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APSTRACT

Prediction method bas bien given for saturated liguid entropfes of bydro.
carbons. This invelves using Argen as the reference substance. It Is possible to
predict saturated liquid entropies of bydrocarbons within an average error of 1.0%.

Argon is non polar, non reactive and devoid of any quantum mechanical
effects and hence it is suitable to be used as a reference substance for prediction
of thermodynamic properties of organic and iporganic compounds. Using
argon as the reference substance prcdlcuon methods have been glven earler
for entropy of vaponsauon of hydrocarbons® and inorganic gasses® and for the
saturated liquid densities’. In this work a similar approach is followed to
predict saturated liquid entropy.

No known methods are available to predict entropy in the saturated
liquid range, except the theoretical method involving entropy of vaporisation
and the entropy in the saturated vapour range. A similar method using less
number of input data is desirable.

Saturated liquid eutropy for argon and various hydrocarbons from the
literature® "7 were plotted against temperatures individually, from which the
smoothed values of §4 and Sg at the required reduced temperatures were
obtained. The reduced temperatures for the substances considered generally
vary between 0.60 and 1.0. When these values of saturated liquid entropy of
argon wore plotted against the values of saturated liquid entropy of hydro-
carbons, straight line relationships were cobtained. Both saturated and
unsaturated hydrocarbons gave the linear relationships. The slopes and
intercepts of these straight lines varied from substance to substance.

To arrive at & generalised equation to predict Sy for all hydrocarbons
and for all temperature range attempts were made 1o correlate these slopes and
intercepts with some easily assessible physical properties of these substances
Earlier either molecular weight or the normal boiling point were found to
correlate the slopes and intercepts for the case of entropy of vaporisation of
bydrocarbons and inorganic gases and the saturated liquid density.
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When the slopes and intercepts were ploited against normal boiling poiat
of these substances they gave good linear relationship.  In another case when
they were plotted against molecular weight, they gave linear refativaship.
Although both of them gave good linear relationship the normal boiling point
was found to be a better correlating parameter. From these plots the following
general equation can be obtained.

Sy = mSs+ C {t]

where Ss=saturated liquid entropy of the hydrocarbons and §; is the
saturated liquid entropy of Argon m is the slope and C is the intercept.,

introducing the values of m and C, equation [1] becomes as follows for
normal boiling point as the correlating parameter.

Sg=[0.596 exp {5.456 x 1073 73] 8, + [8.16 x 1073 1, — 9.16]} {21

and for the case of molecular weight as the correlating parameter, one obtains

Sg e [1.386 exp (11,46 x 1073 )] S + {0.240 M ~ 1.50} [3

The calculated values using equation 2 and 3 and the smoothed experi-
mental values along with average percentage error are given in Table 1.
Except methane, which being the first member of the series behave anamolously,
all others are correlated well by thess equations,

‘Bquation (2] gives 1.0% overall average error and equation {3] gives 4%
overall average error. To predict saturated liguid entropy, equaticn [2] i
recommended.,
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TanLt |

Calculated and Experimental values of Suvwrared Liquid Entropy

——

Saturated Liguid Entropy Calfmole ok

Tr.
Brp. CalBgn(2) % Div, CalEgn(3) o/, Div.
Methane 0.96 2657 22,53 15.21 34.91 31 39
{4} 0.94 2609 2211 15.25 34.28 3139
092 13.67 2172 1539 33.68 31.20
0.88 24.86 20.88 16.01 3241 30.37
0.84 24.08 20.13 16.42 31.26 29.82
0.80 23.33 19.41 16.80 30.18 29.36
076 22.53 18.69 17.04 29.08 29,07
0.72 3178 17.91 17.77 27.90 28,10
0.68 20.98 17.15 18.26 26.73 27.50
0.64 2014 16.40 18.57 25.60 2711
0.60 19.32 15.62 19.15 24.42 26.40
Av. 1690 Av. 29.25
Ethane 0.96 34.92 39.65 0.68 497 1015
{s) 6.94 39 24 39.03 0.54 43.23 10.17.
0.92 38.71 38,45 0.67 42.52 9.84
0.88 16 37.31 0.123 41.04 10.44
0.84 16.62 16.08 1.47 39.69 8,38
0.80  35.63 35.02 1.71 38.41 7.80
076  34.61 33.94 1.93 37.12 7.25
072 3359 32,79 2.38 15.74 6,40
0.68  32.5¢ 31.66 2.7 34.39 5.69
064 31.44 30 53 2.89 33.04 5.09

.60 30.32 29.38 3.10 31.65 4.39

Av, 1.65 Av. 7.78
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TabLg | - {contd)}

367

Saturated Liguid Entropy Cal/mole %

Tr,
Exp.
Propane 0.96 32.77
(5} 0.94 51.88
0.93 51.12
0.88 49.65
0.84 48.27
0.80 46.83
0.76 45,56
6.72 44.19
0.68 42.83
0.64 41.38
0.60 39.87
n-butaoe 0.96 567.69
{7) 094 £6.56
0.92 65.58
088 63.61
0.44 61,73
0.80 59.94
0.75 58.12
0.72 56.25
0.68 54.33
0.64 52.18

Cal Egni{&

§3,10
52.30
5135
49.95
43,50
47,13
45.75
44 25
42.80
41,35
3986

07.42
66.42
65,47
63.47
61.65
5993
58.19
56.32
54.50
52.68

% Div.  CalEBqn(3)
0.62 34.03
0.81 33.16
0.84 52.33
0.60 50.58
0.43 49.00
0.53 47.50
0.42 45.99
0.14 44.36
8.07 42,77
0.07 41.19
0.08 39.55

Av. 0D.42
040 65.20
0.2 64.18
0.17° 63.21
0.22 6116
013 5930
0.02 57.54
0.12 55.76
0.12 53.85
0.31 51.99
0.96 56.13

o Div,
2.39
2.47
2.37
1.87
1.51
1.32
0.94
0.38
0.14
0,46
0 30

Av, 1,33

3.68
3.58
361
183
3.94
4.00
4.06
4.27
4.31
3.93

Av.. 392
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Tanik 1~ {eontd.)

Satnrated Liquid Entropy Cal/mole ok

Tz, — —

Zxp.  CalEgn(2) % Div. CalBgon 3y °f, Div.

isobutane .96 63.16 63.33 .27 £5.20 3,33
{8) 0.94  €2.05 62.39 0.55 64.18 3.43
0.92 61.02 G1.49 077 63.21 3.59

0.88 59.06 59.61 0.93 61.18 3.56

0,84 57.23 57.9% .17 59.39 3.62

0.80 55.42 56,28 1.55 57.54 3.83

0.76 53.56 54.64 2.02 55.76 4,11

0.72 51.73 52.88 2.22 5385 410

0.68 49.83 51,17 2,69 51.99 4.33

0.64 47.90 49.4% 3.26 5013 4.66

Av. 1.5% Av. 3.85

isopentane 0.96 80.78 78.65 2.64 77.82 3.66
9) 0.94 79.48 77.48 2.52 76.61 3.61
0.92 78.16 76.37 229 75.47 3.44

0.88 75.72 74.03 2.29 73.06 351

0.84 73.66 71.90 2.39 70.87 3.7

0.30 71.12 69.90 1.72 68.81 3,25

0.76 68.87 67.87 1.45 £6.72 312

0.72 66.66 65.68 1.47 64.47 3.29

0.68 64,28 63.56 1.12 62.28 3

Av. 1.99 Av, 3.42
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TABLE 1 — (contd.)

Saturated Liquid Entropy Cal/mole %

Tr- Exp.  CalBqn(2) %6 Div. CalEqu(3) °f, Div.

n-hexane 0.96 99.22 97.46 177 91.97 7.31
(10) 0.94 97.78 95,93 1.83 90.56 7.38
0.92 96.18 94.61 1.63 89.22 7.24

0.88 93.06 91.68 1.48 86.39 7.14

0.84 90.03 89.02 1.12 '83.82 6.90

0.80 87.06 86.52 0.62 81.40 6.50

0.76 83.83 83.98 0.18 78.95 5.82

0.72 80.60 81.25 0.81 76.30 5.33

0.68 71.46 78.59 1.46 73.74 _4.30

Av, 121 Av, 6.49

n octane 0.96 130.58 130.08 0.38 126-28 3.29
0.94 128 64 128.08 0.44 124,33 3.35

0.92 126.77 126.19 0.46 122.48 338

0.88 123 02 122.20 0.67 118.58 3.61

0.84 119.31 118.58 0.61 115.04 3.58

0.80 11547 115.17 0.26 11L.70 3.26

0.76 11145 11170 0.22 108.32 281

072 107.54 10797 0.40  104.67 267

0.68 103.43 104.35 0.89 101.13 122

0.64 99.24  100.73 150 97.59 1.66

Av, 2,98

Av. 0.58
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TazLe 1 —{contd.)

—————

Satorated Ligtid Entropy Cal/mole ok

T( Exp. Cil Egn 2) % Div. CalEqn(3) %/ Div. B
penonane 0.96 147.58 147.42 0.11 147.16 0.28
(12) 0.94 145.56 14513 0.30  144.87 0.47
0.92 14353 142.96 0.40  142.70 0.58
0.88 13932 138.39 0.67 138,12 0.86
0.84 13486  134.23 0.47 13396 0.67
0.80 13046  130.32 0.11  130.04 0.32
0.76 12595  126.35 0.32 12606 0.09
0.72 12161  122.08 0.38 121,78 0.13
0.68 117.15  117.92 0.66  117.63 0.41
Av. 0.38 Av. 0.42
n-decans 0.96 16521  165.64 026 17107 3.55
(13) 0.94 16295  163.04 0.06  168.38 3.33
092 16073 160.58 0.09  165.84 3.18
0.88 15596  155.38 0.37  160.46 2.89
0,84 15082  150.66 011 155.57 3.15
0.80 14571 146.21 0.34  150.97 161
0.76  140.53  141.69 0.83  146.30 4.10
0.72 13549  136.84 1.00 14128 4,27
0.68 130,21 132.12 1.47  136.40 475

Av, 0.50 Av, 3.65
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TABLE | — {contd.)

Saturated Liquid Botropy Cal/mole °%

Tr. e

Bxp. CalEqn {2) % Div. Cal Eqn{3 . %4, Div.,
Ethylene 0.96 37.25 35.75 4.03 42,62 14,42
(14) 0.94 36.49 35.18 3.59 41,89 14.80
0.92 35.93 34.64 3.59 41.20 14.67

0.88 34.92 33.50 4.07 39.75 13.83

0.84 34,00 32.46 4.53 38.43 13.03

0.80 3316 31.48 5.07 37.19 12.15

0.76 32,36 30.49 5.78 35.93 11.03

0.72 31,38 25.43 6.21 34.57 10.17

0.68 30.37 28.39 6.52 33.25 9.48

0.64 29.27 27.35 6.56 31.93 9.09

Av. 5.00 Av, 12.27

Propylene 0.96 5177 51.39 0.73 52.49 1.39
(15) 0.94 50 94 56.61 0.65 51.64 1.37

‘ 0.92 50.17 49 88 0.58 50.83 1.32
0.88 48.91 48.33 1.19 49.12 0.43

0.84 47.56 46.92 1.33 47.58 0.04

0.80 46.23 45,59 1.38 46.12 0.24

0.76 44.93 44.25 1.51 44,64 0.65

0.72 43.58 42.80 1.79 43.04 1,24

0.68 42.29 41.3% 2.13 41.50 1.87

0.64 40,83 39,98 2.37 39.95 2.44

Av. 1.10

Av. 1.37
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372
TasLk | — {concld)
Saturated Liguid Entropy Caljmole %k
Tr.
Ezp. CalEga(2) %/, Div. CalRgn(3) %l Div,

i-butene 0.96 64,90 635,29 0.50 62.53 2.11
{16) 0.94 §3.76 64.32 088 6153 .93
0.92 62.80 63.40 Q.96 61.58 1.94
0.38 60,95 61.46 0.84 39.87 226
0.84 59.36 59.69 0.35 57.75 2.71
0.80 57.83 58.03 0.35 56.04 3.10
0.76 56.18 56.34 0.28 54.30 3.35
0.72 54.50 54.53 0.06 52.43 3.80
0.68 52.82 32.76 0.11 50.61 4.18
0.64 51.24 51.00 .47 48.79 4.78
Av. 0.51 Av, 302
1-pentens 0.96 79 82 9 39 0.29 1590 4.91
7 0.94 78.63 78.40 0.29 7472 497
.92 77.45 77.28 0.2%2 73.60 4.97
0.88 75.26 74.9% .47 128 3.33
0.84 73.14 72.76 0.52 69.11 5.51
0.80 71.03 70.73 0.42 §7.10 5.53
0.76 68.90 68.48 0.32 65.06 5.57
0.72 66.70 66.46 0.3 62.86 3.76
C.68 64.51 64.21 0.31 60.72 3.88

Av. 0.35 Av, 338
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