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» X-ray diffraction powder data were
obtained for n-alkyl dithiol esters of
sebacic acid. All the individval com-
pounds can be easily distinguished and
identified by the diffraction data. The
esters crystallize in tilted monomolecu-
lar layers. Llong spacings increase
regularly with increase in hydrocarbon

chain length, forming two series, one for
odd- and one for even-member#d
series of the alkyl ester groups.

Mm of the dithiol esters of long-
chain fatty acids are solid crys-
talline materials at ordinary tempera-
tures, suitable for characterization by

x-ray diffraction. In this paper the x-
ray diffraction powder patterns of
methyl, n-amyl, n-heptyl, n-octyl, n-
nonyl, n-decyl, n-undecyl, and n-dodecyl
dithiol sebacic esters are reported.

EXPERIMENTAL
All the dithiol compounds used were



prepared as recently described (3), with
the exception of n-undecyl and n-
dodecyl dithiol sebacate. These two
compounds were prepared in the follow-
ing manner.

To 2.4 grams (0.01 mole) of sebacyl
chloride in a 100-ml. round-bottomed
flask fitted with a reflux condenser was
added 0.022 mole of the appropriate
mercaptan and the mixture was allowed
to stand overnight. The product then
was heated on a steam bath for 6 hours.
The dithiol esters were crystallized from
acetone until two successive crystalliza-
tions showed no increase in the melting
point. The yield of n-undecyl dithiol
sebacate was 5.0 grams or 91%, with a
melting point of 67.5° C. The yield of
n-dodecyl dithiol sebacate was 5.2 grams
gr 09%)%, with a melting point of 64.5—

5° C.

Analysis:
Calculated for Cs;HuO:S,:
Found:

S

'ound: S

Calculated for CpyHesO:S: S
Found: S

iy

11.8%
12.09,
11.29,
, 11.6%,

Sebacyl chloride, n-dodecyl mercap-
tan, and n-undecyl bromide were ob-
tained from Eastman, Aldrich and
Matheson, and Colman and Bell, re-
spectively. 7n-Undecyl bromide was
converted to n-undecy! mercaptan, boil-
ing point 103-04° C. at 3 mm., by the
method of Urquhart, Gates, and Con-
nor (4).

In order to obtain the same poly-
morphic form, the dithiol esters were
crystallized from acetone at room tem-
perature, except that n-hexyl dithiol seb-
acate was crystallized from acetone at
0° C., because of its low melting point of
29° C. This compound was held at
0° C. until after the x-ray diffraction pat-
tern was obtained. Even with these
precautions the pattern of n-hexyl di-
thiol sebacate showed that a second
phase was present. However, the long
spacings of the polymorphic form found
in the other dithiol esters could be easily
distinguished.

X-RAY APPARATUS AND TECHNIQUE

X-ray diffraction measurements were
made with a General Electric XRD-3
direct recording unit, using nickel-fil-
tered CuKa radiation (A = 1.5405 A.),
1° beam slit, 0.1° detector slit, high-
resolution Soller slit, 2° per minute
scanning speed, 60-inches-per-hour chart
speed, linear scale, and 2-second time
constant. All samples were carefully
ground in an agate mortar to minimize
the effects of orientation. Duplicate
samples gave diffraction lines of compa-
rable relative intensities when similarly
crystallized, ground, and mounted.
The ground samples were gently packed
into the recess of a plastic holder ap-
proximately 1.0 inch long, 0.5 inch wide,
and 0.015 inch deep.

The intensities of the diffraction lines
reported were measured as counts per
second at the maximum height minus
counts per second of the background,
and then expressed on a relative scale

Table I. X-Ray Diffraction Powder Data of Dithiol Sebacic Esters C;—C;. Aliphatic
Mercaptans
Dithiol Sebacate
Methyl n-Heptyl n-Nonyl n-Undecyl
d, A. 1/1; d,A. I/I d,A. I/I d, A. I/I,
16.98 0.39 30.44 0.84 34.75 1.00 38.85 1.00
8.50 1.00 15.23 1.00 17.52 0.51 19.65 0.26
5.64 0.68 10.16 0.16 11.70 0.18 13.14 0.18
4.84 0.03 7.62 0.03 8.7 0.17 9.86 0.34
4.50 0.04 6.10 0.12 7.65 0.01 5.63 0.12
4.25 0.13 4.74 0.08 6.99 0.05 4.71 0.08
3.59 0.01 4.48 0.04 5.84 0.01 4.50 0.07
3.39 0.09 4.17 0.02 4.99 0.02 4.27 0.05
2.87 0.01 3.85 0.02 4.73 0.04 3.95 0.03
2.8 0.11 3.81 0.02 4.50 0.03 3.80 0.05
2.69 0.01 3.77 0.03 4.37 0.02 3.75 0.07
2.51 0.01 3.64 0.04 4.23 0.02 3.49 0.18
2.42 0.08 3.39 0.01 4.04 0.01 3.46 0.02
2.12 0.01 3.07 0.01 3.8 0.02 2.42 0.02
1.88 0.03 2.54 0.01 3.75  0.04 2.32 0.0l
TR B SR
- . . . . 2.07 .
n-Amyl 218 0.02 3.39 0.0l
25.96 0.27 2.08 0.01 3.18 0.01
13.06 .00 2.92 0.01
8.66 0.02 n-Octyl 2.51 0.005 n-Dodecyl
6.50 0.02 33.95  0.07 2.43 0.0
5.20 0.10 ol 100 2.33  0.02 43.27  1.00
4.74 0.03 e oo 2.27 0.0l 21.64 0.33
4.44  0.02 358  0.926 219 0.02 14.78  0.03
4.33 0.04 ) ’ 2.08 0.01 10.85 0 55
6.86 0.19
4.07 0.01 470 0.01 8.66 0.01
if ows 4R 0N 1% o
. . ’ - 1 .
3.62 0.0 309 0.0 n-Deoyl 482 0.005
3.44 0.005 3.69 0.01 38.38 1.00 4.33 0.01
3.39 0.003 344 001 19.39 0.45 4.11 0.03
2.87 0.005 2’86 0.02 12.89 0.05 3.94 0.01
2.90 0.003 265 -0.01 7.75 0.05 3.69 0.01
2.60 0.03 2745 0.01 5.564 0.04 3.62 0.005
2.42 0.003 2'20 0.13 4.84 0.01 3.3¢4 0.01
2.36 0.04 ) . 4.11 0.03 2.89 0.02
2.28 0.003 3.69 0.01 2.71 0.01
2.17 0.04 3.53 0.01 2.41 0.01
2.08 0.01 2.99 0.01 2.29 0.09
2.00 0.005 2.78 0.01 1.89 0.004
2.43 0.01
2.29 0.08
I-I,, with the stfongefst line, I,, arbi-
trarily given a value of 1.000 (Table I).  t4p : .
The long spacings were obtained from able 1I D‘i?t:‘igl gzg::g:e:f n-Alkyl
oriented samples. Unground samples
were placed in a thin layer on a glass Carbon Total
slide and firmly pressed to ensure ad- _Atoms  Carbon Long
herence. The exposed surface on the " in Ester- Atomsin Spac-
glass slides was approximately 0.5 inch Dithiol ~ Alkyl ~ Mole-  ing,
wide by 0.5 inch long. Scbacate . Group  oules . A.
o Methyl 1 12 17.00
The values of the long spacings given = n-Amyl 5 20 26.00
in Table II were obtained from the av-  n-Hexyl 6 22 29.85
erage of at least seven orders taken ﬁgff;f' 1 g gg gggg
from the oriented samples. The first  p.Nonyl 9 28 34.95
order was not included in the average n-Decyl 10 30 38.80
because of the limited accuracy with  n-Undecyl 11 32 39.40
which it could be measured. n-Dodecyl 12 34 43.30

RESULTS AND DISCUSSION

The interplanar spacings and relative
intensities reported in Table I show that
the n-alkyl dithiol esters of sebacic acid
can be readily distinguished and iden-
tified by the x-ray diffraction data.
Mixtures of dithiol sebacates with 7 and
9 carbon atoms and with 10 and 12 car-
bon atoms in the alkyl chain were crys-
tallized together. X-ray diffraction pat-

terns of these mixtures showed clearly
the patterns of both components, one
superimposed upon the other. In Fig-
ure 1, the long spacings of the n-alkyl
dithiol sebacates are plotted against the
number of carbon atoms in the ester
chain length. Two parallel straight
lines are obtained, one for the even-
membered and one for the odd-mem-



bered series, which is characteristic of
long-chain compounds (2). The aver-
age increase for each additional carbon
atom is approximately 1.12 A. for the
dithiol esters of sebacic acid. This is
less than the accepted value of 1.27 A.
for the projected carbon-to-carbon dis-
tance. It appears that the dithiol es-
ters of sebacic acid crystallize in tilted
monomolecular layers, as do the diethyl
esters of dicarboxylic acids, containing
an even number of carbon atoms in the
chain (), and n-aliphatic thiol deriva-
tives of monocarboxylic acids (5). The
values of the long spacings reported (1)
for the diethyl esters of dicarboxylic
acids, containing an even number of
carbon atoms in the acid chain, are ap-
proximately 0.2 A. larger than those of
the corresponding dithiol esters given
in Table II. This indicates that in both
series the compounds crystallize with
approximately the same angle of tilt.
The dithiol esters containing an even
number of carbon atoms in the thiol-
ester groups have long spacings which
are slightly greater than those contain-
ing an odd number of carbon atoms in
the thiol ester group. This is the same
as was reported for thiol esters of
monocarboxylic acids (5). In general
the reverse is true for long-chain ali-
phatic compounds”containing odd and
even numbers of carbon atoms in the
aliphatic chain (2).

SUMMARY

X-ray diffraction powder data were
dbtained for 9 n-alkyl dithiol esters of
sebacic acid. ~ All individual compounds
;an be readily identified and distin-
guished by the x-ray diffraction data.
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IN ESTER ALKYL GROUPS

Long spacings of dithiol esters of sebacic acid

@ Even number of carbon atoms in each alkyl group in ester
O Odd number of carbon atoms in each alkyl group in ester

The long spacings increase regularly
with increasing ester-chain length form-
ing an odd and an even series. The
n-dialkyl dithiol sebacates crystallize in
monomolecular tilted layers.
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