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The thermodynamic and spectroscopic properties of the oxygen fluoride species have
been reviewed. Recommended thermochemical tables are given for five gaseous oxygen
fluorides: OF, OFO, FOO, FOF, and O,F,. Sufficient information is not available to
generate thermochemical tables for any condensed phase species. Annotated bibliogra-
phies (over 600 references) are provided for all neutral oxygen fluorides which have been
reported in the literature. There are needs for additional experimental and theoretical data
to reduce the uncertainties in the recommended values for these five species. Of all the
species mentioned in the literature, many have not been isolated and characterized. In fact,
some do not exist. Throughout this paper, uncertainties attached to recommended values
correspond to the uncertainty interval, equal to twice the standard deviation of the mean.
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1. Introduction
This study of the neutral oxygen fluorides is the first of four

critical reviews on the thermodynamic and spectroscopic
properties of the halogen oxides. An earlier partial study on
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the chlorine oxides' has already been reported. Subsequent
articles will deal with bromine oxides and iodine oxides. We
will not discuss the astatine oxides, as there appears to be only
an estimated D§ value reported in the literature for AtO(g).
Specifically, this study examines the thermodynamic proper-
ties of the neutral oxides, not the gaseous ionic or aqueous
ionic species. The main purpose of this article is to generate
thermochemical tables for oxygen fluoride species. In gen-
eral, there is scant data available for the description of the
spectroscopic and thermodynamic data for any of the oxygen
fluorides, except for OF, FOO, FOF, and OF,. Although the
prime emphasis was on the diatomic and triatomic species, a
thorough search of all oxygen fluorides was conducted to
decide which species had sufficient data.

For the time period 1907 to 1994, there are 882 citations in
Chemical Abstract Services (CAS) dealing with the oxygen
fluorides of which there are 15 [luorides and 9 isotopomers.
484 citations deal with OF,, 133 deal with O,F,, 78 deal with
FOO, and 69 with OF. The remaining 118 references deal
with 11 fluorides and 9 isotopomers. Of the 24 fluorides
mentioned, however, there is not conclusive evidence as to
the existence of all of them.

The present interest in the numerous oxygen fluorides is
due to the important role these compounds play in strato-
spheric chemistry and as strong fluorinating agents. For this
reason, the spectroscopic characterization of these species is
mandatory in order to explain possible reactions thermody-
namically and kinetically. In addition, numerous researchers
are examining bonding trends within all halogen oxide spe-
cies. There appears to be no commercial uses of the oxygen
fluorides mentioned in the literature. In the past, the dominant
use of oxygen fluorides was in rocket industry as propellants,
due to the fact that they are strong oxidizers. There is also
mention of the use of the oxygen fluorides in flash bulbs.

The current study is aimed at providing a complete and
thorough coverage of the literature for spectroscopic and ther-
modynamic information. Although it is not the purpose of this
article to summarize and critique the chemistry of the oxygen
fluorides, all such references are provided here. The refer-
ences were obtained primarily by use of commercial abstract-
ing scrvices and all NIST Data Centers.* Since the litcraturc
survey revealed so few references in total for all neutral oxy-
gen fluorides (except OF,) all citations are listed in Sec. 9
(References-Annotated Bibliography). Since there are well
over 400 references for OF,, we only include those which are
important from a spectroscopic and thermodynamic point of
view. We have not included articles which seemingly deal
with the formation, preparation, reaction, NMR, and patents
of OF,. It should be noted that the reading of the individual
articles yielded additional references, many of which are
included in the attached bibliography. Not included are all
articles or books (textbooks and handbooks) which simply
present a summary of properties with no critical evaluation.
Note that although there was brief mention of oxygen

‘Chemical Kinetics Data Center: Chemical Thermodynamics Data Center;
fon Kinetics and Energetics Data Center: Molecular Spectra Data Center;
Vibrational and Electronic Energy Levels of Small Polyatomic Transient
Molecules; Crystal and Electron Diffraction Data Center.
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fluorides in 1910, in depth studies began in the late 1920s.
Even though many citations are not relevant to this study,
future investigators will not have to search the past literature,
but simply concentrate on the publications since 1994,

The current version (1985) of the JANAF Thermochemical
Tables’ includes three oxygen fluorides (OF, FOO, FOF),
whereas the 1989 version of the Thermochemical Properties
of Individual Substances (TPIS)® only contains information
on OF and FOF. For the JANAF Thermochemical Tables, the
data evaluations were actually performed in 1966 for OF and
O,F and in 1969 for OF,. For TPIS, the analysis for OF is
based on data up to 1973, however a footnote referring to a
1979 reference was included. The most recent reference for
FOF was 1966. There is sufficient new data available to
warrant revisions to these tabulations, although the numeric
changes are not large. The NBS Tables of Chemical Thermo-
dynamic Properties” and its Russian counterpart by Glushko
and Medvedev® listed values (Cy, H®, S° and AH®) at
298.15K for OF(g) and OF,(g), but only AH (298 K) for
O,F.(g) and O:F.(g). In addition, Glushko and Medvedev
include an enthalpy of formation value for OsFy(g). [Neither
of these latter two publications provide any data on aqueous
ions.] It should be noted that the NBS study was performed
prior to 1964, while the Russian study, prior to 1965.

There are many NASA-JPL publications on chemical ki-
netics in which enthalpy of formation tables are given. Of all
the oxygen fluorides, only OF, OF,, O,F, and O,F, were listed
by NASA-JPL.® These data were presented without citation or
reference to the original source. Most of the recommendations
were based upon data in the IUPAC evaluations (Atkinson
etal. 19897, 1992%). Some of the values were different from
the current JUPAC recommendations, reflecting more recent
studies that have not yet been accepted and incorporated into
those publications. IUPAC cited the origin of their values. All
citations given by IUPAC are included in this article.

There are numerous reviews dealing with the oxygen
fluorides. Hahn’, in 1959, gave a thorough review of the
preparation properties of OF, and O,F, and discussed the
existence of OF and O;F,. In 1986, as an update to the review
of the oxygen fluorides for this Gmelin series, Jager et al."
summarized the propertics of OF, OFO, FOO, OsF, O4F, OF,,
O,F,, O3F,, O4F,, OsF,, OgF,, OF;, OF..

In 1963, Schmeisser and Brandle'' summarized the status
of four compounds (OF,, O,F,, OsF,, O.F,). At the time of this
review, the structure was known only for OF,. The melting
points and enthalpies of formation were available for OF;,
Oze, and O3F2.

In a review of advanced inorganic oxidizers, Lawless and
Rowatt'? discussed eight oxygen fluorides, of which three
were stated to be well characterized (O,F, OF,, O,F,). Addi-
tional reviews are provided by Allamagny'® and Nikitin and
Rosolovskii."

[After this article was written and reviewed, this author
became aware of the existence of another review article by
Wayne et al .* This article provides discussion on the thermo-
dynamic and spectroscopic data on many oxygen fluorides.
Although not of importance for our purposes, the article also
discusses many other topics, including photochemistry and
kinetics.]
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In reading Sec. 5, the reader will soon learn that the
existence of many of the oxygen fluoride compounds is ques-
tionable. The thermal instability of the oxygen fluorides has
led to numerous difficulties in characterizing specific oxygen
fluorides. The syntheses are not always reproducible. The
following table summarizes our interpretations of the proba-
ble existence of the compounds mentioned:

Exist and have been observed: OF (**OF); FOO

(O'OF,"00F,""0,F); FOF; O;F, ('"0.F,,"*0,F,)

Compounds that may exist (have not been isolated but
some characterization available): OFO; O;F; O4F,; OF;

No conclusive confirmation as to existence: O4F; FFO;

In the following discussions, analyses and calculations, the
1993 atomic weights of the elements’® are used:
A(F) = 18.9984032 =+ 0.0000009; A{O) = 15.9994 * 0.0003.
Since the mid-1950s, the relative atomic weight of oxygen has
changed by 0.0006 to 15.9994. Similarly for fluorine, the
relative atomic weight has changed by 0.0000032 to
18.9981032. Relatively speaking, these changes are suffi-
ciently small that we will not consider any conversions due to
relative atomic weights.

In addition, the 1986 fundamental constants'® are used. The
key constant of interest in this work is the molar gas constant:
R =8.314510 % 0.000070 J-mol™! K™'. In comparison to the
1973 fundamental constants'’, R has changed by + 0.0001
J-mol~! K. Using the 1986 fundamental constants (instead
of the 1973 fundamental constants), the S(298.15 K) values
are increased by approximately 0.004 J-mol ™' K™ for the four
polyatomic oxygen fluorides.

ST units are used for the final recommendations. Since we
are dealing only with spectroscopic information, the resulting
calculated thermodynamic tables refer to thermodynamic
temperatures. Thus, no temperature scale conversions are nec-
essary.

In the following discussions, the numeric values (and their
uncertainties if given) presented are those reported in the
original publication in addition to the SI value. This is to
ensure quick confirmation of the extracted results and their
uncertainties. These uncertainties (not always based on exper-
imental and matheatical analyses) are the values yuoted by
the original authors and are often not fully described as to
their origins. Our reported uncertainties for S° and AH° are
calculated using a propagation of errors approach.

The recommended data presented in the NIST-JANAF
Thermnochemical Tables are a result of a combined appraisal
of results from experimental studies, calculations (e.g. quan-
tum-mechanical treatments) and estimations. All tables are
calculated using the full significance of all numeric values.
Rounding occurs at the end of the calculations. The uncer-
tainty given represents our best attempt for twice the standard
deviation.

The NIST-JANAF Thermochemical Tables (Sec. 6) are
calculated using the current atomic weights and fundamental
constants, as well as the thermochemical tables for
monatomic and diatomic fluorine and oxygen. These latter
reference state thermochemical tables, as originally calcu-
lated, were based on on the 1973 fundamental constants'” and

the 1981 relative atomic weights.”® This will cause a slight
offset in the formation properties of the order 0.01 kJ-mol ™'
at most; such an offset is well within the uncertainty range of
the enthalpy of formation of thé:oxygen fluorides. Neumann'®
has presented an identical thermochemical table for FO(g);
this table was prepared jointly with this author.

1.1. References for the Introduction

'S. Abramowitz and M. W. Chase, Thermodynamic properties of gas phase
species of importance to ozone depletion, J. Pure. Appl. Chem. 63(10),
1449-54 (1991).

M. W. Chase, Jr, C. A. Davies, J. R. Downey, Jr., D. A. Frurip, R. A.
McDonald, and A. N. Syverud, JANAF Thermochemical Tables, 3rd Edi-
tion, J. Phys. Chem. Ref. Data 14, Supplement No. 1, 1856 pp (1985).

*L. V. Gurvich, L. V. Veyts, and C. B. Alcock, Thermodynamic Properties of
Individual Substances. 4th Edition. two parts (551 pp and 340 pp). Hemi-
sphere Publishing Corporation, New York (1989).

‘D.D. Wagman, W. H. Evans, V. B. Parker, R. H. Schumm, I. Halow, S. M.
Bailey, K. L. Chumney, and R. L. Nuttall, The NBS Tables of Chemical
Thermodynamic Properties. Selected Values for Inorganic and C, and C,
organic substances in S units, J. Phys. Chem. Ref. Data 11, Supplement No.
2, 393 pp (1982).

V. P. Glushko and V. A. Medvedev, Thermal Constants of Substances,
Volume I (145 pp), Academy of Sciences, Moscow (1965).

°W. B. De More, S. P. Sander, D. M. Golden, R. F. Hampson, M. J. Kurylo,
C. J. Howard, A. R. Ravishankara, C. E. Kolb and M. J. Molina, Chemical
kinetics and photochemical data for use in stratospheric modeling, NASA-
JPL Publication 92-20 (1992); this is one of a series of similar publications.

"R. Atkinson, D. L. Baulch, R. A. Cox, R. F. Hampson Jr., J. A. Kerr and J.
Troe, Evaluated kinetic and photochemical for atmospheric chemistry: sup-
plement III, J. Phys. Chem. Ref. Data 18(2), 881-1095 (1989).

®R. Atkinson, D. L. Baulch, R. A. Cox, R. F. Hampsom Jr., J. A. Kerr and J.
Troe, Evaluated kinetic and photochemical for atmospheric chemistry: sup-
plement IV, J. Phys. Chem. Ref. Data 21(6), 1125-1568 (1992).

°0. Hahn, Fluorine, Gmelins Handbuch der Anorganischen Chemie, Verlag
Chemie GMBH, Weinheim, 258 (1959).

1%, Jager, J. von Jouanne, H. Keller-Rudek, D. Koschel, P. Kuhn, P. Merlet,
S. Rupecht, H. Vanecek, and J. Wagner, Fluorine, System No. 5, Suppl. 4,
Gmelin Handbook of Inorganic Chemistry, Springer-Verlag, Berlin, 408
(1986).

'"M. Schmeisser and K. Brandle, Oxides and oxyfluorides of the halogens,
Adv. Inorg. Radiochem. 5, 41-89 (1963).

"2E, W, Lawless and R.J. Rowatt, Review of advanced inorganic oxidizers,
Amer. Chem. Soc., Div. Fuel Chem., Prepr. 12(2), 108-19 (1968); CA 71R
119057e.

YP. Allamagny, The fluorides of oxygen, Gauthier-Villars: Paris, 66 pp.
(1969); CA 72B 27946m.

“I. V. Nikitin and V. Ya. Rosolovskii, Oxygen fluorides and dioxygenyl
compounds, Usp. Khim. 40(11), 1913-34 (1971); Engl. transl., Russ. Chem.
Rev. 40(11), 889-900 (1971).

"JUPAC Commission on Atomic Weights and Isotopic Abundances, Atomic
weights of the elements 1993, J. Phys. Chem. Ref. Data 24(4), 1561 (1995);
Pure & Appl. Chem. 66(12), 2423 (1994).

"E. R. Cohen and B. N. Taylor, The 1986 CODATA recommended values
of the fundamental physical constants, J. Phys. Chem. Ref. Data 17(4), 1795
(1988).

'E. R. Cohen and B. N. Taylor, The 1973 least-squares adjustment of the
fundamental constants, J. Phys Chem. Ref. Data 2(4), 663 (1973).

"N. E. Holden and R. L. Martin, Atomic weights of eleménts — 1981, Pure
Appl. Chem 55, 1101 (1983).

D. B. B. Neumann, NIST-JANAF Thermochemical Tables, Supplement
1995, J. Chem. Phys. Ref. Data, submitted for publication (1995).

R, P. Wayne, H. Poulet, P. Briggs, J. P. Burrows, R. A. Cox, P. J. Crutzen,
G. D. Hayman, M. E. Jenkin, G. Le bras, G. K. Moortgat, U. Platt and R.
N. Schindler, Halogen oxides: radicals, sources, and reservoirs in the labora-
tory and in the atmosphere, Atmos. Env. 29(20), 2675-2884 (1995).
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2. Chemical Species Coverage

The following is a list of all oxygen fluoride species cited
in the Chemical Abstract Services (CAS) Indices (formula
and substance). Aqueous ions and gaseous ions are not
included in this study. The chemical name, formula, and
Chemical Abstracts Services Registry Number (when avail-
able) are given. This list is complete through Volume 121 of

Chemical Abstracts Services (December 1994). It is impor-
tant to note that this listing gives species whose existence is
now questioned. Deleted CA Registry Numbers are given to
assure the reader that all past citations were retrieved. It is
important to note that there is limited information on the
existence of the asymmetric isomer FFO and the symmetric
isomer, OFO. 'The analogous chlorine species, CICIO and
OCIO, however, do exist.

TaBLE 2.1. Oxygen fluoride species

Chemical Abstracts Registry Numbers

Formula® Name Deleted # Current #°
Oxygen fluoride — 1116-01-1

OF(FO) Oxygen fluoride 14986-71-1 12061-70-0

77318-95-7

54974537
FO('*0OF) Oxygen fluoride — 38536-87-7
O,F(FOO) Oxygen fluoride 99873-96-8 15499-23-7

92340 -10-8

12507-32-3

12020-93-8

61825-17-0

12061-71-1
O'OF Oxygen fluoride — 15891-85-7
Y00F Oxygen fluoride — ?
"Q,F Oxygen fluoride — 15844-91-4
180,F Oxygen fluoride — 59139-28-3
O"0F Oxygen fluoride — 52139-29-4
O,F(OFO) Oxygen fluoride @
Os;F Oxygen fluoride — 12191-80-9
OF Oxygen fluoride — ?
OF,(FOF) Oxygen fluoride 86100-45-0 7783-41-7
O"®F,(FOF) Oxygen fluoride — 149228-80-8
OF, Oxygen fluoride — —
Bor, Oxygen fluoride — —
OF,(FFO) Fluorosyl fluoride — . 86825-57-2
O,F,(FOOF) Oxygen fluoride — 7783-44-0
V0,F, Oxygen fluoride —_ 12178-94-8
BOF, Oxygen fluoride — 22303-73-7
O;F,(FOOOF) Oxygen fluoride 12020-92-7 16829-28-0
O,F,(FOOOOF) Oxygen fluoride 12020-93-8 107782-11-6
OsF, Oxygen fluoride — 12191-79-6
OsF,(FOOOOOF) Fluorine oxide — ' 13847-63-7
O6F,(FOOOOOOF) Fluorine oxide — 13847-64-8
OcF, Hexaoxygen difluoride — : 12191-80-9
07Fy(0;F—0—FO03) Fluorine oxide —_ 106996-21-8
OsF; Difluorooxide — 153851-83-3
OF; Oxygen trifluoride — 12434-38-7
OF, Oxygen tetrafluoride — —_
OF — — - 152574-75-9

*A secondary formula is intended to suggest the assigned structure.If there isno secondary formula given, this means that no
structure has been determined for this species, but the atomic ratio is known.
°If no CA Registry Number appears in this column, then the species is assumed NOT to exist.

J. Phys. Chem. Ref. Data, Val. 25, Na. 2, 1996
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3. Historical Perspective of
Oxygen Fluoride Studies

It is informative to briefly summarize the types of studies
which have been conducted through the years on the oxygen
fluorides. Specific references are given in Sec. 9. This section
is intended to simply highlight developments through the years.

Using the Chemical Abstracts Services Collective Indices
as a backdrop for these historical comments, the period 1907
to 1926 (the 1st and 2nd Collective Indices) revealed only two
citations for the oxygen fluoride species, both of which were
for unspecified oxygen fluoride compounds.'? The references
referred to a reaction of F, and O, in an ozonizing apparatus.
Although no temperature is specified in the abstract, unstable
compounds were formed which caused an explosion.

In the time period 1927 to 1946 (the 3rd and 4th Collective
Indices), Chemical Abstracts mentioned a total of forty
citations dealing with oxygen fluorides. In the 3rd Index these
compounds were referred to as fluorine oxides but starting
with the 4th Index, they were called oxygen fluorides. At this
time four fluorides had been identified: OF, OF,, O,F,, and
OsF,.

For the time period 1947 to 1961 (the 5th and 6th Collec-
tive Indices), 48 additional articles were indexed in Chemical
Abstracts Services. The dominant species under study was
OF,. Numerous physical, spectroscopic, and thermodynamic
properties were studied extensively. This was undoubtedly
due to applications in the rocket industry. The formation and
decomposition of OF, O;F;, and O,F; were studied.

For the time period 1962 to 1971 (the 7th and 8th Collec-
tive Indices), 348 references were cited. Not including isoto-
pomers, nine oxygen fluorides are discussed. The main em-
phasis of the studies appeared to revolve around the use of
these oxides in the propellant industry. The bulk of the refer-
ences dealt with preparation, formation and reactions.

In the time period of the 9th and 10th Collective Indices
(1972-1981), there were six oxygen fluoride species (and
three isotopomers) mentioned. In all cases, the dominant stud-
ies involved spectroscopic and bond energy investigations.
There were however, numerous studies involving the forma-
tion, the reaction and kinetics of these fluorides. There were
a few references to oxidizers for propellant systems. There
seemingly were no commercial applications and very few
patents. The patents typically refer to compounds or adducts
involving the oxygen fluorides.

For the 11th and 12th Collective Indices (1982-1991),
there was one reference dealing with the formation of O.F,,
but many dealing with OF, OF,, O,F, and O,F,. The emphasis
appeared to be on the formation, preparation, reaction, fluori-
nation and determination of spectroscopic properties of the
oxygen fluoride species.

In summary, the recent studies concentrated on four species
(OF, FOF, FOO, and O,F;). While these species are now well
characterized spectroscopically, the enthalpy of formation
values need confirmatory studies (by direct measurement if at
all possible). Also, recent studies lend credence to the fact that
these are the only fluorides which do exist. In the 1960s, when
many additional fluorides were mentioned, it appeared that
separation and identification problems existed.

3.1. References for Historical Perspective

'G. Gallo, ‘Oxygen compounds of fluorine. III,” Atti accad. Lincei, 19, I,
753-5 (1910); Chem. Zentr, 1910, II, 544.

?G. Gallo, ‘Attempt to prepare oxygen compounds of fluorine,” Atti accad.
Lincei, 19, I, 295-9 (1910); Chem. Zentr., 1910, I, 1952.

4. Summary of the Data for the
Oxygen Fluoride Species

4.1. Spectroscopic Information

The construction of thermodynamic tables for polyatomic
gas phase species requires a knowledge of the spectroscopic
constants of the molecule including electronic energy levels
and quantum weights, vibrational frequencies and structure.
This information is necessary for any low-lying excited elec-
tronic states, as well as the ground state. These data are
obtained either from direct spectroscopic measurements, from
theory, or by analogy with other similar chemical compounds.
In some cases, theoretical quantum mechanical calculations
are used. There is complete spectral information available for
gaseous FOO, FOF and O,F,. The other species have not been
experimentally characterized. Quantum mechanical informa-
tion was used for OFO.

For diatomic molecules, spectroscopic information on the
electronic energy levels and vibrational-rotation structure is
necessary. Experimental data of this type is available for OF(g).

4.2. Thermodynamic Information

The literature survey revealed little or no information on
the thermodynamic properties of any of the oxygen fluorides,
except for FOF and O,F,.

For the gas phase species, OF(g), dissociation energy val-
ues are available so that an enthalpy of formation may be
calculated. Experimental formation information has been re-
ported in the literature for the gaseous oxygen fluorides (OF,,
Oze, 03F2).

There is insufficient data available to permit the calculation
of thermodynamic functions for the condensed phase of any
of the oxygen fluorides. The literature does not reveal heat
capacity or enthalpy of formation data for any of these oxides.
There are some data for the melting, density and vapor pres-
surc of the various condensed phase. This information is sum-
marized in the reviews listed in Sec. 1.

5. Discussion of the Literature Data

The information is discussed in terms of the individual
oxygen fluoride species. All species cited in Chemical Ab-
stracts formula and substance indices are discussed as well as -
those additional species which are mentioned in the individual
articles. This is not to imply that all those species exist, that
is, have been isolated and characterized.

The reaction of fluorine with oxygen under varying condi-
tions seemingly yields a mixture of oxygen fluorides. The
discussion of any particular species is then difficult due to
the fact that a pure compound has not always been under
consideration.

J. Phys. Chem. Ref. Data, Vol. 25, No. 2, 1995
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5.1. OF

There are many references for OF(g). Unfortunately, there
are few experimental studies which truly define the spectro-
scopic properties of OF(g), including the dissociation energy.
In searching the literature, many references were found which
reported dissociation energy values. The same values are re-
peated numerous times. We have listed many sources, but
have NOT included all data collections which simply repeated
values already given by others. The goal here is to provide
information on experimental studies and theoretical investiga-
tions. Unfortunately, there is no thermochemical data to help
fix the properties of OF(g).

For many years, the experimental detection and characteri-
zation of OF(g) was futile, Burkholder et al. [86BUR/HAM]
stated that ‘‘the failure to detect OF was due to two factors,

(a) its very small permanent dipole moment which renders it:

difficult to observe by microwave or gas-phase EPR spec-
troscopy and (b) its highly predissociated electronic
spectrum.’’

All references dealing with OF are listed in the following
eight categories. For the purpose of this article, the primary

interest is in the spectroscopic and dissociation energy
information.

1. Spectroscopy —
Experimental — [SSDUR/RAM], [65ARK/REI2],
[69ARK], [7IAND/RAY], [72AND],
[72YAN], [74ASMA/FOX], {79MCK],
[80AND], [8ODYK/JON], [83MCK/YAM],
[86BUR/HAM], [88HAMY/SIN]
Theoretical — [63TAN], [74LAT/CUR],
[89SUN], [90FRA/GOL], [91HAA],
[92KOS/SCH], [93FRA/SU2], [94CHO],
[94FRA]
2. EPR —
[6SNEU/VAN], [72LEV]
3. Dipole moment —
[83LAN/BAUY], [83MCK]
4. Formation/preparation/decomposition —
[33RUF], [33RUEF/MEN], [34RUF/MEN],
[36FRI/SCH], [36FRUSCH2], [61VIS], [62STA/
SIC], [63HAM/IVE], [63WAL], [65KIR],
[65SMAG], [6SNEU/VAN], [68SOL/KAC],
[74SMA/FOX], [74SMA/FOX2]
5. Kinetics —
{60GRE/LIN], [69LIN/BAU], [TOHOM/SOL],
[7TICLY/WAT], [TIWAG/WAR], [72HOU/
ASM], [72LIE], [72WAG/ZET], [73CHE/TUP],
[73POL/POLY, [74CLY/WAT], [74WIG/BRI],
[76ALE/NIK], [78APP/CLY], [79GAR/TUR],
[BOBAU/COX], [81RAY/WAT], [82ANT],
[82BAU/COX], [82LER/PEE], [86DOS/CAS],
[86PAT/SHA], [86SWE], [86THA/SHA],
[88FRA/GOLY}, [88RAH/BEC], [88SYM/ROS],
[92BED/MAR], [92BED/MAR?2], [92FRA],
[93BED/MAR], [93BED/MAR?2], [93BED/
MAR3], [93FRA/SU2]
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6. Dissociation energy —

Experimental — [34KOB/SCH], [5S7DIB/REE],
[S9HIL], [65ARK/REI2], [67TMAL/MCG],
[670GD/TUR], [69ARK], [71CLY/WAT],
[72CZA/SCH], [72LEV], [73BER/DEH],
[94ZHA/KUO]

Calculations — [48GLO], [49GLO], [50SCH],
[62PRI/HARY], [63PRI/PAS], [65MOR],
[69ION/ION}, [70OOHA/WAH], [700HA/
WAH2], [T00HA/WAH3], [72LIE], ‘
[77GLI], [78DEW/RZE], [78DEW/RZE2],
[80GLI], [80JUG/NAN], [8ONAN/JUG],
[86MEL], [90ZHA/FRA], [91BRA/WRI],
[93FRA], [93FRA/SU], [94CHO]

Review — [S0SCH2], [53GAY], [58BRE],
[62VED/GUR], [63SCH], [66VED/GUR],
[68GAY], [69BRE/ROS], [69FRA/DIL],
[70DAR], [76BEN], [79HUB/HER],
[82WAG/EVA]

7. Review —
[60GEOQ], [68TUR], [72BRI], [80SOL]
8. Miscellaneous —

[62SVE], [65ARK/REI], [73ROZ/GUT],

[8OHAR/BLI], [81LEN/JAF], [83ALE/FED],

[84ALE/VOL], [84DMI/MYR], [84SAU/TAT],

[8SCHA/CAN], [86JAF/AKE], [87HER],

[87KAR], [88MAL/PER], [89THA/PED],

[90CHI/KRA], [91THO/CAR], [91XIE/XIA],

[92MCI/AND], [92XIE/LIU], [93XIE/XIA]

There is currently sufficient experimental spectroscopic in-
formation to reliably describe the electronic ground state of
OF, X%I1,, (inverted doublet). The calculational results for
OF were done primarily to provide information on many
fluorine containing compounds. OF(g) was often included as
a benchmark species, concentrating on r. and w, values. The
vibrational and rotational structure of OF was first fully de-
scribed by [86BUR/HAM]. Earlier work determined in part
the vibrational (only ) structure or rotational structure. The
value of A, the splitting of the ground state, has been deter-
mined experimentally in five studies [79MCK, 8UDYK/JON,
83MCK/YAM, 86BUR/HAM, 88HAMY/SIN]. All values are
summarized in Table 5.1.1.

The two EPR studies do not provide any thermodynamic or
spectroscopic information for this review.

[65NEU/VAN]: Possible formation/identification of OF in
the irradiation of pure liquid OF, at —196 °C and OF, in
CFCl; matrix; observed an isotopic doublet.

[72LEV]: Observed reaction (H+ OF; — HF+ + OF) in
the microwave cavity of an EPR spectrometer; did not detect
OF radicals.

The reported dissociation energy information (experimen-
tal, theoretical and reviews) is summarized in Table 5.1.2.
The early values were based on the assumption that the disso-
ciation energy of OF was approximately equal to 1/2 of the
enthalpy of atomization of OF,. More recently, there are re-
sults derived from quantum mechanical calculations as well
as photoionization studies.
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The citations under miscellaneous are: [8SCHA/CAN]: Vibrational linewidths
[86JAF/AKE]: Low lying electronic states
[62SVE]: Viscosity and thermal conductivity (calculated [87HER]: Review of thérmochemical data for S/F/O/H
values) species
[65ARK/REI]: Manufacture [87KAR]: Electron affinity
[73ROZ/GUT]: Thermal functions (estimated) [88MAL/PER]: Calculations in coal processing gases
[BOHAR/BLI]:  Electronegativity [89THA/PED]: Electron momentum
[BILEN/JAF]: Valence calculations on several states of [90CHI/KRA]: Vibrational relaxation
OF(g) [91THO/CAR]: Vibrational lifetimes v
[83ALE/FED]: Electron affinity [91XIE/XIA):  Laser emission (article not obtained)
[84ALE/VOL]: Ionization potential; electron affinity [92MCVAND]: IR spectra of OF complexes
[84DMI/MYR]: Isotope effects [92XIE/LIUJ:  Calculation of oscillator strength
[84SAU/TAT]): Partition functions [93XIE/XIA}:  Six electronic states at MRSDCI level
TABLE 5.1.1. Vibrational/rotational structure, cm™"
Source State A We WeXe B. Qe re(;\) Comments
Experimental Values
58DUR/RAM .Did not observe any OF bands
65ARK/REI2 1028 Photolysis of OF; in a N; or Ar matrix
at 4K, fundamental IR absviption of
O'F and OF, w=1050 cm™ is a
value presumably corrected for matrix
effects by 700HA/WAH
69ARK O'°F 1028.6+0.3 IR matrix study
O'"°F 997.7%0.3
71AND/RAY 1028.6 1.36+£0.03  Matrix infrared spectrum
72AND O'°F 1028.9+0.5 Argon matrix Raman study
O"F 998.4+0.5
T2YAN 916 Review of trends in w. for many di-
atomic molecules
T4SMA/FOX FO discussed but no data presented
T9MCK X -177.3 1044 1.05955+ 0.013475+  1.35789* CO, laser magnetic resonance; first
0.00019 0.000035 0.00025 detection of rotational constant B,; B, =
1.05282£0.00019 cm™; first observa-
tion of OF in the gas phase; w, can be
estimated from this data
80AND Laser Raman matrix isolation spectra;
restates  information obtained in
72AND
30DYK/JON —160x30 1044 1.35789 He(I) photoelectron spectrum ioniza-
tion of OF(XIT); estimated splitting of
ground state; r, and w, values were
taken from 79MCK
83MCK/YAM 3, -177.3 *1033.4829 **1.05285=* IR diode laser spectroscopy; *w, value;
0.00009 **B_ value
86BUR/HAM I, -198.3 1053.42 10.23 1.052869 0.01325 1.35412 High resolution Fourier transform
spectroscopy
88HAM/SIN —193.80 1052.99 9.9003 1.05870547 High resolution IR chemiluminescence
*—0.068456 (emission); *weye, weZe and wa. values
*—0.0010881
*—0.00005945
Calculated Values
63TAN Molecular orbital theory (3 electron
. bond discussion)
74LAT/CUR 1.337 Ab initio calculations
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558 MALCOLM W. CHASE
TABLE 5.1.1. Vibrational/rotational structure, cm™' — Continued
Source State A We WeXe B. Qe rc(;\) Comments
89SUN Article not available at this time
90FRA/GOL 1.344 Ab initio molecular orbital theory
91HAA 1017 12.21 1.38 QCISD(T) calculation; w. and wex.
values given at 4 different levels of
calculation
92KOS/SCH ~187.90 2.5058 Ab initio molecular orbital method
93FRA/SU2 1542 1.344 Ab initio calculations; r. values
1.328 derived from UMP2/6-31G(d) and
UMP2/6-311G(d,p)
94CHO 1156 8.29 0.01070 Calculations based on deMon density
functional program
94FRA 1542 1.323 Ab initio method; UMP2/6-31G(d)
TasLe 5.1.2. Dissociation energy/enthalpy of formation, kJ-mol ™"
Source D{(FO) AH Temperature Comments (as reported values)
Expertmental Values
34KOB/SCH 240.58 Kinetic study of thermal decomposition of OF,
between 250-270 °C; dissociation energy
based on average bond energy of OF,; 57.5
kecal-mol ™!
57DIB/REE 106.3 Electron impact study; direct calculation not
feasible from ion data; D(F—O) calculated
from known A¢H (OF,,g) and AP(F—); experi-
ment suggested D(OF)+D(FO—F)=3.9+0.1
eV with D(FOF—F)=2.8, D(OF)=1.1 eV
S9HIL 135.6%42 298 K Value derived from AH of OFy; 32.4%10
kcal-mol ™!
65ARK/REI2 ~236.4 Matrix IR (photolysis of OF, in a N; or Ar
matrix at 4 K) study; location of OF absorption
indicated (qualitatively) that D(O—F) may be
higher than the average energy in OF,; similar
results for the chlorine molecules; suggested
48GLO reasonable; ~2.45 eV
6TMAL/MCG 126 Mass spectrometric investigation of Os;F2; no
specific A value given; however AH values
are given for four reactions from which
AH(OF,g) ~30 kcal-mol ™
670GD/TUR >167.4 Based on kinetic description of the photolysis
of fluorine with N,O; study suggested lower
limit for the dissociation energy, D°(OF) >40
kcal'mol™'; 69ARK suggested presence of
SiF, in flnorine sample might have caused a
problem in the absorption spectra
69ARK >167.4 Photolysis of OF,—N,O or OF,—CO, mix-
tures; observations supported a lower limit es-
timate, D°>40 kcal-mol ™
71CLY/WAT 215x17 Molecular beam study, measurement of ap-
pearance potential of OF" from OF and OF;;
D° dependent on enthalpy of atomization for
OF;; 2.25+0.15 eV
72CZA/SCH 212.5x8.4 Thermal decomposition of OF, using a

J. Phys. Chem. Ref. Data, Vol. 25, No. 2, 1996
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TABLE 5.1.2. Dissociation energy/enthalpy of formation, kJ-mol — Continued

Source

D§(FO) AH Temperature

Comments (as reported values)

T2LEV

73BER/DEH

94ZHA/KUO

Calculated Values
43GLO

49GLO

50SCH

62PRI/HAR

63PRI/PAS

65MOR

69I0N/ION

700HA/WAH

700HA/WAH2

700HA/WAH3

72LIE
77GLI

T8DEW/RZE

78DEW/RZE2

80GLI

80JUG/NAN

8ONAN/JUG

243.2x17.4
109.3£20.9 0K

109.5+8.0

236.4

265.3

169.5x12.6
212.3

217.1

209.6

290%30/-80

113.4

109.2

106 0K

1359 298 K
115.1

EPR study; 2.34<D°<2.70 eV; 2.52*0.18 eV
is the recommended dissociation value

Enthalpy of formation obtained from photoion-
ization study; 26.11+2.3 kcal-mol ™'

Calculated from photoionization efficiency
spectra and a previous appearance energy mea-
surement

Estimated based on assumption that
D(OF)~1/2D (OF,); supported by data for CIO
and Cl,0 and trends in CO, NO, O; and OF;
[2.45 eV]

As in 48GLO, cstimatcd from OF,; no indica-
tion to source of value for OF; or reason for
different value for OF; [2.75 eV]

Calculation; assumes D (F—0)=1/2D (OF,);
40.5+5 kcal'mol '

Value was estimated by a method of isoelec-
tronic similarity; [2.2 eV]

Value was estimated in part by a method of
ioelectronic similarity and because it fits in
with the total bond energy of OF; and in com-
parisons with the chlorine and fluorine sys-
tems; [2.25] eV

Calculated value, 50.1 kcal-mol~'; refers to an
experimental value of 53 kcal'-mol™ but no
indication as to the origin of this value

Analysis of Mulliken’s overlap energies; al-
though dissociation energy for OF was dis-
cussed, no value was given

Hartree-Fock wave functions; calculation de-
pendent on auxilary information for OF,, O
and F; 3.0£0.3, —0.8 eV

Hartree-Fock wave functions; OF mentioned
only in comparison to SeF and SF

Hartree-Fock wave functions; —174.19502
Hartree

Comments on the results of 700HA/WAH

Source of this experimental value not identi-
fied

Observed and calculated enthalpy of formation
values respectively, 26.1 kcal'mol ', 32.5
kcal'mol™'; observed value taken from
73BER/DEH

MNDO semiempirical SCF—MO method;
21.7 keal-mol ™!

Study directed at use of MINDO approxima-
tion for other oxygen fluorides

Enthalpy of formation calculation using

SINDO and MNDO techniques; value reported
is the difference between the experimental and
calculated values; refers to an experimental en-
thalpy of formation value of 26.1 kcal-mol ™'
and states that it was taken from Dewer’s ear-
lier papers (1978), 6.4 keal-mol™" (MNDO,
AdH) and 1.4 keal'mol™' (SINDOI; Eg)

No value given

J. Phys. Chem. Ref. Data, Vol. 25, No. 2, 1995
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TABLE 5.1.2. Dissociation energy/enthalpy of formation, kJ-mol — Continued

Source

D(FO) AH Temperature

Comments (as reported values)

86MEL

90ZHA/FRA

91BRA/WRI

93FRA

93FRA/SU

94CHO

Review

508CH2

53GAY

S8BRE

62VED/GUR
635CH
66VED/GUR

68GAY

69BRE/ROS

69FRA/DIL

70DAR

76BEN
79HUB/HER

RIWAG/EVA

102.1 0K

116.3%4.2

225.8

116.3

116.3%4.2

403.7+188.5

144.748.2

167.36

184+42
106.1
184.1x41.8 0K

231.6x38.6

230+40 0K

171.5 298 K

11513

108.8+4.2 300K
2152

1OR7R 0K

BAC/MP4 calculation of enthaipy of forma-
tion; 24.4 kcal-mol ™’

Ab initio studies using MP theory up to the
fourth order; enthalpy of formation calculated
using an isodcsmic reaction scheme; 27.8%1
keal'mol ™!

7 different calculations using MRD-CI
potential surfaces; refers to the

cxperimental vatlue of 71ICLY/WAT, 1.607 -
3.11 eV, 2.29 eV, 2.34 eV; the last value is
designated as the best value

Ab initio calculations to investigate stability of
HOOF in the reaction of HO with OF, refers to
an enthalpy of formation value of 90ZHA/
FRA; 27.8 keal-mol™

Enthalpy of formation; value taken from
S0ZHA/FRA; 27.8+1 kcal-mol™

Local density calculation; 4.18421.954 eV

Review; no value given

Value based on results of 48GLO; using
(DF)=1.6 eV this gives 1.5 eV for OF,
1.520.5 eV, (35 keal-mol™")

Review; recommended a value of 40
keal-mol ™!

Assumed D °(OF)=1/2D°(OFy)
Based on results of S7DIB/REE; 1.1 eV

The recommended dissociation value was
based on the assumption D°(OF)=1/2D °(OF,);
44210 keal-mol™"; refers to electron impact
data of 57DIB/REE

Review; refers to 5 studies with values ranging
from 1.1 to 2.45 eV; 2.4+0.4 eV (55
kcal-mol™")

Dissociation energy values; refer to numerous
studies, preferred results of 6SARK/REI and
48GLO; 55 keal'mol ™'

Value taken from Wagman et al. (1968); 41
keal-mol™"; reprinted value in 1982 is different
Based on three studies, 5S7DIB/REE, 62VED/
GUR, and 68WAG/EVA (reprinted as
82WAG/EVAY, 37=3 kcal-mol ™’

Review; 26%1 keal'mol ™

Based on results of 7ICLY/WAT; indirectly
obtained from the difference between electron
potentials of OF and OF; and the known en-
thalpy of formation of QFy; considered results
of 700HA/WAH and 72LEV; 2.23 eV

Reprint of 1968 edition: based on cousider-
ation of four studies by 66MAL/MCG,
71CLY/WAT, 72LEV and 73BER/DEH

J. Phys. Chem. Ref. Data, Vol. 25, No. 2. 1996
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5.2. OF

Through the photolysis of OF, at 4K, Arkell etal.
[6SARK/REI] observed a fundamental infrared frequency
which they attributed to OF. Assignments were made in argon
and nitrogen matrices for'°OF and'®OF. The calculated iso-
topic shift agreed with observations.

An infrared absorption spectrum, assigned to OF, was ob-
served by Andrews and Raymond [71AND/RAY] in the reac-
tion of metals with OF,. OF (and'*OF) were produced by the
reaction of metals with OF, (or'®OF,). Andrews [72AND]
observed the Raman spectra of OF,'*OF and'°OF free radicals.

5.3. O.F (FOO)

All references dealing with O,F are listed in the following
eight categories. Of prime interest are the spectroscopic
studies.

1. Rotational constants/structure —
[65ARK], [66SPR/PIM], [66SPR/TUR],
[67ADR], [67TATH/HIN], [68GOR/POP],
[69GOL/HAY], [7TOHAR], [73CAR/MAC],
[74SIN/NAG], [75BIS/VAL], [7SMCC/PAL],
[79PAN/CHA], [80GLI], [8OHIN], [80THY/
SUB], [84YAM/HIR], [85GOS/RAG], [86MEL],
[87MCK/BUR], [89BOG/DAV], [90FRA/GOL],
[91BLE/DAV], [92FRA/ZHA] '

2. Vibrational frequency/spectroscopy —
[65ARK], [66NOB/PIM], [66SPR/PIM], [66SPR/
TUR], [71GAR/LAW], [74SIN/NAG], [80JAC],
[84JAC], [B4YAM/HIR], [85KIM/CAM],
[87MCK/BUR], [88CAM], [88JAC], [8OLYM],
[94JAC]

3. EPR —
[65KAS/KIR], [6SNEU/VAN], [66FES/SCH],
[66KIR/STR], [66LAW/OGD], [66MET/WEL],
[66WEL/MET], [67ADR], [68LAW/OGD],
[70VED/GER], [73CHE/TUP], [7SMCC/PAL],
[76CHR/WIL], [76MAT/TUP], [76TUP/MAT],
[84GLI]

4. Enthalpy of formation/dissociation —
[S8BRE], [61ARM/KRI]}, [61BRE/ROS],
[6SLEV/COP], [66MAL/MCG], [66SPR/TUR],
[67ADR], [6(TMAL/MCG], [68LEV/COP],
[68TUR], [69FRA/DIL], [7T6MAT/TUP],
[77GLI], [7SDEW/RZE], [79SHA/KOT],
[8OGLI], [80THY/SUB], [84FRE], [85GOS/
RAG], [86MEL], [87PAG/RAT], [88CAM],
[88LYM/HOLY], [89LYM], [90FRA/GOL],
[92FRA/ZHA], [94ELL/SEH], [95SCAM/CRO]

5. Kinetics —
[37SCH/FRI}, [68SOL/KEI], {73CHE/TUP],
[73ZET], {7T6MAT/TUP], [78CHE/TUP],
[79COO/HOR], [79SHA/KOT], [80BAU/COX],
[82BAU/COX], [82DAV/TEM], [84CHR],
[8SKIM/CAM], [87PAG/RAT], [88CAM],
[90CAMY], [94ELL/SEH], [95CAM/CRO]

6. Formation/decomposition/detection —
[65KIR], [65MAG], [66MCG/MAL], [68SOL],
[69GOE/CAM], [73NIK/DUD], [73ROZ/GUT],
[7SALE/NIK], (76ALE/NIK], [78COO/PIL],
[78LEG/MAK], [80GRI/DIS], [80SMI/WRI],
[80SOL], [81SLI/SOL], [81SMI/WRI], [83BAS/
VAG], [83TEM/WAG], [86YU], [87FIT/DUN],
[88MAL/PER], [89TIM/PRU1, [90FRA/GOL],
[92CHR], [92LIU/DAV]

7. Reactions —
[68SOL], [69GOE/CAM], [77COO/PRI],
[79COO/HOR2], [80COO/HOR], [82CO0/
HORY], [88SYM/ROS], [89APP/DOW], [91LUT/
SMA], [92ALM/HOLY], [92MAR/SZE], [94SEH/
SEH]

8. Review —
[61IMCG], [68TUR], [70DAR], [72BRI],
[84BUR/LAW], [88JAC], [89LYM], [90JAC],
[94JAC]

Since this asymmetric molecule is bent, the point group is
C,. The three vibrational frequencies are IR and Raman ac-
tive. There are numerous studies that report the geometry of
FOO, either derived from rotational constants or quantum
theory calculations. These studies are summarized in
Table 5.3.2. We recommend and adopt the values measured
by 84YAM/HIR based on gas phase IR diode laser spec-
trometry. Subsequent studies by [87MCK/BUR] and [91BLE/
DAV] are in excellent agreement.

Numerous experimental studies have measured the vibra-
tional frequencies of FOO, both in the gas phase and matrices.
In addition, many of the experimental studies have involved
the observation of spectra due to four isotopic spe-
cies'®O,F,"80,F,'®*0"0OF, and'*0'°OF. The results are summa-
rized in Table 5.3.3. There is some confusion in the literature
due to the assignments of v, and v; as to which one is the
bending frequency. v, consistently represents the O—O
stretch. All reported values are in good agreement. We recom-
mend and adopt the gas phase vibrational frequencies as sug-
gested by [94JAC] in her review. The adopted frequencies are
based on the results of 66SPR/TUR, 84YAM/HIR, 85KIM/
CAM and 87MCK/BUR.

Gosavi et al. [85GOS/RAG] assigned *A" as the ground
state of FOO and A’ as an excited state at approximately 1.07
eV (24.7 kcal'mol !, 103.2 kJ-mol !, 8630 cm™"). Total ener-
gies were computed by CI calculation at the SCF level opti-
mizcd geometry. Numerous authors statcd that the ground
state of this free radical has doublet character including
[66SPR/TUR, 89BOG/DAV].

There are numerous EPR studies on the oxygen fluorides,
including FOO. In most of these studies, a spectra was associ-
ated with the radical FOO which was formed under a number
of decomposition conditions (photolysis). In all cases the rad-
ical was assumed to be a nonlinear molecule with a doublet
ground state. Refer to the discussion for O;F for a possible
reinterpretation of this EPR data. The EPR articles are listed
in the following summary table. Unfortunately, no specific
structural information was provided in these studies.

J. Phys. Chem. Ref. Data, Vol. 25, No. 2, 1996
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There are no direct measurements for the enthalpy of for-
mation or dissociation energy (of either bond) for this FOO
radical. However, there are numerous kinetic studies from
which bond dissociation energy was derived based on the
89LYM discussion, 87PAG/RAT and 88CAM. These values

MALCOLM W. CHASE

TaBLE 5.3.1. EPR spectra assigned to FOO

are listed in Table 5.3.4. The results discussed in the mass
spectral studies [6SMAL/MCG, 66MAL/MCG, 67TMAL/
MCG] are not reasonable in comparison to the more recent
kinetic studies. We recommend and adopt an enthalpy of
formation value AH°(FOO, g, 298.15K) = 23 kJ-mol .

Source Technique

65KAS/KIR EPR spectra of F,0, and F,0;

65NEU/VAN EPR spectra of the decomposition of FSO,00F

66FES/SCH EPR spectra during electron irradiation of liquid CF,—0,

66KIR/STR EPR spectra of O4F;, O;F; and OF,

66LAW/OGD EPR NMR spectra of O,F, in CF,Cl

66MET/WEL EPR study of liquid OF,; with photolysis, observed a radical classified O,F
66WEL/MET EPR spectra of O,F; isotopic species ("OOF, O'"OF, "0O,F) contributed to the paramagnetism
67ADR IR and EPR spectra of O

68LAW/OGD EPR-NMR spectra of O,F,

70VED/GUR EPR study of F—O system

73CHE'TUP IR spectroscopy and EPR spectra of OF, O,F and O;F,

75MCC/PAL SCF-MO calculations, EPR spectra of FOO

T6CHR/WIL EPR study of dioxygenyl salts; spectra in excellent agreement with other FOO studies
TOMAT/TUP Elecironic absurption spectra and EPR of O5F and O;F,

76TUP/MAT EPR spectrum of FOO ’

84GLI Calculated spin density and hyperfine coupling constants; refers to 67ADR

TaBLE 5.3.2. Rotational constants/structure

1

Source Rotational constants, cm”™

A B C

Bond distance, r(A)
(F-0) (0-0)

Bond
angie

Comments

65ARK

66SPR/PIM

66SPR/'TUR

67ADR

67ATH/HIN

68GOR/POP

69GOL/HAY
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1.63 1.22 100 -

1.575 1.217 109.5

1.575 1.22 90.5

bent

1.19 1.19 110.6

1.63 . 1.23 128°22'

IR spectra in matrix (Ar, O,, N,) isolated FO,
at 4K

Discusses bending in oxygen fluorides and re-
lated compounds; does not give a quantitative
structure for O,F

IR spectra of N, Ar, and O, matrix isolated
FOO at 77K; molecular parameters are
analogous to those of O;F,

Assumed bond angle; bond distances are taken

from O.F,
from O;F;

Unrestricted  Hartree-Fock method ~ with
CNDO/2 approximation; authors assumed
molecule was bent; no quantitative geometry
given

Calculated geometry via INDO self-consistent
theory; no experimental data available for
comparison

Nonempirical LCAO-MO-SCF calculations to
determine the relative stability of FOO and
OFQ; estimated geometry, the bond distances
are taken from 65ARK
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TABLE 5.3.2. Rotational constants/structure — Continued

Source Rotational constants, cm™ Bond distance, r(;\) Bond Comments
A B C (F-0) (0-0) angle
70HAR bent Discusses bond orders in FOO and O,F;; as-
sumed a bent molecule but no quantitative data
given; refers to 68TUR review for bond
lengths and force constants
73CAR/MAC 1.195 1.220 112 CNDO/2 method
74SIN/NAG 1.575 1.217 109°30" These values were taken from the data of O,F2;
incorrectly stated that no experimental struc-
tural data available
75BIS/VAL 1.19 1.195 109.9 SCF-INDO method used to calculate the O—O
bond length and the angle; assumed an F—O
distance
75MCC/PAL *1.575 *1.217 *109.5 SCF calculations of the g-tensor; ESR;
*adopted values from 66SPR/TUR
7T9PAN/CHA Isotropic hyperfine coupling constants esti-
mated by SCF-MO-LCAO-UHF-MINDO/3;
no quantitative information on structure was
given
80GLI 1.496 1.211 117.1 Calculated using MINDO approximation
80HIN 1.43 1.32 109 SCF-MO calculations
80THY/SUB Assumed force constants and structure from
66SPR/TUR
RAYAM/HIR  2.619+0.017 0334008  (.295365 1.649+ 1.200+ 111.19 Gas phase IR diode laser spectrometry:
0.013 0.013 +0.36 molecular constants for the v,=0
85GOS/RAG 1.4402  1.3328 106.7 Ab initio molecular geometry optimization
1.4280  1.4586 100.92 at the RHF-SCF level with 6-31G and 6-31G*
1.3810  1.2547 107.73 basis sct for 2A™; confirms the 2A" state for the
ground state as suggested by 66FES/SCH and
67ADR;
1.3606  1.3792 101.18 ’A' is suggested as the excited state
86MEL 1.35 1.254 BAC/MP4 calculations
87MCK/BUR  2.613396 0.333987  0.295403 Fourier transform infrared spectra; rotational
constants for the vo band
2O0BOG/DAV 2616116 0.33402482 0.2953756 Microwave spectrum; original units in GHz,
presented here in cm™
90FRA/GOL 1.380 1.437 107.6 -- Theoretical geometries were
1.383 1.250 109.6 calculated at the RHF/6-31G* level and the
UMP2/6-31G* level
91BLE/DAV  2.6161477 1/2(B+C)=0.314704075 Infrared LMR spectra at wavelengths
1/2(B—C)=0.019324842 near 920w.m; original units in GHz presented
here in cm™
92FRA/ZHA 1.709 1.198 111.8 Structure calculated using MP-CASSCF-QCI;

geometries for 11 different levels of calcula-
tion presented; values given here refer to
QCISD(T)-6-31G(D)

J. Phys. Chem. Ref. Data, Vol. 25, No. 2, 1985
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TABLE 5.3.3. Vibrational frequencies, cm™"
Source vy v, V3 Comments
65ARK 1494 584 IR spectra of matrix (Ar, O, N,) isolated FOO at 4K
66NOB/PIM F(*°0,) 1495.0 584.5 376.0 IR spectra of N, matrix isolated FOO are based
*0'°OF 1453.9 581.2 on the measurements of 4 isotopic species; v; is the
F(*0,) 1453.9 563.4 bending frequency
%0'*0oF 1411.7 560.1 366.6
66SPR/PIM Discussed possible bonding in FOO but relies on earlier data
66SPR/TUR F(0,) 1499.7 586.4 376.0 IR spectra of the N, Ar, and O, matrix isolated FOO at 77 K
'!0'*QF 1459.7 586.4 366.6 is based on measurements of 4 isotopic species; electronic
F(#0y) 1416.4 562.5 366.6 ground state is a doublet and v; is the bending frequency
1°0'*0F 1459.7 562.5 376.0
TIGAR/LAW 1490 586 Prime measurement was the IR and Raman spectra of solid and
matrix isolated O,F,; observed the decomposition to O,F
74SIN/NAG Used values of 66SPR/TUR and 66NOB/PIM
80JAC 1490 5835 Ar matrix spectrosopy; agree well with results of 65SARK and
66SPR/TUR
84JAC 1490 376 579.32 Review; v; and v, values are based on IR spectra of matrix iso-
lated (Ar or N;) studies of 65ARK, 80JAC and 66SPR/TUR
respectively; v; is based on the diode laser gas phase study of
84YAM/HIR
84Y AM/HIR 579.32 Gas phase IR diode laser spectroscopy
85KIM/CAM 1489 Laser flash photolysis of the gas phase O,F radical
87MCK/BUR 1487 579.32 Fourier transform IR spectra of O;F; v+v5=940 cm ™', 2vy=1142
cm™', v,+2v;=1496 cm™!, 2v,=2948 cm™!
88CAM 1490 FTIR study of equilibrium between O;F and O;F, and O,
88JAC 1486.96 376 579.32 v, and v; are based on the gas phase IR studies of 85KIM/CAM,
87MCK/BUR and 84YAM/HIR; v, is based on the N, matrix
isolated study of 66SPR/TUR
89LYM 1490.0 376.0 579.3 Based on the laser flash photolysis results of 85KIM/CAM, the IR
diode laser values of 84Y AM/HIR, the IR results of 66NOB/PIM
and the argon matrix study of 80JAC
94JAC 1486.93 579.32 Review; v; is the bending frequency; reported values are from
1500 376 586 66SPR/TUR, 84YAM/HIR, 85KIM/CAM and 87MCK/BUR;
1490 584 Ist line is gas phase, 2nd line is N, matrix, and 3rd line is Ar
matrix studies
TABLE 5.3.4. Enthalpy of formation, kj-mol ™’
Source AH°(FOO.g, 0K) Reaction Comments (as reported values)
61ARM/KRI >154.3 FO(g)=F(g)+20(g) Review; estimate taken from 61BRE/ROS
61BRE/ROS >154.3 MO,(g)—-M(g)+20(g) Estimated enthalpy of formation based on trends in atomization
energies: this value may refer to OFQ (rather than FOO):
AH(298 K)= <100 kcal-mol ™"
65LEV/COP 14.5 FOO—F+0, Calculated AH=3.5 kcal'‘mol™ from an estimated AH=17.3
keal'mol™" for O,F,=FOO+F; assumed enthalpy of formation of
O, was 4.73 kcal'mol™' from S59KIR/GRO; this led to
D°(F—0,)=15 kcal-mol ™'
6SMAL/MCG 0.1 FOO—-F+0, Mass spectrometry; enthalpy of formation
—105.1 FOO—0+0OF was derived from dissociation energy values; assumed D (F—0O,)=

J. Phys. Chem. Ref. Data, Vol. 25, No. 2, 1996

0.8 eV, =18.45 kcal-mol™'; D(O—OF)= 4.8 eV, =110 kcal-mol ™'
[these two values are not at all consistent with the currently
adopted D (FO)]
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TABLE 5.3.4. Enthalpy of formation, kJ-mol™' — Continued

Source AHC°(FOO,g, 0K)

Reaction

Comments (as reported values)

66MAL/MCG 0.1
—105.1

66SPR/TUR

67ADR ~73.34

6TMAL/MCG

68LEV/COP 14.5

G8TUR 2.0
—105.06

69FRA/DIL 14.401

T6MAT/TUP

77GLI 14.401
78DEW/RZE 102.6
79SHA/KOT 23.44

80GLI
80THY/SUB -1.9

84FRE 52.14

85GOS/RAG

86MEL 99.6
87PAG/RAT 27.94x2

83CAM 18.9
88LYM/HOL 24.81x1.7

89LYM 2473%1.7
248117
25.98
25.77

90FRA/GOL

FOO—-F+0,
FOO—0+OF

FOO-F+0,

FOO—-F+0,

O.'— O+
0,F—0+0F

FOO(g)—-F(g)+20(g)

0,+F,—»0,F+F

F+02=F02

20zF=02Fz+02

Mass spectrometry; enthalpy of formation

was derived from dissociation energy values; assumed D (F—O;)=
0.8 eV, =18.45 kcal-mol™'; D(O—OF)= 4.8 eV, =110 kcal-mol ™!
[these two values are not at all consistent with the currently
adopted D(FO)]; claimed these results supported earlier study
6SMAL/MCG

Thermal functions calculated but no enthalpy of formation given;
normal coordinate analysis suggested O--O double bond as in O,
and FOOF and a much weaker F~O bond

Derived bond order from EPR results, estimated D (F—0,) ~36
kcal-mol ™

Mass spectrometry; reaction scheme and enthalpies given for the
decomposition of OsF,; described in terms of FOO radical; no
enthalpy of formation given

Discussed stability; suggests the F—O, bond is approximately 15
kcal'mol ™" as in 6SLEV/COP

Revicw; gives two modcs of decomposition; reported 18 and
110 kcal-mol ™" respectively (from 6SMAL/MCG); these two val-
ues are not at all consistent with the currently adopted D (FO)

Review; value taken from JANAF (1967); AH°(298 K)= 3.0
kcal-mol ™"

Could calculate a limiting value based on the photochemical de-
composition O;F—0,+F; discussion mentions dissociation values
from 6SMAL/MCG

Value extracted from JANAF (1967); AH°(298 K)= 3.0
kcal-mol ™'

AH(298 K)= 24.1 kcal-mol™"; calculated enthalpy of formation
Ly the lalf-clectron methud; refers W a value of 3.0 keal-mol™

from the JANAF Tables 2nd Edition
EPR measurement of rate constants
MINDO approximation; total energy is ~1095.4976 eV

Calculated the enthalpy of atomization (136.9 kcal-mol™") based
on force constants data; refers to 66SPR/TUR value of 135.0*5
kcal-mol ™!

Reactions in O, matrix by visible and UV radiation of Hg arc;
laser irradiation; spectral range of F,+O, reaction |is
14500— 16600 cm™"; enthalpy of reaction value given in introduc-
tion (31 keal-mol™"); no source given for data;

Molecular geometry optimization at the RHF-SCF level with 6—
31G and 6-31G* basis sets; total energies computed by CI calcu-
lations at SCF level optimized geometry

BAC-MP4 theory; 23.2 and 23.8 kcal-mol™' given for 298 and
0 K respectively

Spectrokinetic study (295-359 K) = —12.62+0.5 kcal-mol ™'; gas
phase equilibrium; led to D(F—0,)=11.68=0.5 kcal-mol ™"

Gas equilibrium; FTIR study; yielded K=22 at 286 K

Derived from a kinetic study of reactions of fluorine atoms with
oxygen; derived AH (298 K) = 5.49 * 0.40 kcal-mol™

5.47+0.4 kcal-mol ', recommended value based on mean of three
studies; 5.49=0.4 kcal-mol ™' based on interpretation of
88LYM/HOL; +5.77 kcal-mol™" based on preliminary analysis
of unpublished results; value calculated by Lyman based on data
of 85KIM/CAM and 79SHA/KOT (5.16 kcal-mol™'); both of
these works are kinetic studies; results of 65LEV/COP also dis-
cussed

Enthalpy of formation was underestimated by two different levels
of ab initio MO calculations; refers to 4 experimental values:
87PAG/RAT, 89LYM, JANAF (3rd Edition), 76BEN

J. Phys. Chem. Ref. Data, Vol. 25, No. 2, 1995
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TaBLE 5.3.4. Enthalpy of formation, ki-mol™ — Continued
Source AH°(FOO,g, 0 K) Reaction Comments (as reported values)
92FRA/ZHA 37.24%12.6 Enthalpy of formation (7/K=0)=8.9%3 keal-mol™!; calculated by
MP perturbation, CASSCF, and QCI ab initio MO methods
94ELL/SEH 27.94x2 FOO--F+0; Refers to F—O, bond strength = 13 kcal-mol ™! from 87PAG/RAT
95CA/CRO 49.8*1 FOO—-F+0, F + O, reaction system studies under high pressure and low
temperature conditions; K determined below 315 and 420K
5.4. OVOF PIM] and {66SPR/TUR]. The molecular structure was

Welsh et al, [66WEL/MET] studied the EPR spectra of the
three Q,F isotopic species (O'"OF,"O0F,""0,F). This article
is discussed with the other EPR-related studies in the FOO
section (Sec. 5.3) as is the related study by Fessenden and
Schuler {66FES/SCH].

5.5. "OOF

Welsh et al. [66WEL/MET] studicd the CPR spectra of the
three OF isotopic species (0'"OF,"7O0F,'"0,F). This article
is discussed with the other EPR-related studies in the FOO
section (Sec. 5.3) as is the related study by Fessenden and
Schuler [66FES/SCH).

5.6. O, F

Welsh ef al. [66WEL/MET] studied the EPR spectra of the
three O,F isotopic species (0'"OF,7O0F,0,F). This article
is discussed with the other EPR-related studies in the FOO
section (Sec. 5.3) as is the related study by Fessenden and
Schuler [66FES/SCH].

5.7. O"OF

Singh and Nagarajan [74SIN/NAG] surveyed the vibra-
tional spectra studies on four isotopic  species
(**0'*0"F,"0"*0"F, '*0'°0F, *0"*0'°F). The authors calcu-
lated root mean square amplitudes, molecular polarizability
and thermal functions for these four species. The fundamental
vibrational frequencies were taken from the work of [(6NOB/
PIM] and (66SPR/TUR]. The molecular structure was as-
sumed to be similar to that derived from FOOF [66SPR/
TUR]; r(O-F)= 1.5754, r(0—0) = 1.217A, L(OOF) =
109°30". The structurc data is included in Table 5.3.2,
whereas the vibrational frequency information is noted in
Table 5.3.3.

5.8. ""O.F

Singh and Nagarajan [74SIN/NAG] surveyed the vibra-
tional spectra studies on four isotopic  species
(‘OO "F,*0** 0 F,'*0'°*0F, *0'*0"F). The authors calcu-
lated root mean square amplitudes, molecular polarizability
and thermal functions for these four species. The fundamental
vibrational frequencies were taken from the work of [66NOB/

J. Phys. Chem. Ref. Data, Vol, 25, No. 2, 1996

assumed to be similar to that derived from FOOF [66SPR/
TUR]; r(O~F)= 1.575A, r(0—0)= 1.217A, £(OOF) =
109°30". The structure data is included in Table 5.3.2,
whereas the vibrational frequency information is noted in
Table 5.3.3.

5.9. OF0

The calculations by Gole and Hayes {69GOL/HAY], based
on doublc-zcta sp basis sct SCF total energy calculations as a
function of OFO bond angle (assumed O—F bond distance of
1.194), predicted the ground state to be? B, with a bond angle
of 128.22°. Using the authors results for ClO; one would
estimate the uncertainty of this bond angle is of the order
+ 4°, The non-empirical LCAQ-MO-SCF calculations on
O,F indicated that OFQ was thermodynamically unstable rel-
ative to FOO by over 100 kcal-mol . However, the possible
existence of a kinetically stable OFO species was not ruled
out. No vibrational frequency information was provided.

Molecular geometry optimization of the *B,, By, *4,, and
%A, states of OFO and the *A" and *A’ states of FOO was
carried out at the RHF-SCF level with 6-31G and 6-31G*
basis sets [8SGOS/RAG]. These calculations predicted the
2B, and 2B, states of OFO to lie close in energy, with the B,
state lying approximately 3 kcal-mol™' lower and designated
as the ground state. These calculations yielded the result that
FOO was more stable than OFO by 85 kcal-mol™". This order
could change with complete optimization at the full CI level.
The corresponding calculations for FOO were stated to be in
agreement with experimental observations. These calcula-
tions (OFO) assigned a bond distance of 1.5591A and a bond
angle of 76.75°. No information is given on the vibrational
frequencies.

5.10. OF

The photochemical reaction between fluorine and ozone
was stated to produce OsF as an intermediate {62STA/SIC].
No information was provided as to its vibrational frequencies
or enthalpy of formation.

In examining the irradiation of a mixture of F, and O, using
a water filter, Arkell [65ARK] tentatively assigned a band at
1503 cm™! to OsF. No other information was given on this
radical.

The EPR spectra obtained by Kasai and Kirshenbaum
[65KAS/KIR] on O,F, and O,F; were identical. Although the
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spectra was attributed to FOO, a later reference [72MCC/
PALY] suggested that the radical was really OsF.

McCain and Palke [72MCC/PAL], in their study of the
hyperfine coupling constants, stated that the data for FOO
shows very poor agreement. A comparison of experimental
data with calculations suggested that the radical was actually
OsF.

Glidewell [80GLI], using MINDO approximation, calcu-
lated the geometry and enthalpy of formation (+ 107.69
kJ-mol™"), and predicted an asymmetric molecular structure
of F-0,—0,~-0; for O;F: r(F-0,)= 1.489A, r(0,-0,)
=1314A, r(0,-0)=1257A; L(F-0,-0;)=116.2°,
2(0,—0,—0;) = 124.2°, /(F-0,—0,—0;) =53.1°. It is im-
portant to note that this compound does not have a pyramidal
structure, in contrast to the other halogen oxides (XOs) which
arc thought to have a pyramidal structurc. No vibrational
frequencies were provided.

5.11. OF

In examining the irradiation of a mixture of F, and O, using
a water filter, Arkell [65ARK] tentatively assigned a band at
1512 cin~' w O4F. The author proposed the formation of OsIF
from the decomposition of O,F. No other data as to the struc-
ture or vibrational frequencies were provided.

Spratley and Pimentel [66SPR/PIM] discussed the bonding
in fluorine oxygen compounds. Although the O,4F radical was
not specifically discussed, it was presented in a table with the
structure F~O—0—0-0. No other information was provided.

Goetschel etal. [69GOE/CAM], in their radiolysis of
O,—F, mixtures, briefly mentioned that the existence of O,F
would be consistent with some of their observations. No data
was provided.

Christe ef al. [T6CHR/WIL], in their study of dioxygenyl
salts, briefly referred to the possible formation of OF. No
spectroscopic or thermodynamic information was provided.

Glidewell [80GLI], using MINDO approximation, calcu-
lated the geometry and enthalpy of formation (+134.01
kJ-mol "), and predicted the structure F—0,—0,—0;—0, for
OF: r(F—0,)=1.488A, r(0,—05)=13124, r(0,—0s)
= 1.439A, r(0;—0,)=1253A; L(F-0,-0,)=110.1°,
£(0,—0,—03) = 122.0°, £(0,—03;—0,) = 123.3°,
L(F—0,—0,—0;) =80.4° £(0,—0;—0,=47.8°. It is im-
portant to note that this compound is not of a tetrahedral
structure, in contrast to the presumed structure of the other
(X04) halogen oxides. No vibrational frequencies were
provided.

5.12. OF;

As mentioned in the introduction, the following does not
represent a complete coverage of all references dealing with
OF,. As a result, coverage in the areas dealing with prepara-
tion, reation, kinetics and patents is not complete. Note that
many of the enthalpy of formation and dissociation studies
refer back to the same experimental studies. Thus, there is not
much firm experimental data for the enthalpy of formation.
The remaining references dealing with OF, are listed in the
following ten categories:

1. Preparation/formation/decomposition —

[27BRA], [27LEB/DAM], [29LEB/DAM],
[33RUF], [34KOB/SCH], [39YOS], [S9RIC],
[62GAT/STA], [64GAT/STA], [65KIR],
[6SNEU/VAN], [66HEN/RHO], [670GD/TUR]},
[68SOL/KAC], [69DAU/SAL], [71AND/RAY],
[72HOU/ASM], [73NIK/DUD], [79NIE],
[92BED/MAR]

2. Physical properties —

[30RUF/CLU], [30RUF/MEN], [31RUF/MEN],
[31RUF/MEN2], [32RUF/EBE], [51TOO],
[51TOO2], [S2AND/SCH], [52SCH/SHE],
[52THO], [S7GAL], [59KIR/GRO], [62SVE],
[630SH], [63WAL], [65BIS/HAM?2], [66FEI],
[66LIP/NAG], [66THI], [69RIP/ZER], [72LIE],
[73ROZ/GUT), [74MIK], [76ALE/NIK],
[81PAL/HIO], [82CRU/AVR], [83AYM/PAR],
[85EPI/LLAR], [90SAA/KAU], [930HW]

3. Enthalpy of formation —

[30RUF/MEN], [30WAR/KLI], [31RUF/MEN2],
[31WAR], [33YOS/HAT], [36BIC/ROS],
[50BRE/BROY}, [SOLUF], [S0SCH2], [S2ROS/
WAG], [54COU], [SSCVA/MUN], [61ARM/
KRI], [65BIS/HAM], [65BIS/HAM2], [66BIS/
HAM], [66VED/GUR], [67MAL/MCG],
[67TRO/WAG], [68KIN/ARM]I, [69FRA/DIL],
[71CLY/WAT], [72HOU/ASM], [75BIN/DEW],
[76KOE/JOL], [77GLI], [78DEW/RZE],
[80GLI], [83DEK/JAS], [86MEL], [87HER],
[88TYK], [89LIV/TAK], [9OVAN/KEL]

4. Reactions —

[33ISH/MUR], [34ISH/MUR], [35ISH/SAT],
[35ISH/TAK], [41AOY/SAK], [45SDAU/HAILJL,
[62WIE/MAR], [63RHE], [69LIN/BAU],
[72LEV], [92BED/MARY], [93BED/MAR],
[93JAC/KRA], [930HW]

5. Spectroscopy/vibrational frequencies:

Experimental — [3SHET/POH2], [36POH/SCH],
[36SUT/PEN], [42BAR], [SOBER/POW],
[S1TON/KIR], [SINIE], [62AGA/GRA],
[65ARK/REI2], [66NEB/MET], [66SPR/
TUR], [67TMOR/YAM], [670GD/TUR],
[7IAND/RAY], [71GAR/TUR], [71TRE/
SAV], [72AND], [7T9KOL/KON], [83TAU/
JON], [86TAU/JON], [87TAU]

Theoretical — [81POP/SCH], [82MAR/RAOQ],
[87BUR/SCH], [88THI/SCU], [90AND/
PAL]J, [90SAA/KAU]

Force constants — [36PEN/SUT], [SIDUC/
BUR], [S2LIN/HEA]}, [S6GOU/BUE],
[SO9VEN/THI], [61PIE/JAC], [62NAG],
[620KA/MOR], [62VEN/THA], [63NAG],
[63PIE/DIC], [63VEN/THA], [64RAJ],
[65KUC/MOR], [66KUC/MOR], [66MOR/
SAI], [66POP/SEG], [670GD/TUR],
[68CYV/CYV], [69BRU/RAF], [TONAR],
[70THA/RAI], [7TORED], [71TIM/GOD],
[72KIR], [72MOH/MUE], [72NAT/RAM],
[72SRI/JEY], [73SIC], [74SIM/CHO],
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[74SIM/NOVY, [75DIA/SIM], [75SPE/SPI],
[7T6ALI/RAI], [76GIR/SAS], [77VIZ/SEB],
[80VIZ/SEB], [83DWI], [84CYV/CYV],
[84WAS/MOO], [87KEE], [90AND/PAL],
[93ALL/CSA]

Electronic spectra — [34GLI/SCH], [35SHET/
POH], [83BUS/SIB],

Miscellaneous — [46GOR], [53ARO]}, [57DIC/
LIN], [(OWUL], [61DUR/BAT], [61PIE/
JAC], [63PIE/DIC2], [65STR/STR],
[67NEB/MET], [68PET/SCR], [69BON/
PET], [69POC/STO], [70BRO/BUR],
[71HOL], [71IRAD/HEH], [72ROB/KUE],
[74AMIN/MIT], [79NIE], [79SUG/KAU],
[8OMAY], [81ZHI/KOL], [83SCH/KAT],
[84MAG], [RATAK/HOS], [90MAG],
[92MCIAND], [93MAG], [93WAT],
[94LI/HON]

6. Dissociation energy/ionization potential —
[32PAU], |34GLUSCH], |45SK1], [46WIC],
[48GLO], [49GLO}, [49POT], [S0SCH],
[S5A0K], [S7TDIB/REE], [63PRI/PAS], [63SCH],
[6SMOR], [66VED/GUR], [67TRO/WAG],
[70DAR], [7T1CLY/WAT], [71COR/FRO],
[72BRU/ROB], [72CZA/SCH), [73BER/DEH],
[73ROT/SCH], [77GLI], [78CHO/HER],
[78LEO/MED], [80VAL/VAS], [81LAN/CHO],
[84ALE/VOL], [92CHO]

7. Geometry/structure:

Experimental — [35BOE], [35BOE2}, [3SHET/
POH], [35HET/POH2], [35SUT/BRO],
{36POH/SCH]}, [SOBER/POW], [53IBE/
SCH], [61HIL/JAC], [61PIE/JAC], [63PIE/
DIC], [66MOR/SAI], [71TRE/SAV],
[83TAU/JON],

Theoretical — [SIDUC/BUR], [63SCH2],
[66BUE/PEY], [66POP/SEG], [66SPR/
PIM], [67ALL/RUS], [68GOR/POP],
[TONEW/LAT], [73SIC], [74MIN/MIT],
[75BIN/DEW], [76PLE/KOC], [79SCH/
CRU], [80GLI], [BOLAW/VAS], [8OVAL/
VAS], [82AHL/TAY], [82MAR/RAQ],
[82ZHU/MUR], [83DEK/JAS], [83DWI],
[83MAR/DIX], [86DWI], [86MEL],
[87REE/SCH], [88THI/SCU], [89BAI],
[90SAA/KAU], [92GIL/ROB], [94GIM/
ZHA]

Review — [36BRO], [37STU], [40MAX],
[76CAL/HIR], [79HAR/LAU]
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8. Review —
[33YOS/HAT], [36BIC/ROS], [36BRO], [40SI1D/
POW], [41SCH/STE], [46WIC], [SOBRE/BRO],
[S2ROS/WAG], [54COU], [SSEVA/MUN],
[60GEO], [61ARM/KRI], [63STR], [66FOX/
JAC], [66VED/GUR], [68TUR], [69FRA/DIL],
[70DAR], [72BRI], [78LEO/MED], [84BUR/
LAW]

9. Dipole moment —
[60BRA/KUN], [60DOD/LIT], [61PIE/JAC],
[66POP/SEG], [67POP/BEV], [68BON/PET],
[68PET/SCR], [73ROT/SCH], [74BRO/WIL],
[74BRU]J, [75PEI], [85DEL/PRI], [85KOL/SHC],
[89LIV/TAK]

10. EPR —
[6SFLY], [65NELI/VAN], [661.AW/OGD],
[66MET/WEL], [72LEV]

The geometry and vibrational trequencies ot OF, were well
established by the early 1950s. As a result, there are numerous
studies involving the use of this information in force con-
stants, vibrational amplitude and inertial defect studies. In
these types of studies there is normally no new spectroscopic
information available. As a result, these articles will not be
discussed. Similarly, articles listed under miscellaneous in-
clude studies which do not provide any new experimental or
theoretical information of interest for this review. The vibra-
tional frequencies are summarized in Table 5.12.1, while the
geoemtry and structure data is summarized in Table 5.12.2.

Since this symmetric molecule is bent, the point group is
C»,. There are three vibrational frequencies, all of which are
IR and Raman active.

The enthalpy of formation has been established experimen-
tally by King and Armstrong [68KIN/ARM]. These authors
provided an excellent discussion of previous experimental
studies [30RUF/MEN, 30WAR/KLI, 65BIS/HAM, 65BIS/
HAM2]. The current adopted value is based on the flame
calorimetry study of [68KIN/ARM]. All reported enthalpy of
formation studies are summarized in Table 5.12.4.

There are numerous articles which refer to dissociation
energy results. It is not always clear what the definition of the
dissociation energy is. Most are used to derive the enthalpy of
formation for FO. These studies have all been summarized in
Table 5.1.2, earlier in this paper. Dissociation energy studies
are listed in Table 5.12.3; however, they do not provide
definitive enthalpy of formation values for either FO or FOF.
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TABLE 5.12.1. Spectroscopy/vibrational frequencies, cm™

1

Source v v V3 Comments
35HET/POH IR spectra between 1 and 27
35HET/POH2 IR spectra; vibrational frequencies observed but assigninents for
the 3 specific frequencies not made
36POH/SCH 870 1280 1740 IR absorption spectra
36SUT/PEN 833 492 1110 Reinterpretation of the absorption spectra
42BAR IR spectra; no assignments made
5S50BER/POW 929 461 828 IR spectra of OFx(g)
51JON/KIR 928 461 831 IR spectra; comparisons made with 3SHET/POH2; v, not directly
observed
SINIE Explanation of history of some previous studies; no data given
62AGA/GRA IR spectra; no assignments made
65ARK/REI2 929 461 826 Matrix IR studies; values from another unnamed source
66NEB/MET 945.1 470.4 858.8 IR spectrum; reinvestigation of Fermi resonance; harmonic fre-
quencies and harmonicity constants also given
66SPR/'TUR IR spectra of products of photolysis of F and O in a matrix; 3
observed frequencies assigned to OF;; v, not observed; no assign-
ments made
6TMOR/YAM IR spectra; attempt to examine the Fermi resonance between v,
and 2v; states; rotational constants given
670GD/TUR 1%OF, 925, 915 461 821 IR matrix spectra of '*OF, and '*OF; in argon; the 2 values
'%0F, 898, 889 457 794 for v, refer to the Fermi doublet
71AND/RAY Matrix IR spectra of OF, or '*OF, in Ar; main emphasis is on the
formation of LiOF rather than the examination of OF,
71GAR/TUR 925.2 461.1 821.1 Raman spectra of liquid OF,; polarization studies confirm earlier
IR assignments and support existence of Fermi resonance
TITRE/SAV 412-416 456-462 812-845 Raman and IR spectra of OF, (cr)
72AND 920 465 825 Ar matrix Raman spectra
'*OF, 892 461 799
79KOL/KON 918.0x0.8 459.8+0.8 823.0+0.5 Absorption spectra in liquid N, at 80 K; Fermi resonance;
922.2+0.8 also presents harmonic frequencies and anharmonicity constants
81POP/SCH 1167 480 1227 Ab initio calculations HF/3-21G; harmonic frequencies given
82MAR/RAO 1053.1 493.5 1081.4 Ab intio SCF calculations at the 4-31G level; harmonic frequen-
cies given (source of frequencies not given)
83TAU/JON 924.15 Fermi diad at 928 cm™ stﬁdied by IR-MW double resonance
86TAU/JON Fermi resonance; diode laser spectra to resolve the true vibrational
center for v, and 2v,
87BUR/SCH 460.56 A, B, C and ground state calculated
87TAU IR diode laser spectroscopy; v; frequency range examined; Cori-
olis coupling
88THI/SCU 976 475 923 Ab initio prediction at the SCF, CISD and CCSD levels, using
DZP and TZD basis scts; results listed for TZP CCSD/SCF
90AND/PAL 885 489 832 Simple spring model in terms of Cartesian coordinates
90SAA/KAU 944.93 469.22 843.86 Curvilinear internal coordinate Hamiltonian; harmonic frequen-

cies calculated
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TaBLE 5.12.2. Geometry and structure
Source Bond length(fk) Bond angle(®) Comments
35BOE 100+3 Electron interference technique; 35BOE2 assumed to be the same article
35HET/POH IR spectra supports bent structure
35HET/POH2 100.6 IR spectra
35SUT/BRO 1.4%0.1 105%5 Electron diffraction study
36BRO 1.41+0.05 100£3 Review based on 3 studies [35SUT/BRO, 35BOE, 35BOE2]
36POH/SCH 100.6 Absorption spectra; refers to 3SHET/POH2
37STU 1.4 105+5 Recalculated values based on data of 35BOE
40MAX 1.41+0.5 1003 Review of electron diffraction data based on three studies: 35BOE, 35BOE2, 35SUT/
BRO
SOBER/POW 1.38%0.3 101.5x1.5 IR spectra of OF,(g)
51DUC/BUR 101°30" No mention as to the source of this value
53IBE/SCH 1.413+0.019 103.8%1.5 Electron diffraction study; *recommended values based on present
*1.418 *103.2 work and 3 other studies
61HIL/JAC 1.3896 104.16 Microwave spectroscopy; derived 3 average rotational constants; also derived centri-
fical distortion constants
61PIE/JAC 1.409 103°18' Microwave spectrum; dipole moment and inertial defect determined
63PIE/DIC 1.4124 103°10' Microwave spectroscopy; derived average structure
G3SCH2 Use of Walsh rules; a simple MO-LCAQ calculation with Slater functions
66BUE/PEY LCAO-MO-SCF calculations; correlate the internuclear angle with orbital energies
66MOR/SAI 1.4053+0.0004 103°4'x3' Microwave spectra; determined equilibrium structure
66POP/SEG 1.410 99.2 SCF-MO-CNDO, SCF-MO-CNDO/2 calculations; refers to 531BE/SCH
66SPR/PIM Prediction of structures of molecules; only data for OF, implies a bent structure
67ALL/RUS 102 Ab initio SCF-MO calculations
68GOR/POP 1.18 106.6 SCF-MO calculation
TONEW/LAT 1.358 102.4 STO-3G approximation for STO basis functions; STO-3G and INDO
1.18 106.6 value respectively; compared calculations to r. structure of 66MOR/SAI
TITRE/SAV Raman and IR spectra of crystalline OF,; solid is not centrosymmetric; contains at
least 2 molecules per primitive cell; site symmetry is C; or C;
73SIC 1.176 106.8 CNDO/2-MO study
T4MIN/MIT 99.2 CNDO/2 study
75BIN/DEW 1.439 55.2 MINDOY/3 calculations
76CAL/HIR 1.4053x0.0004 103.067+0.50 Review; based on four studies
76PLE/KOC 1.3585 10291 Ab initio MO theory (STO-2G. STO-4G)
79HAR/LAU 1.409 103.3 Review; values based on 63PIE/DIC and 66MOR/SAI 3 sets of values, refer to
1.412 103.2 effective geometry, average geometry, and equilibrium geometry respectively
1.405 103.1
79SCH/CRU 1.407 102.0 Ab initio calculations VSEPR model; refers to 66MOR/SAI
80GLI 1.447 103.3(fixed) MINDO calculation
80LAW/VAS 1.40 103.0 Orbital exponents were optimized for bond functions (Gaussian s and p orbitals
1.36 103.0 located between nuclei); 3 different levels of calculation: DZ, DZD and DZB
1.36 103.3
80VAL/VAS 1.40 103 SCF-CI studies (DZ-SCF, DZP-SCF, DZP-CI)
1.36 103
1.41 103
82AHL/TAY 1.339 103.7 High quality correlated wave functions (SCF, CEPA 3 different types of frozen
1.440 102.9 orbitals)
1.40 103.5
82MAR/RAO 1.422+0.08 102.5*+8 Ab intio SCF calculations at the 4-31G level
82ZHU/MUR 1.339 103.35 SCF calculations 6-311G and 6-311G**; refers to data of 66MOR/SAI and
1.335 103.01 79SCH/CRU
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TABLE 5.12.2. Geometry and structure — Continued

Source Bond length(;\) Bond angle(®) Comments
83DEK/JAS 1.281 109.1 MO calculations using the MNDO method
83DWI 1.160 180 SINDO calculations
83MAR/DIX 1.356 102.4 Ab initio SCF calcualtions (3G, 4-31G, STOLI); refers to 66MOR/SAI
1.422 102.5
1.396 102.7
83TAU/JON Fermi resonance; IR-MW double resonance
86DWI 1.271 104 SINDO calculations
86MEL 1.3484 Critical review; BAC/MP4 method using geometries optimized at HF-6-3G*; value
measured at 0 K
87REE/SCH 1.348 103.3 Ab initio 6-31G* calculations; optimized geometries with respect to E(Lewis)
1.408 97.1
88THI/SCU 1.3416 103.43 Ab initio prediction at the SCF, CISD and CCSD levels
1.3428 103.40
1.3390 103.47
1.3861 103.03
1.3814 103.13
1.4141 102.87
1.4085 102.98
89BAI ~1.4 102 Ab initio MO calculations (STO-3G); values extracted from a graph
90SAA/KAU 1.4052 103.07 Equilibrium geometry calculated from 66MOR/SAI, 86TAU/JON, 87BUR/SCH
92GIL/ROB Only provides bond distance; relies on other sources for numeric values
94GIM/ZHA 1.3483 103.22 Ab initio SCF-MO calculations at the RHF and MP2 levels using the 6-31G**
1.4229 102.61 basis set
TABLE 5.12.3. Dissociation energy
Source Comments (as reported values)
34GLI/SCH Absorption maximum attributed to OF, dissociation to 2F+0; <2100-
45SKI Review; bond energy values from A from 36BIC/ROS; 117.0 kcal-mol ™'
46WIC Review; Dy(OF)=1/2D,(OF2)=115 kcal-mol™"; no reference as to the origin of the value
49POT No value recommended; refers to 3 earlier experimental enthalpy of formation studies
55A0K Used Mulliken’s magic formula (calculation); 5.62 eV
65MOR Three-dimension Huckel calculations; refers to an observed value of 95 kcal-mol™' (no source of value given); 94.9 kcal/cal
67TRO/WAG  Source of value not clear but presumably derived from kinetic study; D§(FO—F)=37=1 kcal-mol™'
70DAR Review; recommended value taken from 6BWAG/EVA; 268+ 13 (T/K=0) kJ-mol (643, T/K=0, kcal-mol™")
71COR/FRO Photoionization of OF;; no dissociation energy value given
72BRU/ROB Comparison of ionization potentials and MO calculations; no dissociation energy value given
73ROT/SCH SCF calculations for the electronic ground state; a contracted Gaussian basis set of double zeta plus polarization quality; —1.52 eV
77GLI1 Calculation of dissociation energies from an experimentally reported A value
78CHO/HER Refers to earlier work on OF; by Chong; no dissociation energy given
78LEO/MED Critical review; values based on analysis (with current 1978 auxilary data) of 30RUF/MEN, 30WAR/KLI, 66BIS/HAM and 68KIN/ARM;
D§(OF—F)=38%5 kcal-mol™"; DY(O~F)= 52+4 kcal-mol™"'
S8OVAL/VAS FCS-CI-DZ studies; ionization potentials; no dissociation energy value given
81LAN/CHO Ionization potentials; no dissociation energy value given
¥4ALE/VOL lonization potentials; no dissociation energy value given
92CHO Ionization potentials; no dissociation energy value given
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TABLE 5.12.4. Enthalpy of formation

Source AdH(298.15 K) (kJ-mol ™) Comments (as reported values)

30RUF/MEN 10.9%8 Calorimetric study; 4.6+2 keal-mol™'

30WAR/KLI 46.0*+8 Estimated from experimental data on 3 different reactions; 112 kcal-mol ™

31RUF/MEN2 38.5 Calorimetric study; 9.2 kcal-mol ™

31WAR 37.7 Reanalysis of 3 earlier measurements [30RUF/MEN, 30WAR/KLI, 31RUF/MEN2]

*19.2+21 9 kcal-mol™; *reanalysis of 30RUF/MEN, 4.6+5 kcal-mol™'

33YOS/HAT 379 Origin of value not given; 9 kcal-mol ™'

36BIC/ROS 23.0 Critical review based on 30WAR/KLI; 5.5 keal-mol ™!

SOBRE/BRO 29+8 Review; value taken from 36BIC/ROS; 7=2 kcal-mol ™'

SO0LUF Did not obtain article

50SCH2 29+8 Review of numerous properties; value based on work of 30RUF/MEN and 30WAR/KLI,
7+2 kcal-mol ™

52ROS/'WAG 23.0 Critical review; value based on 30WAR/KLI, 31RUF/MEN?2, and 31WAR; 5.5 kcal-mol ™

54COU 23.0*21 Critical review; value based on 52ROS/WAG and 36BIC/ROS; 5.5+5 kcal-mol ™!

55SEVA/MUN 31.8%8 Based on 30WAR/KLI data; 7.6+2 kcal-mol ™"

61ARM/KRI 31.8%8 Review; adopted value of SSEVA/MUN; 7.6+2 kcal-mol ™!

66BIS/HAM 16.99 Calorimetric study; 4.06 kcal-mol ™

66BISTHAM2 16.99£9.2 Calorimetric study; 4.06+2.2 kcal-mol™’

66VED/GUR 33.5%13 Critical review; 8.0%3 kcal-mol™"

6TMAL/MCG Appearance potential; no enthalpy of formation data

67TRO/WAG 25.1 Private communication from W. C. Solomon in 1967; 6 kcal'mol ™

68KIN/ARM 24.52+1.59 Calorimetric study in flame; 5.860.38 kcal-mol ™!

69FRA/DIL 21.72 Ionization potential review; value taken from 68WAG/EVA; 5.2 kecal-mol ™!

TICLY/WAT 24.5*1.6 Derived from 68KIN/ARM

72HOU/ASM 25.1 Quotes value of 68KIN/ARM; 6 kcal-mol™*

76BIN/DEW 18.5 At 25 °C; MINDO calculation; refers to a value taken from 69FRA/DIL

76KOE/JOL 18.4 Value extracted from a summary of oxidizer properties; 4.4 kcal-mol ™

77GLIL 18.4 Source unknown

78DEW/RZE 76.1 MNDO method; 18.2 kcal-mol ™

80GLI 21.31 MINDO approximation

83DEK/JAS 76.1 MNDO method; value taken from 78DEW/RZE; value reported by [83DEK/JAS] gives 18.2
kcal-mol ™! - :

86MEL 27.2 Critical review; BAC/MP4 method using geometries optimized at HF/6—31G*; value calcu-
lated at 0 K; 6.5 kcal-mol ™

87HER 24.52+1.59 Value taken from 71STU/PRO and JANAF

88TYK Estimated properties; no specific value given

89LIV/TAK Semi-empirical method HAM/3 method (did not obtaln article)

90VAN/KEL Ab initio reaction energy computations; comparisons made to earlier recommendations of

Wagman and JANAF
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5.13. "OF,

Reinhard and Arkell [65SREI/ARK] modified the method
for the preparation of ordinary OF, (refer to [S9ENG/NAC} in
OF,) to produce samples containing O'F; and O'F.,.

5.14. "®OF,

Reinhard and Arkell [65REIVARK] modified the method
for the preparation of ordinary OF, (refer to [SOENG/NAC] in
OF,) to produce samples containing O'°F; and O'F,.

5.15. FFO

83DEK/JAS, using the MNDO method, calculated an en-
thalpy of formation of FFO, and reported a value of 526.3
kJ-mol~". Similar calculations on FOF sugggested that FFO
was less stable by 509 kJ-mol~'. However, the absolute values
presented may be too high by 51 kJ-mol™" (in comparison to
experimental data for FOF). No references to previous work
on this species were cited.

5.16. O.F;

All references dealing with O,F, are listed in the following
nine categories. Of prime interest are the spectroscopic, ge-
ometry and enthalpy of formation studies.

1. Vibrational frequencies/spectroscopy —
[37BRO/FRI], [65ARK], [65BRO], [66SPR/
TUR], [67TLAW], [67SPR], [68LOO/GOE],
[69GOE/CAM], [TOLOO/GOE], [71GAR/LAW],
[72MEL/AND], [73BUR/GAR], [76MAT/TUP],
[78GRUVEDW], [80JAC], [85KIM/CAM],
[85KIM/CAM2], [87TWOO/LAR], [88CAM],
[89RAG/TRU], [90OMCG/CLE], [93AMO/MUR],
[94JAC]

2. Geometry/structure —

[62JAC], [62WIL], [63LIN], [67TUR/HAR],
[68GOR/POPI. [69GOR]. [70GIM]. [70LOO/
GOE], [TONEW/LAT], [73LEI], [73MIN/MIN],
[76CAL/HIR], [76PLE/KOC], [78LUC/SCH],
[780LS], [7T9HAR/LAU], [80GLI], [82AHL/
TAY], [84BUR/LAW], [86MELY], [87ROH/
HAY], [88HED/HED], [88MAC/OBE], [89LEE/
RIC], [89MAC/OBE], [89RAG/TRU],
[OOMCG/CLE], [93AMO/MIIR], [94GTM/7ZHA]

3. EPR/INMR —

[65KAS/KIR], [6SNEU/VAN], [66LAW/OGD],
[66WEL/MET], [67NEB/MET], [68LAW/OGD],
[68SOL/KEI], [67SOL/RAN], [79SUG/KAW]

4. Enthalpy of formation/dissociation/heat of atomiza-
tion —

[S8KIR/AST], [S9KIR/GRO], [59KIR/GRO2],
[61ARM/KRI], [61KIR/AST], [65MOR],
[6SMAL/MCG], [66MAL/MCG], [66VED/
GUR], [68TUR], [69FRA/DIL], [7T0DAR],
[86MEL]

5. Formation/decomposition/preparation/characteriza-
tion —
{33RUF/MEN], [34RUF/MEN], [36FRI/SCH],
[36FRU/SCH2], [37FRI/SCH], [37FRI/SCH2],
[37SCH], [37SCH/FRI], [38A0Y/SAK],
[41AOY/SAK], [58BAL/MAN], [S9KIR/GRO],
[S9KIR/GRO2], [61KIR/STR], [64YOU/HIR],
[65ARK], [65KIR], [65MAL/MCG], [65STR/
STR], [66NAG], [66NOB/PIM], [66SPR/PIM],
[66STR/STR], [6(TMAL/MCG], [68GOE/CAM],
[68NIK/ROS], [69GOE/CAM], [69RIP/ZER],
[70HAR], [72MEL/AND], [73GAR], [74MIN/
MIN], [81SLVSOL], [83TEM/WAG], [84FRE],
[84TAK/HOS], [84YAM/HIR], [85BEA],
[87CLA/SCH], [88KIS/POP], [88KIS/POP2],
[8SLYL/LOI], [88MAL/PER], [91AOM/SODY],
[91DIX/AND], [91RAS/COC], [92RAS/BAG],
[94SAM/MAS]

6. Density/vapor pressure —
[S8KIR/AST], [S9KIR/GRO]

7. Review —
[33RUF], [S0SCH], [60GEO], [61 ARM/KRI],
[61MCG], [63STR], [66FOX/JAC], [66VED/
GUR], [68TUR], [70DAR], [72BRI], [76CAL/
HIR], [79HAR/LAU], [84BUR/LAW], [89LYM],
[94JAC]

8. Kinetics/reaction —
[36FRI/SCH], [37SCH/FRI], [62HOL/COH},
[62STR/GRO], [62STR/GRO2], [62STR/GRO3],
[63STR]}, [63STR/KIR], [63STR/KIR?2],
[64SOL], [65SMOR/YOQU], [66SOL], [66SOL2],
[67JOL], [67SOL], [68BAN/SUK], [68LAW/
TUR], [68SOL], [SOL/KAC], [68SOL/KAC2],
[68SOL/KAC3], [69LIN/BAU], [69PED],
[69SOL/KEI], [70SOL], [71STR], [73CHE/TUP],
[73CHE/TUP2], [73NIK/DUD], [74SOL/KEI],
[7SLEU], [75SMA/LUT], [78SRT/BEZ],
[78CHE/TUP], [79JAC], [8OSOL], [82DAV/
TEM], [82DAV/TEM2], [82DAV/TEM3],
[84ASP/ELL]. [84ELL/MALI, [84MAL/ELLI,
[84PAR/MOR], [85EPILAR], [85KIM/CAM3],
[85KIN/ASP], [86ASP/KIN], [87BAI/BAS],
[87BAVBAS?2], {87ELL/PEN], [87HER],
[88LYM/HOL], [J0CAM], [SOCAM/FOR],
[90LEE/REN], [90NIE/KIN], [91EBE], [91LUT/
SMA], [91MIL], [91SCU], [92ALM/HOL]

9. Referenced articles in [63STR] —
[S9STR/GRO], [60MAG], [62MAG], [62STR],
[62STR/GROY], [62STR/GRO2]

The vibrational and structural information are summarized
in Tables 5.16.1 and 5.16.2. There are two citations to disser-
tations [67LAW, 67SPR]. Although these dissertations are
listed in our bibliography we have not had access to them and
cannot discuss in detail the data contained therein. It appears
that each of these authors have written subsequent articles
which we do discuss.
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There are also included in'the literature citations a number
of personal communications to which data has been assigned
[S7GLO/DAYV, 62MAG, 65BRO, 86MEL]. This information
is included for completeness whenever possible, but it is not
considered in the final analysis unless a subsequent publica-
tion has been made.

Brodsersen et al. [37BRO/FRI] measured the absorption
spectra and extinction coefficients between 2000 and
10000A. [76MAT/TUP] obtained the electronic absorption
spectra and the extinction coefficients in the 190-600nm
region.

Goetschel ez al. [69GOE/CAM] described the preparation
of O,F, but presented no definitive structural or vibrational

MALCOLM W. CHASE

information. The observed IR spectra was compared with
previously reported spectra of fluorine oxides. The authors
stated that pure O,F; is yellow, melts sharply at 119 K and is
diamagnetic.

Jacox [94JAC] provided recommended data for FOOF as
follows: a C, structure was adopted based on the microwave
data of [62JAC]; the rotational constants and resulting geome-
try were derived from the same microwave study; the tabu-
lated vibrational frequencies were taken from five infrared
studies [65ARK, 66SPR/TUR, 71GAR/LAW, 80JAC,
85KIM/CAM]. We adopt the gas phase values for v,
through vs.

TABLE 5.16.1. Vibrational frequencies, cm™!

Source v vy V3 A Vs Vs Comments
Observed and Experimental Values
65ARK Matrix infrared study; observed v(OF
asymmetric stretch) of 624 cm™'; as-
signment was made by 65BRO
66SPR/TUR Absorption spectra; observed 4 fre-
quencies (624.4, 612.0, 461.9, 368.1)
from the photolysis of fluorine-oxygen
mixtures
68LOO/GOE *1300 615 367 209 621 547 *Values quoted by other authors, refer
150,F, 1306 621 369 205 615 457 to the natural abundance molecule; IR
'¥0,F, 1239 595 362 195 586 444 spectra of solid; preliminary announce-
ment of data reported in 70LOO/GOE
70LOO/GOE  '“O,F, 1306 621 369 205 615 457 IR spectra of solid isotopic species
BO,F, 1239 595 362 - 586 444
TIGAR/LAW 1270 618 364 - 612 468 IR and Raman spectra of solid at 77 K;
partial IR of matrix isolated at 20 K;
assignment of vibrational frequencies
refers to results by 65BRO, 66SPR/
TUR, 65ARK, 68LOO/GOE, 67TLAW,
©6/3PK
72MEL/AND ~1300 Studied the O—0O stretching frequency
in fluoro-peroxides; refers to 70LO0/
GOO and 71GAR/LAW
73BUR/GAR 1290 611 366 195.6 624 459 Raman spectra in CCIF; solution; de-
tailed discussion as to the assignment
of vibrational frequencies
78GRIVEDW Raman study of solid
80JAC 1%0,F, 1250 612 366 195 627 466 IR spectra of Ar matrix; observed and
1250 608.5 367.1 194.7 627.5 466.9 calculated values given respectively
“0*0F, - 595 - - 618 459
1214.9 592.2 361.4 1933 620.1 458.7
¥0,F, - 584 - - 601 452
1178.6 585.8 3559 192.0 602.9 450.4
{5KIM/CAM 1210 630 360 202 614 471 FT-IR (£ 3 cm™"): v» and vs are differ-
ent from those presented in 80JAC; no
numerical structure information; ob-
served all six vibrational frequencies
85KIM/CAM2 Laser flash photolysis; examined the

J. Phvs. Chem. Ref. Data, Vol. 25, No. 2, 1996
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TABLE 5.16.1. Vibrational frequencies, cm™' — Continued
Observed and Experimental Values — Continued
Source " v V3 V4 Vs Vs Comments
87WOO/LAR 1281 607 373 197 623 461 Condensed phase Raman spectra
88CAM IR intensity study of equilibrium be-
tween O,F,, O;F and O,
Calculated Values

Source Calculational methods
89RAG/TRU Quantum-mechanical calculations; results compared to 85KIM/CAM; HF/6-31G*, HF/DZP, QCISD(T)/6-31G*
90MCG/CLE HF/6-31G* and MP2/6-31G* calculations
93AMO/MUR Calculated values based on 6 different calculational techniques: TZ2P/SCF, TZ2P/LDA, TZ2P/BLYP, TZ2P{/LDA,

TZ2P{/BLYP, TZ2Pf/CCSD(T)
94JAC Review

TABLE 5.16.2 Geometry and structure
Experimental Values
Source Bond distance (A)<° dihedral<® Comments
F—-O o—-0
62JAC 1.575 1.217 109.50 87.5 Microwave spectroscopy of 3 isomers, '*O,F,, '*0,F;, and
+0.003 +0.03 *+0.5 +0.5 '°0'*0F,; r, structure
T3MIN/MIN 87.5 Refers to a dihedral angle; extended Huckel calculation; the ex-
perimental value is the same and refers to 68WIN/WIN
8SHED/HED 1.586 1.216 109.2 88.1 Electron diffraction study at —42°C; ry structure
) Calculated Values

Source Calculational methods
62WIL Quotes calculations of 62JAC
63LIN Refers to geometry given by 62JAC; discussed bonding
67TUR/HAR MO treatment of bonding; structure assumed to be FOOF; 4 calculations assuming different bond distances; VESCF
68GOR/POP INDO calculation of geometry
69GOR Refers to 62JAC values, CNDQ/2 calculations; barriers to internal rotations
70GIM Reported a C, symmetry; extended Huckel calculations
70LOO/GOE Structure adopted from G2JAC microwave work
TONEW/LAT Refers to 62JAC values; STO-3G, INDO
73LEI Results in part based on 62JAC; CNDO/2
T6CAL/HIR Data taken from 62JAC
76PLE/KOC Refers to the results of 62JAC; ab initio calculations; STO~ZG, STO-4G
78LUC/SCH Comparison with the experimental data of 62JAC; quantum-mechanical calculations RHF/4-31G, RHF/DZ, RHF/DZP(O),

RHF/DZP(OF), CUDZ, CUDZP(Q); a C,, symmetry constraint (RHF/4-31G); a C;, symmetry constraint (RHF/4-31G)
780LS Ab initio calculations: rigid-rotor calculations on O,F;; 4-31G
79HAR/LAU Results taken from the work of 62JAC; authors cite values in reference to effective structure except for the (O—0) value

being a substitution value
80GLI MINDO calculations
82AHL/TAY Quantum-mechanical calculation; calculated results compared with those of 62JAC performed; SCF, ODC, CEPA,

CI(SD), MR CI(SD)
84BUR/LAW Selected from 62JAC, 73BUR/GAR, 80JAC; no bond angle is given
86MEL BAC/MP4 calculation
87ROH/HAY Quantum-mechanical calculation; comparison with 62JAC; DZP: RHF, CI, CEPA, 6-31G*: RHF, MP2, 92-CAS/CCI,

92-CAS/CClI+Dav., 600-CAS/CCI, 600-CAS/CCl+Dav.; Diffuse: RHF/6-31G*, MP2/6-31G*, MP3/6-31G*, MP4SDQ/6-
31G*, RHF/D95*, MP2/D95*, MP4SDQ/D95*
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TABLE 5.16.2 Geometry and structure — Continued

Source Calculational Methods

88MAC/OBE Ab initio calculations; comparisons with 8 other calculational techniques; RHF/6-31G*, MP2/6-31G*, MP3/6-31G*,
MP4SDQ/6-31G*, RHF/D95*, MP2/D95*, MP4SDQ/D95*

89LEE/RIC Comparison to 62JAC; quantum-mechanical; MP2, CISD, CPF, CCSD

89MAC/OBE Article not available

89RAG/TRU Quantum-mechanical calculations; 6-31G*: HF, MP2, CAS+CI+D, QCISD(T); 6-31G(sp): HF, MP2, CAS+CI+D,
QCISD(T)

90MCG/CLE Quantum-mechanical calculation; HF/6-31G*, MP2/6-31G*

93AMO/MUR Quantum-mechanical calculation; comparison with 62JAC and 85KIM/CAM; TZ2P/SCF, TZ2P/LDA, TZ2P/BLYP,
TZ2Pf/LDA, TZ2P{/BLYP, TZ2Pf/ICCSD(T)

94GIM/ZHA Ab initio SCF-MO calculations; a C; symmetry is proposed; RHF/6-31G**, MP2/6-31G**

There are numerous references to the enthalpy of formation ~ calorimetric determination of the enthalpy of formation. Ten

of O,F,(g).

The reported values

summarized in of other eleven citations essentially refer to this result. The

Table 5.16.3. In fact, there are two articles referring to the [86MEL] citation is a quantomechanical calculation.

TABLE 5.16.3 Enthalpy of formation, kJ-mol

Source AH(298.15K) Comments (as reported values)
S8KIR/AST 209+1.7 Measured the enthalpy of decomposition at 100K calorimetrically; 5.00+0.40 kcal-mol ™!
59KIR/GRO2 19.8x1.3 4,73+0.30 kcal-mol ™!
61ARM/KRI 19.8%1.3 From S9KIR/GRO (4.73%0.3 kcal-mol ™, although referenced as the source of this value, the quoted
value really comes from 59KIR/GRO2);
19.5 from 61WAG (4.65 keal-mol ™, estimated AygH and calculated AdH);
- from S0SIM and 54SIM; discussed dissociation energy;
66.9 from 57GLO/DAW, 16.0 kcal-mol ™"
65MAL/MCG Estimated value [0.8 eV], assuming D (F—O,F)=D (O;F); the second value, D(FO—OF)=4.5+0.2
eV, is based on appearance potential measures; this latter value was compared with a similar value
derived from 59KIR/GRO?2 and differed by 0.15 eV
65MOR Three-dimensional Huckel MO calculations; Eyom=156.5 kcal-mol™" (obs.), =151.6 kcal-mol ™
(calc.); no reference as to the observed value
66MAL/MCG Refers to a mass spectrometrically derived value, presumably in 6SMAL/MCG; quotes a value
DI O")=0.8 cV
66VED/GUR 19.8+1.3 Review; from S9KIR/GRO2; 4.73+0.30 kcal-mol ™
68TUR Review; refers to mass spectral study of 6SMAL/MCG; FOOF—FO+OF, 103 kcal-mol ™}
FOOF—F+OOF. ~18 kcal-mol ™'
69FRA/DIL 18 From 270-3; 4.3 kcal-mol ™!
70DAR From 66MAL/MCG; FOOF—FO,+F; AH°(0K)=18.4 kcal-mol ™'
S6MEL 61.5 BAC/MP4 calculation; 147 keal-mal ™!
89LYM 19.2+0.8 Review; corrected SOKIR/GRO; 4.58+0.20 kcal-mol ™'

J. Phys. Chem. Ref. Data, Vol. 25, No. 2, 1996



NIST-JANAF THERMOCHEMICAL TABLES FOR THE OXYGEN FLUORIDES 577

Kirshenbaum et al. [S9KIR/GRO, 59KIR/GRO2] studied
the decomposition of O,F, and OsF, calorimetrically at 90 and
121 K respectively. From these values, the A1 (298 K) for
the two gases were calculated: O,F,= +4.73 £0.30
kcal'mol™" and O;F, = 6.24 = 0.75 kcal-mol™'. Auxilary in-
formation was required to convert the measured data at low
temperatures to 298.15 K. The authors estimated AC, for O,,
F, and O,F, in order to convert the results at low temperature
to 298 K. Lyman [89LYM] recalculated this correction using
known data for the three species and arrived at AfH =
4.58 = 0.2 kcal'mol™!. A correction of —0.15 kcal-mol™"
from results originally reported by [S9KIR/GRO] was given.

5.17. 7O.F,

Welsh et al. [66WEL/MET] studied the EPR spectrum of
liquid O,F,. The authors suggested that the paramagnetism is
due to the O,F radicals. The EPR spectrum was measured
using solid O,F, and solid enriched""O,F,.

5.18. %0,F,

Jackson [62JAC] examined the rotational spectra of three
isotopically substituted O,F, compounds:'°0,F,,'°*0'*0F,,
and'®*O,F,. From this microwave data, the author calculated
the moments of inertia and the resulting structure of O,F, (see
Table 5.16.2).

Loos et al. [68LOO/GOE] observed and analysed the IR
spectra of solid'®0,F, and'®*0,F,. The authors reported the
fundamental frequencies for both isotopic species (See
Table 5.16.1). A subsequent study [70LOO/GOE] involving
the same two isotopes and'°O'OF, provided additional in-
frared data. This was coupled with a normal coordinate calcu-
lation and a Huckel-MO calculation to confirm the vibrational
assignments and the nature of the bonds.

5.19. OsF;

The more recent articles suggest that O;F, does not exist.
Instead, the compound observed is a mixture of O,F, and
O4F,. Since 1976, there are only two citatioms dealing with
this presumed compound — both are calculations involving
the molecular structure.

Summary comments in numerous reviews have shifted
from OsF, being a well-characterized compound [60GEO,
66FOX/JAC] to a presumed compound which has an oxygen
to fluorine ratio of 3 to 2 [68TURY]. Finally, in 1972 [72BRI],
it was clear that O5F, does‘ not exist as a distinct molecular
entity. Thus, discussions of the following articles must be inter-
preted in the light of OsF, not existing as a separate entity.

All references dealing with O;F; are listed in the following
eight categories. Of prime interest are the spectroscopic, ge-
ometry and enthalpy of formation studies.

1. Formation/decomposition —
[38A0Y/SAK], [41AOY/SAK], [S9KIR/GRO],
[59RIC], [61GRO/STR], [63MCG], [65SMAL/
MCG], [65STR/STR], [66STR/STR], [67JOL],
[6TMAL/MCG], [7TOMEVGEN]

2. Enthalpy of formation/vaporization/dissociation —
[58KIR/AST], [S9KIR/GRO2], [61KIR/AST],
[63PRI/PAS], [65MOR], [66VED/GURY], {69RIP/
ZER], [76PLE/KOC], [80GLI]

3. Structure —

[65SMAG], [67TNEB/MET], [67SOL/RAN],
[68SOL/KEI], [76PLE/KOC], [80GLI], [94GIM/
ZHA]

4. Properties —

[61KIR/AST], [61KIR/STR], [62RIE/PER],
[64AMS/CAP], [64SOL], [65MAG] [65STR/
STR], [66STR]

5. EPR—

[65KAS/KIR], [6SNEU/VAN]

6. Review —
[60GEO], [61ARM/KRI], [61MCG], [63STR],
[66FOX/JAC], [68TUR], [72BRI]

7. Patent —
[64HEM], [6OHEM/TAY]

8. Reactions —

[64SOL], [65BOY/BER], [65KIR/STO],
[66AMS/NEF], [66SIM], [66SOL}, [66SOL2],
[68DIC/AMSI, [75LEL]

The articles classed as formation/decomposition present
modes of preparation of the so called OsF, and some of its
properties, in particular melting point. The more recent arti-
cles in this group dismissed purification and improved identi-
fication procedures.

There are numerous studies related to the experimental and
theoretical determination of the enthalpy of formation.

— Kirshenbaum etal. [S9KIR/GRO, 59KIR/GRO2]
studied the decomposition of O,F, and O;F, calorimetrically
at 90 and 121K respectively. From these values, the
AH(298K) for the two gases were calculated:
OF,= +4.73 £ 0.30 kcal'mol™! and OsF,=6.24 = 0.75
keal-mol ™', Auxilary information was required to convert the
measured data at low temperatures to 298.15 K.

-—  Mortimer [65MOR] reported an energy of atomization
of 204.1 kcal'mol ™! compared to an observed value of 219
kcal-mol™'. This corresponds to an enthalpy of formation,
AeH (0K) = 9.8 kcal-mol ™", There is no indication as to where
the latter value came from.

— Vedeney et al. [66VED/GUR] quoted a value for the
enthalpy of formation at 298 K of 6.24 *+ 0.75 kcal-mol™'
based on the enthalpy od dissociation study by [S9KIR/
GRO2].

— Rips et al. [69RIP/ZER], using the method of corre-
lating increments, calculated the enthalpy of vaporization of
OsF, as well as critical properties.

— Plesnicar et al. [7T6PLE/KOC], using ab initio molec-
ular orbital theory (STO-2G and STO-4G), calculated the
total energy and the decomposition energies to OF, and O,F,.

— Glidewell [80GLI], using MINDO approximation,
calculated the heat of formation of O;F, to be —11.23
kcal-mol ",

Although OsF, has not been definitively characterized as a
distinct species, there are numerous calculational studies
specifying the presumed compound’s geometry.
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Plesnicar et al. [T6PLE/KOC], using ab initio molecular
orbital theory (STO-2G and STO-4G), studied the equi-
librium geometry of O;F,. Their calculated values were:
r(F—0) = 1.3564A, r (0—0) = 1.4069A, £ (FOO) = 103.77°,
£(000) =102.76°, £(OOF)=103.77°, and the dihedral
£ =88.37°. There was no experimental data available at the
time with which to compare these calculations. No informa-
tion on the vibrational frequencies was provided.

Glidewell [80GLI], using MINDO approximation, calcu-
lated the energy and structure of O5F,. The geometry was
given as: r(F—0)=1481A, r(0—0)=1331A,
Z(FOO)=112.7°, £(000)=120.2°, and the dihedral
£ =T71.1°. No vibrational frequency information was provided.

Gimarc and Zhao [94GIM/ZHA] calculated the geometry
optimized total energies of O;F, from ab initio SCF-MO cal-
culations at the RHF and MP?2 levels using 6-31G** basis set.
A C, symmetry was proposed. The total energy and all bond
angles and bond distances have been calculated and are pre-
sented in the paper as:

RHF MP2
(0-0) 1.3399 1.3974
(O-F) 1.3640 1.4525
£000 108.12 107.25
£FOO 105.28 104.63
£000F  81.47 80.28

No vibrational frequency information was provided.

There are several studies which relate to the determination
of various properties, such as melting point, vapor pressure,
density, extinction coefficients, surface tension, etc. There are
no studies involving the measurement of heat capacity or
enthalpy of the solid or liquid.

The EPR studics [65KAS/KIR, 65NEU/VAN] of O,I; and
OsF, showed identical EPR spectra which was attributed to
FOO. These results may be more indicative of the decomposi-
tion of these materials.

Maguire [65MAG] measured many properties in an attempt
to determine the structure of O;F,. However, the structure, by
these studies, was not clearly defined.

Malone and McGee [67TMAL/MCG] atiempied o conclate
mass spectrometric, EPR, infrared and NMR data and con-
cluded that OsF, had the features of an O,F and OF radicals
loosely bonded together. No quantitative data was given.

Nebgen et al. [67TNEB/MET] were not able to make an
unequivocal interpretation of'”’F NMR signal from OsF,. The
authors postulated a model which consisted of O,F, and inter-
stitial O,.

The NMR study of Solomon er al. [67SOL/RAN, 68SOL/
KEI] was interpreted in terms of OsF, being a mixture of O,F,
and OLF,. [68SOT /KEI] provided NMR data which supported
the conclusion that OsF; is a mixture of O,F, and (OOF),.

5.20. O,F,
There are numerous reviews which cover the preparation
and properties of this fluoride. However, there is not suffi-

cient data available on the structure and vibrational frequen-
cies to calculate the thermal functions. Enthalpy of formation
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data has been estimated via quantum mechanical means. The
structure and vibrational frequencies of OJF, have not been
completely and definitively determined. The structure was
assumed to be FOOOOF. There are two calculational studies
which propose the structure. There are spectroscopic studies
which have proposed a tentative assignment for three vibra-
tional frequencies (there are 12 vibrations to be assigned in
O.F,). It is interesting to note that the most recent experimen-
tal study intended to characterize the properties of OF, was
the Raman solution experiments of Gardiner and Turner in
1971. Since that time there have been three calculational
studies (structure and enthalpy of formation) and three exper-
imental studies (formation and reactions). The calculational
studies all imply a chain structure. The three experimental
studies do not explicitly confirm the existence of the
molecule, in that F/O is determined, but the molecule itself
was not isolated and characterized.

All references dealing with O,F, are listed in the following
six categories. Of prime interest are the spectroscopic and
geometry studies.

1. Decomposition/formation —
[S8KIR/AST], [61GRO/STRY], [65ARK],
[65STR/STR], [66SOL], [66STR/STR], [67JOL],
[6TMAL/MCG], [68GOE/CAM], [69GOE/
CAM], [73NIK/DUD], [91LUT/SMA]

2. Properties —
[61GRO/STR], [61KIR/AST], [64SOL},
[66STR], [69RIP/ZER)

3. EPR/NMR —
[66FES/SCH], [66KIR/STR], [67SOL/RAN],
[68LAW/OGD], [68SOL/KEI]

4. Spectroscopy/structure —
[63BRO/HAR], [65ARK], [65STR/STR],
[66SOLY], [66SPR/TUR], [69GOE/CAM],
[71GAR/LAW], [71GAR/TUR], [76PLE/KOC],
[80GLI], [94GIM/ZHA]

5. Review —
[61ARM/KRI}, [61MCG], [63STR], [66FOX/
JAC], [68TUR], {72BRI]

6. Reaction —

[68KEI/'SOL], [71SOL/KAC]

The preparation of O4F, has been described by numerous
authors. All preparations involved the reaction of molecular
fluorine with molecular oxygen. There are a variety of fluo-
rine oxides formed during the reaction.

The five property references [61GRO/STR, 61KIS/AST,
64SOL, 66STR, 69RIP/ZER] presented limited vapor pres-
sure data, thermal stability, some solubility information, and
values for melting and boiling points of O.F..

Kirshenbaum and Streng [66KIR/STR] measured the EPR
spectrum of O,F,. The results revealed doublets which most
likely were the isotopic EPR spectrum of the FOO radical.
This work and a reevaluation of the O,F, spectrum and of
UV-irradiated OF, suggested that the same free radical was
observed in all three cases. The authors also referenced un-
published work by Reinhard which confirmed the doublet
obtained with O.F,.
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Solomon et al. [67SOL/RAN] studied the!’O and'°F NMR
spectra of O;F, and the presumed Os;F,. The NMR results
showed conclusively that what was once called O;F; was truly
a mixture of O,F, and O,F,. It was suggested that the latter is
(O,F), which probably existed as O,F and O,F,. Although not
conclusive, the structure was assumed to be FOOOOF.

Three additional studies refer to O,F, and the attempted
resolution of the EPR/NMR results' [66FES/SCH, 68LAW/
OGD, 68SOL/KEI].

Through matrix infrared studies, Arkell [6(5ARK] observed
two fundamental absorption bands at 588 and 1519 cm™". For
calculational purposes, the molecule was treated as two equiv-
alent triatomics. A bending mode vibrational frequency was
assigned at 290 cm™". The authors assumed r (O—F) = 1.631&,
r(0-0) = 1.22A, and the £.(OOF) = 100°. Force constants
were calculated for two of the bonds. No prior structural data
was available.

Streng and Streng [65STR/STR] measured molar extinc-
tion coefficients from 350 to 750.

Spratley et al. [66SPR/TUK] proposed a tentative assign-
ment of O4F, in analogy to the formation suggested by
[61GRO/STR]. Spratley et al. stated that the bending mode
frequency value of 290 cm™! given by [65ARK] was incor-
rect. These authors suggest a value of 376 cm™ for the bend-
ing mode vibrational frequency of O,F,. Additional bands
were observed at 586 and 1510 cm™!,

Goetschel etal. [69GOE/CAM] stated that the strong
bands observed in the radiolysis of liquid mixtures of O, and
F, can all be attributed to O,F,. The authors assumed the
molecule is diamagnetic and that at 80~-90°, the dissociation
energy of O4F,—20,F is 3 kcal'mol™'. They estimated the
entropy change to be 15 cal K" mol ™. The spectra is compat-
ible with that of [65ARK —584, 1519 cm™'] and [66SPR/
TUR —376, 586, 1510 cm™].

Using Raman spectra coupled with earlier EPR/NMR data,
[71IGAR/LAW, 71GAR/TUR] suggested that O/F,; is a red
unstable solid with a melting point at 82 K, and its spectrum
being very little different from O,F. There was strong evi-
dence that the O4F, molecule is bonded through the oxygen as
follows: F—0O = O———0 = O—F. Raman solution data ob-
served v(0—-0)=15162=1 cm™!, v(O-F)=584.6 =1
cm™!, and 8(O—0—F) of 376.8 = 1 cm™".

Plesnicar et al. [7T6PLE/KOC], using ab initio molecular
orbital theory, calculated the gcometry, the total energy and
the decomposition enthalpy of O,F, to O,F, and O,. Their
calculated values were: r(F—0) = 1.3564A (taken from
H;0; and OsF,) and r(0—0) = 1.406A. -

Glidewell [80GLI], using MINDO approximation, calcu-
lated the energy and geometry of O.F,. The geometry was
given as:  r(F-0) = 1484, r(0,—0y = 1514,
r(0,—0y) = 1.42A, £(FOO) = 112°, £(000) = 121.0°,
dihedral £ (FOOQ) = 79.6°, and dihedral
£(0000) = 53.3° The enthalpy of formation of O,F, was
calculated to be A¢H°® = + 36.2 kcal'mol ™',

Gimarc and Zhao [94GIM/ZHA] calculated the geometry
optimized total energies of O4F, from ab initio SCF-MO cal-
culations at the RHF and MP2 leveles using 6-31G** basis
set. A C, symmetry was proposed. The total energy and all

bond angles and bond distances were calculated and were
presented in the paper as:

RHF calculations

r(0,—0;) 1.3346 £(000) = 107.81°
r(0,—0;)  1.3669 £(OOF) = 105.42°
r(O—-F) 1.3650 dihedral £ (OOOF) = 81.58°

dihedral £ (O000) = 79.49°
No vibrational frequency information was available.

5.21. OsF;

Schumacher [SOSCH] in 1950 questioned the existence of
OsF,.

[61ARM/KRI, 62ARM/KRI], in their review of the inor-
ganic fluorine compounds, list an estimated enthalpy of for-
mation of OsFy(g), AdH(298.15K) = —53.6 kcal-mol™". This
estimation was stated to have been taken from a private com-
munication (June 1957) by Glocker and Dawson.

Streng and Grosse [66STR/GRO] prepared OsF, by mixing
O, and F, in an electrical discharge apparatus and found it to
be stable at 60 K. On warming, OsF, decomposed to form
lower oxygen fluorides and ozone. No other characterization
was provided. [67JOL] presented a summary of electric dis-
charge reactions used to produce thermodynamically unstable
products which are difficult to prepare by other methods.
Turner [68TUR], in a subsequent review, did not feel the
evidence was conclusive as to the existence of OsF,.

Goetschel er al. [(9GOE/CAM], aware of the early work
by [66STR/GRO], examined the radiolysis of liquid mixtures
of O; and F, at 77 K. Although there was some evidence of
higher oxygen fluorides being produced, there was no conclu-
sive evidence that OsF, was formed.

Brisdon [72BRI], in a 1972 review, stated that sufficient
data was not available to reach any definite conclusion as to
the existence of OsF; or its structure.

5.22. FOOOOOF

Gimarc and Zhao [94GIM/ZHA] calculated the geometry
optimized total energies of OsF, from ab initio SCF-MO cal-
culations at the RHF and MP2 levels using 6-31G** basis set.
The total energy and all bond angles and bond distances have
been calculated and are presented in the paper. No vibrational
frequency information was presented. In this study OsF, was
assumed to have a chain structure.

5.23. O¢F;

Streng and Grosse {66STR/GRO] prepared OgF, by mixing
O; and F, in an electrical discharge apparatus and found it to
be stable at 60 K. On warming, O¢F, decomposes to form
lower oxygen fluorides and ozone. No other characterization
was provided. [67JOL] presented a summary of electric dis-
charge reactions used to produce thermodynamically unstable
products which are difficult to prepare by other methods.
Turner [68TUR], in a subsequent review, did not feel the
evidence was conclusive as to the existence of OgF,.
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Goetschel er al. [68GOE/CAM, 69GOE/CAM], aware of
the early work by [66STR/GRO], examined the radiolysis of
liquid mixtures of O, and F, at 77 K. Although there was
some evidence of higher oxygen fluorides being produced,
there was no conclusive evidence that O¢F, was formed.

Brisdon [72BRI], in a 1972 review, stated that sufficient
data was not available to reach any definite conclusion as to
the existence of O¢F, or its unknown structure.

5.24. FOOOOOOF

Gimarc and Zhao [94GIM/ZHA] examined oxygen ring
strain energies obtained from ab initio SCF MO calcualtions
at two levels: MP2/6-31G** and RHF/6-31G**. They calcu-
lated strain energies for cyclic O,F,(n =2 — 8), converting
cyclic O,Fx(n =2 — 8) to chain-like O,F,.

5.25. O;F,

[8SWEI/WEI], using quantum mecchanical calculations
compared the results of O;F; and C1,0;. CNDO-2 MNDO
geometry optimizations were conducted, where the structures
were assumed to be O;X—0-X0O;. The results indicated that
O,F, was unstable.

Gimarc and Zhao [94GIM/ZHA] examined oxygen ring
strain energies obtained from ab initio SCF MO calculations
at two levels: MP2/6-31G** and RHF/6-31G**, They calcu-
lated strain energies for cyclic O,Fx(n =2 — 8), converting
cyclic O,F,(n =2 — 8) to chain-like O,F,. Note: This study
deals with a possible ring structure as opposed to the structure
discussed by [8SWEL/WEI].

5.26. OsF;

Gimarc and Zhao [94GIM/ZHA] examined oxygen ring
strain energies obtained from ab initio SCF MO calcualtions
at two levels: MP2/6-31G** and RHF/6-31G**, They calcu-
lated strain energies for cyclic O,F,(n =2 — 8), converting
cyclic O,Fy(n =2 — 8) to chain-like O,F,.

5.27. OF;

Price et al. [63PRI/PAS] have estimated the dissociation
cnergy of OF; through a comparison of all dissociation
energies of the fluorides of all the first row elements and their
ions, D(F,0—-F) = 0.7 eV. Although not specifically
stated, the structure would appear to be planar (Dsp), not
pyramidal (Cs,).

6. NIST-JANAF Thermochemical Tables

NIST-JANAF Thermochemical Tables for OF(g)
(Sec. 6.1), FOO(g) (Sec. 6.2), OFO(g) (Sec. 6.3), FOF(g)

J. Phys. Chem. Ref. Data, Vol. 25, No. 2, 1996

(Sec. 6.4), and O,F, (g) (Sec. 6.5) are presented on the follow-
ing pages. :



581

NIST-JANAF THERMOCHEMICAL TABLES FOR THE OXYGEN FLUORIDES

(6)'0'4

(40) apLionjg4 uabAxQ

EIE°0~
L3160~
1v€0—
95€°0—
ULE0—

TELO1 -
SBS'EN—
€EE8T—
1S¥°81—
8CI1'TL—
QIR'LT—
€/TLE—
88196 —
618°CI1—
HLINLINI

¥ 301

(32q 1) 661 J9qWAdos JLNFIAND

18q 1) 9961 19qUaII3S SNOIATAd

056'5¢ VEL'E6 996961 9TY'88T PSTITE  L19'6T
8169 9THY6  €66'€61 PL8'L8T PSLOTE  pE8'6T
006'L€ L60'S6 666061 TIE'LST WTOLE  900E
068'3€ 8VL'S6  YRELI 8EL'98T 8IL'61E  €9T0€
$68'6€ 6LE'96  LYE'V8I $S1°982 08I'61€  £8Y°0€
60607 06696 L8181 655°S8T 679'81E  80L'OE
SE6°1 78516 SO3'8LI 756787 y90'8IE  LE60F
L6’ SS1'86  669°SLI TEEVRT €8F°LIE  OLI'IE
S10Hy 1L86  1L§°TL 00L'€87 L88'91€  LOvIE
SLO'SY LYT66  8IY'691 950'€8Z SLTITE  9v9'iE
Wi L9L'66  15T'991 86€'787 HOSIE  688'1E
1271 0LZT001  OM0'€9! 97L18T 666 V1€ pEITE
908y SSL'O0T  $18°6S1 6£0'187 PEECTIE 18€'7€
€0V'6t $TTI01  $95'981 8E€'08T 0S9'EIE  0£9°T€
015°0§ LLYIO1  88TEST T9'6LT SYETIE  6LY'TE
629'1S PII'T01  886°6v1 688'8LT 0TTZIE  6T1'€E
SSLIS 9€S'TOI  799'Opl oP1'8LT WKIIE  6LEEE
1685 £76'201  TIE'EY] YLE'LLT TOL0IE  L79°€E
9€0°5S 9EEE0l  LE66ET 065'9LT 806'60€  EL8'EE
€619 YILEOL  8E69ET L8L'SLT 680°60€  OII'bE
£5€1LS 6L0P01  PII'EE] S96'vLT EVUB0E  SSEVE
62535 IErp0l  L99'6T1 £TIPLT ILE'LOE  685'PE
oIL6S 69L%01 . 961971 09T €LT 69K'90€  RISPE
L6809 960°S01  £0L'ZT1 SLETUT 8ES'SOE  BEO'SE
86019 1IP's01  681°611 L9V'1LT SLSYOE 1sTsE
S0€'69 SISOl pS9§1T SES'OLT 6LS'E0E  bSYISE
1T519 L00'901  860°T11 8LS'69C 8KST0E  LhY'SE
SPL'$9 687'901  $75'801 $65°897 I8Y'10E  8T8'SE
LL6'® 196901 €£6'%01 ¥85'L9T OLEVOE  966'SE
0zz% $78901 97’101 SPS'99T 12667 1S1'9€
69V°69 LLOLOY  YOL'L6 SLY'S9T €PO'S6T  T6TOE
STLOL 1Z€'L01 8906 £LEPIT 118967  RI¥'9E
66'iL PSSLOT  0TV'06 8ET'€9T 1€S'S6T  0£S'9E
99T'5L 6LL'LOI  €9L'08 990292 00TY6T  979'9¢
6vSTL v66'L01 9608 968°097 9IRT6T  LOL'OE
8E8'SL 661801 ZTv6L L09'65T SLE'I6T  ¥LL'OE
8E1'uL Y6£'801  THL'SL P1€'8ST EL8'68T  9I89E
Stb'sL LLS'8OL  LSO'TL 9L6'9ST SOE'88T  SOR'9E
8SL6L 6VL801  69€789 685°SST 999'987 168'9€
6L0"'8 806'801  6L9'V9 6v1'pST YEY8T  906'9€
S0V'18 £50'601 88609 $59'TST 8YI'E8T  016'9¢
LS8 p8I'601  L6T'LS 660'15T SSTIST  €06'9€
980°s8 00€'601  R09'€S 8LY6YT 09T6LT  988°9€
yEY98 100601 126'6F 88L'LYT ESILLT  658'9€
88L'L8 S8Y'601  9ET9Y 120'9vT 616'%LT 128'9¢
oP1'68 €SS°601  LSSTY ELITHT WSTUT  OLL'9E
60506 909'601  €88'RE 9€TTVT 0100L  $OL'9E
vLY 6 179601 LITSE €070pT €6TL9T  619'9€
166 199601 0961 990'8€7 99€PIT  605°9€
0196 99601 9164 LIS'SET S6I'I9T  L9E'9€
8L6'56 1S9°601  88TVT 0SYEET 8EL'LST  €8I'9E
) 09601 18907 656'0£7 8E6€ST  IP6SE
SOL'36 1LS'601  ZOI'LI SPE'STT €TL6YT  129°E
650°001 705601 196°€1 T9'STT VE6PYT  €6I'SE
0¥ 01 P60l 69001 1€8°22T TIP6ET  0L9VE
RTL'I01 POE'60l  €19'0 £80°02Z 69€EET  09BEE
0€0°Y01 LLI'60  €0€°€ 799'L1T 0T6'STT  LI6TE
L6T'501 STO601  650°0 L6E91T v6S9IT  L00°TE
0Z€'501 STO'60 0000 96€91T 96E£91T 661
116501 6£6'801 - SESI— 776917 €8L°01T  S8LIE
S0§°901 878801 9TI'E— 01€61Z 189602 SE6'IE
990°.01 789'801  SELY— S86'STT 61561 wur'ee
TS0l 90§'801  L9€9— €S8YPT SLI'IRL  009'ZE
966'.01 T8€801  LY6L— LIEBIE 06£°651 850°0E
T6€°301 T6£'801  88E'6— HLININI 0000 0000

D'V oH'V  CLH~H  UICDH=:D]= oS ol

loun 10w,y f

BIW 10 = ,d = 2INSSUJ VIS paBpULIS

N SI'86T ="L =

0009
0065
008§
00LS
0095

00sS
00rs
00€S
00Z¢

L a9y Adjeyiug

(6)0*4

(40) epuionig usbAxo

(€861) STY “(T) L6 "as0122dS ‘(o] [ ‘eloNH "H PUE BPRWEX "D T[N MYV,

‘(0861) LL1T ‘O 'SAUd "IOW ‘SLLOW "V PUe S|[IN "'[ ‘Ueyieuof N ‘93Ad ‘'f,,

(6L61) S01T LS "SAUd °f "UBD ‘R[N ‘M AV

*(3861) 661 ‘6T 9501153dg “JOW °f ‘PIEMOH *[D PUR Jopjopng “g [ ‘BYUIS "V JOWWRH ‘d'd,

"(9861) 1Ly ‘ST "0s0Mdadg IO °f ‘JRIRIOW "M Y'Y PUB PIRMOH (D ‘ISWWRH ‘Q'd “Seployyng ‘g°f,
(0S61) LOT “HI0A MON 0D PUBRIISON Uey “(] ‘SI[NIIJOW dnwoel( jo endadg ‘Sraquay Dy

(2861 13 ‘()0 7861 1S “(B)O ‘7861 dunf ‘A1) 7861 dunf (8)d SIIGRL [INUIYI0ULYL, AVNVI,
661) LLE ‘(S 62T 13T "SAUd "WayD ‘JJans ‘[ pue UOW "§°d ‘WuWId[Y gy ‘onYy D—'S ‘Breyzz,
“(€L61) ST6 *6S "SAUd "way) °f ‘ednyD "y M PUE Jowyaq W' ‘ZIMONIg [

(TL6T) SET (2) LT W] $sAud "Way) JOYIEWNYIS “("H PUR [YSMOWEZ)'[,

(1L61) HE *(T) T W97 "sAUd WRYD “uosiIeM 1"y PUE Juk|D V'V,

S35UdIaJOY

"M 0009 Mo[aq sIonduny
feuusays ap 03 ApUesyrusis ANGLIUOD 10U PIROM S1EIS SILL, "PIAIISOUISG 10U SBY NG, _Wd 000" ¢ 1orewrxodde v 1SIXS 01 pAWNSSe ST IS I,y UV
AKdoosonzads uLojsues; 121M0,] uOHN|esal Y31y AG PIUILLISISP SB 70 12 JSWWRH JO In[eA
3 1dope 9M *(;_Wwd LE'0 F 08°E61) 41V 12 JOUIWIEH PUE *(,_WD L9 T £'861) /[0 42 J9PIOWNINg ‘(,_wd 'LL1} 1P 12 Teld3OI ‘(,_wd 0€ % 091)
o' 1212 31AQ ‘(WO 9°G F €'LLT) (JPIPNOW $10(Ine dAY £q Afjeiuswiiadxa pauiuaiop uadq sy *aieis punois ay) Jo Sumids ayi 'y Jo anfea o],
oM 11 12 19pjoYNIng 3Y) WO} IUAIYHIP Apysifs 220m yarym san[ea papiaosd
‘pardope SABY M UDIYA JO SINSAE Ayl ‘APNIS JONE[ SI], "9oUDSIMWN[IWAYD PAseLul 4O Y3 (pnis 01 IAPUNNIAAS ULIOJSURI) JALINO UCHIN[OSII
Y3ny & pasn ;10 12 JOUNLEH "SUOLIPUOD MO ISEJ JOPUN SA[NI3[oW peAlj—Lioys Apmis 03 paddinba 11> uondiosqe vondayas aydnnuw e pue 1239wondads
ULIOJSURI; JOLINO UONN(OSAX Y31y & SuIsn OPewl AI9A SUONBAIISQO YL, ,'[p 2 19pIOPUNg Aq POZLISIORIRYD UISq SBY ‘X[ X ‘Alels punoif sy,
“pasn st aNDIUYII) $IILIS—IFAO-NS B SUCHOUNJ JRULIDYI 3Y) JO UONRIND[ED Y ut PIEN[IUI $1
QRIS X 9 AJUQ "SUONOUNY [EULIY) SY1 JO UOTIE[ID[ED JY) Ul Pasn UdY} SIB $IN[RA J9NE] A, "$a13ads ‘aduepungz [RInIeY 91 “JULLINDD0 A[[ewiou 3y}
10J 3SOYH 0} SIUBISUOD AAOQE SYI UIAUOD O} Pasn e  sdysuonie|as d1dolos “1owodolost 4,0, Y1 10§ 218 IA0QE pate|nqe) sinsal ordoasondads ayy,
Kdosjug pue Apdeder 1ea

$SIIQRL [EIMWIYIOULIY], YNV Y3
woyy U3y Are ‘(Jan)’Q pue ()0 ‘(21)2d pue (8)4 yrioy suonouny puLayl "33 210y pAussald suonend[®d Ayl 10] PIPI2U BIEP [RUOIIPPY ') lowr Yy
01 ¥ 601 = (3867 ‘3'40). H'V 21e[n3[Ed 3m ‘anjea padope oy wol] *1yoewnydS pue Msmowrez) q 2O JO tonisoduiodap [ruualy oy 10; 1dooxa
SaIpNIs ANdWoNIds ssew a1k pue ()20 Jo uoneuloy jo Adjeyius atj) uo 1uapuadap [[B JUB SAIENIS INOJ IS 7P 22 SUBYZ PUE ‘0 12 ZIMONISg
‘ASYOBWINYIS PUB D{SMOUIEZ)) ‘| UOSIEAL PUE JUAID JO SOIpmIs [eItouitxadxa oyl uo paseq (,_jow-} 01 F L8Y'S1T) (W2 0S8 ¥ 0£081 =(H0)a
1dope 9p Q% SugAjosur SAIPNIS UONIOEAI WOJ) PIPENIXD (7) PUE UOHEMO[ED [RIQIO JB[NIdjow B woyj paAudp () :sadA) oml ojur padnoid oq
Aew san[eA YL, *,_[OW-1} L'E0F OF £'90] WOI] 53U s3N[EA PIALIIP Ay, *sanbiuyda wuasayip Kuew Aq parepnafed uadq sey K312 UOHRIDOSSIp ALY,
uoneuuod jo Adeyiuz

1=0
S|qe|IeAR OS[E ST SULIA! 13PIO 13YSIY [BUOLIPPE € 4
SPE'S— = 0! X B°® ‘[880100°0— = *2°® ‘95H890'0— =A™ 4

TIPSEl 6ELBTY S108£10°0— LbSOL8SO' 0£006'6 9LEG5TSOL z 08°€61 154
TIPSET 6EL8TY S108€100— LbSOLBSO'T 0£006'6 9LE65TSOI 4 0 ULX
Yri #x,01 °0 0 °q £X0 o '8 L RUN

;WO (g Oy,) SIURISUCD TRNIIOW PUB S[IAY] dIUCHIAH

\-10W M O1 ¥ 601 = (3 SI'86T)u H'V
(-low POF % 801 = (3 0).H'V

oW 3 £ €0 F 0'91T = (A SI1867)eS
|- 0S8 ¥ 0£081 =3

2€08L66'vE ='W sey |eap)| (40) apuoni4 usbAxo

J. Phys. Chem. Ref. Data, Vol. 25, No. 2, 1996



MALCOLM W. CHASE

582

(6)?0*4

(004) apuoni4 uabAxp

(eq 1) $661 12qUAGDS S LNTIUND

(2q 1) 9961 10quarddg §NOIATID

ST~ 00267 8659 095°SEE ST8'69€ TELSTY 66919
6vS'T— LE6'LST TIE9E  96E'6LE 988'89€¢ 9ILYTY 269'19
SS6T— 1L9°€87 vI09E  6ITELE TE6'L9E 199°€7y £9'19
0952~ 86£°6LT 90L'SE  190'LIE $96'99€ 68577y $89°19
996°T— 0zTI°SLT 68€'SE  168°01¢ 086'S9€ L6V 1Ty 0L'19
ws'T— SE'OLT S90'SE  1TLPOE 186'v9E S8E'0TY $0L'19
8LST~ 95997 9ELYE  0SS'B6T 996'€9¢ £ST6IY SILT9
$86T— 1S2'79T OPYE  6LETOL €E6T9E 660811 F1L°19
1667~ 8v6°LST 990PE  LOT98T #8819€ $T691Y uLig
86T~ Ov9'€ST 6TLEE  9E0'08T 918°09€¢ sILSty OL°19
S09'7— PTE6HT €6E°€E  99FELT 0EL'6S€ €0 1Y 169'19
U9T— 700°SYT 8S0'EE  869°L9T STY'8SE LSTEW w19
6197 €L9°0VT 9TLTE 1519 00S°LSE 986'11¢ 15919
LT9T~ LEEOET 66£T€  99€'SST SSE'9SE 889°01% €£9'19
yE9T— $66'1€C LLOTE  SOT6VT 881°SS¢E €9€'601 365'19
WL SYO'LTY WLIE LYOEKT 666'ESE 600°80F 65519
1S9°7— 682°€7T SSPIE  E68°9ET L8LTSE 97990 1619
659°C— 976'81T oSI'IE  ¥PLOET 155°15€ €1TS0 19
8997~ 9SS PIT L9%0E  109%TT 162°0SE LOL'E0Y 00v°19
8L9T~ 6L1°01T 68S0E  SOP'BIT Y00 6PE 68770F €E19
1897~ S6LS0T EZE0E  SEETIT 169'LVE SLL'0OY *wT'19
869°T— 90102 890°0€  ¥IT90C 0SE'9VE STT66E LI'19
80L'T~ 600°L61 oz8'6C  101°007 6L6TPE LEYL6E WLOTO
61LT— 909'761 L6S6T  666'€61 8LSEYE 010°96€ (L6'09
[ L61'881 T8E'6T  LO6'L8] SPI'TYeE IVE'Y6E '98'09
VLT £8L°€81 081'6T  LZ8'18I 8LY'OVE 879°'76€ IEL°09
osLT— £9€°6L1 T66'8T  09L'SLI SLI'6EE 698'06€ 909'09
oLT— LE6PLT 61887 90L'691 9€9°LEE 790'68¢ 9F'09
€8L'T— LOS"OLI 65987 L99°€91 8S0'OEE $0T'L8E (1€09
86L°T— £L0'991 IS8T WPOLST 6EYVES 6TS8¢E 109
yI8T~ €€9°191 SLE'BT  LEYIST SLLTEE TTEESE 186'65
1€8'7— 681°LST LST8T  8YISHI 890°1€€ 26T18¢ 208'65
6V8'T— WLTSY I8 LLYGEI TIE6LE 961°6LE 919'65
698°T— 68781 op0'8T  STLEE] $0SLTE TEO'LLE TW6S
068'T—~ PER'EY] yS6'LT  g6LLTI TW9'STE €6L'VLE 0TT'6§
16T SLE'6EI oLg'LT  18811TI TTLETE PLY'TLE T10'65
9€6'T— Bral 16LL0  066'S11 ObL'ITE OLOOLE 008'8S
€96 610E1 olLLz 1ol €69'61¢€ TLS'L9E §8S'RS
1667~ 186°SZ1 YWOLT  ELTHO SLS'LIE TLEY9E 99€°85
e~ 605121 1LSLT  8P'%6 €8E'STE 79729 wI8s
LSOE~ YEO'LIT VLT 19T 601°€1E 1€7°65€ T6'LS
PEOE~ SSS°T11 8IV'LT  £98°98 8YLOIE 991°'95€ W0LLS
9E1E~ TLO8OL PEC'LT  OI'IS $67'80€ TSEESE SLY'LS
€81'E~ $85°€01 YWTLT  L9ESL 6€L'SOE £L0'0SE 0STLS
SETE- 06066 SYI'LT  $59'69 9L0'€0E 609°9€ SI0°LS
Y6T e~ 06576 LEO'LT  §96'C9 $62°00€ 8E6'TVE 69L°9S
19€°€~ £80°06 02697 10€'8S L8E°L6T 0E0'6€€ 105°95
8EY'E— L95's8 €6L9T  $99'TS WEY6L PSSYEE 017'9§
875°€— ov0'18 95997 090'LY 151162 89€°0EE LSS
£€9°E— 708°9L 0Is9T 6l £08'L8T £15°SZ€ wrss
8CL'E— 0S6'IL SSE9T  696SE 067%87 65T°02€ (8675
116~ T8E°L9 €61'97  00S'0E 609°08C 86v'7 1€ LEYS
001y — 96LC9 92097  001'ST €9L9LT 8€1°80€ §65°€S
wey— 681°85 9s8'ST  88L'6I 8LLTLT LY0'10E ¥65°TS
€99 — LSSTES 689°ST  16S¥1 0TL'89T 8€0'E67 6T 1S
801°S— 668°8 LES'ST  THS6 £SL'Y9T SER'E8T %09°6
pLLS— €IThY st 189y S62°19T 110°€LT LpLy
6L8°9~ 60S°6€ 66€°ST  T80° 115'65T 98L°65T ISPy
L£06'9— TTr6E 00r'sT 000" 115657 1S65T 13474
soLL~ WILE SSP'ST  860'T— ££T°09T 178'1ST ow
860'6— EEVE 065ST  UIY— SSh'E9T £65°THT 0970
9EETI— $SSTE 6€8'ST  SIIO— 0T LEV'IET 09€°LE
[ S8E'0E 0£T9T  806'L— $10°967 ££691T S6bPE
0EL'6T~ 8SK'8T 8IL9T  €65'6— 181°S8E ST9'€61 LT EE
SLINIENI ovTLT ovTLL  9STTI- HLINENI 000" 000"
¥ 80 8044 oH'V  CLoH-oH  UCDH-9)- oS o)
(1o o RCUNS Oy

BAW 10 = .4 = NSy 8IS paepuers

M SI'86Z = L = unjesadwa f, awa1)ay Adjeyiug

(6)?0'4

(004) spuoniy usbAxo 2£02266°0S = ‘W

(9951) YEY ‘P "SAUJ "WAYD [ “INYDS ‘HY PUT UIPUISSA] "M Uy

(€L61) L9 (€) 01Z WSSS ANEN PV "THOQ ‘AoqdRL I A pue A9Epo3) “d'd;

(9L61) $1 ‘Op Ysomyads 1 1dO ‘IASIYZAYSd "RA'S PUR BAON[EIN TV ‘AOINL T'A "NNUDIEIN W W

($€61) 8T€ ‘pTd WaL) WsAyd Z I9yoewINydS "['H Pue URWSSID "V,

“(4661) € "ON ydraSouoly ‘el 'Joy "way) 'sAyd [ ‘X0%rf TNy,

“(6851) 9€Z ‘911 19T sAyd "wayd ‘[3qdwe) W'D pue wiy "IN,

(0861) ¥L ‘¥8 ~$01123dS [0 ° ‘XOR[ TNy

“(9951) €907 *(S) t "$Aud "WYY'[ ‘WA DD pur sumny, [ ‘Aopesds ‘aYy,

(9961) 1¥9€ ‘P “sAud "way) °f ‘Prudwild "D'D Pur 3IGON 'N'dy,

“(S961) LSOY ‘L8 "20S "WRAYD "WV [ TBMY "V,

“(1661) 18T TST "SAud "wap) ‘sdwa, " pue ‘sIeag "L ‘ZRID ‘W ‘seiaed "g'd ‘Aord "Ny,

(6861) ££01 “(S) L9 "SAUJ "IOJN ‘STedS "L PUe saquoisaq] “T[ “Youknwaq -D ‘sataeq "d'd ‘A80d Wy,

“(L861) 88T ‘LTI—ST1 "950103dG O [ PIRMOH "[D PUB BYULS "V “JOPIOUNG €T “IPHIN "M ™A'V

“(F861) v69Y '01) 08 'SAUJ "WIYD ' ‘BIONH "d PUE BPEWEL "D

“(§961) 80F ‘69 "WaD "sAyd ‘[ ‘puejadod "M N'd Pue KA g [,

(LE6D 1 LTd 1V WD NisAyd “Z ‘YosLig “d PUR IYoRWNYIS “['H,

“(5661) L1€S “€1) TOT "sAud "way) °f *201], *f pue yaIs "W “1addiH “H *9900) 'V ‘Isof-ourzndure)yd,

“(L861) 88 ‘(1) 1p1 1T “SAU "WoYD ‘PISMONPOY "L’ PUE UISUIYIIS Y “Yezofeiey ‘g ‘310qs3ed d;

(6861) 66 ‘(7) 8T ®®A 19y WD ‘sAYd [ ‘wewAT T,

(6L61) €ET “0F “[eIB "RUIY ‘ACIOY "DV PUE BUIUOWRYS “I'N,

‘(paysiigndun) ‘vew&] [ pue 35077 1D ‘PU|[OH Y,

*(8861) TETL ‘T6 "WAUD "SAYJ [ ‘PUEIIOH Y pue wewkT T,

S99UaIRYBY

*UOHRINI[ZD YN UL PISN 21k SALIS | PuR X AP A[UQ "WUQGH

23U UOHIBIIOSSIP JO JISUO I} PIAIISAO o XOOR[ ,° 11 12 YNYIIEI WKy PUE *, IOYS PUE UIPUISA] AQ WUQZY * ZAoxnidn L, pue asepoday) Aq wugog

J& POAISSqO U29G SBY WINWIXEW B YoryMm Ul saipms uondiosqe Ioj Passnosip ‘M3l 1oy UE . XOJ[ "3[NI3joW 3y} Jo A313U3 UONBIOOSSIP Ayl MOJ3q
$SAZI3U2 16 SINEIS MUONIIS OU PIIBIIPUI " [V 12 YAYIIEIA| PUE  JIYIBNYDS PUE URWISSLID 7O JO B1O3dS uondiosqe paysiiqnd ay1 1ey) paiess uews-|

*M31ADI IOIIES U Uf  UewAT AQ PIPUILILI0dAI UM SADUINDALY [RUOHRIIA JRJILILS (T4 JO) ANRA Y XLuew

udBoniu oy pue fa pue 'a Joj sanjea aseyd sed Bursn ‘o xoder JO SUCHEPULLILIOIAI A IdOPE IM ' 119qdwe) pue wiy| pue ‘o X0dk( ‘(11 12 Kopeadg
*, [9MUSWIY PUE AGON *(, 1MV ‘o, 17 12 R[IOHOI ‘(PIONH PUE BPERIEX PIALIOP A1k $3[0UaNDILY [RUOHRIGIA YOIYM WIOL) SIAPNIS SNOIIWNU OIE JIHYL,

. "6e_OT XOVTH6 = PUB ‘(. 01 XTESE'S =91 ‘(_OIXYILO'T =Y/

Bre (o 3 up) e jo syuswow dfdound syy, ,7p 42 Aoig A3 Apms 9oUBUDSII JNSUTRW JISE] B pUR | Jn 13 £a8og Aq Apmis dAEmOIdIU

© ‘1D 12 Te[[O)IW JO Apmis pareyjur a1 wolj d[qejieAr St uoneuuojut [ramdns Supioddngy 007’1 = O-O PUP Y6v9'l = O ! yiduap puoq
S, RIONY PUR BpRWR A Aq PAUIEIQO SB WND3dS JOSe[—OpOIp oY) 1O Paseq 7' [ JO 3[R O~ B YIIM 1USQ SI A0 SIY) JO 2INONNS |,

Kdonug pue Ayoede) jesH

Apnis onounjonoads M 0ZF001 v F LY g1 1sof—ouezndure)

Apmis onoupjonoadg N 66€-56C I'TF 19T 1712 310qs8eg

MIAADY 67t JUewA]

>0 a1es Jo udq 3 96T-€TT 91T (AOI0}] PuE BWIUOURYS

IO+ uonoeal jo Apms onaury ‘paystiqndun 1'vC 1D 12 pue[|OH
YO+ uondeal Jo Apmis Jnaury 3 86T LT F0€ (PUB[IOH puE uewA ]

anbiuyday, Aps jo N/1 |- low- ‘(1 860D H'V Joyiny
13I® SON[EA POPLIWIWION) JI3Y) pur SAPMS [eIuowradxd Xis sy,
g SIS [euswiadxa SMY) UO Paseq InjeA UONEULIO) JO Ad[eyIud ue PIpUSWIWIOdds URWAT AQ MIAdX ayJ, “sisA[pue s ul
PApN|OUT 10U 31 ., SAPNIS JAILTEI OM ], SIS [eruawiradxa Xis UOPaseq St ¢, _[ow-Mf T T $'ST M S1°86T 18 (8)420 Jo uoneunoy jo Adrewpua oy g,

uoneuuod jo Adieyiug

eEumw 111-01 X L8PE¥8 = 2[8¥] (B[ JO SWAWOA Y1 JO 1onpoig

111 =00 93uv puog

YOOT'I =00 * Y6b9'I = O s30umstq puog

=0 *) :dnoig) utog
(mee6Ls
(NoLE . (4 0£98 WV
(1DE6'98Y1 [4 (U] WX
(- ‘a '8 w3 g

sarorIduadaq pue sarduanbar [ruonBIGiA SISO WMUBNY PUR [9AF] JIUONII|Y

1-10W O T 5 #°6T7= (1 SI'860). 'V (10w N [ 70 F §'65T = (A S1'8620)eS

oW P T F 7L =10V

sep [eap| (004) opuon|4 uabAxo

J. Phys. Chem. Ref. Data, Vol. 25, No. 2, 1996



583

NIST-JANAF THERMOCHEMICAL TABLES FOR THE OXYGEN FLUORIDES

6)20*4

0sy'zy—
PECTS—
01889~
617769~
666'18—
86L' 101 —

(0d40) @puoni4 uabAxo

RET ]

SOL'689 890'18€  808'LIE Sb'29¢ 6LO'LIY  9IT'8S
LLS'Y89 STI'BE  986'1T¢ LT5°19¢ 10191 9IT'8S
£57°6L9 UIBWE  S9I'9IE $65"09€ WISy LIT8S
LTEVLY OIZW/E  €pE0IE Ly9'65E €60 1Y LIT8S
€0T°699 WTBE  1TSH0E ¥89'85¢ £90°E 1Y 81785
8LO'Y99 997I8E  00L'86T SOL'LSE falxdid 81T'8S
$56'859 98T8E  8L8T6T 60L°95€ SP60IY 617’85
TEV'ESO T0€'8E  950'L8T 969'S5¢ LS8'60P  6IT'S
80L'8%9 SIE8E  PECIST $99°95E 8PL'8OV  OIL'8S
98SEY9 LIEWE  TUP'SLT SI9ESE 8I9'LOY  0TT8S
£99'869 6EEIBE 065769 LySTSE S9U'90r 12285
IYE€E9 OSET8E  89L'E9T 8SH°ISE 687'S0P Tss
817°879 €9€'8E  SPE'LST 6vE05€E 88070V T8
960°€79 8LEIBE  €21°TST 6176v¢ 798°T0V €2T8S
YLELI9 S6ETBE  T0E'9HT 9590°8p€ 019'I10v  ¥IT8S
PS8TI9 IWWBE  BLYOPT 168°97¢ 000 STT8S
€EL'LOD 6EV'IBE  9S9VET 169'SvE WO66E  9TT'8S
19200 LOVI8E  €E8'8TT 99 PYE €8O'L6E  OIT'8S
¥61°L6S 66v'18€ 1107627 91T 'EvE €1€°96€ LT8S
9LET6S SESBE  8BI'LIT LE6'I¥E 01696€ 82T8S
$STL8S PLSTBE  S9EIIT 1€9°0b€ TLY'E6E 67785
wress 81978  TpSSOT S6T'6E€ 866'16€  0ET'8S
9TOLLS $99'I8E  6IL°661 876'LEE S8Y'06€ 1€2'86
116°1LS OIL'BE  968°E61 825°9¢€ €€6'88€  ZEU'BS
66L'99 69L'8E  TLO'88T S60°SEE LEE'LSE €ET'8S
889°19¢ PI8BE  6YTT8I STY'EEE L69'SSE  PETBS
6L5°956 188778 OTHOLI 611°2¢E 800'78E SET8S
LK ISS LEGTBE  TOS'OLY ZLS°0gE 0LTT8E LETSS
Y9E'SHS T668E  SLLPIL $86'87¢ 8LV 08€ 8€T'8S
09 1v5 SYO'S8E  ¥S6'8S1 €SELTE 6T9'8LE  6ET'8S
LST'9ES P60'E8E  TET'EST 9LY'STE 6IL9LE  OPT'8S
$S0'LES BEI'6BE  LOE'LPI 6V6'€TE SYLYLE  OvT'SS
956'STS PLI'SBE  T8VIVI TLITTE 10L°ZLE WT'8S
LS8'0TS 10768 869°SEl 6€€°0TE €8S°0LE  THTSS
6SLSIS 81T48E  pER'6LI 6vv'81¢ S8E'ROE  THT'S
199°01§ 172686 010%T1 L6V'OTE 101'99€ 19785
£95°505 6078 981'8IT 6LY'PIE €IL'E9E  OVT'SS
9005 08I'68€  79€°TIT 16€21€ YPTI9E SET8S
S9E'S6 TEIE8E  8€S'901 67201¢€ 959'8S€ SETHS
192°06% 19068 S1L°001 L86'LOE LY6'SSE  0ET'8S
¥S1'S8p L96'18€  T68'%6 099'50¢ 901'€SE  TIT8S
w008y $Y8IBE  1L0°68 O¥Z'€0g 0T1°0¢€ 178
€L6'vLY €OL8E  OST'€R €TL°00€ ELE'IPE 96185
S6L'69Y T€S778E  TEpLL 660867 LYO'EVE  PLI'SS
959°bop 62€'18E  919'1L 19€°562 1Z10vE E71'8S
£05°65% 860°8€  $08'S9 10S°26C OLE'9€E 860°8S
PEC TSy 8ETIBE  L66'6S 60S"687 POETEE  PEO'SS
oI'6by 8S'I8E  861'PS 9LE'98T 990'87€ we'LS
£E6°EVY 8ITI8E  01P'8Y 760°€87 VEVETE  9OR'LS
£69'8¢Y BL8'(BE  6€9'TY 059'6L7 TWBIE  909°LS
6iv ey 10S'(8€  768'9€ £P0'OLT SEETIE  90E'LS
Lo1'sTy 860°(8€  €81'I¢ £LTUL 026'90€ 67895
SYL'TTY 8L9'6LE  OES'ST 1S€'897 ¥9T'00€ w1'os
LEELIY LSTELE L9661 TIEYIT LEBT6T  9€0°SS
L98°TTY VOR'ELE  tPSYL 0vT'09T ISYV8T  Y6TES
8EE'90Y LSS'SLE  1VE6 61€'957 100°5LT 185705
YoL'00P IEVILE  €LvY €L6:T5T SSI'POT bSOV
861°56¢ SI9SLE  9LO’ 062157 veIsT  0ETIY
960°S6€ TLIE 0007 687157 68T1ST 9T’y
PSP'T6E 098'LE  S16'1— 1S6'15T 06TVPT  9vb'SE
TLL'68E 01T¢LE  PLLE- YLE VST S00'9ET 166'SE
061°L8€ 0S9'CLE  9TS'S— 9LLTIT 8€6'STC  8ITYE
OLL'Y8E 6vI'@8E  11TL- €6E'78T 082217 OLEEE
819'78¢ L99'(8E  §L8'8-— €TL'99€ €17681 86T'EE
081°18¢ 081'18€  8€S°01— FLINIINI - 000" 000"

OV H'N  CLoH—H  MCDH-D)- S o]

s-lowt- iy (RIS §)

BAN ['0 = ,d = INSSAY VIS PrepUEIS

005§

M S1'867 = 1 = aanjesadwa], auasapy Adisyuyg

6)°0*4

(040) @puon|4 uabixO 2£0216670S =W seo |eap|

(6961) 616 ‘s 'ON "dwAg “upy) wmuend | "wauy ‘sAPY "A'Y pue oD T,
(S861) ST ‘€€ "1ONNS (O [ ‘ZNRIS "d'O puv uryeuny3ey ‘d (ARSOD “N'Y,
S90U3I98Y

‘ig pue
10 = X 219y ‘s3[nosjout (8)OXO Y10 Y1 9GLIOSAP Iy sarduanbaly [euoneIGIA Surpuodsaion syl WOy PABNSD 318 $a19uabal) [RUOHIRIQIA UL
(V¥ 61°1 JO 201RISIP pUoq - & Sununsse) ,zz'gzl Jo 2[3uk puoq e yum ams punoid 'q, v pa1sa33ns Apms 1ane] sIYL djSur puoq 040
3y} Jo uonduny e se sucne[noes AS13ud 18101 DS 135 SIseq ds ©19Z—-3|QNOP ¥ U0 paseq 1am ,$IAPH PUB 20D AQ SUOHRINI[ED HILIRI 'ISEHUOD U] 5198
SISeq «D1€—9 PUE D[ £-9 YU [9A3] JDS—AHY 4} 18 OO JO $IBIS JIUCAIIYI 1n0J Jo uoneziwiido K13woad 1e|ndajous 3y} PAURLEXD | 1P 12 1A8500
"ei-O1 XTSE6 L =21 PUR *(._OIX6LLEY =11 _OIXELCE'T = V] P
(zwd 8 uy) erusut yo spawow ddiound ay, (165511 9q 01 patejnded sem YSUI] puog YL “[,54'9L) JO AABUR O—4-0 ® Yiia 1U3q 3q 0} paw|nd[Ed
SEM MIDNNS U, (S13 SISEQ D] £~0) SUOHERI[E [RAURYoAW wnjwenb 13y up *1p 12 1ARSOD) £q pasn 1p st 919y pardope A1311098 sejnoajow 3y,
Kdoanug pue Kjoede) ey

" -[oulfy 81H< JO duLRYP

PIR[NO[LD IB1[IRD «mumm: PUE [0D) “ISLNUOD U] "} () € PALIDJAI SOUIIYJIP PALINOED SIY) 1RY) PIwnSse s11] °,_jow. 1Y 96¢ = (COA 'V — (OO H'V
1NS3 3y PIPAA UORE[NDED STYL ,*jm 42 1ABSOD) JO uoneziundo A1OWO0AS IR[nIJOW AP U0 Paseq PAIRINDED sem UOHPULIOY JO Adpapud Ayl

uonewod jo Adjeyiug

SWI3 [,01 X TEIZOI1] = 7"/ e1Iau] Jo SWAWOW 343 JO PpPoId
o[SL'9L} = O—~0 318uy puog
yl1665 1] = O~ PoumIsIq puog
=90 (*z2] :dnoiy uiog

Moozl
(N[009)
(Dlosot]
(W ‘a
$IITRIUAZ( pue $3dUaNbalg [RUOTIRIQIA

fel [e6v01) f'g,]
[a 0 [*g,]
3 wd amg

i
siydiop wimuend) puB S[IAYT JIUONdIg

(low ) [0 F 9°8L€] = (1 §1'860).H'V
i-low 3t [0Z ¥ T'18¢€) = (M O H'V

p-lowr {1 F 162 = (1 $1°86T7).S
\-tow 1y [07 F 06L] = (M 0).H"V

(040) apuoni4 uabAxo

J. Phys. Chem. Ref. Data, Vol. 25, No. 2, 1996



MALCOLM W. CHASE

584

(6)'0%4

(304) apuoniy usbAxo

T 1) $661 W30S - INAH IO T 1) 6961 1qu335q SNOTATAd
vLI'E— T9me 89S°LE LSY'STE 89L°LSE oy [E1'8S Q009
08I'e— SST°65¢ 1L8°9¢ w9o6lt LS8'9SE vEQ' L1y 5T1'8S 0065
S8I'E~ LBYE5E v81°9¢ 1€8°€1E 1€6'SS¢E or0'01y LZI'8S 0085
160'¢— LOT'YE 018°S¢ 610°80¢ 166'vSE 620°60Y 7TI'8S  OOLS
Lel'E— QIL'TE [32:34% 90TT0E SEOPSE 000°80% [ZI'8S 009§
€00~ NTLEE €0TYe P6€'967 £90'€SE €56'90% 31I'8S  00SS
60T°¢— L69°IEE €LS°EE £85°067 SLO'TSE L88'SOV SI1'8S 00vS
SITe— 1LI°E 196'T¢€ 1LLY8T 0LO'ISE 008v0F Z1I8S  00€S
e~ [43 404 99¢E°TE 096°8LT LY0'0SE ¥69°€0v 301'86  00T§
Lrre— £80°S1E 06L'IE OST'ELT 900'6vE $95 0 501’8 001§
PETE— £25°60E 9ETIE  6EELIT LY6LYE SIPIOF  10I'8S  000S
ovTE~ 756°90€ L0 0ESTI9T LO8'OYE 1vZ700y  L60'SS 0067
LTE- OLE'S6T T610¢  0TLSST 89L'SPE €PO66E  T60'8S  008Y
vsTE— 8LLT6T YoL'6T  116'6T L9vYeE 0Z§'L6E  (BO'BS  OOLY
197 SLI'(8T IWT6T  €0IbT SOS'EVE ILS'96€  I80°8S 009
89T €~ £96°18C £08'8T S6TBET OvE'TrE 6T S6E LLO'8S  00SY
9TE— W6'SLT T6¢'8C LBY'TET ISTIPE 686'€6E 1L0'8S  OOVP
v8TE— e 900'8T 189'97C 8E6'6EE YE9'T6€ §90'8S  0Qch
wre— wLIIT 6V9'LT YL8'0TT 669'8€€ 88T'16€ 650'8S 00TV
00E'E— ¥T0'65T 8IE°LT 690°S1T EEV'LEE 688°68€ 750’8 001¥
60E°E— 69E'€ST 910°LT ¥9T°60T or1°9ge 9SH"88¢ PrO'8S  000F
8I€°€— LoL're WLt 09+°€0T LISPEE 986'98¢€ IE0'8S  006€
LieeE— 8E0'WT 96¥°9T LS9'L6] vop'ece 6LY'S8E LTO'8S  008E
LEEE— €9€°%T 6LT'9T SS8I61 6L0'TEE 1€6'€8¢ BIO'8S  OOLE
wee~ 89°0ET 060'9T €50'981 099'0¢€ [4 4549 L00'8S  009¢
BGEE~ L661TT LT6'ST €67°081 LoT'6TE 80L°08¢ 266'LS  00SE
69¢°¢— LOE'61T T6L'6T ySrvLl LILLEE LTO'6LE P86'LS  OO¥E
18€°€— VI9ElT 89°ST 959'891 881°92¢ 96T LLE IL6'LS  00EE
V6eE— L16'L0T L6§°ST 098°791 619vTE €IS°SLE I6'LS  00TE
LoV E~ 6170 SESST €90°LS1 L00'€TE ELIELE WELS  00IE
wye— 615°%1 S6V'ST wrist 6vE'1TE ELLTILE ET6'LS  000E
LEV'E—~ L18°061 ELY'ST 18v°sp1 rho6le 018'69¢ £06'LS 0067
E€Sh'E— 911'S81 891°ST 169'6€1 688°LIE 8LL'LOE 188'LS  008Z
ILre— vIv6Ll 8LY'ST Y06°€E] 080'91¢ YL9'S9E 368'LS  00LT
o6veE— EILELT 86Y°ST 0z1°821 1412414 16v°€9¢ 1E8°LS  009T
01§'E~ €101 LTs'sT seetel 887°TIE €LCI9€  108°LS  00ST
€£5°E~ YIEDI 195'sT. 095911 862°01€ VOR'RSE  BOL'LS  OOVT
LSS'E- L1951 S65'ST  S8L°OI1 6£7'80€ SOP'9SE  JEL'LS  00£T
£85°¢— 76051 8296 ¥10°501 20100 - IP8'€SE  (89'LS 00T
29— LTgl 959°CT  8PT66 868'€0€ 6SIISE  LE9LS 001
v99e— PEST6ET YL9'ST L8Y'E6 $09'10€ 145149 I85°LS  000T
089°€— 1P8°€El 789'ST TEL'LS 127667 96¢°ShE sIS°LS 0061
61LE— 8r1°&Kl 9L9'ST ¥86'18 TrL'96T 88T°TVE 3EYLS 0081
€Le— ssy' yS9'ST SYTOL BSIP6T 800'6€€ BYE'LS  O0LY
TIge— 6SL79ET 919'sT S15°0L w9162 PES'SEE wris 0091
L98°¢— 190°111 095°ST LeL'YS 9v9'887 weIee eI'Ls  00s1
1€6'€— 65€°01 L8Y'ST £60°6S 669'$8T 606°LTE 366'9S  00b1
Y00y — 169°66 86€°ST LOV'ES €19'787 $69°€LE 39L'9S  00€1
6807 — SE6'EH Y6T°ST WLy 9LE'6LT 091'61€ 1€6°9¢  00Z1
681y — 01T’ SLI'ST €01y 6LE'SLT 1274447 1€T9¢ 0011
80€Y — Yo ] SYO'ST  86V'9E siveLe T16'80€ L8'SS 0001
€SPy — £zLoL SO6YT  LEGOE 089°897 YSO'E0E  IPESS 006
€E9V— LS6'0L OLYT  SEVST 18L497 ¥LS'96T 799%S 008
€98 — ELI'D 919'%T €10°0C 9YL09T 9EL68T 3TL'ES 00L
691°6— 69€°65 \ ¢ 474 WLyt 8Y9'96T wsrise Pt &4y 009
65— B4R 8BEVT £65°6 £99'TST 69L'1LT £9%°0S 00§
0£T9—~ HLWw 1LEPT 18454 L1T6vT 08097 98S°LY 0oy
v6T'L— 168°1r SISPT 080 9v°LyT BIL'LYT L6E°EY 00€
ozeL- v8L'Ip 0ISPT 000" 09%'LYT 0rLPT  206°€r  SI'R6L
0S1'8— 6006 989'VT 920'C~ 651°8vT LSOOVT 6L 0F 0sT
Lb'6— L% H6HT L66E— SSTIST 1LTI€T 350°8¢ 00T
SE9 11— (4143 % LOE'ST SERC— T19'65T v1L0TT [€5°¢E 0s1
$8001— S6LCE S9L'ST 95°L— 1§9%4:14 67L'90T 001
LOL'6T— 9EY'SL 8LT9T TET°6— wTs9e T65°€81 (Y

HLINIINI 16L°%C 16L9T $68°01~ FLINIANI 000 0
’y 20f 'V H'V  CLLH—oH  WICDH~.9)- .S D Wi
(-lowr- (-low,_yp.f
B 10 = ,d = 3INSDUJ AV)§ PpIepuLl§ M S1'862 = I = umjeiadma] 2012199y Adjeyiug

(6)*'0°

(9961) 66 “FT'2501102dS "[OW [ ‘950U "@'M PUR ZIBN T ‘U9BQIN "M Ty,

(9€61) BLY ‘VIST (UOPUOT) 00§ “Aoy "d01d ‘Aduliad "D’ PUE PURLIAYING “W'E''Dy

(SE61) €0T ‘96 “MiSAUd "Z ‘JOYoRWINYDS "["H PUR URWI{YO "y “IOUIIH "Dy

(0S61) 89 ‘31 "SAUJ "wayD °f ‘Sullmog [ puB URISWSY ‘['Hy,

“(1S61) LEE ‘61 "$AUd "WAYD [ ‘UIS[AN "H'Y PUR ZHOM "Hf d "WHWS-AQIIY '§'f ‘sducf "V'H,

(9961) £6-5€b ‘(H)6T 193S IO °f ‘ONBS 'S PUE OULOIN "A4

*(1961) OYTT *SE "SAUd "wayD °f ‘WUeIDI "N PUe UOSYOr([ "H'y *343ld 1,

(1961} $€ "SAYd "WALD °f ‘UOSUIQOY “(*Y PUR UOSIOPUSH “(I'M BT "H'[ *WYIRL "M’V “UOIIH "Y'V,

(€961) OEL ‘8E "SAUJ "wayD [ ‘UOSYT[ "H'Y PUB IUUEIDIQ "N ‘2991

(S961) SIT ‘PS "I9S "WAYD "UBAPY ‘ISSRRYIID “W'{ PUR “JASOOY “["], ‘YUOMYSY "y ‘UONIWEY "A'( 35GSIE UM,
(0€61) L6Z ‘061 "wAUD "B10uy “Z ‘[SZUIN "M PUB 0y Oy

“(0£61) 60b ‘€61 wRYD "SIouy "Z ‘NONuYY “Z'D pue S1aquarem H,

: (8961) €11 ‘VTL ‘PurIS Ing BN "S3Y °f ‘Buonsuy "1’ pue Suiy DY,

S390uUlIvjaY

'sanjea pardope tno poddns synsas g 10q Surdnod SIOLIC) PUR.IIURUOSII [ULIF UO SUISNOOJ SIIPNIS JUIDL AIOW SNOIDWNU UL Y],
“SUOTIRIGIA DI} Y} 10j SULISHOD DIUOULIEHUR ) puw s31duanbay smousrey

QY1 POULEQO . *1D 12 UIBQIN 4., "$IN[EA TE[TUIS pauodoa s10183159A1L JOYI0 [RIAADS * * 10 12 sauof q pauodal sapuanbaly feuonriqia ay) 1dope ap
O X LIOV6 = PUV (_OF X §TTLL="1"¢ 0l X T6EY | = V[ 318 (o 3 u)
eour jo sjuswour ajdiutd sy, *sonjea paidope Ino YiiM WSWIAILE UL St YIYM p£0] JO S|3ur ue pur Y €501 = 24 PIp|AL 0NRG PUR OWIOW JO
ApRis SABMOIONW QU ], *IRLIOOUT IR “71 72 UOIIH AQ Posn sjuswudIsse dul] 3y ¢,°7p 12 351314 01 SUpI0IdE Inq 92.3RSIp ;" ID 12 UOIIH JO SIUSANSEAW

1onIey -unnoads SARMOIOIW Y1 WOy Jndd[our Aes punoid aFuae Yl 10j |p 12 013ld /g pauodal soyr sropwered [eamdnns gy,
Kdoaug pue Ayoede) 189K

,Buoasuny pue Suy £q pauodar ¢ _jow [} ZGYT JO OnfeA ay: ydope o “aanedou 001 3q o) uoneuwuoy Jo Adjeyiud Juy asned WS eyl 70 12
29gs1g JOSIAWILIAAXD O} U] SIONE] [EIIAIS I8 AL, _[OW [X '8 F 6691 — *,'IP 12 33qsig JO {1 WOy PRI NG ,_[OW (Y §p'8 T 99'61 *IPZUIN
PUB Jj03 JO pue ¢,_[ow [ 9°Z1 F S8'ET ‘MOYUID] FUR SISqUALIEA, JO SINEA PIARINJ[LII Y Ll Wwawa213e pood Ul SeM IN[RA SIY], "ICRUIRIQO
Aposup sem *,_jow [y 7G'p¢ ‘uoneunoy jo Adjeyiud oy) Jey os uagoIphy ur 20 pue uaSoipAy 1 Z4 pawng A3y) uonippe ul ‘snoanbe JH aard 01
uadoIpAy ur 2,30 pawing £ay], “ISIOUILIO[ED SUR]) B U SUONIEAI JO $aLIAS B iim uoneuLoj jo Adpyiua ay) paysqeiss aaey \Buonsury pur 3ury

uonewuod jo Adiequg

SWOS 01 X 9€I8'101 = O78/¥] 1BILAU] JO SIUSWON Y} JO PNPOld
. 01 ,£01 =d4-0O—d 3(3uy puog

Y Ty’ = O~d 3oumsiq puog

=0 9 dnoi) wiod

Qies
(1154
(11826
jL
sapoeIanagda pue satcudnbalg [euonRIgIA

i 00 [v,x]

8 ,un t3 amg
WA WwMuenQ) PUB [9A3] JIUONIIT

(-loW DT F §T = (A S1'860).H'V oW N 50 F 9rrr =01 w_.wos_uw
(oW N T ¥ 89T = O H'V fow 3 T E SLe = (A0 H"V

(404) apuonig usbAxO $902966°cS ='W sex) |eap| ) (403) epuonig usbAxo

J. Phys. Ghem. Rel. Data, Vol. 25, NO. 2, 1996



585

NIST-JANAF THERMOCHEMICAL TABLES FOR THE OXYGEN FLUORIDES

(B)z0%4

(40043) @puoniy usbAxo

T894 1) $661 1OqUIIASS INAG A -SNOIATId
01g'9— SI8YIL 8LS°6S 689 068 v LETIS 1v0'€8 0009
61€°9— 6IL'EIL 0985 885°9SY 685" EEY 9L601S LEO'E8 0065
8TE'9— 819°70L 0£9°LS S8T'8PY L9y LSS'608 €€0'€8  008S
LEE9~ 88Y°169 65995 86'6EY £76'0ty €11°80$ 0£0'€8  00LS
ove'9— £PE°089 £69°SS 6L9°1EY BSS6TY £v9°90S STO'E8 009§
S§E'9— 6L1°699 TELYS LLEETY [VAg:144 Lr1°s0S 1720'¢8 005§
§9€'9— 666°LS9 6LL'ES SLOSIY 86L°9TY ¥79'€0S 910'€8  00¥S
SLE9— 208'9b9 SEB'LS £LL'90Y €TESTY TLO'T0S T10'€8  00€S
S8€°9— $8S°SE9 706°1S ILY'86€ 98Ty 16¥°00S 900°€8  00TS
$6€9— SEVT9 186°0S TLI"06€ SLETTY 6L8'86Y 100'¢8 001§
SOv'9— 1019 ¥L0°0S TL818E 198°0Zv 9ET L6y $66'T8  000S
91P'9— 1€8°109 (41404 €ELSELE 0Te6lY 655°S6p 686'T8 006V
9TH'9— £9S065 90E'8y  PLT'S9E 6vLLIY 8Y8'E6h 78678 008
8EV'9— LET6LS 'Ly LL6'9SE 6v1'91Y 101'26v  SL6T8  0OLY
69— £16°£9S LO99y  6L9'8YE LISy LIEOGY 89678 009
19p°9— TLS9SS 98L'SY €8€°0bE €58°TIYy £6Y"88Y 09678  00SY
wUr'9— TITSHS 861 L8OTEE SSUrly 679981 86’78 . O0vY
89— SER'EES (U444 €6L°€TE 1T 60y TTLY8Y €v6'78  00th
L6V'9— 6EV'TLS orbey 66v°SIE S9°LoY 1LLzsy ££6'78  00TF
1159 STO'LIS 60LTY 90T°L0E r8'soy wLLosy we'es 0oly
59— 65661 66°1¥ V16867 966'€0Y STL'8LY 11678 000V
8€S9— or1'8sy 10€° 1y ¥T9°06T Lo1'zoy 979'9LY 668°Z8 006€
55°9— 6L99LY 1€9°0F SEETRT LI 00Y ELYviy 988°78  008€
L9579~ S61°Sor 86'6€ LYovLT 961°86€ 9T ULy 8T8  00LE
€85°9— $69°¢SY YSE6E 0L'S9T 0L1'96€ 766'69F LS8'T8  009€
665°9— LTy LyL'8€ SLYP'LST v60°v6¢ 859°L9Y 0r8'T8  00SE
919'9— 1¥9°0Ey 091'8¢ T61°6vT $96°16€ LSTSHY 8T8 00ve
VE9'9— 680°61Y 065°LE 116°0vT 18L°68¢ S8L'TY 0878  00¢E
759'9— 0Ts°LOY 8€0°LE TE9'TET ovS'L8E LET O 18,778  00TE
1L9°9— $€6'S6E 10§°9¢ SSEVTT LET'S8E 609°LSY LsL't8  001€
T69'9- 1EE'V8E LL6'SE 180917 698°78¢ 968'FSY 1EL°T8  000€
€1L'9- OIL'TLE €9p°SE 608°L0T YEP'08E z60°TSY £0L°T8 0067
9€L'9— €LO19€ 8S6'VE orS'661 9T6'LLE o6l°6vY 1L9°78  008T
09L'9— LIV 6bE 8SP'YE SLT'161 we'sLe v8U'9PY €9'T8 - 00LT
S8L'9— wLLee 096°¢€ €10°€81 LLY'TLE R0 EVY 96578  009T
TIg9— 8v0'9TE 1opr°ee oSLYLL 916'69¢ 8TY6EY 76578  00ST
1¥8°9— peEEVIE 866°CE €05°991 £80°L9E 657°9¢EY 08'T8  00PT
U89~ 009°70€ ITE 957’851 WIvoe 6¥6'TEY 9r'I8  00ET
$06'9— £¥8°06T ¥T6'1€ +10°0S1 L60'19¢ S8T'6TY €8€°T8  00TT
69— 190°6LT LBEIE 6LL'TYI v6'LSE SSP'STY 01EC8  001T
086'9— ¥STUL9T 7€8°0€ TSS'EET Y99'vSE [laatid 97TI8 000
oL~ 81P°SST 8ST0E vECSTI 09T 15¢ STTLIY 0EI'T8 0061
890°L~ SS°EVT 799'67 e LILLbE /8L'TIY L1078 0081
8I°L— L TS9'IET wo'6T 2E6'801 90'PrE YO1'80F $88'18  0OLI
€LUL- MATAYA 86¢°8 1$L°001 SLI'ObE Lad 84 6TL'18 0091
YETL— 9eL’L0T 1€L°LT L8S°T6 151°9¢€ SLYL6E we18  00SI
0¢'L~ TILS61 6£0°LT bl or6'1€€ LST'T6E 9ICI8 00Vl
6LEL—~ +8E9'ERI STE'9T 9LE'9L 61S°LTE T98e 6€0°18  00EL
9P'L— -80S°ILE 065°ST 8€T'89 £06'TTE 89L°6LE L6908 00Tl
§9S°L— _olgest 9€8YT 681°09 LYo'8le YoL'TLE L9708 0011
189°L~ “YSO'LYT 90T 681°7S 166°71€ Or1°59€ 9IL'6L 0001
618'L— SILYEL 6LUET 155444 609°L0E 8LL'OSE L66'8L 006
S86'L— L8TTT1 v8b°TT L6E9E 1€0°70€ 8TS"LYE 0v0'8L 008
061°'8— 09L°601 689°1T €987 957967 T6I'LEE TEL'9L 00L
SSP'8— 611°L6 806°0T 890°1C 98€°067 00§°SZE 968 VL 009
T18'8— T5EP8 9LI'0T  €OLEl £L9'V8T 6LOTIE  ¥PTIL 00§
OEE'6— 8 1L 095°61 £99'9 6TL'6LT S8E'96T 16289 00%
wror- 6185 €0z6l  SII L0TLLT 165°LLT  EITT9 00
6101 — LLT'SS 00Z°61 000 WNTLLT N0TLLT €LO'T9  S1'86C
0F8°01— 188°1S £0T61 V68T~ 90T'8LT T€9'99T L96'LS 0sT
L8 11~ 9¢°sk £6€°61 ¥99'S— 019787 16T%ST £V9°CS 00T
§SS'E1— ST6'8¢ 4861 6€1'8— YSEP6T T60°0rT STT oSt
8OLI—~ T0L'TE L1902 08701~ §79°6TE LTRTTT 85Y°6€ 001
L81'8T— 186'97 669°1T 801°CI—~ SS8'6LY T69°L61 PEIPE 0§

FLINIANI 0£6'T 0£6'TT BLLEE- ALINEINI 000" 000" 0
2 3o -2’V oMV CL.H-H  UCDH-Dl- .5 9 Wi
-1ou- O [RL U
BdN 1'0 = ,d = JINSSALJ IN\I§ pIBpUBIS M SI'86Z = *L = xmuiadwa j, duaajay Adpeyynyg

(6)°0%4

(4004) apuoni4 uabixo $909566°69 = ‘W sey |eap}

(1L61) 007 'V "208 "WALD) [ ‘IeWn], ‘[*f PUB 3dUIMET '[N ‘JUIPIED “['(,

(S961) 8SOY ‘L8 “00S “WAYD WY “f ‘[IBWY 'V,

(9961) £90T “(Sip sAyd “way) [ ‘[wdwid DD pur pumny, [ ‘Aeprids qy,
"(6861) 8-6T9 “(B)6€ "asondadg [ddy ‘jjaqdure) "W'O pue wiy "'

(b661) 1 ‘€ "ON ydeadouoly ‘el 33y "way) 'sAYd ° ‘xod%r[ TN,

"(Z961) $8SY 20§ "W °[ ‘UOSHOR[ "H Y,

. “(6861) 66L ()T B1eQ JOY "WAYD "$AYJ °f ‘wewh] “Tf,
""(6561) 86€9 ‘I8 '90§ "W WY [ ‘UOISY "D’ PUE ISSOID "A’V ‘WNRQUIYSIAY "q'Y,
S3JU3I3J3YH

*sanjea 253y Jo uoddns ur axe  xodR[

PUE /0 32 JOUIpIED * 343V JO SINSI UONRIOSI XLuew L, 's)nsa1 oseyd sed ayijo | _wd 9 urynm 32138 SIUPNIS UONRIOS] XINBW I53Y) ‘Sa pue fa Ta

10,1 *S3IPMIS UOTIBIOST XLNEW USTAXO WOIJ PIALIAP 219m YOI 12 Kopieads Jo sinsar a1 1dop2 am 94 1o [1oqdum) puw Wy JO (XLEW UOHEB(OSE
XUeu ay) uetp soyjes) synsas aseqd sed ayy 1dope am Sa—Ta 10, 'XOOR[ AQ MAASI Y1 UI PIPUAWIWLODAI IS0yl e saroudnbayy [euonRIqIA YL,

“ge-OTXLPTO T =1 5 OIXLPLY T =% ‘(. 01 X60V1y ="Y1

dre (wo 3 ur) eiuaur Jo syuswow aydiounid ayj, ¢ UOSYOBS JO APMIs SABMOIDIW 3} WO V £1T'1 = (0-0)4 PUR V §LG'] = (O—d)4 2% syi3ud| puoq
paidope ayy, *,0¢,.8 2ISUE [BIPAYIP & PUE 0€,601 JO ISUR PUOq J~O~0 UE YiiM URYD JEIUIUOU P 3q 0] PIIRWIISI $1 INIOW SIY} JO SIMINNS YL,

Adonugz pue Ayoede) jeaq

-AuterIdun Pasealdul Te YA ‘ URWAT JO UOHEN[RAD SY) AQ PIpUSWW0dAI eyl st pardope anjrA Ay,
Juewik Aq paisaddns se
|- 10W-PY $8°0 F 761 = (3 S1'86T “4°0)oH'V duied2q 11 ‘ uewAg §q paiseddns uonoanod Aiorded way ayi yim -, _fow-ry £'1 5 8'61 = (A §1°867
UO) H'V sem pauodar ‘v wnequaysiy eyl uoneuuoj jo Adjeyud prepuels ayy ,_[ow N [ed [$] 3q 01 J3uer umwiadwal
M 86T 01 061 Y1 J3A0 udIYIP Andeded 1eay aSesaae ay) ey piy am ‘axay pauodas 470 10§ deys snid ‘uadAxo pue auriony 1oy sanidrded ey
paystiqnd oy Y 28Ukl AUNUI 3Y) J9A0 013Z 2q O} IUSIYJIP IBY: PAWNSSe sioyne ay ], (% pue 20) s1onpoid 3yl pur (3420) WURIOLAI ) UIIMISG
Aioeded 183y SWNJOA-IUBISUOD Ul S0URIAPIP A JO aSpaymowy| painbas 3 g6z 1k uoneULIO) JO Ad[Piiue pIEpURIS 3 O) ¥ 061 WOLJ USANSLIW
1EY) JO UOISIFAUOD T PUR O O L470 JO UONISOdWOaP JOJ H )61 IV IUSWAINSEIW OLIWLD[ED B JPBIL SIOYINE IS, ,'I7 12 wnequaysary £q
L0 Jo uonewuo) jo Adfeipuo prepuers ayy st Z4%0 pue 410 Yioq 0§ SUOHIUNY JNUBHAPOULISY) Y1 JO UONE[NIED Y] IO JUWIINSEIW [EINID Y
uonjeunod jo Adieyiug

eEunm o11-01 X S8PEE’T = 2/4/V] Te1I2U] JO SILAWON Y3 JO 1901PoId
(0E,L8 = 9[BUE [RIPAIP £0€.,601 =4-0—0 :$2[3uy puog
VY LITT =00 'Y SLS'T =04 sdumsI] puog

=0 s :dnoi) urog
(1)99r (Do9E
(483 (Dog9
(1)zoz o1zt
wo‘a u ‘a

- -
saror1ouadaq pue sepouanbaly [RuONRIQIA

1 00

g (w0 3 anlg

W3 WMURNY) pue [2AT J1UONDAIY

110w 1 0T F T61 = (I SI'86T)H'V
10w P 0T F 67T =1 0L.H'V

oW N [ T0F TLULT = (A S1'861).8

(4004d) @puonj4 uabAxQ

J. Phys. Chem. Ref. Data, Vol. 25, No. 2, 1996



586
7. Conclusions

Of the oxygen fluorides mentioned in the literature, only
four have been isolated and characterized: FO(g), FOO(g),
FOF(g), and FOOF(g). Although two isomers have not been
observed (OFO and FFO), we include an estimated table for
OFO since calculations exist which describe the vibrational
_ frequencies, geometry and enthalpy of formation. A calcula-
tion exists for the enthalpy of formation of FFO. All indica-
tions are that these two molecules are extremely unstable.

In the following table, a summary of the recommended
thermodyhamic properties at ambient conditions for five oxy-
gen fluorides are given. The brackets indicate estimated val-
ues. The recommended values contain a significant uncer-

MALCOLM W. CHASE

tainty only for OFO(g). However, this species has not been
observed in the gas phase and may not be important in any
practical problems. The prime effort should be directed at
confirming the dissociation energy of FO. It is necessary to
obtain a dissociation energy of FO independent of the value
of the enthalpy of formation of OF,. Independent confirma-
tory information is required for FOF and O,F,. For all of the
polyatomic gaseous species, except OFO, spectroscopic mea-
surements for the geometry and vibrational frequencies are
sufficiently reliable that the uncertainties in the resulting ther-
mal functions are acceptable.

Additional confirmation is needed as to the existence of the
condensed phases, although this a much lower priority. Heat
capacity and enthalpy measurements are not necessary at this time.

7.1. Thermodynamic Properties of the Oxygen Fluorides

298.15K

Compound 0K AH® AG° Ccp s°
AH® kJ-mol ™! Jomol ' K™
OF(g) 108%10 10910 105 32.0 216.40%0.3
FOO(g) 27.2%2 25.4%2 39.4 4.5 259.5+0.2
OFO(g) [381.2%20] [378.6%20] [395] [41.1] [251%1]
FOF(g) 26.8+2 24.5%2 41.8 433 247.5%0.4
O.Fy(g) 22.9*0.8 19.2+0.8 58.2 62.1 277.2%0.2
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A new compound of F,03, §. Chem. Soc. Japan 59, 1321-8
(1938): CA 33 1576(7): formation.

D. M. Yost, Inorganic synthesis. 39. Oxygen fluoride, pp.
109-11 (1939), McGraw Hill Book Company; CA 36
2489(6); formation, properties.

L. R. Maxwell, II. Electronic diffraction method, J. Opt.
Soc. Am. 30, 374-95 (1940); review of electronic diffrac-
tion data.

N. V. Sidgwick and H. M. Powell, Stereochemical types
and valency groups, Proc. Roy. Soc. (London) A176, 153~
80 (1940); CA 35 1280(8); symmetry.

S. Aoyama and S. Sakuraba, Studies on fluorine at low
temperatures. XI. Reaction between F or OF; and O by
silent discharge, I. Chem. Soc. Japan 62, 208-13 (1941);
CA 35 4699(5); reaction,

V. Schomaker and D. P. Stevenson, Some revisions of the
covalent radii and the additivity rule for the lengths of
pasticularly ionic single covalent bonds, J. Am. Chem.
Saoc. 63, 37 (1941); structure.

E. F. Barker, The infrared spectrum of triatomic
molecules, Rev. Modern Phys. 14, 198-203 (1942); CA 37
1331(8); IR spectra.

R. Daudel and M. Haissinsky, Oxidation-reduction, elec-
tron transfer, and valence, Bull. soc. chim, {2, 970-2
(1943); CA 40 33[1(2), reactions.

H. A. Skinner, A revision of some bond-energy values and
the variation of bond-energy with bond-length, Trans.
Faraday Soc. 41, 645-62 (1945); CA 40 1707(2); dissoci-
ation energy.

W. Gordy, A relation between characteristic bond con-
stants and electronegativities of the bonded atoms, Phys.
Rev. 69, 130-1 (1946); CA 40 2365(3); correlations, bond
constants.

E. Wicke, The valence energies of fluorine, Naturwis-
senschaften 33, 13240 (1946), CA 41 7175g; dissociation
energy, review.

G. Glockier, The heat of dissociation of nitric oxide, J.
Chem. Phys. 16, 604-8 (1948); CA 42 6224a; dissociation
energy, internuclear distance.

G. Glockler, Force constants and heats of dissociation of
diatomic molecules, J. chim, phys. 46, 103-5 (1949); CA
44 9199i; enthalpy of dissociation.
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49POT

SUBER/POW

50BRE/BRO

SOLUF

50SCH

50SCH2

SIDUC/BUR

51JON/KIR

SINIE

51TO0O

517002

S2AND/SCH

S2LIN/HEA

SIROS/WAG

325CH/SHE

52THO

53ARO

53GAY

S53IBE/SCH

R. L. Potter, Thermodynamic properties of oxygen fluo-
ride and chiorine fluoride from spectroscopic data, J.
Chem, Phys. 17(10), 957~9 (1949); CA 44 2361g; thermo-
dynamic functions of F,Q, dissociation.

H. ). Bernstein and J. Powling, The vibrational spectra and
structure of inorganic molecules. I. ‘The infra-red spectrum
of F,0 from 2.5 to 25 ., J. Chem. Phys. 18(5), 685-9
(1950); CA 44 10508d; spectra, structure.

L. Brewer, L. A. Bromley, P. W. Gills, and N. L. Lofgren,
The thermodynamic properties of the halides, Natl. Nu-
clear Energy Ser,, Div. IV, 19B, Chemistry and Metal-
lurgy of Miscellaneous Materials, New York — Toronto —~
London, 76-192 (1950); CA 44 5203d; enthalpy of formation.
N. W. Luft, Title, Explos. Res. and Devel. Estab. TM
2UM/50 (1950); gives Potter’s thermodynamic calcula-
tions, enthalpy of formation, did not obtain article.

H.-J. Schumacher, Energy of dissociation of fluorine,
Anales asoc. quim. argentina 38, 11316 (1950); dissocia-
tion energy.

H.-J. Schumacher, Oxyhalogen compounds and interhalo-
gen compounds, An. Argent. 38, 209-24 (1950); CA 45
4165f; review, no new data, boiling/freezing points given.
4. Duchesne and L. Bumelle, Bond-bond interactions in
linear and angular molecules, J. Chem. Phys. 19, 1191-4
(1951); CA 46 793d; bond-bond interactions.

E. A. Jones, J. S. Kirby-Smith, P. J. H. Woltz, and A. H.
Nielsen, New measnrements on the infrared spectram of
F,0,1. Chem. Phys. 19(3), 337-9 (1951); CA 45 88871, IR
spectra.

A. H. Nielsen, Fluorine oxides, J. Chem. Phys. 19, 379
(1951); CA 45 8888a; spectrum.

R. C. Toole, Title, Univ. Minn. Summary Rept. (Oct.1,
1949 — May 1, 1951) Contract AF33(038)-2246. TIP-
U17390; enthalpy of vaporization.

R. C. Toole, Title, Univ. Minn. Contract AF33(38)-2246.
Report # (March 1, 195{-May 1, 1951) TIP-U17391, 5
p.; heat capacity of liquid F,0.

R. Anderson, J. G. Schnizlein, R. C. Toole and T. D.
O’Brien, Viscosity, density and critical constants of OF,,
1. Phys. Chem. 56, 4734 (1952); CA 46 9366d; physical
properties.

J. W, Linnett and D. F. Heath, Molecular force fields.
X1V. Intramolecular forces between nonbonded atoms,
Trans. Faraday Soc. 48, 592-601 (1952); CA 47 363g,
force constants.

F.D. Rossini, D. D. Wagman, W. H. Evans, 3. Levine, and
1. Jaffe, Selected values of chemical thermodynamic prop-
erties, Circ. Bur. Stand. Nr. 500, 19 (1952); CA 46 5417f;
enthalpy of formation.

1. G. Schnizlem, §. L. Sheanq, R. C. Toole, and T. D.
O’Brien, Preparation and purification of oxygen difluoride
and determination of its vapor pressure, J. Phys. Chem. 56,
233-4 (1952); CA 46 7386¢; enthalpy of vaporization,
Vapor pressure.

G. V. E. Thompsen, Cost and availability of high-energy
rocket propetlants, 3rd Intem. Astronaut. Congr., Stuggart,
Ger., 7 pp. (1952); CA 49 11286g; manufacture and prop-
erties.

H. Aroeste, Collisional excitation of F,0, J. Chem. Phys.
21, 870-5 (1953); CA 47 7883d; collisional excitations of
vibrations, no data given.

A. G. Gaydon, Dissociation Energies, 2nd Ed., Chapman
and Hall Ltd., London (1953); dissociation energy.

1. A. Ibers and V. Schomaker, The structure of oxygen
fluoride, J. Phys. Chem. 57, 699701 (1953}, CA 48 1Qb;
structure.



54COU

55A0K

5SEVA/MUN

56GOU/BUE

57DIB/REE

S7DIC/LIN

57GAL

58BAL/MAN

58BRE

58DUR/RAM

58KIR/AST

S9HIL

59KIR/GRO

SOKIR/GRO2

SORIC

S9VEN/THI

60BRA/KUN

60DOD/LIT

NIST-JANAF THERMOCHEMICAL TABLES FOR THE OXYGEN FLUORIDES

J. P. Coughlin, XII. Heats and free energies of formation
of inorganic oxides, Bur. of Mines Bull #542, 78 pp.
(1954); review, enthalpy and Gibbs energy of formation of
F.0(g).

Y. Aoki, Calculated energy of A—O—A type molecules
by Mulliken’s magic formula, J. Phys. Soc. Japan 10,
503-11 (1955); CA 50 664g; dissociation energy.

W. H. Evans, T. R. Munson, and D. D. Wagman, Thermo-
dynamic properties of some gaseous halogen compounds,
1. Research Natl. Bur. Standards 55(3), 147-64 (1955);
CA 50 11796i; enthalpy of formation, thermal functions.
J. Goubeau, W, Bues, and F. W. Kampmann, Determina-
tion of force constants in carbon tetrafluoride and boron
trifluoride and comparison with force constants of fluo-
rides of the first period of eight, Z. anorg. allgem. Chem.
283, 123-37 (1956); CA 50 10458f; force constants.

V. H. Dibeler, R. M. Reese, and J. L. Franklin, Ionization
and dissociation of oxygen difluoride by electron impact,
J. Chem. Phys. 27(6), 1296 (1957); CA 52 6947¢;, ivniza-
tion potential and dissociation.

P. G. Dickens and J. W. Linnett, Calculation of vibrational
relaxation times in gaseous sulfur dioxide, Proc. Roy. Soc.
(London) A243, 84-93 (1957); CA 52 7799g; vibrational
frequencies based on data of Herzberg (1945).

J. F. Gall, Fluorine-derived chemicals as liquid propel-
lants, Ind. Eng. Chem. 49, 1331-2 (1957); CA 51 18611b;
rocket propellant.

J. 1. Ball, D. E. Mann, B. A. Thrush, G. T. Armstrong, C.
F. Coyle, and L. A. Krieger, Methane-oxygen-fluorine
flames spectroscopic and calorimetric studies, Natl. Bur.
Standards Rept. 5988, 45 pp. (1958); CA 54 11659d; heat
measurements.

L. Brewer, Title, UCRL-8356, 4 pp. (1958); dissociation
energy.

R. A. Durie and D. A. Ramsay, Absorption spectra of the
halogen monoxides, Can. J. Phys. 36, 35-53 (1958); CA
52 4315b; did not observe any FO bands.

A. D. Kirshenbaum, J. G. Aston, and A. V. Grosse, Re-
search study of the oxygen fluorides, O;F;, OsF;, and
O4F,, including the heats of formation of OF; and O3F;,
The Research Institute of Temple University, Final Re-
port, Contract No. DA-36-034-ORD-2250, W. D. No.
6040-5140-14-01000-00, 44 pp., (November 18, 1958);
enthalpy of formation.

D. L. Hildenbrand, Study of metal additives for solid pro-
pellants — tables of thermodynamic data for performance
calculations, Publication No. C-623 (Sept. 30, 1959); en-
thalpy of fouation.

A. D. Kirshenbaum and A. V. Grosse, Ozone fluoride or -

trioxygen difluoride, O3F,, J. Am. Chem. Soc. 81, 1277-9
(1959); formation, density.

A. D. Kirshenbaum, A. V. Grosse, and J. G. Aston, The
heat of formation of O,F; and O3F,, J. Am. Chem. Soc. 81,
6398 (1959); CA 54 11684c; enthalpy of dissociation of
F,0,, enthalpy of formation, decomposition, structure.

0. K. Rice, Reactions with intermolecnlar energy ex-
changes, Monatsh. Chem. 90, 330-56 (1959); CA 55
7994b; decomposition.

K. Venkateswarlu and P. Thirugnanasambandam, Force
constants of some systems of the bent symmetrical XY,
type, Z. physik. Chem. (Leipzig) 212, 138-44 (1959); CA
54 4148a; force constants.

J. W. Bransford, A. C. Kunkle and A. W. Jache, Dipole
moment of OF,, J. Inorg. & Nuclear Chem. 14, 159-60
(1960); CA 55 4079b; dipole moment.

R. E. Dodd and R. Little, Dipole moments of fluorine
monoxide and sulfur tetrafluoride, Nature 188, 737
(1960); CA 55 7954e; dipole moment.e

60GEO

60GRE/LIN

60MAG

60WUL

61ARM/KRI

61BRE/ROS

G1DUR/BAT

61GRO/STR

61HIL/JAC

61KIR/AST

61KIR/STR

61MCG

61PIE/DIC

61VIS

62ARM/KRI

62AGA/GRA

62GAT/STA

62HOL/COH

62JAC

589

J. W. George, Halides and oxyhalides of the elements of
groups Vb and VIb, Progr. Inorg. Chem. 2, 33-107 (1960);
CA 57 10507c; review.

M. Green and J. W. Linnett, Molecules and ions contain-
ing ai odd number of electrons, J. Chem. Soc., 4959-65
(1960); CA 55 7027g; electron distribution.

R. G. Maguire, Title, ARL Technical Report 60-287
(1960); referenced by 63STR.

C. E. Wulfman, Approximate electronic energy surfaces
from cuspless wave functions, J. Chem. Phys. 33, 1567-76
(1960); CA 55 14046g; molecular structure, no data pro-
vided.

G. T. Armstrong and L. A. Krieger, Heats of formation of
inorganic fluorine compounds. A survey, NBS Report
7192, Ch. 8, 92-196 (1961); enthalpy of formation.

L. Brewer and G. M. Rosenblatt, Dissociation energies of
gaseous metal dioxides, Chem. Rev. 61, 257-63 (1961);
dissociation energy.

V. I. Durakov and S. S. Batsanov, Dctcrmination of the
ionic parts of bonds in molecules and radicals. II., Zh.
Strukt. Khim. 2, 456-51 (1961); CA 57 4051i; bonding.

A. V. Grosse, A. G. Streng, and A. D. Kirshenbaum, A
new fluoride of oxygen — O.F;, J. Am. Chem. Soc. 83,
1004 (1961); CA 55 13149f; formation.

A.R. Hilton Jr., A. W, Jacke, J. B. Beal Jr., W. D. Hender-
son, and R. J. Robinson, Millimeter wave spectrum and
stmictire of oxygen diflnoride, I. Chem. Phys. 34(4),
1137-41 (1961); CA 55 19484a; millimeter wave spec-
trum, structure.

A. D. Kirshenbaum, J. G. Aston and A. V. Grosse, Oxygen
fluorides: O,F;, OsF;, and O4F;, including the heats of
formation of O,F, and O;F,, PB Rept. 149, 443, 51pp.
(1961); CA 56 13754d; properties, preparation.

A. D. Kirshenbaum and A. G. Streng, Molecular extinc-
tion coefficients of liquid O;F,, O;F;, and O; in visible
range, J. Chem. Phys. 35, 1440-42 (1961); CA 56 6797b;

molar extinction coefficients, spectrum.

H. A. McGee Jr., Fifth International Symposium on Free
Radicals, Uppsala, Gordon and Breach Publishing Co.,
New York, N.Y., A2-A43 (1961); review.

L. Pierce, R. Jackson, and N. Dicianni, Microwave spec-
trum, structure, and dipole moment of oxygen difluoride’,
J. Chem. Phys. 35, 2240-41 (1961); CA 56 15040d; mi-
crowave spectra of F,0, structure.

L. V. Viscido, Kinetic and preparative study of inorganic
halogen compounds. Kinetics of the thermal decomposi-
tion of gaseous fluorine nitrate (NOsF), and the reaction
between fluorine nitratce (NO3F) and nitrogen dioxide
(NOs), Arch. Bioquim., Quim. Farm., Tucuman 9, No. 2,
89-112 (1961); CA 58 13179h; formation.

G. T. Armstrong and L. A. Krieger, Heats of formation of
inorganic fluorine compounds. A survey, Progress Intern.
Res. Thermodyn. Transport Prop., New York, 8-77
(1962); CA 56 13628b; enthalpy of formation.

H. Agahigian, A. P. Gray, and G. D. Vickers, Fluorine
perchlorate, infrared and nuclear magnetic resonance
[NMR] spectra, Can. J. Chem. 40, 157 (1962); CA 56
8196; IR spectra, NMR.

R. Gatti, E. Staricco, J. E. Sicre and H. J. Schumacher,
Photochemical reaction of F,0, Z. Physik. Chem. (Frankfurt)
35, 343-7 (1962); CA 58 10897f; decomposition.

R. T. Holzmann and M. S. Cohen, The reaction of dioxy-
gen difluoride with tetrafluoroethylene, Inorg. Chem. I,
972-3 (1962); CA 58 223f; reaction.

R. H. Jackson, The microwave spectrum, structure, and
dipole moment of dioxygen fluoride, J. Chem. Soc. 4585—
92 (1962); CA 58 1069b; microwave spectra of F,'°0,,
F,'°0"®0 and F,"*0,, structure.
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590

62MAG

62NAG

620KA/MOR

62PRI/HAR

62RIE/PER |

62STA/SIC

62STR

62STR/GRO

62STR/GRO2

62STR/GRO3

62SVE

62VEN/THA

62WIE/MAR

62WIL

63BRO/HAR

63HAM/IVE

63LIN

63MCG

63NAG

MALCOLM W. CHASE

R. G. Maguire, Private Communication to A. G. Streng
(1962); referenced by 63STR.

G. Nagarajan, Mean amplitudes of vibration and thermo-
dynamic functions for silicon difluoride and oxygen diflu-
oride, Bull Soc. Chim. Belges 71, 337-46 (1962); CA 57
7983c; thermodynamic functions, molecular vibrations.
T. Oka and Y. Morino, Calculation of inertia defect. II.
Nonlinear symmetric XY, molecules, J. Mol. Spectrosc. 8,
9~21 (1962); CA 57 291c; inertia defect.

W. C. Price, P. V. Harris, and T. R. Passmore, The ioniza-
tion and dissociation energies of molecules and radicals, J.
Quant. Spectrosc. Radiot. Transfer 2, 327-33 (1962); CA
59 2175c; ionization potential.

W. A, Riehl, H. Perkins, C. S. Stokes and A. D. Kirshen-
baum, Ozone fluoride for rocket propulsion, ARS(Am.
Rocket Soc.) J. 32(3), 384~7 (1962); CA 61 4138g; phys-
ical properties, rocket propellant.

E. H. Staricco, J. E. Sicre, and H. J. Schumacher, The
photochemistry reaction between fluorine and ozone, Z.
Physik. Chem. [Frankfurt] 31, 385-96 (1962); CA 57
3006c¢; formation.

A. G. Streng, The miscibility and solubility of liquified
and solidificd gascs, Rescarch Institute of Temiple Univ,,
Philadelphia, PA (1962); referenced by 63STR.

A. G. Streng and A. V. Grosse, Addition and substitution
compounds of oxygen fluorides, 1st Annual Progress Re-
port for the Office of Naval Research, Contract Nonr.
3085(01), Research Intstitute of Temple Univ. Philadel-
phia, PA (Jan. 3, 1962); referenced by 63STR, reaction.
A. G. Streng and A. V. Grosse, Addition and substitution
compounds of oxygen fluorides, 2nd Annual Progress Re-
port for the Office of Naval Research, Contract Nonr.
3085(01), Research Intstitute of Temple Univ. Philadel-
phia, PA (Jan. 19, 1962); referenced by 63STR, molar
extinction coefficients, reaction.

A. G. Streng and A. V. Grosse, Free radicals in inorganic
chemistry, Adv. Chem. Ser. (36), p. 159 (1962); reaction.
R. A. Svehla, Estimated viscosities and thermal conduc-
tivities of gases at high temperature, Tech. Rep. R132,
140 pp. (1962); CA 57 79c; thermal conductivity,
viscosity.

K. Venkateswarlu and R. Thanalakxhmi, Potential con-
stants of polyatomic molecules, J. Annamalai Univ. Pt. B
24, 13-37 (1962); CA 59 10733h; potential constants.
G. M. Wieder and R. A. Marcus, Dissociation and isomer-
ization of vibrationally excited species. II. Unimolecular
reaction rate theory and its application, J. Chem. Phys. 37,
1835-52 (1962), CA 57 15856Db; dissociation, Kinetics.
E. B. Wilson Jr., Recent results of chemical interest from
microwave spectroscopy, Pure Appl. Chem. 7(1), 23-31
(1962); CA 59 14765h; structure, microwave spectra, no
new ddla, sumimarizes vatues of 62JAC.

R. D. Brown and R. D. Harcourt, The electronic structures
of A2Y s molecules, J. Chem. Phys. 39(11), 3141-4 (1963);
CA 59 14599h; electronic structure (calc.).

A. G. Hamlin, G. L. Ivcson and T. R. Phillips, Analysis of
volatile inorganic fluorides by gas-liquid chromatography,
Anal. Chem. 35(13), 2037-44 (1963); CA 60 3477f; deter-
mination of FO.

J. W. Linnett, Electronic structure of dioxygen difluoride,
J. Chem. Soc. 1963, 4663-5; CA 59 13367b; electronic
structure, bonds.

H. A. McGee, Chemical synthesis requiring cryogenic
temperature as preparative techniques for highly endother-
mic chemical species, NASA, Doc. N63-23041, 50 pp.
(1963); CA 60 8879f; preparation.

G. Nagarajan, Mean amplitudes of vibration and thermo-
dynamic functions of the dichlorides of oxygen and sulfur,
Bull. Soc. Chim. Belges 72, 16-24 (1963); CA 59 3331d;
amplitudes, thermodynamic functions.
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630SH

63PIE/DIC

63PIE/DIC2

63PRI/PAS

63RHE

63SCH

63SCH

63STR

63STR2

63STR/KIR

63STR/KIR2

63TAN

63VEN/THA

63WAL

64AMS/CAP

64GAT/STA

64HEM.

N. N. Oshcherin, Calculation of the boiling point of inert
gases and molecular crystals, Inzh.-Fiz. Zh., Akad. Nauk
Belorussk. SSR 6(9), 97-9 (1963); CA 59 14601c; boiling
points.

L. Pierce, N. Dicianni, and R. H. Jackson, Centrifugal
distortion effects in asymmetric rotor molecules. I.
Quadratic potential constants and average structure of
oxygen difluoride from the ground state rotational spec-
trum, J. Chem. Phys. 38(3), 730-9 (1963); CA 58 5144e;
microwave spectra, structure.

L. Pierce and N. Dicianni, Spin rotational hyperfine struc-
ture in the microwave spectrum of oxygen difluoride, J.
Chem. Phys. 38, 2029-30 (1963); CA 59 4698h,; structure,
microwave spectra.

W. C. Price, T. R. Passmore, and D. M. Roessler, Ioniza-
tion and dissociation energies of the hydrides and the
fluorides of the first-row elements in relation to their elec-
tronic structures, Discussions Faraday Soc. 1963(35),
201-11; CA 59 14719b, enthalpy of dissociation.

R. A. Rhein, The chemistry of oxygen difluoride, Univ.
Microfilms, Order No. 634440, 60 pp.; Dissertation Ab-
str. 24, 66 (1963); CA 59 14875d; chemistry.

C. J. Schexnayder Jr., Tabulated values of bond dissocia-
tion energies, ionization potentials and electron affinities
for some molecules found in high-temperature chemical
reactions, NASA Tech. Note D-1791, 62 pp. (1963); dis-
sociation energices.

H. H. Schmidtke, Walsh’s rule in the framework of MO
LCAO approximations (AB;-molecule), Z. Natur-
forschung 18A, 496-504 (1963); CA 59 5927¢; symmetry.
A. G. Streng, Oxygen fluorides, Chem. Rev. 63(6), 607-
24 (1963); CA 60 1318e; review.

A. G. Streng, The chemical properties of dioxygen difluo-
ride, J. Am. Chem. Soc. 85, 1380-5 (1963); CA S8
13414c; reaction.

A. G. Streng, A. D. Kirshenbaum and A. V. Grosse, Addi-
tion and substitution compounds of oxygen fluorides, 3rd
Annual Report for the Office of Naval Research, Contract
Nonr. 3085(01), Research Institute of Temple Univ.,
Philadelphia, PA (Jan. 15, 1963); CA 65 6700a; reaction.
A. G. Streng, A. D. Kirshenbaum, L. V. Streng and A. V.
Grosse, Preparation of rare gas fluorides and oxyfluorides
by the electric discharge method and their properties,
Noble-Gas Compds. 1963, 73-80; CA 65 6700a; reaction.
S.-T. Tan, Three-electron bond and the molecular struc-
twre of certain oxygen-containing substances, Hua Hsueh
Tung Pao 1963(9), 531-7, CA 60 4821f; electronic
structure.

K. Venkateswarlu and R. Thanalakshmi, Urey-Bradiey
force field and thermodynamic properties: bent symmetric
XY, type molecules, Indian J. Pure Appl. Phys. 1(11),
377-9 (1963); CA 60 4823d; force constants, vibrational
frequency calculation, geometry.

M. A. Walker, Method of determining saturated liquid and
saturated vapor entropy. (Chlorine monofluoride, oxygen
monofluoride, phosphorus trifluoride), AIAA J. 1, 2636-8
(1963); CA 63 6390b.

A. B. Amster, E. L. Capener, L. A. Dickinson and J. A.
Neff, O;F; and the hypergolic bipropellant LHy/LO;:0sF,,
NASA Accession No. N64-32632, NASA-CR-54072,
SRI-PRU-4391, 52pp. (1964); CA 62 15981f; properties,
propellant.

R. Gatti, E. H. Staricco, J. E. Sicre, and J. H. Schumacher,
Photochemical decomposition of F,0O, Anales. Asoc.
quim. Arg. 52(3-4), 161-5 (1964); CA 64 2902g; decom-
position.

R. A. Hemstreet, Trioxygen difluoride in liquid oxygen,
Air Reduction Co., Inc. US 3282750, 3 pp. (1964), CA 66
P20698h; patent, jet propulsion.



64RAJ

64SOL

64YOU/HIR

65ARK

65ARK/REI

G5ARK/REI2

65BIS/HAM

65BIS/HAM2

65BOY/BER

65BRO

65FLY

65KAS/KIR

65KIR

65KIR/STO

65KUT/MOR

65LEV/COP

65MAG

65SMAL/MCG

NIST-JANAF THERMOCHEMICAL TABLES FOR THE OXYGEN FLUORIDES

K. V. Rajalakshmi, Mean amplitudes of vibration: bent
symmetrical XY, molecules and groups, Proc. Indian
Acad. Sci. Sect. A 60(1), 51-6 (1964); CA 62 1194c¢; bond
distance, molecular vibrations.

I. J. Solomon, Research on the chemistry of O;F; and
O,F,, NASA Accession No: N64-32967, AD 449383, 24
pp- (1964); CA 62 15741e; physical properties, reactions,
ionic species, chemistry.

A.R. Young II, T. Hirata and S. I. Morrow, The prepara-
tion of dioxygenyl salts from dioxygenyl fluoride, J. Am.
Chem. Soc. 86, 20-2 (1964); decomposition.

A. Arkell, Matrix infrared studies of OF compounds. I
The O5F radical, J. Am. Chem. Soc. 87, 4037-62 (1965);

" CA63125 17g; matrix. IR absorption study, observed pho-

tolysis of F; in O, matrix at 4K assigned to FO:.

A. Arkell, R. R. Reinhard, R. Y. Heisler, and L. P. Larson,
Oxygen monofluoride, US 3454369, 4 pp. (1965); CA 71
P55528z; manufacture.

A. Arkell, R. R. Reinhard, and L. P. Larson, Marrix In-
frared studies of OF compounds. I. The OF radical, J. Am.
Chem. Soc. 87(5), 1016-20 (1965); CA 62 9945a; absorp-
tion spectra and vibration of '*OF.

W. R. Bisbee, J. V. Hamilton, R. Ruskworth, J. M. Ger-
hauser, and T. J. Houser, Title, AIAA Bull. 2(3), 114
(1965); enthalpy of formation.

W.R. Bisbee, J. V. Hamilton, R. Ruskworth, T. J. Houser,
and J. M. Gerhauser, A new determination of the heat of
formation of oxygen difluoride, Advan. Chem. Ser. 54,
215-222 (1965); CA 65 4733c; combustion calorimetry,
heat capacity, and enthalpy of formation.

W. K. Boyd, W. E. Berry, and E. L. White, Compatibility
of materials with rocket propellants and oxidizers, NASA
Accession No. N65-24361, AD 613553, 45 pp. (1965);
CA 67 23666u; compatability.

H. W. Brown, Personal Communication (1965?) quoted
by 68LLOO/GOE,; apparently refers to observed vibrational
frequencies.

W. H. Flygare, Spin-rotation interaction and magnetic
shielding in OF;, J. Chem. Phys. 42(4), 1157-61 (1965);
CA 62 7257a; EPR.

P. H. Kasai and A. D. Kirshenbaum, An electron paramag-
netic resonance study of oxygen fluorides. I. Dioxygen
difluoride and trioxygen difluoride, J. Am. Chem. Soc. 87,
3069~72 (1965); CA 63 5151f; EPR spectrumn auributed o
FOO.

A. D. Kirshenbaum, The formation of O,F; and OF, in the
photochemical reaction F, and Os, Inorg. Nucl. Chem.
Letters 1(3), 121-3-(1965); CA 64 10367h; formation.
A. D. Kirshenbaum, C. S. Stokes and A. V. Grosse, Use of
OsF; as a hypergolic additive for liquid oxygen, U.S.
3,170,282, S pp. (Feb. 23, 1965, Appl. Jan. 29, 1963); CA
62 10286h; oxidizer.

K. Kuchitsu and Y. Morino, Estimation of anharmonic
potential constants. II. Bent XY, molecules, Bull. Chem.
Soc. Japan 38(5), 814-24 (1965); CA 63 3634g; calcula-
tion of potential constants.

J. B. Levy and B. K. W. Copeland, The kinetics of the
hydrogen-fluorine reaction. II. The oxygen-inhibited reac-
tion, J. Phys. Chem. 69, 408-16 (1965); CA 62 7158e;
enthalpy of formation.

R. G. Maguire, Determination of the structure of OsF,, AD
625077, 99 pp. (1965). CA 67 16304w; presence of FO,
and FO, properties, structure.

T. J. Malone and A. A. McGee Jr., Mass spectrometric
investigations of the synthesis, stability, and energetics of
the low temperature oxygen fluorides. I. Dioxygen difluo-
ride, J. Phys. Chem. 69(12), 4338-44 (1965); dissociation
energy.

65MOR/YOU

65MOR

6SNEU/VAN

65SREVARK

65STR/STR

66AMS/NEF

66BIS/THAM

66BUE/PEY

66FEI

66FES/SCH

66FOX/JAC

66HEN/RHO

66KIR/STR

66KUT/MOR

66LAW/OGD

66LIP/NAG

66MAL/MCG
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S. I. Morrow and A. R. Young, II, The reaction of xenon
with dioxygen difluoride. A new method for the synthesis
of xenon difluoride, Inorg. Chem. 4(5), 759-60 (1965);
CA 63 1466¢; reaction.
F. S. Mortimer, Energies of atomization from population
analysis on Hueckel wave functions, Adv. Chem. Ser. 54,
49-47 (1965); CA 65 4836b; dissociation energy.
F. Neumayr and N. Vanderkooi, The radical decomposi-
tion of peroxysulfuryl difluoride (FSO,—OOF) and re-
lated compound by chemical and electron paramagnetic
resonance methods, Inorg. Chem. 4(8), 1234-7 (1965);
CA 63 10991g; EPR, formation and decomposition.
R. R. Reinhard and A. Arkell, Labeled oxygen difluoride
— O™, Intemn, J. Appl. Radiat. Isotop. 16, 498-9
(1965); CA 64 10700h; preparation of "OF, and '*OF,.
A. G. Streng and L. V. Streng, Molar extinction coeffi-
cients of O4F; in the visible range and a comparison with
other oxygen fluorides, J. Phys. Chem. 69, 1079-80
(1965); CA 62 15600a; wwlccular vatinction coefficients,
spectrum.
A. B. Amster, J. A. Neff, R. W. McLeod and D. S. Ran-
dall, Detonability of cryogenic oxidizers — trioxygen di-
fluoride (O;F.,), Explosivstoffe 14(2), 33-5 (1966); CA 65
2055f; detonability.
W. R. Bisbee, V. Hamilton, R. Rushworth, T. J. Houser
and J. M. Gerhauser, A new determination of the heat of
formation of oxygen difluoride. Adv. Chem. Ser. Nn. 54,
215 (1966); enthalpy of formation.
R. J. Buenker and S. D. Peyerimhoff, Geometry of
molecules. III Fluorine oxide, lithium oxide, fluorine hy-
droxide, and lithium hydroxide, J. Chem. Phys. 45, 3682~
3700 (1966); CA 66 14208y; geometry.
H. Feigel, Space storable propellants (oxygen fluoride-
boron hydride), NASA-W66-39930, 184 pp. (1966); CA
66 117560y, heat capacity of liquid F,O.
R. W. Fessenden and R. H. Schuler, ESR spectrum of
FOO, J. Chem. Phys. 44, 434 (1966); CA 64 7560a; EPR,
ground state is a doublet, vibration and electronic data.
W. B. Fox and R. B. Jackson, Fluorine compounds, inor-
ganic: oxygen, Kirk-Othmer Encycl. Chem. Technol., 2nd
Ed. 9, 631-5 (1966); CA 65 10181a; review.
U. V. Jr. Henderson, H. A. Rhodes, and V. M. Jr. Bames,
Application of adiabatic compression apparatus for the
study of thermally induced homogencous gas phase reac-
tions, Rev. Sci. Instr. 37(3), 294-300 (1966); CA 64
11911f; kinetics, decomposition.
A. D. Kirshenbaum and A. G. Streng, An electron para-
magnetic resonance study of oxygen fluorides. II. Te-
traoxygen difluoride, J. Am. Chem. Soc. 88(11), 2434-5
(1966); CA 65 1645d; EPR, ground state is a doublet.
K. Kuchitsu and Y. Morino, Third order potential con-
stants of bent XY, molecules. (Oxygen difluoride), Spec-
trochim. Acta 22, 33-46 (1966); CA 64 7529h; structure,
force constants.
N. J. Lawrence, J. S. Ogden and J. J. Tumer, *°F shift of
dioxygen difluoride, Chem. Commun. (4), 102-3 (1966):
CA 64 18738a; EPR spectra.
E. R. Lippencott, G. Nagarajan and J. M. Stutman, Polar-
izabilities from the 3-function model of chemical binding,
J. Phys. Chem. 70(1), 78~84 (1966); CA 64 5769a; polar-
izability.
T.J. Malone and H. A. McGee Jr., lonization potentials of
the dioxygen fluoride free radical and the dioxygen diflu-
oride molecule, J. Phys. Chem. 70(1), 316-7 (1966); CA
64 11¥85a; detection, ionization potential and related
properties, assumed bond dissociation to be 0.8 eV.
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66MCG/MAL

66MET/WEL

66MOR/SAL

66NAG

66NEB/MET

66NOB/PIM

66POP/SEG

66SIM

66SOL

66SOL2

66SPR/PIM

66SPR/TUR

66STR

66STR/STR

66THI

66VED/GUR

66WEL/MET

67ADR

67ALL/RUS

MALCOLM W. CHASE

H. A. McGee Jr., T. J. Malone and W. J. Martin, Refriger-
ated inlet arrangement for mass spectrometric studies of
unstable species at low temperature, Rev. Sci. Instr. 37,
561-6 (1966); CA 18987c; ionization potential.

F. 1. Metz, F.E. Welsh and W. B. Rose, Electron paramag-
netic resonance spectrum of liquid oxygen difluoride,
Adv. Chem. Ser. 54, 202-14 (1966); EPR.

Y. Morino and S. Saito, Microwave spectrum of oxygen
difluoride in vibrationally excited states, v, and 2v, Fermi
resonance and equilibrium structure, J. Mol. Spectrosc.
19(4), 435-53 (1966); CA 65 192a; microwave spectra,
structure,

G. Nagarajan, Bond and molecular polarizabilities in some
polyatomic molecules, Z. Naturforsch. A 21(3), 238-43
(1966); CA 63 3018g; polarizability.

J. W. Nebgen, F. L. Metz, and W. B. Rose, A reinvestiga-
tion of the infrared spectrum of oxygen difluoride, J. Mol.
Spectrosc. 21, 99-103 (1966); CA 66 24012u; IR spectra
of I;;0.

P. N. Noble and G. C. Pimentel, Confirmation of the
identification of dioxygen monofluoride, J. Chem. Phys.
44, 3641-42 (1966); CA 65 8196b; IR spectra in solid
argon matrix.

J. A. Pople and G. A. Segal, Approximate self-consistent
molecular orbital theory. IIl. CNDO results for AB; and
AB; systems, J. Chem. Phys. 44, 289-96 (1966); geome-
try, dipole moment.

John J. Sima, TOFLOX synthesizer study, NASA Access.
NASA-CR-76071, 126 pp. (1966); CA 66 96975h; manu-
facture.

I. J. Solomon, Research on the chemistry of O;F, and
O,F,, AD 634440, 56 pp. (1966); CA 66 101245b; reac-
tions, kinetics.

1. J. Solomon, Advanced oxidizer chemistry, AD 640405,
33 pp. (1966); U.S. Govt. Res. Develop. Rept. 41(22), 84
(1966); CA 66 82006f; reactions.

R. D. Spratley and G. C. Pimentel, The {p—II*]o and
[s—IT*]o bonds. FNO and F,0,, J. Am. Chem. Soc. 88,
2394-7 (1966); CA 65 3016b; bonding, no new data.

R. D. Spratley, J. . Turner, and G. C. Pimentel, Dioxygen
monofluoride: infrared spectrum, vibrational potential
function, and bonding, J. Chem. Phys. 44(5), 2063-68
(1966), CA 64 10590d; absorption frequency data, bond-
ing spectrum, potential energy functions

A. G. Streng, An improved preparation, analysis and some
properties of tetraoxygen difluoride, Can. J. Chem. 44,
1476-79 (1966), CA 65 6710d; vapor pressure and melt-
ing point.

A. G. Streng and L, V. Streng, Preparation of polyoxygen
difluorides from oxygen difluoride and oxygen by the
electric discharge method, Inorg. Nucl. Chem. Letters
2(4), 107-10 (1966), CA 65 6710f; preparation.

Thiokol Chemical Corp., NASA-CP-54741, (1965/66);
N66-39930 (1966); C, data.

V.. Vedeneyev, L. V. Gurvich, V. N. Kondrat'yev, V. A,
Medvedev, and Ye. L. Frankevich, Bond Energies, loniza-
tion Potentials, and Electronic Affinities, Amold, London,
33 (1966); dissociation, review.

F. E. Welsh, F. I. Metz, and W. B. Rose, Electron para-
magnetic resonance spectra of the —~O.F radical in liquid
and solid O,F,, J. Mol. Spectrosc. 21(3), 249-59 (1966);
CA 66 15356g; EPR spectrum assigned to FOO, detection.
F. J. Adrian, ESR spectrum and structure of OF, J. Chem.
Phys. 46(5). 1543-50 (1967); CA 66 80693d; EPR spec-
trum of FQ, in argon matrix, estimates O—F bond is 36
kcal/mol.

L. C. Allen and J. D. Russell, Extended Huckel theory and
the shape of molecules. (Oxygen diftuoride), J. Chem.
Phys. 46, 1029-37 (1967); CA 66 69123x; energy levels,
structure.

J. Phys. Chem. Ref. Data, Vol. 25, No. 2, 1996

67ATH/HIN

67JOL

67TLAW

6TMAL/MCG

6TMOR/YAM

67NEB/MET

670GD/TUR

67POP/BEV

67SOL/RAN

67SPR

67TRO/WAG

67TUR/HAR

68BAN/SUK

68BON/PET

68CYV/ICYV

68DIC/AMS

68GAY

68GOE/CAM

68GOR/POP

N. M. Atherson and A. Hinchcliffe, A semiempirical cal-
culation of hydrogen hyperfine coupling constants in some
3 radicals, Mol. Phys. 12(4), 349-58 (1967); CA 68
72317k; coupling constants.

W. L. Jolly, Inorganic synthesis with electric discharge,
Am. Chem. Soc., Div. Fuel Chem., Prepr. 11(2), 125-7
(1967); CA 66 111172q; preparation,

N. J. Lawrence, Ph.D. Thesis, Cambridge (1967); quoted
by 71GAR/LAW.

T. J. Malone and H. A. McGee, Mass spectrometric inves-
tigations of the synthesis, stability, and cnergetics of the
low-temperature fluorides. II. Ozone difluoride, J. Phys.
Chem. 71(9), 3060-3 (1967); CA 67 96416x; preparation
and formation of F;0, enthalpy of formation of FO.

Y. Morino and S. Yamamoto, Fermi diad of v, and 2v, in
oxygen difluoride, J. Mol. Spectrosc. 23(2), 235-7 (1967);
CA 67 86289u; vibrational frequencies.

J. W. Nebgen, F. 1. Metz and W. B. Rose, Fluorine-19
nuclear magnetic resonance spectra of oxygen fluorides, J.
Am. Chem. Soc. 89(13), 3118-21 (1967); CA 67 38071v;
EPR, NMR.

J. S. Ogden and J. J. Turner, Photolytic fluorine reactions:
F, and N;O at 4K, J. Chem. Soc. A 1967, 1483-5; forma-
tion of FO in AR matrix, IR spectra.

J. A. Pople, D. L. Beveridge and P. A. Dobosh, Approxi-
mate self-consistent molecular-orbital theory. V. Interme-
diate neglect of differential overlap, J. Chem. Phys. 47(6),
2026-33 (1967); CA 67 102960p; dipole moment.

1. J. Solomon, J. K. Raney, A. J. Kacmarek, R. G. Maguire
and G. A. Noble, An oxygen-17 and fluorine-19 nuclear
resonance study of the oxygen fluorides, J. Amer. Chem.
Soc. 89(9), 2015-17 (1967); CA 66 120627u; NMR, struc-
ture.

R. D. Spratiey, Ph.D. Thesis, Cambridge (1967); quoted
by 71GAR/LAW.

J. Troe, H. G. Wagner and G. Weden, Unimolecular de-
composition of F,0, Z. Phys. Chem. (Frankfurt am Main)
56(3-4), 238-41 (1967); CA 68 99125h; bond energies.
S. J. Turner and R. D. Harcourt, Molecular-orbital treat-
ment of bonding in dioxygen difluoride and hydrogen
peroxide, Chem. Commun. (1), 45 (1967); CA 66
70358;; characterization, bonding, refers to 62JAC.

D. V. Bantov, V. F. Sukhoverkhov and Yu. N. Mikhailov,
Reaction of oxygen fluoride [O,F,] with the highest fluo-
rides of some elements, Izv. Sib. Otd. Akad. Nauk SSSR,
Ser. Khim. Nauk (1), 84-7 (1968); CA 69 83077d; reac-
tions.

R. Bonaccorsi, C. Petrongolo, E. Scrocco, and J. Tomasi,
Double { SCF calculations for nitrite ion and oxygen diflu-
oride, J. Chem. Phys. 48, 1497-99 (1968), CA 68
108022b; molecular orbitals.

S.1. Cyvin, B. N. Cyvin and G. Hagen, Theory and calcu-
lation of venuifugal distortion constants for polyatomic
molecules, Z. Naturforsch. A 23(10), 164955 (1968). CA
70 50692t; centrifugal constants.

L. A. Dickinson, A, B. Amster and E. L. Capener, Appti-
cation of trioxygen difluoride in liquid-rocket propellant
technology, J. Space. Rockets 5(11), 1324-34 (1968); CA
70 1311p; rocket fuel additive, reaction.

A. G. Gaydon, Dissociation Energies, 3rd Ed., Chapman
and Hall, London, 270 (1968); review.

C.T. Goetschel, V. A. Campanile, C. D. Wagner and J. N.
Wilson, Preparation of fluorine peroxides and dioxygen
tetrafluoroborate by low temperature radiolysis, Amer.
Chem. Soc., Div. Chem., Prepr. 12(2), 101-7 (1968); CA
71 118324c; preparation.

M. S. Gordon and J. A. Pople, Approximate self-consis-
tent molecular-orbital theory. VI. INDO calculated equi-
librium geometries, J. Chem. Phys. 49(10), 4643--50
(1968); CA 70 31781e; molecular geometry.



68KIN/ARM

68LAW/OGD

68LAW/TUR

68LEV/COP

68LOO/GOE

68NIK/ROS

68PET/SCR

68SOL

68SOL2

68SOL/KAC

68SOL/KAC2

68SOL/KAC3

68SOL/KAC4

68SOL/KEI

68TUR

69ARK

69BON/PET

69BRE/ROS

69BRU/RAF
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R. C. King and G. T. Armstrong, Constant pressure flame
calorimetry with fluorine. II. Heat of formation of oxygen
difluoride, J. Research, Natl. Bur. Standards 724, 113-31
(1968); CA 68 108681r; flame calorimetry reactions, en-
thalpy of formation. .

N.J. Lawrence, J. S. Ogden and J. J. Turner, Low-temper-
ature magnetic resonance studies on oxygen fluorides, J.
Chem. Soc. A 1968(12), 3100-5; CA 70 33091d; EPR.
N. J. Lawrence and J. J. Tumer, Surface reactions: fluorine
and O;F; with cesium iodide, Inorg. Nucl. Chem. Lett.
4(7), 315-6 (1968), CA 069 56639g; reactions.

J. B. Levy and B. K. W. Copeland, The kinetics of the
hydrogen-fluorine reaction. III. The photochemical reac-

" tion, J. Phys. Chem. 72, 3168-77 (1968); CA 69 90188u;

dissociation.

K. R. Loos, C. T. Goetschel, and V. A. Campanile, Vibra-
tional spectrum and structure of fluorine peroxide O,F;,
Chem. Comm., 1633-34 (1968), CA 70 52632x; IR spec-
tra of 'O,F, and '*O.F,.

L. V. Nikitin and V. Ya. Rosolovskii, Dioxygen difluoride
formation from the elements in glow discharge, Izv. Akad.
Nauk SSSR, Ser. Khim. (2), 266-9 (1968); CA 68
110942v; formation.

C. Petrongolo, E. Scrocco, and J. Tomasi, Minimal basis
set SCF calculations for the ground state of ozone, nitrite
ion, nitrogen oxyfluoride, and oxygen difluoride, J. Chem,
Phys. 48, 407-11 (1968); CA 68 72394h; eigenfunctions.
L J. Solomon, Advanced oxidizer chemistry, AD-670531,
24 pp. (1967); U. S. Govt. Res. Develop. Rep. 68(16), 58
(1968); CA 70 96098g; reaction.

L. J. Solomon, Advanced oxidizer chemistry, AD-676690,
12 pp. (1968); U. S. Govt. Res. Develop. Rep. 68(24),
61-2 (1968); CA 70 86949w; reactions.

1. J. Sotomon, A. J. Kacmarek, J. N. Keith and J. K. Raney,
The reaction of dioxygen difluoride and perfluoropropene.
Preparation of |-fluoroperoxypertluoropropane and 2-tlu-
oroperoxyperfluoropropane, J. Amer. Chem. Soc. 90(23),
6557-9 (1968); CA 70 37077b; reactions.

L.J. Solomon, A. J. Kacrarek, J. N. Keith and J. K. Raney,
The reaction of dioxygen difluoride and sulfur dioxide.
Transfer of the OOF group, Inorg. Chem. 7(6), 1221-4
(1968); CA 69 15504r; reactions.

L. J. Solomon, A. J. Kacmarek and J. M. McDonlugh,
Reaction of dioxygen difluoride with sulfur oxides and
with sulfur oxyfluorides, J. Chem. Eng. Data 13(4), 529—
31 (1968); CA 69 113078z; reactions.

L. J. Solomon, A. J. Kacmarek and J. Raney, Reaction of
oxygen difluoride and sulfur trioxide. Transfer of the OF
radical, J. Phys. Chem. 72(6), 2262-3 (1968); CA 69
32605s; formation.

L.J. Solomon, J. N. Keith, A. J. Kacmarek and J. K. Raney,
Additional studies encouraging the existence of F,0s, J.
Amer. Chem. Soc. 90(20), 5408-11 (1968); CA 69
92531z, structure.

J. J. Turner, Oxygen fluorides, Endeavor 27(100), 42-7
(1968); CA 68 26363z; review, bond dissociation, prepa-
ration.

A. Arkell, Matrix infrared studies of OF radical systems,
J. Phys. Chem. 73(11), 3877-80 (1969); CA 72 7884m; IR
studies, formation.

R. Bonaccorsi, C. Petrongolo, E. Scrocco, and J. Tomasi,
Configuration interaction calculation for the ground state
of oxygen difluoride, nitrite ion and cyanide ion, Theor.
Chim. Acta 15, 332-43 (1969); CA 72 24828p; energy
levels.

L. Brewer and G. M. Rosenblatt, Dissociation energies
and free energy functions of gaseous monoxides, Adv.
High Temp. Chem. 2, 1-83 (1969); CA 72 93851c; re-
view, enthalpy of formation, dissociation.

R. Bruns, L. Raff, and J. P. Devlin, A theoretical study of

69DAU/SAL

69FRA/DIL

69GOE/CAM

69GOL/HAY

69GOR

69HAM/TAY

69I0N/ION

GOLIN/BAU

69PED

69POC/STO

69RIP/ZER

69SOL/KEI

70BRO/BUR

T0DAR

70GIM

70HAR
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the bond-bond interaction force constants in difluoride
molecules. (Oxygen difluoride, nitrogen difluoride, car-
bon difluoride), Theor. Chim. Acta 14, 232-41 (1969); CA
71 84737x; force constants.

L. Dauerman, G. E. Salse, and Y. A. Tajima, Comments
on The thermal dissociation of oxygen diftuoride. I. Inci-
dent shock waves, J. Phys. Chem. 73(5), 1621 (1969); CA
71 42766a; dissociation of F,0.

J. L. Franklin, J. G. Dillard, H. M. Rosenstock, J. T.
Herron, K. Draxl, and F. H. Field, Ionization potentials,
apprarance potentials, and heats of formation of gaseous
positive ions, NSRDS-NBS-26, 1-285 (1969); CA 71
33523s; review, ionization potential, enthalpy of forma-
tion.

C. T. Goetschel, V. A. Campanile, C. D. Wagner, and J.
W. Wilson, Low temperature radiation chemistry. I.
Preparation of oxygen fluorides and dioxygeny! tetrafluo-
roborate, J. Am. Chem. Soc. 91, 4702-7 (1969); CA 71
65060h; IR spectra, detection of FOO.

J. L. Gole and E. F. Hayes, Molecular bonding in FO, and
ClO,, Intem. J. Quantum Chem. Symp. No. 3, 519-25
(1969, published 1970); CA 72 70791u; bond lengths and
SCF calculations.

M. S. Gordon, A molecular orbital study of internal rota-
tion, J. Am. Chem. Soc. 91, 3122-30 (1969); CA 71
29952p; CNDO/2 study, bond lengths, barriers to internal
rotations refer to 62JAC values.

R. A. Hemstreet and A. H. Taylor, Trioxygen difluoride,
U.S. 3,437,582, 14 pp. (1969); CA 71 P5018n; prepara-
tion, patent.

S. P. Ionov and G. V. lonova, Dissociation energy and
electronic structure of some diatomic molecules, Zh. Fiz.
Khim. 43(9), 2199-202 (1969); Eng. transl., Russ. J. Phys.
Chem. 43(9), 1234-6 (1969); CA 72 70798b; dissociation
energy, structure.

M. C. Lin and S. H. Bauer, Reactions of oxygen fluoride
in shock waves. I. Kinetics and mechanism of oxygen
fluoride decomposition, J. Amer, Chem. Soc. 91, 7737-42
(1969); CA 72 48014w; kinetics.

L. Pedersen, Barrier to internal rotation for O,F,, J. Mol.
Struct. 3(6), 510-13 (1969); CA 71 64284u; rotational
potential barriers.

J. M. Pochan, R. G. Stone, and W. H. Flygare, Molecular
G valnes, magnetic susceptibilities, molecular quadrupole
moments and second moments of the electronic charge
distribution in oxygen difluoride, ozone, and sulfur diox-
ide, J. Chem. Phys. 51, 4278-85 (1969); CA 72 37566b;
spectrum.

S. M. Rips, A. N. Zercheninov, and A. V. Pankratov,
Estimation of the thermodynamic properties of some fluo-
rine and chlorine compounds, Zhur. Fiz. Khim. 43, 386~
89 (1969); CA 70 109695b; enthalpy of vaporization.

L. J. Solomon, J. N. Keith and A. J. Kacmarek, Perfluoro-
propyl compounds containing the OOF group, US 69~
828330, 2 pp. (1969); CA 76 P72020y; reactions.

R. D. Brown, F. R. Burden and G. R. Williams, Simplified
ab initio calculations for molecular systems, Theor. Chim.
Acta 18(2); 98-106 (1970); CA 73 80710b; molecular
orbitals calculation.

B. de B. Darwent, Bond dissociation energies, NSRDS—
NBS 31, 52 pp. (1970); bond dissociation, review.

B. M. Gimarc, The shapes of simple polyatomic molecules
and ions, I. The series HAAH and BAAB, J. Am. Chem.
Soc. 92, 266-75 (1970); CA 72 70719b; SCF-MO calcula-
tions, cxtcnded Iluckel calculations, considered rotation
from cis- to trans-, no quantitative data given.

R. D. Harcourt, Increased-valence formulas: some further
comments, J. Mol. Struct. 5(3), 199-204 (1970); CA 72
125142r; bonding.
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T0HOM/SOL

70LOO/GOE

70MEI/GEN

TONAR

TONEW/LAT

TOOHA/WAH

T00HA/WAH2

TOOHA/WAH3

70RED

70SOL

T0THA/RAI

7O0VED/GER

T1AND/RAY

TICLY/WAT

71COR/FRO

TIGAR/LAW

MALCOLM W. CHASE

Von K. H. Homman, W. C. Solomon, J. Warnatz, H. Gg.
Wagner and C. Zetzsch, A method for the determination of
fluorine atoms in an inert atmosphere, Ber. Bunsen-
Gesellschaft Phys. Chem. 74, 585 (1970); kinetics.

K. R. Loos, C. T. Goetschel, and V. A. Campanile, Dioxy-
gen dufluoride; infrared spectrum, vibrational potential
function, and bonding, J. Chem. Phys. 52, 4418-23
(1970); CA 73 8968z; infrared spectra of F,0,, radiolysis.
K. Meier and D. Genthe, Supplemental experiments for
the preparation of O;F,, Deut. Luft- Raumfahrt,
Forschungber., DLR FB 70(55), 41 pp. (1970); CA 75
14473s; preparation.

K. L. Naraya, Mean square amplitude matrices in some
XY, type molecules, J. Shivaji Univ. 2-3(4,6), 115-22
(1969-1970) (Pub. 1970); CA 75 53072¢; vibrations.

M. D. Newton, H. A. Lathan, W. I. Hehere and J. A. Pople,
Self-consistent molecular orbital theory. V. Ab initio cal-
culation of equilibrium geometries and quadratic force
constants, J. Chem. Phys. 52, 4064-72 (1970); geometry
calculations, force constants.

P. A. G. O’Hare and A. C. Wahl, Hartree-Fock wavefunc-
tions and computed properties for the ’IT ground states of
sulfur monofluoride and selenium monofluoride and their
positive and negative ions. A comparison of the theoretical
and experimental results. (Oxygen monofluoride), J.
Chem. Phys. 53(6), 2834—46 (1970); ionization potential.
P. A. G. O’Hare and A. C. Wahl, Hartree-Fock wavefunc-
tions and computer one-electron properties for oxygen
monofluoride (OF, II) at six internuclear separations,
ANC-7702, 12 pp. (1970).

P. A. G. O’Hare and A. C. Wahl, Oxygen monofluoride
(OF, IT): Hartree-Fock wave function, binding energy,
ionization potential, electron affinity, dipole and quadru-
pole moments, and spectroscopic constants. Comparison
of theoretical and experimental results, J. Chem. Phys.
53(6), 2469-78 (1970), CA 73 91482e; ab initio
calculations.

R. L. Reddington, Infrared studies using the matrix isola-
tion technique, AD 701120, 89 pp. (1969); U.S. Govt. Res.
Develop. Rep. 70(7), 71 (1970); CA 73 50282w; force
constants, IR spectra.

I. J. Solomon, Advanced oxidizer chemistry, AD 701717,
94 pp. (1970); U. S. Govt. Res. Develop. Rep. 70(8), 71
(1970); CA 73 57637z, reactions.

S. N. Thakur and S. R. Rai, Force constants of molecules
with strongly coupled vibrations, J. Mol. Struct. 5(4), 320-
2 (1970); CA 73 8864n, force constants.

V. L. Vedeneev, Yu. M. Gershenzon, A. P. Dement’ev, A.
B. Nalbandyan and O. M. Sarkisov, EPR study of hetero-
geneous generation in the fluorine-oxygen system, Izv.
Akad. Nauk SSSR, Ser. Khim. (6), 1438-40 (1970); CA
74 6919f: EPR, formation of FO),.

L. Andrews and J. I. Raymond, Matrix infrared spectrum
of OF and detection of LiOF, J. Chem. Phys. 55, 3078-86
(1971); CA 75 124692v; simultaneous decomposition of
OF, in argon, infrared absorption, suggested molecule —
LiOF-OF(g).

M. A. A. Clyne and R. T. Watson, Detection of the ground
state fluorine monoxide radical in the gas phase, Chem.
Phys. Lett. 12(2), 344-6 (1971); CA 76 90343k; mass
spectrometry, dissociation energy, ground state.

A. B. Comford, D. C. Frost, F. G. Herring, and C. A.
Mcdowell, Photoelectron spectra of oxygen difluoride and
oxygen dichloride, J. Chem. Phys. 55, 2820-22 (1971);
CA 75 114667b; ionization potential.

D. J. Gardiner, N. J. Lawrence, and J. J. Turner, Some
vibrational spectroscopic studies on oxygen fluorides, J.
Chem. Soc. A 1971, 400-4; CA 74 81312f; IR and Raman
spectra of solid O,F,, IR spectra of matrix-isolated O;F,.
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71GAR/TUR

71HOL

7IRAD/HEH

71SOL/KAC

71STR

71 TIM/GOD

7ITRE/SAV

7ITUR/GAR

TIWAG/WAR

72AND

T72BRI

72BRU/ROB

72CZA/SCH

T2HOU/ASM

72KIR

72LEV

72LIE

D. J. Gardiner and J. J. Turner, The Raman solution spec-
trum of tetraoxygen difluoride (O4F), J. Fluorine Chem. 1,
373-5 (1971/72); CA 76 146975n; vibrations and Raman
spectra.

B. R. Hollebone, United atom models for polyatomic lig-
ands. II. Methyl and fluoro derivatives, J. Chem. Soc. A
1971(19), 3014-20; CA 75 144130p; energy levels.

L. Radon, W. J. Hehre and J. A. pople, Molecular orbital
theory of the electronic structure of organic compounds.
VII. A systematic study of energies, conformations, and
bond interactions, J. Am. Chem. Soc. 93(2), 289-300
(1971); MO calculation of electronic structure.

1. J. Solomon and A. J. Kacmarek, Reaction of O4F; and
sulfur dioxide, J. Fluorine Chem. 1(2), 255-6 (1971); CA
76 80445f; reaction.

A. G. Streng, Miscibility and compatibility of some lique-
fied and solidified gases at low temperatures, J. Chem.
Eng. Data 16(3), 357-9 (1971); CA 75 68041t; miscibility.
V. S. Timoshinin and I. N. Godnev, Calculation of inertia
tensor derivatives and of centrifugal strain constants, Opt.
Spektrosk. 31(3), 372-5 (1971); Eng. transl., Opt. Spec-
trosc. 31(3), 200-1 (1971); CA 75 156374j; centrifugal
constants.

J. Tremblay and R. Savoie, Raman and infrared spectra of
crystalline OF,, Can. J. Chem. 49, 3785-8 (1971); CA 76
52161s; vibrations, spectra.

J.J. Turner, D. J. Gardiner and N. J. Lawrence, Vibrational
spectroscopic studies on oxygen fluorides, J. Chem. Soc.
A 1971(2), 400-4; CA 74 81312; spectra, vibrations (same
as above).

H. G. Wagner, J. Warnatz, and C. Zetzch, Determination
of the rate of the reaction of fluorine atoms with molecular
chlorine, Angew. Chem. 83, 586-7 (1971); Eng. transl.,
Angew. Chem. Intern. Ed. 10, 564 (1971); CA 74
103554r; mass spectrometry, formation of FO.

L. Andrews, Argon matrix Raman spectra of oxygen diflu-
oride and the oxygen fluoride free radical, J. Chem. Phys.
57(1), 51-5 (1972); CA 77 54298m; argon matrix Raman
spectra.

B. J. Brisdon, Oxides and oxyacids of the halogens, Int.
Rev. Sci.: Inorg. Chem., Ser. One 3, 215-51 (1972); CA
76 R 120933x; review.

C. R. Brundle, M. B. Robin, N. A. Kuebler, and H. Basch,
Perfluoro effect in photoelectron spectroscopy. I. Nonaro-
matic molecules, J. Am. Chem. Soc. 94, 1451-65 (1972),;
CA 76 106174u; ionization potential.

J. Czamowski and H. J. Schumacher, The kinetics of the
thermal decomposition of F,O, Chem. Phys. Lett. 17(2),
235-40 (1972); dissociation energy.

T.J. Houser and T. W. Asmus, Kinetics and mechanism of
the pyrolysis of oxygen difluoride, J. Am. Chem. Soc. 94,
3326-30 (1972). CA 77 10122v: kinetics.

W. H. Kirchhoff, On the calculation and interpretation of
centrifugal distortion constants: a statistical basis for
model testing: the calculation of the force field, J. Mol.
Spectrosc. 41, 333-380 (1972); CA 76 65605q; rotational
constants.

D. H. Levy, Production of hydroxyl in the reaction of H +
F,0 and the binding energy of FO, J. Chem. Phys. 56,
1415-16 (1972); CA 76 92747u; EPR data, reaction,
dissociation.

J. F. Liebman, Why is the oxygen in water negative?, J.
Chem. Educ. 49(6), 415-17 (1972); CA 7752438h; elec-
tron confirmation.



T2LIE2

T2MCC/PAL

72MEL/AND

72MOH/MUE

T2NAT/RAM

72ROB/KUE

72SRVIEY

T2WAG/ZET

72YAN

73BER/DEH

73BUR/GAR

73CAR/MAC

73CHE/TUP

73CHE/TUP2

73GAR

73LEI
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J. F. Liebman, Oxygen monofluoride (OF,II). Hartree-
Fock wave function, binding energy, ionization potential,
electron affinity, dipole and quadrupole moments, and
spectroscopic constants. Comparison of theoretical and
experimental results. Comments, J. Chem. Phys. 56(8),
4242-3 (1972); CA 76 146880c; kinetics, spectroscopic
constants, dissociation energy. .

D. C. McCain and W. E. Palke, Calculation of hyperfine
coupling constants in inorganic radicals, J. Chem. Phys.
56, 4957-65 (1972); CA 77 11540s; suggests that the
radical observed by 65KAS/KIR is FO;.

A. J. Melveger, L. R. Anderson, C. T. Ratcliffe and W. B.
Fox, Identification of the oxygen-oxygen stretching fre-
quency in some fluoroperoxides by Raman spectroscopy,
Appl. Spectrosc. 26(3), 381-4 (1972); CA 77 54296j; Ra-
man spectra, characterization.

N. Mohan and A. Mueller, Constraint for the calculation of
force constants using the Green’s function formalism,
Chem. Phys. Lett. 14(2), 205 10 (1972); CA 77 54234n;
force constants.

A. Natarajan and R. Ramasamy, Generalized mean-square
amplitudes of vibration and Coriolis coupling constants of
some triatomic systems, Indian I. Pure Appl. Phys. 10(1),
1215 (1972); CA 77 40778f; Coriolis coupling constants,
vibrational amplitudes, force constants.

M. B. Robin, N. A. Kuebler and C. R. Brundle, Using the
perfluoro and helium (He II) intensity effects for identify-
ing photoelectron transitions, Electron Spectrosc., Proc.
Int. Conf., 351-71 (1971, pub. 1972); CA 77 146026z;
photoelectron spectra.

R. Srinivasamoorthy, S. Jeyapandian and G. A. Savari Raj,
Evaluation of molecular compliance constants. Nonlinear
XY, molecules, Chem. Phys. Lett. 14(2), 493-6 (1972);
CA 77 68082y, force constants.

H. G. Wagner, C. Zetzsch, and J. Wamatz, Gas-phase
preparation of OF radicals by reaction of fluorine atoms
with ozone, Ber. Bunsenges. Phys. Chem. 76(6), 526-30
(1972); CA 77 52817f; preparation, kinetics.

V. M. Yanishevskii, Principles of the fundamental valence
vibration frequency change of diatomic molecules, Opt.
Spektrosk. 33(4), 636-41 (1972); CA 78 64392x; molecu-
lar vibrations.

J. Berkowitz, P. M. Dehmer, and W. A. Chupka, Photoion-
ization mass spectrometry of F,O, J. Chem. Phys. 59,
925-28 (1973); CA 79 83703m,; appearance potential, en-
thalpy of formation.

J. K. Burdett, D. J. Gardiner, J. J. Tumner, R. D. Spratley
and P. Tchir, Solution Raman gpectrum and normal-coor-
dinate analysis of dioxygen difluoride, J. Chem. Soc., Dalton
Trans. (18), 1928-32 (1973); CA 80 8746v; Raman spectra.
P. Carsky, M. Machacek, and R. Zahradnik, Open shell
CNDO treatments on small inorganic radicals, Collection
Czech. Comm. 38, 3067-73 (1973); CA 80 87715k;
CNDO calculations.

P. P. Chegodaev and V. I. Tupikov, Pulse photolysis of
gaseous fluorine-oxygen mixtures. Absorption spectra and
kinetics, Dokl. Akad. Nauk SSSR 210(3), 647-9 (Phys.
Chem.) (1973); Eng. transl. Proc. Acad Sci. USSR (Phys.
Chem) 210, 444 (1973); CA 79 131312g; kinetics, vibra-
tion and electronic data, excited state in the region 190
240 mp, EPR.

P. P. Chegodaev, V. L. Tupikov and E. G. Strukov, Pulse
photolysis of gaseous fluorine-oxygen mixtures, Zh. Fiz.
Khim. 47(5), 1315-16 (1973); CA 79 151560q; kinetics.
D. J. Gardiner, Violet and blue compounds of chlorine,
fluorine, and oxygen, J. Fluorine Chem. 3(2), 226-9
(1973). CA 79 61077h; reaction.

C. Leibovici, Electronic structure and conformation of
oxygen fluoride [O,F;] and sulfur fluoride [S;F,], J. Mol.
Struct. 16(1), 158-60 (1973); CA 78 140647, structure.

73MIN/MIN

73NIK/DUD

73POL/POL

73ROT/SCH

73ROZ/GUT

738IC

73ZET

74BRO/WIL

74BUR

7T4CLY/WAT

T4LAT/CUR

74MIK

74AMIN/MIN

TAMIN/MIT

T4SIN/NAG

506

R. M. Minyaev, V. I. Minkin, I. I. Zakharov, and L. D.
Sadekov, Barriers to internal rotation in molecules of the
RXXR and R,YYR; type, Teor. Eksperim. Khim. 9, 816
22 (1973); Eng. transl., Theor. Expl. Chem. [USSR] 9,
643-8 (1973); CA 80 70102k; Huckel method, geometry.
I. V. Nikitin, A. V. Dudin, and V. Ya. Rosolovskii, Reac-
tion-of" fluorine with oxygen in a silent (barrier) electric
discharge, Izv. Akad. Nauk SSSR Ser. Khim., 269-73
(1973); Eng. transl., Bull. Acad. Sci. USSR Div. Chem.
Sci., 261-4 (1973); CA 78 154401d; formation of F,O and FO,.
P. Politzer and A. Politzer, Properties of atoms in
molecules. V. Easy procedure for estimating atomic
charges from calculated core-electron energies, J. Amer.
Chem. Soc. 95(17), 5450-5 (1973); CA 79 108237c; ki-
netics, atomic charges.

S. Rothenberg and H. F. Schaefer ITl, Molecular properties
of the triatomic difluorides, beryllium difluoride, boron
difluoride, argon difluoride, nitrogen difluoride, and oxy-
gen difluoride, J. Amer. Chem. Soc. 95, 2095-100 (1973);
CA 78 141490g; molecular constants, molecular orbital
calculation, geometry calculations.

I. B. Rozhdestvenskii, V. N. Gutov and A. Zigul’'skaya,
Approximation coefficients of the thermodynamic poten-
tial for substances formed by aluminum boron, carbon,
calcium, chlorine, copper, fluorine, hydrogen, potassium,
lithium, magnesium, nitrogen, sodium, oxygen, phospho-
rus, sulfur, silicon and titanium atoms in a temperature
range up to 6000 K, Sb. Tr. -Glavniiproekt. Energ. Inst. 7,
88-121 (1973); CA 85 8376u; thermodynamics.

J. M. Sichel, CNDO-MO study of the ozonide ion and
related species. (Oxygen difluoride), Can. J. Chem.
51(13), 2124-8 (1973);, CA 79 83705p; MO caiculations.
C. Zetch, Title, First European Symposium on Combus-
tion (E. J. Weinberg, ed.), Academic Press, New York, p.
35 (1973); kinetics of formation (3rd body diluent gases).
R. D. Brown and G. R. Williams, Ab initio calculations on
some small radicals by the unrestricted Hartree-Fock
method. (Boron difluoride, nitrogen difluoride, oxygen di-
fluoride, carbon difluoride), Chem. Phys. 3, 19-34 (1974);
CA 81 16907j.

P. G. Burton, Approximate molecular orbital theory. Es-
sential structural elements — MO formalism. Part 2: Di-
rect comparison with ab initio results, Chem Phys. 4(2),
226-35 (1974); CA 81 54602p; structure.

M. A. A. Clyne and R. T. Watson, Kinetic studies of
diatomic free radicals using mass spectrometry. I. System
description and applications to fluorine atoms and oxyflu-
oride (FO) radicals, I. Chem. Soc., Faraday Trans. 1 70(6),
1109-23 (1974); CA 81 96784e; kinetics.

W. A. Lathan, L. A. Curtiss, W. J. Hehre, J. B. Lisle, and
J. A. Pople, Molecular orbital structures for small organic
molecules and cations, Prog. Phys. Org. Chem. 11, 175~
261 (1974); CA 85 20206g; r. values.

N. I. Mikheev, High-temperature conversion in magnico
alloys, Izv. SevllfdtiKauk.Nauchn. Tsentra Vyssh. Shk.,
Se. Tekh. Nauk 2(4), 66-8 (1974); CA 82 12958t; orbitals.
R. M. Minyaev and V. I, Minkin, Theoretical study of the
anomer effect, Vopr. Stereokhim. 4, 3-12 (1974); CA 83
57920t; MO calculations.

B. F. Minyaev and Yu. V. Mitrenin, Comparison of single-
electron orbital energies calculated by CNDO/2 and
ab initio methods for triatomic molecules, Teor. Eksp.
Khim. 10(2), 231-3 (1974); Eng. transl. Theoret. Exper.
Chem. 10(2), 175-7 (1974); CA 81 96590p; CNDO,
molecular orbitals.

Z. Singh and G. Nagarajan, Molecular dynamics root-
mean-square amplitudes, statistical thermodynamics,
molecular polarizability for the isotopic species of dioxy-
gen monofluoride, Monatsh. Chem. 105, 91-104 (1974);
CA 80 126217w; vibrational spectra studies, heat capacity.
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74SIM/CHO

T4SIM/NOV

T4SMA/FOX

T4SMA/FOX

74SOL/KEI

T4WIG/BRI

TSALE/NIK

75BIN/DEW

75BIS/VAL

75DIA/SIM

775LEL

7SMCC/PAL

75PEl

TSSMA/SLI

TSSPE/SPI

7STHUMOH

T6ALE/NIK

T6ALI/RAL

MALCOLM W. CHASE

G. Simons and E. C. Choc, Bending force constant formu-
las from a bond-charge model of triatomic molecules,
Chem. Phys. Lett. 25(3), 413-16 (1974), CA 80 150443r,;
force constants.

G. Simons and J. L. Novick, Virial theorem decomposition
of molecular force fields, J. Phys. Chem. 78(10), 989-93
(1974); CA 81 28789x; spectra,

R. R. Smardzewski and W. B. Fox, Infrared spectroscopic
evidence for matrix isolated nitrosyl hypofluorite, an iso-
mer of nitryl fluoride, J. Chem. Phys. 60, 2980 6 (1971);
CA 80 65199t; IR spectra.

R. R. Smardzewski and W. B. Fox, Reaction of atomic
fluorine with oxygen atoms in cryogenic matrixes. New
source of the hypofluorite radical, J. Chem. Phys. 61(11),
4933-4 (1974); CA 82 132062z, formation (intermediate).
1. J. Solomon and J. N. Keith, Synthesis of halogen com-
pounds in high valence states, AD 775942/6GA, 76 pp.
(1974); Govt. Rep. Amnounce. (US.) 74(18), 64 (1974);
CA 81 57742v; kinetics.

G. R. Wight and C. E. Brion, K-shell excitations in nitric
oxide and molecular oxygen by 2.5 keV electron impact,
J. Electron Spectrosc. Relat. Phenom. 4(4), 313-25
(1974); CA 81 161829g; reaction, ionization potential.
N. V. Alekseev and I. V. Nikitin, Thermodynamic calcula-
tions of plasma processes in systems containing nitrogen,
oxygen, and fluorine, Tezisy Dokl.— Vses. Simp. Plaz-
mokhim., 2nd, Volume 1, 166-9 (1975); CA 88 28007y;
thermodynamics.

R. C. Bingham, M. J. S. Dewar, and D. H. Lo, Ground
states of molecules. XXVII. MINDO/3 calculations for
compounds containing carbon, hydrogen, fluorine and
chlorine, J. Am. Chem. Soc. 97, 1307-11 (1975); CA 82
124563y; r. values.

S. Biskupic and L. Valko, Electronic structure of some
peroxy radicals, J. Mol. Struct. 27(1), 97-104 (1975); CA
83 96146q; structure.

S. Diab and G. Simons, Force field description of the
bending motion of triatomic molecules, Chem. Phys. Lett.
34(2),311~16 (1975), CA 83 188569z; force field calcula-
tions.

J. Leleu, Dangerous chemical reactions. 26. Ozone, Cah,
Notes Doc. 78, 123-4 (1975); CA 88 R26944c; reactions.
D. C. McCain and W. E. Palke, Theory of electron spin
g-values for peroxy radicals. J. Magn. Resonance 20. 52—
66 (1975); CA 84 82218y; excited states, EPR.

G. Peinel, Calculation of dipole moments with a CNDO-
APSG [antisymmetrized product separated germinal] pro-
cedure, Mol. Phys. 29(2), 641-3 (1975); CA 83 20095b;
dipole moment.

A. Smale, K. Lutar and J. Slivnik, Photosynthesis of
dioxygen difluoride, J. Fluorine Chem. 6(3), 287-9
(1975); CA 83 187680a; preparation, reactions. :
G. K. Speirs and V. Spirko, Application of the Montecarlo
method to anharmonic force constants calculations. An-
harmonic potential functions of some nonlinear symmetri-
cal triatomic molecules, J. Mol. Spectrosc. 56(1), 104-23
(1975); CA 83 34880r; force constants.

P. Thirugnanasambandam and S. Mohan. Molecular con-
stants of some bent symmetrical XY, molecules, J. Mol.
Struct. 25(2), 309-12 (1975); CA 81 97106x; force con-
stants, vibrational amplitudes.

N. V. Alekseev and I. V. Nikitin, Equilibrium composition
of the fluorine-oxygen system and synthesis of oxygen
fluorides, Khim. Vys. Energ. 10(2), 177 (1976); CA 84
170451z; kinetics, equilibrium concentrations.

A.J. P. Alix, S. N. Rai and J. N. Ray. 'The charactenzation
of the normal modes of vibrations by the RAS-method.
Indian J. Pure Appl. Phys. 14(8), 639-42 (1976); CA
85133390d: force constants.
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T6BEN

T6CAL/HIR

76CHR/WIL

T6GIR/SAS

76KOE/JOL

T6LAR/NOR

TEMAT/TUP

76PLE/KOC

T6TUP/MAT

77COO/PRI

TIGLL

TTVIZ/SEB

78APP/CLY

T8ART/BEZ

78CHE/TUP

S. W. Benson, Thermochemical Kinetics, 2nd Ed., Wiley,
New York, 290 (1976); enthalpy of formation.

J. H. Callormon, E. Hirota, K. Kuchitsu, W. J. Lafferty, A.
G. Maki, and C. S. Pote, Structure data of free polyatomic
molecules, Landolt-Bornstein New Ser. Group II 7, 69
(1976); symmetry, bond lengths.

K. O. Christe, R. D. Wilson, and L. B, Goldberg, Some
observations on the reaction chemistry of dioxygenyl salts
and on the blue and purple compounds believed to be
CIF,0;, J. Fluorine Chem. 7, 543-9 (1976); CA 85
28079m; EPR spectra in agreement with known spectra of
FOO.

C. P. Girijavallabhan, N. S. Sasidharan and J. K. Babu,
Parameter representation of average potential energy of
zero point vibrations, J. Mol. Spectrosc. 61(2), 177-83
(1976); CA 85 53849v; force field.

J. W. Koepke and W. L. Jolly, The core electron binding
energies of oxygen difluoride, J. Electron Spectrosc. Re-
1at, Phenom. 9, 413 (1976).

K. G. Larsson and M. Norell, Electrolytic manufacture of
chlorite, Ger. Offen., SE 76-5373, 32 pp. (1976); CA 88
P67261w; patent.

M. M. Matchuk, V. L. Tupikov, A. I. Malkova, and S. Ya.
Pshezhetskii, Electronic absorption spectra of O,F and
O,F; in solutions of liquefied gases, Opt. i Spektrosk. 40,
14-18 (1976); Eng. transl., Opt. Spectrosc. 40, 7 (1976);
CA 84 113710j; spectroscopy data, EPR, enthalpy of for-
mation/dissociation, kinetics.

B. Plesnicar, D. Kocjan, S. Murovec and A. Azman, An
ab initio molecular orbital study of polyoxides. 2. Fluorine
and alkyl polyoxides (difluorine trioxide, difluorine
tetroxide, dimethyl trioxide, bis(trifluoromethyDtrioxide),
1. Am. Chem. Soc. 98(11), 3143-5 (1976); CA 85 62518p;
ab initio, MO calculations.

V. L. Tupikov, N. M. Matchuk, A. I. Malkova and S. Ya.
Pshezhetskii, Study of EPR spectra of dioxyfluoride radi-
cals, Teor. Eksp. Khim. 12(1), 95-100 (1976); Eng.
transl., Theor. Exp. Chem. [2, 71-75 (1976), CA 84
187152a; EPR spectra.

R. D. Coombe, A. T. Pritt Jr. and D. Pilipovich, Produc-
tion of excited molecular nitrogen and fluoroimidogen by
the reaction of nitrogen atoms with O,F radicals, Electron.
Transition Lasers 2, [Proc. Summer Colloq.}, 3rd (Meet-
ing Date 1976), 107~11 (1977); CA 88 30136h; reactions.
C. Glidewell, Bond energy terms in oxides and oxo-an-
ions, Inorg. Chim. Acta 24(2), 149-57 (1977); CA 87
157428q; bond energy, dissociation energy.

B. Vizi and A. Sebestyen, Chemical statements based on
data calculated from vibrational spectra. 1. Chalcogen
compounds, Megy. Kem. Foly. 83(5), 227-31 (1977); CA
87 46017k, vibrations, force constants.

E. H. Appelman and M. A. A. Clyne, Elementary reaction
kinetics of fluorine atoms, FO, and NF free radicals, ACS
Symp. Ser. 66 Fluorine-Containing Free Radicals, 3~25
(1978); CA 88 R111084s; kinetics, review.

A. A. Artyukhov, V. N. Bezme!'nitsyn, Yu. V. Droby-
chevekii, V. A Tegasov, V. B. Sokolov and B. B.
Chaivanov, Synthesis and reactivity of dioxygen difluo-
ride, 5-i Vses. Simpoz. po Khimii Neorgan. Ftoridov,
Dnepropetrovsk, 1978, 36 (1978); Ref. Zh., Khim. 1978,
Abstr. No. 18B1215; CA 90 33307s; kinetics.

P. P. Chegodaev, V. 1. Tupikov, E. G. Strukov, and S. Ya.
Pshezhetskii, Study of the reactions of atomic fluorine by
flash photolysis, Khim. Vysokikh Energ. 12, 116-21
(1978); Eng. transi., High Energy Chem. [USSR] 12, 98~
102 (1978); CA 89 51329§; UV spectra, kiuctics.
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78COO/PIL

78DEW/RZE

78DEW/RZE2 *

78GRI/EDW

78LEG/MAK

78LEO/MED

78LUC/SCH

780LS

79COO/HOR

79COO/HOR2

79GAR/TRU

T9HAR/LAU

79JAC

79KOL/KON

79MCK
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D. P. Chong, F. G. Herring, and Y. Takahata, Prediction of
large corrections to Koopman’s theorem and the ab initio
vertical ionization potentials of HOCI, FOCI, and Cl,0, J.
Electron Spectrosc. Relat. Phenom. 13(1), 39-47 (1978);
CA 88 126644g; ionization potential.

R. D. Coombe, D. Pilipovich, and R. K. Homne, Chemical
generation of electronically excited CIF*(B*I,*) and the B
— X emission spectrum, J. Phys. Chem. 82(23), 2484-9
(1978); CA 89 206727p; formation of FO,.

M. J. S. Dewar and H. S. Rzepa, Ground state molecules.
40. MNDO results for molecules containing fluorine, J.
Am. Chem. Soc. 100, 58-67 (1978); CA 88 151825r;
SCF-MO calculations of enthalpy of formation.

M. J. S. Dewar and H. S. Rzepa, Calculations of electron
affinities using the MNDO semiempirical SCF-MO
method, J. Am. Chem. Soc. 100(3), 784-90 (1978); CA 88
151833s; ionization potential, electron affinity.

J. E. Griffiths, A. J. Edwards, W. A. Sunder, and W. E.
Falconer, Raman study of O,F; + VF; reaction: isalation
and identification of an unstable reaction intermediate, J.
Fluorine Chem. 11(2), 119-42 (1978); CA 89 15957d;
Raman study of solid.

V. A. Legasov. G. N. Makeev and E. P. Talzi, Formation
of oxygen fluoride (O;F) radicals during photolysis of a
gaseous mixture of fluorine and oxygen, 5-i Vses. Simpoz.
po Khimii Neorgan. Ftoridov, Dnepropetrovsk 1978, 160
(1978); Ref. Zh., Khim. 1978, Abstr. No. 16B1527; CA 89
207217j; formation.

V. Ya Leonidov and V. A. Medvedev, Fluorine calorime-
try, Nauk, Moscow, 264 pp. (1978); dissociation energy.
R. R. Lucchese, H. F. Schaefer III, W. R. Rodwell, and L.
Radom, Fluorine peroxide (FOOF): A problem molecule
for theoretical structure predictions, J. Chem. Phys. 68,
2507-8 (1978); CA 89 12482j; ab initio calculations,
structure.

J. F. Olsen, Ab intio molecular orbital studies of CF;0,H,
CF;0,F, and CF,(OF),, J. Mol. Struct. 49, 361-71 (1978);
CA 90 54295b; ionization potential, MO calculation.

R. D. Coombe and R. K. Home, Generation and time
decay of gas phase oxygen fluoride radicals, J. Phys.
Chem. 83(21), 2805-6 (1979); CA 91 182087t; kinetics.
R. D. Coombe and R. K. Horne, Chemiluminescent reac-
tions of oxygen fluoride. 2. Reactions producing excited
bromine fluoride and iodine fluoride. J. Phys. Chem.
83(19), 2435-40 (1979); CA 91 148717p; reactions,
chemiluminscence.

B. C. Garrett and D. G. Truhlar, Generalized transition
state theory. Canonical variational calculations using the
bond energy-bond order method for bimolecular reactions
of combustion products, J. Am. Chem. Soc. 101(18),
5207-17 (1979); CA 91 146470d; kinetics.

M. D. Harmony, V. W, Laurie, R. L. Kuczkowski, R. H.
Schwendeman, D. A. Ramsay, F. J. Lovas, W. J. Lafferty,
and A. G. Maki, Molecular structures of gas-phase poly-
atomic molecules determined by spectroscopic methods, J.
Phys. Chem. Ref. Data 8, 619-721 (1979); CA 92 40773k;
symmetry.

M. E. Jacox, Matrix isolation studies of the addition of
fluorine atoms to small molecules, Proc. Yamada Conf.
Free Radicals, 3rd, 290-1 (1979); CA 93 57384c; reac-
tions.

T. D. Kolomiitsova, V. A. Kondaurov, and D. N. Shchep-
kin, Infrared spectra of cryosystems. Fluorine monoxide,
Opt. Spectrosc. 47, 44-8 (1979); CA 91 165791a; IR
spectra.

A.R. W. McKellar, Detection of FO radical by CO, laser
magnetic resonanace, Can. J. Phys. 57, 2106-13 (1979);
CA 92 138202y; laser resonance, bond length, rotational
constant.
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W. von Niessen, Interpretation of the photoelectron spec-
tra of OF, and SF,, J. Elect. Spectrosc. Relat. Phenom.
17(3), 197-203 (1979); CA 91 149074p; photoelectron
spectra, ionization potential.

P. K. Pandey. and P. Chandra, Theoretical study of
isotropic hyperfine coupling constants in small radicals by
MINDO/3 method, Can. J. Chem. 57(23), 3126-34
(1979); CA 91 219496; hyperfine coupling constants.

A. Schmiedekemp, D. W. J. Cruickshank, S. Skaarup, P.
Pulay, I. Hargittai and J. E. Boggs, Investigation of the
basis of the valence shell electron pair repulsion model by
ab initio calculation of geometry variations in a series of
tetrahedral and related molecules, J. Am. Chem. Soc.
101(8), 2002-10 (1979); CA 90 910368k; MO calcula-
tions of geometry. .
N. F. Shamonima and A. G. Kotov, The ESR measurement
of the rate constant of the reaction of the fluorine atom
with oxygen, Kinet. Catal. (USSR) 20, 187-89 (1979);
kinetics.

T. Sugawara, Y. Kawada, M. Katoh and H. Iwamura,
Oxygen-17 nuclear magnetic resonance. IIL. Oxygen
atoms with a coordination number of two, Bull. Chem.
Soc. Jpn. 52(11), 3391-6 (1979); CA 92 163254, NMR.
L. Andrews, Laser Raman matrix isolation spectroscopy,
C. R.— Conf. Int. Spectrosc. Raman, 7th, 160-1 (1980);
CA 94 74046g; Raman spectra.

D. L. Baulch, R. A. Cox, R. F. Hapson Jr., J. A. Kerr, J.
Troe and R. T. Watson, Evaluated kinetic and photochem-
ical data for atmospheric chemistry, J. Phys. Chem. Ref.
Data 9(2), 295-471 (1980); kinetics.

R. D. Coombe and R. K. Horne, Chemiluminescent reac-
tions of oxygen fluoride (O,F). 3. Reaction with magne-
sium atoms, J. Phys. Chem. 84(16), 2085-7 (1980); CA 93
122850t; reactions.

J. M. Dyke, N. Jonathan, J. D. Mills, and A. Morris,
Vacuum ultraviolet photoelectron spectroscopy of tran-
sient species. Part 12. The FO(X’II,) radical, Mol. Phys.
40, 1177-83 (1980); CA 94 22566g; vibrational structure,
spectra.

C. Glidewell, Structure and conformation in molecular
peroxides, J. Mol. Struct. 67, 35-44 (1980); CA 94
163044x; bond energy, enthalpy of formation.

J. E. Griffiths, D. DiStefano and W. A. Sunder, Raman
study of the thermal decomposition of dioxygenyl hex-
afluoroarsenate, O;AsFs”, J. Raman Spectrosc. 9(1), 67-8
(1980);. CA 93 57391c; formation of FO,.

I. Hargittai and C. Bliefert, An electronegativity scale for
RSO, groups. as empirically estimated from the sulfur-
chlorine bond lengths of sulfonyl chloride molecules, Z.
Naturforsch., B: Anorg. Chem., Org. Chem. 35B(8),
1053-4 (1980); CA 93 238570f; electro-negativity.

A. Hinchliffe, Structure and properties of FCO, FOO, CIO
and ClOO, J. Mol. Struct. 64, 117-22 (1980); CA 93
54543t; bond lengths, structure, ab initio calculations.
M. E. Jacox, The reaction of F atoms with O, in an argon
matrix: vibrational spectra and photochemistry of FO, and
F,0,, J. Mol. Spectrosc. 84, 74 (1980); CA 94 22831q;
vibrational and electronic data.

K. Jug and D. N. Nanda, SINDOI1 IIl. Application to
ground states of molecules containing fluorine, boron,
beryllium and lithium, Theor. Chem. Acta 57, 131-44
(1980); CA 93 210659t; MO calculations of formation
enthalpy.

L. J. Lawlor, K. Vasudevan, and F. Grein, Bond functions
and 3d polarization functions for fluorine bonded
molecules, Chem. Phys. Letters 75, 79-83 (1980); CA 93
225910s; experimental bond lengths.
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L. May, Correlation between the chemical shift of fluo-
rine-19 NMR and the atomic charge of fluorine in binary
fluorides and complex fluoride ions, Latv. PSR Zinat.
Akad. Vestis, Kim. Ser. (3), 304-7 (1980); CA 93
123214a; NMR.

D. N. Nanda and K. Jug, SINDOI. A semiempirical SCF
MO method for molecular binding energy and geometry.
1. Approximations and parametrization, Theor. Chem.
Acta 57, 95-106 (1980); CA 93 210657r; ionization po-
tential by MNDO method.

W, M. Smith and D. J. Wrigley, Time resolved vibrational
chemiluminscence: rate constant for the reaction F + HCI
— HF + Cl and for the relaxation of HF(v=3) by HCI,
CO,, N;0, CO, N; and O, Chem. Phys. Lett. 70(3), 481-6
(1980); Kinctics of formation (3rd body dilucnt gases).

I. J. Solomon, Fluorine compounds, inorganic~ oxygen,
Kirk-Othmer Encycl. Chem. Technol., 3rd Ed., Volume
10, 773-8 (1980); CA 92 R190454w; formation, prepara-
tion, properties.

G. Thyagarajan and M. K. Subhedar, Relationship be-
tween potential energy constants and heat of atomization,
Indian J. Pure Appl. Phys. 18(6), 392-5 (1980); CA 93
57070x; constants from 66SPR/TUR, enthalpy of atomiza-
tion.

K. E. Valenta, K. Vasudevan, and F. Grein, Ab initio stud-
ies of the geometry, electronic spectrum, and vertical ion-
ization potentials of oxygen difluoride (F,0), J. Chem.
Phys. 72(3), 2148-54 (1980); CA 92 171838h; excitation
energy, vertical ionization potential.

B. Vizi and A. Sebestyen, Characteristic values of vibra-
tional mean amplitudes for some bond types in chaicogen
and pseudochalcogen compounds, J. Mol. Struct. 60, 109~
14 (1980); CA 92 188602z; vibrational amplitudes, force
contants.

S. R. Langhoff and D. P. Chong, Calculation of the verti-
cal ionization potentials of oxygen difluoride, difluo-
roamine, and difluoromethane by configuration interac-
tion, Chem. Phys. 55(3), 355-60 (1981); ionization
potentials.

B. H. Lengsfield IIL J. A. Jafri. D. H. Phillips and C. W.
Bauschlicher Jr., On the use of corresponding orbitals in
the calculation of nonorthogonal transition moments, J.
Chem. Phys. 74(2), 6849-56 (1981)

V. Palm and R. Hiob, Structural effects in gas-phase ho-
molysis, Org. React. (Tartu) 18(1), 152~72 (1981); CA 97
[61884j; entropy calculations.

J. A. Pople, H. B. Schlegel, R. Krishnan, D. J. Defrees, J.
S. Brinkley, M. J. Frisch, R. A. Whiteside, R. F. Hout and
W. J. Hehre, Molecular orbital studies of vibrationat fre-
quencies, Int. J. Quantum Chem., Quantum Chem. Symp.
15, 269-78 (1981); CA 96 112434h; vibrational frequen-
cies.

G. W. Ray and R. T. Watson, Kinetics study of the reac-
tions of NO with FO, ClO, BrO and IO at 298 K, J. Phys.
Chem. 85, 2955~60 (1981); CA 95 13475v; kinetic studies
of FO.

V. V. Sliznev, V. GG. Solomonik and K. S. Krasnav, Study
of the applicability of the PPDP/2 method to calculation of
dipole moments of some inorganic molecules, Deposited
Doc. SPSTL 334 khp-D81, 15 pp. (1981); CA 97
118997m; detection, formation, dipole moment.

W. M. Smith and D. J. Wrigley, Time resolved vibrational
chemiluminescence: rate constants for the reactions
F+HBr, HI-HF+BR,I and for the relaxation of HF(v=4)
and HF(v=6) by HBr, HI, CO,, N,O, CO, N; and O,,
Chem. Phys. 63, 321 (1981); kinetics of formation (3rd
body deluent gases).
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83DAV/TEM

L. A. Zhigula, T. D. Koloniitsova and D. N. Shchepkin,
Triple resonances in vibrational spectra of the simplest
polyatomic molecules, Opt. Spektrosk. 51(5), 809-15
(1981); Eng. transl., Opt. Spectrosc. 51(5), 448-52 (1981);
CA 96 26524f; analysis of vibrational states.

R. Ahlrichs and P. R. Taylor, The structure of dioxygen
diftuoride (F,0,): theoretical predictions and comparisons
with molecular fluorine and fluorine oxide (F,O), Chem.
Phys. 72(3), 287-92 (1982); CA 98 40957x; structure.
S. Antonik, Kinetic and analytical study of the oxidation
of tritfluorobromomethane between 450 and 550 “C, Bull.
Soc. Chim. Fr. 3-4, Pt. 1, 83-9 (1982); CA 97 109370z,
kinetics.

D. L. Baulch, R, A. Cox, P. J. Crutzen, R. E. Hampson, J.
A. Ker, J. Tioe aud R. T. Watson, Evaluated Kinetic and
photochemical data for atmospheric chemistry. Supple-
ment 1. CODATA Task Group on Chemical Kinetics, J.
Phys. Chem. Ref. Data 11, 327-496 (1982); kinetics.

R. D. Coombe and R. K. Horne, Laser candidate reactions
of O,F, Report AFWL-TR-79-174, SC5154.33FR, Order
No. AD-A111043, 82 pp. (1980); Gov. Rep. Announce.
Index (U. S.) 82(12), 2326 (1982); CA 97 8242Ic; reac-
tions.

D. W. J. Cruickshank and E. J. Avramides, The interpreta-
tion of molecular wave functions: the development and
application of Roby’s method for electron population
analysis, Philos. Trans. R. Soc. London, Ser. A 304
(1488), 533-65 (1982); CA 97 79089v; electron popula-
tion.

P. B. Davies, F. Temps, H. G. Wagner and D. P. Stern, The
FO, radical and LMR spectra in reactions of fluorine
atoms, Ber.— Max-Planck-Inst. Stroemungsforsch. (19),
21 pp. (1982); CA 98 190375v, reactions.

G. Leroy, D. Peeters, and C, Wilante, Calculation of stabi-
lization energy of chemical species, THEOCHEM 5(3-4),
217-33 (1982); CA 97 151657y; kinetics, enthalpy of sta-
bilization.

D. S. Marynik and C. V. S. R. Rao, Determination of
ab initio force constants of fluorine oxide and water,
Chem. Phys. Lett. 86(3). 307-11 (1982). CA 96 132336f;
force and vibrational constants, geometry calculations.
Z. H. Zhu and J. N. Murrell, Standard basis sets with
polarization functions, Chem. Phys. Lett. 88(3), 262-5
(1982); CA 97 79022t; SCF calculations.

V. 1. Alekseev, L. I. Fedorova, and A. V. Baluev, Mass-
spectrometric study of thermochemical characteristics of
perchloryl fluoride and its decomposition product chloro-
syl fluoride, Izv. Akad. Nauk SSSR, Ser. Khim. (5), 1084~
90 (1983); Eng. transl., Bul. Acad. Sci. USSR, Div. Chem.
Sci. 32(5), 980-6 (1983); CA 99 45705u; electron affinity.
D. J. Aymes, M. R. Paris and J. C. Mutin, Oxygen-irans-
porting solid cobalt (II) complexes. 1. Thermodynamic
study of the solid fluorine-gaseous system, I. Mol. Catal.
18(3), 315-28 (1983); CA 99 11761u; cobalt complexes.
A. S. Bashkin, N. P. Vagin, V. A, Zolotarev, A. L.
Kiselevskii, and Frolov, M. P. Measurement of the abso-
tute concentration of fluorine atoms using absorption of
UV radiation by fluorine oxide (FO;) radicals, Kvanto-
vaya Elektron. (Moscow) 10(8), 1693-5 (1983); CA 100
182792y, formation, detection.

R.J.Buss, S.J. Sibener and Y. T. Lee, Reactive scattering
of OCP) + CFil, J. Phys. Chem. 87(24), 4840 (1983);
ground state assumed by analogy with other halogen ox-
ides.

P. B. Davies, F. Temps, H. G. Wagner and D. P. Stern,
Fluorine dioxide radical and laser magnetic resonance
(LMR) spectra in reactions of fluorine atoms, Report
MPIS-19/1982; Order No. N83-26985, Z{ pp. (1982);
Gov. Rep. Announce. Index (U. S.) 83(22), 5320 (1983);
CA 100 161341, rcactions, spectra.
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P. B. Davies, F. Temps, H. G. Wagner and D. P. Stern, FO,
radical and LMR spectra in reactions of fluorine atoms,
N83-25506, 22 pp. (1982); Gov. Rep. Announce. Index
(U. S.) (19), 4665 (1983); CA 99 186135v; reactions,
spectra.

R. L. DeKock, C. P. Jasperse, D. T. Dao, J. H. Bieda, and
J. F. Liebman, Quantum chemical calculations on the
structure of (CLF)" and related molecules, J. Fluorine
Chem. 22, 575-84 (1983); CA 99 93998p; enthalpy- of
formation.

C. P. D. Dwivedi, Calculations of geometry and molecular
properties by the semi-empirical molecular orbital method
(SINDO), Indian J. Pure Appl. Phys. 21(10), 605-8

" (1983); CA 100 57095x; properties, SINDO calculations,

ionization potential.

S. R. Langhoff, C. W., Jr. Bauschlicher, and H. Partridge,
Theoretical study of the dipole moment of oxygen
monofluoride (OF), Chem. Phys. Lett. 102(4), 292-8
(1983); CA 100 16171a; dipolc moment.

D. S. Marynick and D. A. Dixon, Theoretical estimates of
the proton affinities of OLi;, OF, and OCl,, J. Phys. Chem.
87, 3430-3 (1983), CA 99 93996m; SCF-MO bond
lengths calculations.

A. R. W, McKellar, The dipole moment of the fluorine
oxide (FO) radical, J. Mol. Spectrosc. 10i(1), 186-92
(1983); CA 99 168214r; IR spectra, dipole moment.

A. R. W. McKellar, C. Yamada, and E. Hirota, Infrared
diode laser spectroscopy of the fluorine monoxide radical
(*IT32), J. Mol. Spectrosc. 97(2), 425-9 (1983); CA 98
116160e; IR spectra.

M. Schindler and W. Katzelnigg, Theory of magnetic su-
ceptibilities and NMR chemical shifts in terms of localized
quantities. [V. Some small molecuies with multiple bonds
(nitrogen, hydrogen cyanide, carbon monoxide, ethyne,
carbon dioxide, nitrous oxide, ozone, fluoronitrous oxide),
Mol. Phys. 48(4), 781-98 (1983); CA 98 208925m; NMR,
MO calculations.

G. Taubman, H. Jones and H. D. Rudolph, Investigation of
the v,-2v, Fermi diad of oxygen fluoride (OF,) by means
of IR-MW double resonance, J. Mol. Struct. 97, 285-8
(1983); CA 98 151931d; IR-microwave double resonance,
Fermi resonance, rotational constants.

F. Temps, H. G. Wagner, P. B. Davies, D. P. Stern and K.
O. Christe, Far-infrared laser magnetic resonance detec-
tion of fluorine dioxide (FO,), J. Phys. Chem. 87(25),
5068-70 (1983); CA 99 223828w; LMR detection, as-
signed part of the spectrum to FO,.

V. 1. Alekseev, V. M. Volkov, L. I. Fedorova, and A. V.
Baluev, Mass-spectrometric investigation of the ionization
processes of the oxygen difluoride molecules, Izv. Akad.
Nauk. SSSR Ser. Khim., 1320-6 (1984); Bull. Acad. Sci.
USSR Div. Chem. Sci. 1 33(6. Part 1), 1195-9 (1984): CA
101 119878m; ionization potential.

L. B. Asprey and P. G. Eller, Recovery of actinides from
actinide-bearing scrap and waste nuclear material using
dioxygen difluoride, U. S. Pat. Appl., US 84-649626, 8
pp. (1984); NTIS Order No. PAT-APPL-6-649 626; CA
104 P26047m; reactions.

J. K. Burdett, N. J. Lawrence, and J. J. Turner, Oxygen
fluorides, non—metal halides, van der Waals molecules,
and related species: a linking theoretical thread, Inorg.
Chem. 23, 2419-28 (1984); CA 101 60416, review.

K. O. Christe, Inorganic halogen oxidizers, Report RI/
RD84-126, ARO-17386.31-CH; AD-A139 127, 223 pp.
(1984); Gov. Rep. Announce. Index (U.S.) 84(13), 73
(1984); CA 101 203252k; kinetics.

S. J. Cyvin and B. N. Cyvin, Totally symmetrical vibra-
tions in bent symmetrical XY, and the generalized bend-
ing, Spectrosc. Lett. 17(9), 541-50 (1984); CA 101l
160310f; force constants.
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L. L. Dmitrevskii and S. K. Myrzalieva, Isotopic effects of
hydrogen and oxygen in diatomic hydrides and oxides,
Izv. Timiryazevsk. S-kh. Akad. (4), 171-3 (1984); CA 101
137397h; isotope effect.

P. G. Eller;J. G. Malm and R. A. Penneman, Fluorination
of actinide fluorides and oxyfluorides using dioxygen di-
fluoride, U. S. Pat. Appl., US 84-636656, 9 pp. (1984);
NTIS Order No. PAT-APPL-6-636 656, CA 104
P12083h; reactions.

H. Frei, Excitation spectrum of the chemical reaction F; +
0, in the red spectral range, J. Chem. Phys. 80(11), 5616
22 (1984); CA 101 31008s; IR spectra, enthalpy of forma-
tion.

C. Glidewell, Scale factor between fluorine-19 spin den-
sity and hyperfine coupling constant appropriate to the
MNDO parameterization, Inorg. Chim. Acta 83(3), L81-
L.82 (1984); CA 100 166784s; coupling constants.

M. E. Jacox, Ground state vibrational energy levels of
polyatomic transient molecules, J. Phys. Chem. Ref. Data
13(4), 945-1068 (1984); CA 103 45024x; spectra, vibra-
tions.

E. Magnusson, sp Hybridization reconsidered: effect of
snhstitution on the utilization of s and p orbitals. J. Am.
Chem. Soc. 106(5), 1185-9 (1984); CA 100 109253u;
effect of substitution, molecular orbitals.

J. G. Malm, P. G. Eller and L. B. Asprey, Low temperature
synthesis of plutonium hexafluoride using dioxygen diflu-
oride, J. Am. Chem. Soc. 106(9), 2726-7 (1984); CA 100
166934r; reactions.

J. P. Parisot and G. Moreels, Photochemistry of fluorine in
the mesosphere of Venus, Icarus 59(1), 69-73 (1984); CA
101 161100b; kinetics.

A.J. Sauval and J. B. Tatum, A set of partition functions
and equilibrium constants for 300 diatomic molecules of
astrophysical interest, Astrophys. J., Suppl. Ser. 56(2),
193-209 (1984); CA 101 200866¢; kinetics, equilibrium
constants.

R. E. Wasylishen, S. Mooibroek and J. B. Macdonald, A
more reliable oxygen-17 absolute chemical shielding
scale, J. Chem. Phys. 81(3), 1057-9 (1984); CA 101
102756x; NMR, constants.

K. Takano, H. Hosoya and S. Iwata, Quantum chemical
interpretation of oxidation number as applied to carbon
and oxygen compounds. Numerical analysis of the elec-
tron distribution with ab initio molecular orbital wave
functions, J. Am. Chem. Soc. 106(10), 2787-92 (1984);
CA 100 180280f; ab initio study.

C. Yamada and E. Hirota, The infrared diode laser spec-
trum of the v, bond of the FO, radical, J. Chem. Phys.
80(10), 4694-700 (1984); CA 101 14271e; vibrational and
electronic data. .

W. H. Beattie, Apparatus and method for preparation of
dioxygen difluoride by microwave discharge, U. S. Pat.
Appl., US 85-696548, 12 pp. (1985); NTIS Order No.
PAT-APPL-6-696 548; CA 104 P170930m; preparation.
M. R. Chacon and S. Canuto, Vibrational linewidth of
fluorine (F1s) core-hole states, Chem. Phys. Lett. 120(1),
86-92 (1985); CA 103 168886n; vibrational linewidths.
R. L. DeLeon, D. Prichard, and J. S. Muenter, Stark and
hyperfine properties of oxygen difluoride, J. Chem. Phys.
83(10), 4962-66 (1985); CA 103 223532w; dipole mo-
ment. .

N. D. Epiotis, J. R. Larson and H. H. Eaton, Common
denominators by the MOVB method: the structures of
water, hydrogen peroxide and their derivatives, Croat.
Chem. Acta 57(5), 1031-53 (1984, pub. 1985); CA 102
172905q; electro-negativity.
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R. K. Gosavi, P. Raghnathan, and O. P. Strautz, Ab initio
molecular orbital studies of fluorine dioxide, chlorine
dioxide and their isomeric peroxy radical forms, J. Mol.
Struct. 133, 25-35 (1985); CA 104 40061t; ab inito
calculations.

K. C. Kim and G. M. Campbell, Laser flash photolysis of
molecular oxygen and molecular fluorine mixtures: the
O,F v, band at 6.7 um, Chem. Phys. Lett. 116(2-3),236-8
(1985); CA 102 229336m; spectra, formation.

K. C. Kim and G. M. Campbell, The infrared spectrum and
vibrational intensity of gaseous dioxygen difluoride
(FOOF), J. Mol. Struct. 129, 263-70 (1985); CA 103
168986v; vibrations, IR spectra.

K. C.Kim and G. M. Campbell, Fourier transform infrared
spectrometry using a very-long-pathlength cell: dioxygen
difluoride stability and reactions with plutonium com-
pounds, Appl. Spectrosc. 39(4), 625-8 (1985); CA 103
62267w; reactions.

S. A. Kinkead, L. B. Asprey and P. G. Eller, Low temper-
ature synthesis of chlorine pentafluoride using dioxygen
difluoride, J. Fluorine Chem. 29(4), 459-62 (1985); CA
103 204831b; reactions.

T. D. Kolomiitsova and D. N. Shchepkin, First approxima-
tion of a valence-optical system in curvilinear coordinates,
formulas for the second derivatives of XY, molecules with
Cy, symmetry, electrooptical parameters of fluorine
monoxide, Opt. Spektrosk. 58(4), 794-8 (1985); Eng.
Transl. Opt. Spectrosc. 58(4), 486-9 (1985); CA 103
29300d; dipole moment.

T. Wei, L. Wei, and H. Xue, Semi-empirical self-consis-
tent-field molecular orbital calculations of difluorine hep-
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