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A comprehensive tabulation of the standard enthalpy change, tlli , entropy change, 
as' , and free energy change, t1G' , for the forma~ion 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 ~ . The relationship between t:Jr 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 l to which the interested reader is referred. 

Cluster ion thermochemistry has been discussed in sev­
eral early reviews including three general ones by Kebarle2

-4 

covering the period up through 1976. Several others devoted 
largely to the authors' own works, but with some attention to 
the general field include Kebarle5

,6 and Castleman and co­
workers.7- 1O Other general reviews 11-18 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. 11,12,19 

2_ Thermodynamics of Cluster Reactions 

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

I·(n - l)L + L + M = l·nL + M. (1) 

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 assumptions20 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 Kn -I,n for the nth clustering step is given 
by 

Ml~_I,n + ~~-l,n 
RT R 

(2) 

Here, Cn _ 1 and Cn represent the respective measured ion 
intensities; P L the pressure (in atm) of the clustering species 
L; aG:_I,n' M:_1,n' and ~:-I,n 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 Kn _ l,n 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 Hoffplot (In Kn _ l,n versus lin. 

Thermodynamic information also can be obtained by 
studying switching or exchange reactions of the form 

l·nL + L' = I·(n - 1 )L·L' + L. (3) 

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

3. Temperature Dependence of M7 and ASO 
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 acp 

between products and reactants, 

(4) 

The various experimental techniques measure and report 
various related values: the enthalpy change Ml;' of associ­
ation, the bond dissociation energy Do ( = - tlll ~ ), or the 
potential well depth De ( = Do + ! 1:; 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 IlCp 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,21-24 
Castleman and co·workers,10 and Keesee25 ) have consid­
ered in detail the problem of the effect of the vibrational 
contribution in heat capacity on the temperature depen­
dence of Mr . For example, in the case of CI- associated 
with water,10,25 the measured enthalpy change A.H :70 is 
- 14.9 kcal/mol. Using the calculated vibrational frequen­

cies of Kistenmacher et al.,26 A.H ~98 and A.H ~ ( = - Do) 
were calculated to be -14.9 and - 14.2 kcal/mol, respec­
tively. Thus the common practice in the literature 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. RigQJ."Qllsly the entropy is also dependent on 
temperature, although only weakly so. The entropy change 
can be calculated through use of standard statistical me­
chanics27 with knowledge of both the structure, to determine 
moments of inertia, and vibrational frequencies. Based on 
the calculated frequencies and structure of Cl-.H20,26 the 
entropy change at 470 K for the association of water onto 
CI- 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 
I::S' . The rotational and particularly the vibrational contri­
butions are significant in tllat 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 Kebarle28 

and Castleman et al.29 

4. Experimental Techniques 

The Knudsen eell teehnique30 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 + • H20) that has stood the test of time. Other early obser-

vations of ion clusters were obtained in ion sources operated 
in the neighborhood of 10-4 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,31 Melton and Rudolf,32 and Wexler and Marshall33 

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.34 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 ofion 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 Schmeltekopf35 and other related 
flow reactors such as the selected ion flow tube (SIFT)36 
have provided a wealth of data on general ion-molecule reac­
tions37 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 
upstream directly in the carrier gas. The flow tube is general­
lyabout I m long and 8 cm in diameter. Flow velocities are 
on the order of 102 m S-1 and tube pressures are typically 
around I 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 Janik24 

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 02+ .n02 clus­
ter system. Sunner and Kebarle38 have also considered this 
problem for the K + .nH20 system. 

Ion cyclotron resonance (ICR) experiments are typi­
cally performed at pressures of 10-5 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 as39 

If a switching reaction involves an ion-molecule complex 
whose il.lr 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.40Al The latter requires some 
assumption about the structure of the complex, but the re­
sult is not usually sensitive to th~ 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 "15C.,Ii.,Ni + >42 Al + >43 Mn + ,44 

Cu+,45 Ni+,46 FeBr+,47 CO+,48 and CH3Hg+,49 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. 

Photofragmentation (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 Do 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 froni 
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,50 where similar measurements 
have been determined by Stephan et al.51 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
temal" reaction such as NH3+ (NH3)n~NH4+ (NH3 )n_l 

+NH2• 

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 De' scattering experiments (S), 
emission spectroscopy (ES), reactive energy thresholds 
(RET), and various drift tube experiments (DT). Arnold 
and co-workerss2,s3 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:l4 

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~HX2- . 

5. Thermodynamic Data-
Tables 1-9 represent a compilation of thermodynamic 

data of ion-molecule association reactions as given by reac­
tion ( I ) for the neutral (L) and the ion (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 SJ units, note that 1 cal = 4_184 J_ The ta.hlPJ~ are 
arranged according to the clustering neutral species. Tables 
1-3 compile data on the hydration ofinorganic positive ions, 
inorganic negative ions, and organic ions, re~pectively. 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.55 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., 19 Taft,l1 and Bartmess et al.56 

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-

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 et aI., 19 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,57 for instance, found evidence of two 
isomeric forms of C2H7+ from the association of H2 with 
C2Ht 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 
- tllf° tor convenience. The actual quantity reported de­

pends on the experimental method as described in the pre':' 
vious section. Many of the Gibbs energy changes, - A(j , 
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 O.S) 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.i5, No.3, 1986 
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Table 1. Thermodynamic quantities for the gas-phase hydration of inorganic positive ions ~(H20)n-1 + H20 + W(H20)n' 

--------------------.-~-~----~-

Ref. 

28 

28 
58 
59 
20 

297 

60 
61 
30 

297 

28 
297 

28 
62 

63 

64 

63 

59 

58 

297 

297 

65 
66 
67 
68 
69 

297 

70 
71 
72 
73 
74 
75 
76 
71 
78 
79 
69 
80 
81 
82 
83 
68 
84 
85 

73 
86,70,87 

88,70,19 
146 

89 

90 

93.85.19 

94 

95,28 
96,28,95 

86,70,19 

84 

1S4 

84 

97,60 

Ion 

SrOU+ 

CaOU+ 

PH4T 

Na+'S02 

Na+C02 

-t:.H~-l.n (kcal/mo1) 

3 4 5 6 

(34) 25.8 20.7 16.4 13.9 12.1 

24.0 19.8 15.8 13.8 12.3 10.7 
14.9 12.6 10.6 

13.6 11.6 
12.6 

26.S 

17.9 16.1 13.2 11.8 10.7 10.0 
16.9 

19.4 

15.9 13.6 12.2 11.2 10.5 
16.0 

13~7 12.5 11.2 10.6 
11.9 11.3 9.7 

33.3 25.4 15.0 14.9 13.7 13.3 

22.8 17.7 14.0 12.0 10.5 9.7 

16.4 16.7 14.0 

22.4 16.9 12.2 10.8 10.0 9.6 

34.5 30.5 25.7 22.3 20.6 18.3 17.3 16.4 

29.9 

34.4 

18.5 16.1 

22.7 

31.6 19.5 17.5 
36 22.3 17 15.3 13 11.7 10.3 

17.9 12.7 11.6 10.7 
33 21 16 

20 16.2 14.8 
7 13 16.8 12.9 8.5 

16.5 
16.3 14.8 17.6 

12.7 11.4 
32 23 17 

17.3 14.7 13.4 12.2 9.1 
19.9 (14.8) 12.2 10.8 10.6 (9.1) (8.4) 

17.0 
(21.2)C(20.3)C 

(27.6)C 
27.4 21.4 17.2 

)16 

)36 

(43.2)C 
(24.1) 

(13) 

19.8 

(20. 7)C(17.4 )C(12.4)C 
(22.9)C 

(19.1)C 

12.9 12.7 12.2 

N"4l'2Nt13 12.4 ll.7 

mv.+.3NB3 11.7 

g;:t,C6i16 (l8.1)S(lZ.7)C(1l.8)C 

J. Phvs. Chem. Ref. Data. Vol. 15. No. 3.1986 

-t:.Sn~l.n (ca1/K mol) 

456 

[23] 21.1 24.9 29.9 31.4 32.0 

21.5 22.2 21.9 25.0 28.1 26.0 
20.8 23.7 24 • 9 

26.0 26.5 
22.0 

22 

21.6 24.2 23.0 24.7 25.2 25.7 
19.9 

21.3 

21.2 22.2 24.0 24.8 25.7 
20.1 

19.4 22.2 23.7 25.4 
14.3 16.6 16.6 

28.4 22.3 21.6 29.5 30.3 32.2 

27.1· 25.5 24.4 23.5 22.7 23.6 

23.9 30.2 29.1 

35.5 25.3 20.2 20.8 22.3 23.6 

31.1 28.1 28.6 28.2 30.5 30.5 34.4 31.6 

21.5 

21.5 

23.0 25.5 

23.9 

24.3 21.7 27.3 
33.3 29 28.3 32.6 30.3 29.6 27 

2.8.4 2.3.4 25.0 2.6.1 
33.6 19.8 20.3 

31 26.7 31.7 
-1 14 28 28 17 
16.3 
17.2 16.9 30 

23.3 23.5 

19.7 21.9 25.1 27.3 22.4 
23.1 [24.5) Zl.2 23.0 27.0 [21.2] (231 

17.8 
(24.5) (21.8) 

(23.8) 
24.2 25.3 26.2 

[261 

20.2 

(25.3) (23.6) ([23]) 
(25.6) 

(21.8) 

20.3 25.0 28.5 

27.9 

(29.9) (21.4) (26.3) 
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_~~ ....... ___ .... .:a ___ ... _____ =-" __ "" __ • ___ ""_" ____ "" •• ___ ~ __ """"'''_. _______ .......... _:-

-t.G~-l,n (T) (kcal/mo1) (K) 

Ion 3 4 5 6 T Method Comments 

Li+ (27.2) 18.9 13.3 7.5 4.5 2.5 298 HPMS (interpolated) 

Na+ 17.6 13.2 9.3 6.3 3.9 2.9 298 HPMS 
8.7 5.5 3.2 298 HPMS 

5.9 3.7 298 HPMS 
6.0 298 HPMS 

19.9 298 MS Flame Souree (-1600 K) 

K+ 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 K) 

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 

Bi+ 14.7 10.0 6.6 5.0 3.6 2.6 298 HPMS 

Cu+ 9.3 7.7 5.3 298 HPMS 

Pb+ 11.6 9.3 6.2 4.6 3.3 2.5 298 HPMS 

Sr+ 25.2 22.1 17.1 13.8 11.5 9.2 7.0 5.1 298 HPMS 

Srotf~ ZJ.:l 290 M3 Fldwe Source: (-1600 K) 

CaOW 28.0 298 MS Flame Source (-1600 K) 

NO+ 11.6 8.5 5.4* 298,308* PHPMS 
8.5 6.0 296 FA 
S.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) 

H30 + 24.3 13.0 9.3 298 I'HPMS 

25 13.6 8.5 5.5 3.9 2.8 2.2 298 HPMS 
9.5 5.6 4.1 3.0 298 PH PHS 

22.9 15.1 9.9 300 PHPMS 
10.8 8.2 5.4 298 HPHS 

7.7 9.3 8.4 4.8 3.4 300 HPHS 
11.7 298 HPMS 
11.2 9.7 8.6 298 HPHS 

5.7 4.35 300 HPMS Optimum of several values 
CI Deuterated 

9.2 5.4 296 SAMS 
9.4 5.' 298 FA 

S.3 5.0 307 PHPHS 
8.4 5.0 300 PHPMS 

8.1 8.6 9.1 7.0 300 HPHS Optimum of several values 
4.7 295 FA 

NB4+ 11.4 8.2 5.9 4.1 3.0 298 PHPMS 
13.0 4.6* 5.9 3.9 2.6 3.2* 2.8@ 298;414* HPMS *266;. @254 

H3S+ 11.7 298 PHPMS 
(14.2) (13.8) 300 HPHS cH20/H2S(s)+APA 

HZCN+ (20.5) 298 ICR CH.30+-HZO(s)+APA 
20.2 13.9 9.4 298 HPMS 

02+ FA >02+-S02 

H2 0+ PI 

HCO+ 298 clIHf+PA; cf. Ref. 92 
9.0 582 HPMS 

PHl/ ICR bracketed; see H30+ -PH3 

Na+'SOz 13.8 298 HPMS 

Na+C02 (13.2) (10.4) (5.5) 298 HPMS cHZO/C02 
(1 'i. 1) 298 FA ~2o/c02 

H3S+' HZS (1Z.9) 300 PHPMS cHZO/H2 S(s)+lIPA 

NH4+. NH3 6.9 5.3 3.7 300 PHPMS [s-cf. Ref. 109] 

NB4+. 2NH3 5.0 3.5 300 PHPMS [s-cf. Ref. 109] 

NB4+. 3NH3 3.4 300 PHPMS [s-cf. Ref. 109] 

K+,C6H1) (9.3) (6.3) (3.9) 298 HPMS SK+'C6Ho-C6Ho; cH20/CoHo(s) 

(5.9) (3.4) 298 HPHS sK ..... 2C6H(,-C6H1)i cH20/C(,H(,(s) 
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Table 2. Thermodynamic quantities for the gas-phase hydration of inorganic negative ions ~(a20)n-1 + H20 + ~(K20)n 

-bH~-l,n (kcal/mo1) -bSn~l,n (ca1/K mol) 

Ref. Ion 1 2 3 4 6 2 3 4 S 6 

98 F- 23.3 16.6 13.7 13.S 13.2 17.4 18.7 20.4 26.9* 30.7 
99 

98 Cr- 13.1 12.7 11.7 11.1 16.S 20.8 23.2 25.8 
100 14.9 12.0 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 lSr- 12.6 12.3 H.S 10.9 18.4 22.9 24.8 26.8 
99 

297 14.8 19.8 

98 r- 10.2 9.8 9~4 16.3 19.0 21.3 
100 11.1 9.9 9.3 19.3 20.3 21.0 

99 

102 H- ",,17 

101,103 0- ( (30)C 

lin OH- 22., 16.4 , '.1 14.2 14.1 lCJ.l }Q.1 '''.8 29.5 33.2 
104 25 17.9 20.8 21.2 
105 34.5 23 18 
101 
102 22.1 
298 27 18 

103 °2- 18.4 17.2 lS.4 20.1 25.1 28.2 
99 

106 
101 

101 03-

104 N02- 14.3 12.9 10.4 21 23.7 21.2 
107 15.2 13.6 H.7 11.6 23.8 26.4 25.8 29.0 

99 
108 
101 

104 N03- 12.4 19.1 
107 14.6 14.3 13.8 2S.0 30.3 33.2 
108 
101 

110 C03- 14.1 13.6 13.1 2S.2 29.6 32.5 
101 

111 C04- ""14.6 .... 10.6 
101,103 

HC03- 15.7 14.9 13.6 13.4 24.1 29.1 30.2 33.3 
110 

104 CN- 13.8 19.8 

101 503-

101 504-

112 H504- 11.9 19.8 

149 P03- 13.0 22.5 

94 C1-·S02 1U.4 9.3 19.4 19.7 

101 

94 C1-·2S02 9.9 22.7 

113 C1-·RC1 10.5 9.6 18.7 20.4 

113 Cl-·2RCI 7.6 15.2 
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-AG~-1,n (T) (kcal/mol) (K) 

.Ion 1 2 3 4 5 6 T Method Comments 

r- IB.l 11.0 7.6 5.5 4.1* 298 HPMS * typographical error in ref. 
6.1 4.7 298 HPMS 

Cr- 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)S 298 ICR sCl--t-C4H90H 
8.8 298 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) 

r- 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' 

0- FA Based on 0-(H20)+H20 + OH-(H20)+OH 

OH- 16.9 10.7 7.7 5.4 4.2 298 HPMS Dcuterated 
Hs.8 11.6 298 HPMS 

Cll) Deuterated 
5.6 298 FA 

RET Deuterated 
ClD 

°2- 12.4 9.7 7.U 3.4 298 HPMS 
6.25 4.55 298 HPMS 

8.4 7.1 300.5 SA-MS 
5.3 296 FA 

°3- 6.2 4.5 296 FA 

NOZ- 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 
8.4 5.8 300 SAMS 
8.0 5.9 296 FA 

N03- b.7 298 HPMS 
7.1 5.3 3.9 298 HPMS 
7.0 300 SAMS 
b.8 5.0 296 FA 

C03- 6.6 4.l:S 3.4 298 HPMS 
6.7 4.3 296 FA 

0°4- HPM~ 

(l.7)c 296 FA CO2- in C02/H20(S) 

HC03- 8.5 6.2 4.6 3.5 298 HPMS 

CN- 7.9 29B HPMS 

S03- 5.9 296 FA 

804- 5.1 1.6 296 FA 

HS04- 6.0 298 FA 

P03- 6.3 298 HPMS 

cr. s02 4.7 3.5 296 HPMS 
(5.5)C 296 FA CH20/S02(S) 

Cl-·2S0Z 3.Z 296 HPMS 

C1-'HC1 4.9 3.5 298 HPMS Deuterated 

Cr·2HCl 3.1 298 HPMS Deuterated 
-.--------.--.--.--~-- -.--.-..-
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Table 3. Thermodynamic quantities for the gas-phase hydration of organic ions. 

Ref. 

91,19 
85 

326 

Formula Compound 

(66.6)C (25)i 
25.4 

-IlH~-l,n (keal/mo1) 

3 4 5 

21.0 14.8 11.6 
19.8 14.1 11.6 

9.1 
9.8 

115,70 CH30+ (26.8)C (l8.5)C (17.0)C 
115,(70,19) 
88,70,19 
116,70,19 

(27.7)C 21.5 17.6 12.9 
(26.5)C 

117 CH302+ prot. formic (24.1) 

1:15 

260,19 

93,19 
1111 

119 
1:15 

1:15 

4;(91,19) C2H5+ 
326 

lU 

115 

acid 

:1l.2 

(42.5)C 

(13.5) 
(l6.9) 

11:1.11 
16.11 

24.6 

24.11 

14.0 

14.6 
14.6 

21.9 
20.1 

17.5 

(lll.5)C 24 

Zl.l 

25.0 16.1:1 

93,H C2H50FZ+ CI!ZHCHZOHZ+ (~5) 

C2H502+ prot. acetic 

1:15 

122 
115 

C2"502+ 

C2H70+ 

C2H70+ 

93,19 C2H7S+ 
1111 

119 

1:15 C~IIIIN+ 

12) C3H50+ 
92 

3~6 C3117+ 

77 C3117+ 
91,19,l:l4 

J26 

II~ C31170+ 

UII C31170+ 

acid 

(CH30CHO)U+ 

CIIJCH~OH~+ 

CII3CII2NH3+ 

(CII3)2NH2+ 

CII3CII2CO+ 

CII3CH2CH2+ 

(CIIJ>:tCH+ 

(CII3)zCOII+ 

CH3CH+OCHJ 

C3"70Z+ prot. propionic 
acid 

C31190'" n-Cl"70"2'" 

C3H90+ i-C31170HZ+ 

12~;1i~ CjUWt-. .... 

111:1 C4"SO+ turanll+ 

114 C4"'/ 
91,19,124 

117 C4"90+ C-C4"I:1UH+ 

21.5 

2~.6 
~4.0 

(12) 
14.4 

17.5 

23.7 

16.2 

15.3 

14.7 

13.5 

17.6 ll.; 
(23.6)C 

ZO.5 

11.2 

(~5.7) 

I ~.1 

14. S 

20.8 

11.2 
(l0.6)C 

21.1:1 

20.9 

13.6 

It./' 

1l.4 
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11.8 

12.4 
12.l 

17.8 

15.6 

19.2 
111.7 

14.2: 

17.0 

9.7 

10.l 

12.9 

11.2 

14.2 
13.4 

11.l 

13.6 (11.0) 

13.11 10.2 

13.2 

11.3 lU.5 

16.4 12.7 

17.'l 13.0 

14.9 

16.4 12.5 

12.7 10.3 

til. 3 11.11 

111.0 (11.4) 

17.7 14 

11.1 'l.5 

(9.0) (11.5) 

10.8 (l0.3) 

10.4 

12.5 
11.3 

9.4 

11.0 

lU.5 

10.3 

9.3 

(11.4) 

9.5 

9.4 
8.'l 

10.0 

13.1 

9.11 

1:1.11 

(8.9) 

8.11 -7.9 

-1l~-l,n (ca1/K mol) 

1 2 

23.0 28.9 25.9 22.1 18.5 22.2 (22) 
27.3 25.1 2l.0 20.7 20.2 

(23.9) (22.0) (25.5) 
(21.9) 27.0 25.5 23.2 22.6 20.8 25.7 
(22.1) 

(26) 

27.2 

(25.5) 

[25j 

26.3 
21.11 

123.3J 

33.1 

l2l.lIj 

211.4 

)0.0 

27.6 

25.0 

26.5 
29.0 

25.4 

25.9 

22.9 

35.1 

27.7 

26.0 

111.11 

127.61 

21. S 

24.1 

43.4 

[21:1.5j 

22 

28.8 

25.8 

22.11 

26.7 
24.2 

21.0 

25.1 

26 

25.2 

26.5 

26.3 

29.7 

24.7 

12.7 

23.2 

21.1 

24.8 

21.0 

26.4 
24.1 

26.4 

24.11 

21:1 
26.9 

27.9 

20.2 25.6 

22.0 122.1) 121.2j 

23.2 20.4 122.1) 

21.8 23.4 25.5 

26 26 28 
24.7 22.1:1 :W.9 

21.4 18.8 21.7 25.1:1 

21.4 121.61 

25.4 19.0 

30.11 

24.4 25.2 24.4 121.2J 

24 24 

26.l 24.4 :.!2.9 20.7 20.1:1 

21.5 

24.1 23.6 21.5 21.9 21.3 -20 

21.lI 20.2 23.5 

23.1 

24.9 121.6j 

29 211.7 
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-A~-l,n (T) (kcal/mo1) 

Formula Compound 

lS.5 12.4 
11.7 

(19.7) (11.9) (9.4) 

7.1 
6.6 

(21.2) 13.4 10.0 6.0 
(19.9) 
(20.0)C (11.7)C (9.2)C 

CII4NO+ 

CH5+ 

CH50+ 

CH5S+ 

prot. formic 9.0 
acid 

CH5+ 

CH30H2+ 

CH3SH2+ 

(34.9) 

5.2 

11.0 
10.3 

(21.4)C 

14.7 

C21i502+ prot. acetic 

C2HS~ 

C2H8~ 

C3H50+ 

acid 

(CH30CHO)H+ 14.0 

CH3CH20H2+ 

14.6 
15.4 

6.8 

CH3CH2NH3+ 9.11 

(CH3)2NH2+ 8.2 

CH3CH2CO+ 13.2 

CH3CH2CH2+ 

( CH3)2CH+ 9.2 

(CH3>2COW 12.8 

CH3CWOCH3 5.6 

C3H702+ prot. propionic 
aC1Q 

C3H90+ n-C3H70HZ+ 

i-C3H70H2+ 

(CIl.3>JSn+ «11.2)8 

C3HlO~ nC3H7NH3+ S.7 

C3HlOW (CII3)3NW 7.3 

13.2 

13.2 

7.2 

6.7 
7.4 

13.8 

10.0 

16.3 

8.4 

9.3 

8.3 

7.5 

5.8 

6.1 

9.7 

6.7 

5.3 

4.0 

5.5 

4.5 
3.7 

9.9 

8.2 

10.9 
10.7 

5.5 

8.7 

7.2 

6.2 

4.0 

4.0 

9.2 

10.1 

8.5 

9.2 

6.2 

3.4 

2.6 

9.1 

3.7 

3.5:1: 

6.0 

4.7 

6.5 
6.0 

4.9 

3.8" 

4.5 

3.0 

5.4 

5.7 

5.5 

4.3 

2.5 

3.0* 

5.4 

5.0 
4.7 

4.4 

2.3 

4.7 

3.4 

4.8 
4.5 

3.8 

2.1 

4.2 

4.1 

3.3 

3.3 

4.1* 

2.5 

3.5 

2.11 

3.0* 

3.3 

3.1 

2.8 
2.9 

2.3 

4.8 

2.1 

2.6 

2.5 

3.0* 

1.9 

T(K) Method. 

298 
298, *269 HPMS 

298 HPMS 

298 
298 
298 
299 

582 

298 

298 

467 

298 
2911 

309 

298 

298,*280 

298 

298 

298 
298 

298 

298 

258, *334 

300 
298 

298 

298 

298,*255 

298 
298 

298 

300 
298 

298 

298 

525 

298 

298, *254 

2911 

492 

298 
298 

298 

298 

FA 
HPMS 
lCR 
FA 

HPKS 

HPMS 

ICR 
HPMS 

PHPMS 
IlI'H& 

lCR 

HPMS 
HPMS 
HPKS 

ICR 

HPMS 

HPKS 
HPMS 

PliPMS 

HPMS 

ICR 

HPMS 

PHPMS 
HPKS 

lCR 
HPMS 

PHPMS 

HPKS 

PHPKS 
PHPKS 

HPMS 

HPKS 

HPMS 

HPKS 

PHPKS 

HPKS 

HPKS 

HPKS 

HPKS 

PHPMS 

HPKS 

HPKS 

Comments 

cAHf'S+PA; iinterpo1ated; see Ref. 114 

CH30+-H20/1l2CO(S) 
CH30+-H20+APA 
CH30+-H20+APA 
CH20+-H20/1l2CO(S) 

bracketed (±2 kcal) 

CH30+ -H20+APA 

converts to CH3C(OH)z+ 
from Figure; quoted in Ref. 93 

CAHf'S + PA (cf. Ref. 114) 

bracketed (± 2 kca1) 

bracketed (± 2 kcal) 

CAlif's + PA (as in Ref. 114) 

see C3HSO+ 

see C3H7+ 

see C3H7+ 

S(CH3)3Sn+-CH30H 

CAHf's + PA (as in Ref. 114) 

tetrahydrofuranll+ 
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Table 3. tcontinued) Thermodynamic quantities for the gas-phase hydration of organic ions. 

-A~-l.n (kcal/lIlol) -AS~-l.n (cal/K mol) 

Ref. Formula Compound 3 4 5 1 2 

118 C4H90Z+ Ji+( CH3COOCH2CH) 20.) 28.5 

85 C4HIONO+ CH3(N(CH3)2)CO~ 1&.S 12.3 9.3 (9.0) 26.3 26.4 19.2 t21.6} 

116 C4"100· (ClIj ~ ;.::cu+( OQllJ) 10.8 23.3 

C4H110+ ( CIt3)3COH2+ 

117 C4H110+ (CH3CH2)20H+ 20.9 30.0 

117 C4H1102+ CH30H+(CH2)2OCI:l3 15.1 21.3 

n4 C4H12~ N( CH3)4+ 9.0 (9.4) 21.5 122} 

121 CSHSNC1+ 4-ClpyrldineW 

121 CSHSN202+4- N02PyridineH+ 

121 CSH6W pyridineH+ lS.0 9.6 8.3 25.5 19.6 19.6 
125 16.1 27.0 

126 CSH9N02+ prolineH+ 18.\/ 3&.8 

85 CS1l90+ (C-C3HS) ( CH3)COa+18. 2. n.8 10.2 (10.0) (9.7) 26.8 20.8 19.3 [21.61 [22.1) 

117 CsHnO+ c-CSHlOoW 19.5 25.2 

12& CSIl12N02+ vallneH+ 1\/.3 36.3 

117 CS1l1302+ CH)OH+(CIi2>3°CH:.l (9) [221 

121 C&HSN2+ 4-CNpyridineH+ 16.0 10.4 1:1.9 1:1.2 25.7 20.2 :W.2 1!1.7 

1n CbHSN2+ 3-CNpyrldineH+ 

1Z7 CbH6N03+ O-N02phenolH+ 

127 C&H6N03+ m-N02pheno11i+ 

127 C6H6N03+ P-N02pheno1Jr 

127 CoH60C1+ o-C1phenolH+ 

127 C"tI"OC1+ ",-Clptllmoltl+ 

127 C&H"OC1+ p-ClphenolH+ 

93,70,1\/ CoH7+ benzsneH+ «17) 

121l Cf,H7Nr m-FsntUneH+ (14.1:1) I:.!2J 

121.1 C6H7NC1+ m-Clantl1neH+ (14.1:1) 1221 

127 CbH702+ o-ollphenolH+ 

127 C6H702+ m-OHphenolH+ 

127 C6H702+ p-oHphenolH+ 

In C6HaN+ 4-CH3PyridineH+ 14.7 2t>.6 

l2I1 C6HI:IW anUineH+ (15.1) [22J 

1<11 C6H8NO'" 4-CH30pyridineHT 

121i CllliaNO+ m-OHsniltneH+ 02.5) 1221 

1.28 C6HgN2+ o-NH2anUineW (13.9) [22J 

129 C6 11,Nz.+ --NII2 .. "!ll",,ifT ( 0.0) {22] 

1.28 C6 H9N2+ p-NHZ/lni lineW (14.7) [22! 

117 C6RUO+ (C-C3 HS)20R+ 16.6 26.0 

129 C6H12N03+ (CH3CONHCII( CII3)- 13.0 12.4 9.5 21.2 26.0 21. 5 
COz CH3)W 

117 C6H150+ (n-C3H7) 20R+ 21.3 33.8 

117 C6H150+ (i-C3117)20W 17.8 29.4 

119 ~61l15!::+ (n-('!,II?)Z!;W 12_ 2 25.7 

125 C6RlDW (CH3CII2hNW 13.2 27.3 

123;121 C7HSO+ C6 H5CO+ 25.8 18.7* 42.9 

127 C71!6 NO+ p-CNphenolW 

128 C71!7 NF3+ III-CFJani l1neW (16.1) [22) 

128 C71!7 N2+ m-CNanllineW (17.3) 122] 
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-A~-l.n tl') (Ju:al/mol) 

F01W11a Coapound T(K) Method Co_nts 

C4H902+ ~(CH3COOCH2CH3) 11.B 29B HPMS prot. ethyl acetate 

C4Hl0NO+ CH3(N(CH3>Z)CO~ 8.7 4.4 3.6 3.2" 29B,*268 HPKS 

C4HI00+ (CIi3)2CH+{OCH3) 3.9 298 IiPKS 

C4HllO+ {CH3)3COH2+ see (CH3)3C+ 

C4IillO+ (Cli3CH2>ZO~ 12.0 29B IIPHS 

C4Hn02+ CH30~(CH2>ZOCH3 8.8 298 IIPHS 

C41i12W N( CH3)4+ 2.6 3.6" 298, *255' IIPHS 

C5H5NC1 + 4-ClpyridineW' 4.9 400 PHPKS 

C5!l5N202+4-fl02PyridineW' 5.9 400 PHPKS 

C5H6W pyridineW' 4.8· 1.8 0.5 400 PHPKS 
5.3 400 PHPHS 

C5li9N02+ proline~ 11.9 300 HPKS 

C5H90+ (c-C3H5)( CH3)COW'10. 2 S.b 4.4 4.0" 3.5· 29B, "284 IU'HS *281 

C5HllO+ C-CSHlO°a+ 12.0 291:1 IIl'HS 

CSIl12N02+ valineW 1:1.4 300 IIPHS 

C,I/.~30Z+ CII30W(CuZ>3OC1l3 ~.O 3::14 IlPHIl 

C6H5NZ+ 4-CNpyr1dineH+ 5.7 2.3 O.B 0.4 400 PIIPHS 

C6H.;NZ+ 3-CNpyridineW 6.0 400 I'IU'HS 

C6H(,N03+ O-N02phenolH+ 6.7 427 PHPHS 

C6H(,NOJ+ rN°zphenolH+ 8.1 427 PIIPHS 

C6H(,N03+ p-NOzphenolW 6.8 4Z7 PHPHS 

C6H(,OC1+ o-ClphenolW' 2.9 43b PHPMS 

C6H(,OCl+ m-Clphenola+ 4.8 443 PIIPMS 

CbH(,UCl+ p-ClphenolW 6.Z 453 PHl'KS 

C6H7+ benzeneW' ICR froal H30+-CbH& < H30+-IIZO 

C6H7NY+ III-FanilineH+ 5.3 433 PIIPHS 

C6H7NC1+ m-ClanUineli+ 5.3 433 PIIPKS 

C6"702+ o-oHpbenolW 2.9 454 PHPKS 

C61i702+ a-OHpbenolW' 4.5 454 PIIPHS 

C6H102+ p-GHpbenolW' 4.4 454 PHPHS 

C6HsW 4-CH3PyridineW 4.1 400 PHPHS 

C6HsW anUineW 5.6 433 PIU'KS 

C6HSNO+ 4-CH30pyridineW' 3.4 400 PHPMS 

C6HsNO+ m-Ollaniline~ 3.0 433 PHPHS 

C6~N2+ . O-NHZanilineW 4.4 433 PHMPS 

C6H9NZ+ a-NHZanilineW 0.4 433 PBPHS ring protonated 

C6HgN2+ p-NH2anllineW' 5.2 433 PHMPS 

C6HnO+ (c-C3IiS)Z°W' 8.9 298 IIl'HS 

(;611121103+ (CII3CUflllQl(l.iH3)- 1i.7 ",./ :'10,1 298 HPKS II-acetyl alanine .. thyl ellter 
C~CH3)S+ 

C6H150+ (n-C3 H7>2°a+ 11.2 298 HPHS 

C6H15o+ (i-C3H7 >20W 9.0 298 HPHS 

C6H15S+ (n-C3K7 )ZSU+ 4.S 298 KPHS 

C6H16~ ( CH3CHZ)lNu+ 5.1 298 PHMPS 

C7HSO+ C6HSCO+ 13.0 298 PHMPS "fraa Figure in lief. 121 

C7i1&NO+ p-CNphenolu+ 7.7 426 PHHPS 

C7H7NF3+ a-CF3anil1nea+ 6.6 433 PHPHS 

~ IIl-CNanil1neu+ 7.8 433 PIIPHS 
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Table 3. (continued) Thermodynamic quantities for the gas-phsae hydration of organic ions. 

-6.li~-l. n (ltcal/lIIol) -6.S~-I.n (ca11K 11101) 

Ref. ForllUla COlllpound 3 4 5 1 2 

C7H702'- prot. benzoic 
acid 

127 C7li703'- prot. o-Oli 
benzoic acid 

127 C789O'- O-CH3phenol1P-

127 C7H9O+ m-C83phenolW 

127 C7H9O+ P-C83pheno11P-

125 C7H10~ 2,6( CH3)z 
pyridineH+ 13.2 25.9 

128 C711.10~ 1II-CH3anil1ne~ (13.5) 122) 

;128 C781ONO'- m-CH30anll1neH+ (10.3) [22) 

128 C7H10NS'- m-CH3Sanil1ne1f+ (10.&) (2.2) 

121 C7811N2'- 4-( CH3)zN 
pyddlneW 

12.0 24.8 

8S C78110+ (c-C31l5)zCou+ 16.5 U.2 8.9 (9.1) 24.0 22.3 17.1 (21.6) 

74 C7H1S02+ a+(t-C5HUOOCCH3) 13.S 
12 

85 C8H9O+ (C6HS)( CH3)COW 19.5 12.7 (12.1) (9.1) 29.1 21.1 122) (21.6) 

127 C8HnO+ O-C2H5pheno1~ 

127 CSlillO+ m-C2liSphenola+ 

127 C8liUO+ P-C2HSphenol1P-

125 C8li12~ 2-i-C31l7 14.2 
28.8 

pyridinea+ 

128 CSli12~ m-C2Hsanil1neH+ (13.2) 
(22) 

130 C8H12~ C&1I.5N(CII.3hlt+ 10.g 21 

324 C8li20~ N(C211.5)4+ (7.0) 
(20) 

74 Cg1lU02'- H+(C6H5CH200CCII3) 13.7 
12 

129 C9liI2NO+ (C6H5)(N(CH3)2) 
COII+ 15.1 

26.3 

125 CgH14tJ+ !;!i~i:~~* 113J 
(28.6) 

125 CgR1411+ 2-t-C4H9 
pyddine1P- 14.2 

30.8 

30.2 
125 Cqll?,W (n-C3H7)3Nui' 12.5 

33.0 

301 CiOlin05'- 15-crown-5 21.6 
etherS+ 

32.1 
125 Cll1l18~ 2,b(1-C3117 )2 12.8 

pyridineH+ 
14.1'. 

301 C12H2S06+ 18-crown-6- 26.4 
etberll.+ 

31.8 

117 C1211270+ (n-CbHIJ >2011+ 18.2 
36.4-

125 C12HZIIN+ (n-C41!9)3W+ 13.b 
41 

125 C131122W 2,6(t-C4119)z 12.5 
pyridinell+ 

as,(l31) C1I30112 +. Cli301:! 11.2 10.4 (9.4) 
23.0 23.5 122J 

lUl.Ull) CII.30Hl+·2CIi;.01l. U.8 9.2 (9.3) 
25.5 20.2 12Zj 

11S CII30H2 +. 3CH30R 12.1 8.6 (9.1) 
27.0 19.0 122J 

23.8 

118 CH301i2 +. 4Cli301i 10.0 

111:1 Cli3CNH+ •CH3CN 15.9 15.3 10.3 (9.1) 24.6 2).2 2.2.3 l2.2.1! 

118 CII3CNH+.2CIi3CN 9.7 
l22.1 

122 (CH3)z.OH+' 16.3 13.6 11.b 
38.8 24.6 2b.S 

( CH3hO 

1"".(1 ~t) (CH,hOH+' (23.0)C 11.4 
(37.8) 30.3 

2(CI13)20 

302,132 CH30- (19.9) 
1:;2) 

132.104 

132,104,302.11 CH)O-. CII)OH. 
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-liG~-l,n (T) (kcal/mol) 

Formula Compound T(K) Method Comments 

C7H702+ prot. benzoic see C7H50+ 
acid 

C7H703+ prot. o-OH S.S 452 PHPMS 
benzoic acid 

C7H9O+ O-CH3phenolH+ 4.4 447 PHPHS 

C711.90+ m-CH3phenolH+ 4.2 4S4 PHPHS 

C7H9O+ P-CH3phenolH+ 4.6 447 PHPHS 

C7HlOW" 2,6(CH3)2 S.S 298 PHPHS 
pyridineH+ 

C7HlOW" m-CH3anili neH+ 4.0 433 PHPHS ring to N protonation on hydration 

C711.1ONO+ m-CH30anilineu+ 0.8 433 PHPMS ring protonated 

C71i1ONS+ m-GH3Sanilineu+ 1.1 433 PHPMS ring to N protonation on hydration 

C7HllN2+ 4-( CH3)2N 2.1 400 PHPHS 
flyritlin,:.'M+ 

C7HllO+ (c-C3HS) 2COIi+ 8.5 3.9 3.8 3.3'" 298, "'269 HPMS 

C7HlS02+ H+(t-CSHllOOCCIi3)lO 298 HPHS prot. t-amyl acetate 

CS1i90+ (C6 IiS)(CH3)COH+ 9.3 4.6 3.9'" 3.0* 298, "'37S HPHS *284 

CSHllO+ O-C2HsphenolH+ 3.6 455 PHPMS 

C8Hllo+ m-C2Hspheno1H+ 3.9 4S3 PHPHS 

Ct\HUO+ P-C2Iisphenolli+ 4.2 455 PHPMS 

\;8"12N+ 1.-1-C;3"7 j.6 298 PlIHPS 

pyridineH+ 

C8H12N+ m-C2H5anilineu+ 3.7 433 PHMPS ring to N protonation on hydration 

C8H12W" C6H5N( CH3)2u+ 4.6 298 

Ct\H20N+ N(C2HS)4+ 2.4 233 HPMS 

C9Hll02+ H+(CbHSCH200CCH3}10 298 HPMS prot. benzyl acetate 

C9I1.l2NO+ (C6H5)(N(CH3)2) 7.3 298 HPMS 
COII.+ 

C9H14W" ~;:~~~:~~f 2.3 394 PHPMS 

CgH14N+ 2-t-C4H9 5.0 298 PHPMS 

pyridineH+ 

C9H22W" (n-C3H7)3NH+ 3.5 298 PHPMS 

ClOH210S+ lS-crown-S 11.8 298 HPMS 

etherll.+ 

CllH1SW" 2,6(i-C3H7}2 3.2 298 PHPMS 

pyridineH+ 

C12H2S06+ l8-crown-6- 16.1 298 HPMS 

etherH+ 

Cl2H270+ (n-C6H13)z0u+ 8.7 298 HPMS 

CUItZIIW" ( .. ~Cltlly> JNll+ 2.8 298 PIlPMS 

C131i22W" 2,6(t-C4H9)2 0.3 29S PHPHS 

pyridineH+ 

CH30H2+'CH30H (7.3)C (2.4)C 0.8 -0.2 3.5* 452, *269 HPMS c u+-GH30H/H20 

CIi30H2 ... ·2CH30H (3.1)C 0.3 0.1 3.3" It'l,'',HIt tt.rM:; " 1t'-\;1t3UH/H2U 

CH3011.2+·3CH30H 4.0 2.9 3.1* 300, "'274 HPMS 

CH301i2+·4CH30H 2.9 300 HPMS 

CIlJC1Ul+.CIlJCN II.S 7.7 3.(, 2.9* "IOO."'311! HPM!,; 

CH3CNIi+.2CH3CN 2.8 316 HPMS 

( CH3)z0u+' (4.7) 6.3 3.6 300 PHPMS 

( CH3)z0 

( CH3)z0u+' (ll.7) 2.4 300 PHPMS CH+-(C1I.3) 20/11.20 

2(CH3)z0 

CH30- (13.3}C (8.3)C 296 HPMS COH--H20/CH3OH(s) 
(6.7)c 296 FA COH--H20/CH3OH(s) 

CH30-'CH30H (8.3)C 296 FA COH--H20/CH30H(s) 
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Table 4. Thermodynamic quantities for the gas-phase association of the rare gases to ions. 

(kca1/mol) (csl/K 1R01) (kcal/mo1) 

-AH~-l.n -A~-l.n -A~-l.n (T) (K) 

Ref. Neut. Ion T Method Co_nts 

150 He He+ 54 .• 5 ES 
151 58.8 S 
152 4.2* 18.4* -1.6 300 DT *corrected for neglect of In T term 
153 -1.9 300 SAMS 
154 0.6 77 DTMS 

150 Ne+ 16.0 ES 

150 Ar+ 0.60 ES 

155 Li+ -3.7 309* DTMS *low B/N 
156 3.16 K 
304 1.09 K 
305 1.71 K 
306 1.69 K 
307 1.64 S 

156 Na+ 1.38 K 
304 0.93 K 
306 0.79 K 
307 1.19 

156 Ki- 0.53 M 
308 0.57 K 
306 0.53 M 
307 0.58 S 

304 Cs+ 0.32 M 
307 0.36 S 

150 Ne Ne+ 31.4 PI 
151 30.0 S 

150 ArT 1.8 PI 

150 Kr+ 1.27 PI 

150 ·lle+ 0.95 PI 

156 Li+ 3.34 M 
306 2.84 M 
307 2.63 S 

156 Na+ 1.45 M 
306 1.52 K 
307 1.76 S 

156 Ne Ki- 0.95 M 
308 (cont'd) 0.99 M 
30b 0.92 M 
307 1.09 S 

156 Rb+ 0.78 K 
306 0.77 M 

156 Cs+ 0.65 M 
307 0.56 S 

1.57 A"'" 21:1.1:1 S 
158j23j159 (27.8)S 5.1 (12.8) 20.5 (24.0) 3.5 2.0 (298)j77 PHPMS SN2+-Ar+A(IP) 

160 28.4 PI cf. Refs. therein 
150 29.3 PI 
161 30.7 PF 
151 30.9 S 

150 Kr+ 12.2 PI 
162 13.6 PI 

150 Xe+ 4.1 PI 
1b2 3.2 PI 
163 6.0 19.4 0.2 298 SIFT 

1b4 Lt+ 4.1 -7 2.6 215 I>TMS 
165 1.9 319* DTMS *low E/N 
156 12.7 M 
305 6.46 M 
30i 7.22 S 

164 Na'" 4.4 DTMS 
156 4.87 M 
306 4.39 M 
307 3.n S 

156 Ki- 2.74 M 
304 2.79 M 
309 3.16 M 
308 2.b3 M 
305 1.97 M 
306 2.94 M 
307 2.87 S 

.Db KD' l.1:I4 M 
305 2.03 M 
306 1.98 M 
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Table 4. (continued) Thermodynamic quantities for the gas-phase association of the rare gases to ions. 

(kcal/mo1) (ca1/K mol) (kcal/mo1) 

-~H~-l.n -~S~-l.n -~~-l.n (T) (K) 

Ref. Neut. Ion T Method Co_nts 

156 Ar Cs+ 2.28 M 
305 (cont'd) 1.95 M 
306 1.96 M 
307 1.46 S 

323 Hg+ 5.3 PI 

158 N2+ (25.4)8 (13.7) (21.3) 298 PHPMS SN2+-N2 

166 C02+ 6.0 PI 

J05 Br- 1.36 M 

150 Kr Kr+ 26.5 PI 
160 26.5 PI cf. Refs. therein 
167 26.3 PF 
151 27.9 S 

~so Xc+ 8.9 F~ 

162 8.5 PI 

156 Li+ 16.4 M 
306 9.2 M 
307 10.6 S 

.lb4 NaT ).11 18.5 1.6 225 DTMS 
156 6.57 It 
30b 5.08 M 
307 4.84 S 

156 r- 3.71 M 
305 3.21 H 
306 2.94 M 
307 2.89 S 

156 Rb+ 3.34 M 
305 2.64 M 
306 2.67 M 

156 Cs+ 3.07 M 
305 2.79 M 
306 2.72 M 
307 2.33 S 

310 °2+ 7.6 PF 

305 Br- 2.01 It 

157 Xe Xe+ 22.4 S 
168 6.75* 18.7* 1.2 298 DTMS *corrected for LnT term 
169 22.8 PI 
170 23.8 PI 
151 22.8 S 

156 Li+ 20.8 It 
306 12.6 M 
307 12.3 S 

15b Na+ 9.52 It 
306 5.94 It 
307 5.97 S 

156 r- 5.33 M 
305 4.31 It 
306 4.84 It 
307 3.78 s 
156 Rb+ 3.62 M 
305 2.84 M 
306 4.26 

156 Cs+ 3.55 
M 

304 2.44 M 
305 2.51 M 
306 2.62 M 
)07 2.75 S 

171 r 6.5 

172 C1- 3.1 M 305 3.11 M 

305 Br- 3.35 M 
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Table 5. Thermodynamic quantities for the gas-phase association of diatomics to ions. 

-6H~-1,n (kcal/mo1) -t.S~-l, n (ca1/K mol) 

Ref. Neut. Ion 2 3 4 5 

173 H2 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.B 12.5 
177 ~.6:j: 23.5* 
17~ 6.6 3.1 14.5 16.9 
179 5.6 11.5 
17~ 7.1 3.4 17.0 16.1 

11m HN2+ 7.2 1.8 22.6 17 

180 H02+ 12.5 22 

180 H(02)z+ 4.0 17 

un HCO+ 3.9 20.5 

182 Li+ 6.5 

91,19 CH.3+ (44.4)C 

57 C2H~;+ 4.0 T<140 K 19.6 
u.s T)170 K 25 

57 i-C3H7+ «2.5) (20J 

102 OH- -7 

1t>3 N2 W 60 
HI4 59 

91 59.4 

':Jl 0+ 55.3 

11:)5 Li+ 

186 Na+ 
96 8.0 5.3 18.6 18 

186 K+ 

IH7 C:.1+2.N2 

188 N2+ 22.8 19.5 
158 24.4 16.2 
1b!;l 20.1 11 
190 11.5 -1 
191 20.8 

22 °2+ 5.69 18.9 
192 5.2 4.3 3.5 15.8 13.8 12.1 
193 

194 04+ 2.94 10.1 

21 NO+ 5.16 1B.9 

195 4.45* 15.7* 
192 4.4 3.9 .13.3 ~2.6 

196 

180 HN2+ 16.0 4.0 3.8 3.5 (3.2) 24 18 zo 20 (20) 

197 14·.5 20.4 

198 HZeW 7.6 5.1 3.2 3.1 3.2 22.2 19.9 13.1 13.8 15.2 

19,180 83+ (24.1)C (24.3) 

199 CHS"'" 6.~ 1~.7 

199 CZK5 6.9 4.6 18.2 10.9 

200 °2 0+ 48 6.9 0.9 
201 4'.:1. !:I 

202 42.9 

203 °2+ 9.5 20 

24 lO.B 6.87 2.54 2.46 1.84 25.0 31.8 19.1:J 23.9 17.0 

lU4 '.:1.0 20.6 

20U 9.7 
205 6.0 
206 
207 
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~G~-I,n (T) (kcal/mol) 

Neut. Ion 2 3 4 5 T (K) Method Comments 

H2 H3+ 2.3 -1.8 -2.3 -3.4 300 PHPMS 
2.0 -1.4 300 HPMS 
2.2 300 HPMS 
2.1 300 DT 
1.6 300 DTMS *corrected for neglect of tnT term 
2.2 -2.0 300 HPMS 
2.2 300 HPMS deuterated 
2.0 -1.4 300 HPMS deuterated 

HN2+ 0.4 -3.3 298 PHPMS 

H02+ 6.0 298 PHPMS 

H(02)2+ -1.1 298 PNPMS 

HCO+ -2.3 300 PHPMS 

Li+ EI (±4.6 kcal/mol) 

CH3+ 298 from Mlf+PA'S; cf. Ref. 57 

C2H5T 1.3 140 HPMS 
7.3 180 

i-C3H7+ <0.9 170 HPMS 

OH- RET 

N2 W EI 
EI 

298 Mlf's 

0+ ° ~Hf's + IP (N20) 

Li+ 5.6 4.4 318* DTI1S *low E/N 

Na+ 1.95 310* DTMS *low E/N 
2.2 -0.3 310 FA 

K+ 1.0 310* DTMS *low E/N 

Ca+2 .Nz 4.6 296 FA 

N2+ 17.1 298 HPMS 
19.6 298 PHPMS 
16.8 298 DTMS 
11.8 298 DT 

PI 

°2+ 0.1 296 PHPMS 
0.5 0.2 -0.1 0.7* 0.7* 296,*184 HPMS *204 
0.0 2% FA 

04+ 0.6 0.5 230 HPMS 

NO+ 1.3 204 PHPMS 
1.Z) 204 DTMS *corrected for neglect of In T term 
1.7 1.3 0.9 0.4 204 HPMS 

..... 0.5 200 FA 

HN2+ 8.8 -1.4 -2.2 1.35* 298, *92 PHPMS 
8.4 298 PHPMS 

H2CN+ 0.9 -0.9 -0.7 -1.0 -1.4 300 HPMS 

H3+ (16.8) 298 cHN2+-H2 + 6PA 

CH5+ 0.9 298 HPMS 

C2H5 1.5 1.3 298 HPMS n=2, deuterated 

°2 0+ PI 
PF 
PF 

°2+ 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. 

o . 
-AHn-1,n (kcal/mo1) -AS~-l,n (ca1/K mol) 

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

193 02 02+ 
89 (cont'd) 

196 NO+ 

180 HOit" 20.0 6.6 (3.2) 27 22 (20] 

180 H3+ (12.5)C(1l.5)C (19.6) (22) 

155 Li+ 

208 Na+ 

187 ea+ 

187 ca+2 

291 0- (<32)C 
209 42 
210 38 
211 (39.0)C 

212 OZ- 13.55 32 
213 

214 CO CO+ 28 
215 
197 ()25.4) [20] 
191 22.4 

180 HCO+ 12.8 6.6 6.3 6.2 5.8 24 24 26 29 32 
197 11.7 20.9 
216 10.8 22.5 

1~.181 H)+ (41 •• 5)C (23.3) 

217 Na+ 12.6 7.5 20.4 15.1 

191 NO NO+ 13.8 7.4 3.7 3.5 2.3 
218 13.6 

69 

219 HF H2F+ 25 14.8 

41,98 F- (38.5) (21.9) 

295,4 C1- (21.8) [22.5] 

21';1 HC1 HC1+ 20 

Na+ 12.2 20.4 
96 

332 C6li6+ 7.3 

15.2 11.7 10.3 23.5 24.4 23.4 26.7 
220 C1- 23.7 

(22.8) 
113,1UU (20.4)" 

[23.5] 
295,4 (23.1) 

113,(220) C1-·HZO 16.0 (12.3)C 21.8 (20.9) 

113,100 C1-. 2H20 (13.0)C (21.7) 

112 H504- (15.7)8 (15.1) 

r 14.2 22.7 
221 

219 HBr HBr+ 23 

222 Br- ()17.5)C [22] 

222 N03-· (16.0)8 (22.9) 

HN03 

222 N03- ()21)8 [23] 
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AG~-l,n (T) (kcal/mol) 

Neut. Ion 4 T (K) Method Comments 

°2 02+ 3.4 2Y6 FA 
(cont'd) 5.9 200 FA 

NO+ <-0.4 200 FA 

H02+ 12.0 0.0 1.1* 298, *105 PHPMS 

83+ (6.7) (4.9) 298 PHPMS CH02+-H2 + APA; cO2/H2 system 

Li+ 4.2 319x DTMS Xl ow E/N 

Na+ 0.2 310x DTMS xlow E/N 

Ca+ 6.0 296 FA 

Ca+2 4.6 296 FA 

0- PF cbased on D(02--0) 
CID 
PF 

c from BA(03), D(0-02), and EA(O) 

02- 4.0 298 PHPMS 
3.5 300 DTMS 

CO CO+ EI from IP's and ARf'S (error ±7 kcal/mol) 
4.92 340 HPMS reported but equilibrium uncertain 

>11.5 695 PHI:'MS 
PI 

HCO+ 5.7 -0.6 -1.4 -2.5 -3.8 298 PHPMS 
5.4 300 PHPMS 
4.1 298 PHPMS 

H3+ (37.5) 298 CHCO+-H2 + APA 

Na+ 6.5 3.0 298 HPMS 

NO NO .... I'I 
PI 

7.0 1.9 296 SAMS 

HF HZr+ PI 

F- (32.0)8 298 ICR 8F--H20 

C1- (15.1)1> 2.96 'lca RC1--t-<l4119°\t 

HCI HC1+ PI 

Na+ 6.1 298 FA 

C6H&+ PI benzene+ 

cr 16.7 7.9 4.7 2.4 298 PHPMS 
(13.6) 298 HPMS C8Cl/H20 
(10.0)° 298 lCR SC1--t-C4"90Y. 

Cl-·H20 9.5 (6.1) 298 HPMS cHC1/H20 ; deuterated mixture 

Cl-· 2H20 (6.5) 298 HPMS cHCl/HZO; mixed clusters deuterated 

HS04 - (11.2) 298 FA 5HS04--H20 

r 7.4 298 HPMS 

Hlh.' Hlh. .... PI 

Br- (>9.4) 367 FA CRr-/N03--HN03/HBr(s) 

N03-. (9.2) 298 FA SN03- .HN03-HN03 

llN03 

N03- >12.7) 367 FA 5N03--HN03 
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Table 5. (continued) Thermodynamic quantities for the gas-phase association of diatomics to ions. 

-6~-1,n (kca1/mo1) -~~-l,n (cal/K mol) 

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

223,91 C12 C1- (17 .0) 

224 12 r- (24.0) 

320 NaF Na+ 62.7 47 

320 ScF2+ 83 72 67 

30 NaCl Na+ 42.4 17 .6 

322 KF F- 46.4 

30 KC1 K+ 41.2 19.6 

30 KBr K+ 40.8 22.8 
319 41.5 
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~G~-l,n (T) (kca1/mo1) 

Neut. Ion 2 3 4 5 T (K) Method Comments 

C12 Cl- 298 SAMS based on C1-+S02C12 * C13-+S02 

12 1- ~Hf'S 

NaF Na+ MS Knudsen cell 

ScF2+ MS Knudsen cell 

NaCI Na+ 28.3 800 MS Knudsen cell 

KF F- 1100 MS Knudsen ce 11 

KCI K,+ 25.5 800 MS Knudsen cell 

KBr K+ 22.6 800 MS Knudsen cell 
800 MS Knudsen cell 
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Table 6. Thermodynamic quantities for the gas-phase association of trlatomics (except H2O) to 10ns. 

-AH~-l,n (keal/mo1) -AS~-l,n (cal/K mol) 

Ref. Neut. Ion 1 2 3 4 5 6 2 3 4 5 6 

95 CO2 Na+ 15.9 11.0 9.7 (8.4) 20.1 21.7 24.0 [251 
96 13.7 19.8 

208 

9 K+ 8.5 15.2 
225 

62 Cs+ 6.2 14.3 

95 Na+'H20 12.6 22.5 

95 Na+. 2H20 10.3 23.9 

95 Na+. 3H20 (7.2) [25] 

187 ea+2 • C02 

187 Ca+2 •eaC03 --

166 C02+ 13.6 
226 16.2 6.0 21.1 24.0 
227 15.8 2.2..8 
228 17 
229 1l.H 3.3 2.8 
328 15.6 7.4 6.0 19.1 23.4 21.9 

2.30 01.. .. <10.6 
231,24 (10.5)S (20.7) 

226 ()21.4) 7.5 [20] 15 
207 
328 11.0 8.5 6.6 4.8 21.7 21.1 21.3 17.8 

196 NO+ <13.8 

327 HCO+ 12.6 7.2 6.9 21.4 19.7 22.7 

226 HC02+ 20.1 24.2 
216 19.1 27.1 
327 18.0 6.9 22.2 23.0 

226 H30+ 14.4 20.7 
327 15.3 12.4 10.5 24.6 26.5 26.9 

187 NH4+ 

232 CH3NH3+ 13.2 21.4 

232 C2H5NH3+ 11.2 20.t! 

14H r 

221 Cl- s.o 19.6 
18.2 20.8 22.4 

327 7.6 7.2 6.8 

221 1- 5.6 18.2 

z:u 0- 52.1 

234 42* 

235 57.7 

236,210 (>51)s 
21.8 

221 7.1 

298 OH- 88 

237 02- 18.4 21 

101,103 
89,212 

101,103 02-'H20 

221 N02- 9.3 24.2 

221 503- 6.5 20.7 

238 OCS OCS+ 17.2 1.6 

238 CS2+ 5.8 
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-~G~-l,n (T) (keal/mo1) 

Neut. Ion 2 3 4 5 6 T (K) Method Comments 

CO2 Na+ 9.7 4.3 2.3 0.65 310 HPMS 
7.6 310 FA 
6.6 4.8 310x DTMS x10w E/N 

K+ 3.8 310 HPMS 
3.7 310x DTMS x10w E/N 

Cs+ 1.9 298 DTMS 

Na+.H20 5.9 298 HPMS 

Na+. 2H20 3.2 298 HPMS 

Na+. 3H20 -0.25 298 HPMS 

Ca+2 • C02 8.0 296 FA 

Ca+2.CaC03 7.6 296 FA 

COZ+ PI 
9.9 1.2 298 PHPMS 
9.0 298 PHPMS 

EI (±5 keal/mo1) 

9.9 4.3 0.5 
PI 

298 HPMS 

u2 1 PF 
(4.3) 298 FA 5°2+-°2 
>9.4 3.0* 600, *298 PHPMS 
4.4 298 DTMS 
4.5 2.2 0.3 0.5 298 HPMS 

NO+ FA < NO+·NO 

HCO+ 6.2 1.3 0.1 298 HPMS 

HC02+ 12.9 298 PHPMS 
11.0 298 PHPMS 
11.4 0.0 298 HPMS 

H30+ 8.2 298 PHPMS 
8.0 4.5 2.5 291:1 HPMS 

Nli4+ 2.25 296 FA 

CH3NH3+ 6.8 298 PHPMS 

C2 H5NH3+ 5.0 298 PHPMS 

F- >11.6 298 FA 

C1- 2.2 298 HPMS 

"2.2 1.0 0.1 298 HPMS 

r 0.2 298 HPMS 

0- PF 
PF *not lowest state 
CID 
FA 5 0--02 

0.6 298 HPMS 

OH- CID 

°2- 12.1 298 DT 
(12.9)5 296 FA 5 02--H20 

(10.0)5 298 FA 5 02--02 

°2-· H20 (8.2)5 296 FA 5 02-.H20- H20 

N02- 2.1 298 HPMS 

S03- 0.3 298 HPMS 

OCS OCS+ PI 

CS2+ PI 
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Table 6. (continued) Thermodynamic quantities for the gas-phase association of triatomics (except H2O) to ions. 

o . 
-IlHn-1,n (kca1/mo1) -IlS~-l,n (ca1/K mol) 

Ref. Neut. loti 1 2 3 4 5 6 2 3 4 5 6 

239 CS2 S+ 39.7 

226 S2+ 21.9 p.l 
239 28.8 

239 CST 3b.0 

220 CS2+ 21.9 21.9 
240 17.5 4.4 3.9 2.6 

226 HCS2+ 11.1 2b.4 

241 CoH6+ 12.2 24 

89 N20 °2+ 

229 N20+ 13.1 

235 ONO 0- 41.5 

235 °2N 0- 110 

242 03 NO+ <13.8 

231,24 °2+ (14.5)S (20.5) 

292 Na+ 12.5 

40,28 HCN Li+ (36.4) (25.8) 

.JJ+7 H2CN+ 30.0 13.8 11.8 9.2 32 23 25 26 
146 26.1 14.4 23 21.2 

146 Nli4+ 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)3Nu+ 16.8 23.0 

118 (C3H7)3Nu+ 13.8 29.0 

147 ( CH3>ZCU+ 30.8 32 

147 t-C4H9+ 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 H2COH'" 

41,98 F- (39.5) (22.2) 

295.4 C1- (21.0) [23.7] 

244 H2S H2S+ 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) 24.4 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) H30+ (24.9)S 13.3 (25.5) 21.7 

73,19 (20.7)c (17.3) 

86,70 H30+.H20 (13.6)S (23.0) 

145,19 CH5+ (42.1)C (22.7) 

91,19 CH3+ (82.4)C 

118 NH4+ 12.0 18.5 

118 CH3NH3+ (11.3) [22] 
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-~G~-l.n (T) (kca1/mo1) 

Neut. Ion 2 3 4 5 6 T (K) Method Comments 

CS2 S+ PI 

S2+ 16.8 298 PHPMS 
PI 

CS+ PI 

CSZ+ 15.4 298 PHPMS 
PI 

HCS2+ 3.2 298 PHPMS 

C6H6+ 5.0 298 PHPMS 

N20 °2+ (8.9)S 200 FA s 02+-02 

N20+ PI 

ONO 0- CID 

°2 N 0- CrD 

0':\ NO+ FA <NO+'C02 

02+ (8.4) 298 FA s02+-02 

Na+ FA 

HCN Li+ (21'1. 7'" 298 ICR sLi+-H20 

H2CN+ 20.5 6.9 4.4 1.5 2~ts PHPMS 
19.3 8.1 298 HPMS 

N~+ 14.5 9.9 6.7 4.5 2.4 1.5 298 HPMS 

CH3NH3+ 14.0 298 HPMS 

( CH3)3NH+ 9.9 298 HPMS 

(C3H7)3NH+ 5.2 29B HPMS 

( CH3)2CH+ 21.3 298 PHPMS 

t-C4H9+ 8.8 298 PHPMS 

H30+ {25.3)S 298 ICR sH30+-H20 
(25.0)C 12.7 8.4 298 HPMS cH2CW -H20+~PA 

H2COH+ (20.6)S 298 FA SH2COW--H2CO 

F- (32.9)S 298 ICR sF--H20 

Cl- (13.9)S ?qR ICR SC1--t-C4H90H 

H2S H2S+ PI 
PT 

H3S+ 8.1 2.B 1.0 -0.7 1.66* 298, *185 PHPMS 
7.2 2.0 1.2 0.5 300 PHPMS 

PI 
PI 

H30+ (17.2) 6.8 300 PHPMS SH30+-H20 
(15.5) 300 CH3S+-H20 + ~PA 

H30+oH20 (6.7) 300 PHPMS SH30+ oH20- H20 

CH5+ (35.3) 29B CH3S+-C~ + ~PA 

CH3+ 298 c~f'S + PA's 

N~+ 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 H2O) to ions. 

-AH~-l,n (kcal/mo1) -A~-l,n (ca1/K mol) 

Ref. Neut. Ion 1 2 3 5 6 2 3 4 5 6 

41,98 H2S F- (34.6) (18.7) 
(cont'd) 

96 5°2 Na+ 18.9 20.3 
217 16.6 14.3 (12.3) 25.5 26.9 (27] 

62 Cs+ 10.8 18.9 

94 Na+.H20 14.1 17.4 

246,69 NO+ 

89,24 °2+ 

247 SO+ 13.8 

247 S02+ 15.2 

333 C4H6T 3.7 

333 C4Hs+ 2.4 

223 r >59 
41,98 (43.8) (23.0) 

221 C1- 21.13 12.3 100 8.6 23.2 22.7 23.1 23.2 
101 

112,100 (22.2)5 (24.1) 
311,4 (20.9) (20.8J 

221 r 12.9 10.1 9.2 20.2 21.6 24.7 

101.233 0- (>60)S 
221 13.3 18.9 

221,101 C03- ()14) L2uJ 

94,(100) C1-'H20 17.4 (11.8)C 20.2 (26.0) 
101 

94,100 C1-.2H20 (l4.1)C (19.4) 

221 N02- 25.9 9.0 6.6 36.8 16.8 13.4 
248 9.8 21.5 

112,107 (24.3)S (31.6) 

248 N03- 18.2 8.8 31.6 14.1 
101,107 
112,107 (17 .2)5 (25.2) 

221;249 502- 24.0 8.3 33.8 16.0 

101 S04-
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-lIG~-l,n (T) (kcal/mol) 

Neut. Ion 2 4 5 6 T (K) Method Comments 

F- (29.0)S 298 ICR SF--H20 

5°2 Na+ 12.8 298 FA 
9.0 6.3 3.2* 298, *328 HPMS 

Cs+ 5.2 298 DTMS 

Na+.H20 8.9 298 HPMS 

NO+ \ (7.8)S 296 SAMS SNO+-NO 

°2+ (9.6)S 298 FA s02+-02 

SO+ PI 

S02+ PI 

C4H6+ PI 1,3-butadiene+ 

C4H8+ PI t1:ans-Z-butene+ 

F- SAMS cr+ S02ClF + SOZF- + C12 
(36.9)5 298 ICR 

Cl- 14.9 5.5 3.1 1.7 298 HPMS 
(14.2)5 296 FA 5Cl--:-H20 
(15.0) 298 FA sCl-'H20 
(14.7)S 298 ICR sC1--t-C4H90H 

I- 6.!J 3.7 1.8 298 HPMS 

0- FA SO--COZ 
7.7 298 HPMS 

C03- , ()8.0)S 296 HPMS SO-CO2 

Cl-'H20 11.4 (4.1) 296 HPMS CH20/S0Z 
(11.5)S 296 FA SCI-'H20- H20 

Cl-.2H2.0 (8.4) 296 HPMS eliZO/S02 

N02- 14.9 4.0 2.6 298 HPMS 
3.4 29~ Hl'MS 

(14.9) 298 FA SN02--H20 

S02 N03- 8.8 4.6 298 HPMS 
(10.0)8 298 FA SN03--H20 
(9.7) 298 FA bN03--H20 

S02- 13.9 3.5 298 HPMS 

S04- (6.7)8 296 FA 5S04--H:)0 

HS04- 5.9 298 HPMS 
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Table 7. Thermodynamic quantities for the gas-phase association of inorganic polyatomics to ions. 

-aH~-1,n (kcal/mo1) -aSn~l,n (ca1/K mol) 

Ref. Neut. Ion 1 2 3 4 5 6 2 3 4 5 6 

40,28 NH3 Li+ (39.1) (23.S) 
20 33.1 21.0. 16.S 11.1 9.3 29.7 25.3 32.6 28.0 25.3 

20 Na+ 29.1 22.9 17.1 14.7 10.7 9.7 2S.7 25.1 24.0 29.0 29.8 29.7 

133 l(+ 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 lS.2 13.1 11.4 10.2 24.3 23.6 25.1 38.0 

63 Ag+ 36.9 14.6 13.0 12.8 32.7 24.6 30.0 34.1 

133 Bi+ 3S.5 23.2 13.4 3S.7 33.0 26.0 

63 Cu+ 14.0 12.8 12.8 23.8 28.7 33.1 

90 NH3+ 18.1 
51 23.1 9.2 

84 NH4+ 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.S 9.6 24.8 29.7 31.6 32 
139 13.2 10.6 24.1 21.1 
140 21.:> 16.2 13.5 1l.7 7.0 6.5 20 23.7 25.2 27.9 21.5 21.9 
141 12.9 
Sl 13.B 10.4 
50 13.8 6.4 

109 
142 
143 

91,19 CH3+ (103.1)C 

144 CH3NH3+ 21.4 26 

11B,19 CH3CNW (43.2) (26.2) 

144 ( CH3)zNH2+ 20.6 28.2 

117 ( CH3>JNH+ 17.3 23.9 

117 (C2"5}3NH+ 16.3 29.6 

117 CSH5NH+ 17.3 22.5 

126 C5H1202~ 20.9 28.8 

126 C5H90ZW 20.6 28.9 

91,19 C2H5+ (70.1)C 

145,19 CH5+ (75.6)C (23.5) 

6U,(19) H30+ (54.B)C US.4 17.1 IS.0 (22.7) 23.0 31.8 34.3 

60,(70,19) H30+'H20 (37.9}C 18.2 15.7 (20.3) 30.3 33.9 

(,0, (70 ,H) HjO+.2HZO (:n.O)C 17.3 (23.7) 35.1 

60,70,19 H30+. 3H20 (26.S)C (22.7) 

60,72,19 H30+. 4H20 (23.5)C (22.7) 

146,19,84 H2CN+ (53)C (22.0)C (23) (2S.9) 

148 F- <23 

11.9 C1- S.2 15. /• 
295,4 (10.5) (19.9J 

149 Br- 7.7 19.1 

149 r 7.4 20.9 

300 ( CH3>JSn+ (36.9) l29.1J 
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-~G~-l,n (T) (kcal/mol) 

Neut. Ion 1 2 3 4 5 6 T(K) Method Comments 

NH3 Li+ (32.1)5 - 298 ICR SLi+-H20 interpolated value in Ref. 28 
24.2 13.5 6.8 2.8 1.8 298 HPMS 

Na+ 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 

Ag+ 27.3 7.3 4.1 2.6 298 HPMS 

Bi+ 34.9 13.4 5.7 298 HPMS 

Cu+ 6.9 4.2 2.9 298 HPMS 

NH3+ PI 
EI (error ±4.6 kcal/mole) 

NHL.+ 17.1 8.9 6.1 3.7 298 PHPMS "'typographical error in ref. 
11 • .5 ~.U b.4 ::S./j U.U.5 298 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 Z9lS HPMS 
HPMS 
EI (error ±4.6 kcal/mole) 
PI 

>9.7 6.5 3.4 296 FA 
10.1 6.4 296 SAMS 

6.3 5.5 400 HPMS 

CH3+ 298 c ~f'S and PAts 

CH3NH3+ 7.1 550 PHPMS 

CH3CNW (35.4)S 298 HPMS s from proton transfer 

( CH3)2NH2+ 5.1 550 PHPMS 

( CH3>3NW 4.2 550 HPMS 

(C2H5)3NH+ 0.0 550 HPMS 

C5H5NH+ 4.9 550 HPMS pyridineH+ 

C5H1202W 12.6 300 HPMS valineW" 

CSH902~ 11.9 300 UPHS prolineU+ 

C2HS+ 298 CAHf's and PA; cf. Ref. 114 

CH5+ (68.5) 298 cNR4 +-CH4+APA 

H30+ (48.0) 11.6 7.6 4.7 300 HPMS CNH3/H20+~PA 

H30+'H20 (31.8) 9.2 S.b 300 HPMS CNH3/H20 [Scf. Ref. 109) 

H30+. 2620 (24.7) 6.5 300 HPMS CNH3/R20 [Scf. Ref. 1091 

H30+. 3H20 (19.4) 300 HPMS CNH3/H20 [Scf. Ref. 109) 

H30+. 4H20 (16.7) 300 HPMS CNH3/H20 

H2C~ (46.3) (14.3) 298 HPMS CHCN/ NH3 

F- FA < r-H20 

Cl- 3.6 298 HPMS 
(4.5)S 298 ICR 8C1--t-C4H90H 

Br- 2.0 298 HPMS 

r- 1.2 298 HPMS 

( CH3>JSn+ (21.6)8 525 PHPMS 8( CH3)3Sn+-CH30H 
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Table 7. (continued) Thermodynamic quantities for the gas-phase association of inorganic polyatomics to ions. 

-AH~-I,n (kcal/mo1) -ASn~l,n (ca1/K mol) 

Ref. Neut. Ion 1 2 3 4 5 6 3 4 5 

107 HN02 N02- 32.5 21.3 
(31)8 21.6 

107 HN03 N03- 17.7 16.0 
222 ()23) 18.3 16.1 [24] 22.1 28.9 
2'0 10.0 1).~ ~.) 7.4 4.0 2).1 20.7 1~.~ 16.0 7.) 
251 

222 Br- ()20)C (18.1)C [18.5) (23.6) 

96 Na+ 20.6 20.~ 

112,100 H202 Cl- (22.1)8 (21.4) 

112,107 N02- (20.2)8 (20.0) 

112,107 N03- (19.2)8 (21.3) 

112 HS04- (15.9)S (17.3) 

252 PH3 PR4+ 11.5 9.2 7.3 6.5 5.5 25.9 22.3 18.4 15.0 13.2 

252 P2H5+ 9 20 

252 P3H6+ 10.8 34 

93 H30+ (34.5) 

41,98 PF3 F- (40.2) (23.5) 

311,4 cr (15.5) (21.0) 

322 AlF3 F- 117.2 48.8* 
321 114 56 

320 SeF3 Na+ 33 

321 F- 112 

319 K2S04 ~ 38 

41,98 SF4 p- (43.8) (25.6) 

41,98 COF2 F- (42.6) (29.0) 

41,98 SOF2 F- (37.4) (24.1) 

41,98 S02F2 p- (35.8) (27.5) 

253 Cel3 r 67 28 

CC14 C1- 14.2 27.8 
259 

314,98 SiF4 F-
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-AG~-1,n (T) (kca1/mo1) 

Neut. Ion 1 2 3 4 5 6 T(K) Method Comments 

HN02 N02- HPMS 
HPS sN02--S02 

HN03 N03- 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 

lSr- (>13.4) (11.1)* 367, *298 FA cBr-/N03--HN03/HBr(s) 

Na+ 14.6 29H FA 

H202 cr (15.7) 298 FA SC1--H20 

N02- (14.2) 298 FA sN02--H20 

N03- (12.9) 298 FA SN02--H20 

HS04- (10.7) 298 FA SN03--H20 

PH3 PH4"1" 3.7 2.5 1.8 1.7 1.6 298 DTMS 

P2H5+ 4.3 3.66 3.33 298 DTMS 

P3H6+ 3.5 3.27 298 DTMS 

H30+ ICR bracketed (±2 kcal) by HCN 
and HCOOH (Refs. 88,117) 

PF3 F- (32.6)S 298 ICR SF--H20 

cr ( 9.2)S 298 ICR SCl--t-C4H90H 

A1F3 F- 1100,850 MS Knudsen cell 
MS Knudsen cell 

ScF3 Na+ MS Knudsen cell 

F- MS Knudsen cell 

K2S04 i(+ 1200 MS Knudsen cell 

SF4 r- (36.2)S 298 ICR SF--H20 

COF2 r- (33.9)S 298 ICR SF--H20 

SOF2 r- (30.2)S 298 ICR sF--H20 

S02F2 ],0'- (27.6)S 298 ICR SF--H20 

Cel3 1- 3~ 1000 MS Hc.a.~cd collioion chamber 

CC14 Cl- 5.9 298 HPMS 

SiF4 F- (51) 298 ICR sF--H20 
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Table 8. Thermodynamic quantities for the association of organic cOlllpounds to gaseous ions. 

Reference 

295,4 

295,4 

41,98 
295,4 

254 
l" 

295,4 

40,28 

85,70 
115,70 
88,70 

116,70 
315,70 

85,70 
115,70 
1.16,70 

85,70 
115,70 
166,70 

85,70 

85,72 

85~72 

85,72 

243,147 

115,70 
315,70,19 

117 

299,131,19 

41,98 

255 
:l'4 
256 

295,4 

296 

256 

39,28 

39,28 

259 
295,4 

117 

39,28 

117 

126 

126 

118 

118 

39,28 

117 

295,4 

39,28 

257 

257 

Neutral 
Formula 

CHFC12 

CHF2C1 

CHF3 

CH20 

CH202 

CH2F2 

CH2C12 

CH3Cl 

Compound 

formaldehyde 

formic acid 

CH2F2 

CH2C12 

HCONH2 

Ion 

H30+. 3H30 

H30+. 4H20 

H30+.5H20 

H30+.6H20 

H2CW 

H2COH+ 

1-

HCOO-

val1neW 

prol1neW 

anil1ne+ 

1-CH3-naphthalene + 

Li+ 

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

(keal/ 
mol) 

-~,l 

(17.6) 

(17.2) 

(27.1) 
(16.7) 

15.2 

(call 
K mol) 

-AS~,l 

[23.1) 

{23.0] 

[24.1] 
[22.9] 

14.8 

(kaell 
mol) 

-AG~,l(T) 

(10.7) 

(10.3) 

(19.6) 
(9.8) 

10.8 
1'.1 ~4., 11..0 

(18.1) [23.2] (11.2) 

(36.0) [26) (28.2) 

(32.9) (21.6) (26.4) 
(32.0) (21.7) (25.5) 

(25.2) 
(25.3) 

(32.2) [23.8) (25.1) 

(22.8) (24.3) (15.6) 
(18.9) (18.4) (13.1) 

(12.7) 

(20.9) (28.1) (12.5) 
(16.4) (23.2) (9.5) 

(9.3) 

(16.3) (24.0) (9.2) 

(14.7) (23.2) (7.8) 

(12.6) (19.0) (6.9) 

(11.9) (18.6) (6.3) 

(21.8) 

(27.6) (24.6) (20.3) 
(27.7) {26.5] (19.8) 

19.0 24.2 11.8 

(32.0) [27.7] (23.8) 

(45.3) {24.2) (38.1) 

27.4 24.5 20.1 
37.2 3~.6 ~5.4 

(25.6) {24.1) (18.4) 

18.9 20.7 

(26.5) 

(29) 

15.5 22.0 
(15.8) [22.1] 

30.0 30.0 

(39.5) 

20.5 23.0 

19.8 27.8 

17.5 21.6 

(14.0) [17) 

11.6 24 

(31) 

11.8 23.3 

(11.5) [20.3] 

(25) 

6.9 -3.5 

12.7 

8.9 
(9.2) 

21.1 

13.6 

12.6 

11.0 

8.2 

4.4 

4.9 

(5.4) 

7.9 

(K) 

298 

298 

298 
298 

298 

298 
298 
298 
299 
298 

298 
298 
299 

298 
298 
298 

298 

298 

298 

298 

296 

296 
296 

298 

.296 

296 

300 
~98 

298 

300 

298 
298 

296 

298 

300 

300 

343 

298 

298 

298 

298 

Method 

lCR 

lCR 

lCR 
lCR 

HPMS 
Itrl'l:> 

lCR 

lCR 

HPMS 
FA 
lCR 
FA 
ICR 

HPMS 
FA 

HPMS 
FA 
FA 

HPHS 

HPMS 

HPHS 

HPMS 

FA 

FA 
ICR 

HPHS 

leR 

lCR 

HPMS 
HI'115 

HPMS 
ICR 

HPMS 

ICR 

lCR 

HPMS 
lCR 

HPKS 

lCR 

HPMS 

HPKS 

HPMS 

HPMS 

HPHS 

ICR 

HPMS 

lCR 

ICR 

HPHS 

HPMS 

Remarks 

SCl--t-C4H90H 

sCl--t-C4H90H 

s F--H20 
s C1--t-C4H90H 

s Cl--t-C4H90H 

8 Li+-H20 

s H30+-H20 
s H30+-H20 
s H30+-H20 
8 "\\30+-\\2° 
s H30+-H20 

s H30+-H20 
s H30+.H20-H20 
s H30+'H~o-IIZ0 

c H20/ H2CO 
s "30+.2H20-H20 
s H30+.2H20-H20 

c H20/ H2CO 

c H20 / H2CO 

c H20 / H2CO 

c R20/H2CO 

s H2C!(+.HCN 

c H2o/ H2CO(s) 
c H2o/ H2CO(s) 

cf. Table 9 
8 Cl--t-C4 H90H 

cf. Table 9 

s Li+'H20 ; from Figure 

s Li+.H20; from Figure 

s Li~20; from Figure 

B U+.H20 ; from Figure 

cf. Table 9 

cf. Table 9 
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Table 8. (continued) Thermodynamic quantities. for the association of organic compounds to gaseous ions. 

Reference 

257 

117 

258 

258 

324 

259 
295,4 

117 

293 

293 

ll8 

293 

293 

217 

260. 

145 

145 

145 

91.19 

261 
262 

262 
263 

57 

40.,28 

91,19 

118,19 

118,70.,19 

118,70.,19 

118,70.,19 

118,72,19 

118,72,19 

299,131,19 

131 
299,131,19 

117 

299,131,19 

299,131,19 

122 

122 

122,131 

118 

1t)n 

324 

30.1 

30.1 

Neutral 
Formula 

Compound 

CH3C1 
(con&'I1) 

CH3Br 

CH31 

methane 

methanol 

Ion 

CH4C1+ 

CH3NH3+ 

C2H5+ 

( CH3)zCH+ 

N(CH3)4+ 

C1-

aniline'" 

H3C+ 

H3C+.H2C 

H3D+. 2H2C 

H3 C+.3H2C 

H3C+. 4H2C 

H3o.+·5H2o. 

HC(CH>2+ 

CH3CH2+ 

CH3NH3+ 

CH3CHCW 

C2H5o.H2+ 

( CH3)2o.H+ 

{CH3)2o.!f'"·{CH3)2o. 

(CH3)2CW.2(CH3)20 

CH3CWo.CH3 

N( CH3)4+ 

C8H17C4+ 

CIo.H21o.5+ 

(kcal/ (ca1/ 
mol) K mol) 

-lI~,l -lIS~,l 

10..7 

30..7 

22.9 

6.5 

20..6 

30..7 

44.5 

17.9 

B.6 15.3 
(12.2) [20..5) 

11.2 

10.9 

9.2 

21.0. 

12.8 

14.0. 

(9.3) (17) 

9.8 7.3 

9.0. 16.4 

7.2 14.1 

8.0. 20..4 

3.59 15.5 

3.87 18.1 

4.55 18.8 

(39.8) 

7.4 
4.14 

2.39 
6.6 

3.4 

20..8 
12.4 

8.6 
23.4 

20. 

(kcal/ 
mol) 

-lIG~,l(T) 

4.6 

21.6 

9.6 

1.2 

4.1 
(6.2) 

4.9 

7.1 

5.0 

4.3 

7.6 

4.1 

(~3.0) 

3.0. 

1.9 

-1.0.6 

-1.55 

-1.0.8 

1.2 
0.45 

-0.16 
-0.4 

-2.6 

(38.1) [26.2) (30..3) 

(30..2) 

(40..8) (24.0) (33.6) 

(30..2) (28.6) (21.6) 

(25.5) (32.8) (15.6) 

(19.6) (28.8) (10.:9) 

(16.0) (24.4) (8.7) 

(14.0.) (22.2) (7.3) 

(35.1) [25.6) (27.5) 

33.1 30..5 24.0 
(33.7) [28.5) (25.2) 

19.0. 24.2 11.8 

(30.3) (26.9) (22.3) 

(29.6) (26.6) (21.7) 

26.3 27.1 18.2 

18.1 30..6 9.U 

(6.8) 

13.1 21.4 6.7 

9.8 23.2 2.9 

19.5 34.0. 9.4 

20..0. 28.0. 11.7 

(K) 

298 

298 

298 

298 

298 
298 

298 

298 

298 

299 

298 

298 

298 

300 

300 

30.0. 

300 

298 

298 
298 

298 
298 

298 

298 

298 

30.0. 

30.0 

30.0. 

300. 

30.0. . 

30.0 

298 

298 
298 

298 

298 

298 

300 

3o.U 

30.0. 

298 

298 

298 

298 

Method 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPHS 
ICR 

HPMS 

HPHS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPHS 

HPMS 

HPMS 

HPMS 
HPHS 

HPMS 
HPMS 

HPMS 

ICR 

HPMS 

HPHS 

HPHS 

HPMS 

HPMS 

HPMS 

ICR 

HPMS 
ICR 

HPMS 

lCR 

lCR 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

Remarks 

cf. Table 9 

s Cr-t-C4H90H 
s C1--t-G4H9CH 

cf. Table 9 

cf. Table 9 
cf. Table 9 

cCH30.H/H20; cf. Table 9 

cCHlCH/H20; cf. Table 9 

CCHlo.H/H20; cf. Table 9 

CCHjCH/H2C; cf.· Table 9 

cCH3CH/H20; cf. Table 9 

CCH3CH/H2C 

S(C1I3>2CW-(CH3)2o. 

cf. Table 9 
S(CH3)2CH+-(CH3)2C 

S(CH)2CH+-( CH3)zo. 

5(C1I3)2CH+-( CH3)2o. 

cf. Table 9 

cf. Table 9 

cf. Table 9 

12-crown-4etherH+ 

lS-crown-5etherH+ 

J. Phys. Chem. Ref. Data, Vol. 15, No.3, 1986 
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Table 8. (continued) Thermodynamic quantities for the association of organic compounds to gaseous ions. 

Reference 

301 

41,98 

264,265 
266 
295,4 
330 

296 

266 

302,11,132 

132,104 

132,103 

302 

268,302,11 
Z07,JOZ,.11. 
303,302 

303,302 

303,302 

303,302 

303,302 

303,302 

118 

118 

118 

41,98 

40,28 

134,61 

144 

144 
63 

144 

300 

324 

129 

314,98 

299,70 

299.70.19 

41,98 

41,98 

2?5,4 

269 

41,98 

41,98 

39,28 

61 

61 

Neutral 
Formula 

CH5N 

C2H02F3 

C2HF3 

C2HFS 

C2H2 

Compound 

methanol 
(cont'd) 

CF3COF 

CF3COOH 

acetylene 

( CHF2)20 

Ion 

OH-'H20 

0I" 2H20 

n-C3H70-

t-C4H90-

t-C5H110-

C6H11S2-

C6H5C"C"" 

CH3NH3+ 

CH3NH3+·CH3CN 

CH3NH3+·2CH3CN 

( CH3)zNH2+ 

( CH3)3Sn+ 

N( CH3)4+ 

C6H12N03+ 

F-

Li+ 

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

(kac1/ (ca1/ 
mol) K mol) 

-~,l -AS~,l 

20.0 

(29.6) 

14.2 
(16.8) 
17.4 

11.3 

19.1 

21.8 

29.5 

(22.6] 

14.8 
(22.9) 
24.1 

17.8 

21.9 

21.8 

(20.2) [22) 

(19.8) [22) 

(18.9) [22) 

(18.6) [22) 

(14.8) [22) 

(13.3) [22) 

14.5 24.7 

9.9 20.0 

(7.8) [20) 

(keal/ 
mol) 

-6G~,l(T) 

11.2 

(22.8) 

(9.4) 
9.8 

(9.9) 
10.2 

6.0 

12.5 

(25) 

(14.5) 

(9.6) 

15.3 

(13.4) 
~13.4) 

(13.6) 

(13.2) 

(12.3) 

(12.0) 

(8.2) 

(7.7) 

7.1 

3.9 

2.4 

(34.2) [23.2] (27.3) 

(41.1) (26) (33.3) 

(19.1) (21.8) (12.7) 

(32) [26) (17.9) 

21.7 23.6 8.7 

22.4 29.2 6.3 

(42.1) (30.7) (26.0) 

8.7 17.4 

28.6 19.9 

3.5 

22.7 

(37.2) 

(30.8) [24.7] (23.4) 

(29.3) [21l.<;J (70.1l) 

(26.3) [25.6] (18.7) 

(30.4) (26.6] (22.5) 

(16.6) [ZJ.Jj (1.1.4) 

22.6 

(35.3) 126.51 (27.4) 

(36.0) [27.2) (27.9) 

(43) 

24.4 21.5 18.0 

(K) 

T 

298 

298 

298 
298 
298 
298 

300 

298 

296 

296 

296 

298 

298 
29b 
298 

298 

298 

298 

298 

298 

298 

298 

269 

298 

298 

298 

550 

550 

550 

525 

298 

298 

298 

298 

2118 

298 

298 

298 

298 

298 

Method 

HPMS 

ICR 

ICR 
HPMS 
ICR 
HPMS 

HPMS 

HPMS 

HPMS 

FA 

FA 

HPMS 

ICR 
FA 
ICR 

ICR 

ICR 

ICR 

Ica 

ICR 

!I,;K 

HPMS 

HPMS 

HPMS 

ICR 

Ica 

HPMS 

HPMS 

HPMS 
HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

ICR 

ICR 

rcp-

ICR 

ICR 

PI 

ICR 

ICR 

ICR 

HPMS 

HPMS 

Remarks 

l8-erown-6etherH+ 

s F--H20 

s Cl--CH3CN 
ct. Table 9 
s Cl--t-C4H90H 
cf. Table 9 

cf. Table 9 

s OH-/CH30-; ct. Table 9 

s 0I"H20-H20 

s OH-.2H20-H20 

c CH30--CH20H/C2H50H(s) 
" CH30--CH)OH/C2H50H(s) 
s CH30--CH)OH 

s CH30- ' CH30H 

s CH30-.CH30H 

s CH30-'CH30H 

5,5(CH3)2-1 ,3-dithianide 

s CH30--CH30H 

brack.ete<l :!: Z k.eal. by It" 

HCOOH (Refs. 88,117) 

from proton transfer 

ef. Table 9 

N-acetylalanine methyl esterW 

s '--H20 

s '--H20 

o 1,;1--t-C4HgOH 

s '--H20 

s Li+-H20 ; from Figure 

cf. Table 9 

ef. Table 9 
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Table 8. (continued) Thermodynamic quantities for the association of organic compounds to gaseous ions. 

Reference 

61 

61 

118 

118,19 

118,70 

118,70 

118,70 

118,72 

118,72 

117 

118 

147 

270 

270,131 

270 

270 

270 

uu 

300 

270 

270 

270 

270 

270 

270 

270 

270 

270 

270 

270 

270 

118 

270 

270 

270 

270 

270 

270 

270 

270 

270 

270 

270 

U8 

265 

Neutral 
Formula 

Compound 

CH3CN 
(cont'd) 

Ion 

NH4+ 

H30+ 

H30+'H20 

H30+. 2H20 

H30+. 3H20 

H30+. 4H20 

H30+·SH20 

CH3NH3+ 

CH3NH3+~CH3SH 

CH3CNH+ 

CH3NHCHOH+ 

( CH3)zOH+ 

(CH3)2COW 

C2HSOCHOW 

(CH3)(CH30)COW 

( CH3hSn+ 

(c-C3HS)CNW 

cyclobutanoneW 

( CH3}(C""C3HS)COW 

C-C4H80H+ 

( CH3)(C2HSO)COW 

( CH30)(C-C3HS)COH+ 

1.4-dioxane W 

cyclopentanoneW 

2-CH3-C-C4H7°u+ 

c-CSH100H+ 

(CZII:)(i.-CJIIJ>OIl+ 

aniline+ 

cyclohexanoneH+ 

2,2-(CH3)2-c-C4IlGOH+ 

(CH3)( t-C4H9)COH+ 

(n-C3H7) 20W 

(i-C3H7 )20H+ 

C6HSCHOH+ 

(c-C3HS)2COH+ 

(i-C3H7 )2COH+ 

( CH30)(C6HS)COH+ 

(CH3) (C-C6H11)COH+ 

P-(CH3C6H4) ( CH3)COH+ 

(keal/ 
mol) 

-ll!I~,l 

20.7 

(cal/ 
·K mol) 

-AS~,l 

18.1 

(kcal/ 
mol) 

-'AG~,l (T) 

15.3 

19.2 18.6 13.7 

27.6 24.2 20.4 

(46.7) (29.3) (37.9) 

(32.6) (30.1) (23.6) 

(28.7) (33.2) (18.8) 

(22.4) (27.7) (14.1) 

(20.1) (27.7) (11.9) 

(18.6) (28.2) (10.2) 

24.5 25.8 16.8 

<19.9) (21.n 03.6) 

30.2 29 21.6 

(16.2) 

(23.0) 

(20.8) 

(21.5) 

(20.1) 

(23.6) 

(37.5) (31.4] (21.0) 

17.2 17.0 

(20.8) 

(22.1) 

(17.5) . 

(20.7) 

(18.9) 

(17.7) 

(22.9) 

(19.6) 

(20.1) 

(19.0) 

(20.3) 

(18.4) 

11.6 

(19.4) 

(18.2) 

(18.1) 

(18.7) 

(17.9) 

(18.7) 

(14.3) 

(16.7) 

(J.bd) 

(16.5) 

(18.8) 

(15.5) 

l-CH3-naphthalene+ (12.0) (24] 4.6 

16.0 13.4 12.0 

(K) 

298 

298 

298 

300 

300 

300 

300 

300 

300 

298 

298 

298 

298 

298 

298 

298 

298 

298 

525 

298 

298 

298 

298 

298 

298 

298 

298 

298 

298 

298 

298 

323 

298 

298 

298 

298 

298 

298 

298 

298 

Z~I! 

298 

298 

298 

303 

298 

Method 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

Ica 

lca 

lCR 

ICR 

ICR 

ICR 

HPMS 

ICR 

ICR 

ICR 

lca 

ICR 

lca 

lCR 

lCR 

lca 

lCR 

lca 

HPHS 

Ica 

lCR 

lCR 

lca 

ICR 

ICR 

lca 

lCR 

lCR 

ICR 

lCR 

ICR 

HPHS 

HPHS 

Remarks 

cf. Table 9 

ct. Table 9 

cf. Table 9 

c H20/CH3CN; cf. Table 9 

c H20 / CH3CN: cf. Table 9 

c H20/CH3CN; cf. Table 9 

c CH3CN/H20: ct. Table 9 

c CH3CN/H20: cf. Table 9 

c CH3CN/H20: cf. Table 9 

cf. Table 9 

ct. Table 9 

s (CH3)zOH+-CH3CN 

s ( CH3)zOH+-(CH3)zO 

s (CH3)20H+-CH3CN 

s (CH3)20H+-CH3CN 

s (CH3)20H+-CH3CN 

5 (CH3)20H"'-CH3CN 

s (CH3hSn+-CH30H 

s (CH3)zOu+-CH3CN 

s (CH3)zOH+-CH3CN 

s (CH3)20H+-CH3CN 

s (CH3)20H+-CH3CN; 

s (CH3)20H+-CH3CN 

s (CH3)zOH+-CH3CN 

s (CH3)20H+-CH3CN 

s (CH3)20H+-CH3CN 

s (CH3)zOH+-CH3CN 

s (CH3)20W-CH3CN 

s (CH3)20H+-CH3CN 

s (CH3)20H+-CH3CN 

s (CH3)20H+-CH3CN 

s (CH3)zOH+-CH3CN 

s (CH3)20H+-CH3CN 

s (CH3)20H+-CH3CN 

s ( CH3)zOH+-CH3CN 

s (CH3)zOH+-CH3CN 

s (CH3)20H+-CH3CN 

s (CH3)20H+-CH3CN 

s (CH3)20H+-CH3CN 

s (CH3)zOH+-CH3CN 

cf. Table 9 
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Table 8. (continued) Thermodynamic quantities for the association of organic cOIDpounds to gaseous ions. 

Reference 

265 
295,4 
330 

265 

265 

266 

267 

299,70 

117 

299,7p,19 

41,98 

295,4 

311,98 

41,98 

295,4 

325 

271 
272 

272 

272 

41,98 

295,4 

39,28 

273 

299,131,19 

299,131,19 

299,131,19 

299,131,19 

295,4 

Neutral 
Formula 

C2H302C1 

117 C2H402 

299,131,19 

299,131,19 

299,131,19 

,299,131 

129 

117 

41,98 

254 
295,4 

296 

39,28 

117 

295,4 

Compound 

CH3CN 
(eont'd) 

CF3CII20H 

C1COOCH3 

CP2HCH2P 

ethylene 

CH3CHO 
(acetaldehyde) 

CH3COOIl 
(acetic acid) 

Ion 

CX-

H30+ 

CH3NH3+ 

CF3CH20H2+ 

r 

r 

CH30H2+ 

CH3CHOa+ 

CH3C(OH}z+ 

C2H50H2+ 

Cl-

(keal/ 
mol) 

-~,l 

13.4 
(15.8) 
13.6 

12.9 

11.9 

16.4 

(cal! 
K mol) 

-AS~,l 

14.3 
[21.4) 
15.7 

16.5 

18.2 

17.4 

(keal! 
mol) 

-AG~,l(T) 

9.2 
(9.4) 
8.9 

8.0 

6.4 

11.2 

9.4 

(33.0) [24.6) (25.7) 

19.1 28.5 10.6 

(23.2) (28.9] (31.8) 

(37.8) [26.5] (29.9) 

(24.0) [25] (16.5) 

(14.1) [21.0) (7.8) 

(26.5) [25.9] (18.8) 

(18.9) [25] 

(10) 

15.8 
18.2 

16.7 

8.7 

, (201 

(11.4) 

3.7 

(28.1) (26.0) (20.3) 

(18.0) [24] 

(41.3) 

(35.9) 

(10.8) 

(34.7) [27.51 (26.S) 

(31.9) (28.9) (23.3) 

(29.0) (26.2) (21.2) 

(31.2) [26.9) (23.2) 

(14.4) [21.71 (7.9) 

22.0 24.3 14.8 

(32.S) [27.7] (24.2) 

CH3C(01l}2+ (29.5) [27.9) (21.2) 

C2IlSOH2+ (31.4) [27.61 (23.2) 

(CH3}zOU+ (29.3) (28.4] (20.8) 

(N(CII3)z}(CII3}COa+ 18.4 24.7 11.0 

22.4 34.9 12.0 

(44.1) [25.6] (36.5) 

cr 21.6 19.3 15.8 
(23.9) [24.0J (16.7) 

1- 16.9 21.3 10.5 

(41.5) 

(21.4) [24] 10.3 

cr (14.9) (22.7] (8.i) 
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(K) 

298 
298 
298 

298 

298 

298 

295 

298 

298 

298 

298 

298 

298 

298 

298 

294 

298 

298 

298 

298 

298 

298 

298 

298 

298 

298 

298 

298 

298 

209 

298 

298 

298 
298 

300 

459 

298 

Method 

HPMS 
ICR 
HPMS 

HPMS 

HPMS 

HPMS 

FA. 

lCR 

HPMS 

ICR 

ICR 

lca 

Ica 

ICR 

lca 

HPMS 

PI 
PI 

PI 

PI 

lca 

lCR 

ICR 

Ica 

lCR 

lCR 

lCa 

lCR 

lCIl 

HPMS 

lca 

lCR 

lca 

Ica 

HPMS 

IIPH!: 

HPMS 

lCR 

HPHS 
ICIl 

HPMS 

lCIl 

HPMS 

lca 

, aemarks 

ct. Table 9 
s C1--t-C4H90H 
cf. Table 9 

d. Table 9 

d. Table 9 

cf. Table 9 

s "30+-H20 

s P--H20 

s F--H20 

s C1--t-C4H90H 

ct. Table 9 

s Li+-H20j value given i~ Ref. 93 

s NO+-C2HSOH 

s (CH3)20H+-(CH3)20 

s (CH3)ZOH+-(CH3)20 

s (CH3)20H+-(CH3)20 

s (CH3)20H+-(CH3)20 

s C1--t-C4H90H 

s ( CH3)zOH+-(CII3)20 

s (CH3)20H+-(CH3)20 

s {CH3)z0H"'-(CH3)20 

s (CH3)20a+-(CH3)20 
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Table 8. (continued) Thermodynamic quantities for the association of organic compounds to gaseous ions. 

Reference 

274 

275,221 

248 

275 

41,98 

29S,4 

295,4 

39,28 

276 

294 

277 

91,19 

299,131,19 

117 

114 

299,131,19 

299,131,19 

299,131,19 
316,131,19 

300 

299,131,19 

316,131,19 

299,131,19 

41,48 

278,264 
295,4 

296 

267; 268,302 

267,302,11 
268,302,11 
303,302 

303,302 

303,302 

303,302 

40,28 

134 
279 

122,19 
122,70 

122,70 

122,70 

122 

122 

122 

122 

Neutral 
Pormula 

C2KSOCl 

C2K5P 

C2KSCl 

Compound 

glycine 

C2HSON02 

CH2FCH20H 

C2KSP 

C2KSCl 

ethane 

C2HSOH 
(ethanol) 

Ion 

glycineW 

CH30H2+ 

CH3NK3+ 

C2HS+ 

CH3CHOH+ 

CH3C(OH)2+ 

C2HSOH2+ 

n-C3H70H2+ 

i-C3H70H2+ 

n-C4H90H2+ 

n-C3K70-

t-C4H90-

t-CSHllO-

1(,+ 

H30+.H20 

H30+. 2H20 

H30+. 3H20 

CH30H2+ 

CH30H2+'CH30K 

CK30H2+·2CH30K 

{kcal! (cal! (Kcal! 
mol) K mol) mol) 

-",ug,l -Mg,l -"'Gg,l{T) 

31 33 21.2 

(20.9) (35.3) (10.4) 

7.4 

17.2 

10.4 

32.2 ' 

4.2 

7.6 

(34.8) [26.3] (27.0) 

(20.S) [25] (13.0) 

(21.5) [25] (14.0) 

(33.5) 

11.6 19.2 S.9 

15.3 21 9.0 

(35.2) 

(36.0) [27.5] (27.8) 

(21.3) [25J 8.9 

(54) 

(32.9) [30.6) (23.8) 

(29.5) [26.0) (21.7) 

(32.0) [28.5) (23.S) 
(32.2) [28.SJ (23.7) 

(34.8) [32.2) (17.9) 

(30'.S) [28.6) (22.0) 

(30.7) [28.2) (22.3) 

(30.2) [28.6J (21.7) 

(31.S) (24.9) (24.1) 

(9.9S) 
(17.3) [23.1) (10.4) 

12.1 18.9 

(20.6) (22) 

(ZO.3) [22] 

(19.5) [221 

(19.2) [22] 

6.4 

(16.5) 

(13.9) 
(13.8) 
(14.0) 

(13.7) 

(12.9) 

(12.6) 

(39.5) [27.5) (31.3) 

20.8 
22.2 

24.8 
26.8 

13.4 
14.2 

(48.2) (27.7) (39.9) 
(45.4) (24.5) (37.9) 

(29.1) (26.5) (21.1) 

(23.4) (30.2) (14.3) 

(17.9) (28.4) (9.3) 

35.0 24.7 27.6 

21.9 25.2 14.4 

17.2 28.6 8.7 

(K) 

T 

298 

298 

298 

298 

298 

298 

298 

298 

298 

'298 

298 

496 

298 

298 

298 

298 
298 

525 

298 

298 

298 

298 

295 
298 

300 

298 

296 
298 
298 

298 

298 

298 

298 

298 
298 

300 
300 

300 

300 

300 

300 

300 

300 

Hethod 

HPMS 

HPMS 

HPMS 

HPMS 

ICR 

ICR 

ICR 

ICR 

HPMS 

HPMS 

HPHS 

ICR 

HPMS 

ICR 

ICR 

ICR 
ICR 

HPMS 

ICi{ 

ICR 

ICR 

lCR 

lCR 
ICR 

HPHS 

FA 
ICR 
lCR 

ICR 

lCR 

ICR 

ICR 

KPMS 
HPHS 

HPHS 
HPMS 

HPHS 

HPHS 

KPMS 

KPMS 

HPMS 

HPMS 

Remarks 

8 N02--S02; cf. Table 9 

ct. Table 9 

8 P--H20 

s U+-H20 ; from Figure 

cf. Table 9 

C "'Hf'S + PA's 

C .... Hf's + PA's 

s (CH3>20H+-(CH3}ZO 

s (CH3)20H+-(CH3}20 

s ( CH3}zOH+':'( CH3}20 
s (CH3)20H+-(CH3)20 

s (CH3)3Sn+-CH30H 

s (CH3)zOH+-(CH3)20 

s (CH3)20H+-(CH3)ZO 

s (CH3}zOH+-(CH3)20 

s F--HZO 

s C1--CK30H 
s Cl--t-C4H90H 

s CH30--CH30H 

c CH30--CH30H!CZH50H(s) 
C CH30--CH30H!C2H50K(s) 
s CH30--CH30H 

s CH30--CH30H 

s CH30--CH30H 

s CH30--CH)OIl 

~ ~~~~~~~;;g~~); ~~~ Table 9 

c H20!(CH3)20(s); cf. Table 9 

s H30+.2H2o-H20; ct. Table 9 

s HZO+.3HZo-H2o 

cf. Table 9 

d. Table 9 

cf. Table 9 

J. Phys. Chem. Ref. Data, Vol. 15, No.3, 1986 
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Table 8. (continued) Thermodynamic quantities for the nssociation of orgallic compounds to gaseous ions. 

Reference 

122 

117 

299,131,19 

117 
131 

299,131,19 

324 

299,131,19 

316,131,19 

299,131,19 

318 

280 

317 

317 

317 

39,28 

118 

40,28 

134 

144 

144 

144 

144 

300 

2S1 

300 

279 

282 

41,98 

311,4 

295,4 

39,28 

41,9S 

39,28 

39,28 

318 

273 

117 

283 

Neutral 
Foratu1a 

Compound 

( CH3)20 
(cont'd) 

1i2NCIl2Cli2Nli2 

C2FSCN 

(CF2H)(CF3)CO 

(CF3hIlCOIi 

( CH3hCO 
(acetone) 

Ion 

CH301l2+·3CIl30H 

CH3N1l3+ 

CIl3C(OHh+ 

( CIl3)20H+ 

( HoooC2H5)H+ 

( CIl3}zOCH3+ 

n-C3H70H2+ 

i-C3H70H2+ 

l,4-dioxaneH+ 

u+ 

CR3N1l3+ 

( CH3)2N1l2+ 

( CIl3}JNIl+ 

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

(kcal/ (call 
mol) K mol) 

-6~,l -6S~,l 

15.3 31.5 

21.5 29.3 

(kcal/ 
mol) 

-6G~,l(T) 

5.9 

12.8 

{l1.n [26.0} (23.4) 

29.5 27.0 21.5 
30.7 29.6 21.9 

(30.2) [28.8) (21.6) 

13.0 28.4 4.5 

(31.9) 128.6] (23.4) 

(31.9) [28.2] (23.5) 

(29.9) [29.1J (21.2) 

35 31 25 

(30.8) (22.9) (24.0) 

(41.1) (29.6) (32.3) 

18.6 20.4 12.5 

17.3 21.4 10.9 

15.7 21.7 9.2 

(32.8) 

15.5 21.8 9.0 

(42.2) [27] (34.1) 

19.5 21.4 13.1 

(38.9) [28.2J (23.4) 

(27.5) (24.9) (13.8) 

20.8 

20.5 

25.7 

28.5 

6.6 

4.8 

(44.2) [30.3] (28.3) 

(44.1) (31.8] (27.4) 

25.7 22.3 19.0 

. (30.1) (22.8) (23.3) 

(23.4) [23.9] (16.3) 

(>26.5) (25) (>19) 

(28.5) 

(25.5) [23.71 (18.4) 

(23) 

(44.S) 

26 24 19 

(41.0) 

24.0 23.2 17.1 

12.5 

(K) 

300 

298 

298 

298 
300 

298 

298 

298 

29B 

298 

300 

298 

298 

300 

300 

300 

298 

298 

298 

550 

550 

550 

550 

525 

525 

298 

298 

298 

29B 

2.98 

300 

298 

Method 

HPHS 

HPMS 

lCR 

HPMS 
HPMS 

ICR 

HPHS 

ICR 

ICR 

ICR 

HPMS 

HPHS 

HPMS 

HPMS 

HPMS 

HPHS 

ICR 

HPMS 

ICR 

HPMS 

HPHS 

HPHS 

HPHS 

HPMS 

HPMS 

HPMS 

HPMS 

HPHS 

HPMS 

ICIl 

ICIl 

ICIl 

ICR 

let 

ICR 

ICi. 

HPHS 

let 

HPMS 

PI 

Remarks 

cf. Table 9 

S(CH3)20H+-(CH3)20 

s ( CH3h0ll.+(CHJhO 

. S(CH3)20H+-(CH3)20 

cf. Table 9 

II (CH3)2S0H+-(CH3)2CO; 
cf. Table 9 

cf. Table 9 

cf. Table 9 

cf. Table 9 

II Li+-H20 (value given in Ref. 93) 

s Li+-H20 

from proton transfer 

from proton transfet: 

" lCH3}3Sn+-CH30H 

cf. Table 9 

s (CH3)3Sn+-CH30H 

d. Table. 9 

cf. Table 9 

s P--H20 

s U+-H20; from Figure 

II F--H20 

cf. Table 9 

s NO+,C2HSOH 
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Table 8. (continued) Thermodynamic quantities for the association of oq~allic compounds to gaseous ions. 

Reference 

280 

283 

299,131,19 
280 
329 

299,131,19 

299,131,19 

299,131,19 

299,131,19 

299,131,19 

299,131,19 

300 

324 

324 

255 
295,4 

284,104 

267 

273 

ll8 

295,4 

39,28 

273 

299,131,19 

299,131,19 

ll7 

300 

299,131 

299,131,19 

299,131,19 

296 

129 

39,28 

318 

39,28 

39,28 

294 

39,28 

294 

39,28 

Neutral 
Formula 

316,131,19 C3H80 

316,131 

Compound 

( CH3)2CO 
(acetone) 
(cont'd) 

C2HSCHO 

CH3COOCH3 -

HCOOC2HS 

C2HsCOOH 

(CH3)2NCHO 

(CH3)2CHF 

(CH3)2CHCl 

Ion 

( CH3)2S0a+ 

(CH3)zCO+ 

( CH3)zCOa+ 

(CH3COOCH3)H+ 

C-C4H8°a+ 

( CH3)(C2HS)COH+ 

l,4-dioxaneW 

(C2HS)zOW 

(C2Hs)zCOH+ 

( CH3)3Sn+ 

N(CH3}4+ 

N(C2HS)4:+ 

Cl-

OH-'H20 

CH3C(0)CH2-

(CH3)2COH+ 

(CH3COOCH3)H+ 

CH3NH3+ 

( CH3)3Sn+ 

( CH3)20H+ 

C2HsC(OH)z+ 

1,4-dioxaneW 

u+ 

Li+ 

C2H50H2+ 

( CH3)20H+ 

(kca1/ (ca1/ 
mol) K mol} 

-lI~,l -lIS~,l 

24.1 24.5 

>12.4 

(kcal/ 
mol) 

-lIG~,l(T) 

16.8 

(31.5) [30.9) (22.3) 
30.1 30.4 21.0 

(30.0) [29.0) (21.4) 

(31.0) [30.6) (21.9) 

(29.4) [29.1) (20.7) 

(32.6) [29.4) (23.9) 

(29.3) [29.2) (20.6) 

(28.5) [29.0) (19.9) 

(37.4) [30.9) (21.2) 

14.6 24.7 7.2 

12.4 26.7 

13.7 19.6 
(14.1) [19.6) 

(38.1) 

(23.6) (25) 

(43.5) 

(39.8) 

4.4 

7.9 
(8.2) 

(15.0) 

8.3 

<6.8 

(16.1) 

(29.7) [30.9) (20.5) 

23.5 24.8 16.1 

(38.4) [32.6) (21.3) 

(31.2) [28.8) (22.6) 

(30.0) [30.9) (20.8) 

(30.5) [29.9) (21.6) 

16.6 

29.8 

(50) 

31 

(35.5) 

(30) 

- 11.6 

(30.5) 

12.2 

(29.5) 

20.4 10.5 

23.6 22.8 

26 23 

19.8 5.7 

19.9 6.3 

(33.6) [27.2) (25.5) 

(31.0) [28.2) (22.6) 

(K) 

298 

298 
298 

298 

298 

298 

298 

298 

298 

298 

298 

298 

300 
298 

295 

295 

520 

298 

298 

298 

525 

298 

298 

298 

300 

298 

300 

298 

298 

298 

298 

Method 

HPMS 

PI 

ICR 
HPHS 
HPMS 

ICR 

ICR 

ICR 

ICR 

ICR 

ICR 

HPHS 

HPMS 

HPHS 

HPMS 
ICR 

FA 

FA 

ICR 

HPHS 

ICR 

ICR 

ICR 

ICR 

HPMS 

HPHS 

ICR 

ICR 

ICR 

HPHS 

HPHS 

ICR 

HPMS 

ICR 

ICR 

HPMS 

ICR 

HPHS 

ICR 

ICR 

ICR 

Remarks 

cf. Table 9 

s ( CH3)zOH+-(CH3)20 

s (CH3)20H+-(CH3)z0 

s ( CH3)zOH+-( CH3)z0 

s (CH3)20H+-(CH3)20 

s (CH3)20H+-(CH3)20 

s (CH3)20H+-(CH3)z0 

s (CH3)3Sn+-CH30H 

cf. Table 9 

s C1--t-C4H90H 

s OH-'H20_H20 

s (CH3)20H+-(CH3)zO 

s ( CH3)zOH+-( CH3)z0 

s (CH3)20H+-(CH3)20 

cf. Table 9 

s U+-li?O: from Fie:ure 

s Li+-H20 ; from Figure 

s U+-H2o; from Figure 

s U+-H20; from Figure 

s (CH3)20H+-(CH3)20 

s (CH3)20H+-(CH3)z0 

J. Phys. Chern. Ref. Data, Vol. 15, No.3, 1986 
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Table 8. (continued) Thermodynamic quantities for the association of organic compounds to gaseous ~ons. 

Reference Neutral 

316,131,19 

316,131,19 

41,98 

295,4 

296 

117 

299,131 

299,131,19 

299,131,19 
329 

299,131,19 

300 

41,98 

2950,4 

303,302 

303,302 

303,302 

303,302 

303,302 

118 

300 

324 

40,28 

134,61 

144 

144 

324 

300 

134 

281 

281 

282 

282 

129 

118 

295,4 

325 

41,98 

255 

Formula 
Compound 

n-C3H70H 
(cont'd) 

l,3{NH2}2C3"& 

pyrimidine 

furan 

pyrrole 

Ion 

i-C3H70H2+ 

t-C4H90112+ 

S-C41l90H2+ 

( CH3)20W 

C2HSOH2+ 

n-C3H70H2+ 

H2C- C( CH3)O­

n-C3H70-

t-C4H90-

t-C5HllO­

C6H5C"C-

( CH3)2NH2+ 

( CH3)3NW 

N(CH3)4+ 

( CH3)3Sn+ 

furan 11'" 

F-

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

(keal! (cal! (keal! 
mol) K mol) mol) 

-t.l~,l -bS~,l -bG~,l (T) 

(31.9) [29.6J (23.1) 

(30.5) [28.2J (22.1) 

(32.0) [27.5J (23.8) 

(32.3) [25.6J (24.7) 

(17.6) [23.2 J (10.7) 

12.2 19.1 

22.0 25.6 14.4 

(30.3) [28.4J (21.8) 

(32.8) [27.4) (24.6) 

(31.G) [30.2) (22.6) 

C31.7) [29.2) (23.0) 

(35.5) [32J (18.7) 

(32.3) (25.4) (24.7) 

(17.7> 12l.2] (10.9) 

(14.5) {22J 

(21.0) (22) 

{ZOo Z) Ill! 

(19.8) [22] 

(15.4) [22] 

17.5 24.9 

(7.9) 

(14.4) 

(l3.b) 

(13.2) 

(8.8) 

10.1 

(34.2) [32.2J (17.3) 

(19.8) [25] 11.3 

(42.1) [28] (33.7) 

(20.0) (23.4) (13.0) 

23.3 25.3 

22.5 32.0 

9.9 20.6 

(45.6) [32] 

21.8 25.5 

28.6 26.7 

22.5 40.7 

(>26.5) [25) 

18.6 21.0 

9.4 

4.9 

3.8 

(28.8) 

14.2 

20.6 

10.4 

. (>19) 

12.3 

(34.2) [25.5) (26.6) 

11.6 

(K) 

T 

298 

298 

298 

298 

298 

300 

298 

298 

298 

298 

298 

525 

298 

298 

298 

298 

298 

298 

298 

298 

525 

438 

298 

298 

550 

550 

298 

525 

298 

298 

298 

298 

298 

421 

Method 

lCR 

lCR 

ICR 

lCR 

lCR 

HPltS 

HPHS 

lCR 

lCR 

lCR 
llPMS 

lCR 

HPltS 

lCR 

Iell. 

lCR 

lCR 

lCR 

lCR 

lCR 

HPHS 

HPHS 

HPMS 

lCR 

HPHS 

HPMS 

OPUS 

HPltS 

HPMS 

HPHS 

OPUS 

HPMS 

OPHS 

OPUS 

OPHS 

HPMS 

lCR 

HPHS 

ICR 

HPHS 

Remarks 

s (CH3)20H+-{CH3)20 

s (CH) )2(lH+-(CH3 )20 

s ( CH3}zOH+-(CH3}z0 

s F--H20 

s (:!--t-C4H90H 

s (CH3)20W-(CH3)20 

s (CH3)20H+-(CH3)20 

s {CH3}zOH+-(CH3)20 
cf. Table 9 

s (CH3}zOH""-(CH3)ZO 

s (CH3)3Sn+-CH30H 

s F--H20 

s CH30--CH30H 

s CH30--CH30H 

s CH30--CH30H 

s CH30--CH30H 

cf. Table 9 

cf. Table 9 

ef. Table 9 

ef. Table 9 

N-acetylglycine methyl esterW 
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Table 8. (continued) Thermodynamic quantities for the association of organic compounds to gaseous ions. 

Reference 

285 

117 

118 

117 

39,28 

273 

117 

299,131,19 

299,131,19 

299,131.19 

300 

Neutral 
Formula 

117 C4H80 
299,131,19 

299,131,19 

299.131.19 

299,131,19 

273 

299,131 

299,131,19 

299,131,19 

299,131,19 

273 

118 

300 

296 

318 

129 

324 

129 

41,98 

295,4 

294 

294 

134 

273 

286 

286 

299,131,19 

299,131,19 

Compound 

cytosine 

C-C4H80 
( tetrahydrofuran) 

-l,4-dioxane 

Ion 

cytosine W-

CH3NH3+ 

(CH3)2COH+ 

( CH3)(C2HS)COH+ 

(C2RS)2COW­

( CH3>JSn+ 

01.-

( CH3)zCOa+ 

(C2HS)zCOH+ 

(C2H5)zOH+ 

( CH3)20H+ 

( CH3)zCOH+ 

1,4 dioxaneW 

(HCOOC2HS)H+ 

NO+ 

(CH3COOC2H5)W 

( CH3>JSn+ 

(N(CH3)2)(CH3)CO X+ 

(CH3>JCBr 

( CH3)3NH+ 

N( CH3)4+ 

(N( CH) h)( CH) )COH+ 

CH3 NH3+ 

( CIi3)3NH+ 

( CIi3)zCOH+ 

(Reali 
mol) 

-.ll\I~,l 

(call 
K'mol) 

-llS~,l 

38.3 37 

(21.4) [26] 

(27.3) [34.5] 

(28.1) [28] 

(28) 

(42.2) 

(25.2) [25] 

(kcal! 
mol) 

-llG~,l(T) 

27.3 

9.4 

10.0 

11.4 

(32.7) [29.8] (23.8) 

(30.4) [30.9] (21.2) 

(29.5) (29.4] (20.7) 

(39.3) (32.8) (22.1) 

(1.4.0) (Zl..0] (6.:;) 

32.6 32.2 23.0 
(32.5) [32.2) (22.9) 

(33.4) (29.9) (24.5) 

(30.1) (29.4] (21.3) 

(30.4) [29.5] (21.6) 

(39.2) 

(31.7) [28.9) (23.1)-

(30.0) [30.2] (21.0) 

(30.9) [31.5] (21.5) 

(30.9) [29.7] (22.0) 

(41.5) 

30.0 34.5 19.7 

(40.2) [33] (22.9) 

16.7 20.5 10.6 

31 23 24 

27.2 24.1 20.0 

18.0 21.6 11.6 

31.3 27.4 23.1 

(22.3) (23.6] (15.3) 

(13.3) (20.8) (7.1) 

(0.0) 

12.4 19.3 6.7 

12.9 21.8 6.4 

22. ) 24.7 14.9 

(41.3) 

22.0 25.0 14.6 

19.5 29.4 10.7 

(32.9) [29.7) (24.0) 

(31.9) [30.9] (22.7) 

(X) 

T 

298 

450 

492 

581 

553 

298 

298 

298 

525 

298 
298 

298 

298 

298 

298 

298 

298 

298 

298 

525 

300 

300 

298 

298 

?'111 

298 

298 

298 

298 

298 

298 

298 

298 

298 

Method 

HPMS 

HPMS 

HPMS 

HPMS 

ICR 

lCR 

HPMS 

ICR 

ICR 

ICR 

HPMS 

HPMS 
ICR 

ICR 

ICR 

ICR 

ICR 

ICR 

ICR 

ICR 

ICR 

ICR 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

111?MS 

ICR 

ICa 

It.:K. 

IiPKS 

HPMS 

HPMS 

ICR 

HPMS 

HPMS 

ICR 

lCR 

Remarks 

s (CH3)z0a+-(CH3)20 

s (CH3)zOH+-(CR3)20 

II (CR3)20W--(CR3)zO 

s (CH3)3Sn+-CH30R 

tetrahydrofuranH+ 
s (CR3)20H+-(CH3)20 

s (CH't),OH+-(CH~hO 

s (CH3)20W-(CH3)z0 

s (CH3)20H+-(CH3)20 

s NO+-C2H50H 

s (CH3)zOH+-(CH3)20 

s ( CH3)zOH+-( CH3)z0 

s ( CH3)zOH+-( CH3)z0 

s (CH3)zOH+-(CH3)20 

s NO+-C2HSOH 

cf. Table 9 

s '--H20 

s Cl--t-C4H90H 

.. CC-t-C4H90H 

s (CH3hOIi+-(CH3)20 

!I (CH3>20H+-(CH3)20 

J.Phys. Chem. Ref. Data, Vol. 15, No.3, 1986 
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Tabl.e 8. (continued) 'rhet"modYllllmic quantit:l.es for the llssociation of orr.,al\(c compounds to gaseous ions. 

Reference 

299,131,19 

299,131,19 

2,!}9,l:H,19 

286 

286 

117 

300 

299,1:U.19 

299,131.19 

299,131,19 

41,98 

295,4 

Neutral 
Formula 

316,131,19 C4HlOO 

316,111,19 

117 

300 

316,131,19 

316,131,19 

41,98 

4 
2.54 

296 

303,302. 

303,302 

217 

279 

28& 

286 

286 

117 

134 

63 

63 
285 
125 

117 

285 

255 

(e2fiShO 
(cont'd) 

Ion 

(C2HS)zCOIl+ 

(n-C]1:l7)20a+ 

(i-C]H7)20H 

pyridine W­

C-C6Hn NH3+ 

CK3NH]+ 

(CH3)3Sn+ 

n-C41190!lZ+ 

C2HSOH2+ 

n-C3870H2+ 

t.-C3"10HZ+ 

$-C4"90"2+ 

CHlHli3+ 

(CR3)3Sn+ 

1-ClIl70H2+ 

t-C4H90H2+ 

F-

r. 
t-C4H30-

t-CS8UO-

CH30(CH2> 20CH3 Na+ 

2-F-pyr1d1ne 

pyridine 

adertf.ne 

!(+ 

Cll3N1i:t 
(CR~hNH+ 

pyridi.neH+ 

C-C6HU NH3+ 

Ag+ 

pyridtnea+ 

eyclopentadiene Cl-

J. PhyS. cnem. Ret. oata, Vol. 15, No. a, 19&6 

Ckeall (ea1/ 
11\(1) !C 1lI01) 

-ba;, 1 -bS~.l 

(keall 
11101) 

-bG~,1 (1) 

29.8 33.2 19.9 
(30.3) [30.9J (21.1) 

(29.5) (29.51 (20.7) 

(29.3) {30.0J (20.4) 

(26.0) {lo.a} (lo.a) 

22.5 

21.9 

32.9 

31.9 

(23.5) (261 10.6 

(3.6.S) [32.4J (19.5) 

(31.5) (30.9] (22.3) 

(33.1) [27.7) (24.8) 

(31.3) (29.2) (22.6) 

(32.2) (2S.9) {24.S} 

(17.6) [23.2} (10.1) 

(32.8) [28.2) (24.4) 

(3.2.6) {28.2] (24.6) 

(22.9) [26J 10.0 

(36.6) !32.4} (19.6) 

(ll.O) [28.2) (24.6) 

(11.6) [29.6} (22.8) 

(33.3) (26.1) (25.5) 

19.2 
14.2 

12.1 

27 
10.3 

18.7 

(20.4) [22J 

(20.3) (22J 

41.2 

30.8 

30.1 

26.7 

25.4 

29.4 

34.6 

26.8 

30.1 

34.8 

31.4 

35.5 

(46.4) [:m 

20.8 

(44) 

20.1 

26.3 
23.7 

·24.6 

31.0 

18.6 

32.1 
28 
28.2 

(20.4) l28) 

30.3 39 

6.5 

(13.8) 

(13.1) 

36.9 

22.8 

21.1 

16.3 

16.0 

18.8 

(2.9.1) 

21.6 

15.2 

(K) 

298 
298 

298 

298 

21)& 

298 

298 

495 

525 

298 

298 

29S 

298 

298 

298 

298 

495 

525 

298 

2.98 

298 

298 
298 

300 

298 

298 

2.98 

298 

298 

298 

298 

525 

298 

2!18 

2')8 
298 
298 

4()& 

298 

Method 

IiPt-lS 
ICR 

lCIl 

ICR 

lC'R 

HPKS 

HPt-IS 

HPKS 

HPKS 

leR 

ICR 

ICR 

ICR 

ICR 

ICR 

left 

HPMS 

lIPMS 

ICR 

"IC1.\. 

ICR 

HPMS 
HPMS 

ll'PMS 

ICR 

ICR. 

HPMS 

\!.PM.S 

HPKS 

HPMS 

HPMS 

"PHS 

HPMS 

HPKS 

leR 

HPMS 

HPMS 

KPMS 
HPKS 
HPMS 

Rl'MS 

Rl'MS 

llPMS 

8 ( CRl):z.0a+-(CR3)z1l 

8 {CB.lhOIi+-(CR3}zO 

8 { CH3):z.0a+-(CR3}zO 

8 {C'Il3hotrl'-( CR3)20 

s (CH3)sSn+-CH301i 

$ ( CR3}2oa+-(CH1)ZO 

$ (CH3}201l+-(CH3)20 

8 (CH3}20u+-{CJl3)20 

$ r-H2o 

s Cl--t-C4H90H 

s (CR3}z0u+-(CJl3)z0 

s ( CH3)2oa-f"-(CH3)ZO 

s (CH3)3Sn+-CU30U 

s ( CR3)20a+-(CH3)20 

s ( CR3)20a+-(CH3)20 

s r-H20 

.. CIt30--CIt3UH 

S CH30--CR30H 

cf. Table 9 

cf. Table 9 

ct. Table ') 
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Table 8. (continued) Thermodynamic quantities for the association of organic compounds to gaseous ions. 

Reference 

285 

255 

274 
126 

126 

255 

129 

324 

41.98 

295,4 

273 

299,131,19 

299,131,19 

299,131,19 

299,131,19 

117 

300 

295,4 

117 

296 

117 

117 

300 

273 

300 

126 

126 

294 

303,302 

303,302 

)03,302 

286 

286 

286 

286 

286 

Neutral 
Formula 

COlllpound 

thymine 

l,4-pentadiene 

proline 

(CH3CO}zCH2 
(acetylacetone) 

(CH~hCCHO 

(C2H5>ZCO 

valine 

Ion 

thym1neW" 

prol1neW 

val1nea+ 

pyr1';idinea+ 

( CH3)(C2H5)COa+ 

( CH3)2COH+ 

(C2H5)ZOH+ 

C-C4H80H+ 

CH3 NH3+ 

( CH3)3Sn+ 

C1-

prDl1neu+ 

val1neU+ 

t-CsHllO­

t-C4H9CIl(CIl3)O­

C6HS=C-

CH30(CHZ)30CH3 CtI)NH3+ 

( CH3}JNH+ 

2-F-pyr1dineH+ 

pyridlneH+ 

(kcal/ (ca1/ 
mol) It mol) 

-~,1 -AS~,l 

30.1 

29 
20 

23.4 

34.5 

20.1 

37 

32 

38.4 

29.4 

(kcal/ 
mol) 

-t.G~,l(T) 

3.7 

19.5 

11.0 

23.1 

11.3 

(24.6) [26.2) (16.8) 

(15.0) [21.9) (8.4) 

(42.9) 

(30.:1) [3l..2] (20.9) 

(31.1) [29.9) (22.2) 

(33.4) (30.1) (24.4) 

(30.8) (29.7) (22.0) 

(32.6) [31.0] (23.4) 

(25.9) (26) 11.8 

(39.5) [31.6] (22.9) 

(14.1) (19.6] (8.2) 

32.6 32.2 23.0 

15.4 21.7 8.9 

(24.5) [26] 12.5 

30.0 35.2 19.5 

(41.8) [33.5) (24.2) 

(42.0) 

(40.2) [32.8) (23.0) 

21.0 

20.7 

14.4 25.2 

(21.5) (221 

(21.3) (22) 

(17 .1) (22] 

31.2 32.0 

25.5 33.1 

26.2 31.& 

26.5 35.8 

28.4 35.0 

6.9 

(14.9) 

(14.7) 

(10.5) 

16.8 

15.8 

18.0 

(K) 

298 

300 

298 

421 

298 

298 

298 

298 

298 

298 

298 

298 

549 

525 

298 

298 

300 

461 

298 

525 

298 

298 

298 

298 

298 

298 

298 

298 

298 

Method 

HPMS 

HPKS 

HPMS 
HPHS 

HPMS 

HPKS 

HPMS 

HPHS 

ICR 

ICR 

ICR 

:tOR 

ICR 

Ica 

Ica 

ICa 

HPMS 

HPMS 

Ica 

HPMS 

HPHS 

SPHS 

HPHS 

HPHS 

ICR 

HPMS 

HPMS 

HPMS 

HPHS 

Ica 

Ica 

ICR 

HPHS 

HPHS 

HPHS 

HPltS 

HPHS 

Re1l3rits 

N-acety1glycine methyl ester 

s F--H20 

s Cl--t-C4H90H 

B ( CH3)20a+-(CH3)zO 

s (CH3)20S+-(CH3}zO 

s (CH3)20a+-(CH3)20 

s (CH3)20H+-(CH3}zO 

s (CH3)20H+-(CH3)20 

s C1--t-C4H90H 

s NO+-C2H50H 

s (CH3)3Sn+-CH30H 

s Ctl30--CH301l 

II CH30--CH30H 

s CH30--CH30H 
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Table 8. (continued) Thermodynamic quantities for the association of organic compounds to gaseous ions. 

Reference 

241 

118 

241 

241 

241 

241 

241 

295,4 

241 

241 

2SS 
295,4 

325 

295,4 

273 

118 

118 

255 

287,255 

287,255 

273 

325 

241 

241 

118 

255 

273 

118 

2,41 

255 
295,4 

118 

255 

118 

z:;:; 

40,28 

97 

97,60 

97,60 

97,60 

Neutral 
Formula 

Compound 

p-F-pheno1 

p-C1-pheno1 

benzene 

(kcal,/ (ca1/ 
mol) K mol) 

Ion -l>~,1 -Mg,l 

benzene+ (12.1) [2·7] 

ani1ine+ (11.0) [25] 

benzene+ (11.2) [27] 

benzene+ (11.2) [27] 

benzene+ 12.0 27 

benzene+ 12.4 28 

benzene+ (i5.2) [27] 

(14.3) [21.6] 

benzene+ 26 

(13.2) (27) 

(14.6) [22.61 

(13) [20] 

(13.8) [21.6) 

(39.3) 

(kcal/ 
mol) 

-l>Gg,l(T) 

4.0 

3.5 

3.1 

3.1 

3.9 

3.9 

6.3 

(7.8) 

6.2 

5.2 

7.7 
(7.8) 

5.1 

(7.3) 

anil1ne+ (19.5) [27] 10.7 

1-CH3-naphtha1ene+ 13.2 27 5.2 

benzene+ 

anil1ne+ 

C1-

aniline+ 

meBltylene+ 

anfHn .. + 

anil1ne+ 

1(+. H20 

K+. 2H20 

1(+.3H20 

7.1 

(26.9) (25.3) (19.3) 

(28.9) (26.3) (21.0) 

(37.8) 

14.4 18.0 

(14.1) [27] 

17.0 30 

11.8 26.7 

(38.5) 

(12.0) [27] 

(H.lt) IZl J 

(13.6) [22.4) 

(U.1.) (21) 

(13.6) [27) 

9.0 

5.3 

8.1 

3.8 

5.9 

4.0 

6.5 
(6.9) 

5.l 

6.8 

4.8 

I.Z 

(37.9) [27.5) (29.7) 

19.2 24.6 

(16.8) (27.1) 

(13.4) (24.3) 

(12.6) (27.6) 

11.9 

(8.7) 

(6.1) 

(3.7) 

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

(K) 

300 

298 

300 

300 

300 

300 

330 

298 

300 

298 

300 
298 

395 

298 

324 

298 

300 

300 

300 

298 

356 

300 

298 

300 

297 

300 

300 
298 

l25 

298 

324 

lUU 

298 

298 

298 

298 

298 

Hethod 

HPHS 

HPHS 

HPHS 

HPMS 

HPHS 

HPHS 

HPHS 

ICR 

HPHS 

HPHS 

IIPMS 

ICR 

HPHS 

ICR 

ICR 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

ICR 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

ICR 

HPHS 

HPHS 

HPHS 
lCR 

RPM!: 

HPHS 

HPMS 

IIPMS 

ICR 

HPMS 

HPHS 

HPHS 

HPHS 

Remarks 

s C1--pheno1 

s Cl--pheno1 

B L1+-H20 

cf. Table 9 

B K+'H2O-H20 ; cf. Table 9 

s K+.2H2o-H20 ; cf. Table 9 

B K+. 3H2o-H20 
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Table 8. (continued) Thermodynamic quantities for the association of organic compounds to gaseous ions; 

Reference 

273 

325 

325 

288 

325 

289 

288 

325 

289 

288 

324 

241 

289 
241 

141 

118 

241 

118 

118 

241 

118 

118 

97 
295,4 
331 

41,'18 

254 
4 

255 

125 

134 

118 

~~6 

118 

118 

41.98 

325 

129 

129 

129 

39,28 

325 

241 

117 

117 

300 

300 

Neutral 
Formula 

Compound 

benzene 
(\;ullL'u) 

phenol 

aniline 

cyc10hexene 

CH3C(O)NHCH­
(CH3)COOCH3 

cyclohexane 

Ion 

NO+ 

(keal/ (cal/ 
mol) K mol) 

~lI~,l -lIS~.l 

(41.1) 

19.3 23.3 

(kea1/ 
mol) 

-llG~,l(T) 

12.4 NH4+ 

CH3NH3+ 

C2H5+ 

C2H50H2+ 

C3H3+ 

( CH3}zCH+ 

( CH3)3NW 

C-C4H4S+ 

( CH3hC+ 

N(CH3)4+ 

C6H5C1+ 

1B •. 8 25.1 11.3 

(46.5) (31.5) (37) 

(21) [25) 8.7 

9.0 

(33.8) (34) 

15.9 27.7 

13 23 

22 49 

(9.4) (20) 

14.0 26 

benzene+ 15 23 
17.0 27 

11.0 

aniline+ 113.2 26.3 

toluene+ 12.4 26 

C6HSNHCH3+ (12.2) [26] 

C6HSN( CH3)2+ (9.8) [26] 

mesitylene+ 10.6 26 

p-CH3C6H4N(CH3)2+ (9.8) [221 

o-CH3-naphthalene+ B.9 24 

cr 

aniline+ 

(10.4) 
(9.9) 
9.5 

19.4 
27.4 
25.0 

23.0 

22.8 

17.4 

[22) 
[17.1} 
19.9 

15.5 
25 
26.0 

27.B 

23.7 

24.6 

(14.5) (27] 

(13.5) (271 

(23.7) 

7.6 

7.4 

3.5 

6.2 

B 
8.9 

5.3 

4.6 

4.5 

2.0 

2.8 

2.6 

1.7 

3.8 
(4.8) 
3.6 

14.8 
20.0 
17.2 

14.7 

15.8 

9.5 

6.5 

5.9 

C6HSN( CH3)2+ 

p-CH3C6H4N( CH3) 2+ 

F- 01.2) 126.21 (23.4) 

( CH3)3NH+ 

C6H12N03+ 

11+ 

benzene+ 

11.6 

40.1 

29.7 

30.1 

(24) 

16.9 

35.1 

27.6 

31.5 

«9) [20] 

(11.2) (27) 

27.0 27.0 

6.6 

29.6 

21.5 

20.7 

<2.8 

3.2 

22.9 

19.0 

(41.7) [33.5) (24.1) 

(37.5) [33.3] (20.0) 

(K) 

298 

298 

298 

491 

300 

298 

298 

300 

298 

296 

300 

300 
300 

298 

300 

298 

298 

300 

329 

298 

300 
298 
298 

298 
298 
300 

298 

298 

322 

298 

283 

298 

298 

298 

298 

298 

317 

295 

298 

525 

525 

Method 

lca 

HPMS 

HPMS 

HPMS 

flPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 
HPMS 

HPMS 

HPMS 

HPMS 

KPMS 

HPMS 

HPMS 

UPMS 

HPMS 
lca 
HPMS 

lca 

HPMS 
HPMS 
HPMS 

UPMS 

HPMS 

I{PHS 

HPHS 

HPHS 

Ica 

HPMS 

I{PHS 

I{PHS 

HPHS 

lCR 

HPHS 

HPHS 

HPMS 

IIPMS 

HPMS 

Remarks 

ct. Table 9 

c lIKf'S + PA's 

c lIKf'S + PA's 

thiophene+ 

N-acetylalanine methyl ester 

J. Phys. Chern. Ref. Data, Vol. 15, No.3, 1986 
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Table 8. (continued) Thermodynamic quantities for the association .of organic compounds to gaseous ions. 

Reference 

117 

299,131,19 

117 

117 

117 
299,131,19 

Neutral 
Formula 

117 C61l140 
299,131,19 

299,131,19 

303,302 

303,302 

286 

286 

324 

286 

!Ul' 

286 

125 

300 

311,4 

273 

117 

118 

118 

287,255 
287,255 

273 

118 

273 

255 

41,98 

324 

118 

241 

241 

255 

302 
303,302 

287,255 

303,302 

118 C71lSO 

Compound Ion 

pyridineH+ 

C-C6HllNH3+ 

(n-C31l7) 20H+ 

t-C4IlgCH(CK3)OK t-C4IlgCIl(CH3)0-

p-CNphenol 

CGH5CHO 

p-N02toluene 

tnll1pn~ 

p-CH3phenol 
(p-creso1) 

C6H50CH3 
(anisole) 

C6HSCH20-

1,2-diazineu+ 

N( CH3)4+ 

2-F-pyrldlneu+ 

(C21l5)3NH+ 

(CH3>JSn+ 

1-CH3-naphthalene+ 

anlline+ 

r 

anUtne+ 

toluene+ 

aesitylene+ 

an1l1ne+ 

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

(kcall (call 
mol) K mol) 

-1I~.1 -IIS~,l 

24.0 ,26.7 

(kcall 
mol) 

-1\G~,l(T) 

16.0 

(31.4) [29.9] (22.5) 

(23.5) [31] 8.0 

25.4 31.2 16.1 

30.2 37.4 19.1 
(29.9) [31.9] (20.4) 

27.0 39.1 15.3 
(26.6) [32.6J (16.9) 

(31.3) [29.8] (22~4) 

(21.4) [22] 

(:ll.6) [22] 

32.8 40.0 

32.4 36.1 

20.6 28.7 

34.7 38.6 

39.7 44.6 

23.8 41.0 

(14.8) 

(15.0) 

20.9 

21.6 

12.0 

23.2 

2:0.6 

26.4 

11.6 

(45.7) [33.9] (27.9) 

(23.8) [22] 

(41.1) 

29.4 31.2 

(21.8) [27] 

(15.4) [27] 

(33.6) (26) 
(34.6) (28) 

(35) 

(12.1) [27] 

(43.7) 

(17.2) 

20.1 

12.3 

6.9 

(25.8) 
(26.2) 

4.0 

7.5 

(24.4) [26.6) (16.5) 

(44.2) 

9.5 

14.0 

16.0 

12.0 

20.3 

26.8 

29 

27 

3.5 

5.S 

7.3 

4.0 

4.0 

23.8 23.2 16.9 
(22.3) [22] (15.7) 

(24.6) (26.7) (16.6) 

(19.5) [22] (14.9) 

(16.8) [27] 7.6 

(K) 

T 

298 

298 

500 

298 

298 
298 

298 
298 

298 

298 

298 

298 

298 

298 

298 

298 

298 

525 

298 

298 

338 

301 

300 
300 

300 

300 

298 

298 

320 

300 

300 

300 

298 
298 

300 

298 

346 

Method 

HPKS 

ICR 

HPHS 

HPHS 

HPKS 
ICR 

IlPHS 
ICR 

ICR 

ICR 

ICR 

HPMS 

HPMS 

HPHS 

HPMS 

HPMS 

HPMS 

ICR 

ICR 

HPHS 

HPKS 

HPMS 

HPMS 
HPHS 

ICR 

HPKS 

ICR 

HPKS 

ICR 

ICR 

HPMS 

HPHS 

HPKS 

HPKS 

HPHS 

HPKS 
ICR 

HPKS 

ICR 

IlPHS 

Remarks 

s ( CH3)OH+-(CH3}z0 

s (CH3)OW-(CH3}z0 

s (CK3)OH+~(CH3)20 

s (CH3)OH+-(CK3)20 

s C1--p-F phenol 
8 Cl--p-C1 phenol 

s F--H20 

s NO+-C2HSOH 

8 C1--pheno1 
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Table 8. (continued) Thermodynamic quantities for the association of organic cOlnpounds to gaseous ions. 

Reference 

255 

125 

118 

273 

74 

255 

273 

255 

U8 

241 

241 

255 

241 

255 

300 

125 

118 

117 

286 

286 

286 

286 

286 

324 

117 

286 

286 

324 

286 

286 

300 

255 

74 

74 

273 

255 

273 

255 

Neutral 
Formula 

Compound 

C6HSOCH3 
(duJ.I:tul~) 

(cont'd) 

2,6-(CH3}2-
pyridine 

Ion 

CH3COO-t-C5Ull t-amyl acetateU+ 
(t-amyl acetate) 

( CH3)(C6H5}CO 
(acetophenone) 

p-xylene 

m-xylene 

o-xylene 

NU' 

anlline+ 

p-xylene+ 

mesitylene+ 

mesitylene+ 

caH1604 12-crown-4-ether (CH3)3NH+ 
(cont'd) 

(CH)(C6HSCH2)CO 
( pheny lace tone) 

CH3COOCH2C6HS 
(benzyl acetate) 

i-C3H7C6HS 
(cumene) 

l,2-diazlneH+ 

pyridineH+ 

c-C6HU NH)+ 

CH3NH3+ 

N( CH3}4+ 

(n-C4H9}20H+ 

1.2-diazineH+ 

N( CH3)4+ 

pyridineH+ 

c-C6Hll NH3 + 

ben'1:yl acetateH+ 

(kcal/. 
mol) 

-lI~.l 

(cal! 
K 1IlOl) 

-t.S~.l 

23.3 33.2 

(12.3) (26) 

(44.6) 

9.1 -2 

(14.S) [27} 

15.6 32 

14.9 28 

(14.3) [27] 

(kcal! 
mol) 

-lIG~.l(T} 

7.3 

13.4 

4.6 

9.8 

7.1 

5.0 

5.8 

5.9 

6.6 

3.9 

6.2 

4.4 

(29.9) [31.8) (13.2) 

23.0 32.7 

(10.0) [26] 

30.0 34.a 

35.8 41.5 

37.0 

36.1 

37.2 

25.0 

40.a 

40.0 

34.8 

28.0 

(12.9) [25) 

30.5 38.7 

34.6 40.0 

37.0 41.4 

24.2 33.8 

34.7 38.3 

43.3 43.8 

13.3 

2.2 

19.6 

23.4 

24.a-

24.2 

26.8 

16.6 

4.6 

19.0 

22.7 

24.7 

14.1 

23.3 

30.2 

(48.8) l33.7j (31.1) 

a.3 

10 -7 

5.4 -14 9.7 

(45.1) 

5.5 

(45.1) 

5.0 

(K) 

300 

298 

298 

300 

421 

300 

322 

300 

300 

300 

300 

300 

525 

298 

298 

298 

298 

298 

298 

298 

298 

330 

298 

298 

298 

298 

298 

298 

525 

421 

300 

300 

300 

300 

Method Remarks 

HPMS 

HPMS 

HPMS 

ICR 

HPMS 

HPMS 

ICR 

HPMS 

HPMS 

HPMS 

UPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPMS 

HPHS 

HPHS 

HPHS 

HPMS 

HPMS 

I:IPMS 

HPMS 

HPHS 

I:IPMS 

I:IPMS 

HPHS 

ICR 

I:IPHS 

rCR 

I:IPHS 

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



1060 R. G. KEESEE AND A. W. CASTLEMAN, JR. 

Table S. (continued) Thermodynamic quantities for the association of organic compounds to gaseous ions. 

Reference 

325 

300 

11S 

241 

l'1U 

11S 

255 

125 

125 

l1S 

125 

11S 

118 

290 

2110 

290 

290 

118 

118 

118 

286 

286 

ll8 

11S 

290 

290 

290 

118 

118 

290 

290 

290 

290 

290 

118 

286 

286 

Neutral 
Formula 

Compound 

mesitylene 

Ion 

aniline+ 

mesity1ene+ 

meSU:YleneH+ 

l-CH3-naphtha1ene+ 

2-t-C4"9- 2-t-C4H9-pyridineW 
pyridine 

2.6{CZH5)2- 2-6-{ C2H5 )2-pyridineH+ 
pyridine 

ClOH7Br 1-Br-naphthalene 

CLOR8 naphthalene 

azu1ene 

CIOR2005 15-crown-5-ether 

l-CH3-naphthalene 

aniline+ 

anlline+ 

naphthalene+ 

biphenylene+ 

biphenylene u+ 

aniltne+ 

azulene+ 

aniline+ 

( CH2)3NH+ 

pyridine u+ 

c-C6HU NH3+ 

anlltne+ 

CUHl7N 2.6-(i-C3H7);l- 2.6-(i-C3H7)2 pyridineH+ 
pyridine 

C12RS biphenylene azulene+ 

acenaphthy1ene 

acenaphthene 

biphenyl 

18-crown-6-ether 

biphenylene+ 

biphenyleneH+ 

aniltne+ 

aniline+ 

biphenylene+ 

arenaphthene 

aeenaphtheneu+ 

azulene+ 

bipheny1ene+ 

aniltne+ 

1,2-diazineH+ 

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

(kea1/ (eal/ (keal/ 
mol) K mol) mol) 

-1I"~.1 -t.S~.1 -lIG~.l (T) 

21.S 21.2 15.5 

(32.0) (31.S) (1S.3) 

15.3 25.6 

17.2 30 

(lZ.~) (ZlIj 

(ll.O) (27) 

23.0 39.4 

22.8 37.4 

(16.2) (24) 

15.7 28.9 

(15.7) (26) 

17.8 29 

14.1 30 

(12.6) (28) 

(ll.9) (28) 

(14.3) (27) 

16.8 26 

(14.6) (27) 

34.9 35.6 

41.0 42.6 

42.3 36.5 

15.8 25.1 

(17 .9) (27) 

23.6 48.4 

(15.9) (28) 

16.0 29 

(13.6) (2S1 

(17 .5) [27] 

18.3 28.6 

(14.2) (28) 

(l7.0) (28) 

(14.8) (28) 

(13.5) (28) 

(13.4) (28) 

17.1 

(41) 

(42) 

24.1 

(40) 

(44) 

7.7 

8.0 

~.II 

5.0 

4.5 

11.3 

11.7 

8.3 

7.4 

7.0 

7.3 

9.2 

S.2 

5.1 

6.4 

5.8 

9.1 

5.5 

24.3 

28.3 

31.4 

8.4 

9.9 

9.2 

7.2 

7.3 

5.9 

8.7 

9.0 

6.3 

8.1 

5.6 

5.2 

5.5 

9.3 

18 

16 

{K} 

298 

525 

29S 

300 

Z7Z 

296 

300 

29S 

298 

329 

293 

298 

324 

298 

2011 

298 

298 

315 

298 

330 

298 

298 

298 

298 

296 

298 

309 

300 

277 

325 

325 

283 

283 

330 

297 

279 

325 

569 

600 

Hethod 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPMS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

HPHS 

Remarks 
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Table 6. (continued) TnerTllOdynalllic quantities for tbe association of organic compounds to gaseous ions. 

(kcal/ (cal/ (kcal/ 
mol) K mol) 1101) (K) 

Reference Neutral COIIpound Ion -AH~,l -AS~,l -6G~,l (T) T Metbod ie_rks 
Formula 

286 C12H2406 18-crown-6-etber pyridineW (40) (44) 16 550 HPHS 
(cont'd) 

286 C-C6H11NH3+ (46) [38) 23 670 HPHS 

117 C12H260 (n-C6H13)20 CH3NH3+ 27.2 31.4 17.8 298 HPHS 

117 (n-C6H3}zOH+ 29 36 18.3 298 HPMS 

125 C12H27N (n-C4H9)3N (n-C4H9)3mr- 24.4 56.5 7.6 298 HPHS 

300 (CHJ)3Sn+ (48.0) (34.3) (30.0) 525 HPHS s (CH3)3Sn+-CH30H 

290 C13HlO fluorene azulene+ (14.6) [28) 6.0 307 HPMS 

290 bipbenylene+ (I3.3) [28) 5.4 283 HPHS 

290 C13HI0 fluorene fluorene+ (I6.5) [28) 7.2 331 HPHS 

290 fluoreneH'" {l4.4} IZtlJ 0.1 298 HPMS 
255 C13R12 (C6H5)2CH2 Cl- 7.4 300 HPHS 

125 C13H21N 2,6-(t-C4H9)2- 2,6-(t-C4H9)2- <4.5 313 HPMS 
pyridine pyridineJi+ 

290 C14HI0 antbracene antbracene'" 16.4 26 8.7 298 "PHS 

290 antbraceneR+ (16.0) (28) 6.1 352 RPHS 

2'0 C14HlO lIh t=:uou\.ba.cuc: ... tlt:.lIi:llL(..b~lt:uc'" (17.5) [26] 6.6 320 Hl'rI:5 

290 pbenantbreneH+ (I5.7) (28) 6.7 320 "PHS 

290 C14H18 octbracene octbracene+ (16.5) [28) 7.8 304 HPMS 

290 octbraceneW (14.2) [28) 6.1 298 HPMS 

290 C16HI0 pyrene pyrene+ (19.1) [28) 8.2 390 HPMS 

290 pyreneW 16.5 29 7.9 298 HPMS 

290 C18"12 cbrysene cbrysene+ (18.2) [28) 6.3 418 HPHS 

290 chryseneW (17.8) [28] 5.6 418 HPHS 

255 C19R16 (C6H5)3CH cr 4.1 300 HPMS 

290 C20H12 perylene perylene+ (19.7) (28) 8.3 406 HPMS 

290 pery1ene W (I9.1) [28) 7.2 424 HPHS 

290 C22"12 1, 12-benzoperylene+ l,12-benzoperylene+ 21.6 27 13.6 298 HPHS 

290 l,12-benzoperyleneW (21.4) [28) 10.6 385 HPMS 

290 C24H12 coronene coroneneT (23.8) [28] 10.4 476 Hl'MS 

J. Phys. Chem. Ref. Data, Vol. 15, No.3, 1986 
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Table !I. TherlllOdynatnic quantities for the association of organic compounds to gaseous ions. The higher order clustering reac.tions. 

Ref. Neutral Ion 

:lS6 

257 

"'J7 

257 

Z60 

261 
262 

ttCOOtt 

WI. (131) CIl30H 

llli 

lU! 

IHS 

ll~ 

131 

117 

122 

122 

266 
330 

266 

H.COO-

H30+ 

H30+·H.20 

1l30+. 2H20 

"30+.3H.20 

1l30+.4ti20 

C1l301l2+ 

CH3NH)+ 

( CK3hO\i+ 

(CIl3}zOIl+' 
(CIl3)20 

132,104,302 OH-

63 

61 

61 

61 

11t1 

Htl 

118 

11B 

tiS 

147 

265 

265 
330 

265 

265 

26b 

N14+ 

1i30+ 

H30+' H20 

H30+. 2H20 

1i30+.3H20 

CH3NH.3+ 

CH3CNH+ 

r 

-AH~-l,n (kcal/mol) 

34.1 22.2 14.1 10.1 

26.1 20.0 14.2 10.1 

B.O 

7.4 
4.1 

5.7 

6.0 

4.2 

3.4 

5.9 
1.5 

S.l 

4.1 3.9 

(40.B)C(22.!I) 16.4 (13.5) (U.4)C. 

(30.2)<: 11:1.0 

(25.)<:(14.4)C --

(l!l.6)C(13.2)C -

(16.0)(;(13.5)C 

33.1 26.3 16.1 13.5 12.5 11.9 12.0 

19.0 

26.3 HI.8 15.9 13.7 

18.1 15.1 12.2 

9.B 9.2 

14~2 13.0 12.3 11.2 10.5 
17.4 14.1 11.8 

19.1 15.5 13.5 

19.2 17.0 

24.4 20.6 14.9 12.7 

24.4 20.6 18.2 13.6 11.5 

20.7 17.7 15.7 12.5 11.1 

19.2 16.7 14.3 12.1 10.9 

27.621.214.211.7 

(46.7)C 23.4 20.6 

(32.6)C(21.2)c(15.0)C 

(28. 7)C(15.9) C 

(22.4)C(14.4) 

24.5 17.9 13.4 

30.2 

16.0 12.!I 11.7 10.4 

13.4 12.2 10.6 6.2 

5.3 

13.6 11.9 ll.b 11.3 10.9 10.4 

12.9 11.8 10.0 5.5 

11.':1 LU.:; 

16.4 14.2 11.9 9.5 

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

-A~-l.n (cal/K mol) 

55 35 20 11.5 

34 30 21.5 12 

-].5 

1S 14 

20.4 8.1 

20.8 24.4 26.1 26.6 
12.4 7.2 

(24.0) (25) 26.5 l28I (25.5) 

(28.6) 26.3 

(32.8) (23.4) 

(28.8) (23.6) 

(24.4) l26.6) 

30.5 28.2 28.9 28.7 31.1 32.9 35.7 

24.2 

27.1 28.9 31.2 30.8 

30.6 30.6 26.5 

n.2 24.0 

14.8 19.4 23.6 26.4 25.5 
24.1 24.2 22.9 

21.9 24.8 27.9 

39.9 41.6 

22.727.527.941.2 

21.5 24.2 28.3 27.5 33.7 

18.1 20.9 24.8 25.7 32.5 

18.6 21.6 24.0 27.0 32.9 

24.2 25.4 19.5 22.2 

(29.3) 24.7 27.3 

(30.1)(24.6) [24.1j 

(33.2) (22.3) 

(2.7.7)(22) 

2.5.8 21.8 21.0 

29 19 

13.4 14.8 17.9 19.6 

14.3 18.9 ;W.1 10.8 

7.4 

15.7 17.2 22.6 26.6 30.4 

Ib.5 20.4 21.7 10.9 

18.2 20.8 22.1 

17.4 22.0 24.7 22.4 
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-bG~-l,n (T) (k.c"l./wul.) 

Neutral Ion T(K) Method Comments 

HCOOH C1- 17.7 11.8 8.1 6.7 298 HPMS cf. Table 8 

RCOO- 16 II 7.8 6.5 298 HPMS 

CH3C1 CH2C1+ 7.9 3.3 298 HPMS 

GH3'" 1..5 0.9 29& llPMS 

CIf4Cl+ 3.6 298 HPMS 

CIf4 830+ 1.9 1.2 300 HPMS 

CH5+ 1.2 -1.4 -3.7 -4.1 298 HPMS 
0.45 -0.69 298 HPMS 

CH30H H30+ (33.6) n.6* 8.4 -0.2* (3.8) 300,*452 HPMS cH20/CH30H 

H30+' H20 (21.6) 10.1 (2.3)*(-0.5)* 300,*452 HPMS CH20/CH30H 

H30+. 2H20 (15.6) (7.4) (1. b)*( -1.4)* 300,*452 HPMS CH20/CH30H 

H30+. 3H20 (10.9) (6.1) (1.2)* 300,*452 HPMS CH20/CH30H 

H30+· 4H20 (8.7) (6.3)* 300, *269 HPMS CH20/CH30H 

CH30H2+ 24.0 12.9 7.5 4.9 3.2 2.1 1.4 298 HPMS 

CH3NH3+ ll.8 298 HPMS 

(CH3)z0u+ 18.2 10.2 6.6 4.5 300 HPMS 

(CH)20H+' 9.0 6.0 4.3 300 HPMS 
(CH)20 

N(CR3)4+ 2.9 2.0 298 HPMS 

C1- 9.8 7.2 5.2 3.3 2.9 298 HPMS 
10.2 6.9 5.0 298 HPMS cf. Table 8 

02- 12.5 8.1 5.2 298 HPMS 

OH- (25)S(10.3)C 296 FA COH--H20/CH30H(s) 

CH3NH2 CH3NII3+ 
7.3 4.7 298 HPMS cf. Table a 

CH3CN Na+ 17.6 12.3 6.6 0.4 298 HPMS 

K+ 18.0 13.4 9.8 5.4 1.4 298 HPMS 

Rb+ 15.3 ll.4 8.3 4.8 1.4 298 HPMS 

Cs+ 13.7 10.2 7.2 4.0 1.1 298 HPMS 

NH4+ 20.4 13.6 8.4 5.1 298 HPMS 

H30+ (37.9) 16.0 12.4 300 HPMS CCR3CN/R20 

H30+' H20 (23.6) (13. 7) (7.5)* 300, *316 HPMS CCH)CN/H20 

H30+.2H20 (18.8) (9.1) 300 HPMS CCH3CN/H20 

H30+·3H20 (14.1) 7.4* 300,*318 HPMS CCH3CN/H20 

CH3NH3+ 16.8 ll.4 7.1 298 HPMS 

CH3CNff+ 21.6 3.6 298 HPMS 

F- 12.0 8.5 6.4 4.5 3.1 298 HPMS 

cr 9.2 6.6 4.6 3.0 298 HPMS 
6.9 6.6 4.9 3.0 2.0 1.3 298 HPMS cf. Table 8 

Br- 8.0 5.8 3.6 2.2 298 HPMS 

r 6.4 4.3 2.7 298 HPMS 

°2- ll.2 7.7 4.5 2.8 298 HPMS 

J. Phys. Chem. Ref. Data, Vol. 15, No.3, 1986 
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Table 9. (continued) Thermodynamic quantities for the association of organic compounds to gaseous ions. 

The higher order clustering reactions. 

-AH~-l,n (kcal/mo1) -AS~-l,n (ca1/K mol ) 

Ref. Neutral Ion 

272 C2114 C2H4+ 18.2 4.2 

275,(221) C2H50N02 N02- (20.9)S 8.5 7.3 (35.3) 12.8 14.1 

275 N03- 17.2 7.2 32.2 8.7 

276 C2H5C1 C2H5+ 5.2 • 4.8 8.7 7.7 

122 ( CH3)z0 H30+ (45.4)C 18.5 16.8 (24.5) 26.3 26.6 

122 H30+' H20 (29.1)C 16.4 15.8 (26.5) 22.8 36.5 

122,(70) ( CH3)20 830+. 282° (23~4)S 16.9 (30.2) 32.9 

122 C83082+ 35.0 20.2 24.7 29.8 

122 CH30H2+' 21.9 16.6 25.2 31.8 
CH30H 

122 CH3082+' 17.2 12.5 28.6 25.6 
2CH30H 

131 (C83)z0u+ 30.7 10.1 29.6 27.9 

318 ( CH3)zSO K+ 35 29 20 16 15.8 15.5 31 34 28 30 37 40 

280 ( CH3)2S0u+ (30.8)S 21.3 (22.9) 10.9 

317 Cl- 111.6 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 21.4 22.4 27.5 

317 l- 15.7 12.8 1l.6 21.7 22.0 25.1 

281 C2HSNH2 C2H5NH3+ 19.5 17.3 41.6 42.6 

279 H2NCH2- K+ 25.7 22.2 12.9 22.3 32.0 26.3 
CH2NH2 

282 H2NCH2- -- 17.5 46.7 
CH2NH3+ 

318 ( CR3)zCO K+ 26 21 16 24 26 24 

329 ( CH3}zCOH+ 12.2 8.5 23.0 17.0 

324 N( CH3)4'" 14.6 13.0 (l.l..7) 24.7 Z~.2 (2') 

3111 (CH3)2NCHO ~ 31 21 15 13 26 20 18 24 

329 n-C3H70H n-C3H70H2+ 18.9 14.2 11.7 23.0 23.8 23.0 

281 n-C3H7NH2 n-C3H7NH3+ 19.5 17.1 41.6 42.3 

281 i-C3H7NH2 -C3H7NH3+ 19.8 16.2 42.6 39.3 

282 1,2(NH3)z- (1,2( NH2)z- 19.5 54.7 
C3H6 C3H6)H+ 

2112 1.3(NH2}z- (1,3( NH2h- -- 19.7 S7.0 
C3H6 C3H6)8+ 

318 (N( CH3)2)- ~ 31 24 18 23 24 24 
«(;U3)\,;u 

217 C830(CH2) )2- Na+ 47.2 35.1 23.2 34.6 40.5 42.2 
OCR3 

63 c-C5H5N Ag+ 16.7 17.9 28.0 40.3 

63 C-C5H5NH+ 26.3 12.6 13.6 32.1 29.7 37.9 
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-l1~-l,n (T) (kcal/1II(1) 

Neutral Ion T{K) Method Comments 

CzH4 CzH4+ PI d. Table 8 

C2H50N02 N02- (10.4) 4.7 3.1 298 HPMS 8N02--S02 

N03- 7.6 4.6 298 HPMS 

C2H5C1 C2H5+ 2.6 2.5 298 HPMS 

( CH3hO H30+ (37.9) 10.7 8.!i 300 HPMS CH20/(CH3)zO(s); cf. Table 8 

H30+' H20 (21.1) 9.6 4.9 300 HPMS cH20/(CH3hO(s) 

( CH3)20 H30+. 2H20 (14.3) 7.1 300 HPMS 8H30+.2H2o-H20 

CH30H2+ 27.6 11.3 (-0.3)8 300 HPMS SWCH30H.2(CH3)2o-cH30H 

CH30H2+' 14.4 7.1 300 HPMS 
CH30H 

CH30H2+' 8.7 4.8 300 HPMS 
2CH,:\OH 

{CH3hOW 21.!i 1.9 300 HPMS cf. Table 8 

(CH3hSO ~ 25 19 11 300 HPMS 

( CIi3}zSOW (24.0) 18.1 298 HPMS s (CH3 > 2S0W -( CH3) 2CO 

cr 12.5 8.9 &.0 3.5 1.8 300 HPMS 

I:Ir- 10.9 7.8 5.3 300 HPMS 

1- 9.1 &.2 4.1 300 HPMS 

C2HSNH2 C2H5NH3+ 
7.1 4.6 298 HPMS 

H1NCItZ- ~ 
CH2NH2 19.0 12.7 5.1 298 HPHS 

H2 NCH2-
CH2NH3+ 3.6 298 HPHS 

( CH3hCO K+ 19 13 300 HPMS 

( CH3hCOH+ 5.3 3.4 298 HPMS d. Table 8 

N( CH3)4+ 7.7 4.8 4.7 21n HPMS 

(CH3hNCHO ~ 23 15 !i.6 5.8 300 HPMS 

n-C311701i n-C3H70112+ 12.0 7.1 4.8 298 HPMS d. Table 8 

n-C3H7NH2 n-C3K7NH3+ 7.1 4.5 298 HPMS 

i-C3K7NH2 i-C31i7NH3+ 7.1 4.5 298 HPHS 

1,2(NH3>2- (l,2( NH2>2- 3.2 2!i8 HPHS 
C31i6 C31i&)H+ 

1,3(NIi2)z- (l,3( NH2)z- -- 2.7 298 HPHS 
C3Ho C3H6)ift 

(N( CH3h)- K+ 24 1&.5 11 300 HPHS 
( CH3)CD 

CIi30(CH2»2 Na+ 36.9 23.0 10.6 298 HPHS 
OCH3 

c-(;5lt5N Ag+ 8.4 5.9 298 HPHS pyridine 

c-CSIiSNH+ lb.7 3.7 2.3 291:1 HPMS d. Table 8 

J. Phys. Chem. Ref. Data, Vol.1S, No.3, 1986 
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Table 9. (continued) Thermodynamic quantities for the association of organic compounds to gaseous ions. 
The higher order clustering reactions. 

-llH~-l.n (kca1/mo1) -llS~-l,n (cal/K mol ) 

Ref. Neutral Ion 1 

91 ~H6 1(+ 19.2 18.8 

91,60 1(+. H20 (16.8)s(14.4)C 

91,60 ~.2H20 (l3.4)S(12.8)C 

118 NHt.+ 19.3 17.0 

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

3 4 5 6 

14.5 12.6 

14.2 

2 3 4 

24.6 33.9 32.7 41.4 

(27.1) (30.1) 

(24.3) (33.1) 

23.3 30.5 32.8 

5 6 
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-b.G~-1,n (T) (kca1/mo1) 

Neutral Ion 2 3 4 5 6 7 T(iO Method Comments 

C6H6 ~ 11.9 8.8 4.7 0.3 298 HPMS benzene 

K+.H20 (8.7) (5.4) 298 HPMS sK+ 'H20- H20 ; cH20/C6H6(s) 

K+. 2H20 (6.1) (2.7) 298 HPMS s~'2H20-H20; CH20/C6H6(s) 

Nlf4+ 12.4 7.9 4.4 298 HPMS 

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