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Abstract

The standard (p◦ = 0.1 MPa) molar enthalpies of formation in the crystalline state of the alkaline metal acetates CH3COOM (M = Li, Na,
K, Rb, Cs), atT= 298.15 K, were determined by reaction-solution calorimetry as:�fH

◦
m(CH3COOLi, cr) = −(741.40± 0.95) kJ mol−1,

�fH
◦
m(CH3COONa,cr) = −(711.01± 0.51) kJ mol−1, �fH

◦
m(CH3COOK, cr) = −(722.36± 0.49) kJ mol−1, �fH

◦
m(CH3COORb,cr) =

−(722.31± 1.09) kJ mol−1, �fH
◦
m(CH3COOCs,cr) = −(726.10± 1.07) kJ mol−1. These results, taken together with the enthalpies of for-

mation of the haloacetates XCH2COOM (M = Li, Na; X = Cl, Br, I) and chloropropionates ClCH(CH3)COOM (M = Li, Na) re-evaluated from
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iterature data were used to derive a consistent set of lattice energies, and discuss some general trends of the structure–energetic
or the CH3COOM, XCH2COOM, and ClCH(CH3)COOM compounds, based on the Kapustinskii approximation. It was found that the
nergies of the haloacetates are essentially independent of the halogen and ca. 17–25 kJ mol−1 smaller than those of the corresponding acet

n addition, no significant difference between the lattice enthalpy values of the haloacetates and chloropropionates was observ
inear correlations of very similar slope were obtained by plotting the MO bond distances derived from the Kapustinskii equation ag
he published experimental MO bond distances for alkaline metal acetates and alkoxides. The analysis of these relations sugges
etal–oxygen bond distances for the lithium, potassium, and rubidium acetates, whose molecular structures in the solid state ha
etermined, can be estimated as 214, 288, and 304 pm, respectively.
2004 Elsevier B.V. All rights reserved.
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. Introduction

The alkaline metal acetates (CH3COOM, M = Li, Na, K,
b, Cs) have a wide range of synthetic, industrial, and medi-
al applications [1,2]. Potassium acetate, for example, is used
s a diuretic and in the purification of penicillin; lithium ac-
tate is employed as a component of catalysts for the produc-

ion of polyesters or as an additive to improve their physical
roperties.

A number of X-ray diffraction [3–6] and thermophysical
tudies [7–12] have tried to elucidate the structures and phase
ransitions occurring in these salts at different temperatures.
lthough some conflicting results exist [3–12], the emerging

∗ Corresponding author. Tel.: +351 21 7500866; fax: +351 21 7500088.
E-mail address:memp@fc.ul.pt (M.E. Minas da Piedade).

picture suggests that the structures adopted in the solid
at p= 0.1 MPa andT= 298 K strongly depend on the met
Thus CH3COOLi is triclinic, with Vcell/Z= 0.0876 nm3 [3],
whereVcell is the unit cell volume andZ the number of asym
metric units it contains. For CH3COONa two orthorhom
bic modifications are known, withVcell/Z= 0.0901 (form I)
and 0.0887 nm3 (form II), respectively [4]. Form II seems
be the thermodynamically stable one [4,9]. The potas
and rubidium acetates are monoclinic withVcell/Z= 0.1055
and 0.1108 nm3, respectively [5,6]. Finally, CH3COOCs
adopts a hexagonal structure [5,6] withVcell/Z= 0.1467 nm3

[6]. Single crystal X-ray diffraction results available
the sodium [4,13] and caesium [6,13] derivatives indi
that on average the metal–oxygen short contacts [14
dNa O = 246 (form I) and 245 pm (form II), anddCs O =
322 pm.

040-6031/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
oi:10.1016/j.tca.2004.11.004
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In addition to their industrial importance, these com-
pounds are frequently used in discussions involving the ionic
bond model in solids [15–21]. It is therefore surprising that
no systematic investigation of their enthalpies of formation in
the crystalline state, from which the corresponding lattice en-
thalpies can be derived, has been made up till now. These data
were obtained in this work from reaction–solution calorime-
try experiments and used to analyse the structure–energetics
relationship in the alkaline metal acetates based on the Ka-
pustinskii approximation.

2. Experimental

2.1. General

All operations involving the acetates were carried out in-
side a glove box, under an oxygen and water-free (<1 ppm)
nitrogen atmosphere, or using standard Schlenk techniques.
Differential scanning calorimetry (DSC) experiments were
made using a temperature-modulated TA Instruments Inc.,
2920 MTDSC apparatus, operated as a conventional DSC.
The samples with masses in the range 1.5–4.5 mg, were
sealed in aluminium pans and weighed with a precision of
10−7 g in a Mettler UMT2 ultra-micro balance. Helium (Air
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�l
crH

◦
m(CH3COONa)= (17.4± 0.2), (18.4± 0.4) kJ mol−1

[7], 17.9 kJ mol−1 [7]; �l
crH

◦
m(CH3COOK) = (12.0 ± 0.2),

(15.2 ± 0.3) kJ mol−1 [7], (7.65 ± 0.07) kJ mol−1

[10];�l
crH

◦
m(CH3COORb)= (8.9± 0.3), 11.0 kJ mol−1 [7];

�l
crH

◦
m(CH3COOCs)= (11.0± 0.7), 12.0 kJ mol−1 [7].

LiCl (Aldrich, 99.999%), NaCl (J.M. Gomes dos Santos,
99.8%) KCl (Aldrich, 99.99%), RbCl (Aldrich, 99.99+%),
and CsCl (Aldrich 99.9%) used in the enthalpy of solution
measurements were dried in an oven atT= 373 K and kept in a
desiccator over P2O5 prior to use. The enthalpy of solution of
acetic acid in the calorimetric solutions was measured using
a sample from Aldrich (99.99+%), which was distilled in
vacuum and kept under a nitrogen atmosphere prior to use.

2.3. Reaction–solution calorimetry

The reaction–solution calorimeter and the general operat-
ing procedure used in the experiments have been described
elsewhere [23]. The calorimeter consisted of a transparent
Dewar vessel closed by a lid, which supported a stirrer, a
quartz crystal thermometer probe, a resistor for electrical
calibration, and an ampoule breaking system. The assembled
vessel was immersed in a thermostatic water bath whose tem-
perature was controlled at 298± 10−3 K by a Tronac PTC-40
unit. In a typical experiment a thin walled glass ampoule was
w ns-
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iquide N55), at a flow rate of 0.5 cms was used as th
urging gas. The temperature and heat flow scales of th
trument were calibrated as previously described [22].
eating rate was 10 K min−1.

.2. Materials

The commercial lithium (Aldrich 99.99%), sodiu
Aldrich 99.995%), potassium (Aldrich 99.98%), rubidiu
Aldrich 99.8%), and caesium (Aldrich 99.995%) acet
ere used without further purification. DSC analysis sho

hat the rubidium and caesium samples were amorpho
considerable extent, but that crystallization could rea

e achieved on cooling after fusion. The CH3COORb and
H3COOCs samples used in the calorimetric experim
ere therefore fused inside a Schlenk tube under an N2 at-
osphere, and cooled at a rate of ca. 10 K min−1 prior to
se. The onset,Ton, and the maximum,Tmax, temperature
f the fusion peaks determined by DSC (the indicated
ertainties represent the mean deviation of two indepen
easurements), and the published temperatures of fu

fus, were:Ton = (556.6± 0.2) K,Tmax = (557.8± 0.1) K,
fus = (557± 2) K [7], Tfus = (558± 1) K [8] (CH3COOLi);
on = (602.5± 0.2) K,Tmax = (604.1± 0.2) K,Tfus = (601.3
0.2) K [7] (CH3COONa);Ton = (578.4± 0.1) K,Tmax =

579.7± 0.1) K,Tfus = (578.7± 0.3) K [7],Tfus = 582 K [10]
CH3COOK);Ton = (513.6± 0.1) K,Tmax= (515.5± 0.2) K,
fus = 514 K [7] (CH3COORb);Ton = (464.7± 0.2) K,Tmax
(467.8± 0.2) K,Tfus = 463 K [7] (CH3COOCs). The corre
ponding enthalpies of fusion were:�l

crH
◦
m(CH3COOLi) =

12.6 ± 0.1), 11.9 kJ mol−1 [7], (11.90± 0.22) kJ mol−1 [8];
eighed to±10−5 g on a Mettler AT201 balance and tra
erred to a glove box. It was then filled with the sample
dapted to a glass tap through a silicone tube (Fig. 1).
emoval of this set-up from the glove box the tap was
ected to a vacuum/N2 line. The tap was opened to the lin
o that the sample could be maintained under a flow o2
t atmospheric pressure, and the ampoule was sealed

orch. The two resulting pieces (closed ampoule + part o
eck) were weighed and the mass of sample was obtain
ubtracting the mass of the empty ampoule.

The reaction or solution process under study was st
y breaking the glass ampoule in 125 cm3 of the calorimet
ic liquid. This was preceded by an electrical calibration
hich a potential difference of 3–4 V was applied to a 4�

esistance during 200 s. The calorimetric liquid consiste
HCl:553.41H2O solution (0.1 mol dm−3 Merck, titrisol),

r diluted solutions prepared from it containing the ap
riate amounts of acetic acid or MCl salts. On average
pproximate masses of sample used in the calorimetric

ig. 1. System for sealing the glass ampoules used in the calorimetric
ments. (A) Glass ampoule; (B) silicone tube; (C) glass tap; (D) conne
o the vacuum/N2 line.
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surements of the processes (1)–(3) (see Section 3) were: for
reaction (1):m(CH3COOM) = 121 mg (M = Li); 154 mg (M
= Na); 254 mg (M = K); 220 mg (M = Rb); 321 mg (M = Cs).
For the dissolution process (2):m(CH3COOH) = 115 mg.
For the dissolution process (3):m(MCl) = 141 mg (M = Li);
262 mg (M = Na); 312 mg (M = K); 193 mg (M = Rb); 322 mg
(M = Cs).

3. Results and discussion

The auxiliary enthalpy of formation data used in the cal-
culations are given in Table 1 [24–31]. All computed molar
quantities are based on the 2001 standard atomic masses [32].

The standard molar enthalpies of formation of the metal
acetates CH3COOM (M = Li, Na, K, Rb, Cs) were determined
from reaction–solution calorimetric studies of the processes
shown in Eqs. (1)–(3):

CH3COOM(cr)+ a(HCl : 553.41H2O)(aq)

�rH
◦
m(1)−−−−→[MCl + CH3COOH+ (a − 1)HCl

+ a553.41H2O](aq) (1)

CH3COOH(l)+(a− 1)(HCl : [a553.41/(a− 1)]H2O) (aq)

T e the
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t hese
v ess
(

c the
e

a

�

T tates
w

Table 1
Auxiliary thermochemical dataa

�fH
◦
m/kJ mol−1

H+, g (1536.202± 0.080)
Li+, g (685.783± 0.080)
LiCl, cr −(408.61± 0.80)
Na+, g (609.358± 0.080)
NaCl, cr −(411.153± 0.080)
K+, g (514.26± 0.80)
KCl, cr −(436.747± 0.080)
Rb+, g (490.101± 0.080)
RbCl, cr −(435.35± 0.80)
Cs+, g (457.964± 0.080)
CsCl, cr −(443.04± 0.80)
CH3COOH, l −(484.3± 0.2)b

CH3COOH, g −(432.8± 2.5)b

CH3COO−, g −(510.8± 7.5)c

ClCH2COOH, cr −(512.22± 0.49)d

ClCH2COOH, g −(430.03± 1.04)d

ClCH2COO−, g −(560.4± 8.5)c

BrCH2COOH, cr −(466.98± 1.08)d

BrCH2COOH, g −(383.48± 3.14)d

BrCH2COO−, g −(517.2± 9.0)c

ICH2COOH, cr −(419.78± 1.53)d

ICH2COOH, g −(333.31± 1.84)d

ICH2COO−, g −(469.1± 8.6)c

ClCH(CH)3COOH, l −(534.6± 1.1)e

ClCH(CH)3COOH, g −(469.7± 1.2)e

ClCH(CH)3COO−, g −(594.2± 8.5)c

ClCH2COOLi, cr −(766.4± 1.0)f

BrCH2COOLi, cr −(724.0± 1.4)f

ICH2COOLi, cr −(675.7± 1.8)f

ClCH2COONa, cr −(743.4± 0.6)f

BrCH2COONa, cr −(700.3± 1.1)f

ICH2COONa, cr −(646.3± 1.6)f

ClCH(CH)3COOLi, cr −(800.9± 1.4)g

ClCH(CH)3COONa, cr −(772.1± 1.1)g

HCl:553.41H2O, aq −(166.598± 0.080)
a Data from Ref. [24] unless otherwise stated; the enthalpies of formation

of the ions are based on the thermal electron convention.
b Ref. [25].
c The value of �fH

◦
m(CH3COO−, g) = −(510.8 ± 7.5) kJ mol−1

was obtained as a weighed mean of the results derived from the
gas phase acidity data,�acidH

◦
m(CH3COOH)= (1458.1± 8.4) and

�acidH
◦
m(CH3COOH)= (1458.5± 12.1) kJ mol−1 given in Refs. [26,27],

respectively, by using�fH
◦
m(CH3COOH, g) and �fH

◦
m(H+, g) in

Table 1. The values of�fH
◦
m(ClCH2COO−, g) = −(560.4 ± 8.5),

�fH
◦
m(BrCH2COO−, g) = −(517.2± 9.0), �fH

◦
m(ICH2COO−, g) =

−(469.1± 8.6), and �fH
◦
m[ClCH(CH3)COO−, g] = −(594.2 ±

8.5) kJ mol−1 were derived from the gas phase acidity data,
�acidH

◦
m(ClCH2COOH)= (1405.8± 8.4), �acidH

◦
m(BrCH2COOH)=

(1402.5 ± 8.4), �acidH
◦
m(ICH2COOH)= (1400.4 ± 8.4), and

�acidH
◦
m[ClCH(CH3)COOH] = (1411.7± 8.4) kJ mol−1, published

in Ref. [26], and the enthalpies of formation of H+(g), ClCH2COOH(g),
BrCH2COOH(g), ICH2COOH(g), and ClCH(CH3)COOH(g) given in
Table 1.

d Recalculated from the data in Ref. [28].
e Ref. [29].
f The values of the enthalpies of formation of the haloacetates previously

reported in Ref. [30] were revised in the present work by using the enthalpies
of formation of ClCH2COOH(cr), BrCH2COOH(cr), and ICH2COOH(cr)
are given in Table 1.

g Ref. [31].
�solH
◦
m(2)−−−−−→[CH3COOH+ (a − 1)HCl + a553.41H2O](aq)

(2)

MCl(cr) + [CH3COOH+ (a − 1)HCl + a553.41H2O](aq)

�solH
◦
m(3)−−−−−→[MCl + CH3COOH+ (a − 1)HCl

+ a553.41H2O](aq) (3)

he corresponding results are shown in Table 2, wher
ncertainties quoted represent twice the standard deviat

he mean of at least five independent determinations. T
alues in conjunction with the enthalpy of the dilution proc
Table 2):

(HCl : 553.41H2O)(aq)+ [553.41/(a− 1)]H2O(l)

�dilH
◦
m(4)−−−−→(HCl : [a553.41/(a− 1)]H2O)(aq) (4)

alculated from published data [24], were used to derive
nthalpy of the standard state reaction:

CH3COOM(cr)+ (HCl : 553.41H2O)(aq)

→ MCl(cr) + CH3COOH(l)+ 553.41H2O(l) (5)

s:

rH
◦
m(5) = �rH

◦
m(1) − �solH

◦
m(2)

− �solH
◦
m(3) − (a − 1)�dilH

◦
m(4) (6)

he standard molar enthalpies of formation of the ace
ere finally derived from the corresponding�rH

◦
m(5) values
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Table 2
Results of the reaction–solution calorimetric experiments on CH3COOM alkaline metal acetates, atT= 298.15 K (data in kJ mol−1)

Compound M = Li M = Na M = K M = Rb M = Cs

a 6.57294 6.06697 5.27843 7.71466 7.49214
�rH

◦
m(1) −(22.45± 0.24) −(15.97± 0.34) −(16.76± 0.22) −(16.77± 0.16) −(19.30± 0.53)

�solH
◦
m(2) −(2.12± 0.28) −(2.12± 0.28) −(2.12± 0.28) −(2.12± 0.28) −(2.12± 0.28)

�solH
◦
m(3) −(35.20± 0.29) (4.23± 0.11) (17.67± 0.24) (16.33± 0.63) (17.69± 0.31)

�dilH
◦
m(4)a −0.041 −0.045 −0.052 −0.035 −0.036

�rH
◦
m(5) (15.09± 0.47) −(17.85± 0.45) −(32.09± 0.43) −(30.74± 0.71) −(34.64± 0.67)

�fH
◦
m(CH3COOM, cr) −(741.40± 0.95) −(711.01± 0.51) −(722.36± 0.49) −(722.31± 1.09) −(726.10± 1.07)

a Data from Ref. [24].

and the auxiliary data in Table 1 as:

�fH
◦
m(CH3COOM, cr)

= −�rH
◦
m(5) + �fH

◦
m(MCl, cr)

+ �fH
◦
m(CH3COOH, l)

− �fH
◦
m(HCl : 553.41H2O, aq) (7)

The obtained values are indicated in Table 2. The
�fH

◦
m(cr) results shown in Table 2 for CH3COONa and

CH3COOK differ from�fH
◦
m(CH3COONa,cr) = −708.81

and�fH
◦
m(CH3COOK, cr) = −723.0 kJ mol−1, previously

reported in the NBS Tables [24], by 2.20 and 0.64 kJ mol−1,
respectively. The value of CH3COORb in Table 2 is in ex-
cellent agreement with that published by Johnson and Warr
[−(722.6± 1.0) kJ mol−1] [33].

If ionic structures are assumed for the CH3COOM com-
pounds in the solid state, the corresponding lattice energies at
T= 298 K are given by the internal energy changes associated
with the following process at that temperature [15–18]:

CH3COOM(cr)= M+(g) + CH3COO−(g) (8)

and can be calculated from:

�latU
◦
298(CH3COOM)

w a-
t q.
( le 3
u otas-
s xper-
i
a
c m,
h n
� -
p und
b d
t tion
o rolitic
b unc-
t

683 kJ mol−1 (M = K). Also included in Table 3 are the lat-
tice energies of the haloacetates XCH2COOM (M = Li and
Na; X = Cl, Br, I) and chloropropionates ClCH(CH3)COOM
(M = Li and Na), which were derived from the auxiliary data
in Table 1. The obtained results for the haloacetates are essen-
tially independent of the halogen and 17–25 kJ mol−1 smaller
than the corresponding values for the acetates. It is also in-
teresting to note that no significant differences are observed
between�latU

◦
298for the haloacetates and chloropropionates.

A comparison of the lattice energies of the acetates,
haloacetates, and chloropropionates with those of the corre-
sponding hydroxides, (1021.0± 0.5) kJ mol−1 (LiOH) [36],
(885.2± 0.5) kJ mol−1 (NaOH) [36], (789.3± 0.5) kJ mol−1

(KOH) [36], (758.5± 0.5) kJ mol−1 (RbOH) [36], and
(725.4± 0.5) kJ mol−1 (CsOH) [36], is shown in Fig. 2.

The lattice energy values obtained in this work may be
analysed by using the Kapustinskii approximation repre-
sented by Eq. (10) [16,17]:

�latU
◦
0[XCH(R)COOM]

= 1.079× 105(νZ+Z−/(r+ + r−)) (10)

In this expression,�latU
◦
0[XCH(R)COOM] is the lattice en-

ergy of the XCH(R)COOM salt (M = Li, Na, K, Rb, Cs;
X = Cl, Br, I; R = H, CH3) at 0 K in kJ mol−1, ν is the num-
b

T
L ta in
k

C

C
C
B
I
C
C
C
B
I
C
C
C
C

te
v e en-
t

= �fH
◦
m(CH3COO−, g) + �fH

◦
m(M+, g)

− �fH
◦
m(CH3COOM, cr) − 2RT (9)

hereR is the gas constant andT the absolute temper
ure. The�latU

◦
298(CH3COOM) values computed from E

9) using the auxiliary data in Table 1 are listed in Tab
nder the heading Experimental. For sodium and p
ium the obtained results are in agreement within the e
mental error with�latU

◦
298(CH3COONa)= 807 kJ mol−1

nd �latU
◦
298(CH3COOK) = 726 kJ mol−1 reported in the

ompilation by Jenkins and Roobottom [34]. For lithiu
owever, the value in Table 3 is 68.4 kJ mol−1 greater tha
latU

◦
298(CH3COOLi) = 843 kJ mol−1 quoted in that com

ilation [34]. Considerable differences are generally fo
etween the�latU

◦
298(CH3COOM) results in Table 3 an

hose predicted by Kim et al. [35] based on a correla
f experimental lattice enthalpies and gas phase hete
ond dissociation enthalpies calculated by density f

ional theory: 848 kJ mol−1 (M = Li), 752 kJ mol−1 (M = Na),
er of ions in the molecule (in this case,ν = 2), Z+ and

able 3
attice energies of alkaline metal acetates and propionates (da
J mol−1)a

ompound Experimental Eq. (10) ∆

H3COOLi 911.4± 7.2 914 2.6
lCH2COOLi 886.8± 8.6 877 9.8
rCH2COOLi 887.6± 9.1 877 10.6

CH2COOLi 887.6± 8.8 874 13.6
lCH(CH3)COOLi 887.5± 8.6 874 13.5
H3COONa 804.6± 7.1 824 19.4
lCH2COONa 787.4± 8.5 793 5.6
rCH2COONa 787.5± 9.1 793 5.5

CH2COONa 781.8± 8.7 790 8.2
lCH(CH3)COONa 782.3± 8.6 790 7.7
H3COOK 720.9± 7.2 724 3.1
H3COORb 696.7± 7.2 692 4.7
H3COOCs 668.3± 7.2 660 8.3
a The term∆ = |�latU

◦
298(exp)− �latU

◦
0(Eq.10)|represents the absolu

alue of the difference between the values of the experimental lattic
halpies and those obtained from Eq. (10).
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Fig. 2. Lattice energies of alkaline metal hydroxides, acetates, and chloro-
propionates.

Z− are the charges of the cation and the anion, respec-
tively, andr+ andr− the corresponding thermochemical radii
in pm. Note that�latU

◦
0[XCH(R)COOM] is related with

�latU
◦
298[XCH(R)COOM] in Table 3 through Eq. (11):

�latU
◦
298[XCH(R)COOM]

= �latU
◦
0[XCH(R)COOM] + (H◦

298 − H◦
0)M+

+ (H◦
298 − H◦

0)XCH(R)COO−

− (H◦
298 − H◦

0)XCH(R)COOM − 2RT (11)

where R is the gas constant andT = 298.15 K.
The information needed to compute the correction
term X = (H◦

298 − H◦
0)M+ + (H◦

298 − H◦
0)XCH(R)COO− −

(H◦
298 − H◦

0)XCH(R)COOM − 2RT is only partially available
for the compounds studied in this work [8–10,24]. A value of
X smaller than the uncertainty that affects the experimental
values of the lattice enthalpy in Table 3 is, however, expected.
For example, in the case of the Li, Na, and K hydroxides,
X = 2.43, −0.64, and−2.30 kJ mol−1, respectively [24].
Hence, in the following discussion it will be considered that
�latU

◦
298[XCH(R)COOM] = �latU

◦
0[XCH(R)COOM].

From Eq. (10) and the experimental�latU
◦
298

[XCH(R)COOM] data in Table 3 it was possible to derive the
M OOC(R)CHX interatomic distances, (r+ + r−). The ob-
t ons
g ,
r
l an-
i ,
r
r g
t to
r
w
r

0)
f

Fig. 3. Plots of the experimental interatomic distancesdM O in alkaline
metal acetates, methoxides andt-butoxides against the correspondingr+ + r−
[see Eqs. (12)–(14), respectively].

CH3COONa and 327 pm for CH3COOCs, respectively) are
plotted against the corresponding distancesdNa O = 245 and
dCs O = 322 pm quoted above, the following linear relation
is obtained:

dM OOCCH3 = 1.185× (r+ + r−) − 65.369 (12)

If the same correlation is applied to data for alkaline metal
methoxides andt-butoxides the two following equations re-
sult [36]:

dM OCH3 = (1.182± 0.033)× (r+ + r−)

− (68.87± 9.11) (13)

dM OtC4H9 = (1.1604± 0.0993)× (r+ + r−)

− (92.70± 30.55) (14)

Eqs. (12)–(14) have very similar slopes (Fig. 3). This suggests
that by using Eq. (12) andr+ + r− = 236 pm (Li), 298 pm (K),
and 312 pm (Rb) derived from Eq. (10) the following aver-
age bond distances may be predicted for the lithium, potas-
sium, and rubidium acetates, whose molecular structures in
the solid state have not been determined:dLi O = 214 pm,
dK O = 288 pm anddRb O = 304 pm.

A

T om
F ly
a

R

oto,
nn’s
ained results in conjunction with the ionic radii of the cati
iven by Shannon [37],r+(Li+) = 90 pm,r+(Na+) = 116 pm
+(K+) = 152 pm, r+(Rb+) = 166 pm, andr+(Cs+) = 181 pm
ead to the following average values for the radii of the
ons:r−(CH3COO−) = 146 pm,r−(ClCH2COO−) = 156 pm
−(BrCH2COO−) = 156 pm,r−(ICH2COO−) = 157 pm, and
−[ClCH(CH3)COO−] = 157 pm. As shown in Table 3 usin
his set ofr+ and r− values and Eq. (10) it is possible
eproduce the experimental�latU

◦
0[XCH(R)COOM] data

ith an average deviation of 8.7 kJ mol−1 and a maximum
elative deviation of 2.4%.

When the r+ + r− distances calculated from Eq. (1
or the sodium and caesium acetates (r+ + r− = 262 pm for
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undaç̃ao para a Cîencia e a Tecnologia is also grateful
cknowledged by A. I. Aleixo.

eferences
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