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The observed values for several perfluoroalkylmethyl-
enes are D ~ 0.72 and E ~ 0.021 c m . - 1 indicating an 
angle of 150-160° at the divalent carbon atom.1 1 Com­
parison should be made with the corresponding linear 
structure which would have D ~ 0.75 cm. - 1 , 1 2 in fair 
agreement with Z 3 dependence. 

An interaction between the unpaired electrons, 
similar in magnitude to those observed in the alkyl 
nitrenes, was determined for methylsulfonylnitrene 
which has D = 1.581 cm.- 1 , E = 0.0036 cm.- 1 . In 
contrast, the values for phenylnitrene (D = 0.99 cm. - 1 , 
E < 0.002 c m . - 1 ) indicate significant dereal iza t ion of 
one unpaired electron into the aromatic system. 
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Preparation of Biaxially Oriented Poiycapramide by 
the Solid State Polycondensation of a Single Crystal 

of e-Aminocaproic Acid1 

Sir: 

T h e possibility of preparing oriented polymer chains 
by polymerization in single monomer crystals was first 
demonstrated by the conversion of trioxane to poly-
oxymethylene.2 Later it was shown tha t the polymer 
chains are oriented not only in the direction of the fiber 
axis but also in the plane perpendicular to it.3 The 
relationship of the orientation of the polymer crystal­
lites to the crystallographic directions of the parent 
monomer has been fully clarified.4 

More recently, it has been shown tha t the heating of a 
single crystal of phthalanilic acid a t temperatures 50° 
below its melting point leads to highly oriented crystal­
lites of N-phenylphthalimide.5 This example of topo-
taxy is remarkable in view of the fact tha t the water 
split off in the reaction has to diffuse out of the crystal. 
We have now shown tha t an analogous phenomenon is 
possible in a polycondensation. Single crystals of e-
aminocaproic acid (m.p. 204-205°) heated in vacuo 
for 16 hr. a t 173° yielded highly oriented poiycapramide 
as indicated by the X-ray diffraction photograph 
(rotation around b-axis of monomer) on Fig. 1. Weis-
senberg photographs proved tha t biaxial orientation 
was involved. The monomer crystal belongs to space 
group P2, /c , a = 8.56 A., b = 5.90 A., c = 15.13 A., 
and /3 = 103.13°,6 while the polymer has space group 
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Figure 1. 

P2i, a = 9.56 A., b = 17.2 A-, c = 8.01 A., and /3 = 
67.5°, with the polymer chains parallel to b? Weissen-
berg photographs of partially converted monomer 
crystals showed tha t the following crystallographic 
planes of monomer and polymer are parallel to each 
other: 112mon 11 200poi; 112moa 11 202po l; 004m o n 11 
002poi. 

These data indicate tha t the polymer chains grow 
parallel to the intersection of the 004 plane with the 110 
or 110 plane of the monomer. The polymerization 
involves a contraction of 17% in the direction of the 
chain axis and an 1 8 % reduction of volume; it is re­
markable t ha t this may be accomplished with retention 
of chain orientation. 
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The Photochemical Reduction of Rare Earth Ions in 
Fused Halides1 

Sir: 

T h e reduction by X-rays2 and 7-rays3 '4 of rare earth 
ions incorporated in crystalline halide hosts to lower 
oxidation s ta tes is well known. Recent studies a t 
these laboratories5 have shown tha t only the locally 
uncompensated rare earth ions are capable of being 
photoreduced, and, in addition, the divalent rare earths 
so produced are readily reoxidized by thermal and opti­
cal processes. The instability of the divalent state 
is due to interstitial halogen atoms which remain in the 
crystal after irradiation and which eventually recapture 
their electrons. 

Irradiations of molten halides containing rare earths, 
which would eliminate most of the inherent difficulties 
associated with the solid-state irradiations, were there­
fore carried out. In preliminary studies, molten solu­
tions of dried and brominated BaBr2 with 0.2 mole % 
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(2) W. Hayes and J. W. Twidell, J. Chem. Phys., 35, 1521 (1961). 
(3) J. R. OConner and H. A. Bostick, J. Appl. Phys., 33, 1868 (1962). 
(4) Z. Kiss and R. Duncan, Proc. I.R.E. (Inst. Radio Engrs) , 80, 1531 
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T m 3 + were irradiated with (1) 7-rays, (2) the output 
of a low pressure mercury lamp, or (3) with a low pres­
sure hydrogen discharge produced within the quartz 
reaction tube itself. The oxidized anionic species were 
swept out or t rapped out of the reaction tube. Upon 
cooling the molten bromides, each of the three radiation 
t reatments showed significant quantities of divalent 
thulium. A typical spectrum of T m 2 + in BaBr2 taken 
at 770K. is shown in Fig. 1. 

Acknowledgment.—The help of Mr. R. Bailey in the 
7-ray work is gratefully acknowledged. 
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Fig. 1.—Fluorescence of T-ray reduced (in the fused state) Tm2 + 

in BaBr2 (T = 77°K.). 

In the case of the 7-ray treatment, a dosage of less 
than 104 rads was used. Generally, dosages of up to 
107 rads were found to be necessary for similar reduction 
in the solid.5 The light from the quartz mercury vapor 
lamp was focused on the surface of the melt from out­
side the furnace and the reaction tube. Illumination 
was carried out for about 1 hr. The low pressure hy­
drogen discharge was obtained by placing a Tesla coil 
on the reaction tube with about 0.1 mm. pressure of 
hydrogen flowing through the tube. The discharge was 
maintained for about 30 min. 

The intensity of the T m 2 + fluorescence obtained from 
the low pressure hydrogen discharge material indicates 
a level of reduction much greater than t ha t possible 
through reduction by solid-state irradiation. The ex­
tent of reduction in the solid-state irradiation is limited 
by the site-selection mechanism mentioned above.5 '6 

In the molten state, the ionization of the anions by 
radiation and their subsequent removal from the 
solution should permit the reduction of all the rare 
earth ions present. The B a B r 2 - T m 2 + crystals were 
fused and regrown several times with little or no loss 
of the divalent state. This is indicative of the stability 
of the reduced rare earth ions produced by radiation in 
the fused state to thermal reoxidation. No optical 
reoxidation experiments were done, bu t in the absence 
of known electron traps, such processes are not expected 
to occur. 

Fur ther work on other halide hosts containing various 
rare earth ions and on the mechanism of the reduction 
process is in progress and will be described more fully 
a t a later date. 

(6) P. M. Heyman and Z. Kiss, private communication. 

1,6-Oxido[10]annulene and l-Benzoxepin l 

Sir: 

We have found tha t base t rea tment of 2,3,6,7-tetra-
bromo-9,10-oxidodecahydronaphthalene (II) gives rise 
to l,6-oxido[10]annulene (IV), as well as to 1-benzoxe-
pin (VI).2 This synthesis of IV resembles the recently 
described synthesis of the related l,6-methano[10] 
annulene by Vogel and Roth.3 

The tetrabromide I I was prepared by addition of 
bromine to 9,10-oxido-l,4,5,8,9,10-hexahydronaphtha-
lene (I)4 in chloroforn solution, whereby one isomer 
(m.p. 160-162°) was isolated by crystallization in ca. 
4 5 % yield. Dehydrobromination of this substance 
with ethanolic potassium hydroxide a t 50-55°, followed 
by chromatography on alumina, produced first the oxe-
pin VI (ca. 20% yield) and then the annulene IV (ca. 
5 0 % yield). 

1,6-Oxido[10]annulene (IV), Ci0H8O, formed light-
yellow crystals, m.p. 53-54°, infrared band (KBr) a t 
6.51 M- The ultraviolet spectrum [X^a°

H 255 mM, 299, 
and complex band a t ca. 392 (t 72,000, 6900, and 240)] 
resembled that of the corresponding 1,6-methano-
compound,3 and pointed to the fully conjugated struc­
ture IV rather than to the alternative tricyclic formula­
tion I I I . The n.m.r. spectrum6 showed an A2B2 

pat tern in the r 2.23-2.81 region (centered a t r 2.52), 
similar to tha t of naphthalene (r 2.05-2.71, centered 
at 2.38). 

The annulene IV is a ten 7r-electron system, and there­
fore complies with Hiickel's rule. Moreover the carbon 
skeleton is presumably not seriously distorted from a 
mean plane, and the substance should consequently be 
aromatic.6 Tha t the compound in fact is aromatic is 
shown by the n.m.r. band positions at low field, dem­
onstrating the existence of a ring current. The annu­
lene is best represented by the expression V, indicating 
dereal iza t ion of the x-electron system. 

1,6-Oxido[10]annulene can be made to undergo elec-
trophilic substitution reactions. For instance, nitra­
tion with cupric ni trate and acetic anhydride for 5 
min. a t room temperature produced two isomeric 
mononitro compounds, C10H7NO3, each in ca. 30% 
vield. The more strongly absorbed on alumina [m.p. 
48-49°; Ca° H 242 rn.ii, 279, and 349 (e 21,500, 26,500, 
and 7500)] proved to be the /3-nitro isomer VII, since 
the lowest field bands in the n.m.r. spectrum5 consisted 
of a one-proton singlet (H1) at r 1.22 as well as a one-
proton doublet (H3) a t r 1.40 (J = 10 c.p.s.). The 
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