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The liquid-liquid and liquid-solid equilibria of the binary systems composed 
of methyl nonadecanoate and some aliphatic acids or stearic alcohol or diphenyl are 
presented; the enthalpy of fusion of the ester is given, and a discussion is carried out 
on the factors affecting the liquid-liquid equilibria studied to date. 

Recently, we took interest in a possible graphical method of studying several 
binary systems exhibiting the demixing phenomenon, composed of one sub- 
stance with a polar group and another substance with two polar groups. 

In this note we give the liquid-liquid and liquid-solid equilibrium curves for the 
binary systems methyl nonadecanoate (component 1) + dicarboxylic acids, lauric 
and stearic acids, diphenyl, or stearic alcohol (components 2) and carry out 
a discussion in terms of the parameters a and b of the equation 

In  ( x~ /x ' l )  = o - b ( r  - r m )  

previously proposed [1 ] for liquid-liquid equilibrium curves. 

Experimental 

The temperature of first crystallization or of demixing was measured visually 
by means of a Chromel Alumel thermocouple (checked with a Pt resistance ther- 
mometer) connected to a Leeds Northrup K-5 potentiometer. The fusion enthalpy 
is measured with a D S C -  1B Perkin-Elmer calorimeter. The details of calibration 
are given in previous papers [2, 3]. When it was necessary to work below room 
temperature the cryostat was connected to a Lauda refrigerator. 

The chemicals are: Fluka methyl nonadecanoate,  glutaric, adipic, azelaic and 
lauric acids and stearic alcohol; Merck pimelic, succinic and suberic acids; 
Erba diphenyl. Methyl nonadecanoate (purity 98%) was employed without 
further purification; the other compounds were recrystallized from C2HsOH 
and dried under dynamic vacuum, at a temperature some degrees below the 
melting point. 
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Results and discussion 

The thermodynamic  fus ion data are given in Table 1. The trend o f  the equi-  
l ibrium curves is s h o w n  in Fig. 1, and in Table 2 the coordinates  o f  the invariant 
points  are given. As  in the case o f  ethyl stearate, four gaps are found  (also with 
pimelic acid). This fact was expected because ethyl stearate and methyl  n o n -  
adecanoate  are i somers  and have identical polar characters. 
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Fig. 1. Phase equilibrium curves concerning binary systems methyl nonadecanoate -t- a) from 
the top: suberic acid, succinic acid. b) from the top: laurie acid, pimelic acid. e) from the top: 
diphenyl, azelaic acid, glutaric acid. d) from the top: 1-octadeeanol, stearie acid, adipic acid 

d r. Thermal Anal. 16, 1979 



G I O I A  L O B B I A  et al.:  M I S C I B I L I T Y  G A P S  I N  B I N A R Y  S Y S T E M S  43 

i 
o 50 

3O 

I I I I Im,,.  
o 

E 190 

160 

130 

100 

70 

40 

f 

] _ _ _  [ 
02 04 06 08 

XMethyl nonadecano~te 

Table 1 

/I Hfus, ,/Sfus , 
Tfus, K [ kcal/mole i cal/K mole 

i 
313.7 ] 9.93 31.7 

I 

Added comp.  

Succinic acid 
Glutaric acid 
Adipic acid 
Pimelic acid 
Azelaic acid 
Suberic acid 
Lauric acid 
Stearic acid 
1-Octadecanol 
Diphenyl 

Table 2 

Xcut TeutK 

0.990 313.2 

0.994 313.2 
0.996 313.7 

0.480 304.7 
0.908 313.7 
0.930 311.2 
0.564 302.7 

0.010 0.840 
0.010 0.896 
0.028 0.804 
0.100 0.769 

TmK 

454.7 
370.2 
422.7 
377.2 

r 
Xeut~ XI~  X m 

Teut; Tm 

molar fraction of methyl nonadecanoate in the eutectic mixture and in the 
mixtures in equilibrium at the monotectic temperature on the left (1) and 
right (r) hand of the gap, respectively; 
eutectic and monotectic temperature, respectively. 
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Also for these gaps, in the zone studied, the composition of the liquid-liquid 
equilibrium curves depends on the temperature, following a linear equation 

I n  ( x / x D  = a - b(7"- Tin) 

whose parameters a and b are given in Table 3; this equation is a formally more 
correct modification of the equation previously proposed [1 ]. 

The b terms agree satisfactorily with other b terms studied earlier, as shown 
in Fig. 2. The a term of the equation seems to depend on the monotectic temper- 
ature and on the polar character of the components, as the value of a/VTm (where 

= R2/R1), roughly constant around 0.0011 (standard deviation 0.0003), suggests. 
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The meaning of R i w a s  given previously [1]. In the systems we have studied to 
date, the extension of the miscibility gap depends, therefore, on the respective 
polar characters of the two components and also on the temperature range where 
the gap lies. Other factors probably affect the miscibility gap extension, and a less 
rough dependence must be studied; this is the aim of a future study. 

Y. Thermal Anal. 16, 1979 



46 GIOIA LOBBIA et al.: MISCIBILITY GAPS IN BINARY SYSTEMS 

i j 
0 02 l-- I//I 

l i ~ ' / !  

5 

~ L 

)em)xing 

Fig. 2. / b /  versus d (the difference of polar character): o succinic, A glutaric, [] adipic, 
v pirnelic. The points concerning the systems in methyl nonadecanoate are blackened 

Table 3 

System a b, K- 1 0 y a]yTm Ref. 

Methyl stearate -4- 
Succinic acid 

Glutaric acid 
Adipic acid 
Methyl palmitate 4- 

Succinic acid 
Glutaric acid 
Adipic acid 
Ethyl stearate + 

Succinic acid 
GIutaric acid 
Adipic acid 
Pimelic acid 
Stearic acid + 

Glutaric acid 
Margaric acid 4- 

Succinic acid 
Glutaric acid 
Palmitic acid 4- 

Succinic acid 
Pentadecanoic acid 4- 

Succinic acid 
1-Octadecanol 4- 

succinic acid 

4.78 
3.97 
2.98 

4.22 
3.56 
1.87 

4.49 
4.55 
3.42 
1.91 

3.55 

3.08 
2.18 

2.66 

3.13 

3.69 

0.0150 
0.0032 
0.0126 

0.0121 
0.0046 
0.0117 

0.0069 
0.0028 
0.0109 
0.0081 

0.0230 

0.0100 
0.0295 

0.0185 

0.0532 

0.0269 

0.447 
0.347 
0.281 

0.441 
0.341 
0.275 

0.450 
0.350 
0.283 
0.236 

0.344 

0.441 
0.341 

0.438 

0.433 

0.444 

9.5 
7.6 
6.3 

8.5 
6.8 
5.7 

10.0 
8.0 
6.7 
5.7 

7.2 

8.5 
6.8 

8.0 

7.5 

9.0 

0.0011 
0.0011 
0.0011 

0.0011 
0.0014 
0.0008 

0.0010 
0.0015 
0.0012 
0.0009 

0.0013 

0.0008 
0.0009 

0.0007 

0.0009 

0.0009 
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Tab le  3 

System a b, K - 1 ~ ~ a]~'Tm Ref. 

Me thy l  n o n a d e c a n o a t e  + 
Succinic  acid 

Glu ta r i c  acid 
Adip ic  acid 
Pimel ic  acid 

4.42 
4.76 
3.36 
1.58 

0.0094 
0.0053 
0.0083 
0.0078 

0.450 
0.350 
0,283 
0.236 

10.0 
8.0 
6.7 
5.7 

0.0010 
0.0016 
0.0012 
0.0007 

T h a n k s  are  due  to C .N .R .  (R ome)  for  f inancial  suppor t .  

th is  no te  
this  no te  
th is  no t e  
th is  no te  
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RI~SUMI~ --  Les 6quil ibres l iquide-l iquide et l iquide-sol ide des sys t6mes  binaires  h base  de non-  
ad6canoa te  m6thy l ique  et de que lques  acides a l ipha t iques  ou  alcool s t6ar ique  ou  diphdnyle  
son t  prdsent6s.  L ' en tha lp i e  de fus ion  des esters  est donn6e  et les fac teurs  qui  ag issen t  sur  les 
6quil ibres l iquide-l iquide 6tudi6s jusqu'~t pr6sent  son t  discut6s.  

ZUSAMMENFASSUNG --  Die flfissig-flfissig und  fliJssig-fest Gle ichgewichte  der  aus  M e t h y l n o n -  
adekana t  und  einigen a l ipha t i schen  Sfiuren oder  S tear ina lkohol  oder  Dipheny l  z u s a m m e n -  
gesetz ten Binf i rsysteme werden  angegeben .  Die  Schmelzen tha lp ien  der  Es ter  werden  mitgetei l t  
und  die, die bis z u m  heu t igen  Tage  un t e r such t en  flfissig-flfissig Gle ichgewichte  bee inf lussenden  
F a k t o r e n  werden  er6r ter t .  

Pe31oMe - -  [lpe~CTaB,rleHbI paBHOBeCrl,q TBlla YKHI~KOCTb->KH~KOCTb H )KI, I~KOCTb-TBep~Ioe COCTO~- 
HHe 6HHapHblX CHCTeM~ COCTOgaH, HX 143 MeTH.VlHOHa)IeKaHOaTa H HeKOTOpblX aYtHqbaTHqeCKI4X 
KI~IC3IOT H31H 7Ke cTeapHHOBOFO cnnpTa la3iH ~II4qbeHl, lTla. l-[p!eiBelleHa 3HTa.rIbHH~I rI3IaB.rleHH~I 3qbI, lpa,  
O6cy:a~:~eHFI,q IIpOBe~eHbI Ha OCHOBe H3yqeHHbIX ~O HaCTO~itttero BpeMeHl4 qbaKTOpOB, 3aTparla- 
BalOllIHX paBHOBeCHe ~KFI)IKOCT/~-~KHj~KOCTb. 
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