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Abstract 

The complexation reactions between dibenzo-30-crown-10 and Li +, Na+, K+, Rb+, Cs+, Ag+ and Tl+ 
ions have been studied conductometrically in 1,2-dichloroethane, nitromethane, acetonitrile, acetone and 
dimethylformamide solutions at 25 “C. The stability constants of the resulting I:1 complexes were 
determined, and found to decrease in the order Tl+ > Rb+ zK+ >Ag+ >CS+ >Na+ >Li+. In 1,2- 
dichloroethane solution, the complexation process results in diss~iation of ion pairs. There is an inverse 
relationship between the stabilities of the complexes and the Gutmann donicity of the solvents. The data 
obtained in this study support the existence of a ‘wrap around’ structure for the above complexes in 
solution. 

Introduction 

Since the first synthesis of macrocyclic 
polyethers (crowns) by Pedersen [ 11, the ability of 
these ligands to selectively complex a wide variety 
of metal ions has become the subject of extensive 
research work during the past two decades [Z-4]. 
Among crown ethers, the larger molecules such as 
dibenzo-3O~rown-10 possess some interesting 
properties. These molecules, because of their high 
degree of flexibility and increased number of do- 
nating oxygen atoms in the macrocyclic ring, 
show two types of behavior. First, the ligand can 
wrap itself around the metal ion of proper size to 
from a three-dimensional ‘wrap around’ complex 
in which all oxygen atoms of the ring are coordi- 
nated to the central cation. Evidence for the exis- 
tence of such structures both in solution 15-121 
and in the solid state [ 13, 141 has been reported. 
Second, the macrocyclic ring can accommodate 
two cations, if the repulsion forces are not so 
large, as in the case of Na+ and K+ complexes 
with dibenzo-24-crown-8 [ 15, 161 and dibenzo-30- 
crown-10 [6,9, 171. 

It was of interest to us to study the influence of 
the cation size and solvent properties on the inter- 
actions of metal ions with large crown ethers, 
capable of forming three-dimensional complexes 
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with cations. In this paper we report a conduc- 
tance study of alkali and of Ag+ and Tl+ ions 
with dibenzo-30-crown- 10 in 1,2-dichlorethane, 
nitromethane, acetonitrile, acetone and dimethyl- 
formamide solutions at 25 “C. 

Experimental 

Dibenzo-30-crown-10 (DB30ClO) was synthe- 
sized by a slight modification of Pedersen’s method 
[I]. The product was recrystallized from reagent 
grade n-hexane and vacuum dried. Nitromethane 
(NM, Merck), acetonitriie (AN, Riedel), acetone 
(AC, Merck) and dimethylformamide (DMF, 
Merck) were purified and dried by the previously 
described methods [ 18].1,2-Dichloroethane (DCE, 
Reidel) was vaccum distilled and the center frac- 
tion was used. Lithium chloride, rubidium chlo- 
ride, cesium chloride, potassium perchlorate (all 
from Merck), sodium perchlorate (Fluka), silver 
perchlorate (Aldrich) and thallium perchlorate (K 
and K) were all of highest commercial purity 
available and were used without further purifica- 
tion except for vacuum drying over P,O,. 

Conductivity measurements were carried out 
with a model EIL-5003 kent bridge balance and a 
Consort digital conductimeter. A dip-type cell 
with cell constant of 0.723 cm-’ was used. In all 
measurements, the cell was the~ostatted at 
25.00 * 0.02 “C. 
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In order to determine the formation constants 
of 1:l metal ion-DB30ClO complexes, a 50.0 ml 
portion of the metal ion solution ( 10m4- 10W5 M) 
was placed in the cell and the conductance was 
measured. Then, a known amount of the ligand 
was added in a stepwise manner by a micropipet 
and the conductance was measured after each 
addition. The complex formation constant can be 
expressed as [ 191 

where 

(1) 

and Am = molar conductance of metal ion before 
addition of the ligand, A,bS = observed molar con- 
ductance of the solution during the titration, 
A= = molar conductance of the complexed metal 
ion, [Ml, = total metal salt concentration, 
[L], = total ligand concentration added to the so- 
lution, [L] = free ligand concentration. 

A computer program based on Powell’s al- 
gorithm [20] was written to evaluate the best 
values of & and AC from eqns. ( 1) and (2) by an 
iterative non-linear least-squares analysis. 

Results and discussion 

The molar conductance of Li+, Na+, K+, Rb+, 
Cs’, Ag+ and Tl+ solutions was monitored as a 
function of the DB3OClO~metal ion mole ratio at 
25.0 “C. The resulting plots in various solvents are 
shown in Figs. l-4. As can be seen, with the 
exception of the Li+-DB30ClO complex in NM, 
in all other cases studied in NM, AN, AC and 
DMF solutions, the addition of the ligand to 
metal salt solution causes a gradual decrease in 
the molar conductance which tends to level off at 
high ligand to metal ion mole ratios, The results 
clearly indicate that the complexed cation is less 
mobile than the solvated one. 

However, an opposite conductance behavior is 
observed in DCE solutions (Fig. 4). The initial 
conductan~ is very low, probably due to a high 
degree of ion pairing which is common in solvents 
of low dielectric constant. Addition of the ligand 
to the metal salt solution then causes a sharp 
increase in the molar conductance which tends to 
level off at molar ratios greater than one. It is 
known that when crown ethers encapsulate metal 
ions, they impart a lipophilic character to the 
complexed metal ions [2], so that in the presence 
of these ligands the ion pairs are expected to 
dissociate into ions [21]. This process can be 
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Fig. 1. A (ohm-’ cm’mol~‘) vs. [DB30ClO]/[M+] curves in 
nitromethane. 0: LiCI. 1.8 x IO-“ M: V: NaClO,. 
1.64 x 10m4M; 0: KCIO,, 1.08 x 10-4M; i: RbC$ 
1.55 x 10-4M; 0: AgCIO,, 1.39 x 10-4M; V: TICIO,, 
1.4 x lo-“ M. 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
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Fig. 2. A (ohm-’ cm2mol-‘f vs. [DB30CfO]/[M+] curves in 
acetonitrile. l : NaCIO,, 7.93 x 1O-5 M; n KCIO,, 
1.08 x 1O-4 M; 0: RbCI, 1.96 x IO-‘M; V: CSCI, 
7.84 x W5M; l : AgCIO,, 6.71 x 10-5M; V: TICIO,, 
6.70 x IO-’ M. 
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Fig 3 A (ohm-‘;f&‘) vs [DB30ClO]/[M+] cmve~ m 
acetone 0 d, 

dbCl, 
7 93 x 10-5M, V KCIO, , 

5 20 x 10-5M, W 7 96 x lO_‘M, l csci, 
7 84 x lo-‘M, A AgClO,, 6 70 x 1O-5 M, l TICIO,, 
1 10 x 10m4 M 

00 05 10 15 20 25 30 
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Fig 4 A (ohm-’ cm* mol-‘) vs [DB30ClO]/[M+] curves m 
1,2-dlchloroethane V LICI, 8 67 x IO-’ M, V NaClO,, 
7 93 x 10-5, * KCIO,, 6 45 x IO-‘, 0 RbCl, 
7 96 x lo-’ M, 0 C&l, 7 84 x 10-5M, n AgClO,, 
6 71 x 10m5, 0 TIClO,, 6 70 x 1O-5 M 

shown by the followmg eqmhbna 

(M+A) + DB30ClO _ - M+ DB30ClO _& 

Ion pair Llgand separated Ion pair 

M+ DB30ClO ii _ M+ DB30ClO + A 

The same kmd of conductance behavior m the 
study of the complexes of crown ethers with or- 
ganic acids m DCE solutions has already been 
reported [ 221 

From Figs l-4 it 1s seen that, for all metal 
ion-DB30ClO-solvent systems studied, the 
slopes of the correspondmg molar conductance- 
mole ratio plots change sharply at the point where 
the hgand to cation mole ratio 1s one, mdlcatmg 
formation of a 1 1 complex between DB30ClO 
and the cations used Although it 1s known that 
the formation of a 1 2 (hgand to metal) complex 
1s favored by small cations such as Ll+ and Na+ 
ions [5,6,9], no clear-cut evidence for the exls- 
tence of such complexes m solution was observed 
during the conductance measurements However, 
the molar conductance-mole ratio plot for Ll+- 
DB30ClO m NM shows a distinct inflection point 
at the hgand to metal ion mole ratio of 0 5 (Fig 
1) Because of the unexpected increase m conduc- 
tance upon addition of the hgand m this system, it 
1s hard to consider the inflection point a sign for 
the formation of a 1 2 complex or a result of ion 
pair formation in solution 

The complex formation constants were eva- 
luted from the computer fitting of the conduc- 
tance data to eqns (1) and (2) and all of the 
resulting values are listed m Table 1 The corre- 
sponding reported values are also included for 
comparison As can be seen, some ion pau-mg 
undoubtedly occurs m DCE solution and, there- 
fore, the formation constants reported m this 
solvent indicate only the relative complexmg ablh- 
ties of the cations towards the hgand However, 
all other solvents used m this study have relatively 
high dielectric constants and at the very low con- 
centrations used ( 1O-4-1O-5 M), the degree of 
ion pau-mg with the free cation, and especially 
with the large complex ion, 1s expected to be 
negligible Comparison of our values with those 
reported m the literature (and obtained by dlffer- 
ent techniques) m most cases show a satisfactory 
agreement 

From Table 1, it 1s obvious that the nature of 
the solvent has a very fundamental effect on the 
stability of the resulting complexes Since, m the 
complexatlon process, the hgand must compete 
with solvent molecules for the cations, variation 
of the solvent 1s expected to change apparent 
bmdmg abilities of the complexes Actually, there 
1s an inverse relationship between the stability of 
the complexes and the solvatmg power of the 



TABLE 1 Log Kf of different metal Ion complexes with DB30ClO m various solvents at 25 “C 

Solvent DNA Db Log K; 

;;6)d 
Nat 
(1 02)d 

DCE 0 10 1 4 68 5 25 5 96 5 60 4 92 5 21 6 30 
NM 21 35 9 4 49 4 66 5 37 5 26 4 56 4 79 5 48 

4 30’ 
AN 14 1 38 0 3 14 4 63 4 16 3 81 4 22 5 15 

3 20f 4 82’ 4 49’ 3 39’ 
3 608 4 709 4709 

AC 17 0 20 7 3 04 4 39 4 26 3 70 3 88 5 03 
396’ 

DMF 26 6 36 1 3 13 
2 22’ 

“DN = donor number, ref 23 bD = dlelectrlc constant, ref 23 ‘Standard devlatlons = *O 05 dIonlc radms m A, ref 24 ‘Ref 6 
‘Ref 25 sRef 26 

solvents, as expressed by the Gutmann donor Although, the thallmm(1) ion has an lomc ra- 
number [23] That is, the stablhty of all 1 1 com- dius very close to that of the rubidium ion, the 
plexes with DB30ClO decreases m the order stability of its DB30ClO complex 1s exceptionally 
DCE > NM > AN > AC > DMF There are sev- higher than that of the Rb+-DB30ClO complex 
eral earlier reports which clearly show the same type This 1s probably because the Tl+ ion is bound m 
of solvent effect on the stablhtles of various metal the complexes by an ion-dipole mteractlon with a 
ion-hgand complexes [4,7, 11,27-311 covalent contrlbutlon [ 21 

The stability of the complexes of different 
cations with DB30ClO m various solvents varies 
m the order Tl+ > Rb+ % K+ > Ag+ > Cs+ > 
Na+ > Ll+ For large crown ethers such as 
DB30Cl0, which are capable of forming three- 
dlmenslonal ‘wrap around’ complexes with metal 
ions, the size of the cation 1s expected to influence 
strongly the extent of the complexatlon reaction 
According to the above stability order, cations 
with lomc radu of about 1 4 to 1 5 8, (K+, Rb+ 
and Tl+ ions) seem to have the proper size to fit 
conveniently mslde the cavity formed by twisting 
of the large molecule, with all ten oxygens of the 
rmg partlclpatmg m the bond formation with the 
central cation [5,6] In the case of larger cations 
like Cs+ ion, the complete three-dlmenslonal struc- 
ture cannot be formed and only some oxygen 
atoms have the opportunity of bond formation 
with the cation, consequently, a weaker complex 
results On the other hand, if the hgand’s cavity 
size 1s much larger than the cation, as m the case 
of Ll+ and Na+ ions, the hgand can still form the 
‘wrap around’ structure, but m this case the oxygen 
atoms of the rmg will have to be m close proxlmlty 
and, therefore, the resultmg repulsive forces will 
weaken the complex However, the thermody- 
namic stability constant is not Just a measure of the 
absolute strength of the complex, but a measure of 
the relative strength as compared to the lomc 
solvatlon as well as hgand-solvent mteractlons 
[32, 331 Thus the maximum stability for a given 
metal Ion complex results from a balance between 
the bmdmg and solvatlon energies 
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