UNCLASSIFIED

0414977

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION, ALEXANDRIA, VIRGINIA

UNCLASSIFIED




NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in comnection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications y or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.









STAUFFER CHEMICAL COMPANY
Richmond Research Center
Richmond, California

"HIGH ENERGY OXIDIZERS'
CONTRACT Nonr-4019(00)
Project NR 093-035

EFFE . S L2

OFFICE OF NAVAL RESEARCH
WASHINGTON, D. C.

Quarterly Technical Summary Report

for the Period May 1, 1963 to August 1, 1963

Investigators

T, L Pl

Dr. A, E. Pavliath

Department Supervisor

5000 hhrer—

Dr. E. G. Wallace

Richmond Research Center
Richmond, California




TABLE OF CONTENTS

Technical Report Distribution List
Summary
Abstract
Introduction
Discussion
Vacuum Line
Solubility
Nuclear Magnetic Resonance
Infraréd Spectrum
Experimental
Vacuum Line
Purification
Solubility
Nuclear Magnetic Resonance
Infrared Spectrum
Table I
Table II

Page No.

O U N U W WW W WN e




TECHNICAL REPORT DISTRIBUTION LIST
STAUFFER CHEMICAL COMPANY

Contract Nonr 4019(00)

Addressee

Advanced Research Projects Agency

Propellant Chemistry
The Pentagon, Room 3D165
Washington 25, D. C.

Chemical Propulsion Information Agency

Applied Physics Laboratory
Johns Hopkins University
Silver Spring, Maryland

Office of Naval Research Branch Office

1000 Geary Street
San Francisco 1, California
Attn: Dr. P. A. Miller

Office of Naval Research
U. S. Navy Department
Power Branch, Code 429
Washington 25, D. C.

American 0il Company
Attn.: Dr. T. D. Nevitt
Whiting Laboratories
Whiting, Indiana

Astropower, Inc.

Attn.. Dr W. D. English
2069 Randolph Avenue
Costa Mesa, California

Bostor College
Attn . Dr Robert F. 0'Malley
Chestnut Hill 67, Massachusetts

Georgetown University

Attn . Dr William Clinton
Department of Chemistry
Washington 7, D. C,

Harshaw Chemical Company
Attn.. Dr. D R. Martin
1945 East 9th Street
Cleveland 6, Ohio

Hercules Powder Company
Attn Dr R. S Voris
Wilmington, Delaware

NR 093-035

~ No. Copies

Page 1



Stauffer Chemical Company
Contract Nonr 4019(00

NR 093-035
TECHNICAL REPORT DISTRIBUTION LIST
Addressee ~ No. Cogiés
~IIT Reseafch Institute
Attn.: Dr. Irvine J. Solomon
10 W. 35th Street .
Chicago 16, Illinois S . ‘ 1

King's College
Attn.: Dr. Grihapati Mitra -
Wilkes-Barre, Pennsylvania . : 1

Midwest Research Institute

Attn.: Dr. Florence Metz

425 Volker Boulevard

Kansas City 10, Missouri 1

Monsanto Research Corporation

Attn.: Dr. James W. Dale

Boston Laboratories

Everett 49, Massachusetts 1

National Bureau of Standards
Attn.: Dr. David E. Mann
Washington 25, D. C. 1

Ozark-Mahoning Company

Attn . Dr. Albert W. Jache

310 West Sixth Street

Tulsa 19, Oklahoma 1

Royal College of Science & Technology

Attn.. Dr D W. A. Sharp

Chemistry Department

Glasgow, C 1, Scotland 1

Shell Development Company
Attn Dr T. W. Evans
Emeryville, California 1

Stanford Research Institute
Attn.. Dr. Edwin S. Gould
Menln Park, California 1

Thiokol Chemical Corporation

Attn ¢+ Dr A R Young

Reaction Motors Division

Denville, New Jersey 1

Page ii




Stauffer Chemical Com any
Contract Nonr 4019(00

NR 093-035
Page 1ii
TECHNICAL REPORT DISTRIBUTION LIST
Addressee N No. Copies

Tracor, Inc.

Attn.: Dr. Ray M. Hurd

1701 Guadalupe Street

Austin 1, Texas 1

Union Carbide Corporation

Attn.: Dr. R. G. Breckenridge

P. 0. Box 6116

Cleveland 1, Ohio 1

University of Washington

Department of Chemistry

Seattle 5, Washington

Attn: Dr. G. H. Cady 1

171 copies of this report distributed to the Chemical Propulsion
Mailing List of 1963.




Summary

Investigations were continued to prove the ionic structure of
chlorinetrifluoride based complexes. For this purpose NMR and IR
studies were made. The former is hindéred by the lack of a solvent,
and further work is needed. Results obtained so far by both IR and
NMR are in agreement. with the fonic structure. Low temperature NMR

studies will give the final proof for the ionic structure.
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Abstract

This is the second Quarterly Technical Summary Report on our
investigation on the complexes of chlorinetrifluoride.

Further modification was made on the vacuum line, mostly to
make its operation more safe. This was necessitated by an explosion
experienced during the last report period.

Oleum, fluorosulfonic acid, sulfurtrioxide and BrF5 were investi-
gated as possible 'solvents for the complexes in the NMR“studies. The
first three gave chemical interactions, while BrF5 exchanged fluorine
with the complexes. Low temperature NMR work was”attempted, but the
results were not reproducible because of mechanical difficulties with

the NMR.

Infrared studies were made: on ClF,, AsF. (both in solid and
gasphase), KAsF, and ClF, AsF_~. Diffdrent Windows were used and the
application of ﬁBr COatea witﬁ a thin Kel-F layer was found to be the
most suitable among the possible solutions.” Definite proof was ob-
tained for the presence of the AsF6'.
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Introduction

The preparation and physicochemical properties of the chlorine-
trifluoride complexes were reported in the last Quarterly Technical
Summary Report. Conductivity measurements indicated an ionic charac-
ter. Similar conclusion could be made by vapor pressure and prelimin-
ary NMR investigations. For the final proof, however, complete NMR

and IR investigations were needed.

Discussion
Vacuum Line

The vacuum line was further improved from safety reasons. Addi-
tional cold traps were applied to insure a more efficient trapping of
any waste material. The vacuum pump was filled with an inert Kel-F
oil and the whole vacuum line 'was surrounded completely with sliding
safety shields. No difficulties were experienced in this way. The
addition of a separate exhaust system is considered to obtain complete
protection against any danger.

Solubility

So far in our investigations chlorinetrifluoride was the only
solvent for our complexes. However, this was found to be unsuitable
for NMR studies around room temperature, since strong fluorine exchange
was observed between the solvent and the complexes. Because of the
high reactivity of the complexes the number of available inert solvents
is very limited. The following solvents have been tested for inertness:
60% oleum, fluorosulfonic acid and sulfurtrioxide. The conductivity
of the solvents increased 50-100 times in each case after the addition
of the complexes, but at the same time color formation and gas evolution
was observed, indicating reaction between the solvents and the complexes.

Another possibility was the application of another halogenfluoride
as a solvent. It was reported earlier, thaf ?rF5 was the only halogen-
fluoride which was NMR inactive toward C1F,(1l), Brominepentafluoride
itself was found to form solid complexes with Lewis acids. In our
studies we found that the chlorinetrifluoride complexes dissolved in
BrF. without any sign of reaction. The conductivity of BrF. increased
50-?00 times. This indicated that BrF. could be used as a golvent for
our NMR studies if it is NMR inactive Eowards our complexes too.

Nuclear Magnetic Resonance

‘Samples of pure C1F,, BrF., BrF.-AsF. in BrF_. and C1F3'Aqu in
BrF. were prepared for NﬂR stuaies with sgme difficulties. The™ samples,
how2ver, showed rapid fluorine exchange between the solvent and the
complexes. This indicates that although BrF. does not exchange fluor-
ine with ClF3, the‘Cle+ cation is more reacéive than ClF, from this

(1) Hamer, A. N., Leece, J., Bentley, P. G., United Kingdom Atomic
Energy Authority, Industrial Group, 1 GR-TN/CA-1048 p. 10
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p01n£ of view. This is an indirect proof for the existence of the
CIF since such a rapid fluorine exchange could not be explained
by %he formation of any other type of complexes, if C1F, and BrF

are NMR inactive towards each other as earlier investiggtions shgwed

The samples were prepared again in chlorinetrifluoride solution
and they were subjected to low temperature NMR studies. The qualita-.
tive results indicated again the ionic structure, but the repetition
of the experiments with the same samples gave different quantitative
values. This was decided to be the fault of the method and presently
the possibility of adjustment of the NMR spectrometer is belng studied,
before further NMR work will be done

Infrared Spectrum

We have reported earlier, that IRTRAN-2 windows were resistant
towards chlorinetrifluoride. However, their use is limited by their
absorption, starting from 710 cm™!. When they were used with C1F
and AsF only very poor spectra were obtained since most of the fénda-
mental 31brations appear around or under 700 cm~t. Therefore, a search
was made for other windows which had transmission even under this value
and were resistant against the materials used in these studies. It
was found that KBr windows could be coated by a very thin layer of
Kel-F grease and they still gave acceptable transmission in the most
important ranges. The spectrum of ClF AsF. (both in solid and gas-
phase), KAsF, and CIF AsF was taken down Eo 400 cm™*. The presence
of the AsF_ " “anion co&id proven easily by the spectrum of KAsF
The presenge of a CIF," cation can be established only by theoret?cal
consideration since n%thing is known so far about ClF,* cation in the
IR literature. Unfortunately the fundamental v1brat18n of the C1F2
cation can not be assigned without doubt; therefore, its definite
structure determination can not be done by this IR investigation. The
presence of the AsF,~ anion and the known 1:1 mol ratio between the
components leave no other possibility in any case. The comparison of
the different spectra can be seen in Table I.
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One of the samples blew up again, but the rest could be studied.

The samples in excess ClF, as solvent were prepared similarly
as reported earlier. The stud; was attempted at temperatures down
to 80 C. Absorption was obtained for ClF,, AsF,.~ and supposedly
CIF,*, but the ratio of AsF.~ and CIF,% wag’ vary?ng and therefore
the“quantitative determinatéon could ﬁot be made.

Infrared Spectrum

The spectrum of ClF, and AsF was studied with different windows.
In the case of NaCl convgrsion to NaF was observed. With IRTRAN-2
windows no etching was observed, but the spectra could not be evaluated
because of their limited range of useability. Potassium bromide

windows in the cell described in the first report were used with coating
on their surface. Teflon coating, obtained from a can of Fluoroglide,
‘did not give a continuous cover, and therefore some attack was observed.
The best results were obtained by Halocarbon's Kel-F based stopcock
grease.

For comparison, KAsF was prepared in the following way. One
gram of KF was placed in ghe vacuum line and 5 ml. of AsF, was con-
densed on it. After an hour the excess AsF, was pumped ogf and the
remaining solid was treated very cautiously-with an excess of Cl1F

A violent reaction took place first, which simmered down later. %he
excess ClF3 was pumped off and the KAsF6 was obtained in high purity.

Analysis:
Theor. Found
F 49.9% 48.8%
K 17.3% 16.47
As 32.8% 31.7%

Its IR spectrum was taken as a KBr pellet.

AEP:1s
August 23, 1963
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Table II
Wave number (cm’l) Intensity
ClF, gas 549 mw
631 m
710 Vs
742 ms
759 ms
ClF3 solid 499 m
- 507 m
654 Vs
766 m
AsF5 gas 410 ms
780 vs
790 vs
800 vs
AsF5 solid 404 m
739 s
814 vs
KAsF6 413 ms
685 (sh) m
705 vs
725 (sh) m
CleAsF6 405 s
514 w
675 m

707 vs
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