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X-Ray Diffraction Powder Data of Some Thiol Esters of

Long Chain Fatty Acids
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tion of thiol esters of long chain fatty acids.

A number of the compounds were solid erys-
talline materials at ordinary temperatures, suitable
for characterization by x-ray diffraction. Although
other derivatives (1, 2) of long chain ‘acids have
been studied, we were unable to find any reference
in the literature that described similar studies on
the thiol derivatives. In this paper the x-ray dif-
fraction powder data for the benzyl, B-naphthyl,
n-amyl, and n-hexyl thiol esters of myristie, palmitic,
stearic acids, and in some cases lauric acids are
reported.

a RECENT PUBLICATION (4) described the prepara-

Experimental

The preparation of the thiol compounds used has
been described: (4). In order to obtain the same
polymorphic form the thiol esters were dissolved in
acetone, and the solution was allowed to evaporate
to dryness at 26° with the exception of m-hexyl
myristate and m-amyl myristate, which had melting
points below room temperature. These were crystal-
lized from acetone at 0° and maintained at this
temperature until the diffraction patterns were ob-
tained. X-ray diffraction data were obtained with
a General Electric XRD-3 direct recording unit,
using filtered Cu K o radiation (A=1.5405A.), 1°
beam slit, 0.1° detector slit, high resolution soller
slit, scanning speed 2°/min.,” chart speed 60 in./hr.,
linear scale, 4-sec. time constant. All samples were
carefully ground in agate mortar to insure random
orientation. The ground samples were gently packed
into the recess of a plastic holder. The recess was
approximately 0.5 in. square and 0.020 in. deep. In-
tensities were measured as counts per second at the
maximum height of the peaks and then expressed on
a relative scale I/I,, with strongest line, I,, arbi-
trarily given a value of 100 (Table I).

TResults and Discussion

The interplanar spacings and relative intensities
reported in Table I show that the thiol derivative
can be readily distinguished and identified by the
x-ray diffraction data. In Figure 1 the correspond-
ing long spacings for the benzyl, B-naphthyl, and
n-aliphatic thiol esters are plotted against the num-
ber of carbon atoms in the aliphatic acid chain. A
series of straight lines is obtained; this regular in-
crease in long spacing with increase in hyrocarbon
chain length is similar to that observed for other
homologous series of long chain aliphatic compounds
(2). The values of the long spacings plotted are the
averages of at least four orders. The first measurable
order was not included in the average because of the
limited accuracy with which it could be measured.

The average increase for each additional carbon
atom is approximately 2.30 A. for the benzyl deriva-
tives, 1.85 A. for the p-naphthyl derivatives, and
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TABLE I
Diffraction Data of Thiol Esters of CizCis Aliphatic Acids

B-Naphthyl Thiol

B-Naphthyl Thiol

B-Naphthyl Thiol

5-Naphthyl Thiol

Laurate Mpyristate Palmitate Stearate
d, A I/1x d, A I/Ix d, A I/1x d, A I/Ix
40.12 91 42.03 100 46.46 100 49.50 100
19.19 100 21.02 27 22.94 18 24.72 11
12.80 18 14.02 17 15.22 1 16.50 12
9.60 31 10.52 35 11.42 54 12.36 90
6.39 10 7.02 3 9.13 3 9.93 10
4.79 9 5.25 5 7.62 6 8.24 11
4.35 5 4.67 0.5 5.71 6 6.19 7
3.83 15 4.48 0.5 5.08 0.9 4.94 9
3.29 5 4.29 1 4.57 2 4.21 5
3.15 5 4.21 1 4.25 1 3.81 11
3.97 0.7 3.93 1 3.72 5
3.83 2 3.83 3 3.62 3
3.74 1 3.74 2 3.53 3
3.62 0.6 3.25 1 2.32 2
2.32 0.5 2.40 0.4
2.28 0.5
n-Amyl Thiol n-Amyl Thiol n-Amyl Thiol
Myristate Palmitate Stearate
d, A I/« d, A I/1« d, A I/1x
23.23 100 25.96 67 28.47 93
11.78 98 12.99 73 14.24 100
7.85 7 8.66 7 9.50 14
5.91 18 6.51 3 5.68 9
4.72 21 5.20 10 4.75 12
3.94 6 4.74 28 4.48 11
3.38 3 4.44 28 4.04 3
2.97 2 4.07 7 3.86 6
2.64 10 3.83 13 3.80 11
2.38 20 3.75 19 3.66 20
3.63 100 2.57 2
3.40 2.43 1
3.16 5 2.35 4
2.88 2
2.35 3
Benzyl Thiol Benzyl Thiol Benzyl Thiol Benzyl Thiol
Laurate Myristate Palmitate Stearate
d, A I/I« | d, A I/I« d, A I/Ix d, A I/I«
21.02 60 47.75 100 53.55 100 58.85 54
14.24 34 23.86 12 26.20 4 14.35 100
10.64 100 15.91 16 17.49 11.47 16
7.10 9 11.94 74 13.09 83 9.55 23
6.06 1 9.50 3 10.48 7 7.18 7
5.34 25 7.96 7 8.75 9 5.74 18
4.74 4 5.97 19 6.55 7 5.18 5
4.46 2 5.30 5.82 2 4.74 16
4.35 8 4.78 19 5.24 15 4.50 5
4.29 14 4.35 4 4.77 2 4.33 12
4.09 13 4.11 4 4.53 3 4.13 20
4.06 11 3.97 11 4.35 13 3.80 13
3.90 4 3.80 2 4.13 10 3.54 5
3.78 7 3.67 2 3.81 5 2.58 4
3.57 6 3.40 3 3.74 3 2.37 12
2.86 4 3.17 2 3.08 2
2.78 3 2.98 0.9 2.61 2
2.68 3 2.80 2 2.38 6
2.38 15 2.65 3 2.27 2
2.26 3 2.51 2
2.14 7 2.38 19
2.67 4
n-Hexyl Thiol n-Hexyl Thiol n-Hexyl Thiol
Mpyristate Palmitate Stearate
d, A I/Ix 4, A I/Ix d, A I/1x
25.22 100 28.04 100 30.44 100
12.80 51 14.02 69 15.25 68
6.41 7 9.35 2 10.16 4
5.12 3 7.02 7 7.62 3
4.27 1 5.60 6 6.09 6
4.07 2 4.69 1 5.06 3
3.69 6 4.11 1 4.46 5
3.22 2 3.72 0.4 4.31 13
2.86 1 3.13 1 4.11 60
2.34 7 2.55 0.4 3.38 70
2.34 6 3.74 38
2.34 7
121 A. for the n-aliphatic derivatives. The values

for the two aromatic series are greater than the ex-

peeted projected C-C
that the measured spac

listanee, 1.27 A. It appears
ings of the aromatic deriva-
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Fi6. 1. Long spacings of thiol esters of Ci=—Cis aliphatic acids.

tives are the projection of double the molecular length
on [d 001]. Thus these aromatic thiol esters must
crystallize in bimolecular layers like the methyl esters
of the m-aliphatic acids. The increase in long spacing
for each additional carbon atom is 2.30/2 = 1.15 A.
and 1.85/2 = 0.92 A. for the benzyl and B8-naphthyl
derivatives, respectively. This is much lower than the
expected projected distance, 1.27 A., of a C-C bond.
Thus these derivatives must be tilted with respect to
the 001 plane.

On the other hand, the measured increase in long
spacing for each additional carbon atom for the
n-amyl and n-hexyl derivatives is 1.21 A., slightly
less than the expected projected C-C bond distance.
Thus these n-aliphatic thiol acid esters, like the ethyl
esters of the n-aliphatic acids, crystallize in apparent
monomolecular layers. If the measured long spacings
of these compounds are plotted against the total num-
ber of carbon atoms in the chain, the data form two
separate, approximately parallel, lines. The only dif-
ference between the two sets of derivatives is in the
number of carbon atoms; one, n-amyl, contains an
odd number of carbon atoms while the other, n-hexyl,

contains an even number. This even-odd alternation
in long spacing is characteristic for long chain com-
pounds that possess tilted chains in the solid state
(3). The previously reported long spacings of odd
alternating compounds are always slightly greater,
in proportion, than even. However in the present
vase the reverse is true. The reason for this is not
apparent at the present time.

Because of the multiplicity of lines in the low angu-
lar region, it is difficult to isolate the side spacings
of these derivatives. However a side spacing common
to each derivative in a particular series can be found
for the B-naphthyl-, n-amyl-, and benzyl-derivatives.
For example, in the four B-naphthyl derivatives each
show a relatively strong diffraction line at about
3.83 A. However for the n-hexyl series there appears
to be no correspondence. This probably results from
the difficulty in obtaining the material in good erys-
talline form because of the low melting temperatures
of the myristate and palmitate members of the series,
20.5 and 28.5°C., respectively.

Summary

X-ray diffraction powder data were obtained for
14 thiol esters of long chain fatty acids including
benzyl, B-naphthyl, n-amyl, and n-hexyl thiol myris-
tates; thiol palmitates; thiol stearates; and in some
cases thiol laurates. All the individual compounds
can be readily distinguished and identified by the
diffraction data. Long spacings increase regularly
with increase in hydrocarbon chain length. The ben-
zyl and B-naphthyl thiol esters crystallize in tilted
bimolecular Jayers while the n-amyl and mn-hexyl
thiol derivatives crystallize in tilted monomolecular
layers.
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