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Recovery of Anthracene from Anthracene-T. N. F.
Complex

Chromatographic Separation.—A benzene solution of
0.6014 g. anthracene-T. N. F. complex was passed over a
short column of activated alumina. The T. N. F. formed
a dark ring at the top of the column which moved stowly
(down the column while the anthracene was readily eluted
with benzene. The movement of the anthracene was fol-
lowed by its fluorescence in ultraviolet light. When all
the anthraccne was eluted, the T. N. F. was still on the
column. A guantitative recovery of anthraccne was ob-
rained by evaporatioun of the percolate.

Reduction with Tin and Hydrochloric Acid.—To a solu-
tion of 0.378 g. of anthracene-T., N. F. complex in 30 cc.
of glacial acetic acid there was added 1 g. of tin and 5 cc. of
concentrated hydrochloric acid. The mixture was re-
Auxed twenty minutes, during which time all the tin went
into solution aud the mixture turned from a deep red to a
very light red. The hot mixture was pourcd onto ice and
+he precipitate filtered and dried, The precipitate was
dissolved in benzene, treated with norite, filtered and the
filtrate concentrated. There was recovered 0.112 g. of
anthracene, m. p. 213-215°,

Catalytic Reduction.—In a preliminary experiment 78.8
mg. of pure T. N. FF. was reduced in ethanol solution with
Adams platimum oxide catalyst at room conditions. At
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the end of forty-eight minutes, 9 moles of hydrogen per
mole of T. N. F. was absorbed, and the compound con-
tinued to take up hydrogen slowly. An ethanol-benzene
solution of 0.6128 g. of anthracene-T. N. F. complex was
hydrogenated under similar conditious. At the end of
132 minntes, 8.2 moles of hydrogen per mole of compound
was absorbed, at which point the reduction was inter-
rupted. The reaction mixture was extracted with dilute
hydrochloric acid and the orgaunic layer separated, washed
with water and dried. After treatment with norite, the
solution gave, on concentration, 0.1590 g. of anthracenc,
nm. p. 212-215°.

Summary

The molecular complexes between 2,4,7-trinitro-
fluorenone and twenty-nine aromatic polynuclear
compounds are described. The hydrocarbon por-
tion of these complexes can be readily recovered.
The advantages of using the molecular complexes
of 2,4,7-trinitrofluorenone for the characteriza-
tion and purification of polynuclear aromatic
compounds are indicated.
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II. The Hemihydrates

of Certain Sodium 1-Alkane-sulfonates!

By L. H. JENseN' anD E. C. LINGAFELTER

In the first paper of this series'® we reported
the unit cells and space groups of the quarter-
hydrates of sodium l-octame-, 1-decane-, 1-tetra-
decane-, 1-hexadecane- and 1l-octadecanesulfon-
ate. We have now prepared satisfactory single
erystals of the hemihydrates of sodium 1-dodec-
ane-, l-tetradecane-, l-hexadecane- and l-octa-
decanesulfonate. Sodium 1l-octanesulfonate and
l-decanesulfonate have not formed hemihydrates
under the conditions so far investigated.

Experimental

The compounds used were of the same batch
as in the previous work.'® The crystals were
grown by slow evaporation from mixtures of car-
bon tetrachloride and water at temperatures be-
tween c¢. 30 and 50°. Sodium 1-dodecanesul-
fonate and 1-tetradecanesulfonate hemihydrates
were also obtained from water alone. The crys:
tals of all four substances are thin tabular paral-
lel to {001} and elongated parallel to the a axis.
The tablet is cutlined by {010} and {12/} in most
cases, rarely by {010}, {11/} and {12/} or by {010}
and {111}, (7 index could not be obtained be-
cause of the extreme thinness of the crystals.)

The degree of hydration was nieasured by the
weight loss in a vacuum drying experiment as de-

(1) Presented at the Northwest Reghatal Meeting, Seattle, Wash-
ington, Octouber 20, 1947

(Ia) At Emmunuel Mossionury College, Berrien Springs, Michi-
garl.

(1h) Jenmsen aud Lingafelter, Tuls Joursay, 66, 1946 (1044).

scribed in the previous paper.®
corresponded to the hemihydrate.

Data were obtained from oscillation and equi-
inclination Weissenberg photographs using un-
filtered copper radiation from a hot-cathode X-ray
tube.

The constants of the monoclinic unit cells are
given in Table I. In Table II the ratio ao/bo is
compared with the value obtained by measure-
ment of the angle between the zone axes {210}
and {210}, using a microscope with a rotating
stage.

The weight loss

TABLE I
CoNSTANTS OF THE Uxit CELL
Substance a0, kX, be, kX, o, kX, 8
Cy12HpsS50;Na-1/,H,0  6.86 15.40 29.40 06°30°
C14H3380;Na-1/,H,0 6.85 15.36 32.74 90°36’
CisHpSO;Nas1/,H,0 6,86 13.85 36.30 94°237

CisHpS0;Na 1,H:0 6,86 15.36 39,75 91°36°
Taprr I
CoMpPARISON OF X-RAY aAND GONIOMETRIC VALUES
Substance as/bo, X-ray a/b, goniometric
CpH:S50.Na ! /-H,0 0. 4455 0. 4464
C1H»S0;Na 1/, .0 EEG T
CiHnSONa US5HL0 469 AT
ngfI;ﬂSOgNa'l,;ngo 4466 4475

The densities were determined by the flotation
method,™ using mixtures of 1,4-dioxane and car-
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bon tetrachloride. The unit cell contains eight
molecules of hemihydrate or four molecules of
9RSO;Na-H,0. The experimental and calcu-
lated densities are given in Table ITI.

TasLe IIT
DENSITIES
Obs. density, Caled. density,
Substance g./ce. g./cc.

C]lL}{gss()aNa'l/zHgo 1.214 1.204
CMHzgSOgNa'l/szO 1. 186 1.182
CwHZagSOaNa'l/gHzO 1 . 173 1 R 168
C]sH37503Na'1/2H20 1 . 154 1 . 153

« Assuming eight molecules per unit cell.

The first and second level & axis equi-inclina-
tion Weissenberg photographs are superposable,
indicating a primitive lattice, P. The (40/)
festoons of the zero level photograph are absent
for k odd, indicating a glide plane, a. The (0%0)
reflections on an a axis zero level Weissenberg
photograph are absent for % odd, indicating a two-
fold screw axis, 2;. The space group is thus
Crm”-PfZI/a.

Discussion

A comparison of the ¢o values with those of the
quarter-hydrates' in which the long chain mole-
cules lie parallel to the ¢ axis, indicates that the
chains in the hemihydrates must be tilted at a
considerable angle from the ¢ axis. For example,
the effective length per molecule in the direction
of the c¢-axis in sodium 1l-dodecanesulfonate
hemihydrate is 29.40/2 = 14,70 kX, while for
sodium 1-dodecanesulionate quarter-hydrate it is
753.91/4 = 18.9S8 kX.2 The angle of tilt* may be
estimated if we assume thisangle and the packing
of the ends of the chains to be the same for all
four hemihydrates. With these assumptions,
the angle of tilt is the angle whose cosine is the
ratio of the average don increment in the hemihy-
drates to the average ¢ increment in the quarter-
hydrates. Thus cos (tilt) = 3.51/5.10 = 0.688,
whence the angle of tilt is ca. 46°30’. Using this
value for the tilt, the effective cross-section of the
molecule perpendicular to the chain axis may be
calculated. The value obtained is 18.12 kX2
which is slightly smaller than the value of 18.24
found for long paraffin-chain hydrocarbons® and
considerably smaller than the cross-sections found
for the corresponding sodium 1l-alkanesulfonate
quarter-hydrates.'®

(2) All dimensions in the previous paper are given in kX units,

rather than in & s labelled.
(2a) This angle is defined as the angle between the chain direction

and the normal to the 1001) plane.
(3) Bunu, 7rans. Ii:raday Soc., 38, 482 (183Y).
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While no attempt has been made as yet to es-
tablish the complete details of the structure, due
to the large number of parameters involved, the
general features may be inferred from the evidence
as to habit, size and symmetry of the unit cell,
and size and shape of the paraffin chain ions.

The habits of all alkanesulfonate crystals which
have been grown in this laboratory are similar in
the extreme thinness of the crystals in the ¢-
direction. This would indicate weak crystal
forces along the ¢ axis, caused probably by a
‘head-to-head and tail-to-tail”’ arrangement, with
the cations and water molecules in a layer be-
tween the heads. A similar arrangement has been
suggested for the ions in the soap micelles existing
in aqueous solutions at moderate to high concen-
trations,* and has been discussed by Buerger® for
sodium palmitate and stearate. This arrangement
is corroborated by the fact that ¢, is always an
even multiple of the single chain length, occa-
sionally decreased somewhat by tilt.

The cross section of a straight paraffin chain is
about 4.5 by 4.0 kX. Since the unit cell is two
chains long in the c-direction, the {001} plane
must contain four chains. The tilt of 46°30’
would increase the 4.5 to 4.5/0.688 = 6.5 kX,
while (4) (4.0) = 16kX, thus accounting satisfac-
torily for the values of aq and by.

The positions of the eight paraffin chain ions
may be fixed approximately if we assume that all
of the sodium ions and water molecules lie in a
plane parallel to the {001} plane, with a plane of
“heads” (i.e., —SO;~ groups) on either side.
The space group P2;/a contains a pair of glide
planes {010} with glide component ay/2, separated
by a distance by/2. Because of the size of the
paraffin chains, no chain can lie in a glide plane.
Adjacent chains in the {001} plane will therefore
be separated by bo/4 + ao/2, leading to a close
packed arrangement. The presence of the 2-
fold screw axis will cause all chains to be tilted in
the same direction.

Summary

1. Single crystals of the hemihydrates of so-
dium 1-dodecane-, 1-tetradecane-, 1-hexadecane-
and l-octadecanesulfonate have been grown.

2. The substances all have the same structure.
The monoclinic unit cell contains 4 molecules of
2RSO;Na-H;O0. The space group is Can®(P2,/a).
" 3. The general features of the structure are
discussed.
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(4) Harkius, Mattoon and Corrin, THIS JOURNAL, 68, 220 (1046).
(3) Buerger, Am. Mineral., 80, 551 (1943).



