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PREFACE 

The problem of finding the effect of metallic fluorine compounds 

on oleic acid at elevated tBnperatures was presented in connection with 

the thesis of J. J. Woca.sek of Marquette University (!). Doctor Wocasek 

had used fluo~ine compounds as catalysts in an attempt to find a sub

stitute ~or tung oil. He used the fluorides as ·catalysts in the ester

ification of glycerol with unsaturated acids. 

Tung oil or China. wood oil is used by the paint and varnish industries 

as a drying oil to produce paints and lacquers. It was formerly supplied 

by China in sufficient quantities to satisfy the needs of the ma.nufactuers. 

Most of the trees producing this oil have been destroyed in the wars 

wrich have been ravaging China in recent years. Attempts have Been 

ma.de to grow this tree in the southern parts of the United States, but 

they have all proved conunercially unsuccessful (3)j The clirr~te here is 

not sufficiently stable for their growth. Because of this, many attempts 

have been made and are still being ma.de to produce substitute oils with 

the sufficient number of conjugated double bonds necessary for good 

drying oils. 

In his thesis Doctor Yfocasek assumed that the fluorine compounds 

acted merely as catalysts and took no other part in the reaction. The 

author became interested in discovering if these compounds did more than 

(8) . Wocasek, J. J., Fluoride Catalysis of the Reaction Glycerol Plus 
Fatty Acids, Milwaukee, Wisconsin, (1947). 

(3) Gardner, H. A., Butler, P.H., and Scofield, F., Tung Oil Culture, 
Scientific Section National !'a.int, Varnish, and Lacquer Association·, 
Inc., Washington, D. c., (1941) , 10 
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catalyze the reaction. The possibilities of salt formations, break

down of the double bond, or formation of addition products at these 

elevated temperatures presented themselves. Oleic acid, the simplest 

unsaturated fatty acid, was chosen to heat with these compounds since 

the reaction products of oleic acid are easier to determine and predict 

than those of more highly mra.atura.ted acids. 

The author wishes to thank Doctor Koch, her major professor, Doctor 

Wocasek under whom she worked, and the chemistry department of Marquette 

University for the help they gave her in connection with this thesis. 
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I INTRODUCTION 

A. Object 

These experiments aim to deternine the effect produced at the double 

bond of oleio acid or elsevrhere in the molecule vrhen the acid is intimately 

mixed with various metallic fluoride8 for several hours at elevated temp

eratures. The problem is of importance s j_nce the use of fluorine compounds 

as catalysts is contemplated in the esterification of · unsaturated acids 

with glycerol as a means of producing synthetic oils. Since the exclusion 

of air in an industrial process of this sort would prove expensive, the 

effect of this heatine; in a stream of air as well as in a fairly airtight 

chamber will be determined. 

Oleic acid seemed to be a. logical choice as a typical unsaturated 

fa.tty acid. It has acidic properties and the general structural char

acteristics of both saturated and unsaturated organic acids. Since it 

has only one· double bond, the effects of the various metallic fluorides 

should be evident without too much difficulty. The action is localized, 

the reaction products can be predicted, and the presence of one double 

bond does not affect the stability of the compound to a marked degree. 

Oleic acid is readily obtainable for experimentation, and it is of great 

in~erest to many classes of investigators. The reactionsrof ·l:;his acid 

are comparitively easy to rollow, but it also serves to indicate the 

possible reactions of a more highly unsaturated compound. 

B. Oleic Acid 

Otemo acmd ms e.h 18 carbon unsaturated aoid containing one double 

bond, the double bond being between the ninth e.nd tenth carbon atoms e.nd 

the formula. being c17H33cooH. The glycerol ester, olein, of t4is acid 



is found i n many fat and ve getable oils. The acid is colorless, solid

ifies to white needles in the cold, and can not be volatilized without 

some decomposi tion~(!). It is tasteless, odorless, and produces no 

reaction on litmus. However, it becomes yellow by oxidation in air and 

acquires a r andid odor. The acid exists in two isomeric forms. Oleic 

acid, t he cis form, has a melting point of 13 C; elaidic acid, the trans 

form, has a melting point of 44 c. 

(2) 

Oleio aci;d i s insoluble in water but soluble in alcohol. Vlhen disti lled 
· .• 

at ordinary pressure, it breaks down part.ia.lly. Hovrever, it passes 

over unchanged in an atmosphere of superheated steam. 

Some of the reactions of oleic acid are as follows: (4) 

1. At ordi nary temperatures oleic acid treated with nitrous 

acid will yield the isomeric form, elaidic acid. 

2. Oleic acid treated with sodium bisulpha.te under pressure 

at a temperature between 175 C to 180 C also yields 

elaidic acid. 

3. Oleic acid treated with sulphurous acid under pressure 

at 200 C will yield elaidic acid. This reaction is 

reversible. 

( l) Bernthsen, A., Organic Chemistry, London and Glasgow, Blackie 
and Son Limited, (1927), 171. 

(2) Fieser, Louis F., and Fieser, Mary, Organic Chemistry, Boston, 
Heath and Company, (1944), 287. 

(ii) Lewkowi tsch, J., Chemical Analysis of Oils, Fats, Waxes and . of the 
Commercial Products Derived Therefrom, London, Macnillian and Co., 
!liidted, (1909), 141-45. 
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4. Oleic acid treated with potassium permanganate produces 

a monobasic and a dibasic acid • 

5. If air is blown through the acid at 120 C for certain 

periods of time oxidation will take place in the following 

percentages. 

Time 2 hours 4 hours 6 hours 10 hours 

% oxidized 0.62% 2.6% 3.5% 6.0% 

Sp. Gravity 0.0980 0.9098 0.9121 o,9238 

of product 

6. When oleic acid is digested. with sulfur at 130-150 C, the 

sulf ur is absorbed with no evolution of sulphuretted . 

hydrogen. 

7 • The oxidation of oleic acid with nitric acid yields di

basic acids plus volatile acids. 

8 . Oleic acid plus excess alcoholic potassium permanganate 

in cold solution yields dihydroxystea.ric acid a.s the 

ma.in product. 

$. The acid absorbs one molecule of bromine forming dibromo-

stearic acid. 

10. The acid absorbs :bodochlo~ide fldrmh1g •JS.. saturat.ed acid. 

11. Yfuen heated with caustic potash, palmitic acid, oxa lic 

acid, and acetic acid are formed. 

12. When dissolved in cold concentrated sulfuric acid, stearic 

acid hydrogensulphataS is far.med.. 

13. Stearic acid can be formed by the reduction of oleic 

a cid. The oleic acid is heated with iodine at 270-280 c. 
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A mixture of fatty substances which are peparated by dis

tillation is formed . This process, gives a 70% yield, but 

it is costly. A 50% yield is obtained vtith electrical 

charges in the presence of an atmosphere of hydrogen. 

14. Whea heated with zinc powder to about 350 C, carbon di

oxide, hydrogen, and hydrocarbons are forned. 

c. Fluorine, Its Compounds, and Its Uses 

The chemistry of fluorine and its compounds is onl~r of recent de

velopment. Because of this there is not a great deal of information that 

can be found a.bout it or its compounds. As yet, the reaction .- of fluorine 

and its compounds are rather unpredictable; but much progress is being 

made in the study, and certain fluorine compounds have been put to a 

wide variety of uses especially in the recent war years. 

4 

Fluorides have a tendancy to form double salts; therefore, many 

inorganic compounds of fluorine are possible. They also form many crystal

ization compounds with liydrogen fluoride. Such a compound is sodium or 

potassium bifluoride . Fluorine is involved in conplex fuon forn~tion. 

Such a complex ion of iron and fluorine is the be.sis of the use of 

potassium difluoride in the removal of rust from clothes. When other 

elements combine with fluouine, they exhibit their highest valence state. 

Fluorine in organic compounds causes the aroma.tic nucleus to be quite 

stable. The compound is more resistant to hydrolysis than the corres

ponding chlori ne compound. Organic fluorides va.ry in their chemical 

properties from the very inert to those of ext~eme reactivity (7). 

(7) Simons, J . H., Indust. and Eng. Chem., 39, 240, (1939). 
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Fluorine compounds have a variety of uses. Some of its present 

uses are in freon aerosols, anhydrous hydrogen fluoride in aviation gas 

production, boron trifluoride in the petroleum industry (5), and in the 

hydrogen fluoride torch which develops a temperature of 6000 F ( 6). Many 

future uses have been predicted. 

"Scienti sts f'orsee a whole new field of chemistry in 
the development of fluorine compounds, Some of the 
outstandine ones are: 

A nonflar.imable toxic liquid with a high enough 
boil i n g point and specific gravity that it can replace 
mercury in the present mercury boiler making the most 
efficient vapor engine practical and safe. 

A gas already developed but requiring elemental 
f'luor1ne to manuf'acture, which is a nearly perfect in
sulator for high voltages uses in x-ray and nuclear physics. 

A lubricating oil so stable that it will not oxidize 
or break down under any present engine or mechanical 
operations dreamed of by designers because no lubricant ma.de 
could withstand their 'pressure and friction. 

An insecticide already made by the Germans but too 
costly to be practical ·with present methods. 

Other uses for ·r1uorine compounds now definitely 
within the realm of possibility include heat transfer 
and dielectric media, other insecticides, fungicides, 
fumi gants, germicides , stable solvents, anesthetics, 
fire extine;uishers and fireproffing materials, resins 
and plastics, and weed killers." (9) 

(5) McBee, E.T., Chem. and Eng. N., 24, 2461-2, (1946). 

(6) Rosen, R., Chem. and Eng. N., 24, 2462, (1946). 

(9) Chem. and Eng . N. , 24, (1946) . 
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II METHODS and PROCEDURES 

A. General Method 

The oleic acid was kept at 170 C with the finely divided catalyst. 

One tenth mole of catalyst per 100 grams of acid was used. Observations 

were made at the end of three hours, e.nd a sample was removed. The 

heating was continued for three hours more. Tests for acid number, 

sa.ponifica.tion value, and iodine value were run on these samples which 

were removed after three hours and six hours. 

B. catalysts 

1. Potassium biflucride: molecular weight - 59.104 grams 

formula - KHF2 

two grams were used. 

2. Antimony trifluoride: molecular weight - 178.76 grams 

formula - SbF3 

3. Zinc i'luoride: 

4. Potassium fluoro -

borate: 

5.4 grams were used~ 

molecular weieht - 103.38 grams 

formula - znF2 

3.1 grams were used 

molecular weight - 125.9 grams 

formula. KBF4 

3.8 grams were used 

6 



c. Preparati ~n of Solutions 

Hanus solution - the Hanus solution is used in the determination 

of iodine values. Three liters of the solution were prepared. 

About 39 gra1.1s of iodine were dissolved in 2400 ml. of glacial 

acetic acid. 25 ml. of this solution were titrated with standard 

thiosulfate solution. Bromine was dissolved in 600 ml. of glacial 

acetic acid. This bromine solution was added to the iodine sol

ution until it doubled its halogen content. 

Thiosulf'ate solution: - this solution is also used for deterr1ining 

iodine values. To prepare an approximately O.l normal solution1 

75 gr ams of sodium thiosulfate were weighed out and dissolved 

in 3000 ml. of water which had been previously boiled and cooled . 

rhe solution was st~ndardized with copper wire. The wire was 

dissolved in concentrated nitric acid and water. When solution 

was complete, bromine water was added; and the solution was 

boiled until the bromine was expelled. Strong ammonia was added 

until a deep blue color fonned. The solution was boiled until the 

deep blue was replaced by a light blue green color. Strong acetic 

acid was added, and the solution was cooled~ PotRssiurn iodide 

was then added, and the solution was titrated with the thiosulfate. 

Hydrochloric acid - 0.1 normal - concentrated hydrochloric acid 

was diluted to a. ·_ proximately O.l norm.al with distilled water. 

The solution was standardized ar,ainst sodium carbonate using 

methyl orange as indicator. 

7 



Alcoholic potassium hydroxide - O. l normal - about 18 grams of 

potassium hydroxide were dissolved in the sr:18.llest possible aI!lount 

of water. This was added to 3000. ml. of alcohol. The carbonate 

for@.ed was allowed to settle . This solution was then standardized 

against potassium biphthalate using phenolphthalein as the indi

ciator. 

8 
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Material -
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Fig. I 
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- Motor 

Stirring Rod 

- - - Tube and Material 

---. 

RUN WITH A MINIMUM AMOUNT OF AIR - • - - - -

The test tube was inserted in the heating device shown on the 

previous page. 

Fig. II 

. ' 
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To Suction 

RUN WITH AIR ENTERING 

Air Enters 

- - Trap 

Tube Which Is 
- Source of air 

Test tube 
and 

Material 

The t est tube was inserted in the heating 

device. 

Fig. III 
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E. Method of Heating the, Fluorides with Oleic Acid 

In each case 30 grans of acid and the finely ground fluoride 

were placed in a 12 inch test tube. The tube was then inserted in the 

heating device. In the runs without air beine blovm in, a stirring 

rod was used to keep the catalyst in suspension as shovm in fieure two. 

This rod was attached to a motor as shovm in the diagram. The speed of 

. 

12 

the motor was regulated o that the stirrer kept the catalyst in suspension 

without splashine• At the end of three hours, the stirring rod was re

moved and the catalyst allowed to settle. About five to six milliliters 

of the solution were removed. The stirrer was aeain inserted and the 

heating continued for three more hours when another sample was removed. 

The remaining material was then placed in another test tube. In the 

run made with air blown in, the air bubbles kept the catalyst in sus

pension; and the stirring rod was not needed. The air was supplied 

from the atmosphere as shown in the diagram of the apparatus, figure 

three. 

F. Methods of Testing the Material 

Acid Number -

Approximately one gram of the material to be tested was 

weighed accurately and dissolved in alcohol. This solution was 

titrated with approximately O.l normal alcoholic potassium 

hydroxide. Phenolphthalein was used as the indicator. The 

titration was complete when a red color which appears when the 

solution becomes basiclksted about 15 seconds. This material 

was saved and used to find the saponifioation value. 



Saponification NUJ'llber -

From a burette, 25 ml. of standard potassium hydroxide were 

run into the solution saved from the acid number determination. 

This was then heated under a reflux condensor for about 45 min

utes. A blank was also run containing the same amount of alkali 

and enough alcohol to make the amount of liquid in each flask 

about even. When the heating was finished, the blank and the 

sample were titrated with standard hydrochloric acid. The dif

ference in the two titration_s e;ave the amount of potassium 

hydroxide used in the saponification of the sample. The titra

tion was complete when the red color produced by the phenolpht~

lein faded . 

Iodine Value -

About 0.2 grams of the sample were accurately weighed in an 

iodine flask and dissolved in ten milliliters of chloroform. 25 

ml. of Hanus solution were added from a burette. A blank con

taining chloroform and Hanus solution was also run. The flasks 

were placed in a cool dark place for 45 minutes. The were shaken 

from time to time during the 45 minute period. Arter this time 

elapsed, 50 ml. of distilled water and ten milliliters of 15% 

p~tassium iodide solution were added. This solution was then 

titrated with sodium thiosulfate aaing starch as the indicator. 

The titration was complete when the dark color produced by the 

action of iodine on starch faded. The difference in the amount 

of thiosulfate used by the blank and by the sample gave the 

amount of Hanus solution used by the sample. 

13 
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III EXPERIMENTAL DATA and RESULTS 

Runs With the Minimum Amount of Air: 

Catalyst Hours Acid No. Sap. No . Iodine Value 

Actual Total Actual Total Actual Total 
Change % Change % Change% 

Control 0 186.2 0 2.9 0 88.8 0 

Aoid 3 192.6 3 .5i 4.9 61.8i 82.8 6.7d 
alone 

6 191.2 2.9i 8.3 176.9i 83.7 5.8d 

KHF2 3 187.9 o.95i 15.1 406i 86.2 2.9d 

6 177.6 4.6d 10.a 260.9i 84.1 5.3d 

SbF3 3 189 .l l.5i 7.3 145.5i 76.3 14.ld 

6 177.l 4.9d 3.99 33.5i 74.8 15.7d 

:&nF2 3 182.2 2lld 7.9 164.Bi 85 .9 3.2d 

6 194.2 4.3i 1.2 57.9d 82.2 7.4d 

KBF4 3 193 .5 3.9i 5.1 70.6i 83.2 6.2d 

6 194.7 4.5i 7.2 139.8i 82.7 6.8d 

i - means increase in value 

d - mean s decrease in value 
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.Runs With Air Blown in: 

Catalyst Hours Acid No . Sap. No . Iodine Value 

Actual Total Actual Total Actual Total 
Change% Change % Change% 

Control 0 186.2 0 2.9 0 88.8 0 

Acid 3 183.0 1.6d 28.8 863.2i 74.7 15.9d 
alone 

6 158.0 15.ld 48.6 1522.li 64 .2 27.7d 

KHFz 3 173.1 7.03d 15.l 403.3i 77.5 12.7d 

' 6 114.5 38.5d 20 .9 597.3i 61.4 30.8d 

SbF3 3 180.3 3.ld 13.3 343.li 86 .8 2.2d 

6 177.1 4.9d 12.3 311.31 90 .2 l.5i 

ZnFz 3 148.3 20.4d 61.1 l947.2i 66.6 25.0d 

6 118.7 36.2d 59.6 1893.li 59.2 33.3d 

KBF4 3 163.5 12.2d 28.2 838.li 73.9 16.7d 

6 144.9 22.ld 43.9 1366.Si 63.2 28.9d 

i - means inorea.se in value 

d - means decrease in value 



Observations of the materials after heating: 

Minimum air 

The acid turned from a 

pale yellow color to a 

rusty brown. 

The acid turned a 

darker brown. 

The acid turned a 

little darker but not 

as dark as the· acid 

alone at the end of 

three hours. 

The acid became darker 

but not as dark as the 

acid alone a.fter six 

hours. No oily residue 

was noted on cleaning 

the tube as in the case 

of the acid alone. 

The catalyst tended to 

remain in suspension. 

The color was a muddy 

blackish brown. 

Air blown in 

The acid went 

from a pale 

yellow to a 

dark brown. 

The acid be-

came almost 

black. 

The acid be-

came almost 

black. 

The acid be-

came very dark 

and more vis-

cous. 

Acid alone 

3 hours 

6 hours 

With potassium 

bifluoride 

3 hours 

6 hours 

The color be- With antimony 

came very dark, trifluoride 

and white needle 3 hours 

like crystals 

were ,formed, crys-

tals on stirring rod. 

16 

: 

''i 

I 

,, 

I 

.t 



The color remained 

about the same, but 

the catalyst settled 

out more. 

The acid became an 

orange brown. It 

was a little cloudy. 

The color became 

very dark - almost 

black. 

The color of' the 

acid was about 

the same as that 

of the acid alone 

after three hours . 

The color was like 

that of the acid alone 

a f ter six hours. 

The acid remained 

about the same as 

at the end of 

three hours. 

The acid became 

black and syrup 

like. 

The acid became 

dark and very 

viscous · and 

gwnmy. 

The color changed 

to a dark brown. 

The acid re

mained the same 

as at the end of 

three hours. 

6 hours 

Zinc fluoride 

3 hours 

6 hours 

Potassium 

fluoro 

borate 

3 hours 

6 hours 

17 



IV DISCUSSIONS 

There is a eeneral trend for the iodine value to decrease with 

time. In some cases the decrease is more noticable than inJothers . 

The general decrease is greater when air is blown through the mixture 

than when air is not blown through . The exception to this is the case 

when antimony trifluoride i s p~esent . Here the decrease in iodine value 

is greater in the absence of an air stream than in its presence . No 

explaination is offered for this phenomenon. In general however it may 

be assumed that the iodine value decrease .is due to either;-

A. The addition of oxygen at the double bond 

B. The splitting of the do ble bond with consequent production 

of new acidio endings. 

18 

If the later were true ., a marked increase in acid number should accompany 

a. marked decrease in iodine value . If the former were true., an increase 

in acid number., saponification number ., or both might be expected depending 

upon the stability of the inner oxide in the presence of alcoholic potas

isium ..hydroxide . • 

In the absence of large amounts of air the greatest increase in 

acid number is 4 . 5%., but in several cases the acid number decreases as 

much as 4.9%. In no case did the percent increase in the acid number 

equal the percent ~ fttt' ase- fo. io:d'.inai.lllll!lba:i.. This eliminates the complete 

rupture and oxidation to the cnalhoxy11. group at the double bond .because in 

this event two carboxyl g11oups would be produced by the oxidation of one 

double bond and the percent increase in acid number should be about twice 

the percent decrease in iodine value . The occassional decrease in acid 

number also eliminates this mechanism. 
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In the series in which air was blown into the · reaction mixture the 

acid number decreased in every instance; the decrease after six hours 

being over 35% for potassium bifluoride and zinc fluoride. This evidence 

convincingly removes the possiblity of rupture and oxidation to the 

carboxyl· group . as the mechanism of the reaction. The general decrease 

in acid number wi th time would a ppear therefore to be due to the form

ation of a metallic soap by reaction of the oleic acid with the metallic 

fluoride with oxygen probably accelerating the reaction. 

The general decrease in iodine value with time, and the accelerated 

decrease in the presence of a stream of a~r, is therefore probably due 

to the addition of oxygen at the, doubie bone . The process is probably 

similar to that encountered in the drying of oils, and indeed oleic 

. acid is often a constituent of drying oils. Here the oxygen may be 

added in a variety of ways . An atom of oxygen may attao!1 itself to a 

single mol ecule of the acid at the double bond thus in effect removing 

the unsaturat i on and forming an inner oxide. A molecule of oxygen may 

attach itself at the double bond and produce an inner peroxide linkage. 

Two molecules of oleic acid rnAY be joined tocether at the double bond 

by cross linkages with or without the ~ddition of oxygen forming a 

saturated dimer having the same acid value as the original oleic acid. 

Probably all three of these mechanisms occur although one or more may be 

accelerated or inhibited by the presence of metallic fluorides. The re

sulting mixture may react with potassium hydroxide especially at elevated 

temperatures thl(S resulting in an exa.geratodsaponification nunber . 

An examination of saponification numbers reveals an increase in every 

instance except one . The increase after six hours in a stream of air 

i .s generally greater thA t hat a. rte three hours. 



V SUWMHY and CONCLUSIONS 

1 . The greatest change was noticed in the saponification value. This 

was obtained with zinc fluoride as catalyst in the case where air 

was blown in. The saponification value was changed fnom 2.9 to 

61 . 6 . 

2 . The acid number of the oleic acid was found to change from 186.2 

to 114 . 5 when potassium bifluoride was used in the presence of a 

stream of air . Zinc fluoride was almost as effective, but other 

fluorides produced much smaller changes . 

3 . The iodine value changed from 88 . 8 to 59 . 2 when zinc fluoride we.s 

used in the presence of the stream of air at 170 C. Potassium 

bifluoride and pot ssi'liro fluoroborate were almost as effective. 

' 4 . Since the iodine value decreases in most instances, especially 

when air was blown in, it seems evident that oxyr,en or oxygen 

contain~ng groups were taken on at the double bond. 

5 . Since the saponification value incree.sed it would •ee probRble 

that some splitting might occur at tho double bond under the con

ditions of the experiment . The extra acids, jin so .far i- as they-were 

famed, would increase the saponification number . 

20 



VI SUGGESTIONS FOR FURTHER STUDY 

l . Furthur study should be made oi' the formation of the metallic soaps 

in the presence of oxygen . It is sugr,ested that a saturated acid., 

such as stearic acid., be used so that the action would be limited. 

21 

2 . Separation and identification of the products of oleic acid !OOCidation 

should be undertaken vtith a view towards establishing the structure s 

produced . 

3 . The peculiar activity of antimony trifluoride should receive furthur 

study since it apparently inhibits the activity of oxygen and does 

not unite to any great extent with the acid to form soaps. 

4 . The effect of the elevated temperatures on the metallic fluorides 

should be determined. 

5 . If metallic soaps are formed by double decomposition, hydrogen 

fluoride is a b1l)roduct • .An attempt should by made to verify its 

presence. 
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