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Complexing ability of 2,8,14,20-tetrabenzol-sulfo-calix[4]resorcenarene  
in relation to Cs+, Рd2+, Се3+, Eu3+ ions in aqueous solution 

The stability constants of complexes formed in a result of interaction «host-guest» of water-soluble 
calix[4]resorcinarene with metal ions (Cs+, Pd2+, Ce3+, Eu3+) in ratio 1:1 and thermodynamic parameters of 
their formation were calculated. The dependence of the Gibbs energy change of formation of complexes on 
the atomic number of the element was constructed. It is shown that the value of stability constants depends on 
the degree of deprotonation of the rim of the calix[4]resorcinarene. It is found that the guest-cations — Ce3+ 
and Eu3+ are characterized by high charge density, whereby they form the complexes which are relatively 
strong, and more hydrated. 

Key words: water-soluble calix[4]resorcinarene, complex formation, pH-metric study, stability of complexes, 
thermodynamics. 

 
In recent years a sharp increase in the number of publications devoted to the design of multifunctional 

ligands — hetero-ditopic receptors prone to the simultaneous binding of cations and anions [1–4] is observed, 
this interest is due to the possibility of their usage as sensors for monitoring biological systems and the envi-
ronment, etc. The ability to bind cations by calixarenes is well known. The anions, anions that act, binding of 
metal ions, are included in the structure of hetero-ditopic receptors which are based on calixarenes. Despite 
the fact that the anion play a key role in chemistry and biology, receptors negatively charged particles are 
poorly studied, and the design of such compounds is a current trend in modern organic chemistry. 

Calix[n]resorcinarenes form complexes with organic molecules and metal cations, including 4f- and 
5f-elements, and are used in the creation of catalysts for chemical reactions, extractants, chemical sensors, 
ion-selective electrodes, the active compounds. 

In the study of the complexation oxygen containing macrocyclic compounds with metal ions has been 
found that the formation of stable complexes depends, firstly, on the physical-chemical characteristics of the 
metal (size and charge of metal ion), and secondly, on the structure and size of the macrocycle (size of cavity 
of macrocycle, coplanarity of oxygen atoms, their symmetrical arrangement). All the above conditions de-
termine the effectiveness of the interaction between the metal ion and macroheterocycles. 

To understand the laws of these processes it is necessary to consider the thermodynamic aspects of the 
chelation process of «host-guest» in solution. 

Calix[n]arenas and Calix[n]resorcinarenes are the most widely used class of artificial receptors, howev-
er, the thermodynamics of complexes is not well understood. 2,8,14,20-tetrabenzol-sulfo-calix[4]re-
sorcinarene soluble in water fairly well and dissociates stepwise to forms anion [H4-nL]n- in an aqueous me-
dium. The effectiveness of the host-guest complex formation increases as a result of the ionized groups on 
the rim of calix[n]resorcinarene [5]. 

The aim of this study is to evaluate the thermodynamic stability of the complexes formed by the interac-
tion of macrocyclic receptor with cesium (+), palladium (2+), cerium (3+), Eu (3+) ions in an aqueous solu-
tion. 
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T a b l e  2  

Thermodynamic parameters of reactions of Cs+, Pd2+, Ce3+, Eu3+ metal ions complexes formation at 298 K 

Thermodynamic  
parameters 

Metal ion 
I 

0 0.1 0.25 0.5 0.75 1 

o
r ТH , 

kJ·mole–1 

Cs+ 10.14 4.16 –4.82 –49.70 –34.74 –19.78 
Pd2+ 34.52 27.8 17.73 0.94 –15.84 –32.63 
Ce3+ 9.43 9.07 8.54 7.66 6.78 5.90 
Eu3+ –109.36 –120.80 –86.55 –86.44 –93.46 –92.58 

o
r ТG , 

kJ·mole–1 

Cs+ –1.62 –1.73 –1.89 –2.16 –2.44 –2.71 
Pd2+ –1.74 –1.84 –1.99 –2.24 –2.49 –2.74 
Ce3+ –2.08 –2.10 –2.12 –2.17 –2.21 –2.25 
Eu3+ –2.54 –2.53 –2.51 –2.49 –2.47 –2.45 

o
r ТS , 

J·mole–1·K–1 

Cs+ 146.10 148.30 6.34 7.10 8.06 9.01 
Pd2+ 5.97 147.94 6.75 7.53 8.31 9.09 
Ce3+ 60.50 148.63 74.03 88.78 103.53 118.28 
Eu3+ 8.15 8.08 8.15 8.07 7.97 7.90 

 
Transition from endothermic to exothermic effect with increasing ionic strength indicates metal-ligand 

bond strength increase; negative values of Gibbs energy change of complex formation also confirm a rela-
tively high resistance to dissociation of the complex in solution. It can be assumed that polycenter electro-
static interactions of cations of cesium and palladium with negatively charged rim require greater desolvation 
calix[4]resorcenarene (according to equation (1)) than the interaction with cations of cerium and europium. 

Conclusion 

In general, increasing the concentration of the supporting electrolyte leads to an increase in entropy sys-
tems containing ions of Cs+ and Pd2+, is apparently due to the fact that in these cases the formation of com-
plexes cell-like type since this process is entropically favorable process (ΔS>0). While guests–cations of 
Ce3+ and Eu3+ are characterized by high charge density, whereby they form the complexes are relatively 
strong, and more hydrated. 
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Ш.К.Амерханова, Bohari M.Yamin, Аzwan Mat Lazim, А.С.Уəли, М.Нұрғалиева 

2,8,14,20-Тетрабензол-сульфо-каликс[4]резорцинареннің сулы ерітіндіде  
Cs+, Рd2+, Се3+, Eu3+ иондарына қатысты комплекс түзу қабілеті 

Суда еритін каликс[4]резорцинареннің металл иондарымен (Cs+, Рd2+, Се3+, Eu3+) əрекеттесуі 
нəтижесінде «ие-қонақ» (1:1 қатынасында) комплекстердің тұрақтылық константалары жəне түзілу 
процестерінің термодинамикалық параметрлері есептелді. Комплекстердің түзілуінің Гиббс 
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энергиясы өзгеруінің элементтің реттік нөмірінен тəуелділігі тұрғызылды. Тұрақтылық константа-
сының шамасы каликс[4]резорцинареннің жиегінің депротондану дəрежесіне тəуелді екені көрсетілді. 
Ce3+ и Eu3+ қонақ–катиондарының заряд тығыздығы жоғары болғандықтан, олар түзетін комплекстер 
салыстырмалы тұрақты жəне гидратталуы жоғарырақ болады. 

 
Ш.К.Амерханова, Bohari M.Yamin, Аzwan Mat Lazim, А.С.Уали, М.Нургалиева 

Комплексообразующая способность 2,8,14,20-тетрабензол-сульфо-
каликс[4]резорцинарена по отношению к ионам Cs+, Рd2+, Се3+, Eu3+  

в водном растворе 

Были рассчитаны константы устойчивости комплексов и термодинамические параметры процессов 
комплексообразования «хозяин-гость» (в соотношении 1:1) при взаимодействии водорастворимого 
каликс[4]резорцинарена с ионами металлов (Cs+, Рd2+, Се3+, Eu3+). Построена зависимость изменения 
энергии Гиббса образования комплексов от порядкового номера элемента. Показано, что величина 
константы устойчивости зависит от степени депротонизации ободка каликс[4]резорцинарена. Уста-
новлено, что гости — катионы Ce3+ и Eu3+ характеризуются высокой плотностью заряда, за счет чего 
образуемые ими комплексы являются относительно прочными и более гидратированными. 
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