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F THIN FILMS of molten fatty acids between sodium
I chloride plates are slowly cooled under the influ-

ence of a temperature gradient, oriented crystal-
line samples result which are well suited for investi-
gation with polarized infrared radiation (3, 6). The
polarized spectra obtained on such oriented films of
carboxylic acids have been used to arrive at more
detailed interpretations of infrared spectra (7) and
to obtain new structural information (6).

Difficulties associated with the evaluation of polar-
ized spectra increase with decreasing crystal sym-
metry. In orthorhombic erystals all absorption bands
are polarized along symmetry axes, in monoclinic
crystals along an axis or in a plane perpendicular
to this axis (5). For triclinic crystals no such rules
exist. The picture is further complicated by anoma-
lous dispersion, which is particularly hard to evalu-
ate for triclinic erystals in the vicinity of absorption
bands. The interpretation of data obtained on tri-
elinic erystals is therefore necessarily of a more quali-
tative naturc than in the case of systems with higher
symmetry.

KEven-numbered n-alkyl monocarboxylic acids erys-
tallize in three different forms, called A, B, and C;
odd numbered acids in forms A’, B’, and C’. Forms B,
C, and (" are monoclinie, the rest triclinic (8). A rep-
resentative acid of form C has been previously investi-
gated in this laboratory (6). The present work is
concerned with representative samples of other forms
which can be obtained from the melt and thevefore
lend themselves to investigation with the above-men-
tioned technique, namely A’, B/, and ¢’. A’ and B’
are triclinie, ¢/ is monoclinic. Unfortunately it was
not possible to obtain these forms on one aud the same
acid; therefore Cyz and Cy; acids were used.

Experimental
The preparation of oriented samples has been pre-
viously described in some detail (6). Figure 1 shows
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Fia. 1. Various orientations of the eleetrie veetor with respect
to the sample. *—Direction of the main axis of the hydroearbon
chains of monoclinie form C' heptadecanoie acid.

the various directions of the electric vector of the
polarized radiation in relation to the oriented sample.
Spectra with the electric vector along a or b were
obtained by placing the sample in the radiation beam
with the ab plane perpendicular to the direction of
the propagation of the radiation and by turning the
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Fia. 2. Infrared speetrum of form € heptadecanoic acid (A)

and form B’ heptadecanoic aeid (13), 650-1550 em.™'.

polarizer to produce plane-polarized radiation with
the electric vector parallel to the desired direction.
For spectra obtained with the electrie vector along
a’, a”, b, and b” the sample was tilted in such a way
that the electric vecetor was in the preseribed relation
to the sample. Small NaCl prisms were attached to
either side of the sample so that the surface of the
sample assembly was always perpendicular to the rad-
iation beam. In the case of orthorhombic and mono-
clinic acids the a and b direetions are found to coin-
cide with the ¢ and b erystallographic axes (6). For
trielinic samples it is not possible to specify a simple
relationship between the erystallographie axes and the
direction of the electric vector of the radiation beam.
Hereafter crystallographic directions are designated
by italics, directions of the electric vector by bold-
face letters. Anomalous dispersion effects, which can
be eliminated or restricted for samples of monoclinic
or higher symmetry (5), cannot be casily evaluated
for triclinic samples. Therefore it should be kept in
mind that the directions of the electric veetor apply to
the radiation beam before it enters the sample. The
infrared measurements were made on a ’erkin-Elmer
Model 21 instrument equipped with sodium chloride
optics and a silver chloride polarizer. The sample of
heptadecanoie acid has been deseribed (1). A puri-
fied commercial sample (Eastman-Kodak white label)
of tridecanoic acid was used (M.P. 41.8°C.). A small
portion of the sample was converted to the methyl
ester and examined by gas-liquid chromatography. No
impurities were detected in the esterified specimen,

Results

Form C" Heptadecanoie Acid. Form C' crystals
first separate from the melt of this acid. A change to
form B’ takes place 10-20°C. below the melting point
(4). When a very thin film of the melt was slowly
cooled between rock-salt plates, no phase change was
observed. The crystalline film obtained showed spee-
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tral characteristics which were similar to form C ste-
aric acid (6) and decidedly different from form B’ Cy,
acid. It was concluded that this sample was composed
of form C’ heptadecauoic acid. Figure 2A shows the
spectrum of this sample obtained without polariza-
tion. TPolarized spectra and the region above 1550
em, ! have been omitted because of their similarity
to the corresponding data of form C stearic acid (6).
The absorption bands, their approximate intensity,
polarization, and assignments are listed in Table 1.
Some weak bands were probably not observed because
only a very thin specimen of the C' aeid could be
prepared.

The main difference between form C acids and form
C’ acids is the packing of the methyl end-groups. This
causes a well-known alternation in physical properties
within the homologous series (4). The only well-re-
solved infrared band associated with the CIIy groups
oceurs around 1375 em.™ . While the remaining parts
of the spectra of form C stearic acid and form €’
heptadecanoic acid are quite similar, this band is po-
larized differently. This observation is in full agree-
ment with and offers further experimental evidence
for the coneclusion that the main difference between
odd and even acids near their melting point is found
in the arrangement of the CHj end-groups. Tn a zero-
order approximation (negleeting intergroup and in-
termolecular interactions) the symmetrical ClI; de-
formation band should be polarized parallel to the
terminal C—C bond. As shown in Figure 3, the 1375
em. ! region band of the € acid has a much weaker
component along the a axis than the corresponding

TABLE I

Spectrum and Polarization of Form (' TTeptadecanoic Acid
4,000—-650 ¢m. 1t

3 izg-
em.-t s I ‘:/lii;l"”"‘ Description?
77‘772956 vw ne i By Cls asym. str,

%gig : "1‘) “: 1 CHe asyr. str.
2000° s ne | Bu _ OH str. 4 unres. comb.
ggig :: xz) ﬁ: { CHz sym. str.
2670¢ sh ac il comb, involving 1, R.
2580¢ sh :1‘(- il A inactive modes

704 vs ) u

1698 vs o By} (=0 str.

1690 V& b {au !

1473 m ae | 3ul ey,

1365 m b ﬁ“ { CH: bend.

1438 s ac _| w0« - N
1135 w {; An }‘ C—0 str. (OI1 hend.)
1412 m Au .

1410 m ac I B [aCHgbend.
1379 w ac ()4 C¥Ha bend.
1356 w b, ac
1340 w
1319 ‘V]
1305 s
1295 m |
1267 m i b, ac Bu, Au OH bend, (C—O str.)
1245 m | and CH: wag.
1225 m
1205 m ]I
1187 m
1130 vw1[
1122 vw v
1100 vw [ b, ac C—C 1t
1071 vw |

941 s ac | Bu ) out-of-plane

940 s b Au § O benad

910 w ac ||

891 w ac |

834 w b, ae _|. ]

798 vw ]l; ac _|. ‘[

771 w ac | y

734 w b, ac _L_ lr OF rock

730 s ac | Bu |

721 s b Au |

687 w ac i Bu COO def,

4 b, along the b axis; ac within ac¢ plane; [, |, a¢ component is ap-
proximately parallel or perpendicular to hydrocarbon chains.

b Au, Bu refers to crystal symmetry.

¢ Approximate center of broad or very strong band.

4 Discussed in text.
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TABLE II

Spectrum and Polarization of Form B’ Ieptadecanoic Acid
4,000—650 em-!

Approximite

cm.~t L polarization? Deseription
2047 vw b s as .
2038 vw ac | CH.; asym, str.
2010 s b, ac CHz asym.sty.
2900b 8 ac | O str. + unres. comh.
2846 m b — :
2842 m ac | CH:z sym. str.
27000 sh ac | comb. involving I.R. inactive
26600 sh b modes
17090 vy b 0=0 str
1705V vs ac}( :
1470 m ac 1} s be
1462 m b i CHz= bend.
1an6 N L C—0 str. (OH bend.)
1413 m b ) -
1409 m ac | § a CH: bend.
1374 W ac _|_ CHa bend.
1338 w)
1318 m {
1305 m |
1286 m i
1266 m ¥ b, ac OH bend. (C—0 str.) and
1245 m | Itz wag.
1223 m |
1204 m |
1187 m |
1130 vy ]l
1122 vw (Y
1105 vw [ b, ac -G 1
1071 vw )
t:i% 2 :c L )‘ out-of-plane OI1 bend.
Q8 m ac ||
827 w b,ac _|_)
797 v b, ac _|_ |
769 w b, ac _|_ | TR
36 W b oac L ( Clie rock
728 S ac  _| |
720 s b |
679 W ac (‘,()971}:{‘_ o

*ac, b refer to divections in Figure 1; I, _I_——the ae component is
approximately parallel or perpendicular to the main axis of the hydro-
carbon clinins.

b Approximate position of strong or very broad band.

band of form C stearic acid in agreement with this
approximation.

The band assignments are based on analogy with
stearic acid (6). The bands between 1180 and 1360
em.”t (“‘band progression’’) are assigned to inplane
wagging vibrations coupled with the 1300 em.™ region
carboxyl deformation band. Such an assignment is sug-
gested by recent results on deuterated adipie acid (7).

Form B’ Heptadecanoic Acid. 1f no particular care
is taken to prevent a phase change, heptadecanoic acid
changes to form B’ about 10 to 20°C. below its melt-
ing point. The change-over is accompanied by a loos-
ening of the sample from the sodinm chloride plates;
the crystal form of the resulting large flakes can be
checked by x-ray measurements. Figure 2B shows the
spectrum of B’ heptadecanoic acid obtained with un-
polarized radiation. Polarized spectra were obtained
in the usual manner [see Experimental and reference
(6)]. Care had to be taken to keep the loose flakes
in a fixed position between the rock-salt plates. Only
very thin flakes could be studied if excessive energy
loss by scattering was to be avoided.

The spectra obtained with the electric vector along
b and b” (Figure 1) were similar but not identical.
No plane of symmetry could be detected. This is in
agreement with the triclinic over-all structure. No
in-phase C=0 stretching band was observed [known
from Raman measurements to oceur at about 1650
em. ™t (2)], indicating that the dimers are centrosym-
metrie. The data are thus in agreement with the space
group C! — P1.

The position and polarization of most major bands,
listed in Table I1, is very similar to the C’ form. One
notable exception is the out-of-plane OH deformation
band, which shifts down to 928 em.™, the value found
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F1¢. 3. The a component of —CH: deformation band. Solid
line: form C octadecanoic acid. Dotted line: form (¢ heptadeen-
noic aeid.

by von Sydow for form B’ pentadecanoic acid (9).
Since the sample is triclinie, the directions a and b
(Figure 1) do not coincide with crystallographic axes.
The general similarity of the data nevertheless indi-
cates that the C’ and B’ structures arc somewhat re-
lated to each other. The position and polarization
of bands associated with -CHs~ groups shows that
the hydrocarbon packing is of the same type (ortho-
rhombic substructure). The shift of the well-estab-
Iished OII band around 930 em. ' indicates that the
main factor which forces the over-all structure from
4 monoclinic into a triclinie form is a reorientation of
the carboxyl groups. These conclusions are in full
agreement with conclusions drawn from x-ray meas-
urements (8).

Form A’ Tridecanoic Acid. Tridecanoic acid was
chosen for the investigation of the A’ configuration
because acids with longer hydrocarbon chains are dif-
ficult to obtain in this form from the melt.

The structure of A’ acids is fundamentally differ-
ent from the previously investigated forms C, C’, and
B’ (6, 8). There is only one dimer per unit cell, the
hydrocarbon chains are packed roughly in accordance
with the triclinie packing. The molecules of the shorter
members are helically twisted. The chains are oriented
roughly along the C axis, and the planes of the main
portions of the moleeules are approximately parallel
to the be plane. This structure is illustrated in Fig-
ure 4. It should give rise to no ‘‘erystal splitting’’
(because of the single dimer in the unit cell), and each
absorption band should be polarized in a unique
direction. Because of reversible phase transitions
from A’ to B’ near room-temperature, the sample had
to be cooled while the spectra were measured. Cool-
ing was accomplished by insulating the sample from
the (warm) metal parts of the instrument and keep-
ing it in a brisk stream of cool, dry nitrogen. No data
could be obtained with tilted samples because of ex-
perimental difficulties introduced by the cooling de-
vice. Determination of the orientation of the sample
presented some problems. It was assumed that the
ab planes (which contain the carboxyl groups) were
aligned parallel to the rock-salt plates, as in all pre-
viously investigated acids. In this case two polarizer
positions should exist with the electrice vector:

a) within the ab plane, roughly parallel to b (and
the planes of the main portions of the molecules),
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and b) within the ab plane, roughly perpendicu-
lar to b. ,

We call these orientations || (b) and L (b). It
should be understood that these designations are ap-
proximate and refer to the electric vector before the
radiation beam enters the sample (i.e., anomalous
dispersion is neglected). In-plane vibrations (e.g.,
—CHsy- sym. str., OH str.) should have stronger
components in the || (b) orientation. Out-of-plane
vibrations (e.g., -CHo— rock, o—o—p OH bend) should
have stronger components in the L (b) orientation.
Because it was not possible to determine the orienta-
tion of the sample with certainty, the polarization of
the well-established (perpendicular) —CH,- rocking
band in the 720 em.™ region was used as a reference.
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b

Fig. 4. A—Schematie structure of a form A’ aeid (8). B—Tri-
clinie hydrocarbon substrueture projected along the main axis of
the ehains.

Figure 5 shows the spectra obtained with the elee-
tric vector in these two orientations. The frequencies
and polavization of the observed bands are given in
Table 11I. The data in the CII stretching region

—
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F1a. 5. Polarized infrared spectrum of form A’ tridecanoic acid.
Solid line: electrie vector approximately || to b. Dotted line:
electric veetor approximately | to b (within ab plane).
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TABLE ILI

Spectrum and Polarization of Form A’ Tridecanoie Acid
4,000-650 em.

e e

cm.* I 1’(;%:(1)2;53,- Deseription
—_—

b I (b) OI1 str. -+ unres. comb.
gggg sl? CIs asym, str.
29200 s CHe asym, str.

2853 m It (&) CHe sym, str.
2660 sh

b v C—=0 str.
ii?ﬁg Vnsx N (») CHL: bend,

1449 w i (» C-—0 str. (O bend)
5 L (b)

ii%g Y‘I‘i (b a CHz bend.

1372 w I (b) . OHa bend.

1333 w

1310 w [

\ -
igg? :: !’» OH bend (CO str.) and CHI:
1251 A\Y wag.

1241 m |

1226 vw }

1217 m

1192 m |

1126 %

1108 m 1

1085 W ! -0

1054 w 'f

1081 w
985 vw .
929 W Form B’ impurity ?
886 8 L (h) OT1 out-of-plane bend
760 W RERE)) Clarock?
714 8 4 () CHe rock
680 w COO .

a Approximately parallel or perpendienlar to b axis (within ab plane).
Only clear and obvious polarization is indicated (ef. Figure 5 and text.)

b Approximate center of hroad or very strong hand.

c Some weak bands in this region might be of different origin.

are less exact than the rest because of the poor resolu-
tion of the rock-salt prism in this region. Of the
major group-frequency bands which can be assigned
with confidence, the -Cll.~ rocking, bending, and
symmetrie stretching bands show predictable polari-
zation. The same is true for the OIT stretehing and
out-of-plane OH bending bands and for the 1430 em. !
region carboxyl band. The remaining group frequency
bands show no obvious polarization. In no case is a
group-frequency band polarized contrary to the above
deseribed approximation. It appears therefore, that
in the case of this triclinie crystal, the polarization of
the group frequency bands, as far as it is observed,
can be interpreted in terms of the pseudo-planar
structure of the molecules. This i1s in agreement with
previous conclusions (7) that meaningful polarization
data can be obtained for carboxylic acids if the inter-
pretation is based on molecular psendo-symmetry and
if proper consideration is given to sample orientation.

The out-of-plane OH bending mode of form A’ tri-
decanoie acid was found to absorb at a somewhat lower
frequency than has been reported for the correspond-
ing mode of the Ciz homologue (9). The position of
this band is most useful in distinguishing between the
various crystal forms. Phase transitions (B'=A’)
can occur in the temperature region usually observed
in the radiation beams of infrared instruments (30—
40°C.), and the spectrum of the C;5 acid seems to
have been obtained without cooling. 1t does not seem
likely that the OH bending bands of two close homo-
logues with the same crystal structure absorb at ap-
preciably different frequencies.

Comparison with KBr Pellet Spectra. It is inter-

esting to note that the infrared spectra of none of the
investigated forms (A’, B’, C’) coinecide with spectra
obtained by the well-known KBr pellet technique.
The latter always show a band around 1175 em.™,
which is absent in the spectra of pure crystals. Fig-
ure 6 shows the 1150-1350 cm.™ region of the Cj
and C,7 acids observed on KBr pellets. It is conceiv-

Vou. 37

able that the 1175 em.™ region band is characteristic
of the D’ form, which is very difficult to obtain and,
according to some authors, probably does not exist
(8). However KBr pellet spectra of even acids show a
similar band (10), and no fourth form of these acids
has ever been observed. It is therefore probable that
n-alkyl carboxylic acids in KBr pellets exist in a
configuration which is not identical with any of the
known and previously studied crystalline forms. This
configuration gives rise to an additional band in the
lower frequency end of the ‘“band progression.”’

Summary

Polarized infrared speetra of thin films of repre-
sentative samples of form C’, B', and A’ n-alkyl mono-
carboxylic acids have been obgerved. The data ob-
tained on €' heptadecanoic acid confirm that the
type C and type C° structures are very similar and
that the major difference is in the packing of the CI,
end-groups. The results on type B and A’ acids indi-
cate that meaningful polarization data can be ob-
tained on triclinie erystals of n-alkyl carboxylic acids,
provided that careful consideration is given to the
sample ortentation and to the symmetry charaeteris-

T ] |
A
B
L ] |
1300 1200 cm™!

Fie. 6. 1150-1350 cm.™ region obtained on KBr pellets.
A-—Heptadeeanoie acid. B—Tridecanoie acid. Bands indi-
cated with arrow appear only in KXBr pellet spectra.



SepTEMBER, 1960

ties of certain portions of the molecules. The P71 space
structure of these erystals and the orthorhombie sub-
structure of the B’ configuration as well as the triclinic
substructure of the A’ configuration were confirmed.
Some strong infrared bands of the highly irregular
tricliniec A’ structure did not seem to be appreciably
polarized. The data on group-frequency bands which
did show clear-cut polarization were in agreement with
prediction. The spectra of form A’, B’, and C’ erystals
did not coincide with data obtained on KBr pellets. It
is eoncluded that in these pellets fatty acids exist in
a form which is not easy to duplicate under more con-
ventional conditions.
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Hydrogenation of Methyl Oleate in Solvents"

E. R. COUSINS and R. O. FEUGE, Southern Regional Research Laboratory,” New Orleans, Louisiana

The hydrogenation of the oleic acid group was investigated
with the objective of determining the effeet of solvents on the
reaction rate and the formation of positional and geometrieal
isomers. Methyl oleate, cither alonc or dissolved in one of
several solvents, hexane, cthauol, n-butyl cther, or acetic aeid,
was hydrogenated to an iodine value ot about 50 under atmos-
pherie pressure and at 30°C. with palladium-on-carbon and the
W-5 form of Raney nickel as eatalysts.

Hydrogenation with palladium catalyst, with or without sol-
vents, produced 76.6 to 79.1% (rans bonds, based on the total
double bonds. This is significautly greater than the 67% ob-
tained previously. Hydrogenation products obtained with Raney
nickel and solvents contained as little as 20.7% trans bonds
at an iodine value of about 50. Tn two cases the frans bonds
were equal to about one-third the positional isomers.

Positional jsomers formed extensively when the Raney nickel
was used in the absenee of solveuts and when the palladium
eatalyst was used. When the Raney nickel and solvents were
used large proportions of double bonds were found in the
original 9-position.

liquid-phase hydrogenation of unsaturated fatty

acids and their esters in the presence of hetero-
gencous catalysts is greatly influenced by the solvent
which is employed. Use of a solvent conceivably pro-
duees one or more of several effects. Among these are:
a) a change in the viscosity of the liguid phase, which
would affect mass transfer resistance, b) a change in
the solubility of hydrogen in the liquid phase, ¢) a
change in the adsorption characteristies of reactants
on the catalyst surface, and d) dilution of the prod-
uct to be hydrogenated.

Fokin (11), who apparently was among the first to
present experimental data in this area, stated that the
best solvents for the hydrogenation of oleic and other
unsaturated acids in the presence of platinum black
were water-soluble acids, alcohols, ether, and related
compounds. Petroleum distillates, aromatic hydro-
carbons, and higher alcohols were claimed to be less
suitable. The use of solvents in the hydrogenation of
oils has been claimed by Sanders (16) to result in
increased selectivity without a concomitant increase

NUMNROUS investigators have concluded that the

1 Presented at the 51st Annual Meeting of the Amervican Qil Chemists’
Society, Dallas, Tex., April 4-6, 1960.

2 One of the laboratories of the Southern Utilization Rescarch and
Development Division, Agricultural Research Service, U. 8. Department
of Agriculture.

in the formation of iso-oleic acid groups. According
to him, the preferred solvents in order of preference
were ethanol, methanol, isopropyl alcohol, cyclohex-
anol, acetone, and ethyl ether. Unpurified commercial
hexane, petroleum cther and dioxane were deemed
undesirable because they slowed the reaction rate.
Vandenheuvel (19) found that the order of reaction
during the hydrogenation of methyl oleate was influ-
enced by the type of catalyst and the nature of the
solvent. employed. Sokol’skii et «l. (17) investigated
the influence of the nature of the solvent on the kinet-
ics of the hydrogenation of cottonseed oil and con-
cluded that the physicochemiceal properties of a solvent
determine the temperature at which the maximum rate
of hydrogenation occurs, Kaufmann (13) found that
the hydrogenation of an oil in hexane at 35°C. pro-
duced very small amounts of 150-oleie acid groups.

Sonte of the conclusions eited above arve not general
facts and are valid only under the experimental con-
ditions which were employed. Therefore data also
have been obtained which on first examination appear
contradictory. For example, in an investigation of the
hydrogenation of methyl linoleate (7), the end-prod-
ety obtained with palladium at 30°C. were found to
be unaffected by the presence or absence of ethanol;
the percentages of the residual double bonds in the
various positions and the proportions of trans isomers
were practically identical. Albright (2) found, on
hydrogenating cottonseced oil alone and when dissolved
in hexane, tsopropyl aleohol, and isopropyl ether, that
the rates of hydrogenation in solvent were less than
the vates for the oil alone. Selectivity and the pro-
portions of trans isomers produced were essentially
unchanged by the presence of solvent. Albright’s
hydrogenations were carried out with a commercially-
used nickel catalyst, at a temperature above 100°C.,
and at constant partial pressures of hydrogen. Thus
much remains to be learned about hydrogenations in
solvents,

The objective of the current investigation was to
develop data on the formation of positional and geo-
metrical isomers during the hydrogenation of methyl
oleate in various solvents. Apparently no such in-
vestigation concerning the oleic acid group has here-
tofore been made.



