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Standard Chemical Thermodynamic Properties of Alkylbenzene Isomer
Groups

Robert A. Alberty

Department of Chemistry, Massachusetts Institute of Technology, Cam_bridge, Massachusetts 02139

The chemical thermodynamic properties of alkylbenzene isomer groups from CgH,, to
C,H,, in the ideal gas phase have been calculated from 298.15 to 1000 K from tables of
Stull, Westrum, and Sinke. In the absence of literature data on all isomers of higher isomer
groups, the properties of isomers of C,H,, to C,,H, have been calculated using Benson
group values. For isomer group properties, increments per carbon atom have been calcu-
lated to show the extent to which thermodynamic properties of higher isomer groups may
be obtained by linear extrapolation. Equilibrium molc fractions within isomcr groups have
been calculated for the ideal gas state from 298.15to 1000 K. Valuesof C ;,.5°,4 ;H" , and:
A ;G° are given for all species from CgHg to C,,H 4 in joules for a standard state pressure of
1 bar.

Key words: alkylbenzenes; Benson method; enthalpy of formation; entropy; Gibbs energy of forma-
tion; heat capacity; isomer group thermodynamic properties; isomer mole fractions; thermodynam-
iv propertics.
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1. Introduction luene, the number of isomeric species increascs very rapidly

with carbon number. It is therefore convenient to calculate
chemical thermodynamic properties for alkylbenzene iso-
mer groups and use these properties in equilibrium calcula-
tions, as recommended by Smith.! The mole fractions of in-
dividual species may then be calculated in a second step since
their mole fractions in their isomer groups are functions of
temperature only for ideal gases.

When chemical equilibrinm calculations are made on
organic systems involving- alkylbenzenes larger than to-
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178 ROBERT A. ALBERTY

The preceding article? in this series has presented
chemical thermodynamic properties of alkane isomer
groups through C,H,, for the ideal gas state from 200 to
1500 K. These tables provide a basis for extrapolation to
higher carbon numbers.

The first statistical-mechanical correlations of the
chemical thermodynamic properties of the alkylbenzenes
were made by Pitzer and Scott.? Prosen, Johnson, and Ros-
sini* computed a number of enthalpies of formation of alkyl-
benzenes and developed an extrapolation formula. Taylor,
Wagman, Williams, Pitzer, and Rossini® made statistical
mechanical correlations for the four CgH,, and the eight
CgH,, alkylbenzenes. Further work was done by Rossini,
Pitzer, Arnett, Braun, and Pimentel,® who published tables
in 1953. Some further small changes were made by Stull,
Westrum, and Sinke” in publishing their book in 1969. The
enthalpies of formation of alkylbenzenes at 298.15 K have
been evaluated by Cox and Pilcher,® and the thermodynamic
properties of the C,,H,, alkylbenzenes at 298.15 K have
been presented by Somayajulu.® .

2. Standard Thermodynamic Properties of
Isomer Groups

When isomers are in chemical equilibrium, it has been
know for some time" '™ (hat they can be aggregated in
calculations of equilibrium mole fractions by use of the stan-
dard Gibbs energy of formation 4 G *(I) of the isomer group
defined by

N,

A G {l) = -—RTln[ > exp(—4 fG}’/RT)], - (1)
i=1

where 4 ;G '; is the standard Gibbs energy of formation of an

individual isomer and N is the number of isomers in the

group, including stereoisomers. The equilibrium mole frac-

tions #; of various isomers in a group can be calculated using

" xfi.z exp({[4.G° () — A4 (G;]/RT}, 2
I

where y; is the sum of the mole fractions of the individual
isomers. The corresponding equations for the other standard
thermodynamic properties C (1), S° (I), and 4  H° (I) can be
derived by differentiating Eq. (1) with respect to tempera-
ture.'® When standard Gibbs energies of formation of isomer
groups are used to calculate equilibrium constants for reac-
tions of ideal gases, the equilibrium expression is written in
terms of equilibrium mole fractions of isomer groups.

For the alkylbenzenes the standard chemical thermo-
dynamic properties for an isomer group are interrelated by

AGCN=4aH0)-T[SQ)

—(n—3)S1e] (3)
where 7 is the number of carbon atoms.

To calculate the chemical thermodynamic properties
for an isomer group, a term must be included for each molec-
ular species, including stercoisomers. The numbers of chiral
centers and isomers of the alkylbenzenes are shown in Table
1. Rather than having a line in a thermodynamic table for
each stereoisomer, this article follows the standard practice
of giving properties of racemates. Thus R In 2 is added to the

o
—nS graphite
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Table 1. Numbers of isomers
of alkylbenzenes

Number Chiral Centers Total

of lines one Two isomers
C6H6 1 [¢) (¢} 1
C7H8 1 o] (o} 1
C8H10 4 [0} o] 4
C9H12 8 (o] (o) 8
C10H14 22 1 (o] 23
Ci1tHi6 40 6 [oJ8 46
C12H18 87 20 2 109

calculated standard entropy and RT In 2 is subtracted from
the standard Gibbs energy of formation of one of the chiral
forms at cach temperature. Therefore, the numbers of lines
in tables in this article do not correspond to the total
numbers of isomers; the numbers of lines and of isomers are
compared in Table 1. .

Stull, Westrum, and Sinke’ give data on all the isomers
through C,H,, and on 7 of the 23 isomers of C,oH 4. In order
to compare the properties expected for the remaining
isomers of C,H,, and to examine the rélationship between
isomer group properties and carbon number, the Benson
group method was used.

3. Calculations of Standard Thermodynamic
Properties of Alkylbenzenes Using the
Benson Method

In view of the rapid increase in the number of isomers

with carbon number, we are dependent on various estima-
tion and extrapolation methods for thermodynamic proper-

ties of higher isomers. Calculations using the Benson meth-

0d'7!8 were useful in considerations of the properties of the
higher alkanes,? and they are needed for the alkylbenzenes
because the increments in isomer group thermodynamic
properties are still increasing with carbon number at CoH,,.
Therefore the Benson method was used to estimate C 3, 5%,
AH°,and 4,G" for all the individual isomers of the alkyl-
benzenes up to C,,H,; in the ideal gas state using computer
programs written in APL.?

In order to make these calc\ulations, the structure of
each alkylbenzene species was divided into the following
Benson groups: C(H)3(C), C(H),(C), C(H)(Cls, C(Cla
C(Cs )(C)(H),, C(C3)(C),(H), C(Cp)(C)s, Cp(H), and Cy(C)-
In addition the total symmetry number (TSN), number of
optical isomers (OPT), and ortho corrections were identified.
In view of some of the uncertainties in some of the alkylben-

_ zene group values indicated by Benson, the gauche and 1,5-

H repulsions, which affect only several of the most highly
branched species were omitted. In calculating symmetry
numbers a report by Davies, Syverud, and Steiner'® was very
helpful. The group assignments were checked by matrix
multiplication to be sure they accounted for the corrcct
numbers of carbon and hydrogen atoms.

The matrix of numbers of contributions was then ma-
trix multiplied by a matrix of the Benson values to obtain for
each isomer the sum of the contributions to A +H 59355 fn: 208
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Table 2. Root mean square deviations between alkylbenzene thermodynamic
properties from Stull, Westrum, and Sinke and from the Benson method
T/K 298 300 400 500 600 700 800 900 1000
Standard heat capacity at constant pressure in J/K mol
C6HS 3.30 3.25 t.20 3.53 3.38 1.54 1.04 3.67 5.94
c7HR 4.26 4.13 1.672 5.88 6.70 5.79 a. /7 1.71 .13
CBH1O 3.92 3.86 .74 3.64 4.07 2.66 1.10 2.96 5.20
C9H12 5.54 5.49 3.19 4.26 4.59 3.23 2.70 4.58 6.62
CiOH14 4.35 4.12 .79 3.95 4.13 2.49 .19 4.00 6.38
Standard entropy in J/K mot
C6H6 .41 .43 .-1‘2 .69 1.34 1.74 1.7v9 1.51 .98
C7H8 71 .71 1.06 .22 .93 1.90 2.54 2.86 2.98
C8H10 .84 .85 1.14 .76 .62 .93 1.06 .91 56
C9H12 1.29 .28 1.28 1.57 2.04 2.48 2.76 2.80 3.01
Ci0H14 2.53 2.54 2.13 . 2.54 3.18 3.63 3.73 3.46 2.93
Standard enthalpy of formation in kd/mol
C6HE .08 .06 .07 .16 50 .75 77 .52 .09
C7HS8 .59 .59 .38 .73 1,32 2.00 2.47 2.73 2.84
C8H10 1.26 1.25 1.03 1.19 1.563 .88 2.00 1.91 1.67
cor2 2.00 1.09 1.6 1.66 1.00 2.21 2.27 2,147 2.00
Ci0H14 2.19 2.18 1.98 2.10 2.35 2.63 2.65 2.44 2.10
Standard Gibbs energy of formation in kJ/mol
C6H6 .10 .09 .12 17 .28 .41 .61 74 .81
cTHB LT .73 .80 .21 .83 .75 .48 28 .O1
C8H1O 1.39 1.37 1.47 1.58 1.58 1.61 1.863 1.83 1.865
CoHt2 1.79 1.78 1.80 - 1.87 1.89 2.01 2.06 2.24 2.47
C10H14 1.52 1.52 1.36 1.26 1.16 1.13 1.25 1.37 1.61¢

C 23005 C pacos C psoos C peoos C psoos € p1ocos ad Cpyso- In
further steps in the calculation the heat capacity values were
fit to the equation

Cp=a+pT+yT? (4)
using the least-squares criteria, and the values of @, §, and ¥

were used to calculate C3, 5%, and 4 (H® from 200 to 1000
K. v

§°=83 +aln T+ BT + (y/2)T? — R In(TSN/OPT), (5)
AH =AH} +aT+(B/2)T?

+ (#/3)T° — n(H ~H 598 ) graph
= 3E — Hipg,. | 6)

Thevaluesof 4 ;G® at various temperatures were then calcu-
lated using Eq. (3). .

Table 2 shows how well the chemical thermodynamic
properties calculated using the Benson method agree with
the values from Stull, Westrum, and Sinke’ for C.H,
through C,H,, and for the seven isomers of C, H,,, for which
they give valucs. The differences between the literature and
estimated values at each temperature were squared, divided
by the number of pairs of values, and the square root was
taken. For C.H, and C,H, this yields the magnitudes of the
deviations, and for the higher homologous series it yields the
root-mean-square deviations as a function of temperature.
Even for the higher homologs the root-mean-square devia-
tions in 4 ;G average less than 2 kJ mol .

4. Tables of Standard Thermodynamic
Properties of Alkylbenzene Isomer Groups
Since the International Upion of Pure and Applied

Chemistry has recently recommended that thermodynamic
data be given in SI units for a standard state pressure of 1 bar

(10° Pa), this has been done for the tables in this article. The
change in standard state pressure from 1 atm to 1 bar does
notaffect C 7 and 4 (H°; but the standard entropy of an ideal
gasis increased by

R In(1.013 25)=0.109J K~ * mol™*

at any temperature and the standard Gibbs energy of forma-
tion is reduced by [RT In(1.013 25)]8, where § is the net in-
crease (4-n) in moles of gas in the formation reaction.?

In Tables 3 to 8, the Stull, Westrum, and Sinke tables
have been used to calculate the isomer group properties for
C.H, to C,H,,, and the Benson method has been used to
calculate the isomer group properties for C,oH,, to C,,H,s.
For each property the increments in going from one carbon
number to the next are provided. These increments provide a
basis for a linear extrapolation of standard thermodynamic
properties. of alkane isomer groups to higher carbon
numbers. In a general way we would expect these increments

" to approach constant values as the carbon number increases

at constant temperature. At lower temperatures, constant
values are not approached for some properties, and this indi-
catcs that cxtrapolations arc corrcspondingly uncertain. The
limiting increments per carbon atom are quite similar to
those for the alkanes, but there are some differences.” The
limiting increments in A .H° (T) are about 5 kJ mol~! more
negative for the alkylbenzenes than for the alkanes above
500 K. The increments in C 3(I) and S° (I) are remarkably
similar for the two homologous series above 400 K.

Table 7 gives
H (I, T')— H° (I, 298.15 K),

the standard enthalpy for an isomer group relative to the
isomer group at 298.15 K. Table 8 gives values for

H (I, T)— H(I,298.15K) + A H (I, 298.15 K),
the standard enthalpy for the isomer group relative to the

J. Phys. Chem. Ref. Data, Voi. 14, No. 1, 1985
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elements at 298.15 K. This quantity allows the direct calcu-
lation of heat effects when the reactants and products are at
different temperatures.

5. Equilibrium Mole Fractions Within
Alkylbenzene Isomer Groups

The equilibrium mole fractions within isomer groups
calculated from standard Gibbs energies of formation are
given in Table 9 for the ideal gas state. Since the uncertainties
inA .G’ (I)and A ;G ; are-about the same, the uncertainty in
the difference is nearly independent of the relative values of
the two parameters, but the absolute uncertainty does in-
crease with temperature. Since the nearly constant uncer-
tainty is in the exponent in the calculation, the equilibrium
mole fractions of the isomers at a given temperature are un-
certain by the same factor, whether they are large or small.
The usual equation for the propagation of variance indicates
that the equilibrium mole fractions are uncertain by about
15% at the lower temperature and 10% at the higher tem-
peratures. This makes it difficult to indicate the uncertain-
ties in the table. It could be done by using exponential nota-
tion, but this makes it difficult to compare the mole fractions
of various isomers. '

Compounds are named in tables according to the IU-

PAC Revised and Collected Recommendations for the No-

menclature of Organic Chemistry, 1978.2! For example, the
two forms of 1-methylpropylbenzene are represented by 1R
and 1S, and the racemic mixture is represented by 1(RS)-
methylpropylbenzene. In naming species with two or more
ring hydrogens substituted, the name of the largest substitu-
ent is given first to clarify the relationships between the var-
ious structural isomers. '

Table 9 shows that in general the more highly branched
isomers have very low equilibrium mole fractions at any
‘temperature. The isomers with more methyl groups, and

Table 3.
isomer groups in J/K mol

ROBERT A. ALBERTY

more branches have more positive standard Gibbs energies
of formation. At higher temperatures there is in general a
more even distribution of the mole fractions between the less
branched isomers, reflecting the fact that entropies are more
similar than the enthalpies of formation.

It is of interest to note that if certain isomers are ex-
cluded by the catalyst, the equilibrium mole fractions of the
remaining isomers may be calculated from these tables by
simply excluding certain isomers and renormalizing the to-
tal mole fraction to unity. The calculation of the standard
Gibbs energy of formation of the restricted isomer group is
more complicated. If the standard Gibbs energy of forma-
tion of the restricted isomer group (RIG) that is in equilibri-
um is represented by 4 ;G°(RIG) and the standard Gibbs
energy of formation of the excluded isomer group (EX-
CLIG)is represented by 4 ;G° (EXCLIG}), then the standard
Gibbs energy of formation of the whole isomer group and of
the restricted isomer group are given by the following equa-
tions:

exp[ — 4,G° (I)/RT] = exp[ — 4,G° (RIG)/RT]

+ exp[ — 4 (G° (EXCLIG)/RT], (7)
A,G°(RIG) = — RT In{exp[ — 4,G°(I)/RT]
— exp[ — 4,G° (EXCLIG)/RT}}. (8)

6. Standard Thermodynamic Properties of
Individual Alkylbenzene Species

Thevaluesof C3,S8°,4 (H” ,and 4 ;G” for all the alkyl-
benzene species through C,,H,4 are given in Tables 10 to 13
in joules for a standard state pressure of 1 bar. The values for
Ce¢H, through C,H,, have been converted from the tables of
Stull, Westrum, and Sinke,” and the values for C;,H,,
through C,,H,; have been calculated using the Benson
method.'® The values for chiral forms are for the racemates.

Standard heat capacity at constant pressure for alkylbenzene

T/K C6H6 C7H8 C8H10 COH12 C10H14 CitH18 C12H1i8
298.15 81.67 103.64 129.92 160.24 210.7 261.6 268.6
300.00 82.22 104.35 130.64 161.06 211.6 262.2 269. 1
400.00 111.88 140.08 170.50 207.72 253.4 293.0 308.3
$00.00 137.24 "171.46 206.15 249.55 289.3 327.3 353.9
600.00 157.90 197.48 236.08 28B4 11 322.8 362.7 397.5
700.00 174.68 218.95 260.98 312.314 353.8 396.6 437 .4
800.00 188.53 236.86 281.7¢9 335.43 381.8 ,427.7 473.0
900.00 200. 12 252.00 299.29 354.67 406.6 455.3 504.3
1000.00 209.87 264.93 314.15 370.94 427.8 479.1 531.1

Table 3a. Increments per carbon atom

T/K C7-C8 c8-C7 c9-c8 c10-C9 Ci1-C10 C12-Ct1
298.15 21.97 26.28 30.31 50.4 50.9 7.0
300.00 22.13 26.30 30.41 50.5 50.6 6.9
400.00 28.20 30.42 37.22 45.6 39.7 15.3
500.00 34.23 34.69 43.40 39.7 -38.0 26.7
600.00 39.58 38.60 48.03 38.7 39.9 34.8
700.00 44 .27 42.03 51.32 41.5 42.8 40.8
800.00 48 .33 44 .94 $3.63 46.4 45.9 45.3
900.00 51.88 47.28 55.38 $1.9 48.7 49.0
1000.00 55.06 49.22 56.79 56.9 5.3 52.0

J. Phys. Chem. Ref. Data, Vol. 14, No. 1, 1985
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Table 4. Standard entropy for alkylbenzene isomer groups in J/K mol

T/K C6H6 C7H8 CBH10 CoHi2 CtOH14 C1iHi6 C12H18
298.15 269.31 320.77 363.85 399.28 435.2 471.0 522.1
300.00 269.85 321.44 364.8% 400.26 436.5 A472.7 523.8
400.00 297.63 356.46 407.81 453. 12 503.4 5562.3 806. 1
500 .00 0542 291 19 44980 504. 10 $63.8 621.3 679.8
600.00 352.32 424.83 490.09 552.72 619.6 684.1 748.2
700.00 377.97 456,92 528.43 598.72 671.7 742.6 812.6
800.00 402.23 487.34 564.66 641.95 720.8 7987.6 873.3
900.00 425.12 $16.12 598.90 682.64 767.2 849.6 930.9
1000.00 446.71 543.40 631.22 720.86 811.2 898.8 985.5

Table 4a. Increments per carbon atom

T/K Cc7-C6 c8-Cc7 c9-Cc8 Cc10-C9 ci1-Cc10 ct2-ct1

298.15 51.46 43.08 35.42 36.0 35.8 51.1
300.00 51.59 43.21 35.61 36.3 36.1 51.1
400.00 58.83 51.35 45.31 50.3 48 .9 53.8
500.00 65.77 58.62 54.30 59.7 57.4 58.5
600.00 72.51 65.27 62.63 66.8 64.5 64.2
700.00 78.95 71.51 70.29 73.0 70.9 70.0
800.00 85.10 77.32 77.30 78.8 76.8 75.8
900.00 921.00 82.78 83.73 84.6 82.4 81.3

1000.00 96,69 87.82 88.64 80.3 87.6 86.6

Table 5. Standard enthalpy of formation for alkylbenzene isomer
groups in kd/mol

T/K CEHS C7THS COHIO cCaH 2 C10H14 C11H1G C12H10
298. 15 82.93 50.00 17.76 -14.33 -43.8 -69.1 ~91.1
300.00 82.80 49.87 17.59 -14.53 -43.9 -69.2 -91.3
400.00 77.66 43.26 8.91 ~22.75 -51.1 ~75.9 -101.0
500.00 73.39 37.87 3.51 -29.34 -67.7 ~82.9 -110.1
600.00 69.91 33.56 -1.64 =34.43 -63.3 -89.2 -117.8
700.00 67. 11 30.29 -5.61 -38.11 ~67.8 -94.2 -123.7
800.00° 64.89 27.82 T +8.60 40774 “70.9 =97.7 -127.8
900.00 63. 18 26. 11 -10.70 -42.40 -72.6 -99.8 -130.1
1000.00 62.01 25.15 -11.94 -43.1% -73.1 -100.4 -130.8

Table Sa. Increments per carbon atom

T/K C7-co C3-CT c92-Cca C10-C9 c11-G10 ciz2-c11
298.15 ~32.93 -32.24 -32.08 -29.4 ~25.3 ~22.1
300.00 ~32.93 ~32.28 -32.12 -29.4 -25.3 -22.1
400.00 -34.3¢9 -33.35 -32.66 -28.4 -24.8 -25.1
500.00 -35.52 -34.36 -32.85 ~28.4 ~25.2 -27.2
600.00 -36.3¢ -35.19 -32.79 -28.9 -25.9 -28.6
700.00 ~36.82 -35.80 -32.50 -29.7 -26.4 -28.5
800.00 ~37.07 ~36.42 ~32.15 -30.1 -26.9 -30.1
900.00 -37.07 -36.81 -21.70 -30.2 ~-27.2 -30.4
1000.00 ~36.86 -37.08 ~31.21 -30.0 -27.3 -30.4

Table 6. Standard Gibbs energy of formation for alkylbenzene
isomer groups in kJ/mol

T/K C6HE C7H8 C8H10 T C9H12 C10H14 C11H16 c12H18
298.15 129.73 122.10 117.71 115.71 116.3 12t.0 124.4
300.00 130.02 122.56 118.29 116.49 117.3 122.2 125.7
400.00 . 146.57 147.83 153.09 161.51 i72.2 187.0 199.6
500.00 164.29 174.64 189.65 208.36 228.8 253.5 275.8
600.00 182.80 202.37 227.34 256.35 286.6 321.4 353.7
700.00 201.86 230.81 265.87 305.18 345.3 390.3 432.8
800.00 221.26 259.59 304.83 354.35 404.8 459.8 512.6
900.00 240.90 288.70 344.16 403.87 464.1 529.5 592.7
1000.00 260.76 317.93 383.70 453.54 523.7 599.5 673.1

Tabie Gaf Increments per carbon atom

T/ c7-C6 c8-C7 c9-c8 €10-c9 c1t-C10 c12-CH1
298.15 ' -7.62 -4.40 -2.00 .6 4.7 3.4
300.00 -7.46 -4.27 -1.81 .8 4.9 3.5
400.00 1.26 5.27 8.42 10.7 4.8 12.6
500.00 10.35 15.02 18.71 20.4 24.7 22.2
600.00 19.56 24.98 28.01 30.3 34.8 32.3
700.00 28.9% 35.06 39.31 401 45.0 42.5
800.00 38.33 45.25 49.51 50.2 55.2 52.8
900.00 47.80 55.46 59.71 60.2 65.5 63.2
1000.00 57.18 65.77 69.84 70.2 75.8 73.6
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Table 7. Standard enthalpy for alkylbenzene isomer groups relative
to isomer groups at 298.15 K in kdJ/mol
T/K C6EHE C7H8 C8H10 C9H12 C10OH14 C1iH16 C12H18
298. 15 .00 .00 .00 .00 .0 .0 .0
300.00 .14 21 .24 .28 .4 .5 .5
400.00 9.83 12.36 15.24 18.66 23.7 28.2 29.2.
500.00 22.29 27.95 34.07 41.56 50.9. 69.2 62.23
600.00 37.07 46.39 56. 19 68.23 81.5 93.7 99.9
700.00 53.72 67.29 -81.10 98.14 115.4 131.7 141.7
800.00 71.89 90.09 108.25 130.53 152.2 173.0 187.3
900.00 91.32 114.53 137.31 165.04 191.6 217.1 236.2
1000.00 t11.90 140.44 168.08 201.43 233.4 263.9 288.0
Table 7a. Increments per carbon atom
T/K Cc7-C6 c8-C7 cs-C8 C10-C9 cti-cio ci2-C11t
298. 15 .00 .00 .00 .0 .0 .0
300.00 .07 .03 .04 1 A .0
400.00 2.53 2.88 3.42 5.1 4.5 1.0
500.00 5.05 0.13 7.48 9.3 8.3 3.1
800.00 9.32 9.80 12.04 13.3 12.2 6.2
700.00 13.57 13.80 17.05 17.2 16.3 10.0
800.00 18.20 18. 16 22.28 21.6 20.8 14.3"
900.00 23.21 22.78 27.73 26.6 25.5 19.0
1000.00 28.54 27.64 33.35 31.9 © 30.5 24.t
Table 8. Standard enthalpy for alkylbenzene isomer groups relative
to the elements at 298.15 K in kd/mol
T/K C6H6 C7H8 C8H10 CgH12 C10H14 C11H16 C12H18
298. 15 82.93 50.00 17.76 -14.33 -43.8 -69.1 -91.1
300.00 83.07 50.21 18.00 -14.05 -43.4 -68.6 -90.6
400.00 92.76 62.36 33.00 4.34 -20.0 -40.8 -61.9
500.00 105.22 77.95 51.83 27.23 7.1 ~9.98 -28.8
600.00 120.00 96.39. 73.95 §3.91 37.7 24.6 8.8
700.00 136.65 117.29 98.86 83.82 71.6 62.6 50.6
800.00 154.82 140.09 126.01 116.20 108.4 103.9 96. 1
800.00 174.2% 164.53 1565.07 150.72 147.8 148.0 145.0
1000.00 194.82 180.44 185.83 187.10 189.6 194.8 196.9
Table 8a. Increments per carbon atom
T/K C7-C6 c8-c7 c9-c8 Cci0-Cg ci1-cio €12-C11
298.15 -32.93 -32.24 -32.08 -29.4 -25.3 ~22.1
300.00 -32.86 -32.214 -32.05 -29.3 -25.2 -22.0
400.00 -30.40 -29.36 -28.66 ~24.4 -20.8 -21.1
500.00 -27.28 -26. 11 -24.60 -20.1 -i7.0 -18.9
600.00 -23.61 -22.44 -20.04 -16.2 -13.1 -15.8
700.00 -19.36 -18.44 -15.04 -12.2 -9.0 -12.1
800.00 -14.73 -14.08 -9.81 -7.8 -4.5 -7.7
900.00 -9.72 -9.46 -4.35 -2.9 .2 ~3.0
1000.00 -4.38 -4.60 1.27 2.5 5.2 2.0
Table 9. Equilibrium mole fractions within alkylbenzene isomer groups
T/K 298. 15 300 400 500 600 700 800 900 1000
C8H10 ’
ethylbenzene .0053 .0054 .0180 .0371 .0599 .0845 .1095 .1330 .1556
1,.3-dimethylbenzens .5940 .5963 .5593 .5284 .5002 .4776 .4566 .4377 .4214
1,.2-dimethylbenzene L1620 L1612 1849 2031 .2162 .2229 .2286 .2344 .2327
1.4-dimethylbenzene .2388 .2370 .2378 .2315 .2236 .2150 .2054 .1979 .1803
COH12 |
propy lbenzene ' .0002 .0002 .0015 .0053 .0118 .0204 .0304 .0408 .0513
isopropylibenzene .0002 .0002 .0011" .0031 .006t .0095 .0131 .0166 .0199
i-ethyl-3-methylbenzene ;0123 .0126 .0425 .0828 .1230 .1597 .1896 .2136 .2310
1-ethyl-2-methytbenzene .0019 .0020 .0093 .0228 .0403 .0592 .077t1 .0939 .1081
1-ethyl-4-methylbenzene .0f1t .0114 .0335 .0594 .0836 .1030 .1168 .1270 .1342
1,2,3-trimethylbenzene .0264 .0264 .0415 .0506 .0541 .0543 .0526 .0502 .0476
1,2,4-trimethylbenzene .5687 .5677 .5679 .5329 .4827 .4307 .3836 .3417 .3078
1.3.5-trimethylbenzene 3793 .3796 .3027 .2431 .1984 .1632 .1367 .1161 .1002
C10H14
butylbenzene .0000 .0000 .0001 .0006 .0016 .0032 .0052 .0076 .0102
1,3-diethylbenzene .0006 .0006 .0036 .0091 .0157 .0221 .0272 .0330 .0374
1,2-diethylbenzene .0001 .0001 .0008 .0025 .0049 .0077 .0108 .01392 .0169
1,4:diethylbenzene .0003 .0003 .0018 .0046 .0078 .0t110 .0139 .0165 .0187
1.2.3.4-tetramethylbenzene 0798 .0799 .0736 .0636 .0549 .0481 .0429 .0388 .0355
1,2,3.5-tetramethylbenzene .4698 .467% .3306 .2361 .1760 .1371 .1107 .0922 .0785
1,2,4,5-tetramethylbenzene .2349 .2335 .1653 .1180 .08BO .0685 .0554 .0461 .0393
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fable 9. Equilibrium mole fractions within alkylbenzene i1somer groups -Continued

T/K 298.15 300 400 500 600 700 800 200 1000

1-ethy1-2,3-dimethylbenzene .0056 .0058 .0155 .0250 .0327 .0386 .0430 .0464 .0489
{-ethyl1-2,4-dimethylbenzene .0332 .0339 .0694 .0929 .1050 .1100 .1112 .1103 .1083
{-ethyl-2 ,5-dimethylbenzene .0332 .0339 .0694 .0928 .1050 .1100 .1142 1103 .1083
1-ethyl1-2,6-dimethylbenzene .0028 .0029 .0077 .0125 .0164 .0193 .0215 .0232 .0245
i-ethy1-3,4-dimethylbenzene .0332 .0339 .0694 .0922 .1050 .1100 .1112 .1103 .1083
i-ethyl1-3,5-dimethylbenzene .0977 .0991 .155%9 .1725 .1683 .1567 .1436 .1311 .1199
1-propyi-2-methylbenzene .0002 .0002 .00t8 .0053 .0102 .0157 .0212 .0266 .0316
1-propyl-3-methylbenzene .0014 .0014 .0082 .0198 .0327 .0447 .0548 _0632 ' .0699
1-propyl-4-methylbenzene .0007 .0007 .0041 .0099 .0164 .0223 .0274 .0316 .0350
1-isopropyl-2-methylbenzene .0006 .0007 .0027 .0056 .0084 .0109 .0131 .0149 .0164
1-isopropyl-3-methylbenzene .0037 .0038 .0122 .0206 .0270 .0311 .0338 .0354 .0363
1-isopropvl-4-methyibenzene .C018 .0018 .0061 .0103 .0135 .Q156 .0169 .0177 .0t82
2-methylpropylbenzene .0001 .0001 .0009 .0028 .00S3 .0082 .0t10 .0137 .0162
1(RS) -methylpropyibenzene .0001 .0001 .0006 .0024 .0052 .0089 .0129 .0171 .0212
tert-butylbenzene .0000 .0000 .0000 .0001 .0002 .0003 .0004 .0005 .0006
C11H16

pentamethylbenzene .4482 4419 .2123 .1182 .0757 .0538 .0411 .0330 .0276
t-ethyl-2,3,4-trimethylbenzene .0317 .0321 .0446 .0465 .0452 .0432 .0413 .0395 .0380
1-ethyi-2,3,5-trimethylbenzene .1864 .1876 .2003 .1727 .1448 .1230 .1066 .0940 .0842
1-ethy1-2,3,6-trimethylbenzene .0317 .0321 .0446 .0465 .0452 0432 .0413 .0395 .0380
1-ethyl1-2,4,6-trimethylbenzene .0932 .0938 .1002 .0864 .0724 .0615 .0833 .0470 .0421
1-ethy1-3.4,.5-trimethylbenzene .0932 .0938 .1002 .0864 .0724 .0615 .0533 .0470 .0421
1,2-diethyl-3-methylbenzene .0011  .0012 .0047 .0092 .0135 .0173 .0207 .0237 .0262
1.2-diethyl-4-methylbenzene .0066 .0068 .0210 .0340 .0432 .0494 .0535. .0562 .058{
1.3-diethyl-2-methyibenzene .0006 .0006 .0023 .0046 .0067 .0087 .0104 .0118 . .0131
1,3-diethyl-4-methylbenzene .0066 .0068 .0210 .0340 .0432 .0494 .0535 .0562 .0581
1,3-diethyl-S-methylbenzene .0194 .0199 .0472 .0631 .0693 .0703 .0691 .0668 ,0643
{.4-diethyl-2-methylbenzene .0066 .0068 .0210 .0340 .0432 .0494 .0535 .0562 .0581
1-propyl1-2.3-dimethylbenzene .0013 .0014 .0053 .0099 .0t141 .0175 .0204 .0227 .0246
t-propyl1-2,4-dimethylbenzene .0077 .0080 .0237 .0368 .0451 .0500 .0526 .0539 .0543
{-propy1-2,5-dimetfybenzena -0077 .0080 .0237 .0368 .0451 .0500 .0526 .0539 .0543
i-propyl-2,6-dimethylbenzene .0007 .0007 .0026 .0050 .QO70 .0088 .0102 .0113 .0123
1-isopropyl-2.3-dimethylbenzene .0035 .0036 .0078 .0103 .0116 .0122 ,Q125 .0127 .0127
t-isopropvl-2.4-dimethvibenzene .0209 .0213 .0351 .0384 .0372 .0348 .0324 .0301 .0282
1-isopropyl-2,5-dimethylbenzene .0209 .0213 .0351 .0384 .0372 .0348 .0324 .0301 .0282
1- isopropyl-2,6-dimethylbenzene .0018 .0018 .0038 .0052 .0058 .0061 .0063 .0063 .0064
1-butyl-2-dimethyibenzene .0001 .0001 .0006 .0021 .0044 .0071 .0100 .0130 .0158
1-butyl-3-dimethyibenzene .0003 .0003 .0028 .0078 .0141 .0203 .0259 .0309 .0351%
f-butyl-4-dimethylbenzene .0002 .0002 .0014°  .0039 .0070 .0101 .0130 .0154 .0175
1-(1(RS)-methylpropyl)-2-methylbenzene .0003 .0003 .0018 .0044 .0072 .0099- .0124 .0145 ,0165
1-(1(RS)-methylpropyl)-3-methylbenzene .00t7 .0018 .0083 .0164 .0232 .0283 .0319 .0345 .0364
1-(1(RS)-methylpropyl)-4-methylibenzene .0009 .0009 .0042 .0082 .0116 .0141 .0160_ .0173 .0182
1{-tert-butyl-2-methylbenzene .0001 .000f .0002 .0004 .0005 .0006 .0007 .0008 .00C09
1-tert-butyl-3-methylbenzene .0004 .0004 .0011 .0015 .0017 .00t8 .0019 .0012 .0020
1-tert-butyl-4-methylbenzene .0002 .0002 .0005 .0008 .0009 .0009 .0010 .0010 .0OO10
1-isobutyl-2-methylibenzene .0006 .0006 .0027 .0052 .0074 .0091 .0105 .0117 .0126
1-isobutyl-3-methylbenzene .0036 .0038 .0121 .0192 .0236 .0260 .0272 .0277 .0279
1~ isobutyl-4-methylbenzene .0018 .0019 .0060 .0096 .0118 .0130 .0136 .0139 .0139
pentyibenzene .0000 .0000 .0000 .0002 .0007 .0014 . 0025 .0037 .00SH
isopentylbenzene .0000 .0000 .0002 .0006 .0011 .0019 .0026 .0033 .004t
2(RS)-methylbutylbenzene .0000 .0000 .0003 .0011 .0023 .0037 .0052 .0067 .0081
1(RS)-methylbutylbenzene .0000 .0000 .0001 .0005 .001%1 .0020 .0030 .0042 .0053
1{RS).2-dimethylpropylbenzene .Q00% .0001 .0005 .0012 .0019 .0026 .0032 .0037 .0042
tert-pentylbenzene .0000 .0000 .0000 .0001 .0003 .0004 .0005 .0007 .0009
1-ethyipropylbenzene .0000 .0000 .0001 .0002 .0006 .0010 .0015 .0021 .0027
neopentylbenzene .0001 .0001 .0002 .0004 .0006 .0007 .0008 .0008 .0009
C12H18

hexame thy 1benzene ;0424  .0411 .0t16 .0054 .0033 .0023 .0018 .0015 .0012
1-eyhyl-2.3.4.5-tetramethy1benzene ) .1058 .1048 .0656 .0473 .0375 .0316 .0277 .0249% .0228
i-ethy1-2,3,4.6-tetramethylbenzene .1058 .1048 .0656 .0473 .0375 .0316 .0277 .0243 .0228
1-ethyi1-2,3,5,6-tetramethylbenzene .0529 .0524 .0328 .0236 .0187 .0158 .0138 .0124 .01i4
1,2-diethyl-3,4-dimethylbenzene .0037 .0038 .0069 .0093 .0112 .0127 .0139 .0149 .0157
1,2-diethy1-3,5-dimethylbenzene .1294 .1301 .13%80 .1283 .1150 .1029 .0926 .0841 .Q770
1.2-diethyl-3.6-dimethylbenzene .0019  .0019 .0034 .0047 .0056 .0063 .0069 .0074 .0079
1.2-diethyl-4.5-dimethylbenzene .0110 .0111 .0155 .0173 .0179 .0181 .0179 .0177 .0174
1,3-diethyl1-2,4-dimethylbenzene .0037 .0038 .0069 .0093 .0112 .0127 ".0139 .0148 .0157
1,3-diethy1-2,5-dimethylbenzene .0220 .0222 .0309 .0345 .0358 .0361 .0359 .0354 .0348
1,3-diethyl-4,5-dimethylbenzene .0220 .0222 .0309 .0345 .0358 .0361 .0359 .0354 .0348
1,3-diethyi-4,6-dimethylbenzene -0110 .0t11 .0155 .0173 .0179 .018%f .0179 .0177 .0174
1,4-diethyl-2,3-dimethylbenzene -001%  .001% .0034. .0047 .0056 .0063 .0069 .0074 .0079
1,4-diethy1-2,6-dimethylbenzene .0t10 .0111 .0155 .0173 .0179 .0181 -.017¢ .Q177 .0174
1.4-diethyl1-2,5-dimethylbenzene .0220 .0222 .0309 .0345 .0358 .0361 .0359 .0354 .0348
1-propy1-2,3.4-trimethyibenzene .0044 .0045 .0078 .0101 .0117 .0128 .0137 .0143 .0147
1-propy1-2,3.5-trimethylbenzene .0258 .0260 .0348 .0374 .0375 .0365 .0353 .0339 .0325
1-propyl1-2.3 . 6-trimethylbenzene 0044 -N04% ON7R 01014 0117 0128 L0137 _0i42 .0147
i-propy1-2,4,5-trimethylbenzene .0258 .0260 .0348 .0374 .0375 .0365 .0353 .0339 .0325
1-propyl-2,4,6-trimethyibenzene .0129 .0130 .0174 .0187 .0187 .0183 .0176 .0169 .0163
1-propy1-3,4,5-trimethylbenzene .0129 .0130 .0174 .0187 .0187 .0183 .0176 .0169 .0163
1-isopropy1-2,3,4-trimethylbenzene -0119  .0119 .0145 .0105 .0096 .008S .00B4 .008O0 .00O76
1-isopropyl-2,3,5-trimethylbenzene .0698 .0695 .0517 .0390 .0309 .0255 .0217 .0190 .0169
1-isopropyl-2,3,6-trimethylbenzene .0119  .0119 .0145 .0105 .0096 .0083 .0084 .00BO .0076
1-isopropyl-2,4,5-trimethylbenzene .0698 .0695 .0517 .0390 .0309 .0255 .0217 .0190 .0169
1-isopropyl-2,4,6-trimethylbenzene .0349 .0347 -.0259 .0195 .0154 .0127 .0103 .0095 .0084
1-isopropyl1-3.4,5-trimethylbenzene .0349 .0347 .0259 .0195 .0154 .0127 .0108 .0095 .0084
1-butyl-2,3-dimethylbenzene .0002 .0002 .0009 .0021 .0036 .0052 .0067 .0082 .009S
1-butyl-2,4-dimethylbenzene .0011  .0011 .0041 .0080 .0147 .0148 .0174 .0194 .0210
1-butyl-2 S-dimethylbanzona -00t4 .0O041 .004% .0080 .01%17 .0t48 .0174 .0184 .0210
1-butyl-2,6-dimethylbenzene .0001 .0001 .0005 .0011 .0018 .0026 .0034 .0041 .0047
f-butyl-3,4-dimethylbenzene 0011  .00f1 .0041 .0080 .0117 .0148 .0174 .0194 .0210
1-butyl-3,5-dimethyibenzene .0031 .0032 .0092 .0148 .0187 .0211 .0225 .0231 .0232
1-(1(RS)-methylpropy!)-2,3-dimethylbenzene .0010 .0010 .0027 .0045 .0060 .0073 .0083 .0091 .0089
1-(1(RS)-methylpropy1)-2,4-dimethylbenzene -00S8 .0059 .0122 .0166 .0192 .0207 .0214 .0217 .0218
1-(1(RS)-methylpropyt)-2,5-dimethytbenzene -0058 .0059 .0122 .0166 .0192 .0207 .0214 .0217 .0218
1-(1(RS)~methylpropy!}-2,6-dimethylbenzene .0005 .0005 .0014 .0022 .0030 .0036 .0041 .0046 .0049
1-(1(RS)-methylpropyl)-3,4-dimethylbenzene .0058 .0059 .0122 .0166 .0192 .0207 .0214 .0217 .0218
1-(1(RS)-methylpropy1)-3,5-dimethylbenzene L0170 .0173 .0274 .0309 .0308 .0295 .0277 .0258 .0241
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Table 9. Equilibrium mole fractions within alkylbenzene isomer groups -Continued

T/K 298.15 300 400 500 600 700 800 900 | {000
i1-isopbutyl-2,3-dimethylibenzene L0021 .0021 .0040 .0053 .C061 .0067 .0071 .0073 .0075%
1-isobuty1-2,4-dimethylbenzene ,0121  .0123 .0178 .0195 .0196 .0180 .0183 .0175 .0167
1-isobutyl-2,5-dimethylibenzene L0121 .0123 .0178 .0195 .0196 .0190 .0183 .0175 .0167
t-isobutyl-2.6-dimethyibenzene L0010 .0010 .0020 .0026 .0031 .0033 .003% .0037 .Q038
1-isobutyl-3,4~dimethylibenzene .0121 .0123 .0$78 0195 .0196 .0190 .0183 .0175 .0167
1-isobutyl1-3,5-dimethylbenzene L0357 .0359 .0400 .0363 .0314 .0271 .0236 .0207 .0185
1~tert-butyt-2,3-dimethylbenzene L0002 .0002 .0004 .0004 .0004 .QO05 .0005 .0005 .0005
1-tert-butyi-2,4-dimethylbenzene .0014 .0014 .0016 .0015 .00t14 .0013 .0013 .0012 .0012
1-tert-butyl-2,5-dimethylbenzene .0014  .0014 .0016 .0015 .0014 .0013 .0013 .0012 .0012
1-tert-butyl-2,6-dimethylbenzene .Q001 .000t .0002 .0002 .0002 .0002 .0002 .0003 .0003
1-tert-butyl-3,.4-dimethylbenzene .0014 ,0014 .0016 .0015 .0014 .0013 .0013 .0012 .0012
1-tert-butyl-3,5-dimethyibenzene L0041 ..0041 .0036 .0028 .0023 .0018 .0016 .0014 .0013
1-pentyl-2-methylbenzene .0000 .0000 .0001 .0005 .0011 .0021 .0033 .0047 .006%
1-pentyl-3-methyibenzene .0000 .0000 .0005 .0017 .0036 .0060 .0086 .0111 .0136
1-pentyl-4-methylbenzene .0000 .0000 .0002 .0008 .0018 .0030 .0043 .0056 .0068
1-{1(RS)-methylbutyl)-2-methylbenzene .0000 .0000 .0003 .0010 .0012 .0029 .0041 .0052 .0064
1-(1(RS)-methylbuty1)-3-methylbenzene .0002 .0003__.0014 .0035 .0060 .0084 .0106 .0125. .0141
1-{1(RS) -methyibutyl)-4-methylbenzene .0001 .0001 .0007 .0018 .0030 .0042 .0053 .0Q062 .0070
1-{ 1-ethylpropyl)-2-methyibenzene .0000 .0000 .0002 .0005 .0009 .0015 .0020 .0026 .0032
1-(1-ethylpropyl)-3-m&thyibenzene 0001 .000Y .0007 .00tB .DO30 .0042 .0053 .0062 .0D70
i-(1-ethylpropyl)-4-methylbenzensa .0001 .0001 .0004 .Q009 .0015 -.0021 .0026 .0031 ,003S
1-(3-methylbutyl)-2-methylbenzene .0001 .0001 .0005 .0011 .0019 .0027 .0035 .0042 .0049
1-{3-methylbuty?)-3-methylbenzene .0005 .0005 .002t1 .0042 .006t .0077 .0080 0100 .0108
1-(3-methyibutv!)-4-methylbenzene L0003 .0003 .0011 .0021 .003%f .0033 .0045 .00S50 .00S4
1-(2(RS)-methylbutyl)-2-methylbenzene 0002 .0002 .0009 .0022 .0038 .0054 .0070 .0084 0097
1-(2(RS)-methylbutyl)-3-methylbenzene .0010 .0010 .0042 .0083 .0122 .0155 ,0180 .0200 .0216
1-(2(RS)-methylbutyl)-4-methylbenzene L0005 .0005 .0021 .0042 .0061 .0077 .0090 .0100 .0108
1-(2,2-dimethy1propyl )-2-methylbenzene L0000 .0000 .000%1 .0003 .0004 .0006 .0007 .0009 .0010
1-{2,2~dimethylpropyl )-3-methyibenzene L0002 .0002 .0006 .0010 .0013 .0016 .0019 .0021 .0023
1~(2.2-dimethylipropyl)-4-methylbenzene 0001 0001 0003 000 0007 00DR 0009 0010 .0011
1-(1(RS),2-dimethylpropyl)-2-methylbenzene L0005 L0005 .0Q014 .0023 .0031 .0038 .0043 .0047 .0051
1-(1(RS),2-dimethylipropyl ) -3-methylbenzene .0027 .0028 .0062 .0087 .0101 .0108 .0t11 .0112 0112
1-(1(RS).2-dimethylpropy!)-4-methylbenzene .0014 .0014 .0031 .0043 .0050 .0054 .00S5 .0056 .Q056
hexylbenzene .0000 .0000 .0000 .0000 .0001 .0002 .0004 .0007 .QO010
1(RS)-methylpentylibenzene L0000  .0000 .0000 .0001 .0003 .0006 .0010 .0015 .Q021
2(RS)-methylpentyibenzene .0000 .0000 .000t .0002 .0006 .0011 .0017 .0024 .0031
3(RS) -methyipentylbenzene 0000 .0000 .0001 .0002 .0006 .0011 .C017 .0024 .0031
4-methylpentyltbenzene .0000 .0000 .0000 .0001 .0003 .0006 .0009 .00i2 .0016
1(RS),2(RS)-dimethylbutylbenzene L0000 .0000 .0001 .0002 .0005 .0008 .00i1 .0013 .0016
1(RS),2(SR)~dimethylbutyibenzene .0000 .0000 .000% .0002 .0005 .0008 .0011 .0013 .0016
1(RS).3-dimethylbutylbenzene .0000 .0000 .0001 ,0002 .0005 .0008 .0011 .0013 .0016
2(RS),3-dimethylbutyibanzens L0000 .0000 .00D2 .0006 .0010 .0014  .004B  .0022 0026
1, 1-dimethylbutylbenzene .0000 .0000 .0000 .0000 .0001 .0001 .0002 .0003 .0003
2;2-dimethylbutylbenzene ;0000 — 00000001 L0003 - .0004 ~ ;0006 ", 0008 ~.0009" " 0011~
3,3-dimethylbutylibenzene L0000 .0000 .0000 .0001 .0001 .0002 .0003 .0003 .0004
1(RS)-methyl-2,2-dimethyipropylbenzene 0000  .0Q00 .0001 .0002 .0002 .0003 .0003 .0003 .0004
t-ethyl~1-methylpropylbenzene .0000 .0000 0000 .0Q0O .0001 .0001 .0002 .0003 .0003
1.1,2-trimothylpropylbenzone L0000 .0000 .0000 .0001 .0001 .0001 .0002 .0002 .0003
Table 10. Standard heat capacity at constant pressure for alkylbenzenes in J/K mol

T/K 298. 15 300 400 500 600 700 800 800 1000
benzene 81.67 82.22 111.88 137.24 157.90 174.68 188.53 200.12 209.87
toluene 103.64 104.35 140.08 171.46 197.48 218.95 236.86 252.00 264.93
C8H10

ethylbenzene 128.41 129.20 170.54 206.48 236,14 260.58 280.96 298.19 312.84
1,3-dimethylbenzene 127.57 128.28 167.49 202.63 232.25 257.02 277.86 295.52 310.58
1,2~dimethylbenzene 133.26 133.97 171.67 205.48 234.22 258B.40 278.82 296.23 311.08
1.4-dimethytbenzene 126.86 127.57 166.10 201.08 230.79 255.73 276.73 294.51 309.70
CoH12

propy 1benzene 152.34 153.22 200.08 241.21 275.56 303.88 327.61 347.69 364.68
i1sopropy Ibenzene 151.71 152.59 200.83 242.25 276.98 305.01 328.86 348.53 365.26
i-ethyt-3-methylbenzene 152.21 153.09 198.74 239.32 273.63 301.67 325.52 346.02 363.17
1-ethyl-~2-methylbenzene 157.90 158.74 202.92 242.25 275.31 303.34 326.77 346.44 363.59
1~ethyl-4-methylbenzene 151.54 152.38 187.48 238.07 271.96 300.41 324.68 344.76 362.33
1.2,3-trimethylbenzene 154.18 154.98 196.23 234.72 267.78 296.65 320.91 341.41 359.41
1,2,4-trimethylbenzene 154.01 154.77 196.48 235.39 268.99 297.57 321.88 342.54 360.24
1.3.5-trimethylbenzene 150.25 151.04 194,18 233.97 268.11 297.02 321.50 342.29 360.12
C10H14

butylibenzena 180.5 181.4 227.9 270.4 0808.9 040.5 374.1 400.7 423.9
1,3-dtethylbenzene 182.2 183.1 229.0 271.0 309.0 343.1 373.2° 399.4 421.6
1.2-diethylbenzene 187.5 188.4 234.2 276.0 313.7 347.4 377.2 402.9 424.6
1.4-diethylbenzene 182.2 183.1 229.0 271.0 309.0 343.1 373.2 399.4 421.6
1,2.3.4- tetramethylbenzene 192.7 193.6 237.3 277.4 313.7 346.3 375.2 400.4 421.9
1,2,3,5-tetramethylbenzene i87.4 188.2 232.1 272.4 309.0 341.9 371.2 396.9 418.8
1,2,4,5- tetramethylbenzene 187.4 188.2 232.1 272.4 309.0 I41.9 371.2 390.9 418.8
1-ethyl1-2,3-dimethylbenzene 180.1 191.0 235.8 276.7 313.7 346.9 376.2 401.6 423.2
1-ethyl-2,4-dimethylbenzene 184.8 185.6 230.6 271.7 309.0 342.5 372.2 398.1 420.2
1-ethyl-2,5-dimethyibenzene 184.8 185.6 230.6 271.7 309.0 342.5 372.2 398.1 420.2
1-ethyl-2,6-dimethylbenzene 190.1 191.0 235.8 276.7 313.7 346.9 376.2 401.6 423.2
1-ethyl1-3,4-dimethylbenzene 184.8 185.6 1230.6 271.7 309.0 342.5 372.2 398.1 420.2
t-ethyl~3,5-dimethylbenzene 179.4 180.3 225.4 266.7 304.3 338.1 368.2 394.6 417.2
i-propyl-2-methylbenzene 185.3 186.2 231.8 273.5 311.3 2345.2 375.1 401.2 423.3
1-propyl-3-methylbenzens 180.0 180.9 226.6 268.5 306.6 340.8 371.1 397.6 420.2
i-propyl -4-methylbenzene 180.0 180.9 226.6 268.5. 306.6 340.8 371.1 397.6 420.2
1-isopropyl-2-methylbenzene 184.6 185.5 231.5 273.5 311.6 345.8 375.9% 402.1 424.4
1-isopropyl-3-methylbenzene 179.2 180.1 226.3 1268.6 306.9 341.4 371.9 398.6 421.3
1= 1s0pTropy i -4 -metny loenzene 179.2 1B8O.1 226.3 268.6 306.9 341.4 371.9 398.6 421.3
2-methylpropylbenzene 179.8 180.7 227.5 270.4 309.2 344.0 374.8 401.6 424.4
1(RS) -methylipropylbenzene 179.8 180.7 227.6 270.4 309.3 B344.1 374.9 401.6 424.4
tert-butylbenzene 182.0 182.9 231.1 275.0 314.6 350.0 381.0 407.8 430.3
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Table 10. Standard heat capacity at constant pressure for alkylbenzenes in J/K mol -Continued

T/K 298.-15 300 400 500 600 700 800 900 1000
C11H16
pentamethylbenzene 221.0 222.0 270.3 314.5 354.6 390.7 422.6 450.4 474.1
1-ethyl1-2,3,.4-trimethylbenzene 218.4 219.4 268.7 313.8 354.6 391.2 423.6 451.7 475.5
1-ethy1-2,3,5-trimethylbenzene 213.1 214.0 263.5 308.8 350.0 386.9 419.6 448.1 472.5
1-ethy1-2,3,6-trimethylbenzene 218.4 219.4 268.7 313.8 354.6 391.2 423.6 451.7 475.5
1-ethy1-2,4,6-trimethylbenzene 213.1 214.0 263.5 308.8 350.0 386.9 418.6 448.1 472.5
1-ethy1-3,4,.5-trimethylbenzene 213.1 214.0 263.5 308.8 350.0 386.9 419.6 448.1 472.5
1,2-diethy1-3-methylbenzene 215.8 216.8 267.1 313.1 354.7 391.8 424.6 452.8 476.9
1,2-diethyl-4-methylbenzene 210.5 211.4 262.0 308B.1 350.0 3B7.5 420.6 449.4 473.8
1,3-diethyl-2-methylbenzene 215.8 216.8 267.1 313.1 354.7 391.8 424.6 452.9 476.9
1,3-diethyl-4-methylibenzene 210.5 211.4 262.0 308.1 350.0 387.5 420.6 449.4 473.8
t,3-diethyl-5-methylbenzene 205.1 206.1 256.8 303.2 345.3 383.1 416.6 445.9 470.8
1.A'diethyl-Z—methylbenzene 210.5 211.4 262.0 308.1 350.0 387.5 420.6 449.4 473.8
1-propy1-2,3-dimethylbenzene 213.6 214.6 264.8 310.7 352.3 389.5 422.5 451.2 475.5
1-propyl-2,4-dimethylbenzene 208.3 209.2 259.6 305.7 347.6 385.2 448.5 447.7 472.5
1-propy1-2,5-dimethylbenzene 208.3 209.2 259.6 305.7 347.6 385.2 418.5 447.7 472.5
1-propyl-2,6-dimethyibenzene. . 213.6. 214.6 264.8 310.7 352.3 389.5 .422.5 451.2 475.5
1-isopropy1-2,3-dimethylibenzene 212.9 213.8 264.5 310.7 352.6 390.1 423.3 452.2 476.6
{~isopropyl-2,4-dimethylbenzene 207.5 208.5 259.3 305.7 347.9 385.8B 419.3 448.6 473.6
1-isopropyl-2,5-dimethylbenzene 207.5 208.5 259.3 305.7 347.9 385.8 419.3 448.6 473.6
1-isopropyl-2,6-dimethylbenzene 212.9 213.8 264.5 310.7 352.6 390.1 423.3 452.2 476.6
1-butyl-2-dimethylbenzene 208.8 209.8 260.8 307.5 349.9 387.9 421.5 450.7 475.6
1-butyl-3-dimethylbenzene 203.4 204.4 255.7 302.6 345.2 383.5 417.5 447.2 472.6
1-butyl-4-dimethylbenzene . 203.4 204.4 255.7 302.6 345.2 383.5 417.5 447.2 472.6
1-{1(RS)-methylpropyl)-2-methylbenzene 208.1 209.1 260.5 307.6 350.2 388.4 422.3 451.7 476.7
1-(1(RS)-methylpropyl)-3-methylbenzene 202.7 203.7 255.3 302.6 345.5 384.1 418.3 448.1 473.6°
1-(1(RS)-methylpropyl)-4-methylbenzene 202.7 203.7 255.3 302.6 345.5 384.1 418.3 448.1 473.6
1-tert-butyl-2-methylbenzene 210.3 211.3 264.1 312.2 355.6 394.3 428.4 457.9 482.6
1-tert-butyl-3-methylibenzene 204.9 205.9 258.9 307.2 350.9 390.0 424.5 454.3 479.6
1-tert-butyl-4-methylbenzene 204.9 205.9 258.9 307.2 350.9 390.0 424.5 454.3 479.6
1-isobutyi-2-methylbenzene 208.0 209.0 260.5 307.5 350.2 388.4 422.2 451.6 476.6
1~ isobutyl-3-methylibenzene 202.7 203.7 255.3 302.6 345.5 384.0 418.3 448.1 473.6
1-isobutytl-4-methylbenzene 202.7 203.7 255.3 302.6 345.5 384.0 418.3 448.1 473.6
pentylbenzene 204.0 205.0 256.9 304.4 347.5 386.2 420.4 450.2 475.6
isopentylbenzene 203.2 204.2 256.6 304.4 347.8 3B6.7 421.2 45%1.2 478.7
2(RS)-methylbutylbenzene 203.2 204.2 256.6 304.4 347.8 386.7 421.2 451.2 476.7
1(RS)-methylbutylbenzene 203.2 204.3 256.6 304.4 347.8 386.8 421.2 451.2 476.7
1(RS).2-dimethylpropylbenzene 202.5 203.5 256.2 304.4 348.1 387.3 422.0 452.1 477.8
tert-pentylbenzene 205.5 206.5 260.1 309.0 353.2 392.7 427.4 457.4 482.6
1-ethylpropylbenzene 203.2 204.3 256.6 304.4 347.B 3B6.8 421.2 451.2 476.7
neopentylbenzene 206.3 207.3 260.7 309.3 353.3 392.6 427.2 457.1 482.4
Ci2H18
“hexamethylbenzene 2547 255.7 308.4
1-ethyl1-2,3,4,5-tetramethyibenzene 246.7 247.7 301.7
1-ethy1-2.3.4 6-tetramethylbenzene 246.7 247.7 301.7 351.0 395.6 435.6 471.0 501.7 527.8
t-ethy1-2.3,5,6-tetramethylbenzene 246.7 247.7 301.7 351.0 395.6 435.6 471.0 501.7 527.8
1,2-diethy1-3,4-dimethylbenzene 244.1 245.2 300.1 350.3 395.6 436.2 472.0 502.9 529.1
1,2-diethyl1-3,5-dimethylbenzene 233.4 234.4 289.7 340.3 386.2 427.5 464.0 495.9 523.1
1,2-diethy1-3,6-dimethylbenzene 244 .1 245.2 300.1 350.3 395.6 436.2 472.0 502.9 529.1
1,2-diethyl-4,5-dimethylbenzene 238.7 239.8 284.9 345.3 390.9 431.8 468.0 499.4 526.1
1,3~-diethyl1-2,4~-dimethylbenzene 244.1 245.2 300.1 350.3 0395.6 436.2 472.0 502.9 529.1
1,3-diethy1-2,5-dimethylbenzene 238.7 239.8 294.9 345.3 390.9 431.8 468.0 499.4 526.1
1,3-0tethy -4, b-awmetny ipenzene 238.7 239.8 294.9 345.3 3I90.¥ 431.8 46B.0 499.4 526.1
1,3-diethy1-4,6~dimethylbenzene 238.7 239.8 294.9 345.3 390.9 431.8 468.0 499.4 526.1%
1,4-diethy1-2,3-dimethylbenzene 244.1 245.2 300.1 350.3 395.6 436.2 472.0 502.9 529.1
1,4-diethy1-2,6-dimethylbenzene 238.7 239.8 294.9 345.3 390.9 431.8 468.0 499.4 526.1
1.4-diethy1-2 5-dimethylbenzene 238.7 239.8 294.9 345.3 390.9 431.8 468.0 499.4 526.1
1-propyl-2,3,4-trimethylbenzene 241.9 242.9 297.7 347.8 393.2 433.9 469.9 501.2 527.8
1-propy 1 -2,3, 5-trimethy Ipenzena 236.9 237.6 29Z.H B42.9 SEB.H AZY.6 465.9 A4YT7.7 524.8
t-propyl1-2,3,6-trimethylbenzene 241.9 242.9 297.7 347.8 353.2 433.9 469.9 501.2 $27.8
1-propyl-2,4,5-trimethylbenzene 236.5 237.6 292.5 342.9 388.5 4290.6 465.9 - 497.7 524.8
i-propy1-2,4,6-trimethylbenzene 236.5 237.6 292.5 342.9 388.5 429.6 465.9 497.7 524.8
1~propy1-3,4,5-trimethylbenzene 236.5 237.6 292.5 342.9 388.5 429.6 465.9 497.7 524.8
1-isopropyl-2,3,4-trimethyibenzene 241.2 242.2 297.4 347.9 393.6 434.5 470.7 502.2 528.9
1-isopropyl-2.3,5-trimethylbenzene 235.8 236.3 292.2 342.9 388.9 430.2 466.7 498.7 525.9
1-isopropy!-2,3,6-trimethylbenzene 24%.2 242.2 297.4 347.9 393.6 434.5 470.7 502.2 528.9
1-isopropyt-2,4,5-trimethylbenzene 235.8 236.89 292.2 342.9 388.9 430.2 466.7 498.7 525.9
1-isopropyl-2,4,6-trimethyibenzene 235.8 236.9 292.2 342.9 388.9 430.2 466.7 498.7 525.9
1-isopropyl1-3,4,5-trimethylbenzene 235.8 236.9 292.2 342.9 388.9 430.2 466.7 49B.7 525.9
1-butyi-2,3-dimethylbenzene - 237.1 238.2 283.8 344.7 390.8 432.2 468.9 500.7 527.9
1-butyl-2,4-dimethyibenzene . 231.7 232.8 288.6 339.7 386.1 427.9 464.9 497.2 524.8
1-butyl1-2,5-dimethylbenzene 231.7 232.8 288.6 339.7 386.1 427.9 464.9 497.2 524.8
1~-butyi1-2,6-dimethylbenzene 237.1 238.2 293.8 344.7 390.8 432.2 468.9 500.7 '527.9
1-butyl-3,4-dimethylbenzene 231.7 232.8 288.6 339.7 386.1 427.9 464.9 497.2 524.8
1-buty1-3,5-dimethylbenzene 226.4 227.4 283.4 334.8 381.4 423.3 460.9 493.7 521.8

1-(1(RS)-methylpropy1)-2,3-dimethy Ibenzene 236.3 237.4 '293.5 344.7 391.2 432.8 469.7 501.7 528.9
1-(1(RS)-methyipropyl)-2,4-dimethylbenzene 231.0 232.1 288.3 339.8 386.5 428.5 465.7 498.2 525.9
1-(1(RS)-methylpropy) )}-2,5-dimethylbenzene 231.0 232.1 288.3 339.8 386.5 428.% 465.7 498.2 525.9°
1-(1(RS) -methylipropyl)-2,6-dimethylbenzene 236.3 237.4 293.5 344.7 391.2 432.8 469.7 501.7 528.9
1-(1(RS)-methyipropyl)-3,4-dimethylbenzene 231.0 232.1 288.3 339.8 386.5 428.5 465.7 498.2 525.9
1-({1{RS) -methylpropyl)-3.5-dimethyibenzene 225.6 226.7 283.1 334.8 381.8 424.1 461.7 494.6 522.9

1~isobutyl -2, 3-dimethyibenzene 236.3 237.4 293.5 344.7 391.1 432.8 469.6 501.7 528.9
1-isobutyl1-2,4-dimethylbenzene 23t.0 232.1 288.3 339.7 386.4 428.4 465.7 498.1 525.9
1-isobutyl-2,5-dimethylbenzene 231.0 232.1 288.3 839.7 386.4 428.4 465.7 498.1 525.9
1-isobutyl-2,6-dimethylbenzene 236.3 237.4 293.5 344.7 391.1 432.8 469.6 501.7 528.9
1-isobutyi-3,4-dimethylibenzene 231.0 232.1 288.3 339.7 386.4 428.4 465.7 498.1 525.9
1-isobutyl-3,5-dimethylbenzene 225.6 226.7 283.1 334.8 381.7 424.1 461.7 494.6 522.9
i-tert-butyl-2,3-dimethylbenzene 238.5 239.7 297.Q0 349.3 396.5 438.7 475.8 507.9 534.9
1-tert-butyl-2,4-dimethyibenzene 233.2 234.3 291.8 344.3 391.8 434.4 471.9 504.4 531.8
1-tert-butyi-2,5-dimethyibenzene 233.2 234.3 291.8 344.3 391.B 434.4 471.9 504.4 531.8
1~tert-butyl-2,6-dimethylibenzene 238.5 239.7 297.0 349.3 396.5 438.7 475.8 507.9 534.9
i-tert-butyl-3,4-dimethylbenzene 233.2 234.3 291.8 344.3 391.8 434.4 471.9 504.4 531.8
i-tert-butyl-3,5-dimethylbenzene 227.8 228.9 286.6 339.4 387.2 430.0 467.9 500.8 6528.8
1-pentyl-2-methylbenzene 232.3 233.4 289.9 341.6 388.5 430.5 467.8 500.3 527.9
1-penty1-3-methylbenzene 226.9 228.0 284.7 1336.6 383.8 426.2 463.8 496.7 524.9
1-pentyl-4-methylbenzene 226.9 228.0 2B4.7 336.6 383.8 426.2 463.8 496.7 524.9
1-(1(RS) -methylbutyl)-2-methylbenzene 231.5 232.6 289.5 341.6 388.8 431.1 468.6 501.2 529.0
1-(1(RS)-methy]buty1)-3~methylpenzene 226.2 227.3 284.3 336.6 3B4.1 426.8 464.6 497.7 526.0
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Table 10. Standard heat capacity at constant pressure for alkylbenzenes in J/K mol -Continued

T/K 298.15 300 400 500 600 700 800 200 1000
1-(1(RS)-methylbutyl)}-4-methylbenzene 226.2 227.3 284.3 336.6 384.1 426.8 464.6 497.7 526.0
1-(1-ethylpropyl)-2-methylibenzene 231.5 232.6 289.5 341.6 388.8 431.1 468.6 501.2 529.0
1-(1-ethylpropyl)-3-methylbenzene 226.2 227.3 284.3 336.6 384.1 426.8 464.6 497.7 526.0
1-(1-ethylpropyl)-4-methylbenzene 226.2 227.3 284.3 336.6 384.1 426.8 464.6 497.7 526.0
1-(3-methyibutyl)-2-methylbenzene 231.5 232.6 289.5 341.6 388.8 431.1 468.6 501.2 6529.0
1—(3—methylbuty1)—3—methy\'benzene 226.2 227.3 284.3 336.6 384.1 426.7 464.6 497.7 6525.9
1-(3-methylbutyl)-4-methylbenzene 226.2 227.3 284.3 336.6 384.1 426.7 464.6 497.7 525.9
1-(2(RS)-methylibutyl)-2-methylbenzene 231.5 232.6 289.5 341.6 388.8 431.1 468.6 501.2 528.0
1-(2(RS)-methylbutyl)-3-methylbenzene 226.2 227.3 284.3 336.6 384.1 426.7 464.6 497.7 525.9
1-(2(RS)-methylbutyl)-4-methylbenzene 226.2 227.3 284.3 336.6 384.1 426.7 464.6 497.7 525.9
1-(2.2-dimethylpropyl)-2-methyibenzene 233.7 234.9 293.1 346.2 394.2 437.0 474.8 507.4 534.9
1-(2.2-dimethylipropyl)-3-methylbenzene 228.4 229.5 287.9 341.2 2389.5 432.7 470.8 503.9 531.9
1-(2,2-dimethyipropyt)-4-methylbenzene 228.4 229.5 287.9 341.2 '389.5 432.7 470.8 503.9 531.9
1-(1(RS),2-dimethylpropyl)-2-methylbenzene 230.8 231.9 289.2 341.6 389.1 431.7 469.4 502.2 §530.0
1-(1(RS).2-dimethylpropy1l)-3-methylbenzene 225.4 226.5 284.0 336.6 384.4 427.3 465.4 498.6 527.0
1-(1(RS).2-dimethylpropyl)}-4-methylibenzene 225.4 226.5 284.0 336.6 384.4 427.3 465.4 498.6 527.0
hexylbenzene 227.5 °228.6 28579 338.47 '386.17.428.977466.8 499.8 528.0
1(RS)-methylpentylbenzene 226.7 227.8 285.6 338.5 386.4 429.4 467.6 500.8 529.0
2(RS)-methylpentylbenzene 226.7 227.8 285.6 338.4 386.4 429.4 467.5 500.7 529.0
3(RS) -methylpentylbenzene 226.7 227.8 285.6 338.4 386.4 429.4 467.5 500.7 529.0
4-methylpentylibenzene 226.7 227.8 285.6 338.4 386.4 429.4 467.5 500.7 529.0
1(RS).2(RS}-dimethylbutylbenzene 226.0 227.1 285.3 338.5 386.7 430.0 468.3 501.7 530.t%
1(RS),2(SR)-dimethylbutylbenzene 226.0 227.1 285.3 338.5 386.7 430.0 468.3 501.7 530.1
1(RS),3-dimathylbutylbenzone 226.0 227.1 285.3 0308.5 080G.7 4080.0 468.3 50t.7 S530.1
2(RS),3-dimethylbutylbenzene 226.0 227.1 285.2 338.4 386.7 430.0 468.3 501.6 530.0
1,1-dimethylbutylbenzene . 228.9 230.1 289.1 343.0 391.8 435.3 473.7 506.9 535.0
2,2~dimethylbutylbenzene 229.7 230.9 289.7 343.4 391.9 435.3 473.6 506.7 534.7
3,3-dimethylbutylibenzene 229.7 230.9 289.7 343.4 391.9 435.3 473.6 506.7 534.7
1(RS)~methyl-2,2-dimethylpropylbenzene 229.0 230.1 289.3 343.4 392.2 435.9 474.4 507.7 535.8
1-cthyl-1-methylpropylbenzene 226.9 290.1 289.1 3543.0 391.8 435.3 473.7 906.9 9533.0
1,1,2-trimethylpropylbenzene 228.2 229.3 288.8 343.0 392.1 435.9 474.5 507.9 536.0
Table 11 Standard sntropy af alkythenzanes in J/K mol

T/K 298. 15 300 400 500 600 700 800 200 1000
benzene 269.31 269.85 297.63 325.42 352.32 377.97 402.23 425.12 446.71
tetuene 320.77 321,44 356.46 391.19 424.83 456,92 487.34 516.12 543.40
C8H10

ethylbenzene 360.56 361.40 404.33 446.38 486.71 524.99 561.18 585.28 627.46
1,3-dimethylbenzene 357.80 358.60 400.98 442.23 481.86 519.60 555.28 589.09 621.02
1.2-dimethylbenzene 352.86 353.70 397.51 439.56 479.60 517.59 553.44 687.33 619.34
1,4-dimethylbenzene 352.53 353.32 395.41 436.33 475.66 513.19 548.72 582.40 614.24
COH12

propylbenzene 400.77 401.73 452.36 501.56 548.67 593.32 €35.49 675.28 712.81
isopropylbenzene 388.68 389.64 440.31 489.68 537.04 581.90 624.24 664.11 701.72
1-ethyl-3-methyibenzene 404.28 405.25 455.66 504.49 551.27 595.58 637.46 677.04 714.40
1-ethyl-2-methylbenzene 399.35 400.35 452.19 501.81 548.97 593.57 635.66 675.28 712.73
1-ethyl-4-methylbenzene 399.01 399.97 450.10 498.63 545.12 589.26 630.97 670.43 707.67
1.2.3-trimethylbenzene 384.95 385.92 436.25 484.24 530.06 573.53 614.78 653.78 690.72
1,2,4-trimethylbenzene 395.87 396.84 447.17 495.29 541.23 584.91 626.25 665.41 702.44
1,3,5-trimethylbenzene 355.41 386.38 435.79 483.53 529.26 572.82 614.11 653.23 690.22
C10H14 )
butylbenzene 439.4 440.5 499.2 554.6 '607.4 657.7 705.6 751.2 794.6
1,3-diethylbenzene 437.3 438.5 497.5 553.2 606.0 656.3 704.1 749.6 792.8
1,2-diethyibenzene 430.6 431.7 492.3 549.1 602.8 653.8 702.2 748.1 791.7
1.4-diethytbenzene 431.6 432.7 491.7 547.4 600.2 650.5 698.3 743.8 787.1%
1,2,3,4~-tetramethylbenzene 414.3 415.9 477.3 H34.6 9H88.5 ©639.3. 687.5 7T733.1 776.9
1.2,3,5-tetramethylbenzene 421.1 422.2 482.5 538.7 591.6 641.8 €89.4 734.6 777.6
1.2,4,5-tetramethylbenzene 415.3 416.5 476.7 532.9 585.9 636.0 683.6 728.8 771.8
i-ethy1-2,3-dimethylbenzene 428.2 429.4 490.6 547.6 601.4 652.3 700.6 746.4 789.9
i-ethyl-2,4-dimethylbenzene 435.0 436.1 495.8 551.7 604.6 654.8 702.5 747.9 791.0
1-ethyl1-2,5-dimethylbenzene 435.0 436.1 495.8 551.7 604.6 654.8 702.5 747.9 791.0
1-ethyl-2,6-dimethylbenzene 422.% 423.6 484.8B 541.9 595.6 646.5 694.8 740.6 7B4.1
i-ethy1-3,4-dimethylbenzene 435.0 436.1 495.8 551.7 6€604.6 654.8 702.5 747.9 791.0
1-ethyl1-3,5-dimethylbenzene 435.9 437.0 495.2 550.0 602.0 651.5 698.6 743.6 786.3
1-propyl~2-methyibenzene 436.7 437.8 497.7 554.0 607.3 657.9 706.0 751.7 795.1
t-propy1-3-methylbenzene 443.4 444.5 502.9 558.1 610.5 660.3 707.9 753.2 796.2
1-propyl-4-methylbenzene 437.7 438.8 497.2 552.3 604.7 654.6 702.1 747.4 790.5
1-isopropyl-2-methyibenzene 425.5 426.6 486.4 542.6 595.9 646.6 694.7 740.6 784.1
1-isopropyl-3-methylbenzene 432.2 433.3 491.5 546.7 599.1 649.0 696.6 742.0 785.2
1-isopropyl-4-methylbenzene 426.4 427.5 485.8 540.9 593.3 643.3 690.9 736.3 779.5
2-methylpropyibenzene 433.9 435.0 483.5 549.0 601.8 652.1 700.1 745.8 789.4
1(RS)-methylpropylbenzene 4338.7 440.8 499.3 554.8 607.5 657.9 705.9 751.6 795.2
tert-butylbenzene 401.4 402.5 461.8 518.2 571.9 623.1 671.9 718.4 762.5
C11H16

pentamethylbenzene 445.3 446.6 S17.2 582.4 643.3 700.7 755.0 B806.4 855.2
1-ethyi1-2,3,4-trimethylbenzene 459.2 460.5 530.5 595.4 656.3 713.7 768.1 819.7 868.5
i-ethy1-2,3,5-trimethyibenzene 465.9 467.2 535.7 598.4 659.4 716.2 770.0 821.2 869.7
1-ethy!-2.3,6-trimethylbenzene 459.2 460.5 530.5 595.4 656.3 713.7 768.1 819.7 868.5
1-ethy1-2,.4,6-trimethylibenzene 460.1 461.5 529.9 593.7 653.7 710.4 764.3 815.4 863.9°
1-ethyl1-3,4,5-trimethylibenzene 460.1 461.5 529.9 593.7 653.7 710.4 764.3 815.4 863.9
1.2-diethy1-3-methyibenzene 467.3 468.6 538.0 602.6 663.5 721.0 775.5 827.2 876.2
1.2-diethyl-4-methylibenzene 474.0 475.2 543.2 606.7 666.6 723.4 777.4 828.6 B877.3
1,3-diethyl-2-methylbenzene 461.5 462.9 532.2 596.9 657.7 715.2 769.7 82t.4 870.4
1,3-diethyl-4-methylbenzene 474.0 475.3 543.2 606.7 666.6 723.4 777.4 828.6 B877.3
1,3-diethyl-5-methytlbenzene 475.0 476.3 S42.6 605.0 664.0 720.1 773.5 824.3 872.6
1,4-diethyl-2-methylbenzene 474.0 475.3 543.2 606.7 666.6 723.4 777.4 828.6 877.3
1-propy1-2,3-dimethylbenzene 467.6 469.0 537.7 601.8 662.1 719.3 773.5 825.0 873.8
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Table 11. Standard entropy of alkylbenzenes in J/K mol -Continued

T/K 298. 15 300 400 500 600 700 800 900 1000
i-propyl-2,4-dimethylbenzene 474.4 475.7 542.8 605.8 665.3 721.8 775.4 826.4 874.9
1-propyl-2,5-dimethylbenzene 474.4 475.7 542.8 605.8 665.3 721.8 775.4 826.4 874.9
i-propyl1-2,6-dimethylbenzene 461.9 463.2 531.9 596.0 656.4 713.5 767.8 819.2 868.1
1- isopropyl-2.3-dimethylbenzene 456.4 457.7 S26.3 590.3 650.8 708.0 762.3 813.9 862.8
1-isopropyl-2,4-dimethyibenzene 463.1 464.4 531.5 5%4.4 653.9 710.5 764.2 815.3 863.9
1-isopropyl-2,5-dimethyibenzene 463.1 464.4 531.5 594.4 653.9 710.5 764.2 815.3 863.9
1-isopropyl-2,6-dimethyibenzene 450.6 452.0 520.5 584.6 645.0 702.2 756.5 808.t1 857.0
1-butyl-2-dimethylbenzene 476.1 477.4 544.8 608.1 668.0 724.9 778.9 830.3 879.1
1-butyl-3-dimethylibenzene 482.8 484.1 550.0 '612.2 67t1.2 727.3 780.8 831.7 880.2
1-butyl-4-dimethyibenzene 477.1 478.3 544.3 606.4 665.4 721.6 775.0 826.0 874.4
1-(1(RS)-methylpropyl)-2-methylbenzene 470.6 471.9 539.2 602.5 662.4 719.3 773.4 824.9 873.8
1-{1(RS)-methyvlpropvl)-3-methvibenzene 477.4 478.6 S44.4 606.5 ©665.6 721.8 775.3 B826.4 875.0
1-( 1(RS)-methylpropyl)-4-methyibenzene 471.6 472.9 538.6 600.8 659.8 716.0 769.6 820.6 869.2
1-tert-butyl-2-methylibenzene 438.1 439.4 507.5 571.7 632.5 690.3 745.2 797.4 847.0
1-tert-butyl-3-methylbenzene 444.8 446.1 512.7 575.7 635.7 692.7 747.1 798.9 B848.1
i-tert-butyt-4-methylbenzene 439.0 440.3 506.9 570.0 629.9 687.0 741.4 793.1 842.3
1-isobuty1-2-methylbenzene 464.9 466.2 533.5 596.7 656.6 713.5 767.7 819.1 868.0
1=isobuty1-3-methylbenzene "471.6 472.9 538.6 600.8 659.8 716.0 769.6 820.6 869.2
1-isobutyl-4-methylbenzene 465.8 467.1 532.9 595.0 654.0 710.2 762.8 814.8 863.4
pentylbenzene 478.8 480.%1 546.3 608.8 668.1 724.7 778.5 B29.8 B878.6
isopentylbenzene 467.6 468.8 534.9 597.3 656.7 713.3 767.3 818.7 B867.5
2(RS)-methylbutylbenzene 473.3 474.6 540.6 603.1 662.5 719.1 773.0 824.4 873.3
1({RS)-methyibutylbenzene 473.3 474.6 540.6 603.1 662.5 719.1 773.1 824.4 873.3
1(RS).2-dimethylpropylbenzene 462.1 463.4 529.2 591.7 651.1 707.8 761.8 813.3 862.3
tert-pentylbenzene 449.9 451.2 518.0 581.4 641.7 699.2 754.0 806.1 855.6
1-ethylpropylbenzene 467.6 468.8 534.9 597.3 656.8 713.4 767.3 818.7 867.6
neopentylbenzene 440.8 442.0 509.1 572.6 632.9 690.4 745.1 797.2 846.8
Ci2H18 )

hexamethytbenzene : 454.6 456.2 537.1 611.1 680.1 744.8 805.8 863.4 917.8
1-ethy1-2,3,4,5-tetramethyibenzene 490.1 491.6 570.4 643.1 711.1 775.2 835.7 893.0 947.2
1-ethy1-2,3,4,6-tetramethylbenzene 490.1 491.6 570.4 643.1 711.1 775.2 835.7 893.0 947.2
1-ethy1-2,3,5,6-tetramethylbenzene 484.4 485.9 564.7 637.3 705.4 769.4 829.9 887.2 941.%5
1,2-diethy1-3,4-dimethylbenzene 498.2 499.8 S577.9 650.4 718.3 782.4 843.0 900.5 954.9
1,2-diethyl1-3,5-dimethylbenzene 511.7 513.2 588.3 658.5 724.6 787.3 846.9 903.4 957.1
1.2-diethy1-3.6-dimethyvibenzene 492.5 484.0 572.2 644.6 712.6 776.6 B37.3 894.7 949.1
1,2-diethyl1-4,5-dimethylbenzene 499.2 500.7 . §77.3 648.7 745.7 779.1 839.2 896.2 950.2
1,3-diethyl1-2,4-dimethylbenzene 498.2 499.8 577.9 650.4 718.3 782.4 843.0 900.5 954.9
1,3-diethyl-2,5-dimethyibenzene 505.0 . 506.5 583.1 654.4 721.5 784.9 844.9 901.9 956.0
1,3-diethyl-4 5-dimethylbenzene 505.0 506.5 583.1 654.4 721.5 784.9 844.9 901.9 956.0
1.3-diethyl-4,6-dimethylbenzene 499.2 500.7 577.3 648.7 745.7 779.1 839.2 896.2 950.2
1,4-diethyl-2,3-dimethylbenzene 492.5 494.0 572.2 644.6 712.6 776.6 837.3 894.7 949.1
‘1,4-diethyl1-2,6-dimethylbenzene 499.2 500.7 577.3 64B.7 715.7 779.1 839.2 896.2 950.2
1,4-diethyl-2,5-dimethylbenzene -505.0--506.5 583,41 654.4-.-.721.5--784.9--844.9...904.9--956.0
1-propy1-2,3,4-trimethylbenzene 498.6 500.1 577.6 649.5 717.0 780.7 841.1 898.3 952.5
1-propy1-2,3,5~trimethylbenzene 505.3 506.8 582.8 653.5 720.2 783.2 843.0 899.7 953.6
1-propyl-2.3,6-trimethyibénzene 498.6 500.1 577.6 649.5 717.0 780.7 841.1 898.3 952.5
1-propyl1-2.4.5-trimethylbenzene 505.3 506.8 582.8 653.5 720.2 783.2 843.0 899.7 953.6
1-propyl1-2.4,6-trimethylibenzene 499.6 S501.0 577.0 647.8 714.4 777.4 837.2 894.0 947.9
1-propy1-3,4,5-trimethylbenzene 489.6 S$01.0 577.0 647.8 714.4 777.4 837.2 894.0 947.9
1-isopropyl1-2,3,4-trimethylbenzene 487.4 488.8 566.2 638.1 705.6 769.4 829.9 887.2 941.5
1-isopropyl-2,3,5-trimethyibenzene 494.1 495.6 571.4 6€42.1 708.8 771.9 831.8 888.6 942.6
1-isopropyl-2,3,6-trimethylbenzene 487.4 488.8 566.2 638.1 705.6 769.4 829.9 887.2 941.5
1-isopropyl-2,4,5-trimethylbenzene 494.1 495.6 571.4 642.1 708.8 771.9 831.8 888.6 942.6
1-isopropyl-2,4,6-trimethylbenzene 488.3 489.8 565.6 636.4 703.0 766.1 826.0 882.9 936.8
1-isopropyl-3,4,5-trimethylbenzene 488.3 489.8 565.6 636.4 703.0 766.1 826.0 882.9 936.8
1-buty1-2,3-dimethylbenzene 507.0 508.5 584.8 655.9 722.9 786.3 846.5 903.6 957.8 .
1-butyl-2,4-dimethylbenzene 513.8 515.2 589.9 659.9 726.0 788.8 848.4 905.0 958.9
1-butyl-2,5-dimethylbenzene : 513.8 515.2 589.9 659.9 726.0 788.8 848.4 905.0 958.9
1-buty1-2.6-dimethylbenzene 501.3 502.8 579.0 650.1 717.1 780.5 B40.7 B897.8 952.0
1-buty1-3,4-dimethylbenzene 513.8 615.2 589.9 659.9 726.0 788.8 848.4 9205.0 958.9
1-buty1-3,5-dimethylbenzene 514.8 516.2 - 589.4 658.2 723.4 785.5 844.5 900.7 954.2

1-(1(RS)~methylpropyl)-2,3-dimethylbenzene 501.6 503.0 579.1 650.2 717.3 780.7 841.0 898.2 952.5
1-(1(RS)-methylpropyl)-2,4-dimethyibenzene 508.3 509.8 584.3 654.3 720.4 783.2 842.9 899.7 953.6
1-(1(RS)-methylpropyl)-2,5-dimethylbenzene 508.3 509.8 584.3 654.3 720.4 783.2 842.9 899.7 953.6
1-(1(RS)-methylpropyl}-2,6-dimethylbenzene 495.8 497.3 573.4 644.5 711.5 775.0 835.2 892.5 946.8
i-(1(RS)-methyipropyl)-3,4-dimethylbenzene 508.3 509.8 584.3 654.3 720.4 783.2 842.9 899.7 953.6
1-(1(RS)-methylpropyl)-3,5-dimethylbenzene 509.3 510.7 583.7 652.6 717.8 779.9 839.0 895.4 949.0

1-iscbutyl-2,3-dimethylbenzene 495.8 497.3 573.4 644.4 711.5 775.0 835.2 892.4 946.7
1-isobutyl-2,4-dimethylbenzene 502.6 S504.0 578.6 648.5 714.6 777.4 837.1 893.9 947.8
1-isobutyl-2,5-dimethylbenzene 502.6 504.0 578.6 648.5 714.6 777.4 837.1 893.9 947.8
1-isobutyl-2,6-dimethylbenzene 490.1 491.5 567.6 638.7 705.7 769.2 8238.4 886.7 941.0
1-isobutyl1-3,4-dimethylbenzene 502.6 504.0 578.6 648.5 714.6 777.4 837.1 B893.9 947.8
1-isobutyl1-3,5-dimethylbenzene 503.5 504.9 578.0 646.8 712.0 774.1 833.3 883.6 943.2
1-tert-butyl-2,3-dimethylbenzene 469.0 470.5 547.4 619.4 687.3 751.7 812.8 870.7 925.7
1-tert-butyl-2,4-dimethylbenzene 475.8 477.2 552.6 ©623.4 6€90.5 754.2 814.7 872.2 926.8
1-tert-butyl-2,5-dimethyibenzene - 475.8 477.2 552.6 623.4 690.5 754.2 814.7 872.2  926.8
1-tert-butyl-2 6-dimethylbenzaonc 4562.2 464.7 544.7 613.6 681.6 745.0 807.0 864.9 010.0
1-tert-butyl-3,4-dimethylbenzene . 475.8 477.2 552.6 623.4 690.5 754.2 814.7 872.2 926.8
1-tert-butyl1-3,5-dimethylibenzene 476.7 478.1 552.0 621.7 687.9 750.9 810.8 867.9 922.1
t-pentyl-2-methylbenzene 515.5 517.0 591.9 662.3 728.8 791.9 851.8 908.9 963.0
1-pentyl-3-methylbenzene 522.2 523.7 597.1 666.3 731.8 794.3 853.7 910.3 964.2
i-pentyl-4-methylbenzene 516.5 517.9 591.4 660.5 726.2 788.6 848.0 904.6 958.4
1-(1(RS)-methylbutyl)-2-methylbenzene 510.0 S511.5 586.3 656.6 723.1 786.3 846.4 903.5 957.8
1-(1(RS)-methylbutyl)~3-methylbenzene 516.8 518.2 591.5 660.7 726.3 788.8 848.3 905.0 958.9
1-(1(RS)-methylbutyl)-4-methylbenzene 511.0 512.4 585.7 654.9 720.5 783.0 842.5 899.2 953.1
1-(1-ethylpropyl)-2-methylbenzene 504.3 505.7 580.6 650.8 717.4 780.5 840.6 897.7 952.0
1-(1-ethylpropyl)-3-methylbenzene 511.0 512.4 585.7 654.9 720.5 783.0 842.5 899.2 953.1
1-(1-ethylpropyl)-4-methylbenzene 505.3 506.7 580.0 649.1 714.8 777.2 836.8 893.4 947.4
1-(2-mothylbutyl)-2-methylbenzcne 604.9 ©05.7 580.5 6B0.8 747.4 780.5 840.6 897.7 952.0
1-(3-methylbutyl)-3-methyibenzene 511.0 512.4 585.7 654.9 720.5 783.0 842.5 899.2 953.1
1-(3-methylbutyl)-4-methylibenzene 505.3 506.7 580.0 649.1 714.8 777.2 836.7 893.4 947.3
1-(2(RS)-methyibutyt)-2-methylibenzene $10.0 511.5 586.3 656.6 723.1 786.3 846.4 903.5 957.8
1-(2(RS)-methylbutyl)-3-methylbenzene 516.8 518.2 591.5 660.6 726.3 788.8 848.3 904.9 958.9
1-(2(RS)-methylbutyl)-4-methylbenzene §11.0 512.4 585.7 654.9 720.5 783.0 842.5 899.2 953.1
1-(2,2-dimethylpropy1)-2-methyibenzene 486.6 488.1 563.7 634.9 702.4 766.4 827.3 885.1 940.1
1-(2.2-dimethylpropyl)-3-methylbenzene 493.4 494.8 568.9 639.0 705.5 768.9 B829.2 886.6 941.2
1-{2,2~-dimethylpropyl)-4-methylbenzene 487.6 489.0 563.1 633.2 699.8 763.1 823.4 880.8 935.4
1-(1(RS).2-dimethylpropyl)-2-methylbenzene 498.8 500.3 574.9 645.2 711.7 775.0 835.1 892.4 946.7
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Table 11. Standard entropy of alkylbenzenes in J/K mol-Continued

CT/K 298. 15 300 400 S00 600 700 800" 800 1000

1-(1(RS) /2-dimethylpropyl)-3-methylbenzene 505.6 507.0 580.1 649.2 714.9 777.4 837.0 893.8 947.9
1-{1(RS),2-dimethylpropyl)-4-methylbenzene 499.8 501.2 574.3 643.5 709.t 77t1.7 831.3 888.1t 942.1

hexylbenzene 512.4 513.9 587.6 657.1 723.1 785.9 845.7 902.6 956.8
1(RS) -methyipentylbenzene 512.7 514.2 587.7 657.2 723.3 786.1 846.0 903.0 957.3
2(RS)-methylpentyibenzene : 512.7 514.2 587.7 657.2 723.2 786.1 846.0 903.0 957.3
3(RS)-methylpentylibenzene §12.7 514.2 587.7 657.2 723.2 786.1 846.0 903.0 957.3
4-methylpentylbenzene 507.0 508.4 582.0 651.5 717.5 780.3 840.2 897.2 951.5
1(RS),2(RS)-dimethylbutylbenzene 501.5 502.9 576.3 645.8 711.8 774.8 834.8 891.9 946.3
1(RS),2(SR)-dimethylbutylbenzene 501.5 502.9 576.3 645.8 71t.8 774.8 834.8 891.9 946.3
1(RS).3-dimethylbutylbenzene 501.5 502.9 576.3 645.8 71t.8 774.8 834.8 B891.2 946.3
2(RS),.3-dimethylbutyibenzene 501.5 502.9 576.3 645.8 711.8 774.8 834.7 891.9 946.2
1, 1-dimethylibutylbenzene ) 489.3 490.7 565.1 635.5 702.5 766.2 826.9 884.7 939.6
2,2-dimethylbutylbenzene 489.3 490.7 565.3 635.8 702.8 766.5 B827.2 885.0 939.8
3,3-dimethylbutylbenzene 480.2 481.6 556.2 626.7 693.7 757.4 818.1-875.8 930.7
1(RS)-methyl-2,2-dimethylpropyibenzene 474.7 476.1 550.6 621.0 688.0 751.8 812.6 870.5 925.5
i-ethyl-1-methylpropyibenzene 489.3 490.7 565.1 635.5 702.5 766.2 B826.9 884.7 939.6
1,1,2-trimethyipropylbenzene 478.1 479.5 6553.7 624.1 691.1 754.9 815.6 873.5 928:5

Table 12. Standard enthalpy of formation for alkylbenzenes in kJ/mol

T/K . 298.15 300 400 500 600 700 800 900 1000
benzene X 82.93 82.80 77.66 73.39 6€9.91 67.11 64.89 63.18 62.01
toluene 50.00 49.87 43.26 37.87 33.56 30.29 27.82 26.11 25.15
C8H10 ’
ethylbenzene 29.79 29.62 21.88 15.52 10.38 6.40 3.35 1.13 -.21
1,3-dimethytbenzene 17.24 17.07 9.12 2.38 =-3.14 -7.49 -10.88 -13.35 -14.98
1,2-dimethylbenzene 19.00 18.83 11,38 4.98 -.28 -4.48 -~7.74 -10.17 -11.67
1,4-dimethylbenzene 17.9% 17,78 9.714 2.85 -2.80 ~-7.32 -10.84 -13.43 -15.10
CaH12
propylibenzene 7.82 7.61 -1.38 -8.79 -14.69 -19.25 -22.68 -25.10 -26.48
isopropylbenzene 3.93 3.72 -5.27 -12.55 -18.37 -22.76 -26.11 -28.41 -29.71
1-ethyl-3-methylbenzene -1.92 -2.143 -11.21 -18.79 -24.89 -29.62 -38.30 -35.90 -37.45
t-ethyl-2-methylbenzene 1.21 1.05 -7.57 -14.77 -20.67 -25.23 -28.74 -31.30 -32.80
1-ethyl-4-methylbenzene -3.26 -3.47 ~-12.64 -20.33 -26.61 -31.51 -35.27 -37.95 -39.62
1,2,3-trimethylbenzene -9.58 -9.79 -18.91 -26.86 -33.47 -38.79 -42.93 -45.98 -47.95
1,2,4-trimethylbenzene -13.93 -14.14 -23.26 -31.13 -37.70 -42.89 -46.90 -49.87 -51.76
T, 3T Eriméthy 1bénzeng -16.07 167287257697 ~-33.76 -40.427-45.69 ~497797 <5276 754764
C10H14 .
butyibenzene -12.2 -12.4 -22.4 -31.2 -38.5 -44.1 -48.1 -50.5 -51.5
1,3-diethylbenzene -24.7 -24.9 -34.8 -43.5 -50.7 -56.4 -60.4 -63.0 -64.1
1,2-diethylbenzene -22.3 -22.5 -31.9 -40.1 -46.8 -52.0 -55.7 -57.8 -58.7
1,4-diethylbenzene -24.7 -24.8 -34.8 -43.5 -50.7 -56.4 -60.4 -63.0 -64.1
1.2,3,4-tetramethylbenzene -43.7 -43.9 -52.9 -60.8 -67.5 -72.8 -76.6 -79.0 -80.1
1,2,.3,5-tetramethylbenzene -46.1 -46.3 -55.8 -64.3 -71.5 -77.2 -B1.4 -84.1 -85.6
1,2,4,5-tetramethylbenzene -46.1 -46.3 -55.8 -64.3 -71.5 -77.2 -8t.4 -84.1 -85.6
1-ethy1-2,3-dimethylbenzene -33.0 -33.2 -42.4 -50.5 -57.2 -62.4 -66.1 -68.4 -69.4
1-ethy1-2,4-dimethylbenzene -35.4 -35.6 -45.3 -53.9 -61.1 -66.8 -70.9 -73.6 -74.9
t-ethyl-2,5-dimethylbenzene -35.4 -35.6 -45.3 -53.9 -61.1 -66.8 -70.9 -73.6 -74.9
1-ethyi1-2,6-dimethylbenzene -33.0 -33.2 -42.4 -50.5 -57.2 -62.4 -66.1 -68.4 -69.4
t-ethyl1-3,4-dimethylbenzene -35.4 -35.6 -45.3 -53.9 -61.1 -66.8 -70.9 -73.6:  -74.9
1-ethyl1-3,5-dimethylbenzene -37.8 -38.0 -48.2 -57.3 -65.0 -71.2 -75.7 -78.7 -80.3
1-propyl-2-methylbenzene -22.6 -22.8 -32.4 -40.8 -47.8 -53.3 -57.1 -59.5 -60.5
1-propyl-3-methyibenzene -25.0 -25.2 -35.3 -44.3 -51.8 -57.6 -61.9 -64.6 -65.9
"1-propyl-4-methylibenzene . -25.0 -25.2 -35.3 -44.3 -51.8 -57.6 -61.9 -64.6 -65.9
1-isopropyl-2-methylbenzene -28.4 -28B.6 -38.3 -46.7 -53.7 -59.1 -62.9 -65.1 -66.0
1-isopropyl-3-methylbenzene -30.8 -31.0 -41.2 -50.2 -57.6 -63.5 -67.6 -70.3 -7%1.5
t-isopropyl-4-methylbenzene -30.8 -31.0 -41.2 -50.2 -57.6 -63.5 -67.6 -70.3 -71.5
2-me thy Vpropy lhencene 21.5 21.86 0t.9 40.7 -47.9 -59.5 -57.4 -§9.8 -60.7
1(RS)-methylpropylbenzene -18.0 -18.2 -28.3 -37.1 -44.4 -50.0 -53.9 -56.2 -57.1
tert-butylbenzene ~24.2 -24.4 -34.2/\ -42.6 -49.3 -54.4 ~57.7 -59.4 -59.7
C11H16 .
pentamethylbenzene -74.8 -75.0 -~84.8 -93.5 ~-100.8 -106.5 -110.6 -113.1 -114.2
1-etnyl-2,3,4-Trimetnyibenzens -04.1 =-064.3 -74.3 -83.1 -%0.4 -96.1.-100.1 -102.5 100.5
1-ethy1-2,3,5-trimethylbenzene -66.4 -66.7 -77.2 -86.5 -94.4 -100.5 -104.9 -107.7 -109.0
1-ethy1-2,3,6-trimethylbenzene -64.1 -64.3 -74.3 -83.1 -90.4 -96.1 -100.1 -102.5 -103.5
1-ethyi-2,4,6~-trimethylbenzene -66.4 -66.7 -77.2 -B6.5 -94.4 -100.5 -104.9 -107.7 -109.0
1-ethy1-3,4,5-tr imethylbenzene -66.4 -66.7 -77.2 -86.5 -94.4 -100.5 -104.9 -107.7 -109.0
1,2-diethyl-3-methylbenzene -53.3 -53.6 -63.8 -72.7 -80.t -85.7 -89.6 -91.9 -92.8-
1,2-diethyl-4-methylbenzene -55.7 -%6.U =-66.7 -76.2 -84.0 -20.1 -94.4 =-97.1 ~-98.3
1,3-diethyl-2-methylibenzene -53.3 -53.6 -63.8 -72.7 -80.1 -85.7 -89.6 -91.9 -92.8
1,3-diethyl-4-methylbenzene -55.7 -56.0 -66.7 -76.2 -84.0 -90.1 -94.4 -97.1 -98.3
1,3-diethyl-5-methylbenzene -58.1 -58.4 -69.6 -79.6 -87.9 -94.5 -99.2 -102.3 -103.8
1,4-diethyl1-2-methylbenzene -55,7 -56.0 -66.7 -76.2 -84.0 -80.1 -94.4 -97.1  -98.3
1-propyl1-2,3-dimethylibenzene -53.6 -53.9 -64.3 -73.5 -81.t -87.0 -91.1 -93.6 -94.6
1-propyl-2,4-dimethylbenzene -56.0 -56.3 -67.2 -76.9 -85.0 -91.3 -95.9 -98.7 -100.1
1-propv1-2,5-dimethylbenzene -56.0 -56.3 -67.2 -76.9 -85.0 -91.3 -95.9 -98.7 -100.1
1-propyl-2,6-dimethylbenzene -53.6 -53.9 -64.3 -73.5 -81.1 -87.0 -91.1 -93.6 -94.6
1-isopropyl-2,3-dimethylbenzene -59.5 -59.7 -70.2 -79.4 -87.0 -92.8 -96.8 -99.2 -100.1
i-isopropyl-2,4-dimethyibenzene -61.8 =-62.1 -73.1 -82.8 -90.9 -987.2 -101.6 -104.4 -105.6
1-isopropyl-2,5-dimethylbenzene -61.8 -62.1 -73.% -82.8 -90.9 -97.2 -101.6 -104.4 -105.6
1-isopropyl-2,6-dimethylbenzene -59.5 -59.7 -70.2 -79.4 -87.0 -92.8 -96.8 -99.2 -100.1
1-butyl-2-dimethylbenzene -43.2 -43.5 -54.3 -63.9 ~-71.7 -77.8 -82.1 -84.7 -85.7
1-butyl-3-dimethylbenzene -45.6 -45.8 -57.3 -67.3 -75.7 -82.2 -86.9 -89.8 ~-91.2
1-butyl-4-dimethylbenzene -45.6 -45.8 -57.3 -67.3 -75.7 -82.2 -86.9 -89.8 -91.2
1-(1(RS)-methylpropyl)-2-methyibenzene -49.0 -49.3 -60.2 -69.8 -77.6 -83.7 -87.8 -90.3 -9%1.2
1-(1(RS)-methylpropyl)-3-methylbenzene -51.4 -51.7 -63.1 -73.2 -81.5 -88.0 -92.6 -95.5 -96.7
1-(1(RS)-methylpropyl)-4-methylbenzene -51.4 -51.7 -63.1 -73.2 -81.5 -88.0 -92.6 -95.5 -96.7
1-tert-butyl-~2-methylbenzene -55.2 -55.5 -66.1 -75.2 -82.6 -88.1 -91.7 -93.5 -93.8
1-tert-butyl-3-methyibenzene -57.6 -57.9 -69.0 -78.7 -86.5 -92.5 -96.4 -98.7 -99.3
i-tert-butyl-4-methylbenzene -57.6  -57.9 -63.0 -78.7 -86.5 -92.5 -96.4 -98.7 -99.3

J. Phys. Chem. Ref. Data, Vol. 14, No. 1, 1985



THERMODYNAMIC PROPERTIES OF ALKYLBENZENE ISOMER GROUPS 189

Tabie 12. Standard enthalpy of formation for alkylbenzenes in kJd/mel -Continued

T/K 298.16 300 400 500 600 700 800 900 1000
1-isobutyi-2-methylbenzene -52.6 -52.8 -63.8 -73.3 -81.2 -87.2 -91.4 -93.9 -94.8
1-isobutyl-3-methylbenzene’ -55.0 -55.2 -66.7 -76.8 -85.1 -91.6 -96.2 -99.1 -100.3
1-isobutyl-4-methylbenzene -55.0 -55.2 -66.7 -76.8 -85.1 -91.6 -96.2 -89.1 -100.3
pantyibenzene -32.8 -33.0 -44.4 -54.3 -62.4 -68.7 -73.1 -75.7 -76.8
isopentylbenzene -42.2 -42,4 -53.8 -63.7 -71.8 -78.1 -82.4 -85.0 -85.9
2{RS)-methyibutyibenzene -42.2 -42.4 -53.8 -63.7 -74.8 -78.1 -82.4 -85.0 -8%5.9
1(RS)-methylbutylbenzene ) -38.6 -38.9 -%50.2 -60.1 ~68.3 -74.5 -78.8 -81.4 -82.3
1(RS).2-dimethylipropylbenzene -48.0 -48.2 -59.7 ~-69.6 -77.7 -83.9 -88.2 -90.6 ~-91.5
tert-pentylbenzene -44.8 -45.0 -56.1 -65.6 -73.3 -78.9 -82.7 -84.6 -84.9
1-ethylpropylbenzene -38.6 -38.9 -50.2 ~-60.t -68.3 -74.5 -78.8 -81.4 -82.3
naopenty thenrene -4 2 -4 A -BR. 4 -74.9 -R? 5 -AR.D -91.9 -Q2.Q -94.2
C12H18

hexamethylbenzene -103.4 -103.6 -113.8 -122.7 -130.1 -135.8 -139.8 -142.1 -~142.8
1-ethyt-2,3,4,5-tetramethylbenzene -95.1 -95.3 -106.2 -115.8 -123.7 -129.8 ~-134.1 -136.6 -137.6
f-ethy}-2,3,4,6-tetramethylbenzene -85.1 -95.3 -106.2 -115.8 -123.7 -129.8 -134.1 -136.6 -137.6
1-nthy) -2 2 6 B-totramathylbanzena 85 4 -05.3 -106.2 ~115.8 ~122. 7 -120.8 -434 .1 '-426.6 -127.¢
1.2-diethyl-3,4-dimethylbenzene -84.4 -84.6 -95.7 -105.4 -1413.3 -119.4 -123.6 -126.1 ~126.9
1,2-diethy!-3,5-dimethylbenzene ~B9.2 -89.4 -101.6 -112.3 -121.2 -128,2 -133.2 -136.4 -137.9
1,2-diethyl-3,6~dimethylbenzene -84.4 -84.6 -95.7 -105.4 -113.3 -119.4 -123.6 ~-126.1 -126.9
1.2-diethyl-4,5-dimethylbenzene ~-86.8 -87.0 -98.6 -108.8 -117.3 -123.8 -128.4 -131.2 -132.4
1,3-diethyl-2,4-dimethylbenzene -84.4 -84.6 -95.7 -105.4 -113.3 -119.4 -123.6 -126.1 -126.9
1,3-diethyl-2,5-dimethylbenzene -BG.8 -87.0 -98.6 -108.8 -117.3 -123.8 -128.4 -131.2 -132.4
1,3-diethyl-4,5-dimethylbenzene -86.8 -87.0 -98.6 -108.8 -117.3 -123.8 ~-128.4 -131.2 -132.4
1.3-diethyl-4,6-dimethylbenzene -86.8 -87.0 -98.6 -108.8 -117.3 -123.8 -128.4 -131.2 -132.4
1,4-diethyl-2,3-dimethylbenzene -84.4 -84.6 =-95.7 -105.4 -113.3 -119.4 -123.6 -126.1 -126.9
1.4-diethyl-2,6-dimethylbenzene -86.8 -87.0 -98.6 -108.8 -1417.3 -123.8 -128.4 -131.2 -132.4
1,4-diethyl1-2,5-dimethylbenzene -86.8 -87.0 -98.6 -108.8 -117.3 -123.8 -128.4 -131.2 -132.4
i-propy1-2,3.4-trimethylbenzene -84.7 -84.9 -96.2 -106.2 -114.4 -120.7 -125.1 -127.7 -128.7
1-propyl1-2,3,5-trimethylbenzene -87.1 -87.3 -89.2 -109.6 -118.3 -125.0 -129.9 ~132.9 ~134.2
1-propy1-2,3,6-trimethylbenzene -84.7 -84.9 -96.2 -106.2 -114.4 -120.7 -125.4 -127.7 -128.7
1-propyl-2,4,5-trimethylibenzene ~87.1 -87.3 -99.2 -109.6 ~118.3 -125.0 ~129.9 -132.9 -134.2
i-propyl-2,4 6-trimethylbenzeneg -87.1 -87.3 -99.2 -109.6 -118.3 -125.0 -129.9 -132.9 -134.2
1-propyt-3.4,5-trimethylbenzene -87.1 -87.3 -99.2 ~108.6 -118.3 ~125.0 -129.9 -132.9 -134.2
1-isaprony1-2_3.4-trimethyibenzene -90.5 -90.7 -102.1 -112.0 ~120.2 -126.5 -130.8 -133.4 -134.3
i-isopropy1-2,3,5-trimethylbenzene -92.9 -93.4 ~105.0 -115.5 -124.1 -130.9 -135.6 -138.5 -139.8
1-isopropyl-2,3,6-trimethylibenzene -90.5 -90.7 -102.1 -112.0 -120.2 -126.5 .-130.8 -133.4 -134.3
1-isopropyl~-2,4,5-trimethylbenzene -92.9 -93.% -105.0 -115.5 ~124.1 -130.9 -135.6 -138.5 -139.8
1-isopropyl1-2.4,6-trimethylbenzene -92.9 -93.1 -105.0 -115.5 -124.1 ~130.9 ~135.6 -138.5 ~139._8
1-isopropy1-3,4,5-trimethylbhenzene ~92.9 -93.1 -105.0 -115.5 -124.1 -130.9 -135.6 -138.9 -139.8
1-butyv1-2.3-dimethvibenzene -74.3 -74.5 -86.3 -96.5 -105.0 -111.5 -116.1 -418.8 -119.8
1-buty1-2,4-dimethylbenzene -76.7 -76.9 -89.2 -100.0 -108.9 -115.9 -120.9 -123.9 -125.3
1-buty1-2,5-dimethylbenzene. .~76.7...-76.9..-89.2 =100.0-~108.9 ~115.9-~120.9--123,9 -125.3
Tblity T2, 6-dimethyibenzene -74.3 -74.5 -86.3 -96.5 -105.0 -111.5 -116.1 -118.8 ~119.8
1-butyl1-3,4-dimethylbenzene ~76.7 ~76.9 -89.2 -100.0 -108.9 -115.9 -120.9 -123.9 -125.3
1-butyl-3,5-dimethylbenzene -79.0 - -79.3 -92.1 -103.4 -112.8 -120.3 -125.6 -129.1 -130.8
1-(1(RS)-methylpropyl)-2,3-dimethylbenzene -80.1 -80.3 -92.1 -102.4 -110.9 -117.4 -121.8 -124.4 -125.4
1-(1(RS)-methylpropyl)-2,4-dimethylbenzene -82.5 -82.7 -95.1 -105.9 -114.8 -121.7 -126.6 -129.6 -130.8
1-{1(RS)-methylipropyl)-2,5-dimethylbenzene -82.5 -82.7 =-95.1 -105.9 ~-114.8 -121.7 -126.6 -129.6 -130.8
1-{1(RS)-methylipropy!)-2,6-dimethylbenzene -80.1 =80.3 -92.%1 -102.4 -110.9 -117.4 -121.8 -124.4 -125.4
1-({1(RS)-methylpropyl}-3,4-dimethylbenzene -82.5 -82.7 -95.1 -105.9 -114.8 -121.7 -126.6 -129.6 -130.8
1-(1(RS)-methylpropyl)-3,5-dimethylbenzene -84.9 -85.1 -98.0 -109.3 -118.7 -126.1 -131.4 -134.8 -136.3
1-isobutyl-2,3-dimethylbenzene -83.6 -83.9 -95.7 -106.0 -114.4 -120.9 -125.4 -128.0 -128.9
1-isobutyl-2,4-dimethylbenzene -86.0 -86.3 -98.6 -109.4 -11i8.4 -125.3 -130.2 -133.2 -134.4
1-1sobutyl-2,5-dimethylbenzene -86.0 -86.3 -98.6 -109.4 -118.4 -125.3 -130.2 -133.2 -134.4
1-isobutyl-2,6-dimethylbenzene -83.6 -B3.9 -95.7 -106.0 -114.4 -120.9 -125.4 -128.0 ~-128.9
1-iscobutyl1-3,4-dimethylbenzene -86.0 -86.3 -98.6 -109.4 -118.4 -125.3 -130.2 -133.2 -134.4
1-isobutyl1-3,5-dimethylbenzene -88.4 -88.7 -101.5 ~112.8 -122.3 -129.7 -135.0 -138.3 -139.9
i-tert-butvl-2.3-dimethvibenzene ~-86.3 -86.5 -98.0 -107.9 ~115.9 -121.8 -125.86 -127.6 -12B.0
1-tert-butyl-2,4-dimethylibenzene -88.7 -88.9 -101.0 -111.3 -119.8 -126.1 -130.4 -132.8 -133.4
i-tert-butyl-2,5-dimethylbenzene -88.7 -88.9 -101.0 -111.3 -119.8 -126.1 -130.4 ~-132.8 -133.4
1-tert-butyl-2,6-dimethylbenzene -86.3 . -86.5 -98.0 -107.9 -115.9 -121.8 ~125.6 -127.6 -128.0
1-tert-butyl-3,4-dimethylibenzene -88.7 -88.9 -101.0 -111.3 -119.8 -126.9 ~130.4 -132.8 -133.4
1-tert-butyl-3,5-dimethylbenzene -91.0 -91.3 -103.9 -114.8 -123.7 -130.5 -135.2 -138.0 -138.9
i-pentvi-2-methvibenzene ~63.8 -B4.1 -76.3 -86.9 -95.7 -102.4 -107.1 -109.8 -110.9
1-pentyl-3-methylbenzene -66.2 -66.5 -79.2 -90.3 -99.6 -106.8 -111.9 -115.0 -116.4
1-pentyl~-4-methylbenzene -66.2 -66.5 -79.2 -90.3 -99.6 -106.8 -111.9 -115.0 -116.4
1-(1(RS) ~methylbutyl)-2-methylbenzene -68.7 -69.9 -82.2 -92.8 -101.5 -108.2 -112.8 ~115.5 -116.4
1-(1(RS)-methylbuty1)-3-methylbenzene -72.0 -72.3 -85.1 -96.2 -105.4 -112.6 -117.6 -120.7 -121.9°
1-(1(RS)-methylbuty])-4-methylbenzene -72.0 -72.3 -85.1 -96.2 -105.4 -112.6 -117.6 -120.7 -121.9
1-(1-ethylpropyl)-2-methylbenzene -69.7 -69.9 -82.2 -92.8 -101.5 -108.2 -112.8 -115.5 ~-116.4
1-(1-ethylpropy!)-3-methylbenzene -72.0 -72.3 -85.1 -96.2 -105.4 -112.6 -117.6 -120.7 -121.9
1-(1-ethylpropyl)-4-methylbenzene -72.0 -72.3 -85.1 -96.2 -105.4 ~112.6 -117.6 -120.7 -121.9.
1-(3-methylbutyl)-2-methylibenzene ~73.2 -73.5 -85.7 -96.4 -105.1 -111.8 -116.4 -119.1 -120.0
1-(3-methylbutyl)-3-methylbenzene -75.6 -75.9 -88.6 -99.8 ~109.0 -i16.1 -121.2 -124.2 -125.5
1-(3-methylbutyl)-4-methyibenzene -75.6 -75.9 -88.6 -99.8 -109.0 -116.1 -121.2 -124.2 -125.5
1-(2(RS)-methylbutyl)-2-methylibenzene ~73.2 -73.5 -85.7 -96.4 -105.%1 -111.8 -116.4 -119.1 -120.0
1-(2(RS)-methylbutyl)-3-methylibenzene -75.6 -75.9 -88.6 -99.8 -109.0 -116.1 -121.2 -124.2 ~125.5
1-(2(RS)-methylbutyl)-4-methylibenzene -75.6 -75.9 -~-88.6 -99.8 -109.0 -116.1 -121.2 -124.2 -125.5
1-(2.2-dimethyipropyl}-2-methylbenzene -75.9 -76.1 -88.1 -98.3 -106.5 -112.6 -116.6 -118.7 -119.0
1-(2,2-dimethyipropy!)-3-methylbenzene -78.2 -78.5 =-91.0 -101.7 -110.4 -117.0 -121.4 -123.9 -124.5
1-(2,2-dimethylpropyl)-~4-methylbenzene -78.2 -78.5 -~91.0 ~101.7 -110.4 ~117.0 -121.4 ~123.9 -124.§
1-{1(RS).2-dimethylpropyl)-2-methylbenzensa ~79.0 +<79.2 -91.6 -102.2 -111.0 -117 & ~122. 1 -124.7 ~125.6
1-(1(RS),2-dimethylpropyl }-3-methylbenzene -81.4 -81.7 -94.5 -{05.7 -114.9 -122.0 -126.9 -129.9 -131.1
t-(1(RS),.2-dimethylpropyt)-4-methytlbenzene -81.4 -81.7 -94.5 ~105.7 -114.9 -122.0 ~-126.9 -129.9 -431.1
hexylbenzene -53.4 -53.7 -66.3 -77.3 -~B6.3 -93.3 -98.1 -100.9 -102.0
1(R3) ~methyIpentylbenzene -%9.2 -59.5 -72.2 -83.2 -92.2 -93.1 -103.8 -106.6 -107.5
2(RS)-methyipentylbenzene -62.8 -63.1 -75.7 -B6.7 -~95.7 -102.6 -107.4 -1t0.2 ~-111.1
3(RS) -methylpentylbenzene -62.8 -63.1 -75.7 -B6.7 -95.7 -102.6 -107.4 -110.2 -141.1
4-methylipentylbenzene -62.8 -63.1 -75.7 =-86.7 -95.7 ~102.6 -107.4 -110.2 ~111.1
1(RS).2(RS)-dimethylbutyibenzene -68.6 -68.9 -81.6 -92.6 -101.6 -108.5 -113.1 -115.8 ~-{16.7
1(RS),.2(5R)-dimethylbutylibenzene -68.6 -68.9 -81.6 -92.6 -101.6 -108.5 -113.1 -115.8 -116.7
1(RS), 3-dimethylbutyibenzene -68.6 -68.9 -81.6 -92.6 -101.6 -108.5 -113.1 -115.8 ~{116.7
2(RS),3-dimethylbutylbenzene -72.2 -72.4 -85.2 -96.2 -105.2 -112.0 -116.7 -119.4 -120.3
1. 1-dimethylbutylbenzene -65.4 -65.7 -78.1 -88.7 -97.2 -103.5 -107.6 -109.8 ~110.1
2,2-dimethylbutylbenzene -74.8 -75.1 -87.4 -97.8 -106.4 -112.7 -116.9 -119.0 -119.4
3,3-dimethylbutylbenzene -74.8 -75.1 -87.4 -97.9 -106.4 -112.7 -116.9 -119.0 -119.4
1(RS)-methyi-2,2-dimethylpropylbenzene -80.6 -80.9 -93.3 -103.8 -112.3 -118.6 -122.6 -124.7 -125.0
1-ethyl-i-methylpropylibenzene -65.4 -65.7 -78.1 -88.7 -97.2 -103.5 -107.6 -109.8 -110.1
1.1.2-trimethylpropylbenzene -74.8 -75.1 -87.5 -98.1 -106.6 -112.9 -117.0 -119.0 -119.3
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Table 13. Standard Gibbs energy of formation for alkylbenzenes in kd/mol

J. Phys. Chem. Ref. Data, Vol. 14, No. 1, 1985

T/K 298.15 300 400 500 600 700 800 900 1000
benzene 129.73 130.02 146.57 164.29 182.80 201.86 221.26 240.90 260.76
toluene 122.10 122.56 147.83 174.64 202.37 230.81 259.59 288.70 317.93
CBH10

ethylbenzene 130.71 131.30 166.45 203.35 241.39 280.26 319.55 359.25 399.17
1,3-dimethylbenzene 119.00 119.58 155.02 192.31 230.80 270.17 310.05 350.34 390.89
1,2-dimethylbenzene 122.22 122.85 158.71 196.28 234.98 274.61 314.65 355.11 395.82
1,4-dimethylbenzene 121.26 121.89 157.87 195.74 234.82 274.82 315.36 356.28 397.50
C9H12 .

propylbenzene 137.40 138.19 183.18 230.18 278.52 327.82 377.58 427.80 478.23
isopropylbenzene 137.15 137.94 184.10 232.32 281.83 332.30 383.19 434.54 486. 10
1-ethyl-3-methylbenzene 126.60 127.40 172.01 218.72 266.81 315.86 365.41 415.42 465.72
1-ethyl-2-methylbenzene 131.25 132.00 177.08 224.07 272.37 321.63 371.39 421.57 472.04
1-ethyl-4-methylbenzene 126.85 -127.65 172.81 220,10 268.73 318.41 368.63 419.31 470.24
1,2,3-trimethytbenzene 124.72 125.56 172.10 220.77 270.91 322.13 373.94 426.25 478.86
1.2,4-trimethylbenzene 117.41. 117.90 163.39 210.98 259.99 310.08 360.72 411.90 463.34
1.3.5-trimethytbenzene 11B.11 148.91 165.49 214.24 264.42 315.73 367.58 419.98 472.67
CiOH14

butylbenzene 146.7 147.6 202.6 259.8 318.8 378.8 439.5 500.6 561.9

1.3-diethylbenzens 1234.8 135.8 190.Q9 248.3 207.4 2367.5 428.4 A480.6 551.1

1,2-diethylbenzene 139.2 140.2 185.9 253.7 313.2 373.6 434.7 496.1 6557.7

1,4-diethylbenzene 136.5 137.5 193.2 251.2 310.8 371.6 433.0 494.8 556.8

1,2,3,4-tetramethylbenzene 122.6 123.6 1B0.9 240.2 30t.1 363.0 425.5 488.4 551.5

1.2,3,5-tetramethylibenzene 118.2 119.2 175.9 234.8 295.3 356.9 419.2 481.9 544.9

1,2,4,5-tetramethylbenzene 119.9 120.8 178.2 237.7 298.8 360.9 423.8 487.1 550.7

1-ethyl1-2,3-dimethylbenzene 129.2 1430.2 86.1 244.1 303.7 364.3 425.5 487.1 548.8

1-ethyl1-2,4-dimethylbenzene 124.8 125.8 181.1 238.7 297.9 358.2 419.2 480.6 542.2

1-ethyl1-2,5-dimethylbenzene 124.8 125.8 181.1 238.7 297.9 358.2 419.2 480.6 542.2

{-ethyl1-2,6-dimethyibenzene 130.9 131.9 188.4 247.0 307.2 368.3 430.1 492.2 6554.6

1-ethyl1-3.4-dimethylbenzene 124.8 125.8 181.1 238.7 287.9 358.2 419.2 480.6 542.2

1-ethy1-3,5-dimethylbenzene 122.1 123.1 178.4 236.1 295.5 356.1 417.5 479.3 541.4

1-propyl-2-mathylbonzono 187.4 188.0 193.2 250.5 005.5 0¢92.5 400.2 491.2 S52.S

1-propy!-3-methylbenzene 132.7 133.6 188.2 245.1 303.7 363.4 423.9 484.7 545.9

1-propyl-4-methylbenzene 134.4 135.4 190.5 248.0 307.2 367.4 428.5 489.9 6551.6

1-isopropyl-2-methylbenzene 134.6 135.6 191.9 250.4 310.5 371.6 433.4 495.6 557.9

1-isopropyl-3-methyibenzene 130.2 131.2 186.9 244.9 304.7 365.5 427.1 489.1 551.83

1-isopropyli-4-methylibenzene 131.9 132.9 89.2 247.8 308.1 369.5 431.7 494.3 557.1

2-methylpropylbenzene 138.9 139.9 195.4 253.2 312.7 373.3 434.6 496.2 558.0

_1(RS)-methylpropylbenzene . 253.9 312.8 372.8 433.5 494.5 555.8

tert-butylbenzene 266.7 329.3 '392.8 456.9 521.3 585.8

CtiHt6

pentamethylbenzene 123.0 124.2 192.2 262.4 334.3 407.3 481.0 555.1 629.4

i-ethyl1-2,2,4-trimcthylibenzcne 120.6¢ 130.8 197.3 266.0 03C.9 408.C 481.0 553.7 62G6.7

i-ethy1-2,3,5-trimethyibenzene 125.2 126.4 192.4 260.8 331.1 402.5 474.7 547.2 620.1

1-ethy1-2,3,6-trimethylbenzene 129.6 130.8 197.3 266.3 336.9 408.6 481.0 553.7 626.7

1-ethyl1-2.4,6-trimethylbenzene 126.9 128.1 194.7 263.7 334.5 406.5 479.3 552.4 625.8

i-ethy1-3,4,5-trimethylbenzene 126.9 128.1 194.7 263.7 334.5 406.5 479.3 552.4 625.8

1.2-diethyl-3-methylbenzene 137.9 139.0 204.8 273.0 342.9 413.9 485.6 557.6 629.8

1.2-diethyl-4-methylbenzene 133.5 134.6 199.8 267.6 337.1 407.8 479.3 551.1 623.2

1,3-diethyl-2-methylbenzene 139.6 140.8 207.1 275.9 346.4 417.9 490.2 562.7 635.5

1,3-diethyl-4-methylbenzene 133.5 134.6 .199.8 1267.6 337.1 407.8 479.3 551.1 623.2

1,3-diethy!-5-methyibenzene 130.8 131.9 197.2 265.0 334.8 405.7 477.6 549.8 622.3

1.4-diethyl-2-methylbenzene 133.5 134.6 199.8 1267.6 337.1 407.8 479.3 551.1 623.2

i-propyl-2,3-dimethylbenzene 137.5 138.6 204.5 272.7 342.7 413.8 485.7 557.9 630.3

1-propyl-2,4-dimcthylbenzcenc 122.1 124.2 199.5 267.3 083G.92 407.7 473.4 551.4 0623.7

i-propyl-2,5-dimethylbenzene 133:1 134.2 199.5 267.3 336.9 407.7 479.4 551.4 623.7

1{-propyl1-2,6-dimethylbenzene 139.2 140.4 206.8 275.6 346.2 417.8 490.3 563.1 6€36.1

1-isopropy!-2,3-dimethylbenzene 135.0 136.2 203.1 272.5 343.7 415.9 488.9 562.2 €35.8

1-isopropyl-2.4-dimethylbenzene 130.6 131.8 198.1 267.1 337.3 409.8 482.6 555.8 629.2

t~isopropyl-2,5-dimethylbenzene 130.6 131.8 198.1 267.1 337.9 409.8 482.6 5%55.8 629.2

t-isopropyl-2,6-dimethylbenzene 136.7 137.9 205.4 275.4 347.1 420.0 493.5 567.4 641.5

1-butyl-2-dimethylbenzene 145.4 146.5 211.6 279.1 348.5 419.1 - 490.4 562.1 634.0

1-butyl-3-dimethylbenzene 141.0 142.1 206.6 273.7 342.7 413.0 4B4.1 555.6 627.4

1-butyl-4-dimethylbenzene 142.7 143.8 208.9 276.6 346.2 417.0 488.7 560.8 633.1

1-(1(RS)-methylpropyl)-2-methyibenzene 141.2 142.3 207.9 276.1 346.0 417.1 489.0 561.2 633.6G

i-(1(RS)-methylpropyl)-3-methylbenzene 136.8 137.9 202.9 270.6 340.2 411.0 482.7 554.7 627.0

1-(1(RS)-methylpropyl)-4-methylbenzene 138.5 139.7 205.2 273.5 343.7 415.1 487.3 559.9 632.8

1-tert-butyl-2-methylbenzene 144.7 145.9 214.7 286.0 359.0 433.0 507.8 5B2.8 657.9

1-tert-butyl-3-methylbenzene 140.3 141.5 209.7 280.5 353.2 426.9 501.5 576.3 651.3

1-tert-butyl-4-methylbenzene 142.0 143.2 212.0 283.4 356.6 431.0 506.1 581.5 657.1

1-isobutyl-2-methylbenzene 139.3 140.5 206.7 275.4 345.9 417.6 490.1 562.9 635.9

1-isobutyl-3-methylbenzene 134.9 136.1 201.7 270.0 340.1 411.5 483.8 556.4 629.3

1-1s50butyl-4-methylbenzene 136.7 137.8 204.0 272.8 343.6 415.6 488.4 561.6 635.0

pentylbenzene 165.0 156.1 221.0 288.4 357.8 428.3 499.7 571.4 643.4

isopentylibenzene 148.9 150.1 216.1 284.7 355.2 426.9 499.4 572.2 645.3

2(RS)-methylbutylbenzene 147.2 148.4 213.8 281.8 351.8 422.9 494.8 567.0 639.5

1(RS)-methylbutylbenzene 150.8 151.9 217.3 285.4 355.3 426.4 498.3 570.6 643.1

1(RS),2-dimethylpropylibenzene 144.8 145.9 212.5 281.7 352.7 425.0 498.0 571.4 645.0

tert-pentylbenzene - i51.6 152.8 220.5 290.7 362.8 435.¢ 509.8 583.9 658.2

t-ethylpropylbenzene 162.5 153.7 219.6 2B8.3 358.8 430.4 502.9 575.8 648.8

neopentylbenzene 144.9 146.2 214.8 285.9 358.8 432.8 507.6 582.6 657.8

C12H18

hexamethylbenzene 132.2 133.7 214.4 297.5 382.3 468.1 554.7 ©641.6 728.7

1-ethyl-2,3,4,5-tetramethy ibenzene 130.0 131.4 208.6 288.5 370.1 452.89 536.5 b20.4 704.9

1-ethyi-2,3,4,6-tetramethylbenzene 130.0 131.4 208.6 288.5 370.1 452.9 536.5 620.4 704.5

i-ethy1-2,3.5,6-tetramethylbenzene 131.7 133.1 210.9 291.3 373.6 456.9 541.1 625.6 710.3

1,2-diethy1-3,4-dimethylbenzene 138.3 139.6 216.1 295.2 376.1 458.2 541.0 624.2 707.6

1,2-diethy1-3,5-dimethylbenzene 129.5 130.8 206.1 284.3 364.5 446.0 '528.4 611.3 694.4

1.2-diethy1-3,6-dimethylbenzene 140.0 141.4 218.4 298.1 379.6 462.2 545.7 629.4 713.4

1.2-diethyl1-4,5-dimethylbenzene 135.6 136.9 213.4 282.6 373.8 456.1 539.3 622.9 706.8

1,3-diethyl-2,4-dimethylbenzene 138.3 139.6 216.1 295.2 376.1 458.2 541.0 624.2 707.6

1,3-diethyl-2,5-dimethylbenzene 133.9 135.2 211.1 289.8 370.3 452.1 534.7 617.7 701.0

1.3-diethyl-4,5-dimethylbenzene 135.2 211.1 289.8 370.3 452.1 534.7 617.7 701.0
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Table 13. Standard Gibbs energy of formation for alkylbenzenes in kJ/mol-Continued

T/K . 298. 1% 300 400 500 600 700 800 900 1000
1,3-diethyl-4,6-dimethylbenzene 135.6 136.9 213.4 292.6 373.8 456.1 539.3 622.9 706.8
1.4-diethyl1-2,3-dimethylbenzene 140.0 141.4 218.4 298.1 379.6 462.2 545.7 629.4 713.4
1,4-diethyl-2,6-dimethylbenzene 135.6 136.9 213.4 292.6 373.8 456.1 539.3 622.9 706.8
1,4~diethyl1-2,5-dimethytbenzene 133.9 135.2 211.1 289.8 370.3 452.1 534.7 617.7 70t.0
1-propy1-2,3,4-trimethylbenzene 137.9 139.2 215.7 294.9 375.9 458.1 541.2 624.5 708.2
1-propy1-2,3,5-trimethylbenzene 133.5 134.8 210.7 289.4 370.1 452.0 534.9 618.1 701.¢
1-propy1-2,3,6-trimethylbenzene 137.9 139.2 215.7 294.9 375.9 458.1 541.2 624.5 708.:
i-propyl-2,4,5-trimethylbenzene 133.5 134.8 210.7 289.4 370.1 452.0 534.9 618.1 701.6
1-propyl-2,4,6-trimethyibenzene 135.2 136.6 213.0 292.3 373.6 456.1 539.5 623.3 707.3
1-propy1-3,4,5-trimethyibenzene 135.2 136.6 213.0 292.3 373.6 456.1 S539.% 623.3 707.3
1-isopropyl1-2,3,4-trimethylbenzene 135.4 136.8B 214.4 294.7 376.9 460.2 544.4 628.9 713.6
1-isopropyl-2,3.5-trimethylbenzene 131.0 132.4 209.4 289.2 371.1 454.1 538.1 622.4 707.0
1-isopropyt-2,3,6-trimethylbenzene 135.4 136.8 214.4 294.7 376.9 460.2 544.4 628.9 713.6
1-isopropyl-2.4.5-trimethyibenzene 131.0 132.4 209.4 289.2 37%.1 454.1 538.1 622.4 707.0
1~isopropyt-2,4,6-trimethylbenzene 132.7 134.1 211.7 292.1 374.5 458.2 542.7 627.6 7i2.8
1-isopropyl-3,4,5-trimethylbenzene 132.7 134.1 211.7 2982.1 374.5 458.2 542.7 627.6 712.8
1-butyl-2,3-dimethylbenzene. 145.8--147.1 222.8 301.3 381.7 463.4 545.9 628.7 711.8
i-butyl-2,4-dimethylbenzene 141.4 142.7 217.8 295.9 375.9 457.3 §539.6 622.2 705.2
1-butyl-2,5-dimethylbenzene 141.4 . 142.7 217.8 295.9 375.9 457.3 539.6 622.2 705.2
1-butyl-2,6-dimethylbenzene 147.5 148.8 225.1 304.2 385.2 487.4 550.5 633.9 717.6
1-butyl1-3,4-dimethylbenzene 141.4 142.7 217.8 295.9 375.9 457.3 533.6 622.2 705.2
1-buty1-3,5-dimethylbenzene 138.7 140.0 215.2 293.3 373.6 455.2 537.9 620.9 704.4
1-{1(RS)-methyipropyl)-2,3-dimethyibenzene 141.6 142.9 219.2 298.3 379.2 461.4 544.5 627.9 711.5
1-{ 1(RS)-methylipropyl)-2,4-dimethylbenzene 137.2 138.%5 214.2 292.8 373.4 455.3 538.2 621.4 704.9
1-(1(RS)-methylpropyl)}-2,5-dimethylbenzene 137.2 138.5 214.2 282.8 373.4 455.3 538.2 621.4 704.9
1-(1(RS)-methylpropyl)-2.6-dimethylbenzene 143.3 144.7 221.5 301.1 382.7 465.5 549.1 633.1 717.3
1-{ 1(RS)-methylpropy1)-3,4-dimethylbenzene 137.2 138.5 214.2 292.8 373.4 455.3 538.2 621.4 704.9
1-(1(RS)-methyipropyl)-3,5-dimethylbenzene 134.5 135.9 211.5 290.2 371.1 453.3 6&36.5 620.1 704.1
1-isobutyl-2,3-dimethylbenzene .439.7 141.1 248.0 297.6 379.1 461.9 545.5 629.5 7T13.7
1-isobutyl-2,4-dimethylbenzene i35.3 136.7 213.0 292.1 373.3 455.8 539.2 623.0 707.1
1-isobutyi-2,5-dimethylbenzene 135.3 136.7 213.0 282.1 373.3 455.8 539.2 623.0 707.1
1-isobuty1-2 6-dimethylbenzene 141.4 142.8 220.3 300.5 382.6 466.0 550.2 634.7 719.5
1-isobutyi-3,4-dimethylbenzene 135.3 136.7 213.0 292.%1 373.3 455.8 539.2 623.0 707.1
1-isobutyt-3,5-dimethylbenzene 132.7 134.0 210.3 289.5 371.0 453.8 §537.5 621.7 706.3
1-tert-butyl-2,3-dimethylbenzene 145.1 146.5 226.0 308.2 392.2 477.3 563.2 649.4 735.8
i-tert-butyli-2,4-dimethyibenzene 140.7 142.1t 221.0 302.7 386.4 471.2 556.9 642.9 729.2
1-tert-butyl-2,5-dimethylbenzene 140.7 142.1 221.0 302.7 386.4 471.2 556.9 642.9 728.2
i-tert-butyl-2,6-dimethylbenzene 146.8 148.2 228.3 311.1 395.7 481.4 567.9 654.6 741.5
1-tert-butyl-3,4-dimethylbenzene 140.7 142.1 221.0 302.7 386.4 471.2 556.9 642.9 7298.2
1-tert-butyl-3,5-dimethylbenzene 138.0 139.4 218.3 300.1 384.0 469.2 555.2 641.7 728.3
1-pentyl-2-methylbenzene ’ 153.6 155.0 229.9 307.7 387.5 468.6 550.6 632.9 715.5
1-pentyl1-3-methylbenzene 149.3 150.6 224.9 302.3 381.7 ,462.5 544.3 626.4 708.9
1-pentyl-4-methylbenzene 151.0 152.3 227.2 _ 305.2 385.2 466.6 548.9. 631.6__714.6
1={1(RS) “me thy Ybuty1)-2-methyibenzene 149.6 150.8 226.3 304.7 385.1 466.7 .549.2 632.0 715.1
1-(1(RS)-methyibutyl)-3-methylbenzene 145.1 146.4 221.3 299.2 379.2 460.6 542.9 625.6 708.5
1-{1(RS)-methylbutyl)-4-methylbenzene 146.8 148.1 223.6 302.1 382.7 464.6 547.5 630.7 714.3
1-{1-ethylpropyl)-2-methylbenzene 151.2 152.5 228.6 307.6 388.5 470.7 553.8 637.2 720.9
1-(1-ethylpropyl)-3-methylbenzene 146.8 148.9 223.6€ 302.1 382.7 464.6 547.5 630.7 714.3
1-(1-ethylpropyl)-4-methylbenzene 148.5 149.9 225.9 305.0 386.2 468.7 552.1 635.9 720.1
1-(3-methylbutyl)-2-methylbenzene 147.6 149.0 225.1 304.0 1385.0 467.2 550.2 633.7 717.4
1=(3-methylbutyl)-3-methylbenzene 143.2 144.6 220.1 298.6 379.1 461.1 543.9 627.2 710.8
1-(3-methylbutyl)-4-methylbenzene . 144.9 146.3 222.4 301.4 382.6 465.1 S48.5 632.4 716.5
1-(2(RS)-methylbutyl)-2-methylbenzene 145.9 147.3 222.8 301.1 381.5 463.1 545.6 628.5 711.6
1-(2(RS)-methylbutyl)-3-methylbenzene 141.5 142.8 217.8 295.7 378.7 457.0 539.3 622.0 705.0
1-(2(R%) -methylbutyl)}-4-methytbenzene 143.2 144.6 220.1 298.6 379.1 461.1 543.9 627.2 7410.8
1-(2,2-dimethylpropyl)-2-methylbenzene 180.3 151.6 229.5 310.0 392.5 476.2 560.6 645.4 730.3
1-(2,2-dimethyipropy!)-3-methytbenzene 145.9 147.2 224.5 304.6 386.7 470.1 554.3 638.9 723.7
1-(2,2-dimethylpropyl)-4-methyibenzene 147.6 149.0 226.8 307.5 390.2 474.1 558.9 644.1 729.4
1-(1(RS),2-dimethylpropyl)-2-methylbenzene 143.4 144.8 221.4 300.9 382.5 465.2 H4R.9 632.8 717.1
1- (1(Rs) 2-dimethylpropyl)-3-methylbenzene 138.0 140.4 216.5 295.5 376.7 459.% 542.5 626.4 710.4
1-€1(RS),2-dimethylpropyl)- 4-methy1benzene 140.8 142,41 218.8 298.4 3BO.1 463.2 547.2 631.5 716.2
hexylbenzene 165.0 166.3 241.7 319.9 400.3 481.9 664.5 647.4 730.6
1(RS) ~methy tpenty ibenzene 159.1 160.4 235.7 314.0 394.3 476.0 558.5 641.4 724.5
2(RS ) -methylpentylbenzene 185.5 156.9 232.2 310.4 390.8 472.4 554.9 637.8 721.0
3(RS}-methylpentyibenzene 185.5 1{56.9 239 2 210.4 200.8 472.4 SB4A.9 &37.8 721.0
4-methylpentyibenzene 167.2 158.6 234.5 313.3 394.2 476.4 559.6 643.0 726.8
1(RS).2(RS)-dimethylbutyibenzene 153.0 154.4 230.9 310.3 391.7 474.5 55B.2 642.2 726.5
1(RS), 2(5R)-dimethylbutylbenzene 153.0 154.4 230.9 310.3 391.7 474.5 558.2 642.2 726.5
1(RS),.3-dimethylbutylbenzene 153.0 154.4 230.9 310.3 391.7 474.5 558.2 642.2 726.5
2(RS),3-dimethylbutylbenzene 149.% 150.9 227.3 306.7 388.2 471.0 554.6 638.6 722.9
1. {~dimethyibutylbenzene 156 8 161.3 238.9 319.3 401.8 4185.6 670.0 6€54.7 739.7
2,2-dimethylbutylbenzene 150.5 151,9 229.5 309.9 392.4 476.0 560.4 645.2 730.1
3,3-dimethylbutylbenzene 153.2 154.6 233.1 314.5 397.8 ,482.4 567.8 €53.4 739.3
1(RS)~methyl-2,2-dimethylipropylbenzene 149.0 150.4 229.5 311.4 395.4 480.5 566.4 652.6 738.9
1-ethyl1-t-methylpropylbenzene 158.9 161.3 238.9 319.3 401.8B 485.5 570.0 654.7 739.7
1.1.2-trimethylpropylbenzene 153.8 155.3 234.0 315.6 399.2 484.0 569.6 655.5 741.6
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7. Discussion

The values of standard thermodynamic properties of
isomer groups given here may be used in predicting equilibri-
um compositions of organic systems at temperature-catalyst
conditions where species in an isomer group are in equilibri-
um. They also provide a basis for extrapolation to estimate
the standard thermodynamics properties of higher isomer
groups. As the carbon number increases, the equilibrium
mole fractions of individual molecular species become of fess
interest because there are so many of them and because gas
chromatographic analytical methods yield mole fractions of
isomer groups, rather than individual isomers, at higher car-
bon numbers. '

The distribution of species within an isomer group is
independent of pressure for ideal gases and is only a function
of temperature, and so it is of interest to note that if any
alkylbenzene species (or isomer group) is exposed to a cata-
lyst of disproportionation and isomerization reactions, the
equilibrium distribution is similarly independent of pressure
for ideal gases and is only a function of temperature. Actual-
ly this statement applies to any initial mixture of alkylben-
zenes. The reason is that the disproportionation reactions,

CnHZn—6=%Cn—-lH2n——8 +%cn+lH'2n—4’ (9)

donotinvolve a change in the number of moles of gas. Calcu-
lations of equilibrium mole fractions of alkylbenzene mix-

tures-at-various-H/C ratios for the-mixture provide an-illus-- -

tration of the usefulness of data on isomer groups.”

8. Nomenclature

Cy = standard heat capacity at constant pressure
of isomer i, J K ! mol ™!

CH{) = standard heat capacity at constant pressure
of isomer group I, I K~ mol ™!

A4:G; = standard Gibbs energy of formation of iso-
mer /, kJ mol™!

4.G°(1) = standard Gibbs energy of formation of iso-

mer group I, kJ mol ™!
H (I, T)—H" (I, 298.15 K)
= standard enthalpy for isomer groups rela-
tive to isomer groups at 298.15 K, kJ mol~*
H(I, T)— H° (I, 298.15 K) + 4 H° (I, 298.15 K)
= standard enthalpy for isomer groups rela-
tive to elements at 298.15 K, kI mol !

A4.H; = standard enthalpy for isomer 7, kJ mol ™'

AH () = standard enthalpy of formation of isomer
group L, k¥ mol ™!

n . = number of carbon atoms in a molecule

N, = number of isomers in an isomer group

OPT = number of optical isomers

= equilibrium mole fraction of species i in an
isomer group

i
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S; = standard entropy of isomer i, J K~ mo] 1!

S°(0) =standard entropy of isomer group I,
JK 'mol™!

TSN = total symmetry number

¥i = mole fraction of isomer i within the isomer
group

M = mole fraction of isomer group I in a mixture
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