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A knowledge o i  c r i t~ca l  Coilstant; o r  substaRces is essential for the use 
vanout, eeneraitzed coi-rela~ron> for liquids :ind gases The experimental 

dererminatlon of Lhese constaNs 1s not s ~ n ~ p l e  and for th!s reason any method 
[or predicting the cons:mts shouid be of great value. Anlong the many 
available coriehtions,  the method due to LyderserP predicts the critical 
voiurnc with a n  average error of 2 3'16 and that due to Das er u i  ' predicts 
wth an average error of 1.7% i;ccord!ng to the authors thernseives. The 
former method employs add t ~ v e  group ~echnlque, originaiiy suggesled by 
Schustei6 and the latter method employs molecuiar weight as  the irput datum. 
Critical volume can also be estimated by cri t~cal  cornpress~bility method 
In this method the values of Z,, T, and P, must be either known or estimated. 
This method predicis c i~ t lca l  volume with an average error of 3.646. 

The proposed method enpioys parachor as the input datum. Parachor 
can be estimated by group contr~bution rcchnique employing ihe values listed 
by Reid and Sherwoods. The present correlation employs the foliowing 
expressions for p:'ed:cting cr~tical  voiurne. 

Vc=1.4[P]i C I l l  

1. HOW ?HIS CORRELATION WAS DLVELOPLD 

Approximate reletion to predict hard sphere volume, from crilicai 
volume for spherical non-polar moiccules o b e y ~ i ~ g  the Cennard-Jones (6-12) 
potential is 

b0=0.75 V,  PI 

The hard sphere volume is also related to the intermolecular distance by 
the follswing expression 

b0=1.2615 a3 131 
- 
' Deceased. 



1.2515 
- -. ia a 

0.75 
[J! 

~ ~ ~ ~ ~ d ~ : ~ ~  to cell-theory. the coilisinn diameter is misted pnrachor (3) as, 

Since a gnr. mole contains 6.923 x I ~ O I E C O I S S ~  we have 

From Equztion [6] we have 

From Equations 141 and [7], we have 

Equation [8], shows rhe critical volume, is directly relatea to parachor 

A linear relation Is obtaincd when critical ~ o l u m e  was plotted against 
parachor, for diPierenr hoinologous scries. The slopes Fot all the lines was 
foundto be 1.4 which is in closz agreement with the value 1.38 of Equation [81. 
The intercepts for different homnlogous series are given in Tablc 4. 

As the slope is constant for diKerent homologous series, one experimental 
data is sl;!iicient to calculate the constant C in Equation [ I ] ,  for a parliculnr 
series. 

Group contribution mefhod : 

Based on the data obtained above a group contribution technique has 
been developed. The Equationlll can be written as 

V,=A tC 191 

A and C are calculated by employi~?g the values in Table 2 



Grampie : Benzene 

A is calculated as fo:low.s : 
6 Carbon atoms =6 x 12.5 - 75.6 

6 Hydrogen atoms -6  x 21.'7 : 130.2 

3 Double bonds - 3  x 26.74- 80.22 

6 membered sing c!osurs - 1.12 

C I S  calculated us follows : 

i' 6 N 6- -- (CH,H,),- l 2 N i  3 douhie bonds + ring closurc 

6 CH, groups - 6 u - 8 = - 4 8  

I ?  Hydrogen atoms -= 0 * 12=U.I) 

3 Double bonds - 3 i i 1 -  i 3 3 . 0  

5 membered closure =-lj 

Substituting the values of A and C, we have 

V,-257.14 c.c /g. mole, wherea$ the exper~mentd value is 
260.33 c.c./g. mole, 

Table I groups all the 153 compounds considered and shows the critical 
voiume obtained from literature ( 2 . 5 )  and compares with the calculated values. 
Table 2 gives different atomic contributions and group contributions to evaluate 
constants A and C respcctively. The values given in Table 2 to evaluaic 
constant C, are appiicable only to first member of each homologous series. 
The constant C i s  evaluated for rhe first membei of homologoils series and it 
remalns the same for that series. Hn calculation of Y, it is only the value of A 
iha: changes from member to member in homobgous series. Table 3 
compares the present method with kydersen and Das et a! methods. The 
methods due to Lydersend and Das el d.' are claimed by authors to give an 
average error of 2.3 and 1.7oi, respectively. A comparison made in  the 
present. study considering the same number of compounds for which experi- 
nlental data is available, however, gives average errors as shown in Table 3. 
From the table i t  is seen that the error involved in the present method is of 
(he same order as Lydersen's method and the present method is better than 
Das er 111 method. However. in  the case of the 159 substances considered 
the present method gives an average absolute error of 1.317;. 



Experimental and calculated values of criricai solume - 
V,, c.c./p mole 

Exptl. Calcd % Error -- 
1 Para.fins 

Methane 
Ethane 
Propane 
n-Bgtane 
n-Pentanc 
2-Merhgl buune 
Neopenrane 
n-Nexane 
2-Methy! pentanr 
3-Merhyl penranr 
2,2-Dimethyl butane 
2,3-Dirnerhyi butane 
n-Heptane 
2-Methyl hexane 
3-Methyi hexane 
3-Ethyl pentane 
2,Q-Dimethyl penlane 
n-Octane 
3-Methyl heptane 
4-Metyl heprnne 

' . .2,2-~iiet);l hexan? - 

. . 1 ' 2,5-Dimethyl hexane, ' 
i-~Gibnane 
'n-Decane 

- .' n-Undecane 
- n-Dodecane . 

.n-Tridecane 
, n-Tetradecane , .'"- 

n-Pentadecane 



'I'~n1.t 1 - (coilld.) 

Experimental and alcula!cd value5 oisriiisai uolumt. 

Aceky iene 

Propyne 

Ethyl acetylene 

UImcihyl scetylenr. 

Propyi acetylene 

Cyciope:~tane 
Methyl cyclopentanz 

Ethyi cyclopentanz 

n-Proppi cyclogeo?nne 

n - B u y 1  cyc lopeawx  

V,c.c.,g. mote  

- 
Caicd 

938 i 

994 h 

1050 9 
i IO7.38 
1171.8 

Abeiage: 

1.33.7 

ih9.1 

245.7 
301.7 
35:,7 

413.7 
469 7 
515.7 

591.7 

Averaze : 

E 10.4 

IG6 4 
222 4 

222 3 

278 4 

Averag- 

255' 8 
315 0 

371 0 

427.2 

483.2 

Average 

- 

", Error 
--- - 

-- i .25 
0.54 
-1.45 
0 67 

. ' "39 
-- 

1.14 



6. Aic@h@is . 

Methyl  alcoho8 
Ethyl a lcoho~ 
n-Propyl alcobol 
Iso-ptopyl alcohoi 
Ai ly l  aicohbk . . 
n-Butyt alcohol 
1,obulyE alcohd 
Amyl atcoho) 

x-Heptyt akohoi 

r - 0 a y i  alcoho! 
2-Octyl alcohol 

.4serone 
EthyI methy! ketone 
Dicthyl ketone 

Methyl n-propy! ketone 
Methyl iso-propyl ketone 
Me?hyl isc-butyl ketone 

3PY.I 
487.1 

543.6 
599. L 
655. l 
716.5 
783.5 
829.4 

Average 

109.4 
165.4 
221.4 
217.2 
2114.6 
277.4 

273.2 
333.4 
445.4 
5011.4 
497.2 

Average 

210.9 
263.7 
317.6 
317.6 
313.4 
367.7 

Average 
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Experimental an3 calculated value* ofcritical voiurnc. 

V, c.c.1g. mole 
E x ~ t l .  calcd, % Error 
- 

Acids 

Acetic acid 
Propionic acid 
n-Butyric acid 
Iso-butric acid 
n-Valeric acid 
Tso-valeric acid 

Ethers 

Dimethyl ether 
Ethyl methyl ether 
Diethyl elher 
Ethyl propyl ether 
Iso-propyl ether 
Cmyl ethyl ether 

E.sters 

Methyl formate 
Ethyl formate 
Propyl formate 
Amy1 formate 
Iso-amyl formate 
Methyl acetate 
Ethy1:acetate 
n-Propyl acetate 
n-Butyl acetate 
Iso-amyl acetate 
Methyl propionate 
Ethyl propionate 

171.6 
227.6 
283.6 
279.4 
339.6 
335.4 

Average 

165.1 
221.1 
277.1 
333.1 
384.9 
260.4 

Average 



Experirnen.ial and calculated values ofciitical volume. ---- 
'4, c.c /@. mole 

Exotl. calcd, % Error 

Propyl propionate 
Iso-hutyl propionate 
Iso-amgl propionate 
Methyl butyrata 
n-Propyl butyrate 
130-butyl butyrate 
Iso-amyl n-hutyrate 
Methyl Iso-hutyrdte 
n-Propyl iso-butyrats 
Iso-butyl iso-butyrate 
Ethyl iso-valerate 
E-Propjl iso-valerate 
Iso-butyl ;so-valerate 
Ethyl n-capryiate 

f 1. Nalagenated Hydrocarbons 

Methyl chloride 
Methyl bromide 
Methyl iodide 
Methylene Chloride 
Fluoroforn~ 
Carbon tetrafluoride 
Ethyl ffuoride 
Ethyl chloride 
Ethyl bromide 
Propyl chloride 
Dibromo ethane 
I, 1-Dichloro ethane 
Allyl chloride 
Bromo-trifluoromethane 
Dichloro-difiuoromethane 

395 0 
446 5 
502 (i 
338.6 
450.5 
502 0 
558 0 
334 0 
446.5 

498 0 
446 5 
502 0 
555.0 
61% 0 

Average 

144.9 
162 9 
194.1 
200 5 
117.9 
148.7 
160.2 
200.9 
218.9 
256 9 
236 4 
256.6 
240 3 
207 4 
230.2 

Average 



A New Correlation to Predict Critical Tolume 

Experimental and calculated values of critical volume. 

V, c . c . 1 g i  
Exptl. calcd. % Error 

Halobenzenes 
Chlorebenzene 
Bromobenzene 
Fluorobenzene 
Iodobenzene 
Dichlorobenzene 

Aromatics 
Benzene 
Toluene 
Ethyl benzene 
n-Propyl benzene 
n-Butyl benzene 
n-Pentyl benxene 
n-Hexyl benzene 
n-Heptyl benzene 
n-Octyl benzene 
n-Nonyl benzene 
n-Undecyl benzene 
n-Dodecyl benzene 
n-Tridecyl benzene 
n-Teiradecyl benzene 
n9entadecyl benzene 
n-Hexadecyl benzene 

Sulphur Compounds 
Methyl. mercaptan 
Ethyl mercaptan 
Dimethyl sulfide 
Methyl ethyl sulfide 
Diethyl isulfide 
D~ethyl d~sulfide 
Allyl sulfide 

Average 

Average 

Average 

c-Dreisbach (2) 
d- Lydersen's (4) 
*-Values not used to find average errors. 
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TABLE 2 
Group contribution to evaluate constants in Equation 9 

Atomic contribuclon to proup contr!buntion lo 
evaluate C evaluate C - 

CH, in (CH,), 
n s 12 56 00 
n >  12 56.42 
&: 12.60 
W 21.70 
W in OH 14.00 
0 27.72 
0, in esters 76.12 
N 24.50 
S 68.74 
la 56.70 
F 36.54 
C1 77.28 
Br 95LO 
I 126.42 
Double bond 26.74 
Triple bond 56 84 
Carbonyl bond in Ketones: 
Total number of Carbon 

atoms : 
3 3 1.22 
4 25 00 
5 25 90 
6 24 22 
7 24 22 
8 21.14 
9 19.74 

10 15.20 
Ring closure : 

3 membered ring 17.50 
4 membered ring 8 40 
5 membered ring 4.20 
6 membered ring 1.12 
7 membered ring 5 601 
Chain branching 

per branch -4.2 

Base group CA, 
,4ddition o r  subtraction of H 

Double bond 
Triple bond 
on group in alcohols 
CO group in ketones 
COOH group in acids 
0 in ethers 
COO group in esters 
Halogen addition replacing H i n  

aliphatic compounds 
Addit~on of S 
Halogen addition replacing H in 

aromatic compounds 

Aromatic ring closure 
Aliphatic ring closure (5 membered) 
Aliphatic ring closure (6 membered) 





A = Constant in Equatlon 191. 

hn = Hard sphere volume, c .c . /g .  mole. 

C = Constant in Equation [I]. 

[ p  1 = Parachor. 

J', - Critical volume, c.c./g. mole. 

D = Intermolecular distance, A. 
E = Minimum potential energy, ergs. 
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