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introduced, is approximate ly  half  for  sulfur  trioxide 
compared with ehlorosulfonic acid at current  bulk 
prices. 

With  sulfur  trioxide there is no format ion of hy- 
drogen chloride, the reaction time is shorter, and 
heat  evolution and foaming are balanced while these 
of ehlorosulfonie acid are unbalanced. Total  evolution 
of heat is greater  with sulfur  trioxide, and vaporiza-  
tion of this reagent  is required. 

Sul fur  trioxide gives no sodimn chloride and con- 
siderably less sodium sulfate. This reagent  gives 
products  of darker  but  acceptable color in yields 
which are the same or slightly lower. Product  per- 
formance with the two reagents is the same. 

A pract ical  a l ternat ive process to the use of either 
pure  reagent  comprises employing chlorosulfonic acid 
as the sulfat ing reagent,  with collection of the evolved 
hydrogen chloride in a tail tower charged with Sulfan, 
thereby regenerat ing chlorosulfonie acid for re-use. 
The engineering factors involved in this modification 
have been discussed by  the authors in an earlier pub- 
lication (6). This approach is often well suited to 
existing installations nsing chlorosulfonic acid since 
reagent cost is reduced, plant  and process changes are 
minor, hydrogen chloride disposal is eliminated, and 
product  qual i ty  is unchanged. Obviously the extent 

to which this subst i tut ion can be effected depends 
upon the efficiency of hydrogen chloride evolution, 
which in the present  process is at most about two- 
thirds of theoretical. 
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Composition of Zelkova Seed Oil 
C. Y. HOPKINS and MARY J. CHISHOLM, National Research Council (Canada), Ottawa, Canada 

T HE Japanese  Zelkova tree, which grows to a 
height of 100 feet, is native in Eas te rn  Asia. 
St is ha rdy  in the nor thern  hemisphere and is 

grown as a shade tree in Nor th  America.  The grey- 
ish-brown seeds are abo.ut 3-4 ram. long, roughly 
te t rahedra l  in shape, and wingless. The kernel  is 
white, soft, and oily. There appears  to be no pub- 
lished informat ion on the oil. 

The tree is known botanically as Zelkova serrata 
and belongs to the genus Zelkova of the fami ly  
Ulmaceae. I t  was chosen for  this investigation be- 
cause one genus of Ulmaceae, namely Ulmus, which 
includes the common elm tree, has been regarded as 
unique in having eapric acid as the chief f a t t y  acid 
in the seed oil. Three species of Ulmus have been 
shown to exhibit this characteristic, U. campestris 
(1), Manchur ian  elm (2), and U. americana (3). 
A complete analysis of the seed oil of the last-named 
species was reported (4). Cupric acid amounted to 
61% of the total  f a t t y  acids. 

Examples  of two other genera of Ulmaceae, Celtis 
and Trema, did not yield cupric acid or any  acids 
of chain length shorter than  C16 (5). 

In  the present  work the seed oil of Zelkova serrata 
was found to contain capric acid to the extent of 
73% of the total  f a t t y  acids, the highest proport ion 
found up to the present  t ime in any  na tura l  oil or 
fat. All of the even-numbered carbon sa tura ted  acids 
fronl Cs to C~s were present. The general composi- 
tion was similar to that  of the oil of Ulmus americana. 
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Thus these two genera, Uhnus and Zelkova, share the 
distinction of high capric acid content. 

Experimental 
Seed of Zetkova serrata, Makino (grown in J a p a n ) ,  

was obtained f rom a commercial  seed house. The seed 
was ground in a Wiley mill, the moisture content was 
determined, and the oil was extracted with petroleum 
ether. The oil co~tent was 21.7% on a 10% moisture 
basis. The constants were as follows: 

I o d i n e  v a l u e  ... . . . . . . . . . . . . . . . .  12 .9  A c i d  v a l u e  ... . . . . . . . . . . . . . . . . . . . . . .  1 1 . ,  ~ 
S a p o n i f i c a t i o n  v a l u e  . . . . . .292.1 F r e e  a c i d  a s  c a p -  
U n s a p o n i f i a b l e  m a t -  t i c ,  % .... . . . . . . . . . . . . . . . . . . . . . . . . . .  3 .4  

t e r ,  % .... . . . . . . . . . . . . . . . . . . . . .  0 .87  G l y c e r o l  y i e l d ,  % ............... 13 .6  

The petroleum ether distilled f rom the extracted 
oil was examined and found to contain no acid. The 
oil was washed with water,  and the washings were 
also neutral .  Thus there was no free water-soluble 
acid in the oil. 0 n  saponification a small amonnt  of 
volatile water-soluble acid was found. The Reichert- 
Meissl value was 4.8. I f  calculated as eaproic acid, 
this is equivalent to 1.2% of the total  f a t t y  acids. 
The PoIenske value was 43 8, indicating a consid- 
erable content of acid in the Cs-C~2 range. 

A port ion of the oil was converted to methyl  esters 
and examined by gas chromatography.  The column 
was one meter  in length and was packed with Apiezon 
}I vacuum grease on Celite. The detector was a 
thermistor  type  of thermal  conductivi ty cell. The 
lower-boEing esters were chromatographed at  150 ~ 
and a helium flow rate of 75 ml. /min.  The higher 
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esters were chromatographed at  210 ~ and a flow rate  
of 95 ml. /min.  The results are shown in F igure  1. 

A sample of the mixed methyl  esters was subjected 
to alkali isomerization and examined for  polyenoic 
acid by ul traviolet  absorption. The results showed a 
content of 3.1% of dienoie acid and 0.6% of trienoie 
acid. 

To complete the identification of the major  acids, 
48 g. of the mixed methyl  esters were distilled 
through a spinning band column (Table I ) .  Frae-  
tions 1-7 were distilled at  9-ram. pressure. At  this 
point 5 g. of pure  methyl  eieosenoate were added to 
the charge to act as a chaser. The remainder  of the 
distillation was done at 0.5 ram. pressure. 

Fract ions 2 and 5 were saponified, and the acids 
were identified as eaprylie and eapric acids, respee- 

T A B L E  I 
Oist iUat ion of Methyl Es te rs  

Frac- 
tion 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
R 

Temper- 
ature 

~ 

67-- 69 a 
6 9 -  70 
7 0 -  89 
89-- 90 
90 
90-- 9 I  
91-- 93 
65-- 80 b 
80--100 

100--135 
1 3 5 - 1 4 0  
140--150 
150 -153  

W e i g h t  

0.40 
3.32 
1.60 
4.46 

12.85 
7.44 
8.14 
1.13 
0.77 
1.61 
2.54 
1.19 
1.98 
3.94 

Predomi-  
n a n t  
chain 

length  

o o 

o 
C~o O 

Iod ine  
va lue  

0 
2.6 

50.9 
118,4 

89.7 
80.5 

Refrac- 
t ive  

index  

g5 ~ 
1.4150 
1.4150 
1.4225 
1.4239 
1.4240 
1.4240 
1.4240 
1.4292 
1 .4326 
1.4440 
1.4543 
1.4535 
1.4530 

a P res su re  9 ram. 
b Pressure  reduced to 0.5 mm. 

tively, by  conversion to the p-phenylphenacyl  esters 
(Table IT). 

Frac t ion  10 yielded palmitie acid by saponification 
and  crystall ization of the acids. Frac t ion  11 was 
sampled and analyzed quant i ta t ively  by alkali isom- 
erization. The main port ion of this f ract ion was then 

T A B L E  II 
Ident i f ica t ion  of Acids 

F rac t ion  Acid Ident i f ied  as : Melt in~ 
po in t  

2 
5 

10 
11 
11 

11 

Capryl ic  
Capric  
Pahn i t i c  
Ste,aric 
Oleic 

Linoleic  

p-Phenylphenacyl  eapryla te  
p-Phenylphenacyl  capra te  
Pa lmi t ic  acid 
Stearie  acid 
erythro-9,10-Dihydroxystearic 

acid 
Tet rahydroxys tear ic  acid 

~ 

67 .5 -  68.0 
77 

62 .0 -  62.5 
68 - 69 

129 - 1 3 0  
172 - 1 7 3  

crystallized from acetone at  low temperature .  Ste- 
aric, oleic, and linoleic esters were separated and 
identified in the crystals  at  --40 ~ and --55 ~ and the 
filtrate, respectively. The ident i ty  of each acid or its 
derivative (Table I I )  was confirmed by mixed melt- 
ing point  with an authentic sample. 

Laurie,  myristie,  and pahnit ic  acids were identified 
by their  emergence times in the chromatographic  an- 
alysis. Several of the intermediate  f ract ions of the 
distillate were also submit ted to gas chromatography  
to aid in the quant i ta t ive estimation of the various 
acids. This procedure she.wed tha t  the unsa tura t ion  
of fract ion 10 was accounted for  by its content of Cls 
acids and that  f ract ion 13 consisted main ly  of the 
methyl  eicosenoate added as a chaser. The chromate- 
g ram of the original mixed esters showed that  there 
was no Ceo acid in the glyeerides. 

Composition of the Total Fatty Acids. The propor-  
tions of the various acids were estimated f rom all of 
the data and are shown in Table I I I .  The undeter- 

T A B L E  III 

Est imated  Fa t ty  Acid Composi t ion 
(pereen~a.ge of tots.1 fa t ty  acids)  

Acid ] % 

Steacic ............................ 
Oleic ................................ 
Linoleic  ........................... 
Unde te rmined  ................. 

Acid % 

Caprylie ............................ f 8 
Cupric ............................... I 73 
Laur i e  ............................... I 
Myris t ic  ............................. 21 
Pa lmi t ic  .................. 

mined port ion includes about 1% of acid of shorter 
chain length than  Cs and about 0.6% of oetadeeatri- 
enoic acid. 

Discussion 

The oil under  s tudy  is shown to have a high corn 
tent  of capric acid, 73% of the total  f a t t y  acids as 
compared to 50-61% in elm seed oils (Ulmus sp.) 
(1-4) .  In  relation to the Amer ican  ehn (4), Zelkova 
has a grea ter  proport ion of caprylic and eapric but  
less of oleic and linoleie acids. Stearic acid, present  
in Zelkova oil to the extent of 1%, was not Observed 
in the American elm. Otherwise the same compo- 
nents are present  in both. Indicat ions of linolenie 
acid were noted in bo.th oils al though positive identi- 
fication was not made. 

Capric acid is therefore the major  acid of ehn and 
Zelkova oils and  may  occur more general ly in Ulma- 
ceae oils than previously supposed. 

Monoenoie Clo2C14 acids have been repor ted to 
occur in Lindera oils ( family  Lauraceae), along with 
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saturated acids of the same chain length (6). Such 
monoenoic acids are absent from Zelkova oil, as shown 
by the iodine values of zero or nearly zero for frac- 
tions 1-9 (Table I ) .  The saturated acids of Zelkova 
arc near ly  all Cs--C12 while the unsaturated acids 
apparent ly  occur entirely in the Cls ehain length. 
This finding lends support  to the view of Hildi teh (7) 
that saturated and unsaturated acids are formed in 
the plant by separate mechanisms. 

Summary 
Seeds of the tree Zellcova serrata, family Ulmaceae, 

were found to contain 21.7% of glyeeride oil having 
iodine value 12.9, saponification value 292, and glyc- 
erol yield 13.6%. The oil was converted to methyl 
esters and examined by gas chromatography, followed 
by fractional distillation of the esters and identifica- 
tion of the individual acids. The percentage eomposi- 

tion of the acids is estimated as follows: caprylie 8, 
eapric 73, laurie 3, myristic 1, pahnitic 2, stearie 1, 
oleic 3, linoleic 3, undetermined 6. The content of 
eapric acid is higher than has been found in any nat- 
ural  oil or fat. Comparing it with other genera of 
Ulmaeeae, the oil of Zelkova is seen to resemble closely 
that  of Ulmus sp. but  to be quite different f rom the 
oils of Celtis and Trema. 
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Labelling Fatty Acids by Exposure 

I. Saturated Methyl Esters 

to Tritium Gas. 

R. F. NYSTROM, Radiocarbon Laboratory, University of Illinois, Urbana, and L. H. MASON, E. P. JONES, and 
H. J. DUTTON, Northern Utilization Research and Development Division, Agricultural Research 
Service, U. S. Department of Agriculture, Peoria, Illinois 

A IMPLE PROCESS for the labelling of organic com- 
pounds by exposure to t r i t ium gas has been 
described by Wilzbach (4) ; it has been applied 

to a var ie ty  of compounds including n-heptane and 
other hydrocarbons (5). While the t r i t imn incorpo- 
rated iu these aliphatie compounds was not labile, 
the production of radiat ion decomposition products 
necessitated the application of rigorous purification 
procedures to obtain the desired substituted hydro- 
carbons. No attempts have been reported to date in 
which fa t ty  acids have been labelled by the gas-ex- 
posure technique. 2 

The present paper  describes the application of this 
procedure to the labelling of methyl esters of satu- 
rated fa t ty  acids in which the anticipated substitu- 
tion of hydrogen by t r i t ium is found to take place. 
More complicated reactions, pr incipal ly addition, oc- 
cur in the labelling of unsaturated fa t ty  methyl 
esters and will be the subject of a subsequent paper. 

Experimental 
a) Methyl esters of stearie and palmitic acids were 

obtained from the Horme] Institute. Methyl ]aurate 
and methyl myristate were prepared from coconut oil 
and separated by distillation through a Podbielniak 
13-ram. diameter column with 4 ft. of " H e l i g r i d "  
packing. 3 

b) Irradiat ions on gram amounts of methyl esters 
of palmitic and stearie acids were earried out at room 
temperature  in the solid state, deposited as thin lay- 

1 Presented at fall meeting, American Oil Chemists' Society, Chicago, 
nl., October 20-22, 1958. 

2 ]~osenthal and Kritehevsky in a publication of the t~adiatiou Labo- 
ratory (UCl%L-1331) report the production of tritias stearic acid 
through a catalyzed exchange reaction with tritiated water. 

a l~[entio~ of commercial equipment or products does not constitute 
endorsemecnt by the U. S. Del~artment of Agricultur~ over those of other 
manufacturers.  

ers by solvent evaporation on the inside walls of a 
1 • 10-era. reaction tube, using a source of approxi- 
mately 1 curie. 

Methyl laurate and methyl  myristate are liquid at 
room temperature  and require the use of sealed am- 
poules equipped with break seals. The ampoules were 
rotated to provide continuously renewed thin films 
and were i rradiated by a 5-curie source. 

c) Purification of the t r i t ia ted methyl  ester in- 
eludes saponification and extraction of unsaponifi- 
ables (1), exchange of labile t r i t ium by distillation 
of 1.5 liters of anhydrous ethanol from the soaps in 
50-ml. batches, and acidification and extraetion of 
the free acids with diethyl ether. 

d) Chromatographic methods, both par t i t ion and 
gas-liquid, were used to establish freedom of the 
chemically purified f a t ty  acids f rom radiation de- 
composition products and from exchangeable tri t ium. 
The Nijkamp (2) procedure was used for  the sep- 
aration of monobasie acids. Alternate l-ml. fractions 
of eluate were: a) t i t ra ted in a nitrogen atmosphere 
with 0.04 N NaOH to a thymol blue end-point, using 
a Gihnont micro-buret and b) diluted with 15 ml. of 
scintillation solution for radioactive assay with an 
a u t o m a t i c  " T r i - C a r b "  s c in t i l l a t i o n  s p e c t r o m e t e r .  
Quenching of fluorescence by  the fa t ty  acids and by 
the chromatographic solvent was negligible. 

Gas chromatography of methyl esters before puri- 
fication and of purified f a t ty  acids, af ter  methylation 
with diazomethane, was carried ont in "Aerograph" 
equipment at 205~ on a 5-ft. Resoflex 296 column. 
Simultaneously with the recording o.f thermal  con- 
ductivity, an ion chamber electrometer system re- 
corded radioactivity (ion currents)  on the gas stream 
issuing from the thermal conductivity cell. Alterna- 


