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UNITED STATES PATENT OFFICE SECRECY ORDER
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related hereto, and the SecPecy Order appended heretohas beenissued
thereon pursuart to Title 35, Urited tates Code (1952) Sectiors 181188,
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the Secrecy Order. Peralties for violation of a Secrecy Order include
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DEPARTMENT OF COMMERCE
United States Patent Office
Washington

SECRECY ORDER
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der the penaities of 35 U, 5. C. (1952) 182, 186.
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tion of the Patent Security Divislon, Patent Officc.
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Thia order should not be congtrued in any way to mean that the
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FOREWORD

The research reported herein was supported by the
Office of Naval Research, Power Branch, Code 429,
with Mr. Richard L. Hanson as Scientific Officer.
This report was prepared in compliance with Section
H of Navy Contract Nonr 4428(00) and covers the
period 30 May 1966 through 29 May 1967. The pro-
gran manager was Dr, E, A, Lawton, Manager, Syn-
thetic and Propellant Chemistry. The work was
conducted in Oxidizer and Fluorine Chemiestry with
Dr. D. Pilipovich, Principal 8cientist as principal
investigator. Full-time staff members contributing
to the technical effort were Dr. H, H. Rogers, Dr.
C. J. Schack, and Dr. C. B. Lindahl.
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New syntheses of CIFSO were discovered utilizing ultraviolet-
initiated reaction of FClO2 and FC103¢ In the presence of
FZ, ClF3, or CIFS, FClO2 gave CIFBO in high conversions and
high yields. The most effective [fluorirnating agent was CIFS.

The same techniques were not successful in oxidizing ClF30
to 01F50 or BrF5 to BrF7. There is considerable evidence
that FC10 is an intermediate in the synthesis of ClF30 by
ultraviolet activation., More complete ultraviolet data
were obtained with the measurement of extinction coeffi-
cients of C1F5, BrFs, ClF30, FCIOQ, and C1F.

Corona discharge activation in the systems F0102~F2 did not

result in CIFBO. Initial decomposition of FClO2 to C1F
followed by fluorination to either C1F

Al
*

i

or ClF3 was ob-

3

gserved.

A stable mass cracking pattern for CIF30 was obtained with

the most prominent peaks assignable to CIFO~ (100 percent),
CIF,0" (80.60 percent), ¢1” (29.35 percent), CIF (21.23
percent), and C10™ (14.78 percent).

The F19 n.m.r. spectrum of gaseous ClF30 revcaled two bands

at —-276 ¢ and -317 © with respective ratios of 2 and 1. These
bands could not be resolved further but support the proposed
Cs symmetry for CIFBO rather than CBV symmetry already

partially excluded by infrared siudies.

A novel process for forming NF3O has been discovered. It was

determined fhat the action of ClF_0 on difluoramine, HNF

3 2?
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reproducibly formed NF_0 in 80-percent yields at temperatures

NCF0, also reacted

3

below ambient. Perfluorocformamide, F

with ClF30 to yield NF30.

2

v

Mass cracking patterns were obtained for both IF, and IF50.

5
New, more precise physical properties were determined for

IF50; the vapor pressure-temperature equation is log Pom =
8.9874=1659.4/T. The preparation of IF,

reaction of IF50 and SiO2 at elevated temperatures. The py~

02 was attempted by

rolysis of IFSO yvielded an unidentified volatile material
which may be a new IF 0 compound. Reaction of IF.0 and HNF,

5
yvielded FNO and N2F4 as oxidation products.

A new, rapid method was developed for the synthesis of chlo-
rine nitrate, ClN03. The process utilizes the reaction of

C1F and HNO3 at temperatures above -112 C. A similar inter-
action between BrF5 and HNO3 yvielded limited amounts of

BrNO3. Fluorination of BrNO3 led to a new solid complex of
the type N02BrFx0. A characterization of the complex NOzBth»

was carried out to distinguish it from the above solid.

The solid obtained by reaction of C1,0 and AsF5 has been
shown to be principally ClOOASF6. A physico-chemical char-

acterization of the solid was conducted.

Preparation of CINF20 wvas attempted via a dissociative re-
organization process involving NF30 and PFQCI. Instead, a

slow fluorination of the PFACI to PF5 resulted, accompanied

by reduction of the NF30 to FNO.
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Oxychlorine trifluoride did not isnize in either BrF3 or IF5'

The specific conductivity of ClF,0 was measured at 2§ T
_ -8 21 -1 :

value obtained was 2 x 10 = ohms "cm ~. The reaction of

CIF30 with Ast

02, ASF5’ FC102, and ClF20A8F6. Attempts to prepere C10A5F6
‘ were unsuccessful. All of the systems (CIF—ASF5, ClF-AsF

TN T 2300 SO S L

was complex, producing products including

3’
and Cle-Ast) involved redox reactions producing Cl2 and

ClF2A8F6.

Several possible synthetic routes to the uncharacterized
3 chlorosyl luoride (FC16) were investigated. These encom-

passed reduction reactions of Florox using xQFh and Cl2 and

ol A O S oo aRO001 440

the oxidation of 0120 with the mild fluorinating agent
CFQ(OF)Q. Trace quantities of Compound C, . :pected to be

; FC10, were occasionally detected.

b

Various aspects of the chemistry of C1-0 species have been

examined. Syntheses of 01203 were conducted under static

and flow conditions. Study of the new class of complexes

il

of the MF~CIQO type has been expanded to include the systems
RbF—0120, CSF—CIOQ, and CsF-Cl0,, and CsF-CINO

. The vipg-
3 e vie

orous fluorination of Cl0, proceeded explosively to CIFB’

ERVEC R

le, and 02.

Hydrolysis of KF'KCIFA resulted in the formation of a new
phase as shown by X-ray powder diffraction analysis which
is thought to be a KF'KCth

via oxygen-fluorine exchange reactions was unsuccessful.

hydrate. Preparation of CIF30

e £ thaen S LN

(Confidential Abstract)

R-7149 vii/viii

CONFIDENTIAL

7 T —— - o o
r ﬁ—'a S e — ]

‘mwmﬁﬂﬂﬁl[ﬁﬂnl&mmwwmmmmmmunamu\'iuilhm‘un.,umuumn... .




|
|

£
NOMCINEAMTIA) :
CONFIDENTIAL
ROCKETIDDWY NE . A DIVISION OF NORTH AMERICAN AVIAYION INC
: CONTENTS
3 Foreword . . iii :
Abstract . N v
Introduction . o .
Discussion L 3
Ultraviolet Activated Reactions C e e e e e e e 3
Corona Discharge Activation . ., ., . . . 13 3
CIF30 Properties e . e v e 14 E
Florox Chemistry O 19
Possible Synthesis of Chlorosyl Fluoride (FC10) . 21 z
Iodine Fluorides and Oxyfluorides . . 33 z
Preparation of BrNO3 e e e e e e e e e e e 38 %
‘:i Fluorination of Bromine Nitrate B Y] g
Chlorine Fluoride-Arsenic Fluoride Systems , . . . . . . . 41 Z
Alkali Metal Fluoride-Cl0 Complexes . ., . . . . ., , . ., 47 i
Miscellaneous Reactions e e+ e v w4 e w4 . e .. &8 %
Experimental ) | j
Ultraviolet Irradiation Coe e e e e e e e e e 51 E
Corona Discharge Activation . . . . . ., . . . . . . . 52
Reaction of ClF30 and HNF2 e e e e e e e e e 53 3
Reaction of ClF30 and FCONF2 B 5 2
Preparation of IF., . . . . . . . . . . . . . . . . 54 .
Preparation of IF;O e e e e e e 54 :
Pyrolysis of IFBO D 15 Qé
References . . . . . . . . . . . . . . . . . . . 57 =
Appendix A E
A New Synthesis of Chlorine Nitrate . . . . . . . . . . . A-1 =
Appendix B
A Redox Reaction of Dichlorine Oxide with Arsenic Pentafluoride: %%
3 Ap Unusual Synthesis of C1CysF, B 1 | %g.
%é
=
R-7149 ix/x =

CONFIDENTIAL

= T e -




B,
ST .

CuNFIDENTIAL

m MOCK FT DY WE . A DIVISION AF NORYTH AMERICAN AVIATION N C

2

Aparnns

TABLES

Extinction Coefficients

Ultraviolet Activated Reactions

Masgs Cracking Pattern of CIF30 e e e e e
F'9 NMR. Data on CIF00 . . . . .o
Reactions of 012 with CIF30 Vo e e e e e e
Conductiyity in the IP5=01F30 Systemat 25C . . . . . . 25
X-ray Powder Data for KF-KCIFA-HQO e e e e e 2
Mass Cracking Pattern of IF7 O 11

-~

AWl o R s i

Mass Cracking Pattern of IF5O .

Vapor Pressure of 0120 Over RbF

—_ O W =~ O Ul W W R
. . « e = .

Vapor Pressure-Temperature Data for IF50 o e

-

wealizuny

N N R T AT

DL v iy Sy

R-7149 xi/xii

CONFIDENTIAL

AIIHE LM Gl . i o - -

R T el TN




|
i

TR 4

CONFIDENTIAL
u NMOCKETDWYMNE

A DIVIBION OF NORTH AMEPICAN AVIATION, INC.

b

PriLhy
W

INTRODUCTION

The effort reported herein reflects considerable activity in the area of

=5
5
§
S
g
s
g

2
£
El

E}

inorganic chemistry concerned with covalent fluorides. Particular empha-

Al +

8is has been placed on the reaction chemistry of interhalogen fluorides
and oxyhalogen fluorides., The chemistry of CIF30 and IF50 appeared to be
uniguely attractive with respect to reactions involving fluorination and/or
oxygenation, This was verified in the case of CIFKO and the following dis-

cussion secticn reflects to some extent the unuswal chemistry of this mate-

TSR T T T TP

rial, Interest at Rocketdyne in~IF50 is focused on its potential utility

as an intermediatc for preparing IF302 and IFBO' These possibilities will

be discussed with respect to both reduction reactions and thermal decom-
position.

T TN S T

Al

An intensive effort was conducted to utilize the coupounds FC10_, and FC10

as chemical intermediates for new oxidizers, The approach reflgcted in ’
this area involved the use of ultraviolet radiation for excitation. The

ultraviolet activation technique was successful to the extent that it re- :
vealed FClO2 and FClO3 to be intermediates for the preparation of CIF30. é
The results in this area are presented in detail in the Discussion scction :

of this report.

In atvtempting to reproduce reported results in synthesizing "CIOASFS," an
unusual redox reaction was uncovered inasmuch as the reaction of 0120 and
AsF5 yielded CIOQASF6. This led to a supposition that ASF5

may catalyze
redox reactions in other chlorine (I) compounds; this was subsequently

e

demonstrated with C1F. The results will be discussed in connection with

g variety of redox and cowplexing reactions involving C10,, ASFS, CIF30,
-
and AsF_.
2
R-7149
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Additional spectral datas were generated for the novel compound cm.so.
= Previoue attempts to resolve the Flg n.m.r. spectrum had always resulted

in a complete collapse of the bond structures due to exchange initiated

T

by traces of HF. Vapor-phase measurements resolved the problem and the
1 results will be discussed with particular emphasis on the techniques used
i to obtain these conclusive data.

o

£y
N ap®
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DISCUSSTION

ULTRAVIOLET ACTIVATED REACTIONS

The purpose of this study was twofold. First, new syntheses of CIF30 were
sought that utilized intermediates other than covalent hypochlorites. By
using an initiator (in this case radiant energy) there exists a possibil-
ity of realizing more favorable reaction rates as well as obviating the
use of either ClQO or ClONOQ. The second aspect of this study involved
the possibility of synthesizing new halogen fluoride species such as C1F302,
ClFSO, and BrF7. The use of suitable radiation at low temperatures appeared

to offer a number of attractive features in achieving the objectives.

Absorption Spectra

Prior to conducting reactions by ultraviolet excitation, the spectra of
proposed reactants and possible products which could not be found in the
literature were determined. With a knowledge of the spectra, it was thought
possible that selective activation of reactants might be achieved during

irradiation.

Absorption spectra have been obtained for CIF, CIF5’ CIF30, FCIOQ, FC10

and BrF5 (Fig. 1) using a Cary Model 14 Recording Spectrophotometer.
Extinction coefficients are presented in Table 1. The data for ClF. ex-

5
tend the results reported by Gatti (Ref. 1) to wavelengths shorter than

3)

2640 engstroms. The wavelengths for the strongest absorptions for all
compounds except ClF were below £300 angstroms with indications that even

stronger absorption occurred below 1900 angstroms,

R-7149 3
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TABLE 1

EXTINCTION COEFFICIENTS

Absorbance
wavelength, Coefficient x 10“2,
Compound angstroms o Hg cm™
E ClF 2730 0.020 (Ref, 6)
: CIF, 2000 to 2100 1.1
i C1F,0 2205 2.8
: FC10,, 2025 6.0
: FC10, 1860% 0.090
. £ BrF 2080 2.0
2. Tt :
. F, 2845 0.035 (Ref. 4)
) C1F, 2231% 1.3% (Ref. 7)
OF, 2100% n.075 (Ref. 5)

*Not a maximum; coefficient increasing toward
shorter wavelengths
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Reactions

Reactions were investigated using CIFSO, F0102, FC103, and BrF5 as the
materials to be fluorinated. The materials emploved as sources of active
flucrine were FQ, ClF, CIF3, ClFs, OFQ, and BrF5. Initial work was accom-
plished (Ref. 2) in irradiation cells with i1elatively small windows (17-
millimeter-diameter openinge). Because conversions in these cells were
small, even with overnight irradiations, a new cell with 4-inch-diameter
windows was built with which a large degree of conversion was nearly al-
ways obtained, Exposures were usually approximately 4 hours. Results

for the actual reactant combinations and conditions are presented in Table
2. A Pyrex filter was sometimes used to restrict the applied radiation

to wavelengths essentially longer than 3100 angstrome.

ClFEO/FQ. Irradiation of ClF30/F2 mixtures was conductied in an attempt to
prepare CIFSO. It was expected that the reaction might proceed by the
activation of F2 which would, in turn, react with C1F30 forming CIFSO.

The small amounts of products obtained (Table 2), when the Pvrex filter
was used in an attempt to minimize C1F30 activacion while maximizing FQ
activation, suggest that the reaction probably does not procecd by a mech-
anism involving activated fluorine. The large yield of CIFS obtained when
the filter was not used indicates the probability that the C1F30 was de-
composed by the radiation and that the reaction may have proceeded byv a

route such as follows:

C1F,0 C1F,0% (1)
C1F,0% ClFg* + 0 (2)
R-7149
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C1F0 + 0 CIF* + 0, (3)
CLE* + F, ————CIF; (4)

Low temperatures (-40 C) were used for this reaction to determine if the

activation of ClF30 wight occur without its decomposition. It is possible

that the use of even lower temperatures during ultravioclet radiation would
cause the reaction'to proceed in the following manner:
v

*
CIF30 011-“30 (5)

* ———
CIF,0% + F, C1F,0 (6)

Unfortunately, the rather low vapor pressure of C1F30 (less than 10 milli-

meters at -60 C) would permi  ‘he formation at any one time of only small

quantities of the proposed compound, C1F50. Because CIF50 could be more

volatile than ClF30 and would, therefore, -emain in the vapor state, rapid

decomposition by iltraviolet radiation to ClF5 and O2 would be expected.

Therefore, the possibility of forming ClFSO by reducing the temperature
below -40 C appears unlikely.

ReactionS(n'FClOQ. Initial irradiations of FClOO at 25 C both alone and

with F, (Ref. 2) indicated that partial decomposition of FC10, to C1F and
0

9 occurred accompanied by fluorination to C1F3 and/or ClFs. Because the
objective of this work was the preparation of C1F302, the reactions were
repeated at reduced temperatures where this compound should be more stable.

No experimental evidence for the formation of ClF302 was found. However,

substential yields (up to 86 mole percent) of C1F30 were obtained from

R-7149
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irradiations of C10 F with most fluorinating agente ueed (Table 2). These
experiments represent the first examples in which ClF30 (Florox) has been
prepared in good yield from an intermediate other than a covalent hypo-

chlorite,

Chloryl fluoride is a stronger absorber than any of the materials used to
fluorinate it and its activation is considered to be the initial step in
the reactions. The proposed mechanism for the overall reaction (Eq. 7

through 10) involves the generation and subsequent fluorination of FCl0.

uv

FC10, FC10,* (7
FC10 % ——— [Fc10) + o0 (8)
FO10, + 0 ——— [FC10] + 0, (9)
[Fc10} + Fy ——— cugo (10)

The detection of a compound thought to be FCIO0 (Ref. 3) during the C1F/
FC10,

This compound may have also formed during the irradiation of FClO2 (Table

experiment tends to suppsrt the existence of FCl0 as an intermediate.

2). The supposed FC10 is known to be very reactive and relatively unstable
(Ref. 3) and the failure to observe it more frequently was not unexpected.
A flow experiment was conducted in an attempt to prepare FCl0; however,
neither FC10 nor C1F30 was found.

As at room temp:rature, the —60 C ultraviolet irradiation of FC10, alone
produced principally C1lF and 02, but the efficiency of the lower ;empera-
ture was demonstrated by the formationm of some ClF. 0. Either FCl0, itself

3 2
or the product CIF may have served as the active fluorinating agent.

10 R-7149
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The weaker group of ultraviolet absorbers (Table 1; F,, OF,, and ClF) re-
sulted in 20 to 30 percent conversion of FClO2 to CIF;O unaer approximately
similar conditions. Of these, elemental fluorine yielded the hest conver-
sions to Florox and unlike any other fluorine source also formed CIFS. of
the three fluorinating agents in the group, only F2 wag examined at F,’FClO2
ratios higher than two. These higher ratios were found to yield lesser
amounts of CIFSO and more CIFS. No satisfactory explanation of this re-
sult cen be made at this time because the presence of a larve excess of

F2 would a priori lead to a predicted higher yield. Further, the limited

number of ex} - iments and the lack of replicate runs preclude sufficient

evidence for advancing final conclusions. The low absorbtivity of F, rela-
tive to FClO2 (Table 1 and Fig. 1) eliminates the possibility that the F,

may be preferentially absorbing the available radiation.

The conversion of FClO2 to ClF30 using the strong absorbers CIF3, CIFG,
EN . . -
3. and BrF5 appears to be limited by the amount of the fluorinating agent in j
the vapor phase and therefore capable of activation, Thus, CIFG is more -

effective than ClF3 while BrFs, which has only several millimeters vapor
pressure at the test temperature, did not produce any_ClF30 despitg the
fact that it reacted. The significance of ultraviolet activation of the
fluorine donor wmay be indicated by the fact that C1F5 is a much better
fluorine donor than F2 itself. However, the preater efficacyv of ClF3 may i
be due to its lower activation requirements and chemical reactivity., This

consideration, coupled with the vapor concentration of the awent, may be an

important feature. In the latter intevrpretation, the role of the ultra-

waiuitl

violet radiation would be primarily invelved in decomposing FClQ,.

FC10 /ClF5. Following the encouraging results with FCl0_, an examinatign
R S 2

of similar reactions with FC10_ was initiated. Perchloryl fluoride was

3

considered as a precursor to ClF_),O2 because its decomposition to an acti-

vated FClO2 capable of fluorination seemed possihle. Although F010359

R-7149 11
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absorbs only weakly where other C1F compounds absorb strongly (Fig. 1),

reasonable radiation times did effect its decomposition. Both CIF and
some FCIO2 were formed. The latter is important because it demonstrates
that the desired Cl=0 bond cleavage does occu~. Iarge quantities could
not be expected because the strong absorptivity of FClO2 results in its

own decomposition.

Fluorination of the activated FClO3 was attempted with CIF3 because of its

proven effectiveness with FC10 No unknown products were observed but it

9
was determined that Cleo was the major product. This is almost certainly
3 to vield FC10 which is then

fluorinated to c1F30. z

due to stepwise loss of oxygen from FCl0

Thus, both FClO2 and FClO3 appear to undergo the progressive loss of oxygen

on ultraviolet irradiation. Once chlorosyl fluoride, FC10, is formed, it

is sufficiently stable at -40 to -60 C to allow fluorination to CLF,0. ..
Florox is the most complex product obtained due to the fact that it is

essentially frozen out and thus not subject to anyv extensive ultraviolet

activated reaction or decomposition. If ClF302 is to be synthesized,

activation of F2 without the activation of FClO2 must be accomplished.
The use of filtered (more than 3100 angstroms) radiation appears to be
the most probable means of preventing extensive FClO2 activation. While

this approach was attempted for the synthesis of CIF_0 from ClF_0 and F_,
) 3 2

(5%

-

it has not yet been utilized for the attempted preparation of ~ ”30

BrF_/FQ. It was thought possible that BrF7 might be formed hy activation
of BrF5 in the presence of F2 (Eqg. 11 and 12).

BrF, ————= Br¥;* (11)
BrF % + T, ~ BrF, (12)
12 R-7149
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Operation below ambient temperatures was employed to waximize the probadbil-

ity of forming BrF7 and to prevent the BrFs* from decomposing to BrF

3 and
F,. Further, a large excess of FQ was also used to increase the chauces !
of forming BrF7 (Eq. 12) and to suppress the decomposition of BrFs*. i

Infrared analysis of the products from the irradiations conducted at -40

and -50 C indicated that no new products were formed. However, several

unidentified absorptions, probably caused by traces of impurities, were

found in the infrared spectra of the products obtained from most experiments,
Observed absorptions were at 1028, 1220, 1250, 1280, 1315, and 1910 cm .

P CORONA DISCHARGE ACTIVATION

Previous experiments on the corona-activated reaction of FCIO2 with a large

excess of F2 (Ref. 8) had suggested that the products of the reaction were
primarily CIF and FC103 rether than the desired CIF

o

p o

‘M"h
y

Ui

T AT S

300. However, leaks in
the reaction system have since been found which indicate the possibility
that the FClO3 originated in a manner other than the disproportionation of

FClOQ. Therefore, the experiment was repeated.

I A £

Duriug one experiment, the amount of FClO2 which passed through the dis-
charge vielded the following product distribution: ClF5 37 m/o; CIFB’

3 m/o; CIF, 10 m'o; FCIO3, 0.5 m’0; FC10,, (unreacted), 37 m’o; and SiF,
b 2.6 m/o. The SiFh apparently resulted from reaction of the F2 with a
Pyrex flowmeter.

. The rather good chlorine material balance (more then 85 percent) permits
: a course of decomposition of FCl0, to be postulated.

2
g of only a trace amount of FClO3 precludes a substantial disproporticnation

First, the presence

) i
P TR Ao D bl siabete . At

il
)

R-7149 13

CONFIDENTIAL




CONFIBENTIAL

m ROCKETDWMNE . A DIVISION OF NORTH AMEIRICAN AVIATION INC

RN
3

B,

of FCIOQ. Therefore, the most probable route for the reaction involves

the decomposition of FC102 as shown in the following mechanisms:

FCIO2 _Corona Discharge CIF + 02

CIF + F Corona Discharge C1F

2 3

ClF. + F Corona Dilchﬂl‘ge C1F

3 2

5

Thus, it appears that corona activation of FCIO2 causes decomposition
rather than providing a reactive excited species capible of being fluer-

inated to CIF302.

ClF30 PROPERTIES =~

Mass_Specctrum

Previous attempts to obtain a fragmentation pattern of ClF30 were unsuc-
cessful (Ref. 9). At that time, it was suspected that the extremely cor-
rosive chemical was not reaching the isotron in the CEC 21-103C Mass
Spectrometer. This problem was compounded because only small quantities

of Florox were ithen available.

I' is most desirable to obtain one measurement that in itself leads to an

w Dbiguous identification. The availability of larger quantities of Florox
coupled with a modification of the inlet systcm to the previously mentioned
mass gpectrometer enabled this to be achieved. The difference in corrosiv-

ity between CIF_0 and ClF, toward the micromanometer is demonstrated by the

3 5

W
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fact that stable patterns could be obtained for CIF5 vhile ClF30 completely
decomposed in the inlet system. Elimination of both the micromanometer and
a 3-liter expansion volume made it possible to obtain a stable mass rrack-
ing pattern reproducibly, using an ionizing current of 10.5 microamperes

and an ionizing voltage of 70 electron volts. The composite apectrogram
obtained is presented in Table 3.

The spectral pattern in Table 3 is normalized to the most intense peak ob-
tained at high mass range using a magnet current of 0,60 ampere. The spec-
trum ¢f ClFso-was corrected for the following impurities: SiFh, FCIO3,
ng, 0102, COF2, 002, 02, and HF. It was apparent, from several patterns,
that little variation in relative intensity was observed for the key masu/
charge pattern ratios corresponding to C1F0T and ClF20+. Some variation
was noted in the calculated intensity of the ClO+ peak after correcting
for C1-0 containing impurities. Further refinement in the determination

of this value is dependent on a more accurate accounting of impurity con-
tributions to this peak,

F19 n.m.r. Study of Florox

The F19 n.m.r. gpcectrum of the gas phase of CIFSO was obtained to substan-
tiate the proposed Cs symmetry. A Varian DP60 spectrometer was used which
wvas equipped with a high-resolution 56 MHz radio-frequency unit and high-
resolution magnet. To detect the weak signals from the gaseous sample, a
Princeton Applied Research lock-in-amplifier was used operatinz at 1.5 Hz
to allow observation of any possible fine structure in the spectrum. The
samples were the gas phases in equilibrium with the liquid phases of two

purified 01F30 samples containing different amounts of HF, and a gas-phase

sample which had no liquid present. To observe the gas-phuse resonances

of the liquid samples, the n.m.r. probe was inverted and the sample main-

tained in place with a piece o? tape. Calibration was effected with a

R-7149 15
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TABLE 3

MASS CRACKING PATTERN OF CIFSO

Mass/Cﬁarge

e bacsamne - errre

Relative Intensity, percent

16
19
35

5

ot

108

110

37
51

13.19
27.29

29.35
7.58
14.78

4,132

c1”

c1”

C10

clo”

ClF

NOTE:

The sensitivity factor was not calculated because

no accurate pressure measurement was made
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sample of CC1lF_ contained in a capillary tube; surface tension held the

3
liquid up in the top of the tube inm the inverted probe. Sidebands at

£
g
L

9600 Hz generated from an auxiliary low-frequency ¢scillator, were used

AR S M

for magnetic field sweep calibration. The results are presented in Table 4.

Some of the features in the n.m.r. spectra of both gas and liquid are

s O B

noteworthy. The sample containing only a gas phase revealed two different
spectra., The initial spectrum showed F19 peaks at -223, -262, and -300 O,

T

Upon aging for 2 days, the -223 ppm band disappeared. Subsequent gas-
phase measurements on samples containing liquids revealed two peaks at

-276 and -317 ¢, The first measurements were less precise than the latter
because they involved the use of a much lower side-band frequency (1200 vs
9600 Hz for the others). Thus, the -262 and -300 ¢ bands are the subsequently
- observed bands at ~-276 and =317 .

%ﬁ No assignment is readily available for the -223 ® (actually -247 ©). It

wHnm .,

2 could possibly be assigned to the high field band of CIF5. However, its

disappearance, as well as the absence of splitting, make this unlikely.

(There is a remote possibility that Glr5imay "disappear" through disolution

into the Kel~F tube walls). Another possibility, however remote, is the

w112 M

presence of an isomeric species,

el b

The liquid spectra revealed only one line and are unremarkable except for
the fact that the chemical shift is consistent with the measured HF con-
centration, The complete collapse of the doublet in the liquid plase,

caused by the exchange initiated by the low HF content, may preclude the

ET—

resolution of liquid spectra. Additicnal siudies will be conducted with

samples containing alkali fluoride salts in anticipation that their bi-

fluorides are completely insoluble in the Florox sample.

SR ey \‘."”'tllh'l Tlatge < o
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TABLE 4 '
g ,
! P19 N.M.R. DATA ON 01F30(°)
‘g pE— T =T ™ = ]
: ! | : - g
g | Sample Phase in|  HF")  F'9 Chemical | Peak
I Description Probe Concentration - Shifts, © | Intensity’
i ! . '
§ : Gas Gas : - , —223(d) 2
; % i D =262 2
i i .
= : -300 1
? ;Gas(c) : Gas i - —262(d) 2
-300 ﬁ 1
:Liquid + Gas : Gas : - : =276 f 2
f | ' =317 1
i : : -
i Liquid + Gas | Liquid 0.015 Molar -276 - - »
L ' Liquid + Gas | Liquid |0.0004 Molar | -289 A
i l [ L [
(a)All spectra taken at ambient temperature
: b \
; Measured by proton n.m.r.
: */Same as preceding sample, only 2 days "older"
' d)Side--band frequency of 1200 Hz used :
H
E o
. 1
2 !
i 18 R-7149 !
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Specific Conductivity of 01?32

The specific conductivity of ClF.0 at 25 C has been weasured at Rocketdyne

38 -1

and & preliminary value of 2 x 10 = ohms cm_1 has been determined. The

apparatus used was that described in Ref. 10.

FLOROX CHEMISTRY

Reaction of ClF,0 With NF, Compounds (A New Synthesis of .\'Fso)

Studies of the reactions of chleorine fluorides and difluoramine have been
shown to proceed as follows (Ref. 9):

CIF,, . 1+ (2x + 1)HNF2

CINF, + (2x)N2F[* + (2x + 1)HF

where
x = 0,1, or 2

The course of these reactions appears to involve reduction of the CIFx

moiety to CIF followed by condensation to vield CINF Because Florox is

o
similar to the chlorine fluorides chemically, it was proposed that a simi-
lar reaction sequence might occur. However, after the reduction of ClF_ 0

3
to FC1l0, a condensation with HNF2 might yield OCINF2:

9
ClF30 + 2HNF2 —————= 2HF + LQFL + FC10

FC10 + HNF, — W+ OCINF, -2 . CIF,N0 (el FNO

R-7149 19
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Accordingly, a 1:1 reaction of C1F10 and HNF2 was conducted at low pressure
and below 0 C. A smocth reaction foilowed, yielding no noncondensables.

No unreacted HNF2 was observed and 55 percent of the ClF30 was }ecovered.
The N-F containing products consisted of equal proportions of CINF, and
NF30 and a small amount of Nth. )

Thus, the course of the reaction sppeared as follows:

2HN?2 * C1F30 ———= 2HF + NF3

0+ ClNFQ

Based on this equation, the yield of NF3O and ClNF2 vas 80 percent, The

concomitant oxygenation and fluorination of an NF, pgroup jis intripuing

because of the possible reaction intermediates in;olved. It auppears prob-

able that the final fluorination step involves CINF,0, as in the preceding
equation, or the ONF2 radical., The mild reaction co;ditions coupled with PN
tlie high yield of NF

NF30'

0 are unprecedented during all previous syntheses of

3

Several repetitions of this experiment using higher HNFQ to ClF30 ratios
(2 to 2.7:1) yielded similar results. The reaction temperature was varied
between -78 and -112 C. One of the experiments at -112 C yvielded only 75
percent of the anticipated total of AQF“, CINFQ, and NF3O when pumped on
at that temperature. The remaining NF, materials were obtained only on
warming above that temperature. This indicated that a CIFSO—HNF2 complex
may exist at the low temperature. An attempt to confirm this on a scaled
up reaction at ~112 C was unsuccessful. This may have resulted from in-
sufficient cooling through the relatively thick walled Kel-F reactor. The
use of a thinner wall Teflon or alumina container as well as a lower tem-

perature (-125 C) will constitute a final attempt at stabilizing any pos-

sible complex,

=

{
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The possible general reaction of CIF,0 with NF, compcunds to yield NF,0
P - J
was also considered. To test this possibility, a reaction with perfluoro-

formamide, FCONF2, was performed. The products were NF, 0, CINF

3 20 NoFy

and COF2. Assuming a stoichiometry as follows:

veore ot i

CIF. 0 + 2FCON?2

3 200F2 + NF.

3O + CINF2

MO AR A T AR LD QNG emncn 4

BTN

the NF30 yield was 21 percent., Although this yield is somewhat low, it
does confirm the utility of CIF3O as a versatile oxygenating and fluori-
nating agent.

L) Ol AL B

I vl

POSSIBLE SYNTHESIS OF CHLOROSYL FLUORIDE (FC10)

An unidentified compound, referred to as Compound C, has been observed on

TG g S

v

Aty

a number of occasions (Ref. 3). Infrared evidence is consistent with the

“

MBI 11

proposed chlorosyl fluoride (FClO) as well as reaction enviromments from

op e

which it is obtained. However, this material is elusive in that all pre-

parative methods have thus far been irreproducible. The pursuit of this

A |

material, while not an all encompassing end in itself, offered the.pos—

sibility of exploring a wide variety of reactions of CleC as well as

- other halogen fluorides.

btk alh

Reduction Reactions of CIF0 i
% One reducing agent that appeared to be of interest in exploring the reduc- g
g tion of ClF30 was N2F4. It has already been shown that CIF5 undergoes §
% smooth reduction to ClF3 as in the following equation (Ref, 11). E
%; CIF5 + N2F4 C113 + 2NF3 §
§; R-7149 21
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The obvious analogy, then, is the oxidation of NQFL with Florox:
s

i
«

CIlF

D]
0 + NQFQ - FC10 + ENF3

3
Tetrafluorchydrazine and CIF3O do not react at ambient temperature. To
produce appreciable reaction, tests were conducted at 100 C. Even at 100 C
over a 24-hour period, 85 percent of the ClF30 was recovered unchanged. A
trace of Compound C was found among the products which also included NF.,
and unreacted_NzFb, At 130 C and after 65 hours, the ClF,O-NQF& reaction

3
produced FNO, FNO,, NF30, NF3, and C1F. No Compound ¢ was formed and 46
percent of the ClF.0 was recovered.

3

The reduction of ClF_0 with 012 wvas re—examined in the hope that the

3
following reaction could be observed:
CIFJ0 + Cl, ? — FC10 + 2CIF

During previous experiments (Ref. 3) no reaction of Cl, was observed at
30 or its CsF complex. The results of

a series of experiments at elevated temperatures are presented in Table 3.

ambient temperature with either C1F

TABIE 5
REACTIONS OF Cl, WITH CIF,0
‘ .. Trercent GIE Reacted e
Temperature, C | Time, hours ercen 3 eacte Products '
R 1 e Oy
71 ! 120 | 27 FC10,, CIF, I
{
100 ! 42 ; 37 FC10,,, ClF3
150 21 I 25 Trace C, FC10,,C1Fy
200 16 i 100 .CIF, 0
R S SR |
22 ‘ R-7149
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During the one run at 150 C, a trace of Compound C was produced, but no
other run produced evidence for this elusive species. At or below 150 C,

2
200 C, the CI1F

FC10, and Cle were produced from partial reaction of C1F30; while at

30 reacted completely with Cl2 to produce C1F as in:

- Cl, + C1F,0 ———= 3CIF + 1/2 0,

3

Attempted Synthesis of Florox

Oxygen-fluorine exchange reactions as possible routes to oxychlorine flu-

orides were studied using the reaction systems FI0 -ClF5 and I°05_CIF5'

2
The desired reactionsg were:

F_ + FI 2C1F. 0 + IF_
£ 2C1 5 02 3 5
5.,
5 I.0. ClF_ 0 + 2IF_
;»ClF5 + 209 5 5 5

These exchanges were based on the known reaction of FIO2 (Ref. 12):

28eF, + FIO2

y 28e0F2 + IF5

No C1¥_ 0 was observed as a product in either reaction. The reaction be-

3

tween C1F. and FIO2 produced FClO2 and lesser amounts of FCl0,. With

> 3
1205 and C1F5, primarily FClO2 with smaller amounts of Cl0, resulted.

Mixed Interhalogens

Complex interhalogen fluorides based on CIF,0 would form an interesting

3

type oi compound, therefore, the acid-base equilibria of CIF_0 (a moderately

3

strong base) with the strong acids, BrF._ and IF5, have been studied. Both

3

R-7149 23
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extended liquidus

r'uirl k

systems were miscible, yieldinr nlear solutions with
ranges, However, vapor pressure measurements revealed that the solutions
were nonideal., Conductivity measurements were then used to assess the

extent of any possible ionization.

In the Ber—ClF30 system, the addition of 4 mole percent CIFSO to BrF3
increased the resistance of the solvent slightly. Un this basis, it was
: concluded that the self-ionization of BrF3 is unaffected, and the resis~
‘ tance increase is caused by the addition of the lesgs conductive C1F30.

Thus, the following equation does not appear to be operative:

L — * =
CIF30 4 BrF3 ;E:::fE: CIFQO + BrFLl

Elucidation of the IF5—CIF30 system was complicated by difficulty in puri-

fying and transferring the IF5. Several measurements were made and are

L

»
& i

‘-
e ¥

shown in Table 6, The widely differing values for the initial resistance

of IF5 apparently indicate the material was impure. In each case, the

addition of ClF30 resulted in a lowering of the resistance of the IPS'

However, it was not quantitatively reproducible and certainly does not

suggest ionization of the CIF30. In addition, removal ol the CIFSO did

not raise the resistance of the IF5.

PR P [T UT e SR T L LT TI W] 11| PRI T

It is therefore apparent that lowering of the resistance ot the IF3 was
caused by impurity addition and that the {ollowing equilibrium exists
slightly, if at all:

~ + -
CIF0 « IF, = CIF,0" + IF

ol vl gl T
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TABLIE 6
CONDUCTIVITY IN THE IFS-CIFBO SYSTEM AT 25 C
IF5 Resistance, Resistance After Florox
ohms ) Addition, ohms
76 W4
59 55
173 120
293 236
Hydrolysis of MCth
5 Another possible route examined for the preparation of FCl0 involved con-
x -

trolled hydrolysis of anionic interhalogen fluoride specics. The systems

studied were KClF§~H2O and CsClFQ-HQO. The desired reactivis were:

2
MCIFQ + H20 MClF20 + 2HF

with possible displacements as in:

MCIF.0 + HF — = MHF. « FCI0

2 2
Static reactions have been run where H20 was added both to CsCth and
KCth. In addition, a flow reaction was run where H20 saturated N2 was

passed through CsCqu at ambient temperature. In the flow run, large

amounts of ClO2 and Cl, were generated.

2
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Resulis on the static systems were variable. Approximately three to five
molar equivalents of water were added to three KCJFQ samples. Upon pumping,
unreacted water and approximately 6, 18, and 45 percent of the original
tetrafluorochlorate chlorine were evolved o8 volatile chlorine containing
species, Similarly, with three CsCth samples 2, 73, aud 85 perceut of
the original tetrafluorochlorate was evolved. The volatiles were princi-
pally elemental chlorine with smaller amounts of Cl0, in ivo cases, and
FC10, in one. The variation in evolved chlorine may-be caused by the
tech;ique of water addition. If the water reacts slowly and smoothly,
hydrates are probably formed. However, if the reaction is rapid, hot
spots might develop which could cause violent reaction and vield elemental

chlorine as a product.

Subsequent reaction of three of the residual solids with excess HF vielded
H20. Thus, it appears probable that stable hvdrates were iotmed. Because
the hydrolytic reactions of the CIFA' ion, in general, proved to be com-
plex and vigorous, the study in this area has been limited to examining

the postulate of the formation of stable hydrates. Reference samples for
KF—KCIFM and KF—H20 were prepared and their X-ray powder patterns were ob-
tained. Although the patterns were complex, comparison of the KF—KCIFM-HQO
data listed in Table 7 with KF—KCIFLl and KF—HQO reference patterns revealed
that another phase was present. Comparison of ASTM veference patterns for
KF-QHQO, KHFQ, KCIOQ, KCIOB, KCth, K02, and KO3 has also revealed that
these compounds do not account for the unreferenced lines. This X-ray
evidence for a new phase and the chemical observation that the KF-KCIF“
mixture hydrolyzed only slightly with water indicated the high probability
of the formation of hydrate(s) of the type KC1F, -xH,0. Halocarbon mulls

of the solid product on two occasions showed only the halocarbon peaks in

the infrared and no OH stretching vibrations were observed.
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TABLE 7

X-RAY POWDER DATA FOR KF-*-KCl—FI*-H2O

Observed Diffraction,
angstroms Relative Intensity
5.1 3
4.9 3
4.6 3
4.45 3
4.2 3
3.16 40
3.006 100*
2,78 30
z 2.58 10
£ 2.41 10
] 2.33 ! 30
: 2.24 8
2,08 60%
2.04 | 10
2.00 5
: 1.82 5
1.75 5
- 1.70 10%
1,65 10
1.61 3
: 1.58 3
‘ ; 1,45 20%
i 1.42 10
- 1.34 5
i % 1,32 10%
§ 1.20 5
£ 1.13 b
g % *Peaks of intensity 10 or greater which cannot be referenced
% R-7149 27
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Hydrolysis ol Cl?j

The reaction of uncomplexed ClI?3 was examined with HQO to test the hypoth-

eses that a condensation would evolve as follows:

(JlI‘3 + H20 ———— FC1l0 + 2HF
The first reaction, using excess ClF3 at ambient temperature, yielded trace
agounts of Compound C and ClF. Four additional runs, however, conducted

both at ambient temperature and at -18 € produced only 012, C10,, C1F, and

FCIO2.

Chlorine Seaquioxide

{3

A paper (Ref. 13) entitled “"Chlorine (rir) oxide, a New Chlorine Oxide"
vas recently published. The tentatively identified material, 01203 was
formed by the ultraviolet irradiation of C10, in a Pyrex buld with a cold
finger held at -45 €. The stoichiometry reported was:

30 C10

 —— 401206 + 60120 + 902 + 3C1

2 3 2

Because of the postulated structure, i.e., a catenated chlorine compound,
the utility of C1203 as an intermediate in several areas of research was

of interest.

The reported synthetic technique was used and produced trace amounts of
the n~-- species formed as a brown solid ring at the neck of the -45 C cold
bath ‘owever, only extremely small amounts of the material were produced
by thia method, [Mcﬂale and Von Elbe (Ref. 13) produced approximately 0.2
mmole (0.024 gram) in their runsJ Attempts to increase the quaatity of

&3
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product involved raising the quantity of C10_ irradiated, lowering the

2
reaction temperature, using a Eel-F reactor, and use of flow systems., An

attempt to increase the quantity of product by irradiating approximately
1 milliliter of 0102 resulte. in a violent explosion,¥

¥CAUTIONARY NOTE: 1In this attempted preparation, approximately

1 liquid milliliter of chlorine dioxide, contaiied in a 250-cc
Pyrex reaction vessel, was slowly warmed from -196 to -45 C
where it has a reported vapor pressure of 37 millimeters., The
ultraviolet lamp was then turned on. After approximately 5
minutes, the Ci0p exploded with sulficient force to shatter

the 1/4~inch Plexiglas safety shield surrounding it av a dis-
tance of 1 foot. In later preparatinns, much smaller guantities
of ClO2 wvere used.

Employing a lower reaction temperature (-64 C) than that of McHale and von
Elbe (-45 C) led to more reproducible results. However, the amounts of
01203 formed remained small., In a typical experiment at -64 C, irredia-
tion of 3.7 mmoles of ClO2 produced 1.34 mmoles of CIQ. Thus, less than

20 percent of the starting Cl10, was converted to solid chlorine-containing

2

species, and the yield of 01203 was less than 0,31 mmole. Attempts to

sublime the brown solid even very short distances resulted in its decom-

position.

To raise product output and still maintain a low concentration ¢f the
treacherous 0102, the preparation was converted from a static system to
a recirculating flow system. Passage of 012 through NaClO2 produces ClOQ.

Thus, Cl, could be continually fed into the system and passed through N00102

2
producing ClO2 vhich is then irradiated. Unreacted C102 and Cl, would be
recirculated at low pressure through the NaCl0_ and irradiation areas,

2
Oxygen produced could be removed by an occasional bleedoff. With only a

low pressure of ClO2 in the system, it should be possible to prepare mod-
erate amounts of 01203. Several runs were made using the recirculating
system, however, in only one case was any material produced, and continued
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reaction caused it to decompose. Keeping sufficient €10, in the irradiated
volume was the apparent problem. This was, in turn, dependent on the rute
of formation of C10, and the efficiency of pumping. Because of the lock

of success, the recirculating system was abandoned.

Chemical reaction of 01203 was attempted by allowing it to react with CsF.

This would occur by either of the following routes:

CsF + 0120 ———= Cs0Cl + FCl0,

3

CsF + 01,0, ———= CsCl0, + FC10

3

Formation of 01003 in a reaction vessel containing CsF was success=ful,

While no reaction was observed with CsF, this may have been caused by

failure to achieve a suitable contact between the solid reactants.

To provide a medium for reaction and to allow possible tran=fer from the
glass system, an attempt was made to dissolve the material in CFCls; howe-
ever, little, if any, solubility was observed in the CFC13‘ Because of
this solubility problem, difficulties in handling C10,, and the dilliculty
in preparing even trace quantities of the new mﬂlﬂlﬂiﬁ. Lnvestigation cu

Cl1,.0., was terminated.

273

Oxidation of C1,0 With CFQ(OF)Q

Mild fluorinations of 0120 or other appropriate Cl0 species ofier an addi-
tional route to chlorosyl fluoride. Previous experiments in this mode
ntilized fluorine with excess 0120 (Ref. 3). Complexes and low tcmpera-

tures were thought to be conducive to moderating the reaction such that a
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chlorine (III) compound weuld result. Results with F, revealed, however,

that once reaction was initiated, oxidstion was complete to CIF30. This
strongly implied that the wolecule FC10 was much more susceptible to oxi~

dation than 0120.

O I

Rather than using F2 as the fluorinating agent, the use of CF,,(OF)2 was
considered. Over a period of 15 days at Dry Ice temperature, Ci, 0 decom-

posed completely to Cl2 and 02 with a very small amount of FC10, formed.
The CFQ(OF)2 was recovered essentially unchanged,

Fluorination of Chlorine Dioxide

Because ClO2 has been observed in some reactions which produced small
amounts of Compound C (FC10?), it was thought that fluorination of C10,

under certain reaction conditions wmight produce FC10 accordinay to:

c1o, + 1/2 F, — FCI0 + 1/2 0,

Vigorous conditions would, however, be required because mild conditions
produced FC10, (Ref. 14).

EOR IR R

Separate experiments with an excess of either F, or Cl0, resulted in rapid

reactions. In these experiments, ClO2 and F2 were placed in separate 300-

milliliter, stainless-steel bombs and allowed to mix rapidly by a simple
turn of a valve.

In each case, a clang similar to hitting the bombs to-
: z gether occurred upon mixing, indicating rapid explosive reaction.

In the
run at ambient temperature with excess fluorine, the products found were

CIF3 and FClO2 in a ratio of approximately 5:1.

Thus, the reactions ob-
served were:

ClO2 + 3/2 F2 CIF3 + 02 (major reaction)

/
0102 + 1/2 F2 FCIO2
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With excess 5102, an experiment at ambient temperature yielded only ele-
mental Cl2 (> 90-percent yield) as 2 product. Another experiment at 0 C

produced 012 (> 90-percent yield) and approximately C-percent FC10 Under

3
the condition employed, the principal net reaction was cxplosive decomposi-

tion of 0102:

) _352125122‘.1/2 Cl, + 0

2 2

32

CONFIDENTIAL




RN
TN e -

= = e s S e oz s S - R — R S - Rt

CONFIDENTIAL

i

|
i

|

I

n ROCKRETDWYMNE . A DIVISGION OF NORTH AMERICAN AVIATION INC

IODINE FLUORIDES AND OXYFLUORIDES :
Todine dioxide triflucride, IF.0 Yepresents an unkrown composition for |

iy

372
halogen oxyfluorides, A limited effort wus counducted to synthesize this

compound as & complement tu the concurrent eltort to prepare CLY 0,,. The
known compound, IF 0, offered a convenient starting material . bamples of
IF7 were first prepared from IF5 and F2. The Il-T was converted to 1}‘30

as follows {Ref. 15):

2IF., + $i0, meww 2IF_0 + Sil
7 a2 5 4

Significant discrepancies were noted betwoen the reported vapor pressures

of these compounds and the observed values. The teasured values tor [P

were approximately twice those reported, despite the faet that the only

{»" detectable impurity, IF30. wvag present only in trace quantities. An exact
e

determination of the vapor presgure vas not made Lyt the waterial was con-

o

& verted to IF_O. Following initial vacuwy iractio.ation. linal traces ol

S1f and HI here renoved from the IF 0 by treatment with KF, Analysis of

thls waterial by near infrared spcctroscop\ revealed less thanr 0,7 m, 0 I,

The sawple was tensiometrically homogencous. tite infrared spectrum was as
reported (Ref, 16). and the vapor densitly vielded a molecular weishy of
246 g/mole (238 calculated), The corrected VAPOr pressire-tenperature

equation for IF'30 is log P = B.O874 - 10639, T, The heat of subiiration

i

is 7.59 kcal/hole and a sublimation pressurc of TO0U m is obtnined at j.h C.

BRL

Additional information concerning botih Ik and IFSU was chtained. Lu par-

ticular, the previously unreported mwass cxucking patteris were deteruined,

The inlet system of the mass spectrometer was alicred us deseribed carlier
(Ref. 17) and the same operating conditions were cuployed, The mass spec-

trum of IF5 was first determined as a comparative relerence (Rer. id).

I g PRl (g TR TRR AN

; Reproducible spectra were obtained [for Loth 11_ and ll O and are shown in

% Tables 8 and 9.
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$
¢ MASS CRACKING PATTERN OF IF.
: {
§ F | Relative Intensity, B R
| Mass/Charge .~ percent  __ Ten
5 ! 260 : No parent .t
i ) ! ) t
; 241 : 73.68 - ar”
5 920 5 19.34 IF5+
_ 903 _ 100.00 : IF4+
| . 184 5 .50 I 3
§ j 165 ﬁ 6.43 IF,"
j = 146 ' 35.13 byt
' 127 ' 50.26 o
[ KV PPN PR RS SO RS RINE,
TABLE 9 -
L 4
MASS CRACKING PATTERN OF IF_0
J
e R
| _ i Relative Intensity, i
___ Mass/Charge : percent ~ Ion ’
' 5 32,05 : 1F§U+ -
020 : 2.60 OIE”
)
219 17.40 1F, 0
: : 203 100.00 i, "
g 200 .38 11-'30+
: 184 21,92 IF30+
: 181 17.95 I¥, 0"
‘ 165 10,14 "
i | 162 , 08,77 1o’
i 143 12.19 © 10" _
| ' : .
127 , h8.25 R
g
i)
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In the case of IF5 and IF50, parent ions were observed., Previous work

with chlorine fluorides with this inatrumentation never yielded parent

ions. Recombingtion reactions were not observed and therefore no IFx02+ ions

were observed. Only very minor quantities of impurities (SiF, and COF2)
were found and these could not be confused with mass/charge values of
iodine-containing ions., Thé spectral patterns are normalized to the most
intense peak.

The attempts to prepare IF502 utilized the reaction of IFSO and 8i0,
(either Cab-0-Sil or 80 mesh silica) at elevated temperature. Because

the formation of IF50 from IF7 and 8102 occurs readily at ambient tempera-

ture, it appeared that additional oxygenation of the central iodine atom

might well occur under slightly more vigorous conditions:

2IF_ 0, + SiF

2IF50 + 5102 509 )

Reactions were condncted at 130 C (Cab-0-Sil) and 145 C (silica). In
each case, only a very smull apount of SiFh formed and unreacted IF50
was partially recovered. However, very extensive thermal decomposition

of the IF50 was noted and simply involved loss of oxygen.

IF_0O IF. 1/20
5 57 / 2

Thus no new covalent I-F-0 material was obtained.

To ascertain the types of reactions that IF50 might undergo and thereby
gain insight into the methods most likely to be successful in converting
it to IF302, the potential acid/base characteristics were also examined.
It was observed that IF50 does not react with either the base, CsF, or
the acid, A5F5. Thus, IF50 is more "neutral" than any other known inter-
halogen fluoride.
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0N,
b
¢

Ly

Another reported method (Ref. 15) of preparing LF;0 is as follows: §

0. —— 3IF_.0 + 2IF_0
31F7 + I2 5 3 PD + 3
The supposed by-product of the reaction is iodine oxytriltluoride. Earlier
efforts to form covalent IFSO only resulted in the formation of the ionie
102+IF6 (Ref. 9). Therefore, this reaction was examined as a possible
route to the expectedly covalent IF30. Lacking any experimental details,

it was decided to use initially a reaction temperature of 130 C,
At this temperature, vigorous reaction occurred but proceeded as follows:
IF7 + 1205 —————-IF5 + QFIO2 + 172 02

Thus, neither IF50 or IF_O0 were obtained. Any further attempt to secure

3 o

IF30 via these reactants will require milder conditiuns.

Among the unexplored properties of IF50 is its thermal gtubiiity and sus-

e —

ceptibility to pyrolytic breakdown. The latter was congidered as a simple,

straightforward route to 1F30:

Ja)

[T

IF.0 IF.0 + F,
J P <

The alternative mode of thermal cleavage was also expected, especially in

IR A -

view of the results with Si0,, although this effect may have heen catalytic.

IF.0 —&—IF_ + 1,2 0,
D p] <

The first test of the basic thermal stability revealed that IFSU conld

be quantitatively recovered after 5 dayvs at 75 C in a stainless-steel

cylinder. Therefore the pyrolysis experiments vere planned atl congider- 1
ably higher temperature (250 to 500 C) in a flow reactor. A supply of IF5O éﬁg

ey
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i

3 was maintalned at -78 C in a cylinder attached directly to the hot tube

1 é which was preheated to the desired temperature. The IF30 was pumped

g through the heaved zone. at a rate determined by the vapor pregsure of
IF30 at ~78 C, and quenched at -196 C shortly thereafter. Temperatures
below 340 C were found to cause dccomposition cleanly to IF5 and 02. Frum
540 to 500 C, breakdown of the 1F_ to 12 became noticeable and at the

5
highest temperature was essentia'ly complete, Many experiments produced

sl

traces of a volatile compound, which was identified as chrouwyl fluoride

(Cro,¥,) by infrared and mass spectral analysis (Ref. 19). Its formation

w1
TRV

3 iy due to fluorination of chromiwn oxides obtained by reaction of chromium
' metal in the stainles--steel tube. The Cr0,F, was cowpleteiy eliminated
when the reactor tube was thoroughly passiv;L;d und therefore it appeurs
that the decomposing IF30 is not capable of producing both active fluorine

and oxygen for converting the chromium to CrQ,b,.

e
IR

To induce loss of fluorine alone from IF50 and possibly als=o oltain oxvyen
transfer, flow pyrolyses were carried out using CuQ-packed hot tubes. At
temperatures of 250 to 350 C, it was found that small quantitiex of another
volatiie unknown were produced. This cowpound exhibited an infrared ahsorp-
tion at ©h3 ot (PYR) which overlaps the I=0 abhsorption of 1[~‘,_)u (v23 cn.“l,
PQR). 1t ig possible Lhat the proximity of inlrared hands is indicative

of the unknown being a new IFXO specles, Alternate synthetic conditions

are heing sought to increase the vield.

Reaction of IFSU and INF,

% The success attained with the CIF, U-HNF, reactions prompted an examination

3

of the corresponding IF_.0-HNF, sys*em. lodine oxypentafluoride represents
J -

the only other oxyhalogen fluoride of the type OX};, The reasction proceeded

ﬁm)
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:

i smocthly at -78 C. The products were NOFM. FNO. 1F3. and HF and may
; involve many of the reactions shown below:

! IF.0 + HNF,, ——= IF,0. + *NF, + HF

; 3 2 4 2]

; 1F.0 + NF,, — ‘ONF_ + IF.

; > - 2775

]

! IF, 0+ + «NF,,——= ‘ONF, + IF,"

! i 2 2 4

«ONF,, —— INO + [

Thus. the primary difference bhetween CIFSU and I1F.0 in their reaction with
HNF,, is that CIP30 is a sufficiently reactive [lluorinating ngent to convert

ONF, to NF3U while 1F50 und IF3 are not; therefore. the *ONF | decomposey,

12

i

Preparation of Cl;\'O.5

A new simplified preparation ol chlorine nitrate trom ClF and lmu3 Wil s
demonstrated. The method and results are presented in the fors ol a manu-

script in Appendix A,
PREPARATION OF Ban3
Some effort has been directed to efflect the svinthesis ol pure HrNOS.

Previous efforts vielded impure waterial in low vield (Rel. 35). huC made

it possible to ohtain the previously unreported inlrvared spectrwn.,  This

38 -7149
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prain s

LTy P

has facilitated the identification of products in alternate syntheses,

The best synthesis has utilized BrF5 and HNOS. hut product separation was

i)

difficult, The discovery of the following reaction {(lef. 20):
Is) ; ! 0C1N
2CIF + Pb(.\03)2s—-—— PbF, + 2CINO,

led to an attempt to utilize BrF5 in an analogous syvstem,

]
2BrFs + 1»b(N03)2 —— PbF, + 2 [}‘,.m'(&o._) )]

b L

)
[FhBr.\o;]——-- 2F, + BrXOg
2,

Brf 0 + INO,

3

Bromine nitrate formed in this manner would be readily scepuarated from

'

A0
L

unreacted starting materials and by-products. Agitation of the reactants

RO

at ~45 C resulted in a dispersion hut little or no reaction, On warming

to ambient temperature, a mild reaction ensued, us evidenced by a gradual

increase in the pressure of the system., After some time. the volatile

Ol e ey

v

products were tractionated. and some Br.\’O3 wig cbtained.  However. nost
of the gaseous products were -14Y0 C noncondensables and decomposition

products of BrNO. (NO,. N,0.. Uru). Therefore, it will he necessary to
225 g

3

achieve reaction at lower tempersvures and therehy preclade this secondary
decomposition. This may he achieved by the reuction of Br¥ us derived

from the Br,. BrF, equilibrium. An examination ol the ;\'u:\'()3 und HrFa

2" 3

system revealed that. when at room temperature. the reuaction was Loo slug-

rish to yield any appreciable BrNO

5

“idllla

¥
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FLUORINATION OF BROMINE NITRATE

Despite the failure to secure pure BrNOB. fluorination reactions were con-
ducted using the impure material (contaminants being any or all of the
following: BrF5. Br,. FNO,. HNOB, N205). Fluorine was used at a pressure
of several atmospheres. At -80 C, no reaction was obscrved und some HrNOs
was not recovered, Two reactions at ambient temperature yielded bromine
pentafluoride and a solid, This solid was off-white to pale green (prob-
ably because of metal fluoride contamination). It has no vupor pressure
at room temperature but heating to 50 to 60 C with pumping coused evolution
of FNOQ.
the 2~ to l5-micron region revealed the presence of the NOQ+ cittion
(2385 =10 cm_l). 1

FNO2 and the infrared band position.

Br,, and noncoundensables.

-~

The infrared spectrum of the solid in

The assignwent as N02+ is based both on the evolution of
Nitroniun ion absorptions have been
1 er. 2
and N02+CIOA 2360 cm_l (Ref. 22); while nitrosoniwm ion absorptions are

at somewhat lower frequencies, NO+CIF2' 2279 cm—L (Ret. 2%3). and N0+BF“_

2340 cm_1 (Ref. 21). This differentiation is important Lecause only one

roted in thig region for similar compounds, NOU*BF“— 2380 cn

ambient temperature, stable solid cowpound containing N. O, Br, and [
functions has been reported. i.e.. NO+BrFA' (Ref. 21). Therefore. this
solid appears to be a new complex of tne Lype NOU*BrF‘U_. A thorough
characterization of N02+BrF“' wig carried oul'(R:f. :5) and it was fonnd

to be quite different from this solid.

In an attempt to liberate the complexed bromine species. u displucement

reaction similar to that reported (Ref. 24) for NOanF“— was attempted:
SiFl‘(g) + QNOBrF,‘(s) —_— (.\'0)‘_,51!“6(5) + 1;1-1~'3(1)
The solid obtained from the fluorination of urN03 wits exposed to :5'1]",l at

room temperature for several hours. No reaction occurred and the SiP“

was recovered quantitatively,
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It has been demonstirated that CIFBO is a weaker F acceptor than ClF3

(Ref. 3) and a similar trend might be expected for BrF30~BrF3. There=~

fore, because NO +BrF4' is unstable it is nrobable that NO‘,+Br}‘,‘U" would

2

be more unstable. This indicates that the solid may be an oxvgenated

bromine (III) species, which arises as follows:

BroNO, + Fjy —-— FN’OQ + FBr0

= J + -
FNO‘.% + FBrQ ——= :\02 BrFQO

Bromine nitrate of improved puritv ig needed to confirm this.

CHLORINE FLUORIDE-ARSENTC FLUORIDE SYSTEMS

. ’ “ In the course of examining potentially synthetically uselul chlorine oxide
species. an attempt was made to study the reported CIUﬁAsfj complex (Ret. u6).
The results of this invegtigution are presented in Appendix B, As a cor-

ollary to this study. the interaction ol chlurine fluorides. including

Florox. and arsenic [luorides were considered as routes to valuable

intermediates.

Reaction of Florux and Arsenic Trifluoride

The reaction of CIFBD with AsF% wag studied as n possible synthetic route

to e¢ither FCl0 species (such as the unknown UIU+A5P6*) or other solid
gpecies which might be iluorinated to produce Clr?”! or CIYBU. Several
experiments were conducted at different reactunt rativs and the formation
of FClOQ, AaFﬁ, 02 and white solids was noted, The presence of CluzfAsFﬁ‘

in the solid was -onfirmed both physically hy infrairced spectra of mulls
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and chemically by displacement of ClO2 by N”Oh addition. An X-ray powder

pattern of the solid has lines due to LloansFG_ as well as other lines

iy = Py P AHTRIND @ CAINSR g Y IVIH 3641 SN DA AL IRl Db

which have not yet been identified. These lines could correspond to
S species such as CF,0'AsF..CIF,"0sFg", Cl"AsF(". and AaC1,"AsF(™ or to
C10"AsF”, a source of FCI0,

A sample of the preceding solid was fluorinated at -78 C for 12 days pro-
ducing no volatile species, Addition of ClF and later ClFs produced small
quantities of FClO2 but no other volatiles. Finally. the NQUH addition

to the solid was repeated to determine if any change had occurred as a
result of the fluorinutions, It was determined that now no CLU, was
evolved but instead, CIYBO was produced. Other volatile prnduczs were

‘ FNOé‘and FClO2 which probably arose by reaction of CiF, U with A\',_,(),l and

3
: C10,. The CIF30 evolved by N”oh addition either cwuae from "oavgenation”

of ClF species by N,0,. from fluorination of the €10," species. [rom =

‘ i
‘e

simple displacement from species such as ClF:UfAsPG—. or from lluorination
of a new reduced Cl-0 species (such as ClO+). In any case. prior to the
F2. ClF. and CIF3 treatment. NB“& displaced ouly CIU: from the solid while
after these reactions CIFSO. }NOZ' and FCIUB were produced. As a resalt,
various aspects of this reaction were studied bhoth to eclucidnte the iuter-
esting chemistry invelved and to determine il a new Proute to U1F3U were

present.

To help clarify the preceding reactions in the ClP%U—AsF, sV lem, reactions
2
hetiveen chlorine fluorides (C1F and C1F3) and arsenice fleorides (AsF3 and
{ AsFa) were studied, The followving reaction (Ref, 27) is the only one

reported in the literature:

CIFy + AeFy — CLF,Askg

;

Wl

o
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Arsenic Pentafluoride~Chlorine Fluoride

Aresenic pentafluoride was reacted with CIF with lhe expectation that the
reaction would proceed as:

AsF5 + C1F == C1A8F6

However, what was observed waa a slow, rather unusual redox reaction which
appeared to follow the equation:

AsF5 + 3C1F — ClFQAsFﬁ + C12

For example, after a 13-day reaction period at ambient temperatule using
equimolar awmounts of reagents, one third of the ClI' and much of the AsF3
was recovered along with Cl, and a nonvolatile selid, Treatment of the
golid with FNO2 displaced CIF3 confirming the presence aof the Cllb+ salt

In a subsequent reaction. a ratio of 3.1 ClF;AsFS was found. confirming
the expected stoichiometry.

Arsenic Trifluoride-Chlorine Fludride

The reaction of ASFB and ClF produced Cl,. AsFB and a nonvelatiie sol:id,

-

It is apparent that the reaction proceeds as:

2ClF + As¥F, — AsF_ + Cl,,
3 5 2

This is then followed by the reaction hetween CL} and AsF5 to yield
ClF2A5F6 and Cl,,.

R-7149
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Arsenic Trifluoride-Chlorine Trifluoride
: Equimolar amounts of A:;F3 and ClF‘3 were also allowed to react to determine 3
: if they formed a complex, ClF,,AsF,.. Instead, an oxidation-reduction reac- %
tion was observed producing AsI-‘5 and Cl,,. Although the solid product was §
; not examined, the stoichiometry of the reaction is such that the following |
: 8
ig proposed: E
i 5
! g
] 3ClF, + 3AaF, — 28¢F_ + Cl,, + CLF Axl. 2
1 3 J 9] o J O =
i E
This sugpests a possible overall reactien ratio of; g
g
'")CIF3 + 3Asf‘3—~—- 3(,‘11-',._,431-'6 + ("l2 §
3
when sufficient ClI, is available, ;f% E
3 ~7 é
' Reaction of the ledksf( With N0, g
J ) 274 g
5
"Oxygenation" of complexead FlFx species with ,\’:_IU,l mivht be a pogsible §
i source of ClFSO. Accordingly. a sample of FIFW\SFG wits preparved from Clbj %
_ £
and ASFB. Reactions af the =olid with X“UH produced C1F3_ ClEy o wraee of E|
- g
FCL10,,. and possibly Cl, . the overall reaction thus appearcd to he: %
, Q(‘ll"‘QAs["() - .\'2(),:—— '_1;‘\'0__{\.51-"6 + ClF + (‘11';) §
The production of ClI and ClPé may avise wus in the lollowing sequence; %
ClkgAsIG + \205 [CL\3P6I+ -INOQ a
FNo, +[C1Asl"()]-—- NOAsE + CIE
FNO,.2 + cn-*,_,-xsr‘(-) —_— .\'OL)ASF() + Cll-'.) Pa
-~
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Fluorination of ClOQAmF6

A sample of ClogAsFé was prepared by reaction of FCIO2 and AsFS. Three
fluorination experiments were conducted on this salt to determine if this
is a pogsible route to C1F3O. The runs were conducted for 2-1,2 davs at
ambient temperature and for 2«1/2 and 27 days at -78 C. In all cases.
only small amounts of ClO2 and FClO2 were produced as volatiie products
in the fluorination reactions, Subsequent displacement reactions using
ClF3. Nzoh‘ and FNO2 also failed to produce any evidence lor fluorination

of the ClO2 species.

Displacement Reactions Using F.\IO2

—

Excess FNO2 was allowed to react with the C1F30~Asl~‘3 solid product to dis-
place the chlorine-containing species (perhaps including FCl0) complexed
by AaFi. Quantitative displacements were obtained on severat different
samples. The liberated products were CIFBU and FCIUB (e.o.. utilizing

0.63 gram of golid; 1.76 mmoles of C1F30, and 0,36 mmole of FeloQ,) were

found; the calculaied weight of solid for 1.76 mmoles CIF”uAsFG and 0,50 miole

C100A5F6 is 0.63 gram). These data reveal that ihe solids prepared vere
mixtures of variable raiios of ClO(,AsF6 and CquUAsPG and countatned no
C10A5F6. The oxidation-reduction reaction obscrved is expres=ed by the

very general reaction;:
- . . V=X - .
XASF + (x=y) C1F 0 — xAsls + ¥CL, - (-’-7_,—) 0, + (x=3v) KClo,
0f course, complexes between AsF5 and FClo,, or FIPSU are formed as in:

C1F30 + Asb5 —_— C1P2QAsb6

FCIO9 + A5F5 —~——-C102Asbb

R-7149 45
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The relative amounts depend upon the ratio of the reactants and the course
of the reaction., Therefore, the CIF3O found in the 1nitial series of reac-

tions arose by displacement {rom the initially formed Cll;(uth.

Reaction of CIFOOASFG With Cl10,

In an attempt to produce Clu\sfﬁ. Cl0, was alloved to react with leuu\sfﬁ

in anticipation of the [ollowing:
2010, + ClF,MsFg —~= 2FC10, + CluAsk,

However it was determined that when CIF‘_,U»\SP3 1s treated with 2 equiva~
lents of Cl0,, FC10, is tormed in slightly pgreater than a 1:1 stoichiometry.
In addition. Cl, and 0, are l:rmed in the reuction, On the hasis of the
liberation of ClU,, when the resulting solid is treated with INO, the [ol-

-

lowing reaction appears to ofler the only logical sequence:

ClF_0 + Asl_ —— Cll"‘,UAsl"{
2 D 2 )

S :.’I-'(,‘l(),_3 + (Jl(lv\.c.l-'(-)

Clu\sl-'() + 1’(‘102———-—(‘101_,.\51-‘() + I'C10

2C10, + CLF, QAsl

FC1o + CIUB ————-P0102 + 172 (JZ + 12 02
The overall reaction (ClU: + (ll,_)()_»\sF(;) may he expressed as:

")CID,_) + ClFL)QASF6—-—-—‘..’FUlUQ + (‘,H),_r-\sl"(’ 120, +1 2 0,
The last reaction predicts an FFIOBfCIOQ ratio of 0.06, Obscrved were

0.61 and 0.54, It does not appear likely that the salt CluAsFG will be

readily made,
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ALKALI METAL FLUORIDE-C10 COMPLEXES

The previously reported (Ref. 3) cesium fluoride-chlorine monoxide complex

represents a new type of compound. In an effort to extend this class of

compounds, investigations of related systems (Cl,0-RbF. (10,,-CsF, and
CIONOQ-CsF) bave been conducted, The stoichiometry and structure of these

compounds are of interest not only because of their unique nature hut

also because thev may provide insight into the paths leading to the for-

mation of oxychlorine fluorides upon fluorination,

Chinrine monoxide in contact with RbF at -78 C for 5 days could still be
completely pumped off at that temperature. VWhile this only indicates that
a gtable, undissociated complex is not formed, it contrasts sharply to the

1.5:1 complex ratio observed for C1,0-CsF under these conditions This

i RbF sample was commercial material that had been powdered in the dry box.
N -
Other measurement- on this system using “"activated" RbF (fused and then
powdered in the dry Lnx)yielded the results shown in Table 10,
TABLE 10
VAPOR PRFSSURE OF CL,0 OVER RF
[Temperatz;é, I__ Presgéi_iégjljgongé;i—;4_£j]
; C | Pure C1,0% | 1,0 over RhF :
L —_ —— < —— e .= .. - .
64 ! 21 16 ;
| .
L -h5 a 71 : 63
: I : .
Lo=25 280 U
¥Ref . U8
The reporied pre-sures are approximate due to slow enuilibrium and thus
it can only be concliied that complexing is very weak.
E 1
-
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The interaction of Cl0, and excess CaF was studied at -23 C with no vapor
pressure reduction not;d. An experiment at -45 C yielded inconclusive
results. A problem encountered during this work was the apparent absorp-
tion of ClO2 in the Teflon reactor; the absorbed CIUB cannot ecasily be

removed by pumping, thus complicating measurements, I,

A previously reported C1N03—CSF complex (Ref. 3) formation was re-examined,
After 6 days contact at -78 €, it was s8till possible to recover all the

ClNO3 by pumping. In addition, no reduction in the vapor pressure of

CINO3 over excess CsF was observed at -78, -64, and =45 C. \wmiin, a

deficiency of CsI' surface area may be responsible for this nonreproducible ;
behavior. :

S i

An additional experiment was conducted to eclucidate the Cal’-1.501,0 con-

19 -

plex. In these 2xperiments, F ~ n.,m.r. was used to annlyvze this corplex

I L G €

it kit 01

(

. in both CH3CN.and CII.NG, at approximately -30 C. Nu Fl) resonance wits .
372 . =
observed, apparently due to the slight solubility of s’ iu these solvents, =
No more experiments are pianned in the Cl,0-Csl syvstew. 1t has heen con- g z
cluded that Cl10, and CLONO,) do not lorm complexes with sl und LhuL.nddI— ; %
tional structural data for Cst-1.5C1,,0 complex will he diflicult to ohtain. i §

MISCELLANEQUS REACTIONS

Reaction of NF,0 and PI,Cl :

2 ! 5

The preparation of CINF,,U was suvught because of its potential utility as :

a reactive source of the ONI, group. This wus attempred by reactiun with i
PFhCl through a dissociative reorganization process. : %

9 :

NF_ ¢ 3 — NF, F_Cl — CINF, U - :

VT30 + PFACI }QUPF)CI Ll\lgt + PF) :

e I

; K

|
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The preparation of PFACI itself was only recently reported (Ref. 29) using
PFBCLn and Sij. It was thought that a simpler route would be:

PF., + ClF —e PF, Cl
3 4

Experiments verified this concept, and 40- to 50-percent vields were
obtained in minutes by reaction at =142 C in Kel-I, The by~products were
PF3C12 and PFs. It is almost certain that increased vields could be
attained at lower reaction temperatures but sullicient material for the

present purposcs was prepared in the indicated manuer,

The conversion of NY30 to CINF,0 was attempted under a varievy of condi-
tions. Experiments were conducted at -80 C. =126 to =70 ¢ and also by
repetitive cycling from -126 to -196 €, with the duratien vavving {rom

several hours to several days. To completely consumie elther reactant

A,

generally required 2 days. No appreciable complexing ol the veactants
was detected. Trifluoramine oxide was completely stripped of its Iluorine
and the PFuCl converted to PF5. Thus. the reaction did not take the

desired course and only resulted in the =low [luorination ol PF Tl

NF.O + 2P}, Cl ——=Cl1, + PI'. + NOPL -
2 4 < ) )

At higher temperatures, the observed course ol this fluorination differed

only slightly as indicated helow:

BNF30 + SPFQCI-———— 2CL,, + CINO - HPYB + NOPPG

R-7145 49
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pound as indicated by unidentifiable infrared absorbances at 5.8 microns
(N=0?) and 9.7 microns PQR (C1=0?). It appeared the compound might bLe
OQCIONOQ. Purification of the material was not achieved because of its
continual decomposition, Several synthetic approaches were then examined

as possible means of preparing this compound.

FC10, + HNO, —— HF + 0,C10NO,,

3
FClO2 + N205 ————-F-.\’O:2 + 02C10N02

2FC10, + Pb(NOy), —= PbE, + 20,1080,

All these reactions fauiled to produce the unknown or any other new material,

Only mixtures of known C1-0 and N-0 degradation products were observed.

nae

Becausc no simple. reproducible method was found f{or the synthesis of this

unknown mi.cerial, and because it has only been observed in trace quanti-

nen

ties, a concentrated effort to determine its character was not considerved

Reaciions of Ci-F and N-0 Species
Several vigorous reactions of Cl-F (ClF,}/'FCIO2 mixtures) and N-0 (N0, .

- 1
;\'205 mixtures) species were found to give rise to an unknown velatile com-
feasible. Further synthetic efforts were suspended,

Z

3

f
.
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EXPERIMENTAL

ULTRAVIOLET IRRADIATION
Cells

Initial irradiations and spectrophotometric data were obtained with cells
having a path length of 10 centimeters {abricated from l-inch=0D niclel

tubing, The windows were 0.02-inch-thiclk, l-inch-diameter. ultraviolet-

grade Linde sapphire, and appeared completely unaffected by the reactants
used. The windows were held in place with flanges and Teflon O-vings.

Holce MA82M Monel bellows valves were found satislactory as cell closures,

An additional cell with a sapphire windew at oue end only was also fabri-
cated. It could be cooled during irradiation by imwersion in a suitable
cooling bath and provision was made [or blowing dry nitrugen past *he

window to prevent fogging by atmospheric moisture. Because the window

opening waa 0.66 inch in diameter and the lenszih of the cell 7.5 inches,

only a small percentage of the available radiation rcached ihe reactants.

Thereforc, a new stainless-steel cell was built with a "~inch-diameter

ultraviolet-grade sapphire window (thickness: U.123 inch). The cell had

a window opening of 3.5 inches and a depth of 2.9 inches. The anovunt of

radiation reaching thc reactants was greatly increased as a result of the

much larger window area and shorter length., Copper coils were soldered

to the cell walls and bottom so that the cell could be cooled, An auto-

mutically controlled circulating methanol system has been used to main-
tain cell temperalure within 3 C of the set temperature which was contin-

uously variable from room temperature to at least -00 C. Fouuing of the
window was prevented by circulating dry nitrogen between the sapphire win-

dow and an additional window placed above it.
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Lltraviolet Source
Work was conducted with a Hanovia utility lamp No. 30620 (power input =
100 watils) with the protective housing removed to move the lamp as close
ag possible to the cell.
Materials
The materials used are described in Ref. 2 and 8. Purification of I'CIQ,,
was carricd out by pumping of{ the Ci, impurity while holding the FCIO,,
at -78 C, The chromatographic purity of the colorless liyuid was better
than 99.9 percent. The C103F was purchased [row Peunnsalt. The CLF was
prepared by corona discharge from Cl, and I', and purified by fractionation,
CORONA DISCHARGE ACTIVATION
The apparstus previously used for coroua discharge c¢xperiments (Rel. 1)
was also employed for this work. The "Large Gus Reactor™ {(Fre. ', Rel. 3).
which was imaersed in o ~78 C bath during the experiments. was supplied
with energy from the Audio-Irequency Pulse Generator (ltef. |, VFie, Ry,
The generator was modified for higher pulse repetition rates o= a means
of increasing energy output by decreasing the inductance ol the 017 H
choke to 235 mh or 67 mh, sclectable by means of an added switeli, The
trigger generator was moditied to cover a range of 33 to 000 Hz by chang-
ing the 0.0l-microfarad capacitor to 0.005 microfarad. A Cenco 79800
indvction coil was used lo generate the high-voltage paises,
£
.
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RFEACTION OF CIFSO and HNFQ

A prepassivated Kel-F container fitted with a Teflon valve

avoid the incompatibility of CIFBO (and generated HF) with
with metal.

was used to

glass and JNF,
Florox (30 cc) was first condensed in at -196 C from the

metal vacuum line and then HN?2 (29 cc) was condensed in from the glass

line at -142 C. The reaction was then allowed to proceod aut a higher tem-

perature for several winutes prior to fractionution on the metal line,

All the HNF, was converted to an approximately 2:2:1 mixture oi NF,0,

3
ClNFQ, and NQFM' When the ClF30 to HNFé ratio wus greater than approxi-

mately 1:2.5, unreacted CIFBO was recovered. Some ICl0, wa= found and i

probably arose from decomposition of C1F30 1n incempletely passivated

parts of the line. Very minor quantitics of CIF3 were observed and may

indicate a secondary reaction peth throgh oxygen abstraction from ClI,U,
)

4
When the reaction was conducted at -112 C with CleU (27.35 ¢e) and INF, ?
(36.5 cc). only 75 percent of the total NF product misture was rvmovodh é
after 15 minutes pumping at that temperature. The remaining 235 percent z
was obtained on warming the reactor. An attempt was made to conlirm this z
indication of a low-temperature complex but was unsuccessful. Use of an E—
even lower temperature will be attempted but the very lew vipor pressure ;
of HNF2 at lower temperature may cause contact problems hecanse hoth ?
reactants would be solid. i

%
REACTION OF ClFSO AND FCONPé ;

%
Florox {35.5 cc) and perfluoroformamide (46 cc) were reacted in the Kel-F B

container for 15 minutes while warming to ~0 C. A small amount of noncon-

densables was observed. Based on 2 moles of FCONF, reacting with | mole

of CIF30, the yield of NF3O vas 21 percent,

CLNF, and N,F,.

The ma jor NI' products were

No FCONF, was recovered. conversion to COF, L:ing complete.
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PREPAPATION OF IV.

Iodine pentafluoride and excess I, were heated at 150 € in Moune!l or
stainlesg-steel cylinders for several hours., Conversion tuv IF. wis nearly
quantitative, Rough purification was achieved by vacuum ﬁmctlunntinn.
Small sawmples. containing barely detectable amounts of IOFG and no HF
after KI' treatment. exhibited a vapor pressure of 300 mm at O U compared
to the literature value of 345 mm (Ref. 15). Mass spectral measuremcents

and vapor density indicated no additional impurities,

PREPARATION OF IP50

Iodine heptafluoride and excess Si0,, (Cah=0-8i1) were reacted in stainless-
steel cylinders overnight at ambient temperature. Most of the by-prodoct
SiFh was removed by vacuum fractionation: the final traces along with any
HF were removed hy complexing with KF, This material was pure by all
measurewents. Because ol the wide digcrepuncy between the observed and

the reported (Kef, 15) vapor pressure, the vapor pressure-temperalure
relationship was redetermined, The observed data and derived equation

are presented in Table 11,
LABLE 11

VAPOR PRESSURE-TEMPERATURL DATA FOR IFG“

Teuwperaturc, Observed Pressure, Calculated Pressure,
— c .-HWW.ujgﬁw__"~~+,nwwﬂ_<ﬂq,_w____4
-78.1 3 2.90
-46.9 h6 i 435.0
-22.7 208 | 230
l ~10. 4 oYy ! 70
Q.O 824 I8 Blx

log P = 8 O8TY — 16594 °T
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PYROLYSIS OF IF50

A cylinder containing IF50 was attached to a straight stainless-steel

(30 inehes long. 12-inch heated zone) tube passing through a furnace and
then connected to a Teflon l'-trap and the vacuum line. The tube was
heated to test temperature and passivated with ClFB. When chlorine oxides
were uo longer generated, the system was completely pumped down. The IF50
cylinder was cooled to ~78 C and the U-trap was cooled to -196 ¢. Con~
tinuous pumping was maintained and a flow of IF50 was begun {calibrated
rate = 5.5 cc/min). Separate flow experiments were of 20 to 30 minutes

duration.
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A NEW SYNTHESIS OF CHLORINE NITRATE

By
Carl J. Schack

Previous methods for the preparation of chlorine nitrate involved
the reaction of either C1,0 or C10, with NO,, or N

0

[
Y= iv vircumvent the

P . ™

R e e . e e e A o e e e o
&

- = e e

(1) (a) H. Martin, Angew. Chem., 70. 97 (1958), (b) M. Schmeisser,
Inorg. Syn., 9. 127 (1967).

the use of these hazardous chlorine oxides. a new route to this compound

was gought as indicated by the following equation.

C1F + HNO, —— CINOQ, + HF
3 3
It has been found that this reaction constitutes a rapid and conven-

ient synthesis of chlorine nitrate. The reaction occurs on contact ol the

ClF with solid H.\'O3 in 85 to 95 percent yield. The product ClNOs was puri-

fied by vacuun fractionation. The vapor pressure was measured over a

. 0 0 . _
considerably broader range (-80" to 26 ) than that in the literature

an0 =0 . oy O

(=70° to =25 ). The temperatures and vapor pressuves arc: -70.8& ., 1 mm;
o o . a0 o= o .

-63.9°, 6 mm; -46.2°. 22 mm: -25.9 75 wm, 0.0, 302

s 13,07, 526 mm
and 26.1°, 866 mm.

The vapor pressure—temperature relationship is
described by loglOpmm = 7.9892-1509.4,/T.

. . ) . ) - .
Chlorine nitrate has a b.p. ol 22. {vs. iliterature extrapolatica

0 . . . o : .
of 18" ) with a heat of vaporization of 6.9 lkcal. mole and a Trouton Con-

stant of 23,4, The compound is stable in metal systeuws alter pretreatment

with some CINOB. Long-term storage in metal or glass at approximately n0®
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(2) W. Kwasnik, "Handbook of Preparative Inorganic Chemiztry." G. Brauer,
Ed., Vol. I, Academic Press, New York, N.Y.. 1063, p. 159,
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chlorine oxides, no cxplosive incidents have heen experienced with CINOW.

Hewe he - t~ - 1d be handled with care in the absence of

genLitivity test rep,

Experimental

Chlorine monofluoride aud neminally anhydrous IIXO.5 (upproximntely U8
percent ) were separatcly condensed at -196° into a stainless-steel or
Kel-F cylinder attached to a metal-Teflon vacuwn line. The cvlinder was
closed and the temperature wus changed to some higher conatant temperature
in the range —1120 to 00. The reactor was then held at ~Tﬂ” and the
product wag pumped cut rapidly and trapped at —030. Little or no HI was -
removed from the reactor in this manner as evidenced hy the faiinre to
generate SiFh when the product was subsequently handied 1n zlass.  Some-
times HF was removed by allowing the products to stand over Nal for a
period. The identity of the product was cstablished by its inlvared

spectrumJ and molecular weight Irom vapor density measurements. Vapor

(3) K. Brandle, M. Schmeisser and W. Luttke. Chem. Ber,. 03. 2500 (1960).

phase chromatography. using a column packed with 307 v v of Halocarbon

0il 4-11V and Kel-I' low density molding powder according to Davan und

! . .
Neale gave an analvsis of FlNOH. 98 h%: C1 ). 1.6%,  For the purpose of

(4) V. H. Dayan and B, C, Neale, Advances in (hemistry Series, No. 31,
American Chemical Society, Washington, D. C.. 1966, p. 223,

determining the stoichiometry, the more accurately measurable €1V was used

ag the limiting reagent. Typically. 11.9 mmoles of Cl) was reacted with
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approximately 14 umoles of INC, and yielded 10.6 mmoles of CINO, (89 per-

cent). In an alternative procedure, the HNO; was maintained at -78° while
CIF gas was gradually admitted to the reactor. When the pressure ceased
to drop, the reaction was complete. Workup was as above. The synthesis

has been successfully conducted on a scale of several liters,

Acknowledgement., This work was supported by the Office of Naval
Research, Power Branch.
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A REDOX REACTION OF DICHLORINE OXIDE WITH ARSENIC PENTAFLUORIDE:
AN UNUSUAL SYNTHESIS Or CIOquFG
By
C. J. Schack and D. Pilipovich

Dichlorine oxide (or chlorine monoxide) has been reported to Form n

complex with AsF5 at -780 and at about ~50° formed an odd molecule,

ClQAst. through elimination of Cl,).l Inference of the structure as beihyx

A e e b e o wm me e mE e B e e e e e e i e s e e e e e W M e e e e e e e e

the postulated odd molecule was drawn from the observed reaction stuichi-
ometry and the fact that the postulated odd molecnle reacted with NO, o
give CINOS.

We were interested in studying various aspects ol the proposed odd
molecule particularly as a ready source of the Cl0 vadical. ilowever, we
felt that, prior to utilizing Cl(}\sl’.3 as an intermediate, a nore complete

characterization was in order.

Experimental

Materials. Chlorine monoxide was preparved [rom Ot and yeilow Ig0
e} b
using a modified procedure.” Arsgenic pentalluoride was purchiased [rom

(2) C. J. Schack and C, B. Lindahl, Incorg. and Nucl, Chem. lLetters.

(AL — . Ry
in press.

Ozark-Mahoning and used without purification alter gus chromatography

indicated a purity of better than 99.3%. Chloryl fluaride was prepared

R-7149 B-1
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from KL103 and i2 and purified by fractional condensation. Nitrogen

(3) A. Engelbracht. Angew. Chem.. 56.

Wa2 (1934

— e

e TR R S T

I~ 1

tetroxide was purchased from the Matheson Cu. and purified hy fractional

)
. : . . . . 4 . N
condensation. Phosphorus dichloride trifluoride wae lormed [rom ij and Cl .

- e e o ok e o ar m A A E @ e e S e @ e s e e em ae ke e w3 G M @ e o

FALAAN LN LANE LI

(%) R. R, Holmes and Ww. P, Gallagher, Inorg, Chem.. 2. 433 {1063).
Apparatus. Experiments were conducted in two vacuum systems, one
constructed of glass, the other of stainless steel-Tellon. Solids were
handled in an inert atmosphere glove box. Infrared spectra were taken on
a Perkin-Elmer 137 Infracord using S5-=cm pas cells {itted with AgCl windows
or Halocarbon oil mulls between ApCl platex. Dehve<Scherrer powder Xe-ray
diffraction patterns were ohtained with a G. E. NXIID5 instrwent using

Cuka radiation,

apor phase chromatography of reactants and products was carried out
vie u column packed with 30% w.w of Halocarbon 0il =11V and hel=I low
. . . . 3
density molding powder according to Dayan aund Neale.

(5) V. H. Dayan and B. C. Neale. Advances iu Chemixtry Scriex, No. 4.
American Chemical Society. Washington, D. C.. Y066, p. 223,

0 (117 ce,

Reactions of Cl,0 and ASF?' Measured quantaties of (1

5.22 mmoles) and Aské {(85.0 cc. 3.79 mmoles) were separately condensed
into the reactor (glass or Teflon tubes) at 106", The lemperature was
changed to —780 and it was observed that the mixed reactants gradually
developed a dark red color, Pumping on the mixture alfter a lew hours aut
_780 resulted in the recovery of some of the starting materials and much
Cl,. Subsequent warming of the reaction to ambient temperature mive addi-

tional small amounts of gaseous materials and a white solid. Little or no

B-2 ) R-7149
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—196c non-condensable gases were ohserved throughout the reaction, In
all, 111 cec of volatile products were obtained, Infrared and pas chro-
matographic analysis indicated these products to be a mixture of Asl-'3
(17.5 ¢c, 0.78 mmole) and Cly (93.5 cc, 4,17 mmoles) with a trace of clo,
and no 0120. The observed reactant-product ratio of CIQU:ASF.):(‘I2 Wiy
5.00;2.89:4,01., Similar reaction ratios were obtained when Cl,,0 was used
as the excess reagent, The solid product showed two infrared ;uuds

1280 cn™} (m, doublet) and 690 to 700 em™ (s, broad). Based on the
observed stoichiometry of the reaction and the known infrared frequencies
of CI—O6 and AsF7 compounds, it appeared the solid might be principally

e e e e e e e e e e W o 6P e e e e e m e e o — o e o = e o e =

(6) E. A. Robinson, Can. J. Chem., 41, 3021 (1963).
(7) R. Peacock and D, Sharp. J. Chem, Soc.. 2760 (1939).

- e e e e e e e e e e e S o e ow e e e e a2 e e e o e = = m oem a e = s

Preparation of C100A5F6. Chloryl fluoride (111 cc. 4,96 mmoles)

and AsF5 (63.7 cc. 2.84 mmoles) were separately condensed into a Teflon
ampoule at -196°. After 1 hour at room temperature. the unreacted vuses
were removed and measured (48.0 cc, 2,14 mmoles). An infrared spectrum
showed only FC102. The white solid product had an infrared spectrum
identical to that of the solid from the CIQU—ASF5 reaction, Jun addition,
both solids fumed in air and exploded on conitact with water. Powder
X-ray patterns of both solids were obtained and were identicul. The

observed spacings and relative intensities are given in Tahle I,

Reaction of CIOQAs}h and NOQ. Welghed amounts of FlU!AsFG and excess

=
N02 gas were reacted for 1 hour at 0°. The expected displacement of Cloy,

was achieved but in poor yield; 20% for the sclid from the Cl 0 reaction

and 35% for the solid from the FClU, reaction.
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: TABLE 1
! X-RAY POWDER DIFFRACTION DATA FOR Cl0AsF,
. J
[T 5 | Relative’ T 7 | ""Relative 1
; L d, & [ Intensity | d, A | Intensity_
2 P 7.50 30 2,30 <10
i " 5.35 30 - 2.08 60
| . 5.10 30 2.03 60
= A 70 1,95 40
4,02 hO0 1.87 10
3.65 100 1.84 1v
3.57 90 1.80 10
. 3.49 10 1.70 10
' 5.03 50 1.70 20
. 2.87 <10 1.39 L3 =
: ) A\ ¥ 4
2.76 =10 S 1¢
2,69 <10 1.733 L0
= Co25h <10 : : .
] . L___)l . | ; "
Reaction of PF3C1n and C1 .0, A l:l mixture of PF3C1” and C1,0 was
allowed to warz to room temperature at which paint an fraved spectrun was
taken. The only infrared absorbing material present wis POPB. None of
the PF3C1,. a strong infraved absorber, remaiued, The by-product €1,
i was revealed by its color when trozen. No non-volatile solids were
observed.
Results and Discussion
The reaction of C120 with AsF5 does not pive the odd molecule ClQAst
7 but gives instead the salt C100A3F6. Further, the reaction appears to
: follow the stoichiometry shown in equation 1:
22
5010 + 3A8F; —= 2CLOAsFs + 4Cl,, + AsOF, (1) “r
B-4 1-7149
b
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The reaciion stoichiometry does not appear to be dependent on the experi-
mental reactant ratios. The formation of CquAsF6 wvas confirmed by pre-

paring an authentic sample and comparing their X-ray patterns

FC10, + ABF5 —= Cl0AsF, (2)
In the reaction of C120 with AsF_. the evolution of Cl, appurently involves
a much more complex process than a simple Cl-0 bond rupture., The equation

1 i =n0 . . . -
reported” for this procesec at -50° is shown in equation 3:

0100-A3F5—s 010\51?5 + 1,2 ¢l (3)

We would prefer to propose an initial step that infers an ionization of

I

C1,0. i.e., an ionic complex is ohtained. perhaps C10+AsFSCl—:

C1,0 + AsF_ —— Cl0AsF_Cl (W)
2 b} )

The oxidation of the C10" species could then proceed with additional cl,0:

L

C1,0 + ClOAsF5Cl — c10,_,Asr3CL + €1, (3)

This step (equation h) should not be considered unusual inasmuch as other

chlorine oxides are capable of redox {(e.y.. Clu, gives some Ci 0

O
9)_

ol
photolysis

e e R T et e e U U

(9) H. J. Schumacher, and G. Stiezer. Z. Physik, Chem.. 37, 563 (1950),

The most difficult rationale is the formation of Lhe_AsFG- in the reaction,
Admittedly a multiplicity of diverse reaction sequences could he proposed
most of which would be difficult to experimentally verify. One possible
path offered involves the dissociation of CIOLASFSCI 10to its cowmponents

with the subsequent reactions noted:

R-7149 B-3




C1PA8F,Cl — FC10, + AsF,Cl (6)
2A8F,Cl ——= AsF.Cl, + AsF, (7)
AsF, + FC10, —= C10AsF, (8)
ABF5Cl, + Cly0 —— AsF 0 + 2C1,, 9)

It is readily seen that the sur of equations 't through 9, suitably

weighted, gives equation 1,

The identity of AsOF3 was not established as a product since it is a non-
volatilelo X-ray amorphous solid. In addition. we did not wish to lurther

T

- e e e m e e e e e e e e s vm e m e wm Ee o A e ie e m me e e m e o me e e e

complicate matters by studying the reaction of AsFBClq with €10 as a test

of equation 8 inasmuch as AsF3Cl2 "goes ionic" and i3 formulated as -

AsC1h+AsF6— 11. We did feel. however, that a suitable test of equation &

(11) H. M. Dess, R. W. Parry. and G. L. Vidall, J. Am. Chem. Soc.. 8.

5730 (1956).

would be the reaction of PF3C1” and C1,0. Indeed. the rapid conversion

of PF_Cl, to POF, and Cl, as in equation 10;

) < D 2
PF3C12 + CIEU — POF3 + 2C12 (1v0)

strongly suggests that "covalent” AF3C1O would react similariv. The

reaction conditions are such that the reorganization of AthCl. postulated

as an intermediate in equation 6. would give initially the covalent structure,
=~
- ¥

B-6 R-7149
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The initial report oun the preparations of "ClQAsFﬁ” did offer the

an

. ; i1
reaction of N02 as a proof of the radical present

ClWAsF, + 2NO, —~ NOQASFS + CINO, (11)

The existence of N02A5F5 has already been questioned serjvusly and appar-

9
ently disprovedl“. Further, the formation of some CINO3 should be expected

— e B G S v mE e S e e v e s M e e e s e e e e e e e M e e e mB e B e s e

(12) 8. I, Morrow and A. R. Young. Inorg. and Nucl. Chem. Letters, 2,
349 (1966)

-_— e e e B o P o M e e e e e S e A e e e e e G = s

from Cl0,AsF, and N0, inasmuch as the reaction of Cl0, and NO, gives
C1NO 313. It is qu1te likely that the reaction observed by Schmexsaer et al.

e e e e s e e e e e o e B b e e oam o e e ae e e e e e e e e e e e e

IS

was the initial displacement of ClO2 from 0102A5F6 by N0, followed by a
reaction of Cl0, with NO,. the overall reaction bheing:

C10AsFg + 2NO, —= NOAsFg + CINO; + 1/2 0, (12)

2
Except for the formation of the oxygen., thc reaction in equation 12 has
the same stoichiometry of NO, to "so0lid" as .hat reported in equation 11.
Thus. the proof of ”ClOAsFa" through its reactions or its synthesis is

not conclusive.

Lt it

Summary

The action of Cl1,0 or A5F5 does not give the odd wmolecule ClO\sF5 as

A

has been reported in the literature, Instead. the salt C102A8F6 is obtained.
A rationale for the formation ol the ASFG— ion was offered and involves

reorganization reactions of arsenic chlorofluorides.

% Acknowledpgement. This work was supported by the Office of Naval Research,

Power Branch.
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INITRUC TIONS

{, ORIGINATING ACTIVITY: Enter the name and addrese
of the contractior, subcontractor, grantes, Departmant of De
l;nu activity or other organisation fcomoratn suthor) lasuing
the repon.

2a. REPORT SECURITY CLASHIFICATION: Enter the over
all ascurity clessificstion of the report. Indicate whether
""Restricted Data’ s included Marking is to be in accord
ance with sppropriate security regulstions.

26, GROUP: Automatic downgrading is specified in DaD Di-
rective $200. 10 and Armed Forces Industrial Manusl, Entee
the group number. Also, whan applicable, ehew that optional
mnr‘unn have besn uned for Group 3 and Qroup 4 as author:
ised.

3. REPORT TITLE: Enter the complete report title in all
caplital lotters. Titles in il cases should be unclassified.
If u maaningful title cannot be selected without clansifice
tion, show title clasuification {n all cepitaln in parenthesis
immediately following the titls.

¢. DESCRIPTIVE NOTES If appropriste, enter the type of
teport, &g, interim, progress, summary, snnual, or final,
Qive the inclusive dates when s specitic reporting period (s
covered,

5. AUTHOR(S) Enter the name(s) of suthos) as shown on
er in the report, Entm last name, flsst name, middle initial
If milltary, show rank snd branch of seevics, The name of
the principel suthor i sn absolute minimum requirement.

6. REPORT DATL: Kntet the date of the report as day,
month, yesr, or month, ysan If more than one dete sppeere
on the report, uss dete of pudlication

7a. TOTAL NUMBER OF PAQGES: The total page count
should follow normal paginstion procedures, L6, enter the
number of pages comtaining information

78, NUMBER OF REFERENCER Enter the total number of
references cited in the teport.

84, CONTRACT OR QRANT NUMBER: [f spproptiate, ente
the applicable number of the contrast or grant under which
the report was written

85, &c, b 4. PROJECT NUMBER: Enter the appropriste
militery department (dentification, such as project aumbee,
subproject number, syetem numbers, task number, st

9s. ORIQINATOR'S REPORT NUMBRX(S)! Enter the offi-
olal report number by which the document will be ideatified
and controlled by the originating sctivity. This number muet
B8 unique to this report,

0b. OTHER REPORT NUMBER(S): If the rapert has been
assigned any other report numbers (eithes by the originsior
or by gho spantar), aleo onter this numbaer(s)

10. AVAILABILITY/LIMITATION NOTICER Enter any lim

lt6slons on fwther disseminetion of thy report, other than those

Impoaed by security claseification, using atandanl stetements
such an!

(1) "'Quslified requesters may odtain copies of thie
report from DDC, "

(2) "Foreign snnouncement and dissemination of thie
report by DDC (e not authorined '

() U 8 Qovernment agencies may obisin copies of
this report directiy from DDC. Other qualified DDC
users shall request through

"
'

(4) ‘*U. 8 military agencies may obtein coples of this
roport dizectly from DDC. Other qualified users
shall request through

1"
’

(8) ALl distribution of this report s controlied Qual.
itied DDC users shall request through

"
s

1f the raport has been furnished (o the Office of Technical
Beevices, Department of Commerce, for nale to the publie, indi
cate thie lact and enter the price, if known

1L SUPPLEMENTARY NOTES: Uase for additional explans
tory notes.

13, SPONSORING MILITARY ACTIVITY: Emntes the name of
the departmental project office or laboestory sponsoring fpey
ing for) the research snd development. Inciude address.

1J. ABOTRACT: Bnter sn abstruct giving s brief snd factual

summary of the document Indicative of the raport, sven though
it may also eppoeat elaewhere in the body of the tachnical re.

port. If additiona! spece is required, & continuation sheet shsl!

* be attached,

It 1s highly desirable that the abatract of clesotfied reporta

be unclessilied Kach psragraph of the abstract sha!l end with
an indication of the military sacurity classification of the In-
formation in the paragraph represented sa /T$). 73, 1C). a1 IV

There 18 no limitation on the length of the sbatrect. How-
ever, the suggested length is from 130 10 238 words.

14. KLY WORDS: Koy words are technically meaningh) terms
or short phraase that characteriae o report and may be ueed an
indes entries for cataloging the repert. Ney words must be

selocted no that no ascurity claseification is required. Idenu-

fiere, such as squipment mode! designation, trade name, militery

project cods nems. geographic location, may be used aa ey
words but will be followed by an indication of 1eehnicel con-
tout. The sssignment of lirke, rules, and weights s optional.
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