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Abstract−Twenty-seven selected equations were tested on 162 compounds with 1958 calorimetric data for their abilities
to reflect the temperature influence on the heat of vaporization of pure compounds. A new equation is recommended
(overall percent deviation 0.27% and percent deviation 0.59% above 0.9Tr).
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INTRODUCTION

In many calculations associated with process design and simula-
tions it is necessary to know the physical properties of pure com-
pounds, including their heat of vaporization [1-3]. Although many
equations have been developed, the problem of the correlation of
heat of vaporization for pure compounds has not been fully addressed
yet. Most of the recommended equations very well correlate heat
of vaporization data in a limited temperature range near the normal
boilinig point. On the other hand, due to thermal degradation it is
difficult to measure heat of vaporization at elevated temperatures.
As a result, experimental data in the temperature range 0.9≤Tr≤1
are scarce [4,5] and testing and development of correlation equa-
tions over the full temperature range Tt≤T≤Tc has been limited. The
objective of this work is to investigate the performance of the re-
commended equations with respect to the correlation of calorimet-
rically measured heats of vaporization and to develop a new equa-
tion.

EXISTING EQUATIONS

Correlation equations listed in chronological order are presented
in Table 1. The number of parameters varies from one to six. All
equations are linear in the parameters or can be linearized except
the Lin-Silberberg-McKetta and Vetere equations. Preliminary inves-
tigation indicates that these nonlinear equations do not result in a
significantly better correlation than linear equations with the same
number of parameters. As the problem of convergence and global
optima arises in correlation with nonlinear equations, this work in-
vestigates only linear equations.

DATA SELECTION

In all, 1958 experimental calorimetric data for 162 compounds,
presented in Table 2, are selected from the database with 819 com-
pounds and 3415 data points. Table 2 lists only compounds with at
least five experimental data, as that number of data enables realistic
correlation by equations with one, two or three parameters (mini-
mum number of data is n=m+2). Used experimental normal freez-

ing points and critical temperatures are also included in Table 2.
Columns 6 and 7 in Table 2 contain temperature and reduced tem-
perature intervals of the selected data points. The last column of
Table 2 lists references for selected experimental calorimetric heats
of vaporization.

It is obvious from Table 2 that most reduced temperatures fall
between 0.45-0.65, which is away from both triple and critical tem-
perature. Heat of vaporization has a maximum value at triple point
and a zero value at critical point. Heat of vaporization rapidly de-
creases to zero in the vicinity of the critical point and correlation in
this region is very difficult.

RESULTS AND DISCUSSION

Results of correlation are presented in Table 3. The number of
parameters is shown in the third column, number of compounds in
the fourth column, number of data in the fifth column and absolute
mean percent deviation in the sixth column. The absolute mean per-
cent deviation is defined as

(1)

(2)

Torquato-Stell and Armstrong equations are used with only first
four parameters as preliminary investigation indicated that these
equations yield the best results with the first four parameters. In the
Somayajulu II equation, normal freezing point, Tf, is used instead a
triple point, Tt, as this value is more common.

All 1958 data for 162 selected compounds were correlated with
all equations with one, two and three parameters. Equations with
four parameters were used for 131 compounds and 1801 data points
with n≥6. In absence of experimental values of normal freezing
point for some compounds, the Somayajulu II equation was used
for only 125 compounds and 1733 data points. For the Guermouche-
Vergnaud, Todd-Hossenlopp-Scott, Svoboda and Xiang equations,
data correlation of certain compounds was not successfull (ordinal
number of compounds is given in parentheses).

Results presented in Table 3 indicate that all equations, except
Mollier, Thiesen, Pilling, Tyrer and Eggert equations, are excellent
in correlation of selected heats of vaporization (average mean per-
cent deviation is less or equal to 1%). The best are Guermouche-
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Table 1. Recommended heat of vaporization correlation equations

i Author Equation
01 Mollier [6] ΔHv=A[T(1−Tr)]B

02 Thiesen [7] ΔHv=A(1−Tr)1/3

03 Pilling [8] ΔHv=A/T1/2

04 Tyrer [9] ΔHv=A(1−Tr)0.5

05 Kendall [10] ΔHv=A(1−Tr)0.386

06 Osborne-van Dusen [11] ΔHv=A(1−Tr)1/2+B(1−Tr)
07 Keyes-Taylor-Smith [12] ln(ΔHv)=A+B(1−Tr)+Cln(1−Tr)
08 Winter [13] ΔHv=A(1−Tr)0.4

09 Nutting [14] ΔHv=A(1−Tr)B

10 Eggert [15] ΔHv=A(1−Tr)
11 Jones-Bowden [16] ΔHv=A(1−Tr)7/18

12 Silverberg-Wenzel [17] ΔHv=A(1−Tr)0.378

13 Graue-Berry-Sage I [18] ΔHv=A(1−Tr)1/3+B(1−Tr)2/3

14 Graue-Berry-Sage II [18] ΔHv=A(1−Tr)1/3+B(1−Tr)2/3+C(1−Tr)
15 Lin-Silberberg-McKetta [19] ΔHv=A(Tc−T)+B(Tc−T)2+C(Tc−T)D

16 Chueh-Swanson [20,21] ΔHv=A(1−Tr)B+C(1−Tr)

17 Guermouche-Vergnaud [22] ΔHv=A(1−Tr)B+CTr+DTr
2

18 Todd-Hossenlopp-Scott [23] ln(ΔHv)=A+Bln[1/(1−Tr)]+Cln[1/(1−Tr)]1/3+Dln[1/(1−Tr)]2/3

19 Radosz-Lydersen [24] ΔHv=A(1−Tr)1/3+B(1−Tr)2/3+C(1−Tr)5/3+D(1−Tr)2

20 Teka -Majer-Svoboda-Hynek [25] ΔHv=A(1−Tr)Bexp(−BTr)
21 Torquato-Stell [26] ΔHv=A(1−Tr)1/3+B(1−Tr)5/6+C(1−Tr)29/24+

22 Armstrong [27] ΔHv=A(1/Tr−1)1/3+B(1/Tr−1)+C(1/Tr−1)4/3+D(1/Tr−1)5/3+E(1/Tr−1)2+F(1/Tr−1)19/3

23 Vetere [28] ΔHv/RTc=A+BTr+CTr
D

24 Somayajulu I [29] ΔHv=A(1/Tr−1)+B(1−Tr)3/8+C(1−Tr)18/8

25 Somayajulu II [29] ΔHv=AXt
3/8+BXt

11/8+CXt
19/8+DXt

27/8, Xt=(Tc−T)/(Tc−Tt)
26 Svoboda [30] ΔHv=A+Bln[1/(1−Tr)]+Cln[1/(1−Tr)]1/3+Dln[1/(1−Tr)]2/3

27 Xiang [31] ΔHv/RTc=[A(1/Tr−1)+B(1−Tr)]/[1+C(1−Tr)]

šc
Dj 1− Tr( )

j
, m 3≤

j=1

m

∑

Table 2. Survey of experimental calorimetric heats of vaporization

i Compound n Tf [K] Tc [K] ΔT [K] ΔTr [1] Reference

01 1,1,1-Trichloroethane 12 240.0 545.0 284.34-358.15 0.52-0.66 [32], [33], [34], [35], [36]
02 1,1,1-Trichlorotrifluoroethane 05 287.5 482.9 298.15-328.15 0.61-0.68 [37]
03 1,1,2,2-Tetrachloroethane 09 237.0 661.2 298.15-419.35 0.45-0.63 [33], [34], [38], [39], [40]
04 1,1,2-Trichloroethane 09 235.8 606.0 298.15-358.48 0.49-0.59 [33], [34], [41]
05 1,2-Dibromo-1-chlorotrifluoroethane 05 182.7 560.7 298.15-358.15 0.53-0.64 [42]
06 1,2-Dibromomethane 06 282.9 646.0 298.15-338.15 0.46-0.52 [43], [44]
07 1,2-Dichloroethane 11 237.5 566.0 293.15-358.15 0.52-0.63 [34], [ 44], [45], [46], [47]
08 1,2-Dichlorotetrafluoroethane 05 297.9 551.0 308.15-338.15 0.56-0.61 [43]
09 1,2-Dimethylbenzene 11 248.2 630.3 298.15-445.80 0.47-0.71 [38], [48], [49]
10 1,4-Dimethylbenzene 23 286.4 616.2 298.15-557.25 0.48-0.90 [38], [49], [50], [51]
11 1-Bromo-1-chloro-2,2,2-trifluoroethane 06 157.4 496.3 298.15-343.15 0.60-0.69 [37]
12 1-Bromobutane 08 160.4 569.4 298.15-372.55 0.52-0.65 [44], [52], [53], [54]
13 1-Bromopropane 07 163.0 535.5 298.15-352.35 0.56-0.66 [44], [52], [53], [54]
14 1-Butanol 20 188.0 562.0 298.15-500.80 0.53-0.89 [24], [54], [55], [56], [57], [58], 

[59]
15 1-Butene 14 87.7 419.6 202.31-377.61 0.48-0.90 [60], [61]
16 1-Butyne 06 147.3 440.0 262.53-282.52 0.60-0.64 [62]
17 1-Decanol 20 280.1 687.3 281.50-338.41 0.41-0.49 [59], [63], [64]
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Table 2. Continued

i Compound n Tf [K] Tc [K] ΔT [K] ΔTr [1] Reference
18 1-Dodecanol 14 297.1 719.4 298.15-348.30 0.41-0.48 [63], [64], [65]
19 1-Hexadecanol 12 322.4 770.0 327.90-362.40 0.43-0.47 [63]
20 1-Hexanol 19 226.0 610.3 298.15-368.15 0.49-0.60 [54], [63], [65], [66]
21 1-Chloro-3-methylbutane 06 169.0 558.9 298.15-368.15 0.53-0.66 [25]
22 1-Chlorobutane 08 150.1 542.0 298.15-368.15 0.55-0.68 [25], [44], [52]
23 1-Chloropentane 07 174.0 552.0 298.15-378.15 0.54-0.68 [25], [44], [52]
24 1-Methyl-1-ethylcyclopentane 08 129.3 592.0 332.00-422.44 0.56-0.71 [50]
25 1-Octanol 15 257.6 652.5 282.30-469.15 0.43-0.72 [63], [67]
26 1-Octene 06 171.4 567.0 298.15-368.15 0.53-0.65 [65], [68]
27 1-Pentanol 14 195.0 586.1 298.15-499.65 0.51-0.85 [24], [54], [66], [69]
28 1-Propanol 32 146.9 536.7 298.15-499.05 0.56-0.93 [24], [41], [54], [57], [58], [59], 

[70], [71], [72]
29 1-Tetradecanol 14 312.6 743.0 298.15-346.60 0.40-0.47 [63], [65]
30 1-Tridecanol 23 305.6 732.0 307.00-348.30 0.42-0.48 [63]
31 1-Undecanol 14 292.0 703.6 313.20-354.30 0.45-0.50 [63]
32 2,2,3-Trimethylpentane 09 160.9 563.5 298.15-368.15 0.53-0.65 [73]
33 2,2,4-Trimethylpentane 12 165.8 543.8 298.15-372.33 0.55-0.68 [49], [68], [74], [75]
34 2,2-Dimethyl-1-propanol 22 327.0 549.0 274.20-312.30 0.50-0.57 [76]
35 2,2-Dimethyl-3-butanone 07 223.4 562.9 308.15-348.15 0.55-0.62 [77]
36 2,2-Dimethylpentane 10 149.4 520.5 298.15-368.15 0.57-0.71 [49], [73]
37 2,2-Dimethylpropane 09 256.6 433.8 264.81-303.50 0.61-0.70 [78], [79]
38 2,3,3-Trimethylpentane 10 172.5 573.5 298.15-368.15 0.52-0.64 [49], [73]
39 2,3,4-Trimethylpentane 10 163.9 566.4 298.15-413.76 0.53-0.73 [49], [79], [80]
40 2,3-Dimethylbutane 09 144.6 499.9 293.15-353.15 0.59-0.71 [49], [81], [82]
41 2,3-Dimethylpentane 05 149.0 537.5 298.15-353.15 0.55-0.66 [49], [74]
42 2,3-Dimethylpyridine 05 257.9 655.5 313.15-368.15 0.48-0.56 [83]
43 2,4-Dimethylpentane 08 154.0 519.8 298.15-348.15 0.57-0.67 [49], [73]
44 2,4-Dimethylpyridine 05 209.4 647.0 313.15-368.15 0.48-0.57 [83]
45 2,6-Dimethylnaphthalene 05 383.3 777.2 383.32-420.00 0.49-0.54 [84]
46 2,6-Dimethylpyridine 05 267.1 623.8 313.15-368.15 0.50-0.59 [83]
47 2,7-Dimethylnaphthalene 05 368.8 775.0 368.81-400.00 0.48-0.52 [84]
48 2-Bromopropane 07 184.2 532.0 298.15-337.65 0.56-0.63 [44], [52], [53], [54]
49 2-Butanol 15 158.5 536.1 298.15-503.05 0.56-0.94 [24], [38], [52], [57], [85]
50 2-Butanone 15 186.5 535.5 298.15-370.57 0.56-0.69 [86], [87], [88], [89], [90]
51 2-Butanethiol 5 133.0 551.0 298.16-358.14 0.54-0.65 [91], [92]
52 2-Butene,trans 18 167.6 428.6 272.44-394.26 0.64-0.92 [93], [94]
53 2-Hexanol 18 - 583.0 274.50-368.15 0.47-0.63 [66], [76]
54 2-Hexanone 12 216.2 586.6 298.15-368.15 0.51-0.63 [77], [90]
55 2-Chloro-1,1,2-trifluoroethyl ethyl ether 06 - 524.4 298.15-368.15 0.57-0.70 [95]
56 2-Chlorobutane 5 141.8 520.6 298.15-358.15 0.57-0.69 [25], [44]
57 2-Methyl-1-pentanol 14 - 604.4 275.10-313.20 0.46-0.52 [76]
58 2-Methyl-1-propanol 18 165.2 547.7 298.15-498.85 0.54-0.91 [24], [54], [57], [69], [96]
59 2-Methyl-2-butanol 25 264.4 545.1 274.30-444.25 0.50-0.81 [24], [66], [76]
60 2-Methyl-2-pentanol 06 170.2 559.5 298.15-368.15 0.53-0.66 [66]
61 2-Methyl-2-propanol 20 298.0 506.2 298.15-440.55 0.59-0.87 [24], [54], [57], [96], [97], [98]
62 2-Methyl-3-pentanol 13 - 576.0 274.90-307.50 0.48-0.53 [76]
63 2-Methylbutane 05 113.3 460.4 279.48-301.01 0.61-0.65 [99], [100]
64 2-Methylheptane 05 164.2 559.7 298.15-353.15 0.53-0.63 [49], [74]
65 2-Methylpentane 08 119.5 497.7 293.15-353.15 0.59-0.71 [49], [81], [82]
66 2-Methylpyridine 09 207.0 621.0 298.15-402.54 0.48-0.65 [101], [102]
67 2-Pentanol 06 - 560.0 298.15-368.15 0.53-0.66 [66]
68 2-Pentanone 11 196.3 561.1 298.15-394.57 0.53-0.70 [86], [88], [90]
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Table 2. Continued

i Compound n Tf [K] Tc [K] ΔT [K] ΔTr [1] Reference
69 2-Propanol 32 184.7 508.3 298.15-477.03 0.59-0.94 [24], [38], [41], [54], [57], [72], 

[103], [104], [105]
70 3,3-Dimethyl-2-butanone 05 223.4 562.9 298.15-378.44 0.53-0.67 [86], [87], [106]
71 3,5-Dimethylpyridine 05 267.3 667.7 313.15-368.15 0.47-0.55 [83]
72 3-Ethylpentane 08 154.6 540.6 298.15-348.15 0.55-0.64 [49], [73]
73 3-Hexanone 08 217.5 583.2 298.15-396.65 0.51-0.68 [90], [107]
74 3-Methyl-1-butanol 10 156.0 577.2 303.15-496.80 0.53-0.86 [24], [38], [42]
75 3-Methyl-2-butanol 09 203.0 556.1 280.30-301.40 0.50-0.54 [76], [108]
76 3-Methyl-2-butanone 07 181.0 553.0 298.15-367.48 0.54-0.66 [86], [90], [107]
77 3-Methyl-3-pentanol 11 249.5 575.6 275.20-301.50 0.48-0.52 [76]
78 3-Methylpentane 10 110.3 504.6 298.15-353.15 0.59-0.70 [49], [74], [82], [109], [110]
79 3-Methylpyridine 09 255.0 645.0 298.15-417.29 0.46-0.65 [101], [111]
80 3-Pentanone 10 234.2 561.5 298.15-375.11 0.53-0.67 [86], [90], [107], [112]
81 4-Methyl-2-pentanol 11 - 603.5 273.70-301.30 0.45-0.50 [66], [76]
82 4-Methyl-2-pentanone 08 189.2 571.4 298.15-388.62 0.52-0.68 [87], [90]
83 4-Methylheptane 06 152.2 561.7 298.15-390.35 0.53-0.69 [38], [49], [74]
84 4-Methylpyridine 13 276.9 646.0 298.15-434.26 0.46-0.67 [101], [113]
85 Acenaphthene 06 366.6 803.2 366.56-410.00 0.46-0.51 [84]
86 Acetone (2-propanone) 15 178.5 508.2 293.15-505.20 0.58-0.99 [45], [114], [115], [116]
87 Ammonia 34 195.4 405.5 231.14-324.95 0.57-0.80 [11]
88 Benzene 59 278.7 562.1 293.15-560.93 0.52-1.00 [23], [38], [41], [45], [46], [49], 

[58], [70], [117], [118], [119], 
[120], [121], [122], [123], [124]

89 Benzenethiol 05 258.0 685.0 298.15-416.90 0.43-0.61 [125], [126]
90 Butylamine 05 222.7 531.9 298.15-358.15 0.56-0.67 [127], [128]
91 Butyl ethanoate 07 199.7 575.4 298.15-397.35 0.52-0.69 [54], [56], [67], [129]
92 Butyl isopropylamine 05 - 563.6 298.15-358.15 0.53-0.64 [130]
93 Butyl methanoate 07 183.2 565.2 298.15-378.27 0.53-0.67 [38], [129], [131]
94 Cyclohexane 47 279.6 553.8 291.73-427.62 0.53-0.77 [38], [49], [58], [72], [74], [109], 

[110], [127], [132], [133], [134], 
[135], [136], [137], [138], [139], 
[140], [141], [142]

95 Cyclohexanone 08 242.6 664.3 298.15-348.15 0.45-0.52 [77], [143]
96 Cyclohexene 06 169.7 553.5 313.15-354.75 0.57-0.64 [38], [58]
97 Cyclopentane 07 179.3 511.8 295.01-322.42 0.58-0.63 [140], [144], [145]
98 Decane 24 243.5 617.6 298.15-444.26 0.48-0.72 [49], [59], [109], [110], [125], 

[127], [135], [146], [147]
99 Dibenzothiophene 05 371.8 897.0 590.00-630.00 0.66-0.70 [148]
100 Diborane 18 108.0 289.8 179.79-284.01 0.62-0.98 [149], [150]
101 Dibutyl ether 06 175.3 580.0 298.15-414.45 0.51-0.71 [52], [151]
102 Diethylamine 05 223.2 496.6 298.15-343.15 0.60-0.69 [128], [152]
103 Diethyl ether 08 156.9 466.7 280.69-313.15 0.60-0.67 [38], [67], [151], [153]
104 Diphenyl 19 342.4 789.0 298.15-755.35 0.38-0.96 [154], [155], [156]
105 Diisopropylamine 06 212.2 523.1 298.15-358.15 0.57-0.68 [130], [152]
106 Diisopropyl ether 08 187.7 500.3 298.15-358.15 0.60-0.72 [151], [157]
107 Dipropyl ether 09 151.0 530.6 298.15-363.22 0.56-0.68 [134], [151], [158]
108 Ethanal 09 149.7 461.0 294.15-422.04 0.64-0.92 [117], [159]
109 Ethanol 33 159.1 514.0 298.15-508.71 0.58-0.99 [24], [54], [57], [69], [72], [97], 

[105], [108], [122], [160]
110 Ethylbenzene 14 178.2 617.2 298.15-437.22 0.48-0.71 [38], [49], [50], [68]
111 Ethyl butylamine 05 194.9 547.1 298.15-358.15 0.54-0.65 [130]
112 Ethyl butyl ether 05 170.2 531.0 298.15-358.15 0.56-0.67 [151]
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Table 2. Continued

i Compound n Tf [K] Tc [K] ΔT [K] ΔTr [1] Reference
113 Ethylcyclohexane 06 161.4 609.1 298.15-368.15 0.49-0.60 [49], [161]
114 Ethylcyclopentane 05 134.7 569.5 313.15-368.15 0.55-0.65 [161]
115 Ethyl ethanoate 13 189.2 523.2 298.15-363.40 0.57-0.69 [38], [54], [129], [162], [163]
116 Ethyl methanoate 05 193.8 508.4 304.00-343.15 0.60-0.67 [38], [129], [131]
117 Ethyl propanoate 10 199.3 548.0 298.15-372.35 0.54-0.68 [38], [67], [129], [163], [164]
118 Ethyl propyl ether 06 194.2 500.2 298.15-358.15 0.60-0.72 [84], [151]
119 Phenanthrene 07 372.4 873.0 298.15-420.00 0.34-0.48 [84], [156]
120 Hexafluorobenzene 08 278.0 516.7 300.57-376.53 0.58-0.73 [113], [165]
121 Hexafluoroethane 08 172.4 293.0 179.96-195.21 0.61-0.67 [166]
122 Hexane 39 177.8 507.9 298.15-498.20 0.59-0.98 [49], [72], [74], [81], [167], [168]
123 Heptane 21 182.6 540.1 288.16-371.51 0.53-0.69 [38], [49], [57], [74], [75], [169], 

[170], [171]
124 Indane 08 221.5 684.9 381.70-450.96 0.56-0.66 [50]
125 Methane 10 090.7 190.6 111.85-184.71 0.59-0.97 [172]
126 Methanol 39 175.5 512.5 298.15-510.20 0.58-1.00 [24], [38], [54], [57], [58], [67], 

[72], [97], [105], [120], [173], 
[174], [175]

127 Methyl tert-butyl ether 05 165.0 497.1 298.15-343.15 0.60-0.69 [134], [151]
128 Methylamine 24 179.7 430.0 297.04-380.37 0.69-0.88 [176]
129 Methyl butyl ether 06 157.7 512.8 298.15-358.15 0.58-0.70 [134], [151]
130 Methylcyclohexane 16 146.6 572.2 298.15-493.15 0.52-0.86 [49], [74], [110], [141], [177], 

[178]
131 Methyl ethanoate 12 175.1 506.8 295.51-343.15 0.58-0.68 [38], [67], [89], [129], [162], [163]
132 Methyl phenyl ether 05 235.7 645.6 298.15-426.73 0.46-0.66 [97], [134]
133 Methyl methanoate 05 173.2 487.2 293.25-313.45 0.60-0.64 [38], [67], [129]
134 Methyl propanoate 10 185.7 530.6 298.15-363.40 0.56-0.68 [38], [86], [89], [129], [163]
135 N,N'-dimethylhydrazine 05 264.2 530.0 296.46-298.97 0.56 [179]
136 N,N-diethylethanolamine 31 203.1 616.0 278.20-318.30 0.45-0.52 [180]
137 N-methylethanolamine 16 268.6 630.0 274.90-320.20 0.44-0.51 [180]
138 Nitromethane 08 244.8 588.0 298.10-374.44 0.51-0.64 [38], [181], [182], [183], [184]
139 Nonane 06 219.7 594.6 298.15-368.15 0.50-0.62 [49], [56], [185]
140 Oxetane 10 176.1 507.9 271.50-342.24 0.53-0.67 [113]
141 Oxirane 11 161.0 469.0 283.66-422.04 0.60-0.90 [186], [187]
142 Octane 35 216.4 568.8 298.15-444.26 0.52-0.78 [49], [59], [74], [79], [80], [109], 

[110], [125], [134], [142], [170], 
[178]

143 Pentadecane 08 283.0 706.8 298.15-373.15 0.42-0.53 [188], [189], [190]
144 Pentane 44 143.4 469.8 259.55-465.37 0.55-0.99 [54], [79], [122], [191], [192], 

[193], [194]
145 Pyridine 15 231.6 620.0 298.00-389.90 0.48-0.63 [97], [101], [119], [195], [196], 

[197], [198]
146 Propane 31 085.5 369.8 231.04-348.15 0.62-0.94 [194], [199], [200]
147 Propyl ethanoate 16 178.1 549.4 298.15-374.91 0.54-0.68 [38], [54], [87], [129], [162], [163]
148 Propyl methanoate 08 180.3 538.0 298.15-363.40 0.55-0.68 [129], [131]
149 Propyl propanoate 06 197.3 578.0 313.15-395.75 0.54-0.68 [38], [67], [129]
150 Tetradecane 10 279.0 693.0 298.15-358.15 0.43-0.52 [189], [190], [201]
151 Tetrahydronaphthalene 05 237.4 720.1 498.33-604.52 0.69-0.84 [51]
152 Tetrachloroethene 06 251.0 620.2 298.15-393.84 0.48-0.64 [34], [38]
153 Tetrachloromethane 12 250.5 556.4 297.32-358.15 0.53-0.64 [34], [110], [120], [141], [193], 

[202]
154 Thiacyclohexane 05 292.0 657.1 351.44-414.91 0.53-0.63 [203]
155 Toluene 25 178.2 591.1 298.15-521.13 0.50-0.88 [38], [40], [47], [49], [51], [136], 

[204]
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Vergnaud (pav=0.27%), Svoboda (pav=0.28%), Todd-Hossenlopp-
Scott (pav=0.29%), Armstrong (pav=0.29%) and Somayajulu II (pav=
0.29%) equations, all with four parameters. However, the absolute
percent deviation value increases for all equations when the reduced
temperature approaches one. Detailed results of correlation for com-
pounds with Tr≥0.9 for the best equations, along with results for
Torquato-Stell and Armstrong equations with all six parameters,
are presented in Table 4. The best results are obtained with Torquato-

Stell (pav=0.40%) and Armstrong equations (pav=0.48%), both with
six parameters. Based on results presented in Table 3 and Table 4 it
is be recommended to use the Somayajulu II equation for Tr<0.9
and Torquato-Stell equation for Tr≥0.9.

The best results for correlation of all selected heats of vaporiza-
tion were obtained with the following empirical equation:

ln(ΔHv)=A+B/Tr+C/(1/Tr−1)+Dln(1/Tr−1) (3)

Table 2. Continued

i Compound n Tf [K] Tc [K] ΔT [K] ΔTr [1] Reference
156 Tridecane 07 267.8 676.2 298.15-348.15 0.44-0.51 [189], [190]
157 Triethylamine 06 158.4 535.0 298.15-358.15 0.56-0.67 [128], [152]
158 Trichloroethene 06 186.8 571.0 298.15-358.84 0.52-0.63 [34], [38]
159 Trichloromethane 06 209.6 536.4 293.15-343.15 0.55-0.64 [34], [38], [45]
160 Carbon dioxide 10 216.6 304.1 168.90-172.70 0.56-0.57 [205]
161 Water 42 273.2 647.3 273.15-373.20 0.42-0.58 [49], [57], [70], [105], [110], [120], 

[139], [196], [206], [207], [208], 
[209]

162 sec-Butylamine 05 168.6 514.3 298.15-343.15 0.58-0.67 [128], [152]

Total 1958

Table 3. Heat of vaporization data correlation results

i Author m S N pav [%]
01 Mollier 2 162 1958 1.51
02 Thiesen 1 162 1958 1.61
03 Pilling 1 162 1958 4.81
04 Tyrer 1 162 1958 1.99
05 Kendall 1 162 1958 1.01
06 Osborne-van Dusen 2 162 1958 0.59
07 Keyes-Taylor-Smith 3 162 1958 0.33
08 Winter 1 162 1958 1.03
09 Nutting 2 162 1958 0.45
10 Eggert 1 162 1958 9.29
11 Jones-Bowden 1 162 1958 1.01
12 Silverberg-Wenzel 1 162 1958 1.04
13 Graue-Berry-Sage I 2 162 1958 0.48
14 Graue-Berry-Sage II 3 162 1958 0.34
15 Lin-Silberberg-McKetta 4 - - -
16 Chueh-Swanson 3 162 1958 0.33
17 Guermouche-Vergnaud 4 130 1791 (160) 0.27
18 Todd-Hossenlopp-Scott 4 129 1785 (16,160) 0.29
19 Radosz-Lydersen 4 131 1801 0.31
20 Teka -Majer-Svoboda-Hynek 2 162 1958 0.59
21 Torquato-Stell 4 131 1801 0.50
22 Armstrong 4 131 1801 0.29
23 Vetere 4 - - -
24 Somayajulu I 3 162 1958 0.37
25 Somayajulu II 4 125 1733 0.29
26 Svoboda 4 130 1791 (160) 0.28
27 Xiang 3 157 1927 (11, 70,133,135,160) 0.35
28 New 4 131 1801 0.27

Remarks: Number in parenthesis presents number of data sets for failed correlation
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Correlation results obtained with use of the above equation are in-
cluded in Table 3 and Table 4.

Overall percent error deviation obtained by using the proposed
equation is among the lowest (0.27%), and percent error deviation
(0.59%) around the Tc (Tr>0.9) calssifies it among the best four-pa-
rameter equations; however, it performs worse than six-parameter
equations.
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NOMENCLATURE

ΔHv : heat of vaporization
m : number of parameters
n : number of data per set
N : number of data
pabs : absolute mean percent deviation
S : number of compounds
T : temperature
ΔT : temperature range
Tc : critical temperature
Tf : normal freezing point
Tr=T/Tc : reduced temperature
ΔTr : reduced temperature range
Tt : triple point

REFERENCES

1. Y. C. Ahn, J. M. Cho, H. S. Shin, Y. J. Hwang, C. G. Lee, J. K. Lee,
H. U. Lee and T. W. Kang, Korean J. Chem. Eng., 20, 873 (2003).

2. R. F. Dye, Korean J. Chem. Eng., 18, 571 (2001).
3. S. P. Serbanovic, I. R. Grguric, M. Lj. Kijevcanin, A. Z. Tasic and

B. D. Djordjevic, 21, 858 (2004).
4. V. Majer and V. Svoboda, Enthalpies of vaporization of organic com-

pounds, A Critical Review and Data Compilation, IUPAC Chemi-
cal Data Series No.32, Blackwell, Oxford (1985).

5. J. S. Chickos and W. E. Jr. Acree, J. Phys. Chem. Ref. Data, 32, 519
(2003).

6. R. Mollier, Z. ges. Kalte.-Ind., 2, 66 (1895).
7. M. Thiesen, Verh. Physik. Ges. (Berlin), 16, 80 (1897).
8. O. Pilling, Physik. Z., 10, 162 (1909).
9. D. Tyrer, J. Phys. Chem., 17, 717 (1913).

10. J. Kendall, J. Am. Chem. Soc., 36, 1620 (1914).
11. N. S. Osborne and M. S. van Dusen, J. Am. Chem. Soc., 40, 14

(1918).
12. F. G. Keyes, R. S. Taylor and L. B. Smith, J. Math. Phys. (MIT), 1,

211 (1922).
13. R. M. Winter, J. Phys. Chem., 32, 576 (1928).
14. P. G. Nutting, Ind. Eng. Chem., 22, 771 (1930).
15. J. Eggert, Lehrbuch der physikalischen Chemie, S. Hirzel, Leipzig

(1931).
16. W. J. Jones and S. T. Bowden, Phil. Mag., 37, 480 (1946).
17. P. M. Silverberg and L. A. Wenzel, J. Chem. Eng. Data, 10, 363

(1965).

Table 4. Absolute mean percent deviation for compounds with Tr≥0.9

i Compound/Equation Guermouche-
Vergnaud

Todd-
Hossenlopp-

Scott

Torquato-
Stell
m=6

Armstrong
Somayajulu II Svoboda New

m=4 m=6

01 1-butene 0.39(0.81) 0.40(0.79) 0.28(0.96) 0.33(0.89) 0.26(1.01) 0.35(0.89) 0.43(0.78) 0.44(0.73)
02 1,4-dimethylbenzene 0.20(0.40) 0.20(0.41) 0.12(0.31) 0.22(0.53) 0.14(0.24) 0.20(0.44) 0.20(0.47) 0.21(0.51)
03 1-propanol 0.18(0.64) 0.18(0.65) 0.17(0.64) 0.18(0.67) 0.18(0.64) 0.18(0.63) 0.20(0.74) 0.17(0.66)
04 2-butanol 0.27(1.17) 0.26(1.18) 0.25(1.11) 0.42(1.39) 0.25(1.15) 0.44(1.33) 0.38(1.15) 0.30(1.22)
05 2-butene,trans 0.20(0.88) 0.20(0.88) 0.18(0.77) 0.25(0.90) 0.16(0.55) 0.26(0.90) 0.19(0.88) 0.20(0.88)
06 2-methyl-1-propanol 0.40(1.44) 0.41(1.43) 0.25(1.45) 0.36(1.54) 0.34(1.63) 0.38(1.47) 0.47(1.78) 0.41(1.46)
07 2-propanol 0.23(0.67) 0.23(0.67) 0.22(0.61) 0.22(0.70) 0.20(0.56) 0.23(0.67) 0.23(0.64) 0.22(0.67)
08 Acetone 0.34(0.96) 0.33(0.93) 0.22(0.49) 0.26(0.62) 0.25(0.89) 0.31(0.67) 0.28(0.72) 0.42(1.23)
09 Benzene 0.61(5.72) 0.62(5.42) 0.55(3.31) 0.69(6.40) 0.66(7.87) 0.62(6.56) 0.63(7.06) 0.69(5.81)
10 Diborane 0.20(0.52) 0.19(0.51) 0.16(0.36) 0.29(1.37) 0.19(0.53) 0.28(1.45) 0.21(0.52) 0.16(0.38)
11 Diphenyl 3.02(6.45) 2.64(5.75) 1.14(2.98) 2.38(5.03) 1.62(4.81) 3.20(7.70) 3.45(6.49) 2.49(5.58)
12 Ethanal 0.14(0.42) 0.14(0.44) 0.10(0.25) 0.11(0.26) 0.11(0.24) 0.14(0.35) 0.30(0.62) 0.21(0.54)
13 Ethanol 0.74(2.09) 0.69(2.29) 0.74(2.05) 0.91(5.80) 0.77(2.02) 1.09(9.33) 0.94(2.86) 0.76(2.90)
14 Hexane 0.47(1.73) 0.46(1.55) 0.41(1.43) 0.56(3.57) 0.46(1.52) 0.57(4.45) 0.44(1.41) 0.41(1.37)
15 Methane 0.29(0.69) 0.23(0.60) 0.19(0.53) 0.42(1.02) 0.23(0.56) 0.42(1.17) 0.22(0.50) 0.21(0.53)
16 Methanol 0.34(2.10) 0.34(1.96) 0.21(0.90) 0.35(2.62) 0.33(2.32) 0.41(4.85) 0.25(1.03) 0.34(1.55)
17 Oxirane 0.78(2.21) 0.82(2.31) 0.17(0.33) 0.62(1.34) 0.07(0.18) 0.58(1.31) 1.07(2.51) 0.92(2.58)
18 Pentane 0.99(5.94) 0.97(5.74) 0.47(3.96) 0.90(9.33) 0.85(6.64) 0.87(6.50) 0.87(5.70) 0.86(5.52)
19 Propane 1.22(2.73) 1.22(2.72) 0.83(2.25) 1.22(2.76) 0.75(2.41) 1.23(2.80) 1.22(2.65) 1.22(2.68)

pav [%] 0.61 0.59 0.40 0.61 0.48 0.65 0.64 0.59
Remarks: Data in parenthesis are maximum (single) absolute percent deviations



1506 J. D. Jovanovi  and D. K. Grozdaniác ác

November, 2008

18. D. J. Graue, V. Berry and B. H. Sage, Hydrocarbon Proc., 45(6),
191 (1966).

19. D. C.-K. Lin, I. H. Silberberg and J. J. McKetta, J. Chem. Eng. Data,
15, 483 (1970).

20. C. F. Chueh and A. C. Swanson, Chem. Eng. Prog., 69(7), 83 (1973).
21. C. F. Chueh and A. C. Swanson, Can. J. Chem. Eng., 51, 596 (1973).
22. M.-H. Guermouche and J.-M. Vergnaud, J. Chim. Phys., 71, 1049

(1974).
23. S. S. Todd, I. A. Hossenlopp and D. W. Scott, J. Chem. Thermody-

namics, 10, 641 (1978).
24. M. Radosz and A. Lydersen, Chem.-Ing.-Tech., 52, 756 (1980).
25. V. Teka , V. Majer, V. Svoboda and V. Hynek, J. Chem. Thermody-

namics, 13, 659 (1981).
26. S. Torquato and G. Stell, J. Phys. Chem., 85, 3029 (1981).
27. B. Armstrong, J. Chem. Eng. Data, 26, 168 (1981).
28. A. Vetere, Chem. Eng. J., 32, 77 (1986).
29. G. R. Somayajulu, Int. J. Thermodynamics, 9, 567 (1988).
30. V. Svoboda and P. Basa ová, Fluid Phase Equilibria, 93, 167 (1994).
31. H. W. Xiang, Fluid Phase Equilibria, 137, 53 (1997).
32. R. J. L. Andon, J. F. Counsell, D. A. Lee and J. F. Martin, J. Chem.

Soc. Farad. Trans. I, 69, 1721 (1973).
33. J. Laynez and I. Wadsö, Acta Chem. Scand., 26, 3148 (1972).
34. V. Majer, L. Šváb and V. Svoboda, J. Chem. Thermodynamics, 12,

843 (1980).
35. M. Månsson, B. Ringnér and S. Sunner, J. Chem. Thermodynam-

ics, 3, 547 (1971).
36. T. R. Rubin, B. H. Levedahl and D. M. Yost, J. Am. Chem. Soc., 66,

279 (1944).
37. V. Majer, V. Svoboda, A. Pošta and J. Pick, Coll. Czech. Chem.

Comm., 45, 3063 (1980).
38. J. H. Mathews, J. Am. Chem. Soc., 48, 562 (1926).
39. Y. J. Rao and D. S. Viswanath, J. Chem. Eng. Data, 22, 36 (1977).
40. S. Sundaram and D. S. Viswanath, J. Chem. Eng. Data, 23, 62

(1978).
41. K. D. Williamson and R. H. Harrison, J. Chem. Phys., 26, 1409

(1957).
42. V. Majer, V. Svoboda, A. Pošta and J. Pick, Coll. Czech. Chem.

Comm., 46, 817 (1981).
43. V. Svoboda, V. Kubeš and P. Basa ová, J. Chem. Thermodynamics,

24, 555 (1992).
44. I. Wadsö, Acta Chem. Scand., 22, 2438 (1968).
45. ,  and , 

, 23, 1257 (1949).
46. Y. J. Rao and D. S. Viswanath, J. Chem. Eng. Data, 18, 49 (1973).
47. S. Sundaram and D. S. Viswanath, J. Chem. Eng. Data, 21, 448

(1976).
48. I. A. Hossenlopp and D. G. Archer, J. Chem. Thermodynamics, 20,

1061 (1988).
49. N. S. Osborne and D. C. Ginnings, J. Res. NBS, 39, 453 (1947).
50. I. A. Hossenlopp and D. W. Scott, J. Chem. Thermodynamics, 13,

423 (1981).
51. G. Natarajan and D. S. Viswanath, J. Chem. Eng. Data, 30, 137

(1985).
52. J. H. Mathews and P. R. Fehlandt, J. Am. Chem. Soc., 53, 3212

(1931).
53. V. Svoboda, V. Majer, F. Veselý and J. Pick, Coll. Czech. Chem.

Comm., 42, 1755 (1977).

54. I. Wadsö, Acta Chem. Scand., 20, 544 (1966).
55. J. F. Counsell, J. L. Hales and J. F. Martin, Trans. Farad. Soc., 61,

1869 (1965).
56. R. Fuchs and L. A. Peacock, Can. J. Chem., 58, 2796 (1980).
57. J. Polák and G. C. Benson, J. Chem. Thermodynamics, 3, 235 (1971).
58. V. Svoboda, F. Veselý, R. Holub and J. Pick, Coll. Czech. Chem.

Comm., 38, 3539 (1973).
59. P. Ulbig, I. M. Kluppe and S. Schulz, Thermochim. Acta, 271, 9

(1996).
60. J. G. Aston, H. L. Fink, A. B. Bestul, E. L. Pace and G. J. Szasz, J.

Am. Chem. Soc., 68, 52 (1946).
61. W. Kozicki, R. F. Cuffel and B. H. Sage, J. Chem. Eng. Data, 7, 173

(1962).
62. J. G. Aston, S. V. R. Mastrangelo and G. W. Moessen, J. Am. Chem.

Soc., 72, 5287 (1950).
63. D. Kulikov, S. P. Verevkin and A. Heintz, Fluid Phase Equilibria,

192, 187 (2001).
64. C. Svensson, J. Chem. Thermodynamics, 11, 593 (1979).
65. M. Månsson, P. Sellers, G. Stridh and S. Sunner, J. Chem. Thermo-

dynamics, 9, 91 (1977).
66. V. Majer, V. Svoboda, V. Uchytilová and M. Finke, Fluid Phase

Equilibria, 20, 111 (1985).
67. J. C. Brown, J. Chem. Soc., 83, 987 (1903).
68. V. Svoboda, V. Charvátová, V. Majer and V. Hynek, Coll. Czech.

Chem. Comm., 47, 543 (1982).
69. J. F. Counsell, J. O. Fenwick and E. B. Lees, J. Chem. Thermody-

namics, 2, 367 (1970).
70. V. Majer, V. Svoboda, V. Hynek and J. Pick, Coll. Czech. Chem.

Comm., 43, 1313 (1978).
71. J. F. Mathews and J. J. McKetta, J. Phys. Chem., 65, 758 (1961).
72. F. Veselý, L. Šváb, R. Provazník and V. Svoboda, J. Chem. Ther-

modynamics, 20, 981 (1988).
73. V. Svoboda, V. Hynek and B. Koutek, J. Chem. Thermodynamics,

30, 1411 (1998).
74. V. Majer, V. Svoboda, S. Hála and J. Pick, Coll. Czech. Chem.

Comm., 44, 637 (1979).
75. K. S. Pitzer, J. Am. Chem. Soc., 62, 1224 (1940).
76. D. Kulikov, S. P. Verevkin and A. Heintz, J. Chem. Eng. Data, 46,

1593 (2001).
77. V. Svoboda, V. Kubeš and P. Basa ová, J. Chem. Thermodynamics,

24, 333 (1992).
78. J. G. Aston and G. H. Messerly, J. Am. Chem. Soc., 58, 2354 (1936).
79. I. A. Hossenlopp and D. W. Scott, J. Chem. Thermodynamics, 13,

415 (1981).
80. G. M. Barrow, J. Am. Chem. Soc., 73, 1824 (1951).
81. J. F. Lemons and W. A. Felsing, J. Am. Chem. Soc., 65, 46 (1943).
82. G. Waddington, J. C. Smith, D. W. Scott and H. M. Huffman, J. Am.

Chem. Soc., 71, 3902 (1949).
83. V. Majer, V. Svoboda and M. Lencka, J. Chem. Thermodynamics,

17, 365 (1985).
84. H. L. Finke, J. F. Messerly, S. H. Lee, A. G. Osborn and D. R. Dou-

slin, J. Chem. Thermodynamics, 9, 937 (1977).
85. N. S. Berman and J. J. McKetta, J. Phys. Chem., 66, 1444 (1962).
86. G. Della Gatta, L. Stradella and P. Venturello, J. Solution Chem., 10,

209 (1981).
87. G. Geiseler, K. Quitzsch, H.-P. Hofmann and R. Pfestorf, Z. Phys.

Chem. Leipzig, 252, 170 (1973).

šc

šr

šr
šr



A correlation for heat of vaporization of pure compounds 1507

Korean J. Chem. Eng.(Vol. 25, No. 6)

88. J. K. Nickerson, K. A. Kobe and J. J. McKetta, J. Phys. Chem.,
65, 1037 (1961).

89. S. Sunner, C. Svensson and A. S. Zelepuga, J. Chem. Thermody-
namics, 11, 491 (1979).

90. V. Uchytilová, V. Majer, V. Svoboda and V. Hynek, J. Chem. Ther-
modynamics, 15, 853 (1983).

91. W. N. Hubbard, W. D. Good and G. Waddington, J. Phys. Chem.,
62, 614 (1958).

92. J. P. McCullough, H. L. Finke, D. W. Scott, R. E. Pennington, M. E.
Gross, J. F. Messerly and G. Waddington, J. Am. Chem. Soc., 80,
4786 (1958).

93. L. Guttman and K. S. Pitzer, J. Am. Chem. Soc., 67, 324 (1945).
94. J. Huisman and B. H. Sage, J. Chem. Eng. Data, 9, 536 (1964).
95. V. Uchytilová, V. Majer, V. Svoboda and I. Hemer, J. Chem. Ther-

modynamics, 16, 475 (1984).
96. V. Majer, V. Svoboda and V. Hynek, J. Chem. Thermodynamics,

16, 1059 (1984).
97. E. M. Arnett and D. Oancea, J. Chem. Educ., 52, 269 (1975).
98. E. T. Jr. Beynon and J. J. McKetta, J. Phys. Chem., 67, 2761 (1963).
99. S. C. Schumann, J. G. Aston and M. Sagenkahn, J. Am. Chem. Soc.,

64, 1039 (1942).
100. D. W. Scott, J. P. McCullough, K. D. Williamson and G. Wadding-

ton, J. Am. Chem. Soc., 73, 1707 (1951).
101. V. Majer, V. Svoboda and M. Lencka, J. Chem. Thermodynamics,

16, 1019 (1984).
102. D. W. Scott, W. N. Hubbard, J. F. Messerly, S. S. Todd, I. A. Hos-

senlopp, W. D. Good, D. R. Douslin and J. P. McCullough, J. Phys.
Chem., 67, 680 (1963).

103. N. S. Berman, C. W. Larkam and J. J. McKetta, J. Chem. Eng. Data,
9, 218 (1964).

104. J. L. Hales, J. D. Cox and E. B. Lees, Trans. Farad. Soc., 59, 1544
(1963).

105. D. M. T. Newsham and E. J. Mendez-Lecanda, J. Chem. Thermo-
dynamics, 14, 291 (1982).

106. D. Harrop, A. J. Head and G. B. Lewis, J. Chem. Thermodynam-
ics, 2, 203 (1970).

107. J. L. Hales, E. B. Lees and D. J. Ruxton, Trans. Farad. Soc., 63,
1876 (1967).

108. K. G. McCurdy and K. J. Laidler, Can. J. Chem., 41, 1867 (1963).
109. E. Morawetz, Acta Chem. Scand., 22, 1509 (1968).
110. I. Wadsö, Acta Chem. Scand., 20, 536 (1966).
111. D. W. Scott, W. D. Good, G. B. Guthrie, S. S. Todd, I. A. Hossen-

lopp, A. G. Osborn and J. P. McCullough, J. Phys. Chem., 67, 685
(1963).

112. L. A. Peacock and R. Fuchs, J. Am. Chem. Soc., 99, 5524 (1977).
113. I. A. Hossenlopp and D. W. Scott, J. Chem. Thermodynamics, 13,

405 (1981).
114. B. T. Collins, C. F. Coleman and T. De Vries, J. Am. Chem. Soc.,

71, 2929 (1949).
115. R. E. Pennington and K. A. Kobe, J. Am. Chem. Soc., 79, 300

(1957).
116. T. K. Yarlett and C. J. Wormald, J. Chem. Thermodynamics, 18,

371 (1986).
117. C. F. Coleman and T. De Vries, J. Am. Chem. Soc., 71, 2839 (1949).
118. R. H. Davies, A. Finch and K. Salem, Thermochim. Acta, 170, 213

(1990).
119. L. Kahlenberg, J. Phys. Chem., 5, 215 (1901).

120. J. Konicek, Acta Chem. Scand., 27, 1496 (1973).
121. G. Natarajan and D. S. Viswanath, Rev. Sci. Instrum., 54, 1175

(1983).
122. T. S. Storvick and J. M. Smith, J. Chem. Eng. Data, 5, 133 (1960).
123. L. Šváb, L. Petroš, V. Hynek and V. Svoboda, J. Chem. Thermo-

dynamics, 20, 545 (1988).
124. G. Waddington and D. R. Douslin, J. Am. Chem. Soc., 69, 2275

(1947).
125. E. Morawetz and S. Sunner, Acta Chem. Scand., 17, 473 (1963).
126. D. W. Scott, J. P. McCullough, W. N. Hubbard, J. F. Messerly, I. A.

Hossenlopp, F. R. Frow and G. Waddington, J. Am. Chem. Soc.,
78, 5463 (1956).

127. K. Kusano, Thermochim. Acta, 88, 109 (1985).
128. V. Majer, V. Svoboda, J. Koubek and J. Pick, Coll. Czech. Chem.

Comm., 44, 3521 (1979).
129. V. Svoboda, V. Uchytilová, V. Majer and J. Pick, Coll. Czech.

Chem. Comm., 45, 3233 (1980).
130. L. Petroš, V. Majer, J. Koubek, V. Svoboda and J. Pick, Coll. Czech.

Chem. Comm., 44, 3533 (1979).
131. J. Cihlá , V. Hynek, V. Svoboda and R. Holub, Coll. Czech. Chem.

Comm., 41, 1 (1976).
132. J. G. Aston, G. J. Szasz and H. L. Fink, J. Am. Chem. Soc., 65, 1135

(1943).
133. A. J. B. Cruickshank and A. J. B. Cutler, J. Chem. Eng. Data, 12,

326 (1967).
134. J. O. Fenwick, D. Harrop and A. J. Head, J. Chem. Thermodynam-

ics, 7, 943 (1975).
135. J. Furukawa, M. Sakiyama, S. Seki, Y. Saito and K. Kusano, Bull.

Chem. Soc. Japan, 55, 3329 (1982).
136. R. Jochems, H. Dekker, C. Mosselman and G. Somsen, J. Chem.

Thermodynamics, 14, 395 (1982).
137. W. Kozicki and B. H. Sage, Chem. Eng. Sci., 15, 270 (1961).
138. J. P. McCullough, W. B. Person and R. Spitzer, J. Am. Chem. Soc.,

73, 4069 (1951).
139. R. Sabbah, R. Chastel and M. Laffitte, Thermochim. Acta, 5, 117

(1972).
140. R. Spitzer and K. S. Pitzer, J. Am. Chem. Soc., 68, 2537 (1946).
141. D. J. Subach and B. J. Zwolinski, J. Chem. Eng. Data, 20, 232

(1975).
142. I. Wadsö, Acta Chem. Scand., 14, 566 (1960).
143. P. Sellers and S. Sunner, Acta Chem. Scand., 16, 46 (1962).
144. J. G. Aston, H. L. Fink and S. C. Schumann, J. Am. Chem. Soc.,

65, 341 (1943).
145. J. P. McCullough, R. E. Pennington, J. C. Smith, I. A. Hossenlopp

and G. Waddington, J. Am. Chem. Soc., 81, 5880 (1959).
146. H. T. Couch, W. Kozicki and B. H. Sage, J. Chem. Eng. Data, 8,

346 (1963).
147. R. J. Irving, J. Chem. Thermodynamics, 4, 793 (1972).
148. S. C. Mraw and C. F. Keweshan, J. Chem. Thermodynamics, 16,

873 (1984).
149. J. T. Clarke, E. B. Rifkin and H. L. Johnston, J. Am. Chem. Soc.,

75, 781 (1953).
150. L. J. Paridon, G. E. MacWood and J.-H. Hu, J. Phys. Chem., 63,

1998 (1959).
151. V. Majer, Z. Wagner, V. Svoboda and V. adek, J. Chem. Thermo-

dynamics, 12, 387 (1980).
152. I. Wadsö, Acta Chem. Scand., 23, 2061 (1969).

šr

ŠC



1508 J. D. Jovanovi  and D. K. Grozdaniác ác

November, 2008

153. J. F. Counsell, D. A. Lee and J. F. Martin, J. Chem. Soc. (A), 313
(1971).

154. R. L. Montgomery, F. D. Rossini and M. Månsson, J. Chem. Eng.
Data, 23, 125 (1978).

155. G. H. Montillon, K. L. Rohrbach and W. L. Badger, Ind. Eng.
Chem., 23, 763 (1931).

156. E. Morawetz, J. Chem. Thermodynamics, 4, 455 (1972).
157. R. J. L. Andon, J. F. Counsell, D. A. Lee and J. F. Martin, J. Chem.

Soc. Farad. Trans. I, 70, 1914 (1974).
158. R. J. L. Andon, J. F. Counsell, D. A. Lee and J. F. Martin, J. Chem.

Thermodynamics, 7, 587 (1975).
159. L. D. Christensen and J. M. Smith, Ind. Eng. Chem., 42, 2128

(1950).
160. M. D. Vine and C. J. Wormald, J. Chem. Thermodynamics, 21,

1151 (1989).
161. V. Svoboda, V. Charvátová, V. Majer and J. Pick, Coll. Czech.

Chem. Comm., 46, 2983 (1981).
162. J. E. Connett, J. F. Counsell and D. A. Lee, J. Chem. Thermody-

namics, 8, 1199 (1976).
163. V. Svoboda, F. Veselý, R. Holub and J. Pick, Coll. Czech. Chem.

Comm., 42, 943 (1977).
164. M. Månsson, J. Chem. Thermodynamics, 4, 865 (1972).
165. J. F. Counsell, J. H. S. Green, J. L. Hales and J. F. Martin, Trans.

Farad. Soc., 61, 212 (1965).
166. E. L. Pace and J. G. Aston, J. Am. Chem. Soc., 70, 566 (1948).
167. J. Huisman and B. H. Sage, J. Chem. Eng. Data, 9, 223 (1964).
168. C. J. Wormald and T. K. Yerlett, J. Chem. Thermodynamics, 17,

1171 (1985).
169. T. B. Douglas, G. T. Furukawa, R. E. McCoskey and A. F. Ball, J.

Res. NBS, 53, 139 (1954).
170. R. A. McKay and B. H. Sage, J. Chem. Eng. Data, 5, 21 (1960).
171. G. Waddington, S. S. Todd and H. M. Huffman, J. Am. Chem. Soc.,

69, 22 (1947).
172. P. Hestermans and D. White, J. Phys. Chem., 65, 362 (1961).
173. J. F. Counsell and D. A. Lee, J. Chem. Thermodynamics, 5, 583

(1973).
174. W. Jr. Weltner and K. S. Pitzer, J. Am. Chem. Soc., 73, 2606 (1951).
175. T. K. Yerlett and C. J. Wormald, J. Chem. Thermodynamics, 18,

719 (1986).
176. R. A. Macriss, J. Chem. Eng. Data, 12, 28 (1967).
177. P. T. Eubank, L. E. Cedlel, J. C. Holste and K. R. Hall, J. Chem.

Eng. Data, 29, 389 (1984).
178. ,  and , 

, 51, 992 (1977).
179. J. G. Aston, G. J. Janz and K. E. Russell, J. Am. Chem. Soc., 73,

1943 (1951).
180. S. Kapteina, K. Slowik, S. P. Verevkin and A. Heintz, J. Chem. Eng.

Data, 50, 398 (2005).
181. W. M. Jones and W. F. Giauque, J. Am. Chem. Soc., 69, 983 (1947).

182. J. P. McCullough, D. W. Scott, R. E. Pennington, I. A. Hossenlopp
and G. Waddington, J. Am. Chem. Soc., 76, 4791 (1954).

183. J. C. Philip and S. C. Waterton, J. Chem. Soc., 2783 (1930).
184. K. S. Pitzer and W. D. Gwinn, J. Am. Chem. Soc., 63, 3313 (1941).
185. V. Majer, V. Svoboda, J. Pechá ek and S. Hála, J. Chem. Thermo-

dynamics, 16, 567 (1984).
186. W. F. Giauque and J. Gordon, J. Am. Chem. Soc., 71, 2176 (1949).
187. J. E. Mock and J. M. Smith, Ind. Eng. Chem., 42, 2125 (1950).
188. J. S. Chickos and J. A. Wilson, J. Chem. Eng. Data, 42, 190 (1997).
189. E. Morawetz, J. Chem. Thermodynamics, 4, 139 (1972).
190. S. Sunner and C. Svensson, J. Chem. Soc. Farad. Trans. I, 75, 2359

(1979).
191. W. Kozicki and B. H. Sage, J. Chem. Eng. Data, 5, 331 (1960).
192. G. H. Messerly and R. M. Kennedy, J. Am. Chem. Soc., 62, 2988

(1940).
193. K. S. Pitzer, J. Am. Chem. Soc., 63, 2413 (1941).
194. B. H. Sage, H. D. Evans and W. N. Lacey, Ind. Eng. Chem., 31,

763 (1939).
195. , ,  and ,

, 37, 1445 (1963).
196. , ,  and ,

, 35, 2285 (1961).
197. J. P. McCullough, D. R. Douslin, J. F. Messerly, I. A. Hossenlopp,

T. C. Kincheloe and G. Waddington, J. Am. Chem. Soc., 79, 4289
(1957).

198. C. H. Rochester and J. A. Waters, J. Chem. Soc. Farad. Trans. I,
78, 631 (1982).

199. N. L. Helgeson and B. H. Sage, J. Chem. Eng. Data, 12, 47 (1967).
200. J. D. Kemp and C. J. Egan, J. Am. Chem. Soc., 60, 1521 (1938).
201. , , ,  

, , ,  , 
 and  , 49, 1928 (1975).

202. D. L. Hildenbrand and R. A. McDonald, J. Phys. Chem., 64, 1521
(1959).

203. J. P. McCullough, H. L. Finke, W. N. Hubbard, W. D. Good, R. E.
Pennington, J. F. Messerly and G. Waddington, J. Am. Chem. Soc.,
76, 2661 (1954).

204. D. W. Scott, G. B. Guthrie, J. F. Messerly, S. S. Todd, W. T. Berg,
I. A. Hossenlopp and J. P. McCullough, J. Phys. Chem., 66, 911
(1962).

205. E. Donath, Z. Elektrochem., 32, 316 (1926).
206. P. A. Giguère and J. L. Carmichael, J. Chem. Eng. Data, 7, 526

(1962).
207. N. S. Osborne, H. F. Stimson and D. C. Ginnings, J. Res. NBS, 23,

197 (1939).
208. T. W. Richards and J. H. Mathews, J. Am. Chem. Soc., 33, 863

(1911).
209. V. Svoboda, V. Hynek, F. Veselý and J. Pick, Coll. Czech. Chem.

Comm., 37, 3165 (1972).

šc



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


