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ABSTRACT
The complexive abilities of 3,11,17-tri-tert-hutyl-23 amine-25.26,27,28-tetrapropoxy-calix[4]arene and
511 17-m-amino-23 acetyl-tert-butyl-amide-2526 27 28-tetrabutnxy-calix[4Jarene  towards alkali metal
ions Li", Na', K, Rb” and Cs* in methannl-chlnmform mixture have been evaluated at 25 °C, using UV-
V15 spectrophotomettic techniques. The results showed that the higands are capatile o complex with all of
the alkali cations by 1.1 metal to hgand ratios. The selectivity presented considering the caleuinted
formarion constants are in the onder Li' > Na" » K* » Rb* > Cs” for the lipands.
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INFTRODUCTION

The eyclic oligomers of phenolic units linked through
the ortho position, called calixarenes, associate their
skeleton simplicity with versatile recognition properties
hoth of icos and neutral molecules|1]. Calixarenes arc
hasket-shaped compounds hy potential interest for host-
guest complexation. Functionalization at the Jower and
upper om may lead to design and synthesis of the
Ligands suitable for varous metal complexarinnf2-5].
The coatrol nf cation-bindiag ability of calixarenes has
been the subject of more recent investigations[6-10]. A
quantitative measure of the interaction strength between
two chemical species (macrocycle and guest) in the
given snivent is provided hy stability constant and the
confnrmation of both uncomplexed and complexed
species appears to be a distorted eone, The fiacus has
been on the introduction of donor groups onmn the
calixarene framework for controlling their complexation
pbenomena, The ability of calixarene systems to interact
with alkali mctal 1ons bas tieen iong recngrized and
has led tn several ionophnres increasiagly selective
for a specific cation. A variety nf optical methods for
the detectina of catinns in solution is well estahLished
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and has been extensively reviewed. Oac of the
successful approach is using spectrophotometic
properties of calixarencs. These compounds
show UV absorption hands at arnund 250-330
nm due to the electronic wransitions in the phenol
groups. For pbotomeiric diagnosis of an on or
miiecnie  hy calix[nlareme, thercfors, a
spectroscopic active chromophore(s) shoold be
introduced to the molecule, since calix[n]arenas
themseives do awvt exhihit ahsorption and
emission i the visible region. Calix[4]arene
derivatives can  adopt four  different
conformatioos: cong, partial cone, 1,2-alternate,
and 13-altemate which their selectivity of
complexation towards metal ions Gave beeu
proved to depesd on the ¢conformation of the
calix[4]arcac maoicty.

In this work, the farmatinn censtants of alkali
metal  cations  and fwo new  synthesized
calix[4]arenas, Fig.l, arc determined in a
mcthaool-chlornform mixture {30/70 by volume)
at 25 °C using spectrophotometric tochnique.
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EXPERIMENTAL

Chemicals

Parcnt calixarcne was obtained from Aldrich and
uwsed without further punificanon. The ligands
were synthesized foliowing the procedure
described in ref 11, The solvents, methanpl and
ehloraform  (from Merck, pa), were used
withont further purification. LiCi {Merck, pa.),
NoCl (Merck, pa.), KCl (Merck, p.a), RhCl
{Fluka, Purum}, and CsCl (Merck, p.a.) as the
nikaii cations sources were dried under vacuum
ot ropm temperature for at least 72 bours before
use.

Measurements

Absorption spectra, 230 -330 nm, were
measured on  Shimadzu 2101 UV-Vis
scamning spectrophotameter with a Peatium IV
computer using 10 mm quartz cells. The system
was thermostated at 25 °C by circulating whter
from an isothermal bath, In aff cases, the
procedure was repeated at least three times and
the resufting average valuss and eomespondiog
standard deviations are shown in the text and
Tohle 1.

Procedurc

2 mL solution of the ligands (1.98x10* and
9.13x10°° maot dm” for L1 and L2, respectively)
were titrated with stepwise addition of an afkals
cation solution (1.99x10%, 2.04x10%, 2.00x107,
1.95x10°, and 2.01x10™ maf dm” for Li*, Na",
K", Rb', and Cs”, respectively) all in the same
solvent (methannl-chloroform 30:70 by volume).

162

DBy

NH-LO0-C(CHg) l:

b

Lz]

Fig.1, Struchare of 5,11 17-iti-tert-butyi-23 aming-25,26,27 28-tetrapropoxy-calix[4jarene, L1 and 5,11, 1? tri-
amine-23 acetyl-tert-butyl-amide-25,26,27,28-tetrabutoxy-calix[4]arene, L2,

i

The UV-Vix spectra of the mixtures underge
small changes at 250-330 pm, but the measured
absarbances were sufficient to  allow the
treatment of the data by the eomputer program
Squad[12,13]. {fig.2 -3}
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Fig.l. The varation of UY absorption spectrum of L1
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Fig.3. [he vanation of UV gbs@ption spectrum of L2
upan successive addition of Li', |
f . l
!
‘!. 3
!




N. Osouleddini et al. (1.Phys. Theor.Cher, LAL Iran, 6{3): 161-164, Fall 2000

RESULTS AND DISCUSSION
Assuming that the ahsorbance of the ligand
wnuld change upnn complexatinn with an alkali
catiom, we perfnrmed  speetrophotometric
measurements. The complex ML, farmed 15
characterized by its stoichiometry p and g, where
M and L represent each metal inn and each
ligand, respectively. Ta determine the formatinn
constant of cnmplexation, X, Eq. (1) is defined,
PM+qL = ML, Ks=[ML]/MPIL] (1)

Determination of the formatian constant
was employed using the methad mentioned
hefire {6-10]. Absorbance, 4, was measured by
successive additinn nf an alkali metal ion
snlutinn 1o each ligand solution, see cxperimental
sechinn. The absorption bands of the ligand
decrease upon additinn the metal ian solution in
alt cases. Trcatment nf the specirophninmetric
data {250-330 nro with az interval of 0.3 nm)
nbtained during the titralions was conducted with
the cnmputer program Squad [12-13].

All proposed species existed in significant
cnncentration were cheeked nver a reasonahle
range of data. As expected, polynuclear
complexes were systematically rejected hy the
cntuputer  program.  Taking nin  account a
hinuclear cnmplex alnne ar together with the
mononuclear nnc dnes not improve the gandness
nf the fit and even leads to the rejection of the
maodel. The model finally chnsen, formed by ML,
resuited in a satisfactory numerical and graphical
fitting for all nf the systems. The average valucs
nf the formation constants of the 1:1 camplex
species for L1 and L2 with alkali catians in
various wavelengths are listed in Table 1.

The interesting curves resulting from the
spectrophotometric titratinn of L1 and L2 with
alkalt catinns are shnwn w Fig. 4. The Fig.
shows a sharp break point when the
concentration of metal ion m the ligand ratios
reaches unity, indicating the formadon of stable
complexes far Li* and Na* with L2 (Fig #h),
The same titration for Cs'-L2 system shows the
absnrbance increases within a very small and no
significant break polnl i complexation curve
(Fig. 4b), indicoting Inw stability constant of
formation. However, the spectiophotametric
titralion curves for the other complexes display
more Continuaus varnation in the absorhance with

¢nncentration  raties.  In this  case  the
extrapolating nf the slopes at high and low metal
to ligand ratios correspond to I:1 complex
stolchinmetry in the point af intersections. This
behavior indicates a typical of lss stable
cnmplexcs than those found for Li™,

Table 1. Average values of Ing& at different
wavelzagths for the alkali catizns and the higands at

25°%C
. Inek ET
matal oo (L1) (L2)
Li 195+:002 6961006
Na* 354004 495+007
K' 1534006 461 +0.04
Rb 141£003 4034005
Cs* 1434004 2444003
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Fiz4. Specirophotometric titrution plats of the
ligands L1, () and L2,{t7}, hy the meial ians, Li*, Na®,
K, Rb*, and Cs™ at 25 °C and 280 and 270 nm,
tespectively.

The wo calix[4]arenes, L1 and L2, form
complexes with alkali metal ions, bul show
different affinities for the small and the large
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cations. Figure 5 shows the formation constant
values of the species formed by the lipands and
the alkali cahons versus the ionic radius of each
catinn, Ll appears to be more efficient for
chelating with small catitins, Li* and Na'. The
binding sclectivity of L1 towards alkali cations,
based on the formation constant valucs nf the
formed specics, isin the order nf Li* > Na* > K' >
Rb" = Cs'. investigatinn and nptimizatinn of
energy for LY and L2 10 the computer program
“byperchem 7°[14] are shown that alkali metal
inns interact with L1 by fhur funcunnality groups
in the 10wer rim and with L2 By the amine groups
in the upper rim of ligands as well as other
conditinns  nf  imteraction ars  independently
modified to increase ther hinding ahilitcs and
make them more specific for chelating by alkali
mgtal ions,

The electron domating tendency of the amine
groups located in the upper dm of L2 15 phssibly
cttective cspecially towards small catioas. The
results suggest that Cs* is possibly located ncar
the cavity of L2 and hence, is more shielded than
the other lons, which better fit the cavity size of
the ligand. The fact that a morc comtimuous
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variation of the absorbance ||:with © the
concentration of Cs* was ohtaned (Fig. 4b),
should be due to the very low complexation
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