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Appendix

The only integrals different from zero which arise
when developing eq. 3 are those of the form

5 1 . .
f‘;’ sps dr = ——= —, atomic units, ¢ = %, v, 2
24/3 8

and it is easily found that the coordinates for the

charge centroids are
C = — 4 cos? a sin? 8 siu vy cos v
A sin « cos « sin 8 cos v

— A cos? « sin B cos B cos v
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Cy = %3 = — A siu? o sin? B sin vy cos v
92 = — A sin @ cos « sin B cos v
Z = — A sin? @ sin 8 cos 8 cos vy
Cs =3 = — A cos?8sin ycos v
F3 = 0 i
% = A sin 8 cos B8 cos v
Cy = % = A sin ycos v
51=0
2, =0
where
A = B5ay/V/3 gy = 0.5292 X 1078 e,
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The mechanisni of tlie periodate oxidation of ¢is- and #rans-cyclopentane-diol-1,2 and methylated derivatives is shown to be

similar to that for pinacol.

The reaction proceeds through apparently bimolecular non-catalyzed and acid-catalyzed paths.

The effect of methyl substitution on the rate of the reaction, and the inertness of tlie frans-1,2-dimethyl compound toward
oxidation by periodate support the postulate of a cyclic intermediate, the formation of which is rate determining.

Introduction

The periodic acid cleavage of vicinal glycols has
been shown to proceed through either of two
mechanisms. The first of these involves the for-
mation of an intermediate complex between the
oxidant and the reductant, the rate-determining
step being the disproportionation of the interme-
diate. Such a mechanism results in pseudo first-
order kinetics if glycol is present in sufficient excess.
The second of the two involves no kinetically de-
tectable amount of intermediate, is second order
and involves, contrary to the first, a hydrogen ion
catalyzed path as well as the non-catalyzed path.
Duke and Bulgrin®® were able to assign the former
reaction scheme to the periodate oxidation of
ethylene and methylated ethylene glycols, with the
exception of pinacol. The reactive periodate
species was shown to be a monovalent periodate
ion, presumably I0O,~; equilibriunt and rate con-
stants were deterinined for the formation and
disproportionation, respectively, of the intermedi-
ate. Pinacol was found to follow the sccond
scheme, both uncatalyzed and hydrogen ion cata-
lyzed second-order paths being available. [t was
suggested that in the case of pinacol, the reaction
is second order because the complex-forming step
has become rate determining.

Bulgrin* studied the rates of cleavage of ¢is- and
trans-cyclopentane-diol-1,2 by periodate and found
the reaction to be second order but was unable to
demonstrate hydrogen ion catalysis at 0°.

The question of the nature of the intermediate
has not been answered fully. Criegee® and Price®”
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have suggested a cyclic complex between glycol
and a periodate species. Such an intermediate
would be consistent with the specificity of periodate
for cleavage of vicinal glycols. In forming the
complex, a tetrahedral I0,~ ion may codrdinate a
glycol molecule in the same way it codrdinates two
water molecules to form the octahedral HJIOg~ ion.

Levesley® and Cordner and Pausacker® have con-
cluded that the oxidation of vicinal glycols by lead
tetraacetate probably does not involve a cyclic
intermediate; Cordner suggests a monoesterifica-
tion type niechanism. Criegee,® in his study of
the lead tetraacetate oxidation of glycols, was un-
able to assign a single mechanism to cover all cases.

Wiberg and Saegebarth!! state that a mono-
esterification type mechanism in the periodate oxi-
dation of glycols does not agree with the experi-
mentally observed rule that cis-compounds react
faster than trams- and conclude that the inter-
mediate is cyclic.

Buist and Buuton!? have preseuted data, iu-
cluding some spectroscopic data, from which they
conclude that the intermediate is not only cyclic but
is necessary for the reaction to take place.

A Lkinetic study of the periodate oxidation of
wethylated ¢is- and trans-cyclopentanediol-1,2
was undertaken in order to help clarify the nature
of the intermediate and to determine the extent of
steric effects on the reaction.
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Experimental

All fractionations, except wliere otherwise noted, were
performed in a Todd Scientific Co. Precise Fractionation
Assembly packed witli either glass helices or a monel spiral.

All hydrogen ion activities were measured with a Beck-
man Model G pH meter.

Preparation of the Glycols.—cis- and trans-cyclopeutane-
diol-1,2 were prepared as described in a previous paper.*

1-Methylcyclopentene was prepared from cyclopentatione
in 679, yield by a method similar to that described by Sig-
naigo and Cramer,!? using methylmagnesitun bromide and
dehydration of the resulting alcohel with phiosphoric acid.
The material had a refractive index #2Dp of 1.,4320 and
boiled at 67.0° at 588 mm. when fractionated.

2-Carbethoxyevclopentanoune was prepared in 629 vield
from diethvl adipate by a method similar to that re-
ported by Pinkney.! Sodium 1metal dispersed inn anhydrous
toluene was the coundeusing agent. The ketone was dis-
tilled and the sodio salt prepared by meaus of a similar so-
dium dispersion; methylation was accomplished by addi-
tion of methyl iodide. (Attenipts to methylate the sodio
salt in the flask in which ring closure had been achieved
resulted in ring opening to give, ultimately, large quantities
of adipic acid.) Tolueue was removed Dby distillation and
the 2-methyl-2-carbethioxyeyclopentatione decarboxylated
with concentrated hydrochloric acid. The resulting 2-
methyleyclopentanone (64 %, yield based upon 2-carbetlhoxy-
cvclopentanone) boiled at 40-45° (uncor.) at 20 mui.

1,2-Dimethylcyclopentene was prepared from 2-metliyl-
cyclopentanone by the procedure used for 1-methylcyclopen-
tene. Upon distillation, a fraction boiling iu the rauge
95.1-95.8° (uncor.) at 594 mm. and having a refractive in-
dex #®p of 1.4383 was collected. Gas cliroinatographic anal-
ysis showed the substance to be 95.7%, pure, the siugle im-
purity, 4.3%, presumably being 2,3-dinmethylevclopentene.
A second preparation, in which the toluene was not cou-
pletely removed in the first stages of the procedure, gave a
material which boiled at 95.8° (uncor.) at 589 mm.; gas
chromatographic analvsis showed tlie cowposition to be
70.6% 1,2-dimethylcyclopentene, 0.4% 2,3-dimethyleyelo-
pentene and 29.09, toluene.

trans-1-Methylcyclopentanediol-1,2 was 1nade from 1-
methyleyclopentene by the miethod of Adkius and Roe-
buck.!® A fraction (609 of the theoretical ammount) boiling
at 111.0° (uncor.) at 10 mu. was collected. The mclting
point, determined from cooling curves, was 62.5° (uncor.).

¢is-1-Methylcyclopentanediol-1,2 was prepared from -
methylcyclopentene by the method of Bartlett aud Bavley,1¢
using an aqueous-acetone solution of KMnQ,. The tem-
perature of the reaction inixture was kept below —40°.
Upon recovery from the reaction mixture by extraction witl
ether the glycol was vacuum distilled; a fraction (179, of
the theoretical amouut) boiling at 98.0° (uncor.) at 10 mm.
was collected. Tle melting poiut was found to be 23.0-
23.5° (uncor.) by means of heating curves and 22.7° (uucor.)
by means of a cooling curve,

trans-1,2-Dimethylcyclopentauediol-1,2  was  prepared
from 1,2-dimethyvleyclopentene by a method similar to that
for the preparation of the ¢rgns-1-methyl compound. Tlie
material was extracted frown tlie reaction mixture with hot
(45-50°) ethyl acetate. The solution was dried with anhy-
drous calcium sulfate and the ethyl acetate removed by dis-
tillation; the browi solid residue was taken up in ethyl cther
and the insoluble impurities removed by filtration. After
evaporation of the ether, the glycol was purified by sublimu-
tion at 55-60° at 590 mm. to give long white needles. Re-
sublimation of a small amount of the product thirough a large
quantity of anhydrous calcimn sulfate gave a product melt-
ing sharply at 101.6° (uncor.). (Purification of tlie crude
glycol by three successive recrystallizations from ethyletlhe
gave a much lower vield of less pure product.)

cis-1,2-Dimethyleyclopeutanediol-1,2 was prepared from
1,2-dimethylcyclopentene in very low yields by thiree differ-
ent modifications of the KMnQ, procedure. The small
amounts of product obtained boiled at 105-107° (uiicor.) at 20
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mm. A wmuch higler yield (85%) of a wuch purer product
was obtained by treating a solution of the hydrocarbon in
anhydrous cthyl etlier with equivalent amounts of osmiu
tetraoxide (Varlacoid Chemical Co.) and anhydrous pyri-
dine. The osmiate-pyridine complex was decomposed by
shaking its chlorofori solution with several portions of a
water solution coutainiug excess manuitol and 109, KOH,
until the chloroforin layer becaine nearly colorless. The wa-
ter lavers were extracted continuously for 10 lir. with Lot
cliloroformi, the chloroform extracts were comtbined and the
solvent removed by evaporation. Distillation in a micro
apparatus with a short Vigreux columu gave a colorless
liquid boiliug at 108.0-108.2° (uncor.) at 20 . and huving
a refractive index 722 of 1.4715. A welting range of 20.5-
20.8° was determined by stirring a small samnple of tlie ma-
terial in a test tube innnersed in a water-bath, the tcipera-
ture of which was gradually lowered,

Analysis of the Glycols.-—~Five of tlie glveols were ala-
lyzed by allowing aqueous solutious to stand with excess pe-
riodic acid for various times and determining the excess pe-
riodic acid in tlie usual manuer, using standard solutions of
sodiuin arsenite aud iodine, the titration mixtures being buf-
fered with excess sodium biearbonate.  Analysis of the data
showed thiese per ceut. purities.

cis-cyclopentanediol-1,2 97.H £ 0.2
trans-cyclopentanediol-1,2 99.3
cis-1-nmethyleyclopentanediol-1,2 97.3
trans-1-methyleyclopentanediol-1,2 100.0
cis-1,2-dimethyleyclopentanediol-1,2 99.0

trans-1,2-Dimethiyleyelopentanediol-1,2 was found to be
inert toward oxidation by periodate in acid solution. \\'l}eu
allowed to stand at roow temperature in aqueous sclution
with excess periodic acid, tlie once-sublimed material was
4.09; oxidized in 27 minutes and 4.49, oxidized in 3 days.
1t was concluded that the oxidizable material was 2,3-di-
methyleyclopentanediol-1,2, atising from the 4.3% 2,3-
diniethiyleyclopeutene impurity in the hydrocarbon frowm
wliicli the glycol was prepared.  Lead tetrancetate oxidation
of the once-sublimed glyeol shiowed a purity (oxidizable gly-
cols) of 899,. TUpon drying over PO at 100 mm. for two
days, this material liad a 1elting range of 100.7-101.6° (un-
cor.) and was 99.09, oxidized by lead tetraacctate, indicat-
ing thie nou-oxidizable impurity in the oncc-sublimed ma-
terial to be water,

Rate Determinations.-—1lie reaction ratc was studied by
a method outlited previously,s using u large excess of potas-
siuin iodide in saturated sodium bicarbonate solution, con-
taining a measured excess of sodium arsenite, as i quenching
solution, and titrating the excess arsenite with standard io-
dine solution. All rate constants so determined were re-
producible to withiu 89, usually to within 1 or 2%¢.

Ionic strength was lield constaut at 0.20 by the u(lditiou.of
the proper amouut of sodium nitrate to tlie rcaction mmix-
tures. Tlie pH of the reaction mixture was adjusted by
addition of the proper amounts of seditun hivdroxide or per-
chloric acid. It liad been determined previonsly that in the
pH range 1-6, the pH of sucl reaction mixtures vzujle(l by
less thian 0.1 unit during the observed part of the reaction.

Results and Discussion

Of the six glycols studied, five were found to
exhibit similar behavior except for magnitudes ol
rate constants. Thesixth, frans-1,2-dimethyleyclo-
pentanediol-1,2, was found to be inert toward oxi-
dation by periodic acid at room temperature over
a period of three days.

Two paths were found to be available for the
reaction. The first of these is an uncatalyzed (by
tivdrogen ion) path involving the reaction schemc

ke
10,7 + G — products
and following the kinetic expression

— d{P]y = kJ10,7](G) = 1P

where [10;]) and [G] = .
periodate ion and glyveol, respectively;

concentration of negative
Pl =
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total periodate concentration as determined by
analysis.

k' = koJf 1

1 Ag*vior
= 2y _Amvios 2
S=14 Kp + K1 Kpyrsos @

vro and ~yus0, are the respective activity coef-
ficients; Au+ = activity of hydrogen ion, deter-
mined from pH measurements; X; and Kp are de-
fined by the equilibria
K,
HilO0s =2 H* + H.lOy™
Kp
HJIO0s~ = 104~ + 2H,0

The factor f corrects for the availability of 10,4~
ion and indicates that the uncatalyzed reaction
rate should fall off rapidly below pH values of about
3. Such pH behavior has been shown to be the
case quantitatively for glycols not undergoing hy-
drogen ion catalysis.?

The second path differs only in the observed
hydrogen ion catalysis and becomes important at
pH values below about 3. Typical plots of ob-
served second-order rate constants versus pH are
shown in Figs. 1 and 2. All five of the oxidizable

0971

0.77

-
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pH.

Fig. 1l.—trans-1-Mecthiyleyclopentanediol-1,2, variation
of pseudo second-order rate constauts with pH: curve
shown is calculated from equation 1, .., assuming no
hydrogen ion catalysis.

glycols behaved in a similar manner., The calcu-
lated curves shown are based upon the previously
defined expression for K»’', using the rate data ob-
tained in the pH region 4-5, where the third term
in the expression for f is negligible.

For the pH range 4-5 ,where the rate of reaction
is independent of pH, second-order rate constants
ks’ were obtained from equal concentrations of
periodate and glycol and for various excess amounts
of glycol; good agreement (within 29]) in the
constants was obtained for each glycol. For large
excesses of glycol, the reaction becomes pseudo
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k'

° 9.88° C.
10 +

pH.

Fig. 2.—cis-1,2-Dimethyleyvclopentanediol-1,2, variatiou
of pseudo second-order rate comstants with pH: curve
shown is calculated from equation 1, ‘.., assuming no
hydrogen ion catalysis.

first order, with the pseudo first-order rate constant
k' equal to ky'[G]. Typical plots? of the recipro-
cal of ki’ versus the reciprocal of [{G] are shown in
Fig. 3; extrapolation of the straight lines to the
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Fig. 3—Typical plots of the reciprocal of tlie pseudo
first-order rate constants versus the reciprocal of the average
glycol concentratious at 0°.

origin substantiates second-order kinetics over the
entire concentration range.!® From the slopes of

(17) For the purpose of the plots, the average glycol concentration
during the observed portion of the reaction was used. Maximum
variation in the glycol concentration during the ohserved part of a
given run can be shown to be less than 109, in all cases, usually less
than 5%,.

(18) Because of the rapidity of the reaction, a plot of this type could
not be made for ¢is-cyclopentanediol-1,2,
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these plots, second-order rate constants k.’ were
calculated and found to agree within 39 with the
constants determined from the second-order runs.

Assuming the observed hyvdrogen ion catalysis
to be first order and that the observed second-order
rate constant k;’ may be represented by

Lk RulHY
ks 7

where k; is the rate constant for the uncatalyzed
reaction, calculated from the data for the pH
range 4-5, and ky is the rate constant for the hy-
drogen ion catalyzed reaction, it can be shown
that a plot of log (fks' — ks) versus pH in the region
where hydrogen ion catalysis takes place would
give a straight line with slope of —1 and intercept
equal to log (ku/vyu*). Typical plots are shown
in Fig. 4; the straiglit lines are drawn with slopes
of —1.
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Fig. 4.—Typical plots illustrating furst order livdrogen
ion catalysis; slopes of lines are — 1, intercepts are —log
kr/yrt: A, cis-cyclopentancdiol-1,2, 25.06°; B, cis-1-
methylevelopeutauediol-1,2, 0°; C, {rans-cyclopentanedio-

1,2, 0°; D, cis-1,2-dimcthvieyelnpentanediol-1.2, 29.82°;
E, cis-1,2-dimethyleyelopentaiedinl-1,2, 0% 17, frans-1-

methyleyelopeutancediol-1,2, 15107,
Tables I aud 11 give the expertinentally deter-
mined values of &y and &y for the rate expression

—diP]y : o .
""('(i't’hx (e 1 AL N0, G

Table 11I gives the calculated activation cuer-
gies and entropies for the uncatalyzed reactiou.
Plots of log ke vs. the reciprocal of the absolute
temperature gave good straight lines for all of the
glycols. The thermodynamic functions for pinacol.
reported previously,® are included. Pinacol was
the only glycol in a series of methylated ethylene
glycols for which no kinetically deterininable
intermediate complex could be demonstrated.
The mechanism of the pinacol oxidation is similar
to that for the cyclopentanediol series.
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‘TapLe 1
Rare CoNsTANTS FOR THE UNCATALYZED REACTION

bl mole =i sec. T1
Glyenl 0c 7°

17.7 21.6(15.06)

23.1(25.006)

1.29(19.753)

1.48(29.84)

cis-1-Methyleyclopentanediol- 2.78 3.15( 9.88)

1,2 3.76(25.03)
trans-1-Methyleyclopeintaiie- 0.0112  0.0161( 9.8])

ciy-Cyclopantanediol-1,2

trans-Cyclopentauediol-1,2 1.01

diol-1,2 0187 (15.01)
L0235 (25.05)

czs5-1,2-Dimtethyleyelopeintasie- 0,004 L0081 (15,248
diol-1,2 L0128 (29.82)

trans-1,2-Dimethiyleyelopes- Not nxidized
tarediol-1,2
Tapire 11
Rari Constants rok rok Hyprooky lon Caranyzieb RE-

ACTION
/u (1.2 mole~? sec.”1)
Giveol 0.00° 7°

cis-Cyclopentanediol-1,2 3000 6000 (25.06)
trars-Cyclopentanediol-1,2 90 100 (29.84)
cis-1-Methylevelopeutanediol-1,2 700 1000 ( 9.88)
irans-1-Methivleyclopentancdiol-1,2 0.8 0.9(15.10)
¢15-1,2-Dimethyleyclopentascediol-

1,2 3 20 (29.82)
trans-1,2-Dintethyleyclopentane-

diol-1,2 Not oxidized

Tapry 111

THERMODYNAMIC VUNCITONS OF ACTIVATION FOR  TUHE
Uncataivzep Reacrion, G -+ 10~ k—i PropuUcCTS
AS+
ical./
AT+ AF + reg./
Glyeol (keal./moje)  (keal./mole) male)
cis-Cyclopentancediol-1,2 1.240.3 14.4 4=0.0 --48
irans-Cyclopentanediol-
1.9- 1.0 .U 150 - 53
iix-1-Metivleyelppen-
tinadiol-1,2 1.4+ .1 15.4 o1
trasts-1-Methivleyclopen-
tanediol-1,2 R A S
iis-1.2-Dimneilivieyelo-
pesttanclinl-1,2 [ S L | H2
Lrans-1,2-Dimethyl-
cvelopentanediol-1,:2 Not cleaved by periedile
Piscol? 2 E0E 1005 1h

That ue kinetically detectable amount of an
irrtermediate exists for any of these glycols may he
explained on tlie basis of a small (less than anity)
cquilibrium constant for its formation or, prefer-
ably, that the formation of the interinediate has
beeowe rate determining.

The following ohservatinis support thie postulate
that the intermediate is cyclic. First, the presence
of an intermediate, the disproportionation of which
is rate-determmining, has been demonstrated only
for those glycols having a substantial degree of free
rotation about the bond between the hydroxyl
bearing carbon atows.>® Among this group are
cthylene glycol and its methylated derivatives, with
the exception of pinacol. In general, the equilib-
rium constants for the formation of the interme-


�,�'.%22�-l-Mcthylcyclope.il-

Aug. 5, 1958

diate decrease with increasing methyl substitution
from propylene glycol to trimethylethylene glycol,
becoming quite small in the case of the latter
compound. Buist!? has presented evidence which
indicates that for trimethylethylene glycol the
rates of formation and disproportionation of tlie
intermediate may be comparable. For pinacol,3
where rotation is expected to be highly hindered,
resulting in a more favorable ¢rans-configuration
for the hydroxyl groups, and for all of the cyclo-
pentanediols studied in this work, no intermediate
could be demonstrated from rate data, presumably
because the formation of such an intermediate has
become slow compared to its disproportionation.

Second, trams-1,2-dimethylcyclopentanediol-1,2,
a glycol which from steric considerations might not
be expected to form a cyclic intermediate at all, is
not oxidized by periodate.

Third, c¢is-1,2-dimethylcyclopentanediol-1,2 is
cleaved more slowly than {¢rans-1-methylcyclo-
pentanediol-1,2. This last observation is not
surprising if the intermediate is considered to be
cyclic; from models, it appears that two methyl
groups for the cis-compound may offer more hin-
drance to the formation of an octahedrally cotrdi-
nated complex with periodate ion than one methyl
group for the trams-compound. Presumably, the
optimum oxygen—-oxygen distance for the forma-
tion of such a complex is intermediate to that for
the cis- and the trans-compounds.

DisTRIBUTION OF FATTY ACIDS BETWEEN #-HEPTANE AND PHOSPHATE BUFFER
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Finally, cyclic structures have been postulated for
several stable complexes of glycols, notably those
with boric acid and with sodium molybdate.

It is observed that methyl substitution increases
the ratio ku/ks at 0° for the cis-compounds of the
cyclopentanediol series, from 170 for the un-
methylated glycol to 625 for the dimetliylated
glycol; methyl substitution has little effect on the
ratio for the trans-isomers. These facts suggest
the observed hydrogen ion catalysis may involve a
prior equilibrium to give a protonated glycol
species, the latter reacting more rapidly with 104~
ion than does the glycol itself. c¢is-Glycols could
form a protonated species such as (I) whereas ¢rans-
glycols would be limnited to cations of type II.

+

t H !
—c-0" —C-—OH,
I | H 1 y
—C-—-0. HO—C—
| !

The rate constants for the two paths, given in
Tables I and II, together with the fact that trans-
1,2-dimethylcyclopentanediol-1,2 does not cleave
at any pH in the acid region, suggest that the two
paths are substantially the same, differing only in
the role of hydrogen ion, and that the same type
intermediate is involved in both.

LARAMIE, WYOMING

[CONTRIBUTION FROM THE LABORATORY OF CELLULAR PHYSIOLOGY AND METABOLISM, NATIONAL HEART INSTITUTE, NATIONAL
INSTITUTES OF HEALTH]

The Distribution of Fatty Acids between n-Heptane and Aqueous Phosphate Buffer

By DEWITT S. GOODMAN

RECEIVED JANUA.RY 2, 1958

A study has been made of the distribution of eight fatty acids between n-heptane and aqueous phosphate buffer at pH

7.45, ionic strength 0.16 and 23°.
oleic and linoleic acids.

The fatty acids studied included octanoic, decanoic, lauric, myristic, palmitic, stearic
CleCarboxyl labeled acids were used for assay, enabling accurate measurements to be made at
extremely low concentrations and over a range of several orders of magnitude in each case.

The data obtained with octanoic,

decanoic, lauric and myristic acids are consistent witli the assumption of a monomer-dimer equilibrium in the organic

phase, without association in tlie aqueous phase.

The association (dimerization) constants for these four fatty acids in
heptane saturated with water have been calculated from these data and are, respectively, 5.8, 6.9, 7.0 and 9.3 X 108,
constants are compared with others available in the literature.

These
With these 4 fatty acids the partition ratio for the mono-

meric forms in the two phases has been found to increase geometrically with chain length, the increase being approximately

17-fold for each two carbon increment.

In contrast, the data obtained with the four highest fatty acids studied are markedly

different and are not susceptible to quantitative interpretation at thie present time.

In 1891 Nernst successfully accounted for the
distribution of benzoic acid between water and
benzene by assuming the existence of dimers in the
benzene phase.! Since then the association of
carboxylic acids has been the subject of numerous
investigations by a variety of methods. Vapor
density measurements by Fenton and Garner?
and by Coolidge,® demonstrated the existence of
fatty acid dimers in the gaseous state. X-Ray

(1) W. Nernst, Z, physik. Chem., 8, 110 (1891).

(2) T. M. Fenton and W. E. Garner, J. Chem. Soc., 694 (1930).

(3) A.S. Coolidge, Tuis JourNaL, 50, 2166 (1928).
(4) A. Muller, Proc, Roy. Soc. (London), 1544, 624 (1936).

studies of the solid* and liquid® states have indicated
that in these states fatty acid molecules are paired.
Molecular weight and distribution measurements
have shown that fatty acids are present as dimers
when in solution.®” Most of the quantitative stud-
ies available have dealt, however, with carboxylic
acids other than the fatty acids.® Notable excep-
tions are the investigations of Pohl, Hobbs and

(5) R. M. Morrow, Phys. Rev., 81, 10 (1928).

(6) M, Trautz and R. Moschel, Z. anorg. Chem., 188, 13 (1926).

(7) W. Herz and H. Fischer, Ber., 38, 1138 (1905),

(8) The term “‘fatty acid’’ is herein used to refer to the straight or
branched chain aliphatic carboxylic acids.



