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H YDR OGENATION of the gl~ccerides of polyun- 
saturated acids produces some glycerides con- 
taining positional and geometrical isomers of 

normal oleic or cis 9 octadecenoic acid. These oleic 
acid isomers differ from normal oleic acid in melting 
point  and other physical properties although their  
degree of unsaturat ion is identical. Undoubtedly the 
presence of these iso-oleie acid isomers in the glyeer- 
ides of shortening and other plastic fats prepared  by  
hydrogenation has an influence on the properties of 
these products;  yet, surprisingly, Olfly a small amount 
of fundamental  physico-chemical information on the 
.isomers is available. 

Among the types of information which should prove 
desirable in elucidating the behavior of plastic fats 
would be data relating the effect of positional and 
geometrical isomerism in oleic acid to expansibility, 
melting dilation, and density. Norman (8) determined 
relative rates of expansion for impure oleic acid and 
its t rans  isomer, elaidic acid, but  without taking into 
consideration polymorphic changes in the former acid. 

The present investigation was undertaken to obtain 
data on the effect of isomerism on some physical prop- 
erties. Four  oetadeeenoie acids, normal oleic, elaidic, 
petroselinic, and petroselaidic were examined. The 
lat ter  two are the eis and trans isomers, respectively, 
of 6 oetadeeenoic acid. 

E x p e r i m e n t a l  

Materials. Oleie acid was prepared from pecan oil 
by  the interesterification of the oil with methanol, 
subsequent separation and purification of the methyl 
oleate by the method of Wheeler and Riemenschneider 
(14), and conversion of the purified methyl oleate 
to oleie acid which was repeatedly crystallized from 
aeetone. The purified acid had an iodine value of 
89.7 and a dilatometric melting point of 16.3~ 

Elaidie acid was derived from a portion of the 
oleie acid by elaidinization with oxides of nitrogen 
(7). The reaction product  was crystallized from ace- 
tone until  there was obtained a purified elaidic acid 
having an iodine value of 89.8 and a melting point 
of 43.9~ C. 

Petroselinic acid was prepared  from the extracted 
oil of commercial parsley seed by  the same method 
used to prepare and pur i fy  the oleie acid. The iodine 
value of the recrystallized acid was 89.4, melting 
point 30.0~ 

Petroselaidie acid was derived from a port ion of 
the petroselinic acid by  the same methods used to 
obtain elaidic acid from oleic. Repeated crystalliza- 
tion from acetone yielded a purified petroselaidie acid 
having an iodine value of 89.5 and a melting point 
of 51.9~ 

Speetrophotometrie curves of the four  isomeric 
acids following alkali isomerization (9) indicated that 
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they were entirely free of polyunsaturated compo- 
nents, As a fu r the r  check on the pur i ty  of the acids, 
both the oleic and petroselinic acids were oxidized 
with alkaline potassium permanganate to the corre- 
sponding dihydroxystearie acids by the method of 
Lapworth  and Mottram (5). The melting points of 
the dihydroxystearic acid derivatives of petroselinic 
and oleic acids were found t 0 b e  122 ~ and 132~ 
respectively, which are in agreement with the pub- 
lished values of Steger and van Loon (13) for these 
materials. 

The dilatometric procedure has been described in 
previous publications (1, 4). Each sample of acid was 
placed in a dilatometer, tempered for two hours just 
below its determined melting point, slowly cooled to 
approximately --40~ then placed in a controlled- 
tempera ture  bath at between --36 ~ and --20~ The 
expansibility determinations were then begun. The 
expansion of each sample was determined over a 
range star t ing at a temperature  where it was com- 
pletely solid and extending approximately 10 ~ above 
its melting point. 

Densities in the liquid state were determined by 
the pycnometer  method. 

R e s u l t s  and  D i s c u s s i o n  

The expansibilities and melting dilations of the 
acids are recorded in Table I. The specific volumes 
of the acid samples at representative temperatures  
over their  complete ranges of melting were calcu- 
lated (1). Table I I  contains the densities used in  

T A B L E  I 

Expansibility and Melting Dilation 

E x p a n s i b i l i t y  
Acid 

Oleic ....................................... 

Pe t rose l in ie  ............................ 

Ela id ic  .................................... 

Pe t rose la id ie  ........................... 

Sol id  s t a ~  L i q u i d  state 

ml./g.F~, m~./g./~ 
0 . 0 0 0 2 6 9  a 
0 . 0 0 9 3 0 S  b 0 . 0 0 0 9 5 7  

0 . 0 0 0 3 6 9  0 , 0 0 0 8 9 5  

0 . 0 0 0 2 5 3  0 , 0 0 0 9 6 8  

0 . 0 0 0 3 0 8  0 , 0 0 0 9 0 0  

~ [ e l t i n g  
dilation 

~rd./g. 

0 . 1 1 8 3  

0 . 1 3 1 4  

0 . 1 6 1 5  

0 . 1 4 0 3  

a Below --5 ~ C. 
bBetween  - -4  ~ and 10~ 

T A B L E  I I  

Densi ty  in  the  L i q u i d  and  Sol id  States  

L i q u i d  state Solid s tate  

A c i d  / Speci f ic  [ ~ Specif ic  
Temp. I ,olum ~ "~'~mp. ,olume 

Oleie .................................... / 20.0 I 1.1230 I ~ 3 6 . 9 6  } 0.9853 
Potroselinic . . . . . . . . . . . . . . . . . . . . . . . .  ,~ 45.0 I 1.1442' ] - -36 .96 I 0 .9726 
Elaidic ................................ / 55 .0  I 1 . 1 5 5 5  I - - 1 7 . 0  I 0 . 9 6 7 8  
Petroselaidic ....................... | 5 5 . 0  [ 1 . 1 5 3 7  I - - 1 7 . 2  { 0 . 9 8 9 2  

592 

making these calculations. Specific volumes of the 
acids plotted as functions of temperature  are shown 
in Figure  1. 
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Fro. 1. Specific volume of the acids in relation to tempera- 
ture. Closed circles, oleic acid; open circles, e]aidic acid; 
closed squares, petroselinic acid; open squares, petroselaidic 
acid. 

I t  is apparent  from Figure  1 that at temperatures  
above 52~ where all four  acids a r e  in the liquid 
state, the absolute specific volumes (and therefore 
the densities) of the acids are very nearly equal 
whereas at temperatures below --7~ at  which all 
are in the solid state, the specific volumes of petro- 
selinic and elaidie acids are at variance with the spe- 
cific volumes of  oleie and petroselaidic acids. The 
mode of crystalline packing therefore can be said 
to vary  among these acids. The order of increasing 
density of the acids in the solid state was oleie, pet- 
roselaidic, petroselinic, and elaidic. Hence greatest 
density difference in the solid state was between oleic 
and elaidic acids�9 The double bonds of these two 
acids are in the center of the carbon chains, thus 
allowing the cis and trans configurations to exert 
their  full  effect on crystal packing. Petroselaidic and 
petroselinic acids are more unsymmetrical  with re- 
spect to the position of their  double bond, and the 
difference in densities of these isomers was not as 
great as in the case of oleie and elaidic acids.�9 

The melting points of the cis acids and trans acids 
increased in the order oleie, petroselinic, elaidic, and 
petroselaidie, which is in agreement with the results 
of Huber  (2).  However the melting dilations of the 
four  acids did not follow this pattern.  IVIelting dila- 
tions of the acids increased in the order oleic, petro- 
selinie, petroselaidie, and elaidic. F o r  each position 
of the double bond, the melting dilation of the trans 
isomer was greater than that of its eis isomer. I t  was 
also found that  the melting dilation of the cis and of 
the trans isomers decreased as the position of the 
double bond was fa r ther  away from the earboxyl end 
of the carbon chain, this pat tern was the same as that  
observed for  the melting,points.. A comparison of the 
melting dilations of these acids with the melting di- 
lation of s tear ic  acid, which is 0.1857 ml./g, (11), 
shows that  the C~ mono-unsaturated acids approach 
stearic acid in the magnitude of this proper ty  as the 
position of the double bond approaches the carboxyl 
end of the carbon chain. 

Oleic acid is unique among the four acids investi- 
gated in tha t  i t  alone, although tempered at 15~ 
and slowly cooled, exhibited evidence of polymorphic 
t ransformation during the course of the dilation meas- 
urements: I t  has been established on the bases of 

melting points (3, 12) and x-ray diffraction pat terns 
(6 )  that  oleic acid is capable of existing in two poly- 
morphic forms, which melt at 16.2 ~ and 13.4~ In 
the specific volume, temperature  curve for tempered 
oleic acid, the abrupt  Volume increase shown be tween  
11 ~ and 13 ~ Figure  1, is evidence of the established 
polymorphic transformation, accompanied by  a small 
amount of melting, of the lower melting form to the 
high melting form. The oleie acid Sample was found 
to undergo this t ransformation regardless of the rate 
of cooling of the melted sample, which indicated that  
below l l~  the acid was always in the lower melting 
form. Fur thermore  tempering of the oleic acid at 
12.35~ apparent ly  did not prevent  the reappearance 
of the lower melting form on subsequent cooling. 
Thus lowering of the temperature  of the tempered 
sample from 12.35~ to 3.0~ and then proceeding 
in  the normal manner of raising the temperature  by 
small increments reproduced the original values of 
dilation obtained with the same sample before tem- 
pering. These observations indicate that  either the 
polymorphic t ransformation of this acid was com- 
pletely re~,ersible or alternatively, the part ial  melt- 
ing and resolidification was of incomplete conversion. 
The range of temperature  over which the transforma- 
tion was determined is indicated by the broken lines 
of the oleic acid curve, F igure  1. 

There were indications that  there is a th i rd  poly- 
morphie form of oleie acid, which exists, below --6~ 
Transformation of what appeared to be this third 
form to the intermediate form (m.p. 13.4~ at about 
--5~ was accompanied by  a volume increase of 
0.014 ml./g. This t ransformation was apparent ly  re~ 
versible (with the same alternative previously men- 
t ioned),  as was established by lowering the tempera- 
ture of the sample from 8~ which is above the 
observed transit ion temperature  to --12~ and then 
proceeding in the normal manner. The original dila- 
tion behavior was reproduced by this procedure. The 
temperature  range over which the polymorphic trans- 
formation was determined is indicated by the broken 
lines in Figure  1. 

The observed transformation of oleie acid at  about 
--5~ was similar to that observed by  the au thors  
during expansibility measurements on triolein. The 
latter material was found sharply to increase in vol- 
ume by 0.004 ml./g, at about --22~ indicating 
transformation of polymorphie forms: 

Since the melting dilations of fa t ty  acids and their 
glycerides are in direct relationship (10), it can be 
assumed th:at the magnitude of the specific volumes 
of the glycerides of these four  acids would be in the 
same order as the acids themselves. Therefore Some 
predictions can be made as to how hydrogenatecl 
products containing the glycerides Of these acids 
might differ under  different conditions of hydrogen- 
ation if the content of Saturated glycerides is equal. 
I f  the predominant  glycerides were those of oleic 
acid, the hydrogenated product  would have a rela- 
tively low melting point and density. I f  hydrogena- 
tion produced elaidie acid glycerides, the product  
would be more dense and h igher  melting. Should 
the double bond be shifted to the 6 :7  pOsition, either 
cis or trans configuration, the product  would have a 
density intermediate between that of the oleic and 
etaidic acid glyeerides and a high melting point i:f 
petroselaidic acid gl3Tcerides predominated. Hydro-  
genation conditions favoring any of these four acid 
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glycerides would therefore give products  of differing 
characteristics. 

Summary 
Four  isomeric octadecenoic acids, oleic, elaidic, pet- 

roselinic, and petroselaidic, were prepared and their  
expansibil i ty determined. The melting dilation of each 
acid was calculated and found to increase in the order 
oleic, petroselinie, petroselaidic, and elaidic. In  each 
instance the melting dilation of the trans acid was 
greater  than that  of its cis isomer. Of the two cis acids 
studied, the melting dilation was less for  the acid 
with the double bond far ther  from the earboxyl end 
of the carbon chain. The trans acids did not follow 
this pattern.  

At  temperatures above 52~ at which all acids 
were liquid, the absolute specific volumes of the acids 
were very  nearly equal whereas at temperatures  be- 
low --7~ at which all were in the solid state, the 
specific volumes of petroselinic and elaidic acids were 
at variance with the specific volumes of oleic and 
petroselaidic acids. This variance must be a t t r ibuted 
to differences in crystal packing. 

Oleic acid clearly showed the two polymorphie 
forms previously recognized and, in addition, ap- 
parent ly  reversibly transformed at about --5~ in- 
dicating the possible existence of a th i rd  polymorphie 

form. These t ransformations of oleic acid occurred 
regardless of tempering, and without visual melting. 
The other three acids did not exhibit polymorphism 
under  the conditions employed in the dilatometrie 
measurements. 
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Simplified Procedure for Water Determination by the Karl Fischer 
Method. 1 I. Application to Drycleaning Detergents and Solvents 
ALBERT R. MARTIN and A. C. LLOYD, National Institute of Drycleaning, Silver Spring, Maryland 

p RIOR to 1949 the l i terature on the Kar l  Fischer 
method for determination of water was ra ther  
discouraging to one in search of a routine pro- 

cedure for  systems where the oven method could not 
be used. The discouraging aspects of the method 
were several. The reagent was unstable, and fre- 
quent standardization was necessary; electrometrie 
t i trations and apparatus of considerable complexity 
were usually recommended; the method was overbur- 
dened by  well-meant bu t  exaggerated precautions. 

In  1949 Seaman, McComas, and Allen (5) de- 
scribed a ra ther  drastic modification of the conven- 
tional Fischer procedure. This procedure, with the 
fu r the r  modifications described in the present paper, 
appears to meet all of the above objections. The 
simplified procedure to be described has been in con- 
stant  use in this laboratory since June  1949 in a 
variety of research projects and routine analyses. 
Six different technicians have used it successfully, 
and none has reported any difficulties. 

The principal  distinction between Seaman, Mc- 
Comas, and :Allen's method and the older ones is 
that  the newer procedure makes use of the reagent 
in the f o r m  of two solutions that are mixed in the 
presence of the sample during ti tration. 

In  the present paper  there are offered some simpli- 
fications to make the method suitable for  routine use 
where a large number  of determinations need to be 
made. In  addition, the method of  standardization is 

1The Kar l  Fischer  procedure,  as modified by Seaman and cowork-  
ers, has been furVher simplified so tha t  it  may  be used  as  a rout ine  
analyt ical  tool, us ing  merely the visible end-point. Some applicat ions to 
'organic solvents  and dryc leaning  detergents  are described.  

improved by substitution of n-propanol for  methanol 
in the s tandard water solution. Propanol has three 
advantages over methanol for  this purpose. I t  is less 
hygroscopic hence the s tandard solution is more sta- 
ble on exposure to the air ;  it is less volatile so that  
the pipet is not cooled by  rapid evaporation of the 
solvent film; and finally it is more viscous, therefore 
pipctt ing is easier. 

Propanol could probably be substi tuted elsewhere 
in the procedure but  for  the fact that  it is more diffi- 
cult to d ry  than is methanol. To obtain satisfactory 
results with our procedure, we have found that  the 
methanol should be as d ry  as possible. Methanol can 
be dried satisfactorily by  means of magnesium meth- 
ylate (3). For tunate ly  this time-consuming step can 
be avoided by the purchase of a drum of synthetic 
methanol. We have found that  methanol taken di- 
rectly from the drum is as dry  as we can get it by 
the magnesium method. This is not generally the case 
with bottled methanol. The time and expense saved 
by  avoiding the drying operation will amply repay 
the investment in methanol. 

Reagents and Chemicals. The reagents were pre- 
pared in the same manner  as by  Seaman et al. (5) 
except that a number of precautions observed by 
these workers were found to be unnecessary. 

I t  was not found necessary to cool the methanol 
before addition of sulfur  dioxide. The gas is ab- 
sorbed very rapidly at room temperature,  and the 
small amount that  escapes can be disposed of by  
using a hood, or an open window and electric fan. 


