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A comprehensive tabulation of the standard enthalpy change, AH”, entropy change,
AS”, and free energy change, AG”, for the formation of ion clusters from ion-molecule
association reactions is given. The experimental methods which are used to derive the data
are briefly discussed. For some experiments, dissociation energies of ion clusters are re-
ported and listed under the category of AH" . The relationship between AH" and dissocia-

tion energy is discussed in the text.
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1. Introduction

The last 15 years have been marked by a dramatic in-
crease in research work on the formation and properties of
gas-phase ion-molecule complexes and cluster ions. As a re-
sult of this interest, a large amount of data on the thermoche-
mical properties of cluster ions has appeared in the litera-
ture. Work in this area spans a broad range of fields
including geophysics, electrochemistry, organic chemistry,
and chemical physics to name a few. The scope of applica-
tions of such data is due to the recognition of the value of the
investigation of cluster ion formation in bridging the gap
between the gas and condensed phases and in probing the
details of molecular interactions and energy transfer. Studies
of cluster ions are relevant to phenomena such as nucleation,
the development of surfaces, catalysis, solvation, acid-base
chemistry, combustion, and atmospheric processes. The en-
tire research area has been the subject of a recent extensive
review' to which the interested reader is referred.

Cluster ion thermochemistry has been discussed in sev-
eral early reviews including three general ones by Kebarle?™
covering the period up through 1976. Several others devoted
largely to the authors’ own works, but with some attention to
the general field include Kebarle>® and Castleman and co-
workers.”° Other general reviews'!'"!® also contain some
information related to this topic. However, until the present,
there has been no complete tabulation of thermochemical
data on cluster ions. In this paper we have attempted to com-
pile all known thermodynamic data on the bonding of li-
gands to ions. Since such a lofty goal is difficult to accom-
plish in practice, and since thermodynamic data are
sometimes presented in articles whose titles do not always
suggest their full content, we wish to apologize in advance to
authors whose works we may have inadvertently over-
looked. The subject of proton transfer and proton affinities is
not covered and the interested reader is referred to other
sources. 1219

2. Thermodynamics of Cluster Reactions

Cluster formation can be represented by a series of step-
wise association reactions of the form

I.(n—-1)L+L+M=1LnL+M. n

Here, I designates a positive or negative ion, L the clustering
neutral (ligand}, and M the third body necessary for colli-
sional stabilization of the complex. Taking the standard state
to be 1 atm, and making the usual assumptions®® concerning
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ideal gas behavior and the proportionality of the chemical
activity of an ion cluster to its measured intensity, the equi-
librium constant K, _ ; , for the nth clustering step is given
by

C AG,,
K, ,,=h—"— = ——2-1n

C,_,P, RT

_ AH;’,_,,,,+A5;1_1,,,
- RT R

(2)

Here, C,_; and C, represent the respective measured ion
intensities; P; the pressure (in atm) of the clustering species
L; AG,_,,,AH,_,,, and AS,_,, the standard Gibbs
free energy, enthalpy, and entropy changes, respectively; R
the gas-law constant; and T, absolute temperature. By mea-
suring the equilibrium constant X, _ , ,, as a function of tem-
perature, the enthalpy and entropy change for each sequen-
tial association reaction can be obtained from the slope and
intercept of the van’t Hoff plot (In X,,_, ,, versus 1/T).
Thermodynamic information also can be obtained by
studying switching or exchange reactions of the form

InL+ L' =I(n— DLL' +L. (3)

The thermodynamic quantities for the association of L' onto
I-(n — 1)L are the sum of those for reactions (1) and (3).

3. Temperature Dependence of AH” and AS®

Experimental techniques that employ van’t Hoff plots -
lead to enthalpy changes derived from slopes which are rep-
resentable as straight lines over moderate temperature
ranges. In actuality, the enthalpy change is a weak function
of temperature due to the difference in heat capacity AC,
between products and reactants,

T,
AH, =AH, + | AC,(D)dT. 4
3

The various experimental techniques measure and report
various related values: the enthalpy change AH 7. of associ-
ation, the bond dissociation energy D, (= — AH (), or the
potential welldepth D, ( =D, + 1 Z; hv;), where v, are the
frequencies of the vibrational modes related to the associ-
ation bond.
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In almost all situations of interest to the field of cluster
ions, the electronic contribution to the heat capacity is negli-
gible. Important contributions to the heat capacity, then, are
those arising from translation, rotation, and vibration. At
temperatures above a few tens of kelvins, rotation is usually
fully activated and it is the quantitative evaluation of the
vibrational contribution which is difficult to make because it
requires a knowledge of the vibrational frequencies of the
cluster. Since ion—neutral bonds are relatively weak, the fre-
quencies associated with these are typically low. Therefore,
they are particularly important in calculating AC, in the
temperature range 100-600 K over which most association
reaction thermochemical data are derived.
A few investigators (e.g., Conway and co-workers,
Castleman and co-workers,'® and Keesee*®) have consid-
ered in detail the problem of the effect of the vibrational
contribution in heat capacity on the temperature depen-
dence of AH°. For example, in the case of Cl1~ associated
with water,'%?> the measured enthalpy change AH 3, is
— 14.9 keal/mol. Using the calculated vibrational frequen-
cies of Kistenmacher et al.,”® AH 5o, and AH{ (= — D,)
were calculated to be — 14.9 and — 14.2 kcal/mol, respec-
tively. Thus the common practice in the litcraturc to discuss
measured enthalpy changes in terms of “bond energies” ap-
pears to be a reasonable approximation.
The van’t Hoff plots also enable a determination of the
entropy change. Rigorously the entropy is also dependent on
temperature, although only weakly so. The entropy change
can be calculated through use of standard statistical me-
chanics?” with knowledge of both the structure, to determine
moments of inertia, and vibrational frequencies. Based on
the calculated frequencies and structure of C1~-H,0,? the
entropy change at 470 K for the association of water onto
Cl~ is calculated to be — 19.1 cal/K mol compared to the
experimentally determined value of — 19.7. At 298 K, the
entropy change is computed to be — 18.9 cal/K mol.
_ The translational contribution to the entropy change

due to the loss of translational degrees of freedom upon asso-
* _ciation is largely responsible for the overall negative value of
AS°. The rotational and particularly the vibrational contri-
butions are significant in that they reflect the details about
the structure of the cluster ion. For examples of applications
in this regard, the reader is referred to Dzidic and Kebarle®®
and Castleman et al.?

21-24

4. Experimental Techniques

The Knudscn ccll technique®® was apparently the meth-
od which provided one of the first direct measurements of a
thermodynamic quantity for the formation of a cluster ion
(K *.H,0) that has stood the test of time. Other early obser-
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vations of ion clusters were obtained in ion sources operated
in the neighborhood of 10™* Torr (1 Torr~133 Pa); but,
equilibrium conditions were generally not attainable with
the few collisions taking place and thermodynamic param-
eters could usually not be measured with confidence.
Field,! Melton and Rudolf,?* and Wexler and Marshall*3
were successful in observing reactions which required a third
body for stabilization by using essentially conventional mass
spectrometric ion sources, but equipped with small ion exit
slits and improved pumping. However, it was generally im-
possible to ensure that complete thermalization of the ions
and the attainment of equilibrium with respect to clustering
had occurred.

The advent of high-pressure mass spectrometry
(HPMS) has been particularly valuable in quantitatively de-
termining the thermodynamic properties of ion clusters. The
first application and development of this technique specifi-
cally to determine the thermodynamics of clustering reac-
tions was made by Kebarle and co-workers.** In this tech-
nique, ions effuse from a high-pressure source (typically a
few Torr) through a small aperture into a mass filter where
the distribution of ion clusters is determined. Ionization may
be initiated by various methods including radioactive
sources, heated filaments, and electric discharges. The pres-
sure of the ion source is maintained sufficiently high such
that ions reside in a region of well-defined temperature for a
time adequate to ensure the attainment of equilibria among
the various ion cluster species of interest; but, at the same
time, the pressure must be low enough to avoid additional
clustering via adiabatic expansion as the gas exits the sam-
pling orifice.

Other variations of the theme include low field drift
tubes with sampling mass spectrometer (DTMS) and
pulsed ionization sources as in pulsed high-pressure mass
spectrometry (PHPMS) or stationary afterglow—mass spec-
trometry (SAMS). In pulsed ion sources, the kinetics (with
corrections for diffusional losses) and approach to equilibri-
um with increasing residence time of the ions in the high-
pressure source can be directly monitored. Thermodynamic
data can be obtained at lower source pressures in the pulsed
mode compared to continuous ionization modes. This is so
since the collection of data can be delayed for some time after
the pulse, thus avoiding those ions which exit the source with
insufficient residence time.

The flowing afterglow technique (FA:) developed by
Ferguson, Fehsenfeld, and Schmeltekopf® and other related
flow reactors such as the selected ion flow tube (SIFT)3¢
have provided a wealth of data on general ion-molecule reac-
tions®” and in the process several ion clusters have also been
studied. ‘

In the flowing afterglow apparatus, the ionization with,
for instance, a microwave discharge or electron gun, occurs
upstrcam dircctly in the carrier gas. The flow tube is general-
Iy about 1 m long and 8 cm in diameter. Flow velocities are
on the order of 10> m s~ and tube pressures are typically
around 1 Torr. While most of the gas is pumped away, a
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small fraction is sampled through an orifice where the ions
are mass identified and counted. Reactant gases are added
into the flow, so kinetic data and the approach to equilibrium
can be determined by varying the position of the reactant
injection, the flow rate of reactant into the tube, or the bulk
flow velocity. In comparison to PHPMS, the flow tube tech-
nique affords more versatility in making kinetic measure-
ments and identifying mechanisms, whereas high-pressure
mass spectrometry is more amenable to temperature control
and enables measurements at higher pressures where equi-
librium conditions can be more readily assured.

All the experimental techniques thus far described in-
volve extraction of ions from a relatively high pressure into
the high-vacuum region of a mass spectrometer. In these
methods, draw-out potentials must be kept small to avoid
cluster fragmentation. Additionally, Conway and Janik?*
pointed out:-that measurements made on larger clusters may
be slightly influenced by unimolecular decomposition of the
cluster ions following their exit from the high-pressure re-
gion. They specifically made estimates on the O, -nO, clus-
ter system. Sunner and Kebarle®® have also considered this
problem for the K*-nH,0O system.

Ion cyclotron resonance (ICR) experiments are typi-
cally performed at pressures of 103 Torr or less, so three-
body association reactions are not likely to achieve equilibri-
um during typical ion trapping time (on the order of 1 s).

Consequently, ICR data on ion clusters have been restricted

to measuring the free energy change of switching reactions
where the initial ion-molecule complex is formed by an
elimination reaction such as*

Li* + (CH,),CHCL—Li* (CH,CH = CH,) + HCL (5)

If a switching reaction involves an ion-molecule complex
whose AG® of association is known by some other technique,
then an absolute scale can be affixed to the ICR data. Enth-
alpy changes are estimated by calculating the entropy
changes of the switching reactions based on the translational
and rotational contributions.*®*! The latter requires some
assumption about the structure of the complex, but the re-
sult is not usually sensitive to the assumed structure. Also
the vibrational contribution to the entropy change of the
switching reaction is commonly assumed to be negligible.
Some systems for which relative values are available, but an
absolute scale is lacking, are n°C;H,Ni+ 4?2 A1+,43 Mn*+,4
Cu*,% Ni*,* FeBr*,*” Co*,*® and CH,Hg™,* largely
with organic ligands. Due to the low pressures in ICR ex-
periments, questions concerning the temperature of the ions
involved in the switching reactions are sometimes raised.
Photofragnientation (PF) and collision induced disso-
ciation (CID) involve measurement of the energy thresh-
olds of dissociation of ions and ion clusters in beams. Pho-
toionization (PI) and electron impact ionization (EI)
thresholds for clusters in neutral beams also have been used
to derive bond energies D, for ion clusters. The bond ener-
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gies can be derived from measurements of appearance poten-
tials if it is assumed that adiabatic values are obtained from
the measurements and if the bonding of the neutral precur-
sor is known or can be adequately estimated. The bonding of
ammonia to NH,;" has been derived from the photoioniza-
tion of ammonia clusters,”® where similar measurements
have been determined by Stephan ez al.>! using electron im-
pact ionization. The values differ significantly from those
derived by high-pressure mass spectrometric techniques in
the cases where ionization is followed by a spontaneous “in-
ternal” reaction such as NH;" (NH,;), —NH;" (NH;), _,
+ NH,. :
Other methods which have produced information on
the bonding in ion-molecule association complexes include
inversion of ionic mobility data (M) in rare gases which lead
to potential well-depths D,, scattering experiments (S),
emission spectroscopy (ES), reactive energy thresholds
(RET), and various drift tube experiments (DT). Arnold
and co-workers®>>* have made rough estimates of thermo-
dynamic quantities of several cluster ions found in the strato-
sphere based on balloon measurements of relative ion densi-
ties along with estimates of atmospheric temperature and
appropriate neutral concentrations. McDaniel and Vallee®*
measured halide-hydrogen halide bond energies by measur-
ing the heat of absorption of HX into a crystal MX, where
M was chosen to minimize the lattice energy of the crystal,
and assuming that this quantity was identical to the gas-
phase process X~ + HX—HX; .

5. Thermodynamic Data

Tables 1-9 represent a compilation of thermodynamic
data of ion-molecule association reactions as given by reac-
tion (1) for the neutral (L) and theion (I) for each addition
step n. The tabulations are hopefully complete through 1984
and also include some more recent data. All thermodynamic
values are expressed in the calorie system of units because
most of the literature covered employs these units. For com-
parison of ST units, note that 1 cal = 4.184 J. The tables are
arranged according to the clustering neutral species. Tables
1-3 compile data on the hydration of inorganic positive ions,
inorganic negative ions, and organic ions, respectively. In
Tables 1 and 2, atomic ions are listed first, then molecular
ions, and finally cluster ions. In Table 3, the organic ions are
ordered according to the number of carbon atoms followed
by the number of hydrogen atoms, nitrogen atoms, and oxy-
gen atoms. Cluster ions and negative organic ions are found
at the end of this table. Tables 4-7 give data for the rare
gases, diatomics, triatomics (except water), and inorganic
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polyatomics. Table 8 presents data on the association of or-
ganic species with gaseous ions. The organic species are or-
dered as in Table 3 by the number of carbon atoms and then
sequentially by the number of hydrogen, nitrogen, and oxy-
gen atoms. The ions are listed in order of inorganic positive
ions, organic positive ions (again ordered by number of car-
bon atoms except in the cases of cluster ions which immedi-
ately follow the listing for the unassociated ion), and nega-
tive ions. Table 9 includes data for organic systems where
more than just the first association reaction was reported.
Our survey has been largely confined to data obtained
by direct measurements of association or exchange reac-
tions. In general, we have not attempted to follow up on
values which may be derived through circuitous routes em-
ploying appearance potential measurements except where
the original authors have devoted their paper to cluster-ion
bonding. As an example, electron impact appearance poten-
tials exist for several metal carbonyls from which thermody-
namic data on the M*.nCO system could be derived. The
interested reader is referred to the recent compilation of ap-
pearance potentials by Levin and Lias.>® Also, in many cases
where data are given for AH"-B or A~-HB, the thermody-
namic values for BH'-A and B -HA, are not included al-
though they can be calculated if proton transfer (proton af-
finity) data are known. Such data are available in sources
such as Lias et al.,'® Taft,!* and Bartmess et al.>°
Thermodynamic data which are not directly measured
quantities are shown in parentheses (with the caveat men-
tioned in the experimental section for those based on meth-
ods involving direct ionization of neutral clusters). Values
annotated by an “s” indicate that the indirect measurement
is based on a simple switching reaction or, in the case for ICR
measurements, on a scale based on the indicated complex.
Those annotated by a “c” involved more indirect thermody-
namic cycles where an “s” indicates that measured switch-
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ing reactions were used in the cycle. Bracketed values are
entropy changes given in the cited references which have
been assumed or calculated (particularly for switching reac-
tions) from statistical mechanics and the enthalpy changes
are those derived from the entropy changes and measured
Gibbs free energy changes. Indirect measurements which
require proton affinity differences have been based on the
proton affinities of Lias e al.,'® except in studies where these
differences were measured directly during the same study.
The abbreviation for the experimental methods are given in -
the previous section. When several references are listed for
indirectly determined values, the experimental method
shown is that of the reference listed first. The subsequent
ones refer to the additional sources of the other thermody-
namic values which are required. In the cases where cycles
are used, it is assumed the measured reactions do not involve
different isomeric forms. One should note, however, that
Hiraoka and Kebarle,*” for instance, found evidence of two
isomeric forms of C,H;* from the association of H, with
C,H." depending on the temperature range of the reaction.

Enthalpy changes, bond dissociation energies, and po-
tential well-depths are all listed under the heading of
— AH" for convenience. The actual quantity reported de-
pends on the experimental method as described in the pre-
vious section. Many of the Gibbs energy changes, — AG”,
which are given for 298 or 300 K were not measured at that
temperature, but were extrapolated from-van’t Hoff plots.
The temperature range of nearly all the reported van’t Hoff
plots lies between 100 and 600 K.

As a general guide, the uncertainties of the values in
these tables are often reported to be in the range + (0.5 to
1.5) kcal/mol for enthalpy changes, + (2 to 4) cal/K mol
for entropy changes, and + (0.2 to 0.5) kcal/mol for free
energy changes. The interested reader should, however, con-
sult the specific references for reported uncertainties.

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986



1016 R. G. KEESEE AND A. W. CASTLEMAN, JR.
Table 1., Thermodynamic quantities for the gas—phase hydratiou of inorganic positive ions M"(Hzo)n_l + Hp0 » M"’(Hzo)n.
~8HY ) o (keal/mol) ~5321 ,n (cal/K mol)
Ref. Ion 1.2 3 4 5 6 7 8 I 2 3 4 5 6 7 8
28 Lt (34) 25.8 20.7 16.4 13.9 12.1 [23] 21.1 24,9 29.9 314 32.0
28 wat 24,0 19.8 15.8 13.8 12.3 10.7 21.5 22,2 21.9 25.0 28.1 26.0
58 ——- === 149 12.6 10.6 - —-  -==  20.8 23.7 24.9
59 —  --= === 13.6 11.6 - === - 2600 26.5
20 - === == 1206 —- == = 2200
297 26.5 22
60 Kt 17.9  16.1 13.2 11.8 10.7 10.0 21.6 24,2 23.0 24.7  25.2  25.7
61 16.9 19.9
30 — -
297 19.4 21.3
28 Rb* 15.9 13.6 12.2 11.2 10.5 2.2 22.2 24,0 24.8 25,7
297 16.0 20.1
28 cs* 13,7 12,5 1.2 10.6 19.4  22.2 23,7 25.4
62 1.9 1.3 9.7 4.3 16.6 16.6
63 agt 33.3  25.4 15.0 14.9 13,7 13.3 28.4 22,3 21.6 29.5 30.3 32.2
64 Bt 22,8 17.7 14.0 12.0 . 10.5 9.7 27.1° 25.5 24,4 23.5 22,7 23.6
63 cut —— — 16.4 16.7 14.0 — - 23.9 30.2 29.1
59 pb* 22.4 16,9 12,2 10.8 10.0 9.6 35.5 25.3 20.2 20.8 22.3 23.6
58 srt 34.5  30.5 25.7 22.3 20.6 18,3 17.3 16.4 31.1 28.1 28.6 28.2 30.5 30.5 34.4 37.6
297 srou* 29.9 21.5
297 caoH* 34.4 21.5
65 not 18,5 16.1 --—- 23.0  25.5 —-
66 — —_—
67 -— —
68 — —
69 —_ —-
297 22.7 23.9
70 H30" 1.6 19.5 17.5 ——- 24,3 21.7  27.3  -—
71 36 22.3 17 15.3 13 11.7  10.3 33.3 29 28.3  32.6 30.3 29.6 27
72 — - 17.9 12.7 11.6 10.7 —— === 284 2344 25,0 26.1
73 33 21 16 - 33.6 19.8 20.3 -—
74 - 20 16.2  14.8 — 31 26.7 31.7
75 7 13 16.8 12.9 8.5 -1 14 28 28 17
76 16,5 === == —e= 16.3 -—  -—= -
77 16.3 148 176 —- 17.2  16.9 30 -—
78 —— eem —== 12,7 114 —— === =—= 23,3 23,5
79 32 23 17 - e
69 — e e - eem —em e
80 — e e eee — e e e
81 — = e — e mem e
82 ——— = mem e — e == -
83 —— = mem - m— wm e e
68 —— mem mmm e —_— = e -
84 NAgt 17.3 167 1340 122 9.7 19.7 219 25.1  27.3 2244
85 19,9 (14.8) 12.2 10.8 10.6 {(9.1) (8.4) 23.1 [24.5] 21.2  23.0 27.0 [21.2] (23]
73 H3st 17.0 17.8
86,70,87 (21.2)€(20.3)¢ (24.5) (21.8)
88,70,13  HyCN* (27.6)¢ (23.8)
146 27.4 214 17.2 24.2  25.3  26.2
89 o0t >16 -
90 : 10 >36 -
91,19 Rco* (43.2)¢ -
85 —  (24.1) - [26]
93,85.19 PH* (13) -
94 Nat50 19.8 20.2
95,28 Natco, (20.7)6(17.4)¢(12.4)¢ {25.3) (23.6) ([23])
96,28,95 (22.9)¢ (25.6)
86,70,19  HyS*teH;S  (19.1)€ (21.8)
84 NHiteNH3  12.9 12,7 12.2 20.3  25.0 28.5
B4 NHytezNHy  12.4  11.7 26,6 27.8
84 NHyte3NH; 1.7 27.9
97,60 KteCgHg  (18.1)5(12.7)%(11.8)¢ (29.9) (21.4) (26.3)
97,60 Kte2cgHg  (13.7)5(12.2)¢ (26.1) (29.4)
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-469-1,n (T) (kcal/mol) (x)
Ion 1 2 3 4 5 6 7 8 T Method Comments
Lit (27.2) 18.9 13.3 7.5 4.5 2.5 298 HPMS (iaterpolated)
Nat 17.6 13.2 9.3 6.3 3.9 2.9 298 HPMS
— - 8.7 5.5 3.2 298 HPMS
—_— e e 5.9 3.7 298 HPMS
—— mmm - 6.0 ——- 298 HPMS
19.9 298 MS Flame Source (~1600 K)
x* 11.5 8.9 6.3 4.4 3.2 2.3 298 HPMS
11,0 ——— 298 HPMS
0.4 === 840£50 MS Knudsen Cell Source
13.0 298 MS Flame Source (~1600 X)
Rb* 9.6 7.0 5.0 3.8 2.8 298 HPMS
10.0 298 MS Flame Source (~1600 K)
cs* 7.9 5.9 4.2 3.0 298 HPMS
7.6 6.4 4.8 298 DTMS
Ag* 24.8 18.6 8.6 6.1 4.7 3.7 298 HPMS
Bt 14.7 10.0 6.6 5.0 3.6 2.6 298 HPMS
cut - ——— 9.3 7.7 5.3 298 HPMS
Pb¥ 11.6 9.3 6.2 4.6 3.3 2.5 298 HPMS
sct 25.2  22.1 17.1 13.8 11.5 9.2 7.0 5.1 298 HPMS
srout 23.3 290 M3 Flawe Source (1600 K)
caout 28.0 298 Ms Flame Source (~1600 K)
Not+ 11.6 8.5  5.4% 298,308 PHPMS
- 8.5 6.0 296 FA
-— 8.4 5.9 293 HPMS
—_— - 6.2 295 FA
(12.7)S 8.5 6.0 296 SAMS sNo*-NO
15.6 298 MS Flame Source (~1600 K)
nyo* 24.3  13.0 9.3 — 298 PHPMS
25 13.6 8.5 5.5 3.9 2.8 2.2 298 HPMS
—— ee- 9.5 " 5.6 4.1 3.0 298 PHPMS
22.9 15.1 9.9 -—- 300 PHPMS
--~  10.8 8.2 5.4 298 HPMS
7.7 9.3 8.4 4.8 3.4 300 HPMS
117 - - === 298 HPMS
1.2 9.7 8.6 - 298 HPMS
_— — — 5.7 4.35 300 HPMS Optimum of several values
- - - - —-— CI Deuterated
_— - 9.2 5.4 296 SAMS
—— - 9.4 5.3 298 FA
— e 8.3 5.0 307 PHPMS
—_— - 8.4 5.0 300 PHPMS
8.1 8.6 9.1 7.0 300 HPMS Optimum of several values
—— e —m 4.7 295 FA
NHg* 11.4 8.2 5.9 4.1 3.0 . 298 PHPMS .
13.0  4.6% 5.9 3.9 2.6  3.2%  2.80 298;414% HPMS 266; 9254
#3st 11.7 298 PHPMS
(14.2) (13.8) 300 HPMS CHy0/HS(s)+APA
HoCN* (20.5) 298 ICR CH30%-H0(s)+APA
20,2 13.9 9.4 298 HPMS
0,F — -— FA >09%-507
Hyot -—- -— PI
Heo* — 298 - CAHg+PA; cf. Ref. 92
- 9.0 582 HPMS
pH,t —— - ICR bracketed; see H30%-PH3
Na*tes0,  13.8 298 HPMS
Na*co; (13.2) (10.4) (5.5) 298 HPMS CH0/C0y
(15.3) 298 FA 150/COn
H3S*+HpS  (12.9) 300 PHPMS CHy0/HpS(s)+APA
NH,*oNH3 6.9 5.3 3.7 300 PHPMS [s-cf. Ref. 109]
NHg* e 2NH3 5.0 3.5 300 PHPMS [s~cf. Ref. 109]
NH,*+3NH3 3.4 300 PHPMS [s~cf. Ref. 109]
K*eCgHpg (9.3) (6.3) (3.9 298 HPMS Skt aCgHg—CoHg; CHp0/CgHg(s)
K*e2CgHg (5.9) (3.4) 298 HPMS

SK*20gHg~Cglg; Hp0/CeHp(s)
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Table 2. Thermodynamic quantities for the gas-phase hydration of inorganic negative ions M (H0)p-3 + Hy0 + M™(H0),

: —AHg_l,n (kcal/mol) ’Asngl,n (cal/K mol)
Ref. lon 1 2 3 4 5 6 1 2 3 4 5 6
98 F- 23.3  16.6 13.7 13.5 13.2 17.4 18,7  20.4  26.9% 30.7
99 — —
98 c1~ 13.1  12.7 11.7 11.1 16.5 20.8 23.2 25.8
100 16.9  12.6 11.5 10.9 19.7  20.5  22.4 24.8
330 14.7  13.0  11.8 19.7  21.4  22.3
101 _— _
99 — —
295,4 (14.4) {20.1]
297 14.8 20.1
98 Br~ 12.6  12.3 11.5 10.9 18.4 22,9 24,8  26.8
99 —_— —
297 14.8 19.8
98 i 10.2 - 9.8 9.4 16.3  19.0 21.3
100 1.1 9.9 9.3 19.3  20.3  21.0
99 — e
102 H- ~17 —
101,103 o0 (<30)¢ —
1m ou™ 22.5 16.4 15.1 14.2 14.1 19.1 19.3 24.8 29.5 33.2
104 25 17.9 20.8 21,2 ——-
105 34.5 23 18 R ——
101 -— —
102 22.1 ——
298 Y 18 —_— -
103 0y~ 18.4 17.2  15.4 == 20.1  25.1 28.2
99 — -l
106 — -—
101 -— —_
101 03~ — —
104 NOg™ 14.3 12,9 10,4 === 21 23.7  21.2
107 15.2  13.6 11.7 11.6 23.8  26.4 25.8 29.0
99 — ~—
108 — —_
101 -— —
104 NO3™ 12,4 === - 19.1
107 14.6 14.3 13.8 25.0  30.3 33.2
108 — -
101 — —
110 co3” 14.1  13.6 13.1 25.2  29.6 32.5
101 -— —
111 coy” ~14.6 ~10.6 -
101,103 -—
110 HCO3™ 15.7 14.9 13.6 13.4 24,1 29.1 30.2 33.3
104 CN™ 13.8 19.8
101 S03™ - -
101 504~ -— -
112 HSO4™ 11.9 19.8
149 P03~ 13.0 v 22.5
94 Cl™+S05 10.4 9.3 9.4 19.7
101 —
94 C17+2503 9.9 22.7
113 Cl-eHCl 10.5 9.6 18.7  20.4
113 Cl™+2HCL 7.6 15.2
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~5Gg-1,n (T) (kcal/mol) (x)
.JIon 1 2 3 4 5 6 T Method Comments
F~ 18.1 1l1.0 7.6 5.5 4.1% 298 HEMS * typographical error in ref.
— - it 6.1 4.7 298 HPMS
c1~ 8.2 6.5  4.8% 3.4 298 HPMS typographical error in ref.
9.0 6.5 4.8 3.5 298 HPMS
8.8 6.6 5.1 - 298 HPMS
8.2 6.7 4.9 - 296 FA
—_— -—- 5.4 4.0 3.0 298 HPMS
(8.4)8 298 ICR §C1™-t—C4HgOH
.8 298 MS Flame Source (~1600 K)
Br~ 7.0 5.5 4.1 2.9 298 HPMS
—-— 5.8 4.5 3.3 298 HPMS
8.9 298 MS Flame Source (~1600 K)
I~ 5.4 4.2 3.1 —— 298 HPMS
5.3 3.9 3.0 —-— 298 HPMS
5.6 4.3 3.4 2.25 298 HPMS
H™ - -— RET Deuterated-
0o~ - — FA Based on 07(H20)+H20 » OH™(H20)+0H
OH™ 16.9 10.7 7.7 5.4 4.2 298 HPMS Deuterated
18.8 11.6 - -—- 298 HPMS
—_— - — — — CIb Deuterated
-— -  -— 5. 298 FA
—— = e -— RET Deuterated
—— — CID
(O 12.4 9.7 7.0 3.4 298 HPMS
-— —-— 6.25 4.55 298 HPMS
-— 8.4 7.1 _— 300.5 SA-MS
—-—= - 5.3 -— 296 FA
03~ —-—= 6.2 4.5 296 FA
NOy™ 8.0 5.8 4.1 298 ) HPMS
8.1 5.8 4.0 3.0 298 HPMS
-— 6.2 4.6 3.5 298 HPMS
8. 5.8 300 SAMS
8.0 5.9 296 FA
NO3~ 6.7  —m— e 298 HPMS
7.1 5.3 3.9 298 HPMS
7.0 —-—= —-— 300 SAMS
6.8 5.0 246 FA
Co3™ 6.6 4.8 3.4 298 HPMS
6.7 4,3 —- 296 FA
co4~ — — — — HPMS
(7.7)¢ 296 FA €09~ in CO2/H0(s)
HCO3™ 8.5 6.2 4.6 3.5 298 HPMS
cN— 7.9 298 HPMS
503" 5.9 296 FA
504~ 5.1 1.6 296 FA
HS04~ 6.0 298 FA
P03~ 6.3 298 HPMS
C17+S0: 4.7 3.5 296 HPMS
z (5.5)¢ 296 FA CH0/502(s)
C17+2507 3.2 296 HPMS »
C17-HC1 4.9 3.5 298 HPMS Deuterated
cl7«2HC1 3.1 298 HPMS Deuterated
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Table 3. Thermodynamic quantities for the gas-phase hydration of organic ions.
-M(.';-l,n (kcal/mol) 'AS:-I,n (cal/K mol)

Ref. Formula Compound 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
91,19 cuzt cH3* (66.6)¢ (25)1 . —

85 -— 25.4 21,0 14,8  11.6 9.1 9.4 (8.9) —- 23.0  28.9  25.9 22,1 18,5 22,2 (22]
326 -— -— 19.8 14,1 116 9.8 8.9 — —- 27.3  25.1 23.0 20.7 20.2
115,70 cH3o* HpCORt (26.8)¢ (18.5)¢ (17.0)¢ (23.9) (22.0) (25.5)
85,(70,19) (27.7)¢ 215 17,6  12.9  1lL.1 9.5  10.0 (21.9) 27,0  25.5 23.2 22.6 20.8 25,7
88,70,19 (26.5)¢ (22.1) .
116,70,19 - —

117 CH30*  prot. formic (24.1) {26}

: acid

85 cugnot (HpNCHO)HY 21.2 14,0  11.8 9.7 9.9 27,2 22.8  21.0  20.2  25.6
260,19 cis* cig* (42.5)¢ (25.5)

-— CHg0* ChizOHy*+ — —

93,19 cHss*t CHasHy* (13.5) —

118 (16.9) {25]

119 CHgN* CH3NH3* 18,8 14,6 12,4 26,3 26,7 2644

85 16.8 14,6 12,3 103 (9.0)  (8.5) 21,8 24,2 24,1 22,0 |22.1) l21.2)
299,70,19 GHOzF3 GF3CU0H (28.3) 123.3)

120 CaHz0t Chizco* 24,6 33.1

121 — 21,9 -—_

85 — 20,1 17.8 129 10,8 (10.3) -— 21,0 26.4 " 23.2  20.4 [22.1]
299,70,19  GgHz0Fzt CRatHaoHat  (30.5) 123.8])

85 CoHg N CH3ONH* 24,8 17.5  15.6 1,2 10.4 1041 28,4 25.1 24,8 21,8 23.4  25.5
43(91,19) Cphst CH3CHa* (38.5)c 24 19,2 14,2 12,5 e 13.1 -— 26 28 26 26 - 28
326 — -— 18,7 13.4 11,3 9.7 — - 26.9 24,7 22,8 20.9

119 Gonsnr3t  cracmpnngt 21.1 17.3 14.2 30.0 29.9 9.2

85 CH50t CHaCHoH* 25.0 16,8  17.0 1.3 9.4 9.3 9.8 27,6  25.2  27.9  21.4 18.8 21,7  25.8
93,19 CoHsUFat  CFaHCHpOHp*  (25) -—

-— CaHsU*  prot. acetic == —

acid

85 CyHs0z*  (CHjocHO)HY 21,5 16,2 13.6 (11.0) 25.0 26,5 21.4  |21.6)

-— CaHgut CH3CHpOHpY  ——- -—

122 Caizo* (CH3) 200+ 22.6 15.3  13.8  10.2 26,5 26,3 25.4 19,0

85 26,0 29.0

93,19 CpHyst (CH3)psHt (12) —

18 1.4 25.4

-119 CaHyN* CH3CHgNH3* 17.5 14,7 13.2 25.9 29.7 30.8

85 CyHgh* (CHa )Nyt 15.0 13.5 1.3 1.5 9.4 (8.4) 22,9 .7 244 25.2 2.4 |21.2)
123 C3Hsu* CHyCHyCU* 23.7 35.1 '

92 - - b4 12,7 -—- -~ 24 2

326 C3ty* CH3jCHyCHy™ -— -— 17.9  13.0 1L 9.5 8.8 — -— 2603 26,4 22,9 20,7 20.8
77 Camgt (CHy) cnt 17.6 13.5 4.9 —- 27,7 127 21.5 -
91,19,124 (23.6)¢ === -_— -—= -—- - == == )

: —- - load 125 10.5 9.6 8.8 ~7.9 -— -—— 26,1 23.6 2.5 21,9  21.3 ~20
85 Cadzof (CH3)CoHt 20.5 13,6 12,7 10.3  10.3 26,0 23.2 219 20,2 23.5

118 cyupot CH3CHYOCH3 1.2 18.8

-=-  C3Hj0y* prot. propionic --- _—

acid

---  C3hgo* n-C3H70H™ -—- -

--=  CgHyo' 1-C3H70Hy* - -

300 C3HySn* (CH3)3snt (25.7) 127.6)

85 eyt nCyHpNHs 15.1 1.6 10.3 LY 2.5 21.1 23.1 24.5

12585 CypoNt  (CH3)3NHt 14.5 1.4 10,0 (8.4) 241 24,8 24,9 [21.6)

118 C4hz0* turank? 20.8 43.4

118 C4y0z* (CH3COOCH=CHIH*  (19.2) {28.5§

114 CyHg* (CH3)3c* 11.2 — 17.7 14 22 — 29 28.7
91,19,124 (10.6)¢ -_

117 Cyigot c=C4HgoH* 21.8 28.8

117 Cytgup* 1, 4-dioxaned® 20.9 25.8
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~869-1,n (T) (kcal/mol)

Pormula Compound 1 2 3 4 5 6 7 8 T(K) Method Comments
CHy* cHg* — 298 ~— CaHg's+PA; linterpolated; see Ref. 114
-— 18.5 12,4 7.1 5.0 3.6 2.8 3.0* 298, *269  HPMS
-— -— 1.7 6.6 4.7 3.6 2.9 298 HPMS
cuzot HyCoHY (19.7) (11.9) (9.4) 298 FA CH30%-Hp0/HyC0(s)
(21.2) 13.4 10.0 6.0 44 3.3 2.3 298 HPMS CH30%~Hp0+APA
(19.9) 298 ICR CH30%-Hp0+APA
(20.0)¢ (1L.7)¢  (9.2)¢ 299 FA CHy0%-Hy0/RC0(s)
- cH30p*  prot. formic 9.0 582 HPMS
aci
CH4NoY (HpNCHO)HY  13.1 7.2 5.5 3.7 2.3 298 HEMS
cHs* CHs* (34.9) 298 — CH30%=CH, +APA
CHs0* CH30Hp* — -— — see CHz*
CHgs* CH3SHp* — -—- ICR bracketed (+2 kcal)
5.2 467 HPMS
CHgN' CH3NH3* 11.0 6.7 4.5 298 PHPMS
10.3 7.4 3.7 3.5% 3.1% 208 HPME %269, %259
C2HO2F3 CF3CO0H (21.4)¢ 309 ICR CH30%-Hp0+APA
CoH30* CH3CO* 14.7 298 HEMS converts to CH3C(OH)2*
- N — HPMS from Figure; quoted in Ref. 93
-— 13.8 9.9 6.0 4,7 4.1 298,%280  HEMS
CoH30F3*  CF3CHpOHp*  (23.4)C 298 ICR CH30%-Hp0+APA
ColigN* CH3CNHY 16.3 10.0 8.2 4.7 3.4 2.5 298 HPMS
CoHst cHacHyt -— 16.3 10.9 6.5 48— 4.8 298 HPMS CoHg's + PA (cf. Ref. 114)
— — 10.7 6.0 4.5 3.5 298 HPMS
CyHsNF3*  CFjCHpNHzb  12.1 8.4 5.5 298 PHPMS
Catis0* CH3CHOHY 16.8 9.3 8.7 4.9 3.8 2.8 2.1 298 HPMS
CyH50Fp* CFyHCHpOHy* —-— -— ICR bracketed (¥ 2 kcal)
Cal50;%  prot. acetic -~ - -_ see CH3CO%
. acid
CaH50+ (cazocuo)dt  14.0 8.3 7.2 3.8 258,%334 HPMS
coHyot CH3CHpOHp+  —- — — see CyHst
t+ E “ it 300 PHPMS
C,B.0 (cH,) 0 14.6 7.5 6.2 4.5 208 S
15.4
CaHzst (CH3)asit — — ICR bracketed (* 2 kcal)
6.8 298 HPMS
CoHgN* CH3CHpNH3* 9.8 5.8 4.0 298 PHPMS
CaHgN* (CH3)NH* 8.2 6.1 4.0 3.0 2.1 3.0* 298,%255  HPMS
C3H50% cHzCHpcOt  13.2 298 PHPMS
— — 9.2 5.4 298 PHPHS
Caiz* CH3CHCHpY —— - 10.1 5.7 4.2 3.3 2.6 298 HEMS
et (cHz)pcHt 9.2 9.7 P R— 300 HEMS
37 — —_ — — 298 -— CAHgrg + PA (as in Ref. 114)
-— -— 9.2 5.5 4.1 3.1 2.5 1.9
c3Hz70% (CH3)zCoHY  12.8 6.7 6.2 4.3 3.3 298 HPMS
c3hzot CH3CH'OCH3 5.6 298 HPMS
C3H70,% prot. propionic —- — —— see C3H50%
acid
C3Hgo* n-C3HyoHy* -—- - —-— see C3Hz*
C3Hgot i-C3HyoHp*  ~—- -— -— see C3Hy*
C3HgSn* (CHz)asnt  ((11.2)8 525 PHPMS §(CH3)35n*-CH30H
C3HoN* nC3tizNHzt 8.7 5.3 3.4 2.5 298 HPMS
C3HIoN*  (CH3)3NHY 7.3 4.0 2.6 3.0% 298,%256  HPMS
CiHs0t furani® 7.9 298 HPMS
C4H702* (CH3COOCH=CH)H* 5.4 492 HPMS
C4gt (ch3)3ct 4.6 — 9.1 5.4 298 PHPMS .
—_— 298 — CAHgt1g + PA (as in Ref. 114)
c4Hgo* c-C4Hgon* 13.2 298 HPMS tetrahydrofurani*
C4Hg0t  1,4-dioxanen™ 13.2 298 HPMS

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986



1022

Table 3. (contiaued)
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Thermodynamic quantities for the gas-phase hydration of organic ions.

'Aﬂg—l,n (keal/mol)

~85g-1,n (cal/K mol)

Ref. Formula Compound 1 2 3 4 5 1 2 3 4 5
118 C4HgOy* H(CH3COOCHCH3)  20.3 28.5
85  C4HzgNo* CH3(N(CH3)2)COHY  16.5 12,3 9.3 (3.0) 26.3 2604 19.2  121.6)
118 cgHjyo*  (Cuy)zout(ociy) 10.8 23.3
~-=  C4H;0*  (CH3)acoHz* -— b
117 C4ty10*  (CH3CHyp)o0H" 20.9 30.0
117 C4Hyy0p% CHzOH*(CHp)p0CH3  15.1 21.3
326 ChHyoNt N(CH3)4* 9.0 (9.4) 21.5  t22]
121 CsHsNC1* 4-ClpyridineH* -— bt
121 CsHsNp0z¥4-NOgpyridinedt — ——- -—
120 CsHgN* pyridinedt 15,0 9.6 8.3 25.5  19.6  19.6
125 16.1 27.0
126 CsHgNog* prolinedt 18,9 36.8
85  Cshgot (e~C3Hs)(CH3)COHY18.2 1.8 10.2  (10.0) (9.7) 26.8  20.8  19.3 [21.6} [22.1)
117 Gshyio* c-CsHyOHt  19.5 ‘ 25.2
126 CsHyaNog* valinet* 19.3 36.3
117 CsH)30p%  CH30H*(CHp)30CH3 (9) 122)
121 CgHsNp*  4-CNpyridiaeHt  16.0 10.4 8.9 8.2 25,7 20,2 20.2  19.7
121 CgHsNa*  3-CNpyridimewt — -—- -—
127 CoHeNO3*t  o-NOgphenoid* — —
127 CoHpNO3*  w-NO2phenolht —_— —
127 ColighOat  p-NOzphenolnt — —
127 CgHguCit  o-Clphenoidt — —
127 Cptip0GL*  w-Clphenovln - —
127 CeHpOCLt  p~Clphenolh® -— —
93,70,1% CoHz* benzeneht <17) —
128 CeH7NF*  m-Fanilinedt  (14.8) 122)
128 CeHyNCL*  m-ClanilineN* (14.¥) 122]
127 CoHy0y*  o-OHphenolht — —
127 CgHy03*t  m-OtphenolHt ——— —
127 CgHyop* p-OHphenolk+ — ——
121 CegN*  4-CHjpyridineHt 14,7 26.6
128 Cgligh* anilinedt (15.1) 122)
121 CpHgNO™  4=CH3OpyridineH™ -—- -—
128 CyHgNO*  m-OHanilineWt  (12.5) 1221
128 CgHgNa* o-NHpanilineH*  (13.9) 221
128 CoHgN,* m-NWpanilineWt { 9.9) {22]
128 CgHgNp* p-NHpanilineWwt  (14.7) [22]
117 CgHp10¥  (c=C3Hg)p0H* 16.6 26.0
129 CgH)aNO3* (CH3CONHCH(CHy)- 13.0 12.4 9.5 21,2 26.0  2L.5
COpCH3 ) HY
117 CgHpsot (n-C3Hy)0H* 21.3 33.8
117 CgHps50* . (1-C3lz)pout 17.8 29.4
1R O Hy et {nufgHo) paurt 12,2 25.7
125  CgHpgN*  (CH3CHyp)gNH* 13.2 27.3
123;121  CyHs0* [ 25.8 18.7* 42.9
127  CyHgNo*  p-CNphenolu* -—— ——
128 CpHsNF3* m-CFanilineH*  (16.1) [22]
128 CyHynp* m-CNanilineH* (17.3) 122]
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—Ac:-l,., (1) (kcal/mol)

Foraula Compound 1 2 3 & 5 6 7 8 (K) Method Comments
C4ligoy*  H*(CH3COOCHCH3) 11.8 298 HPMS prot. ethyl acetate
C4HjoNO* CH3(N(CH3)2)CoM* 8.7 4.4 3.6 3.2* 298,%268  HEMS
C4H300%  (CHy)2CHY(OCH3) 3.9 298 HPMS
C4H130%  (CH3)acomp* — -— -_— see (CH3)3C*
C4H130%  (CHjCHp)0H* 12.0 298 HPHS
C4H1105" CHyOH*(CHp)20CH; 8.8 298 HPHS
C4Hy Nt N(CH3) 4t To26 3.6* 298,%25%  HPMS
CsHsNCLY 4-ClpyridineH* 4.9 400 PHPMS
CsHsNp02+4~N0zpyridinelt 5.9 400 PHPMS
CsHgN* pyridinent 4.8. 1.8 0.5 400 PHPNS
5.3 400 PHPMS
CsHghog* prolinekt  11.9 300 HEPHS
Cstg0" (c=C3Hs) (CH3)COH*10.2 5.6 bl 4.0%  3.5% 298,%284 HPMS #281
CsHpyot c-CsHygort 12,0 298 HPMS
CSHIZN°Z+ valinen* 8.4 300 HPMS
C3Hy302t  cHgomt(Chzdyocu; 1.9 324 upHe
Cotishp*  4-CNpyridinedt 5.7 2.3 0.8 0.4 400 PHPMS
CglisNz*t  3~CNpyridined* 6.0 400 PHPMS
CgHgNO3*  0=NOpphenolit 6.7 427 PHPMS
CgHgNO3*  wm-NOzphenmolr* 8.1 427 PHPMS
CgHghO3*  p-NOzphenold* 6.8 427 PHPMS
CeHg0Cl*  o-Clphenoli* 2.9 436 PHPMS
CeHg0C1*  m-Clphenolnt 4.8 443 PHPMS
CeliguCl*  p—Clphenoldt 6.2 453 PHPMS
Colizt benzenelt — -— ICR from H30*-Celg < H3ot-Hz0
CgH7NF*  w-Fanilineit 5.3 433 PHPMS
CglyNC1*  w-ClanilineHt 5.3 433 PHPMS
CgH702*  o-OHphenolnt 2.9 454 PHPMS
CgHy02*  m~OHphenolit 4.5 454 PHPMS
CgH702*  p~Oliphenolit 4.4 454 PHPMS
CHgN*  4=CHjpyridinet® 4.1 400 PHPMS
Celgh* anilinel™ 5.6 433 PHPMS
CglgNO* 4~CH30pyridinent 3.4 400 PHPMS
CgHgNO*  o-OHanilineHt 3.0 433 PHPMS
CgligNo* * o-NHyanilinei* bob 433 PHMPS
CglgNp* m-NHyanilineH* 0.4 433 PHPNS ring protonated
CeHgNa* p-NHpanilineHt 5.2 433 PHMPS
CgHp10*  (c-Cayls) oHt 8.9 298 HPMS
GgHy ozt (ggg;:;xg(cu;;)- 6.7 47 3el 298 HPMS N-acetyl alanine methyl ester
Celis0*  (n-C3Hy),0HF 11,2 298 HPMS
Cellys0*  (1-Caiz) 0mt 9.0 298 HPMS
CgHysSt  (n-C3Hp)pSHY 4.5 298 HEMS
CgHigN*  (CH3CHp)3NH* 5.1 298 PRMPS
CyHso* CgHsCot 13.0 298 PHMPS *from Figure in Ref. 121
C7HgNO*  p-CNphenolwt 7.7 426 PHMPS
C7U7RF3* m-CFyanilineH* 6.6 433 PHPMS
7iNz*  weCNanilfaeR* 7.8 433 PHPMS
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Table 3. (continued) Thermodynamic quantities for the gas-phase hydration of organic fons.
Aol
~Aln-1,n (keal/mol) ey
Ref, Formula Compound 1 2 3 ’ 4 Sa-l,n (cal/k mol)
1 2 3 4 5
-— C7H702%  prot. benzoic -— —
acid
127 cyHzozt  prot. o-OH — —
benzoic acid
127 cjyHgo*  o-CHjphenold® —— -—
127  CyHgO* m~CHzphenold" -— —_
127 cyHgot p-CH3phenolH —— .
125  CyHpoN* 2,6(CH3)2
pyridinelt 13.2 25.9
128 C7ljoN*  w-CHjanilineHt  (13.5) 122}
128 C7HpgNOt w-CH3OanilineHt (10.3) {221
128 CyMjoNS* m-CH3Sanilinedt (10.6) 1221
121 CyHpaNz* 4~(CH3)2N 12,0 24.8
pyridineHt N
85  CyHy10%  (c~CaHs)CoH" 16.5 11.2 8.9 (9.1) 24.0 22.3 7.1 [21.6]
74 C7H350p+ HP(t-CsH3j00CCH3) 13.8 12
85 Cghgo*  (CgHs)(CH3)COH®  19.5 12,7 (12.1)  (9.1) 29.1  21.1  122] [21.6)
127 cghy ot o-Calsphenoly*  —=- _—
127  CgHpjo*t m-Colisphemoli®  —- -—
127 cgyj0f  p-CoHsphenolWt  —— -—
125 CgHyoN* 2-1-C3Hy 14.2 28.8
pyridinedt
128 CgHpoNt mCpHsanilinedt  (13.2) [22}
130 CcghiponN* CpHsN(CHy )it 10.9 21
324 CgHpoN* N(CaHs)4* (7.0) {20)
74 Coliy 307+  HY(CglisCHz00CCH3) 13.7 12
129 CgHpaNo*  (CeHs)(N(CH3)2)
con* .1 26.3
125 CoHysN* 2,e(c2n5)g 113) (28.6)
pyridinel
125 CoHyu® 2-t=CyHy
pyridineut 14.2 30.8
125  CuMgoN*  (n—Cyhy)ane* 12,5 30.2
301 CyoHpy0s* 15-crown=5 21.6 3.0
ether¥
125 CpMpsNt  2,6(1-C3H7)2 12.8 32.1
pyridineHt
301 CpoHps0pt  18-crown-—6- 26.4 ETS
etherh*
117 CygHyzo* (n-Cghy3)goHt 8.2 31.8
125  CpoHggN* (n=Cq4Hg)3Ne¥ 13.6 36.4
125 Cp3HzoN* 2,6(t=C4lig)2 12.5 41
pyridine®
118,(131) CtizOHo ™« CH30H ——— — 1.2 10.4 — - 23.0  23.5 {22]
118,(131) CH30Hp*e2CHAOH == 11.8 9.2 (9.3) — 25.5 20.2 |22}
118 CHyoHp*+3CH30H  12.1 8.6 (9.1) 27.0  19.0 (22}
118 CH3OH* < 4CH30H 10,0 23.8
118 CH3CNHY » CH3CR 15.9 153 W3 (8.7) 26,6  25.2 223 (22.1]
118 CH3CNH™» 2CH3CN _— 9.7 —_ i22)
122 (CH3)20H*s 16.3 13.6  1Lb 38.8 24,6 26,8
(CH3) 20
192,(131) (CHa)90H"> (23.0)¢  1L.4 (37.8)  30.3
2(CH3)20
302,132 Ciiz0™ (19.9) —- -— 122] - ot
132,104 -— --- - - -
132,104,302,11  CH30™«CH30H. — -
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~8GR-1,n (T) (keal/mol)

Formula Compound 1 2 3 4 5 T(K) Method Comments
C7H702*  prot. benzoic -— ~—— -~ see C7H50"
acid
Cyi703*  prot. o-OH 5.5 452 PHPMS
benzoic acid
C7Hg0*t  o-CHgphenoldt 4.4 447 PHPMS
Cytg0*  w-CHiphenoldt 4.2 454 PHPMS
CyHgO™ p-CHyphenoll* 4.6 447 PHPMS
cyH Nt 2,6(CH3)2 5.5 298 PHPMS
pyridinett
C7HjoNt  m-CHjanilined* 4.0 433 PHPMS ring to N protonation on hydration
CyHjoNOt m—CH;OanilineH"’ 0.8 433 PHPMS ting protonated
C7HygNs*  m~CH3SanilineH' 1.1 433 PHPMS ring to N protonation on hydration’
CyHyNg* 4~(CH3)oN 2.1 400 PHPMS
pyridinett
Cyiyp0*  (c-CaHs)acom*t 8.5 3.9 3.8 3.3* 298,%269  HPMS
C7Hy502% H*(t~CsH}100CCH3)10 298 HPMS prot. t-amyl acetate
Cghgo*  (CgHs)(CH3)COHY 9.3 4.6 3.9%  3.0% 298,%375  HPMS #284
CgHy10%  o-CylisphenolH® 3.6 455 PHPMS
Cghy30*  m-CHsphenold’ 3.9 453 PHPMS
CgHy 0t  p-CoHsphenold’ 4.2 455 PHPMS
tghypgnt 2-1-C3H7 5.6 298 PHMPE
pyridinedt
CgHioNt m-CyHsanilinedt 3.7 433 PHMPS ring to N protonation on hydration
CghyaN* CgHsN(CH3)2HY 4.6 298 -—
CcgHaon* N(CaHis)4t 2.4 233 HPMS
Cgt}10,%  HY(CoH5CHR00CCH3)10 298 HPMS prot. benzyl acetate
CglyoNO*  (CoHs)(N(CH3)2) 7.3 298 HPMS
con*
Cgliy 4N* z,s(czns)g 2.3 394 PHPMS
pyridineH’
Coty4N* 2-t=C4ty 5.0 298 PHPMS
pyridinet
Coligp*  (n=CaHz)at* 3.5 298 PHPMS
CygH2105% 1S-crowa—5 11.8 298 HPMS
etherHt
CyjHigNt  2,6(i-Calz)z 3.2 298 PHPMS
pyridineHt
C1aH350* 18-crown-6- 16,1 298 HPMS
etherh*
C1oHp70*  (n-CoHy3)p0Ht 8.7 298 HPMS
Crgtiggi™  (n- Cylly) yrurt 2.8 298 PHPMS
CyaHigpNt  2,6(t=C4Hg)z 0.3 298 PRPMS
pyridinet*
CH3OHz*+CH30B  (7.3)¢  (2.4)¢ 0.8  -0.2 3.5* 452,%269  HPMS © gr-CH30H/H0
CH3OHpT+2CH30H  (3.1)¢ 0.3 0.1 3.3 452z,%274  nrms © W*-CH3UH/H2U
CH30Hp*<3CH30H 4.0 2.9 3a* 300,*274  HPMS
CH30Hz*+4CHA0H 2.9 300 HPMS
cHyoNut-CHyCN 8.5 7.7 3.6 2.0% 200,%318  upMs
CH3CNHY+2CH3CN  —— 2.8 316 HPHS
(CH3)20H*e “4.7) 6.3 3.6 300 PHPMS
(CH3)20
(CH3) 200"+ (11.7) 2.4 300 PHPMS cyt-(Ch3)20/H20
2(CH3)20
CH30™ (13.3)¢  (8.3)¢ _— 296 HPMS COH™-H0/CH30H(s)
— — (6.7)¢ 296 FA COH™-Hp0/CH30H(s)
CH30™+CH30H (8.3)¢ 296 FA COH™-HZ0/CH30H(s)
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Table 4. Thermodynamic quantities for the gas-phase association of the rare gases to ions.

(kcal/wol) (cal/K mol) (kcal/mol)
0 0
-MHplm -ASa-1,n ~8Gp-1,n (D) ©
Ref. Neut. Ion 1 2 3 1 2 3 1 2 3 T Method Comments
150 He Het 5445 — —_ — ES
151 58.8 — — -— s
152 — 4.2% —-— =  =1l.6 300 T #corrected for neglect of In T term
153 —_— -— - =19 300 SAMS
154 —_— = - —_— - - — 0.6 77 DIMS
150 Net 16.0 -— — — ES
150 art 0.60 — —_ — ES
155 23 — — -3.7 309% DTMS *low E/N
156 3.16 — M
304 1,09 . M
305 1.71 — M
306 1.69 — M
307 1.64 — s
156 Na* 1.38 — D - — M
304 0.93 — M
306 0.79 — M
307 1.19 — s
156 K+t 0.53 —_ — — M
308 0.57 —_ M
306 0.53 — M
307 0.58 —_ s
304 cst 0.32 — — — M
307 0.36 -— s
150 Ne Net 31.4 — -— -— PI
151 30.0 — H
150 ArT 1.8 -— — —_— PL
150 ket 1.27 — — — PI
150 Xet 0.95 — — _— PI
156 it 3.34 — — — M
306 2.864 S
307 2:63 s .
156 Na* 1.45 —_ — —_ M
306 1.52 —_ M
307 1.76 — s
156 Ne K+ 0.95 — M
308 (cont'd) 0.99 — M
306 0.92 M
307 1.09 s
156 Rb* 0.78 — M
306 0.77 M
156 cst 0.65 — M
307 0.56 s
157 ar Art 2848 —— L — -— s
158;23;159 (27.8)5 S.1 ===  (12.8) 20.5 ~—-  (24.0) 3.5 2.0 (298);77 PHPMS SNp*-Ar+4(1P)
28.4 —— P1 cf. Refs. therein
150 29.3 — PI
161 30.7 — PF
151 30.9 — s
150 ket 12.2 -— — — PI
162 13.6 — PIL
150 Xet 4.1 -— - — PI
162 3.2 — PI
163 6.0 19.4 0.2 298 SIFT
lo4 bt 4.1 ~7 2.6 215 DTMS
165 — 1.9 319* DTHS *low E/N
156 12.7 — — "
305, 6446 - — "
307 7.22 —_ —_— s
164 Nat el — — — DIMS
156 4,87 — M
306 4,39 . — ¥
307 3.7¢ — s
156 Kt 2.74 — — _— M
304 2.79 — M
309 3.16 -— M
308 2.63 — M
305 1.97 . — [
306 2.94 — M
307 2.87 — s
150 RbY .84 — me— — M
305 2.03 — "
306 1.98 — u
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Table 4. (continued) Thermodynamic quantities for the gas-phase association of the rare gases to ions.

(kcal/mol) (cal/K mol) (keal/mol)
0 0

‘A“gd.,n ~ASp-1,n ~86p-1,n (T) (K)
Ref. Neut. Ion 1 2 3 1 2 3 1 2 3 T Method Comments
156 Ar cs*  2.28 — — — M
305 {cont'd) 1.95 J— M
306 1.96 — M
307 1.46 — s
323 gt 5.3 — -— —— PL
158 Nt (25.4)8 (13.7) (21.3) 298 PHPMS BNa¥-N,
166 cop* 6.0 — -— -— PI
305 Br™ 1,36 — — — M
150 Kr Krt 26.5 —_ -— — PL
160 26.5 -— PIL cf. Refs, therein
167 26.3 — PF
151 27,9 — s
150 et 8.9 JR—— —_ rr
162 8.5 — PI
156 it 16.4 - — -— M
306 9.2 — M
307 10.6 — s
104 Na* 5.8 18.5 1.6 225 DTMS
156 6.57 —— M
306 5.08 — M
307 4.864 — s
156 Kt 3.71 — — -— M
305 3.21 —_ »
306 2.94 - M
307 2.89 — s
156 RbY 3.34 —_ -— -— M
305 2.64 . —_ M
306 2,67 — M
156 cst 3.07 -— -— M
305 2.79 M
306 2.72 -— M
307 2.33 — s
310 ot 7.6 — —_ — PF
305 Br™ 2.01 — — — %
157 Xe Xet 22.4 - —_ — s
168 —_— 6.75% -— 18.7% -_— 1.2 298 DIMS #corrected for 2aT term
169 22.8 — PI
170 23.8 — PI
151 22.8 — s
156 Lt 20.8 -— — _— M
306 12.6 — M
307 12.3 — s
156 Na* 9.52 — — — M
306 5.94 -— M
307 5.97 — s
156 K+ 5.33 - M
305 4.31 ——— M
306 4.84 _— M
307 3.78 -— s
156 rb* 3.62 J— — o "
305 2,84 —— M
306 4426 -— M
156 cst 3.55 -_ _ — M
304 2.44 — M
305 2.51 -— M
306 2.62 — M
307 2.75 —_— s
m F 6.5 o — s
172 cr- 3.1 —_ — — M
305 311 — -— —- M
305 Br™ 3.35 —_— — — M
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Table 5. Thermodynamic quantities for the gas-phase association of diatomics to ions.
—Aﬂg_l,n (kcal/mol) —AS:.]_,,, (cal/K mol)
Ref. Neut. Ion 1 2 3 4 5 1 2 3 4 5
173 Hy H3* 9.6 4.1 3.8 2.4 24,6 19.8 20.2  19.3
174 9.7 1.8 25.5 10.8
175 5.1 9.6
176 5.8 12.5
177 8.6% 23.5%
178 S 6.6 3.1 14.5  16.9
179 5.6 11.5
178 7.1 3.4 17.0  16.1
180 HNp 7.2 1.8 22,6 17
180 HOp 12,5 22
180 H(02) 2% 4.0 17
181 HCot 3.9 20.5
182 Lit 6.5 —
91,19 cHzt (44.4)¢ -
57 CoHst 4.0 TK140 K 19.6
11,8 T>170 K 25
57 i-c3tyt  (<2.5) [20]
102 OH™ ~7 —
183 Ny Nt 60 —
184 59 —
91 59.4 —_—
91 ot 55.3 _—
185 Lit - -—
186 Nat - —
96 8.0 5.3 18.6 18
186 Kt -— —
187 catloNg  —-e — -— _— -— — — —— — -—
188 Nt 22.8 19.5
158 2.4 16.2
189 20.1 11
190 11.5 -1
191 20.8 —
22 ot 5.69 18.9
192 5.2 4.3 3.5 15.8 13.8 12.1
193 — -
194 o5t 2.94 —- 0.1 —
21 Not 5.16 18.9
195 4,45% 15.7%
192 4. 3,9 === e 13.3 12,6 ——= ===
196 — -
180 uNpt 16,0 4.0 3.8 3.5 (3.2) 24 18 20 20 [20}
197 14,5 20.4
198 HaCNt 7.6 5.1 3.2 3.1 3.2 22,2 19.9 13.1 13.8 15.2
19,180 w3t (24.1)¢ (24.3)
199 CHs™ 6.8 19.7
199 CaHs 6.9 4.6 18.2 10.9
200 0y of 48 6.9 0.9 - == =
201 49,9 -
202 42.9 -
203 og* 9.5 20
24 g 10.8  6.87 2,54 2.46 1.84 25.0 31.8 19.8 23.9 17.0
204 Ye0 20.6
20U 9.7 -
205 6.0 -
206 — -
207 -— -
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AGg_l,n (T) (keal/mol)

Method

Neut. Ion 1 2 3 4 5 T (K) Comments
Hy H3t 2.3 -1.8 -2.3 -3.4 300 PHPMS
2.0 -l.4 300 HPMS
2.2 300 HPMS
T 2.1 300 DT
1.6 300 DTIMS *corrected for neglect of £nT term
2.2 -2.0 300 HPMS
2.2 300 HPMS deuterated
2.0 -l.4 300 HPMS deuterated
HNg* 0.4 -3.3 298 PHPMS
HOpt 6.0 298 PHPMS
H(02)pt -1.1 298 PNPMS
HCot -2.3 300 PHPMS
Lt . —_ EI (+4.6 kcal/mol)
cHz* _— 298 -— from AHf+PA's; cf. Ref. 57
CaHs™ 1.3 140 HPMS
7.3 180
i-C3Hyt <0.9 170 HPMS
OH™ - - RET
N2 Nt - i EI
— -— EI
-== 298 —— AHg's
ot — 0 - AHg's + IP (N20)
Lit 5.6 4.4 318* DTMS *low E/N
Nat 1.95 310* DTMS *low E/N
2.2 -0.3 310 FA )
Kt 1.0 310* DTMS *Low E/N
CatleNy —==  mem e e 4.6 296 FA
Np* 17.1 298 HPMS
19.6 298 PHPMS
16.8 298 DTMS
11.8 298 DT
— — PI
0yt 0.1 296 PHPMS
. 0.5 0.2 -0.1 0.7%  0.7% 296,%184 HPMS #204
0.0 296 FA
o4t 0.6 0.5 230 HPMS
No* 1.3 204 PHPMS
1.25 204 DIMS Feorrected for neglect of In T term
1.7 1.3 0.9 0.4 204 HPMS
~0.5 200 FA
Nt 8.8 =14 2.2 1.35% 298,%92  pupns
8.4 298 PHPMS
HaCN' 0.9 -0.9 0.7 -1.0 -l.4 300 HPMS
H3t  (16.8) 298 — CHNp*-Hy + APA
cust 0.9 298 HPMS
Cols 1.5 1.3 298 HPUS n=2, deuterated
L -— PI
— —_— PF
— _— PF
ot 3.5 298 PHPMS
3.36  2.60 -3.36 -4.66 -3.23 298 PHPMS
3.5 298 PHPMS
-— -— PI
- -~ PI
3.3 -— DTMS
3.8 300 DTMS
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Table 5. (continued) Thermodynamic quantities for the gas-phase association of diatomics to ions.

-Aﬂg_l’n (kcal/mol) "Asg—l,n (cal/K mol)

Ref. Neut. Ion 1 2 3 4 5 1 2 3 4 5

193 02 02"’ - —

89 (count'd) _— —

196 Not — .

180 HOp™ 20,0 6.6 (3.2) 27 22 [20]

180 ¥ (12.5)¢(11.5)¢ (19.6) (22)

155 Lt -— —_—

208 Nat —— —

187 cat —— —_

187 cat2 ——— —

291 o~ (<32)¢ _—

209 42 —

210 38 .

211 (39.0)¢ —

212 0™ 13.55 32 '

213 —_ hatl

214 co cot 28 : —

215 . — -

197 (>25.4) {20

191 22.4 —

180 _ Heot 12.8. . 6.6 6.3 6.2 5.8 24 24 26 29 32

197 1.7 20.9

216 10.8 22,5
19,181 Hyt (4h.5)¢ @3.3)

27 Na* 12.6 7.5 2004 15.1

191 NO  Not 13.8 7.4 3.7 3.5 2.3 -—

218 13.6 _—

69 — -

219 HF  HpF* 25 14.8 —
41,98 F~ (38.5) (21.9)
295,4 c1- (21.8) ° [22.5]

21Y Hcl Helt 20 -

96 Na* 12.2 20.4

332 Celgt 7.3 —

‘ 23. 26.7

220 c1~ 23,7 15.2 11.7 10.3 (ﬁ.g) 26,4 23.4
113,100 (20.4)° (22-9)
295,4 (23.1)

. 20.9

113,(220) Cl™sH20 16,0 (12.3)€ 21.8 ( )
113,100 C1™+2Hp0 (13.0)¢ (21.7)

112 HSO04™ (15.7)8 (15.1)

221 1~ 14.2 22,7

219 HBr HBrt 23 —

222 Br~ (>17.5)¢ {22]

222 NOo3™e  (16.0)8 (22.9)

HNO3
222 No3~  (>21)8 [23]
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86p-1,n (T) (kcal/mol)

Neut. Ion 1 2 3 4 5 T (K) Method Comments
0y Oyt 3.4 296 FA
(cont'd) 5.9 200 FA
Not  <=0.4 200 FA
Hop* 12,0 0.0 1a* 298,*105 PHPMS
B3t (6.7) (4.9) 298 PHPMS CHOpt-Hy + £PA; ©02/Hy system
Lit 4.2 319% DTMS Xiow E/N
Nat 0.2 310¥ DTMS Xlow E/N
ca* 6.0 296 - FA
cat? —e- - - 4.6 296 FA
[ - -= PF Cbased on D(027-0)
— —— Cib
- - PP '
_— — — ¢ from EA(03), 1(0-02), and EA(O)
0y~ 4.0 298 PHPMS
3.5 300 DIMS
co co* — —— EI from IP's and AHg's (error %7 kcal/mol)
4.92 340 HPMS reported but equilibrium uncertain
>11.5 695 PHPMS
- - Pl
Heot 5.7 =0.6 -l.4 -2.5 -3.8 298 PHPMS
5.4 300 PHPMS
4.1 298 PHPMS
3t (37.5) 298 — CHCOT-Hp + APA
Nat 6.5 3.0 298 HPMS
No  not - — PI
- -— PI
7.0 1.9 296 SAMS
HF HpFt - — P
F- (32.0)8 298 ICR SF-Hy0
ci‘ (15.1)® 298 ICR 8CL™-t—ChlgOH
HCl HC1Y - - PI
Nat 6.1 298 FA
Cgt — PI benzenet
c1™ 16.7 7.9 4.7 2.4 298 PHPMS
(13.6) 298 HPMS CHC1/H0
(16.0)¢ 298 ICR BC1™—t~CyHgOH
C17+Hp0 9.5 (6.1) 298 HPMS CHC1/Hp0; deuterated mixture
cie 2Hp0  (6.5) 298 HPMS CHC1/Hp0; mixed clusters deuterated
HSO4~ (11.2) 298 FA SHS0,™~H0
1~ 7.4 298 HPMS
HBxr HBrY e - PI
Br~  (>9.4) 367 FA CBr~/NO3~-HNO3/HBr(s)
NO3™e (9.2) 298 FA SNO3™ «HNO3—-HNO3
HNO3
NO3~ >12.7) 367 FA SNO3™-HNO3
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Table 5. (continued) Thermodynamic quantities for the gas-phase association of diatomics to ioms.

—Aﬂg_l,n (kcal/mol) —Asg_l,n (cal/K mol)

Ref. Neut. Ion 1 2 3 4 5 1 2 3 4 5
223,91 Clp; c1” (17.0) —_—

224 I, I (24.0) —_

320 NaF  Nat 62.7 47 —_— e

320 ScFpt - 83 72 67 — e e e

30 NaCl Na* 42.4 17.6

322 KF 7 46,4 p—

30, k1 k* 41.2 19.6

30 KBr k¥ 40.8 22.8

319 41.5 —
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2GS ,n (T) (kcal/mol)

Neut. Ion 1 2 3 4 5 T (K) Method Comments
Cl C17 - 298 SAMS based on C1™+507Cly « Cl37+S02
I I~ - - -— Mg's
NaF Nat — = - MS Knudsen cell
Sct"z+ — - MS Knudsen cell
NaCl Na* 28.3 800 Ms Knudsen cell
KF F~ - 1100 MS Knudsen cell
kc1 Kt 25.5 800 MS Knudsen cell
KBr Kkt 22.6 " 800 MS Knudsen cell
- 800 MS Knudsen cell
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Table 6. Thermodynamic quantities for the gas-phase association of triatomics (except H20) to ions.

—AHg-l’n (keal/mol)

"As:—l,n (cal/K mol)

Ref. Neut. Ion 1 2 3 4 1 2 3 4 5
95 co; Nat 15.9 11.0 9.7 (8.4) 20.1 21,7 24.0 [25)
96 13.7 19.8

208 — e — -

9 K* 8.5 15.2

225 —_ —_

62 cs* 6.2 14.3

95 Nat+Hp0 12.6 22.5

95 Nat+2H20 10.3 23.9

95 Nate3H0 (7.2) (251

187 ca*2.cop -—- -—-

187 ca*2+caco3 —— —

166 cop* 13.6 —

226 16.2 6.0 21,1 24.0

227 15.8 22,8

228 17 —

229 1.8 3.3 2.8 —

328 15.6 7.4 6.0 19.1 23,4 21.9
230 oyt <106 —-
231,24 (10,5)8 (20.7)

226 (>21.4) 7.5 120} 15

207 —_— -_—

328 11,0 8.5 6.6 4.8 21.7 21,1 21.3 17.8
196 Not <13.8 -—

327 Hecot 12.6 7.2 6.9 21.4 19,7 22,7
226 HCOpt 20.1 24,2

216 19.1 27.1

327 18.0 6.9 22,2 23.0

226 K30t 14.4 20.7

327 15.3 12,4 10.5 24,6 26,5 2649
187 Negt -— -—

232 CH3NH3*  13.2 21.4

232 CoHsNH3+  11.2 20.8

148 F ——— -—

221 c1- 6.0 19.6

127 7.6 7.2 6.8 18.2 20.8 22.4
221 - 5.6 18.2

233 o~ 52;1

234 42

235 57.7
236,210 (>51)8 — 21.8
221 : - 711

298 ol 88 -

237 0 18.4 a
101,103 - —

89,212 -
101,103 077°Hg0 - -

221 Nop™ 9.3 24.2

221 503~ 6.5 20.7

238 ocs ocs* 17.2 1.6 - -
238 csat 5.8 -

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986



THERMOCHEMICAL DATA ON THE FORMATION OF ION CLUSTERS

—AGg-l,n (T) (kcal/mol)

Neut. Ion 1 2 3 4 5 T (K) Method Comments
Ccoz Nat 9.7 4.3 2.3 0.65 310 HPMS
7.6 310 FA
6.6 4.8 310% DTMS Xlow E/N
Kkt 3.8 310 HPMS
3.7 310% DTMS Xlow E/N
cst 1.9 298 DTMS
NatsH0 5.9 298 HPMS
Nate2H0 3.2 298 HPMS
Na*+3H0 -0.25 298 HEMS
cat2.coy —— == = e 8.0 296 FA
ca*2.cacos —— mem e e 7.6 296 FA
coy* - — PI
9.9 1.2 298 PHPMS
9.0 298 PHPMS
- — EI (%5 kcal/mol)
—_— ) — PI
9.9 4.3 0.5 298 HPMS
up! — —_— PF .
(4.3) 298 FA s0yt-0y
>9.4  3.0% 600,%298 PHPMS
N4 298 DTMS
4,5 2.2 0.3 0.5 298 HPMS
NO* —- = FA < No*eNO
Heot 6.2 1.3 0.1 298 HPMS
HCOyt 12.9 298 PHPMS
11.0 298 PHPMS
1.4 0.0 298 HPMS
H30t 8.2 298 PHPMS
8.0 4.5 2.5 298 HPMS
NHg* 2.25 296 FA
CH3NH3* 6.8 298 PHPMS
CoHsNH3* 5.0 298 PHPMS
F~ >11.6 298 FA
c1- 2.2 298 HPMS
2.2 1.0 0.1 298 HPMS
1~ 0.2 298 HPMS
o — PF
-— PF *not lowest state
-— cID
— FA § 07-02
— 0.6 298 HPMS
oH- — -— cIiD
0y~ 12.1 298 DT _
2 (12.9)8 296 FA S 027-H0
(10.0)8 298 FA $ 097-07
077 +Hy0 (8.2)8 296 FA $ 077 «Hp0-Hp0
NOg~ 2.1 298 HPMS
S03™ 0.3 298 HPMS
ocs  ocst — - - PI
csyt -— - P1
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Table 6. (continued) Thermodynamic quantities for the gas-phase association of triatomics (except H20) to ioms.

—Alig.l,n (kcal/mol) ~As§_1,n (cal/K mol)

Ref. Neut. Ion 1 2 3 4 5 6 1 2 3 4 5 6
239 csp st 39.7 —

226 syt 21.9 17.1

239 28.8 -

239 cst 36.0 —_

226 csyt 21,9 21.9

240 17.5 4.4 3.9 2.6 —

226 HCSpt 11.1 20.4

241 Colgt 12.2 24

89 Nz0  0pt — —_—

229 Nyot 13.1 —_—

235 oNO O™ 41.5 —

235 09N 0~ 110 —

242 03 No* <13.8 —_—

231,24 0t (14.5)8 (20.5)

292 Na* 12.5 —

40,28  HCN  Lit (36.4) (25.8)

a7 HyCNt 30.0 13.8 11.8 9.2 32 23 25 26
146 26.1  1b4.4 23 21.2

146 NHgt 20.5 17.5 13.7 11.1 8.5 7.4  20.2  25.6 23,4 22,1 20.5 19.9
118 CH3NH3*  20.8 ' 22.9

118 (CH3)3NHY  16.8 23.0

118 (C3Hy)3Nat 13,8 29.0

147 (CH3)2CHY  30.8 32

147 t-C4HgT  16.3 25

88,70 H30% (32.5) (24.3)
146,(19) (32.3) 18.8 13.2 (24.9) 20.4 16.1
243,115,70 Hycout -— -

41,98 F . (39.5) (22.2)

2954 - (21.0) ‘ [23.71

244 Hys  Hpst 17.0 3.2 1.2 1.4 2.6 —_ -

245 21,2 4.2 -_

86 H3s* 15.4 9.1 8.4 6.7  (6.1) 26,4 20,9 24,5 24,7 [24])
73 12.8 7.2 5.4 3.3 18,7 17.3 14 10
245 10.6  —- -

312 10.8 6.0 4.4 2.5 - == === ==
86,(70) Hyot (24.9) 13.3 (25.5) 21.7

73,19 (20.7)¢ (17.3)

86,70 H30"+H0 (13.6)% (23.0)

145,19 cHg* (42.1)¢ (22.7)

91,19 cuzt (82.4)¢

118 Nt 12.0 18.5

118 CH3NHz*  (11.3) [22]
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'"AG:-I,n (T) (kcal/mol)

Neut. Ion 1 2 3 4 5 6 T (K) Method Comments
cs; st - — PI
syt 16.8 298 PHPMS
— -— PI
cst - - PI
csy* 15.4 298 " PHEMS
— -— PI
HCSot 3.2 298 PHPMS
CgHg* 5.0 298 PHPMS
N20 0ot (8.9)8 200 FA s 09%-07
Ngot - - PI
oNo 0 — - CID
3 —— —_— CID
04 No* -— -— FA <Not-COy
0t (8.4) 298 FA S0,%-0,
Na* - - FA
HCN  Lit (28.718 298 ICR SLit-H0
dyent 20.5 6.9 4.4 1.5 293 PHPMS
19.3 8.1 298 HPMS
NHt 14.5 9.9 6.7 4.5 2.4 1.5 298 HPMS
CH3NH3* 14.0 298 HPMS
(CH3)3NHT 9.9 298 HPMS
(C3Hy7)3NHY 5.2 298 HPMS
(CHz)oCHt 21.3 298 PHPMS
t=C4Ho* 8.8 298 PHPMS
H30™ (25.3)s 298 ICR sH30*-Hp0
(25.0)¢ 12,7 8.4 298 HPMS CHyCNt-Hy 0+ APA
HyCOH* (20.6)8 298 FA SHyCOHY-HyCO
F- (32.9)s 298 ICR SF=-Hy0
c1- (13.9)8 298 ICR SC1™-t-C4Hg90H
Hys  Hyst - -— PI1
—_— — PT
Hyst 8.1 2.8 1.0 -0.7 1.66* 298,*185 PHPMS
7.2 2.0 1..2 0.5 300 PHPMS
- -— — PI
- m— emm e — PI
H30t (17.2) 6.8 300 PHPMS SH30*-H20
(15.5) 300 — CH35t-H20 + APA
H30%eHy0 (6.7) 300 PHPMS SH30%* «H 0-H0
cugt (35.3) 298 — CHgS*-CH;, + APA
cHgt 298 — CAHg's + PA's
NH,t 6.5 298 HPMS
CH3NH3* 5.4 270 HPMS
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Table 6. (continued) Thermodynamic quantities for the gas—phase association of triatomics (except Hz0) to ions.
-AHp-1 5 (kcal/mol) -839-1,n (cal/K mol)
Ref. Neut. Ion 1 2 3 4 1 2 3 4
41,98 HpS F~ (34.6) (18.7)
(cont'd)
96 so; Nat 18.9 20.3
217 -_— 16.6 14.3 (12.3) — 25.5 26.9 ({27]
62 cst 10.8 18.9
94 NateHy0  14.1 17.4
246,69 No* _— —
89,24 oyt _— —
247 sot 13.8 —
247 S0t 15.2 _—
333 C4He™ 3.7 ——
333 CyHgt 2.4 —
223 F >59 —
41,98 (43.8) (23.0)
221 c1- 21.8 12,3 100 8.6 23.2  22.7 23.1 23,2
101 — -—
112,100 (22.2)s (24.1)
311,4 (20.9) [20.8]
221 I~ 12.9 10.1 9.2 20.2 21.6 24,7
101,233 0~ (>60)s -
221 _— 13.3 e 18.9
221,101 co3”~ ©14) 120]
94,(100) Cl™+H20 17.4 (11.8)¢ 20.2  (26.0)
101 -— _—
94,100 C17+2H20 (14.1)¢ (19.4)
221 NOg™ 25.9 9.0 6.6 36.8 16.8 . 13.4
248 — 9.8 — 21.5
112,107 (24.3)8 (31.6)
248 NO3~ 18.2 8.8 31.6 14.1
101,107 - - —
112,107 (17.2)8 (25.2)
221;249 S09~ 24.0 8.3 33.8 16.0
101 504™ - -
149 HSO4™ 13.7 26.1
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~0Gg-1,n (T) (kcal/mol)

Neut. Ion 1 2 3 4 T (K) Method Comments
F- (29.0)s 298 ICR SF™-Hy0
S0, Nat 12.8 298 FA
_— 9.0 6.3  3.2* 298,*328 HEMS
cst 5.2 298 DTMS
Nat+H0 8.9 298 HPMS
not ! (7.8)8 296 SAMS SNO*-NO
oyt (9.6)s 298 FA S0p*-0p
sot - —- PI
sot -— — PL
Cufig* _— -— PI 1,3-butadiene
c4igt — - PI trans~2- butene?t
F- —— - SAMS C1™ .+ S0,C1F + SOpF + Clp
(36.9)8 298 ICR
c1- 14.9 5.5 3.1 1.7 298 HPMS
(14.2)s 296 FA SC1™-Hp0
(15.0) 298 FA SC1™+Hz0
(14.7)8 298 ICR 8C1™-t-C4HgOH
1~ 6.9 3.7 1.8 298 HPMS
0~ - — FA $0™~C0y
-— 7.7 298 HPMS
€03~ (>8.0)8 296 HPMS $07C0p
Cl7eHp0  1l.4  (4.1) 296 HPMS CH0/507
(11.5)s 296 FA SCL1™«Hp0-Hp0
Cl™s2Hp0  (8.4) 296 HPMS CHy0/509
NOy~ 14.9 4.0 2.6 298 HPMS '
—_— 3.4 298 HPMS
(14.9) 298 FA SNO2™-H20
S0;  NO3” 8.8 4.6 298 HPMS
(10.,6)% 298 FA SNO3™-Hp0
(9.7) 298 FA SNO3™-Hp0
503~ 13.9 3.5 298 HPMS
504~ (6.7)8 296 FA $5047-H20
HS04™ 5.9 298 HPMS
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Table 7. Thermodynamic quantities for the gas-phase association of inorganic polyatomics to ions.
-Aﬂg.lin (kcal/mol) -Asnfl’n (cal/K mol)
Ref. Neut. Ion 1 2 3 4 5 6 1 2 3 4 5 6
40,28 NH3 Lit (39.1) -—- (23.5) -—-
20 -— 33,1 21.0. 16.5 1lL.1 9.3 _— 29.7 25.3 32.6 28.0 25.3
20 Nat 29,1 22,9 17.1  14.7 10.7 9.7 25.7 25,1 24,0 29,0 29.8 29.7
133 K+ 20.1  16.3 13.5 11.6 23.0 22,8 27.7 25.4
134 17.8  —- 28.0
133 Rb* 18,7 15.2 13.1 11.4 10.2 24.3  23.6 25.1 38,0
63 agt -— 36,9 14.6 13.0 12,8 — 32.7  24.6 30.0 34.1
133 Bit 35.5 23,2 13.4 35.7  33.0 26,0
63 Cut - — 14.0 12,8 12.8 -—=- == 23,8 28,7 33.1
90 NH3* 18.1 —
51 23.1 9.2 — -
84 NH,t 24,8 15.7% 13.8 12.5 25.9  22.9 25.7 29.4
135 27 17 16.5 14.5 7.5 32 26.8 34 36 25
136 -— == 17.8 15.9 — - 38 40,5
137 25.4 17.3  14.2  11.8 24.3  23.9 25,3 27.1
138 — 16,9 15.1 13.5 9.6 —— 24,8 29,7 31.6 32
139 — e 13.2  10.6 - == 241 21,1
140 21.5 16,2 13,5 11.7 7.0 6.5 20 23,7  25.2 27.9 21.5 2L.9
141 — e e 12.9 — e e -—
51 13.8 10,4 —_— -
50 13.8 6ol —_
109 —— -—
142 - —
143 -— -
91,19 CH3* (103.1)¢ -—
144 CH3NH3t 21.4 26
118,19 CH3CNHY (43.2) (26.2)
144 (CH3)2NHp*  20.6 28.2
117 (CH3)3NH*  17.3 23.9
117 (CoHis)3NHY  16.3 29.6
117 CsHsNHY 17.3 22.5
126 Cst120oNt 20,9 28.8
126 C5HgOpN' 20.6 28.9
91,19 Cats* (70.1)¢ -
145,19 cHz* (75.6)¢ (23.5)
6U,(19) H30% (54.8)C 18.4 17.1 15.0 (22.7) 23.0 31.8 34.3
60,(70,19) H30%+H0 (37.9)¢ 18,2  15.7 (20.3) 30.3 33,9
60,(70,19) H30*-2H;0  (31.8)¢ 17.3 €23.7) 35.1
60,70,19 H30%<3H20  (26.5)¢ (22.7)
60,72,19  H30%e4Hp0  (23.5)C (22.7)
146,19,84  HyCN* (53)c (22.0)¢ (23)  (25.9)
148 F~ <23 —
149 c1= 8.2 15.4
295,4 (10.5) [19.9]
149 Br™ 7.7 19.1
149 1~ 7.4 20.9
300 (CH3)3Sn™  (36.9) 129.1}
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-AGg_l;n (T) (kcal/mol)

Neut. Ion 1 2 3 4 5 6 T(K) Method Comments
NH3 Lit (32.1)5 — 298 ICR SLi*-Hy0 interpolated value in Ref. 28
—— 24,2 13.5 6.8 2.8 1.8 298 HEMS
Nat 21.4 15.4 9.9 6.1 1.8 0.8 298 HPMS
K+ 13.2 9.5 6.6 4.0 298 HPMS
11.8 298 HPMS
Rb* 11.5 8.2 5.6 3.4 1.3 298 HPMS
Agt -—  27.3 7.3 41 2,6 298 HPMS
Bit 34,9 13.4 5.7 298 HPMS
cut _— = 6.9 4.2 2.9 298 HPMS
NH3t —— -_— PI
—-— —— — EI (error #4.6 kcal/mole)
NHgt 17.1 8.9 6.1 3.7 298 PHPMS *typographical error in ref.
175 9.0 6.4 3.8 0.05 298 HPMS
—— - 6.4 3.8 0.5 298 HPMS
18.1  10.2 6.7 3.7 298 HPMS
-— 9.5 6.3 4.1 0.7 298 DTMS
- - 6.0 4.3 298 HPMS Optimum value
15.5 9.4 6.0 3.4 0.4 0.0 298 HPMS
—_— - _— — HPMS
-— —-— — EI (error *4.6 kcal/mole)
—_— - -— PI1
-——  >9.7 6.5 3.4 296 FA
——= 101 6.4 —- 296 SAMS
6.3 5.5 400 HPMS_
cHz* -— 298 -— € AHg's and PA's
CH3NH3* 7.1 550 PHPMS
CH3CNH* (35.4)8 298 HPMS $ from proton transfer
(CH3)oNHpt 5.1 550 PHPMS
(CH3)3NHY 4.2 550 HPMS
(CaHs)3NHY 0.0 550 HPMS
CstsNHT 4,9 550 HPMS pyridineH*
Cs5H1202NT 12,6 300 HPMS valinett
Cstigogw* 11,9 300 uPMS prolinent
CoHs*t -— 298 -— CAlig's and PA; cf. Ref. 114
cHs* (68.5) 298 —_ CNH,,Y-CH +APA
H30% (48.0) 11.6 7.6 4.7 300 HPMS CNH3/Hp0+APA
H30%eH0 (31.8) 9.2 5.6 300 HPMS CNH3/H20  [Scf. Ref. 109]
H30% <220 (24.7) 6.5 300 HPMS CNH3/Ha0  [Scf. Ref. 109]
H30%«3H20 (19.4) 300 HPMS CNH3/Hp0 [Scf. Ref. 109}
H30*e4H20  (16.7) 300 HPMS CNH3/H20
HyeNt (46.3) (14.3) 298 HPMS CHCN/NH3
F — -— FA < F-Hp0
c1 3.6 298 HPMS
(4.5)8 298 ICR 8C1™-t~CyHgOH
Br™ 2.0 298 HPMS
I~ 1.2 298 HPMS
(CH3)3sut  (21.6)8 525 PHPMS 8(CH3)35n*-CH30H

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986



1042 R. G. KEESEE AND A. W. CASTLEMAN, JR.
Table 7. (continued) Thermodynamic quantities for the gas—phase association of inorgamnic polyatomics to ious.
-AH:..l,n (kcal/mol) -As,,fl,n (cal/K mol)
Ref. Neut. Ion 1 2 3 4 5 6 1 2 3 4 5
107 HNO  NOZ~ 32.5 21.3 — —
(31)s  21.6 — -— -
107 HNO3  NO3™ -  17.7 16.0 — — -—
222 (>23) 18.3 16.1 [24] 22,1 28.9
250 —— 16,0 13.9 9.3 7.4 4.6 —_ 23,1 26,7  19.9 18.6 7.3
251 — — e — -— -
222 Br~ (>20)¢  (18.1)¢ [18.5] (23.6)
96 Nat 20.6 20.3
112,100 Hp02 c1- (22.1)8 (21.4)
112,107 NOp™ (20.2)8 (20.0)
112,107 NO3™ (19.2)8 (21.3)
112 HS0,4~ (15.9)8 (17.3)
252 PH3 PH,Y 11,5 9.2 7.3 6.5 5.5 25,9 22,3 18.4 15.0 13.2
252 poHst 9 20
252 P3Hg* 10.8 34
93 H3ot (34.5) -—
41,98 PF3 F~ (40.2) (23.5)
311,4 c1~ (15.5) (21.0)
322 AIF3 117.2  48.8* -—
321 114 56 —
320 ScF3  Na* 33 —
321 F 112 —
319 K504 K% 38 -
41,98 SF4 F~ (43.8) (25.6)
41,98 COFy  F (42.6) (29.0)
41,98 SOF;  F~ (37.4) (24.1)
41,98 SOF F~ (35.8) (27.5)
253 Cely I” 67 2
259 cCly c1- 14.2 27.8
314,98  SiF4 F - -
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1043

~8GR-1,n (T) (keal/mol)

Neut. Ion 1 2 3 4 5 6 T(K) Method Comments
HNO;  NOg~ - = - HPMS
- —— - _— HPS SN0 ™50
HNO3  NO3~ -— - — HPMS
>14.5 11.7 7.4 298 FA
- 9.0 5.9 3.2 1.9 2.4 298 HPMS
-— -— 6.9 298 FA
Br~ ©13.4) QL.1)* 367,%298 FA CBr™/NO3™-HNO3/HBr(s)
Nat 14.6 298 FA
H07 c1- (15.7) 298 FA SC1™-Hy0
NOp™ (14.2) 298 FA SN0y ™~H30
NO3™ (12.9) 298 FA SN0y ™—H30
HS04™ (10.7) 298 FA SNO3™=H30
PH3 PH4T 3.7 2.5 1.8 1.7 1.6 298 DTMS
Pgst 4.3 3.66  3.33 298 DIMS
P3gt 3.5 3.27 298 DIMS
H30* — —— ICR bracketed (#2 kcal) by HCN
and HCOOH (Refs. 88,117)
PF3 ‘ F~ (32.6)8 298 ICR SF™-Hy0 '
c1- ( 9.2)8 298 ICR SC1™-t—C4HgOH
AlF3 F~ - 1100,850 MS Knudsen cell
- — MS Knudsen cell
ScF3 Nat —_— —— Ms Knudsen cell
F~ — -_— MS Knudsen cell
K25804 K -— 1200 MS Knudsen cell
SF, F~ (36.2)8 298 ICR SF-H0
COFy F~ (33.9)8 298 ICR SF™-Hp0
SOFy F~ (30.2)8 298 ICR SF™-H0
S09Fy ¥~ (27.6)8 298 ICR SF™-H0
Cels L 39 1000 MS Hcatcd collision chambar
cCly c1” 5.9 298 HEYS
SiFy F (51) 298 ICR SF--Hy0
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Table 8. Thermodynamic quantities for the association of organic compounds to gaseous lons.
(kcal/ (cal/ (kacl/
wol) K mol) wol) )
Reference Neutral Compound Ion -Aﬂg 1 —ASS 1 —Acg 1(1‘) T Method Remarks
Formula ’ ’ ’
295,4 CHFC1 CHFCl, c1~ (17.6) [23.1} (10.7) 298 ICR §C1-~t-C4HgOH
295,4 CHF,C1 CHF2CL a1~ (17.2)  [23.0] (10.3) 298 ICR 8C1-t~C4HgOH
41,98 CHF3 CHF3 - (27.1)  [26.1]  (19.6) 298 ICR S FT-Hy0
295,4 c1- (16.7)  [22.9]  (9.8) 298 ICR 8 €1™-t-C4H9OH
254 CHCl3 CHCl3 c1- 15.2 14.8 10.8 298 HPMS
59 19.1 2445 11.8 298, BEMS
295,4 (18.1) [23.2) (11.2) 298 ICR § Cl1-t-C4HgOH
40,28 CHy0 formaldehyde Lt (36.0)  [26] (28.2) 298 ICR 8 Lit-H0
85,70 H30* (32.9)  (21.5)  (26.4) 298 HPMS § H30%-Hy0
115,70 (32.0) (21.7) (25.5) 298 FA S H30*-H;0
88,70 e — (25.2) 298 ICR 8 H30%-Hy0
116,70 —— - (25.3) 299 FA S 130*-1y0
315,70 (32.2) [23.8] (25.1) 298 ICR 5 H30%-Hp0
85,70 H30* e H0 (22.8)  (24.3) (15.6) 298 HPMS § H30"-Hy0
115,70 (18.9)  (18.4) (13.1) 298 FA 8 H30% +H0-Hy0
116,70 —= (12.7) 299 PA 8 Ry0t-1H,0-10
85,70 H30%+2H20 (20.9) (28.1) (12.5) 298 HPMS € H30/HzC0
115,70 (16.4)  (23.2)  (9.5) 298 FA § H30*+2Hy0-H0
166,70 — - (9.3 298 FA § H30%+2H0~Hp0
85,70 H30%+3H30 (16.3)  (26.0)  (9.2) 298 HPMS € Hp0/HyCO
85,72 H30%+4H0 (14.7)  (23.2) {7.8) 298 HPMS € H20/HzCO
85,72 H30%+5H0 (12.6) (19.0)  (6.9) 298 HPMS € Hp0/HyCO
85,72 H30% +6H90 (11.9)  (1B.6) - (6.3) 298 HPKS € H0/H,Ca
243,147 HoNt - — (21.8) 298 FA 8 HyCN*eHCN
115,70 HapCoH* (27.6)  (246.6)  (20.3) 298 FA € Hy0/H,C0(s)
315,70,19 (27.7)  [26.5] (19.8) 298 ICR © Hy0/HyCO(s)
117 CHy0; formic acid ChzNHy* 19.0 24.2 11.8 298 HPMS
299,131,19 CH30Hy* (32,0). 127,71 .(23.3) 298 . . IER $ (CH3)90HY~(CHy) 50
41,98 ¥ (45.3)  [28.2]  (38.1) 298 ICR S F"-Hp0
255 c1~ 27.4 24,5 20.1 300 HPMS
254 37.2 23%.6 25.4 298 HEMS
256 — - -— -— HPMS cf, Table 9
295,4 (25.6)  {24.1)  (18.4) 298 ICR 8 C1™-t~C4HgOH
296 1~ 18.9 20.7 12.7 300 HPMS
256 HCO0™ — -— - -— -— cf. Table 9
39,28 CHyF) CHpF2 Lt (26.5) - — — ICR § Li*eH30; from Figure
39,28 CHyCly CHC1p ut {29) — —— - ICR § LiteHp0; from Figure
259 c1- 15.5 22.0 8.9 298 HPMS
295,4 (15.8)  {22.1]  (9.2) 298 ICR § C17-t-Cy4HgOH
117 CH3NO HCONHy CH3NH3* 30.0 30.0 21.1 298 HPMS
39,28 CH3NO CH3NOy ut (39.5) - -— —_ ICR 8 Li*H;0; from Figure
117 CH3NHy+ 20.5 23.0 13.6 298 HPMS
126 valinel* 19.8 27.8 12.6 300 HPMS
126 prolineHt 17.5 21.6 11,0 300 HPYS
118 anilinet (14.0)  [17] 8.2 343 HPMS
118 1-CH3-naphthalene* 11.6 24 4ob 298 HEMS
39,28 CH3F CH3F Lt (31) —_ — — ICR 8 LiteHy0; from Figure
117 CH3NH3* 11.8 23.3 4.9 298 HPMS
295,4 c- (11.5)  [20.3]  (5.4) 298 ICR § C17-t-C4HgOH
39,28 CH: +
% 361 cize1 Ly (25) - - - ICR 8 LiteHy0; from Figure
257 CHyC1t 6.9 -3.5 7.9 298 HPMS cf. Table 9
257 cuz* - — — — HPMS cf. Table 9
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Table 8. (continued) Thermodynamic quantities.for the association of organic compounds to gascous lous.

1045

(kecal/ (cal/ (kcal/
wol) K mol) mol) (K)
Reference Neutral Compound TIon -Aug,l —Asg’1 —A(;g’l('t) T Method Remarks
Formula
257 CH3C1 CH3C1 cHyc1t —_ — -— —- HEMS cf. Table 9
{conc’d)
117 CH3NH3* 10.7 20.6 4.6 298 HPMS
258 CoHs* 30.7 30.7 21.6 298 HPMS
258 (CH3)CH" 22.9 44.5 9.6 298 HPMS
324 N(CH3) 4% 6.5 17.9 1.2 298 HPMS
259 o1~ 8.6 15.3 4.1 298 HPMS § C17-t-C4HgOH
295,4 (12.2) [20.5)  (6.2) 298 ICR § C17—t~C4Hg0H
117 CH3Br CH3Br CH3NH3* 1.2 21,0 4.9 298 HPMS
293 c1- 10.9 12.8 7.1 298 HPMS
293 Br 9.2 14,0 5.0 298 HPHS
118 CH31 CcH31 aniline™ (3.3) [17] 4.3 299 HEMS
293 c1- 9.8 7.3 7.6 298 HPMS
293 1 9.0 16.4 41 298 HPMS
314,08 CHyS4Fy CH3SiF3 = — —_— (43.0) 208 ICR & Frno
217 CHy methane Nat 7.2 14.1 3.0 298 HPMS
260 H30* 8.0 20.4 1.9 300 HPMS cf. Table 9
145 N ¥ 3.59 15.5 -1.06 300 HPMS
145 Hzst 3.87  18.1 -1.55 300 HPMS
145 CcFyt 4.55 18.8 -1.08 300 HEPMS
91.19 CHa* (39.8) - - 298 — CAHg'a + PA'a
261 CcHs* 7.4 20.8 1.2 298 HPMS cf. Table 9
262 414 12,4 0.45 298 HPMS cf, Table 9
262 CHs* 2.39 8.6 -0.16 298 HPMS
263 ; 6.6 23.4 ~0.4 298 HEMS
57 (CH3)gCH* 3.4 20 -2.6 298 HPMS
40,28 CH;0 methanol Lt (38.1) [26.2] (30.3) 298 ICR sLiteHy0
91,19 No¥ (30.2) -— - 298 - CAlig's + PA's
118,19 H30* (40.8)  (24.0)  (33.6) 300 HPHMS €CH30H/H0; cf. Table 9
118,70,19 H30%+H0 (30.2) (28.6) (21.6) 300 HPMS CCH30H/H20; cf. Table 9
118,70,19 H30"+ 2150 (25.5) (32.8) (15.6) 300 HPMS CCH30H/H20; cf. Table 9
118,70,19 H30*+3H0 (19.6) (28.8)  (10.9) 300 HPMS €CH30H/H20; cf. Table 9
118,72,19 H30%«4H0 (16.0)  (24.4)  (8.7) 300 - HPMS CCH30H/H0; cf. Table §
118,72,19 H30%+5H,0 (14.0)  (22.2)  (7.3) 300 HEMS SCH30H/Hp0
299,131,19 HC(O0H) (35.1) [25.6] (27.5) 298 ICR S(CH3)0H*-(CH3)20
131 CH30Hy* 33.1 30.5 24,0 298 HPMS cf. Table 9
299,131,19 (33.7)  [28.5] (25.2) 298 ICR S(CH3)0H*-(CH3)20
117 CH3NHz+ 19.0 24,2 11.8 298 HPMS
299,131,19 A CH3CHOR* (30.3)  [26.9] (22.3) 298 ICR S(CH) 20u*~(CH3)20
299,131,19 CoHs0Hy* (29.6)  [26.6] (21.7) 298 ICR S(CH3)20H"~(CH3)20
122 (cH3)0nt 26.3 27.1 18.2 300 HPMS cf. Table 9
122 (CH3}20H" +(CH3) 20 18.1 30.6 9.0 300 HPMS cf, Table 9
122,131 (CHi3)0H* « 2(CH3 )20 ——— -— (6.8) 300 HPMS € (GH3)90/CH30H
118 CH3CH*0CH3 13.1 21.4 6.7 298 HPMS
ann (CH3)38nt 12.64 12 15.8 525 upMe
324 N(CH3)4Y 9.8 23.2 2.9 298 HPMS cf. Table 9
301 CgHy 704+ 19.5 34.0 9.4 298 HPMS 12~crown-4etheri+
301 C1oH2105* 20.0 28.0 11.7 298 HPMS 15-crown-SetherH¥
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Table 8. (continued) Thermodynamic quantities for the association of organic compounds to gaseous ions.

(kacl/ (cal/ (keal/
) mol) K mol)  mol) (K)
Reference Neutral Compound Ion —AH; 1 -ASI")7 1 -M;g , 1('!‘) T Method Remarks
Formula
301 CH40 mecha?ol Cy2H2506% 20.0 29.5 11.2 298 HPMS 18-crown-6etherst
41,98 (cone™d) F (29.6)  [22.6) (22.8) 298 IGR s FT-Hy0
264,265 c1- —_ -— 9.4) 298 ICR 8 C1™-CH3CN
266 14.2 14.8 9.8 298 HPMS cf, Table 9
295,4 (16.8)  [22.9]  (9.9) 298 ICR € C1™-t~C4HgOH
330 17.4 24.1 10,2 298 HPMS cf. Table 9
29 1 11.3 17.8 6.0 300 HPMS
266 0y~ 19.1 21.9 12.5 298 HPMS cf. Table 9
302,11,132 OH™ — — (25) 296 HPHS § OH"/CH30™; cf. Table 9
132,104 OH™+Hp0 — -— (14.5) 296 FA § OH™HyO~Hy0
132,103 OH™+2Hp0 — — €9.6) 296 FA S OH™2H30-H20
302 CH30™ 21.8 21.8 15.3 298 HPMS
268,302,11 CoH50™ — -— (13.4) 298 ICR € CH30™-CH20H/CoH50H(s)
267,302,11 - -— (13.4) 296 FA © CH30 ~CH30H/CpH50H(s)
303,302 (20.2)  [22] (13.6) 298 ICR § CH30™~CH30H
303,302 n=C3H70~ (19.8) [22} (13.2) 298 ICR S CH30”+CH30H
303,302 t=C4Hg0™ (18.9) [22] (12.3) 298 ICR $ CH30™ «CH30H
303,302 t=CsHy;0” (18.6)  {22] (12.0) 298 ICR S CH30™-CH30H
303,302 CgHy152™ (14.8) (22] (8.2) 298 ICR 5,5(CH3)~1,3-dithianide
303,302 " cgtisCzCm (13.3)  [22] (7.7) 298 ICR $ CH30™-CH30H
93 cuys CH3SH 30+ (34.3) -— -— -— 1R bracketed T Z Kcal by /'
HCOOH (Refs. 88,117)
118 CH3NH3t 14.5 24.7 7.1 298 HPMS
118 CH3NH3*+CH3CN 9.9 20.0 3.9 298 HPMS
118 CH3NH3*«2CH3CN (7.8)  [20] 2.4 269 HPMS
41,98 - (34.2) -~ [23.2) - (27.3) -298 ICR $ FT-H0
40,28 CHsN CH3NHp Lt (41.1)  [26} (33.3) 298 ICR 8 Lit-Hy0
134,61 kt+ (19.1)  (21.8) (12.7) 298 HPMS § K*-Hy0
144 NHg (32) [26] (17.9) 550 HPMS from proton :rans‘fer
144 CH3NH3* 21.7 23,6 8.7 550 HPMS
63 -— —_— — _— HPMS cf. Table 9
144 (cH3) N+ 22.4 29.2 6.3 550 HPMS
300 (cH3)3sat (42.1)  [30.7] (26.0) 525 HPMS 8 (CH3)3Sn*-CH30H
324 N(cH3) 4% 8.7 17.4 3.5 298 HPMS
129 CgHiyaNoz* 28.6 19.9 22.7 298 HPMS N-acetylalanine methyl esterH*
314,98 C90F, CF3COF F- —_ -— (37.2) 298 ICR 8 F=-Hy0
299,70 CoHOyF3 CF3CO0H H30* (30.8) [24.7] (23.4) 298 ICR § H30%-Hy0
299,70,19 CF3C{0H) 2+ (29.3)  [28.5]1 (20.R) 208 TCR s ugot-n,o0
41,98 CaHF3 FoC=CHF F (26.3) [25.6] (18.7) 298 ICR 5 F-H0
41,98 CoHFs CF3CHF F (30.4)  [26.6] (22.5) 298 ICR s F-Hy0
205,4 c1- (18.8) [23.3] (11.8) 298 ICK @ CL -t-C4HgOH
269 CoHy acetylene CZHf’ 22.6 — — _— PI
41,98 Colr0 HyC=CO F (35.3)  [26.51 (27.4) 298 ICR 8 Fralan
41,98 CoHp0F;, (cHF2)20 I (36.0)  [27.2] (27.9) 298 ICR S Fo-H30
39,28 CoH3N CH3CN Lit (43) -— — -—_ ICR § Li*-H0; from Figure
61 Na* — — — —_ HPHS cf. Table 9
61 K+ 26,4 21.5 18.0 298 HPMS cf. Table 9
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Table 8. {(continued) Thermodynamic quantities for the association of organic compounds to gaseous ions.
(kcal/ (cal/ (keal/
mol) ‘K mol) mol (X)
Reference Neutral Compound Ion —A58 1 -ASS 1 -'AG;] l(T) T Method Remarks
Formula
61 CaHaN CH3CN Rb* 20.7 18.1 15.3 298 HPMS cf. Table 9
(cont'd)
61 cs* 19.2 18.6 13.7 298 HPMS cf. Table ¢
118 NHg* 27.6 24,2 20.4 298 HPMS cf. Table 9
118,19 H30t (46.7)  (29.3) (37.9) 300 HPMS © Hy0/CH3CN; cf. Table 9
118,70 H30"<H0 (32.6)  (30.1)  (23.6) 300 HPMS € Hp0/CH3CN; cf, Table 9
118,70 H30%+2H0 (28.7) (33.2) (18.8) 300 HPMS © Hy0/CH3CN; cf. Table 9
118,70 H30*+3H20 (22.4)  (27.7)  (14.1) 300 HPMS © CH3CN/HpO0; cf. Table 9
118,72 H30%«4H0 (20.1) (27.7) (11.9) 300 HPMS € CH3CN/H20; cf. Table 9
118,72 H30*+5H20 (18.6)  (28.2)  (10.2) 300 HPMS © CH3CN/Hp0; cf. Table 9
117 CH3NH3* 24,5 25.8 16.8 298 HPMS cf. Table 9
118 CH3NHa* +CH3SH (19.9)  (21.1)  (13.6) 298 HPMS € CH3CN/CH3SH
147 cHycnu 30.2 29 21.6 298 HPMS cf. Table 9
270 CH3NHCHOHY — -— (16.2) 298 ICR S (CH3)20H*~CH3CN
270,131 (CH3)0m* -— — (23.0) 298 1CR 5 (CH3),0H*~(CH3)20
270 (CH3 ) coH* — -— (20.8) 298 ICR 8 (CH3)p0H*~CH3CN
270 CoH50CHOHY -— -— (21.5) 298 ICR § (CHj)o0H*~CH3CN
270 (Cn3)(CHz0)cout -— — (20.1) 298 ICR S (CH3)p0H*~CH3CN
2/ n—~C3H70Hy™ — -— (23.6) 298 ICR 5 (CH3)0H™~CH3CN
300 (CH3)38n* (37.5)  [31.4] (21.0) 525 HPMS § (CH3)3Sn*~CH30H
270 (c~C3Hs)CNEt -— — (20.8) 298 ICR 8 (CH3)20H*~CH3CN
270 cyclobutanonetit —_ -— (22.1) 298 ICR S (CH3)20H*~CH3CN
270 (CH3)(c~C3Hs )COHt _— (17.5) _ 298 ICR S (CH3)o0H*~CH3CN
270 c~C4HgOH* -— -— (20.7) 298 ICR $ (CH3)20HY~CH3CN;
270 (CH3)(CpH50)COH -— — (18.9) 298 ICR § (CH3)20H*~CH3CN
270 (CH30)(c-C3Hg)COHY  ——- - (17.7) 298 ICR S (CH3)20H*-CH3CN
270 1,4~dloxane H* — -— (22.9) 298 ICR 8 (CH3)20H*-CH3CN
270 (CaHs)q0H -— - (19.6) 298 ICR 8 (CH3)20H*~CH3CN
270 cyclopenta!}oneﬂ* — -— (20.1) 298 ICR s (CH3)20H"~CH3CN
270 2-CH3-c~C4H70H* - -— (19.0) 298 ICR S (CH3)20H™~CH3CN
270 e~CsHjgont _— -— (20.3) 298 ICR 8 (CH3)p0H*~CH3CN
270 (C,u5) (L c3upyout (18.4) 290 ICR © (cuz)zou*-cuzen
118 aniifnet 17.2 17.0 11.6 323 HPMS
270 cyclohexanoneHt — -— (19.4) 298 ICR § (CH3)o0K*~CH3CN
270 2,2-(CH3)p=c~C4HgOH" — -— (18.2) 298 ICR 8 (CH3)0H*~CH3CN
270 (GH3)(t—C4Hg)COH* - - (18.1) 298 ICR s (CH3)20H*~CH3CN
270 (n-C3H7) 00+ — —— (18.7) 298 ICR S (CH3)0H*~CH3CN
270 (i-Cay) 0u+ -— — (17.9) 298 ICR S (CH3)20H*~CH3CN
270 CgH5CHOHY — -— (18.7) 298 ICR $ (CH3)0H*~CH3CN
270 (c~C3Hs5)C0H* — - (14.3) 298 ICR & (CH3)20H*~CH3CN
270 (1-C3Hy)zCoH* -— -— (16.7) 298 ICR S (CH3)20H*~CH3CN
z70 (CH3)(UgHsIGUHY Raed -— (16.3) 298 ICR S (CH3)20H"~CH3ICN
270 (CH30)(CgHg) COR -— - (16.5) 298 ICR § (CH3)20H*~CH3CN
270 (CH3)(c—CgHyj)CORY  — e (18.8) 298 ICR S (CHj)20H*~CH3CN
270 p-(CH3CeHg ) (CH3)COHY  ——- - (15.5) 298 ICR & (CH3)o0H*-CH3CN
118 1-CHz-naphthalenet  (12.0)  [24] 4.6 303 HEMS
265 F 16.0 13.4 12.0 298 HPMS cf. Table 9
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Table 8. (continued) Thermodynamic quantities for the assoclation of organic compounds to gaseous ions.

(keal/ (cal/ (kcal/

mol) K mol)  mol) x)
Reference Neutral Compound Ion _AHS'L —Asg' 1 —Acg.l('l') T Method . Remarks
Formula

265 CH3N CH3CN ca- 13.4 14.3 9.2 298 HEMS cf. Table 9

295,4 (cont'd) (15.8)  f{21.4]  (9.4) 298 ICR § C1™~t-C4HgOH

330 13.6 15.7 8.9 298 HEMS cf. Table 9

265 B 12.9 16.5 8.0 298 HEMS cf. Table 9

265 bl 11.9 18.2 6.4 298 HPMS cf. Table 9

266 [ 16.4 17.4 11.2 298 HEMS cf. Table 9

267 CH3C(0)CHy™ -— - 9.4 295 FA

299,70 CyH30F3 CF3CHO0H Hy0* (33.0)  [26.6] (25.7) 298 ICR s H30*-Hy0

117 CH3NH3* 19.1 28.5 10.6 298 HPMS

299,7p,19 CF3CH0Hp* (23.2) [28.9] (31.8) ‘ 298 ICR $ Hy0t-Hy0

41,98 F (37.8)  [26.5) (29.9) 298 ICR s F=-H,0

295,4 cL- 24.0) (251 (16.5) 298 1CR § C1™~t-C4HgOH

311,98 CH30C1 C1CO0CH3 c1- (14.1) [21.0]  (7.8) 298 ICR § C1™-t-C4HgOH

41,98 CoH3F3 CFoHCH,F F (26.5)  [25.9] (18.8) 298 ICR s P -H0

295,4 c1- (18.9) {25} (11.4) 298 ICR § Cl™-t-C4HgOH

325 CoHy ethylene Nt (1) - f20} 3.7 294 HPMS

27 Cotgt 15.8 -— — -— PL

272 18.2 — - — PI of. Table 9

272 C3s* 16.7 — -— -— PL

272 [VA: Vo 8.7 — — -— PI

41,98 CH4NF3 CF3CHpNHy F- R (28.1)  (26.0). . (20.3) 298. ...  ICR 5 FT-H0

295,4 c1- (18.0)  [24} (10.8) 298 ICR § CL-t~CyHg0H

39,28 CH40 CH3CHO it (41.3) — -— -— ICR S Li*-Hy0; value given in Ref. 93

(acetaldehyde)

273 No* (35.9) - -_ —_ ICR § NO*-CyH50H
299,131,19 CH30Hy* (34.7)  [27.3} (26.5) 298 ICR § (CH3)20H*~(CH3)20
299,131,19 CH3CHOHY (31.9) [28.9] (23.3) 298 ICR 8 (CH3)90H*-(CH3)90
299,131,19 CH3C(OH)* (29.0)  [26.2] (21.2) 298 ICR S (CH3)20H*~(CH3)20
299,131,19 CoH50Hy+ (31.2) [26.9] (23.2) 298 ICR & (CH3)70H*-(CH3)20

295,4 c1~ (14.4)  [21.7)  (7.9) 298 IR § €1 -t~C4HgOH

117 CaH402 CH3C00H CHaNH3+ 22.0 24.3 14.8 298 HPMS

(acetic acid)
299,131,19 CH3CHOHY (32.5)  [27.7] (24.2) 298 ICR 8 (CH3)20u*-(CH3)30
299,131,19 cHyc(od) (29.5) [27.9] (21.2) 298 ICR 8 (CH3)0H*-(CH3)20
299,131,19 . CHsOH* (31.6)  [27.6] (23.2) 298 ICR 5 {CH3)0H"~(CH3)20
299,131 (cHy)p00* (29.3)  [28.4] (20.8) 298 ICR § (CH3)0H*-(CH3)20

129 (N(cH3)2)(CH3)COHY  18.4 26.7 11.0 298 HPMS

123 Cgl1) 203+ 18.1 27.2 10.0 298 | upus N-acatylalanine methyl actorHt

117 (c-CaHis)ocou* 22.4 34.9 12.0 298 HPMS

41,98 F (46.1)  [25.6] (36.5) 298 ICR § F~-H0

256 c1- 21.6 19.3 15.8 298 HPMS

295,4 (23.9)  124.0] (16.7) 298 ICR ¥ G17-t-~C4HgOH

296 1~ 16.9 21.3 10.5 300 HPMS

39,28 CoH40; HCOOCH3 Lit (41.5) —- — -— ICR § Li*-Hy0; from Figure

117 CHaNuz* (21.4)  [24] 10.3 459 HPMS

295,4 CoH4Fy CH3CF2H - (14.9)  [22.7) (8.1) 298 ICR § C1l™-t~C4HgOH
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Table 8, (continued) Thermodynamic quantities for the association of organic compounds to gaseous lons.

1049

(keal/ (cal/ (keal/
mol) K mol) mol) (K)
Reference Neutral Compound Ton —Aﬂ; R —Asg 1 -M;g. 1(1‘) T Method Remarks
Formula
274 C2H5NO2 glycine glycinett 31 33 21.2 298 HPMS
275,221 CaHgNO3 C2H50NO Noz™ €20.9)  (35.3)  (10.4) 298 HEMS 8 NO;™-502; cf. Table 9
248 N0y~ 507 7.4 10.4 4.2 298 HPMS
275 NO3™ 17.2 32.2° 7.6 298 HPHS cf. Table 9
41,98 C,H50F CHpFCHpOH F (34.8)  {26.3]  (27.0) 298 ICR 8 F-Hy0
295,4 c- (20.5)  [25] (13.0) 298 ICR 8 C17-t-C4HgOH
295,64 CyH50CL CHyC1CHz0H c1- (21.5)  [25] (14.0) 298 ICR 8 C1™wt~C4HgOH
39,28 CoHsF CoHgF 1t (33.5) - — -— 1CR 8 L1*-Hy0; from Figure
276 CaiisCL CoH5CL Cotig* -— - - -— HPMS cf. Table 9
294 CyHsBr CoH5Br Br™ 11.6 19.2 5.9 298 HPMS
277 CaHg ethane cotig* 15.3 21 9.0 298 HPMS
91,19 CaHg0 CyHs0H o+ (35.2) — -— 298 — € Mig*s + PA's
(ethanol)

299,131,19 CH30Hp* (36.0)  [27.5] (27.8) 298 ICR § (CH3)90H*=(CH3)20
117 CH3NH3* (21.3) [25} 8.9 496 HPMS
114 [2Y:0 (54) —- — 298 —_ C AHg's + PA's
299,131,19 CH3CHOHY (32.9) [30.6] (23.8) 298 ICR 8 (CH3)20H*=(CH3)20
299,131,19 CH3C(OH)+ (29.5) [26.0] (21.7) 298 ICR § (CH3)20H*-(CH3)20
299,131,19 CoH50Hy™ (32.0) [28.5] (23.5) 298 ICR 8 (CH3)0H"-(CH3)0
316,131,19 (32.2) [28.5] (23.7) 298 ICR § (CH3),0H*-(CH3)20
300 (CH3)3snt (34.8) [32.2] (17.9) 525 HPMS 8 (CH3)3Sn*-CHy0H
299,131,19 n-C3H70Hy* (30.5)  [28.6] (22.0) 298 Ick 5 (CH3)20H*-(CH3)20
316,131,19 1-C3Hy0H* (30.7)  [28.2] (22.3) 298 ICR 8 {CHy),0H*-(CH3)70
299,131,19 n~C4HgOHy* (30.2) {28.6) (21.7) 298 ICR 8 (CH3)o0H*-(CH3)50
41,48 bl (31.5)  (24.9)  (24.1) 298 ICR 8 F -0 '
278,264 - — —-—— (9.95) 295 ICR § C1™-CH30H
295,4 (17.3)  {23.1} (10.4) 298 ICR 8 C17-t~C4HgOH
296 jd 12.1 18.9 6.4 300 HPMS
267;268,302 CH30™ -— - (16.5) 298  FA,ICR S CH30™-CH30H
267,302,11 CaHs50™ -— - (13.9) 296 FA ¢ CH30™-CH30H/CaH50H(s)
268,302,11 — - (13.8) 298 ICR © CH30™~CH30H/C2H50H(s)
303,302 (20.6)  [22] (14.0) 298 ICR § CH30™~CH30H
303,302 n-C3H70™ (20.3)  [22) (13.7) . 298 IcR $ CH30™-CH30H
303,302 £~C4Hg0™ (19.5)  [22] (12.9) 298 ICR $ CH307-CH30H
303,302 t=CsH)10™ (19.2)  [22] (12.6) 298 ICR $ CH30™~CH30H
40,28 CaHg0 (CH3)30 Lt (39.5)  [27.5] (31.3) 298 ICR s Lit-Hy0
134 K+ 20.8 24.8 13.4 298 HEMS
27% 22,2 26.8 14.2 298 HPMS
122,19 Ha0* (48.2)  (27.7)  (39.9) 300 HPMS € (CH3)20H*~1150 + APA
122,70 (45.4)  (24.5)  (37.9) 300 HPMS e HzD?(CH;)zO%s); cf. Table 9
122,70 H30%+H0 (29.1)  (26.5) (21.1) 300 HPMS © Hy0/(CH3)30(s); cf. Tible 9
122,70 H30%+2H70 (23.4)  (30.2) (14.3) 300 HPMS 5 130%+2H20~H0; cf. Table 9
122 H30*+3H20 (17.9)  (28.4)  (9.3) 300 HEMS 5 Hy0t+3Hy0-Hp0
122 CHaOH* 35.0 24,7 27.6 300 HPHS cf. Table 9
122 CH30Hy™ +CH30H 21.9 25.2 14.4 300 HPMS cf. Table 9
122 CH30H2 < 2CH30H 17.2 28.6 8.7 300 HPMS cE. Table 9
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Table 8. (continued) Thermodynamic quantities for the association of organic compounds to gasecous lons.

(keal/ (cal/ (keal/
mol)

K mol) mol) (x)
0 0 0
Reference Neutral Compound Ton —Aﬂo,l -ASD,1 —AGO,I(T) T Method Remarks
Formula
122 CoHg0 (CH3)20 CH3Olp* +3CH30H 15.3 31.5 5.9 300 HPMS
(cont'd)
117 CHjNH3* 21.5 29.3 12.8 298 HPMS
299,131,19 CH3C(oH)2* (31.1) {26.0] (23.4) 298 ICR 8(CH3)200%-(CH3)20
117 (CH3) 00" 29.5 27.0 21.5 298 HPMS
131 . 30.7 29.6 21.9 300 HEMS cf. Table 9
299,131,19 (HCOOC,Hs )R (30.2) [28.8] (21.6) 298 ICR 8(CH3)20H*~(CH3)20
324 (CH3)20CH3* 13.0 28.4 4.5 298 HPMS
299,131,19 n=C3H70H+ (31.9)  [28.6] (23.4) 298 ICR S(CH3)0H%—(CH3)20
316,131,19 1-CaH;0H* (31.9)  [28.2] (23.5) 298 ICR S (CHy),0u*(CH3),0
299,131,19 :  1,4~dzoxanel* (29.9)  [29.1] (21.2) 298 ICR §(CH3)20H+-(CH3) 20
318 C2Hg0S (Cl3)250 Kt 35 31 25 300 HPMS cf. Table 9
280 ’ (CH3)2S0H* (30.8) (22.9) (24.0) 298 HPMS 8 (CH3)2S0H*~(CH3),C0;
cf. Table 9
280 (cH3)cont (41.1)  (29.6) (32.3) 298 HPMS § (CH3)2COHY-(CH3),C0
317 o~ 18.6 20.4 12.5 300 HPMS cf. Table 9
317 Br™ 17.3 21.4 10.9 300 HPMS cf. Table 9
317 1~ 15.7 21.7 9.2 300 HPMS cf. Table 9
39,28 CaHgS (CH3)25 it (32.8) = —— —— ICR 8 Li*-Hy0 (value given in Ref. 93)
1us - CaHgS CoHgSH CH3NH3+ 15.5 21.8 9.0 298 HEMS
40,28 CoHi7N {CH3)o0H Lt (42.2)  [27] (34.1) 298 ICR s Lit-Hy0
134 K* 19.5 21.4 13.1 298 HPMS
144 ngt (38.9) [28.2} (23.4) 550 HPMS from proton trausfer
144 CH3NH3* (27.5) (24.9) (13.8) 550 HPMS fron proton transfer
144 (CH3)aNHg* 20.8 25.7 6.6 550 HPMS
144 (ch3) Mt 20.5 28.5 4.8 550 HPMS
300 (CH3)350" (44.2) [30.3} (28.3) 525 HEMS S (CH3)3Sn"-CH308
281 CoHyN CatisNHp CoHsNHzt —_ -— — — HPMS of. Table 9
300 (CH3)38n* (44.1)  [31.8] (27.4) 525 HPMS S (CH3)3Sn*-CH30H
279 ColigNg HNCHpCHpNHy x* 25.7 22.3 19.0 298 HEMS cf. Table 9
282 HyNCHyCHyNH3* -_— -— -_— -— HPHS cf. Table 9
41,98 C3FsN CFs5CN | +(30.1)  [22.8) (23.3) 298 ICR & FT-Hy0
311,4 C3HOFs, (CF2H)(CF3)CO [ (23.4)  [23.9] (16.3) 298 icR 8 G1™~t-C4H50H
295,4 C3H0Fg (CF3)HCOH c1- (>26.5) (25} (>19) 298 ICR 8 C1™-t~C4HgOH
39,28 C3Hy CH3C=CH L+ (28.5) = -— -—— ICR 8 Li*-Hp0; from Figure
41,98 C3l50p CHyF(c~C2H30) F (25.5) [23.71 (18.4) 298 ICR & FT-Hy0
39,28 Cadg CH3CH=CHp ut (23) -— -— —_ ICR 8 Li*+H0; from Pigure
39,28 C3Hg0 (CH3)2C0 it (44,5} =~ — —_ ICR 8 Lit«Hy0; from Figure
(acetone)
318 'y 26 24 19 300 HPMS cf. Table 9
273 No* (41.0y = -— L - ICR $ NO*CoHg0H
117 CHaNHy* 2.0 23.2 17 298 HPMS
283 cHzco* 12.5 — -— — PL
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Table 8. (continued) Thermodynamic quantities for the association of organic compounds to gaseous ions.
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(kcal/ (cal/ (kcal/
mol) K mol) mol) (x)
Reference Neutral Compound Ion —Mlg 1 -Asg,l _AGS,I(T) T Method Remarks
Formula ’
280 C3Hg0 (CH3)2€0 (cH3)ps0u* 2.1 264.5 16.8 298 HPMS
(acetone) :
283 (cont'd) (cH3) c0* >12.4 - -— - PI
299,131,19 (cH3)2C0H* (31.5) [30.9] (22.3) 298 ICR § (CH3)20H"~(CH3)20
280 30.1 30.4 21.0 298 HPMS
329 —_ — -— —— HPMS cf. Table 9
.299,131,19 (CH3C00CH; )u+ (30.0)  129.0] (21.4) 298 ICR § (CH3)20H*~(CH3),0
299,131,19 c~C4HgOH* (31.0)  {30.6) (21.9) 298 ICR § (CHj)20H™~(CH3)20
299,131,19 (cH3)(C2H5)COR* (29.4)  [29.1] (20.7) 298 ICR 8 (CH3)20H™(CH3)70
299,131,19 1,4~dioxaneH* (32.6) [29.4] (23.9) 298 ICR § (CH3)20H—(CH3)20
299,131,19 (CoHs5)20H* (29.3)  [29.2] (20.6) 298 ICR S (CH3)p08*~(CH3)20
299,131,19 (CaHs)c0H* (28.5) [29.0] (19.9) 298 ICR S (CH3)g0H%-(CH3)0
300 (CH3)3Sn* (37.4) [30.9]1 (21.2) 298 HPMS 8 (CH3)35n*~CH30H
324 N(CH3)4* 14.6 24.7 7.2 298 HPMS cf. Table 9
324 N(CaHs) 4% 12.4 26.7 4.4 298 HPMS
255 o~ 13.7 19.6 7.9 300 HPMS
295,4 . (14.1)  [19.6]  (8.2) 298 ICR § C1™-t-C4HgOH
284,104 OH™*H0 -— -— (15.0) 295 FA S OH™*Hz0-H20
267 CH3C(0)CHy™ — — 8.3 295 FA
273 C3Hg0 C2H5CHO not (38.1) -_— — -— ICR S NO*-CyH50H
118 C3Hg0 CHy=CHOCH3 (CHp=CHOCH3)H* -—_ -— <6.8 520 HPMS
295,4 C3HgOF2 (CHyF)7HCOH c1- (23.6) [25] (16.1) 298 ICR § C17-t-C4HgOH
39,28 CaHgOy.... ... . .CH3COOCH3 . Lit (43.5). === - - ICR S Li*-Hy0; from Figure
273 Not+ (39.8) — - -— ICR $ NO*eCyH50H
299,131,19 (cH3)pcon* (31.4) [29.9] (22.5) 298 ICR § (CH3),0H*-(CH3)20
299,131,19 (cH3Go0cH3) It (29.7)  [30.9]  (20.5) 298 ICR S(CH3)20H*-(CH3)20 + APA
117 CH3NH3+ 23.5 24.8 16.1 298 HEMS
300 (cH3)3sn* (38.4)  [32.6] (21.3) 525 HPMS § (CH3)3Sn*-CH30H
299,131 C3HgO0 HCOOCHs (cH3) 00t (31.2) [28.8] (22.6) 298 ICR § (CH3),0H*-(CH3)20
299,131,19 CalisC(OH) 2+ (30.0) [30.9] (20.8) 298 ICR S (CHi3)o00%-(CH3) 20
299,131,19 1,4-d1oxaneH* (30.5)  [29.9] (21.6) 298 ICR § (CH3)20H*-(CH3)20
296 C3Hg0p CaH5CO0H 1~ 16.6 20.4 10.5 300 HPMS
129 C3H7NO CH3CONHCH3 (CH3CONHCH3 )R 29.8 23.6 22.8 298 HPMS
39,28 C3H7NO (CH3)pNCHO Lt (50) — -— - ICR S L1¥-Hp0; from Figure
318 Kt 31 26 23 300 HPMS cf. Table 9
39,28 C3zF (CH3)CHF Lit (35.5) - -—- -— ICR § Li*-H,0; from Figure
39,28 C3H7CL (CH3)CHCL Lt (30) - -— -— ICR 8 Li*-H0; from Figure
294 CaH7Br n~C3HyBr Br~ "11.6 19.8 5.7 298 HPMS
39,28 C3HzBr (CH3)2CHBr Lit (30.5) —— ——— - ICR 8 Li*-Hy0; from Figure
294 Br~ 12.2 19.9 6.3 298 HPMS
39,28 C3H71 (CH3) 2CHI Lt (29.5) —- -— -— ICR s Li*-Hy0; from Figure
316,131,19 C3Hgo 1-C3H70H . CoHsOHp* (33.6) [27.2] (25.5) 298 ICR S (CH3)20H*~(CH3)20
316,131 (CH3)p0H* (31.0) [28.2) (22.6) 298 ICR S (CH3)0H*-(CH3)20
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Table 8. (continued) Thermodynamic quantities for the assoclation of organic compounds to gaseous fons.
(kcal/ (cal/ (kecal/
mol) K mol) mol) (X)
Reference Neutral Compound Ion -A}lg 1 —Asg 1 -Acg 1(‘[‘) T Method Remarks
Formula ’ » > .
316,131,19  C3HgO 1-C3H70H 1-C3H70Hp* (31.9) [29.6] (23.1) 298 ICR § (CH3)30H*~(CH3)20
{cont'd)
316,131,19 £~C4HgOHy* (30.5) [28.2) (22.1) 298 ICR $ (CHy)o0H*~(CH3)20
316,131,19 s-C4HgOH™ (32.0)  [27.5] (23.8) 298 ICR S (CH3)20H~(CH3)20
41,98 ¥ (32.3)  [25.6] (24.7) 298 ICR 8 F™-Hp0
295,4 cr- (17.6) [23.2) (10.7) 298 1CR $ $17~t-C4ligOH
296 1 12.2 19.1 6.5 300 HPMS
117 C3Hgo n-C3H70H CH3NH3* 22.0 25.6 l4.4 298 HPHS
299,131 (CH3)90H" (30.3) [28.4] (21.8) 298 ICR $ (CH3)p0H*-(CH3),0
299,131,19 Caus0H* (32.8)  [27.4] (24.6) 298 ICR § (CH3)20H*-(CH3)20
299,131,19 n-C3H70H* (31.6)  [30.2} (22.6) 298 ICR § (CH3),0u*-(CH3)20
329 _— -— - -— HPMS cf. Table 9
299,131,19 n-C4HgOHp™ 31.7) {29.2] (23.0) 298 ICR 5 (CR3)20H™-(CH3)20
300 (CH3)3Sn* (35.5) {32] (18.7) 525 HPMS § (CH3)3Sa*-CH30H
41,98 F (32.3)  {25.4] (24.7) 298 ICR § F -Hy0
205,4 c1~ 7.7y  {23.2] (10.8) 208 IcR § C1™=t=C4ligOH
303,302 C3Hgo a-C3H70H HaC=C(CH3)0™ s.5) {221 (7.9) 298 ICR 5 CH30™-CH30H
(cont'd)
303,302 n-C3Hy0~ (21.0) {22) (14.4) 298 ICR § CH30™-CH30H
303,302 t=CyHg0™ (20.2) 22 (13.6) 298 ICR 5 CH30™=CH30H
303,302 t=CsH;10™ (19.8) {22} (13.2) 298 ICR § CH30™-CH30H
303,302 CgHgC=C™ (15.4) {22} (8.8) 298 ICR § CH30™-CH30H
118 C3igs n~C3H7SH CH3NH3+ 17.5 4.9 10.1 298 HPMS
300° (CH3)35n* (34.2) [32.2) (17.3) 525 HPMS § (CH3)3Sn*-CH30H
324 G3Hgs CoH5SCH3 CH3NH3* (19.8)  [25] 11.3 438 HPMS
40,28 C3HgN (CH3)3N Lt (42.1) (28] (33.7) 298 ICR § Lit-Hp0
134,61 K+ (20.0)  (23.4) (13.0) 298 HPMS s K¥-H0
144 (CH3)7NHp* 23.3 25.3 9.4 550 HPMS
144 (CH3) aM* 22.5 32.0 4.9 550 HPMS
324 N(cu3)t 9.9 20.6 3.8 298 HPMS
300 (cH3)35n* (45.6)  [32] (28.8) 525 HEMS & (CHy)3Sn*-CH30H
134 C3HgN n=C3ti7NH K+ 21.8 25.5 14.2 298 HPMS
281 n-C3lyNH3* _— — — — HPMS cf. Table 9
281 C3HgN 1-C3tiz N 1-C3H7NH3* -— — — -— HPMS cf. Table 9
282 C3HpoN 1,2(NHp)7C3Hg (1,2(NHy)C3Hg ) HY — — — — HPMS cf. Table 9
282 C3HyoN 1,3(NHj)C3Hg (1,3(NHp) »C3Hg YH* -— — — —_ HPMS cf. Table 9
129 CyHg Ny pyrimidine CjﬂmNOj" 28.6 2647 20.6 298 HPMS N-acetylglycine methyl esterH
118 CiH40 furan furan H" 22.5 40.7 10.4 298 HPMS
295,4 C,H,OF ¢ (CF3)2CH3COH c1~ (>26.5) [25) 19) 298 ICR B C1™-t~C4HgOH
325 CylisN pyrrole CH3NH3* 18.6 21.0 12.3 298 HPMS
41,98 ¥ (34.2) [25.5}) (26.6) 298 ICR 8 F==Hy0
255 - — — 11.6 421 HPMS
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Table 8. (continued) Thermodynamic quantities for the association of organic compounds to gaseous ions.
(Kcal/ (cal/ (kcal/
mol) K mol) mol) (K)
Reference Neutral Compound Ion —-Aﬂz 1 -—Asg 1 —AG; l('I) T Method Remarks
Formula ’ ' ’
285 C4HsN30 cytosine cytostne H* 38.3 37 27.3 298 HPMS
117 C4H505F3 CF3C00CHs, CHjNH3+ (21.4)  [26] 9.4 450 HPMS
118 C4Hg0p CH3COO0CH=CHy (CH3C00CH=CHy JH* (27.3)  [34.5)  10.4 492 HPMS
117 C4H7N n-C3H7CN CH3NH3+ (28.1) [28] 10.0 581 HPMS
39,28 C4Hg (CH3)C=CHy Lit (28) — _— —-— ICR 8 Li*-H;0; from Figure
273 C4Hgo (CH3)(CaH5)CO not (42.2) —- -— -— ICR 8 NO*-CyH50H
117 CH3NH3t (25.2) [25] 1.4 553 HPMS
299,131,19 (cH3)pc0mt (32.7)  [29.8] (23.8) 298 ICR & (CH3)20H*-(CH3)20
299,131,19 (CH3) (CoHs ) cont (30.4) [30.9] (21.2) 298 ICR & (CH3)20H™(CH3)20
299,131,19 (CyHs)CoH* (29.5)  [29.4) (20.7) 298 ICR § (CH3)p0u*=(CH3)20
300 (cH3)3snt €39.3)  [32.8) (22.1) 525 HPMS 8 (CH3)3Sn*-CH30H
295,% o1 {14.0) {21.0]  (8.5) 238 IGR © Gl =c—(4HgOH
117 C4lig0d c~C4Hg0 c=C4HgoHt 32.6 32.2 23.0 298 HEMS tetrahydrofuranft
299,131,19. (tetrahydrofuran) (32.5) [32.2] (22.9) 298 ICR § (CH3)20H*-(CH3)20
299,131,19 (cH3)oCOHt (33.4)  [29.9) (24.5) 298 ICR § (CH1)90H*-(CH1)90
299,131,19 (CaHg)2C0Ht (30.1)  [29.4] (21.3) 298 ICR § (CH3),0H -(CH3) 20
299,131,19 (CaHs)0u" (30.4)  [29.5] (21.6) 298 ICR § (CH3)20HY~(CH3)20
273 C4HgO - n-C3H7CHO Not+ (39.2) — - — ICR S No*-CoH5OH
299,131 C4HgOy 1,4 -dioxane - - (CH3)pO0H* - (31.7) - [28.9]) - (23.1)-- 298 ICR §..(CH3)20H*~(CH3) 20
299,131,19 (cH3)2C00* (30.0) [30.2] (21.0) 298 ICR § (CH3)0H*-(CH3)20
299,131,19 1,4 dioxaneH* (30.9) . [31.5] (21.5) 298 ICR § (CH3)20H%-(CH3)20
299,131,19 (HCOOCH5 U (30.9)  [29.7] (22.0) 298 ICR S (CH3)20H™-(CH3)20
273 C4HgOy CH3C00C)Hg not (41.5) - -— — ICR S NO*-CoH50H
118 (CH3C00CoH5)HY 30.0 3.5 19.7 298 HPMS
300 (CH3)35a% (40.2)  [33) (22.9) 525 HPMS S (CH3)3Sn*-CH30H
296 C4HgOy 1~C3H7COOH 1~ 16.7 20.5 10.6 300 HPMS
318 C4HgNO (N(CH3)2)(CH3)CO K+ 31 23 2 300 HPMS cf. Table 9
129 (CH3) 3NH+ 27.2 24,1 20,0 298 HEMS
324 N(cH3)* 18,0 21,6 11.6 298 HeMS
129 (N(CH3)2)(CH3)COR*  31.3 27.4 23.1 298 HeMS
41,98 C4HgF (CH3)4CF F (22.3)  [23.6] (15.3) 298 ICR 8 F=Hy0
295,4 c1- (13.3)  [20.8]  (7.1) 298 ICR $ C1™-t=C4HgOH
205 ,4 C4HgCL (cuy)yccn o= (14.3) [21.2}) (8.0) 298 1K ® Cl™=t=C4HgOH
294 CyHgBr (CH3)3CBr Br 12.4 19.3 6.7 298 HPMS
294 C4HgBr (CH3)9CHCH, Br Br 12.9 21.8 6.4 298 HPMS
134 C4Hy 00 (CaH5)20 Kt 22.3 24.7 14.9 298 HPMS
273 Not (41.3) - - - ICR S NO*-CoHs50H
286 CH3NH3* 22,0 25.0 14.6 298 HPMS
286 (CH3)3NH* 19.5 29.4 10.7 298 HPMS
299,131,19 (CH3)cont (32.9)  [29.7) (24.0) 298 ICR S (CH3)20H*-(CH3)20
299,131,19 e~C4Hgont (31.9)  [30.9] (22.7) 298 ICR

$ (CH3)20H+~(CH3) 50
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Table 8. (continued) Thermodynamic quantities for the assocfation of organfc compounds to gasecous ions.
(kcal/ (cal/ (keal/
mol) Kwel)  mol) x)

Reference :3:;:;;: Coumpaund Toa -Aﬂg R —ASS 1 -AGE L1 (4 9] T Method Remarks
117 CyHy 00 (GaHs)20 (CaH5)20H* 29.8 33.2 19.9 298 HPHS
299,131,19 (cont'd) (30.3)  [30.9)  (2L.1) 298 ICR 8 (C3)p0H*-~(CH3)20
299,131,19 (CaH5)C00* (29.5)  [29.5] (20.7) 298 1cR § (CHy)70H ~(CH3)20
299,131,19 (n-CaHz) 0% (29.3)  (30.0] (20.4) 298 ICR 8 (CH3)0H*-~(Cl3),0
299,131,18 (1-C37) 208 (26.0)  {30.8] (16.8) 298 R S (CHg) 0H*~(CH3)20
286 pyridine W¥ 22.5 32,9 12.7 298 HPHS
286 e~Cghy NEy* 21.9 31.9 12,4 298 HPHS
117 C4Hy00 w~CyHgOH CH3NHg* (23.5)  [26) 10.6 495 HPMS
300 (CH3)35n* (36.5) [32.4] (19.5) 525 HPMS & (CH3)3Sn*~CH30H
299,131,19 n-C4HigOlz* (31.5)  [30.9] (22.3) 298 IcR B (CH3)0H*-(CH3)20
299,131,19 CaH50H* (33.1)  {27.7] (24.8) 298 ICR & (CH3)z0H%-(CH3)20
299,131,19 n-C3H70Hy* (31.3)  [29.2] (22.6) 298 IcR & (CH3)208*~(Cl3)20
41,98 i (32.2)  (25.9)  (24.5) 298 R s P -Hy0
295,4 €1 17.6) 23,2} 0.7y 298 CcR S CL™—t-C4HgOH
316,131,19  Cyitjo0 s-C4ligOH 1~Catiy0nz* (32.8)  [28.2]  (24.4) 298 R S (CH3),0H%-(CH3)20
316,131,19 s5-C4HgOly* (32.6)  [28.2] (24.6) 298 IR & (Cii3)20H*-(Ci3)20
17 C4Hi100 e=CoHgOH CHzNHz* (22.9)  [26) 10.0 495 HEMS
300 (CH3)3sat (36.6)  [32.4) (29.6) 525 HEMS 8 (CR3)3Sa*~Clz0H
316,131,19 1-C3H 0mp" (33.0)  [28.2] (24.6) 298 ICR 8 (CH3)20H*~(CH3)20
316,131,19 t=~C4HgOHy+ (31.6)  (29.6] (22.8) 298 TCR & (CH3)p0H*-(CH3)20
41,98 b (33.3) (26,1 (25.5) 298 ICR & F-Hy0

4 BN 19.2 27 111 298 HRHS

254 14.2 10.3 11.1 298 HPHS
296 i 12.1 18.7 6.5 300 UPHS
303,302 t-C4H30™ (20.4) {22} (13.8) 298 ICR S CH3U ~CH3UR
303,302 €-Csity 10~ (20.3) (22} C13.7) 298 ICR § CH30™~CH30H
27 C4H1002 CH30(CHp)20CH3  Na* 47.2 34.6 36,9 298 HPMS cf. Table 9
219 Kt 30.8 26.8 22.8 298 HPMS
286 CHyRBy* 30.1 30.1 21.1 298 HPHS
286 (CH3)aNu* 26.7 34.8 16.3 298 HPMS
786 pyridined* 25.4 31.4 16.0 298 HPMS
286 e-CgHy jNH3* 29.4 35.5 18.8 298 HPMS
30 CyHy N (CaHs) N (CHy)sn* (86.6) 133} (29.1) 525 HPHS § CH30™-CH30H
117 CsH,NF 2~F-pyridine (CHg) 30 20.8 3L.0 12,6 298 HPMS
19,78 CgHgN pyridine u* (44) - — -~ ICR 8 Le*-Hy0; from Figure
134 x* 20.7 18,6 15.2 298 HPHS
63 Ag* —_— -— — — HPMS cf. Teble 9
83 pyridinet 26,3 32.1 16.7 298 HEMS cf. Table 9
285 23.7 28 15.4 298 HPUS
125 .24.6 28.2 16.2 298 HPMS
117 (CqHiy )t (20.4) (281 9.9 408 HRUS
285 CsHsNs adentre adentnel* 30.3 39 21.7 298 HPMS
255 CsHg cyclopentadiene CL —— — <2.5 300 HPMS
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Table 8. {contimued) Thermodynamic quantities for the association of organic compounds to gaseous ions.
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(kcal/ (cal/ (keal/
mol) X mol) mol) (K)
Reference Neutral Compound Ion ~AHg 1 —Asg 1 —AG; l('I) T Method Remarks
Formula 4 * *
285 CsHgNz07 thymine thyminel* 30.1 37 19.1 298 HPMS
255 CsHg 1,4-pentadiene [+ -— — 3.7 300 HPMS
274 CsHgNOy proline prolinedt 29 32 19.5 298 HPMS
126 . 20 — — -— HPMS
126 valined* 23.4 — -— — HPMS
255 CsHgOy (CH3C0)7CHy €1 -— — 11.0 421 HPMS
{acetylacetone)
129 CgHgNO3 CH3C(0)NHCHCOOCH, pytiﬁtdinell‘" 34.5 38.4 23,1 298 HPMS N-acetylglycine methyl ester
32 N(CH3) 4 20.2 29.4 11.3 298 HPMS
41,98 CsHyn0 {CH3)CCHO ad (24.6)  [26.2] (16.8) 298 ICR 8 P =H0
295,4 cr- (15.0)  {21.9)  (8.4) 298 ICR 8 €17-t-C4HgOH
273 Cslij g0 {CyHs5)2C0 Not (42.9) —- -— -— ICR 8 No*-CyH50H
209,131,129 (czl(,)lcmr" €30.2) f31.2} {20.9) 298 Ior 8 (cuy)ont (oty),0
299,131,19 (CH3) (CaHsg)coH* (31.1)  [29.9] (22.2) 298 ICR B (CH3)0H"~(CH3),0
299,131,19 (cH3)zcont (33.4)  {30.1] (24.4) 298 ICR 8 (CH3)o0H =(CH3)20
299,131,19 (CaHs)o0u* (30.8) [29.7]1 (22.0) 298 ICR 8 (CHy)20H%-(CH3)20
299,131,19 o=C4Hgon* (32.6) [31.0] (23.4) 298 ICR 8 (CH3)0HY-(CH3)20
117 CH3NH3+ (25.9) {26} 11.8 549 HEMS
300 (CH3)35n* (39.5) [31.6) (22.9) 525 HPMS & (CH3)a0H*-(CH3)20
295,4 o1~ (14.1)  [19.6)  (8.2) 298 ICR § C1™-t~C4HgOH
117 CsHj o0 c=Csit) o0 c~CsHjgOH* 32.6 32.2 23.0 298 HPMS
296 Cs5Hy002 £=C4HgCOOH 1~ 15.4 21.7 8.9 300 HPMS
117 CsH300z HCOOn-CyHg CH3NH3+ (24.5)  [26) 12,5 461 HEMS
117 C5Hyp02 CH3C001~C3Hy CHaNH3* 30.0 35.2 19.5 298 HPMS
300 (cH3)3sn* (41.8)  [33.5] (24.2) 525 HPHS 5 (CH3)3Sn*~CH30H
273 CsH1002 CH3C00n-C3Hy Not* (42.0) —- -— -— ICR & NO*~CpHgOH
3600 (CH3)35n* (40.2)  [32.8] (23.0) —_ HPMS 5 (CH3)3Sn*-CH308
126 Cs5HyINOp valine proline* 21.0 — - -— HPMS
126 valineHt 20.7 -— - -— HPMS
294 CsHypbr £-CsHp 1Bt Br~ 1444 25.2 6.9 298 KPMS
303,302 CsHy20 t~CsH) 1 OH t=CgHy;0” (21.5)  [22] (14.9) 298 ICR § CH30™-CH30H
303,302 t=C4HgCH(CH3)0™ (21.3)  [22] (14.7) 298 ICR 8 CH30™-CH30H
303,302 CeHsC™ 7.1y [22] (10.5) 298 ICR & CH30™~CH30H
286 CsHp90p CH30(CHy)30CH3  CH3NH3* 31.2 32,0 21.7 298 HPMS
286 (cH3)3NH" 25.5 33.1 15,6 298 HPMS
286 CsHy20y CH30(CHp)30CH3  2-F-pyridineH* 26,2 31.6 6.8 298 HPMS
286 pyridinet* 26.5 35.8 5.8 298 HPMS
286 c-CgHyNH3* 28.4 35.0 18.0 298 HPMS
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Table 8. (continued) Thermodynamic quantities for the association of organic compounds to gaseous ions.

(kcal/ (cal/ (kcal/
mol) K mol)  mol) [ ]
Reference Neutral Compound Ion —Aﬂg 1 -ASS 1~ 8 1('l') T Method Remarks
Formula : > * ’
241 CeFp CgFg benzenet z2.1) {271 4.0 300 HPMS
118 anilinet 1.0) [25}) 3.5 298 HPMS
241 CgHFs5 CgHFs beazenet (11.2) (27} 3.1 300 HEMS
261 CgHaFy 1,2,3,5-CgHpFy benzene* (11.2)  [27) 3.1 300 HPMS
241 CgHaFy 1,2,4,5-CglFy benzenet 12.0 27 3.9 300 HEMS
241 CgH3F3 1,3,5-CgH3F3 benzenet 12.4 28 3.9 300 HPMS
241 CgHyF2 1,2-CgHyF benzenet (15.2)  [27] 6.3 330 HPMS
295,4 c1- (14.3)  [21.6]  (7.8) 298 ICR 8 C17-t~C4HgOH
241 CeHyFa 1,3-CgH,Fy benzene* 13.9 26 6.2 300 HEMS
261 1,3-CeHigFo* (13.2)  [27] 5.2 298 HPMS
255 c1- a— —_— 7.7 300 HPMS
295,4 (14.6) [22.6)  (7.8) 298 ICR § C1™-t-C4HgOH
325 CoH4F2 1,4=CgH4Fp N, * (13) [20] 5.1 395 HPMS
295,4 c1- (13.8) [21.6)  (7.3) 298 ICR § C1™-t-C4HgOH
273 CgH5NO CgHsNOp not+ (39.3) - — - ICR S NO*-CH5OH
118 anilinet (19.5) (27} 10.7 324 HPMS
118 1-CHj-naphthalenet  13.2 27 5.2 298 HPMS
255 o~ — — 7.1 300 HPMS
287,255 CgH5OF p-F~phenol c1- (26.9)  (25.3) (19.3) 300 HPMS S C1 -phenol
287,255 CgHs0CL p-Cl-phenol c1~ (28.9)  (26.3) (21.0) 300 HPMS § C1™-phenol’
273 CgHsF CeHsF No* (37.8) - -— — ICR 8 NO*-CoH50H
325 Nyt 14.4 18.0 9.0 298 HPMS
241 CgHgF* (14.1)  {27) 5.3 356 HEMS
241 benzenet 17.0 30 8.1 300 HPMS
118 anilinet 11.8 26.7 3.8 298 HPMS
255 c- -— — 5.9 300 HPMS
273 CgHsCL CgHsCL - Not (38.5)  -—— - -— ICR & NO*-CoH5OH
118 aniline* (12.0) {27) 4.0 297 HPMS
241 mesitylene® {11.4) 1z7] 2.9 300 HPMS
255 c1- —— —— 6.5 300 HEMS
295,4 (13.6) [22.4)]  (6.9) 298 ICR 8 C1™=t=C4HgOH
118 CeHshr CgHsRr anilinat 4.1y (27} 5.3 225 HPMS
255 o~ -— -— 6.8 298 HPMS
118 CgHsI CHisI aniline* (13.6)  [27]) 4.8 324 HPMS
255 oL — ——— 1.2 3uo HPMS
40,28 CgHg benzene Lt (37.9) {27.5] (29.7) 298 ICR 8 Li*-Hy0
97 Kt 19.2 24.6 11.9 298 HPHS cf, Table 9
97,60 K¥eHy0 (26.8) (27.1)  (8.7) 298 HPMS 8 K¥eHy0-H70; cf. Table 9
97,60 K¥e21,0 (13.4)  (24.3) 6.1) 298 HPMS 8 K*e2Hy0-Hp0; cf, Table 9
97,60 K*e3H0 (12.6) (27.6) | (3.7) 298 HPMS 8 K*+3Hp0-H0
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Table 8. (continued) Thermodynamic quantities for the association of organic compounds to gaseous lons.
(kcal/ (cal/ (kecal/
mol) K mol) mol) ()
Reference Neutral Compound Ton -Aﬂg,1 —Asg,1 -mg'l(r) T Method Remarks
Formula
273 Celg 2:::-\:) No* (4.1 — - -— ICR 5 NO*-CyH50H
325 N ¥ 19.3 23.3 12.4 298 HPMS cf. Table 9
325 CH3NH3* 18.8 25.1 11.3 298 HPMS
288 cplis* (46.5)  (3L.5) (37) 298 — € pHg's + PA's
325 CaH50HyY (21) 251 8.7 491 HPMS
289 c3H3t 9.0 9 6 300 HPMS
288 (CH3) 0H* (33.8)  (34) (23.7) 298 — € MHg's + PA's
325 (CH3)3NH* 15,9 27.7 7.6 298 HPMS
289 c=C4Hyst 13 23 7 300 HPMS thiophenet
288 (cH3)3c* 22 49 7.4 298 HPMS
324 N(CH3)4t (9.4) [20] 3.5 296 HPMS
241 CgHscLt 14.0 26 6.2 300 HPMS
289 benzenet 15 23 8 300 HPMS
261 17.0 27 8.9 300 HPMS
241 bonzonoHT 11.0 24 3.0 - 300 HPME
118 aniline* 113.2  26.3 5.3 298 HPMS
241 toluene? 12.4 26 4.6 300 HPMS
118 CgHsNHCHg+ (12.2)  [26] 4.5 298 HPMS
118 CgHsN(CH3) (9.8) [26] 2.0 298 HPMS
241 mesitylenet 10.6 26 2.8 300 HPMS
218 p-CH3CgH4N(CH3) o+ (9.8) (22} 2.6 329 HPMS
118 p-CHj~naphthalenet 8.9 24 1.7 298 HEMS
97 i (10.4) {22 3.8 300 HEMS
295,4 (9.9 {17.1) (4.8) 298 ICR § C17-t-C4HgOH
332 9.5 19.9 3.6 298 HPMS
41,98 CglgO phenol ¥ (41.4)  [2b.3]  (33.)) 298 ICR > FT-Hp0
254 c1- 19.4 15.5 14.8 298 HPMS
4 27.4 25 20,0 298 HPMS
255 25.0 26,0 17.2 300 HPMS
125 CeHizN 2-CH3-pyridine  2-CHz-pyridinent 23.0 27.8 14.7 298 HPMS
134 CgHN aniline K+ 22.8 23,7 15.8 298 HPMS
118 anilinet 17.4 24,6 9.5 322 HPMS
118 CpHyHCH 17.4 208.2 9.0 298 Hens
118 CgHsN(CH3)2* (14.5)  f27] 6.5 298 HPMS
118 p-CH3CgH4N(CH3)*  (13.5)  [27] 5.9 283 HPMS
41,98 B (31.2) 126,21 (23.4) 298 ICR S F™—Hy0
325 Ceyo cyclohexene CH3NH3* 11.6 16.9 6.6 298 HPMS
129 CgHp3NO3 CH3C(O)NHCH~ CH3NH3* 40.1 35.1 29.6 298 HPMS N-acetylalanine methyl ester
(CH3)CO0CH3

129 (CH3)3NHY 29.7 27.6 21.5 298 HPMS
129 CeHyaNOs* 30.1 31.5 20.7 298 HPMS
39,28 CgHy2 cyclohexane Lit (24) e — — ICR $ Li*-H,0; from Figure
325 NH,* (<9 (20} <2.8 37 HPMS
241 benzene* (11.2)  [27} 3.2 295 HPMS
117 CgHy 20 c—CgHy 20 —CgHy gout 33.2 34,7 22,9 298 urHe
117 CgHy20 (n=C3H7)(CoHs)CO CH3NH3* 27.0 27.0 19.0 298 HPMS
300 CeH202 CH3C00(n-C4Hg)  (CH3)3Sa* (41.7)  [33.5] (24.1) 525 HEMS € (CH3)35n*~CH30H
300 CgHz40 a-CgH] 30H (CH3)38n% (37.5)  [33.3] (20.0) 525 HPMS $ (CHgz)3Sn*~CH30H
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Table B. (continued) Thermodynamic quantities for the association of organic compounds to gaseous ions.
(kcal/ (cal/ (kecal/
mol) K mol) mol) (K)
Reference Neutral Compound Ton a2 -2s2 -a62 (9] T Yethod Remarks
Formula Ho'l 0,1 0,1

117 CgHy40 (n-C3H7)20 CHyNH3* 24,0 26.7 16.0 298 HPMS
299,131,19 (CaHs)20H* (31.4) [29.9] (22.5) 298 ICR 8 {CH3),0H*-(CH3) 20
117 pyridinent (23.5) [31} 8.0 500 HPMS
117 c—CgHyNHy* 25,4 31.2 16.1 298 HPMS
117 (n-C3il7)z00* 30.2 37.4 19.1 298 HPMS
299,131,19 (29.9)  [31.9] (20.4) 298 ICR 8 (CHj3)20u*-(CH3),0
117 CgHy 40 (1-C3H7)20 (1-C3H7)0H* 27.0 39.1 15.3 298 HPMS
299,131,19 (26.6)  [32.6] (16.9) 298 ICR 8 (CH3)oH™-(CH3)70
299,131,19 (CaHs) 0n* (31.3)  [29.8) (22.4) 298 ICR & (CHy)oH*-(CH3)20
303,302 CgHy 40 t-C4HgCH(CH3)OH  t~C4HgCH(CH3)0™ (21.4)  [22] (14.8) 298 ICR 8 (CHz)oH*-(CH3) 50
303,302 CgHsCHy0™ (21.6) [22) (15.0) 298 ICR 8 (CH3)OH™-(CH3)20
286 CgHy403 CH3(0CHpCHz)p~  (CH3)3Nut 32,8 40.0 20.9 298 HPMS

0oCH3
286 1,2-diazinel* 32.4 36.1 21.6 298 HPMS
324 N(CH3) 4t 20.6 28.7 12.0 298 HPMS
286 2-F-pyridined* 34,7 38.6 23,2 298 HPMS
286 pyrtdinent 31.5 36.5 20,6 298 HEMS
286 c=CgHy 3 NH3+ 39.7 44,6 26.4 298 HPMS
125 CeHysN (CaHs) 3N (CaHg)gNHt 23.8 41.0 11.6 298 HPMS
300 {CH3)35n* (45.7)  [33.9] (27.9) 525 HPMS 8 (CH3)3Snt-CH30H
311,4 CgHysB (CaHs5)3B c1- (23.8) [22] (17.2) 298 ICR 8 C1™-t~C4HgOH
273 C7HsN CgHsCN Not (41.1) -_ -— — ICR § NO*-CyH50H
117 CHaNH3* 29,4 3.2 20,1 298 HPMS )
118 aniltnet (21.8) [27) 12,3 338 HPMS
118 1~CH3~naphthalene* (15.4) [27) 6.9 301 HPMS
287,255 C7HsNO p—CNphenol c1- (33.6)  (26) (25.8) 300 HPMS $ C17-p-F phenol
287,255 (34.6) (28) (26.2) 300 HPMS 8 C1"-p~Cl phenol
273 C7HsF3 CeHsCP3 wo* 35) —— — -— ICR 8 NO*-CoH50H
118 anilinet (12,1) [27) 4.0 300 HPMS
273 C7Hg0 CgHs5CHO no* (43.7)  —- — —— ICR 8 NO*~CjH50H
255 C7H7N02 p-NOztoluene c1= -— -_— 7.5 300 HPMS
41,98 C7H7F CgH5CHoF ) o (24.4)  126.6]  (16.5) 298 ICR 8 Fr=Hy0
273 C7Hg toluene Not (64.2)  -— — — ICR 8 No*-CoHsOH
324 N(CH3)4* 9.5 20.3 3.5 298 HPMS
118 aniline® 14,0 26.8 5.5 320 HPMS
261 toluene* 16,0 29 7.3 300 HPMS
241 nesttylenet 12.0 27 4.0 300 HPMS
255 c1- -— — 4.0 300 HPHS
302 C7Hgo CgH5CHyOH CgH5CH0™ 23.8 23.2 16.9 298 HPMS
303,302 (22.3) [22) (15.7) 298 ICR 8 CH30"CH30H
287,255 CyHgo p-CHaphenol c1- (24,6}  (26.7)  (16.6) 300 HEMS 8 Cl -phenol

{p-cresol)
303,302 Cgl5C=C™ €19.5)  [22} (14.9) 298 ICR 8 CH30"CH30H
118 C7Hgo CgH50CH) antline? (16.8) [27] 7.6 346 HEHS

(anisole)

J. Phys. Chem. Ref. Data, Vol. 15, No. 3, 1986



THERMOCHEMICAL DATA ON THE FORMATION OF ION CLUSTERS 1059

Table B. (continued) Thermodynamic quantities for the assoclation of orgaunic compounds to gaseous ions.
(kcal/. (call (kcal/
mol) K mol) mol) (K)
Reference Neutral Compound Ton -A88 1 -Asg 7 - 8 I(T) T Method Remarks
Formula ’ ’ ”
255 C7Hg0 CgHs0CH3 c1- —_— — 7.3 300 HPMS
(aulsole)
(cont'd)
125 C7ligN 2,6~(CH3)2- z,s-(cx3‘)r;- 23.3 33,2 13.4 298 HEMS
pyridine pyridinel
118 CyHg CgHsNHCH3 CgHsNHCH3+ (12.3) {286} 4.6 298 HEMS
273 C7Hy40 (1-C3H7)2C0 Not (44.6)  —- _— —_ ICR 8 NO*-CoH50H
74 C7H1402 CH3C00-t-CsHy;  t-amyl acetateH® 9.1 -2 9.8 300 HPMS
{t-amyl acetate)
255 CgHg0 (CH3) (CgHs5)CO oL~ —_ —_ 7.1 421 HPMS
(acetophenone)
273 Cglip CgHsCaHts no? (44,3) - -— — ICR © NO*-CyH50H
255 c1- _— — 5.0 300 HPMS
118 CgHio p-xylene anilinet (14.5) [27) 5.8 322 HPMS
241 p-xylenet 15.6 32 5.9 300 HPMS
241 mesitylene? 14.9 28 6.6 300 HPMS
255 c1- — — 3.9 300 HPMS
241 CgHyo m-xylene mesitylene® (14.3) {27} 6.2 300 HPMS
255 o~ — -— 4ot 300 HEMS
300 CgHin o-xylene (CH3)q8n* (29.9) [31.8] (13.2) 525 HPMS 8 (CHa)1Sn*-CH40H
125 CgHygN 2-i-C3Hypyridine  2-i-C3Hypyridinent 23.0 32.7 13.3 298 HPMS
118 CgHyIN CgHsN(CH3)2 CgHsN(CH3) 2t (10.0)  [26] 2.2 298 HPMS
117 Cg160z  n-C4HgCOONC3H7 CH3NHg* 30.0 34.8 19.6 298 HPMS
286 CgH1g04  12-crown-4-ether (CH3) 3NH* 35.8 41.5 23.4 298 HPMS
(cont'd)
286 1,2-diazinel* 37.0 40.8 24.8- 298 HPMS
286 pyridinett 36.1 40.0 24.2 298 HPMS
286 c-CgHyjNHg* 37.2 34.8 26.8 298 HPMS
286 Cgli; g0 {n—-C4Hg)20 CH3NH3* 25.0 28.0 16.6 298 HPMS
324 N(CH3) 4t (12.9)  [25) 4.6 330 HPMS
117 (n-C4Hg) 208+ 30.5 38.7 19.0 298 HPMS
286 CgHyg0s  CH3{OCHZCHy)30CH3 (CH3)3NH* 34,6 40.0 22.7 298 HPMS
286 1,2-diazinetit 37.0 4.4 24.7 298 HPMS
324 N(CH3)4* 24.2 33.8 14.1 298 HPMS
286 pyridinent 34,7 38.3 23.3 298 HPMS
286 c~CgHyp Nzt 43.3 43.8 30.2 298 HPMS
300 CgHygN (n-C4Hg )2 NH (cH3)3Snt (48.8) [33.7] (3L.1) 525 HEMS 8 (CH3)3Sa*~CH30H
255 CgHg (CH3) (CgH5CHp)CO c1- -—- — 8.3 421 * HPMS
(phenylacetone)
74 Coll) 00 CH3C00CHCgHs C3tiz* 10 -7 ~10 300 HPMS
(benzyl acetate)
74 benzyl acetateHt 5.4 -14 9.7 300 HPMS
273 Colly 1-C3HyCgHs No+ (45.1) - - -— ICR 8 NO*-CoH50H
(cumene)
255 c1 - - 5.5 300 HPMS
2713 Coliyp n=C3H7CgHs Not (45.1) - -— — ICR S NO*-CgHs0H
255 c- — - 5.0 300 HPMS
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Table 8. (continued) Thermedynamic quantities for the association of organic compounds to gaseous ions.
(kcal/ (cal/ (keal/
mol) K mol) mol) (K)
o o 0
Reference Neutral Compound Ion -A“(),l -ASO’! - 0'1('[) T Method Remarks
Formula
325 CoHy2 mesitylene NHg* 21.8 2.2 15.5 298 HPMS
300 (cH3)3Sn* (32.0)  [31.8] (15.3) 525 HEMS 8 (CH)3Sn*=CHz0H
118 aniline* 15,3 25.6 7.7 298 HEMS )
241 mesitylenet 17.2 30 8.0 300 HPMS
29U mesitylenen® (12.4) [£3.3] 4.8 272 HEMS
118 . 1-CH3~naphthalene* (13,0)  {27] 5.0 296 HPMS
255 [+ g — -— 4.5 300 HPMS
125 CoHy 3N 2-t=C4Hg- 2-t-Cy4Hg~pyridineH* 23,0 39.4 1.3 298 HPMS
pyridine
125 CgHy 3N 2,6(CaHg)p=  2-6-(CpH5)-pyridined 22.8 37.4 11.7 298 HEMS
pyridine

118 CoHyN  p-CH3CHZN(CH3)2  p-CH3CgH4N(CH3)p* (16.2)  [24) 8.3 329 HPMS
125 CgHy N (n-C3H7)3N (n-C3Hy)3NH* —— -— 7.4 293 HPMS
118 CioH7Br  1-Br-naphthalene aniline* 15.7 28.9 7.0 298 HPMS
118 CyoHg naphthalene aniline* (15.7)  [26]) 7.3 324 HEMS
290 naphthalene® 17.8 29 9.2 298 HPMS
290 naphthalone ¥ 14.1 30 5.2 208 ueMS
290 biphenylenet (12.6) [28] 5.1 298 HPMS
290 biphenylene H* (13.9)  [28) 6.4 298 HPMS
113 CroHg azulene anilinet (14.3) {27} 5.8 315 HPMS

azulene® 16.8 26 9.1 298 HPMS
118 CioMis n=C4tgCgHs aniline* (14.6)  [27] 5.5 330 HPHS
118 CyoHzp05  15-crown-5-ether (CHg ) 3Nu* 34.9 35.6 24.3 298 HPMS
286 pyridine WY 41.0 42.6 28.3 298 HPMS
286 c=CgHy NH3* 42.3 36.5 31.4 298 HPMS
118 CriHio 1-CH3z-naphthalene aniline* 15.8 25.1 8.4 298 HPMS
118 1-CH3-naphthalene* 17.9) (27} 9.9 296 HPMS
125 CpaHygN  2,6=(1-C3Hzda=  2.6-(1-CaHy)y pyridineHt 23.6 48.4 9.2 298 HPMS

pyridine

290 CyioHg biphenylene azulene® (15.9) (28] 7.2 309 HEMS
290 biphenylene® 16.0 29 7.3 300 HPMS
290 biphenylenett (13.6) (28} 5.9 277 HEMS
118 Cy2Hg acenaphthylene aniline* (17.5) (27} 8.7 325 HPMS
13 [UPLIT acenaphthene aniline* 18.3 28.6 9.0 325 HPHS
290 biphenylene® (14.2) [28]) 6.3 283 HPMS
290 acenaphthene (17.0) (28] 8.1 283 HPMS
290 acenaphtheneH* (14.8)  [28] 5.6 330 HPMS
290 [SPLIT) biphenyl azulenet (13.5) [28]) 5.2 297 HPMS
290 biphenylenet (13.4) {28] 5.5 279 HPMS
118 CpaMyg Ce(CHa)g aniline* 17.1 24.1 9.3 325 HPMS
286 CyaHp40p  18-crown-6-ether (CH3) 3N 1) (401 18 569 HEMS
286 1,2-diazineH (42) [44) 16 600 HPMS
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Table 8. (continued) Thermodynamic quantities for the association of organic compounds to gaseous ions.
(kcal/ (cal/ (keal/
mol) K mol) mol) (K)
Reference Neutral Compound Ion —MIS.I —Asg, 1 -Aﬁg,l('l) T Method Remarks
Formula
286 C12H240¢ 18-crown~-6-ether pyridinext (40) {44] 16 550 HPMS
{cont'd)
286 c~CgHyNH3* (46) (38} 23 670 HPMS
117 Cy2H260 {n—CgHy3)20 CH3NHz* 27.2 31.4 17.8 298 HPMS
117 (n-CgHz)z0u* 29 36 18.3 298 HPMS
125 CyoHy7N (n~C4Hg) 3N (n=C4Hg)jNH* 244 56.5 7.6 298 HPMS
300 (CH3)3sn* (48.0)  [34.3]  (30.0) 525 HPMS 8 (CH3)350*-CH30H
290 C13H1p fluorene azulenet (14.6) [28] 6.0 307 HPMS
290 biphenylene* (13.3)  [28] 5.4 283 HPMS
290 Cy3tp £1 £1 + (16.5)  [28] 7.2 331 HEMS
290 fluoreneH" (14.4)  [28) 6.1 298 HPMS
255 Cy3Hi2 (CgBs)2CHy 1 — —— 7.4 300 HPMS
125 CyaligiN 2,6~(t-C4Hg) o~ 2,6-(t-Cg4Hg) o~ —— — <4.5 313 HPMS
pyridine pyridlnell‘"
290 C14H10 anth h + 16.4 26 8.7 298 HEMS
290 anthraceneH? (16.0) (28] 6.1 352 HPMS
290 C14M10 A Lhiseue pleuaucl ad (17.8)  [28] 8.8 320 HeMs
290 phenanthreneH* (15.7) (28] 6.7 320 HEMS
290 CisHig octhracene octhracene* (16.5)  [28) 7.8 304 HPMS
290 octhracene (14.2)  [28] 6.1 298 HPMS
290 CigH10 pyrene pyrenet (19.1)  [28) 8.2 390 HPMS
290 pyrenekt 16.5 29 7.9 298 HPMS
290 C1gH12 chrysene chrysenet (18.2) (28] 6.3 418 HPMS
290 chryseneH’ (17.8) [28) 5.6 418 HPMS
255 CyoHy6 (CgHs)3CH c1- — -— 4ol 300 HPMS
290 CzoH12 perylene perylene* (19.7) {28] 8.3 406 HPMS
290 perylene H (19.1)  [28) 7.2 424 HPMS
290 CyoHyp  1,12-benzoperylemet  1,12-benzoperylene® 21.6 27 13.6 298 HPNS
290 1,12-benzoperyleneHt  (21.4) [28] 10.6 385 HPMS
290 Ca4Hy2 + (23.8) 28] 10.4 476 HEMS
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Table Y., Thermodynamic quantities for the association of organic compounds to gaseous ions. The higher order clustering reactions.

—AH:_l,n (kcal/mol) -Asg_l‘“ (cal/K mol)

Ref. Neutral ILon 1 2 3 4 5 6 7 1 2 3 4 5 6 7
256 HCOOH c1~ - 34,1 22,2 141 10.1 -— 55 35 20 11.5
256 HCOO™ -—- 26,1 20,0 14,2 10.1 - 34 30 21.5 12
257 CH3CL cHpclt 6.9 5.7 -3.5 8

257 cHgt — 6.0 5.1 -— 15 14

257 ch,crt -— 4.2 —_ 2

260 CHy H30* 8.0 3.4 20.4 8.1

261 cHs* 7.4 5.9 41 3.9 20.8 24,6 26,1 2646

262 4,1 1.5 ) 12,4 7.2
118,(131) CH30H ~ H30* (40.8)6(22.9) 16.4 (13.5) (11.4)¢ (24.0) [25]  26.5 128] (25.5)
118 H30% U0 (30.2)¢ 18.0 -—— -— (28.6) 26.3

118 H30Te2H20  (25.5)C(14.4)C -—=  -== (32.8) (23.4) =—=  ~--

118 H30%+3H20  (19.6)€(13.2)C ~— (28.8) (23.6) -

118 Hyotetip0  (16.0)6(13.5)¢ (24.4) 126.6]

131 CH3Olp* 33.1 26,3 16,1 13.5 12.5 11.9 12.0 30.5 28,2 28.9 28.7 31.1 32.9 35.7
117 CligNtg* 19.0 24,2

122 (CHa)o0* 26,3 18,8 15.9 13.7 27.1 28.9 31.2 30.8

122 (CH3)20H*» 18,1 15.1  12.2 30.6 30.6 26,5

(CH3),0

324 N(CH3) 4% 9.8 9.2 23.2 24.0

‘266 c1- 14,2 13.0 12,3 112 10.5 14.8 19..4 23.6  26.4  25.5
330 17.4  14.1  11.8 S 2601 24,2 22.9

266 0" 9.1 15.5 13.5 21.9 24,8 27.9
132,104,302 oK™ —_— - —_— -

63 CH3NHy  CH3NH3* —- 19,2 17.0 —-  39.9 4l1.6

6l CH3CN Na* —— 24,4 20,6 14,9 12,7 —- 22,7 21.5 27.9 4L2
(31 Kt 24.4 20,6 18,2 13.6 1L.5 21,5 24,2 28.3 27.5 337
61 Rb¥ 20.7 17,7 15.7 12.5 11,1 18.1 20.9 24.8 25.7 32.5
61 cs* 19.2 16,7 14,3  12.1 10.9 18.6 21.6 24.0 27.0 32,9
118 NHg* 27.6 21,2 14,2 1L7 24,2 25.4 19.5 22,2

118 Hyot (46.7)¢ 23.4  20.6 (29.3) 24.7 27.3

118 H30%+ Hp0 (32.6)¢(21,2)¢(15.0)¢ (30.1)(24.8) [24.1])

118 H30te2Hau  (28.7)6(15.9)¢ ©(33.2)(22.3)

118 H30te3Ho0  (22.4)€(14.4) (27.7)122]

85 CH3NH3* 2.5 17.9  13.4 25.8 21.8  21.0

147 CHacnit 30.2 9.3 29 19

265 ol 16.0 12,9 11,7 104 5.3 13.4 14,8  17.9  19.6 7.4
265 c1- 13,4 12,2 1.6 6.2 14,3 18.9 20.1 10.8

330 13.6 11,9 1l.6 1.3 109 10.4 15.7 17.2  22.6 26.6 30.4
265 Br~ 12.9 118 10.0 5.5 16.5 20,4 21.7  10.9

265 1~ 11,9  lu.3 9.3 18.2 20.8 22.1

266 [ 16,4 14,2 119 9.5 17.4 22,0 24,7 22,4
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-869-1,q (1) (kcal/uol)

Neutral Ion 1 2 3 4 5 6 7 T(K) Method Comments
HCOOH c1- - 17.7 11.8 8.1 6.7 298 HPMS cf. Table 8
HCOO™ -— 16 1 7.8 6.5 298 HEMS
CH3Cl CHpClt 7.9 3.3 298 HEMS
aug* - 1.5 0.9 . 208 upPMS
cH,Clt —-- 3.6 298 HPMS
CHy H30t 1.9 1.2 300 HPMS
CHst 1.2 -l =3,7 -4 298 HPMS
0.45 ~0.69 298 HPMS
CHjoH  H30% (33.6) 11.6* 8.4 -0.2* (3.8) 300,%452 HPMS CH0/CH30H
H30*eHa0  (21.6) 10,1  (2.3)*(-0.5)* 300,*452 HPMS CHp0/CH30H
H30t+2Hp0 (15.6) (7.4) (L.6)*(-1.4)* : 300,*452 HPMS CHy0/CH30H
H30%+3H0 (10.9) (6.1) .2)* 300,*452 HPMS CH0/CH30H
H30*+4H0  (8.7) (6.3)* 300,*269 HPMS CH0/CH30H
CH3OH;*  24.0 12.9 7.5 4.9 3.2 2.1 L. 298 HpMS
cizNH3*  11.8 - 298 HPMS
(CH3)o0H* 18,2 10.2 6.6 4.5 300 HPMS
(CH3)o0H*+ 9.0 6.0 4.3 300 HPMS
(cH3)20
N(CH3)4t 2.9 2.0 298 HPMS
c1- 9.8 7.2 5.2 3.3, 2.9 . 298 HPMS
0.2 6.9 5.0 298 HPMS cf. Table 8
03 12.5 8.1 5.2 298 HPMS
OH~ (25)5(10.3)¢ 296 FA COH™-Hp0/CH30H(s)

CH3NHy CH3NH3*

— 7.3 47 298 HEMS cf. Table 8
CH3CN Na* — 17.6 123 6.6 04 298 HPMS
K* 18.0 13.4 9.8 5.4 1.4 298 HPMS
Rb* 15.3 1.4 B.3 4.8 1.4 298 HEMS
cst 13.7 10.2 7.2 4.0 1.1 298 HPMS
Nzt 2004 13.6 8.4 5.1 298 HPMS
H30*  (37.9) 16.0 12.4 300 HPMS CCH3CN/H20
H30%eHp0 (23.6)(13.7) (7.5)* 300,*316 HPMS CCH3CN/H20
H30%+2Hp0 (18.8) (9.1) 300 HPMS CCH3CN/H20
H30%e3Hp0 (14.1) 7.4% ) 300,*318 HPHS SCH3CN/H20
CHzNH3t  16.8 11.4 7.1 298 HPMS
CH3CNHY  21.6 3.6 298 HPMS
¥ 12,0 8.5 6.4 45 3.1 298 HPMS
c1~ 9.2 6.6 4.6 3.0 298 HPMS
8.9 6.8 4.9 3.0 2.0 1.3 298 HPMS cf. Table 8
Br- 8.0 5.8 3.6 2.2 298 HPMS
- 6.4 4.3 2.7 ‘ 298 HPMS
02~ 1.2 7.7 4.5 2.8 298 HPMS
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Table 9., (continued) Thermodynamic quantities for the association of organic compounds to gaseous ions.
The higher order clustering reactions.
-Aﬂg_l,n (kcal/mol) —Asg—l’n (cal/K mol )
Ref. Neutral Ion 1 2 3 4 5 6 1 2 3 4 5 6
272 CoHy CoHy* 18.2 4.2 — ——
275,(221) CyH50NO;  NOz™ (20.9)8 8.5 7.3 (35.3) 12.8 14.1
275 NO3™ 17.2 7.2 32.2 8.7
276 CaHs5Cl CaHst — 5.2, 4.8 — 8.7 7.7
122 (CH3)20 H3ot (45.4)¢ 18,5  16.8 (24.5) 26.3  26.6
122 H30%<H0 (29.1)¢ 16.4  15.8 (26.5) 22.8 36,5
122,(70) (CH3)20 H30%2Hp0  (23.4)5 16.9 (30.2) 32.9
122 CH30H* 35.0 20,2 ~—-- 24,7 29.8 ---
122 CH30Hp "+ 21.9  16.6 25.2 31.8
CH30H
122 CH30HpY» 17.2  12.5 28.6 25.6
2CH30H
131 (cHz)oHt  30.7  10.1 29.6 . 27.9
318 (CH3)250 Kt 35 29 20 16 15.8 15.5 31 34 28 30 37 40
zaov (CH3)zS0HY  (30.8)S 21.3 (22.9) 10.9
317 ci- 18.6  16.0 14.9 14.6  13.8 20.4 23.8 29.8 37.2 40.2
317 Br~ 17.3 14,5  13.6 2.4 22.4  27.5
317 1~ 15.7  12.8  11.6 21.7 22,0 25.1
281 CyHsNHy CoHsNH3™ -—-  19.5 17.3 —  41.6 42.6
279 HaNCHp- Kkt 25.7 22,2 12.9 22.3  32.0  26.3
CH7NHy
282 HpNCHp= ~--  =——  17.5 —— === 46,7
CHpNH3+
318 (CHz)2c0 K+ 26 21 16 24 26 24
329 (CH3)2COHY  —--- ~ 12.2 8.5 —  23.0 17.0
324 N(cH3) 4+ 14,6 13.0 (11.7) 24,7  29.2 [25]
318 . (CH3)zNCHO K™ 31 2 15 13 26 20 18 24
329  a~C3HOH n-C3H7OHpY  --- 18.9 14.2 11.7 -~ 23.0 23.8 23.0
281  n-C3HyNHy n-C3HyNHzt  --- 19,5 17.1 ~~~  41.6 42.3
281 i-C3H7NHz =~C3HyNH3*  ==— 19.8 16.2 -~ 42,6 39.3
282 1,2(NH3)p~ (1,2(NHp)p= ~-- ===  19.5 — = 54.7
C3Hig C3Hg)n*
282 1,3(NHp)p- (1,3(NHy)y- -— ——— 19,7 —— - 57.0
C3Hg CaHg)Ht
318 (N(CH3)2)- Kt 31 24 18 23 24 24
(GH3)C0
217 CH30(CHp))p~ Nat 47.2 35.1  23.2 34.6  40.5 42.2
OCH3
63 c~CsHsN agt ——— me= 16,7 17.9 — === 28.0 40.3
63 c~CsHsNHY  26.3  12.6 13.6 32,1 29.7  37.9
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~AGp-1,n (T) (kcal/mol)

Neutral Ion 1 2 3 4 5 6 7 T(K) Method Comments
CoHy CoHyt —— — — P1 cf. Table 8
CaH5ONOz  Nog~ (10.4) 4.7 3.1 298 HPMS 8N0Z™-502
NO3™ 7.6 4.6 298 ~ HPMS
CaH5C1 Colis* -— 2.6 2.5 298 HPMS
(CH3)20 Hzo* (37.9) 10.7 8.9 300 HEMS CH0/(CH3)30(8); cf. Table 8
H30%+Hy0 (21.1) 9.6 4.9 300 HPMS CH20/(CH3)20(s)
(CH3)20 H30%+2Hp0 (14.3) 7.1 300 HEMS SH30% ¢ 2Hy0-H30
CH30Ho+ 27.6 11.3 (-0.3)8 300 HPMS SHYCH30H «2( CH3 ) 30~CH30H
CH30Hp*+ 1.4 7.1 300 HEMS
CH30H
CH30HpYe 8.7 4.8 300 HPMS
2CHA0H
(CH3)z0H* 2.9 1.9 300 HPMS cf. Table 8
(CH3)280 'sg 25 19 11 7 5 3 300 HPMS
(CH3)oSOH*  (24.0) 18.1 298 HPMS 8(CH3)250H"-(CH3)2C0
c1- 12,5 8.9 6.0 3.5 1.8 300 HPMS
Br™ 10,9 7.8 5.3 300 HPMS
o 9.2 6.2 4.l 300 HPMS
CoHsNHy CoHgNH3™
—= 7.1 46 298 HPMS
HyNCHy= xt
CHyNHy 19.0 12.7 5.1 298 HPMS
HNCHy~
CHaNH3* === - 3.6 298 HPMS
(Cti3)2C0 Kt 1y 13 9 300 HPMS
(CHz)pCoHt -— 5.3 3.4 298 HPMS cf. Table 8
N(cH3) 4t 7.7 4.8 4 281 HPMS
(CH3)pNCHO  K* 23 15 9.6 5.8 300 HPMS
n~C3H7OH n-C3HyOH;*  ~=- 12.0 7.1 4.8 298 HPMS cf. Table 8
n-C3HyNHp n=C3tiyNHz* - 7.1 4.5 298 HPMS
i-C3HyNHp i-C3HzNH3*  —== 7.1 4.5 298 HPMS
1,2(NH3)2= (1,2(NHp)p- -— ——- 3.2 298 HPMS
C3Hg C3Hg)H*
1,3(NH2)2- (1,3(NHp)p~ — —- 2.7 298 HPMS
C3Hg C3Hg)H
(N(CH3) )~ K+ 24 16,5 11 300 HPMS
(CH3)Cco
CH30(CHp))p  Nat 36.9 23.0  10.6 298 HPMS
0CH3
cCsHsN agt ——— == 8.4 5.9 298 HPMS pyridine
c~CsHsNH 16.7 3.7 2.3 298 HPMS cf., Table 8
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Table 9. (continued) Thermodynamic quantities for the association of organic compounds to gaseous ions.
The higher order clustering reactions.
~8Hg-1,n (kcal/mol) ~ASg-1,n (cal/K mol )
Ref. Neutral Ion i 2 3 4 5 1 2 3 4 5
97 CgHtg Kt 19.2 18.8 14.5 12.6 24,6  33.9 32,7 41.4
97,60 K*eHz0 (16.8)8(14.4)¢ (27.1) (30.1)
97,60 Kte2Hp0  (13.4)5(12.8)¢ (24.3) (33.7)
118 NHg,t 19.3  17.0 14.2 23.3  30.5 32.8
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-AGp-1,n (T) (keal/mol)

Neutral Ion 1 2 3 4 T(K) Method Comments

Cglig Kt 11.9 8.8 4,7 0.3 298 HPMS benzene
KteHy0 (8.7) (5.4) 298 HPMS sKt«Hy0~H0; CH0/CgHg(s)
Kte2H0  (6.1) (2.7) 298 HPMS skt «2Hp0-Hp0; CHp0/CgHg(s)
NH,t 12,4 7.9 4.4 298 HPMS
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