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A new corr~lation cnplojirrg pirrachor nnri molar rcfrnclio~l as input data for 
predicfi~~g critical tnnpera1ru.e has h e m  rlrveloppd or10 /rsterl. III rhe rase of 135 
orgaiiic compo~indv the average absolute ~leldalion is 0.93"'. The inethod has 
been extended to rrrulticoinponent mixtures and rhe method prerJiicts dara on 17 
binoy systems with an averoge absof~rtr detiatiorz of O.69"/,, and three ternary, 
two quatcrrrary o?rd two quincrry systems with a17 averare error of 0.YSq;. 

Information on critical temperature is essential in the use of number of 
important approximate methods for predicting, pressure-volume temperature 
relations for liquids and gases, heats of vaporization, surface tension, etc. 
Methods of predicting critical temperature are given e l~ewhere"~ .  Among 
the many avaiiabe correlations, the methods due to Lydersenf, Eduljee quoted 
by Cambill' and Forman-Thodos5 predict the critical temperatures with an 
average error of less than 2%. The former two merhods employ normal 
boiling tempcratu~~es and group contribution constants. Forman-Thodos 
method does not require normal boiling temperatures, but uses a relationship 
between van der Waals' constants and structure, and the group contrihution 
technique. 

The proposed method ernpioys pnrachor and molar refr:~ction as the 
lnpllt data. These values can be computed from atomic and structnral 
values2. These tw-o properties are extensive and constitutive. They are 
:x:ensive bec:luse they depend upon ihe number and type of atoms present in 
he compound, and are constitutive in that they depend at least lo some extent 
an arrangemen1 OF lhe atoms. 

Lewis7 was the first to propose relations involving the parachor and the 
l o h g  temperature, while introduced relation involving the molar 
efraction. Later Herzog6, Meissnels, and Pilcher and Ward" have improved 
h e  relations. But none of these relations have wide applicability because 
)f their limited use. The present correlation e~nploys the follo\~i11g 
"Wession for predicting criliclil temperalure 

T, LP] - A  R5' -i- B [ I ]  
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A linear relation was obtnmed when the product of critical temperature 
and parachor, was plotted against molar refractior. raised to the power of 
1.5, for different homologous series. In the case of paraffins a distinct break 
in the slope of the str:light line was observed for conlpounds containing more 
than 10 carbon nioms. Hence for this group two different sets of equations 
are obtained. Figure 1 shows Equation [I] in graphical fo,.m. I t  can be 
qeen from the figure that there is an excellent agreement between T, [PI and 
R$ 

Table 1 groups all the 135 componnds considered and shows the critical 
temperatures obiained from literature" ' and compares with the calculated 
values. It can be seen from this table that the accuracy of the method is 
good for all compounds except methane, ethylene, ethyne, propyne, nonyl 
cyclopentane and methyl alcohol. These compounds are not included in 
calculating average deviations of the cor!esponding homologous series. 

Table 2 gives values of the constants A and B, in the critical temperature 
equation, for different hon~ologous series. Table 2 also compares the 
present method with other methods. The accuracy of the present method;is 
the same as Eduljee's method and the presen; method is superior to Vowel's 
method The method due to  Lydersen, Riedel and Thodos have not been 
tested as the present method. 

Criiicol temperature ofmultieomponenl mixtures 

The same correlation has been extended to  predict critical temperature 
of multicomponent mixtures., Table 3 gives d~fferent systems considered 
with references, and compares the results with that of Thodos". From the 
table it is clear that the accuracy of the propostd correlat~on is good. This 
correlation is not valid for mixtures containing, methane, ethylene, acetylene, 
propylene, as the error involved in calculating pure component Critical 
temperature of these compounds is very large. 

An example ; Experimental critical temperature of pentane-benzene mixture 
containing 0.378 mole fraction pentane is 528.6"K9. 

Benzene 204.8 26.307 770 12000 



'rhill I: 1 

Experimental and calcutatcd values of critical ternperatirres 
- 

T,, "K 
Expi. Calc. % Error 

Methane 
Ethane 
Propanz 
n-B~ni~ne 
n-Pentitfie 
2-Merhy1hu:ane 
n-Hexnne 
2-Methylpenrti~it. 
3-Metliylpeninne 
n-Neptme 
2-Methylhexme 
3-Methylhexme 
3Xthylpe11tane 
2-3 Dirnelhylpent.~ne 
3-3 Dime:hyIpeiit:ine 
n-Octane 
3-Methy1 beptane 
3-Ethyl hexane 
2-3 Dimethyl hexane 
3-3 Dimethyl hexane 



Experimental and calculated values of critical temperatures -- -- 
Tt, OK 

3-4 D~lncthyl hexane 
3-Ethyl-?-methyl pentme 
J Ethyl-3 methyl perlime 
n-Nonzine 
n-Decane 

2. Alkenes 

Ethylene 
Propylene 
n-Butene 
n-Pentene 
n-Hexene 
n-Octene 

3. Alkynes 

Ethyne 
Propyne 
n-Hexyne 
n-Heptyne 

Expl. Cak. 7; Error 
- -~ - 

641 0 0.15 
659.0 0.00 

678.0 0.14 
690.0 0.58 
710.0 0.00 
725.0 1.12 
746.0 1.77 - 

Average 0.54 

312.5 10.8' 
371.0 1.62 
421.0 7x33 
467.5 10.58 
506.0 0.4@ 
580.0 0.35 

Average 0.63 



Expsiimental and calculated values of cr irifal iernperaiuier 

T,, "K 
Expi. Caic. 

-. 
' 1 ,  Erm - 

Cyclopeztniicls 

Cycioyentane 
Merhyi cyclopentane 
Ethyl cyclopentane 
n-Pxopyl cyclopentane 
n-Buy1 cyclopentane 
n-Penryl cyclopentane 
n-IIexyl cvclopeniane 
n-Heptyl cqclopentane 
r,-Octy l cyclopentane 
n-Nonyl cycli peniane 

Q clohesanes 

Cyclohexane 
Methyl cyclohexane 
Ethyl cyclohexane 
n-hopyl  cpclohexane 
n-Butyl cyclohexane 
nPentyl cyclohexane 
n-Hexyl cyclohexane 
n-Hep:yl cyclohexane 
n-Octyl cyclohexane 
n-Nongl cyclohexane 

Average 0.37 
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TABLE I-(cotlrfl.) 

Experimental and calculated valilcs of critical  temperature^ 
- 

T ,  "K 
Expl. Caio. Error 

- --__-_____ 
6 .  Esreis 

Methyl formate 
Ethyl formate 
Propyl formate 
Isobutyl formate 
n-Amy1 formate 
Isoamyl formate 
Methyl acetate 
Elhyl acetate 
n-Propyl acetate 
n-Butyl acetate 
Isobutyl acetate 
Isoamyl acetate 
Methyl propionate 
Ethyl propionate 
Propyl propionate 
Isobutyl propionate 
Isoamyl propionate 
Methyl butyrate 
Erhyl butyra~e 
Propyl butyrate 
Isoburyl butyrate 
Isoamyl n-butyrate 
Methyl isobutyrate 
Ethyl isobutyrate 
n-Propyl isobutyrate 
Isobutyl isobutyrate 
Methyl-n-valerate 
Ethyl-n-valerate 
Ethyl isovalarate 
n-Propyl lsovalerata 
Ethyl n-capryIate 
Ethyl polargonate 
Methyl laurate 
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TABLE I-(contd.) 

Experimental an3 calculated values of critical temperatures 
P 

To "K 

- Expl. Calc. " I ,  Error 

Alcohols 

Methyl alcohol 
Ethyl alcohol 
n-Propyl alcohol 
Allyl itlcohoI 
n-Bulyl alcohoi 
Amyl alcohol 
Heptyl alcohol 
Octyl alcohol 

ErRers 

Dimethy! ether 
Diethyl ether 
Ethyl propyI ether 
Vinyl ethyl ether 
Ethyl methyl ether 

Ketones 

Acetone 
Ethyl methyl ketone 
Diethyl ketone 
Methyl n-propyl ketone 

Acids 

Acetie acid 
Propionic acid 
n-Butyric acid 
n-Valerie acid 

Average 0 71 

Average 0.76 

Average 0.40 

Average 0.62 
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TABLE I-(concld.) 

Experimcnta8 and calculated values of critical temperatures 
P 

T,, "K 
Expl. 

-- Cale. % Error - 
11. Aromatics 

Benzene 
Toluene 
Ethyl benzene 
n-Propyl benzene 
n-Butyl benzene 
n-Pentyl benzene 

12. Organic Halides 
Methyl chloride 
Methyl bromide 
Methyl fluoride 
Ethyl chloride 
Ethyl bromide 
Carbon tetrachloride 
Propyl chloride 

565.0 0.52 
590.0 - 0.34 
615.0 -0.34 
640.0 0.25 
665.0 0.61 
683.0 0.61 

Average 0.43 

417.0 0.17 
477.0 2.10 
319.5 0.53 
456.5 -0.85 
518.0 230 
551.5 -0.80 
488.0 -3.02 

Average 1.46 
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TABLE 3 
Systems investigated Bor multi-component Mixtures 

Binary systems 
 thane-propane (1 1 )  
Ethane-n-butane (18) 
Ethane-n pentane (14) 
Propane-n butane (12) 
Propane-n pentane (13) 

11 Butane- n heplsne (19) 
n Pentane-n hexane (9) 
Benzene-toluene (9) 
Ethane-cyclohexane (23) 
n Pentane-benzene (9) 
n Pentane-toluene (9) 
n Penrane-cyclohexane (9) 
n Hexane-benzene (9) 
n i l , x a u ~ - ~ ~ l u e n e  (9) 
n H,x-I.,-qcl~1,ex:ne (9) 
Cyclohexane-benzene (9) 
Cyclohexnne-tcl;.-ne (9) 

Averaze 
Ternoiy systems 

Ethane-propane-n pentane (1 0) 
Propane-n butane-n penlane (10) 
n Butane-n pentane-n hexane (10) 

Quaternary systems 
Ethane-propane- 

n butane-n pentane (10) 
Propane-n butane- 

n peniane- n hexnne (10) 
Qiiinary systems 

Ethane-propane-n butane 
n pentane-n hexane (10) 

Methane-ethane propane- 
n butane-n pentane (10) 

Average 

Number of  Average 
mlxtures deviation Present 

method 

1.63 
3.45 
1.35 
0.51 
U . 3 0  

1.21 
0.87 
0.16 
2.45 
0.68 
0.49 
1.51 
0 47 
3.54 
1.06 
0.60 
3.54 

1 05 

1.32 
1 .oo 
1.43 

0 

0.82 

1 18 

0.43 

0 8s 

Maximum deviation - - 
Thodos 
method 



T = Critical temperature, '# 

IPJ = P.~mchor 

R, = M o h r  refraction 

A ,  B = Consrants in-Equations 1 and 2 
x - Mole fraction 
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