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Abstract: The investigation aimed to enhance the understanding of the coordination chemistry of lanthanide elements with aza-crown 

ethers. A group of lanthanide metal complexes with the general formula [Ln(SCN)3(C26H38N2O4)] (Ln3+= La3+, Nd3+, Eu3+) and 

[Ln(NO3)5.H2O(C26H38N2O4)] (Ln3+= La3+, Nd3+, Gd3+) has been synthesized and their structures in solution were determined using 

variable-temperature 1H NMR spectroscopy. The interactions between the donor atoms and the central atom were clearly reflected in the 

chemical shifts of protons on the crown moiety. Notably, the chemical shifts of protons adjacent to oxygen atoms were less sensitive to 

temperature variations compared to those of protons adjacent to nitrogen atoms. Additionally, the chemical shifts were found to depend 

on the type of anion and the ionic radius of the guest molecule. The 1H NMR analysis provided a compelling explanation for the selectivity 

of this type of ligands toward lanthanum compared to other lanthanide elements. These findings confirmed that La³⁺ behaves distinctly in 

its complexes with dibenzo-diaza-18-crown-6 (DD18C6) compared to other lanthanide elements of similar composition. 
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1. Introduction 
 

The strong interaction between metal ions and cyclic 

polyether complexing agents often enables the formation of 

crystalline salts that incorporate the complexed cation as an 

integral part of the crystal structure. Several crystal structures 

of these complexes have been analyzed, providing valuable 

insights into the cationic complex, its interaction with the 

anion, and the solvent used during crystallization. Designing 

ligands that create stable lanthanide (III) complexes not only 

facilitates further exploration of the coordination properties 

of lanthanide metal ions but also enables chemists to utilize 

the unique properties of these complexes.  

 

Mixed donor atom (N,O) crown ethers, known as aza-crown 

ethers, have attracted significant interest from researchers [1-

6]. These compounds offer a new perspective on cation and 

anion complexation chemistry due to their combination of 

oxygen and nitrogen donor atoms [7]. Consequently, they can 

coordinate with a broader range of cations compared to purely 

oxygen-containing or nitrogen-containing crowns, making 

them the subject of extensive studies [4,7]. 

 

Over the past decade, the field of synthetic saturated oxa-aza 

macrocyclic compounds has expanded significantly [8-10]. 

Mixed oxa-aza macrocyclic receptors have garnered 

considerable interest due to their ability to coordinate both 

cations and anions, particularly in their polyprotonated forms. 

A critical focus of this research is the coordination of crown 

ether ligands, especially six-membered ring crown ethers, 

with metal ions [11-15]. Consequently, numerous derivatives 

have been developed for various successful applications. 

Their high selectivity for complexation makes them valuable 

ligands for studying the coordination properties of lanthanide 

metal ions. Stable complexes with these ions have been 

reported, laying the groundwork for further exploration of 

their coordination chemistry. Understanding how the 

structure and dynamics of ligand frameworks influence the 

stability and other physicochemical properties of lanthanide 

metal ions is essential, particularly through the synthesis of 

macrocyclic complexes using identical ligand frameworks 

[16]. 

 

Previous research indicates that the selectivity of these 

ligands is significantly affected by several factors, such as 

cavity size, macrocycle rigidity, the number and properties of 

donor atoms, and the nature of the counter-anion [17,18]. 

Notably, cavity sizes of 15 and 18 members, with 5 or 6 donor 

atoms, have been found to be particularly suitable for 

lanthanide ions [19,20]. As a result, 18C6 and its derivatives 

were synthesized along with their complexes with lanthanide 

metal ions, and their structures were characterized using 

techniques such as elemental analysis, X-ray crystallography, 

and IR spectrometry. Additionally, their thermodynamic and 

thermal properties were investigated [21-23]. Significant 

advances in understanding the thermodynamic and kinetic 

properties of several metal ions-crown ether complexes since 

the early discovery of these complexing agents were reported. 

 

Despite numerous reported crown ether complexes, there is 

limited information about their geometric structure in 

solution. X-ray crystallographic studies have shown that the 

ether oxygens arrange themselves in a planar, symmetrical 

configuration around the complexed cation. Consequently, 

research has focused on investigating the coordination 

number and its potential variations across the lanthanide 

series [. Additionally, NMR and electron spectroscopic 

studies have provided evidence of covalent bonding in some 

organometallic complexes involving heavier lanthanides. 

Most trivalent lanthanide ions are paramagnetic; causing 

significant chemical shifts in the 1H NMR signals of protons 

near the metal center. This broadening of resonances in 

organic molecules interacting with paramagnetic complexes 

has resulted in the widespread use of paramagnetic 

lanthanide-containing species as NMR shift reagents [24-26]. 
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In our previous studies, we reported on the complexation of 

dibenzo-diaza-crown ether (DD18C6) with lanthanide metal 

ions. A 1:1:3 complexes [DD18C6/Ln/(SCN)3] (La, Nd, Eu, 

Dy) [27-29], and 1:1:5 [DD18C6/Ln/(NO3)3(NO3)2] (La, Nd, 

Gd) [30], with the total coordination number for the central 

metal ion being equal to 9 and 11 for both types of complexes 

have been reported, respectively. The solid-state data 

indicated that the Ln3+ (La, Nd, Eu) ion in the thiocyanate 

complexes was located in the geometrical center of the crown 

ether molecule and was monohedrally coordinated to four O 

atoms and two N atoms of the macrocycle, along with three 

thiocyanate ligands. In the nitrate complexes, no direct 

interaction between the crown ether and the guest lanthanide 

nitrates was observed. However, the unique selectivity of 

these ligands toward La3+ had opened avenue for further 

investigations on the stoichiometric behavior of these ligands 

as well as lanthanide elements [20].  

 

This study aims to explore the temperature-dependent 

coordination behavior of DD18C6 with various lanthanide 

salts in solution and to clarify the distinct selectivity exhibited 

by La3+ using NMR spectroscopy. Understanding how 

DD18C6 selectively binds lanthanides under varying 

conditions provides insights valuable for designing tailored 

ligands in analytical, medical, and separation sciences. 

 

2. Experimental 
 

Chemicals and Reagents 

The ligand, N,N'-dibenzyl-4,13-diaza-18-crown-6 (DD18C6) 

(Figure 1) was obtained from Aldrich. Lanthanide nitrates 

(La(NO3)3·6H2O, Nd(NO3)3·6H2O, Eu(NO3)3·6H2O, and 

Dy(NO3)3·5H2O) and potassium thiocyanate were purchased 

from Alfa. Hexadeuterated dimethyl sulfoxide (DMSO-d6) 

was used as NMR solvent. 

 

 

 
Figure 1: N, N'-dibenzyl-4,13-diaza-18-crown-6 (DD18C6) 

 

Instrumentations  

Infrared (IR) spectra were recorded with a Perkin Elmer 

System 200 FT-IR spectrophotometer using KBr pellets. 

Thermogravimetric analysis (TGA) and derivative 

thermogravimetry (DTG) were conducted with a Perkin 

Elmer TGA-7 series thermal analyzer under a nitrogen 

atmosphere. Additionally, HNMR measurements were 

performed using a Bruker 300 MHz AC-P superconducting 

NMR spectrometer. 

 

Synthesis of the complexes. 

All the targeted lanthanide-DD18C6 complexes were 

prepared as reported previously [27-30]. Seven complexes 

(i.e. La(SCN)3DD18C6 (C1), Nd(SCN)3DD18C6 (C2), 

Eu(SCN)3DD18C6 (C3), Dy(SCN)3DD18C6 (C4), 

[La(NO3)5.H2O]DD18C6 (C5), [Nd(NO3)5.H2O]DD18C6 

(C6) and [Gd(NO3)5.H2O]DD18C6 (C7) complex were 

synthesized and characterized.  

 

3. Results and Discussion 
 

The isolation of lanthanide complexes featuring uncharged, 

oxygen-containing ligands like crown ethers has been 

documented [31,32]. However, there is limited information 

regarding lanthanide complexes with thiocyanates and 

nitrates that incorporate mixed donor atom ligands. In this 

study several crystalline complexes of DD18C6 with 

lanthanide elements with the general formula 

[Ln(SCN)3(C26H38N2O4)] (Ln= La3+, Nd3+, Eu3+) and 

[Ln(NO3)5.H2O.(C26H38N2O4)] has been synthesized, 

resulting in shiny, colorful crystals of the studied species 

(Table 1). Complexes formed with lanthanide thiocyanate 

developed more rapidly and yielded better results than those 

made with lanthanide nitrate, suggesting that thiocyanate is a 

more favorable counterion for these complexes. This 

preference for thiocyanate over nitrate may be due to the 

greater flexibility of the thiocyanate anion, which allows for 

the formation of more linear-chain compounds that can easily 

accommodate the metal ion and fit into the cavity of the crown 

ether. [31,33] 

 

 

 

 

 

Table 1: Some of the characteristics of the DD18C6 complexes with lanthanide (III) elements. 

Complex 
Mass* 

(g/mol) 

M.P. 

(C) 
Color %Yield Ref. 

C1 La(SCN)3C26H38N2O4 755.74 293 Colorless 18 27 

C2 Nd(SCN)3C26H38N2O4 761.07 332 Pale violet 10 29 

C3 Eu(SCN)3C26H38N2O4 768.79 304 Yellowish 13 29 

C4 Dy(SCN)3C26H38N2O4 779.33 324 Cream 10 34 

C5 [La(NO3)5.H2O]C26H38N2O4 909.54 150 Colorless 12 34 

C6 [NdNO3)5.H2O]C26H38N2O4 914.88 148 Pale violet 9 30 

C7 [Gd(NO3)5.H2O]C26H38N2O4 927.89 167 Colorless 8 34 

       (*): Calculated mass 
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Characterization of the complexes. 

 

IR-spectra of Ln-DD18C6 complexes 

The infrared analysis of the studied complexes proved the 

bond formation between the metal ion and the ligand. The 

vibrational modes of the ligand experience substantial shifts 

and splitting upon complexation. Tables 2 and 3 present some 

of the IR bands that undergo significant changes upon the 

complexation of the ligand with lanthanide metal ions. The 

data confirm the complexation of Ln(SCN)3 with the targeted 

crown ether. The strong absorption bands at approximately 

949, 950, 951, and 950 cm-1 for the same complexes also 

indicate the presence of coordinated thiocyanate groups, 

while the absorption bands at 496, 497, 495, and 491 cm-1 

correspond to out-of-plane bending involving the (SCN)- 

groups. [35,36] These findings regarding the lanthanide 

thiocyanate complexes are consistent with N-bonded NCS-

anions. [36] 

 

The IR-spectra of the nitrate showed some different peaks that 

can clearly be distinguished from that of the parent ligand. 

Shifting in the vibration of some functional groups on the 

ligand have been observed upon complexation with 

lanthanide ions. All nitrate groups absorption bands are 

characteristics of coordinated nitrate. Five vibration modes of 

nitrate groups were observed. The absorption bands on the IR 

spectra of the complexes (C5-C7) (i.e. 1737-1764, 1735-

1739, 1312-1303, 1035-1033 cm-1 and 818-821 cm-1 regions) 

are assigned to the ν(NO2) (ν2+ ν5 or ν6), νl, ν4, ν2) and 

ν(NO)(ν3) vibrations [22] respectively of the chelating 

bidentate nitrate ion.  

 

Table 2: The IR absorption of the Ln (III) thiocyanate complexes of DD18C6 [27-30]. 
Ligand Crown Ether (cm-1) 

ν(OH) ν(CH) δ(CH) ν(C-O-C) ν(C-N-C) δ(CH)* ν(C=C) 

3446 3085 1495/1375 1118-1025 1251-1212 749-702 1602 

Complex Thiocyanate complexes (cm-1) 

C1 3446 3026-2853 1477/1345 1104-1026 1255-1200 734-708 1635 

C2 3446 3081-2853 1475/1440 1107-1027 1256-200 734-708 1635 

C3 3446 3081-2853 1475/1342 1108-1028 1256-1200 735-708 1601 

C4 3446 3025-2853 1475/1341 1109-1028 1257-1200 736-708 1636 

Nitrate complexes (cm-1) 

C5 3524 2928-2885 1467/1385 1145-1070 1249-1203 748-704 1638 

C6 3565 2928-2885 1458/1385 1162-1070 1250-1204 748-704 1636 

C7 3570 2926-2884 1473/1385 1164-1070 1249-1204 748-704 1635 

 

Table 3: Characteristic IR absorption of coordinate anions (thiocyanate, nitrate) [29,30]. 

Complex 

Coordinated thiocyanate (cm-1) Coordinated nitrate (cm-1) 
Coordinated 

H2O ν(CN) ν(CS) ν(NCS) 
ν1 

 

ν2+ ν5 

or ν6 
ν2 ν3 ν4 

C1 2044 949 496 --- --- --- --- --- --- 

C2 2050 950 497 --- --- --- --- --- --- 

C3 2048 951 495 --- --- --- --- --- --- 

C4 2062 950 491 --- --- --- --- --- --- 

C5 --- --- --- 1764 1735 1033 1303 820 3250 

C6 --- --- --- 1737 1737 1034 1305 821 3238 

C7 --- --- --- 1739 1739 1035 1312 818 3241 

NMR spectra of the DD18C6-Ln complexes 

 

Significant attention has been paid to the role of f-orbital 

electrons in the complexation of these elements with 

complexing agents. However, earlier spectroscopic studies of 

crown ether-lanthanide complexes do not address any effects 

associated with the complexation of f-orbital electrons. [37, 

38] 

 

Earlier studies conformed the formation of complexes 

between lanthanide metal ions and their corresponding crown 

ether ligands. However, no clear differences among the 

lanthanide elements that could influence their complexation 

and selectivity were reported. To gain further insight into the 

interactions between lanthanide ions and crown ethers, we 

investigate the magnetic and electronic behavior of 

lanthanide-crown ether complexes in solution. Nuclear 

magnetic resonance analysis of lanthanide thiocyanates or 

nitrates with DD18C6 provided strong evidence of complex 

formation and highlighted the differences in the chemical 

behavior of these elements when associated with crown 

ethers. 

 

The NMR spectrum of the free ligand displays seven 

resonance signals labeled A, B, C, D, E, F, and G (Figure 2a), 

observed in DMSO-d6, with signal (A) at 2.5 ppm. The signal 

at 3.35 ppm (C) corresponds to water present in the deuterated 

solvent. The three sets of crown ring methylene (CH2) protons 

(B, D, and E) are found at 0.19, 0.99, and 1.02 ppm, 

respectively, relative to the solvent peak. Among these, 

proton groups B and E appear as triplets. In contrast, group D 

is a singlet. Notably, there is a significant difference of 0.83 

ppm in the chemical shift between the CH2 protons (B and E) 

attached to the two different donor groups (O and N) on the 

ring. The N-CH2 protons (B) are shifted considerably upfield 

at 0.19 ppm, whereas the O-CH2 protons (E) are shifted 

downfield at 1.02 ppm. These findings are consistent with 

previously reported methylene resonances (CH2) of cryptates, 

as noted by Ramirez et al.[39]. These differences in the X-

CH2 (X = O, N) groups on the macrocyclic ring reflected the 

influence of the type of donor atom present on the ring, as 

well as the ligand's flexibility in solution. 
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All CH2 protons have been significantly affected, with some 

collapsing into single broad peaks with upfield or downfield 

shifts upon the complexation of these metal ions with the 

studied crown ether. Due to the similarities in the NMR 

spectra of the complexes, here we present only the lanthanum 

spectrum (Figure 2b). Upon complexation of the ligand with 

lanthanide salts, all six signals (excluding A) from the starting 

material were affected. The N-CH2 protons (B) on the ligand 

ring are assigned chemical shifts of 2.60, 2.68, 2.69, and 2.70 

ppm for the La, Nd, Eu, and Dy complexes, respectively. 

These protons are shifted upfield by 0.10, 0.18, 0.19, and 0.20 

ppm for the 4 complexes, compared to a shift of 0.19 ppm for 

the starting material. The O-CH2 protons (E) exhibit shifts of 

1.05, 1.03, and 1.04 ppm for the La, Eu, and Dy complexes, 

respectively; however, this peak overlaps with peak D in the 

Nd complex. Table 3 presents the differences in chemical 

shift. Clear differences in the interaction of N-CH2 protons 

(B) were observed upon ligand complexation with La(SCN)3. 

These shifts may be related to the length of the metal-N bond. 

Additionally, the signal that representing water (C) is also 

influenced by the presence of the lanthanide metal ion. This 

peak was noticeably shifted downfield for the La complex, 

while it remained unchanged for the other complexes when 

compared to the starting material. 

 

The effect of the anion on complexation was also noted. 

Unlike the previous Ln(SCN)3 complexes, a broad downfield 

resonance was observed for the La(NO3)3 complexe (Figure 

3). The downfield N-CH2 (B) protons were completely 

overlapped due to the presence of deuterated water. In the 

spectra of the complexes, the O-CH2 protons (E) shifted 

downfield by 1.28 to 1.30 ppm. Additionally, the slightly 

larger downfield shifts in the N-CH2 (out of ring plane) 

protons (F) indicated a significant change in the ligand's 

characteristics. This change is further supported by the 

chemical shift of the aromatic protons on the benzene ring 

(G). Table 4 illustrates the changes that occurred to the ligand 

protons upon complexation with lanthanide nitrate salts. The 

only notable change in chemical shift (Δδ) was observed for 

the -CH2 protons located outside the ring (F) of the ligand. 

This peak was found slightly depends on the ionic radius of 

the lanthanide metal ions, with values of Δδ = 1.92, 1.93, and 

1.95 for La, Nd, and Gd complexes, respectively. 

Consequently, a smaller ionic radius corresponds to a larger 

chemical shift (Δδ). This phenomenon suggests that when the 

ionic radius of the metal ion closely fits the ligand cavity, the 

benzyl group more effectively covers the ring, potentially 

influencing the coordination of the metal ion (guest) to the 

donor atoms within the ligand cavity, as demonstrated by X-

ray crystallography [27-30]. 

 

Table 3: The chemical shift (ppm) of the La(SCN)3 complexes of DD18C6 

Peak Ligand 
Resonance 

La Nd Eu Dy 

B 2.6876 (0.19) 2.5982 (0.10) 2.6786 (0.18) 2.6888 (0.19) 2.6986(0.20) 

C 3.3528 (0.85) 3.3973 (0.90) 3.3417 (0.84) 3.3626 (0.86) 3.3570(0.86) 

D 3.4902 (0.99) 3.4746 (0.97) 3.4808 (0.98) 3.4944 (0.99) 3.4996(1.00) 

E 3.5232 (1.02) 3.5493 (1.05) ---- 3.5274 (1.03) 3.5383(1.04) 

F 3.6266 (1.13) 3.7083 (1.21) 3.6221 (1.12) 3.6294 (1.13) 3.6439(1.14) 

G 7.3104 (4.81) 7.2845 (4.78) 7.3032 (4.80) 7.3190 (4.82) 7.3228 (4.82) 

The chemical shifts difference (Δδ in ppm) are given in parentheses. DMSO-d6 at 25 °C. 

 

 

Table 4: The chemical shift (ppm) of the La(NO3)3 complexes of DD18C6 

Peak Ligand 
Resonance 

La Nd Gd Status 

B 2.6876 (0.19) -- -- -- -- 

C 3.3528 (0.85) 3.3793 (0.88) 3.3524 (0.83) 3.3748 (0.87) downfield 

D 3.4902 (0.99) 3.5971 (1.10) 3.5959 (1.10) 3.6166 (1.12) downfield 

E 3.5232 (1.02) 3.7799 (1.28) 3.7760 (1.28) 3.7965 (1.30) downfield 

F 3.6266 (1.13) 4.4232 (1.92) 4.4283 (1.93) 4.4494 (1.95) downfield 

G 7.3104 (4.81) 7.4804 (4.98) 7.4787 (4.98) 7.4895 (4.99) downfield 

The chemical shift (Δδ in ppm) are given in parentheses. Peak B is overlapped by peak C. 

 

 
Figure 2: 1HNMR spectra of (a) free ligand (DD18C6) and (b) its complexes with La(SCN)3 in DMSO-d6 solution. The peak 

at 2.5 ppm is referred to the solvent. 
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Figure 3: 1HNMR spectra of DD18C6 and its complexes with La(NO3)3 in DMSO-d6 solution. The peak at 2.5 ppm is 

referred to the solvent. 

 

Effect of changes in temperature 

Analysis of the dependence of chemical shifts on temperature 

was conducted by changing the sample temperature. This step 

allowed us to observe and measure changes in the rate of 

certain dynamic processes that affect the 1HNMR spectra of 

the complexes. Data show that as the temperature increased, 

the methylene (CH2) proton resonances of the free ligand 

became sharper, shifted, and displaced. Figure 4a displays 

the spectra at four different temperatures for the free ligand in 

DMSO-d6 solution. No significant changes in any of the CH2 

protons, either in or outside the plane of the crown ether ring, 

were observed. These findings reflect the high stability of the 

free ligand upon heating. 

  
Figure 4: Temperature dependence of the 1HNMR spectra for the DMSO-d6 solution of (a) the free ligand DD18C6 and (b) 

La(SCN)3 complex with DD18C6. 

 

Temperature dependence of 1HNMR spectra of the Ln(SCN)3 

complexes of DD18C6. 

The study of the effect of temperature on the Ln(SCN)3 

complexes of DD18C6 demonstrated that complexation is 

temperature-dependent (Figure 4b). As the temperature 

increased, the N-CH2 (B) protons on the ring became sharper 

and shifted downfield, resembling the behavior of the starting 

material. These changes in the chemical shift of the N-CH2 

protons may indicate that the N-Ln bond no longer exists in 

the solution when heated. In contrast, the O-CH2 proton 

resonances (E) were only slightly affected, becoming sharper 

with rising temperatures. A similar trend was observed for the 

protons on the benzene ring (G). Additionally, a notable 

change occurred in the chemical shift of the deuterated water 

peak (C), which shifted upfield and decreased slightly in 

intensity, likely due to water evaporation. 

 

A comparison of chemical shifts as a function of temperature 

among four thiocyanate complexes is presented in Table5. 

The table highlights a significant difference between 

lanthanum and other lanthanide elements. The N-CH2 protons 

(B) exhibit a strong upfield shift in the La spectrum compared 

to both the other lanthanides and the starting material spectra. 

A similar trend is observed for the O-CH2 proton (D). The 

shifts of these two peaks (B and D) are closely related to the 

ionic radius of the metal ion; specifically, a smaller ionic 

radius corresponds to a higher chemical shift. This 

relationship is also reflected in the chemical shifts of the CH 

(a) (b) 
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protons (G) on the benzene ring. Additionally, a notable 

increase in temperature significantly affects the N-CH2 (F) 

and O-CH2 protons (E). The behavior of the lanthanum 

complex is markedly different from that of the other 

lanthanide complexes. Upon heating, the protons (E and F) 

are shifted upfield, whereas they are shifted downfield in the 

other lanthanide complexes. These differences in chemical 

shifts among the lanthanide elements indicate that the solution 

chemistry of the Lanthanum ion at low temperatures (25-50 

°C) is distinctly different from that of other Ln3+ metal ions. 

Similar phenomena were observed in the earlier reported 

thermal analysis study [37]. 

 

Table 5: The effect of temperature on the chemical shift, (Δδ= δsample – δreference) of the DD18C6 complexes with lanthanide 

metal ions. 
Temp 

(C) 
Peak Ligand 

DD18C6.Ln(SCN)3 DD18C6.[Ln(NO3)5.H2O] 

La Nd Eu Dy La Nd Gd 

25 A 0 0 0 0 0 0 0 0 

 B 0.1876 0.0982 0.1786 0.1888 0.1986 --- --- --- 

 C 0.8528 0.8973 0.8417 0.8626 0.8570 0.8793 0.8524 0.8748 

 D 0.9902 0.9746 0.9808 0.9944 0.9996 1.0971 1.0959 1.1166 

 E 1.0232 1.0493 --- 1.0274 1.0383 1.2799 1.2760 1.2965 

 F 1.1266 1.2083 1.1221 1.1294 1.1439 1.9232 1.9283 1.9494 

 G 4.8104 4.7845 4.8032 4.8190 4.8228 4.9804 4.9787 4.9895 

35 A 0 0 0 0 0 0 0 0 

 B 0.1960 0.1205 0.1875 0.2047 0.2103 --- --- --- 

 C 0.8072 0.8472 0.7924 0.8111 0.8011 0.8310 0.8077 0.8244 

 D 0.9950 0.9780 0.9887 1.0001 1.0037 1.0995 1.0974 1.1111 

 E 1.0267 1.0475 1.0113 1.0288 1.0417 1.2875 1.2968 1.2957 

 F 1.1332 1.1995 1.1286 1.1350 1.1520 1.9280 1.9283 1.9396 

 G 4.8108 4.7898 4.7924 4.8106 4.8236 4.9805 4.9790 4.9780 

50 A 0 0 0 0 0 0 0 0 

 B 0.2100 0.1528 0.1991 0.2170 0.2256 0.8505 0.8559 0.8508 

 C 0.7395 0.7695 0.7146 0.7391 0.7196 0.7600 0.7455 0.7624 

 D 1.0023 0.9850 0.9922 1.0054 1.0092 1.1043 1.1024 1.1058 

 E 1.0335 1.0445 1.0183 1.0475 1.0457 1.2983 1.2955 1.2979 

 F 1.1445 1.1883 1.1384 1.1510 1.1635 1.9193 1.9284 1.9259 

 G 4.8110 4.7978 4.8023 4.8168 4.8239 4.9805 4.970 4.9686 

75 A 0 0 0 0 0 0 0 0 

 B 0.2328 0.1960 0.2269 0.2385 0.2485 0.8692 0.8744 0.8591 

 C 0.6215 0.6373 0.5905 0.6228 0.5826 0.6517 0.6529 0.6649 

 D 1.0143 0.9975 1.0056 1.0170 1.0186 1.1120 1.1097 1.1030 

 E 1.0478 1.0435 1.0314 1.0475 1.0533 1.3054 1.3060 1.2959 

 F 1.1628 1.1783 1.1576 1.1699 1.1802 1.9122 1.9204 1.9041 

 G 4.8124 4.7998 4.8080 4.8219 4.8235 4.9776 4.9760 4.9576 

90 A 0 0 0 0 0 0 0 0 

 B --- 0.2163 0.2383 0.2515 0.2614 0.8715 0.8740 0.8587 

 C --- 0.5583 0.5147 0.5513 0.5026 0.6045 0.6108 0.6185 

 D --- 1.0050 1.0120 1.0229 1.0250 1.160 1.1107 1.1038 

 E --- 1.0445 1.0341 1.0529 1.0590 1.3073 1.3044 1.2944 

 F --- 1.1780 1.1659 1.1795 1.1896 1.9033 1.9082 1.8916 

 G --- 4.8052 4.8088 4.8220 4.8197 4.9743 4.9664 4.9614 

A, B, C, D, E, F and G are referred to Figure 1 

Temperature dependence of 1HNMR spectra of the Ln(NO3)3 complexes of DD18C6. 

 

The impact of temperature on the lanthanide nitrate 

complexes is clearly illustrated in Figure 5. The spectra of the 

La(NO3)3 complex of DD18C6 at various temperatures were 

selected. At a low temperature of 25 °C, the spectrum exhibits 

five peaks, including the peak for deuterated water (C). All 

the methylene (CH2) protons in the spectrum are fully 

resolved, with some appearing broadened (E and F) and 

others overlapping (B). As the temperature rises from 25 to 

90 °C, slight changes in the chemical shifts of these peaks are 

observed. The most significantly affected peak is the 

deuterated water peak (C), which broadens and slightly 

disappears and shifts to the upfield region, as the case for the 

free ligand and the thiocyanate complexes. At approximately 

50°C, the N-CH2 protons (B) emerge as a broad, low-intensity 

singlet peak. When the temperature is further increased to 90 

°C, this peak, along with peaks D, E, and F, sharpens and 

shifts closer together, moving further away from the reference 

peak (2.5 ppm). Notably, the N-CH2 (B) and O-CH2 (E) peaks 

appear as triplets. No changes are observed in the CH protons 

(D) on the benzene ring. 
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Figure 5: Temperature dependence of the 1HNMR spectra for the DMSO-d6 solution of La(NO3)3 complex with DD18C6 

 

In comparing the studied complexes, it was observed that they 

exhibited slightly different behaviors in solution. Notably, the 

Gd-complex displayed unique characteristics. Table 5 

illustrates the impact of increasing temperature on the three 

lanthanide nitrate complexes of DD18C6. This difference is a 

clear evidence in the shifts of peaks D and F. The closer shift 

of the methylene protons in these complexes suggests that the 

coordinated molecules lack metal at higher temperatures. 

 

4. Conclusion 
 

The present work provided some insights into the 

coordination geometry and the interaction between lanthanide 

elements and azacrown ethers. In attempt to understand the 

stoichiometry of the complexes formed between DD18C6 and 

lanthanide metal ions (Ln(SCN)3/Ln(NO3)3). The 

composition of the resulted complexes were investigated. 

This study deepens our understanding of how lanthanide ions 

interact with dibenzyl-diaza-18-crown-6 ethers, particularly 

in solution. Through NMR analysis, we observed that La3+ 

exhibits distinct complexation behavior compared to other 

lanthanides, likely due to its ionic radius and interaction with 

donor atoms. The study highlights how temperature and anion 

type influence complex stability and shifts, pointing to 

potential applications in designing selective lanthanide-

binding systems. 

 

Acknowledgments 

We would like to thank Universiti Sains Malaysia (USM) and 

Sirte University for providing the research facilities. 

 

References 
 

[1] Thom V. J. and Hancock R. D., Synthesis and metal 

complexing properties of the mixed-donor (Nitrogen 

Oxygen) macrocycle, 1-Oxa-4,7,11- triaza-

cyclotridecane. Inorg. Chim. Acta., 77, L 231, (1983). 

[2] Dipendu S., Sel Didem A., Ryan T., Dale K. H., and 

Jihua C. Adsorptive recovery of neodymium and 

dysprosium in phosphorous functionalized nanoporous 

carbon. J. Environ. Chem. Eng.  5(5),  4684 (2017). 

[3] Devlina D., Jaya S. V. C. and Nilanjana D., Recovery 

of lanthanum (III) from aqueous solution using 

biosorbents of plant and animal origin: Batch and 

column studies. Minerals Eng. 69, 40 (2014). 

[4] Wang D., Ge Y., Hu H., Yu K. and Zhou Z., The 

synthesis and binding properties of bibracchial lariat ethers. 

J. Chem. Soc. Commun., 685, (1991). 

[5] White B. D., Mallen J., Arnold K. A., Fronczek F. R., 

Gandour R. D., Gehrig L. M. B. and Gokel G. W., 

Peptide side-arm derivatives of lariat ethers and 

bibracchial lariat ethers: syntheses, cation binding 

properties, and solid-state structural data. J. Org. 

Chem., 54(4), 937, (1989). 

[6] Arnold K. A., Echegoyen L., Fronczek F. R., Gandour 

R. D., Gatto V. J., White B. D. and Gokel G. W . 

Evidence for cryptand-like behavior in bibracchial 

lariat ether (BiBLE) complexes obtained from x-ray 

crystallography and solution thermodynamic studies. 

J. Am. Chem. Soc., 109(12), 3716, (1987). 

[7] Sessler J. L., Sibert J. W. and Lynch V. Synthesis and 

crystal structure of the 1:1 Pd(II) complex of 1,4,7,10-

tetraoxa-13,16,19,22-tetraazacyclotetracosane. Inorg. 

Chim. Acta., 206(1), 63, (1993). 

[8] Krzysztof E. K., Jerald S. B., and Daria J. Z. Synthesis 

of aza-crown ethers. Chemical Reviews.  89(4) 89 

(1989). 

[9] Carla B., Andrea B., Antonio B., Vieri F., Enrique 

G.E., Piero P., Paola P., and Barbara V., Synthesis and 

ligational behavior toward hydrogen and copper(II) 

ions of the two new oxa-aza macrocyclic receptors 

10,13,16-trimethyl-1,4-dioxa-7,10,13,16,19-

pentaazacyclohenicosane (Me3[21]aneN5O2) and 

13,16,19-trimethyl-1,4,7-trioxa-10,13,16,19,22-

pentaazacyclotetracosane (Me3[24]aneN5O3). Inorg. 

Chem., 32(22), 4900, (1993). 

[10] Izatt R.M., Pawlak K., Bradshaw J.S. and Bruening 

R.L., Thermodynamic and kinetic data for macrocycle 

interactions with cations and anions. Chem Rev., 91(8), 

1721, (1991). 

[11] Annie Bligh S. W.,   Nick C.,    Jon C. W.,   Evagors 

G. E.,    Duncan K. J. and  Mary M. Yttrium(III) and 

lanthanide(III) metal complexes of an 18-membered 

hexaaza tetraimine macrocycle. Crystal structure of the 

gadolinium(III) complex. J. Chem. Soc. Dalton. Trans., 

23, 3369, (1994). 

[12] Kulikov O. V., Krestov G. A. and Zielenkiewicz W., 

Enthalpy parameters for interaction of small peptides 

Paper ID: SR25628024122 DOI: https://dx.doi.org/10.21275/SR25628024122 701 

http://www.ijsr.net/
https://www.sciencedirect.com/journal/journal-of-environmental-chemical-engineering
https://www.sciencedirect.com/journal/journal-of-environmental-chemical-engineering/vol/5/issue/5
https://www.sciencedirect.com/journal/minerals-engineering
https://www.sciencedirect.com/journal/minerals-engineering/vol/69/suppl/C
https://pubs.acs.org/journal/chreay?ref=breadcrumb
https://pubs.acs.org/toc/chreay/89/4?ref=breadcrumb
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Andrea%20Bencini
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Antonio%20Bianchi
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Vieri%20Fusi
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Enrique%20Garcia-Espana
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Enrique%20Garcia-Espana
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Piero%20Paoletti
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Paola%20Paoli
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Barbara%20Valtancoli
https://pubs.rsc.org/en/results?searchtext=Author%3AS.%20W.%20Annie%20Bligh
https://pubs.rsc.org/en/results?searchtext=Author%3ANick%20Choi
https://pubs.rsc.org/en/results?searchtext=Author%3AW.%20Jon%20Cummins
https://pubs.rsc.org/en/results?searchtext=Author%3AEvagors%20G.%20Evagorou
https://pubs.rsc.org/en/results?searchtext=Author%3AEvagors%20G.%20Evagorou
https://pubs.rsc.org/en/results?searchtext=Author%3AJ.%20Duncan%20Kelly
https://pubs.rsc.org/en/results?searchtext=Author%3AMary%20McPartlin


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

Impact Factor 2024: 7.101 

Volume 14 Issue 7, July 2025 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

with 18-crown-6 and aza-18-crown-6 in water at 25C.  

J. Solution. Chem., 24, 1155, (1995). 

[13] Ulrich G., Turek P., Ziessel R., Cian A. D. and Fischer 

J., EPR detection of alkali-metal cations using novel spin-

labelled macrocyclic sensors. J. Chem. Commun., 2461, 

(1996). 

[14] Fariborz N., A review of the thermodynamics of 

complexation of crown ethers with metal ion. J. Adv. 

in environmental Health Research. 10(4), 263 (2022). 

[15] Edwin W., and Fritz V., Crown-type compounds : 

An introductory overview. In : Topics in Current 

Chemistry Host Guest Complex Chemistry I, 

Springer Berlin Heidelberg, 98, p1-41, (2007). 

DOI:10.1007/bfb0111245. 

[16] George W. G., Crown ethers. In: Encyclopedia 

of Supramolecular Chemistry. 1st Edn., CRC 

Press. pp8 (2004). ISBN: 9780429075728. 

[17] Pedersen C. J., Cyclic Polyethers and their complexes 

with metal salts. J. Am. Chem. Soc., 89, 7017, (1967). 

[18] Hancock R. D. and Mortell A.E., Ligand design for 

selective complexation of metal ions in aqueous 

solution. Chem. Rev., 89(8), 1875, (1989). 

[19] Usuda S., Abe H., Tachimori S., Takeishi H. and 

Murayama W. "Application of centrifugal partition 

chromatography to separation of actinides and 

lanthanides in TBP extraction system" in; Solvent 

Extraction 1990 (Proceedings of ISEC'99), Sekine T. 

and Kusakabe S. (Edit's), A, Elsevier, Amsterdam, 717 

, (1992). 

[20] Saleh M. I., Salhin A. and Saad B., Determination of 

lanthanum in monazite sand after selective solvent 

extraction separation of the picrate with dibenzo-[24]-

crown-8. Analyst, 120, 2861, (1995). 

[21] Marie-Christine A., Françoise A.N., and Marie-José 

S.-W., Macrocyclic complexes of lanthanides: stability 

and electrochemical behaviour in methanol and 

propylene carbonate. Helv. 66(4). 1296. (1983). 

[22] Kumar D. S. and Alexander V., Macrocyclic 

complexes of lanthanides in identical ligand 

frameworks part 1. Synthesis of lanthanide(III) and 

yttrium(III) complexes of an 18-membered 

dioxatetraaza macrocycle. Inorg. Chim. Acta., 238, 63, 

(1995). 

[23] Abid K. K. and Fenton D.E. Lanthanide complexes of 

some macrocyclic schiff bases derived from pyridine-

2, 6-dicarboxaldehyde α, ω-primary diamines., Inorg. 

Chim. Acta., 95, 119, (1984). 

[24] Tweedle M. F., "Relaxation agents in NMR imaging" 

in; Lanthanide Probes in Life, Chemical and Earth 

Sciences, Theory and Practice, Bunzle J. C. G. and 

Choppin G. R., (Edit's), Elsevier, Amsterdam , p 127, 

(1989). 

[25] Sherry A. and Geraldes C. F. G. C. “Shift reagents in 

NMR spectroscopy" in; Lanthanide Probes in Life, 

Chemical and Earth Sciences, Theory and Practice, 

Bunzli J-C. G. and Choppin G. R. (Edit's), Elsevier, 

Amsterdam, p 93, (1989). 

[26] Bertini I., Turano P. and Vila A., Nuclear magnetic 

resonance of paramagnetic metalloproteins. Chem. 

Rev., 93, 2833, (1993). 

[27] Muhammad I. S., Abdussalam S., Bahruddin S., 

Sharifuddin M. Z., and Zainudin A., A structural study 

of (dibenzyl diaza-18-crown-6) lanthanum (III) 

thiocynate. Journal of Molecular Structure. (1997) 

415, 71-79. 

[28] Muhamad. I. S., Abdussalam S., Samat. T., Bahruddin 

S., Hoon K. F. and Razak A. I., Crystal structure of 

N,N’-dibenzyl-1,4,10,13-tetraoxa-7,16-

diazacyclooctadecan cerium (III) thiocynate, 

C29H38CeN5O4S3. Zeitschrift Für Kristallographie, 

214, 45 (1999). 

[29] Muhammad I. S., Abdussalam S., Bahruddin S., and 

Hoong K. F., Structure and confirmation of (dibenzyl-

diaza-18-crown-6)-Nd(III) and Eu(III) thiocynate: 

Infrared spectroscopic and x-ray crystallographic 

studies. Journal of Molecular Structure, 475, 93 

(1999). 

[30] Muhammad I. S., Abdussalam S., Bahruddin S., 

Sharifuddin M. Z., Noorsaadah A. R., and Zainudin A. 

A structure study of the interaction of dibenzyl-diaza-

18-crown-6 with neodymium (III) nitrate hexahydrate. 

Journal of Molecular Structure. 448, 63 (1998). 

[31] Bunzle J-C. G. and Wessner D. "Rare earth complexes 

with neutral macrocyclic ligands" in, Coordination 

Chem. Rev., Lever A. B. P. (Edit), 60, p 191, (1984). 

[32] Alexander Y., Design and synthesis of macrocyclic 

ligands and their complexes of lanthanides and 

actinides. Chem Rev., 95, 273, (1995). 

[33] Sekine T. and Kusakabe S., Solvent Extraction 1990; 

Proceeding of the International Solvent Extraction 

Conference, Kyoto, Japan, July 18-21, 1990, 

Amsterdam, A, pp 1098, (1992). 

[34] Abdussalam S. M. A., Selectivity and complexation of 

aza-crown ethers with lanthanide elements. Ph.D. 

Thesis, Universiti Sains Malaysia. (1997). 

[35] Jones L. H., Polarized infrared spectrum of potassium 

thiocyanate. J. Chem. Phys., 28, 1234, (1958). 

[36] Bailey R. A., Kozak S. L., Michelsen T. W. and Mills 

W. N., Infrared spectra of complexes of the thiocyanate 

and related ions. Coord Chem. Rev., 6, 407. (1971). 

[37] Cassol A., Seminaro A. and De-Paoli G., Complexes 

of cyclic polyethers with lanthanide nitrates and 

thiocyanates. Inorg. Nucl. Chem. Lett., 9(11), 1163, 

(1973). 

[38] Bombieri G., de Paoli G., Benetollo F., and Cassol A.. 

Crown ether complexes of lanthanoid and actinoid 

elements. Crystal and molecular structure of 

Nd(NO3)3 (18-crown-6). Journal of Inorganic and 

Nuclear Chemistry.  42(10), 1417, (1980). 

[39] Ramirez F. de M., Solache-Rios M. and Campero A., 

Synthesis and characterization of Erbium(3+) and 

Neodymium(3+) cryptates. Inorg. Chem., 30, 321, 

(1991). 

Paper ID: SR25628024122 DOI: https://dx.doi.org/10.21275/SR25628024122 702 

http://www.ijsr.net/
https://jaehr.muk.ac.ir/?_action=article&au=327368&_au=Fariborz++Nasri
https://doi.org/10.1007/bfb0111245
https://www.taylorfrancis.com/search?contributorName=George%20W.%20Gokel&contributorRole=author&redirectFromPDP=true&context=
https://onlinelibrary.wiley.com/authored-by/Almasio/Marie%E2%80%90Christine
https://onlinelibrary.wiley.com/authored-by/Arnaud%E2%80%90Neu/Fran%C3%A7oise
https://onlinelibrary.wiley.com/authored-by/Schwing%E2%80%90Weill/Marie%E2%80%90Jos%C3%A9
https://onlinelibrary.wiley.com/authored-by/Schwing%E2%80%90Weill/Marie%E2%80%90Jos%C3%A9
https://www.sciencedirect.com/science/article/pii/S0020169300876070
https://www.sciencedirect.com/science/article/pii/S0020169300876070
https://www.sciencedirect.com/science/article/pii/S0020169300876070
https://pubs.acs.org/doi/pdf/10.1021/cr00034a002
https://pubs.acs.org/doi/pdf/10.1021/cr00034a002
https://pubs.acs.org/doi/pdf/10.1021/cr00034a002
https://ui.adsabs.harvard.edu/abs/1958JChPh..28.1234J/abstract
https://ui.adsabs.harvard.edu/abs/1958JChPh..28.1234J/abstract
https://www.sciencedirect.com/journal/journal-of-inorganic-and-nuclear-chemistry
https://www.sciencedirect.com/journal/journal-of-inorganic-and-nuclear-chemistry
https://www.sciencedirect.com/journal/journal-of-inorganic-and-nuclear-chemistry/vol/42/issue/10



