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Brometo, sulfato, selenito e selenato foram encontrados formando pontes na cavidade dos complexos
mononucleares e binucleares de Obisdien:Zn(ll) e Obisdien:Mg(ll) em solu¢do aquosa a 25 °C e
1 =0,100 M (KCI). Medidas de equilibrio potenciométrico foram realizadas para determinar as constan-
tes de formacao das espécies formadas nestes sistemas na faixa de p[H] de 2 a 12. Para os complexos do
Obisdien:Zn(ll): &nions, foram detectadas quatro espécies com o ion brometo, cinco espécies com o ion
sulfato, seis espécies com o ion selenito e quatro espécies com o ion selenato. Os complexos binucleares
hidroxidos predominam sobre todas as outras espécies e a constante de associa¢do diminui na seqiiéncia:
Seo;z' > SeQ2> 8012' > Br. O sistema envolvendo os complexos de ObisdiefitMgpresenta trés
espécies com o ion brometo, quatro espécies com o ion sulfato, cinco espécies com o ion selenito e
cinco com o ion selenato. Avariagéo da constante de associagao para este sistema é o mesmo observado
no sistema anterior: Saﬁ> Se@” > 8012' > Br.

Célculos de mecéanica molecular mostram que os complexos de Obisdien dizinco(ll) e di-
magnésio(ll) adotam varias conformacdes de baixa energia com diferentes separagbes Zn-Zn e
Mg-Mg permitindo a coordenagéo dos anions £eGeQ?, SO, Br e OH.

Bromide, sulfate, selenite and selenate were found to form bridges in the cavity of mononuclear
and binuclear Obisdien:Zn(ll) and Obisdien:Mg(ll) complexes in aqueous solution at 25.0 °C and
1 =0.100 M (KCI). Potentiometric equilibrium measurements were used to determine the formation
constants of the species formed in these systems in the p[H] range 2-12. For the Obisdien:
zn?*anions complexes, we have established the existence of four species for bromide ion, five
species for sulfate ion, six species for selenite ion and four species for selenate ion. We found that
the hydroxo binuclear complexes predominate over the others species, and the binding strength
decreases in the sequence: ﬁé@SeQz'> SQ2'> Br. The Obisdien:Mg(ll) system presents
three species in case of binding with bromide ion, four with sulfate ion, five with selenite ion and
five with selenate ion. Variation of the binding strength in the Obisdien:Mg(ll) complexes is the
same as in the Obisdien:Zn(Il) complexes: §é® Se@“ > 8012' > Br.

Molecular mechanics calculations show that the dizinc(ll)- and dimagnesium(ll)-Obisdien
complexes adopt several low energy conformations differing in their Zn to Zn and Mg to Mg
separations that allow the coordination of $2e',CBeQ2', SQ;z', Br and OH anions.

Keywords: selenite, selenate, sulfate, Obisdien complexes
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Introduction and only a few complexes involving selenite and selenate

) ) ) ) ) ions and metal ions with some ligands have been synthe-
The complexation of organic and inorganic anionsi,eq and characteriz&d’.

which results from the association of two or more species _
through noncovalent bonds yields what has been termefExperimental
supramolecular chemistry. Although great amount of re_MateriaIs
searches involve the development of ligands for metal ions,
the inorganic and organic anions that play important roles KCI (MERCK) used as a supporting electrolyte in all
in the environment and biological systems are scarcelypotentiometric measurements was used without further
studied. Several reasons may be invoked to explain thepurification. The macrocyclic Obisdien used was synthe-
unequal treatment between anions and cations complexaized by a modification of the method previously de-
chemistry. While the cations have usually a sphericakcribed®. Zinc (II) nitrate hexahydrate (Zn(N§2.6H0),
shape, the anions exist under various geometries. The aninagnesium(ll) nitrate hexahydrate (Mg(B)&6H20),
ons are more strongly solvated than cations of comparablelCl, sodium sulfate, sodium selenite and sodium selenate,
size and the anions are bulkier than cafio@seat interest were reagents grade materials. Carbonate free solutions of
has been devoted to macrocyclic receptors containing imbout 0.100M KOH were prepared from Dilut-it ampoules
their framework both oxygen and nitrogen donor afifins  (J.T. BAKER) and were standardized by titration with
Firstly synthesized by Leffi and co-workers, the macro- potassium acid phthalate. The stocks solutions of zinc(1l)
cyclic Obisdien has been studied as a ligand that formrand magnesium(ll) were standardized by titration with
stables complexes with metal ions and arni8n3heir  EDTA using murexide as the indicat®r
capacity to form stable binuclear complexes with metal . . o
ions is remarkable. Several equilibrium constants of metalotentiometric equilibrium measurements
complexes were determined and due to the fact that this |t has been shovi?® that in calculating unknown
ligand can be hexaprotonated, the potentiometric titratiorequilibrium constants by the least-squares technique from
has been the technique of choice for equilibrium constantgH (or potentiometric) titration data, errors in the chemical
determination model (initial volume, reactant concentrations, carbonate
Studies involving the equilibrium determination with or other impurities, pKw and other known equilibrium
anions as Br SO, AsQy, PO, malonic acid, glycine  constants) and measurement errors (electrode calibration,
and other$'® and more recently involving Se®) SeQ>  drifts in ionic strength, non-ideal titrant mixing or tempera-
1 indicates that this ligand is very important for the ture control) can strongly influence the results. To mini-
selective molecular recognition of these anions. Organianize possible errors, at the least three titrations were
anions also bridges binuclear metal complékemn performed with the ligand alone, and at least one for each
these systems, the mono- and binuclear complexes anion added. All the potentiometric studies of Obis-
metal ions can set themselves as host, and the bridgindien.6HBr in the presence of zinc(ll), magnesium(ll) with
anions are the guests. bromide, sulfate, selenite, and selenate ions were carried
The imidazolate-, oxalate- and acetate-bridged binu-out with a Digimed model DMPH3 research pH-meter
clear metal ion-Obisdien complexes with®uCd*and  fitted with blue-glass and Ag/AgCl reference electrodes
Zn?* ions have been characterized also by X-ray crystalcalibrated with standard HCl M (u = 0.100M (KCI))
lography®>16 Although the equilibrium constants for and CQ - free KOH solutions to read -Log {Hdirectly.
some anions are known for Cu(ll) and Co(ll)-Obisdien All systems were studied under anaerobic conditions, by
complexe$, these metal ions are not so abundant as Mg(Ilusing a stream of purified nitrogen. The temperature was
and Zn(ll) in the environment. The purpose of the preseninaintained at 25.08 0.03 °C and the ionic strength)(
work is to determine the association constants of Mg(ll)was adjusted to 0.100 M by the addition of KCI. Samples
and Zn(ll)-Obisdien with bromide, sulfate, selenite andof about 0.10 mmol of Obisdien.6HBra( 5% excess) in
selenate ions. presence and absence of 0.10 mmol of the anions, (sulfate,
The bromide ion is present in great amdlim the  selenite or selenate) accurately weighted and about 0.20
environment and a previous wofkhas shown that this mmoles of Zn(ll) or Mg(ll) were diluted with 50 mL of
anion forms complexes with Obisdien®uThe sulfate  doubly distilled water (KMn@) in a sealed thermostated
ion is also present in the environment in great amount andieasel in the conditions described above. All the solutions
its property are similar to that of selenate f8nSelenite  were titrated with 0.100 M standard €Ofree KOH. The
and selenate ions are present in the environment generalpfH] range was from 2.8 to 11.2. The p[H] reproducibility
in trace amount and can be essential or toxic when irmre < 0.002 p[H] in buffer regions and absolute p[H] accu-
exces$ 2% On the other hand, metal ions a$Zand Mg+ racy are < 0.002 p[H] at low p[H] and < 0.015 p[H] at high
are present in the environment in appreciable am®émt  p[H]. The brackets in p[H] is used to emphasize the deter-
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mination of -LogqH*]. Under these conditions, it ap-
peared that equilibrium was attained within about few
minutes (stable p[H] readings were obtained).

Computations

The equilibrium constants for Obisdien:BObis-
dien:SQ%, Obisdien:Se€¥ Obisdien:Se@ and Obis-
dien:Zn(ll) systems have been reported edrlerThe
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Results and Discussion

Molecular mechanics calculations

Molecular mechanic calculations showed that di-
zinc(ll) - and dimagnesium (Il) - Obisdien complexes are
able to exist under several low energy conformers, two of
them being the most important: the extended and the bowl-
shaped conformers (Fig. 1 and 2). The distance between
Zn atoms In the extended conformer is 7.32 A and the Mg

proton association constants of sulfate, selenite and se+\g distance is 7.35 A. The Zn - Zn separation in the bowl

lenate ions were taken from the literaftieend the hydroly-
sis constants of Zfiand M@ ions were reported by Baes
and Mesme¥. The dissociation constant of water (pKw) at
25,00 °C andu = 0.100 M used was 13.78. All these
constants were kept fixed during refinement.

shaped conformer is 4.85 A while the Mg - Mg distance is
4.95 A for the same conformer. Previous molecular me-
chanic calculations on dicopper (I1)-Obisdien complex
have revealed the existence of similar types of conform-
ers®. In all cases such conformers allow the coordination

In the present work some of the constants taken fron®f bridging ligands of differing size as selenate, selenite,

the literature were determined in background electro-Sulfate, bromide and hydroxide ions.

lytes different from the one we used. But this is of minor
importance as the literature shows that equilibrium con-
stants obtained in different background electrolytes with
Obisdien as ligand, are in good agreement with each

oné.

The species considered are those which are the most
likely to be formed according to the present knowledge in
coordination chemistry in solutions and care has been taken
to avoid highly improbable unrealistic species.

All the equilibrium constants determined in this work
were calculated with the aid of the interactive computer
program BEST and the species distribution were calculated
with the aid of the SPECIES program that used as input the
output of BEST prografi®* The input of BEST program
consists of millimoles of each component, the initial esti-
mates of the equilibrium constants of each species thougf?:[
to be formed from the solution components and the exper
mentally determined profiles of p[HE. base added At
each increment of base added the program sets mass bal-
ance equations for all species present and solves for the
concentration of hydrogen ions which is compared to the
experimental value. The sequence of the calculation begins
with the set of known and unknown (estimated) overall
stability constants and compute'JHit the equilibrium for
each guantity of added base. For each equilibrium points
the fitting process consists in the minimization of the dif-
ferences between the observed and the calculated p[H]
values by using a weighted least squared method. The
iterative process is repeated until no further minimization
can be obtained for these differences. Further details about
the method of calculation are described elsewfiere

Molecular mechanic calculations were performed using
the program PC Model running on a IBM compatible PC
computer. The molecular mechanics force field presents in

the program was used in all molecular mechanics calcularigure 2. (a) Extended conformer, Mg to Mg separation is 7.35 A. (b)
Bowl-shaped conformer, Mg to Mg separation is 4.95 A.

tions.
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Figure 1. (a) Extended conformer, Zn to Zn separation is 7.32 A. (b)
II'3owl-shaped conformer, Zn to Zn separation is 4.85 A.
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The Obisdien:Metal:Anions complex systems 124
- 11
The stability constants of normal (deprotonated) com- Obisdien .6HBr
plex having 1:2 molar ratios of ObisdienZrand Obis- 10
dien:Mg* to ligands in the 1:2:6 of Brand 1:2:1 of S&, 9 L B sz 7 Br, SO.%, SeO.>
SeQ?, and Se@ ions are defined by general Eq. 1. The ~ g] “" "1 >
constants represent the associationoWith the binuclear = 4
receptor complex L™, T
& 61 ‘7: - 2- 2- 2-
LM 24+ + Xn_ . LM2X4_n, — 5 , Zn* s Br N SO4 N SCO3 . 5604
b9 Zn*t Br
LMmp X2 ’
Kmax = [Zin_n] (1) 44
[Lm29X™] N
where X" is the anion, LMX*" represents the unpro- 2
tonated, unhydrolysed binuclear chelates. ]
The equilibrium constants for the mononuclear chelates
are defined by Eq. 2, wherg:HMX 2™ "are the unhydrol- 0 1 2 3 4 5 6 7 8 9 10

ized mononuclear chelates angllH12*™ are the mononu- a (mmol KOH \ mmol Obisdien)

clear receptor complexes. The association constants of th&gure 3. Potentiometric p[H] profiles for solutions containing: a) Obis-
o dien.6HBr 1.00 x 1§ M; b) Obisdien.6HBr 1.00 x 1M and zrf* 2.00

HynLMX ™™,

x 102 M; c) Obisdien.6HBr 1.00 x TOM, Zn?*2.00 x 10°M and SQ*
_ [Hm LMX 2m ] 1,00 x 10°M; d) Obisdien.6HBr 1.00 x TOM, Zn** 2.00 x 10* M, and
[HmLMZ™[X "]

Se@¥? 1.00 x 10° M; e) Obisdien.6HBr 1.00 x 1OM, Zn?* 2.00 x 10°

M, SeQ? 1.00 x 10° M and Se@ 1.00 X 10° M. (a = moles of base
anions with the hydroxo binuclear receptor complexes ar@dded per mole of Obisdien (t = 25.0 fC; = 0.100 M (KCI)).
defined by Eq. 3.

HmlLM ™ + X ™

_—

KaLmx )

no complexes were detected. Similarly, minor species in-
volving bromo or chloroselenites or selenates complexes
were not considered in this wdfk In this system, we
observed the formation of a precipitate at about p[H] 8.0.
This precipitate is probably the zinc dihydroxo species
where LM(OH).X***" represents the binuclear hydroxo Zn(OH), which can be to formed in this p[H] range. The
chelates and LMOH) ** represents the binuclear hy- precipitate remains until p[H] 11.5. The p[H] data men-
droxo receptor complexes. tioned in this range were not considered in the calculations.
The hydrolysis of metal ions were considered in the  The equilibrium for formation of normal and protonated
calculations, and are expressed by Eq. 4. The appropria@®mplexes are indicated by Egs. 1, 2, and 3. The stability
hydrolysis constants were obtained from the literdfure constants determined are presented in Table 1. The curve

LM 2(OH)X4-X + Xn- —_— LMZ(O H)xX4-(X+n),
_ [LM2 (OH) X
[LM2(OH)*"[X "]

®3)

KLM 2(OH)x

and we considered the following hydrolytic species:

Zn(OH)*, Zn(OHY, Zn(OHY’, and Zn(OH)* for the Obis-
dien:Zn(I1):X systems and MgOH and Mg(OH)s** for
the Obisdien:Mg(ll):X systems.

M2+ + NOH =—= M(OH)2"
_ IM(OH? 1

[MZ[OHT]" @

H

Obisdien-Zinc(ll)-Bromide complexes

Potentiometric equilibrium curves of Obisdien.6HBr in
the presence and in the absence 8f Bms under nitrogen
in 1:2:6 molar ratio of Obisdien:Zn(ll):Bisystem were

starts at about p[H] 3.0, and until p[H] 4.0 whare 2 it

has the same profile as that for Obisdien.6HBr without
Zn(ll) ions. This indicates no formation of complex in this
p[H] range until the first two protons of the ligand have
been neutralized. Above p[H] 4.0 the curve of Obis-
dien:Zn(l):Br is lower than the Obisdien:Beurve indi-
cating a displacement of protons. The data values were
analyzed considering the formation of both mono- and
binuclear species. The formation constants for Obis-
dien:Zn(l1):Br. species were estimated and refined by the
BEST program while leaving fixed the equilibrium con-
stants for the others speciés

The species distribution curves as shown in the Fig. 4,

determined and they are shown in the Fig. 3. The bromidevere calculated with the aid of the computer program
species is present because the Obisdien sample was cn®PECIES and plotted with SPEPLOT progfanThe
tallized with six molecules of HBr. Due to the great amountmononuclear diprotonated speciesl(BnBr*") reaches a

of chloride in solution (supporting electrolyte), we checkedmaximum at p[H] 6.4 where it is 38.6% formed, and the

for the possible competition of this ion with bromide and

mononuclear triprotonated speciesl(BnBr**) reaches a
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Table 1. Log of equilibrium constants of ObisdienZn bromide, Obisdien-Z#- sulfate, Obisdien-ZA- selenite, and Obisdien-Zh selenate
complexes (t = 25.0 °Gg = 0.100M (KCI)).

[LZnX] [HLZnX] [H2LZnX] [LZn2X]
[LZn][X] [HLZn][X] [H2LZn][X] [LZn2][X]
Br 3.57 1.91
sQ? 4.40 5.03 4.12
SeQ? 5.37
HSeQ 5.40 4.82 4.69
Seq? 6.67 5.58

Br” o-fit = 0.010304; S@ ofit= 0.013551; Se@ o-fit = 0.009018; Se@ o-fit = 0.0137180-fit is the standard deviation computed from calculated
p[H] values relative to those observed experimerﬁﬁlly

Overall stability constants: #ZnBr** = 33.36; LZnOHBP" = 9.29; LZpOHSO" = 11.20; LZn(OH)2SOy = 4.29; HLZnHSeQ = 42.96;
LZn2(OH)2SeQs = 4.66; HLZnSeQ’" = 36.42; LZn(OH);SeQy = 5.92.

maximum at p[H] 6.0 where it is 20.0% formed. The while the bromide and hydroxide ions are bridging the two
binuclear species (LZBr*") reaches a maximum at p[H] metal centers.
7.3 where it is 18.0% formed The species #*Zoompetes

with this species. The major species is the binuclear mono- H H
hydroxo complex (LZsOHBr?") that reaches a maximum \ Q /
at p[H] 9.0 where it is 74.3% formed. This is the major

species for Obisdien:Zn(ll):Brystem. It predominates in ".‘ O /"
the p[H] range 7.8 to 10.0. Above p[H] 10.0 the monohy- \ /," ‘\\ /
droxo mononuclear species LZnO&hd hydrolyzed prod- H— N —---- Jiio+ R Y N—H
ucts takes place (not shown on Fig. 4). ! LA
The crystal structure of bridging hydroxide ion in the / “\ - ',x" '\
cavity of binuclear macrocyclic and macrobicyclic com- ! Br ".
plexes has been already charactefZé8and a suggested )
structure for LZgOHBr?* is schematized in 1, where two HN\/O\J H
Zn(ll) ions are coordinated in the two pockets of Obisdien
100 . . .
90l Zn2+ LZnOH* 1, (u-Bromide){u-Hydroxo) binuclear Zn(l1)-Obisdien
80 LZn,OHBr2* o )
70k Obisdien-Zinc(ll)-Sulfate complexes
60k Potentiometric equilibrium curves of Obisdien.6HBr in
= 50k N the presence and in the absence &f zamd SGQ* under
a0l H,LZnBr* LZn;* Lgn nitrogen in 1:2:1 molar ratio of Obisdien.6HBr:Zn(ll):
3ok /\ /\ SQs? system were carried out and the results are shown in
HLZn** 7h B+ the Fig. 3. It was also observed a precipitate at about p[H]
20 H;LZnBr" N \ 8.0. The curve shows that until about p[H] 5.0 the profile
10F % is about the same as that of the Obisdien.6HBr curve. This
0 1 1 | P | . | . . . . . .
" 3 4 5 6 7 8 9 10 11 12 is a indication that non complexes of Zn(ll) is formed in
- Log [HY] this p[H] range, but above p[H] 4.0 the curve is below that

Figure 4. Species distribution curves for a supersaturated solution con-Of the Obisdien.6HBr system, |nd|cat|ng that complexatlon

taining Obisdien 1.00 x 1OM and zifion 2.0 x 16° M, in presence of ~ '€action takes place.

6.00 x 10° M of bromide. HLZnBr*", HaLZnBr**, and LZBr** repre- The equilibrium constants for all Obisdien:Zn(l1):$0

sent the di- and triprotonated mononuclear, and binuclear deprotonateprobable complexes are defined by general Egs. 1, 2 and 3,
Obisdien:zA™Br species respectively. LZOHBA" is the binuclear and the stability constants are presented in Table 1. The
hydroxo Obisdien:ZfiBr” species. HLZRi and LZi?* are the monopro- difference in the profile of the Obisdien:zn(Il):$0and

tonated and complete deprotonated Obisdien: Zn(ll) species and 'ZnOH .~ . . .
is the hydroxo one. Lzt is the binuclear receptor complex. All no ObISdlen'6HBr'Zn(”) systems in the p[H] range 5.0t0 6.0

metallic species and the hydrolysis product of Zn(ll) ion are not repre—(é_1 equal 2 to 4) isldue to the fact that the mqnonUC|ear
sented. ZfA" is the free (aquo) zinc(ll) ion. diprotonated species $HZnSQ4?") compete with the
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H4LSO4?* species (not shown on Fig. 5) and the formation 108 702+
of the last one is more probabile,, the equilibrium favor i LZn,(OH),S0;
80|

the non metallic species which retains two more protons
than the bromide species. The species distribution curves 70f
are presented in the Fig. 5. 60

Zn*ion does not complex at p[H] values below 5, and =50}
the Obisdien:S@species predominate in this region. The 40l

major species formed in this system is the (dihydroxo) sl HLZnSO,* LZn, SO

(u-sulfate) binuclear zinc(ll)-Obisdien species, 2, which 54| H;LZnBriy Z\

predominates at p[H] values above 7.3. The sulfate groug || ., ng/;z;so{. LZn,0HSO* Zn(OH);

is believed to bridge and coordinate the two metal ions in 0 | TN | /

the way suggested by formula 2. 2 3 4 5 6 7 8 9 10 11 12
The mononuclear monoprotonated species, - Log [H']

HLZnSO4+, reaches a maximum at p[H] 6.9 where it is Figure 5. Species distribution curves for a supersaturated solution con-

.. . . 2+ .
24.3% formed, while the mononuclear diprotonatednng,Obisdien 1.00 x 1M, Zn"ion %60 x 10°M and 1,00 x 16M
HoLZnSO4?* species reaches a maximum at p[H] 6.3 wher of SOi " presencezOf 6.00 x TOM of bromide. HLZnS@,
2 P P ’ q—lzLZnSO4 * and LZnS0s*" are the mono- and diprotonated mononu-

itis only 12.7% formed. The binuclear completely depro-cjear species, and the deprotonated binuclear Obisd&rETn® species
tonated species LZBQy?* was found in the neutral p[H] respectively. LZnOHSOs* and LZm(OH)2SQu are the binuclear hydroxo
values. It reaches a maximum at p[H] 7.0 where it is 31.19%®bisdien:ZA" S04 species. bL.znBr*" and HLZnBr** are the di- and
formed. triprotonated OBISDIEN:Zn(ll):Br species. Z#' is the free (aquo)
zinc(ll) ion, and Zn(OHJ is a hydrolized product of zinc(ll) ion. Non

H H metallic species are not represented as well as the species formed less than
\ O / 2% for clarity.
~ N

Y OH ! species, because of the lack of data of the equilibrium
\ S ;' constants in the absence of anions, only the overall stability
VO 20 constants of their complexes with anions were determined.
H—N------ %n?:' S \ /,Z‘nz* ----- N—H These overall stability constants are given in the caption of
,,' N o/ o/ \ Table 1. Minors species (less than 2% ) are not computed
; AR in these system.
! OH The species distribution curves of the Obisdien:Zn(ll):
/N\/O\J SeQ@? system are showed in Fig. 6. Zinc(ll) ion begins to
H : 100 "
90l Zn LZn,(OH) S¢O;
2, Sulfate adduct of dihydroxo binuclear Zn(ll)-Obisdien complex. g0l
. . . 70
Obisdien-Zinc(ll)-Selenite complexes ok

Potentiometric equilibrium curves of Obisdien.6HBr in 5oL
the presence of Zfiand selenite ions under nitrogen are 40k
illustrated in Fig. 3. The curve with selenite shows that the

HLZnHSeO5>* 1.7n,S¢0,%*

SeQ? ion retain one proton for its protonation by forming 28_

HSeQ ion. While 2 mmoles of KOH are necessary for the ok H,LZnHSeO;™ Vi 4y Zn(OH),”
observed sharp inflection at= 2 in the Obisdien.6HBr | HﬂnB% | ’
curve, the presence of S€Qn the Zit*, Br, SO, SeQ* 4 s 6 7 s 9 10 11 12
curve only about 1 mmol of base is sufficient. - Log [H]

The equilibrium constants for all Obisdien:Zn(ll): Figure 6. Species distribution curves for a supersaturated solution con-
SeQ probable complexes are defined by Egs. 1, 2, and &ining Obisdien 1.00 x 1M, zn?* ion 2.00 x 16* M and Se@ ion
and the stability constants are shown in Table 1. At p[H]L.00 x 16*M in presence of bromide 6.00 x" 1. LZnoSeQ?", and
values below 8, selenite ion is monoprotonated (Log K =-Zn2(OH)2SeGs are the complete deprotonated and dizflydroxo binuclear
8), thus the formation constants of zinc(Il)-Obisdien com-Ob'Sd'gj‘izﬁ :SeQ¥” species. LZnH_Seﬁ, HLZnHS3$Q and I-kLZ4rl
plexes with this anion defined by Egs. 1, and 2 representd>c®  aré the mononuclear species and, ZhBr- and HLznBr

- . . .. are the di- and triprotonated Obisdien:Zn(ll):Bpecies. LZn"" is the

the association of ch(”)'ObISdlen complexes with binuclear Obisdien:ﬁTspecies, Zfis the free (aquo) zinc(ll) ion, and
HSeQ' ion. Most of the equilibrium constants necessaryzn(oHy is a hydrolyzed product of zinc(ll) ion. Non metallic species are
for the calculations were taken from literature. For somenot represented as well as the species formed less than 2% for clarity.
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complex above p[H] 4.0 forming protonated species of 100 Tl

mononuclear zinc(I1)-Obisdien complexes. The protonatec 20f LZn,(OH),Se0,
mononuclear species,;EZnHSeQ®*, HLZnHSeQ?* and 80
LZnHSeQ" are at their maximum at p[H] values 6.1, 6.5 70}
and 7.2 where they are 7.2, 44.3 and 27.6% formed respe g0l

tively. The binuclear species LZBeQ?* reaches a =50

H,LZnSe0,™] 70,80, >

maximum at p[H] 7.5 where it is 43.2% formed, and the a0k ~

dihydroxo species LZn(OH$eQ is the major species 30k H,LZnSeO,**

above p[H] 8.0, reaching a maximum of 97.5% at p[H] L.Zn,(OH),Se0,
9.7. The selenite group is believed to bridge and coordi 20 HILZnHSeOy" T HSeO.

nate the two zinc(ll) ions as suggested by formula 3, in 10F / \L2n25e0323+

the same way as it was suggested for the sulfateioni 31+ ¢~ % 9 10 11 12
formula 2. - Log [H]

Figure 7. Species distribution curves for a supersaturated solution con-
taining Obisdien 1.00 x I%M, Zn?*ion 2.00 x 10° M, SeQ¥ ion 1.00

H O H x 103M and Se@? ion 1.00 x 10°M in presence of bromide 6.00 x 10
\ / M. LZn2(OH)2SeQy and LZnSeQ?* are the dihydroxo and complete
O-H deprotonated binuclear ObisdienZ18eQ?” species and #ZnSeo?”

'\‘ ," and HLZnSeQS" are the mononuclear ones. LPOH)2SeQ is the
vV ! dihydroxo binuclear Obisdien:2iSeG? species and the L28eQ2*
'\/;/O\\ _ ," is the complete deprotonated binuclear species. LZnESa@d
H—N------ ?HZ‘ - Se==0-- fZAHZt ----- N—H HLZnHSeQ?*, are the mononuclear species® s the free aquo zinc(l)
! S O/ N ion and non metallic species are not represented as well as species formed
H e \‘ less than 2% for clarity.
/ HO' A
dihydroxospeciesLZ{OH).SeQ; predominates at p[H]
H/ O\J H values above 7.3. The suggested structure of (dihy-
droxo)(-selenate) binuclear zinc(ll)-Obisdien complex

(4) is showed below.
3, Selenite adduct of dihydroxo binuclear Zn(l1)-Obisdien complex

Obisdien-Zinc(ll)-Selenate complexes H\N//\O/\ /H
- N
]

Potentiometric equilibrium curves of Obisdien.6HBr \ OH !
in the presence and in the absence & Zselenite and \ ,/ H
selenate ions under nitrogen were determined by the '\," e /o~ ,"
method described in the experimental section and the j—p ------ 72 \SK :‘2}121-. ..... N—H
result is shown in the Fig. 3. The curve were interrupted [N 07 Nodl A

at p[H] 8.0 due to formation of a precipitate. The curve
shows that in the presence of S&don, the buffer

regions extend to almost= 6 indicating possible for- Y
mation of hydroxo complexes and binuclear depro- H O\J H
tonated complexes.

The equilibrium constants for all prob.e}ble species are4, Selenate adduct of dihydroxo binuclear Zn(ll)-Obisdien complex
defined by Egs. 1, 2, and 3 and the stability constants are

shown in the Table 1. The species distribution curves of . . . .

Obisdien.6HBr:zn(ll): Seé: SeQ? system are Obisdien-Magnesium(ll)-Bromide complexes

showed in the Fig. 7. Formation of metal complexes Potentiometric equilibrium curves of Obisdien.6HBr in
occurs at p[H] values above 4.0. The zinc(ll)-Obisdienthe presence and in the absence ofNtans under nitrogen
complexes are coordinated with S8Gind Se@ ions.  in 1:2:6 molar ratio of Obisdien:Mg(ll):Bsystem were
The mononuclear triprotonated complex(AnSeQ®) determined. They are illustrated in Fig. 8.

reaches a maximum at p[H] 5.8 where it is 27.6% formed  This figure shows that until about p[H] 6.5 the profile
and the diprotonated complex{tZnSeQ?*) reaches a  of the potentiometric titration curve is identical to the
maximum at p[H] 6.3 where it is 42.0% formed. The profile recorded for the Obisdien.6HBr system. This indi-
major species formed at neutral p[H] is the binuclearcates that no complex formation with Mg(ll) ion in this
species LZpSeQ?* and it is 42% formed. The binuclear p[H] range takes place until the first two protons of the
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ligand have been neutralized. Above this p[H], the differ-which is 9.4% formed at p[H] 10.3, the hydroxo species
ence of the profiles for the two curves is small indicatingLMg,OH** which is 12.4% formed at p[H] 11.8 and the
the formation of weak complexes. mononucleares LMg, HLMg®*, H, LMg** and H LMg®>*

The equilibrium constants for the Obisdien:Mg(ll):Br which are 12.3%, 14.5%, 6.2% and 7% formed at p[H]
complexes defined by Egs. 1, 2, and 3 were determined anghlues 10.5, 9.3, 8.6 and 7.9 respectively. Very careful
they are reported on Table 2. The stability constants for thg,ork were done to evaluate the constants of species which
receptor Obisdien:Mg complexes were also determined are |ess than 5% formed and their constants has been
and they are shown in the caption of Table 2. determined with the largest errors. Species which are less

The Species distribution curves are shown in Flg 9{han 3% formed were not mentioned in F|g 9.

Most of the metal species are formed in small amount. The e Obisdien:Mg(ll):Br species are formed even in
Obisdien:Mg(ll) species formed are: the binuclear kg less amount. The hydroxo binuclear LI@HBR* is 9.4%

formed at p[H] 11.8, the binuclear Liy8r>* is only 3%

12 - .
formed at p[H] 10.2 and the triprotonated mononuclear
114 Mg B HaLMgBr#* is 3.1% formed at p[H] 7.9.
10
100 -
9 90| Me™
Mg, Br-, 80,%, Se0,%, SeQ,*
8 o 80}
— 7] Obisdien.6HBr 70k
= Mg2*, Br-, SO, %, Se0, 60
2 61 I Mg(OH)*,
— 5 ®50} ~
4 a0t LMgZ(OH;3+
_ LMg,(OH)Br2*
3] Mg?*, Br-, SO, > 30 1
20F
2 10+
1 i 0 1 1
2 3 4
0 T T T T T T T T T 1

6o 1 2 3 4 5 6 7 8 9 10

a (mmol KOH \ mmol Obisdien) Figure 9. Species distribution curves for a supersaturated solution con-

taining Obisdien 1.00 x 1HM and Mg2+ ion 2.00 x 1° M in presence
Figure 8. Potentiometric p[H] profiles for solutions containing: a) Obis- of bromide 6.00 x 18 M. HaLMgBr**, and LMgB"+ are the triproto-
dien.6HBr 1.00 x 18 M; b) Obisdien.6HBr 1.00 x TOM and Md™* 2.00 nated and binuclear deprotonated Obisdie" My~ species respectively

x 10° M; ¢) Obisdien.6HBr 1.00 x 1dM, Mg®*2.00 x 10°M and S@* and LMgOHBr? is the binuclear hydroxo Obisdien:RigBr™ species.

1,00 x 10°M; d) Obisdien.6HBr 1.00 x 18M, Mg®*'2.00x 10°M, SO LMg?*, HLMg®*, HoLMg**, HaLMg®* and LMgOH are the mononuclear
1,00 x 106°M and Se@” 1.00 x 10° M; e) Obisdien.6HBr 1.00 x 1M, Obisdien:Md* species and LMg* and LMgOH?" are the binuclear
Mgz+2.00 x10°M, SO 71,00 X 10°M , SeQ? 1.00 x 10°M and Se@ species. M6+ is the free aquo magnesium(ll) ion and MgOld a
1.00x 10°M. (a=moles of base added per mole of Obisdien (t = 25.0 °C;hydrolysis product. Non metallic species are not represented as well as
1 =0.100 M (KCI)). species formed less than 2% for clarity.

Table 2. Log of equilibrium constants of Obisdien-l?/fg)romide, Obisdien-Mﬁ-sulfate, Obisdien-Mﬁtselenite, and Obisdien-l\ﬁ@L selenate
complexes (t = 25.0 °Q; = 0.100 M (KCI)).

[LMgX] [HLMgX] [H2LMgX] [HaLMgX] [LMg2X] [LMg2(OH)X]
[LMg][X] [HLMg][X] [HaoLMg][X] [HsLMg][X] [LMg2][X] [LMg20H][X]

Br 1.90 1.70 2.10

Yo% 3.00 3.45 3.34 3.67

SeQ? 459 5.37

HSeQy 5.62 474 4.38

SeQ? 5.66 6.00 6.58 6.98 7.94

Br o-fit = 0.010974; S@ o-fit= 0.013052; Se@ o-fit = 0.009753; Se@ o-fit = 0.0209690-fit is the standard deviation computed from calculated
p[H] values relative to those observrd experimen:fglly

Overall stability constants for Obisdien:fgystems: LM§* = 2.17; HLMG = 12.04; HLMg** = 20.58; HLMg®>" = 28.88; LMg** = 4.90; LMgOH
=-6.14 (This work).
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Obisdien-Magnesium(ll)-Sulfate complexes

Potentiometric equilibrium curves of Obisdien.6HBr in

the presence and in the absence of'Mgnd S@* ions
under nitrogen in 1:2:1 molar ratio of Obis-

dien.6HBr:Mg(l1):SQ? system were determined and they
are shown in the Figure 8. The equilibrium constants for a
Obisdien:Mg(I1):SQ% complexes detected are defined by
Egs. 1, 2, and 3 and the equilibrium constants are present

in Table 2.

The species distribution curves are presented in the Fi
10. The binuclear species are formed at p[H] values abov
8.5 and the mononuclear species are formed in the p[H]
range 7.3-10.0. There are no metal complexes at p[H

values lower than 7.3. The Migcomplexes are formed

only in basic region, as it was also observed in the Obis
dien:Mg(ll):Br system. The monoprotonated mononuclear:;
species HLMgS@ reaches a maximum at p[H] 9.3 where dien:

100

90 i Mg2+
g0l

70}

?8 i Mg(OH)*

§ L
a0t
LMg 2(OH)SO +
30 f
20 r o 2+
0 1 1 1 1 1 \ 1

2 3 4 5 6 7 8 9
- Log [H]

10 11 12

Figure 10. Species distribution curves for a supersaturated solution 100

containing Obisdien 1.00 x I?IM, Mg2+i0n 2.00 x 10°M and SQ? ion
1,00 x 10° M in presence of bromide 6.00 x Fam. HLMgSOs",
H2LMgSO42+ and LMngO42+ are the mononuclear, and binuclear Obis-
dien:Mg:SQ#" species and. LM@HSO;" is the binuclear hydroxo
species. M§+ is the free aquo magnesium(ll) ion and MgOid a

hydrolysis product. Non metallic species are not represented as well & 50}

species formed less than 2% for clarity.

5, Sulfate adduct of hydroxo-bridged binuclear Mg(l1)-Obisdien complex

Equilibrium Studies of Ternary Complexes

467

it is 8.4% formed, and the diprotonated mononuclear
HoLMgSO4s?* is 9.0% formed at p[H] 8.6. The binuclear
species are formed at p[H] values above 8.5. They are
formed in larger than the mononuclear ones. The depro-
tonated binuclear species LWMB** reaches a maximum

1At p[H] 10.3 where it is 10.6% formed and the monohy-
droxo binuclear species LMQHSQ;" is 23.1% formed at
&QH] 11.8. The structure suggested for the LRBSQO"
complex (5) is shown below.

bisdien-Magnesium(ll)-Selenite complexes

Potentiometric equilibrium curves of Obisdien.6HBr in
lhe presence of Mg, sulfate and selenite ions under nitro-
gen are illustrated in Fig. 8. The profile of this system,
shown that one proton is retained for formation of HSeO
The equilibrium constants for all Obis-

Mg(I1):SeQ? complexes are defined by Egs. 1, 2, and
3, and the stability constants of the species detected are
shown in Table 2.

The species distribution curves of the Obis-
dien.6HBr:Mg(l1):SQ?:SeQ? system are shown in Fig.
11. The major species in this system are the binuclear
species: LMgSeQ?* and LMgOHSeQ" The binuclear
species LMgSeQ?* reaches a maximum at p[H] 9.9 where
itis 32.6% formed and the hydroxo species L@IgSeQ*
is 67.8% formed at p[H] 12.0. As in formula 3 it is sug-
gested that the selenite group bridges and coordinate the
two metal ions as in 6. The mononuclear species appears at
the p[H] range 7-10 and they are less than 20% formed

(Fig. 9).

on.

90+ MgZ*
80F
LMg,(OH)SeO,*

L 2 3
70 © N
60
40r LMg,SeO;%+
30F /‘ Mg(OH)*

2
ol HLMgHSe(\)B +LMg}-IS</=,C\)3+ ~
ol HZLMgHSng“ g
0 1 1 1 1 1 1 1

2 3 4 5 6 7 8 9
- Log [H"]

Figure 11. Species distribution curves for a supersaturated solution
containing Obisdien 1.00 x ftM, Mgz+ion 2.00x 10° M, So’ion 1,00
x 10°M and Se@ ion 1.00 x 10°M in presence of bromide 6.00 x30
M. LMgHSeQ', HLMgHSe@?", HiMgHSea®, and
H3LMgHSeQ;4+, are the mono-, di-, tri-, and tetraprotonated forms of
mononuclear Obisdien:l\Zé:SeQ;Z' species respectively. LM@eQ2+,
and LMgOHSeQ are the complete deprotonated and hydroxo Obis-
dien:MgZ+:SeQ2'binucIear species. l\ﬁéis the free aquo magnesium(ll)
ion and MgOH is a hydrolysis product. Non metallic species are not
represented as well as species formed less than 2% for clarity.

10 11 12
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l‘ / +
) 1 \ H
] 1] l‘ //
\ ! . S
\ o ! | o /- +
VTN B ! H—N==----- Mg2* --- 0= Se==0--- H—N—H
H—N=------MgZ* -Yse===0 - Mg2t-----N—H . S
AN 7 20 K )
" \\\\\O ,,I “ : \H
1 N, 4 \ 1
N . S \ ' \ +
\

7, Selenate adduct of mononuclear Mg(ll) triprotonated Obsdien complex,

6, Selenite adduct of hydroxo-bridged binuclear Mg(Il)-Obisdien complex
y g ()] p H3LMgSeQ13+

Obisdien-Magnesium(ll) -Selenate complexes

Potentiometric equilibrium curve of Obisdien.6HBr in H\ Q/\ H
the presence of Mg(ll), sulfate, selenite, and selenate ions H N/

under nitrogen is shown in Fig. 8. The shape of de curve is \ AN !

about the same as the one in presence of selenite without \ - ’é ‘\\ ,,"

selenate (previous system), but its buffer region above p[H] H— N =mmmee I\‘Zé2+/ \ Se/_ ‘\.‘,(,Ingr _____ N—H
7.0is lower, indicating complex formation with selenate in AN N

this p[H] range is stronger. The equilibrium constants for ;' © ©

all detected species are defined by Egs. 1, 2, and 3 and the !

stability constants determined are shown in Table 2. Minor /N\/

species (less than 3%) are not considered in this system. H O\J H
The species distribution curves of metal complexes of

SeQ? in presence of BrSQ and Se@ ions are shown

in the Fig. 12. All metal complex species are $e@d-
ducts. One binuclear and three mononucleares species were

detected. The hydroxo binuclear species k®1§SeQ"is  ric studies. For both systems, the strength of binding in-
91% formed at p[H] 12.0 and the species LB®O’"  creases in the order Br SO < SeQ? < SeQ?. Studies
reaches a maximum at p[H] 9.5 where it is 50.5% formedof 3 model macrocycle which has the capacity of forming
The mononuclear species predominate at lower p[Hbinuclear metal complexes as Obisdien, provide useful
values and the triprotonated species is the major species @sults for understanding the behavior of anions and metals
neutral and moderately basic region. It is 55% at p[H] 7.6nvolved in complex formation in solution. In all cases
and the di- and the monoprotonated species are maximumetal complex species appears above [H] 6.0. While the
formed at p[H] values 8.4 and 9.0 where they are 44% ant¢hononuclear species predominates at neutral and moder-
37% formed respectively. The selenato adducts of thesgtely basic p[H] for Mg(ll) systems, for the zinc(Il) system,
Obisdien complexes are bound by coordinate bonds, and ithe binuclear species are the major species. At more basic
the case of mononuclear complexesLMgSeQ?®",  p[H] values, the binuclear species predominate in both
H2LMgSeQ?* and HLMgSe@', both the coordination metal systems, however the dihydroxo binuclear species
bonds and hydrogen bonds are involved (formula 7 forare not formed in the magnesium(ll) system while it is the
HaLMgSeQ*") major species in the zinc(ll) system. Zinc(ll) ion has a
In the binuclear complexes, the selenate group is bestrong tendency to form hydroxo complexes and the results

lieved to bridge and coordinate the two Mg(ll) ions in the is consistent with the behavior of zinc(ll) in agueous solu-
manner suggested by formula 8. tion.

Conclusion The monohydroxo species is t_he major species in the

magnesium(ll) systems. The species formed in the magne-

Equilibrium constant determination and species distri-sium(ll) systems are less stable than the ones formed in the
bution curves in the p[H] 2 - 12 range for the Obisdiefi*Zn zinc(ll) systems. Nevertheless, Mg(ll) ion are much more

and Obisdien:Mg systems in the presence of B3O, abundant in the oceans than Zn(ll) ion. Thus, it is expected
SeQ?, and Se@ ions has been carried on by potentiomet-to play important roles in the complexation of naturally

8, Selenate adduct of hydroxo-bridged binuclear Mg(ll)-Obisdien complex
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occurring anions as selenite and selenate anions in the

presence of ligands.
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