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Evaluation and Prediction of n-fatty Acid Critical Properties 
Charles H. Fisher 
Chemistry Department, Roanoke College, Salem, Virginia 24153 

To develop new and useful  methods for evaluating and 
predicting the critical properties of  n-fatty acid, least- 
squares equations were developed that correlate, with 
good agreement, the n-fatty acid critical properties (a )  
with chain length; (b)  with other n-fatty acid proper- 
ties, e.g., melting points, boiling points, densit ies ,  and 
refractivities; and (c)  with the corresponding n-alkane 
critical properties. Critical properties def ined by the 
equations are presumed to be correct, whereas those 
in substantial  disagreement are considered wrong. 

Critical tempera ture  has been defined (1-3) as the 
tempera ture  above which a gas cannot  be liquefied. The 
minimum pressure required for liquefaction at this 
tempera ture  is the critical pressure. The critical volume is 
the volume occupied by one mole of the substance at its 
critical tempera ture  and pressure. 

Although critical properties are important ,  the availa- 
bility of these properties is severely limited (4). This is due 
in par t  to the difficulty of determining critical properties, 
part icularly for compounds  that  decompose at tempera- 
tures near or below the critical t empera ture  (4,5). It has 
been claimed (2) tha t  critical tempera tures  higher than 
about  750K cannot  be determined accurately. 

The scarcity of critical properties can be illustrated by 
pointing out that  published (2) n-fatty acid critical 
temperatures  (To,K) and pressures (Pc) are limited to the 
acids having two to ten carbons (No2 - Ncl0). The pub- 
lished (1,3,4) critical densities (de) and critical volumes 
(Vc) are limited to the Nr - Nc5 acids. Because of the 
paucity of critical properties, group contribution 
methods are frequently used to estimate such properties 
(3,4). 

The principal objectives of the present investigation 
were to develop and use improved methods, based prima- 
rily on homology and limiting properties (6,7) (properties 

of an infinite chain length, amorphous  homolog), for eval- 
uating published n-fatty acids critical properties and pre- 
dicting such properties for the acids having as many ms 
eighteen carbon atoms. Other objectives were to apply to 
the n-fatty acid properties several previously-proposed 
correlations (8-15) among critical properties and chain 
length and boiling points (Tb,K); and to develop useful 
correlations between n-fatty acid critical properties and 
other n-fatty acid properties, e.g., melting points (Tm,K), 
densities (d74~), and refractivities N~) 5 = n~) 5 - 1). 

DATA AND METHODS 

Several publications (1,3,4) give critical temperatures  for 
the n-fatty acids having two to five carbons. Stephenson 
(2) provides critical temperatures  (ToK) and critical 
pressures, Pc(MPa), for the No2 - Nr acids (Table 1 ). The 
valeric acid T c value of 651K (Table 1) is considerably 
higher than the butyric acid value and the Stephenson 
valeric acid value (2) of 643K. For the above reasons and 
the availability of To data  over a longer chain length inter- 
val (Nr - Ncl 0), the data  of Stephenson (2) were selected. 
Critical volumes (Vo cm3mo1-1) from Dean (3), which have 
approximately the same increments between adjacent 
homologs, were selected of Riddick's data  (Table 1 ). 

Evaluation of the n-fatty acids critical properties was 
based primarily on the extent  to which the properties had 
the characteristics normally found in members of homol- 
ogous series: 
(1) With increasing chain length (measured by the 

number of carbons, Nc, or molecular weight, M) the 
properties increase or decrease in a regular fashion; 

(2) The properties are correlatable, by least-squares 
equations, with (a) chain length; (b) other n-fatty 
acid properties, e.g., boiling points, melting points, 
and densities; and (c) the corresponding properties 
of the n-alkanes; and 

TABLE 1 

n-Fatty Acid Critical Properties 

N, Tc,K ~ Dt b Tc,K ~ Dt b Vc d Vc e Dved Pc d Pc c 
cmamol t cmamol, MPa MPa 

1 580.0 
2 592.7 12.7 592.7 171.3 171.3 5.79 5.79 
3 612.0 19.3 604.0 11.3 235.0 230.0 58.7 5.37 4.53 
4 628.0 16.0 624.0 20.0 290.0 292.0 62.0 5.3 4.03 
5 651.0 23.0 643.0 19.0 290.0 340.0 48.0 4.67 3.58 
6 662.0 19.0 3.20 
7 679.0 17.0 2..90 
8 695.0 16.0 2.64 
9 711.0 16.0 2.40 

10 726.0 15.0 2.23 

~ 4. 
bDifferences between T c for adjacent homologs. 
cRef. 2. 
dRef. 1. 
~Ref. 3. 
fDifferences between Vc for adjacent homologs. 
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(3) The proper t i es  are  compa t ib l e  with the  l imi t ing 
proper t ies .  

The proposed  (8) l imit ing cri t ical  t e m p e r a t u r e  of 961K 
a p p e a r e d  low in the  p r e s e n t  work. The l imit ing cr i t ical  
p r e s su re  of a p p r o x i m a t e l y  zero (8) a n d  the m e t h y l e n e  
i n c r e m e n t  of 59.622 (16) (slope in Eq. 1) have been  pro-  
posed;  and  these  were  found  useful. The l imit ing cr i t ica l  
dens i ty  (d,.oo), ca l cu la t ed  from the slope in Eq. 1 a n d  the  
me thy lene  un i t  f o r m u l a  weight  (14.027), ks 14.027/59.622 
or 0.2353: M/de = b + 59.622 N c [1] 

The Ambrose  express ion  (Eq, 2) can  be a r r a n g e d  to Eq. 
3, which suggests the  l imit ing cri t ical  t e m p e r a t u r e  (T(.,,o) 
is the  same  as the  hypothe t ica l  l imit ing boiling po in t  (T t ...... 
c la imed to be 1190K by Huddle)  ( 17): the  T(.oo - Tb,,o ra t io  
is one, and  T ..... - Tbo o ks zero Tb/(T ,. - Tb) = b + m N(. [2] 
a n d T , : / T b = l + l / ( b + m N ( . )  [3]. 

Critical t e m p e r a t u r e s  of the  n- fa t ty  acids were  
expec ted  to be compa t ib l e  with several  co r re l a t ions  
observed with o the r  homologous  series, e.g., the  Tb/T,: 
ra t ios  are a p p r o x i m a t e l y  0.7 (1). Some of the  add i t i ona l  
c la imed cor re la t ions  are  r ep r e sen t ed  by Eqs. 4 -7  (h, inter-  
cept  and  m, slop(;): 

(T,:,K) a = b + m N c (Ref. 11) [4] 
Tt,/T,, = h + m Tb (Ref. 12) [5] 
M/T, = b + m N c (Ref. 13) [6] 
N(.(T(.- T~,) = b + m N,. (Uef. 15) [7] 
Many equa t ions  of the  p r e sen t  work (e.g., Eqs. 1,2,4,6,7) 

are based  on the  l incar i ty  of p rope r ty  func t ions  with 
cha in  length, r ep r e sen t ed  by N(.. Advan t age  was t aken  of 
the  fact. t ha t  such  p r o p e r t y  func t ions  are l inear  also with 
each other.  

RESULTS AND DISCUSSION 

Cri t i~ 'a l  t e m p e r a t u r e . ~ .  Several  l eas t - squares  exp re s s ions  
(Eqs. 9,11,13) re la ted  indi rec t ly  to the  hypothe t ica l  limit- 
ing cri t ical  t e m p e r a t u r e  (To,,,) were found  su i tab le  for 
cor re la t ing  T, (or  c o m b i n a t i o n s  of T,. and  Tb) with cha in  
length. Equa t ion  8, based  on the a s s u m p t i o n  D t (differ- 
ence  be tween  T,  of a d j a c e n t  homologs)  is zero when  Nr is 
infinite,  was developed by p lo t t ing  N, aga ins t  1/I)t to get 
Eq. 8 which was r e a r r a n g e d  to Eq. 9: 

Nr = -12.394 + 334.59/D t [8] 
D t = 334.59/(Nr + 12.39) [9] 
On the  a s s u m p t i o n  T(./Tb ks equa l  to un i t y  when  N,. ks 

infinite,  N,, was  p lo t t ed  aga ins t  the  rec iprocal  of (Tr b - 
1) to get Eq. 10, which  was  r e a r r a n g e d  to Eq. 11: 

N c = -22.858 + 1 1 . 0 9 0 / ( T J T  b - 1 ) [ 10] 
(N,.5 - Nr r = 0.997084 

Tc/Tb = 1 + 11.090/(N,: + 22.858) [11 ] 
The n - fa t ty  acid T,. - Tb va lues  are 183.6 for the  N,5 - 

Ncl0 n- fa t ty  acids. Tile T,, - T b values  decrease  with 
increas ing  cha in  length for the  N(.10 - N,.I8 acids. On the  
a s s u m p t i o n  T , -  T b is zero for No,,,,, N,. was  p lo t ted  agains t  
1/(T,:-Tt, ) to get Eq. 12, which  was r e a r r a n g e d  to Eq. 13: 

N,. = -176.91 + 3 4 4 3 4 / ( T , -  Tb) [12] 
N,.10 - N,,18; r =  0.972113) 

T(. = Tb + 34434/(N(, + 176.9) [13] 
Equa t ions  9, 11, 13, which  re la te  n- fa t ty  acid cr i t ical  

t e m p e r a t u r e s  indi rec t ly  to the  hypothe t ica l  ( a n d  
u n k n o w n )  l imit ing critic.al t e m p e r a t u r e ,  provide  calcu-  
la ted va lues  ('Fable 2) t h a t  agree wi th  the  l i t e r a tu re  (2) 
N(.3 - N,.10 cri t ical  t e m p e r a t u r e s ;  the ca lcu la ted  va lues  
agree well also with each o the r  for tim N,.I2 - N,.18 acids. 

Ambrose  (14) found  t h a t  TI,/(T(. -Tb) is l inear  with 
cha in  length for several  homologous  series. The s ame  was  
found  to hold t rue  for the  n fa t ty  acid cr i t ical  t e m p e r a -  
tu res  (Eq. 14): Th/('l',. -Tb)= Q = 2.0649 + 0.08986N~. [14] 
(N,.5 - N,.10; r = 0.997094). 

The lno lecu la r  q u o t i e n t s  (M/T,)  of the  n -a lkancs  are  
l inear  over l imited cha in  lengths  (13). As ind ica ted  hy 
Eqs. 15 an(l 16, the s ame  is t r ue  for the  n fat ty acids: 

M/T,,K = 0.079500 f 0.01596N,. [ 15] 
(N,.5 - N,.9; r = 0.99982) 

M/T,.,K = 0.10504 + 0.013353N,. [ 16 ] 
(N,.10 - N,.18; r = 0.999768) 

The following l eas t - squa res  expres s ions  (Eqs. 17-19)  
cor re la te  the n- fa t ty  acid T,.,K values  (Eq. 9, Table 2) with 
ca rbon  n u m b e r s  (No3 - N,.IS): 

T,.,K = 1388.0 - 29782/(N,, + 34.99) [17] 
r = -0.999995 

(N,, + 13.4)/T,  = 0.024984 + 0.00072433N(. [ 18] 
r =  0.999996 

( T , , / 1 0 0 )  :~ = 151.86 + 22.985 N(. [ 19 ] 
r = 0.999965 

TABLE 2 

n-Fatty Acids: Literature And Calculated Critical Temperatures  (Tc,K) 

Tb ~ T,,~ I), ,',t' I), t' Eq. i) Eq. 1 1 Eq. 13 Eq. 17 
Eq. 9 

3 414.3 604 11.3 604.0 
4 4;36.9 624 20.0 20.41 624.4 624.2 
5 459.3 643 19.0 19.24 643.2 642. l 64',}.:} 
6 478.4 662 19.0 18.19 6 6 1 . 2  662.2 661.4 
7 495.4 679 17.0 17.26 679.3 679.4 678.7 
8 512.(1 695 16.0 16.41 6 9 5 . 4  696.0 695.2 
9 527.7 711 16.0 15.64 710.6 711.4 712.9 711.0 

10 541.9 726 15.0 14.94 7 2 5 . 9  724.8 726.1 726.0 
12 572.1 1:}.72 7 5 4 . 0  7 5 4 . 1  754.4 754.2 
14 599.4 12.68 779.9 7 7 9 . 7  779.8 780. l 
16 624.7 11.79 803.9 803.0 803.2 803.9 
18 649.2 l 1.01 8 2 6 . 3  8 2 5 . 4  825.9 826.0 

aFrom Ref. '2. 
~'I',. differences between adja('ent homol()gs. 
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TABLE 3 

n-Fatty Acid And n-Alkane Propert ieso 

n-Fatty Acids ~ n-Alkanes b 
surface 
tension, 

Tm,K di S N~) 5 "Y20 P~,25C S~,25C Tr  Pc,MPa 

3 252.5 0.3604 26.70 169.3 26.1 369.8 4.250 
4 268 .0  0.9043 0.3758 26.74 209.3 24.7 4 2 5 . 1  3.784 
5 239 .5  0.8892 0.3863 27.47 249.3 23.8 469.7 3.364 
6 269.7 0.8796 0.3944 28.05 289.3 23.0 5 0 7 . 7  3.011 
7 266 .1  0.8719 0.4013 28.69 329.3 22.4 5 4 0 . 3  2.756 
8 289.7 0.8662 0.4069 29.20 369.3 21.9 568.9 2.493 
9 285.7 0.8619 0.4111 29.57 409.3 21.5 5 9 4 . 6  2.288 

10 304.8 0.8583 0.4149 21.2 617.7 2.104 
12 317.4 0.8516 0.4208 658.2 1.824 
14 327.6 0.8481 0.4251 693.0 1.620 
16 336 .1  0.8446 0.4288 722.0 
18 342.8 0.8431 0.4318 748.0 

203 
255 
311 
370 
428 
492 

~Sources of n-fatty acid properties: melting points, Tm,K (1,6,18); densities, du (6,19); 
refractivites, N~ o = n~ ~ - 1 (6,19); surface tensions, 720 (1,6); parachors, Pr,25C (4,6); and 
solubility parameters, Sp,25C (6,20). 

bSource: (2). 
~Sp, 25C, (J/cm3) I/2. 
dVr ' cmamol i. 

The co r re l a t ions  r e p r e s e n t e d  by Eqs. 9, 11, 13-19 sug- 
gest the  S t e p h e n s o n ' s  (2) cr i t ical  t e m p e r a t u r e s  a n d  the  Tc 
va lues  p red ic t ed  by Eq. 9 (Table 2) are a t  least  approx i -  
mate ly  correct .  These  cor re la t ions  suggest  also the  follow- 
ing l i t e r a tu re  (4)  n - fa t ty  acid cr i t ical  t e m p e r a t u r e s  (K) 
are  incorrect :  C4 = 628; C5 = 651; a n d  Cls = 798.8. 

Critical and boiling temperatures. The n - f a t t y  acid 
cr i t ical  t e m p e r a t u r e s  can  be ca l cu la t ed  from the  n - fa t ty  
acid n o r m a l  boil ing po in t s  (TbK) (Eqs. 20-21) .  As indi-  
ca ted  by the  co r re l a t ion  coefficients  (r),  the  ca l cu la t ed  
cri t ical  t e m p e r a t u r e s  agree with the  l i t e ra tu re  va lues  (2): 

Tc(Tb + 9991) = 1738720 + 10874 Tb [20] 
(No4 - 18; 0.999908) 

Tc = 3200.5 - 6,284,060/(Tb + 1997) [21] 
(No5 - 18; 0.999961) 

Critical temperatures and other properties. The foL 
lowing expres s ions  (Eqs. 22-27)  cor re la te  n - fa t ty  acid 
cr i t ical  t e m p e r a t u r e s  with o the r  n- fa t ty  acid p roper t i e s  
(Table 3): mel t ing  points ,  Tm,K (1,18); densit ies,  N745 (6,19); 
refractivi t ies,  N~ 0 (6,19); sur face  tens ions ,  "~20 (1,6); par-  
achors ,  Pr (4,6); a n d  solubil i ty pa r ame te r s ,  Sp (6,20). As 
ind ica ted  by the  co r re l a t ion  coefficients (r) ,  the agree- 
m e n t  be tween  the  ca l cu la t ed  a n d  the  l i t e ra tu re  p roper -  
ties is good: 

1000/Tr,K = 1.8927 - 5.9504(Wm,K/1000) 2 [22] 
(Nc5 - Ncl9 (odd  ca rbons ) ;  r = -0.999968 

Tc,K = 267.31 + 0.72532 Tb,K/d~ 5 [23] 
(No5 - N c l S ;  r = 0.999964 

(Tc/100) 3 = 66.104 + 0.75898 M/N~) 5 [24] 
(Nr - Ncl8; r = 0.99932) 

(Tc/100)3/~/20 = 6.6432 + 0.61053 Nc [25] 
(No4 - No9; r = 0.999776) 

(To/100) 3 = 123.53 + 0.57462 Pr [26] 
(Nc3 - No18; r = 0.999965) 

(Tr = 4.3301 + 1.3749 N c [27] 
(Nc3 - NcI0; r = 0.999975) 

Critical pressure. Equa t i ons  28-30  cor re la te  n-fa t ty  
acid cr i t ical  p ressures  (Pc, MPa) with the  n u m b e r  of car- 
bons, No. Adjus tab le  p a r a m e t e r s  were selected to give the 
best  fit excep t  for Eq. 29, whose ad jus tab le  p a r a m e t e r  
(3.765) was  selected to give an  i n t e r cep t  of approxi-  
mate ly  zero (possibly the  hypo the t i ca l  l imit ing crit ical 
p ressure) :  

Pc = -0.78905 + 48.131/(Nr + 6.03) [28] 
(Nc3 - Nr r = 0.999872) 

Pc = 0.00003 + 31.033/(Nr + 3.765) [29] 
(No3 - Ncl0; r = 0.999093) 

1 /P c = 0.11150 + 0.033637 Nc [30] 
(No4 - Ncl0; r = 0.999697) 

Equa t i ons  31-33 cor re la t e  n- fa t ty  acid crit ical  pres- 
sures  (PcMPa) with o t he r  n- fa t ty  acid proper t ies  (crit ical  
t e m p e r a t u r e ,  To,K; boil ing points ,  Tb,K; and  molar  
vo lumes  (M/d~~ 

T~r = 29.579 - 7.6169 log Pc [31 ] 
(No3 - No10; r = -0 .999910)  

1/Pc = 0.021544 + 0.0026746(Tb/100) 3 [32 ] 
(Nr - Ni l0;  r = -0 .999517)  

1 /P c = 0.059614 + 0.0020286 M/d~ 0 [33] 
(Nc4 - No9; r = 0.999554) 

Critical volumes. The express ion  (Eq. 34) based on 
Dean's  d a t a  (3) for the  Nc 2 - Nr n- fa t ty  acids has a slope 
(60.350) s imi lar  to Somaya ju lu ' s  (16) me thy lene  incre- 
m e n t  (59.622). E q u a t i o n  35 was ad ju s t ed  to have the 
slope of 59.622. The l imit ing cri t ical  dens i ty  suggested by 
Eq. 35 is 14.027/59.622 = 0.23527. 

E q u a t i o n  36 was divided by Eq. 35 to get Eq. 37, which 
is useful  for ca lcu la t ing  cri t ical  densit ies:  

Vr = 50.050 + 60.350 Nr [34] 
(Nc2 - Nc4; r = 0.999875) 

Vc = 52.234 + 59.622 Nc [35] 
M = 32.00 + 14.027 N(: [36] 
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dr + 0 . 8 7 6 )  = 0 . 5 3 6 7 1  + 0 . 2 3 5 2 7  N,. [37]  
E q u a t i o n s  3 8 - 4 0  c o r r e l a t e  c r i t i c a l  v o l u m e s  w i t h  o t h e r  

p r o p e r t i e s  o f  t h e  n - f a t t y  a c i d s  (TbK; T,,K; a n d  Pr  
V~. = - 1 0 6 . 1 9  + 4 .7331  ( T b / 1 0 0 )  3 [38] 

(Nr - No10; r = 0 . 9 9 9 9 2 0 )  
(Tr = 129 .96  + 0 . 3 8 9 5 5  V,: [39]  

N,:3 - Nr r = 0 . 9 9 9 9 6 1 )  
1 /Pc  = 0 . 0 8 1 2 4 5  + 0 . 0 0 0 5 6 5 6 8  V(, [40]  

(N(A - No10; r = 0 . 9 9 9 7 3 3 )  
C o m p a r i s a n  o f  n - f a t t y  a c i d  a n d  n - a l k a n e  c~itiz;al prcyp- 

ert ies.  E q u a t i o n s  4 1 - 4 3  d e f i n e  t h e  r e l a t i o n s  b e t w e e n  t h e  
f a t t y  a c i d  c r i t i c a l  p r o p e r t i e s  a n d  t h e  c r i t i c a l  p r o p e r t i e s  o f  
t h e  n - a l k a n e s  h a v i n g  t h e  s a m e  n u m b e r  o f  c a r l ) o n s :  

T,. ( R C O O I I )  = 4 6 5 . 4 5  + 0 . 0 0 0 6 0 3 9 3  T ~ ( a t t )  [41 ] 
N,.5 - N,.18; r = 0 . 9 9 9 8 4 2 )  

V,. ( R C O O t l )  = 3 3 . 7 1 7  + 1 .0150  V(.(RH) [42] 
(No4 - Ncl  0; r = 0 . 9 9 9 8 6 2 )  

In  d e v e l o p i n g  Eq. 43,  w h i c h  c o r r e l a t e s  n f a t t y  a c i d  c r i t -  
ical  p r e s s u r e s  w i t h  t h e  n - a l k a n e  c r i t i c a l  p r e s s u r e s ,  t h e  
N~,3 - N(.10 p l u s  N,,o, , d a t a  w e r e  u s e d  (P(.oo = z e r o ) :  

1)r ( R C O O I I )  : - 0 . 0 5 5 7 8 0  + 1 .0793  P,, ( R t I )  [43]  
(N,.3 - N(.10 a n d  N,,,,,; r = () .9999")5) 
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