyl-1-butene+-(cis-2-butene —propylene) 4 RIn2.
12 | cis-4-Methyl-2-pentene........| 3-Methyl-1-butene+- (cis-2-butene—propylene) -+ RIn2.
13 | trans-4-Methyl-2-pentene ... | 3-Methyl-1-butene+ ({rans-2-butene—propylene)-RIn2.
14 | 2-Ethyl-1-butene________ 2-Methyl-1-butene+ (2-methyl-1-butene—isobutene) — RIn(36/7.)
15 | 2,3,-Dimethyl-1-butene.._____ 3-Methyl-1-butene+- (isobutene—propylene) -+ RIn2.
16 | 3,3-Dimethyl-1-butene___ ... __ Propylene--(2,2-dimethylbutane—propane) — RIn2.
17 | 2,3-Dimethyl-2-butene__._____ cis-2-Butene+isobutene-trans-2-butene —2(propylene)-Rin2.

s The term involving RIn is to be included for the entropy and the negative of the free-energy function
but disregarded for the heat-content function and the heat capacity.

2. RESULTS FOR THE PENTENES AND HEXENES

The resulting values of thermodynamic properties for the 6 pentenes,
17 hexenes, and the higher normal 1-alkenes are presented in tables
3 to 17, which give values of the heat-content function, (H°—H;)/T;
the free-energy function, (F°—H;)/T’; the entropy, S°; the heat con-
tent, H°—H; and the heat capacity, C,°.

IV. HEAT OF FORMATION, FREE ENERGY OF FORMA-
TION, AND EQUILIBRIUM CONSTANT OF FORMATION

1. METHOD AND DATA USED IN THE CALCULATIONS

The same method of calculation was used as described in Section
IV-1 of reference [3].
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For the heats of formation at 25° C of the monoolefin hydrocarbons
in the gaseous state from the elements, solid carbon (graphite) and
gaseous hydrogen, the values given in reference [2] were used.

2. RESULTS FOR ALL THE MONOOLEFINS THROUGH THE HEXENES
AND FOR THE HIGHER NORMAL 1-ALKENES

The resulting values of the thermodynamic properties for the forma-
tion of ethylene, propylene, 4 butenes, 6 pentenes, 17 hexenes, and
the higher normal 1-alkenes, in the gaseous state, from the elements
carbon (solid, graphite) and hydrogen (gaseous), are presented in
tables 18 to 29, which give values of the heat of formation, AHf°; the
free energy of formation, AFf°; and the logarithm of the equilibrium
constant of formation, log;, Kf; all to 1,000° or 1,500° K.

Figure 2 shows the thermodynamic stability of the normal 1-alkenes
in the gaseous state as a function of temperature, in the form of a plot
of the standard free energy of formation, per carbon atom, divided by
the absolute temperature. This plot may be compared with corre-
sponding plots for the normal paraffins and the 1-alkynes [4, 5].
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F1curE 2.—Thermodynamic stability of the 1-alkene hydrocarbons in the gaseous
state as a function of temperature.

The scale of ordinates gives the value of (1/n) (AFf°/T) in calories per degree mole, where n is the number
of carbon atoms per molecule, 7 is the absolute temperature in degrees Kelvin, and A Ff° is the standard
free energy of formation of the hydrocarbon from the elements, solid carbon (graphite) and gaseous hydro-
gen, as given in table 10. The scale of abscissas gives the temperature in degrees Kelvin.
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TaBLE 3.—Values® of the heat content function, (H®°— Hy) [T, for the sixz pentenes,
Jor the ideal gaseous state, to 1,5600° K

Temperatures in °K
Compound (gas) | SO | o |20816| 300 | 400 | 80 | 600 | 700 | 800
Heat-content function,b (F°—H5)/T, in cal/deg mole
1-Pentene___ -| CsHio 0 17.97 18.02 | 21.25 24.45 27.53 30. 40 | 33.05
cis-2-Pentene. -| CsHuo 0 16.25 | 16.29 | 19.24 | 22.38 | 25.47 | 28.41 | 31.14
trans-2-Pentene. -| CsHio 0 17.27 | 17.32 | 20.54 | 23.76 | 26.85 | 29.71 | 32.39
2-Methyl-1-butene__._| CsHio 0 16. 77 16.82 20. 20 23. 53 26. 69 29.63 | 32.34
3-Methyl-1-butene_... | CsHio 0 17.23 | 17.29 | 20.95 | 24.42 | 27.61 | 30.53 | 33.20
2-Methyl-2-butene__._| CsHio 0 16.38 | 16.43 | 19.56 | 22.70 | 25.77 | 28.66 | 31.37
Temperatures in °K
Compound (gas) i?ll].-a 900 1,000 1,100 1,200 1,300 1,400 1,500
Heat-content function,b (F°—H§)/ T, in cal/deg mole

JEPentens. s i s, S BT T ALY CsHpo 35.48 37.74 | 39.84 41.78 43.59 45.26 | 46.81
cis-2-Pentene_ _ . CsHyo | 33.68 | 36.05 | 38.22 | 40.24 | 42.12 | 43.86 | 45.48
trans-2-Pentene._ . CsHypo | 34.86 | 37.16 | 39.28 | 41.24 | 43.06 | 44.75 | 46.33
2-Methyl-1-butene._ CsHio 34.83 37.15 39.30 41.27 | 43.11 44.82 | 46.39
3-Methyl-1-butene.__ -| CsHo 35.66 | 37.94 | 40.04 41.99 43.79 45.44 | 46.97
2-Methyl-2-butene.__._..._._._ CsHyo | 33.87 | 36.20 | 38.36 | 40.37 | 42.23 | 43.96 | 45.57

a Interpolation to other temperatures in the interval 298.16° to 1,500° K may be made by appropriate
graphical or analytical methods. :
by extrapolating the values for 300°, 400°, 500° and 600° K. The values in this table are given to more sig-
nificant figures than are warranted by the absolute accuracy of the individual values in order to retain the
internal consistency of the several thermodynamic functions of a single substance, and also to retain the
significance of the increment with temperature of a given thermodynamic function.

b The heat-content function, (H°— H;)/ T,is the heat content at the given temperature less the heat content
at 0°K, divided by the absolute temperature (°K) of the given hydrocarbon in the thermodynamicstandard
gaseous state of unit fugacity (1 atmosphere).

For temperatures between 200° and 298.16° K, values may be estimated
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TarLe 4.—Values 2 of the heat-content function, (H°— H,,)/T for the 17 hexenes,
for the ideal gaseous state, to 1,600°K

Temperature » in ° K
Compound (gas) Iﬁg{; 0 | 298.16 ‘ 300 400 500 600 700 800
Heat-content funetion b, (H°—Hj§)/T, in cal/deg mole

=Eietenoe. | G5t | CeHi1a 0 21.40 | 21.46 25.5 20.4 33.1 36. 6 39.8

cis-2-Iexene _ _ -| CeHi2 0 20.05 | 20.11 23.8 27.6 31.3 34.8 38.1

trans-2-Hexene._ -| CéHna 0 21.07 | 21.13 25.1 29.0 32.7 36. 2 39.4

cis-3-Hexene.____ -| CeéHia 0 19.29 | 19.36 | 23.1 27.0 30.8 34.4 37.7

trans-3-Hexene________ CsH1a 0 20.51 | 20.57 | 24.7 28.7 32.5 36.1 39.3

2-Methyl-1-pentene_..| CesHiz 0 20.57 | 20.63 | 24.7 28.7 32.5 36.1 39.3

3-Methyl-1-pentene CsHi1a 0 20.13 | 20.21 | 24.8 29.1 33.0 36.6 39.9

4-Methyl-1-pentene_._| C¢Hia 0 19.63 | 19.70 | 24.1 28.3 32.3 36.0 39.3

2-Methyl-2-pentene-..| CgHiz 0 19.05 1911 23.0 27.0 30.8 34.4 37.8
cis-3-M et hy 1-2-pen-

tene ioas o nar ol CeHia 0 19.05 19.11 | 23.0 27.0 30.8 34.4 37.8

CeHi 0 19.05 | 19.11 | 23.0 27.0 30.8 34.4 37.8

CeHis 0 19.51 19.58 | 23.8 27.9 3L.8 35.3 38.6

ten CoHio 0 20.33 20. 40 24.8 28.9 32.8 36.3 39.5

Z-Ethyl 1-] butene_ CeHig 0 19.81 19.87 24.0 28.1 32.0 35.6 38.9

CeHi 0 20.03 | 20.10 | 24.7 29.0 33.0 36.6 39.8

CeHig 0 18.71 18.75 | 23.2 27.6 3L.7 35.6 39.1

CeHia 0 19.11 19.16 | 23.0 26.9 30.7 34.2 37.5

Temperature » in ° K

Compound (gas) !fl‘g{a 900 | 1,000 | 1,100 | 1,200 | 1,300 | 1,400 ! 1,500
Heat-content function,b (H°—Hj§)/T, in cal/deg mole

ISFIPXORoM, - - s D g CeHip | 42.8 45.5 48.0 50. 4 52.6 54.6 56.5
cis-2-Hexene.___ CeHip | 411 44.0 L SET 2ot i RE e
trans-2-Hexene. . CeHiz | 42.3 45.1 e g T S Lg
cis-3-Hexene____ Ce¢Hiz | 40.8 43.7 T Sagr Be o £ s
trans-3-Hexene......--__...io_. CeHi | 42.3 45.1 £y e =L = S
2-Methyl-1-pentene_._.._..___. CeHiz | 42.3 45.1 iz 39 Qe Aty 2 el S
3-Methyl-1-pentene. CeHia | 42.9 45.7 Tai s T s bl B
4-Methyl-1-pentene. CeHyp | 42.4 45,2 e e IR St =
2-Methyl-2-pentene.._ CeHiz | 40.8 43.7 AL s 1 B A e
cis-3-Methyl-2-pentene_.._____. CeHia | 40.8 43.7 S Tt R (e R
trans-3-Methyl-2-pentene_.____ CeHiz | 40.8 43.7 o 0 2 't Do Sack
cis-4-TransMethyl-2-pentene...| CeHiyz | 41.6 44.5 S Al e e L
trans-4-Methyl-2-pentene._ __ Ce¢Hya | 42.5 45.3 A T A 208, S0
2-Ethyl-1-butene__._____ .| CeHiz | 42.0 44.8 AL LA Lk s S el S50
2,3-Dimethyl-1-butene. CeHiz | 42.8 45.6 ST b Sy L ga
3,3-Dimethyl-1-butene...______ CeHiz | 42.2 45.1 i oA Sahy A Sl
2,3-Dimethyl-2-butene..._.__.. CeHia | 40.5 43.4 2o s S 2 Saes

= See footnote ““a’’ of table 3.

b The heat-content function, (F°—Hj$)/T, is the heat content at the given temperature less the heat
content at 0°K, divided by the absolute temperature (°K) of the given hydrocarbon in the thermodynamic
standard gaseous state of unit fugacity (1 atmosphere),
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TaBLE 5.—Values ® of the heat-content funciion (H°— Hy,)|T, for the higher
1-alkenes, for the ideal gaseous state, to 1,600° K

Temperature »in ° K
Compound (gas) F"ﬁnu‘ 0 | 20816 | 300 400 500 600 700 800
eat-content function b (H°—Hg)/T in cal/deg mole
1-Heptene... . ... Cr Hu 0 24.83 24,91 29.7 34.3 38.7 42.8 46.6
1-Octene. . -| Cs Hie 0 28.26 | 28.36 33.9 39.2 44.3 49.0 53.4
1-Nonene. -| Cs His 0 31.69 31. 80 38.1 44.1 49.9 55.2 60. 1
1-Decene. -| Ci0 Hao 0 356.12 | 35.25 42,3 49.0 55.5 61.5 66.9
1-Undecene........... Cu Ha 0 38.556 | 38.69 46.5 53.9 61.0 67.7 73.7
1-Dodecene....._..__. Ci2 Ha 0 41.98 | 42.14 50.7 58.9 66. 6 73.9 80.5
1-Tridecene. - -| C1s Hzs 0 45. 41 45. 58 54.9 63.8 72.2 80.1 87.2
1-Tetradecene. ---|C1uHz 0 48.84 | 49.03 50.1 68.7 77.8 86.3 94.0
1-Pentadecene........| Cizs Ha 0 52.27 | 52.47 63.3 73.6 83.4 92.5 100. 8
1-Hexadecene._._.._.. Cis Hje 0 55.70 | b5.92 67.6 78.5 89.0 98.7 107.6
1-Heptadecene Ci7 Ha 0 59.13 | 59.36 71.8 83.4 94.6 | 105.0 114.3
1-Octadecene. .. -.| Cis Hss 0 62.56 | 62.81 76.0 88.4 | 100.1 111.2 | 121.1
1-Nonadecene. Cio Has 0 65. 99 66. 25 80.2 93.3 105.7 117.4 127.9
1-Eicosene..... Ca Hao 0 69.42 | 69.70 84.4 98.2 | 111.3 123.6 | 134.7
Les 0 3.430 | 3.445 4.21 4,92 5. 59 6.22 6.78
Temperature » in °X
Compound (gas) Foﬁnu' 900 1,000 1,100 1,200 1,300 1,400 1,500
Heat-content function b (H°—FH3)/T in cal/deg mole

IsHeptenp:t: 20 25 s iRE 700 Cr Hu| 50.0 53.3 56.3 59.0 61.6 63.9 66. 1
1-Octene.. Cs His| 67.3 61.1 64. 5 67.6 70.6 73.3 75.8
1-Nonene. Co His| 64.6 68.8 72,7 76.3 79.6 82.6 85.5
1-Decene. CroHa| 71.9 76.6 80.9 84.9 88. 6 92.0 95.1
1-Undecene.-. CuHa| 79.2 84.4 89.1 93.5 97.6 | 101.3 104.8
TDodegane s.. oo el o CiyHaxu| 86.5 92.2 97.4 102.1 106.6 | 110.7 114. 4
1-Tridecene. .. CizHz| 93.8 100.0 105. 6 110.7 115.6 120.0 124.1
1-Tetradecene. CsHas| 101. 1 107.7 | 113.8 | 119.4 | 124.6 | 129.4 | 133.8
1-Pentadecene. . CisHao | 108. 4 115.5 122.0 128.0 133.6 138.7 143. 4
LHexadepene. . ... wyusisihees CisHaa| 116.7 | 123.3 130.2 | 136.6 | 142.6 | 148.1 163.1
1-Heptadecene_._.._._.._....... CrrHu| 123.0 | 131.1 138.5 | 145.2 | 151.6 | 157.4 162.7
1-Octadecene. - -| CisHas | 130.3 138.9 146.7 153.8 160. 6 166. 8 172.4
1-Nonadecene _-| CieHas | 137.6 146. 6 154.9 162.5 169. 6 176.1 182.1
1-Eicosene. ta. e il i CzoHao| 144.9 154. 4 163. 1 171.1 178.6 185.5 191.7
AperiCH ey, TR s il 7.30 7.78 8.22 8.62 9.00 9.35 9. 66

a See footnote “‘a” of table 3.

b The heat-content function (H°—Hj7)/T, is the beat content at the given temperature less the heat
content at 0° K, divided by the absolute temperature (°K) of the given hydrocarbon in the thermodynamic
standard gaseous state of unit fugacity (1 atmosphere).

693459—46——6



TaBLE 6.—Values® of the free energy function, (F°— Hy)
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éT, for the six pentenes,

Temperatures in °K
Compound (gas) | 2O | o | 20816 | 300 | 400 | 50 | 600 | 700 | 800
Free-energy functionb, (F°—Hj;)/T, in cal/deg mole
1-Pentexiels Ciloc oo CsHio 0 [—65.11 |—65.23 |—70.88 |—75.96 |—80.68 (—85.13 |—89.37
cis-2-Pentene__________ CsHio 0 |—66.51 [—66.60 (—71.73 |—76.30 |—80.64 |—84.80 |—88.76
trans-2-Pentene.._.___ CsHio 0 |—64.54 |—64.65 [—70.13 |—75.01 |—79.60 |—83.97 |—88.12
2-Methyl-1-butene..._| CsHio 0 [—64.96 |—65.06 |—70.41 |—75.23 |—79.80 (—84.14 (—88.27
3-Methyl-1-butene..._ | CsHjo 0 [—62.47 |—62.57 |—67.99 |—73.12 |—77.87 (—82.34 [—86.59
2-Methyl-2-butene..._| CsHio 0 [—64.52 |—64.63 |—69.84 |—74.48 |—78.88 (—83.09 (—87.09
Temperature & in °K
Compound (gas) rggfa.. 900 1,000 1,100 1,200 1,300 1,400 1,500
Free-energy function,b (F°— Hj)/T), in cal/deg mole
I-Penfenes i iz .. 48 CsHio |—93.42 |—97.29 [—100.98 |—104. 52 [—107.91 |—111.20 |—114.39
cis-2-Pentene___.___.__... CsHio |—92.59 |—96.27 | —99.82 [—103. 22 |—106.52 |—109.70 |—112.81
trans-2-Pentene____._.___ CsHyo |—92. 07 |—95.87 | —99.51 |—103.02 |—106.39 |—109.64 |—112.78
2-Methyl-1-butene._...._| CsHio (—92.24 [—96.04 | —99.69 |—103.18 |—106.55 |—109.80 |—112.96
3-Methyl-1-butene._._.__ . CsHjo |—90. 65 |—94.51 | —98.23 [—101.77 [—105.20 |—108.51 |—111.73
2-Methyl-2-butene.._..._ CsHyo [—90.93 |—94.62 | —98.18 |—101.60 {—104.91 |—108.09 |—111.19

= See footnote “a’’ of table 3.
b The free-energy function, (F°— Hj3)/T, is the free energy at the given temperature less the heat content
at 0°K, divided by the absolute temperature (°K), of the given hydrocarbon in the thermodynamic stand-
ard gaseous state of unit fugacity (1 atmosphere).
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TABLE 7.—Values® of the frec-energy function, (F°—Hg)/T, for the 17 hexenes, for
the ideal gaseous stale, o 1,500°K.

Temperature » in °XK
Compound (gas) | £ | 0 | 20816| 300 | 400 | 50 | 600 | 700 | 80
Free-energy function,b (F°—FH§)/T, in cal/deg mole

- HeXenMa i 52 CeH1a 0 —70.85 {—70.98 | —77.7 | —83.8 | —89.5 | —94.8 | —99.9
cis-2-Hexene. . . CeHiz 0 —72.30 |—72.42 | —78.7 | —84.4 | —89.8 | —94.9 | —99.7
trams-2-Hexene. CsHiz 0 —70.33 |—70.47 | —77.1 | —83.1 | —88.7 | —94.0 | —99.1
cis-3-Hexene. . _ CHiz 0 —71.44 |—71.54 | —77.7 | —83.6 | —88.4 | —93.4 | —08.2
trans-3-Hexene.._..... CeHp2 0 —69.53 (—69.66 | —76.2 | —82.1 | —87.6 | —92.9 | —98.0
2-Methyl-1-pentene...| CsHiz 0 —70.75 |—70.88 | —77.4 | —83.4 | —88.9 | —94.2 | —09.2
3-Methyl-1-pentene.._| C¢Hiz 0 —70.32 [—70.44 | —76.8 | —82.9 | —88.5 | —93.9 | —99.0
4-Methyl-1-pentene...| CsHiz 0 —69.95 | —70.07 | —76.4 | —82.2 | —87.7 | —92.9 | —98.0
2-Methyl-2-pentene.__| C¢Hiz 0 |—71.40 (—71.51 | —77.6 | —83.1 | —88.3 | —93.4 | —98.2
cis-3-Methyl-2-pentene_| CgHiz 0 |—71.40 |—71.51 | —77.6 | —83.1 | —88.3 | —93.4 | —98.2
trans-&Methyl 2—pen—

. ten R CeHiz 0 —72.21 |—72.32 | —78.4 | —83.9 | —89.2 | —94.2 | —99.0

e.| C¢Hi 0 —69.72 |—69.83 | —76.0 | —81.8 | —87.2 | —92.4 | —97.3

tmns-4-Methy] -2-pen-

tengtl s |l g St CeHia 0 —67.69 |—67.81 | —74.3 | —80.3 | —85.9 | —91.2 | —96.3
Z-Ethyll butene...... CeHao 0 =70.20 (~70.31 | —76.7 | —82.4 | —87.9 | —93.1 | —98.1
2,3-Dimethyl-1-butene.| CgHiz 0 —67.36 |—67.48 | —73.9 | —79.9 | —85.6 | —90.9 | —96.0
3,3-Dimethyl-1-butene_| CsHia 0 —65.08 (—65.19 | —71.4 | —77.1 | —82.4 | —87.5 | —92.4
2,3-Dimethyl-2-butene.| CeHiz 0 —67.56 |—67.68 | —73.8 | —79.3 | —84.5 | —80.5 | —94.3

Temperature » in °K
Compound (gas) 11;{’1‘53 900 1,000 | 1,100 | 1,200 | 1,300 | 1,400 | 1,500
Free-energy function,b (F°—H{)/T, in cal/deg mole

LHexene uo o i 10l C¢Hpr | —104.8
cis-2-Hexene.. .. CeHi | —104.4
trans-2-Hexene. C¢Hiz | —103.9
cis-3-Hexene.__ . C¢Hyz | —102.9
trans-3-Hexene_.._._____ CeH1iz | —102.8
2-Methyl-1-pentene_____ C¢Hiz | —104.1
3-Methyl-1-pentene.__._| CgHiz | —103.9
4-Methyl-1-pentene.____| CgHyp | —102.8
2-Methyl-2-pentene.____ C¢Hiz | —102.8
cis-3-Methyl-2-pentene..| C¢Hyz | —102.8
trtms-3-M et hyl-2-pen-

tane. gl olis L S Al CeHiz | —103.6
czs-LMethyl-?rpentene__ CeHyz | —102.1
trans-4-M et h y 1-2-pen-

o1 (B Tl B Sl CeHpz | —101.1
2-Ethyl-1-butene_______ CoHiz x
2,3-Dimethyl-1-butene..| C¢Hjz | —100.9
3,3-Dimethyl-1-butene..| C¢Hiz | —97.2
2,3-Dimethyl-2-butene..| C¢Hiz | —98.9

= See footnote ‘‘a’ of table 3.

b The free-energy function, (F°—Hj)/T, is the free energy at the given temperature less the heat content
at 0o K, divided by the absolute temperature (°K), of the given hydrocarbon in the thermodynamic stand-
ard gaseous state of unit fugacity (1 atmosphere).
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TaBLE 8.—Values * of the free-energy function, (F° H.,)/T‘gfor the higher
1-alkenes, for the ideal gaseous state,fto 1,500°

Temperature s in ° K
4 |
Compound (gas) gg‘i 0 298.16 300 ‘ 400 ’ 500 600 700 800
a
Free-energy function,b (F°—H3)/T, in cal/deg mole
1-Heptene_ . .._.._____ CrHis 0 —76.60] —76.76| —84.6] —91.7| —98.3| —104.6|—110.6
1-Octene.. _--| CsHis 0 —82.35| —82.54] —91.5| —99.6| —107.2| —114.4|—121.2
1-Nonene._ ---| CoHs 0 —88.16] —88.31| —98.3| —107.5| —116.0f —124.1]—131.8
1-Decene_._. ---| C1oHzo 0 —03.85) —94.09| —105.2| —115.3| —124.9( —133.9|—142.5
1-Undecene_____._____ CuHa 0 —99.60] —99.86| —112.1f —123.2| —133.7| —143.6/—153.1
1-Dodecene.. .| CioHas 0 —105.35| —105. 64| —118.9| —131.1| —142. 5| —153.4|—163.7
1-Tridecene. —--| CisHas 0 —111.10{ —111. 41| —125.8] —139.0] —151.4] —163.1|—174.3
1-Tetradecen: ---| CuuHas 0 —11i6.85|—117. 19| —132.7| —146.9| —160.2| —172.¢|—185.0
1-Pentadecene. ..__.._| CysHzo 0 —122.60{—122. 96| —139.5] —154.8 —169.1| —182.6/—195.6
1-Hexadecene.._..__._. CisHsz 0 —128.35| —128. 74| —146.4| —162.7| —177.9| —192.4(—206. 2
1-Heptadecene_.._..__ CirHsy 0 —134.10|—134. 51| —153.2| —170.5| —186.8| —202.1|—216.8
1-Octadecene. CisHzes 0 —139. 85| —140. 20| —160.1| —178.4| —195.6| —211.9|—227.5
1-Nonadecene CioHss 0 —145. 60| —146. 06| —167.0| —186.3| —204.5| —221.7(—238. 1
1-Eicosene. . .._..._.__ CaoHso 0 —151.35| —151. 84| —.73.8| —194.2 —213.3| —231.4|—248.7
avper CHge. ¥og 0k 2100 0 —5.750| —5.775| —6.87| —7.89] —8.85| —9.76/—10.63
Temperature a2 in ° K
Compound (gas) rﬁ%a 900 1,000 1,100 1,200 1,300 ,400 1,500
Free-energy function,» (F°—Hjg)/T, in cal/deg mole
1-Heptene___.______.____ CrHys | —116.3 | —121.7 | —127.0 | —132.0 | —136.8 | —141.4 | —145.9
1-Octene__._ CgHys | —127.7 | —134.0 | —140.0 | —145.7 | —151.2 | —156.5 | —161.7
1-Nonene._ CoHyg | —139.2 | —146.3 | —153.0 | —180.5 | —1656.7 | —171.7 | —177.4
1-Decene__ _ CroHz | —150.7 | —158.5 | —166.0 | —173.2 | —180.2 | —186.8 | —163.2
1-Undecene...._.._..... CiiHsg | —162.1 | —170.8 | —179.1 | —187.0 | —194.6 | —202.0 | —209.0
1-Dodecene. ... ....._... CigHops | —173.6 | —183.0 [ —192.1 —209.1 | —217.1 | —224.7
1-Tridecene_ .| C1aBae | —185.0 | —195.3 | —205.1 —223.6 | —232.2 | —240.5
1-Tetradecene. _ .| CusHog | —196.5 | —207.6 | —218.2 —238.1 | —247.4 | —256.3
1-Pentadecene. - .| CisHsgo | —208.0 | —219.8 | —231.2 —252.5 | —262.5 | —272.0
1-Hexadecene_.__._____. CyeHsa | —219.4 | —232.1 | —244.2 —267.0 | —277.7 | —287.8
1-Heptadecene_______.___ CyyHae | —230.9 | —244.3 | —257.3 —281.5 | —292.8 | —303.6
1-Octadecene .. _ —--| CisHass | —242.3 | —256.6 [ —270.3 —295.9 | —307.9 | —319.4
1-Nonadecene _--| CroH3zs | —253.8 | —268.9 | —283.3 —310.4 | —323.1 | —335.1
1-Eicosene......_._._.... Cgotlgo | —265.3 | —281.1 | —296.3 —324.9 | —338.2 | —350.9
A POTAGHE Fa e b D DSl —11.46 | —12.26 | —13.03 —14.47 | —15.14 | —15.77

= See footnote ‘“2” of table 3,

b The free-energy function, (F°—H;{)/T, is the free energy at the given temperature less the heat content
at 0° K, divided by the absolute temperature (° X), of the given hydrocarbon in the thermodynamic stand-
ard gaseous state of unit fugacity (1 atmosphere).
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TaBLE 9.—Values ® of the entropy, S°, for the six pentenes, for the ideal gasecous
state, to 1,5600° K

Temperature » in ° K
Compound (gas) If:g{g 0 | 20816 | 300 400 500 600 700 800
Entropy,b S°, in cal/deg mole
1-Pentene .t i i .. CsHio 0 83.08 83. 25 92.13 | 100.41 | 108.21 | 115. 53 |122. 42
cis-2-Pentene. -.| CsHo 0| 8276 8289 | 90.97 | 98.68 | 106.11 | 113.21 |119. 90
trans-2-Pentene_______| Cs;Hyo 0| 81.81 81.97 | 90.67 | 98.77 | 106.45 | 113.68 {120. 51
2-Methyl-1-butene....| C;Hio 0 81.73 | 81.88 [ 90.61 98.76 | 106.49 | 113.77 |120. 61
3-Methyl-1-butene__ .| CsHjo 0 79.70 79. 86 88. 94 97.54 | 105.48 | 112.87 [119.79
2-Methyl-2-butene.._.| CzHyo 0| 80.90 | 81.06 | 89.39 | 97.18 | 104.65 | 111.75 |118. 46

Temperature » in ° K

Compound (gas) Jor- | 900 | 1,00 | 1,100 | 1,200 | 1,800 | 1,400 | 1,500

Entropy,b S°, in cal/deg mole

1-Pentene
cis-2-Pentene_

CsHyo | 128.90 | 135.03 | 140.82 | 146.30 | 151. 50 | 156.46 | 161.20
-| CsHio | 126.27 | 132.32 | 138.04 | 143.46 | 148.64 | 153.56 | 158. 29

trans-2-Pentene._ --| CsHio | 126.93 | 133.03 | 138.79 | 144.26 | 140.45 | 154.39 | 159.11
2-Methyl-1-butene. ---| CsHio | 127.07 | 133.19 | 138.99 | 144.45 | 149.66 | 154.62 | 159. 35
3-Methyl-1-butene. ---| CsHio | 126.31 | 132.45 | 138.27 | 143.76 | 148.99 | 153.95 | 158. 70
2-Methyl-2-butene..__._._____ CpHjo | 124.80 | 130.82 | 136.54 | 141.97 | 147.14 | 152.05 | 156. 76

s See footnote ““a” of table 3.

b S° is the entropy (exclusive of nuclear spin) of the given hydrocarbon in the thermodynamic standard
gaseous state of unit fugacity (1 atmosphere) at the temperature indicated.
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TaBLE 10.—Values ® of the entropy, S°, for the 17 hexenes, for the ideal gaseous
state, to 1,500° K

Temperature 2 in ° K

Compound (zas) | X9 | 0 | 20816| 300 | 400 | 50 | 600 | 700 | 800

Entropy b, S°, in cal/deg mole

IHexeno. .. Lo ol CeHiz 92.25 | 92.44 | 103.2 | 113.2| 122.6 | 131.4 | 139.7

cis-2-Hexene.._.. CeHia 92,35 | 92.53 | 102.5| 112.0 | 12L.1| 129.7 | 137.8
trans-2-Hexene. . CeHiz 91.40 | 91.60 | 102.2 | 112.1| 121.4 | 130.2 | 138.5
cis-3-Hexene. _ CeHiz 90.73 | 9L78 | 100.7 | 110.6 | 119.2 | 126.8 | 136.0

trans-3-Hexene._._.___ CeHia

2-Methyl-1-pentene_._| CgHia
3-Methyl-1-pentene___| Ce¢Hiz
4-Methyl-1-pentene_..| Ce¢Hiz
2-Methyl-2-pentene_..| CgHjz
cis-3-Methyl-2-pen-

tenod T oty oo EF CeHiz

90.04 | 90.23 | 100.9 | 110.8 | 120.1 | 129.0 | 137.3

2 A A 121.4 | 130.3 | 138.5
90.45 | 90.65 | 101.6 | 112.0 | 121.5| 130.5 | 138.9
89.58 | 89.77 | 100.5| 110.5| 120.0 | 128.9 | 137.3
90.45 | 90.62 | 100.6  110.1| 119.2| 127.8 | 135.9

90.45 | 90.62 | 100.6 | 110.1 | 119.2 | 127.8 | 135.9

o ocococo ocoooo
©
b
@
[}
©
=
o
=
-
Q
X}
-
-
=
)
-

_________________ CeHig 0 91.26 | 91.43 | 101.4| 110.9 | 120.0 | 128.6 | 136.8
cis - 4 Methyl 2-pen-

_________________ CeHia 0 89.23 | 89.41 99.8 | 109.7 | 119.0 | 127.7 | 135.9
tram 4 Methyl-2-pen-

e (bl A RAGKE NI VTS Rer CeHiz 0 88.02 | 88.21 99.1( 109.2 | 118.7 | 127.5 | 135.8
2- Ethyl -1-butene._.__. CeHiz2 0 90.01 ({ 90.18 | 100.7 | 110.5 | 119.9| 128.7 | 137.0
2,3-Dimethyl-1-bu-

RS O R CeHiz 0 87.39 | 87.58 98.6 | 108.9 | 118.6 | 127.5 | 135.8
3, 3 D1methy1 1-bu-

_________________ CeHia 0 83.79 | 83.94 94.7 | 104.6 | 114.1 123.0 | 131.5

_________________ CeHiz 0 86.67 | 86.84 96.8 | 106.2 | 115.2 | 123.7 | 1318

Temperature 2 in ° K

Compound (gas) ggﬁ; 900 1,000 1,100 | 1,200 1,300 1,400 1,500

Entropy,b S°, in cal/deg mole

I-Hexene. .- . _ o i i i o CesHia 147.6 | 155.0
cla-Hexeno . . ti . it CesHiz 145.5 | 152.9
trans-2-Hexene CeHia | 146.2 | 153.6
cis-3-Hexene.. . ..ot 00 CesHia | 143.7 | 151.0
trans-3-Hexene. .| CeHia | 1451 152.5
2-Methyl-1-pentene_._._._____ CeHiyz | 146.4 | 153.8

3-Methyl-1-pentene_ CeHyz | 146.8 | 154.2
4-Methyl-1-pentene_ CeHiz | 145.2 | 152.6
2-Methyl-2-pentene___.. _| CeHyz | 143.6 | 151.0
cis-3-Methyl-2-pentene__._____ CeHyz | 143.6 | 151.0

trans-3-Methyl-2-pentene. .. CsHiz | 144.5 | 151.8
cis-4-Methyl-2-pentene._______| CsHis 143.7 | 151.0
trans-4-Methyl-2-pentene___._| CgHja 143.6 | 151.0

2-Ethyl-1-butene..________ -| Ce¢Hia 144.8 | 152.2
2,3-Dimethyl-1-butene CsHyz | 143.7 | 151.1
3,3-Dimethyl-1-butene._..____ Ce¢Hiz NA0RNI 1 ATRON ciel ew alibs el se Do op Aai -l SO
2 3-Dimethyl-2-butene__._____ CeHiz 489 INA AT e Voot SRR R e b e S

= See footnote “a” of table 3. ¢
b S° is the entropy (exclusive of nuclear sgnn) of the given hydrocarbon in the thermodynamic standard
gaseous state of unit fugacity (1 atmosphere) at the temperature indicated.
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TaBLE 11.—Values ® of the entropy, S°, for the higher 1-alkenes for the ideal gaseous
state, to 1,5600° K

Temperature ® in ° K
Compound (gas) i{’ﬁ; 0 208.16 300 400 500 600 700 800
Entropy,b S8°, in cal/deg mole

1-Heptene_ __._.._.__.._ CrHu 0 (101.43 |101. 67 114.3 126.0 137.0 147.4 [157.2
1-Octene CsHip 0 [110.61 |110.89 125.3 138.8 151.4 163.4 [174.6
1-Nonene._ - Cg¢His 0 (119.79 1120.11 136. 4 151. 6 165.9 179.3 |(192.0
1-Decene CoHao 0 (128.97 |129.33 147.5 164. 4 180. 3 195.3 ]209. 4
1-Undecene CuHa 0 (138.15 |138.55 158. 6 177.2 194.7 211.3 [226.8
1-Dodecene...._._..._ CraHas 0 (147.33 |147.77 169.6 | 190.0 209.2 | 227.2 |(244.2
1-Tridecene.._. Ci3Has 0 (156.51 |156.99 180.7 | 202.8 | 223.6 | 243.2 |261.6
1-Tetradecene. . CuHas 0 |165.69 |166.21 191.8 | 215.6 | 238.0 259.2 1279.0
1-Pentadecene. CisHso 0 |174.87 |175.43 202.9 | 228.4 252.5 275.2 |206.4
1-Hexadecene_.__.____ CiHaz 0 |184.05 |184.65 213.9 | 241.2 | 266.9 201.1 |313.8
1-Heptadecene. -| CuiHa4 0 (193.23 ]193.87 | 225.0 | 254.0 | 281.3 | 307.1 |[331.2
1-Octadecene CisHag 0 |202.41 (203.09 | 236.1 266.8 | 205.7 | 323.1 |348.6
1-Nonadecene.. CuHszs 0 ]211.59 |212.31 247.2 | 279.6 | 310.2 | 339.0 |366.0
1-Eicosene ... ......_.. CyHyo 0 [220.77 |221.53 258.2 | 292.4 | 324.6 | 355.0 |383.4

APEp O s 8L L L o 0| 9.180 | 9.220 | 11.08 | 12.80 | 14.43 | 15.97 | 17.40

Temperatures in ° K
Compound (gas) f]?ﬁa 900 | 1,000 | 1,100 | 1,200 | 1,300 | 1,400 | 1,500
Entropy,b S8°, in cal/deg mole

1-Heptene C7Hus | 166.3 175.0 183. 2 191. 0 198.3 205.3 212.0
1-Octene CsHie | 185.1 195.1 204. 5 213. 4 221.8 229.8 237.4
1-Nonene CoHis | 203.8 215.1 225.7 235.7 | 245.3 254.3 262.9
1-Decene CroHzo | 222.6 235.1 247.0 258. 1 268.7 278.8 288.3
1-Undecene. CnHsz | 241.3 | 255.2 | 268.2 | 280.5 | 292.2 | 803.3 | 313.7
1-Dodepaness.:. o o oo oo Ci2Has | 260.1 275.2 | 289.5 | 302.9 | 315.7 | 327.8 | 339.2
1-Tridecene.._..._. CisHas | 278.9 295.3 | 310.7 | 325.3 | 339.2 | 352.3 | 364.6
1-Tetradecene. . CuHags | 297.6 | 315.3 | 332.0 | 347.6 | 362.6 | 376.8 | 390.0
1-Pentadecene. . . CisHso | 316.4 | 335.3 | 353.2 | 370.0 | 386.1 | 401.3 | 415.5
1-Hexadecene. ... .o—-.ocooc. CigHaz | 335.1 3556.4 | 374.5 | 392.4 | 409.6 | 425.8 | 440.9
1-Heptadecene ___.____.._._.. CyHa | 353.9 | 375.4 | 395.7 | 414.8 | 433.0 | 450.2 | 466.3
1-Octadecene._ - CisHass | 372.6 395.5 417.0 437.2 | 456.5 474.7 491.7
1-Nonadecene . _ - .| CwHass | 391.4 415.5 | 438.2 | 459.5 | 480.0 499, 2 517.2
1-FiC0SEN6. .. e mim i onld CaoHyo | 410.1 435.5 | 459.5 | 481.9 | 503.4 | 523.7 | 542.6

A Dot el it o s L0 MR St 18.76 | 20.04 | 21.25 | 22.38 23.47 | 24.49 | 25.43

s See footnote ‘“a’’ of table 3.
b §°is the entropy (exclusive of nuclear spin) of the given hydrocarbon in the thermodynamic standard
gaseous state of unit fugacity (1 atmosphere) at the temperature indicated.
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TaBLE 12.—Values ® of the heat content, (H °—H,), for the six pentenes, for the ideal
gaseous state, 0 1,500°K

Temperatures in ° K

Compound (gas) | For 0 |203.16| 300 | 400 [ 500 | 600 | 700 | 800

Heat content,b (H°—H§J), in cal/mole

1-Pentene.._....__.... CsHuw | O | 5358 | 5406 | 8500 | 12230 | 16520 | 21280 | 26440
cis-2-Pentene__ .| OsHu | 0 | 4845 | 4887 | 7696 | 11190 | 15280 | 19890 | 24910
trans-2-Pentene_ .| CsHu | 0 | 5149 | 5196 | 8216 | 11880 | 16110 | 20800 | 25010
2-Methyl-1-butene_ .| GsHu | 0 | 5000 | 5046 | 8080 | 11770 | 16010 | 20740 | 25870
3-Methyl-1-butene .| GsHuw | 0 | 5137 | 5187 | 8380 | 12210 | 16570 | 21370 | 26360
2-Methyl-2-butene. | CsHi | 0 | 4834 | 4920 | 7820 | 11360 | 15460 | 20060 | 25100
Temperatures in ° K
Compound (gas) Jor- | 900 | 1,000 | 1,100 | 1,200 | 1,300 | 1,400 | 1,500

Heat contact,b (H °—H{), in cal/mole

CsHio | 31930 | 37740 | 43820 | 50140 | 56670 | 63360 70220
CsHyo | 30310 | 36050 | 42040 | 48290 | 54760 | 61400 68220
CsHio | 31370 | 37160 | 43210 | 49490 | 55980 | 62650 69500
2-Methyl-1-butene_ CsHyo | 31350 | 37150 | 43230 | 49520 | 56040 | 62750 69590
3-Methyl-1-butene. .| CsHyo | 32090 | 37940 | 44040 | 50390 | 56930 | 63620 70460
2-Methyl-2-butene__..________ CsHio | 30480 | 36200 | 42200 | 48440 | 54900 | 61540 68360

1-Pentene.___.
cis-2-Pentene._
trans-2-Pentene..__

» See footnote “‘a” of table 3.

b The heat-content function, (H°—H§)/T, is the heat content at the given temperature less the heat con-
tent at O° K, divided by the absolute temperature (° K) of the given hydrocarbon in the thermodynamic
standard gaseous state of unit fugacity (1 atmosphere).
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TABLE 13.—Values® of the heat content (H°— H,), for the 17 hexenes, for the ideal
gaseous state, to 1,500°

Temperatures in ° K
For-
Compound (gas) mula 0 208.16 ' 300 400 500 600 700 £00
Heat content,b (H°—I1§), in cal/mole
CiHja 0 6381 6438 | 10180 | 14680 | 19900 | 25600 | 31800
CsHj2 0 5978 6033 9510 13800 18800 | 24400 | 30300
CoHiz 0 6282 6339 | 10030 14480 | 19600 | 25300 | 31500
CeHia 0 5752 5808 9220 13490 | 18500 | 24100 | 30200
CsHis 0 6115 6171 9860 | 14360 | 19500 | 25200 | 31500
2-Methyl-1-pentene. .| CsHis 0 6133 6189 9890 14360 19500 | 25200 | 31500
3-Methyl-1-pentne..__| CsHiz 0 6002 6063 9910 14530 | 19800 | 25600 | 31900
4-Methyl-1-pentene. .| CeHiz 0 5863 5910 9620 14160 19400 25200 | 31500
2-Methyl-2-pentene. _.| CeHiz 0 5680 5733 9210 | 13500 | 18500 | 24100 | 30200
cis-3-Methyl-2-pen-
tenolue . | ol CeHja 0 5680 5733 9210 | 13500 | 18500 | 24100 | 30200
trans-S-Methyl -2-pen-
________________ CsHis 0 5680 5733 9210 | 13500 | 18500 | 24100 | 30200
c13-4 Methyl -2-pen-
________________ CsHiz 0 5817 5874 9510 | 13950 | 19050 | 247 30900
trans-4—Methv1—2—pcn—
tenBie gus. ok 0o CesHj2 0 6062 6120 9910 | 14460 | 19700 | 25400 | 31600
2—Ethy]—l butene..... CsHis 0 5907 5961 9610 | 14070 | 19200 | 24900 | 31100
2,3-Dimethyl-1-
butene_...__. CeHiz 0 5972 6030 9890 14520 | 19200 | 25600 | 31900
3,3-Dimeth
butene ______________ CsHjz 0 5579 5625 9300 | 13790 | 12000 | 24000 | 31300
D 1 methyl-2-
.............. CesHjz 0 5698 5748 9210 13450 | 18400 | 23900 | 30000
Temperatures in © K
For-
Compound (gas) mula 900 1,000 1,100 1,200 1,300 1,400 1,500
Heat content,b (H°— Hj), in cal/mole
NG (o1 1 (IS SOt da e i CsHjs | 38500 | 45500 | 52800 | 60500
cis-2-Hexene_ __ C¢Hig | 37000 | 44000 e a2
trans-2-Hexene. Ce¢Hia | 38100 | 45100 FERe sl
cis-3-Hexene . __ CeHyz2 | 36700 | 43700 ke g S
trans-3-Hexene, Ce¢Hyy | 38100 | 45100 s ey
2-Methyl-1-pentene.__._______ C¢Hiyz | 88100 | 45100 g 4
3-Methyl-1-pentene.. -| CeHjz | 38600 | 45700 S T
4-Methyl-1-pentene._ _| CeHiya | 38100 | 45200 £ et
2-Methyl-2-pentene.._.___.___ CeHyg | 36700 | 43700 s SR
cis-3-Methyl-2-pentene....._._ C¢Hyz | 36700 | 43700 ek RN
trans-3-Methyl-2-pentene. . Ce¢Hja | 36700 | 43700 Sy fenind
cis-4-Methyl-2-pentene.__ CeHys | 37500 | 44500 2 Itk o
trans-4-Methyl-2-pentene. . CyHyyv'| 38300 - 13463001 | =20l oo
2-Ethyl-1-butene______ Ce¢Hyz | 37800 | 44800 | .- | --_—-
2,3-Dimethyl-1-butene.__ CsHis | 38500 | 45600 | -—---- | --——-
3,3Dimethyl-1-butene__ CeHiz | 38000 | 45100 | -__..
2,3-Dimethyl-2-butene CeHnis) 36600 K| 5434007 [ Jan 250,00

a See footnote ‘“a’” of table 3.
b (H°—H}) is the heat content at the given temperature less the heat content at O°K of the given hydro-
carbon in the thermodynamic standard gaseous state of unit fugacity (1 atmosphere).
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TABLE 14.—Values® of the heat content (H°— H,), for the higher 1-alkenes, for
the ideal gaseous state, to 1,500° K

Temperatures in ° K
Compound (gas) | o™ | o | 20816 | 300 | 400 | 500 | 600 | 70 | 80
Heat content,b (H°—Hj), in cal/mole
1-Heptene .. sucun_ CrHu 0 7403 7473 | 11860 | 17140 | 23220 | 30000 | 37300
1-Octene___ CsHis 0 8426 8508 | 13550 | 19600 | 26570 | 34300 | 42700
1-Nonene._ _ CoHig 0 9449 9540 | 15230 | 22060 | 29920 | 38700 | 48100
1-Decene._ CioHazo 0| 10471 10575 | 16920 | 24520 | 33270 | 43000 | 53500
1-Undecane._____._.__. CuHas 0| 11494 | 11607 18600 | 26970 | 36620 | 47400 | 58900
1-Dodecene CrHa 0| 12517 | 12642 | 20280 | 29430 | 39980 | 51700 | 64400
1-Tridecene. Ci13Hzs 0| 13539 | 13674 | 21970 | 31890 | 43330 | 56100 | 69800
1-Tetradecene. CuHoas 0| 14562 | 14709 | 23650 | 34350 | 46680 | 60400 | 75200
1-Pentadecene_ C1:Hso 0| 15585 | 15741 25340 | 36800 | 50030 | 64800 | 80600
1-Hexadecene._.______ CisHsz 0| 16608 | 1677 27020 | 39260 | 53380 | 69100 | 86000
1-Heptadecene......_. CrHas 0| 17630 | 17808 | 28700 | 41720 | 56730 | 73500 | 91500
1-Octadecene. - C1sHss 0 18653 18843 30390 44180 60080 | 77800 | 96900
1-Nonadecene- -| CiwHss 0 19676 19875 32070 46630 63430 | 82200 |102300
1-Eicosene......_..__. CayHyo 0| 20698 | 20910 | 33760 | 49090 | 66780 | 86500 |107700
ATDOIR Gy " L et e il 0 | 1022.7 | 1033.5 1684 2458 3351 4350 | 5420
Temperatures in ° K
Compound (gas) 11128{21 900 1,000 | 1,100 1,200 1,300 | 1,400 1,500
Heat content,b (H°—Hj), in cal/mole

1-Heptene: e, . ol il CrHis | 45000 | 53300 | 61900 | 70800 | 80000 | 89500 | 99200
1-Octene... CsHis 51600 61100 70900 81200 91700 | 102600 | 113700
1-Nonene.. CoHis 58200 68800 80000 91500 | 103400 | 115700 | 128200
1-Decene. - CroHazo | 64700 76600 89000 | 101800 | 115100 | 128800 | 142700
IrEndegenoE. . otlU Y SR CnHa | 71300 84400 98000 | 112200 | 126800 | 141900 | 157200
1-Dodeoene. co it L auiiin ol Ci2Has | 77900 | 92200 | 107100 | 122500 | 138500 | 155000 | 171600
1-Tridecene. —---| Ci3Hgs | 84400 | 100000 | 116100 | 132900 | 150200 | 168100 | 186100
1-Tetradecene_ -—--| CuuHas | 91000 | 107700 | 125200 | 143200 | 161900 | 181100 | 200600
1-Pentadecene_ ----| C1sHao | 97600 | 115500 | 134200 | 153600 | 173600 | 194200 | 215100
1-Hexadecene..._______.__._.. CioHsz | 104100 | 123300 | 143300 | 163900 | 185300 | 207300 | 229600

Cy7Hss | 110700 | 131100 | 152300 | 174300 | 197000 | 220400 | 244100
CisHse | 117300 | 138900 | 161300 | 184600 | 208700 | 233500 | 258600
CioH3s | 123800 | 146600 | 170400 | 194900 | 220400 | 246600 | 273100
CazoHyo | 130400 | 154400 | 179400 | 205300 | 232100 | 259700 | 287600

........ 6570 7780 9040 | 10340 | 11700 | 13090 | 14490

= See footnote ““a” of table 3. AL
b (H°— Hi) is the heat content at the given temperature less the heat content at O°K of the given hydro-
carbon in the thermodynamic standard gaseous state of unit fugacity (1 atmosphere).
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TaBLE 15.—Values ® of the heat capacity, C3, for the siz pentenes, for the ideal
gaseous state, to 1,500° K

Temperature ®* in ° K

Compound (gas) | X9 | o |2816| 300 | 40 | 500 | 600 | 700 | 80

Heat capacity,b C$, in cal/deg mole

28.35 | 28.47 | 35.26 | 40.97 | 45.90 | 50.15 | 53.85

3-Methyl-1-butene____| CsHio
25.49 | 25.62 | 32.22| 38.33 | 43.64 | 48.23 | 52.22

2-Methyl-2-butene....| CsHjo

1-Penthne .. = .o CsHio 0| 27.39 | 27.56 | 34.20 | 40.25 | 45.36 | 49.72 | 53.48
cis-2-Pentene. -| CsHio 0| 24.32| 24.45| 31.57 | 38.05| 43.62 | 48.25 | 52.29
trans-2-Pentene.....__| CsHio 0| 26.80| 26.92| 33.57 | 39.57 | 44.70 | 49.14 | 52.98
2-Methyl-1-butene._ CsHio 0| 26.69| 26.82| 33.71 | 39.81 | 44.97 | 49.40 | 53.23
0
0

Temperature » in ° K

Compound (gas) JFor- | 900 | 1,000 | 1,100 | 1,200 | 1,300 | 1,400 | 1,500

Heat capacity,b €39, in cal/deg mole

1sPendpnela:: toosi i iui: gl CsHyo | 56.76 | 59.61 | 62.08 | 64.26 | 66.13 | 67.78 | 69.18
i CsHio | 55.76 | 58.78 | 61.38 | 63.66 | 65.61 | 67.32 [ 68.81
o CsHyo | 66.31 | 59.23 | 61.75 | 63.96 | 65.87 | 67.54 | 68.98
2-Methyl-1-butene.. CsHio | 56.54 | 59.44 | 61.93 | 64.13 | 66.02 | 67.68 | 69.12
3-Methyl-1-butene.. CsHio | 57.03 | 59.83 | 62.28 [ 64.42 | 66.28 | 67.89 | 69.32
2-Methyl-2-butene............ CgHyo | 55.67 | 58.68 | 61.28 | 63.56 | 65.52 | 67.23 | 68.71

trans-2-Pentene.

» See footnote “a’ of table 3.
b (7 is the heat capacity at constant pressure of the given hydrocarbon in the thermodynamic standard
gaseous state of unit fugacity (1 atmosphere) at the temperature indicated.
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TaBLE 16.— Values ® of the heat capacity,”C,, for the 17 hexenes, for the ideal gascous
state, to 1,500° K

Temperature  in °© K
Compound (gas) ggga 0 |208.16| 300 | 400 | 500 | 600 700 | 800
Heat capacity,b Cj, in cal/deg mole
InHeEONO i St s CeHia 0 33.08 | 33.30 41.3 48.7 54.8 60.1 ( 64.6
cis-2-Hexene. - . CoHia 0 30.36 | 30.56 38.8 46.6 63. 2 58.7 | 63.4
trans-2-Hexene. CoHiz 0 32.84 | 33.03 40.8 48.1 54.2 59.6 | 64.1
cis-3-Hexene. _ CsHia 0 20.55 | 29.71 38.5 46,4 b3, 2 58.7| 63.5
trans-3-Hexene. CeHiz 0 32.63 | 32.78 41.1 48.4 54.6 59.8 | 64.4
2-Methyl-1-pentene...| CsHjz 0 32.73 | 32.93 41.0 48.3 54.5 59.8 | 644
3-Methyl-1-pentene.__| CsHje 0 34.04 | 34.19 42.5 49.6 55.6 60.7 | 65.2
4-Methyl-1-pentene.__| CeHi2 0 32.61 1 32.76 41. 5 48.9 55. 2 60.5 | 65.1
2-Methyl-2-pentene.__| CsHjs 0 30.26 | 30.42 39.0 46.6 53. 2 58.6 | 63.4
cis-3-Methyl-2-pentene| CeHiz 0 30.26 | 30.42 39.0 46.6 53.2 58.6 | 63.4
trans-:i-\lethyl -2-pen-
7oy SRR Sl CeHi2 0 30.26 | 30.42 39.0 46.6 53. 2 58.6 | 63.4
czs-&Methyl -2-pentene| CgHyz 0 31.92 | 32.07 40.5 47.8 54.1 59.4| 64.0
tran3-4-Methy1 -2-pen-
________________ CoHiz 0 33.80 | 33.94 41.9 48.8 54.8 60.0 | 64.5
2- Ethyl -1-butene...__. CoHiz 0 31.92 | 32.08 40.7 48.2 54. 5 59.8 | 64.4
2, 3-Dimethyl-1-bu-
tene L ol R CeHiz 0 34.20 | 34.44 42.6 49.5 55. 4 60.5 | 65.0
3, 3~D1methy1 1-bu-
................ CeHi2 0 31.72 | 31.87 40.6 48.4 55.0 60.6 | 65.3
2, 3—D1methy1 2-bu-
................ CeHig 0 30.48 | 30.63 38.6 46.1 52.5 58.0 | 62.9
Temperature @ in ° K
Compound (gas) IIIE; 900 1,000 | 1,100 | 1,200 | 1,300 | 1,400 | 1,500
Heat capacity,b €}, in cal/deg mole
153 8 20 (29 (o MG N P 8 SIS 3 CeHia 68.6 72.0 74.9 77.6 79.8 81.8 83.4
cis-2-Hexene_....__..._.. CoHiz 67.6 LRI £a 5
trans-2-Hexene.__________ CeHi2 68.1
cis-3-Hexene..._.._._____ .| CeHaa 67.6
trans-3-Hexene. .. _..__.______ CesHiz 68.3
2-Methyl-1-pentene.__________ CsHp2 68. 4
3-Methyl-1-pentene______ -| CeHia 69.0
4-Methyl-1-pentene._.._._ _| CeHiz 63.9
2-Methyl-2-pentene._ . _ .| CeHia 67.5
c¢is-3-Methyl-2-pentene.__ -| CeHn 67.5
trans-3-Methyl-2-pentene. ____| CgHja 67.5
cis-4-Methyl-2-pentene - . CsHi2 68.0
trans-4-Methyl-2-pentene CeHpa 68. 4
2-Ethyl-1-butene. _.____. CeHi2 68. 4
2,3-Dimethyl-1-butene_ ... ____ CeH iz 68.8
3,3-Dimethyl-1-butene..._____| CeHj2 69. 2
2,3-Dimethyl-2-butene..._____| CgHp 67.0

= See footnote ‘‘a” of table 3.
b C; is the heat capacity at constant pressure of the given hydrocarbon in the thermodynamic standard
gaseous state of unit fugacity (1 atmosphere) at the temperature indicated.
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TaBLE 17.—Values® of the heat capacity, C,, for the higher 1-alkenes for the ideal
gaseous state, to 1,600° K

Temperature & in ° K
Compound (gas) | ook | 0 [208.16 300 | w0 | 0 | o0 | 70 | so0
|
Heat capacity,b Cp, in cal/deg mole
CrHu 0| 38.8 | 39.11 48.4 57.1 64.3 70.5 | 75.8
CsHis 0 | 44.60 | 44.92 55. 6 65.5 73.8 80.8 | 86.9
C¢His 0| 50.36 | 50.73 62.7 74.0 83.3 91.2 | 98.0
CioHzo 0| 56.12 | 56.54 69. 8 82.4 92.7 |101.6 |109.2
CuHa 0| 61.88 | 6235 71.0 90.9 |102.2 | 111.9 |120.3
1-Dodecene. .....__.__ CiaHas 0| 67.64 | 68.16 84.1 99.3 |111.7 | 122.3 [13L.5
1-Tridecene._._. CisHazs 0] 73.40 | 73.97 9.2 |107.7 |121.1 | 132.7 [142.6
1-Tetradecene. _ -| CuuHas 0]79.16 | 79.78 98.4 | 116.2 | 130.6 | 143.0 [153.7
1-Pentadecene. _ CisHao 0]84.92 (8559 |105.5 | 124.6 | 140.1 153.4 |164.9
1-Hexadecene._ .. CisHa 0]9.68 |91.40 | 112.6 | 133.0 | 149.5 | 163.8 [176.0
1-Heptadecone....___. C1rHss 0f9.44 | 97.21 | 119.8 | 141.5 | 159.0 | 174.1 [187.2
1-Octadecene___ CisHas 0 (102.20 (103.02 | 126.9 | 149.9 | 168.5 | 184.5 [198.3
1-Nonadecene.._ CioHss 0 {107.96 [108.83 | 134.0 | 158.3 | 177.9 | 194.9 |209.4
1-Eicosene. _.......... CaoHuo 0 113.72 |[114.64 | 141.2 | 166.8 | 187.4 | 205.2 |220.6
ASperiGH T % Lo aete [ E s den 0| 5.760 | 5.810 7.13 8.44 9. 47 10.37 | 11.14
Temperature » in © ¥
Compound (gas) For- | 900 | 1,000 | 1,100 | 1,200 | 1,300 | 1,400 | 1,500
Heat capacity, b Cj, in cal/deg mole
|
C7Hu 80.4 84.4 87.8 90.8 93.5 95.8 97.7
CsHis | 92.1 96.7 | 100.7 104.1 107.1 109.7 | 111.9
CoHys | 103.9 | 109.1 113.5 117.4 120.8 123.7 126. 2
CioHgo | 115.7 121.5 126. 4 130.7 134.5 137.7 140. 4
CyHg | 127.5 | 133.8 | 139.2 | 144.0 148.2 151.7 154.7
J-Dodettnesss_ - Syo t it o CsHas | 139.3 | 146.2 | 152.1 157.3 161.8 | 165.7 | 168.9
1-Tridecene... Ci3Has | 151.1 158. 6 165. 0 170.6 175.5 179.7 183.2
1-Tetradecene CuHas | 162.9 | 170.9 | 177.8 183.9 189.2 | 193.7 | 197.4
1-Pentadecene. - CisHazo | 174.7 | 183.3 | 190.7 197.2 | 202.8 | 207.7 | 211.7
1-Hexadeoene. .. ill i _fac. CieHsz | 186.5 | 195.7 | 203.5 | 210.5 | 216.5 | 221.7 | 225.9
1-Heptadecene.......__._.__.. Ci7Hss | 198.3 | 208.1 | 216.4 | 223.7 | 230.2 | 235.7 | 240.2
1-Octadecene. __ -1 CisHss | 210.0 | 220.4 | 229.3 | 237.0 | 243.8 | 249.6 | 254.4
1-Nonadecene_ CioH3s | 221.8 | 232.8 | 242.1 | 250.3 | 257.5 | 263.6 | 268.7
1-Eicosene: g - o 8o | 10 Ca0Hyp | 233.6 | 245.2 | 255.0 | 263.6 | 271.2 | 277.6 | 282.9
APer CHy- v g il o, Sl 5 aiaaad 11.79 | 12,37 | 12.86 | 13.29 | 13.67 | 13.99 | 14.25

= See footnote ‘“a” of table 3.
b Cjp is the heat capacity at constant pressure of the given hydrocarbon in the thermodynamic standard
gaseous state of unit fugacity (1 atmosphere).
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TasLE 18.—Values * of the heat of formation, AHf®, for the six monoolefins, C,
Cy, for the ideal gaseous state, to 1,500° K

-

Temperature » in ° K
Compound (gas) nll‘g;; 0 298. 16 300 400 500 600 700 800
Heat of formation b, AHf°, in kcal/mole
Ethene (ethylene)_...| CsHy | 14.522 | 12.496 | 12.482 | 11.766 | 11.138 | 10.600 | 10.142 | 9.760
Propene (propylene)..| C3;Hg | 8.468 | 4.879 | 4.858 | 3.758 | 2.793 | 1.98 1.30 0.76
1=Butene 2. .t soo . CsHs 5.158 | 0.280 | 0.254 |—1.090 |—2.215 |—3.14 |—3.88 |[—4.46
cis-2-Butene__ ---| C¢Hs 3.704 (—1.362 [—1.393 |—2.996 |—4.369 |—5.51 |—6.44 |(—7.17
trans-2-Butene.____ .-.-| CiHs 2.506 [—2.405 |—2.432 |—3.846 |—5.074 |—6.11 |—6.95 |—7.62
2-Methylpropene (iso-
butene) ittt . S LA CiHs 1.676 | —3.343 |—3.370 |—4.736 |—5.911 (—6.88 |—7.690 |—8.31
Temperature 2 in ° K
Compound (gas) JPor- | o0 | 1,00 | 1,100 | 1,200 | 1,300 | 1,400 | 1,500
Heat of formation, b AHf°, in kecal/mole
Ethene (ethylene).........._. CoHy | 9.448 | 9.205 | 9.02 8.88 8.76 8.67 8.61
Propene (propylene).__..___.. CsHg | 0.34 0.03 |—0.18 |—0.32 |—0.42 [—0.47 | —0.48
T-Butene.sicas . 28 x. £ sitel CsHsg |—4.89 |—5.17 |—5.34 |—5.40 (—5.42 |—5.37 —5.29
cis-2-Butene_.__ CsHs |—7.74 |—8.14 |—8.40 |—8.55 |—8.64 |[—8.66 | —8.62
trans-2-Butene -.| CsHg [—8.12 |—8.46 |—8.69 |—8.81 [—8.87 [—8.87 | —8.82
2-Methylpropene (isobutene).| CsHs |—8.79 |—9.12 |—9.31 |—9.40 |—9.44 [—9.42 | —9.35

a See footnote ‘“a’ in tahle 3.

0

b A Hf° represents the increment in heat content for the reaction of forming the given compound in the

gaseous state from the elements carbon (solid, graphite) and hydrogen (gaseous),

products in their appropriate standard reference state at the temperature indicated.

TABLE 19.— Values ® of the heat of formalion, AHf®, for the siz pentenes, for the
2deal gaseous state, to 1,500°K

—
Temperature » in ° K

Compound (gas) Hon

£ & mula 0 298.16 | 300 400 500 600 700 800
Heat of formation,b AHf°, in kcal/mole
Ppentenel. Sl CsHio |[+1.019 | —5.000 | —5.034 | —6.65 | —8.01 | —9.10 | —9.97 |—10.64
cis-2-Pentene.. CsHio |—0.178 | —6.710 | —6.750 | —8.65 |—10.24 |—11.53 |—12. 56 (—13.36
trans-2-Pentene____. CsHyo |—1.362 | —7.590 | —7.625 | —9.31 [—10.73 |—11.89 |—12.83 [—13.55
2-Methyl-1-butene..| CsHjyo |—2.303 | —8.680 { —8.716 |—10.39 |—11.79 |—12.92 (—13.38 |—14.53
3-Methyl-1-butene..| CsHjo |—0.681 | —6.920 | —6.952 | —8.47 | —9.72 |—10.75 [—11. 58 [—12.22
2-Methyl-2-butene..| CsHjo {—3.677 [—10.170 [—10.207 |—12.03 |—13. 58 |—14.85 |—15.88 |—16.68
Temperature  in ° K
Compound (gas) For- | 900 | 1,000 | 1,100 | 1,200 | 1,300 | 1,400 | 1,500
Heat of formation,b AHf°, in keal/mole

d=benteney et dare ol U0t CsHyo |—11.14 |—11.44 |—11.60 |—11.63 |—11.58 |—11.47 [—11.31
cis-2-Pentene___........ CsHyo |—13.95 |—14.33 |—14. 58 |—14.67 [—14.69 |—14.63 [—14.50
trans-2-Pentene......... CsHio |—14.08 |—14.40 |—14. 59 |—14.66 |—14.65 |—14.56 |—14.41
2-Methyl-1-butene...... CsHio |—15.04 |—15.36 |—15. 51 |—15.56 [—15.53 |—15.41 [—15.26
3-Methyl-1-butene.. CsHio |—12.67 |—12.94 [—13.08 (—13.08 |—13.02 |—12.92 |—12.77
2-Methyl-2-butene... CsHyo |—17.28 |—17.68 |—17.92 |—18.02 [—18.04 |—17.98 (—17.86

s See footnote ““a” of table 3.

with all the reactants and

b AHJ° represents the increment in heat content for the reaction of forming the given compound in the
gaseous state from the elements carbon (solid, graphite) and hydrogen (gaseous), with all the reactants and
products in their appropriate standard reference state at the temperature indicated.
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TaABLE 20—Values ® of the heat of formation,AHSf®, for the 17 hexenes, for the ideal
gaseous state, to 1,500°K

Temperature® in °© K

Compound (gas) Iﬁgf; 0 298.16 300 400 500 600 700 800

Heat of formation, b AHJ°, in kcal/mole

1-Hexene:.......-:oloc CeHiz | —2.69 | —9.96 |—10.00 [ —11.9 | —13.5 | —14.8 | —15.8 [—16.6
cis-2-Hexene. _ -| CeHiz | —3.89 [—11.56 |—11.61 | —13.8 | —15.6 | —17.1 | —18.2 [—19.1
trans-2-Hexen CeHiz | —5.19 [—12.56 |—12.60 | —14.6 | —16.2 | —17.5 | —18.6 [—19.4
cis-3-Hexene. _ _ CeHiz2 | —3.66 |—11.56 |—11.61 | —13.8 | —15.7 | —17.1 | —18.3 (—19.2
trans-3-Hexene....__.. CeHy2 | —5.02 [—12.56 |—12.60 | —14.6 | —16.2 | —17.5 | —18.5 [—19.3

2-Methyl-1-pentene...| CeHiz | —6.04 |—13.56 |—13.60 | —15.6 | —17.2 | —18.5 | —19.5 |—20.3
3-Methyl-1-pentene...| CeHiz | —3.37 [—11.02 |—11.06 | —12.9 | —14.3 | —15.5 | —16.5 (—17.2
4-Methyl-1-pentene_..| C¢Hyz | —3.86 |—11.66 |—11.70 | —13.6 | —15.2 | —16.4 | —17.4 [—18.1
2-Methyl-2-peptene...| CsHiz | —6.99 |—14.96 |—15.01 | —17.2 | —19.0 | —20.5 | —21.6 [—22.5
cis-3-Methyl-2-pentene| C¢Hi2 | —6.35 |—14.32 |—14.37 | —16.5 | —18.3 | —19.8 | —21.0 |—21.9

trans-3-Methyl-2-pen-
fene. i friL s il C¢Hyz | —6.35 |—14.32 |—14.37 | —16.5 | —18.3 | —19.8 | —21.0 [—21.9

________________ CeHiz | —5.42 |—13.26 |—13.30 | —15.3 | —17.0 | —18.3 | —19.4 |—20.2
ene__..............| CeHj2 | —6.67 |—14.26 |—14.30 | —16.2 | —=17.7 [ —19.0 | —20.0 (—20.8
2-Ethyl-1-butene._____ CeHig | —5.17 [—12.92 |—12.96 | —15.0 | —16.6 | —17.9 [ —19.0 |—19.7
2,3-Dimethyl-1-butene.| CeHis | —7.10 |—14.78 |—14.82 | —16.6 | —18.1 | —19.3 | —20.2 [—21.0

3,3-Dimethyl-1-butene.| CoHyz | —6.18 |—14.25 [—14.30 | —16.3 | —17.9 | —19.1 | —20.0 |—20.6
2,3-Dimethyl-2-butene.| CoHyz | —7.96 |—15.91 |—15.96 | —18.1 | —20.0 | —21.5 | —22.8 |—23.7

Temperatures in ° K

Compound (gas) £8fa 900 | 1,000 | 1,100 | 1,200 | 1,300 | 1,400 | 1,500
Heat of formation, b AHf®, in kcal/mole
1-HeXene. -« cocoooocaaceee e CeHye | —17.1 | —17.4

_| CeHy2 | —19.8 | —20.2
.| CeHiz | —20.0 | —20.4
CeHyz | —19.8 | —20.2
_| CeHyp | —19.8 | —20.2

cis-2-Hexene__

trans-2-Hexene.
cis-3-Hexene._ .
trans-3-Hexen

2-Methyl-1-pentene_..________ CeHy2 | —20.9 | —21.2
3-Methyl-1-pentene .. .| CeHye | —17.7 | —18.0
4-Methyl-1-pentene. .| CeHyz | —18.6 | —18.9
2-Methyl-2-pentene. . .| CeHi2 | —23.2 | —23.6

cis-3-Methyl-2-pentene_..__.__ CeHpz | —22.5 | —22.9
trans-3-Methyl-2-pentene. .. __| CoHp | —22.5 | —22.9
cis-4-Methyl-2-pentene_...__| CeHiz | —20.8 | —21.2
trans-4-Methyl -2-pentene..___ CeHpo | —21.3 | —21.6
2-Ethyl-1-butene_____.________ CeHiz | —20.3 | —20.6
‘ 2,3-Dimethyl-1-butene_____.___ CeHyps | —21.5 | —21.8
3,3-Dimethyl-1-butene________ (07712 6110 B3 i M0 ik 10 RN RcA N SRSl WPRa SALs MR VL] SRRt [ EhT
2,3-Dimethyl-2-butene_. ._____ O 3 EP s 7 B R 7 SRS CRRE el P SRl [ o R Y

= See footnote ““a” of table 3.

b AHJ° represents the increment in heat content for the reaction of forming the given compound in the
gaseous state from the elements carbon (solid, graphite) and hydrogen (gaseous), with all the reactants and
products in their appropriate standard reference state at the temperature indicated.
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TaBLE 21.—Values® of the heat of formation, AHf®, for the higher I1-alkenes, for
the tdeal gaseous state, to 1,500° K

Temperature * in °K
For-
Compound (gas) mula 0 298.16 | 300 400 500 600 700 800
Heat of formation,b AHJ°, in keal/mole
C7His | —6.37 |—14.89 [—14.94 | —17.1 | —19.0 | —20.4 | —21.6 | —22.4
CsHje |—10.04 [—19.82 (—19.87 | —22.4 | —24.4 | —26.1 | —27.4 | —28.3
CoHyg |—13.71 {—24.74 |—24.80 | —27.6 | —29.9 | —31.7 | —33.1 | —34.2
CroHzo |[—17.39 |—29.67 [—29.73 | —32.8 | —35.4 | —37.4 | —38.9 | —40.1
CnHzs (—21.06 {—34.60 [—34.66 | —38.0 | —40.8 | —43.0 | —44.7 | —45.9
1-Dodecene. ... CioHos |—24.73 |—39.52 |—39.59 | —43.3 | —46.3 | —48.7 | —50.5 | —51.8
1-Tridecene. - _| Ci1sHze |—28.41 |—44.45 (—44.52 | —48.5 | —51.8 | —54.3 | —56.3 | —57.7
1-Tetradecene _| C14Hag [—32.08 |—49.38 |—49.45 | —53.7 | —57.2 | —60.0 | —62.0 | —63.5
1-Pentadecene. - _| C1sHszo (—35.75 |—54.31 |—54.38 | —58.9 | —62.7 | —65.6 | —67.8 | —69.4
1-Hexadecene......... CieHsa [—39.42 |—59.23 [—59.31 | —64.1 | —68.2 | —71.3 | —73.6 | —75.3
1-Heptadecene._..____ Ci7H3zq |—43.10 [—64.15 [—64.25 | —69.4 | —73.6 | —76.9 | —79.4 | —81.2
1-Octadecene._ CigHge | —46.77 |—69.08 |—69.18 | —74.6 | —79.1 | —82.6 | —85.1 | —87.0
1-Nonadecene CigHzs |—50.44 |—70.00 (—74.11 | —79.8 | —84.6 | —88.2 | —90.9 | —92.9
1-Eicosene . _...._____ CaoHso |—54.12 |—78.93 |—79.04 | —85.0 | —90.0 | —93.9 | —96.7 | —98.8
Aper CHa o= b G|l s —3.673 |—4.926 |—4.931 | —5.22 | —5.47 | —5.65 | —5.78 | —5.87
Temperature & in ° K
Compound (gas) g‘l’l‘ia 900 | 1,000 | 1,100 | 1,200 | 1,300 | 1,400 | 1,500
|
Heat of formation, bAF{®, in kecal/mole
3 |
EHeptene: 7 Shasiery 48w CHy | —23.1 | —23.4 | —23.5| —23.5 | —23.3 | —23.0 | —22.7
1-Octene.... CsHis | —29.0 | —29.3 | —29.4 | —29.3 | —29.1 | —28.8 | —28.4
1-Nonene... CoHyg | —34.9 | —35.3 | —35.4 | —35.2 | —35.0 | —34.6 | —34.1
1-Decene..._. CrpHzo | —40.8 | —41.2 | —41.3 | —41.1 | —40.8 | —40.3 | —39.8
I-Undecene. . .o ooins o CulHy | —46.8 | —47.1 | —47.2 | —47.0 | —46.6 | —46.1 | —45.5
1-Dodeedne. vt Aie . Jn ol CppHy | —52.8 | —563.1 | —53.1 | —52.9 | —52.5 | —51.8 | —51.2
1-Tridecene___..__.__ CuHys | —58.6 | —59.0 | —59.1 | —58.8 | —58.3 | —57.6 | —56.9
1-Tetradecene. - CpHgs | —64.5 | —65.0 | —65.0 | —64.7 | —64.1 | —63.4 | —62.6
1-Pentadecene. - CyusHso | —70.5 | —70.9 | —70.9 | —70.5 | —09.9 | —69.1 | —68.3
1-Hexadecene. ... ...._...__._ CpHsz | —76.4 | —76.9 | —76.9 | —76.4 | —75.8 | —=74.9 | —74.0
1-Heptadecene...._.._._____._ CyHs | —82.3 | —82.8 | —82.8 | —82.3 | —81.6 | —80.6 | —79.7
1-Octadecene. .- CysHas | —88.3 | —88.7 | —83.7 | —88.2 | —87.4 | —86.4 | —85.3
1-Nonadecene._ - CpHp | —94.2 | —94.7 | —94.6 | —94.1 | —93.3 | —92.1 | —91.0
1-Hieosene st i v ot D CayHyo {—100.1 |—100.6 |—100.6 {—100.0 | —99.1 | —97.9 | —96.7
AP H s rue i 5 o T T —5.93 | —5.94 | —5.93 | —5.89 | —5.83 | —5.76 | —5.69

a See footnote “a”” of table 3.

bAH{° represents the increment in heat content for the reaction of forming the given compound in the
gaseous state from the elements carbon (solid, graphite) and hydrogen (gaseous), with all the reactants and
products in their appropriate standard reference states at the temperature indicated.
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TaBLE 22.—Values® of the free energy of formation, AFf°, for the siz monoolefins,
Cy to Cy, for the ideal gaseous state, to 1, 500° K

Temperatures in °K
For-
Compound (gas) | o | o | 20816 | 300 | 400 | 500 | 600 | 700 | 800
Free energy of formation,b AZ#7°, kcal/mole
Ethene (ethylene)....| CiHq¢ | 14.522 | 16.282 | 16.305 | 17.675 | 19.245 | 20,918 | 22.676 | 24.490
Propene (propylene)._| CsHg | 8.468 | 14.990 | 15.051 | 18.610 | 22.450 | 26.46 | 30.59 | 34.81
T=Butene-cene. Ly oo CyHs | 5.158 | 17,217 | 17.320 | 23.205 | 29.430 | 35.85 | 42.41 | 49.05
cis-2-Butene._.. .| CsHg | 3.794 | 16.046 | 16.154 | 22.232 | 28.730 | 35.46 | 42.37 | 49.39
trans-2-Butene...____. CsHs | 2.506 | 15.315 | 15.424 | 21.578 | 28.100 | 34.83 | 41.72 | 48.71
2-Methylpropene (iso-
butene)is Lo cobtiizy CyHs | 1.676 | 14.582 | 14.693 | 20.910 | 27.480 | 34.25 | 41.17 | 48.19
Temperature s in ° K
For-
Compound (gas) mola | 90 | 1,000 | 1,100 | 1,200 | 1,300 | 1,400 | 1,500
Free energy of formation,b A Ff°, keal/mole
Ethene (ethylene) ............ CsH4 | 26.354| 28.249| 30.16 | 32.09 | 34.03 | 35.97 | 37.92
Propene (propylene)..._____.. CaHe | 39.10 | 43.43 | 47.78 | 52.15 | 56.52 | 60.90 [ 65.28
IsBlteness o2 9o = P Bk o CyHs | 55.78 | 62.54 | 69.31 76.10 | 82.90 | 89.67 | 96.46
cis-Z=Butene, - Xl el se oy CsHs | 56.50 | 63.66 | 70.84 78.06 | 85.29 | 92.51 | 99,74
trans-2-Butene...____._.___.__. C4Hs | 55.80 | 62.93 | 70.08 | 77.25 | 84.43 | 91.59 | 98.77
2-Methylpropene (isobutene).| CsHs | 55.28 | 62.42 | 69.58 | 76.76 | 83.96 | 91.13 | 98.31

= See footnote ‘“‘a” in table 3.

bA Ff° represents the increment in free energy for the reaction of forming the given compound in the gaseous
state from the elements carbon (solid, graphite) and hydrogen (gaseous), with all the reactants and products
in their appropriate standard reference states at the temperature mdxcated

TaBLE 23.—Values * of the free energy of formation, AF]'° Jor the six pentenes, for
the ideal gaseous state, to 1,600° K

Temperature # in ° K
Compound (gas) Jor | 0 |20816| 300 | 400 | s00 | 00 | 700 | 800
Free energy of formation,b AFf°, in kcal/mole
1-Pentene...._ i ...i. CsHyo 1,019 | 18.787 | 18.930 | 27.16 | 35.78 | 44.65 | 53.69 | 62.81
cis-2-Pentene. ... CsHyo |—0. 17 17.173 | 17.322 | 25.62 | 34.41 | 43.48 | 52.72 | 62.11
trans-2-Pentene._ . _ CsHyo |—1.362 | 16.575 | 16.723 | 25.08 | 33.87 | 42.91 | 52.12 | 61.43
2-Methyl-1-Butene. CsHio |—2.303 | 15.509 | 15.659 | 24,03 | 32.82 | 41.85 | 51.06 | 60.37
3-Methyl-1-Butene. CsHyo [—0.681 | 17.874 | 18.029 | 26.62 | 35.50 | 44.63 | 53.94 | 63.34
2-Methyl-2-Butene CsHyo [—3.677 | 14.267 | 14.414 | 22.88 | 31.82 | 41.03 | 50.42 | 59.94
Temperature & in ° K
Compound (gas) For- | 900 | 1,00 | 1,200 | 1,200 | 1,300 | 1,400 | 1,500
Free energy of formation,b AFf°, in keal/mole

T-Bentenes: s el Tevasar CsHypo | 72.02 | 81.27 | 90.55 | 99.86 | 109.19 | 118.46 | 127.71
cis-2-Pentene. .. _._._..._.._... CsHypo | 71.58 | 81.10 [ 90.63 | 100.22 | 109.80 | 119.36 | 128.88
trans-2-Pentene. ... ... ..-c- CsHyp | 70.86 | 80.31 [ 89.79 | 99.28 | 108.78 | 118.26 | 127.74
2-Methyl-1-Butene . . _| CsHyp | 69.76 | 79.20 | 88.65 | 98.14 | 107.63 | 117.10 | 126.53
3-Methyl-1-Butene... CsHy | 72.82 | 82.35 | 91.88 | 101.46 | 111.01 | 120.52 | 130.00
2-Methyl-2-Butene ... .._..... CsHypo | 69.57 | 79.25 | 88.94 | 98.66 | 108.39 | 118,12 | 127.81

» See footnote “‘a’” of table 3.

b AFf°represents the increment in free energy for the reaction of forming the given compound in the gase-
ous state from the elements carbon (solid, graphite) and hydrogen (gaseous), with all the reactants and
products in their appropriate standard reference states at the temperature indicated.

693459—46 7




584  Journal of Research of the National Bureau of Standards

TaBLE 24.—Values® of the free energy of formation, AFf°, for the 17 hexenes, for
the tdeal gaseous state, to 1,600° K

Temperature  in ° K

Compound (gas) lﬁg{a 0 298.16 | 300 400 500 600 700 800

Free energy of formation, ® AFf°, in kecal/mole

1¥Hetehe s U8, L Al CsHiz | —2.69 | 20.80 | 20.99 31.6 42.7 54.1 65.6 | 77.3
cis-2-Hexene _ . -| CeHpz | —3.89 | 19.18 | 19.36 30.0 41.2 52.7 64.4 | 76.3
trans-2-Hexene. _| CeHiz | —5.19 | 18.46 | 18.65 29.3 40.5 52.0 63.7| 75.5
cis-3-Hexene__ .- _| CsHiz | —3.66 | 19.66 | 19.86 30.7 42.0 53.7 85,7 %
trans-3-Hexene.__.__.__| C¢Hy | —5.02 | 18.86 19. 06 29.9 41.2 52.8 64.6 | 76.6
2-Methyl-1-pentene...| CsH2 | —6.04 | 17.48 | 17.67 28.4 39.6 51.1 62.7 | 74.5
3-Methyl-1-pentene___| CeHiz | —3.37 | 20.28 | 20.47 31.3 42.5 54.0 65. 6 77.4
4-Methyl-1-pentene.__| Ce¢Hyz | —3.86 19.90 20. 09 310 42.3 54.0 65. 8 el
2-Methyl-2-pentene___| CeHiz | —6.99 16. 34 16. 54 27.4 38.8 50.5 62.4 74. 4
cis-3-Methyl-2-pentene| CgHyz | —6.35 | 16.98 | 17.18 28.0 39.4 511 63.0 | 75.1

trans-3-Methyl-2-
pentene.._..__._.____. CeHyz | —6.35 | 16.74 | 16.93
cis-4-Methyl-2-pentene| CeHje | —5.42 | 18.40 | 18.60
trans-4-Methyl-2-

g 39.0 50.6 62.4 | 74.4
pentene._.. L . lioo o Ce¢Hyg | —6.67 | 17.77 | 17.96 2

2

2

3

41.0 52.7 64.6 | 76.7

7

6

0 40.5 52.2 64.2 | 76.2
2-Ethyl-1-butene__.___ CeHj2 | —5.17 | 18.61 | 18.71 ? 40.9 52.5 64.4 | 76.3
7
9

2, 3-Dimethyl-1-butene| CeHyp | —7.10 | 17.43 | 17.63

3,3-Dimethyl-1-butene| C¢Hiz | —6.18 | 19.04 | 19.25
2,3-Dimethyl-2-butene| CeHiz | —7.96 | 16.52 | 16.72 27.

40.2| 52.0| 640 76.0

42.6 54.9 67.3 | 79.9
39.7 51.8 64.1| 76.6

Temperature @ in ° K

Compound (gas) lfﬁ)ﬁa 900 | 1,000 | 1,100 | 1,200 | 1,300 | 1,400 | 1,500

Free energy of formation, b AFf°, in keal/mole

1-HBxene. -5 o L300 2T v CsHiz 89.1 | 100.9 112:7 124.6 | 136.5 | 148.3

cis-2-Hexene _ . -| C¢Hiz 8808 10053 fuusesual S aeontedcanas R,

trans-2-Hexene. . -| CeHiz

cis-3-Hexene.____ -| CeHiz

trans-3-HexXene.-.-...coucioaic CeHiz

2-Methyl-1-pentene.__._______ CsHi2

3-Methyl-1-pentene. CsHiz

4-Methyl-1-pentene_ CeHi2

2-Methyl-2-pentene._ CsHiz

cis-3-Methyl-2-pente: CsHaie

trans-3-Methyl-2-pentene_.___ CgHjiz

cis-4-Methyl-2-pentene____.___| Ce¢Hjz

trans-4-Methyl-2-pentene_.___| CeHiz

2-Ethyl-i-butene_ ______ CsHj

2, 3-Dimethyl-1-butene CsHiz

3, 3-Dimethyl-1-butene_._.___ CsHje

2, 3-Dimethyl-2-butene._...._.| CsHia

s See footnote ‘““a’ of table 3.

b A Ff°represents the increment in free energy for the reaction of forming the given compound in the gaseous
atefrom the elements carbon (solid, graphite) and hydrogen (gaseous), with all the reactants and products
their appropriate standard reference states at the temperature indicated.
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TaBLE 25.—Values® of the free energy of formation, AFf° for the higher 1-alkenes,
for the tdeal gaseous state, to 1,500°K

Temperature in » K ©

Compound (gas) £g§; 0 298.16 | 300 400 500 600 700 800

Free energy of formation,b AFf®, in keal/mole

1-Heptene C7Hu | —6.37 | 22.84 | 23.08 36.1 49.6 63.5 77.6 | 91.8

CsHys |—10.04 | 24.89 | 25.17 40.6 56.6 72.9 89.5 | 106.3

-| CeHis |—13.71 26.94 | 27.26 45.1 63.5 82.4 | 101,5 | 120.8

CiHa [—17.39 | 28.99 | 29.35 49.5 70 4 91.8 | 113.4 | 135.2

CuyHg [—21.06 | 31.03 | 31.44 54.0 77.4 | 101.2 | 125.4 | 149.7

CnpHy [—24.73 | 33.08 | 33.53 58.5 84.3 | 110.6 | 137.3 | 164.2

Ci3H e |—28. 41 35.13 | 35.62 63.0 91.2 120.1 149.3 | 178.7

-| C1sH3s |—32.08 | 37.18 | 37.71 67. 4 98.2 | 129.5 161.2 | 193.2

1-Pentadecene. - _ -| CisH3o |—35.75 | 39.23 [ 39.80 71.9 | 105.1 | 138.9 | 173.2 | 207.7

1-Hexadecene. ... CieHsp |—39.42 41.27 41.89 76.4 | 112.0 | 148.3 185.1 | 222.1

1-Heptadecene ... Ci/Haq |—43.10 | 43.32 | 43.98 80.9 | 118.9 | 157.8 | 197.1 | 236.6

1-Octadecene._ -| Ci1sHge |—46.77 | 45.37 | 46.07 85.4 | 125.9 | 167.2 | 209.0 | 251.1

1-Nonadecene.....____| CigH3g [—50.44 | 47.42 | 48.16 89.8 | 132.8 | 176.6 | 221.0 | 265.6

1-Eicosene. . ..—___.._- CyHyo |—54.12 | 49.47 | 50.25 94.3 | 139.7 | 186.1 | 232.9 | 280.1

ApersUHs. - & .S S —3.673 | 2.048 | 2.090 4.47 6.93 9.43 | 11.95 | 14.48
Temperatures in ° K

Compound (gas) 58?; 900 1.000 | 1,100 | 1,200 | 1,300 | 1,400 | 1,500

Free energy of formation b AFf°, in keal/mole

J-Ieptetie ool as Sl Sy C7Hyg | 106.1 | 120.5 | 134.8 | 149.2 | 163.7 | 178.0 | 192.4
1-Octene_ CsHy | 123.1 | 140.0 | 157.0 | 173.9 | 190.9 | 207.8 | 224.7
CeHps | 140.2 | 159.6 | 179.1 | 198.6 | 218.1 | 237.6 | 257.1
1-Decene. .. CipoHz | 157.2 | 179.2 | 201.2 | 223.3 | 245.3 | 267.3 | 280.4

1-Undecene CuHjy | 174.2 | 198.8 | 223.3 | 247.9 [ 272.5 | 297.1 | 321.7
1=DOTORNe. - L oo mr e ~nr = rn e CioHoe | 191.3 | 218.4 | 245.4 | 272.6 | 299.7 | 326.9 | 354.1
1-Tridedeme..L Zomam__pii. CsHaze | 208.3 | 237.9 | 267.6 | 297.3 327.0 | 356.6 386. 4
1-Tetradecene. - | CuuHaos | 225.3 | 257.5 | 289.7 | 321.9 | 354.2 | 386.4 418.7
1-Pentadecene. - | C1sHao | 242.3 | 277.1 311.8 | 346.6 | 381.4 | 416.1 451.1
1-Hexadecene. ...« .ceooooo-s CieHsza | 259.4 | 296.7 | 333.9 | 371.3 | 408.6 | 445.9 | 483.4
1-Heptadecene_......_..._.._. CpHg | 276.4 | 316.3 | 356.0 | 395.9 | 435.8 | 475.7 | 515.7
1-Octadecene. .- _| CisHss | 293.4 | 335.8 378.1 420.6 | 463.0 505. 4 548.1
1-Nonadecene .| CyHazs | 310.5 | 355.4 | 400.3 | 445.3 | 490.3 | 535.2 | 580.4
1-Eicdsene. 21 1 L lh o2 CxHy | 327.5 | 375.0 | 422.4 | 469.9 | 517.5 | 565.0 | 612.7
AperiOfy. —L 1o iip o Sile gl v otes 17.03 | 19.58 | 22.12 | 24.67 | 27.22 | 29.76 | 32.33

a See footnote ““a” of table 3.

bAFf°represents the increment in free energy for the reaction of forming the given compound in the gaseous
state from the elements carbon (solid, graphite) and hydrogen (gaseous), with all the reactants and products
in their appropriate standard reference states at the temperature indicated.



TABLE 26.—Values @ of the logarithm of the equilibrium constant of formationklogm Kf, for the six monoolefins, Cy to Cy, for the ideal gaseous
state, to 1,5600°

Temperature @ in ° K

Compound (gas) Formula 0 208.16 300 400 500 600 700 800

Logarithm of equlibrium constant of formation, b logio Kf

Ethene (ethylene)- < <o ies S 0l - CyHs | Infinite.| —11.9345| —11.8781 —9.6571 —8. 4119 —7.6193 —7.0797 | —6.6903
Propene (propylene) _=oi-.. oo .o CsHs |..-do..._. —10.9875 | —10.9648 | —10.1677 —9.8128 —9.6375 —9.5519 | —9.5093
DI o e R s e Oy 120 —12.6199 | —12.6175 | —12.6785 | —12.8637 | —13.0582 | —13,2403 | —13. 4005
cis-2-Butene____ Oy [Eadoaes —11. 7618 —11. 7677 —12. 1469 —12. 5576 —12. 9169 —13.2274 | —13.4923
trans-2-Butene_______________ (074 2 k| G LA —11.2255 | —11.2362 | —11.7806 | —12.2824 | —12.6874 | —13.0268 | —13.3081
2-Methylpropene (Isobutene) . _____________ C8e T80 —10.6888 | —10.7038 | —11.4244 | —12.0112 | —12.4763 | —12.8533 | —13.1649

Temperature 2 in ° K

Compound (gas) Formula 900 1,000 1,100 1200 1,300 1400 1,500

Logarithm of equilibrium constant of formation,b log 10 Kf

Ethene (ethyleme) £ -5 oo C 3 28t L sl s o i it C2Hy —6. 3996 —6.1738 —5.9918 —5.8440 —5. 7206 —5.6151 | —5.5249
Propenei(Oropylene)ssitur orh il el il CsHs —9. 4942 —9. 4909 —9. 4922 —9.4970 —9. 5027 —9.5066 | —9.5117
sDI5 1A RO SRS S TS IR N B e L B S C4Hs —13.5442 | —13.6669 | —13.7707 | —13.8598 | —13.9358 | —13.9986 | —14.0537
cis-Butenes . To. L Tl _TRRE CsHs —13.7200 | —13.9126 | —14.0749 | —14.2166 | —14.3389 | —14.4417 | —14.5321

frans-2-Butene . . _.locl. Fx I C4Hs —13.5498 | —13.7526 | —13.9226 | —14.0688 | —14.1938 | —14.2979 | —14.3901
2-Methylpropene (Isobutene) C4Hs —13.4245 —13.6424 | —13.8249 | —13.9805 | —14.1141 | —14.2257 | —14.3232

a See footnote ‘‘a” in table 3.

b Logi Kf represents the logarithm (to the base 10) of the equilibrium constant for the reaction of forming the given compound in the gaseous state from the elements carbon
(solid, graphite) and prdgogen (gaseous), with all the reactants and products in their appropriate standard reference states at the temperature indicated. logi Kf=—AFf°/0.00457566T ;
AFf° in kecal/mole, T in °K.
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TABLE 27.— Values * of the logarithm of the equilibrium constant of formation, logiy Kf, for the siz pentenes, for the ideal gaseous state, to 1,500°K

Temperature * in ° K

Compound (gas) Formula 0 298.16 300 400 500 600 700 800

Logarithm of equilibrium constant of formation,? logio Kf

dePentenbo e f:___saci¥e EE b o taed CsHio | Infinite | —13.7704 | —13.7904 | —14.8394 | —15.6377 | —16.2629 | —16.7617 | —17.1601
cis-2-Pentene. . CsHio |---do.__.| —12.5874 | —12.6191 | —13.9997 | —15.0403 | —15.8357 | —16.4601 | —16.9665
trans-2-Pentene_ _ __ CsHio |[...do.._.| —12.1495 | —12.1824 | —13.7022 | —14.8045 | —15.6315 | —16.2717 | —16.7827
2-Methyl-1-butene_________ CsHiyp |--.do.___| —11.3680 | —11.4073 | —13.1269 [ —14.3451 —15.2451 | —15.9408 | —16.4929
3-Methyl-1-butene_________ | CsHio |---do.__.| —13.1017 | —13.1337 [ —14.5425 | —15.5156 | —16.2580 | —16.8408 | —17.3034
2-Methyl-2-butene__________________________ CsHyo |---do.___| —10.4572 | —10.5005 | —12.5009 | —13.9086 | —14.9457 | —15.7414 | —16. 3755

Temperature & in °K

Compound (gas) Formula 900 1,000 1,100 1,200 1,300 1,400 1,500

Logarithm of equilibrium constant of formation,b logio Kf

l-Pentend: = 80T SR s e e L CsHio —17.4898 | —17.7622 | —17.9911 —18.1863 | —18.3556 | —18.4920 | —18.6070
cis-2-Pentene._ CsHio —17.3806 | —17.7236 | —18.0069 | —18.2524 | —18.4581 | —18.6329 | —18.7779
trans-2-Pentene_ _ CsHio —17.2066 | —17.5522 | —17.8393 | —18.0804 | —18.2874 | —18.4612 | —18.6119
2-Methyl-1-butene. CsH1o —16.9409 | —17.3094 | —17.6130 | —17.8741 | —18.0943 | —18.2793 | —18.4355
3-Methyl-1-butene. CsHio —17. 6825 —17.9984 | —18.2545 | —18.4778 | —18.6621 —18.8146 | —18.9408
ZVEethyl2:butene. o coves. Btoi il v nl Al Sl CsHio —16.8936 | —17.3195 | —17.6701 | —17.9692 [ —18.2218 | —18.4386 | —18.6222

= See footnote ‘““a’ of table 3.

b Logio Kf represents the logarithm (to the base 10) of the equilibrium constant for the reaction of forming the given compound in the gaseous state from the elements carbon (solid,
gr;})ohjtel){ al}/d hf'dr%ggno(lg{aseous), with all the reactants and products in their appropriate standard reference states at the temperature indicated. Logio Kf=—AFf°/0.00457566 T’
AFjf° in keal/mole, T'in °K.

SU0QUDOOLPR T uafaj00uo iy fo sovumufipowndy [

L8S



TABLE 28.—Values ¢ of the logarithm of the equilibrium constant of formation, logyy Kf, for the 17 hexenes, for
the ideal gaseous state, to 1,600° K

Temperature,® in °K

Compound (gas) Formula 0 298. 16 300 400 500 600 700 800
Logarithm of equilibrium constant of formation,b logig Kf
1-Hexene CeHiz Infinite | —15.2491 —15. 2938 —17, 2736 —18, 6647 —19. 6963 —20.4918 | —21.1243
cis-2-Hexene._. | CeHi —14. 0549 —14. 1059 —16. 3966 —18. 0038 —19. 1969 —20.1158 | —20. 8432
trans-2-Hexene. -.| CsHia —13. 5291 —13. 5828 —16.0336 —17.7155 —18. 9490 —19.8300 | —20. 6267
cis-3-Hexene.___ _-| CeHi —14. 4094 —14. 4648 —16. 7566 —18. 3784 —19. 5768 —20. 4970 | —21.2287
LR S e e S S RN ) o CsHiz —13.8262 | —13.8814 | —16.3258 | —18.0179 | —19.2480 | —20.1803 | —20.9127
2-Methyl-1-pentene_ . :coooocooololo: CoHiz —12.8135 —12.8733 —15. 5074 —17. 2955 —18. 5953 —19. 5871 | —20.3614
3-Methyl-1-pentene CgHiz —14. 8655 —14.9154 —17. 1002 —18. 5657 —19. 6579 —20. 4888 | —21.1392
4-Methyl-1-pentene_ CeHiz —14. 5865 —14. 6386 —16. 9303 —18. 5053 —19. 6670 —20. 5432 | —21.2302
2-Methyl-2-pentene. __ CeH12 —11. 9780 —12. 0461 —14. 9509 —16. 9386 —18. 3774 —19. 4687 | —20. 3302
cis-3-Methyl-2-pentene______________________ CeHiz —12.4471 | —12.5123 | —15.3006 | —17.2183 | —18.6105 | —19.6685 | —20. 5050
trans-3-Methyl-2-pentene____________________ CeHiz —12. 2697 —12.3353 —15.1236 —17.0413 —18. 4335 —19.4915 | —20. 3280
cis-4-Methyl-2-pentene____ CeHi2 —13. 4903 —13. 5519 —16. 1567 —17.9059 —19.1914 —20.1730 | —20.9472
trans-4-Methyl-2-pentene__ CeHia —13.0216 —13. 0864 —15. 8569 —17. 6895 —19. 0243 —20.0378 | —20. 8301
2-Ethyl-1-butene________ CeHiz —13. 5690 —13. 6292 —16. 1492 —17.8819 —19. 1405 —20.1003 | —20. 8539
2, 3-Dimethyl-1-butene____ CeHiz —12.7782 | —12.8449 | —15.7069 | —17.5844 | —18.9418 | —19.9712 | —20.7737
3, 3-Dimethyl-1-butene-.._____._.__.._._.____ CeHiz —13.9578 —14. 0211 —16.7485 —18. 5996 —19. 9697 —21.0179 | —21.8171
2, 3-Dimethyl-2-butene_. ____________________ CeH12 —12.1073 —12.1779 —15. 2525 —17.3503 —18. 8661 —20.0122 | —20.9180
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Temperature,* in °K
Compound (gas) Formifls 900 1,000 1,100 1,200 1,300 1,400 1,500
Logarithm of equilibrium constant of formation,b logig Kf
5
TR T 1 by sl e i e B S o o SR S CsHiz —21.6299 | —22.0483 | —22.3959 . —22.9410 §"
cis-2-Hexene_ __ CsHia —21.4310 | —21.9115
trans-2-Hexene_ CsHiz —21.2278 | —21.7158
cis-3-Hexene_ __ CeHaz —21.8205 | —22.3040
prtnsBextne. ot e S CsHiz —21.5110 | —21.9949 <2
2-Methyl-1-pentene. ..o CsHiz —20.9840 | —21.4927 §
3-Methyl-1-pentene_ _ CeHia —21.6720 | —22.1070 S
4-Methyl-1-pentene._ _ CsHia —21.7932 | —22.2489 3
2-Methyl-2-pentene.__ CeHiz —21. 0209 —21. 5874 De \
cis-3-Methyl-2-pentene CsHis —21,1763 | —21.7273 g
trans-3-Methyl-2-pentene_______________________________ CeHia —20.9993 | —21.5503 S
cis-4-Methyl-2-pentene____________________ CeHz —21.5665 | —22.0864 -
trans-4-Methyl-2-pentene__________________ CsH2 —21.4740 | —22.0000 E
2-Ethyl-1-butene.._ .. . o _l..._ CsHia —21. 4611 —21. 9553
2, 3-Dimethyl-1-butene___.______________ CsHiz —21.4175 —21. 9475 g ‘
3, 3-Dimethyl-1-butene CsHia —22. 4417 —22.9383 g
2, 3-Dimethyl-2-butene_.._______________ CoHiz —21.6491 | —22.2478 N |
_ »8ee footnote ““a” of table 3. §>
b Logiy Kf represents the logarithm (to the base 10) of the equilibrium constant for the reaction of forming the given compound in the gaseous state from the elements m
carbon’ (solid, graphite) and hydrogen (gaseous), with all the reactants and products in their appropriate standard reference states:zat the temperature indicated.
Logig Kf=—AFf°/-0.00457566T; AFf° in kcal/mole, 7' in ° K. E‘
=
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TaBLE 29.—Values * of the logarithm of the equilibrium constant of formtIz{twn, logiy Kf, for the higher 1-alkenes, for the ideal gaseous state
to 1,500°

Temperature ® in ° K
Compound (gas) Formula| o | 2816 | 300 | 40 | 500 60 | 70 | 80
Logarithm of equilibrium constant of formation,b logi Kf
EHEAD B e r e Bl B T C7Hy | Infinite..| —16.742 —16. 814 —19.719 —21. 693 —23.126 —24.221 | —25.076
HnOebeneia i’ ae R e ISR Ty b CsHis d —18.244 —18.336 —22.166 —24.722 —26. 561 —27.952 —29.031
1-Nonene CoHis —19.747 —19. 859 —24.614 —27.751 —29. 996 —31.683 —32. 987
1-Decene._ - CioHazo —21.249 —21.381 —27.062 —30.780 —33.431 —35.414 —36. 946
1-Undecene CuHas —22.745 —22. 904 —29. 510 —33.809 —36.862 —39.145 | —40:901
Cr2Ha —24. 247 —24.426 —31.957 —36.839 —40.297 —42.876 | —44.860
Ci3Hze —25. 750 —25.949 —34.186 —39.872 —43.732 —46.610 | —48.816
Ci4Hs —27.253 —27.472 —36.847 —42.901 —47.166 —50. 341 —52.771
CisHao —28.755 —28.994 —39.295 —45.930 —50. 601 —54.072 | —56.730
CieHas —30. 251 —30.517 —41.743 —48. 959 —54.032 —57.803 | —60.685
CiHsg —31.753 —3% 039 —44.190 —51.988 —57.467 —61.534 | —64.644
CisHas —33. 256 —33. 562 —46. 638 —55.017 —60. 902 —65. 265 —68. 600
Ci9Hss —34.758 —35.084 —49.086 —58. 046 —64.337 —68.996 —72.555
Ca0Hao —36. 261 —36. 607 —51. 534 —61.076 —67.772 —72.727 | —76.514
____________________ —1.5012 —1.5226 —2.4472 —3.0295 —3.4341 —3.7312 | —3.9568

Temperature » in ° K
Compound (gas) Formula 900 1,000 1,100 1,200 1,300 1,400 1,500

Logarithm of equilibrium constant of formation,b logi Kf

TESE 0o Donge s L s ST e A MR | S C7Hu —25.764 —26. 326 —26.790 —27.180 —27.514 —27.792 | —28.034
120ctenn. " oo Ui CsHis —29. 900 —30. 606 —31.185 —31.673 —32.090 —32.437 | —32.744
TENOnens ™" ~>Te ol CoHis —34.035 —34.885 —35. 580 —36. 166 —36. 666 —37.083 | —37.455
1-Decene_..._________ -| CioHao —38.171 —39. 164 —39.974 —40. 659 —41.240 —41.730 | —42.165
1-Undecene CuHa —42. 306 —43. 443 —44.367 —45.150 —45.814 —46.376 | —46.876
1D ekttt T T S e ol i) 0 S S et 128 Ci2Ha —46. 442 —47.722 —48.762 —49. 643 —50.391 —51.023 | —51.586
1-Tridecene.....__._. Ci3Hzg —50. 577 —52.001 —53.157 —54.136 —54.967 —55.669 | —56.298
1-Tetradecene._ . Ci1sHag —54.710 —56. 278 —57. 552 —58.629 —59. 544 —60.315 | —61.009
1-Pentadecene...____ CysHso —58. 845 —60. 558 —61. 947 —63.120 —64,117 —64. 962 —65.719
1-Hexadecene.________ CisHas —62. 981 —b64. 837 —66. 339 —67.613 —68. 691 —69. 608 —70. 429
1-Heptadecene Ci7Hsy —67.116 —69.116 —70.734 —72.106 —73.2687 —74. 255 —75.140
1-Octadecene_________ CisHss —71.252 —173.395 —75.129 —76.599 —77.842 —78.901 —79.850
1-Nonadecene_. Ci9Hzss —75.387 —77.674 —79.524 —81.092 —82.418 —83.546 | —84.561
A HRCOSBIa oY . s s S e e Lo e CaHyo —79.522 —81.953 —83.919 —85. 584 —86. 992 —88. 194 —89. 271
AperrCHywIoe v (S0 e e S R TR e e T —4, 1352 —4.2790 —4, 3944 —4.4926 —4, 5752 —4. 6463 —4.7106

» See footnote ‘“»” of table
» Logio Kf represents the loganthm to the base 10 'f h
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T hermodynamics of Monoolefin Hydrocarbons 591

V. FREE ENERGIES AND EQUILIBRIA OF ISOMERIZA-
TION OF THE BUTENES, PENTENES, AND HEXENES

From the values in tables 22 to 28, calculations were made of the
values of the free energies and equilibrium constants for the isomeri-
zation of the butenes, pentenes, and hexenes, according to the reaction

C,H;, (normal 1-alkene, gas)=C,H,, (isomeric alkene, gas). (6)

The resulting values given in tables 30 and 31, under the following
headings, for the isomerization reaction as written: AF°/7', the stand-
ard free-energy change divided by the absolute temperature; K, the
equilibrium constant. In tables 32 and 33 are given values of N, the
mole fraction of the given isomer present at equilibrium with its other
alkene isomers. For any two isomers, the ratio of the corresponding
values of K (or of N) in tables 30 to 33 give the ratio of the amounts
of those two isomers present at equilibrium with one another in the
gas phase at the given temperature. For the purpose of retaining the
significance of their change with temperature, the values in tables
30 to 33 are written with more figures than are warranted by the
absolute uncertainty.

In figures 3, 4, and 5 are plotted, as a function of the temperature,
the values of AF°/T given in tables 30 and 31 for the isomerization of
the butenes, pentenes, and hexenes. These plots may be compared
with corresponding plots for the butanes, pentanes, hexanes, hep-
tanes, octanes, butynes, and pentynes [4, 5, 6]. From these charts,
one may see at a glance, for any temperature in the given range and
within the limits of uncertainty of the calculations, which of the
isomers is thérmodynamically most stable (lowest value of AF°/T)
and which is the least stable (highest value of AF°/T).

In figures 6, 7, and 8 are plotted, as a function of temperature, for
butenes, pentenes, and hexenes, respectively, the amounts, in mole
fraction, of each of the isomers present at equilibrium with its other
alkene isomers in the gas phase, as given in tables 32 and 33. The
vertical width of each band gives the mole fraction for that isomer at
the selected temperature. "The mole fractions of the several isomers
are plotted additively, so that their sum is unity at all temperatures.

Figure 9 gives a comparison of values from this report with experi-
mental values for certain equilibria of isomerization among the un-
branched butenes and pentenes: (a) cis-2-butene and ¢rans-2-butene,
from references [7, 8, 9]; (b) 1-butene= (cis+trans)-2-butene, from
referencies [7, 8, 10]; (¢) 1-pentene=(cis-Ftrans)-2-pentene, from refer-
ence [11].

Table 34 gives a comparison of values from this report with experi-
mental values for certain equilibria of isomerization of branched-chain
pentenes and hexenes: (a) 2-methyl-1-butene, 3-methyl-1-butene, and
2-methyl-2-butene, from reference [11]; 2,3-dimethyl-1-butene, 3,3-
dimethyl-1-butene, and 2,3-dimethyl-2-butene, from references [12,
13, 14].
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F1GURE 3.—Free energy of isomerization of the butenes.
The scale of ordinates gives the value of AF°/T, in calories per degree mole, for the isomerization of 1-bu

tene into the other isomers, in the gaseous state, as indicated. The scale of abscissas gives the temperature
in degrees Kelvin.
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FI1GURE 4.—F'ree energy of isomerizaiion of the pentenes.
The scale of ordinates gives the value of A F°/T, in calories per degree mole, for the isomerization of 1-pen-

tene into the other isomers, in the gaseous state, as indicated. The scale of abscissas gives the temperature
in degrees Kelvin.
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Ficure 5.—Free energy of tsomerizatton of the hexenes.

The scale of ordinates gives the value of AF°/T, in calories per degree mole, for the isomerization of 1-
hexene into the other isomers, in the gaseous state, as indicated. The scale of abscissas gives the tempera-
ture in degrees Kelvin.
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F1cure 6.—Equilibrium concentrations of the butenes.

595

The scale of ordinates measures the amount in mole fraction, and the scale of abscissas gives the temper-
ature in degrees Kelvin and degrees centigrade. The vertical width of a band at a given temperature meas-
ures the mole fraction of the given isomer present when at equilibrium with all of its other isomers, in the gas

phase.
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Fi1cUure 7.—Equilibrium concentrations of the pentenes.

The scale of ordinates measures the amount in mole fraction, and the scale of abscissas gives the temper-
ature in degrees Kelvin and degrees centigrade. The vertical width of a band at a given temperature meas-
ures thhe mole fraction of the given isomer present when at equilibrium with all of its other isomers, in the
gas phase.
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Fiaure 8.—Equilibrium concentrations of the hexenes.

The scale of ordinates measures the amount in mole fraction, and the scale of abscissas gives the temper-
ature in degrees Kelvin and degrees centigrade. The vertical width of a band at a given temperature meas-
ures Ehe mole fraction of the given isomer present when at equilibrium with all of its other isomers, in the
gas phase.
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Ficure 9.—Comparison of the calculated values of the equilibrium constant with the
experimental data for several equilibria.

The scale of ordinates gives the value of the logarithm (to the base 10) of the equilibrium constant for the
three given equilibria in the gaseous state. The scale of abscissas gives the temperature in degrees Kelvin.
The experimental data, represented by points, are from the following investigations:
B 611(8 -2- b];lte[lgf (gas) =trans-2-butene (gas): Frey and Huppke [7] A; Shell Development Co. [8] O, o’; Kis-
iakowsky
% -tﬁutenﬁ [(iza]s)-(czs+trans)-2 -butene (gas): Frey and Huppke [7] A; Shell Development Co. [8] O, o’;
urkevic
1-pentene (gas) = (cis+¢rans)-2-pentene (gas); Ewell and Hardy [11] @®.
The calculated values are given by the solid line in each case, with the estimated uncertainty given by
the bordering dashed lines.
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TaBLE 30.—Summary of values of the free energies and equilibrium constants for
the isomerization of the butenes and pentenes in the ideal gaseous state to 1,600 ° K

BUTENES PENTENES
Temper- 1-Butene=cis-2- 1-Butene=trans-2- | 1-Butene=2-methyl- 1-Pentene=cis-2-
ature utene utene propene pentene
AR T K AF°/T K AF°IT K AF°|IT K
eI cal/deg mole cal/deg mole; cal/deg mole cal/deg mole
298. 16 —3.93 7.21 —6. 38 24.8 —8.84 85.3 —5.41 15.2
300 —3.89 7.08 —6. 32 24.1 —8.76 82.0 —5.36 14.8
400 —2.43 3.40 —4.07 7.74 —5.74 17.8 —3.84 6.91
500 —1.40 2.02 —2. 66 3.81 —3.90 7.12 —2.73 3.96
600 —0. 647 1.38 —=1.70 2.35 —2. 66 3.82 —1.96 2.67
700 —. 059 1.03 —0.977 1.63 =177 2.44 -1.38 2.00
800 +. 420 0.810 —. 423 1.24 —1.08 1.72 —0. 886 1. 56
900 --. 804 . 667 -+.026 0. 988 —0. 548 1.32 —. 500 1.29
1, 000 +1.12 . 568 +.392 .821 -, 112 1. 06 -.177 1.09
1,100 +1.39 . 496 +. 695 705 +.248 0. 883 —+.072 0. 964
1, 200 +1.63 . 440 -+. 956 . 630 +. 552 L7657 -+.303 . 859
1, 300 +1.84 .395 +1.18 . 652 -+-.816 . 663 —+. 469 . 790
1, 400 +2.03 . 361 +1.37 . 502 +1.04 . 593 . 645 .723
1, 500 +2.19 .332 +1.54 . 461 +1.23 . 538 . 791 .675
PENTENES (continued)
Temper- | 1-Pentene=trans-2- | 1-Pentene=2-methyl- |1-Pentene=3-methyl-| 1-Pentene=2-methyl-
ature pentene 1-butene 1-butene 2-butene
AF°|T K AF°|T K AF°|T K AF°|T K
Gie cal/deg mole cal/deg mole cal/deg mole| cal/deg mole
298. 16 —7.42 41.8 —11.0 253 —3.06 4. 66 —15.2 2060
300 —7.36 40.6 —10.9 242 —3.00 4,54 —165.1 1950
400 —5.20 13.7 —7.84 51.6 —1.36 1.98 —10.7 218
500 —3.81 6.81 —5.89 19.4 —0. 559 1.33 —7.91 53.6
600 —2.89 4.28 —4. 66 10. 4 —. 022 1.01 —6.03 20.8
700 —2.24 3.09 —3.76 6.62 +.362 0.833 —4.67 10.5
800 -1.73 2.38 —3.056 4.65 +. 656 .719 —3.59 6.09
900 —1.30 1.92 —2.51 3. 54 . 882 . 642 -2.73 3.95
1, 000 —0. 961 1. 62 -2.07 2.84 +1.08 . 5681 —2.03 2.77
1, 100 —. 695 1.42 -1.73 2.39 +1.21 . 545 —1.47 2.10
1, 200 —.484 1.28 —1.43 2.05 +1.33 . 511 —0.993 1.656
1, 300 —.312 18y —=1.20 1.83 -+1.40 . 494 —. 612 1.36
1,400 —.141 1.07 —0.973 1.63 +1.48 . 476 —.244 1.13
1, 500 +.023 0.989 —.785 1.48 +1.53 . 464 -+. 069 0.97

693459—46——8
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TABLE 31.—Summary of values of the free energies and equiltbrium constants for
the isomertizaiton of the hexenes in the ideal gaseous state to 1,000° K

HEXENES
1-Hexene= 1-Hexene=
Temper- | 1-Hexene= 1-Hexene= 1-Hexene= 1-Hexene=
TR . Fan T 2-methyl-1- 3-methyl-1-
ature cis-2-hexene | trans-2-hexene| cis-3-hexene | ¢rans-3-hexene pentene pentene
ARS/THGRE ARSI K - | ARS[TE| K |ARCIT SR ARSI s | AR | K
cal/deg calldeg cal/deg cal/deg calldeg calldeg
g4 ‘mole mole mole mole mole mole
208.16 | —5.46 [15.6 |—7.87 | 52.5 [—3.84 | 6.91 |—6.51 | 26.5 |—11.1 (273 |—1.76 | 2.42
300 —5.43 [15.4 |—7.83 | 1.4 (—3.79 | 6.75 |—6.46 | 25.8 |—11.1 (263 |—1.73 | 2.39
400 —4.01 | 7.53 (—5.67 | 17.4 |—2,37 | 3.29 |—4.34 | 8.87 | —8.08 | 58.4 [—0.793 | 1.49
500 —3.02 | 4.58 |—4.34 [ 890 [—1.31 | 1.93 |—2.96 | 4.43 | —6.27 | 23.4 | —.453 | 1.26
600 —2.20 | 3.16 |—3.42 | 5.59 |—0.547 | 1.32 |—2.05 | 2.81 | —5.04 | 12.6 | —.176 | 1.09
700 —1.72 | 2.38 [—2.75 | 4.00 | +.0238| 0.988{—1.43 | 2.05 | —4.14 | 8.03| —.0137| 1.01
800 —1.29 | 1.91 |—2.28 | 3.15 | +.478 | .786/—0.968| 1.63 | —3.49 | 5.79| . 0682 0.966
900 —0.910| 1.58 |—1.84 | 2.52 | 4.872 | .645 —.544| 1.32 | —2.96 | 4.43| 4.193 | .908
1, 000 —.626/ 1.37 [—1.52 | 2.15 [4+1.170 | .555| —.244| 1.13 | —2.54 | 3.59| +.269 | .874
1-Hexene= 1-Hexene= 1-Hexene= 1-Hexene= 1-Hexene=
4-methyl-1- 2-methyl-2- cis-3-methyl-2- | trans-3-methyl cis-4-methyl-2-
pentene pentene pentene 2-pentene pentene
AF°[T K AR IT] K AF°|T K AF°IT K AF°|T K
cal/deg calldeg calldeg cal/deg calldeg
mole mole mole mole mole
208.16 | —3.03 4.60 |—15.0 |1,870 —12.8 | 634 —13.6 | 954 —8.05 57.4
300 —3.00 4.52 |—14.9 |1,770 —12.7 | 605 —13.5 | 909 —7.97 55.2
400 —1.57 2.21 |-10.6 210 —9.03 | 94.0 —9.84 | 141 —=5.11 13.1
500 —0.725 | 1.44 | —=7.90 53.2| —6.62| 28.0 —7.43 | 42.0 | —3.47 5.74
600 —.134 | 1.07 | —6.03 20.8 | —4.97 | 12.2 —578| 18.3 | —2.31 3.20
700 +.235 | 0.888 | —4.68 10.56 | =3.77 6.66 | —4.58 | 10.0 | —1.46 2.08
800 4. 485 .784 | —3.63 6.22| —2.83 4,16 | —3.64 6.26 | —0.810 1. 50
900 +.747 .687 | —2.79 4.06 —2.08 2.84| —2.89 4,27 | —.290 1.16
1,000 +.918 .630 | —2.11 2.89 —1.47 2.09| -—2.28 3.15 | +.174 0.916
1-Hexene= e erene= 1-Hexene= 1-Hexene= 1-Hexene=
trans-4-methyl- oeth l-l-bu;ene 2,3-dimethyl-1- | 3,3-dimethyl-1- 2,3-dimethyl-2-
2-pentene ¥ butene butene butene
AF°|T Figta N 4l B 1 AF°|T K AF°|T i AF°|T K
cal/deg cal/deg call/deg cal/deg calldeg
mole mole mole mole mole
208.16 |—10.2 169 —7.69 | 47.9 | —11.3 | 296 —5.91 |19.6 —14.4 {1,390
300 —10.1 161 —7.62 | 46.2 -—11.2 281 —b5.82 18.7 —14.3 (1,310
400 —6. 48 26.1 —5.14 13.3 —7.17 | 36.9 —2.40 3.35 —9.25 | 105
500 —4.46 9.45 | —3.58 6.06 | —4.94| 12.0 | —0.298 | 1.16 —6.01 20.6
600 -3.07 4.70 | —2.54 3.60 | —3.45 5.68 | +1.30 0.533 | —3.80 6.76
700 —2.08 2.84 | —1.79 2.46 | —2.38 3.32 | +2.41 .301 [ —2.19 3.02
800 -1.35 1.97 | —=1.24 1.86 | —1.60 2.24 | 4+3.17 .203 | —0.944 1.61
900 —0.713 1.43 | —0.772| 1.48 | =-—0.972| 1.63 | 43.71 .158 -+. 088 0. 957
1,000 —.221 1.12 | —.426| 1.24 —.461| 1.26 | +4.07 .128 +. 913 . 632
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TaBLE 32.—Values of the equilibrium concentrations for the isomerization of the
butenes and pentenes in the ideal gaseous state to 15600° K

Composition, in mole fraction, of equilibrium mixture of isomers

e BUTENES
1-Butene cis-2-Butene trans-2-Butene | 2-Methylpropene
oK
208. 16 0. 0084 0. 0609 0.210 0.721
300 . 0088 . 0620 .211 .718
400 0334 .114 .259 595
500 0717 . 145 273 .510
600 117 .161 .275 .447
700 .164 .169 .267 . 400
800 . 210 <170 +260 . 360
900 . 2562 . 168 .249 .332
1, 000 . 290 .165 238 305
1,100 324 .161 229 286
1, 200 354 . 156 .223 . 268
1, 300 383 .151 211 254
1, 400 414 . 149 191 246
1, 500 429 . 142 .198 231
PENTENES
5 cis-2-Pen- trans-2- | 2-Methyl- | 3-Methyl- | 2-Methyl-
1-Pentene tene Pentene | 1-butene | 1-butene | 2-butene
208. 16 0. 0004 0. 0064 0.0176 0.107 0. 0020 0. 867
300 . 0004 . 0066 . 0180 .107 . 0020 . 866
400 . 0034 . 0236 . 0468 .176 . 0068 .744
500 . 0116 . 0459 . 0789 . 227 . 0154 .621
600 . 0249 . 0666 .107 . 260 . 0252 .517
700 . 0416 .0834 .129 . 276 . 0347 . 436
800 . 0610 . 0952 . 145 .283 . 0438 .371
900 . 0811 . 104 . 156 . 287 . 0520 .320
1, 000 .101 .110 . 164 . 286 . 0587 . 280
1, 100 .119 .115 . 169 .284 . 0648 . 249
1, 200 . 136 117 .174 .279 . 0696 .22
1, 300 . 161 .119 . 176 .275 L0744 . 205
1, 400 . 166 .120 .178 .270 . 0788 . 187
1, 500 .179 121 X7 . 266 . 0831 .173
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TaABLE 33.—Values of the equilibrium concentrations for the isomerization of the
hezenes in the ideal gaseous state to 1,000° K

Composition, in mole {raction, of equilibrium mixture of isomers
Tempera- HEXENES
ture
1-Hexene |cis-2-Hexene tﬁggf{; cis-3-Hexene %‘é’;gfg 2'%%‘3:316'1'
2K
298.16 0. 000172 0. 00269 0.00903 0.00119 0. 00456 0. 0469
300 . 000181 . 00278 . 00931 .00122 . 00468 . 0477
400 . 00135 .0101 . 0234 . 00443 . 0119 .0785
500 . 00444 .0203 . 0395 . 00858 L0197 .104
600 . 00957 . 0302 .0635 .0126 . 0269 .121
700 . 0162 . 0386 . 0649 . 0161 .0333 .130
800 . 0238 . 0455 .0749 . 0187 . 0388 .138
900 0322 . 0509 .0812 . 0208 . 0423 .142
1,000 . 0404 . 0554 . 0869 . 0224 . 0457 .145
: trans-3- N
3-Methyl-1- | 4-Methyl-1- | 2-Methyl-2- | cis-3-Meth- | nr 47 370 | cis-4-Methyl-
pentene pentene pentene |yl-2-pentene i 2-pentene
pentene
298.16 0. 000416 0.000791 0. 321 0.109 0.164 0. 00987
300 . 000433 . 000819 . 320 .110 .165 . 0100
400 . 00201 . 00297 . 283 .126 .180 .0176
500 . 00558 . 00639 . 236 .124 .187 . 0255
600 . 0105 .0102 . 200 137, .175 . 0306
700 . 0164 .0144 71 .108 .163 . 0339
800 . 0230 . 0187 . 148 .099 . 149 . 0358
900 . 0292 .0221 .131 .091 .138 .0372
1,000 . 0353 . 0255 117 .085 L127 . 0370
trans-4-Methyl-| 2-Ethyl-1- 2,3-Dimethyl- | 3,3-Dimethyl- | 2,3-Dimethyl-
2-pentene butene 1-butene 1-butene 2-butene
298.16 0. 0291 0. 00824 0. 0509 0.00336 0.239
300 . 0292 . 00837 . 0509 . 00339 .237
400 . 0351 .0179 . 0500 . 00451 .141
500 . 0419 . 0269 . 0534 .00516 . 0916
600 . 0450 . 0344 . 0544 .00511 . 0648
700 . 0462 .0400 © .0539 . 00490 . 0490
800 . 0469 . 0444 . 05634 . 00483 . 0383
900 . 0461 . 0475 . 0625 . 00509 . 0308
1, 000 . 0452 . 0501 . 0510 .00519 . 0255
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TasLp 34.—Comparison of values from this report with experimental values for
certarn equiltbria of isomerization of branched-chain pentenes and hexenes

PENTENES
Temper- | 3-Methyl-1- 2-Methyl-1- 2-Methyl-2-
Source ature butene butene butene
L', 4 Mole fraction at equilibrium
Experimentat f1d]. .. g ¥aa 631 0.034 0.273 0.693
Calculated (this report)._.______._ 631 . 036 . 339 .625
HEXENES
Sotivce Temper- | 2,3-Dimethyl- | 3,3-Dimethyl- | 2,3-Dimethyl-
ature 1-butene 1-butene 2-butene
; oK Mole fraction at equilibrium
Experimental [12]_________________ 573 0.332 0.034 0.634
Experimental [13] z 548 .337 . 038 .625
Experimental [14] 135 558 .28 .07 .65
Calculated (this report). __________ { g;g . i?g 8:;3 z gg;’

VI. EQUILIBRIUM CONSTANTS FOR SOME REACTIONS
INVOLVING HYDROGENATION, DIMERIZATION, AND
ALKYLATION

In figure 10 are plotted, as a function of temperature, values of the
logarithm of the equilibrium constant for the reaction of hydrogena-
tion of a given normal 1-alkene to the corresponding normal paraffin
[56]. The curves show the change in the value of the logarithm of the
equilibrium constant of hydrogenation with increase i number of
carbon atoms in the molecule. Table 35 gives the numerical values
of the equilibrium constant, and of its logarithm, for these reactions
of hydrogenation. Table 36 gives a comparison of values from this
report with experimental values for certain equilibria of hydrogenation
from reference [7, 15].

Table 37 presents numerical values of the equilibrium constant,
and of its logarithm, for some reactions of dimerization. In figure 11
are plotted, as a function of temperature, values of the logarithm of
the equilibrium constant for these reactions of dimerization. The
effect of changing isomers, either reactants or products, can be deter-
mined readily from tables 30 and 31.

Table 38 presents numerical values of the equilibrium constant,
and of its logarithm, for some reactions of alkylation, which is the
addition of a paraffin to a monoolefin molecule. The wvalue for
2,2,5-trimethylhexane used in these calculations is a preliminary one
obtained by adding to the value for 2,2,4-trimethylpentane [5], the
appropriate difference between the values for 2,4-dimethylpentane
and 2,5-dimethylhexane from [5, 16]. In figure 12 are plotted, as a
function of temperature, values of the logarithm of the equilibrium
constant for these reactions of alkylation. The effect of changing
isomers, either reactants or products, can be determined readily from
tables 30 and 31 of this report and the tables in references [5, 16].
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TEMPERATURE IN °C
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Ficure 10.—Logarithm of the equilibrium constant for the reaction of hydrogenalion
of I1-alkenes to n-paraffins.

The scale of ordinates gives the value of the logarithm (to the base 10) of the equilibrium constant for the
reaction of hydrogenation of a given 1l-alkene to the corresponding normal paraffin, in the gaseous state.
The scale of abscissas gives the temperature in degrees Kelvin. The values calculated for propylene,
1-butene, and the higher 1-alkenes all fall within the width of the heavy line indicated. The corresponding
numerical values are given in table 35.
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TEMPERATURE IN °C
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F1cure 11.—Logarithm of the equilibrium constant for some reactions of dimerization,

The scale of ordinates gives the value of the logarithm (to the base 10) of the equilibrium constant for some

reactions of dimerization of 1-alkenes to 1-alkenes, in the gaseous state. The scale of abscissas gives the

temperature in degrees Kelvin. The lowest curve shown is that for 1-pentene and higher 1-alkenes. The
corresponding numerical values are given in table 37.
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ALKYLATION

Ethylene + Isobutane = 2,3-Dimethylbutane
/Propylene + Isobutane = 2,3~Dimethylpentane

LOGjp K
o
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i

Isobutene + Isobutane = 2,2,4~-Trimethylpentane

“6[=  2-Methyl-2-butene + Isobutane = 2,2,5-Trime1hy|hexone)

-8}- =

1 | | | ] | I | 1
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TEMPERATURE IN °K
Ficure 12.—Logarithm of the equilibrium constant for some reactions of alkylation.

The scale of ordinates gives the value of the logarithm (to the base 10) of the equilibrium constant for
some reactions of alkylation (addition of an olefin to a paraffin to form a paraffin), in the gaseous state. The
iscatleb(ff gbscissas gives the temperature in degrees Kelvin. The corresponding numerical values are given

n table 38,



TaBLE 35.—Equilibrium constant, and its logarithm, for the reaction of hydrogenation of 1-alkenes to n-paraffins

Reaction Temperature in °K
208.16 300 400 500 600 700 800
1-Alkene (gas)-+Hg(gas) =n-paraffin (gas)
Logarithm of the equilibrium constant, logio K
s (gas) - Ha(gas) = CiH¢(gas)-to tobt o s it el B e o el n i 17. 6958 17. 5494 11. 5404 7.9014 5. 4444 3.6778 2.3423
B Fisteae) - Hilgas) = CaHelgas)wzocoetoihe onad (Shfarias. & - ol o STisL 15. 1025 15.0014 9. 5170 6. 2154 3. 9906 2. 3935 1.1911
CHs(gas)+Ha(gas) = CqH10(Z8S) - - - oo 15.3715 15. 2364 9. 7090 6. 3650 4.1017 2. 4706 1.2443
OsHio(2a8)--H1(gas)=CsHas(gas) - _ ool t_coioi oo _liii_lo_.. 15. 2070 15. 0725 9. 5615 6. 2095 3.9550 2.3313 1. 1050
OsH13(zas)-+Ha(gas) =CdHqi(808) - - o i oiidiliaiaa 15. 2121 15.0748 9. 5646 6. 2247 3.9683 2.3428 1.1243
CuH3a(gas)+Hs(gas) =CaHan+2(g8S); M >6- .. 15. 2090 15.0773 9. 5649 6. 2228 3. 9669 2. 3402 1.1210
Reaction Temperature in °K
900 1,000 1,100 1,200 1,300 1,400 1,500
1-Alkene (gas)+H;s(gas) =n-paraffin (gas)
Logarithm of the equilibrium constant, logio K
CaHi(gas)- - Ha(gas) =CaHe(gas) - o= 08 Lo el 1. 2992 0. 4634 —0. 2229 —0. 7937 —1. 2766 —1. 6897 —2.0495
C3Hs(gas)+Ha(gas) =CsHs(gas) - 0. 2547 —. 4930 —1.1044 —1.6136 ~2.0430 —2.4116 —2.7382
CyHs(gas)+Ha(gas) = CsHjo(gas) .- - - . 2890 —.4758 —1.1039 —1.6302 —2.0772 —2.4581 —2.7908
CsHio(gas)+Hz(gas) =CsHia(gas) - . . 1492 —. 6177 —1.2431 —1.7653 —2. 2042 —2. 5838 —2. 9200
CoHia(gas)+Ha(gas) =CsHu(gas) - .- 1639 —. 6017 —1.2271 —1.7490 —2.1890 —2.5712 —2. 9090
CaHaa(gas)+Haz(gas) =CaHzgns(gas); n>6 1635 —. 6008 —1.2284 —1.7475 —2.1889 —2. 5706 —2.9101
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TaBLE 35.—Equilibrium constant, and its logarithm, for the reaction of hydrogenation of 1-alkenes to n-paraffins—Continued

Reaction Temperature in °K
300 500 600 700 800
1-Alkene (gas)-+Ha(gas) =n-paraffin (gas)
Equilibrum constant, K
Gy (ens)=-Hs(288) = s Hg(BaS) o - - oo Lo oicilacidon s in et 3.54x1017 x 101 7.96x107 2.78x108 4.76x103 2.20x102
C3Ho(gas)-+H2(gas) = CsHs(gas) 1.00 x 10 18 x10°9 1.64x10°6 9.78x 103 2.47x102 1.55x101
CiHs(gas)+Hz(gas) =C4Hjo(gas) - - 1.72x 10 18 x10° 2.32x106 1.26x 104 2.95x102 1.75x101
CsHio(gas)+Ha(gas) = CsHiz(gas) - 1.18x 1015 x10° 1.62x106 9.02x10 3 2.14x103 1.27x101
CsHiz(gas)+Ha(gas) =CsHu(gas) - .. __.___._____ 1.19x10 18 x10° 1.68x 106 9.29x103 2.20x102 1.33x101
CaHan(gas)+Ha(gas) =CnHan+2(g88); B >0 1.19x 10 18 x10° 1.67x100 9.27x103 2.19x102 1.32x101
Reaction Temperature in °X
1,000 1,200 1,300 1,400 1,500
1-Alkene (gas)+Ha(gas) =n-paraffin (gas)
Equilibrium constant, K
CsHi(gas)--Hs(gas) = CaH6(Z8S) re oo o ccccooocccccccccmccccccmcmmccaae 19.9 2.90 98 x 101 1.61 x 101 5.28 x 103 2.04 x 102 8.91x 10~
CsHe(gas)+ Ha(gas) = CsHs(gas) 1.80 .321 6 x 10-2 2.44x 102 9.06 x 108 3.88x 103 1.83 x 103
CsHs(gas)+Ha(gas) =C4Hjo(gas) - - 1.95 .334 7 x 102 2.34 x 102 8.37 x 10-3 3.48 x 103 1.62 x 10-3
CsHio(gas)+Ha(gas) = CsHia(gas) - 1.41 . 241 2x 102 1.72x 102 6.25 x 10-3 2.61x 103 1.51 x 10-3
CeHis(gas)+Ha(gas) =CsHis(gas) . . 1.46 . 250 3 x 10-2 1.78 x 102 6.47 x 10-3 2.69 x 10~ 1.23 x 10-3
CnHzin(gas)+Ha(gas) =CnHan+2(g88); m>6_ 1.46 . 251 1x10-2 1.79x 102 6.47 x 10-3 2.69 x 102 1.23 x 1073
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TasLe 36.—Comparison of values from this report with experimental values for
certain equilibria of hydrogenation

Logarithm of equilibirum con-
stant, logio

Reaction (gas phase) g;g;l;gerx-
Experi- Calcu- Differ-
mental lated ence
Frey and Huppke [7]

673 3.824 4.112 0.288

QI -y Qg £ . oo 00 5 LS 723 3.119 3.342 .223
773 2.495 2. 660 .165

623 3. 420 3. 577 .157

CiHot+-Hs=CsHg. _ - svo oo coimae o 673 2.658 2. 780 .122
723 2.131 2. 087 —. 044

623 3.347 3.691 . 344

1-CyHg+Hy=n-CsH0. oo ... 673 2.658 2.871 . 213
723 2.125 2.153 .028

623 3.081 3.348 267

trans-CyHs+Hy=n-CHyo- ..o ...__.___ 673 2.409 2.613 . 204
723 1.854 1.975 121

623 3.284 3. 569 285

¢is-CsHg+Hao=n-CsH10. o oo 673 2.602 2.819 217
723 2. 060 2.170 110

623 2.770 2.911 141

i80-C4Hg+Hy=i80-C4H 0. - oo 673 2.000 2.154 154
723 1.377 1. 496 119

Kistiakowsky [15]

K 13 | 3287 | 332 | 0.085
Ot M QR - oo - { & | i%i | i .045

R o8 | 3.2 | 3160 | —.120
Oyt Hy=OsHs... oo [ %8 | i8¢ | L3 | =i




TaBLE 37—Equilibrium constant, and its logarithm, for the reaction of dimerization of normal 1-alkenes to normal 1-alkenes

Temperature in °K

Reaction 298.16 300 400 500 600 700 800
Logarithm of the equilibrium constant, logig K
2 CgH, (ethylene, gas) =C4Hs (1-butene, gas) - __________ 11. 249 11.139 6. 636 3.960 2.180 0.919 —0.020
2 C3Hs (propylene, gas) =CgHiz (1-hexene, gas)......_.. 6. 650 6. 559 2.976 0. 857 —0. 546 —1. 534 —2.268
2 C4Hs (1-butene, gas) =CsHs (1-octene, gas) . _._ 6. 996 6. 899 3.191 1. 005 —.445 —1.472 —2.230
2 CsHio (1-pentene, gas) =CjioHzo (1- decene, PRS)EItt . Seeq wisl £ 6.291 6. 200 2.617 0.495 —. 905 —1.891 —2.625
2 CaHia (1-alkene, normal, gas) =CsaH4a (1-alkene, normal, gas); n>5. 6. 251 6.161 2.590 .491 —. 904 —1.892 —2.611
Temperature in °K
Reaction 900 1,000 1,100 1,200 1,300 1,400 1,500
Logarithm of the equilibrium constant, logio K
2 C3H, (ethylene, gas) =CsHs (1-butene, gas) ... —0.745 —1.319 —1.787 —2.172 —2.495 —2.768 —3.004
2 C3H; (propylene, gas) =CsHiz (1-hexene, gas)___ 2 —2.822 —3.263 —3.619 —3.922 —4.176 —4. 387 —4. 564
CyHs (1-butene, gas) =CsHs (1-octene, gas) - .. | =2.811 —3.272 —3.643 —3.954 —4.218 —4.440 —4.637
2 CsHjyo (1-pentene, gas) =CioHzo (1-decene, gas) = —3.191 —3.639 —3.992 —4. 287 —4., 529 —4.746 —4,951
2 CoHga (1-alkene, normal, gas) =C3aHs (1-alkene, normal, gas); ‘n>5., —3.182 —3.626 —3.970 —4.263 —4. 509 —4.730 —4.940
Temperature in °K
Reaction 208.16 300 400 500 600 700 800
Equilibrium constant, K
2 C3H4 (ethylene, gas) =CsHs (1-butene, gas)-. 1.77X10 1t 1.38X10 1t 4.33X106 9.12X10 8 1.51X10 2 8.30 0. 955
2 C3Hs (propylene, gas) =CsH)z (1-hexene, gas 4.46X10 6 3.62X10 ¢ 9.46X10 2 7.19 0. 284 2.92X10-2 5.40X10-3
2 C4H; (1-butene, gas) =CsH;s (1-octene, gas) ___. 9.91X10 8 7.93X10 8 1.55X10 3 10.1 . 359 3.37X10-2 5.89X10-3
2 Cs Hyo (1-pentene, gas) =CioHzo (1-decene, gas) 1.95%10 & 1.59X10 ¢ 4.14X10 2 3.13 .125 1.29X10-2 2.37X10-3
2 CnHia (1-alkene, normal, gas) =Cs3aHyn (1-alkene, normal, g: x 1.78X10 8 1.45X106 3.90X102 3.10 .125 1. 28102 2.45X10-3
Temperature in °K
Reaction 900 1,000 1,100 1,200 1,300 1,400 1,500
Equilibrium constant, K
2 C:H, (ethylene, gas) =C4Hs (1-butene, gas) ..o ..____________._____ 0. 180 4.80X10-8 1.63X10-2 6. 7310~ 3.20X10-3 1.71X10-3 9. 91 X104
2 CsHs (propylene, gas)=CsHis (1-hexene, gas)- 1.51X10-8 5. 6410~ 2.40X10+ 1. 2010~ 6.67X10-% 4.10X10-5 2.73X10-6
2 C4Hj (1-butene, gas) =CsHis (1-octene, gas) - ___ 1. 55X10-8 5.35X10~+ 2.28X104 1.11X104 6.05X10-8 3.63X10-5 2.31X10-5
2 CsHyo (1-pentene, gas) =CoHzo (1-decene, gas) 6. 44104 2. 3010+ 1.02X10~4 5.16X10-5 2.96X10-3 1. 80X10-5 1.12X10-6
1.07X10-4 3.10X10-8 L 86)(10‘5 1.15X10-%

2 CoHjqa (1-alkene, normal, gas) =CaaHus (1-alkene, normal, gas); n>>5--

6. 58 X104

2.37X10~

5.46X10-3
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TaBLE 38.—Equilibrium constant, and its logarithm, for some reactions of alkylation (addition of olefin to paraffin)

Reaction Temperature in ° K
208.16 300 400 500 600 700 800 900 1,000
Monoolefin (gas)-+-isobutane (gas) =isoparaffin (gas)
Logarithm of the equilibrium constant, loga K
Ethylene (gas)-+isobutane (gas) =2,3-dimethylbutane (gas)_ 9.321 9.214 4.993 2.475 0.793 —0.393 —1.264 —1.925 —2.434
Propylene (gas)+isobutane (gas)=2,3-dimethylpentane
__________________________ 7.684 7.592 3. 810 1. 538 0.014 —1.072 —1.869 —2.469 —2.926
Isobutene (gas)+isobutane (gas)=2,2 Ltrmethylpentane
ERRACE N et Tl S gt D L e NP e R Y 5. 240 5.156 1.807 —0.210 —1.560 —2.507 =3.177 —3.678 —4.073
2-Methyl-2-butene (gas)--isobutane (gas) =2,2,5-trimethyl-
HeXANOI(PAS) 0 2 Ok L G N L e 3.710 3.633 0.647 —1.128 —2.313 —3.134 —3.700 —4.120 —4. 458
Equilibrium constant, K
Ethylene (gas-t+isobutane (gas) =2,3-dimethylbutane (gas)_.| 2.09X10¢ | 1.64X109 | 9.84X104 | 2.99%X102 | 6.21 0.405 5.45X10-2 | 1.19X10-2 | 3.68X10-3
Propylene (gas)-+isobutane (gas)=2,3-dimethylpentane
_____________________________________________________ 4.83X107 | 3.90X108 | 6.46X10% {34.5 1.03 8.46X10-2 | 1.36X10-? | 3.40X10-% | 1.19X10-3
Isobutene (gas)+isobutane (gas)=2,2,4-trimethylpentane
(77t ol SR O A 8 ol ST 1 By e 1.74X10% | 1.43X105 | 64.1 0.617 2.75X10-% | 3.14X10-8 | 6.65X10~4 | 2.10X10—* | 8.45X10-%
2-Methyl-2-butene (gas)-isobutane (gas)=2,2,5-trimethyl-
hexane (gaS)_ o -e_.ee__ o RSP (B St AT N 5.13X103 | 4.30X103 | 4.44 7.45X10-2 | 4.86X10~% | 7.35X10~4 | 2.00X10~* | 7.59X10-8 | 3.48X10-$
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