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Foreword

The Journal of Physical and Chemical Reference Data is published jointly by the
American Institute of Physics and the American Chemical Society for the National
Bureau of Standards. Its objective is to provide critically evaluated physical and
chemical property data, fully documented as to the original sources and the criteria
used for evaluation. One of the principal sources of material for the journal is the
National Standard Reference Data System (NSRDS), a program coordinated by
NBS for the purpose of promoting the compilation and critical evaluation of prop-
erty data.

The regular issues of the Journal of Physical and Chemical Reference Data are
published quarterly and contain compilations and critical data reviews of moderate
length. Longer monographs, volumes of collected tables, and other material un-
suited to a periodical format are published separately as Supplements to the Journal.
This tabulation, “Gas-Phase Ion and Neutral Thermochemistry”, by Sharon G.
Lias, John E. Bartmess, Joel F. Liebman, John L. Holmes, Rhoda D. Levin, and
W. Gary Mallard, is presented as Supplement No. 1 to Volume 17 of the Journal of
Physical and Chemical Reference Data.

David R. Lide, Jr., Editor
Journal of Physical and Chemical Reference Data

. J. Phys. Chem. Ref. Data, Vol. 17, Suppl. 1, 1988
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GAS-PHASE ION AND NEUTRAL THERMOCHEMISTRY 5

1. Introduction
1.1. History

This publication is the direct linear descendant of two
earlier compilations of evaluated heats of formation of
ions derived from ionization potential and appearance
potential data, both carried out under the auspices of the
National Bureau of Standards. The first such volume,
“Ionization Potentials, Appearance Potentials, and Heats
of Formation of Gaseous Positive Ions” by J. L.
Franklin, J. G. Dillard, H. M. Rosenstock, J. T. Herron,
K. Draxl, and F. H. Field' appeared in 1969, and in-
cluded all data on threshold energies for formation of
positive ions which had appeared in the literature
through mid-1966. That book, although woefully out-of-
date now, is still occasionally referred to in the mass
spectrometric literature, and is one of the most widely
cited publications in the history of mass spectrometry. In
1977, H. M. Rosenstock, K. Draxl, B. W. Steiner, and J.
T. Herron published an update, “Energetics of Gaseous
Tons,” which covered the literature through mid-1971%
the scope of the work was also extended to cover data
on anions. In both of these books, the data for the
threshold energies for formation of ions (ionization po-
tentials and appearance potentials) were evaluated
where possible, and where thermochemical data for rele-
vant neutral species were available, values for heats of
formation of the corresponding ions were derived.

In 1982, two of the present authors published an exten-
sive compilation of unevaluated ionization potential and
appearance potential data (“Ionization Potential and Ap-
pearance Potential Measurements, 1971-1981”)° which
covered the literature from the 1971 cut-off date of the
1977 book through mid-1981.

Since the mid-1970’s, much information about ion
thermochemistry has been derived from determinations
of the equilibrium constants of ion/molecule reactions, a
type of data which was not covered in the earlier compi-
lations. Much of the work on equilibria of positive ions
involves proton transfer reactions. These data have been
compiled and evaluated by some of the present authors®.

1.2. Definitions

The heat of formation of a positive ion in the gas phase is
obtained by taking the heat of formation of the corre-
sponding neutral species and adding the energy required
to remove an electron, the so-called adiabatic ionization
potential or, more correctly, the adiabatic ionization en-
ergy, IP, (sometimes designated IE, or, in the older litera-
ture, I):

1P,

M -5 M* 4+ e (1)

AHM*) = AH(M) + IP, — AH(e) @
As discussed in Sec. 1.6.2., Eq. (2) is rigorously correct

only at absolute zero. According to the convention
adopted in this work for dealing with the thermochem-

istry of the electron (the “ion convention”, sometimes
called the “stationary electron convention”, see Sec.
1.6.1.) “298 K heats of formation” of positive ions are
often derived by simply adding the 0 K value for the
ionization energy to the 298 K heat of formation of the
molecule. The assumptions inherent in this treatment are
discussed in Secs. 1.6.1. and 1.6.2. The user of these ta-
bles is cautioned that there is an alternate convention for
dealing with the thermochemistry of the electron, which
results in numerically different values for heats of forma-
tion for ions than those given here; details are discussed
in Sec. 1.6.1.

The vertical ionization energy is the energy change cor-
responding to formation of the ion in a configuration
which is effectively the same as that of the equilibrium
geometry of the ground state neutral molecule. See Sec.
2.1. for a more complete discussion.

Accepting the simplifications described and justified in
Sec. 1.6., determination of the heat of formation of a
molecular ion is, in principle, straightforward, requiring
only a value for the heat of formation of the correspond-
ing neutral molecule and a reliable value for the adia-
batic ionization energy. Many positive ions of interest,
however, do not have stable neutral molecular counter-
parts. These include many of the ions which originate by
fragmentation of a molecular ion, fragment ions:

AB* > A* + B +e A3)

Heats of formation of fragment ions, A*, are usually
based on mass spectrometric determinations of the en-
ergy required to generate the ion from the neutral pre-
cursor molecule. This energy is called the “appearance
potential” or, more correctly, the “appearance energy”,
AP:

AP
AB > A* + B + e @

In the case that there is no potential barrier in the reac-
tion coordinate, and little or no kinetic shift (see Sec.
2.2.), the onset energy for formation of A* corresponds
approximately to the enthalpy change of reaction 4. Un-
der these conditions, the heat of formation of A* is usu-
ally assumed to be given by:

AH(AY) = AH(AB) — AH(B) + AP (5

where, according to the ion convention, the term ac-
counting for the electron has been taken to be zero. For
a discussion of a more exact treatment of the energetics
of ionic fragmentation processes, see Sec. 1.6.2.

Stable cations formed in the gas phase also include
ions formed by protonating a neutral molecule:

BH* + M — MH* + B )

In practice, heats of formation of most protonated
molecules are derived from experiments in which the

J. Phys. Chem. Ref. Data Vol. 17, Suppl. 1, 1988



6 LIAS ET AL.

equilibrium constant of a proton transfer reaction such as
6 is determined (given that a heat of formation of a refer-
ence BH* ion is available from appearance potential de-
terminations). Formally, the relationship between the
heat of formation of MH* and its neutral counterpart,
M, is defined in terms of a quantity called the proton
affinity, PA. The proton affinity is the negative of the
enthalpy change of the hypothetical protonation reac-
tion:

—PA
M + H* —» MH? @)

AHMH"Y) = AH° M) + AHH'Y) — PA ®

The term proton affinity, as universally used, is a quan-
tity defined at 298 K (and therefore not strictly
analogous to the adiabatic ionization energy, which is
the 0 K enthalpy change of reaction 1). (The Gibbs en-
ergy change associated with reaction 7 is called the gas
basicity, GB, of molecule M.) At 298 K, the heat of
formation of the proton, using the ion (“stationary elec-
tron”) convention, is 365.7 kcal/mol, 1530.0 kJ/mol.
The electron affinity (EA) of a molecule is, for negative
ions or anions, the quantity which is analogous to the
ionization energy for positive ions. That is, the electron
affinity is equal to the energy difference between the
heat of formation of a neutral species and the heat of
JSormation of the negative ion of the same structure. The
electron affinity is defined as the negative of the 0 K
enthalpy change for the electron attachment reaction:

—Ed,
M+e - M C)]

The gas phase acidity (or merely, acidity) of a molecule
AH, A,.sG(AH), is the Gibbs energy change of the reac-
tion:

AH — A~ 4+ HT (10)
usually defined at 298 K. The enthalpy change of reac-
tion 10, A,.H, is, of course, the proton affinity of the
anion. The Gibbs energy change of the reaction:

AH + B~ — BH + A~ (1

is called the relative acidity of species AH and BH.

1.3. Scope, Limitations to Coverage,
and Organization

The intent of the present effort is to give (a) the “best”
available experimentally-determined values for ioniza-
tion potentials, electron affinities, acidities or proton
affinities of molecules or molecular fragments, and (b)
the heats of formation of the corresponding positive and
negative ions. Also included are values for the heats of
formation of the relevant neutral species which were

J. Phys. Chem. Ref. Data, Vol. 17, Suppl. 1, 1988

used to obtain the heats of formation of the ions. Appear-
ance energies are not specifically listed here, although
heats of formation of ions derived from such data are
given where the accuracy is sufficiently great to warrant
inclusion.

In evaluating heats of formation of ions for the present
work, all data presented in the previous compilations">**
have been considered, along with data from the more
recent literature, 1981-1986. In addition, thermochemi-
cal information about ions derived from ion/molecule
equilibrium constant determinations has been fully uti-
lized, both in evaluations of ionization potential/appear-
ance potential, proton affinity, acidity, and electron
affinity data, and in deriving values for heats of forma-
tion of ions for which no other information is available.

Because the values for the heats of formation of ions
are, of course, dependent on the larger corpus of ther-
mochemical data on uncharged species, the values for
heats of formation of relevant neutral species which
were utilized are included as an intrinsic part of the ta-
bles.

The user familiar with the previous compilations in
this series will note that the format of the present work is
considerably different from that of its predecessors. In
all three previous volumes, all ionization energy or ap-
pearance energy data pertaining to a particular ionic spe-
cies were displayed, so that the books served as complete
summaries and guides to the literature. Because of the
increasing volume of such an archive with time, such a
display is no longer practical for the positive ion data.
Furthermore, because the general quality of mass spec-
trometric measurements has increased greatly over the
last decade, display of some of the now out-of-date early
data is no longer even desirable for ionization potentials/
appearance potentials.

On the other hand, there has been a tremendous in-
crease in the number of anions for which some thermo-
chemical information is known, and this publication
presents the first extensive evaluated compilation of
those data. The table of anion thermochemistry (Table
2), therefore, includes both as complete a collection as
possible of the literature data, and an assignment where
possible of the “best” value for the thermochemistry.

Because earlier volumes in this series"? were devoted
to deriving values for heats of formation of ions, this
work has been defined in the same way. It should be
emphasized that in Table 1 (the positive ion table)
molecules for which heats of formation are not known or
have not been estimated are not included, even if the
corresponding ionization energies or proton affinities are
known. On the other hand, Table 2 (the negative ion
table) presents a complete archive of data on electron
affinities and gas phase acidities, whether or not the ther-
mochemistry of relevant neutral species is available; the
evaluation of the scale of gas phase acidities will, how-
ever, be the subject of a separate publication’. The total
archive of ionization energy and appearance energy data
will be published separately®, as will the updated scales
of gas phase basicities/proton affinities’.
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Another consequence of defining this work in terms of
thermochemical data is that the abundant data on excited
states of ions from photoelectron spectroscopy are not
included here. The combined bibliographies of this work
and its predecessors, however, do include the entire cor-
pus of literature of photoelectron spectroscopy, since
values for the lowest ionization energy derived from pho-
toelectron experiments are included. Also not included
are data on multiply charged ions.

Thermochemical information about ion/molecule
clusters has been published in a recent compilation®, and
is not specifically included here, although some informa-
tion derived from the enthalpy changes associated with
the association of the first solvent molecule have been
used in evaluating certain heats of formation.

At this writing, publications are beginning to appear in
increasing numbers giving quantum mechanical calcula-
tions of very high accuracy on the thermochemical
properties of ions, especially small ions>!°. The present
work includes only data derived from experimental de-
terminations. However, conclusions derived from some
high level calculations have been taken into account in
the evaluation of data for particular species.

The solution phase reduction potentials of a variety of
species have been correlated with gas phase electron
affinities (EAs), and values for a large number of EAs
have been extrapolated from such correlations. More re-
cent determinations of accurate gas phase data have
shown that such relationships hold only for limited
classes of compounds, so that the solution phase data can
be taken only as an approximate guide to predicting elec-
tron affinities. Thus, any electron affinity values derived
from reduction potentials have been omitted from this
compilation. Such values were included in a recent com-
pilation of anion data''.

This compilation also does not attempt to cover nega-
tive electron affinities — cases where the electron in the
highest occupied molecular orbital is unbound (reso-
nance states), and therefore the lifetime of the anion with
respect to autodetachment is on the order of microsec-
onds, at most. Electron transmission spectrometry™ is
used to determine thermochemical data for such species.
Brief mention is made for certain small molecules and
elements for which the anion is known to be unbound, to
differentiate from cases for which there is just no data
available.

The data on positive ions and on negative ions are not
interdependent, and have been evaluated separately.
Data on the positive ions were collected and evaluated
at the National Bureau of Standards (ionization energies,
equilibrium constant data) and the University of Ottawa
(appearance energies), while information concerning the
negative ions was handled at the University of Tennes-
see. The data on cations and anions are presented in two
separate tables.

Since heats of formation of ions are derived using data
on heats of formation of neutral molecules and radicals,
data on the thermochemistry of uncharged species are an
integral part of this work. Although only experimen-

tally-determined values for heats of formation of neutral
species were utilized in the 1977 evaluation, estimation
schemes for arriving at thermochemical information are
now widely accepted and used. Estimated heats of for-
mation are included for many species for which no ex-
perimental data are available. These estimations, and a
literature search for thermochemical data not available
in compilations, were performed primarily at the Univer-
sity of Maryland, Baltimore County Campus.

1.4. Literature References

With respect to ionization energies, appearance ener-
gies, or proton affinities, the present publication gives
specific citations only to publications which were not
included in the previous compilations'***. The bibliogra-
phy includes all references which have appeared since
the previous publications"** even if the data from a par-
ticular paper are not given here because of a lack of
information about the thermochemistry of relevant neu-
tral molecules. When no literature reference is given for
these kinds of data in the positive ion table, it should be
assumed that the primary reference can be obtained from
the secondary sources, references 1, 2, 3, or 4. When the
source of the data on ion thermochemistry is a recent
paper which was not included in any of these previous
compilations, the reference is specifically cited in a foot-
note. The literature citations for which a specific column
is provided in Table 1 refer only to the source of the data
on the thermochemistry of the neutral species.

In Table 2, specific citations are given for the data on
both the ion thermochemistry and the relevant neutral
thermochemistry.

1.5. Units

Information is displayed in the tables using different
units, dictated by the current practices for reporting data
of a particular kind. For example, ionization energy and
electron affinity values are usually reported in electron
volts, and that is the unit used here for these data. Heats
of formation of positive ions are given here in both kcal/
mol and kJ/mol. The reason for this duplication is sim-
ply that both units are extensively used in the literature,
and users of these tables will be about equally divided
between those who prefer kilocalories and those who
prefer kilojoules. Furthermore, because of the duplica-
tion in units, the data can always be displayed as they
appeared in the original paper, a practice which helps in
elimination of transcribing errors. While the same state-
ments certainly apply to data on negative ions, the
amount of information which needs to be displayed in
Table 2 is sufficiently great that including the same infor-
mation twice, in two sets of units, would crowd the page
too much; therefore, the negative ion heats of formation
and acidities are given only in the SI unit, kJ/mol.

The conversion factors which were used in this work
are: 1 electron volt (eV) = 23.06036 kilocalories/mole
= 96.4845 kilojoules/mole; 1 kilocalorie/mole = 4.184
kilojoules/mole.
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1.6. lon Thermochemistry at Finite Temperatures

The auxiliary thermochemical information required
for citation of ion heats of formation—heats of formation
of relevant neutral species—is available mostly for spe-
cies at 298 K. These thermochemical data are correct for
use in deriving ion heats of formation from equilibrium
constant determinations, i.e., for treatment of data
derived from processes occurring at temperatures other
than 0 K. However, strictly speaking, the ionization en-
ergy and the electron affinity of a molecule are quantities
which correspond to processes occurring at 0 K. As
mentioned above in Sec. 1.2., a rigorously correct treat-
ment of heats of formation of ions requires explicit treat-
ment of the differences in thermochemical values at 0 K
and at higher temperatures. This section describes the
principles involved in such a correct treatment, consid-
ers the simplifications which are often made in the litera-
ture, and specifies how data have been treated in this
work.

1.6.1. Thermochemical Conventions for the Electron

We are concerned with the way in which the en-
thalpies of formation of the chemical species, M* and
M-, are defined, particularly at temperatures other than
0 K. The enthalpy of formation of any chemical species
is always taken as the difference between the enthalpy of
the compound and the sum of the enthalpies of the ele-
ments of which it is composed. However, in the case of
an ion, M* or M, a special problem arises—one must
explicitly take into account the enthalpy of the electron
in some way.

There are two conventions for dealing with the ther-
mochemistry of the electron, one used predominantly by
thermodynamicists'*'*"* and one adopted by scientists
studying ion physics/chemistry'®!”. The thermodynami-
cists’ convention, commonly called the ‘“thermal elec-
tron convention” or merely the “electron convention”,
defines the electron as a standard chemical element and
treats its thermochemistry accordingly. The mass spec-
trometrists’ convention, known as the ‘“‘stationary elec-
tron convention” or the “ion convention”, defines the
electron as a sub-atomic particle. Because of differences
in the treatment of the thermochemistry under these two
definitions, except at absolute zero values cited for the
enthalpies of formation of ions in certain thermochemi-
cal compilations such as the JANAF tables" or the NBS
Tables of Chemical Thermodynamic Properties'* differ
from those cited here, or in most mass spectrometric lit-
erature, by 1.481 kcal/mol, 6.197 kJ/mol. Our values are
lower for positive ions and higher for negative ions.
Problems arise when users unknowingly mix inconsistent
values for heats of formation in the same equation.

There is considerable confusion and misunderstanding
of the basic assumptions and treatment of the thermo-
chemistry of the electron in the two approaches. Many
scientists who regularly use one or the other convention
in their work can not clearly explain the differences. In-
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deed, some hold that the two ways of dealing with the
thermochemistry of the electron are not merely two con-
ventions, but two scientifically different concepts, one of
which must be incorrect. The discussion which follows
is an attempt to present the question of how the electron
is treated in a thermochemical equation in as simple and
straightforward a manner as possible, in the hope that
some of the confusion will be dispelled and the identity
of the two treatments as conventions will become clear.
This discussion is also intended to justify the choice of
the usual mass spectrometrists’ convention for use in
these tables.

The relationships between the various quantities
which must be considered are shown in the thermo-
chemical cycles:

Mox 5 Mtx + eox (12a)
4] B | cl
AHy
Mk — Mtk +  emsx (12b)
and
—EA
Mox + e&x — M7k (13a)
A4 cl D|
AHE4 B
Mk + €k — Mk (13b)

where 4, B, C, and D are the integrated heat capacities
for the various indicated species, e.g., 4 is the energy
required to raise M from O K to 298 K, and AH, and
AHg, are the 298 K enthalpies of reaction. This discus-
sion will be concerned with the standard temperature,
298 K, but the arguments can obviously be extended to
any other temperature.

At 0 K, the heat of formation of the electron is zero
and the heats of formation of the ions are exactly equal
to the 0 K heat of formation of the molecule M plus the
energy difference between M and the corresponding ion:

AHM*)ox = AH M)k + IP, (14)

AHM )y x = AH*(M)o x — EA (15

At absolute zero, there is no difference between the two
conventions.

When the temperature is raised to 298 K, the heats of
formation of M* and M~ will be related to the heat of
formation of M at 298 K through the enthalpy changes
of reactions 12b and 13b:

AHM )05 x = AcH *(M)295 x — AcH (€) 205 x
+ AH, (16)

AHM )03 x = AH "(M)aos x + AcH (€)208 x
+AHg, an
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The enthalpy changes of reaction at 298 K are related to
the 0 K ionization energy and electron affinity through
the relationships:

AH, = IP, + (C + B — 4) (18)
AHy =~ —EA — (C + A — D) (19)

If the electron is defined to be a chemical element (the
“electron convention”), its heat of formation by defini-
tion is zero at all temperatures in its standard state. Ther-
modynamicists start from this assumption and then make
a second one, that an electron gas can be treated as an
ideal gas following Boltzmann statistics; this second as-
sumption is used to calculate the integrated heat capacity
of the electron, C. In many thermodynamics data compi-
lations, the integrated heat capacity terms for M and the
corresponding ion, Mt or M™, are taken to be approxi-
mately equal for many ions, i.e. 4 = B = D. (See Sec.
1.6.2. for a discussion of this assumption.) Under this set
of assumptions, Eqs. (16) and (17) can be written:

AHM )8 x = AH M) x + [IP, + C]  (20)
AHM )gs x = AH M)y x — [EA—C] 21)

(where the term A:H (e),9; x has been taken to be equal to
zero and the quantity in brackets is the assumed enthalpy
change of reaction at 298 K). What most often causes
confusion for non-thermodynamicists is the de facto as-
signment of the integrated heat capacity of the electron,
C, to the ion M* or M, rather than to the electron in
going from O K to 298 K. This is required if the heat of
formation of the electron is constrained to be zero at all
temperatures. It is questionable whether an ion is any
more “ideal” than an electron, due to the Coulombic
forces between the particles, but this assignment is a ne-
cessity if the original assumptions are carried through
the argument.

In contrast, the standard treatment of ion heats of for-
mation followed in almost the entire corpus of literature
on ion physics/chemistry essentially assumes that:

AHM* )k = AH Mgk + [P, + B — A](22)
AHM )yos k = A (M)agsx + [—EA — A + D] (23)

(where the expressions in brackets are assumed to be
equal to the enthalpy change of reaction at 298 K, and
the quantities 4, B, and D are often, but not always,
taken to be equal). Since this is equivalent to taking a
value of zero for the integrated heat capacity of the elec-
tron (the term C in Eqs. (18) and (19)), this way of treat-
ing the thermochemistry of the electron has come to be
known as the “stationary electron” convention. The use
of this term has unfortunately led to the widespread con-
ception that this convention defines the ionization pro-
cess as producing an electron which has no thermal
energy at 298 K. Since this is not the case, it is preferable

to choose another designation for the convention. In this
publication we will adopt the term originally suggested
by Syverud" for the mass spectrometrists’ convention,
“ion convention”.

At 298 K, the integrated heat capacity of an ideal
Boltzmann gas is 1.481 kcal/mol, 6.197 kJ/mol. The rela-
tionship between 298 K heats of formation of ions in the
ion convention (IC) and the thermodynamicists’ conven-
tion (TC) is:

AH (M+)m K(IC) = AH (M+)29s K(TC)
— 6.197 kJ/mol (24)

AHM )95 x(IC) = AH (M )05 x(TC)
+ 6.197 kJ/mol 25)

Table 1.6.1.1. summarizes the assumptions made in the
two conventions and the data compilations where they
are used.

TABLE 1.6.1.1. Summary of assumptions about electron
thermochemistry in data compilations.

Convention
Includes Hr—H,
for Species:
M+ Value of
Convention Compilation M orM- e C, kJ/mol
Thermal electron JANAF Tables'? Yes* Yes® Yes 6.197
Thermal electron  Gurvich et al'®  Yes® Yes® Yes 6.197
Thermal electron TN270"% No No Yes 6.197
(Modified)
Ion convention This work, Yes* Yes* No 0
Refs. 1-4

Ion convention Some papers No No No 0

*When sufficient information is available. See discussion in Sec. 1.6.2.

The objection has been made that the mass spectrome-
trists’ convention is scientifically incorrect because the
electron actually does have thermal energy at 298 K.
Note, however, that the values derived in the mass spec-
trometrists’ convention for the heats of formation of the
ions are numerically identical to those one would obtain
if one assigned the thermal energy of the electron to the
electron rather than to the enthalpy of formation of the
accompanying ion (as is done in the thermodynamicists’
convention). That is, in Egs. (16) and (17) if one assigns
a value of C to AiH(e)ys x and takes the value for the
enthalpy change of reaction from Eqgs. (18) and (19), one
obtains:

AHM )5k = A M)gsx — C + IP,
+(C+B-—4) (26)

AHM Ny = AH Mgk + C — EA
—~(C+ 4 - D) @7
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which are identical to expressions 22 and 23. Although
this is a nonstandard treatment, it is possible to justify
using a special convention for the thermochemical prop-
erties of the electron, since this species is not normally
considered to be a chemical element; a stronger justifica-
tion is found by considering that the use of the standard
treatment for an element in this case results in heats of
formation for a large body of molecular species — ions
— which reflect an arbitrary temperature dependence
which can not be experimentally measured or verified at
the present time.

In fact, the mass spectrometrists’ convention for treat-
ing the electron was not derived from a conscious treat-
ment of the electron as having a non-zero heat of
formation at 298 K. Indeed, earlier discussions of this
convention'®!”!® have centered mainly on the reluctance
to assign a purely arbitrary temperature dependence to
ionization or electron attachment events and a recogni-
tion that absolute values of the various parameters, AH],
AHg, B, D, and especially C were not available. The
enthalpy changes of reactions 12b and 13b are not di-
rectly measured by any currently-available experimental
techniques, and can not be said to be known within
+6.197 kJ/mol. As will be discussed below, accurate
values for the integrated heat capacities of ions M* and
M~ are not available except for a few small species, and
the assumption that (B — 4) and (4 — D) are exactly
equal to zero is often not warranted (see Sec. 1.6.2.).
Most important, however, the value chosen for the inte-
grated heat capacity of the electron, C, is completely
arbitrary. To quote from the 1985 edition of the JANAF
thermochemical tables':

“As shown by Sommerfeld"”, the electron gas is

a degenerate Fermi-Dirac gas and its properties

will differ from the classical (Boltzmann) gas.

These deviations will increase as the temperature

decreases or as the density increases. Due to the

low mass of the electron, these departures from
classical behavior will persist to higher tempera-
tures and lower densities than for atomic systems.

Under conditions of 1 atm pressure, Gordon®

showed that the deviation of the Fermi-Dirac gas

from the Boltzmann gas is negligible above 1250 K.

Below this temperature the deviation between clas-

sical and quantum statistics will be significant.

Despite these known deviations we have chosen

to present the classical (Boltzmann) values here
since the primary purpose of this table is to serve as
a reference state for the calculation of tables of
thermodynamic properties for atomic and molecu-
lar ions..... Therefore, although this ideal-gas table
has the formalism of 1 bar as the standard reference
state, it should not be applied to real systems where
the electron partial pressure exceeds 10~° bar.”

That is, the authors of the JANAF tables' recognize
that the standard thermodynamicists’ convention for
dealing with the electron does involve a completely arbi-
trary assumption about the value assigned to the en-
thalpy of the electron (as does the mass spectrometrists’
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convention when expressed by Egs. (22) and (23)—but
not in the assumptions built into the equivalent Egs. (26)
and (27)). Syverud®, in an unpublished discussion of
conventions for treating the thermochemical properties
of the electron, cites a value of approximately 3.3 kJ/
mol, 0.8 kcal/mol for the value of C derived from a
quantum chemical calculation (source not quoted). Fur-
thermore, while the rationale for the thermodynamicists’
convention is that the values “correspond to a meaning-
ful thermal process”®, the use of that convention is ex-
cluded for a substantial set of possible thermal
conditions.

The mass spectrometrists’ approach to the problem
recognizes that the specific inclusion of the term for the
enthalpy of the electron in deriving ion heats of forma-
tion is not physically meaningful if it is based on the
assumption that an electron gas can be treated like an
ideal gas. In fact, at this time neither the enthalpy
changes of reactions 12b and 13b nor the enthalpy of the
electron are established; a solution is to adopt a conven-
tion (the “ion convention”) which sidesteps the problem,
that is, in which the enthalpy change of reaction and the
enthalpy of the electron need not be known or assumed.
If, in the future, information about the integrated heat
capacities of the electron and the ions does become
available, the values for heats of formation of ions can be
fine-tuned; however, in the meantime, there is no real
problem with using data in the present form as long as
internal consistency is maintained.

It will be noted that in the tables, the symbol AH
rather than A H° is used to denote the standard heats of
formation of the ions. This convention has been adopted
here to emphasize that the heats of formation are re-
ferred to the ion convention rather than the electron
convention used by thermodynamicists.

1.6.2. Thermochemistry of Positive lons at Finite Temperatures

Molecular ions. Using the ion convention (also known
as the stationary electron convention, see Sec. 1.6.1.) the
heat of formation of molecular ion M* at temperature T
can be defined in terms of the heat of formation of the
corresponding neutral species, M, at temperature 7', and
a quantity labelled AHj, the gas phase enthalpy change of
ionization, which represents the energy required to bring
about ionization at temperature T':

AHMY)r = AH M)y + AH; (28)

In applying Eq. (28), the value for AH, is usually taken
to be exactly equal to the adiabatic ionization potential.
Although the use of the ion convention obviates the ne-
cessity of assigning an exact value to the increase in the
ionization energy at temperature T due to energy im-
parted to the electron, the assumption that AH; is the
same as IP, is still not correct. The adiabatic ionization
energy of a molecule is the energy difference between
the lowest rotational and vibrational levels of the ground
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state of the molecule and the lowest rotational and vibra-
tional levels of the electronic ground state of the ion, i.e.,
the difference between the heats of formation of the
molecule and the corresponding ion at absolute zero.
The adiabatic ionization energy—the quantity obtained
from analysis of a Rydberg series (Sec. 2.3.1.) or from
determinations of an ionization onset energy (Sec. 2.3.3.)
— is a measure of the 0 — O transition, and does not
depend on the temperature at which the determination is
made.

However, it is a common practice to derive “298 K
heats of formation” of positive ions by simply adding the
0 K value for the ionization energy to the 298 K heat of
formation of the molecule. This practice probably gains
impetus from the fact that much of the available thermo-
chemical data for chemical compounds (particularly for
organic and other large polyatomic compounds) corre-
spond to values for heats of formation at 298 K.

The relationship between the enthalpy change associ-
ated with ionization at temperature 7', AH,, and the adia-
batic ionization energy is shown in thermochemical
cycle 12, and given explicitly in Eq. 18. When using the
ion convention for dealing with thermochemistry of the
electron (Sec. 1.6.1.), the integrated heat capacity of the
electron (the quantity C in the cycle) can be ignored, and
the relationship between the adiabatic ionization energy
and the enthalpy change of ionization at temperature T is
given by:

AH, =1IP, + B—A4 29)

That is, IP, and AH; are the same only when the inte-
grated heat capacities of the neutral molecule, M, and
the ion, M ™, are identical over this temperature range.
An analysis? of the differences between integrated heat
capacities of M and M™ for various molecules demon-
strated that (a) there will be no discernable differences
between the translational and rotational heat capacities
of M and M™, (b) that differences arising from a splitting
of degenerate energy levels in multiplet ground states of
M or M* will never be larger than 0.009 eV at tempera-
tures in the 300—400 K range, and (c) when the fre-
quency of a particular vibration changes upon ionization,
there will be a difference between the integrated heat
capacities of M and M*. However, even this contribu-
tion will usually be sufficiently small that a significant
error will not be introduced if it is ignored. For example,
the lowest ionization energy of ethylene corresponds to
removal of an electron from the C-C pi bond, which
leads to a lowering of the frequency of the symmetric
C-C stretch from 1623 to 1230 cm~' and a reduction in
the frequency of the twisting around the C-C bond from
1027 to 430 cm~'. Although these differences in vibra-
tional frequencies are significant, the predicted effect on
the 298 K enthalpy of ionization is to raise it above the
value for the adiabatic ionization potential by only
0.0069 eV, i.e. only the most accurate experimental mea-
surements would detect an increment of this size. Thus
for most species, the simplifying assumption that the adi-

abatic ionization energy and the 298 K enthalpy of ion-
ization, AH,, are approximately the same:

IP, ~ AH, (30)

will not introduce significant errors in the 298 K heats of
formation of molecular radical cations.

In this compilation, most values of heats of formation
of molecular ions correspond to 298 K. Most of these
were obtained by simply adding the value for the adia-
batic ionization energy to the 298 K heat of formation of
the neutral species, that is, the assumption stated in Eq.
(30) was usually made. Of course, a rigorously correct
treatment would require calculating exact values for in-
tegrated heat capacities 4 and B from complete sets of
vibrational frequencies for the molecule and the ion.
This complete procedure has been applied to only a few
of the species listed in this compilation. Vibrational fre-
quencies for most of the ions are not available, and the
correction would simply cancel out if one made the of-
ten-used assumption that the vibrational frequencies of
the ion and its neutral counterpart are the same.
Whenever the original authors carried out such a com-
plete analysis (a routine procedure only for photoelec-
tron-photoion coincidence studies), the results of that
analysis are included here, and both 0 K and 298 K val-
ues for the ion heat of formation are given. In addition,
for those diatomic and triatomic and other small
molecules for which values for the 0 K heats of forma-
tion as well as the vibrational frequencies of the
molecule® and the ion** were readily available, the heats
of formation of the ion at absolute zero and at 298 K
were derived by the more correct procedure. In the
course of this work, we did not, however, carry out a
comprehensive literature search for sets of vibrational
frequencies, but only made use of readily available com-
pilations™?*,

Fragment ions. Analogous arguments can be applied to
the use of appearance energies for the derivation of heats
of formation of fragment ions, A*, at temperature T in
Eq. (5). If there are no complicating factors (see Sec.
2.2.), the appearance energy, AP, corresponds to the en-
thalpy change for the fragmentation reaction 4, and can
be used to derive a value for the heat of formation of the
fragment ion, A*. Correctly, a 0 K heat of formation of
A" must be obtained using 0 K heats of formation of AB
and B in the calculation, and this heat of formation can
then be corrected to some other temperature, T, taking
into account the vibrational frequencies of the ion and
appropriate thermodynamic functions of the elements.

For the most common experimental techniques (en-
ergy selected electron impact, photoionization mass
spectroscopy, etc.) for measuring the appearance energy
of a fragment ion starting from a molecule or radical at
temperature, T, the major problem is to identify the in-
ternal energies of the reaction products. This matter has
been discussed at length by Traeger and McLaughlin®.
At onset the products of the unimolecular decomposition
will be formed with zero translational energy with re-
spect to the center of mass (provided that the fragmenta-
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tion does not involve a reverse energy barrier) and a
center of mass translational energy the same as that of
the precursor molecule. The products thus are at a trans-
lational quasi-temperature, T*. In principle, if the obser-
vational time scale of the experiment and the sensitivity
of the ion detector are great enough, then the observed
appearance energy approaches that for products having
0 K internal energy (i.e., all internal energy modes have
contributed to reaching the transition state). Traeger and
McLaughlin®® showed that for the molecule AB:

APr(exp) = AH[AY + B + elr—AH[AB]r
+ 5/2RT — [C,[A* + B + eldT (31)

In effect, this equation corrects the observed threshold
energy for the fragmentation process to an effective 0 K
value by adding the thermal rotational and vibrational
energy contained in AB to the onset.

Most heats of formation of fragment ions are derived
making the simplifying assumption that the last two
terms of Eq. (31) will cancel one another. That is, values
for heats of formation of fragment ions at 298 K derived
from appearance potential data are more often obtained
by simply using an observed onset energy and 298 K
heats of formation of relevant neutral species in Eq. (5).
When such a value for a heat of formation has been re-
ported in the literature, the value is given here as it ap-
peared in the original paper, with only the imposed
requirement that the thermochemistry of the relevant
neutral species employed must be internally consistent
with the values of those species used in this publication.
Where the original authors have used a more sophisti-
cated analysis, such as that represented by Eq. (31), or
that routinely used in the interpretation of photoelec-
tron-photoion data, both 0 K and 298 K values of the ion
are cited. The user should be cautioned that the 298 K
value assigned to a heat of formation of a fragment ion
may differ by as much as 3 or 4 kcal/mol, 12-18 kJ/mol,
depending on which of these treatments has been used.
For example, Baer and Brand®, and Lossing” deter-
mined the appearance energies for formation of C;H,*
ions in C;H,, isomers. Although the appearance energies
reported in the two studies were almost identical, the
298 K values for heats of formation of the C,H,;" ions
derived by Baer and Brand®, using a complete treatment
of the temperature dependence of the heat of formation,
are higher than the values derived by Lossing”’ by 4.3
kcal/mol, 18 kJ/mol.

1.6.3. Thermochemistry of Negative lons at Finite Temperatures

The electron affinity is a quantity which is analogous
to the ionization energy. That is, the electron affinity is a
0 K quantity which corresponds to the transition from
the ground state of the neutral species to the ground
state of the anion. Thus, the heat of formation of an an-
ion at 298 K can not rigorously be taken as the heat of
formation of the corresponding neutral species (298 K)
minus the (positive) electron affinity (0 K) without some
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estimate of the temperature dependence of the electron
affinity. Although the use of the ion convention (“sta-
tionary electron” convention) allows one to ignore the
integrated heat capacity of the electron, a term for cor-
recting for the integrated heat capacity of the anion from
0 K to 298 K is required. Statistical mechanics permits a
calculation of this quantity if the structure and vibra-
tional frequencies of the anion are known. However, at
present the necessary data are not readily available for
most anions, and therefore this correction is generally
ignored in this work.

Under the assumption that the temperature depen-
dence of the electron affinity and that of the ionization
energy of the H atom are equal, one can relate the
(298 K) gas phase acidity, Eq. (10), to the (0 K) electron
affinity:

Awisfl(AH) = D(A-H) — EA,x(A) + IPx(H) (32)

There is not extensive data on the validity of this as-
sumption, although it appears to hold"’ to 2 kJ/mol for
Cl~ and OH".

2. Positive lons

In the discussion which follows, a brief description of
the Franck-Condon principle along with a discussion of
the implications for an analysis of data obtained from
experimental determinations of ionization energies will
be given in Sec. 2.1. In Sec. 2.2., special problems in the
interpretation of appearance potential data will be sum-
marized, followed in Sec. 2.3. by short descriptions of
the various experimental techniques used in obtaining
the data given here, with attention to intrinsic experi-
mental problems which may affect the reliability of data.
Section 2.4. will give a discussion of the rationale used in
evaluating ionization energy and appearance energy data
from the various approaches, and a description of the
conventions and symbols used in the tables. Finally, Sec.
2.5. summarizes a few of the regular trends observed in
the data, and describes schemes for estimating data on
heats of formation of positive ions.

Detailed discussions of the ionization process and of
the experimental techniques used in studying ion chem-
istry, as well as of thermodynamics, are available in
many books and reviews. Therefore, no attempt will be
made to present a comprehensive discussion or review of
these subjects. Rather, attention will be given only to
those aspects which have a bearing on the evaluation of
data on ionization energies, appearance energies, or ion/
molecule equilibrium constants.

2.1. The Evaluation of Experimentally-Determined
lonization Energies:

The Franck-Condon Principle

Ionization of a molecule by photoionization or by
electron impact is governed by the Franck-Condon prin-
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ciple, which states that the most probable ionizing transi-
tion will be that in which the positions and momenta of
the nuclei are unchanged””. Thus, when the equilibrium
geometries of an ion and its corresponding neutral spe-
cies are closely similar, the energy dependence of the
onset of ionization will be a sharp step function leading
to the ion vibrational ground state. However, when the
equilibrium geometry of the ion involves a significant
change in one or more bond lengths/angles from that of
the neutral species, the transition to the lowest vibra-
tional level of the ion is no longer the most intense, and
the maximum transition probability (the vertical ioniza-
tion energy) will favor population of a higher vibrational
level of the ion; if the geometry change is great, it is
possible that the transition to the lowest vibrational level
of the ion will not even be observed. These situations are
illustrated for hypothetical diatomic species in Fig. 1.

In evaluating ionization energy data, the shapes of
photoelectron bands are useful indicators as to which of
the situations pictured in Fig. 1 prevails for the particu-
lar molecule. A sharp onset indicates that the equilibrium
geometries of ion and neutral are quite similar, and that
photoionization or electron impact determinations of the
ionization threshold are likely to be free of complica-
tions. When an ionization process proceeds according to
the second situation pictured in the figure, the onset of
the photoelectron band is observed approximately at the
adiabatic ionization energy; adiabatic ionization energies
derived from observation of the onsets of photoelectron
bands are usually in excellent agreement with adiabatic
ionization energies obtained from analyses of Rydberg
series or from the most reliable threshold determinations.

When the equilibrium geometry of the ion is very dif-
ferent from that of the corresponding neutral molecule
and the lowest vibrational level is not populated in ion-
ization by photon absorption or electron impact, it has
been shown that values for the adiabatic ionization ener-
gies can be obtained by determining the equilibrium con-
stant for charge transfer to another molecule of known
ionization energy:

A* +B=B* + A (33)

The enthalpy change for this reaction, which (Sec.
2.3.5.) is obtained from the equilibrium constant determi-
nation, is just the difference between the enthalpies of
ionization, AH;, of species A and B. As shown above
(Sec. 1.6.) this difference is likely to be quite close to the
difference in the adiabatic ionization energies:

AH(33) = [AH(B) — AH(A)] ~ [IP.(B)—IP(A)] (34)

In such determinations, the ions are at thermal equi-
librium with their surroundings, and one measures the
thermochemical properties of the ions in their equi-
librium geometries.
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Fig. 1. Potential energy curves for hypothetical diatomic molecule

AB, and the corresponding positive ion, AB* for the cases in
which the equilibrium internuclear distance is (a) the same,
(b) slightly different, or (c) greatly different. Below the poten-
tial energy curves are hypothetical probabilities for ionization
as a function of energy for cases (a), (b), and (c), and, at
bottom, shapes of observed photoelectron bands for the three
corresponding cases.

2.2. Interpretation of Appearance Energies

In the discussion above, the appearance energy for
formation of a fragment ion (reaction 4) was defined, and
Eqgs. (5) and (31), for obtaining values for the heat of
formation of the fragment ion, were derived, with the
proviso that the equations were valid only when there is
no potential barrier in the reaction coordinate, and no
significant “kinetic shift” associated with the determina-
tion.

The “kinetic shift”?***! is the term applied to describe
the experimental observation of ionization onsets which
are higher than the thermodynamic onset energy due to
the fact that the apparatus samples the (fragmenting)
ions at a certain time (usually around 10~* s) after ioniza-
tion has occurred, when ions undergoing a slow frag-
mentation process have not yet had time to dissociate.
One approach for getting around this problem is an anal-
ysis based on the determination of the so-called rate-en-
ergy curve for a given fragmentation, in which the rate
constant of the dissociating ion is derived as a function of
energy. This kind of information is derived by analysis of
the data from an elegant technique which is, moreover,
capable of delivering very accurate thermochemical
information for fragmentation processes, photoelectron-
photoion coincidence spectroscopy (PEPICO)*. An-
other approach to detecting a barrier in the reaction
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coordinate is the determination of the kinetic energy car-
ried off by the fragment ion. Studies of metastable peaks,
for example, permit such an evaluation®.

2.3. Experimental Techniques

The 1977 evaluated compilation included an extensive
review of the experimental techniques which provide
ionization energy and appearance energy data, along
with a detailed description of how the data derived from
each type of experiment are interpreted to give ioniza-
tion energies>*!. Although technological advances have
been made in mass spectrometric instrumentation since
that review was written, the detailed presentation given
there is still recommended reading for anyone interested
in an in-depth description of the basic principles of the
various approaches. For the present purposes, it will suf-
fice to summarize briefly the different types of experi-
ments from which the data presented here originate, and
to give some general indications of the strengths and lim-
itations of the different techniques, and how these influ-
ence the evaluator in arriving at a recommended value
for an ionization energy.

2.3.1. Optical Spectroscopy

The identification of a Rydberg series in an atomic or
molecular spectrum leads to a value for the ionization
energy; in cases where the analysis of the spectrum is
straightforward, the spectroscopic ionization energy val-
ues are highly accurate. The determination of atomic
ionization energies through optical spectroscopy is a
highly developed field which has been extensively re-
viewed. A large fraction of atomic ionization energies
listed here are from expert evaluations of atomic spec-
tra®. In the evaluation of ionization energies of atoms
and diatomic molecules, spectroscopic ionization ener-
gies have been chosen where they are available. For
polyatomic species, a value derived from an analysis of
the optical spectrum has been given great weight, unless
several determinations from other highly reliable tech-
niques are in conflict with the spectroscopic value. As
pointed out by Rosenstock™, the evaluation of molecu-
lar Rydberg series is not always straightforward, and re-
ported spectroscopic ionization energies of polyatomic
species may disagree with values derived from ionization
onset determinations or the onsets of photoelectron
bands due to complications in the analysis of vibrational
and rotational structure.

2.3.2. Beam Studies Involving Laser Photoionization

In the years since the cut-off date of the literature
search for the previous volume of this series’, several
highly accurate ionization energy values have been re-
ported based on multi-photon ionization of vibrationally-
cooled species in a molecular beam®. In these studies, a
vibrationally and rotationally cooled beam of molecules
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is raised to a specific excited state by irradiation with a
tunable laser; while this excitation energy is held con-
stant, a second independently tunable laser is used to ion-
ize the beam of excited molecules, with the photon
energy being tuned through the ionization onset. The
excitation laser is then tuned to a different transition, and
the ionization scan is repeated. In this way, the entire
Franck-Condon accessible region of the intermediate
electronic state is mapped out, insuring that the molecu-
lar geometry corresponding to the adiabatic ionization
energy is accessed. Since every intermediate vibronic
state leads to an independent value of the ionization
threshold, the experiment contains an internal consis-
tency check.

2.3.3. Determination of lonization/Appearance
Energies by Threshold Techniques

In the several techniques which fall under this head-
ing, the onset of ionization or of the appearance of a
particular fragment ion is detected as a function of the
energy of the ionizing agent, either photons or an elec-
tron beam. The most obvious problem which must be
considered with regard to this technique is the accurate
characterization of the energy of the ionizing medium,
photons or electrons. When ionization is brought about
by photon absorption, this is usually not a problem;
monochromators capable of delivering photons with a
high energy resolution are available. The most sophisti-
cated photoionization experiments involve detection of
energy-selected electrons; in the so-called “threshold
photoelectron spectroscopy” technique, only those pho-
toelectrons which correspond to essentially zero energy
of ejection are detected.

In the past, many experimental determinations of ion-
ization onsets were carried out in instruments in which
ionization was effected by bombarding the sample of in-
terest with an electron beam in which the electrons had
a known energy. This technique, called “electron ioniza-
tion” or in the older literature, “electron impact”, re-
sulted in many determinations which were unreliable
because of the energy spread of the electrons in a con-
ventional beam. Several approaches have been utilized
to overcome this problem; the most successful has been
the use of a so-called “‘electron monochromator”, in
which the energy of the electron beam is narrowly de-
fined by passing the beam through electron energy selec-
tors of various designs’****%*  Results obtained using
electron beams with well-defined energies are in excel-
lent agreement with analogous results derived from de-
terminations of photoionization thresholds. At this
writing, reliable data on ion thermochemistry are being
obtained from experiments of this sort. Although studies
are still being published which report ionization energy
and appearance energy data from less accurate electron
ionization techniques, the intent of the authors of those
studies is rarely to examine the thermochemistry of the
ionization process.
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In the powerful threshold technique known as pho-
toelectron-photoion coincidence (PEPICO)*, the ther-
mochemistry and detailed mechanism of an ionic
fragmentation process can be mapped out very accu-
rately. Ejected electrons which originated with “zero”
kinetic energy are matched with their corresponding
positive ions. At energies where parent ions, M, are
undergoing dissociation to form one or more fragment
ions, one obtains the relative probabilities for the forma-
tion of the daughter ions from parent ions of known en-
ergy (i.e. the breakdown curve). The ions can be
detected at differing times after the ionization event for
the determination of the time dependence of the dissocia-
tion process. The complete interpretation of such data
requires a modeling of the dissociation using statistical
theories of unimolecular decomposition (i.e. quasi-equi-
librium/RRKM theory)***. As pointed out by Dan-
nacher in a recent review®, in spite of its great strengths,
this technique has not been widely utilized, possibly be-
cause of the intricate instrumentation required, the com-
plexity of the data analysis, and the fact that each
determination requires the investment of a great amount
of time on the part of the experimentalist.

To summarize, intrinsic problems associated with
threshold determinations of ionization energies are: a)
the difficulty of detecting the onset when there is a large
change of molecular geometry in the ionization process,
as discussed in Sec. 2.1.; and, b) the observation of ion-
ization at energies below the adiabatic ionization energy
when there is a significant population of vibrationally
excited molecules in the system (“hot bands”).

2.3.4. Photoelectron Spectroscopy
It is also possible to determine the energy change asso-
ciated with ionization process 1 by effecting ionization
with a photon of well-defined energy and measuring the
energy of the ejected electrons:

(3%

KE(e) = hv — I — E*(vib,rot) (36)

M+ hv—>MT 4+ e
where

(where E*(vib,rot) is the internal energy of M* and I is
the binding energy of the electron).

The most widely-used technique of this type is con-
ventional photoelectron spectroscopy® in which the
photon sources are usually the helium resonance lines of
58.4331 nm (21.218 eV) or 30.3781 nm (40.813 eV); some
work is done with neon resonance lines (73.589 nm and
74.370 nm, 16.848 and 16.671 eV) or other intense
monochromatic sources. In such an experiment, the
ejected electrons will have differing energies depending
on the distribution of energy levels in the M* ions
formed; a map of the abundances of the electron as a
function of energy is called the photoelectron spectrum .
As described in Sec. 2.1., the shapes of the photoelectron
bands will reflect not only the energy differences in the
different states of M* but the M — M transition proba-

bilities as governed by the Franck-Condon principle. In
cases where the equilibrium geometry of the ion and the
corresponding neutral are the same or are similar, it is
found that the observed onset of the first photoelectron
band is usually a reliable indicator of the adiabatic ion-
ization potential (see Fig. 1).

2.3.5. lon/Molecule Equilibrium Constant Determinations

This evaluation takes into account (although previous
works in the series did not) all information on ion ther-
mochemistry generated by ion/molecule equilibrium
constant determinations.

An ion/molecule equilibrium:

A* 1+ B=C* 4+ D 37

is established in a high pressure mass spectrometer®,
flow tube*, or ion cyclotron resonance spectrometer®,
and the equilibrium constant is determined by observing
the relative abundances of the two ions, AT and C*,
after a large number of collisions:

[C*]ID]
= AT e

The neutral reactants, B and D, are present in great
abundance compared to the ionic reactants, and there-
fore, the ratio [D]/[B] does not change as equilibrium is
established. A single measurement leads to a value for
the Gibbs energy change of reaction 37 at the tempera-
ture of the measurement, while a series of measurements
at different temperatures permits an experimental evalua-
tion of the entropy and enthalpy changes associated with
the reaction:
—RTInK, =AG=AH—TAS (39)

In practice, many studies have been published in which
measurements were made at a single temperature, the
(usually small) entropy change for the reaction was esti-
mated from statistical mechanical considerations (usually
just from consideration of changes in symmetry num-
bers), and the corresponding enthalpy change was
derived from these two pieces of information.

Published ion/molecule equilibrium studies involving
cations provide data on charge transfer (reaction 33),
proton transfer (reaction 6), and hydride or halide trans-
fer equilibria:

R,* + RX =R,* + R,X (40)

(where X is H, F, Cl, Br, or I). Studies of hydride trans-
fer and halide transfer equilibria have led to quantitative
information about the relative heats of formation of alkyl
carbocations. These data were used to supplement infor-
mation from appearance potential determinations in
evaluating heats of formation of alkyl carbocations.
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Most ion/molecule equilibrium studies involving posi-
tive ions have been devoted to the derivation of an ex-
tensive (more than 100 kcal/mol in length) scale of
relative proton affinities (see Eqgs. (7) and (8)). The re-
sults were mainly derived from interlocking ladders of
enthalpy changes for reaction 6. These data have re-
cently been evaluated to establish internal consistency®*.
Most of the values for heats of formation of protonated
molecules given in this evaluation are taken from that
publication. When this is the case, no specific literature
reference is given, it being understood that the source is
the evaluated compilation®.

As noted above (reaction 33), in determinations of
charge transfer equilibrium constants, the difference in
the ionization energies of two reacting molecules is ob-
tained. A thermochemical ladder of relative ionization
energies determined in this way? closely reproduces the
equivalent scale of spectroscopic ionization energies,
thus demonstrating the reliability of the approach for
deriving information on relative ionization energies. The
most useful application of this approach for ionization
energy data has proved to be the determination of ion-
ization energies for species which undergo a large
change of geometry upon ionization (case 3 in Fig. 1),
and which therefore exhibit very slow onsets of ioniza-
tion as a function of energy. For example, the only reli-
able data on the adiabatic ionization energies of
n-alkanes* and of alkyl hydrazines** come from ther-
mochemical ladders established through equilibrium
constant determinations.

The main uncertainty associated with this technique,
aside from the necessity of relating the thermochemical
ladder to a reliable comparison standard, is the tempera-
ture of the reacting system. However, the reproduction
of relative spectroscopic ionization energies through
equilibrium measurements® demonstrates that this is not
a serious problem.

2.3.6. lon/Molecule Bracketing Experiments

There are some ion/molecule systems for which an
equilibrium can not be established in an ion source, ei-
ther because one of the relevant neutral species is un-
stable (e.g. a radical or unstable molecule) or because of
competing reactions in the system. In such cases, it is
sometimes possible to obtain an experimental estimate of
the enthalpy change of a particular reaction (charge
transfer, proton transfer, hydride transfer, etc.) by use of
a technique known as “bracketing” in which the ion of
interest is reacted with a series of molecules chosen for
variations in the relevant thermochemical parameter
(proton affinity, ionization energy, etc.). The occur-
rence, and sometimes the rate constant, of reaction is
monitored as a function of the parameter of interest; the
approximate onset energy is usually assumed to lie on the
energy scale at a point where the rate of reaction be-
comes very slow. Few data in this work are derived
from such measurements, but in cases where heats of
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formation are derived from this kind of experiment, a
specific comment describes the experiment.

2.3.7. Onsets of Endothermic Reactions

Several pieces of data given here have been derived
from an analysis of the enthalpy changes of endothermic
ion/molecule reactions. Although some such informa-
tion has been obtained from straightforward kinetic
treatments (Arrhenius plots) of the temperature depen-
dences of the rate constants of endothermic ion/
molecule reactions**® recent quantitative studies®"***
cover a much broader energy range by generating a
beam of energy- and mass-selected ions which is fo-
cussed into a collision chamber containing the reactant
gas; product ions are detected as a function of the energy
of the ions in the beam.

2.3.8. Other Techniques

Essentially all of the ionization potentials and heats of
formation of positive ions included in this evaluation
have been derived from results obtained using the exper-
imental approaches listed above. Several additional tech-
niques (Auger electron spectroscopy, Penning
ionization, Born-Haber cycle calculations, and analyses
of so-called charge transfer spectra) were described in
the Introduction to the 1977 compilation®*! but are not
widely used for the quantitative determination of data of
interest to this compilation. Such data, when available,
have been taken into account in the evaluation, except
for ionization energies derived from charge transfer
spectra. The latter technique is mainly used for obtaining
values for ionization potentials of compounds of low va-
por pressure. Since the cut-off date for inclusion of liter-
ature in the 1977 volume, numerous quantitative
determinations of ionization energies for such species,
mainly by photoelectron spectroscopy or by ion/
molecule equilibrium constant determinations, have ap-
peared in the literature. These have made the charge
transfer spectra data obsolete for many species. Since it
is generally seen that the gas phase ionization potentials
derived from charge transfer spectra may be very inac-
curate, all these data have been ignored in the present
volume.

2.4. Reliability of lonization Energy Data and
Criteria for Evaluation
2.4.1. Comparisons between Results of Different Techniques

The data on ionization energies summarized here are
derived from the different types of measurements de-
scribed above, and are consequently of widely varying
quality, not only because the accuracies of the measure-
ment techniques differ, but also because of differences in
the focusses of the research in which the measurements
were made. For example, many of the ionization ener-
gies reported for inorganic species were never intended
by the original authors to be quantitative ionization
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energy measurements, but are simply qualitative indica-
tors of whether or not a given ion observed in the vapor
over a heated Knudsen cell has been formed by electron
impact ionization of the corresponding neutral species
(in which case it exhibits an onset at a relatively low
energy) or through fragmentation of a molecular ion
(which would correspond to a higher onset energy). In
these experiments, error limits of 0.5 to 1 eV are com-
monly cited by the original authors. Similarly, most pho-
toelectron spectroscopic studies are carried out for the
purpose of examining molecular orbital energy levels;
thermochemistry is not a concern, and often, although
the accuracy of the measurements is very high, only ver-
tical ionization energies, which are not necessarily re-
lated to thermochemical onsets, are reported.

Because many of the values for ionization energies
given here are derived from evaluations of several differ-
ent determinations carried out using different techniques,
there is no specific indication in Table 1 of an experimen-
tal method associated with a particular value. In carry-
ing out the evaluation, an attempt was made to integrate
the entire corpus of information about any given ion,
giving weight to various determinations depending on
the nature of the ionization onset, the measurement tech-
niques used, the attention to detail by the original au-
thors, and so forth. Usually (but not always) a
spectroscopically-determined ionization energy was con-
sidered more reliable than a contradictory value ob-
tained by observation of an ionization threshold. A value
obtained from an observed ionization onset using pho-
toionization or an electron monochromator was consid-
ered more reliable than an onset obtained using less
accurate techniques. In all of these cases, an observed
onset of a photoelectron band was given great weight in
carrying out the analysis, with values from any of the
above three techniques being downgraded if they did not
match the photoelectron onset (unless, of course, the dif-
ferences could be rationalized in terms of the principles
outlined above).

As mentioned above, many photoelectron spec-
troscopy studies do not cite values for adiabatic ioniza-
tion potentials. In these cases, where the authors have
provided a figure showing the photoelectron spectrum,
it is usually possible to estimate from the figure the value
for the adiabatic onset; where adiabatic ionization ener-
gies have been obtained in this way, a specific comment
to that effect is made.

Data derived from ion/molecule equilibrium constant
determinations have been utilized as an aid in evaluating
information obtained from other sources. For example,
where scales of relative ionization energies were avail-
able from equilibrium constant determinations, internal
consistency with these scales was required in the as-
signed ionization energy or heat of formation values.
Where this was not possible, a specific comment spells
out the discrepancy. As described in Sec. 2.3.5., ioniza-
tion energy values derived from equilibrium constant de-
terminations provide the only values for ionization
energies of species which undergo large changes of ge-

ometry upon ionization such as normal alkanes with six
or more C-atoms*, or hydrazines***. When an ioniza-
tion energy has been obtained solely from this approach,
the source of the data is indicated in a comment, and the
identity of the reference compound is given.

Heats of formation of protonated molecules derived
from the evaluated proton affinity scale* are taken from
that publication. More recent data are included, with the
internal consistency requirement rigorously maintained.
The value for the corresponding proton affinity of the
molecule is given in a comment. Note that to locate a
value for a proton affinity, one must look under the em-
pirical formula of the corresponding protonated
molecule, i.e. the proton affinity of methane is located by
looking under CH;s. When data from recent publications
are given, the literature source is specifically cited.

2.4.2. Reliability of Data; Error Limits

Ionization Energies. The experimentally-determined
ionization energies collected here display widely varying
uncertainties, ranging from +0.0001 eV or smaller for
some spectroscopic or multiphoton-laser determinations
to =1 eV for measurements carried out on the vapor
above a heated Knudsen cell. The error limits associated
with a particular ionization energy are specifically listed
when the original work(s) gave an estimate of this quan-
tity. In other cases, the error limits are indicated by the
number of significant figures displayed; in these cases, it
can be assumed that the error limits are five times the last
significant figure displayed.

Some of the ionization energy values are shown en-
closed in parentheses. Data enclosed in parentheses are
considered not to be firmly established for one of three
reasons:

(1) The measurement itself must be considered unreli-
able (as in, for example, threshold determinations in
which the energy spread of the electrons was not well
defined).

(2) The relevant ionization energy has been deter-
mined more than once but with poor agreement between
the different results, and there is no auxiliary information
available which allows a choice between the divergent
values. In such cases, the evaluation gives either (a) the
value determined by the most reliable technique, or (b)
an average of two or more values determined by the
same technique, with error limits indicating the scatter in
the data. In a very few cases where the scatter in the
reported values is very great or where the value ob-
tained by the “most reliable” technique appears to be
specious, no evaluated ionization energy is cited, but a
note is included which lists the various determined val-
ues.

(3) Parentheses are also used to indicate data which
are unevaluated. That is, when a particular molecule has
been studied only once, and additional information
which would permit one to judge the reliability of the
data is unavailable, the ionization energy is given exactly
as it appears in the original reference but is enclosed in
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parentheses. Many of these untested determinations are
undoubtedly reliable; the cited error limits and the num-
ber of significant figures shown in the table will give an
indication of the probable reliability of the technique by
which such a value was obtained.

As described above, some ionization energy values
were obtained by reading onsets of photoelectron bands
in figures reproduced in papers, where the original au-
thors did not assign a numerical value to the band onset.
In every such case, a specific comment is made indicat-
ing that the value has been derived from a figure. The
accuracy with which such onsets can be read should be
assumed to be not better than 0.1-0.2 eV, except where
the authors have given an enlarged view of the band
onset, in which case, an additional significant figure is
cited. When a figure was not given, the lowest vertical
ionization potential from the original paper is cited as the
upper limit to the adiabatic ionization energy.

Heats of Formation. The cited heats of formation of
ions necessarily reflect both the uncertainties in the ion-
ization (or appearance) energy values and the uncertain-
ties in the heats of formation of the relevant neutral
species. Values of ionic heats of formation which are not
firmly established - either because of a poorly established
ionization/appearance energy or because of large uncer-
tainties in the heat of formation of the neutral species -
are shown enclosed in parentheses.

Although the values which were used for heats of for-
mation of neutral species will be discussed separately in
Sec. 4, it should be emphasized here that many of these
data are based on estimates. Some of the estimation
schemes for particular classes of compounds are sophisti-
cated and well-documented, and can be considered to
lead to values for heats of formation which are as reli-
able as most experimental data. Other estimations have
been carried out by various authors with varying de-
grees of attention to complexities, or in some cases, with
little or no documentation about how the estimate was
accomplished. A large fraction of the estimates used
were made specifically for this publication, and even
among this fraction, there is a broad spectrum of quality
depending on the size of the network of related informa-
tion which was available. Rather than try to sort out and
make judgments about the quality of each estimate of the
heat of formation of a neutral molecule, the policy has
been followed of enclosing in parentheses each ion heat
of formation based on an estimated value for the heat of
formation of relevant neutral molecules or radicals; this
practice is not meant to disparage the quality of the esti-
mated data, but simply to alert the reader to the fact that
it is being used. As a first approximation, the user can
assume that the reliability of an estimate varies inversely
with the complexity of the molecule.

2.5. Trends in the Data
2.5.1. Estimation Schemes for Heats of Formation of Cations

Within the past few years, a sufficient amount of reli-
able information on ionization energies and heats of for-
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mation of many classes of positive ions has become
available so that regular trends as a function of molecu-
lar size and structure can be discerned. These can be
used to develop empirical schemes for estimating ioniza-
tion energies and/or heats of formation of cations. Since
ionization energies for a homologous series do not have a
linear dependence on molecular size, values for heats of
formation of ions can not be reproduced satisfactorily by
simple additivity systems like those in widespread use for
the prediction of thermochemical data for neutral
molecules. The predictive schemes put forward to date
utilize equations which are empirical.

One series of several papers®****"’ presents a scheme
which is designed to predict values for the heat of forma-
tion of positive ions at 298 K from equations of the form:

AHM*) = A — Bn + C/n 1)

where 4, B, and C are constants derived from the data
for any particular series, and # is the total number of
atoms in the molecule. The parameters derived in the
paper of Holmes, Fingas, and Lossing™ for predicting
heats of formation of the parent ions of several common
classes of compounds are listed in Table 2.5.1.1.

This method works because to an excellent approxi-
mation, the ionization energies of a homologous series
vary linearly as n™', as expressed in the term C/n in Eq.
(41). The other two terms, 4 and Bn, reflect the additive
nature of heats of formation of neutral molecules. Also,
for molecules in which there is multiple substitution by
characteristic groups on charge-bearing atoms or at the
position of charge delocalized pi-electron systems, good
straight-line relationships exist between ionic heats of
formation and the logarithm of the number of atoms (i.e.
ion size). Such correlations permit reasonably accurate
estimates of ion enthalpies of formation®**%657,

Bachiri, Mouvier, Carlier, and DuBois® have ad-
vanced a scheme for the estimation of ionization energies
of alkenes, alkynes, aldehydes, ketones, alcohols, ethers,
mercaptans, and thioethers. Their empirical equation
takes the form:

IPRXR,) — IP,
IP, — IP,

log,

= 0.106[IR,) + I(R)] (42)

where X is a functional group (ie. -CH=CH- or
>C=CH, for alkenes, ~-O- for alcohols and ethers,
>C=0 for aldehydes and ketones, etc.), R, and R, are
the attached alkyl groups, IP, is the ionization potential
of the reference compound for which R; = R, = H. IP_,
in Eq. (42) is a constant for each compound type. (A
modification of this scheme which does away with the
need for the parameter IP, has also been put forward
recently™). Table 2.5.1.2. lists the constants for the alkyl
substituent groups and the different compound types
(modified slightly from the values given in the original
publication to predict adiabatic rather than vertical ion-
ization energies).
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TABLE 2.5.1.1. Estimation scheme® of Holmes, Fingas, and Lossing*:
ArHM*)Ykcal/mol=A4 — Bn+ C/n

kcal/mol®
Compound Type A B C Correction Terms
Alkanes 224 2.2 298 For each branch: —3
1-Alkenes 231.6 1.61 110 For each branch on C-2: —13
For each remote branch: —2.5
x-Alkenes 219.6 1.61 110 For each branch on =C: —13
For each branch elsewhere: —2.5
One cis correction: +1
Two cis corrections at one double bond: +3
If one group is t-butyl: +4
) If both groups are t-butyl: + 10
1-Alkynes 278 1.57 110 For each branch: —4
2-Alkynes 260 1.58 110 For each branch: —4
3-Alkynes 257 1.57 110 For each branch: —4
4-Alkynes 257 1.57 110 For each branch: —4
5-Alkynes 256 1.57 110 For each branch: —4
Alkanols 175 1.59 216 For each branch adjacent to —OH: —6
For each branch elsewhere: —2
Aliphatic ethers 157 1.41 368 For each branch adjacent to —O—: —6
For each branch elsewhere: —3
®Asymmetry correction per carbon: + 1
Aliphatic 188 1.65 135 For each branch adjacent to C=0: —5
For each branch elsewhere: —3
Aliphatic ketones 166 1.78 252 For each branch adjacent to C=0D: —3.5
bAsymmetry correction per carbon: +1.5
Alkanoic acids 142 1.90 112 For each branch adjacent to C=0Q: —3.5
For each branch elsewhere: —1.5
Chloroalkanes 236 1.98 57 For each branch adjacent to halogen: —5
For each branch elsewhere: —3
Bromoalkanes 219 1.40 115 For each branch adjacent to halogen: —5
For each branch elsewhere: —3
Iodoalkanes 222 1.69 44 For each branch adjacent to halogen: —5

*Constants are given here in the units used in the original paper.

"Asymmetry correction for ethers and ketones having different numbers of C-atoms on either side of the functional group is based on the smallest
numbers of C-atoms which must be transferred to give the most symmetrical species, e.g. for methyl pentyl ketone, +3 kcal/mol.

°n is the total number of atoms in the molecule.

A comparison of ionization energy values® or heats of
formation of cations* predicted from expressions 41 or
42 with the corresponding evaluated experimental values
is given in Table 2.5.1.3. For both predictive schemes,
the agreement between estimated values and experiment
is generally quite good — good enough to inspire confi-
dence in the use of the equations for filling in blanks in
the data series.

As pointed out in one of the papers advancing these
empirical estimation schemes®* the equations are “not
only useful for predicting new A:H values, but also for
revealing misfits which could indicate incorrect values
for A:H°(Neutral) or the ionization energy, or, more in-
terestingly, an ion structure having special stabilizing or
destabilizing properties.” In fact, the trends described by
these equations were routinely examined in evaluating
the data for just these reasons.

2.5.2. Correlations of lonization Energies with Proton Affinities
or Substituent Constants

The proton affinity of molecule M, defined by Eq. 7, is
equal to the M-H™* bond energy of the MH™" ion. The

M*-H bond energy is called the hydrogen affinity (HA)
of M*:

—HA

M* + H > MH* 43)

Consider the thermodynamic cycle, constructed from re-
actions 7 and 43:

M + HY = M
VIPM) | —IPH) | (44)

—HA
M* 4+ H — MH?*
From cycle 44 we write:

PAM) HAM™*) + IP(H) — IP(M)

HAM?") + 13.6eV — IP(M) (45)

If the hydrogen affinity were a constant for a given com-
pound type, the proton affinity values would vary lin-
early with the ionization potentials for a homologous
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TABLE 2.5.1.2. Estimation scheme of Bachiri, Mouvier, Carlier, and DuBois’*:

—IP,
togo PEXRIZ Lo o.1061R) + 1R

X IPy(eV) IP,(eV)
-C=C- (Alkynes) 11.400 6.577
-HC=CH- (Alkenes) 10.507 6.849
>C=CH, (Alkenes, gem) 10.737 6.814
—-(C=0)-H (Aldehydes except CH,0) 12.063 3.575
>C=0 (Ketones) 13.334 3.936
-OH (Alcohols) 12.607 3.7
-0- (Ethers) 12.612 5.483
-S- (H,S, Thiols, Thioethers) 10.473 5.725
R I

H 0 (Convention)

Methyl 1 (Convention)

Ethyl 1.166

n-Propyl 1.271

i-Propyl 1.291

n-Butyl 1.330

s-Butyl 1.400

i-Butyl 1.358

t-Butyl 1.394

n-Pentyl 1.340

i-Pentyl 1.389

neo-Pentyl 1.369

t-Pentyl 1.479

s-Pentyl [-CH(C,H3s),] 1.462

n-Hexyl 1.355

t-Hexyl {-C(CH,),(n-C;Hy)] 1.524

t-Hexyl [-C(CH3;),(i-C;H>)) 1.570

neo-Hexyl [-CH,CH,C(CH3);] 1.360

TABLE 2.5.1.3. Comparison of ionization energies/heats of formation with estimated values predicted from estimation schemes®

Holmes et al. > Bachiri et al. %
P AdH /(Ion) mw AcH (Ton) r AcH (Ion)
Compound V) (J/mol) V) (kJ/mol) ©)  (xI/mol)

Alkynes

CH;C=CH 10.36 1186 [10.34] 1184 10.36 [1184]
C,H:C=CH 10.178 1147 [10.13] 1142 10.21 [1151]
n-C;H,C=CH 10.05 1113 [10.04] 1113 10.11 [1121]
n-C;H,C=CH (9.95) (1079) [10.02] 1088 10.06 [1092]
n-CsH;;C=CH (10.04) (1071) [ 9.93] 1063 10.06 [1075)
n-C¢H;;C=CH (9.95) (1038) [ 9.93] 1038 10.04 [1046]
i~C;H,C=CH 9.97 1096 [ 9.95] 1096 10.10 [1109]
i-C;H,C=CCH; 9.31 996 [ 9.32} 996 9.33 [ 996]
t-C{H,C=CH (9.80) (1050) [ 9.80] 1050 10.01 [1071]
CH;C=CCH; 9.562 1068 [ 9.55] 1067 9.54 [1067]
C,H;C=CCH, 9.44 1038 [9.43] 1038 9.42 [1038]
n-C;H:C=CCH, 9.366 1013 [9.37] 1013 9.35 [1013]
n-C4HyC=CCH; (9.33) (983) [9.37) 987 9.31 [ 983)
n-CsH;;C=CCH, 9.31 962 {9.32] 962 9.30 [ 958]
n-C¢H,\C=CCH, (9.30) (941) [ 9.28] 941 9.29 [ 941]
C,H;C=CC,H; 9.323 1004 [9.28] 1000 9.31 [1004)
n-C;H,C=C;H, (9.26) 975) [ 9.24] 975 9.24 [ 975]
1-C4H,C=CC,Hj 9.22 954 [9.19] 950 9.20 [ 950]
n-CsH,,C=CC,H;s 9.20 929 [9.19] 929 9.19 [ 929]
n-C¢H;3C=CC,H; 9.19 908 [9.19] 908 9.18 [ 908)
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TABLE 2.5.1.3. Comparison of ionization energies/heats of formation with estimated values® — Continued

Holmes et al. % Bachiri et al. %
Ir AcH /(Ton) P/ A¢H (Ion) Ir A¢H (Ion)
Compound &) (kJ/mol) 5% (kJ/mol) €v)  (kJ/mol)
Alkenes
CH,;CH=CH, 9.73 958 [9.73] 958 9.71 [958]
C,H;CH=CH, 9.58 925 [ 9.59] 925 9.60 [925]
n-C;H;CH=CH, 9.52 895 [ 9.54] 900 9.53 [895]
n-C;H,CH=CH, 9.44 870 [ 9.48] 874 9.49 [874]
n-CsH,,CH=CH, 9.44 849 [ 9.45] 849 9.49 [853)
n-C¢H,;CH=CH, 9.43 828 [ 9.41] 828 9.48 [833]
i-C;H,CH=CH, 8.96 812 [ 8.94] 812 8.92 [808]
t-C4H,CH=CH, 9.45 849 [ 9.43] 853 9.45 [853]
(C,Hs),C=CH, 9.06 820 [ 9.06] 820 9.03 [816]
E-CH;CH=CHCH; 9.100 866 [9.12] 866 9.09 [866]
E-C,H;CH=CHCHj; 9.036 840 [ 9.05] 841 9.00 [837]
E-n-C;H;CH=CHCH, (8.97) (812) [ 8.99] 816 8.95 [812]
i-CyH,CH=CHCH; 8.97 803 [ 8.96] 803 8.94 [803]
E/Z-n-CsHsCH=CHCH, (8.84) (782) [8.92] 791 8.92 [791]
E-n-CsH;;CH=CHCH; 8.85 757 [ 8.97] 766 8.91 [761]
C,HsCH=CHC,H; 8.96 812 [ 8.94] 812 8.92 [808]
(CH;),C=C(CH;), 8.27 728 [ 8.04] 707 8.23 [724]
Alcohols
CH;OH 10.85 845 [10.82] 845 10.68 [828]
C;H;OH 10.47 774 [10.45] 774 10.40 [770]
n-C;H,0H 10.22 732 [10.20] 728 10.23 [732]
n-C;H,OH 10.06 695 [10.03] 695 10.14 [703]
n-CsH,;OH 10.00 669 [ 9.96] 661 10.12 [678]
n-C¢H,;0H (9.89) (640) [ 9.86) 636 10.10 [661]
i-C;H;0H 10.12 703 [10.10] 703 10.20 [711]
s-C,H,OH 9.88 661 [ 9.96] 669 10.03 [674]
i-C4H,OH 10.09 690 [10.03] 686 10.09 [690]
t-C.H,OH 9.97 648 [9.90] 644 10.09 [661]
Ethers
CH,0CH, 10.025 782 [ 9.94] 774 9.86 [766]
C;H,;0CH; 9.72 720 [9.77] 715 9.69 [717]
n-C;H,OCH; —_ — 9.58
i-C;H,;O0CH; 9.42) 657 [ 9.41] 657 9.56 [669]
1-C.H,OCH, (9.54) (661) [9.32) 640 9.52 [661]
1-C3H,0C, H; (9.45) (640) [ 9.46] 640 9.42 [636]
C,Hs0C,H; 9.51 665 [ 9.56] 669 9.52 [665]
n-CsH,OC,H;s 9.36 611 [ 9.36] 611 9.36 [611]
t-C,HyOCH, 9.41 619 [ 9.26] 602 9.46 [623]
Aldehydes
CH;CHO 10.229 821 [10.21] 820 10.23 [820]
C,H;CHO 9.953 773 [ 9.97] 774 9.96 [774]
n-C;H,CHO 9.84 741 [9.82] 741 9.80 [736]
n-C4H,CHO 9.74 711 [ 9.76] 711 9.71 [707]
n-CsH,,CHO 9.67 686 [ 9.66] 685 9.69 [688]
i-C;H,CHO 9.705 721 [ 9.69] 719 9.77 [727]
i-C;HyCHO 9.70 699 [9.71] 700 9.67 [695]
s-C4H;CHO (9.59) (690) [ 9.58] 690 9.61 [692]
t-C4HyCHO 9.50 674 [ 9.45] 669 9.62 [686]
neo-CsH,;CHO (9.61) (661) [ 9.61] 661 9.65 [665]
Ketones
CH,;COCH; 9.705 719 [9.77] 74 9.704 [761]
C,H;COCH; 9.51 678 [ 9.53] 680 9.48 [675]
n-C;H;COCH; 9.38 644 [ 9.40] 646 9.33 [639]
n-C4Hs;COCH; 9.35 628 [ 9.26] 619 9.26 [619]
C;HsCOC;H; 9.31 640 [9.32] 642 9.26 [636]
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TABLE 2.5.1.3. Comparison of ionization energies/heats of formation with estimated values* — Continued

Holmes et al. Bachiri et al. %

P AdH /(Ton) P AcH(Ton) IP Adi(lon)
Compound %) (J/mol) 5% (kJ/mol) @)  (d/mol)
Ketones — Continued
n-CsH,COC;Hs 9.12 598 [ 9.25) 611 9.12 [598]
n-CsH,COC;H; ©.02) (573) [ 9.14] 586 9.05 [577]
-C3H,COCH, 9.30 636 [9.21] 628 9.31 (636]
i-C;H,COC,H; (9.10) (594) [9.15) 598 9.10 [590]
(-C3Hy),CO 8.95 552 [ 8.92) 548 8.94 [552]
s-C;H,COCH, 9.21 598 [ 9.24] 602 9.17 [594]
i-C;H,COCH, 9.30 607 [9.43] 619 9.22 [602]
-C4H,COCH, 9.1 590 [ 9.14] 590 9.17 [594]
neo-CsH, COCH,3 (9.23) (573) [9.29] 577 9.21 [569]

*In these lists, values obtained through the use of the estimation scheme of Holmes et al*® are keats of formation of ions at 298 K. The scheme of
Bachiri et al®® predicts ionization energies. For purposes of comparison, both quantities are given here, the conversion being made using standard
heats of formation of corresponding neutral molecules from Table 1. The derived quantity is enclosed in brackets. Parentheses indicate a quantity

which is not well established (see conventions for Table 1).

series, the slope of the plot would be —1 and the inter-
cept would be [HAM™) + 13.6 eV].

It has been observed**®*! that the value which can be
assigned to the M*-H bond strength (i.e. the HA) is in-
deed often approximately constant for a homologous se-
ries, at least over a limited range. For instance, it was
reported® that linear plots of P4 versus IP for primary,
secondary, and tertiary amines display the same slope,
but have different intercepts (i.e. different values of HA).
However, a detailed statistical analysis® of the relation-
ships between proton affinities and ionization potentials
for many different compound types (alcohols, ethers,
primary-, secondary- and tertiary-amines, nitriles, mer-
captans, sulfides, aldehydes, ketones, carboxylic acids,
esters, amides, and atoms) demonstrated that only the
parent radical cations of sulfides and mercaptans dis-
played a characteristic (constant) value of the hydrogen
affinity. For other compound types, it was concluded
that the hydrogen affinity itself varies linearly with the
ionization energy:

HAM™) = ¢ + AIP(M) (46)

Several series of compounds for which reliable evalu-
ated ionization energy and proton affinity data are both
available are summarized in Table 2.5.2.1. along with
values for the hydrogen affinities. The published analysis
utilized vertical ionization energies corresponding to the
orbital of the site of protonation, and a proton affinity
scale which, although internally consistent, was con-
stricted in length (due to the incorrect assumption in
early equilibrium studies using ICR that the operating
temperature was 300 K rather than 320 K) and related to
an absolute standard whose proton affinity value has
now been revised downward by 3 kcal/mol. Repeating
that statistical analysis, but using instead the thermo-
chemically more meaningful adiabatic ionization ener-
gies which relate to the M*-H bond strengths, and the
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evaluated scale of proton affinities®, it is seen that Eq.
(46) does hold for alcohols, aldehydes, ketones, primary
amines, cyclic ethers and esters. In the series of aliphatic
ethers, thioethers, and secondary and tertiary amines,
values of the hydrogen affinity appear to decrease
slightly with decreasing ionization energy, but the differ-
ences are too small to be meaningful (i.e. the slope of a
plot of Eq. (46) is —0.7 or greater), and the assumption
that the hydrogen affinity is constant will be approxi-
mately valid. The hydrogen affinities of mercaptans and
of aromatic amines are indeed constant. Substituting Eq.
(46) into Eq. (45), we derive an expression which permits
the estimation of an unknown proton affinity/ionization
energy when one of these two parameters is known:

PA—PA, = (d—1)IP,—IP,) = K(IP,—IP,) (47)

where K = (d—1) is the slope of a plot of P4 versus IP
for a compound series:

PA, = C + KIP, (48)

Values for C and K derived from the statistical analysis
of the data are given in Table 2.5.2.1. for those com-
pound types for which sufficient information was avail-
able to make a meaningful analysis.

Attention has also been given to relating ionization
energies and proton affinities of various series of
compounds to the appropriate Taft substituent con-
stants*5*%¢" Tt has been shown that the adiabatic ioniza-
tion energies of compounds RX (where R is an alkyl
group) correlate linearly with o*(R) and o(R) (mea-
sures of the polarizability and electron-releasing and do-
nating ability of R) for constant electron-withdrawing
group X. This is easily understood in terms of a lowering
of the energy required to remove an electron with in-
creasing electron-donating ability of the groups, R.
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TABLE 2.5.2.1. The relationship between proton affinity, jonization energy, and hydrogen affinity for homologous series

23

PAM) = C + K- IP(M)
HAM™"Y) = ¢ + d.IP(M)
(C — ¢ = 1312kI/mol,d — K = 1.00)

kJ/mol

IP PA HA
Alcohols: K = —0.54, C = 1335 kJ/mol
CH,OH 1047 761 494
C.H;,OH 1010 788 485
n-C;H,0H 986 798 472
fl-CJ‘IyOH 971 800 456
1.-C4H90H 974 805 464
i-C;H,OH 976 800 464
s-C4H,OH 953 799 439
t-C4HyOH 958 810 460
Acyclic Ethers: (K = —0.77, C = 1548 kJ/mol)
CH;0CH; 967 804 460
C,H;OCH, 938 822 448
C,H;0C,Hs 918 838 444
(n-C;H;);0 895 846 427
(n-C4H9)20 910 852 448
(s-C4Hs),O 879 874 439
t-C4HyOCH; <908 846 <444
Cyclic Ethers: (K = —0.40, C = 1192 kJ/mol)
¢c-C,H,0 1020 786 494
c-C;HeO 933 824 448
¢-C4H;O 908 832 427
¢c-CsH 00 892 836 414
Aldehydes: (K = —0.50, C = 1276 kJ/mol)
CH;CHO 987 781 456
C,H;CHO 960 793 444
n-C;H,CHO 949 801 439
i-C3H,CHO 936 806 431
i-C4HyCHO 936 806 431
Ketones: (K = —0.39, C = 1188 kJ/mol)
CH;COCH; 936 823 448
C,Hs;COCH; 917 836 444
C,H;COC,H;s 898 843 427
i-C;H,COCH; 897 851 435
(i-C;H7),CO 864 857 410
t-C4HyCOCH; 879 846 414
(t-C4H,),CO 836 864 389
Primary Amines: (K = —0.59, C = 1406 kJ/mol)
CH;NH; 366 896 448
C,H;NH; 855 908 452
n-C;H,NH, 847 912 448
i-C3H;NH, 841 915 444
n-C;H,NH; 841 914 444
s-CsHoNH, 839 923 448
i-C4HyNH, 839 915 444
t-C,;HyNH, 833 924 444
n-C5H”NH2 836 916 439
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TABLE 2.5.2.1. The relationship between proton affinity, ionization energy, and hydrogen affinity for homologous series—Continued

PAM) = C + C.IP(M)
HAM*) = ¢ + d-IP(M)
(C — ¢ = 1312kI/mol, d — K = 1.00)

kJ/mol
IP PA HA
Secondary Amines: (K = —0.72, C = 1502 kJ/mol, HA = 397 kJ/mol)
(CH3),NH 794 923 406
(CH3)}(C,Hs)NH 786 932 406
(C;Hs),NH 773 945 406
(n-C3H;);NH 756 952 397
(i-C;H7).NH 746 963 397
(n-C,H),NH 742 956 385
(s-C4Hy),NH 736 966 389
(i-C4Hy),NH 754 956 397
Tertiary Amines: (K = —0.83, C = 1573 kJ/mol, HA = 385 kJ/mol)
(CH3);N 754 942 385
(CH;),(C;Hs)N 747 952 385
(CH:)(C;H;s),N 723 962 n
(C:Hs;:N 723 972 385
(n-C;H7);N 715 979 381
Aromatic Amines: (K = —1.0, C = 1636 kJ/mol, HA = 305 kJ/mol)
C¢HsNH, 741 877 305
C¢HsN(CH3), 687 935 310
3-(CH3)CsHyN(CH3), 677 939 305
4-(CH;)CsH,;N(CH,), 669 944 301
3,5-(CH3);C¢H;N(CH3), 671 950 301
C¢HsN(C,Hs), 674 952 314
Mercaptans; (K = —0.98, C = 1678 kJ/mol, H4 = 381 kJ/mol)
CH;SH 911 784 381
C,;HsSH 896 798 381
n-C;H,;SH 887 802 377
i-C3H,SH 882 812 381
t-C,;H,SH 871 824 381
Thioethers: (K = —0.83, C = 1531 kJ/mol, HA = 360 kJ/mol)
CH,;SCH;, 838 839 364
C,H;SCH; 824 851 364
(C:H;s),S 813 858 360
(n-C3H7)ZS 801 864 351
(i-C3Hy),S 796 877 360
(n-C.Hy),S 793 873 356
(t-C4Ho),S 779 890 356
Nitriles:
CH:CN 1177 788 653
CH;CN 1142 806 636
n-C;H,CN 1129 810 628
i-C3H,CN 1133 813 632
Esters: (K = —0.58, C = 1401 kJ/mol)
HCOOCH, 1043 790 523
HCOOC,H; 1024 808 519
HCOO(n-C;Hy5) 1015 813 515
HCOO(G-C;H7) 1008 820 515
HCOO(n-C,Hy) 1013 815 515
CH;COOCH; 991 828 506
CH;COOC,H; 966 840 494
CH,;COO(n-C;H5) 969 839 494

J. Phys. Chem. Ref. Data, Vol. 17, Suppl. 1, 1988



GAS-PHASE ION AND NEUTRAL THERMOCHEMISTRY 25

TABLE 2.5.2.1. The relationship between proton affinity, ionization energy, and hydrogen affinity for homologous series—Continued

PAM) = C + K-IP(M)
HAM*) = ¢ + d-IP(M)
(C — ¢ = 1312ki/mol,d — K = 1.00)

kJ/mol

i d PA HA
Esters: (K = —0.58, C = 1401 kJ/mol)
C;H;COOCH; 979 838 506
n-C;H;COOCH; 971 837 498
i-C;H,COOCH; 951 843 481
t-CsHyCOOCH; 955 849 490
Acids:
CH;COOH 1028 796 510
C,H;COOH 1015 802 506

3. Negative lons

The previous publication of evaluated heats of forma-
tion of ions, “Energetics of Gaseous Ions”? contains ion-
ization/appearance potential data for over 4000 species
leading to evaluated heats of formation for more than
600 positive ions. By contrast, that volume contains ther-
mochemical data for only 117 anions, including only 12
organic (C, H containing) anions. These statistics reflect
the relative importance of studies on cation versus anion
thermochemistry at the time of the cut-off for the litera-
ture search for that volume, 1971.

The large discrepancy in the numbers of early studies
on anions as compared to cations is easy to rationalize.
Most neutral species display a much lower cross section
for production of anions than for cation production, with
the necessary consequence that conventional electron
impact mass spectrometry is much more adaptable to
studies of positive ions. Similarly, the presence of excess
energy in a cation can cause fragmentation, with the
identities of the fragment cations providing useful struc-
tural information. In contrast, loss of an electron from a
bound anion to form the corresponding neutral species is
often energetically preferred to a dissociation process
producing a fragment anion. Thus, the “cation bias” of
much of gaseous ion thermochemistry until the last
decade is understandable.

The renaissance in gas phase anion chemistry and ther-
mochemistry came about with the development of chem-
ical ionization mass spectrometry as a commonly-used
technique. Anions are often more useful than cations for
analytical work in that they can originate with less inter-
nal energy. In a proton transfer reaction leading to an
anion product, the new bond which is formed—with its
share of the excess energy of reaction—is in the depart-
ing neutral species (reaction 11) while in the analogous
reaction involving cations (reaction 6), the new bond is

in the ion. Likewise, thermal electron attachment to
those species which form stable radical anions is consid-
erably faster than particle transfer, so that the chemical
ionization step can be much more sensitive.

3.1. Aims

The compilation of anion thermochemistry in this
work has slightly different aims than the companion
cation compilation, in that the latter presents only the
“best” available values for the ionization energy/heat of
formation of a given structure. A complete archive of
the literature having to do with cations has not been
given, because the previous compilations"*** have sum-
marized the literature exhaustively. Although there have
been a number of compilations concerned with the ther-
mochemistry of anions in the last few years'*®"” these
have not presented data which are critically evaluated,
i.e., the best values are not assigned, save for atomic
ions™. The advances in the last decade in ion/molecule
chemistry and in such techniques as photoelectron and
photodetachment spectrometry have resulted in a
tremendous increase in the number of chemical struc-
tures for which some anionic thermochemistry is known.
This publication therefore includes a collection of the
literature data which is as complete as possible, and an
assignment of the “best” value for the thermochemistry
where sufficient information is available.

The thermochemical parameters of critical interest in
this compilation are the heat of formation of the anion
and the electron affinity of the radical or neutral
molecule corresponding to the anion. In order to prop-
erly evaluate these, however, data on the energetics of
chemical processes involving the anions (Brgnsted basic-
ity of the anion, parameters for solvation by neutral
species, etc.) are also included. The extensive thermo-
chemical ladders of relative acidities, electron affinities,
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solvation thermochemistry, and similar data derived
from chemical equilibria have provided a powerful tool
for evaluating the thermochemistry of anions: chemical
intuition. The use of structure-reactivity relationships al-
lows the examination of the structure of an acid and a
prediction about what its acidity, and therefore anion
heat of formation, should be. The extra thermodynamic
techniques such as linear free energy and enthalpy rela-
tionships often allow prediction of expected values accu-
rate to better than a kJ/mol. Although results derived
from such relationships can not always be trusted in
cases of unusual structures, they nevertheless provide a
reasonable rationale for assigning “best” values in many
cases.

A problem that has become increasingly important re-
cently is the question of the thermochemistry of the al-
lied neutral species. As indicated below in the section on
thermochemical relationships, the limiting factor in
deriving anion thermochemical data is often the reliabil-
ity of the data on the related thermochemistry of the
neutral species (heats of formation, bond strengths). The
information generated by the field of ion chemistry has
outpaced the availability of neutral thermochemical data
in recent years. In many cases, the best values for certain
bond strengths are derived from data on the thermo-
chemical properties of ions, rather than the other way
around.

3.2. Experimental Techniques

Detailed descriptions of the various techniques used to
obtain anion thermochemical data will not be presented
here, since these are well documented in the literature by
their practitioners. Brief descriptions of each technique
follow, with comments about. accuracy and limitations.
The phrase in square brackets following the name is the
acronym used in the database to refer to the method.

3.2.1. Laser Photoelectron Spectroscopy [LPES]

A fixed frequency laser (commonly 2.54 eV photons)
is used to irradiate a beam of anions, and the energies of
the detached electrons are analyzed™. The method often
provides information on the vibrational states of the neu-
tral and ionic species as well. However, the assignment
of the (0-0) threshold can be complicated by these states.
The precision is commonly better than 0.2 kJ/mol, and
can be much better.

3.2.2. Laser Photodetachment [LPD]

In this technique, which may be considered the con-
verse of photoelectron spectroscopy, the laser wave-
length is varied to determine the threshold for
detachment of a (presumably) thermal electron’ from an
anion. This experiment has usually been carried out in an
ICR ion trap, with the decrease in the ICR signal of the
ion as the detected quantity; the lower power of variable
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wavelength lasers often requires a longer irradiation pe-
riod than with the ion beam in photoelectron spec-
troscopy. Precision is ca. 1-4 kJ/mol. The detection of
the true threshold is often complicated by a gradual on-
set, although the general theory of the onset has been
worked out®®®. This method actually yields the vertical
detachment energy, which is equated with the electron
affinity. This assumption is usuvally valid, but fails for
molecules for which the geometries of the anion and
neutral are considerably different (i.e., for which there is
poor Franck-Condon overlap). A notable case is CF;™,
where the photodetachment value is larger than the adia-
batic value by 0.8 eV,

A recent determination of the spectrum of the hydrox-
ide anion is at a resolution of ca. 2 J/mol™ while coaxial
LPD for O furnishes a resolution of 0.006 cm™!, or 0.07
J/mol™

3.2.3. Photodetachment [PD]

Early photodetachment experiments were carried out
using an arc lamp and a monochromator to irradiate the
ICR cell”. Precision was lower than with the laser ex-
periment.

3.2.4. Photodissociation [PDis]

Irradiation of anions does not always yield electron
detachment as the first threshold process since bond
cleavage may also be an allowed process. The wave-
length threshold for such a process can provide informa-
tion on the heat of formation of the anion, if the heats of
formation of the products are known,

3.2.5. lon/Molecule Equilibrium Constant
Determinations [IMRE,Kine, TDEq,TDAs]

As discussed in Sec. 2.3.5., this evaluation takes into
account {although previous works in the series did not)
all information on ion thermochemistry generated by
ion/molecule equilibrium constant determinations. In the
case of anions, ion/molecule equilibrium studies on elec-
tron transfer reactions:

A" + B=B + A (49)
lead to scales of relative electron affinities.

[B7][A]

Ka = A 1@ (50)

while equilibrium constants for hydride or halide trans-
fer reactions:

A+ BY =B+ AY~ 5H

(where Y is H, F, Cl, Br, or I) lead to thermochemical
ladders of relative acidities or halide affinities. Other
scales of anionic thermochemistry are derived from equi-
librinm constants for solvation equilibria:

Y- 4+ X = [X-Y] (52)
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Further, if the forward and reverse rate constants for a
reaction are known, then the equilibrium constant, and
thus AG, can be calculated from kinetic data [Kine].

The bulk of the available data on anion thermo-
chemistry in the past decade has been derived from ion/
molecule equilibrium constant determinations and
photoelectron/photodetachment spectroscopy. Exten-
sive scales, spanning an energy range of nearly 400 kJ/
mol, have been determined for proton transfer (leading
to relative Brgnsted acidities of molecules), electron
transfer, and halide transfer reactions.

In general, the free energy changes associated with
such equilibria are measured to a precision of ca. 0.5
kJ/mol. The absolute uncertainty of anion heats of for-
mation derived from such results is usually on the order
of 5-10 kJ/mol, and depends on the accuracy of the
method of “anchoring” the resulting scales of relative
thermochemical values.

There remain at present several points of uncertainty
regarding these data. There is an active debate” about
the actual temperature of the ions in an ICR cell. Al-
though some early results indicated that effective ion
temperatures could be as much as several hundred de-
grees above ambient™, the accuracy of the kinetic rate
constant “thermometer” used as the basis of that judge-
ment was not established. Comparisons of equilibrium
constant data obtained in ICR cells with data derived
from other sources indicate that the effective ion temper-
atures in ICR cells are not more than 10 degrees higher
than measured gas temperatures in the cells™”.

The measured equilibrium constant data lead directly
to values of free energies, which require some knowl-
edge of the entropy changes of the processes under
consideration in order to derive the desired enthalpy
changes. Entropy changes have been obtained either
through statistical mechanical calculations™®, or by
measuring equilibrium constants as a function of temper-
ature [TDEq = temperature dependent equilibrium con-
stant], leading through a van’t Hoff treatment of the
results to experimental values for the entropy and
enthalpy changes. Finally, the dynamic range (i.e. ion
trapping time) of all the mass spectrometric techniques
now in use for ion/molecule equilibrium constant deter-
minations is such that the maximum free energy change
which can be determined for particle transfer reactions is
no greater than ca. 30-40 kJ/mol at most, and often only
10 kJ/mol at room temperature. The dynamic range for
determinations of thermochemical parameters of associa-
tion reactions is much greater [TDAs = temperature de-
pendent association].

There have been questions raised regarding the accu-
racy of this method, since alcohol bond strengths
derived in this way were consistently 9 kJ/mol smaller
than accepted values. It was originally thought that this
discrepancy was due to the temperature problem alluded
to above™, because the acidity scale measured in the ICR
spectrometer® was compressed relative to that deter-
mined by pulsed high pressure mass spectrometry™. If
the equilibria established in the reaction cell of the ICR

spectrometer were actually at a higher temperature than
the value which was used to convert K., 10 A(AG),
then the calculated free energy scale from ICR experi-
ments would be compressed. However, the gas phase
basicity scales measured by ICR and by high pressure
mass spectrometric methods agree quite well®. In addi-
tion, Taft" has recently redetermined many of the rela-
tive acidities that make up the thermochemical ladder,
and finds that the region of the acidity scale from trifluo-
roethanol to acetone has a larger range than the original
work indicated. These results have been confirmed in
the laboratory of one of the present authors®. The region
of the acidity scale from trifluoroethanol up to methanol
has therefore been adjusted to include these new data.
The data affected by this revision are still referred to by
the original literature reference, e.g. 79BAR/SCO, and
the original values are still displayed, but the method is
denoted IMRE®. The revised values are preferred in the
evaluation.

3.2.6. lon/Molecule Reaction Bracketing [IMRB]

For most of the techniques currently used for studying
thermal ion/molecule reaction equilibria and kinetics,
ions can only be examined for, at most, several thousand
collisions with the reactive neutral gas. Thus, any reac-
tion more endothermic than a few kcal/mol can not be
observed on the time scale of the presently used tech-
niques. In the observation of a series of reactions for
which the functional groups present at the reactive site
of the molecule are always the same, and the energy of
the reaction is being varied by changing some distant
substituent, then if the rate constant falls to less than the
observable rate over some small energy range, it is a fair
assumption that the reaction pathway has become en-
dothermic at that point. From this, an estimate of the
thermoneutral (equilibrium) point may be made. This
technique must be applied with caution, because the
mechanism of the observed reaction may not be the same
for the entire series of molecules, so that apparent varia-
tions in reactivity may not actually reflect the thermo-
chemistry of the assumed reaction.

3.2.7. Electron Impact Appearance Potentials [EIAP]

Since a bound anion must be thermochemically more
stable than the combined energies of the free electron
plus the neutral species, simple attachment of electrons,
even thermal ones, in general results in rapid autodetach-
ment. In certain cases, however, the excited anion state
can fragment to yield either an anion plus a neutral spe-
cies (dissociative attachment), or an anion plus a cation
(ion pair production). The latter process has not been
well studied save for relatively small species, and is not
at present a source of much thermochemical data. On the
other hand, a considerable amount of thermochemical
data has been derived from experiments in which the
onset energy for dissociative attachment is measured. A
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complication in the interpretation of such onsets in-
volves the unknown internal energy of both the anionic
and neutral fragments. A particularly useful case is
where two onsets are observed, with the fragments dif-
fering only in the identity of the species associated with
the electron:

AB + e —> A + B (53)
—~ A- + B- (54)

If the electron affinity of one of the product species is
known, that of the other can be inferred from the known
electron affinity and the difference in the onset energies
for the two channels.

Most workers have not used monoenergetic electron
beams, so the precision in the energy onsets is generally
larger than 0.1 eV (10 kJ/mol). The resulting anion heats
of formation include that uncertainty plus the uncertain-
ties in the heats of formation of the associated reactant
and neutral species. A few retarding potential difference
measurements have been carried out, to improve the ac-
curacy of such results.

3.2.8. Neutral Beam lonization/Appearance
Potentials [NBIP/NBAP]

Collision of a neutral species with an energetic particle
of low ionization potential, such as an alkali atom, can
result in electron transfer, giving an alkali cation and an
anion®. The electron affinity of the neutral species is
equal to the translational energy of the alkali atom less its
ionization potential. Determinations of electron affinities
by this method have the advantage that one obtains val-
ues for the true electron affinity: electron attachment to
a neutral species, rather than detachment from an anion.
Certain anions can be produced by this technique which
are not accessible via electron impact due to low energy
exit channels, e.g. CCl,~. Due to the limited energy reso-
lution of the neutral alkali beam, the precision of this
technique is not high, typically 20 kJ/mol. The onset
energies of fragment ions can also provide useful ther-
mochemical information, if the thermochemistry of the
co-produced neutral species is known.

Normally this technique results in a determination of
the adiabatic electron affinity, but for a sufficiently fast
beam of neutral species, the onset corresponds to the
vertical attachment energy of the electron, which, in
contrast to detachment methods, is smaller than the adia-
batic value.

3.2.9. Photolonization [PI]

This technique involves production of cation-anion
pairs by vacuum ultraviolet photons. It has been used
primarily for small molecules (O,, F,, etc.). The differ-
ence in onset for dissociative ion pair production and-
dissociative ionization

J. Phys. Chem. Ref. Data, Vol. 17, Suppl. 1, 1988

AB + hAv — A~ 4+ Bt (55)
AB + hv — A. + BT + e (56)
corresponds to the electron affinity of A.

3.2.10. Endothermic Reaction Energy, Including
Charge Transfer [Endo,EnCT,CIDT]

If an ion/molecule reaction is appreciably endother-
mic at thermal (room temperature) energies, it is not ob-
servable by present techniques. For some processes it is
possible to increase the rate by increasing the transla-
tional energy of the reactants so that products can be
observed. Assuming that all the translational energy is
available to bring about the reaction through the inter-
mediacy of a long-lived complex in which energy is
statistically distributed, the onset energy for observation
of a given reaction can be taken as the threshold for the
process, and thermochemistry assigned accordingly.
Here the acronym “Endo” describes the use of such on-
set energies for deriving thermochemical data, “EnCT”
the use of such onsets in charge transfer processes.

A variant is the case of collision of a non-reactive spe-
cies, which serves only to provide the energy necessary
for the negative ion to fragment or detach the electron.
This is termed the “Collision Induced Dissociation
Threshold” method [CIDT].

3.2.11. Surface lonization (Magnetron) [SI]

The production of ions on a surface can yield thermo-
chemical data if a number of parameters are known, in-
cluding the work function of the surface. A common
version of this experiment, the Magnetron technique®
[Surface Ionization, SI], lacks mass analysis, and there-
fore many of the values for thermochemical parameters
resulting from this method correspond to anions of un-
certain identity. Precision is thought to be several tenths
of a volt (>20 kJ/mol).

3.2.12. Electron Swarm [ES]

In this technique®, the electron affinity of a neutral
species (usually a closed shell molecule) is calculated by
a statistical method, using the rate of electron attach-
ment, the autodetachment lifetime, and the vibrational
frequencies of the species. The attachment rate is mea-
sured in a drift tube — electron swarm experiment, and
extrapolated to thermal energy. The autodetachment
lifetime is taken from results of beam experiments. The
precision is probably a few tenths of an eV (30-40 kJ/
mol) at best.

3.2.13. Lattice energy [Latt]

The heat of formation of an anion can be derived from
a Born-Haber cycle using the lattice energy and heat of
formation of a crystal and the thermochemistry of the
appropriate gas phase cation. This method is not espe-
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cially accurate relative to more recent techniques, but
for some singly charged inorganic anions it provides the
only data available.

3.2.14. Kinetic Branching Methods [Bran, CIDC]
If certain ion/molecule complexes are subjected to

collision induced dissociation (CID), the weakest bond
between the two species in the complex is the most likely

one to break. If the functional groups forming the bond"

are identical, with the acids differing only in distant sub-
stitution, then either species has a chance to acquire the
proton on breakup of the complex. The branching ratio
in the reaction:

M
ROH-"OR’ - ROH + R'O~ (57a)

X RO~ + ROH (57b)
has been shown to reflect the relative acidities of the two
species®’. Once the sensitivity of this branching ratio for
compounds of known acidity has been established, then
CID of clusters with one compound of known acidity
and one unknown can lead to an estimate for the acidity
of the unknown species. This appears to be reliable to
1-2 kJ/mol in determining relative acidities. This ap-
proach has some limitations. First, values for the gas
phase acidities for several members of the series must
first be known from other sources for proper calibration.
Further, the temperature of the reacting system is not
defined, and so problems may arise in interpretation for
systems with significant entropy changes. The general
method has also been applied to the estimation of rela-
tive electron affinities® for complexes of aromatic radi-
cal anions with aromatic molecules.

The excited intermediate complex can be prepared
other ways than by collision. If an ion/molecule reaction
is sufficiently exothermic, and has more than one avail-
able reaction channel, then the branching ratio of prod-
ucts formed on breakup of the complex can reflect
product stabilities. This assumption has been used to esti-
mate the acidities of the simple alkanes®® since many of
the localized carbanions from those compounds do not
appear to be bound with respect to electron loss. Such
ions exist only in ion/molecule complexes, where the
cluster energy may serve to prevent electron detachment
before reaction.

3.2.15. Electron Transmission Spectroscopy [ETS]

In this technique, the scattering angles of a monoen-
ergetic electron beam impacting on a gas at less than the
ionization threshold are determined. The presence of res-
onances in the spectrum implies electron capture to pro-
duce a temporary state, followed by autodetachment.
This is the principal technique for measurement of nega-
tive electron affinities. Occasionally, a series of reso-
nances can be extrapolated to below zero electron

energy to give an estimate of a positive electron affin-
ity'!.
3.2.16. Electron Capture Detector [ECD]

An electron capture detector for a gas chro-
matograph, when operated in a variable temperature
pulse sampling mode, can provide data on electron cap-
ture/detachment ratios. These can be converted into
electron affinities. Use of the method is limited to the
determination of electron affinities in the 0.2-0.8 eV (20-
80 kJ/mol) range. The precision of such measurements is
commonly quoted as less than 1 kJ/mol®.

3.2.17. Moblility of lons In a Gas [Mobl]

If the mobility of an ion in a gas can be measured in
response to a weak electric field, the potential well
depth, corresponding to A,pH, for the ion associating
with the neutral gas can be determined.

3.2.18. Laser Optogalvanic Photodetachment
Spectroscopy [LOG]

The gas of interest is subjected to an electrical dis-
charge, and the discharge region is probed by a laser.
The LOG® spectrum is recorded by scanning the wave-
length of the laser, and monitoring laser-induced
changes in the discharge impedance. The spectrum pro-
duced will be similar to the laser absorption spectrum
but relative intensities of spectral features may be very
different. The method is particularly suitable for detect-
ing unstable (radical) species.

3.3. Thermochemical Cycles

The relationships between the different quantities
measured in the above experimental techniques can be
exploited to derive additional thermochemical informa-
tion. In Table 2, such derivations have been made
wherever possible. In the table, the quantities which
have been derived from the experimentally-determined
value are indicated by superscripted letters, which corre-
spond to the various types of derivation described here,
while the quantity actually determined in the reported
experiment is given without any superscripted letter. A
list of the various approaches to derivation and their cor-
responding superscript letters is given in the Table in
Sec. 5.2.

The heat of formation of an anion can be derived from
the heat of formation of the acid, its gas phase acidity,
the heat of formation of the proton:

AH(A™) = AuicH(AH) — AHH?Y)
+ AH°(AH)  (58)

The quantity AH °(AH) is lacking in many cases where
acidities are now available; various group additivity esti-
mation schemes (see below, and Sec. 4.) have been em-
ployed to fill in this information.
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As discussed in Sec. 1.6.3., the calculation of the anion
heat of formation as the heat of formation of the neutral
species less the electron affinity:

AH(A™) = AH(A) —EA(A) (59)

is not, strictly speaking, correct, since for most of the
species given here the heat of formation of the neutral
species is a 298 K value, while the electron affinity is a
threshold O K value. The preference is for anion heats of
formation calculated by Eq. 58.

In an inversion of the bond strength/electron affinity
Eq. 32 for calculating acidities, a known acidity and
bond strength can yield an electron affinity.

EA(A) = BDE(A-H) + IP(H:) — A..H(AH) (60)

Based on the temperature cancellation effect, this should
correspond to the 0 K value. This is also an adiabatic
value, which can be less than the vertical electron affin-
ity obtained from the optical techniques if the geometries
of the neutral and anion differ appreciably.

The difference between the anion and neutral heats of
formation (at 298 K) give a 298 K electron affinity:

EAA) = AH(A) — AH(AD) 61

If the geometry change is small, this should be a reason-
able approximation to the 0 K value.

Gas phase acidities, taken as the enthalpy of acidity,
can be calculated from the homolytic bond strength of
the acidity site, the electron affinity of the resulting radi-
cal, and the ionization energy of the hydrogen atom:

A.iwH(AH) = BDE(A-H) — EA(A) + IP(H) (62)

The last is common to all acids, and is very accurately
known (1311.98 kJ/mol), and does not present a limita-
tion in determining the values. A more valid concern is
the temperature of definition for these terms. The acidity
and bond strength are commonly taken as 298 K values,
while the electron affinity and ionization potential are
threshold values defined at O K. The cancellation neces-
sary for this equation to be considered valid is discussed
in Sec. 1.6.3.

Sometimes a heat of formation of an anion or an elec-
tron affinity value may be known without a value for the
bond strength being available. The acidity of the conju-
gate acid can be derived in those cases from the acid heat
of formation:

AuicH(AH) =AH(AT) + AHHY) — Ad (AH)(63)

While the primary goal of this work is not to obtain
values for homolytic bond strengths, such values can be
derived from gas phase acidities and electron affinities in
cases where they are not known from more conventional
sources.

J. Phys. Chem. Ref. Data, Vol. 17, Suppl. 1, 1988

BDE(A-H) = A..H(AH) + EA(A) — IP(H) (64)

BDE(A-H) = AH°(AH) — AH°(A)
— AHC(H) (65)

3.4. Priority of Data

At the present time, the heat of formation of an anion
in the gas phase is not directly measurable, since gas
phase plasma calorimetry is not a known technique.
Likewise, direct measurement of an electron affinity, in
the sense of exothermic electron attachment to a neutral,
is not feasible in a calorimetric sense, although the com-
bination of attachment and detachment rate constants
can be used. The electron affinity and anionic heat of
formation are available from either thermochemical cy-
cles, based on other known and measurable quantities, or
by reasonable assumptions about the reversibility of pro-
cesses such as electron detachment from anions.

For electron affinities, we adopt the following order
of priority for the evaluation of “best” values. There are
exceptions in many cases to this order, where a given
method is known not to be suitable. The user should be
aware of the difference between adiabatic and vertical
values that these techniques yield.

Laser photoelectron spectroscopy

Laser photodetachment

Photodetachment

From bond strengths and gas phase acidities

Neutral beam ionization/appearance potentials

Electron impact appearance potentials

Ion/molecule bracketing reactions

Electron swarm
For gas phase acidities, the following priorities are as-
signed to data sources:

Direct gas phase equilibrium constant determinations

Kinetic methods for gas phase acidities:branching ra-
tios in collisional dissociation and ion/molecule complex
breakup.

From bond strengths and electron affinities

Ion/molecule bracketing reactions (using either the
heat of formation of the anion or of the acid as the un-
known quantity).

4. Thermochemistry of Neutral Species

Tables 1 and 2 display values for heats of formation of
the neutral gas phase molecules which are “related” to
the archived ions. In Table 1, which is concerned with
cation thermochemistry, the “related” neutral species is
either (a) the neutral molecule which corresponds to the
ion plus an electron (for ionization potential data) or (b)
the molecule which has one less proton than the ion of
interest (for proton affinity data). In Table 2, concerned
with anion thermochemistry, the term “related” means
that the neutral is formed from the ion either by loss of
an electron (electron affinity) or gaining of a proton (gas
phase acidity). For every case, the identity of the neutral
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molecule corresponding to the displayed heat of forma-
tion is made unambiguous.

4.1. Literature Sources

Values for the heats of formation of neutral molecules
were taken from the experimental literature whenever
possible. If a value for a particular compound was avail-
able from an evaluated data compilation, this value was
generally selected for inclusion here. The primary com-
pilations which were used were as follows.

4.1.1. Organic Compounds

J. B. Pedley and J. Rylance, “Sussex-N. P. L. Com-
puter Analysed Thermochemical Data: Organic and
Organometallic Compounds,” University of Sussex
(1977). The numerous data from this evaluated compila-
tion” of 298 K heats of formation of gas phase organic
compounds are identified by the squib 77PED/RYL. A
second edition of this work (86PED/NAY) has ap-
peared®, but regrettably, was available to the authors of
the current compilation too late to obviate an extensive
literature search for heats of formation from the primary
literature to cover the period 1976-mid-1986. Since the
updated compilation of Pedley, Naylor and Kirby®
(which is complete only through 1982) became available
only as this work was nearing completion, references to
77PED/RYL or to recent primary literature have been
retained even in cases where the data are given in
86PED/NAY.

4.1.2. Inorganic Compounds

(1) D. D. Wagman, W. H. Evans, V. B. Parker, R. H.
Schumm, I. Halow, S. M. Bailey, K. L. Churney, and R.
L. Nuttall, “The NBS Tables of Chemical Thermody-
namic Properties: Selected Values for Inorganic and C,
and C, Organic Substances in SI Units,” J. Phys. Chem.
Ref. Data, Vol. 11, Suppl. 2 (1982), hereafter referred to
as 82TN270, from the original publication of this compi-
lation" as a series of NBS Technical Notes called the
270-series. (It should be noted that when this source is
used in Table 2, both the value and an associated error
limit are given, while only the former is given in Table
1.)

(2) () D. R. Stull and H. Prophet, “JANAF Thermo-
chemical Tables,” NSRDS-NBS 37 (1971); (b) M. W.
Chase, J. C. Curnutt, H. Prophet, R. A. McDonald, and
A. N. Syverud, “JANAF Thermochemical Tables,”
1975 Supplement, J. Phys. Chem. Ref. Data 2, 1 (1975);
(c) M. W. Chase, Jr., J. L. Curnutt, J. R. Downey, Jr., R.
A. McDonald, A. N. Syverud, and E. A. Valenzuela, J.
Phys. Chem. Ref. Data, 11, 695 (1982). Information from
these sources' is referenced as 71JANAF, 75JANAF, or
82JANAF. An updated composite edition'* of this com-

pilation was in press at the time this work was being
prepared, but was not actually available until these tables
were near completion. A few values for heats of forma-
tion from the updated version have been inserted here
where warranted by changes in recommended values,
but an exhaustive check of the new publication was not
made.

(3) L. V. Gurvich, I. V. Veits, V. A. Medvedev, G. A.
Khachkuruzov, V. S. Yungman, G. A. Bergman, et al,
“Termodinamicheskie Svoistva Individual’nykh
Veshchestv” (Thermodynamic Properties of Individual
Substances); V. P. Glushko, Gen. Ed., Vols. 1 through 4
(in 8 parts), (1978-1982), Izdatel’stvo “Nauka” Moscow.
These volumes!* are collectively cited as 82TPIS.

4.1.3. Specialized Classes of Compounds and Radicals

In addition, various literature compilations which
cover well-defined, but restricted, classes of compounds
such as nitriles, organometallic compounds, free radicals,
or strained hydrocarbons were utilized. The preferential
use of data compilations as sources of experimental data
recognizes that these data have been evaluated for inter-
nal consistency insofar as possible.

Many values for heats of formation of free radicals
were taken from the review of McMillen and Golden®,
With respect to the alkyl radicals, however, a recent re-
evaluation of data from the literature has led to the sug-
gestion that C-H bond energies in alkanes should be
revised upwards®. The heats of formation of these radi-
cals are still a matter of controversy at this writing. Val-
ues cited in the tables are based on the following
revised® C-H bond strengths: Primary C-H bond (101
kcal/mol, 422 kJ/mol); Secondary C-H bond (99 kcal/
mol, 415 kJ/mol); Tertiary C-H bond (95 kcal/mol, 398
kJ/mol).

The corresponding values for the heats of formation
of the alkyl radicals are in some cases (e.g. t-butyl radi-
cal) entirely consistent with the differences between
well-established heats of formation of the corresponding
alkyl cations and experimental ionization energy values,
but there are also cases for which the relevant values
show inconsistencies. These are pointed out in Table 1
by a specific comment.

4.1.4. Other Literature Sources

Experimental information about heats of formation of
species not included in evaluated compilations was gen-
erally obtained from primary literature sources. When
more than one value for a heat of formation was avail-
able from such unevaluated primary sources, and no sup-
plementary information was available which would
allow an educated choice, the most recent value was
usually arbitrarily chosen in the possibly naive expecta-
tion that “improved instrumentation” as well as a greater
(historical) awareness of the problems inherent in an
analysis of the thermochemistry of the particular species
would lead to a more reliable value.
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Care was taken in utilizing these data from unrelated
literature sources to be aware of ambiguities in thermo-
chemical reference states. Values for heats of formation
derived from heats of reaction (e.g. hydrolysis, bromina-
tion) were used in preference to directly-determined
heats of combustion because of the inherent problems
associated with numbers derived from relatively small
differences between two large numbers. In many cases,
heats of formation of neutral species were derived using
well-established ionization energies or proton affinity
values in combination with well-established heats of for-
mation of relevant ions; these values are identified by an
explanatory sentence in the comment field.

4.2. Conventions Used and Assumptions Made

Implicitly, in assigning gas phase heats of formation
to the neutral species, the compounds are assumed to be
ideal gases at S. T. P. Whenever sufficient information is
readily available, values for heats of formation at both 0
and 298 K are given. In some cases, the 0 K value has
been obtained by combining the 298 K values from a
preferred literature source (i.e., an evaluated compila-
tion) with the 298—0 K difference taken from another
reference. In other cases, this difference was calculated
from experimental or estimated extrathermodynamic
quantities such as vibrational frequencies and the appro-
priate elemental thermochemical functions. Another ap-
proach was to use isoelectronic or isostructural analogies
(e.g., data for O; may be compared with that on NO,~
and neutral NO,).

4.3. Use of Condensed Phase Heats of Formation

Numerous methods exist for measuring and interpret-
ing experimental heats of sublimation and heats of vapor-
ization. Where available, such measurements were used
to translate condensed phase data into gas phase values
for heats of formation. In such cases, the cited reference
is the source of the condensed phase heat of formation
data, although the bibliography includes the references
from which the information about heats of sublimation
or vaporization were obtained.

In most cases, data on heats of sublimation (and the
associated methodologies for translating condensed
phase heats of formation to gas phase values at 298 K)
are from the recent publication®, 87CHI, for organic
compounds.

Regrettably, while work on this publication was in
progress no such single literature source for heats of va-
porization was available, although such a compilation
has since appeared®. In fact, however, experimental data
on heats of vaporization do not exist for numerous spe-
cies of interest here, either because of experimental diffi-
culties associated with such determinations (i.e. lack of
adequate volatility, purity, or thermal stability) or per-
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haps because of a lack interest in, or availability of, the
compound.

Estimation methods for heats of vaporization and sub-
limation have been described in the literature®**’. Some
require auxiliary experimental data (e.g. critical con-
stants). Other such estimation methods can be applied
only to well-defined classes of compounds. For heats of
vaporization, these estimates are usually reliable to ap-
proximately 4 kJ/mol (1 kcal/mol). In presenting data
on heats of formation incorporating the use of such esti-
mated heats of vaporization, a choice had to be made of
whether to cite the source of the experimental heat of
formation of the liquid or the paper from which the
method for estimating the heat of vaporization was ob-
tained; the experimental work is given as the primary
citation. For heats of sublimation, no generally accurate
estimation approaches exist. Thermochemical values ob-
tained using estimated heats of sublimation are clearly
labelled as estimates in the tables.

4.4, Estimated Heats of Formation

Estimates were also made for heats of formation of
neutral molecules and radicals for which no experimen-
tal data were available. Several estimation approaches
were utilized and are now briefly described. The rela-
tionships between the various estimation approaches
have been described in a recent review®.

4.4.1. Estimates from Data on Isomeric Species

One approach utilizes experimental information about
isoenergetic processes for the formation of two or more
isomeric species in a particular reaction. That is, given a
pair of isomers for which information about the heat of
formation is available for only one of the pair, an esti-
mate of the thermochemistry of the second compound
can be based on the casual and generally rather reliable
assumption that if two isomers are formed in comparable
yield in a particular process then their Gibbs energies
and enthalpies of formation are generally comparable.
Likewise, though less reliable, one may assert if one iso-
mer is formed in higher yield, then this is the more stable
product. Estimates made in this way often include the
assumption that heats of vaporization and of solution are
also comparable for the relevant pair of isomers; this will
be a valid approximation except when there are great
differences in the extent of hydrogen bonding (such as
might exist for isomeric alcohols and ethers), and even in
these cases, approximate corrections (such as assuming
constant H-bond strengths) can be made.

In estimating thermochemical data from known infor-
mation about an isomeric species, a common assumption
made is that A(A;H) = A(A;G) for the pair of isomers
(i.e. A(AsS) is negligible). A related approach examines
experimentally-determined reaction rates and/or kinetic
activation energies. The thermochemical estimate is
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based on the assumption that the structural effects on
rates and equilibria will vary in a parallel manner, and
that thermodynamic and kinetic control of arbitrary re-
actions result in the same products. While not in fact
absolutely true, experience has shown this to be a useful
assumption for predicting substituent effects for numer-
ous homologous series.

Another approach to estimating heats of formation is
based on the assumption that A(A;H) can be equated
with AE,, for two isomers, where AE,,, is the difference
in total energies of the two species calculated by quan-
tum mechanics. For this assumption, as well as all other
estimation approaches in this study employing results
from quantum mechanics, ab initio calculations were
given preference over results from any of the plethora of
semi-empirical methods in the literature. (The reader
should note that heats of formation from MNDO and
from molecular mechanical calculations were occasion-
ally used, however). Care was explicitly taken to con-
trast only species studied with the same basis set and
degree of geometry optimization. Implicit, however, are
the requirements that both the zero-point energy and 0 K
~ 298 K corrections are essentially identical for a pair of
isomers. These last assumptions are surprisingly valid
where sufficient experimental data are available to test
them.

All values for heats of formation based on these ap-
proaches are labelled as estimates (EST) in the Tables.

4.4.2. Summing of Increments

There remain three related approaches which were
employed to estimate heats of formation of molecules
here. The best characterized is Benson’s “group incre-
ment” approach” in which the molecule of interest is
defined as a collection of groups, and a “group” is then
defined as a polyvalent atom (ligancy > 2) with all of its
associated ligands in the molecule. The heat of formation
of the molecule is obtained by summing the contribu-
tions of the heats of formation of the various groups,
correcting for various higher order interactions and
“correction” terms. These corrections include the pres-
ence of gauche configurations in substituted alkanes,
gem-substitution of large and/or polar groups, and the
presence of rings that are strained because of hetero-
atoms and/or are not six-membered. These group ener-
gies and the various corrections have been obtained
using both statistical analysis and by chemical intuition,
and for “reasonable” molecules generally give reason-
able results. Estimates using this approach are better de-
fined, though not necessarily of better quality, than the
others.

Because this approach is now very common in the
chemical literature, many of the papers included here
which are primarily concerned with aspects of ion chem-
istry (e.g. ionization energy, gas phase basicity or acidity
determinations) include estimates of heats of formation
of relevant neutral species based on this approach; rather

than cite the work of the authors who made the (rather
standard) estimate, these values, when they were used,
have been labelled as estimates. In Table 2 estimates uti-
lizing this approach are labelled “Est”, but are accompa-
nied by error bars.

A related approach takes advantage of regularities in
trends in heats of formation of different homologous se-
ries of compounds. As an example of how this approach
works, if it is observed that the heats of formation of
several RXR compounds differ from those of RYR com-
pounds by some approximately constant increment, then
this difference is defined as a “correction term” for
deriving heats of formation of any -Y- compound from
the heat of formation of the corresponding -X- com-
pound (or vice versa)'®. The unknown heat of formation
is taken to the be the sum of the known heat of formation
and the suitable correction term associated with the ex-
change of the substituent and parent components. One
may also derive correction terms from suitable bond en-
ergies, e.g., assume that the O-H bond energy in all car-
boxylic acids is the same. This approach is more
commonly used in anion chemistry and is designated as
Est2 in Table 2 (but as EST without a special designator
in Table 1).

The final estimation approach used here is commonly
called “macroincrementation”'*"%2, and, as the name im-
plies, involves building up the molecule of interest by
adding increments (as in the Benson approach), but with
the difference that the incremental heats of formation are
specifically derived from thermochemical data for
molecules or large (“macro”) molecular fragments
which incorporate factors which need to be considered,
such as resonance, strain energy, steric effects, etc. This
approach assumes that “if for each of two sets of
molecules the total number of bonds, atoms and struc-
tural types is the same, then the total heat of formation of
each set of molecules is the same. Then, if all but one of
the heats of formation are available, the remaining one
can be estimated by simple arithmetic.” Macroincremen-
tation maximizes the direct use of chemical intuition
with regard to electronic and/or steric effects, as well as
the direct use of available experimental data. The major-
ity of estimates for organic compounds in Table 1 were
made using this approach.

The heats of formation of only a few inorganic or
organometallic compounds were estimated. Where esti-
mates were made, it generally was assumed that the heat
of ligand exchange was negligible, i.e. the heats of reac-
tion of the following generic reactions for suitably simi-
lar ligands (L, and L,) could be taken to be zero:

M-L, + L,=M-L, + L, (66)

L,-M-L, + L,-M-L, = 2(L,-M-L,) (67)

Likewise, simple additive assumptions were made as to
heats of vaporization and sublimation and the 0 K -
298 K energy differences.
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5. Summary of Conventions
Used in Tables

In an attempt to present as much information as possi-
ble in Tables 1 and 2, while keeping the pages unclut-
tered, it was sometimes necessary to resort to the use of
bold face, italic typefaces, asterisks, etc. to convey addi-
tional information. The various conventions are summa-
rized below. The user is particularly cautioned that these
conventions are different for Table 1 and Table 2. In
particular, italicized numbers have different meanings in
Table 1 (zero Kelvin heats of formation) and Table 2 (a
hydride or halide affinity, and information relating to
thermochemistry of neutral species).

5.1. Positive lon Table (Table 1)

Value underscored: A well-established value of an ioniza-
tion energy or ion heat of formation.

Value enclosed in parentheses: A value of an ionization
energy or heat of formation which is not well estab-
lished, or not evaluated, for one of the following rea-
sons: (1) Only one determination of the ionization
energy has been reported, and there are no auxiliary
data which would permit one to judge its accuracy;
(2) The heat of formation of relevant neutral species
is/are not well established; (3) Two or more contra-
dictory values for the ionization energy or appearance
energy have been reported, and while one value has
been selected, there is sufficient doubt that one can not
regard the selected value as well-established. (For data
falling under category (3), an explanatory comment is
always included.)

Value given in italics: Thermochemical data correspond-
ing to a temperature of absolute zero.

Literature citations: In Table 1, there is no column giving
references to the source of ionization energy/appear-
ance energy data. Such data are always taken from the
earlier compilations">** unless specifically noted in a
comment. When data are from the 1981-1986 primary
literature, the reference is always specifically men-
tioned in the comment, and is specifically given in the
bibliography. Heats of formation derived from proton
affinity data (and the proton affinity data themselves)
are taken from the evaluated compilation* or from
more recent literature, which will always be specifi-
cally cited in the comment and listed in the bibliogra-
phy.

Sort scheme: Data are sorted by empirical formula or-
dered according to the so-called Hill scheme, which is
the same sort scheme used by Chemical Abstracts.
Formulas are written as C,H,.X,Y,... , where the pri-
mary sort is ordered by n, the number of carbon
atoms, and the first sub-sort is ordered according to m,
the number of H atoms. All other atoms in the
molecule (X, Y, etc) are ordered alphabetically, and
the various sub-subsorts follow accordingly. Any
molecules which do not contain carbon appear ac-
cording to a strictly alphabetical sort.

J. Phys. Chem. Ref. Data, Vol. 17, Suppl. 1, 1988

Proton affinity data: To locate the proton affinity of a
molecule, look under the empirical formula of the pro-
tonated molecule, i.e. the proton affinity of CH, ap-
pears under CHs.

Estimated heats of formation of neutral molecules: The
literature citation column contains the acronym EST
for estimated values.

5.2 Negative lon Table (Table 2)

Chemical species: Each entry is headed by an empirical
formula of the relevant anion, with the atoms ordered
according to the Hill formulation. Below this there
appears a structural representation of the anion where
this can be conveniently represented on one line; the
last-listed atom is usually the atom judged to carry the
negative charge (insofar as this can be ascertained).
These formulas may contain simplifying abbreviations
in common use by organic chemists, for example
“Me” for CH,, “Et” for C,H;, “Pr” for C;H,, “COT”
for cyclooctatetraene, or “Ph” for phenyl. For chemi-
cal species which have structures which are too
complex to be represented by a semi-structural formu-
lation, a name is given. The names chosen for inclu-
sion are easily recognizable by most chemists, or at
least can be readily located in standard texts.

Units: In Table 2, all data are presented in kJ/mol, ex-
cept the values for electron affinities, which (as specif-
ically indicated) are given in electron volts.

Presentation of Data: Each line presents data from a dif-
ferent reference, which is cited at the end of the line.
The value (or values) which results (or result) from a
primary experimental measurement will appear with-
out an affiliated superscript alphabetic letter. These
letters point out data which have been derived from
the experimental result; the derivations are described
in Sec. 3.3., and summarized (along with their alpha-
betic identifiers) in Table 5.2. The data in the Table
are divided into columns as follows:

Ton AfH(A); EA(A) Ay ieH(AH); A, gG(AH); Method; Comment; Reference
or eV or or
[X-Y-] AgeH(X~Y™) AurG(X-Y7)

Ion: The chemical formula of the anion of interest.

AH(A™) or [X-Y™]: The second column presents the
heat of formation of the listed anion in kJ/mol. The
column heading specifies that the data correspond to
anion A~ which may also be represented as [X--Y~]
The second designation is included for the cases
where the heat of formation of the anion has been
derived from data on the clustering of anion Y~ to
neutral molecule X (see reaction 52). For example,
data on the heat of formation of AIF,~ (X.Y") is
derived from information on the fluoride affinity of
AlF; (that is, AlF;is X and F~ is Y™).

EA(A): The electron affinity of neutral species A is listed
in this column in electron volts.
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AiscH(AH) or AgH(X-Y") and A, G(AH) or
A4G(X Y~ ): The fourth and fifth columns serve dou-
ble purposes, with normal typefaced data representing
the enthalpy change (fourth column) or Gibbs energy-
change (fifth column), respectively, of reaction 10 for
the species AH leading to a value for the heat of for-
mation of anion A~. Data given in italics represent
enthalpy changes for reaction 52, that is the affinity of
molecule X for anion Y~. These have been derived
either from direct determinations of equilibrium con-
stants for reaction 52, or from equilibrium constants
for Y~ transfer reaction 51 which yield scales of rela-
tive Y " -affinities.

Method: This column gives an acronym to indicate the
experimental technique used in determining a particu-
lar piece of data. These are discussed in detail in Sec.
3.2. For quick reference, an alphabetized summary of
the acronyms with their definitions, and the locations
of the relevant discussions, is given in Table 5.2. This
table also includes other acronyms, abbreviations, and
symbols used in Table 2 for ready reference.

Comment: Where necessary for clarity, details of a par-
ticular experiment are given as a comment. In this
column, there also appears information about auxiliary
thermochemistry concerning neutral species. All data
pertaining to neutral species appear in a different itali-
cized typeface.

Reference: The squib given in this column refers to the
article in which the primary datum reported on a par-
ticular line was reported. The complete reference can
be found in the bibliography for Tables 1 and 2.

Thermochemistry of neutral species: The relevant heats of
formation of neutral species and accompanying refer-
ences are given in the top line of the “Comment”
column. All data and the references pertaining to neu-
tral molecules are presented in a different italicized
typeface, so that they will not be mistaken for data
concerning the anion.

Sort scheme: Data are sorted by empirical formula using
the same sort scheme as that used for the Positive Ion
Table. This is the Hill (or Chemical Abstracts)
scheme.

Acidity data: Data on the acidity of a given neutral spe-
cies is given under the empirical formula of the conju-
gate base, i.e. the acidity of CH;OH is found under
CH;O".

Asterisk in left hand margin: Due to the comprehensive
nature of the Negative Ion compilation, there can be
numerous entries in Table 2 for a given quantity asso-
ciated with a particular negative ion, unlike the con-
vention adopted for the cation table, where only one
value of an ionization energy/heat of formation is
given. A special indication must be given, therefore, to
denote the preferred value. Any line with an asterisk
in the left margin contains the selected “best” value
for a given piece of data pertaining to that ion. There
may be more than one line thus marked for a given
anion, since the best values for an acidity value and an
electron affinity value may be from different sources.

(The quantity without a superscripted letter is the pri-
mary piece of information for any given line.)

Absence of asterisk in margin: If no line is marked as pre-
ferred in the data collected for an ion, then no defini-
tive evaluation could be made. Some preference
should be given to the first reference cited in such
cases, but this is a qualitative judgement on the part of
the compiler, and should not be given undue weight.

Superscript “o” after method acronym [IMREY: Original
data which were re-evaluated to take into account
new results which expanded a portion of the acid-
ity®"# scale; corrected values are shown above “origi-
nal” data, with original reference cited for both
values.

Primary data originating from cited experimental refer-
ence: In Table 2, on any given line (which presents
information derived from a single paper) items which
were derived from the primary experimental data using
the relationships listed in Sec. 3.3. and summarized in
Table 5.2., have a superscripted letter indicating the
relationship used to derive the value (see Table 5.2.).
The primary data do not display a superscript.

TABLE 5.2. Acronyms, abbreviations and symbols
used in Negative Ion Table

BDE(A-H):  Bond dissociation energy of A-H bond

Bran: Branching ratio in an exothermic reaction (see Sec.
Sec. 3.2.14.)

Calc: Calculation

CIDC: Collision-induced dissociation of cluster ion-branching
ratio (see Sec. 3.2.7.)

CIDT: Collision induced dissociation threshold (see Sec.
3.2.10.)

Def: Defined

EA(A): Electron affinity of A.

ECD: Electron capture detector (see Sec. 3.2.16.)

EIAP: Electron impact appearance potentials (see Sec. 3.2.7.)

EnCT: Endothermic charge transfer threshold (see Sec.
3.2.10)

Endo: Endothermic reaction threshold energy (see Sec.
3.2.10)

ES: Electron swarm (see Sec. 3.2.12.)

Est: Estimate, based on addition of increments

Est2: Estimate, based on thermochemistry of analogous com-
pounds

ETS: Electron transmission spectroscopy (see Sec. 3.2.15.)

IMRB: Ion/molecule reaction—bracketing (see Sec. 3.2.6.)

IMRE: Ion/molecule reaction equilibrium constant determina-
tion (see Sec. 3.2.5.)

Kine: Attachment/detachment rate ratio (see Sec. 3.2.5.)

Latt: Lattice energy calculation (see Sec. 3.2.13.)

LOG: Laser optogalvanic spectroscopy

LPD: Laser photodetachment (see Sec. 3.2.2.)

LPES: Laser photoelectron spectroscopy (see Sec. 3.2.1.)
Mobl: Mobility of ion in gas (see Sec. 3.2.17.)

NBAP: Neutral beam appearance potential (see Sec. 3.2.8.)
NBIP: Neutral beam ionization potential (see Sec. 3.2.8.)

PD: Photodetachment (see Sec. 3.2.3.)
PDis: Photodissociation (see Sec. 3.2.4.)
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TABLE 5.2. Acronyms, abbreviations and symbols
used in Negative Ion Table — Continued

PIL: Photoionization (see Sec. 3.2.9.)

PLA: Plasma absorption

S H Surface ionization (Magnetron) (see Sec. 3.2.11.)
TDAs: Temperature dependent association equilibrium con-

stant determination (see Sec. 3.2.5.)

TDEq: Temperature dependent equilibrium constant determi-
nation (see Sec. 3.2.5.)
AHAT): Heat of formation of A~
A,eH(X--Y™): Enthalpy of association of neutral X to anion Y-, the
affinity of X for Y~
AuG(XY™): Gibbs energy of association of neutral X to anion Y~
A,aH(AH):  Acidity of molecule AH; see definition below under f
Single letter codes which define chemical
reaction types (superscripts)
a AdH(A™) = AwisH(AH)—AH(AH) + AH(HY)
b: AH(AT) = AH(A)—EA(A)
¢ AHE-Y) = —ApHX-Y™) + AHX) + AH(Y)
d: EA(A) = AwiH(AH)—IP(H")— BDE(A-H)
e: BDE(A-H) = AyoH(AH)—IP(H*) + EA(A)
f: AwicH(AH) = AH(A™) + AHHY)—AH*(AH)
2 Arxmf = ArxmG + TArumS
h: ARmG = AhnH—TAmS
it EA(A) = AH(A)—AH(A™)
j BuHX-YT) = AHY(X) + AH(Y)—AHX-Y")

5.3. References to Tables 1 and 2

The bibliography given at the back of the volume in-
cludes (a) references to the sources data having a bearing
on the thermochemistry of the positive ions given in
Table 1 (including ionization potentials, appearance po-
tentials, proton affinities, and other related information)
except when those references appeared in the bibliographies
of references 1 through 4; (b) references to the sources of
all data on the thermochemistry of negative ions from
Table 2; and (c) references to the sources of the data on
the thermochemistry of neutral molecules.

The references are identified in the tables, and in the
bibliography, by a squib, made up of the year of the
publication, the first three letters of the surname of the
first author, followed by a slash and the first three letters
of the surname of the second author. Example: A publi-
cation by J. B. Pedley and J. Rylance which appeared in
1977 would be designated by 77PED/RYL.

The references given in the bibliography are sorted
according to these squibs, that is, first according to year,
and then alphabetically according to the first three let-
ters of the names of the first two authors. Example:
Within the papers which appeared during a given year,
reference to a paper by “Beauchamp and Armentrout”
(BEA/ARM) would precede a reference to a paper by
“Beach and Jackson” (BEA/JAC), which in turn would
appear above a reference to “Beauchamp and Schwarz”
(BEA/SCH). Note that papers of a given first author do
not necessarily follow one another in the listing.
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Table 1. Positive Ion Table
ION Ionization potential ApH(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV kecal/mol  klJ/mol kecal/mol  kJ/mol reference number
Act
Ac 5.17x0.12 216 905 97 406 82TN270 7440-34-8
Ag +
Ag 7.576 242.7 1015.6 68.0 284.6 82TN270 7440-22-4
242.6 1015.1 67.9 284.1
See also: 80KRA.
AgAl'*
AgAl (7.8+0.5) 287) (1200) 107 448 T9HUB/HER  12379-67-8
0 K values.
AgBr +
AgBr <9.59 <246 <1028 25 103 79HUB/HER  7785-23-1
0 K values.
Agart
AgCl (<10.08) (s255) (<1065) 22 93 79HUB/HER  7783-90-6
0 K values.
AgFt
AgF (11.0£0.3) (256) (1071) 2 10 T9HUB/HER 7775419
0 K values.
AgH*
AgH 9:2) (280) (1170) 67 282 79HUB/HER
A¢H(Ion) from onset of endothermic reaction (86ELK/ARM). 0 K value.
IP is AgH(lon) - ApH(Neutral).
At
Agy (7.35) (267) (1119) 98.0 410.0 82TN270 12187-06-3
(268) (1120) 98 411
ALt
Al 5.986 216.3 904.9 78.2 3273 85JANAF 7429-90-5
216.8 907.3 78.8 329.7
AlAnt
AuAl (7.6+0.3) (263) (1101) 88 368 79HUB/HER  12250-38-3
0 K values.
AIBO, *
AIBO, (9.5£0.5) (90) (376) -129+4  -541x17 T1IJANAF
AlBrt
AlBr 9.3) (2183) (913.2) 3.8£3.0  15.9+12.6 85JANAF 22359-97-3
(220.0)  (9204) 5.5+3.0 2312125
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Table 1. Positive Ion Table - Continued

ION Ionization potential AgH(lon) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kcal/mol  kJ/mol reference number
AlBry +
AlBry (10.4) (142) (593) -98.1 -410.4 85JANAF 7727-15-3
(147) 616) -92.5 -387.2
IP is onset of photoelectron band.
Alctt
AlCl 9.4 204 855 -12.3 -51.5 85JANAF 13595-81-8
204 855 -12.3 -51.7
AICIF +
AICIF (7.9+1.0) (66) (276) -117 -489 85JANAF
65) @71) -117 188
Alcy +
AlCl3 (12.01) (137) (574) -140 -585 85JANAF 7446-70-0
(138) 76) -139 ~583
AlFt
AlIF 9.73+0.01 160.9 673.1 -63.5¢0.8 ~265.7+3.4 79HUB/HER  13595-82-9
160.9 673.9 ~63.5+0.8 ~265.6+34
IP from 84DYK/KIR.
AlF, +
AlF, 8.1 8) (33) -179 -749 81WOO 13569-23-8
IP from 85JANAF.
AlF3 +
AlFy <15.45 <67 <282 -289 -1209 85JANAF 7784-18-1
<68 <285 ~288 -1206
IP from 84DYK/KIR.
Ant
All (9.3+0.3) (230.7)  (965.3) 16.3+1 68.0+4.2 85JANAF 29977-41-1
(231.0)  (966.6) 16.6x1 69.32+4.2
Ally +
Ally 9.1) (160) (670) -49 -208 82TN270 7784-23-8
IP is onset of photoelectron band.
Al0*
AlO 9.46x0.06 234.1 979.6 16.0x2 66.9+8 85JANAF 14457-64-8
234.2 979.7 16.0x2  67.0+8
IP from 82ARM/HAL. See also: 80OMUR/HIL, 81KAP/STA.
Aoyt
AlO, (10.0+1.0) (200) (835) -31 -130 82KAS/CHE  11092-32-3
Alpt
AlP (8.4+0.4) (295) (1232) 101 422 79HUB/HER  20859-73-8

0 Kvalues.
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Table 1. Positive Ion Table - Continued
ION Tonization potential AgH(Ton) ApH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kcal/mol  kJ/mol reference number
AlSe ™t
AlSe (8.3£0.5) (43)  (1016) 52 215 79HUB/HER ~ 23330-87-2
0 K values.
Aly +
Al (5.4+1.0) (240.9)  (1008.0) 1164208 487.0+3.5 85JANAF 32752-94-6
(240.8) (1007.3) 116.2+0.8 486.33.5
AlLBrg ™t
Br"'m _ Br\A Br (10.97) (21) (87 ~232 =971 82TN270 18898-34-5
Br\_. .~ I‘BV
Br
AL Clg™
o]
BN (12.18) (-28)  (-116) -309 -1291 82TN270 13845-12:0
Al A
o} N/ o]
o]
AlLO +
AlyO (7.7£0.2) (144) (603) -33:5  -140£22 82KAS/CHE  12004-36-3
(145)  (605) -33 -138
A0yt
0
s’ N (9.9:0.5) (131) (551) -97¢12  —404:48 82KAS/CHE  12252-63-0
N/
0
Am*t
Am 5.99 206 862 68 284 8SKLE/WAR  7440-35-9
See also: 81CHE/GAB.
ArTt
Ar 15.75973+0.00001  363.42 1520.57 0 0 *DEF 7440-37-1
363.42 1520.57
See also: 81KIM/KAT.
ArHt
ArH 277 1159
From proton affinity of Ar (RN 7440-37-1). PA = 88.6 kcal/mol, 371. kJ/mol.
ArHet
ArHe 15,735 362.8 1518.0 -0.055 -0.23 79HUB/HER  12254-69-2

AgH(Ion) from 81DAB/HER. 0K values.

J. Phys. Chem. Ref. Data, Vol. 17, Suppl. 1, 1988



GAS-PHASE ION AND NEUTRAL THERMOCHEMISTRY 43

Table 1. Positive Ion Table - Continued

ION Ionization potential AgH(Ton) AgH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol kecal/mol  kJ/mol reference number
ArHgt
ArHg (10.217+0.012) (250.6) (1048.6) 15.0 62.8 84BOU/BRA  87193-95-1
IP from 85LIN/BRO.
ArKr*t
ArKr 13.484+0.015 3106 1299.7 -0.3 ~13 T9HUB/HER  51184-77-1

IP from 82DEH/PRA. 0 K values.

ArNe*t
ArNe 15.685+0.004 361.6 1512.9 -0.10 ~0.43 76BOB/BAR  12301-654
IP from 82PRA/DEH?2. 0 K values.
ArXet
ArXe 11.968+0.012 275.7 11534 -0.32 ~1.35 76BOB/BAR  58206-67-0
1P from 82DEH/PRA. See also: 85PRA/DEH, 85PRA/DEH2. 0 K values.
Arp +
Ar, 14.501+0.025 334.2 1398.1 -0.24 ~1.01 TO9HUB/HER  12595-59-4
IP from 82DEH/PRA?2. See also: 81DEH/POL, 82LEV/LIA. 0 K values.
Ast
As 9.7883+0.0002 298.0 1246.9 723 302.5 82TN270 7440-38-2
297.7 1245.8 720 3014
AsBr3 +
AsBry (10.0) (200) (835) =31 ~130 82TN270 7784-33-0
(205) 858) -25.5 ~106.9
IP is onset of photoelectron band.
Asclot
AsOC! (11.1) (249) (1040) -7 ~31 83BIN 14525-25-8
IP from 83BIN.
AsCly +
AsCly (10.55+0.025) (181) (756) ~63 ~262 82TN270 7784-34-1
(181) (758) -62 ~260
See also: 830ZG.
ASF3 +
AsFq (12.84+0.05) (108) (453) -188 ~786 82TN270 7784-35-2
(109) (457) -187 ~782
AsFzH*
F3AsH 23 96
From proton affinity of AsF5 (RN 7784-35-2). PA = 155 kcal/mol, 648 kJ/mol.
AsHjz +
AsHj 9.89 244 1020 16 66 82TN270 7784-42-1

246 1028 18 74
See also: 82ELB/DIE.
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Table 1. Positive Ion Table - Continued
ION Ionization potential AgH(Ton) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kecal/mol  kJ/mol reference number
AsH4t
AsHy 202 846
From proton affinity of AsH3 (RN 7784-42-1). PA = 179.2 kcal/mol, 750 kJ/mol.
Asy +
Asy (10.1£0.2) (278) (1165) 45507 190.4x2.9 T3BEN/MAR  23878-46-8
278)  (1164) 45.5:0.7 190.4x2.9
See also: 8SHIR/STR.
Asq +
As
A s{/_\A s (9.07+0.07) (244) (1019) 34 144 82TN270 12187-08-5
\A‘ yd See also: 85HIR/STR.
As40¢ +
/0645‘0 (9-6) (~68) (-283) ~289 -1209 82TN270 12505-67-8
As~ \'OAI\S IP is onset of photoelectron band.
0., -0
Aut
Au 9.225 300 1256 87 366 82TN270 7440-57-5
300.2 1256.0 875 365.9
AuB*
AuB (8.7x0.5) 337) (1411) 137 572 79HUB/HER  12408-81-0
0 K values.
AuCet
AuCe (6.0£0.3) (248) (1036) 109 457 82TN270 12408-82-1
(248) (1039) 110 460
AuHo*
AuHo (6.2£0.5) (242) (1013) 9.1 4145 82TN270 12044-80-3
(243) (1016) 100 418
AuLa*t
AuLa (5.9x0.5) (A7) (1033) 111 464 82TN270 12429-32-2
247) (1035) 111 466
AuNd
AuNd (5.8£0.8) (228) (955) 94 395 82TN270 12429-33-3
(229) 957) 95 397
AuPrt
AuPr (5.40.8) (224) 937) 9 416 82TN270 12429-34-4
(224) (939) 100 418
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Table 1. Positive Ion Table - Continued

ION

Ionization potential ApH(lon) ApH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol keal/mol  kJ/mol reference number
AuSit
AuSi (9.50.5) (340) (1422) (121) (505) 79HUB/HER ~ 12256-53-0
0 K values.
Auy +
Auy (9.50.3) (343) (1433) 123.5 516.7 T9HUB/HER  12187-09-6
(341) (1427) 1220 5104
Bt
B 8.29808+0.00002  325.9 1363.3 134.5 562.7 82TN270 7440-42-8
324.7 1358.2 133.3 5576
BBr,Ht
BHBr, (10.92+0.02) 227 (949) ~25+5 -105+21 TIJANAF 13709-65-4
(231) (966) -21+5 ~-88+21
IP from 81FRO/KIR.
BBr3*
BBry (10.51+0.02) (194) (810) —49+0.2  -204x1 T1IJANAF 10294-33-4
BC1t
BCl (10.2) (269.0)  (1125.5) 338 1414 85JANAF 20583-55-5
(2683)  (1122.5) 331 1384
ApH(lon) from appearance potential (18.37+0.02 eV) in BCl.
Cited ionization potential is difference between heats of formation of ion and neutral.
BCIF, *
BCIF, (13.06£0.11) (88) (370) -213 -890 82TN270 14720-30-0
BCl, t
BCl, (7.8) (159) (664) ~20£15  -83163 71JANAF 13842-52-9
AgH(lon) from appearance potential (12.30£0.02 eV) in BCl3,
Cited ionization potential is difference between heats of formation of ion and neutral.
BCL,F +
BCL,F (12.18+0.10) (130) (544) -151 -631 82TN270 14720-31-1
BCLHT
HBCl, (11.91£0.02) (215) (901) -59.3+1  -248.1+4 TIJANAF 10325-39-0
(216) (904) -58.6+1  ~245.234
IP from 81FRO/KIR.
BCl3 *
BCly 11.60£0.02 171 715 -96 ~-404 82TN270 10294-34-5
171 716 -96 -403
BF *
BF 11.12+0.01 229 957 =277 -115.8 79HUB/HER  13768-60-0
228 954 -284 -118.8
IP from 83DYK/KIR.
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Table 1. Positive Ion Table - Continued
ION Tonization potential AgH(Ion) AgH(Neutral) Neutral CAS registry
Neutral ev keal/mol  kJ/mol kcal/mol  kJ/mol reference number
BFSt
FBS (10.90+0.01) (165) (690) -86 -362 *EST 83995-89-5
IP from 84COO/KRO.
BF, +
BF, 94) (75) (314) -141.0+3  -589.9:12 71JANAF
From appearance potential of 15.81+0.04 ¢V in BF3, IP is AgH(Ton) - ApH(Neutral).
BF,Ht
HBF, (13.60+£0.05) (138) (578) -175.4+0.8 ~733.8+3.3 71JANAF 13709-83-6
(139) (582) ~174.5+0.8 -730.1+3.3
IP from 81CHO/KIR.
BF3*
BF; 15.56+0.03 87.1 364.3 -271.7 -1137.0 82TN270 7637-07-2
87.8 367.3 ~271.0 -1134.0
See also: 84FAR/SRI, 84DEH/PAR, 81ASB/SVE, 81KIM/KAT.
):
BH 9.77+0.05 3311 13854 105.8+2.0 442.7+8.4 85JANAF 13766-26-2
330.3 13822 105.0£2.0 4395184
BHO, *
BHO, (12.610.2) (156) (654) -134 -562 82TN270 13460-50-9
BHS *+
HBS 11.11£0.03 (268) (1122) 1210 50+42 T8JANAF 14457-85-3
BH, +
BH, (9.8+0.2) (274) (1146) 48+15 201263 TIJANAF 14452-64-3
BH3 *
BH3 12.3x0.1 (308) (1287) 24 100 82TN270 13283-31-3
Bl3 +
Bl (9.250.03) (230) (964) 17.0 7.1 82TN270 13517-10-7
(31)  (967) 18 75
BKO, t
KBO, (8.62+0.14) (38) (160) -161+2  -672x10 85FAR/SRI
See also: 85FAR/SRI.
BLiOt
LiBO 7.7+0.5 (136) (568) —42 ~175 *EST 77965-53-8
IP from 8SNEU.
BLiO, +
LiBO, (9.8+0.5) (66) (274) -160 -671 T1JANAF
IP from 85NEU.
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Table 1. Positive Ion Table - Continued

ION Ionization potential AgH(Ton) AgH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol keal/mol  kJ/mol reference number
BNaO, *
NaBO, (9.18+0.10) (58) (242) -154 ~644 82TN270
9 (244) -153 -642
BOY
BO 13.0:0.3 (300) (1254) 0 0 83PED/MAR  12505-77-0
(299) (1251) -1 -3
See also: 79BAG/NIK, 8SNEU.
BO, +
BO, (13.5+0.3) (240) (1003) ~72 -300 82TN270 13840-88-5
IP from 79BAG/NIK.
BSe t
BSe (10.3) (315) (1320) 78 326 79HUB/HER  29750-36-5
0 K values.
B,Cl t
B,Cly (223) (934)
From appearance potential (17.24+0.03 eV) in ByCly assumed to give B,Cl, + 120
B,C13t
BzCl3 120 502
From appearance potential of 11.520.02 eV in ByCly. 0 K values.
B,Clyt
B,Cly 10.32+0.02 121 506 -117 -490 82TN270 13701-67-2
121 506 -117 ~490
ByF3 +
ByFy -7 ~28
From appearance potential of 15.40+0.01 eV in ByF4. 0K values.
B,oF4 +
ByFy 12.070.01 -66 =275 -344 -1440 82TN270 13965-73-6
-65 =272 -343 -1437
BoHg+
/H 11.38+0.03 27 1134 85 35.6 82TN270 19287-45-7
H,B \B”z 275 1149 12.3 514
H/ See also: 81ASB/SVE, 81KIM/KAT.
BoHy*
/H 228 955
H;_B\ >BHZ) Ht From proton affinity of Diborane(6). (RN 19287-45-7). PA = ~146 kcal/mol, ~611 kJ/mol.
H
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Table 1. Positive Ion Table - Continued

ION Ionization potential AgH(lon) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kcal/mol  kJ/mol reference number
B0+
O=BB=0O 13.58 204 854 -109+2  -456+8 71JANAF 13766-28-4

IP from 84RUS/CUR. See also: 79BAG/NIK.

By03*
B,04 13.5+0.15 110 460 -201.3 -842.1 79BAG/NIK  1303-86-2
110 462 -201 -841
IP from 79BAG/NIK.
B3F303 +
F B’o\ BF (13.9£0.1) (-244) (~1024) -565+1  -2365+4 T1JANAF 13703.95-2
] ]
0,0
F
B3H303*
0
H Bl <N BH (13.5£0.5) (20) (85) 291 -1218 TIJANAF 289-56.5
B
H
B3HgN; *
B 9.88+0.02 106 441 -122.3 ~511.8 82TN270 6569-51-3
H V’O\'}‘H 112 467 -116.2 -486.2
HB‘N ~.BH
H
B3H7N3*
g 49 206
Hfl‘l'O\FldH H+ From proton affinity of borazine (RN 6569-51-3). PA = 194.1 kcal/mol, 812 kJ/mol.
HBX—/BH
N
H
B4Hyp*
H 7% _‘? 10.76+0.04 264 1104 16 66 82TN270 18283-93-7
HE >?Hz
H
B4Hp; *
237 993
Hzgz <l7lH2 e From proton affinity of ByHy (RN 18283-93-7). PA = ~144 kcal/mol, ~602 kJ/mol.
A aéz
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Table 1. Positive Ion Table - Continued

ION Ionization potential AgH(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol kcal/mol  kJ/mol reference number
BsHo*
T7|E—T 9.90+0.04 246 1028 17.5 732 82TN270 19624-22-7
ne—pt-gn 253 1057 244 102.1
NI/
HBBKH
H
BsHy*
—H—
T /?ﬁ\? 214 896
HBL-B—BH | H* From proton affinity of BsHg (RN 19624-22-7). PA = 169 kecal/mol, 707 kJ/mol.
N/
He—B—=H
H
BsHyy *
i
/';.L,\HZ/BZ (10.1) (257) (1078) 24.6 1033 82TN270 18433-84-6
H / // \H IP is onset of photoelectron band.
v
H
BgHyo*
H
7-a<'{ 9.0) (230) (963) 23 95 82TN270 2377-80-2
P}B\\L/B’\* IP is onset of photoelectron band.
-
ByoHyq ™
/gcﬂhﬂ 9.88+0.03 235 985 7.6 316 82TN270 17702-41-9
VAV YAY u7 1031 87 1
w5 | A
H_.E H__—B—
H
Ba™
Ba 5.212 163 683 43 180 82TN270 7440-39-3
163 684 43 181
BaBr*
BaBr (5.0 (88.9) (371.8) -26.4x£10.0 -111441 85JANAF 14832-97-4
(91.0) (380.8) -24.3+10.0 -102341
BaBr; +
BaBr, (8.5) (90) 3717 -106 -443 82EMO/KIE  10553-31-8
93) 391 -102 —429
IP is onset of photoelectron band (79LEE/POT). See also: 82EMO/KIE,
T9LEE/POT2.
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Table 1. Positive Ion Table - Continued
ION Ionization potential AgH(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV kecal/mol  kJ/mol keal/mol  kJ/mol reference number
BaClt
BaCl 5.01+0.010 81 340 ~34 -143 85JANAF 14832-99-6
82 341 -34 -142
BaCly *
BaCl, 94 ©7) (405) -120 -502 82EMO/KIE  10361-37-2
IP is onset of photoelectron band (79LEE/POT, 79LEE/POT2). See also: 2EMO/KIE.
0 K values.
BaFt
BaF (4.8£0.3) (34) (144) -71 -324 82TN270 13966-70-6
(34) (142) =77 -326
BaHO*
BaOH 4.35+0.3 45 189 ~55+4 -230£17 81IMUR 12009-08-4
IP from 81MUR. See also: 81FAR/SRI.
BaH,0, +
Ba(OH), @®) (44) (186) -140 -586 82TN270 17194-00-2
IP from 81FAR/SRI.
Balt
Bal (5.0:0.3) (1052)  (440.0) -10.1420.1 —42.4:84 85JANAF 12524-20-8
(105.9)  (443.1) ~94220.1 -39.3+84
Bal, +
Bal, (8.24) (116) (487) -74 -308 82EMO/KIE  13718-50-8
(117) (490) -73 -305
IP is onset of photoelectron band (79LEE/POT, 79LEE/POT?2). See also: 2EMO/KIE.
BaOt
BaO 6.91+0.06 129.8 542.9 -29.6x2 -123.88 85JANAF 1304-28-5
130.3 545.1 ~29.1x2 -121.628
See also: 8IMUR.
BaQ4W +
BaWO, (9.8x0.5) (-181) (-757) -407 -1703 T6DEL/HAL
Bet
Be 9.322 292.5 1223.7 7.5 324.3 82TN270 7440-41-7
291.5 1219.4 765 320.0
BeCl, *
BeCly (11.15) (17) nmn -86 -359 82TN270 778747-5

IP is onset of photoelectron band (79LEE/POT2).
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Table 1. Positive Ion Table - Continued

51

ION Ionization potential AgH(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol keal/mo!  kJ/mol reference number
BeF *
BeF -40,6£2 -169.9+8 85JANAF 13597-96-1
~41.222  -172.2+8
A value of 168 kcal/mol, 703 kJ/mol is obtained for the enthalpy of formation of
BeF ™ based on experimental ionization potential values of 9.1+0.5 or 9.3+1.0 eV,
the enthalpy of formation based on an appearance potential of 15.4+0.4 eV in
BeF, is 147 kcal/mol, 615 kJ/mol.
BeF, t
BeF (14.60.5) (147) (615) -190 =794 82TN270 7787-49-7
2
BeH t
BeH 8.21:0.04 272 1136 82 344 79HUB/HER  13597-97-2
271 1132 81.2 3398
BeO*
BeO (10.1x0.4) (265.5)  (1110.9) 326£3  136.4x13 85JANAF 1304-56-9
(264.9)  (1108.5) 32.0+3  134.0+13
BeyO +
Be,O (10.5£0.5) 27y (950) -15£10  -63342 T1JANAF 12009-99-3
Bey Oy +
(Be0), (10.8+0.7) (151) (632) -98x12  -410+50 71JANAF 70478-90-9
Be303 +
(BeO); (10.940.6) -1 (-2) -252+¢9  -1054%38 T1JANAF 61279-73-0
Be4Oy +
(BeO)y (11.0) (-126)  (-529) -380+12 1590450 TIJANAF 61279-74-1
BegOs +
(BeO)s (~11) (~-251)  (~-1052) -505+23 —211395 71JANAF 61279-75-2
BegOg +
(BeO)g (~11) (~-239)  (~-1000) -492+22  -2061£92 71JANAF 61279-76-3
Bit
Bi 7.289 218 910 49 207 82TN270 7440-69-9
217.7 910.7 49.6 207.4
BiCl3
BiCly (104) (176) (738) -64 ~266 82TN270 7787-60-2
(177) (739) -63 ~264
IP is onset of photoelectron band (83NOV/POT). See also: 830ZG.
BiHz *
BiHj (10.1) (288) (1204) 55 230 64GUN 18288-22-7
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Table 1. Positive Ion Table - Continued
ION Ionization potential AgH(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kcal/mol  kJ/mol reference number
BiO*
BiO (9.0£0.5) (236) (989) 2913 121+13 83PED/MAR  1332-64-5
(236)  (988) 29 120
Bis t
BiS (8.70.5) (43)  (i017) 42 178 79HUB/HER  12048-34.9
0 K values.
BiTe t
BiTe (8.420.5) 235  (983) 41 173 79HUB/HER  12010-57-0
0 K values.
Biy +
Biy (7.30.5) (21)  (924) 53 220 82TN270 12187-12-1
@21) (926) 53.1 222.2
Bk*+
Bk 6.30+0.09 219 918 74 310 8SKLLE/WAR  7440-40-6
Brt
Br 11.814 299.2 1251.7 26.7 1119 82BAU/COX  10097-32-2
300.6 1257.8 28.2 117.9
See also: 81KIM/KAT.
BrCat
CaBr 5.54 123 513 -5 -21 T9HUB/HER  10024-43-8
IP from 84MEY/SCH. 0 K values.
BrC1t
BrCl 11.01 257 1077 4 15 82TN270 13863-41-7
259 1084 5 22
IP from 84DYK/JOS.
BrCIgN;P3 +
N Cl _ _ .
C"'T/d e, (9.8320.1) (52) (218) 174 730 EST 14740-93-3
N A
~p”
Cly
BrCs*t
CsBr 7.72+0.05 130 545 -48 -200 84PAR/WEX  7787-69-1
133 554 ~45.5+1.8 -190.4x7.5
BrF *
BrF 11.77+0.01 2574 1077.1 -14.0:04 -58.5+1.7 85JANAF 13863-59-7
259.3 1084.8 -12.1204 -50.8+1.7

See also: 84DYK/JOS.
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Table 1. Positive Ion Table - Continued

53

ION Ionization potential AgH(Ton) AgH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol kcal/mol  kJ/mol reference number
BrF3 +
BrF, (12.15£0.04) (190 (917 -61.1  -255.6 82TN270 7787-71-5
@22)  (928) -584  -2444
BrFst
BrFy (13.17+0.01) (201) (842) -103 -429 82TN270 7789-30-2
(205)  (858) -99 ~413
BrHt
HBr 11.66+0.03 260 1089 -9 -36 82TN270 10035-10-6
262 1096 -7 -29
IP from 79HUB/HER, 77ROS/DRA, 82LEV/LIA. See also: 81KIM/KAT.
BrHy *
H,Br 218 911
From proton affinity of HBr (RN 10035-10-6) (84POL/MUN, 85MCM/KEB).
PA = 139 kecal/mol, 582 kJ/mol.
BrH3Si *
SiH3Br 10.6 (226) (945) -19¢4  -78£17 82JANAF 13465-73-1
IP is onset of photoelectron band.
BrIt
IBr 9.790+0.004 235.5 985.4 9.8 40.8 82TN270 7789-33-5
237.7 994.4 11.9 49.8
See also: 84DYK/JOS, 71POT/PRI.
Brint
InBr (9.09) (202) (845) -8 -32 79HUB/HER  14280-53-6
QM)  (854) -6 -23
BrKt
KBr 7.85+0.1 138 577 -43 -180 82TN270 7758-02-3
140 586 -41 ~171
BrLit
LiBr 8.7 (164) (685) -37+3 -154+13 7T1JANAF 7550-35-8
(166)  (693) -35:3  -146+13
IP is onset of photoelectron band.
BrNO*
NOBr 10.17+0.03 254 1063 20 82 82BAU/COX  13444-87-6
BrNa*
NaBr 8.31+0.1 157 659 -34 -143 82TN270 7647-15-6
160 668 -32 -134
Brot
BrO (10.2) (265)  (1110) 30.1 1258 82TN270 14380-62-2
(267) (1118) 319 1335

IP is onset of photoelectron band.
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Table 1. Positive Ion Table - Continued

ION Tonization potential AgH(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kcal/mol  kJ/mol reference number
BrRb*
RbBr 7.94+0.03 139 583 -43.7 -182.8 82TN270 7789-39-1
142 592 ~414 -173.4
BrSit
SiBr (13) (24.6)  (939.6) 563110 2353:460  8SJANAF  14791-57-2
(225.9)  (945.1) 5762110 240.8+46.0
BrSrt
SrBr (5.5) (106)  (442) ~21£10  -89+42 85JANAF 14519-13-2
(108)  (450) ~19.2+10 80442
BrT1 T
TIBr 9.14+0.02 202 844 ~9 -38 82TN270 7789-40-4
204 853 ~7 -29

See also: 83BAN/BRI.

Bry +
Brp 10.515x0.005 250 1046 74 31.0 82BAU/COX  7726-95-6
253 1061 11 46
Cited IP leads to Br, * (2113/2 g); formation of Br, + (2n1 2 g) requires
10.865+0.005 eV. IP from 84VAN/DELZ2, 84DYK/JOS, 77ROS/DRA.
Sce also: 81KIM/KAT.
BryCa +
CaBr, <9.68 <130 <545 ~93 ~389 82TPIS 7789-41-5
<134 <560 ~-89+2 ~374+9
IP is onset of photoelectron band (79LEE/POT2).
BryCl4N3P3 +
241410N3E3
N |
Cl,p”, \r( ; (9.800.1) (63) (265) ~163 ~681 *EST 15964-99-5
i r
NO o \/N
Br/ cl
BrpF4NaPy +
r2K4N3k3
Fo cofoprBr (10.6320.03) (-135)  (-563) 380 1589 *EST 20871-634
~F
SO}\I IP from 81CLA/SOW.
DL
F Br
Br,Fe +
FeBry (10.7+0.5) (237) (991) -1020.5 ~41x2 TIJANAF 7789-46-0
BryGe +
GeBry, (9.60£0.05) (206)  (863) -15 -63 82TN270 2441500-7

IP from 82JON/VAN.
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Table 1. Positive Ion Table - Continued

55

ION Tonization potential AgH(lon) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kcal/mol  kJ/mol reference number
BryHpSit
SiH,Br, (10.7) (201) (842) ~45+4 -190£17 82JANAF 13768-94-0
IP is onset of photoelectron band.
BryHg +
HgBr, 10.560+0.003 223 934 —20+2 -8518 T1IJANAF 7789-47-1
Cited ionization potential (83LIN/TZE) refers to formation of HgBr, + (2n3/2 g).
[P for formation of HgBr, + (zr[1 2 g) is 10.8846+0.0012 eV. See also: 81LEE/POT.
BryLiy *
.r\ (=<10.050.08) (=112)  (=469) -120 =501 81LIN/BES 12380-84-6
Li\ /Li
Br
BryMgt
MgBr, 1047 169 708 =72 -302 82TPIS 7789-48-2
173 723 —69+4 ~287+15
IP is onset of photoelectron band (79LEE/POT2).
Bry0S*
SOBr, (10.1) (204) (851) -29 -123 82TN270 507-16-4
(209) 872) -4 -102
IP is onset of photoelectron band.
BryPh*
PbBr, 9.6 (196) (822) =25+1 -104x6 75JANAF 10031-22-8
IP is onset of photoelectron band (84NOV/POT2, 82LEV/LIA).
BryS, t+
S,Bry (9.23+0.03) (221) (923) 8 33 82TN270 13172-31-1
IP from 81KAU/VAH.
BrySe +
SeBry 9.07 204 854 -5 -21 82TN270 22987-45-7
BrySn +
SnBr, 9.0 201 839 -7 -29 82TPIS 10031-24-0
IP is onset of photoelectron band (84NOV/POT2, 82LEV/LIA).
Br,Sr +
SrBr, 9.11) (114) 477 -96 ~402 82TPIS 10476-81-0
118) @92) -92+3 -387+11

IP is onset of photoelectron band (79LEE/POT2). See also: 2EMO/KIE.
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Table 1. Positive Ion Table - Continued
ION Ionization potential AgH(Ton) ApH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kecal/mol  kJ/mol reference number
Br3CliN3P3 *
Br ~ N s (o] *
pehNp (9.7220.1) (73) (306) -151 -632 EST 16032-52-3
- ] O | ~gr
N\ - N
P
/
Br Ci
Br3F3N3P3 +
r3r30N3L3
B;> erxlp< E_r (10.37+0.03) (-=74) (-311) -314 -1312 *EST 67336-18-9
N<\ P’>N IP from 81CLA/SOW.
F~ Br
BryGa +
GaBry 10,40 170 710 =70 -293 82TN270 13450-88-9
Br3In*
InBry (10.0) (163)  (683) -67 ~282 82TN270 13465-09-3
IP is onset of photoelectron band.
Br3La +
LaBry (9.85) 87 (364) -140£2  -586+7 78TPIS 13536-79-3
IP is onset of photoelectron band (83RUS/GOO).
Br3OP +
POBry 10.75+0.02 151 632 ~-97 -405 71JANAF 7789-59-5
161 673 -87 ~364
Br3P +
PBry 9.7 (190) (97 -33 -139 82TN270 7789-60-8
(196) é21) =27 -115
IP is onset of photoelectron band.
Br4Clh N3Py +
Cl
Br, T/O\ T< B (9.60+0.1) (82) (343) -139 ~583 *BST 15965-00-1
AN
P
7/ N\
Br ()
BryHft
HfBry (10.9) 87 (365) -164 -687 81SPE 13777-22-5
IP is onset of photoelectron band.
Br4Sn +
SnBry 10.6 169 708 -75 -315 82TN270 7789-67-5
177 739 -68 284

IP is onset of photoelectron band.
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Table 1. Positive Ion Table - Continued

57

ION Ionization potential AgH(lon) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kcal/mol  kJ/mol reference number
BrgTit
TiBry 10.3 (90) (376) -148+1  -618+5 T1JANAF 7789-68-6
IP is onset of photoelectron band.
BryqZr +
ZrBry (10.7) (93) (387) -154+2  -645:8 78JANAF 13777-25-8
IP is onset of photoelectron band.
BrsCIN3P3 +
N C _ - . .
Bry p”, \P\ (9.470.1) (91) (380) 128 534 EST 15608-37-4
1O e
NG N
Br,
BrgW +
WBrs (8.320.2) (144) (602) -48+5 -199121 T1IJANAF 13470-11-6
(153) (638) -39 -163
BrgN3P3 +
SNpNS-Bra 9.62+0.03 (82) (343) -140 -585 *EST 13701854
NN IP from 81CLA/SOW.
P
|
Bro
BrgRe3 +
B!”R B (84) (125) (521) -69 -289 82TN270 33517-16-7
¢
Br7 \'Br IP is onset of photoelectron band.
B(‘F!/ \ ..8r P
&7
Br 37 Br
ct
C 11.260 431.0 1803.2 1713 716.7 82TN270 7440-44-0
429.7 17976 170.0 711.2
CBrt
CBr (10.43£0.02) (3625)  (1516.7) 122.0£15 5104163 85JANAF
(3634)  (1520.6) 122.9+15 5143163
CBrCIF, *
CF,BrCl (s11.83) (s168)  (<703) -105+2  -43818 78KUD/KUD  353-59-3
CBrClz3*
CCl3Br (10.6) (234) (980) -10.2+0.6 -42.7+2.4 TIPED/RYL  75-62-7

IP is onset of photoelectron band (8INOV/CVI3).
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Table 1. Positive Ion Table - Continued
ION Tonization potential AgH(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol keal/mol  kJ/mol reference number
CBrF3*
CF3Br 114 108 450 -155 -650 78KUD/KUD  75-63-8
111 463 ~152 -637
IP is onset of photoelectron band. See also: 2BOC/WIT.
CBrN*
BrCN 11.84+0.01 316 1323 43+1 181+4 77PED/RYL  506-68-3
CBryClLy*
CCl,Br, (104) (242) (1012) 242 9+8 78KUD/KUD  594-18-3
IP is onset of photoelectron band.
CBr;F, +
CF,Bry 11.07+0.03 165 689 -91+2 -379+8 78KUD/KUD  75-61-6
CBr,0+
COBr, (10.8) (222) (929) ~27:0.5  -113%2 77PED/RYL ~ 593-95-3
IP is onset of photoelectron band.
CBr3 +
CBr3 (82) (239) (1000) 49.6 2075 *EST
From appearance potential (10.47+0.02 eV) in CBry; IP is AgH(Ion) - AgH(Neutral).
CBrgF+
CFBry 10.67+0.01 190 793 ~5612 ~23618 78KUD/KUD  353-54-8
CBry4 +
CBry (10.310.02) (258) (1079) 20.1:08 839134 84BIC/MIN  558-13-4
@265)  (1109) 272 113.8
CCe™
CCe (7.51.0) (336) (1406) 163 682 82TN270 12011-58-4
ccrt
ccl (8.9:0.2) @97  (1243) 92) (384)
ApH(Ion) from appearance potential determination. ApH(Neutral)
is AgH(Ion) - IP. IP from 82HEP/TRE.
cciFt
CCIF (10.7) (243) (1017) -5+7 -20+29 8SLIA/KAR  1691-88-9
A¢H(Ton) from appearance potential determinations. IP is
AgH(Ton)-AgH(Neutral). See: 8SLIA/KAR (re-evaluated here).
CCIFy*
CCIF, (83) 126 528 -66 -275 *EST 1691-89-0

Cited heat of formation based on observation of near-thermoneutral reaction:

(CyH; t ot CFyCly =+ CF,Cl o+ C,H;Cl). Value based on appearance

potential of ion (11.99 eV) in CF,Cl, is 133 keal/mol, 556 kJ/mol.
IP is ApH(Ion) - ApH(Neutral).
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Table 1. Positive Ion Table ~ Continued

ION Ionization potential AgH(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV kecal/mol  kJ/mol kcal/mol  kJ/mol reference number
CCIF3
CF3Cl 12.39 116 485 -169.7+0.6 ~710.0+2.3 77PED/RYL  75-72-9
117 491 -168 ~704

See also: 85KIS/MOR.

CcCINt
CICN 12.3440.01 318 1329 33.0 138.0 77PED/RYL ~ 506-774
317 1328 32.8 137.3
Cited ionization potential corresponds to the formation of
cNaLt (2n3,2). Formation of CNCI + (zrtl /2) requires 12.37 eV.
cCINO*
CINCO (10.72+0.01) (253) (1057) 55 23.0 83DEW/RZE  13858-09-8
cc,t
CCl, 10.36 278 1163 39 163 85LIA/KAR  1605-72-7
AgH(Ion) from appearance potential determinations .
Cited IP is AgH(Ion)-AgH(Neutral). See 8SLIA/KAR.
CCF*
CClyF (8.0) (168) (703) -17.5 -73 *EST 1691-90-3
From observation of near-thermoneutral reaction: (CyHg t ot CF,Cly =+ CC12F+ + CGHgF)
(77LIA/AUS). Appearance potential determinations lead to values of 175 kcal/mol,
732 kJ/mol, for the heat of formation of this ion. IP is AgH(Ion) - AgH(Neutral).
CCLFy +
CF,y(Cl, 11.75+0.04 157 656 -114.1+1.3 -477.55.6 77PED/RYL  75-71-8
158 661 ~113 ~473
See also: 85KIS/MOR.
cCLot
CoCl, (11.4) (210) (880) -53 ~-220 82BAU/COX  7544-5
(211) 882) -52 -218
IP is onset of photoelectron band.
CClS T
CsCl, 9.61+0.02 215 900 -6 =27 79108 463-71-8
cct
CCly (7.8) (199) (831) 19 79 82MCM/GOL  3170-80-7
AgH(Ion) is based on the observation of the reaction (H30 * 4 CFCl3 =+ CCly * +HF + Hy0)
and lack of occurrence of (sec-C3H7+ + CFCl3 - CCly 4 C3H4F)
which brackets the heat of formation between 197 and 200 kcal/mol, 824 and 837 kJ/mol
(77LIA/AUS). IP is ApH(lon) - AgH(Neutral). Experimental value: 8.28 eV,
CClrF
CFCly 11.77+0.02 207 868 -64x2 ~268x8 77PED/RYL  75-694

208 871 -63 -265
See also: 85KIS/MOR.
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Table 1. Positive Ion Table - Continued
ION Ionization potential A¢H(lon) AgH(Neutral) Neutral CAS registry
Neutral eV kecal/mol  kJ/mol kecal/mol  kJ/mol reference number
ceyt
CC14 11.47+0.01 241 1010 -23.240.7 -97.13 77PED/RYL  56-23-5
242 1012 -22.7 -95.0
See also: 82VON/ASB, 81KIM/KAT.
CCot
CCo (364) (1524)
AgH(Ion) from photodissociation onset to give Co * (86HET/FRE).
crt
CF 9.11+0.01 271.1 1134.2 61.0+2 255.2+8 85JANAF 3889-75-6
270.2 1130.6 60.1+2  231.6+8
IP from 84DYK/LEW. See also: 82HEP/TRE.
CFN*
FCN 13.32+0.01 316 1321 9+4 36£17 71JANAF 1495-50-7
CFot
FCO 8.760.32 (160) (669) -42+4  -175:16 81DYK/JON2
IP from 81DYK/JON2.
CF, +
CF, 11.42+0.01 214 897 -49+3 -205+12 85LIA/KAR 2154-59-8
CF,0%
COF, 13.03 147 617 ~153 -640 77PED/RYL  353-504
148 620 ~152 ~-637
CFS*
CSF, (10.45£0.01) 157 (658) -84 -350 79308 420-32-6
See also: 8SBIN/GRO.
CF,Se +
CSeF, (9.620.2) (154) (646) ~67 -280 *EST 54393-39-4
IP from 85BIN/GRO, 84BOC/AYG.
CF3 +
CFy (<8.9) (95.4) (399.0) -110 -460 86TSA 2264-21-3
%.1) (402.0) -109 ~457
AgH(lon) from appearance potential determinations (2BOM/DAN).
See also: 81BER/BEA, 83WAN/LER. IP estimated in 81LOG/TAK.
CF3It
CF31 10.23 95 397 -141x5  -590x21 78KUD/KUD  2314-97-8
See also: 81BER/BEA, 84BAN/YAT.
CF3NO*
CF3NO (10.5+0.1) (116) (484) -126 -529 *EST 334.99-6
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Table 1. Positive Ion Table - Continued

ION Ionization potential AgH(lon) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kecal/mol  kJ/mol reference number
CFy +
CFy ~223.4+0.1 -934.5+0.4 77PED/RYL  75-73-0
-221.6 -927

The stable region of the CF, + ground state is not accessible by a vertical transition

from the CF4 molecule; no CFy * ions have been experimentally observed. The onset of
the photoelectron spectrum is at ~15.3 eV(81BIE/ASB, 84 CAR/FAH, 85NOV/POT).
Avalue of <14.7 eV was suggested in 77ROS/DRA. See also: 7SLLO/ROB, 85KIS/MOR.

CF40 +
CF30F (13.0) (112) (469) -188 -785 69STU/WES  373-91-1
IP is onset of photoelectron band.
CFsN +
CF3NF, (11.9) (105) (440) -169+0.5 -708+2 77PED/RYL  335-01-3
IP from 82BUR/PAW.
CFet
FeC (358) (1499)
AgH(Ion) from photodissociation onset to give Fe + (86HET/FRE).
CGet
GeC (10.3£0.3) (388) (1622) 150 628 79HUB/HER  12334-26-8
0 K values.
CHt
CH 10.64+0.01 3878 16224 1424 595.8 79HUB/HER  3315-37-5
387.0 1619.1 141.6 592.5
See also: 83PLE/MAR.
CHBrCl, *
CHBrCl, 10.6 233 974 -12 -49 78KUD/KUD  75-27-4
IP is onset of photoelectron band (81NOV/CVI3).
CHBrF3*
CF3BrH 73 305
From proton affinity of CBrF3(RN 75-63-8) (8SMCM/KEB) re-evaluvated
relative to CO standard (84LIA/LIE). PA = 137.5 kcal/mol, 575.3 kJ/mol.
CHBrN*
BrCNH 231 965
From proton affinity of BrCN (RN 506-68-3). PA = 178.3 kcal/mol, 746 kJ/mol.
CHBr, *
CHBr, (7.4) (224) (936) 54 227 82MCM/GOL  14362-13-1

Ion heat of formation from appearance potential (10.70+0.02 eV) in CHBr3.
Cited ionization potential is difference between this heat of formation and

that of neutral. Experimental determinations of this ionization potential

gave values of 8.13+0.16 eV (77ROS/DRA), 8.4110.03 eV (V) (84AND/DYK3).
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Table 1. Positive Ion Table - Continued

ION Ionization potential A¢H(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kcal/mol  kJ/mol reference number
CHBr,CI*
CHCIBr, 10.59+0.01 246 1031 22 98 78KUD/KUD  124-48-1
IP (77ROS/DRA) in good agreement with onset of photoelectron band (81NOV/CVI3).
CHBr3*
CHBry 10.48+0.02 2474 1035.0 57+11  23.8+4.5 84BIC/MIN 75-25-2
See also: 82VON/ASB.
CHCIY
CHCI 9.84 298 1247 n 297 85LIA/KAR  2108-20-5
AgH(lon) derived from hydrogen affinity considerations. IP is AgH(Ion)-A¢H(Neutral).
CHCIF *
CCIFH (8.81x0.02) (178) (743) (-25) (~105) 33272-71-8
AgH(Ion) from observation of: (CF2C1+ + CHFCI, —+ CHFCIt + CF,Cly)
and non-observation of: (C;Hg 4 CHFCl, ~ CHFCl * 4 CoHsCD(77LIA/AUS).
Appearance potential determinations lead to a value of 205 kcal/mol, 858 kJ/mol.
IP from 84AND/DYXK.
CHCIF, *
CHF,Cl (12.2) (166) (694) -115.620.5 —483.5+2.2 77PED/RYL  75-45-6
See also: 8INOV/CVI3.
CHCIF3
CF;3CIH 60 251
From proton affinity of CF3CI(RN 75-72-9) (8SMCM/KEB)
re-evaluated relative to CO standard(84LIA/LIE). PA = 136 kcal/mol, 569 kJ/mol.
CHCIN*
CICNH 224 937
From proton affinity of CICN (RN 506-77-4). PA = 174.8 kcal/mol, 731 kJ/mol
(86MAR/TOP).
CHCL
CHCI, 8.1) (212) (887) 26+1 108+4 83WEI/BEN  3474-12-2
A¢H(Ion) from appearance potential (11.49£0.02 eV) in CCl3H. Cited
IP is difference between heats of formation of ion and neutral.
An experimental determination of the IP gave a value of 8.32 e V(84 AND/DYK)
which would correspond to a AgH(Radical) of 20 kcal/mol, 84 kJ/mol.
CHCLF*
CHFCl, (11.5) (198) (829) -67+2 -281+8 78KUD/KUD 75434
IP is onset of photoelectron band (82LEV/LIA, 8INOV/CVI3).
CcHClz
CHCl3 11.37+0.02 237 992 ~25.0£0.5 -104.8+2 7TPED/RYL  67-66-3

238 997 -23.8 ~-99.7
See also: 82VON/ASB, 81KIM/KAT.
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Table 1. Positive Ion Table - Continued

63

ION Ionization potential AgH(Ton) A¢H(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kecal/mol  kJ/mol reference number
CHCo™*
CHCo (325) (1361)
AgH(Ion) from photodissociation onset to give Co * (86HET/FRE).
CHFt
CHF (10.49) (268) @1121) 2613 109£12 8SLIA/KAR  13453-52-6
AgH(Ton) from hydrogen affinity considerations. IP is AgH(Ion)-AgH(Neutral)(8SLIA/KAR).
CHFN*
FCNH (224) (934)
AgH(Ion) from core binding energies of isoelectronic neutral HNCO (84BEA/EYE).
CHFO*
HFCO (12.37x0.02) (195) (817) -90 ~-377 71JANAF 1493-02-3
CHF,
CHF, (8.78) (146) (611) -57+1 -237+5 83PIC/ROD  2670-13-5
Heat of formation of ion derived from observed ion-molecule reactions
(74BLI/MCM, 77LIA/AUS); cited ionization potential is the difference
between the heats of formation of the ion and the radical.
CHF,0%
F,COH 52 219
From proton affinity of CF,0 (RN 353-504). PA = 160.5 kcal/mol, 671.5 kJ/mol.
CHF3 +
CHF5 13.86 154 642 -166+2  -695+8 78KUD/KUD  75-46-7
156 649 -164 -688
See also: 81BIE/ASB, 8SNOV/POT, 82BOC/WIT.
CHF31t
CR3IH () (326)
From proton affinity of CF3I (RN 2314-97-8) (8SMCM/KEB) re-evaluated relative
to CO standard (84LIA/LIE). PA = 146.7 kcal/mol, 614 kJ/mol.
CHF3NO*
CF3NHO (70) (294)
From the proton affinity of CF3NO (RN 334-99-6). PA = 70. kcal/mol,
294. kJ/mol.
CHF4*
F3CFH 17 70
From proton affinity of CF4 (RN 75-73-0). PA = ~126 kcal/mol, ~527 kJ/mol.
CHFyNt
CHF,NF, (11.5) (156) (655) -109 -455 *EST 24708-53-0
IP from 82BUR/PAW.
CHFet
CHFe (322) (1349)

AgH(lon) from photodissociation onset to give Fe + (86HET/FRE).
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Table 1. Positive Ion Table - Continued
ION Ionization potential AgH(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol keal/mol  kJ/mol reference number
CHIz*
CHI3 9.25:0.02 241 1010 2845 118+21 78KUD/KUD  75-47-8
244 1019 30 127
CHN*
HCN 13.60+0.01 346 1447 323 1351 82TN270 74-90-8
6 1448 324 1355
See also: 82KRE/SCH, 81KIM/KAT.
HNC (12.50.1) (336) (1407) 4812 20118 82PAU/HEH 6914-07-4
IP by charge exchange bracketing of HNC * ions generated in CH3NC(78BIE/JON).
See also: 80MCL/MCG.
CHNO*
HNCO 11.61x0.03 243 1015 -25+3 ~105+13 86SPI/PER 75-13-8
HCNO (10.83) (302) (1263) 52 218 *EST 506-85-4
CHNS*
HNCS 9.9410.02 260 1087 31 128 82TN270 3129-90-6
CHO*
HCO 8.10:0.05 197.3 825.6 10.7 448 77BEC/LIP 17030-74-9
AgH(Ion) from appearance potential measurements (85TRA2).
See also: 76GUY/CHU, 84WAN/CAP, 80DYK/JON.
COH (230) (963)
AgH(Ion) from correlation with oxygen 1s binding energy (8SMCM/KEB2). See
also: 8SWAG/KEM, 83BUR/MOM.
CHOs*
COSH 181 757
From proton affinity of COS (RN 463-58-1) (8SMCM/KEB, 8SMCM/KEB2)
re-evaluated relative to CO standard (84LIA/LIE). PA = 150.7 kcal/mol, 631 kJ/mol.
CHOSe*
COSeH 230 962
From proton affinity of COSe (RN 1603-84-5) (85KAR). PA = 152. kcal/mol,
637. kJ/mol.
CHO,*
COOH 141 589 2564-86-5
A¢H(lon) from appearance potential in HCOOH.
CHP*
HCP (10.79+0.01) (289) (1208) 40+15 167+63 7T1JANAF 6829-52-3
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Table 1. Positive Ion Table - Continued

ION Ionization potential OpH(lon) AgH(Neutral) : Neutral CAS registry
Neutral eV kcal/mol  kJ/mol keal/mol  kJ/mol reference number
CHS*
HCS >(7.3) 243 1018 <73 <305 83BUT/BAE
243 1018 <74 <310

AgH(Ion) from appearance potential determinations in thiirane (RN 420-12-2) (82BUT/BAE) in
good agreement with value derived from proton affinity of CS (RN 2944-05-0) (85SMI/ADA).
PA = 188.2 kcal/mol, 787 kJ/mol. IP is AcH(lon)-AgH(Neutral). See also:

82KUT/EDW, 82KUT/EDW.

cHs,
HSCS 229 959
From proton affinity of CSy(RN 75-15-0), re-evaluated. PA = 164.4 kcal/mol,
688. kJ/mol. See also: 8SMCM/KEB, 85WEI/PLA.
CHTi *
TiCH (289) (1209)
A¢H(Ton) from onset of endothermic reaction (86ELK/ARM). 0 K value.
CHV*
VCH (307) (1283)
AgH(lon) from onset energy of endothermic reaction (84ARI/ARM, 85SELK/ARM,
86ARI/ARM). 0 K value.
CH, +
CH, 10.396.003 331 1386 93 390 82TN270 60528-76-9
331 1386 93 390
ApH(lon) from appearance potential determination (83PLE/MAR).
CH,Brt
CH,Br (7.9) (224) 937) 42 174 82MCM/GOL  16519-97-4
Heat of formation of ion from appearance potential (11.35+0.02) in CHyBry.
Cited ionization potential is AgH(Ion) - AgH(Neutral). An experimental value
of 8.61+0.01 eV has been reported for the ionization potential (34AND/DYK3).
CH,BrC1
CH,CIBr 10.77+0.01 259 1084 11x2 45+8 78KUD/KUD  74-97-5
IP from 77ROS/DRA, 8INOV/CVI3.
CH;Bry +
CH;Bry 10.50+0.02 242 1013 01 04 EST 74-95-3
See also: 82VON/ASB.
CH(1t
CH,Cl (8.6) (229.2)  (959.0) 31 130 83WEI/BEN  6806-86-6

(229.9) (962.1)
AgH(Ion) from appearance potential determinations. Cited ionization potential is
difference in heats of formation of ion and radical; an experimental
determination of the ionization potential gives 8.75+0.01 eV(84AND/DYK) which would
correspond to a radical heat of formation of 27 kcal/mol, 115 kJ/mol.
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66 LIAS ET AL.
Table 1. Positive Ion Table - Continued
ION Ionization potential AgH(lon) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol keal/mol  kJ/mol reference number
CHCIF +
CH,FC1 11.71£0.01 208 869 ~62+2 -2618 78KUD/KUD2 593-70-4
IP from 84AND/DYK.
CHyCL,
CH,Cl, 11.32:0.01 238 997 -22.9+0.2 ~-95.7+0.8 77PED/RYL  75-09-2
240 1003 -21.2 -88.8
See also: 82VON/ASB, 81KIM/KAT.
CH,ClSit
CI3SiCH,Cl 10.7) (116) (486) -130 -546 *EST 1558-25-4
IP is onset of photoelectron band (81ZYK/KHV).
CHyCot
CHy=Co 290) (1213)
AgH(Ion) from onset of endothermic reaction and photodissociation (81ARM/HAL,
81ARM/BEA2, 86 HET/FRE). 0 K values.
CHyCr*
CHp=Cr (292) (1223)
AgH(lon) from onset of endothermic reaction (86ELK/ARI).
See also: 81ARM/HAL, 8lHAL/ARM. 0 K values.
CH,F *
CH,F 9.05:0.01 199 833 ~8+2 -3348 82MCM/GOL  3744-29-4
IP from 84AND/DYK. A¢H(Ion) evaluated from observed ion-molecule reactions (77LIA/AUS).
CH,F, +
CHyF, 12.71 185 773 -108+2  -453x8 78KUD/KUD  75-10-5
See also: 81BIE/ASB.
CHyF3 +
F,CHFH 53 220
From proton affinity of CF3H (RN 75-46-7). PA = 147 kcal/mol, 615 kJ/mol.
CHF3038*
CF3SO5H, (-85) (~356)
From proton affinity of CF3SO3H (RN 1493-13-6). PA = (169) kcal/mol, (707) kJ/mol.
CH,Fet
CH,=Fe 292) (1222)
AgH(Ton) from photodissociation onset to give Fe + (86HET/FRE). See also: 81ARM/HAL, 84JAC/JAC.
CHyI, +
CH,I, 9.46x0.02 246 1031 2845 118+21 78KUD/KUD  75-11-6
249 1040 30 127
CHyMn 't
CHy=Mn (237) (992) 65127-77-7

A¢H(Ion) from onset of endothermic reaction (81ARM/HAL). 0 K values.
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Table 1. Positive Ion Table ~ Continued

ION Ionization potential A¢H(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol kcal/mol  kJ/mol reference number
CHpN*
HCNH 226 947
From proton affinity of HCN (RN 74-90-8) (PA = 171 kcal/mol, 717 kJ/mol)
and HNC (RN 6914-07-4) (PA = 190 kcal/mol, 796 kJ/mol).
CNH, (265) (1109)
A¢H(lon) from appearance potential determinations (84BUR/HOL).
CHyNOt
H,NCO 167 700
From proton affinity of HNCO (RN 75-13-8) (PA = 173 kcal/mol, 725 kJ/mol).
CH,;N, +
CH3N, 8.999+0.001 263 1098 55+4 230+17 78VOG/WIL  334-88-3
HyNCN (104) (272) (1137) 32 134 77PED/RYL  420-04-2
IP is onset of photoelectron band.
N
" > (10.3) (301) (1259) 63.3£2.7 264.8+11 T2LAU/OKA  157-22-2
N
CHyN4t
—~N (10.95) (333) (1392) 80+1 33544 77PED/RYL  288-94-8
D
N\N IP is onset of photoelectron band (82LEV/LIA, 81PAL/SIM).
H
CH,Nit
CH,=Ni (285) (1193) 60187-22-6
A¢H(lon) from onset of endothermic reaction (81LARM/HAL). 0 K values.
CH,0*
CH,0 10.874+0.002 224.8 940.5 -26.0£0.2 -108.7+0.7 TIPED/RYL  50-00-0
225.8 944.5 -25.0 ~104.7
See also: 81BOM/DAN, 76GUY/CHU, 80VON/BIE, 84WAN/CAP, 81KIM/KAT.
HCOH 230 962
AgH(Ion) from appearance potential measurement (83BUR/MOM).
CHy0,
HCOOH 11.33+0.01 170.7 7143 -90.5+0.1 -378.8+0.5 78CHA/ZWO  64-18-6
See also: 80VON/BIE, 81KIM/KAT.
C(OH), 175 732 71946-83-3

A¢H(lon) from appearance potential determinations (82BUR/HOL, 83BUR/MOM).
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Table 1. Positive Ion Table - Continued
ION Tonization potential AgH(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kcal/mol  kJ/mol reference number
CHpST
CH,S 9.34+0.01 240 1006 25 105 82ROY/MCM  865-36-1
See also: 83ERM/AKO, 82KUT/EDW.
HCSH @70) (1130)
AgH(Ion) from appearance potential determination (82KUT/EDW). 0 K values.
CH,Set
CH,Se (8.95) (245) (1024) 38 160 *BEST 6596-50-5
IP from 84BOC/AYG.
CH,Ti t
CH,=Ti @77) (1158)
AgH(Ion) from onset of endothermic reaction (86ELK/ARM).
0 K value.
CHpvt
CH,=V (295) (1234)
A¢H(Ton) from onset energy of endothermic reaction
(84ARI/ARM, 85ELK/ARM, 86ARI/ARM). 0 K value.
CHj +
CHj 9.84:+0.01 261.3:04 1093.3+1.7 34.8+0.3 145.8+1 8IHEN/KNO  2229-074
262 1098 35.6 149.0
AgH(Ion) from appearance potential determinations (81ITRA/MCL). See also: 83PLE/MAR.
CH3BBr, +
CH3BBr, 10.60 197 824 —48 -199 82HOL/SMI  17933-16-3
CH3BCl,
CH3BCl, (11.51) (185) (774) -81 -337 82HOL/SMI ~ 7318-78-7
CH3BF,
CH3BF, (12.54+0.03) (90) (€10 -199 -833 82HOL/SMI  373-64-8
CH3BO*
BH3CO 11.14+0.02 230 964 =27 -111 82TN270 13205-44-2
232 970 -25.0 ~-104.8
CH3Br*
CH3Br 10.541+0.003 234 979 -9.1x03 -38.1:13 84BIC/MIN 74-83-9
238 994 -55 -23.0
Cited IP leads to CH3Br + (2Ej,); formation of CHaBr * (2E ) requires 10.857 eV. IPs from
82BAI/CON,82LEV/LIA,77ROS/DRA 82VON/ASB,81HOL/FIN,84 AND/DYK3,81KIM/KAT,77KAR/JAD.
CH,BrH (237) (990)
AgH(Ion) from appearance potential determination (83HOL/LOS2).
CH3BrHg*
CH3HgBr .9) (229) 937) ~4+0.7  -18+3 77PED/RYL  506-83-2

IP is onset of photoelectron band.
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Table 1. Positive Ion Table - Continued

ION Ionization potential AgH(Ion) ApH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol keal/mol  klJ/mol reference number
CH3Cat
CH;Cd (213) (891)
From appearance potential (9.69 eV) in (CH3),Cd.
CHzCIt
CH3Cl 11.22+0.01 239 1000 -19.6£0.1 -82.0+0.5 79KUD/KUD  74-87-3
241 1009 -17.5 -734
See also: 81KIM/KAT, 77KAR/JAD.
CH,CHH (246) (1029)
ApH(Ion) from appearance potential determination (83HOL/LOS2).
CH3CIHg +
CH3HgCl (10.5) (230) (962) ~12£0.7 -51+3 77PED/RYL  115-09-3
IP is onset of photoelectron band (77ROS/DRA, 81BAI/CHI2).
CHzClI0t
CH30Cl (10.39x0.02) (226) (944) -14 -58 *EST 593-78-2
1P from 81COL/FRO.
CH3Cl0,8 1
CH350,CI 113 (173) (722) -88 ~368 *EST 124-63-0
IP is onset of photoelectron band.
CH3CINt
CH3NCl, 9.52 (264) (1104) 4 185 *EBST 7651-91-4
CH3ClL,0Pt
CH3POCl, 1091 119 497 -133+6  -556+25 77PED/RYL  676-97-1
IP from 80ZVE/VIL, 82LEV/LIA.
CH3ClP +
CH3PCl, 9.5) (168) (703) ~51 -214 *EST 676-83-5
IP is onset of photoelectron band.
CH3CI3Sit
CH;SiCl3 (11.36+0.03) (131) (547) -131 -549 81BEL/PER  75-79-6
CH3Cot
CH3Co (7.0£0.3) 257) (1075) %) (400) 81ARM/BEA  76826-90-9
A¢H(lIon) from onset of endothermic reaction (81IARM/HAL). IP from 81ARM/BEA. 0 K values.
CHzCr*
CH3Cr (1.2) 257) (1074) 90 375 86ELK/ARI
AgH(lon) from onset of endothermic reaction (86ELK/ARI).
See also: 81ARM/HAL. 0 K vatues. IP is AgH(Ion) - ApH(Neutral).
CH3F ¥
CH4F 12.47+0.02 228 956 -59 =247 8SLIA/KAR  593-53-3

See also: 81BIE/ASB, 81KIM/KAT, 77KAR/JAD.
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70 LIAS ET AL.
Table 1. Positive Ion Table - Continued
ION Ionization potential AgH(Ton) A¢H(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol kcal/mol  kJ/mol reference number
CH3F +
CH,FH 217 908
AgH(Ion) from appearance potential determination (83HOL/LOS2).
CHzF, *
FCH,FH 110 462
From proton affinity of CHyFy (RN 75-10-5). PA = 147 kcal/mol, 615 kJ/mol.
CH3F,P +
CH4PF, (9.8) (68) (285) -158 -661 *EST 753-59-3
IP is onset of photoelectron band.
CH3F,sit
CH3SiF, 23 95
From appearance potential (11.70£0.03) of ion in (CH3),SiF,.
CH3F3sit
CH3SiF, 12.48+0.04 -8 -33 -296 ~1237 T1IJANAF 373-74-0
CHgFe*
CH;Fe 8.1) (257) (1075) 71 298 86ELK/ARI
AgH(Ion) from onset of endothermic reaction (86ELK/ARI). See also:
81ARM/HAL, 84JAC/JAC. IP is AgH(Ion) - AgH(Neutral). 0 K values.
CH3zHg*
CH3Hg 221 926
225 942
From appearance potential (10.10£0.02 eV) in (CH3),Hg.
CHzHgl *
CH3Hgl (9.0) (213) (891) 5.3+04  224+1.9 77PED/RYL  143-36-2
IP is onset of photoelectron band.
CHzI *
CHgl 9.538 223.6 935.7 37102 154x0.9 7TIPED/RYL  74-884
226 Hs 6 25
See: 78LIA/AUS, 83POW, 81KIM/KAT, 77KAR/JAD.
CHzMn*
CH3Mn (223) (934)
AgH(lon) from onset of endothermic reaction (86ARM). See also: 8LARM/HAL. 0 K values.
CHzMn, *
CH3Mn, (261) (1090)
AgH(Ion) from onset of endothermic reaction (836ARM). 0 K values.
CH3N*
CH,=NH 9:9) (260) (1090) 32 135 78DEF/HEH  2053-29-4
1P is onset of photoelectron band (82SCH/SCH, 86WER).
HCNH, 258 1079 35430-17-2

AgH(lon) from appearance potential determinations(84BUR/HOL).
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GAS-PHASE ION AND NEUTRAL THERMOCHEMISTRY

Table 1. Positive Ion Table -~ Continued

ION Ionization potential AgH(Ton) AgH(Neutral) Neutral CAS registy
Neutral eV kcal/mo!  kJ/mol kcal/mo!  kJ/mol reference number
CHzNO*
HCONH, 10.16+0.06 190 794 -44 ~186 69BEN/CRU  75-12-7
See also: 81KIM/KAT, 81ASB/SVE, 81HEN/ISA.
CH,=NOH 10.11 (240)  (1004) 7 29 *EST 75-17-2
IP is onset of photoelectron band (82FRO/LAU, 84DOG/POU).
CH3NO 9.3 231 967 17+0.7 703 T3BAT/MIL 865-40-7
IP is onset of photoelectron band (82CHO/FRO, 82FRO/LAU).
CH3NO, +
CH3NO, 11.02+0.04 236 987 -17.9+0.2 -74.8+1.0 77PED/RYL  75-52-5
See also: 83GIL/HSI, 830GD/SHA, 81ALL/MIG, 81ASB/SVE, 81KIM/KAT.
CH;0NO 10.38+0.03 223 935 ~159+0.2 -66.5£0.9 74ABAT/CHR  624-91.9
IP from 83GIL/HSI, 83GIL/HSI2, 80OMEI/HSI, 830GD/SHA.
CH3NO3*
CHZ0NO, (11.530.01) (237) (990) -29+¢1  ~122+4 77PED/RYL  598-58-3
CH3NS
HCSNH, 8.69 (1) @M 9 39 *EST 115-08-2
See also: 8IHEN/ISA.
CH3N, t
CH3N, 216 902
From appearance energy and from proton affinity of CHyN,
(RN 334-88-3)(PA = 205 kcal/mol, 858 kJ/mol).
H,NCNH (234) (978)
From core binding energy of isoelectronic CH3CN (84BEA/EYE).
PA of H)NCN = (164) kcal/mol, (686) kJ/mol.
CHgN3
CH3N3 9.81+0.02 293 1227 67 280 69BEN/CRU  624-90-8
See also: 81BOC/DAM.
CH3Nit
CH;3Ni (265) (1109 63583-16-4
AgH(Ion) from onset of endothermic reaction (81ARM/HAL, 86ELK/ARI). 0 K values.
CH30+
CH,0H 7.56+0.01 168 703 -6.2£1.5 -25.9+6 82MCM/GOL  17691-31-5
ApH(Ion) from proton affinity of formaldehyde. PA = 171.7 kcal/mol, 718 kJ/mol.
AgH(Ton) from appearance potential measurements is 169 kcal/mol, 709 kJ/mol.
(82MAC, 83HOL/LOS2, 84LOS/HOL). IP from 84DYK/ELL2.
CH30 (8.6) (201) (842) 37:07  15.5:29 7ABAT/CHR  2143-68-2

The reaction: HCO ¥ + Hy-» CH30* is 3.9 keal/mol, 16.3 k/mol, exothermic
(7THIR/KEB). A value of 247 kcal/mol, 1034 kJ/mol, has been reported for
3CH3O + (84BUR/HOL2) in agreement with 87FER/RON. IP is ApH(lon) - AgH(Neutral).
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Table 1. Positive Ion Table -~ Continued

ION Ionization potential AgH(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol keal/mol  kJ/mol reference number
CH30, +
HC(OH), 96 403
From proton affinity of HCOOH (RN 64-18-6) and appearance potential
determinations (84HOL/LOS). PA = 178.8 kcal/mol, 748 kJ/mol.
CH,O0H (185) (774)
AgH(Ion) from 87FER/RON.
CH303 +
C(OH); 37 155
AgH(Ion) from appearance potential determinations(82HOL/LOS?2).
CH3S*
CH,SH 206 862 20879-50-9
208 870
Heat of formation of ion from appearance potential determinations
(83BUT/BAE, 82LEV/LIA). See also: 83ERM/AKO, 83HOL/LOS2.
CH,S (8.06+0.1) (215) (901) 29421 123.0+8.8 82MCM/GOL  7175-75-9
Collisional activation results (79DIL/MCL) indicate that this structure is a
stable triplet; ab initio calculations predict its heat of formation to be
~10 keal/mol above that of CH,SH *,in agreement with the experimentally
obtained value given here.
CH3S, *
CH3SS (8.0) 200 835 16 69 86HAW/GRI
201 839
AgH(Ion) from appearance potential determination (83BUT/BAE).
IP is AgH(Ion) - AgH(Neutral).
CH3Sct
CH;3Sc (5.1) @12) 887) 93 391 86SUN/ARI
AgH(lon) from onset of endothermic reaction (84TOL/BEA).
See also: 87SUN/ARL. IP is AcH(Ion) - AgH(Neutral). 0 K values.
CH3Se ™
CH,SeH 219 916
From proton affinity of CH,Se (RN 6596-50-5)(85KAR). PA = 185 kcal/mol,
774 kJ/mol.
CH3Ti +
CH4Ti 6.3) (248) (1039) (102) (426) 86ELK/ARI
AgH(Ion) from onset of endothermic reaction (86ELK/ARM).
IP is AgH(Ion) - AgH(Neutral). 0 K values,
CH3v+
CH3vV 6.6) (263) (1102) 111 463 86ARI/ARM

AgH(Ion) from onset energy of endothermic reaction
(84ARIVARM, 85ELK/ARM, 86ARI/ARM). IP is A¢H(Ion) - AgH(Neutral). 0 K values.
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Table 1. Positive Ion Table - Continued

73

ION Ionization potential A¢H(Ion) ApH(Neutral) Neutral CAS registry
po f f
Neutral eV kcal/mol  kJ/mol keal/mol  kJ/mol reference number
CH3Xet
CH3Xe (210) @®77)
AgH(Ion) derived from results of 86HOV/MCM.
CH3Zn*
CH3Zn (7.2) 213) 890) “7) (197)
From appearance potential (10.22:0.02 eV) in (CH3),Zn.
Value from onset of endothermic reaction (86GEO/ARM) is in agreement.
IP is AgH(Ion) - AH(Neutral). 0 K values.
CHy +
CHy 12.51 271 1132 -17.8+0.1 -74.5:04 77PED/RYL  74-82-8
272 1140 -16.0 ~-66.8
See also: 83PLE/MAR, 81KIM/KAT, 84 CHA/HIL.
CH4Br +
CH3BrH 191 800
From proton affinity of CH3Br (RN 74-83-9). PA = 165.7 kcal/mol, 693 kJ/mol.
CH4C1T
CH5CIH 183 767
From proton affinity of CH3Cl (RN 74-87-3). PA = ~163 kcal/mol, ~682 kJ/mol.
CH,CINT
CH3NHC1 (9.1910.02) (230) (964) 18 77 *EST 6154-14-9
CH4CLySit
CH;3SiHCl, (11.47) (168) (705) -96£2 ~-402+8 81BEL/PER  20156-50-7
CH4Ft
CH4FH (162) (678)
From proton affinity of CH3F (RN 593-53-3). PA = 145 kcal/mol, 605 kJ/mol
(86MCM/KEB, 85MCM/KEB3).
CHqt
CH3IH 1%8)  (830)
From proton affinity of CH3l (RN 74-88-4). PA = ~171 keal/mol, ~715 kJ/mol.
CHyN +
CH,NH, 6.1 (178) (745) 38+2 159+8 81GRI/LOS  54088-53-8
AgH(lon) from appearance potential determinations (81ILOS/LAM).
See also: 81GRI/LOS, 84LOS/HOL, 82MAC, 83BUR/CAS.
CH3NH 6.7) (199) (833) 43.6£3.0 1824125 78SEN/FRA  49784-84-1
A¢H(Ion) from appearance potential determinations (84LOS/HOL). IP is
f
AgH(Ion) - AgH(Neutral).
CH4NO*
HC(OH)NH, 123 514

From proton affinity of HCONH; (RN 75-12-7). PA = 198.4 kcal/mol, 830 kJ/mol.
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Table 1. Positive Ion Table - Continued

ION Ionization potential AgH(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol keal/mol  kJ/mol reference number
CH4NO, +
CH3NOOH 169 705

From proton affinity of CH3NO, (RN 75-52-5). PA = 179.2 kcal/mol, 750 kJ/mol.

CH30NHO 157 658
From proton affinity of CH3ONO (RN 624-91-9). PA = 192.5 kcal/mol, 805 kJ/mol.
CHy4N, t
(B)-CH3N=NH 8.8+0.1 (248) (1037) 45+2 188+8 *BEST 26981-93-1
CH4N,Ot
(NH3),CO 9.7 165 690 -58.84£0.5 -245.9+2.1 77PED/RYL  57-13-6
See also: 82BIE/ASB.
CHy4N,S *
(NH;),Cs 79 188 785 50.5 23+2 82TOR/SAB  62-56-6
CH40t
CH30H 10.85:0.01 202.0 845.3 -48.2£0.1 -201.6+0.2 77PED/RYL  67-56-1
204.6 856.2 -45.6 -190.7
See also: 82MIS/POK, 80VON/BIE, 82ALL/MIG, 84BOW/MAC, 81KIM/KAT, 80BAC/MOU, 77KAR/JAD.
CH,0H, 195+2 81518 25765-84-8
ApH(Ion) from appearance potential measurements (82HOL/LOS).
CH4St
CH,3SH 9.44+0.005 2123 888.2 -55:0.1 -22.9:0.6 77PED/RYL  74-93-1
214.8 899.0 -2.9 -12.1
IP from 83BUT/BAE, 81KIM/KAT, 82KUT/EDW.
CH,SH, 219 916 63933-47-1
221 925
AgH{(Ion) from appearance potential determination (83HOL/LOS2).
CH4S, t
CHy(SH), (942) (225) (942) 812 3318 78BEN 6725-64-0
CH4Sct
CH3ScH (214) (895)
AgH(Ion) from onset of endothermic reaction (84TOL/BEA). See also: 86ELK/ARI.
CHg +
CH; 216 905
From proton affinity of CH,. (RN 74-82-8) See also: 8SMCM/KEB.
PA = 131.6 kcal/mol, 551. kJ/mol.
CHsAs +
CH3AsH, 8.5) (207) (868) 11 48 *BST 593-52-2

IP is onset of photoelectron band (82ELB/DIE).
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Table 1. Positive Ion Table - Continued

ION Ionization potential AgH(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol kcal/mol  kJ/mol reference number
CHsNt
CH,NH; (s201)  (<841)

The reaction c-C3Hg ot NHg ~+ CH,NH5 + 4 CyH,
is at least 15 kcal/mol exothermic (84LIA/BUC). See also: 83HOL/L.OS2, 72GRO.

CH3NH, 8.97+0.02 201 842 ~5.5+0.1 ~23.0:04 TIPED/RYL ~ 74-89-5
See also: 81KIM/KAT, 82BIE/ASB, 82ELB/DIE.
CHgNO*
CH3ONH, 9.55 (214) (895) -6x2 -26+8 69BEN/CRU  67-62-9
IP from 83MOL/PIK. See also: 81KIM/KAT.
CH3NHOH 9.0) (196) (818) -12+2 -50+8 69BEN/CRU  593-77-1
IP is onset of photoelectron band.
CH;3N3 +
(NH,),C=NH (9.100.05) (218) (910) 8 32 82J08 113-00-8
CHs0*
CH;0H, 136 567
From proton affinity of CH30H (RN 67-56-1). PA = 181.9 kcal/mol, 761 kJ/mol.
CHgPt
CH3PH, 9.12+0.07 (206) (862) -4 -18 *EST 593-54-4
See also: 82COW/KEM, 82ELB/DIE.
CHsS*
CH4SH, 173 723
From proton affinity of CH3SH (RN 74-93-1). PA = 1874 kcal/mol, 784 kJ/mol.
CHgN*
CH3NH;4 (4.320.1) (146) (611)
AgH(lon) from proton affinity of CH3NH, (RN 74-89-5). PA = 214.1 keal/mol, 896 kJ/mol.
IP estimated from neutralized ion-beam spectroscopy data (8SJEO/RAK).
CHgN, t
CH3NHNH, 7.67+£0.02 199 835 22.6+0.1 94.6:0.6 77PED/RYL  60-34-4
IP from charge transfer equilibrium constant determinations
(84MAU/NEL) is in agreement. See also: 81IKIM/KAT.
CHgP +
CH3PH, 158 658
From proton affinity of CHzPHy (RN 593-54-4). PA = 204.1 keal/mol, 854 kJ/mol.
CHgSi +
CH3SiH, 10.7 240 1003 -7l ~29+4 86DON/WAL  992-94-9
CHyN, +
CH3;NH;NH, (174) (729)
From proton affinity of CHNHNH; (RN 60-34-4). PA = (214.1) kcal/mol,
(896) kJ/mol.
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76 LIAS ET AL.
Table 1. Positive Ion Table - Continued
ION Tonization potential A¢H(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol kcal/mol  kJ/mol reference number
CHgBN*
CH3NH;BH; (9.66x0.01) (2100  (878) -1321  ~5424 80TEL/RAB  1722-334
CcINt
ICN 10.87+0.02 305 1274 53.9 225.5 82TN270 506-78-5
305 1275 54.0 226.1
Cly +
Cly 8.95 142 596 -64 ~268 T8KUD/KUD  507-25-5
IP is onset of photoelectron band (82JON/DEL).
Cirt ‘
IrC (9.5x1) (400) (1670) 180 753 79HUB/HER  12385-37-4
0 K values.
CKN*
KCN (9.30.3) (236)  (988) 22 91 82TN270 151-50-8
(236) (987 21 %
CNt
CN (14.09) (4289)  (1794.6) 104062  435.1x10 85JANAF 57-12-5
(4293)  (1796.3) 104422 436810
AgH(Ion) from appearance potential measurements. [P cited is ApH(lon)-ApH(Neutral).
CcNot
NCO (11.76£0.01) (308)  (1289) 3713 15414 700KA
IP from 83DYK/JON.
CNyo
ONCN 10.93 300.9 1259.0 48.85+0.03 204.4x0.1 84NAD/REl  4343-68-4
IP from 81JON/MOO. See also: 81KIM/KAT.
CN4t
N=CN, (£10.98+0.02) (<361) (s1512) 1085 453+20 690KA/MEL  764-05-6
cot
Cco 14.0139 296.74 1241.59 -26.42 -110.53 82TN270 630-08-0
295.97 1238.32 ~-27.20 ~113.80
See also: 81KIM/KAT.
cost
COS 11.1736+0.0015 224 936 -34 -142 77PED/RYL  463-58-1
224 936 =34 -142
Cited ionization potential corresponds to formation of COS ™ (2n3/2). Formation
of COS +(2H1 /2) requires 11.2204+0.0015 eV. IP from 81ONO/OSU,80DEL/HUB.
COoSet
COSe 10.36x0.01 (222) (928) -17 -72 *EST 1603-84-5
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GAS-PHASE ION AND NEUTRAL THERMOCHEMISTRY

Table 1. Positive Ion Table ~ Continued

77

ION Ionization potential AgH(Ion) A¢H(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kecal/mol  kJ/mol reference number
CO, +
CO, 13.773+0.002 223.6 9354 -94.05 -393.51 82TN270 124-38-9
2237 935.7 ~93.96 ~393.14
See also: 81KIM/KAT.
cpt
Ccp (10.5£0.5) (365) (1529) 123 516 T9HUB/HER  12326-85-1
CRht
CRh (8.9+0.5) 370) (1550) 165+1 69244 84SHI/GIN 12127-42-3
0 K values. See also: 81THAQ/GIN.
cst
Cs 11.330.01 327 1368 64 267 2944-05-0
324 1356 63 262
Heat of formation of ion from appearance potentials in CS; of 13.64:£0.02 eV
(to give CS* + S) and 15.75+0.02 eV (to give CS* + S).
AgH(Neutral) = A¢H(Ion) - IP, in good agreement with 79HUB/HER.
cs,t
cs, 10.0685+0.0020 260 1088 28+0.2 117x1 77PED/RYL  75-15-0
260 1088 28 117
See also: 81KIM/KAT.
CSey +
CSe, 9.258:0.0002 275 1149 61+5 25620 82PIL/SKI 506-80-9
CSiy +
Si,C (9.2+0.4) (344) (1440) 132 552 82TN270 12070-04-1
(343) (1437 131 549
cvt
cv 360) (1506)
AgH(lon) from onset energy of endothermic reaction (84ARI/ARM, 8SELK/ARM). 0 K value.
C, +
G 12.11 478 1998 198.8 831.9 T9HUB/HER  12070-15-4
476 1992 196.8 8234
IP from 79HUB/HER.
C,Brl +
BrC=CI 9.34) (276.56)  (1157.15) 61.18 255.98 84DEW/HEA  26395-29-9
CyBry +
BrC=CBr 9.67 285 1192 61.8 258.6 83DEW/HEA 624-61-3
C,yBryFy +
(CF,Br), (11.1) 67) (282) -189+1  -789+4 83KOL/PAP  124.73-2

IP is onset of photoelectron band.
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78 LIAS ET AL.
Table 1. Positive Ion Table - Continued
ION Ionization potential AgH(lon) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kcal/mo!  kJ/mol reference number
C3Br0, +
BrCOCOBr (10.49+0.1) (180) (752) -62 ~260 *EST 15219-34-8
C,Ce +
CyCe (5.6£0.5) (265) (1110) 136 570 82TN270 12012-32.7
(265) (1109) 136 569
CCIF3
CoFCl 9.81x0.03 (89) (374) -137#2  -573:8 7TPED/RYL 79389
(90) @377) -136 =570
C,CIFs+
CF3CF,Cl (12.6) (23) (98) -267+1  ~1118+4 81BUC/FOR  76-15-3
IP is onset of photoelectron band.
ccnt
CIC=CI (9.44) (271.94) (1137.79) 54.25 226.98 84DEW/HEA  25604-71-1
1t
CIC=CCl 10.09 283 1183 50£10 20942 7T1JANAF 7572-29-4
282 1180 49x10 20542
See: 81BOC/RIE, 82MAI/THO, 83KLA/MAL
CyCLhF, +
CF,=CCl, 9.65+0.03 142 593 ~81+3 -338+11 83KOL/PAP  79-35-6
CFCl=CFCl (10.2+0.1) (157) 657) -78 -327 82TN270 598-88-9
CyChhFy +
(CF,CI), 122 60 252 -221x1  -~925+4 83KOL/PAP  76-14-2
CpCLOT
Clh)C=C=0 9.0 (191) (799) -16 -69 *EST 4591-28-0
IP is onset of photoelectron band (81BOC/HIR, 82LEV/LIA).
C,CLO,
(COC), 10.91+0.05 173 724 =79+1 -32915 77PED/RYL  79-37-8
See also: 81KIM/KAT.
CCl3F3 *
CF3CCly 11.5 92 385 ~-173£2  -725x10 83KOL/PAP  354.58-5
IP is onset of photoelectron band (8IDUM/DUP). See also: 77ROS/DRA.
CFCI,CF,Cl 11.9920.02 103 430 ~-174x0.7 -727+3 83KOL/PAP  76-13-1
C,C3NT
CCl3CN 11.89 (294) (1229) 20 82 *BST 545-06-2
IP from 83MOL/PIK2.
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GAS-PHASE ION AND NEUTRAL THERMOCHEMISTRY

Table 1. Positive Ion Table - Continued

79

ION Ionization potential AgH(lon) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mo!  kJ/mol kecal/mol  kJ/mol reference number
CyCly +
CyCly 9.32 212 888 -3:05  -11£2 83KOL/PAP  127-184
212 889 -2 -10
See also: 82VON/ASB, 81KIM/KAT.
CyClyF, +
CFClCFCl, 113 135 563 -126+2  -527+10 83KOL/PAP  76-12-0
IP is onset of photoelectron band (81DUM/DUP).
CyCl0t
CCl3COC! (11.0) (198) (828) -56x2  -236%9 77PED/RYL  76-02-8
IP is onset of photoelectron band (81KIM/KAT).
CxClgt
CCI3CCly 11.1 220 921 ~36+1 ~150+5 83KOL/PAP  67-72-1
IP is onset of photoelectron band (81KIM/KAT). See also: 82LEV/LIA.
CoFp *
FC=CF 11.18 (263) (1100) 515 21x21 71IJANAF 689-99-6
See also: 81BIE/ASB.
CF20;*
FCOCOF (12.2010.02) (107) (449) -174 ~728 *EST 359-40-0
CoF3*
CyF3 (102) (189) (1) -45,9+¢2.0 -192.0+8.4 83SPY/SAU
From appearance potentials of 15.8410.02 eV in C,F and 15.4:0.1 eV in C;F3ClL.
IP is AgH(lon) - AgH(Neutral).
CoF3N*
CF3CN 13.86 200 837 ~119.4+0.3 —499.8+1.2 77PED/RYL  353-85-5
IP from 81ASB/SVE. See also: 83MOL/PIK2.
CoF4 +
GFy 10.12+0.02 75 316 -158+0.7 65913 83KOL/PAP  116-14-3
76 319 -157 -657
See also: 81BIE/VON, 81BIE/ASB.
CoFst
C,Fs ()] 0) -213x1  -893x4 82MCM/GOL  3369-48-0
Appearance potentials of this ion in CyF¢ (1546 €V), CyFsI (11.71 eV);
C3Fg (13.32 eV), and n-C4Fy (13.05 eV) lead to estimated values for the
heat of formation of 15 kcal/mol, $ kcal/mol, -5 kcal/mol and -14 kcal/mol,
respectively. See: 8S0ING/HAN.,
CyFsl +
CyFsl (10.66x0.1) 6) (25) -240x1  ~1004+4 81BUC/FOR  354-64-3
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80 LIAS ET AL.
Table 1. Positive Ion Table - Continued
ION Ionization potential AgH(lon) ApH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol keal/mol  kJ/mot reference number
CyFg +
CyFg (134) (-12)  (-50) -321 -1343 75CHE/ROD  76-16-4
(-10) (—41) ~319 ~1334
IP is onset of photoelectron band. (80ING/HAN).
CoFaN+
(CF3),NF (116) (-10)  (~44) -278 ~1163 *EST 359-62-6
IP from 82BUR/PAW.
(o) :
CH 117 (405) (1693) 135+1 5654 82MCM/GOL  2122-48-7
@04) (1689) 134 560 ‘
Heat of formation of ion from appearance potential measurement; IP given is
QgH(Ion) - AgH(Neutral).
CoHBrt
HC=CBr 10.31+0.02 297.0 12424 59.2 247.7 7SOKA 593-61-3
IP from 77ALL/KLO. See also: 82LEV/LIA.
CoHBrCIF3 +
CF3CHCIBr 11.0 86 361 ~167£1  -700+4 83KOL/PAP  151-67-7
IP is onset of photoelectron band (81DUM/DUP).
CoHBrO™*
CHBr=C=0 (<9.10) (s207)  (<868) ~2 -10 *EBST 78957-22-9
IP from 81BOC/HIR.
CyHCt
HC=CClI 10.58+0.02 305 1276 61 255 T0KLO/PAS  593-63-5
IP from 77ALL/KLO. See also: 84MAI/THO.
CHCIF, T
CFy=CHCI 9.80+0.04 150 629 ~76 -316 82TN270 359-10-4
CHCIF30 T
CF3C(OH)Cl 4 14
From proton affinity of CF3COCI (RN 354-32-5)(8SMCM/KEB, 85MCM/KEB2).
PA = 161.2 kcal/mol, 674 kJ/mol.
CHCIO T
CHCI=C=0 (=9.3) (=201)  (<840) ~14 ~57 *BST 29804-89-5
See also: 81BOC/HIR.
CHCLF3t
CF3CHCI, 11.5 88 370 -177+2  -740£10 83KOL/PAP  306-83-2
IP is onset of photoelectron band (81DUM/DUP).
CF,CICHFCI <12.00 <104 <434 -173£2  ~724x10 83KOL/PAP  354-23-4
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GAS-PHASE ION AND NEUTRAL THERMOCHEMISTRY

Table 1. Positive Ion Table - Continued

81

ION Ionization potential A¢H(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol keal/mol  kJ/mol reference number
CoHCIy +
CyHCly 9.47+0.01 214 895 -4.5£0.7 -19+3 8SPAP/KOL  79-01-6
215 898 ~4 ~16
See also: 82VON/ASB, 81KIM/KAT.
CoHCN*
CCl3CNH 209 876
From proton affinity of CCI3CN (RN 545-06-2). PA = 175.8 kcal/mol, 735.5 kJ/mol.
CHCIZOt
CCiyCHO (10.5) (195) (816) ~47 -197 82TN270 75-87-6
IP is onset of photoelectron band (81KIM/KAT). See also: 85GUI/PFI2.
CHC,COCl (11.0) (196) (820) -58+2  ~241x9 77PED/RYL  79-36-7
IP is onset of photoelectron band.
CHCIg*
CHCI,CCl4 (11.0) (220) (919) -34x2 ~143+7 78GUN/HEA  76-01-7
IP is onset of photoelectron band (81KIM/KAT).
CoHF *
HC=CF 11.26 285 1193 26 107 80STA/VOG  2713-099
See also: 81BIE/ASB.
CyHF3t
CyHF; 10.14 117 487 -117¢2  -491x8 77PED/RYL  359-11-5
See also: 81BIE/VON, 81BIE/ASB.
CHF3N T
CF3CNH 82 343
From proton affinity of CF4CN (RN 353-85-5) (85MCM/KEB, 8SMCM/KEB2).
PA = 164.3 kcal/mol, 687, kJ/mol.
C;HF30, +
CF3COOH 11.46 18 75 ~246.3£0.3 -1030.7+1 77PED/RYL  76-05-1
See also: 81ASB/SVE.
CHF40t
CF3C(OH)F —44 -182
From proton affinity of CF3COF (RN 354-34-7). PA = 160.2 keal/mol, 670 kJ/mol.
CoHNt
HCCN (366) (1531)
AgH(lon) from appearance potential determinations. See also: 8SHAR/MCI. 0 K values.
CoHN, *
NCCNH 277 1161

From proton affinity of NCCN (RN 460-19-5) (87DEA/MAU).
PA = 162 kcal/mol, 678 kJ/mol.
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82 LIAS ET AL.
Table 1. Positive Ion Table - Continued
ION Ionization potential AgH(Ion) ApH(Neutral) Neutral CAS registry
Neutral eV kecal/mol  kJ/mol kcal/mol  kJ/mol reference number
Cc;HOt
HCCO 9.5) (262) (1096) 424121 177488 *EST 51095-15-9
Heat of formation from appearance potential determination (84LOS/HOL).
IP is AgH(lon) - AgH(Neutral).
CpHV +
VCH (303) (1268)
AgH{(Ion) from onset energy of endothermic reaction (84ARI/ARM, 85ELK/ARM). 0 K value.
CoHy+
CoHy 11.400+0.002 3174 13279 54.5£0.25 228.0+1 77PED/RYL  74-86-2
317.5 1328.5 54.7 228.6
See also: 81KIM/KAT, 82HAY/IWA.
CoHyBry
(E)-CHBr= CHBr 9.51+0.04 (245) (1024) 25 106 *EST 590-12-5
An IP of 9.30+0.02 has also been reported (72CHA/FRO).
(Z)-BrCH = CHBr 9.63+0.01 247 1035 25 106 *BST 590-11-4
An [P of 9.32+0.02 eV has also been reported (72CHA/FRO).
CBry=CH, 9.78+0.01 (247) (1034) 21 90 *EST 593-92.0
See also: 82VON/ASB.
CyHyBryFp ¥
CF,BrCH,Br 10.831+0.01 147 614 -103+5  ~431+20 83KOL/PAP  75-82-1
CoHaCINY
CH,CICN 11.95+0.01 (296) (1239) 21 86 *EST 107-14-2
CoH,CLy t
CH,=CCl, 9.79+0.04 226 947 0502  2.3£0.7 77PED/RYL  75-354
228 953 20 84
See also: 82VON/ASB, 81KIM/KAT.
(Z)-CHCl=CHC! 9.66:0.01 224 936 1£0.2 4x1 83KOL/PAP  156-59-2
225 942 2 10
See also: 82VON/ASB, 81KIM/KAT.
(E)-CHCI=CHCI 9.65+0.02 224 937 1£0.2 6x1 83KOL/PAP  156-60-5
225 942 3 1
See also: 82VON/ASB, 81KIM/KAT.
CH,ClpF, +
CF,CICH,Cl <118 <142 <596 ~130£2  ~543£10 83KOL/PAP  1649-08-7
IP from 81DUM/DUP.
CoHCLOY
CHCI,CHO 10.5 (199) (833) -43+5 ~180+20 *EST 79-02-7

IP is onset of photoelectron band (81KIM/KAT).
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GAS-PHASE ION AND NEUTRAL THERMOCHEMISTRY 83

Table 1. Positive Ion Table -~ Continued

ION Ionization potential AgH(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol kcal/mol  kJ/mol reference number
CoHy (Lot
CH,CICOCI (11.0) (195) (815) ~59+2 24619 77PED/RYL ~ 79-04-9
IP is onset of photoelectron band.
CoHpCl30,
241241302
CCl3C(OH), 76 318
From proton affinity of CCl3COOH (RN 76-03-9)(PA = 183.5 kcal/mol, 768 kJ/mol).
CoH,Cly +
CH,CICCly 1.1 (220) (919) -36+02  ~152+1 83KOL/PAP  630-20-6
IP is onset of photoelectron band (81KIM/KAT).
(CHCly), (£11.62) (232)  ($971) -36:1  -150x5 77PED/RYL  79-34.5
IP from 81KIM/KAT.
CoHyF +
CH,CF 227 951
From appearance potential of 13.56 eV in CyH3F in agreement with value from
proton affinity of HCCF (PA = 165 keal/mol, 689 kJ/mol). See also: 8SHEI/BAR, 84BEA/EYE.
CyHF, +
CH,=CF, 10.29+0.01 155 648 -82+2 -345+10 T6WIL/LEB  75-38-7
157 655 -81 -338
See also: 81BIE/VON, 81BIE/ASB.
(Z)-CHF =CHF 10.23 165 690 -7 =297 80STA/VOG  1630-77-9
See also: 81BIE/VON, 81BIE/ASB, 79JOC/LOH, 81MAI/THO2.
(E)-CHF=CHF 10.21 165 692 ~70 ~293 80STA/VOG  1630-78-0
See also: 81BIE/VON, 81BIE/ASB, 79JOC/LOH.
CoH,F3 +
CHF,CHF (79) (332)
From proton affinity of CFy = CHF (RN 359-11-5). PA = ~169 kcal/mol, ~707 kJ/mol.
CF3CH, (10.6£0.1) (120)  (506) -124£2  -51748 82MCM/GOL  3248-58-6
CoHyF3l +
CF3CHyl 9.998 75 316 -155+1  -649+4 83KOL/PAP  353-83-3
C2H,F3NO*
CF3CONH, (10.8) (49 (206) ~200 -836 *EST 354-38-1
IP from 81ASB/SVE.
CoHoF30 7
CF3CHOH 12 49
From proton affinity of CF3CHO (RN 75-90-1). PA = 165.1 keal/mol, 691 kJ/mol.
CyHyF30, + ‘
CF3C(OH), -50 -208

From proton affinity of CF3COOH (RN 76-05-1). PA = 169.0 kcal/mol, 707 kJ/mol.
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84 LIAS ET AL.

Table 1. Positive Ion Table ~ Continued

ION Ionization potential AgH(lon) ApH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol keal/mol  kJ/mol reference number
CoHplyt
(Z)-CHI =CHI 8.6) (248) (1037) 49.5+0.3  207.2x1.1 77PED/RYL  590-26-1
IP is onset of photoelectron band.
(E)-CHI=CHI (8.6) (248) (1037) 49.5+0.3 207.2x1.1 77PED/RYL  590-27-2
IP is onset of photoelectron band.
CyH3N +
CH,CN (10.0) (290) (1214) 59+2 245x10 82MCM/GOL  2932-82.3
AgH(lon) from appearance potential measurements (77ROS/DRA, 8SHAR/MCI)
IP cited is ApH(Ion)-AgH(Neutral). See also: 82ALL/MIG.
CaHyNpSe
/ N\\ (8.9) (290) (1212) 84 353 *EST 26223-16-5
N IP from 80BOC/AYG, 82LEV/LIA.
Se”
CoHy N4 +
h{/\[\ll (9.14) (322) (1346) 111 464 82J0S 290-96-0
N ~~
CH,0 +
HC=COH 247 1033
A¢H(lon) from appearance potential determination (86BAA/WEI).
CH,CO 9.610.02 210.2 879.6 -11.4£0.6 -47.7+2.5 7INUT/LAU  463-51-4
2109 882.7 -10.7 —44.6
See also: 81BOC/HIR.
CyH,0, +
(CHO), 10.1 182 763 -50.620.2 -211.9+0.8 TIPED/RYL  107-22-2
IP is onset of photoelectron band (80VON/BIE, 81KIM/KAT).
CaH,04F
HOOCCOOH (10.8) (74) (310) -175+0.7 7323 77PED/RYL  144-62-7
IP is onset of photoelectron band.
CyHpSt
CHy=C=8 (8.77) (242) (1011) 39 165 *EST 18282-77-4

(234) ©79)
Cited IP is onset of photoelectron band (77ROS/SOL). Heat of formation of ion
from appearance potential in CH3SSCHj3 (83BUT/BAE). ApH(Neutral) is (AgH(Ion) - IP).
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GAS-PHASE ION AND NEUTRAL THERMOCHEMISTRY

Table 1. Positive Ion Table - Continued

85

ION Ionization potential ApH(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol kcal/mol  kJ/mol reference number
CoHpS, +
S (8.5) (258) (1080) 62 260 *EST 7092-01-5
I !5 IP is onset of photoelectron band (83SCH/SCH).
CoH,8et
CH,=C=Se 8.7 (256) (1071) 55 232 *EST 61134-37-0
IP is onset of photoelectron band (80BOC/AYG).
CoH3*
C,Hy 8.9 265.9 1112 63.4x1 265324 85KIE/WEI 2669-89-8
267.9 1120.9 62.7 262.2
Heat of formation of ion from appearance potential measurement;
IP from J.L. Beauchamp, personal communication.
CoH3Br
C,H3Br 9.80+0.02 244.9 1024.8 189105  79.3x1.9 7IPED/RYL  593-60-2
2485 1039.7 22.5 94.2
See also: 82VON/ASB, 83CAM/CIU, 84MIL/BAE.
CpH3BrHg*
CH,=CHHgBr (9.8) (256) (1072) 30 126 *EST 16188-37-7
IP is onset of photoelectron band (81BAI/CHI).
CyH3BrO*
CH3COBr 10.4x0.1 194 813 -45.5¢0.1 -190.40.5 7IPED/RYL  506-96-7
IP is onset of photoelectron band (82LEV/LIA, 81KIM/KAT).
CH3BrO, t
CH,BrCOOH (104) (145) (608) -944+15 -395:6 *EST 79-08-3
IP is onset of photoelectron band.
C,H3Cl +
C,H3Cl 9.99+0.02 236 987 5£0.5 23£2 83KOL/PAP  75-01-4
238 995 7 31
See also: 83CAM/CIU, 82VON/ASB, 81KIM/KAT.
CoH3CIF, *
CH;CF,Cl 11.98+0.01 149.7 626.2 ~126.6+1.2 ~529.7+5.0 78PAP/KOL  75-68-3
CpH3CINt
CICH,CNH 207 865
From proton affinity of CICH,CN (RN 107-14-2). PA = 179.5 kcal/mol, 751 kJ/mol.
CaH3C1I0 7
CH3COCI 10.85+0.05 192 804 -58+0.2  ~243s1 77PED/RYL  75-36-5
194 813 -56 ~234
See: 81KIM/KAT
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Table 1. Positive Ion Table ~ Continued
ION Ionization potential AgH(Ton) ApH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kI/mol kcal/mol  kJ/mol reference number
CyH3CI0
CH,CICHO 10.48+0.03 (195) (816) -47+4 ~195£15 *BEST 107-20-0
See: 81KIM/KAT.
CH3C10, *
CH,CICOOH (10.7) (143) 97 -104+2  ~435+9 77PED/RYL  79-11-8
IP is onset of photoelectron band.
CH3Clzt
CHCI,CH,Cl 11.0 218 912 -36£0.5 ~149+2 77PED/RYL  79-00-5
IP is onset of photoelectron band (81KIM/KAT).
CH;CCl4 (11.0) (219) (916) -34.6:0.1 ~144.9£0.6 83KOL/PAP  71-55-6
IP is onset of photoelectron band (81KIM/KAT).
CH3ClO ™
CCl3CH,0H (10.94) (182) (763) (-70) (~293) *EST 115-20-8
IP from 83KOP/MOL.
CyH3CI3Si +
CH, = CHSICly (<11.0) (<144)  (<603) -109 ~458 *EST 75-94-5
IP from 81KHV/ZYK.
CoH3F
CyH5F 10.36310.015 205.8 861.1 -33.2:04 -~138.8+1.7 76WIL/LEB  75-02-5
See also: 81BIE/VON, 81BIE/ASB.
CyH3FO +
CH;COF 11.51£0.02 159 667 -106+0.7 ~444+3 7IPED/RYL.  557-99-3
See: 81KIM/KAT.
CoH3F, t
CH,FCHF 130 543
From proton affinity of (E)-CHF = CHF (RN 1630-78-0). PA = 166 kcal/mol, 694 kJ/mol.
CH;CF, (7.92) (109) (458) -7242  ~303z8 82MCM/GOL  40640-67-3
Value of AgH(lon) from appearance potential determination (84HEI/BAR, 8SHEI/BARY);
value from proton affinity of CHy = CF, (RN 75-38-7) = 108 keal/mol, 451 kJ/mol.
PA = 176 kcal/mol, 736 kJ/mol.
CyHj3F3 +
CH3CF5 12.9+0.1 118 496 -179£0.7 ~749+3 83KOL/PAP  420-46-2
122 509 ~176 ~736
IP from 73GOL/KOR.
CaH3F30 +
CFyCH,OH 11.49 53 221 -212+1  -888+5 TTPED/RYL  75-89-8
IP from 83KOP/MOL.
CyH3It
CHy=CHI 9.30 (246) (1027) 31 130 *BST 593-66-8
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Table 1. Positive Ion Table - Continued

87

ION Ionization potential AgH(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kcal/mol  kJ/mol reference number
CoH3N
CH,CN 12.194+0.005 299 1251 18+0.2  74x1 83AN/MAN  75-05-8
300 1258 19 81
IP from 81RID/RAY. See also: 82CHE/LAP, 340HN/MAT,82ALL/MIG, 81KIM/KAT, 85SHAR/MCI.
CH,CNH (240) (1004)
(242) (1011)
From appearance potential determinations.
CH;3NC 11.24 300 1257 4110.2 173x1 83AN/MAN  593-75-9
302 1262 43 178
See also: 2CHE/LAP, 81BEV/SAN, 8SHAR/MCIL.
C,H3NO*
CH3NCO (10.67+0.02) (215) (899) -31 -130 7SCOM/DES  624-83-9
CpH3NS *
CH3SCN (9.96:0.05) (268) (1121) 38 160 82TN270 556-64-9
CH;3NCS (9.25:0.03) (245) (1023) 31 131 82TN270 556-61-6
(247)  (1032) 33 140
CyH3N3 +
N
‘ \\N 10.06 291 1218 59 247 82108 288-36-8
N, See: 81PAL/SIM.
H
N/\\N (9.8) 272) (1140) 46+0.5 194x2 85FAO/AKA  288-88-0
“\ N/ IP is onset of photoelectron band (81PAL/SIM).
N
C,H30 +
CH;CO 7.0 156 653 ~6x0.5  -24x2 82MCM/GOL  15762-07-9
AgH(lon) at 298 K from 82TRA/MCL, 84LIA/LIE, and 81LIF/TZI. See also: 84LOS/HOL,
83LIF/BER. Value derived from proton affinity of ketene is 157 kcal/mol, 657 kJ/mol.
PA = 198.0 kcal/mol, 828 kJ/mol. IP cited is AgH(Ion)-AgH(Neutral). Experimentally
determined IP of this radical is 8.0520.17 eV. See also: 82BUR/HOL2.
CH,=COH (192) (803) ‘
AgH(Ion) from appearance potential determinations (2ZHOL/LOS,
82HOL/LOS2, 83BUR/HOL2).
0 @0)  (841) 31586-84-2

AgH(Ion) from appearance potential measurements. See also: 83BUR/HOL2.
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Table 1. Positive Ion Table - Continued

ION Ionization potential A¢H(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kecal/mol  kJ/mol reference number
CoH30,17
CH,ICOOH 9.6) 327) (1367) 105 441 *BST 64-69-7
IP is onset of photoelectron band.
CyH3S +
CH5CS 204 853
From proton affinity of CHy=C=§ (RN 18282-77-4) (83CAS/KIM). PA = 201.2 kcal/mol,
842 kJ/mol. Original authors recommend value of 210 kcal/mol, 879 kJ/mol, using
ApH(CHy =C=S8) = 46 keal/mol, 196 kJ/mol, from MNDO calculation.
CpHaV T
VCyHjy (266) (1115)
AgH(lon) from onset energy of endothermic reaction (84ARI/ARM, 85ELK/ARM). 0 K value.
CoHyt
CyHy 10.507+0.004 254.8 1066 125402 52.2x1 77PED/RYL  74-85-1
256.8 1074 145 60.7
See also: 81KIM/KAT, 84POL/TRE.
CpHyBrC1t
CH,BrCH,Cl 10.67+0.03 225 942 -21%1 -87+5 83KOL/PAP  107-04-0
See: 81KIM/KAT.
CH3CHCIBr 10.37 219+1 91815 —20+1 -83+5 83KOL/PAP  593-96-4
CoH4BrF+
CH,»FCH,Br <10.57 (s184)  (<769) -60+5 ~251x20 83KOL/PAP  762-49-2
CyH4Brp +
CH,BrCH,Br 10.37 230 962 -9+0.2 -39l 83KOL/PAP  106-93-4
See: 78GAN/PEE, 81KIM/KAT, 77STA/WIE.
CH3CHBr, 10.17 226 944 -9:1 =376 83KOL/PAP  557-91-§
CH 01t
CH3CHCI (199) (832)
From appearance potential (11.20 eV) in CH3CHCl,.
CH,CICH, (204) (855)
From appearance potential (11.47 eV) in CHCICH,CL
CyH4CI10, +
CH,CIC(OH), 79 332
From proton affinity of CHyCICOOH (RN 79-11-8). PA = 182.4 kcal/mol, 763 kJ/mol.
CoH4Cly +
CH3CHCl, 11.06 224 936 -31x0.7 -131s3 83KOL/PAP  75-34-3

229 959 -26 -108
See also: 81KIM/KAT.
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Table 1. Positive Ion Table - Continued

ION Ionization potential AgH(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol keal/mol  kJ/mol reference number
CoH4Cly +
CH,CICH,Cl 11.04 222 931 -32£0.2  -134x1 83KOL/PAP 107-06-2
225 942 -29 -123
See also: 81KIM/KAT.
CoH4CLOT
CH30CHCl, (10.6) (191)  (800) -53 -222 *EST 4885-02-3
IP is onset of photoelectron band (80VER/SAL).
CH4C130 7
CCl3CH,0H, 118 495
From proton affinity of CCl3CH,OH (RN 115-20-8). PA = 177.4 kcal/mol, 742 kJ/mol.
CoH4F |
CH3CHF 793 157 659 -26 -106
ApH(Ion) from proton affinity of CyH3F (RN 75-02-5). PA = 175 kcal/mol, 732 kI/mol.
AgH(Neutral) = IP - A¢H(Ion).
CoH4FOy t
CH,FC(OH), 42 176
From proton affinity of CHyFCOOH (RN 144-49-0). PA = 183.5 keal/mol, 768. kJ/mol.
CoHy4F, +
CH3CHF, 11.87+0.03 154 644 ~-120£1  -501+6 75CHE/ROD  75-37-6
IP from 84HEI/BAR, 85SHEI/BAR.
CaHy4F3Nt
CF3CH,NH, (9.8£0.1) (58) (244) (-167)  (-701) *EST 753-90-2
IP is average of values from 83MOL/PIK3, 79AUE/BOW.
CoH4F30 +
CF3CH,0H, -16 65
From proton affinity of CF3CH,OH (RN 75-89-8). See also: 8SMCM/KEB.
PA = 169.0 kcal/mol, 707 kJ/mol.
CyHyFet
Fe
\\ (256) (1071)
H,C ’~‘CH2 AgH(lon) from 84JAC/JAC.
CoHyls +
CH,ICH,I (9.4) (233) (973) 15803 66.3+14 7TPED/RYL  624-73-7
IP is onset of photoelectron band.
CoHyN*
CH;CNH 195 817

From proton affinity of CH3CN (RN 75-05-8). PA = 188.2 keal/mol, 787 kJ/mol.
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Table 1. Positive Ion Table - Continued

ION Ionization potential AgH(lon) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kcal/mol  kJ/mol reference number
CyHyNt
CH;3;NCH 205 860

From proton affinity of CH3NC (RN 593-75-9) (86KNI/FRE, 86MAU/KAR).
PA = 201.4 kcal/mol, 843 kJ/mol.

CH4NO T
CH,;NHCO 150 628
From proton affinity of CH3NCO (RN 624-83-9)(85KAR/STE). PA = 184.5 kcal/mol,
772. kJ/mol.
CoHyNS
CH3SCNH 212 886
From proton affinity of CH3SCN (RN 556-64-9) (85KAR/STE). PA = 192. kcal/mol,
804. kJ/mol.
CH3NCSH 204 853
From proton affinity of CH3NCS (RN 556-61-6) (8SKAR/STE). PA = 193.0 kcal/mol,
807.5 kJ/mol.
CoH4N, *
CH,=NN=CH, (8.95) (264)  (1104) 58 241 82J0S 503-27-5
See also: 84KIR/POP.
CaHy4N, 0, +
NH,COCONH, (941) (121) (505) =961 -403+5 7IPED/RYL ~ 471-46-5
CoHyN3
N 199 835
N//__ ) From proton affinity of 1H-1,2,4-Triazole (RN 288-88-0) (86MAU/LIE).
N PA = 2124 keal/mol, 889. kJ/mol.
H
CoH4Ny4 +
NCN=C(NHy), (84) (230) (963) 36 153 77PED/RYL  10191-60-3
IP is onset of photoelectron band (80KLA/BUT).
CH40t
CH3CHO 10.229+0.0007 196.3 821.1 -39.6+0.1 -165.8+0.4 77PED/RYL ~ 75-07-0
198.9 831.9 -37.0 ~155.0
See also: 82JOH/POW, 72POT/SOR, 81ELS/ALL, 81KIM/KAT, 77STA/WIE.
CH,=CHOH 9.14 181 757 -30 -125 82HOL/LOS3  557-75-5
From 82HOL/LOS3, 84ALB/ALL.
CH3COH (207) (865)

AgH(Ion) from appearance potential determinations (83TER/WEZ).
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Table 1. Positive Ion Table -~ Continued

91

ION Ionization potential AgH(lon) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kcal/mol  kJ/mol reference number
CH Ot
0 10.566+0.01 231.0 966.8 -12.6£0.1 -52.6+0.6 77PED/RYL  75-21-8
i E 234.1 9794 -9.6 ~40.1
See also: 82JOH/POW, 81KIM/KAT, 82BIE/ASB.
CpH408
CH;COSH 10.00+0.02 189 790 -4212 ~175+8 TTPED/RYL ~ 507-09-5
Ds= 0 92 (205) (858) -7 -30 *BST 7117411
IP is onset of photoelectron band.
CH408, t
H c/ S\ 858) (199) (831) -4 -18 *EST 58816-63-0
2 \i /CHZ IP is onset of photoelectron band (82BLO/COR).
0]
CoH40, +
HCOOCH; 10.815+0.005 1644 688.0 -85.0£0.2 -355.5£0.7 77PED/RYL  107-31-3
See also: 81KIM/KAT, 85CAN/HAM.
CH3COOH 10.66:0.02 142.5 596.4 ~103.3+0.1 ~432.1204 78CHA/ZWO  64-19-7
145.9 6104 ~-99.940.1 -418.1+0.4
See also: 81HOL/FIN, 80VON/BIE, 81KIM/KAT.
CH,C(OH), 120 503
AgH(Ion) from appearance potential determinations.
HOCH =CHOH (9.62+0.10) (146) (612) -76 -316 *EST
IP from 86 TUR/HAV3.
CH430COH 158 661
A¢H(Ion) from appearance potential of metastable ion (83TER/WEZ).
CH,CO(H,0) (138) 579)
A¢H{(Ion) from appearance potential determinations (86POS/RUT).
Co,H40,8 +
/O (10.3) 177 (741) -60 =253 *EST 1782-89-4
[> S/ IP is onset of photoelectron band.
\
\O
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Table 1. Positive Ion Table - Continued

93

ION Tonization potential AgH(Ton) AgH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol keal/mol  kJ/mol reference number
CoH4S3 +
S_i (s8.72) (<196)  (<818) -5 -23 *EST 289-16-7
{s
CpH4Sc
Sc
AN (215) (899)
H,C ) A¢H(Ion) from onset of endothermic reaction (84TOL/BEA). See also: 86ELK/ARI.
2 CH, f
CaHySet
CH3CH=Se 8.3) (19)  (915) 27 114 *EST 67281-48-5
IP is onset of photoelectron band (84BOC/AYG).
CoHg +
CHs 8.13 215.6£1.0 90214 28 118 84CAO/BAC  14936-94-8
218.5+1.0 91434 31 130
Heat of formation of ion from appearance potential measurements (See:
81TRA/MCL, 80BAE, 82DYK/JON2, 82ROS/BUF). IP given is A¢H(Ion) - AgH(Neutral).
AgH(Neutral) based on D[C-H] = 100.5 kcal/mol.
Experimental IP of radical <8.26+0.02 eV.(84DYK/ELL).
C,H;3Br +
CoHgBr 10.28 222.2 929.6 -14.9£0.2 -62.3x1.0 TIPED/RYL  74-964
2274 951.5 -9.6:0.2 404110
See also: 81KIM/KAT, 850HN/IMA.
C,HgBrO*
CH,BrCH,OH(gauche)
(510.75) (<196)  (<820) (-52) (-217) *BST 540-51-2
See also: 84KOB, 81KIM/KAT, 8SOHN/IMA.
CH,BrCH,OH(trans)
(£10.65) (<194)  (<811) (-52) (=217) *EST 540-51-2
See also: 84KOB, 81KIM/KAT, 8SOHN/IMA.
CyH5Cl +
CoHsCl 10.97+0.02 226 946 -26.8+0.1 -112.1x0.5 77PED/RYL  75-00-3
230 961 =233 -97.6
See also: 830HN/IMA, 81KIM/KAT.
CH3CHCIH 227 951
ApH(lon) from appearance potential determination (83HOL/BUR).
CHsClHg t
C;HsHgCl 9.9 212 888 ~16%1 -67+4 80TEL/RAB  107-27-7

IP is onset of photoelectron band (81BAI/CHI2).
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Table 1. Positive Ion Table - Continued

ION Ionization potential AgH(lon) AgH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol kcal/mol  kJ/mol reference number
CpH510
gauche-ICH,CH,OH
9.73 (186) (778) -38 ~161 *EST 624-76-0
trans-ICH,CH,OH
9.60 (183) (765) -38 -161 *BST 624-76-0
CoHsN*
CH,=NCHj 94) (234) 979 17 7 69BEN/CRU  1761-67-7
IP is onset of photoelectron band. See also: 86WER.
CH3CH =NH (9.6) (222) (930) 24 8+17 79ELL/EAD  20729-41-3
IP is onset of photoelectron band (86LAF/GON).
CH, = CHNH, (8.20) (196) (820) 7 29 81ELL/DIX  593-67-9
IP from 84ALB/ALL2.
H
\ 9.2+0.1 242 1014 30.2+0.2  126.5+0.9 77PED/RYL  151-56-4
A See also: 82BIE/ASB.
CHsNO
CH3CONH, 9.65+0.03 165 693 ~57.0x0.2 -238.3+0.8 TIPED/RYL  60-35-5
See also: 81ASB/SVE.
(E)-CH3CH=NOH (10.0) (226) (945) -47£2  -20+8 69BEN/CRU  107-29-9
IP is onset of photoelectron band.
HCONHCHj4 9.79 (181) (758) -45+0.7 -187+3 *EST 123.39-7
See also: 81KIM/KAT.
C,H5NO, +
NH,CH,COOH 88 109 458 -93+1 ~391+5 7INGA/SAB  56-40-6
See also: 83CAN/HAM.
CoHsNO, 10.88+0.05 226.5 947.5 -24.4+0.1 -102.2+0.6 77PED/RYL ~ 79-24-3
See also: 81KIM/KAT.
C,HsONO (10.53+0.01) (218) (913) -25 -103 7TABAT/CHR  109-95-5
C2H5NO3 +
CH5ONO, (11.22) (222) (928) -36.8£0.2 -154.1x1.0 7IPED/RYL  625-58-1
CHsNS t
CH3;CSNH, 8.33 194 814 2102 1041 82TOR/SAB2  62-55-5
CyH5N, +
NCCH,NH; 194 812

From proton affinity of NCCH,NH; (RN 540-61-4). PA = 1974 kcal/mol, 826 kJ/mol.
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Table 1. Positive Ion Table - Continued
ION Ionization potential AgH(lon) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kecal/mol  kJ/mol reference number
CaH50F
CH;CHOH 6.7 139 583 -16x1 —66+4 82MCM/GOL  17104-36-8
AgH(Ion) from proton affinity of acetaldehyde (RN 75-07-0). PA = 186.6 kcal/mol,
781 kJ/mol. The IP given is AgH(Ion) - AgH(Neutral). See also: 82MAC, 84LOS/HOL.
CH30CH, 6.94 (157) (657) -3x1 -13+4 82MCM/GOL  16520-04-0
(165) (690)
AgH(lon) at 0 K from appearance potential determination (82MAC, 84BUT/HOL).
See also: 4BOW/MAC.
CH,=CHOH, 148 619
AgH(Ion) from appearance potential determination (82BUR/TER2).
0 165 691
{ : Ht From proton affinity of oxirane (RN 75-21-8). PA = 187.9 kcal/mol, 786 kJ/mol.
CyH50, +
CH3C(OH), 7] 302
From proton affinity of CH3COOH (RN 64-19-7). See also: 84HOL/LOS. 85AUD/MIL.
PA = 190.2 kcal/mol, 796. kJ/mol.
HC(OH)OCH;4 92 386
From proton affinity of HCOOCH3 (RN 107-31-3). PA = 188.4 kcal/mol, 788. kJ/mol.
(86KNI/FRE, 84LIA/LIE).
CyHsP*
g (9.40.1) (200) (838) -16£0.5 6942 *EST 6569-82-0
CyHss ™
CH3CHSH 197 823 58794-14-2
200 836
A¢H(Ion) from appearance potential determinations (83BUT/BAE).
CH3SCH, (194) 812) 31533-72-9

(z\) "

AgH(lon) from appearance potential determinations. See also: 83ERM/AKO. 0 K values.

191 798
From proton affinity of thiirane (RN 420-12-2). PA = 194.6 kcal/mol, 814 kJ/mol.
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Table 1. Positive Ion Table ~ Continued

97

ION Tonization potential AgH(Ton) ApH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol keal/mol  kJ/mol reference number
CyHg +
CHg 11.52+0.01 245.6 1028 -20.120.05 -84.0+0.2 77PED/RYL ~ 74-84-0
249.3 1043 -16.4 -68.4
See also: 81KIM/KAT, 84CHA/HIL.
C,HgBBr*
(CH3),BBr 10.25 192 804 -44 -185 82HOL/SMI  5158-50-9
CHgBCI Y
(CHg),BCl (10.2) 173) (725) -62 -259 82HOL/SMI  1803-36-7
IP is onset of photoelectron band.
C2HgBC,N T
(CH3),NBCl, 9.56 125 521 ~96+1 ~401x4 77PED/RYL  1113-31-1
CyHgB4
¢
" \ 9.77) (236.3) (988.6) 11.0£2.9 45.9+12.1 85GAL/TAM  20693-67-8
4B-\—B-H
\
Ho 9"\1‘5 “H
H
C,HgBr +
C,HsBrH (180) (753)
From proton affinity of CyHsBr (RN 74-96-4). PA = ~171 kcal/mol, ~715 kJ/mol.
CpHgBrSi
(CHj),SiBr 146 612
151 633
AgH(lon) from appearance potential determination (84SZE/BAE).
CHgCd
(CH3),Cd (8.56+0.02) (223) (932) 253+03 105.8+13 7TPED/RYL  506-82-1
CoHgC1
C,HsCIH 170 1
From proton affinity of CyHsCl (RN 75-00-3). PA = 169 keal/mol, 707 kJ/mol.
CH3CICH;4 a7 (743) 24400-15-5
Derived (85SHA/HOJ).
CoHgCINt
(CHj),NCI 8.75 (221) (925) 19 81 *EST 1585-74-6
CHgCIP T
(CH3),PC! @7 (163) (681) -38 -158 *EST 811-62-1
IP is onset of photoelectron band (82LEV/LIA, 86BOC/BAN).
CaHgClLLNOP
(CH3),NPOCl, 9.5) (86) (361) -133 -556 *EST 677-43-0

IP is onset of photoelectron band.
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Table 1. Positive Ion Table - Continued
ION Ionization potential AgH(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol keal/mol  kJ/mol reference number
CaHgCI,NP+
(CH3);NPCl, 8.9) 171) (716) -34 -143 *EST 683-85-2
IP is onset of photoelectron band.
CoHgClSi
(CH3),SiCly (10.7) 137 (574) -109 -458 81BEL/PER  75-78-5
IP is onset of photoelectron band.
CaHgClpSn ™t
(CH3),8nCl, (10.43) (174) (727) -67 -279 *EST 753-73-1
CHgF +
CH3FCH3 (147) (614)
AgH(Ion) derived from results of 86HOV/MCM.
C,HsFH 138 577
From proton affinity of CyHsF (RN 75-02-5). PA = 165 kcal/mol, 690 kJ/mol.
CoHgFNt
CH,FCH,NH, 9.1) (155) (650) -55 =229 *EST 406-34-8
IP from 79AUE/BOW.
CyHgFP*
(CHj3),PF 8.8) (112) (468) -91 -381 *EST 507-15-3
IP is onset of photoelectron band.
CoHgFSit
(CH3),SiF 86 359
From appearance potential (10.70:0.04 eV) of ion in (CH3)3SiF.
CoHgFN
CF,HCH,NH; 269 1124
From proton affinity of CFyHCH,NH, (RN 430-67-1). PA = 207.5 kcal/mol, 868 kJ/mol.
CoHgF,Si Tt
(CH3),SiF, 11.030.03 42 177 212 -887 7TMUR/BEA  353-66-2
CoHgHg *
(CHs),Hg (9.10+0.05) (232) 972) 22.5¢0.2  94.0+1.0 77PED/RYL  593-74-8
237) 991) 27.0 1133
CyHgl +
CHsIH (188) (785)
From proton affinity of CHgI (RN 75-03-6). PA = ~176 kcal/mol, ~736 kJ/mol.
CHgNt
CH,NHCHj; 59 166 695 30 126 83BUR/CAS  31277-24-4
AgH(Ion) from appearance potential determination(81LOS/LAM); IP derived
(81GRI/LOS, 83BUR/CAS).
CH;3CHNH, 5.7 157 657 26 109 83BUR/CAS  30208-36-7

AgH(Ton) from appearance potential determination(81LOS/LAM); IP derived(83BUR/CAS).
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ION Ionization potential AgH(Ton) AgH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol keal/mol  kJ/mol reference number
CaHgN +
(CH3);N (5.17) (154) (644) 3542 14518 82MCM/GOL 15337-44-7
ApH(lon) from appearance potential measurement. IP cited is ApH(Ion) - AgH(Neutral).
H 180 755
th ot From proton affinity of aziridine (RN 151-56-4). PA = 215.7 kcal/mol, 902 kJ/mol.
CaHgNOt
CH3C(OH)NH, 103 429
From proton affinity of CH3CONH, (RN 60-35-5). PA = 206.2 kcal/mol, 863 kJ/mol.
HC(OH)NHCH3 115 481
From proton affinity of HCONHCH3 (RN 123-39-7). PA = 205.8 kcal/mol, 861 kJ/mol.
CoHgNO, *
NH;CH,COOH 61 254
From proton affinity of NH,CH,COOH (RN 56-40-6). PA = 211.6 kcal/mol, 885 kJ/mol.
C;H5ONHO 144 602
From proton affinity of CyHgONO (RN 109-95-5). PA = 197.3 kcal/mol, 825.5 kJ/mol.
C,H;NOOH 157 655
From proton affinity of CHsNO, (RN 79-24-3). PA = 184.8 kcal/mol, 773 kJ/mol.
CaHgN, +
(E)-CH3N=NCHj3 8.45+0.05 231 964 36 149 82PAM/ROG  4143-41-3
CoHgN,0
(E)-CH3NN(O)CHj4
.7 (238) 997) 15 61 *EST 54168-20-6
IP is onset of photoelectron band.
CH3NHCONH, (9.66) (s164)  (<688) ~58 -244 *EST 598-50-5
(CH3);,NNO 8.69 200 835 ~0.7+2  -3s8 67KOR/PEP  62-75-9
CaHgN,0, *
(CH3),NNO, (9.53) (219) (914) ~1£08  -5:3 7IPED/RYL ~ 4164-28-7
(B)-(CH3NO), (<8.68) (=217)  (<908) 17£02  71xl T3BAT/MIL  37765-15-4
CHgO
C,HsOH 10.47+0.02 185.3 7754 ~56.1x0.1 -234.8+0.2 77PED/RYL  64-17-5

189.5 793.1 -51.9 -217.1
See also: 82MIS/POK, 72POT/SOR, 80VON/BIE, 84BOW/MAC, 830HN/IMA,
81KIM/KAT, 80BAC/MOU, 74BET/BAK.
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Table 1. Positive Ion Table - Continued
ION Ionization potential AgH(Ton) AgH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol kcal/mol  kJ/mol reference number
CoHgOt
(CH3),0 10.025+0.025 187.2 783.3 -44,0:0.1 -184.00.5 77PED/RYL  115-10-6
191.5 801.0 -39.7 ~166.3
IP from 84BUT/HOL. See also: 4BOW/MAC, 81KIM/KAT, 80BAC/MOU, 82BIE/ASB.
C,H,4OH, 175 732 60786-90-5
ApH(lon) from appearance potential measurements (8SBUR/HOL).
See also: 82HOL/LOS, 82BUR/HOL). The authors propose the structure
CoH3.HT..OH, for the ion. See also: 8ITER/HEE.
CoHgOS
(CH3),S0 (9.01) 172) (718) -36.2¢0.2 -151.3x0.8 77PED/RYL  67-68-5
a7%) (738 -314  -1315
See: 81KIM/KAT.
CoHgO, *
HOCH,CH,0H 10.16 142 593 -92.6+04 -387.6x1.7 77PED/RYL  107-21-1
IP from 82HOL/LOS2. See also: 80VON/BIE, 81KIM/KAT.
(CH30), 9.1 180 752 -30.0£0.3 -125.7x1.3 77PED/RYL  690-02-8
IP is onset of photoelectron band (81KIM/KAT, 82LEV/LIA).
C,HgO,S +
(CH3),80, (10.3) (148) (621) -89+0.7 -373£3 77PED/RYL  67-71-0
(154) (644) -84 -350
IP is onset of photoelectron band.
CHgO3S *
(CH30),50 (9.9) 113) @72) -115:0.5 -483%2 77PED/RYL  616-42-2
IP is onset of photoelectron band.
CyHgP +
Ho 158 660
/Pj From proton affinity of phosphirane (RN 6569-82-0). PA = 191.4 kcal/mol, 801 kJ/mol.
CpHgS
CyH;5SH 9.285:0.005 203 850 -11120.1 -46.3x0.6 TIPED/RYL ~ 75-08-1
207 867 ~7.0 -29.5
See also: 830HN/IMA, 81KIM/KAT.
(CH3),S 8.69+0.01 191 801 -9.0£0.1 -37.5+0.5 77PED/RYL  75-18-3
195 817 =51 -21.3
See also: 81KIM/KAT.
CoHgSSI T
(CHy),Si=8 (203) (848) 1111-83-7

AgH(Ton) from appearance potential determination (81GUS/VOL).
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Table 1. Positive Ion Table - Continued

ION Ionization potential AgH(lon) ApH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol keal/mol  kJ/mol reference number
C2HgS, +
(CH3S), (7.4+0.3) (165+4)  (690x15) -5.8+02 -24.2+1.0 77PED/RYL  624-92-0
(169) (707) -1.6 -6.8

Adiabatic ionization potential determined from consideration of dissociation
rates; experimentally observed onset of ionization, 8.33 eV, is much higher
because of change in the CSSC bond angle upon ionization from 90° to 180°.
(83BUT/BAE). See also: 81KIM/KAT.

CyHgS3 +
CH3SSSCHy (8.73+£0.03) (199) (831) -3 -11 *BST 3658-80-8
CaHgSct
CyHgScH (205) (858)
AgH(Ton) from onset of endothermic reaction (84TOL/BEA).
(CHj3),Sc¢ 189 791
AgH(Ion) from onset of endothermic reaction (84TOL/BEA). See also: 86ELK/ARI.
C,H,ScH, (18)  (912)
AgH(Ion) from onset of endothermic reaction (834 TOL/BEA).
CoHgSe + ‘
(CHgz),Se 8.40+0.01 (298) (827 4 17 *EST 593-79-3
IP from 84BOC/AYG, 82LEV/LIA.
CyHgSep +
(CHsSe), 8.1) (197) (826) 11 44 *EST 7101-31.7
IP is onset of photoelectron band (84BOC/AYG).
CoHgSit
CH,=CHSiH5 10.1 234 978 113 413 80TEL/RAB  7291-09-0
IP is onset of photoelectron band.
C2HgZn +
(CHg)pZn (9.00+0.02) (220) (919) 12.1£0.3  50.6+1.3 77PED/RYL  544-97-8
CyHy +
C,Hy 202 845
From proton affinity of C;Hg (RN 74-84-0). See also: 8SMCM/KEB.
PA = 143.6 kcal/mol, 601 kJ/mol.
CaH7As +
(CH3),AsH (8.1) (194) (813) 7 31 *BST 593-57-7
IP is onset of photoelectron band (82ELB/DIE).
C,H47BO, +
(CH30),BH (9.7£1.0) (85) (355) -138.8:0.4 ~580.7+1.7 77PED/RYL  4542-61-4
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Table 1. Positive Ion Table - Continued

ION

Neutral

Ionization potential

A¢H(Ion) AgH(Neutral)
eV kecal/mol  kJ/mol kcal/mol  kJ/mol

Neutral CAS registry
reference number

CoH7By +

(170) (710)
From proton affinity of 1,6-dicarbahexaborane(6) (RN 20693-67-8).
PA = 207. kcal/mol, 866. kJ/mol.

J —H 10.54 240.5 1006.3 -2.5£2.6 -10.6+10.9 85GAL/TAM  20693-69-0
4
4
B
H
CyH7CIO T
(CH3),0HCI (10.4) (167) (698) -73 -305 82TN270 24521-77-5
IP is onset of photoelectron band.
CoH7FN +
CH,FCH,NH3 9 413
From proton affinity of CHFCH,NH, (RN 406-34-8). PA = 212.3 kcal/mol, 888 kJ/mol.
CyHyHg*
(CHj3),HgH (202) (846)
From proton affinity of CH3HgCH4 (RN 593-74-8). PA = ~186 kcal/mol, ~778 kJ/mol.
CoHyN +
C,HgNH, 8.86+0.02 193 807 -11.3+0.2 -47.5£0.7 77PED/RYL  75-04-7
See also: 830HN/IMA, 81KIM/KAT.
(CH3),NH 8.23+0.08 185 776 -4410.1 -18.5:0.4 77PED/RYL ~ 124-40-3
See also: 81KIM/KAT.
CHANO T
NH,CH,CH,0H 8.96 158 662 -48 -202 77REI/PRA 141-43-5
IP from 83KOP/MOL, 83MOL/PIK3, in agreement with onset of
photoelectron band (81KIM/KAT).
CH3NHOCH3 8.92 (197) (824) -9 -37 *EST 1117-97-1
IP from 83MOL/PIK.
CoHyN, +
CH3;NNHCH4 194 813
From proton affinity of (E)-CH3N=NCHj3 (RN 4143-41-3). PA = 206.9 kcal/mol, 866 kJ/mol.
C2H70 +
CyHsOH, 121 507
From proton affinity of C;H5OH (RN 64-17-5). PA = 188.3 kcal/mol, 788 kJ/mol.
(CH3),0H 130 542

From proton affinity of (CH3),0O (RN 115-10-6). PA = 192.1 kcal/mol,

804 kJ/mol.
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Table 1. Positive Ion Table - Continued

ION Ionization potential AgH(Ion) AgH(Neutral) Neutral CAS registry
Neutral eV kcal/mol  kJ/mol kecal/mol  kJ/mol reference number
CoH,08
(CH3),SOH 118 495
From proton affinity of (CH3),SO (RN 67-68-5). PA = 211.3 kcal/mol, 834 kJ/mol.
CoH703P +
(CH30),PHO (10.53) 43) (179) (-200) (-837) *EST 868-85-9
IP from 80ZVE/VIL.
CyH4P +
(CH,),PH 8.47+0.07 (181) 757) -14 -60 *EST 676-59-5
See also: 82COW/KEM.
CoH4S +
C,HsSH, 164 686
From proton affinity of C;HsSH (RN 75-08-1). PA = 190.8 kcal/mol, 798 kJ/mol.
(CH3),SH 156 653
From proton affinity of (CH3),S (RN 75-18-3). PA = 200.6 kcal/mol, 839 kJ/mol.
CaH7S; +
CH3SSHCHj4 (164) (686)
From proton affinity of CH3SSCH3 (RN 624-92-0). PA = ~196 kcal/mol, ~820 kJ/mol.
C,HgBjs +

H
B

J{ii;i::

H

(195) (816)
From proton affinity of 2,4-dicarbaheptabornane(7) (RN 20693-69-0).
PA = 168. kcal/mol, 703. kJ/mol.

CoHgN +
CyHgNH; 137 574
From proton affinity of CHgNHj (RN 75-04-7). PA = 217.0 kcal/mol, 908. kJ/mol.
(CH3),NH, 141 588
From proton affinity of (CH3),NH (RN 124-40-3). PA = 220.6 keal/mol, 923. kJ/mol.
CHgNO*
H3N(CH,),0H 96 402
From proton affinity of NH,(CHj,),OH (RN 14143-5). PA = 221.3 kcal/mol, 926. kJ/mol.
ézHgNz +
HyNCH,CH,NH, (8.6) (194) (812) -43:05 -17.8x2.1 7IPED/RYL  107-15-3
IP is onset of photoelectron band (81KIM/KAT).
(CH3),NNH, 7.28+0.04 188 786 20+0.5 8412 77PED/RYL  57-14-7

IP from charge transfer equilibrium constant determination. Reference standard:
IP (CgH5N(CH3)p) =7.12 eV (84MAU/NEL). See also: 81KIM/KAT.
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Table 1. Positive Ion Table - Continued
ION Ionization potential A¢H(Ion) ApH(Neutral) Neutral CAS registry
Neutral eV keal/mol  kJ/mol kcal/mol  kJ/mol reference number
CoHgN, +
C,HsNHNH, 16202 69x1 *EST 624-80-6
A value of 8.12 eV has been reported for the adiabatic IP of this compound.
Values of IP’s of hydrazines determined by threshold measurements are usually
significantly higher than the adiabatic value because of the large geometry change
associated with ionization.
(CH3NH), 22«1 9214 7TPED/RYL ~ 540-73-8
Values of 7.75 and 8.22 eV have been reported for the adiabatic IP of this compound.
Reported values of IP’s of hydrazines determined by threshold measurements are usually
significantly higher than the adiabatic value because of the large geometry change
associated with ionization. See also: 81KIM/KAT.
CyHgP*
(CH3),PH, 134 559
From proton affinity of (CH3),PH (RN 676-59-5). PA = 216.3 kcal/mol, 905 kJ/mol.
CHgSi ™t
C,HsSiH, (10.18+0.05) (262) (1095) 27+3 11313 80TEL/RAB  2814-79-1
(CH3),SiH, 10.3 215 899 ~23+1 ~95+4 86DON/WAL 1111-74-6
CoHgN, +
H,NCH,CH,NH3 135 567
From proton affinity of HyNCH»CH,NH5 (RN 107-15-3). PA = 225.9 kcal/mol,
945 kJ/mol.
(CH3),NHNH, 166 694
From proton affinity of (CH3),NNH; (RN 57-14-7). PA = 219.9 kcal/mol,
920 kJ/mol (84MAU/NEL).
CaHyoBN +
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