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Triple Ion Formation from Lithium and Sodium Tropolonates in Ethanol
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Electrical conductivities of lithium and sodium
tropolonates in ethanol were completely explained by the for-

mation of higher ion aggregates in addition to ion pairs.

Protophobic aprotic solvents, such as acetonitrile and
nitrobenzene, have relatively high dielectric constants (Er) and very
small solvation ability towards both anions and cations. We have
demonstrated the formation of triple ions (M2X+ and MXZ') and the
quadrupole (M2X2) from monovalent electrolytes (MX) in protophobic
aprotic solvents (20 < €, < 65) by means of polarography,l’z)

r
3,4) and conductometry.2’4_7) These higher ion

spectrophotometry,
aggregates were regarded to be caused by hydrogen bonding or
coordination forces as well as electrostatic forces. Causes of the
failure 1in the Shedlovsky analysis and related methods for abnormal
weak electrolytes have been discussed from the standpoint of higher
ion aggregates.6’7) On the other hand, in protic solvents such as
ethanol, electrolytes can be strongly solvated; therefore, no higher
ion aggregate has been observed by our investigations so far.
Tropolone (2-hydroxyl-2,4,6-cycloheptatrien-1-one) and its

8,9) 10) chemists

derivatives have attracted both organic and inorganic
by the characteristic behavior for many years. Recently,
theoreticalll) and experimentallz) examinations were performed for
tropolone and its derivatives. Tropolone is a weak acid (pKa = 6.7)

8) In the present paper, we would 1like to

in the aqueous solution.
present the first instance of the higher ion aggregates in a protic
solvent, ethanol (e, = 24.55%) at 25°C). Spectrophotometry was
employed to examine the potential of triple cation formation for the
tropolonate 1ion in ethanol. Then, conductivities of 1lithium and
sodium tropolonates in ethanol were explained by the symmetrical
triple ion (and the quadrupole) mode1.6’7) Lithium benzoate, LiTTA,

and NaTTA (TTA = thenoyltrifluoroacetonate) were also examined in this
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connection.
Experiments with tropolonates were performed under shading the
light for avoiding the possible effects of 1light. Other details

concerning conductometrics) and spectrophotometric4) measurements have

been shown elsewhere. The analysis and calculation were performed by

following the methods described previously.3’4’6’7)

Tetrabutylammonium tropolonate (n-BuyN C;Hz05) in ethanol gave
three main absorption peaks at Amax = 402, 336, and 242 nm; the
-1

absorption coefficients (e/dm3 cm mol’l) of the peaks were 7.8 x

103, 1.0 x 104, and 2.2 x 104, respectively (cf. Ref. 9). When LiC10,

was added to the 1.0 x 10°% mol dm™3 tropolonate solution, isosbestic

points observed were shifted distinectly by the increase of Li*
concentration (cf. Ref. 3). We had the equilibrium constants of K =
3.0 x 10% (Li* + X~ == L1*X7) and Ky = 2.5 x 10% (2Li* + X7 = (Li*) X~

where X = tropolonate ion).

Figure 1 shows molar conductivities (A/S cm2 mol_l) of Lithium
tropolonate (C = (0.4 - 6.0) X 1073 mol dm_3). The observed A values

(Aobsd) of all the concentration range were explained by the ion pair

35 T T T T
10 T T T T XX
B \ 20- % A
8 3 -
7 3 n %‘
- % —
o o
E st }’z\ a g 45k J 4
N o
5 5 e
w A n 2 %ﬁ
E ® E 10— . -
° ‘:oo% .
® ®
2t . .y
5f .
Og 0(1)2 ) L : ! ! 1 !
: 004 006  0Ooe 0 002 004 006 008
/2 imo1l/2qm=3/2 /2 mo11/ 2qn~3/2
Fig., 1. Observed and calculated A Fig. 2. Observed and calculated A values of
values of lithium tropolonate in sodium tropolonate in ethanol at 25°C: (Q)
ethanol at 25°C: (Q) observed; observed; (@) calculated with the ion pair

(@) calculated with the ion pair only; ([J) calculated gith ion pair,3trigle
only; (A) calculated with ion pgir ionm, and quadrupole, K l' = 4,0 x 107, K 2'

: : a ¢ _
apd triple don, (K| = 3.72 x 10 , - 3.3 x 10°, K%," = 4.0 x 10°, 4, = 38.08,

Ka
AT;AO = 0.693. 0 and A /Ay = 0.693.

'=2.,5% 10°, A, = 34,50, and 4 0
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Talbe 1. AO and Ka Values by the Shedlovsky Analysis and the Comparison
with the Real Values

Shedlovsky
a) b) c) a ,d)
Ao Ka Ao(calcd) K 1'
Li Tropolonate 15.78 4.81 x 103 34.50 3.72 x 104
Na Tropolonate 47.65  8.21 x 10  38.08 4.00 x 10°
Li C.H_.COO 36.24  2.80 x 102  35.20 2.27 x 102

675

a) Limiting molar conductivity by the direct Shedlovsky analysis.

b) Apparent association constant. <c¢) Calculated by Kohlrausch's
additivity law with strong electrolytes. d) The real ion pair forma-
tion constant, (accompanied by higher ion aggregates).

Mt o+ X = MX, Kal') and the symmetrical triple ion (2m*  + X
= (M") X7, K%'; M + 2X == M'(X7)4, K®3', assuming K%5' = K%3') with
the relative error of f0.8%. The ratio of Ap to Ay were assumed to be
0.693, where AT and AO stand for the limiting molar conductivities of
triple ions (MgX'MX, ) and simple ions (M'X"), respectively. The
calculation with the ion pair formation alone caused the large
negative error in A.gj.q tO Agpgq @t the higher salt concentration,
e.g., -15.2% at 6.0 x 1073 mol dm 3, although A,gyjeq Fitted Agpgq at a
few points in lower concentrations.

To the contrary, sodium tropolonate gave the positive error in

Acgled With considering only the ion pair (cf. Fig. 2) at higher salt
concentrations. The other example of positive error in Acaled to
Aobsq 2@t higher concentrations has been reported in propylene
carbonate.7) Conductivities 1in that case7) have been completely

explained by the strong quadrupole formation (M2X+ + X = MoXs, Ka4'
or M" + MXo = MgX,, Kas'; Ka4' = Kas') in addition to the ion
pair (Kal') and the triple ion (Kaz' = Ka3') formation. The
conductivities of sodium tropolonate in ethanol could not be explained
by the triple ion formation which caused further deviations in Acaled
from Agpgq- With the quadrupole formation (K%,' = K%5' = 4.0 x 103)
in addition to triple ions and the ion pair, A,z7.q Tfitted Agpgq
within *0.7% relative error.

Lithium benzoate (Li CGHSCOO) was also examined by conductometry
in ethanol. The association constant (K,) by the Shedlovsky analysis
indicated that the salt associated weakly in ethanol (cf. Table 1).
The Ay value (36.24), directly obtained by the Shedlovsky analysis was
almost coincident with Ag(caled), calculated by Kohlrausch's addi-
tivity 1law. The K, value was naturally coincident with the ion pair
formation constant (Kal'), calculated by the Ajpgq ©f the entire
concentration range, (0.4 - 6.0)x 10"3 mol dm—3. The Ka values by the
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Shedlovsky method utilized the data of (0.4 - 4.0) x 10'3 mol dm_3.
Thus, the conductivities of L1C6H5COO in ethanol were explained by the
ion pair formation only: AOQ:AO(calcd) and Ka::Kal'.

As described above, however, the ion pair and the symmetrical
triple ion formation accounted for the conductivities of 1lithium
tropolonate in ethanol. In this case, the Ag value (15.78) was
smaller than Ag(calcd) = 34.50, and the K, value (4.8 x 103) was also
much smaller than Kal' (3.72 x 104): Ay < Ag(caled) and Ky <« Kal'.
Values of Ag and Ka have been determined by the least-squares method
of the Shedlovsky plots (1/AS vs. CASf+2). On the other hand,
conductivities of sodium tropolonate sho;ed the strong quadrupole
formation (Ka4' = 4.0 x 103). The values of Ay and K, (by the direct
Shedlovsky analysis) were much larger than the real values: Ay >
Ag(caled) and K, >> Kal'. The causes of the failure in the Shedlovsky
analysis have been discussed in the previous papers.6’7)

Conductivities of LiTTA and NaTTA in ethanol could be explained
by the triple ion formation. Results of a- and B-diketonate salts in

protophobic aprotic solvents will be reported later.
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