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Foreword

This report was initiated in the Directorate of Materials and Processes, Deputyfor
Advanced Systems Technology, Aeronautical ,Systems Division, under Project No. 76
"Chemistry and Physics of Materials," Task No. 73607, "High Energy Materials
Phenomenon," with Dr. Jack RadeUL acting as project engineer. Part of this work was
done by A. J. Raymond, Wyandotte Chemlcal Corporation, under USAF Contract No. AF
33(616)-5937, Project No. 3059, Task No. 30207, adhistered by Mr. C. C. SeIph of
Edwards Air Force Base, California.

Work reported was conducted from June 1960 to. February 1961.

The authors gratefully acknowledge the assistance of Dr L. A. Harrah, Physics Lab-
oratory, Directorate of Material's and Processes, in interpreting the iifrared spectra.
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Abstroc-t

The previously unreported -amyl, q -heXY, n -heptyl and - otyl perchlorates were
prepared from the corresponding alkyl, ide and silver perch.orate. The pure pereho-

rate esters were stabiized as the endocyte of a urea inclusion compound., 1he Infrared
spectra and some physical properties are reported for the n -alkyl perchlorates.
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ASD TR 6110Introducion

Covalent alkyl perchlorate esters have been reported in the literature. The referenced
and reported alkyl perchlorates are extremely unstable and treacherous to prepare. Be-
cause of the explosion hazard associated with these compounds, we undertook to stabilize
these covalent perchlorates by trapping them as the endocyte (guest) in a urea inclusion
compound This approach was used because, the highly oxidized: urea molecule would be
expected to act as a protective cover for the strongly oxidizing-alkyl perchorates.

Discussion

The n-alkyl perchlorates were prepared by the following reaction:

- n pentane-Rl -- Ag CIO4 :. Ag+ ROCLO 3 (1 jq)

Cormercially available "ranhydrous" silver perchiotate required dehydration. This
dehydration is necessary because covalent perchlorates are thermodynamicaly unstable

2
to hydrolysis . All of the alkyl perchlorates prepared were explosive. The smallest alkylk
pe rchorate was most sensitive to shock. Although the highest alkyl perchorate was least

sensitive to shock after isolation, the hgher temperatures required for distillation intro-
duced a compensatory hazard.

The isolated per clorates were treated with. a urea-methanol solution. CrVsta'line
urea incluson compounds formed for the norm.l: amyl, hexyL heptyl and octyl percho-

rateS,

The ease of formation of the urea inclusion compound was proportional to the chain
lengh of the alkyI perchlorate. The resulting crystalline complex-es had no apparent shock
sensitivity In small quantities (a. 0.5 g). The formation of the urea inclusion compound
was unequivocally verified by the x-ray powder diffraction data in table 1. The amyl per-

chlorate inclusion compound is the least stable and most highly dissociated. The following
spacings ,characteristic of urea inclusion compounds are consistently present for all of

the perchlorates except the n-amyl: 7.05-7.10, 4.09-4.11, 3.83-3.85, 3.54-3.56, 3.37-3.39
and 2.60-2.61 A. These spacings have been consistently found for urea inclusion compounds

with various guest molecules. 3 The spacing at 3.91-3.98 is an intense and reliable spacing
for dissociated tetragonal urea. This data may be used to determine therelative stability

'3,4
of the inclusion compounds 3 .

The lesser stability of the shorter endocytes was shown by the presence of appreciale
amounts of dssociated urea in the x-ray powder diffraction patterns of the complexes of
n-amyl and g-hexyl perchlorates. The longer endocytes, n-heptyl and n-octl perchorates

were free of dissociated tetragonal urea. The relative itensity of the spacings for dis-

sociated urea and inclusion comnound is the basis of a method3 4 for estimating, the
relative stability of the inclusion compounds -of a homologous series of complexing com-
pounds. In table 1, we find that the intensity of certain complex spacings increases with
Increasing nuffiber of -CH-2 ru.-a ;741, .54 5
M-auscip t -2 groupsat:4,07-4".11 3.54-356and 2.160.923. The a Tamy- ....
Manuscript released for publication May 1961 as an ASD Technical RIeport.
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perchlorate inclusion compound was the least stale and did not show the last spacing. On,
the other hand, the intensity of the line for dissociated urea at 3.97-4.01 increased with

3.4,5decreasing cain length. These results are consistent with those of other studies

The cross-sectional diameter of a normal hydrocarbon (4.6 s) seems to, be close to the

optimum for urea channel complex fo.atio , The measured maximum cross-
sectional diameter of the nalkyl perchiorate was approximately 5.3 A under the following
condfitions: 1) T-he molecule was arranged in a planar zigzag conformation havin thesmallest maximum cross -section. 2) The chlorine atom was tetrahedrally substituted.
3) The atomic radii used for the structure RCH OCI0 were 11 the oyen atoms,

2 03edwere 3 1.3 Afor al th oyge tos
1.5 A for chlorine, 1.0 for hydrogen. and 1.3 A for car bon. The shortest hydrocarbon

.6
which formed a complex by this procedure, was n-octane. However, the shortest n-alkyl
perchlorate to form a Complex was n-amyl with only 5 methylene groups.

The infrared spectra of the capillar liquid flm samples of al the -alkyl prchiorates

except amyl are shown in figure 1. The n-amyl perchiorate spectrum was not run because
of its %extreme instability. A comparison of absOrption bands associated with.,the perchlo-
rate function are listed in table 2 for perch0ric acid, perchloryl fluoride, perchiory,

/0
benzene and our n-alkyl - perclorates, R-0, --Cl0. Te Cl- asymetric stretching gave a

doublet for the n-alkyl perchorates and perchloric acid. A single band was obtained for
perchioryl fluoride and perchioryl benzene although the latter probably has an unreSolved
doublet. In the case :of the C-O, stretching and to a lesser extent the Cl-0 stretching the-e
is an increase in the absorption frequency with decreasing mass of the alkyl group. The
C1-0, band is aIso present in-perchioric acid while the C-0, stretching is present in the
alkyl perchiorates only.

The infrared spectra of the alkyl perchlorates were compared before and after complex
formation to show that the endocyte was unaltered. These spectra were made of the pure
liquid perchlorates and the nujol mull of the crystalline urea complexes of the perch o-
rates. The spectra of the complexes were in each case compared with the spectra of the
nujol mull of urea. The following absorption peaks were absent from the urea spectrum
but appeared in the spectra of the perchiorate inclusion compounds: 1235, 1270, 1118 and

917 cm . All other peaks were present in both the urea and inclusion compounds' spectra.
The following pairs of absorption bands appear in the spectra of the n-alkyl perchlorate
complexes and the pure n-alkyl, perchlorate respectively: 917 and 925., 1118 and 1120, 1235
and 1220, 1270 and 1270 cm

In the preparation ofa nujol mull of an n-alkyl perchiorate urea inclusion compound, it

is possible that the nujol may replace the perclorate as the endocyte in the inclusion
compound. This does not complicate the situation because we only want to show that the
endocyte of the inclusion compound was a perchlorate.

Sufficient data is available (see table 3) for determining the molecular refraction for
-hexyl and: n-ct-yl perchlorates only. Using the Lorentz and Lorenz equation the values

obtained for the molecular refraction of the n-hexyl and n-octyl perchlorates were 55.48

and 66.88 respectively. If we subtract the refractivity value for n-C6 H13 (28.86)0 and

2
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10
n_-C8H: 7 (38.14) from 55.48 and 66.88 respectively, we obtain values of 27.62 and, 28.74

for the refractivity of the perchlorate group in the two separate compo . No value for
the refractivity of the perchlorategroup in a covalent perchiorate ester has been found In
the literature.

Experimenta'l

Dehydration of Silver Perchlorate - Commercial "anhydrous" silver perchlorate (25g)
was added to i50 ml of benzene in a flask fitted with a Dean and Stark distil ing receiver
The solution was refluxed until all water was azeotropically removed (four hours). The
solution was cooled and treated with 100 ml of dry pentane. The precipitated silver per-
chlorate was filterediin a dry, nitrogen atmosphere. The siver p erciorate was dried in a
desiccator over phosphorous pentoxide at I mm for 24 hours leaving 21 g of anhydrous
silver perclorate.

Preparation ,of Akyl Perchlorate To a mixture of 50 ml of pentane and 0.1 mole of
anhydrous siver perchlorate in a round bottom flask (fitted with a magnetic stirrer, re-

I flux Condenser, addItion funnel and drying tube) was added dropwise with stirring at
room temperature, 0.05 mole of n-alkyl iodide dissolved in, 15, ml of n-pentafe. An im-
mediate yellow precipitate of silver i de formed. The reaction mixture was stirred for

I four hours after the addition was completed. The solid silver iodide was separated. from,the n -a~kyl perchlorate-pentane solution by filtering through an anhydrous sodum car-

bonate bed. in a dry box under a nitrogen. atmosphere. The silver iodide precipitate was
washed with 50 mI of Q-pentane. The 0-pentane was evaporated at room temperature by
passing dry tutrogen through the solution protected by a drying tube for -two hours. This
was either done immediately or the n-pentane solution was storedovernight over anhy-
drous soium carbonate before filtering and concentrating. In this way about 90 percent
of the ,-pentane was removed. The remaining material in the flask was distilled under
vacuum with a nitrogen capi lary bleed after a small forecut of n-pentane was removed
by using an eight inch Vigreux Column. The yield in each case was between 90-95 percent
based on the silver iodide precipitated. ReCoveries were always appreciably less, ranging
between 6075 ,percent.

Although the thermal and drop weight stability for the perchlorates were not very
reproducible, the results indicate the relative instability of these compounds. The com-

pounds were detonated by a five kilogram weight dropped from a height of between 2 and
5 inches. The shorter perchlorates were most sensitive. The charring temperature of the
perchlorates varied between 150 and 3500C. These values varied considerably but were
generally proportional to the chain length of the n-alkyl group. The properties and analy-
sis of the perchlorates are listed in table 3.

Perchlorate Analysis - The distilled O-alkyl perchlorates were analyzed by dissolving
-ca. 2g of halkyl perchlorate in 25 ml of concentrated aqueous ammomum hydroxide and
75 ml of 95 percent ethanol. The liquid was evaporated to near dryness and the residue

was analyzed by the nitron method.' 1

3



ASD TR 61-109,
Urea Inclusion Compounds - ne urea inclusion compounds of the .- alkyl perchlorate

were prepared by a previously describ procedure.4

Infrared Antlysis - The liquid film Infrared analysis of the liquid n -alkyl perchlorates
Was perfomed between sodium chloride windows on a Perkin Elmer Infracord. The
cry-staline urea inclusion compounds wer exam ed s nuJol mulls on a Perkin Elmer
21 instrument. The spectrum for a-amy -perchdorate wan not measured because of its
instability.

X-Ray Powder Diffraction Analysis - This was done by a previously described pro-
cedure

4
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Table, 2

Related Absorption Bands
----------

Description. Frequency,(cm )

Ours f013  c1 3 1 CH 5 10 91

C-0OAsymmetric stretching' 123021260 1182,1312 1 1191 j 131,5

CL-O' Isymmetric strethn 1035 1032 '107-5 1061

Cl-0, stretching 6 13 0 C10370 738

:C' 1  C10- 70.5 1__________ ________

L8H 7 ,C103704 __________

C-1 stretching 0H 3 C012

C7H1 5is0C10 3 ,1105

C0H17 0C10318

Table 3

Properties and Analysis of n-Alkyl Perchioraxtes

nRB.p. 25 Chlorine,%
C.MM. DCalcd. Found

CHI 51.5 U1 1.4042 20.79 19.931

C6Ja 52.0 4.5 1. 4146 19.21 18.47

C H 49M1 2.5 1.4170 17.85 17.477 15

b 55-60 1.5 1.4192 16.67 16.46

25 25
a) d 4 1.11; )d 4  1.070

7.
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