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Abstract 
The mutual solubility of two liquids which are 

not miscible in all proportions is essentially a 
function of the temp. Rising temp usually in- 
creases the solubility, possibly reaching a point, 
i.e., the upper critical solution temp (CST), at 
which the two components become miscible in all 
proportions. The CST is characteristic for the 
two liquids involved. 

A microteehnique developed by Fischer simpli- 
ties rapid and accurate determinations of the 
upper critical solution temp. This technique is 
described and its application to the characteriza- 
tion and identification of pure lipids and lipid 
mixtures is demonstrated. The significance of this 
simple laboratory procedure and its relation to 
complementary analytical methods is discussed. 

I T IS WELL KNOWN that the solubility properties of 
organic compounds can be utilized for the separ- 

ation of mixtures and for the characterization of 
their constituents. The solubility of a compound in 
a liquid is dependent upon the temp. Two liquids 
which are not completely miscible at room temp may 
dissolve in each other to a higher degree at either 
increasing or decreasing temp. The temps at which 
complete solubility is achieved are, therefore, the 
maximmn or minimum temps at which this pair of 
liquids can exist in two liquid phases. These upper 
and lower critical solution temps are characteristic 
for each of the two liquids. Occasionally, both the 
upper and lower critical solution temps of a pair of 
liquids can be realized. In the majority of cases, a 
rise in temp increases the mutual solubility. Hence, 
determinations of the upper critical solution temp 
(CST) offer a means for characterizing a system of 
two liquids. With a suitable test liquid, many com- 
pounds can be characterized by their CST in the same 
sense as by their melting points and boiling points. 

Initial studies of liquid-liquid systems were reported 
by Alexejew (1) and Rothmund (42). Various 
aspects of the solubility phenomena of "immiscible" 
liquids have since been extensively investigated (30, 
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35). The standard monograph by Hildebrand and 
Scott (24), and a volume of the Diseussions of the 
Faraday Society (14) summarize the problems of 
phase equilibria and solubilities. Data oil solubility 
characteristics of organic compounds have been com- 
piled by Seidell (48), and physieochemical constants 
of binary systems have been collected by Timmermans 
(49). Francis (21) recently published a volmne deal- 
ing exclusively with critical solution temps. 

Generally, the total miscibility of two liquids at 
the upper critical solution temp is achieved instantly 
(Fig. 1), i.e., little temp change results in a signifi- 
cant change of the mutual solubility. This effect 
facilitates CST observations with great accuracy (6). 

The percentage of palmitie acid dissolved in nitro- 
methane at various temps is depicted in Figure 1, 
according to data reported by Broughton and Jones 
(6) and Hoerr et. al. (28). The two solubility curves 
do not exactly merge. It  can be assumed that the 
substances used were of different qualities. 

Determinations of upper and lower critical solution 
temps are used mainly in petroleum chemistry for: 
characterizing hydrocarbons, studying the properties 
of selective solvents, estimating impurities, and an- 
alyzing multiple mixtures. The method usually em- 
ployed is to place at least I ml of each of the two 
liquids together in a test tube, and to observe the 
temp at which the two liquids just mix on heating 
or just cloud on cooling (21). The temp readings 
can be rendered difficult due to color, the formation 
of precipitations or the occurrence of isooptieai mix- 
tures (the refractive indices of both liquids become 
identical) (22). Refinements in observation of CST- 
values or methods of expediting the procedure have 
been described by m~merous authors (3,7,21). In 
contrast to melting point determinations, super cool- 
ing does not occur. Therefore, the tenlp readings of 
the CST are the same during the heating and the 
cooling processes, both of which may be repeated 
several times. 

In the lipid field several procedures have been pro- 
posed for assessing the quality of fat ty raw material 
by determining their solubility characteristics. For 
example, the Crismer number represents the temp at 
which a homogeneous mixture of fat and solvent 
starts to separate into two phases (9-11). A modifi- 
cation of this procedure has been adapted as an AOCS 
Official Method (2). Related techniques have been 
proposed by Valenta (50,51), Facbini and Dorta (15), 
and many others (32). As all of these procedures 
require rather large amts of sample, they are hardly 
applicable for the characterization of highly purified 
compounds. 

R. W. Fischer devised a method for the determin- 
ation of upper critical solution temps, which per- 
mits the rapid and accurate analysis of as little as 
0.5-2 ~1 sample sealed into a glass capillary together 
with a suitable test substance (16-20,23). This capil- 
lary is heated on a hot stage, and the interface be- 
tween the two liquids is observed under a microscope. 
Fischer and co-workers applied this microtechnique 
to characterize petroleum products (20), fats and oils 
(17,19,31), and other naturally occurring substances. 

The small amts of sample required for a CST de- 
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termination can be isolated easily by chromatographic 
techniques. 

Critical solution temps determined with the micro- 
method agree in many cases with data reported by 
authors who had obtained these values through solu- 
bility studies (6,25-28,47). Deviations can be due 
to differences in the puri ty of the preparations an- 
alyzed and/or  the puri ty of the test substances used. 

We have applied the micromethod of Fischer to 
characterize a large number of chromatographically 
pure aliphatic compounds. CST-values of homologous 
and vinylogous fatty acids and methyl esters (44), 
triglycerides (45), alcohols, dialkyl ethers and wax 
esters (46), a-glyceryl ethers (4) and hydrocarbons 
(5) have been reported. 

The purpose of the present communication is to 
describe the micromethod of Fischer as used in our 
laboratory, to review and discuss present knowledge 
about critical solution temps of lipids, and to pre- 
sent the results of some new studies. 

The Micromethod of  Fischer  

The apparatus, the amt of sample used, the speed 
and accuracy of CST determinations are similar to 
the microdetermination of melting points as des- 
cribed by Kofler (34,40). Following will be a des- 
cription of the equipment and procedure used, and 
the test substances employed will be specified. 

Equipment 

1) Microscope. The Reichert " R C H "  (Reich- 
ert Optische Werke A. G., Wien 17, Austria) is 
especially designed for use in connection with a 
heating stage. It  is equipped with an objective 10X 
and an Huyghenian eyepiece 10X, thus yielding a 
total magnification of 100X. However, any upright 
transmitted light microscope can be used provided 
that the stage top contains two plug holes to accept 
clips for mounting a micro heating stage. The stage 
top of the microscope should be all metal and non- 
rotary in order to resist higher temps. 

When using the Reichert-Kofler micro heating stage, 
the objective used in the microscope must have at 
least a free working distance of 6 mm (e.g., the Reich- 
err Dry Achromatic Objective with a magnification 
of 10X, a numerical aperture of 0.25 and a working 
distance of 7.1 ram). 

2) Micro heating stage. Suitable micro heating 
stages are available from Reichert Optische Werke, 
No. 4060 and 4065, and Arthur H. Thomas Co. (Phila- 
delphia) No. 6886-A and 6886-B. These heating stages 
are equipped with exchangeable mercury in glass 
thermometers. The Reiehert thermometers range from 
20 to 230C and 120 to 350C, whereas the Thomas 
thermometers have ranges from 30 to 230C and 60 
to 350C. 

3) Slide and shifting device. All determinations 
of CST-values listed in this communication have been 
carried out using the adapted microscope slide illus- 
trated in Figure 2. 

Figure 2 shows a sealed capillary containing sample 
and a test substance (a), an adapted microscope slide 
(b) and the shifting device supplied with the Reich- 
ert micro heating stage (c). 

A 38 × 26 × 1 mm microscope slide was adapted 
by gluing two glass strips (38 × 4 × 1 ram) onto it, 
leaving a channel of 0.5 mm in width. Recent experi- 
ments with brass slides and aluminum slides proved 
their suitability. A shifting device (Cat. No. 6887 
M) with an aluminum slide (Cat. No. 6888 Q) for 
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determination of CST-values by the mieromethod is 
available from A. H. Thomas Company. 3 

4) Capillaries. Glass capillaries of 0.2-0.3 inner 
diam and about 15-20 cm length may be drawn from 
glass tubing (7 mm diam). They are also available 
commercially from A. H. Thomas Company. 

Test Substances 
The use of CST determinations as an analytical 

procedure requires standard test substances, in order 
to obtain reproducible results. Valuable is their CST 
determination with pure standard liquids such as 
benzene or hexadeeane (see Table I).  

The following requirements have to be considered 
when selecting a suitable test substance. 

General Standards. The substance should be avail- 
able in high puri ty and storable without the use of 
special precaution (e.g., against autoxidation, etc.). 
It  must be chemically uniform at different temps, or 
at least its solubility characteristics must be repro- 
ducible at any specific temp used. Furthermore, the 
test substance should not show a tendency to react 
or decompose and preferably be a liquid at room 
temp. 

Special Requirements. The test substance should 
yield a CST with the sample in a ten~lp range from 
20 to 230C. 

At the CST the refractive indices of sample and 
test substance must be sufficiently different to allow 
one to see the interface between them. 

Approaching the CST total miscibility should occur 
instantly making possible exact observations of the 
disappearing interface. 

The following five liquids (see Table I) have been 
selected as test substances for characterizing various 
lipid classes. They proved to meet most of the re- 
quirements specified above. Only the 1,3-butanedioI 
(Matheson, Coleman and Bell, Norwood, Ohio) was 
purified by vacuum distillation. All other liquids were 
used as obtained in order to faeilitate their application. 

By selecting a suitable test substance the CST-val- 
ues of a series of compounds may be determined at. 
various temp ranges. 

Procedure (16,44) 
The test substance and the liquid sample are intro- 

T A B L E  I 

Tes t  Subs tances  

2o 2o 
Subs tance  Suppl ied by  n D % CST (°C) 

1,2-Ethanedlol  
(e thylene glycol) F i sher  a (cert if ied 1,4316 1.112 188 wi th  Ben- 

No. E - 1 7 8 ,  l zene (Baker ,  b 
B a k e r  ( reagent ,  th iophene  free, 
No .9300) ,  reagent ,  
F luka  c (pur iss . , I  No. 9154)  
D.a., 
No. A 50297)  

1 ,3-Butanediol  .... MC&B ~ (No. B X  I 1.4402 1.006 78 wi th  Benzene  
1640)  (dis t . )  I 
F luka  (puriss . ,  I 

I N o - A 5 1 5 8 1  I 

Ni t romethane  ...... F i she r  (cert if ied 1 .3820 
No. N - 9 8 ) ,  
~¢[C&B (spectro- 1 
(reali ty ] 
No. N X  6 1 3 )  ] 

Acetoni tr i le  ........ Bake r  ( reagent ,  1.3445 
No. 9011) ,  

~/IC&B (chro* 125 wi th  

mato-qual i ty  
No. A X  148) ,  
F luka  
(No. A 50057)  

Acetic anhydr ide  BakerNo. (reagent,0018), 1,3910 1,076 I-Iexadecane 

F luka  
(No. A 53856)  ] 

Fa i r l awn ,  N . J . ;  b Phi l l ipsbarg,  N , J . ;  ¢ Swi tzer land ;  a Norwood,  
Ohio; e Chicago, Ill.  

1.134 151.5 wi th  
H e x a d e c a n e  
(Laeha t ,  ~ No. 
A 7O5 ~ 9 9 . 5 %  
by GLC)  

0,780 144 wi th  
I I e x a d e c a n e  
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FIG. 2. a) Sealed capillary, b) adapted microscope slide, 
c) shifting device. 

duced into the capi l lary by dipping it consecutively 
into both liquids. Each liquid may  be drawn up to 
a height of about 7-10 ram. The ratio of the vol- 
umes is not impor tan t  because only a small volume 
on either side of the interface is involved in the mix- 
ing process (16). The capi l lary is then sealed with 
a microburner  at  both ends, the total  length of the 
sealed capi l lary being about 30-35 mm. I t  should 
contain no more than  about half its volume of liquids 
to allow room for expansion. Care has to be taken 
in sealing the capi l lary to avoid the format ion of 
glass clots at either end. The sealed ends should be 
slightly bent to the same side, as shown in F igure  2, 
in order to secure proper  contact between slide and 
capi l lary when the lat ter  is inserted into the chan- 
nel. Samples which are solid at room temp can be 
melted on a glass slide over a microburner.  

F igure  3 shows the step-by-step procedure of sam- 

Fla. 3. Sampling of solid compounds: a, melting the sample 
and drawing it up into the capillary; b, sealing the capillary 
at one end; c, sealing the capillary at the other end. 

piing a substance which is solid at  room temp. I ts  
melt  is drawn up into the capi l lary which already 
contains the liquid test substance (a).  Because the 
sample usually solidifies immediately a f te r  i t  has 
ascended, thus prevent ing proper  sealing, it is liqui- 
fled again in the capi l lary through contact with a 
hot glass str ip (b). The capi l lary is then sealed at 
the other end by drawing off its remaining pa r t  over 
the microburner  in such a way that  the end is slightly 
bent upward  (c). I f  sample and test substance in 
the capi l lary are separated by  air, they are brought  
into contact by centrifugation.  Before centrifuging,  
solids may  be liquified again by insert ing the sealed 
capi l lary into a centr ifuge glass which contains water  
and which is then heated just  above the melt ing point  
of the sample. Centr i fuging is also employed to 
separate two liquids which form several segments 
in the capillary. This is necessary because a number  
of interfaces migra t ing  dur ing  the heat ing process 
could prevent  exact observation of the CST. When 
working with substances tha t  may  react  with each 
other, the sealed capi l lary  is inserted in such a way 
that  the more dense liquid is toward the bottom of 
the centrifuge glass to minimize contact while cen- 
tr ifuging.  

The capil lary tubing' is inserted into the channel 
of the slide and heated on the micro heating stage. 
The interface between the two liquid phases is ob- 
served under  the microscope. A slow movement of 
the interface may  be encountered dur ing the heating" 
process as the two components begin to dissolve in 
each other. The meniscus in most eases remains 
clearly visible and it is kept  in the field of view by 
using the shif t ing device. 

The three microphotographs of F igure  4 i l lustrate 
the disappearance of the interface as the CST is 
reached. The clearly visible meniscus (a) disappears  
at  the CST with a characterist ic movement.  In  m a n y  
eases it  separates into two par ts  moving into either 
one of the two liquids (b).  Above the CST one single 
liquid phase is formed (c). 

Upon cooling the interface reappears  at  the same 
temp and at  the same place in the capillary.  Gen- 
erally, the temp readings obtained were reproducible 
within ~ 0.5C, i.e., the deviations did not exceed 
the experimental  error  of the equipment used. Some 
diffleulty in observing the meniscus may  occur when 
the refract ive indices of both compounds become 
identical, making' the interface invisible. This is ob- 
served, for example, with the pair  methyl  a raeh ida te /  
1,3-butanediol at temps below the CST. No charac- 
teristic movement  of the meniscus is observed when 
it disappears over a certain temp range, but  the inter- 
face becomes visible again upon fu r the r  heating. I f  
ident i ty of refract ive indices occurs near  the CST, 
exact temp readings are difficult. Adding  a small 
amt  of dye to the test substance may permit  visualiz- 
ing the disappear ing of the interface but  may  also 
influence the CST. No change in the temp readings 
with methyl  esters was observed if 0.5% w / v  of methy- 
lene blue was added to the 1,3-butanediol used as the 
test substance. 

Repeat ing the heat ing process with the same sample 
should yield identical temp readings at  the CST;  if  
not, decomposition or reaction between the compounds 
may  be assumed. The amts of " i m p u r i t i e s "  formed 
by reactions between sample and test  substance, e.g., 
fatty acid-ethylene glycol, can be re tarded if  the 
capi l lary is placed on the preheated stage at  a temp 
just  below the expected CST in order to shorten the 
heating process. A first test gives, in this ease, the 
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approximate CST. After  the determination the sam- 
ple may be recovered front the capillary for fur ther  
use and analysis. 

Measurements of CST-values below room temp 
are possible if cooling equipment is employed. In 
this case the two liquids must be first separated into 
two phases by centrifuging the capillary at a temp 
below their CST. Determinations of CST-values 
above 200C are less useful and less easily measured, 
because of possible decomposition of the sample or 
the test substance. 

Determinat ion of Ref rac t i ve  Ind ices  

We have found that  compounds exhibiting identical 
critical solution temps can often be distinguished and 
characterized by determining the temps at which 
their refractive indices equal the refractive indices 
of s tandard glass powders (45). 

The method described by Kofler (34,40) is suitable 
for determining refractive indices of less than 1 mg 
of a liquid or a melt under  the microscope. A set 
of glass powders and minerals of known refractive 
indices is available. Sufficiently uniform and mono- 
chromatic illumination is provided by a red glass 
filter and a 100-watt lamp bulb. (Materials available 
from Reiehert and Thonias.) 

A few particles of the selected s tandard powder 
are added to a microscopic preparat ion of the sample 
on a glass slide. The refractive index of the glass 
particles must be slightly higher than that  of the 
melt of the sample. The slide is then placed upon 
the heating stage and the temp raised above the melt- 
ing point of the sanip]e. When the refractive index 
of the particles differs from that  of the melt, the 
particles are clearly visible, sharply outlined against 
the surrounding liquid by a black line. Upon raising 
the microscope's drawtube, the Becke line, i.e., a 
bright  line moving from the substance of lower re- 
fractive index to the substance of higher refractive 
index, appears. 

At rising temps the refractive indices of all liquids 
decrease according to their temp coefficients, whereas 
the refractive index of the s tandard glass particles 
is not appreciably affected (34). The temp range, 
at which neither glass particle nor Becke line is visi- 
ble, is recorded. Upon fur ther  heating the Beeke 
line can be seen again, moving in the opposite di- 
rection, as the refractive index of the glass particles 
becomes higher than that  of the sample. 

Ana lys i s  and Preparation of Lipids  

Most substances were obtained front The Hormel 
Institute,  Austin, Minnesota; Laehat Chemical Co., 
Chicago 43, Ill.;  and Applied Science Laboratories, 
State College, Pennsylvania. Some diglycerides were 
gifts from Dr. B. J. F. Hudson, Unilever Research 
Laboratory,  The Frythe,  Welwyn, England. Di- and 
triaeid triglyeerides were obtained from Dr. F. H. 
Mattson, The Proctor  and Gamble Co., Cincinnati, 
Ohio. Cholesteryl esters (36) were supplied by Dr. V. 
Mahadevan, The Horme] Institute, Austin, Minnesota. 
a-Glyeeryl ethers were prepared as described recently 
(4). 

Each preparat ion was checked for pur i ty  by ad- 
sorpt ion-TLC on Silica Gel G (39). In  special cases, 
reversed-phase part i t ion chromatography on silicon- 
ized Whatnian No. 1 paper  (38), and gas-liquid chro- 
matography (8,29) in a Beckman GC-2 instrument,  
were employed. 

All samples contaminated with other classes of com- 
pounds were purified by adsorption chromatography 

T A B L E  I I  
S u i t a b l e  T e s t  S u b s t a n c e s  f o r  C h a r a c t e r i z i n g  C o m p o u n d s  of  Various 

L i p i d  C l a s s e s  b y  T h e i r  C r i t i c a l  S o l u t i o n  T e m p e r a t u r e s  

t t o m o l o g o u s  
s e r i e s  

H y d r o c a r b o n s  . . . . . . . . . . . . . . . . . . . . .  
B r o m i d e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P r i m .  a l c o h o l s  . . . . . . . . . . . . . . . . . . . . .  
Sec .  a l c o h o l s  . . . . . . . . . . . . . . . . . . . . . . . .  
M e t h y l  k e t o n e s  . . . . . . . . . . . . . . . . . . . .  
F a t t y  a c i d s  . . . . . . . . . . . . . . . . . . . . . . . . .  
E s t e r s  

( Me- ,  E t h - ,  B u t - )  . . . . . . . . . . . .  
Ce ty I  e s t e r s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C h o l e s t e r y l  e s t e r s  . . . . . . . . . . . . . . . .  
a - G l y c e r y l  e t h e r s  . . . . . . . . . . . . . . . . . .  
a - ] ~ r o n o g ] y c e r i d e s  . . . . . . . . . . . . . . . . . .  
a,  a ' - D i g l y c e r i d e s  . . . . . . . . . . . . . . . . . . .  
T r i g l y c e r i d e s  . . . . . . . . . . . . . . . . . . . . . . . .  

T e s t  s u b s t a n c e s  

N i t r o m e t h a n e  

4-a 
4- 
4- 
q- 
4- (1) b 
+ 

4- ( 1 )  
q- 
4- 
4- 
4- ( 1 )  
4- ( 1 )  
4- 

A c e t o n i t r i l e  

4- 
4- 
4- 
_4_ 
+ (I)  
+ (I)  

4- (i)  
4- 

I m m i s c i b l e  
+ 
M i s c i b l e  
4- (1) 
4- 

1 ,3  -B u t a n e d i o l  

I m m i s c i b l e  
I m m i s c i b l e  
M i s c i b l e  
M i s c i b l e  

+ 
~ [ i s c i b l e  

4- 
I m m i s c i b l e  
I m m i s c i b l e  
M i s c i b l e  
M i s c i b l e  

4- 
h n m i s c i b l e  

a C S T - v a l u e s  c a n  b e  e x p e c t e d  w i t h i n  t h e  e x p e r i m e n t a l  t e m p  r a n g e .  
b L o n g - c h a i n  c o m p o u n d s  o n l y  m a y  e x h i b i t  C S T - v a l u e s .  

on layers of Silica Gel G, 0.25, 0.5, or 1.0 mm thick. 
As a rule, 10-20 mg of a preparat ion was fractionated 
on a plate, 20 × 20 cm. In preparat ive thin-layer 
chromatography (TLC) ,  the desired major  fraction 
was generally visible without the use of an indicator. 
I t  was scraped off the glass plate with a razor blade, 
eluted from the adsorbent by repeated s lurrying with 
anhydrous peroxide-free diethyl ether, and filtered 
through a sintered glass funnel. Af ter  evaporation 
of the solvent in vacuo, the pur i ty  of the recovered 
material in regard to other classes of compounds was 
verified by adsorpt ion-TLC. Some lipids contam- 
inated with compounds of the same homologous series 
were purified by preparat ive gas-liquid chromato- 
graphy (GLC) in a Beckman GC-2 instrument  using 
columns of aeylated cyclodextrins as s tat ionary phases 
(43). I t  was found useful to flash distill in vacuo, 
wherever feasible, the material recovered af ter  TLC 
and /o r  GLC. 

Applications 
Critical Solution Temperatures of Pure Lipids 

The compounds of the different lipid classes investi- 
gated exhibit widely different solubility characteristics. 
Therefore, a var ie ty  of test substances is required 
for the CST determinations of those compounds. 
Table I I  facilitates selecting a suitable test substance 
for testing compounds of chain lengths from Cs to 
C 2 2 .  

E thylene glycol was not included in the table, 
since it was suitable as a test substance for fa t ty  
acids only (44). With  alcohols, using this test sub- 
stance, no accurate temp readings were obtained, 
monoglyeerides were miscible. CST-values with all 
other lipid classes indicated in Table I I  were above 
the experimental  temp range. 

Acetic anhydride is a suitable test substance for 
triglyeerides and hydrocarbons;  however, it reacts 

FIG. 4. Microphotographs of the capillary containing sample 
and test  substance:  a, interface below CST; b, interface at 
the CST; c, liquid system above CST. 
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FIG. 5. Critical solution temps of various homologous series 
of saturated lipids plotted against their tool wts. Carbon num- 
bers indicate the lengths of straight a]iphatic chains. (See 
Tables III ,  IV and VII). 

with hydroxyl  groups and is miscible with acids and 
esters. Of the five liquids employed as test substances, 
nitromethane has the widest application. Acetonitrile 
can be used similarly for various lipid classes. 

Homologous Series 
Saturated Compounds. A given compound will 

exhibit widely different CST-values, depending on the 

T A B L E  I I I  

Cri t ical  Solut ion Tempera tures  of some Sa tu ra t ed  L i p i d s  
wi th  Ni t romethane  and Acetoni t r i le  

(see Tables I V  and  -VII also) 

Hydrocarbons 
n-Octane 
n-Decane 
n-Dodecane 
n-Tetradecane 
n-Hexadecane 
n-Octadecane 

Bromides 
n-Octyl bromide 
n-DecyI bromide 
n-Dodecyl bromide 
n-Tetradecyl  bromide 
n-I-Iexadecyl bromide 
n-Octadecyl bromide 

Alcohols (46)  
n-Octanol 
n-Decanol-1 
n-Dodecanol-1 
n-Tetradecanol-1 
n- t texadecano!-I  
n-Octadecanol-L 

Fatty Acids (44)  
Myris t ic  acid 
Pahn i t i c  acid 
Stear ic  acid 
Arachid ic  acid 
Behenic  acid 
Lignocer ic  acid 

Methyl esters (44)  
iVf ethyl pa lmi tu te  
~¢[et hyl s tearate  
1Viethyl a rachida te  
l~[ethyl behenate  

Cetyl esters (see Table IV)  

Choles$eryl esters 
Cholesteryl l au ra te  
Cholesteryl myr i s ta te  
Cholesteryl pa lmi ta t  e 
Cholesteryl s tearate  
Cholesteryl a rach ida te  
Cholesteryl behenate 

a-Glyeeryl ethers (4) 
n-Decyl 
n-Dodecyl 
n-Tetradecyl  
n- t texadecyl  
n-Oetadecyl 
n-Eieosyl 

a-Monoglycerides 
~ o n o l a u r i n  
Monomyr is t in  
1Yionopalmitin 
/V[onostearin 

a,a'-Diglycerides 
D i l a u r i n  
D imyr i s t i n  
D i p a l m i t i n  
Dis t ea r in  

Triglycerldes (see Table .VII) 

CST (°C) 

Nit romethane  Acetoni t r i le  

110.5 92.5 
122.5 107.5 
132.5 121.5 
142 133.5 
151 144 
159 155 

38 17.5 
63 45.5 
82.5 69 
98 87.5 

111 104.5 
123.5 120 

46.5 __b 
57 23 
66 34.5 
74 445 
8 1 . 5  54.5 
89 64 

91.5 53.5 
104 68.5 
113.5 81.5 
121 91.5 
128 101 
134 109 

44 30 
62 51 
78.5 71 
91.5 88 

168 201 
175 212 
181.5 __a 
187 
192 
197.5 

55 25.5 
66.5 38 
74 48 
81 57 
87.5 65 
93 72 

42 __b 
54 
63 
70 

53.5 __b 
73 60 
92 82 

108 103 

Difference 

18 
15 
11 

8.5 
7 
5 

20.5 
17.5 
13.5 
10.5 

6.5 
3.5 

34 
31.5 
29.5 
27 
25 

38 
35.5 
32 
29.5 
27 
25 

14 
11 

7.5 
315 

33 
37 

29.5 
28.5 
26 
24 
22.5 
21 

13 
10 

5 

aAbove  exper imental  temp range.  
bBelow exper imenta l  temp range  or below m.p. 

150 

100 

50 

CST 

• 

/ ):/- 
C -ATOMS 

I I I I I I I i 
12 14 16 18 20 22 24 26 

FIG. 6. Critical solution temps of hydrocarbons, fatty acids 
and methyl esters with nitromethane (o) and acetonitrile (.) 
(see Table III) .  

identity and nature of the test substance. Thus, for 
example, methyl caprylate has CST-values of 60.5C 
with 1,2-propanediol, 69C with 1,3-butanediol, 116.5C 
with 1,5-pentanediol, 132C with 1,4-butanediol, and 
197C with ethanediol. For  a relatively wide range of 
lipid materials and closely related compounds that  
we have examined, nitromethane proved to be a 
part icularly useful test substance. CST-values of the 
members of several homologous series were determined 
with nitromethane. These CST-values are plotted 
against the mol wts of these compounds in Fig. 5. 

I t  is evident from Figure  5 that the type of 
functional group (s) per molecule has a significant 
influence on the CST. The position of a functional 
group is also a contributing factor. This is demon- 
strated by the differences in the CST-values of methyl 
esters and cety] esters of identical tool wts. The in- 
fluence of the position of a functional group was 
studied in more detail with a series of isomeric alkyl 
esters and dialkyl ethers (46). In  all homologous 
series the CST-values increase with increasing mol 
wts of the compounds. The shape of a curve, which 
is an expression of the differences between the CST- 
values within a certain homologous series, is charac- 
teristic for each class of compounds. The series of 
alcohols, for example, yields CST-values whose curve 
is distinctly different from all other series of com- 
pounds having similar tool wts. This is probably 
due to the pronounced association of the free hydroxy l  
groups in the alcohols. 

I t  is to be observed that  the CST values of com- 
pounds with an odd number of carbon atoms, for ex- 
ample, fa t ty  acids with 11,13,15,17 and 19 carbon 
atoms, fall on the same curve as their even-numbered 
homologues (44). This is quite different from what is 
observed in melting point curves and makes it possible 
to predict CST-values for all members in a given ho- 
mologous series, whether the carbon numbers be odd or 
even. This observation was found to be true for all 
homologous series and for all test substances examined. 

The comparative use of different test substances 
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FIG. 7. Critical solution temps of saturated (A), mono- (B), 
di- (C) and tri- (D) unsaturated fatty acids with nitromethane 
(44). 

yields fu r the r  informat ion about the ident i ty  of a 
compound. Complete miscibility or immiscibil i ty over 
the whole experimental  temp range, or even reaction 
with a certain test substance, characterize to some ex- 
tent  the type of compound being analyzed. The appli-  
cation of two test substances of similar solubility char- 
acteristics, for  example, n i t romethane and acetonitrile 
can provide addit ional  information.  This is demon- 
s t rated by Table I I I  and by F igure  6. 

The CST-values of hydrocarbons,  f a t t y  acids and 
methyl  esters, each with n i t romethane and with 
acetonitrile, are listed in Table I I I ,  and  are plot ted 
against  the total  number  of carbon atoms in F igure  
6. 

For  the compounds of the three homologous series 
in F igure  6, as in others, the CST-values with acetoni- 
trile are lower than  the corresponding values with 
nitromethane. The values for both o f  these two test 
substances rise with increasing chain lengths of the 
compounds, but  at a different rate. I t  was observed 
tha t  the differences between the CST-values with 
aeetonitrile and ni t romethane decrease in either of the 
three homologous series with increasing chain length, 
unti l  the values with acetonitrile become higher than  
those with nitromethane.  This is demonstrated in 
Table IV, with the example of cetyl esters. 

Besides the chain length (tool wt) ,  the difference 
between the CST of a compound with ni t romethane 
and acetonitrile depends mainly  upon its funct ional  
group. Thus, the differences between the CST-values 
with ni t romethane and acetonitrile are different for  
C16-hydrocarbon, C16-aeid, and C16-methyl ester (see 
Table I I I  and F igure  6). Similar  relations were 
recognized in the homologous series of alcohols and 
bromides. 

Unsaturated Compounds. Lipids containing one or 
more double bonds can be characterized with the 
same accuracy as sa tura ted  compounds. Wi th  a given 
test  substance, the CST-values of a series of mono- 
unsa tura ted  compounds are lower than  those of the 
corresponding sa tura ted  substances. Increasing de- 
gree of unsatura t ion per  molecule effects a fu r the r  
decrease of the CST. This rule is demonstra ted in 
F igure  7 for  sa tura ted  and c/s-unsaturated f a t t y  
acids with ni t romethane as test substance; it  applies 
to vinylogous series of all chain lengths studied (44). 

CST 
. [oC] 

"SSS 
15C ~"~,.,.~0 

~LLLDES 

I DOUBLE BONDS 
I I I I I I I I I I 
0 1 2 3 4- 5 6 7 8 9 

FIG. 8. Critical solution temperatures of mono-, di- and trl- 
glycerides and free fatty acids (44) with nifromethane. Con- 
stituent fatty acids are: S = stearic acid, O = oleic acid, ]5 = 
linoleic acid, Ln= linolenic acid. 

Similar  relations exist in other lipid classes such as 
mono-, di- and triglycerides (see Figs. 8 and 9). In  
many  cases, the effects of double bonds on the CST 
of a compound are additive. Fo r  example, the CST- 
values of stearie, oleic, linoleie and linolenie acids 
with ni t romethane are 113.5C, 96.5C, 80C and 64C 
(44) (see also Fig. 8). The effect of double bonds 
on the CST generally decreases with increasing mol 
wts of the compounds. In  F igure  8, the CST-values 
of sa tura ted  and  unsa tura ted  Cls-acids, their  mono-, 
di- and tr iglycerides are plot ted against  the total 
number  of double bonds per  molecule. 

Positional isomers of cis-unsaturated lipids, such 
as the methyl  esters of octadecenoie acids with the 
double bonds in 6,9,11 or 12 position, cannot  be dis- 
t inguished by  their  CST-values with the test  sub- 
stances used in the present  study. Trans-unsaturated 
compounds exhibit higher CST-values, with a given 
test substance, than  their  cis-unsaturated isomers 
(44,45). Methyl oleate and methyl  elaidate, for ex- 
ample, have CST-values with nitromethane,  of 41C 
and 46C, respectively (44). 

Isomeric A l k y l  Esters and Isomeric Dia lkyl  Ethers 

The position of the functional  groups in long-chain 
compounds exerts a marked  effect upon the critical 
solution temp. This can be demonstrated with a series 
of isomeric alkyl  esters (46). As an example, the 
CST-values with ni t romethane were determined for  
isomeric alkyl esters having a total carbon number  
of 18 (mol wt : 284.5). Several isomeric dialkyl ethers 

TABLE IV 
Cri t ica l  Solution Temperatures 

of Cetyl Esters with Nitromethane 
and Acetonltrile 

18 
20 
22 
24 
26 
28 
30 
32 
34 

I 
C,Atoms I Cetyl es ter  

- - ' ]  
a c e t a t e  

butyrate 
c a p r o a t e  

c a p r y l a t e  
c a o r a t e  
l a u r a t e  

m y r i s t a t e  
o a l m i t a t e  
s t ear a te  

CST (°C) 

Nitro- Aceto- :Difference 
methane nitrile 

47.5 
79 
95 

108 
119 
128 
136.5 
145 
152.5 

36 
68 
89 

104 
118 
130 
140.5 
150.5 
159.5 

12.5 
11 

6 
4 
1 
2 
4 
5.5 
7 
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T A B L E  V 

Critical Solution Temperatures o f  
Isomeric Esters ( M o l  w t - 2 8 4 . 5 )  and Ethers 

( M o l  ' w t - 2 7 0 . 7 )  with Nitromethane ( 4 6 )  

[ OST 
C 1 - C ~  I M e t h y l m a r g a r a t e  .. . .  ] 5 3 . 5  
02-C16 / E t h y l p a h n i t a t e  . . . . . . . . . .  I 5 9 , 5  I 
C,t-CI~ / B u t y l m y r i s t e . t e  . . . . . . . . .  I 6 5  I 
C~-CJ2 I F i e x y l l a u r a t e  . . . . . . . . . . .  I 6 7 . 5  I 
C s - C ~ o  O c t y l c a p r a t e  . . . . . . . . . . . .  6 8  [ 
CI(~-Cs D e c y l c a p r y / u t e  . . . . . . . .  I 6 8  I 
( h 2 - C ~  D o d e c y l c a p r o a t e  .., I 6 6 . 5  
C 1 ¢ - C ~  T e t r a d e e y l b u t y r a t e  6 3 , 5  
C ~-C,2 H e x a d e c y l a c e t a t e  4 7 , 5  
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T A B L E  VII 

Melting Points (37)  and Critical Solution Temperatures ( 4 5 )  
of Triglycerides 

I I C S T  
Ether C S T  ( ° C )  Triglyceride I Vitreous a ~ '  t] Nitromethane 

. . . . . . . . . . .  I 
Trilaurin . . . . . . . . . . . . . .  I 1 5 . 0  I 3 5 . 0  ] - -  I 4 6 . 4  I 9 1 . 5  
Trimyristin . . . . . . . . . .  I 3 3 . 0  1 4 6 . 5  ] 5 4 . 5  ] 5 7 . 0  I 1 1 5 . 5  
Tripalmitin . . . . . . . . . .  I 4 5 . 0  I 5 6 . 0  I 6 3 . 5  / 6 5 . 5  I 1 3 5 . 0  
Tristearin . . . . . . . . . . . . .  I 5 4 , 5  I 6 5 . 0  I 7 0 . 0  I 7 2 , 0  I 1 5 2 . 0  

]VIethy] -hepta decyl 
Ethyl-hexadecyl 
B utyl-tetradecyl 

Hexyl-dodecyl 
Octyl-decyl 

1 0 5  
1 1 2 . 5  
1 1 9  
1 2 0 , 5  
1 2 0 . 5  

with a total number of 18 carbon atoms (reel wt:  
270.5) were also tested with nitromethane.  Table V 
shows that similar influences on the critical solution 
temps are exerted by different positions of the ether 
bonds. 

Triglycerides 

Determinat ions  of CST-values are especially valu- 
able for characterizing triglyeerides and other eonl- 
pounds which occur in different polymorphic fornls. 
The practical significance of this nlay be demonstrated 
by Table VI. Their CST-values with nitromethane 
distinctly characterize the triglycerides listed in Table 
VI, whereas the melting points of the polymorphic  
forms are hardly suitable for dist inguishing between 
these substances. 

The CST-values with nitromethane of various sat- 
urated and unsaturated triglycerides are plotted 
against the reel wts of  these compounds in Figure  
9. 

As in other homologous series the CST-values of 
triglycerides increase with increasing nlo] wts and de- 
crease with increasing number of double bonds per 
molecule. The triglycerides of cis and trans-isomerie 
fat ty  acids can be distinguished by their CST-values 
(Table V I I ) .  Isomeric diaeid and triacid triglyc- 
erides, such as 1-stearo-2,3-diolein and 2-stearo-l,3- 
dio]ein, or 1-palmito-3-stearo-2-olein and 1-palmito-2- 
stearo-3-olein have identical CST-values. 

1 5 0  

100 

CST 
loCI 

SSS 

ppp ~o0~:0 SO0 
o ~U-~' ' ' f  0 0 0  

0 

LLL 
O 

M O L .  W E I G H T  

, I , , , , I , , , , 1 , 
800 850 900 

FIG. 9. Cr i t i ca l  so]ution temperatures of mono-, dl- and tri-  
ac id  triglycerides with nitromethane (45).  Constituent fatty 
acids are : P = palmitic acid, S == stearlc acid,  0 = oleic acid, 
L = linoleic acid (see Table ¥ I I ) .  

It is evident from Figure  9 and Table VII  that 
many  saturated and unsaturated triglycerides yield 
identical or almost identical CST-values with a cer- 
tain test substance. The identification of triglycerides 
having identical CST-values is often possible by a 
determination of their refractive indices. The temp 
ranges at which refractive indices of the melted tri- 
glycerides equal those of standard glass powders 
were determined according to the procedure des- 
cribed above. A n  increasing number of double bonds 
per molecule increases the refractive index of a tri- 
glyeeride. The fol lowing example may  demonstrate 
the advantage of combining determinations of CST- 
values with determinations of temps of which certain 
refract]ve indices are attained: tr ipalmit in and 1- 
stearo-2,3-diolein yield identical CST-values with ni- 
tromethane (135C). The melt of tr ipalmit in reaches 
a refractive index of 1.4339 at 91-93C, whereas 1- 
stearo-2,3-diolein reaches the same refractive index 
at 110-113C. This pronounced difference permits a 
means of dist inguishing between, the two triglycerides 
(see Table V I I ) .  

Critical Solution Temperatures of Mixtures 

Complex mixtures of compounds can yield accurate 
and reproducible critical solution temps with a suit- 
able test substance, providing that none of the com- 
ponents of the mixture reacts with the test substance 
or decomposes during heating. This fact has been 
utilized by various authors to characterize mixtures 
or to determine quantitat ively one of their major 
components  (16,21).  In the lipid field, besides the 
init ial ly mentioned techniques, studies with aniline 
as the test substance have been reported (33).  Rela- 
tions between the "ani l ine points" of various fats and 
oils and their other characteristics such as iodine num- 
ber, saponification number, percentage of free fat ty  
acids or peroxides and their contents of hydroxyl  
groups, have been stated by these authors. 

In many cases the mieromethod described here can 

T A B L E  V I I  

Critical Solution Temperatures of Trig]ycerldes and Temperatures 
at. which Arbitrarily Selected F~efraetive Indices are Attained ( 4 5 )  

Triglyceride 

Tricaprytin . . . . . . . . . . . . . . . . . . . . . .  ( 1 5 )  
Tricaprin . . . . . . . . . . . . . . . . . . . . . . . . .  6 0 . 9  
Trilaurin . . . . . . . . . . . . . . . . . . . . . . . .  9 1 . 5  
Trimyristin . . . . . . . . . . . . . . . . . . . . . .  1 1 5 , 5  
Tripatmitin . . . . . . . . . . . . . . . . . . . . .  1 3 5  
Tristearin . . . . . . . . . . . . . . . . . . . . . . .  1 5 2  
Triarachidin . . . . . . . . . . . . . . . . . . . . .  1 6 7 . 5  

Trioalmitolein . . . . . . . . . . . . . . . . .  1 1 0 . 5  
Triolein . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 0  
Tripetroselinin . . . . . . . . . . . . . . . .  ] 3 2  
Trielaidin . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 3 . 5  
Tri-ll-eicose~aein . . . . . . . . . . . . . .  1 4 5  
Trierucin . . . . . . . . . . . . . . . . . . . . . . .  1 6 0  
Trilinolein . . . . . . . . . . . . . . . . . . . . . . .  1 0 7  
Trilinolenin . . . . . . . . . . . . . . . . . . . . .  8 6  

1,3-Dipalmito-2-olein . . . .  1 3 5  
1-Palmite-2,3-diolein . . . . . .  1 3 2  
2 - P a h n i t  o - 1 , 3  - d i o l e i n  . . . . . .  ] 3 2  
1,3-Distearo-2-olein . . . . . . . .  1 4 4 . 5  

1 1-Stearo-2.3-dio,ein . . . . . . . .  1 3 5  
2-Stearo-L 3-diolein . . . . . . .  1 3 5 , 5  
1-Palmito-3-steaxo-2-oleln i 1 4 0  
1-Palmito-2-s~earo-3-olein 1 4 0  

C S T  (°C 

Aceto- 
e nitrile 

;5 
9 1 , 5  

1 2 0  
1 4 5  
1 7 0  
1 8 9  

1 1 4 . 5  
1 4 0 , 5  
1 4 2  
1 4 5  
1 6 0 , 5  
1 8 2  
1 1 3 . 5  

8 8  

1 ~ 5 . 5  
142 
1 4 2  
1 5 8  
1 4 7 , 5  
1 4 7 , 5  
1 5 2  
1 5 2  

T (°C) 

1.4584 1.43   

- -  I - -  5 5 - 5 7  
3 4  - -  6 9 - - 7 1  
o o  I - -  7 8 - - 8 1  
9 3 . 5  I - -  8 6 - - 8 8  

1 1 6  - -  9 1 - - 9 3  
1 3 5  - -  9 5 - - 9 8  
1 5 0 . 5  - -  9 9 - - 1 0 1  

8 8 . 5  4 4 - 4 5  1 1 6 - 1 1 8  
1 1 0  4 7 - 4 8  1 2 0 - - 1 2 2  
1 1 1 . 5  4 6 - 4 8  1 2 0 - - 1 2 2  
1 1 3 , 5  4 5 - 4 6  i 1 1 7 - - 1 1 9  
1 2 6  4 8 - 5 0  1 1 2 2 - - 1 2 3  
1 4 1 , 5  4 9 - - 5 0  ! 1 2 3 - - 1 2 5  

8 5 . 5  7 3 - - 7 5  ! 1 4 9 - - 1 5 1  
6 3 . 5  1 0 1 - - 1 0 2  - -  

1 1 5  - -  1 0 2 - - 1 0 3  
1 1 1 . 5  3 8 - - 3 9  1 1 0 - - 1 1 2  
1 1 1 . 5  3 8 - - 3 9  1 1 0 - - 1 1 2  
1 2 4  - -  1 0 6 - - 1 0 8  
1 1 5  3 9 - - 4 0  1 1 0 - - 1 1 3  
1 1 6  3 9 - - 4 0  i 1 1 0 - - 1 1 3  
1 2 0  - -  i 1 0 2 - - 1 0 4  
1 2 0  ! 1 0 2 - - 1 0 4  
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T A B L E  V I I I  

Cr i t ica l  Solution T e m p e r a t u r e s  of M i x t u r e s  
of Two  Homologous  Compounds  

% Methyl  palmita.te C S T  (°C)  C S T  ( °C)  
in  Methyl  m y r i s t a t e  N i t r o m e t h a n e  1 ,3-Butanediol  

O.O 21.5 131.5 
0.i 21.5  131.5 
0.5 21,5  131.5 
1.O 22 131.5 
5,0 22.5  132.5 

10.0 23.5 133.5 
50.0 32,5 140 

be applied successfully (17,19,31). However, widely 
different solubility properties of the components of 
a mixture to be tested can make CST determinations 
by the micromethod impossible. In these cases the 
interface between the two liquids collapses, then re- 
appears immediately, and upon fur ther  heating sereval 
different menisci may be observed in the capillary. 
Each of these interfaces may disappear at a different 
temp, thus indicating that  the original nlixture of 
the sample tested disintegrates during the heating 
process into various fractions of different composi- 
tions. This was observed, for instance, with a sample 
containing equal amts of mono-, di- and t r ipahni t in  
tested with nitromethane. 

Synthetic Mixtures of Pure Compounds. The effect 
of amt and nature of impurities on the CST of a 
compound is demonstrated by the following experi- 
ments. Various amts of methyl pahnitate were added 
to methyl myristate and the CST-values of the mix- 
tures were determined using nitromethane and ],3- 
butanediol as the test substances. 

Table V I I I  shows that  the limit of detection of 
methyl palmitate in methyl myristate is approximately 
3-5%. 

Smaller amts of myristic acid can be recognized in 
methyl myristate. Using nitromethane as the test 
substance, we could detect about 2% free fa t ty  acid 
in the ester, whereas with 1,3-butanediol the limit of 
detection was 1% (Table IX) .  

Mixtures of four or five methyl esters (GLC refer- 
ence standards of The Hormel Inst i tute)  containing 
equal amts of each compound, by weight, were charac- 
terized by their CST with nitromethane and with ],3- 
butanediol. CST-values measured and those calculated 
from the CST-values of the components (the arithme- 
tic mean) are listed in Table X. The values found 
for the mixtures of esters agreed closely with those 
calculated from the CST-values of the components. 
I t  is evident f rom Table X that  with methyl esters 
of fa t ty  acids the CST-value of the mixture  re- 
sembles the arithnletic mean of the CST-values of 
the components, if each is within the experimental 
temp range, or may be estimated within a certain 
homologous or vinylogous series (44). This fact  can 
be used to predict  CST-values of mixtures and to 
estimate the influence of contaminants upon the CST 
of a compound. Fur thermore ,  the CST of a mixture 
can be used to substantiate the results of quanti tat ive 
analyses. 

T A B L E  I X  

Cri t ica l  Solut ion T e m p e r a t u r e s  of Mix tu re s  of Two  
Compounds  of Di f fe ren t  L ip id  Classes 

% Myr i s t i c  ac id  
in  methyl  m y r i s t a t e  

0.0 
0.1 
0.5 
1.0 
5.0 

10.0 
50.0 

CST (°C)  
N i t r o m e t h a n e  

21.5 
21.5 
21.5 
22 
25 
29 

5 7 - 6 1  a 

CST (°C) 
1.3-Butanedio l  

131,5 
131.5 
131 
130 
123.5 
118 

__b 

a Not reproducible .  
b Below m.p.  of m i x t u r e .  
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T A B L E  X 

Cri t ica l  Solution T e m p e r a t u r e s  of Synthe t ic  Mix tu re s  of Methyl  Es t e r s  

Syn the t i c  M ix tu r e  

Ref .  Mixt .  No. 1 ................. 

Methyl  p a l m i t a t e  ................ 
Methyl  s t ea r a t e  .................. 
Methyl  oleate ....................... 
Methyl  l inoleate  ................. 
Methyl  l inolenate  .............. 

Ref .  Mixt .  No. 5 ................ 

Methyl  pa lmi t a t e  ................. 
Methyl  s t ea r a t e  .................. 
Methyl  a r a c h i d a t e  .............. 
Methyl  behena te  ................ 

Ref .  Mixt.  No. 8 .............. 

Methyl  t r i decanoa te  ......... 
Methyl  m y r i s t a t e  ................ 
Methyl  pen t adecanoa t e  ..... 
Methyl  pahn i t a t e  ............... 
Methyl  ma r g ' a r a t e  . . . . . .  

CST (°C)  
N i t r o m e t h a n e  

34 1 (33 .2 )  

62 
41 

( 0 )  a 

70 

44 
62 
78.5 
91.5 

32.5 

( 9 ) a  
21.5 
34 
44 
53.5 

C S T  (°C)  
1 ,3-ButanedioI  

Fouled 

148.5 
163 
150 
141.5 
132.5 

69.0 168 

148.5 
t 6 8  
176 
187 

(32 .4 )  139 

122 
131.5 
140 
148.5 
156 

CaIc. 

147.1 

168.5 

139.6 

a C S T  below expe r imen ta l  t emp range ,  wdue es t imated .  

Naturally Occurring Lipid Mixtures. The CST- 
values of some fats and oils have been determined 
by conventional method (21,32) and also by the 
mieromethod described here (17,19,31). In  Table XI ,  
some CST-values of several typical  na tura l ly  occur- 
ring lipid mixtures with nitromethane and aeetonitrile 
are listed, as determined by the method of Fischer. 
Another  suitable test substance for characterizing 
complex lipid mixtures is ethylene glycol monoethyl 
ether (31). Some waxes, such as bees wax, which 
contain large proportions of mainly saturated long- 
chain alkyl esters of f a t ty  acids and cho]esteryl esters, 
did not exhibit reproducible CST-values with nitro- 
methane and acetonitrile. The samples of lanolin, 
carnauba wax and some mineral oils disintegrated 
at high temps. Vegetable oils, which are rich in un- 
saturated triglycerides, show comparatively low CST- 
values with nitromethane and acetonitrile. The CST- 
values of hydrogenated fish oils are, of course, much 
higher than those of the genuine oils (cf Fig. 5 and 
Fig. 8). I t  is well known that  the CST-values of tri- 
glyeeride mixtures decrease with increasing iodine 
values of these mixtures (19,33), and it has been 
stated that  CST-values of fats and oils can be cal- 
culated from the CST-values of their constituents 
(32). However, experimental proof of this postulate 
has become possible only recently, af ter  efficient meth- 
ods for the fractionation of lipid mixtures had been 
developed. 

I n t e g r a t i o n  of the  Technique wi th  Other Methods 

Determinations of CST-values aid in assessing the 
composition of fractions isolated from natura l  mix- 
tures or synthetic preparations by crystallization (4, 

MIN, 20 io o 

Y lG.  10. S e p a r a t i o n  o f  I n e t h y ]  esters o f  f a t t y  ac ids  f r o m  
) ~ a r a t t l  (Hydnocarpus Wightiana) s e e d  o i l  A = m e t h y l  
h y d n o c a r p a t e ,  B ---- m e t h y l  g o r i a t e ,  C == m e t h y l  g o r l a t e  + m e t h y l  
c h a u l m o o g r a t e ,  D - - - m e t h y l  c h a u h n o o g r a t e .  B e c k m a n  G C - 2 ,  4 '  
c o l u m n  o f  1 5 %  A p i e z o n  M o n  G a s  C h r o m  P .  ( m e s h  s i z e  8 0 /  
1 0 0 ) ,  2 2 5 C ,  I t e l i u m  a t  35  p s i .  
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T A B L E  X I  

Cr i t i ca l  So lu t ion  T e m p e r a t u r e s  of N a t u r a l l y  O c c u r r i n g  L i p i d  Mix tu r e s  

L i p i d  m a t e r i a l  

A n i m a l  waxes  
: B e e s  W a X  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Spe rmaee t i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Yege tab le  oils 
Olive oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Safflower oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

:Fish oils 
t t e r r i n g  oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Capel in  oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H y d r o g e n a t e d  fa t s  
t t y d r o g ,  h e r r i n g  oil . . . . . . . . . . . . . . . . . . . . .  
H y d r o g .  capeIin oil . . . . . . . . . . . . . . . . . . . .  
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T A B L E  X I I I  

Cr i t i ca l  Solut ion  T e m p e r a t u r e s  of G L C - F r a c t i o n s  

CST (°C)  CST (°C)  C S T  (°C)  
N i t r o m e t h a n e  Aee ton i t r i l e  ~ r a c t i o n  a Methy l  es ter  of 1,3 -B u taned io l  

A .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H y d n o c a r p i c  ac id  128 
B .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Gor l ic  acid  136  
C .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Gor i ic  a n d  chauhnoogr ic  ac ids  141 .5  
D .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chau lmoogr ic  ac id  145  

aSee  :Figure 10. 

1 4 2 - 1 4 5  a 
141  

128  
114  

121 
135 

135 
140 

~ 1 8 0  b 
146  

140  
124  

128 
148 

149 .5  
162 

a Not  r ep roduc ib le .  
bReae t i on .  

5), distillation (12), liquid-liquid countereurrent  dis- 
t r ibut ion and solid-liquid countereurrent  distr ibution 
(12), and by chromatographic  techniques (13,44). 

The complexity of mixtures  of substances migra t ing  
as one spot in adsorp t ion-TLC,  can be demonstrated 
easily by  determining the CST-values of mater ial  
contained in the leading" pa r t  and in the tail end 
of the spot. Subfraet ions of mixtures  yield different 
CST-va]ues, whereas various par ts  of a spot containing 
an individual compound give identical CST-values. 
This is i l lustrated by  the following examples:  A mix- 
ture of methyl  myris ta te  and methyl  stearate (A) 
containing equal anlts of each compound was spotted 
on a 20 × 20 em thin layer plate. The ehromato- 
gram was developed with a mixture  of petroleum hy- 
drocarbon-diethyl  ether, 90:10. The " u p p e r "  and 
" l o w e r "  par ts  of the spots were scraped off separ- 
ately, eluted f rom the adsorbent with anhydrous  
diethy] ether and, a f ter  evaporation of the solvent in 
vaeuo, the CST-values with ni t romethane and 1,3- 
butanedio] were determined. The same procedure was 
carried out with the GLC reference nlixtures No. 5 
(B) and No. 8 (C). (Their  composition is listed in 
Table X) .  Table X I I  indicates the CST-values of 
the subfraetions with ni t romethane and 1,3-butanediol. 

Also, mixtures  of tr iglycerides were f raet ionated by 
adsorp t ion-TLC on Silica Gel G containing silver 
ni t ra te  (41), the major  tr iglyeeride fractions were 
eluted f rom the adsorbent and af ter  evaporation of 
the solvent in vacuo the various fractions were identi- 
fied by detemining their  CST-va]ues and their  refrac-  
tive indices. Gas-chromatographic analyses of the 
consti tuent f a t t y  acids in the form of their  methyl  
esters confirmed the results of the thermo-analyt ica]  
studies (13). 

Compounds e h t e d  f rom gas-chromatographic col- 
unlns can be collected and their  identities can be sub- 
stantiated by determining their  CST-values. F igure  
10 shows a typical  ehromatogram of the methyl  esters 
of the f a t t y  acid mixture  isolated f rom Marat t i  
(Hydnocarpus Wightiana) oil. 

Fract ions  A - D  were eluted f rom the column. Their  
CST-values were determined with 1,3-butanediol and 
are listed in Table X I I I .  

Over lapping of compounds in GLC also can be 
demonstrated by CST determinations, as indicated by 
fract ion C, containing about equal amts of methyl  
gorlate and methyl  ehau]moograte. When using an 

T A B L E  X I I  

Cr i t i ca l  Solut ion  T e m p e r a t u r e s  of T L C  S u b f r a c t i o n s  

M i x t u r e  a 
CST (°C) CST (°C)  

Ni t ro  me thane  _ _ _ _  _ _  1 ,3 -Bu taned io l  

F r o n t  end] T a i l  end F r o n t  end T a i l  end 
I 

55 [ 43 158 I 1 4 5 . 5  
76 ] 6~ 173 164  
39 31 I 147 I 140  

ethylene glycol sueeinate column (52), the methyl  
esters of oleic acid and hydnocarpic  acids emerge to- 
gether. Subfraet ions of the "o lea t e -hydnoca rpa te"  
peak indicated tha t  the end of the peak was enriched 
in methyl  o]eate (CST with 1,3-butanediol, 130.5C). 

Summary and Discussion 
The adaptat ion of a mieromethod for  the determin- 

ation of uppe r  critical solution temps has been des- 
cribed in detail. I t  has been demonstrated that  closely 
related substances can be distinguished by their  
critical solution temps. As only mil l igram amts of 
sample are required, the technique can be generally 
applied to the characterization of organic substances 
which are either liquid at room temp or melt  without  
decomposition. 

Mierodeterminations of critical solution temps 
proved to be valuable for  substances which cannot 
be adequately characterized otherwise because they 
have a very low melt ing point  or melt over a wide 
range. Compounds occurring in several polymorphic  
modification can be characterized by this method. For  
polymorphie compounds the melt ing points are un- 
certain and unreliable for  characterizations. In  con- 
trast,  each of these compounds yields one reproducible 
CST-value with any  suitable test substance. 

The use of two or more test substances in the CST 
determination facilitates the identification of a com- 
pound. 

To distinguish between compounds which yield 
identical CST-values, the determinat ion of the refrac-  
tive indices as described by Kofler has been applied. 
For  example, it has been found that  sa tura ted  and 
unsatura ted  lipids having identical CST-values can 
be characterized by the refract ive indices of their  
melts. 

Satura ted  and unsa tura ted  lipids of different homo- 
logous series have been characterized by  their  CST- 
values. I t  has been found tha t  with s t raight  chain 
aliphatic compounds, these values depend on tool 
wt, the type and position of the functional  g roup(s )  
and the number  and configuration of double bonds. 
In  all homologous series studied, the CST-values with 
a given test substance increase with increasing tool 
wts of the compounds in a continuous manner.  Un- 
like the melt ing points, no a l ternat ing behavior be- 
tween the even and odd members of homologous series 
is observed. Increasing numbers  of double bonds in 
tbe compounds tested reduce the C S T - v a h e s  in m a n y  
cases proport ionally,  but  their  influence upon the 
CST decreases with increasing tool wts of the sub- 
stances. Isomeric straight-chain and branched-chain 
lipids usually can be distinguished, and straight-chain 
compounds and their  alieyelie isomers also exhibit 
different CST-va]ues with a given test substance. 

Critical solution temps may  be used in combination 
with various separation methods to analyze fractions. 
As a rule, ident i ty  and pu r i ty  of a substance are 
established if complementary  fract ionation procedures, 
such as thin-layer adsorption chromatography  and 
gas-liquid par t i t ion chromatography  have not yielded 
fract ionation and if it exhibits an accurate CST. 

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B ................................. :: ::i: 

~t See text, 
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The rapid and inexpensive Iaboratory procedure 
described is well established as an adjunct  to other 
physical and chemical techniques for the charac- 
terization and identification of organic compounds. 
Systematic studies on homologous series, as sum- 
marized in the present report,  may fur ther  the knowl- 
edge of the relationship between the chemical struc- 
tures and the CST-values of organic substances. The 
CST-values determined so far  may serve as a basis 
to predict  with sufficient accuracy the critical solution 
temps of many more pure compounds of various 
lipid classes. This procedure may be helpful in con- 
firming the structures of synthetic preparations and 
of materials isolated from the complex natural  fats, 
oils and waxes. Moreover, CST-values of pure com- 
pounds may be used for estimating the CSTwalues 
of their  na tura l ly  occurring mixtures. This would 
be a simple procedure for  checking and substantiating 
the results of quanti tat ive anMyses. 
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Lipid Analysis by Quantitative Thin-Layer Chromatography 
O. S. PRIVETT, M. L, BLANK, D. W. CODDING and E. C. NICKELL, The Hormel 
Institute, University of Minnesota, Austin, Minnesota 

Abstract 

Techniques for the quantitative analysis of 
lipids using thin-layer chromatography (TLC) 
are reviewed. The general procedures are divided 
into two groups on the basis of whether or not the 
methods involve the recovery of substances from 
chroInatoplates. 

Recovery methods are elaborated under detec- 
tion of spots, recovery of substances and quanti- 
fication. Methods are described for the recovery 
of labile compounds from ehromatoplates and for 
the determination of the structures of triglye- 
erides and leeithins. 

Methods for the direct quanti tat ive analysis of 
spots on ehromatoplates are reviewed. These in- 
clude measurements of spot size, reflectance, ab- 
sorbanee of transmitted light, and fluorescence. 
Details of the photodensitometrie method, par- 
ticularly, spot visualization and instrumentation 
are described. The analysis of lipid classes using 

a combination of D E A E  cellulose chromatography 
and TLC by the densitomery of charred spots is 
illustrated. 

Introduction 

T H E  SPEED AND VERSATILITY Of  thin-layer chroma- 
tography (TLC) and its ability to resolve com- 

pounds with very minor differences in chemical struc- 
ture,  make it  especially valuable as an analytical 
technique for the quanti tat ive analysis of tipids, h i  
addition to providing a method of analysis for  many 
lipids which cannot be analyzed otherwise, it is also 
used to facilitate the analysis of many lipid compounds 
whose quanti tat ive determination pose special prob- 
lems. Methods for  quanti tat ive analysis by TLC may 
be divided into two broad groups, those which involve 
recovery of the separated compounds from the chro- 
matoplate followed by an analysis using well-estab- 
lished analytical procedures, and methods based on a 
direct analysis of the spots on the chromatoplate. The 
more common techniques employed in quanti tat ive 


