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Abstract 
Melting-point and limited diffraction data are 

presented for the 13 hitherto unreported binary 
systems of the 15 obtainable from the six 
palmitic-stearic triglycerides. Data are pre- 
sented for metastable a and stabilized states. 
These and earlier data. on the other two systems 
show continuous solid solution formation and 
nearly linear melting-point variation for a states. 
Stabilized state behavior depends on many fac- 
tors, such as molecular weight, molecular sym- 
metry, phase tendency. In general, fl tending 
components produce fl phase systems and fl' 
tending components produce fl' systems; fl pre- 
dominates in systems of mixed fl and fl '  tending 
components. 

Introduction 

T H E  S A T U R A T E D  T R I G L Y C E B I D E S  possible from pal- 
mitic and stearic acids are six in number if 

optical isomerism is disregarded. Various ones of 
these occur in mixture in plastic shortenings. Pre- 
liminary to a thorough understanding of the effect 
of mixtures of saturated triglycerides upon shorten- 
ings is an understanding of the solidification be- 
havior of the mixtures themselves. The problem is 
complex and detailed, but a beginning can be made 
with binary systems. There are 15 of these as listed 
in Table I. Of this imposing number, two have been 
previously reported from this laboratory in some de- 
tail, namely PPP-SSS (tripalmitin-tristearin) and 
PSP-SSS (1). Now a somewhat less detailed melting- 
point and diffraction study is reported on metastable 
(a) and stabilized states of the 13 other systems. 
Many of these systems are of practical significance, 
certainly those comprised largely of combinations of 
SSS (predominant in many saturated oils), PSP and 
PSS (important in saturated cotton oils), and SPS 
(the principal triglyceride of saturated lard). The 
other systems are of interest since PPP is easily ob- 
tained synthetically and since randomly interesteri- 
fled P,S triglycerides contain all possibilities includ- 
ing SPP. All 15 of the systems are of academic in- 
terest for their indication of interactions among mem- 
bers of this family of closely related long-chain 
compounds. 

Experimental 
The preparations used for these binary systems 

were the same as reported in previous studies on 

T A B L E  I 
B i n a r y  Systems Possible wi th  P ,S  Triglyeer ides  

Stabi l izat ion condi t ions  

System Conditions System Conditions 

S P S - S S S  b, c P S P - P S S  b, e 
P S S - S S S  b, c S P P - P S S  
P S P - S S S  a P P P - P S S  
S P P - S S S  c 
P p p - s s s , a  S P P - P S P  b, e 

PPP-PSP c 
P S S - S P S  b, c 
P S P - S P S  e P P P - S P P  c 
S P P - S P S  e 
P P P - S P S  e 

a Prev ious ly  repor ted  (1 ) .  
b 1 week 490 .  
c 1 week 49C, 1 week 60C. 
a 1 week 49G, 1 week 570.  

triglyceride polymorphism (1,2) or of coniparable 
quality; in some instances, different preparations of 
a given triglyceride were used in different systems. 
Procedures were as previously described (1,2) for 
the thermal studies and for x-ray diffraction. 
Metastable (a) states were obtained by melting sam- 
ples to 80C and quickly chilling. Stabilized states 
were obtained by melting, chilling, and storing (with 
some systems for two different periods) as indicated 
in Table I. I t  was intended that all samples be 100% 
solid at all times during storage. Only data for the 
more strenuous storage systems are reported. It is 
not possible always to be certain, but it is believed 
that thermodynamic equilibrium was closely ap- 
proached in storage. 

Melting points for stabilized states appear in 
Figure 1. Diffraction data for selected samples ap- 
pear in Table II. Melting points for metastable (a) 
states appear in Figure 2. 

Discussion 
For all the individuality of the various binary 

systems it is possible to make a number of generaliza- 
tions. 

All P,S triglyceride pairs in the metastable a state 
show a type of melting-point curve that indicates solid 
solution formation (3). The maximum departure 
from linear variation with concentration is 1C. Where 
tests by x-ray diffraction have been made, as in the 
PPP-SSS case (1), only a single set of long spacings 
has been encountered, signifying a single solid phase 
composition. 

In the stabilized state (Figure 1) the degree of 
solid solution formation or "compatibility" of com- 
ponents, as evidenced by linearity or limited dips in 
melting-point curves, depends mainly on proximity 
in molecular weight and similarity in stabilized phase 
from melt. Before discussion of these points in greater 
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FIG. 1. Melting points of stabilized binary mixtures of P-S 
triglycerides. 
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TABLE I I  

Phase (% /3a) of Stabilized Samples (Most Strenuous Condition) 

% PSS-SSS PSS-SPS PSP-SPS PPP-SPS PSP-PSS SPP-PSS PPP-PSS SPP-PSP I=,PP-IPSP 

0 0 0 0 100 0 100 100 100 100 
10 0 0 
20 60 85 100 O 100 70 90 100 
25 15 
30 9O 
50 100 10O 75 50 0 100 0 0 0 
75 95 
80 100 100 100 100 0 0 0 0 0 

100 100 100 100 100 0 0 0 0 0 

SPS-SSS, SPP-SSS, SPP-SPS, I: 'PP-SPP all 100% 
a % ~ estimated from short spacings according to intensity of 4.2 Jk (~ ' )  line and 4.6 ~ at all compositions 

obtained from mechanical mixtures of fl' and fl samples. (fl) line as compared with a set of patterns of standards 

detail it is well to distinguish three molecular types: 
single acid, symmetrical diaeid, and unsymmetrieM 
diacid triglycerides and perhaps three phase types 
in stabilized systems (from melt): fl, with strong 
4.6 A spacing as shown by SSS, PPP, and SPP; 
SPSfl, slightly modified from (SSS)fl by having a 
closer pair of spacings in the 3.8 A region; and fl' 
as shown by PSP with strong 4.2 and 3.8 ~i spacings. 
PSS has nearly equal fl' and fl tendencies, but only 
fi' is obtained from melt. [From melt SPS does not 
show its stable fl' form (4,5).] 

Pairs of triglyeerides, each of fl (or SPSfi) type, 
form systems of fl (or SPSfl) type on stabilization. 
The one exception is PPP-SPS, which is still 50% fi' 
at the 50% SPS level after stabilization (Table II) .  
(Since the lower melting 20% SPS sample was 100% 
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Fro. ~. Melting points of metastable (a) binary mixtures of 
P-S trlglycerides. 

fl, it seems unlikely that the low fl percentage in 50% 
SPS was attributable to incomplete solidification on 
account of high storage temperature.) The pair of 
triglycerides in which each is fl' tending, PSP-PSS, 
forms a system of fl' type on stabilization. Systems 
of components of different phase types, e . g ,  PSP- 
SPS, show mainly fl, but usually a significant region 
of both fl' and fl content. 

As judged by high mp level, an uncertain criterion, 
SSS accommodates or takes into solid solution PSS 
and SPP (the latter remarkably well, considering its 
low MW) rather better than it does SPS or PSP. 
SPS accommodates PPP less well than it does PSP, 
SPP, or PSS. Thus the greatest incompatibility or 
limitation to solid solution formation seems to be 
between single acid and symmetrical (mixed) 
triglycerides. 

PSS, of nearly equal fl' and fl tendency (f i '  from 
melt), accommodates fi-tending SSS and SPS re- 
markably well, better than it accommodates SPP and 
considerably better than it accommodates PSP or 
PPP (where the MW factor is significant). 

PSP, normally //'-tending, better accommodates 
fi-tending SPS and even PPP than it does PSS. 

SPP and PPP, of short average chain-length and 
low MW, have difficulty accommodating any of the 
other glyeerides; SPP does best perhaps with PSS. 

It is to be expected that one will be better able 
to interpret these effects on melting point and the 
diffraction pattern of mixing one triglyeeride with 
another when the detailed crystalline structure of 
each pure component is known. 
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